


Modelul ISO/OSI: l
structura in nivele (straturi)

* Nivelul Aplicatie

* Nivelul Prezentare

* Nivelul Sesiune

* Nivelul Transport

* Nivelul Retea

* Nivelul Legaturii de Date
* Nivelul Fizic

* Nivelul Fizic - aspecte:

—Largimea de banda (Bandwidth):
numarul de biti care pot fi transmisi pe
retea intr-o anumita perioada de timp
(viteza transfer de date)

. L . Parametrii
*Se exprima de obicei in bits/secunda fundamentali
—Latenta: reprezinta intervalul de timp ‘de asigurare

maxim necesar unui bit de a se propaga
de la o extremitate la alta a retelei si se
exprima in unitati de timp |
*RTT(Round Trip Time) - Timpul
necesar unui bit sa traverseze de
la un capat la altul, si Tnapoi mediul

retelei

* Nivelul Fizic - Aspecte
Modificari suferite de semnale in timpul

>a performantei

Nivelul Fizic: mediu de transmisie a datelor

— Rol: asigura faptul ca secventa de biti transmisa
de la emitator ajunge la receptor

— Medii de transmisie:

* Cu fir (cablu torsadat, cablu coaxial,
fibre optice)

* Fara fir (spectru electromagnetic -
radio, microunde, infrarosii,...)

* Nivelul Fizic:
Transmiterea datelor: Intensity
* Analogic (valori continue) 2 }
— Exemplu: sisteme AN / time
telefonice
* Digital (valori discrete)
—Exemplu: computerele
Conversia datelor din .
format Intensity
analogic In format digital si invers ’ ‘ ‘

— Modem: date in format digital
sunt transmise in format
analogic Figura. Semnal Digital

— Codec (coder/decoder): date in 'gura. emnal Digr
format "analogic sunt transmise
in format digital

Figura. Semnal Analogic

1 0 1 o] 1 time

* Nivelul Fizic - Concluzii

Ofera servicii de transport, asupra carora putem
indentifica o serie de probleme posibile

— Datele pot fi alterate/distruse din cauza zgomotului
— Daca destinatia nu poate prelucra datele in ritmul

propagarii in mediile de transmisie: | . ierd
* Atenuarea: pierderea de energie in - L celor emise, O parte se vor pierde

timpul propagarii semnalului printr-un
mediu de transmisie

* Zgomotul: modificarea semnalului
cauzata de factori externi ( e.g. fulgere,
alte echipamente electronice etc) sau
factori interni (miscarea de agitatie
termica a atomilor din dispozitivele
electronice)

* Diafonia = zgomot provenit din semnal

transmis de un mediul de transmisie vecin

+ Distorsiune (engl. Distortion)- este o
modificare determinista a semnalului
receptionat fata de cel emis

LA

— Daca un acelasi mediu de transmisie este utilizat

trimise sa se altereze reciproc

— Este mai putin costisitoare construirea de legaturi
logice care sa partajeze aceeeasi legatura fizica, decat
crearea de legaturi fizice independente

M de mai multe emitatoare, exista riscul ca pachetele



Nivelul fizic

Roluri

Transmisii analogice

Transmisii digitale

Transmiterea datelor digitale cu carrier analog
Medii de transmisie

Multiplexare Nivelul fizic

Exemple

Transformare
Bit — semnal

Controlul
vitezei

Multiplexare

Sincronizare
biti
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Transmisii analogice

* (Caracteristici
 AM
* FM

Transmisii analogice

* Folosesc valori continue pentru a transmite informatia

o C

aracteristici

— 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

\
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Transmisie analogica - AM

* AM = Amplitude Modulation
* Foloseste valori continue ale amplitudinii pentru a transmite

informatia

* Folosita in special in transmisii radio

/

—

Intensity

Main Signal
AM

\
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Transmisie analogica - FM

* FM = Frequency Modulation

* Foloseste valori continue ale frecventei pentru a transmite
informatia

* Folosita in special in transmisii radio

/7/\ b

i,
§ VAAA N NN N\ A~ Main Signal
WA -




Transmisii digitale

"

Caracteristici

Manchester

Manchester diferential
NRZ-L

NRZ-|

MLT-3

PAM-5

Exemplu: Fast Ethernet
Exemplu: Gigabit Etherne

Transmisii digitale

* Folosesc valori discrete pentru a transmite informatie

* 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 0

— Polara — doua niveluri de tensiune
— Bipolara — trei niveluri: pozitiv, negativ si zero
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Codificare Manchester IEEE 802.3

Ceas

Manchester
802.3
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Codificare Manchester Diferential

— — — —_ S — —
Ceas —t+—1+ 1+t + t+ —— - N T
- S L - R _— == o

pr— —

Manchester
Diferential
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Codificare Non-Return-To-Zero Level

Ceas

NRZ-L
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Codificare Non-Return-To-Zero Inverted

Ceas

NRZ-1




" N

Codificare Multi-Level Transmit 3

Ceas

MLT-3
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Codificare Pulse-Amplitude Modulation 5

* Un nivel din cele 5 poate fi folosit pentru corectia erorilor
* Transmite doi biti intr-o perioada de ceas

Ceas

PAM-5
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Codificare 4B5B

* Converteste blocuri de 4 biti in blocuri de 5 biti
* Folosit in combinatie cu NRZ-I (fibrd opticd) sau MLT-3 (100BASE-TX, FDDI peste cupru)

* Blocurile de 5 biti au suficient de multi biti de 1 a.i. NRZ-I/MLT-3 sa nu piarda
sincronizarea

* Nu se pot obtine mai mult de 3 biti de 0 consecutivi

0 0000 11110 1000 10010 00000
1 0001 01001 9 1001 10011 I - 11111
2 0010 10100 A 1010 10110 J = 11000
3 0011 10101 B 1011 10111 K - 10001
4 0100 01010 C 1100 11010 1] - 01101
5 0101 01011 D 1101 11011 R - 00111
6 0110 01110 E 1110 11100 S - 11001
7 0111 01111 F 1111 11101 H - 00100
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Exemplu: Fast Ethernet

F

100BASE-FX/SX/BX \
Fast Ethernet peste fibrd optica

100BASE-TX \
Fast Ethernet peste cablu torsadat




" N

Exemplu: Gigabit Ethernet

/

1000BASE-CX/LX/SX )
Gigabit Ethernet peste coaxial sau fibrd optica

1000BASE-T \
Gigabit Ethernet peste cablu torsadat
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Transmisie analogica a datelor digitale

* 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 semnalepesecunda

* Baud rate < bit rate

bit rate

* Tehnicile de modulare sunt caracterizate prin raportul
baud rate



Modulare ASK Modulare PSK
Amp‘litude Amplitu de
A
RS SRR Bit rate: 5 Baud rate: 5
1 bit 1 bit 1 bit 1 bit 1 bit
0 ! 1 ' 0 ' 1 ' 0 ' 1 bit 1 bit 1 bit 1 bit 1 bit
j ' E 0 1 1 0 1

1 baud E 1 baud E 1 baud E 1 baud

1 baud ! ‘

. ' : : :

1 baud g 1 baud g 1 baud i 1 baud § 1 baud é
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Modulare FSK Combinatie PSK-ASK
Amplitude Amplitude
A 2 Bit rate: 24 Baud rate: 8

Bit rate: 5 Baud rate: 5 3bits  3bits  3bits  3bits  3bits  3bits  3bits 3 bits

1 bit 1 bit 1 bit 1 bit 1 bit 101 E 100 E 001 000 010 011 E 110 111

0 1 1 0 |

|

e = = = =

-

Time

mU{\U |
i ]

lbaud 1baud 1baud 1baud 1baud 1baud 1baud 1 baud

A
V

re ls
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Diagrame de constelatii

Amplitude
) Bit rate: 24 Baud rate: 8
3 blis 3 bits 3 bits 3 bits 3 blis 3 bits 3 bits 3 bies

101 [ 100 | 001 | 000 ;, 010 ; O1 | 110 | 111 |

Time

- : : ' ¢ . ' '
Thaud Thaud Tbaud ITheud Ihaod 1baud 1 baud 1 baud

:‘*‘ 1s 1

Lo [ 0 caa [ n] &
000 1 0° |100 1 180°

001 2 0° ||101 2 180°

L 180
010 1 90°|110 1 270°
o111 | 2 90" | 11z 2 270°

270
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Multiplexare

* 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

3 Modulator
=t || AARA
Carrier £
. Modulator
P
G\ || A -
Carrier £
: Modulator
TP —==| M~
Carrier £

Demodulator

EAVAVAVAY

Carrier f]

Filter

Demodulator

A

Carrier £

Filter

Demodulator
Filter —ARARRA—
Carrier £
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Multiplexare - WDM

I

12

13

WD\M NN

=g

/ IM+12+13

H+12+13

.
&

Fiber-optic cable

Multiplexer

13

Demultiplexer
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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
100 kbps ——— 001010 voe 00]10(00|11| [O1}11{10]00| |11{O1]|10{10

MUX
100 Kb 101101 50.000 Frames/s
400 kbps

.......... 000111

100 kbps




" * Cufir (ghiday

.. .. — Cablu coaxial
Medii de transmisie — Cablu torsadat (twisted-pair cable)
* UTP
* Cablu coaxial * STP/FTP
e SCTP

* (Cablu torsadat

— Fibra optica
* Fibra optica

* Multimode

* Wireless * Singlemode

* Fara fir (neghidat)
— Unde radio
— Microunde

— Infrarosii




"

Cablu coaxial

VT 09 AN
2 ancr conduct(D

Outer conductor
ver (shield)

Plastic ¢

Category Impedance Use

75 Q Cable TV

50 Q Thin Ethernet

50 Q Thick Ethernet
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Cablu torsadat

Metal shield

-
a. UTP

ninln

12345678

N
-

A
RJ-45 Female RJ-45 Male
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Categorii de cablu torsadat

Categorie Frecventa Viteza Standard
Cat1l 1Mbps Telefonia clasica
Cat2 4Mbps Transmisiuni seriale

TokenRing
Cat 3 16MHz 110%"::;)"55 10BaseT
P 100BaseT4
TokenRing
Cat4 20MHz lloﬁol\'ilﬁbbpss 10BaseT
P 100BaseT4
TokenRing,
Cat5s 100MHz 10 Mbps 10BaseT
100 Mbps 100BaseTX
10 Mbps 10BaseT,
Cat 5e 155MHz 100 Mbps 100BaseTX,
1 Gbps 1000BaseT
100Mbps 100BaseTX
A b 1 Gbps 1000BaseT
Cat 6a S00MHz 10 Gbps 10GBaseT
Cat7 625MHz 10 Gbps 10GbaseT
Cat8 1200Mhz 10 Gbps 10GbaseT




Cablari twisted-pair: Straight-through

s meem_mmes  Cablri twisted-pair: Crossover

L NN s e -

HE N = = = = i —

C L e CeLw Cmow [ N [ N S—

([ __Hu I = ==

I I '

C Bl [ e [ [ N ,g
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TIAEIA-5688  TIA/EIA-568A AN

Cablari twisted-pair: Rollover - - 6

—

(1l [ -

I N . —

(1N [ I = —

I

. RSN

— N ,

(1l [ Il ™

I

TIA/EIA-568B
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Fibra optica

[.ess [.ess

dense - dense
More More
dense dense

I

| < critical angle,
refraction

I

[ = critical angle,
refraction

.ess
dense

More
dense

I

I > critical angle,
reflection

Cladding

Sender -/

Core

I o

Cladding
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Fibra optica (2)
| -~
UL | e ——

Source Destination

a. Multimode, step-index CORE £

~
73

i_] MULTIMODE

Y ﬁ"\: ™
| R

12— e
—_ —- MULTIMODE
- il "N
. : /\[\ CLADDING Q)
N
Tl m -
Source Destination BUFFERCOATING 1251 SINGLEMODE
‘dameters vary) ( ? \
b. Multimode, graded-index .g/l m
~ ”
9

~
Source ' Destination

c. Single-mode

lype Core Cladding Mode

Multimode, graded-
index
Multimode, graded-

index
Multimode, graded-

50/125 50

62.5/125 62.5

100/125

index
7/125 Single-mode
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Fibra optica (3)

DuPont Kevlar
for strength

Outer jacket

Plastic
buffer

Class Cladding

or plastic
core

ST connector

SC connector

MT-R] connector



Wireless

(i)
L——Catre reteava wimd—ﬂ
Retea wireless de tip @
infrastructura \

R

= J

Retea de tip ad-hoc
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Spectrul electomagnetic

* Unde radio — comunicatii multicast: radio si televiziune

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

* Infrarosii — transmisii pe distanta scurta

4 14

f(Hz) 10° 10% 10 10° 10° 10" 10" 10 10" 10"® 10%° 10?2

Radio |Microwave | Infrared uv X ray Gamma ray

- -
- B
- .

- —

10* 10° 10° 10" 10° 10° 10" 10" 10" 10" 10" 10" 10'°

-~ 1 | | | | 1 | ] | 1 | |
1 I [ | [ | I I I 1 I I
Satellite Fiber optics
- - e e
Coax
i -
AM FM Terrestrial microwave
e - .-
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Probleme la transmisie

Atenuare Solutie: Repetor

Crosstalk Solutie: Torsadare

Zgomot Solutie: Ecranare
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Media converter

Electric - electric

Electric - optic

Electric - wireless

A |
.
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Repetor

Repetor electric

Repetor optic

Repetor wireless
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Performanta unei retele

* Throughput
— Cantitatea de date transmise in unitatea de timp
— Unitati de masura:
* KB =219 bytes
* Mbps = 10° bits per second

* Latenta

— Timpul necesar pentru ca un semnal (sau bit) sa ajunga din punctul Ain
punctul B

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

* Timpul de propagare

* Latenta introdusa de echipamente
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Cuvinte cheie

Fibra
optica

Cablu
torsadat

Retea de
calculatoare

Medii de
transmisie

Placa de Cablu
retea coaxial

Stiva de
protocoale

Semnal
analogic

(s

Semnal
digital

Dispozitive Multiplexare

de retea

Zgomot

Atenuare

Bandwidt
Throughput
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