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Overview

e Autonomous Devices with Non-Aligned Objectives/Utilities

e Transmission of Strategic Information in Economics Literature
— Bayesian Persuasion : [Kamenica Gentzkow (AER) 2011]

e We characterize the solution when the communication channel is noisy
— [Le Treust and Tomala, Journal of Economic Theory, Vol. 184, Nov. 2019]
https ://arxiv.org/abs/1711.04474

e We extend the solution by considering decoder side information
— [Le Treust and Tomala, draft 2018]
https ://arxiv.org/abs/1807.05147



Bayesian Persuasion [Kamenica Gentzkow (AER) 2011]

Source Strategic Signal Py's Action

U X 1%

Distinct Utility Functions

b (u,v)

Vo U1 Vo U1
(1 :p<o) w | 0 1 (1 .—p<0) up | 1 0
Do u1 0 1 Do u1 0 1

[a—y

. Py chooses/announces P(z|u)
P, : Decision Maker/Decoder 2. (U, X) is drawn with P(u) x P(z|u)

3. P, observes X and chooses V'
Py : Persuader/Encoder

N

. Player k's payoff is ¢y (u,v)



Control of the posterior beliefs
Py’s signaling strategy : P(z|u) with o € [0,1], 8 € [0,1]

l -« Posterior Distributions (p1, p2) :
(1 —po) U Zo
_ B _
P(ul‘xo) = p045+(1p,0p0).(1,a) =D1
(1—
Po > ur e > o1 B(uln) = i e = 2

1-8
po = P(uq) : Prior Distribution

Given any prior po and posteriors (p1, p2), the signaling parameters (o, 3) are :

(1 —=p2) - (po —p1)
(1—=po) - (p2 — p1)
3 p1 - (p2 — po)
‘ po - (p2 — p1)
Under condition : 0 <p; <pog<p2 <lor0<py<py<p1 <1




Region of Posterior Beliefs (py, p2) for prior pg = 0.3
P2

b1
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Best-Response BRsy(p) of P, given the belief p

e Denote by p = P(uq) the belief of P

a

¢2(U7U) Vo v L.6
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D 1 0 1 G
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(NN ]

e Player P plays v; iff his belief p > 1

1
2

PI P, ts pl P, to play v
* TIayer 1 wants player £ to play t1 BR5(p) Best-Response of P,

depending on his belief p
e Player P; choose the signalling P(z|u)



Utility of P; and full revelation
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Full revelation is not optimal for P,

E[¢1] = 0.6

E[¢1] = 0.3

vo




Characterization
Given decoder’s belief P(u), the Best-Reply v* is

vt € argmaXZP(u)qﬁg(u, v) = BRa(P(u))

and the sender’s payoff is : U (P(u)) = Y, P(u)¢1(u,v*).

Concavification [Kamenica Gentzkow 2011]

o7 = supZP (P(U|w))
s.t. Z]P” P(ulw) = P(u)

This solution relies on Splitting Lemma [Aumann Maschler 1995]



Persuasion with noisy communication ?

Distinct Utility Functions :
o1 (1, ) b (u,v)

U X 14

State of Nature Strategic Signal P,'s Action

» Player P; sends a strategic signal X in order to control posteriors (p1,p2),

» Player P; implements a best-reply to her belief p € [0, 1]

11—«

_ (-0 _
Po g >< zo  Pluolro) = m =n
153
(1—poT> u1 e= x1 Pluolr1) = oy

1- 3 - PO‘OL-‘r(l—%JO)'(l—ﬁ) =Pz




Persuasion with noisy communication ?

Distinct Utility Functions :

o1(u,v) ¢2(u,v)
U X Y \%4
State of Nature Noisy Channel 7 (y|x) P,’s Action

» Player P; sends a strategic signal X in order to control posteriors (p1,p2),

» Player P; implements a best-reply to her belief p € [0, 1]

11—«

_ (-0 _
Po g >< zo  Pluglwo) = m =n
15}
(1—poT> u1 e= x1 Pluolr1) = oy

1- 3 - PO‘OL-‘r(l—%JO)'(l—ﬁ) =Pz




One-shot Persuasion with Noisy Channel ¢ € [0, 0.5]

1l -« 1—=¢
Po ug Zo To Yo

(1 —po» w1 Y1

Po ug Yo + p1 = P(uilyo)

(1 —poy w1 Y1+ p2 = Pluiyr)

(1—p)xe

axe=a-(l—-¢)+(1—a)-c € [g1—¢

Lemma MLT and Tomala - IEEE Allerton Conference 2016

Posterior distributions (p1,p2) are achievable if and only if 3 (o, ) s.t. :
(1—p2)-(po—p1) ﬁ*&_:pl’(pz_]%)
(1=po) - (p2 —p1)’ Po - (P2 — p1)

a*xE =



Region of posteriors (p1, p2) without channel noise £ = 0

p2 = P(u1ly1)

Po =

N—=

p1 = P(u1|yo)
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Region of posteriors (py, pa) for channel noise e = 0.01
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Region of posteriors (py, pa) for channel noise e = 0.05
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Region of posteriors (py, p2) for channel noise e = 0.08
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Region of posteriors (p1, p2) for channel noise £ = 0.1
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Region of posteriors (py, pa) for channel noise e = 0.15
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Region of posteriors (py, p2) for channel noise e = 0.20
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Region of posteriors (py, p2) for channel noise e = 0.25
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Region of posteriors (py, p2) for channel noise e = 0.30
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Region of posteriors (py, pa) for channel noise e = 0.35
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Region of posteriors (py, p2) for channel noise € = 0.375
D2

®[w  NI= oojot
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Region of posteriors (py, p2) for channel noise e = 0.40
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Region of posteriors (py, p2) for channel noise e = 0.45

0.45 & 0.55
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[Le Treust and Tomala, 2019]

“Persuasion with limited communication capacity”

Journal of Economic Theory, Vol. 184, pp. 104940, Nov. 2019
https ://arxiv.org/abs/1711.04474



Joint source-channel coding

Long-run
Utility Functions : Pp(0,7) = Eo,r {,17 > i O (ui, Ui)} for player k € {1,2}
UTL X'ﬂ Y?’L Vn,
Source i.i.d. Noisy Channel i.i.d. Py's Action
Player P;'s Strategy : Player Py's Strategy :
o U = A(X™) T Y — P

e Player P; chooses and announces strategy o(z"|u™) (commitment power).
o (U™, X™ Y™) are drawn with []"" | Pu(u;) X o(z"|u™) x [T\, T (yi|zi) = Ps
e Sequence Y™ is announced to Ps.

e Player P, chooses a sequence of actions with v™ = 7(y").



Information Theory Tools

The entropy H(U) and the mutual information I(U; W) are defined by :

H(U) = [ 10g2 ] Z plu 0g2

I(U; W) =By | log, m} = Zp(w@ log, %

The capacity C of a noisy channel T (y|z) is defined by :

7 (ylz)
Y. p(@) - T(ylz)

C= max I(X;Y)= max IE[log2
p(z)EA(X) p(z)EA(X)

B: 0= 1 (e loga L+ (1-¢) logs 1),

1—e¢
for e = 0.25, C' ~ 0.19 bits, o Yo
€
|M| = 2% ~ 1.14 : average number of messages
correctly transmitted per channel use 1 Y1



Characterization
We define W (IP(u)) the robust payoff at belief P(u) :

U (P(u)) = i P v
( (U)) 'z,'eargmaxgi%’(u)qbg(u,v); (U)¢1(U7L)

Splitting with information constraint - reformulation of Allerton 2016

o7 = sup Z P(w)¥ (P(U|w))
s.t. Z]P’ P(ulw) = P(u),
and Z]P’ ( U|w)) > H(U) - C

Information constraint I(U; W) < C' with auxiliary random variable .



Main Result

e Player 2's Best Replies BRy(0) = argmax, ®2(0,7) :

or=r(y")

1 n
BRy(0) = arg max E, . [ﬁ Z¢2(U¢,U¢)‘|

Theorem MLT and Tomala, JET 2019

We characterize the best payoff player P; can secure :

1) Vn € N, Vo, min  $9(o,7) < D7,
TEBR3 (o)
2) Ve > 0, dn, Vn > n, do, min (o, 7) > P} —¢.

TEBR>(0)



Comments
Lemma MLT and Tomala, JET 2019

The optimal splitting for ®% has a number of posteriors |W| restricted to :

IW| = min <|V|,|u| + 1).

1) Extend the mapping W (IP(u)) on the domain :
D={(p,h) e AU)xR:0<h<HU)}

by ¥ (P(u), h) = ¥(P(u)). Then, & = Cav,, \I/(P(u), H(U) - c)
2) Lagrangian of the concavification :
o7 = inf {Cav (U + tH)(po) — t(H(U) — 0)}

related with the Cost of Information in [Kamenica Gentzkow (AER) 2014]



Region of Posteriors (p1, p2) without Noise € = 0
P2

b1
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Region of Posteriors (p1, p2) for Channel Noise ¢ = 0.01
P2

99
100

D=

99 | 1 41
100

N[
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Region of Posteriors (p1, p2) for Channel Noise ¢ = 0.05
D2

0.95

D=

0.05

b1
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Region of Posteriors (p1, p2) for Channel Noise € = 0.08
D2

0.92

D=

0.08

1 p1

0.08

N[
I
[\)
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Region of Posteriors (p1, p2) for Channel Noise ¢ = 0.1

b1
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Region of Posteriors (p1, p2) for Channel Noise € = 0.15

N=

0.15

b1
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Region of Posteriors (p1, p2) for Channel Noise € = 0.20
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Region of Posteriors (p1, p2) for Channel Noise € = 0.25
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Region of Posteriors (p1, p2) for Channel Noise € = 0.30
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Region of Posteriors (p1, p2) for Channel Noise ¢ = 0.35
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Region of Posteriors (p1, p2) for Channel Noise € = 0.375
D2

®[w  NI= oojot

17 / 49



Region of Posteriors (p1, p2) for Channel Noise ¢ = 0.40
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Region of Posteriors (p1, p2) for Channel Noise € = 0.45

0.45 & 0.55
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Example : One-sided investment for channel noise ¢ = 0.25
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Example : One-sided investment for channel noise ¢ = 0.25
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https://sites.google.com/site/maelletreust/apps

Optimal value for noise parameters &




Sketch of proof

e Converse proof follows from identification of the auxiliary R.V. Wp = (Y™, T').

e Achievability proof

1) Sequences are jointly typical : Shannon 1948 “random coding scheme”
(U™, W") € A(Q), for the target probability distribution P(u) x Q(w|u),
2) Control of the Posterior Beliefs induced by the coding process :

n

! > D(IP’U(UZ-Y”., E?)
n

=1

Eq

’Q(Uim)ﬂ .



[Le Treust and Tomala, 2018]

“Information-Theoretic Limits of Strategic Communication”

https ://arxiv.org/abs/1807.05147



Joint Wyner-Ziv and channel codings
Utility Functions : Oi(o,7) =Epr {,1—1 Sy b, Ul):| for player k € {1,2}
Z’II,

!

UTL X'ﬂ Y?’L Vn,
Source i.i.d. Noisy Channel i.i.d. Py's Action
Player P;'s Strategy : Player Py's Strategy :
o U = A(X™) T:Y" X Z" > P"

e Player P; chooses and announces strategy o(z"|u™) (commitment power).
L4 (Una ZnaXnaYn) ~ H?:l P(uiazi) X O—(xnhl’n) X Hjlzl T(yl“Ll) = IP)U
e Sequences (Y™, Z™) are observed by Player Ps.

e Player P5 chooses a sequence of actions with v™ = 7(y", 2™).



Solution

Auxiliary random variable W with |W| = min (|| + 1, |V[IZ1)

Qo = {Puz(u,z) X Qulu), st, maxI(X;Y) - I(U:W|2) = o}

Q2 (Q(u7 Z, ’U])) = a’rgma’XQ(v\z.u:) E XQQ((“Y‘ZY“’)) |:¢2(U7 Z’ V):|

Define the optimal utility ®7 for Player P :

o7 = sup min

Q( ) Q Q(v|z,w)€ E L(u,z,w) [d)l(U’ Z7 V):|
w,z,w)€EQe Y

X Q(v|z,w)
Qo Q(u,z,'w))



Reformulation as an optimal splitting problem

Markov chain W --U o7 <<= P(u,z,w)=P(u,z)P(wlu), ¥(u,z, w)

P(u|w)P(z|u)
2w P |[w)P(zlu)’

Encoder’s utility reformulates as a function U (p) of decoder's belief p(u) :

p) =Y plu) - Plafu) - ¥y (z ]?%})P-(;'(?m,))

= Pulz,w) =

V(u, z,w)

Conditional entropy H(U|Z) reformulates as a function h(p) of belief p(u) :

S, o) - Plefu)
ZP ) o = PG



Reformulation as an Optimal Splitting

Concavification with information constraint

or = supZ)\w-\Ill(pw)
w

s.t. Z Aw - Pw(u) = P(u)

and Z)\ h(pe) > H(U|Z) —

e Information constraint : H({U|W,Z) > H{U|Z) - C < I(U;W|Z) < C

e Auxiliary RV W is the index of the posterior beliefs

e Problem’s dimension is ||, Caratheodory implies : [W| = U] + 1.



Main Result

o Player 2's Best Replies BRy(0) = argmax, ®2(0,7) :

’L)":T(’y” ,Z")

BRy(0) =arg max E, . l% Z o2 (ui, vi)l

Theorem MLT and Tomala 2018
We characterize the best payoff player P; can secure :

N, V. i P < &7
1)  VneN, VYo, o 1(o,7) < @7,
2) Ve > 0, dn, Vn > n, do, min (o, 7) > P} —¢.

TEBRy (o)



Comments

Lemma MLT and Tomala 2018
The optimal splitting for ®5 has a number of posteriors |W)| restricted to :

|W| = min <|u| +1, |V|Z|>.

1) Extend the mapping ¥ (p) on the domain :
D={(p,h) e AU)xR:0<h< H(U|Z)}
by ¥ (p, h) = U(p). Then, &% = Cav ., \I/(P(u), H(U|Z) - 0)
2) Lagrangian of the concavification :
o} = inf {Cav (U + th) (P(u)) — t(H(U|Z) — c)}

related with the Cost of Information in [Kamenica Gentzkow (AER) 2014]



Region of Posteriors (p1, p2) for Capacity C' =1
b2

1
2

b1



Region of Posteriors (p1, p2) for Capacity C' = 0.9
p2

b1



Region of Posteriors (p1, p2) for Capacity C' = 0.8
p2

b1



Region of Posteriors (p1, p2) for Capacity C' = 0.7
p2

b1



Region of Posteriors (p1, p2) for Capacity C' = 0.6
p2

b1



Region of Posteriors (p1, p2) for Capacity C' = 0.5
p2

b1
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Region of Posteriors (p1, p2) for Capacity C' = 0.4
P2

b1
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Region of Posteriors (p1, p2) for Capacity C' = 0.3
P2

b1
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Region of Posteriors (p1, p2) for Capacity C' = 0.25

b1
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Region of Posteriors (p1, p2) for Capacity C' = 0.2
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Region of Posteriors (p1, ps) for Capacity C' = 0.15




Region of Posteriors (p1, p2) for Capacity C' = 0.1




Region of Posteriors (p1, p2) for Capacity C' = 0.05




Region of Posteriors (p1, p2) for Capacity C' = 0.01




Region of Posteriors (p1, p2) for Capacity C' = 0.001




Example

Expected utility of P,
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Example
We let g1 = P(uz|w1), g2 = P(uz|ws), 61 = P(22|u1), d2 = P(21]u2),

— Q1 '52
= Qb 2) = T T S g
B B q1- (1= 62)
pQ—Q(U/2|w1722)_ (1_q1)-(51+q1'(1_62),
— QQ '52
p3 = Quz|wa, z1) = (1—q2) (1 —01)+q2- 02’
g2 - (1—02)

pa = Q(uz|ws, 20) = (1—q2)-614+q-(1—02)

q- 02
1—q) -(1—61)+q-05
q-(1—102)
1—q)-01+q-(1—-082)

pl(Q) = (

p2(q) = (
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Example

Encoder’s Utility:
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Example N N N

NV " N RS
@{1;\ @[}'\ \’S,\/'\
Encoder's Utility: o ]
.

Conditional Entropy
H(U|Z,W = w): h(p)

~ 0]




Example N N N

NV . N A
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Encoder's Utility: o ]
.

Information Constraint:
HU|Z)-C

Conditional Entropy
H(U|Z,W = w): h(p)

~ 0]




Example N N N

NV . N A
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Encoder's Utility: o= 1
.

Information Constraint:
HU|Z)-C

Conditional Entropy
H(U|Z,W = w): h(p)

~ 0]




Example

Encoder’s Utility:

Information Constraint:
HU|Z)-C

Conditional Entropy
H(U|Z,W = w): h(p)
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Example

Encoder’s Utility:

Information Constraint:

H(U|Z)-C

Conditional Entropy
H(U|Z,W = w): h(p)

~ 0]
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Example

Encoder’s Utility:

Information Constraint:

H(U|Z)-C

Conditional Entropy
H(U|Z,W = w): h(p)
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Example

Encoder’s Utility:

Information Constraint:
HU|Z)-C

Conditional Entropy
H(U|Z,W = w): h(p)

~ 0]
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H(U|Z)-C

407 = 06337




Achievability : Wyner-Ziv and Control of Posterior Beliefs

1 n
Eo | =Y D(Po(Ui|Y", 2", Ef i|\Wi, Z;
[ngj (P 9 |ewiw ))]

1 1

= - E Po(un,zn,wn,yn|Eg)log2 - -

n (u™, 2™, i=1 Q(uilwivzz
wh,y")EAs

1 n
;Z (Uily™, z™, E9)

IN

1
HUW, Z)+ 8§ — —HU"|W",Y", Z", EJ)
n

IN

1
HU|W,Z) — ~H{U™"W",Z",EJ) +§
n
Z" e U" o W" e Y = H(UM|W", 2Z") = HU"|W",Y", Z")

1 1 1 ;
= HUW,Z) - —H(U”\EO) + —I(U”;W"|Eg) + —H(Z”’|W””E§) - —uu” UW™EY
= HU|W,Z)— HU)+ I(U; W)+ H(Z|\W) — [H(Z|U, W) + 58

—I(U; W, Z)+ I(U;W) + I(U; Z|W) + 56 = 56

i.i.d. source, codebook size, typical sequences, i.i.d. source + Z" = U" - W"



Sketch of Converse Proof :
Markov chain Y -o- X™ - (U™, Z™) implies :
0 < I(X™Y™)—I(U",Z"Y") < I(X™Y™) — I(U™ Y| Z")

— H(Yn) _ H(Yan’n) _ H(U'VL‘Z'VL) + H(Un|Yn7 Zn)

< Y HY)-Y HY|X:)=> HUi|Z)+ Y HUIY",Z7", Z)
i=1 i=1

i=1 i=1

= iI(X“Yz) - i[(Ui; Wil Zs)
=1 =1

IN

n: %ﬁ?-’@ﬁy) - ZI(Ui; Wil Z:)

i=1

= n- <r7£1(a>)<I(X;Y) —I(U;W/T,T|Z))

n- <g{)1(az>)(I(X; Y) — I(U; W|Z)>.

Identification W = (Y™, Z~ 1 T) satisfies both Markov chains :

Z-eU-WandV - (Z,W)-U.



Mismatched distortion functions



Joint source-channel coding scheme

UTl X?I Y’I’L Vn,
Source i.i.d. Noisy Channel i.i.d.
Mismatched distortion functions
de(u,v) % 0 dg(u,v) o "
(1 :P<0) w| o | 1 (1 .—P<0) uw| 0 [1+x
Do up| 1 0 Do up| 1 K

k > 0 is an extra cost, e.g. energy, computing, symbol preference




Decoder’s best-reply symbol

E, [dd (U, v)]

1+/1:%

V1

.
>



Encoder’s optimal distortion for C' = 0.2 and xk = %

) D = 0.2668




Shannon'’s rate-distortion function, C' = 0.2 and x = 0

D = 0.2430

C(D7) = Hy(po) — Hs(D?) % 2 4



[Akyol Langbort Basar in Proc. IEEE 2017]
— Information Theoretical view of Persuasion - Decentralized Stoch. Control

Distortions measures :
dE(II?,e,:i‘) N dD(‘l“f)
¥

e Gaussian Source (X, 0) ~ N(0, Rxg) with Rxg = 0% B ﬂ E[X?] < Pr,

e Quadratic Distortions functions for encoder dr and decoder dp :

dp(z,0,2) = (x40 — )2, dp(z,2) = (x — 1)?

Theorem 7 [Akyol Langbort Basar in Proc. IEEE 2017]
P
U = \/ A (X + ab),

0% (14 2ap + a?r)
X* E[X|Y], with v = (=1 4+ /1 +4(r + p))/2(r + p)



Example : Power Allocation Game for Parallel MAC

Power allocation a;

Random channel gains G

for k sub-carriers

Mutual Interference !

Utility fast fading, single user decoding :
¢1(a1,a2) EG Ek 10g2 <1 + %)
$2(a1,az) = Eg le logy (1 + %)]

42 / 49

Power allocation ay

_



Strategic Transmission of Information

Player 1 : primary user

Fixed power allocation : a;

‘\A S © © @

W Ve =20 &

observed by Player 1 /;,

Realization channel gains g \

Player 2 : secondary user|

oo 1) Fixed power allocation Player 1 : a;

N 7%& 2) Player 1 observes the channel gains g
=4
\‘/




Strategic Signaling of Channel Gains

Player 1 : primary user

Fixed power allocation : a;

~\A\ © © . S O
4\ :1/1% e K =

observed by Player 1 /;, /

Realization channel gains g \

N

Power allocation as
Player 2 : sec;{rgiary user| Strategic signal : g

oo 1) Fixed power allocation Player 1 : a;

)
N ﬁ% 2) Player 1 observes the channel gains g
7'\‘/ 3) Player 1 send a strategic signal g to Player 2
4) Player 2 choose a power allocation as



Example with Two Configurations

Power allocation game
with two parallel MACs :

e Belief proba. : p € [0, 1]
e Channel gains :

Ug Ui
g1 | 1.1878 | 0.1811
g1z | 1.1566 | 1.4475
go1 | 0.8407 | 0.0717
g2 | 0.6293 | 0.6858
e Allocations : a; = 0.16

fixed

e v€{0,0.25,0.5,0.75, 1}

b2, v) = togz (1+

+ logo (1 +

v g21 )
o2 +ay - 911
(1 —w)-g22 )
o2+ (1—a1) g12/

Expected Utility of P2

0.5

0.4

o
w

[T—o_Elo,Ga)lwiha,=0

2
— s Ele,G.a,)] with a, =0.25
o Elg,Ga,)witha,=05

__. ElgGaywitha,=0.75
o Elp(Gaywitha,=1

o
~

0.1

0.1 0.2 03 0.7 0.8 0.9

0.4 05 06
Belief Probability: p

1



Player P,'s Best-Reply to her Belief

Power allocation game

with two parallel MACs : [ o EleGaiiving, =0

e Belief proba. : p € [0, 1]

e Channel gains :

2
— s Ele,G.a,)] with a, =0.25
O05F| o Elg,Ga,)lwitha,=05
. ElgGa)lwitha,=0.75
2

=1

> E[wZ(G,az)] with a,

0.4

() U1
g11 | 1.1878 | 0.1811
g12 | 1.1566 | 1.4475
g21 | 0.8407 | 0.0717
922 | 0.6293 | 0.6858

Expected Utiity of P2

e Allocations : a; = 0.16 fixed
e v €{0,0.25,0.5,0.75, 1}

b2(uv) = togz (1+

+ logo (1 +

v g21

o2 + ay .gu)
(1 —v)- g2
o2+ (1 —a1)-g12

Expected Utility :

0.1F

o ; ; " | ; ; ; ;
) . 0 0.1 02 03 0.4 05 06 0.7 0.8 09 1
Belief Probability: p

IE[qbg(U, 1;)] = p-da(up,v) + (1 —p) - Ppa(uy,v2)



Player P,'s Best-Reply to

Power allocation game
with two parallel MACs :

e Belief proba. : p € [0, 1]
e Channel gains :

() U1
g11 | 1.1878 | 0.1811
g12 | 1.1566 | 1.4475
g21 | 0.8407 | 0.0717
922 | 0.6293 | 0.6858

e Allocations : a; = 0.16 fixed

e v € {0,0.25,0.5,0.75, 1}

b2(uv) = togz (1+

+ logo (1 +

v g21

o2 + a1 - 911
(1 —v)- g2
o2+ (1 —a1)-g12

Expected Utility :

)
).

051

0.4

her Belief

[T —o— El0,Ga,)]witha, =0

— s Ele,G.a,)] with a, =0.25
o Elg,Ga,)witha
__, ElgGaylwitha,=0.75
— o El@,(G.a,)] with a,

=05

2
2
2
2
=1

Expected Utiity of P2

0.1F

E[¢2(U,v)]

a,=1
ka; = 0.5;(\\ . T
Pe—d [

plies to the Belief

L
0.2

03

0.4 05 06
Belief Probability: p

L L
0.7 0.8

L
0.9 1

= p-da(up,v) + (1 —p) - Ppa(uy,v2)



Expected Utility of Player P, for Posteriors (py, p2)

O Equilibrium Utilty

¥ Revealing Utiity

Expected Utility of P1

0.2

Posterior Distribution p1
Posterior Distribution p2

E[6i(U,0)] = A- <p1 b(gav®) + (1= p1)- ¢1<gB,v*>)

+ (1-=X)- <p2 “p1(ga,v") + (1 = p2) - ¢1(QB,U*)>



Equilibrium Solution without Channel Noise

T T
o El0,G)]vitha, =0 X
o El0,G V)] witha, =0.25
05 2 2 O Equilibrium Utiity
o Elg,GM)]vith a, = 0.5
Efo G wiha, =075 XK Revealing Utiity
o ElpG) , =0
o Elo,GV)witha,=1 D Prior Probabilty
04f : L
Posteriors (p,.p,)
optimal for player P, T ———
g a
s 5
203 1 z
3 5
3 3
H 3
& 4
o a
0.2 1
2
o= 5
a,=0.7
a,=04
o1} 2 AN 1
a,=0p5 ]
a,=0 .
e Best-replies of player P,
Posterior Distribution p1
L L R L L L L Posterior Distribution p2
o 01 02 03 07 08 09 1

04 05 06
Belief Probability: p

Utility of Py Utility of P,

Equilibrium parameters :  (p1,p2) = (0,0.6415), (o, 3) = (1,0.4424)



Equilibrium Solution for Noisy Channel

T , T T T T T T T
Y Sy *
ol ot uIvn g, <025 = Eauiiorum Srategic Goordination
o Elo,G)]vitha, = 0 ottt O ot S g
Ela, Gl wih a, =0.75 quiibrium One-Shot Signaling —
——ciEmme o -
—o— Ele,G V)] witha, = K Fuly Revealing Utiity .
o0ab

Posterors (b, ) o074
for strategic coordinatjon b

D Prior Probabilty

o T o072
8 s
z 5
4 >
2 £ o7
E =l
3 3
§ goest
& -4
@ &
066

0.64 .-
05

Posterior Distribution p1

Posterior Distribution p2

Utility of P, Utility of P,

=025 (p1,p2) = (0.0910,0.6420), (o, 3) = (0.9531,0.4685)



Thank you'!

https ://sites.google.com /site/maelletreust/
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