
Lecture I

Convex
games exercise



ExerciseI

Consider the following 2. player game . I :

= (x' ,2) = +(x(2 + (xY2 + xix2+x ,

where c ,
bi FIR are constants and sieR ,

i = 1
, 2.

a Show that the game
is convex

b) Compute the game pseudo-gradient .

3) Under which conditions on C
,
the

pseudo-gradient is menolone ?

d) What is the

necessary
& sufhcient for

(x' , xi) = IR" to be a Nash equilibrium of ?

Under which conditonc on ( & bi , i = 1
,
2

,

it exists.

i
e) Argue that if X & 20 , k] SIR ,

i = 1
,
2

.

the game always has a Nash equilibrium



Solvehans :

9) Noce that &"(xi , xi) is connex ii

for fined xi ; since

~
- i

28(x , xi) = Xi
+ 2X - bi

Jxi

i
Namely ,

each players cost is Istrongly)
convex quadrate in her decision variable·

Furthermore
,

the acton
spaces are K" = IR,

which
is connex

=D game is carex
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2) F
,
(x , x 2) is aftine : F

,
(x) = Mx + b

A is monotone of M is positive

semi-definite .
Since M is symmetric,

this is equivalent to eigenvalues of
M being nonnegahre.

The egenvalues of M are given by solutions

to the characters , equator

(x- 1) 2 - c = 0

x - 2x - c + ) = 0

- x ==+ +(2)
= 11 E

2

for both to be nonnegabre , we need,

1167



(d) g' (x) , x2) < g ! x) , FYER

g (x , x)49"(x' ,* ) , FX EIR

from player-wise connexily:& Xi IR , i = 1
, 2 ,

Nash equilibrium if and only if

* .
S'(x' , xz) = 0

* , 52(x + xz) = c

C= D

I!(() to] &

MEIR
** 2

-
-

M M

we need the above set of linear equalens

to have a soluten
.D me Range (M)

Note that a sufficient conditon for me Range(M)
is that M is invertible

, namely,
no engen

values at 0 D 1C1 # 1 .


