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Steiner TreeGiven:I undireted graph G = (V;E)I ost  : E ! Q+I terminals R � VFind: Min-ost Steiner tree, spanning R.OPT := minf(S) j S spans Rg terminals
W.l.o.g.:  is metri.
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Our results:TheoremThere is a polynomial time 1:39-approximation.I LP-based! (Direted-Component Cut Relaxation)I Algorithmi framework: Iterative Randomized RoundingI Here: Simpler (1:5 + ")-apxTheoremThe Direted-Component Cut Relaxation has an integrality gapof at most 1:55.I First < 2 bound for any LP-relaxation.
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Bi-direted ut relaxationI Pik a root r 2 RI Bi-diret edgesminXe2E (e)ze (BCR)Xe2Æ+(U) ze � 1 8U � V n frg : U \R 6= ;ze � 0 8e 2 E:
root r
U

ze = 12
Theorem (Edmonds '67)R = V ) BCR integralI Integrality gap � 4=3 for quasi-bipartite graphs[Chakrabarty, Devanur, Vazirani '08℄I Integrality gap 2 [1:16; 2℄
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Components direted omponent C
sink(C)I C = set of direted omponents
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Direted omponent ut relaxationmin XC2C (C) � xC (DCR)XC 2 C : R(C) \ U 6= ;;sink(C) =2 U xC � 1 8; � U � R n frgxC � 0 8C 2 CProperties:I Number of variables: exponentialI Number of onstraints: exponentialI Approximable within 1 + " (we ignore the " here).
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� 2d1="e

I Use only omponents of size 2d1="e = O(1)[Borhers & Du '97℄: Inreases ost by � 1 + "! # variables polynomialI Compat ow formulation ! # onstraints polynomial(or solve with ellipsoid method).
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The saving funtionDe�nitionFor a Steiner tree S, the saving funtion w : E ! Q+ isde�ned asw(u; v) := maxf(e) j e on u� v path in Sg:
u vw(u; v) := maxf(e) j e on u� v path in Sg
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E[save on S℄ � E[save on T ℄ Bridge Lem� 1M � (T )|{z}� 12(S) � 12M � (S)
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Open problemsOpen Problem1:01 � Steiner tree approximability � 1:39I Byrka, Grandoni, Rothvo�, Sanit�a - STOC'10:An improved LP-based approximation for Steiner Treehttp://infosiene.epfl.h/reord/148220/files/SteinerTree-STOC2010.pdf
Thanks for your attention
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