
'".,... 2 of cases in wh

enough to pa]
fume that onl

After Lendo
cient incentiv(
üe skate for h

Debtor, it ma)
recognizingtt
not be willing
o create some

iteloan back
Bota Debto

i%d to repayl
PPill repay thc
Contract law
tinir incentiv(
aDIe unless it:

The extensi

n tais proble
d\-e form gar

Dynamic Interaction and the
Extensive Form Game

The Extensive Form Game and Backwards Induction

In the last chapter we focused on the normal form game, which con-
tains three elements--the players, the strategy space for each player,
and the payoffs of each player for each combination of strategies. In
this chapter, we examine the ente?zsíuejorm game, which models explic-
itly the actions that the players take, the sequence in which they take
them, and the information they have when they take these actions. Be-
cause of its emphasis ón actions, the sequence in which those actions
are taken, and the information available to the players at each move,
the extensive form game is often the appropriate way to model interac-
tions between parties that take place over time.

We begin by using the extensive form game to model a simple debt
contract. We go on to examine the problem of market preemption and
strategic commitment in antitrust and then the problem of breach of
warranty and mitigation in contract law. We use these examples once
again to show how problema of strategic behavior can be captured in
fom\al models and to introduce two new solution concepts--backmízrds
í7zductíon and szzbgame pepjectíon--that are central to the solution of

games in which each player takes actions based on what the other
player does. The incentives of the lender and the borrower in a straight-
forward debt contract illustrate the kind of problem we face.

Lender and Debtor consider the following bargain. Lender gives$10
to Debtor and Debtor promises to pay Lender back in a year's time.
The trade is mutually beneficial. Lender has tHe capital and Debtor has
the ability to use it productively. If all goes as planned, Debtor will
use the loan to generate additional wealth and will be able to repay
Lender in full, with interest. In Chapter 7, we shall examine the class
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choose an action. Branches leading away from this node once again
identiíy the different actions that are available to a player.

For the kinds of problems that are of interest to us, extensive form
games are typically the best vehicles for examining interactions that
take place over time, and normal form games are the best for problems
of simultaneous decisionmaking. We should note, however, that any
problem of strategic behavior can be set out in either form. For exam-
ple, problems of simultaneous decisionmaking can be captured as
extensive form games. The extensive game shows players moving in
sequence. We can, however, treat a case in which players move si-
multaneously in the same way we treat problems in which one player
moves after another, but moves without knowledge of what the other
player has done.

Figure 2.1 is an extensive form representation of the normal form
game that wesaw in Figure 1.1. This is the game between the motorist
and the pedestrian in which the pedestrian has no right to recover dam-
ages from the motorist in the event of an accident. In the extensive form
of this game, the players are again the motorist and the pedestrian. The
motorist makes the íírst move, choosing between two actions--either
exercising no cale or exercising due care. The pedestrian moves second,
again deciding whether to take due care or not. The pedestrian is at
either of two nodes, the node that arises after the motorist takes no
gare, or the one after the motorist takes due cale. The pedestrian, how-
ever, does not know the course of the game up until this point.

We show that the pedestrian cannot distinguish between these two
nodes by connecting them with a dotted lhe. By seeing which nodes
are connected in this way, we can determine what each player knows
about the actions of the other player at the time that player musa move.

Motorist

No Caro ,,/ "\ l)ue Care

-- -=e Pedestrian

NoCare/ \DueCare NoCare/ \DueCare

(0,-100)(0,-n0)(-10,-100) '(-10,-20)

Figure 2.1 Regime of no liability(extensive form).
Pay(Z#s; Motorist, Pedestrian.
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time. In this game, Lender and Debtor are the players. Lender and
Debtor must each choose between one of two actions.(For Lender, the
strategies are "Lend" and "Don't lend." For Debtor, the two strategies
are "Pay back if Lender lends" and "Don't pay back if Lender lenda.")
The problema in this game arise because the parties move in sequence.

The extensive form represented in Figure 2.2a models the game be-
tween Lender and Debtor when Lender has no ability to sue Debtor
or to use aay other mechanism to control Debtor's postborrowing in-
centives. In this game, Debtor asks to borrow$100, promising to pay
Lender $105 in a year's time. Lender moves first and decides whether
to make the loan. If Lender does not make the loan, both parties receive
a payoff of$0. 1f Lender does make the loan, the money can be used
in Debtor's business and Debtor can earn$110 over the course of the

year. At this point, Debtor must decide whether to pay Lender back.
If Debtor repays Lender, both will enjoy a payoff of $5. (Lender will
enjoy$5 in interest on the loan and Debtor will enjoy the profits that
remam.) if Lender makes the loan and Debtor defaults, however,
Lender lotes $100 and Debtor gains $110.

It is in the joint interest of the parties that the loan be made, because
when the loan is made, the parties enjoy a joint payoff of$10 rather
than$0. We can see that, however, if each party acts out of self-interest,
the loan will not be made and a mutually beneficial trade will not take
peace. This conclusion is immediately self-evident in a case such as this,
but the process that we use here, backwards induction, can be used in
more complicated cases as well.

We start by focusing on the reasoning process of Lender, the player
who makes the ârst move. Lender will determine what Debtor will

do when given the move and then reason backwards before deciding

Figure 2.2b
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Figure 2.2a Lending without legal ênforcement of debt contracts.
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Figure 2.3 Lending with legal enforcement of debt contracto.
Favo!#b; Lender, Debtor.

making the loan in the first instance. By changing the payoff to Debtor
in the event of default from a gain of $110 to a loss of $5, the game
becomes one in which Debtor is led by self-interest to repay the loan,
and, more important, Lender is led by self-interest to make the loan in
the first place.

This example illustrates why it might be in the interests of both par-
ties to aUow one to cala upon the state to enforce a promise that the
other made. It does not, however, tell us that contract law should apply

to all agreements; nor does it say anything about the content of contract
law. Indeed, it suggests that contract law should be largely an empty
vessel. Parties need to be able to ensure that a person who is the victim
of a breach has the right to obtain a legally enforceable order that re-
quires the other to pay damages. This ability lives the partles the
power at the start of their interaction to alter payoffs arising from par'
titular strategy combinations and to ensure that both parties adopt
those strategies that work to their mutual benefit.

Every trade is different, and the constraints that work on parties out-
side the law are different as well. As lona as the agreement between
two parties imposes no costs on anyone else, contract law may work
best if it simply lives the players the license to perturb the payoffs in
a way that advances their mutual interest. Any other method of enforc-
ing contracts may not change the payoffs in a way that guarantees that
each party looks out for the interest of the other. -

A law that lives Lender the ability todall upon the skate to enforce
its claim provides parties with a way of transforming a game with a
suboptimal equihbrium into another game with an optimal equilib
dum it is important, of course, not to overstate the point, and there
are many qualifications that we should make. Most obviously, to say
that legaUy enforceable contracts facilitate mutpally beneficial trade is
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panding capacity itself could be an "unfair method of competition."
Instead'of looking at DuPont and the worldwide market for titanium
dioxide, we shall look at a problem involving a firm with market power
in a small region. Assume that in a small town there is only one cement
plant, which we shall call "lncumbent." Trucking in cement from a
more distant town is not practicable. For this reason, Incumbent can
charme higher preces than cement plants in towns that face competition.
Incumbent is very successful and earns profits of$25 per month. In-
cumbent has the option of expanding its plant by purchasing land adja-
cent to it.

Another fírm, which we shall call "Entrant," owns land in the town.
It must decide between building a competing cement plant or a com-

pletely unrelated manufacturing plant that will have no effect on the
market for cement. We want to know whether Incumbent will expand

its cement plant and whether Entrant will build a second cement plant
or a manufacturing plant. The benefits each enjoys from either course
of action, of course, depend on what the other does.

We shall attach payoffs to the tour possible combinations of deci-
sions by Entrant and Incumbent respectively:(manufacturing, ex-
pand); (manufacturing, maintain current dize); (cement, expand); and
(cement, maintain current size). Entrant earns$10 if it opens the manu-
facturing plant. This amount remains constant no matter what Incum-
bent does. The amount that Entrant earns from opening a second
cement plant in town, however, does turn on whether Incumbent ex-
panda. Entrant earns$15 if Incumbent maintains its old size, but it
earns only$5 if Incumbent expands. The profits are much smaller
if Incumbent expanda because Ente'ant will have to cut its prices to
compete.

Incumbent's payoffs depend on Entrant's decision. If Entrant does
not build a competing plant, Incumbent earns only$25 if it maintains
its current size, but$30 if it expands. If Entrant opens a cement busi-
ness, Incumbent is better off at its current size, where it earns$10,
rather than expanding, in which case it earns only$5. In the latter case,
not only does Incumbent have a smaller share of the market, but it also
incurs the costa of maintaining a larger plant.

So far we have raid nothing about the timing of the decisions. As-
sume that Incumbent cannot make its cho+ice until after Entrant,
perhaps because it will take several months to acquire the necessary

Figure 2.4.
It is easy to use backwards induction to solve this game. When In-

Figure 2

nlmbent is at l
left-hand node
unto the manuf
current dize at

cement plant.
hveen the teta'

prefers the ORI
mther than $1(
business and f

Tbe outcom(

pint proãts no
Entrant to bebi(

mete in the cen

in fact expand
better off buill
payoff of $10 ri

enjoy profits o
maintained its

Entrant,hov
opened its cen
pand regardle
if it is credibl
second cemenl
bent makes its

In the game
ing Entrantth
plant. In man)
that allow it
whether to enl
pointanother



;o auto)+no aq+ sauluna+ap saAow JO muanbas aq+ 'ÁeM iaq+oue +uTod
aq+ +nd o.L ssaursnq +uawm aq+ 10 guTin+)e:lnuPui aq+ la+ua o+ }aq+aqm
sapo)ap +uei+u3 aiolaq 8uTpuPdxa o; JTas+} +Tuiuam o+ +T molde +eq+
saT8a+pi+s aAeq +)PJ UT saop ;uaqwn)ul 'aaAamoq 'saem Áueui ul '+upld
+uamao puo)as p suado +uei+uã :f! uaAa puedxa lllm +eq+ +up4uã guT
-)UTAum JO XeM ou seq ;uaqwn)ul 't'Z aan8TJ UT +no +as auieg aq+ ul

8uTpuedxa Áq JJO aslOM Jlas+T saXeur +uaq
-uín)ul '+uTod eq e 'asnmaq paAaTlaq aq +ou llTm )uem ;uauim puras
e suado }uea+uH aa+;fp pupdxa o+ +ea.q+ s,;uaquln)ul alqTpan ST ! JT
ÁTuo paAaTlaq aq Item +pa.q+ y saop +ue4uã +eqm =fo ssatpie8aa pued
-xa o+ ua+eaiq+ +ouum +uaqwn)ul 'aaAoaiop\l ';ueTd +uaum s+T pauado
spq +! amuo pupdxa +ou llTm +uaqwn)ul +pq+ AMOU)'[ 'aáAaMoq ';upi+uã

azTS +ualln) s+T paulp+uTeui
+T JT aATmaa PTnoü +! gZ$ JO s+Hoad aq+ ueq+ iaq+PI Oe$ JO s+yoid Xorua

pue puedxa plnm +uaquin3ul 'asm STq+ ul (g$ ueq+ aaq+ei Ol$ JO JJoÁed

p 8uiÁojua Áqaaaq+ pup) +ueld guun+oe;lnueul aq+ guiplTnq :f:fo aa++aq

aq PTnom +uei+uH '+ueTd 4uaulm e pauado +! ialJP uaAa puedxa +)eJ ur
PTnom +uaquln)ul +eq+ paAaTlaq +up4uH JI ssautsnq +uawm aq+ ui a+ad

uzo) o+ sasooq) +up4uã }a3Je uaAa puedxa HTm T q aAalTaq o+ +ue.nu3

S+UPM +uaqwnoul saa;aid +uaqwn)ul +eq+ auo aq+ +T sl lou s+yoid +uTof
,swiy OM+ aq+ aznnlxew +ou saop(ulp+uTeui '+uawm) aulm+no aq.L

azia +ualln) s+i uae+uTpui o+ +uaquln)ul aoJ pue ssauTsnq

+uawm e uado o+ +uei+uH aoJ ST wnTiqTlmba aq+ 'snq.L '01$ ueq+ aaq+ea
gl$ Jo:flfoÁed p +! saAIB q)Tqm ';q8Ta auial+xa aq+ uo auo aq+ sialaid
+[ }Z aan8tJ ui +q8Ti pue ]Ja] auia]+xa aq+ +p rapou Tpulwza+ aq+ uaaM+
-aq aaToq) e seq suei;uã 'suoTs})ap asaq+ 8uRpdT3Huy '+upTd +uauiai
puras e suado +up4uã q)Tq e auo aq+ 'apou +q8u aq+ +e azls +ualln)
s+T sule+uTew +uaquinaul ';spl+u03 Áq 'ssauTsnq 8uun+)elnuew aq+ o+ul
o8 o; papá)ap ÁpPaile seq +uea+uã q3lq }e auo aq+ ST apou pueq-yal
aq.L '8ulpuPdxa JO Á8a+e.qs aq+ sialaad +T 'apou ;;aT aq+ +e ST +uaquino

'uluaqAâ

u} uao;F
ÁaBssaDav

'+uea+uã
-sV 'suo!:

oslp +T +nc
'asm Ja++t

'01.$ sulp
-Tsnq +uax

suta;ateu
saop +uel

o+ smud

aaTleuüs t

;T +nq 'az
-xa+uaqu
puras e
-uln)ul +l
-nupulaq
pueÍ(put
-xa 'mural

-T)ap JO s

as.inm .ia'

+ueld+ual

puedxaTt
aq+ uo +);
-UIO) e JC

UMO+ aq+
';uaquín)ul '+uea+uã ;s#o/iod +say sacou +uP4u11 }'Z axn8T]

(01 'g) (s 's) (sz '01õ (oe 'ot)
.©

-efPPPup
-ul'q+uo\
uoT+l;adu

um +uaqt
e uioaJ +l
+uauia) a\
iamod +a
ulnTup+p

uoT+T+ad

sutt3utzui
)uaquinoul

suW3un]/V

spuudx3

'spuvdxa
)uaquin3ul

ssauTsnq 3uauiaa
sla)ua }ueilug

guTln30zynurui
suado 3uebu:l

6S/ auüef) unod a'tTsua+x:l aq+ pup uo! )eza+ul )!uiPuÁ(l



60 / GAME TnEORY AND TnE LAW

Incumbent
expanda

Incumbent
maintains

policies char

Two ingredi
Incumbent r
decision, an(
not recover l

As long as
not credible
cement plan

Let us say
bring a retur
ifthe plante
notexpand.
ordinarilysF
is sunk,it hi
are set out i]

Expandinê
anticipates e

facturing bu
cumbent spe
ones set out

money earlie
m expanslon
enough to n
expanding e:
S20 more in (

'leis $20 rep
riam in whi
which Entrar

Some type

Entrant opens
manufacturing

Mfg.
Clement

Entrant enters
cement business

e
(30, 10) (5, 5) (25, 10)

'e

(lO, s)

Figure 2.5 Incumbent moves first. PayoWs; Incumbent, Entrant:

this game. Incumbent would be better off moving first and therefore
will be willing to spend resources to do se.

We shall soon explore how Incumbent might accelerate its decision,
but for now let us just assume that Incumbent moves before Entrant.
The extensive form of this game is depicted in Figure 2.5. By conven-
tion, the payoffs are written in the order in which the players movem

Hence, in this game, the payoffs to Incumbent are set out first.
We can use backwards induction to solve this game. If Incumbent

chooses to expand its plant, Entrant will enter the manufacturing
business(lO > 5), whereas if Incumbent chooses to keep its cement
plant at its current dize, Entrant will open a competing cement plant
(15 > 10). Incumbent will therefore choose to expand because it pre-
dicts that Entrant wi]] open a manufacturing plant in response. This
course gives Incumbent$30. By contrast, if Incumbent decided to main-
tain its plant at its current dize, it would induce Entrant to open a new
cement plant, and it would'then enjoy profits of only$10.

As the contrast between these two games suggests, a game's likely
course of play is often determined by which party moves first.(in these
models, the player who moves first enjoys the advantage, although in
some strateglc settings moving last is advantageous.) Incumbent there-
fore wants to commit itself to expanding before Entrant decides
whether to enter the cement business.

There are many ways of making such a commitment. Although the
adjacent land may not become available until much later, Incumbent
can contract to buy it now. It can sign cona'acts for equipment for the
new plant, advertise the expansion to customers, and begin to hire and
train more employees. These strategies create commitment in two
ways. First, some of the policies move the timing forward se that In-
cumbent's decision precedes Entrant's. Expansion prior to when the
capacity is needed is known as market preemptíofz. Second, some of these
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merely signed a contract to lease the space, for example, its costs would
be sunk, but someone esse can use the space before Incumbent's lease

begins to run. On the other hand, if Incumbent bought equipment for
the larger plant and kept it idle in storage for a time, resources would
be wasted. In principie, everyone would be better off if somehow In-
cumbent did not make such expenditures. To be sure, the money that
iq being spent belongs to Incumbent,but the private gain to Incumbent
églceeds the social gain from this investment. Incumbent is willing to
make investments that bring a deadweight social loas as long as the
loss is leis than the private benefit Incumbent enjoys from keeping En-
trant out of the market.

In the model, Incumbent and Entran! arte?oj+l better off if one.ex-
panda.gnd thç.gthÊ{.g!$eF!.g.differelB.}yliBç!$..11B .g\odç+...howevell,
does not show us how this course o11 actjQp-aqçç!$.consumers. It i!
possible, for example, that people in. the Çown arç.bçltç{ selved. by one
large celnent plant than .by .two smaller gnes=.!hç..plgfittmight;.be
larger with the Fxpanded p.lant.because.Q!.çconQmie-s .gf.sele, not bç-
cause of mongpdypowel:jhe preces may.noç bç.higher if there is only
one cement plant mther thag two, given the amount of cement thaç
people in the town buy: .Çvenj# :lnçumben! expçnds.1lesources ensuring
this outcome, consumçls.as .a .group.may not be.]vorse off.

This model shows why DuPonlhad reason !gçgpll!!i!.}9elf tg.Puild-
in jlhad b . .
;j:jã;ht;jãéjjjãrjli«tç.!jBçr.gqlçljl1.4ewê!©:.@J$q!!!!!n.çliçlxiçlç..@
costs' were sunk. If DuPont had not expaBged ea111y, çllhg! producers
Ftight hqX.q entered the.palkçL=Aftglhey.eptqred it miçlht not have
then made sente for DuPont !g çxpag41.hç..çompagy.jl..1lççglpn..!g
expand did ng!.gltect tnejtraltegies available.to the.other olavers. Thev
"u' 'übui@ie$jbl©$.gth.}lÇis@lil lus! as$"Wa:!f.cpl$çl.#jbEçn
a second cemenldan! .BX making }ts :investments.earlyc.bowçyçD.Pu-
Pont changeq the .çquilibrium .strategies ge.the.glher playç11g.

We can posit any number of steps that an incumbent might take--
from signing a contract to buying equipment--for strategic advantage.
The extensive form game we have set out here shows how many kinds
of decisions can have strategic consequences. Even an act as simple as
buying new equipment may represent a wq;te of resources, decrease
consumer welfare, or both. Because merely changing the ordem of
moves in an extensive form game can lead to a different course of play,
any action that affects the sequence in which parties act can, in princi'
ple, have anticompetitive implications.

None of this, however, suggests that the scope of antitrust liability
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Assume that Lender must engage in extremely costly litigation in

nmnding a little bit more.) We illustrate this game in Figure 2.7.
' We can solve the game in Figure 2.7 using bac](wards induction.

Debtor will default when a loan is made, refuses to make the loas in

the 6rst place.use the Nash equilibrium concept to solve this games We
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only if, at the time Lender decides whether to sue, suing brings greater
beneííts to Lender than doing nothing. Any solution is suspec! if it
resta, directly or indirectly, on the assumption that Lender would bring
a suit even though its costs would exceed the amount of the recovery.

We need a way to incorporate this idea unto the Nash equilibrium
concept. To put our ambition in game-theoretic language, we need a
reíinement of the Nash equilibrium solution concept se that we can
exclude strategy combinations that, even though they are Nash, make
implausible assumptions about the actions that the players would take,
but do not in fact take under the proposed equilibrium. These are ac-
tions that are of the eqzzílíbríum pata. This refinement of the Nash solu-
tion concept is known as subgame pellóectí07z.

A Nash equilibrium is subgame perfect if the players' strategies con-
stitute a Nash equilibrium in every sübgame of a game. A subgame is
a move or a set of moves of an extensive form game that can be viewed
in isolation. More formally, a subgame of a game in the extensive form
is any pari of a game that meets the following three conditions:
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1. 1t begins at a decision node that is in an information set by
itself.

2. It includes all the decision nodes and terminal nodes that fol-
low it in the game and no others.

3. No nodes belong to an information set that includes nodes that
do not also follow the decision node that begins the subgame.

The game in Figure 2.7 has two subgames. The first begins with Debt-
or's choice, the second with Lender's decision to sue or not to sue. The

first subgame has two Nash equilibria. In the fírst, Debtor chooses to
repay the loan and Lender sues when Debtor defaults; in the second,
Debtor defaults and Lender does not sue. Focusing on this subgame
does not allow us to eliminate any of the Nash equilibria in the whole
game. But subgame perfection requires that the candidate solution be
Nash in every subgame, se consider the subgame that begins when
Lender chooses whether to sue. This subgame has only one Nash equi-
librium: Lender does not sue.

To be "subgame perfect," a solution to the entire game set out in
Figure 2.7 must be one in which Lender neves adopta a strategy in
which Lender would sue were Debtor to default. The proposed solu-
tion in which Lender makes the loan and Debtor repays it dependa on
Lender's suing if Debtor were to default. vence, it cannot be a subgame
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it makes us confront the question of whether a threat is credible and,
if it is, why.

In the rest of this section, we show how subgame perfection illumi-
nates a problem in contract law that often arises when goods are som
and then mail to work as expected. The buyer asserts that the seller
failed to deliver the goods that the seller promised. The seller, by con-
trast, will ergue that the goods were as promised, but that the buyer
did not use them properly Disputes arise because much depends on
both the seller and the buyer exercising care in making or using the
goods that may not be visible to the other unless there is expensive
litigation.

We can illustrate the problem by examining several variations on
General Foods u. VaZley Lea naif , a commercial law dispute typical of

many that arise every year. In 1978, General Foods bought 40,000
nds of dry milk from a dairy cooperative. The dairy delivered the

milk in 9 separate lots. Although it had no explicit contractual obliga-
tion to do se, General Foods tested each lot and found that l was con-
taminated with salmonella. This discovery led General Foods to retest
the 8 other lots. When no further evidence of salmonella was found,
it used them in its milk chocolate.

At this point, General Foods ran a third round of tests. Because the
milk was once again in liquid form, the test was more accurate than
the earlier ones. Before the results of this test were available, however,
General Foods som the chocolate to several candy makers. The third
round of tests eventually revealed that the 8 1ots were tainted. All the
candy made from the chocolate had to be destroyed. General Foods
reimbursed the buyers of the chocolate for the losses they suffered and
in turn demanded that the dairy make it whole. General Foods, how-
ever, was unsuccessful in its efforts to remover civil damages from the
dairy that had som it the contaminated milk.: Much in this case turned
on its peculiar facts. Our interest is in the general way in which this
problem should be approached.

When food products such as milk are som, there is always the risk
that they are contaminated. The parties, however, want to confront the
danger that salmonella presents in a sensible way. The problem is simi-
lar to the ones we examined in the last chapter. Each party should use
due care in manufacturing and processing the milk. The contract they
write should ensure that both parties have the incentive to test in a
way that is cost effective, and, when they do not reach an explicit agree-
ment, the gap-filling rules of contract law should try to give them the
right incentive. If the laws do not do this job, we run a risk analogous

he one we
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Processos decides on its tests. Even when there is no enforceable con-
tract between it and Processor, Dairy incurs some added costs from
using the cheaper test because of the loas to its reputation and potential
lawsuits from third parties. .Whether these costs are worth incurring
turns on what kinds of tests Processos runs. As in the game in Fig-
ure 2.1, we draw a dashed lhe between the two possible decision nodes
of Processor because they are both in the game information set. At the
time when it must make its decision, Processor does not know whether
Dairy has used the high or the low test and hence does not know
whether it is at the decision nade on the left or the right.

We cannot reason backwards move by move as we could in the
games involving Lender and Debtor. If Professor knew that it was at
the decision nade that arises after Dairy decides to test high, it would
test medium. If Processar finda itself at the right node, however, the
outcome is different. If Dairy testa low, Processor is better off testing

high. We cannot reason backwards from Processor's last move because
it depends on what Dairy did in its previous move.

We can, however, solve this game by a different kind of backwards
reasoning. We can isolate one part of the game--the subgame that be-
gins after Processor decides to have Dairy process the milk--and solve
it before solving the game as a whole. If we ignore Processar's initial
move(the decision of whether to process its own milk or buy it from
the dairy), we have a game that can stand independently. The single
node at which Dairy must decide on the kind of test it wants to use
could be an initial node of a h'ee-standing game. We can solve the
larger game by solving this subgame and, with that solution in hand,
use backwards induction to solve the game as a whole.

The subgame that begins with Dairy's first move is one that we can
easily capture in the normal form, because, after that point, each player
must make its move without knowing what the other has done. We
can illustrate the normal form of this game with a three-by-two bi-
matrix, shown in Figure 2.8b.

There are two solution concepts that we can use to find the likely
course of play in this subgame. First, we can note that this subgame
has only one Nash equilibrium, the strategy combination in which
Dairy testa low and Processos tests high. If.Dairy is going to test low,
Processar is better off testing high and enjoying a retum of$2, rather
than testing medium or low and receiving a retum of$0 or --$5. If
Processos is going to test high, Dairy, of course, has no incentive to
deviate either. It prefers receiving $5 from testing low to $4 from testing
high. This subgame has no other Nash equilibria.
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the payoffs is to Érovide a schedule of damages that Dairy owes Proces-
sor when the milk proves to be tainted. Contract damages do not
change the joint payoffs, but they chance the way they are distributed
between the parties. Contract damages work in the some way as tort
damages.

As we showed in the last chapter, there are many schedules of dam-

ages in a simultaneous move game that induce both parties to adopt
the course that is most mutually beneficial. One such schedule gives
us the subgame that begins after Professor decides to buy the milk,
under which Dairy must pay damages of $3 any time it tests low.' The
payoff transformations brought about by this damages schedule are
shown in Figure 2.8c.

The unique Nash equilibrium of this subgame is one in which Pro-
cessar moves medium and Dairy moves high. When Dairy moves high,
Processar's best responde is to play medium and enjoy a payoff of$10,
rather than play either high or low and receive a payoff of $6 and.$5
respectively. Dairy will test high if Processor tests medium, preferring
a payoff of $2 to a payoff of $1. vence, this strategy combination is
JNash.

We can also check that no other combination is Nash. As noted, Pro-
cessos's best responde to Dairy's strategy of high is medium. Any other
combination in which Dairy testa high cannot be a Nash equilibrium
because Processor's strategy would not be a best response. If Dairy
plays low, Processor's best response is high. The strategy combination
of high on the part of Processor and low on the part of Dairy is not
Nash because Dairy's best response to Professor's strategy of high is
to play high as well.'

Given that in the subgame the strategy combination in which Dairy
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Nash equilibria in which the players behave rationally both on and off
the equilibrium path.

In this example, the parties wrote a contract that changed the payoffs
in three cells of the payoff bimatrix. Most contracts do not have elabo-
rate schedules of damages. Moreover, it is not possible for the back-
ground legal rule to provide such details for every possible commercial
transaction. As we saw in the last chapter, however, it is possible to
state in general terms obligations to pay damages that give everyone
the right incentives. For this reason, the parties may be able to write
a contract in which they adopt a general rude that transforma the payoff
structure in a way that ensures that both parties act with the interests
of the other in mind.

A crucial question--and one upon which we focus in the next two
chapters--is how to formulate a general rule that can work even in a
world in which information is hard to come by, both for the parties
and for the courts called upon to enforce the rule. In the game involving
Dairy and Professor, for example, we would want to explore whether
we could induce optimal behavior with a schedule of damages that
was tied to whether the milk was tainted, not to the kind of test that
Dairy ran. It is much easier for a court to determine the former than
the latter.

The problem that parties face when they enter into their initial con-
tract is similar to the one facing a lawmaker who is devising tort rules
and trying to minimize the social costs of accidents. If we make strong
assumptions about the rationality of the players and the information
available to both the players and the courts, many different rules are
possible that transform the payoff structure from what it would be if
the buyer had no cause of action against the seller and that also give
each party the right set of incentivem. A lawmaker, however, needs to
design rules that handle those cases in which the parties do not explic-
itly take a particular contingency unto account.

The Uniform Commercial Code governa a contract for the sale of
goods and applies to cases such as VaZ/ey Lea. Two of its provisions
(both of which the parties can waive if they choose) are relevant for
us. The first provision is the implied warranty of merchantability. A
merchant seller such as Dairy promises that its goods pass without
objection in the trade under the contract dtscription. If they do not,
the seller musa make the buyer whole. The second is the provision that
requires the buyer to mitigate losses. A seller is liable only for those
losses that "could not reasonably be prevented."5 Under this Tule,
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by the same amount that another player's falls. Once again, legal rules
often ensured that the likely solution to the game was one that was in
the joint interests of the players by changing payoffs that were off the
equilibrium path. The dynamic character of these games, however, in-
troduced a new problem.

In the tort problems that we examined in the last chapter, what mat-
tered was that players internalize the cost of the decisions they make.
When the other player makes decisions at the same time, little else
matters. When players interact over time, however, what matters is not
se much that a player internalizes all the costa of a decision as that a
player always has an incentive to make decisions that keep the game
on the pata leading to the socially desirable outcome. The structure
that the extensive form game imposes on problems in contract law and
other problems involving lona-term relationships between parties pro-
vides an opportunity to look at such doctrines as the parol evidence
rude, conditions, and the Statute of Fraude, all of which have the effect
of attaching consequences to actions that take place off the equilibrium
path of the game.

The structure of the extensive form game and the idea of subgame
perfection give us a way to distinguish credible threats from ones that
are not. As we saw in the game involving Incumbent and Entrant, regu-
latory regimes such as antitrust musa be sensitive to the frequently sub-
tle ways in which parties can act se as to change the incentives they
and others will have at subsequent points in time--and thus convert
noncredible threats into credible ones. In addition, this structure pro-
vides a way of looking at regulatory regimes in general, and it focuses
on the dynamic consequences of imposing a new regulatory regime.

We can illustrate this problem of dynamic consistency by consider-
ing a weakness in a one-time tax amnesty law that is coupled with the
promise that another such law will never be passed. The ambition of
the law is to force tax evaders to come forward, but also to convince

people that tax evaders in the future will not be treated se generously.
Such a law may not work because the promise Dever to institute an-
other amnesty(essential to deterring people from future tax evasion)
may not be credible. A regulatory regime, like the structure of a con-
tract between private parties, must be dynamically consistent over

A policy in which one offers amnesty on only a single occasion can
make pense only if one can explain why offering amnesty again at some
later time would not appear at least as attractive. One must look not
only at the play of the game as a whole, but at the play of the subgame
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Backmards índzlcfíon and sz bga7ne pe7láectíon. Selten(1975) pioneered the
concept of subgame perfection and other refinements of the Nash equi-
librium solution concept. Kreps (1990a) also has a good introduction
to subgame perfection. Fudenberg and Tirole (1991a) explorem the basic
principles at work in the extensive form game. Dynamic consistency
is discussed in Kydland and Prescott (1977).
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