
 

II.EI.fi 1
itme

ciE IRt
K pairs of nodes

s ti late Sk tic

Feasible solution FEE set Js ti path in UF for all ieck

Objective min CF file

Def S Sev 1511 411 1

S

LP Relaxation

min e e

t.eeg
Xe21KSeS

e 20
eeE

Dual
max

t
get eeg

e Keef

x 20 USES



Algorithm Primal Dual with interesting features

Raise multiple dual variables
simultaneously

Reverse cleanup step

Init F O y 8 j 1

while F not feasible

Let C Sef 5 a connected component of V F

active components

Increase all y is e E uniformly until 1 some

e E 841 SEC where constraint for e becomes tight

E Ys c Ce
SES eyeful

Let D be ano t raised each y

Fit F V e

j Itt

f Fj
for Ck i I down to 11
if Filer feasible

Remove ee from f

return f
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Easy Observations

Lenny y is always dual feasible

PE consider some e Initially sfe.ge O ele

Once constraint tight for e added to f

inside a connected component no 5 sit eef 5

ever increased again

Lenny Alg is polytine

I
IEl iterations n active components each iteration



Eln nonzero dual vars total

each iteration takes polytime

Mainthe Alg is a 2 approximation

Lemny for all iterations i
4181511 219,1
final f

Assume lemma for now Start trying to prove them

claim 8111nF 2 gY

PE Induction on iterations of alg alg invariant

Init LHS RHS 0

In some iteration

LHS increases by

815 AFID D 18111nF
SEE

21C Δ by leanal

RH increases by 2 D 21C Δ
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2 OPT weak duality

So just need to prove lemma

Lemy for all iterations i lenses 219,1
SEE

final F

claim f a forest

PI Induction True initially each iteration add

1 edge between components S T

a

Fix some j Define new graph G Vj E

Vj vertex for each connected component of V F

E S T F un EF with nes vet
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Notes

Every edge of E corresponds to exactly one edge inf

or else cycle

G a forest

C EV some components are active

so IF A 8111 degree of S in G C component

of V F

4,151841 dega s 21C
SEE

WTS

In other words WT average degree in G of components in

C is Z

claim let Sev have degree 1 in 4 Then SEC



PE Sps C SES I does not separate any
Si ti pair

since e only edge in f leaving 5 no
ti

si ti both outside 5 connected through
ti

is final reverse cleanup would have
removed e

go SEE

Claim let f be a tree If SEV T contains all
leaves of T then deglul 2151

PI deglul Eva degli deglul

VCT 1 v4 deglul 14TH 1 edges in

4211471 11 2 UCT 151 V45 has des 22

2151 2 2151

Done



Extensionesthoughts

Open Question is it possible to do better than 2

Is Sf as easy as ST

Steiner K Forest Given KS demands connect

k of them

Much harder Best approx OCN Gupta Hajinghayi

Nagarajan Ravi 10

If e 1 e OCT 4 D Kartsare Nutor 14

Survivable Network Design connectivities 1

L approx Jain 01

f Edge fault tolerant subgraph build a subgraph It where

tenheated components of HIF are same as Gif FEE IF f

L app t D Kovanting Katsarz 22


