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Given: Feasible solutions X ⊆ {0, 1}n, first-stage cost cD,
Γ-scenarios S, recovery parameter k, recovery

X k(x) = {x′ | x′ ≤ x, |x\x′| ≤ k}

Find: Feasible solution x with minimal total cost

c(x) = cD(x) + max
S∈Sk

min
x′∈Xk(x)

cS(x′)
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Compact Formulation

Theorem (B. and Ljubic, 2014)
A k-Delete RR 0-1 problem with Γ-scenarios can be formulated as linear
mixed integer programm.

I Original formulation
min
x∈X

cD(x) + max
y∈{0,1}n

{
n∑

i=1

(cixi + ĉixiyi)− max
z∈{0,1}n

{
n∑

i=1

(cixi + ĉixiyi) zi |
n∑

i=1

zi ≤ k

}
|

n∑
i=1

yi ≤ Γ

}
I Dualize inner maximization problem

max

n∑
i=1

(cixi + ĉixiyi) zi

n∑
i=1

zi ≤ k

0 ≤ zi ≤ 1

min uk +

n∑
i=1

vi

n∑
i=1

u+ vi ≥ (cixi + ĉixiyi)

u, vi ≥ 0

I u fixed ⇒ vi = max{0, cixi + ĉixiyi − u} = max{0, ci + ĉiyi − u} · xi
I Define ci(u) = max{ci − u, 0} and ĉi(u) = max{0, ĉi −min{0, ci − u}}
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n∑

i=1

ci(u)xi +

n∑
i=1

ĉi(u)xiyi − ku |
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i=1

yi ≤ Γ

}

I ∃ optimal u ∈ U = {ci, ci + ĉi | i ∈ [n]} ∪ {0}.
I Replace u by a set of constraints minω

cD(x) + max
yu∈{0,1}n

{
n∑

i=1

ci(u)xi +

n∑
i=1

ĉi(u)xiy
u
i |

n∑
i=1

yui ≤ Γ

}
− ku ≤ ω ∀u ∈ U

x ∈ X

I Dualization minω
n∑

i=1

c̃i(u)xi + Γξu +

n∑
i=1

θui − ku ≤ ω ∀u ∈ U

ci(u)xi − ξu + θui ≤ 0 ∀i ∈ [n], u ∈ U
ξu, θui ≥ 0

x ∈ X
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Solution Approaches

Compact Formulation (Comp) minω

x ∈ X
n∑

i=1

c̃i(u)xi + Γξu +

n∑
i=1

θui − ku ≤ ω ∀u ∈ U

ci(u)xi − ξu + θui ≤ 0 ∀i ∈ [n], u ∈ U
ξu, θui ≥ 0

Separation of U (SepU): Add in case of violation in u ∈ U
n∑

i=1

c̃i(u)xi + Γξu +
n∑

i=1

θui − ku ≤ ω

ci(u)xi − ξu + θui ≤ 0 ∀i ∈ [n]

ξu, θui ≥ 0

Advanced Separation (Adv): Add in case of violation in u ∈ U
n∑

i=1

(c0i + c′(u))xi +
∑

i∈X(u)

ĉi(u)xi − ku ≤ ω
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Setup - Assignment Problem

I Modification of capacitated facility location instances (ORLIP)
I 17 instances
I {16, 25} facilities, 50 customers
I Costs:

I first stage cost c0i
I ci ∈ [0.9, 1.1] · 0.05 · c0i
I ĉi ∈ [0.9, 1.1] · 0.1 · c0i

I Γ, k ∈ {0, 1, 5, 10}
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Mean Run-time per Instance
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Mean Run-time per (Γ, k)
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Summary

Results
I Introduction to k-delete recoverable robustness
I NP-hardness for shortest path, perfect matching, (s, t)-cut
I Algorithms
I Computational study: advanced cuts best

Future Work
I Complexity of the minimum spanning tree
I Extended computational study
I Evaluation of robustness

Thank you for your attention!
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