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- Probabilistic Subtree Embeddings

- Mix-Congestion (Oblivious) routing

- Tree-Based Oblivious Routing

- O(logi) - competitive
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Theorem : every metric has a (poly-time sampleable) 0(10ga) - distortion tree embedding
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Will use subtree embeddings; result from last class also works but takes longer to describe
Probabilistic Subtree Embeddings
Fact : Given edge-weighted graph G =(VE, W)

,
I a distribution ↑ over sparking trees of 6
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Note : dg(v) [dy(m,v) FTEY 6/C T is a sparring tree

stronger than result from last class (Up to loglog) 6/C (1) Spanning trees and

6) T or same vertex set as G

PTE Corollary : Given edge-weighted graph 6=(VE ,
w)
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I a sparring tree +26 Set.
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Note: this says - a spairing tree that
,

or average,
distorts edges [O(loga)

Proof basically by LoE

Let i be distribution from fact so by LoE have
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So by averaging,
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So far: all graphs areo trees wet cuts and distances

Today: all graphs are trees wit routing



Given graph G = (V, E), a demand is a function O :UXV-50, 13
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The congestion of e wit & is Couple) : = (pepeet3) and of P is cos(p):= Max couple

Min-Congestion Routing Problem : given demand 5
,

find paths & routing O
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volice not same as E[Co -(0))
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I-competitive Randomized Algorithm
Variable Xp

~ Probability P = (S, ...,t) sampled as set path in 8

Min I Sot.
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Easy to see an relaxation of IP and I poly-time separation Oracle so poly-time solvable

Problem w/ this approach: have to resolve an LP every time a new demand

solution : Oblivious algorithms

say randomized algorithm is oblivious if USEU E distributio. Ost over sult paths Sot.
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Can see In-node graphs sit. Any deterministic oblivious algorithm(f)- Competitive

(See later in notes)
,

hence motivation for randomness to get poly-log competitiveness
-ll

Theorem: every graph has an olloge) - competitive randomized Oblivious routing algorithm



↑ree-Based Oblivious Routing

say oblivious routing algorithm is tree-based if I a distribution over sparring trees ↑ S.

t.

Ost := +(st) for TrY
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May seem restrictive but verydice to analyze as per the following claim

Given spanning tree T& G
,

let the load or e be (
+ (e) : = (5(ses) (e)

Given distribution ↑ over spanning trees
,

let the load or e be Lice):
and let ((T) : = eax(y(e)
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Claim : any tree-based oblivious routing schemew/ tree distribution T is L(T) -Competitive

fix a demand O
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So now showing theorem just requires ↑ W loud [O(loge



Finding Low Load Spanning Tree Distributions

Claim : Given graph G= (V,E), I a distribution ↑ over spacking trees sit. ((T)- Ollogo)

car exactly capture problem of FindingY Minimizing ((T) / as LP as follows
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Not clear why I good solution show by taking dual; see denvation later
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By PTE corollary
,

I sparring tree T SotEd(v) Ellog).

By corresponding constraintedual LP for To Know 0.We log
So 0 (logu)

(10g) - Competitive OR follows by a claims



Derivation of Dual

Primal
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-(5) - Competitiveness of Deterministic Oblivious Routing

Notice a deterministic algorithm is oblivious if ESTEVE Set path St. Po = &Pst:(st)=B
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Fix the determistic Oblivious routing algorithm and let Bot be its set path

Let P: = Psit
:

For eens let de := Sleepi and Let Delst) :Get ,e. be routed demand
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Thus
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