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» Routing in packet-switched networks
s Why it Is important
s Why it is difficult

» Heuristics can balance accuracy with
feasibility

» This research introduces a heuristic loosely
modeled after nature




Overview of the Heuristic

» Parasites
» Populations

» Forwarding




» Population control

» Selection

» Reproduction

» Mutation

s Sampling

» Congestion control
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Topology

1 2 3
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a b
» Single flow

o State on Node 2




State Space
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State Space

Select a parasite
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State Space
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State Space

Selection and return of
parasite favoring link b

|

Initial numb _
of parasites <— Selection (and l0ss) of
favoring link parasite favoring link a

h————=

Parasites favoring link a

Parasites favoring link b
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State Space

Selection and return of
aparasite favoring link b

i

-~ Selection of aparasite
favoring link a

Maximum population
sizereached

Parasites favoring link a

Parasites favoring link b
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State Space

Selection and return of
aparasite favoring link b

i

<— Selection of a parasite
favoring link a

Parasites favoring link a

Parasites favoring link b
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State Space

Parasites favoring link a

Convergence region

Parasites favoring link b
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State Space

Want to know the
expected number

of stepsto get from
here to thisregion

Parasites favoring link a

Parasites favoring link b
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Predicting Convergence

Cry — f(ex—l—l,ya ex,y—l)
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p IS the probability of selecting a parasite favoring
Ilbll
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Predicting Convergence

Coy = f(6x+1,yv efc,y—l)
p IS the probability of selecting a parasite favoring
Ilbll
€ry = Peri1y + (1 —p)(ezy-1) +1
Boundary conditions:
0 If oy >t
Cay = PEr+1y + (1 — p)eaz,y + 1 If Y = Nmin
PEx.y + (1 T p)ex,y—l + 1 if X + Yy = wmax




Predicting Convergence

ery = fleri1y Coy—1)
p IS the probability of selecting a parasite favoring
h
€ry = Peutiy + (1 —p)(€ry—1) + 1
Boundary conditions:
0 If a;iw >t
€ry = % +epr1y Y = Nmin

ﬁ T €ry—1 If z + Y = Vmaz




Counting Bad Decisions

ezy = P(€rr1y +1) + (1 —p)lezy—1+1)
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Counting Bad Decisions

eg;,y — pegc—i—l,y + (1 o p) (6;:,;91—1 + 1)

Boundary conditions:

0 'f;chy>t
/

elxay — pelx—l—l,y + (1 o p)(ex,y il 1) If Y = Tmin
pegc,y + (1 _ p)(elx,y—l T 1) If z + Y = Ymaz




Counting Bad Decisions

6;;,3/ — pegc—i—l,y + (1 o p) (6;:,;9/—1 + 1)

Boundary conditions:

0 |fny>t

Cory = 119 T 6Ix—l—l,y — 1 1f Y = TNmin
egc,y—l + 1 If z + Y = 2pmaa}




Solving

Calculate from right to left, bottom to top

Parasites favoring link a
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Calculate from right to left, bottom to top

Parasites favoring link a
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Calculate from right to left, bottom to top

Parasites favoring link a

Parasites favoring link b




Parameters:
Vmaz = 1000 t = .95

predicted
total 459.83
bad 80.0




Parameters:
Ninit = 100 Npin = 20
Vmaz = 1000 t = .95

predicted measured
total 459.83 460.225
bad 80.0 80.271
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Static Results
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Static Results
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Delay Variance
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Adding aLink
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Observed Behavior
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Node 1 Adaptation
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Node 1 Adaptation

P12 = .52
i1 = K—p2p1a = K2 (.52)




Node 1 Adaptation
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Node 1 Adaptation
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Node O Adaptation

.91n0,1+n0,9

Po,1 — b




Node O Adaptation

__.9np,1+no,9
Po,1 — b

_ Eno,9
Po,9 — .0 "




Node O Adaptation

__ -9no,1+n0,9
Po,1 — b

_ Eno,9
Poo — .0 "

no,9 noy ( Eno9
Zog—/ﬁ] pog—ﬁ¢<.5¢>




Node O Adaptation
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Node O Adaptation
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Node O Adaptation
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Node O Adaptation
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Node O Adaptation
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Topology
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Optimization Problem
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Generalized Form

Dso = Pt opldap + D

f, bEZ f0.6(dab Con—Ts + Dyl
fs(a)

1 = )  Pray

be fs(a)

Tra = Y ProaTrs a7 (s,d)
bebs(a)

Tys = |f]

Trg = 0




Single Flow: nyc—phx
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Single Flow: nyc—phx
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Single Flow: nyc—phx
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Adding a Second Flow: atl— s
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All Pairs
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All Pairs
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Summary and Conclusions

» The proposed heuristic is able to find
near-optimal solutions for the topologies and
flows studied

» The proposed heuristic requires no
foreknowledge of the topology or traffic

» The behavior of the heuristic can be
accurately modeled and predicted

» This approach represents a significant step In
the opposite direction from most current
routing research
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