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Beliefs and Sequential Rationality

15.1 The problem with subgame perfection

39.C Beliefs and Sequential Rationality

Example 9.C.1 No subgame except for the whole game.

E
E/l| F A
O | 02 | 02 O, =12 |
Iny | —1,-1| 3,0 ?ﬁﬁig F}WA 7/ \4
Iny, | —1,-1] 2,1 A 34 5

-1 0-1 1
There are two subgame perfect Nash equilibria.
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Beliefs and Sequential Rationality

39.C Beliefs and Sequential Rationality

Example 9.C.1 No subgame except for the whole game.

E
EN] P A
O | 02 | 0.2 Oy 12 |
Ing | —1,—1 3,0 %]_1@_28 Ia A F A
Tno | —1,—1| 2.1 A ;3 :1 S
—1 0 —1 1

There are two subgame perfect Nash equilibria. However,
once player E enters, whether plays In; or Ins, it is optimal
for player | to play A.
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Beliefs and Sequential Rationality

39.C Beliefs and Sequential Rationality

Example 9.C.1 No subgame except for the whole game.

E
EN] P A
O | 02 | 0.2 Oy 12 |
Ing | —1,—1 3,0 %l;ig Ia A F A
Tno | —1,—1| 2.1 A ;3 :1 S
—1 0 —1 1

There are two subgame perfect Nash equilibria. However,
once player E enters, whether plays In; or Ins, it is optimal
for player | to play A. Thus, (O, F') is NOT consistent with

the spirit of sequential rationality.
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Beliefs and Sequential Rationality

15.2 Perfect Bayesian Equilibrium

Definition 15.1 Let ¢* = (07,...,0) be a Bayesian
Nash equilibrium profile of strategies in a game of
incomplete information.

An information set is on the equilibrium path if given
o* and the distribution of types, it is reached with positive
probability.

An information set is off the equilibrium path if given
o™ and the distribution of types, it is reached with zero
probability.

As in Chapter 7, we define the two concepts here.
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Beliefs and Sequential Rationality

Definition 15.2 A system of beliefs ;1 of an

extensive-form game assigns a probability distribution over
decision nodes to every information set.

That is, for every information set h € H and every
decision node x € h, u(x) € |0, 1] is the probability that
player 2 who moves in information set h assigns to his

being at z, where
> ulr) =1,

reh

for every information set h € H.
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Beliefs and Sequential Rationality

Definition 15.2
u(x) € (0, 1] is the probability that player ¢ who moves in
information set / assigns to his being at x, where

xeh O In) Ing
for every information set h € H. ¢y, = 0 N |
n=z PN TN
Player I's belief (u(x) + pu(x’) = 1) oy g
u(x):  Player I's belief that heisatx, -1 0 -1 1

u(x"): Player I's belief that he is at x’.
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Beliefs and Sequential Rationality

Definition 15.2
u(x) € (0, 1] is the probability that player ¢ who moves in
information set / assigns to his being at x, where

for every information set h € H. y; =
g w
Player I's belief (u(x) + u(x’) TR e
u(x):  Player I's belief that he IS at x, -1 0 -1

u(x'): Player I's belief that he is at x'.

For any u(x), play A is better for player I than play F.
Calculate its expected payoffs of play A and play F'.
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Beliefs and Sequential Rationality

Requirement 15.1 Every player will have a well-defined
belief over where he is in each of his information sets.
That is, the game will have a system of beliefs.

How do we determine the beliefs?
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Beliefs and Sequential Rationality

Requirement 15.1 The game will have a system of

beliefs. Nature 1

If P.l’s strategy is FO, p(xs) = 1. (P1) (P1)
x3 Is reached with prob. p x 1 O
x4 is reached with prob. (1 — p)O0. I
Applying Bayes' rule, we have
u(xrs) = 1. -1 1 0 1
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Beliefs and Sequential Rationality

Requirement 15.1 The game will have a system of
beliefs. Nature 1
If P1's strategy is EO, u(x3) = 1. (P1)
By considering behavioral strategy, O
we generalize the argument. 0

If P1's strategy is (o¢, ow), where 11 29 g
05 Is the probability that he plays
E when heis k (k= C, W),

boc
poc + (1 —plow
Here, we ignore the case in which (o¢, oy ) = (0,0) (that
is, O0). Explain it later.

p(z3) =
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Beliefs and Sequential Rationality

Requirement 15.1 The game will have a system of
beliefs. Nature 1
If P1's strategy s FEO, pu(z3) = 1. (P1) (P1)
If P1's strategy is (o¢, ow ), where O
05 Is the probability that he plays (2)
E when heis k (k= C, W),

=1 1| =2 =1
M(Qfg) _ poc -1 1 0 1
poc + (1 —pow
Requirement 15.2 Let 0" = (0},...,0)) be a Bayesian

Nash equilibrium profile of strategies. We require that in
all information sets, beliefs that are on the equilibrium
path be consistent with Bayes’ rule.
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Beliefs and Sequential Rationality

Requirement 15.1 The game will have a system of
beliefs. Nature 1
If P1's strategy is (o¢, ow ), where (P1)
0 Is the probability that he plays O
E when heis k (k= C, W), 0
poc
p(xs) = poo+ (L—plow. :% % —02 —11
If P1's strategy is (o¢,ow) = (0,0) (that is, OO), the
information set of P2 is off the equilibrium path.
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Beliefs and Sequential Rationality

Requirement 15.1 The game will have a system of
beliefs. Nature 1
If P1's strategy is (o¢, ow ), where (P1)
0 Is the probability that he plays O
E when heis k (k= C, W), 0

poc
plws) = poc+ (1 —plow 1 _02 Eh

If P1's strategy is (o¢,ow) = (0,0) (that is, OO), the
information set of P2 is off the equilibrium path.

Requirement 15.3 At information sets that are off the
equilibrium path, any belief can be assigned.

We must assign beliefs even for such information sets.

5/ 15



Beliefs and Sequential Rationality

Requirement 15.1 The game will have a system of

beliefs. Nature 1
If P1's strategy is (o¢, ow ), where (P1) (P1)
0 Is the probability that he plays O O
E when he is k (k= C, W), I 0
poc
I3) = : =1 1 =z =1
M( 3) poc + (1 — p)aW -1 1 0 1

Requirement 15.2 In all information sets beliefs that are
on the equilibrium path be consistent with Bayes’ rule.

Requirement 15.3 At information sets that are off the
equilibrium path, any belief can be assigned.
Those define how to assign beliefs in information sets.
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Beliefs and Sequential Rationality

Requirement 15.1 The game will have a system of

beliefs. Nature 1
If P1's strategy is (o¢, ow ), where (P1) (P1)
0 Is the probability that he plays O O
E when he is k (k= C, W), I 0
poc
I3) = : =1 1 =z =1
M( 3) poc + (1 — p)aW -1 1 0 1

Requirement 15.2 In all information sets beliefs that are
on the equilibrium path be consistent with Bayes’ rule.

Requirement 15.4 Given their beliefs, players’ strategies
must be sequentially rational. That is, in every information
set, players will play a best response to their beliefs.
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Beliefs and Sequential Rationality

Def. EXpECtEd Utility E[UZ‘(O'Z', g_;, (9@) ’h, ,LL]
Player i's expected payoff starting at his information set h

iIf the belief is given by u, if player 7 follows o; and others
follow o_;, and if his type is ;.

t(h): the player who moves at information set h.

Def. 9.C.2 A strategy profile o of an extensive-form
game is sequentially rational at information set A given
a system of beliefs u if V&,() € A(S,1)),

Elv,my(ouny, o—yn), 0:) R, y]
> Elv,m) (Guny, 0—un), 0i)|h, 1]
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Beliefs and Sequential Rationality

Def. EXpECtEd Utility E[UZ‘(O'Z', g_;, (9@) ’h, ,LL]

t(h): the player who moves at information set h.

Def. 9.C.2 A strategy profile o of an extensive-form
game is sequentially rational at information set h given
a system of beliefs u if Vo,,) € A(S, ).

Elv,my(ouny, o—yn), 0:) R, p]
> Elv,m) (Guny, 0—un), 0i) | I, 1]

A strategy profile o is sequentially rational given pu, if o is
sequentially rational at any information set A given L.
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Update of Beliefs

Pr(z|o): Prob. of reaching a node = given play of o.
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Update of Beliefs

Pr(z|o): Prob. of reaching a node = given play of o.

Pr(hlo) = > .., Pr(z|o): Prob. of reaching an
information set i given play of o.
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Update of Beliefs

Pr(z|o): Prob. of reaching a node = given play of o.

Pr(hlo) = > .., Pr(z|o): Prob. of reaching an
information set i given play of o.
Pr(z|o)

| D wen Pr(alo)
given that o and the play reached h.

Pr(x|h,o) =

Cond. Prob. of being at x
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Update of Beliefs

Pr(z|o)

| > wen Pr(alo)
given that o and the play reached h.

Pr(x|h,o) = Cond. Prob. of being at x

Pr(ylhy, o) = ;)rr((fig‘ ‘(:7))
P, B 01(L)os(a)
71(D)oa(a) + o1 (L)oa()

L~ M
P, (<x XN _ OQ(a)
76 s A ST ErC)

N
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weak) Perfect Bayesian

Equilibrium

Def. A system of beliefs i is (weakly) consistent with o if
for all information set h with Pr(h|o) > 0 and all x € h,
pu(x) = Pr(zlh, o).

8 /15



weak) Perfect Bayesian

Equilibrium

Def. A system of beliefs i is (weakly) consistent with o if
for all information set h with Pr(h|o) > 0 and all x € h,
u(z) = Pr(x|h, o).

Definition 15.3 A Bayesian Nash equilibrium profile ¢*
together with a system of beliefs 1 constitutes a (weak)
perfect Bayesian equilibrium for an n-player game if

1. o* is sequentially rational given i1 (Req. 15.4).
2. is weakly consistent with ¢* (Req. 15.1-3).
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weak) Perfect Bayesian

Equilibrium

Definition 15.3 A Bayesian Nash equilibrium profile ¢*
together with a system of beliefs 1 constitutes a (weak)
perfect Bayesian equilibrium for an n-player game if
1. 0" is sequentially rational given i (Req. 15.4).

2. is weakly consistent with ¢* (Req. 15.1-3).

Prop. 9.C.1 A strategy profile o is a Nash equilibrium of
' iff there is a system of beliefs 1 such that
1. o is sequentially rational given i at all information
sets h such that Pr(hlo) > 0,
Nash Eq. does NOT require sequential rationality for
information sets which are off the equilibrium path.
2. 1 I1s weakly consistent with o.

8 /15



weak) Perfect Bayesian

Equilibrium

Definition 15.3 A Bayesian Nash equilibrium profile ¢*
together with a system of beliefs 1 constitutes a (weak)
perfect Bayesian equilibrium for an n-player game if
1. 0" is sequentially rational given i (Req. 15.4).

2. is weakly consistent with ¢* (Req. 15.1-3).

Prop. 15.1 If a strategy profile o* is a Bayesian Nash
equilibrium of a Bayesian game I', and if " induces all the
information sets to be reached with positive probability,
then o*, together with the belief system 1* uniquely
derived from ¢* and the distribution of types, constitutes
a perfect Bayesian equilibrium for I'.
= In all the information sets, c* and i satisfy the Regs.
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Example 9.C.1 Since A is a strictly dominant strategy,
whatever 1 is, only A is sequentially rational. Nash eq.
(O, F) is NOT a weakly perfect Bayesian equilibrium.

E/l [ F A E

O | 02 | 02 %N

Ini |—1,—-1] 3,0 | ,. <0 |
v =2 FE/ <A F> \A

Ing | —1,—1| 2,1
1 3-1 2
1 0-1 1
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Example 9.C.1 Since A is a strictly dominant strategy,
whatever 1 is, only A is sequentially rational. Nash eq.
(O, F) is NOT a weakly perfect Bayesian equilibrium.

E/NN| F A E

O | 0.2 | 0.2 m/ |

I
Iny | —1,—1] 3,0 | 4, <0
Tng | —1.—1| 2.1 | ur=2 ¥ iA Fj A
13- 2
1 0-1 1

Given that E chooses 0(0O) = 1, there is NO requirement
for the belief of I.
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Example 9.C.1 Since A is a strictly dominant strategy,
whatever 1 is, only A is sequentially rational. Nash eq.
(O, F) is NOT a weakly perfect Bayesian equilibrium.

E/NN| F A E

O | 02 | 02 %TN,I

Iny | —1,—1] 3,0 | 4, <0

Tng | —1.—1| 2.1 | ur=2 ¥ iA Fj A
13- 2
1 0-1 1

Given that E chooses 0(0O) = 1, there is NO requirement
for the belief of 1. However, for any u, A is a strictly
dominant strategy.

9/15



Strengthening the wPBE concept

Strengthening the wPBE concept (9.C.4)

pula) =1/2, pu(b) = 1/2, p(c) = 9/10, p(d) =1/10.

The arrows in the figure indicate the strategies.

Nature

b
B

Cy[\o\c a’;o/
(2)/ ( VYl

0 5 0
5 2 5

S
.

<

=

(s )

10
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Strengthening the wPBE concept

Strengthening the wPBE concept (9.C.4)

pla) = 1/2, p(b) = 1/2, p(c) = 9/10, p(d) = 1/10.

The arrows in the figure indicate the strategies.

Nature No restrictions at all are placed
1/2 1/2 on beliefs off the equilibrium
a Py b
o = path (see Req. 15-3).
C% yéc 1 a;o/ \ However, p(c) = 9/10 seems to
1(2) % r V \ be structurally inconsistent.

u(c) = 1/2 would be more rea-

0 5 0
5 2 5 10 sonable (see Nature's choice).
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Strengthening the wPBE concept

Strengthening the wPBE concept (9.C.5)

p(a) =1, p(d) =0.

The arrows in the figure indicate the strategies.

UVE 0 F

Ur 2 Q(CL | m
F/ A FS 4
-3 L =2 3
-1 -2 -1 1
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Strengthening the wPBE concept

Strengthening the wPBE concept (9.C.5)

p(a) =1, p(d) =0.

The arrows in the figure indicate the strategies.

o E In E/I] F A
op=0 g F =3 -1]1 -2
E:
iy Al—2-1] 31

- yo Ly N icti | laced
o restrictions at all are place
53/ \114 572/ \gl on beliefs off the equilibrium

-1 —2 -1 1 path
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Strengthening the wPBE concept

Strengthening the wPBE concept (9.C.5)

p(a) =1, p(d) =0.

The arrows in the figure indicate the strategies.

o E In E/I] F A
op=0 g F =3 -1]1 -2
E:

o Al—2-1] 31

- yo Ly N icti | laced
o restrictions at all are place
53/ \114 572/ \gl on beliefs off the equilibrium

-1 —2 -1 1 path
This outcome is NOT a SPNE outcome.
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Sequential equilibrium

Definition 15.4 A system of beliefs 1 is consistent with o

if there is a sequence {0"}°, of total mixed strategies
such that

1. limp o 0" =0, 2. p=limy o ",

where for all k, 1" is the system of beliefs derived from "
by Bayes' rule.
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Sequential equilibrium

Definition 15.4 A system of beliefs 1 is consistent with o

if there is a sequence {0"}°, of total mixed strategies
such that

1. limp o 0" =0, 2. p=limy o ",

where for all k, 1" is the system of beliefs derived from "
by Bayes' rule.

Definition 15.5 A pair (o, i) of strategy profile and
system of beliefs is a sequential equilibrium if

1. o Is sequential rational given .
2. [t Is consistent with o.
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Sequential equilibrium

Definition 15.4 A system of beliefs 1 is consistent with o
if there is a sequence {0"}°, of total mixed strategies
such that

1. limp o 0" =0, 2. p=limy o ",

Definition 15.5 A pair (o, i) of strategy profile and
system of beliefs is a sequential equilibrium if

1. o Is sequential rational given .

2. 4 Is consistent with o.

Prop. 9.C.2 In every sequential equilibrium (o, i) of I'g,

a strategy profile o is a subgame perfect Nash equilibrium
of FE

12 /15



Ex. 9.C.4 Reconsidered
Let (o, ;1) be a sequential equilibrium. Let o* — o

1 0.50% (y) 1
Vk, uf(a) = = and u"(c) = . S
pa) g N H ) 0.50%(y) + 0.50%(y) 2
) Nature |
1/2 1/2
a Py b
e >
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Ex. 9.C.4 Reconsidered
Let (o, ;1) be a sequential equilibrium. Let o* — o

1 0.50%(y) 1
Vk, 1 (a) = = and pf(c) = 1 = -
wila) p S () 0.50%(y) + 0.507(y) 2
Nature
1/2 1/2 limy_o p¥(a) = 1/2,
Q. P \};)D limy_oo ¥(c) = 1/2.
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Ex. 9.C.4 Reconsidered
Let (o, ;1) be a sequential equilibrium. Let o* — o

1 0.50%(y) 1
\V/k1 g — d e — L — =
wila) p S () 0.50%(y) + 0.507(y) 2
Nature
1/2 1/2 limy_o p¥(a) = 1/2,
Q. P b limy_o 1 (c) = 1/2.

),
Q/yéc P, az/ x E(vgmg,ﬂ,r,al):(1/2)2+(1/2)1o
’ > E(vglho, pu,1,00) = (1/2)5 + (1/2)5.

2
10 V { V "'10 = o2(r) =1, 02(1) = 0.
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Ex. 9.C.4 Reconsidered
Let (o, ;1) be a sequential equilibrium. Let o* — o

1 O.50k(y) 1
\V/k1 g — d e — L — =
©(a) > and ©"(c) 0.50]1{@) i O,5g’f(y) s

Nature
1/2 1/2 limy,, 00 1*(a) = 1/2,
o PL S bl (o) = 172,
Q/V o yf N\ = o) =LoaD)=0.
2 Al : d)() 2 E(vl|h17:u7Y70-2) =5
10 % 4 V I 10 > E(U1|h17,uaxa 02) = 2.
0 5 0 5 =oa=1o0=0
5 2 5 10
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Ex. 9.C.5 reconsidered
Let (o, ;1) be a sequential equilibrium. Let o* — o

Pr(alo®)  o%(In) x o%(F)
\V/k, k _ ___F E _ -k )
1 (a) Pr(hs|o*) U%(]n) op(F)
p(a) = limy oo pf(a) = limy_,o0 0% (F) = op(F).
E
0, nEh2
vg=0 f

V] =

2 G T bR
F/ A F/ A
3 1 29 3
1 -2 -1 1
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Ex. 9.C.5 reconsidered
Let (o, ;1) be a sequential equilibrium. Let o* — o

Pr(alo®)  o%(In) x o%(F)
Yk, u"(a) = — = B — oL (F).
#A9) = B o) % (In) or(F)
p(a) = limy oo pf(a) = limy_,o0 0% (F) = op(F).
0, £ nEhg E(vg|ha, i, 05(In), F, o)
Vg = 0 F < E(UEVLZ;,M? O-E(]n)ﬂAaa-I)'

V] =

2 G T bR
F/ A F/ A
3 1 29 3
1 -2 -1 1
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Ex. 9.C.5 reconsidered
Let (o, ;1) be a sequential equilibrium. Let o* — o

~ Pr(alo®)  of(In) x op(F) o
- Pr(hgle®)  op(In) a

p(a) = limy oo pf(a) = limy_,o0 0% (F) = op(F).

Vk, i (a)

0, £ nEhg E(vg|ha, i, 05(In), F, o)
Vg = O F < E(UE|h27:u70-E([’n’)7AJO-I)'

v = 2 COREDN = op(F)=0,0p(A) =1
VY.
-3 1 -2 3
-1 -2 -1 1
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Ex. 9.C.5 reconsidered
Let (o, ;1) be a sequential equilibrium. Let o* — o

~ Pr(alo®)  of(In) x op(F) o
- Pr(hgle®)  op(In) a

p(a) = limy oo pf(a) = limy_,o0 0% (F) = op(F).

Vk, i (a)

0k nE op(F) =0, op(A) = 1.
vp = 0 F E(vr|hr, p, o8, F) < E(vrlhr, p, 08, A).

VI =2 AT
F/ A F/ A
3 1 29 3
1 -2 -1 1
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Ex. 9.C.5 reconsidered
Let (o, ;1) be a sequential equilibrium. Let o* — o

~ Pr(alo®)  of(In) x op(F) o
- Pr(hgle®)  op(In) a

p(a) = limy oo pf(a) = limy_,o0 0% (F) = op(F).

Vk, i (a)

0k nE op(F) =0, op(A) = 1.
vp = 0 F E(vr|hr, p, o8, F) < E(vrlhr, p, 08, A).

vy = 2 CCEREN = 0;(F) =0, o7(A) = 1.
F/ A F/ A
-3 1 -2 3
—1 =2 =1 1
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Ex. 9.C.5 reconsidered
Let (o, ;1) be a sequential equilibrium. Let o* — o

Pr(alo®)  o%(In) x o%(F)
vk, p'(a) Pr(h;|o*) O%(]n) op(F)
p(a) = limy oo pf(a) = limy_,o0 0% (F) = op(F).
0k "Ep, o5(F) =0, op(A) = 1.
’UE':O F O'[(F)ZO, O'[(A)Z].
Ur=2 00T b E(ug|Hy, p, o1, Out)
| E(ug|Hy, p, o7, In).
AT €S
-3 1 -2 3

-1 -2 —1 1
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Ex. 9.C.5 reconsidered
Let (o, ;1) be a sequential equilibrium. Let o* — o

vk, Nk(a) — ;)rr((;l“(;k)) — OE([;%(?T(;)E(F) — Ug(F)-

p(a) = limy oo pf(a) = limy_,o0 0% (F) = op(F).

0k Ep, op(F) =0, og(A) =1.
’UE':O F O'[(F)ZO, O'[(A)Z].
Wy = E(ug|Hy, i, o7, Out)
| < E(ug|Hy, p,or,In).
F/ \A F/ \A
_3/ \1 _2/ \ (7 01), (1(a), (1)

1 =92 -1 ]_ : :(((]naA)vA)a(Ovl))'
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Example 9.C.3 (v > —1, v #0)
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Example 9.C.3 (v > —1, v #0)

—1 3 7 2
—1 =2 —1 1

Elvoi(F,op)|u] Z Elvr(A, 05)|p] & px) Z 2/3.
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Example 9.C.3 (v > —1, v #0)

—1 3 7 2
—1 =2 —1 1

Elvoi(F,op)|u] Z Elvr(A, 05)|p] & px) Z 2/3.

(v > 0):
uwx)>2/3=o01(F)=1=opg(lny) =1= pu(x) =0.
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Example 9.C.3 (v > —1, v #0)

—1 3 7 2
—1 =2 —1 1

Elvoi(F,op)|u] Z Elvr(A, 05)|p] & px) Z 2/3.

(v < 0):
w(x) >2/3=o07(F)=1= og(In;) = or(Ing) = 0.
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Example 9.C.3 (v > —1, v #0)

—1 3 7 2
—1 =2 —1 1

Elvoi(F,op)|u] Z Elvr(A, 05)|p] & px) Z 2/3.

(v < 0):
w(x) >2/3=o07(F)=1= og(In;) = or(Ing) = 0.
x If v <0, op(O) =1 and g;(F) =1 with u(x) > 2/3.
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Example 9.C.3 (v > —1, v #0)

—1 3 7 2
—1 =2 —1 1

Elvoi(F,op)|u] Z Elvr(A, 05)|p] & px) Z 2/3.
x If v <0, 0g(0O) =1 and og;(F) =1 with u(x) > 2/3.
uwx) <2/3=01(F)=0=o0g(In) =1= pu(x) =1.
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Example 9.C.3 (v > —1, v #0)

—1 3 7 2
—1 =2 —1 1

x If v <0, 0g(0O) =1 and g;(F) =1 with u(x
u(x) = 2/3, then Elvg(or, Iny)|p] = Elvg(or

) > 2/3.
, I | ).
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Example 9.C.3 (v > —1, v #0)

—1 3 7 2
—1 =2 —1 1

x If v <0, op(O) =1 and g;(F) =1 with u(x) > 2/3.
pu(x) = 2/3, then Elvg(or, Ini)|p] = Elvg(or, Ing)|p).
or(F)X(=1)4+(1—07(F))x3=o07(F)xv+(1—07(F)) x2.
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Example 9.C.3 (v > —1, v #0)

—1 3 7 2
—1 =2 —1 1

x If v <0, 0g(0O) =1 and o;(F) =1 with u(x) > 2/3.
or(F)x (=1)+(1=01(F)) x3 = 01(F) xy+(1-01(F)) X 2.

Solving it wrt o7(F'), we obtain
or(F) =1/(y+2), Elvg(or, Ini)|p] = 3y +2)/(y + 2).
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Example 9.C.3 (v > —1, v #0)
E

9 In1 In2

=]
?}E:O

—1 3 7 2
—1 =2 —1 1

x If v <0, 0g(0O) =1 and o;(F) =1 with u(x) > 2/3.

U[(F)X(—1)+(1—0[(F))X3:U[(F)X7+(1—0[(F))X2.
or(F) =1/(v+2), Elvg(or, In1)|p] = By +2)/(v+2).

x If v > —=2/3, op(O) =0, og(Iny) =2/3, og(Ing) = 1/3.

15 / 15
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