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Computer on 2144 2145 2146 2147 «— Time according
which compiler ¢ | | | to local clock
runs output.o created
Computer on 2142 2143 2144 2145 «— Time according
which editor | $ | | to local clock
runs

output.c created

e Pokud ma kazdy pocitaC vlastni hodiny, pak
jakekoliv udalosti, ktera se objevi po jiné udalosti,

VD a4
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Fyzické hodiny (1)
/\ Earth's orbit

At the transit of the sun

n days later, the earth

has rotated fewer
than 360°

A transit of the sun
occurs when the
sun reaches the
highest point of

the day

Earth on day O at the
transit of the sun

To distant galaxy

To distant galaxy

Earth on day n at the
transit of the sun

e \ypocet stredniho slunecniho dne.
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Fyzicke hodiny (2)
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Leap seconds introduced into UTC to
get it in synch with TAI

e TAIl sekundy maji stejnou déelku na rozdil od slunecnich

sekund. Prestupné sekundy jsou vkladany pokud je
nutné udrzet fazi se sluncem.
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Algoritmy synchronizace T
hodin

Clock time, C

UTC, t

e \/ztah mezi Casem hodin a UTC pokud hodiny jdou
ruznou rychlosti.

Komunikace v distribuovanych systémech 5



Cristiansuv Algoritmus

Both Tgand Ty are measured with the same clock

To T4
Client

Request

Tlme Server __________ — — — — I

|, Interrupt handling time

e Ziskani bézného ¢asu z casoveho serveru
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Berkeley Algorithm

Time daemon
3:00 -00 3:00 0 3:05 +5

L

S CIREliE

2:50 3:25 2:50 3:25 3:05 3:05
(a) (b) (c)
a) Casovy daemon se zepta vdech ostatnich poéitad na jejich hodnotu &asu
b) PocitaCe odpovedi
c) Casovy daemon odpovi poéitaéiim jak nastavit ¢as

Komunikace v distribuovanych systémech 7



Logicky Cas

,,Softwareové hodiny*
 Logicke hodiny
 usporadani udalosti (relace before — after)
 udalost — Casova znacka
 Vektorove hodiny
* muj celkovy pohled na udalosti
* udalost <>cCasova znacka
» Maticove hodiny
 pohled ostatnich na udalosti
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Logické hodiny

user1 (process1)

user2 (process?2)

user3 (process3)
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Vektorove hodiny

(1,0,0) (2,0,0) (3,0,0)
®

user1 (process1) ® >
(0,1,0) \
user2 (process?2) Y >
(0,0,1) (0,0,2)/. \
@ @

user3 (process3)
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Maticoveé hodiny

(0,0,0) (0,0,0) (0,0,0)
(0,0,0) (0,0,0) (0,0,0)
user1 (process1) ® ® >
(0,0,0) (0,0,0) (2,0,0)
user2 (process2) (0’2’0) (0’2’2) 0,0.2) >
(0,0,0) (0,0,0) (2,0,0)
(0,0,0) (0,0,0) (2,3,2)
user3 (process3) o o >
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Globalni stav (1)
Consistent cut Inconsistent cut
P1 Time —» Time —»

m?1 f\__f-‘"” m3
P2 s X
\\\ m2
P3 <

(@) (b)
a) Konzistentni oddéleni
by Nekonzistentni oddéléeni
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000
000
o0
o
Globalni stav priklad
$100 $50 $100 $50
/\_JL,_\ N /\_JL,_\ N
— @ > @ >
Nve $50 \give $50
N\
N @ > o >
$100 $150 $100 $150

Komunikace v distribuovanych systémech

13



Globalni stav
(Chandy Lamport)

lncoming Qutgoing
message Process State message

PR

N >

— _H_F —{%ﬂ O e
-l Local

Marker filesystem

(a)
e Organizace procesu a kanalu pro distribuovany snimek
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Globalni stav (3)

> e Sy
BTy oy —WEya ) Jiimg

b)

d)

[ijf—_i ] 0 [
lallb][c aJ[b][c]|d]
Recorded
state
(b) (c) (d)

Proces Q nejdfive prijme marker a zaznamena svuj lokalni stav
Q zaznamena vSechny pfichozi zpravy

Q pfijme marker pro svuj vstupni kanal a ukon€uje zaznam
stavu vstupniho kanalu
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Algoritmus vhazovani (The Bully e

Algorithm) (1)

y’
@ Election >®

Q)

OO

Previous coordinator
has crashed

(a) (b) (c)
Algoritmus vyberu vhazovanim
Proces 4 ma vybér
Procesy 5 a 6 odpovidaji, ze se ma proces 4 zastavit
Nyni drzi vybér 5 i 6.
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Algoritmus vhazovani (The Bully °?
Algorithm) (3)




Algoritmus vyberu v kruhu

[5,6,0] 1
T Election message
2
@ 'y
A

2]

Previous coordinator
has crashed [5,6]

't
[2.3]
No response %
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y = ’ v - XX
Vzajemne vylouceni: o2
centralizovany algoritmus

) (1) () ()2

Request LT Reques% Re|ease /

@ No reply
Queue is O
Coordinator
(a) (b) (c)

a) Proces 1 zada koordinatora o povoleni vstoupit do kritické sekce. Dostava

povoleni.
b) Pote zada o povoleni vstoupit do téze kritické sekce proces 2. Koordinator

neodpovida.
c) Kdyz proces 1 opousti kritickou sekci, oznami to koordinatorovi a ten opovi
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Distribuovany algoritmus vzajemného
vylouceni

Enters
critical
region

8
0 0 0
‘\12 OK oK OK
8 PN »—.. Enters
1 5 2 @ @ critical
region

12 OK

12
(@) (b) (©)

Dva procesy chtéji vstoupit do kriticke oblasti v tentyz moment.

[V 4

Kdyz proces 0 opousti kritickou sekci, posila OK a proces 2 muze
vstoupit do kriticke sekce.
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Algoritmus predavani povéreni v kruhu g2
(Token Ring)

(a) (b)

a) Neusporadana skupina procesu vV siti.
b) Logicky kruh vytvoreny programove.
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Porovnani

Pocet zprav

Zpozdeni pred

n t J 4
algoritmus ha vstup VS UPvem ’ problémy
(v poctu zprav)
: . Vypadek
centralizovany |3 2 koordinatora
Vypadek
distribuovany |2(n-1) 2(n-1) libovolného
procesu
Ztrata povéreni,
kruh 110 Oton-1 vypadek
procesu

e Porovnani tfi algoritmu vzajemného vylouceni.
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