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*OTEPHIT TEXHOMNOMMMNH aHrunan

*OTEPHIT TEXHOSOMMNH OPENMUINH DYTIL

*OTEPHIT TEXHONOMMNH Xasar

*AHXHbI 3TEPHIT TexHosoru /Legacy Ethernet technology/
*OpgoorunH atepHaT TexHonoru /Fast Ethernet technology/

*OHO6ep XypAHbl aTepHAT TexHonoru /Giga Ethernet technology/



Standards Organizations

ISOC, |IAB, and IETF
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Society 'fl”j Internet Society (ISOC)

\g“& Internet Architecture
3 Board (IAB)
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Internet Engineering Task Force (IETF) Internet Research Task Force (IRTF)
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Steering Group (IESG) Steering Group (IRSG)
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Standards Organizations

IEEE

38 societies
130 journals

1,300 conferences
each year

1,300 standards anc
projects

400,000 members
160 countries

IEEE 802 Working Groups and Study Groups

802.1 Higher Layer LAN Protocols Working Group
802.3 Ethernet Working Group

802.11 Wireless LAN Working Group

802.15 Wireless Personal Area Network (WPAN) Warking
Group

802.16 Broadband Wireless Access Working Group
802.18 Radio Regulatory TAG

802.19 Wireless Coexistence Working Group

802.21 Media Independent Handover Services Working
Group

802.22 Wireless Regional Area Networks

802.24 Smart Grid TAG



Standards Organizations
1ISO-OSI Ta|/|r|6ap 3areap

—

C()Ush. l X

'_—-"—"

OnoH yncbiH -

CTaHAapunasnbiH =Y - 4 Alui\ Dotorewm» 6 Presemot.v —~
6anryynnaraac 2. ana enchpier

CaHaa4uncaH ‘

Int erm 5 SesSiOﬂ

[V
e 'o

De-Jure 6ytoy anba
€CHbIX

Open System

Interconnection
OnoH
YMHABapnaquMH DNS . WWW/HTIP
nporpam 6a TeXHWK IR 7. Application
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Vo 40/100GbE:
Ethernet has a long backward_ ‘
i . . compatibility
history of increasing . o
- . s 10GbE: Data
data rates along with rates for LAN s
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: AT iopoeay gﬁ\a 1999: 802 3ab - Gig
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_ UTP and MMF : :
- ' S : 1998: 802 3z - Gig Ethemet . .
Shared Bus J i ‘ (1 Gbps) Fiber | Gigabit
bl s o . ) Ethernet
"~ | 1995: B02.3u - Fast Ethernet ‘
- (100 Mbps) Fiber, TP !
i ) Fast :
1983 802.3 — 10Mbps r -
‘ Ethermnet ‘ Ethernet - Network Capabilities ‘]
" 1982 Digital, Intel, Xerox (et Teiaoiogy, |
publish Ethemet spec. Ethernet



DTEPHIT TEXHONOMMUH aHrMNa

AUI: Attachment Unit Interface
MAC: Media Access Control
MAU: Medium Attachment Unit

MDI: Medium-Dependent Interface
MII: Medium-Independent Interface
GMII: Gigabit Medium-Independent

PHY': Physical Layer Entity
PLS: Physical Layer Signaling
RS: Reconciliation Signaling

Interface
Logical link control
Data link
layer
MAC MAC MAC
PLS RS RS
Physical AUI MII GMII
layer
MAU PHY PHY
(Transceiver) (Transceiver) (Transceiver)
MDI MDI MDI
Medium Medium Medium
Traditional Ethernet Fast Ethernet Gigabit Ethernet
10 Mbps 100 Mbps 1000 Mbps



JTEpH3T Frame

Preamble 56 bits of alternating 1s and Os. DSAP | SSAP | Control | Information
SFD Start field delimiter, flag (10101011)

—_—

Destination Source Length ,
Preamble | SFD address address PDU Data and padding | CRC
7 bytes 1 byte 6 bytes 6 bytes 2 bytes 4 bytes

Preamble 9H3 Hb XynaaH aBardmng dpenm npx oynr magaraaHa. 7 byte(56bits), 1 6a 0-nnH
venan. Pu3unk TyBWMHA HAMaraasr 6a dpernMmnnH XacartT TOOLOraoXrym

Start Frame Delimiter (SFD) Xoép aaxb penmMuninH axnanuur togopxounox 1 byte:
10101011 mapgaanan GamHa._SFD Hb Texeepemxupg CYYNUMH CUHXPOHYNON XUNX BONoMXK
onrogor. CyynunH xoép 6ut Hb 11 BGanx Bereeq 3H3 Hb XYN33H aBarymMg gapaarvmH tanbap
XYJI99H aBarymmH Xaqar ragrumr XasnHa.

Destination Address (DA) 6 byte ®u3unk xasar

Source Address (SA) 6 byte dunsuk xasar

Length/Type ®penmuinn xamxaa/Encapsulated Protocol Type

Data Network Layer PDU

CRC/FCS CRC-32



Minimum and Maximum Length

Minimum payload length: 46 bytes
Maximum payload length: 1500 bytes

-y -

Destination Source Length ,
address address PDU Data and padding CRC
6 bytes 6 bytes 2 bytes 4 bytes
Minimum frame length: 512 bits or 64 bytes

Maximum frame length: 12,144 bits or 1518 bytes



DTEPHIT TEXHONOMMUH Xasr

06-01-02-01-2C-4B

OamxxyynnblH Tepen
Unicast - Unicast Destination
Multicast - One-to-Many

Broadcast - One-to-All /FF-FF-FF-FF-FF-FF/



Legacy Ethernet

10BaseT
/ /\_

Speed Signal Type Type of cable
10 Mbps Baseband (not Twisted Pair & all
Broadband) Twisted Pair cabling
A single signal 100 meters
on the cable with RJ-45 connectors

Ethernet: ‘Legacy Ethernet’
Speeds: 10-Mbps, Category-3,4,5 UTP Cable, RJ-45



Legacy Ethernet

Ethernet
= Ethernet Networks, 10 Mbps;
= IEEE pamxxnx tepen: 10Base5, 10Base2, 10Basel, 10BaseFL
= 10 Mbps xypaTau
= Half-duplex
= CSMA/CD
= Bus topology
= Hub-based
= 10Baseb: First Ethernet, Thick coaxial, bus
= 10Base2: Second Ethernet, Thin coaxial, bus
= 10BaseT: Third Ethernet, star
= 10BaseFL: Star topology, xoc wunaH Kabenb




Sharing Bandwidth

Rate Rate
A A
One One One One One One One One
frame frame frame frame frame frame frame frame
10 Mbps 10 Mbps
SMbpsF——-——T—-——F—"T——r—1-—"7- SMbpsF—1t——t—"1—"—T—-"1—"—1T———1—
> >
Time Time

a. First station b. Second station



Physical Layer

Physical LLayer Signaling
(PLS)

Attachment Unit
Interface (AUI)

Medium Attachment Unit (MAU)
(transceiver)

Medium-Dependent
Interface (MDI)




Physical Layer Signaling (PLS)

PLS

Manchester
encoder

To MAC == Manchester |< From transceiver

decoder

From MAC >

» To transceiver




Attachment Unit Interface (AUI)

o = MAU
(transceiver)
4 pairs of
NIC twisted-pair cable

= PLS, MAU xonbox nutepdenc, 15 pin
= OpyHOOC Xxamaapaxrym

= 10Base5 (thicknet) — 6ornHo kabesnb
= 10Base2 (thinnet) — NIC pgoTop



Medium Attachment Unit (MAU ) (transceiver)

To PLS To PLS From PLS

i f

JTuIsuel | f~t——
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Transceiver
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Medium

= OpyHOOC XxamaapanTtau
= [Jloxuor opunHpg rapraHa



10Base5 TexeepemMxumH
xonéont

Transceiver cable
Maximum 50 m

x 7

Transceiver

Thick coaxial cable T
Maximum 500 m

ap

Transceiver cable
Maximum 50 m

—

1 O Ba Se2 TGXGG DG M)KM ﬁ H Transceiver i i1

NIC with transceiver
xonéont
Thin coaxial cable, maximum 185 m



10BaseT TexeepeMXnnH xonbont

10Base-T
repeater hub

UTP cable UTP cable
External H —
2 E::I [::I transceiver ﬂ 15-Wire
transceiver
cable

10Base-FL repeater hub
Fiber-optic cables
10BaseFL TexeepeMXUNH
15-Wire
XOJ1 60”1- transceiver

External % =

transceiver




Myuwrua xoc Ethernet

100BaseT
/ /\_

Speed Signal Type
100 Mbps Baseband (not
Broadband)

A single signal
on the cable

Type of cable
Twisted Pair & all

Twisted Pair cabling
100 meters
with RJ-45 connectors

Ethernet: ‘Fast Ethernet’

Speeds: 100-Mbps, Category-5,5e UTP Cable, RJ-45




Myuwrua xoc Ethernet

Fast Ethernet — First Modern Ethernet Network
= Fast Ethernet: Ethernet Networks, 100 Mbps;
= IEEE pamxunx tepen: 100BaseTlX, 100BaseFX, 100BaseT4
= 100 Mbps xypaTtau
= 100 meTp xyBaanTtTaun Twisted-pair cable
= Full-duplex
= Collision free /not use CSMA/CD/
= Switch-based
= Star topology, Cat-5 or 5e UTP cabling
= RJ-45 KOHHeKTOp

= 100BaseTX: CAT 5e, Xoc yTacT kabes: H3r Hb UIIM3H3, Heree Hb XY/1393H
aBHa (100BaseT rax H3p/i3H3)

= 100BaseFX: 1300nm r3pannH AOATMOH AaMxXXyynax XoC ONTUK Kabenb:
RX, TX

= 100BaseT4: CAT 3, nepBeH yTacT Kabesn: 4 Xxocoop WIra3H3, XY193H
aBHa




Full-Duplex Switched Ethernet

Switch

Transmit

Jiuasueld |
IAIIIY




Fast Ethernet Physical Layer

Medium-Independent
Interface (MII)

Physical Layer Entity (PHY)
(transceiver)

Medium-Dependent
Interface (MDI)



Medium Independent Interface (MII)

L

NIC

Reconcil -
iation

PHY

(transceiver)

Reconcil- PHY

a.

MII is needed for external transceiver

NIC

iation (transceiver)

b. MII is not needed for

internal transceiver

= 10Mbps, 100Mbps xoéynaHr Hb A3MXNX NHTepdenc

= Parallel 4 bit time

= YaupanarbiH QYHKUYYA HOIMArACOH



Medium Dependent Interface (MDI)

100BaseT: Fast Ethernet

100BaseT CAT-5 awurnata.

CAT-5 UTP cable Hb nepBeH XocC yTac: H3r Xocoop ereraern
WNIM33H3, 66Pp HAr XOCOOpP XY/33H aBHa. (Pins 1 & 2 ererjersi
WIIrasH3, Pins 3 & 6 erer/esi Xy/i33H aBHa)

CAT-5 UTP RJ-45 connector awumrnaHa.
CAT-5 UTP 100MeTpuKrH xa3raapTamn

100BaseT cymka3Hum texeepemx (Hubs, Switch)-Tan Star
TONONOrnop XonboraoHo.




100BaseTX, Encoding/Decoding

100Base-TX
repeater hub

40-Wire
MII
PHY cable
(External ]H I
transceiver)
25 Mbps
- ] 125
o Mbpsi_ 1 4BssB Mbps MLT-3
25 Mbps block line > L—
f-
encoder encoder
25 Mbps | | MLT-3




100BaseFX (Fiber-Optic)

Kevlar strands

100BaseFX Glass cladding

= 10BaseFL-131 vxwun 6051084 l
100Mbps xXypAbIr A3MXWNH3.

= Multimode (LEDs),
ST (Straight-Tip) Porer . sheath Gacked
SC (Square Connector)

KOHHEKTOP BYXMK LWNN3H
Kabenb X3parnaHa.

= Half-Duplex 400 M,
Full-Duplex 2000 M




100BaseFX, Encoding/Decoding

25 Mbps

25 Mbps
25 Mbps
25 Mbps

100Base-FX
- - repeater hub
Fiber-optic
cables
40-Wire p@ @ = @B B ==
MII oo I B I
cable
] H external = E’
transceiver
NIC with
internal transceiver
v
125
>  4B/5B Mbps NRZ-1 —
block line 3 I
> encoder encoder
-




100BaseT4, Encoding/Decoding

ES RN

40-Wire
MII

100Base-T4
repeater hub

PHY cable
(External ] M ' T
3 . .
transceiver)
25 Mbps —>
Send
8B/6T
encoder
25 Mbps <-—>
100 Mbps Send/Receive
Send/Receive
25 Mbps
8B/6T
decoder
-
Receive

25 Mbps



Gigabit Ethernet

Gigabit Ethernet: 802.3ab, 802.3z)
= Gigabit Ethernet: Ethernet Networks, 1000Mbps

= Gigabit Ethernet-unn Tepnyya:
= 1000BaseSX, 1000BaselLX, 1000Basel, 1000BaseCX

= 1000Basel, 30HXMNoX cTaHaapT

= CAT 5e or CAT 6, nepBeH-xocC yTacT Kabenb, Xxypabir
nxacracaH T ctaHaapT (100 M, RJ-45 kOoHHeKTOP)



Gigabit and Metro Ethernet

KABEJIb

TAUIIBAP

1000BaseCX
(1,000Mbps)

Twin-axial cable (Copper Based), 25 Meters
9-pin High Speed Serial Data Connector (HSSDC)
Note: It could only stretch 25 meters (very, very short)

1000BaseSX
(1,000Mbps)

S=Short, Multi-mode, 500/550 meters
850nm LED

1000BaselLX
(1,000Mbps)

L=Long, Single-mode, 2000 meters
1300nm Laser

10GBaseSR
(10,000Mbps)

S=Short, Multi-mode, 300 meters

10GBaselLR
(10,000Mbps)

L=Long, Single-mode, 10 km
(1310 nanometer laser)

10GBaseER
(10,000Mbps)

E=Extended, Single-mode, 40 Kilometers
(1550 nanometer laser)




Physical Layer in Gigabit Ethernet

Reconciliation

(RS)

Gigabit Medium-Independent
Interface (GMII)

Physical Layer Entity (PHY)
(transceiver)

Medium-Dependent
Interface (MDI)

) Medium




1000BaseSX, 1000BaselLX; Encoding/Decoding

125 Mbps
125 Mbps
125 Mbps
125 Mbps
125 Mbps
125 Mbps
125 Mbps
125 Mbps

I R

1000Base-SX and

1000Base-L.X
repeater hub

NIC with
internal transceiver

Encoder

> |

> |

> |

1.25
> 8B/10B Gbps NRZ
> block line
encoder encoder

-

> |

3|




1000BaseT, Encoding/Decoding

125 Mbps
125 Mbps

125 Mbps
125 Mbps
125 Mbps
125 Mbps
125 Mbps

125 Mbps

4 Pairs of

[T UTP cable

1000Base-T
repeater hub

N

EEEEEER

4D-PAMS5
block
encoder

250 Mbps

250 Mbps

250 Mbps

250 Mbps




OyrHant

Shared Bus Topology
Original Ethernet — Shared Bus Topology

> Single Coaxial bus l $ "Eth .
> Half duplex operation
> Media contention managed using

CSMA/CD protocol g E

> Low utilization

Star Topology

Today: Star Topology
> Point-to-Point connections Hﬂ\ .
i Eth

? Full Duplex operation thernet
Switch

> No Media contention
> Higher Aggregate bandwidth

[ Modern implementations of Ethernet are all Switched ]
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