Pocitacova siet’
0 pocitaCova siet

m Internet
m World Wide Web

= distribuovany systém
N middleware
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Model klient-server

O zdielanie prostriedkov
0 server a klient prepojené v sieti

Client

Se

O 2 procesy: poziadavka a odpoved

Client machine

rver

C—
g

Server machine

Request

f—— _—-___-_-'-—-
—< Network >—

/

/

Client process

L

Reply
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Server process




Komunikacia peer-to-peer

M rovny s rovnym
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Domace stet’ové aplikacie

Tag Full name Example

B2C | Business-to-consumer Ordering books on-line

B2B | Business-to-business Car manufacturer ordering tires from supplier
G2C | Government-to-consumer | Government distributing tax forms electronically
C2C | Consumer-to-consumer Auctioning second-hand products on-line

P2P | Peer-to-peer File sharing

KIS, M.Oravec, KTL FEI STU



‘ Stet’ovy hardvér

= LAN

= MAN

= WAN

= bezdrbtove siete (Wireless Networks)
= iné (domace siete, ...)
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Taxonomia pocitacovych sieti

Prenosova technoldgia:

0 broadcast siete
m broadcasting
o multicasting

O point-to-point siete
o unicasting

KIS, M.Oravec, KTL FEI STU



Taxonémia pocitacovych sieti

Podla mierky
Interprocessor Processors Example
distance located in same
1im Square meter Personal area network
10m Room
100 m Building ~ Local area network
1 km Campus
10 km City Metropolitan area network
100 km Country
) Wide area network
1000 km Continent
10,000 km Planet The Internet
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‘ LLAN - Local Area Network

= neverejné siete, budova alebo campus do niekofkych km

= Vviac typov topologie broadcast sieti, napr.
o zbernica (bus)
o kruh (ring)
o hviezda
o strom

o Computer \
\Cable \

(@) (b)

Computer
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‘ MAN - Metropolitan Area Network

= mesto
= napr. MAN zalozena na kablove) TV

& BE & BE EE BE BE EE
Junction T T T T
box =
Antenna - - - - n - - -
‘EE‘ ‘EE. ‘EE. ‘EE‘
HE BE EE BE EE BE BEE EE

Head end 1}
e HE 3 @ 5 B8 B HE

- e SR

= novsie MAN: |IEEE 802.16
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WAN - Wide Area Networks

= rozlahla sief
= host
m podsiel

Subnet Router

\

p

Host

— LAN —
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WAN

= Smerovac, smerovacie algoritmy

Router Subnet
Sending host / Receiving host
( )--lllll lllll..( )
/ Packet Router C makes a \

choice to forward  iecelving process

packets to E and
notto D
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Bezdrotové siete

Kategorie bezdrbétovych sieti

m prepojenie systémov - Bluetooth, IEEE 802.15
= bezdrbtove LAN, IEEE 802.11

Base | To wired network

station

= bezdrétovée WAN
0 mobilné siete (nizkorychlostné)
1.gen.: analogova, hlas
2.gen.: digitalna, hlas
3.gen.: digitalna, hlas a data
0 vysokorychlostny bezdrétovy pristup, IEEE 802.16

KIS, M.Oravec, KTL FEI STU



‘ Stet’ovy softvér

= Protokolové hierarchie

= Navrh vrstiev

= Spojovo orientované sluzby a sluzby bez spojovej
orientacie

= Primitivy sluzieb

= Vztah sluzieb a protokolov

KIS, M.Oravec, KTL FEI STU



‘ Protokolové hierarchie

vrstva (layer), uroven (level) - poskytnutie sluzieb vySSim vrstvam (podobny
koncept ako information hiding, abstraktné datoveé typy, enkapsulacia dat,
objektovo-orientované programovanie)

protokol vrstvy n - pravidla a konvencie konverzacie vrstvy n na jednom
zariadeni s vrstvou n na inom zariadeni

peer - entity, ktoré zahffiaju koreSpondujuce vrstvy na rozdielnych
zariadeniach sa nazyvaju peers (oni komunikuju protokolom)

o nie jeziadny prenos dat medzi vrstvami n na réznych zariadeniach,

v v

médium

rozhranie (interface) - je medzi kazdou dvojicou susediacich vrstiev; definuje,
ktoré primitivne operacie a sluzby poskytne nizSia vrstva vyssej

sietfova architektura — mnozina vrstiev a protokolov

protokolovy zasobnik (protocol stack) — zoznam protokolov (jeden protokol

pre kazdu vrstvu) pouzitych v istom systéme

KIS, M.Oravec, KTL FEI STU



‘ Protokolové hierarchie

= Vrstvy, protokoly a rozhrania

Host 1

Lay

Bl G [t

]
Layer 4/5 interface v

\

Lay

Layer 3/4 interface

A
Y

Lay

er3 |[a-----—------—----------

: [
Layer 2/3 interface ‘l

/

Lay

Layer 1/2 interface

A
\i

Lay

= L o

A
\

Layer 5 protocol

B 4 e e

er2 |[a——-— e - - -

Host 2

Layer 5

Physical medium
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Protokolové hierarchie

= Priklad: tok informacie pre virtualnu komunikaciu vo vrstve 5

M=message, H=header

Layer
Layer 5 protocol
5 M e X———E ————————————— - M
l Layer 4 protocol x
4 H4 M _oossnesnnnREmERaERaE Seeas bad H4 M
/\ Layer 3 /\
protocol
3 H3 H4 IVI1 H3 MQ Ao S ""H3 H4 M1 H3 M2
l l Layer 2 ‘
protocol
2 H2 H3 H4 M1 T2 H2 H3 M2 T2 e - H2 H3 H4 M1 T2 H2 H3 M2 T2
A
1
. A

Source machine

Destination machine




‘ Navrh vrstiev

= adresovanie

= pravidla pre prenos dat - logické kanaly pre jeden alebo pre kazdy smer
prenosu, pre rézne priority, ...

= riadenie chybovosti (Error Control)

= preusporiadanie sprav prijatych v nespravnom poradi
= riadenie toku dat (Flow Control)

= diZka spravy

=  multiplexovanie, demultiplexovanie smerovanie

KIS, M.Oravec, KTL FEI STU



Spojovo orientované sluzby a sluzby bez spojovej orientacie

= QoS - kvalita sluzby (quality of service)
= 6 réznych typov sluzieb:

( Service Example
Connection- Reliable message stream Sequence of pages
oriented ] Reliable byte stream Remote login
Unreliable connection Digitized voice
i Unreliable datagram Electronic junk mail
Connectlig: s < Acknowledged datagram Registered mail
Request-reply Database query

KIS, M.Oravec, KTL FEI STU



Komunikacia peer-to-peer

KIS, M.Oravec, KTL. FEI STU



‘ I<Omun1ké(:18, layer_to_layer Service user A Service user B

Vrstva N+1
(service user)

A F Y

Confirm Request Indication Response

|
|
|

]
s

e | —
<1 * 1

\._

|

VrstvaN | | Tttt >
(service provider) P

Zakladné primitivy:

e Request

e Indication

e Response

» Confirm \, . Indication
Request | |
Confirm 5 .

- Response
Service user - Service provider ©  Service user
A : : B
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‘ Vzt’ah sluzieb a protokolov

Layer k + 1 Layerk + 1
[Service provided by layer k I
Protocol
| BYEIPRK [ i s i i » Layerk

| |

Layer k - 1 Layer k - 1

KIS, M.Oravec, KTL FEI STU



SPOT

(L]

(L]

NI

SPOJENIE:

3 fazy spojenia:

= Vybudovanie spojenia
= InformacCna vymena

= ZruSenie spojenia

KIS, M.Oravec, KTL FEI STU



Signalizacia

= Riadiaci proces (riadiaca informacia) pre vybudovanie
a zrusenie spojenia.
= Riadiace procesy mozu byt aj poCas spojenia
N zabezpecenie prenosu proti chybam (error
control)
o riadenie toku dat (flow control)

m Pozn. Komunikacia bez spojovej orientacie nema fazu vybudovania a zruSenia
spojenia.

KIS, M.Oravec, KTL FEI STU



KOMUNIKACIA:

spojovo orientovana (connection-oriented)
vyzaduje signalizaciu,
o fyzické spojenie
o virtualne spojenie

KIS, M.Oravec, KTL FEI STU



KOMUNIKACIA:

bez spojovej orientacie (connectionless)
sporadicka komunikacia s malym mnozstvom dat
= datagram
s datagram s potvrdenim
o prijimacia strana potvrdzuje prijem kazdého paketu

KIS, M.Oravec, KTL FEI STU



MULTIPLEXNE TECHNIKY

Viacero komunikacnych procesov zdiela spolocné
prenosove alebo spojovacie medium

= multiplex komunikacnych kanalov s pevnou Sirkou
pasma

= multiplex komunikacnych kanalov s premenlivou Sirkou
pasma

KIS, M.Oravec, KTL FEI STU



MULTIPLEXNE TECHNIKY

Multiplex komunikacnych kanalov s pevnou Sirkou pasma

= Priestorovy multiplex SDM (space division multiplex)

= Synchréonny casovy multiplex STDM (synchronous time
division multiplex)

= Frekvencny multiplex FDM (frequency division multiplex)

= VInovy, vinovodizkovy multiplex WDM (wavelength
division multiplex)

KIS, M.Oravec, KTL FEI STU



MULTIPLEXNE TECHNIKY

multiplex komunikacnych kanalov s premenlivou §irkou pasma

oinformacia je rozdelena na pakety konsStantnej alebo premenlivej
dizky

okazdy paket nesie aj RIADIACU INFORMACIU (smerovacie
informacie, zabezpeCenie proti chybam, poditadlo sekvencie) -
header, trailer, pripadne header aj trailer

o PREPAJANIE PAKETOV

= Asynchrénny c¢asovy multiplex ATDM (asynchronous
time division multiplex)

¢ ATDM s paketmi variabilnej dizky

¢ ATDM s paketmi konstantnej dizky

KIS, M.Oravec, KTL FEI STU



\PREPAJANIE OKRUHOV (reurr swrrcine

komunikacny kanal zriadeny pocCas celeho spojenia
= Priestorovy spinac

= Casovy spina¢

= Kombinovany spinac

KIS, M.Oravec, KTL FEI STU



‘PREPAJANIE PAKETOV @acker swrrcHING)

= Nie je zriadeny trvaly okruh, informacia delena na pakety,
Statistické multiplexovanie

= Mody paketovej siete
= Spojovo orientovany mod - virtual circuit
=  mOod bez spojovej orientacie - datagram
= Sluzba
= spolahliva (reliable) - siet garantuje spravne
dorucenie

= nespolahliva (unreliable) - siet nerobi kontrolu chyb,
atd.

KIS, M.Oravec, KTL FEI STU



Prepajanie
paketov:
datagramy




Prepajanie
paketov:
virtualne

okruhy




RYCHLE PREPAJANIE PAKETOV

(FAST PACKET SWITCHING)

= FRAME RELAY

= CELL RELAY
= ATM
= SMDS (switched multimegabit data service)

KIS, M.Oravec, KTL FEI STU



| Referenéné modely
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Referencny model OSI

Layer

7

Interface

6

Application

A

Y

Presentation

|

Session

Physical

Host A

Name of unit
exchanged

Application protocol .
Application

A

\

Presentation

!

- ________Sessionprotocol ____________ o] Session
)
\
~— e Transportprotocol N ———
Communication subnet boundary
a Internal subnet protocol \ I
+| Network ==—t= Network [|=-4--+=| Network
= Data link ~-=r=| Datalink [=-4{--+»| Datalink
A
\
= Physical . Physical [|=-1--=| Physical
Router Router Host B

-

/

Network layer host-router protocol
Data link layer host-router protocol
Physical layer host-router protocol

APDU

PPDU

SPDU

TPDU

Packet

Frame

Bit



‘ Vrstvy modelu OSI

Application

Provides access to the OSI enviromment for users and also
provides distributed information services.

Presentation

Provides independence to the application processes from
differences in data representation (syntax).

Session

Provides the control structure for communication between
applications; establishes, manages, and terminates
connections (sessions) between cooperating applications.

Transport

Provides reliable, transparent transfer of data between end
points:; provides end-to-end error recovery and flow control.

Network
Provides upper layers with mndependence from the data
transmssion and switching technologies used to connect
svstems; responsible for establishing, mamtaiming. and
te:rminating connections.

Data Link

Provides for the reliable transfer of information across the
physical link: sends blocks (frames) with the necessary

svnchronization, error control, and flow control.

KIS, M.Oravec, KTL F

Physical
Concerned with transmission of unstructured bit stream over
physical medium; deals with the mechanical, electrical,
functional, and procedural characteristics to access the
physical medium.




‘ Vrstvy modelu OSI

= 7/ - spolocné Casti aplikacii (prenos sprav, e-mail)

= 6 — konverzie (kddovanie znakov, format Cislic)

= 5 —riadenie relacii (obnovenie preruseneho dialogu)
= 4 — komunikacia koncovych pouzivatelov

= 3 — prenos paketov, smerovanie

= 2 — prenos ramcov cez linku (potvrdzovanie ramcov,
synchronizacia, riadenie chybovosti)

= 1 — prenos bitov — elektrické a mechanicke viastnosti,
modulacie, synchronizacia, ...

KIS, M.Oravec, KTL FEI STU



Prostredie modelu OSI,

PDU Construction

Outgoing

\j

4z User Data

{_ Application X )

Agpplication

Presentation

Session

MNetwork

Data Link

Physical

Communications
Path (e.g.. point-
to-point link,
network)

Ap?]::a::m

Application

Presentation

Seszion

Transport

MNetwork

Data Link

!
L1
\

Physical

4

Incoming
PDTJ Reduction

!

28  UserData

komunikacia, enkapsulacia




‘ Referencny model TCP/IP

OSI

7 Application

6 Presentation

5 Session

4 Transport

3 Network

2 Data link

1 Physical

TCP/IP
Application
T~ Not present
// in the model
Transport
Internet
Host-to-network
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Iné porovnanie ref. modelov TCP/IP a OSI

OSI TCP/IP
A
Application
Applicati
Presentation pplication |
User
Space
Session
A Software
Transport
Transport |(host-to-host) X
. Internet A
Network Firmware
Network Operatin
Data Link Access Hardware gvs tem g
v v o
Physical Physical
v
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PDU v architektiure TCP/IP

User data

TCP

header

IF
header

MNetwork
header

Application
byte stream

TCP
segment

IP
datagram

Network-level
packet

KIS, M.Oravec, KTL FEI STU



OSI <-> TCP/IP

s OSI

= TCP/IP

napr. Tannenbaum: modifikovany OSI

(hybridny) model

- NN W A~ O

Application layer

Transport layer

Network layer

Data link layer

Physical layer
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‘ Standardizacia

= [elekomunikacie
= Medzinarodne standardy
= Internetove standardy

KIS, M.Oravec, KTL FEI STU



‘ Telekomunikacie

|TU — |International Telecommunication Union

= Hlavne sektory
radiokomunikacie (ITU-R)
telekomunikacna Standardizacia (ITU-T)
rozvoj (development) (ITU-D)

= Triedy Clenov
narodné vlady
Clenovia sektorov
asociovani Clenovia
regulacné agentury

KIS, M.Oravec, KTL FEI STU



 Medzindrodné Standardy

= ISO (International Standards Organization)

= ANSI (American National Standards Institute)

= NIST (National Institute of Standards and Technology)
= |IEEE (Institute of Electrical and Electronics Engineers)
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Internetové Standardy

= |AB (Internet Architecture Board)

m  RFC - request for comments - htip://www.ietf.org/rfc
» |IRTF — Internet Research Task Force
s |[ETF — Internet Engineering Task Force
= Internet Society

KIS, M.Oravec, KTL FEI STU


http://www.ietf.org/rfc

Standardy TEEE 802

Pracovné skupiny 802:
* délezité,
V' hibernuju

T dalej nie

Number Topic

802.1 Overview and architecture of LANs

802.2 | | Logical link control

802.3 * | Ethernet

802.4 | | Token bus (was briefly used in manufacturing plants)
802.5 Token ring (IBM’s entry into the LAN world)

802.6 { | Dual queue dual bus (early metropolitan area network)
802.7 | | Technical advisory group on broadband technologies
802.8 T | Technical advisory group on fiber optic technologies
802.9 | | Isochronous LANs (for real-time applications)

802.10 | | Virtual LANs and security

802.11 * | Wireless LANs

802.12 L | Demand priority (Hewlett-Packard's AnyLAN)

802.13 Unlucky number. Nobody wanted it

802.14 | | Cable modems (defunct: an industry consortium got there first)
802.15 * | Personal area networks (Bluetooth)

802.16 * | Broadband wireless

802.17 Resilient packet ring
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