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�ÝDVEFV§ <4�E4FO

�4�FO G4�OF 6¯95?5DVAV§ (Real-Time 
Systems, RTS) @ÝAVA F¯EVA4VDG

�?4D4O§ A57V77V �4E85FF5DV @5A 
5D5>L5?V>F5DVA F4?44G

�4�FO G4�OF 6¯95?5DVAV§ F¯D?5DVA 6ÝA5 
�B?44AG E4?4?4DOA �4D4EFODG

'4�OFFO� L5>F5G?5D, 6BEC4D?4G, 
E5AV@4V?V> CD8AF8CF5DVA F¯EVA4VDG



�V?F Eí745D

�4�FO G4�OF 6¯95EV �5F5D@8A8D?5A75A 
@VA57-�µ?O�

�4�FO G4�OF 
D568@VA457V �4F4§ 
D568@

�4�FO G4�OF 
D568@VA457V 6µ@E4� 
D568@

�5EF5?5G �V4VDVE

�A4VDV?75A 6¯95?5D �5D7V@45D �4E�4DG 6¯95?5DV



1. �V@VA?5
�4�FO G4�OF :¯=9?9DV 4 5µ? 4�C4D4FFO í§89G AÝF<:9EV 
59?7V?V G4�OF VLVA89 4?OAGO F<VE :¯=9?9D. �µA84= 
:¯=9?9D89 8µDOE AÝF<:9 �4A4 9@9E, EBAO@9A 5VD79 BAO§ 
G4�OFOA84 59DV?GV 89 íF9 @4§O;8O.

'4�OF 3 5µ? :¯=9AV§ A97V;7V 54�84DO :ÝA9 E4C4 C4D4@9FDV.

�µ? :¯=9?9D >í5VA9 4CC4D4FFO� �µD4?84D@9A FO�O; 
<AF97D4F<O?4A48O :ÝA9 A4�FO G4�OF D9:<@VA89 
�BDL4�4A BDF4@9A ÝD9>9FF9E98V.



1. �4�FO G4�OF 6¯=5?5DV 4575= =5?
�AO�F4@4

�4�FO G4�OF :¯=9EV (RTS) 3 59?7V?V 5VD G4�OF 4D4?O�OA84 EODF�O A9@9E9 VL>V B�<�4?4D�4 89D 
>9;VA89 :ÝA9 89F9D@<A<D?9A79A F¯D89 :4G4C 59D9FVA 9E9CF9G :¯=9EV.

�OE4?O:

�6B>>í?V> ABS 
B5657VL 6¯95AV

°L4�B4@4O 54A�4@C 
6¯95?5@V

�548F8=4?O� 6¯@5> 
A>�OAO= �444�4?4C 
�±@O?�OAO

ì=5@>ÝAV? @>5>BB4@O /4@>?O� @54>B>@ 
�4CV?AV74V> 6¯95?5@V



1. �4�FO G4�OF 6¯=5EV=V§ =57V77V 
5D5>L5?V>F5DV

�D9>L9?V7V &¯EVA8VD@9

�9F9D@<A<D?9A79A ÝD9>9F �4G4C 59DG G4�OFO 4?8OA 4?4 A4�FO 59?7V?V

'4�OFFO� L9>F9G?9D ÜD5VD CDBF9EE ¯LVA deadline 59?7V?9A98V

�989?8V> (Low latency) �V8VDVE 9§ Fí@9A 5B?GO F<VE

%9AV@8V?V> �¯=9 �4F9?9D79 Fí;V@8V 5B?GO >9D9>

®;8V>EV;8V> 24/7 :µ@OE VEF9G �45V?9FV

�4GVCEV;8V> �4GVCFV EF9A4D<=?9D89 8µDOE :4G4C 59DG @VA89FFV



1. �4�FO 
G4�OF 
6¯=5?5DV=V§ 
F¯D?5DV



1. �4F4§ =4�FO G4�OF 
6¯=5?5DV (Hard Real-Time 
Systems)

'4�OF F4?45OA BDOA44@4G >4F4EFDBH4?O� AÝF<65 55D54V.

�OE4?44D:

ÜC5 :5<5AV= 10A�0@C

�548F8=0;O� 8<?;0=B (?59A<59:5@)

ÜA:5@8 7O<O@0= =02830F8OAO

/4@>;O� AB0=F8O �0CV?AV74V: 6¯95AV

Deadline 1µ7O;4O = 6¯95 VAB5= LO�BO.



1. �µ@E4� A4�FO G4�OF 
6¯=5?5DV (Soft Real-Time 
Systems)
'4�OBB4A 4744�4A 4COB�C�4 @µ�A4B 55@V?54V, 5V@4� 6¯=5 
A4?4AO Bí@5A45=4V.

�OE4?44D:

�A?4=A B=OA44D 
(multiplayer)

�<45B/4G4<B 
EFD<@<A7

�<?5GLV DB5BFF4D



1. �5>V@4V A4�FO G4�OF 
6¯=5?5DV (Firm Real-Time 
Systems)
Deadline :V59DV?E9, AÝF<:9 :4D4@EO;, 5VD4� :¯=9 VEF9A 
LO�C4=8O.

�OE4?44D:

ìA8VDVEFV> 54E�4DG :¯=9?9DV �B7<EF<>4?O� 
46FB@4FF4A8ODG



1. RTOS (Real-Time 
Operating System)
�4�FO G4�OF BC9D4F<O?O� :¯=9?9DV G4�OF�4 E9;V@F4? 
CDBF9EF9D8V 54E�4DG�4 4DA4?�4A.

�OA4?44@:
FreeRTOS

VxWorks

QNX

RTLinux

µC/OS

&4?4?B4@:
Deterministic task scheduling

Interrupt latency Fí@9A 5B?G

Memory management E9AV@8V?V7V



1. �>A?4@?4C (Scheduling) Ý4VAB5@V

Ü4VE %<?4FF4<4EO

Rate-Monotonic Scheduling (RMS) %F4F8:4;O� ?@8>@8F5F

Earliest Deadline First (EDF) �4�O= deadline 4;4O<5= >@O=44;44O

Round Robin �4F4@ :575:?5=

Priority-based �4§O74O;O� 5>9O=L4



1. �4�FO G4�OF 6¯=5?5DV=V§ �>?44=O?G 
E4?4?4DO

%4?4 �>?44=G

�í?V> ABS, cruise control, 46FBC<?BF

°L�OLEO; 4CC4D4FF4D UAV, 8DBA84D

�98<F<A4 $94A<@4F<O @BA<FBD?4DO, <@C?4AFF4D

ìA9D>ÝEVC $B5BFF4A8ODG, PLC, SCADA

�BD�4AOE �O@OD4A, D484D :¯=9?9DV

�4D:O High-Frequency Trading (HFT) 4?7BD<F@89DV

Telecom 5G 54;4?O� EF4AF<O?4D

Smart city &D4H<>FV 54E�4DG, �4GVCEV;8V> :¯=9?9DV



1. �DFO�LO?O�F4DO @5A L5>F5G?5DV

�DFO�LO?O�F4D:

,OA49O G4�OFF4�O 4Ý?4V>

%5AV@4V?V> 6ÝA5 �4GVCEV74V>

�BDL4�4A BDF4@5A F57 549?4AOE

�D8F8>4?O� CDBF5EF5D4V 
46FB@4FF4A4ODG

�5@LV?V>F5DV:

�4�44D?4@4?4G >¯D45?V

�B�4DO 4CC4D4FFO� F4?4CF4D

&5EFV?5G �8OA

�4�4EO 6B�4DO



�>DOFO=4O

�4�FO G4�OF :¯=9?9DV 4 �4GVCEV;8V> C9A :O?84@8O� 
F4?4C 9FV?9FVA ;4@4A4G< 46FB@4FF4A8ODO?�4A Ý?9@AV§ 
A97V;7V 5í?V7V.

'4�OFFO� L9>F9G8V E4�F4@4G >íCF979A E4?4?4D84 484@ 
í@VDVA9 �4GVC FíA8VDGV @¯@>VA, EBA8O�F4A 5µ? :¯=9?9D8V§ 
:B54?4AGO @9A F9EFV?9AGV 9D9>L9 @4§O;8O.



�4�O?4G EµD4�F4DO
01

�4�FO G4�OF 6¯95EV 4575A A5?

02

�4F4§ 6ÝA5 6µ@E4� A4�FO G4�OF 
6¯95?5DVAV§ 49OD@4EO �4A449?

03

�4�FO G4�OF 6¯95?5DVAV§ A57V77V 
�4E85FF5DVA 4F4§O7.

04

RTOS 4575A A5 6ÝA5 @OE4? >5?FVDV§V7.

05

EDF 6ÝA5 RMS 6BEC4D?4G 
4?7BD8F@45DVAV§ 49OD@4LO?O�O 
�4A449?

06

�4�FO G4�OF 6¯95?5DV �4A449 E4?4?4D44 
�B?44AO?44O?
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