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A program that manages a computer’'s hardware, provides a
basis for application programs and acts as an intermediary
between the computer user and the computer hardware.
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(wikipedia)

e NFEH: Memory management

o IR G:

o WM#4%iE{E: Networking

o LEHLHI:

o OB EH: 110 LIRS
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Storage management

Protection and Security

P 5

1 (GUD

TR GUIRL Y — i



RARBRIERSG?




RARIRIE RS s

RANRIER G MARRENFIERSG. B
MTEE SR REA R, WA 7 BITHE T:T
1122 £ BI%s € 1 DR BT A 75 ZE 15 PP 2 A

. HRNTRERIE R 205 Kt R SERHIRIE R 5.

--- wikipedia




LI BRIERSL?




SRR RS +

o ML T LI FHRIBIERS
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e WinCE. VxWorks. pC/OS-]I. RTLinux
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e Mobile operation system: RIEERIKZ
EEERNBIERS.
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o |OS: ﬁ%) i‘_‘l‘l‘zﬂy 13.40/0
@ AndI‘Oid: ’/ﬁ\'%ky J :‘J)E’ 81.30/0
e Window Phone: %, #iH, 4.1%

%,
o BlackBerry 10: 1% %@ s
e Tizen: CJHF <z, ¥ .
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e Several copies of a
program may run

simultaneously or at
different times.
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o ZIEZX multiple rates
£ 4R multimedia

YK % automotive

o FB%Hi N asynchronous input
Fi 740 user interfaces
#1Z 24 communication systems
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ZHE A4 Multi-rate systems
o 1ESSFIURFZHI, WRILLEFIH,
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e spark control
» crankshaft sensing -
o fuel/air mixture engine

o Kalman filter

e 0Xygen sensor / controller
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Engine spark timing
Throttle

Air flow

Battery voltage

Fuel flow
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o FEliht A Release time: FFEAL T RZHATIR
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o ALt FEDeadline: AR S5 R Bt %1,




szff (Real-time) &%t e

o FZHEINEI FPAREHATIHE
o AL PR HIBER:
o JE¥it% Periodic
o AEFHIM: Aperiodic
o AILRTPRARAL:
o Hard: failure to meet deadline causes system
failure.

o Soft: failure to meet deadline causes degraded
response.

o Firm: late response is useless but some late
responses can be tolerated.
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CPU 1
CPU 2
CPU 3
CPU 4
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o WIRHABERT THIENREREMHA?
o fE&L IR fRHard deadline: system fails if
missed.

FEIER RS RMEERER

o ALY R Soft deadline: user may notice, but
system doesn’t necessarily fail.
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e Space Shuttle’s first launch was delayed
by a software timing error:

Primary control system PASS and backup
system BFS.

BFS failed to synchronize with PASS.

Change to one routine added delay that threw
off start time calculation.

1 in 67 chance of timing problem.
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o EXBERGMEL T
BT RS AT A,
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o ISEr, ARIERHKIHERE
Z IR HEfE IR iR .
e It's hard to require MPEG MPEG
Immediate response for . :
multi-rate communication. audio video
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o ARG HIBATE[A]: CPURT[A]#)3 BB} 8] — 45 3R BT [8]

» A BEHIET [E] B : seconds, clock cycles.

o Worst-case, best-case execution time may be
useful in some cases.

o THATHSTR] BRI
o Data dependencies.
e Memory system.

o CPU pipeline.
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o CPURF|F]#:
o CPUHTH FITHE [T Ia] &5 b 8] i e %
o BEBIXERHERES.

o FIFHZ:
e U = (CPU time for useful work) (total available CPU time)
=[Z st T(H) 1/ [t2-11]
=T/t
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o HIET DL LL T =5 |
E.zl:'lj(u_p :'Eg_‘ﬁl:': executlng gets data
N and CPU
» HAT: executing on the %ethJ preemptednee 4 ready
CPU; / \
’ data
o HLZ4: ready to run; [ getsdata
o “FfF: waiting for data. [ready | waiting
“  needs data -

BER G EEN TIER 2 REFELEBITHIHRE.
WP ATHERE IR IS A28 RK N1 B scheduling.
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o K EHA: least-common multiple, LCM
o P17 ms. /DA
e P211 ms.
e P315 ms.
e LCM=1155 ms.
® ﬁiﬁ/ﬁ 1H:
P1 8 ms.
P2 12 ms.
P3 16 ms.
LCM =96 ms.




o P1
o P2

o P3

] EF

FICPURI AR s

neriod 1 ms, CPU time 0.1 ms.
neriod 1 ms, CPU time 0.2 ms.

neriod 5 ms, CPU time 0.3 ms.

LCM 5.00E-03
peirod CPU time CPU time/LCM
P1 1.00E-03 1.00E-04 5.00E-04
P2 1.00E-03 2.00E-04 1.00E-03
P3 5.00E-03 3.00E-04 3.00E-04
total CPU/LCM 1.80E-03

utilization 3.60E-01
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o i/ZFF44scheduling overhead: #“FHFTF—4
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o Jy [ IS FEIR, ARG

e process = subroutine.




while & 3 S2 1 T
o A HSEINAEMFAHN  while (TRUE) {
o pl();
p2 ();
}

A S B I] 7 .
1. JGYEIEGIRE: KA PATIEE . A AT
2. AR DA EIRE RGBT
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o EHEMERERE  void pall(){
S 14 FP T Z_DIZEEBE 01();
%%E)%E:'TH pall, § pz()
IJLJZ %IH’J/FL ﬂ;ﬁﬁh } ’

/13

B, MREF—IHEBEITHEEK. . - ? ENESH
Wk ECPUH WrE B Rl E B FikF W, BHZpall)fEFi&
B, &8, T—XEARSLEIEEE.
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2 7€ I 25 SN :
o S SUTHIFBER (i Vol pA O/ rate A
BEa &—Aﬁﬁ p1 ();
o T‘/\@ﬁﬁ W p3 ();
it 4%, ¢ /\%HT%%H’J J
JEKIQET [ o

void pB (){ /* rate B */

- WiERRARSHE L)
38K S BT A R ’

PS ();
}
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o M1t Ei ik —F int p2count = 0;
4 (divide) 5EBHSE,  void pall()

p1();
If (p2count >= 2) {

o MEIEERERE

Fof 8 AT ) R A P20
5 U A 1 5 p2count =
H 5 H4E. }
else p2count++;
pP30);

}



SEINIHFE :
o AT IXLLSEIN HIEIRA TSI

o FEHIFHIR RIS, TEESHIAEM,
o HELWTFRERFFEIFHINLF .

o FELFHEIERS (Real-Time Operating
System, RTOS)





