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ZRARVIZEILEREZITRICIEZE . BEAEZDITT (IR a—1)0Y
ERG

EERTCTEEELB I THSH, £1=. FRT[IstarvationNFE4AE
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FCFSA T (First Come First Served
Scheduling)

» FCFSIEZFHATAIZRNFBLIZIEEIZIE> TRV a—ILEndA K
r BEEEZL-9 . FEFN(TIRSAY) DHANEB(ZIE@E SN
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U7 IAFAL LB (Real-time Scheduling)

LTOAXZRMELI=LOMN—RE

12 5t FE ~X— X (Priority—Based Scheduling)
m AR (Task) IZB KL E (Priority) 3= 5N TES.

o ;.%'L\Egﬁfid)gxbli BULMBREDRIRIELYELIZCPUDEIZZXITHTE
\TEB,

fEHL) & (Preemptive Scheduling)

m CPUZMDARVIZEIY HTEHILEZROT=EZIZ, CPUMNLRRFHIRIIZAR %
HMYBRLZENTES,

AR RERESEY (Event-Driven Scheduling)

BWBEEDANVIADY —ERBRNELELEFRDH ZRIZA(VTF N
Do

o “MhIX. “preemptive priority” £zl “priority scheduling” EHLFEIE NS,
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BEEN—XESD>ROES

S92 RKAEY

RARoa—1) 4y Event Y YADISE XANDIHE

Task A — |
Handlingy

Task B
Handling X

X

Task C

Qr

Deadline f

BREEN—R
Riroa—=)vy

Task A

Task B

Task C
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2 [EHA
Synchronization




FEHA (Synchronization) DWET

2ATDHEEER
> ZRAIDELIRILZEDITTIEZRLY,
2 BEVMCEBELN®HS. . EALGER?

3

[fBE B8R 1 ML= DIRFREIR
n ADIEENEHLENE, BOEENIRFELHELY,

(B ZEDLR—IMREESN T, IO THEMITIRRT S,
[tfHERER2EEEZXBLTLSER

m ALBARILEEZFE>THEEZT 5,
(B2 ADKIIZIDODEY

93(70)%!0)1‘531551%(:’%1’)'@"(\ MIBOETZHREITHLE >
[E18H (Synchronization)
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[(HERE% 1] AFOIKFERICKDHER

> RTFREE R
n ADEENEHLHENE BOESENIRFELELY,
() FEDLHR—FNRHEEIN T, FIOTHEMIHRRT S,

» LWETG R EARS
n AEADBEEN RO L (RH) ~HEFBNRRZFHIBT S
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[(tHERIR 1] AFEDKFRAFRD D S RFDEHA
AR BT SY (event flag)

» EEICIRFREZRAHHKET -

m EITEFEZLTWNVEERIOD, HAHALEINE LTI E
M) 1&. RDBRIIUEAD > ARV TST

ARUNTSY DHEEE
EZDBEMEARIBTRIET S
EVYb/NI—2ZFRICE|Y Y TEHIETHE
OREFHEANDIFLILEE DERFFHLA AEE
INF—UIN—BINILRFICERDIRIEHFHIRENSIEIRATEE
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AN T S5O DEKEE

» ARVKRTST I, 2TEFEDIREEZRFFD
m Set}kFE
m Clear]KFE

» ARNVNITST~NDEKRIRESE
H ‘IZJI‘ (Set)i:ﬁi’% — /f/\_/|~777 [j:”s t”'lk ' 7‘&6
n V)7 (Clean®f> ARULIS1E “Clear” HKHEIZH B
m UMbk (Wait)in 5

o ARUKNIZT M Clear” K RE
S FDRRIEARINTSH A" Set REIZHDETHE-H 5,

o ARUNIZT H Set”IKEE
- %@97«7(3@11’%%0}&?%%@%

» 1DDARNNISTIF1EYTEIRA[RE
m FEEDEKIEETIISEA., 1I6BFDARUITTTEFTEOHTEE
n EHARNTSHT DANDEFEDOORFLMTES
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AN NTSODE : Task B2 T >Task AlcH)

QIR ISV %ED OANR> NI SVFERRR
tk_cre_flg()

QAN ISV &FD _
tk_wai_flg() ©WMIPELT
Tasks A A

B5%E: 5 - - .

(Priority = High)  =aaene

(READY)

_ @A NITSO7EZY M
QUHEELT tk_set_flg()

Task B

(Priority = Low) i

(READY)

Event Flag F

\4

Event Flag FZ& _ Event flaglc kb
Fz1 F=1 %5 2 ¥,

o »
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[(tHERtR 2] BERORBERICKDHER

> IRTFEI R
n ALBARILEEZESTHEEET D
o (H2ANDKIICT1IDDDOIEY

» R EEARE
n ABDZEYZENRHES— (FEH) > BADIETYZEENEDHD

AT NN I
VA 72 i ™ = = i i
V.48 i s b (ERd R

' Rt Lg

% g e e

! ‘—\L‘KN e P o Ry - ‘
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[{BEEREM%R 2] BBEZHEBFUTLWBEDEHRA
HEMEIE (mutual exclusion)

» HE{hF{E (mutual exclusion)
m FEHiARD—D

n NIRRT BEEZHEBLTCVWAEEZT. BCEEZERDERY
NEIFIZHESE. BN LEIENB S, FCT . HH EEXFZH52RY
—DIZREL. ZDMNEINERHLET. thEx I SHIEANE

==
m T—AFTEHLTCWSAHERPIZEFOT—E35HEAHHT L, FiEE
BohTLES,
n T—ADEFFNIENIEF>THLRDHBETIE. RILARINT &7
D ALEITAHELIIZT B,
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<Y IA7 (Semaphore) (1)

Semaphore (up position)
Train can pass if semaphore is UP

Leave trigger

Pass trigger
Semaphore (up position)

Never allow more than one train on
this part of the track !!!
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<Y IA*7 (Semaphore) (2)

770953 REIZEINT,
BHDOERY (TOER)MoiE
BRERADT7IEX ’é%lhﬁll'é'%)t
HIZAWLGLNS. BHTHIZE L or i
FT7T—43%

TRYIAHEFEERBEH < A
7 1. L\éO

[ 8 /R

m YO TERAWNSE. TYR
OvoNEZSA[REENH S,

e 1l : dining philosophers
problem
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I ITAT7DEREE O\AFUEITAT7)

~
S==0DIREE TP R A AIT
EniBA 052

MVER S ZE=FHITL.
S==1|Z9 HFETWAITY S

P(S) y

Pos%

_—

S == S==

[EHhEVA] (C [EDhEVAIE] (CAD
ADEMRZEILETNT C ENHREBIRRE
WLSIRRE

T-KernelCTOPipHS. Vs

— G EE 4 T-Kernel Y XA F.L3a—)L

P (S) wait semaphore tk_wai_sem()

V (S) signal semaphore tk_sig _sem()
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21BHADEIITA Y

» INAMF)ERTAT
s HFERICTIERTEERY(TAOLR)E—DIZRET B=HD A4S
—ALT,
B ZHDOEEL T “true/false” ( = locked/unlocked) Z¥F D,

HMEIIAT
n HEERIZTHIELRATEARY(TAOVR) DEE . RE-1-EHHEIZ[E
E'd‘%u(jj i N

n 7OtRATHERB~0DEDIEZESD,
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REIREBODERYT 5 095=>06

Task 1

Task 2

P(S);

- fREUTEE
GRELIDIREE) -
V(S)

P(S):
R EUNGRIE

V(S)

(FRELIDIRRE) -
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I 7DH : Task BIEE>Task AES

@~ I 7 ZEiSID

BARYL  @ERIFEES _ &2
tk_wai_sem() 2> ki @ ET &/
A
\

Tasks A
(Priority = High) oA s
OV I7EED
tk_cre_sem()

Q;
QtI I 7 EES _ S
tk_wai_sem() > B&Ib G ELT & E?(-_Es?g?;ﬁ%m

Task B A
E%E:‘E . . I I I I e e .

OFi — saseRee | P SEITAEIARIRRE
(Priority = Low) P A (READY)

Semaphore S
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3 B{E
Communication




(Communication)

» EE-WEOBRVCFEHRE. HOIFIRINLHDIRAVIIEZATRS

— & =181E (Communication)

» Bl FENLR—FZED> HEFLR—MMRR
n PAE-HEREOREE = LIR—FOAR
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BIEDHN (1)
HBELREEAYE—D

» BHDIAINBIETDARDSHE...

y

HEtEAREAYVE—UARK

"N

t B 2B A X (Shared Memory)

/»

ALBAREILEEIE MBI Z St S S L TR R H#E

m Ayt—U A (Message Passing)

AMLBAEHZEL TIHEHRACHE

> &

HARLIE

HAEZEAR
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Iyt—IUFHK




HWEDEI (2)
BIHABIAYEZ—S - IEERIBAIA Y E—>

FRABI AWV Z—3 EHILTWLS

Task A

IEFRIABIX Y T —>

Task A o o o om =m =m =

BRI L TULVE LY

send to “X"”

Mailbox X

Ay E—S7z08
>

receive from” X"
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BIEDHAI (3)
BiZ8{E - EiEEE

IEiE8(S
REAEEREETD g

Task A

>
AvE—7ERE S5

T Avt—>7%=08
>

Task B I s s .

receive from” A”
(S
BIEDIEN ERDIEIRZIBET D

send to “X"”
Task A

AvE—SEEE o
Mailbox X

Ay E—S7z08
>

receive from” X"
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(fikg) EEEE. RiEBEON)

» EfEE
m ARTARUEDEE
m tk_sig tev (ID tskid, INT tskevt);

» EIER(E
m Ayt—U NNy TFAE(E
m tk_snd_mbf (ID mbfid, VP msg, INT msgsz, TMO tmout);
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[FIRA &8 iS

» RIEAEBEIXRIFIZRECAZENZLY

> 151
m TEIARDHS
n TEOHNBHILASERRIZ, LEBFYVEZ S,

» BEAZ T A=OICIE BELETNIEELE
m DEKED EEABDSEVNS TTEV I DIRHRITBIET HDLE

(C) 2013 YRP UNL and YRP UNL, All Rights Reserved.



4 SEiFEUEE

Realtime Processing




B5fal 2 1R 5 1R

» VT IVEA LD RT L/ ERE VAT L

.

» BRIZER-T-TRT S LEELENWNIE
Bz (X, ...
553 =2 f=biARHT=L,
m 7HFZEoT-hEC L THa,
57 HZIZO xLT=Ly,
mECAT.SHEF?
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B3 f) 2 BA 7 1Y (3R S HERE

» FFZIDIS. X E
m B > B ]
m 8T B ]
» BFfEEIHA AL IE
» HEHBEMIATD, HONLOHROTHENEES1—LDOL—F %

a5
m 7o—L
n FHEAA
» IALLTIMERE
n HE—EFHELRNICLEMNMEOLGEN=>ZTDNEZDPDH D,
m A LT OMEEDEY—EXO—)L
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1. RZIDES.

» FEXTEFXI

m OSIHE LTINS DA,

B N\—FIOYIDI I ZEF DN T RAIRZER
> FEXTRFX

n FLA.B.B. 5. W TERSNSG—EDEZ,

» FEROFAIEHRERFTRARTC(Real Time Clock)D/\—Kr T
7EEAT 5.
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2. 9MYEAHNE

> 75— L
o BEQBLIEL I EHMRICS A TRAHERES Y HEDILE
ERITE D
o Bl EFAREFHTIL, FULEBBICAITEABDREL RE
MIBARITEND.
SECER
» —ERRIRIR T YEIAAERESE, WBERITEE D,

B - ETAFRETIE.3BmIIZIEZAAZRESE . ZAAEIZ1T
l/_-[%o)iﬂ_:&?i—ao
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3. 91L77D MNAKE

» FHORFRIAKAICHBISNARIEELNHDHIEE

n FPOFLREZHRTEL. FEREN/ARAL-EE. AIONEBEETS
B7=Ly,

m B N—FTA4RIDI/OT T Fb

o -r‘47</70)E&BaH#LI/075\‘xTL&L\iﬁf-\h\‘ﬁ;é D=, 1/0;1:71#

LRFEIZERTEL. TOEBRANEBLIZEE . TARIMEDAYyE—
ERITIADEOIS—UEEFITD,
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e ISERE




AEVUI—)LEH (1)

» MMIBORPTEZLDATINREIZLGZLIE
B MVERRKDAE)ZEIZHET HDIFXEER
n WELGHFEIFIZAT)ZERT S
n WENGLTGH=6/RT 5
ZTD=HIZIE

ENDAEYEE 0)9:(’775\‘@9'6(,\%)75\%-
D> AE)T— )L EE#EE
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AEVUI—)LEHE (2)

» HOMLDHERLIZREGTAE MBEEZEE
m FROMODEKRICHCT, ZOVWTWSE BT (FEIYF TS

(memory allocation)

m AEZEHST=AF LR A (memory free)

AEUT=)L

\ i S AB




[FHRE]
AEUYWYII/O

» /OBLAE)ZEMIZEIYYTHAAXMNSLY
» AEVIZF7IOERRTHNDER LTS T /0% read., writed 5
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[FRE]
so IS PREE

LR REL =LY
m O—REBET—REEZA IZL T, BELMIRE

B OSHARS VAT LB EA—TFFRIONFRS 1A —FfEEZER < IZL T,
A—HRARION AT LB ZEANGZNKDIZ{REE

<

A EVIRFERRE
A—HFRARIEMD AR ML RELT=LY
m SRIEECIEZERIDEA

m MMU(AEYEEI =Y OFFE
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[FE]
B0 e e [a)

» MIEAEYEEZHEELT. MET7FLAEMILLI-HENGET R
LAZAEYIZHEZ NS

» BECEDE{L
p EAER(R—D) 2 R—TU2 %5 (Paging)
= _P"‘E(-lzb“}‘zh) > 5 A T— 32 (Segmentation)

nHH -+ FEﬁ,E*E 5( %
m BV ZRELE-WEMNTHEZEZ DB

m RETHEMNTEEREZIT,
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[HEE]
{RZEECTE

AEYEDHIHNESICET ZTas5305

m HELERBSHEHTOENR, THERIIIED,
EAEYEIYLRELHBIBTRL AEE IR I A4 ={k4E3
=y

EAE)IZHERMLENGUVEERR (T = REEEIZIR % (swapping)

n “REERENDE
m swappinglLIB[ZX->TY 7 ILZALALENELGEHNS
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B58 (BB, 2%)

UPINEIA LS AT LD
R R




1 {B5EER
Priority Inversion




Bt (C K DRBEXEI AV DFS

Task A Task B Semaphore S
BEE & BEE K (ex. S =1)
(Priority = High) (Priority = Low)
TS ESF N
(READY)
E1TIRRE
(RUN)

tk_slp_tsk

tk_wai_sem
(HEERELIOWEE)

<

tk_wai_sem I
HBEEREIDOER)

HEFRZEE <
\ (Operating shared resources)
<

tk_sig_sem\
aERs o |
| 217rTREIR BE
(READY)

HBERIEE <

(Operating shared resources)

. \
tk_Sig SeM e
(HEHEEREL DR
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EB5cEWER(Priority Inversion)

» L FIEHD-OIBREBEEIRINSEBEEFIRIZTOVILTIVS
B2, HEthFlE & (X EBEAFRGFEEEIRINMEEELEEZIRVIZE
SELTEMELTLEL., TDRE. SEBEEFRIMNH=-IHIEEL

ERARITHADNDIIIZREILIZENTLEIRE,

BEIXIERICEELTOAN FEDRAAZVT DEEEIT, 5REHE
NDEHIZRLTEELEEFIRIOUNENFENORRE IOy,
L CHIFERFBIRNIZAIEMNST T TEELKHLEHLTLELIZELH S,

S

EEEESIRY . PBEEIRY . BBEEIRINHS,
BBEREFIRVEFEBIEEIRAVIEEAFH NV EFITE>TERSN
OF

SEEEIRVEBEELEEIRVIZERZEFLTLST=8 Bt
{To TV,
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BEEFERICIDIFEBEEIAIDEE

Task A
BEE: &

(Priority = High)

tk_slp_tsk I

FHIRE

(WAIT)

tk_wai_sem I
HATREIDER)

S

<=

HBEIRIEE

(Operating shared resources)

tk_sig_sem
(HEERELIOBRK)

Task B Task C
BEE .
(Priority = Middle) (Priority = Low)
EITHREE

Semaphore S

BEE K (ex. S =1)

b =5aaene | =raeene
(READY) I (READY)

SITIREE

tk_wai_sem
(HHFARELOER) Handler X

=S

I tk_wup_tsk A Task AlZ

rBERZ
Handler Y MR
BETER0

HEERBME <

(Operating shared resources)

(CRCYINGE

(WAIT) tk Slg

S=0->1->0

e LN
(READY)
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B E P ERD MR

» Bt HIE N AR R LG D IR VERERETT B,

» SA—TYVHRDELE#RATOMN I, T-ITEELELETOR
W ERT 5,

KAFLIZET . FALTIREIETET S,
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=1—57v 29I A(Mutex)

HBERZERIT ARICEZR VB THtHIEZ 1T 5= DA T2 Uk

= HFﬂﬂ"rﬁ'Hﬁl” F5LRDEMEREFEZH<ST-ODHELEL T, B
JE#£ & 7’0k )L(priority inheritance protoco)&EFEE LEZAROIL
(priority ceiling protocol)ZH7R—

» (B EHA T OO (priority inheritance protocol)

n KEBEEFRINGEBEEIRAIZTOVILI-EE REBAEEFIRIN
—FHICEEBEEIRAVDEBIEEZHRALTHREBILEFIRAVIZEYIA
ih?&b\&')l ?’é;& PEDR 1& Ef‘ﬁlxgxblﬂ%fmﬁﬂﬁﬂmiﬁ .S

Ef‘ﬁﬂ’]l EZN1EL . HH&%M&NLE%\%&T L,T* - 7_1:0)@5'&;;1( J?':Zo
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» B E LR B3/l (priority ceiling protocol)

m EREHEAITHIIRVBEORSELEZH MG EHUIEZEITT HED
BEEEL (LR{E ST E (ceiling priority) MEZTE) . BEMOHIEILIE (&
BiRZEERY TELEWESICT BRI E, DFY., Bt EHANIEERFIS LT
BRAIIE. ENETHEEEICIHIDOLT EICEREEEIZCEEIN
TELEMIZEHEL. HHhHIEHOENER TLI=-5TTDELEEIZRS,

n BEELERIORILITIEBEE#RATORNIILAR—RELGHTEY,
BEEHRATOLNIIITIHEEBEEIRINSEBLEFIRVZTOYY
LI=EEDHEBEENZEEINLIDICHL, BEELRETOMIILTIE
BEfth R NI A IR T AL EICEBEENEEHIND,
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S 1—FTYVIACKBBHREZEED[EE

Task A Task B Task C
BEE: 5 BRE : & BEE : B
(Priority = High) (Priority = Middle) (Priority = Low)
RTRE I =amaene | =amaene
(READY) I (READY)
EITIREE

Mutex M

(WAIT)

WAIT
( : tk loc mtx

(EEEREZO VY

tk loc mtx I4 Task Cl&—BFFRIZ
HEEREER) Task ADEBEE %
- I ERIR AT S

(Operating shared resources)

£
=l
&
iR
5
5

e ——<

ETINngL tk_unl_mtx
FAEEEOR v @R |

{ - s Task ClEITD

' — (TR RS IR AE
I \Task BlXxd9 <IC [ READY)

HBEIRIEE

(Operatlng shared resources)

tk_unl_mtx
FEEEROO YT HER)

tk_slp_tsk

(READY) BEEIZCRED

FHikEE
I (WAIT)

— — P2 i * —_ N
i 545 4k 18 | =one
(WAIT) (RUN)
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2 v iRkROwvY
Deadlock




v ROwvY 2 (Dead Lock)

» 22U EDERZHBAIDFRAVENEVICEVDEITZIAYIL
TLFEW, KAICEETS GG TLERIEREK,

BEIXEFBIZEMELTLNAN  FEDFAAIVI DEEEIT., RETHE
DNEHIZKLTERZEEBELTWAIRIENEFETELGY ., o
ATLD—BERDHEEENSFIELTLED,

FHEFEH

2DFIEIENULDERZELXENELGDHIFIAVMETHAL. Bt
HZITO>TVND(EX I+ EOTLDEIERGZLY)

SEBEEFIRAVIEENYAHNESITE>TERKREND,

HEEREZRRIC(RRATAU LT)ERLTHEY.,. TOEXKIEFR I —
E’C&L\
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v ROYVIICEKDIRIDEIL

Task A
BEE: 5
(Priority = High)

RITIKRE

FHIREE
I (WAIT)

EITIRRE
_ (RUN)
tk_wai_sem SA |+
(HEEFALER)

tk wai sem SB

THEEBEER) | FHIKRE

(WAIT)

~

Task B
BEE K

(Priority = Low)
| s=rraraetins
(READY)
EATINEE
(RUN)

tk wai sem SB

(X EBEBLES) Handler X

tk wai sem SA

FHIRRE
(WAIT)

(X BEEBEAZEXR)

B T30

\Task A+ Task B4
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Semaphore SA
(ex. SA=1)

Semaphore SB
(ex. SB =1)

Task AlZ
HEEEB%

7B X Fr
Task BlZ ERTEEL

HEERAX®
EEHTEHWL




v ROY I DML

HEERDEFIEFZ—EIZT 5,
Faﬁ@'d’%):éfﬁ(mﬁl FEOHTEET S,
KAFLIZET . R—) T %FIEET 5,

Sa—TYIRDELEELRTORIIILFER
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MR—U>D(CXBFTY ROY I D[ElE

Task A Task B Semaphore SA Semaphore SB
BEE 5 BEE K (ex. SA=1) (ex. SB = 1)
(Priority = High) (Priority = Low)

E(THREE | =i7araekes
(READY)

FHIRRE %ﬁ#ﬁ,‘?ﬁ
RUN
I (WAIT) tk wai_sem SB

T (EEBEBLES)

Handler X

tk wal sem SA
HEEF] 18
(REBBEALES) fask AlZ

tk_wai_sem SB #--= - —_— , HEFEERBZE
(HHERBEER) 1(#\/“\? AJ\ITE)E RE& Task Bl &4 B/ TEERL
[ tk_wai_sem SA BRAZER
GEERRAER— > 7) TETICES
I tk_sig_sem SB
(EHEFEBEEM) SB=0->1->0

(READY)
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BO6F
BREUZIVIALOSH ?




UP NI LS AT LlSiEH

» RREOHHDHY
n SUFLISEEDERAN DR
s RFREEZEHRIDENE

&

» BEHLTAIENERINDS,

» ZTDT=HDFiT
n TR (AR R a—1)07)
n EHA-B1E
m ERFELE

m GLEEHE
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IREFRTOSHMHED ?

» INEFIARTCA—HYTOITSLTEHTELIMN?

m RRTETH H@EHREEL TRV ATLIELEEFEONEZLDLS
LY

m RETSLEVEDELH D,

> 1_Ib75\0)/ﬂ. 1075 AT LTHR—
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