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10 oo

1.1 O0Ooogood

000 PCOOODOO0O0000000000O00O00O00OO0000000000
0000000 (correctness) 10000000000000000000000000
0000000000000000000000000000000000000000
000000000 ([17,[190000000000000000 (deadline, 0000) O
000000000000000000000

00000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000 (000000000000000000)00000000 (0
000000000000000000000)0000000000000 (Video on
Demand 0) 0000000000000000 [5]0

000000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000 [18000000000000000000000000000000
00000000000000 (heuristic) 010000000000000000

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000

1.2 0O00O0O0O0OO

gboboogoooboogo

g200dbodbbodgbbuogbboobobooobooobobobobbodboo
gboogobodbuogbobobodbuoobbuobogbooboooobooboban
gobooo
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20 0ODoououuddodtdtndn

gbbboodgz21bdgogbbbooobbboooobobboooob 22000
gbobooboogobbbogoobbooooob23bbuogonooouoooobooon
gbobbuoogobbbooobbbbuooobbboooobbboogbboo

21 0O0O0ooooogoood

0000000000000 000000ooooO (o210

e JJJOUDODO (release or request time) 0000000 (arrival time) (a)
guogoooooobbbbboooogoooo

0000 (computation time) D0 00000 (execution time) (C)
godoooooobobbbbooooooouooobooooobon

00000000 (absolute deadline) (d)
gbobbuoggobboooooobobboogoooo

00000000 (relative deadline) (D)
D=d—a.

0000 (start time) (s)
guoodooboobbbbooodad

0000 (finishing time) (f)
goooouoooooobobon

0000 (lateness) (L)
L=f-d0000000000000ODO0ODOODODOOOOOODODOD

0000 (tardness or exceeding time) (E)
F=max(0,L)00000000000000O0O0OODOOOOOOO



e 1000 (laxity or slack time) (X)
X=Dp-COO0O0OO0OO0OOOO0OOO0OO0DOOoO0oDOOoOobOoDobOooDbOo

e 00 (period) (T)
gbbouooobboooobbboooob

X

U21:00000o0o00

O000000000000000000000 (periodic)D0O0O00O0O (aperiodic)00 O
0 (sporadic) 0 30 000000000000000O0OOOOO TOOOODOODOOOO
O0000000000000000000 (job) DODODOODODOOO (instance) D000
O000000000000000 (phase)y 000000000000 O0OOOOODOO
gboogobodbbobuogbbogobboobboobbogbooobooboban
gbbbuooobbbdooooboboooobobuooobobbboo

gbouodbboobuogbuogboooobuooboobboobuoobobooobad
00000000000000000000000O00000O0O0O (DooO)ooooo
gobobuogoobbobooon

22 OJ0O00O0O0OOOOOOOOODOO

221 O0OUoOooOboOooObOoObOoOboOoon

gboboogooobooogoooobo20040ooor

*0000000000000 (firmreal-time) 0000000000000 O0OO0OOOOOOOOOO
gbooobobbooboobobobobobooboooobooboobooboobobdld —co O
gboobobobobooooobooooboboboboboooooobobobooboboon
goboboooboobbooboobobooboboobbooboooboooboobbooboobn
oo




e 1JJDODODDODODO (hard real-time)

e 1JJOUDDOODODO (soft real-time)

gboogbobobboobobbbobbobbbbobbbbbbbbbbbboobod
godbbgoboogobuogbbbuoooboobbuobuooobouoooobobon
00000000000000000000000 (D0O0D0000)00oooooo
O00(022()000000000000000O00O0OO0OODOOOOOOOOOODOO
gboogboogbobooobooobooobooobooooobbbboon
gbobobuogooobbuoogoobooo

gbuogbboobuodgbobooboobbuogboboobbodoboobbod
goobbgobogoobuogobuoobbuoobooboboobobobooboon
O00000000000(@ 22()00000000000000O0O0O0O0OOOOOO0O
gbobobuogoobbobooon

gobobobbobobobooboboboobobbbobbobooooobououooooooooooon
goboggbogboobboobuogbboobuoobbobboobooooban
gbbboogobood

worth worth

time time

() DOO00OO0D0D0O0O0 (by OOOOoODOOoooo

U 22 000000000000

222 JUO0ObOOoOoOoOoOoobbOoOoOoo

gbuboodgboogbudbbobobuoobobobbuooobbooboobbod
gbobboogobobbooobboboogobobuooobbboooon

e 00 (optimal)D 000 (heuristic)
0000000000 44000)0000 (DOODUODODO)DODO0O0OODOOOOO
gbobbogoobbibdouogoobooobobbouooobbobuooooooa
gbbouooobbbuoooobbboooboboo



e 10UDDO (off-line)J 00000 (on-line)
0000000 (DooO000oo0o00oo)o00o0ooooooooooooooo
guddoodoooboguoooooooooooboooooobbbbooon
i oddouooboobooooboboboon
guoddoobgogoooooobobbbbbboooooooon
gobbdooboooobboooubboooubooooubbbooonbon
guddoooooooooooobbobbbbbbbbbouboooooon
godddodooouoooooooboboobbbbobobobbbboooobn
guoodgooooobbbbooobobbbbbboooooooon

e 00 (static)00O 0O (dynamic)
0000000000000 000000O0O00ODO0o0o0o00o00 (boooo
(fixed priority) 000 0000) 000000000 0OODODOOOOOOOOOO
gdjddddddddduoddooouoouoobobbobboobbbooon
0o0000000ooofo

e J00DOODDO (preemptive)J0 000000000 (non-preemptive) *
O0D0A0OODODODOODOODODOODO0ODOOO0DOODOODOODODOBOOOO
O0000D00O0D0ADDOODOODOOOOBOOODODOODOOOODOO
000 (preemption) 000 0000000000000D00O0O0OOOOOOOO
00000000000 BOOODOODO0ODOODOOO0OOOOADOOOODOOO
00000000000000000000000000D0000% 0000000
goddbbboooooobboboooddooooobooobodouoooo

2.2.3 WCET

godooobooodooobooooododoooooooooooooooodd
godoooodooooooodoooooooonoonoooooooooogn
dodooooooooooodbooooooooooonoooouooooooooan
000000000000000000000000000000 WCET (Worst-Case
Execution Time, 000000) 0000

‘00000/0000000000000000000000O000/000000000000000
gboooooboooooobooooobooobooo

tpreemptive 00 000000000000 O0000000MO0000000000000O0

‘000000000000 0000000000D00D0DDODDDO000000000D00000
000000000000 0OO (block) DOOOOOO
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224 0OOOUOOOOOOOOODOO

gobogobooobbbbobbbbotobuduooooooooooooooon
guobdoboboodbbodbuoobooobobboobbodobboboboooboon
goboobbbbououdoooooooboboboobobbbooodoooogog 2000
goo

e OUOUOODLDLODUOODLDDOO

e JOUUOUOOLODLODOOOODLDODOO

goudbboobuogbuogboooobuooboobboobuoobbooobad
oooobobooooobooboboooobooooooboboooooo“boon
ooobobooobo"booobobobboooobobuoobobobooobobooog
gbbbuoogbbbuoooobbn

RM (Rate Monotonic) [12]
000000000000 000000000000000o0oOo0O0 (T=Db)0O
gboboodgoboogobboggobboooboooobbooonoboog
gbboogobbuogobbbuooobbuooobbooobboooboboo
gobooogooood
obobooboobgooboobobbobboboRrMODOODOODOO
gboboogobbogobbuoobobbuooobbbuooobbooobooa
gbobouoogbbobbbuooodgobobog

EDF (Earliest Deadline First) [12]

000000000000 00D00000000DO0O0DODODeadline Driven Schedul-
ngooooobobboobooooooobbbboooooobobbbboooo
godddddddoooooooobooooooobbbbboobbbboon
gd
goddddoooooooooooooooooobooboobooobbbuoobn
000000 EDFO000000000O0O0O00O0O0O0O0O0OO (44000)000
goddooooooobobbooobbobbbbboooooooooooon

LLF (Least Laxity First) [14]
0000000000000000000000000000000000g (0O
O000000000)00EDFOOOOOOOOOOO
Lcrgoogbgoubooboobgooboboboooboooboobobobon
gboboodgboboogooboggbboogbbouooobbooooooa
gbobouoogobboooobobbboodgoboo



DM (Deadline Monotonic) [11]
RMOOOODODODOOOUODDOOoOoObOOOOoOoOooobOoooooboboooon
gooooobobodoRMODD TT=DDUOoooooooobooooobboboooo
godddodooooooooooooboobbbbbbouobuobboboon
00000 T>DpD0000000DMOOOOOOOOOOOOOOD (DoOOO
O0000000)0RMOOOOOOOOOOO

FCFS (First Come First Service)
gbboogobbuogobboboobbboooobbuooobboooboboo
gbbbuogoobboggooboboooobobobooobboboooon
OO0 RTOoSoboodooobooobooooooooboobooboooooo
OO000b0b0o000 oooboOobOoFCcrFSOb0obooboobooboooog

00000000 (ADP, Adaptive Dynamic Priority) [10]
gdddddddoddoououooooboobbobbbboboobbboboon
gudddddogooouooooooobooobbbbbobbbbbooon
gooboobboobobobboodddogbooodddooooboouuoooo
gbooboobooboboboobobobobboobobobuoobo0 LLFO
O0o0o0o0ooboooboobobooboboobo0obDbooobDooobD RMOO
0000000000000000000000000 Prigmene 0000000
0090

PTidynamic:P”static—(%‘1‘%)

Prigese : 00000

T : 0o
L : 0000
v,6 : 0O0O

O00ADPOOOO0O000O0O0OOOOOOOWCET 0000 PET (Predictive
execution time) 00O OOPET 000000000 DOOOOOOOOOOOOO
gotooboooooboobbbbbobbobbbiodlb oo oaa
obooboboboboboobooboob pETOODOODOODOODOO
gbobodogobobuogobobbooobbooobbooobbboooboba
oooboboooboboobdo pETOOOODODOOODOOOOOODODOO
obooboobooboobbo pETODOOO0ODOODO0OD 00000
OO000 PETOODOODOODOOOODOOOODODODpOODODOD

PET; = 3 x Pri;_1 — (1 — ) x (last execution time)

Y Prisiatic, Pridaynamice 00 0000000000000

8



23 UO0OO0OoOooOooboobobooboo

gbuogobobogbooboouodgbbooboobbobogbooobobban
gogboboobbobuoobbuoobbuboobboboobbuoobooboon
gboboggbuogogbbobuoboogobooobogbbuooooooboboon
gboboobogbboobobbuoobooboobbodobbooboobboobon
gbooboggobboogan

23.1 U0OUooobobOoobooon

000000000000000000000000000000000000000
0000000 [14], [18]0

b 1
00bboodbbooobboooobbuoobbooobbuobooobonoD
O000000000000000 (0000000000000000000)ooog
gbobbuogoobbobooooboboooobobooooboboobod

obooboboooobobuoobobo EebFObDOL0OO0ODODODOODODnOD
0000 (14000000021 00000000000000000000O0DCOOO
000000000 EDFO0OD00O0OO0ODO 23(d)00000000003000000
O00000000000000000023(bh) 0000000000000 0O0OObDOO
gbboboogbbobooobbn

U21:00000d0

N

Q
NN O
N\
N o o|w

W

gbobbuoogobbbuoooobbbbooooobboboooobobbbuooon
obooobooboobooboobooobEDFODOD0DDODODDOODDOODO0ODO
gbogbboobuogobuoobbooboobbuoobbouoooboboobbon
0000000000000 000000000O0O0O0000000Oo 6O



deadline 1 2 3

CPUO 1 3

CPU1 2

(a) EDFOOOO

deadline 1 2 3

CPUO 1 2

CPU1 3

(by D000

0230000000000 EDFOODO
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23.2 OOOoOooOboOOOoOooOn

gbobogdbbugbuogdbbooobuoobbuooobooobboog 2200
D00000000000000000000000000000 NpOOlooooo
000000000000 (resource constraints) 0000 0000000000000
gboobobodbobugboobooobuoobooobuogbooboboobbon
000000000 (precedence constraints) 000000000000 (D0OO00O)0O0
guobdgbbodgbboboboobuooobuoobboobuoobooboboobbon
gbobggbobobobbooobbogouooboobbooboboooboooboDo
oobogbooboobboooboooboooboobboobboobboooommo
googgbog i1igboo20bobbgboobboodboogboooooobooon
0jgbobbodoooobobuooooonbbuoooobbogg

022 000000000000000000 (18]

CpUD |(OODO0O |O0OO0OD0O |ODOOOODOO ERERE
2 g HEN HEN goooo
2 g HEN goo NPODO
2 g HEN 1000 200 NPODO
2 g goo HEN NPOO
3 g HEN HEN NPOO
N g goo HEN goboo
N g HEN HEN NPODO

Stankovic OO0 O 0OO00O0OO0OOOOODOODOOOOOOOODOOOOODOOODOD
ONPOOOODODOOOODODOO [18)0

233 UO0OOOOO

00000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0 [18], [13]0

0000000000000000000000000000000Richard’s anomalies
00000000000

INPOODOOOOOODOOOODODOO00O000000000000000000000000000000
goboooooobobobobooobooboooooboobobobooobo NPOODODODODODOO
gbooobooooobooDbo

11



0o 2 [7]
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000

024000000000 11,2000000000000 3,4, 50000001000
gobobboogogbboobtbooggobobboooooob 20400000400
0000000000000 24(2)00002000000000000000000O
oo400000000000000DO0ODODODO1I0DODOOODOOODOO
24b)0 00000000000 OOOOO

CPUO 1 //
CPU1 3 V4] 5

< »

\ 4

() 000000000000

CPUO 1 /427
CPU1 3 77 IE ‘

< >

(byOOO 1000O0OOoOoOoooooo

O 2.4: Richard’s anomalies O O

OOoooooooboobooooboonD WCETOUOOOOoOooooooooooooog
o000 WCETODOOODODOOOOoDbOoOooOooOooobooboooboooooooooo
OO000000000 Richard’'sanomalies 0000000000 0OO0O0O0OOOOOOO
OO000D0O0O0OOWCETOODODODOODOOOOoOobooooooooboobogo
gboboobdaog
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234 0UO0OOOO

googooobboboobbbbbobouotbddgoooooooooooooon
gbbboooogbbbououoobbbbuooodb booooobobboboooon
gobob200000b0boo0oogn

L.gbbouooooboooon
2.0000bbboooobobobooobobbbuooooboboboo

0000000000000000000 NPOOOOOOOO [3),[11jo00000
gobobooooobooo

0000 (utilization balancing)
gudddddddooouoooooboobboobbbbbobbuobooooon
guoodoooboobbbbboooad

gbobobooooboo
0000000000000 000000000O0oO0oOO0oO0 (bin) DOOODOO
00000000000000000000000000 (bin-packing problem) O
gbgdobboooooooobobboooobobbbuooooboobobog
gooo
Ooooob NPOOODOOOOOOoOoobOoboobooooobobobobooo
RMOOODDOOODOOOOO0OOO0O0O0OO0O0O0OO0O00O0O0O0O0O0O [4)0
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30 ououu

3.1 OQ0Oogog

gbuogobbboobogbooboouooboboobboobooooobbon
gbboggob20booobboobbuogbobobbbuobobboobbban
gboboggbuogobubogugbboobbooboooooboboobboobon
gobobogogobood

gbudbboobogbuoobbboobuodoboobboobuoobbobbod
000 90 0000000O0homogenecousd UnixO0OODOOOOOO0O0O0O0OOOOOO
gbobbooogbobbbuooobbbooooobbbooooobbbuoooon
000000000000 (8000)00000000000O0OOOOOODODOOO
gbobbuooggbbbduooobo

gboboogob3igduoiligobbuooouboogbboooobobooood
10bogoobbodgobuooobboobooobbuooobbuooobboonbobo
gbobogobuodgbboobobuogooboooboobbuoobobooboooon
gbbboogobbboooobbboogobbbuoobbboooboboo

031:000000000000000 [9]

00000 000000 [sec
0000000000 13.576
000000000000 14.423
CPUOOOOOOOOOOOOO 14.747
cPUOOOOOOO [%) 15.692
0000000 16.710
10000000 17.932
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3.2 OJO0OO0OOO0OOOOOOODOOOOO

gobbooggobobuoooobbuooogoboboooobobobao

e CPUODODO
e 000 (0ODDO)ODO

e Ready OO OO

gbhouogbbooboogbobboobboobuoobboooboobbuoobooon
gboobodbbbbodbuoobobuoobbooboouoobuoobboobbon
gbobobuoogobbbooobobbboogod

1.000 RTOSOOOOOOOOOOOOObOObOOUObOOoOOobOobOoboooboo
gbbouogobboooobbbuoooobobod

2.000bu0boobboooobuoobuonbuodbuoobbooboobbooon
gbobbouoooobbuoooobbbuoooobbbuoon

031000000000000000000000000000000000000
00000000000 100000000CPUDODOOOOOOONOOONOOOOOD
0000000000000000000000000000000100000000
0000000000000000000(00000000000000000000
ooo)

Priority 4
)
CPUO
Time .
Priority 4
)
CPU1 \
>
Time .

U 31:00000boboogobobogd
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gboobouooggboon

1 X P
P = — — +
P Mi,;(ﬂv X,

p : 00D0ODOO0OO
M . 0000000000
P . 000000000
P, : O00DOOOO

c : 0000000000
X . 0Ooooooog

i » 0000000

L. 00000

N : 00000000000

Ooo0oo0oo0o0op,/P, 00000000 PO0O0OOOOOOOOOOO ODODOOOO
O0000*0e¢/X, 000000000000 000O0ODO0O0O0O0O0ODOO0ODODOOODOO
gogoobbbbbbbbbobdddgoooooodu ebduuouoooooon
goo

e JO00D00OO0OLOXOOUODOOCOUDODUODUODUDUODUODUODUOODODOO
gbbbuooobbooogobbbooobobbobooobbboooon

e DU OOODLDLDOOODO

gbuogbobodbuodbboobduobooboboobobobbuooboooban
gbobbuoooobogbbbuoooobbobouog bboooao

gboboooobobobooMMOobobobbobobboboboboobooo
gbogdboogbuogbuogboogbboodgbug200boggboobooboobag
gboboobobobbooboooboobbuooodobbooboobuooooboon
gbodgbogobogbooobuogboobboobboobooobbboobobon
ooodobobooboboobobooogocpvboboboboooboobOobOooogD
gboobogooobooooboo

OOobDOooooosSubd nixOOOOOOocCPUODLOODODOODOOOODO CPU
gboogobuogobuoogobooobuogbbuoobobboobbooboon
gboobbugbbodooboobbuobbodoobuoobboboobbon
gbobboodgobobbooobboboogobobuooobobboooon

*o0oobooooooboogooooooooboooooboooooboog P,-P,OO0ODOOOO
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4.1 0OOO0OOOOO

gouodbboobuogbuogbooobuogbooboboobooboobobad
0410000

‘ Task Queue

Global Scheduler Q

U41: 00000000000

4.1.1 0O00O0O0OOOOOOOODOOO

0000000000 (000000)000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000

000000000000000000000000000 (000GSO00000)
0000000000000000GSO0000000000000000000000
00000000000GSO000000000000 (global clock) 00000000
000000000000000 (synchronous system) 00000 [8]0

00000000000 GSOO0O0000GSO000000000000000000
000000000000000000000000000000000 GSO 1000
0000000000000000GSO 10000000 1000000000000

GSO0000000000000000000000000000000000000
0000000000000000000000000000000000000000
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gbobbuoooobbboooobbbooooboo
gbouogugbooogbobogboobbuobuoobboobobooooboooban
gboobbodbuogoobuoobobuooboboobobuooobuoobooooboon
00000000 (@OooO0ooooooooooooon)
gbobbouoogobbobuooobbbboooobbobuooodbobbbuoooon
goddddodoooooobtboddoodooooooooooooobo
GSOUOOoOooooobooooboboobobooboooGSoboooooooooDbooo
gobboogobbbooobboboogobooo

4.1.2 000000

gbooobbobobbbbboboobbbbbobobboouooououooouoouoon
gboogbuogbbuoobobuogubuoobboobbobbuogbooobbogbn
gogbodbbogbooobuoguoboooboobbuobuoooboobobon
gbuogbobodbuodbboobuoboobbooboobbbuooboooban
gobobogooboboogan

gbouogbobodgbbboobbbbobuobobooobobuoooobuoooboon
gooobooboobbbbbobbbbbdddoodooooooooooooon
OO00oobob0 WCETOO ceUOODOOODOODOODOOOOOOODO

4.2 OJ0O0O0O0OO0OO0O0OOO0OO0O0OO0O00O0O00O0

OOO0OODOANSICOOUODOODOOOODOOOOODOO0ObOOObOOoUobObOOooDO
gbbbuoooobbbuoooobbbooobbobouooobbo

00000

000000000000000000000000000000000000000
00000000000000000000000000 CPUOOO Y(¢/T)000
0000000000000000000000000000000000000000
ooooo (2, (60

0 = deﬁdi Ck
' di —t,
p = max(p;)

goddt, uobbobbbbiodoggouuugubp, ooogooooooobn
Ya>¢ o 100000000 0OO0000000O00O0OO0O000O00000O0000000
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