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Part 2 - Tutorial 1: Network Layer - IP 
Addressing and Fragmentation

CE3005 Computer Networks

Andreas Kuster <S220003@e.ntu.edu.sg>

if you have questions



Q1
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Pre-Q1

How many hosts can a subnet support?

#IP addresses?
#hosts?
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#IP Addresses #Hosts

/24

/23

/22

/32



Pre-Q1

How many hosts can a subnet support?

#IP addresses?
#hosts?

usable hosts: 2^(32-prefix) -2 , except for /31, /32
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#IP Addresses #Hosts

/24 256 254

/23 512 510

/22 1024 1022

/32 1 1 (single host, no 
network/broadcast)



Bonus Question

Where is /32 useful?
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Q1: Assign suitable subnet address / 
subnet mask

2000 hosts 4000 hosts

Q: Which subnet size fits 2000 respectively 4000 hosts?

3 schools12 schools
IP block: 155.69.0.0/16



Q1: Assign suitable subnet address / 
subnet mask

2000 hosts 4000 hosts

If using /20 mask, # of hosts = 212 - 2 = 4094
If using /21 mask,  # of hosts = 211 - 2 = 2046     

3 schools12 schools
IP block: 155.69.0.0/16



Q1: Assign suitable subnet 
address/subnet mask
You can choose

• any 3 address blocks with /20, e.g.
• 155.69.0.0/20 : 155.69.0.0 till 155.69.15.255
• 155.69.16.0/20 :155.69.16.0 till 155.69.31.255
• 155.69.32.0/20 :155.69.32.0. till 155.69.47.255

• any 12 address blocks with /21, e.g.
• 155.69.64.0/21 : 155.69.64.0 till 155.69.71.255
• 155.69.72.0/21 : 155.69.72.0 till 155.69.79.255
• …

• Remember not to overlap the address block

IP block: 155.69.0.0/16



Q2
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Q: How do broadcast address look like? 



Q2: Broadcast Address of a Subnet

-> broadcast address has all ‘1’ in host-id 



Q2: Broadcast Address of a Subnet

-> broadcast address has all ‘1’ in host-id 

IP/Subnet: 145.32.             128.0     /  255.255.           224.                  0
Binary:     145.32.10000000.0  /  255.255.11100000.00000000



Q2: Broadcast Address of a Subnet

-> broadcast address has all ‘1’ in host-id 

IP/Subnet: 145.32.             128.0     /  255.255.           224.                  0
Binary:     145.32.10000000.0  /  255.255.11100000.00000000

Binary: 145.32.10011111.11111111
BC IP: 145.32.         159.        255



Q3
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not really 
relevant here..



Q3: Plan

Generally:
1. Sort by network size: B > C > A > D
2. Assign smallest possible subnet, go to next smaller network

BUT: we have given
two addresses.. 
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Q3

How many hosts can a subnet of /24 support?

#IP addresses?
#hosts?
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Q3: Assign suitable IP addresses / 
subnet masks

/24

193.169.1.0

/25/25

Subnet B has 
100 hosts..

# of host

254

Q: How many?

Host A: 193.169.1.129
Host D: 193.169.1.190 

193.169.1.128 193.169.1.255

Q: In which of the two slices reside host A and host D? 



Q3: Assign suitable IP addresses / 
subnet masks

/24

193.169.1.0

/25/25

193.169.1.128

Subnet B

# of host

254

126

193.169.1.255



Q3: Assign suitable IP addresses / 
subnet masks

/24

/25

/26/26

193.169.1.192

Subnet B

# of host

254

126

62

193.169.1.255

Subnet C has 
60 hosts..

Host A: 193.169.1.129
Host D: 193.169.1.190 

193.169.1.128

Q: In which of the two slices reside host A and host D? 



Q3: Assign suitable IP addresses / 
subnet masks

/24

/25

/26/26

193.169.1.192

Subnet B

# of host

254

126

62
193.169.1.255

Subnet C

193.169.1.128



Q3: Assign suitable IP addresses / 
subnet masks

/24

193.169.1.0

/25/25

193.169.1.128

/26/26

193.169.1.192

Subnet B

/27 Subnet C/27

193.169.1.160

Subnet A

# of host

254

126

62

30

193.169.1.255

Subnet A has 
30 hosts..

Host A: 193.169.1.129
Host D: 193.169.1.190 



Q3: Assign suitable IP addresses / 
subnet masks

/24

193.169.1.0

/25/25

193.169.1.128

/26/26

193.169.1.192

Subnet B

/27 Subnet C/27

193.169.1.160

Subnet A

193.169.1.176

Subnet D/28Divide into four /30 subnets for 
four point-to-point links 

# of host

254

126

62

30

14

193.169.1.255

Subnet D has 10 hosts..
Host D: 193.169.1.190 



Q3: Assign suitable IP 
addresses/subnet masks
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193.169.1.168-171/30

193.169.1.128-159/27
Subnet A

193.169.1.0-127/25
Subnet B

193.169.1.192-255/26
Subnet C

193.169.1.176-191/28
Subnet D

193.169.1.160-163/30

193.169.1.164-167/30

193.169.1.172-175/30



Q4
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Q: Which layer in 
the TCP/IP model?



Q4
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Layer Unit of data

Layer 4 - TCP Segment

Layer 4 - UDP Datagram

Layer 3 - IP Datagram / Packet

MTU would have revealed it too.. 

->in TCP, it is MSS (Maximum Segment Size)



Q4: IP Header
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https://gsephrioth.github.io

bit 0: reserved/unused
bit 1: don't fragment
bit 2: more fragments

Q: Size of the header 
(w/o optional fields)?



Q4: IP Fragmentation
20 bytes

(IP header)

2980
bytes
(data)3

0
0

0
 b

yt
es

=
20 bytes

480 
bytes

+

assuming a common header

Size of the datagram = 3000 bytes
Total data in the datagram = 2980 bytes 
Max. data in each fragment = ?
Number of fragments = ?

20 bytes

480 
bytes

20 bytes

480 
bytes

20 bytes
20 bytes

remai
nder



Q4: IP Fragmentation
20 bytes

(IP header)

2980
bytes
(data)3

0
0

0
 b

yt
es

=
20 bytes

480 
bytes

+

assuming a common header

Size of the datagram = 3000 bytes
Total data in the datagram = 2980 bytes 
Max. data in each fragment = 500 - 20 = 480 bytes
Number of fragments = 2980 / 480 = 6.21 = 7 fragments

20 bytes

480 
bytes

20 bytes

480 
bytes

20 bytes

480 
bytes

20 bytes

remai
nder



Q4: IP Fragmentation

0
480
960
1440
1920
2400
288

‘offset’ is in 8-byte units 
(for efficiency reasons)

20 bytes
(IP header)

2980
bytes
(data)3

0
0

0
 b

yt
es

Fragment length ID MF offset

1 500 422 1 0

2 500 422 1 60

3 500 422 1 120

4 500 422 1 180

5 500 422 1 240

6 500 422 1 300

7 120 422 0 360



Bonus Question

Why would you want large MTU?
Why not?

Discuss in your group.
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Bonus Question
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MTU
1500

MTU
500

Get fragmented packets re-
assembled on the path?
if yes: why?
if no: why? 

MTU
1500

MTU
1500

1400 1400 500

500

400

500

500

400

1400A)

B)

A B



Questions?
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