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( Objective

ﬁ>A set of users share a bottleneck link.

ﬁ> Each user must choose the transmission rate at
which multimedia traffic is received.

ﬁ> Users select their strategy freely.

|:> Quality depends on the selected strategy.

a )
What is the convergence point and the

system's performance ?
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l Motivation

i} Tools such as Vivavoz allow the users to change their
data rate dynamically.

i} Perceived QoS is the
unique incentive
that a user has in order
to change his strategy.
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Why Game Theory?

no central authority

users' actions influence

other users

conflicts of interests

[« [»
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Why Evolutionary Game Theory?

If more than one Nash “
equilibrium is present,
which one will be selected

In the long run?
Evolutionary

How WIll users converge to S Q Game
Theory!

equilibrium points?

A game may have a

deterministic O A
. /
stochastic dynamlCS.
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The System
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( States and Transitons of the Proposed Model }

2 users adopt 1 user adopts the highest 2 users

the highest rate

rapidly

rate

&

adopt the lowest rate
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eventually
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( The Proposed Model Main Entities }

estimates the QoS
perceived by the... feeds the...

< N\

users QoS bottleneck

(strategy set) model performance
(E-Model or other) (M/M/1/k or other)

\_/

cause impacts on the...
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( Hypothesis about the users }

|i> Myopia : users have limited capacity in order to
antecipate the impact of their decisions.

|i> Inertia : changing strategy may be expensive.
|i> Mutation : users are error prone.

|i> Egocentrism : each user is interested solely In
his own QoS.

|i> Dynamical adjustment: each user dynamically adjusts
his strategies.
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Proposed Model and Its Two Layers

nl = # of users

with rate | ;

n2 = # of users
with rate | 2

Legend

finite queue: 1) data at rate |, :
data at rate | ,:

-- -
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( User's Preferences and Transition Matrix

- Each system state provides a QoS to each user
- depends on the user's strategy

- Transition matrix determined through QoS in each state
- users prefer states with higher QoS
- rate of change proportional to QoS gains

- Changes that dimishes the QoS are also possible

- errors users can make
- allows for ergodicity
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l Parameters of the Proposed Model

/ number of users (N)

Main
Model <
Parameters: users' data rates (I 1, ..., | M)

bottleneck characteristics
[capacity (m) and buffer (K)]

N
7~

Other QoS Model
Model <

Parameters:

Performance Model

N
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( Analytical Results

|i> Let:

|;,> t. current system time

|i> e. a model parameter (related to errors users make)

Ii} In order to obtain the analytical results, we will consider:
i} System In steady state.

|i> The model parameter e going to zero.

t! 1 and ! O
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( Analytical Results

States that
receive non negligible

Nash Equilibria
probability

Proposed Model Game Theory

\/

What's the relationship?
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l Analytical Result 1

i} Proposition I

A state that

receives non negligible probability in steady state

v

Nash equilibrium

Note 1:
and is contained in
a quasi absorbing set.
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Analytical Result 2

i} Proposition I

A state that
receives non negligible probabillity in steady state

Nash equilibrium

Note 1:
and is contained in
a quasi absorbing set.
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l Analytical Result 2

I—:,> Proposition II:

A state that
receives nq

Nash equilibrium

proved via a
Note 1: counter example

and is contained in
a quasi absorbing set.
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( QoS Model

|i> Let's now obtain some numerical results with
the proposed model.

(" )
But how may |

find out the utility
functions of the users?

: -
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QoS Model

4 )

Use a well known standard, such as the
"mean opinion score" (MOS)
or the extended E-Model!

LV J
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QoS Model

Great idea! Adopting the E-Model )
we may estimate the utility function
of the users given the
loss probability and the delay perceived
by themselves.
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About the Lack of an Authority

N=16; 2 strategies; M= 160Kbps; buffer capacity 10K

state

160
151
14 2
133
12 4
115
: 106
8.97
9: 88

NOoOORWNRE

agr. rate

102.4
104.0
105.6
107.2
108.8
110.4
112.0
113.6
115.2

MOS

( 3.84600.0000)
( 3.83393.9867)
( 3.82063.9667)
( 3.80593.9446)
( 3.78983.9202)
( 3.77223.8933)
( 3.75313.8638)
( 3.73233.8315)
( 3.70983.7963)

prob. state |agr. rate MOS prob.

9.6e-14€¢| 10: 79 | 116.8 | ( 3.68563.7581) |6.6e-25
2.1e-131/ 11: 6 10| 118.4 3.65963.7168) | 1.4e-12
2.1e-117912: 5 11| 120.0 |( 3.6318 3.6722 )|1.0e-00
1.2e-103| 13: 412 | 121.6 | ( 3.60213.6244) |5.6e-13
4.6e-90| 14: 313| 123.2 | ( 3.57063.5733) | 6.0e-26
1.1e-76|| 15: 214 | 124.8 | ( 3.53733.5190) | 2.4e-39
1.9e-63/| 16: 1 15| 126.4 | ( 3.50213.4613) |4.3e-53
2.1e-50| 17: 016| 128.0 | ( 0.00003.4006) |2.7e-67
1.5e-37

i} The Nash equilibrium and Pareto Optimum differ!

i} Loss of efficiency due to the lack of coordination.
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( About the Impact of the Model Parameters

Ii} From here on, we will consider the following starting
scenario: N = 10; 2 strategies; m= 80Kbps;
buffer capacityl20K

4 )

What will happen if we vary the buffer size?

What's the impact of this
parameter over the system steady state
equilibrium?
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Impact of Buffer Size on Users' Behavior

i} Varying the buffer size (ceteris paribus)

10| High rate (number of users)
Low rate (number of users)
sl
High rate (number of users)
6l
at
Low rate (number of users)
ot
ol

0 20 40 60 80 100 120 140 160 180 200
Buffer size
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Impact of Buffer Size on MOS

i} Varying the buffer size (ceteris paribus)

MOS

4

39( Population
average

3.8

3.7 Users
choosing

36l the high rate

3.5 Users

choosing
3.4 the low rate
33 90 40 60 80 100 120
Buffer Size
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Relationship between users' behavior and MOS

MOS

Users

10|

of When one user

ol A decreases his rate...
At

N

N

0 20 40 60 80 100120

... the QoS of all
users increases!

0 WL W W LW
WhHhOOIOONOODO DN

20 40 60 80 100120
Buffer Size
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[ Impact of the Buffer Size on the Average MOS }

4 )

What will happen if we vary the number
of users in the system?
What's the impact of this parameter
over the system steady state equilibrium?

\_ )
AN
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Impact of Number of Users on their Behavior

i} Varying the number of users (ceteris paribus)

141

High rate (# of users)
Low rate (# of users)

121

2 4 6 8 10 12 14 16 18 20
Number of users in the system
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Impact of Number of Users on their Behavior

i} Varying the number of users (ceteris paribus)

MOS

4.2

af
3.8(
3.6[
3.4
3.2(

3t

2.8

2.6

Population average

Users choosing the high rate
Users choosing the low rate

4 6 8

10 12 14

Number of users in the system
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About the Nash Equilibrium Selection }

~
And what happens if the system
has more than one Nash Equilibrium?
How does the model behave?
J

N
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Nash Equilibrium Selection (multiple converg. points)

Ii} In some cases, the model converges to a single
Nash equilibrium. But not always...

probability
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( Summary of Results }

|i> We have obtained an original model in order
to capture the process through which users adapt
themselves to the conditions of a network while
transmiting multimedia data in the Internet.

'i} We demonstrated analytical properties about
the proposed model.

'i} We numerically evaluated the proposed model,
using the E-Model to estimate the utility functions
of the users.
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