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WX ITRESHITR IR S IE D B AR E RZTRIBEE B in

o RIFARSLI, FAENRAUEHIZIN LI (XEH—
* Job Scheduling: JRESZFWTFHRITIHIZEHNARAZ
¢ CPU Scheduling: ;RTEAZ N EFZINE] CPU _EH1T

__________________________________

SIS ~. End
- > Ready Queue —p @—P
—>

/0 waiting
Queue(s)

Job Queue

—— 1/0 4¢—




EE
Bid it EESHTRBENSE S LAHERZSNELE Bin
o RIFEEMNNY, BAERKETDATIESHATIES
* Non-preemptive: b FBE1TIASHIHIZR BIFE0E1T, HEIBRE
1EH CPU 91k (GBI exit, yield S E £ B4 LFHZE)

* Preemptive: HRIIETEIZ{THNIHFZ FT#FTHIFF N Ready R,
FEEEHFFNIIENEREEIREIZIT ((EARZRE AT RTET)




EE B fn

e — AR RSS2
o &HlT= (throughput): BBAIRY B SEAAI TRV HTES Batch

o [EEERT(E] (turnaround time): MIHFZBIZERISE A RIATE] System
B)P®@ (burst time + waiting time)
o [m[\AT[E] (response time): MIHFIZCIEZZRIZE—IRIKTS | eractive
45 BB 6] () yatom
o ZH1FHT|8) (waiting time): HIZHTEZF1T CPU _EBIAT|E]
o AIFINE (predictability): Z/REERITHRINER
Real-Time

o &) IEAST(E] (deadlines): &5 BEfE &k LEAS [BIBUFAITSTAX I’

System



BlER
FrXTE bR 2R 4 (batch system) BVIEE

* First-Come First-Served (FCFS)
e Shortest Job First (SJF)

\Nik)
AT
0

e Shortest Time-to-Completion First (STCF)



First-Come First-Served (FCFS)

FoRFTHRSS: IR ARRE R R SRS RN F #1TARIE STV

i

Jobs Burst Time
P1 3
P3 24 0 3 6 30
Average turnaround time = (3+6+30)/3 = 13

Average response time = (0+3+6)/3 = 3



First-Come First-Served (FCFS)

FoRFTHRSS: IR ARRE R R SRS RN F #1TARIE STV

i

Jobs Burst Time
P1 3
P3 24 0 24 27 30
Average turnaround time = (30+27+24)/3 = 27

Average response time = (27+24+0)/3 = 17



First-Come First-Served (FCFS)

FoRFARSS: IRIBHPZR AR GRIFC BRI #1TA A8 S50,
o FCFS X HERIA RGN =81

o IFHLANN (convoy effect): IRTEM 2R IFEEAGE M AT

o MNREEWKLTSA, RANTFYIEEER BRI AT BB S
o FCFS BB =SEHIE (starvation)?

IL;\/_kE : /%4 IJ-IJ_J X}n?ﬁﬁq:&$ﬂi9

i




Shortest Job First (SJF)

A ES N NI TH Bl 2RV AT
Jobs Burst Time
P1 3
P3 24 0 1 4 10 34
P4 1
Average turnaround time = (4+10+34+1)/4 = 12.25

Average response time = (1+4+10+0)/4 = 3.75



Shortest Job First (SJF)

AES T TR EITHE)ERHETE
» WIRFIBHIE R4, SJF BT RIAVTFIYESEH(E]
o RIZFEE—TARE SF, (BREFYERENE _ LHMUNEERE

o ENZREEAZ SJF, FINERTHEREREE—THIESRE]
G1THY B SR AR R A E AT

o UERT, WIRBATEIZFMNTEE IR THERENHE, MR
WD RGHITF Y E 3R (8]

o AUt, 2 SF NENRBIAEEZMER

10



Shortest Job First (SJF)

IS NAEEITHIEERNHE
o SJF RS EIFANANL (convoy effect) HISZM?

o (EA]EI18 50 (non-preemptive) RERIEE =
o SF RS ESEHIE (starvation)?

o (HO]EERIT (favour) EMSERIERVIEE

)
CPU h o
.

EREl =

\alx
AX

11



Shortest Time-to-Completion First

B AR R AT IEI55: In 2R FE SRIRIRATH B RAERYHIZ
o SJF BYRTIE B AR

Jobs Burst Time Arrive Time
P1 3 10

P2 6 1

P3 24 0

P4 16 18

IHHIIIIH%III"IHHII IIIIIIIIIIHE!IIIIIIIIIIIIIIHHIII
0 1 ] 10 13 18 33

12



VR AEEIE]

SJF & STCF HY

HVER L RGTAY B35 ET (8] (turnaround time)

L BRSEBIE: MBEREREFLL > Refge#iExFLRIT

LS

=

&

YERIRZ,

. ik

L -

F AP FER “HATHI[E)”

I P A HBEN S IRRIERS?
BT EMHEZREGE?

13



s s
I
FrNRR B INAR S (interactive system) A3

* Round Robin (RR)
e Multi-Level Feedback Queue (MLFQ)

Kt
\alx
JALEY
o

* Proportional Fair Sharing (Lottery and Stride Scheduling)
e Completely Fair Scheduler (CFS)

14



Round Robin (RR)

BB F3e¥e: 8 T HE DB — 1T E

1517, IBRZE®R)

Time Slice = 20

Jobs

Pl
P2
P3
P4

Burst Time

53
8

63
24

ERTB] /7 (time slice / quantum)

YRR N —1#HAz (B TR EHE

AlTEYIE S V1)

15



Round Robin (RR)

B8l RiesE: B diEn B — 1B ER 8] A (time slice / quantum)
1217, WEREREUIREI T —1#HE (BR85S Z0EE)

Time Slice = 20

Jobs Burst Time
p1 53 —> 33 The job is preempted if it
has not completed
P2 8
P3 68
P4 24

0 20

16



Round Robin (RR)

B8l RiesE: B diEn B — 1B ER 8] A (time slice / quantum)
1217, WEREREUIREI T —1#HE (BR85S Z0EE)

Time Slice = 20

Jobs Burst Time
Pl 33
P2 3 —> 0 D:r.ectly switch if the job
finishes early
P3 08
P4 24

0 20 28



Round Robin (RR)

B8l RiesE: B diEn B — 1B ER 8] A (time slice / quantum)
1217, WEREREUIREI T —1#HE (BR85S Z0EE)

Time Slice = 20

Jobs Burst Time
P1 33

P2 0

P3 68 —-> 48
P4 24

0 20 28 48

18



Round Robin (RR)

B8l RiesE: B diEn B — 1B ER 8] A (time slice / quantum)
1217, WEREREUIREI T —1#HE (BR85S Z0EE)

Time Slice = 20

Jobs Burst Time
P1 33

P2 0

P3 48

P4 24 -> 4

0 20 28 48 63

19



Round Robi

n (RR)

B8l RiesE: B diEn B — 1B ER 8] A (time slice / quantum)

1517, REIFER

SYJHRE N —T#HEz (5

Time Slice = 20

Jobs

Pl
P2

P3

Burst Time
33 => 13
0
48

20 28

48

T AT R

AITHYIE STV




Round Robin (RR)

B8l RiesE: B diEn B — 1B ER 8] A (time slice / quantum)
1217, WEREREUIREIT—1#EE (BT PETEIE S0

Time Slice = 20

Jobs Burst Time
P1 13
P2 0
P3 48 -> 28
P4

20 28 48




Round Robin (RR)

B8l RiesE: B diEn B — 1B ER 8] A (time slice / quantum)
1217, WEREREUIREI T —1#HE (BR85S Z0EE)

Time Slice = 20

Jobs Burst Time
P1 13
P2 0
P3 2.8
4 -> 0

20 28 48 108 112

22



Round Robin (RR)

B8l RiesE: B diEn B — 1B ER 8] A (time slice / quantum)

N/

@17, WIERGREYIRE F—1#E (& T RETRE STVEE)

IIIIII IIIIIIIIIIIIIIIIIIIIHHIIIHHIIHHIIIIIIIIIIII'

20 28 48 108 112 125 145 153
Average turnaround time = (125+28+153+112)/4 = 104.25
Average waiting time = (72+20+85+88)/4 = 66.25

e P1 = 04+(68-20)4+(112-88) = 72

e P2 = (20-0) = 20
e P3 = (28-0)+(88-48)+(125-108)+0 = 85
e P4 = (468-0)+(108-68)= 88

23



Round Robi

n (RR)

B8l RiesE: B diEn B — 1B ER 8] A (time slice / quantum)

1517, REIR%ER

UJHRE] N —1#Ez (B

gl

e RR Z2BEESZIANINN (convoy effect) B M?

. BNHERERESET B KE

* RR EBESEHEIL (starvation)?

e XWF N MNHE, ETEERZESN-11EHEA

AlTEYIE S V1)

24



Round Robin (RR)

I {B RR REEAT] ZHHI#HFZ(E] context switch FFiH
o RRIZITHI—1OET BB FEYIKE (length of time slice)

e YR XIS, K= CPU HJ[8)JF 1€ Z&TEHFE context switch, A=
HIZITEESIHAT

o WRXKIE, RRFLZTRL T FCFS
o EEIINEBIFKERT "*MZ" HiZ B YRR A

o YR time slice = 10 ms, switch cost = | ms, NE 10% §Y CPU
B8] B+ switch TH)EE T

e YR time slice = 100 ms, N/ 1% AYET 8] F switch

25



Round Robin (RR)

L HEZ 1 HTEE]AB R AN FFZERIEY2RLAR, RR SR IKAIFLY
B350 18] (FF E IR B R ERY switch FHiH)

Pl

P2 .
P3 B B B B
P4 B B B

Round Robin

Pl

o2 I
>3 I
y E

FIFO / SJF




Round Robin (RR)

L YRS E I 1ZEE CPU-bound 1 1/0-bound #FERT, RR thAJEES
S AR N7 B (8]

e CPU-bound: Hi1TEE/MHI CPU, [NFEELREHFTFIIEHIR

o |/O-bound: KEF BT B]EFEZHFIT I/O (BRIl 2= EFINLIMELTH)

long CPU burst /
waiting for I/0O

Il _ l\ — B

short CPU burst

27



Round Robin (RR)

L YRS E I 1ZEE CPU-bound 1 1/0-bound #FERT, RR thAJEES
S EE < AV N fz A (8]

o BME I/O 1RIR5EAL (BIAN7EZREEZsHHTF), /O-bound HIZHHE
F1TEE CPU-bound Az IE] /a7 =#RIERERAT

issue /O /O issue /O /O
request  finishes request  finishes
v ooV v ooV

P1 (I/0O-bound)

P2 (CPU-bound) D -
P3 (CPU-bound) I -

28



(1L EsERT 8] vs. NI[zAT|8]

o MAHATIERIELERTE] (for batch jobs)?

o EWITHTB)FEIEN ST (SJF/STCF)

o {B OS IRMEBMAANE A EHIZAINITHT 5]
o L HFZRINONAET(E] (responsive to interactive users)?
RP]BEE B HIZEFCE: (RR)

L -

Br[EES

. OST’"lﬂ

)<l¢l

A EHTER]

*

Y
P

L'Z'\

A

3NN N E k]

I FE5

18 E & CPU-bound 122 1/O-bound,
I EHITHN

29



mFEREE

NAEFEIZD BB ALK (N ANEIAY priority queue), ZAIS

TR ITRE

=AYHIE (BE—FAFIFRYHIZRI A RR IEE)

AN

e RR HEL{RIX AR FiF
o BE, WOHEEM

Queue
headers

RV FR B iz B B EE AN fo
Foi?

Runnable processes

A

Priority 4

(Highest priority)

Priority 3

Priority 2

Priority 1

(Lowest priority)

30



Multi-Level Feedback Queue (MLFQ)

SRR InAT

AN

o AR FRIITHRIASIE RIIEIIE] A

o RIFBHIZERIAVITHREARBIAIAZE]
125 *E (Feedback)

FE, BN EERS

o HEHEAR
T ATRENT

o WIRHEIE

High Priority

BEZ ML MNEANT (Multi-Level Queue)

Queuel

quantum = 8
>

Queue 2 J

|
> quantum = |6

Queue 3 AJ

Low Priority

56 1 1ZRAFIXI AR (8] A

BER, RS
. BTSN E B E R EHNE

CPU, 1HE

BRTE S BILTTk

quantum = 32

31



Multi-Level Feedback Queue (MLFQ)

BIEHAFZR D 217 0FIENEZ CPU-bound 12 1/0O-bound

e ¥F CPU-bound, NRHITATIE)FENNEERZETTAL (EF SJF BUIT{L),
SN R =ZE T FER (a long running job)

o XJF I/O-bound, FRIRE(ESBEERSMNITHKLATRRIRENIN

@
@

32



Multi-Level Feedback Queue (MLFQ)

. MLFQ 12 #5E (starvation) BY[o) &R

o MIRARFAHBEFESNIIERE (KEREIVES), MRMTH
HIE (ZITEESS) BRASHRIARERT

o NR—PIHIEFHHLE CPU-bound, RGN 1/0-bound?
o FEHRIRS/EEHTENMALN (priority boosting) iR

@
@

33



Multi-Level Feedback Queue (MLFQ)

I MLFQ BF __I-ﬁlé/ﬁ\?‘}gz/u =

. QD%

FINTF
. &
o EF

L -

AAZE

Q*Lftm

STRIT DAL

O E

=7 (gamed)

— 201 OS M EAEE SREE, NRIBARRLIRE AR {E

FEAYJE

ié’ai‘f%ﬁﬁ

AFERI R ITHITEIIE] (better accounting) RE T,

-

1IEB S ERTB R4 KA yield #BFF{ETR

Before the time slice is over, give up the
CPU (e.g., sleep for a few milliseconds)

34



Multi-Level Feedback Queue (MLFQ)

MLFQ 34T 1/O-bound XX B I\ A FZBEIR R B IFEY R E NN, [E]AY L EE
487 CPU-bound HFZB0IETT

* MLFQ FIABRZAFERIZI AN
o ITRENT IR
o HFEE/RHENRGIAIFIGEAT

o FPTRNIINBIRKE. MAKABREEEE
(B1an, SM5BATIEA RR, EILTTRBEATISKA FCFS)

o BREMMELR. URIESMARIRES
(a0, RERERAERERZEE—MTR)

e HREIRZ OS #83X A MLFQ R FhZFhSCIN e #1717,

i




Fair Share Scheduling

bR 7 iRt — AR SRR SN BREN E/ImA T E), H—MERIZHRR

RGP B HEEMEM AN A0 = CPU FHR

o NFETE (fair share)
o TEFLY (like RR):N NiHFE, 728 I/N I CPU B8]
o REEBITDED (proportional): 5 FEEHIZ S Z A FN

e FTIRER, MR—MEEZES(ERAN CPU KEARE (B8 HipEn,
NMEfFZeFHEZ (88 /D) By CPU B8]

o X[ERNtIfAGRT P HZEEEIERIIER (no starvation)

36



Lottery Scheduling

PERE: AREEENEE (ticket) BIEFRARE CPU {FHI 81 ER

B ITHIEDE—ENENIRE

e HEEZSEEN#HIE: EANFEIE = EZHI CPU g
NTWRINE, BRETHEZMNFEKEE

63 85 70 39 76 17 29 41 36 39 10 99 68 83 63 62 43 0 49 12

A A A A A A A A A A A A A A A A

Suppose that A has 75 tickets while B has only 25

37



Lottery Scheduling

VERE:

o LUKHB T HEHF BN L
o HIZ ()P LB R IF ERICHIME (g, IEEH ORI EL Z—T it

12, MERBERRAITREEES)

« WARE, FAIBUDEAREERUNCEIIEERE (e.g., 275 1F
HAE B SR ERAEH SJF)

» BE, H®IFRIENIERFE—LE )=

o TR/DIY

NIRRT IEIZRYIE ]

o MBI

e TR R —E AT

RIS B E (ticket) 2N =R R E CPU (RN (8] {77 &0

, NEEERIIMER

Fairness

L -

0.8 1

o
D
]

o
N
1

o
N
1

O
o

10 100 1000
Job Length 38

—



Stride Scheduling

TIgIEE: — MR ERY fair-share 18ERH

o BT HEAEFE— pass {EM— stride {B

AT

FRAENIT— 1B A: proc->pass += proc->stride
HIZR stride {E/)y, HIESHBRI CPU BT EMD L
LIFIREE pass (Hix/\EVHIERAIT

] E/\JéE\)_J ’Iklu\ |:|II_:\

o
ne> (3

—>H

HO

\_J(]

B
i
1

Ej]
i

i
&
HO

1B

i
X
(o



Stride Scheduling

alx
AX
0

SIFREE: —MIRE LAY fair-share BE

PASS
Pl
PASS
P2
D3 PASS PASS PASS PASS PASS
= 40 = 30 = 120 = 100 | = 200

{ER1% P1 stride = 100, P2 stride = 200, P3 stride = 40
(P1,P2 f1 P3 A 2:1:5 AN D= CPU HIR)

PASS
= 200




B 5{RIRAE

Linux Scheduler

o EHAAY Linux {£/H RR

e M Linux 2.2 FR, IG1ESS (task) 0N =2

e SCHED FIFO (real-time)

e SCHED RR (real-time)

e SCHED NORMAL (non real-time)

o HEBRZREFHELTINEIRNSH real-time £55, NI non real-time
EZMASHBAERIT

o XEH real-time HFAZENIN ARG FIIES
o NEMWMFEZESMFTRN—FTFAHI




B RAERE

Linux Scheduler

o IFEIBEIES (non real-time tasks) HYJIfF,

* O(n) scheduler: Linux 2.4 to Linux 2.6
e O(I) scheduler: Linux 2.6 to 2.6.22
 CFS scheduler: Linux 2.6.23 onwards

o)

VAL

\alx

42



O(n) Scheduler

EAXREFT — T FEPR B AT SSHIIAG (queue),

¢ §D7%_/\EE7:/R '

HWITE A (8]

FIRIEEMISIR (soodness value) 1EF F—THITIES
55 H time slice MiGER, NIF—

=

» BIXEEAFRENATIFHITIASE
o EFHEDNSIREF

s BEFERYE

|4 [a) &2

2R EBMIZBAT

IRTCVFZIESS

FEZZNDRE—1T=,

=IPAS

43



O(l) Scheduler

HJCUEL}sC)(I) ijéﬂggkd<

o ZEIFP—-T bitmap array F1—1" priority array (
o IWMAmAKmZEHIES — F bitmap array FHYF
o ME{HIREMBNAVTE

gt

= S

I= 1L

EFE F—TIRARERITRUESS

< ({51190 x86 F

T2 B S HIRATY)

A YPAN 1

1Y bit scan forward 38< bsfl)

bitmap array 0 1

priority array

0 1 2 3 4 5 137 138 139
olofo]1 1| o | o
|
v

;
¢
?
@

44



O(l) Scheduler
BN O() NEER&ERIFE N —TTHENITHEIS

o EIFFR priority arrays (active & expired)
o H—PESHSE timeslice, BEFMTEM AR, FHi3%! expired array
X350 active ] expired array Y5 T

e 3 active array NZAT,

biltmap bilitmap
prio[0] prio[0] —*‘
B active
prio[1l]

— priol[1l]
explired —
ot 1@ @

— prio[2]

45




O(l) Scheduler

B nice H [-20, 19] RKRRMITHK (FRIAMER 0)
o IFENRERBUEBIMN T (you would nice up your job)
o TIZNARBEHIMITE (not nice)

 ABRABERFILAUE nice IRATEL

A S

top - 22:12:36 up 13:11, O users, load average: 4.00, 3.81, 2.57

Tasks: 6 total, 5 running, 1 sleeping, @ stopped, @ zombie

%Cpu(s): 20.6 us, 0.2 sy, 4.4ni, 74.8 id, 0.0 wa, 0.0 hi, 0.0 si, 0.0 st
KiB Mem : 2046748 total, 106004 free, 257492 used, 1683252 buff/cache

KiB Swap: 1048572 total, 1048572 free, @ used. 1626020 avail Mem

%CPU %ME TIME+ COMMAND
6:44.49 sh
:17.14 sh

5
7:
0:
7]
]

46



O(l) Scheduler

KFE iR R VRS SIA RSB ST R (FRNIESS RIS
o — MLFQ RESHISEHN

o RIFTREAZ\ (interactive) 1£55

bonus = min(10, average sleep time / 100 ms)

Bonus increases as the process sleeps more

priority = max(100, min(static priority - bonus + 5, 139))

/ [

minimum value bonus is subtracted maximum value
is still 100 to increase priority is still 139

47



Completely Fair Scheduler (CFS)

Linux CFS ARSI ERATE IS 2B Ao e CPU

o SLII—HF counting-based fair-share fFE

« B MMESEITH, 1BirE CPU (&

o HELE,

CPU
Time

EHY, CFS1&FEZHREI CPU {&F

0 |5)

i [B] B/ NIV 1ESS SRIB 1T

N processes “simultaneously” execute on [/N of CPU

48



Completely Fair Scheduler (CFS)

IXE—"TEERER sched_latency, B MEEREBAMREBEIEIEHS
HIAE — /R (st Sl E /R MEERNEMEES T LA m L)

e 7% equal share I, time slice = sched_latency / # tasks

e {RR1& sched_latency = 20 ms
o WIRA 4 1MHFE, M time slice =5 ms
o YNERHF 200 THEHF*=E, M time slice=0.1 ms ?

al— A —

o 1R —T /B FKLE min_granularity

49



Completely Fair Scheduler (CFS)

£ equal share BYE

L :
L 4

time_slicer =

TNE (LEREFR) KITE

ht £, CFS TR BE G FREMES
AN USRI EZ(ESS3R 1S CPU RY higher share

n—1
1=0

ESTR

B MESSHY time slice

- sched_latency

50



Completely Fair Scheduler (CFS)

£ equal share BVEA £, CFS 01FH)

B AP REEES

AN TUR1E1Z 1TSS 3K4F CPU BY higher share

o FFHTEN nice [EIRGIZITBMNAIINE

2]

o M "oHEENIEBF" 3TN "pBECAEXT CPU f0%i” (nice 1B
1, CPU z1THIBMRENEEARZ 10%)

// welght = 1024 / 1.25nice

static const int prio_to_weight[40] = {
56483, 46273,
18705, 14949,

/*x =20 *x/ 88761, 71755,
/*x =15 %/ 29154, 23254,
/+ =10 =/ 9548, 7620,
/x -5 x/ 3121, 2501,
/« 0 %/ 1024, 820,
/ * 5 %/ 335, 272,
/* 10 %/ 110, 87,
/% 15 %/ 36, 29,
¥

6100, 4904,
1991, 158¢,

655, 526,
215, 172,
70, 56,
23, 18,

36291,
11916,
3906,
1277,
423,
137,
45,
15,

=1L

51



Completely Fair Scheduler (CFS)

Target latency = 20 ms
Minimum granularity = 1 ms
A weight = 1, slice = 4 ms

B weight = 4, slice = 16 ms

A-

B-

52



Completely Fair Scheduler (CFS)

Target latency = 20 ms
Minimum granularity = 1 ms
A weight = 1, slice = 4 ms

B weight = 4, slice = 16 ms
A
IIE!IIIIIIIII’IIIIIII

B

53



Completely Fair Scheduler (CFS)

Target latency = 20 ms

Minimum granularity = 1 ms
A weight = 1, slice = 4 ms
B weight = 4, slice = 16 ms
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Completely Fair Scheduler (CFS)

Target latency = 20 ms

Minimum granularity = 1 ms
A weight = 1, slice = 4 ms
B weight = 4, slice = 16 ms

A B
| ]
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Completely Fair Scheduler (CFS)

Target latency = 20 ms

Minimum granularity = 1 ms
A weight = 1, slice = 4 ms
B weight = 4, slice = 16 ms

A B
B N RN

A and B got 50% of the CPU !

56



Completely Fair Scheduler (CFS)

£ equal share FUEAE £, CFS R1FRAF

BT HLEATSS

AN TUR1E1Z{E S5 3K4F CPU RY higher share
o BIRMESHIEI CPU {ERRTIE] vruntime TIARESE CPU {EAAY(E]

AN

s FRARNMESE
o {ESSRUTKE

(I

5 ANERIHATIRER

e, H vruntime BWEFFEEHE

Welghto

vruntime; = vruntime;

- runtime;

=1L
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Completely Fair Scheduler (CFS)

Target latency = 20 ms
Minimum granularity = 1 ms

A weight = 1, slice = 4 ms

B weight = 4, slice = 16 ms

vruntime A
IIE!II

B-

virtual runtime = physical runtime * 1 / weight = 4
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Completely Fair Scheduler (CFS)

Target latency = 20 ms
Minimum granularity = 1 ms
A weight = 1, slice = 4 ms

B weight = 4, slice = 16 ms

vruntime A
IIE!IIIIIIIII’IIIIIII

virtual runtime = physical runtime * 1 / weight =16 *1/4=4

B
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Completely Fair Scheduler (CFS)

Target latency = 20 ms

Minimum granularity = 1 ms
A weight = 1, slice = 4 ms
B weight = 4, slice = 16 ms

——

CFS shares virtual runtime equally

60



Completely Fair Scheduler (CFS)

e

{EFRYIRFEE

SRREAENEEE HE] vruntime B/ DHES

A R ME T

REIKXEESFENTR

CFS (ERZL BN REFE S HIF E1TRIESS

U4
o
Q 00 Q

©

offc
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Completely Fair Scheduler (CFS)

SNEMTT /O SLHEARAYIESS P BETCIRIR1S 10U CPU 1p %
o FIRHIEA —HizTITEES, #HiE B BEMR 10 7
o X BEEARZERAS, H vruntime JELE A B 10 7
o IILAT B J§Ih 5 (monopolise) CPU, HETTESE A RIHIE

o TJATEHFZMEERNZINE vruntime B 51X — (] #R (51208 M
S RIPTE HIZRI &R/ ME)




Z1% CPU RJIAE *

. 1> CPU (

Fhks52%) ATIARE, E'E CPU (XAITHAES

o SLHIER, ER 7 EIERAENREIIIFEK
o BERRSSER= B ERIIERERRIN

. ﬁ“iﬁijx%l 1825 (Symmetric Multiprocessing / SMP), & 141823

3 2 H TR,

o SRR

Xt

. TEILIESES

_\_
—

=

TRLZEBAS?

= A — N ZERAS?
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2% CPU ROV *

o SMP NRZEIRIFTAIAE CPU M E1YE (load balancing) AR SRR

o HE1XTHZ (push migration): BlEAMENES IRz, R &I
TE, NPEESMITER CPU HIERIEAM CPU

o FITF (pull migration): A CPU MELIT CPU FR#ENESS
o MFIIESIEIR CPU FIZEFY (affinity)
o H—MERBE— CPU LIB1THY, EIFHREFM T1ZESHEE
 NTIRIFAGHNRITFEEE, FEE—TREFNENBAERE
o FEEREBFHATEESEIED CPU
o thAEEMIT CPU ZR T ERIEEEMEESHNE LEIETT

AT
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18 = ol *

FrXYSERT R ST (real-time system) HYfE,
 Rate Monotonic (RM)

e FEarliest Deadline First (EDF)

VAL

\alx

o
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LRI RSE

ESLAT R ST (real-time system) AR, {FSBEGEETEELLAT(E] (deadline)

BISEh 2,

Perceived Value

X/;%/\E/j ;é%\ A ?4:&
A A

o)

=

©

>

k5 %ea .
2 e
O

)

al

>

)

Response Time

General Purpose System

Response Time

Real-Time System

Having the right answer but having it too late

is often just as bad as not having it at all
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KR RGTERE

ZE—FH I EEY (periodic) FSHITR R A IRE
o BNMEZSE—YMIERT(E] (processing time) C F1EER (period) T
o EFEIRIAEIFAER CPU AMERT[E]HR1E(E]
» ESERBHNGRIFNZIRESRIE TG

— Cycle 1 > Cycle 2 >
Processing Idle Processing
< — Time
Task P execution time C 5

— Task P period T >



K RGUAE

EZE—FEITEHRMY (periodic) {ESHIERT R FIEE
o BMIEBE—1AIENRIE] (processing time) C F1/EHR (period) T
o JEAIEHI (admission control)

o 1A n TEHAERTEAENBEFBERINES, N T ERAENEEHE
ZAESHIE LERT (8] (schedulable), NAZHE
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Rate Monotonic (RM)

BTSRRI ATVERE
« (ESEEAE ((E5ENE), NKKARES

High |
A Highest rate and
highest-priority task \AQ}/ .
e
e
P
=
= o7
e
g &
Q‘: e
7
I
7~
P /{1}‘\ Lowest rate and
lowest-priority task
Y

Low Rate (Hz)
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Rate Monotonic (RM)

Pl period = 50, processing time = 20
P2 period = 100, processing time = 35
Because (20/50 + 35/100) = 0.75 < 1, so schedulable

P, deadline

IIIIIHHIIIIIIIIEHIIII

0 35 50 55

If schedule P, first



Rate Monotonic (RM)

Pl period = 50, processing time = 20
P2 period = 100, processing time = 35
Because (20/50 + 35/100) = 0.75 < 1,

P, deadline
IIIEHIIIIIIIH%IIIIIIIIHIIIIIHHI
0 20 50 70 75

Apply RM: schedule P first

so schedulable

P, P> deadline

l

100
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Rate Monotonic (RM)

L TR S RAI AT S RS (static priority)
o (15 A (ESHIR), M RES

s MRZMESTER RMIAE, NMIXEESHWITEBRERIE
AR L TC R B EPTE

——
A -

Liu C L, Layland | W. Scheduling algorithms for multiprogramming in a hard-real-time
environment. Journal of the ACM (JACM), 1973,20(1): 46-61
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Rate Monotonic (RM)

Pl period = 50, processing time = 25, rate = 1/50
P2 period = 80, processing time = 35, rate = 1/80
Because (25/50 + 35/80) = 0.9375 < 1, so schedulable

P deadline ) deadline

75 80 85

Satisfy admission control does not indicate schedulable
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Rate Monotonic (RM)

= TR ARAIPTHE ATV (static p
o HEMENERIA—EBER RMIAE (7
o T n TEBEEMKRNES, W5

riority)

RM #1TIEE:

When n = 2, about 83%

R MR,

When n approaches infinity, about 69%

FNEBEER A CPU R FE)

ey VAN o

— AEBeH

Liu C L, Layland | W. Scheduling algorithms for multiprogramming in a hard-real-time
environment. Journal of the ACM (JACM), 1973,20(1): 46-61



Earliest Deadline First (EDF)

ETH LERERYFHE A TVIARE

c HE

o (ESFIDAAZRERER), BAERESE
T[]

_\

sy LEAY 8] (deadline) #3ITBY{ESS, A kiLS

=B HAER 1

5 1H BRI IR
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Earliest Deadline First (EDF)

Pl period = 50, processing time = 25
P2 period = 80, processing time = 35

Because (25/50 + 35/80) = 0.9375 < 1, so schedulable

0 25

P, deadline = 50
P> deadline = 80



0

Earliest Deadline First (EDF)

Pl period

P2 period
(25/50 + 35/80)

Because

25

50, processing time = 25

80, processing time = 35

P\ deadline

l

50

P, deadline = 100
P> deadline = 80

0.9375 < 1,

so schedulable
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0

Earliest Deadline First (EDF)

Pl period

P2 period
(25/50 + 35/80)

Because

25

50, processing time = 25

80, processing time = 35

P\ deadline

l

50

60

0.9375 < 1,

P> deadline

l

80

P, deadline = 100
P> deadline = 160

so schedulable

78



Earliest Deadline First (EDF)

Pl period = 50, processing time = 25

P2 period = 80, processing time = 35

Because (25/50 + 35/80) = 0.9375 < 1, so schedulable
P deadline P> deadline P deadline

80 85

100

P, deadline = |50
P> deadline = 160
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Earliest Deadline First (EDF)

Pl period = 50, processing time = 25
P2 period = 80, processing time = 35
Because (25/50 + 35/80) = 0.9375 < 1, so schedulable

P deadline ) deadline P deadline

80 85

80



Earliest Deadline First (EDF)

Pl period = 50, processing time = 25
P2 period = 80, processing time = 35

Because (25/50 + 35/80) = 0.9375 < 1, so schedulable

P> deadline

P deadline ) deadline P deadIine P deadline

80 85
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Earliest Deadline First (EDF)

T8 LRI IE 5 TVIEE (dynamic priority)

o HELLMT|E] (deadline) #ITRIESS, MRS
o JHNIHMEMN NFMY, ER{E558ER EDF 14,

i

Liu C L, Layland | W. Scheduling algorithms for multiprogramming in a hard-real-time
environment. Journal of the ACM (JACM), 1973,20(1): 46-61
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K RGUAE

2335 K& CPU-bound 1£55#0 1/0-bound £ R SHIIER
o 50, XFERSRARIAN TR MES
e P/ Ims B9 CPU iTEH 10ms B9 11O, &iLEATEA 12ms
* Pt 5ms B CPU ItH, E(ILAI[EIY 10ms
o EDFBMLTIRAE P, XSS P T & LAY 8]
o ATAFE CPU ITEA /O B HZRE
o XJF CPU ItEERS, P AIESCEIEAT(BINN 2ms
o ItbAY, EDFRSGEE P, mDHEM MESHVE LAY E]
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24 4

ICNZE]

o TEMMIA

o HIIHEAIRRL (batch system) BT,
e FCFS # SJF

o FINRBINARS (interactive system) AYIE
e RR,MLFQ %I CFS

o ¥ rXJSLAT RS (real-time system) A1
e RM, EDF

i

i
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