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Motivation

 Demand Aware Network Design?

* “self-adjust” the networks' routing paths (topology) to
routing requests

e Data Centres?

* ProjecTor / Wireless technologies

e Skype example?

e Peer-to-Peer Networks
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Problem Settmgs

 Demand distribution, D over V x V. Joiiiaes
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* Pairwise communication demands a0

 (Can be represented as directed weighted graph

 Anetwork N = (V, E)

* Metric of interest: Expected Path Length

EPL(D,N) =Epldn(-,-)] = » p(u,v)-dy(u,v)
(u,v)ED

dn (u,v) - hop distance between u,vin N



Problem Settings

Demand distribution, D

Expected path length

EPL(D,N) =Epldn(-,-)]= »  p(u,v)-dy(u,v)
(u,v)ED

Desired topology family N

* e.g., bounded degree, trees, sparse, etc.

Optimal Demand Aware Network (DAN)

N* = arg ]{[nl}\l/ EPL(D, N)
-
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Relation to Other Problems

e Minimum Linear Arrangement (MLA) i ;? ;




Relation to Other Problems

 Minimum Linear Arrangement (MLA)

 Embeddings (guest, host graphs)

* Spanners

* Information Theory / Coding

* Entropy:. H(x Zp ) log, (1)

« Conditional Entropy: H(X|Y) = Zpy(7 (XY =y;)

 Coding - Expected code Iength



Lower Bound

 For a A bounded degree DAN

e [heorem

N*> Q(max(Ha(Y|X), HA(X|Y))

* Proof Idea (using coding):

* Replacing each row with an optimal A-ary tree
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e Same for columns

* QOptimal code length is larger than row Entropy



Bounded Degree DAN

Bounded (e.g., A = constant) degree

Theorem: Can design “optimal” network N, s.t

EPL(D,N)<O(H(Y | X)+ H(X |Y))
for,

Sparse distributions (weighted, directed)

Local doubling dimension distribution

* Possibly dense but uniform and regular



Sparse Distributions

» Proof idea i i
AN ON

Optimal bounded degree tree




Sparse Distributions

» Proof idea i i
AN ON

Problem Optimal bounded degree tree
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Sparse Distributions

» Proof idea i i
A= -w{h
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Solution




Doubling Dimensions Dist.

* Local Doubling Dimension distribution

2-hops balls
can be covered by
1-hop balls



Doubling Dimensions Dist.

* Local Doubling Dimension distribution

2-hops balls
can be covered by
1-hop balls

* Can be a dense graph



Continuous-Discrete

eS

e (Greedy routing
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ontinuous-Discrete

e (Greedy routing
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Continuous-Discrete Design
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Continuous-Discrete Design
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e Linear size A5 2 1 4 4 5

» [Fair (please explain)
* Robust to failures

e Expected path length:

EPL(R,G,A) < min{H (ps), H(pa)} + 2.



Future Work / Discussion

 New “Graph Entropy” measure for networks

* Online algorithms - Amortize analysis

e Splay-nets example
* Distributed algorithms?

e Practical use 7?77
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