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The first international conference in
operations research was held in
Oxtord, England, in 1957.

't was attended by 250 delegates
from 21 countries
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First International Conference on Operations Research — Picture of Attendees
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Dedicated to all
women in OR

EURO Gold Medal 2019



I'hanks guys!

Patrice Marcotte Gilles Savard
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Bllevel optimization

e\\Vnat Is It?
e [he linear case

eBilinear objectives + linear
constraints
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Bilevel Optimization Problem

max  f(z,y)

.,y
S.t. (x,y) € X
y € S(x)
where S(x) — argimax 9(557 y)

Y
s.t.(x,y) €Y
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-irst paper on bilevel
optimization

Bracken & McGill (OR,1973): First bilevel model,
structural properties, military application.

Mathematical Programs with Optimization Problems

in the Constraints

Jerome Bracken and James T. McGill
Institute for Defense Analyses, Arlington, Virginia

(Received October 5, 1971)

This paper considers a class of optimization problems characterized by con-
straints that themselves contain optimization problems. The problems in the
constraints can be linear programs, nonlinear programs, or two-sided optimiza-
tion problems, including certain types of games. The paper presents theory
dealing primarily with properties of the relevant functions that result in convex
programming problems, and discusses interpretations of this theory. It gives
an application with linear programs in the constraints, and discusses computa-
tional methods for solving the problems.
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Adequate framework for
Stackelberg game

e | eader: 1st level,
e Follower: 2nd level,

 _eader takes follower’s optimal reaction
INnto account.

Heinrich von Stackelberg
(1905 - 1946)
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Applications

e-conomic game theory
eProduction planning
eRevenue management

® Security
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| Inear BP

max ci1x + diy
T,y
S.t. AliC ABly S bl
ImMax dgy,
Y

S.t.AQQ’J —+ Bgy S b2
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| Inear BP

max c1x + diy max c1x + dry
s.t. Az + By < by s.t. Ajx 4+ By < by
Boy + Asx < by Bay + Agx < bo
A\By = dy ABy = da
A>0 A>0
‘ AN Boy — by + Asx) =0 ‘ A< Myz
Aoz + Boy > by — Mpy(1 — 2)
ze€40,1}™

Fortuny-Amat, McCarl (1981)
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off Li

Opt
PO

| Inear BP:what Is true

Imal sol

near BP Is feasible, then there exists an

ution which i1s a vertex of the

yhedror

defi

ned by both levels constraints.

e[ here exists a finite value for M
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| iInear BP: what Is the
oroblem with M

e "Trial and error' does not work to determine M
(Pineda, Morales, 2019)

e-inding valid M is NP-hard
(Kleinert, Labbé, Plein, Schmidt, 2019)
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Price Setting Problem with
iInear constraints

max Y1
LyY1,Y2

min (c+ x)y1 + dyo
Yi1,Y2

S.t. Ayl Byg — b
Y1, Y2 Z 0
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Price Setting Problem

thax Ab —  (c1y1 + c2y2)
s.t. Ao < ¢ s.t. Ajyr + Asys =0

y17y27)\

Y1, Y2 Z 0

(CQ — )\Ag)yg =

Labbé, Marcotte, Savard (2000)
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Applications

Mobile Internet.
Package Plans.
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Network pricing problem

(Labbé, Marcotte, Savard, 1998)

e network with toll arcs (A1) and non toll arcs (As)
e Costs ¢, on arcs

e Commodities (o®,d"*, n")

¢ Routing on cheapest (cost + toll) path

e Maximize total revenue
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Solution approach

« MILP formulation
 Tight M very effective

* Branch & cut
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Conclusion

eBilevel optimization has a bright future!

eBe aware : lots of fake news!

eNeed of generic softwares (handling properly
complementarity)

eNeed to exploit problem inner structure !
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