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®. B\ Data Communication History J@@
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APigeons: 2000 BC by Egyptians

A80 km/hour; 1600 km/2 days

AFastest way to send news till about 1800
ALatest recorded service in 1981 (California)

APostal services: 2000 BC by Egyptians
APoney Express 1860 (US): 430 km/day
AStill in use
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AElectrical Telegraph:
Samuel Morse (1835)

AFirst message: May 24, 1844
AFirst working transatlantic cable: 1866

ARadio Telegraph: Guglielmo Marconi
AFirst radio signal: 1895 (ltaly)
AFirst transatlantic signal: 1901




‘Telephony History ;@@

ATelephone: Alexander Graham Bell (1876)
AR Mr . Wat son, come hear
ASpeed of olighto6é, 4 kH

AFirst commercial phone : 1877 (instructions:
AiWhen you arenodot talkihg, vy

Walkie-Tal ki1 ¢ Car Phone
1938

Woman with Walkie Talkie Walkie Talkie from 1939 Flrst commerdlal radio-teleptionereceiver
Source: DLASpacial Collection Sourcs: DLASpecial Collsction . :
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nternet History S B

APacket switching: 1961 (L. Kleinrock)
AArpanet (4 nodes): 1969

Ae-mail: 1971

AEthernet: 1973 (B. Metcalfe)

ATCP/IP: 1974 (V. Cerf & B. Kahn)

AWWW: 1991 (T. Berners-Lee & R. Callliau)

Internet Growth Number of Nodes 1969-2002

/
/
/
1991 /
\ /
\ /

Department of Information Technology P
Internet based Communication Networks and Services (IBCN) "" |bbt


http://www.ethermanage.com/ethernet/metcalfe-drawing.html
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‘Computer and TV resolutions Qm
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Digital Cinema (life events)

2K

2K

4K

8K

Frame Rate
(Fps)

24

48

24

60

Resolution
(HxV)

2048x1080

2048x1080

4096x2160

7680x4320

Chromatic sub-
sampling

12bits/colour

12bits/colour

12bits/colour

12bits/colour

Datarate
Uncompress
(Gbps)

1.91

3.82

7.64

24

Compressed
Datarate
(Gbps)

0.0955

0.191

0.382

1.2

# of Cameras*

16

16

16

16

Uncompressed
MultiView
Video
Bit rate
(Gbps)

30.56

61.12

122.24

384
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Compressed
MultiView
Video
Bit rate
(Gbps)

1.528

3.056

6.112

19.2
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Third-Person Avatar
(ex: Sports, RPG)
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Orders [ day

Orders | sec

Response time (secs)
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ADelays measured in nsec !!!
ANetwork capacity: 100 Gb/s today, 10 Thit/s in 10 years
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Internet Users in the World
by Geographic Regions - 2010

asia [ 2 1
furope N 75

I vorth America [ 266.2

cunnmerics . 2047
africa [N 110.9

middle East [l 63.2

Oceania /
Australia I ke

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
Millions of Users

Source: Internet World Stats - www.internetworldstats.com/stats.htm
Estimated Internet users are 1,966,514,816 onJune 31, 2010
Copyright @ 2010, Mlnlwatts Mark»tlng Grnup

2009

File Sharing

Cable VOD
Web-Data

IPTV VOD
Internet-Video-to-TV

Video Calling

2011 2012 2013 2014

Internet Video
Business Internel
Business IP WAN
VolP

Mobile Data

Online Gaming

*Cisco VNI June 2010




(Source: CDG)

- Estimation of 3G/4G subscriber growth.

Q2, 2010: 4,5 Billion GSM subscribers
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(3) Mobiles /
Smart Cards
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(2) PCs

Miniaturization and cost reduction

(4) Smart Things
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#\ Delay limitation

Albert Einstein 1905

E =mc?
Speed of light (c):
3 108 m/sec (air)
2 108 m/sec (glass)

1000 km optical fiber gives
delay of 5 msec
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7R\ Bitrate limitation b £
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Claude Shannon 1948

Capacity = Bandwidth x
Log, {1 + Signal to Noise Ratio}

voiceband modem:
BW =4 kHz, SNR = 10.000
C bitrate = 50 kbit/s
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157.193.214.12
IP-address

\ router
< '

B | imitations:

> ALink bitrate and length

HO“ ATable look-up during forwarding
ACongestion in the routers

| ACut large files in small pieces (1500 Bytes) 1

T~ 1,5 GByte file = 1 million packets %13 4aa

T - ot

157.0.00C X . —

: 12.0.00 & B T -I <

— & & é IP packet: -
5=22.33.44.55 S=22.33.44.55
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A T\
‘Limitations:
ATCP can make internet slow

ARTT = 100 msec, Receive Buffer 8 kB

ABitrate = 8 kB/100 msec = 640 kbit/s
AUDP makes internet unfair

AServer: to many requests, limited
comput |
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Limitations:

ASpectrum is scarce

AShared medium access:
ABitrate Is shared
ACollisions introduce delay
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Degree of mobility
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NTT: 69 Thit/s on single fiber (March 25, 2010)
432 wavelengths; 171 Gbit/s per /, 240 km
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