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Obiective <

crunch it connected

* Ce este o retea de calculatoare?
* Dispozitive de retea

* Topologii de retele

« Stiva de protocoale

* Functiile nivelului fizic

* Medii de transmisie

« Exemple de codificari
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Internet mT

crunch it connected

“Getting information off the Internet is like taking a drink from a fire
hydrant.”

Mitchell Kapor

“The Internet is the first thing that humanity has built that humanity
doesn't understand, the largest experiment in anarchy that we have
ever had.”

Eric Schmidt
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Ce este o retea de calculatoare? ,@

crunch it connected

» Sistem de interconectare a mai multor sisteme de calcul
O Yo

© https://www.submarinecablemap.com/ | 4
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Ce este o retea de calculatoare?

crunch it connected

« Conexiunea intre componentele unui calculator se realizeaza prin
magistrale (circuite electrice pe placa de baza) si chipset-uri

« Conexiunea intre sisteme de calcul diferite se realizeaza prin
intermediul unor dispozitive (placi de retea, switch-uri, rutere) si a unor
medii de comunicatie (cabluri electrice, fibra optica) dedicate
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LAN, MAN, WAN

» Clasificare in functie de distanta intre nodurile retelei, concretizata orintr-un numar de
protocoale specifice fiecarui tip de retea
LAN - Local Area Network \
Standardele dominante sunt Ethernet si WLAN (IEEE
802.11)
Separatia (conectarea) intre LAN si MAN/WAN se
realizeaza cu un ruter (gateway)

MAN - Metropolitan Area Network
rar intalnite in retelele actuale

WAN - Wide Area Network ¥
Numeroase protocoale: MPLS, ATM, Frame Relay, PPP ?
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Dimensiunea fizica a unei retele <

crunch it connected

Distanta intre procesoare Localizare procesoare Retea
1 mm Centimetru patrat Micro nw (pe siliciu)
1cm Decimetru patrat Platforma
multiprocesor
™ Metru patrat Personal Area Network

10 m Camera

100 m Cladire Local Area Network
1 km Campus
10 km Oras Metropolitan Area Net
100 km Tara

1000 km Continent Wide Area Network

10 000 km Planeta Internet
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Dispozitive de retea =

crunch it connected

Placa de retea — network card, network adapter, NIC (Network
Interface Controller)
* Permite sistemului sa comunice cu un altul aflat in aceeasi retea

Repetor, hub — folosit pentru regenerarea si amplificarea semnalului

Switch - folosit pentru interconectarea sistemelor de calcul dintr-o
retea (topologie stea)

Ruter - folosit pentru interconectarea mai multor retele de
calculatoare (LAN); folosit in WAN
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Dispozitive de retea - imagine ,@

cccccc it connected
g Host Server i'

Internet /#

-

A

A
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Interfata de retea RL

* Network interface

e Se refera la un punct de comunicatie cu o retea de calculatoare (o placa de retea, un
port al unui dispozitiv avansat de retea)

* Un calculator cu o placa de retea are o singura interfata de retea; un calculator cu
doua placi are doua interfete

* Un switch/ruter are mai multe interfete de retea — mai multe porturi de comunicatie

 Denumirea de interfata de retea se refera si la abstractia data de sistemul de operare
. Conflgurarea unei placi de retea sau a unui port al unui ruter se numeste “configurarea unei
interfete”
* pe un sistem Unix/Linux, interfetele de placi de retea Ethernet sunt denumite ethO, eth1,
etc.

* o interfata virtuala denumita interfata de loopback este folosita pentru a referi statia
curentd ca si cum aceasta s-ar afla intr-o retea (desi aceasta nu exista fizic)




Protocol

« Comunicatia intre doua entitati necesita existenta unui protocol

« Ce este un protocol?
* Un set de reguli care guverneaza modul in care doua dispozitive schimba informatie intr-o retea

Ambele capete ale unei
transmisii trebuie sa
foloseasca acelasi protocol
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Stiva de protocoale OSI e

crunch it connected

* Pentru a abstractiza complexitatea lucrului cu reteaua, se stabileste o stiva de
protocoale; protocolul de nivel inferior ofera servicii celui de nivel superior



anmme
Stiva de protocoale OSI

Servicii de retele,
aplicatii
Reprezentarea
datelor
Controlul
sesiunilor

7. Aplicatie

6. Prezentare

5. Sesiune

v

4. Transport

Controlul fluxului
de date

Determinarea caii
catre destinatie

Acces la mediu

3. Retea

v

2. Legatura de date

v

1. Fizic

v

Transmisie binara

A

13
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Stiva de protocoale TCP/IP

Aplicatie

Transport

Internet

Acces la mediu

|

Mediul
fizic

'y

o0<)

Stiva de protocoale utilizata in
Internet este stiva TCP/IP

IP este protocolul esential de la
nivelul Internet, iar TCP de la
nivelul Transport

Nivelul Aplicatie este cel care
ofera servicii utilizatorului
(transfer de fisiere, control de la
distanta, transmitere e-mail,
etc.)

Nivelul Transport este
responsabil cu asigurarea
controlului fluxului (pachetele
sa ajunga in ordine si nealterate)

14



st
Stiva OSIl vs Stiva TCP/IP

TCP/IP Protocoale

7. Aplicatie
6 Prezentare Aplicatie
5. Se5|une

2. Legatura de date

Acces la mediu
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Nivelul fizic

* Transmisii digitale

* Transmisii analogice

* Transmiterea datelor digitale cu carrier analog
* Medii de transmisie

* Multiplexare

10/31/2022

RL

crunch it connected

16
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Nivelul fizic

Multiplexare

Transformare
Bit — semnal

Sincronizare
biti

Controlul
vitezei

A

crunch it connected

17
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Tipuri de date/comunicare

crunch it connected

* Date digitale, transmisie digitala

« Date stocate in calculator transmise pe mediu digital (ex., cablu
UTP)

* Date digitale, transmisie analog
* Date stocate pe telefon transmise prin wireless

* Date analog, transmisie digitala
« Conversia din voce in digital (sampling, etc.)

* Date analog, transmisie analog
« Semnal de voce pe liniile de telefonie
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Codificare si modulatie S

crunch it connected

Xif)
F 3
o)
Encoder Decoder ﬂ |_
digital or digital » 7
analog
{a) Encoding onto a digital signal
fett) S(f)
carrier A
mir) nir
Modulator Demodulator !
digital or analog | »
analog 7

(b) Modulation onto an analog signal
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Modem ,@

crunch it connected

* MOdulator/DEModulator

I~ - I
11 [] Telephone [T1 []
| network ]

20
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Transmis

10/31/2022

digitale

RL

crunch it connected

21
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Transmisii digitale

crunch it connected

* Folosesc valori discrete pentru a transmite informatie

e Caracteristici:

« Bit interval (echivalent perioada)
 Bit rate (echivalent frecventa)

* Line coding — este denumita si digital baseband modulation

* Unipolara — un singur nivel de tensiune care reprezinta 1; absenta
inseamna O

* Polara — doua niveluri de tensiune
* Bipolara - trei niveluri: pozitiv, negativ si zero
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Codificare Non-Return-To-Zero Level

Ceas

NRZ-L

crunch it connected
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Codificare Non-Return-To-Zero Inverted 3

Ceas

NRZ-I

ccccccccccccccccc
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Codificare Manchester IEEE 802.3 ,@

crunch it connected

Ceas

Manchester
802.3

10/31/2022 25
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Codificare Manchester Diferential <

crunch it connected

Ceas

Manchester
Diferential
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Codificare Multi-Level Transmit 3

Ceas

MLT-3

crunch it connected
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Pulse-Amplitude Modulation 5

Ceas

PAM-5

crunch it connected
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Codificare 4B5B

« Converteste blocuri de 4 biti in blocuri de 5 biti

* Folosit in combinatie cu NRZ-I (fibra optica) sau MLT-3 (100BASE-TX, FDDI peste

cupru)

» Blocurile de 5 biti au suficient de multi biti de 1 a.l. NRZ-I/MLT-3 sa nu piarda

sincronizarea

10/31/2022

N o o B WN - O

0000
0001
0010
0011
0100
0101
0110
0111

11110
01001
10100
10101
01010
01011
01110
01111

T m O O ™ > OW o

1000
1001
1010
1011
1100
1101
1110
1111

10010
10011
10110
10111
11010
11011
11100
11101

T u X —H R <

00000
11111
11000
10001
01101
00111
11001
00100

29
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Exemplu: Fast Ethernet S

/ 100BASE-FX/SX/BX \

Fast Ethernet peste fibra optica

g 4B5B

/ 100BASE-TX \

Fast Ethernet peste cablu torsadat

(Tehnologiile Ethernet vor fi studiate in detaliu in cadrul cursului 2)

30



— Exemplu: Gigabit

Ethernet

/ 1000BASE-CX/LX/SX \
Gigabit Ethernet peste cablu coaxial sau fibra optica

/ 1000BASE-T
Gigabit Ethernet peste cablu torsadat

>»
N

(Tehnologiile Ethernet vor fi studiate in detaliu in cadrul cursului 2)




Transmisii analogice

AM
M
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Transmisii analogice =

crunch it connected

* Folosesc valori continue pentru a transmite informatia
« Caracteristici

— Amplitudine — nivelul maxim al semnalului
— Perioada/frecventa — viteza de schimbare raportata la timp
— Faza - pozitia formei de unda raportata la momentul de timp zero

Value
A

k-
_—

Time




- SYSTEMS
69 LABORATORY

Transmisie analogica - AM e

crunch it connected

« AM = Amplitude Modulation
» Foloseste valori continue ale amplitudinii pentru a transmite informatia

* Folosita in special in transmisii radio

// \\

™ T Main Signal

Intensity

AM

Time
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Transmisie analogica - FM e

crunch it connected

* FM = Frequency Modulation
* Foloseste valori continue ale frecventei pentru a transmite informatia

* Folosita in special in transmisii radio

)

Intensity

// Main Signal

\\_//
FM

Time



Transmiterea datelor
digitale cu carrier analog @
« ASK RL

° PSK crunch it connected
0 FSIK
» Diagrame de constelatii

10/31/2022
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Transmisie analogica a datelor digitale

crunch it connected

* Daca se doreste transmiterea datelor digitale peste un mediu ce
foloseste semnale analogice (de exemplu linii telefonice),
semnalul analog trebuie modulat

« Exista mai multe tipuri de modulare:
« ASK — Amplitude Shift Keying
 PSK - Phase Shift Keying
 FSK - Frequency Shift Keying

 Bit rate — numarul de biti pe secunda
 Baud rate - numarul de semnale pe secunda
* Baud rate < bit rate

* Tehnicile de modulare sunt caracterizate prin raportul bt rate

baud rate
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Modulare ASK L
Amplitude
A
Bit rate: 5 Baud rate: 5
1 bit 1 bit 1 bit 1 bit 1 bit
0 ! 1 ! 0 ! 1 : 0 !

AN
VAVAVAY,

1 baud E 1 baud E 1 baud E 1 baud E 1 baud :

< 1s "

ANN
VAVAVAV,

38
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Modulare PSK L
Amplitude
A
Bit rate: 5 Baud rate: 5
1 bit 1 bit 1 bit 1 bit 1 bit

0 : 1 ; 1 | 0 : 1

Time

1 baud E 1 baud E 1 baud E 1 baud E 1 baud

39
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Modulare FSK L
Amplitude
A
Bit rate: 5 Baud rate: 5
1 bit 1 bit 1 bit 1 bit 1 bit
0 : 1 : 1 : 0 : 1 :
A AAAAAAANL A ANANS
. >

U | i Time
: | e VUV
1 baud i 1 baud i 1 baud i 1 baud i 1 baud i
<< Is >|

40
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Combinatie PSK-ASK (Quadrature
Amplitude Modulation)

Amplitude
A Bit rate: 24 Baud rate: 8

3 bits 3 bits 3 bits 3 bits 3 bits 3 bits 3 bits 3 bits
100 ; 100 , 001 , 000 |, O10 ;| O11 | 110 ; 111 |

WY

(AR VY vV

1 baud . 1 baud | 1 baud | 1 baud | 1 baud 1 baud | 1 baud 1 baud

-« 1s >

N VI m
U[\Uﬂp (\U{\M yﬂuﬂ\ —

crunch it connected
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Diagrame de constelatii

Amplitude

3 bits 3 bits 3 bits 3 bits 3 bits
101 } 100 . 001 : 000 : o010

1 baud . 1 baud I 1 baud I 1 baud I 1 baud

A Bit rate: 24 Baud rate: 8

3 bits 3 bits 3 bits

y 011 | 110 | 111 |

1 baud . 1baud 1 baud

I 1s 1
o [ 6 cor 4] 6
000 1 0° 100 1 180°
001 2 0° [101 2 1800}
i I 180—@)
{OlO 1 90°| 110 1 270°

011 2 90° | 111 2 270°

A

crunch it connected

42



Exemple de constelatii

90

180

0000 0000

180

o

90

270
QAM-16

43
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Exercitiu

crunch it connected

* Se considera o linie cu o capacitate de 2400 baud. Cati biti
de date pot fi trimisi pe secunda daca se foloseste QAM-16

pentru modulare?

* R: Sunt folosite 16 puncte de constelatie pentru a trimite 4

biti per simbol, ceea-eelingeamna:

000
000

000
000
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Multiplexare

* FDM
* WDM
* DM

10/31/2022

45
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Multiplexare <

crunch it connected

e Consta in gruparea mai multor fluxuri de date intr-un singur
semnal peste un singur mediu partajat

* Analogica

« FDM - frequency division multiplexing

« WDM - wavelength division multiplexing (mediu optic)
* Digitala

* TDM - time division multiplexing
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Multiplexare - FDM

Modulator

AAARS

Carrier £

Modulator

-

Carrier £

Modulator

S

Carrier £
Demodulator
Filter 'Dd%go
Carrier £
Demodulator
Filter ““““Ull
Carrier £,
Demodulator

Carrier £
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Multiplexare - WDM

\ / A 11
N A AWAL < I\
/ 11+12+13 \ A )

11 11
11 +12+13

12 \ Fiber-optic cable / X 12

13 13

Multiplexer Demultiplexer

crunch it connected

b
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Multiplexare - TDM

......... 110010 Frame duration = 1/50,000 s = 20 ms
100 kbps Frame: 8 bits Frame: 8 bits Frame: 8 bits
......... 001010
100 kbps cee 00(10(00f11]| [01|11{10]|00| |11]01]|10(10
MUX
100 kbps —2 101101 50,000 Frames/s
400 kbps
.......... 000111
100 kbps
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Medii de transmisie

e Cupru: cablu coaxial sau cablu torsadat
 Fibra optica
* Wireless

S

RL

ccccc h it connected

50
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Medii de transmisie =

crunch it connected

. Cu fir (ghidat)
 Cablu coaxial

» Cablu torsadat (twisted-pair cable)
- UTP
« STP / FTP
« ScTP

« Fibra optica
* Multimode
* Singlemode

« Fara fir (neghidat)
 Unde radio

* Microunde
* Infrarosii
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Cablu coaxial

Insulator

Gnner conductoD

/ Outer conduct@

(Plastic coveD (shield)

Category Impedance Use

75Q Cable TV

50 Q2 Thin Ethernet

50 Q Thick Ethernet

crunch it connected

52
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Cablu torsadat A
RL .

a. UTP b. STP

ninin

12345678

RJ-45 Female R]J-45 Male

53
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Categorii de cablu torsadat

Categorie Frecventa Viteza Standard
Cat1l 1Mbps Telefonia clasica
Cat 2 4Mbps Transmisiuni seriale

TokenRing

Cat 3 16MHz 11000I\|<|/|bbpss 10BaseT
. 100BaseT4
TokenRing

Cat4 20MHz 11060'\|<'/|bbpss 10BaseT
P 100BaseT4
TokenRing,

Cat5 100MHz 10 Mbps 10BaseT
100 Mbps 100BaseTX

10 Mbps 10BaseT,
Cat 5e 155MHz 100 Mbps 100BaseTX,
1 Gbps 1000BaseT
100Mbps 100BaseTX
Cat6 250MHz 1 Gbps 1000BaseT
Cat 6a 500MHz 10 Gbps 10GBaseT
Cat7 625MHz 10 Gbps 10GbaseT
Cat 8 1200Mhz 10 Gbps 10GbaseT

54



Cablari twisted-pair: Straight-through

hlalsls
hlalsls

TIA/EIA-568B

TIA/EIA-568A

S

crunch it connected



Cabl

ari twisted-pair: Crossover .@
B e

I

N

s T

I <

B s & -~

B
TIA/EIA-568B TIA/EIA-568A

56



Cabl

10/31/2022

t

Y.
=

¥

hlalils

TIA/EIA-568B

isted-pair: Rollover ,@

I — -

I -

I = —

. =

1

— — &

1

I

TIA/EIA-568A

57
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Utilizarea tipurilor de cablaj S

crunch it connected

Crossover Switch Router

Computer

—
Straight-through
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Fibra optica

[ess
dense

More
dense

I

I < critical angle,
refraction

I.ess
dense '

More
dense

I

I = critical angle,
refraction

I.ess
dense

1

:

More !
dense !
1

1

1

1

1

|

I > critical angle,
reflection

Cladding

Cladding

59
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Fibra optica (2)
nn e )

Source

Tt

Source

TutL

Source

a. Multimode, step-index

e /\f'

b. Multimode, graded-index

v

c. Single-mode

CORE 625
125

MULTIMODE
et e () | ZETETR

50 —

:.4*
BUFFER COATING 125 = SINGLEMODE
N e ) | r——

Destination 9—

Destination _@_ MULTIMODE
L] =g i m
-‘_

VAVAN 2

Cladding Mode

Multimode, graded-
index
Multimode, graded-

index
Multimode, graded-
index

7/125 125 Single-mode

50/125 125

62.5/125 . 125

100/125 125

60
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Fibra optica (3)

Outer jacket

DuPont Kevlar
for strength

Plastic
buffer

Glass
or plastic
core

SC connector ST connector

RX

X

MT-R]J connector

Cladding

ccccc h it connected

61
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Wireless A
RL

{[ J} crunch it connected
L Catre reteaua wfred;é

Retea wireless de tip
infrastructura

Retea de tip ad-hoc

62
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Spectrul electomagnetic

crunch it connected

* Unde radio — comunicatii multicast: radio si televiziune

* Microunde — comunicatii unicast: telefoane mobile, retele de
sateliti, Wireless LAN

* Infrarosii — transmisii pe distanta scurta

f(Hz) 10° 10° 10* 10° 10® 10 10 10 10® 10® 10 10%* 10*

Radio |Microwave| Infrared uv X ray Gamma ray

Satellite Fiber optics
- -
Coax
AM FM Terrestrial microwave
- - -
TV
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Probleme la transmisie A\

crunch it connected

Atenuare Solutie: Repetor

Crosstalk Solutie: Torsadare %@:l

Metal shield

Zgomot Solutie: Ecranare

64
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Media converter

Electric - electric

crunch it connected

Electric - optic

Electric - wireless

—
—
Aww

65
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Repetor

crunch it connected

Repetor electric

Repetor optic

Repetor wireless

66
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Performanta unei retele e

crunch it connected

* Throughput
« Cantitatea de date transmise in unitatea de timp
* Unitati de masura:
« KB = 20 bytes
 Mbps = 10° bits per second

* Latenta

* Timpul necesar pentru ca un semnal (sau bit) sa ajunga din punctul
A in punctul B

* one-way vs round-trip time (RTT)
* Componente:

 Timpul de propagare

* Latenta introdusa de echipamente



Sumar

Retea de
calculatoare

Stiva de
protocoale

(o

Dispozitive
de retea

Throughput

t

Atenuare

Medii de
ransmisie

Zgomot

Bandwidt

Cablu
coaxial

Modulare

Semnal
analogic

Multiplexare

Semnal
digital




