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BE (scheduling)

&1 = (throughput)
F{TAJ[E)(wait time) CPU/GPU
I Sz B 8] (response time) P £ S 4
/N (faireness)

. NTHRBEET, MHEESHTRES R

#HFE(process)
% F%(thread)
#3E 7 (data flow)
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« CPUFIIAEZ (CPU utilization): CPUKFHiZPM{ERRIABI{EPAE CPURBJRY G EE (REAERIF)

3
1

o N (fairness) : BIZFMFch NRIHFZIRFAICPU{E AT 8] N 12 R P] BEF

T

o &Zlt= (throughput) @ B{URBJATTEHIRITEVHIZE (B AELT)

o [EiEMTIE] (turnaround time) @ E PN HEEESTAEINE] (/) \ELLF)

» F15MT1E] (waiting time) : E T HBZERZRASIRIAT(E] (#k/]\iLeT)

> F: FF0T(8] = BiEET(8] - 3RS CPUR{1TRIET B

> — P HIZFIEER ZRNEIMAENT R, Fi5H e XEFHFSH

» MMzAT(E] (response time) : MR & EIEHATEIE—/RR SN AITRIRTE] (B \ERgs)
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» CPULIZHRMERFRIZIZEZH

> REZRSGUER: LB fork() . exit()

» ENGITHOHTEEZET (EEdlwait FHEESE ST —MN/OFERK)
> AR, EER0I/0 interrupt, clock interrupt

s XEZHNREARBHRERAGIVNSRE rEMN, AIENBENBEIRRE T
fmE, FEEE (AE) RKLARETHRENEIRSEIR
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H.#l 5 SR (mechanism and policy)

s IRERGHFN—TEEIXITERE: HFS5RKREINDE (Separation of mechanism
and policy) , XfigitE—THENEIRTERE, AIUEHNERARAGNERE

IV A
- MEIETEAN

» E—1TEARME L, rIPAZREREREEZ, BMLLRE? B8 &M IRE?

s ERE—TREENEMLE, FIUNZENEAE, EMXTREFEMT 2FRIVH]?
EENHESEFXTEE? XMBRESHN?
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ﬂ,%lj'_ﬁ R % (mechanism and policy)

Mechanism Policy

Task xcurrent;

Task*x select_one(Task pt[]){
Fasiceptablelly = g b o ob b b

Taskx result:

Context xon_interrupt(Event ev, Context xctx) A
if il lcurrent) 4
current = &ptable[0];
} else {
clUrrent—cantext = cExX;
current = selectone(ptable);

}

return current—>context;

return result:
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H.#l 5 SR (mechanism and policy)

o tEANFA]E 1 context switchBIHlHl, BZEIF—1TPCB (TCB) BIFAZI, =
AE—THEIRETET, Bl AMX P RAG R — 1 #1THAT

o AEIRVPEIRRISRESER Pl ATE X T Ll LT

> FEALEVERE
> RIS EINFEAORARE, AT Z/EBIREIRARE
> BRI AR NSRBI R AR EE  (R1E0%) ...

— T EEMEEX TG T, SFNEAERKBETA? (BTFETHNER)
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7|<[L%IJ 5 { & (mechanism and policy)

o (BUIRFAVEXI — T REBHRENAI TR BRI TEERSRE, ZEIRIL
wll AT S

> BB T HEFIRENHATHIE

- F, BEE—TNYE, 0 HEEEIP—TEMERTRENTSZE,
1FARZ AT A158]

- RN

- BIISEANEIZ T A
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.« BERBEARAIND DU TLEES
- HANBES A

> RESESHNEE

> SLR{ESHIARE
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HZHHHIRSS (First Come First Serve, FCFS)

o IRIREIARST (MAB) VLRI HITEE, il E (First In First Out, FIFO)

. BIF:

» P1 24ms

24ms 27/ms 30ms

FEEER: P1

E150RE: P1 =0, P2=24ms, P3=27ms, FEIIZEFRE : 17ms
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%EIE%HER (First Come First Serve, FCFS)

o IPARRAMN (convoy effect): FEiz1TAN BN A RRHIER BTN EINGE, S
I FEF BT RIS,

OO.- cEle oy

E1TH [BH<HIESS 11T B)FERN(ESS
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EELERMJ?E (Shortest Job First, SJF)

s HETMESSEFTECITHIEIXREX

s BEIBITHIEIRERIMNTHRIARE
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EELERMJ?E (Shortest Job First, SJF)

» B+

> F)1: oms

oms 16ms 24ms

EER: _ b

E1S0IE: P4 =0, P1=3ms, P3=9ms, P4=16ms, J?i’J—J: fJ18] @ 7ms
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HE: MTHEHRETS, SIFERN
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HE: MTHEHRETS, SIFERN
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- EFZERR LN, DS —SHRSHTHSENEEK
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k. PMFEBFEGNEIMS, SIFEx{TE

- BEEERS =(1,2.3,4,....N)

- BF#HBAEHZL — 1 Z2EHR1T, B1UER: W =W _, +1_, (Eq;)

- BN EERE R0, BW, = 0

> FHISHRERE R ZRY T Y FAFAT B BN :

W_W1+W2+...+WN L
- Ws — N (Eq,)

N—-DHb+N-2)t+...+(N=Kkt,+...+ 1
> FEqwAEqF: Wy = : : N - — (Eqs)
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SE: MEHNEEHETHS, SIFRBKN
 1IEHA:

. - ZRAMIRE (BBHIF)

® MRLE M TR EFZRIAITIIEL,

o WMRM T HEIZFBI—THHRITAR T a—"TRIHIZHT 8], N1EHX
T HEZREENR .

- sttt ansnmsraanss:. SRR
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- WFHEREEIS = (1, 2, 3. 4, ..., N), {IEIEF MESSHEE,
k — 150k, Bi%t,_, > 1, REXFHEREBEIRRE, N:

B W= N=-Dty+...+(N=(k=1)t,_{+(N=Kt,+ ...+ 1ty (Eq)

3 N-Dy+...+WN=(k—=1)+WN—=Fk),_+...+1ty_
’_ N

(Eqy)
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HE: MTHEHRETS, SIFERN

« 11EAA:

> SRS EMZE

We—Wo=N—-(k—1)t,_+(N—k)ty, —(N—(k—1))t, — (N —k)t,_,

=l — Ik
> BT h-1> 4, ELE We— We > 0

- SHE—S (ASIFEN) , FHZRHIGHR M
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« — HWEREZREFE—"T1H#ZFRKIBT, AEMILE—HIE1T, BERE
HEHZE (IR EI/OBRELARFGEE—11HE) , EBRERERCPU,

s —TMEAIVEAERRRGEE—THE, AITEETEREENSKE, 4
RENEERERNENTEETT, WikiEk, ARERSREFES—THERE
7. (FEEFRTHINGHIS )

. BAIESMAMTIES (Preemptive) KRA

> IRZIRER TR EN B RERNHIEHITIZIT!
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I FIRAIT B (Shortest Remaining Time First, SRTF)
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Hjlﬂji‘ﬁlwﬁiﬁ (exponential moving average)

« B F—=RBTIEIN1ZS ZRI—/R=MU
> 1, 0 SBn/RSERREITHY(E]
> T, AT —R (n+ 1) B9RATETIE)
> o THRREX

7, =oat, + (1 —a)r,
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Hjlﬂji‘ﬁ/wﬁ/ﬂa’ (exponential moving average)

e XNt =oat,+ (1 —a)r BFF

> T =at,+ (1 —wat,_ + (1 —a) at,_,+...+ (1 —aYat,_+ ...+ (1 — )"z,

« ATafll — aff/NFFTF1, RhZZINAPE—INELEE—INRINEE X

> XMFRRSITARATHRIBI BN S RIAYFUN, e Z BIRHm TR (BN
AL
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i 18] ¥ & 7% (exponential moving average)

o« FITIBRTEN:

My = 0BT, =1, = ... = 1, ERERFANTH LR X

- Mg =184 1, = at, EHRENHIRE I EHE%

« —figMs, aX0.5
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i 18] ¥ & 7% (exponential moving average)
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SJFHY—EEERPE

LHNBERK: HZHTE G

» HIENFEICITHIEIELAZ

o UK, AINRS#FF (gaming) !




EAIPI AR EF (Gaming) EE

» HESYEIRRZ N IFE"HFRITIVERIMES, RAEBIEETXEIMES
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ITEZEE (CPU bound) FI/OZEEEY(/0 bound)

s HIAERET, AMRARESHEXANT: TREESEN/OEER (FALEESE)

CPU-bound

1/0-bound

CPUBKRRERETEHRCPUITERIR, HIUAFEE. BRI STEoITHFES.
XERFBERT CPU LRITAE D ITERNTENZEF i FRE, MABTEFEFI
EREIR (WM EIRE S N4 @(E) STh.

/0 BB AR ARSI NI BEFT /0 (EE/NF/REE) MZEVEANRE (B
MINTHITIMER ERI#HTE) , W CPU AFHA S, FE2EFECPUITERNTERD

Long CPU burst \

Waiting for 1/0

Short CPU burst \
/

> time
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1] B 50558 B2 (Round-Robin, RR)

. BMISHRHE—BETRENZE (B84, time-slicing) .
- R ESEERH, TEEHEEIATIE,

» BB A RO T E XYY ER AR, SNAHZRS! SRNIEHFEARE
AKX, SNMRIZEANFCFSIERE ¢

» —Rg AT 8] /5 KR & 910ms%El]100ms ( context switch—fig/J\vF10

microseconds)
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RRTERT 8] / 794msBYtE45l

4ms 8ms 11ms 15ms 16mMms

P %)




> &8 EM—’FS I% %Bm
of Intelli rin

Round Robin vs. FIFO and SJF

« RR: ‘FyEFENERK, FEHBERSHJoverhead!

RR (1ms time slice)

FCFS and SJF

2
3 e
4

times
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/N1 —18
RRHEY 5 9 —"1 o) @

o TIin1TEER I/0 BEMEZYAITEZRERFESZERT, H 1/0 ZRERESHNIT I/0
RERT, ESiLE4AMER (BFEERCPUITERE, SEHR=MNBE EFILECPU
7)o

> IXETEIME /0 #RFRIRFTR (EEMRIEFERVIMITF) , NFHFEMDECIE
28, BEIEMITEESEEISHETMIZERNCPUYIA,

tasks
/O bound
iIssues /O ISSUES /O
/O Complet - Completes
Request pIetes Request P
CPU bound
CPU bound

times
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BT A5KBEARE (Priority Scheduling)

* |/O-boundFICPU-boundBVLEEAE, | JTEEETNITKINBERE:

> FPHEARBERE — TR (B2 .

> BRREEER, CPUKRDECZRBEEmmtRhiVETE,

« SJF (Shortest Job First) Fir]ABRE—MINAKRBEAERE, EFET#H
FERMM AR S TR E T —1CPURITAT 8] A9 EIZR B 1E EE .
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E?ﬁcﬁ%ﬂﬂ’hﬂﬁ (Priority Scheduling)

o Linux FERIABIL R EEIRZE):

» SLAH{ESS(real time): &L5EZ (0 - 99)

- 1Ilchrta<: chrt -r -p priority PID

> B {ESS(normal ones): fEL7cZ% (100 - 139)

- 1lidrenicean< renice [-n] priority [-g|-p|-u] identifier

- 11l1lnicedn% nice [option] [command [ARG]...]

higher priority

rt_priority : nice_value
99 Rl +19

real-time normal

0 . . 99100 1389
priority = 99 - rt_priority . priority = 120 + nice_value



https://github.com/torvalds/linux/blob/master/include/linux/sched/prio.h

BeEMES TiE=Fx “I

. S

» 2a7E 4N Fworkload, [RIK TR I F RN ITRiELS

iz 7 RATES 8 N/ RER A
P1 10ms f, 3 |

P3

{ 1 MS :

PS5

1ms 6ms 16ms ___18ms __ 19ms

tR: [P 10ms 1S 1ms.

Ej|
i

]
N
OF
I3

F150908] 0 8.2ms
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LITRE R o) =2

« HFE(Starvation) — LT RAIIFEFE R BEKIZA ST,

> BRAR: Z (Aging)-FEE R BIRYERZIE INHZRIT TR,

- EE MBS MIARAIREE, W ZR&EAT (multilevel

feedback queue)



o« —PHIEFTUAEZ TS (RRARMTR) ZIEEE],

e EEE S IT2%¥ R
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SRR EATIBRE SRR TS HE N
- BASIHEE

- BIATIRE %

- ARSI R R T)
VO g A Opaber

- RE S NHREERESIHZEENB AT )

Z 2 i5BAF (Multilevel Feedback Queue, MFQ)
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Z 2 i5BAF (Multilevel Feedback Queue, MFQ)

» —THEBRYZ RIS

> —2HECHERASI:

- B BASIERE RIRAITLITR.

- SRS RATR A SR A

- RIS BAT A RIATIE] A,

- AR E RS RAT RHE— RIS,

> AEMFHEIANFRIRYIEERSITHRAT

> ARETE]FEIER, (ESTEFEE—TH5.
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Z 2 i5BAF (Multilevel Feedback Queue, MFQ)

o« BBl =TT RBAG:

- Priority 3: #FEIERE, AE K J8ER

. . N Priority 3

- Priority 1: %46t (FCFS) RIAUAESEA THA |
Priority 2
o IRAETREUT: time-slice = 16
- BRSNS IPriority 3 (REMER) , UREAENSRRS. 1

> SIR1FCPURY, ZAIRIRISSEMRIMTIE A, FCFS

» AIREBEVARTTE, N HEIZERENZIATPriority 2,

» TEPriority 278, {EMVERAREEREN A NRS, FHIREEIINI162
D,

- MRDAIRE TR, WIS SRR Priority 3, #1TFCFSI,

i
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Z 2 i5BAF (Multilevel Feedback Queue, MFQ)

» SEAZRKREING] (MFQ) HY:
> CPUESRIAER NnEIRHTIE /BT REATI,
- WIREATHIE A, #HIER FE—TR.
- BORRYET (8] A AT AR N XXYHREY T H
> /0 BERHERARIFESNTHRIATIH,

- IR—T#EExETAAENE R (B, B /O #®IEL#HEZE) , BAE
RARIFER BRI RIK T,
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Z 2 i5BAF (Multilevel Feedback Queue, MFQ)

o SN mPAFI AT 0] 2R

- MRBRERENHEYEMECNEFNHIE, WESMTRATIFIEZE R BES., Lt
1Y, RLAKEAGF Y CPU ZBEEHAER KIASHRKIFEE,

. —MERMEEE, — N RERHIETEERE ST ERKT.

» R—THENETHEAZES CPU BEE, EM=BEEHRMSARKT, METES
KIZBERE, —THlFE—TIEXFEwTE K= CPUNBIR#EMN, EEFEVIET
Sohk, PMEN T FEMERM )\E’Jé&E VHiE  (LOREE RO AR rT A8 Al )

. Ritt, MFQBE— KR (Eft) REMEMAEOMER, UHRERRBELET. — 18
75 RS IR A B S S RS, BEE
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=7 (Game) A%

« MFQIEEZR I UAERRMNE. BAEMNAFE Y ZBEEFE., EX L, BEHERES
M FNINSCIRIER ST (B1FEWindows., MacOSHLinux) 1A (fE—FzRAER)

. (BXIMFQERE AN &

- LI—ANEEREE TREESN TERE, BAM/MITUREREE, 7EiE s
280 7 28 H) R OE R R AEIRAY /O IR LIAE (BIR, BEER/LERD)

X, EMERRREEEADINEL, ChaRkEEREE A mEaR
B (FRBREEMRER) , NTRRREESR BT,
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EBE (Game) R

. BRFE — B

> MUNZ R RN ERAEEGERT T ENNER, AERTIRRHIET
WETEERE (JLTHIER) AE1TRYEHETIE,

> BPMARERNIIRE —15 2 KB AKCPURTIE 2,

- BhERNDECNREFERITR
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RiE (Lottery) FE

» FRIFRABERIRRIMAR SN —ESRAIT, MARBHN—EFMARSHRITTTBNT

> BENAENE: MERSNCPURTE] L= —E/RMRAILEHI! SMALNELEES—R, &
RITRRI G LR — =

s —IRENARRE: RERE

> MRl DB —ENERIFEES

|I'I1

)d

> RERBENIEE—THRE (AEEZSERNFLEERNFRIE) .

=3
>7=

> N TERINE, ZEDEB T FULDE—KEE
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SHN PR I

« XWNARHNEIEEERERIAR

» hTfEELLE HER (deadline) ZBISEIRE:;
- F1E HEATEAE A BRIRSB SRS E RS —1*,
o EEAM (Periodic)

> gL HEAARLZRYIEIfR R £ .
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SHN PR I

» FEEEHENETER (KNRAZEEREIEERRES)

- HERTE)Y, B L A, A8 E D

P P P ‘
. . | r_| r |
. BEHRMEESHIRITIEER N— ‘
P -
T T T T time
e EANIZHI (Admission-control): FEHA(period) 1 EHA(period) 2 EHA(period) 3

- BEMANEBRER, S ARNEEN NP AEERN ERERNC, BATHENTE
TR (—RENARLL BBRREMEONE) ) <)

i=1 1
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&R 3 (Rate Monotonic)idE

 RIFERE (BNEHEARVEIZL) oECUITR.

> FHRENESEERSHIMNSTR,

> AR KIES BEERIRRINITHR.

- #lgn, M T HEEP1AIP2, B18VEAERD BIZ50F1100, AFAPI1ETG
WiIEE, AREP2, P1oJlAE P2,

» XMREERINEZENFTEEIME SHCPURIES D ECE SRR,
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& 8% 2 (Rate Monotonic)iBEE

e Fl+: FANTEM T HIZ: P1FIP2,

- P1AYEIEA 50, 4bIBATE]A20,
> P28Y/EIEBA 9100, AbEEART|E]H35,

> B LEHABRER Y N —"1EHAZ 81,

. BEXMHIFHRRENDH Y <

i=1 l

» (20/50 + 35/100) < 1



= i—FME'I-SI* %Bﬂ: ‘ ‘ I

&R 3 (Rate Monotonic)idE

e P1 (ITEBI20)F0P2 (1T & 8]35)8ViRER 55 91/50F11/100, WRFRA(TA
FRZRRIFEE, BIP2ELSHIBAE:

Deadlines Dead1-P1 Dead2-P1, Dead1-P2

v

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

>time

« PIETHIBHE, AEKLK
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Ef ifE % #& (Rate Monotonic)iiE

o« MRTANIREBRIFRFAITIAE, P1AIP2E=1ERE RIS

Dead4-P1,
Deadlines Dead:1 -P1 Dead2-P1 ,:Dead1 -P2 Dead:3-P1 Dead2-P2
v v ;
P2 ‘f,x  ;? 5 ‘f‘, ¥;‘yAP2
i \ o RN

0 10 20 30 40 0 100 110 120 130 140 150 160 170 180 190 200

Claim: Rate-monotonic scheduling is considered optimal in that if a set of processes cannot be scheduled by this
algorithm, it cannot be scheduled by any other algorithm that assigns static priorities.

Liu CL, Layland J W. Scheduling algorithms for multiprogramming in a hard-real-time environment[J]. Journal of the ACM (JACM), 1973, 20(1): 46-61.
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B3 1 1R A RN

o BATBER I HIZ: P1FIP2,

- P1RYEIHE M50, LGIERT(E)H25, & IEHARRA T—"1 AR Z T,
- P2HI[EEA N80, 4bIERT(EIM35, #IEEAFRtLETE F—"1/EHR ZRhI,

. B%, X workload RFAMNEHINY & <

=3 l

» (25/50 + 35/80) = 0.9375 < 1



B3 IEER A RN

e [FRAXRBIFEE, BHFP1(GTERE25)FP2(1TERB35)89ERZE 5 591/50
F11/80, FABAP1 (fLFcZhoR) EFREBIAE.

Deadlines Dead1-P1 Dead1-P2 Dead2-P1

4

0 . | 30 40 90 100 110 120 130 140 150 160 170 180 190 200
» 1B P2 7£HT(8]804b 8 T & Lk H HA

Claim: For a set of n real-time tasks with fixed priority, the least upper bound (LUB) to processor utilization
factoris U = n(Z% — 1)

»time

Liu C L, Layland J W. Scheduling algorithms for multiorogramming in a hard-real-time environment/[J]. Journal of the ACM (JACM), 1973, 20(1): 46-61.
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i 58y L HHA{/L 5t (Earliest Deadline First Scheduling ,EDF)

» RIFSLLEARR D ECILITR:
> HICHAPRELE, LThids.
> B ICRARREER, 1LITRE.

e AR XSEXRFRFEEAE, REFFEFMNLRASEENBERAANE), m
i &y LE BARR L S5 AR R (E SSHOE LEBARR AR LT .
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- FIEAEF: FDEFEP1FIP2 EEA: P150, P2:4980, 4bERTE: P1
725, P2935, ®IILRARR: £ F—"TRAHZA.

Deadlines Dead1-P1 Dead1-P2  Dead2-P1 Dead3-P1 Dead2-P2

) 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

>time

Theorem: EDF is an optimal scheduling algorithm on preemptive uniprocessors. With scheduling periodic
processes, EDF has a utilization bound of 100%.

Buttazzo, G.C. Hard Real-Time Computing Systems: Predictable Scheduling Algorithms and Applications. Springer, New York, 2005
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Linux 2.6.23 Z [SHIEEE S5

EEER: SEIBEE RN,

. RS EEREEER PRSI RES.

» BHEMMTERERR, rTURINEMS

> SCAYZES): FCFS, RR, EDF(ffLinux 3.145&3)

IR
Eﬁd

BEF: TE2LAFREEz (CFS) |, IDLE


https://github.com/torvalds/linux/blob/master/kernel/sched/core.c#L6048
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STELAFIEERE (Completely Fair Scheduler, CFS)

"“"\.‘ -{' . ‘:,“'. _:'t".‘! ,.. ) ‘ gy - A - "/ L ': , d
/".. N .‘.*.",’"?;.' > 4 ) - ',‘ 't\‘ y
.9!?‘ ;23 8 LA ",; A ‘; | P )
R % T LY Y po e |
\:... S LR %

' x&“t‘,‘ » 1" : < :

.." A '-..,A ': ‘A: N &

»
-

-

» ~
.,
-

» Bt BTEERSEFMERICPURTE (2 FI1%)

> NIRRT, ST SEEEERZKSSMINCPURE/N AR

> JOAESEPMES EXMIX— R

At any time t we
would observe:
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2N FERERE

o« BENEFRRIMENE: AETIREREIB B9 L2 ¥ #iZA9CPURYE],

. ESHRIES M HEYFIDRA T I AR TR RE

~J

- SR BEIECPUE N S A TZ T

> NREFEHFANBEEIRSAGENREE, NEECPUFERIENIRIFMAENL BRI P/ B9 [8]

- AMREERFEZmmNTEMERE, BAaEESEMIRITNG X T EER A

\I
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2N TR I

o 5ZHIRANLInuBAEZR AR, CFSAREIFESIIEITINGI, MEHr—
AT (B HERRYZL BN

Nodes represent

e sched_entity(s)
Indexed by their

Most need of CPU

virtual runtime

@-

vilpEUal rlntEame

Least need of CPU

&R IEF R R PREER
B&2) , FIBMEHR—1
RES %,

MNRABNHFE=S (B
mirfEEX T, Bk

ZR0(1)

iy, BIEXRITRNKEFHFXT
current# 2RI BIETCPUR A 2, AGIRIE

H{H, EffEALEN

, IEEZEO(og n)
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» MRBEHIEMRS, NMEAFEMHAIZLF

N s A LT e —_ Physical
o RUVEIE: RSN TSI EEAYS W, it i
. | CPU Time
» Original Basic equal share: 0 = Y
. Wi .
» Weighted Share: Q; = ( — ) X CPU time
= w.
j=1 ""J
o IRERZRIZHIREIZITAT(E)(virtual runtime)fn A2 EE X z1TRT(E), Virtual
CPU Time
- WEINNE: BRI TIHEREREE,

Scheduler’s Decisions are

ETEILTLXE?T HT_I- |\ET_| :l:liElill KE:‘\;& ] based on Virtual CPU Time

> BYERINE:

(I




AR EEE S IT2%¥ R
&, ool of Intelligent Software and Engineering ‘ ‘ I

ft o) &R




e BeEMES TiE=Fx
) Sc of Intelligent Software a ngineeri “I

Z1%CPURYIAE

s EZLHERARGIH, CPURERN—MAEAEHENTUELE — — F RS 2L HE
PIEREE RS, EMMLEFNHRITHPE,

> XMANMZAEZ R RN, AARE—TMBRRFBIRESM, #HD
TEIREHZRIFT K.,

KPR 2 ERE BB, TARHEEN RAMEEE.
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Z1%CPURYIAE

Jf—

e &k, FWIRZLE ( symmetric multiprocessing, SMP) 23158 M EREHTEIEIA,
_/I\ QQE/‘J'IEJAEHE%%%CPUO

Mt

) -

e LEFREMRIRIERSGELIFSMP, B3 FEWindows. LinuxfImacOS, AN &35AndroidfliOSTE

WSEEFE R
s AZTROT, NTHZAEE, BmMIAPRATIH:
-‘ T11 T12 T1m
T T2 79 Tn
// \ Tni Tn2 Tnm
CPU1 CPU2 CPUm l l l
CPUT1 CPU2 CPUm

&1 — 15 —HIBASI, Z1TCPURE

B2 81 CPUZF B SRR
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e« EZ %0 FEEREN B EEAEN A RER

/**k Context-switch Mechanism with a job queuex/
Task *xcurrent [MAXCPU]; //8 1 cpuffBE—"1Za1i11Ttask

#define current currents[cpu_current()]
mehach g

Task ptable IMAXCRUDEL =l didiae b iloail, o
el [ e

oy //REFRIERIHE,

Context xon_interrupt(Event ev, Context xctx) {

if (!'current) {
current = &ptablelcpu_current()][0];

} else {
curtent: =context = cbx /[ gaving context

current = selectone(ptablelcurrent_cpu()]); //selecting a new current

Ll FirstE Erap

i

FeLUER cUrrent==context: //restoring the new [ask.to be executed
}
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Z1%CPURYIAE

o« WMRIZFEE—MAD, FNERZNMANY LFESFFRG, FTEN—IE
Al XERERL,

o BIMAIITE T LERIMNENLEBNBITASIFEEZE, ELECPULZ(E]

TR SRIFRENE PR AR

> LES, BTLEREABENTRNEITING, Xbr LA REsSE N EFAFH
FEVFE (FMASEESITCPUEEENSER, RERR) .

> Ab, AXFSMPRIRGIF, XExE LA IE.
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fa #1311 (Load balancing)

« SMPREZRIFAABCPURFIIEAIESE.

s NEFHEEWMRTLEAFIII DM, BMMPEIU:

» WE1TF2 (Push migration) : BEEIMESHKHESMGEZRNNE, URA
I E, NMPSESMIEEHNCPUHIEZEIEMCPU L.,

. RI3EF (Pull migration) : ZS MBS MEITAMER MRIENE AT S



oy BEERHS TIEF M
o J School o ﬂnw[ﬁ’gen and Engineering ‘ ‘ I

IR 73 3= M TE (Affinity)

s S—PEIEE—TLER LT, ZMEENEFASEFNE XS IZRNANFD
],

> BT XTSI IEZE B EM S, BI“AbIEZZFEFTE"“processor
affinity”)

» MEFEFIBEERRIAEIEZSFAE

> ARN%ZIERIBE M— T IER BRI Z— 1T ez A E R g, (BZEizBEKR
TR LRI IERNEFFAHAERIASR.

o+ AU EFRFRIFIVIERE, BRIFRAAFTE—TRIFEMENNGE], E1 L2 EE]
— Mg FIm TR EAREIRIL)
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NUMAFICPUREE

» MRRIERFDENUMARIRY CRAIEFI—AFIAI0)ERM, BB ITY)IE
IR A, B EE B CNCPUNIARNTE) , RARNMZZREDEEAF
IR TN TEMICPURIZRIIMIANTE,

S/O
| fast access W aCO \ fast access
@SS

computer
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» MR REF

A FH AZ“H S bug

kit

> RIRRZPERITEIE: T1 (BMLSKk) T2 (S5k%k) » WRMEBEE ]

1E1THY,

UEIEE S S Y i e il

- BERIxT1ERET (T2RREARETT) , #ARE 7T —TBhe, FHAE

5 X,

> AET2HRETT, ARZEZUENERET2EXT1181T;

> BT2ZE3RENE], HAHAHBICEFRS. BFT2ETRKEATEET, EIET1%
Bl HIGHEX, mT2NKIZE N FE,
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s — PTRMARESRMZHITFT—TRIMITRIES.

>

[]
/\

ZRINFARESFTFED, SMARESM=KIEZE.

Trying to get the lock®, forever busy waiting

g MEASFAE, MASIZIR?
get the lock FELZE & MELERA T N Z45BAF,

\ R Task low AT VBIATT | ELLATLNS
TaskLow & cs LSRRI, MMmitTask HighRILAAT

> time
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« AT, BMEERERBED, mea{EBfutex waithFEZEhH A EER % 5ok 3 o) &1

e BRIRB=1T%tE, T1. T2¥T3, ERTINMNTtAemE, TIBMTTREK.
> T13REX 7 —"1 3, T3HIRIE1T, MMiES rT1,

- T3 EIFRENs, {BE#EFHZE,

> T2 tRiz1T, BAEMMMERSTT1, FAAERET.

> T3 SEh S TT12, (ERHFT2IEE151T, T3HWEZEEFSFT1 L, MINETIAIEEXKIT

—/—

Z:El_'fj-o
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o — PRI RESEITE BN PR TRMNIARESRIAIT,

Trying to get the
chk, o][e]e] @

RILSTRAVESIE S TRINTRIES, ELEHMT
RAES T iE B FHIm 5 X M A p e

Task Medium

get the lock

\

Task Low & cs cS
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X bugBE R E
U g H =1L

e 1997F X BIFIRE (Mars Pathfinder) 7EZEBIRNERG, EFFRSEA NG
I ENIL R R EEIRMBIRE L KMS Efa 6]

\—

> TiEMegmEl 7 X

» X T bugZERSWES

Mars PathFinder

LGA = LowGainAntenna II&:P
HGA = High GainAntenna

IMP = Imager For Mars
PathFinder (cameras)

APXS = Alpha Proton X-Ray
Spectrometer .

TEMP = Temperature
ANT = Antenna

PRESSURE
SENSOR
LOCATION

Source: Jet Propulsion Laboratory, 1994
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X TbugE &2 gAEEXEL

Asks for semaphore, but it is being Sees that bc_dist missed its
held by ASI/I| MET. So it block. deadline, so resets system
\ !
N /
L oD /
bc_dist ~ ~y bc_sched .
CATI e — — —

Med. Prio task(s)

SRS R S e D
ASI/MET

(low prio)

t1 ‘ {2 3 t4 t5 t1

Asks for semaphore, but is
swapped out after the semaphore
IS granted, but before it can use it

“Even when you think you’ve tested everything that you can possibly imagine, you're wrong”

— Glenn E. Reeves (Pathfinder’s Software Team Leader)
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1755‘61‘21‘&5& (priority ceiling protocol)

o U MESTHKE— NN, ZE SR IRIET B S5 %S B 5548 FRAE ]
SR

éceiling priority

7

écs Task Low * .

. . e Task Medium
. release the lock : : :
get the lock : :

N

Task Low [ Task Low
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(1L 5C B 2% 75

s S—MESITFE—TUIN, WREM (BESMTKRY) ESMEEREUZH!, B
L3578 HINES MRS IR A ZIB T B ST RBES I TR,

Trying to getthe 55k Low inherent
lock, block : High priority

——n

cs Task Low % £ cs Task nghﬁ-

release the Iock E P st A TR SO T L el S e T A b D e S :
get the lock :

Task Low [ : Task Low
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1CN=01

- B ERILFH Econtext-switch + queue

- SREEHFCFS. SJF. RR. fifZk. MFQ. CFS

» SCEES AR ELL HEABIR

(AN}

~

- (SIS RRT) RIERE

> ( jJ:L,\ﬁD Q&Ei'fj]:) EDF

2

\alx
JAL%)

Mt

o FMAITFEMT—"T

I

N
-LH
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IE\I]]

- ST OREAT: CPURIFRR. it

. AHNET(E]
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. BR8], FFHE., 2

- TR HEAIL
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