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< 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

+ Hop count
+ Bandwidth
+ Delay

+ Reliability
+ Load

+ Cost

Routing Protocol Metrics:

Router Operation

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

A routing table

B 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

173.32.8.1 next hop A

173.11.7.4 next hop A

0.0.0.0 default rout C

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

est. U2
173.65.8.2

D routing table

173.9.3.2 next hop C

173.65.8.2 next hop Ul

173.58.0.2 next hop E|

173.3.33.5 next hop B

0.0.0.0 default rout 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.
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Forwarding vs. Routing
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Routing Tables
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Static Route Operation

L ~ N
) B
oY =Y %" =
< <& o o
S ) ~ -~
=
starling Y

172.16.1.1 172.18.31 1721851
24 i24

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 exitinterface (gateway) is “down” the static route will not be putin the

routing table.
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Static Route Operation

—
sterling

Hoboken (config) #ip route 172.16.1.0 255.255.255.0 172.16.2.1
command destination sub mask gateway
nebtwork
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 ajla:d‘ radlud tw“'.‘ 41‘.’5-7-” O JL'F.A

| 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 0 - B 1 B
C 0 C C 1 C C 0 - C 1 C
D 1 D D 0 D D 0 - D © -
E 0 - E ®© - E 0 E 3 E
F 1 F F © - F 3 F 0 F
25
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Optimum 2-hop paths 2 aj.‘a.zﬂ sl &L"“h ‘L.i-‘."j-ﬁ‘ O JL’LA

| 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 C 4 F C 1 C
D 1 D D 0 D D 0 - D 2 C
E 4 F E © - E 0 E 3 E
F 1 F F 2 C F 3 F 0 F

26 https://manara.edu.sy/



Py

Optimum 3-hop paths 3 a}baj‘ radlud Zw“'.‘ ‘L.‘.’j-ﬁ‘ O JL'F.A

| 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
27 https://manara.edu.sy/
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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 notin S:
D(v) = min{D(v), D(w) + c(w,v)}
13 until all nodes in S

HB@CD\IO?(N-DOONH

[EEN
N
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Jl :Dijkstra 4w, 95

* Shortest-path tree from A * Forwarding table atA

link

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

T o o o m MM 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
48 V14 https://m&T8a.edu.sy/ -
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Des

A%
V2
V3
\Z3
V5
V6
V7
V8
V9
V10
V11
V12
V13

Cost

w N N O b

2

NTPS:/ / manara.eau.sy/

i

6)liall

A* a3 |55

https://manara.edu.sy/

52



Y

6)lioJl

A* da)yl g5

obedl Blas 8 21 Ll slmyly BLASTN § Rouserad) cliahylssll paly s il oo Basly 2 >
3sadl iy &ymess (NPCs) dalll limieds Jazel: guuadl ciladi v/
(3 e o 52 plos¥ 5laely) alo33¥1 Blels po Gyl gl (e sstall: GPS Lail 5 v/
Sym) s oozl Sligagdl V)
lalall 31 ol clag, caSe Jo Jia 381 J> v

hus Aadiy Lyl Aladi (ny sl el e G 483 Apapyles (b Ablugy >

ion] ontsanslas 3o sl op pazs P
233 093 Dlalami¥) ez § Lo LS jline yuadl alm] casias : 1AuSals 2paplss Y

plasiunly Budl g 8ydlie 4w LY fus EETyon (Gre{edy Best-FirstSearch): aekall/aduxll 445195 v
Ldas pnd¥ Ll axs Y s (L] ‘L_S.S " Caes”

https://manara.edu.sy/ 53

[

é)liall

A* dn)ylg>

Aelisl oy @l Led) syazes § sueLuell heuristic function 4 ,,ua5/400a,) 20ls A* ausiud >
1@ Uslall oda . Jead¥1 05Ky o daizmll o slas (61 eusind Aagan Uslas piieiad @ >
f(n) = g(n) + h(n)
J81 Lt 1 suzall st Lol 2uaylaidl Jolousy sudall se oy ) lueld "2 dlasyll Aypuazll 22K :f(n)
f(n) 2eis
(J2ally deglaall 2aludl J1s) (n) 3uaall ) Alad) Aass oo Joumgll 289 all "dulasll 461" 2 :g(n)
Aaplsll 63 s ga lia ol J)(n) Badall oo aall 2Kl (§3 cneis Py "Ll I a:h(n)

https://manara.edu.sy/ 54



P

9)liall

A* dail95

Ayl e (B) iucte J) (A) Tt e Ja s bl Juis
() el gl J) (A) (5o Jrdlls Ltalad 01 Aulaall 8Ll i g(n) 1
(B) Age I (n) At gl (0 (0pess) eudions bas 3 a8Ludl:h(n) 2

(F) yso Letd 1 () Aapal) Lasls Lt Apapylsiell A ppanl] Aslally 2lasll 2oLkl goazma f(n) .3
U3 g LaLasid

Uil o G 45 3iaS f(n)-score 51 clles I sudall J) Jlandly susall sic f(n) colus Logs o :alasdle

dadlsaaadl
https://manara.edu.sy/ 55
x R P
A 4L:.A))|5_‘> O JLLA doola
Adpazenll A1 J Sudl A il de (o Jgumgll 393

h(n)

g(n)

56 https://manara.edu.sy/



Step-01:

/

* We start with node A.
* Node B and Node F can be reached from

node A.

A* Algorithm calculates f(B) and f(F).
*f(B)=6+8=14

*f(F)=3+6=9

Since f(F) <f(B), so it decides to go to node F.

Path-A—F

P

9)liall

Node | h-score

g-score | f-score

parent

>

10

0 10

8

6 14

A

- T mMmO(O|®

[
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Step-02:
Node G and Node H can be reached from node F.

A* Algorithm calculates f(G) and f(H).

(€]
3

f(G)=(3+1) +5=9

h-score | g-score | f-score | parent

of(H)=(3+7)+3=13

10

0 10

8

6 14

A

Since f(G) < f(H), so it decides to go to node G.

Path-A - F - G

v (o

3+1=4 9

m

3 3+7=10 13

[
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Step-03:

Node | can be reached from node G.

A* Algorithm calculates (). Node h-slcore g-score f-s;:ore parent
fl)= (3+1+3)+1=8 & 0 L 0 -
It decides to go to node I. : 8 6 14 A
C
Path-A—F—G— 1 D
E
F 6 3 9 A
G 5 3+1=4 9 F
H 3 3+7=10 13 F
I 1 |3+143-7| 8 |
) |
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Step-04:
Node E, Node H and Node | can be reached from
node I.
A* Algorithm calculates f(E), f(H) and f()). Node | h-score g-score f-score | parent
® f(E) = (3+1+3+5) +3=15 10 0 10
o f(H) = (3+1+3+2) +3=12 L .
*£() = (3+1+3+3) +0=10 B 8 6 14 A
C co
Since f()) is least, so it decides to go to node . D
E 3 12 15 |
Path-A—>F—>G—1—) 3 6 3 9 A
G 5 3+1=4 9 F
H 3 3+7=10 13 F
3 3+1+3+2=9 12 |
| 1 3+1+3=7 8 G
J 0 10 10 |
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R
A* da)ylss (e Jlie faoia

This is the required shortest path from node A to node J.
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Node | h-score | g-score | f-score | parent
A 11 0 11 -
B 10 7 17 A
C 6 4 10 A
D
E
F
G
H
|
J
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Node | h-score | g-score | f-score | parent
A 11 0 11 -
B 10 7 17 A
C 6 4 10 A
D
E 5 4+1=5 10 C
F 7 4+5=9 16 C
G
H
|
J
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Node | h-score | g-score | f-score | parent
A 11 0 11 -
B 10 7 17 A
C 6 4 10 A
D
E 5 4+1=5 10 C
F 7 4+5=9 16 C
G
H
| 3 8 11 E
J
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Node | h-score | g-score | f-score | parent
A 11 0 11 -
B 10 7 17 A
C 6 4 10 A
D
E 5 4+1=5 10 C
F 7 4+5=9 16 C
G
H 0 11 11 |
| 3 8 11 E
J 7 13 20 |
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