Integrating supply and demand within the framework of
mixed integer linear problems

Meritxell Pacheco
Shadi Sharif Azadeh, Michel Bierlaire, Bernard Gendron

Transport and Mobility Laboratory (TRANSP-OR)
Ecole Polytechnique Fédérale de Lausanne

July, 2017

MP, SSA, MB, BG IFORS 2017 1/18



Outline

© Introduction
© General framework
© Case study

@ Future work

MP, SSA, MB, BG IFORS 2017 2 /18



Introduction

@ Introduction

MP, SSA, MB, BG IFORS 2017 3/18



Introduction

Motivation
Demand Supply
@ Choices of customers @ Design and configuration of
@ Discrete choice models the system
@ Nonlinear and nonconvex e Mixed Integer Linear
formulations Problems (MILP)
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Introduction

Demand model

e Population of N customers (n)
@ Choice set C (/)

@ C, CC: alternatives considered by customer n

WNi={n=1lieC})

Behavioral assumption Simulation
° Up=Vip+ein e Distribution ¢;,
° vin = Zk ﬂinkXﬁ,k + qd(Xd) e R draws ginla s afinR

° Pn(l|Cn) = PF(U,‘,, > Ujmvj € Cn) ° Uinr = Vin + finr
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Introduction

Supply model
@ Operator selling services to a market
o Price pj, (to be decided)
o Capacity ¢;
@ Benefit (revenue — cost) to be maximized
e Opt-out option (i = 0)
Price characterization Capacity allocation
@ Lower and upper bound @ Exogenous priority list of customers
@ Discretization: price levels @ Here it is assumed as given
@ Binary representation (\jy) e Capacity as decision variable
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General framework

© General framework
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MILP (in words)

MILP

max  benefit
subject to  availability
utility definition
discounted utility
choice
capacity allocation

price selection
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General framework

MILP

MILP

max  benefit
subject to availability
utility definition
discounted utility
choice
capacity allocation

price selection
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yi € {0,1}  operator decision

vy €{0,1}  customer decision (data)
yin € {0,1}  product of decisions

yinr € {0,1}  capacity restrictions

Relations between availabilities

Yin=y@yi Vi,n (1)
Yinr < Yin Vi, n,r (2)
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MILP

Uinr utility
MILP Ui if v —
Zinr = inr 1t Yinr discounted utility
) Lnr if Yinr =0
max  benefit
subject to _ availability (€5, smallest lower bound)
utility definition
discounted utility | Utility
choice V;
capacity allocation ——f i
price selection Uinr = ,Binpin + Qd(Xd) +€inr VI, n,r (3)

Discounted utility

Lor < Zinr Viyn,r (4
Zinr < Lnr + MineYine Vi, n,r (5
Uinr — Mine(1 = Yinr) < Zipy Yiyn,r (6
Zinr < Uipr Yion,r (7

MP, SSA, MB, BG IFORS 2017 9 /18




General framework

MILP

MILP

max  benefit
subject to availability
utility definition
discounted utility
choice
capacity allocation

price selection

MP, SSA, MB, BG

Unr = max zjy,

Choice

ieC
[ 1 ifi=argmax{Up} .
Winr =1 0 otherwise choice
Zinr S Unr Vi’ n,r (8)

Unr < Zinr + Mnr(l -

Z Winr = 1
i

Winr < Yinr

—~~
O
~

Wine)  Yi,n,r

Yo, r (1

(]
—

Vi,n,r  (11)
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MILP

MILP Priority list

max  benefit Yin—r Z Yinr

Vi>0,n<N,r

(12)

4

subject to availability
utility definition
discounted utility

choice 1
capacity allocation Z Wimr < (¢i = 1)Yinr + (0 = 1)(1 = yins) Vi>0,n>ci,r (13)
price selection 1

Capacity cannot be exceeded = y;,, = 1

v

Capacity has been reached = yi,, =0

n—1
Ci(}/in - }/inr) < Z Wimr Vi > 07 n,r (14)
=1

4
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MILP

Li,—1
1 m
MILP Pin = 10% <€in + Z 28)\"”6)
(=0

| max. benefit @ When calculating the benefit: A win,
subject to availability
utility definition @ Qinrt = AintWinr
discounted utility
choice Linearization of «j,¢ + Price bounded from above
capacity allocation

price selection

’ Aint + Winr <1+ Qe Vi >0,n, 1,4 (15)
Qinre < Aine Vi >0,n, r,e (16)
Qinre < Winr Vi>0,n,r, ¢ (17)
Lin—1
lin+ D 2 Nine < i Vi>0,n (18)
=0
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MILP

MILP maxZ(R,- — C,)
i>0
max benefit
subject to availability Revenue
utility definition
discounted utility

choice 11 )
capacity allocation Ri = EW |:Z Z <€in Winr + Z 2 Qinrg
n r ¢

price selection

Cost

G = (fi + vic)yi
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Case study

© Case study
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Case study

Parking choices!

FSP (opt-out)

pes 881
— 1 I -
o
i o Tal s

@ N = 50 customers
e C = {PSP,PUP,FSP}
e(C,=C Vn

® pin=pi Vn
@ Mixtures of a logit model

IA. Ibeas, L. dellOlio, M. Bordagaray, et al., “Modelling parking choices considering user
heterogeneity,” Transportation Research Part A: Policy and Practice, vol. 70, pp. 41 —49, 2014.
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Case study

General experiments

Uncapacitated vs Capacitated case
@ Maximization of revenue
@ Unlimited capacity
o Capacity of 20 spots for PSP and PUP

Price differentiation by population segmentation
@ Reduced price for residents

@ Two scenarios

© Subsidy offered by the municipality
@ Operator is obliged to offer a reduced price
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Case study

Uncapacitated vs Capacitated case

Uncapacitated
Price PSP ——— Demand PSP ——— Demand FSP ——
Price PUP ——— Demand PUP
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Computational time

Uncapacitated case Capacitated case
R | Soltime PSP PUP Rev | Soltime PSP PUP Rev

5 258s 054 0.79 2643 12.0 s 0.63 0.84 25091
10 398s 053 0.74 2636 545 s 0.57 0.78 2531
25 29.2s 054 0.79 2690 | 13.8 min 059 0.80 25.96
50 | 4.08 min 054 0.75 2697 | 50.2min 0.59 0.80 26.10
100 | 20.7 min  0.54 0.74 2690 | 6.60 h 0.59 0.79 26.03
250 | 251 h 054 0.74 2685 | 1.74days 0.60 0.80 25.93
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@ Future work
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Lagrangian relaxation

General idea
@ Decompose the MILP into 2 subproblems
@ Solve the subproblems independently

@ Lagrangian dual to provide an upper bound

Operator subproblem

@ Resulting problem: Capacitated Facility Location Problem

Customer supbroblem
@ Assumption: utility decreases as a function of the price
@ Iterate over customers (priority list) and over scenarios

@ Highest price such that the customer does not change the choice
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Ongoing research and future work

Ongoing research
@ Implementation of the 2 subproblems

@ Subgradient method to solve the Lagrangian dual

Future work
@ Provide a lower bound on the original problem

@ If the gap between bounds is significant = column generation
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Future work

Questions?

AN You

meritxell.pacheco@epfl.ch
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