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®=?5EFVDG
®=?9EFVDG (coordination) �4:9FFV?V7VA F¯EVA8VDG

%<AEDBA44G
%<AEDBA84G (synchronization) @9E4A<;@89DV @9A 
4?7BD<F@89DVA �4D4EFODG



�V?F Eí745D
�DBJ5EE

��OA (thread)

�G?PF<CDBJ5EEBD?O� 6¯=5

�4D4??5?P4V>

�BA>GD5AFFV> 5E5CF5G

%<AIDBA44G

�?B>F4G

%5@4HBD

�PNF5>E

�BA<FBD

�D<F<>4?O� E5>J<O

Deadlock

Race condition

®?5EFVDV?75= ¯=?5EFVDG



�Ý@VA 6>A?4@O
01

�DBF5EF5D4V§ 4AO�F4@4EO 6ÝA5 
�4E85FF5DV

02

��OA44D4O§ F¯EVAV7V 6ÝA5 
5D5>L5?V>F5DV

03

�DBF5EF5D @5A 4�OA44D4O§ 
49OD@4LO?O�F4DO

04

®9?5EFVDG �465FFV?V7V 6ÝA5 @ÝE5?5?5DV

05

%8AEDBA44G µ�O@O 6ÝA5 A57V77V @VA45FF5DV

01

C8AEDBA44G Ý4VEF5DV
�D<F<>4?O� E5>F<O

�PNF5>E (mutex)

%5@4DBD (semaphore)

�BA<FBD?4D (monitors)

�4DP5D?5D (barriers)

02

Race condition 6ÝA5 Deadlock

03

®?5EFVDV?75A 6¯95?5D457V E8AEDBA44G 5D5>L5?V7V

04

�BDOFOA4O



1. �DBF5EF5D4V§ 4AO�F4@4EO 6ÝA5 �4E85FF5DV
�D>F5EE (process) 4 5µ? BC9D4F<O?O� :¯=989 BDOA84?4FOA 54�84D?4@4AO§ :µ@OE VEF9C FµD�4A 84A4EO.

ÜD CDBF5EE í7VA5 FÝA:

�8D9EFV> >9§VEFV>

�48O (heap, stack)

 97<EFD?9D

$4=? 89E>D<CFBD?4DO

�DBF9EEBD G4�OFO

�DBF9EEF9D FÝG9?EV; A9@9E9 í;4D4 54=?4AOE�4A 5B?GO @¯@>VA. ®?9EFVDV?79A :¯=989 CDBF9EE 5VD A9@9E9 5VDA9L9 H<;<>4?O� FBD4CF4 BDOA84?GO @¯@>VA.

�DBF5EFV§ A57V77V >¯9?5DV:

�4§4 (new)

�4=O= (ready)

�DO=44G44 (running)

�?>>F4?�4= (waiting)

�O�F4?4O (terminated)



2. ��O=44D4O§ F¯EV=V7V 6Ý=5 5D5>L5?V>F5DV

��O= (Thread) 4 CDBF9EFV§ VLVA897V 9§ >VLV BDOA84?G 
5VD?V7V.

�57V77V �4E85FF5DV:

�í? 4�OA4O?O�

�VD CDBF9EE VLVA89 5VDA9L9 4�OA 
5B?GO @¯@>VA

�@B4� >5§VABV>
�VD89= 48D9EFV> >9§VEFV>FV 5í?VE98V

�O?44@4O�

�DOA84G :O?84@8O�O :B�4DO

&8V@4V?V>
�48O LO�OAO 4;

�4@4??5?87@
�4D4??9?<;@ 89§79=VA 4DFFOD48O

��OA84D CPU D9EGDEF4DOA F<V@8V C4=84?4AG�4 @¯@>VA8V> 59D98V.



3. �DBF5EF5D @5A 4�OA44D4O§ 
4=OD@4LO?O�F4DO

�D5>L5?V> �D>F5EE ��O=

�4D5EFV> >5§VEFV> �5>5 �DF4�

�44O FµFOAG �íC �7

�DOA44G 6O?44@4O�O &í@5A �B�4DO

�4GVCEV74V> �B�4DO &í@5A

�4=?4AOE �¯D45?V (IPC) �§4= (BDF4� 644)



4. ®=?5EFVDG 
�465FFV?V7V
®=?5EFVDG (coordination) 4 5VD?9EVC :µ@OE VEF9=FVA 
CDBF9EF9D @9A 4�OA84D8O§ D9EGDEF4D8O 8µDOE 
�B?84AGOA �4@F4@4EO; 9FG.

�ÝE5?5 @OE4?44DO:

�DF4� :48�4 5VD G4�OFF4 �B? :9F>V;G.

�VD CDBF9EFV§ AÝF<:9EVA9 9>VALV CDBF9EEFV§ FÝG9?8V?V7V.

�9?V 4D�O?O E454D?4@4?4D D9FV.



5. %<=ED>=44G µ�O<O
%<=ED>=44G (synchronization) 4 BDF4� D9EGDEF4D�4 �B?:9FV@8V?V>FV 54E�4DG :ÝA9 CDBF9EF9D8V§ 
D9FF9?79A :µ@OEOA �4@F4@4EO; 9FG CDBF9EV.

�V=45FF5DV:

�VDV74V?V>FV E4�F4G �4�FO�OEF4D4O 5B?4OD@4G

�44FO§ 5VD45= >¯=VA �4@F4@4EO7 5FG �5D5>F5D4V§ FµF4EFO�OA �BD�4G



6. C<=ED>=44G Ý4VEF5DV

1 �D<F<>4?O� E5>F<O
�DF4� D9EGDE�4 >VDG L9>F9?9FVA >B8 5í?V7V.

2 �LNF5>E (Mutex)
$9EGDEFO F9> 5VD CDBJ9EE/4�OA�4 59D98V.

3

%5@4DBD (Semaphore)
$9EGDE�4 N 4�OA�4 89=VA Dµ�E4F 59D98V.

Binary semaphore (5<A4D?O� E9@4HBD) 3 @PNF9>E>9 µ�E4E.

Counting semaphore 3 9E9CF97VL 4D�O?O 54E�4D48O.

4 �BA<FBD?4D (Monitors)
�B�4DO 89§79=?V B5N9>F 4 E<AIDBA84G 9D9:9?9DV 46FB@4FFO F¯D89 E4�F4?48O (Java synchronized, C# lock).

5 �4DL5D?5D (Barriers)
�4D?O� 4�OA84D 5VD @9:979 :9F>9AL9 FB�F4FO?48O.



7. Race Condition 6Ý=5 Deadlock

Race Condition

�VD G4�OFF4 BDOA84?4FOA CDBF9EF9D BDF4� @ÝA8V í;79DFE9 4 
AÝF<:9 4AO� 9@9E.

Deadlock

Deadlock (ì?V Fµ=O�F4?G) �DBF9EF9D 5VD-5VDVA >¯FGV AÝF<:9EVA89 
:±@OE FB�F4GO.

Deadlock L4DFF4DO (Coffman):

1

ì74@4 5?>>B4C

2

°AB4? B±@O? >¯BC

3

$5AC@AB4@4O >¯LB5? 5>A4B?4C

4

&8>?4V> >¯BC



8. ®?5EFVDV?75= 6¯=5?5D457V E<=ED>=44G 
5D5>L5?V7V
®?9EFVDV?79A BDF484 �BEO@L4 �<OA8O�F4D 54D:

�5?V >V4VDVEV %454D?4@4?4D4O§ >5LV7VC >5?GV

&BD4CF4D4O§ VEF5A LO�GO %4�4FF4D4O E<AEDBA44G �465FFV?V7V
(Lamport clock, Vector clocks)

�µ? 64�44=44 Raft, Paxos A<O�BO ?@>B>>>?44@ �>?44=O?44O.



�>DOFO=4O

�DBF9EE :ÝA9 4�OA 4 ¯?9EFVDV?79A 9E9CF9G8V§ A97V;7V �µDO?O@8O� M?9@9AFF9DV.

%<AEDBA84G Ý8VEF9DV 89D9>F9D8V§ FµF4EFO�OA �4@F4@4EO; 9F98V :ÝA9 :¯=9AV§ FµD4�FO?O�OA 
�B?84=8O.

�4@4A4G< ¯?9EFVDV?79A :¯=9?9D89 E<AEDBA84G :ÝA9 ¯=?9EFVDG 4 A97V;7V <A:9A9D?V> @VA89FF9D8V§ 
5VDV.



�4�O?4G EµD4�F4DO

1 �DBF5EE 4575A A5? ��OAA4A 49OD@4LO?O�O �4A449?

2 �DBF5EEF5D4V§ A57V77V >¯9?5DVA 4F4§O7.

3 ��OA44D4O§ 4DFO�LO?O�F4DOA F¯EVA4VDV§V7.

4 ®9?5EFVDG 4575AV@V7 A5 6ÝA5 B? A5 ¯LVA �465F?

5 %8AEDBA44G4O§ �4A449 A57V77V FÝEV?45DVA 5V?5EV7?

6 �LNF5>E C5A E5@4DBD 4D4EOA44�O 49OD@4LO?O�?

7 Race condition 4575A A5?

8 Deadlock �4A449 64�449?4D44 C4944 5B?44O?

9 ®?5EFVDV?75A 6¯95?5D457V E8AEDBA44G A575 >¯D45?V?

10 Lamport ?B78>4?O� E4�4FF4DOAO§ @ÝAV A545?
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&4A9A54C@, -., �4A %B99A �. "$4A?@989?9AAO9 A<AB9@O: ?@<AF<?O < ?4@48<7@O"
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