ECE 671 — Lecture 12

Routers
Prefix lookup

Prefix lookups for packet forwarding

control processor
* Match of IP destination address
with prefixes specified in FIB "
. . (RIB)
— Longest matching prefix ‘
» Typical core router ocessor packet
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— Hundreds of thousands of prefixes ‘g;‘;;m;‘;;gg; - -
— Millions of lookups per second prbecssing sched-
software ling
e Efficient data structures and : switching :
. . input packet output
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forwarding rocessor
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packet link
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Example prefixes

* Prefixes used for example data structures

Prefix name | Binary notation
0/1

0000/4

01/2

0101/4

011/3

11/2

* How to find match for an address (e.g., 01001111)?

mTmOoOO >
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Binary tree

 One bit per level Oﬂl
SORENASN
TR ©®
oL e
®

* How to do lookup?
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Binary tree

* Lookup may require backtracking (or memory):

1% step :4 E )\

0 1

0 1 1
g matching @
prefix: C
3" step
0 0 1
5" step
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Leaf pushing

* Disjoint prefix binary tree

— All matches in leaf nodes Q

AR
G Qe o
q oRe
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Path compression

e Path-compressed binary tree

— Avoids long branches with
only one node

— Final node needs to be
checked — otherwise
backtracking

— Annotation to determine 0 1
which bit to compare
0 1
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Tries

e Check multiple bits per step

s¥eRC

00 01 10 11 00 01 10 11
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Hardware implementation

e Ternary content-addressable memory (TCAM)
— Parallel lookup across all entries

— X" indicates “don’t care”
search word

A
s N
0 00 0 x x x x B
01 01 x x x x D
. 01 1 x x X X X E
TCAM entries
01 X X X X X X C
1T 1 x x x X X X F
0 X X X X X X X A
\_ J
VO
data word
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Hardware implementation

* TCAM operation

TCAM SRAM
Prefix Next hop
tong %[0 1 0 1|mss Port 1
refixes | i
P 00 1 1]t Port 2
00 1 xs 2 Port 3
Example miss | S | Memory Example
destination 0 0 x x & | address Port 4 lookup
address: % result:
0011 g Port 2
e
Short i
prefixes
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Prefix lookup issues

* Performance concerns
— Lookups per second
— Memory requirements
— Power requirements
— Ability to handle updates
* Lots of research in past years
— Many specialized solutions
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Router wrap-up

input ports switch fabric output ports
network P 5 8 5 8 . network
nterface | | fowardng | |3 & ] (3§ | o) | interface | [
E g
_,| | network P S L S § Eﬁﬂ-’ --}
interface forwarding z 2 interface
=

error

routing handling

control processor
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