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Background: k-Supplier

Input.

• Clients C, |C| = n

• Facilities F

• Metric d on C ∪ F

• Parameter k

• S ⊆ F , |S| ≤ k

• minimize maxv∈C d(v, S)
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• Metric d on C ∪ F

• Parameter k

Output.

• S ⊆ F , |S| ≤ k

• minimize maxv∈C d(v, S)

k = 2

Tight 3-approximation [Hochbaum and Shmoys, 1986].
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• minimize
maxv∈C dℓv(v, S)︸ ︷︷ ︸

distance of v to ℓv th open facility

k = 3

Tight 3-approximation [modified Hochbaum-Shmoys].
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Background: kSO

Tight 3-approximation [Chakrabarty, Goyal, Krishnaswamy, 2016]

LP-guided modified Hochbaum-Shmoys

r := opt; {covv := 1v∈T }v∈C , {xi := 1i∈S}i∈F
• ∑

v∈C covv ≥ m,
∑

i∈F xi ≤ k

• ∀v ∈ C,
∑

i∈B(v,r)∩F xi ≥ covv

5 / 17



Fault-tolerant k-Supplier with Outliers (FkSO)

Input.

• Clients C, |C| = n

• Facilities F

• Metric d on C ∪ F

• Parameter k

• Parameter m

• Fault-tolerances {ℓv}v∈C
Output.

• S ⊆ F , |S| ≤ k

• T︸︷︷︸
inliers

⊆ C, |T | ≥ m, minimize maxv∈T dℓv(v, S)
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This work: approximability of FkSO

tight 3-appx︷ ︸︸ ︷
Fault-tolerant k-Supplier with Outliers︸ ︷︷ ︸

tight 3-appx︸ ︷︷ ︸
??
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tight 3-appx︸ ︷︷ ︸
O(t)-appx

Main result

Where t = |ℓv : v ∈ C|, FkSO admits a (4t− 1)-approximation.

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

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

{covv := 1v∈T }v∈C , {xi := 1i∈S}i∈F
• ∑

v∈C covv ≥ m,
∑

i∈F xi ≤ k

• ∀v ∈ C,
∑

i∈B(v,r)∩F xi ≥ ℓvcovv
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FkSO: Infinite integrality gap in natural LP
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FkSO: Stronger LP

• Exponential-sized LP [Chakrabarty and Negahbani, 2019]

• Find solutions via round-or-cut

• covv’s as before
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Good partition: k-Supplier [HS86]

1 parent-child structure

2 parents are well-separated

3 children are within 2r of their parents
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Good partition: Fault-tolerant k-Supplier with Outliers

≤ 2r
≤ r

≤ 3r

parent

children

1 parent-child structure, ℓparent ≥ ℓchild , covparent ≥ covchild

2 parents are well-separated

3 children are within 2r of their parents

ℓv’s and covv’s clash!
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(ρ, cov)-good partition for FkSO

1 parent-child structure, ℓparent ≥ ℓchild , covparent ≥ covchild

2 well-separated subset of parents

3 children are within ρr of this subset
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(ρ, cov)-good partition P

1 P coarsens a parent-child structure,
ℓparent ≥ ℓchild , covparent ≥ covchild

2 {grparents(P ) ∈ parent ∩ P}P∈P s.t. ℓgrparent ≥ ℓparent,
grparents are well-separated

3 children in P are within ρr of grparent(P )
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(ρ+ 1)-approximation

Theorem (Approximation from good partition)

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

Theorem (Approximation from good partition)

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

DP and round-or-cut.
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ρ = O(t)

Theorem

We can construct, in polytime, a (4t− 2, cov)-good partition.
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ρ = O(t)

Theorem

We can construct, in polytime, a (4t− 2, cov)-good partition.

Generalization of HS86, CGK16.
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ρ = Ω(t)

Same tension between ℓv’s and covv’s!
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Takeaways

• covv’s from kSO ℓv’s from FkS

• (ρ, cov)-good partition =⇒ (ρ+ 1)-approximation

• ρ = Θ(t), where t = #distinct ℓv’s

Thank you!
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