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Think of a routing protocol as...

a distributed algorithm to solve an optimization
problem

* Globally optimal paths
— lots of theory (Dijkstra, Bellman-Ford, Semirings)

* Locally optimal paths

— new territory
— BGP belongs to this space

— sufficient conditions known to guarantee a stable
and unigue solution



A Familiar Semiring

(R,, +, x)

2 +3 =3+ 2 Commutativity

(2 +3)+4=2+ (3 + 4) Associativity

2 +0=2 Identity

(2:3)-4 = 2:(3-4) Associativity

2:1 = 12 =2 Identity

20 =02 =0 Annihilator
2(3 + 4) = 2-:3 + 24  Left Distributivity
(2 + 3)4 = 2:4 + 3-4 Right Distributivity



(S, @, ®)

a®b=Db®&a Commutativity
@@®b)@®c=a® (b &c Associativity
a®o0=a Identity
(ab)c = a(bc) Associativity
al = 1a=a Identity
a0 =0a=0 Annihilator

alb ® ¢) = ab ® ac Left Distributivity
(b ® cJa = ba @ ca Right Distributivity



Semirings and Routing
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Matrices can also form semirings!



Too good to be true ?!

Proving stability and uniqueness of paths, when:

* Requirements are more complicated

— shortest widest path
—  BGP policies!

* Operator properties do not (need to) hold
e.g lack of associativity or distributivity



Routing Algebra

3 sets:

- Weights
— Labels
— Signatures, including rejection

1 operator: (label, signature) to signature
1 function: signature to weight
a total order on weights

(W, 2, L, %, 0,9, f)



Example: business relationships
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Formally

signature
D € C T P
labal € c ¢ ¢ @
W ror ¢ ¢
p p p p P

fle)=1, fr)=fp) =2,
() =0, f(¢)=+ox

the Gao-Rexford guideline/assumption:

fle) =1 <2 = f(r) = fp)




Convergence Properties

Monotonicity (Strict) (€ L and « € 2,

fla) 2 [l & a)

Isotonicity [ € Lando, (B € X,
fla) 2 f(B) = flda) 2 f(IDH)

M: path vector protocols converge
— Signaling information: (P, a)
I: the paths onto they converge are optimal



Lexical Product

(ca, o) = (Ba, BB

oA <A [5,4 or
(04 ~a B4 and o <p [(B)

Preservation properties
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This suggests a design pattern for SM:
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BGP could look like

def

EBGPY =

PROC(®(locpref : FLIP(LP(2°%)),
aspath : SIMSEQ(2'°, 200),
origin : OP(3),
med : L (min, LP(2°?)),
community : | (min, TAGS(int))))



Since BGP paths are locally optimal

Distributivity Is too strong a property
ax(bdc) = (a®b)d(axc)

Strictly Inflationary (remember SM) is sufficient
for a stable, unique, locally optimal solution.



property

Important Properties

definition

D
INFL
S.INFL
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Va,be S, fe F : fla®b)=1f(a)a®f(b)
Vvac S, feF . a<f(a)
Vae S, FeF : a#0 =

a< f(a)
Va,be S, feF : fla)=1f(b) = a=0>b
Va,be S, fe F : f(a)=f(b) = (a=bVf(a)=0)
Va,be S, fe F : f(a)=f(b)
Va,be S, fe F : f(a) £ f(b) = (f(a) =0V f(b) =



4! Inflationary Policy Functions for 3 strata
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