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Chapter 27: 27.3 Static Routing
In Host and Default Route

Ethernet 128.10.0.0/16

Router R,

Ij T"

L |
| | | | ] router address
= == - 128.10.0.100 to rest of
Interner
(a)
Net Mask Next hop
128.10.0.0 255.255.0.0 direct
default 0.0.0.0 128.10.0.100
(b)

Figure 27.1 (a) A typical connection to the Intemet, and (b) the static for-
warding table used in each host.



A1sAUUR Interface 115U
Router

» uaar Interface aav Router azeiavil IP Address
nasvnunar Network i Interface 12adauna
(Prefix wislauniu e Suffix a1vAu)

58.42.96.2

=D
A 195.3.0.193

58.42.96.1

195.3.0.194

70.12.0.1 70.12.0.2
70.12.0.0/16



A1sAUUR Interface 115U
Router
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aavaya uAInduaasAariuaiu Routing Table

R4 1953.0.103

70.12.0.1

70.12.0.0/16



A1sAUUR Interface 115U
Router

= &1e5215219 Router squ15a Subnet ann Private IP 16 uaz
gavn1stadsiav Host Address dfvinaazlal /30 Awa w2du Sub
a1n 192.168.100.0/24 a1 64 Subnet

Subnet 192.168.100.4/30 : Host Range 192.168.100.5-192.168.100.6; Broadcast 192.168.100.7

192.168.100.8/30

192.168.100.16/30 192.168.100.12/30

70.12.0.0/16



A1sAUUR Interface 115U
Router
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ANUUAvUaLdUn1IviilvTuitilu Default Route 2iu R1

70.12.0.0/16




A1sAUUR Interface 115U
Router

Mask Next Hop
200.18.95.0 255.255.255.0 Direct
70.12.0.0 255.255.0.0 192.168.100.17

58.42.96.0 255.255.224.0 | 192.168.100.6

195.3.0.192 |255.255.255.192| 192.168.100.6

0.0.0.0 0.0.0.0 192.168.100.17

70.12.0.0/16



A1sAUUR Interface 115U
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A1sAUUR Interface 115U
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Chapter 27: 27.4 Dynamic
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Chapter 27: 27.4 Dynamic
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¢, Chapter 27: 27.4 Dynamic
%2 4 Routing and Router
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7%, Chapter 27: 27.6 Autonomous
¢ System Concept
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7%, Chapter 27: 27.7 Two Type of
&4 Internet Routing Protocol
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Chapter 27: 27.7 Two Type of
Internet Routing Protocol
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Chapter 27: 27.7 Two Type of
Internet Routing Protocol
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Chapter 27: 27.7 Two Type of
Internet Routing Protocol

= 27.7.4 Optimum Routes, Routing Metrics and
IGP

= MTILEUNIVUAY IGP azlad Routing Metric

= EGP agllad

= tilavannusiaz AS 19f IGP ¢nvAu wazla Metric sinvfu Ligunsa
uaaumaule

= Gty EGP aglainenauun Optimal Path sfulaeviduniese
AaNALVINTU

Throughput = 15 Mbps



Chapter 27: 27.8 Routes and
Data Traffic
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Least Cost Path Algorithms

= Q51uavtdaaunii 18 18.12-18.13
= A31n Course Notes 3211 CPE 326

= A31n Course Notes 3211 CPE 231
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= ddav Algorithm nliiaeauviiauAu ual2ais
ATUIUANIAY
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« Afiatiluiinng Routing savuwuy

= Distance Vector Routing ag1a Bellman-Ford Algorithm

lunsil Router azuanildaua1519 Routing Table lawizAuiiauiinu
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RIP(Routing Information Protocol)

= Link-State Routing ag1af Dijkstra Algorithm
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1. n1sdvaiaya’ann Host uilv Milgdvdn Host 1ily Asziinmu Router
flatiauay Network mswuaum\mawnauwwmn Router 111911l
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2. Cost ﬁa’osumw Router 1duaznauluanttunavinnnu msuﬁuasj
Au Queue 1 Interface 2av Router duniv ‘Lilzddarane isausEnyg
a1 Cost 5211719 Router Mmaumauma Taalaf Cost Matrix



2. Cost M&v5211319 Router Mluazndulisinilusasvindu wiszduasi
Au Queue 7 Interface 2av Router siunv LuTadlaranie 1suaag
@1 Cost 511719 Router fifitduiziancna a2 Cost Matrix (W)
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Bellman-Ford Algorithm
Definitions

Find shortest paths from given node subject to
constraint that paths contain at most one link

Find the shortest paths with a constraint of paths
of at most two links

And so on

s = source node

w(i, j) = link cost from node i to node j
= Wi, i) =0
= W(i, j) = o if the two nodes are not directly connected
= W(i, j) = 0 if the two nodes are directly connected

h = maximum number of links in path at current
stage of the algorithm

L.(n) = cost of least-cost path from s to n under
constraint of no more than h links



Bellman-Ford Algorithm
Method

Step 1 [Initialization]

s Ly(n) =, foralln=s

=« L(s) =0, forallh

Step 2 [Update]

For each successive h >0

=« For each n # s, compute

s Ly M)=""TLN+wW(0,n)]; Vi

Connect n with predecessor node j that achieves
minimum

Eliminate any connection of n with different

predecessor node formed during an earlier
iteration

Path from s to n terminates with link from jton



Example: Bellman Ford ann Node
1 (h=0: Initialization: s=1)

L EngNeS

5 = y 1|2 (3|4 |5|6|7]|8]|9
R2
R4
S 4 2 2 3 o0 %) 0 6 %) 2 (%)
= SR =
2 iﬁ»‘ g 2 = 5 00 1 ) 00 ) )
2 ~— g
3 3 4 4 ) 4 1 5 00 ) ) )
4 1 3 3//3
R1 6 Rg_ 2 00 00 2 00 00 3 00 3
e s}% =5 R7

Cost R1 11nnq Node = Infinity
Lo(n)=00; n = 2,..,9: L,(1)=0

H
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Ol N|O 0|~ W N|[R
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N
N
8
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Example: Bellman Ford ann Node
1 (h=1: Initialization: s=1)

L EngNeE

R3

5 == y 1|2 |3 |4|5|6|7|8]|09
4 2 2 R4 i 3 00 00 00 6 00 2 00
1 R5 /5 —
2 I&j 1 2 2 = 5 ) 1 ) ) ) )
3 4 4 3 00 4 1 5 00 00 00 00
1 3 3//3
R£6'f§>_ 2 4 £ 0 2 00 0 3 00 3
S (=="R7
— 5
1 5 R9 5 00 2 2 & 4 1 e £0
: S
5 3L R3 z - 6 | 4| || |3 2 (1] =
N— 3
7 00 00 00 4 4 5 0 5
Cost R1 11nnq Node = Infinity 8 | 5| o | 0| o | | 1] 2

auaw Ly, (m=min[L()+wm,n)]

L,(2)=min;[Lo(j)+w(j,2)]; 1 = 1,..,9
=mln[LO(1)+W(112)1LO(Z)+W(212)IL0(3)+W(312)1IL0(9)+W(912)]
=min j = 1, path = 1-2, cost = 3

L,(3)=minj[Ly(3)+w(j,3)]; j = 1,..,9
=mln[LO(1)+W(1,3),LO(Z)+W(2,3),L0(3)+W(3,3),,L0(9)+W(9,3)]
=all infinity



Example: Bellman Ford ann Node
1 (h=2: n=2,3)

Lengme®

1 2 3 4 5 6 7 8 9
R4 1 3| 0| w|w| 6|« |2]w
= 2 | 2 5 | o | 1| | o |« |
3 o 4 1 5 0 o o0 0
3/ 3
4 | © | = | 2 w [ o[ 3| | 3
JrRol 85| ~|2]|2]« 4 | 1| |
= 6 | 4| | | |3 2 | 1|
7| || ~|a4|a]|s v | 5
Cost R1 11l Node 3,4,5,7,9= Infinity 8| 5| o | o | || 1] 2
L,(2)=3; L,(6)=6; Li(8)=2;:L,(1)=0 [ T-1-131-1=-13 3

auaw Ly, (m=min[L,()+wm,n)]

L(2)=minL,G)+w(j,2)]; j = 1,.,9
=mln[Ll(1)+W(1,2),LI(Z)+W(2,2),L1(3)+W(3,2),,L1(9)+W(9,2)]
=min j = 1, path = 1-2, cost = 3

L,(3)=minj[L,(§)+W(j,3)]; j = 1,...9
=mln[Ll(1)+W(1,3),Ll(Z)+W(2,3),L1(3)+W(3,3),,L1(9)+W(9,3)]
=min j=2, path = 1-2 plus 2-3 = 1-2-3, cost = 3+5=8



<%, Example: Bellman Ford ann Node
hoit 1 (h=2: n=5,7)

1 2 3 4 5 6 7 8 9

R4 1 3| w0 ||| 6|«|2]

= 2 | 2 5 | o | 1| | o |« |

3 3l 3|« | 4 1 (5| o | oo ]|

4 | » | » | 2 w [ o[ 3| | 3

JrRol 85| ~|2]|2]« 4 | 1| |

@ 6 4 0 0 o0 3 2 1 o0

7| || ~|a4|a]|s v | 5

Cost R1 11l Node 3,4,5,7,9= Infinity 8| 5| o | o | || 1] 2
L,(2)=3; L,(6)=6; Li(8)=2;:L,(1)=0 [ T-1-131-1=-13 3

auaw Ly, (m=min[L,()+wm,n)]

Ly(5)=min[L;G)+w(,5)]; j = 1,..,9
=min[L1(1)+W(115)1L1(2)+W(215)IL1(3)+W(315)I'"IL1(6)+W(615)I"IL1(9)+W(915)]
=min(3+1,6+3)=4 (j=2, path = 1-2-5, cost = 4)

Lo(7)=minj[L,(§)+W(j,7)]; § = 1,..,9
=min[L,(1)+w(1,7),L,(2)+w(2,7),...,L1(6)+wW(6,7),...,L{(9)+wW(9,7)]
=min j=6, path = 1-6 plus 6-7 = 1-6-7, cost = 6+2=8



7%, Example: Bellman Ford ann Node
%t 1 (h=2: n=6)

1 2 3 4 5 6 7 8 9

R4 1 3| 0| w|w| 6|« |2]w

= 2 | 2 5| o [ 1| o | o[ o]w

3 3l 3| | 4 1 | 5| o | o | o[

4 | » | » | 2 w [ o[ 3| | 3

JrRol 85| ~|2]|2]« 4 | 1| |

= 6 | 4| | | |3 2 | 1|

7| || ~|a4|a]|s © | 5

Cost R1 1i1nng Node = Infinity 8| 5| o | o | || 1] 2
L,(2)=3; L,(6)=6; Li(8)=2;:L,(1)=0 [ T-1-131-1=-13 3

auaw Ly, (m=min[L,()+wm,n)]

Ly(6)=min[L,(§)+W(j,6)]; j = 1,..,9
=min[L,(1)+w(1,6),..., L;(8)+w(8,6),..,L,(9)+w(9,6)]
= j=8; Path 1-8+8-6 gnn71 Path 1-6



Example: Bellman Ford ann Node
1 (h=2: n=8)

& .
Lengme®

1 2 3 4 5 6 7 8 9

1 3 oo o0 o0 6 o0 2 o0

2 | 2 5| o [ 1| o | o[ o]w

3 o 4 1 5 0 o o0 o0

4 | » | » | 2 w [ o[ 3| | 3

5 0 2 2 0 4 1 o0 o0

6 | 4| © | | =« | 3 2 | 1|

7| || ~|a4|a]|s © | 5

Cost R1 1i1nng Node = Infinity 8| 5| o | o | || 1] 2
L,(2)=3; L,(6)=6; Li(8)=2;:L,(1)=0 [ T-1-131-1=-13 3

auaw Ly, (m=min[L,()+wm,n)]

L(8)=minLy()+w(i,8)]; i = 1,..,9
=min[L,(1)+w(1,8),..., L;(6)+w(6,8),..,L,(9)+w(9,8)]
=Path ilaau |

Aol Nn=9 wul1 Path 1-8-9 fiaduit@ad 2 Hop



Example: Bellman Ford ann Node
1 (h=3)

& -
Lengme®

1 2 3 4 5 6 7 8 9
1 3 o0 o o0 6 o 2 o0
2 2 5 00 1 0 0 o0 o
3 o0 4 1 5 o0 oo o0 o0
4 | » | » | 2 0o | o | 3| |3
5 0 2 2 0 4 1 0 o0
6 | 4| © | | =« | 3 2 | 1|
7| || ~|a4|a]|s © | 5
Cost R1 1ud Node 4 = Infinity 8| 5| « | | o ]| 1]« 2
L,(2)=3; Ly(3)=7; L,(5)=4; L,(6)=6 o | oo lolalalolsls
L,(7)=8; L2(8)=2; L,(9)=4: L,(1)=0

auas Ly, (m=min[L,()+wm,n)]

L3(5)=m|n][L2(J)+W(J15)]IJ = 11"19
=min[LZ(1)+IW(115)IL2(2)+W(215)IL2(3)+W(315)I"IL1(9)+W(9I5)]
=Path hitdau

Path "lu R7 "hitd&eau wida Path 1-2-5-7 azwvindu

Path 11 R3 wl&au ann 1-2-3 1ilu 1-2-5-3, Path R4 = min(1-2-3-4,1-8-9-4)



1 (h=4)

11234 |5(6|7 |89
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2 (2| - | 5| o | 1| | o[ x|«
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Algorithm azugaiiiadesituru Hop geaauas NW

Algorithm susaa1uatlauinnaz'lis Topology 1nanissuziaygaann Node
(Y P=] (X Q/ ¥ a6 1

2iN9taey waun Update ans1rvaasaitas 1iaaladai Cost nanin



Dijkstra’s Algorithm
Definitions

= Find shortest paths from given source node to all other
nodes, by developing paths in order of increasing path
length

= N = set of nodes in the network
= S = source node
= T = set of nodes so far incorporated by the algorithm
= W(i,j) = link cost from node i to node j
= W(,i)=0
= W(i, j) = = if the two nodes are not directly connected
= W(i, j) = 0 if the two nodes are directly connected

= L(n) = cost of least-cost path from node s to node n
currently known

= At termination, L(n) is cost of least-cost path from s to n




Dijkstra’s Algorithm Method

Step 1 [Initialization]

= T = {s} Set of nodes so far incorporated consists of only source

node

= L(n) =w(s,n) forn#s

= Initial path costs to neighboring nodes are simply link costs
Step 2 [Get Next Node]

= Find neighboring node not in T with least-cost path from s

= Incorporate node into T

= Also incorporate the edge that is incident on that node and a
node in T that contributes to the path

Step 3 [Update Least-Cost Paths]
= L(n) = min[L(n), L(X) + w(x, n)]forallne T
= If latter term is minimum, path from s to n is path from s to x
concatenated with edge from x to n
Algorithm terminates when all nodes have been added to T




Example: Dijkstra aan Node 1

(T={1})

. == . 1| 2|3|4|5|6]7
4 2 2 R4 1 3| o ||| 6|«
A ,
5 1 i% == 2 | 2 5| o | 1| o | «
3 4 4 3| | 4 1| 5| | =
1 3 3 3
R6 /] 2 4 00 00 2 00 0 3
= (==Y R7
Y 5 — = 5 Rro |5 |~|2]|2]-= a | 1
5 SR8 2 = 6 | 4| || =|3 2
N 3
7 o0 ) o0 4 4 5
T={1}, L(2)=3,L(3)=inf,L(4)=inf, 8| 5w |w|w|w]1]«
L(5)=inf,L(6)=6,L(7)=iInf,L(8)=2, o | o | =l =13]l=1=13
L(9)=inf



Example: Dijkstra aan Node 1

(T={1})

5 S—

T={1}, L(2)=3,L(3)=inf,L(4)=inf,

Ol N|O 0|~ W N|[R
8
N
N
8
D
-

L(5)=inf,L(6)=6,L(7)=inf, L(8)=2,
L(9)=inf

Min = L(8) &viiuiin Node 8 18%u T; T={1,8}
L(n) = min[L(n), L(8) + w(8, n)] forallnnotin T
T={1,8}, L(2)=3,L(3)=inf,L(4)=inf,
L(5)=inf, L(6)=3, L(7)=inf,L(8)=2,

L(9)=4



Example: Dijkstra aan Node 1

(T=1{1,8})

5 = ) 1| 2|(3|4|5]|6]7
4 2 2 R4 1 3| o ||| 6|«
5 :
2 ! ji%: b;% 2 2 5 % 1 o0 =
3 > 4 4 3 3 | - | 4 1 | 5| © |
R6 /] 3 3 4 00 ) 2 00 0 3
= 2 = RT
4 AN T, /RO | 2|2~ 411
5 R8 23 6 | 4| || |3 2
7 o0 ) o0 4 4 5

T={1,8}, L(2)=3,L(3)=inf,L(4)=inf, | g |5 | « |« | « | 1] «
L(5)=inf,L(6)=3,L(7)=inf, L(8)=2, 0| =l =lol3l=]=]|3

L(9)=4

Min = L(2) sviiuiin Node 2 18%u T; T={1,2,8}
L(n) = min[L(n), L(2) + w(2, n)] forallnnotin T
T={1,2,8}, L(2)=3, L(3)=8, L(4)=inf,
L(5)=4, L(6)=3, L(7)=inf, L(8)=2,

L(9)=4



Example: Dijkstra aan Node 1
(T={1,2,8})

R3

T={1,2,8}, L(2)=3, L(3)=8,L(4)=inf,

L(5)=4, L(6)=3, L(7)=inf, L(8)=2,

Ol N|O 0|~ W N|[R
8
N
N
8
D
-

L(9)=4

Min = L(6) sviiuiin Node 6 1&%u T; T={1,2,6,8}
L(n) = min[L(n), L(6) + w(6, n)] forall n notin T
T={1,2,6,8}, L(2)=3, L(3)=8, L(4)=inf,
L(5)=4, L(6)=3, L(7)=5, L(8)=2,

L(9)=4



Example: Dijkstra aan Node 1
(T={1,2,6,8})

T={1,2,6,8}, L(2)=3, L(3)=8,L(4)=inf,
L(5)=4, L(6)=3, L(7)=5, L(8)=2,

Ol N|O 0|~ W N|[R
8
N
N
8
D
-

L(9)=4

Min = L(5) u3a L(9) Ale duifuiin Node 5 1&%u T; T={1,2,5,6,8}
L(n) = min[L(n), L(5) + w(5, n)] forallnnotin T

T={1,2,5,6,8}, L(2)=3, L(3)=6, L(4)=inf,

L(5)=4, L(6)=3, L(7)=5, L(8)=2,

L(9)=4



Example: Dijkstra aan Node 1
(T={1,2,5,6,8})

T={1,2,5,6,8}, L(2)=3, L(3)=6, L(4)=inf,

Ol N|O 0|~ W N|[R
8
N
N
8
D
-

L(5)=4, L(6)=3, L(7)=5, L(8)=2,
L(9)=4

Min = L(9) &vifuiin Node 9 1&%u T; T={1,2,5,6,8,9}
L(n) = min[L(n), L(9) + w(9, n)] foralln notin T
T={1,2,5,6,8,9}, L(2)=3, L(3)=6, L(4)=7,

L(5)=4, L(6)=3, L(7)=5, L(8)=2,

L(9)=4



Example: Dijkstra aan Node 1
(T={%1,2,5,6,8,9})

T={1,2,5,6,8,9}, L(2)=3, L(3)=6,
L(4)=7, L(5)=4, L(6)=3, L(7)=5,

Ol N|O 0|~ W N|[R
8
N
N
8
D
-

L(8)=2, L(9)=4

Min = L(7) &viiuiin Node 7 1du T; T={1,2,5,6,7,8,9}
L(n) = min[L(n), L(7) + w(7, n)]forallnnotinT
T={1,2,5,6,7,8,9}, L(2)=3, L(3)=6, L(4)=7,

L(5)=4, L(6)=3, L(7)=5, L(8)=2,

L(9)=4



Example: Dijkstra aan Node 1
(T={1I2I5I6I7I8I9})

1 2 3| 4 5 6 7

T={1,2,5,6,7,8,9}, L(2)=3, L(3)=6,

Ol N|O 0|~ W N|[R
8
N
N
8
D
-

L(4)=7, L(5)=4, L(6)=3, L(7)=5,
L(8)=2, L(9)=4

Min = L(3) svifuiin Node 3 1&%u T; T={1,2,3,5,6,7,8,9}
L(n) = min[L(n), L(3) + w(3, n)] forallnnotin T
T={1,2,3,5,6,7,8,9}, L(2)=3, L(3)=6, L(4)=7,

L(5)=4, L(6)=3, L(7)=5, L(8)=2,

L(9)=4



Example: Dijkstra aan Node 1
(T=1{%,2,3,5,6,7,8,9})

1 2 3| 4 5 6 7

3 () () %) 6 ()

2 = 5 00 1 00 00

T={1,2,3,5,6,7,8,9}, L(2)=3, L(3)=6,
L(4)=7, L(5)=4, L(6)=3, L(7)=5,

Ol N|O 0|~ W N|[R
8
N
N
8
D
-

L(8)=2, L(9)=4

Min = L(4) svifuin Node 4 1&%u T; T={1,2,3,4,5,6,7,8,9}
L(n) = min[L(n), L(4) + w(4, n)] forallnnotin T
T={1I2I3I4I5I6I7I8I9}I L(2)=31 L(3)=61 L(4)=7I
L(5)=4, L(6)=3, L(7)=5, L(8)=2,

L(9)=4



Example: Dijkstra aan Node 1
(T={%,2,3,4,5,6,7,8,9})

1 2 3 4 5 6 7
1 3 o0 o0 o 6 P
2 | 2 5| o | 1] o [ e
3| | 4 1 | 5| « | =
4 | » | » | 2 ©° | © | 3
5| | 2| 2| 4 (1
6 | 4| © | o | o[ 3 2
7| | x| ~|4]| 4|5
8 [ 5| o | o[ o[ w ]| 1]«
9 [ 0o | w0 | o[ 3w ]| |3

T={1I2I3I4I5I6I7I8I9}I L(2)=3l L(3)=6I L(4)=7I
L(5)=4, L(6)=3, L(7)=5, L(8)=2,
L(9)=4
Algorithm Terminates
Dijkstra azfruralscaiias Topology uav Network
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= Week 13 IP Routing II:
BGP/RIP/OSPF and Multicast
Protocols
» Chapter 27:27.9-27.16 + Extra Notes

. BGP
« RIP
. OSPF

=« Subnet and VLAN
= Switch Layer 3




