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0 A combinatorial optimization approach to scenario �ltering in

portfolio selection (Presented in the last meeting in Sevilla)
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1 Continuous location among several regions with di�erent

norms

2 On Location-Allocation Problems for Dimensional Facilities

3 Clustering and portfolio selection problems: A uni�ed

framework

4 The Obstacle-Avoiding Rectilinear-Link Steiner Minimum Tree

Problem

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



New advances in location problems and portfolio selection models

Single-facility Weber problem

min

m∑
i=1

wi‖x− ai‖2

s.t. x ∈ Rn
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Single-facility Weber problem

min

m∑
i=1

wid(x, ai)

s.t. x ∈ Rn
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Blanco, Puerto and Ponce (2017)

min

n∑
i=1

wid(x, ai)

s.t. x ∈ Rn
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Single-facility Weber problem with di�erent norms at
di�erent regions
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Continuous location between two regions with di�erent
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 di�erent norms. J. Oper.
Res.Soc. Jpn. 48(2), 135�147 (2005)

Fathali, J., Zaferanieh, M.: Location problems in regions with `p 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 di�erent `p norms. Eur. J. Oper. Res. 218(3), 648�655
(2012)

Blanco, V., Puerto, J., Ponce, D.: Continuous location under the e�ect 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 `q-norms separated by a straight line. Eur.
J. Oper. Res. 269(2), 577-589 (2018)
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Continuous location among several

regions with di�erent 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: �nding
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
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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 �nding 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,
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A. Gheibi, A. Maheshwari, J. R. Sack, C. Sche�er: Path re�nement in weighted
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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 �nite number of the operations +, −, ×, ÷, k

√
, for any

k ≥ 2.
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Our approach

min
∑
i∈V

∑
(h,i)∈A

∑
(i,j)∈A

ωi‖yij − yhi‖pizhizij (1)

s.t.
∑

(i,j)∈A

zij −
∑

(h,i)∈A

zhi = bi, ∀i ∈ V, (2)

∑
(h,i)∈A

zhi ≤ 1, ∀i ∈ V, (3)

∑
(i,j)∈A

zij ≤ 1, ∀i ∈ V, (4)

zij ∈ {0, 1}, ∀(i, j) ∈ A, (5)

yij ∈ Fij , ∀(i, j) ∈ A, (6)

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

∑
i∈V

ωidi (7a)

s.t.
∑

(s,j)∈A
zsj −

∑
(h,s)∈A

zhs = 1, (7b)

∑
(i,j)∈A

zij −
∑

(h,i)∈A
zhi = 0, ∀i ∈ V \ {s, t}, (7c)

∑
(t,j)∈A

ztj −
∑

(h,t)∈A
zht = −1, (7d)

∑
(h,i)∈A

zhi ≤ 1, ∀i ∈ V, (7e)

∑
(i,j)∈A

zij ≤ 1, ∀i ∈ V, (7f)

ds ≥ ‖
∑

(s,j)∈A

∑
e∈Ext(Fsj)

λsjee− xs‖ps , (7g)

di ≥ ‖
∑

(i,j)∈A

∑
e∈Ext(Fij)

λijee−
∑

(h,i)∈A

∑
e∈Ext(Fhi)

λhiee‖pi , ∀i ∈ V \ {s, t}, (7h)

dt ≥ ‖xt −
∑

(h,t)∈A

∑
e∈Ext(Fht)

λhtee‖pt , (7i)

∑
e∈Ext(Fij)

λije = zij , ∀(i, j) ∈ A, (7j)

di ≥ 0, ∀i ∈ V, zij ∈ {0, 1}, ∀(i, j) ∈ A, (7k)

λije ≥ 0, ∀(i, j) ∈ A, e ∈ Ext(Fij). (7l)
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MISOCP Formulation 2

min
∑
i∈V

ωidi (8a)

s.t.
∑

(s,j)∈A
zsj −

∑
(h,s)∈A

zhs = 1, (8b)

∑
(i,j)∈A

zij −
∑

(h,i)∈A
zhi = 0, ∀i ∈ V \ {s, t}, (8c)

∑
(t,j)∈A

ztj −
∑

(h,t)∈A
zht = −1, (8d)

∑
(h,i)∈A

zhi ≤ 1, ∀i ∈ V, (8e)

∑
(i,j)∈A

zij ≤ 1, ∀i ∈ V, (8f)

ds ≥
∑

(s,j)∈A
‖

∑
e∈Ext(Fsj)

λsjee− xszsj‖ps , (8g)

di ≥
∑

(h,i)∈A

∑
(i,j)∈A

‖
∑

e∈Ext(Fij)
Ψhijee−

∑
e∈Ext(Fhi)

Φhijee‖pi , ∀i ∈ V \ {s, t},

(8h)

dt ≥
∑

(h,t)∈A
‖xtzht −

∑
e∈Ext(Fht)

λhtee‖pt , (8i)

∑
e∈Ext(Fij)

λije = zij , ∀(i, j) ∈ A, (8j)
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MISOCP Formulation 2

∑
(i,j)∈A

ρhij = zhi, ∀i ∈ V \ {s, t}, (h, i) ∈ A, (9a)

∑
(h,i)∈A

ρhij = zij , ∀i ∈ V \ {s, t}, (i, j) ∈ A, (9b)

∑
e∈Ext(Fhi)

Φhije = ρhij , ∀i ∈ V \ {s, t}, (h, i), (i, j) ∈ A, (9c)

∑
(i,j)∈A

Φhije = λhie, ∀i ∈ V \ {s, t}, (h, i) ∈ A, e ∈ Ext(Fhi), (9d)

∑
e∈Ext(Fij)

Ψhije = ρhij , ∀i ∈ V \ {s, t}, (h, i), (i, j) ∈ A, (9e)

∑
(h,i)∈A

Ψhije = λije, ∀i ∈ V \ {s, t}, (i, j) ∈ A, e ∈ Ext(Fij), (9f)

di ≥ 0, ∀i ∈ V, (9g)

zij ∈ {0, 1}, ∀(i, j) ∈ A, (9h)

λije ≥ 0, ∀(i, j) ∈ A, e ∈ Ext(Fij), (9i)

ρhij ≥ 0, ∀i ∈ V \ {s, t}, (h, i), (i, j) ∈ A, (9j)

Φhije ≥ 0, ∀i ∈ V \ {s, t}, (h, i), (i, j) ∈ A, e ∈ Ext(Fhi), (9k)

Ψhije ≥ 0, ∀i ∈ V \ {s, t}, (h, i), (i, j) ∈ A, e ∈ Ext(Fij). (9l)
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Comparison between Formulation 1 and Formulation 2

Preposition

Let ζ1, ζ2 ≥ 0 be the objective values of the continuous relaxations

of Formulation 1 and Formulation 2, respectively. Then, ζ1 ≤ ζ2.
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Multisource Weber problem

min
m∑
i=1

p∑
j=1

wij‖xj − ai‖2

s.t.

p∑
j=1

wij = wi, i = 1, . . . ,m

xj ∈ Rn, wij ≥ 0, ∀i, j
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Iri, Murota and Ohya (1984)

min

p∑
j=1

∫
Vj

‖x− xj‖2φ(x)dx

s.t. xj ∈ R2, j = 1, . . . , p
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Mallozzi and Passarelli di Napoli (2017)

min

p∑
j=1

C

(∫
Vj

φ(x)dx

)

s.t. (V1, . . . , Vp) ∈ arg min

p∑
j=1

∫
Vj

‖x− xj‖2φ(x)dx

xj ∈ R2, j = 1, . . . , p
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Mallozzi and Puerto (2017)

min

p∑
j=1

C

(∫
Vj

φ(x)dx

)

s.t. (V1, . . . , Vp) ∈ arg min

p∑
j=1

∫
Vj

F (x− xj)rjφ(x)dx

xj ∈ R2, j = 1, . . . , p
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Mallozzi and Puerto (2017)

min

p∑
j=1

C

(∫
Vj

φ(x)dx

)

s.t. (V1, . . . , Vp) ∈ arg min

p∑
j=1

∫
Vj

F (x− xj)rjφ(x)dx
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Mallozzi, Puerto and Rodríguez-Madrena (2019)

min

p∑
j=1

C

(∫
Vj

φ(x)dx

)
+ . . .

s.t. (V1, . . . , Vp) ∈ arg min

p∑
j=1

∫
Vj

f(x, xj + Pj)φ(x)dx

x1 + P1, . . . , xp + Pp ⊆ Ω
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Discrete approximation scheme
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MILP formulation

min

ρ∑
i=1

IPLi

 ∑
(r,s)∈Ω

∑
(k,l)∈Eirs

w
B
rsθ

i
kl

 +

ρ∑
i=1

CPL

i

 ∑
(r,s)∈Ω

w
D
rsτ

i
rs

 (10)

+ LPL

 ∑
(r,s)∈Ω

w
D
rs

[
1−

ρ∑
i=1

τ
i
rs

]

s.t. SCDV PL (see Fourer (1985)), (11)∑
(k,l)∈Ωi

θ
i
kl = 1, ∀i ∈ {1, ..., ρ}, (12)

ρ∑
i=1

τ
i
rs +

ρ∑
i=1

∑
(k,l)∈Eirs

θ
i
kl = 1, ∀(r, s) ∈ Ω, (13)

ρ∑
j=1

ajw
D
rsτ

j
rs + w

D
rsϕrs ≤ aiw

D
rs +

∑
(k,l)∈Ωi

w
D
rsu

i
rs,klθ

i
kl,

∀(r, s) ∈ Ω,
i ∈ {1, ..., ρ}, (14)

ϕrs T
∑

(k,l)∈Ωi

u
i
rs,klθ

i
kl ∓M(1− τirs),

∀(r, s) ∈ Ω,
i ∈ {1, ..., ρ}. (15)
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Test experiments
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p-median problem

min

m∑
i=1

wi min
j=1,...,p

{dG(xj , ai)}

s.t. xj ∈ G, j = 1, . . . , p
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p-median problem

min

m∑
i=1

wi min
j=1,...,p

{dG(xj , ai)}

s.t. xj ∈ V , j = 1, . . . , p
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Cardinality constrained mean-CVaR model

max η − 1

β

T∑
t=1

1

T
d−t (16)

s.t. d−t ≥ η −
n∑

j=1

rjtxj t = 1, . . . , T (17)

d−t ≥ 0 t = 1, . . . , T (18)

µ(x) ≥ µ0 (19)

x ∈ ∆ (20)
n∑

j=1

zj = p (21)

`jzj ≤ xj ≤ ujzj j = 1, . . . , n (22)

zj ∈ {0, 1} j = 1, . . . , n. (23)
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The network of asset correlations
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The network of asset correlations

A distance between asset i and j can be de�ned as

dij =
√

2(1− ρij)

where ρij is the Pearson correlation coe�cient between assets'

logarithmic returns.
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Clustering and portfolio selection model

max η − 1

β

T∑
t=1

1

T
d−t (24)

s.t. (d, η) ∈ S (25)

µ(x) ≥ µ0 (26)

x ∈ ∆ (27)

Fp(x) ≤ F 0
p (28)

n∑
j=1

zjj = p (29)

n∑
j=1

zij = 1 i = 1, . . . , n (30)

zij ≤ zjj i, j = 1, . . . , n (31)

`jzjj ≤ xj ≤ ujzjj j = 1, . . . , n (32)

zij ∈ {0, 1} i, j = 1, . . . , n. (33)
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Selection of F 0
p

Proposition

Consider problem (24)-(33) with all the paremeters �xed except F 0
p .

Let F `
p be the optimal value of the problem

min Fp(x)

s.t. (25)− (26) and (29)− (33)

and let F u
p = Fp(x

∗) being x∗ the optimal solution of the problem

(16)-(23).

Then, the valid and meaningful values for F 0
p in problem (24)-(33)

are

F 0
p (λ) = λF `

p + (1− λ)F u
p , ∀λ ∈ [0, 1].
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Out-of-sample performance evaluation

S&P 500 FTSE 100

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



New advances in location problems and portfolio selection models

Many thanks for your attention.
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