Bandwidth is like the width of a pipe.

e_;‘.

Network devices are like pumps, valves, fittings, and taps.

Packets are like water. ‘ r
-
i



Unit of Bandwidth  Abbreviation Equivalence

Bits per second bps 1 bps = fundamental unit of bandwidth
Kilobits per second kbps 1 kbps = 1,000 bps = 103 bps

Megabits per second Mbps 1 Mbps = 1,000,000 bps = 106 bps
Gigabits per second Gbps 1 Gbps = 1,000,000,000 bps = 10° bps
Terabits per second Tbps 1 Tbps = 1,000,000,000,000 bps = 10'2 bps




Typical Media Maximum Maximum

Theoretical Theoretical
Bandwidth Distance
50-Ohm Coaxial Cable 10 Mbps 185 m
(10BASE2 Ethernet; Thinnet)
50-Ohm Coaxial Cable 10 Mbps 500 m
(10BASES Ethernet; Thicknet)
Category 5 Unshielded Twisted Pair 10 Mbps 100 m
(UTP) (10BASE-T Ethernet)
Category 5 Unshielded Twisted Pair 100 Mbps 100 m
(UTP) (100BASE-TX Ethernet)
Category 5 Unshielded Twisted Pair 1000 Mbps 100 m
(UTP) (1000BASE-TX Ethernet)
Multimode Optical Fiber 100 Mbps 220m
(62.5/125pm) (100BASE-FX Ethernet)
Multimode Optical Fiber 1000 Mbps 550 m
(50/125pm) (1000BASE-SX Ethernet)
Singlemode Optical Fiber 1000 Mbps 5000 m
(9/125pm) (1000BASE-LX Ethernet)




Best Download Typical Download

S S
T'Bw U= =

BW Maximum theoretical bandwidth of the "slowest link" between the source host
and the destination host (measured in bits per second)
B Actual throughput at the moment of transfer (measured in bits per second)

Time for file transfer to occur (measured in seconds)
S File size in bits

—]
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Benefits of the OS] Model:

« Reduces complexity

« Standardizes interfaces

« Facilitates modular engineering

« Ensures interoperable technology
« Accelerates evolution

« Simplifies teaching and learning




KommyTauma pna nepepaum Hebonbwux dpparmMeHTOB
AaHHbIX, @ He rpomo3gkux ¢annoB wumMmeet psaa
npeMMmyLlecTB:

OHa Hanpsmyr oTobOpaxaetca B 0a30BOe CETEBOE
obopyaoBaHue, YToO AenaeT ee o4eHb 3PAPEKTUBHLIM;

OHa pa3gensaeT npoLlecchl nepeaayvn gaHHbIX OT NPUKNAAHbIX
nporpamm, rMo3BoMsis MawnHaMm obpabaTbiBaTb CETEBOM
TpauK, He 3Hasi Kakne NpUNoXeHus nepenatoT ero;

OHa gernaeTt cuctemy rmbkon, gernasi BO3MOXHbIM CO3daHue
CeTeBbIX NPOTOKOMOB 0OLLEro Ha3Ha4YeHUs;

OHa Mo3BONSIET aAMUHUCTPaAToOpaM ceTen NobaBnsaATb HOBbIE
CEeTEBbIE  TEXHOMOrmu, mMoandounumnpys nporpamMmHoe
obecrnevyeHne CeTeBOro yYpoBHS Unn gobasnsis K HEMY HOBYIO
4yacTb W He BHOCA MNPU 9TOM HUKAKMX WU3MEHEHUA B
npuKnagHble nporpaMmmei.



[1Ba OCHOBHbIX MNOCTyNaTa, KOTopble cneayer UMeTb B
BUAY Npu pa3paboTke KOMMYHUKALUOHHbLIX CUCTEM:

« He cyuwectByeT OOHOW  YHMBEPCAnbHOM  CETEBOWU
TeXHosnorunm, KoTopas yooBneTBopsAna Obl BCEM
TpeboBaHUSM.

 [lonb3oBaTtenn XenawT YHMUBEPCASIbHOMO MEXCETEBOro
B3aMMOOENCTBUS.



YHudmumpoBaHHasa o6 beanHeHHas ceThb:

Mbl XOTUM CKpbITb 6a30BYI0 apXUTEKTYPY 0O beANHEHHOW CETU OT Nonb3oBaTensl.
To ecTb, Mbl HE XOTUM TpeboBaTb OT Nofb3oBaTENA UMN NPUKNIAAHON NPOorpaMmb
3HaHWA geTarnen annapaTHbIX B3aMMOOEUCTBUIN, NCNOSTb3YyEMbIX B 0O beaANHEHHOM
ceTu.

Mbl Takke He XOTMM NpeanucbiBaTb TOMOMOMMK0 CETEBLIX B3aumopencTsmn. B
YacTHOCTWU, JobaBneHne HOBOM ceTU K 0ObeanHEHHOW He AOIMKHO O3HavaTb ee
coeauHeHne C LeHTpanbHbiM MapLUpyTU3aTOPOM, a Takke He OOSMKHO O3Ha4vaTb
nobasneHne npaAMbIX OU3NYECKUX COEONHEHUM MeXOy HOBOW CETbI0 U BCEMMU
CYLLECTBYIOLLNMWN CETAMM.

Mbl XOTUM MMETb BO3MOXXHOCTb NOCLINAaTh AaHHbIE Yepe3 MPOMEXYTOYHbIE CETH,
OaXe ecrin OHUM He COEeOUMHEHbl HanpsAMyk C KOMMbKTeEpaMu OTnpaBuTens wu
nony4vartens.

Mbl XOTMM, 4YTOObI BCEM KOMMbOTEPAM OOBLEAMHEHHOM CEeTU Ha3Ha4anucbh
naoeHTndurkaTopbl N3 OOHOr0 yHMBEpPCanbHOro Habopa, KOTopble MOXHO cyYMTaTb
NX UMEeHaMn UnNn agpecamu.

Mbl  x0TuM, 4TOBbLI Habop onepauun, UCNONbL3YEMbIX AONs YCTAHOBIIEHUSA
B3aMMOAENCTBUA UNN Nepeaadn AaHHbIX, OcTaBancsa He3aBUCUMbIM OT 6a30BbIX
CEeTEBbIX TEXHOMNOMMM U KOMNbKOTEPA Nony4vyaTend.

Mbl xoTuMm, 4TO6 OT nonb3oBaTens He TpeboBanocb 3HaHNE TOMNOSIOMMN CETEBBIX
B3aMOLEeNCTBUM NPU HAaNMCaHUN B3aMMOLENCTBYOLWMX NPUKIA4HbIX NPOorpamMm.



Ilpumep 0b6vedunenus 08yx usuueckux cemeii ¢ nNomowbro mapupymuszamopa R



O6beauHeHHas ceTb E
— dusnyeckas

CeTb

ObbeanHeHHas ceTb

KomnbioTepsbl

KomMmnbloTepsl nonb3oBaTteneun

nosib3oBaTenen

MappyTnsaTtop

(a) (6)

Ob6veounennas cemv TCP/IP ¢ mouku 3penus noiv3oeamelisi — Npeonoiacaemcst umo
KasHcowvlll KOMnvromep NOOKIIOUEH K 00OHOU O0IbUOU cemu (a), cxema coOeOUHeHUs
Quzuueckux cemeil ¢ NOMOWBIO MaApUPYmMu3amopos (6)



O6beduHeHHas1 cemb unu MHmMmepHem
— 3MO MHOXecmeo ¢busudyeckux cemeu
06bEeOUHEHHbIX MeXX0y cobou ¢ MoMouwbHo

Mapuwpymu3amopos, U UCrosib3yruwux
cemeucmaeo rpomokosioe TCP/IP.
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CeTb nepeagayn gaHHbIX

Vpoenuu mooenu OSI u ux 3a6ucumocms om cemu nepeoayy OAHHbLX




OOHuM U3 cambiIX  3Ha4YumersibHbIX
rnpeumMmyui,ecmae KOHUenmyarsbHO20
pasoesfieHUs Ha ypoeHU serigemcs mo,
4mo cmaHosumcs 803MOXXHbIM
3aMeHUmb 0OHO cemegoe cpedcmaeo, He
8rfiusig npu amom Ha pabomy Opyaux.
[loamomy, MOXKHO op2aHuU308amsb
naparinesibHble uccrie0osaHUus u
paspabomky cemesbix cpedcme Ha 8cex
YPOBHSIX.
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Physical Binary Transmission

« Wires, connectors, voltages, data rates




7 Application
6 Presentation

5 Session
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3 Network

2 Data Link Direct Link Control, Access to Media
* Provides reliable transfer of data across media

[ 1 Physical J » Physical addressing, network topology, line
e —— discipline, error notification, ordered delivery of

frames, and flow control



‘F 7 Application ‘
“ 6 Presentation l\
(5_sewsion ]

3 Network

Network Address and Best Path Determination
* Logical addressing
- Best effort delivery
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End-to-end Connections

* Concerned with transportation issues between hosts
« Data transport reliability

 Establish, maintain, terminate virtual circuits

* Fault detection and recovery information flow
control



7 Application

6F’resentatmn \
5  Session Interhost Communication

- Establishes, manages, and terminates sessions

‘f 4 TFEH'IS[JDI"[ between applications
'3 Network |

" Data Link
‘ Physical




[ 7 Application

Data Representation
« Ensure data is readable by receiving system
“ 5 Session - Format of data
» Data structures
4 TranSport » Negotiates data transfer syntax for application layer

3 Network

(4 _Transport_]
[3_Network |
“ 2 Data Link |
(1_Prysical ]

1 Physical



7 Application Network Processes to Applications

» Provides network services to application

“ 6 Presentation I\ processes, such as electronic mail, file transfer, and
terminal emulation
[[5 Session ]

4 Transport

3 Network

“ 2 Data Link I\

[’ 1 Physical
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Yposens OSI OoOopynosanue | IIporokoasi, | HazBanue Pa3zmep Pa3mep agpeca
CTaHJAaPThI nakKerta naKerta

[TpukiagHoi HTTP, FTP, Coobmmenne, DNS-ums = 255
SMTP, DNS, | maker, 0aiT (IoOMeH =
IMAP, Telnet | naHubie 63 cuMBoOJIa)

IIpencrasienus JlanHbIE

CeaHCOBBII JlaHHbIE

TpaHcnOpTHBIN TCP, UDP TCP-naker, TCP- TCP-nopt = 2

CETMEHT CETMEHT = Oaiita (16 Our)
65535 Gaiit

CereBon Mapupyruzarop | IP, ICMP, IP- [Pv4 = 65535 | IPv4 = 4 Gaiita
RIP, OSPF, nerdtarpamMma | OailT (32 oura), IPv6
ARP = 128 out

KananbHbIi KommyTtatop, Ethernet, Ousnueckuii | Ethernet = Ethernet MAC-

(muata cereBoro | Moct Token Ring, | xamp 1500 Oaiir, aapec = 6 6aiT

uHTepdeiica) FDDI, X.25, FDDI =4096 | (48 6ur)
SLIP, PPP OaifT

Puznueckumn Peniurep, butsl

(cpena nepegauun | Konuenrparop

JTAHHBIX )




The TCP/IP Model

Application

Transport

Internet

Network
Access



Comparing TCP/IP with OSI

OSI Model
| Application
Presentation
Session
Transport
Network

Data Link

Physical

TCP/IP Model

Application

Transport

Internet

Network
Access



MeXxypoBHeBbIe NaKeTbl AOCTpaKkTHbIE paHuuUbI pa3gena

YPOBHMU
MPUIOXEHWIA Mporpammbl He
CoobLeHns un onepaLnoHHOW cucTemsl

NMOTOKU AaHHbIX g

TpaHCNoOpPTHbLIN I'IE)orpaMMH
[MNakeThbl onepaLyMoHHON CUCTEMBI
TPaHCNOPTHOIO .
npoToKosia Mcnonbaytotcd

[MpoTokona IP
Tonbko IP-agpeca

|P-pentarpammbl B oo oooooeooooooooooooooosoooooos

CeTeBoro cnonb3yoTtcd
dusnyeckme kagpsbi uHTepdeiica busnyeckne agpeca
(bopmat .
onpeaensieTcs ; 5

obopynoBaHMeM) | |

__________________________________



Mopgens TCPSfIP

CemedcTBo npoTokonos TCPSIP

MHTEpd BHCa

¥poOBEEHE
NpHAOXEHKA
Telnet FTP SMTP DMNS RIP SHNMP
TDaHCMopTHEIH
¥ DOBEHE TCP uDp IGKP ICHP
¥pOEEHE
FIHTEpHET A HLF P AL
|_ ________ |I_ ________ 1I_ ________ 1I _________ 1
¥POEEHE . ! S Frame !
e eear i Ethernet ::Tcul-:en Fllng:: 3eley :E AT ,



Y3en A Mapuwpytusarop R Y3en B

YpoBeHb YpoBeHb
NPUIIOXKEHNN NPUITOXKEHNN
U WoeHmu4Hoe coobwenue T N

A 4
TpaHCMNOPTHLIN TpaHCnOpPTHLIN
YPOBEHb ypOBeHb
NoeHmMu4HbIU nakem X
e >
YpoBeHb YpoBeHb YpoBeHb
npoTtokona IP npoTtokona IP npoTtokona IP
! NoeHmuyHasi Oeimaegpamma 1 t ! NoeHmu4Hasi Oeimazpamma 2 1
YpoBeHb CETEBOIO YpoBeHb CETEBOIO YpoBeHb CETEBOIO
nHTepdenca nHTepdenca nHtepdenca

NoeHmuyHbIU Kadp 1 NoeHmMuyYHbIU Kadp 2

dun3ndveckasa cetb 1 dunsundeckasa ceTb 2

Cxema npoxodicoenusi coobujeHusi Oom npukiaoHou npocpammol y3ia A 00 ananiocudHou
NPUKTAOHOU Npocpammsl y31a B npu ucnonvzosanuu mapupymuzamopa
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Email - Data

B

Network
Header - Packet

Frame | Network Frame Frame(medium
Header | Header Trailer dependent)
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