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Defining and implementing a new routing protocol is
difficult!

@ The space is large
@ The proofs are difficult
@ Correctness conditions hard to get right

Could the design process be partially automated? |
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A simple grammar for a mini-metalanguage
Our mini-metalanguage will describe routing algebras
@ (S,¢, FCS—YS)
@ @ is commutative, idempotent, and has identity a.

base := sp
| bw
| rel
algebra ::= term
| right term
| left term
| | ex_product term ... term
| function_unionterm ... term
term ::= base
| (algebra)
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The Semantics
For category base
® [sp]® = (NU {c0}, min, F)
@ [bw]® = (NU {oo}, max, Fmyin)
@ [rel ]® = ([0, 1], max, Fy)
For category term
o [b]” = [b]”
o [(@)]7 = [a]* A
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The Semantics

For category algebra
o [t]4=1[t]"
@ [right t]A=(S, &, {i})
where [t]?7 = (S, @, F)
o [left t]4=(S, @, K(S))
where [t ]7 = (S, @, F)
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The Semantics

@ [l ex_product t]A=[t]*
@ [l ex_product t t']4=(S, @, F)X (T, ®, G) =
(SxT,®dX®, FxG)
where [t]7 = (S, @, F)
and [t ']7 = (T, G)
@ [lex_ product t t/ .. t"][4A=(S, ®, F)X (T, ®, G) =
(SxT,dx®, FxG)
where [t ]7 = (S, @, F)
and [l ex_product t’ ... t"]A=(T,® G)
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The Semantics

@ [function_uniont]A=[t]*
@ [function uniont t']A=(S, @, F)+m (S, @, G) =
(S, ®, FUG)
where [t |7 = (S, @, F)
and [t ']7 = (S,® G)
@ [functon uniont t’ .. t"]A=(S, @, F)+m (S, ®, G) =
(S, ® FUG)
where [t |7 = (S, @, F)
and [f uncton_uniont’..t"]A =(S,® G)
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Some interesting properties

Property Definition

M Va,b e SVf eF :f(a®b)="f(a)df(b)

C Va,beSVvfeF —{w}:f(a)=f(b) = a=Db
K Va,b e SVf € F : f(a) =f(b)

| VaeSVf eF:a#a = a<}f(a)

ND vae SVfeF :a<}f(a)
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We know a few rules ...

(some of the) rules needed for global optimality

M(right(S))
M(left(S))
c(right(S))
K(left(S))M(S X T) «—= M(S) AM(T) A (c(S) VK(T))
M(S +mT) < M(S)AM(T)
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... and a few more rules

(some of the) rules needed for local optimality (and for
loop-freedom in next-hop forwarding)

(S XT) <= 1(S) V(ND(S) AI(T))
ND(S X T) <= I(S) V (ND(S) AND(T))
(S+mT) < I(S)AIT)

ND(S +m T) <= ND(S) AND(T)

9/15
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We can turn rules into bottom-up methods
Example : The < rule
M(S X T) <= M(S)AM(T)A(c(S)VK(T))

becomes a bottom-up method for deriving property M or property =M
for any expression

e = lex_productt; t,

if derive and derive then derive
properties for t; | properties for t, || property for e
M, C M M
M M, K M
—M —M
—M —M
—C —K =M
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Magic
We know everything about our base algebras

| »m ¢ «x 1 nD
Sp||yes yes no yes yes
bw|yes no no no yes
rel ||[yes yes no no yes

Now, for each algebra expression a defined by our mini-metalanguage

and each property P, we can determine in a bottom-up manner
whether

P([a]")
or
-P([a]?)
holds.

No proofs required at algebra specification time!

v
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A few examples

M C K | ND

| ex_product sp bw| yes no no yes yes

| ex_product sp sp|/yes yes no yes yes

| ex_product bw sp | no no no yes yes

| ex_product rel bw|yes no no no yes

| ex_product rel bw sp|yes no no yes yes
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BGP-like Example

function_union
<internal:
| ex_product
< ecomm right cpp,
epat h: right paths,

idist: sp,
i pat h: paths >,
external :
| ex_product

< ecomm cpp
epat h: pat hs,
idist: left sp,
i path: left paths > >
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Extracted “Code”

import on internal
inI(J—a J—a Va (|7 J)) > (eC, ep7 d7 Ip)
- (eC, ep, v +d7 (|7 J) [>paths I)

import on external

inr(X7 (m7 n)a Val) |>(eC, ep7 da Ip)
= (X >cpp €C, (M, N) >paths €P, V, |)
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