Fault-Tolerant k-Supplier with Outliers

Deeparnab Chakrabarty, Luc Cote, Ankita Sarkar

STACS, March 2024

1/17



Background: k-Supplier

Input.
e Clients C, |C| =n .
e Facilities ’ o
. o o o o o
o : o

2/17



Background: k-Supplier

Input.
e Clients C, |C| =n ° o
® Facilities F' e )
® Metricd on CUF o Z e o
® Parameter k o o
k=2

2/17



Background: k-Supplier

Input.
¢ Clients C, |C| =n
e Facilities F
® Metricd on CUF
® Parameter k
Output.
e SCF, |S<k

2/17



Background: k-Supplier

Input.
¢ Clients C, |C|=n 0
® Facilities F' a //
* Metricd on CUF ° 2 o-oBc®
® Parameter k
Output.
e SCF, |S<k k=2

® minimize max,cc d(v, S)

2/17



Background: k-Supplier

Input.
e Clients C, |C| =n K
e Facilities F 8 i
® Metricdon CUF ?/D ‘?"?:\O\\
® Parameter k T N (L °

Output.
e SCF,|5<k

® minimize max,cc d(v, S)

Tight 3-approximation [Hochbaum and Shmoys, 1986].
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Tight 3-approximation [modified Hochbaum-Shmoys].
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tight 3-appx

-~

O(t)-appx

Main result

Where t = |¢, : v € C|, FkSO admits a (4t — 1)-approximation.

® “Uniform case” i.e. t = 1 admits 3-appx

¢ "“Hochbaum-Shmoys-like algorithms” are §(t).
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FkSO: Natural LP [CGK16, ...]

{COVU = 1UET}U€Cv {ﬁz = 1i€S}i€F
® > eV, >m, Yy px; <k
e YueC, ZiGB(U,T)OF i > L,covy,
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FESO: Infinite integrality gap in natural LP

Figure 1: One of the k identical gadgets in the gap example, showing LP values in red (v values) and blue
(eov values). The “edges”™ represent distance 1, and all other distances are determined by making friangle
inequalities tighf. The foult-ftolerances are £, — €, — --- = £, k, and £, — 1.

T
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FESO: Stronger LP

® Exponential-sized LP [Chakrabarty and Negahbani, 2019]
® Find solutions via round-or-cut

® cov,’'s as before

10/17



Good partition: k-Supplier [HS86]
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Good partition: Fault-tolerant k-Supplier with Outliers

children

parent

@ parent-child structure, Zparent = €child + COVparent = COVchild
@ parents—are-well-separated
© children are within 2r of their parents

l,’s and cov,’s clash!

11/17



(p, cov)-good partition for FESO

@ parent- structure, lparent > £ , COVparent = COV
® well-separated subset of parents

(3] are within pr of this subset
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(p + 1)-approximation

Theorem (Approximation from good partition)

Given cov, s from the LP, if we can construct a (p, cov)-good
partition, then we can find a (p + 1)-approximation.
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Given cov,,'s from the LP, if we can construct a (p, cov)-good
partition, then we can find a (p + 1)-approximation.

DP and round-or-cut.
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We can construct, in polytime, a (4t — 2, cov)-good partition.
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We can construct, in polytime, a (4t — 2, cov)-good partition.

Generalization of HS86, CGK16.
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Same tension between ¢,’'s and cov,’s!
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Figure 3: An example showing the limitations of gqood pariitions. with a solution io (L1)-(L4) shown in
red (2 values) and blue (cov wvalues). The thin “edges” represent distance 1, the thick “edges” represent
distance 2, and all other distances are determined by making triangle inequalities tight. The fauli-tolerances
are b, =10, =2, F, =t
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Takeaways

® cov,'s from kSO #% /,’s from FkS
® (p,cov)-good partition = (p + 1)-approximation
® p=0(t), where t = #distinct £,'s

Thank you!
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