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Part 2 - Tutorial 3 - Transport and 
Application Layer

CE3005 Computer Networks

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

if you have questions
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Q1: Setup
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Client TCP Server TCP

c = new Socket()
svr = new ServerSocket()

s = svr.accept()

ISN=100 ISN=600

Window Size=2048
Maximum Segment Size MSS=536
Initial Congestion Window: 1MSS
SN: sequence number
AN: acknowledgment number
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Q1: Setup
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Client TCP Server TCP

c = new Socket()
svr = new ServerSocket()

s = svr.accept()

ISN=100 ISN=600

(SYN=1, SN=100)

Window Size=2048
Maximum Segment Size MSS=536
Initial Congestion Window: 1MSS
SN: sequence number
AN: acknowledgment number
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Client TCP Server TCP

c = new Socket()
svr = new ServerSocket()

s = svr.accept()

ISN=100 ISN=600

(SYN=1, SN=100)

(SYN=1, ACK=1, SN=600, 
AN=101, W=2048)

Window Size=2048
Maximum Segment Size MSS=536
Initial Congestion Window: 1MSS
SN: sequence number
AN: acknowledgment number



Q1: Setup
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Client TCP Server TCP

c = new Socket()
svr = new ServerSocket()

s = svr.accept()

ISN=100 ISN=600

(SYN=1, SN=100)

(ACK=1, SN=101, 
AN=601, W=2048)

(SYN=1, ACK=1, SN=600, 
AN=101, W=2048)

Window Size=2048
Maximum Segment Size MSS=536
Initial Congestion Window: 1MSS
SN: sequence number
AN: acknowledgment number



Q1: Transmission
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Client TCP Server TCP

c.write(30 bytes)

c.read(3000 bytes)

s.read(30 bytes)
s.write(3000 bytes)

SN=101 SN=601

Window Size=2048
Maximum Segment Size MSS=536
Initial Congestion Window: 1MSS
SN: sequence number
AN: acknowledgment number

Data (ACK=1, SN=601, 
AN=131, W=2048

Data (SN=101)

ACK=1, SN=131, 
AN=1137, W=2048

ACK=1, SN=131, 
AN=2209, W=2048

Data (SN=1137)

Data (SN=1673)

Delayed ACK



Q1: Transmit Cont.
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Client TCP Server TCPSN=131 SN=2209

Data (SN=2745)

Data (SN=2209)

Data (SN=3281)

(ACK=1, SN=131, 
AN=3281,W=2048)

(ACK=1, SN=131, 
AN=3601,W=2048)

Window Size=2048
Maximum Segment Size MSS=536
Initial Congestion Window: 1MSS
SN: sequence number
AN: acknowledgment number



Q1: Termination
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Client TCP Server TCP

c.close()
s.close()

SN=131 SN=3601

(FIN=1, SN=131)

Window Size=2048
Maximum Segment Size MSS=536
Initial Congestion Window: 1MSS
SN: sequence number
AN: acknowledgment number



Q1: Termination
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Client TCP Server TCP

c.close()
s.close()

SN=131 SN=3601

(FIN=1, SN=131)

FIN/ACK can 
be combined

(ACK=1, FIN=1, 
SN=3601, AN=132)

Window Size=2048
Maximum Segment Size MSS=536
Initial Congestion Window: 1MSS
SN: sequence number
AN: acknowledgment number



Q1: Termination
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Client TCP Server TCP

c.close()
s.close()

SN=131 SN=3601

(FIN=1, SN=131)

FIN/ACK can 
be combined

(ACK=1, FIN=1, 
SN=3601, AN=132)

(ACK=1, SN=132, 
AN=3602)

Window Size=2048
Maximum Segment Size MSS=536
Initial Congestion Window: 1MSS
SN: sequence number
AN: acknowledgment number



Q2
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Q2 a/b
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Q2 a/b
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Q2 c/d

Andreas Kuster 16



Q2 c/d
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Q2 e/f/g
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Q2 e/f/g
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Q2 e/f/g
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32

42/2

26/2



Q2 h
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Q2 h
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r1 -> [1]
r2 -> [2-3]
r3 -> [4-7]
...
r7 -> [64,..96]



Q3



c:\>ipconfig /all

Ethernet adapter Local Area Connection:

    Physical Address . . . . . . . . . . . : 00-23-26-AA-AA-AA

    DHCP Enabled . . . . . . . . . . . . : Yes

    IPv4 Address . . . . . . . . . . . . . . : 192.168.1.68

    Subnet Mask . . . . . . . . . . . . . . : 255.255.255.0

    Default Gateway . . . . . . . . . . . : 192.168.1.254

    DHCP Server . . . . . . . . . . . . . : 192.168.1.254

    DNS Server . . . . . . . . . . . . . . . : 192.168.1.254

Group Work

Group 1 ->
Group 2 ->
Group 3 -> 

Group 4 -> Network Address Translation (NAT)



Q3a

DHCP server:  configure host with IP address, subnet mask, etc.

DNS server: resolve domain name to corresponding IP address

Default gateway: forward packets to outside networks not 
directly reachable by the host

NAT: enable host to use private IP address by translating it to 
public IP address and vice versa



Q3a: NAT
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https://miro.medium.com/



Q3b
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Frame
MAC Address

IP Address
(if applicable) Purpose of Frame

Source Destination Source Destination

1. 00-23-26-AA-
AA-AA

FF-FF-FF-FF-
FF-FF

- - ARP request for 
192.168.1.254

2. 00-24-17-BB-
BB-BB

00-23-26-
AA-AA-AA

- - ARP reply



Q3b
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Frame
MAC Address

IP Address
(if applicable) Purpose of Frame

Source Destination Source Destination

3. 00-23-26-AA-
AA-AA

00-24-17-BB-
BB-BB

192.168.1. 68 192.168.1.254 DNS request for  
www.ntu.edu.sg

4. 00-24-17-BB-
BB-BB

00-23-26-
AA-AA-AA

192.168.1.254 192.168.1.68 DNS reply 
155.69.6.163



Q3b

Frame MAC Address IP Address
(if applicable)

Purpose of 
Frame

Source Destination Source Destination

5. 00-23-26-
AA-AA-AA

00-24-17-
BB-BB-BB

192.168.1.68 155.69.6.163 TCP 3-way 
handshake

6. 00-24-17-
BB-BB-BB

00-23-26-
AA-AA-AA

155.69.6.163 192.168.1.68 TCP 3-way 
handshake

7. 00-23-26-
AA-AA-AA

00-24-17-
BB-BB-BB

192.168.1.68 155.69.6.163 TCP 3-way 
handshake



Q3b

Frame MAC Address IP Address
(if applicable)

Purpose of 
Frame

Source Destination Source Destination

8. 00-23-26-
AA-AA-AA

00-24-17-
BB-BB-BB

192.168.1.68 155.69.6.163 HTTP request

9. 00-24-17-
BB-BB-BB

00-23-26-
AA-AA-AA

155.69.6.163 192.168.1.68 HTTP reply



Q4



Q4

Data Rate?
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NTU Japan

MSS=1kB
MS=16
RTT=100ms

1kB 1kB ... 



Q4

Data Rate?
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NTU Japan

MSS=1kB
MS=16
RTT=100ms

1kB 1kB ... 

16 * 1kB per 100ms

-> 16 * 1kB * 10 per 1 second => 160kB/s



Q4: Duration

data rate: 160kB/s
file size: 1GB

-> 1GB / (160kB/s) = 6250s = 1h 44min 10s
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Questions?
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