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1. aim: improve runtime
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2. aim: compare gaps of HYP and BCR
— improve upper bound of BCR
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Two birds, one stone...

1. solve BCR + efficient algorithm
2. compute solution to HYP from BCR — total loss: 31In(4)
— loss: 3
3. use approximation for HYP: but:
— loss: In(4) if 5 <2/In(4)

then BCR gap < 2
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» sometimes: BCR gap = HYP gap

quasi-bipartite

[Chakrabarty et al. 2010]
[Fung et al. 2012]
[Goemans et al. 2012]
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Equal gaps: new results

Theorem
In every Steiner claw-free instance, BCR gap = HYP gap.

Theorem
It is NP-hard to decide whether BCR opt = HYP opt (even on
instances with only one Steiner star).
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BCR: undirected version

equivalent LP
[Goemans, Myung 1993]

notation:
» E(S): induced edges of S

> Ymax(S) = maxyes yv

min "z, cost(e) s.t.

ecE
Z Ze < ZYV - Ymax(s)
ecE(S) veS
DoZe=) T
ecE vev
=1

W,Ze >0
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VteR
VwveV,ec E

(no cycles)

(connectedness)

(terminals in tree)
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Hypergraphic relaxation
based on full components:

%

notation:
» R(C): terminalsin C
> (a)+ = maX{O, a} @ Terminals

[0 Steiner vertices

min )" xc cost(C) s.t.

cex
> xc(RC)NS|-1)F <[S|-1 VSCR (no cycles)
cex
> xc(IR(C) - 1)" = |R| -1 (connectedness)
ek

xc >0 VC ek



From BCR to HYP

BCR

ok~ 0~

HYP

identify component C of support
Yv = yv — ¢, V Steiners of C
Ze — Ze — €, V edges of C

Xc — €

repeat



From BCR to HYP

—
BCR HYP
1. identify component C of support
2. y» = yy — ¢, V Steiners of C
3. Ze = 2o — ¢, Vedges of C
4. xXc — €
5. repeat

Constant cost: Z Z, cost(e) = x¢ cost(C)
ecE(C)



From BCR to HYP

1. identify component C of support
2. y» = yy —¢&, V Steiners of C

3. Zg = zo — ¢, Vedges of C

4. xc — €

5. repeat

Bottleneck: tight set S

Z Zg = Z}’v Ymax(S (no cycles)

ecE(S) ves

» E(S): induced edges of S
> Ymax(S) = maxves yv
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From BCR to HYP

Lemma
An iteration succeeds if for every tight set S intersecting C,

1. Cis connectedin S, and
2. there is a maximizer of S in C.

If the iteration fails, 3 demanding set:

tight set intersecting C
s.t. maximizer not in C.
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Demanding sets and blocked edges

Lemma
Demanding and blocking sets do not intersect in terminals.

Identifying a component:
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Steiners, s.t. all tight sets are
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Demanding sets and blocked edges

Lemma
b is connected to a maximizer of Sin S\ S'.

A demanding set S has
» maximizers ¢ C
» connected Steiners C C
» blocked edges ai by, axbo:
a; ¢ C,bjeC
ai # ap are Steiners
» blocking sets &', S":
a € S/, b1 §é S/,
a € S”, b2 ¢ S”,
d € §' n V(C) Steiner
Theorem
In every Steiner claw-free instance, BCR gap = HYP gap.
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Thanks!



