Outline

* A preliminary overview

* Propagation characteristics

e |SO-0SI Model

Physical layer: modulation
MAC layer:

— Fixed resource assignment

— Random access
* Ethernet (CSMA/CD)
«  WiFi (CSMA/CA)

Personal Area Networks
— Bluetooth
— Zigbee

Cellular network dimensioning

Cellular networks

— From GSM (2G) to UMTS (3G)

— LTE (4G)
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We use the concept of layers in our daily life. As an
example, let wus consider two friends who
communicate through postal mail. The process of
sending a letter to a friend would be complex if there
were no services available from the post office.

Main concepts:

 Sender, receiver, and carrier
* Hierarchy



Sender Receiver
a a

3 3
| 1

The letter is written, The letter is picked up,
put in 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
to a post office. to the mailbox.
The letter is delivered The letter is delivered
to a carrier by the post Lower layers from the carrier
office. to the post office.

- 1

The parcel is carried from
the source to the destination.

AA 2013/2014 Prof. Gianluigi Ferrari - UniPR - Dl
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Established in 1947, the International Standards
Organization (ISO) is a multinational body dedicated to
worldwide agreement on international standards. An I1SO
standard that covers all aspects of network
communications is the Open Systems Interconnection
(OSI) model. It was first introduced in the late 1970s.

ISO is the organization.
OSl is the model.

Main concepts:

* Layered architecture

* Peer-to-peer processes
* Encapsulation
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Application |

Presentation |

Session |

Transport |

Network |

Data link |

Physical |
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Mc128k
Frame

Mc128k
Pacchetto


DII

Layer

Responsible For:

7.) Application

Provides Services to User Apps

6.) Presentation

Data Representation

5.) Session

Communication Between Hosts

4.) Transport ©

Flow Citrl, Error Detection/Correction

3.) Network

End to End Delivery, Logical Addr

2.) Data Link

Media Access Ctrl, Physical Addr

1.) Physical

Medium, Interfaces, Puts Bits on Med.



Mc128k
Evita congestioni con controllo di flusso


DII

Layer Example

7.) Application |HTTP, FTP, SMTP

6.) Presentation | ASCII, JPEG, PGP

5.) Session BOOTP, NetBIOS, DHCP, DNS

4.) Transport | TCP, UDP, SPX

3.) Network IP, IPX, ICMP

2.) Data Link ]Ethernet, Token Ring, Frame Relay

1.) Physical Bits, Interfaces, Hubs



Mc128k
Ethernet: CSMA/CD (carrier sense multiple access collision detection)


Device Device

Intermediate Intermediate
node node
Peer-to-peer protocol (7th layer)

7 Application I<— ———————————————————————— > Application 7
7-6 interface 7-6 interface
Peer-to-peer protocol (6th layer)

6 Presentaton @f€----—-—-"-"-"-"-""-""""-"-"—-"—-—-"—-—-—"———— > Presentation 6
6-5 interface 6-5 interface
Peer-to-peer protocol (5th layer)

5 Session @ J€-———-—"—-——"————————————————— > Session 5

5-4 interface 5-4 interface

| | I Peer-to-peer protocol (4th layer)

4 Transport € —-———————-—————-———————————=— > Transport 4

4-3 interface 4-3 interface

il

3rd 3rd 3rd
3 Network — 1 Network — 1 Network — Network 3
3-2 interface 3-2 interface
2nd 2nd 2nd
2 Data link —-»| Data link - Data link e Data link I 2
2-1 interface 2-1 interface
- 1st - 1st - 1st -
1 Physical —-»{ Physical —»{ Physical — > Physical I 1

[ I I I
Physical communication
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|
-010101010101 101010000010000

Tra nsmission medium
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Mc128k
H - Header, intestazione del pacchetto, informazione di controllo

Mc128k
T - Trail, coda, controllo di errore, contiene checksum ARQ - automatic repeat request

Mc128k
La parte di controllo deve essere minimizzata per mantenere le prestazioni


DII

In this section we briefly describe the functions of each
layer in the OSI model
* Physical Layer
Data Link Layer
* Network Layer
* Transport Layer
* Session Layer
* Presentation Layer
* Application Layer



Physical Layer

From data link layer To data link layer

; —1

Physical | | | |
jayer | [L0]10101000000010111 {1107 10101000000010111

Physical
layer

Transmission medium

O 8 )
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Frame, sequenza di bit

Mc128k
Se si trasmettono solo informazioni senza checksum non si sa se ci sono stati errori. Con checksum si sa che c’è errore ma non si sa dove. Con il codice di canale (bit rossi) si può fare in modo di correggere i bit sbagliati senza ritrasmettere


.
DII

The physical layer is responsible for movements of
individual bits from one hop (node) to the next.

Defines physical medium and interfaces
Determines how bits are represented
Controls transmission rate & bit synchronization

Controls transmission mode: simplex, half-duplex,
& full duplex

PDU: Bits ©

Devices:

hubs, cables, connectors, etc...

)



Mc128k
Ci sono tecniche di modulazione che permettono di trasmettere più bit alla volta, aumentando però il tasso di errori

Mc128k


Mc128k
Protocol Data Unit


From network layer To network layer

Data link layer Data link layer

To physical layer From physical layer
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The data link layer is responsible for moving frames from one hop
(node) to the next.

PDU: Frames

Keeps Link alive & provides connection for upper layer protocols

Based on physical (flat) address space

Physical addresses are fixed and don’t change when the node is moved

Medium/media access control

Flow control and error detection/correction at the frame level. Think
collisions...

Topology
Ex: Ethernet, Token Ring, ISDN

Sublayers: MAC (framing, addressing, & MAC) & LLC (logical link control
— gives error control & flow control)

Devices: switches, bridges, NIC’s


Mc128k



End

Intermediate
system

Intermediate

Hop-to-hop delivery | Hop-to-hop delivery | Hop-to-hop delivery |

-
- ’-l

A B E F
Data link

Data link Data link

Physical Physical

Physical

Hop-to-hop delivery ~ Hop-to-hop delivery Hop-to-hop delivery

AA 2013/2014 Prof. Gianluigi Ferrari - UniPR - Dl

40



From transport layer To transport layer

Packet

Network
layer

Network
layer

To data link layer From data link layer
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The network layer is responsible for the delivery of individual
packets from the source host to the destination host

PDU: Packet
End to end delivery of packets
Creates logical paths

Path determination (routing) l©

Hides the lower layers making things hardware independent
Uses logical hierarchical addresses

Logical hierarchical addresses do change when a node is
moved to a new subnet

Devices: routers, firewalls


Mc128k
Scelta nodi intermedi


Intermediate
system

Intermediate

Hop-to-hop delivery | Hop-to-hop delivery | Hop-to-hop delivery

rl—-

Source-to-destination delivery

A B E D F
Network Network Network i I
Data link Data link Data link
Physical Physical Physical

Source-to-destination delivery

A
4
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In questo caso basterebbe anche solo un bridge che agisce a livello datalink


From session layer To session layer

/
. Data . Data . Data
I |

Segments

Segments

Transport Transport
layer To network layer From network layer layer
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The transport layer is responsible for the delivery of a message from one process
to another

PDU: Segment |

Service Point Address (more often called a port) used to track multiple sessions
between the same systems. SPA’s are used to allow a node to offer more than one
service (i.e. it could offer both mail and web services)

This layer is why you have to specify TCP or UDP when dealing with TCP/IP
Must reassemble segments into data using sequence numbers
Can use either connectionless or connection oriented sessions

Connectionless sessions rely on upper layer protocols for error control and are
often used for faster less reliable links

Ex: UDP (used by things like NFS & DNS)

Connection oriented sessions require the sender to first request a connection, the
receiver to acknowledge the connection, and that they negotiate how much data
can be sent/received before its reception is acknowledged

Uses acknowledgements & retransmission for error correction
Example: TCP (used by things like telnet, http)


Mc128k


Mc128k
Per tanti processi in parallelo su stesso indirizzo IP

Mc128k
Segmenti, dato che ogni informazione ha un suo significato e viene spezzata in diverse parti (es. trasmissione immagine jpg)


Reliable process-to-process
delivery of a message

Processes

Network layer
Host-to-host delivery

Transport layer
Process-to-process delivery
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From presentation layer To presentation layer

C S
/ I / ! ,‘
!
| | |
syn syn syn syn
I

Session
layer

Session
layer

To transport layer From transport layer
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Il dato non viene più frammentato, ma vengono aggiunti elementi di controllo (synchronization)


.
DII
The session layer is responsible for dialog control and synchronization

PDU: Data (from here on up)

Sometimes called the dialog controller, this layer establishes, maintains,
and terminates sessions between applications S

Sets duplex between applications
Defines checkpoints for acknowledgements during sessions between
applications

Provides atomization — Multiple connections can be treated as one virtual
session. If one fails or is terminated, all should be terminated.

Identifies raw data as either application data or session control information

Uses fields provided by layers 3 & 4 to track dialogs between applications /
services

Provides translations for naming services
Ex: RPC, X-Windows, LDAP, NFS


Mc128k
Fa checkpoint durante la sessione per verificare che tutto vada a buon fine

Mc128k


Mc128k



From application layer To application layer

Presentation Presentation

layer layer
To session layer From session layer
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* The presentation layer is responsible for
translation, compression, and encryption

e Data formatting, translation, encryption,
and compression

* Ex: ASCII, EBCDIC, HTML, JPEG



User

(human or program)

(human or program)

X.500

FTAM

X.400

Message

Application
layer

To presentation layer

AA 2013/2014
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Application

From presentation layer

Message

layer
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* The application layer is responsible for
providing services to the user

* Provides communication services to
applications

* Ex: HTTP, FTP, SMTP



To translate, encrypt, and
compress data

To provide reliable process-to-
process message delivery and
error recovery

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

AA 2013/2014

Application

Presentation

Session

Transport

Network

Data link

Physical
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To allow access to network
resources

To establish, manage, and
terminate sessions

To move packets from source
to destination; to provide
internetworking

To transmit bits over a medium;
to provide mechanical and
electrical specifications
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The layers in the TCP/IP protocol suite do not exactly

match those in the OSI model. The original TCP/IP

protocol suite was defined as having four layers: host-to-

network, internet, transport, and application. However,

when TCP/IP is compared to OSl, we can say that the

TCP/IP protocol suite is made of five layers:

* Application

* Transport

* Network

e Datalink
 Physical
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TCP/IP and OSI model

AA 2013/2014

Applications

Protocols defined by
the underlying networks
(host-to-network)
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Gli standard di solito definiscono entrambi i livelli in modo combinato (es. IEEE802.11)


Application

i

Presentation

Session

Transport

Network

Data link

Physical

L

OSI Model

AA 2013/2014

Application

Transport |

Network |

Data link |
Physical |

TCP/TIP Protocol Suite
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Several application
protocols

Several transport
protocols

Internet Protocol
and some helping
protocols

Underlying
LAN and WAN
technology
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A private internet
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Legend | O Source @ Destination

A R1 R3 R4 B
Physical Physical
layer Q ®|Q ® 0 ®Q layer
Link 1 T Link 3 Link 5 Link 6
Link 1
A Link 2
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Garanzia di comunicazione hop-by-hop


Legend | QO Source @ Destination D Data H Header

R1 R3 R4 B
Data link . . Data link
Physical Physical
Link 1 Link 3 Link 5 Link 6
Link 1
A Link 2
< '

M
D2 [P O

Frame

The unit of communication at O= >0 D2 P
the data link layer is a frame. | D2 )ik Frame
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Si ragione link per link, se serve si chiede ritrasmissione di frame


Legend | QO Source @ Destination D Data H Header

—-f  EE) £
Data l.ink J J J J J J J J Data.link
el dddg dd o i

O 1D D3 IR

Datagram
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In TCP/IP invece che pacchetto si dice datagramma

Mc128k
DATAGRAM: “A self-contained, independent entity of data carrying sufficient information to be routed from the source to the destination computer without reliance on earlier exchanges between this source and destination computer and the transporting network.”


p- WNIVERS ™G
N,
&) AN
& p ‘,‘
oAEA
" 44 ] VI
|
By /|
& /
1| & /

@ | Transport

Legend | QO Source @ Destination D Data H Header

Transport
R1 R3 R4

Network

Data link
Physical

Network

A
Data link ﬁ

Physical

Link 2

Segment

The unit of communication at the
transport layer is a segment, user

datagram, or a packet, depending
on the specific protocol used in this D) Da [0

layer.
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Si ha sempre un flusso logico, ma si ha comunicazione diretta fra processi


Application n Legend | O Source @ Destination D Data H Header . Application
Transport Transport
R1 R3 R4
Network I I Network
Data link Data link
Physical Physical

Link 1
A Link 2
1 2 R1 R2

Message
The unit of communication at the
application layer is a message.
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Four levels of addresses are used in an internet
employing the TCP/IP protocols: physical address,
logical address, port address, and application-specific

address. Each address is related to a one layer in the
TCP/IP architecture, as shown in Figure 2.15.

v Physical Addresses

v’ Logical Addresses

v’ Port Addresses

v’ Application-Specific Addresses
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Message Application layer

Segment Transport layer

Datagram Network layer
Frame Data link layer
Bits
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