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Today’s lecture

¢ Introduction

¢ Network topologies 5112

¢ Network models 5215

* Frames and data link control 51115

* Local area networks and Ethernet $131-3

Introduction

¢ Data

¢ Communication

¢ Network
Rule 1: Rule 1:
Rule 2: Rule 2:

Protocol Protocol

e e s
Sender i Medium Receiveri
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Data flow

Direction of data
Mainframe Monitor
a.Simplex
Direction of data at time 1
S — S
Station s Station
Direction of data at time 2
b. Half-duplex
Direction of data all the time
S 22 E T, S
Station Station
< Full-duplex
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Network topologies

¢ Layout of links and nodes

Topology

I I I

‘ Mesh I ‘ Star | ‘ Bus | ‘ Ring I

Mesh network

¢ Full vs. partial
¢ Redundant links

Kaan Bur




ETSFO5 Internet Protocols

Star network

*

Hub

‘ Station ' Station l

Station | ‘ Station '
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Bus network

¢ Simple
¢ Vulnerable to collisions

Drop line Drop line Drop line
Cableend [} - {] cabe end
Tap Tap Tap
Ring network
e Circular
¢ Susceptible to node failures
— —

p— Repeater Repeater ——3
Repeater Repeater
Repeater Repeater
a— i

Kaan Bur



ETSFO5 Internet Protocols

Network engineering

¢ High performance
— Reliability
— Throughput

President

L.

Peinto-poin
e
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— Speed
— Security

% poinc o point
B

Network models
¢ Why?

— Too complicated

— Divide and conquer
¢ Layered architecture

— Hierarchy

— Specialisation

— Simplification
Layer concept

# $

The letter s written, The ltter s picked up,

putin an envelope, and Higher layers removed from the

dropped in a mailbox. envelope, and read.

The letter is carried The letter is carried
from the mailbox Middle layers from the post office
toa post office. to the mailbox.

The letter is delivered The letter s delivered
toa carrier by the post Lower layers from the carrier
office. tothe post office.

The parcel is carried from
the source to the destination.
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OSI model

¢ Developed by I1SO, 1970~

Toallow access to network
resources

Application

To translate, encrypt, and

Presentation |

compress data

To provide reliable process-to-

To establish, manage, and

process message delivery and
error recovery

Session | N
terminate sessions
Transport
To move packets from source
| Network I to destination; to provide

To organize bits into frames;
to provide hop-to-hop delivery
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internetworking

To transmit bits over a medium;
Physical to provide mechanical and
electrical specifications
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Device
A

Intermediate Intermediate
nod

< )

OSI model in action

e

Peer-to-peer protocol (7th layer)

Application 7
7-6 interfz
mnterface Peer-to-peer protocol (6th layer)
i 6
merace Peer-to-peer protocol (5th layer) s
Peerto-peer protocol (4th lyer)
4
43 interface 43 interface
3 3d 3d
3 Network o) Network J«=> Network |- Network 3
32interface 32 interface
- 2nd - 2nd - 2nd 4
2 Data link =5 Datalink |-~ [ Daulink |<= Data link 2
2-1 interface N 1 1 2-1 interface
st st st
1 | Physical |< = ->| Physical |< 2 ->| Physical |<- = ->| Physical I 1
T T T T
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Physical communication

s

D4

D3

D:

Encapsulation

e
)

D:

==
o7 ]
D6
D5
D4

Il

il

[72]

010101010101101010000010000 010101010101101010000010000

Transmission medium

=)
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* Some OSI

TCP/IP model

¢ Developed by DARPA, 1970~

layers merged

e Internet protocol suite
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TCP/IP layers

‘Applications

Appli
..

_ TCP UDP I

Protocols defined by
the underlying networks
(host-to-network)

Application layer

Transport layer

Network layer

Data link layer

Physical layer

Addressing in TCP/IP

Processes —_— Bealie
addresses

IPand Logical
other protocols > addresses

Underlying R
physical —_ ZZ"S'“'
networks addresses

E 3
=
T
addresses
=9
=T

Kaan Bur



ETSFO5 Internet Protocols

Physical addresses

¢ Hardware-coded

Sender Receiver

Destination

address Trailer Destination address does

not match; the packet is
dropped

Source
address DT~ pr—— TAN — —r—
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Physical and logical addresses

Ao

[AlP[Data)

2011-09-2¢

Logical and port addresses

A (==, Sender
~
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Seeyouin 15’ :)

e After the break

— From bits to frames

— Data flow

— Local area networks

Frames

* Need to limit unit of data
— Multi-user system

— Addressing

— Error correction

Data from upper layer
Variable number of bits

|01111110‘ Header |01111010110-u1101“10‘Trailer|01'|1ﬂ10|

Flag Flag

Data link control protocols

+ Framing

— Send data Simplest [— Stop-and-Wait ARQ
— Wait for ACK
¢ Error control

Stop-and-Wait f— Go-Back-N ARQ

L Selective Repeat ARQ

— Detect error

— Retransmit
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Simplest protocol

Sender Receiver

! ;
‘ ‘

Request 1
I Arrival
Request ——~| !
| Arrival
1
Request |
! Arrival
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Y Y
Time Time
¢ Problem: Data arrival rate?
¢ Solution: Wait for ACK!
Stop-and-wait protocol
r Rer

Request H
! Arrival

Arrival f - - i

i

i

Request ]
i Arrival

i
Arrival I _— T
\ : v
Time Time

¢ Problem: Still no error correction?

Stop-and-wait ARQ

¢ Send and wait
— Keep time
— Wait for ACK
— Retransmit

¢ Automatic repeat request
— Frames (SEQ++)
— Acknowledgements (SEQ+1)
— Mismatch = problem!
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Sender
Start T
stop

Time-out
restart

Stop-and-wait ARQ flow diagram

Receiver

stop
Start
Time-out
restart
stop ]
0110 H 8
Time Time
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— Too much waiting
* Solution

— Keep the pipe full

— But not too full

* Sliding window
— Size matters

Stop-and-wait ARQ

* Problem with stop-and-wait

Sliding window

S, Send window,

first outstanding frame

Frames already Frames sent, but not

S, Send window,
+ next frame to send

7 8o [10[1[12[13]14]75

Frames that can be sent, Frames that
but not received from upper layer cannot be sent

T
Send window, size S, =2" -1

a. Send window before sliding

b. Send window after sliding

2011-09-26
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Go-back-N ARQ window size

Sender  Receiver Sender  Rec

s

.
4 3
5 5 [T Lo |
R,

St S,

Sn
2[3[0]
2 n
\ 5@,77(
S s, GfilzE) \
Sn
3[0]
Sn
Sn

]
\
s ]

Yo,

%A 'n
i REEC
[o0Te}
Correctly
B s |
Time-out 92

>

&

St
St
St

2011bs
T e Window size < 2™ b.Window size = 2™
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Go-back-N ARQ flow diagram

Sender Receiver
o ) & -

timer Sn
@ el [[I2BI[E[7[o[ 2]
S [Sn

Request

Request

Request

5 5, !
request (MBI JOTT— ey
57 5 :
Arival - [o[1]2[l4[s[e[7[o[1 ]2}
509 5n :
Arival - [o[1]2[3]4]s[e[7[o]1]2}

o011 S9P Y
2011 G \ v
Time Time

Selective repeat ARQ

¢ Why?

— Too many retransmissions
* Higher receiver complexity
 Higher efficiency

2011-09-26
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Windows again

Send window, first
outstanding frame

Frames already | Frames sent, but
acknowledged | not acknowledged

S, Send window,
next frame to send

Frames that can
be sent

Frames that
cannot be sent

s,

="

R,

Frames already
received

Receive window,
next frame expected

Frames that can be received
and stored for later delivery.
Colored boxes, already received

Frames that
cannot be received

Ryze=2""
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Selective repeat ARQ window size

Sender Receiver

S L%

St Sn
St Sn

Time-out

Time-out

S¢ S
St S
£

Sender Receiver

Lrame, 0

A

%
;:

%‘

a. Window size = 2™
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b. Window size >

om

Selective repeat ARQ flow diagram

T Request
Arival
Request

Request
Request

Arrival
Arival
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R
ACKA | hd
(o[112[3[45]6[7] Arrival

| Frames 1,2,3
Y delivered

Kaan Bur

12



ETSFO5 Internet Protocols

Local area networks

¢ Designed for limited areas
— Offices

— Campuses

2011-09-26

— Homes

IEEE’s LAN standards

LLC: Logical link control
MAC: Media access control

2011-09-26

Upperlayers Upper layers
e
Data link layer
Ethernet Token Ring Token Bus
MAC MAC MAC
- Ethernet )
Physical layer physicallayers | Token Ring Joken Bus
o) physical layer | physical layer
05l or Internet model JEEE Standard

Ethernet

¢ Created 1976 by Xerox

¢ Evolved through new versions

Ethernet
evolution

I I

Standard Fast Gigabit
Ethernet Ethernet Ethernet

Ten-Gigabit
Ethernet

10 Mbps 100 Mbps 1 Gbps

10 Gbps

Kaan Bur
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Standard Ethernet

Preamble: 56 bits of alternating 1s and Os.
SFD: Start frame delimiter, flag (10101011)

Destination | Source | Length o
H Preamble | SFD | DoonaIOn | e | ortype [Pataand padding| - CRC
7bytes 1byte| 6bytes  6bytes 2 bytes 4 bytes
Physical layer
header
Minimum payload length: 46 bytes
| Maximum payload length: 1500 bytes
|
Destination Source Length N
address | address | PDU Data and padding CRe
6 bytes 6 bytes 2 bytes 4 bytes
Minimum frame length: 512 bits or 64 bytes

I Maximum frame length: 12,144 bits or 1518 bytes
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[EEE 802.3 MAC address

* ipconfig /all
06:01:02:01:2C:4B
\ |

6 bytes = 12 hex digits = 48 bits

Standard Ethernet implementations
CSMA/CD

Standard Ethernet
common
implementations

| 10BaseS I | 10Base2 I | 10Base-T I [ 10Base-F I

Bus, Star, Star,
utP fiber

Bus,
thick coaxial  thin coaxial

10 Mbps 500m

Transceiver cable
maximum 50 m

Baseband  Cable -
& end

(digital) end N Transceiver _ Thick coaxial cable
maximum 500 m

Kaan Bur
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¢ Sharing bandwidth

Standard Ethernet implementations
Standard Ethernet cs MA/CD
| 10BaseS I | 10Base2 I | 10Base-T I l 10Base-F I
(mzk(aixxm\ !Mn(o‘;xml UTV” fiber —
= 2
10 Mbps Twisted pair ol = = "
s DMST@ %W
(digital) UTP cable
Evolution of Ethernet
CSMA/CD

Domain

Agapapa  gogang

a.Without bridging

Domain

b. With bridging

Switched Ethernet

Switch

. oo
Domain(£= T —
| e

\
=
Domain +

Domain S— ~ Domain
Domain

CSMA/CD
o —‘; Domain

|
e >/ +
. ./ Domain
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Full-duplex switched Ethernet

Switch
Transmit = Transmit
_— B S —
P E— _—
Receive Receive
. 2
‘145” &
e 5 % KON
< @ EANES NN
%) o L@
3 <
= |m
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Even more evolution

¢ Fast Ethernet
— 100 Mbps
¢ Gigabit Ethernet
— 1000 Mbps
More and better wires

¢ More advanced encoding

Coming up next week

* Point-to-point protocol (PPP) $117
* Routing §223

* IPv4/IPv6 addresses $191-2

* Internetworking $20-1

* Address mapping 5211
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