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Wired Internet
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¢ Network Utility Maximization
mraxZU(rs)

s.L.
Z r.<c¢, VI

seS (1)
r=0
— Link capacity is given and constant
— Rate allocation problem
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Functional Decomposition

¢ Lagrangian function
L(r’)‘)=ZU(’G)_Z7‘“1( Z Fs _Cz]
s l seS (1)
¢ Dual problem

m}én max L(r,A)

¢ Dual decomposition
— Flow control at source

mraX;(U(';)—n 2 sz = 7 =U”( 2 %]

leL(s) leL(s)

— Congestion price at link

U
mn) M| > r—¢| = M= r-g
A
[ seS (1) seS (1)

¢« TCP is an approximation of this dual decomposition
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Wireless Internet
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P,1,h P : power allocation
o O g Sl O I: link scheduling

r ?}T \ h: channel state
R R
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¢ Long-term Network Utility Maximization
max > U (R,)
S.L. S
Re F(P,I)

— Link capacity is time-varying and a function of resource control
— Joint rate, power allocation and link scheduling
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Functional Decomposition

¢« For a realization of channels
¢ Lagrangian function
L(r,P,I,K)zZU(rS)—ZKZ( > r—=C/(P,1,h) )
s [ seS (1)

¢ Dual problem
min max L(r, P,1,\)

A r,PI
¢ Dual decomposition
— Flow control at source

weE(vie)-r 3 1) = o0 2]

leL(s) leL(s)

— Scheduling/power control at link
ngx;%lCl (P,1,h)

— Congestion price at link
mian,(zr— Plh] = M= > r,—C/(P,1,h)
Mg seS(0) seS (1)
¢« Joint MAC and transport problem
¢ Distributed scheduling/power control is a challenge
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Per-link Queueing Case NS

U (x)

Ca=1 ‘ Cy=1
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subject to O T L1 S Ha,
o T T2 < g -
pa + pp <1
z,p > 0
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Lagrange Multipliers

%xz Ui(z;) —pa(zo + 71 — pa)
5
—pp(zo + 22 — pp)

pa + pp <1
z,u > 0
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Functional Decomposition ~ N9

¢ Congestion control (sources and nodes)

max » U;(xz;) —pa(xo + 1)
x>0 p

—pp(xg + 1)

¢ MAC or scheduling (network)

Max papa+ppup
pAat+pp<l
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Per-flow Queueing Case NS
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U (x,) User 1

Cp=1
User O

U,(x,)
o User 2
Max U:(x
7N>OZ ( ’l,)
subject to
ro < HaO
r1 < Mgl
Hao < Hpo
T2 < 2
Dok <1
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Functional Decomposition N9

¢ Congestion control (sources)

max U;(%;) — Pa0®0 — Pa1T1 — Pp2T2
=

¢ MAC or scheduling (network)

mMax qo0(Pao — Ppo) + Le0Ps0 + Ha1Pal
>kl

P D, Hb2Pb2

X Pao 7 Pro 7
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Other Challenges
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Routing

Single path, multiple path, opportunistic,
geographic etc.

Frequency diversity

Channel switching
OFDMA

Power control vs scheduling
CDMA mesh vs TDMA/OFDMA mesh

Energy efficiency
Lifetime

Access Link
Separate or shared radio
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