
 

Steiner Tree

Input Graph 4 14 t

TxCost c E Rt
Terminals TEV

Feasible solutions FEE i t F connected spans

all terminals

Objective min le min
F

MST Steiner tree with T V

Shortest path ST with T s t

terminals

Steiner nodes

E.EII.IE

Def d v V Ra is a metric space on V if

1144 0 iff her

d un d un Karev
d un d n wit d un u u weV triangle inequality



Metric Steiner Tree
special case of IT on a neffice

Input V metric C VxV R o on V terminals TEV

Feasible F VxV sit F connected spans all terminals

Objective min file 3MEq
This If there is an α approx for Metric ST

then there is an x approx for Steiner Tree

Def The metric completion c of G V El c is

the metric on where ihr is the cost of the

shortest path between n and u under edge lengths

Lenny let It be a solution a Steiner Tree for

Steiner Tree problem on input 6,4T Then H

solution to Metric ST problem on input Vic T

with i H H

PE H feasible for metric

c nm clan by def of c lunulet

illt ice e CH



Lemme Let It be a solution to Metric Steiser Tree

on
V I T Then there is some solution to

Steiner Tree on GST with CCH EICHY and given

H we can find It in polytime

PI Replace each a u e H by shortest no path in a

subgraph 17 of a it ICH

a
a

Id if I'd

Let It arbitrary spanning tree of

H II ICH

pfofredutionthm
i.catA a approx for metric ST Given input

hint run A on V c T to get H use

previous lemma to get H

Let OPTnet.ie be art solutions for licit
OPT be apt solutions for h e T



H i CH lemma

α i UPTmetric def of A

α OPT def of OPTnetri.cl

α OPT first lemma

So just need to design good alg for metric case

ALL

Return F MST on
terminals

Claire f is valid solution

11 Trivial
connected and spans T

Def G is Eulerian if there is a closed for that

uses every edge exactly once

The h is Eulerian iff connected all degrees even

even holds for multigraphs



The ALL is a 211 approximation

PE
Let F optimal solution

WTI CCF LIKE CCF

Plan Find some spanning tree É of Ts t

É 261 CFI

F E F since f MST of T

start with 177081
Dable every edge 2

All degrees even Eulerian

Tour which uses every edge

C LF L F

Shortent to only use terminals see each

terminal once cycle H



Triangle inequality
H C

Remove heaviest edge of H path f

F l H CCH 1 H F

Im Byolia handoni Rothress
Sanita there is a lante apex

for Steiner Tree

That Assuming PYNP
no approx alg with

water



Metric Tsp

Input Metric space V c

Feasible Hamiltonian cycle
e visiting all a desance

Objective min H e

Aly 1

Compute MIT T

Double T to get 2T

LT E lerian so f lerian for C

Shortent to get H

I 211 h approx

PI Jut like Steiner Tree

Let H optimal solution

f path from removing heaviest edge from

H C LT L CT ELIF

F spanning tree
state t

2cL E CCH



Want to do better Christofides Algorithm

why did we lose 2

Doubling MST

why did we do that

Make it Eulerian

cheaper way to make MST Eulerian

Problem add degree nodes

Lemme Let G Will be a graph Then there are

an even nodes with odd degree

E

dL 2161 even

Def A perfect matching of SEV is a matching

on of size every node in S matched to

other node in 5



Fact Can find nin cost perfect matchings in polytine

Christo fide

Compute MIT T

Let D be odd degree nodes in T

lump t min a at perfect matching M of D

Lef l be Eulerian Tov of Ttm

Return H shortatted C

claim Everything well defined

Thug I approximation

Pt Let H optimal solution

CT E LHD

H E ell CT tech E cCH tech

so LTS m E cCH



Shortcut H t D get H

F

IDI even so partition into evens M and odds M

Each a perfect matching of D

Milt ma Hp

ml Emin mil Mal Hp H

The Karlin Klein
Over Ghavan there is an als w

appux ratio
1 for some e 10
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