CerMeHTUpaHEe HA MPEXkKaTa.
KomyTrarop. Bugose.

IOL. A-P UHXK. AWIbH XbKb

10/1/2024



OCHOBHU MOMEHTH

* Mocrt
* Komyrarop
* CerMeHTHUpaHE Ha Mpexara
* HacTporku Ha mOPTOBETE HA KOMYyTaropa
* CrecHeHMs B MpeKara
* bpumx Tabnuna
* Buaoe KomyTaropu
— 110 opraHu3anus Ha Oydepupane,
— MO MPOMYyCKaTeJIHA CIOCOOHOCT,

— I10 PEKUM Ha IIpejiaBaHe,
— MO0 U3II0JI3BaHara ClIy>kKeOHa HHGOpMaIus
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MocT

Hub

E] E}

Corporate Intranet

-
e MoCTBT CE€ U3II0JI3BA 3a CETMEHTHUpPAHE HA MpeEkKaTa:

5
Segment 1

Segment 2

— Ilo-Manku KOJIU3UOHHHU TOMEHHH;
— Ilo-romssma e(eKTUBHOCT Ha MpPEKaTa;
— He orpannuasa broadcast Tpaduxa.

* MocTbhT U30MpATEIHO NPEAaBa JaHHU MEXKY JIBA CETMEHTA Ha
MpeKara:

— naydaBa MAC agpecute Ha BCHUKH YCTPOKMCTBA OT BCEKU CBbP3aH
CETMCHT;
— M3rpaxkjia Opumax TadIuIa;

— Mpenpaia Win 6JIOKI/Ipa:1 (’)[‘Lpﬂa_.glgg Bb3 OCHOBA Ha Ta3U TAOJIMIIA.

. AUIbH ABKD
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Backbone 10/100 10-Mbps
Switch Hub

) Komyrarop

AP

10/100
Switch
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* KomyTtaropure n3rpaxaar BUpPTyaJIHA BEPUTH MEKIY 2 CBbP3aHU
yCTPOUCTBA, KOUTO Ca CaMO 3a KOMYHUKAIIUATA MEXKITY THX.

* KomyTaropure oCcUTypsiBaT MUKPOCErMeHTAIUA:
— Makcumusupar gpocrbeiHara bandwidth;
— HM3rpaxaT HIKOJIKO ¢IHOBPEMEHHU BUPTYaJIHH BEPHUIHU 3a BPb3Ka,
— CSMA/CD ce npunara camo B half-duplex xomynmkanum. Full-duplex
KoMmyTtaropute He usnoiazpar CSMA/CD.
— M3mpamia Broadcast 1o Bcruku yCTpoMCTBa B MpeiKara.
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I IpemHazHaueHne Ha KoMyTaTopa

Shared Segment Before LAN Switch After

L

| |
Station A
| | aa-aa-aa-aa-aa-aa
s tA -
. egmen
' Switch
|

| 111

= = 7
l | l | Segment B 1/2
| | | |
| | | Station B
All Traffic Visible on Multiple Traffic Paths bb-bb-bb-bb-bb-bb
Network Segment within Switch -

* Jla n3onupa TpadukKa MKy CETMEHTUTE B MPEKaTa;

 Jla ocurypu mo-mo0pa bandwidth 3a xpaitaure
YCTPOKCTBA KAaTO Ch3/1aBa IO-MAJIKHA KOJIU3UOHHU
JTOMEUWHU.

|
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CCFMCHTI/IpaHe KOJIM3UOHHU JIOMCUHU

SW'tCh - — 7~ Catalyst 1900

W | [ [59 [ [ |7 [ [ [ [ [

— —

2222 4444
* MuxkpocermMmeHTauus 4pe3 OTACIHU MPEKOBU

cermenTH (POInt-to-point) Bpe3Kw.
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bpoakacT JoOMEHHU

oooooo

172.30.1.21
255.255.255.0/

T e —— ==
=S [ =] [ =1 ey 172.30.2.16

172.30.2.10 172.30.1.23 172.30.2.12 255.255.255.0
255.255.255.0 255.255.255.0 255.255.255.0

ARP Request r %ﬂ
— =)
172.30.1.25 - |= %‘l
255.255.255.0 |= g] —
— 172.30.1.27
172.30.2.14 255.255.255.0

255.255.255.0

* Bcuuku X0CTOBE, CBbpP3aHM KbM KOMYTaTopa ca B €AUH M ChIIT
OpoJIKacT JOMEIiH.

* bpoakacTuTe OT €IHO YCTPONCTBO IIIe JOCTUTAT BCUUKH OCTaHAIH
YCTPOMCTBA, CBbP3aHHU C KOMYTaTOPH KbM HETO.
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BugoBe OpoakacTu

Uricast ?. gl' QT. gl'
-2228
-2228

* ToBa e JJoru4ecko, a He (PU3NYECKO MPEACTABIHE KAKBO CE€ CJIy4Ba B
KOMYTaTopa.
* bpoakacTure npeMuHaBar Ipe3 KOMyTaropa KoraTro ce u3mpailia.
— VYHUKAacT, IIpeiHa3HaveH 3a Heno3Hat xocT (Hsama my MAC anpeca B
Ta0IMIIaTa)
— bpoaxkact Ha cioii 2 (nectunanmoHHusT MAC aapec e
FF.:FF.FF:FF.FF:FF)
— MynTukacTt — 10 rpyna yCTporcTBa Ha CJIOM 3

Switch 1

MAC Address
FFFFFFFFFF!
MAC AddressVIAC Address
FFFFFFFFFF:FFFFFFFFF
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CerMeHTHUpaHE Ha MpeEKara

Collision Domain 4

Bridge

LAN switch

Router
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Collision Domain 1

Collision Domain 2
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CerMeHTHUpaHE Ha MpeEKara

Floor 1
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PexxyuMu Ha mOPTOBETE HA KOMYTaropa

TAaJIedeHus
A shitch uses full-duplex mode UlokasHus kpaii [kpaii Auto- NnpaBUJIeH rpeuieH
Full to provide full bandwidth Auto-MDIX MDIX aoeJ aoeJ
FUNLDUPIEX  between two nodes on anetwork, . -
_100r 100 Mbps 100r 100 Mbps_ On On Link up Link up
gl e | On Off Linkup  [Link up
o = 40 0r 100 Mbps 10 or 100 Mbp - -
IR Off On Linkup  [Link up
+ Colision-free transmission
+ Two 10- or 100 Mbps data paths - -
Off Off Linkup  |Link down

* Pexxum Ha npenaBane (duplex) HacTpoiku:
— auto — aBromaTuuHO AoroBapsHe 3a duplex pexmm.
— full - full-duplex.
— half - half-duplex.
* Tunm Ha xka6eaa (auto-MDIX) macrpoiiku:
—3a cBBp3BaHe Ha SWIitCh-to-switch ce m3moa3Ba Cross-over, a 3a
switch-to-router - straight-through;
—HO axo ce konpurypupa MDIX, Moxke na ce moia3Ba KakbBTO U
1a ¢ Ka0bes, He3aBUCHMO KaKBO € APYrOTO YCTPOMCTBO.

10/1/2024 JOILL. I-p MHK. AHIbH XBKb 11



CuMeTpuYeH/aCHMETPHUYECH KOMYTATOP

CuMeTpudeH KoOMyTarop / ACUMETPHUYEH KOMYTaTop

10/1/2024 JO1L. 1-p WHXK. AIBH XBKb
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bydepupane

SWitC h 10EaseT

Catalyst 1900

1111 3333

Abbreviated D D

MAC = —T =

addresses — —

an

Koraro IeCTUHAITMOHHUSAT MOPT €
3aeT U IIpU TeXHUKa “‘store and
forward

*3a BcekM MOPT — OoTAeIeH Oydep -
Port-based Memory Buffering —
omaikara oT (ppeliMoBe ce
(opMupa 3a KOHKPETHMS MOPT;
*Ooma mamet — Shared Memory
Buffering- Bcuuku peiimoBe ca B
oOl11a maMeT U He (popMupar
OTJICJTHHU OMAIIIKH 32 BCEKU MOPT.

10/1/2024 JOIL. I-p MHK. AIbH XBKb 13



Layer 2 /Layer 3 komyTaTtopu

PR * Layer 2 komyTarop

TS — — B3ema pemenus camo mo MAC

j: | agpecu

— | - He ciieaqn MpekoBu IpOTOKOJIH

TR —He ciaenn nmoTpeOuTeacKu

t Physa | PUIIOKECHUS

oyer 2 Sumtig * Layer 3 komyTarop

7 Apghcation — B3ema peurenus mo MAC agpecu u

& Prasaniason H3rpaxkjaa OpuIK TadIuIa

5 Session — Ho m3non3sa u IP agpecu (ot 3 cioi) -
: :1“ T MapIIpyTH3HUPAHE

— o — MMa crieripaneH xapayep U npemnparia
e 0-0bP30 OT MApUIPYTU3ATOP WU

Layer 2 komyTarop

Layer 3 Switching

10/1/2024 JOIL. I-p MHK. AIbH XBKb 14



bpugx Tabnuina

2712 9743 7461

3

1
\21/

PC X PC
f— —
B541 | o | SWE ST est CAM contents

Port Host MAC address

0 6541
2712

9743
7461
9811

Blw N =

* MocCTOBETE U KOMYTAaTOPUTE NOMBJABAT OpHIK TAOIHIIA,
3a Jia s M3II0JI3BAT 3a MpenpaliaHe Ha YHUKACTH.
* bpuax tabaunara ce cbxpansia B RAM.

* bpuax tabaumara ce mombiBa Karo:
— Ce uete MAC agpeca Ha copca Ha BCEKU MOJIY4YE€H B KOMyTaTopa (ppeim;
— 3anucsa ce aBoiikara: Homep Ha mopT- MAC aapec, kaTo HOMEPHT Ha
IIOpTa € 10 KOMTO € MoJay4YeH (ppeima;
— IIpoBepsiBa ce 3a 3anuc B Tabnuiara Ha aectuHanuonHus MAC aapec.

10/1/2024 JOIL. I-p MHK. AIbH XBKb



10/1/2024

YHukactu /0poakacTu

Segment 2 Segment 1
Hub Hub

Hub Hub

=

Segment 3 Segment 4

Axo ce Hamepu aectuHanmonauss MAC anpec B CAM tabnunara
(Source Address Table), dpeliMmbT ce u3mpaina caMmo Ha TO3H IIOPT
OT ChOTBETHATA MY JIBOMKA,;

AKO TOU HE ce HaMmepH, PPEeMBT ce U3MIpalla Ha BCUYKHU ITOPTOBE C
M3KJIFOYCHUE Ha MOPTa, 10 KOUTO € MOCTHIIWI B KOMYTaTopa;
bpux (CAM) Tabnuiara Moxe Jia ChabprKa HIKOJIKO 3aIuca 3a
€IUH MOPT aKO KbM HETO € CBbP3aH KOHIIEHTPATOP.

JIOLL. JI-p UHX. AWJIbH XBKb
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Pabora Ha komyTaropa

[TonyuaBa ¢peiim

HayuaBa copcoBuss MAC aapec u crapTupa Taiimep Win
aKo € B TaOJHIaTa pecTapTupa TauMepa

10/1/2024

Ilectunanuonnust MA

M3npaia Ha KOHKPETHUS TTOPT

JOL. 1-p UHXK. ATbH XbKb

azipec aanu ¢ OpoaKacr, N3znpama
MYJITHKACT Ha BCUYKH
WIN HENO3HAT YHUKACT? TI0PTOBE
JIeCTUHAITMOHHHUSAT U He
copcoBuat MAC anpec Ha u3npaia
€ZIMH U ChIII TTOPT JIK ca? Ha HUKOMH

17



Pabora Ha komyTaropa

Destination | Source
Preamble Address | Address | LYPe | Data Pad CRC

3333 1111
Switch o Catalyst 1900
(2l Cd
Source Address Table
D D Port Source MAC Add. Port Source MAC Add.
L __E on L __E on
1111 D 3333 D
L __E on L __E on

2222 4444

10/1/2024 JO1L. 1-p WHXK. AIBH XBKb 18



Pabora Ha komyTaropa

Preamble

Destination
Address

Source

Address Type

Data

Pad

CRC

switch

s

3333

E

1111

10Ea:eT

| [ [ [

L] 11 12

Catalyst 1900

Source Address Table
Port Source MAC Add.

Port Source MAC Add.

1 1111

— __E an — __E an
1111 D. 3333 D.
— __E an — __E an
2222 4444

10/1/2024
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Pabora Ha komyTaropa

Destination | Source

Preamble Address | Address Type | Data Pad CRC

<j£;1 334_;)

SWitCh SRS Catalyst 1900

Source Address Table
D D Port Source MAC Add. Port Source MAC Add.

| _ | _ 1 1111 6 3333
= =
1111 D 3333 D
L :EDI L :EDI
2222 4444

10/1/2024 JO1L. 1-p WHXK. AIBH XBKb 20



Pabora Ha komyTaropa

Destination | Source Destination | Source
Preamble Address | Address | LYPe | Data Pad CRC Preamble Address | Address | LYPe | Data Pad CRC
1111 3333 3333 1111

Catalyst 1900

switch

10BaseT

| [ [ [

= =

L] 11 12

s

Source Address Table

Port Source MAC Add. Port Source MAC Add.

i _ i _ 1 1111 6 3333
— —
B
- = on - = on
2222 4444
10/1/2024 JO1L. 1-p WHXK. AIBH XBKb 21



Pabora Ha komyTaropa

Destination | Source Destination | Source
Preamble Address | Address | LYPe | Data Pad CRC Preamble Address | Address | LYPe | Data Pad CRC
1111 3333 3333 4444

switch 10 a:eT Catalyst 1900

Fl =] 9 10 1" 12

K] E] 4 E]

Source Address Table

D D Port Source MAC Add. Port Source MAC Add.
— S 1 1111 6 3333
e

- - - 9 4444

an

1111 3333

D D e Hama xoaususa

i = * Ima Oydepupane Ha ppermMoBeTe

— —

2222 4444
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bpuax Tadauna

* MAC agpechT Ha copca CTOH 3allCaH B OpHUIK
TabIMIIaTa S MUHYTH (32 ITIOBEYETO NPOU3BOAUTEIN
Ha KOMYTaTOpPH).

* B rabnuiara OposAT Ha 3alMCUTE 3aBUCH OT pa3zMepa
Ha Kellla, HO B IoBe4eTo ciydau € 1024,

* VYcrpoiicTBara Hay4daBar gectuHauumoHHuTte MAC
agpecu OT:

e ARP ke
 ARP Requests

10/1/2024 JOILL. I-p MHK. AHIbH XBKb 23



Konn3noHneH n1oMeH

Source Address Table Destination | Sogrce
Port Source MAC Add. Port Source MAC Add. | |P™™!®| Addwss |Address|TyPe|Paa | Fad | CRC
1 1111 6 3333
1111 3333
1 2222 1 5555
Ethernet 10/100 Switch
2 3 4 5 6 7
yEammmmm
100BASET.
/™
I;amandin.g —
System Shared
Server
[—] 3333
1111 2222 5555 Stems
' lani )
graz(an%cabrillo.edu AOL. A-p MIOK. AWIBH XKD 2424



CerMeHTHpaHe ¢ MapIlIpyTU3aTOPU

Segment 2 Segment 1

10/1/2024

MapipyTruszaropure CbI0 CErMEHTUPAT
MpexKara.

PaznenaT Mpexara Ha KOJJU3UOHHHU U OpOIKACT
TOMEHHU.

OcurypsaBar Bpb3Ka MEXKIY PA3TIUYHU MPEKH.

Te no6asar 3a0asane ot 20% 10 30%, T.x.
onpeAeisaT Hall-n1oOpusl ObT Ha 0a3a Ha
noruuecku (IP, IPX... ) agpecn.

JIOLL. JI-p UHX. AWJIbH XBKb
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3aKbCHCHHE B KOMYTATOpA

* 3akbCHeHHETO (Latency) e mepuon oT BpeMme
OT MOMEHTA, B KOUTO ()peHMBT OCTHIBA B
HEro 10 MOMEHTA, B KOMTO KpasT Ha perma
HaIyCHE KOMyTaTopa.

* 3aKbCHECHHETO 3aBUCH OT KOHPUTYPUPAHUTE

IpOILECH Ha KOMYyTalys U 00eMa Ha Tpaduka.

10/1/2024 JOILL. I-p MHK. AHIbH XBKb
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“TecHu mecTa” B Mpexkara

» IIpemaxBane Ha “TecHu mecta’ (Bottlenecks):
— Bp’BBKI/I C I1O-TOJIAM KAIIalIUTCT

— Ilo-rossim Opol Bpb3KH

Server with five 1000 Mb's NICs

Server with one 1000 Mbis NIC

MNIC Bandwidih of B33 Mbis fe
MIC Bandwidth of 167 Mb/s per computer andwl per computer

10/1/2024 JO1L. 1-p WHXK. AIBH XBKb
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Metonu Ha npegaBaHe Ha KOMyTaropa

100Mb to server

Store and Forward Reads
the entire Frame

: =.

DeTnminn

Cut-Through Reads up to the
Destination MAC address

Destination

Saurce Source
Source Length Data | FCS I

SFD
1

Destination
6

Preamble

7 SFD

Source Length Data FCS
Type 46 to 1500 4

2

Preamble

6 Type 46 to 1500 4
| | < ] 1

9 |

100Mb to clients

Store-and-forward — Llenusar dpeiiM ce moirydaBa B KOMyTaTopa Ipe/Id Ja 3alodHe Ja ce
npeaaBa:

[Ipounrar ce nectuHanmonnus u copcopust MAC anpec;

[IpoBepsiBa ce Opux TabMUIIaTa, 3a ]a C€ B3EME pEellIeHHEe Ha KO MOPT /1a ce Mpeaana;
ITposepsiBa ce CRC Ha (peitma. Ako € BsipHa, ce MpenaBa Ha JIeCTUHAITMOHHUS
MOPT/TIOPTOBE. AKO HE € — U3XBBHPJIS c€ HPEHUMBT.

Cut-through — IlpenaBaneTo Ha ¢peiima 3armodBa o1ie Mpean NeMusIT GpeliM aa € TOCTHITHI B
KOMyTaropa:

[IpounTar ce nectuHanmonHus u copcoBust MAC anpec;

[IpoBepsiBa ce OpuK TabIMIATA, 32 [1a CE B3EME PEIICHUE Ha KO MOPT Ja ce MpEeaana;
3anouBa npegaBadeTo 0e3 na ce nporepu CRC Ha dpeiima.

T.e. HamansBa ce 3aKbCHEHUETO Ha periMa 3a CMETKa Ha OTKPUBAHE Ha TPEIIKH B
npeaaBaHeTo.

10/1/2024 JOIL. I-p MHK. AIbH XBKb

28



Cut-through- Fast-forward

7 bytes 1 byte 6 bytes 6 bytes 2 bytes max 1500 bytes 4 bytes

Preamble |SFD Dest.

Source |Length Data

Address | Address

FCS

Fast-forward

Lowest latency

No error checking
Default

Fragment-free

Low latency

Checks for collisions
Filters most errors

Store-and-forward
Highest latency
All errors filtered

 Haui — MaJako 3aKbCHEHHE.

e 3amoyBa Ja mpemnpaiia makeTuTe BeJHara ciiel IpourMTaHeTo Ha
nectuHanuonHuss MAC aapec.

* Moxe ¢pperimsbT ga e ¢ rpemHa CRC — 3aema bandwidth u yak B
nectuHanuaTa NIC 1ie ro oTxBbpim.

* Moxe ppeliMbT Ja He € 1151, a ITapye oT ppeiM, IPEKbCHATO OT
jam curaain 3a koim3ud - 3aeMa bandwidth 1 gak B nectuHanmsTa

NIC 11e ro oTxXBBHpIIH.

10/1/2024 JOIL. I-p MHK. AIbH XBKb
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Cut-through- Fragment-free

7 bytes 1 byte 6 bytes 6 bytes 2 bytes max 1500 bytes 4 bytes

Preamble |SFD Dest.

Source |Length |Data

Address |Address

FCS

/

Fast-forward
Lowest latency
No error checking
Default

Fragment-free

Low latency

Checks for collisions
Filters most errors

Store-and-forward
Highest latency
All errors filtered

 @uiarpupa napuyerara or ¢ppeiiMoBe npeau 1a 3aM04He 1a npenpama

(ppeiima.

* @parmeHTuTe ca napuera ot ¢pperimone ¢ rpemnu/murcpanm CRC.

» Komm3nonHuTte ¢pparMeHTH ca Mo-KbcH OT 64 bytes.

* IIpuema ce, ue Bceku peiiM, mo-abasr oT 64 bytes e BanmmaeH u ce

npenpama. Axo ¢ ¢ rpemcH CRC 3aema bandwidth u gak B

nectuHanusaTa NIC mie ro oTxBbpiu.
* Fragment-free meTonbT n3uakBa aa nonyun 64 bytes u ako ppeiiMbT €

IMO-AbJbI" OT TOBA, 3aI104YBa Jd I'0O IIPCIIpaIiia.

10/1/2024 JOIL. I-p MHK. AIbH XBKb
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Cut-through-Adaptive cut-through

Switching Mode 10Mbpsto |10 Mbps to 100 Mbps 100 Mbps to 100 Mbps 100 Mbps to
10 Mbps 10 Mbps
FastForward (FIFO)L 31 microsec. \na 7 microsec. 7 microsec.
FragmentFree (FIFO) 70 microsec. [na 9 microsec. 110 microsec.
Store-and-Forward (LIF0)2 |7 microsec. |7 microsec. 3 microsec. 3 microsec.

* B 1031 pexxumM KOMyTaropsT U3I1013Ba CUt-
through mokxaro oTkpue onpenencu opoi
rpemku (threshold).

* Koraro To3u Opoy € JOCTUTrHaT, KOMyTaTOPbT
npeMuHaBa B pexxum store-and-forward.

10/1/2024
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Bwropocu ?

bnarogaps 3a BHUMaHHETO !
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