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Some of these slides are part of the computer networking a top down 
approach featuring the Internet associated slides (All material copyright 
1996-2002 J.F Kurose and K.W. Ross, All Rights Reserved). Thanks also
to Giuseppe Bianchi, Antonio Capone, Francesco Lo presti.
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-Receives the packet
-Based on a routing table and the destination 
address, computes the ‘next hop’ to the 
destination
-Forwards the packet to the next hop
-The process of computing and maintaining 
the routing table is called Routing
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forwarding
Routing table
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ATM
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Model
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constant
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1  Initialization:
2    N = {A} 
3    for all nodes v 
4      if v adjacent to A 
5        then D(v) = c(A,v) 
6        else D(v) = infinity 
7 
8   Loop
9     find w not in N such that D(w) is a minimum 
10    add w to N 
11    update D(v) for all v adjacent to w and not in N: 
12       D(v) = min( D(v), D(w) + c(w,v) ) 
13    /* new cost to v is either old cost to v or known 
14     shortest path cost to w plus cost from w to v */ 
15  until all nodes in N
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1  Initialization: 
2   for all adjacent nodes v: 
3      D  (*,v) = infinity        /* the * operator means "for all rows" */ 
4      D  (v,v) = c(X,v) 
5   for all destinations, y 
6      send min  D  (y,w) to each neighbor  /* w over all X's neighbors */

X
X

X
w

���
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8  loop
9    wait (until I see a link cost change to neighbor V 
10         or until I receive update from neighbor V) 
11 
12   if (c(X,V) changes by d) 
13     /* change cost to all dest's via neighbor v by d */
14     /* note: d could be positive or negative */ 
15     for all destinations y:  D  (y,V) =  D  (y,V) + d
16 
17   else if (update received from V wrt destination Y) 
18     /* shortest path from V to some Y has changed  */
19     /* V has sent a new value for its  min   DV(Y,w) */ 
20     /* call this received new value is "newval"     */ 
21     for the single destination y: D  (Y,V) = c(X,V) + newval
22 
23   if we have a new min   D  (Y,w)for any destination Y 
24 send new value of min   D  (Y,w) to all neighbors 
25 
26  forever

w

XX

X
X

X

w
w
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D  (Y,Z)
X c(X,Z) + min  {D  (Y,w)}w=

= 7+1 = 8

Z

D  (Z,Y)
X c(X,Y) + min  {D  (Z,w)}w=

= 2+1 = 3
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A B C

ED

Link 1 Link 2

Link 6

Link 3 Link 4 Link 5

dst hop lnk
A 0 loc

Router A
dst hop lnk
B 0 loc

Router B
dst hop lnk
C 0 loc

Router C
dst hop lnk
D 0 loc

Router D
dst hop lnk
E 0 loc

Router E

All routers start from empty tables

Router A emits message (A,0) to adjacent routers (B,D), which update table as:

dst hop lnk
B 0 loc

Router B

A 1 1

dst hop lnk
D 0 loc

Router D

A 1 3
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Link 1 Link 2

Link 6

Link 3 Link 4 Link 5

dst hop lnk
A 0 loc

Router A
dst hop lnk
B 0 loc

Router B
dst hop lnk
C 0 loc

Router C
dst hop lnk
D 0 loc

Router D
dst hop lnk
E 0 loc

Router E

A 1 3

New step: B propagates its
updated routing table to
neighbohrs A, C, E

dst hop lnk
B 0 loc

Router B

A 1 1

B 1 1 A 1 1 B 1 2
A 2 2

B 1 4
A 2 4
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A 0 loc

Router A
dst hop lnk
B 0 loc

Router B
dst hop lnk
C 0 loc

Router C
dst hop lnk
D 0 loc

Router D
dst hop lnk
E 0 loc

Router E

A 1 3

Step 3: D propagates its
routing table to A, E

dst hop lnk
D 0 loc

Router D

A 1 3

B 1 1 A 1 1 B 1 2
A 2 2

B 1 4
A 2 4D 1 3
D 1 6

Already
updated!
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dst hop lnk
A 0 loc

Router A
dst hop lnk
B 0 loc

Router B
dst hop lnk
C 0 loc

Router C
dst hop lnk
D 0 loc

Router D
dst hop lnk
E 0 loc

Router E

A 1 3

Step 4: A propagates its
routing table to B,D

B 1 1 A 1 1 B 1 2
A 2 2

B 1 4
A 2 4D 1 3
D 1 6

dst hop lnk
A 0 loc

Router A

B 1 1
D 1 3

D 2 1 B 2 3

...ETC ETC ETC...
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Link 3 Link 4 Link 5

dst hop lnk
A 0 loc

Router A
dst hop lnk
A 1 1

Router B
dst hop lnk

Router C
dst hop lnk

Router D
dst hop lnk

Router E

Step 5: C -> B, E
Step 6: E-> B, C, D
Step 7: B-> A, C, E

B 1 1 B 0 loc

D 1 3
C 2 1

E 2 1
D 2 1
C 1 2

E 1 4

A 2 2 A 1 3
B 1 2 B 2 3

D 2 5
C 0 loc

E 1 5
D 0 loc
C 2 6

E 1 6

A 2 4
B 1 4

D 1 6
C 1 5

E 0 loc

Link 6 under-utilized!!
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A B CLink 1 Link 2 D ELink 3 Link 4

dst hop lnk
A 0 loc

Router A
dst hop lnk
A 1 1

Router B
dst hop lnk

Router C
dst hop lnk

Router D
dst hop lnk

Router E

A 2 2 A 3 3 A 4 4

LINK 1 breaks

A B CLink 2 D ELink 3 Link 4

dst hop lnk
A 3 2

Router B
dst hop lnk

Router C
dst hop lnk

Router D
dst hop lnk

Router E

A 2 2 A 3 3 A 4 4

B does not get
updates from A,route
timeout.
Then updates
from B, that tell A=3!
Why? B believes that
there is a route through
C (but the route was
through B!!)

A 3 2 A 4 2 A 3 3 A 4 4

Next steps:

A 5 2 A 4 2 A 5 3 A 4 4

A 5 2 A 6 2 A 5 3 A 6 4

A 7 2 A 6 2 A 7 3 A 6 4
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Line CD goes down…

1) because of split horizon rule,
A and B tell C that dist(D)=inf

2) C concludes that D is unreachable 
and reports this to A and B

3) but A knows from B that dist(D)=2, and 
sets its dist=3

4) similarly, B knows from A distance from D…
C estimates new value 4; A and B again through C
estimate a value of 5….then again 1)
… etc until distance = infinite

Regardless the hack used, there is always a network topology
that makes the  trick fail! 
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•Just an attempt to speed up convergence 

•Whenever a gateway change the metric for a route it is required to 
send  an update message almost immediately (even if it is not time for 
the Regular periodic update message)

•���� In case of (and only if) changes modifying the best route or the best 
route metric value updates are sent����indeed trigger updates lead to a 
cacade of updates����fast convergence
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Command (1-6) Version (1) 0

Address family (2)

20
bytes

0

0

Metric

Up to 24 more routes
with same 20 bytes format

Command: 1=request to send all or part of the routing table; 2=reply 
(3-6 obsolete or non documented)
Address family: 2=IP addresses
metric: distance of emitting router from the specified IP address in 
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Figure 4.5.2-new2: BGP use for inter-domain routing  
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Figure 4.5-BGPnew: a simple BGP scenario 
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L���������X���''
�$��$$
������
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'�,
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Rete locale coincidente con rete / sottorete IP

IP-A:193.17.31.45
MAC-A: 00:9f:7a:89:90:7a

IP-B: 193.17.31.55
MAC-B: 05:98:76:6c:4a:7b

193.17.31.0

AB

1. L’entità IP di B deve 
spedire un pacchetto 
all’indirizzo IP-A

1. L’entità IP di B deve 
spedire un pacchetto 
all’indirizzo IP-A

2. B conosce l’indirizzo IP-
B della propria interfaccia 
e dal confronto con IP-A 
capisce che A si trova nella 
stessa rete

2. B conosce l’indirizzo IP-
B della propria interfaccia 
e dal confronto con IP-A 
capisce che A si trova nella 
stessa rete
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IP-A:193.17.31.45
MAC-A: 00:9f:7a:89:90:7a

IP-B: 193.17.31.55
MAC-B: 05:98:76:6c:4a:7b

193.17.31.0

AB

3. B consulta una tabella di
corrispondenza tra indirizzi 
IP e indirizzi della rete 
(indirizzi MAC nel caso di
rete locale) per reperire 
l’indirizzo MAC-A

3. B consulta una tabella di
corrispondenza tra indirizzi 
IP e indirizzi della rete 
(indirizzi MAC nel caso di
rete locale) per reperire 
l’indirizzo MAC-A

4. L’entità IP di B passa il 
pacchetto al livello inferiore 
che crea un pacchetto con 
destinazione MAC-A

4. L’entità IP di B passa il 
pacchetto al livello inferiore 
che crea un pacchetto con 
destinazione MAC-A

IP addr. MAC addr.
00:9f:7a:89:90:7a
...

193.17.31.45
...

��������	
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IP-A:193.17.31.45
MAC-A: 00:9f:7a:89:90:7a

IP-B: 193.17.31.55
MAC-B: 05:98:76:6c:4a:7b

193.17.31.0

AB

src-MAC=MAC-B, dst-MAC=MAC-A pacchetto IP

src-IP=IP-B, dst-IP:IP-A payload
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IP-B: 193.17.31.55
MAC-B: 05:98:76:6c:4a:7b

193.17.31.0 C

B
IP-C: 193.17.31.254
MAC-C: 99:8b:6f:ac:58:7f

1. L’entità IP di B deve 
spedire un pacchetto 
all’indirizzo IP-D=131.17.23.4

1. L’entità IP di B deve 
spedire un pacchetto 
all’indirizzo IP-D=131.17.23.4

2. B conosce l’indirizzo IP-
B della propria interfaccia 
e dal confronto con IP-D 
capisce che D NON si trova
nella stessa rete

2. B conosce l’indirizzo IP-
B della propria interfaccia 
e dal confronto con IP-D 
capisce che D NON si trova
nella stessa rete
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IP-B: 193.17.31.55
MAC-B: 05:98:76:6c:4a:7b

193.17.31.0 C

B
IP-C: 193.17.31.254
MAC-C: 99:8b:6f:ac:58:7f

3. B deve dunque inoltrare il 
pacchetto ad un router (di
solito è configurato un solo 
default router)

3. B deve dunque inoltrare il 
pacchetto ad un router (di
solito è configurato un solo 
default router)

4. B recupera l’indirizzo 
MAC del router nella 
tabella di corrispondenza e 
passa il pacchetto al livello 
inferiore

4. B recupera l’indirizzo 
MAC del router nella 
tabella di corrispondenza e 
passa il pacchetto al livello 
inferiore
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IP-B: 193.17.31.55
MAC-B: 05:98:76:6c:4a:7b

193.17.31.0 C

B
IP-C: 193.17.31.254
MAC-C: 99:8b:6f:ac:58:7f

5. il pacchetto viene 
construito e spedito 
sull’interfaccia

5. il pacchetto viene 
construito e spedito 
sull’interfaccia

src-MAC=MAC-B, dst-MAC=MAC-C pacchetto IP

src-IP=IP-B, dst-IP:IP-D payload
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���'���� �������� ��� �������� 
�
m �
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m �
���� �''���
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$$
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����������'��
$�� ��
���'������ ������
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r 	1���'�����-�X�)
$
���$�'�$�'���� ���LL�� ��
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����)
$� ,

r ����
�����'
���$�'�$�'�������� ��
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�$��$$
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�����$��� �,

r ��''���
)�''�� ������������������������ ��
 �$���
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�������+��B����,���'�������$��*��$��'
�
 �$���
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destination network next-hop
194.34.23.0
194.34.34.0
140.56.0.0
141.56.0.0
131.175.0.0
131.30.0.0 
… 
default

131.175.1.254
131.175.1.254
131.30.18.254
131.30.18.254
interface A
interface B
…
131.30.18.254

Rete 
131.30.0.0

Rete 
131.175.0.0

131.175.1.254
131.30.18.254

131.175.23.24 131.30.78.4

A B

Internet
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���������������
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'�� ��
������������
�
�+�� �����,� ����$�

IG

IG
IG

EG sottorete

rete: 131.175.0.0
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Network host

Network hostsottorete

1 1 1 1 1 1 1 …………………….…1 1 1 1 0 0 0 0 0 0 0 0
netmask
(maschera)

r 	1�� ���LL�� ��$���������*��������
*
���
 �*� �� ���'������� ������'��
� �����$� ������
�
� ���$�����������������*���
� �����$�

� La divisione viene determinata in modo 
flessibile mediante una netmask formata da una 
sequenza di 1 (che indicano la parte rete + 
sottorete) e una sequenza di 0 (che indicano la 
parte host)
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����'������ 
$��

IG

IG
IG

EG sottorete

rete: 131.175.0.0
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r -�_���������
'��'
����� 
$���
����$���
����
� � ������
*����������0����� �)�'����
�
�
� �����$�����
� ������������'��
���
''��
�'
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r ������'
����� 
$��*����� ��$�'������ ��
�
����
 ���� 
'��1 1 11 1 1 11 1 1 11 1 1 11 1 1 11 1 1 11 0 0 00 0 0 00

netmask: 255.255.255.0

rete: 131.175.0.0

sottoreti: 131.175.0.0, 131.175.1.0, …, 131.175.254.0, 131.75.255.0
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$�������������*
'���� ���� 
'����$$����

$$�� ������*
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'����
��*
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$����Z��$$������ ��
�
������'�
��� ���� �������$�����*��+���0�$$�,�

m �3�!�87!��!(H��

255 1 1 1 1 1 1 1 1
254 1 1 1 1 1 1 1 0
248 1 1 1 1 1 0 0 0
240 1 1 1 1 0 0 0 0
224 1 1 1 0 0 0 0 0
192 1 1 0 0 0 0 0 0
128 1 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0
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C$�� ���  � $�)��������+�,
r �� ���LL��������
���� �''
��������3�!89!(!(

r �����������
������������
'� ����7((���$��

r �� ���LL��������
���� �''
��������3�!89!(!(

r �����������
������������
'� ����7((���$��

r �'��
� ���������
��.�)��

r �:I7����;��� ��$��*����:�)��������'��
� ���
��$�

r ��� 
������8�)��������'�'
�$��������

r '
����� 
$�� �*�^� ��;���
*�����.J8I�3�)��1 1 11 1 1 11 1 1 11 1 1 11 1 1 11 1 1 01 0 0 00 0 0 00

255.255.254.0
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C$�� ���  � $�)��������+�,
r �'���� ���� ��$��������� �$����)�'��X��8I��9�
��
$���
������:�I7�(���$�

1 1 11 1 1 01 0 0 00 0 0 00

254 0

0 0 00 0 0 00 0 0 00 0 0 00 132.78.0.0/23

0 0 00 0 0 01 0 0 00 0 0 00 132.78.2.0/23

0 0 00 0 1 00 0 0 00 0 0 00 132.78.4.0/23

0 0 00 0 1 01 0 0 00 0 0 00 132.78.6.0/23

...
1 1 11 1 1 00 0 0 00 0 0 00 132.78.252.0/23

1 1 11 1 1 01 0 0 00 0 0 00 132.78.254.0/23
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C$�� ���  � $�)��������+�,
r �� ���LL��������
���� �''
���������9!�3�!(!(

r �����������
���
'� �����(((������'��$���������

r �� ���LL��������
���� �''
���������9!�3�!(!(

r �����������
���
'� �����(((������'��$���������

r �'��
� ���������
��.�)��

r ��(I�(����;��� ��$��*�����(�)��������'��
� ���
$�)���

r ��� 
������.�)��������'��
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r '
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$�� �*�^� ��;���
*�����.J�(I�.�
)��1 1 11 1 1 11 1 1 11 1 1 11 1 1 11 1 1 11 1 1 00 0 0 00

255.255.255.192
��������	
��� ��3�

C$�� ���  � $�)��������+�,
r �'���� ���� ����$��������
$���
� �''���(���
�����X��.�I.����$�

1 1 11 1 1 11 1 1 00 0 0 00

255 192

0 0 00 0 0 00 0 0 00 0 0 00 128.234.0.0/26

0 0 00 0 0 00 0 1 00 0 0 00 128.234.0.64/26

0 0 00 0 0 00 1 0 00 0 0 00 128.234.0.128/26

0 0 00 0 0 00 1 1 00 0 0 00 128.234.0.192/26

...
1 1 11 1 1 11 1 0 00 0 0 00 128.234.255.128/26

1 1 11 1 1 11 1 1 00 0 0 00 128.234.255.192/26
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�� ���LL�� �������*
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�
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��������������$�����'
�'�����LL
� �'��
� ���
����J$��������

interfaccia: ethernet 0
address: 131.175.21.96
netmask: 255.255.255.0

interfaccia: ethernet 0
address: 131.175.21.96
netmask: 255.255.255.0

network netmask next-hop

-- -- --

��������	
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L����� ��'����$�

router di
default
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m 
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(�������$
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%�-���� �$$
���0��� 
�
0 7  8 15 16 31

Route tag

IP address

Command (1-6) Version (2) routing domain

Address family (2)

20
bytes

Subnet mask

Next hop IP address

Metric

Up to 24 more routes
with same 20 bytes format

Most important modification: subnet mask (allows use with VLSM and CIDR)
Next hop address: specifies where packet should be sent when addressed to Ipaddr

details in RFC 1388
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$$�F�����
''��
�� ��������
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�*����0���'���#���$�$������
���������

r ���%� �'
$$'�$$��������� 
���%������
m �����������������0�
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���'�����

m 
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���������0�
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11001000  00010111 00010000  00000000
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interfaccia: (131.175.21.96) AND (255.255.255.0) = 131.175.21.0

destinazione: (131.175.21.77) AND (255.255.255.0) = 131.175.21.0
confronto 
positivo
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network netmask first hop
131.175.21.0 255.255.255.0 131.17.123.254
131.175.16.0 255.255.255.0 131.17.78.254
131.56.0.0 255.255.0.0 131.17.15.254
131.155.0.0 255.255.0.0 131.17.15.254
0.0.0.0 0.0.0.0 131.17.123.254

interface eth0
IP address 131.17.123.1
netmask 255.255.255.0

interface eth1
IP address 131.17.78.1
netmask 255.255.255.0

interface eth2
IP address 131.17.15.12
netmask 255.255.255.0

default router:
il confronto dà 
sempre esito 
positivo ma la 
netmask è lunga 0 
bit

��������	
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)�''�� ������������$�� ����+�,

network netmask first hop

131.175.15.0 255.255.255.0 131.175.21.1

131.175.16.0 255.255.255.0 131.175.21.2

131.175.17.0 255.255.255.0 131.175.21.3

131.180.23.0 255.255.255.0 131.175.21.4

131.180.18.0 255.255.255.0 131.175.21.4

131.180.21.0 255.255.255.0 131.175.21.4

131.180.0.0 255.255.0.0 131.175.21.5

0.0.0.0 0.0.0.0 131.175.12.254

131.175.21.86

interfaccia 1: 131.175.21.254, 255.255.255.0
interfaccia 2: 131.175.12.254, 255.255.255.0

��������	
��� ����

� 
)�''�� ������������$�� ����+�,

network netmask first hop

131.175.15.0 255.255.255.0 131.175.21.1

131.175.16.0 255.255.255.0 131.175.21.2

131.175.17.0 255.255.255.0 131.175.21.3

131.180.23.0 255.255.255.0 131.175.21.4

131.180.18.0 255.255.255.0 131.175.21.4

131.180.21.0 255.255.255.0 131.175.21.4

131.180.0.0 255.255.0.0 131.175.21.5

0.0.0.0 0.0.0.0 131.175.12.254

131.175.16.65

interfaccia 1: 131.175.21.254, 255.255.255.0
interfaccia 2: 131.175.12.254, 255.255.255.0

x
OK
x
x
x
x
x
OK
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� 
)�''�� ������������$�� ����+3,

network netmask first hop

131.175.15.0 255.255.255.0 131.175.21.1

131.175.16.0 255.255.255.0 131.175.21.2

131.175.17.0 255.255.255.0 131.175.21.3

131.180.23.0 255.255.255.0 131.175.21.4

131.180.18.0 255.255.255.0 131.175.21.4

131.180.21.0 255.255.255.0 131.175.21.4

131.180.0.0 255.255.0.0 131.175.21.5

0.0.0.0 0.0.0.0 131.175.12.254

131.180.21.78

interfaccia 1: 131.175.21.254, 255.255.255.0
interfaccia 2: 131.175.12.254, 255.255.255.0

x
x
x
x
x
OK
OK
OK

��������	
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)�''�� ������������$�� ����+�,

network netmask first hop

131.175.15.0 255.255.255.0 131.175.21.1

131.175.16.0 255.255.255.0 131.175.21.2

131.175.17.0 255.255.255.0 131.175.21.3

131.180.23.0 255.255.255.0 131.175.21.4

131.180.18.0 255.255.255.0 131.175.21.4

131.180.21.0 255.255.255.0 131.175.21.4

131.180.0.0 255.255.0.0 131.175.21.5

0.0.0.0 0.0.0.0 131.175.12.254

200.45.21.84

interfaccia 1: 131.175.21.254, 255.255.255.0
interfaccia 2: 131.175.12.254, 255.255.255.0

x
x
x
x
x
x
x
OK

��������	
��� ���8

4 �����������
r 	
����� 
$� ��Z��$$����*�$�
�����$�'����� ������ � ��
�������
�������
� ���$����������� 
���_���������
'��
��� ������ � ���������
���������0����*
��
)�'����
��'�
�
� �������� ���'��
� ���6�$���

r 5 � �
����'
����� 
$�  ��;���X���$$�)�'��
�
������
�����_��� ���LL������'
$$��������0��� 
���
��
��������_���
� ��

host

1 1 1 1 1 1 1 …………………….…1 1 1 1 0 0 0 0 0 0 0 0

Network

��������	
��� ���9

4 �����������
r 4 ��
 ��$�� ����$����$�'�� �$����)�'���� ���LL��
����'
$$��������
����
��LL
L������
�)�$�����
 ������
��(((��� ���LL��X���$$�)�'��
�
������
��������������'
$$�������������
�
0��� 
�����
�$��������������(����� ���LL��

1 1 00 0 0 10 0 0 10 0 1 11 1 0 00 1 0 00 0 0 00 0 0 00

193.23.136.0
193.23.137.0
193.23.138.0
193.23.139.0

193.23.136.0/22

1 1 11 1 1 11 1 1 11 1 1 11 1 1 11 1 1 00 0 0 00 0 0 00

��������	
��� ���:

%��������'
$$'�$$

r ����������$������
''
�$�������������
����
*����
��
����
�������
$���
� �''�����������'
$$��������
�
$�'
�����'
�$���������+���������'
$$'�$$,

r ����'1�� ���LL
� ������'
$$'�$$�'���'
$$�������
����
��_�$����0��
�������������� ���� ���LL��*�������

$$���
������ ����������� ���LL�J���� 
$�

r X���$$�)�'�� ��;���
$$���
��������� ���� ���� ���LL��
+�����L
� ���,����� � ��0'�$$�)�'�

r ��
�*�'�
�
$$���
����'�������� ���� ���LL��
''1��������
 �''
�����
����X���$$�)�'���$
�����1
'��
����� 
$��
��_�����
�����$�  �*� ����'
���������$��������

��������	
��� ��7(

� ����::�����������$���
���
r ��
����� ��B�
�$������0��'
$$�F�
  ��$$ $�
��

m In early years, Class B addresses given away!
m Unefficient division into A, B, C classes
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�Multiple class C allocation dramatic for routing tables
�necessary because of Class B exhaustion
�100.000 entries highly critical for performance

» 2M class C: WAY OUT of the capabilities of routing sw & hw

� Projections at the time
� End 1990: 2190 routes; end 1992: 8500 routes;
� End 1995 projection: 70000 routes (critical);
� End 1995 factual: 30000 routes thanks to 

classless routing
� Mid 1999: 50000 routes
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The Internet

ISP (Albacom)200.25.0.0/16

Organization A

200.25.16.0/21

ISP (Eunet)199.32.0.0/16

r At a point in time, organization A selects Eunet as new ISP!
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The Internet

ISP (Albacom)200.25.0.0/16

Organization A

200.25.16.0/21ISP (Eunet)199.32.0.0/16
200.25.16.0/21

r Then organization A keeps the same address block
m Eunet is in charge to advertise the new block, too, by injecting in the 

internet more specific route infos
m This has created a new entry in routing tables, to be solved with longest 

match
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193.23.138.128/25

193.23.139.0/25
193.23.139.128/25
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193.23.136.0/22
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1 riga per
193.23.136.0/22
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193.23.139.128/25

193.23.136.0/25

193.23.136.128/25

193.23.137.0/25

193.23.137.128/25

%��������'
$$'�$$
r C$�� ���  � ��
���$$�)�'��
����������
�

IG

IG
EG

ISP
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ISP's block          11001000  00010111  00010000  00000000    200.23.16.0/20 

Organization 0    11001000  00010111  00010000  00000000    200.23.16.0/23 
Organization 1    11001000  00010111  00010010  00000000    200.23.18.0/23 
Organization 2    11001000  00010111  00010100  00000000    200.23.20.0/23 

...                                          …..             ….                ….
Organization 7    11001000  00010111  00011110  00000000    200.23.30.0/23
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Type Code description
0        0         echo reply (ping)
3        0         dest. network unreachable
3        1         dest host unreachable
3        2         dest protocol unreachable
3        3         dest port unreachable
3        6         dest network unknown
3        7         dest host unknown
4        0         source quench (congestion

control - not used)
8        0         echo request (ping)
9        0         route advertisement
10      0         router discovery
11      0         TTL expired
12      0         bad IP header
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Routing 
decision

MTU=4352

MTU=1500

IP Datagram
3000 bytes

Fragmentation

Fragmentation performed at
IP level (physical network
remains unaware)
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17914IBM token ring 16Mbps

MTU (bytes)Network

44644 Mbps Token Ring (IEEE 802.5)

4352FDDI

1500Ethernet

1492IEEE 802.2 802.3

576X.25
May be set to 296
for interactive usepoint to point (PPP, SLIP)
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20 BYTE

1 32  bit

Flags
Ver HLEN Total length

Fragment Identification Frag. Offset

Source address

TOS

TTL Protocol Header Checksum

Destination address

Options:
security, source routing, record route, timestamp

Dati 

��������	
��� ��9�

	����L����

5 �$� �����
(���'����� ����������0�
� � ����
��
��������'��
'���

5 �$� �����
(���'����� ����������0�
� � ����
��
��������'��
'���

code
8 bit

length
8 bit

data
dimensione variabile

copy
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code
8 bit

length
8 bit

pointer
8 bit

1st address
32 bit

2nd address
32 bit

9th address
32 bit

…
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code
8 bit

length
8 bit

pointer
8 bit

1st address
32 bit

2nd address
32 bit

9th address
32 bit
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length
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pointer
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IP-A:193.17.31.45
MAC-A: 00:9f:7a:89:90:7a

IP-B: 193.17.31.55
MAC-B: 05:98:76:6c:4a:7b

193.17.31.0

AB

IP addr. MAC addr.
00:9f:7a:89:90:7a
...

193.17.31.45
...
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IP-A:193.17.31.45
MAC-A: 00:9f:7a:89:90:7a

IP-B: 193.17.31.55
MAC-B: 05:98:76:6c:4a:7b

LAN

AB

src-MAC=MAC-B, dst-MAC=broadcast ARP-request

IP addr. MAC addr.
......

MAC broadcast: 
ff:ff:ff:ff:ff:ff

IP-mitt=IP-B MAC-mitt=MAC-B IP-targ=IP-A MAC-targ=00:00:00:00:00:00

ARP-request

��������	
��� ��:(

�%-�+�  ��$$�%�$�'������
-������',
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MAC-A: 00:9f:7a:89:90:7a

IP-B: 193.17.31.55
MAC-B: 05:98:76:6c:4a:7b
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src-MAC=MAC-A, dst-MAC=MAC-B ARP-rephy

MAC broadcast: 
ff:ff:ff:ff:ff:ff

IP-mitt=IP-B MAC-mitt=MAC-B IP-targ=IP-A MAC-targ=00:9f:7a:89:90:7a

ARP-reply

IP addr. MAC addr.
00:9f:7a:89:90:7a
...

193.17.31.45
...

ARP cache
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????
Not me!

Who has IP address
131.175.15.124 ??

It’s me! I have 
0:0:a2:32:5a:3

131.175.15.8 131.175.15.12 131.175.15.124
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Tipo hardware

Tipo protocollo
Lunghezza
indir. locale

Lunghezza
Ind. IP

ARP_request / ARP_reply; 

Indirizzo IP del mittente
(32 bit)

Indirizzo locale richiesto
(48 bit)

Indirizzo locale del mittente
(48 bit)

Indirizzo IP richiesto
(32 bit)

1 16

� ARP può essere 
usato per altri 
protocolli di livello 
2 e livello 3 quindi 
occorre indicare il 
tipo di protocollo 
(IP nel nostro 
caso) e il tipo di 
hardware 
(ethernet per 
esempio)
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ARP request
131.175.21.98

ARP reply
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5 �$$
��� CAMPO BYTE DESCRIZIONE   

op            1 Tipo di messaggio (1 = 
BOOTREQUEST, 2 = BOOTREPLY)

htype         1 Tipo di indirizzo fisico (1 = Eth 
10Mb)

hlen          1 Lunghezza ind. fisico ('6' per Eth 
10Mb)

hops          1 Settato dal client a 0 e 
incrementato dai relay agests 

xid           4 Numero casuale settato dal client 
e usato per evitare ambiguit\`a

secs          2 Settato dal client, numero di sec 
dall'inizio della procedura

flags         2
Flags (si usa solo il primo bit per 
chiedere una risposta  multicast o 
unicast).

ciaddr        4 Indirizzo IP del client (settato dal 
client, zero se non noto)

yiaddr        4 Indirizzo IP del client (settato dal 
server)

siaddr        4 Indirizzo IP del server

giaddr        4 Indirizzo del relay agent

chaddr        16 Indirizzo fisico del client

sname         64 Stringa Nome del server 
(opzionale)

file          128 Stringa nome del file di boot 
(opzionale)

options       312 Lista di opzioni per il trasferimento 
di altre informazioni 

OP HTYPE HLEN HOPS

XID

SECS FLAGS

CIADDR

YIADDR

SIADDR

GIADDR

CHADDR

SNAME

FILE

OPTIONS
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RBHFMGV 
bits reserved 

type = 16 

type = 9 code = 0 
= 9 

checksum 

router address 
standard 

ICMP fields 

mobility agent 
advertisement  

extension 

length sequence # 

registration lifetime 

0 or more care-of-
addresses 

0 8 16 24 
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COA: 79.129.13.2 
HA: 128.119.40.7 
MA: 128.119.40.186 
Lifetime: 9999 
identification:714 
…. 
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COA: 79.129.13.2 
HA: 128.119.40.7 
MA: 128.119.40.186 
Lifetime: 9999 
identification: 714 
encapsulation format 
…. 
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HA: 128.119.40.7 
MA: 128.119.40.186 
Lifetime: 4999 
Identification: 714 
encapsulation format 
…. 
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HA: 128.119.40.7 
MA: 128.119.40.186 
Lifetime: 4999 
Identification: 714 
…. 
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