Internet Protocol (IP)

2 basic functions

+ Assigning unique addresses to each
attachment point (router/host interface)

+ Best effort packet delivery
= Fragmentation and re-assembly when needed

How does a router figure out where to forward
each packet?

+ Based on the information provided by network
routing protocols

=

Network Graph Abstraction

Graph: G = (N.E}

M=selofroulers ={A, B.C, D, E,F}

E = set of links =[ (A.5), {A.C), (A,D}. (B.C). (B.D). (C.0). (C.E). (CF), (EF}}

Cost of ink (2, b) = ofa, b)

— oz . c[A, B)=12

— limk cost cowld absays be L, or invemsaly ralated to bandwidth, or mwersely
ralated to congestion

Cost of path (x,, X, x;,.., &) = (XX} Tz x) + . ToE 2

Foouting slzontm: given a graph, find least-cost path from a givean
node to all the other nodes m the graph
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Where we are in the book
4.5 Routing algorithms (this lecture)

= Link state

= Distance Vector

= Hierarchical routing (FY1)
4.6 Routing in the Internet (next lecture)

= RIP: Routing Information Protocol
« OSPF: Open Shortest Path First Protocol
« BGP: Border Gateway Protocol

4.7 Broadcast and multicast routing (8™ week)

Network Routing: algorithms vs. protocols

Route computation algosthmsa:
link-gtate (Dijketra): sach rouisr

* has complete topoloegy graph
with all link costs

* computes =horteat paths to all
destinations

distance-vector (Bellman-
Ford): a router informaticn exchanges

s knows itz physically- * define the computation upon

connacted neighbors and lnk recaiving routing updates
costs to aach * network topology changss
] owver timne = routing protocol
* computes its shortest pathe must continuously update
bazed on the pathz it leamz the routers with lateat

from all neighbors changes

Routing protocols
+ dafine the format of routing




Link-State algorithm: basic notations

+ all nodes have identical
info for network topelogy
graph and link cost

+ Each node computes
least cost paths from
itzelf to all other nodes

= builds forwarding table
for next hop

+ jterative: after k
iterations, a node know
the best path to &k
destinations

Motation:

+ ¢,y link cozst from node
xtoy

« Iniftializes to = i¥ (=, ¥ are nod
direct neighbors
+ Div): cument value of cost
of path from SOUrce to
destination v
+ plv): predeceszor node
along path from sourca to v

+ N' zat of nodes whose
lsast-cost pathe ars known

=

Link-State algorithm: example

Stap slat N' DBl 6] O{C],p(C) DD M0  OWELME) DiF),p(F)
2A 3.A 1,4 2 =

—= A

Link-State algorithm
(oanskier the computaton cone ot o &)
Inirialzarion:
N'={A}
for all nodes
if v adjacant to A
then IN¥) = c(AV)
elze Tv)} =

Loop

ond wrot in W such that Tw) is minimim

10 add wio M

11  update D%} for all v adjacent to w and not m X'
1X D) = mimn{ D(v), Diw) + c{wy) L pivi=w

13 /* pew cost to v is either the old cost, or the

14  zhortest path cost to w plus the cost from wto v *
| 15 undl all modes in N
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Link-State algorithm: example

Ste Elart N° D), p(g] DjC Dy D{ELME] D[F
0 A 2,8 5,4 1A ma =
— AD 2,8 40 <0




Link-State algorithm: example

Step sl N D(ELP(E] D{C),p(C) DIDLMD) D{ELME) DFLpiF)
0 A 24 ) 1,4 o0 =
1 AL 2A 4.0 2D

— ] ALE 3.E 4 E

Link-State algorithm: example
Stap slari N' DjB]LpE Ch Dy O{E F

i A 2.8 ) 1,4 [e'e} =
1 Al 28 4.0 20
2 ADE 3,E 4 E
3 ADER 3,E

— 4  ADEBC 4 E

Link-State algorithm: example

Step  efart W' D(E).p(E) DIC),pIc] OO .piLy  DNE).B(E] DiF).pF
il A 24 5.A 1A 0 =
1 AD 2,8 4D 2,0
z ADE 3.E 4,E
—+ 3 ADEE 3,E

Link-State algorithm: example

Ste Elart N° D), p(8] DjC Dy D{ELME] D[F
O A 2,8 3,A 1A 0o ]
1 AD 2,8 40 <0
Z ADE 3E 4,E
3 ADEE 3E
4 ADEBC 4,E

—= 5 ADEBCF




