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CHAPTER 4
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Routing Algorithms

< Routing Metrics

< Forwarding vs. Routing

< Routing Protocol Goals

< Routing Tables

+%* Distance Vector Routing/Bellman-Ford

+%* Link State Routing/Dijkstra
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Network Layer: Path Determination
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Metrics
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Example of simple routing tables

Routing Protocol Metrics:
+ Hop count
+ Bandwidth
+ Delay
+ Reliability
+ Load
+ Cost

Router Operation

+ The best path between networks is determined by a routing metric.
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Example of simple routing tables

B routing table

A routing table

173.0.0.2 next hop B

173.65.8.2 next hop D

C routing table

173.65.8.2 next hop E

173.65.7.3 next hop C

173.65.8.2 next hop B

0.0.0.0 default rout C

173.32.8.1 next hop Al

173.11.7.4 next hop Al

0.0.0.0 default rout F

0.0.0.0 default rout D

E routing table

173.65.8.2 next hop F

F routing table

0.0.0.0 default rout A

173.65.8.2 next hop B

173.58.0.2 next hop E|

0.0.0.0 default rout B

173.65.8.2

D routing table

173.9.3.2 next hop C

173.65.8.2 next hop Ul

173.3.33.5 next hop B

0.0.0.0 default rout F

10
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Example of simple routing tables

Each router interface must have a separate network or subnetwork address.

" https://manara.edu.sy/

[y
dugill c¥gS5i9 s Bl ial
Optimal Route Ji¥! Gkl >

I seall e bl 03y Jlas¥ Gyl Juandl e dgumondl 4408 (2 duzstll Soliaslgs oo Ll v/
Metric fal)Ldl e daiaig cd

Jal oo 2ll3g 61 Calual 6T of asgss @1 oills aSad) ldlaat Tas dm gl iyl s oSes v
el Ladl wgss

Simplicity and Efficiency adlaally g udl >
Bagizme 3l5e 93 sl e Jani (3 B3zmil) dugill Siloa e il e ey g dala dady V)
Robustness &li| »

gl Jlsb i S Sl sl 55/ Jead o s > v
o pé ] ol Al el Chgls oliadl Mo/ Jss ™

12 https://manara.edu.sy/



o g1ll =N 9S00 Bl uaal
Rapid Convergence as,ud! oyladl| >
g Sy opladll iy of amy V7
Led ad Grgas day ASead!| Lo odgils e 3870 85aY) oo degazl Aoy udl/byuall ™

Flexibility 49,L| >
il Logy /5 Lingl Calizea pe 3a3ully myedl caSall v/

13 https://manara.edu.sy/

P

Forwarding vs. Routing
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Routing Tables
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Routing metric 4.9l AolyLs ®
Outbound interfaces 4>l il >l ©

15 https://manara.edu.sy/
Routes and Metrics 2 Sie 4
Web Server (B)
PC (A)
Packet Ll

Route 1: A->1->2->4->6->B
Route 2:.A->1->3->5->6->B
Route 3: A->1->2->5->6->B
Route 4:A->1->3->5->2->4->6->B
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Routing TableoFZ-
6 Forwardto4 CostB

Routes and Metrics

Routing Table of 1

Routing Table of 4
6 Forwardto6 Cost C

6 Forwardto 2 CostA

5 Forward to 3 Cost A

2 4
Packet Packet
Web Server (B)
PC (A)
— : -
Packet | [ Packet Packet
3 5
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Static Route Operation %\7

Hoboken (config) #ip route 172.16.1.0 255.255.255.0 sl

command destination sub mask gateway
network
Hoboken (config) #ip route 172.16.5.0 255.255.255.0 s0
command destination sub mask gateway
network

* If the exit interface (gateway) is “down” the static route will
not be put in the routing table.
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Static Route Operation %V

Hoboken (config) #ip route 172.16.1.0 255.255.255.0 172.16.2.1

command destination sub mask gateway
network
Hoboken (config) #ip route 172.16.5.0 255.255.255.0 172.16.4.2
command destination sub mask gateway
network

° If the router cannot reach the outgoing interface that is being used in the
route, the route will not be installed in the routing table.

° This means if that interface is down, the route will not be placed in the
routing table.
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Distance Vector Routing
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Optimum 1-hop paths 1 a}[a.-zﬂ a8 led| tl"":“" ‘L.i-"'j-ﬁ‘ O Jle

| Table for A | Table for B |
A A

A 0 A 4

B 4 B B 0 B

C 0 - C ®© -

D 0 - D 3 D

E 2 E © -

F 6 F F 1 F

Table for C Table for D Table for E Table for F
A o0 - A © A 2 A A 6 A
B o0 - B 3 B B o - B 1 B
C 0 C C 1 C c 0 - C 1 C
D 1 D D 0 D D o D © -
E 0 - E ®© - E 0 E 3 E
F 1 F F © - F 3 F F 0 F
27
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Optimum 2-hop paths 2 ajbz'n a8l &L"“h ‘L.i-‘."j-ﬁ‘ o Jls

| Table for A | Table for B |

A 0 A A 4 A
B 4 B B 0 B
C 7 F C 2 F
D 7 B D 3 D
E 2 E E 4 F
F 5 E F 1 F
Table for C Table for D Table for E Table for F
A 7 F A 7 B A 2 A A 5 B
B 2 F B 3 B B 4 F B 1 B
C 0 C C 1 C Cc 4 F C 1 C
D 1 D D 0 D D £ - D 2 C
E 4 F E © - E 0 E 3 E
F 1 F F 2 C F 3 F 0 F
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Optimum 3-hop paths 3 a}h.-zjl a8 led| tl"":“" ‘L.i-"'j-ﬁ‘ O Jle

| Table for A | Table for B |

A 0 A A 4 A
B 4 B B 0 B
C 6 E C 2 F
D 7 B D 3 D
E 2 E E 4 F
F 5 E F 1 F
Table for C Table for D Table for E Table for F
A 6 F A 7 B A 2 A A 5 B
B 2 F B 3 B B 4 F B 1 B
C 0 C C 1 C C 4 F C 1 C
D 1 D D 0 D D 5 F D 2 C
E 4 F E 5 C E 0 E E 3 E
F 1 F F 2 C F 3 F F 0 F
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Jlis :Link State dlo ol Ul> cous dx o]

Age Age Age Age Age Age
Vv 3 u 3 U 2 Vv 1 \ 2 w 4
w 2 X 1 X 1 w 1 X 1 X 5
y 2 z 4 Yy 4 z 7 y 7
Z 5
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Dijsktra’s Algorithm

Initialization:
S ={u}
for all nodes v
if v adjacent to u {
D(v) = c(u,v)
else D(v) = «

Loop
find w not in S with the smallest D(w)
addwto S
update D(v) for all v adjacent to w and not in S:
D(v) = min{D(v), D(w) + c(w,V)}
13 until all nodes in S
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JUs :Dijkstra 4,9
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* Shortest-path tree from A ® Forwarding table atA

link

(AB)
(AF)
(AF)
(A.B)
(A.B)
(AF)
(AF)

T o o o m M w
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V6 Routing table
(2-hop)
Des Cost N. hop
S 6 V5
V1 oo -
V2 4 V4, V11
V3 4 V4
V4 2 V4
V5 3 V5
V6 0 V6
V7 6 V9
V8 oo -
V9 4 V9
V10 5 V9
Vil 1 V11
V12 2 V11
V13 5 V12
50 V14 https://m&8a.edu.sy/ -
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