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This leture onsiders the problems of routing and network design where the ritial input data(e.g. the traf� matrix) is missing or inomplete.
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Network Design without

omplete information

What an we do where the ritial input data (e.g. thetraf� matrix) is missing or inomplete? The answer isto optimize with respet to all possible traf� matries.There are several possible algorithms: oblivious routingand Valiant network design.
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Oblivious

◮ I have mentioned

⊲ it an be hard to measure traf� demands

⊲ they will have errors

⊲ even when we measure preisely, there areerrors in foreasts

◮ what an we do?

⊲ oblivious routing

⊲ Valiant network design

◮ design priniples that are oblivious to the traf�

⊲ they will be suboptimal for any partiular traf�

⊲ on average they will do better than anypartiular optimization approah (that requiresknowledge of the traf�)
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Oblivious routing [1, 2℄

◮ assume traf� matrix T = [tpq] is unknown
◮ network G(N,E), with link apaities re

◮ optimization objetive:

⊲ minimize maximum utilization
⊲ link utilization ue = fe/re

◮ if we knew T we ould write out the standardrouting optimization (with a new ost funtion)
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Min-max utilization routing

Formulation:
minimize C(f) = max

e∈E

fe
resuh that

fe = ∑
µ∈P:e∈µ

xµ, ∀e∈ E

xµ ≥ 0, ∀µ∈ P

∑
µ∈Ppq

xµ = tpq, ∀ [p,q] ∈ K

fe ≤ re, ∀e∈ E
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Min-max utilization routing
◮ if we knew T, we an solve this routing problem
◮ all the solution fopt(T)

◮ denote the ost of this solution by
Copt(T) = C(fopt(T)) = max

e∈E

f opt
e

re

◮ given any other routing f we an ompare osts byomputing

PERF(f,{T}) =
C(f)

Copt(T)

⊲ this is the relative ost of routing f with respetto the optimal possible routing, given T
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Oblivious routing

◮ but we don't know T
⊲ assume T an take any possible value in a set Tof possible traf� matries

⊲ in the worst ase, the ost is

PERF(f,T ) = max
T∈T

PERF(f,{T}) = max
T∈T

C(f)
Copt(T)

◮ so write a new optimization problem

minimize PERF(f,T ) = min
f

max
T∈T

C(f)
Copt(T)
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Oblivious routing

◮ there are now several ways to solve these [1, 3, 2℄
⊲ polynomial time algorithms exist

◮ also several theoretial bounds [1, 3, 2℄
◮ note PERF(f,T ) ≥ 1

⊲ the oblivious routing is always suboptimalompared to the optimal routing for a knowntraf� matrix
⊲ larger values mean that oblivious routing isworse than optimal routing
⊲ bounds grow polylogarithmially with |N|

⊲ so in theory the method gets worse for largernetworks
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Oblivious routing

◮ Applegate and Cohen [2℄ show that typial valuesfor real(ish) networks are about 1.4-1.9

⊲ PERF(f,T ) = 1.4 orresponds to 40% extraapaity needed in a network (40% extra osts)

⊲ PERF(f,T ) = 1.9 orresponds to 90% extraapaity needed in a network (90% extra osts)

◮ this is a signi�ant extra ost

⊲ best you an do if you don't know the traf�matrix

⊲ better than many other approahes (given lakof knowledge about traf� matrix)

⊲ better than theoretial bounds
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Valiant network design [4, 5, 6℄
◮ previous example was for routing

◮ an we do network design where we don't know thetraf� matrix?

◮ Yes! Use a trik from design of router bakplanes
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Valiant network design

access network

backbone node
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Valiant network design

Abstrat the aess network to have apaity C

C

C C

CC

C
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Valiant network design

Simple ase (whih an be generalized)

◮ assume aess apaity C to eah bakbone node

◮ maximum value of offered traf� between twonodes is maxtpq = C

⊲ in fat ∑q tpq ≤C and ∑p tpq ≤C

⊲ but we don't know tpq

◮ route traf� demand tpq as follows

⊲ divide it into |N| even groups

⊲ route group i as follows p− i −q

⊲ load balane aross all of the possible 2 hoproutes

⊲ do the same for all p,q∈ N
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Valiant network design
p

qi

p

q
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Valiant network design

◮ alulate bakbone link apaity requirements

⊲ assume maximal traf�, e.g. ∑q tpq = C
⋆ total traf� entering the network at node p�lls the apaity of the aess networkoming into p

◮ for all p the �rst hop divides this traf� evenlyamongst all |N| links from p− i, e.g. reates loads

fp,i =
C
|N|note we inlude a dummy link p− p here
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Valiant network design

◮ the seond hop divides this traf� evenly amongstall |N| links from i −q

⊲ its the dual of the previous step
fi,q =

C
|N|

◮ so traf� from node p reates loads C
|N| on all links

p− i and i −q.

◮ we sum over all |N| soure nodes p and we reateloads

2C
|N|on all links in the network.
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Valiant network design

◮ total apaity in the bakbone is 2C|N|

⊲ ompare to eah link with apaity C, total C|N|2

◮ assume ost is proportional to bandwidth

⊲ not distane (linear ost model has αe = 1,βe = 0)

◮ optimal network has apaity ∑p,q tpq = C|N|

◮ we have introdued fator of 2 extra bandwidth

◮ this design is provably the best oblivious networkdesign [6℄ (given above osts).

◮ it also has great advantages for survivability

⊲ an survive any ombination of node failures

⊲ highly robust to link failures as well

⊲ only need marginal inreases in link apaities

Communications Network Design: lecture 22 – p.17/19

Communications Network Design: lecture 22 – p.17/19

Better yet

◮ both of the above approahes assume we know don'tknow the traf� matrix

⊲ they are oblivious

◮ but in reality we know something
⊲ e.g. SNMP measurements of traf� on links

◮ an we design a network using the information wehave, but taking into aount the information we aremissing?

⊲ this is a urrent researh hallenge!

Communications Network Design: lecture 22 – p.18/19

References[1℄ H. Räke, �Minimizing ongestion in general networks,� in FOCS, no. 43, 2002.[2℄ D. Applegate and E. Cohen, �Making intra-domain routing robust to hanging andunertain traf� demands: Understanding fundamental tradeoffs,� in ACMSIGCOMM, (Karlsruhe, Germany), pp. 313�324, August 2003.[3℄ Y. Azar, E. Cohen, A. Fiat, H. Kaplan, and H. Räke, �Optimal oblivious routing inpolynomial time,� in STOC, (San Diego, CA, USA), 2003.[4℄ L. G. Valiant, �A sheme for fast parallel ommuniation,� SIAM Journal onComputing, vol. 11, no. 2, pp. 350�361, 1982.[5℄ R. Zhang-Shen and N. MKeown, �Designing a preditable Internet bakbone,� inHotNets III, (San Diego, CA), November 2004.

http://tiny-tera.stanford.edu/~nickm/papers/index.html.[6℄ R. Zhang-Shen and N. MKeown, �Designing a preditable Internet bakbone withValiant load-balaning,� in Thirteenth International Workshop on Quality of Servie(IWQoS), (Passau, Germany), June 2005.

http://tiny-tera.stanford.edu/~nickm/papers/index.html.

Communications Network Design: lecture 22 – p.19/19

http://tiny-tera.stanford.edu/~nickm/papers/index.html
http://tiny-tera.stanford.edu/~nickm/papers/index.html

	
	
	
	Oblivious
	
	Oblivious routing cite {racke02:_minim,applegate03:_oblivious}
	
	Min-max utilization routing
	
	Min-max utilization routing
	
	Oblivious routing
	
	Oblivious routing
	
	Oblivious routing
	
	Valiant network design cite {valiant82,zhang-shen05b:_valiant,zhang-shen05:_valiant}
	
	Valiant network design
	
	Valiant network design
	
	Valiant network design
	
	Valiant network design
	
	Valiant network design
	
	Valiant network design
	
	Valiant network design
	
	Better yet
	

