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4 Transport
3 Network
2 Data link
!
i
1 Physical
Host A

S 5SS 1y 9N

S 1 0 e A 0 S 0 8 | Transport
Communication subnet boundary
4 Internal subnet protocol \ 1
- -=te  Network - Network |=-1--+ Network
< -+te Datalink |=-=t= Datalink |={--+| Data link
~{1t=| Physical <-'e| Physical |=-{--+| Physical
Router Router Host B
\ ¥

b Network layer host-router protocol
 Data link layer host-router protocol
Physical layer host-router protocol
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0sl TCPAP
7 Application Applicaticn
6 Presentation Not present
5 Session ps " in the model
4 Transport Transport
3 Network Internet
2 Data link Host-to-network
1 Physical
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Dynamic IP-
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Illllllllllllllllllllllllllllllllwo‘host
Class addresses
1.000to
A |0/ Network Host 127.255.255.255
B |10 Network Host :gfgs?s%%ass
192.0.0010
c | 110 Network Host 223.255,255.255
224.0.00t0
D 1110 Multicast address 239,255,255,255
0.00to
E | 1111 Reserved for future use 22‘5‘225?5%55.255
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' Bps I T[msec}__ First harmonic (Hz) | # Harmonics sent

d Max. Baud Rate = 2H ,
4 Bit Rate = Baud Rate x Log, V ,

300  26.67 a7.5 | 80
| 600 1333 75 j 40
1200  6.67 150 | 20
2400 333 300 | 10
| 4800 167 600 | 5
9600 0.83 1200 | 2
| 19200 0.42 2400 | 1
| 38400 0.21 4800 | 0

d Max. Bit Rate = 2H x Log, V

d Max. Bit Rate = H x Log, (1+S/N)
SNR,, = 10xL.0g,, (S/N)
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Bit Rate g Baud Rate aluly s S9 pé &Y

a0 o0
. .
¢ @ o ole o
- L 4 . e%e%:%4%.%"
® ® L e i.i I Y
. . ® ® » e o0
180—e—o——o 8 0 180 : = : : o
[ ] ® [ e [ N EEIIENRE N N
'-'t'-.l l.l.i.!
g * ¢ ¢ --.--- l-l.l.
* 1 ¢ .l.i i'-.
. ® ] .
270 270
V.32 for 9600 bps V32 bis for 14,4ﬂﬂ_bps.
QAM-128 QAM-256
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2(Coaxial) yeoo o J5' U

M‘V&gpﬁ‘&*:&t&u‘suwhﬁ“

COPPER
WIRE

INSULATION : .. S .
COPPER MESH S 30 g pao b U calio b ylg5 ™

OUTSIDE INSULATION

@bb&gégﬁbwu

Insulating Braided Protective
material outer plastic
\ conductor covering

LTSRN

'ﬂ‘)mmm

L%00900.94

<
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Shield: Braided

Jacket: ETFE
acke Silver-Plated Wire

Fluoropolymer

Insulation: PTFE
over ePTFE
Conductor:
Silver-Plated
Copper or
.'\“0_\'

(a) Category 3 UTP.
(b) Category 5 UTP.
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SN
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orange blue e green white Drown

orange green biuve brown
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Band  Downlink
L 1.5GHz 1.6 GHz 15 MHz
S 1.9GHz 2.2GHz 70 MHz
c 4.0GHz  6.0GHz 500 MHz
Ku ~ 11GHz 14GHz = 500 MHz
Ka 20GHz | 30GHz 3500 MHz
Ground 0P here _ Tt
/wave P }9!‘9—‘-9“";3"" e
(ku ‘\}\- T ',”’I \\\\\\~~\\s:"‘\\
} A %\}\’ \\\ -
Earth's surface g
Earth’s surface \ Ih\
GSM  UMTS
K T T 71
MHz 1 1000 2000 3000
Frequency (Hz) 107 104 108 108 1010 N 1032 1024 1018 1018 1020

power-supply Ahtradio Fitradio microwave Xorav

TV
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1.3 1.4 1.5 1.6 1.7 18
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Wavelength (microns)

1.1

1.0
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v Single Mode Fiber Optic
v Multi Mode Fiber Optic

clackling

clackling
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Wave Division Multiplexing

S35 8t (S aY

Convert Signal Combine on Split Optical Convert Optical

to Optical Channel to Fibre Channels Channel to Signal
.

'

DWDM /\
Demultiplexer
¢ Fiber SIPOF:
\ Core d=0.98mm Convex
> NA=0.5 Lens
+ - n=1.49

N\

v -

Coupler ~Cladding d= 1mm \/
*
Sources / ﬂ J

Output Fibers

——
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Bandwidth Problems
L 1.5GHz 1.6 GHz 15MHz = Low bandwidth; crowded
S 1.9GHz 2.2GHz 70 MHz = Low bandwidth; crowded
C 40GHz 6.0GHz 500 MHz = Terrestrial interference
Ku 11GHz 14 GHz 500 MHz = Rain
Ka 20GHz 30GHz @ 3500 MHz Rain, equipment cost
Communication

S el g S
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Altitude (km) Type Latency (ms)

35,000 - aﬁ:\ GEO 270

3°.m0 —
zs.m -
20,000 -
Upper Van Allen belt
‘5.“)0 =
10,000 —}ﬂﬁéﬂm MEO 35-85
5,000 -
Lower Van Allen belt

0 - 1-7
c:n:t&m LEO
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o Lo gl 39 (9 piogo U

Intermediate
Telephone End Toll switching Toll End Telephone
office office office(s) office office
QBO A /" \ A CrB\J
/ l LS\ 7Y
Local ;’:h'mg:; Toll Local
loop oonnecting intertoll connecting loop
trunk Snwike trunk
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DSL (5,908 2 (oS 38 &Y

Bandwidth Limited By

Pulse Code Modulation (PCM)
Termination In

Telco Central Office

Freq

4 kHz

@
7

Same Local Loop Copper Wire y &
Bandwidth Available:

Limited by Copper Wire
Characteristics

N N e,

500 kHz >1 MHz

18kft @12kft
(~6km) (3.7km)
52 peeals slo e
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Customer Premises Central Office i

PC PSTN
Phone Fax
Maximum 18000 ft.
Internet
s o | A
/S /S
(Underground / Overhead)
{(Without Noise)

2500 e~ SDSL
=== G_SHDSL
== ADSL DN

2000 ~= ADSL UP
-e-HDSL2

1500 == |DSL

Data Rate
(kbps)

1000

500

8 10 12 14 16 18 20 22 24 26 28

24 30 36 43 49 55 6.1 67 713 79 85

% . Averaged Reach Achieved by All Chipset Vendors — 24 AWG
Gy P58 1y g kft/km
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DSL 6)’“ : ,,S.gjgj &Y

DSL 4o (Carrierless Amplitude and Phase) CAP g4, U

O0KHz to 4 KHz : Voice
25 KHz to 160 KHz : Upstream Internet Traffic
240 KHz to 1.5 MHz : Downstream Internet Traffic
Voice Upstream Downstream
| | |
| I | I l
| | |
| | |
0-4 KHz 25-160 KHz 240 KHz-1.5 MHz
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Syt

QAM ygm¥ soo &9 ¢ DSL 48 (Discrete Multi Tone) DMT g, U

Discrete Multitone (DMT) Linecode

» Upstream: 32 channel

‘ ' « Downstream: 224 channel
=~ o) 256 Subcarrier e

R : « Each Channel:

| * QAM Modulation
« 15 Bit/Baud

» 4000 Baud/Sec

e Upstream -- 20 - 138 kHz
e Downstream -- 140 - 1100 kHz
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Telephone

line
(4

:

Telephone company end office

{Haphune

Splitter

/

=
{NID
Gunruhr
ADSL Ethernet
modem
Customer premises
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1.5 Mb/s 118,000 ft
2.0 Mbls 16,000 ft DSL (55908 tlizno s azws U
6.0 Mb/s 12,000 ft
9.0 Mb/s 19,000 ft
1.544 Mbps duplex on two T1/E1 service between server and
HDSL High bit-rate Digital twisted-pair lines; 12,000 feet on 24 phone company or within a
Subscriber Line 2.048 Mbps duplex on three gauge wire company;
twisted-pair lines WAN, LAN, server access
1.544 Mbps duplex (U.S. and
. Canada); 2.048 Mbps (Europe) on a 12,000 feet on 24 Same as for HDSL but requiring
DS Symmelric DSL single duplex line downstream and gauge wire only one line of twisted-pair
upstream
1.544 Mbps at
18,000 feet;
2.048 Mbps at
ADSL Asymmetric Digital 1.544 to 6.1 Mbps downstream; 16,000 feet; gi%%;o\;i:;‘é%mveié:zdoxvggrﬁgﬁgss’
Subscriber Line 16 to 640 Kbps upstream 6.312 Mpbs at : :
. remote LAN access
12,000 feet;
8.448 Mbps at
9,000 feet
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[ weyhancafivices

Data Frame

FLAG| Header Payload field ‘ Trailer |FLAG

Q Flag: 53,5 o0 o0lainwl 0018 diuy sl g lal (g 5lw (asice jaliin dy AF Jow ai,Y
0 Header: &'y ki 9 98,5 oo 48Lal 631> dius & ilio sl 0¥ liwgi a5 iy aid,V

 Payload: B9 JiSw duato 4 lowe 31 Cawl 48 a5 08ld i asi v

QO Trailer: ;5 0015 diws 4o Was Mol b g g5lw,y Kb jalise 4 a5 Uas J y0S oy aidd v
Sras PS8 i(p g
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(%1,2) dg0i colawl Flag loie @ (ylgi 0d s 4y 2 511

Sly escape uSLIE Sl oF i wla BB yé sla pshls Sl oF 5l lawy! 50 Q
(F1y2) Cld 2 )0 2 Cudgume B9, cpl (J9 0,5 (o0 coliiwl Holide ol

w9 ¥ &l )l Character Stuffin

W9 (39 S Cudguzae Jo e U
b 2 by dgd oo aidyS L 4o flag lgie 4 oVedeNe) coy ah) gy ool 0 U
QT }‘ A:g A.Lolé)lg flag h/.hf M) ).{Jé )L:&J cOQ‘O uu{ M) ‘_’)La.o )Q flag O‘b)
aidy 530 1y Wil 31 (S Flag oG 51 oy o b o pF i 7 ol 4 00,8 (o0 1SS

O S (o0 S 5o 00ld G Al I Si= plgie w ) (Hbo g
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Character Stuffing _vgy g Flag omai o9 : DLC 4

: Character Stuffing s, 3| 2l O

10010101101010101100100101011 : ol 0old Cuy aiy V'

l o Jlw,l 0ol cn ails, v/
1001010110101010101010101100100101011 bl 351,15 ba, b

flcwmss Character Stuffing g, cuc o 5,5 U

S S 10y g Sy eeeal b 4



BitStuffing g, g Flag e o9 :DLC ¥

: Bit Stuffing s, U
A ygu0 3O § Sgub o0 4,5 Jh yo flag lgie 4 NI Con Ay Jhgy ol yo U
o Aol « Can SO ousiw 8 Ogu ol d 00ld Caw Al hleo jo Jlgke ) Cou &
Bl yuo SO (JJlgie ) Con gy o0 b 35 0ui puS 5l (o0 0519 0010 o 50 LT

D S o0 5 )0 0010 oy aity | (S plaie 4y ule g wled (o0 Bl 1) LT

011011111111111111110010 < Lol 001s Cuy Al

/

> 011011111011111011111010010
Syl oold Caw il T
Stuffed bits
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B> anid WS cuuti 09 g Trailer : DLC 4%

:CRC by @ s aid U

Jlosd 0352 50 gy (ol el g i v/
el @yl U

Sl alosr Wi 4 g Ay S Jod by Y

b, 1B, 5. blbO 1 00ld L ai,

iI=n-1

P(X)= ) b.X

11010111 s X Lt et T X 1 ]

S S 10y g Sy eeeal b 4



B> anid WS cuuti 09 g Trailer : DLC 4%

X+ X+ X+ X+ X >10111010

n—1:‘5|¢Lo.?A;.34.?)a/

bly (03 il BB (65550 (5l o Wiz b &5 (s dhor Wiz 1 Jgl g oz 2oz v

: CRC QS (5 lw ooly i 5N H
oS 0 ABLSI + (0018 e il y Gl y Comw 43 W (gl o dir A 8 Slass a4 ()
ortled (50 XOR 00l gy iy b 1) (lgio Sl 31 Jool> suilogdly (7
08,5 0 Jluyl JU 5o a5 Cawl o ally lod calols Cop 4l (¥
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A\
1100001010

10011/11010110110000
10011]
10011 "
10011 Frame : 1101011011
00001 Generator: 10011
00000 ! Message after 4 zero bits are appended:
00010
00000 11010110110000
00101
M' Transmitted frame: 1101011011111 0
01011
00000
10115
1001 1
01010
00000
10105
10011

' CRC Code (Checksum)
01110
110
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