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How much wireless communication can be going on simultaneously? The Capacity Problem Given a set of “links”, find the largest subset that can successfully transmit simultaneously. Link ` = (s, r ): a sender s and a receiver r .
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How much wireless communication can be going on simultaneously? The Capacity Problem Given a set of “links”, find the largest subset that can successfully transmit simultaneously.



What is blocking simultaneous transmission? Links transmitting in the same channel interfere.



Link ` = (s, r ): a sender s and a receiver r .
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Modeling interference



Physical model of signal transmission Signal received at r from s =



P d(s,r )α ,



if s transmits with power P.
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Modeling interference



Physical model of interference (Good) Signal at rv = Interference at rv = Affectance au (v ) =



Pu α duv



Pv `α v



where duv = d(su , rv )



Pu d(su ,rv )α Pv `α v



Link `v succeeds if au (v ) ≤ 1
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When there are more than 2 links When all links of a set S are transmitting simultaneously, link `v succeds if X aS (v ) ≡ au (v ) ≤ 1 u∈S



Link set S is feasible if aS (v ) ≤ 1; ∀`v ∈ S



The capacity problem, once again... Given link set L, find feasible S ⊆ L of maximum size.
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Problem domain Space? Euclidean, fading, general metrics.



Path loss constant Usually assumed to be α > 2. Can this be relaxed? au (v ) =



α Pu /duv Pv /lvα
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Problem domain Fixed power Power is given – often oblivious. Uniform power, Pv = P Linear power, Pv = lvα Mean p power, Pv = lvα



Power control Appropriate power must be found.
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Problem domain
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Problem domain
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Problem domain Given a set of links, Capacity Find Largest feasible subset. Scheduling Partition the set in to minimum number of feasible subsets. A σ-approximation for capacity implies O(σ log n)approximation for scheduling.
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Our results (1) Capacity problem for a large class of oblivious assignments O(1)-approximation for capacity in general metrics with α > 0.



Previous result O(1)-approximation for capacity in uniform power on the 2-D plane with α > 2 (Halldorsson and Wattenhofer, 2009) All assignments where the transmission power is a non-decreasing function of length, and the reception power is apnon-increasing function of length are covered. Includes uniform, mean ( `αv ) and linear power (`αv )



Halld´ orsson and Mitra (Reykjavik University)Wireless Capacity with Oblivious Power in General Metrics January 25, 2011



6 / 15



The Algorithm



Input: A set of n links L and a fixed power assignment P.



Algorithm S ←∅ Sort the links in increasing order of length for v ← 1 to n do if aS (`v ) + a`v (S) < 12 then add `v to S Output X = {`v ∈ S : aS (v ) ≤ 1} Closely related to algorithms for Euclidean metrics (GHWW’09, HW’09)
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Proof Sketch Algorithm S ←∅ Sort the links in increasing order of length for v ← 1 to n do if aS (`v ) + a`v (S) < 12 then add `v to S Output X = {`v ∈ S : aS (v ) ≤ 1}
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Proof Sketch Algorithm S ←∅ Sort the links in increasing order of length for v ← 1 to n do if aS (`v ) + a`v (S) < 12 then add `v to S Output X = {`v ∈ S : aS (v ) ≤ 1}



Every time a new link is added to S the total affectance increases by at most 0.5. Thus the mean (over v ∈ S) of aS (v ) ≤ 0.5. By Markov, X ≥ 0.5 × S.
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Relating S to OPT Red-Blue Lemma S: Red links OPT \ S: All other links



Condition aS (`v ) + a`v (S) 



1 2
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Our results (2): Power control through oblivious power Unidirectional capacity with power control O(log n + log log ∆)-approximation in general metrics with α > 0 using p mean power (Pv = lvα ).



Previous result O(log n · log log ∆)-approximation on the 2-D plane with α > 2 using mean power (Halldorsson 2009).
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Our results (2): Power control through oblivious power Bi-directional capacity with power control O(1)-approximation in general metrics with α > 0 using mean power.



Bi-directional scheduling with power control O(log n)-approximation in general metrics with α > 0 using mean power. We also show that this is the best possible approximation to the power control problem using any oblivious assignment.



Previous results O(log3.5+α n) (Fanghanel et al ’09). No lower bound known.
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Power-control for Bi-directional Links O(1)-approximation For any link-set, OPTM (L) = Ω(OPT p (L)) where OPTM denotes the optimum for mean power (Pv = lvα ). But we can O(1)-approximate for mean-power! So the power control problem is O(1)-approximable.



Crucial observation With bi-directional links, affectance is symmetric: p p α Pu /du,v luα lvα lvα luα au (v ) = = = = av (u) α Pv /lvα du,v dvα,u
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Proof sketch Let P be the optimal power p assignment, for which S is the largest feasible subset. Define Pv0 = Pv / lvα .
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Proof sketch Let P be the optimal power p assignment, for which S is the largest feasible subset. Define Pv0 = Pv / lvα . avP (u) =



P 0 (v ) M · a (u) . P 0 (u) v



avM (u) : Affectance under mean power. Since S is feasible w.r.t. P, aSP (u) ≤ 1, or X P 0 (v )avM (u) ≤ P 0 (u) .



(1)



`v ∈S
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Proof sketch Let P be the optimal power p assignment, for which S is the largest feasible subset. Define Pv0 = Pv / lvα . avP (u) =



P 0 (v ) M · a (u) . P 0 (u) v



avM (u) : Affectance under mean power. Since S is feasible w.r.t. P, aSP (u) ≤ 1, or X P 0 (v )avM (u) ≤ P 0 (u) .



(1)



`v ∈S



Define the matrix A : Au,v = avM (u). Then Eqn. 1 is equivalent to AP 0 ≤ P 0 (inequality holds for every index).
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Proof sketch (contd.) AP 0 ≤ P 0 . A is symmetric.  A11 A12 . . . A21 A22 . . .  ... ... ... An1 An2 . . .



 P1 A1n  A2n   ... Ann



  = Pmin P1   P2 ≤   ... Pn



 = Pmin  P2   ... Pn
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Proof sketch (contd.) AP 0 ≤ P 0 . A is symmetric.  A11 A12 . . .  A21 A22 . . .  ... ... ... An1 An2 . . .



 P1 A1n  A2n   ... Ann



  P1 = Pmin   P2 ≤   ... Pn



 = Pmin  P2   ... Pn



A1n + An2 + . . . A1n ≤ 1. By symmetry, An1 + An2 + . . . Ann ≤ 1.
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Proof sketch (contd.) AP 0 ≤ P 0 . A is symmetric.  A11 A12 . . .  A21 A22 . . .  ... ... ... An1 An2 . . .



 P1 A1n  A2n   ... Ann



  P1 = Pmin   P2 ≤   ... Pn



 = Pmin  P2   ... Pn



A1n + An2 + . . . A1n ≤ 1. By symmetry, An1 + An2 + . . . Ann ≤ 1. A has small average column sums ⇒ A lot of columns must have small sums ⇒ Column sum is incoming affectance.
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Tight lower bounds for bi-directional links



Bounds known for uni-directional links (Fanghanel et al ’09, Halldorsson ’09).



We show A set of (bi-directional) links: Each has length 1 The whole set is feasible under some power assignment Ω(log n) size partition needed for oblivious power assignments Note: for same length links, the only possible oblivious power assignment is uniform power.
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Thanks!
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