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A two-player game with leader

leader: maxx2X f(x; y)

follower: y 2 argminy02Y g(x; y0)

Cournot-Nash

player 1 &
demand market

player 2 %

Stackelberg

player 1 ! player 2 ! demand market
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Linear case

minx cx+ dy

miny ey

s.t. Ax+By � b
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Pareto

frontier
follower

leader
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Exact penalization and bilinear

programming

minx;y;� cx+ dy+ K�(Ax+By � b)

s.t. Ax+By � b

�B = e

� � 0

Complexity: subsumes 0� 1 linear

programming

minx2f0;1gn cx

s.t. Ax � b

minx cx+M
P
�j

max�
P
�j

s.t. �j � xj
�j � 1� xj
0 � xj � 1

Ax � b
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Continuous network design

minx2X hC(x; y); yi
s.t. hC(x; y); y � y0i � 0 8y0 2 Y

General form

minx2X f(x; y)
s.t. y 2 S(x) ! solution set of MP or VI

Strong form

min
x2X

max
y2S(x)

f(x; y)

Tax-setting

maxv vy1

minx;y (c1+ v)y1+ c2y2
s.t. A1y1+A2y2 = b

y1; y2 � 0

5



Principal agent

maxx(�) f(x(!(y)); w(y))

s.t. g(x(!(y)); y) � gmin

maxy g(x(!(y)); y)

y : e�ort level
!(y) 2 
 : outcome

x : 
! Rn

Existence

True if lower level program is well-behaved

(convex and closed solution set S(x))
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minx f(x; y)

miny g(x; y)
s.t. H(x; y) � 0

Value function reformulation

v(x) = min
y:H(x;y)�0

g(x; y)

minx f(x; y)
s.t. g(x; y)� v(x) = 0

H(x; y) � 0

Constraint quali�cation (linear independence

of active constraints' gradients) fails generi-

cally since:

rx(g(x; y)� v(x)) = �rxH(x; y):
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Kuhn-Tucker reformulation

minx;y;� f(x; y)

s.t. H(x; y) � 0

rxg(x; y) + �rxH(x; y) = 0
� � 0
�H(x; y) = 0

Exact penalty reformulation

minx;y;� f(x; y) + K�H(x; y)

s.t. H(x; y) � 0
rxg(x; y) + �rxH(x; y) = 0
� � 0

Drawbacks: several stationary points, noncon-

vex, nondi�erentiable.
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Algorithms

� sensibility analysis

� nonconvex NDO

� lower level smoothing (interior points)

� global optimization (B and B)

� heuristics

� exploitation of structure
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