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Vysokorychlostné siete LAN

NajrozsirenejSie vysokorychlostné LAN siete sl zalozené na technoldgiach 10Mbps Ethernet, resp. IEEE 802.3,
pric¢om su rozsirené siete o rychlostiach 100Mbps a 1Gbps.

- fyzicka vrstva je rozdelena na Convergence Sublayer a Physical media-dependent sublayer

LLC _
MAC } Data-link layer
| Convergence _
Ml Physical media-dependent } Physical layer

MII - Medium independent interface

100 Mbps Ethernet (Fast Ethernet)

IEEE pracovalo na $pecifikaciach vysokorychlostného 100Mbps Ethernetu. Nedohodli sa vSak Gplne na tom, ¢i
zachovaji povodni MAC metdédu — CSMA/CD alebo zadefinuji novi. Tak vznikli dve grupy a nasledne aj dve
Specifikacie — 100BaseT a 100VG-AnyLAN.

100BaseT

Specifikuje 100Mbps Ethernet na UTP a STP kabelazi §tandardizované ako 802.3u. MAC podvrstva zachovava
kompatibilni s MAC podvrstvou $pecifikacie 802.3. Okrem MAC metddy zachovava aj format a vel'kost’ ramca,
error-detection mechanizmus. Podporuje dual speed, t.j. 10 a 100 Mbps pouzitim 100BaseT fast link pulses
(FLPs). Convergence podvrstva koduje data do 4-bitov pre MII a do MAC podvrstvy prepaja carrier sense a
colision detection signal generované z PMD podvrstvy. Podporuje dva typy signalizacie - 100BaseX a 4T+.

Signalizacia 100BaseX pouziva kodovanie 4B5B (vysledna baudova rychlost’ 125MBd), pre pracu jej postacuju
dva pary vodicov ako pri 10Mbps. Toto kddovanie navySe umozuje vyuzit’ zvysné kodové slova na link control
funkcie (2* = 16, 2° = 32 => mam este 16 slov navyse). Je pouzita pri 100BaseTX a 100BaseFX typoch médii.

Signalizacia 4T+ pouziva 1 par vodi¢ov na detekciu kolizie a d’alSie 3 na prenos udajov. Pouziva kddovanie
8B6T, teda osmicu bitov do Sestic ternarnych (trojurovitovych) symbolov. Baudova rychlost je potom 33MBd a
umozinuje 100Mbps prenos na kabelazi UTP category 3. Pretoze kodujeme osmice, je. Vzhl'adom na kodovanie
8B6T mame 2° = 256 vstupnych slov a 3° = 729 moznych kodovych slov. Tato redundancia sa vyuziva na
synchronizaciu a DC-free. Je pouzita pri 100BaseT4 type média, podporuje iba poloduplex.

Este existuje Specifikacia 100BaseT2, ktora umoziiuje 100Mbps prenos na kabelazi UTP category 3 po dvoch
paroch, pricom vyuziva kédovanie PAM5x5 (vysledna baudova rychlost’ 25MBd).

Hlavny rozdiel technoldgie 100BaseT oproti 10BaseT je okrem rychlosti diameter siete. Jeho velkost je 205
metrov z ¢oho vyplyva maximalna vzdialenost’ medzi HUBom a DTE cca 100 metrov. To je asi 10x menej ako
pri 10Mbps. Tato redukcia je kvoli tomu, Ze stanica aj pri prenose najmensiecho ramca (64B) musi vediet’
detekovat koliziu. Pretoze rychlost §irenia signalu je rovnaka, ale prenosova rychlost’ sa zvysila 10x, tak bolo
potrebné zmensit’ maximalnu vzdialenost’ 10x.

Prostrednictvom tzv Fast link pulses tato technologia kontroluje integritu linky medzi HUBom a 100BaseT
zariadenim a podporuje tzv. 100BaseT Autonegotiation Option, pomocou ktorej umoziuje zariadeniu a HUBu
vymienat’ informacie o ich moznostiach, dohodnit’ si prenosovu rychlost’ (10 alebo 100Mbps), prenosovy mod
(full-duplex alebo polo-duplex) a typ pouzitej signalizacie (pri staniciach 100BaseT4 a 100BaseTX).

FPLs su spitne kompatibilné s 10BaseT normal-link pulses (NLPs), obsahuju vsak viac info ako NLP, ktoré st
pouzivané pri opisanom autonegociacnom procese medi HUBom a zariadenim na sieti.

Fast Ethernet devices that support auto-negotiation send fast link pulses (FLP) to the adjacent link station to
negotiate the SPEED and MODE of the link. The FLP signals carry information necessary to negotiate the
highest level of service available for the link. The priority for services includes 100BaseTX full-duplex as the
highest priority, then 100BaseT4, 100BaseTX, 10BaseT Full-Duplex, and finally 10BaseT (which has the lowest
priority).
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Charakteristiky troch druhov 100BaseT sieti:

vyssie vrstvy

LLC podvrstva
802.3 MAC podvrstva

100BaseTX 100BaseFX 100BaseT4
UTP cat.5, STP Typel,2 62,5/125um multimod UTP cat.3,4,5
2 pary 1 par optickych vlakien 4 pary
segment < 100m segment < 400m segment < 100m
network diameter < 200m network diameter < 400m network diameter < 200m

Figure 7-10 The 100BaseTX is limited to a link distance of 100 meters.

Link maximum
distance = 100 meters

Network maximum distance = 200 meters

Figure 7-11 The 100BaseFX DTE-to-DTE limit is 400 meters.

> S

Maximum distance is 400 meters

12335

Maximum distance is 300 meters

100VG-AnyLAN

- S$pecifikacia pre 100Mbps Ethernet a Token Ring na $tvorparovom UTP

- MAC nie je kompatibilna s 802.3

- bola vyvinutav v HP pre nové, time-sensitive aplikacie ako upgrade z Ethernetu a TokenRingu

- Standardizovana ako 802.12

- podporuje rozne druhy médii (4pary UTP cat3, 2 pary UTP cat4 alebo catS, STP, Fiber optic)

- 100VG-AnyLAN HUBYy su v hierarchickej $truktiire

- pouziva demand-priority access method — eliminuje kolizie, m6ze byt viac zatazeny ako 100BaseT

- Demand Priority works like this: The hub directs all transmissions, acknowledging higher-priority packet
requests before normal-priority requests. This effectively guarantees bandwidth to time-sensitive
applications like voice, video, and multimedia applications.
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Gigabitovy Ethernet

standardized in June 1998

Je rozsirenie $tandardu IEEE 802.3 na rychlost’ 1Gbps. Standard IEEE 802.3z Gigabit Ethernet definuje
Gigabitovy Ethernet na optickych médiach a na koaxidlnom kabli. Standard 802.3ab definuje 1Gb Ethernet na
kabelazi UTP. Podobne ako pri 100BaseT aj 1000Base-LX (SX, CX, T) umoziiuji autonegocia¢nu option,

a umozinuju dohodnut’ full-duplex prenos na rychlosti 1000 Mbps.

- zlt€enim standardov IEEE 802.3/Ethernet (LLC, pristupova metdda a frame format) a ANSI
X3T11 Fibre Channel (médium, interface, encoding) vznikol Standard IEEE 802.3z Gigabit
Ethernet. 802.3ab definuje 1Gb Ethernet na UTP

- bolo potrebnych niekolko zmien na fyizickom interface

- od data-link vrstvy je identicky s Ethernetom

Leveraging these two technologies means that the standard can take advantage of the existing high-
speed physical interface technology of FibreChannel while maintaining the IEEE 802.3 Ethernet frame
format, backward compatibility for installed media, and use of full- or half-duplex carrier sense multiple
access collision detect (CSMA/CD).
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Samotnad MAC podvrstva je podobna ako u Ethernetu a Fast Ethernetu (format ramcov, pristupova metoda,
network diameter). Umoziuje half-duplex prenos, kedy je pouzita rovnaka CSMA/CD. Kvoéli mozZnosti detekcie
najkrat$icho ramca sa musia pridat’ bity za rimec (carrier extention) s ciefom dodrzat’ minimalnu dizku 520B pre
1000BaseT a 416B pre 1000Base-X. Navyse ako optional feature umoznuje frame bursting (stanica moze naraz
vyslat’ cely burst ramcov). V kazdom pripade je half-duplex mod z hl'adiska vyuzitia kapacity vel'mi neefektivny
a preto sa prakticky ani nepouZziva.

Figure 7-7: MAC Frame with Gigabit Carrier Extension
416 bytes Tor 1000Base-X
| 520 byles for 10008 a%e-T

| Preamble |SFD | D0 | A | Lengthtypa |  Dam | Pad | FCE | Extension’ |

* Thr estorigion field is aunormatically
rarmivead during frame receplion

Another change to the Ethernet CSMA/CD transmit specification was the addition of frame
bursting for gigabit operation. Burst mode is a feature that allows a MAC to send a short
sequence (a burst) of frames equal to approximately 5.4 maximum-length frames without
having to relinquish control of the medium. The transmitting MAC fills each interframe
interval with extension bits, as shown in Figure 7-8, so that other stations on the network will
see that the network is busy and will not attempt transmission until after the burst is complete.
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Figure 7-8: A Gigabit Frame-Burst Sequence
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If the length of the first frame is less than the minimum frame length, an extension field is
added to extend the frame length to the value indicated in Table 7-1. Subsequent frames

in a frame-burst sequence do not need extension fields, and a frame burst may continue as
long as the burst limit has not been reached. If the burst limit is reached after a frame
transmission has begun, transmission is allowed to continue until that entire frame has been
sent.

Pouzivany je hlavne full-duplex méd, uréeny pre point-to-point linky, typicky medzi dvomi switchmi, servermi
a pod. Agregovana kapacita dosahuje 2Gbps, pri pouziti zvizkov az 8Gbps. Full duplex prenos moze byt
zriadeny iba na point-to-point linkach, flow control metoda je definovana standardom 802.3x (tento Standard nie
je pouzity pri 100Mbps full-duplexe).

Jednotlivé vrstvy pri Standardoch Gigabitového Ethernetu vyzeraju nasledovne:

~Media Access Control (MAC)
full duplex and/or half duplex

50u MMF- 550 m 62.5u MMF - 220-275 m i
62.5u MMF - 500 m
802.3ab

| Gigabit Media Independent Interface (GMII) optional ]
8B8/10B ~ 1000BASE-T
encoding/decoding _ encoder/decoder
e — — I E— 3
: 1000BASE-LX 1000BASE-SX 1000BASE-CX : 1 1000BASE-T 1
I LWL SWL . Shielded Balanced it UtTpP I
) Fiber Optic Fiber Optic Copper [ : Category 5 :
1 ! : A
' Xevr Xevr Xevr | : Xevr \
]
t SMF - 5km 50u MMF - 550 m 25m 1! ) 100 m !
1
: i
| ]
| ]

In order to obtain the 1000Mbps data bit rate across the UTP cable without breaking the FCC rules for emission,
all 4 pairs of the cable are used. Hybrid circuits at each end of each pair are used to allow simultaneous
transmission and reception of data (full-duplex) by separating the transmission signal from the receiving signal.
Because some transmission signal still manages to couple itself to the receiving side there is an additional echo
canceller built in, this is called a NEXT canceller. This system minimises the symbol rate.
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Gigabit Ethernet Interface Carrier (GBIC)

Pretoze existuje relativne vel'a Specifikacii fyzickych prenosovych médii pre Gigabitovy Ethernet, bolo by
nepraktické konstruovat’ zariadenia s interfejsami napevno zabudovanymi. Preto bol definovany tzv. GBIC
interface, ktory umoziuje pouzit’ zasuvné moduly do zariadeni (napr. Switch-ov).

A GBIC is a transceiver for gigabit ethernet. The name is an acronym for "gigabit interface converter". A GBIC
measures 8.5 mm x 13.4 mm on its exposed edge and fits into a slot about 50 mm deep. By offering a standard,
hot swappable electrical interface, one gigabit ethernet port can support the full range of physical media, from

copper to 100 km single-mode fiber.

Cisco Gigabit Interface Converters]

s1 Cisco 1000BASE-T GBIC

The Cisco 1000BASE-T GBIC (product number WS-G5483) connects a GBIC port to Category 5 wiring via a standard RJ-45 interface. The maximum Category 5 wiring distance is 328
feet (100 meters). For details, see the Cisco 1000BASE-T Gigabit Interface Converter Data Sheet.

3.2 Cisco 1000BASE-SX GBIC

The Cisco 1000BASE-SX GBIC (WS-G5484) operates on ordinary multimode fiber (MMF) optic link spans up to 1815 feet (550 m) long.

3.3 Cisco 1000BASE-LX/LH GBIC

The Cisco 1000BASE-LX/LH GBIC (WS-G5486) fully complies with the IEEE 802.3z 1000BASE-LX standard. However, its higher optical quality allows it to reach 6.2 miles (10
kilometers) over single-mode fiber (SMF), compared with the 3.1 miles (5 km) specified in the standard.

3.4 Cisco 1000BASE-ZX GBIC

The Cisco 1000BASE-ZX GBIC (WS-G5487) operates on ordinary single-mode fiber optic link spans up to 43.4 miles (70 km) long. Link spans of up to 62 miles (100 km) are possible
using premium single-mode fiber or dispersion shifted single-mode fiber. The GBIC provides an optical link budget of 23 dB—the precise link span length will depend on multiple factors
such as fiber quality, number of splices, and connectors.

When shorter distances of single-mode fiber are used, it might be necessary to insert an in-line optical attenuator in the link to avoid overloading the receiver:

o A 5-dB or 10-dB inline optical attenuator should be inserted between the fiber-optic cable plant and the receiving port on the Cisco 1000BASE-ZX GBIC at each end of the
link whenever the fiber-optic cable span is less than 15.5 miles (25 km).
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Gigabit Ethernet prenosové média

optické media, koaxial

- Physical media attachment (PMA) sublayer je zhodna s PMA pre Fiber Channel, iba rychlost
signalizacie bola zvySena z 1,062 gigabaud na 1,25 Gbaud

- 8B/10 encoding

twisted pair

- 1000Base-T — UTP

- koédovanie 5 level PAM — naraz kédujem 2 bity, 1 droveri mam na FEC, pri 125Mbaud

Figure 7-18 The Gigabit Ethernet draft specifies these distance specifications for Gigabit

Ethernet.
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The IEEE 802.3x committee is examining a method of flow control for full-duplex Ethernet. This mechanism is
set up between the two stations on the point-to-point link. If the receiving station at the end becomes congested,
it can send back a frame called a "pause frame" to the source at the opposite end of the connection, instructing
that station to stop sending packets for a specific period of time. The sending station waits the requested time
before sending more data. The receiving station can also send a frame back to the source with a time-to-wait of
zero, instructing the source to begin sending data again. (See Figure 9.)

Figure 9: Operation of IEEE 802.3x Flow Control
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This flow-control mechanism was developed to match the sending and receiving device throughput. For
example, a server can transmit to a client at a rate of 3000 pps. The client, however, may not be able to accept
packets at that rate because of CPU interrupts, excessive network broadcasts, or multitasking within the system.
In this example, the client sends out a pause frame and requests that the server delay transmission for a certain
period of time. This mechanism, though separate from the IEEE 802.3z work, complements Gigabit Ethernet by
allowing gigabit devices to participate in this flow-control mechanism.
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3.5 10 Gigabit Ethernet

The new 10 gigabit Ethernet standard encompasses seven different media types for LAN,
MAN and WAN. It is currently specified by a supplementary standard, IEEE 802.3ae, and
will be incorporated into a future revision of the IEEE 802.3 standard.

. 10GBASE-SR -- designed to support short distances over deployed multi-mode fiber cabling, it has a
range of between 26 m and 82 m depending on cable type. It also supports 300 m operation over a new 2000
MHz.km multi-mode fiber.

. 10GBASE-LX4 -- uses wavelength division multiplexing to support ranges of between 240 m and 300
m over deployed multi-mode cabling. Also supports 10 km over single-mode fiber.

. 10GBASE-LR and 10GBASE-ER -- these standards support 10 km and 40 km respecively over single-
mode fiber.

° 10GBASE-SW, 10GBASE-LW and 10GBASE-EW. These varieties use the WAN PHY, designed to
interoperate with OC-192 / STM-64 SONET/SDH equipment. They correspond at the physical layer to
10GBASE-SR, 10GBASE-LR and 10GBASE-ER respectively, and hence use the same types of fiber and
support the same distances. (There is no WAN PHY standard corresponding to I0GBASE-LX4.)

10 gigabit Ethernet is very new, and it remains to be seen which of the standards will gain
commercial acceptance.
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