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Komunikace

poslové na konich (pomalé tempo Zivota)
ZVvuk (zvony)

svetlo
elektiina (Abbé Jean-Antoine Nollet, 1746)



Komunikace na dalku (stiredovek)

e . Ssympatické“ jehly
e kardinal Richelieu

e Famianus Strada, 1617, Prolusiones
Academicae

e synchronizovan¢ magneticke strelky
 vyvraceno Galileem Galieim



Claude Chappe

neuspesny vyzkum elektrického signalniho
systemu pro francouzskou revoluci
s bratrem Reném vyvinul signalizaci na bazi

ciferniku s jednou ru¢ickou a kodovou
knihou; synchronizovane hodiny

kodovani zpravy do jednodussich signalu
2.3.1791 komunikace na 16 km (Brulon--

Parce) ,,Pokud uspéjes, budes brzy zavalen
slavou*



Claude Chappe
tachygraf (rychlé psani)
telegraf (psani na dalku) -- Miot de Mélito
1792 zniceno zarizeni v Bellevile

dokonalejsi navrh bez synchronizace hodin -
- 94 ruznych pozic, t). 8836 slov a vét
vyjadritelnych dvéma kody



Claude Chappe

e 1793 novy Chappeho navrh (spolecné
s Abrahamem-Louisem Bréguetem)
[,,Danou prave prijel. Oznamil, Ze Narodni
shromazdeni autorizovalo jeho Komisi pro
bezpecnost, aby orazitkovali papiry svych
nastupcii].

e 1794 spojeni Lille--Pariz

o 1798 linka do Strasburku

e 1799 Napoleon Bonaparte, zada o zafizeni
schopne komunikovat pres Kanal (aspéSné
testovany prototyp).



Chappeho telegraf

Figure 1: Chappe-style optical telegraph, showing arm positions
corresponding to different letters. Mounted on the roof of a
tower, the arms were controlled from the inside by an operator.




George Murray

e britska Admiralita prikazuje postavit linku
z Londyna na pobrezi -- 1797

e 64 moznych kombinaci



Murrayuv telegrat

Figure 2: Briush shuteer telegraph, 1797, Each of the six panels
could be open (horizontal) or closed (vertcal, as showny, . el
giving a total of 64 different combinations. =



Elektrina

e 1753 dopis od autora pod pseudonymem
,C.M.*

 do roku 1837 vice nez 60 experimentalnich
implementaci telegrafu, Casto
na mechanickem zakladé

e prototypy na bazi 26 dratu



Francis Ronalds

e demonstracni verze postavena doma

o Admiralita rusi objednavku po konci
valky(John Barrow: ,telegrafy jakéhokoli
druhu jsou nyni nepotfebné)

o 1824 -- Peter Barlow experimentuje
s elektrickym propojenim




Samuel F. B. Morse

malif
umrti zeny Lukrécie a nestihnuty pohieb
kvuli pomalosti komunikace

1832 princip telegrafu pomoci elektiiny

rozpracovani signalniho kodu -- zamitnuti
samostatnych okruhu pro kazd¢ pismeno
zvlast



Morse

Samuel F

B. More

Figure 3: Samuel F



Morseho telegraf

Figure 7: Morse's original telegraph. Winding the handle (L) forced
the toothed rack through the transmiming apparatus (P}, making
and breaking the circuit. At the receiving end, the intermittent
current was recorded as a zigzag line on a moving tape (A)
by deflecting a pencil (G) with an electromagnet.



Morseho sit

e 1844 prenos zpravy z Kongresu do
ministerstva spravedlnosti (,,What hath God

wrought®.

e 1850 Austro-Némecka telegrafni unie

* milionar Gilmore a Cyrus W. Field -- plan
na kabel pres Atlantik



Transatlanticke spojeni

cervenec 1857 -- 2500 tun kabelu na 2 dny
dvojice lodi Admiral a Niagara

1776 uveden do provozu; méalo spolehlivy a
pomaly

16 a pul hodiny trvalo poslani zpravy kralovny
Viktorie americkému presidentu Buchananovi

5. srpna zahajen provoz, 1. zafi prestal fungovat



Wheatstoneuv automaticky
vysilac

Figure 12: Wheatstone Automatic transmitter.
Messages were pre-punched on a paper tape, and could
then be transmitted in Morse code at very high speed
as the tape was fed through the machine.



Telegraini urad v USA

Figure #: A typical mid-sized US relegraph office.
Operators were scated at wooden tables, each equipped
with 2 Morse key and sounder.



William Fothergil Cooke

o [¢kar
o experimenty s galvanickym telegrafem

e pétyehlovy elektricky telegraf (s Charlesem
Wheatstownem)

o experimenty s delSimi draty,




Rozvoj telefonu

e Cerven 1877
-- 230 teletfonu
e Cervenec
-- 750 telefonu
* \/ roce 1888
-- 30 0000 teletonu



Rana telefonni ustredna
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Figure 13: An eady telephone exchange.




Usttedna v kvétnu 1914

PHOTO 4. Like other central offices in large cities, the Surter Exchange in San
Francisco, 1914, employed many young women as operators and some as ever-
present supervisors. Automatic dialing, phased in during the 19205, eliminated
many of these jobs. According 1o one casual estnmate, it automaric swirching had
not been insttuted, the growth of telephones would have led 1o the employ-
ment of all adult American women as operators. {Courtesy of Telephone Pioneer
Communications Museum, Don T, Thrall, Archivist and Historian. )



Masove zadratovani meést kolem
roku 1900

PHOTO §. The expansion of relephone systems and rele-
phone wires around the tum of the century led to many
scenes such as this one in an umidentified California town.
Besides being unsighrly, mass wiring could be dangerous.
Town governments often argued with telephone companies
over when and how the companies woukd bury the wires
underground. (Courtesy of Telephone Pioneer Communi-
cations Museumn, Don T. Thrall, Archivist and Historian, |



Ocekavani a telegraf / telefon

vymazani hranic

spojeni svéta

zakaz telegrafickych sifer (ITU)
nove praktiky a zvyklosti v obchodé



Pronikani spotrebniho zbozi do domacnosti v USA
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- Speaking
Directly Into
l The Transmitter

THE transmitter of the telephone is
the result of years of study and

experimentation by telephone engineers.
It is of delicate adjustment and its fullest
efficiency can only be obtained through

proper use.

| The hips should not be more than an inch from the
i transmitter, and the voice should be clear, not loud.

Speak distinctly and directly into the mouthpiece.
This will mean your satisfaction and that of the person
with whom you are talking.




Telegraf a telefon

Modern Communication
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Historie Internetu

e 1957 vypousti Sovétt Sputnik

* McElroy zaklada ARPA (Advanced
Research Projects Agency)

e oteviena R&D agentura



1962

 V ARPA je jmenovan feditelem IPTO
(Information Processing Techniques Office)
Joseph Licklider



Joseph Licklider

LR Licklider in /1965, A pravcho-
ACoustician who saw computers as
more than calculating machines, he
wias the first director of AEPA's
[niormation. Processing 7 chinlgues
Otice (11710, [ Bhoto powrtisy of the
MIT Muescrn) '




Joseph Licklider

psycholog (behavior sciences --> pocitace)
sef ,,Human factors Group* (1953)
Man-Computer Symbiosis

MIT Lincoln Lab -- SAGE (Semi-
Automatic Ground Environment, circa
1952)

od 1953 umi programovat



Lincoln Lab, MIT

4 MIT’s Lincoln Laboratory
of the most talented minds ir
(Photo reprinted with permiissi
Lexington, Massachusetts)




SAGE Air Defence System

Figure 15.2. SAGE '
Top: Schematic reveals the basic elements of the SAGE_A:_I_‘_ I_Jefe‘nsa: Sjistem.



SAGE Air Defence System
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Whirlwind computer (real=time)

T Y Y
. oo o ﬂ--ﬂE:
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A The Whirlwind Computer, ancearly “real-bime” computer at
Lincoln Lab that save operators new levels of control and feed
back. It was adarned with hot and cold spigots, a grenade, a
shirunken head, and other “expetimental features.”

(Phiodo conrtesy of Frank Hieart)



Paul Baran

Paul Baran in the cariv 19alls. Re
worked for RAND and wote the
first papers on a distributed com
munications system. AT&T said
his idea would never work

(Phisto cotirtesy of Paw Baran)




Paul Baran
e ,,On distributed Communication Networks*

FIG. | — Centralized, Decentralized and Distributed Metworks



Paul Baran

(odmitl PhD studium na UCLA a nastoupil
do RAND)

uroven redundance v siti

frakturizace zprav
--> , message blocks*

bandwidth

bloky dat

samoucici se procedura v uzlech sité
,not-potato routing* (adaptivni/dynamicka)



1964

e Licklider odchazi
e nahrazen Sutherlandem

e 1965 nove najat Bob Taylor (do te doby
psychoanalytik NASA)



qu Taylor

Brb Tavlor in his office at Xerox PARC in the et |:-. 197 10s. While at

ARPA. Tavlar had the wdea tor a new Kind of compulter networs and gord

the funding 1o launch the expenment. Then he recruited Larmy Robierts 1o

I_l_l I|_| LE I-I- |i|'l Wk CHEIEES W ik .li._||!.' J-I.:I:"Illlrl




1965

Taylor najima Larryho Robertse

plan vytvorit kooperativni sit’ pocitacu
se sdilenim Casu

piim¢ propojeni poCitacu TX-2 na MIT
v Lincoln Lab a Q-32 v System

Development Corporation (nikoli pakety);
2kbps modem

Roberts jmenovan feditelem sitového
projektu



1965 -- Donald Davies

British National Physical Lab
spolupracovnik A. Turinga
»paket”

»packet switching* misto ,,distributive
adaptlve message block swﬂchmg




1965 -- Donald Davies

4 Donald Davies. A British

computer pioneer, Davies indepen-
dently invented “packet-switching”
at the National Physical Laboratory,
then learned of Paul Baran's similar
work in the United States. (Photo
courtesy of National Physical Laboratory.
Crown Copyright 1966. Reproduced by
permission of the Controller, Her
Majesty's Stationery Office.)




Larry Roberts

Larry Bidherts, considered the
tather of the areaniETr. Roberts
went Bo Washington from M1
Lincoln Labartonye ko desism

and direct the nebwon project

(ot coertesy of Larmg Koberts)




Larry Roberts

znal Daviese z roku 1965

zaC. 1967 prednesl navrh na sit’ v Ann
Arboru (jen maly zajem)

1967 presentace v Gatlinburgu vzbudila vic
zajmu

cerven 1968 oteviena soutéZ pro navrhy

na sit’

prosinec 1968 -- Bolt Beranek and Newman
+ pocita¢ DDP 512 (Honneywell)



1967

e Plan na sit’ na bazi prepinani paketu
* L. Roberts produkuje prvni pojednani




1968

e Paketova sit’ predlozena agenture ARPA



1969

* DoD kontrahuje ARPANET jako

vyzkumnou sit’
505-940 IMP No. 2

st O—0

Data line

A { —CO

Sigma-7 IMF Ho. 1



1969

pro Interface Message protocol vybran

oneywell 516; dalsi vyvoj psani a oprav

piifazen firm¢é Bolt Beranek and Newman,
BBN)

BBN zavadi detekci chyb na 24 bitech
Vinton Cerf zavadi termin protokol

Prvni RFC (Host Software) vénovan
handshaku

Intenzivni uzivani e-mailu a elektronickych
konferenci



Interface Message Processor
(Honeywell 516)

...........
B g



Frank Heart a BBN tym

T T

Bty = e, e

Frank Hear, manager of BEN's P
|'|r|_:-i.'-|_'1 Fesarmy, wWias an |I.I|"-i;‘ll"l|'-.-'.‘l1
and pragmatic engineering
leader. Hie insisted on measures
to ensure high refiabiliby in the
Interface Message Processor.
{Plir e |'|'-'_;. of Frank Heartl




Network Control Center (BBN)

4 BB~ & rfermend remote diag

rostics: monttored the status-of
the network bwenty-four hours a
dav. troced line failures, and did
troubleshnoting, all from the

& | Network Control Center, (Phot

prrhsy of REN




IMPtymv BBN

mw»w
y — L'

i

The IMP Guys ileft to riglitl: Troett Thach, Bill Bertell, Jim Geisman
lerouching) I‘l.. e Walden (crouching), Frank Heart (standing), Ben
Barker (hehind Heart), Marty Th |r|||,_|_r|l-.| to Heart), Willy Crowther
I .u__-_l g, Severo Omstein, and Bob Kahn, 1994 (Bernie Cosell nol
P i)



ARPANET - zacatky
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FIGURE 6.1 Drawing of September 1969
{Courtesy of Alex McKenzie)



ARPANET - zacatkv

THE ARFA NETWORK

DEC ITéY

¥ pebes

FICURE 6.2 Drawing of 4 Mode Metwork
(Courtesy of Alex McKenzie)



ARPANET - zacatky

UTAH

UCsE UCLA

MAP1 December 1969
(MAPS 1 -4 Courtesy of Alex McKenzne)



1970

e Na Havaji vyvinuta sit ALOHA, od 1972
soucasti internetu

e ARPANET zacina vyuzivat NCP (Network
Control Protocol)



ARPA v roce 1970

MAP2 |une 1970



ARPA v roce 1970




ARPA ma 15 uzlu v roce 1971

\

UTAH
SRI
" STANFORD
UCLA
50¢
RAND

MAF 4 September 1971



1972

 International Conference on Computer
Communications, demonstrace ARPANET
mezi 40 stroji a TIP (terminalovy interface

procesor)

e ustanovena pracovni skupina pro protokoly
pod vedenim Vintona Cerfa
(InterNetworking Working Group)

o specifikovan Telnet jako RFC 318



Hierarchie protokolu

‘ Host/ Host

_ Hcrsh"Il'r'IF'

FIGURE 10.2 Layered Relationship (From D, C. Walden, "Host ta Host Proto-
cols,” in International Computer State of the Art Report No. 24 (Maidenhead, UK,
1975); with permission of the author)




Protokoly mezi pocitaci

PACKET

« VARIABLE LEMGTH UP TO
8095 BITS

* TRANSPARENT BINARY
PACKET

= VARIABLE LENGTH UP TO
008 BITS

* FLUS HEADER, CHECK BITS
AND FRAMING BATS

FIGURE 10.3 Maessage Protocal (From a presentation of D. C. Walden at AFCET
(May 25, 1972); with permission of the author)

JGSSIN



1973

orvni mezinarodni spojeni ARPA --
Jniversity College of London a Royal
Radar Establishment v Norsku

PhD prace Boba Metcalfa uvadi myslenku
Ethernetu

Bob Kahn presentuje myslenku internetu

Vinton Cerf prichazi s nartem architektury
bran mezi1 sitémui (,,gateway*)

Cerf a Kahn presentuji myslenky internetu
na konferenci INWG v Sussexu (UK)




—[FTTE) >

Reproduction of early Internet design ideas



1973

 File Transfer protokol -- RFC 454

 specifikace sluzeb e-mailu (na MIT interné
112 v 60. 1étech, hlavicky, konvence adres
S @, coz byl kill znak na Multicsu) --
v roce 1977 je na tomto zdklad¢ definovana
specifikace postovnich sluzeb jako RFC 733



1974

o Cerf a Kahn publikuji specifikaci TCP
(Transmission Control program) jako
soucast protokolu pro paketovou
komunikaci mezi1 sitémi

o TCP nahrazuje protokol NCP v IMP
v roce 1983

 BBN otevira Telnet jako vetejnou datovou
sluzbu



1976

o UUCP -- Unix-to-Unix-Copy vyvinut
v AT&T Bell Labs



1978

« RFC 733 (e-mail)
s Unixem distribuovan 1 UUCP (na jeho
bazi je od roku 1979 vytvoren USENET)

e Prvni demonstrace internetovych protokoli
mezi ARPANET, packet radio a SATNET



1980

« BBN obvinéna ze zpronevéry statnich pencz
(80% projektu zaviselo na statnich
financich)



1981 -- BITNET
(Because It's Time Network)

ze zaCatku mezi City University of New
York a Yale

elektronicka posta, distribuce
elektronickych konferenci a prenosy
souboru



1981

 Minitel ve Francii

e CSNET (Computer Science Network)
pro university bez pristupu k ARPA ---->
Computer Science Network

e Pater CSNET financovana NSF




1982

e Eunet (European UNIX Network) zalozena
EUUG; z poCatku mezi Holandskem,
Danskem, Svédskem a UK

e na konci roku pifechod z NCP na TCP/IP

o specifikovan External Gateway Protocol
(RFC 827)



1983

Od 1. ledna TCP/IP misto NCP
CSNET-ARPANET gateway
Berkeley 4.2BSD, obsahujici TCP/IP

Universita ve Wisconsinu vyviji name
server




1984

« zavedeny DNS sluzby
e 1000 pocitacu na siti



1986

e vytvofena NSFNET (56kbps) a
5 superpocitacovych center

e NNTP pro USENET
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Prvky vytvarejici Internet

]" (@ LAM
- BLAM MAN (8
l:-E - =" :|
g

LAM LAN . pan

.E.'j. il

)

el ] ﬂ iy |

BLAN :
man T
(0

LAM

LANES




Funkc¢ni vyuziti internetove struktury

ZPRAVODAJSTVI

ULOZNY
SERVER
VZDELANI A l;lgﬁ
3 BRANA
POSTOVNI
RERVER FINANCNI -
SLUZBY

SERVER PRO . ) )
DOKUMENTY VEREJNA ZABAVA

SPRAVA



1987 -- 1990

1987 -- 10 000 pocitact
1988 NSF back

1988 prvni internetovy ,,worm* paralyzuje
Internet na dva dny

1989 CSnet A Bitnet se spojuji do CREN
(Corporation for research and Education
Networking)

1990 ARPANET prestava existovat



90. léta

1991 Gopher (Paul Lindner a Mark P. Cahill z
university v Minnesot¢)

1991 Tim Berners Lee vyviji WWW

1991 PGP
1991 Ceska republika piipojena k Internetu

1996 Bill Gates: ,,...an Internet browser is a trivial
piece of software. There are at least 30 companies
that have written very credible Internet browsers,
so that's nothing...”“ (The world according to
Gate§ By Don Tennant, InfoWorld Electric, Jan 4,
1996
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HDP na hlavu a pfistup k Sirikopasmovému
piipoieni (OECD, 2008)

Subscribers per 100 inhabitants (June 2007 ) and GDP per capita (2006, USD PPP)
Subscrbers
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Cenova dostupnost Sirokopasmového
pripojeni (OECD 2008)

Entry and average monthly broadband price as a percentage of monthly GDP per capita
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Trend vyvoje cen procesoru

Microprocessor Price Trends
Frice Per MIPS
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Trend vyvoje ceny datovych

komunikaci

Unit Costs 1n Mille
(Cost 10 Transmat One Bit One km)
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20035 2010

Figure 1. Growth trends for Internet traffic, voice traffic, maximum trunk speed, and maximum switch speed required for large cities. A major
breakpoint occurred in 1997, when routers were forced to become wire speed and increase in capacity as fast as Internet traffic growth.



Vyvoj poctu pocitacu pripojenych na Internet
Internet Domain Survey Host Count
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Vyvoj poctu pocitacu pripojenych na Internet

# Hosts

Hobbes' Internet Timeline Copyright ©2005 Robert H Zakon
http:/fwww_zakon.org/robert/internet/timeline/
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Rozd¢leni uzivatelu po svéte (2008)

World Internet Users
by World Regions

M Asia
3.5% | Europe
1.3% B Horth America
M Latin America / Caribbean
_| Africa
2 Middle East
B Oceania / Australia

source: Internet World Stats - www.internetworldstats.comistats _htm
| 463,632 3617 Internet users for June 30, 2008
sopyright@ 2008, Miniwatts Marketing Group
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Sirenit WWW serveru

# WWeb Sites

Hobbes' Internet Timeline Copyright ©2005 Robert H Zakan
hitp:/fwww.zakon.org/rabert/internet/timeling/

30 000,000 -

DATE  SITES | DATE  SITES
10,000.000 4115 4 1| 12/93 623 N
50000000 | 12/91 10 | 06/94 2,738

12/92 50| 12/94 10,022
ED'DDD'DDD_UEHS 130 | 06/95 23,500
o e
30 000,000 - ’,,,...*
20,000,000 - N

#

10,000,000 - :g

0

Jun-9&

sep-9G6
Dec-96
Mar-9/7

Jun-97

mep-S7
Dec-97
Mar-98
Jdun-95

sep-9g

Dec-98

Mar-949
Jun-94
sep-949

Dec-99

Mar-00
Jdun-00
sep-00
Dec-00
Mar-01

Jdun-01

mep-0]

Dec-01

Mar-02
Jdun-02
sep-02
Dec-02
Mar-03
Jun-03
mep-03
Dec-03
Mar-04
Jurn-04
sep-04
Dec-04
Mar-05
Jdun-0sS
sep-05S
Dec-05




Webove sluzby jako standard

Towards ubiquity E
Web services, 9% af Arms adopting
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TEN-155CZ v CR (Gnor 2000)
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Sit CESNET2 v CR (2001)
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Sit CESNET2 v CR (2005)
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Sit CESNET2 v CR (#ijen 2008)
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Evropska vysokorychlostni sit’ {2005)
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Abilene — 10Gbps patet vysokorychlostni
sit¢ Internet2 v USA (2007)
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Internet2 v USA podrobnéji (2008)
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Dark Fibre
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Prototyp sité¢ pro bezpeCnou komunikaci
na bazi kvantove distribuce klicu (QKD)

Quantum Pomt to- Pomt Protocol (QBP)
Projekt SECOQC - fijen 2008
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