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=Really two questions:

—\What algerithm and data structures are
needediat a router: tor properly forwvarndianti R
datagramyto)its next hiop

—how do the routersibecome aware ofi the
optimal paths (nextNeps) e use

= Focus on the first quESLIGAITOr NEWW::.

_ Routing “tlaemon””
contains routing table,
updates forwarding table
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=HBsts and routers may need to perform
indirect delivery (through a router)

= Often hosts have a single router to use
(“tefault router™}, but in general both
routers and hosts cani makeruse ofi
multiple routers

= Question: Which routertoruse?

=Hosts and routers maintain tables
containing routing information

= \Vlore! precisely, routingl tables are used to
compute optimal routes;and fonwarding
tables are used“tordictate immediate
next-hops for eachidestination

= Forwarding tables are Updatediby routing
protocols based on the roufiig tables

='Also called “forwarding information
Basey’(FIB) generally contains the
Tellewingg




=Hiable entries (routes) are selected based
onrdestination address ofi packet to route

= S0, to route to destination’B; We
compute (D & M1) and companewith D1.
If they match, H1 is a possiblernext hop.
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R23 FIB

=Byacomparing (D & M,) for each route
entryal, we get a set ofi matching route
entries

= The entry with'therlongest prefix (Mmost
number of 1 *bits in the mask field)'is
the single winner

= Algorithm called “fongest==6r *hest” prefix
match, and is used by allNP relters

R23 FIB:

=fengest Prefix Match Algerithm
=St be executed for each packet
— must work with therentire Internet routing
table (2/25/99: 42869 entries at MAE-E, 16
and 24 bit prefixes dominater [=28k])
= Two Common SoftwarerApproaches
—Hash-based lookup

—Tree-based lookup
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=Hlifee search appears useful, but should
notBe based on direct key compares (we
are using bit prefixes, not full keys)

= Rather, observereach key: (destination
address) is composed ofi a series; of bits

= Each tree depth will\maprene or moere
bits in the search key

='Alphabet: {A,B,D}, words: ADA, ADD,
BAA S BAD
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=i\VI*ary tree, where each node is an M-
placevector with components
coriespending to characters or digits

= Each noede onilevel lfrepresents alllvalid
keys beginning With' a certain seguence
of | characters

= Each node specifies an'MEway branch,
depending on the (M+1)sticharacter/digit

Patriciz

=KBys are represented! by binary strings

="oraveid 1-way branching| that would
happeniin a simple binary search trie,
include a skip value; whichiindicates: how
many bits to skip before examining the
next bit at each node

= Sometimes called “pathicompression’”

Patriciz

=\ internal nodes, N external nodes

= Sealich performance insensitive: to
insertions order, but very sensitive to
distribution| ofi digits

= assuming random-distribution;, apprex #
of digits/bits inspected isiabeuitlogy, N,
for M-ary trie with N nodes [seeriknuth
vol3 for the (nontrivial) analysis]




=){i@m BSD, circa 1990)

=ikeys: 0/0, 128.32.0.0/16, 128.32.8.0/24,
18:000.0/8

=Hliis (simple) scheme places common
prefixes together in the same leafi (using
m a linked list)
0 _- 1

= Parent pointers; ininedes are used! o back
0/0 5 L1 1] up in the tree iNfcaserof e mis-maich

(default router or NEA-CONLIGUOUSI MasK)

e 1
18/8 128.32/16 128.32.8/24 = Various new approaches have lseen

developed: DP-Tries, LC-TH{€S} Etc.

=@liginal BSD routing| suppeort included =Hlifiree main approaches to problem of IP
hashron network routed and host routes, lookups:
b thisiwas before LRMiwas| reguired — faster software algorithms

= Newer hashibased scheme provides; 32 —hardware acceleration (e:g. CAMs)
different hash tables; and loeks| for' exact: —protocol modifications
match

= Faster algorithms have called into
= Simplest: perform lineafsearchifior the guestion the protocol appreaches
right hash table, starting W/lengest

=Content Addressable Memory (CAM) =Prand Tag/Layer 3 “Switching™
=exact-matching CANSs can be used 1 per:

—siimilar tor notion of VCID!in circuit-switched
prefixdenoth networks (andimay use themt),
— 32 CANs for IRVA; 1281101 IPV6 (EXpensive)

—lieguires separate protecol to provide
—Max size about 8k right now, address/TAG mappings

= Basically uses IP packets and P reuting
as “signaling’’for circuit set=up




=\oermal forwarding reguires, LPM leokup
onrdestination address at each hop

= In L3 Switching, assign a shoert “tag*to
eachi packet asiit enters the netwonk
(same domain)

= Tags are rewritten at'eachrhop, and
might be carried in L2 (€.g. AMEVC 3)

=Reguires adoption of “fabel distributions>
pretecol, which may’ not span admin.
domains

= Probably not worthiit: enia per-flew basis
(webi flows)

= Does not completelytaveid LRVisearch

= Time to Live (TTL) question:

=50), can we use L3 switching for
EVERything?
— Ny hard torsupport these things:
=world-wideilabel assignment
= packet filtering/firewalls
=non L3-switching hests
=non L3-switching routers:

=iabel provides fast lookup (1 cycle)

= Can incorporate additional policy: or
characteristics at ingressi router, so that:
even pkts w/same dest go along) different
paths

= Provides some functions; similaif torsetrce
routing without the routingl cost

=legular IP forwarding, TTL zero
implies discard (good if loops arise)

= No TTL decrementing per hop here...

—s0, decrement it by’ theramount: it should
have been decrementedialong thercomplete
path

—requires egress LS routerrtorknow paih
length

=\EWF Internet Drafts addressing L3
SWitching

= [ atest architecture document 2/99
—take advantage off ATV switching

—be compatible withrRSVR/INt SERA existing
routing| protocols

—support aggregation, multicast;;geed OA&M




=peynstream assignment of labels for
unicast traffic, driven by either contrel or
data traffic, multiple label dist. protocols

= LIFO “Stack>*of'labels for hierarchy.
= Both “hormal®’and seurce-routing

= Variable label granularity; lalelfmerging

- TTL “fixup”’

<[IP prefix, label] indicate tag mapping
<R2 is merge point for L2->L3

=Interleaved cells using label L3

=ISlippose you have >1 packets destined
for the same IP address but that arrive
withrdifferent labels

= The ability to assign! the same outgeing
label for both incoming packets is called
“fabel merging’” (semer ATV swWitchies)

= Useful to avoid maintenance of alarge
number of VCs between SWitehies

<Packets P1,P2 take paths {R1,R4},R2,R3

=Pleblem: cells within ATM/AALS contain
VRI/CII (VC) numbers. Hardware either
carries each VVPI/VCI as a label, or each
VPIl as a lalel.

= \/C Merging: have to reconstruct AAL
frames to avoid interleaving cells

= /P Merging: use commant\VRINwItA
different VCls to demultiplex




