
75 �Ý@VA. ®?5ABV@V?75= 
6¯=5?5@457V C4�OB ?5= 
A4�4BB4@4O A<=E@>=44C
�ÝDVE>5D: �4D>5A5456 �.�. PhD, �4GO@44EFODO?�4A 
CDBH5EEBD



�ÝDVE <4�E4FO

'4�OF µ�O@O
®?9EFVDV?79A :¯=9?9D897V G4�OF µ�O@O @9A BAO§ 
@4§O;OA F¯EVA8VDG

%4�4F F¯D?5DV
$<;<>4?O� :ÝA9 ?B7<>4?O� E4�4FF4D8O§ 9D9>L9?V>F9DVA 
F¯EVA8VDG

%<AEDBA44G Ý4VEF5DV
%4�4FF4D8O E<AEDBA84G @ÝE9?9?9DVA :ÝA9 B?4D8O L9LG 
Ý8VEF9DVA �4D4EFODG

�?7BD<F@45D
NTP, Cristian 4?7BD<F@V, Berkeley 4?7BD<F@V, Lamport 
?B7<>4?O� E4�4FF4DO :ÝA9 Vector clocks CD<AF<CF9DVA 
F¯EVA8VDG



�V?F Eí745D
'4�OF E8AEDBA84GO

(878>4?O� E4�4F

�B78>4?O� E4�4F

�9?V >V8VDVEV

Cristian 4?7BD8F@V

Berkeley 4?7BD8F@V

Lamport clock

Vector clock

NTP (Network Time Protocol)

Causal order

Distributed systems

Event ordering



�Ý@VA 6>A?4@O
01

®?5EFVDV?75A 6¯95?5D457V 
G4�OF F¯EVAV7V

02

%4�4FF4D4O§ F¯D?5DV: 
D878>4?O� 6ÝA5 
?B78>4?O�

03

%4�4FF4D4O 
E8AEDBA44G4O§ �465FFV?V7V

04

$878>4?O� G4�OFFO 
E8AEDBA44G Ý4VEF5DV
Cristian 4?7>D<F@V, Berkeley 4?7>D<F@V, 
Network Time Protocol (NTP)

05

�B78>4?O� G4�OF 6ÝA5 
E555CFV?V> (causality)

06

Lamport ?B78>4?O� 
E4�4FF4DO

07

�5>FBD?O� E4�4FF4D 
(Vector clocks)

08

%8AEDBA44G @ÝE5?5?5DV 
@5A �8OA4O�F4DO

09

�BDOFOA4O



1. ®?5EFVDV?75= 6¯=5?5D457V G4�OF F¯EV=V7V
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�DF4?O� E9D69D 54D?O� @4L<A4?4D84A G4�OF 4?48O, BDF4L4 @ÝAVA 9E9CF9C, F¯;9FG :V59D98V.
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NTP (Network Time Protocol)
�AF9DA9FF97V A97V;7V G4�OF E<AEDBA84G CDBFB>B?O

�D5>L5?V7V:

�9D4DE<O?O� �µDO?O@ (Stratum 89§79=?9DV)

�<??<E9>GA8 8Ý?8V>

�9?V >9LV7G?9DVA 9E9C>9 4?48O

Stratum 45§75=?5DV:

�5§75= &¯EVAV7V

Stratum 0 GPS, 4FB@8O� E4�4F

Stratum 1 &V>9?9= Stratum 0-89A 4?48O

Stratum 2 Stratum 1-89A 4?48O, F.5.
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�>DOFO=4O

&¯D �4�E4FO

$<;<>4?O� G4�OF �4�FO UTC G4�OFOA F9§9EFVDG

�B7<>4?O� G4�OF ��<�4?4D8O§ D9FVA 4AO�F4G

�4@4A4G< 6¯=5?5D 5>V Ý4VEFV 45 �B?44A44O (NTP + vector clocks)

�4�O?4G EµD4�F4DO
®?9EFVDV?79A :¯=989 G4�OF E<AEDBA84GO A9 ¯LVA �4:9F?1.

$<;<>4?O� :ÝA9 ?B7<>4?O� E4�4FF4D8O§ 4=OD@4LO?O�O A989?2.

Cristian 4?7BD<F@V �4?4= :µ@OE VEF9=8V?3.

Berkeley 4?7BD<F@VAV§ 9D9>L9?V7V �4A84=?4.

NTP CDBFB>B?OAO§ 4DFO�LO?O�O �4A84=?5.

Lamport ?B7<>4?O� E4�4FF4DO 8979A A9?6.

Vector clocks �4A84= :4�84=84 �B?84AO?48O?7.
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