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DECISION THEORY : Mathematical models

• One decision maker (DM)

• Certainty
• Reasoning capacity unlimited

OUTCOMES IT with elements x
, y , Z .

• Monetary payoffs ER

• Bundles of goods EDT
x = Got

,

• Allocation of payoffs #EIR
"

x = (XI .kz?C3PC4)
PREFERENCES attitudes of the DM towards

elements of # .

weak preference relation ¥pEIx
⇐ { G. o)

,
co

,
D

,
G
,
s) } EIRZ

i÷÷i:



Strict preference relation YEXIz
"

÷÷÷÷÷:
⇐ g.

INDIFFERENCE *E¥x

÷÷t÷÷÷÷:B
any •

• •

(b) *E #
-

(c) * u * = Eg



AXIOMS :(seemingly) natural and innocent
assumptions on 7

.

(Ae) completeness : for any pair x,YEI
lxkyoryy.TL
-

CAD Transitivity : for any x
, y ,z¥I

ifxxy-andy.KZ#henxZF

%÷.÷I bweithoegtpiotifaysihajityamthoenetgmpgan.pe
TRANSITIVITY
RULES OUT SUCH
CASES .

¥÷÷ft÷¥÷÷÷In fact the same argument
I can make for cycles of any
length .

If , they Kafka (or

by CAD I obtain ¥E .

by CAD I obtainxeEJ#



For any xe.kz, . . . . ,xy (
where m is an arbitrary
finite number)

if Xt Eez ,
Kate Xz , - - - , Xm -sexy ,

it cannot be

the case that xyzxt (it is necessarily
that x. Yay) .

-

48¥:'t
'

armsZOIEE.a.IE:1?:tat:::e::.sh::sI
Assume that there are no cycles of length
n- I

.

This means that:ifxtK2G
theyx
Then I want to prove that there is no cycle

¥heknns¥Y;gviz.ifT#← exxm}- by the previous step , at Edm -t

-
i> by (Aa)

,
KtK⑦ QED



Question : if It is finite and 2 satisfies
CAD and CAD

,
thenthereisamostprefenedoutcomeCand a least preferred outcome)
÷

I.There is some xEI such that KEY for all yE¥#
-There is some KEI such that for no YETIisitthecasethaty.tt
Direct proof : I contains m elements .

Pick randomly some at E-IT .

There are
two possibilities :
① HEE : Kt Zx CI am done)
② F Xz EIT : ez ERI

Take xz and again there are two possibilities
① Tx : Xz Ex (I am done)
② Faz : xz 722

E. : Cam Xz be the same as Xs?¥÷÷i÷÷÷÷÷÷÷÷÷÷¥÷¥÷
23 E Xz dII

By induction , we can show that for each
step k EM ,

I will have as > Zeek . - - 729771



Continuing to y ,
we obtain

Xy Y Ky - e d - - - - Y Zz 721
There are two possibilities :

① the : Ky Zx CI am done)
② FREI : x yay ,

then it must be

that
③32cm y kn -e doo - -Xz 2kt
This means that there exists a cycle .

However as we have shown , in the

presence of transitivity , there are no
cycles . QEDC

.



UTILITY REPRESENTATION : a function U:#AR
such that for any x, y E

/xzy⇒uGc33Ua#
-

.

E : If u is a utility representation of K,
is it unique ?



Questions : If u represents 7 , they

v (which is defined by v c) = f Cre GD
for some strictly increasing f :D -AR)
also represents 7 .

-

For any x.YETI :

⇐ read > ucy)
-

⇒ Ifucxs) > f-Crean)
⇒ vCx33v#y

Hence v is a utility representation off
.fi#ictyincRasingwhenfk)

x > e.⇒ fans > ease

* the# - - - . .
. .

-
- . .

,÷
i
i

:*
..



PROPERTIES OF UTILITY : mathematical

properties of the function u :# →112

Examples : increasing , differentiable ,
convex

,
continuous

,
etc

Property is relevant if we use it in
ordecepredictions , or to
classify the DM into some category ,
or in general to say something aboutthe DM's behavior .

ORDINAL PROPERTIES : all utilityrepresentationsof d have this same property .

CARDINAL PROPERTIES : only some (but not all)
of the utility representations of a
satisfy this property .

A utility function is ordinal if we only look
at ordinal properties , while it is cardinal if
we also look atCardinal properties .

-

Question : Both u = In Gtx) and
✓ Cx) ⇒I represent the same preferences
over ¥=Rt

.

Relate to A.3
.
Is "

the utility
function is increasing' ordinal or cardinal ? How

about"the utility function is convex
" ?

For any two x,yE=lRt ,
x Kyu

'

re > u ⇒ en Gtx) > em City)
IS 1+731+9⇒ x >y⇒ x2zy2

V repress. E -

⇒ vGd > Vcrs)



re represents d ⇐ v = fore also represents
compositions if for some
f- and re

,
and it strictly

is defined by f-faces) increasing
f :B -0112

.

I will now show that v Ge)=ffuCxD
for some strictly increasing f .

T⇒=fW⇒x2=f GnatxD ④
¥ =

Change of variable : lncitx) =x⇒

⇐ een c'+⇒ = ed⇐ six = et
⇒ x = ed - e-⇒ x2=#- D

'

⇒ zgZ= em- 2e
-
+ I

④y④⇒ let-2Gt I = f Ca)
-

1423=2 eh- 2et = 2 (em- ed) > o
⇒ f is strictly increasing
Hence by A.3 : if u is a utility
representation of K ,

so is V
.

Ieady established that
xx y ⇐ x >y⇒ IT Cx)> Icy)

for any strictly increasing
rt : → IR

.

"

utility being strictly increasing wrtmoney"
T.is#nalpnoperty-
utility being convex

" is Cardinal (re isconcaveIv convex)



(Ao) MONOTONIC 177 : for any x=GG ,
. . - pen)

and y = Cass , . . - iym) such that Kk > JK
for all k=i , - - - , 7 , they 7C 425

.

-

EXAMPLES-s.IT EIR monetary payoffs

÷¥ x > y⇒ x >as

I

• EDT bundles of two goods
^

÷÷÷÷÷÷÷÷
only if"

• EIR" allocations of monetary payoffs to
four individuals :

X1 > It
,
Xe 3Ds

, 23773,24794⇒
scary



Questions : re represents K .

Then :

ksatisfiesCADeuis-ycreas.TT
EDT

,
u is increasing if¥⇐i÷÷÷÷÷¥÷÷÷¥÷¥¥÷÷÷÷
(Remark : if for instance re is

differentiable , then all partialderivativesare positive .

def . of Cao)
§ satisfies CAD⇒ for all x.y with

Kk> Ya for all k , KEY
u is a utility rep r .
⇐ for all x, y with

Ke>Be for all k , UGG>read
def of increasing function

.

⇐s re is increasing QED
.



Question : A property CID is satisfied by
a utility function re

.

Then :

#

I is ordinal ⇒ it is satisfied by everyv-efouforstrictly.in#asingt
Recall V=fou means vGD=ffuGcD
-

Recall (from Question A.3)
✓ = fore for strictly increasing f

IG
v is a utility representation

Begin with re
,
v representations of &

rice) > re Cy)⇐ scary⇒ vGd> vfy)
utilities it will be the
Sonia. - - -- - - -

i
. case thatT
'

n i v = f- Crew)
.I i

i
v

utilities from uracy) read
→



Question : u Cx) = 20,0002C - 22 .

Does u represent some preferencessatisfyingCAD - CAD? How about CAD ? Draw the
graph of re

,
and describe

.
Ordinal vs

.Cardinalpreferences .
New utility representation

with different cardinal preferences .

-

xd2s⇒uGdzu#y
CAD Take anyx.ge#=RtUGDZUGDorreGc3SUfy) ⇒
x Z ng or a fry

CAD Take any x. y,zc such that
u Cx) > read and rely)> reft) .

Then
,

NGOMA

=D x Ky and KE z imply XYZ .

(Ao) x = 10,000 = 104 ⇒ re Ceo,0007=20,000-104
D= 10,000,000=1077

- 108

= 2.108-108
U (10,000) >U GO, 000,000) = 108>0

Even though 10,000<10,000,00
U (10/009000)=20,000.18

- 10^4heHence monotonicity is = 2. no
' '
.

violated
- romeo



U
' Gc) = 20

,
000 - 276=0

⇐> I = 10
,
000

^

i.
- - - - - - - -- - -

?

* :a*- - - - - - - ---→,€y u ⇒o
,
ooo, -⇒

muumuu ummm
2C

Properties of re :

EERIE it is strictly increasing in [o , 10,000J
and strictly decreasing in [10,000,003

CARD
't
• it is strictly concave



TheoremA.tt : If It is finite ,
and he satisfy

CAD-CAD.tn#ereisautihEon .

Recall that if is finite and I satisfy
CAD - CAD

,
then there exists a mosttleast

Ferried outcome (Question A.23 .

-

By finiteness of # ,
we take it that

there are n elements, and by Q .
A.2
,

take the least preferred one, call it
act and assign to it utility reGato

.

Then I am left with a new set
e
: I {xD

.

Since IIe is finite
it has a least preferred outcome

say xz .

There are two possibilities .

Either at vxz in which case I assign
UGK) = re =D

,
Or atLaz in which

case reGod = re +1
.

I continueinductively
,
at each step defining III eaves?

and choosing from IIe the least preferred
outcome Keat .

There will be two cases
,

either xe* n ke in which case UGce+D=UGaD
or Xue Tae in which case UGceeD= UGH -11
This will eventually stop , and I will have
assigned utilities to all outcomes (In -03 .



LEXICOGRAPHIC PREFERENCES
-

: =BE

a= Gee
,
Xz) D= (251,252)

xyyeseitherxa.sn#/orxa=rgyandxz3r
^

x
• Ze > X1 ⇒ z y z

Xz a-- - - -

of . 2- a > yes ⇒ Z 725
'

:
. as eye and Xz > Yz⇒ x Ty

:
Yz • - - - - - i¥÷÷s

71 Zt
71

Questioning : K satisfy CAD - CAD - CAD
.

CAD x= Gee ,xD ,
y = Gss ,%)

There are three cases:

:3:: ¥ } xxx or xxx .

• Ke =Da =3 • Xz >Yz⇒ KEY
• Xz 2252⇒ YEK
• 22=25223 any

(Az) x= Got,xz) , y = Eye , ,
z= Ga

, -227 , such that
Take the following cases .

. KEY andYET

•• It >Yet Yt > ZI FETZ II > ZIGZAG1232£5*71=2-1 and be>Zz ¥8 XI>Zszo⇒BK7zJ
•

•

It = use and 2272520--93317218*297-21=88×220⇒Yeezy and 72722=69
Xe =-21 and Kaz zze⇒S*→T



CAD x= Gee
,
xD y = Eye ,%) such that

Ke >ye and 423252
.

Then
,
I can rewrite

this as two cases :

• XI >Yt and Xz> Dz
• Xt eye and xzzyz }⇒ KEY .

-

Question : Z does not have a utility
representation .

-

Aint : You cannot fit oncountably many intervals
in R

.
Formally if every ZED -1 is associated

with some interval L-az.bz] , it not

possible that L-az.bz] n-Laze.bz,] for eachzit?
-

'

'

- the vertical
axis

.

--•z
2-I

E¥¥¥¥i:*.
Wye) read



CHOICE PROBLEM (DECISION PROBLEM)
estofadho.es and each of
these choices yields an outcome from↳
In this sense

,
we write DAE

By A ,
I denote the set of all choice

problems .

RATIONAL CHOICE (defined relatively to
the choice problem A
and preferences 7)

some a EA such that a Kb for all BEA .

In case b are represented by U ,
then a rational choice is a utility
maximizer . That is , some AEA such

thatUCa37UCb)foranybEA#
Question B. 1

.

: if It is finite and I satisfy
-

CAt¥here is a rational choice.

By Q
.

A.2
,
AEI is also finite

,
and

therefore there is a most preferred
outcome in A

,
which is a rational choice

.

-

Questioning : u ⇒I represents Hover#
Some A that does not have a rational
choice

.

A=Ekta: U does not have a maximizer inA



EXPERIMENT : contains observations from a
sequence of choice problems,
€.

Two cases

• complete experiment :Et
• incomplete experiment : EEA

DATASET : observed choices in each
choice problem in the experiment

1-
-

• Choice correspondence : CCA) EA for eachAt
-• Choice function : c (A)EA for each AEE-

RATIONALIZING CHOICE :

"Isthereapneferencerelationdsatisfyingthaxioms that I want to test
,
which is consistentwiththedataihaveobserved.ir

• If NO ,
then I reject the axioms

• If YES, then I cannot reject the axioms
and I take it that the DM acts

asif he was driven by such
axioms .

METHODOLOGY : Revealed Preference .



txampe : ={ Vegetarian ,Pasta ,steak , Sushi ,Tacos}Ca) Cb) Cc) Cd) Ce)

Restaurant e : A={⑨ b.④ d }
Restaurant 2 : B - { b.④Oe} }⑥(in complete

experiment)

C = { a ,
c
,
e }

,
CHE

CteoRRESPONDENCE : HAE E
,
I observe

¢CA②A ,
all choices that the DM makes

from this menu .

In the previous example CCA)={ a , c } EA
C (B) = { d , e} EB

RATIONALIZING A CHOICE CORRESPONDENCE
we say that C is rationalized by some
preference relation d (which satisfies certain
axioms) , if for each AEE :

ICCAI-ef.ae/t:akbforallbEA#*O
-

In other words
,
the behavior observed in C

is consistent with the axioms that I am

testing if I can find some t satisfying
these axioms such that ④ holds

.

This preference relation is notnecessarilyunique ( in fact , almost always it is not).
I cannot identify exactly thepreferences .



DIRECT REVEALED PREFERENCE :

achoice-aEIIisdirectleaedpreferredtochoicebEX.cand we write whenever

there is some AEE containing both a.b
such that a¥.
DIRECT STRICT REVEALED PREFERENCE :

a choice at is strictly directly revealed
pneferred-EX.TL#writeaxQ
whenever there is some AEE containing
both a ,b such that aCCCA)audb¢cAT#
-

Questions.3 : Example where ahgb and bka
.

=L a , b. a } A -_ { a ,
b} CCA)={a}

vegefhrimpalsta Tteok B={ a ,
b
,
c } CCB)={b}

From CCA) we obtain a K b

From CCB) we obtain b ka
-

WEAK AXIOM of REVEALED PREFERENCE CWARP)
For any A.BEE with a ,bEAnB

,

aECCA)andbECCB)⇒bECCA)audaEdBT÷
'

¥:# i:*'÷¥
.

although ac- CCA) and BECCB),
it will be a€CCB) or BECCA)

.



TheoremB.1_ : Fix experiment E :

Ci) If C violates WARP
,
then C cannot

be rationalized
.

⇐i) If C satisfies WARP in complete E,
then C can be rationalized
-

Questions : La ,
b
,
c }

E={Eaib3
,
{ b. c}

,
{ a. c} } Cda ,bD=ta }

cab , =L 's}
WARP is satisfied .

Caa , d) =K}

Every pair A.BEE such that a ,bE AND
There are no such pairs of choice problem
WARP is trivially satisfied .

C (A) = { AEA : ab b for all BEA}
Eka ,b3)={a } ⇒ a y b

((Eb,c3)={ b} ⇒ b. to

Caa.eD=k3⇒ a > a
}Ir: bis

-

Questions : C (Ea , b. CD
9.uppose ac-CGa.b.IT CE Cda ,

must E.Egg.gs?...jf*aecaabIDDfalse contradiction
.



Question : If C satisfies WARP
them for all A.BEE with BEA :

find PROPERTY d : a EB and a E CCA) ⇒ a c-CCB)

&:# PROPERTY G : a. be CCB) and AEC (A)⇒ BECCA)

Moreover
, if E is complete then the converse

holds
,
ie
, properties x and G imply WARP
-

a EB B⇒3a€A. -
ca: ¥: I

bet
Hence

, a.
BE A AB

Plus .ba ⇐¥E¥a -
case 2 : there is no other b C- CCB)

since CCB) #0 ,
I obtainaECCB@Jr_a.bECCB) a,bEB

area

Hence
,
a

,
be AAB

IEEE:3}e¥5EEr



-

÷÷÷÷÷÷¥"
""

Since E is complete , AAB EE (ANBEA)
① +② Is a E C. CanB) ③ CANBEB)
① +② Is BECCA NB) ④

③ +④ =D aa.BE { faffed } -EsbEC
③ +④⇒ a:b :{of:p}⇐aO



Questions. -8 : Ci ) If C violates 2 or b

then C cannot be rationalized .

Cii) If C satisfies a and b in a

complete E
,
then C can be rationalized

.

t.info#IndaedJCnotraiCii3fwAepsahsiedinmpeEec⇒cratioualizedJQTB.7.ci#TdsahsLe
ifededJwAP
Ci ) C violates a or G WARP violated

C not rationalized

(ii ) x , 8 satisfied in complete E WARP satisfied
(incomplete E)
e nationalized

€→77 P(notes) (not p)



INDIRECT REVEALED PREFERENCE :

Take C
,
and I say that a

is indirectly
revealed preferred to b whenever :

=a Kc at Kc Az Kc - -
- Kaan Bc b-

In this case I write a KE b

GENERALIZED AXIOM OF REVEALED PREFERENCE

( GARP) : For any a
, b E ,

iteaanmnoottbbee.la#bandbzaTJ
=

⇒f#replace here a with a Keb

then instead of GARP you get WARP

(Problem B. D
.

-

TheoremB.2_ : For any E and C
:

(i) C violates GARP ⇒ C not rationalized⇐csatisfiesGARp⇒cisrationalize
Questioned : Eva,b3

,
Eb

,
,
{a.EB

Caa ,b3)={a }
,
cab , 453

,
Cda , to}
---
a z b b ka e k a

TEE, as¥o'¥.



CHOICE FUNCTION :

Earlier when we focused on choice

correspondences ,
we essentially assumed

that the experimenter can observe alls
choices made in each choice problem .

Now we will instead assume that the
experimenter can observe only one#
For each AEE

,
c (A) EA is the

observed choice
,
and c is called the

choice function .

Rationing : a choice function c
is rationalized by some t , if for all AEE:

-/ c (A) e- {a EA : ab b for all BEA}
-

( CA) is b for all BEA.)
Question : every choice function
is rationalized by a complete andtransitive4

.

-

Take b such that a- b for all a,bE*
This means that for every A EE ,

CCAJE { AEA : ab b for all BEA}= A

Hence he rationalizes c .



(NI) NO.IN#FFERENfE : for any x, yEI,
either KEY or Y EX .

PROPEMIITIB.at#zBEaf=githgBfA:
F④

Question : Relate property
choice correspondences to property or
for choice functions .

Property x (for correspondences) : if BEA

:÷÷÷÷÷÷¥÷÷÷÷÷÷i
the same assuming
that CCA) --CCA)
and CCB) (B)



TheoremB.3_ : For E and c :

Ci ) c violates Property a ⇒ c cannot be
rationalized by
any y

, satisfying
completeness ,transitivityand no -indifference

.

(ii) c satisfies property a ⇒ c can be rationa-
in a complete E l ized by some 4

satisfyingcompleteness
, transitivity,

no . indifference

QFion-B.2.EE#ab32b3a.d3cCEa.b3)--La3
a Gb ,d) =Lb } aka

,
d)to}

Prove that c satisfies property 2 .

Moreover it cannot be rationalized .

-

Trivial : check for all A ,B EE such that
BEA

.

Well
,
here there are no

such choice problems
.

In B. 5 I have shown that there is
no complete and transitive preference
relation that would have given me
this data

.



DECISION THEORY UNDER UNCERTAINTY

Question C. 1 :

OBJECTIVE UNCERTAINTY : Probabilities that
are objectively known to everyone

SUBJECTIVE UNCERTAINTY : Subjectiveprobabilitieswhich may differ across individual

OBJECTIVE UNCERTAINTY IRIS K :

Lottery : A random experiment yielding some
monetary outcomes together with therespectiveprobabilities .

lpt-GGDEI.PE#I...,PGm7xXn@-pTb-x-Fb-in-FB-in-
of re TR ofacz 112 of em 112

• PGD + pace) t - - - tpfxm) =L
• Finitely many outcomes 2422, . . . ,Ky

Set of all lotteries is denoted by L .

G- xx) = x : each KEI is identified
by lottery Cexx)

.

In this sense I write EL



Question : Only the probabilities matter
not the actual experiment .

Provide
.

an example.
-

P = (PGE)x XI
, . . . ,

poem)xx)
p a

PCxD← - - - -

foPH - -

!! •p¥÷#ER#
Example : Take p=(Ixo , tzx 20)
• Toss a coinan#
- If

"H" comes
,
then pay 0

- If
"

T
"

comes ,
then pay 20

• Roll a die and :

- If "

D
, ,

"

,
then pay o

- If
"

,: , Di,
"

then pay 20



PREFERENCES over L
,
described by f

"

poi
'

means lottery p is at least as
good as lottery of .

Strict preference and indifference
are defined in exactly the same way

preferences induced over II : whenever
I have 6 over L

,
I also havepreferencesover degenerate lotteries , and this

gives me preferences over# :

ICIxxsxaxn.SI#-SxxrT
Induced preferences over are monotonic
( i.e.
,
a > y ⇒ ax

-⇒ tax ⇒ KEY) .

It will not be the case that x-y for all
x
, y ER .

In principle ,
I will be interested in 6

over L that satisfy completeness and
transitivity .



Que3 : p = Get)xxe
, - - - , Pcxm) x Xm)

9- = CIGSDase
, - . . ,
P xD) :

#

IPKF⇐ IZ.PGad.sk > II. 9- Gse) -Ye-
II.pcxidpx-EEGD.ge one Paid.GE/?9-Gse7ge
⇐ P f Q Ots Pf g

complete holds
.

-

PKG and 9-Kr ⇒

¥!Pfx.) xx > etf 9- Gse) .ge 3 rCEm7Zm

⇒ pier

transitivity holds
-

Take a > y ⇒ 1. x 3 1. y ⇒ KEY
N w

expected expected
payoff of payoff of
Ci xx) Cincy)

Monotonicity holds .



questionedPK of ⇒ min Ext, . . . ,Kk} >mind { ye, . . ;yB
-

min Ext , . . . . KK} > min Eye, . . . ,yB § , PEGOR

min Ext . . - RB Emin sense
,
. . . .

, yes

→

P of

completeness holds .

-

PEG and 9- Er =D

min {act, . - n , 33 min {ya,. . . ,2SB>min {Zern ,Zm3

PK r

transitivity holds .

⇒miyx3 > min Ers}⇒ KEY
- -

the number the number

Iuse to I use to

evaluate Gxx) evaluate Cray)

Monotonicity holds .



UTILITY REPRESENTATION : U :L -0112
represents Z over L whenever

-IPE 9-⇒ Ucp) > UCE)
-

EXPECTED UTILITY : For each outcome XEII
I take a (Bernoulli) utility re Cx) . Then ,
for each lottery PEL ,

I take the

correspondingexpectatioun.LI/Epfu)=-#IPGcD.UCxk)
-

Then
,
I say that 7 over L has a

GNM) expected utility representation , if
|p4G⇒EpCEgC#

for some Bernoulli utility function



.

: Do the preferences in

C. 3 and C. 4 have an EU representation?

⇒ pcx.s.ptys.IE?otase7
Take ucsd -x ¥gPGaDuGad3e9-CHYE)-

IEpCu77EatuT@C.4pZ9EmimExtr.pck} >min Eye
,
. . . ,YB

II. .
Then take (1×3) and ⇐xx,Exy)

And assume that 3 have an EUrepresentation
. get #

min Ex , y} = y -- min ⇒ p⑦
• There exists a Bernoulli utility function
re Cx) > rely)

,
and

Ep Cre) = tzu Ge) tzufg) > rely) = Egfu)
⇒HI



FIRST . ORDER STOCHASTIC DOMINANCE
-

p=GfxDxxe
,
. .

. ,PCxm)xxm) and 9- = ACTING
, .
..#Dxy)

we say that p Fo SD 9- whenever

forallaER÷÷÷÷÷÷÷¥÷÷÷.
at least a pomp getting atleast

a from 9-
.

¥←%k÷yt⇐
:

Irob of getting Ed

9- 48 % % Yg Hoff. --•uF
-

5/8 - ipad
E f- - - eo.mn:O i
x: Lz Lz Lg 318 - - -¥-9 I

vsio#o i l

toad
theorem : P FOSD 9-⇐ Epfu) > Egfr)

for all Bernoulli
utility functions .



Quest : P FOSD of ⇒ Ipta) >Edu)

"¥/÷5÷÷g9-%%
Uco) 's Udo)Euko)suGo)

Epfu) > Er. fu) > Erdal
=#g- fu)

r2 1/8 318 % 18

-

-

P TOSD of ⇐ Ep fu) > Eqfu)foraHBernoolliutilitie
pdoetTosD9⇒tzhejnoe?I£iTfetEpcm) e Eg fu)
I can find some LEID such that

¥%PGad<§↳aPGe) }EpW±¥*P⇒Take wacko for x-a
< Zpfye)
Yezd

ucx)=1 for a >d
=#g. fu)



Not all lotteries can be compared by TOD.
p= (Exo , Ex 20)
9-= fix to) . Ucsc)=x

Epfu)=eo=Egfu)

pEy ⇒p⑦
9- O l O o re Cx)=x2
-

Ep fu)= 400=200

9.io#Eqfu)-- nooL1 Lz

⇒p⑦



u N M AXIOMS-

Completeness and transitivity ,
plus

two additional axioms
, continuity

and independence .

-

theorem : Z over L have a VNM

EU representation⇒ 6 satisfythesefouraxiou
Question : I have a VMM EV
representation . Them

, prove
:

x > y and a > b =3

G xx
,
Ci -a)xy) > Ceoxx

,
G - e)xy)

x > y =D u Cx) > re Cy)
=3 Luca) t Ce -Duty) >breadth- b)rely)
⇒ Cd xx

,
Ce - a) xy) > (Gxx , Ce - e)xy)



Question : re is a Bernoulli utilityfunction
.
Then

,
the following holds :

visalsoBernoull.eu#cYGT,b
⇐ PEG⇒ II.Pox.) need > II. 9-asdutye)
Take Pace) v#s= PGad Catered)

K

= a Pox.) t GZpace) re Cx.)
✓ KIL

=a+2P%uc→
9- Eye) v Eye)=at6?!9Ge)r

⇒ Ep (v) Z Eg G) .



⇐5) Take I
,
I such that I xx>E

for x
.

Hence
,

UCE ) > re Cx) > UCI) because

✓ CE) Z v Cx) z v Cz) }both u andu are

Take I > ICotheTTiseB@i.neverything is trivial)
re - - - - - tooUCE) a-- - - - -

- -og

v • -

q f¥.
x

Then there exist aEIR and G > o St
.

this is because

¥⑤:EEEtC3GE¥, ¥3 and)
Take x

,
and notice that

UCE ) > read > use) ⇒
⇒ there is some TEA ,

1) such that

tuGta-ahJ④
⇒ x n Csx E

,
Ce -DX E)

⇒µ⇒=yvCz7ta-DvcG#_④⑦



v Cx) = g v CE) t ca -a) v Cz)
④¥*8 (a tenCED + Ce -D Cateau GED
= at 6 (Tu Gott Ce -D reCED
at b re Cx) ①
-

Questions : ' 'the utility function is EV
"

is a cardinal property
-

I = to ,
10

,
20 }

20 7 10 I 0⇐ re Czo)

/
z:
' n

.

- ngos
-

i

! TTCP) =fEpCuDZ
Pig 9-⇒IPGDUGD529-astukD.IE
⇐ (IP uc¥E¥x§

Tcp) = (p Go) - 20 t PGo) . 10J
= 4004720))2t too (PG 0372

+HoopCeo) PKD
This is not an expected utility .



RISK ATTITUDES
-

:

A lottery p = Cpcxisxxn , . . . ,PCxk)xxx)
K

and a sure outcome x = Zpcxe) -ke
e=L

Eixample : p = (Exo , I -120) ,
so = no

• Risk AVERSE °

. X K P

• RISK SEENNG : If P

"'Sk Neural : ←p
fator fake.nl?ttefieespendent expected -
payoff -equivalent
outcome .

-
Theorem : If 7 have an EU rep re -

¥on (with Bernoulli re) :

( i ) DM risk - averse (resp . strictly risk
averse)# re concave (resp . strictly concave)¥:÷:÷÷÷÷÷÷.in#s:i::::::i::.:.

- UGH - - - -
- - i refer)* - - - -

Ii¥÷÷÷÷÷÷÷÷i.÷÷÷÷÷÷÷÷i±i:¥



If 6 have an EU representation the
previous theorem holds no matter which

Bernoulli utility function I use.

Recall from Q
.

C. 8 that Bernoulli
utility functions are always strictly
positive transformations of one another .
And such transformations preserve
convexity .

^

-E
re concave⇒ at @u concave

# V concave
-

Question : DM is not necessarily
classified into one of the three types

u

i l l



Question C. 11 .

-

°

PEE ⇐s pace) - xx > Ease)Ye
--

(given uG⇒) Epcu) 3 Eqcu )

But then mix)=x is linear
.

By Theorem C. 3
,
DM is risk -neutral

.

-

Question :
"

The DM is risk . averse
" is

ordinal
.

(where x= GEED
.

EU
Take atitility function of a risk averse

DM :
re Cx) > Ep fu) = pace) meee)

Take strictly increasing f :D →R and

✓ Cp) =fGEp CUD
u =fCuc⇒) } Vac) > vcp)
=D Ktp .



SECOND ORDER STOCHASTIC DOMINANCE

TP SOSD of ⇐ Epa) > Egfr) for every|concav#
Questionary : D= ⇐ x so

, -2×10)
9- = (¥+40 , -12×20 , x o)
U concave whenever for all x, y
and all TE Co , 1) :

④lufdxtce-nd-Dzyucxta.edu#f
-

¥t÷:÷÷
.

= E- ukio)t t
Info)

=Eff¥ECEukdaD
II utitotzzoxtzufzeotto)f¥uKotIu



A 228IE
o Lea 40

AKE THE
⑦
-

Question C. 14-

P FOSD 9-⇒ Epfu) > Ezln) for all u

⑤ Ep fu) 7 Eq Cre) for all concave u
⇒ p SOSD A

p ± (ex ro) 9- = fztxzo , z'xo)

p soSD G : Take a concave re

Ep (re) -- re Ceo) = re CE . 20+-2 - o)
> Iz Uczo) tf re co)
= Eq fu)

Take some re strictly convex
Ep (a) a Eq Cre)

meaning that p does not TOSD G .



RATIONALIZING CHOICES UNDER UNEERTAINTY
-

E contains A EL

C (A) E A choice correspondence

It is rationalized if there is a

BernoulliUIE-aksuohth.atCCAJt-LPEA.IE/oCu73EqCu#a/9EA3
for every AEE
-

Question C. 15-
Pe = (0.25×3000,0-75×0) CAPE,Pz3)=LPz}
Pz = (0.2×4000,0-8×0)¥÷÷÷.⇒¥Caan

,
= He}
-

suppose there is a Bernoulli utility function :
Epa fu) = uC4ooo) -1¥ Uco) > IT refsooo) + If Uco)=Epnfu)

Eq→Cu)= U Boo o) > Ukcooo) -1¥ uco) =Egzfu)



¥ UL4000) t Is a Co) > I, U Goo o) t¥ Mco)
⇒ /¥ul4ooo)_tuCo)7UGooo)-3U
-

out#IfmCatoosa (OJ
-

⇒UC3ood-3.ru/o)FzzuC4ooo)-tU#tg
contradiction

, meaning that u N M

axiomsarerejected.ee



Question C. 16 .

-

°

Pe = Ce x ro) r

Pz = Co . 5×20
,
0.5 × o) ( CEB

, 1237-2%3Fission.ir#or2=fzx16o,Esxzo)CAN
, re3)Fri , rig
1-
PINPz⇐ re Ceo) = Iz re ko) + Info)
Take uCo)=⇒ /uC2o)=2#

9- in fr⇒ re ko) = I re (80) + Ez re Cio)
⇒ 2re Ceo) = tzufso) + Ez U Ceo)
⇒µoo)=4uC

ran r2€ u Coo o) = '

zu Ce Go) t E re ko)
⇐ 4 re Cao) = 's re a Go) t -34 UGO)
⇐ iz re Cro) = re Ce a o) + 4 a Ceo)

⇐uG6o)=8ucT÷
Take ue→uc ,uciuG6o



SUBJECTIVE UNCERTAINTY :
-

States : R -

- {we .. . ., Wn }

Examples : D= {D , 123•

defoerettkepublican
• D= { G. B }

no aFidentTec ident

Acts : f :S→I

f- = feud ,
fluid

,
. . .

, found contract
-

if we occurshifwzoc BIL WN occurs

f- = (Pe
, Pz , - . . , PN)

Examines : . D= ED , 123

f- = ft
,

,
ICED I bet €1 into D

in which case Iwillget
(ex g) (Ix- D €10 back .

•Dr = {G, B} I buy insurance for
€100 ; if there is an9=69 (G)

,
9 CBD accident

,
the company"

will assign an expert
(1×-100) Cao!! -2100, who approves coverage

0.99×-1100) of €1000 with prob .gg .

Assume that the car damage
•FsetofaHactsis€2oo
• CP

,
. . . ,P)=④ constant act : LEF



PREFERENC.ES#erF
f- 49 :

"f at least as good as g
"

Y and ~ are defined in the usual way

The induced preferences over L :

-PZ 9- ⇐ Cp
,

. . . ,P) > Cot
,
. . .

,
E)-1

The induced preferences over L have
an EU representation (there is a Bernoulli
utility function re )

. ④ . . . On

when I have an act f- = Cpe
, .

. .

,
Pm)

I get is a vector of EU 'T : (ETH . . .,EpnfuD



Quest : R={ Democrat Cues, Republican turf
as

⑦k⑨⇒mmiinn&E⇒ca) 3mm.im#Eg.4gDiEgt*uB3exhpeoTedeTpecedeFifFVif
utility if utility if g chosen 9 chosen

f- is chosen f is chosen and der and
and Democrat and Republicans mowat republi
wins wins

wins canning

see Questions C. 3 and C. 4
.

-

Question : A -_ { wa , wz}

f- kg⇒ feud I gcwe)

Example : f- = o)
9. = nooo) }HwDx9CwD⇒f- yg

See Questions c. 3 and C.4
.

PKI# Cpap) > 9)
⇐ Epfu ) > Egle)



UTILITY REPRESENTATION
- re : F-0112
#

o

f7g⇒uCf)4uC#-
SuBJECTlVtB#EfS : A ={ we, - - - , Wn }
A probability distribution µ over A

so µ Cw) : subjective probability of w
occurring .

• lucwe) t . - - tlucwn) = 1

• fu is unobservable by economist .

SUBJECTIVE EXPECTED UTILITY '

o

-

•First take Bernoulli utility and construct
Tector of exp#Attics :

⑦ Cpe
,
. . . ,Pn) ⇒ =ftp./u7...,IEpyluDIO.....iztwo . . -

iwnJf@rastatew.EErIeuspotnhdisinigstEE.D
• Second

,
take the subjective belief and

compute SEU :

UHH
. .

. . ,¥D⇒EµluHD=
② . . - n , IF

= Wwe) .IE (a)t. - - t

. .
- -

,
tlucwn) .IE#w.TgCu)



Eiu Eu Has)) = lucas Escapee
Etienne:.÷÷÷i÷÷÷÷÷n:÷I¥e:utility u and beliefs 4

#
weighted average of
objective expected
utilities

s.%ae.sn#st:sio:e.s::din::::efwe can find Bernoulli utility U and÷÷÷::*cL



Question C. 1g :
-

f- 49⇐ min { Efm .>
tu)

,

#fought} >min {Egan.int#qwghBf--G
,
o) g = Co , 1)

Let u Ci ) > a Co)
ult) -- Cuca )

,
uco )) }
-

"G) '- Cuco)
, nap

⇒⇐I because
mingle) ,Uco)}=U6)

= min {ufo),MAB
.

If there is SEV representation ,
then

Nw=lulus )uG) + lulus) rule)
⇒µcwe)=HCwz)=#
h = Goo

,
o) =D re Ch ) = fuceoo) , Wo ))

Ey tach)) = tzuceoo) + Info) > Ey Cuff)) ④
min {uleoo) , Ufo)} = re lo) ④④
④⇒ h > f
④④⇒ h~f } contradiction .



f- y g⇐ fewe) I scare)

fewe) = I ⇒ E
µ
Cuff)) = Efaw, Ca)

Et tu GD = Egan, cu) }-
=D ft g⇒ Efcwe, tu) > Egan⇒ (m)

⇐ f-(we) K 9 (we) doneJ .



AAAs : completeness, Transitivity ,
continuity , Independence , plus the following
two axioms : AA monotonicity and
non - triviality .

Theon:ZoverFhaveaSEUrepre÷| 377, taatf.o.no# they satisfy the previous
-



DOMINANCERELATIONS :

f = (Ps
. .
. .

,

Pn) ⇒ U (f) = ftp.cu) , . . . , Epn cud
s =

.
. . . ⇒ uc⇒=Ceu

.
. . . ,Ea

STRICT DOMINANCE :
-

f- strictly dominates 9⇒ Icw) y g Cw)
for all was

⇐ Esau,fu) > Egas fu)
for all was

WEAK DOMINANCE
-

:

f- weakly dominates g⇐ few) & 9 Cw) for
all was

,
with

at least one
preference being
strict

⇐ Efagfu) > Egg,Ca)
for all was , with
at least oneinequalitybeing strict



Question : f strictly dominates g ⇒ fig
(irrespective of beliefs .

f- Cw) 7 Sew)⇒ Efaw, Eu) BeBe #gcw, Ca) for all was

⑦IFEtwwuwEg.su for allwas
with strict inequality iff Kw)>o

⑤Instead Escada) Be jcwEgcw, tu)
⇒ EµCuff) > Eyefuls)
⇒ f > g

Take u (o) = o
,
u Ci ) = 7

,
U (2)= to

f- = ( n , 1) =D riff) = (7,7)
9=62 ,

o) → u (g) = (no
,
o)

Take yous) = lucwz) = 1/2

Eµ Cuff)) = 7 > 5 =L lotto =Eµ (UCSD
still f- does not strictly dominate 9 .



Question : . f weakly dominates g
° beliefs are full - support }⇒# 9

f-Cw) 79 Cw) with at⇒ Efa, tu) > Egcw, fu) with at
least one strict least one inequalitypreference being strict¥Pot)µcwyEµw, fu) >Nw) #gash)

with at least oneinequalitystrict

⇒ IgnatEfendi>Zafar#ask)
⇐ Eµ Cuffs) >EµCuGD
⇐f#
U (07=0 .

U (e)= 101-
f- = G

,
i ) ⇒ u (f) = Go ,

no)
9=9 , o) ⇒ u (g) = ④③
f- weakly dominates g .

Take Stunt . Then EµfuCfD=eo=EµfulgD
=D f-N 9

.



MIXEDA.IS : f
,
SEF

,
then I can take

the mixed act Cxxf
,
Ci - a)x g)

,
that

pays a.few) + G -a) gcw) at each state w.

Examine :

(exo) (ex -20)-I¥TE¥iEl



•* :

U (5) refs)

(a) Risk . seeking ⇒ re strictly convex
M⇒N⇒L

='°tz)+
unobservables .

*f+C**⇒¥EIFa⇒Tao)h UC5)UCs#]€.÷÷:÷:÷÷::
⇒ E

+ a-a) g) Cw,
tu) >Eh fu)

⇒ after -a) g strictly dominates h .



"

Risk . aversion ⇒µCs)>tzuGo)tzu(o#
For some µ :

Ep (u Ch )) Z Ey Cuff)){Ex cul HD > EµCuGD} Items
Take 4Cwa) = In Cwa) = %¥i÷¥÷÷÷÷¥



RATIONALIZING CHOICE UNDER SUBJECTIVE UNCERTAINTY
-

C is rationalized by an AA SEV function
if there exist Bernoulli utilities re and

behieflu.suchtho.tnCCA) = {f- EA : EµCuHD > Eyeful for all get}-
for every AGE .

-

Questions : An urn contains 3 balls
,

exactlyonerede, the remaining bells are
either Ci) bothblaok , orCiionebak andomelettes
or Ciii) bothyellow .

Then we randomly draw a
ball and depending on which act the subject
has chosen , we will pay accordingly :

-

fi : if red then E-to

÷::::::::÷n⇐±⇒92 : if black or yellow then Eeoc (294%3)=2923
-



we : both black

wz : one black one yellow

Wo : both yellow
-

we W2 W 3
-÷f÷::(Imo , -3×0) (Esxio , Exo) (1×10)
9zexio.EE#oEo)/

Suppose there is an AA SEU representation :

3--Uco) > re (03=0

y"lf-z 2 1 O

ga t 2 3
gz 2 2 z
-

yews Need Nws)

Ey fulfil) = Nws) t lucwz) + lucus) = 1
Eyeful = 24Care)tµcwD
Eµfu(9e)) = Have) -1266k) -1314ns)
Eyeful927=21%1+2465+24 CwD=2



I > 2 µ Cw e) + µ Cw2) ⇒1/1%27801-246777
2 > Nwt) t e µ Cw:D + 3 T¥¥⇒T
=3 - 2 µ Cws) - fu Cwa)

⇒µwz7Bi-2luCw#T
#

contradiction
.



GAME THEORY : Multiple decision makers
interactive's action affects the
others)

STRATEGICFORMGAMES-a.LI , (Ai) ; ez , (a)iez)
• I = { Ann Ca)

,
Bob Cb) } set of players fi , j)

• For each ieI
,
Ai is the set of actions

of player i .

• For each profile of actions (ai , a;)

orCaa.aDoiCai.ajJEITER@aCaa.aD.0bCaa.aD) C- 1122
o.÷÷÷÷÷÷÷

.

IpleD : Aa -12T , MiB} Ab -12,12}

÷¥÷÷÷¥÷÷÷¥¥¥



GAMES can be seen as choice problems

upTady¥te oncertaintyCfor

k R2

T¥÷¥÷÷÷÷÷÷÷÷÷÷÷÷÷÷
B lasstatesover

which she hassubjectiveuncertainty .

1-Her own actions can be seen as acts-
PREFERENCE : Assume that each player
has AA SEO preferences over acts .

• Bernoulli utility functions aredefined
over pairs of monetary payoffs

(ai
,
a ;) Kii Cai,aj)⇒ Gi Cai ,a;) , Oj Cai ,a;D Ki
- -

-

(Oi Cai,aj) , Oj Cassa
-



Question D. a L R
-

:
-

10,5 0,0÷¥#¥:
RSK.NL#TRAL RISK.ANER.SE#

R1SkSEEldNGµxT"

÷¥÷÷÷i÷⇒÷÷
All three utility function induce the same
preferences over action profiles .

(T
,
L) Ya CB

,
R) irrespective of

which utility function
we use (among the three .



SUBJECTIVE EXPECTED UTILITY °

#

6

Given i 's Bernoulli utility Ui
,
and

beliefs µ; over the opponent 's actions
each action aiEAI has SEU :

-|Eµi(UiCaiD=? Mica ;) . Ui Cai
,aj)
-

1aik.az?EEy..CuiCaiD3Eu..CuiCai#f
-

Clearly ,
which action is preferred over

which depends on Bernoulli utilities and
b-1 of theptayer-RATIONAL-TY.cogiven lui and Ui

,
an action

afAi is rational if :

-Ey, Cui Cai)> Ex. Cui Cai'D
for anya.ie#④
Assuming that the economist only knows
wi , then ai can be rationally chosen if
there exists some µ; such that holds



Question D. 2
-

:

¥:⇒÷÷÷÷÷÷÷÷÷÷÷¥÷÷
:

• Risk neutral : Ua (57=5
• Risk averse : Macs)=6

AfD -1%127=1 • Risk seeking : Ua =4
I' a'Ia (x=uaC5))

Epa (Ua (T)) = no , d

'¥:c::c:B : :c:c: :c: of:¥÷¥÷:
Bernoulli
utilities Giz

,

^
on xD

.

no- - - - - - - - - -- t Matt))
×=s⇒ T

,
M ,B rational

#
Eyal

G Eµa(uaCBD 2=6⇒ 714,13 rational
5•-------.#EµafuaCBD ⇒ T.tl rational
a .÷i#µacuacBD "⇒/#±¥;ac¥iE:i
0 I

•

3%18%0,}axxio⇐x⇒7's
'

2=6
.



METHODOLOGY :
-

• ORDINAL GAMES : others only know the
induced preferences over action profiles

• CARDINAL GAMES : others know the Bernoulli
utility function .

SOLUTION CONCEPTS °

#

o

⇒ ⇒⇒""&

Predictions are action profiles

ELIMINATION EQUILIBRIUM

oRDINALIteratedtB.org#ashEguiDominance librium

CARDINALattdom¥xed¥



ORD i NAL GAMES
-

:

#AixAj→R represents preferences✓
over outcomes of the game
(over action profiled .

¥E : ai strictly dominates ai
in the game Ai x Aj , if for all aj c-Aj
-lui Cai ,

a;) > Ui Cai
,
a;)

.

-

a a a

÷::÷÷::÷÷:÷:
0/000-1 ftp.nyfor every

action

If there is ai strictly dominating ai
'

,
then

we say that ai
'
is strictly dominated-

If ai strictly dominates every other ai
'

,

we say that ai is strichydominant
For strict dominance ,

not knowing Bernoulli
utilities is not such a big issue .

Strict dominance is defined given Ai xAj .
Whenever it is obvious whichgame I am

referring to , I will not need to be explicit



Question D. 3
-

- iaistrictlydomincted-aaniafgtnd.LI
Player i maximizes SEU (given the
unobservable Ui and HD

.

So
,
we say

that ai is not rational if there is

④%9aBEIYuiuh.li/yAncGT-eegfEiaD
Since ai is strictly dominated by ai :
Ui Cai'

,
a ;) > Ui Cai , a ;) for aHajEA#

Take any belief lui ,
and then :Quest

luicaj ) Ui Cai' , a;) > luicaj) Ui Cai ,aj)
with at least one inequality being strict .

Hence ,
add across Aj to obtain

Xilai) Ui Cai
,
a;) >?⇒ytiCa ;) uicaiia;)
--

Ea. Cui Cai'D > Eye. Cui Cais)



Questioned :laistricthydominanth#onlyrationalaction

ai strictly dominant ⇒
ai strictly dominates every other af⇒

Ui Cai , a;) > Ui Cai
'

, aj ) for all ajfdj IS

lui (a ;) Ui Cai ,aj) > lui Caj)Ui Cai'
,aj) ⇒

with at least one strict inequality

g.

lui Cai) Ui Cai
,
a;) sa.Z.zjicaduicai.ae)⇒
-/Ex, Cui Cai) > Er. Cui ca:D
-

for all ai
'

other than ai
,
and all lui

.



Questions : Ai -- {o, ' , . . . . no }
(how much player i puts in the
private account) .

ai : private account
10-ai : public account

Monetary payoff of i : ai t -2,60 -ai -110- aj)
= 1st ai - Ia;

Ui Cai
,
a ;) = 15-1 4- ai - IT aj

ai = 10 strictly dominant .

Take a :L no

Ui (no , aj) - Ui (ai
',aj)= 15+4-10 - I,aj-fs-eaa.it-3¥
teo - ai) so

⇒ lui Cao , a;) - vicar,aj)
-



ITERATED STRICT DOMINANCE °

-

o For each KZo

S
' ? Ai

si
'

= {ai ES'? : ai not strictly dominated in Six593
S'? = {ai ES' ! : ai not strictly dominated inSix

:

:

Sik = {ai ES' ! ai not strictly dominated in SEISE'S
i.

:

JSY.ES?hStinShi2n...TISD=S'#n
-

i¥¥÷¥¥¥ :÷÷÷÷÷÷÷÷÷÷÷÷÷i:
TE

T
Sia -- IT } ,

Si' =L is
II SD -- { 73×223 : :

.

I =L can }-



WEAK DOMINANCE
-

: ai weakly dominates ai
in the game AixAj

,
if for all aj C-Aj :
-

UiCai,aj)3UiCaE,a#
with at least one inequality being strict

An action ai
'

is weakly dominated if
there exists ai C-Ai that weakly dominates

An action ai is weakly dominant , if it
weakly dominates every other a.ifAi .

Question : A weakly dominated action
could be rational .

it ÷÷÷÷÷÷÷:÷÷÷÷÷÷:
Epa (react)) = Epa CreaCBD =D both T and B

are rational .

(Question C. 21) if Hall) > O and face)>o

then only B is a rational action .



Question : Ann is selfish :

40 - Ab
,

Ua Caa
, and

Aitor. . . .no,
=/

aa > as

0 , AasAb

Aa -_ 40 is a weekly dominant strategy .

Casely : Aoi <40
Iminium
O AE 40 100

• If ab EOE
,
Ann will win and she will get

Ua (aa'
, ab) = 40 - Ab

whereas if she bid Qa=40

Macau
,
a b)=40 - Ab .

• If ab > Aa
'

,
Ann will lose and she would get

Ua (ad
, ab) =o

whereas if she bid to aa=4o
Ua Caa , ab) = 40- ab>0 , ABE40

UaCaa , ab) = 0 , Ab >40

To
Case2_ : Aa

'

> 40 Farnum
° 40 ad 100

• If ab Eaa
'

,
then Ann wins and she gets

Ua ( Aa' , Ab) = 40 - as ① 30
⇒ Malaga b) =4o-as

②to ⇒ rlacaa,953=0
• If ab> Aa

'

,
then Malad

, ab)=Ufaa, as)=o



Question : aiweakhgdominant-7airatiou.TL
(Question D. a)

ForallajEAjI.forallai@UiCai.a;) > Ui Cai
'

,
a ;) ⇒

⇒ µ ; Ca;) ui Cai , a ;) > ulica;) Ui Cai , a ;)
⇒ ?*gµiCaj)Ui Cai ,ai) >a¥%µiCaDui Cail,ai)
⇒ Eye , Cui Cai3) 3 Ep.. Cui Cai ))
⇒ ai is rational

.

-

ITERATEDWEAK.IO#NANcE : For each KZo

-

W: = Ai

TN! = {ai EW: : ai not weakly dominated in Nikki}
WE = { ai Ewi

'

: ai not weakly dominated in
-Wik-WI}

:

Wik I { ai EN-I' : ai not weakly dominated in toiling}
÷

-wi=w:n-winwin-
IWDIW-ax-w.TL



Question D. g .

-

'

① L R ②
3 3210:###..
- ①

Dominant
actions / NO ' dominant

actions

① Ann chooses T
,
Bob chooses L .

Hence we immediately conclude that
this is what they will play without
considering how they have reasoned about
their opponents

② Bob employs strategic reasoning when he
discards Ann 's action B on the basis of
this action being " not rational " .



Questions : n = too
,
each asked to

choose a number from {1,2, . - - . , 1003 .

Compute the average and whoever is closer

to 2/3 of this avg wins
€100.

-

Take 67
,
and observe that any ai > 67

is weakly dominated by 67
.
⑦

-Thus everyone will figure this out .

-

so any action above 45 will be weakly
dominated by 45 .

-Thus everyone will figure this out-
:

Eventually the only action I am left with
is 1.



B RGERS DOMINANCE

-s¥ige: lstrictlydom.no/edEsnotratioua#§W¥eg : weaklydominetedesnotnatr.ae#*
(Question D. 6)

.

-

ai is Birger dominated in AixAj , if :

lforeveryAjE④j,IcanfindsomI ai' that weakly dominates ai in AixAj

i¥÷÷:÷÷÷÷÷÷÷÷÷±÷÷
{R} : B weakly dominated

{ 4123 :B weakly dominated
-

BisB"orgersdominote#]



÷:÷÷÷÷÷÷÷÷.
=3BErgersdomino.tn

⇒
is:÷÷÷÷÷÷n
-

theorem
ai Bingers dominated⇐ utility

'

III.Began linebae.me#?oetama



ITERATED BERGER'S DOMINANCE
f.

: K>o

B: = Ai

Bi = { ai EB? : ai not Bongers dominated in Bixby }
BE = { ai EBI : ai not Bongers dominated in Bixby }

:

BE { ai C-BE" : a .

.
not Biggers dominated in BikBE}

:
.

/Bi=BinBinBi
2-/ IBS =BaxBb-
Questions : IWDEIBDEISD

Take any game and an action ai c-Ai
.

Suppose that ai is Bolinger dominated
=D ai is weekly dominated for every AjEAj
⇒ ai is weakly dominated for Aj
laiBiirgersdom.no/ed=saiweaklydominot
-

fi
ainotB8rgersdouin.⇐ainotweddydominaT



ai strictly dominated ⇒
⇒ ai is strictly dominated given every AEA.
→ a; is weekly dominated given every Ajay.
⇒ ai Birgers dominated

aiuotBorgersdominoted⇒aiuotsLridhgdomiu#



Elimination based on strategic reasoning
Equilibrium based on stability .

PEYRE : ai is a best response toajlf
if

forallai.CA#/uiCai.ajD7zuiCaisaOj)BRiCgj
) E Ai all best responses Zoaj .
#

Question D. 12
-

:

(a)/aieBRiCaj)=DainotBErgerTfor some aj dominated
.-

Ui Cai
, ai ) > Ui Cai , a;)⇒

=DA⑧ ,
action ai is not weakly
dominated

.

i¥F5'↳=D ai not Birgers dominated .

- 1-
in.IE#I.:::::..e:t:::::::::the blue game .

So it is not Birgersdom .



(b) ai strictly dominant ⇒

⇒ Ui Cai
,
a ;) > Ui Cai'

, aj) for all other
=D ai best response to aj

TRUE FOR ALL a j .

(c) ai weakly dominant ⇒

⇒ mi Cai , aj) >Ui Cai,aj) for all other air
⇒ ai best response to aj
TRUE FOR all aj .

§ ←/neaklydominantJ
B is also a BR to L .



NASH EQUILIBRIUM
f.

%

An action profile Caa ,aD such that

• aa C- BRA Cad and
• Ab EBRB Caa)

(ai EBR.ca;) for both ieI)
No player has an incentive to unilaterally
deviate

.

NEEAAXA-bi.at/NashEguilib#Question-D.3:Ai=Ei
,
2
, 3,43

O O O O
-
-6 O O O¥÷¥¥÷⇒:±÷:*:*.O O 4 8 Ca = 1

,
Cb = 2

Iz O 21-0
¥2,000100

Pa =L
,
Pb=2 : p=mim{ 1,25=1 ⇒ Q (D= 12

Tla = 1.12 - 1.12=0

Mb =O

NE are the strategy
.

,profileswher#they both best respond#=SfI2#31.12.41



Question D. 14 :
-

÷÷÷÷÷÷÷¥÷⇒÷÷÷÷¥÷⇒:÷÷÷÷
NE =L CD,D)} NE -710,0)

, 43,1333 NE=0

Question
#

°

Question D. 12 Ca) : ai EBR Caj) =D not Bourges
dominated

.

Caa
, a.) ENE⇒ aaa.to?BRaC%a3--as9rthivaae.as

Bergens
dominance

.

=D survive strict dominance



Question D
.

16 -NotaHNEsurvi.ve
-

"IWD#

t.to#.*:::is:i :÷i¥



CARDINAL GAMES
y

8

Everybody knows the Bernoulli utility
function µi:AixAj→lR#
-

player i 's beliefs are still known only
by player i .

MixEDAcTi0N# : Oi probability distribution
over its own actions (Oi Cai) probability
of action i occurring) .

Each action ai can also be seen as a
mixed action Oi Cai)=1

.

EXPECTEDUT1L17# : of a mixed action
Oi given an action aj EAJ :

TIni Coi , aj)=a?÷¥oi Cai) - Ui Cai
,aj)
-

subjective expected utility of

oigivenluiExiCUiCoiD-ajZagluiCai@UiCoi.a;)

÷÷÷÷÷÷:÷i'¥÷?



Question : XEE4.5.GL

ad

:} ya,
" ft". Ex n . ¥ -B)

-

eat

or.

Hah HaCR)↳
oa
,
R) =L . o +I . lot f-x=¥aoT(

na Coa , D= E . no +I not¥x=¥Got
-

Ha CL) = IT , Ma CR) = IT
Exa (Ua G)) = IT . lot¥ . O = ⇒
Epa Crea CMD= I . o t IT to = If
Epa (Ua CBD = ¥ .xt-I.io = IT (30+2)
Epa (Ua load =¥o¥Got/t¥oIaot]

=÷ (20 -12 +30 t 3⇒
= et ( 50 -14x)



RATIONALC-lto.tt : A mixed strategy is
rational in the game if it is the most

preferred one

⇒ a mixed strategy is rational if it yields
the highest SEU (given Ui and lui)

.

(from the point of view of player t) .

Oi is rational : Eq.fucoi.DZ#u..fuiCoiTf/ for all of
-

Support of mixed strategy
Supp (Oi) : actions that receive po -

u sitive probability
{ai EAI : Oi Cai) >o }

.

the.%ea.im#Ea.cuicaiDzEa.CuiCaiXfor all ai'tAi andforaEsuppCoi)



of÷ a.⇐"÷.
{ O ka CL) = Hack) -- K
(Yz) (Yz)

Exa (Ua (IL) =L . I no + I . I do = 5
Take Oa

'

= (Lex T ,
Lex M

,
as xB)

Exa Cua Coa'D = tz ( lots -14 G) t I Gota + 423)
B-

= 5 (dat da) + 223
= 5 (da -122) t 2 (t - Geta)
= 2 t 3 (dat de)

Epa (Ua (0*5)=532+3 (he + da) = Eµa(UaCo¥D
era is rational Cgivem XD
-

The actions in the support of Oa to do better
than the actions outside the support
Epa (Ua (Td) = I . to tf .0=5 all actions within

EyalUa =L . Ott . 10=5 the support do equally
EtaCreaBD=L . c, + f.4=4 } good as one another.



STRICT DOMINANCE
-

: Oi strictly dominates
ai whenever

-Ui (Oi , aj) > Ui Cai ,aj)
for aHajfAj#
If there is some oi strictly dominating
ai

,
we say that ai is strictly dominated .

-

Question : kE{4,5 , 6}
L R
-

• T not strictly dominated (for10 O L
any x) : Take any¥

-a oa=GxM ,
Ci - a) XB)

B K K Ua Coa
, 2) = Ca -23.2.51 O=UaGD
-

• M not strictly dominated (for any x)
Oa = (2x T

,
Ci -a) xB)

Ua(oa,R)=Ci-DrkL10=Ua(M,#
• Take Oa = CLX T,

Ci -2) X M) Question

::c::?¥i::c:c:?¥E÷÷÷÷÷÷
.

Hx⇐ : .io?9o2TaEE93:%3÷o
⇒ %:} or similar



theorem : Fix Bernoulli :

1aistrichydominatedeainotratiouo.IEby some Oi) (for any belief)
=

Question D. ng :
-

)ainotstrichgdominated⇒aiisration(by any Oi) (for see belief)
-

Question : see previous page
-

Question D.21
-

:

g,
Ftnesthenesep P'EE
outcomes

,
no matter which

Bernoulli utility function I
take

,

it will always be the
case that T strictly dominates B .

iE¥÷¥¥÷÷÷÷÷÷÷÷¥¥
OQs@IfwiFsreeflEaeme4owrdit7nafipFferemces.aud B willnot be dour

.



QuestionD.se# :

¥#÷÷¥÷÷÷÷÷÷÷÷¥÷÷÷:÷dominated
.

⇒ B is rational for some rei

(take x= 6) .

-

suppose I know Bernoulli utilities
of Ann ( in particular I know x=D .

In this case B strictly dominated
⇐S B not rational forgiven



IT ERATED STRICT DOMINANCE
-

: For kZO

S
' : = Ai

Si' = { aiES'? : ai not strictly dominated in SixSj}
SE -- {aiES't : ai not strictly dominated in SixIj }

i

Ii = {aies!" ' : ai not strictly dominated inSlits'
i

.

-/ Ii = S'ion S' ;' n Sin . . .

II¥
-



Questions : Ai -- { 2 , - . . ,6} UGD -

it:I
:÷÷±÷÷:*

.

#

ISD ={ (2,27 }



B.ES#RESP0NIs : A mixed action Gi is

a best response to Oj , it for all 05 :

-/#⑨ fucoid > E Geico:D
-

we write Oi EBR.CO;)
i responds optimally j's mixed action
⇐ i responds optimally to his beliefs
AID these belief turn out to be correct
#

Thru D.2 : Given belief 4;
Question D. 24 oiisational⇒ ai rational
-

- eor¥¥E€
Oi C- BRI (Oj)⇐ Ex. Geico;D > Ea. CuiGil)

for all Oi
'

, ANIL
µi=oj

Thur D.2
⇒ Ey, Cui Cai) > Eh. Cui Cai'D

for all ai'EAi and all

ai E Supp CoD , AID µi=oj

⇒ Eo
;
Cui Cai )) > Eq. CuiCain)

for all ai
'

C-Ai and ai Esuppco;)



NASHEQUILIB.TL/U# : (Oa
,
Ob) is a NE

if Oa C-BRA Cob) and Ob EBR b Coa)
I write Coa

,
ENE

.

-f.Theorem . Every game has a NE
-

Questions :@aioDENE⇒aaqg%pa÷⇒#Oi EBRI Cog) ⇒

E Cui Cai )) > Egg Cui Cai'D
for all aEEA

.

=D

=D ai is rational

=D ai not strictly dominated



Questionary : CP).co ,B)

¥¥÷÷:. is:
9- I-I

•

CBP)

Oa - CPXO
,
Ci -p)xB) 9,5%94 I ft)

0b=(9_x0,Ct9)xB#
Fix some of C-[0,1] :

i¥¥:: ?:} ⇒
'"FIFE:: at:c:D
p=o⇐ 9- FIG
ofPETE 9-= by

Fix some pE[0,1] :

EP Cub CB)) =z→p }⇒
⇐⇒EPCU.BIZ#pfy.cBDEpCUbCoD=P ⇐p > 3-3p⇐p 3314
9-=o⇒ PE 3/4

⇐get⇐ f-314

NE={ (0,03
, CI ,? ) , G. e)}



•#±¥÷¥÷÷÷i¥÷
t¥]:

•

(g)

EgCuaCHD=G - G - 97=29--1
EeCUaGD=-geta - g) = -⇒+a }⇒P= 2955%29-+1

P=o⇒ 1/2

Fix PECO ,i] :
0EPEt⇒9=yz

EpCUbCHD= -Pta -p)= -2pA
"⇒ cub =p - a -py⇒p→}⇒III⇐p¥II

>At

9-⇒⇒ p> Vz

NE -_ { Cf ,
°⇐H⇐p=yz



Question D. 27
-

:

I
,

¥9,1, } oa=(o4gxH , o. six T)

(47) ⑤3)
-

interpret it as
a mixed action

of Bob

Ob = (0.47×4,053×7)

Different observations are independent
-

Questions :

Cardinal games stricHyincreasinglinea#
transformations of Bernoulli utilities
do not affect NE and ISD

.

(Question C. 8)

Ordinal games strictying
transformations of utilities do not
affect NE , ISD , IBD, I WD .

(Question A.3)



EXTENSIVE FORM GAMES-

GAMEEE : A (directed) graph

(Question E. 1) ho
@@

(t , E) where he##•h3
II : set of modes

* 'E:
a
:#§¥¥. ¥¥.E : set of edges

{ ={Cho , ha) , Cho , he) , Cho ,hd, z•
,
I

,

(ht .hu) , (he,ZI , ( ha , za) ,
(hits)

,

Chu
,
2nd
, Cha,↳), ,thh}(ha ,

Zo)
,
Chs

,
Zt)
,
Chs

,
za}

⇐ {Hi - - - 178 } \
-

when Chih ') E E I say that

hw, is a direct predecessor of h
'
and

is a direct successor of h .

Each tie It has at most one direct predecessor
direct

(ho has norpnedecessors : the root?e¢
(every other mode has exactly one-rpredecessor)

Nodes without direct successors are called terminal
and are denoted by Z .

Other modes are
non - terminal and are denoted by H .

Successors ? Che
. . .

. .hn) ,
then hw is a -

successor ht
Predecessors : he is a predecessor hw



↳ (a)
Aplayers : I-Ea ,

b? •

p : H -0 I
he bad

P(ho)=a
,
P Chi)=b

,

P (he)=b A
p

•

C A
•

R A

•

R

Pastis
,

Pch -D -- a ¥¥?¥E. a
:*

,

(2,0) Cop)
# Rai) Coo) (0,2) Cop)

Actions at each Is ¥
nou.term.no#de : co,z) (0,0)

Ai (h) : actions of active

player i at node h.

Aa Cho) = { 0,1 , 23
,

Ab Chih { AIR , C} , Asche-721,12}
Ab Chs)=LA,R} , Aaaa)={AIR } .

Outcomes : oi : z -ok
,

coats
,
o.

in ~ ZI Ka 2-5
Ann's Beob's

payoff payoffPreferente : fi over payoff vectors⇒ preferences overZ .

Ordinates : Ui representing Yi

-Z ki z'#Ui Cz) > Ui Cz')-
Game is without ties if Ui Cz)#Ui Cz

') for all zit .



hoca)
strategies : complete plans •

#
§i I X. Ai Ch)) ④ htb! •

head
•

hscb)

t Er
.

(Hi : nodes in H where i active) • • •

si -_ (sich)#µ.
%) (00) ""' cool cops copy

•
0

thehackers prescribed (0,2) (0,0)

by strategy si at h . Question E - 2
-

:

in -

S'a={QE , 012,1A , ,
2A

,
2123={0,423×21,12}
- -

f ↳ A-ached Adha)SaCho)SaCh#
is"At andifyoufindyourseffo.tk#choo-eRI

.

5b={AAA
,
AAR

,
ARA

,
ARR

,

RAA
,
RAR

,
RRA

,
RRR

,

EIA
,
CAR

,
CRA

,
CRR} = EAR,C}xEAR3xEAR3-

- -
-

g.¥sb¥y¥ Asche) Adhd Adhd
Sachs)

nodescousistentwitha-trategy.si ES'i , then
H Csi) nodes that can be reached

.

trample : H GR) =L ho , ha }
Hi = Hin Hcs;)

Eixample : Haar) -_ { ho}



QuesE.3 : ↳ Ca)

$a={ 0A, 012,1A , 112,2A ,2123h.ca#.h*..hsCb3$b--fAAA,AAR,ARA,ARR
,

*
R) C ¥2 AIR

'¥¥¥*¥¥¥¥c: case!¥,
-

(0,2) (0,0)

H CoA)={ ho , ha , hey } Ha A)={ ho.hu, }
HCZR)={ ho ,h3 } Ha (212)={ ho}

H CARA)={ hee , ha ,he, hrs} Its CARA} = { ha , he , has}

HCCAA)={haha , ha, hrs, he} HsGAA)={hi, he,hs}
-

Questioned (001122,1122#A)→
'

2-21-7 (⑧ o)

(OR , AAR) 1-02-11-043,0)
-

GA
,
AAA)→ Zs

( 112, CAR) tea

③



1NN : observations about past moves
•Perfect information
•Imperfect information

SOLUTION CONCEPTS
#

%

B¥uµµq←ENQt3RNash Equilibrium
THROUGHOUT

"

tEmEf¥REBardindochbegga.my?Efe)QoesHonE-5#
ID IDPredictions

Predictions in terms of strategy profiles
( in strategic form) .

Sometimes predictions are made in terms
of outcomesTerminal nodes

strategy . method : report their entire
strategy .



PERFECT INFORMATION GAMES
-

:

correspond.mg#icform :

•Take extensive form game
• Find the strategies of each player
• Find the terminal node of each strategy
Yuuki tee it as a strategic form game :

Essentially we remove information about thedynamic aspect of the game .

Questioner : hola )

head.TN
Hia, a

''

G.o) Giddy Gm) Go)
(or) Cop)

(0,2) (0,0)

AAA-AARARAARR.IN#-RRRARRRCAECA-RqApzgo

:
i :÷÷i÷o÷÷÷÷÷⇐÷:÷÷i÷÷÷÷÷÷
212#



Question E.7 : hola)
-

z
•

R

a.K¥h¥
(1,1) (2,0)
-

i

.

-

NASHEQBRluM : NE in the corresponding
strategic form
pure . strategy NE as we only consider
ordinal utilities

.

Questioner. See previous page .

Questioned : See above

Questioner : a

NE -242,1223 I "
'53%, go,



correspydingslrategicfohss.ch) E S! : strategies of player i which
are consistent with h .

BACKWARD.IN#l0N : For k>o and he Hi :

a) = Sia)

S
'! (D = {sie Ch) : si not strictly dominated

in Stich') x SjCh') for any
h' that weakly succeeds h }

S't = { si ES' ich) : si not strictly dominated
in stitch' ) x S's

' CN) for any
h ' that weakly succeeds h}

:
O

Eich) = { sie '

Ch) : si not strictly dominated
in Ei - 'Ch') x Shik-echo ) for any

•

h' that weakly succeeds h}
:

/Ei%o)=$i%DnSiC↳)nSEao3n
-

137=9.7×550



Questioner :

h .
.
↳as¥¥¥Ia⇐%÷÷¥÷÷¥:*:*..

(o,2) Co, o)

%Fd-qAARRRAAXAACRAC.az#AARARA2RARRCAI"

÷.t÷÷÷÷i¥¥÷¥i÷÷¥÷÷÷:
hAAAARARAAR#2ARRRARR€ARCRAcrR.o.EE:14#:io::iToo9ot:Eooo
¥2IIEIEIHE.in#EEEIEEE:*:

¥t÷¥¥5E¥E¥:'Ei:¥¥
IiiTo¥&¥



¥¥¥ . .
BI -- 14,23

,
Gz

,
y}
" ' ') Go)

-

¥÷¥i¥¥¥÷ ..

BI-LCR ,D}
-

EE¥¥¥¥¥ a:*
. *
12,2) Cop)

BI = {CR④}•
NE = { (2,12) , CR, L) }

unihinre
'

Bfselects
the.in?IeeNEQuestionE.e2-: see previous page



Theor:Ifthegameh#tethetheeisauniquestrategyprofilesurvNhgBI
Questioners : BI EINE nor NE#BI

(see previous page) .

without ties BI E NE

(see previous page) .

ho (a)Question :

④MAG)
BI - { Cle , LL)} GD ⑧¥

Cast
↳4) 40M¥)
(5,9) (8,8)



CONTINUATION STRATEGIES :
-

Take si ES'i
. If he # Csi) , then Sissi .

If he HAD
,
then stfu) prescribes

the move that an alternative strategy
would have told me to do

,
and this

alternative strategy leads me to h

at proceeding nodes and agrees with
Si from h onwards

.

•hoCa)

s)

•
a try(a) • a

←

o

A §R
• •

Questions : sa=④②•
• At ho

,
the continuation strategy of Sa is Sa

.

• At hy¢HC1R)=Eho,hz }
.

Sha"=⑥3p



SUBG-AMEPERFECTEQUILIBR.com#
-

o (Sa
,SD such that|CSah,SE)isaNashEguilibriumatevenghEH

Subgame Perfect Equilibrium CSPE) remains

amisnaest.hn#Etsost*.zaEen after possible=
Question :

.

G.07 190%2, Ra
,
o, a.

e) Cao) co,2) Cao)

④AAAAARAIAARRREERRARRRCAA.CA#ACRR

¥¥÷÷t¥EIto÷÷¥:
④AAAAAR~AARRRAARARRRARRRCECERI.azItE⇒
hq-AEAARRRAARARRRARX.CN#RR÷±Htt¥¥#¥E¥¥¥
zqfhgIAANRNRAARRRAARNRRRA.IR#*ceR*t¥¥¥¥¥¥÷¥¥l
⇒I÷III¥¥I



ho (a)
L RE
.

a , t) (2,0)
#

L R
#④.

E as' ¥.reloEI-7heorem.oSPEsurvivesB.IN
Question : without ties ,

there is

a unique BI strategy profile (7hm E -

t)
.

This is the unique SPE .
#

Questions : ULTlMAT-AME :
Take any strategy of Bob .

This will be a vector

of A's and R's :

• NE : Ann will offer the minimum that Bob accepts
-

•

(ifBob accepts something .

• Ann offers 0 and Bob rejects everything .
• SIE : . Bob accepts everything ( including o) , Ann offers

him 0
.

• Bob accepts everything (excepto) , Ann offers
him 1

.



TRUST GAME
-

:

• NI : In all WE both players simultaneously best
respond . Ann will offer the minimum amount
to which Bob sends at least the same avocet
back .

Bob never sends money back .

•SPI : Bob will never send anything back
.

Ann anticipates this andnever sends him
anything in the first place .



IMPERFECT INFORMATION
-

: Players may not
observe some of actions that have taken place .

Information sets
-

: Ii E.Hi

all modes in Ii are indistinguishable by i while
being at them .

In fact the indinguisheble also indirectly :
Ai Ch ) = Ai Ch

') for all h . h'c-Ii .

Ii the collection of all information sets
.

Perfect information : Eh} is the information
set at h Ci knows at which mode he is at)

hola)
①

•

he
• oahzfb?

- -
-
-

• ↳ Cb)

4th Ar Ae
Go) G.off Em) to,o) for) Go)

• . Bob :{ he}
,
{he

,
Mrs}

(0,27 Colo)
Ann : 2h03

,
2h43

.

hz and hrs are indistinguishable by Bob .

⇒Bobcat he or had does not know if
Ann at ho chose 1 or 2

.

Qu-estonE.si?b&hhx33.&hheB.&hhgsB/AmEho3 , Eh -B



Questioner : h
,
WE Ii =D the same action is

chosen by i .
'

Playersconditiontheiraotios|ontheinformationavailabletothe
STRATEGIES : rewrite strategies si assigns
an action to each information
si Cti) instead of sich)

⇐ sich) ① sich)-_ sich') for all h ,
h' C-Ii

.

Ai CII) : action available at Ii
.

-

Sli = X Ai CIDIiEI#
Question E.21
-

: ohoCa)

he#§2
#¥÷¥'¥¥

S'a={ oil , 23 x { A ,R } -70A ,
OR

,
1A

,
112,2A ,2R}

Sb={ A ,R ,
c }xEA,R} = { AFI, AR, RA ,RR, CA ,
-
-

at {he} at {highs} what Bob plans to do
at Ehqhs}



PERFECTR-ECALL.co Players remember what

they have earlier done themselves , and

what they previously knew .

ooestionE.TL : Absentmindedness :

a,

Ia - Eino , his ⇒

if Si (Ia) = R then at he

she does not know if ho has

already happened or not .

⇒ she cannot figure out that
she has already played R .

-

Questioned : hola)
•

h hzcb)
• 8

1¥67 1¥, Ca)

- -
-FED

At Ehs
,
he} Bob does not know what Ann played

at ho
.
But this is something he knew in

the past Gamely at ELIS and {he3)
So he violates recall of past knowledge .



SUBMIT : trimmed game tree

I can delete some nodes
,
but still :

(a) there is a root

(b) I don't break information sets
(c) all successors will also belong to the
subgenre

Question E.24
-

:

•

The red games are subgames
The yellow ones are not

-

Pondtsfm: I can write
it for every subgenre in exactly the same
way .

-

LIV : Nash equilibrium at the subgenre that
starts at no

SPI : Every continuation strategy to be a
NE at every subgenre .



Questioner : •
at Ei

G.o) co ,o)A¥Gil) Cao) COR) co,o)

④ AA AR RA RR c
'
o)

÷:
212

⑥ AA AR RA RR CA CR
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