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Network Systems

hosts = end systems @u‘re
router  workstation
a2y
communication links 'server

_ _ _ mobile
Q fiber, copper, radio, satellite

Q transmission rate = bandwidth

data transfer equipments:

Q forward packets (chunks of
data)

O Router, Switch

company ‘é Cé

network
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Communication Model
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end systems (hosts):
Q run application programs
Q e.g. Web, emall
0 at "edge of network”

client/server model

Q client host requests, receives service
from always-on server

Q e.g. Web browser/server; email
client/server

peer-peer model:

Q e.g. SoriBada

&

QCS

aQ minimal (or no) use of dedicated =
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E[Circuit Switching Vs Packet Switching ]

Circuit Switching
Q Dedicated circuits are used for data delivery
Q e.qg. telephone network

Packet Switching
Q Packets are used for data delivery
Q e.g. postal system
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E[ Circult Switching Network ]
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Crossbar Switch

Dedicated ‘copper “path: Yes

Bandwidth available: Fixed

Potentially wasted bandwidth: Yes
Store-and-forward transmission: No
Each packet follows the same route: Yes
Call setup: Required
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E[ Packet Switching Network ]
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Dedicated ‘copper “path: No
Bandwidth available: Dynamic
Potentially wasted bandwidth: No
Store-and-forward transmission: Yes
Each packet follows the same route: No
Call setup: Not Needed
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Communication Service
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Connection-oriented service

Q In-order data transfer
Connectionless service

Q No in-order data transfer
Reliable service
Unreliable service
TCP - Transmission Control Protocol

Q0 Reliable connection-oriented service
UDP - User Datagram Protocol

Q Unreliable connectionless service
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E[ Simple Computer Network
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¢

Application Application
Transport - —_ Transport
Network Network Network Network
Data Link Data Link Data Link Data Link
Physical Physical Physical Physical
> | '
Radio Medium
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. Functions required for data transfer ]

Routing
Error Control
A ARQ(Automatic Repeat reQuest)
® |oss: acknowledgements and retransmissions
Q FEC(Forward Error Correction)
Flow Control:
0 sender won't overwhelm receiver
Congestion Control:
0 senders "slow down sending rate” when network
congested
Segmentation and Reassembly

Multiplexing and Demultiplexing
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Network Protocol
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OSl reference model &/ XL Z&ZF A&/

Q Application, presentation, session, transport, network, datalink, physical
Internet) ZEEZ AL

Q Application, transport, network, datalink, physical
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E[ Internet protocol stack ]

application: supporting network applications
Q FTP, SMTP, HTTP

transport: data transfer between application
processes

a TCP, UDP

network: routing of packet from source to
destination

a IP, routing protocols

link: data transfer between neighboring network
elements

a PPP, Ethernet
physical: bits "on the wire"

application

Transport

network

link

physical
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E[ Encapsulation

message
segment
datagram HJH,] M ]

ra or @
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Souet PoUS] 2l ]

Layer N Hy | Datay Layer N PDU
(Protocol Data Unit)
Interface
Layer N-1 H..| Hn| Datay LaEAN-1 PDU

SDU

(Service Data Unit)
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TCP=f UDP

0 3 4 9 10 15 16 31
[ Source port Destination port
Sequence number
8 Acknowledgement number
=<
o)
I Header Unused Flags Window
length
Checksum Urgent pointer
Option + padding
\.
(a) TCP header
0 15 16 31
4] Source port Destination port
>
o)
S Segment length Checksum
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34

/L‘ 34 78 15161310
Version IHL Types of service

Total length

Fragment offset

Identification Flags

Header checksum

< Time to live Protocol
Source address

Destination address

20 bytes

Options + padding

(a) IPv4

8 15 16 23 24 31

0 3 4 Z
4 Version | Priority

Payload length

Flow label

Next header Hop limit

Source address

< (16 bytes)

40 bytes

Destination address
(16 bytes)
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Class A

Class B

Class C

Class D

Reserved

P FAM

Embedded Systems Laboratory

0| Network-id Host-id
~" T~
7 bits 24 bits
110 Network-id Host-id
g — T
14 bits 16 bits
11110 Network-id Host-id
——
21 bits 8 bits

1|1|1|0|

Multicast address

—

28 bits

1AAALE

Reserved for future use

—

27 bits
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[ |P Address Masking

128.1.x.x UIERK3

128.1.1x MEUIESIA

e —— '

‘ lhost 1]  [host 2] host 70
128.1.1.1 128.1.1.2 = = = 1281.1.70 )
Router
128.1.2.x NEUIES3 ,

Router

lhost 1]  [host 2] host 60
128.1.2.1 128.1.22 = = = 128.1.2.60

(@) UERI 4 Ol

Qi QIpy T net-id . host-id
[1]0] | | |
128.1.x.X — » subnet-id host-id

EQ =
HEAI LS (b) LEIY =& PxO| BE

128.1.1X = 128.1.2.x L 128.1.1.x 128.1.2.x

128.1.0.0 128.1.0.0 128.1.1.0 128.1.2.0
(c) =4 OtA Y all
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TCP/ 1P HIEHT M-

Host B
Port
(service access point\.
Logical connection
. _ .~
TCP TCP connection) TCP
Ip « Global network address 1P
Ne;\;\g;gzgf :;iss <« Network 1 address Network 2 address Ne;\:\;(iglzglc ;:;SS
(used in network 1) (used in network 2) _
Physical #1 Physical #2
Router J
IP
—. NAP#1 | NAP#2 NEEI 2
Phy. #1 | Phy. #2
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TCP/IP Internetworking

IP3
Host A Host B
IP addr2
ETP ETP
IP addrl TCP TCP (IP2)
(IP1) |P |P _
Ether addrl \[Ethernet g
(E1) Token Addr4
\/ (T4)
Host A Host B
— Router J —
(i Frp | [RH[H [TH] FTP_ ] [tH [ FTP |
\ 4 A
Oa Ttal Fre | O [t FTp | Lo [tH] FTp |
v 4 4
[EH[ i [TH] FTp ||— |[EH[H [TH] FTP ] [RH[1H [TH] FTP |
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E[ TCP/IP Internetworking

IP3
Host A Host B
ETP ETP IP addr2
Router J TCP (1P2)
Token Addr4

IP addrl TCP

(IP1) P * T3 1P

Ether addrl  \[Ethernet}, ‘)—VTOken R /19 (T4)
El =

(= \/ h B4 T1 12 \/

Port 2 Routing Table
(Ethernet 2) Dest. IP addr | Output port

Router J

IP1 Portl(E1)
Port 1 Port 3 IP2 Port3(T4)
(Token Ring) IP3 Port2(E6)

(Ethernet 1)
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WellKnown Port by IANA (Internet Assigned Numbers Authority RFC1700)

HS A= /A= JIAE JIRE
1 TCPMUX 23 Telnet 101 Hostname 143 Imap
7 Echo 25 Smtp 102 Iso-tsap 163 Cmip-main
9 Discard 37 Time 109 POP2 164 Cmip-agent
11 Systat 42 Nameserver 110 POP3 177 Xdmcp
13 DayTime 43 Nicname 111 Sunrpc 179 Bap
17 Qotd 53 Domain 113 Auth(ident) 194 Irc
19 Chargen 70 Gopher 115 Sftp 220 Imap3
20 Ftp-data 79 Finger 117 Uucp-path 389 Ldap
21 ftp 80 http 119 nntp 443 https
22 SSH 95 supdup 123 ntp 515 Printer

24

¢ Korea University



	Network Systems
	Communication Model
	Circuit Switching Vs Packet Switching
	Communication Service
	Simple Computer Network
	Simple reference model used here
	Functions required for data transfer
	Network Protocol
	Internet protocol stack
	Encapsulation
	네트워크/패킷/프로토콜

