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Behind the Scenes

www.google.com

ireless (Wi-MAX,
Microwave, etc)

Line
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Extreme Number of Pratacols!
! SR ! : 1 ! o
' Layer TCE/IP model (KFC 1122) Other 857 SNA | ApplcTalh O5l suite
suite
SO0, SOAF, GTT, STUN, IMAT, RC, FOF, | HL7, Modbas INAR, [ATPC [ AFP, ZIP. | ETAM, X400, X 5%, DAF,
POP3, S5H, Telnet, dogun, Gopher, Whon, MA, RTMP, NBP | ROSE RTSE, ACSE
BuTorrent, ECHQ, RTP, RTSP, ENRP, NES, TCAP,
7. Application | RTCP, XMPP, NNTP, SS1, DNS, FTP, TFTP, 1SUP,
HTTP, NES, NTP, NNTE, DHCT, SMPP, e
SMTP, SNMP, RIP, BGP (bolh run over
UDP or TCP), CSEF (runs over (6}
l 6 Prosentation | A50V1- MINE, XD, 651, TL5 TOI, ASCH, FBUDIC, AFP 1SO/1EC 851X, X226, (507 IEC.
. MIDL MPEG, NCP 9%, X 2%
l b oo Suckets: Scamion cotablisinicnt in TCP, SI, | Named Pipes, NtBIGS, DLC T ASP ADSP, [ 150/ 1EC 8327, X225, 1507 1EC
RPC SAP. ASAP. SDP Pap 9541 X 215
{ DCCP, RSVI, ECN, TCP, UDELIPTY, L2TU, | NBF, nanoTCP, nanoUDP DOF O/IEC W73, I, T, 102,
g ' 4 Transport | SCTP TP3, TP4 (X.224), 15O/ IEC
{ 802 X274
10 (14 - 1Pve), 1Pse; ARFY, [CME, ICTAPv, | NDF, Q931 SCCE, ATP 150/ 1EC 8206, X 25 (°LP),
IGMP, IS-15, IGRP, EIGRP, ARP, RARD M (TokenTatk | (SO/1EC 8978, X223, 1805 IEC
3. Network o B47M1, CLNP X 200,
] EtherTalk)
NOF, Tunnels, PITP, VI, PEPGE, PPUoA, | 8023 (Ethemt), MTE,  ISPLCT [ LovaTalkA | 1SO71EC 7066, X 25 (LAPD),
SLIP Bo211a/b/g/n Wip), | Q7w ppkTalk | Token Bus, X 222, 15O/ EC
BU216 (WLMAX), 1215 Resmke 8802:2 LLC Type  and 2
(Bluatocihy, 8021Q Acuss, PUP
2 Data Liuk (VLAN), ISDN, ATM,
(LLOMAC) HOP, FDUX, Fibre
Channel, Frame Rolay,
HDLL, 5L, Q921, Token
Ring, COF —
R5-232, V.35, V.34, 1430, | T, | Twinax | RS-232 5. | X 25 (X 21w, EVA/ TIA 32,
1431, T, EL 1BASET, | Q70 42LSTR, | EIA/ TIA-449, EIA-5), G200y
1. Phyalcal 100BASE-TX, POTS, PhoneNet
SONET, SDH, DL,
802 1a/biy/n PHY, el
Copyright © Dr. Mohannned Hawa Electrical Engincering Department, University of Jordan 4
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Paint-ta-Paint Networks

N nodes
require
N(N-1)/2
links
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o Shaced (TS
)9/'5 aa[l/@nfglﬁs :
[T Security J3)
@@@liabﬂg 571

@ Shared @
A Link S Terminal
B = Node
j
Communication 3
Node <S
c (e.g., Local Exchange,
Ethernet Switch, or
IP Router)
Copyright © Dr. Mohanumed Hawa Electrical Engincering Department, University of Jordan 6
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K Example oF Comm. Network(s:
- telephony /celular.
PR = Public Switched ‘fe'e,phane nefwork. Civeuit
Po TR = Plain ol Telephony Sepvice. § Swin‘-cﬁtina%_;

o Ethernet o Zuteref. 1/28/2018

Methods of Sharing Resources
(Switching at Comm. Nodes)

* Circuit Switching:
— Used in PSTN (POTS) (Telephony Networks).
* Message Switching:
— Used in a very small number of data networks,
and in Email gateways,
* Packet Switching:
= Used in most data networks (and the Internet).
— Connection-Oriented vs. Connectionless
* Virtual Circuit Switching;
= Typically built on top of Packet Switching
= E.g., Asynchronous Transfer Mode (ATM) network.
- E.g., Multiprotocol Label Switching (MPLS).

7

Copryright © Dr. Mohamnied Haa Electrical Engineeririg Department, University of Jordan

—wonly available option for analog ;
j alse el K s
for d15r+ql-

. s
Cirenit Swifching

Suitable for time-sensitive (delay-intolerant) traffic,

such as voice (voice is interactive by nature).

Used in PSTN (POTS) (Telephony Networks).

A single channel is reserved between the source and

destination before starting to send traffic (done by

dialing).

+ This channel cannot be used by anE/ other users
during the conversation (phone call). o+

+ All traffic of the call must go through the same channel. —{{* do&saT [ y

One channel can be one FDM band or one TDM slot, ne cessofi

L]

and not necessarily one full physical medium. Mmesn one
¢ The channel can be used for other users only after the h ﬂsifﬂ]
call has finished.ofherwise 'H“ej are bloc KEOL ; P 26 -

8
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" Terminal

TDM
Multiplexing

Electrical Enginecting Department, University of Jordnn 9

Copyright © Dr. Mohammed Hawa

]
1 i PKt SWHCHV\J
Messasje Message and Packet Switching || """
[TEREI] | - Alersamets ypicalys sizabic chunkco popalar Type

* A message can be divide into K smaller chunks,
Pa CK&f G Kt) called Pagckets, before being transmitted.
B i ~ Segmentation/Reassembly (Advantages?)
5’@5 M &,fa ‘f 1on * _Both Message switching and Packet switching use
the concept of plexing:
it is the precess * Statistical Multiplexing is (%_iff_a__,gmn_tthan Channel

vidina the multiplexing, FDM multiplexing, or TDM
"F CLWJ{ 3 multiglexing (circuit switc 1ing).g

MeSseat into * Both Message switching and Packet switching use
smaller pieces- | fheconcept of Gtore and Forward»

Electrical Engineering Department, University of Jordan 10
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" Terminal
Node

Communication
Node

& K
Statistical [ C— W B :J- Cm—m
Muitiplexing

g Sy ',‘C i*u n
fac\v{&\ $witching
Copyright © Dr, Molhamnied Hawa lectrical Eng § Department, University of jordan 11 JJ

Beth Message switching and
Pafrlse-t syritehing use the coneept of
Stare and Fgrward i FIFO

LS 4"
74 = emot = F-‘rS‘. ‘A
Wy /3 (BN $ |
e IT VI L LLemin
wheye this

p ac Ket is
g 3 '8—— Store then forward S
(store/forward can be

performed concurrently
for successive packets)

| E
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¥ it has i{(\\iq\ phase .
X oesat Waofl reseved path.

Packet Switching

* Suitable for delay-tolerant traffic (e.g, Web browsing, itp, etc).
* Used in data networks.
¢ The path taken by packets belonging to one flow can be used
by other information flows (i.c., the path is shared).
* This path can change dynamically during the conversation:
= Thus, two packets of the same message (or flow of messages) can
follow two totally different paths through the network,
¢ Paths are not reserved (no dialing betore sending traffic):
= However, the existence of a session-establishment (connection-
have ddnnection-oriented (L TOH) or tonmectioniess (65 DDBL °
tt C “tion=orie (el or ¢ echionless M.
packet switching, (:EM —ji"——'—'
= The session-establishment is used for initializing the source and
destination, not for reserving the path. "
* Message switching is similar to packet switching but uses
larger chunks (messages) not smaller ones (packets).

Copyright © Dr, Mohamnicd Hatow

Electrionl Enginerring Deparbnent. University of Jordan 1§}

'| 0‘& L
I f({e{c\‘/\eoafl'e‘ )

Adrantnges of packetswitching |, i/

messaqt A [ u
i 8% | 1. Lt
S‘w' js,_-ndﬁrsfbif I H fm& L'ne .
o t e 3 ll’mpx\g.\tioln Pkt 1 * Q‘;“_l‘:"“" A
Send last bit Msg delay s 2_"/ e
\ L =] PR
H k;mt ) § : Pt 3 ek
' . Pkt A,
INChH mﬁnj- = i [ Eni Ll PR S .
/ 2 / 1 P
+ TPk
)
10 Mag
prop =t

‘M; IE: 'V\ Total Delay = TRANS +  TRANS = T+ NxT/K = T+ 2:T/3 (<37)

PROP + QUEUE + PROC  N: Number of intermediate nodes
TRANS = (N+1)xT=3T  K: Number of packets in message
Elechical Engineering Depantmient, University of Jordan 14

Copyright © Dr. Mohumaned Hawa

Dot 22548 DATARute.
. SR l—.-——PMoAI/afliMY' Ufa(&f _ :

_ #bits i M _bit
TRANS E_‘Trr;axvgﬁfaﬂ 27 [[Treas= Data Rafe bit/s "-_—-"_>

UL or T e

Scanned by CamScanner



Ex. !Qw;?t:‘oi bit mse-
datrale 1M pit/ch -
Aistonce. 100 Km find Troas+ frop.p CaFri0° uft
= 30¢009° Km/S. )
=5 7otalz 1023 mSeC.

Answer ! Trons = IUM.\’(’.C

PP = maggmsie :
» Qneneing Delod wm"ﬁ‘g_ in memory fr oher M9 fpackets
to use +he cowtput channel.

.Processfg Del%_ﬁ checKing orms,femling header
>oLe.cio(M3 an olfsfina’h'cm.
e Bun Lhe =1) :
L Trows + Prop - S S
|

Gneing + Proc.
'G"M ('t"_ i;) : TM’- 1—{’{5? + uene+pracC -

’LS —_—-— - == ’T’éf’al i
o > Trans = 3V
¥ Pral”fﬂu’rfun Time olegends on:’
= { X the Len H’\ 7 \.',',UGA‘\
—>M90&WW‘ 2] | '\‘M | r_}Si T Mgn g
XK Qacket switchiy | peae. S ownt, > SImE .
m : el (f—
’_‘“yzfg Qe+ T0OC || oy THT | ()3T
T & GTnene »\—PKOC.-'}( - '
3 [
® (
{
xwhile receiving (
Pt 2 we art . ( :
i’foMintAj Plﬁi : * 'Pof !?Jx"c‘_,l\/'
A 5o on. .'lirﬁ—;ﬂmm <L THRANS g 1/ .
v | |

+ Sallorr packets | -9
(rive  Smaller &Mmy}%/% o |
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Router (I) can decide to
forward packets to router (I1T)
rather than router (II) if router
(I1) is averloaded or goes down

Te differeace  between ||the IATA
rale woa’t cause e pabblesn

Electrical Enginecring Department, Untversity of jordan 15

SIMTE HesC |s ancther paﬂt.

Copwright © Dr, Mohammed Hara

Yirtual Circuit Switching

* A hybrid between circuit switching and packet
switching.
+ Typically resource reservation (not path reservation) is
done at intermediate nodes before sending traffic on
: top of packet switching.
) | . — Likereserving a seat whenyou go to the movies.
Ancther 0.(' # w[VW R Disadvantage: Requires storing state information all
g ¢ f.VE_,;‘- 4 across the network (similar to circuit switching)
XF&A ¢ Advantage: Easier to provide Quality-of-Service per
. flow. Q.9-}
* Defines flows that typically follow a predetermined

path (through resource reservations). Ay
x]* The JATM/network uses virtual circuit switching on top Varial@n
f X T T : : A e
of cell (packet) switching, with a well-define dial-up. \

Clechal Ensl‘:rwn‘ns Departinent, University of Jordan 16
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e statistical mu”i{)’exi/\ is “ _F’ ssf Llizing 44 o
chawne| compored ffj-o TSM(%%%_&WCKI:T)) ’?'ﬂf 89"*"‘ (X 8ered
o There is Mo aced foc dialing Sfa:)e. be fore sanp&'ﬂfjjfmmﬂ
(vs- ckt Sw\"(‘d\'lnj).
o No_Blaclling of incoming batfic . (vs. <Xt switching busy tone

fali “Por Botlh msy & pKt” :
afer dialing ). o shoutes (Aifficult & expemsive)

—Ca

2 .
& ;Uégfg fédPit;‘:&Me not v esexved (W° cKt rws}fcl’uf\j).
SINCe acira

QM less porsey
o Hence rawfefs‘ ant puch N &C.onsmch espg
Compa»fe,a( to local exchangts £ main CXcHAN9ES -

' - ot
Multiple users shading il can  interleaVt their pite

jcati wrrenHu (s, <Kt
L. thus avinTain  condinkas Communications concrenTy (W‘__frh“j.

o B Telephony’

. Ciccuit Swifcﬁm'nj: we call it ,L,-_E—?’\ _/Vl;_;E_
o PacKEJL sw{{‘ch{nj: (“,M{'&” Sw,‘"»d,,ﬂg_

ses Cvﬁ‘{'t‘ﬂL‘E/ AJVM @CS ‘F PK} Swl'kh‘y ;

'l witchin
witching is wmort epﬁcrenf +han messugel s« ‘ g
| P"‘d{ef g DOMOT waste time Sfarmg— ond -

H -fe,fncg[/a‘f(f AOO[CS' ‘ .
Ff/wwafr?/lj whole messones in s€g. sekich reduces Totad time

pﬁléy .0 1‘05&40[1;17 DATA 65 pecially s de number of intfecmediate

soles (ncroases (Vs #59 swﬁrhf'nj). R
: aéwfl@ Hansmission of ane pit or a.PK'f dvop &/
j Afg;ica%:ioofe meaS a4 I"ﬂj’e PUF neeols Fo be toasmitted 5 not e
y) , e _
Zﬂh;le msg (K. ™) 5°-"ffh""j | .
bability o o sinle bl edtorin o lacge msg is higher than the peolability of a single bit
o Probabtll

SO Sma”ﬁ“d(i;;‘s sehoetn 2-nodes ysome pits of @ ms3 can be seuf Hhrgh ane path
,J’»f there a? thffe P b ‘f"lhroujh MG'H‘IN FQH‘ ,fé’dﬂa’ni‘) (onae_g‘han g\prowol-lnj
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—
Inet wih i '
neternet grawth is exponential
Total number of websites (linear scale)
2 0CC, 000 00O
~—= Hostnames
n ETCMFT s ACUY@ BilES
1 £0.000.0C0
1.000.000.000
(row
§CC.000 CC0
BCD&E G w 4
4
o oo o3P, o5 PR S SRS NN SN S SR 8
D" AR AT A s A L) Y
o B S S e A s s o
Copyright © Dr. Mohammed Howa Electrical Enginecring Depariment, University of Jordan 17

Ex()a(\(!ﬂ'h‘alla

2

¢ Internet Users in the World -
by Geographic Reglons - June 30, 2017

Latin America / |}
the Caribbean

AV )
—

H

Horth America

Michdle East
' i i ! i ;
| ¢ H |

Oceania / |
Austratia |

Millions of Users - June 2017

arg Internetworid stats.cor/stats.htm
gxstimated in June 30, 2017
Copyrlgh T : anceling Group
Cupyright © Dr. Mohamed Huiwa Electrical Engincering Departutent, Unizersity of Jordmn

800 1000 1200 1400 160D 1300 2000

200

18

pemor 1 28 the efp- numbes )?8 bi“fon

use intewmet-

Scanned by CamScanner



mewori e

Internet World Penetration Rates
by Geographic Regions - June 30,2017
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—Mmero 1 TE it

@ Hotth America 58 it

dhese fop €

3 Coun fries -

MeworiE
the toP &

i ( | |4
@ Ewrope

i H i
Australia / .
Oceania

Latin Ametica ¢ |
Caribbean

Midclle East

1
World, Avg.

i
\
|

" i i l

i
1
|

s s e | i MR S

L] 0% 20%  30%  40%  BO%  60%  To%  Ba% 80%

100%

Pencetration Rate
Source: Intemnst World Stats - www.Intemetwartdstats. comystats.htm
Penetration Rates are basad on a world poputation of 7,519,028 470
and 3.885,567,619 estimated Intamet users In June 30,2017,
Copyright @ 2017, Niniwatts Marketing Group

Copyright © Dr. Mohammed Hawa Electrical Eugineering Depariment, University of Jordur
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America .

Top Ten Languages in the internet
in Millions of users - June 2017

3) semien 22 m e ;
lf Asabie | Sicois TR ; i i
Porruguane B BEEESEE 10 | |
Wdonesta ™ UL 467
Jpanese @ | 118
Ruvsls woe JOEORN 100 ¢
rroch {8 m ot
Germany ™ [N a5 I

Alltharest | 4 LA i

i W7

(] 1We 20 00 MO 600 G0 Ted  4E0 980 N0 1100
Milllons of Unnes
Source: Intetnet World Stats - wwwintemnetworldstats.conystats7.htm

Estimatad tolal Internstusers are 3,665 567,619 (n Juns 30, 2017
Copyright® 2017, Winlwatts Maiketing Group

Copyright © Dr. Mohamned Hacea Electrical Enginecring Depavtment, University of Jordan
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Bahraln 1,418,805 40,000 1,390,617 98.0 % 0.9 % 1,000,000
lran 80,845,718 260,000 68,700,000 70.0 % 28.6 % 17,200,000
Irag 38,654,287 12,600 14,000,000 6.2 % 9.5 % 14,000,000
Jordan 7,876,703 127,300 6,300,000 80.0 % 43 % 4,800,000
Kuwait 4,099,832 160,000 3,214,347 784 % 22% 2,300,000
Lebanon 8,039,277 300,000 4,896,494 76.1 % 31 % 3,100,000
QOman 4741305 80,000 3,310,260 €9.8 % 23% 1,600,000
Mﬂlﬁmﬁlﬂm 4,928,225 35,000 3,015,088 81.2% 21 % 1,700,000
Qatar 2,338,085 30,000 2,204,680 94.3 % 16 % 2,200,000
Saudl Arabla 32,742,664 200,000 24,147,715 73.8 % 16.4 % 18.000,000
Syrla ] 18,806,907 . 30,000 - 8,025,631 31.9 % 4.1% 8,000,000
United Arab Emirates 9,397,569 735,000 8,516,420 90.6 % 5.8 % 8,000,000
Yemen . - 28,119,548 15000 6,911,784 248%) © 471% 2,000,000
L Cepyright © Dr. Moliummed Hawa Electrical Engineering Departmen, University of fordan 21

: lcu aey
Memor &8 4:«%‘(0‘{-3%!“ cusi A9y pene’rraﬂan.
TJordan: 2 78 million. So/.

oo ~2 9. 2 million AY.3 4
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of U Universities £\+k¢ U.8 ﬂe{mf’fmenf'of’

ﬁf’["a’r ea[/leeseaf ch rdjecbq Jency ( DARPA)
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kectare 2: Network Protecols
and Layering
Dr. Mohammed Hawa

Electrical Engineering Department
University of Jordan

EE426: Comnuunucation Netiworks

Prahcal'- is the cet of vules

What is a Netwark Protecl?

» A protocol is the set of rules that specify:
(V- Format of messages exchanged in the network.
@-— ppropriate actions required for each message.
* A protocol is executed by running
distributed service scripts on remote
communicating entities.
» The service scripts within communicating
entities are typically Layered.
« Protocols are typically written in standards
and implemented by ‘software and/or

hardware.
Cc 7 r. Mohanoned Hawa Electrtcal Engincering Depariment, University of Jordan 2
Sd dl’ 655' Copyright © Dr. Mol
Dest,
addres.
o ® 1
A2

—————
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S’ﬂflfl'fﬂ g(fff{'l/ s 'm"'(.'jlu‘“l) that runs Ahe f’fafcro’. ’?XECMI“E the protoco)

—

What is a Network Protocol?

- Communication

wervice Entit
Script y

/

o
Al EEEE Protocol ~ +==-
(allows proper

L communications) I

Communication Link

Elostrical Engmecring Departrment, University of fordan 3

Copuright © Dr, Mohammied Hawa

The O3I Madel

* One of the main layered models in computer
networks is the ’Oan Systems
Interconnection Reference Model” (OSIL
Model). _—

* It was developed by the International
Organization for Standardization (ISO) in the
Tate 1970s. —

¢+ The OSI model containsW layers.)

» InaTayered architecture, layer N uses only
the services of layer N - 1 (so communication
is valid only between adjacent layers, called

Interface).

Copyright © Dr. Molumined Hawa

Liectricat Engineering Depaviment, University of Jordan

1/28/2018
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the seven

| ayers

CO\UQC/(.
protocal En’ﬁfé-

¥

Fivmwoxe

Host A

ln\p}-lesr::::ted ’Layer Host B Prg:l(gul.
7 Unit
Interface
:
Interface
Software { 5
/]
% . lora\(iol& Sgment

Sevvices.

(o Jo

L 3

I~ Middleware { 2

| asi

seqvices.
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OSI Layers

1. Physical Layer: Transmits bits (1’s and 0’s) as appropriate
electrical or optical signals on the transmission medium
{physical link) between two adjacent nodes. The functions of
this layer include modulation/demodulation,
encoding/decoding, clock synchronization, etc. It is usually
implemented in hardware.

2. Data Link Layer: Handles transmission of frames (sequence
of bits) on one given physical link between two adjacent
nodes. The data link layer makes sure this sequence of bits
arrives correctly (and intact) at the receiving end, and
supervises the retransmission of frames that arrive
incorrectly (OId). Part of the data link layer (called Medium
Access Control sublayer or MAC) is responsible for
controlling access to the shared medium, if one is used.
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4.

OSI Layers

3. Network Laa'er: Handles proper end-to-end transmission of

packets. To do that, this layer collects information about
the intermediate nodes in the network to find the best path
through the network for packets to follow. It also deals
with global address assignment of different nodes and
controls the quality of service (QoS) issues (e.g., delay,
jitter, bandwidth reservation, etc).

Transport Layer; Ensures the reliable transfer of messages
between end nodes. [t handles dividing the message into
smaller segments, and uses acknowledgements (%) to
verify that the segments are recéived correc v the
destination. It supervises the retransmission o?, segments
that arrive incorrectly. It also handles numbering of the
transmitted segments and rearranges out-of-order segments
at the receiving end. This layer also controls the rafe at
which segments are transmitted. It also allows end nodes
to react to ease congestions in the network.

Copyright © Dr. Mohammied Hawa Electrical Engmeerng Department, Umuoersily of Jordan
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OSI Layers

5. Session Layer: Handles the setup and management of end-
to-end sessions (or conversations). It handles negotiating
connection parameters plus authentication of users using
passwords.

6. Presentation Layer: Handles any necessary formatting to
translate from the representation on one computer to the
representation on ancther (e.g., ASCII vs. EBCDIC). This
layer also handles any necessary encryption (for security)
and compression of data (for faster transfer).

7. Application Layer: Those are the applications or services
running on top of the network, such as file transfer, web
browsing, VoIP and email. Part of the application layer
program runs in node A and the other part runs in node B.

Copyright © Dr. Mohammed Hawa Electrical Engineertng Department, Umiversity of lordan 11
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standards & Standardizatien Badies

« ITU-T (International Telecommunication
Union - Telecommunications Sector),
formerly CCITT: Mainly physical layer.

« IEEE (Institute of Electrical and Electronics
Engineers): Mainly layer 2 such as Ethernet
(IEEE 802.3) and W1—éi (IEEE 802.11).

- IETF (Internet Engineering Task Force):
Mainly layer 3 and layer 4 such as IPv4
(REC 791) and TCP (RFC 793).
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kecture 3: The Physical Layer
and Transmission Media

Dr, Mohammed Hawa
Electrical Engineering Department
University of Jordan

LE420: Commupmication Netwmhs

The Physical Layer

« Converts bit streams into electrical or optical
(electromagnetic) signals that can transfer
information from one part of the network to
another over a transmission medium.

 An electromagnetic wave propagates
through vacuum at a speed of ¢ =3 x10°m/s
and at smaller speeds in other materials.

« Common transmission media are illustrated
in the following slides.

Copyright £ D Mohantined Hawa Electrical Enginaering Deparowert, Umocrsily of Jorda 2
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1. Copper Wires

Three Types: Unshielded Twisted Pair (UTP);
Shielded Twisted Pair (STP); Coaxial Cable.

Advantages: Inexpensive; Easy to Install.

Disadvantages: High Interference (except for

coaxial cable); High Attenuation; Small
Bandwidth.

Very common in short-range and medium-range
computer networks and telephone networks (i.e.,
in an office or building).

+ Twisting of copper wires reduces outside
interference.

Copyright & Dy, Molwmued Hawu Llectrical Engineering Depa bagent, Universily of Jurdan 3

Capper Yires

Coaxial Cables

Copyright « Dr. Mofwuiied Haaa Elvctrical Enginecring Departvient, Unioersity of Jordan 2
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2. Onptical Fibers

» Flexible fibers made of glass/ plastic.

« Advantages: Minimal Interference; Small Attenuation
100 km instead of every 5

(a repeater is needed every
km in copper wires); Wider Bandwidth; Need only a
single fiber not a pair of wires to transmit a signal.
« Disadvantages: Expensive (sg)ecially lasers{i Special
t

equipment to install; If fiber breaks inside the plastic
jacket finding

special equipment to fix (create the splice).

« Very common in long-range computer networks (i.e.,
on the level of a city or a country).

Copyright € 1, Molarmtied Hiaw Fleetrical Engineernng Departucent, Unioersity of Jordar

the break point is difficult and requires
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Qptical Fibers (Cont.)

« Canluse Dense Wavelength Division Multiplexing
(DWDM) to multiplex multiple carries on one fiber
thus efficiently utilizing its huge bandwidth.

« The main transmission technology used on fiber is
SDEISONET-

——

N

7
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3, RadiQ{Frﬁquﬁmy/ Micm'wave
(Wireless Channel)

* Use the signal to modulate a radio frequency
carrier.

* Low frequency is RF transmission. Higher
frequency is Microwave transmission.

* Advantages: Easy to setup. Lower cost (no
cables).

* Disadvantages: High attenuation; High
Interference; Radio transmission can harm
humans if power is high; Microwave requires
line-of-sight.

Copynight @ Dr. Molamupied Hows Flectvieal Ergoieeving Departraent, Unineraty of fordn

Wireless Channel (Cont.)

Fxomples

« Wi-Fi, Wi-MAX and Bluetooth are examples of
networks that use wireless links. TV and

AM/FM Radio are older systems that use RF.

Radio Waves

Transmitter Receiver

Copintght & Dy, Mofosned Haax Llectrical Enginecting Dopavtiveni, Uniiversity of Jordan 8
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« Satellites contain transponders that receive
signals from an éarth station, amplify these
signals and retransmit them to another earth
station.

« Advantages: Larger coverage area compared
to Radio/Microwave (suitable for

broadcasting); Mobility is possible.

. Disadvantages: Expensive (Satellite/Earth
Station cost); High attenuation; High
Interference; L01:1fg delay (for GEO satellites).

 propagation olelay depends on distadce .

Capyright © Dr. Mohammed Hatea Electrivai Engineering Departbment, Umversity of jordmn 9

Lofor GEO  Long Jelwy since

Satellite (Cont.)

« Three orbits for satellite systems:

+ Geostationary (Geosynchronous) Earth Orbit (GEO)
[Examples: Thuraya, Inmarsat and TV broadcasting].

« Medium Earth Orbit (MEO) [Examples: GPS

*+ (Global Positioning
Gystem), Glonass, Satellue

alileo, and Satellites B'?a
that cover North and
South Poles]. @
+ Low Earth Orbit (LEO)
[Examples: Iridium, @

Globalstar and

2/13/2018

it s very s

"l‘eledeSiC] ' Earth Station
Reception Dish
Copyright & Dr. Mohamned Haua Electrical Enigucermg Departmient, Unimersity of Jordan 10
Distances: Advemtuges for LEO: '
(0t 36,000Km: Lov> Moise §_ Low Atfoauation.
5
LEO: 1000 Km . ﬂ';agbvmfaje oﬂ,{ LEO!

sof satellites needed
to covew fhe carth.
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Submarine Cable Laying

Submarine Cable System Components

Langing Statems ——— m"
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Cable Laying (Cant.)

Copurigh! @ Dr. Molamined Hawa Electhiical Engiveertug Depinhmesi, Unicersity of fordan 15

Cable Laying (Cant.)
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FLAG: Fiker Link Acrass the Glahe

» FLAG (Fiber Link Across the Globe) is one of
the main operators of an optical fiber cable
system that connects major cities around the
world.

* FLAG is now part of Global Cloud Xchange.

* FLAG was built on multiple stages. The parts

that cross the middle east are:

— FLAG Europe-Asia (FEA)

— FALCON (FLAG Alcatel ...)

Copyrght T D1 Maliamined Hiaw Electrical Frgineering Departend, Unioersily of bordan 19
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FLAG Eurape-Asia (FEA)

+ Links Western Europe and Japan through the Middle

East, India and China. The cable comes ashore at 16 DoNaT
landin% points in 13 countries (China, Egypt, Hong ] 20
Kong, India, Italy, Japan, Jordan, Korea, Malaysia, Saudi memorl

Arabia, Spain, Thailand, UAE and UK). Itis a two fiber

pair, multi-sectioned point-to-point system with a
capacity of 20 Gbps on many segments. Went live on
November 1997 and is 28,000 km in length. Allowed
services include bandwidth purchase and lease of El,

the counfries.

DS-3, STM-1 and STM-4. % f/
A b ix Ue'geg
7:'3 ”_ S v
Initial Capacity (Gbps) 20 | Capacity fully upgraded (Gbps) 80+
Fiber Pairs 2 __ | Fiber Pairs 2
Wavelengths per Fiber Pair 1H?2) | Wavelengths per Fiber Pair 4
Gbps per Wavelength 0) Gbps per Wavelength 10

Capyright € Dr. Mohamnied Howa Electrical Engincering Deparbment, Unicersity of Jordan
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P/ ’r
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FALCON

« FALCON delivers a high-capacity, self-healing

submarine network ring %lOOF! with mu tigle
landings throughout the Gulf region (Initia

2/13/2018
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capacity of ]% 'gg in addition to four%li})er air
rogte lti)rflking e Gulf to Egypt and India (Initigl

launch at 90 Gbps, Design capacity of 2.56 Tbps).
Announced on ebruarf 2004, Full service launch
06. Cable

, Maximum desi

length is 10,300 km.
e

(four strand
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Asynchranaus Transmission

Loy .m! -mEre LT 1
e

i c Ll
(@ 2

555
a4 L 13y Space
S g',‘@,‘ * This is an extreme
4_ case in which the |
povi- transmitter and
receiver clocks do
not coordinate
with each other
except to set their

circuitry to run at

the same
frequency.
Time —
~15v Mark
Capyright € D1, Malhamied Houw Electvical Engiscering Department, Unioersily of Jordan 25

Plesiachranaus Transmission
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in higher data rate
netwgorks, the clocks of Dats 1111 0}1;1]0 ,
the transmitter and e |
receiver must be g ,
continuously
synchronized.

+ This is done in
plesiochronous
fransmission using Edges
special bit-encoding
schemes that carry clock B |
information along with

bit information (called Counter
self—s%nchronizing @ RX

codes). I
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bits
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Clock Drift between TX and RX

Clack puls
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Reset RX Clack After Idle
|char| . |char‘|char| " Ichatl
I'(d b
/ ‘ /” Time
5-8 bits of data Any idle period
i SIGNAL ISAMFUNG POINTS ) )
ﬁ:\ » 0 DATA BITS ‘I L
a3 r 4
cLocK 'ﬁkcw
START ERROR
FOR CLOCK
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Asynchronous Transmission

+ Disadvantages:

— Works only for short distance communication
systems, as different tem erature/ humidity/etc
increase clock drift significantly.

— Only low data rate is possible (wider bits are
more resilient to clock drifts).

— Can send only in short bursts (8-10 bits) to
minimize the possible effects of drift before the

next clock reset. 14 M’fi\l'?a’h'on d’l? 'H1€ MNK ;

* Advantages:
— Simple to build.
— Inexpensive.

Copuright © Dr. Mohammied Hatea Electrical Enginecring Department, University of Jordan 27

Plesiochronous Transmission
- Todlowpegmcinis, s T LT

in higher data rate
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+ This is done in
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transmission using Edges

special bit-encoding

schemes that carry clock i

information along with
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codes).
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Buffering At High Data Rate
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Jggvv_io___-——‘—-ﬁ st I Transmittor #2 } Racalvar #2 o, T
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Transautter /.a‘ GI{Z‘ I '016”6 y S
Clock. )
| Transmitter #3 I Racelver #3
l‘mnumnwuﬁg 6‘ Hz ' - qu 6 H'Z. :

Cloch, &
Copyright © Or. Molaammiod Hawa Floctewal Engineeeang Dvpartment. Umgersity of Jordan »

Synchronous Transmission

« In this case, the clocks of the transmitter and
receiver (and all other devices in the
network) are controlled by a main clock.

» A special Distributed Clock Synchronization
GPS Protocol is used by the network.

« An example is SDH/SONET systems.

High data rate possible, minimum buffering,

flexible multiplexing, but expensive.
e

Elvctrcal Engineering Deprtnent, University of Jordin 30
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kecture 4 Lacal Loap
Technologies. Internet Access
angd Leased Lines

Dr. Mohammed Hawa
Electrical Engineering Department
University of Jordan
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Internet Access Technelogies

Fiber (FTTx)
Cable TV (CATV) Networks

WiMAX and Cellular
Power line communication (PLC)

Leased Lines

—

Digital Subscriber Line (xDSL) +— mereorize .
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Cable Modem
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2016 Global Fixed Broadband Subscribers

——— 776 million
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Cable: 20% Copper: 40%
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xDSL Standards

* Different variants of DSL technologies exist:
ADSL/ADSL2/ ADSL2+ (Asymmetric DSL),

SDSL (Symmetric DSL), HDSL (High-bit-rate DSL),
VDSL/VDSL2 ( i , RADSL
(Rate-Adaptive DSL), GDSL ((.fj_i_gib_i_t_E_SLL).

Name

“"Standard Name

“"Downstream rate’ | Upstream

‘ 3 : rate.
ADSL ANSI T1.413-1998 Issue 2 8 Mbit/s 1.0 Mbit/s
ADSL2 ITU-T G.992.3 Annex | 12 Mbit/s 3.5 Mbit/s
ADSI2+M ITU-T G.992.5 Annex M 24 Mbit/s 3.3 Mbit/s
VIDSL ITU-T G.993.1 55 Mbit/s 3 Mbit/s
VDSL2-Vplus [TU-T G.993.2 Amendment 300 Mbit/s 100 Mbit/s

1
G.fast ITU-T G9700 & G.9701 .1 Gbit/s 100 Mbit/s

=
i /V(g«m/,'gf:_

Copright © Di. Mohammed Harea

Electrical Engineermg Departinent, Umecrsity of [ordan 11
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100 m 500 Mbits
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500 m 100 Mbit’s

& ChniA
Copwright © Dr. Mohamnred Hawa Electrical Engimecring Department, University of Jordin 13
: i e pagl .

/Beﬂ‘g{ Qo =

250 A-wHz Channely
R e
.
x ﬂ
S |
o
e y
0 25 vaomir 2 [ M H{
U N RSO 100,
Vo Upsiraar Dipansieeam
S abhas e Rato(db)
w - T A v -
50 - it S ¥ T
4 -
30 4
20 1
10
0

R | i
J02H QAM . <] {Ererel

Zhiklsymiie]  Ch o

12 125 144

P 100 76 4%z 08
0 4140 ss20 8400 gu0n
Caitlod ! Fiagquanty (hH2)
Tracs (i sioh NG gy eney (Upskaam)
I 2 QA " ¥ Recatplion ||muunw7l‘owmuumj

B Filotfraquency

Copyrigha e wreasosmuminitn s v

L

ny ot oy ik 14
.

= w:fh‘f’m = loeen jgfc? (low@f a’}l'/'gﬂp{dflbn),
&% wl WE O0FOM T o
&O&'-fﬁg/mf lovels of AH. chich leadls 1o [inear
Adistortion  #his cwwidedd bj wstng  OFPM .

Scanned by CamScanner

s S ——
m——r—

e s—————————

o —T————— =

IE————————__



* /4)98’1, (AymdxA)

uses Discrete Malti- Tone (D/VI‘T') moclalation

(gut it is W pModlation )

@ 0FPM = orH/logona\ Ffe%- Pivision Mmlf:‘p)ezla;j). .
@) @AM = Medalation .

C AOK '/',"/&’.

& ot

: o AMHZ
x AyS) a&'l/l‘o@s the local “loep )gama&drol'{% ( [l L“/]Hg
| }mLo ,‘nolef&nale"f channels df 43!2-5”? S0 \nao

. c]na.me[ 0o i uuecﬁ vﬂf ‘/gfce Ca”S[POTS)

o — g 3utam(ba44d _ 32)
F'Pne_ (Emo 260 channel$ (jfnmlj

.So;cc ou\mgl fov Uiajream alal7l°L )wk}lc the vest

oL MIEJ 70of JOMM ﬁfea,m ohfm.

& Qaua( mfc(sbmba!:/fec) oleo:o(w( 177 Banclf/zuia(fL._

o[?auo( Vaff_ ‘Fdf C’afb Gtwumc( = Hooo rjmb"lf"/Jec_.‘

%/('{oo&l/a'fffaf\ a('géaf dealcd‘ﬁj Sl/(//la
L (b’ ff/;jmbd[)_ |
EH @AM — 128 GAM _ S

6 : F 3 b;+g/fﬂﬂba,,

|
|
|

Scanned by CamScanner



,'*(G‘AM Moa&lb‘h'w 'S UlfCO(

‘n each

ckmne.’ oth a bau(ifa'!C QAF qaaa&in/j’ec_

:}
< for a maxr of |5 bits/sym- aéfwﬂg"’j on  the SYR. meamed for et channy |

KADSL wces very powerful PSp(Digital Stgnal Processing) to create oF M
b, f. y cellation & & ualization .
QI perfocn eXtor cortechon yeochg conce 7

de: p:

G.fast and Yectaring

* G fast provides up to 1 Gbit/s ageregate uplink and downlink
data raI:e at IOOm%istance. /s aggreg g

Approved in December 2014, deployments in 2016.

G.fast uses DMT. It modulates up to 12 bit per DMT

frequency carrier, reduced from 15 in VDSL2 to reduce
complexity.

G fast uses 106 MHz bandwidth,
planned for future amendments.

.
- Compared to 8.5, 17.664, or 30 MHz profiles in VDSL2.
* [G fastuses TDD] as opposed to ADSL2 and VDSL2, which use
‘DD, with symmetry ratios of 90/10 up to 10/90, including
50/50. v'p v p

* Performance in G.fast systems is limited by crosstalk between

multiple wire pairs in a’single cable (called Self-FEXT: far-end
crosstalk).

with 212 MHz profiles

Copynght & D0 Molmried Haaw

Eleatrical Engivieering Departoent. Unicersily of Jordan 17

Yectaring

* Vectoring coordinates line
signals to reduce crosstalk
(noise cancellation).

* Vectoring was previously
specified for VDSL2 by the
ITU-T in G.993.5, called

G.vector.

* The first version of G.fast will
support an improved version
of the linear precoding
scheme found in G.vector.

* Non-linear precoding planned
for a future amendment.

Copyright © D, Malenned Hawa Llectrical Exgineering Departutent, University of Jordan

18

Scanned by CamScanner

2/11/2016

FoU
Z Freg. Division

Duplex .



Hee |G bifilrec

o e
LS Q{llbl’o

g
9
VoS . Wsh

ypeed:

Back wonrd

Compar h'bimgl =

2/11/2016

Cfast Peplayment

* FTTdp (fiber to the distribution point) is

commonly associated with G.fast, similar to how FTTN is
associated with VDSL2.

* FITdp is in between FTTN and FTTH.

+ _In FTTdp, a limited number of subscribers at a distance of
up to 200-300 m are attached to one fiber node (can be

mounted on a pole or underground), which acts as a
DSLAM.

* Compared to ADSL2 where the DSLAM is located in the
Local Exchange at a distance of up to 5 km from the

subscriber, while in some VDSL2 the DSLAM is located in
a street cabinet and serves hundreds of subscribers at

L Fibdl to the
A/eiﬁkbo (’had%

—

distances up to 1 km. VDS L2 a(-ld'cw'l ce

D1, Maltonoied Hol a—

7'/KW\-

Copyright & Electrical Engincenng Departuent, Unioersily of Jordan 19
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Fiber to the x (FITY)

Telephony networks consist of a large distribution network of copper wires
Fiber to the node / Fiber to the neighborhood (FTTN)
Fiber to the curb (FTTC) / Fiber to the kerb (FTTK)
Fiber to the distribution point (FTTdp)
Fiber to the building (FTTB)
Fiber to the home (FTTH)
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Optical Fibers Metaitic Cables
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FTTB

—FTTH
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Equipment

Copright & Dr. Mohanuied Haaa

Etectrical Engincering Departinent, Universily of Jordan
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¢ The two main
technologies on top of
FTTx architectures are:
. VDSL2: used in FTTN,
FTTC and in some FTTB
deployments.

- Passive optical network
(PON): used in FTTH
and in some FTTB
deployments.

Gopynight € Dr. Moliwmned Haav
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' \‘Con f'au'ﬂ

active
splitter.

—"?passjve

SP\l

(p;f'l’o ([ :?2)

Memer?%e ).

Maximum
Split ratio

Main standards for PQN

Layer 2
encapsulabion
ATM

Downstream  Upstream
Capacity* Capacity®

[~ BPON ITU-T 1.25 Gbps 622 Mbps
(Broadband G.983
PON)
GPON ITU-T 1:64 2.5 Gbps 125Gbps ATM &
(Gigabit G984 Ethernet
PON)
10G-PON  ITU-T 1:128 10 Gbps 25Gbps  Ethernet
(10 Gigabit G.987
PON)
EPON IEEE 1:32 1.25 Gbps 1.25Gbps  Ethernet
(Ethernet 802.3ah
PON)
10G-EPON  IEEE 1:64 10 Gbps 1.25Gbps  Ethernet
(10 Gigabit  802.3av
Ethernet
PON)

“ = Capuright © DEMhaumed Hatot

(*) before being divided by the number of splits

Electrical Engincering Department, University of Jordan
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Cable Modems
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Coaxial Cable Bandwidth
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Copyright & Dr. Molarmied Houa
pYrig

Memtori £€ Ahe /-\ppfaximr‘c‘t meer_?

DOCSIS (Data st%r Q@bl@

Seryice Interfa
related ko .g

CableModem  Ratified DOCSIS
Standard as ITU-T (6 MHz channels) (8 MHz channels)
Name BIZLGEIGE Downstream Upstream Downstream Upstream
rate rate rate rate

42.88 Mbit/s  10.24 Mbit/s  55.62Mbit/s  10.24 Mbit/s

EuraDOCSIS

DOCSIS 1.1 J112
Annex B

DOCSIS20  ].122 42.88 Mbit/s  30.72 Mbit/s  55.62Mbit/s  30.72 Mbit/s

rgtnet * /Z’// Kt /P TY I TP

DOCSIS 3.0 343.04 Mbit/s 122.88 Mbit/s 444.96 Mbit/s 122.88 Mbit/s
8 channel

DOCSIS 3.1 10 Gbit/s @ Gbit/s

ATF

orpM |

Ful f‘f)g,a}ex .
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Base Station (BR)
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| Subscriber Stations (S5)
(LOS and Non-LOS antennas)

Capyright © Dr. Molwmeied Hawa Electrical Engineering Departmert, Unioersily of Jordan aL

IEEE 802,16 Standards (Wi-MAX)
10 GHZE—60GHT

« IEEE 802.16a-2003 3

— Maximum range of 50 km
— 6 MHz channels
— 42 Mbps downstream and 10 Mbps upstream in each channel
« 1EEE 802.16e-2005
- At35 GHz and lower, does not require line-of-sight.
— Adds mobility features.
— Narrower bandwidth (a max of 5 MHz for each channel).
— Uplink/Downlink data rate per channel is 70 Mbps/70 Mbps.
« IEEE 802.16m-2011
— Advanced Air Interface
— Data rates of 100 Mbit/s mobile and 1 Gbit/s fixed.
—  Also known as Mobile WiMAX Release 2 or WirelessMAN-Advanced.
— Aiming at fulfilling the ITU-R IMT-Advanced requirements on 4G.
* IEEE 802.16-2012
— Rollup of 802.16h, 802.16j and 802.16m (excluding WirelessMAN-Advanced
radio interface, which was moved to IEEE Std 802.16.1)
— Supports cognitive radio operation.

T

SN N—

o g B s AN T Copyright 0 D, Mohanumed Hoiod™

: i St ) 7
| WlF‘:-’—? LAN: Local Aren MetworC.
WiINAX => MAA/-' /‘//drofa/i}‘am A\f&;\ /V&?Lwaﬂ‘(.

lQ‘faoLUmf‘o\je:FM/‘Mx vs. Fiber: AJUGM'IL“?G OFM"“Q?VLEE&/:
« Needl Hx'jk powet ./Ua /UE’,Ei fo Obg/
+ Uider bael. weather conditions (very hish Aft.) Poe.. ground ©
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Alsg for Home Networking

’ [ Cable/BSL ?——-*-" :
i Madam 3 ! ! pe [
| 1
Cablg/DSL  powmmns Poyorline Ethernet e
Rauter i Adapter
RN : s 4
Powat outict
r— : —— . oo A AR AT SR AR AR e A v
Puwer nullet
s 3
Powerline US8 & Pe i
i Adoplur - :
Copyright € Dr, Mohammed Harwea Electrical Enginecring Deparbnent, Unioersity of Jordun 33

Aewmorize

PLC Standards Groups

« High Definition PLC (HD-PLC), led by [I’jtnasonig_]
« HomePlug Powerline Alliance (HomePlug);
various power line communications specifications
that support networking over existing home
electrical wiring (HomePlug 1.0 (14 Mbit/s),
HomePlug AV (200 Mbs) and HomePlug AV2
(1 Gbps and 1.3 Gbps).

« IEEE 1901 supports both HomePlug and HD-PLC.

« ITU-T G.hn/G.9960 as a standard for high-speed
ower line, coax and phone line communications
(1 Gbps).

Copyright @ Dr. Molanined Hawa Electrical Engincering Department, University of Jordm 34

17

Scanned by CamScanner



2/11/2016

Leased Lines fram T;elseph 0y Bl
IL:;).?; Cof\#al,{ﬁl‘}—ﬂ‘ a IOY\ E;LPQ_nSfVE__

Public Switched Telephone Network

i 9.9 /.

Main Exchange.
or Toll Office
or Central Otlice

Trunks between

Losal Exchange. * 2
Ead Office / PSTNs/Countrics
(Codex, Dignal) High-bandwidth Trusiks (STM-16, STM64)
Digital, Optical Fiber
Medium-bendwadth Trunks Es'(“(;‘“r;_,,' 4
(Digital, Opuscal Fibwr) %
(ELELTLT2)
Public Switched Telephone
Network
Copyright € Di. MoMammed Hoaw Flectiical Engincernug Depariment, Unicersity of Jordan 37

% How man

i e Plesiochronaus Rigital Hierarchy (PRH) phone calls j;,, e
> ow iy
r one P European Standard: A ’O(J ,?O xXYxU )(L\

C “ * Carrier | Multiplex ... Data Rate MUX Level
t—| EO 1 channel (voice or signaling) 64 kbps
EV o 1\‘ K H z El 30 speech + 1 framing + 1 signaling channels | 2.048 Mbps 1st Level Aa f"\ (q'f(
sice E2 Four E1 carriers + framing 8448 Mbps | 2+ Level
=9 V(_ (1 z. E3 Four E2 carriers + framing 34.368 Mbps | 34 Level :ﬂ/ X b{J 5 X 3 9
R or E4 Four E3 carriers + framing 139.264 Mbps | 4" Level
L - 2 = z; { b | E5 Four E4 carriers + framing 565.148 Mbps | 5t Level X Li X Y X L’I
ks feygoabo |
8 b". j U.S. Standard: Ju" low
= s Carrier | Multiplex ... Data Rate MUX Level
= JE - 6 l{ KﬂP |_+-T0 1 channel (voice and signaling combined) | 64 kbps
e o L G T1 "] 24 PCM channels + framing 1.544 Mbps 15t Level
A’M El 3 Dg =0 T2 Four T1 carriers + framing 6.312 Mbps 2nd Level
T g ot T3 Seven T2 carriers + framing 44736 Mbps | 3 Level . . -
6” Kblos sampaizier o AN Six T3 carriers + framing .| 274176 Mbps | 4" Level .

3 24 ‘q KBP;.._ 4" ‘opyright © Dr. Molnimised Heaa Flectricat Eaginsering Departinss), Unicersily of Jordan 38

ﬂf wtauf = 32 X 64K % How n:ai\j calls we hae in TZ?

= 2 ol dMbps toncallss 24
~ 9 Mbps: Ty -, Paaceci
—%-_i——:f' T_'Z. - sy ‘ qu Li 18

Ty~ ~ v 24YxYyxF.
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SPH (Synchranaus Rigital Hierarchy) /

SONET (Synchranous Optical NETwork)

European Standard:

Optical Carrier Multiplex ... Data Rate
STM-1 Basic 155.52 Mbps
STM-4 Four STM-1 carriers US4 TJM Mux 622.08 Mbps
STM-16 Four STM~4 carriers = 2.48832 Gbps
STM-64 Four STM-16 carriers 9.95328 Gbps
STM-256 Four STM-64 carriers 39.813 Gbps
STM-1024 Four STM-256 carriers 159.252 Gbps
U.S. Standard:
Optical Carrier | Electrical Carrier | Multiplex ... Data Rate
OC-1 STS-1 Basic 51.84 Mbps
0C-3 STS-3 Three OC-1 carriers 155.52 Mbps
0C-12 S15-12 Four OC-3 carriers 622.08 Mbps
OC-48 STS-48 Four OC-12 carriers 2.48832 Gbps
0OC-192 5T5-192 Four OC-48 carriers 9.95328 Gbps
OC-768 STS-768 Four OC-192 carriers 39.813 Gbps
OC-3072 5T5-3072 Four OC-768 carriers 159.252 Gbps
Copyright € D1, Mohamined Hauww Electricat Engineeriug Departmert, Unicersili of Jordan 39

o(!,o'ZP :

- Leveln

Level n

Remember...

SDH is an ITU-T standard (G.707, G.708, G.709)
STM-n stands for: Synchronous Transport Module

STS-n stands for: Synchronous Transport Signal -

» OC-n stands for: Optical Carrier - Level n

+ Benefits of SDH/SONET over PDH: simpler and a
more flexible multiplexing at high data rates.

< Copifiight © Dr. Molrmbiied Hawd ™

Electrical Enginecring Departivent, Uniorersity of fordan

~~~Huge capacity of extra bits'dedicated for network "
_ management and maintenance functions to allow
. protectionrings. , 3
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Cellular Telephony

Standard Name (Technology) Downstream  Upstream
Rate Rate

GPRS General Packet Radio | 54 kbps 27 kbps

Service (TDMA) 5 e
3G UMTS Universal Mobile | 384 kbps 128 kbps 0(‘6‘ ’ r{’

Telecommunications o '
System (CDMA)

HSPA High Speed Packet Access | 7.2 Mbps 3.6 Mbps
(OFDMA)

375G |HSPA+Rel.6 |Evolved High Speed |14.4 Mbps 5.76 Mbps

o Packet Access Release 6
(OFDMA + MIMO)

3 '561 HSPA+Rel.9 |Evolved High Speed |84.4 Mbps 11.5 Mbps

Packet Access Release 9

(OFDMA + MIMO)

LTE Long Term Evolution 100 Mbps 50 Mbps
{(OFDMA + MIMO)

4G LTE Advanced |Long Term  Evolution | 1Gbps 500 Mbps

Advanced

s (OFDMA + MIMO) ’

Cop Q@Tj""agM Electrical I‘r!glncmug!)c'p‘n!:-.'-Jwt.,’?ifuiﬁ'rsr'[y of fordnr 4L ‘{‘
16t K therse 1s o meverced

B gon will get Lewer than
1thbps ﬂfo‘- g,opp[&"
N St
N Faolfy_;
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Lecture 5: Data Link Layer
Basics
Dr. Mohammed Hawa

Electrical Engineering Department
University of Jordan

FEA420 Communyrcation Netwerks

Layer 2 PDU: Frame

Sending machine Recewving maching

L) POUKSR s | popiota [ e

l Frame |
I)-—-'—_
e e VGO, . J— e sl USRS, NSRA— e
[ I

LZ \ : Hoadar | Payload figld ; Trailer i I Header | Payioad teld - Traser |
L '

¥

Copyright © Dr. Mohunond Hiwa Electricnl £ 1, Universidy of Jordas 2

one aﬁ fie.  medn jobs '—”p L"&L

’ me:gl: ;o[enffwy The s}aﬂ‘é(ﬁt& 6’/40[
peada Fame (L2 POU).

. Error C‘AecKJ (& go,..,e,f'imes (’a((@C'llfdt’\)~
Coorclinate access ts S W pedinm (MJC/).
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Bit-oriented vs. Byte-oriented

* Layer 2 protocols can be either: byte-oriented or
bit-oriented.
* In bit-oriented, frames can contain an arbitrary
number of bits.
~(Examply: HDLC (High-Level Data Link Control)
protocol.
* In byte-oriented (character-oriented), frames
consist of an integral number of bytes (8 bits).
— Example: PPP (Point-to-Point Protocol).
* In both, the data link layer has the job of dividing
a continuous bit stream into identifiable frames.

Copyright © [y Mohamnied Huwa Eicctneal Engineering Department, Usnoeraty of Lirdon 3

% HOLC
Loy ahat

L@a/?

Lefer 2

X Jobl: Framing

1. Insert time gaps of no transmission periods
between frames.

* Example: Asynchronous transmission in
RS-232 standard.

« Example: Ethernet.
+ Easiest method.
» Inefficient because bandwidth is wasted

;- while not transmitting useful data.
« Unreliable except for short distances (noise).

ece ate 3~ Technigues to oo Franing :
. =

Copiyrighl & D Molunaned Hawa Electrucal Engmecrng Depurtment, Ui

ﬁ.saJVMch for This T'chm;ﬂ‘é Laou Uﬁf :Zﬂ?‘l""l

Scanned by CamScanner

3 _orienfed -

e o ————————

-t




odher names:
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‘(\

s ’f'cl/lm?u-e
[ lMg
Jilizatdiov

AUT Sa{gf ed’s
F{ow\ 7//0«!'“(’-
s\ee -

e’
Framing

2. Character Count (used mainly in byte-onented
protocols)
Frome S

g C haracter count One character

TJ“?IGMS[GI?NME o[i[2]3[ [s[eJe[7]a]e ol 1]2]3]

Fran 194
8 characters

Frame 3
8 characters

Frame 2
§ characters

Frame 1
S characters

Error

o
[2]s i4|;1s]71859 alobm]a 415]6l8 7 2]9fel1]2]3]

Frame 1 I-::.mu) '2
(angy

[sly

Chow @
cnaracter nound

winiirmed Hiwa Eicotmral Enginecring Department. Usmsversityy of [erian 5

(H‘ h Uil Ea‘h‘dn).
b = fficatt bo cecover At frame slip-

Framing

3. Frame Delimiters (used in bit-oriented and byte-oriented).

Exounple: ac—

Ethexned -

o> special Lit Paften.

Payload field I Trailer

FLAG |

For example, the HDLC data link protocol (a bit-oriented protocol) uses the 8-bit

Ths 7&%}1{?«4 H
ﬁl"%culf bo

MN&)afaMe_

slip & casy

{a (ecov&(af’f&’

sequence 01111110 as a tlay sequence (see figure). ®

He payloodt —roilen Ffawme s lrp :

i et m
Flag | Address | Conteol D:-th‘ e e
xne 1":‘_’__'__”,..———-——?‘ ot o *FEMC-
/J-s}c. that = -
i Segnace. . || seguance_ &
QUL = = = - ot g O NEHIO == =« - O“l‘l“’omﬁw“"' ' |
i ]
shart | ot N J’fbr/ eadd F 1 ; |
of dhe 1P of the of fhe Y 2l |
frame. fome M fume fot |
”P o Mfd[ Jaie '," '\S Cas {d VecoveA
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Framing

» PPP (a byte-oriented protocol) uses the FLAG =
0x7E = 01111110

Bytes 1 i i lTor2 Vauiable 2ord 1
e
Flag Address | Control | n e £CS Flag
at111110 | 1t | oocon Protocol Fayload -~ 01111110

P

w Bit-orieates e flng cattlel be any s
i Bj‘h- O(I'MI'C’D( the ’ﬂdj NMS‘! ﬁe e Mul'h‘,oh'

Copyright © D, Molanmed Hawa Etevtrwal Engineeriing Departmeni. Unmpersily of [ordan

7

e .
A& 3 bits.

—+pcedd i Bit-ogiented

\
Bit Stuffing

« Prevents flags occurring in the middle of a frame,
which would lead the receiver to have a frame
slip.

« TX: add an extra 0 after a group of five ones that
appears in the middle of the frame. This way
whatever bit precedes or follows the 11111, there
is no chance the flag will appear in the middle of
the frame. The start and end flags are not stuffed.

« RX: performs destuffing by replacing every pattern
111110 by 11111 before the data is handed to the

network layer.

Copprixht © Dr. Molumumod Hawa Llvcirreal Engincermyg Depertuicnt, Umnerseta of [ordan
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FLAG \ FLAG

T S—
011011111,100111110011011110 [o11111140}

for1i1110]
affexr
B oaty )
fotiirisod 0110111111001 1111000611011110 [g1111110]

NS

Stukfed bits

for111110] 01101111110011111001101111¢ [o11it1ig]

FLAG FLAG
e e,

TTTo i il liiiiiiiiiiio010 _Jortit1ig]f
1

forrtrato]

[01111116] 011011111011111011111011110010 [ori1i110]

L

Stuffed bits

fortinita] Gl10r111111100111171111110010 Jor11L110]

Etectrical Crgoteering Ocparhmen? Usriversitu of Jordan 9

Copyright @ Dr. Mohanned Hawa

Byte Stuffing

- Byte stuffing (character stuffing) consists
of using a special data Link escape character
DLEJto prevent the occurrence of the
FLAG (and DLE) bytes in the middle of
the frame.

« The stuffed bytes are removed by the
receiving end.

« For example, PPP uses the FLAG = 0x7E =
01111110, and the DLE = 0x7D = 01111101.

Electracal Engineering Degorsmont, Universitia of Jordan 0

Capyrrght & Dr. M duzioned Haed
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« Advantase : for an slip 7wme it focover V&;// b,
'Jjn‘swo(/Jom’faje: Lf At icalf to have slip Frame”

N ensy Yo rocover
Lusinj alt of DLE €r9 to fecover

5T # pre = Lower philization => lower effic flﬂj”f_)f B AEROLE
Before Fog- . x Rle- whonusr Ry Sees DIE it remove, e fit |
T [ / one & Ke{;ﬂ ;
; Hhe one afrer
Byte Stuffing i F olire cf/;[ "5
[FLAG] ASFLAGBZDDLEKVMZDLEFLAGRU | FLAG] |
o Vst - — - |
FLAG| ASDLE FLAGBZD DLEDIEKY MZ [;11:‘, DLE BLE FLAGR U [ FLAG / {
B N e
; Stuffed bytes C’ DLE F/ A ﬁt

[FLAG] ASBZDDLEDLEFLAGKVMZRU [FLAG] .

{FLAG ASBZDDLEDLEDLEDLEDLEFLAGKVMZR U [FLAG] /

f

e . _ f

Copurtglt & 0 Mubzommed Hares Electncal Engineramg Depretmend. Univeraty o Ledn 11 11

] 1

¥ Toh2 ¢ Error Detection and Correction

‘@garity: A parity bit is added to the sent
message M. The parity bit is set to 1 or 0 to
force the transmitted message to contain
even or odd number of 1's.

* 7 bit data: M = 1010001

* 8 bits transmitted (including parity):
| —10100011 (cven parity)

~ 10100010 (0dd parity)

Coppright © Dv. Modumpned Haaa elvctinial Engincering Depariment, Usisersity of Jordan 12
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@ Checksm{s

* Checksum is the sum (plus carry) of the 16-bit words
making, up the message M. The receiver checks that the
sum of the received message M" matches the checksum
sent by the transmitter. If both sums match, no errors
have occurred during the transmission of the message.

« » Checksums are used in

Ly L3
H e 1 1 o] w 0 | d

r .
T49 65 16C 6C & 20|77 &F 72 6C[6Y IE]
4868,+ 6C6C + 6F20 + 776F + 726C + 642E + carry = 71FC
Lo
78 biks .

Capuright L0 Modicimmied

Elevtrwcal Exigineceng Deparbnenn Unezeesaty of lordan 13

0100 lood

Y 865 k
LCECH +
gF2Loh +
FPEFh
F26Ch *
SU2EL

Conr) 41

> FIFA h

L_—saddit

the. mosd
Pu‘DW{M

becanse its

]

J
(3) Cyclic Redundancy Check (CRC)

+ Message bits M are divided by a bit sequence called a
generating polynomial G, and the remainder of the division R

(called a CRC) is sent along with the message.
¢ The receiver divides the received message bits along with
the CRC code (M’ : R') by the generating polynomial G.

« If the remainder is zero, no errors have occurred. If the
remainder is not zero, an error occurred.

' + + CRC can be implement in hardware using a shift register
and X-OR gates (inexpensive and fast). &
o CRC can detect burst errvors. ” Wj PW(’/ ﬂlj .
+ CRC is used in HDLC, PPP, Ethernet, and many others. It
is the most common error detection code nowadays.

Clectinal Lrgineerny Dep
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y-bit — CRC |
5-—5.’} —ﬁaeﬁa(ﬂ‘{l‘ﬂﬂ Pdljnomm].

-\t »cRC = IF(
s2-bit »cRC = 3o

Some  fimes @ 21001l could px°
be written a% . h= Xq.f.x'-p- 1

=jeo||
Same &S @ 5L

Frame: \\ololioll =M
Gevevalor: 10011 = Gi

X IJIASION 1S

{eguifeo( in
; M apfo( Y
e exoum - 260 bils -
lola 11 o1l 0000 &[j" i
XGR Jua'{li“‘
)o-,o-‘i,”x l
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Bitwise Arithmetic (X-OR)

- 0+0=0 X6, 9+ 0-0=0

« 0+1=1 + 0-1=1, borrow neglected

c 140=1 c1-0=1 o
«1-1=0

* 1+ 1=0, carry neglected
_—

Aoooeo-e-

vhatenl, Uniireraatu of fordan L&

Be 1 e A femapred Haea Elertrcal Ergimeiy Depn

1PP)

HWHH . ey in CRC

- s e

(= Lool]

T o foool back.

foot) \Nololiall ligO

| o7)

Looo| need 1 xorR

10111 need 3 xot’s
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