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ÅPigeons: 2000 BC by Egyptians

Å80 km/hour; 1600 km/2 days

ÅFastest way to send news till about 1800

ÅLatest recorded service in 1981 (California)

Data Communication History

ÅPostal services: 2000 BC by Egyptians

ÅPoney Express 1860 (US): 430 km/day

ÅStill in use

ÅOptical Telegraph: Claude Chappe (1793)

Å1850: 5000 km and 556 stations, 2 words/minute

ÅDisappears around 1860 (replaced by electrical telegraph)
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ÅElectrical Telegraph: 

Samuel Morse (1835)

ÅFirst message: May 24, 1844

ÅFirst working transatlantic cable: 1866

Data Communication History

ÅRadio Telegraph: Guglielmo Marconi

ÅFirst radio signal: 1895 (Italy)

ÅFirst transatlantic signal: 1901

ÅMobile Radio: World War I

ÅSatellite: 1962



Telephony History
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ÅTelephone: Alexander Graham Bell (1876)

ÅñMr. Watson, come hear, I want to see youò 

ÅSpeed of ólightô, 4 kHz analog

ÅFirst commercial phone : 1877 (instructions:

ñWhen you arenôt talking, you should be listeningò)

Public Train Phone

1926

ñWalkie-Talkieò

1938

Car Phone

1946



Internet History
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ÅPacket switching: 1961 (L. Kleinrock)

ÅArpanet (4 nodes): 1969

Åe-mail: 1971

ÅEthernet: 1973 (B. Metcalfe)

ÅTCP/IP: 1974 (V. Cerf & B. Kahn)

ÅWWW: 1991 (T. Berners-Lee & R. Cailliau)

1991

http://www.ethermanage.com/ethernet/metcalfe-drawing.html
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Computer and TV resolutions
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*

*



Digital Cinema (life events)
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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

Compressed 

MultiView

Video 

Bit rate 

(Gbps)

1.528 3.056 6.112 19.2



Video game lag (ódelayô, ólatencyô)
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Game Lag (msec)

Burnout Paradise 67

BioSchock 67 - 133

Call of Duty 4: Modern Warfare 67 - 84

Grand Theft Auto IV 133 ï200

Halo 3 100 - 150

Unreal Tournament 3 100 - 133

ÅLag is meaured on local game console

ÅExtra delay from networks should be limited !



M2M Transactions (NYSE)
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ÅDelays measured in msec !!!

ÅNetwork capacity: 100 Gb/s today, 10 Tbit/s in 10 years

Response Time

1 msec

1 sec

2005 2010



Internet Users and Traffic
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1 Exabyte/Month = 3 Tbit/s



Mobile Telephony (and Data)
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Q2, 2010: 4,5 Billion GSM subscribers



Internet of Things
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Delay limitation
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Albert Einstein 1905

E = mc2

Speed of light (c): 

3 108 m/sec (air)

2 108 m/sec (glass)

1000 km optical fiber gives 

delay of 5 msec



Bitrate limitation
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Claude Shannon 1948

Capacity = Bandwidth x 

Log2 {1 + Signal to Noise Ratio}

voiceband modem: 

BW = 4 kHz, SNR = 10.000

Č bitrate = 50 kbit/s



Internet: IP protocol
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host

router

157.193.214.12

IP-address

IP packet: 

S=22.33.44.55

D=12.12.12.12

Content (e.g. file)

X

A

C

B

Y

157.0.0.0 Č X

12.0.0.0   Č B

é            Č é
S=22.33.44.55

D=12.12.12.12

12.13.43.4

157.0.0.0 Č X

12.12.0.0 Č C

12.13.0.0 Č Y

Limitations:

ÅLink bitrate and length

ÅTable look-up during forwarding

ÅCongestion in the routers

ÅCut large files in small pieces (1500 Bytes)

1,5 GByte file = 1 million packets



Internet: TCP protocol

S=22.33.44.55

D=12.12.12.12
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Internet: UDP protocol

S=22.33.44.55

D=12.12.12.12
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Internet: TCP <> UDP

Limitations:

ÅTCP can make internet slow

ÅRTT = 100 msec, Receive Buffer 8 kB

ÅBitrate = 8 kB/100 msec = 640 kbit/s

ÅUDP makes internet unfair

ÅServer: to many requests, limited 

computing power, slow hard discs, é
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Wireless Access
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Antenna

wait t1

(random)
wait t2 < t1

packet

acknowledgment

Limitations:

ÅSpectrum is scarce

ÅShared medium access: 

ÅBitrate is shared

ÅCollisions introduce delay



Wireless Technologies
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Optical Communication

optical fiber

Principle

Optical Amplifier (1987, D. Payne)

Wavelength Division Multiplexing

NTT: 69 Tbit/s on single fiber (March 25, 2010)

432 wavelengths; 171 Gbit/s per l, 240 km

http://scv.bu.edu/~aarondf/Webgifs/prism.gif
http://scv.bu.edu/~aarondf/Webgifs/prism.gif

