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3.1 Selfish Routing

Assumptions:
o traffic unit are small relative to network scale (like cars i lugh way syvstem);
e we consider the traffic distnbution in the network at steady state.

e A flow iz at Nash Equulibnum (or 15 2 Nash Flow) 1f all the flows m network.
are routed on min-latency paths (which means any flow chanpmg path wall
result in an increaze of latency). For example:
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e Nash flowiformal specification): for any two paths ; and pr « R;, (where
R; 1z the set of potential paths from 5 to ). We require that EFR:_;G, ri, if
Jp = Othen [ (f) < lp,(f). This means ether an path has traffic 0 for this
traffic or it haz nonzero traffic and has smaller latency than any other paths
with zero traffic. And all paths which has traffic will have equal latency,

define thiz latency as Li{ /) (f 13 flow vector, when we wnte [ we always
mean the fow vector in the future) for OD pair 5 to &

» 50 here we can define the Cost C{f) of a flow m & as the total latency
meurred by f, which 13 C(f) = Fpeplp(f)fp. By summmg over the edges
m a path P and reversing the order of summation. we may alzo write C( 1)
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According to the result of Beckman et al [2], let A(x) = [5 &(t)dt, the selfish
routing behavior can be formalized as the followmg comvex optimization problem:

Min Eh,,[m oy
subject to:
ri.wie {1, ..k (2)
P;.fp I }
1z Jp.WecE (3)
P"EFP =t
fp=z0N¥pelP (4)

Because 5(x) i1z nondecreazing, the &(x) iz a convex function We can uze some
result of convex programming to solve the above optimuzation problem
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3.2 System Optimal Routing

The svstem optimal routing should mimmimizes total latency in the network (not hike
the zelfizh user — each OD pam, they only optimize their own latency). Recall the
expression of C{f), we can easily zee, the system ophimal result should be the
solution to the following non-lhinear program:

Min gﬂﬁ'{lﬁl}, here ca(J&) = (i) (3)
subject to:
%_fp riWie [1,...k} (6)
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fp20NpcP (8)

4 Flow assignment solver

Grven above formulation, I mmplemented an flow assignment solver for system
optimal sclution and selfish user nazsh equbbrium solution. This 1z a drver for a

matlab program



