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- AKBBGR:, IR BENERO BB RS ER T (Re4i7717) 2021
AR, N ANFE https:/hwyl.run/, TERGTIE —ERNIRRE T

- BARBFARRE, LR BN BB RS ER T (Re4i7717) 2021
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1.7.2 WiH SIHE A

© XA, RIS Linue RGTURER, HELE Linux WHIFR TIFER, 2
TFR S R OS -

1.7.3 TaFEIMFHEST

- FEFEIMRI, LA, EATRS HEIZERZ, AR (2008.09-2012.07) EE
WFPEL TR, fiit: (2013.10-2014.10). 1+ (2014.10-2018.08) BNV T3 [H
LI K, 2018 4F 10 AZE 2022 4 9 A N REA W KA AN EE L, F2
MESLIN RS, R ERATIHAHICS MW, SEBESIRERS, v EENH
TRALSTERE. BESCIN I A SRR, LT ERLN RIS 9. REH
=58, AR 5FMERAETT M, MK TAELRLE DAC ~ RTSS
5 IEEE Trans. TDPS ~ TC ~ TCAD FE RN =W SEEAT], IRIFLWRFAIHHE
WIEBERIMA R ARG =R SR 4.

- RN PR, PR TN EAA, 2018 FIRFEERIZE R AN T
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ANl [FNHE EE RS IR, SRR B RIEN A8
NN TS GE AT E R TZA 40 IEEE/ASME TMECH ~ IEEE TIE ~ IEEE TMRB ~
IEEE RA-L ~ IEEE TNNLS ~ IEEE TCYB ~ IEEE TSMC ~ IEEE TII #1835 A JE bR 154k
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AN EBS I B — LR E AR, BN A S T Ron B TR m Y o~ > K
Ro FEMIASZN RGEHIRA Linux TSENTHEEIRRSEI, EENHLRN RGN 71H
FESS A, BB M RS N R ERIER R I AL RTE, REh
28 Linux RN AR FIRRSH, &ed26—LHATEARSENEETBEANT

2.1 KRG — AWM &

IR 2 RAIAREE, SEN RGER] LA s SE I R ST 55 SE N R GE A,

1) SEENRS

ML RS (Hard Real-Time System, tWFREESCIN RS0) : EERHIEHIURH, (F
FHATIN RIRL RN ES B 2 e, SNHNERERMZ 2FH i, Hit, fExX%
KENVEI LB AR, RORASRTIE, RIEFES SO NI BRI RERR K
#4212

2) $EINRSE

595N RSt (Soft Real-Time System, tHARFKSEIN R St0)  AEFHUTHRH T I TRIZTHRE,
B2 R] AMB/RIEROXFLIHRME, I HAN RGN IER ERN, RS2 55 SE
KRG TEMMAGH, R R FERIEL R ZEE 00 S IEHRREDS K& Rz -, 18
IR HESHE 15 H SR N (58 A = 1 R Y 2 il

AIHWRENT Linux BER S, Linux BIERGE A— M INRIER S, BRI
S5 B IS R A AR s B A i, O T SCRESEINURI RS, NN T PRATE FE SRS . SCHED_RR »
SCHED_FIFO JXMMIHAREN A 2544 N SEIN R E L, M@ ST 1 SEiHE
S, RGBSR AR TR ERETE, LR RSt 3 255 B 5514 52
B, RERDBEFRISITIAR TS, FrRA Linux N2 — ML INEN RS, H50
W ARIRER G, Linux 876 GPL > ARG, EHl7T#E, R 2t
BNIBEASE A, A USSR E SR 77,  Linux 2 0] ARG S FFSCIN R FE Y

2.2 SN RGPS5 EBRY

LN ARG, B2 MM0EE, Am (m>=1) R,

ERZH, FIES (task) FonEEESHERE, (55573 NMiFh: BENESS (sporadic task)
FUEAESS (periodic task) » FIT,3R5 i ™MESS, 1<=i<=N~ N Z2iET5E5H,

1% (task) WE—NHEZMEW Gob) > H jth FomT 5 jMEL, FAT/FRR
51 MESIE § MEL

NTAFEES, EERGTHREENT, BREESEEH (priority) BIR/NEK
BHAMHN, eBERSEE, HITHT, AT —MEFSTRIAREEL, HEXE
I 2 iZ R RO HE R Y, BRSERE AR e

MFEWT!, RS H, B LR LEAR RS
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1) BNt TH) (release time) , BITERENIN A2 JE OISR (RIKCATEE), fENLA]
DABAT, B (T3

2) AW (period) , XN TRENUES, JEHARIEES I DMEBIE AR [E] 2 [H]
BRI RIEIRE; T REHMESS, FEREEN, N T—MESHIE, JEHHZE—E
TEfH, %P(Ti)%éﬂ?o

3) PUTHH (execution cost) , Efs—MESHIFTA RN FIHITIN BB ARME, BN
BIMEOL MENL I BATI B, AN T—MESBIEN, $#ATHHEZ2—EEE, H WCET
(worst-case execution time) F27Ro

4) ZXHERR (absolute deadline) , EHE1ENLNIXTEANBEIR & AT T2 5E, & NIFR
NERVIR, WFRNIER (trady) VT BILEISFERR N r(T7 )+ p(Ty), IRAAENLTI T (IFE
TSR] (T )>= r(T7 )+ p(T})e AR F—MESHIUE A MESS B (171 )=
r(T) )+ p(T;), ARLIXMES RN EITES

TEIX YN AR RIME S, B IR 4axs SERR 2 B MENL AR A BY, T JE HAFI A
IR — MES WA R AR, 1B 2.1 3R TR P D FEA RIRE &,

p(T3)
]
@
e

r(T!)+ p(T;) = deadline

B 2.1 SR IY AN S AN it &

MRLE—DRGEH, FrETERIERREA IR RR, IBAIX D RGN SLIN RS
(hard real-time system) ; AR —PRGETVHENRIFEIRER, H AR Z JFHI—EH
INTRINERUEIZ RS 52K, ARAIX RGN EIN RS (soft real-time system) ©

DA AT S5 BRAR R AR VR NVRE UG, SEAIBITRE, AR SERRIAE A, TP
M E R SR A, (ESREESRPSEE HIER (latency) » MIEIR 2 HEIEE
SRR S HIEHIT Z B AR TR A R SBUESE SRR, ATBA, 1ESERRER
PRSERESS A EAS BN, XEERAEEHE, B —SEdE8a . 176
PHREIRTE L2 /T, e IMER: 1) BAPUT (switch to) » FL2E\ A CPU A,
FHEHIT; 2) BFEL (switch away) » BURVEIWATERE CPU AR, (Z1304T, NEST
ZH—RPEiR :

1) TEZ MY CPU |, —MENAIREIRS FHaHIT Z [AIRYEEIR, 525 S A CPU I
JEZAMEER, [ 2.2 WiBH T 5 —RPEER,
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SEIR SER
] -\ — I_J%
L ||
}
| | | |
TESER sEstsE )T HMIS= FESEHELL

B 2.2 {£230F CPU L, 1ES5TABEIIER
2) fE TAER) CPU L, HRIHITHIESS HRSedm T ELRMHIESF I e, 2
HHVESS FERF HRESS (SR TRIESS) PdToete, AREIT, 1 2.3 Bl 128
—RIEIR,

SER FEIR
| Al -\ N
l | | l 18]
>
| | | |
S (TR o= s iﬁﬁﬁ

B 2.3 SHRESSHRECH s T IR R S5 e

3) fE LAERY CPU L, HRIHITHIESSHILIERILT BRI AIESS R e, AR2
IHRESS FUZELE, RIEHHMESS AT, [l 2.4 B T35 =R IER,

JEIR JEIR
A A
I_ ~T ~
| ' | BE]
| 0 —
IB{E r
S 1 ;ﬁ% © gﬁﬁ

F 2.4 YAG{ESRIREART B EEAE S5 RIIL e ek
EHEHEERZ G, SHINBIREINY (release queue) W1, WIREMYF, EREK
PAB FR EESS SRR R 25 00BN (ready queue) 7, it CPUERE, IXTEIBITHIES AL
Ti21700\F (run queue) H,
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2.3 N RSE PR ERIA

LIRS FREERIEEIRE, Al DAZIREERN R —RHED S, ARE KT 10428

PLARGON R BIRHAT 02, DASGR ARG & & A= A T RO T BB o0 2K
2.3.1 FEIARSCHO P RERIREAT 73 K

PLIAERIIN R TERGEH A ERESBEE L, MESSIERIL S HEE A
BB TS EE VB ATIB I AN RG24 N R SAREAE S AR B 2 1 ARIE R 3 A
FeRIR R, T DASEIE R A 3 A

(1) BRI E Bk (static priority scheduling)

EXMEEEIET, (5 —EK, HMMAImiie Tk, HE SR, ERT5%
W, mAESAEEAHERILER.

RM (rate monotonic) AR IEZXBHERZEINR, KBIEELRES IR
R (PARBINBRLUIRESS) 8K, thkisss, HHINESZ2ENES. HT2
JERAESS, 55BN RIFIRE U2 ORI,  RIHAESS RIS T DA E

(2) ZBRAERIE A EF IS (restricted-dynamic-priority algorithms)

IR AU B LA R AR S5 AN B SRR, VMR A FR SRR EBHIE (task-
level dynamic-priority and job-level fixed-priority algorithms) ° (L& HEN I TEIIETE
TENE TN E, RIt B T iIa T E A E, — MEF AR AT gEAF,
AlRErEE, 2 —BEWARERIE Tk, T8, EEEWIHET,

EDF (early deadline first) JiEHEIEZIXREERIENRR, FORIEAAIFERREE
R, RN ESEIOBR . Al ATEVENLRE I, ARHE SIS R I 5, 5E4 T A
WaE, TR, BREWHET, HFEBR T MERRARE, JEEE T ERRY,
It DA IME NV AR FE Rt 2 AR

(3) A ZBRENBA LA & B (unrestricted-dynamic-priority algorithms)

IX ] B BRI PR MR ML N Bh AL e 908 B i (job-level dynamic-priority
algorithms) ° £ H/EN MR SERAENE WIS TIE R H 2 AW 2 1,

LLF (least-laxity-first) VA[EHIEBXRAEETENNRE, LLFHAEELERIEER
FERFBAFTE R, 1EL AT ] AR IR R (HFR Rk 23 (RIS R
K, PLARBAR, FERIEEAFERNZ, =SREBRE, 7RI,

2.3.2 FWE 5 R A IR RO A B R T o R

TESEN RGiH, 16 HRAERREA WA, H—fEi T —SAMBEARRAE, !
YRTPATIUE SRR T ERAUESIIMLe R, BREER SR1E; £ M2l
FRANT AN G, WEMENRER, RELHIESH, KL, RIEe5 L%
FIAY i AT HEE 8] B B3 0 AR

(1) B IRSh IR EE BTE (event-driven scheduling)

EXMEEEET, 4TRSS EEEE— SR ESIRS S, wiiapr
122/ EDF » Sz E X ahiE SR A,
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XEHEAMRIRZL, B2 MR, ESRHERERTKE &,

(2) W RIGRZN 8 B B3 (time-driven scheduling)

EXFEBERIET, foh URATEEE AN AR, XL E RSB T B3
TETCR, HFIXEEm R AR A Y, QSR IX L (A] U2 BB, AR 20X LEmst ]
B ZWER, 1658 E b2 B,

& W B+ 2 DL 7 o AR B E TR (quantum-based scheduling) @ & F
(quantum) XAIFFEIEIF, [RIRTER A RIS R AR S,

2.3.3 ZRIMEHEIL

IS5 S CPU Z (AR R, ZRIAERIED N 3 ff:

(1) IR 2 R E R (partitioning multi-core schedule)

XA A B AR R B T SR & A5 7 HI R S AL B 3R B B AR TR DR
BITRAS, BB TN — BB TS | BT (EETEEL) —Hig
ITTEREAACIEES |, BI—/ NGRS FON B — N1 TR, IXFERIB 1T IAFIAR X FAbHE 2S,
BRR A AHIBITINGN, ACFRARAE H AT IS 5 FH B8 FE B mT DU AERIRY, ]
DU, P-EDF (partitioning early deadline first) ZIXMAEREIENRRE, Kl 2.5
Wi HA 7 XA R A SRR,

E== LA AR

Bl 2.5 JRiltE 2R ia B BTk

(2) ElRTE2Z%FE R (global multi-core schedule)

XA EREZENEEREXDNRARE — N7, BI2RiE1TA] (global
run queue) > FFEIBITRMNES SR ME 2RI TINGIF, AR5 HME—EEEE
R, (SR ME B HERI R — MO Es T, f—BIEG, XMELER]
REITHE (migration) B 54— PMAEHEER BHUT, WL, —MEVERRINZIE R
ITEARIRAEERES |, — MEFHIMADNEZ MEAL A AT REIZATIE A RIRYAL SR b G-
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EDF (global early deadline first) ~ PFair (proportionate fair) J2iXFEEEILIRE, B
2.6 i BRI R AR AR,

B2y

O~ |

ERFEENG BAESE

O b = C O ey

K 2.6 &RTEZEMAERTA

(3) MPHIR AR (two-level hybrid multi-core schedule)

i B, X FRE R R DA E A REINEE & XA EIA AR —
RAVERE, FRSRMEEERED, ST ESERLHHE2RmETINGIF, ERFEIE
WAZHERI R FEACERSS ;= B0, EHARIEEER D, BIHHE—905EE
ZHE 2 RIB TN ZHERI A R A2 TR A, AN EER 2151 AL B RS _E s a e T
BAFI R, SR {50 P e VA SR iR M 2 HE SR B AR ER BT, BT 2%, S
BRELSR LR PR, IXRhE B H A A R MR R, [ 2.7 B T IXMiE R
2 EAR,

(E=5) BTN BEEE

@) ( =>C O

BT

QF<;> < =>C O
O >

oL L o Ow
Kl 2.7 PEOITRG AR RIA
2.4 Linux "z R 92
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Linux PIAZHA PIRSCIEE E % SCHED_RR * SCHED_FIFO © iXWMEZEIHF 2
BN 2R NRISEINAE R, RIS AT E R &%,

1. SCHED_FIFO: 5:3|5ERGS H %, —H—"MESMEHLIEE, Mas—E T, B5F

B LSRRI S BIREE 1Z T 55 B s BEEs . X THRIEAIRITESS, RS
ARG, MRS YT PIT e e A E SRS, BEIT
HAth{t:55,

2. SCHED_RR: NWRIF 8 HIL, S—PHEERIUT A, RGN IZHE A
—E mANTE T, AR AR T I st DA B IS B OB ; 2R AN IS A
TR, RASEH NZERESEL—ERWRE A, I Bz s
FAFIRIBN S, IXAERLRELRIER G B MHIRERE R — &€ RN HIETT, 12— %
& _EARUE TR B2, SCHED_RR X R H T LSede AR m 2 Re &, Bhan
RARTHITHNESS BRI, A2 ILAERIIESS ] e S Es, X1
[FRAIRIESS, (ESHIPATIRE T RSt BLAIIN [E] Fr, Bt A SCHED_RR ] DAfRIE
MRS AT S5 BITE FE R S

1E Linux R&H, S MNHEFEEE RS sched setscheduler() IEBEHATHIHEE
%o

1. YRR SCHED_FIFO VAR IER, HIAREN N :

(1) BTSN IEIT sched setscheduler() 1%E$¥ SCHED_FIFO JEEH %, FHigES
IFILSEE rt_priority(1-99)

(2) WRKAFHREIE, WRAZES ALY

(3) VEERE s I ZE NS, FRIESCIN LIt BE AU (1000 + rt_priority), ¥
BUE R = IES R CPU » % FIFO %% —H 5 H CPU BRI/ w55 es
BE FREE NEFERRTR)

(4) VSRR RINE LI B = AT 55 2R (R Se R AT 55 P REAR HH T BIOE IN #9455
MalE, FEEHE ANSTTRESS MR, S555), WIE REAR P 32 R = AR 55 HEAR Fh R A7 4 i
CPU ZfE s G54, B ML E S5 B R N F 2 28 8dE 3] CPU » I &
RIS HIGIBTT, AIGEES 38

(5) SR YRS A F e B IR E8hFT CPU N,  NNZAESS 4 st 2E AF
B, MAFRBAA, RIGEEE 345

2. YRR SCHED_RR THERIAN, HIAMEH:

(1) BIERAESS I IEIT sched setscheduler() 4% SCHED_RR EH L, HIRLEES
FSEIN LSRR AN nice {H (nice ([ERF X BHONIZ S5 BIN 1A K E)

(2) R EFHFTEIR, WROZES AR LS

(3) VBRI EE NS, FRIESSIN LIt BE EAUE (1000 + rt_priority), £
BB EIESER CPU

(4) RN RESSIN R 0, MISARYE nice (HEFTIREIZAEFHINF
AN RAZ RS TR IR R, AGEESE 3
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(5) MRFE S5 1 TS VR RITT AR CPU » MIBLIIASERERASIIch, ST 3
2.5 DA WD

AN 2 BA R E TR Fr 7 ERI8—£E Linux FEINE State of the art (SOTA)
[] Real-Time scheduling

2.5.1 RTLinux, RTAI

RTLinux & —MNFRIE Linux WY, SIS NSRS, ek
H AR Linux WZREBS AL SEINAESS, TIAUCRIEGIIAESLN TS5, RTLinux RH
TR "7 . XA TTIER D BB R EAR M Linux PAZAD T EALEE A4 Z (4]
Ol — R R, FRON"SEN IR E" (Real-Time Hardware Abstraction Layer
RTHAL) ° XD ERERR R B T Flr, B0k B SRR Fh R AR i sk
INFERARSEIN . SRR R SEN F R G, ARSI TR Linux NEZEH, XEWE
RTLinux RENSTR I ACPRER ZE SIS i B A Hh e, TR AN TR ZESE N I R, A Fh BT 52 28 Linux
PWRZAE B,

B¢ ], RTAIJE RTLinux (N—"12RN, BAEAN Linux WZIRINSER R, RE RTAI
BAEET RTLinux fESEaNHY, (HMDNITHR AP (MR R fEAFRE T
A BT T, FEHKRE (B Paolo Mantegazza) *t RTAI{RIHAT TEE, RN
THTIRE, FHANE T —NEEREMBR KA RS, Kk, RTAIF RTLinux Z [RIFEAEZE R
RTAI #£X3&FF & T Adaptive Domain Environment for Operating Systems (ADEOS) #K
WiZ, 1EN RTAI #Z ORI S, ADEOS PRI RH TEETT R, HbE M (B
ERS) #A—MIEXHILER N, RTAI BRI, BAAE Linux B Al
ACFEr, RIRENS AT RESCINE SR BEAR S, TCIRRAE Z B R AE 58 248 5 AR
M55 Z il

2.5.2 OCERA

OCERA 2—NEUMITE, T1ETBRALNNHET, ©RHAFETE, BTN
ARRGHRME— ML A PITIRGE, £ OCERATHH, FF& T —MNEHXT Linux 2.4 Wi
FISEINEE RS, X NAER BECFRRA RS LNPITES, DAMESERNEZER, N
TRERDN AR ERR, SEREESSEOT R — 1 NEN T (patch) F1—5ME
Al INEAI ARZASEER, +h T BIVE A 2 it — 287 (hooks) ReAHICHY YA & S 4F S 145 ANER
BB, XA IRRVAF AL R AT B R T, (HFRZEWRIRTE AR ICE X S8 T AU B, IXA]RE
KPR HT T ROAL E AT RESBEPAZAR A R ZE (R A& A ARk, R SIS 8 2 2
A ARBFSAE BN AR IR A AT RE S TR R, IX 72 (R NAZ IR TR AT RE = S 3058 Y
LB R,

2.5.3 FRESCOR

FRESCOR 22— Mit5s i H, HIMRHNIE R A 58 7S HEZRTHRIER 70 B3 By, TH SR &+
ARFOEAH L, DASCHe SEI B AR 7 A IR AR A SRR A BN A, X H A
A RIGHEET K, ™MEZEIT AQuoSA (Adaptive Quality of Service-driven Scheduling
Architecture) FFiE—5 U8 T T AR APLFI—NEZMH R, HTiEEMERER
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GihPERE, RE FRESCOR TH 2 7 — M E 2% SLIAEZR, He thming Lk sIn)—
LRI PkAk, X ELE S PIAZRRAS ZE AR O Y TRl AR Ho At a] BE R PR,

2.5.4 Litmus-RT

ZIZAC BRI R AR T BRIE RGN 2SR IR, HEZEN— R EEREE
AR, T2 A EERTR AR R LRI A — Nt — Y. S ERUSEIR RS, L
MRS HMEER RGN CPU, 2 AN R BT I 2 AR GENAZAITE XSS &
BIERI, XEEHAER TR RSN G, K — R 2 AZ LN E E - & -Litmus-RT
AT G — RGN T ARG N U BE B B kA AT MR Re A9 L2,

Litmus-RT V- & M £ EH At & Z R R FEZE WL 70 R BEALEE 2B James H.
Anderson ZLAZ T AY 2 2% S5 N E E/NHE R AL, H 22 Linux Testbed for
MUltiprocessor Scheduling in Real-Time Systems * ;& — 3T Linux WA, 4 2 ALY
RKotE w. M2 EEEERN—FIAT5,  Litmus-RT BT R E RS —H)
ENRGUFMT, MR ZAZEERIEN R, 2R, &GRS T7 HE T
AR, BAR Al E AR E R, SR & SRS ETEENRN, RETE
— SRR EE B EEER. 9T Litmus-RT WYSEIMEIFSE =/ MEEL: — IREEBERHE, Wit
1 RHUEERR, HEP R LR R R . TAR(E RIRERIR, XB AT Linux A&
(FIER R DO RERI N FhINRESCER RS, B4 T X FMEFEFMEIME R, NI
(I ZAZAJERIRR SR E A R = B RIARR SR, SCB 7R FRIZEAIARY, 5 i
Bk Litmus-RTFECEIEHM T E, AT ofEEREN R, SIS 2, LitmusRT
B NET Linux FSENARE &, HARMEE 7 — 2SI 7 A [R] SN i SRR A R 254
EDMERAHEA TR, RE T 8 0 PALEBATSEI B C A EE

Litmus-RT BRI &M BFFRAERERE X, HETHEME —ENIR
N I AT R BNEZE, FF AR RSEPRaYA T~ I, IR EFA A E R
P B CHwEREERD, KHITCEMEEON AR A AR EEATLI 2R & V8
Bk, BHRECT 2017 F4F 1IR4EF, S sZ BRI PAZIRAS KIZAZ TR T 4.9.30 it Tt
IR R Y Rl — S B AR

2.5.5 Preempi_rt

“Preempt-RT" @ #1572 Linux N Preemptive Real-Time (353 NSEH) #h T
XN T REX Linux BIERGR—MoE, B4 T EARERE SN 2R 5 EE
71, MIekE 7SR E,

TEARERY Linux WA, WA SIBH 25T 0 INE, IXERAE CPU IN RIS &R
GirhAMESS, BMESFIBT NN RG2S HOR RS, IEHMESET, BA
XX T REZEN RO LR, (HX 75 Z N R PR UERYSEINARS5 2K I B2
77 AT REA

PRUERY Linux WEZFRAA ARV R ST, RS RR, e SEERSUEN
AR R, N EESEN BRI A SRUE, B, $HX real-time Linux BHESCE MRTK
TR, —BEEBK Linux N, HEREA real-time88/); 5—2Lisi7—"m
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real-time ¥, SRJG¥ Linux WIEAENIZ real-time #0008 idle task KiafT. RiENIFRA
PREEMPT-RT kernel
PREEMPT-RTPatch HIR/OEAE R S/ MU A AT SR BUARHS,  [RIN K 9sZ
Frt S EE RIS B/ M XImFRIX. WK EL. P w4
1746 &
PREEMPT-RT F§1::
- IEF XA G
- AR R AL AT
< SR MRS R R
- NI spinlock F1 semaphore ST SCI AR K
« JEIRRAE
« FRAREEIR A FE it
PREEMPT-RT 8 Linux MR — M58 28 G, BRI LA:
1. @ rt_mutex BYEEF SCERE NAZ I BAJRIE 0T 924 L. PART#ZAN spinlock_t F1
rwlock_t TRIP A IIm SR X BRAEZE 1S A AR 5 17
2. NNIZERY B G S & S Se AR (PI-Priority Inheritance)
3. JEA WA AR A AT AR 5 N ZAE . PREEMPT-RT patch TENAZERFE E R X
FRACEEER TR T AL T B

2.6 AT H HYSE i JE R S s

AITH RET Linux R ZAZSEN AR R R, HTHRANIBMA= ATEIX 77 HAH &
Zgn sk, T ZRERES, BRESHE - ERA, RKER. HIAZ %R Real-Time
Scheduling WSS, Preempt-rt 1 Litmus-rt MIEAT I EH A 77 17 LLE AT & o (72 Preempt-
rt#1 Litmus-rt & BRI, TAFESEZ Hh—MEIRLITATH A9 2L
ERS,

T Litmus 2 H R 2N EE TR &3 E &, RS HE 2200 E R,
Flr DASRIS BE 4230 T Litmus-rt, SEEIRIINARE 227 Litmus-rt SKINEE RSHIHESE,

TE %A S FERERE D, BAA BRI — MR SR ERENEE, iR
M 2 A BTE R TR R R A% A S SRR SR Nkl (b Lo e e P /%, o8
E FERH ZEAESS 7 B ), DU EEREIF IS RITRATT B SRR 8%

HA AT ELAARE T STE D ST
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3 VA A RAR S T

AT FESRE Yat-Scheduler BANH , £14E Yat-Scheduler Wi H & #1151
S, DNRINENRSFZEN T,
3.1 BitBLE

BA ¥ Yat-Scheduler W12 A N—F X FF X86 Fl ARM FIRREGEN, HT Linux M
R SC IR 2, 2 B B iy A SE R A BOR, Wi Linux 6.8 N,
SCERE A Linuxe WSS JE S S BB ERIERE. BT Linux WAZ2T5 Yat-Scheduler ¥4
1& Linux WERITEEALS], SKRREVIES B, SRR FEP BT,

3.2 Wi HAE 4

Yat-Scheduler Wit XM LR RIZEARGTHR 0. HERIRER . [ AEFE
PURIER 7>, EEEERERER . RGUAME D B 3.1 TR 7& M0 MHERR:

4 )

[EE%H?E%@J [ SPT J [ VIREERE ]
|
[ I J [ﬁﬁﬁﬂM@j

[%éﬁﬁ%?ﬁlﬂ]

g
(are )

Bl 3.1 Yat-Scheduler Vi H%4H4 1%

B E BB EE AL R R BRER BB 0 52 Yat-Scheduler 25885y, R IERARLEA 73T
JE B PFIFIS A BRI ST BE, VA ER B A Linux RS STAEE R
TOSRIYSEER, RS RE MR P2 AL AR S B S,

B LR R 0 R R A A FE AL BB 70 22 Yat-Scheduler SEFRER Y. 8 BE B EE /0 UG
R (SmHAEIENEERHEEF R NS, HEANEMNBEIRTEE T Yat-
Scheduler H1; [R5 REBRALIER 0 SE B T 2 B R IR AL = W B [R5 AL

KGA AR TR RS A EE RO TIERH, FRESE TSR
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R, ARSI SRIR LR PR EARR, XFREmrEFSEIE, I
S AT AL B 1R A2 SN Rl
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4 Yat-Scheduler Vi1

A BARAE Yat-Scheduler W H B FISEER, FBENAEHESFF Yat-Scheduler
NG IFRITT & RSB RE 8 DL R, Yat-Scheduler B TR AT BARIS I FIS2EE,

4.1 Linux WEIF RZINRIEBNTE B
4.1.1 WHAEE

Linux ZAThR  Linux WERA  HEHK
Debiani2.5  6.1.0-21-amd64  FK
RaspBerry Pi OS 6.6.31 PEREIII

4.1.2 WiHHBEBLH
TEPIRZARAS B35e 4% b, ROMARYE B AOVERFERAT T A3, YRR — kR A f1 i
I FEHEZRBERS ST 3 RRAS Y Linux PIAZ, N 7 (HBRATF R ERSREBE NN T & A
THEAIX, RN 7% 2SAERSIERD Y 7T EIRAIPIEIR, Bl 1B i i A
MRRA, WRIFRATIEH 4GS TH BT Y Linux Kernel 6.8 kiR A,
TEFFRIREE RS b, Debian BT Ubuntu BA MR E. FEE. BG5S,
IFRATNER Y Hi BT Debian ZATHR 12.5 VE AT R IR,
FEMRR IR b, RO FRAT12Y BT AT AR TR EL A E B, il DA G4 e PN S0
REMSER LN = IR VE 0 VA s BT IAIR
4.1.3 Wi HIRETE EAEA
AN BEATVI BRI AL B I SN A
(1) P#EZE debian12.5

£ Debian E M https://www.debian.org/siti Download NEEH i) Debian BEALIHL
Bi1%, £ VMware Workstation #7182 100G W%, 4G WIEWI BN, fEH T ELTW
debian-12.5.0-amd64-netinst.iso B & X1
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New Virtual Machine Wizard X New Virtual Machine Wizard X
Memory for the Virtual Machine Specify Disk Capacity
How much memory would you like to use for this virtual machine? How large do you want this disk to be?
Specify the amount of memory allocated to this virtual machine. The memory i : =
size must be a multiple of 4 MB. Maximum disk size (GB): 100.0(3
Sy d size for Debian 12.x 64-bit: 20 GB
128 GB Memory for this virtual machine: 4096 -2 MB RzemmEniet S e :
&4 GB
32 GB « [Jallocate all disk space now.
16 GB )
8 GB W Maximum recommended memory: Allocating the full capacity can enhance performance but requires all of the
4GB -4l 27.9 GB physical disk space to be available right now. I you do not allocate all the
2 GB . | space now, the virtual disk starts small and grows as you add data to it.
1GB M Recommended memory:
512 MB 2 GB
256 MB () store virtual disk as a single file
128 MB
54 MB Guest 05 recommended minimum: (@) split virtual disk into multiple files
32 MB 1GB Splitting the disk makes it easier to move the virtual machine to another
16 MB computer but may reduce performance with very large disks.
a8 MB
4 MB
Help < Back Cancel Help < Back Cancel

K 4.1 BIWIERSAFRLE

J& 8l B AL 5 1% B2 Debian installer, RIGIRIBE WIS 2L, REARILITN
debian, root FHYHN root, user %49 yat, HHSN yat, HAMNEINRIA], HAFREEEN
B, T FEJRES PREERENNSGSIE, GNESSREEAEN TEHERE,

BIRERFALEETE, WA root VB, ZEERLE sudo :
su root
Ll /etc/sudoers
chmod u+w /etc/sudoers

vim /etc/sudoers ...
chmod 440 /etc/sudoers

A vim %48 sudoers XHFRI IR, FFHAE root ALL=(ALL:ALL) ALL FYAT RNTHIER
B yat ALL=(ALL:ALL) ALL , RJGIRIFIRHY, BEISFE#EA yat F PR DAER sudo T,
(2) ZERBFWNE=T7 %M
Debian BRI\ BRI LU B — ) TEiESCRARATTARITB %, R 3R
AN — ek T HEYE, HFEE LN —fgd:
sudo apt update && apt upgrade

sudo apt install -y ssh vim git gcc curl zsh neofetch build-essential libncurses-
dev flex bison libssl-dev libelf-dev dwarves qemu-system-x86 gdb

Hr ssh, vim, git, curl, zsh, neofetch 35 T BA BT 5 IS @I T
&, gce Ml gdb 12 Linux HRE R TEIFEREIRS AT DH, B R build-essential,
libncurses-dev, flex, bison, libssl-dev, libelf-dev, dwarves, qemu-system-x86
MR A, i, BITAEIR Linux AR TR,
(3) FHRE Linux PR
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12 Bl B R IR SRR 0 X B Linux 6.8 WA R &tk hetps:/mirrors.aliyun.com/
linux-kernel/v6.x/linux-6.8.tar.xz, EINIZ 6.8 FIJEAS, [MIEE RN wget i N,
NEGEEEEA tar -xvf FERMITIRE

(4) HHACEIE, ¥ Linux W
WAEIEG M Linux WEZSXHEYZ, BT make menuconfig ¥THHC B IS

Linux/x86 6.8.8 Kernel Configuration
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----). Highlighted letters are hotkeys. Pressing <Y> includes
<N> excludes, <M> modularizes features. Press <Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] built-in [ ] excluded <M> module
< > module capable

[*] 64-bit kernel
Processor type and features --->
[*] Mitigations for speculative execution vulnerabilities --->
Power management and ACPI options --->
Bus options (PCI etc.) --->
Binary Emulations --->
[*] virtualization --->
Yat-Scheduler ----
General architecture-dependent options --->
[*] Enable loadable module support --->
[*] Enable the block layer --->
Executable file formats --->
Memory Management options --->
[*] Networking support --->
Device Drivers --->
File systems --->
Security options --->
- Cryptographic API --->
Library routines ---»
Kernel hacking --->

ESBIEEE < exit > < Help> < Save > < Load >

Bl 4.2 PNAERCERIGR

N TAHS Linux WAZREW B KRR EERNSZ AP SR A, Al 17722 B i — 2R BRA R AL B
T
- PR S
» i N "General setup -> Preemption model"H 5%, 1%+% "Preemptible Kernel
(Low-Latency Desktop)"
- SOHRE
» B5E, HEN"General setup”, ZEFf "Automatic process group scheduling”,
IRJGTE "General setup -> Control group support -> CPU controller"H 5% R, %%
Ff"Group scheduling for SCHED OTHER"
 BEH RN THN SRR CPU M8 48 PR — L& i J5 55 BRIE R
» £ General setup -> Timers subsystem -> Timer tick handling B3 F, HX%E
i N "constant rate, no dynticks"
» 1£ "Power management and ACPI options"H X ~, £ "Suspend to RAM and
standby", “Hibernation"F1"0pportunistic sleep"IX ="M}
» 1% "Processor type and features"H 3% NEEH "CPU Core priorities scheduler
support"i& I, 9R J5 f£ "Power management and ACPI options -> CPU
Frequency scaling"H& 1, ZEH"cPU Frequency scaling”
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ﬂ%f?ﬁ%ﬁh SRIGHIT make bzImage -j 4 > logTEé?ﬁﬁE%VﬂﬁZ,ig/rfiﬂ%é§%§§ﬁ?910
55h FEmIESERE, HEN arch/x86_64/boot B3, ITHRS mkinitramfs -o initrd.img
HE initrd 55 5CfF, B, NEBITRIFES TECEK.
(5) BEILT vSCode PRI

AW H FATNEEE VSCode (ENTATHI AL SRiE A%, VSCode £F1 Visual Studio Code *7&
— A, B2 HF R BEERERERS, XHLPFERTRIESNIEES
. HRERSAN R, BB SRR, FESULECAIBN G . AAS B R, AR XS EEEE
ek, WIRAEX git BRI R, RN, S REEAY R, st =FE e, M
FEESRIG 2 S TIRE, VSCode &4 4 RIS wIET-&, BLELF VSCode REHFR
TINAEFT & IR KSR -

BT TIF PC Ui VSCode, iidi /e A “FTTFIZARE 7, Hil \ yat@192.168.88.128 |5
e Zesg, RIn]idid vSCode 1 iml R AN _E A SR A2 H 5.

£ vscode TAE Ht NEI#E. vscode/launch.json, 5 ANPA R gdb Bl B NEFFRTT

"version": "0.2.0",
"configurations": [
{
"name": "Kernel-Debug",
"type": "cppdbg",
"request": "launch",
"miDebuggerServerAddress": "127.0.0.1:1234",
"program": "${workspaceFolder}/Yat kernel/vmlinux",
"args": [],
"stopAtEntry": false,
"cwd": "${workspaceFolder}",
"environment": [],
"externalConsole": false,
"logging": {
"enginelLogging": false

}
"MIMode": "gdb",

B Z BN @17 R (e PUE VSCode & 10 R 77 a2 1T 8 RIEELINLR
gt) #EAN arch/x86_64/boot HFFH AT gemu-system-x86 64 -kernel bzImage -initrd
initrd.img -append nokaslr -m 1G -S -s, Jash qenauﬁﬁ%ﬁf73$zo

INJGTE VSCode fEMIF2ERE] “Run and Debug” *TE ¢G5 1 “BREAKPOINTS "RbF 2N
W1 m "schedule", IR G4 F5 1217, BIRIZIL T E R RAAZE R8I EINTE schedule PRE T W
F7, ZFFAMER] LUEIL VSCode B BIEABKIS (F10) M1 AN (F11) FHIRI%
AT R T, FFEZEMFED R DUE R Y BT R AAH OS2 e (H AN HERR (B R
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v WATCH

de: SM_NONE

v BREAKPOINTS

[ 4.3 f§if] vSCode ¥TWi riJFIRIA
2, FT VSCode 1 Linux WAZIT R IR R CAEH# 52,
(6) (W[i%) BLE VSCode V) clangd fdif:, 7i{8pd4KHY

Microsoft ‘B 73 B C++iff B RE T & % YA & = Al e Bk 755K, B T X
Linux WEGXAERI R HIC 2 2 BAELE R, KRB RIRE L7 EEREERGL
PO A R EE X, BERIBRERIE X T IXMRFENE T BAT T R IR

Rt FRATDELECEFE T LLVM 1 clangd fifF, ARHEGE TGRS FITERCR,

FONZE AR B PR ENE A, XERAE 2R T, BARNECED A A
S W _EMRINERE (WD https://blog.csdn.net/ludaoyi88/article/details/135051470)

4.2 Yat-Scheduler #JUG{L

Yat-Scheduler ZAF N —MiZ e WS IR INE Linux WAHRY, @i FH - e U8 &
e, ME—HSAT— R AR, T EERERER 7> R ERER 55 BIA PO BN SCHED_YAT
SN 55, Pl BA Yat-Scheduler FIRIEGI R IR I T BIRIGE1IK, FIGaLERIEILE R
_init * X5 H module_init %L

FIEEAER R e 2 RE R R SE R, 70 AR, BRERVIGAML. BRER T A, [RIAHLHI Y
K, HrpiA BRI B I BE M SR RS M B R 4G 1 DA A 2 SRR PR D RERY
PIaEtk, EREFFIAGI GRS T RINPIGaML, Yat-Scheduler YA FEAS B HIIGGEIL., [F
BHIHIRIUGCELES srp (stack-based resource allocation protocol, PAKR H FERi ) B3 5 S B b
W) WIRIEET.,

4.2.1 EWIMGIL

B SEUNINGL B &I CONFIG_SCHED_CLASS_YAT 1 7512: set_sched_class_yat_on()
{E init/Kconfig s
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config SCHED CLASS YAT
bool "YAT(Yet Another Toy) sched class"
default n
help
Allow user to create "fully paritioned fixed-priority scheduling" task.

E T —4N SCHED_CLASS_YAT WINAZIL BRI, P ] L@ make
menuconfig BE BHEGRHE .config USRI FHEEER IAE S, REH (RN y) * X2
FOVFH P Ol —Ah “fully partitioned fixed-priority scheduling" (524253 X & @590
&) {155,

1 init/main.c 30
unsigned int sched class yat on;

static int _ init set sched class yat on(char *str)

{
sched class yat on = 1;
return 1;

}

early param("fully-paritioned-fixed-priority-scheduling class",
set sched class yat on);

unsigned int sched_class_yat_on; & X T — D& A Z & sched_class_yat_on’
H F #8 'R “fully partitioned fixed-priority scheduling” 2 & & J8 .  static
int __init set_sched_class_yat_on(char *str) & X T — N ¥l L K, B Fi&
B sched_class_yat_on Z &, Y WHEAMHNK, XKW K sched_class_yat_on &
BN 1, FFIRME 1° early_param(“fully-partitioned-fixed-priority-scheduling_class”,
set_sched_class_yat_on); ([ early_param 7R NS EL “fully-partitioned-fixed-priority-
scheduling_class” FXEXEIHIGEIL BRI EL set_sched_class_yat_on XA RN H 5S35
LS “fully-partitioned-fixed-priority-scheduling_class" > ARAAE WAL R A BE 2
VA FH set_sched_class_yat_on K%, & sched_class_yat_on 1 °

IRAAE S T — AT EL ERITEE SR (YAT) FHiEd A E sh2 8 il H B FARE,
ENZE NI, RSN EsI2E, WSEREEE, AR ERERIER
2 e B AR E R EAT Y, TR B IE N,

AN yat VA, IXHA] DUE AT B 2R T 2K, BACPERUTE

£ include/linux/sched HX A& yat.h XM, AW TAA:

#ifndef LINUX SCHED YAT H
#define LINUX SCHED YAT H
#ifdef CONFIG SCHED CLASS YAT
#include <linux/1list.h>
struct yat dispatch q {

b

struct sched yat entity {
u64 slice;

b

#else /* ICONFIG SCHED CLASS YAT */
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#endif /* CONFIG_SCHED CLASS YAT */
#endif /* LINUX SCHED YAT H */

£ include/asm-generic/vmlinux.lds.h Y] SCHED_DATA 7= NN *(__yat_sched_class)

#define SCHED DATA \
STRUCT ALIGN(); \
__sched class highest = .; \
*(__stop sched class) \
*(__dl sched class) \
*(__rt sched class) \
*(__fair _sched class) \
*(__yat sched class) \
*(__idle sched class) \
__sched class lowest = .;

1E include/uapi/linux/sched.h 19 Scheduling policies Rb#NNN #define SCHED_YAT 8

#define SCHED NORMAL 0

#define SCHED FIFO 1

#define SCHED RR 2

#define SCHED BATCH 3

/* SCHED ISO: reserved but not implemented yet */
#define SCHED IDLE 5

#define SCHED DEADLINE 6

#ifdef CONFIG SCHED CLASS YAT
#define SCHED YAT 8
#endif

1E include/linux/sched.h WY& FE SCARGERIRIARININ struct sched_yat_entity yat;

struct sched entity se;
struct sched rt entity rt;
struct sched dl entity di;
#ifdef CONFIG_SCHED CLASS YAT
struct sched yat entity vyat;
#endif
struct sched dl entity *dl _server;
const struct sched class *sched class;

1E init/init_task.c Z3iN

#ifdef CONFIG_SCHED_CLASS YAT

.yat = {
.slice =0,

b
#endif
&K kernel/sched/core.c B[1__setscheduler_prio KL, F4E for_each_possible_cpu FFIEE
HIUEAE yat BIESSRAA:
static void  setscheduler prio(struct task struct *p, int prio)

{
if (dl prio(prio)){
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p->sched class = &d1 sched class;
}
#ifdef CONFIG SCHED CLASS YAT
else if (yat prio(p)){
p->sched class = &yat sched class;

printk("\n\n======select yat yat yat yat====

}
#endif
else if (rt prio(prio)){
p->sched class = &rt _sched class;

}

else
p->sched class = &fair sched class;

p->prio = prio;
init rt rg(&rq->rt);

init dl rq(&rq->dl);
#ifdef CONFIG SCHED CLASS YAT

printk("======init yat rqg======\n");
init yat rq(&rg->yat);
#endif

\n\n");

£ kernel/sched/sched.h 5 N yat VAJEHRME, FHE BN R IE SRR :

#ifdef CONFIG_SCHED CLASS YAT
static inline int yat policy(int policy)
{

return policy == SCHED YAT;

}
#endif

static inline bool valid policy(int policy)

{
#ifdef CONFIG SCHED CLASS YAT

return idle policy(policy) || fair policy(policy) ||
rt policy(policy) || dl policy(policy) || yat policy(policy);

#else

return idle policy(policy) || fair policy(policy) ||

rt policy(policy) || dl policy(policy);
#endif

}
FHE N yat (£55NF yat_rq :

#ifdef CONFIG SCHED CLASS YAT
struct yat rq {

struct task struct *agent; /* protected by e->lock and rg->lock */
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}
#endif /* CONFIG SCHED CLASS YAT */

Bl kernel/sched/yat.h 1 yat.c » BN —ZR5| R B :

extern const struct sched class yat sched class;

bool yat prio(struct task struct *p);

void enqueue task yat(struct rq *rq, struct task struct *p, int flags);

void dequeue task yat(struct rq *rq, struct task struct *p, int flags);

void yield task yat(struct rq *rq);

bool yield to task yat(struct rq *rq, struct task struct *p);

void wakeup preempt yat(struct rq *rq, struct task struct *p, int flags);
struct task struct *pick next task yat(struct rq *rq);

void put prev task yat(struct rq *rq, struct task struct *p);

void set next task yat(struct rq *rq, struct task struct *p, bool first);

int balance yat(struct rq *rq, struct task struct *prev, struct rq _flags *rf);
int select task rq yat(struct task struct *p, int task cpu, int flags);

void set cpus allowed yat(struct task struct *p, struct affinity context *ctx);
void rg online yat(struct rq *rq);

void rqg offline yat(struct rq *rq);

struct task struct * pick task yat(struct rq *rq);

void task tick yat(struct rq *rq, struct task struct *p, int queued);

void switched to yat(struct rq *this rq, struct task struct *task);

void prio changed yat(struct rq *this rq, struct task struct *task, int oldprio);
void update curr yat(struct rq *rq);

HAr kernel/sched/yat.c BIARFETRZE X yat VAR — L4k K& M-
DEFINE SCHED CLASS(yat) = {

.enqueue_task = enqueue_ task yat,
.dequeue_task = dequeue task yat,
.yield task = yield task yat,

.yield to task yield to task yat,
.wakeup_preempt = wakeup preempt yat,
.pick next task pick next task yat,
.put_prev_task put prev_task yat,

.set next task = set next task yat,
#ifdef CONFIG SMP

.balance = balance_yat,

.select task rq = select task rq yat,

.set cpus_allowed = set cpus allowed yat,

.rg_online = rg_online yat,

.rq_offline = rq_offline yat,

#endif

#ifdef CONFIG_SCHED CORE

.pick task = pick task yat,
#endif
.task tick = task tick yat,

.switched to
.prio_changed

switched to yat,
prio_changed yat,
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.update_curr = update curr_yat,
#ifdef CONFIG_UCLAMP_ TASK
.uclamp_enabled = 0,
#endif

}s
EHBATELI T — M EE RS, RV T ERRIE

4.3 Yat-Scheduler JEREBIHL I THFISEIN

QNHTA B 3.1 F7R, Yat-Scheduler Y53 A HAMEEL: RZEHBBEL, & EEREAEEL,

Ve RIEA R R AR, RGTH R, BRI 55V B R R AR R 57
4.3.1 JRZEEG R

RIBEARAMIER N RAE, KEBIREEILA] LN 3 H47:

(1) YEHR T EREERASI. RIS B BASI 1 s 2 s &5 —— 4544914 bheap_node il
bheap

ZERIIK Dheap I TINFIRIRE LAY T B E SRS, (R1F T & HYSKES SFaEr DA
Lo NFN LSt = T midEEr. Z5H1K bheap BIIRVERISZENE H Binomial Heap (4
LER SRR, S5H91K Dheap_node BINFIWPTT RARVBHRSEH, EEH R SigEr. Wb
RtEEN. PSS ATRE. SEE. B, BEN5HEE

TEGENIIR bheap H1 sUILSEER A A W 2 AR V8 B SR TR B Fh I S 2 AR R 8, 5
K KT R — S TIAEBAFI R SRS irp, ISR bheap FRILTCI B =TT RUEET
FTo

(2) TE TR RLE BB ST ——E5 K8 rt_domain_t

SRR rt_domain_t ER 2 IRFEVE LAY, & NMESHIRERAG, (E55EL
259, RSB, DANARTEE Yl B RIE TILeR LA R E R E. TR R R %LdE
. KEMLESESENEERETEH . EREREEER TSRS, B mR
rt_domain_t » YA EERIEBPLAT DURIG AR IR B EHELS,

(3) TEH THE55 task WEPBES I —E5H918 rt_param

& Linux FUESHLGIF, B MEFEXE 1 task_struct BEELH, HUMRF(ES
FEMENEER, SRR, gk, WA cpu LIEESE, Yat-Scheduler [A]
ZEARGEF I rt_param %7, H PAIESRTE Yat-Scheduler N ia1THISEIHE S5 B S FME
Bo BIL AR rt_param * 155 task ] DA EES A HEVEARGEEREERER, 1EWF
A cpu BVAERAEWEAS cpu B5ERE, VEFTEMRAS rt_domain_t &, PANAESSH] bheap_node
IR AT 5

4.4 BB T R BEHR RS54,
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rt_domain_tiT&=
A

LB
4 (bheap2EHy)
/ RESZEF

T (bheap nodezZEEY)

\

N (TS taskIZHEAF]

(bheap3EEY)
(. _
V—
{F55task  meeemaona- i
rt_parampkR Ert_domain_tfg§t

4.4 BRI
4.3.2 HERILEH
VAR NEZRIE AN P 4.5 20R, AP ER S BEERRIa ., REE. VR R
K. B,

[%‘IH%H&%MS{{J
ﬁﬁy %ﬁﬁ
.. EERA
@ESChedULe(ﬂ [ schedule_tick() ]

-~
task_new()

admit_task()
( F55401E task_block()
= task_wake_up()

task_exit()
complete_job()

......

Kl 4.5 PEERLABIRSSHY
TENHREERIR AT, N H LA RARERRANR, 85 R A
(1) RN RIS = L eI 55
EARZ R GG, BIBREEREL, cPUBEEN TS —BUEME T i Esitedk
155, f£ Yat-Scheduler % MABEE LS, BRI bheap 252!, T Binomial Heap
L RS RO L BR A, HSREE R — BB B M BB, 12T R, sl e i
JERREA IR AR R EL, B ASSh g R e RIS T R, BRIz

33



Yat-Scheduler ¥ F & XA Proj #291 5 Linux PUZIR ARG — N

TERTHIES T RUMA RIS I, S5 ZEMSKES /A N 81 R SRS T =ikt
AR, BEFEIEENAE,

(2) Linux B

1E Linux 24t , VAR T T2 H schedule() F schedule tick() FEREIEH
Mo EFWHBMAIFREZTIA G, ERDNZI, 5 MNIZKEX CPU Al
B CPU M HIBUE BRI A FIESS BIIN R EUZ schedule() Fl schedule tick() ©
scheduler tick() =—THMNZEMEEANRG ENZ, BE—MESIRCNFRE
WEE (WILL_SCHEDULE) ° ENSHERAR, YRTHUES IR IR, Linux W%
BEX cpU BEHl, N EMER)E, Linux WAZIEFEEHIRUE BRI AFEERE, A&
MM, YR RAFRIUES AR IC N AR EERTR RS, PNAZVE R schedule () SRIGEFEE TR RS W
155, A —EFENEREEERRTEEPITRARMES . TEPZEE GRS T T
KA (RUNNING) WUESFRNYFTHHEE (current process) o N T EIENAKRKE D, R
BN, PIAZAT AMNIZARIS IR, FROVNEIE & (kernel preemption) ©

(3) Yat-Scheduler QA SZBR M Linux P schedule () A5 BIFRATTIZPRV i H
LW schedule()

1E schedule tick() ERECRARIEREA, Yat-Scheduler YsIN T yat tick() EREL, FIRA
1T Yat-Scheduler F<E FE BIR tick BREY, ASGHEE— AR E DN WILL_SCHEDULE °
[ IR T2 A5 BT R

1E Linux RGVAH schedule() BREGIRE, SVAHKE pick next task() , TXFRIEL
DR BAREHAR BRIV BERIENRAE, VAR RIAYE R IER pick_next_task() , Bkidk
HEF ST EEER F— MAETSS, TMTE Yat-Scheduler 1, FR%{ pick next task() Ei¥k
ViH Yat-Scheduler WA VE R TE I BREL, i A5 18 HARAYEE BIX, Kt 1£ Yat-Scheduler
HESSEYTE R Yat-Scheduler A FE R, AG, VAHARFEETE N schedule() BR
W, EETN—NMEEES,

£ Yat-Scheduler 24tH, AERIEFRENAE % 4.1 A,

PFERIERENM | FXY

SCHED_NORMAL | [E# &

SCHED_FIFO SRR HE (SERHESS)

SCHED_RR NIRRT E (RN ESS)

SCHED_BATCH | #tAbHE k%

SCHED_IDLE PSS A

SCHED_YAT PkEER Yat-Scheduler ZEHATEATTSZELAYE & B IE

% 4.1 JERIRbEN

Yat-Scheduler F M\ Linux PIAZH Y schedule () #EHa%IE & B EAE A schedule() HY
MR E 4.6 ©
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B EhftA
scheduler_tick()
[ yat_tick() J

H(ISEREE
WILL SCHEDULE

[ schedule() ]

pick_next_task() J

v

yat>pick_next_task()
1
pick_next_task_yat() ]

v

[ yat—schedule() J

Iy

WA TIES

i

~

r

-

Bl 4.6 1EPIRZBEE: S FHERAT I SCBR R 8 RA R i

(4) KEEERS5> (critical section) WIAEPERARTCH I 5L PR

TEVEE R FAR AR, JETFEMOOET R/ R R, SSBERR 7 X
PRNFEZGIR, B AU N ZI AR — MES R E HNE, R 2 MEF RN RS
HANR, B A, FAEER T HH 7R, Yat-Scheduler N EE
LR FMLP [3] (a Flexible real-time Locking Protocol for Multiprocessors * —FHTEZ 4%
ST RGN BN, FMLP AW /N 4.4.1 2RO FEREZIENH), T
VA B ER o ESS I B VARG 5 (non-preemptable) » BITEAESS 5 FIX R BRI, 70
VPRI SR E RS540 155, BREIZES BT ERF TR R H T, H2
Ao I — DR . SRR FERHRIEPAESFIT, XAIRERFEL
VLR N S, N T ROUX N RIRE, FMLP A TLeRkdk & (priority inheritance)
FIMES, B4 ISR B G DU, by F SGBEAR 70 BT 55 S AR K 24 [T DR D O SR T 0
16 HTEERRES PR &SR AIES, AARRES RHITIeR LR, [HR
6 S ESSHURAC R S ek, Mk IR Se B, 1E Yat-Scheduler 7,
EFAMMARE SIS, —f2HPESIHE IR (user_np) > — M2 WEZSAER 5SS
(kernel_np) ©
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(5) R TERERIEE SN

H TR B FHESITRME &, NT CPU, HaiE IS 5t Linux N N ERIA
) schedule() IEEXHES AT REA—FE, AN TESS, HRiAIRERCLZ AR CPU LA,
HE TN —NZ, ATREIEAEI5— CPU LIAE, v T X7 B BEAT S5 A S hnd A5
HIARE, E55F0 CPU 73 A IR E M MIRS: TR (linked) FIEAEIRZS (scheduled) ©
XMAIRS HIEH T 2R ERERE,

XTSRRI, PANIRASERZ int 288, 73 Rl ZReEEAA B LR CPU 5, 952K
A (linked_on) BT IXES RIXTEWA™ CPU $UT, 55 2R R SESINAERE X,
JEIRAS (schedule_on) BAE 12T 555508 EAEWRD CPU $UT, S5RPRiAREE MM, MR
DRMNIH, AN, RIS R TS5 R PR -

1) RuEE, RPKE: WIESEEHIT

2) WERE, ARV UIRRESS 9 YT I e = AR SS, B R4 TR
A, HETHATESSHIE L= RE

3) ARukE, WE: WAHYEAERRIARE N —NMABESN, YaiHiTIES L
RARYHIE R &, BB TZESEGELEEE, DURE TIERGK, %
S5 HMRFEHAR N Y i e om = BT S5

4) WERg, VA UIBHIZESS 2 Y AT as A e m iU Ss, RINTRA R4
=]

XTF CPU (cpu_entry_t A1) Kk, MMNIRESHRIESS task_struct KA, FEELRS
FEFRIEI schedule() PREUARHIELS A B IESS, TR R ERR _ LVEAERIES .

4.4 20 F GIRIL B THI S
4.4.1 ZERHFRELEHA

20 R RIFERE PN FEELIE T R EEER A, [R5 ARSI T AR ]
ACHEEALH . SRP [4] (Stack Resource Policy » AR NSRRI EE IR 7 BCWM) F1 FMLP [3]
(Flexible Multiprocessor Locking Protocol * RiGZHHI) o

SRP S PAIE 5 _EFR (preemptive ceiling) NEEREIPNN . T7E SRPH, BN TEIHEN
A—PEREAUERN LR, Z L2, 5 4818 ERES IR S0 (preemptive
level) FMLICRA R, TEFTARIRI LR, #E LRI RE, WR—MEFHE LK
AAKRT EIRAERE, APAEFHERE, SUHESHIT,

{£ FMLP W, SRIEMI midh: KA (long) FIFERL (short) o BIRE. FAIMN
HaE AP EN, BIRA (Resource groups) 5& FMLP I HIFEARIT, B MEIR
HE L2 ABEKARRE, 227308 MNER, IFEHBH— group lock (RIF, X THKA
BiRA, APAEESEVIH,; NTEREIRH, AP0 AEE SRS BLHE],

—/MES KA FEETR SR BVIEK, W SR =W, E54K15 THEE SR NERIRA
I B —BABI B, anSRAE HAMESSIE K SR BN THEEGEIRE, A FIFO WAL 105
5. TEREIRIS R IRAN AP, E50E LRI 1, BEEESRRRA R,
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—MES L AN TEIR LR BUIEKR, WIER LR =W, £5R1SEE LR K ETEAR
HP—F50l, MRAHMESS1EK LR > BNV THEIRE, FHHins—4 FIFO A
Hllrh, HESSRIG LR BN, (£55 R AR R KBS IR R A 55 R L Se AT R
{8, T H AT PHE SRR,

4.4.2 Z2%H)FRIEILEHBORIT

£ Yat-Scheduler W, &S5 ANN srp_priority XA R KL — srp_semaphore
KAEWZE, fHiF ERNKRME, 5% 5 LR &MER LR EHZE int
srp_higher prio(struct srp priority* first, struct srp priority* second) , kb
B AN AT S5 I JE IR R, E1E 905 ERR AR AR < All, RENE AT R
5%, RJEHEES I ARG 55098 S92 &, ARAESS IV Sl A # b HRR &
ERVEIAR, SRS Al DAOsAT, (AN ST AR A AE A AT,

N T SEER FMLP, Yat-Scheduler K53 — pi_semaphore KR & W& —PRR
BRI RIZ R hp » 11 hp EE—A task_struct REIPFEEH AT — A task_struct 18EF
FIURTEEH, 7l IS B RS A B s R Se R SS FR BRI B CPU AR e =
WSS fatt. FEFRFRASIH, HIWT hp TR R SR &Ik iviatt, =2, NIE
Wratts

4.4.3 ZAZH)F BRI EHMII
(B HARTE RN, FEEFRFE—ME, TITKEmTE)
Jeta H Yat-Scheduler FEAME X :
struct yat lock ops;
struct yat lock {
struct yat lock ops *ops;

int type;
b

struct yat lock ops {
int (*open)(struct yat lock*, void*  user);
int (*close)(struct yat lock*);

int (*lock) (struct yat lock*);
int (*unlock) (struct yat lock*);

void (*deallocate)(struct yat lock*);

Hrh yat_lock /& P =S HME S & AEFEMEEN, XMEETEERADIMIURER
HEE5 &M, open Fl close T YA LSS ZIAIREU/MIER AT BI5 1 Ho lock F1 unlock FRoRZ
BOME S BOE TN Bie 8, deallocate RPN FE#IE |,

4.5 W BEIRISEHE P RIAB TS
4.5.1 AR SeHEF ST A4
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HuTE AR R EIER R BEANAH: TN E 3N FERIMESI R HF Eixk
——DMPO, OPA F1 RPA

1. DMPO 8k

DWWE%%&WMW@@%E%%%E%%%%ﬁO@ﬁ%d@%qmmm@m
Priority,>Priority,, JELIXMNAUSEIIN TS5 HIILSe e E T o
2. OPA Bik

S —HRDBCOCCRINESS, REIENRRMICI TG, RER SR
JedR b VA R B R 73 BE A S 2 B A 55 (R IR A A HA R o BE B4R 55 BoA S = R A
Fe)o UWIRIRBNXFERIES, NIOAESFELAS e, REEIREN N — MLt
HRARDECHMESS . RN MEFMEC 1 IL7edk, NNZRTRRIR A ] RIARRTT 5,
OPA J2—FRFEARIE AL, ROy EPRIER] DAEREI A A R L i (WA, &3P
TEA n(n + 1)/2 IE, 1AM, OPA HIERAEL DMPO Xt 5872 1 N FH R 8 SOk
RRAER, BIANEA WA BRI RSMAE deadline F1HE DL,

OPA HA RS :

Procedure OptimalPriorityAssignment(tasks)
Initialize priority to 1
Initialize an empty list assigned tasks

While tasks are not empty
current priority = priority
CanSchedule = false

For each task in tasks
If task can be scheduled at current priority
// Assume all other unassigned tasks have higher priority
assigned tasks.append(task)
Remove task from tasks
CanSchedule = true
Break // Exit the loop if a task is scheduled at this priority

if CanSchedule == false
Break // No task can be scheduled, exit the loop

priority = priority + 1 // Move to the next priority level

If assigned tasks contains all tasks
Return assigned tasks // ALl tasks are assigned and schedulable
Else
Return "No schedulable solution found" // Not all tasks could be scheduled
EndProcedure

3. RPA Hik [5]
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£ OPA BIEPATHIIE, ARG E M RAFAEZ D AAR RS, WHES 2Bt
B, XAJRER FBARIGRBIHER, ERESZIEFSERINENL. IITHE
TSRS TR, N T RPUX N A, RPA #0150 OPA By &, FFRM—H#75
TERAGTE NAE R MESER D BT SS o £ RPAFR, SINT TIUREBCRAMME S RN
PLoedl bRl REF = RTEAE T IR TR, [N IR Rl A L, @ I TRE, RPA S1E
PR IR B REHINTRRILESdHEF. 5 OPA KL, RPA NRIRILTESTTAE, T
E n(n+1)/2 R EERRBBIF G IR RN FaEriiedit, AR
B R BHINTRAHES R B e R, RFIZRIRIERE N —MUedk, B2
HEFSEBIEC T ITe AERAES R AT RIS, WICRIEIZ R ST rIH R,
H ELREMS NN AT (Lo gl b rl B R B N0

RPA RIERDRES :

Procedure OptimalPriorityAssignment(tasks)
Initialize priority to 1
Initialize an empty list assigned tasks

While tasks are not empty

For each task in tasks
binary search for the largest value of a for which task T is
schedulable at priority i

if no tasks are schedulable at priority i
return unschedulable
else
assign the schedulable task that tolerates the max a at priority i
to priority i

priority = priority + 1 // Move to the next priority level

If assigned tasks contains all tasks
Return assigned tasks // ALl tasks are assigned and schedulable
Else
Return "No schedulable solution found" // Not all tasks could be scheduled
EndProcedure

AL H e 2 L e e Hlik

FIREANEIELE holistic schedule I N2 BRI,

1E “Hi A IR e HE 7 BRI X — 3 o A T2 H BRI BIFIeE: 317
holistic schedulability tests i, 7E fully partitioned HZ2 AL FRERLTHR B RGH, HEHRR
H MSRP 8{ MrsP E N DMPO & optimal B,
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A B R AT T Z BRAE AT holistic schedule FIRHEE, QNERAHIEA M S e AT S5 FI 3
IR G IR AR 55 BONE RIS [E], R AT REARTS 45 7€ (R S5 HU HERMIM AL N (], X252
OPA #1 RPA BILH I AR,

JiRIA: OPA 1 RPA BIEAEHHE RN task & 75 AT VA%, FR2EHE HIXMESSI
HayImE S I E] (R) {H/2IXTE holistic schedule NCAZE, fTAa]— M55 B 5 B [E] 1
ST TR L AR ST 55 M 7 P[] . OPA S8R X B A5 81 e A M Joz i ] P s f
AR ERES (BIMARERERIIESS) BEEERIESR, BRI
ESAEMBRTIRIERINT . 281, X T holistic tests, ZRETH S5 BN B I AL A% AR
HWH, HRITEESRNEN N EEREE TR, HFEARBIES IR (RERGEA]
VEFERD) . TN T B W1 OPA #1 RPA H1%, TE holistic schedulability tests T, K A®AD
E55 TCEFNE A S SR AT 55 A H = A R B IR I AT 5 RO L IS BT, B AEAT TS AT
REARTF A E LSS HIRRTINM RN [A], IX 2 FECSeH 7 BRI TII AR R R,

— R R TS 1R B B2 A M I [Rl=Deadline BRI, BNR_ =D, N SXHRBATHEIXAN 75 1%
PRy OPA-D #1 RPA-D HiK, 2RI, RXMJ7ERIREUE, @it D, & R, 1ER[EE
#4t%, BT R, < D,, XNA[EEMEGRES MY KA pessimism, XAl fE = FE LR
FRMTRRSGTCEAE, AN, BT 06 Al JE N 22, Xl r B
BRI AT REZ B

BT DA B EARTE S T — Rt e P Bk, BT Slack RIALEHHET
(SP0),SPO 5 OPA KHEFEAERMUNIEE, FERES MUY (WAL ITE),
FHMRERRENES (RIRDERTRIES) HNEF B R, AT, 5 OPA
REEAE, SPO I T NN EEPITEE, PURE /D T B m] i R e s
FHT =420 pessimism 520, AT L, SPO EE TN KM, BEELXAEROEA
TSRS (Mo o7 B (8] TF BB R Y pessimism 52,

5 OPA-D 1 RPA-D TEH B4 E 55 7, 1) R, I ] s IR E AR A £ 559 R=D M
bt, SPO TEIEAOIIAE B B T R IAZ i A N 1R [E]E s SSREI ERR, IXRAE R
XHELRRRE, K, SPO @ L OPA-D Ml RPA-D 15 Z| B yERARY MR S ISR, EAN, TETT
BRI, SPO DUERTT I Hr AL FRES EATEESFRIME NN ] CRE AR TR SEINER 72
PRI ) o IXMTT IR e R T r, 5 H R H0 S e AT 55 < TR B R I TR 5 2
pessimism 50, MELZ R, £ OPA-D fl RPA-D W1, iXFh pessimism fZ1E TR
Sl R,

4.5.2 MAE RS HDFRIERE T

1. Wi R I i) e A

A. £ Traditional Schedulability Tests TR

£ MSRP F1 MrsP U, G255 7, WINARIIN ) R; 1 A0 1 W, C;, 2 7, R
RN RS «, () FRPITEMNMEREZRIINE) o B, &R~ 7, FIIKN A gE
ARIFHZER, HREhp) REl—HRIIREGT 7, WRREIAIESS, 1IN, T, 2, B
F, C, 2, BEHERE (5 o, WEEAER).
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_ R1—

7, €lhp(i) { h
155 Ciit AR 2, BT, NFFERR 7 8RR RS T
WRYHE GEI F(r,) B FIESIIRINT, Hrb NF 2 7, R AR R Y,
FIVRER, ek Sk, ORI LS DN [,
Ui =C; + Z Nikek 2)
rkeF(r;)

FI T MSRP TR IRA I SR R8I S 2k FIFO IR, it e, 9257 L2 6
ERT , IR IR BCRINRA, 10 A5 3 R, Hrp Gor) BRFE kIS4,
e TR ), PUTHIBSIEURA, B map() JRIESE T 4B (LS5 HEIIERE R, ||
JREILEHE AN, WT MrsP EIRERA T SRRV TR, BRI,
—IUE55 2563 FIFO NFIFFRIFTE HAE S5 T, RIEA BEGFTIRYHR (6 MrsP
FOESBIILN, 20 [6])o R, MrsP 125 MTRER L MU IRIB BUBASEIN [ ek /35X 3
HEL, 40 [6] FRATE,

e = | map(G(r*))| *c* (3)
7, FIEKFHZE (B;) @i A5 450 A0 5 R, Hib e, /2 r, I RERIE A R i~

IZNABHZE, b 2RERERAFNERAINE GH, FA(r,) RIEIFTRES S 7, TERNEK
FERRZER BT R AR

B, = maa:{éi,?)} (4)
é; = maz{e®| r¥ € FA(r,)} (5)
SR, T MSRP 1 MrsP IR FELEgCk R 2R =R (BIEHEE S
et BRR), RIAEIX S RIS R IR 7 A2 R R Y.
XF MSRP AR 2R EIR v, # 7, FIAMRICEI LS (2N ) EK, W r, ATEE

SE o, RAZNKHZE, NTAMBEIE, PCP [7] $ERfHAAT, BRI R BRI b
Rt pri(r;) B4 ny 16K, WNZBRIRATRES BURIAZE, 23X 6 45 7 1£ MSRP FA]

RE SR EIAEZER R IRE N F{“(Ti)),,ﬂéqj NE G H— KB 2y, BIIEREL
FTA(Ti) = {r¥| N > 0 A (r¥is global V pri(r¥) > pri(r;))} (6)
X T MrsP >RUE, BT AN 25 53 JRER DAL RRICSe g0 Tiim], Rit FIA (;) HIRR

HlfRME B, RFARENE P(r;) (BN 1, B host processor) L EA L pri(r,) B0 ERR H H
T VB RAIZEPRRIAT, 4 25 7 FioRe

F:[A(Tz‘) = {r*| Nfi > 0 A pri(r*, P(1;)) > pri(r;)} (7)

B.{E Holistic Schedulability Tests R

R iR Traditional Schedulability Tests B 15 Z AL A, {H B IX LM ARH T IX PRV
% HIR—MES (H 1, #R) 1ERETRE, map(G(r,)) HEMZELES ERSE -1
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ARIE K AT DARHZE 7, , MiAVE £ RIBE R, PN AT DUK H R SEFR AT RETR K& b, 4i /8]
AT, X LU T FHZE N R RN RS U TIN TRIBIZAK, XTI T #USME pessimism
sl B, [9] Rt 7 — MR E MM B T LR B e Bibii (B155 MSRP) HY
SO RTARE N, ek, [10] EFrsEUE T ET ILP B4 AEBREM LRI TR Z,
HAE MrsP B NMEH 7 — MR RTEE IR, ot 74aE N RIBN AT DU HiF)
PRIG I RISEL, XRPIEAR A AT DAEL S F T MSRP #1 MrsPFHRFIAHRLA) FA(7;) BREX
A et~ 7)

& [10] BRI AR, 7, ORI TR 225X 8 BRAE, Hirp O 72 v BYAERIAE I
BINE (R RET =), B, 2 r, RS RIREVIFN R, A28 TR B e
IEIRAR B BN A SIS 7, (BIRE T 7, HERIERBUCHIRRMmEFHLE) S
B i PAER R B RIEIR (RIfLIEFHZE), B, 2 7, IENAFHZE,

L), .

T, €lph(3) ’V h

E,JEE ~5C o 1R, Hr ¢F R, ARSI AES A r, & HREIERE,
EF m FORIEARANFERER P, 6] r, & BTE R EL THTEE, oA A BT EERR I FE 22 1N
|, HAHTE 7, KMHEHET r, S, NSRS P, AIE~ AR EKFHZER NF +
¢F (R, FESUNTRIN 7; RHAME LICRATTT 1 7y, R HIETERED M ¢f,, Z IR/
BRI, JEI XA, M AR GMNIRARRE pessimism, KIDY:

1) BHAEHTARSEHENWMYINIZEIE KK E (B#% T Traditional
Schedulability Tests H i Fi 1 1%)

2) BACHEER S (BPBRIRIER) HEE—>k GRS INESS R TR N )

rheR P,.#P(r,)

¢RI gk SYBIE 25k 1001 2438 11 8, A7TRRATR, EATEE— RS ()
YN Ry, FI R,), BAEEK 7, ROBERCFFSEIT IR, MTHRE2 4200 EBR, 4 /o) shFRARIIE
B (200 (0] 9318 5.1), 1ESAEBRABAGE, (ELARROFREIT IR £ 14, 522 1] DURE
W[ Ste | fel 1205 | B T M SRS FR I A A SR BU SEATTIE, JFE (9],
[10], [11] FRESHEAT ATV VST 7

R, + R, |
= > [ - | N (10)
7, Elph(7) h
R, +R; |
ko _ i J k
7;€lp, J

T, INEIARHZE (B,) (TEAK 8 H) @i A 4 &, ERATFEIGRGE, A
= 12 #1 A=K 13 AR,

é; = maz{| of| - c*| r* € FA(r;)} (12)
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He of FREERIFA r, BIEK (BIRTE E;, FEEIER) AEERE, Hift
=2 (1l

af 2{P,| &, — ¢ —Nf >0AP, # P(r;)} UP(r;) (13)

MNFRT FAT B8y, BTERESESRIEAE RIS (R ek - ¢F
- NF>0), HGMEEERF r, FIERIEZIANATSHZE . Fit, @RI
ROEEERIECR, A 1218 1 £ FA(r,) WRINATE RIE A AT BEF= AR Y B K PH 2E

2. i (optimal) 53 Wi

X | e | Holistic i
MSRP(}) S, SY
MrsP(t) S Sy

% 4.2 MSRP M MrsP ¥R VA EEPERA

TEX 1 LR BLRTR A RSB A BB G AR A BN S 2 s AhY,
4 HACY T SR & — 4TS TR EAMAL /Bl S S MOV AT GV, thal
i A A,

A] DA VAGNIEIER] DMPO 1£ Traditional Schedulability Tests /& optimal Y, B
{RRTIL [12]

AL BIRAIER I BLRTE A, FERT IR S, 50 .S, NRIEEM M MEEE Xt
ZEALSS S TIATIAEE, Hrb AL RRMESSE T RTEEALERINT

AL I8 FE AL R, EF—X A% DMPO IFHEFIAEAR TS, eI

RLAE SRy, 188 Azt . RJG, IERIRA S ROV IR ML Se s Beimsiid
BULRTEL, XN TBA n MESHESE, REFE x=n(n+1)/2 LRI A R —
AMNEERZS I SEPHEF M AL #6858 DMPO (BT AL = DMPOy) . GNSRAEFTA REFRES)
B EH TR, REMEFIHNE S, S, NEIBUERE, NPRATEER
F AZ EEEEREER DMPO JEEIESS4E, MTUERR T DMPO HIEALTE

{HI21E holistic schedulability test T~: £ S; (MSRP) =K S; (MrsP) T~H MSRP B
MrsP BRI ZRIFEIY fully partitioned ZAFEZRATRBULE R GiH, DMPO N E&RIH,

TERAAUEBRIE IS R B34 T. Bl 4.4 BoR T BEEWNDHEZETE o #0102 B =A0HER R
B, R 4.3 4.4 B5H 7B P, PRUES BB IEERE . 16, 1 7y Z[EHIT
AR, TEASERAET W R, pri(ry) > pri(ry) > pri(ry), H D3> D,, BI#EULNE
KRS E S, £ DMPO R, pri(ry) > pri(ry) > pri(ry), HEIHMIER
TR RN TR AR R P Bee  IEAh, FAMRIZ Py A1 P, #OX v A r? H RIBHIIEK,
HE Py 5 P (B r2 ) BYRRARERZEDY 3ct (B 3¢?)
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PO (P1 \PQ

N

' DMPO

_ /

Kl 4.7 RFEELHAIHIF 1
Task(r,) |C, |T, | D

x X X

o | 1]17]17
o | 1]27]27
% 4.3 LERSH 1 PEF)ET:
Resource(r) | c* | G(r¥) NE
rl 1| {m,3} | N} =1,N]=1
r? 2 | {r,} | N} =1,N2=1

% 4.4 LERSH P1 PETIREENE O
f£ MSRP N, BT RAARE LBTIRGRITIE, v F e EATRE S B 7, 1 75 LEHIRR
AT HIREARHZE, KIAE AR R DMPO H FA(1y) = FA(ry) = {rt, r?}. U5E
PeHlbr AL N 7 H1 oy BN RIS R THRA0 SR,
R; =C5+ E; + By
= Cy + 3c! + mazx{3c!, 3c?}
=1+3x1+3x2
=10

R
Ry =Cy+ Ey + By + "_2-‘03
T3

R
= Cy + 3c? + max{3c!,3c?} + "—2-‘ Cs + [

R
2+ Rs-‘?)cl
Ty

T3

R, +1
o+ 10 3
27

R,
=14+3%x2+3x%x2+ E x 14+

=17
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MEAETHRA, BATTRT IR, TEIedscin s /i, WAMESSARRENS i 2 AR,
SR, TEARSC M2 G, R/ S THUEEIRR, 0 RAR.
Ry, =Cy+ E, + B,
= Cy + 3¢? + max{3c!, 3c?}
=1+3x2+3x2
=13

R/
R§=C§+E3+Bs+[?ﬂcé
2

R/
= C5 + 3c! + max{3c!,3c?} + "?3-‘ C, + [
2

R} R, +13
:1+3x1+3x2+[1—;’-‘x1+[ 31“; —‘x(3><2)

=30

(S MrsP HUEEATNRA (BRI S5 ), TROESEL (IR RIEAE, ARSI (fF
FRSER ERR), FEAL TF (3) = {fr MLEEHG, F (ry) = {rode AT, XFFRAL
AT MES B2 AT RIE LR (Ry =7,Ry = 17), {H my TR BEIG 8IS
THEUERR (R, =13F1 R’5 = 30)

BT BRI, FATTIERR DMPO 1R R I 2 optimal B9, KIAT7HE (10) 7
FALEME S I AR, IX2 0N T IR A IR R SSHATIN [ pessimism 51 AR,

B2, LR EERRERREEXRYIA v, BRAN |map(Gir, ). NEFRAIREL S
—MiF-, WA DMPO FY a0 2 B Tz AR AT 55 A Wi B2 IS AR M T 32 BN RS (TR
R (1) W), %I T MR T B A = SRR RO N8 25 BR Pl SRR SR
WG, B 4.5 R T — 1RGSR RS, HAPE = MESH— P HMN MBS =R
B (r! )o R 4.5 4.6 B T ZRANESZSSEREZRERE N £ Py, BX - fl
AT, NEl 4.5 FiR. TEHORBIA, LSRR 7 pri(ry) > pri(ry), TR
2 J5 pri(r,) > pri(my) °

R;+1
3+ 13 302
17

Py

Bl 4.8 fRIEHAZIRIIG T 2
D

Task(t,) | P,

T




Yat-Scheduler ¥ F & XA Proj #291 5 Linux PUZIR ARG — N

m 0| 2|28]| 28
7 0] 5]20]| 20
T3 1] 3135]20

7 4.5 FERGHMTESEE

Resource(r) | c* | G(r¥) NE
r! 4 [ {r, 73} [N =1,N; =3

F 4.6 LERGHGIRE AR
£ AZ N, JCieRN ] MSRP I& /2 MrsP » (Ei{ES A2 ZAEZIAHZE (RY, frEfE
FHe=0), HNRE 7 Mo iEK e, B, ££ S M SN, A = MESSHIMNES
[EERAEE, BT A ESSERRENS T R HA L HIRR, W RFrR
R, =C,+E,

R, + R,

= C, + Nic! + min{N}c!, [
T3

Wwﬁ

R, +18
=2+ 4+ min{4, Lt x 12}
35
=10

R2 :CZ+E2+ ’7_2—‘01

Ry, +R Ry, +R
= Cy + min{ ’V%-‘ Nict, [%-‘ Nicl}
1 3

R, +R R
+’7—2 + 1-‘Nllcl + "FQ—‘C&

Tl 1
. [R,+107, [Ry+18 R, +10
=5 4 12 4
“mn{[ 28 W[ 35 1 ”[ 28 W
R2
21 x2
+[28—‘X
=15 ;
R3:C3+E3
R, +R
:C3—|-N3lcl—|-min{N§cl,[ 3; 1—‘N1101}
1
R; +10
:2+12+mmﬁx4j-3+ Wx1x4}

=18
AT, TEMRSEHERE (BB DMPO) 25, y SXIA r, WIS I H L 3L
I, QTR S5 R
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Ré = 02 + B].
=5+[{Fy, P} | x4
=13

R/
T,
_ R +22 R}
=2+1x4 1x4, | —— 12 — 5
+1 x4+ min{l x ,[ 35 -‘x }+[28-‘X
=15
Ry = C3 + Ej

Ry +15
=2+ 12+ min{12, [ 3;2; w x 4}

=22
fE.53 F, WE—IXAVE r, BIER RV LIREOETT SEEDANSE, Wit R, -
5o AESR, IXRERI R, Al Ry 1, B ry (YRBHTBULRS I, R, 7EHRA)
i, [B] = [ ], Eit, 18 R, MEAREAR (10) 5SS 7, K5
feke i, R DMPO HIAR (b (X iz P AL ST A0 S R i
*1F OPA fil RPA 1%
7E [5]th, X OPAFI RPA (AEEAINYIE) FEaRILT =AML A M
1. AR S, (E55 7, Y FTVREE YT REEROR TR B T pri(r, ) IRE S5 O FE (T2
W, (RRERTRAT HAR SRR 1 (55 B A 1
2. AU S, (F.55 7, BYRTIREE AT REROR T RS IR T pri(r, ) (IR S5 O FE AT
TR, BRI (AT AN (R SCRI L 55 TR
3. MAEIFT MBS SE GRS MRS ST, A SR TT DAL AR S 0
FTVRE, TUARHEII S, o0 T e (R SCERA0 I35 R AEE R T A
holistic FFTYRRE MRS I T 4t 11 2, HrR AL IR IR T ARG
AT S HOENARER 1], J ELIARIGOE R T AT AOBERBE. 1140, R, B EEEI A
FIRGALIEHE b, HESHRIAOEIR, (R SEE (55 MR FIER A 15 — (L4510
R R, 1E S TABIRII IR SEEA R B RO T XA S50t
VORI IR X B, FBL, OPA I RPA B33, {E holistic FTVAREFEMIL R, H1A
SRR, ISR
FRBAIIN SPO FLAARAL. SPO FIAT WRIR NI, VIR tF7E
SR ATV MM P (8 R T 429 pessimism JEW. AT L, SPO % 7 WIS ) et
VE, EERIR IR BURISORM RIS I S 8] 15 B9 pessimism . SPO TEK RIS
FHRMTHRAR 76 B RES F) 12 AL 55 HOAE LR, MTT58) b OPA-D A1 RPA-D 15
S5 SR AL L 1
SR T

47



Yat-Scheduler ¥ F & XA Proj #291 5 Linux PUZIR ARG — N

Algorithm 1: The SPO Algorithm

1 for m=0,... .M do

2 for each priority level Pri, lowest first do

3 for 7. € unexamined tasks on P,, do

4 Assuming that all unassigned tasks in P,
have higher priorities, calculate A, for each
unexamined task 7, by Algorithm 2;

end
5 Assign priority Pri to the task with the largest
A%
end
6 Get response times of all tasks in P, via test S, and
set R = D for all unexamined tasks and tasks with
R >Don P,,;

end
Get response time of all tasks in the system via S’
if system is schedulable then
| return true;
else
10 ‘ return false;
end

= e =

Algorithm 2: Computing \, for 7.

1 Set & = D for each unexamined remote task;

2 Calculate response times of all tasks in P(7,.) iteratively
and alternately by test S. The calculation ends when R
is fixed for each task in P,,, or R > 7 - D for all other
tasks that missed their deadlines:’

3return D, — R,

B 4.9 sPO FLIEFARZE R

BIL 1 8T SPO BIERIEY, Hr S FORIKERTAENNK, EIER, SPO
(B AE R LT dhedle e Z i, 55 UL B MEFESR. X T BA M M EHI R
gt, WEIENE M Py ITa, VBN EEESEHRESERIU SR, M T4
RS P, ZREREEER 2 MRS MU Pri LT REEESFHIAT AR
A, (HANTED, A, =D, - R). AJa, NEGRKATHER N, FESIECI
& (58 417). 1ERE P, HEMES G, 15 6 fTIHRIZCHRER S5 BN RN A,
RIG, BRI NSRS ERE LIRS, &a, NEBMES 2B —MIUEY,
SPO @3S AT A EEMEIA S SRIRUELA E HILIe etk 7 2 S RES L T T R 5L

5 OPA-D f1 RPA-D N[F], SPO SRRNF AR AT HAAE 55 M i B (A1 AR <A ]
HORER LRI ] BT pessimism 2R AR, B, N 7 THAEIESF RN [R], SPO 1EH:
BT H SR TR (Rl BRI, 4 E (55 B MR R I [R) 2 i 1A
T R EER TP T ARSI N N R TR, BT S, EXIERH, W
P mIESS TG, S MESHIMN N RIFHH R R, U=MES 7 > 7 > g BRI N
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B, HA pri(r,) > pri(r,) > pri(rs), B, R, BHHEZEIIERATE = M55 A 5 A
B THESRHITHY, AR IS I A 2 N [EER . TERRGERH, 7 ~ 7y FiT g B R
I IR B T B — IR DABE T Ryo UM A ESSEBIREIE E AL R > n- DI, IS TR
1k, HIEEE TR AR ESIERESS BN N RS R (WAL 1 I 6 {TRE
% 2RV 247), NIMTHRR T 28X FMREIOC R (1A OPA-D 777%) F R B pessimism

2T IS N RN BRI, X RO REREBRIZREES (RIR 2 ELSE
FIIMTESS) R¥F R =D B, Hlan, f£5 P, TS ECLEHRET, #/H P, £ P,
ES5Hma N N E (R LIS 6 1T1HE) RiHE P, R ESSHINR NN E, A2 El18
BRI TE], @I XA, 18R] DURTS Py RS i CRREERIL) BYME RN TE], K8
NFEERERNES, R<De

Mk, RTLAFE SPO N R E 24, REZAEZEE S =ARENES, HEERZH
XS 4 1THHT n(n+ 1)/2 XJAH (55 OPA 1 RPA 280) A RENEA n MESHMTESE
DECALE, XTFEE 417, AET OPA F1 RPA 1 § HH T—AR, SPO XA S &
HERZ n AR, DEREE MESS RN NN BT PUE, Fitt, SPO BIERINAIE 2%
O(n? ). (HIETERSZRR AT V& B S ORI & i 9 F 2 Wi,

4k, 5 OPA #1 RPA [, SPO SRV EESHNEHIL 46 E ILIe kB LI RIAYTE
o HT AR E AR 55 0 N IS R] B D EBUL N ], BRIt Rl RE < B BT 55 e
LI TR T 48 E LS RRYBUEINTA], EHE A — (5550 0R B2 rlAE ARG . 1EIX
FEH R, SPO BIE BIERRICIBLLa X Les ot B b I R 19T 55 A el mT A FE AT
%o NEMX—r, FIANT =Y RSE n kY RIEAMNNETHE, Hf, TR,
CYRTAFAIESS) Z MR S Ik L BARR AYAE S5 N B IS R 20K n - DI, HHEA
gER, GNATE 2 R,

MNTEERPLIER, vIRER L MESS 0 NI A = T Ha RIS Rl 2R, BEAE 1
—IPHREMRIE, XS AEZ AN ER AT RES BIEURCR, H 5 HAESSMHEL,
HA e MENESSEE RIZEE RIS FrlEE, Hit, @\ ARG, £
S EA AR T ECIE L LA, MG T 3RS A AT e R R RTREME, IXRh 514
AR [13] N T RIBIAEIFUERR 7 A RE, HAESSaT00 N N | A R 2 fEid
BUENEAESS, DAAE &L ] AR R AR E,

4.5.3 HBEIRIIILCHHE T REE I
BB R EZNE R T E LS MESFSHINIRIN A R - C 15 S SEERME N I [H] 5
HIRREan
int getResponseTimeSPO(SporadicTask  tasks[MAX TASKS][MAX TASKS], Resource
resources[MAX RESOURCES], int num partitions, int isMSRP) {

if (tasks == NULL)
return 0;

// Assign priorities by Deadline Monotonic
assignPrioritiesByDM(tasks, num partitions);
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long dummy response time[MAX TASKS][MAX TASKS]1; // dummy response time &%
TH{E deadline
for (int 1 = 0; i < num_partitions; i++) {
for (int j = 0; j < num partitions; j++) {
dummy response _time[i][j] = tasks[i][j].deadline;

// Now we check each task in each processor
for (int 1 = 0; 1 < num_partitions; i++) {
int partition = i;
SporadicTask unassignedTasks[MAX TASKS];
for (int j = 0; j < num_partitions; j++) {
unassignedTasks[j] = tasks[partition][j];
}
int sratingP = 500 - num _partitions * 2;
int prioLevels = num _partitions;

// For each priority level
for (int currentLevel = 0; currentLevel < priolLevels; currentLevel++) {
int startingIndex = num partitions - 1;

for (int j = startingIndex; j >= 0; j--) {
SporadicTask task = unassignedTasks[j];
int originalP = task.priority;
task.priority = sratingP;

// Sorting tasks based on priority
gsort(tasks[partition], num partitions, sizeof(SporadicTask),

comparePriority);

long timeBTB = getResponseTimeForSBPO(partition, tasks, resources,
dummy response_time, 1, 1, isMSRP, task, extendCal);

task.priority = originalP;
// Update addition slack BTB

task.addition slack BTB = task.deadline - timeBTB;

// Sorting tasks based on addition slack BTB
gsort(unassignedTasks, num partitions, sizeof(SporadicTask),
compareSlack);

// Update priority and remove task
unassignedTasks[0].priority = sratingP;

gsort(tasks[partition], num partitions, sizeof(SporadicTask),
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comparePriority);

remove (unassignedTasks,0);
sratingP += 2;
}
gsort(tasks[partition], num partitions, sizeof(SporadicTask),comparePriority);
// Update dummy response time
dummy response_time[partition]=getResponseTimeForOnePartition(partition,
tasks, resources, dummy response time, 1, 1, isMSRP, 1);

}

int isEqual = 0, missdeadline = 0;
long response time[MAX TASKS][MAX TASKS];
initResponseTime(tasks, response time);

/* a huge busy window to get a fixed Ri */

while (!isEqual) {
isEqual = 1;
long response time plus[MAX TASKS][MAX TASKS];
busyWindow(tasks, resources, response time, 1, 1, isMSRP);

for (int 1 = 0; i < num_partitions; i++) {
for (int j = 0; j < num_partitions; j++) {
if (response time[il[j] '= response time plus[i][j])
isEqual = 0;
if (response time plus[i]l[j] > tasks[i][j].deadline)
missdeadline = 1;

cloneList(response time plus, response time);

if (missdeadline)
break;

if (isSystemSchedulable(tasks, response time))
return 1;

else
return 0;

HTFIEAR, BRiBAEES SPo BIENEAER O, DL SZEE R A+,
Flf AR —E B B RNRAR, B2 SPO B2 SR AT: 55 My oz Fsf 1) 40 4 RO 2 Hh 432 1 P EL ARSI BR
M. {H2EAREZRUN T,

5 LitmusRT W gSdfT
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HTFRMNE B CBEEREZEOENKEEEMR, RITTE litmus-RT L9%W5E K
AR, AESATH N O W E e e ENEEE H RS, LN EwRE
LitmusRT A FE 81 AIAES, AT litmus/litmus-rt/litmus/SXAFE R, 2 FN sched_demo.c

#include <linux/module.h>
#include <linux/percpu.h>
#include <linux/sched.h>
#include <litmus/litmus.h>
#include <litmus/budget.h>
#include <litmus/edf common.h>
#include <litmus/jobs.h>
#include <litmus/litmus_proc.h>
#include <litmus/debug trace.h>
#include <litmus/preempt.h>
#include <litmus/rt _domain.h>
#include <litmus/sched plugin.h>

struct demo cpu state {
rt domain t local queues;
int cpu;

struct task struct* scheduled;

¥
static DEFINE PER CPU(struct demo cpu state, demo cpu_state);

#define cpu state for(cpu_id) (&per cpu(demo cpu state, cpu_id))
#define local cpu state() (this cpu ptr(&demo cpu state))

static struct domain proc_info demo _domain_ proc_info;

static long demo get domain proc info(struct domain _proc_info **ret) {
*ret = &demo _domain proc_info;
return 0;

static void demo_setup domain proc(void) {
int 1, cpu;
int num_rt cpus = num online cpus();

struct cd mapping *cpu map, *domain_ map;

memset (&demo domain proc _info, 0, sizeof(demo domain proc info));

init domain proc info(&demo _domain proc_info, num_rt cpus, num_rt cpus);
demo _domain proc_info.num _cpus = num_rt cpus;

demo _domain proc_info.num domains = num_rt cpus;

i=0;
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for each online cpu(cpu) {
cpu_map = &demo _domain proc_info.cpu to domains[il];
domain _map = &demo_domain proc_info.domain to cpus[il];

cpu_map->id = cpu;

domain map->id = 1i;

cpumask set cpu(i, cpu_map->mask);
cpumask set cpu(cpu, domain_map->mask);
++1;

’

static void demo job completion(struct task struct *prev, int budget exhausted)

{

prepare_for next period(prev);

static void demo requeue(struct task struct *tsk, struct demo_cpu state
*cpu_state) {
if (is released(tsk, litmus clock())) {
~add ready(&cpu_state->local queues, tsk);
} else {
add release(&cpu_state->local queues, tsk);

static int demo check for preemption on release(rt _domain t *local queues) {
struct demo cpu state *state = container of(local queues, struct
demo cpu_state, local queues);

if (edf preemption needed(local queues, state->scheduled)) {
preempt if preemptable(state->scheduled, state->cpu);
return 1;

}

return 0;

static long demo activate plugin(void) {
int cpu;
struct demo_cpu state *state;

for each online cpu(cpu) {
TRACE("Initializing CPU%d...\n", cpu);
state = cpu state for(cpu);
state->cpu = cpu;
state->scheduled = NULL;
edf domain init(&state->local queues,
demo check for preemption on release,
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NULL) ;
}
demo_setup domain proc(); // KREEHEE
return 0;

static long demo deactivate plugin(void) {
destroy domain proc info(&demo_domain proc_info);
return 0;

static struct task struct* demo schedule(struct task struct * prev) {
struct demo cpu state *local state = local cpu state(); // ZHaiCPURKRE, £E
S EmAFIIRES (scheduled FE)

struct task struct *next = NULL; // nexti#5#t7 null RRFEEREES
int exists, out of time, job completed, self suspends, preempt, resched; // &
KESIKRE

raw spin lock(&local state->local queues.ready lock); // 56 Ha] CPU R4EMAT
B B e £t

BUG ON(local state->scheduled && local state->scheduled != prev); // Wf®
local state HfY scheduled FE&IEAT prev 2K
BUG ON(local state->scheduled && !is realtime(prev)); // R prev 2LB{E5

exists = local state->scheduled != NULL;

self suspends = exists && !is current running();

out of time = exists && budget enforced(prev) && budget exhausted(prev);
job _completed = exists && is completed(prev);

preempt = edf preemption needed(&local state->local queues, prev); // WIEH
AFIPFELLRIRES AL ESHES, M#HITIES

resched = preempt; // MEEIFERAEFMT
if (self _suspends) { // WNEFikiEi, FaESEREE
resched = 1;

if (out of time || job completed) { // WIEFIENSNETR T, WASEHE
demo job completion(prev, out of time);
resched = 1;

if (resched) {
// SR FTEXNFRERE, FEMRFIER (MESTHEERB) , UREBRNA
if (exists && !self suspends) {
demo requeue(prev, local state);
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}
next = take ready(&local state->local queues); // EUHFHZPABIFHIFEEE
5%,
} else {

// NRITEEFERIEK, FUMEFIE
next = local state->scheduled;

local state->scheduled = next; // 1EEZFAENESHEL
if (exists && prev != next) { // WREHFZFIWR, BBrEEEAEMRNES
TRACE TASK(prev, "descheduled.\n");

}
if (next) {

TRACE TASK(next, "scheduled.\n");
}

sched state task picked(); // &ifF litmus Wi%, EIEEMT —MEAERSE

raw spin unlock(&local state->local queues.ready lock); // B
return next;

static long demo admit task(struct task struct *tsk) {
if (task cpu(tsk) == get partition(tsk)) {
TRACE TASK(tsk, "accepted by demo plugin.\n");

return 0;
}
return -EINVAL;
}
static void demo task new(struct task struct *tsk, int on_runqueue, int

is _running) {
unsigned long flags;
struct demo cpu state *state = cpu state for(get partition(tsk));
1t _t now;
TRACE TASK(tsk, "is a new RT task %llu (on runqueue:%d, running:%d)\n",
litmus clock(), on_runqueue, is running);

raw spin lock irgsave(&state->local queues.ready lock, flags);
now = Litmus clock();

release at(tsk, now);

if (is_running) {
BUG ON(state->scheduled != NULL);
state->scheduled = tsk;

} else if (on_runqueue) {
demo requeue(tsk, state);
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if (edf preemption needed(&state->local queues, state->scheduled)) { // i

preempt if preemptable(state->scheduled, state->cpu);

raw spin unlock irqrestore(&state->local queues.ready lock, flags);

static void demo task exit(struct task struct *tsk) {
unsigned long flags;
struct demo cpu state *state = cpu state for(get partition(tsk));
raw_spin lock irgsave(&state->local queues.ready lock, flags);

/! RTHE, BIMREESATBRNNT, XMVESEHSRENER, IRESEREMESAE
ITIRH BRI, MEHITEINIAGIEIE
if (state->scheduled == tsk) {
state->scheduled = NULL;

raw spin unlock irgrestore(&state->local queues.ready lock, flags);

static void demo task resume(struct task struct *tsk) {
unsigned long flags;
struct demo cpu state *state = cpu state for(get partition(tsk));
1t t now;
TRACE TASK(tsk, "woke up at %llu\n", litmus clock());
raw spin lock irgsave(&state->local queues.ready lock, flags);

now = litmus clock();

if (is sporadic(tsk) && is tardy(tsk, now)) {

release at(tsk, now);
}
if (state->scheduled != tsk) {

demo requeue(tsk, state);

if (edf preemption needed(&state->local queues, state->scheduled)) { //

L0 E
preempt if preemptable(state->scheduled, state->cpu);

raw spin unlock irgrestore(&state->local queues.ready lock, flags);

static struct sched plugin demo plugin = {
.plugin_name = "DEMO",
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.schedule = demo_schedule,

.task wake up = demo_task resume,

.admit task = demo_admit task,

.task new = demo_task new,

.task exit = demo_task exit,

.get _domain proc_info = demo get domain proc_info,

.activate plugin = demo_activate plugin,

.deactivate plugin = demo_deactivate plugin, // EMEEEEIEMFENAE
.complete job = complete job,

};

static int _ init init demo(void) {
return register sched plugin(&demo _plugin);

module init(init demo);

T e g

5 52 sched_demo.c XIFIEAE, FATEE R SXEZIIMNE] litmus HsRH R
MakeFile 11, 1 obj-y =... =G —KHBEH, I LRI sche_demo.o BIA]

sched pfp.o \
sched demo.o

MV B P 3BT T

until d

cur .565, until dline: 99.77ms

Bl 4.10 TEPRBkER SR FBATI S BRI IR R i
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4.6 % JEBHZERIESS s BCPLIRI B s Bl

4.6.1 HEFHIERESS sricHLbl 44

Bt SN Rt SR T RE RIS ORI E 2%, R RUESS @ E 75 EX Rl — N R
ITHAE, MIXENZHAM A KR TR, EREAREE . AR, /0 iM%,
AUTOSAR FrifE [14] 5EHIZREY B FEBIH 12 RAH, B TR EERFE LWITHR A2
Gro R, B A SRR = P OR S FEN S = IR AR [15] o SR, TESRSIHAT
HIEMETER T, RFEHIES ISR THERFENZES ML LIRS Ry
E55 NARIRACBEER TE SRAHRIR BT IR, EATSEH =SS BIERE, BFEKRE
BRI 7o RESEOXEABER P TE ES5HEBTESRHZE, e BE IR RS A]
JARENE [8] o

N T RN 2 BB IE S A, FAMHRE T —FfhEA B eSS =R IR
FPFPS (Fully-Partitioned Fixed-Priority Scheduling)ZAbB 28 RAITL S5 7 HC 7515 RAF »
Hrp = 5 ok B H FACHEERAIES5 7R, RAF AN RIFRGIE 95T, T2H)
MBS (RCM) RAGHHES 2 R EESHTEE, BT RCM WiES, RAFG
LR RS H s ES A R —0BEs, PURD SRS, M MESS RO ZE,

4.6.2 HIEHIIEIITES SYRLRIELLH
1. ¥ HBR:

- OB IRS

- FERAESSPHZER R, TEmRGTal M

- BRI R

e thBI(ESS 7L 7T 1% RAF A T SRS AR (RCM) - 1AL AT DO BUG THE
55 Z IR SIS RS, R+ HIRE (CP) » ML CFAE MRS, @ITIARARIECL R
FA TN BRI 4028 () K CPIEUERSRIMESS 24 (i) K CF I & =Y
LSS H TG — ME R,

2. R :

Y E G 5 — LML RS A 4116 FP-FPS 7758 FURRERIBERNLITS T (sporadic
task) o A FEIE ¢ MOBERERTH A, o % r, (T FIE i MES) o7, =
(C,,T;, Dy, Py A} S, Horh € ARV I S SR A SRR LA TR, T, S 0,
D, 1 D, < T, NZISHIRR, P, 2RSSR, A BN, S MESEHERE LSS, P,
(BT, 8 DO\, IRESEL N, WA TSIES, NEEL,
AR U RFRAE LS SIULSA TR, B3N U, Bl g, © B8 - | 5
TAEEEAIAN, B (A| 2 H RGO OR, SRS S 41 R
POV R o ST+ (R A0S K ANEED, o 7 ok ERORSRB I LB
[, NF R 7, E—UOR TR o R HEEREORR, 8 F() TR ST
SRR, 2 M55 2 LS MO AR 2 R R, THTEAL B P %
R A HE T
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3. BAPLUH -

NT—HAEEHNES, RAF RPN —4ITES5H G- AP NS HIES HEE
BmiES. ok, ERTAEESEHNHE T — M RIHARAR U, AR MR
KHMAZE, BT > Ug,,YG, € G o TEXILAEN, UK ENRGAEHMEEEETH T
RURI, 1T =0y |4, HIEEAF G 5, WRATIARRIR TS5 40 5 A HES 1 SIS (155 2 1) CF
ICHERAT L, RHESSH nBe4a e FEER

an_EAIR, RAF FREYATE R BLR R ER 25 T RCM 12 BEHY CF IR UMY, A
THSHCREKR, RCM REMMEEM N AEMLFHAER CFIELUE, FRRN A(G,, ) ©
A(Ga, Go) HRm TR FH Z BRI BRI AR E S, X T A=A IR g, M1 g,
RCM RFIBHITBCES A(Gay Go) = 00 M, BEBANMES 7, B ABM N EA —MEFH
—, Bl {r}°

RAF IR TBIRSF HIVES A, CHSESHN IR, BIRFHBER (RCM) =
D F BB EH RN :

(1) TSRS e

1155 M B EAE DA R R - 4628 & 9F B A B CF I UE BT U RPN,
XHEHA BASRERHNES A 28 EIF8—AHd, AEES /o ryHAmESS
SRR, AN, HH U GROEE S 7 IR R AT AL P ds Y B R,

Algorithm 1: Task group formation

1 G =

2 for each 7; € I' do

3| Ga={n}: G=GUGa

14 end

s compute A(Gy,Gp),VGa,Gp € G Aa#b;
¢ while true do

7 (Ga,Gp) = argmax{A(Ga.Gp) | Ug, +Ug, < U}
a,b
8 it A(Ga,Gp) =0V (Ga,Gp) = @ then

9 | return G:

10 end

1 Ga=Ga UGy, G =G\Gp:

12 Compute A(Gq,Gs),VGs € G Aa # s;
13 end

14 return G

Kl 4.11 Algorithm 1: Task group formation

BiLk1 (Bl 4.11) BHTHET RCM WRBESPHER, ZEZREURGTHIAN
BES T IENEA, Y6k T ESH, Bh8 M AEE—MES (8 1417, X TE
PN G, 1 Gy > CFIERUER MM RCM THER, BIEE 51790 A(G,, Gb)o ARG, TE
WL Ug, + Ug, < U MIEREFANER, 4R CROEBUER BN A4, FHAgmm G 7
7)o WERIXFERYADN Zid I CFIERERTGHY, WREE &M R eI — Nl (38
1117). AN, IS EFCIERNAS G HEIEHZ A CFILUE, DUMETEGEHERH
IR (B 1217), RXDERE—ERSEI ML T HMA (B A(G,,G) = 0)
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s A A DESRFIT URVIROL R &k (38 8-101T), HITAT—FEN, HAH
—EF BEAREZEMRRENHEE DI IR A2 EFH

R 1 AR T IE I — S5 AH, HhB P AP ES BA R&SZES . 1t
Ah, UEH @RI ROCTAE A BE g R o B P TS5 4.

(2) AEPREHAESS ALY Sriid

Algorithm 2: Resource-aware task allocation

1 for each G, € GG do

2 | Qy = ET‘_E{J“ A({m},Ga\Ti);
3 end

4 for each = € [1... min{|G|, |A|}] do

5 Go = argmax{s | VGa € G}:
i
6 A; = Az, V13 € Ga: G=G \ Ga:
7 end
s while G # & do
9 e u.‘r'g'min{(_/'r()\u‘) | VAz € A}:
r
10 o = argmax{A(G,,['(Az)) | VGa € G}
i
11 it Uy, +Ug, <1 then
12 | Ai=XVmi€Ga: G=G\Gu:
13 else
14 for each 7; € G, highest A({r},T'(Az)) first do
15 it Uy, + Ur; <1 then
16 | "’11: = Az Go = Ga \T'i;
17 end
18 end
19 if no task in G, is allocated to A, then
20 | return unfeasible;
21 end
22 end
23 end

2 return {A;, V1 € T}

I 4.12 Algorithm 2: Resource-aware task allocation

et GJa, PITHEIE 2 (Bl 4.12), 8 G WUE|—HEFRES A, ZBIEEeRYE CF
HEED g, FINE Q, (8 1-317). XMNERM T g, PSS Z RINERE 7SI
[Eo RIGDWEHIT AL H—PET Q, X G F&E A - EVEEL 8 4-717),
RIa, B PHYE RCM HIfE SUUE HRESHRIIEL (58 8-2317),

R =, ZTERNRZ min{|G|, A} TEAERS Q, FEFH, HKIXEH
HHE— DS — MRS (58 5-617). N THRAMERE Q, A, RAMHRE SN
H, FNFTAAERTE U HH| B U < 1 BRI IR, BT PARIAT, 8 7R X S i
ff55, B 7 Rath A RE CFIEPUERESS Z AR,

e EcZ )G, B PIEIRLU NIRRT R BCHIH . BARD U,y B9 A, LG,
BARE A(Ge, T'(A)) F G, LS8 (B 9-1017). XN T BL e BEFHNN =, FHH.
A DAL — BB O NI IRS AL, AR 6, J&F A, WIEHHIRTELSSE i iz
#r (O 11-1217). &N, N THREDECTTTERN R R 5E4, g, THUESSBEIRY
ie, B BEARS A({r},T(\,)) WEFERDES N, o AT, EXMERT, R g,

60



Yat-Scheduler ¥ F & XA Proj #291 5 Linux PUZIR ARG — N

HAES T DA ECS N, (RIFIFHREARAESRS), WBEESELRE], AR AITH
B (56 19-2117), BN REIETUTSHGEISEL, B A, v, e T, AELEER,

FErd 20 TR AV IEEET RCM BHESS B A BR A, A T 4 v B e ] 1
o

Fird 30 PRI 71 FIES AR RN IS TN, F1an [16] TR, I
HIZfTI IR AT DAZZBE AT, 24 TS5 FPFPS 22455,

IXREE TR ML B IEN R, BN S AN O(n?), FERS
M| x |1 | PIERSR () R G HATEENT A(G., Gy * (i) FERRITSSA, DA (i) ¥
EESHDELARIESS, IEU O ECOEREATR, RCM $2AEH CFITUE X T R i i S L 75
BB REE,

(3) ISR (RCM)

RCM BE¥A NEA HERFIMTE SR L 2T RIR, Hia TS FE
TR IR BRI 2lb, RCM 1 BARESS E B Jedii 2 ZRAE, FEESZ AR EA R
WERIER CFIERUE, PMEAMES IR EERIES, MBS, [FER, X
L 15 RCM v APt = 2E CFIEUE, HS AR EIE L, BIRILE IR
JEPENR 5 B

an [8] HrRrIR, MRAERIRIERAARSS I, BIESA] KRB NICrBl. Jeit s i
FETMIeget, Hrb, FIFO FFEETIe i B esiarsm s e Ree i IR i,
RCM 7] DIARZI DATR BEHERRADY CFIEUE, FRATI AR IR IR/ R Se 36 A AL
T YUK RCM ©

£ FIFO BFEBI N, B N2REIEES —1 FIFO BAFIEE, ZIFIE 5k B fTE Rk
ARG Sk (T HRNRT), HARAFSLEIHE S BAAZ TR [11] . X5H T3]
o

53 1: [ FIFO Ee®t, X r, B9 7, 1E R &2 0] DASHEFRO AR X 7, (15 K FHZE
—Rs

HERA: ARG SN B e, TRIR VRS EE ‘RS LRI 7, BACIER AR AE AT %
2 HEERH—MNER, IXFE (8] ~ [10] FEENEH, N6 5L, BEiegm
£ R AR 5 BHE(ESS (spinning task) 7, ARG r,, , (ERIXEATEIER S i FILEH
TR rk o BN, AIRESRAFERN, Hb o EIEWARSS, FAEHE FIFO IANFIFHTE i 2
JEERE (BT BTSN, Fit, HMISETANZIRZES— N WE FIFO Bt
R4 JR R IR K o

RIE5I1# 1, 1€ FIFO BEeBi R, 7, nlREM G, &I HE A 14 il
i, FRA pfife(r;,G,) © FFE NE() 4 TERRIE ¢t A 7, 2 ok BiEREE, R

NHt) = [£]xNF o B 7, 1 G, HEAFATRMMIEE b, W r, 20 g, PHIELT
il ok TSR NE ) M,

¢1iF0 (1, 9,) = D min{NF(T), 3 Nf(T,)} x c* (14)

rkeR Tjega
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XTETIERNBIED, FAMREM 7, B r* FTERICELZ T, 1dy PF e
ERETICRBI B IER, HRER/FIRAMESS LT c it r, H BnLmEs
B L RHMES T 0TI, ERXAMEOL N, 7, ATRERRATAEXN o KIS IE/edas KA
%R B IR FEER AR e gaE K ViR o+ T2 2R ZE, (Kitt, BOE 7, M1 g, $ior

BN AFERIALERES, 7, WTRER g, P ERYF RN A5 15 a G, FEE 2
2015 FRERIN T — RS NTE SRR [ R AR SE R BT SR BT E RH 28,

¢P(1;,9,) = Z {( Z N]k(Ti) x Ck) +Ck} (15)
rReF(T)NF(G,) 7,65, APF<P!
i A0 14 81 A5 15, ATPUSBINAPRELR) B ST 6, F1 G, Z [HIRY CF IR {PUE,
an 7~ 16 Ame AR TS pBC4 AR FEERIN AT RE A A9 LR, 2L
EHHR, BWRERMNATES ISR AR QRATREIE) AR S,

ga’gb Z ¢ z?gb Z ¢(Tj’9a) (16)
T,€59, rjeg,,

RCM Wi BWIHS IBAMS LR FAUGIRMAZE, A, B 5108, FAE
B A(Ga, Gy) VTS ABSN RF —ACBES, BTFMHED, R 7 —BIso T~
HIESEEHZE, Hoh, XA T TERNHE, AR ATRERER KIRZERGHET
IMER.

4.6.3 HEFHIERIESS 7 BCHLHI LB

RAF TS M ECHLRI RO R, TS ECA A RIE 7 X,
H 32PN

1. WIEAESS I 3 XS E

2. ARIBESSHIBURR NS HATHET, FH Rt sedk,

3. K7 R B IR AR S AR 15 R PR A AR 55 70 O 1A R

4. XNV IRIESS AT 504,

5. BT E LS HBE AR .

6. ek (VilmBRIERESS) B0 b

7. X Worst-Fit-Decreasing HTlﬁlFﬂf—\r(}?E’JERﬁﬁlf ol b
Cit

SZI RAF PREUN R :

/**

* RAF 7‘55%&&/\@5 AAREND X

* FBR—NEEBSENESTIR, —INREFIR, B, UNREMZONRARFBEERENEN.
* JR[E]—4 SporadicTask FRMFIFRMFIFR, EFENTIRAR—N0KX, HESDELH XD XEME

o

@param tasksToAllocate FEHEIFERXKHESTIKR,
@param resources EETIGERENZRIRTIR.

@param total partitions AIAFESHEHNEOXE (Fz0E).
@param maxUtilPerCore —MMARFHRAFIAZE,

* X X X ¥
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* @return Arraylist<ArraylList<SporadicTask>> XiR[E—* SporadicTask XREFIFRE
PR, HRSMIRAR—IPK, HEEHESAZDKHES.
*/
GPtrArray** RAF(GPtrArray* tasksToAllocate, GPtrArray* resources,
int total partitions, double maxUtilPerCore)

// BFRBERET tasksToAllocate BNFREIESHPXINBHE-1;
for (int i = 0; i < tasksToAllocate->len; i++) {
SporadicTask* sporadicTask = g ptr array index(tasksToAllocate, 1);
sporadicTask->partition = -1; // 77X
sporadicTask->priority = -1; // {54k
sporadicTask->Ri = 0; // Pi[ZESE]

/7 (#9At) BimZREISH
GPtrArray** final tasks = malloc(total partitions * sizeof(GPtrArray*));
for(int 1 = 0; 1 < total partitions; i++) {

final tasks[i] = g ptr array new();

// sort the tasks by the ddls #AFHIFE

GPtrArray* tasks = g ptr array sized new(tasksToAllocate->len);

g ptr _array add range(tasks, tasksToAllocate->pdata, tasksToAllocate->len);
g ptr array sort(tasks, (GCompareFunc)compareSporadicTaskByDDL);

// grant priority

for(int 1 = 0; 1 < tasks->len; i++){
SporadicTask* task = g ptr array index(tasks, 1);
task->priority = tasks->len - 1i;

// BHRZFRERNESHRBRIZRNES DR List
GPtrArray* tasksToAllocate WithResource = g ptr array new();
GPtrArray* tasksToAllocate NoResource = g ptr array new();

for(int i = 0; i < tasks->len; i++){
SporadicTask* task = g ptr array index(tasks, 1i);
if(task->resource required index->len != 0){
g ptr _array add(tasksToAllocate WithResource, task);

}
elsef{

g ptr array add(tasksToAllocate NoResource, task);
}

/* Stepl. W FiIARIZTRNESHITHAE */
// B EA task —1 group
GPtrArray* task group list =
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g ptr array new with free func((GDestroyNotify)g ptr _array unref);
for(int i = 0; 1 < tasksToAllocate WithResource->len; i++){
SporadicTask* task = g ptr array index(tasksToAllocate WithResource, 1);
GPtrArray* task group = g ptr array new();
g ptr _array add(task group, task);
g ptr array add(task group list, task group);

// BAHTHA
GPtrArray* group list = Grouping(task group list, resources, maxUtilPerCore);

// CF KEI)
g ptr array sort with data(group list, (GCompareDataFunc)compareCF,
resources);

/* Step2. BFAEESEEMMETE processor £ */
// BMOBRBERNEE R 0
double* utilPerPartition = (double*)malloc(total partitions * sizeof(double));
for (int i = 0; 1 < total partitions; i++) {
utilPerPartition[i] = 0.0;

/* Step2-1.5cRH4A (HRARNMES) KEZO L */
DBBNFEFTF 2O
if(group list->len <= total partitions){
for(int i1 = 0 ; 1 < group list->len; i++ ){
// %1 group BIES i Mo £, HERS MO BER
GPtrArray* group = g ptr array index(group list, 1);
for(int j = 0; j < group->len; j++){
SporadicTask* task in group = g ptr array index(group, j);
task _in group->partition = 1i;
g ptr array add(final tasks[i], task in group);
utilPerPartition[i] += task in group->util;

}
}
}
// DHEBERFIZOE
else {

for(int i = 0 ; 1 < total partitions; i++ ){

GPtrArray* group = g ptr array index(group list, 1);

for(int j = 0; j < group->len; j++){
SporadicTask* task in group = g ptr array index(group, j);
// %14 group MEE i Mz L (Fi total partition)
task in group->partition = 1i;
g ptr array add(final tasks[i], task in group);
utilPerPartition[i] += task in group->util;
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// N2
for(int 1 = 0 ; 1 < total partitions; i++){

g ptr _array remove index(group list, 0);
}
// BFDE

If(!RAFAllocating(group list, resources, utilPerPartition,
total partitions, final tasks)){
return NULL;

/* Step2-2.%F Worst-Fit-Decreasing ¥AhRIFRIESRIEZO L */
// BRRARMKREVNEE (FRF)
g ptr array sort(tasksToAllocate NoResource,
(GCompareFunc)compareSporadicTaskByUtil);

for(int i = 0; 1 < tasksToAllocate NoResource->len; i++) {
SporadicTask* task = g ptr array index(tasksToAllocate NoResource, 1i);
int target = -1;
double minUtil = 2.0;

// REF ARG NI MER AR S BB AR
for(int j = 0; j < total partitions; j++) {
if(minUtil > utilPerPartition[j]) {
minUtil = utilPerPartition[j];

target = j;
}
}
if(target == -1) {
fprintf(stderr, "RAF error!\n");
return NULL;
}
// SHRIESHFIAER (task->util) NFHREFEIRBERHRRFIBE (1 - minUtil)
lpayils
if((double)l - minUtil >= task->util) {
task->partition = target;
g ptr array add(final tasks[target], task);
utilPerPartition[target] += task->util;
} else {
fprintf(stderr, "RAF error!\n");
return NULL;
}
}

// TERBEE GPtrArray BIBHRRNE
g ptr array unref(tasks);
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g ptr array unref(tasksToAllocate WithResource);
g ptr array unref(tasksToAllocate NoResource);

g ptr _array unref(task group list);

g ptr _array unref(group list);

// BREIRANESHA
return final tasks;

}

Grouping BEARIEESFHIZZ S K1 (CF) MWEFHITHH, REERERE1 (K 4.11)
HIRARSCEE, R B A& CF AN —1, RESHA NS R A 8 0
RHAHE,

- param task group list —4 SporadicTask MRHFIRMFIR, BNIRAR—HES.
- param resources —4 Resource FRHFIR, XLBESTEFTEIFRNER,
- param maxUtilPerCore &R IZOAFHIRAFIAZR,
- return DABRMNESHERIIRMTIR, 8NFIRAR—AES.
/**
* @param task _group list ARIFFEHESHRIIRNTIR, 8MFIRAR—AES
* @param resources fESTIRERENZIRYIR.
* @param maxUtilPerCore SRRSO ATFNRAFIEZE,
%
* @return RE—MTHESAYIR, HPRSMESHENFIBRREE maxUtilPerCores
*/
GPtrArray* Grouping(GPtrArray* task group list, GPtrArray* resources, double
maxUtilPerCore);"

Grouping PREXHY EZAZRUTH
1. W5 task_group_list PR CF I idx K,
2. %18 CF BIRE P MRS HN I THE T
3. EIEH CF i — LS4, WERE IR R RIS maxUtilPerCore *N|
HITE IS
4. BIIE, M task_group_list FMIERIFE LT P NI A HIHT I,
5. HEE R, HREIAREHRGIFEZHA,
6. BIEGEH, IR[EYFETAESHSIR,

RAFAllocating BREH T RESSH LS MEFR &5 L

/**

* @param group list FFRECHYIARIZFIRENESHTIR.

* @param resources FEFEEREEMRIRTIR

* @param utilPerPartition &M ESEZL (DX) BFIBEXRTR,

* @param total partitions SMIERRZIOBIEEK

* @param final tasks ESWRIIRMTIR, RARLNESHELER

*

* @return WMRFAIBESAESMKINDECEINIERZ O L, REIEH, TN, REIHEH.
*/
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int RAFAllocating(GPtrArray* group list, GPtrArray* resources, double*
utilPerPartition, int total partitions, GPtrArray* final tasks);

RAFAllocating PREHI EZ L ERAN T -

1.

WRATETSHE E 2 EE, IR true ©

2. PRHEFIRF R R SHIZD,
3.
4. UWNSR CF s KRHYAHA] DURARIRA AR im0, MR zH 2z,

FRIEIZAZ O LTS5 group_list TR CFHITHEF .

FE TR 2R A
AR EENHIARZL, WIS HNIIES5H4% contention factor WARE!/)N
e, HERKRANN R MES DEEIZD, BRI REFHIRAEZES,

6. QR —MLFSEARETES, NHRME false ©

BT B &, R BoRIARIIESSH,
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5 151 H i

AN Yat-Scheduler TUH FIINIAEE R, K5 SH 7 IMGAMER,
IR 1 PANAE N IS B, Yat-Scheduler Wi H WA TR B AR AN EHE LRI LANER S :

* Yat-Scheduler FAEHLIRENIIA

« IO FEIFHEZRENR

« A IR Se gt e Sk

- ZERHZERESS Zr ECHLH A

* Yat-Scheduler 14BEMIA

DA AT A48
5.1 Yat-Scheduler YIfEMIA
5.1.1 TEHEA

EEMIA T S A S RE s, AEERRT &R (RESREME. FEE
TSy, R ACEALEIER S, IR, RGO DARIAEE ML, HEiR
(B GIT 805 L L,
5.1.2 MHXTs 4

BECTR A E 3 TR B L A B (REMNAAE ) PSR A PR IR printk
AR SR, T DA S5 R, XREARER BT, HlafE258
B B At SR I IR 55 H AN A3 140 AT USRS A prink T84

bool yat prio(struct task struct *p)

{
printk("\n\n======enter judge: yat prio======, policy:%d \n\n", p->policy);
// return p->policy == SCHED YAT;
return 1;

}

void enqueue task yat(struct rq *rq, struct task struct *p, int flags) {
rq->yat.agent = p;
printk("======enqueue task yat %d\n", p->pid);

void dequeue task yat(struct rq *rq, struct task struct *p, int flags) {
rq->yat.agent = NULL;
printk("======dequeue task yat %d\n", p->pid);

NG gemu 1 gdb #ATIEIR, BIHEA arch/x86_64/boot H FZFHHIT gemu-system-
x86 64 -kernel bzImage -initrd initrd.img -append nokaslr -m 2G -S -s,ﬁaiﬂ]qeniu
W, BEES DRI EEA gdb vmlinux JA3) gdb IFMETTE R, RIEHA tar
remote: 1234 JEFZAM gemu, HIN b schedule TEVAFERI A CIALFTH R, B AT AEHEZTE
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#4 Linux PNAZVR FEATLHHTE — D RESR

JL_D

FEMAAYEE AT AL, RIEHIA ¢ FFURIBIT, TE schedule PREACWT 2 f5 ] DAE I

WA n FE T, BEEIED gemu & O printk F 2, BRI O DhREIIAD,

5.1.3 MAGEHR

1/ pPlﬂtR[”hPan\ﬂ N
// return NULL;
return rg->yat.agent;

vold put_prev_task_yat(struct rq *rq, struct tas

printk("put_prev_task_yat\n");

vold set_next_task_yat(struct rq =r struct tas

printk("

int balance_yat(struct rq *rg
// printk("bala
return 1;

struct ta

int select_task_rg_yat(struct ta
printk("select_task
return 1

remote Thread 1.1 In: put_prev_task_yat
Argument required (name of window to focus).
(gab) []

Applications = ® QEMU [Paused]

B

e

Machine

PP EPOEPOPOPOROOEOOEDIO DO ®

Terminal -

View
4320851
4333481
4334131
4348131
4348131
4348131
4348131
4349351
4349351
4349351
4349351
4351151
4394601
4394601
4394601
4394601
4395621
4395621
4395621
4395621
4396461
4396891
4397141
4397691

ferminal - qemu-syste

5_64 -kernel bzimat rd initrd.img -m 2|

QEMU [Paused]

signal: max sigframe size: 1440
rcu: Hierarchical SRCU implementation.
rcu: oMax phase no-delay instances is 1608.

enter judge: yat_prio . policy:1

select yat yat yat yat=

switched_to_yat

enter judge: yat_prio policy:l

select yat yat yat yat=
enqueue_task_yat 19
xt_task_yat
hed_to_yat
dequeue_task_yat 19

-kernel bzImage -initrd initrd.img -m 2G

t_kernel/arch

-kernel bzImag initrd initrd. il

-append nokaslr -

_ox
15s

okaslr -S -s

1em 37s
1okaslr -S -s

3m 28s
1okaslr -S -s

im

53s

1okaslr

okaslr

okaslr

-append nokaslr

im 40s

B0 m

To direct input to this VM, move the mouse pointer inside or press Ctrl+G.

5.1 5T IIREMIA
M EERTDAEH, PR E R AR R R B REE A yar VERESH, 5F B
T —RIECARRE R, AR R R
5.2 2 H FF BRI EHMBOIIA

TODO

5.3 WA BTIRIOLTe b FLA A

TODO

5.4 %5 JEFHIERMT: 55 7 B

TODO

5.5 Yat-Scheduler TFEEM I
TODO

69



Yat-Scheduler ¥ F & XA Proj #291 5 Linux PUZIR ARG — N

6 IEFI) EERI R DTS T2
FEIRIRUT AR, el TS T — S et PR

- DM RIS R ORI R 25 <F TOERUHERS, I BRNTBRIESER R BER, Reflitti)
TFERTEAAR, ZAMEER ARG, FHRSHENER TSGR,
© T IMERIBA R B ARFEE, s al A LR NI IX AR M BRI X
SR PER AR Z B O SR BRI 2% ERETT, IERCRB L2 —E I
Wi, R SRIZESEAE B A A RO R T4 P RYSE AR I IR TAERTE AN ATk o
=R EIRAMEIE BT 1200 TR BRI A7 £ —E B A fdH,

© W_EBRDITR Linux JAE SRR FEAERE, pEMN T, HeEsE 407
TR R 2 I 12 18R R

6.1 AR

HAZERZEE G, L/ \H BN R, AR 2moe 16 as i
BB, FFEIAZ R R R, mRRIRR USRIk, B EHIERNES
SECHUHIZ =D ERZIROSRER 7y, &I T 2D RENIEREIIA,
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