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Sieci Ethernet -
wyktad monograficzny

Dlaczego taaaaki temat?

Nowicki Krzysztof
Politechnika Gdanska

Zadanie domowe - lektura ksigzek:

Nowicki K.: Ethernet — sieci, mechanizmy, Infotech 2006
Nowicki K., Uhl T.: Monitorowanie i bezpieczenstwo sieci
komputerowych, Wyd. Naukowe Akademii Morskiej, Szczecin, 2016
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Sieci Ethernet

Dlaczego taaaaki temat?

- bo warto budowac sieci w jednej technologii (patrz ATM]

- bo dominacja na rynku

- bo tani sprzet koncowy

- bo mozliwe ewolucyjne wdrazanie i rozwoj (patrz nieATM

- bo inne technologie (stare) stracity mozliwosci
zaspokojenia dzisiejszych potrzeb, a wdrozenie
nowe ,kosztowatyby” majqtek

- bo ...

Zadanie domowe — lektura ksigzek:

Nowicki K.: Ethernet — sieci, mechanizmy, Infotech 2006

Nowicki K., Uhl T.: Monitorowanie i bezpieczenstwo sieci komputerowych, Wyd. Naukowe
Akademii Morskiej, Szczecin, 2016
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Problemy budowy sieci
internetowych w oparciu o
jedna technologie - IEEE
Ethernet

- bo warto budowac sieci w jednej technologii

oparciu o jedna technologie - IEEE Ethernet
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o Tnternet budowany jest w wielu
technologiach sieciowych

o ile warstwy sieciowa i transportowa zostaty zdominowane
przez rozwigzania z jednej rodziny protokotéw - TCP/IP,

o tyle w warstwie tqcza danych wykorzystywanych jest wiele
odmiennych technologii, czesto z wieloletnim rodowodem
telekomunikacyjnym.

szacuje sig, iz ponad 95% ruchu internetowego zaczyna sie
badz konczy w formacie ramek Ethernet.

Powoduje to:

- Z jednej strony wielokrotng konwersje ramek na styku
odmiennych sieci,

- z drugiej strony problemy z zapewnieniem jednolitego
skutecznego zarzadzania, skalowalnosci, niezawodnosci,
jakosci QoS gamy us’rug

Problemy budowy sieci internetowych w
oparciu o jedna technologie - IEEE Ethernet
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PRZYKLADY WZAJEMNEGO
NIEDOPASOWNIA ROZWIAZAN SIECIOWYCH

Standard Maksymalna diugosc Szybkosc Priorytety
ramki transmisji
[w bajtach] [w Mb/s5]
|[EEE 802.3 Ethernet 151871526 (1) 10 (20}

Min 512 bitow
ANSI X3T9.5 FDDI 4500 100 8 poziomow (dla ruchu
asynchronicznago)
IEEE 802.3z 1518/1526/ Jumbo 1000 8 poziomow
Gigahit Ethernet Min 512 bajtow w

trybis CSMA/CD
IMin 512 bitow

IEEE 802.17 8191 155, 622, Klasy A, B, C
RPR 1000, 10 Q00 sprawiedliwosc
|[EEE 802.3ba 1518/1526/Jumbao 10 000 8 poziomow
10Gigabit Ethernet Min 512 bitow
IEEE 802.11 2ZEB 11 54 802.11e - 2005 - cztery klasy
WiFi 104 ... 300 ruchu: gtosowe, widen,

uprzywilejowane (best-effort) i
przesyfane w tle (background)

-Kolejnosc przesylanych bitow 8802 od bltu .najbardziej znaczacego ba tu
F’DDI bitu nzamnleézznaczlﬁce%) ajtuf
-Sposob zapewniania poprawnosci transm1SJ1 LAN RC WA RC™- 16)

Problemy budowy sieci internetowych w
oparciu o jedna technologie - IEEE Ethernet
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sieci Ethernet

Gdyby udato sie zbudowac wszystkie sieci w jednej technologii,
to wiekszos¢ ww. problemow niekompatybilnosci nie
wystgpitaby.

Stad tez zaczeto rozwazac¢ mozliwosc realizacji wszystkich sieci
w jednej, ethernetowej technologii.

Pojawita sie wiec idea ,Ethernet wszedzie” — EEE (ang. Ethernet

End-to-End
LAN WAN LAN
«—> 4 > «>
. DS1 DS1
Tradycyjny | ey ornet | DS3 | Frame Relay ATM. IP, MPLS | Frame Relay | ps3 | Ethernet
WAN E1, E3 PL PL E1, E3
"
vai\rlr\]let Ethernet | Ethernet| Ethernet éthr'r\]AeF,:LS’ Ethernet  |Ethernet| Ethernet

Problemy budowy sieci internetowych w
oparciu o jedna technologie - IEEE Ethernet
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Rozwéj ROZWIAZAN SIECIOWYCH

- bo inne technologie (stare) stracity mozliwosci

zaspokojenia dzisiejszych potrzeb, a wdrozenie

~Kosztowatyby” majqtek

NOowe
Maximum interface speeds
100000
___.-I
10000 ——
@ 1000 P
5 ~
= 100 —<
=
10 ——
—
1 t 1 1 1
X.25 Frame ATM P cwver
Relay SOH
Lot

Maximum interface speeds for different
technologies

Problemy budowy sieci internetowych w
oparciu o jedna technologie - IEEE Ethernet
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- bo tani sprzet koncowy
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Relative prices of different interface
technologies
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Top 500 Super Computers
Interconnect systems

£ q

§ SN2410 48-port 25GbE + 8-port 100GHE
SN2700 32-Port 100G —or- 64-port S0G

i 5
R R

SA Ada -
3".—- :;::u 100G QsSFP28 Iw? Qsers .
- - I 1
n ‘] } } Spectrum Switches
X ‘ =| *  SN2410
*  SN2700
' Mellanox E2-Chip
Network Appllances
1

=
T 3
1 100G QsFP2R
) 1 4‘ . e Ry o ——— AR
2-Port Connecti-4 100G QSFP28 - —
a
il | k- N RT
20 Qsfp B N S
-
1.Port CommectX4 50G/1006 QSFP28 —
1 r - - .
S0G QsFP28 . 3
e [k
A { [ W

NVMe

FLASH Arrays

50G Q5FP28
SSO Arrays

I-Port ConnectX-4 LX SFP23
2650

HDO Arrays
Network Appliance

Problemy budowy sieci internetowych w 9
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“awes TOP 500 Super Computers
Interconnect systems

Gigabit Ethernet

Others
Custom
Proprietary

\

8 Signal wires

QSFP28 shell

Outside mesh shielding PCB board

TOP500 Interconnect Trends

/
Inner foil shielding Cable ID EPROM

282 282
300 .. 28
259 257
a 242 237
Ezso 278 53 a8 22 225
3
:, 200 =
5]
@ 150
2
£
2 100
50
0 1
Nov June Nov June Nov June Nov June Nov June Nov June Nov June Nov June Nov June Nov June Nov June Nov June
07 08 08 09 09 10 10 11 11 12 12 13 13 14 14 15 15 16 16 17 17 18 18 19
===|nfiniBand 10G/Lower Ethernet ==25G/Higher Ethernet ===BlueGene ===Cray ===Other -—OmniPath
Problemy budowy sieci internetowych w 10

oparciu o jedna technologie - IEEE Ethernet




A3 SR
/¢P|:.Ie o
Gl+

“awes TOP 500 Super Computers

Interconnect systems
Leading Interconnect, Leading Performance
HOR TRYTON InfiniBand
ER el (TASK) FDR 56
. W e Siec: Gb/s, _
SOR topologia
S T e N e e e B AR fat tree,
Same Software Interface p rze%a-czn iki
-20?12002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Me”anox
' Razem: 1607
_ serwerow,
_atency 3214
procesorow,
38568
Infiniband - Efektywne predkosci rdzeni, 48
SDR DDR QDR FDR EDR HDR NDR akcelerator
1X 2 Gbit/s | 4 Gbit/s = 8 Gbit/s Gbitl/‘s* Gbitz/i Gblitz/i Gb7it5/2 (’)W, 218 TB
ax 8GOS | gpue | bis | Gbie | Gbiys |  cbms | biys RAM
1% 24 48 96 168 300 1500 9000 towych w

Gbit/s Gbit/s Gbit/s Gbit/s Gbit/s Gbit/s Gbit/s :g Ethernet 11
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e Top 500 Super Computers

Interconnect systems

TOP500 - TOP 100, 200, 300, 400, 500 Systems Distribution
HPC Systems Only

s s e m - ~ P

Number of Systems

200

180
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M InfiniBand 10G/Lower Ethernet m 25G/Higher Ethernet m Cray M Omnipath m Other

TOP500 - TOP 100, 200, 300, 400, 500 Systems Distribution

Total in TOP100 Total in TOP200 Total in TOP300 Total in TOP400 Total in TOP500
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- bo inne technologie (stare) stracity mozliwosci
zaspokojenia dzisiejszych potrzeb ...
...W zakresie szybkosci pracy,...

PRZESZtOSC TERAZNIEJSZOSC PRZYSZtOSC
WAN

F Rel x T1

rame reia -

ATM

25 0C-3 0C-12 0OC-48

100B-VG
-
Token Ring FDDI
.

LAN
Ethernet = @B @
1BASE5 10BASE-T  FE

100kb/s 1Mb/s 10Mb/s 100Mb/s 1Gbls 10Gb/s 40-100Gb/s 1Tb/s

Problemy budowy sieci internetowych w
oparciu o jednga technologie — IEEE Ethernet
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- bo inne technologie (stare) stracity mozliwosci

zaspokojenia dzisiejszych potrzeb ...

Rowniez:

skalowalnosci,
niezawodnosci,
zapewnienia QoS,
zarzgdzalnosci,
ustug

Problemy budowy sieci internetowych w
oparciu o jedna technologie - IEEE Ethernet
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e IEEE 802. (1 / 3)
MEF - Metro Ethernet Forum
ITU-T

IETF

Duze firmy

Kto decyduje o rozwoju ETHERNETuU?

Problemy budowy sieci internetowych w
oparciu o jedna technologie - IEEE Ethernet
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IEEE 802 Working Groups
IEEE
Standard Boards
W
IEEE |
IEEE 802
EEE LAN/MAN
802 Standard Committee
|
| I
802.1 802.3 6. Maintaining the 1. Initiating the
Higher | r e Etl Standard Project
LAN Protocols Working Gi
Working Group
| 5. Gaining Final 2. Mobilizing the
Approval Working Group
4. Balloting the 3. Drafting the
Standard Standard
Problemy budowy sieci internetowych w 16
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IEEE 802 Active Working Groups

e 802.1 Higher Layer LAN Protocols Working Group

» 802.3 Ethernet Working Group

e 802.11 Wireless LAN Working Group

» 802.15 Wireless Personal Area Network Working Group
» 802.16 Broadband Wireless Access Working Group (WiMAX)
e 802.17 Resilient Packet Ring Working Group

» 802.18 Radio Regulatory Technical Advisory Group

» 802.19 Coexistence Technical Advisory Group

» 802.21 Media Independent Handoff Working Group

» 802.22 Wireless Regional Area Networks

e 802.24 Smart Grid TAG

IEEE 802 Inactive and Disbanded Working

Groups
e 802.2 Logical Link Control Working Group Inactive
e 802.4 Token Bus Working Group Disbanded
e 802.5 Token Ring Working Group Inactive
e 802.6 Metropolitan Area Network Working Group Disbanded
e 802.7 Broadband Technical Advisory Group Disbanded
¢ 802.8 Fiber Optic Technical Advisory Group Disbanded
e 802.9 Isochronous LAN Working Group Disbanded
e 802.10 Security Working Group Disbanded
e 802.12 Demand Priority Working Group Inactive
e 802.14 Cable Modem Working Group Disbanded

Problemy budowy sieci internetowych w
oparciu o jedna technologie - IEEE Ethernet
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Standardy IEEE8( ~—

HI1T Tdereland Fae e

Ze wzgledu na tematyke przedmiotu (w

szczegOlnosci nie zajmujemy si¢ rozwigzani
bezprzewodowymi) interesujgce sg standard
rozwijane w ramach prac podkomitetow 802

802.31 802.2:

IEEE 802.1: standardy zwigzane z zarzadza
IEEE 802.2: ogblny standard (General stanc
odniesienia OSI (OSI Reference Model). IE]

LLC (logical link control) oraz MAC (medic IEEE 802.2-2018

odmienna dla r6znych typow sieci 1 dla kazc

(np. standardami IEEE 802.3, IEEE 802.4, | PRICED FROM $1,100.00

IEEE 802.3: definicja warstwy MAC poczatkowo dla sieci magistralowej (bus
networks) z wykorzystaniem mechanizmu CSMA/CD; pozniej rozbudowana o wiele
nowych rozwigzan. Stala si¢ bazg kolejnych standardow Ethernet.

Standardy te, 6 miesiecy po ich pierwszej publikacji, mozna
pozyskac¢ bezplatnie on line (Online Standards)

Problemy budowy sieci internetowych w 18
oparciu o jedna technologie - IEEE Ethernet
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Standardy IEEE 802

IEEE 802.3 /636 stron

Stowa kluczowe: 2.5 Gigabit Ethernet; 5
Gigabit Ethernet; 10 Gigabit Ethernet; 25
Gigabit Ethernet; 40 Gigabit Ethernet; 100
Gigabit Ethernet; 200 Gigabit Ethernet;
400 Gigabit Ethernet; attachment unit
interface; AUI; Auto-Negotiation;
Backplane Ethernet; data processing; DTE
Power via the MDI; Energy Efficient
Ethernet; EPoC; EPON; EPON Protocol over
Coax; Ethernet; Ethernet in the First Mile;
Ethernet passive optical network; express
traffic; Fast Ethernet; Gigabit Ethernet;
IEEE 802.3™; information exchange; LAN;
local area network; management; MDI;
medium dependent interface; media
independent interface; MIB; MII; MPMC;
multi-point MAC control; PCS; PHY;
physical coding sublayer; Physical Layer;
physical medium attachment; physical
medium dependent; PMA; PMD; PoDL;
Power over Data Lines; Power over
Ethernet; reconciliation sublayer; repeater;
RS; type field; VLAN tag

IEEE 802.3

Streszczenie: Ethernet local area network
operation is specified for selected speeds of
operation from 1 Mb/s to 400 Gb/s using a
common media access control (MAC)
specification and mand§EmeéReiAardthhation
base (MIB). The Carri@RSamse iutila droess
with Collision Detection (CSMA/CD) MAC
protocol specifies shared medium (half duplex)
operation, as well as full duplex operation.
Speed specific Media Independent Interfaces
(MIIs) allow use of selected Physical Layer
devices (PHY) for operation over coaxial,
twisted pair or fiber optic cables, or electrical
backplanes. System considerations for
multisegment shared access networks describe
the use of Repeaters that are defined for
operational speeds up to 1000 Mb/s. Local
Area Network (LAN) operation is supported at
all speeds. Other specified capabilities include:
various PHY types for access networks, PHYs
suitable for metropolitan area network
applications, and the provision of power over
selected twisted pair PHY types

Problemy budowy sieci internetowych w 19
oparciu o jedna technologie - IEEE Ethernet
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Standardy IEEE 802.1

- projekty sg identyfikowane nazwami sktadajacymi si¢ z oznaczenia “802.1" po
ktorym wystepuja jedna, dwie, trzy a nawet cztery litery.

Duze litery 1dentyfikujg standardy (standalone), a mate litery identyfikuja
uzupelnienia (amendments; pierwotnie nazywane supplements) do istniejacych
standardow.

Trzecia 1 czwarta litera zostala wprowadzona, aby lepiej zidentyfikowac zmiany.

W tym schemacie pierwsza litera lub dwie pierwsze litery (zawsze duze)
identyfikujg standard podlegajacy zmianom, a ostatnie dwie litery (zawsze
mate) dotyczg zmian.

Notacja 802.1Q-REV jest wykorzystywana do identyfikacji aktualizacji (a
revision) istniejgcego standardu: zmiany sg bardziej rozlegle, niz w nowelizacji
(amendment). Wczesniej zmiany mialy rGwniez swoje nazwy projektu.

Nie jest wiec mozliwe okreslenie, na podstawie przydzielonych liter, jakie
jest powigzanie miedzy normg bazowa a uzupelnieniem (suplement).
Przyktadowo 802.1j jest uzupetieniem standardowego 802.1D.

Opis tych powigzan jest czesto udokumentowany w dodatku.

Problemy budowy sieci internetowych w
oparciu o jedna technologie - IEEE Ethernet
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Standardy IEEE 802.1

Ostatnio - nowa notacja zawierajaca wiecej informacji w nazwie.

Mate litery wcigz oznaczajg aktualizacje innej normy samodzielne;j
(autonomicznej), ale rowniez oznaczaja dodanie nowych wilasnosci. Na
przyktad, 802.1Qaw jest aktualizacjg 802.1Q uzupetniong zarzadzaniem
btedami komunikacyjnych opartych na danych 1 danych zaleznych
(management of data-driven and data-dependent connectivity faults).
Ta sama litera nie zostanie przypisana do uzupelnienia i do
standardu bazowego.

Jesli standard jest catkowicie zmieniony, wtedy w notacji dodajemy
REV.

Podczas rozwoju standardu, numer nadany w czasie PAR (Projekt
Zadanie Autoryzacji) poprzedzona prefiksem "P", na przyktad P802.1D,
obowigzuje dla bazowego standardu np. 802.1D.

Warto zwrdci¢ uwage, 1z powyzszy sposob notacji rozni sie od
powszechnie stosowanych konwencji w innych grupach roboczych
802, ktore opracowuja pojedynczy standard bazowy i dodaja do
niego szereg dodatkow.

Problemy budowy sieci internetowych w 21
oparciu o jedna technologie - IEEE Ethernet
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Standardy IEEE 802.1

Obecnie rozwijane standardy IEEE 802.1 to:

802.1D, 802.1Q, 802.1X,

802.1AB, 802.1AC, 802.1AE, 802.1AR, 802.1AS, 802.1AX,
802.1BA, 802.1BR, 802.1CB.

Sg one realizowane przez pie¢ aktywnych grup zadaniowych (task

groups):

Interworking,

. Security,

. Time Sensitive Networking,

. Data Center Bridging

. OmniRAN (Open Mobile Network Interface for Omni-Range Area Networks based
on IEEE 802 access technologies).

. Access Network

o)}

Problemy budowy sieci internetowych w 29
oparciu o jedna technologie - IEEE Ethernet
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Interworking

802-REV - Overview & Architecture revision

802.1Qbp - Equal Cost Multiple Paths

802.1AX-Rev - Link Aggregation - Revision (incorporating Distributed Resilient Network Interconnect)
802.1AB-2009/Cor 2 - 802.1AB-2009 - Technical and Editorial Corrections

802.1Q-Rev- 802.1Q - Revision

802.1Qbz - 802.1Qbz - Enhancements to Bridging of 802.11

802.1Qca - 802.1Qca - Path Control and Reservation

802.1AC-Rev- 802.1AC - MAC Service Definition Revision

Security

802.1Xbx - MAC Security Key Agreement protocol (MKA) extensions

802.1ARce - Secure Device Identity € Amendment 1: SHA-384 and P-384 Elliptic Curve
802.1AEcg - MAC Security - Ethernet Data Encryption Devices

Time Sensitive Networking

802.1AS-2011/Cor 1 - 802.1AS-2011 - Technical and Editorial Corrections

802.1ASbt - Timing and Synchronisation: Enhancements and Performance Improvements
802.1Qbu - Frame Preemption

802.1Qbv - Enhancements for Scheduled Traffic

802.1CB - Frame Replication and Elimination for Reliabilty

802.1Qcc - Stream Reservation Protocol (SRP) Enhancements and Performance Improvements
Data Center Bridging

802.1Qcd - Application VLAN TLV

OmniRAN

802.1CF - Network Reference Model and Functional Description of IEEE 802 Access Network

Problemy budowy sieci internetowych w 23
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Standardy IEEE 802.1
najnowsze ,,do kupienia 2020"”

IEEE Standard for Local and Metropolitan Area Networks-- Priced From:
Port-Based Network Access Control
STANDARD by IEEE, 02/28/2020.
LANGUAGES: English
HISTORICAL EDITIONS:

4

IEEE Approved Draft Standard for Local and Metropolitan
Area Networks - Timing and Synchronization for Time-
Sensitive Applications

STANDARD by IEEE, 03/30/2020.

LANGUAGES: English

Problemy budowy sieci internetowych w
oparciu o jedna technologie - IEEE Ethernet
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Standardy IEEE 802.1
najnowsze ,,do kupienia 2019”

IEEE Recommended Practice for Network Reference Model and Functional Description of IEEE 802(R) Access
Network STANDARD by IEEE, 05/31/2019

IEEE/ISO/IEC International Standard - Information technology - Telecommunications and information
exchange between systems - Local and metropolitan area networks - Specific requirements - Part
1Q:Bridges and bridged networks- AMENDMENT 6: Per-stream filtering and policing

STANDARD by IEEE/ISO/IEC, 03/08/2019

IEEE/ISO/IEC International Standard - Information technology - Telecommunications and information
exchange between systems - Local and metropolitan area networks - Specific requirements - Part 1Q:
Bridges and bridged networks - AMENDMENT 7: Cyclic queuing and forwarding

STANDARD by IEEE/ISO/IEC, 03/08/20109.

ISO/IEC/IEEE International Standard - Telecommunications and information exchange between information
technology systems - Requirements for local and metropolitan area networks - Part 1CM: Time-sensitive
networking for fronthaul STANDARD by IEEE/ISO/IEC, 08/23/20109.

IEEE/ISO/IEC International Standard - Information technology--Telecommunications and information
exchange between systems - Local and metropolitan area networks - Specific requirements - Part 1CB:
Frame replication and elimination for reliability ¥STANDARD by IEEE/ISO/IEC, 03/06/2019

Problemy budowy sieci internetowych w 26
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Standardy IEEE 802.1
najnowsze ,,do kupienia 2018"

IEEE Standard for Local and Metropolitan Area Networks Bridges
and Bridged Networks = STANDARD by IEEE, 07/06/2018
HISTORICAL EDITIONS: ,

4 I/ /

IEEE Standard for Local and metropolitan area networks--Audio Video Bridging (AVB) Systems
STANDARD by IEEE, 09/30/2011.
CORRIGENDA:

IEEE Standard for Local and metropolitan area networks -- Time-Sensitive Networking for Fronthaul
STANDARD by IEEE, 06/08/2018.
AMENDMENTS, RULINGS, AND SUPPLEMENTS:

IEEE Standard for Local and Metropolitan Area Networks - Secure Device Identity
STANDARD by IEEE, 08/02/2018.
HISTORICAL EDITIONS:

IEEE Standard for Local and metropolitan area networks-Media Access Control (MAC) Security
STANDARD by IEEE, 12/26/2018.
- CORRIGENDA:————— - — — - —
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tandardy IEEE 802.1
Do tej pory opracowano szereg standardow (Archived Projects)
802 - Overview & Architecture 802.1ah - Provider Backbone Bridges
802a - Playpen Ethertypes 802.1aj - Two-port MAC Relay
802b - Registration of Object Identifiers 802.1ak - Multiple Registration Protocol
802.1D (1998) - MAC bridges 802.1ap - VLAN Bridge MIBs
802.1D (2004) - MAC Bridges 802.1aq - Shortest Path Bridging
802.1G - Remote MAC bridging 802.1AR - Secure Device ldentity
802.1H-REV - Recommended Practice for MAC Bridging of Ethernet in 802.1AS - Timing and Synchronization
LANSs 802.1Qat - Stream Reservation Protocol
802.1p - Traffic Class Expediting and Dynamic Multicast Filtering 802.1Qau - Congestion Notification
(published in 802.1D-1998) 802.1Qav - Forwarding and Queuing Enhancements for Time-Sensitive Streams
802.1Q - Virtual LANs 802.1Qaw - Management of Data-Driven and Data-Dependent Connectivity Faults
802.1Q-2005 - 802.1Q Revision 2005 802.1Qay - Provider Backbone Bridge Traffic Engineering
802.1Q-2011 - 802.1Q Revision 2011 802.1Qaz - Enhanced Transmission Selection
802.1Q-2011/Cor 2 - 802.1Q-2011 - Technical and Editorial Corrections 802.1AX - Link Aggregation
802.1s - Multiple Spanning Trees 802.1AXbk - Link Aggregation: Protocol Addressing
802.1t - 802.1D Maintenance 802.1AXbq - Link Aggregation: Distributed Resilient Network Interconnect
802.1u - 802.1Q Maintenance 802.1Qbb - Priority-based Flow Control
802.1v - VLAN Classification by Protocol and Port 802.1Qbc - Provider Bridging: Remote Customer Service Interfaces
802.1w - Rapid Reconfiguration of Spanning Tree 802.1Qbe - Multiple I-SID Registration Protocol
802.1aa - 802.1X Maintenance 802.3bd - MAC Control Frame for Priority-based Flow Control
802.1X-2001 - Port Based Network Access Control 802.1AEDbn - Galois Counter Mode-Advanced Encryption Standard-256 (GCM-
802.1af - MAC Key Security AES-256) Ci-pher Suite
802.1X-2004 - Port Based Network Access Control 802.1AEbw - MAC Security Amendment: Extended Packet Numbering
802.1X-2010 - Port-based Network Access Control 802.1Qbf - PBB-TE Infrastructure Segment Protection
802.1y - 802.1D Maintenance (published under 802.1D(2004)) 802.1Qbg - Edge Virtual Bridging
802.1z - 802.1Q Maintenance - withdrawn 802.1BR - Bridge Port Extension
802.1AB-2005 - Station and Media Access Control Connectivity 802.1AC - Media Access Control Service definition
Discovery 802.1AChy - MAC Service Definition - Support of Ethernet over Media Oriented
802.1AB-2009 - Station and Media Access Control Connectivity Systems Transport (MOST)
Discovery Revision 802.1AB-2009/Cor 1 - 802.1AB-2009 - Technical and Editorial Corrections
802.1ad - Provider Bridges Kilka opracowanych standardow zostato wycofanych (Withdrawn Projects)
802.1AE - MAC Security 802.1r - GARP Proprietary Attribute Registration Protocol (GPRP)
802.1ag - Connectivity Fault Management 802.1Qbh - Bridge Port Extension
Problemy budowy sieci internetowych w 28
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Standardy IEEE 802.2
Podwarstwa LLC

- Identyczna dla réznych mediow fizycznych
8022 LLC (ethernet, token ring, wi-fi)
« Jest odpowiedzialna za:
- Rozdzielanie (nadawanie) / taczenie
(odbieranie) danych transmitowanych przez
podwarstwe MAC
— Retransmisje pakietéw
Layer2-LLC LLC — Sterowanie przeptywem (przekierowanie do
odpowiedniego stosu pakietow warstwy 3,
np. IP/IPX)

Layer 2- MAC Ethernet Tok FDDI _ . z
&lLayer 1 I | I :i:: I I I DetekC_]Q beQdOW

¢ Opisuje trzy typy komunikacji

Layer 3 IP

1. unacknowledged connectionless-mode
Network layer e brak potwierdzen dostarczenia ramki,
¢ brak kontroli przeptywu,
e dostarcza funkcje stuzace do inicjacji trasy
pomiedzy zrédiem a celem.
2. connection-mode
Data LLC [ LLC [ Packet I ¢ logiczne potaczenie wykorzystywane do
BN (P EST———— wymiany ramek,
layer MAC [ MAC I LLC I Packet I MAC ]. sekwencyjna transmisja,
¢ kontrola przeptywu oraz korekcji btedow.
i t 3. acknowledged connectionless-mode
e wymiana danych bez ustanawiania potaczenia,
Physical layer Network e potwierdzanie ramek wystepuje w celu korekcji

ewentualnych btedéw
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Standardy IEEE 802.2 =+ —

Format ramelgwspmquh%iﬂj
_ POd Wa rStwa L LC firmy Novell byt oparty nLac
baow 7 1 6 6 2 46 - 1500 4 wezesnychrpracahrfEEES0P 3]

Novell wykorzystat to jako punkt
sﬁgrl‘?u Adres Adres Diqlgoéé/ Pole danych Ciag . Y y . J . P .
Preambuta| =01 stacji stacji yp i wypehnienie kontrolny wyjscia do stworzenia pierwszej
SFD docelowej| zrodtowej| protokotu CRC imol ..
plementacji wtasnego

protokotu sieciowego IPX w sieci
- Ethernet. Nie uzyli zadnego
Typ 2 bajty o , .
Ramka DIX Typ II zawsze>1500 | Nagfowek + Pakiet IPX Wypeinienie nagtdwka LLC, ale rozpoczeli
(0. Netiliare 8157 pakiet IPX bezposrednio po polu
dtugosci. Nie jest to zgodne ze
dardem IEEE 802.3, ale
niewaz IPX zawsze ma FF jako
ierwsze dwa oktety (podczas
gdy w IEEE 802.2 LLC ten wzorzec
jest teoretycznie mozliwy, ale
niezwykle mato
prawdopodobny), w praktyce
ykle wspoétistnieje w sieci z
ymi implementacjami

$ 2 bajty

enerowana przez 802.2 L

Dtugos¢

Pakiet rnet
Frame type Ethertype or length Payload start two bytes
Ethernet 11 = 1536 Any
MNovell raw IEEE 802.3 = 1500 OxFFFF
IEEE 802 2 LLC = 1500 Other

Problemy budowy sie
oparciu o jedna technol  |EEE 802 2 SNAP = 1500 OxAAAA
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Standardy IEEE 802.3

Ethernet Standard Date Description
e Experimental Ethernet 1972 2.94 Mbit/s (367 kB/s) over coaxial cable (coax) cable bus

e Ethernet II (DIX v2.0) 1982 10 Mbit/s (1.25 MB/s) over thin coax (thinnet) - Frames
have a Type field. This frame format is used on all forms of Ethernet by protocols in
the Internet protocol suite.

e IEEE 802.3 1983 10BASES5 10 Mbit/s (1.25 MB/s) over thick coax — same as Ethernet
IT (above) except Type field is replaced by Length, and an 802.2 LLC header follows
the 802.3 header

e 802.3a 1985 10BASE2 10 Mbit/s (1.25 MB/s) over thin Coax (thinnet or cheapernet)
e 802.3b 1985 10BROAD36

e 802.3c 1985 10 Mbit/s (1.25 MB/s) repeater specs

e 802.3d 1987 FOIRL (Fiber-Optic Inter-Repeater Link)

e 802.3e 1987 1BASE5 or StarLAN

e 802.3i 1990 10BASE-T 10 Mbit/s (1.25 MB/s) over twisted pair

e 802.3j 1993 10BASE-F 10 Mbit/s (1.25 MB/s) over Fiber-Optic

e 802.3u 1995 100BASE-TX, 100BASE-T4, 100BASE-FX Fast Ethernet at 100 Mbit/s
(12.5 MB/s) w/autonegotiation

e 802.3x 1997 Full Duplex and flow control; also incorporates DIX framing, so there's no
longer a DIX/802.3 split

e 802.3y 1998 100BASE-T2 100 Mbit/s (12.5 MB/s) over low quality twisted pair
e 802.3z 1998 1000BASE-X Gbit/s Ethernet over Fiber-Optic at 1 Gbit/s (125 MB/s)
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Ethernet Standard Date Description

802.3-1998 1998 A revision of base standard incorporating the above amendments
and errata

802.3ab 1999 1000BASE-T Gbit/s Ethernet over twisted pair at 1 Gbit/s (125 MB/s)

802.3ac 1998 Max frame size extended to 1522 bytes (to allow "Q-tag") The Q-tag
includes 802.1Q VLAN information and 802.1p priority information.

802.3ad 2000 Link aggregation for parallel links, since moved to IEEE 802.1AX
802.3-2002 2002 A revision of base standard incorporating the three prior
amendments and errata

802.3ae 2003 10 Gbit/s (1,250 MB/s) Ethernet over fiber; 10GBASE-SR,
10GBASE-LR, 10GBASE-ER, 10GBASE-SW, 10GBASELW, 10GBASE-EW

802.3af 2003 Power over Ethernet
802.3ah 2004 Ethernet in the First Mile

802.3ak 2004 10GBASE-CX4 10 Gbit/s (1,250 MB/s) Ethernet over twin-
axial cable

802.3-2005 2005 A revision of base standard incorporating the four prior
amendments and errata
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Ethernet Standard Date Description

802.3an 2006 10GBASE-T 10 Gbit/s (1,250 MB/s) Ethernet over
unshielded twisted pair(UTP)

802.3ap 2007 Backplane Ethernet (1 and 10 Gbit/s (125 and 1,250 MB/s) over
printed circuit boards)

802.3aq 2006 10GBASE-LRM 10 Gbit/s (1,250 MB/s) Ethernet over
multimode fiber

P802.3ar Cancelled Congestion management (withdrawn)

802.3as 2006 Frame expansion
802.3at 2009 Power over Ethernet enhancements (25.5 W)
802.3au 2006 Isolation requirements for Power Over Ethernet (802.3-2005/Cor 1)

802.3av 2009 10 Gbit/s EPON

802.3aw 2007 Fixed an equation in the publication of 10GBASE-T (released as 802.3-
2005/Cor 2)

802.3-2008 2008 A revision of base standard incorporating the 802.3an/ap/aq/as
amendments, two corrigenda and errata. Link aggregation was moved to 802.1AX.

802.3az 2010 Energy Efficient Ethernet
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Ethernet Standard Date Description
. 2010 40 Gbit/s and 100 Gbit/s Ethernet. 40 Gbit/s over 1m backplane,
10m Cu cable assembly (4x25 Gbit or 10x10 Gbit lanes) and 100 m of and 100
Gbit/s up to 10 m of Cu cable assembly, 100 m of or 40 km of respectively

e 802.3-2008/Cor 1 2009 Increase Pause Reaction Delay timings which are
insufficient for 10G/sec (workgroup name was 802.3bb)

e 802.3bc 2009 Move and update Ethernet related TLVs (type, length, values),
previously specified in Annex F of IEEE 802.1AB (LLDP) to 802.3.

e 802.3bd 2010 Priority-based Flow Control. A amendment by the IEEE 802.1 Data
Center Bridging Task Group (802.1Qbb) to develop an amendment to IEEE Std 802.3
to add a MAC Control Frame to support IEEE 802.1Qbb Priority-based Flow Control.

e 802.3.1 2011 Provide an accurate indication of the transmission and reception
initiation times of certain packets as required to support IEEE P802.1AS.

e 802.3be 2011 Creates an IEEE 802.3.1 MIB definitions for Ethernet that consolidates
the Ethernet related MIBs present in Annex 30A&B, various IETF RFCs, and 802.1AB
annex F into one master document with a machine readable extract.

e 802.3bf 2011 Provide an accurate indication of the transmission and reception
initiation times of certain packets as required to support IEEE P802.1AS.

e 802.3bg 2011 Provide a 40 Gbit/s PMD which is optically compatible with existing
carrier SMF 40Gb/s client interfaces (OTU3/STM-256/0C-768/40G POS).
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Ethernet Standard Date Description

e 802.3-2012 2012 A revision of base standard incorporating the
802.3at/av/a.z/ba/bc/bd/bf/bg amendments, a corrigenda and errata.

e 802.3bj ~Mar 2014 Define a 4-lane 100 Gbit/s backplane PHY for operation over
links consistent with copper traces on “improved FR-4" (as defined by IEEE P802.3ap
or better materials to be defined by the Task Force) with lengths up to at least 1m
and a 4-lane 100 Gbit/s PHY for operation over links consistent with copper twin-
axial cables with lengths up to at least 5m
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warstwy fizycznej

Rate (b/s)

100G ® O @16 Key:

O @ @ @
10G O @ O ) (O - Backplane @ - Co-axial
@ - Twin-axial © - Twisted pair
1000M ©C @ 00 @ & @ - Mutimode Fibre @ - Single-mode Fibre
100M o © © @ - Voice grade copper @ - Point to Multipoint
Fibre
10M CHEIO
™ s —
0.1 1 10 102 10 104 10°
Distance (m)
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]
HSSG IEEE Std 802.3u-1995 100Mb/s Ethernet Standard
formed approved
High Speed Study Group IEEE P802.3u 100Mb/s Ethernet Task Force I :1
N D J FMAMUJI J A S O NUD J FMAMUJI J A S ONDJ F MAMJ Q
S Y . S | L L 1 B 1‘9941 L 1'995' ||
Bl e e T a1 1 (| B [ [ e [ 7 [ | 3
Task Force Working group Sponsor
review ballot ballot ==h
| | o
IEEE P802.3u PAR Approved b2 D3 b4 DS O
HSSG |IEEE Std 802.3z-1998 1Gb/s Ethernet Standard g
formed approved g
High Speed Study Group |IEEE P802.3z 1Gb/s Ethernet Task Force °
N D J FM A MUJ J A S O NUD J FMAMJI J A S ONUDJ F MAMJ =esd,
[ | e | | | | . | O G s AV | D
1996
P At S
Task Force ~ Working group
review ballot SPONEUGEalicr m
| | | o
IEEE P802.3z PAR Approved or o2 03 o4 DS =
HSSG IEEE Std 802.3ae-2002 10Gb/s Ethernet Standard L
formed approved -~
High Speed Study Group |EEE P802.3ae 10Gb/s Ethernet Task Force l :'
M A M J J A S ONUD J FMAMUJ J A S ONUDUJ FMAMUJI J A S ONUD J F M AM m
[ e S| e S| S A e S | 1S | | - | |
1999 2001 2002
N I N P Y (| R P )
Task Force Working group
| | review ballot | Spensat ballot | ,u.)._
IEEE P802.3ae PAR Approved o1 b2 o3 b4 D5 a
HSSG IEEE P802.3ba 40Gb/s and 100Gb/s Ethernet Sfandaiey
formed a|[pr,wr.-‘b
High Speed Study Group |EEE P802.3ba 40Gb/s and 100Gb/s Ethernet Task Force P s - &
J A S OND J FM A M JI J A S ONDJIJ FMAMUI JI A S ONUDJI FMAMI J A S O NDJ m
L 2'00&‘: I I 5007' Lt 2')00&'3 1 o '200!'; R R R )
[l e e o o s ot L o O R A R R e e 1
Task Force Working group g
review ballot I Sponsor baifot
IEEE P802.3ba PAR Approved 0 P2 D3
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Standard
vy IEEE 802
lista i oznaczenia w standardzie 802.3

Standard IEEE 802.3 definiuje wiele typow warstwy fizyczne;.
Przyktadowe jej rozwigzania przedstawiono w tabeli
Ty Nazwa standardu | Typ Nazwa standardu |

Data wprowadzenia Data wprowadzenia
LOBace.s DIX-1980, 100Base-T4 802.3u-1995

802.3-1983 100Base-T2 802.3y-1997
10Base-2 802.3a-1985 1000Base-LX 802.3z-1998
10Broad36 802.3b-1985 1000Base-SX 802.32-1998
FOIRL 802.3d-1987 1000Base-CX 802.3z-1998
1Base-5 802.3e-1987 1000Base-T 802.3ab-1999
10Base-T 802.3i-1990 10 GBase-X
10Base-FL 802.3j-1993 10 GBase-R 802.3ae-2002
10Base-FB 802.3j-1993 10 GBase-W
10Base-FP 802.3j-1993 40 Gbls 2010
100Base-TX 802.3u-1995 100 Gb/s 2010
100Base-FX 802.3u-1995 400 Gb/s 2017
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Ethernet IEEE 802.3 -
przeglad

10008ase-T
£33 3ab-199%

T %
10008ase-SX | 100082as-L | 100052ss-CX

10GBase-EW || 10GBaseL XA

)
10GBass3SW i 10GRased W

40/100 Gb/s

FLOIRL 1GBase-T

TU2.34-1837] 802.51-1000

W Fiber
W Twisted Pair
Coax

0 Rarely used
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Standardy IEEE 802
= u V{4 ’
,dojrzewanie” standardow 802.3
=
Standard to maturity
>< 7 years >
[M:E JL‘\GE J 10GE ] 40GE ]
|ndu5uy Industry Industry industry Industry
chain asn Matunt matunt maturity matunty
maturity < 7 years >
5 years Z)Qde IEEEBO2.11ac
& o 1000M WiFi
Standard [IEEESOZ.B ] IEEEBOI 30 ] [IEEE802 3z [IEEEEOZJ& [lessaoz.m J
10M 10G 401006
2003 2010
1982 1995 1998 2002 2005 2008 2012
Saavce A gl o ol duow eiscouseadiokiions /daaen st Soadoaoellt b ove Soee- 232255 Ao
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Rozwdj ROZWIAZAN sieciowych
ETHERNETowych
1,000,000 | i 1 Terabit Ethernet
Source: |EEE tutorial S5
100,000 B 100 Gigabit Ethernet
Core . 7
Networking I 40 Gigabit Ethernet
Doubling /

8 =18 mos

L0

= 10,000 10 Gigabit Ethernet

g

1,000 g Gigabit Ethernet
Server
Ile)
Doubling
=24 mos
100 .
1995 2000 2005 2010 2015 2020

Date
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