
  

Hang on…

Who put ”inter” in the Internet ?!
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@bsdphk



  

Speed of light quiz

1. What is the speed of light ?

2. What was the speed of light 100 years ago ?

3. What was the speed of light 200 years ago ?

4. What was the speed of light 300 years ago ?

5. What was the speed of light 2000 years ago ?



  

Augustus want news

”Cursus publicus”

Network of roads
& system of couriers

Speed of light:

0.5 to 1.85 m/s



  

Route, Switch & Peer

”Mansiones” = Routers
Night quarters
~ 40km apart

”Mutationes” = Switches
Stables
~ 12km apart

”Mancipes” = AS
Contractors

”Via Romanæ” = The links

Net result:

~160 km/day best case

~ 50 km/day typical



  

QoS and all that…

Packet loss: Unspecified, but very low.

Bandwidth: Undocumented, but significant.

The service was later split into ”fast” and
”slow” (aka ”cursus clabularis”), with the
slow service using pack-horses and ox-carts.
(Large amounts of gold transported.)

Cost: HUGE

Uptime: Still in operation 500 years later.

RTT (Rome to Trier): 3 weeks
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But I saw optical communication in a documentary ?!



  

Technical specification:

Network name: Beacons of Gondor

Distance: 300-400 km

Hops: 8

E2E delay: 120 seconds  (in the documentary)

Packet size: 1 bit

Packet rate: 1 packet per day (est.)

Cost: ”Call us for a quote”



  

RFC 1149 ”IP over Avian Carriers”

Distance: Up to 1000 km/hop

Speed: 27 m/s (one direction)

Packet size: 1500 MTU conjectured



  

RFC 1149 ”IP over Avian Carriers”

Distance: Up to 1000 km/hop

Speed: 27 m/s (one direction)

Packet size: 1500 MTU conjectured

Packet loss: 55% (actual measurement)



  

RFC 1149 ”IP over Avian Carriers”

Distance: Up to 1000 km/hop

Speed: 27 m/s (one direction)

Packet size: 1500 MTU conjectured

Packet loss: 55% (actual measurement)

Vulnerabilities: Interference (in spring)
Man-in-the-middle



  

Seriously:

Carrier pigeons have played a major role in history

Probably more than 3500 years old technology

Extensively used during WW-I

Serious downsides:

Primary:  Need to transfer pigeons all the time

Secondary: Loss, interception, variable delay

But a LOT faster than anything else available.



  

And then…



  

And then…

…nothing happens for almost 1800 years



  

Chappe’s Optical Telegraph



  

Chappe’s Optical Telegraph

Transmission protocol:

1. TX idle1
2. RX idle1
3. TX page#
4. RX page#
5. TX idle2
6. RX idle2
7. TX word#
8. RX word#
(goto 1)



  

Chappe’s Optical Telegraph

Transmission protocol: ”Codebook” has 92 pages with 92 words

1. TX idle1
2. RX idle1
3. TX page#
4. RX page#
5. TX idle2
6. RX idle2
7. TX word#
8. RX word#
(goto 1)



  

Chappe’s Optical Telegraph

1793-07-12:

26km proof-of-concept transmission

1793-07-25:

Appointed National Telegraph Engineer

1793-08-04

Paris-Lille approved for construction



  

Chappe’s Optical Telegraph

Payload alphabet: 92 × 92 = 8464

Half duplex

Hop-by-hop error correction

50% duty-cycle (= Daylight)

Transmission rate (E2E): 2½h →

Only for ”official correspondence”



  

Chappe’s Optical Telegraph

Paris-Strasbourg: 2 hours

Speed of light: 52 m/s

Courier: 3…4 days

TGV-train today: 2 hours

 



  

Chappe’s Optical Telegraph

First cyber-crime:

1834 Insider trading using Chappe’s Telegraph

Acquitted:  No law made it illegal.

 



  

The electro(-magnetic) Telegraph

Invented in 1753, 1774, 1804, 1809, 1820 & 1837

Had to invent the parts first:

Electrochemical battery (1800, Volta)
Electromagnetism (1820, Ørsted)
Electromagnet (1828, Henry)
Modulation (1837, Morse)

From there on it was just ”product development”

 



  

The electro(-magnetic) Telegraph

1842 – demo between two rooms at Capitol Hill

1843 - $30000 for WDC-Baltimore (61km)

1844 – Jaw-dropping demo of the new line (= election result)

1850 – almost 20.000 km telegraph-lines in operation

1861 – 1st SF-WDC telegram, tx 19:40, rx 11:30, c = 69 m/s

1861…5 – Telegraph instrumental in US Civil War (I)

Lincoln often waited for news in the telegraph office.

 



  



  

The electro(-magnetic) Telegraph

Status 1872:

Operational

Construction

Planned

 



  

The electro(-magnetic) Telegraph – The Danish Connection

Great Northern

1894

Granted monopoly
on telegraphy in
Russia.

(Danish export of
Zarinas)

 



  

The electro(-magnetic) Telegraph 

And it’s all manual…

 



  

Skipping a LOT of interesting stuff here…

Material Technology

Electromagnetics

Polymer Chemistry

Transmission-Line theory

Longitudes & Timezones

Geophysics

Trains

…and how one constructs a telegraph line across Siberia

 



  



  



  

There’s this thing called ”Governments”…

* Cursus Publicus – Strictly for Government Business

* Chappes Telegraph – Official business only

* All countries censored cross-border mails and goods

* All countries spied on each other

* Diplomatic Correspondence encrypted (& broken)

* In many countries: Encryption banned by law.



  

How governments work…

”International Telecommunication Union” in 1865



  

Telegraphy as a Threat To National Security

Domestic telegraphy: Go for it!  Century of the fruitbat &c.

Cross-border traffic: Some Terms & Conditions apply

Typically two rules for international telegraphy:

* All telegrams must be recorded

* No secret codes allowed



  

Non-secret codes ?

Telegrams were priced ”per word”

Spot the loophole(s) ?



  

Non-secret codes ?

Telegrams were priced ”per word”

Spot the loophole(s) ?

Use UNICODE !



  



  

Telecommunication in WW-I

1914:  UK cuts Germany’s Cable to USA

… as reported in
an Australian news-
paper, via telegram:



  

Telecommunication in WW-I

1917:  UK intercepts
”The Zimmerman Telegram”.

Breaks encryption.

”Suggest Mexico attack
USA, Germany promises
to help.”

UK leaks to USA via CA

USA forced/dragged into WW-I on UK’s side.



  

(Skipping a couple of wars here)



  

The TelCo networks are connection-oriented

- Not optimal for load-balancing

- Exponential growth in traffic

- 1962: T1 digital transmission

- 1977 50mm wave-guide @ 100 GHz

- Space, not time, multiplexing



  

The TelCo networks are connection-oriented

- An obvious bad choice in a nuclear war



  

The TelCo solution:  Underground telephone switches

No, not the bunker: Just the ventilation for the bunker 



  

The TelCo solution:  Underground telephone switches

No, not the bunker: Just the ventilation for the bunker 



  

Progress in TelCo land

Phone Switch Transmission

Analog Analog Analog

Analog Analog Digital ”=DN”

Analog Digital Digital ”=IDN”

Digital Digital Digital ”=ISDN”

DN = Digital Network

IDN = Intelligent Digital Network

ISDN = Intelligent Services Digital Network



  

ISDN: Also (planning on) doing the hard bits



  

ISDN: Also (planning on) doing the hard bits



  

Jan 15th 1990

UPI Archives 
AT&T service disrupted nationwide
By CLIFFORD J. LEVY
NEW YORK -- American Telephone & Telegraph Co. long-distance 
service was disrupted nationwide Monday by a computer problem 
that triggered a false circuit overload signal and blocked 
most customers from phoning out of their local calling areas.
Service was crippled about 2:20 p.m. EST, […]
[…] by 7 p.m. EST, about half of all calls attempted were 
going through […]

 

https://www.upi.com/Archives/


  

29oct69 22:30 Talked to SRI Host to Host



  

The packet-switching idea



  

Northern + Western – The first Internet ?

Two independent routes from Asia to Europa

Same price

Often also same office

Same on-wire modulation

Same message format

 

Come visit Datamuseum.dk

New exhibition: The Modem-Age.

1st sunday each month.

Groups by appointment.
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