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(IS HE PP AN 5 FERHZE TS5 7 BN, AESS AR, R/MESS R FH ZE R
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ARG, (URIR LA TR E) N ER SCHED_FIFO 1 SCHED_RR 2 4h, %
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FEEL 5 KF, 2018 4F 10 A 2022 4F 9 A N EEL W KA BN ARG,



https://hwyl.run/

Yat-Sched it FF & S Proj #291 4 Linuwx PIRZIR EENLHIHTE — NS 8%

FENELNRS, BERGOUSAEICS N MR, SEBSEIERS, Nk
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LI RSt (Hard Real-Time System, HWARBESCIN R SE) « 1E 4 HIF IR, 1
SHPUTI BRI R A EG R 22 e, SNEhEKRE R Z 2FHi, Rk, fEixX3E
AGR AL R, MR R, (RIEESAE N NI R SRPER e K
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9IRS (Soft Real-Time System, AR SLIN RS : AEFHUTIRE T RIZIHR
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SRS, EASMARGH, RS R ERUEL K Z28UE N MAUSIEHERENS K & Hnsa F
', ABRIEHRAE e IR A 5 B AN <238 BOR B S2

ARITEPW K2 T Linux B1ER S, Linux #1E RS & A — R/ I #E R G, B
SEESI S I [RIFN R i A i, T SRS R, AN T INARIE R TE . SCHED_RR,
SCHED_FIFO, IXMFHAZE XN 254 NHSERHAEE D, MmN TSR T 7 Lt
TS EAEI, RERIBIAE AR TRENE L, LR RS 52 BT ES i
sEk, RER/DHEIBITIAA S, BT Linux S —ME 1 TEN RS, HS
VR ARIBRIER G, Linux 381G GPL, BAJRCHEEIFR. Ehl7E, R 2
WENEAEFIL A, B ORI B IAZE SR 57, Linux /& n] ARG =7 5 S 8 Y

2.2 EM RGPS B

L RGH, B2 MEEEE, Am (n>=1) #r,

ERZH, HES (task) FRoRHRESEER, E£557 W BEYES (sporadic
task) FEHIESS (periodic task), HT, 5 i ™MESS, 1<=i<=N, N ZEEFSE
HH,

1% (task) HE—PEZMENL Gob), M jth FRESHE jMENL, AT/ FR
51 MESIE j MEL

NFAREES, RERSFHEENT, BREESED (priority) B/
BHAMRN], SRS EE, ETHRE; AT —MESFRIARERE, HEEXE
SR 2 12 BB HE R (9, BRSERE AL SR

MNFEWT!, ERGH, BN EAR RS
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1) BEml (release time) , BIfEREAES A 2 )G S NR] (ATEATER), 7Rk
ATAHT, F r(T))3%,

2) AW (period) , X TRENUESS, JEIHLEIEESSH M- MHBIE VAR [A] Z [E]
BRI RIEIRE; T REHMESS, FEREEN, N T—MESHIE, JEHHZE—E
EH, H p(T)FRTo

3) PUTHHY (execution cost) , i5— MESHIFTE A BIPATIN R A & KA, RP
BIMEOL MENL AT L, XN T—MESSHIENL, PITHEER — N EE(E, H WCET
(worst-case execution time) /R,

4) #XHERR (absolute deadline) , EFE{EN N IZTELNFLIR 2 RIPATREE, &
TFR R ERIER, HFAIER (trady). 1ENTBI4a$BERR N r(T/)+ p(T;), HRALMEN
T BIRERRIN 18] (T )>= r(TY)+ (T, )o WX T —MESS IR AR M55 i 2
r(T/ )= r(T))+ p(T,), BRLIXAMES N EHHES .

TEIX YN AR RIME S, B IR 4axs SERR 2 B MENL AR A BY, T JE HAFI A
IR — MESHFTE R AR, 1 2.1 FoR 71T BP9 A I RIS,

.
/ — = i

P 2.1 SRR AN S AN TRl e

MRIE—DRGEH, FIEEWTRRER RIFERE, IBARX DRGNS RS
(hard real-time system) ; R —NRGRVFENIFEIRER, HAERRZ GFH—E
IR R NRIEIZES 7B, BBAR D RAMNKELN RS (soft real-time system).

DA ESsrARE R (R RG, ZIPUTSE, M EERRIAES, HTY
MR SERFERA, EENEESRETRXEE HIMER (latency), TEREHIE
ARSI S AT Z [ AR T IRAE R A R SBUL S SR, A, fESL
FrBR B SIS S5 YR A RN, IXLEIEIR A E B HE K, 5 WK 5 M — L ER 704
TEVHRIEIR TG Z A, JeWiBHM MR 1) #APUT (switch to), 21N CPU A
&, FFEHIAT; 2) #FHEIE (switch away), BURIENATER CPUERE, E1IEHST, T
/A =R EIR :

1) fEZNE CPU L, —MEAIRIR S FHEHIT Z IR, 525N EE CPU
VERE 2 [AEEIR, 1 2.2 BB T 5 —RhEEIR,
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SEIR SER
] -\ — I_J%
. ||
}
| | | |
TESER sEstsE )T HMIS= FESEHELL

K 2.2 153K CPU L, {E55EERIIEIR
2) £ LYEW CPU L, SRTHITHUESHILIEd = T ELRIRHIESF Ik, A2
HHVESS FERF RS (R TRIESS) PUT5E5, AREPdT. K 2.3 T T2
—RIEIR,

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

B 2.3 YiiESS R edm T BR IR A SR
3) £ LB CPU L, HRTHITHUESHILIERIR T ELRIIAIESF ML, A2
IHRESS FUZELE, RIEHHMESS T, 12 2.4 BB 738 =M3EiR,

FEIR FEIR
A A
r ~I ~
| ' | A E]
| | -
SHESTEN Eﬁg © iﬂiﬁ

B 2.4 YRS RILSCAR T BVR IR AT 55 R el
EEEERZ G, SHWIRIMBIRBENG (release queue) 1, GIREKMYF, £
TRBAB R Ss SR 2t 8BAS (ready queue) /1, it CPU A, XAEIBITIT
EAiF s T80T (run queue) .

13
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2.3 EWFRG FNIRERIA

KINRG FRAERIEERE, Al DHZIRBETENE—FIED 2K, AERITIeH%I-

MFG VR FERITEAT 33, DASARHEE 5 & A A TR DA A R 702K
2.3.1 IR M TR T R

AN RRTE RGP RS EEE R, SRRt e 2 A E A
FESF LSRG I AR R G0 Y I A PR AR AR S AR 2 (1), AR I 2 B A1
SRR R, PTRAEEERIE 2l 3 R

(1) BRI IFE H L (static priority scheduling)

XM RN, TS5 Ak, HImegmiifie Tk, AR, BT
T, 1 EAESAIE B A MEFERIL R,

RM (rate monotonic) & HEEIXRFAEEENNARE, ZEEFRRESHIRIK
SR (BRI R PRI LIRIESS) R, Loedkim, ERRIESS 22 AESS, BT
SRS, AR5 HUREIRIN RIFTRE IR 2 CAIRY, BRI SS RIS g AT DAE

2) ZNBMEHVAE B iki(restricted-dynamic-priority algorithms)

IXFE R X IR S RN SRR TR RIER SRR ER L (task-
level dynamic-priority and job-level fixed-priority algorithms). L& {ENRIMIE
ToREAENISATIE, RILH TS TR ERAR, —/MESHARRELRIM R AT EE
A, tUATREMAEF], (H2—BAEWRRIemiE Tk, FalZE, BEEFEWINET,

EDF (early deadline first) ViERZERBIXRPEERIENRE, RRIEIWITLIR
IR, MRS R, Fr DAEVE VRN %, ARYE SIS TR B oL, Rk
ATDARRE, B, BEREWIHET, 3BT MERREIN G, 18RS 2 E
[, B AR S A2 A R

(3) 2RV E R IL (unrestricted-dynamic-priority algorithms)

IX A SRR AR B R B SR VA EH L (job-level dynamic-priority
algorithms), £ H/EN ISR AENENIZATIEAR 2 AW B 1,

LLF (least-laxity-first) JAEREBIXRFERENNR, LLFAERERIETE
ANERFCRAIATHR T, VRV AT AT DARSHHEIR Y 85 AP (R (HARAR O AR M 23 PRI D) 78R
R, UERBAR, HHAREEARRNZI, RN ERRE, RIS AFEL,

2.3.2 ¥ B E W RO PR B R T e R

TESEN RS A, 18 E5RERNERFAMR, F—M2hT—SIMNREARRE,
YETHATIES RSN T CRIREE SRR /edk, EREER SFE; B _fZH
TRANT Foh & HIE S, EMENNER, Rkt s, Fit, REe5%E
PR JER LRI 8 B3k 43 AR

(1) HHFIRNE ik (event-driven scheduling)

TEXREEREL TN, 185 TRES R AR — DR ES IS E A, FTaAT
122If EDF, w25 axshiva R,

14
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IXEERAMIIR L, RANREA & AT, (S5 RHERERIIK S 55,

(2) W RIIRENI I E FiL(time-driven scheduling)

EXFEAERIET, 65 RAEENHAE AN A A, TXEER R RS B TS
VETEKe HHTFIXEER (Al R U E S, QN SRIXEe it ] U2 R B, AR 20X LT ]
RIBHRBEGHER, 1050 &AW E s,

& WHH T2 DlE T BRI AE R (quantum-based scheduling), &T
(quantum) XETFRNEEF,  [RIRTER E AR 2 A o

2.3.3 ZEIMERIA

MRS INFIS CPU ZRIRXRR, ZIAEEES N 3 i

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

IXFhE R AR B A R BTSSR & R S5 0 B Ak S A PR 2R B AR B0
BT, BB TIFI—EIBf TR MEEES . 8/MES (EREFEEL) —Hiz
TR FRES b, BIl— DGR AR FON B — NS T RS, IXAERISTTRAGIAE S FAb HE S,
PR R AHBTTING, AEFRBRAEH ARSI TRAS - {6 A A B B8 mT U AR R, ]
PRI, P-EDF (partitioning early deadline first) EiXfiEEEIENRE,
2.5 ViR 7 X RbE R B AR,

E== LA AR

B 2.5 JailtE 2 i Bk

) &R ZERERE (global multi-core schedule)

AR RIEN AR RN RG R E MBI, Bi2eRmisfTiAg (global run
queue) , FFEIBIT R IMES BRI RN R Rs TAFIH, S8 5 HH M — R 8 B BIATR
BRI —ME S ZHER S — MO BT, fE—BINRE, XMELA TR
(migration) 2|54 — M0 EHUT, Wb, —MEERFRINZIE R RESITE
RIS E, — MESHIMANEZ ME A R REIZITE AR LSS . G-EDF

15
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(global early deadline first). PFair (proportionate fair) &iXFhiEEHETENRE,
P 2.6 BiRRIX R B B B AR,

B2y

O~ |

ERFEENG BAESE

O b = C O ey

B 2.6 2RTEZRIRERITA

(3) IR ATE R L (two-level hybrid multi-core schedule)

A R, X R A R RE R DL L R AN S & XM E R R —
RAVERE, FRSRMEEERED, ST ESERLHHE2RmETINGIF, ERFEIE
WAZHERIA RIS 5 =, Eg0, FRBEMERERLE, HhE—g0EE
ZHE 2 RIBTTIANT ZHERI R [ A ST TS, AN ERER 2GRS EahlrarT
A, SR F A5 R o P A o B kA L e HEBIREDN R AL B BT, T a4, &
PR SR LR PR, X FhIE R L% H A A R A B BE, B 2.7 Uil T IXMiE R
A B,

(E=5) BTN BEEE

@) ( =>C O

BT

QF<;> < =>C O
O > D

ol L *C O
B 2.7 MEGITRGTRERITA
2.4 Linux "PEnf A JERIRR S

16



Yat-Sched it FF & S Proj #291 4 Linuwx PIRZIR EENLHIHTE — NS 8%

Linux WAz A RS2 EE E % SCHED RR, SCHED FIFO, iXFfhEEFHAR
BN A I IVSEN RS, MBI R TV B A,

1. SCHED_FIFO: 53R Hik, —H—/MESH AL, MS—EHIT, B

B H SR 55 RIREE %5 B s 2, N THERNES, &
JAR KIS, MRS YAHESPIT R E T EE SRS, FER
T HAMESS

2. SCHED_RR: WA #8H %, B— MR E RIITZ 8T, RASNZHIE

—E RN A, BRI TS s A RIS R O AR A IR A
S, RASEHNIZEES B —E 2R A, 7 B REmsE
FAFIRIBA R, IXAERERELRIE R G B MR ERRER — € BN [EBTT, fE—EfE
J& _EARE T VA B/ 1%, SCHED_RR X FfH TR A EIm A £ &, BN
RYHTHITRES B IMEERE, ARSI KIIESS Al DG S RES, X T4
FERBIRIESS, ESHPITH T RS BCAIEE A, FTPA SCHED_RR W AfR
UEAR RIILAC AT 55 VA FE PR 8 -1

£ Linux 249, BMEREREE RGVIH sched setscheduler() IEFEHATIIEE R
%o

1. Y ERIEE SCHED_FIFO W HIEN, HFRNEH M :

(1) BIEATSSIHEIT sched setscheduler() %88 SCHED FIFO REHED: HIREL
ML Se4% rt_priority(1-99)

Q) MR EHERTR, MRZAES AR RS

(3) VAR i I B BAS, ARPE S Se it SR FEAUE (1000 + rt_priority), ik
BAUERm IS A CPU, 1% FIFO 155K —E 56 CPU BEIE L HE SISt
ZEEHE O AN R TR)

(4) AR R INE L B S IS5 BA R Se AT 55 Al RER T W el e N 3R 55
MAlE, FERHCY RIS THESSRE, 555), TIVH BERE P 7 BITE Y AR S5 Hede Hh R 77 24 Bl
CPU Zif7 as P G 88, E# ME LA AT S5 AR H &R 25 7 288 2] CPU, &
LSS T G1B1T, REEEE 3P

(5) QNSRS BTSSR SR IR F3FE CPU IR, WIZAE 55K sk 2& S A il
bR, MMAZERBAA, RGEEE 34

2. YiFEiEHl SCHED_RR JAEREN:, HiARNEN:

(1) AL BT sched setscheduler() 1%£: SCHED_RR VAE R, HIREMTS
SIS L SN nice {E(nice (B =EEHAZAT S5 A YK )

Q) WRFEAFRFREIE, WL ARSI

(3) VAR i IR EEBAA, ARPESEILSe g i SR FEAE (1000 + rt_priority), ik
PERERSIESH A CPU

(4) aRFRLENFIH RSN A 8 0, TISARYE nice (EE#HTIR EIXES IR R,
[EINRIZE S TRNRE IR R B, RAGEEVE 3

17
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(5) MAIHESS TS VERMT SR CPU, WISLHI ARG, B3 3
2.5 BRI

AN 2 BATET B WA BTN B 721 —£ Linux EIA State of the art
(SOTA) 1 Real-Time scheduling

2.5.1 RTLinux, RTAI

RTLinux /& —DEHRPRIE Linux WAZIVY R, S 1E KN N R SR, e iR
H B2 Linux PAZRERS AL TR SEINATSS, TIAMUNZEGEHIARSENT:55. RTLinux RkH
TR T . XN T ERAZ O R R ARSI Linw WAZFN T AU 2 6] Al
—MNEREGR, PR SENEARE" (Real-Time Hardware Abstraction Layer,
RTHAL), XANERSERR E R BRI T W, &0k B B SRR - TR AR id s
INFEARSEIN . SERHRBT I SEN T RETCHE, MHESEIN W Linux WEXE M, XEWE
RTLinux Beff IR A AC PRS2 e B A K, 7R A 75 S SE IS e B A Fh T 52 28 Linux
PIRZAL R,

B ), RTAI 2 RTLinux f—"2M, E1EN Linux WEAIISEN R, RE RTAI
BAEET RTLinux RIS E3N1Y, EMDNITE K API (NP2 ) fEAFER 7T
) _EEAT TR L, EEIFRE (% Paolo Mantegazza) %t RTAI{CEGHAT T EE, #i
THEUIRE, AR T — N E B KRS, K, RTAIM RTLinux Z RIfF{EZE R,
RTAI #:[XIEFF & T Adaptive Domain Environment for Operating Systems (ADEOS)
PUIKRNAZ, 18 RTAI BRI T, ADEOS KNSR T EIE X, PN
(BERG) WA —DIUE XIRERAN D, RTAI B m e, BAAE Linux 15
Z R, R RERE VR SEINTE SR IR DS, TR R Z i 2 e e 2t b F
B SEIHT: 55 2 Al

2.5.2 OCERA

OCERA Z— M ERMNINE, 1 THRASEN N AR, BRAFETTE, B1ENHR
ARBRGIRMEE— M A PITIREE, f£ OCERATH A, JF& T — A Linux 2.4 W%
FISEINEE RS, X NAER BEFRRA RS LN PITESS, DABESERNEZER, N
TRERDNNEZARIEEER, SN EESRETT R A— NN T (patch) F1— MM
AT ANERAT PIRZAEER, 0 T VR R 28I — 2491 (hooks) R ST & B4 T H4a IMER
B, XMTTIERF AL R B R R, [HFRZEMRTE NI E X TS, XATRE
KPR T ROAL B AT RESBEPIAZAR A RO ZE (R A& AR ARk, R SIS A 2 2
A ARB RS BN AR IRAS AT RE SR IR, IX 72 (R NAZ IR TR AT RE = S 3058 Y
B O R AT,

2.5.3 FRESCOR

FRESCOR 22— MAARIH, HEINEKEEAESHEZR IR 2 858, H §EH A
FORRFLAM 0, DASZRFSER WA RF R R AR RGN, XEEn HEA R
TERR TR, MEZELT AQuoSA (Adaptive Quality of Service-driven Scheduling
Architecture) FHt—RIN T EF AR API FI—NE XM EE, HTfREmEH
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ARGIHITERE, R FRESCOR WHTEH 7 —MERHYSEINAESE, (HEtmming EiAER]
Ry —LE RNk, IX BG5S PRARA ZE AR S I TR] DA K HoAth AT RERT B Ao

2.5.4 Litmus-RT

ZAZAC PR R RIS T 1RE RGN 2SI, HE SR — R 2 AR
AR SR T2 E BRI R RE ELR I — N — ), S BRI SE PR R ST, L
2 S HMEREIRRER CPU, 2 AN HEFRIERIEZ ARG NAZAE LB &
BIERINL, IXEHEIE R TS RAV S BN S, K —Fh 2 A2 N A - B -Litmus-RT
TG — RGN T ARG 2B F kA R M Re A9 L8,

Litmus-RT V- & 1 EFE AL+ Z RN K EZCE L0 R BALRHE 2 BE James H.
Anderson ZAZ M) 2 A S2 I A S/ NEF R &, H2HRZ Linux Testbed for
MUltiprocessor Scheduling in Real-Time Systems, ‘& —FfF&T Linux M. X 2 #
SEINRGE =, MR E RN —MIIA &, Litmus-RT R H WL Z1ESE
—HISEINRGESRAT T, WA EIZRIE) 22 A% EIRRYERE . ZUSRME. & YE 55 7 T
T AR, BAR 7 BIE FH A R A BE SRR, AAR R & D A S5 HEA TR BEIA, SRS 1E
— SRR EHR. 0T, Litmus-RT BYSEEALFE =M — IREBEIEEIR, Wit
SRR, Hr FEMAALBMNAR, . WEERREER, X2 T Linux K&
[ERER D REANI BRI RESEBIRUARER, B4 T X FRIEFEMARIE R, RN AF
M2 A FEBIER SR AN R ; = AR RLIAE IR, sSKBL T A RIZRIUAY, e 5 /i
Hi%, Litmus-RT V-8 EEHAM T B, H T oA EENMERE, B S 2, LitmusRT
B NET Linux USSR &, HARAE T — 2SIl 1 AN RIS IR B2 BTA R VA B 25 4
TEABE R TSRS, R T — L5820 DALETRA 1S B C A VA B

Litmus-RT BARYIRetHER 2 H B FRHRERZEHE N, BhTHENMZ —ENHR
N G BRI A HUNESE, A EIASERRRY A A, IEFRE R AR R
M B CHwE A RS, FITCTEME R A A E FEA LI 25 R 2 B B
B, HERCT 2017 4= 1R4EHP, SR PIZIRAKIZF TR T 4.9.30 ik, &
SR Al — S5 I NAZARH

2.5.5 Preempt_rt

“Preempt-RT" @ 151 & Linux MR Preemptive Real-Time (18 53NIL0) %k
To BRMTREXN Linux ##E RGN —RGH, B8R0t T AN Eie 5 X2 E50
BIRET), MITEE T LI HERE,

TEARER Linux PAZH, RSB E R E T/ IN K, IXERE CPU IN BRI LS &
G MES, BMESSIBITENN G SO E SR, EHMESIET. B4
XN TR ZEN FR U T 2 08, (BN T2 kg I A CRUEAY SEIN TS5 2R 1, IX A 2
77 AT REAN,

PEERY Linux WEZHAS AT R SRR, PRREERER, B2 FBRGEN
R ATTIIEE, ARSI BRI A RIE, HRl, #X real-time Linux HYBEAH Mifh
FRTT R, —RBERBEK Linux N, HHEREES real-time fE)); 5 —=JIaT
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— real-time #Z.0», XE¥ Linux WAZIEN1Z real-time #2000 idle task KiZ1T. Hi
HWFR~ PREEMPT-RT kernel
PREEMPT-RTPatch R0 AR R B/ MEARZ A AT HE G BB HUAES, [RIIRENSZ
Fre S MBS RS R i/ Mb, RHIRSE X, AT BEREL, SSH IraE Kl 5 51 g
(RE{A=T6ii
PREEMPT-RT ¥k
o [m5EX AT
o FTALTRPREL AT G
o AW Y AT &S
« PEHIY spinlock F1 semaphore SRS &
o JEIRFRAE
o FEARIEIR 1UHE
PREEMPT-RT 1 Linux Z— P72 & SR, BHEETLA:
1. J@ rt_mutex FYEEHTSCELE NAZ I BHRIE T A48 . DARTHZAN spinlock_t FI
rwlock_t RIS X BIE S Al ARHE 5 T
2. NN EN BIEPRIE S &SI/, AR K (PI-Priority Inheritance)
3. AT FRERAS R MG & I NS . PREEMPT-RT patch TENEZAE ER
SCHAC R TR B

2.6 ABiH KN JRER SN BETT

AIHRHET Linux FFRNZAZENTEE R, B TRITIME= ATEX TN &
LB, EFRNEREY, BERESE-LERN. KRN, HRZZARSH Real-
Time Scheduling WJS2El, Preempt-rt 1 Litmus-rt F1FA7 10 H 0 5 A kb isrs &, =
s& Preempt-rt 1 Litmus-rt & GAHMHRE, FATFESH HP—MEZSRSZHRANE
[ AZ LN S R G

HT Litmus ZHAZZIENFERE TH, 258, BRITEHNthE2ER
1%, AT DARIS BEHEA T Litmus-rt, SSERRIN %58 2 2% Litmus-rt SEN I E RS HIREZE,

TE2 A B BIERES S, BAIFERT— A S AR IENETE, FCRAR
HME 2 A BTE RIS, TR )R R A% A FE SRR SR Nk (kL oe e P /%, <8
5 FERAZERESS 7 ECALANSE ), DU EAEREFF IS RITRATT B SRR 8%

HA AT EAARH T STE D ST 7
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3 g RSB

AT B ERE Yat-Scheduler #4011 H, 45 Yat-Scheduler i H & #01H
WIS, DAREIZNARSZEN ERTT,

3.1 Vil

A TR Yat-Scheduler H120 @A —#k 3 FF X86 1 ARM ERZALEN, BT Linux
PAZITRE S A RE A, K23 B P Bt i A S FRC RO, T Ml Linux 6.8 A
#%, SEEE AT Linux PAZSERN A B R RUERE, 2T Linux Ni%/&1E Yat-Scheduler
KOS Linux WRIEBENLH], SCRERETUES B, R AN EDHEIE,

3.2 BiHZRM 541

Yat-Scheduler Fiiit =M Ll A RBEIRSER . WRERIRE . FI2A0H
PURIER 7>, EREEERERER . RGUAME D [ 3.1 Fon 78 MR MR |

4 )

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

[%éﬁﬁ%?ﬁlﬂ]

g
(are )

[l 3.1 Yat-Scheduler YiHZ%44E

JE E BB EEAL B F B ER R 0 42 Yat-Scheduler SZ35ER%y. JEBIRG 7155
VB LA R 25 R BRI RES M A S BE, VR RS ER Bl o0 Linux HE8s 55 A= (S
BICSRIYSEEL, RS RE MR PR SRS B S,

VB B B3 20 [R5 AL FRATLAI B 70 J2: Yat-Scheduler AEFRER Sy, VAR EZH > 14
AR (BHEMEENECHHEFEE) S, HEENEMERIZET Yat-
Scheduler "; [F)25 A FENLHIER 7345 SLENEE T 2 4% H R B IR = R 25 ML

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 iRz

A BAKA M Yat-Scheduler T H B FISEEE, F BN Yat-Scheduler
I NAZ G IR & IR EE B & DA Kz Yat-Scheduler & F 108 BAR SIS EL,

4.1 Linux WEH R BEFEATE
4.1.1 WHHE

Linux B17hR Linux WA HREHT
Debian12.5 6.1.0-21-amd64 Fk
RaspBerry Pi OS 6.6.31 MRET

4.1.2 WHHBEBW
TEPRZIRA &SRS b, ROOARAERTE AT EBIRA] TR 2, ManEE — R fa J1rsE
IV FENEZRREAS SLFF R A Linux WAZ, 9 TS ZRTARESSRERE AN T & A
FHEAEDX,  [RIN-E T %8 FEBS RE A TG I 21 i E IR A AR EOR, BN IFRZIR BRI
RRA,  WBEIATTI B G T S #HY Linux Kernel 6.8 iRAS,
FEFFRINGERIERE ), Debian BT Ubuntu A ENNZE, FRE. BIESMHA,
(Rl ML FRAT IR Y Rl Y Debian RAThR 12.5 fE AT LR,
TEDNEASRE R b, ROVBRAT TS AT AT A BT IR ELEERR, Bt ARG AR NS0
REMSTEAL AR B IRAE 0 VA B BRI IR IR
4.1.3 Vi HR SR
VAN P22 B A (NEVIE-SZ8T T iNL ISP S INESS
(1) P#%&% debian 12.5
1t Debian E M https://www.debian.org/s.di Download #&#hi A Debian &

PIWEHS, 1£ VMware Workstation #1E 100G W4k, 4G WIERIBERL, 6 N Er
(Y debian-12.5.0-amd64-netinst.iso 524
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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 ded size for Debian 12.x 64-bit: 20 GB
128 GB Memory for this virtual machine: 4096 -2 MB Recommended size for Debian 12.x :
&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 BOWIERSPAACHE
A s LG e #% Debian installer; SAJGIRABE RIS LA, G EARIATA
debian, root E RSN root, user £4 yat, HHSN yat, HAMSNEIARIR], HPFREEE
F2, 1E NEJEAIER R EEFEENNERGTE, SNSSBUEEEN TEEERIZ,
BIRER G L5, HEA root P&, ZHERLE sudo -

su root

1l /etc/sudoers

chmod u+w /etc/sudoers
vim /etc/sudoers

chmod 440 /etc/sudoers

Hrh vim 9558 sudoers KRR, FREAE root ALL=(ALL:ALL) ALL FNAT NTHIER
fl yat ALL=(ALL:ALL) ALL , RJGIRTFIRHY, BCIFEMEA yat PRI DAEH sudo T,
(2) LEBFNE =TT
Debian ERIN BT R I U B — ) TEiE R B IARI B B 4, R FRA17
AN — TR THYE, RFREE L RS —iadd:

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 gemu-system-
x86 gdb

Hrp ssh, vim, git, curl, zsh, neofetch & T.EHAGBT 5 INEREREHHTIT
K, gcc M gdb & Linux INE N #HTRIENEIRA A0 /DE), TR build-essential,
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libncurses-dev, flex, bison, libssl-dev, libelf-dev, dwarves, qemu-system-x86
MR E. i, BITRIAIK Linux NAZATGFRE,
(3) FEMPL Linux WIZTHY
TERT B R RS0 HE Linux 6.8 WAZEY R &L htps://mirrors.aliyun.com/
linux-kernel/v6.x/linux-6.8.tarxz, BIN# 6.8 [Ni5AS, EIZRIEMIHEHEH wget 2~
B, TEGEEFMEH tar -xvf 18I TRE
(4) HMBCEIEW, Fni¥ Linux P%
HAEEGM Linux WESCHER, /4T make menuconfig ¥1FFHC B IS B

Linux/x86 6.8.0 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 --->
[*] virtvalization --->
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 --->

ESElEeE < exit > < Help > < Save > < Load >

B 4.2 WAL BT
N TAETS Linux PIAZRENS B KRR B IS Hp SEIN RS, FRAT 7R 2 B e — 22 B A R B
il
« BHNER S
» 3t N "General setup -> Preemption model"H %, 3% # "Preemptible
Kernel (Low-Latency Desktop)"
o ZSHBE IR
» B, #AN"General setup”, Z5F "Automatic process group scheduling”,
SRIGTE "General setup -> Control group support -> CPU controller"H 5%
T, 22 "Group scheduling for SCHED OTHER"
o ZERIZI TN SRAA Y CPU SR 4 ip0 — 2& FL I PRI I
» 1£ General setup -> Timers subsystem -> Timer tick handling H3F,
B ROETA "constant rate, no dynticks"
> 1£"Power management and ACPI options"H3& N, Z5H "Suspend to RAM
and standby”, “Hibernation"fl1"Opportunistic sleep"iX—="1M%&Li
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> 1E "Processor type and features"H 3% N2 H "cPu Core priorities
scheduler support"i&Ii, ZRJ51E "Power management and ACPI options
-> CPU Frequency scaling"H& ', ZEF"cPu Frequency scaling”

B, RIGHIT nake bzImage -j 4 > log {EHIFNZ, BN EEHES4) 10
B mIRSE UG, i arch/x86_64/boot H3%, tIT64 mkinitramfs -o initrd.img
HME initrd S5 CME, Zit, NS ITRIFES TIEE5EK.

(5) #BHEILT VSCode WIPIZIAIRIFE

AT H AL VSCode 1E NBATHI B As. VSCode £ 75 Visual Studio
Code, B—# ¥ FEH. vk A ENIMEERMILHERR, XFILPFERALIES
(EE R, REMADAN A, BB SR, FE5 ILECAIB X 7, RS A B, 1K
X ECEERRE, AN git FTFFERIABISCRE, RN, BIEXFHAAY R, B 3= b
fF, FAPRERIS B 2 S IhRE, VSCode /2244 F ML E &, BLELF VSCode
REMEBRATTNAZTIT & RO KIESR -

BHEFTIF PC Uil VSCode, rithie NA “FTHIZIERE 1”7, BiA yat@192.168.88.128
%4 BIRET VSCode i lal BEALHL_E S K H 5%,

£ vscode TAEH & Fl#E.vscode/launch.json, 5 ALK gdb ECEBNEFFR-TF:

"version": "0.2.0",
"configurations": [
{
"name": "Kernel-Debug",
"type": "cppdbg",
"request": "launch",
"miDebuggerServerAddress": "127.0.0.1:1234",
"program": "${workspaceFolder}/Yat kernel/vmlinux",
"args": [1,
"stopAtEntry": false,
"cwd": "${workspaceFolder}",
"environment": [1],
"externalConsole": false,
"logging": {
"enginelLogging": false

b
"MIMode": "gdb",

[ 2 R a7 5 (Hn] PUEE VSCode & 1 R A a1 TH HRERELINLIR
4t) A arch/x86_64/boot HZFHIAT gemu-system-x86 64 -kernel bzImage -initrd
initrd.img -append nokaslr -m 1G -S —s,ﬁ%iilqenuiﬁaﬁfVﬂfzo
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SRIGTE VSCode FEMIF21%%]“Run and Debug”, £ /51 “BREAKPOINTS /b F-5))
ERINWT i "schedule”, 8514 F5 1217, BRI B R MRS 3 DITE schedule ]
BORWE T, ZEBAMER DU VSCode BN BT (F10) M550 N (F11)
SRS T @RI T, I B MR AT DUR R XY i W7 s AH S 2 B A8 DA R M

(E)=W

yde : SM_NONE

K 4.3 1l VSCode $TWi It IR
£, ETF VSCode W Linux WIZIT &K INR C 15525,
(6) (M%) MCE VSCode IY) clangd ¥, 75{HBdi9AHY
Microsoft B 77 ) C++{fi{F B UL RE T /& V- AU = AE ke 755K, (B X
Linux PWAIXFER R B 2= TSR, KRR EIRE LT E W R 2SR5 L
YA TR B E S, BRI BRI E ST o XA T AT R BIRCR
R BAEIS B B AT LLVM 1 clangd ftE, HoRHbgE 7RIS HIRRER,
FOMZF A AR BRA PR ENE A, XERATZER T, BARNELED AT
SEW_EAIZAE (A0 https://blog.csdn.net/ludaoyi88/article/details/135051470)
(7) HIERSUFRSE
R H IR B, BRI FEBIEREH gemu BIIRXFR G R RS
24 (root filesystem, rootfs) Jazli QEMU ERWNIE Z Nk, RHBEF LR, TR
FERB IR
o REEINERE: RS RSM A Z E RN RG] AR D B S
NE, IRXHFRGIEECS T — MEMERGIBITITHRR/NE, AT DUE PRI

INEAHIAE.
o PEMERER: RSFRGUER L BHEREEE, Ky AESHEX
(RGNS ES
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o HEFIFRAPAIR: JFE N RG] AER G ARSI R G T BRI E T, ML
EERoNelfeL T as RN

o BAERIETE: RV RGRM T HE KRR RTEN, FTLOEE NFS. initrd/initramfs
S F7 FNER,

o JIEERIRILE. SRIRARRGITAL......

EIXHE, BAICE—NIRXERSMG:, i@t debootstrap T EAE 1z S
% Debian ##ERSE,

dd if=/dev/zero of=./rootfs.img bs=1M count=4096

mkfs.ext4 rootfs.img

mkdir fs

sudo mount ./rootfs.img ./fs

sudo debootstrap --arch=amd64 bookworm ./fs https://mirrors.tuna.
tsinghua.edu.cn/debian

sudo chroot ./fs

passwd

exit

sudo umount ./fs

EEAIE—DNKR/INA 4096 MB (H' 4 GB) W= rootfs.img, %R FTE
WIS R GUG, HeE AL mkfs. ext4 1E rootfs.img X LAJE—
extd SRS, HHRAIDAMEN Linux BIXXHFRGHER, AJE 01— D2 =k fs 3R
rootfs.img SUFHEEE fs B, SRR AVIMFHRIEIX N X RFARINE, I8
H debootstrap T B ./fs B3 (Bl rootfs.img X1 50) H2z%E— /ML) Debian
bookworm Z%i, #%1EIL sudo chroot ./fs 1 /fs HRHEEI— N shell, {#
1FIZEFBOVHEIR E . XRFRATER OIEH Debian 2FAEHFHITIH L, @I
passwd A root WE— W 123, &/5% /fs BRAH rootfs.img X RGENE,
R TEAHIEEREZER T,

Hrr, 7EHUT sudo chroot ./fs SREBONRSUFRGIERINZ 5, AT N E
iill -

apt update

apt install git gcc make vim python3 tmux zsh wget python3-cairo

chsh -s /bin/zsh

sh -c "$(wget https://raw.github.com/ohmyzsh/ohmyzsh/master/tools/
install.sh -0 -)"

vim ~/.zshrc -> (export PATH=/root/yat lib:/root/yat trace:$PATH,
ZSH THEME="clean")

git clone https://gitlab.eduxiji.net/T202410558992534/project2210132-
225387

mv project2210132-225387/src/yat lib/ /root

mv project2210132-225387/src/yat _trace/ /root
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rm -rf project2210132-225387/

cd root

git clone https://github.com/wilsonh/yat sched
cd yat lib && make

cd ../yat trace && make

exit (Ctrl+D)

FOMZARSERGE, BATEHIAT qemu FEIIA start-gemu. sh REFANZSEANT:

#!/bin/sh

gemu-system-x86 64 \
-kernel ./yat sched/arch/x86 64/boot/bzImage \
-hda rootfs.img \
-append "root=/dev/sda rw" \
-smp 4 \
-m 2G \
-vnc :1

RME RS8R Linux WZBUS S /yat_sched/arch/x86_64/boot/bzImage {E
HIERNLINE, FBATHIEGRIR RS rootfs.img SUFE RN RN S — Mgt
Wahds, FHIEILH NS %-append 175 R EH gemu IR X R Gi0LT /dev/sda 3 LAES
(rw) BEXEE, 1B -smp 4 EEBELIVLEEH 4 D CPU, -m 26 BLEERHIANER/NA
2 GB, -vnc :1 3/ VNC RS %, HAET R 1 ST, (#50] DUEE VNC & s
I BRI TR, ORI 1 @E XN N T VNC & P& 3| localhost:5901,

4.2 Yat-Scheduler PJ4Git

Yat-Scheduler 2 /FN—Mi&&WsNEIINE Linux PIAZAHE, 8T H IR B i
s, Wit —MiAERER, HEREN > RIRGEESHAERETIREN
SCHED_YAT WJSZHHT55, Ali A Yat-Scheduler FI#IAGIL 2% & IRSIFE R I 90EA1L., #1466
L REGE B N_init, R H module_init fNE,

FIaa e 2 R BEEFTERR, AR, BRI, BRER TR, FPHLH
POk, H A R GA b B VA SRR M SR RN EIAR 5 A BRI Aa 1 LA S VA P R TR T R
IRIaEM, BREFRTA I AFE IR & T R RIGA1E, Yat-Scheduler VA EAS B HIRIIALL,
[ AL #IA L 1S srp (stack-based resource allocation protocol, AR R FERETE
IREC) BIRIEEI,

4.2.1 JEPISGIL

B & W fn Bl B ¥ I CONFIG_SCHED_CLASS YATHl 7i &%
set_sched_class_yat_on()

£ init/Kconfig ¥siN:
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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.

&N T —"4%% SCHED CLASS YAT WINEELE R, v PUE make
menuconfig 8.5 B#dmE .config UK A FHBCEER AR, tIREH (Bhy), X
A P AIE—F “fully partitioned fixed-priority scheduling” (52443 X F[E
FERHE) 55,

£ init/main.c #0:

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 —/" 2R & sched_class_yat on,
T4/~ “fully partitioned fixed-priority scheduling” k27 3. static int
__init set_sched_class_yat_on(char *str) & X 7 — PN # etk K, HFRE
sched_class_yat on 2% &, X # A HE, ZXKE =K sched _class_yat on % 'E
1, FHIRIE 1,  early_param(“fully-partitioned-fixed-priority-scheduling class”,
set_sched_class_yat_on); ffi[fl early_param 7¥PMES%L “fully-partitioned-fixed-
priority-scheduling_class” KB WA LK EL set_sched_class_yat_on. X ZEHE R
WG sh2EhE S “fully-partitioned-fixed-priority-scheduling_class”, ARATE P
WG EHAR By TE i set_sched_class_yat_on PR%X, & E sched_class_yat_on 4 1,

RS T —ANATECE AR (YAT), FEE S sh 2 5 H 8 AR
o MBS, WRENEFEEEISE, NSBRHEEZ, XFERITHERER
EHRZEHEEEARERR T, MR EHRWENZ,

AT yat R, IXHA] DLEZETEAE TN, BERPRIT:

£ include/linux/sched B3 NOIEE yat.h X, 5 AW FHAZ:

#ifndef LINUX _SCHED YAT H

#define LINUX_SCHED YAT H
#ifdef CONFIG SCHED CLASS YAT
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#include <linux/llist.h>
struct yat dispatch q {

}

struct sched yat entity {
u64 slice;

};

#else /* ICONFIG SCHED CLASS YAT */
#endif /* CONFIG SCHED CLASS YAT */
#endif /* LINUX_SCHED YAT H */

1* include/asm-generic/vmlinux.lds.h 1] SCHED DATA % ¥ I
*(_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 = .;

£ include/uapi/linux/sched.h /] Scheduling policies &b ¥l #define SCHED_YAT

#define SCHED |
#define SCHED
#define SCHED |
#define SCHED

/* SCHED ISO:

#define SCHED
#define SCHED |

#ifdef CONFIG
#define SCHED

#endif

NORMAL 0
FIFO 1
RR 2
BATCH 3
reserved but not implemented yet */
IDLE 5
DEADLINE 6

SCHED_CLASS_YAT
YAT 8

£ include/linux/sched.h W& SEAREEAGIRIRANAN struct sched_yat_entity yat;

struct sched entity se;
struct sched rt entity rt;
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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;

1£ init/init_task.c Z30

#ifdef CONFIG SCHED CLASS YAT
.yat = {
.slice =0,
}
#endif

& ™ kernel/sched/core.c E 1 __ setscheduler prio i %t
for_each_possible_cpu BEEYIIH. yat BITEFERAS:

static void  setscheduler prio(struct task struct *p, int prio)

{
if (dl prio(prio))A{
p->sched class = &dl 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======\n\n");
}
#endif
else if (rt prio(prio)){
p->sched class = &rt _sched class;

}

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

p->prio = prio;

}

init rt rq(&rqg->rt);
init dl rq(&rq->dl);
#ifdef CONFIG_SCHED CLASS YAT

printk("======init yat rg======\n");
init yat rq(&rg->yat);
#endif
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1 kernel/sched/sched.h 25 A yat VARG, FHEE R AR E TR :

#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

HE X yat £\ yat_rq :

#ifdef CONFIG SCHED CLASS YAT
struct yat rq {
struct task struct *agent; /* protected by e->lock and rqg->lock */
}i
#endif /* CONFIG SCHED CLASS YAT */

% kernel/sched/yat.h 1 yat.c, 37— Z%|EARFHEE:

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 rgq *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 rgq *rq, struct task struct *p, bool
first);

int balance yat(struct rq *rq, struct task struct *prev, struct rq_flags
*rf);
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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 rqg online yat(struct rq *rq);

void rq 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);

Hrr kernel/sched/yat.c FIRETFZE X yat VAE R —LL4h &R 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,
.rq_online = rq_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

switched to yat,
.prio_changed prio_changed yat,
.update curr update curr_yat,

#ifdef CONFIG UCLAMP_TASK
.uclamp enabled = 0,

#endif

};

RIFATEI T — DA, RISEEL T E R eI L
4.3 Yat-Scheduler JEREBILBEHAISZ
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N K 3.1 Fis, Yat-Scheduler #53 N MMEEL: KEEEEEL, V8 R ER ERAs
B, JEAEREIEAL, RS, RGBS EEAC TS R AN E
il

4.3.1 JREZBES B

HHEEBIRGEAERH BN R, RERBIRGEIEIA] DL 3 857

(1) YERITERZEBAB. BETB RS B BB i sl R B S i ——&549 1K bheap_node il
bheap

ZER1R bheap /22 TRAFIFIRE AR = ZEHREE A, R A7 T A HYSLEs st DA
R BABN Al St s T sid6 5. S5A81K bheap FHERVERISCELEE A Binomial Heap %%
PRSI, 591K bheap_node 5ZBAFI 1T sAVEHESS 1Y, (&E BT rifett. W
HURIEH. TSR, SEE. B, BagI i

1RSSR bheap F7r AT AW 2 AR TR E & B AL AR L e ELAR R Y, ok
R A BT R — S TRAE BRI SKES /i, H SR bheap WL/ i s B sdaE!
FRo

Q) TeH T RERIENBYRG I —E&5 KK rt_domain_t

5K rt_domain_t TEF 2 IRFVEERISLAERAT, S MESSHIRERBAG, (E55545
B, BB, DAIRTEE YuiEEEE MU e LR EBHEE . EWRIK
BREHEE. MEES A ENAEREGE, CREREEL TSRS, mid gk
rt_domain_t, A ERIEEYLA] DIRSAHRIECEEBHESE,

(3) TEH LSS task WETRSH—E5891k rt_param

£ Linux RESALSIF, B MEFERSHE —1 task_struct BARE ), AR ESS
AR AR R, BN, ek, W4 cpu BIAESE, Yat-Scheduler
MIZEHEE I rt_param pR, FLAIESRTE Yat-Scheduler NiafTHISERHESS
HRMEE, BT AUA rt_param, {155 task 7] DRIEAES A R ARG B R EEE
B, TEWA cpu LA RAEM cpu 58, 1ERTEWRS rt_domain_t 1, DARAESHY
bheap_node MRS FSF,

Pl 4.4 VAR T ISR BRI L5,
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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

B 4.4 RZBHEBEH
4.3.2 WERIEB
A R AIAESRIRAN 18] 4.5 3o, o NP ERY: BABLRIAAL. TR, AR
K. ES5EH,

[%‘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()

......

K 4.5 PERILBIE Y
ENBPE SRR Z 8/, e B LA SR ERIER AR, &0 5 VB RIEBRAE G
(1) VARERR AR B SR SR AT 55
EARE G HIG 0, RIBEERTE, CPUIRAE TS 24 A & et g
£55. 1t Yat-Scheduler & MABEREIESN, $LLENFI508 bheap 225, M T Binomial
Heap &5 R S g, HLG M — B R MENRE, £ A dEd, mid
FAVE R EIE AL LR pR 8, REE AT SR &S R R L SE i RIS T R, BRSE
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PR TERTHIESS T R ABISEZERABIN, SR MSLES siml Rl a1 U S SS 1
R SE AR, BHEIREIEIERINE,

(2) Linux TR E B

1F Linux 247, FEEHRER FEZ H schedule() 1 schedule tick() P EREIE ]
M, FEFSEPIEMIFTRENZITANAE, TERADRZ], £5 N IZIKEN CPU KM,
TR CPU W HIRUE B A EUESS IR BUZ schedule() Fl schedule tick() o
scheduler tick() —NHNEEEEHNRGEN 2, B —MESIRCANTFE
Wi (WILL_SCHEDULE)., EMHEMARAEN, HYEiRUESHMIRFER, Linux N
HREX CPU B4, ERNFASERUE, Linux PAZIE s SlAUE B R 7 AR,
SR, YA RIFE TS BHARIC N T EFT I ER, PRIEA schedule() HIEEET TG MR
MESS, HA—EIRBENZEEEHIRTEERITRIARMESS . TENZRREIRHIRTAL T
TIRE (RUNNING) BHESHFRAHHTAE (current process), A T HIGHAKE 7%,
RGO, WA DANARZRIS IR, FRO9NZde S (kernel preemption),

(3) Yat-Scheduler UMM Linux P schedute() R SIFRAT 19N
JEEIEPIY schedule()

1E schedule tick() PRECH IR, Yat-Scheduler Vsfl T yat tick() BR%X,
F Sk #0417 Yat-Scheduler #8 5¢ V8 fE B IE R tick K, ARFHRE—-DHBEIRLEN
WILL_SCHEDULE, [RIIN| W2 75 B3

1E Linux R4GtVAH schedule() WEOIFEH, ZVHFHKRKEL pick next task() , %A
HORE RRIE R YA R AR, VAR FREERTER pick_next_task() , Hk
IR EVEEREN N —DNEAE LS, MTE Yat-Scheduler 1, K% pick next_task()
HiZWH Yat-Scheduler WA RIRIFREL, A% EHARRHE R, Hitk, 1 Yat-
Scheduler WP{E55HIVE A R Yat-Scheduler FIEEE D, ARG, AAREELE R
schedule() B, &£ T —MARIES,

£ Yat-Scheduler 25, AEBIEIRENAE 72 4.1 HiAH,

FEREREMN | &Y

SCHED NORMAL | (EHEAEHEE

SCHED_FIFO FoRIEMRS AL (ENESS)

SCHED_RR IR R LR (SRIHMESS)

SCHED BATCH | #tAbBE D

SCHED IDLE PSS A

SCHED YAT Pk#% 3| Yat-Scheduler ZHATEANTSEELR A R TL

% 4.1 ERIRMGEA

Yat-Scheduler 1 M Linux W% schedule() #0218 8 B IEMER T schedule()
HimAEE A [ 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() ]

Iy

WA TIES

i

~

r

-

4.6 iEPIRZEBREL SR FRATT SRR A LR A Tt

(4 X8R5y (critical section) HIEHR AR L) Feb i

TR B BRI FE RIS R T, SO TR EMRERC T- G B BT AR B R, SRBERR 2 X
PONEETHR, BRI t AU — MESFSREHNE, RS MEFFIN L
HHNE, BHRAERH, AR, N TG SCHEER 2 3REL, Yat-Scheduler PRI
FEE IR EH FMLP [3] (a Flexible real-time Locking Protocol for Multiprocessors,
— P 2% R RIS BN, FMLP AR /N 4.4.1 28 H R IRILEIMY
HIAER) , $EVE F S S5 IR B N ARE &5 (non-preemptable) , BITEAES5 5 X 2R
TR, ARVl SR TSI 5SS, BEZESBITRERENETR DR
S (HR A S HI— D AR Bl « @At S5 E R IR T, X
AIRER SECHE G R ot i, N T EOX /MR, FMLP (EH T5egdk& (priority
inheritance) HIBEE, BN HIMCICP@MEL GO, & SRR IS S4RR S AT
P RBEER T AE & T E R LSS R S LR AESS, RIS SR TSR
ez, [AREARE SRS AURILE Ry a it sedt, M tHEIL e, & Yat-
Scheduler #, {EFAEWAMIEE IR, —MERHPSIEE SRS (user_np), —F2
WAZSIEE 5IRAS (kernelnp),
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(5) ZRTEREREMES IS

HTREXFHES T S, N CPU, YrilAH TS 58T Linux NAZ FER
N schedule() IEBIHES FTRER—FE, NTHESS, METTREMZHERIFEA CPU LA
&, B2 F—INZ, rlREIEB 2| S —14 CPU _EIHE, N 7 X B E FE LS5 M SR A AT
ZHAE], (558 CPU 73 AR BN NIRES | BRI (linked) FIAEIRZS (scheduled)
IXWARS RIEH T 2R EREEE,

NTAES KU, WARESER int 88 7Rl FORBEEMEEZHR CPU 5, §5#%
R (linked_on)ZFE1ZAT5% NIZIEWD CPU U T, 115 B &S SIS IedE %,
VRS (schedule_on) /2181455 52br _EAEMES CPU $01T, SEFREERBOMHEZ, ™
ARSI, B, RIS RSH R TS5 B P FfE o :

1) KRB, RiFE: HHESEERT

2) R, ARUAEE: VRS N YT AT e = iESs, (H2R4 T
ek, HrTHITES 6B L =R IR

3) RuERE, AR VRSB RIRIERE N —MEABAESN, HaidUTrIES L
RAZYHME IR &N, HRETZESEE R ERTIE, AR TR K, %
S BILIRAR N LRI E P = S

4) WERR, VAR WRHIZESS 2 YT A e = eSS, [N A EE
i

X CPU (cpu_entry_t 2K7A) ki, MMNMIRESESRIESS task_struct 227 BEERIR
DEtEE schedule() REUEEHICTHEIES, WERSEIELR LEERES,

4.4 2R HF BRI PO TS
4.4.1 ZEHFHEEIZDBUTE

TEZ B ARG, TATA] DARIN 2 MAEBRES (B 2RRIR) VilRRE, miEst
FR ERLAL PR BR PR I = WSO OR HOBA TE B, O 1 BRI 7 7] 2 = B3 IR I A2 R ZE 7 1
FER, MAERFOLRE 7L RGBS TTIEN Z O HE IR = E R
TRIENET— N 2 A0 BEES B SRR =P R HAR AL SRR PR

1. Multiprocessor Priority Ceiling Protocol(MPCP)

JEE PCP 20 ERRIMY (MPCP) 25— MMt BA B S
20 X 2P RO HAVR TR =W RN Z PR ERTMNAYSEATE, MPCP RIA)
BT IR LT N AL PR ES < RIHEE — DRI PR, 15 2 A0 a R IRt =AY L
N AT ZRH, Hrp S5 ] DUE FH AR B IR A T BAE A AR AL B s BN 18T,
{ERAIRAE R AL FRES EHAT 2R B TR,

2. Multiprocessor Stack Resource Protocol(MSRP)

EIR PCP ¥ ROV TEM 2R BRI MPCP, {H5 2.4.3 "R iy AT EFIH
SRP T T BT ISR 2 AR BRIE =, R AC B HER B PRI (MSRP). 2K
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i, BMEZPEy MSRP, SRP AV TEHE N XA AR BRIRAY V], RN T
— i B R 7T IR R I 2R R IRAYIE K
3. Flexible Multiprocessor Locking Protocol(FMLP)
RiGZAPRAFBUE MY (FMLP) ] AN H T 2R & X AR5, HHEFE 1%
MFEERRIFH =Y, e T ETRIFRN AR EE R IENER, BA2ZMEDS
%o

4. Multiprocessor resource sharing Protocol(MrsP)

LA IR EN (MrsP) STEEIMAREEMLRN TR X FRS, MrsP
HUEEATIRESMLT MSRP #1 PWLP, R EEB!, ¥EiRH4 FIFO WiFp4eft, #A0m, MrsP
WE—DEZNEN, BRI B R IERE S50 S B RIN (R R,

X BEAI A% B T R IR L= E B IAE T A2 A B R h, [R] A A B AR L S
BT BIAPR G AL BENLE] . SRP [4] (Stack Resource Policy, VLA FERITIE IR 7B 1)
W) A FMLP [3] (Flexible Multiprocessor Locking Protocol, Ri&GZAZ8i0 .

SRP hisUE PAE 5 _EFR (preemptive ceiling) 3R, £ SRP 7, BN JRER
B NEANER BIR, % ERRZ2SIASZERY, 5 4508 ERES e S 405 (preemptive
level) FILAEA K, TERTARIRI ERF, e LRIRE, WR—MESHE S
AMAKT ERRAVERAE, AL SR, SUESHIT,

1 FMLP thillHh, SRR IPiFe: KB (long) R (short), WFK. &Y
[FIRfE = P e, RIE4 (Resource groups) & FMLP WM FFEAR BT,
MEFHE LRGSR, 22 RE88ER%R, FHH—1 group lock (/1. Xt
TRMGERA, ABONESEVS; N TRBEEA, HAPOAEE SHIBASIBHLHI,

—AMESS & TR IR SR BTE R, W SR 2N, T553K15 7 E SR E R IRA
ILHBE—PAFI B, ANSRE HMTES51ER SR, BN TFHEEIRE, DA FIFO W4T
5. EIREIRGERTRARNADI, E500E SRR G, BTSRRI

—/MES K AR LR iER, % LR I, 5SS LR WK EIRAN
Hpt—FE58 WRAHMTSIER LR, eI THEERS, IFaRmsl—1 FIFO fA
Hlir, 2 55 3K15 LR BIAHBUN, (155 Kedh R DR K B I 4H i 91T 55 RO S ok
{8, i HEA] ARG S =CHTE

4.4.2 ZERAFRRILAPHLBET

f£ Yat-Scheduler W, & 5 2% 50 srp_priority KB & & ) ¥ L — H
srp_semaphore KA &, 4EP FRRAVER(E, 18590515 EIREARRI LR EDZ int
srp_higher prio(struct srp priority* first, struct srp priority* second) , bt
BN AR AT S5 A JE IR, TE1E S90S ERR BB AR 2 A, RECE AR AT
%, REEESHEIIREESHIE HPGIZE, WMRESHIE SPaIE I ER&
EREIIR, WIS AT POaTT, (AN R ERR ARSI,

T SZEE FMLP, Yat-Scheduler ¥S2¥l—™ pi_semaphore KA E &, ©HE—
PMRREBE S PN TERAZE R hp, T hp €& — D task_struct KR F5 5 F1 — 4
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task_struct {8 2RI, 2 HIFERCY RTE B R R &SR TS fEE e
CPU ML s ESSta5. ESFRAFIH, AW hp 5B SRR &SN
HIfeEr, 2, WISt .
4.4.3 2EH)FEDILSEP TN
et Yat-Scheduler WERYE X

struct yat lock ops;

struct yat lock {
struct yat lock ops *ops;
int type;

};

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*);

};

Heyat_lock /2 F 22 RS S & 008 F I REE K, xRS T B A ZIT IR ER
5 &=, open il close =4 BT ZHKBU/MIFRAN Y5 [ lock F1 unlock o
ZHME S BTN, deallocate TR P S | H,

4.5 W SEIRN e HEE FA BRI

4.5.1 mmEERIEESHIR R L

HEi oGNS E RN AN ERNE 3N ERIEE S H T E
—DMPO, OPA #1 RPA

1. DMPO H.i%:

DMPO Hi%EHR deadline JKEIT-55 53 Bl 8 =R e k. Eﬂi—L,lDeadlinefDeadliney
le%%orﬁyz>l%dorﬁyy, T IX AU SEEHE 55 B L e o

2. OPA Bk

LHE —HAR D EATRIINES, ZKBEMNRIMCCE TG, &2 G e ARzt
Feil BV B R 7 BO A Se 2 O AT 55 (L N (R i B E A R 43 B A9 A 55 B A 3 = B A
o). WNRIRBXAERVESS, WIHBLALER, AEEIEHN T — MU I
HRRDPBECIESS . RN GMESF 7B T ISR, WZE KR A R] VA = IR TT %o
OPA Z— R B, FOVELRIER] DRI Ry (RA), &
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RN n(n + 1/2 YO%(R. SN, OPA WEIERH: DMPO 6T 1R IR IR X
KL EER, BIA1 EAT (RS % AT 1E U B GORI R deadline S5,

OPA BIADhRAY :

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 Bk [5]

£ OPA FIEHTHIM A, WNREGE MK Z N rTHEESS, WHES 2Bt
B, XAJRER FBERIGIRRTHER, ERESZINESSERINEN., PITHE
ST BRI TR, 8T RERIX MR, RPA B4R OPA WY J&, FFRH—#
TTIERIEE NAE MUSCR D BERIHYIESS . /£ RPA T, SIAN T THURECKMES £
ML ERTREFERTBE TR TR, FINCRR AN, @S tT6E, RPA B
FEr= A n] AR DB K BHOM IRt 7. 5 OPA 2Kl RPA NR{RILESITHA,
& n(n+1)/2 R ERIKEIFTA SRR AT FE4ErIftidi b, rTLs
BRBEREFINTIHES R BOXINIER REZERERE N — MLk, EE
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PR ESSERBOTIE TS edh. RAEBARERITRIIL iy, WITRIEZ R ST Al JE
Hy, FFHRERE RN ATA et il & 2 H i NI

RPA BIEIACHS

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

AT H B2 SR e eHb 7 7k

FIR=ANEIELE holistic schedule FYIE R N2 H BRI,

AE “TH M B IR AL Se g HE e BRI I — B o Fh AT T BRI IRl 1317
holistic schedulability tests i, 1E fully partitioned [ 2 HRRLTREIE R G H, I
Z %R MSRP =% MrsP & N DMPO /2 optimal .

[F I FAT TR IUAESRAT holistic schedule RSB, WTERANHIE A S8 SC R AT S5 A3
ARG IR IR S5 BN RN (8], S AT REARTS 45 7E (R 55 Y HERRIm . IN (], IX 253X
OPA 1 RPA % H{BRR] &,

JRIX: OPA f1 RPA BIFAEHERA task 2 & Al RN, B HIXAMESS
RIS R (R) {HJZIXTE holistic schedule R, ATARI—MT-55HI0R S I [A]
AR SR BT = R T L At O A 55 BN 7 N 8], OPA 2R AL 1K 1 AR 15 18] 7 A e 7 ISF ] Y
HEERIZITE R ERES (BIEAREIUERTES) BAEESRILER, [EAMRIE
XSS A ARV RITUT . 2R, AT holistic tests, Rt HMT:55 H M Bz S ] 424
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ORI E, BRIFE TSR RN RIERE 2 Nk, HEAHMAESIENR (BigR
GUERTEER) . X T &P OPA Rl RPA Hik, f£ holistic schedulability tests ',
IR M 55 TE TR HTTE AN Hl = 0 Se T 55 R0 s S AH R 5 R A IZe P2 A 55 P e RZ 1, DA
EATARTREIRIG 48 AT 55 B DI BN ], X2 SEULERH F BB e TIS R B
7 R,

— PO T iR E RN N [Al=Deadline 8], BR =D, FSCHRBATRIXFR 7 1%
FE OPA-D #1 RPA-D H.i%, A1, XM77ENREZ, EISH D, &t R, TErEE
4, BT R, = D, NAAEMHESERS A Y KH pessimism, X ]G S LR
ERMTRIRGTCIEEE, B4, H T 26200 Al A EEPEINA S 2 0, XU &
BRI AT RESZ B

BT DA BRI H S T — R e e E ik, BT Slack MRS H
(SPO),SPO 5 OPA XEZFABERUNIZ, FERET MUER NRIKRILITE),
HMRE R ERIES (BIARDECERIIES) FONEF B, X1, 5 OPA
KEDFEARE, SPO 5N T MR A7 7%, PAUREIE/D BT AR B mT A Ml i £
FTir=4E /) pessimism 50, AR L, SPO % 5& 7 WM [EfcfilE, BEERER/DEE
IR A4 e 2 IS (R TSR Y pessimism 520,

5 OPA-D #1 RPA-D 1E R4 E 557, R, N ] St RS H A Fr A (5519 R=D
kb, SPO {EIARII AR IZRHEAR 16 I8 2 Wi B I 1] [ 7 /S5 AR BB, IXRLE B
SHRTEAfERE, Rlt, SPO J@H Lt OPA-D #1 RPA-D 153 Z S HERRAIMA NN H] . Ak, 1E
HWHERE, SPO DAEEMR T it Hor ACFEER R A S5 RLIN B] CRrSTEIR T AT SEBER
AN o XTI IETE R T 7, 5 H R B L Se AT 55 2 1R A M B2 I RO M S 3
[ pessimism 520, #HHLZ T, 7E OPA-D #1 RPA-D W, iX#l pessimism f#1E TR
A sl UL e

4.5.2 T m SRS HD P RIE B

1. o7 B ] A A

A. {E Traditional Schedulability Tests R %!

f£ MSRP F1 MrsP il 'R, %@EESS r, MmN R, B A1 WHE, C, 2, 1
EIFER A RS r, (GEFe) FRFMITEMNMERZIRENE), B, o~ 7, AN Al §E
FEAERIRHZE R, PREL Thp(D) IRBI—HLEN & T r, AR ARMES, IS, T, 2 7,
HEM, C), & 7, REHENTE (5 C; BEHEAMERD,
R,]—
T—] Ch (1)

ThEIhp(i)|: h
FFS Cyth A58 2 s BRLYS, . | NEAFOR r, 16— RAT AR RRIS T4
HERBEIR (@ F(r,) B FreseiEmE, Hi NF 2 7 £ KA IR E i,
HIEL, e r, IR ORI TRl
- k ok
C;=C;+ Y Nfe @)

rkeF(r;)

Ri=@+Bi+
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BT MSRP X BRIRAYIE R ZIZIAEE LK FIFO WP EHY, Rt e, SEFr B3Z
TER r, FIERAVEBR A B RIIRE, a0 A5 3 R, B Grp )Roni i rk IS
5, o TR r PATHIRIMEIURA, B2 map() IR[FISYED 1458 (155 HIAL Bl 4
A, || BREIGEEEHIRN AT MrsP 8RR TR GXFRIFG N, BER
MBS, —IUES 2 IeER FIFO IR RIATE M ES T, RIeA BEREAIZERTR
(BK MrsP WIFEBIALE, 1620 [6] ). K, MrsP {155 RE AR EINME HIFH ZE R
[ 2230 3 TR, 4N (6] Fhfid,

e* = | map(G(r*))| *c* (3)

- HUEAREZE (B,) S A7 4 R AR 5 118, Hebve, 2 -, ATRERIERIER T
EREIAIASE, b RIREIRERGHIRATEE 5305, FA(r) SR S5 7, £k
7 A B 8 T

B; = maz{é;, b} (4)
é; = max{er| r¥ € FA(T))} (5)

98T, 1T MSRP 1 MrsP (8 FIRINI Aok Vi i SR AL S0 (EIHRIR it
Sttt IR, IRULAEIRSERI T T B A 77 2 R R A

% T MSRRAVEAR VI ry # 7, MAHBIRIRSESRATSS (20 ) VSR, Ty FTRE
SCr, RAEFNAIE, TRV, PCP (7] BARHIAGT, FRIAEIRI (e -
BRET pri(ry) B m WK, WXVERATAESBULSHSE, /45X 6 4311 T4 MSRP ]

AE S BENAHZERN BRIREAS N FP (), o N BH— KA B ry, BT REL
FTA(Tz’) = {rk| Nﬁ > 0 A (r¥is global V pri(r¥) > pri(r;))} (6)

AT MrsP R, T A 25 SRR DAL RROLSR ST IR, Ktk FA(r) B9
SRR, HFEREIE P(r;) (B 7, 1 host processor) _EEA L pri(r,) H&EH LR
HH 7 EREVGETREIAT, a1 A 7 s,

F{(r;) = {r*| Nif > 0 Apri(r*, P(r;)) > pri(r;)} (7)

B.1t Holistic Schedulability Tests %!

R EiR Traditional Schedulability Tests &2 s, (HSEIX LM AR T IXFE
IR BIR—MES (H r, o) 1HREFER, map(G(ry) HEMZEGHER FES
B NERRIERATLARHEZE 7, , MABENAE R, WA DU HAYSERR A RETE RER,
Ab, a0 [8] PR, JX LIRS T R ZE N RN TSI TI R AR K, 1X 5 I\ T &AM
pessimism i, BEfG, [9] #2H T —FRE T BEERZRMER RN AU SRR LR B BEBINY (2
5 MSRP) WIBGHr AN, 5k, [10] EFkg=k 7T ILP 195347 DAHEREAR
ACRITREL, FHAE MrsP fYE s MR T —FERRTERMNL, B0t T4 H B
AT DUR A BRI SRS, XA EEIR 3 4 AT AE R B A T MSRP 1 MrsP % FFH R
) FA(T,) BRERED AKX 6 F1 A0 7)
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£ [10] WA, o BMARZIN TR A50 8 BRE, H C; 2 7, RIglmIME N
HERE (BT FEAEZRTR), B, & r, SRRV R, Hb2E T RN E
BEERHIR BB M AM SR ES 7, Cededh T, HERERBIEHIFE IR L)
SER i AR R B EER (RMZEHZE), B, 2 r, FENAHZE,

R.

7, €lph(7) ’VTh
E, @i A 918, He ¢k 3R 7, WAMIEIUEIAE S r, 2 HEITE KL,
km RN E RS P 1A r, KHAIEREL EER, b R AR HIFH 2E
iR, HAPE 7, ZAHEARIET r, TS r, WZEAESS P AlREr = AR AKHZEH
NF+¢F (R, FREN TR 7 REAME LTRSS 17 vy, A HEVETERE) fl ek Z R
B/ MERR, @XM, o LS IIAIRE pessimism, [K5:
D BHAHTARSHEHENMWMYIEEIGERKEE (BlE% T Traditional
Schedulability Tests H{&# FI{R1%)

2) XIS (IRTEIER) Rk GBI AIESS A B )
rkeR P, #P(r;)

CE R gk SyE A% 10 F1 A8 11 8, WOTRATR, TS — DRI (6

SRR R, 1R, LVEK 7, BOREIEFSEN AL, MR G222 10—, Q1 (9] dinds

VEBARG (U0 9] FPEISIFE 5.1), TELAFRRALGH, AT ¢ 1, B2

u%m[”%WWﬂ %0 (B RL T L A N WP R 8 SR A T 5, 9
W2 18], [10], [11] FRRkoskrty m] VR PR T 7 Fi o

R, + R,
k __ i h k
¢k = Z(J 7 | N (10)

k
éi,m -
T EI"P

Nf (11)

T, IWEIKAHZE (B) (FEAK 8 ) 1@ A3 4 M8, ERARRNIARITE, W
312 8 2513 FFR,

é; = maz{| af| - c*| vk € FA(7,)} (12)

Hrt of FRUERIEA v, IER (BIRTE B, PHEERIER) AHEERE, Hit
B RanR:

af £{P,| &, —CF—NF>0AP, + P(r;)} UP(,) (13)
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MNTRT FAT MEED vy, ZITREIE SR NERAERCHS (AD ¢k - ¢f
- NF>0), HpGMGIREPN r, FIEREZNDANETSPAZE 7, K, @ R
REFRESIECE, AN 12 18 1, £ FA(r,) TIIATE B IE AT RE A 10 B A RH 22

2. itk (optimal) s hi

Y | HEGEI | Holistic M
MSRP(7) S, St
MrsP(}) S Sy

% 4.2 MSRP 1 MrsP [Jn]ia Pk

EN 1 ARFERSIEETE A FEAESER, AERE G FnlAEMNNL § ME&
), 4 BACEFFEESEAA §— 4L SR HAMI SRR B ™S MOV AT G TR B,
WATEH A JAE,

A DU EUCEIAGNEERR DMPO #£ Traditional Schedulability Tests /& optimal
Yy, BARRTI [12]

AL RIS IBCRIE A, FERTERIEIIA S, 8¢S, TrIfEH M NMEBEER AT
LRSS TIHTIAE, Hb AR FoRESE T PTAEIERIT

IAGNS I8 £ AL R, JEFE X% DMPO FFHESIFHATESS, eIt
REIE RSy, 120 Azt . SRJ5, IERIRA S ROIX ML Se s femsiid
Bk, N THEA n MEFHESE, REZHFE X = n(n + 1)/2 RARFRPEHA RER
—/NCFRER R SE R HEE M AZ #585%] DMPO (Bl AL = DMPO), GNSRTERTE REHE
aRAERENMIL R E PR, RAEES2HIE S, M1 S, PHEEUERTH, R
TERTH AL JAE(EAREH DMPO VEERIESSE, MIMUERH T DMPO HIgALTE

{HZ24E holistic schedulability test T~: #£ S¢ (MSRP) 8% Sy (MrsP) N MSRP 5
MrsP B ZEIRM fully partitioned Z IR AI KB 1L R SEH, DMPO A2 Itil,

UERR AR @S R DIt T, & 4.4 BoR T BAMADHEZRIE r # r? =08 R
B, K 4.3 4.4 BH TSRS P, PEUES BHEMSIRMER NS . 15 n, A1 ry ZRHUT
I, EMTELHFE W= R, pri(r;) > pri(ry) > pri(r,), H Dy > Dy, BIEUER
B R LS5 1 o B BB i O 64, 78 DMPO R, pri(ry) > pri(rs) > pri(r,), RIS
AR L N TR AR B 7B Ak, FRATUERIE Py #0 P, #ON 1 #1112 A R IEATIEK,
RILEA P, iR 7t (8% r2? ) BURRARGAZEN 3t (8 3¢2)

47



Yat-Sched it FF & S Proj #291 4 Linuwx PIRZIR EENLHIHTE — NS 8%

}%)(}ﬁ \}23

N

' DMPO

_ /

K 4.7 TRFezEHmipl+ 1

Task(r,) | C, | T, | D,

7 1 (1717
T 1|27|27
# 4.3 FERSN P1 HES5)ETE
Resource(r*) | c* | G(rF) NF
2 2 {7'177'2} N12 = 1>N22 =1

# 4.4 FERSM P1 RSN
£ MSRP T, HITRHIAHE HXFIEVIFTIE, ! M r? #ATREFE 7, M1 75 £
FILSEHE T R IR EARAZE, RIEAE AL #1 DMPO W FA(1y) = FA(1y) = {rt, r?}, AL
FeBHT AL N 75 H1 7y BYWE SIS BTN R,
R; =C5+ E; + Bsg
= C5 + 3¢t + max{3c!, 3c?}
=14+3x14+3x%x2
=10

R
Ry=Cy+ Ey+ By + [?2—‘03
3

R R+ R
= Cy + 3¢? + max{3c!,3c?} + [?2-‘ Cy + [ 2 1 3—‘301
3

T3

R, +107
27

R
:1+3x2+3x2+[2—;—‘x1+[

=17
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MEAETHRA, BATTRT IR, TEIedscin s /i, WAMESSARRENS i 2 AR,
SR, TEALedscine e, Rs 2T TEUEIHIR, WTRATR,
Ry =Cy+ E, + B,
= Cy + 3¢? + max{3c!, 3c?}
=1+3x2+3x2
=13

7

R
RQZC%+E3+B3+[?ﬂCE
2

R/
= Cy + 3c! + mazx{3c!,3c*} + ’7—3—‘ Cy + [

R+ 13
3t -‘302
T,

17

R} R, +1
:1+3x1+3x2+Wf$}x1+[ 1¥3]x(3xm

=30

EH MrsP RUZERIK (BI S5 ), 1EOSMEL, (BRI RIEARE, MRIEHL (fF
FAIESER ERR), FEAR FA (r5) = {r MUSEPEMG, Fi(ry) = {ry}e AT, XFHFIRE
BB AR ME SRR 2 TR S SEHR (Ry = 7,R, = 17), H 75 TEIUSEHR R INGEE
o TEUERTE (R, =13 F1 R’; = 30)

BT B, FATIER DMPO 1EEAINA R I 2 optimal B9, 97542 (10)
PR R I AR, IXE N T I R IRAE S5 $AATIN RN pessimism 15 [ AR,

B2, FRHHEERZEEERYIN r, AN |map(Gry, )|, FHEHBA LS —
MilF, BB DMPO HIEAUHE 2t T IR 55 A B I RS T A2 BB (TR
X AD) ), BT AT E/ MEAE TR A == SR A RS I A ¥ 2 R RR s SRR
MG, B 4.5 R T — MR HEERSE, HA = MESH—DHW MRS =R
WIR (' ). R 4.5 4.6 B T ZRGHUESSERGERMEAE . & Py FXf r #l
BT ASH e, WA 4.5 R, AERGIF, JLseze iz | pri(r,) > pri(r,), T3E
e J5 pri(r,) > pri(ry)s

Py

AT bmPO

Kl 4.8 TR W+ 2
Task(r,) | P, | C, |T, | D,
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. 0] 2]28]28
T 0|5 12020
Ty 1]3/35]20

% 4.5 LERSGHIILES)EE

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

4.6 FEARSGERGIIREEMT
£ A R, JCIBNH MSRP &2 MrsP, {Efi{ESSEAZLAEZNAMNZE (RN, Al
T e=0), BINRAE 7 M dER et o B, £S5 S5 T, Fra =MESFHINIR
I RIEARIA, F BLRTA LSS ARRES e HBE ARR,  4n R AR
R, =C,+E

R, + R,

= C, + N{c! + min{N}c!, [
3

-‘Ngcl}

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

R
R2 = 02 +E2 + ’7_2—‘01
Tl

R2 + Rl Nlcl RQ + R3
T, S S

Ry, + R, 11 R,
N —|C
+" Tl -‘ 1e " Tl '

_ [Ry+107, [R,+18 R, +10
=5 4 12 4
“mn{[ 28 W[ 35 1 ”[ 28 W
R2
—= 2
+[28—‘X
=15
R3:C3+E3

=CQ+min{[ -‘Ngcl}

3

By + 1y
Tl

1
Hs + 0-‘><1><4}

= C3 + Nic! + min{Njc?, [ —‘Nllcl}

=2+12+min{3x4,’7

=18
AT, TE(RSELAc (HIRIF DMPO) 25, 7y 22K ry WIS I8 A5 o HL
I, 4T 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
1E.53 F, WE—MIXHVR r, BUER VR R SEERAN%E, Hit R, =
5o B2, SXRR R, A R, (00, FOR r (DRSS BEIT AL, AR, fEMmpl
i, (B ] = [ ], Bk, f Ry FIHAREAR 10) HF5IAKESIAT 7, K5
ke B, ORI DMPO (R e (LA B 0 N D RS
*F OPA il RPA ik
£ [5] 1, X OPA 1 RPA (BEEMINY ) WAk 7 =R HA M
1. HHEMIR SE%5 7, MATARMEATREI T (UEs T pricr,) HOFES5 MLk
SEIEME, BRI (55 H TR
2. HHEWIR S, (E55 7, (RIFTVAE MERT RERUAR T (RSCOUIR T pricr,) (IESSHOMEAT Sk
SEIRPE, AEREOR T R T AR OSSR (T R
3. ARSI SE I E S5 RO SR St ST T DA DA AR S ot
TTIREE, TN S o T B o Se i (T 55 R AE N R AT A
holistic FRTYAREMEMIRIE R T 44 1 A1 2, Hr 55 (KR BB T SR GEr 7
HIHUALSIIBENRLIN G, 3 ELSRMIIOC R T AT ARG ERE, FI01, r, R, B B
RIFMALBEES b, SESAERYER, RIS — (55 (R A 3 5 — (55
PN I, 6 TPV AN SR SE G R S A 2R P B TSI T IR 5
TSI TR 2 tHBR A R0, F A, OPA I RPA 8%, 1E holistic AIVAEMEMIAT,
FRERMI, FEE—BRAL
TR 19 SPO SR AN, SPO 5N TR LT 2%, VR I T7E
SR BE LI (8 PR 72 49 pessimism B, AR L, SPO %18 7 Wt a2y
VE, ETERB IR EATISRRMEE (K S 1] S0P i) pessimism B, SPO TE%Rid
FRAZHTEUR T RSN R 2 AL S5 19360 B, AT Ee OPA-D 7l RPA-
D 155 IR N .
SRR
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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
)\4'
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
7 Get response time of all tasks in the system via S

oL

if system is schedulable then
| return true;

else

10 ‘ return false;

end

=

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,

Kl 4.9 SPO RiLFAHIRZERIIHR

BL 1 %/H T SPO BIER AR, Hr S RoREKErTAENIN, WHEIEFTR, SPO
B AER L e hdib e 2 /i, (E55 ERt s ME g X T BA M MEFLERHI R
gt, MRIENE DS Py JTa, N MEESSHRIES AL dd iy . X4
RS P, EIRERREE 2 WEES MK Pri LT REEEFHIAT AR
A, (HANTED, A, =D, - R). ARG, NEARKATHER N, LSBT
& (%8417, FElE P, PRI NMESIE, £5 6 TTHRIZEHER S5 BN RN A,
RIG, BRI NSRS ERE LIRS, &a, NEBMES 2B —MIUEY,
SPO i@ Al YA RIS SRIRUELA T R Ie et 7 2 S RES T T R 5t

5 OPA-D 1 RPA-D N[, SPO SRR AR AT HAAE 55 M i B (A1 AR A ]
HORER LRI ] 31T pessimism [ E &R, E5t, N T EHHEEESFRINMN R, SPO £
HATEAPR A9 _E SR i RN BN ], Rt U, 28708 (55 H i RN A) 2 g 141 R
T R B Ay P AT E (LS RN M [RISR TSR, BARTS, ERKIENH, M
e mBIES TR, BMESRINM N R R R, DA=MESS 7y 7. 7 BRI
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N, Frb pri(r,) > pri(r,) > pri(rs), Bla0, R, BHERZEEIEA =MESSHIE
LI RN THBRHAATRY, AR AT & A m A IS R . AR OOR AR, . 7 gy BY
Wi 2 IS T MM T B — IR DA T Ryo ARTEESFEAZIEE R R = n - D I, A
&R, IR TR B RS SS RN N RO R (WAL 1 RIS 6
THAEE 2 VSR 2 17), RIMHER 72X FREICR  (B1a0 OPA-D 751%) Fi'gEL
[] pessimism

T IS5 WM SN AR, IZFIR IO RER A ZRESS (AR ELILSE
RHESS) IR¥F R = D BRI, Blan, 124 Py mBMES rBCILegkmt, £/ P, & P,
PSSR N TR (AT LARRYEE 6 TR SRIFE Py ESRIMERIN [H], T2 e
IRV TE], BRI IXAE, 1@ A] DRTS Py A ESS BE MRl CRAENL) A M S I [A],
KXt T+ EAe&ERIESS, R <D,

Hit, AILARAZE SPO W TR R, REIZEAUS =ZRIREMRA, HEERZHE
NS 4 17T n(n+ 1)/2 XA (5 OPA 1 RPA 2K00) A #E N EA n MESHIESS
EBUSE N, N T 5 417, AT OPA I RPA /Y S HiEET—U0A, SPO XX S
REwRZ n IR, DUREUEMESS BN RN [EDERUE, [Kitk, SPO BIERIN RIS 8 E
O3 ). (HIFTFE SR AT VIR S B & 2% B0 AE 2 T,

4, 5 OPA 1 RPA R[F], SPO JUVFR A5 #0258 L Se e B I TR A4 1B
Do FHT ARG E AYIZE AR 55 HY Wi oz B [ 45 (B LB LI TRD, (R P RE 2 HY B 55 g Mg
I TR T 2A AL e g S RYBULEI TE], (HH A — 55 S2br R rlE R AIIE I, 151X
FHENL T, SPO B BTERHILSR R 0 Br g X L5 1 8 10 N 1R AT 55 A Bt il mT A EE AT
o NEMX—, FIANT DY RS n kY BIEAMBIN A TR, B, X TFR 7,
(HRIFRIIESS) AN AU IR AR S5 e BN B E98% n - D I, HHEA
LI, WIRTE 2 Pk,

XTEERTeLR, PIREA JLAMESS BRI R = T Hgo RN 1A, 2R, BEE
—HHNIARH R, XEEF AMEZ RN ZER A RER BIEUCR, Hrb 5 HAESSHEEL,
BA R MENEFERE RO en TrlAE, KWt Ed X7, F
55 B A AT RBP4 IS e, MG 13RS Al T UL Se i e B T REE . IXRRTTTA
AR [13] N T A ERIPREEFFUERA 7 B R, Eor 55 A o i [l T B R 256
BRI RS, DARE Bl ] E R RS B,

4.5.3 WIS A
MEKRNMNEH CIES LU SPOREREXRNEER, ZEENMERE D2
getResponseTimeSPO R, b EHHIX N EEA] USRI MEFRIILE ., XtER
BERRL, EEABHEMIE 4.9 Fir algorithm FI RIS,
B RS EH 2I B
1.SporadicTask &ity, TR MEFHIER
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typedef struct {
int priority;
long period;
long deadline;
long WCET; // {FSEERERH{TRTIE] (Worst-Case Execution Time)
int partition;
int id;
double util;
long pure resource execution time;
long Ri, spin, interference, local, total blocking, indirectspin;
long addition slack BTB;
int* resource required index;
int resource num;
int* number of access in one release;
long spin_delay by preemptions;
double implementation overheads, blocking overheads;
double mrsp_arrivalblocking overheads,
fifonp_arrivalblocking overheads, fifop_arrivalblocking overheads;
double migration overheads plus;
long addition_slack by newOPA;
int hasResource;
int* resource required index copy;
int* number of access in one release copy;
} SporadicTask;

2.Resource &itt, FonBNREIENER

typedef struct {
int id;
long csl; // BRRFAXKE
SporadicTask* requested tasks;
int requested tasks num;
int* partitions; // ERZFRNZTXFIR
int partition_num;
int* ceiling;
int isGlobal;
} Resource;

getResponseTimeSPO F%Y
o BERY

int getResponseTimeSPO(SporadicTask** tasks, Resource* resources, int*
task num, int num partitions, int isMSRP) ;
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* FEIRE
A 44 SporadicTask tasks BRI SEIN 55 B R 1245 53 BC I L 6 4%
« SR

L b4 G TR ALY 22 R

tasks SporadicTask ** FRLENESH B, B—(THE7—
MEFRES

resources Resource * ﬁ\/}ﬁﬁ(?ﬂ, ﬁﬁ%/l\ﬁ‘{},?ﬂ’\ﬂgﬁ‘

KRB MENESEHEWNEA,
task_num[i[fMEZEE i MEFERYE
num_partition int TR BRI B

£ OoR 2 G M H MSRP I = # i,
iSMSRP=1 R {F

task num int*

iSMSRP int

o HifEE

& assignPriortiesByDM & #
RIE(EE T deadline #5854
EE— TR

T E A EE

RRET AT E?

2 ES
~a
VA busywindow R EFITE 4 FITEMEER (MNBIK) |
FR ARSI Ri (MERCAT(E])
EBR EEBIHEREE?
=y &
UE getR esponseTimeForOnePartition & & l HFF KBS EHEBAES

FE T EIZ AT 25 5 A S5RY 0 B B i8]

ERESEFEE?

2 B

A
| SEIEHKSERE slack BAMIES | | A getResponseTimeForsapo & # it
¢ BMESHY slack &
\_{ A remove_task eRELFEAR 7 #
BEHL IR AR T A BRI 55 | slack = deadline - ResponseTime

o PRELRRE

1. 5%AA assignPrioritiesByDM s#iRIE(SHY deadline A& MES— T IBERIMLT
&
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2.
For &MU pes
For MR (MWINEIK)
For &R L RIES ¢
VAR getResponseTimeForSBPO it A MES slack HIE
slack=deadline-Responsetime
SRR slack B AT
AR remove_task pi#{EAR S EL IS REAB FREFRATSS
JAF getResponseTimeForOnePartition sl EHITEIZA TS S MES AR E]
3.J8A busywindow s EHTITEATA TS A RL (1A E])

P BRI BD RS, DA th S MRS

int getResponseTimeSPO(SporadicTask** tasks, Resource* resources, int*
task num, int num _partitions, int isMSRP) {
if (tasks == NULL)
return 0;

int extendCal = 5;
// Assign priorities by Deadline Monotonic
tasks = assignPrioritiesByDM(tasks, MAX_ TASKS,
num_partitions,task num);

long dummy response time[MAX TASKS][MAX TASKS];
// dummy response time &:EMH{E/9 deadline
for (int i = 0; 1 < num_partitions; i++) {
for (int j = 0; j < task num[i]; j++) {
dummy response _time[i][j] = tasks[i][]j].deadline;

// Now we check each task in each processor
for (int i = 0; 1 < num_partitions; i++) {
int partition = 1i;
SporadicTask unassignedTasks[MAX TASKS];
for (int j = 0; j < task num[i]; j++) {
unassignedTasks[j] = tasks[partition][j];
}
int sratingP = 35;
int prioLevels = task num[i];

// For each priority level
int unassign _num = task num[partition] - 1;
for (int currentLevel = 0; currentLevel < priolLevels;
currentLevel++) {
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int startingIndex = unassign_num;

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

for(int index=0;index<MAX TASKS;index++){
if(tasks[partition][index].id==task.id){
tasks[partition][index].priority=task.priority;
break;

// Sorting tasks based on priority
gsort(tasks[partition], task num[i], sizeof(SporadicTask),
comparePriority);

long timeBTB = getResponseTimeForSBPO(partition,
tasks, num partitions, task num, resources, dummy response time, 1, 1,
isMSRP, task, extendCal);

task.priority = originalP;

for(int index=0;index<MAX TASKS;index++) {
if(tasks[partition][index].id==task.id){
tasks[partition][index].priority=task.priority;
break;

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

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

for(int index=0;index<MAX TASKS;index++){
if(tasks[partition][index].id==task.id){
tasks[partition][index].addition slack BTB
=task.addition slack BTB;
break;
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// Sorting tasks based on addition slack BTB
for(int index=0;index<=unassign_num;index++){
for (int index j = 0; index j < task num[i]; index j++) {
if(unassignedTasks[index].id==
tasks[partition][index j].id){
unassignedTasks[index].addition slack BTB
=tasks[partition][index j].addition slack BTB;

}
}
}
gsort(unassignedTasks, unassign num, sizeof(SporadicTask),
compareSlack) ;

// Update priority and remove task
unassignedTasks[0].priority = sratingP;
for(int index=0;index<MAX TASKS;index++){
if(tasks[partition][index].id==unassignedTasks[0].id){
tasks[partition][index].priority=
unassignedTasks[0].priority;
break;

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

remove task(unassignedTasks,0);
unassign_num- -;
sratingP -= 2;

gsort(tasks[partition], task num[i],
sizeof(SporadicTask),comparePriority);
// Update dummy response time
long* response time temp = malloc(MAX TASKS * sizeof(long));
getResponseTimeForOnePartition(partition, tasks, num partitions,
task num, resources, dummy response time, response time temp,1l, 1,
isMSRP, 1);
for (int 1 = 0; i < task num[partition]; i++) {
dummy response time[partition][i] = response time temp[i];
}

free(response_time temp);

int isEqual = 0, missdeadline = 0;
long **response time=malloc(MAX TASKS*sizeof(long*));
for (int il = 0; il < MAX TASKS; il++) {
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response time[il] = malloc(MAX TASKS * sizeof(long));
}

initResponseTime(tasks,num partitions, task num, response time);

/* a huge busy window to get a fixed Ri */
while (!isEqual) {
isEqual = 1;
long** response time plus = malloc(MAX TASKS * sizeof(long*));
for (int i = 0; i < MAX TASKS; i++) {
response time plus[i] = malloc(MAX TASKS * sizeof(long));

busyWindow(tasks, num_partitions, task num, resources,
response time, response time plus, 1, 1, isMSRP);

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

cloneList(response time plus,
response _time,num partitions,MAX TASKS);
for (int 1 = 0; i < MAX TASKS; i++) {
free(response time plus[il);

}

free(response_time plus);
if (missdeadline)
break;

//free memory
for (int il = 0; il < MAX TASKS; il++) {
free(response time[il]);

}

free(response time);

return 1;

Al EFE R X B W K JL AN B #, assignPrioritiesByDM,
getResponseTimeForSBPO, remove_task, getResponseTimeForOnePartition,
initResponseTime, busyWindow, cloneList

assignPrioritiesByDM Fi%}
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SporadicTask** assignPrioritiesByDM(SporadicTask** tasksToAssgin, int
max_tasks, int num partitions, int* task num);

- FRENGE

N HERUH SporadicTask tasksToAssign BLH &N SR 41% deadline Se i/ BT
A,

« SE

gased Big Ry G
TREEAHES ) 48, B —1TR R —
tasksToAssign  SporadicTask ** f;ggﬁﬁ M HERRAL, 102
max_task int RAAESSEL
num_partitions int TR PR B
task num ine % RREIMZANESEHENRA,
= task_num[i]fVEZRSE | NMEEZSE

1.4 deadline X8 MESSHITHET, deadline BUIMESE B

259N R EMER, B i LS ITE (i+1)*2
remove_task F%{

o FRERRY

void remove task(SporadicTask* unassignedTasks, int index);

 FBIIRE
BRI index LLAIESS
« ZREM

Bt BRI % BIA
unassignedTasks SporadicTask ** FRKINEF A8, B {1on
S
index int BMBRAVESS AR
1ARENZESSH TR
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2. MERIZATE S5
initResponseTime M%)
« B

void initResponseTime(SporadicTask** tasks, int num partition, int*
task num, long **response time);

 FREIIGE
B8 D MFE S5 RN B WE N WCET (8 4 it § 1T I

[f]) +pure_resource_execution_time

« ZRGW

Lt B G L

tasks SporadicTask ** FORENES N 4, F—17HRR—
MEFRER

num_partition int BIMERAYAESS AR

RREBIMENESHEN A,
task_num[i]N{ERZE i DMEHERAVE
FORM NI RN 4, B—1TRR—
NS

task num int *

response_time long **

. FBLR
6 B A 9 (E %5 09 R R R 68 WCET (gl i 5 AT I

[]) +pure_resource_execution_time, 3¥5 A response_time ¥ZH,
cloneList F%}
« B

cloneList(long **oldList, long **newList,int num partitions,int
col size);

« FREhRE
# oldlist BIESCLFER| newlist I
o ZEHH

B BRI B Ehid
old list long **  |HEY - 4E$eH
new _list long** BT —EEEH
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Lt BN B ENA
num_partition int MR E (T80
col_size int ke

« BB

¥ old_list & — M EFR(ESE] new_list E&
getResponseTimeForSBPO %}

long getResponseTimeForSBPO(int partition, SporadicTask **tasks,int
num partition,int* tasks num, Resource *resources,long response time[]
[MAX TASKS],bool btbHit, bool useRi, bool isMSRP, SporadicTask calTask,
int extendCal);

o FEUIEE
& calTask F55 80 R B E]
o ZELIH

LEH PR 23 ik

partition int FoREB LA FEES

tasks SporadicTasks i‘%ﬁ:%ﬁjﬁ%ﬁ’ﬂiéﬁiﬁléﬁ,
— TR ME RS

num_partition int AEHERERAIEE (T80
TR MRS R

task_num int * ¢, task_ num[i]f{EZSE i
PR HOE

resources Resource * RIFEA

;;;Z;{ T;Z_;;?;;[] long ** M) )57 5[]

btbHit bool 7275 btbHit

useRi bool 5 H useRi

isMSRP bool &7 5& MSRP

calTask SporadicTask  FREMIHE Ri HESS

extendcal - FA SR F, fo¥F RIS
deadline ] extencal %

« 8RR
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1. 9441k response_time new %28 - G EEARMERD response time —f%
2. 91441k response _time plus %48 - H P EERAERNSEA tasks By WCET (paitEH T
i8]) +pure_resource _execution time
3.while (!isEqual && !shouldFinish)
isEqual = true;
I response_time plus & partition {THEMR(EZF] response time new
for partition AHEE (43X) HIESS -
V8 spinDelay k¥t EENMESH spin ER
¥ highPriorityInterference it EE MES WS LIRS SitiE
AR localBlocking st EEMESFIARHZER (8]
Ri = WCET + spiniEiR + #E{bidRiESIE HARTIEl + FRAFHZERT 8]
7 Ri 3] tasks %A% response time plus %A
for ZMIESENENMES -
if (response time plus[partition][i]
I= response time new[partition][i])
isEqual = false;
if (tasks[partition][i].Ri <
tasks[partition][i].deadline * extendCal)
shouldFinish = false;
4.3R%[e] calTask.Ri

getResponseTimeForOnePartition F%
 PREURAY

void getResponseTimeForOnePartition(int partition, SporadicTask**
tasks, int num partition, int* tasks num, Resource* resources, long
response time[][MAX TASKS], long* response time temp, bool btbHit, bool
useRi, bool isMSRP, int extendCal) ;

.« FBORE
R LR () (LSRR
© BHBII

2w b4 b TRl 22 Rk

partition int FORELAFRES

tasks SporadicTaskss %%ﬁjiﬁjﬁ%%:éﬁiﬁléﬁ,
—ATFRR MR A

num_partition int IR RE R (T80
TRE N NS ERE

task_num int * ¢, task_ num[i]fE 25 i
MEFRERE

63



Yat-Sched T2 SR Proj #291 5 Linux PURZIR AT — VR e
R4 By A B A
resources Resource * HIREH
response_time[] \
long ** EINANEE
[MAX_TASKS] J AR ]
) BRI AL T 23 A A T 55 R i
response_time_temp long * X
it (A
btbHit bool =1 M btbHit
useRi bool =13 useRi
iISMSRP bool = MSRP
extendeal int ot [, J0%F Rid@
deadline 1 extencal %

1. 9141k response time new #2R - & HEAAG{ER] response time —Ff

2.9] 4 1b& response time plus#f ¢4 - [& partition {7 4p - ¥R E o
response time —ff - partition {7 iy {E A& 1 tasks iy WCET ( 2 45 it & #1 17 0
j8]) +pure _resource execution time

3.while (!isEqual)

isEqual = true;
isEqual = true;

I¥ response _time plus £ partition {7HENR{EZ] response time new
for partition ZAFEZS (X)) HYIES -

VA spinDelay ¥t EEMTESH spin TR

JAH highPriorityInterference st EE MES S RITSIE HITE
¥A LocalBlocking it E & MESS EARHZERT 8]

Ri = WCET + spin iR + #E (LA BRIESICERNTE + FIZAFHZERTE]

537 Ri F] tasks %A% response time plus %A

for ZMIBSRMEMES ¢
if (response time plus[partition][i]

I= response_time new[partition][i])
isEqual = false;
4.} response_time plus[partition]f{EME({ELS response time temp

busyWindow Fi#}

void busyWindow(SporadicTask** tasks, int num_partition, int*

tasks _num, Resource* resources,

long **response time, long **

response_time plus, bool btbHit, bool useRi,bool isMSRP) ;

64



Yat-Sched it FF & S Proj #291 4 Linuwx PIRZIR EENLHIHTE — NS 8%

* FREIIRE
TR 55 B ME L N TH]
« SR

TR BEa! A IR

tasks SporadicTask** ?%iﬁEZH¢f£§§E@::%£§Qﬁa, g—11&
R ME P

num_partition int e R (T80

RN NAESHEERA,

rasinum e task numfilIURE i MAEFRE(E
resources Resource * HIREEH

response_time long ** M) 7 Fsf ]

response_time_plus long ** BAAN AL TR &8 P 55 BN N N [A)
btbHit bool /=73 btbHit

useRi bool =75 H useRi

iSMSRP bool =12 MSRP

for GRS (4HIX):
for GAMES
if (response time[i]l[j] > task.deadline)
response _time plus[il[j] = response time[i][j];
JEF spinDelay p#ItHE MESH spin iER
JEA highPriorityInterference it EE MESHE LRSI HitiE
J8A localBlocking prit B MES EIRARH ZERT 8]
Ri = WCET + spinfEiR + #E/edR(ES5IC HAVATIE] + F3KPHZERT 8]
¥ Ri F] tasks %48

spinDelay, highPriorityInterference fll localBlocking F&%{

long spinDelay(SporadicTask t, SporadicTask **tasks, int num partition,
int* tasks num, Resource *resources, long **Ris, long Ri, bool btbHit,
bool useRi);

long highPriorityInterference(SporadicTask t, SporadicTask **allTasks,
int tasks size, long Ri);

long localBlocking(SporadicTask t, SporadicTask **tasks, int*
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tasks num,int partition, Resource *resources, long **Ris, long Ri, bool
btbHit, bool useRi,bool isMSRP)

=B AT RS MESRY spin BB, WS LICHRESSE SR, (E55 2R
FEM T,
TR ERVE WL L SO0g i oz B ] A A

R.
necimins ¥ [5a "
NI
T, €lph(7)
E,=Y (NF+¢t+ > min{N}+¢k ek, 1) xc* (15)
rkeR P, #P(t;)
R, + Ry ]|
= > [T—h Ny (16)
7, Elph(7) h
R, +R,]|
E 7 J k
7;€Tp, J
€; = mazx{| af| - c*| vk € FA(7,)} (18)
af 2{P,| &, — ¢ —Nf >0AP, # P(r;)} UP(r;) (19)

FEH KA TR, BRI R, E; /2 spin fEIR, B L5 FIAFHZER A, f)5—TU2
BRI S5HE & I TR

4.6 H)EFHIERMLS5 s BepLbl e THRsE

4.6.1 B)IEIEMMLSS s RCPLBI 41

BE%E SEIN RGP LAY RE R RO 7%, R IS5 I8 H TN [F — X Rt
1TERAE, TXEE R LAE R BT AT YIA], CdR e . fFEEL. 10 Wi,
AUTOSAR Frife [14] 52HI1ZRAT HIERHY 12 RH, AT RIPHEERE ERHH R
G5, R IR = P BOR B BN e B IRRI VTR [15] o SRT, TESRHIHA
ITHIRBMAIER TS, RGMAESS IR B T HERIENZE Mo | R 7 EEH, Rz
LRSS WA R B E SRR R SR TRN, BN TSTEH EHACEES RICERE, BINEX
FIBIREAY o X2 FEOX IR A S AIBHE SR ZE, JFRIRE RE I RGHY
AR [8] o

N TR 2 BIRESH, BAEE T —MAEA B ediE L =5 E
(] FPFPS (Fully-Partitioned Fixed-Priority Scheduling)Z b P g8 R G HIT 55 5L /512
RAF, Hrp =35 ok B H BA B ER AE55 Vi Al RAF MK [ RR I (E 45 =, T
MR IFEERBA (RCM) RAGTHES 2 RIS IRS R, 2T RCM 455, RAF
IR IG RIS F B AR S5 i ga R — AL PR, DUR D BRI A, M s/ DM 55 IR 2E,
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4.6.2 % IEFHIERMESS B bLiI BT

1. %iH-Hbs:

o BB IESH

o FBEUESSIHZERE], RERSrTEENE

o JE MR ERCE

iR AR S5 70 BE 77 1% RAF MR T B RS B (RCM), AR 84 AT DR RIS THE:
%2 AR IR RS, BSEHRE (CP). FIRIEMI CF fENES, ZErRIEAT
BRI 7P ECIR SR 4622 () ¥ CF IEPUE R S BESS 774 ; (i) ¥ CF IR A& &)
EEH DB — MRS,

2. Ryt

RARSKES —HMEFGIESE A f1—47 FP-FPS HE NAENBITES T
(sporadic task), A FHIE = MEBEEFRTN A\, £5 r, (T HINE i MES) H
7, ={C;,T,,D;, P, A,} FEX, H ¢, BRI ERFENLA RGN TR E, T, 2
J#, D, D, < T, MARMR, P, B, A, Bold. BMESEE ML
%, P, HBERRLICIE, FE T, REISELS N, RFTETESNES, AEH
I, BAMER U RFRGEESFHESFSANFIRR, BIan338 u, M Upp,y. B
|| FRAEEESHIARN, Fla0 (A AHE RGOSR, ZRFELUE—HZH
FEBRIPI R ZRIR R . TR rF (R R kDRI, o For vk ERIFENR
HEEE, NFGHE @, fE—REmRE r* ZHEIERRE, FEF() RAET
SATERIEETR, 2 MO IS 2 R TEAR A 2R TR, M e ER N
[ FR) 5 TR g A S 5 T

3. BEARHILEY -

NF—HLEENINTES, RAF 2R —HTEEH G, HPENMRE SRS HEE
WEWIESS, AN, ENFIEESHNA T — M RHARAR U, UAR—MHRFN R
KAAZE, BT > U, VG, € G o TERXTTAEH, UBIKENRGTET M EFEER Y
FMAZ, BIU =Ur/|Al. WL G g, BrT DAREESH 50 A ES Z | CF
IERUERIT R, BHESH T BLA RS,

an EFrIR, RAF FHIHTE AN 7 ECOR SR AT 2 5L T RCM 12441 CF iUt i),
TS EREKE, RCM FEMEEWNMAEESHAR CF IELME, TN A(G,, Gb)o
A(Ga, G HB R F RS Z R IES RS, N T A= EMERN g, g,
RCM K@ HCAs A(Gq,Gs) = 0o MAN, BEBRNMES «, B ABI N EE —MES
—HA, B {7},

RAF ETHIESFHIES 4. HEHMES AN R, BESHER (RCM) =
N FEB LK

(1) FETHEEFHMESS 7
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(E55 7 A BORIENE DA R - 4528 5 FF B e CF T ME HSsHIHUT U BRI,
XAERE BASRRAHES A WG —A, BEENSRaHREAMES 3
PRV, AN, R U ARuthE G 7RI IR R R A B R A,

Algorithm 1: Task group formation

1 G =g

2 for each 7; € I do

3 | Ga={m}: G=GUGa:

4 end

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

7 (Ga,Gp) = argmax{A(Ga,Gy) | Ug, + Ug, < (_f}
a,b

8 if A(Ga,Gp) =0V (Ga,Gy) = @ then
9 | return G:

10 end

11 Ga =GaUGy: G =G\Gyp:

12 Compute A(Ga,Gs),VGs € GAa # s;
13 end

14 return G

il 4.10 Algorithm 1: Task group formation

Bik1 (E4.10) 2 7ET RCM H5eBESHIEIR, ZEZREURSGTRIAMN
HIEFS T e, #tafe D[{EFSH, KPS M HEE—MESS (B 1417, NTHE
AN G, F1 Gy, CFIERUMERAEH RCM HHEK), BIEE 517 AG,, Gb)o KT, TE
WIE Ug. + Ug, < U MHEETIANR, il CFIRRUBIR BN, FHGAEm (38 7
7)o WNFEXAERYAN ZIEE 1 CF RIS HY, MEE S M DR ANE — e (38
1117), AN B EFOENAS G FIEHZ B CFIRUE, DUMELEFSIENRH
H—BIERE (38 1217), XMEE—EREEE A T HAA (B A(G,,G) = 0)
s A A A DIESRHITAT URYIR 0L R &I IE (38 8-1017). HITRI—AEN, AAHR
— {155 AL ZEATRIRVHERE NSRS ZIWE T

R 1: g BT IR IE R — A S A, K M HP LS B A R zes it 1t
b, UIEH TR TR AE S A PR g8 0 BE R R AU E S5 4.

(2) JEPREAT S5 A 71 iid
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Algorithm 2: Resource-aware task allocation

1 for each G, € GG do

2 | Qu = ZT@E{JG A({r}, Ga\Ti)s

3 end

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

5 Go = argmaxz{Qa | VGa € G}:
(2]

6 A = Ag V1 € Ga: G‘:G\Qa;

7 end

8 while G # @ do

9 Az = argmin{Up,) | YAz € A}

10 Ga = u-‘rg'.r'r.',a.-;f:{A(ga, I'(Az)) | VGa € G}

11 it U, +Ug, <1 then

12 | Ai=XVrmi€Gu: G=G\Gau:

13 else

14 for cach 7; € G, highest A({r;},T'(Az)) first do
15 it Uy, + Ur; <1 then

16 | "’Li = 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

24 return {A; V7 € I'};

il 4.11 Algorithm 2: Resource-aware task allocation

W G g, PUTEE 2 (El4.11), K G BE|—HEEEE A, ZBEERE
CF B8N g, FINE Q, (58 1-317). X MNERM T g, FESS 2 BINEREIHZESHY
B, KPPt F—5ET Q, N G &2 |A| Hr=Evaoit (B 4-7
1T)e ARG, HE W RIE RCM WTESIVE HREFH 7 EL (58 8-2317)

EE—HH, ZERAERZ min{|G|, A} MEEERS Q, TS, HIEixLH
R E— D RS — M EES (5B 5-6 17). AT EAME Q, KA, RAMHREESH
H, RNFEHAEIE U il B U < 1 BIEOL N, ATCARI T, BId R X AR
itk AES5, FA1EER 7RG BA & CF iEPUERESS Z BRI,

PRTELZ )5, B IR DU NN R I ECHIE : B R/ Urg,) 19 A, TG,
HARE A(G., I'(\)) B G, t5E (58 9-1017) XM T B2 RS AMN <, FHH
A DA/ D — B O FRUBR IR, 02 g, &S A, WA ESER 0 BLas iz #H
(8 11-1217). &N, N TIREDE T ERNRIIRIFE D 5, ¢, THMEFS BRI
s, HPBRERS A({r,},T(\,)) FHEFEZTESE N, o 281, EXMERT, R
G, TIRAES AU IS N, (RIRIHZSREACAEHEES), WA EZRNRE], HAZ AT
F7rEe (B8 19-21 17). BANMURERIBIESEISEI 28, Bl A, Vr, e T, ARER,

Fil 20 FrRHEVTTEEET RCM RS ECA 0 EER, AR 2R & Y AT 1
M

Fil 30 IR BUTTEE SRS AR ERIMIB T &, Flan [16] TR, I
His T8 R] DURIS AT, 4 THEStH) FPFPS 2%t
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XS T AR TS5 B B, %IRRT R 24 O(n?), THER%
M| x I | RIERSR () 5 G RATEAENI A(G,, Gs), (1) TEBUTSEH, LAK (iii) ¥
SRS, FaN B FEFTR, RCM 2L CF I UEX T AR i i 77
BEXREE,

(3) HEIRFHER (RCM)

RCM BEEAE NEE HEZRZFEIMESR 2 2NN AR, HikE TS FN%E
RS IR AR 2 b, RCM W BEFRESE BIedi T BRIE, EESZERES
e HERIERY CEIEUE, PAMEES S ECR A E IS, WMl $H, FR, X
1S RCM 7] LAPRIEM =4 CF IR UE, H S5 EHK BRI, BRIRL G A] 1
FEMEIA S5, an (8] WHFTR, ARIERIFIESRINIRS I, BiEsin KRB NIEF.
W BRI E T Se e, Hrh, FIFO HBEBERHIE R 2 MR IRV AT, RCM
A] DAERIZI DAVR (RS CF IR UE, AT DA IR [ E R Se 3 AR S 1 4
KR RCM,

£ FIFO HiEB{ R, BN2REIFRES— FIFO YI<EE, ZWIFIE SR EFTE
ERRRIER GETHENEWF), HARAFSKEBIMTESHAERTHRIR [11] . X5IH
THIH 1,

SIBE 1: ffiF] FIFO Hlest, X r, 7, EREZ 0] DUPHT RSN r, (915K EH
FE—IN,

TERH: XN FAEIE SN A iEst, YIRS AR <R SR BORC AR AR (T T %
RZRHEERH—MER, XTE 8], [10] PEZNEH, XTS5 EsS, etk
LSS R DG &5 B TS5 (spinning task) r, LIS r, , (EREXEAESER S 1151
PEER rk, BN, ATRESEAFERL, Hb i TTiEWARSS, [RAEHE FIFO BAFIHTE
Tl 2G5 (EME) MES S, K, AFRES{E AN ZIR 2 & — A FIFO E
HEBR 2 R R IRITE K

RIS #E 1, 7 FIFO HEEBR, 7, ATREM G, 5l HALE 2N 20 F1fl
I, RN pfife(r;,G,) o THE NF(t) BAH THERTRIE ¢t WM 7, 2l »F BiEREE, R

NE(W) = [£]xNFo (B2 7, F1 G, SERAEFANRIRAESS b, 1 7, 21 g, FEIES )
] rF M SBERZ N, THHZE
pfifo(r Z min{ N} (T, Z Nk T,)} x c* (20)

rkeR T,€9,

i A:020, AILAMSEI FIFO Bhgdi T~ g, ¥ G, Z [AH) CF IE{UE, W~ 21 fi
TRo @iﬁﬁﬁjﬁﬁﬁﬁﬁﬁa AN RIS BEESE AT RE AR U SR, BRERUR, B
FR TS ECSA R — RS (AR ATRERYIE) MIURES S,

9(17917 Z ¢ z?gb + Z ¢ J’ (21)

€9, T;€Gy

RCM W iH IS ARSI E S RILIEIHZE, 28, @550, KA
BHEE A(Ga, Gy) RIESSHMGS R —ALBRES, T4 ME/D, ERHIEE 17—

70



Yat-Sched it FF & S Proj #291 4 Linuwx PIRZIR EENLHIHTE — NS 8%

THIMERAZE, AL, X T T ERAHR, RO E R ReREA RIKERSH
WIME R
4.6.3 % JBFHIERUESS s ieHLI S
B RIATRE AN BIESH .
1. SporadicTask Z5#3#1 Resource &5 4.5.3 THilA1 B3 R AL Se 2k 7 R IESEAE
i
2. TaskGrou &5f, FRTECLAHEMOIESSHIE B,

typedef struct {
SporadicTask* tasks; // —#E(1-55404H
int group_size; // HH&SHK/N

} TaskGroup;

3. GroupPair &5, FoRFXMESHRF R,

typedef struct {
int g i index; // #%—4 TaskGroup AH9Z5]
int g j index; // &—/ TaskGroup £AMYZR5]
long cf; // W MESARBNISEHA 2

} GroupPair;

FHIRB(CPFEE
ZER IR BAESS 7 BC IR T R AR IR IR (RCMD) 85>, %aRor SRRy EheE it
|/ FIFO HEwi NHY CF TeUE; RN ZER 9 DA R IRERR Ot 1 2kht: OFT B3RS H
HIES d; OREFHDBCAITESS, OTE RAFallocating R A TF 2 BCHIE
FHMRIERZD EO LRSS H S TS5 A CF #1THEY; @718 RAFallocating Ei%L
HO IEERE T 0 BC AR SS H ARV SSARIE B 5 %000 _E B0 BERIESSEHIY CF MREN/ N
flbF;  (OFE RAF BB T B IRAVESS HI% S HWN CF i THER

Zi B YEH Z8 Bl
task: Tt F

it & maxPeriod N 1T resources: &R <long> maxPeriodH
getCFOneTasksOneR LHISERFERLMIE A, rIndex: HER ([FHAIETEELTDY
SKEHN*ZFIR csl 5|; maxPeriod: Bk EFREHFEIEcsl
FE A
task: {£%; group:

HEages5aEegE E5A; group_size
£t %5 A K /N

getCFOneTaskOneGroug & B A » 2| e e s, SLONG> FEZECFE
. resources: #HiR¥
20 ¢, resource size:
HIREER KN
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i g el 2 IR E

groupl: {154 1;
groupl size: #A1K
HWERMESHENE  )\; group2: (£5HE <long> FiMAEIEN CF

etCFTwoGroups
I P SESA > SR 0T 21 2; group2 size: A BF
2 K/IN; resources:
IR
group: {f % 4
I+ E IS4 S jze: 24
getCFOneGroup HEESHNNEIRFE group size Enﬁ <long> %A CF [
A H/\; resources: &
TR
RAF FA%L

TaskGroup* RAF(SporadicTask* tasksToAllocate, int numTasks, Resource*
resources, int total partitions, double maxUtilPerCore)

« FBIGE

155 7 BCAILI AAZ o BRER, MR B3 R0 TR U 755 0 A0 0 B, R 55 e 2a
IR X (B,

« SR

BEA B 2w fId

tasksToAllocate SporadicTask* BEEEAYSERHESSEAH
numTasks int ESEEHIR N

resources Resource* RIFHAH, FiEEFENREENGER
total_partitions int B X ER

maxUtilPerCore double BRSO TR B AR 2R

IR[E S EC IS TaskGroup $U2H, A TaskGroup 18 73 BLA— A XTSI
E558E, WRITECRENIR[E] NULL,

o HirtE
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ﬂ:?ﬁ

|m%k&%ﬁ[ﬁﬁﬁﬁ|

R SRS

‘hwmﬁ&%ﬂﬁmmﬁﬂ\

|ﬁ&%ﬁ£§mﬂﬁﬁﬁ¥|

v

%t 0] & iFR £ 518 Grouping R i TR 4T
£

| It EMBLHRAE |

HHETHTHROE?
= iZ

‘HEE.HE“‘H‘E SIBLE total_partitions £H
E%ﬁﬁ"ﬁmﬁ‘]ﬂﬁ% Bl &l

14 rAFallocating £ #1
pEE b Tt o e

‘hﬂﬁ%ﬁﬁTmﬂﬁEH&%|

| f# B Worst-Fit- Decrea sing 7 BL{ES ‘

B[4 final_tasks
=T

S

o PRERE

PIEEAESS B 77 X RIS e

ARSI BN BHESS A THE Y, HF B e .

KT B IR AR S5 A0 T R B IR RO AR 55 70 O NP1

XIS IRINESS EH Grouping BREGHAITIRIA 724, nd/5He&H CF BT

7.

5 FKaH (TiREENES) pEESZ0L, HordafiE K TodE, EH
RAFallocating BREGH) 77 HC 2 H R E 714,

6. XM Worst-Fit-Decreasing KA i A GIRAESS 7 ECA 1%/ 00

Grouping FA%}

AL =
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TaskGroup* Grouping(TaskGroup* task groups, int* num groups, Resource*
resources, double maxUtilPerCore)

 FEIIGE

RS 15 R B (CF) MRS T 0 H, ZREURRTE 1 (1 4.10) FRRSE
W, RKBEARE CF M MEFHEH, REHHAREHMHRANEE maxUtilPerCore.

« ZERM

LEA BERA DR

task_groups TaskGroup* BEeHAYESS4HEEH
num_groups int * S HEERTEE

resources Resource*  YRIFEAH, FHEENEIRNIER
maxUtilPerCore double PO TIF I R A =R

R A7 J5 ) TaskGroup ¥4, HA & MESHWHH B #ET
maxUtilPerCore,

o HiFEE

HEEMESAEL cF HF
£ groupPairs AR

v

2 cF [EFHEFgroupPairs

v
BHEMEY, BikaH

SHEHN
% % KT maxutilPercore ?

[z SeReRi:]
SHEHT—E

AFCFRT 07

ES

= Y
R aT RS | B Elask ‘ iz
iB [Altask_sroups ask_groups FHETESEEHE
J%Af’/ffff IR E S
- TS HTER
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o RAERME

1. BFTAESSEN, HHESNESHBN S H R CF IEZELE groupPairs

2. 148 CF X} groupPairs ML TR FHET

3. ZREIF CF e —XNEFH, (case DINRE I G HFH R i@
maxUtilPerCore HiZ4HXf CF A9 0, WHATEIF, HHESHEA, I return
Grouping FECEITVER). (case 2)UH CFh 0, NHEIEEFH, RIEUESHEK
H, (case I)WEMFHZRBIE maxUtilPerCore, W ZAX & FH K —XHES54H,

4. BEFRERGHEZMH, BIEGHR, RETESHEAE,

RAFallocating ¥i%}
o FBURE

int RAFallocating(TaskGroup* group list, int num_groups, Resource*
resources, double* utilPerPartition, int total partitions, TaskGroup*
final tasks)

 PEUhRE
M REFH RS ME B B MRIEMFIRF CF @R 55 0 ficga rT Y
ol
« ZRW

LA B R

group_list TaskGroup* Rl HESSEEH

num_groups int * ESSHE RSS!

resources Resource* RIFHUH, FHESMNREFEMER
utilPerPartition double* FIFZREH, FToRED 7 XPF =R
total_partitions int B X EL

final_tasks TaskGroup* HRZELHTESSA

GUERFREESSHA RS R, IR 1; SBNGRIE 0,
o HirtE
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HI
i

. 'y
5l R HERH A F RS
v

| 1% cF BEF HEFgrouprairs
v
g%tz 0 LA EFEER group_list
FRrBLAA) cF MR R EFITEEFHIF

CF S AHYLERT LU
HEFHERSHZL?

- &

r'd A
FZESBLRIZED, B HFZERRESFEMZRD LR
FhFI A FEH B Mgroup list {F£4AE 8 cF BEFHEF

v v

ZEEAEER, i SHFERMN R MES SRR
SRR SAVESLE i, HETEBRAERSES

EL—TEFWSTE?

A E EE o |
Fgroup_list '
%®

o
« PR
1. WERFFEESAHEE I, RIE 1,
2. IRHFRIRAM R D,
3. HEZZ0 ERESS AR group_list ATAZE) CF N AT H T,
4. MR CF HARHIHA] DUAAFIRA AR k@m0, WRIZHEENZZ0, FF

RN R EEH, M group_list HFEFRIZA.,

5. WERAREREE D HBMAZL, MRS HNKHESZNIZ 200 ERESFAHRIT
CF B flr. ZURANBIBEMES TREID, BEEIARERBRAEZES,
6. WRED—MEFWIIEL, T group_list FIFIFHZEEH, IR —MESSEARE

SrEe, WBRIE 0,
7. WITHA B S, KerERERIIES A
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5 35 H A

AN/ 41 Yat-Scheduler T H FIINRES R, F2 65 5562 B MEAEAR,
R DA AH N B INR 45 5, Yat-Scheduler T H WA EL A TNR (145 DA TR T LANER S

« Yat-Scheduler SFEHLIHEMNIR

o 282 H FHRIFEHE IR

o T AIGIRAR Se g HE e B iR

o 2 RRHFEMIT 55 BECALHIII

o Yat-Scheduler M:EENIR

AR o3 B T 24
5.1 Yat-Scheduler YIFEMA

5.1.1 MiAMEA

WREMIR TS SR, GSERRTFEEL (RESIREHES. JHEE
EEERSY. [EA AN EENLEIE S, VEEE IR Sy, RS DA RO, BT
BT I EE AR, VA (55 B R @ N,
5.1.2 H:A
AT i

B2 IR 277 B B A L R (RN AEE 1) PR M8 FH PR, prrintk
AN RIS, TR S8 — R, IXFEINRAE IR, Flun7EssE
FEE SR S g WS TR 55 Y N A2 L1 4b T DAIXRERE ) printk B4 :

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 rg *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);
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IRIGE A qemu F1 gdb #EATEIR, BIMEA arch/x86_64/boot H FFH AT qemu-
system-x86 64 -kernel bzImage -initrd initrd.img -append nokaslr -m 2G -S —s,ﬁ§
& gemu EI, BEES —TmPITHRERIA gdb vmlinux [53 gdb FHIMEFF 5%, A&
JGHI N tar remote:1234 JEHAM gemu, ¥l A\ b schedule TEVARERI N IALFTIT L, BUH
A DUERAE AR MR R AT, SRJEHIA ¢ JHIBIBTT, 1E schedule BIEALT T2
J&r] PUEE AW A n 12 ST, BEEIE D] gemu & printk (58, BITHIRE D)
REMLAI,

ISR

43 // printk("hello\n");
44 // return NULL;
return rg->yat.agent;

QEMU [Paused]

void put_prev_task_yat(struct rq *rg, struct tas achinsjgVie wokaslr -S -s
printk("put_prev_task_yat\n");

1em 37s
0.4348131 <
0.4348131 wokaslr -S -s
0.4348131 ======enter judge: yat_prio======, polic
0.43468131 ae
0.4349351 3m 28s
0.4349351 wokaslr -S -s
0.434935] ====== s=zz==
0.4349351

2 void set_next_task_yat( rq, struct tas
printk("set_next );

int balance_yat(struct rq *rq, struct task_struc
// printk("balance_yat\n");
return 1;

wokaslr -S -s
0.4394601
0.4394601 ====== : —==z==, polic
©.4394601
0.4395621 o
0.4395621 wokaslr -S -
0.4395621 == ec a a a at======

2 int select_task_| (str ruct *p, in
printk(" as
return 1

1okaslr -S -s

-append nokaslr -5 -s

remote Thread 1.1 In: put_prev_task_yat /0S p/Yat_kernel/arc t im 40s

Argument required (name of window to focus). - ge -initrd initrd.in — v
(gdb) [] | E%ég‘-

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

Pl 5.1 FR5rz 10 REMA
M EERTAE W, TENZESE SRR 2R et A2 yat AREESRH, I Hi
HT —RIBOBIMER, WRABRMTIVEE R D26 300,
5.1.3 {E55MI
ZIAH B AR IRRAIBITIEFE AT H, R PARRINIETT yat_sched, &3E50%k%
IISCERE FPFPS_RS VA& 28 HICHAE A bug.
MAPRI
BAMEH gemu BIIMRXHERSE, R XXHRGCIZZ i PIGIRIEALE SeEE,
HAHIT yat_sched I35,
LR WIRES
i start-gemu.sh BIA S5l gemu AL, BIAGD T
#!/bin/sh
gemu-system-x86 64 \

-kernel ./yat sched/arch/x86 64/boot/bzImage \
-hda rootfs.img \
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-append "root=/dev/sda rw" \

-smp 4 \
-m 2G \
-vnc :1

ARG root IKS55%, MABREN 123, REHIT availsched f51%
RGBS yat_sched 85, £ ESNARELHIT setsched FPFPS_RS VI Ry, 7
ERGREB YA, BB PIT my_mt_task BATRE AT HIT, Clrootlyat_lib/
data.csv XIHENTIAN, BEERENEEZETRE, EMH.

UIReAid

The programs included with the Debian GHU-Linux system are free software:
the exact distribution terms for each program are described in the
individual files in susrrsharesdoc/=- copyright.

Debian GNU-/Linux comes with ABSOLUTELY NO WARRANTY. to the extent

permitted by applicable law.

Last login: Wed Jul 31 06:50:30 UTC 2024 on ttyl

root:”/ # availsched [6:52:051

YAT SCHED

Schedulers available for the system:

FPFP3_RS

Linux

root:” # setsched FPFP3_RS [6:52:071]
[ 231.9228761 Switching to YAT"RT plugin FPFPS_RS.

root:"/ # _ [6:52:111]

K 5.2 2447 Yat Sched %55

i1 -ERH] Yat_Sched REFES RIERE S Linux WEZERSH, H HIERAMTREBEE RA
SRR, T HAENSIEREIRATE Jehy AR,
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I1N1L_I["L_LArgdavy UK.

init_rt_thread() ok.

RT Thread 4 active.

[ 242.5919881 Setting up rt task parameters for process
zet_rt_task_param(gettid(), &param) ok.
task_mode(YAT_RT_TASK) ok.

[ 242.5952841 Setting up rt task parameters for process
zet_rt_task_param(gettid(), &param) ok.

task_mode (YAT_RT_TASK) ok.

init_rt_thread() ok.

[ Z242.6017181 Setting up rt task parameters for process
zet_rt_task_param(gettid(), &param) ok.
task_mode(YAT_RT_TASK) ok.

[ 242.601975]1 Setting up rt task parameters for process
zet_rt_task_param(gettid(), &param) ok.
task_mode(YAT_RT_TASK) ok.

[ 242.6026801 Setting up rt task parameters for process
zet_rt_task_param(gettid(), &param) ok.
task_mode(YAT_RT_TASK) ok.

task_mode (BACKGROUND_TASK) ok.

task_mode (BACKGROUND_TASK) ok.

task_mode (BACKGROUND_TA3SK) ok.

task_mode (BACKGROUND_TASK) ok.

task_mode (BACKGROUND_TASK) ok.

root: #

B 5.3 HESHITE)

a0 EEBATAIRE 4 DNEREAEESS PUTHVE R PO I TR, F BAESSHIAIIs
IS8 (WEIMBEILHI TS WCET, iR ZINEREIRY) AW iRERY), i HAE
YA S5 HO A A
5.2 ZRH FRIRIAPRNA

ZIA S R 2R RIRE 2AZIAE N2 RENS B Ui A=,
5.2.1 IAEE

IR Z BTHY my_me_task (£55, (ESSRIMHRSERARESEUN !

5

id WCET pure_resodeadline period  partition priority  util resource_ resource_ number_of_access_in_one_release
1 3 0 9 9 0 1 0112 223
2 4 0 8 8 1 2 0212 21;2
3 3 0 6 6 2 3 03 124 3234
4 4 0 7 7 2 3 0.3 1;2,0,5 4 3412
5 3 0 5 5 2 3 01 0
6
id csl
1 4
2 3
3 6
4 2
5 7
6 8

K 5.4 Z8FI%
PG5 5 NEARE, HAhgds 1 8RR 2 BFEVIR 1, 2 SHR, BRREREST,
HWSEIEW 13K,

5.2.2 X5k
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i yat_trace ¥ st-trace-schedule, [FIBf{EB) tmux 5 — DK im AT S5
my_mt_task, PATFEREE VIO FCRIYZuTE N RIZEREE R trace, NS EEY
g B N bin XHFELBWNE T, 1817 st-draw *.bin i 24 PDF X, =FEF
YETHZE NEH T pdf, HEEAZIARMEN NHITESR,

5.2.3 iA&s 1

B 5.5 SH%H )RR SRS,

F IR ATTATHILRAR 1 ANSRAR 2 RBEIR 1 70 2 T T HL R IV,
5.3 B IZERME S5 7 e HLil & i i BT IRIAR Ye e HE > T
Ljmy
5.3.1 iAHRBE

TEAS OIS VA B 07
5.3.2 WiX75 1%

FHH NS LIS IS
5.3.3 MiAgs R
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E Microsoft Visual Studio i X + v

Allocated Group®:

T3 : Period = 6, DDL = 6, Priority Partition : 0.3000000
rIdx:1 accelnlrel:2

rIdx:2 accelnlrel:3

rIdx:d accelnlrel:d

i
i
i
Tl : Period = 9, DDL = 9, Priority Partition : 0.1000000

ridx:1 accelnlrel:2
rIdx:2 accelnlrel:3

I
I

Allocated Groupl:

Td : Period = 7, DDL = 7, Priority Partition : 0.3000000
rIdx:1 : acceInlrel:3

rIdx:2 : accelnlrel:d

rIdx:@ : acceInlrel:1l

rIdx:5 : acceInlrel:2

T2 : Period = 8, DDL = 8, Priority Partition : 0.2000000
ridx:1 accelnlrel:1
rIdx:2 accelnlrel:2

.
I

I

Allocated Group2:
T5 : Period = 5, DDL = 5, Priority Partition : 0.1000000

Allocated Group3:

T5 : Period = 5, DDL = 5, Priority = 1, Partition = 2, Util: 0.1000000

’ I

Allocated Group3:
partition: @

id:3 slack:-505
id:1 slack:-1030
partition: @

id:1 slack:-66
partition:1

id:d4 slack:

id:2 slack:
partition:1

id:2 slack:-50
partition:2

id:5 slack:2
result of SPO
partitons: @
task_id:1 priority:
task_id:3 priority:
partitons: 1
task_id:2 priority:
task_id:4 priority:
partitons: 2
task_id:5 priority:
partitons: 3

B 5.7 2
5.4 Yat-Scheduler TERENIR

TODO: Z k73 3T B 2 EFEE M ERe K




Yat-Sched it FF & S Proj #291 4 Linuwx PIRZIR EENLHIHTE — NS 8%

6 BB WENIRED )T A
FEAVIRTARAT IR, AT TBAMIIE R 1 —LE 0 ASr 2 LA ] T LA X -
o MR MARDTE 285 TIERHER, MZIRNBRESEREIRR, feflitti)
TR TRIA TR,
o HTRAMERIBA SR B AFRZERE, 20 BIAETE A LR ZET MR X IR R ER AR X
SR EREIEIER Z B O SR BEE 2% ERETT, 1R B2 E—E B
Wi, 40 SROGe A B AN TR R AL = AT 2 P RIS FF IS TAERYIS A Al o
R HERERRAMEIE RT3 TR BRRABAA R —E R E TR,
o W EBVDITA Linux AR ZRMBRE, s N, ReEz5 57
TRAE R 2100 H 12 18R R

6.1 AR

A ZERZES W BUE, BATRE N2 e R AR MR, FFS 2%
HFRESLZM mEsER ISP RIL, B EHERES BRI = 1%
HIRORER 7y, R T 2 AT RERMPERENI,
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