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Lestire  Esamele FO:
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Dr. Mohammed Hawa
Electrical Engineering Reparfment
Uniyersity of Jordan

EE426: Communimtion Networks

Netwerk TyRes

* Local Area Networks(1 ANis): privately-owned
gle bulldmg or campus of up to Fp PI "::F, b ex”

networks within a sin
few kilometers in size: o
— Ethernet, IBM Token Ring, FDDI and IEEE 802.11 Wi-Fi. D (3% 'h fb A +C d
* Metropolitan Area Networks (MANs): spans a city or
part of a city: )?&'L’f'ﬂl
— IEEE 802.16 WiMAX. Th h&{é‘cef

« Wide Area Networks (WANSs): spans a large

A s achwonouns %ograplucal area, often a country or continent:
) —ATM and Frame Relay.

o "fe’/ + Personal Area Networks (PANS): spans a single room
M:g«’; . and connects personal devices:
— Bluetooth, NFC and UWB. G L

Copyright © Dr. Mohammed Howa Electrical Enginecring Department, University of Jordan 2
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+ SPH SSoNET ¢ IS ,
o E‘H\M’ﬂa“‘ \ =P h&g % gMS "'o(?ﬂa% 3 d/[!:@ . S}’Wf —t'o(aa °j

W = Popules: S5 Available R Py

L)
. AN Network Topplosgies: %
ek ST S BHS V$: Ring e
i F fastructwe * Each LAN utilizes a single high-bandwidth shared medium
ki oLe . E% Sgt.),‘za.\c\a':n(l;%,m-t;>e w{y&l’\n\gm ;(:\n'fputers are attached (reduces !

* Different computers take turns (coordinate) among each other
to send frames on the shared medium. Handled by MAC Lﬂj ?
(Medium Access Control) sublayer. — Cr _Z=

A
a P
%"iﬁ'ﬁgﬁ A
b Cable
Uu

dlshw. Kus . Qi’gj.

Electrical Engincering Department, University of jordan 3
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LANs: Ethernet & ALQHA

* Ethernet was inspired 11)&/ the ALOHA protocol,
which was the first LAN created.

* ALOHA, built at the University of Hawaii in earl
1970s, ran at 9.6 kbps data rate and used a sharedy
wireless medium.

* ALOHA allowed remote terminals at distant
locations (different islands) to access a main
computer in a central location.

 Ethernet was a variation of the ALOHA protocol,
and inherited many of its features, but then evolved
significantly over the years to support higher data
rates and longer distances. : _‘

4
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Ethernet

* Ethernetis a widelKIused LAN technology. It is also being " ,
expanded into MAN and WAN. | memoriFE "
* Invented at Xerox Palo Alto Research Center in late 1970s . L 1(.6
. erated at a rate of 10 Mbps and was called DIX Ethernet o[a f‘t ro
= 10 MbpS -

pECE ﬁj il EC, Intel and Xerox):

* IEEE now maintains the Ethernet standard, known as

E—?M h fmen{’ IEEE 802.3 (standardized in 1983). ]
2 * Inits orjﬁi.nal 10 Mbps version, Ethernet used a single coaxial

(oo P@/a /’ lon. cable, called the ether, to which multiple computers connect

through taps. =>(1%s Tspol ; {

= 1 versions of the 10 Mbps Ethernet use cables with
g 4 hubsiand gwitches. oo {
WS very l\gopu ar version of Ethernet is Fast Ethernet, operating
“Topology- at 100 Mbps, and uses UTP with switches. ’
spoleg _—

S (e MosT FppuLAR

S *‘M Cepyright © Dr. Mohammied Hmoa Electrical Engineering Department, University of Jordar 5

Zopeleyy: '

~

Ethernet [2]
e oo Popula by e oy s Gt

* The next, also popular but in Ethernef core switches, 1s
10 Gigabit Ethernet (10GigE or 10GbE) operating at 10 Gbps.

* The high data rate systems use hi-end switches withmostly
optical fiber (but sometimes UTP as well). The 10GbE was
finalized in 2002.

* The IEEE 802.3bm standard, released in 2015, defines
100G/40G Ethernet for optical fiber.

* The IEEE 802.3bs standard (December 2017) introduces
200GDE (200 Gbit/s) over single-mode fiber and 400GbE
(400 Gbit/s) over optical physical media.

* IEEE 802.3av defines 10G-EPON (passive optical network).

* Ethernet Over SDH (EoS or EoSDH) & Ethernet over SONET.

Copyright © Dr. Molummed Hawa Electrical Engineering Department, University of Jordan 6
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Fthernet MAC: CSMA/CR

* Ethemet MAC protocol is known as Carrier Sense Multiple Access
with Coﬂisionﬁete:ﬁm (CSMA /CDf————"

* CSMA/CD coordinate access among different users to the shared
bus. Itis very similar to ALOHA but with improvements.

» If a station wants to send a frame, it first listens to the channel,

called carrier sense or listen-before-talk (LBT). Carrier sense avoids

interrupting an ongoing transmission.

If the station senses a busy channel, it waits for the cable to become

id;e again then sends its frame after an “interframe gap time” (9.6

ps).

* If two stations sense an idle channel and start transmitting at the
same time, the two signals will interfere with each other: called
collision or contention.

*  While a station is transmitting, it monitors the current flowing
through the channel. If the current is higher than normal, then it
detects a collision: collision detect.is ops tyans, i H; 3 MM ed; ﬂH : ' .

Electrical Enginecring Department, Unicersity of Jordmm 8
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A B & 5 ]
$eo 88 |

Ethernet Shared Bus

B sends bits Dreceivesa
of a frame copy of each bit

Signal propagates
along the entire cable

A\B C \D E
$5 848

—_—

EtherniefCable (Shared Bus)

Copyright © Dr. Mohartmed Hinoa

R
Propasplion clelay ™ calligian ./

memer I € ‘Hﬂ&

(anl‘)‘en‘]'fm- ol teuy WofaLj.

9

Summard o CSMAICD

ammia Sr‘gnq |5 |
—prr ~J |

Copyright © Dr. Moharmmed Hmoa

29 b 48

fana[amfj o |
bits sent ance
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| &it time o
. =/0 sec.

aleerithm |

v cellisions -

Rinary expanential Rackaff
T’COM e 9
+ If a frame has collided n successive times (where
1 < 16) then the sending station must choose a
random number K with equal probabilities from
the set {0,1, 2, 3, ...,(2" - 1}, where m = min (n, 10)
» The station must wait for K x 512 bit times (at 10
Mbps, one bit time = 10”7 seconds) before starting
another transmission attempt.
» Give up transmission attempt of the frame if it
encounters 16 successive collisions, or reset
counters (i.e., set n = 0) if the frame is successfully

transmitted.

Copyngiit © Dr. Mohammed Hawa Electrical Engineering Department, University of jordan 11
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mewmon 26 "
A
oo g 2o @ -
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T =pRaf.
= 228hit bimes
= 296x1675EC.

2 .Wm ‘2600|

Z—E Maximum end-to-end propagation delay in
the cable 1 is:

1 = maximum end-to-end distance (m) /
progaagation speed in coax gn/ s)

=2500"/ 23 x 10°=10.9x 105,y o.| M5EC
At 10 Mbps, one bit time = 107 seconds,
which means t =109 bit times.

To allow for some delay in the repeaters, the
specifications of Ethernet allow for a
maximum end-to-end propagation time of

T = 225 bit times.

—

W -

Masimum Cellision Retetion TimezZk
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and transmits JAM
and then stops

Time
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defection Lime = 27 - 2peoP = 2x226 =H52 bt Lime,.

Max  collisiow
Ma x collision rgc[m/n‘nj op'ﬂt chanae| :2T+;;4M C=Y50 + 4 9':'_%%_8_
e,

pea2 P02 .
S5 Persistanse 524

4 1-persistent: If the transmitting node senses an idle
channel, it immediately starts transmitting its frame. If
the channel is sensed busy, the node continues
listening until the channel is idle again, then starts
transmutting its frame after a small interframe gap.
g ro b p-persistent: If the transmitting node senses an idle
=09 X0 3 channel, it starts transmitting its frame with
. probability {: (i.e., it might not transmit with
-p). If the channel is sensed busy, the

= o0-04 probability
node continues listening until the channel is idle

again, then starts transmitting with probability p. If
e node decides not to transmit (with {)robabihty 1-

p), it defers transmission by one time slot (which'is

typically t), and at the start of the next time slot, ...

{0 1 ‘7-4%,

14
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Persistance (Cané.)

* ..., the nodes checks the channel again and transmits
with probability p if the channel is idle (or defers
again with probability 1-p). This process is repeated
until either the frame is transmitted or the channel
becomes busy again. When the channel becomes busy,
the station acts as though there had been a collision
and waits for a random amount of time before the next
attempt.

* non-persistent: If the transmitting node senses an idle
channel, it starts transmitting its frame immediately. If
the channel is sensed busy, t%le node does not continue
listening until the channel is idle again; rather it waits
a random amount of time and re-senses the channel
again after that delay.

Copyrigin € Dr. Mohammed Hmoa Electrical Engineering Department, University of Jordan 15

Performanse Parameters vs. Lead

¢ Throughput (SI: average rate of successful frame
delivery. Calculated as the number of successful
bits sent in a period of time divided by that time
period (bit/ sf

* Delay (D}: the time period the frame needs to
successfully reach the destination. Usually
average delay is calculated.

« Utilization (U): proportion of the channel time
which is used by the traffic which arrives at it.

* Frame drop lg:vrobability (P): proportion of total

frames sent by the source that are not received by
the destination.
Copyright © Dr. Mohmmed Hrua Electrioal Engineering Department, University of Jordan 16
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. MW Prame Lﬂdj‘“\ L! b’l’ffs
L # ™ 15!815 $.
Frame i from computer A
ey CEIm—
SlaHeJi I%
ALOHA A W

LEemel wmﬁs

Detfer han

Total Slots: 13 t"“fd—
L =Load = G = Total Attempts = 10;f{ameS. Guomatizea=10/10=1

Throughput = S = Successful § fomp5= 6; SNormalized = 6/10 = 0.6
Utilization=U = Percentage of Busy Slots = 8/10=0.8

Cfgh s =0.8= 80/

/0 Fimes sl'ah ;
Copyright © Dr. Mohammied Hanwa Electricul Engineering Depurtment, University of Jorden 17 *

L Fomes il e tine = 60/ of dhe (ypacit
10 bimes slots d / l«c.oaqma/ L
MerafEe
———/ Thrensghent
10 0.01-persistent CSMA
09 b Nonpersistent CSMA
g 08— 0.1-persistent CSMA
2 07
/8-:5qu L .3 ::E /%g—azrslstent ;
_max” o Ny, S __./ ”—35/.[
T i oo e s
~Pers = rsistent o
/'{IM( d)e 1‘0&” ___:z:_ _purs CSMA r}‘\ldOHA'
l - i 1 ! H | [
l Sr"\lt I%/ 00 k z i G (anmt)ls per paikst tlme)B ! # ’
Tor e ALHA
4€7 ( Ei‘f.l;a y Q Copyright © Dr. Molurmmed Haua Electrical Engincering Department, University of Jordan 18
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Lesture 7 Eth?mﬁt Hardwarﬁ
Addressing and Frame Fgrmat |

Dr. Mohammed Hawa
Electrical Engineering Repartment
Uniyersity of Jordan

EE426: Communication Networks

MAC Addresses

+ The shared medium in a LAN connects a large number
of stations.

+ However, typically communications involve only
one source and one destination.

o« MAC Addresses allow a frame to reach its destination.

MAC: 0100
MAC 0001 11
S

,

LAN: Shared Medium

Dest: 00017
Src: 0100

Cﬂpyﬁth © Dr. Molummed Houa Electrical Enginecring Department, University of Jordan 2
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3 - dilferent methods ?

HWy: fird Wi
. HWy Rna‘ MA

MEMOIZ e

NIC = Nefwor K I’n’r@rjgge Gml

S o gour Fhernet covd. usind

Ethernet MAC Address

—>+ Ethernet uses a unique 6 byte) (MAC

address) (Physical address) (Hardware address)
* Ex :
@ byfes -
G2

- 08-00-0
o (hex)
one bjfc NIC plugged into socket
inside compuser
LY. A Bt
-l
AU
connector on NIC
exposed on back
of computer
Copynglt © Dr. Moharmmed Hmoa Electrical Engincering Departiment, Uni of Jordan 3

or 00:0094BAOE:CC —+ these a4

e

Raes RA matsche hardware?

Bytes 1 6 0-1500 0-45 I

6 2
e 5| Destination |  Source 3
i Preamble I ?I Address | Address [ Dats Pad CRC

Copynght @ Dr. Mohammed Hruw Electrical Engineering Department, University of Jordan 4

C MAC adelress
fé :Z&es?ﬂ( Mff on Yo’ cel/& Jlne footh /fﬂfaa/aé’err?
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Types of Ethernet MAC Addresses

Global Address
(Static Address)
~__ Unicast
Address Local Address
(Configurable Address)
(LAA)
Multicast
Ethernet —— Address
Group
Address
L Broadcast
Address
Capyright © Dr. Mohammed Hmoa Electrical Engincering Department, University of ’(Wdtm- 5

uS@a{ when onf samtl SC.J,S oné ﬂmﬁ that y;gggls fo be

S'pﬂa'a! ase

e

1t man) &—

féﬂd 6j mul{’iplf

Tyres of Ethernet MAC Addresses

* Group Address: LSB of the destination address
isal.

 “Broadcast Address: FF-FF-FF-FF-FE-FF.

|~ = Multicast Address: Other addresses with a LSB of 1.

. Uﬂc(:)ast Address: LSB of the destination address
isa0.

* There are two types of Unicast addresses used by
Ethernet:

— Global MAC Address (also called Static MAC
Address)

— Local MAC Address (also called Configurable MAC
Address, or Locally Administered Address). :

; Ly LAA.

Copyright € Dr. Mohammed Hawa Electrical Engineering Department, Unirersity of Jordm 6
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cord WiF awd ,Blmcfaa’”t cond

M"J; f Sij\gﬁ'mnl‘
T

3Com

Cp : ou-0d
02-%-3C :;"‘

Fthemet MOS Hddress

6 bytes {A!M"e
offset: 1 2 3 4 5 L b 9 i C.
3 | othbyte |sthoyte | anbyta | 3rdbyte | 2nd byte | Lstbyte '@y
[+1]
'8'_ 1st octet | 2nd octet | 3rd octet | 4th octet | Sth octet | 6th octat 'l{i'
0 v
a or g
g.- - 3 bytes ——————paff—————— 3 byt 85 =i =
] N
S Qrganisationafly Unique | Network Interface Controfler|
3 Identifier (OUI) (NIC) Specific =
=, = = -~
.
bl -~ leas F 5y
[§ L3
[be]o7 [os[os[oa]o3] b2]bi] bit.
0: unicast
1: multicast

0: globally unigue (OUI enforced)
1: locally administered

Copyrigist © Dr. Mohammied Hmoa Electrical Enginecring Department, University of Jordan 7

**H“J MM_j 3’0&'4\,
pmic'asf MAC

adilvesses Avodlatle
,246 A /d&fé’.ﬁf@&

f—

g———

—Gd'd|

od'dd—az

AMD ¢ 08 -00-20 00-vo-00

Rules for Beading Frames

* An Ethernet card passes the Ethernet frame
to the upper layer if the destination address
(DA) is equal to:

— Broadcast address: FF-FF-FF-FF-FF-FF.

= Multicast address of a multicast group to which
the station belongs.

— Global unicast address of the card when LAA is
not setup.

— LAA unicast address of the card when LAA is
setup.
— Any address if the card is in promiscuous mode.

Copyright € Dr. Mohammed Hawa Electrical Enginecring Department, Unversity of Jordan 8
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Ethernet Headers & Frame Farmat
Type ys. IEEE 802.3
\ Type 1l Ethernet Frame: DIX E#Wﬂ!,’f} 2 o +L{ = 18W i
MCW(I?Q_._,_b Bw:pe 2 ) elt r 3 ( 6+56.r2 2 Ti-s'oo v 0-46 "‘44"
"H‘f_ o0 - ¥ | preamble [§ Petmbn| ome= Typel Da‘ta | Pad l CRC J
------------- Heodex ; é e ¥ Tr ‘Ii:/
' q Pov:fackel  Temiles,
\V_ TEEE 802.3 Ethernet Frame: - >;'5an¢¢_1‘ (paﬂlﬁégrf
—T\C\g\ s ej{' nm.s. _____ 7 . ; -e ' 6 _zzu_l P 4
ey “C“\%L I e [SPgien] oo e pun T | ea | e | TN
a.f KA”&/ T = By
néraf‘rfaﬂ@g- Peacies 4. thpt:f@r! gL"’J“’l“l j
Copyriglt € Dr. Mohammed Hroa Electrical Enginetring Department, Umversity of Jordan o1
77
¥ - .
EX: Jength=1500 T (R
=8 e EhwtBE - g Th, |
MoT Type (< 1500)
i T Ethernet Frame Fields [1] >veans 8 Byles
» Thisi
802 3. + Preamble: Consists of 7 bytes, each byte bk heacl&( L |
ik containing the bit pattern 10101010. It helps S0 U8y fes L3
EX.- [&JH =0 3% synchronize the receiver clock. No part of the poU.
= 2oyt decimal: preamble ever enters the Ethernet adapter's
TP/U memory buffer since it is a physical layer header.
Tape > ' « Start of Frame (SOF) delimiter: One byte with the

bit pattern 10101011 used for framing. It is
compatible with other I[EEE 802.x standards.

+ Destination Address (DA) and Source Address
(SA): Contain Ethernet MAC addresses of the
source and destination (each of 6 bytes).

MY 2 1UT2 gjhs.

£92.3
Copynight © Dr Mohammed Hawa Electrical Enginecring Department, University of fordan 10
0ed Thig IPX M, =M% -gimfef Unit
[L3][Ls l cEmH”IM(-TE@ L = (560 O“Le’ ‘
e’ Dlag -5 e :
LZ] MAC :—BEJ \> ,}- 0[61“/0( X In et
' = k00ti3=[517
— Re.  depenchivey Has. ft logh =EEPIT
ahC > for shadion- g e Type” Zecamse of memary limifeting,
LLC => Po Phe de multiplexing
g\ateciolc chere fosendl-
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x e X Pihedaet s o Type X Elhemeb: ' ¢ 8023 flame. Fymat:

¢ Rakes DA . ____w,._w.iw-— 6 Byies | ol!j*ﬂpf;[fi;mu.
{;) gafes SA —m— 63‘5“5 l‘ F?;;hs 17.; ‘
i/ . Tupl.. T L 2 89“65- . <
ﬁ‘f‘?’r‘ﬁ: ﬂv?‘r‘}?f‘am LS ——— [go0 gytes for a(ﬂf;\ ( g “ bee'ﬂ”’"
o B { .
Hb Bﬂfcs Fo{ Pad - : 0 Les fd( Pa { & %?d%!%'z 138'
C 1 fes ﬁ:/ CRC. o dates L3 P00
u afes CF L P ?w(
Tatal = €U Bytes. | Tetal - 1518 pytes > '/‘Ej,i,cﬂ/‘zc
ol = 84 Bytes.
Type figld
Protocol sz%ﬁeld
] 1Pv4 packet 0800 b mepto)’ 2 C_.
e V CCITT Xl.(ze.'; packet ggODS?l
Al type Values
Frame Relay 655%h
> UGD—(—: ‘1_ —— 1lzTeverlsEARP - 8035h
—‘j [?_qu O[ga'mal R:s\;ew eccl)rporat:lon X % - 8138h
Copurigitt € Dr. Mchammed Hioa Etectrical Engineering Department, University of Jordan 11

Ethernet Frame Fields [2]

. Lerzfth: Indicates how many bytes exit in the Data
field of the frame. Possible values are 0 (or 8) to 1500.
In this case, the Type of the frame is indicated by a
special header in the data portion of the frame, called
a Logical Link Control (LLC) header, and not by a
field 1n the frame header.

+ Data: Contains the upper layer PDU (0 to 1500 bytes). :

+ Pad: Frames with fewer than 64 bytes in total length §
are padded out to 64 bytes with random bytes in the ,
Pad field.

+ CRC: A 32-bit CRC code is used as an error detection
code. The receiver verifies the CRC and if the frame
contains errors, the frame is discarded.

Electrical Engineering Department, Unrersity of Jerdon 12
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Logical Link Control

* Logical Link Control (LLC) Layer: LLC is
defined in the IEEE 802.2 standard.

Network layer @_@
3
)l we [LiC | Packet ]
MAC LMAC [ LLC| Packet | MAC |
_pH &/ i

Copyright € Dr. Mohamm
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Festure 8 Switched Ethernet
and Collisien Remains

Electrical Engineering Repartment

Dr. Mohammed Hawa

University of Jordan

EE426° Commriunicttion Networks
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Twisted Pair and Fiber

’r }-Mcg\ * Twisted)Pair Ethernet:
L7\ «—{~ 10BaseT, 100Base-TX,
g [ T AT € 1000Base-T, etc.
o il * Fiber Optics: 10Base-F,
Y 100Base-FX, 1000Base-LX,
etc.

* Wiring Closet: yellow
cables are single mode
fibers; orange and blue
cables are multi-mode
fibers: 50/125 pym OM2
and 50/125 pm OM3

... fibers respectively; grey
' “cables are twisted pairs.

Copuright © Dr, Molkznmed Huon
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The Ethernet Hub

* Electronic device at the center of the network that replaces the
coaxial cable used in earlier versions of Ethernet.

+ The hub has physical ports (not to be confused with TCP port

* Each machine connects to one of the hub ports using either an
unshielded twisted pair (UTP) or an optical fiber cable.

* The hub connects all the cables on its ports electronically (as if
they were soldered together inside the hub).

¢ The hub does not buffer incoming frames. Instead if a voltage
ap})ears on one if its ports, the hub retransmits the same
Vo

* Hence, the hub acts as a zero-length shared bus (like the old

* We say that the logical tolpology is still bus topology, even -
K ogy is a star topology.
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¢ A hub is different than a switch or gateway
©_ or router (see later).

The Ethernet Hub [2]

Provides more reliable connection than a
coax T-connector, and does not have
impedance mismatch issues when a cable is
accidentally disconnected, which means each
port disconnection affects only one machine.

Using twisted pair is popular because it is the
cheapest of all cables. sy vis length.
Maximum UTP from the hub to the
PCis only 100 m due o noise & attenuation.
Fiber cables are used for longer runs (to
connect different buildings). Runs up to 1 km

. or 2 km between the computer and the hub

* are allowed (but maximum distance between

any two computers is limited to 2.5 km).

s
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Nen=Rwitched (Huk-kased) Ethernet

LHM[; = (epealer = feqensralor = L ofwicg,[{% saitch .

[ Limitations: @X@ conld be
1. Half-duplex Seolved bj Bl‘ff exs.
SRR ‘ p{ transmission
Salve (collisions). - s e i . f
: i + since i1t ané
. 2. Signalstrength .
B\j j(l‘ W - considerations.. send 5V
3.__MAC protocgl eV enl
2.5 Km / considerations. also “have
¢ 4. Heavy load 7
mﬂ‘;u:d'ﬂ,&sm .. affects £Y
ony it , throughput.
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A detects collision
and transmits JAM
and then stops

Copyright © Dr. Moimnnied Haun

t=0
B starts
transmitting

PROP

Time

‘

Electrical Engincering Dopartnorit, University of Jordani 7 J

- 0.01-persistent CSMA
5ol Nonpersistent CSMA
€ o8} 0.1-persistent CSMA
8 07}
] 0.5-persistent
ol CSMA
205 -
04 ALOHA
3 03t 1-persistent
£ o2 Pure =~ CSMA
prag - ALOHA
0.1
1 | $ 1 i ]
L 2 4 5 6 ) )
G (attempts per packet time)
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The Ethernet Switeh

An Ethernet switch physically resembles a hub, but is different.
A switch buffers any frame it receives on one of its ports into its
memory (RAM), then sends the frame on an internal high-speed
backglane (switching fabric) to the destination port. The switch uses
e backplane to transmit the frame to all other ports without
collisions (except maybe the port the frame arrived at).
* Hence, each port of an Ethernet switch is its own collis}o_wMﬂ ¢ faoy K
* Sometimes, the switch is connected to the computer NIC using two X~ i‘&\/'ﬂ‘ ce
pairs of twisted wires (4 wires) to allow full duplex communications ¢ + rollex
without collisions on that port, as data can flow from the computer L L
to the buffers of the switch and backwards simultaneously.

* This was advertised as double the link speed (e.g. 200 Mbps
Ethernet instead of 100 Mbps), but is called full-duplex 100 Mbps.

SR T SO WA S O

Copyright © Dr, Mclistnmed Hawa Electricdl Engincering Departinonit, University of Jordan 9

Switched Etherpet

Memory

Ports

Copyright © Dr. Molannied Hivas Eloctrical Engincering Departaoit, Uiversity of lordan 10
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Switching Fakris

Port

11
H
1

Electrian Engincering Dopartinent, University of Jordawt

\ Copyright @ Dr. Melrmamed Haan
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The Ethernet Switel [2]

Since collisions are avoidedfin an Ethernet switch, the different ports are
allowed to receive and transmit frames at the same time, for parallel,
full-duplex operation, something not possible with CSMA/CDona
single shared channel (a single collision domain).

«  When full-duplex mode is used, the CSMA/CD protocol is switched off
(new Ethernet NICs auto negotiat ~ working in full-duplex or half-
duplex depending if they are connected to a hub or switch).

« Ethernet switches are Layer 2 devices while hubs are Layer 1 devices.
Switches understand the MAC layer of Ethernet, MAC addresses, etc,
and they can negotiate half-duplex (with CSMA/CD) or full-duplex (no
CSMA/CD) modes based on the situation.

« CSMA/CD limitatiorfare removed in switched Ethernet, and

performance (in terms of throughput and delay) is enhanced.
+_Switches are also ca]led bridges)(bridges were used to connects LAN W
Lin

segments, or interface betwéen different LAN technologies, such as

Ethernet and Wi-Fi).

12
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Equipment

* A Cat-5 UTP cable
with connectors
(RJ-45 connector)

* Low-end switches
(used at the edge
of the network)

~ (Cost: $10 - $100)

Copyrigt & Dr. Moluwarnied Haoaw

Actually everyone
will seg Z - |

RT 1 f
4 wire. p

Eloetrical Engincering Departinend, Unizersity of Jordan 15

Equirment [2]

* Medium-end switches
(used at the edge and
aggregation points of
the network) (Cost:
$300 - $1,000)

» Wiring closet

Copurfght © Dr. Molnspied Maaa
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Fawirment [3]

* High-end switches
(used at aggregation
points and the core of
the network)

- (Cost: $2,000 - $60,000

dependmg on selected
modules)

g g _Cisco Catalyst

500 Series, Cisco
Catalyst 6500 Series,

__]ump;r EX series, HPE,
Huawel, Arista, etc).

Copuright & Dr. Mehannied Hawa

Elcctricl Engincering Departinent, University of Jordu:
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Lesturs 9: Syitched Ethernet
Features: STP and YEANs

Rr. Mohammed Hawa
Electrical Engineering Department
University of Jordan

EEA26" Copnnunictiion Nehoeras

Ethernet Syvitch Features

» The following features in modern Ethernet
switches are quite useful to the network

administrator:
1. Self-learning (backwards-learning)
2. Spanning Tree Protocol (STP)
—IEEE 802.1D
3. Virtual LAN (VLAN)
— IEEE 802.1Q

Copyright © Dr. Melamnied o Electrical Engineering Departenont, Usiiversify of Jordan 2
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Ethernet Switeh is Transparent

» Switches were designed to mimic hubs, so they
are transparent to the Ethernet machines
attached to them.

« In other words, a switch acts like a shared
medium, but without the possibility of
collisions.

« When a frame arrives at one port of a switch, the
switch forwards that frame to all ports except the
one that the frame arrived on.

+ This behavior is known as flooding. It makes the
switch look like a shared medium.

Copurigit & Dr. Mohannred Hausw Flectrion Ergincering Departinent, University of Jordan 3

Ethernet Syiteh s Transrarent

o Remember: Ports on the switch do NOT have
MAC addresses (nor IP address). A switch is not
like a router. Each interface on a router has its
own MAC address and IP address (see later).

« An exception is if the switch has a controller

inside it to allow the administrator to control the
switch.

+ In such case, only the controller (which shows a
Web page sometimes) has a MAC address, not
the switch ports themselves. ' '

Copwright & Dr. Muliammed Huicst Elcetrical Engincering Dopartmont, Lbiiversity of Jordan 4
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Advansed Switeh: Farwarding

+ Flooding makes sure that each frame is seen by all
machines on the Ethernet LAN, but wastes resources
since most communications are unicast (intended to
one destination).

» Forwarding was introduced in newer switches. The
switch forwards the frame to onlg one port where the
destination machine is connected (not to all ports).

« The switch (Layer 2 device) can read the unicast
destination address (DA) in the frame and decide
where to send the frame based on this DA.

« Forwarding (rather than flooding) reduces the number

enhances privacy.

Copyright © Dr. Molmmmed Heioa Electrical Engincering Dapartnent, Liniversity of Jordan H

of gackets processed by each switch port (and station),
an S

« Featwe (1)

Self-Learning (ar Baskward-Learning)
Switches

« Problem: How can the switch know the MAC
address (global or local) of each machine the
administrator connects to its ports?

» Table lookup of MAC addresses connected to
each of the switch ports.

« Configuring an Ethernet switch with a static
table E; the administrator is:
— Time consuming.
— Error prone. :

— Moving a station from one LAN to another LAN
requires maintenance of the tables. L

Cepyright € Dr. Mchamaied Heera

Elcctrical Engincering Dopartenonit, University of Jerdaui 3
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Self-Learning Algarithm

* When the switch boots, its self-learning hash table
is empty.
+ When the switch receives a frame to forward, the
switch inspects the DA and SA of the frame:
— DA: If the switch knows the port belonﬁi.ng to the DA
the switch forwards only to that port; otherwise the

switch floods (i.e., forwards to all ports except the one
that the frame arrived on).

— SA: The hash table is updated by the SA information.
» Hash tables are treated as cache entries:
— New information overrides old information
— Each gnlry is assigned a timeout, after which it is
erased.

Copyrigit @ Dr. Mohmnmed Haas Elcctriunl Engincering Departsecut, University of ferdar
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__,/,/[d Event Port 0 List Port1List Port2List Bridge Action
Bridge boots - - Empty Tables
p/f .;MC‘, UsendstoV - U - Flood (to Ports 0 and 2)
" VsendstoU - uv - Discard
- .. Zbroadcasts - uv z Flood (to Ports 0 and 1)
~ YsendstoV - u,v ZY Forward to Port 1
YsendstoX - uv ZY Flood (to Ports 0 and 1)
.y XsendstoW - uv ZY, X Flood (to Ports 0 and 1)
“- WesendstoZ - U,V,W Z,Y,X Forward to Port 2
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- Spanning Tree Prateseat (3TF)
Aveids kRS

Frame copied Frame copied Z
by Sl\ by SZ\
1 Switches \ T
MAC MAC
controllerd ce
1 1
Initial frame: DA = MACz
A SA=MACa

Copuright © Dr. Moliammeit Hawa Electrian Engincering Departinot, University of Jordasi
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YVirtual LANs (YEANS)

« All hosts connected to an Ethernet LAN (consisting of one or
more SWitCheé?. are in the same broadcast domain. If one host
connected to the LAN sends a broadcast, all of the other hosts
receive the broadcast, wasting bandwidth.

+ For some protocols, a broadcast received by a host results in
that same host transmitting a broadcast of its own. Then when
all the hosts receive the first broadcast, they all end up
transmitting even more broadcasts. All these broadcasts
snowball into a broadcast storm.

« Typically few hosts on each LAN really need to broadcast to
each other. VLANS isolate broadcast domains by splitting an

Ethernet switch into multiple virtual switches.

This reduces overall traffic, avoids broadcast storms, - 2

improves security by isolating traffic, and improves privacy.

+ Allis done by software.

Copyright © Dr. Malznneed Heuws Elctrictl Engincering Degmrtimont, University of fordan 11

Yirtnal LANs (YRONS)

Swicth

Studént B

Copuright © Dr. Moiiarani eil Heruwt Flectrizal Engincering Dagartmont, Vimiversity of fordan 12
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Publishing Accounting
Publishing Accounting
c VLAN 20
VLAN 10 Srong
Publishing @— '@
-]_ coounting
Publishing ﬂ
Accounting
1
e B B B
Security Security Security
Copuiight € Dr. Mchamnied Hous Elcctrical Engincering Departinent, Lniversity of Jordax 13

VLAN: Administrater Power

» Most switches require assi%xin a number to a VLAN when it is
created, such as VLAN 10, LAgN 20, etc.

« No traffic is able to go from one VLAN to anotherillrSlY default,
there will be no inter-VLAN traffic on the switch, unless a router
(Layer 3 device) is involved (probably along with a firewall for
security).

« When using VLANSs, Ethernet frames contain the optional
IEEE 802.10) tag to identify to which VLAN it belongs.

« Common approaches to assigning VLAN membership:

. Static VLANs (port-based VLANS): assigns ports on a switch to a
VLAN. The device automatically assumes the VLAN of the port.

. lIi)/lymmic VLANSs: created through a software package (VLAN

anagement Policy Server), where an administrator assigns VLANs
dynamically based on information such as the source MAC address

of the device connected to the port or the username used to log onto

that device, etc.

Eloctrian Engincering Popartacil, Uiiversity of bordan. - 14
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Lesture 10: Ehemet Standards |
and Ethernet Wiring

Dr. Mohammed Hawa
Electrical Engineering Repartment
Uniyersity of Jordan

FL426: Communicition Nekoorks

Classical Ethernet (19 Mbps)

Lengitin -
5/_;500M segmuf 3 Af‘\ {“+&

7 s
+" ‘Classical Ethernet (e.g,\10Base-5thick coaxial, "
coaxial, 10Base-T twisted pair) 1s mostly {oMbpSs:
obsolete b D00wmA §eqmeH Llengthr- A
« Common standards nom‘;adays areﬁf‘fast Ethernet and (el OL)

Gigabit Ethernet (GbE).

Classical Ethernet used Manchester encoding.
Advantage: Self-clocking code for any sequence of I's
and 0’s, which allows the PLL at the receiver to work
properly at all times (after preamble).

Disadvantage: Bandwidth = 2f, = 2 x 10 = 20 MHez.
Fast Ethernet and Gigabit Ethernet do NOT use
Manchester encoding since they would then requirea.
bandwidth of 200 MHz and 20 OMHZ, respectively. -

[

ﬂmyrﬁgh.‘ © Dir. Molwmipied Ferwa Eicetrical Engincering Departnout, U séversity of Jerdan 2
e

Fash Elhemth | l00MbpS
6-‘3:«53} . Jo00Mbps -
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Fast Fthernet (100 Mbgs)

« (Fast Ethernet was standardized as EEE 802.3u.

¥ jii:g_:}groved by IEEE in 1995 as an addendum to the
IEEE 802.3 standard.

Fast Ethernet is backwards compatible with Classical
Ethernet: Uses the same frame format (with minimum
and maximum frame lengths), same 48-bit MAC
address structure and same CSMA/CD rules.

The main difference is that bit time is reduced from
100 ns to 10 ns.

« In Fast Ethernet, only twisted pairs and optical fibers
are allowed (not coaxial cable). :

« Half-duplex (with hubs) and full-duplex (with
26# & EK(’BASWC switches) modes are possible. :
C AT z Copyright © Dr. Moliznmed Haws Elvetrical Engincering Departmont, University of Jerdati 3
CAT
i fhe hub/mitch
AT3 v Jistance Fom e Maehind
. g /
Main Yariants ofFast Ethernet gf g
Name Cable Max. Segment | Comments e ™
f f L 100 Base-TX | UTP(CATS5) [100m Half-duplex or Full’duplex .\ﬁ Fall ML&(
. - i i -duplex only; long runs
Wkl e <+ 100 Base-FX | Fiber optics 2000 m Full-dup! y; long hp‘g A/d
wWe ust « [CAT 5)(Category 5) cable has 4 pairs (8 wires) of copper. Collision -
( 5~|+ ches Replaces thegol er CAT 3 cables. = — g M[ ex
Og_ « Each pair in CAT 5 can carry a bandwidth of about Hal
125 MHz for about 100 m distance. — Nt o\w#:(ﬁr : hos € oM igions-
.. »» To send bits on 100 Base-TX: thffl: ff T
'« 4B/5B followed by MLT-3 line encoding. "% gw=200MiB || s co in Al
“e Asan example of 4B/5B encoding, let us encode the T

o 7. data stream 0111010000100000.

duple x
Disobe  CEMA/D
Eloctricil Engincering Dopartent, University of fordas 4 & h A\F d“{"-e—x

, ble (swA] (.
using ¥, What is the mox . olist befrecen 2 PCT ity
ont Using Eiber (100 ZaseFX) 2 HK m
: g U e o o PcK sw;’l‘dﬂ
MfN\D “bex ¢ 2Um .

Copuright © Dr. Mohampied Heuna
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send g bits instead £ u bifs.

opy

Copyright & Dr. Mchanied Hawa

4B/ 3R Enmsimg

6
4-bit Nibble ouou 0001 7 0010 0011 0100 = 0101 o110
S-bitCode 11110 01001 10100 10101 01010 01011 01110 mm
- 8 9 10 1 12 ,.13 14
4-bit Nibble " 7100071001 10107 1007 11107
5-bitCode 10010 10011 10110 j0111 1010 11011 11100..111q1
e send olill mdw{

DarltAastr»eam:ﬂ f0111}610 ﬁOIO 000 i

4bitnibbles: . 0111 / ofoo ! " ooto. 00007 7

5-bit stream: 01111 11110

'j.’_-'r':vB:a!_'Iidwidth =09 X fo = 0.9 x5/4x100 = 112.5 MHz

01010

101 00 -

>mam fTMH
Sjncld at
PLL QK .

Elcetrical Engineering Deparfencnt, Untiversity of Jordan 5

4R/(RR Encading

o 5-bit s S-bit cﬁ: :::Dh!r sysn;tl’:i;ls Purpose
{Hex) N(?I;:Ii:) code | | (Hex) Id(i‘:;:ii:) st [ 11000 10001 | § i [
ync, Start delimiter
[} 0000 11110 8 1000 10010 1 11111 100BASE-X idle marker
1 0001 01001 9 1001 10011 TR 01101 00111 | 100BASE-X end delimiter
2 0010 10100 A 1010 10110 HH 00100 00100 | HDLCO
3 0011 10101 B 1011 10111 HI 00100 11111 | HDLC1
4 0100 01010 C 1100 11010 HQ 00100 00000 | HDLC2
5 0101 01011 D 1101 11011 RR 00111 00111 | HDLC3
6 0110 01110 E 1110 11100 RS 00111 11001 | HDLC4
7 o111 a1111 F 11 11101 QH 00000 00100 | HDLCS

Copuright © Dr Mulnmed Hiica

Elactrical Engincering Departenont, University of Josdan [3
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4B/5B encading with MLT=3

« When applying 4B/5B

encoding before MLT-3,

we ensure fr 1tions Data s;;eam: - _0 0 0 0 0 0 0 0

occur even when a long % bit nibbies: 0000 "G00

series of 0's are sent. 4B/5B Stream: 11110 11110 i
 As an example let us MLT-3 Stream:  +0-00  +0-00

encode the data stream

G v e 7 ; S
: . ;
1+ 1 1 -1 1 8 1 1 1 1 0
Copuright @ Dr. Molizmmed Hauwn Eloetrial Enginvering Dopartimout, Lniversity of ferdas 7

advantage!
small BW.
aflsao["ﬂ“"r"ﬂc'
zanj 5?; 'FO S

100Base-TY Wiring

m

we Asé QP“’WT

the odhner Z
for futwre expArgIon .

Copuright © Dr. Mohamn ted Flaio

RJ45 Connector

Flectrica} Engineering Deparhinc it, Unizeersity of Ferdan 8
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Haw fa create a CAT-2 Cable
(straight-through ar crRssaYer)

Copyright @ Dr. Molmanted Hews Electrical Engincering Dopartinent, Unizersity of Jordan 9

What yau need. ..

RJ45 Crimper CAT-5 Tester

1

Copyright © Dr. Molwantowed Flaion Flectrical Engincering Departmont, Ltversity of fordan 10
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Fthernet Ports and Cakles
« An Fthernet Cable can be:

Copuright © Dr. Moliamnred Heunt

— Straight-Through (or Patch) cable.
— Crossover cable.
« An Ethernet Port can be:

— Uplink Port (TXon 1 & 2)
(sometimes called WAN port).

— Normal Port (TX on 3 & 6)
(sometimes called LAN port).

Eloctrian Engincering Departacut, Lbriversity of Jorda; 11

Pins on plug face (jack is reversed)

Wc(f%&. OrE By R,

7 Tkt
§) Tx -

Uplink Port Normal Port
) fer 12x.
B o OINORL
) ® @ we
38 ST ™ (2) @ rx
rx+ (3) G ™
rx- (6) ® ™
PC Hub/Switch PC PC
(uplink port) (normal port) (uplink port) {uplink port)
T+ @ @ RX+ ™ (1) () ™+
™ @ Q@ »x ™ @) ‘ () ™ Pins 41:: .’?,?a.nd&
Rx+ (3 ® ™ rRx+ (3) () Rrx+ are not used
RrX- (6 - 5) TX- R%- (6) (6) Rx- i,
® Straight-Through O Crossover ) '
Patch Cable Cable Y Mo
Copyright © Dr. Mohaninied Hiviea Elcetrical Engincering Dopartmont, University of Jordan 12
mEmort €t
——_—'_,-_-‘-_—_—_‘
Novmar | Nogemal .
Rc+ ) Rt
6
Ry - R,( -
W+ (7
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Etherent Porfs

Modem
ADSL, Cable, etc

Switch

PC/Laptop

WAN LAV

e —

Uplink Normal

Uplink port Normal port port  ports
— ———— pr——
'_————.

Copyright & Dr. Moissmmeed Hear Eletrignt Ergincering Departmont, University of Jordasi 13

1

J——P_l'jf:co\\\j one Pa(‘f’-

£ W uplinK
Nit existed

. § Straight-Through

B L st ol t Pin 1 o> OrargeiWhite |
; 1 ey Pin 2 me> Srpvige i

%E Pin 3 sa> Green/Whits |
i 2 smp 2 E Pin & =s> Eiue

Pin § ==> BrusiWhite

1 3 wmp 3 {E pim @ ma> Grean
i [‘ Pin 7 2= BrownWWhite
{ [ wmp 6 i Ml-nsmml

Flavtrical Engincering Doparbaont, University of lordan 14
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Ethernet Connechions

» Exercise 1: What type of cable do you use to connect
a normal port of a switch to a normal port of
another switch or router?szgga\/w-

* Exercise 2:

_,-b R ( (> B ‘3 ’ 3

phdmal

Cupuright & Dr. Mohmamed Hiwa Elcetrical Engincering Deparsinout, University of fordas Is

Adyaneed Syitche Parfs

+ Auto-sensing: Automatically sense
(negotiate) data rate (100 or 1000 Mbps, etc).

+ Auto-configure: Automatically negotiate
duplexity (half- or full-duplex) using a short
circuit in the port (called loopback).

» Auto-uplink: Automatically adjust the port
into normal or uplink port, using built-in
analog switches. Also called Auto-MDIX
(MDIX: media-dependent interface crossed).

W /‘v“'“"g"ﬂ novmal - §
fc:dlé\’znless R ﬁ,{}cs@{'ul( duplex.
J

i+ has an antg-Seasing avto 5 hak Mo csMA/ci-
st otll werl (@ 180MbpS. M . 1f duplex:
'fhon l{' w @ 1 bf 1.9 r\a{‘ﬁl:)l wo{K! @ h |Fc5y\A [CV
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A 3&45{6‘
e CONSI
 Narmal

so unie [)0\ tch-

4..

!

N‘ﬂ‘“\

E&?Iﬂﬁ%
uglia

/ Pm tch.
* Modem to a PC/Laptop? =

L'+ PC to an Ethernet switch?

+ Modém to an EtherAI’\et switch? = (¢ S

» Ethernet co
— « PCtoP I
them? I
both?
* PCto
U

Copuright € Dr. Molummnied Hiwa

outer to aggregation switch?

uto-uplink on at least one of
o Auto-uplink but Autoconfig on

Ethernet Hub?

e
7, peteks

Electrical Ergincering Depmrtizent, Uiniversity of Jordan

0,

NN

* Ethernet core switch to aggregation SW1tch7j__

o Auto-uplink and no Autoconfig)?

17

> cvosS-

-

traioht.

o MLAK wg‘iaﬁe t€

ges, bl deglex. T

@plm

@-H‘\&’c will be

No connection.

Jlo

s Gigakif Etherngt (GRE)

@,W (1000 Mbps ar 1 Ghps)

» Gigabit Ethernet was standardized as IEEE 802.3z.
» Ratified by IEEE in 1998,

» Backwards compatible with previous Ethernet
standards.

» 1000Base-T is IEEE 802.3ab.

this case
Jr\ Sl'ch waush

have ““f'fan‘li;?: ;

Name Cable Max. Segment | Comments
5\'\0( ¥ 1000 Base-T | UTP 100 m Deployed CAT 5e or CAT 6 UTP -+ Eefter then
9’{ af J .| 1000 Base-SX | Fiber optics | 550 m Multimode fiber. CATE
‘/ |1 1000 Base-LX | Fiber optics | 5km Single or Multimode fiber. '} I’LAS
i #— || [2000 Base-LH | Fiber optics | 10 km Single mode fiber. since
L,V,D / aA 10 <
miterfes
L“ i Iﬂn j Aau { Copyrigit @ Dr. Mahammied Heiot Elctricad Engincering Departmont, University of Jordm 18 i f 6 Mfe
9
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ps P& Echocancelletion

-
-

Bidirectional transmission

Unidirectional transmission

X ()
....
q:""iaanaoccc =

)
e 5V

w

b

Eye pattern of PAM-5 signaling

-

Copuright © Dr. Molvanred Huwa

- "/';" ,lHyhrid % Hybrid 1
collslon <— Xyl =2(t) o N
Z4l=0v b XX
LN A
4 2 0 2 4 & 8 10 12
Time (in ns)
Copyright & Dr. Mahipamed Hinor Electrict Ergincering Departnent, University of Jordw 19
100QRase-T Enerding
™= Uses 8B10Q4 (8-bit to 1 four quinary “five” symbol) combined
with 4D-PAMS (Four-dimensional Pulse Amplitude
Modulation 5-levels) encoding method.
* 8B1Q4: divide each group of 8 bits into four 2-bit groups. Each

2-bit group is converted to a 3-bit group to allow for forward
error correction. Each 3-bit group is called a quinary symbol.
The quinary symbols are then line encoded using 4D-PAMS,
where each 3-bit group is mapped into one of five possible
voltage levels through a non-trivial linear feedback shift
register. The mapping varies continuously during
transmission. Four symbols are transmitted in parallel in each
symbol period.

A total of 125 Msymbols (4D-PAMS5 symbols) is sent per
second over the four pairs. This translates into a total of 8 bits
per symbol x 125 Msymbol/s = 1000 Mbps for the cable.

Cloctricat Engincering Depurtmoit, University of fordw 20
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1000Base-T

Copyright © Dr. Mulimrmed Hi

1000Base-T topology sV
o~

2) Zbih-

Jsch.

/'

Y5 M sjﬁboI/S«

= J000 Mbps-
=1 bps-

¥ sjmﬂa[ /ate

ﬁ‘(_’cfaleﬁ( b
Bch - 7

e ~0°

28

Electrical Engineering Doparfiacid, Listimersity of Jordan

J(,emo(‘f' 7. Adecided by
mas—= SV 1R
. - o
10 Gigabit Ethemnet (AGREY || 2o » bt - £¥
S PR Rote ¥ gt Rafe
’—.—-_--_
The following three varieties use the LAN PHY:
Name Max. Segment | Comments
10GBASE-SR |26 m-82m Short Range over deployed multi-mode fiber.
10GBASE-LR | 10 km Long Range over single-mode fiber (1310 nm). _
10GBASE-ER | 40 km - 80 km | Extended Range over single-mode fiber (1550 nm).
The following use the WAN PHY, designed to interoperate with OC-192/5TM-64
SDH/SONET equipment using a light-weight SDH/SONET frame. w——T—H Spu/SONET
Name Max. Segment | Comments )
10GBASE-SW {26 m-82m Short Range over deployed multi-mode fiber. ( £ G P/'( o
10GBASE-LW {10 km Long Range over single-mode fiber (1310 nm).
10GBASE-EW | 40 km - 80 km Exitended Range over single-mode fiber (1550 nm).

Copyright © Dr. Muliammed Hrina

1650 n «
Elcetricai Engincering ['L,'glj. Husadtersity of fordu ™
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10GBASE-T (TEEE 802.3an)

« IEEE 802.3an was released in 2006.
« 10 Gbps over UTP or STP cables over distances up to 100 m.
« Uses Cat-6A (or CAT-7) cable, or 55 m with older Cat-6 cables.

« Encoding: Tomlinson-Harashima precoded (THP) version of
pulse—an%plitude modulation withpl6 discrete levels (PAM-16),
encoded in a two-dimensional checkerboard pattern known
as DSQ128 (Double Square 128).

&

+ Powerful low-density parity-check (LDPC) linear error
correcting code.

 The IEEE 802.3bm standard, released in 2015, defines
100G/ 40G Ethernet for optical fiber.

+ The IEEE 802.3bs standard (December 2017) introduces

200GbE (200 Gbit/s) over single-mode fiber and 400GbE
(400 Gbit/s) over optical physical media.

Copyrighti © Dr. Mclizmsmed Haun Elecirian Erngincering Deparhinont, Unizversity of fordan 23

Upgrading your Infrastructure

Cepuright © Dr. Mclismmed Hoeoa Elcctrical Engincering Dopwrtnond, Uninersity of Jordan 24
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