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New advances in location problems and portfolio selection models

O A combinatorial optimization approach to scenario filtering in
portfolio selection (Presented in the last meeting in Sevilla)

© Continuous location among several regions with different
norms

@ On Location-Allocation Problems for Dimensional Facilities

© Clustering and portfolio selection problems: A unified
framework

© The Obstacle-Avoiding Rectilinear-Link Steiner Minimum Tree
Problem
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Single-facility Weber problem
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Blanco, Puerto and Ponce (2017)
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Single-facility Weber problem with different norms at

different regions
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Single-facility Weber problem with different norms at

different regions
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Continuous location between two regions with different

norms

@ Parlar, M.: Single facility location problem with region-dependent distance
metrics. Int. J. Syst. Sci. 25(3), 513-525 (1994)

@ Brimberg, J., Kakhki, H.T., Wesolowsky, G.O.: Location among regions with
varying norms. Ann. Oper. Res. 122(1-4), 87-102 (2003)

@ Brimberg, J., Kakhki, H.T., Wesolowsky, G.O.: Locating a single facility in the
plane in the presence of a bounded region and different norms. J. Oper.
Res.Soc. Jpn. 48(2), 135-147 (2005)

@ Fathali, J., Zaferanieh, M.: Location problems in regions with ¢, and block
norms. Iran. J. Oper. Res. 2(2), 72-87 (2011)

@ Franco, L., Velasco, F., Gonzalez-Abril, L.: Gate points in continuous location
between regions with different ¢, norms. Eur. J. Oper. Res. 218(3), 648-655
(2012)

@ Blanco, V., Puerto, J., Ponce, D.: Continuous location under the effect of
‘refraction’. Math. Program. 161(1-2), 33-72 (2017)

@ Franco, L., Velasco, F., Gonzalez-Abril, L., Mesa, J. A.: Single-facility location
problems in two regions with £1-and £4-norms separated by a straight line. Eur.
J. Oper. Res. 269(2), 577-589 (2018)

M. Labbé e L. Mallozzi e J. Puerto @ M. Rdgz.-Madrena e A. Scozzari June 25, 2021 - Fuengirola, Spain



New advances in location problems and portfolio selection models

Continuous location between two regions with different

norms

@ Parlar, M.: Single facility location problem with region-dependent distance
metrics. Int. J. Syst. Sci. 25(3), 513-525 (1994)

@ Brimberg, J., Kakhki, H.T., Wesolowsky, G.O.: Location among regions with
varying norms. Ann. Oper. Res. 122(1-4), 87-102 (2003)

@ Brimberg, J., Kakhki, H.T., Wesolowsky, G.O.: Locating a single facility in the
plane in the presence of a bounded region and different norms. J. Oper.
Res.Soc. Jpn. 48(2), 135-147 (2005)

@ Fathali, J., Zaferanieh, M.: Location problems in regions with ¢, and block
norms. Iran. J. Oper. Res. 2(2), 72-87 (2011)

@ Franco, L., Velasco, F., Gonzalez-Abril, L.: Gate points in continuous location
between regions with different ¢, norms. Eur. J. Oper. Res. 218(3), 648-655
(2012)

@ Blanco, V., Puerto, J., Ponce, D.: Continuous location under the effect of
‘refraction’. Math. Program. 161(1-2), 33-72 (2017)

@ Franco, L., Velasco, F., Gonzalez-Abril, L., Mesa, J. A.: Single-facility location
problems in two regions with £1-and £4-norms separated by a straight line. Eur.
J. Oper. Res. 269(2), 577-589 (2018)

M. Labbé e L. Mallozzi e J. Puerto @ M. Rdgz.-Madrena e A. Scozzari June 25, 2021 - Fuengirola, Spain



New advances in location problems and portfolio selection models

Continuous location among several
regions with different norms

(joint-work with Martine Labbé and Justo Puerto)
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Weighted Region Problem (\WRP)
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Some references on the WRP and related problems

@ J.S.B. Mitchell, C.H. Papadimitriou: The weighted region problem: finding
shortest paths through a weighted planar subdivision. J. Assoc. Comput. Mach.
38, 18-73 (1991)

@ C.S. Mata, J.S.B. Mitchell: A new algorithm for computing shortest paths in
weighted planar subdivisions. In Proceedings of the thirteenth annual
symposium on Computational geometry, 264-273 (1997)

@ L. Aleksandrov, A. Maheshwari, J.-R. Sack: Determining approximate shortest
paths on weighted polyhedral surfaces. J. Assoc. Comput. Mach., 25-53 (2005)

@ Z. Sun, J. Reif: On finding approximate optimal paths in weighted regions. J.
Algorithms 58, 1-32 (2006)

@ S.-W. Cheng, H.-S. Na, A. Vigneron, Y. Wang: Approximate shortest paths in
anisotropic regions. SIAM J. Comput. 38, 802-824, (2008)

@ S.-W. Cheng, H.-S. Na, A. Vigneron, Y. Wang: Querying approximate shortest
paths in anisotropic regions. SIAM J. Comput. 39, 1888-1918 (2010)

@ M. Fort, J.A. Sellares: Approximating generalized distance functions on
weighted triangulated surfaces with applications. J. Comput. Appl. Math. 236,
3461-3477 (2012)

@ A. Gheibi, A. Maheshwari, J. R. Sack, C. Scheffer: Path refinement in weighted
regions. Algorithmica, 80(12), 3766-3802 (2018)
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The WRP is unsolvable in any algebraic computation model
over the rational numbers

De Carufel et al. (2014)

In general, the exact solution of WRP cannot be computed in Q
using a finite number of the operations +, —, x, =, Yo for any
k> 2.
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Our approach

minz Z Z Willyi; — Ynillp: 2niziz (1)

1€V (h,i)€EA (i,j)EA

s.t. Z Zij — Z Zhi = b;, VieV, (2)

(1,7)€A (h,i)€EA

Y a1, VieV, (3)
(h,i)EA

Z Zij <1, VieV, (4)
(1,j)€A
Zij € {Oﬂ 1}3 V(la]) € Av (5)
vi; € Fij, V(i,j) € A, (6)

where G = (V = {Polyhedra}, A = {Interfaces}).
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MISOCP Formulation 1

min Z w;d; (7a)
iev
s.t. Z Zgj — Z zZps = 1, (7b)
(s,4)EA (h,s)€EA
S ozg— >, zri =0, Vi€ V\{s, t}, (7¢)
(i,j)€EA (h,i)€A
ze5— > Zpe=-—1, (7d)
(t,j)€A (h,t)eA
Sz <1, Vi€V, (7e)
(h,i)eA
ST oz <1, Vi €V, (7f)
(i,j)€A
ds > || Z Z Asjee — Tsllpgs (7g)

(s,J)EA eEExt(FSj)

di > > ST Xijee— D > Anieellp;» Vi€ V\{s,t}, (7h)

(,5)EA e€Ext(F; ;) (h,i)EA e€Ext(Fy,;)

de > Jlzg — 3 Ante€llpy (7i)
(h,t)EA e€CExt(Fp4)
Nije = Zij, v(i,j) € A, (70)
eEEx!(Fjj)
d; >0, ViV, z;j € {0, 1}, Y(i,j) € A, (7k)
Aije 20, V(i,j) € Ae € Ext(Fjj). @)
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MISOCP Formulation 2

min Z w;d; (8a)
i€V
s.t. Z Zsj — Z zps = 1, (8b)
(s,J)EA (h,s)€EA
zij— > zZni =0, vie VA {s,t}, (8¢)
(i,4)€EA (h,i)eA
ztj — Z zpe = —1, (8d)
(t,)eA (h,t)eA
STz <1, Vi €V, (8e)
(h,i)eA
ST oz <1, Vi €V, (8f)
(i,j)€EA
ds > Z Il ksjee_xszsj Hpsi (8g)
(s,J)EA  eCExt(Fg;)
di > > STl ST Whijee— > Ppijeellp;s vie V\ {s, t},
(h,i)EA (1,j)EA  eCExt(Fy;;) eCExt(Fy;)
(8h)
de > > l@ezne — > Anteellpg s (8i)
(hpea cE€Ext(Fpy)
ST Nije = 245 v(i,5) € A, (8j)

e€Ext(FU)
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MISOCP Formulation 2

ST phij = Zhis Vi€ V\ {s,t}, (h,i) € A, (9a)
(i,j)€A
ST phij = 25, Vi€ V\ {s,t}, (i,7) € A, (9b)
(h,i)eA
Do Phije=rnig, Vi€ V\{st},(hi),(i7) € A, (%)
eCExt(Fy;)
ST ®hije = Anies Vie V\ {s,t}, (h,i) € A, e € Ext(Fp;), (9d)
(i,7)€A
> Wnije = pnijs Vi€V \{s,t}, (hi),(5) € A, (%)
eeExt(Fij)
> Whije = Aijes Vi€ V\{s,t},(i,j) € A, e € Ext(F;;), (9f)
(h,i)€eA
d; >0, Vi eV, (9g)
z;j € {0,1}, v(i,5) € A, (oh)
Xije >0, V(i,j) € A, e € Ext(Fyj;), (99)
Phij 2 0, Vi e V\ {s,t}, (h,1), (4,5) € A, (%)
Phije >0, Vi€ V\{s,t}, (h, i), (i,5) € A, e € Ext(Fp;), (9k)
Uhije > 0, Vi € V\ {s,t}, (h,4),(i,5) € A, e € Ext(F;j). (9
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Comparison between Formulation 1 and Formulation 2

Preposition

Let (1,(2 > 0 be the objective values of the continuous relaxations
of Formulation 1 and Formulation 2, respectively. Then, ¢; < (s.
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Multisource Weber problem

m p
min Y wile; — aills
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P

s.t. Zwij:wi, i=1,...,m
j=1

Tj € Rn: Wi > 07 V’L,]

upT T T T T T T T T T ™
.
12+ . . B
.

w0 . . B

s . . . q

s 1
. .

i . . . B

eI SIS - 4
. .

ok L L L L L L L L L

[ 2 1 6 ¥ 10 12 14 16 18 20

. Scozzari 021 - Fuengirola, Spain



New advances in location problems and portfolio selection models

Multisource Weber problem

m P
min Y > " wijllz; — ail2

i=1 j=1

P
s.t. E wi; =w;, 1=1,...,m
Jj=1

Tj € Rn: Wij > 07 V’L,]
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Iri, Murota and Ohya (1984)
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Mallozzi and Passarelli di Napoli (2017)

P

min Z c o(z)dx

=1 Vj

p
st. (Vi,...,Vp) € argminz |z — z;°¢(x)dz
j=1"Vj

P

+ Pointp,
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Mallozzi and Puerto (2017)

« PointP,

Mallozzi e J. Puerto ¢ M. Rd Madrena e A. Scozzari 021 - Fuengirola, Spain



New advances in location problems and portfolio selection models

Mallozzi and Puerto (2017)
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Mallozzi, Puerto and Rodriguez-Madrena (2019)

$1+P1,...,.Tp+Png
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Mallozzi, Puerto and Rodriguez-Madrena (2019)

$1+P1,...,.Tp+Png

®©

M. Labbé e L. Mallozzi e J. Puerto @ M. Rdgz.-Madrena e A. Scozzari June 25, 2021 - Fuengirola, Spain



New advance: n problems and portfolio selection models

Journal of Optimization Theory and Applications (2019) 182:730-767
https://doi.org/10.1007/510957-018-01470-y

@) o

On Location-Allocation Problems for Dimensional Facilities

Lina Mallozzi' - Justo Puerto?( - Moisés Rodriguez-Madrena?

Received: 31 May 2018 / Accepted: 31 December 2018 / Published online: 16 January 2019
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract

This paper deals with a bilevel approach of the location-allocation problem with dimen-
sional facilities. We present a general model that allows us to consider very general
shapes of domains for the dimensional facilities, and we prove the existence of opti-
mal solutions under mild assumptions. To achieve these results, we borrow tools from
optimal transport mass theory that allow us to give explicit solution structure of the
considered lower level problem. We also provide a discretization approach that can
approximate, up to any degree of accuracy, the optimal solution of the original prob-
lem. This discrete approximation can be optimally solved via a mixed-integer linear
program. To address very large instance sizes, we also provide a GRASP heuristic
that performs rather well according to our experimental results. The paper also reports
some experiments run on test data.

Keywords Bilevel optimization - Dimensional facilities - Optimal transport mass -
Mixed-integer programming - Heuristics

Mathematics Subject Classification 90B85 - 49M25 - 90B80 - 90C30
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Discrete approximation scheme
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Discrete approximation scheme
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MILP formulation

win ST Y WP, +zcst( > w,zrzs) (10)
i=1 i=1 (ris)en

(r,s)€Q (k,1)EEL

+W< >

(r,s)eQ
s.t. SCDV PL (see Fourer (1985)), (11)
Soep =1, Vie{1,..,p}, (12)
(k,1)ES;
ST+ >S DT =1, V() EQ, (13)
i=1 i=1 (k’l)eEis
P
D _j D D D i i V(r,s) € Q,
D ajwiaThg +wisers < azwi, + > wiur g0, i€ (1,0} (14)
j=1 (k,1)eQ,
> i i i V(r,s) € 2,
Prs = Upg 110 F M —775), ( ) (15)
< , i€ {1,...,p}.
(k,1)eQ;
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Test experiments
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Test experiments
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Test experiments
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p-median problem

m

min w; min
Z ' j=1,...
=1

st. z;€G, j=1,...,p

p{dg(xj, ai)}

.

4T T T T T T T T T T ™
.
12 . . B
.
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. .

if . . . B
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. .
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p-median problem

m
min Zwi ‘min {dg(xj,a;)}
= I=her

st. z;€G, j=1,...,p
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p-median problem

m
min Zwi ‘min {dg(xj,a;)}
= I=her

st. wz;eV, j=1,...,p
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J. Puerto

M. R

Given a set of assets and an investment capital, the classical portfolio selection problem consists in deter-
mining the amount of capital to be invested in each asset in order to build the most profitable portfolio.
The portfolio optimization problem is naturally modeled as a mean-risk bi-criteria optimization problem
where the mean rate of return of the portfolio must be maximized whereas a given risk measure must
be minimized. Several mathematical programming models and techniques have been presented in the
literature in order to efficiently solve the portfolio problem. A relatively recent promising line of research
is to exploit clustering information of an assets network in order to develop new portfolio optimization
paradigms. In this paper we endow the assets network with a metric based on correlation coefficients be-
tween assets’ returns, and show how classical location problems on networks can be used for clustering
assets. In particular, by adding a new criterion to the portfolio selection problem based on an objective
function of a classical location problem, we are able to measure the effect of clustering on the selected
assets with respect to the non-selected ones. Most papers dealing with clustering and portfolio selec-
tion models solve these problems in two distinct steps: cluster first and then selection. The innovative
contribution of this paper is that we propose a Mixed-Integer Linear Programming formulation for deal-
ing with this problem in a unified phase. The effectiveness of our approach is validated reporting some
computational experiments on some real financial datasets.

© 2020 Elsevier Ltd. All rights reserved.
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Cardinality constrained mean-CVaR model

11
max 17— — —d; 16
n 3 tzz; 7% (16)
st dy == rpz; t=1,...,T (17)
j=1
;>0 t=1,...,T (18)
() = po (19)
x €A (20)
> 5=p (21)
j=1
ijjS$j§Uij jzl,...,n (22)
z; €{0,1} j=1,...,n. (23)
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The network of asset correlations
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optimization problem. TOP 22, 934-949 (2014)
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The network of asset correlations

A distance between asset 7 and j can be defined as

dij = 1/ 2(1 = pij)

where p;; is the Pearson correlation coefficient between assets’
logarithmic returns.
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Clustering and portfolio selection model

dzy=1 i=1,...,n (30)
j=1

zij < 2jj ,j=1,...,n (31)
lizi; < x5 < ujzjj ji=1...,n (32)
zij € {0,1} ,j=1,...,n. (33)
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Selection of F;?

Consider problem (24)-(33) with all the paremeters fixed except F}?.

Let Flf be the optimal value of the problem

min Fj,(x)

st. (25) — (26) and (29) — (33)

and let F})! = F},(x*) being x* the optimal solution of the problem
(16)-(23).

Then, the valid and meaningful values for FZ? in problem (24)-(33)
are

0 _ ’4 u
FOON) = AE + (1= NEY,  VAe[o,1].
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Out-of-sample performance evaluation

S&P 500 FTSE 100
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Many thanks for your attention.
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