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k-Delete Recoverable Robustness

First—Stage Cost Scenario Cost Recovery

Deterministic Problem
» 0-1 optimization problem

Uncertainties
» D-scenarios: ¢° € [c, ¢ + ¢], T-values deviate

Recovery
> k elements deleted
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k-Delete Recoverable Robustness

First—Stage Cost Scenario Cost Recovery

Given: Feasible solutions X C {0, 1}", first-stage cost c?,
I'-scenarios S, recovery parameter k, recovery

XE(x) ={a' | 2’ <z, |z\2!| < k}
Find: Feasible solution z with minimal total cost

D : S0
clr)=c”’(r)+ max min c°(x
( ) ( ) SES z'eXk(z) ( )
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gg/x\}cD(z) +y€r?0d¥} {Z(c i + Gixiyi) — en{ﬁod{(}n {; (cii + Eiways) 2i | Zzz < k} \ Zyz' < F}
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Compact Formulation

Theorem (B. and Ljubic, 2014)
A k-Delete RR 0-1 problem with T'-scenarios can be formulated as linear
mixed integer programm.

» Original formulation

n n n n

.. D ~ ”

minc” () + max E C;Ti + GiTiy;) — max E ;i + Cixiyi) Z E zi <k E i <T
zEX (@) ye{0,1}n {il (cii + Ciwiy;) e{o}n {il (cizi iTiYi) Zi | 2 i S } ‘ - Yi < }

» Dualize inner maximization problem
n

n
max Z (ciwi + Cixiy;) 2 min  uk + Z v
=1 i=1
n
z <k utv; > (51177, + ézl‘zyl)
i=1
0<z <1 w,v; > 0

Christina Biising k-Delete Recoverable Robustness 3 acllt



Compact Formulation

Theorem (B. and Ljubic, 2014)

A k-Delete RR 0-1 problem with T'-scenarios can be formulated as linear
mixed integer programm.

» Original formulation

n n n n
.. D N ~
+ omax N (et Gmiy) — max Q> (ewi+ émiyi) zi | Yz <k |y <T
mine®(z) + max { (csi + Giaags) = 1max {“ (Gwi + &iwiyi) zi | 2 } \ 2

i=

» Dualize inner maximization problem
n

n
max Z(Qﬂri'éixiyi)zi min uk—o—zyi
=1 i=1
n
> s =k w2 (e + i)
i=1
0<z < 1 wv; > 0

> u fixed = v; = max{0, ¢;z; + ¢xiy; — u} = max{0,¢; + ¢y; —u} - x;

|
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Compact Formulation

Theorem (B. and Ljubic, 2014)
A k-Delete RR 0-1 problem with T'-scenarios can be formulated as linear

mixed integer programm.

» Original formulation

n n n n
wig0) s {3 ) s {3 Ya b 3w
i=1 S A

n
ye{0,1} i=1 i=1

» Dualize i inner maximization problem

max Z ;i + GTiy;) zi min uk + Z v;
i=1 i=1
doa <k utvi > (gai+ iy
0<z < 1 u,v; > 0

> u fixed = v; = max{0, ¢;z; + ¢xiy; — u} = max{0,¢; + ¢y; —u} - x;
» Define ¢;(u) = max{c; — u,0} and ¢;(u) = max{0, ¢ — min{0,¢; — u}}
» New Formulation . . .

min P(x) + Jax_ mex {;Ci(u)zi + ;éi(u)ziyi — ku | ; yi < r}
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Compact Formulation

Theorem (B. and Ljubic, 2014)

A k-Delete RR 0-1 problem with T'-scenarios can be formulated as linear
mixed integer programm.

> NeW f or|||u|ati0n n n "
.. D N
gg}(lc () yer?(f{(}" Izrtlg())( {i:l g(u)zi P Gi(u)wiy: ul P bi }

» Joptimal u € U = {¢;,¢; + ¢ | i € [n]} U{0}.

1) =1
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Compact Formulation

Theorem (B. and Ljubic, 2014)

A k-Delete RR 0-1 problem with T'-scenarios can be formulated as linear

mixed integer programm.

» New Formulation . ., .
32;? cP(x) + max max {z;gi(u)x,- + z;éi(u)xiyi —ku | z; Y < F}
1= 1= 1=

ye{0,1}? u>0
» Joptimal u € U = {¢;,¢; + ¢ | i € [n]} U{0}.
» Replace u by a set of constraints

minw

ye{0,1}n

P(z) + max {ch(u)xl + Zél(u)zly;‘ \ Zul” < F} —ku<w YueU
i=1 i=1 i=1

reX
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Compact Formulation

Theorem (B. and Ljubic, 2014)

A k-Delete RR 0-1 problem with T'-scenarios can be formulated as linear

mixed integer programm.

» New Formulation

n
;réig(ch(w) 4+ max max {ZQ(“ z; + ;cl w)zy; — ku | Zyl < F}

ye{0,1}n u>0 -
» Joptimal u € U = {¢;,¢; + ¢ | i € [n]} U{0}.
» Replace u by a set of constraints inw
L) + o {Z ¢;(w)z; + ch )iyl | Z'yl < I‘} —ku<w YueU
reX
» Dualization minw

n n
Zéi(u)xi+F§“+29}‘ —ku<w YueU
i=1 i=1
c(u)r; — & +60; <0 Vie[n,uelU
5’“,’ 9:1 2 O
ek
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Solution Approaches
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£ 07 20
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Zéi(u)xi—l—I‘f“—l—Zﬁf —ku<w YueU
i=1 i=1
ci(uaz, — &40 <0 Vien,uelU
§",0; >0

Separation of U (SepU): Add in case of violation in u € U

Zéz(u)xz +Te¢" + 29;‘ —ku<w

i=1 i=1

ci(u)x; — &€+ 67 <0 Vié€ n]
£, 0 =20

Advanced Separation (Adv): Add in case of violation in u € U

En:(c +c(u))z; + ch i —ku<w

i=1 i€X (u)
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Setup - Assignment Problem

» Modification of capacitated facility location instances (ORLIP)
» 17 instances
» {16, 25} facilities, 50 customers
> Costs:
» first stage cost ¢!
» ¢, €[0.9,1.1]-0.05 - ¢?
> ¢ €[0.9,1.1] - 0.1+ ¢
» Ik €{0,1,5,10}
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Mean Run-time per (I, k)
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Thank you for your attention!
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