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# # 5071034821 : MAJOR SOFTWARE ENGINEERING

KEYWORDS : TASK SCHEDULING / OPERATING SYSTEMS / MULTICORE COMPUTING
ANGKHAN CHIEWKIJWUTTHIKUL : SCHEDULING TASKS IN REAL-TIME OPERATING
SYSTEMS ON MULTIPLE CORE MICROPROCESSORS. ADVISOR :  PROF. PRABHAS
CHONGSTITVATANA, Ph.D., 66 pp.

This work proposed a scheduling scheme of a real-time operating system for
multicore processors. The aim is to use resources efficiently. The development is
based on Micrium pC/OS-lIl. The program is ported to run on S2 dual core processor.
The scheduler adjusts the work balance between two cores. The work is sent to the
core that has less work first. The experiment is carried out to compare the
performance of running tasks on single core and multiple core microprocessors. The
result shows that the efficiency is increased by 171 percent on a dual core processor

compare to a single core processor.
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WLNUKLIEUIZUIaNAAINKNULAYY (Single Core Microprocessor) tunueUseiana
agnu (Multiple Core Microprocessor)
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1.3  YIULIAVBINISIAY

WAL TEUUIINTLUUURUANITRUUIAIITIAURUY Micrium pC/OS-II [2] wagiiai
UuMUeUIzuana S2 : A Hypothetical 32-bit Processor Version 3 [3] Humiae
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2.1 wqufiiiieadesiuauide
2.1.1 spuuduRn1skuunanaie

53UUUUANITUUULIAT939 (Real-Time  Operating  System)  1Ju
syuuUfAnisiieanuuuaiienauaussaudonts nisinuludnuuzinaiaimie
pevAUBINITIAIAIIaAidmun Taefszuulfianisagyimihiidudinarenis
Fanssemrinmingnsuusndaiuagilusunsuussgnd fanmil 2.1

Application

Real-Time Operating System

Hardware

A9 2.1 53UUURURNITUULIANESA

5xUUUATRNITLUUIARIlazausaiuAE oanANa 30 iR In
ANRBIN1svesseuule WieliiAeaumngaududiansawisiasyilvissuuiininuduan
150

2.1.2 A1S99R15199U

FEUUNANSIVUMa8uMeUsEINaNe (Real-time Multiprocessor System)
anunsalusdwun [4,5] lanw

2.1.2.1 nskuUsass (Allocation)

1) wuvlifin1slendie (No  Migration) ADNITIAMITINNITHINU
WUUWUSEU (Partitioned Scheduling Algorithms) TaguaazdiusIuinnIsanInIsyineIuas
nihelssanananievniaaz ldinislondreludmineussnnanadu

2) WUUNSlENgEIEAUEINNU (Task-level Migration) ABdIUsIU
21981130V UUUNEIEUTEINANATIANTY wililevinuLaIazineguumitgUEulana
U9 RzlNSWAaIUIINFITANITENAT



3) WUUNSlENE18TEAUEIUTU (Job-level Migration) AodIu
NUANNTNVINUUETUNeUsEInaRans1aiule wadeldaiuisavinauwuusuunsendauiu
awnsalenielaglididedinninfesseliadanudu o Aeuduiuimdnniseu

2.1.2.2 msWiaiauaudfsy (Priority)

1) nsafuANdIAYTOIEIUULUUAI (Fixed Task Priority)
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Aousazauazinisiszaumnuddgamiawaz duanlituynaiuguu

o

2) NTEIRUAIINAIAYVOIAIUTUULUUAIN (Fixed Job Priority)
ADUAAZEIUIIUAINTONATZAUAINA AN AULAAIUTUIUAZ AR INY

3) NsEIRUAINAIALUUNATH (Dynamic Priority) Maufazdiu
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unuausaaszauanudayantululutdazgisaa
2.1.2.3 nswiannaniseusneeu (Work-Conserving)

1) wuulvandneu (Pre-Emptive)  An1stidiusnunilszau

NTNIUNDULEND

a

AR la

2) wuuldlidnsneu (Non-Pre-Emptive) Aolilod1uaunilanias
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2.1.3 A1595399AUTEANSAINIANITINU
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a [
navssesndu 4 wuu [4]

1) waulanshUselewi (Utilization Bound)

Juigalddmsudiuauwuuinsauainisiiausiueu (Implicit-
Deadline Task Sets) lnginainnislauselesunsauriansuing

2) 9ns1duUsTUI (Approximation Ratio)
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3) MsiunSnens (Resource Augmentation or Speedup Factors)



L‘fJumiLU%smL.'ﬁEJUU'5”aw%ﬂwwmaqmﬁmmi’mmé’uLLU'ULﬁsuﬁ’ué‘h
fian fansannainsyhauvemtheUssnanaildlunsinaumssny

9

FAn5AS19UTR
4) In15neasd (Empirical Measures)
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2.1.4 mhyUszananaluunaIekny

wireUszarananuunatswny [6] AenulsUszuianafiinissiuniie
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AN 2.2 aNWaEUINUNIUIZINANANAISLAULUUAIAY (6]

NUEUTZUIANANAIELNUL VLA (Heterogeneous) AaliniigUszaiana
nanefithu i dusnuiidneagliviioutu viednmswlmheussuanassndusmdnuas
f1509 Taelnadunaniinauaiulnglazfii5919UanIZn 19N UAN B UL UKL
Uszananafifimieuszananadisedlvhmsdhswadesesnafeuwaslidmanyhaudug
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SNWULNTNNUTINUNUIZTINaRNara18LAY (Multiprocessing Models) &
2 WUUA®

1) nsUszanananuuliauinns (Asymmetric Multiprocessing: AMP) fe
n191uvesszvuluRnisasienlduusnuniislssuiana tngagldssuuuisnisy
willouiunseldimilouiunle

2) NsUTTLIBNALUUANLINT (Symmetric Multiprocessing: SMP) Aon1s
nulpgynmheussiianaviauneldssuulfianisieniu

2.1.5 sguudfumnis Micrium pC/OS-|

55UUUHURANT Micrium pCOS-II [2] Wussuuufifnisuuuliansnou (Pre-
emptive Real-Time Kernel) Waiunaud a.a. 2009 Toe T C luniswaundundnuasdl
A1 Assembly U@ BFUIBaNBEd AU ULUL URNS LAY

2.1.5.1 n139An15aIUaU (Task Management)

awnsavinulavatss ulunaifvadu (Multitasking) Adauau
(Task) #3830 (Thread) LNISAMMUATZAUANIUAIAY MAUATUIALEAA (Stack) N3
HTIVADUTUIALAANWAL AN TULVDIAIUIY

1) NSMRUATZAUAILENATY (Assigning Task Priorities) Tfuaau
NuIuduANINzaunalYssuUsTENA

2) MIMRUATUIALERN (Determining the Size of a Stack) Twfu
AU I@SLLaMﬂazgﬂwLﬁU CPU registers wag Floating-Point Unit (FPU) registers

3) @0ULVDIEIUIU (Task  States) & 5 @n1uzde 1.4av
(Dormant) 2.w¥ey (Ready) 3.1184%9 U (Running) 4.4 (Pending)  5.9nTndanay
(Interrupted) uiaranugianuduiussaning 2.3 Tneunfinsyieuvesdinauazisuain
anuznauudsaniUasuduanusndenvhau fdvhauasmwiesensdoniiedy
anuenIeuihausiely lngazlianuzgnindamelaseninanisianu



Pending
(4)

AT 2.3 @0nuzURIdILLY (Task States) [2]

2.1.5.2 FwMsanuzniauyineu (Ready List)

drununegluaniusnionazgnineldlusenisantugniouvinau
$18n159zid03d1UAe Bitmap Priority Levels wazn1519 Ready List Pointers A4nIwil 2.4
WAZANT 2.5 MUFI9Y

Highest
Priority
Task | € 32 bits >

\ 012345678 91011 202122232425262728293031
[o] ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ """" ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Priorities 0 to 31
(] ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ """ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Priorities 32 to 63
2] ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ """ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Priorities 64 to 96

[0S_PRIO_TBL_SIZE-1] ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ...... ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Priorities

OS_CFG_PRIO_MAX-32
to
OS_CFG_PRIO_MAX-1

0
Lowest Priority Task /

AN 2.4 uan Bitmap Priority Levels [2]
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A dnTifanTesrsdinnuddaann nand 2.4 Wellduauiifanusndenrhauuas

v v 6

muamwuﬁﬁ’ummwummmﬂmaqmmmum zgnviA (Wl 1) asuu Bitmap Priority
Levels wislulHlunsdnmsisrnusely

OS_RDY_LIST OSRdyTbI[0S_CFG_PRIO_MAX]

Tailrtr @ —» 0
[0] Entries=0

HeadPtr @ —» 0

Tailtr @ —» 0
[1] Entries=0

HeadPtr @ —» 0

Tailrtr @ —» 0
[2] Entries=0

HeadPtr @ —» 0

TaiPtr @ —» 0
[3] Entries=0

HeadPtr @ —» 0

Tailtr @ —» 0
[4] Entries=0

HeadPtr @ —» 0

Tailttr @ —» 0
[5] Entries=0

HeadPtr @ —» 0

Tailktr @ —» 0
HeadPtr @ —» 0

[0S_CFG_PRIO_MAX-1] | Entries=0

AT 2.5 wanemI3N Ready List Pointers [2]

M1579 Ready List Pointers aanan# 2.5 10uaisialiifusumnuad
Tuduaeu Imed Entries inuausuiuresdinunlaniugnsauyinanuiasinudunusiu
ArERuANEIA UL Ready List §1 Entries Wuauduansinlifidruanuniiseiuauddgy

o

[y

Hunsouriteu TailPtr uag HeadPtr AU Doubly Linked List Ues@iusuianunfifisyau
ANnudIReReITy Inefl HeadPtr iudiumitay TailPtr iNUEIUNNS
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2.1.5.3 N159ARN151997U (Scheduling Algorithms)

AUINLEDNEIUIIUN DI UVU UL UNUIBUTEUIANANIUA AU
ANudIAey lneseuudURnis Micrium pCOS-Il 983 2 35

1) n139an191991uluulnansneu (Preemptive  Scheduling)
maulunsainszauaudAgldvingu Ineavlvdiununiissauanudrfgrinaunouldus
AININA 2.6

ISR ISR

uC/OS-lIl 0s 0s

High Priority Task Task

Low Priority Task Task Task

NN 2.6 N3RS UL UUlREANSau [2]

2) N3NNI IIIULUVIUTOU (Round Robin Scheduling) 191U
lunsalfiseAuaNUEAYURILAaYAILIUNIAY 1ABYiN1TLUa N o38N (Time
slice) FaNINi 2.7

%_ Time _ﬁ
Quanta

Tick ISR ‘ ‘

HC/OSHII

Task #1 - I S — - h A% I
Priority X~ - —  E— - — E E—

Task #2 =~ Y e e — Y F
Priority X A 1t

Task #3  ——— b h AN h 4

L. Task1 Task1 Task1
Priority X +—~H-—+—+—+

AN 2.7 NFINMITINULUUIUTOU [2]
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Time Quanta a@1u1savSurlasuannadiusauszaruluswnsy
Uszgnd muANUwTnzaulags i

2.1.5.4 nswasudinau (Context Switching)

< A o ! ) a ! )

WWunisidsunisyiauaindiuaunildudndiuaunia g
FeasBualaanaini 2.8 wananisinudsudiunu lneasiiuduiindeyalaqgiuuas
nsisendeyadiunulviiverinany

Context Switch

@ Current @
Save Taskl Thread of Load Task2
. Execution .
info info
Context of Current Context of
Task2 Context Taskl

List of Task
A

Task2 e )

Taskl

—>»|  |&— Context Switch Time
>

Time
a = |
AINN 2.8 LL@anI1stlasuaInau [7]

v v

2.1.5.5 MFIANITAYYINTAIMIE (Interrupt Management)

Fruanaudndazgnlditeniunnisalangeg Adadulunailag Wetin
ya1autndame szduiindeyaidduinnuegudiaznselanluddiuiisenit Interrupt

(%
0 [

Service Routing (ISR) 31ntuazydIuUdg 1aT9z (Interrupted Task) WTodIUIU
nllsgauanudfygeiign fann 2.9
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High
Priority
Task

Device

Interrupted
Task

HC/OS-II \

Disables Interrupts N
in /\\\ ,’/

Critical Sections

v v

AN 2.9 N15IANISEYITATIMNE [2]

2.1.5.6 n139ANININEINT (Resource Management)

52U UANIS Micrium pCoS-Il #n13danisnsnensilysiuiu
wuduwds lassasieteya 1319 (uniieaiiudn) wie Registers 1w 1/0 iivedaafiunisly

e

NINYINTIWAUTEUUURURNS Micrium pCOS-II azdiidasiugiail

a

1) msiUanazUndy1utndaniz (Disable/Enable  Interrupts)

& adal s a [y | [y o a o v @ |
Juisnhewassinanlunistdestunmsiininginssiuiulaeviinstadyyrudadmiznou
Sunldnineinsudvinialedygrudadmizsoly

2) Lock/Unlock dusiadaadunisildeudinaulaegnldidediu
= Y ] v v = 9y a  a a )
Nuiimslininensruiuiu ISR BdldnalnnisUaidanisideudiuany

3) Semaphores Wunalniiedestunislininenssmsulnediaes
WUURA® Binary Semaphores lag Counting  Semaphores Tdnwuzdu Signaling
Mechanism laga i 2.10 wanssienisserienldaiuves Semaphore Jafusiiusiuan
284 Semaphore 1UIUAIUIIUTONISITENIINU HeadPtr Way TailPtr vosdusulusienis
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OS_SEM
Type
NamePtr Tasks
Ctr Waiting
R— HeadPtr for
TailPtr Semaphore
0 €— PrevPtr | NextPtr
HPT
PrevPtr ‘ NextPtr
|
PrevPtr ‘ NextPtr —» 0
LPT

AMA 2.10 $19n153e1enT9uUes Semaphore [2]

4) Mutex (Mutual Exclusion Semaphores) 1dunalnfiiAwues
Binary Semaphore lddasnsnmsldnsuenssiuiuseninsdruauiianwazidu Locking

Mechanism
2.1.6 wuIwUsTUIang S2

N8UIZINENE S2 @ A Hypothetical 32-bit Processor Version 3 [3] Hu
mirsUszananasinaosnu figniraesduielflunisinulnedulddued a.a 2001 3
anvazlumheUszinanariaaasnuuwuumiiouiy Slusunsudiasawuunisvinegu sauda
msaﬁ’waaaé’aumpmmﬁ'méﬁ'amzLLazmiéﬁy’aLaaﬂummﬂizmaNa 1¥n191 Rz wazn1wn
Assembly Tun1simun

wiheUszaiana 52 \WumiieUszaianavila 32 bit I 32 registers @11130
Senuasiiutayaamiisnnudn J5Uuuudy Three-address instruction formats wandlu
M1399 2.1

oprlr2r3 means R[rl] = R[r2] op RIr3]

mﬁﬁi 2.1 E‘ULL‘U‘U Three-address instruction formats [3]
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¥ilAveq Instruction Tlildeunusesndu 4 wuu Ao 1. nquldlunisviinis
A 2. ngulelunisieudeu 3. nauldlumsaiuay uaz 4. ngulunisdanisveya
LAAITIEALBEALUANTINN 2.2

Arithmetic: add sub mul div mod

Logic: and or xor eq ne lt le gt ge shl shr
Control: jmp jt jf jal ret

Data: ld st push pop

A1519% 2.2 579015 Instruction type

dieldanuluszauniw Assembly azdoutidiuessiatoyaidu 3 dauman
1991957991 2.3 uanenisuusdusiateya Tnaisuandiuvesdydnual udnludiuvessia

'
[

AATIFMLS 100 wavdiuvastayaisimis 5000

.symbol
.code 100
.data 5000

.end

a LV v v
ANTNI 2.3 NMTHUIFIUIHYDYA
2.1.7 a1 Rz

Aw Rz Wanunieldlun1s@ne TagduuiaanuaydnuuznIwnals iy
a1 C lidinsuiswiinvestoyansedtoyailuliiiies Integer sllaide

f798190191 Rz LAAIIUANT 1IN 2.4 WaAIFIDE19NNSSENNIT T ULNUNLUIEY
UILUIANAVIEDILNY LAYNITHIUNITINUVDILAUNAE NS UNTINTY main() TS anAEs
syscall(15,0) Loyinisugnununihieussuianafians@asuvinaruiileidy main2()



15

// Example
// Dual core demo
corel()
i=10
while( i < 100 )
print(i, “ “)
i=i+1

core2()
i=1010
while( i < 1100 )
print(i , “ “)
i=i+1

main2()

core2()

main()
syscall(15,0)

corel()

AN519% 2.4 $1981901190 Rz

2.2 uUIWNNeIT09

TunsfnwamadeFosnsinnsmssnuuumibeyszinanavianatsuni James
Mistry [8] lotauanisiaiunseuuduRnig FreeRTOS Tativauyuniigsyaiananalgwny
lngimuuunidlgUseulana MicroBlaze (FPGAs) #518n15a1uaeen1stunisiauigu
a1u1303nN519ud IS unitgUssananadewnu 4 APl dmsunisisenty mutual
exclusion tfiemsdnnisteyailiiuiusznindiununazsiaddfosiedenisiiany
Wle dmsuniseenwuunisdaniseulanatsanainanuduiusunulseuiana (Core
Affinity) WagITAUANNEIAYIBIEIUNIU TnsArua@ILAUKtgUTERnana IRRUaIuY
Wlespyinhauuumiheyszananale lunsdamaanuazidendrunuifisefuauddny
gegauaziiauduiusiuwnuussiiarauwiheuney Ldnsden1svinauveddInaIuain
uauyheUsznanatignisuviheny lumsihfsdeyadildausauiuazly Memory barriers
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N15NAaa9kRinnNIsNadaulngas19@IuIuLn 3 d@uaulidiuaunilawardluauaneld
mutex MsUINKaY tnedoyaldausiuiuseninsdiuany Idiunuaiuyinismsiadaey
A1V TULAL LEASHAN ISV IUNAIF I LI I UN T AT FIT U UABIIUNITVINY

Nicolas Navet [9] léawenisdnanssauildanulumuoualngifisiuiudin
TUsATUEINLY MTTANTIEUIRTIINTIEeNkNUeUsERanalneldrnislduselew
yesunumiegUsyanana (CPU Utilization Rate) agifindmaulyifuunumireuszananaii
ArnsldusglovivesunumitgUszananafidosuazfinnsanainnguuesdiusiud
ANNANTUSAULNUMEIEUsEIANE IAENENYDIEIUITUIL HIUNTTUUILENNITHINTANAIY
Aeadestunumielssinananeu nMsvaaesldimuuy AUTOSAR Lussuudfoanisd
Heldlugramnssueueud

Hiroyuki Tomiyama [10] letauensimuissuuujuanis piTRON Tanunsavinau
UU Altera Niosll/s (FPGAs) wthetszanananuulianunng Ingesuigsignisninusiens
YBINIIHAUISTUUUHURNS HTn1sAnwiniasussananaidiminginlidneaen1svinanu
p814ls dnshnsossrinwununihglsesinanattuls eSurevannisuazwmaialun1swamun
szuvUtAnsTntswann Lock Unit Taeld Mutual exclusion titeldaudeyaiignldey
$2UM135ENINEIN nsnasasiatnvunstasdaiiuTuie 60% uaznaaes
Usgansammsieuannainisiiey lnswisuiisunsitaueesssuuufoantsngs
lailsignitamnAunsiauresssuuuuanisignitauiuds Tasgainseozianssninans
Sundyaalunisitendiugu

Diana Bautista [11] WAA4N1SLANWNLMUIEUSZUIANARINNITRANTUIAN A AaAn
Fasdruusanal wse /A Wunainuisdiunulduununiieuseuiana lnefiansan
= | o ¥ v | A Y] a Y} o a
LaaﬂmemaﬂizmuwawmﬁgﬂimmuasfmLW@UTULﬂaﬂuizml,mmulﬁ/\lﬂwLLazmma
Yody RN Tagusvasdiion1susEndandenuiltuumiieyssaiana yin1smaaes
lngdnaeangn1sain1sinulaedniseauanmsmulngy MsawI CRC nsdudalng
d@eanaznisaansliad@es lonanananisnaassiinaiunsausendanasanula 34% 99 74%



UNN 3
A5N15AHUNISIAY

3.1 WUIAIUAR

idnnismsnudenszasauliiidaenisufunadiuiudunuseninuny
miheuszanana lneidoausigudesiuiodelinufuunulaluudaglifnisgenuly
unudy siiielisruuneuausdlunaatdldivuiu Sruunuiomegnimuslideusy
AULAY AUTEMNUALALYBITEUVULURNIS Micrium pC/OSHI

AITANITANTIIUILYINITUUULNUNUIBUSZUIRHNANEN LAUINTANITAITIITULN L
AAEI FIANAMUTULDUYDINITHNITUBALLALLEDITATNUDITEUY

3.2 N1999n0LLUU

2ONLUUNITINMITIULAITANITNITINUIAUNILEDNEIUINUNAU S AU U
YULFAZLNURUIBUTEUIANA

2.2.1 39015N58NLU

N13NTEIBIUFABINIIUNITLINUTDINHNUABY Fodufosiiusenisaanus
nEauhnumus UL WS sk NI e saTuEn e vesasunumiae
Uszanawa fa¥nfilduennissauiie stwiueidusionisndeuiauwsnuiy q Tngas
Bonuinluwnuniteyszananafiisvinanutesninuazidendislusnumiieyssuiandn
fou fynunumiheUszananaisiuunuiiiy lnenimd 3.1 uansineg1annszaeny
P0ITANT NIV LU US TN ARAAOIWNY

New Task

Scheduler
Q1 <Q2

Yes No
Add Queuel Add Queue2
Core 1 Core 2

AN 3.1 N1NTLANBIUVDIFITARITINU
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3.2.2 FFnsuiudIuay

MIALEILURET U I INHIUNSEUIUNTSNSE89L Taulagfadanse
PuFsuuuheUsTInanandnwiniy Seatreiadnnnssnuludiueuie Scheduler
Task  Tiamuuwnuussanananan vndiffindiusuliudunazsienisaaiusnion
¥ vafidiunuuumieUssnanandnuasmineUssiaanasy 9

TusnunieUsziianady 9 a¥1edinaudio Daemon Task vwthiisusds
Wndununmiheyszinanandn vhanuduszezegaasana eldfumassiing
dudunulusemsaaugndourauvenuieUsEIIaNadl Daemon Task Huri1ds
ey

esnnusazununileUszananalisnenisan s ndeurhauvemues wias
FIUUATAFUTNOUMNTIEASEIRuluT1BNIsaauE NS auTINUlae Scheduler Task
Az Daemon Task avaduidudiunuduieduaadndonzedingensuag diuanuduagld
Fuanadadonzriatunandusvhnuludiunisaduaimanuianing 3.2

MRS Core 1 Core 2
ReadyList1 ReadyList2
» Scheduler » Daemon
SW ISR R e e e e
Task1 Task2
Timer ISRF--EFNTI-S Swes ¥i[i"o " A= Y S
Scheduler Daemon
teccbeccccccccccccccccccccnareaans ecccccccccaccccscccaans (0]
SW ISR £
'_
Task3 Taskd
Timer ISR w===pmmmmsmsmmomomemeococooponoes Femmemmommmemememeooey
Scheduler Daemon
S R e R
Task5 <
A\ 4

ANA 3.2 F5NTRNEIUIY
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3.2.3 FIAMTNSNEINT

n1sUesiunisldvoyasiudusenitauny  agvinisimu Semaphore 14
AN MNIUTERINUAUMNUTELE

N3N Semaphore WE1s0vNUULYLIgUTEIIaNATAEUNY AN
= v A gyy ] Y i ] ot | =
#1 3.3 - 3.4 uanIN3ld91U Semaphore teldtoyasiniuseninsdiununviaasdiunun
4037 IARIEIUNUBYUUUNUNIEUTEINANARASAY

a P A =% veu 1% ] a ) N
i 3.3 laglduaunniadildnuteyaney Suandiunuivileay
nstesiuteyasswinimadlddeya drwnuiiaesseansliteyamiiouiuisziasselay
= DXy =~ a 9 [ = Y]
gniddeulvidiesdlanugsesunuazigluldlusenisseisenldnuves Semaphore

o Ctr PendingList
o
<
o
©
€ 2 Task2
()
w
L3
\
SemPend
N .
° 5 | <
75 e %
Task1 g 9 g m
& =2l g
Scheduler Daemon
TaskN
CORE1 CORE2

A9 3.3 N5l Semaphore Waligsienisseaisenlda

d' d' 1 cl' dl’ Yy < ay o 1 [ %
INNNA 3.4 WednuimildldteyaiaSaiuazinnisudesnistesiudeya
wazyinsasuantuzvasdIvulusenissasenlduLIinus A Ao a1 U uUNEDI9
gnisenuldiu tnewdsuanusilunieurhauwaznaulvegsensaauesniouriay
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© Ctr PendinglList
o
B e
Q !
© :
c 1 :
] :
£z b
A
/
SemPost
/-,
(0] (V)]
S 3
Taskl | & 9 TaskN
[= (0]
I 5
Scheduler Daemon
- Y
» 9 5
P Task2 O O
S o
o
CORE1 CORE2

A9 3.4 15199 Semaphore WosanansienissaFenlyay

3.2.4 FUTTEIUTEUINAIUIIU

N13UTLAIUINUTENINNEIUIU  (Synchronization)  LAZTEWINNUNUNUIY
Uszananaazld Semaphore lunisinnislilaazarusiuinamulssanuiu

2.2.5 0AARDTEMINEINUY

ARMBTENINEIVNUTINNITENIUNUNIBUTEIanavz ]y nsdedeya
(Message  passing) lnedayanazdndududoyainldsiniuszninediuau dam1s1an 3.1
LERINTITARRETENINEINI FelY Semaphore lunsianisteyafidaseninediuau

Task1() Task2()
OSSemPend(pSemEmpty) OSSemPend(pSemFull)
OSSemPend(pSemMutex) OSSemPend(pSemMutex)
send message receive message
OSSemPost(pSemMutex) OSSemPost(pSemMutex)
OSSemPost(pSemFull) OSSemPost(pSemEmpty)

AN5199 3.1 F0AARBTENINEIUIUY
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3.3 NISARIUN

N1sARILITEUUUHURNNT Micrium pC/OSHIl TianansavinauuuniisUssaians
wanewn Tunuddeivinmmeassuuniheyssaiana S2 lneltunounill

33.1 nsgdusiateyavesszuuuuAnig Micrium uC/OS-I

spUUUFUANT Micrium pC/Os-ildussuuiifinisTviuinisiteddunisldau
nangogs Faunseendlllalilunimeaes fdufioanaueginnuasdutdeulunisduiiunig
Fedndudesnszdusiadeyalivdeenzanilinumiidy fmised 32 Wisuifeulnd
eEA RN DI EA VAN PTG

Inldnaunsydusviadoya Ildnaansedusiadeys
0s_core.c 0s_core.c
0S_Cpu_a.asm 0S_Cpu_a.asm
0s_Cpu_c.C 0S_Cpu_c.C
os _dbg.c 0s_prio.c
os flag.c 0s_sem.c
os int.c os task.c
0s_mem.c
05_mMsg.c
0s_mutex.c

os_pend_multi.c
0s_prio.c

0s qg.c

0s_sem.c
os_stat.c
os_task.c
os_tick.c
0s_time.c

os_tmr.c

0s_var.c

= = = ¢ ] ' 9 o v v
A58 3.2 Wisuilgulndseninsneukasndansedusiadaya
3.3.2 §1e5suudUnnIs Micrium pC/0s-ll

Mn3dre5zuuU)URnIs Micrium uC/OS-Il Iianusavineauuuniaeg
Uszaiana S2 Idunaudsil
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5eUUUfURANTS Micrium pC/0S-lll fswadayaluguniw C luraugiiviae

A9 Rz A9 C

def cont 1 #define cont 1
g varl Int ¢ varl,;

g var2[10] Int ¢ var2[10];

funcl (varl, var2)
L var=0
if (g varl <varl)
[ var = varl + var2
else
[ var = g varl + g var2[0]

ret L var

Int funcl (int varl, int var2) {
Int L var = 0;
If (g varl < varl ) {
| var = varl + var2;
else {
| var = g varl + g var2[0];
}
return | var;

}

AN5199 3.3 WP UMIBUSN®UEAY Rz kazn1w C

Uszaana S2 190w Rz Asluniséhessuvagisuannyinmsulassiateyanegluguaiw C
unw Rz neu

AUATIN 3.3 MISIAUSEUTBUSNEMEN®) Rz Wazn1w) C laguans

A15UsENAANAIT NSUSEAARILUS Global variable WazwanIan¥aENIT kI NanT

list1[NbrEntries] = 0

N9 Rz A1 C

def HeadPtr O struct {

def TailPtr 1 int *HeadPtr;

def NbrEntries 2 int *TailPtr;
int NbrEntries;

list1[3] } list1;

func () void func (void) {

list1.NbrEntries = O;

(51’15’1\‘1171' 3.4 ﬂ’l'iLUéiEJu Structure Ju Array of integer
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WONIINAW Rz SI8nwalzn e iuani1991nn1w C W 1w Rz
au150UsEnARILUSLALA Integer Way Array of integer Wity faudsdoauaounis
Sunld Structure WU Array of integer wnu TIuReABIsETINSIHOIUALUS Pointer #ae
ANLAIST 3.4 A1519MERINSIUABY Structure iy Array of integer

318N19 A9 Rz A1 C
User defined data types No Yes
Data types Only Int Various
Declaration of constant def #define
Array dimensions 1 >1
Block delimited No Braces({})
Data structure No Yes
Pointer variables No Yes
Increase and decrease ( ++, —-) No Yes
For loop No Yes
While loop Yes Yes
Declaration of local variables Auto Needed

AN 3.5 519N15UTEUMIBUNIEY Rz kagn1w C

2191 Rz wagn1w) C E98ANLANAINdU 9 DAUNISIUATEINLNY ++
PN | b 1% a a a
way - N1 Rz Ll I(ﬂEJ@Ji’]ﬂﬂﬂi%ﬂ‘lﬂmﬂﬁ@’m&ﬂﬁ’]ﬂ% 3.5 519MSUSEUMEUNIYT Rz
wazn1e C

2) WAILNEIUNSURBUEILIUY

[

ANTLUAYUAIUIIUILYINI UL BN AR U UTAIIMILAATU LA LA BINTS

g7

v = o

Waguduuiif e Lﬁ@lé’%’ué’mmméﬁ’ﬂ%’ammwu‘mnmLmu'a Stack Pointer @1
CPU Registers uay Floating-Point Unit (FPU) Registers ‘Iﬁ‘%aamwmiﬁ’m’m%wﬂw
ﬂivmawaiwumvuum Task Control Block wesdIusufifaariney mﬂuuf\] Liaﬂ%ua
910 Task Control Block %aamumu‘lumummmuLmu

nsadudunusidufesiinumsmisyssinanaiildnu Tumuidedld
FaveUseaana S2 @l 32 Registers InedvtasUszuanald R31 Aue1 Program
Counter viosmuviislsunsuiifdwianuneugnindmmslasdygradadons R30 Hud
FP “iSesiunisuas Activation Record d1wsutiumn Registers vesiuusluieddu (Local
Variables) R29 LAUAT SP “Semunusves Stack Pointer @1%5ULAUAT Registers 284
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W3R 0sVe9enTU R28 AUAImaUNdUAIINTIATY R27 wAuAIsLalUswAsUNauSen
ety 67 Registers Bu 9 avgnlvlunisviauimly

CPU Registers

Task Control Block

TaskEntryAddr

ExtPtr

StkPtr

Stkl

Opt

Stk(]

R31 RET ISR
R30 FP
R29 SP
R28 RET VAL
R27 RET ADDR
R26
! Used in Context Switch
: Not Saved Registers
R21
R20
: Saved Registers
R1
RO Not Saved Register

Al 3.5 ugng CPU Registers fitfufinas Task Control Block

Tudruiiimulagldnie) Assembly iws1za1u15090n1s CPU Registers

¢ Tneiduannistuiindr CPU Registers Tunasvinauwnigsiuas Task Control Block w84
dunuiddsinnueg vhnistiudin R1 fa R20 wag R27 Fe R31 ludau R21 fa R26 a¢lal
gnduiinmszanulildanulussninamsasudinau fnwd 3.5 uans CPU Registers 7
Uuiinas Task Control Block

[ Y= . a o 1 < Y o a
naINUUNN CPU  Registers ‘Um%VWI’N']uEJ%JJLai‘R]LLﬁ'Jﬂ"\]%‘I/I’]ﬂ'ﬁLiEJﬂ

Uayad1n Task Control Block vasduaulvsidusnyiauumu

; r21 = OSTCBCurPtr

d r21 OSTCBCurPtr

; save sp

st sp @0 rz21

; 121 = OSTCBHighRdyPtr
ld r21 OSTCBHighRdyPtr
; load sp

ld sp @0 r21

A15% 3.6 ArdensUuiinuagnisisendeyaann Task Control Block
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fhegsddsmstufinuaznisifendoyain Task Control Block Lilu
A Assembly  wanslumisnedl 3.6 Adsmstufinuazaisidendeyaain Task Control
Block Tngisuainnsifendsdumisdeyaain OSTCBCurPtr siumiistayaues Task Control
Block irndavineu wagvhmstufin SP adlugesdt 0 o sunsvesdaya andunisiioned
fuvtistoyaain OSTCBHighRdyPtr suvtisdayaues Task Control Block #aglvivinay
wdvinisden SP 9Ingeail 0 m suvilswestoualvsitusuny gaanisvhanl mARuINn
A AN197 7.6 N 57

3.3.3 NRIUINITINNITINIY
1) UAILUTEIUNANH NI UIULNURUIBUTEUIANA

wiazunuaziinileUsealanavesiaes Sufiuduusdiunaraldun
FIUATAO UL NNV 318mié’wﬁm’;mﬁﬁmuazﬁa% Task Control Block lngifianiy
SruansnuntisUszitanafiiinty muideinaascvumiieyszanana 52 Wuniae
Uszinanadeni fausuiuuiarsen1sunisens aunsed 3.7

LLﬂULaEJ’J GRNANY!

OSRdyList OSRdyList[2]
OSPrioThl OSPrioTbl[2]
OSTCBHighRdyPtr OSTCBHighRdyPtr[2]
OSTCBCurPtr OSTCBCurPtr[2]

AT 3.7 NstiiuaUsEIuNas

2)  WAILNEIUSUNISVIN UV UNUILUTEUIANANEDS

OSStartCore2()
asm("mov r22 #1")
asm("ld r21 @OSTCBCurPtr r22")
asm("ld sp @0 r21")
asm("ld fp @1 r21")
asm("ld r22 @10 r21")

asm("ret r22")

main2()
OSStartCore2()

A7 3.8 NSLTUVINUVBAUNIBUSELIANALAUTIEBY
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LNUNADIVBINUIBUTZUIANE S2 LL5UYNULAYSUAIFIINNLNUNUIY
UILIIaNAVAN tAgALLSUYUINALAUINUIEANNIIN 30 WIaWINTU main2() Tun1wn
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3) w1 Semaphore
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Semaphore luagldnsfiSenin Exclusive access 314 Atomic Instruction an1zves
mireUszanadmmeiienisitrfsdeyaiildauiiniusznitunumeuszanana ui
losannviieUsyanana 52 §9lad Atomic Instruction é’f@ﬁ?uﬁﬂsz’fmwﬂ'ﬁgi Critical Section
lnen1sUadyrudadmnzuarnisvganisinuvesdnunulunsall ddeyaseninawnu 19
M9 Critical  Section  iiievinisiddeiatusuiunazsenisseniasenldauves
Semaphore TSR Semaphore  WanunsaldsuuuwnuniteUszuianad
safufeassdiunuiiihausguuntazunumeyszanana  gsianIsiiau MANLIN A
91971 7.8 i 50
\ 4

Get SemCtr /

//)\\
~ SemCtr>0 = No—»| Suspend Task

Yes
v v
SemCtr-- SemCtr--
\ 4
Schedule Task
,,\‘
End

AT 3.6 TUABUNTYINNUYBY Semaphore fauil¥Uaya
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Get PendListNbr

~—

PendListNbr == 0

No
v

Get Pended Task

A\ 4

Wake Up Pended Task

dl gj o Y Y
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4) Wew1 Scheduler Task
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IeUsTANaNALAUNEN @31amauny Idle Task 999 Micrium uC/OS-Il Aiflegiiy Taguiia
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Srnudmailunenmsangniouinuvesinuifidauduanules laaiielimnunudl
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Fumounsiaues Scheduler Task uansianwil 3.8 Ineisuain
N5¥UIUNNSY Round-Robin  tileaduaufifseduanuddvinfuniuuaiey AU
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( Start \ \‘
I7//IRWY

\ 4

) 4

Round-Robin Process

v

Get Event

!

= SN
— ~—

/ 2oy
" Has A New Task?_—>—VYes>» Assigned Task

No
v

(e

Schedule Task

AN 3.8 TUMBUNITVINIUBY Scheduler Task

TUABUNIIINAILIIUVEY Scheduler Task WARIRINING 3.9 3UINLTA
Pewnuldgnidenwnunmiiedssulanalineunseld dldlagnidenlifegrinisidenuny
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Wuune Wiesels Daemon Task SUAMAIwazyinnIsiinaInausal

4 Start

\ 4

Get New Task

Get
No—|

Lowest Load Core

2

Added Task s Send Added Task
<—Yes% Is Main Core? No—»

To Main Core \// To Another Core

iy

<
<«

/,
End

a & a
AN 3.9 VUHBUNITLWHAIUIY

AsuidaILUlusnUIgUsEINaNa UL TN S ANABT L INSdI WU S L
Semaphore Tunislesiudeyadiuauniazgniiia Inelunisdesiunissening Scheduler
Task wag Daemon Task ¥LnuUselanalananng

5) Wsw1 Daemon Task

@117 Daemon Task (Judruanulusienisaaiugndausinanuuuniig
Uszaianaunudy 9 asaumauny Idle Task v@3 Micrium uC/OS-Il Afleganildlywnu
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\ 4

) 4

Round-Robin Process

) 4

Get Assigned Task
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<—|as A New Task? ——Yes Assigned Task
SN
o7/l
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) 4
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Schedule Task

AN 3.10 JURBUNITYINGIUUBS Daemon Task
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1MUY 10 dIUINU HINNT 4. 1WEAIDNITNAADY

Testing Set1-5

72—

~ N
Run Run
Ve
Single Core Dual Core
I I
Measure Measure
v v

II Duration 1-5 II Duration 1-5
N N

Compare

Single Core
Dual Core

v

|I Percent 1-5

Average

v

d' aq
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Time
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(@) (@] (@] (@] (@] (@] o o

N7 4.2 et NYANARDI 1

AT 4.2 feg1NYANARBIN 1 UARITEELLIANULAZNTITUINNUYBAAY
AU TNUIUANAVADTIUIUTYYIUUIRNIVDITZUU LeiazdIuIIUALLAAWIIAUA 10000
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4.1 Uavlduniieg1Ynnnaeil 1 lnayanaaewisiuntandlilunianuin n
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6 50000 1440241
7 60000 1440241
8 70000 1440241
9 80000 1440241
10 90000 1440241
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4.3 WNanN1IINAaBY

) o LY a P J 1 = a ]
wami‘mmaauLUuLamawuauammﬂmuWWﬂwwiﬂUmaqLLmazmumu Taedasuaiy
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6 93489 18193994 18100505
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7 103837 9088375 8984538
8 125393 10355005 10229612
9 135473 10343887 10208414
10 143876 9135529 8991653
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4

O0S PrioInsert(p_tcb, p prio tbl)

prio =0

bit =0

prio tmp =0

prio = p_tcb[0OS TCB Prio]
bit = 1 << prio

prio tmp = p _prio tbl[0]
asm("or r4 r4d r5")

p_prio tbl[0] = bit

OS_PrioRemove (p_tcb, p prio tbl)

prio =0

bit =0

prio tmp =0

prio = p tcb[0S TCB Prio]
bit = 1 << prio

prio tmp = p prio tbl[0]

asm("xor r4 r4 #65535")
asm("and r4 r4 r5")
p_prio tbl[0] = bit

CPU CntLeadZeros (p_tbl)

prio tbl = p_tbl
i =0
prio tbl =p thl >> i

prio tbl tmp 0

asm("and r4 r2 #1")

while (prio tbl tmp == 0)
i=1i+1
if (i >= DEF_INT CPU NBR BITS)

return 0

prio tbl = p tbl >> i
asm("and r4 r2 #1")

return i

OS_PrioGetHighest (p tcb, p tbl)
prio = CPU CntLeadZeros (*p_tbl
return prio
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0S_RdyListMoveHeadToTail (p_rdy list)

if (p_rdy 1list[0S_Rdy NbrEntries] == 2 ) // SWAP the TCBs
p_tcbl = p rdy list[0OS_Rdy HeadPtr]
p_tcb2 = p_rdy list[OS Rdy TailPtr]
p_tcbl[0OS TCB PrevPtr] = p_tcb2
p_tcbl[OS TCB NextPtr] =0

p_tcb2[0S TCB PrevPtr] =0



else
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p_tcb2 [0S TCB NextPtr] = p_tcbl
p_rdy 1list[OS Rdy HeadPtr] = p tcb2
p_rdy 1list[OS Rdy TailPtr] = p tcbl

// Move only if there are more than 2 OS _TCBs in the list

if (p_rdy list[0OS Rdy NbrEntries]
p_tcbl =
p_tcb2
p_tcb3 =
p_tcb3[0S TCB PrevPtr] =
p_tcbl [0S TCB NextPtr] =
p_tcbl[0OS TCB PrevPtr]
p_tcb2[0S TCB NextPtr]
p_rdy list[OS Rdy HeadPtr]
p_rdy 1list[OS Rdy TailPtr]

> 2 )

p _rdy 1list[OS Rdy HeadPtr]
p_rdy list[OS Rdy TailPtr]
p_tcbl [0S TCB NextPtr]

0

0

p_tcb2

p_tcbl

p_tcb3

p_tcbl

0S RdyListInsert(p tcb, p rdy list, os prio cur)

if (p_tcb[0OS TCB Prio] == os _prio_cur)
if ( p _rdy 1list[OS Rdy NbrEntries] == 0

else

0S_RdyLi
p_tc
p_tc
if (

else

p_rdy 1list[OS Rdy NbrEntries]

p_tcb[0S TCB NextPtr]

p_tcb [0S TCB PrevPtr]

p_rdy list[OS_Rdy HeadPtr]

p_rdy 1list[OS Rdy TailPtr]
else

Il
o O~

= &p_ tcb[0]
= &p_tcb[0]

p_rdy 1list[OS Rdy NbrEntries]= p rdy list[OS Rdy NbrEntries]+1

p_tcb[0S TCB NextPtr]
p_tcb2
p_tcb[0S TCB PrevPtr]
p_tcb2[0S TCB NextPtr]
p_rdy 1list[OS Rdy TailPtr]

if (p _rdy list[OS Rdy NbrEntries]
p_rdy 1list[OS Rdy NbrEntries]
p_tcb[0S TCB NextPtr]
p_tcb[0S TCB PrevPtr]
p_rdy 1list[OS Rdy HeadPtr]
p_rdy 1list[OS_Rdy TailPtr]
else
p_rdy 1list[OS Rdy NbrEntries]
p_tcb [0S TCB NextPtr]
p_tcb[0OS TCB PrevPtr]
p_tcb2
p_tcb2 [0S TCB PrevPtr]
p_rdy 1list[OS Rdy HeadPtr]

stRemove (p_tcb, p rdy list)

=0

= p_rdy list[OS Rdy TailPtr]
&p tcb2[0]

&p_tcb[0]

= &p_tcb[0]

== 0)
= 1
=0
=0
= &p_tcb[0]
= &p_tcb[0]

= p rdy list[0S Rdy NbrEntries]+1
= p_rdy list[OS Rdy HeadPtr]
=0

p_rdy list[OS Rdy HeadPtr]

&p _tcb[0]

&p_tcb[0]

bl = p_tcb[OS TCB PrevPtr]

b2 = p_tcb[0OS TCB NextPtr]

p_tcbl == 0)

if (p_tcb2 == 0)
p_rdy 1ist[0OS Rdy NbrEntries] = 0
p_rdy list[OS Rdy HeadPtr] =0
p_rdy 1list[OS Rdy TailPtr] =0
core = p _tcb[0S TCB CoreRunning]
p_prio tbl = OSPrioTbl[core]
0S_PrioRemove (p_tcb, p prio tbl)

else
p_rdy 1ist[OS Rdy NbrEntries] = p_rdy 1list[OS_Rdy NbrEntries]-1
p_tcb2 [0S TCB PrevPtr] =0
p_rdy list[OS Rdy HeadPtr] = p_tcb2

p_rdy 1list[0OS Rdy NbrEntries]
p_tcbl[OS TCB NextPtr]

= p rdy list[0S_Rdy NbrEntries]-1
= p_tcb2



if (p_tcb2 == 0)
p_rdy list[OS Rdy TailPtr]
else
p_tcb2[0S TCB PrevPtr]
p_tcb[0S TCB PrevPtr] = 0
p_tcb[0OS TCB NextPtr] = 0

a9

p_tcbl

= p_tcbl

M7 A.3 fIegaynTiateyadiunsinnisdiuau

0S_TaskInitTCB(p tcb)
p_tcb[0S TCB StkLimitPtr]
p_tcb[0S TCB NextPtr]
p_tcb [0S TCB PrevPtr]
p_tcb[0OS TCB TickNextPtr]
p_tcb[0S TCB TickPrevPtr]
p_tcb[0OS TCB TickSpokePtr]
p_tcb [0S TCB TaskEntryArg]
p_tcb[0S TCB PendingDataTblPtr]
p_tcb[0S TCB PendingOn]
p_tcb[0S TCB PendingStatus]
p_tcb[0OS TCB TaskState]
p_tcb[0OS TCB Prio]
p_tcb[0S TCB Opt]
p_tcb[0S TCB PendingDataTblEntries]
p_tcb[0S TCB TS]
p_tcb[0OS TCB SemCtr]
p_tcb[0OS TCB TickCtrPrev]
p_tcb[0S TCB TickCtrMatch]
p_tcb[0OS TCB TimeQuantaCtr]
p_tcb[0S TCB CoreAffinity]
p_tcb[0OS TCB CoreRunning]

OSTaskDel (p_tcb)

[eleoNoNeoNoNoNoNo)

0S_TASK_PEND_ON NOTHING
0S_STATUS_PEND OK
0S_TASK_STATE RDY
0S_PRIO_INIT

0
=0

0

0

0S TICK TH INIT
0

0

NO_CORE

NO CORE

core = p tcb[0S TCB CoreRunning]
if ( core == COREl )

asm("trap r2l #20 ; CORELl INT DIS")
else

asm("trap r2l #22 ; CORE2 INT DIS")
OSTaskQty[core] = OSTaskQty[core] -1

p_rdy = OSRdyList[core]
p_rdy list = p rdy[p tcb[OS TCB Prio]]
if ( p_tcb[OS TCB TaskState] != 0S TASK STATE RDY )
if ( core == COREl )
asm("trap r2l #21 ; CORE1l INT EN")
else
asm("trap r2l #23 ; CORE2 INT EN")
else

0S RdyListRemove (p_tcb, p rdy list)
0S_TaskInitTCB(p_ tcb)

p_tcb[0S TCB TaskState] = OS TASK STATE DEL

if ( core == COREl )
OSTCBHighRdyPtr [CORE1] = 0SSchedTaskTCBPtr
OSPrioHighRdy[CORE1l] = 0OSSchedTaskPrio
asm("trap r2l #21 ; COREl INT EN ")
asm("trap r2l1 #16 ; SW_INT CORE1")

else
OSTCBHighRdyPtr [CORE2] = OSDaemonTaskTCBPtr
OSPrioHighRdy[CORE2] = OSDaemonTaskPrio

asm("trap r21 #23")
asm("trap r2l1 #17 ;

// CORE2_ INT EN
SW_INT CORE2")



OSTaskCreate (p_tcb, p task,
0S TaskInitTCB(p_ tcb)
p_stk = &p stk base[0]

while ( i < stk size )
*p stk =0
p_stk = p stk + 1

i=1i+1
p_stk = &p stk base[0]
p stk = p stk + 48
p_sp p_ stk

core,

prio, p stk base, stk size, p ext)

// 0 - 31 ( RO - R31 )

// shift to 48

b[0OS TCB TaskEntryAddr] = p_task
p tcb[OS TCB_ TaskEntryArg] =0
p_tcb[0S TCB NamePtr] =0
p_tcb[0OS TCB Prio] = prio
p_tcb[OS TCB StkPtr] = p_sp
p_tcb[0OS TCB StkLimitPtr] =0
p_tcb[0S TCB TimeQuanta] =0
p_tcb[0S TCB ExtPtr] = p_ext
p_tcb [0S TCB StkBasePtr] = p stk base
p_tcb[0OS TCB StkSize] = stk size
p_tcb[0S TCB Opt] =0
p_tcb[0OS TCB CoreAffinity] = core
TasklStart ()
TlData =0
core = 0S TCB Task1lTCB[OS TCB CoreRunning]
StartT1Time = OS_TS GETI1 (core)
while ( TlData <= TlDataMax )
print("a:", TlData)
TlData = TlData + 1
OSTask1lTCBPtr = &OS_TCB_TaSleCB[O]

EndT1Time
OSTaskDel (0OSTask1lTCBPtr)

CreateTask ()
0SSchedTaskTCBPtr
0SSchedTaskPtr
0SSchedTaskPrio
0SSchedTaskCore
0SCfg SchedTaskStkBasePtr
0SCfg SchedTaskFpBasePtr

= 0S TS GETI (core)

&0S TCB SchedTaskTCB[0]

= &0S SchedTask

0S CFG PRIO MAX - 1
CORE1l P

&0SCfg SchedTaskStk[0]
&0SCfg SchedTaskFp[0]

OSTaskCreate (0SSchedTaskTCBPtr, 0SSchedTaskPtr, 0OSSchedTaskCore,
0SSchedTaskPrio,
0SCfg SchedTaskFpBasePtr)

OSAssignTask (0SSchedTaskTCBPtr, CORE1)

= 0SSchedTaskTCBPtr

OSInternalTaskPtr[CORE1]
OSInternalTaskPrio[CORE1]

OSDaemonTaskTCBPtr
OSDaemonTaskPtr
OSDaemonTaskPrio
OSDaemonTaskCore

0SCfg DaemonTaskStkBasePtr
0SCfg DaemonTaskFpBasePtr

OSTaskCreate (OSDaemonTaskTCBPtr, OSDaemonTaskPtr, OSDaemonTaskCore,

OSDaemonTaskPrio,
0SCfg DaemonTaskFpBasePtr)

OSAssignTask (OSDaemonTaskTCBPtr,

OSInternalTaskPtr [CORE2]
OSInternalTaskPrio[COREZ2]

OSTask1TCBPtr
0S TasklPtr

0SCfg SchedTaskStkBasePtr, 64,

0SSchedTaskPrio

&OS_TCB_DaemonTaskTCB[O]
&0S DaemonTask
0S_CFG_PRIO MAX - 1
CORE2

&0SCfg DaemonTaskStk([0]
&0SCfg DaemonTaskFp[0]

0SCfg DaemonTaskStkBasePtr, 64,

CORE2)

= OSDaemonTaskTCBPtr

OSDaemonTaskPrio

&0S_TCB Task1TCB[O0]
&TasklStart
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0SCfg TasklStkBasePtr

&0SCfg TasklStk([0]

0SCfg TasklFpBasePtr = &0SCfg TasklFp[O]
OSTaskCreate (0STasklTCBPtr, OS TasklPtr, NO CORE, 2,
0SCfg TasklStkBasePtr,

64, OSCfg TasklFpBasePtr)
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O0S_PendingListInsertPrio(p pend list, p pend data)

p tcb = p pend data[OS PD TCBPtr
prio = p tcb[0S TCB Prio]
if (p_pend list[OS PL NbrEntries
p_pend list[OS PL NbrEntries
p_pend data[OS PD NextPtr]
p_pend data[OS PD PrevPtr]
p_pend list[OS PL HeadPtr]
p_pend list[OS PL TailPtr]
else
p_pend list[OS PL NbrEntries
p_pend data next
break check

]

]
]

]

p_pend data
p_pend data

= p pend 1list[0OS PL NbrEntries] + 1

p pend 1list[OS PL HeadPtr]
1

while (p_pend data next != 0 && break check == 1)

p_tcb next

p_pend data next [0S PD TCBPtr]

if (prio < p tcb next[0OS TCB Prio])

break check
else
p_pend data next
if (p _pend data next == 0)

p_pend data[OS PD NextPtr]

p_pend data prev

p_pend data[OS PD PrevPtr]

0
p pend data next[OS PD NextPtr]
=0

p_pend 1list[0OS PL TailPtr]
p_pend data prev

p_pend data prev[OS PD NextPtr] = p pend data
p_pend 1list[OS PL TailPtr] = p_pend data
else

if (p_pend data next[OS PD PrevPtr] == 0)
p_pend data next[OS PD PrevPtr] = p pend data
p_pend data[OS PD PrevPtr] =0
p_pend data[OS PD NextPtr] = p _pend data next
p_pend 1list[OS PL HeadPtr] = p_pend data

else

p_pend data prev

p_pend data[OS PD PrevPtr]
p_pend data[OS PD NextPtr]

= p_pend data next[0OS PD PrevPtr
= p _pend data prev
= p_pend data next

p_pend data prev[OS PD NextPtr] = p pend data
p_pend data next[OS PD PrevPtr] = p pend data

0S_PendingListRemovel (p_pend list, p pend data)
if (p_pend 1ist[OS_PL NbrEntries] == 1)

p_pend 1list[OS PL HeadPtr] =
p_pend list[OS PL TailPtr] =

else if (p pend data[OS PD PrevPtr

p_next
p_next [0S Pd PrevPtr]
p_pend 1list[OS PL HeadPtr]

else if (p pend data[OS PD NextPtr

p_prev

p_prev[0OS PD NextPtr]

p_pend list[OS PL TailPtr]
else

p_prev

p_next

]

P
0
P
]

P
0
P

=P

p

== 0)
pend data[OS PD NextPtr]

~pend _data[OS PD PrevPtr]
_prev

~pend data[OS PD PrevPtr]
~pend data[OS PD NextPtr]



p _prev[OS PD NextPtr] = p_next

p _next [0S PD PrevPtr] = p_prev
p_pend 1list[OS PL NbrEntries] = p _pend 1list[OS PL NbrEntries] - 1
p_pend data[OS PD NextPtr] =0
p_pend data[OS PD PrevPtr] =0

0S_PendingListRemove (p_tcb)
p_pend data = p tcb[0S TCB PendingDataTblPtr]
n pend list = p tcb[0OS TCB PendingDataTblEntries]
if ( n pend list > 0 )
p_sem = p_pend data[OS PD PendingObjPtr]
p_pend list = p sem[0OS SEM PendingList]
0S PendingListRemovel (p pend list, p pend data)
p_tcb[0S TCB PendingDataTblEntries] =
p_tcb[0S TCB PendingDataTblEntries]

-1
O0S_Pend(p_pend data, p_sem, pending on, core)
p_tcb = OSTCBCurPtr[core]
p_tcb[0S TCB PendingOn] = pending on
p_tcb[0OS TCB PendingStatus] = 0OS_STATUS PEND OK
if (OSTCBCurPtr[core] != OSInternalTaskPtr[core])
p_rdy = OSRdyList[core]
p_rdy list = p rdy[OSPrioHighRdy[core]]
p_tcb[0OS TCB TaskState] = OS TASK STATE PEND
0S_RdyListRemove (p tcb, p rdy list)
p_pend list = p_sem[0OS SEM PendingList]
p_pend data[OS PD PendingObjPtr] = &p sem[0]
p_tcb[0OS TCB PendingDataTblEntries] =1
p_tcb[0OS TCB PendingDataTblPtr] = p_pend data
p_pend data[OS PD TCBPtr] = p_tcb

O0S_PendingListInsertPrio(p _pend list, p pend data)

OSSemPendInInternalTask (p_sem, p pend data, core)

if (core == COREL)

asm("trap r2l #18 ; CORE2 DIS")
else if (core == CORE2)

asm("trap r2l #24 ; COREl DIS")
p_sem[0OS SEM Ctr] = p sem[OS SEM Ctr] - 1
sem ctr = p sem[OS SEM Ctr]
if (core == CORE1l)

asm("trap r2l #19 ; CORE2 EN")
else if (core == COREZ2)

asm("trap r2l #25 ; CORE1l EN")
while (sem ctr < 0)

if (core == COREL)
asm("trap r2l #20 ; CORE1l INT DIS")
else if (core == COREZ2)
asm("trap r2l #22 ; CORE2 INT DIS")
p_tbl = OSPrioTbl [core]
OSPrioHighRdy[core] = OS PrioGetHighest (OSTCBCurPtr[core], p tbl)
p_rdy = OSRdyList[core]
p_rdy list = p_rdy[OSPrioHighRdy[core]]
p_tcb = p_rdy list[OS Rdy HeadPtr]
OSTCBHighRdyPtr[core] = p_tcb
if ( OSTCBHighRdyPtr[core] != OSInternalTaskPtr[core] &&
p_tcb[0S_TCB TaskState] == OS_TASK STATE RDY)
if (core == CORELl)

asm("trap r2l #21 ; CORE1l_ INT EN")
asm("trap r2l #16 ; SW_INT CORE1")
else if (core == CORE2)
asm("trap r2l #23 ; CORE2 INT EN")
asm("trap r2l #17 ; SW_INT CORE2")
if (core == CORELl)



asm("trap r2l #18 ; CORE2 DIS")
else if (core == COREZ2)

asm("trap r2l #24 ; CORE1l_DIS")
sem ctr = p sem[OS SEM Ctr]

if (core == CORE1l)

asm("trap r2l #19 ; CORE2 EN")
else 1if (core == CORE2)

asm("trap r2l #25 ; CORE1l EN")
if (core == CORE1l)

asm("trap r2l #21 ; CORE1l INT EN")
else 1if (core == CORE2)

asm("trap r2l #23 ; CORE2 INT EN")

OSSemPend (p_sem, p pend data, core)

if (core == COREL)
asm("trap r2l #20 ; CORE1l INT DIS")
else if (core == COREZ2)
asm("trap r2l #22 ; CORE2_ INT DIS")
sem ctr = 0
if (OSTCBCurPtr[core] == OSInternalTaskPtr[core])
OSSemPendInInternalTask(p sem, p pend data, core)
return
else
if (core == CORELl)
asm("trap r2l #18 ; CORE2 DIS")
else if (core == CORE2)

asm("trap r2l #24 ; CORE1l DIS")
sem ctr = p sem[OS SEM Ctr]

if (core == COREL)
asm("trap r2l #19 ; CORE2 EN")
else if (core == COREZ2)
asm("trap r2l #25 ; CORE1l EN")
if (sem ctr > 0) // Resource available?
if (core == CORE1l)
asm("trap r2l #18 ; CORE2 DIS")
else if (core == CORE2)
asm("trap r2l #24 ; CORE1l DIS")
p_sem[OS_SEM Ctr] = p sem[OS_SEM Ctr] - 1
if (core == COREL)
asm("trap r2l #19 ; CORE2 EN")
else if (core == COREZ2)
asm("trap r2l #25 ; COREl EN")
if (core == CORE1l)
asm("trap r2l #21 ; CORE1l INT EN")
else if (core == CORE2)
asm("trap r2l #23 ; CORE2 INT EN")
return
if (core == COREL)
asm("trap r2l #19 ; CORE2_EN")
else if (core == COREZ2)

asm("trap r2l #25 ; CORE1l_EN")
0S Pend(p pend data, p_sem, OS TASK PEND ON SEM, core)

OSTCBHighRdyPtr[core] = OSInternalTaskPtr[core]
OSPrioHighRdy[core] = OSInternalTaskPrio[core]
if (core == COREl)

asm("trap r2l #18 ; CORE2 DIS")
else if (core == CORE2)

asm("trap r2l #24 ; CORE1l DIS")
p_sem[OS SEM Ctr] = p sem[OS SEM Ctr] -1
if (core == CORELl)

asm("trap r2l #19 ; CORE2 EN")
else 1if (core == CORE2)

asm("trap r2l #25 ; CORE1l_EN")
if (core == CORE1l)
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asm("trap r2l #21 ; CORE1l_INT EN")

asm("trap r2l #16 ; SW _INT CORE1")
else 1if (core == CORE2)

asm("trap r2l #23 ; CORE2 INT EN")

asm("trap r2l #17 ; SW_INT CORE2")

if (core == COREL)

asm("trap r2l #21 ; CORE1l_INT EN")
else if (core == COREZ2)

asm("trap r2l #23 ; CORE2_ INT EN")
return

OS Post(p_sem, p tcb, core)
0S_PendingListRemove (p_tcb)

p_rdy = OSRdyList[core]
p_rdy list = p_rdy[OSPrioHighRdy[core]]
Oos_prio_cur = p_tcb[0OS TCB Prio]
if (p_tcb[0OS TCB TaskState] == 0OS TASK STATE PEND)

O0S RdyListInsert(p_tcb, p rdy list, os prio_ cur)
p_tcb[0OS TCB TaskState] = 0S TASK STATE RDY
p_tcb[0S _TCB PendingStatus] = 0S STATUS PEND OK
p_tcb[0S TCB PendingOn] = 0S_TASK PEND ON NOTHING

0S SemPostDiffCore(p_sem, p tcb, cur core, post core)

if (cur _core == COREl)
asm("trap r2l #18 ; CORE2 DIS")
else if (cur core == CORE2)

asm("trap r2l #24 ; COREl DIS")
OS Post(p_sem, p tcb, post core)

if (cur core == COREl)
asm("trap r2l #19 ; CORE2 EN")
else if (cur core == CORE2)

asm("trap r2l #25 ; CORE1l EN")

p_pend list = 0

if (p_tcb == OSInternalTaskPtr[post core])
p_pend list = p sem[OS SEM PendingList]
if (p_pend 1list[OS PL NbrEntries] == 0)

if (cur core == COREl)
asm("trap r2l #18 ; CORE2 DIS")
else if (cur core == CORE2)

asm("trap r2l #24 ; CORE1l DIS")
if (p_sem[OS SEM Ctr] < 1)

p_sem[0OS SEM Ctr] = p sem[OS SEM Ctr] + 1
if (cur_core == COREl)

asm("trap r2l #19 ; CORE2 EN")
else if (cur core == CORE2)

asm("trap r2l #25 ; CORE1l EN")

0S SemPostSameCore (p_sem, p tcb, cur core, post core)
OS Post(p_sem, p tcb, post core)

if (OSTCBCurPtr[post core] == OSInternalTaskPtr[post corel)
OSTCBHighRdyPtr [post core] = p _tcb
OSPrioHighRdy[post core] = p_tcb[OS TCB Prio]
if (post core == COREL)

asm("trap r2l #21 ; CORE1l_INT EN")
asm("trap r2l #16 ; SW_INT CORE1")
else if (post core == CORE2)
asm("trap r2l #23 ; CORE2_ INT EN")
asm("trap r2l #17 ; SW_INT CORE2")
else
OSTCBHighRdyPtr [post core] = OSInternalTaskPtr[post core]
OSPrioHighRdy[post core] OSInternalTaskPrio[post core]
if (post core == COREL)
asm("trap r2l #21 ; CORE1l_INT EN")
asm("trap r2l #16 ; SW_INT CORE1")



else if (post core == CORE2)
asm("trap r2l #21 ; CORE1l INT EN")
asm("trap r2l #17 ; SW_INT CORE2")

0S SemPostInInternalTask(p sem, p pend data, core)
p_pend list = p sem[0OS SEM PendingList]
if (p_pend list[OS PL NbrEntries] == 0)
return
p _tcb = p pend data[OS PD TCBPtr]
post core = p tcb[0OS TCB CoreRunning]

if ( core == post core ) // Post in the same core
0S SemPostSameCore(p_sem, p tcb, core, post core)
else // Post in the different core

0S_ SemPostDiffCore(p_sem, p tcb, core, post core)

O0S SemPost (p sem, p pend data, core)
if (core == COREL)

asm("trap r21 #20

; COREL INT DIS")

else if (core == COREZ2)

asm("trap r2l #22 ; CORE2 INT DIS")
if (core == CORE1l)

asm("trap r2l #18 ; CORE2 DIS")
else if (core == CORE2)

asm("trap r2l1 #24 CORE1 DIS")

if (p_sem[0OS SEM Ctr] < 1)
p_sem[OS SEM Ctr] = p sem[OS SEM Ctr] + 1

if (core == COREL)
asm("trap r2l #19 ; CORE2 EN")
else if (core == COREZ2)
asm("trap r2l #25 ; COREl EN")
if (OSTCBCurPtr[core] == OSInternalTaskPtr[core])
0S SemPostInInternalTask(p sem, p pend data, core)
else

p_pend list = p sem[0OS SEM PendingList]
if (p _pend 1ist[OS PL NbrEntries] == 0)

if (core == CORELl)

asm("trap r2l #21 ; CORE1l INT EN")
else if (core == CORE2)

asm("trap r2l #23 ; CORE2 INT EN")
return

p_tcb = p pend data[OS PD TCBPtr]
post core = p tcb[0OS TCB CoreRunning]

if ( core == post core ) // Post in the same core
0S SemPostSameCore (p_sem, p tcb, core, post core)
else // Post in the different core
0S_SemPostDiffCore(p_sem, p tcb, core, post core)
if (core == COREL)
asm("trap r2l #21 ; CORE1l_INT EN")
else if (core == COREZ2)

asm("trap r2l #23 ; CORE2_ INT EN")
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0S_SchedRoundRobin(p_rdy list)
p_tcb = p rdy 1list[OS Rdy HeadPtr]
if (p_tcb == 0)
return
if (p_tcb[0OS TCB TimeQuantaCtr] >
p_tcb[0S TCB TimeQuantaCtr] =

0)
p_tcb[0S TCB TimeQuantaCtr] - 1



if (p
re

tcb [0S TCB TimeQuantaCtr]
turn

>

if (p_rdy 1list[0OS Rdy NbrEntries]

re

turn

0)

< 2)

0S RdyListMoveHeadToTail (p_rdy list)
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0SSchedRoundRobinDfltTimeQuanta;

p_tcb[0S TCB TimeQuantal]

p_tcb = p rdy 1ist[OS Rdy HeadPtr]
if (p_tcb[0OS TCB TimeQuanta] == 0)
p_tcb[0S TCB TimeQuantaCtr] =
else
p_tcb[0S TCB TimeQuantaCtr] =
0S_SchedTask()
asm("mov rl #interrupt ; set Timerl vector")
asm("st rl 10™)
asm("mov rl #interrupt2 ; set Timer2 vector")
asm("st rl1 11")
asm("mov rl #interrupt3 ; set SW1l vector")
asm("st rl 12")
asm("mov rl #interruptd ; set SW2 vector")
asm("st rl 13")
asm("mov rl #interrupt5 ; set Print End")
asm("st rl 14")
asm("mov rl #1")
asm("trap rl #11 ; set div = 1")
asm("mov rl #10000")
asm("trap rl #10 ; set timerl = 10000")
asm("trap rl #13 ; enable interrupt")
while (1)

asm("trap r2l1 #20 ;

CORELl INT DIS")

p_tbl = OSPrioTbl [CORE1]

OSPrioHighRdy [CORE1l] = OS PrioGetHighest (OSTCBCurPtr [CORELl], p tbl)
p_rdy = OSRdyList [CORE1]

p_rdy list = p _rdy[OSPrioHighRdy[CORE1]]

0S_SchedRoundRobin(p rdy list)
p_tcb = OSEventOccur ()

if ( p tcb !=0)
core = p_ tcb[0S_TCB CoreAffinity]
if ( core == NO CORE )
core = COREl
if ( Core2Enable == )
core = COREl
else if ( OSTaskQty[COREl] == )
core = COREl
else if ( OSTaskQty[CORE1l] > OSTaskQty[CORE2] )
core = CORE2
if ( core == COREl )
OSAssignTask (p _tcb, core)
0SPrioHighRdy [CORE1L] =
0S_PrioGetHighest (OSTCBCurPtr [CORE1l], p tbl)
p_rdy list = p_rdy[OSPrioHighRdy[CORE1]]
else
OSSemPend (SemAssignPtr, SemAssignPendingDataPtr, CORE1)
if ( ShareAssignSignal == 0 )
ShareAssignTCBPtr = p_tcb
ShareAssignSignal =1
0S_SemPost (SemAssignPtr, SemAssignPendingDataPtr, COREL)
EventNum = EventNum + 1
p_tcb = p_rdy 1list[OS_Rdy HeadPtr]
OSTCBHighRdyPtr [CORE1] = p_tcb

if

( OSTCBHighRdyPtr [CORE1]

!= 0SSchedTaskTCBPtr &&

p_tcb[0OS TCB TaskState]

OS_TASK_STATE_RDY)



asm("trap r2l #21 ; CORE1l_INT EN")

asm("trap r2l #16 ; SW_INT CORE1")
else

asm("trap r2l #21 ; CORE1l INT EN")

0S DaemonTask ()

while (1)

asm("trap r2l #22 ; CORE2 INT DIS")
p_tbl = OSPrioTbl [CORE2]
OSPrioHighRdy [CORE2] = OS PrioGetHighest (OSTCBCurPtr[CORE2], p tbl)
p_rdy = OSRdyList [CORE2]
p_rdy list = p _rdy[OSPrioHighRdy[CORE2] ]
0S_SchedRoundRobin (p_rdy list)
p_tcb =0
OSSemPend (SemAssignPtr, SemAssignPendingDataPtr, COREZ2)
if ( ShareAssignSignal == 1 )

p_tcb = ShareAssignTCBPtr

ShareAssignTCBPtr =0

ShareAssignSignal =0

0OS SemPost (SemAssignPtr, SemAssignPendingDataPtr, CORE2)

if (p tcb !=0)

OSAssignTask(p_tcb, CORE2)
p_tcb = p rdy list[OS Rdy HeadPtr]
OSTCBHighRdyPtr [CORE2] p_tcb

if ( OSTCBHighRdyPtr[CORE2] != OSDaemonTaskTCBPtr &é&
p_tcb[0OS TCB TaskState] == 0S TASK STATE RDY )
asm("trap r2l #23 ; CORE2 INT EN")
asm("trap r2l #17 ; SW_INT CORE2")
else
asm("trap r2l #23 ; CORE2 INT EN")
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; Timerl Interrupt Core 1
rinterrupt

; CORE1l INT DIS

trap r2l1 #20

; save rads

mov r24 rads

; save retval

mov r25 retval

jal rads OSIntTimerl
mov r2l r28

Jf r21 INT1RET

; Save CPU Registers
; r2l = OSTCBCurPtr
mov r2l #0

1d r21 OSTCBCurPtr
mov r23 #9

1d r22 +r21 r23

Jf r22 INTINS

; save sp

st sp @0 r2l

; save fp

st fp @1 r21

; save rads

st r24 @18 r21



; save ads

st r31 @10 r21

; r2l = OSTCBCurPtr [0S TCB StkBasePtr]
mov r22 #9

1d r21 +r2l1 r22

; save rl - r20

st rl @1 r21

st r2 @2 r21

st r3 @3 r21

st rd @4 r21

st r5 @5 r21

st r6 @6 r2l

st r7 @7 r2l

st r8 @8 r21

st r9 @9 r2l

st rl0 @10 r21

st rll @11 r21

st rl2 @12 r21

st rl3 @13 r21

st rld @14 r21

st rl5 @15 r21

st rle @16 r21

st rl7 @17 r21

st rl8 @18 r21

st rl9 @19 r21

st r20 @20 r21

; save retval=r28

st r25 @28 r21
:INTINS

; OSPrioCur = OSPrioHighRdy
mov r21 #0

1d r21 OSPrioHighRdy
st r2l1 OSPrioCur

; OSTCBCurPtr = OSTCBHighRdyPtr
mov r2l #0

1d r21 OSTCBHighRdyPtr
st r21 OSTCBCurPtr

; Restore CPU Registers
; r2l = OSTCBCurPtr
mov r2l #0

1d r21 OSTCBCurPtr

; load sp

1d sp @0 r21

; load fp

1d fp @1 r21

; load rads

1d rads @18 r21

; load ads

1d r31 @10 r21

; r2l = OSTCBCurPtr[OS TCB StkBasePtr]
mov r22 #9

1d r2l1 +r2l1 r22

; load rl - 20

1d rl @1 r21

1d r2 @2 r21

1d r3 @3 r21

1d r4 @4 r21

1d r5 @5 r21

1d r6 @6 r2l

1d r7 Q@7 r21

1d r8 @8 r21

1d r9 @9 r21

1d r1l0 @10 r21

1d rl1l @11 r21



1d rl2 @12 r21

1d rl1l3 @13 r21

1d rl4 @14 r21

1d rl5 @15 r21

1d rle @16 r21

1d rl7 @17 r21

1d rl8 @18 r21

1d rl1l9 @19 r21

1d r20 @20 r21

; load retval=r28
1d r28 @28 r21
:INTIRET

; CORE1_ INT EN
trap r2l1 #21

ret r31

; Timer2 Interrupt Core 2
rinterrupt?2

; CORE2_INT DIS
trap r2l #22

; save rads

mov r24 rads

; save retval

mov r25 retval
jal rads OSIntTimer?2
mov r21 r28

Jf r21 INT2RET

; Save CPU Registers
; r2l = OSTCBCurPtr[1l]
mov r22 #1

1d r21 @OSTCBCurPtr r22
mov r23 #9

1d r22 +r2l1 r23
Jf r22 INT2NS

; save sp

st sp @O0 r21

; save fp

st fp @1 r21

; save rads

st r24 @18 r21

; save ads

st r31 @10 r21

; r2l = OSTCBCurPtr[OS TCB StkBasePtr]
mov r22 #9

1d r2l1 +r2l1 r22

; save rl - r20
st rl @1 r21

st r2 @2 r21

st r3 @3 r21

st rd4d @4 r21

st r5 @5 r21

st r6 @6 r2l

st r7 Q@7 r21

st r8 @8 r21

st r9 @9 r21

st rl0 @10 r21

st rll @11 r21

st rl2 @12 r21

st rl13 Q13 r21

st rld @14 r21

st rl5 Q15 r21

st rle @16 r21

st rl7 @17 r21

st rl8 @18 r21

st rl9 Q19 r21



st r20 @20 r21

; save retval=r28

st r25 @28 r21

:INT2NS

; OSPrioCur[l] = OSPrioHighRdy[1]
mov r22 #1

1d r21 QOSPrioHighRdy r22
st r21 @OSPrioCur r22

; OSTCBCurPtr[l] = OSTCBHighRdyPtr([1l]
mov r22 #1

1d r2l1 QOSTCBHighRdyPtr r22
st r21 Q@OSTCBCurPtr r22
; Restore CPU Registers
; r2l1l = OSTCBCurPtr[1l]
mov r22 #1

1d r21 @OSTCBCurPtr r22
; load sp

1d sp @0 r21

; load fp

1d fp @1 r21

; load rads

1d rads @18 r21

; load ads

1d r31 @10 r21

; r2l = OSTCBCurPtr[OS TCB StkBasePtr]
mov r22 #9

1d r2l1 +r2l1 r22

; load rl - 20

1d rl @1 r21

1d r2 @2 r21

1d r3 @3 r21

1d r4 @4 r21

1d r5 @5 r21

1d r6 @6 r21

1d r7 @7 r21

1d r8 @8 r21

1d r9 @9 r21

1d rl0 @10 r21

1d r1l @11 r21

1d r12 @12 r21

1d rl3 @13 r21

1d rl14 @14 r21

1d rl5 @15 r21

1d rle6e Q@le r21

1d rl7 @17 r21

1d r18 @18 r21

1d rl9 @19 r21

1d r20 @20 r21

; load retval=r28

1d r28 @28 r21

:INT2RET

; CORE2_INT EN

trap r2l1 #23

ret r31

; SW1 Corel

rinterrupt3

; COREL INT DIS

trap r2l #20

; save rads

mov r24 rads

; save retval

mov r25 retval

; Save CPU Registers

; r2l = OSTCBCurPtr



mov r2l1 #0

1d r21 OSTCBCurPtr
mov r23 #9

1d r22 +r21 r23

3f r22 INT3NS

; save sp

st sp @0 r21

; save fp

st fp @1 r21

; save rads

st r24 @18 r21

; save ads

st r31 @10 r21

; r2l = OSTCBCurPtr [0S TCB StkBasePtr]
mov r22 #9

1d r21 +r2l1 r22

; save rl - r20

st rl @1 r21

st r2 @2 r21

st r3 @3 r21

st rd4d @4 r21

st r5 @5 r21

st r6 @6 r2l

st r7 @7 r2l

st r8 @8 r2l

st r9 @9 r21

st rl0 @10 r21

st rll @11 r21

st rl2 @12 r21

st rl3 @13 r21

st rld @14 r21

st rl5 @15 r21

st rle @l6 r21

st rl7 @17 r21

st rl8 @18 r21

st rl9 @19 r21

st r20 @20 r21

; save retval=r28

st r25 @28 r21

: INT3NS

; OSPrioCur = OSPrioHighRdy
mov r2l #0

1d r21 OSPrioHighRdy
st r21 OSPrioCur

; OSTCBCurPtr = OSTCBHighRdyPtr
mov r2l #0

1d r21 OSTCBHighRdyPtr
st r21 OSTCBCurPtr

; Restore CPU Registers
; r2l = OSTCBCurPtr
mov r2l #0

1d r21 OSTCBCurPtr

; load sp

1d sp @O0 r21

; load fp

1d fp @1 r21

; load rads

1d rads @18 r21

; load ads

1d r31 @10 r21

; r2l = OSTCBCurPtr[0OS TCB StkBasePtr]
mov r22 #9

1d r21 +r21 r22

; load rl - r20



1d rl @1 r21

1d r2 @2 r21

1d r3 @3 r21

1d r4 @4 r21

1d r5 @5 r21

1d r6 @6 r2l

1d r7 @7 r21

1d r8 @8 r21

1d r9 @9 r21

1d r1l0 @10 r21

1d rll @11 r21

1d rl2 @12 r21

1d rl3 @13 r21

1d rl4 @14 r21

1d rl5 @15 r21

1d rle @16 r21

1d rl7 @17 r21

1d rl8 @18 r21

1d rl9 @19 r21

1d r20 @20 r21

; load retval=r28
1d r28 @28 r21

; COREL INT EN
trap r2l1 #21

ret r31

; SW1 Core?2
rinterrupt4

; CORE2_INT DIS
trap r2l #22

; save rads

mov r24 rads

; save retval

mov r25 retval

; Save CPU Registers
; r2l = OSTCBCurPtr[l]
mov r22 #1

1d r21 QOSTCBCurPtr r22
mov r23 #9

1d r22 +r21 r23
Jf r22 INT4NS

; save sp

st sp @O0 r21

; save fp

st fp @1 r21

; save rads

st r24 @18 r21

; save ads

st r31 @10 r21

; r2l = OSTCBCurPtr [0S TCB StkBasePtr]

mov r22 #9
1d r21 +r2l1 r22
; save rl - r20

st rl @1 r21
st r2 @2 r21
st r3 @3 r21
st r4 Q4 r21
st r5 @5 r21
st r6 @6 r2l
st r7 @7 r2l
st r8 @8 r2l
st r9 @9 r2l
st r1l0 @10 r21
st rll @11 r21
st rl2 @12 r21



st rl3 @13 r21

st rld @14 r21

st rl5 @15 r21

st rle @l6 r21

st rl7 @17 r21

st rl8 @18 r21

st rl9 @19 r21

st r20 @20 r21

; save retval=r28

st r25 @28 r21

:INT4NS

; OSPrioCur[l] = OSPrioHighRdy[1]
mov r22 #1

1d r21 QOSPrioHighRdy r22
st r21 @OSPrioCur r22

; OSTCBCurPtr[l] = OSTCBHighRdyPtr([1l]
mov r22 #1

1d r2l1 QOSTCBHighRdyPtr r22
st r21 Q@OSTCBCurPtr r22
; Restore CPU Registers
; r2l = OSTCBCurPtr[l]
mov r22 #1

1d r21 QOSTCBCurPtr r22
; load sp

1d sp @0 r21

; load fp

1d fp @1 r21

; load rads

1d rads @18 r21

; load ads

1d r31 Q@10 r21

; r2l = OSTCBCurPtr[OS TCB StkBasePtr]
mov r22 #9

1d r2l1 +r21 r22

; load rl - r20

1d rl @1 r21

1d r2 @2 r21

1d r3 @3 r21

1d r4 @4 r21

1d r5 @5 r21

1d r6 @6 r21

1d r7 @7 r21

1d r8 @8 r21

1d r9 @9 r21

1d rl0 @10 r21

1d rll @11 r21

1d rl2 @12 r21

1d r13 @13 r21

1d rl4 @14 r21

1d rl1l5 @15 r21

1d rle @16 r21

1d rl1l7 @17 r21

1d rl1l8 @18 r21

1d r19 @19 r21

1d r20 @20 r21

; load retval=r28

1d r28 @28 r21

; CORE2_INT EN

trap r2l1 #23

ret r31
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OSInit ()
Core2Enable
OSRunning
0SSchedRoundRobinDfltTimeQuanta
SemAssign[OS SEM Ctr]
SemAssign [0S SEM TS]
SemAssign[OS SEM PendingList]
SemAssignPendingDataPtr
SemAssignPtr
OSPrioTbl[0]
OSPrioTbl([1]
OSRdyl1List [0]
OSRdylList[1]
OSRdylList[2]
OSRdyl1List[3]
OSRdylList[4]
OSRdylList[5]
OSRdylList[6]
OSRdyl1List[7]
OSRdyList [0]
OSRdy2List [0
OSRdy2List [1
OSRdy2List[2
OSRdy2List [3
OSRdy2List [4
OSRdy2List[5
OSRdy2List [6
OSRdy2List[7
OSRdyList[1]
OSTaskQty[0]
OSTaskQty[1]
CreateTask ()
SimEventInit ()

]
]
]
]
]
]
]
]

0SStartHighRdy ()
asm("1ld r2l1 OSTCBCurPtr")
asm("1ld sp @0 r21")
asm("1ld fp @1 r21")
asm("1ld r22 Q@10 r21")
asm("ret r22")

OSStart ()

if ( OSRunning == 0 )
OSTCBHighRdyPtr [CORE1]
OSTCBCurPtr [CORE1]
OSPrioHighRdy [CORE1]
OSPrioCur [COREL1]
OSTCBHighRdyPtr [CORE2]
OSTCBCurPtr [CORE2]
OSPrioHighRdy [CORE2]
OSPrioCur [CORE2]

OSRunning
StartTime
if ( Core2Enable )
asm("trap r22 #15")
i=0
while ( 1 20 )
i=1 1

—~ + A

0SStartHighRdy ()

([}
— N o

0

&SemAssignPendingList[0]

= &SemAssignPendingData[0]

= &SemAssign[0]

&§O0SPriolTbl [0
&0SPrio2Tbl [0

&OSRdAy1ListO [

&OSRdylListl [

= &O0SRdylList2[

&OSRdylList3[

&OSRdylList4 [

&OSRdylList5][

&OSRdAylList6[

&OSRdylList7](

= &O0SRdylList[0

[

[

[

[

[

[

[

]
]
]
]
]
]
]
]

&OSRdAy2List0
&OSRdy2Listl
§OSRdy2List2
&OSRdy2List3
&OSRdy2List4
&OSRdy2List5
= &0SRdy2List6
§OSRAy2List7]
&OSRdAy2List [0]

0 // Clear the number of tasks
0 // Clear the number of tasks

]
]
0
0
0
0
0
0
0
0
]
0
0
0
0
0
0
0
0

]
]
]
]
]
]
]
]

&0S TCB SchedTaskTCB[0]
&0S_TCB_SchedTaskTCB[0]
0S CFG PRIO MAX - 1
0S_CFG_PRIO MAX - 1
&OS_TCB_DaemonTaskTCB[O]
&0S _TCB_ DaemonTaskTCB[O0]
0S_CFG PRIO MAX - 1
0S_CFG_PRIO MAX - 1
OS_STATE OS_RUNNING

= 0S_TS GET()

// start core 2

// wait core 2 start



0OSStartCore?2 ()
asm("mov r22 #1")
asm("1ld r2l1 @OSTCBCurPtr r22")
asm("1ld sp @0 r21")
asm("1ld fp @1 r21")
asm("1ld r22 Q10 r21"™)
asm("ret r22")

main?2 ()
OSStartCore?2 ()

main ()
OSInit ()
OSStart ()

65




66

U

UsziRgideuineniinug

a

WA WeIAdina elleTun 15 Augigu 2524 MiUAI19 81LABAINN

a v oa

JontaunsAisssuse dudanmsanuuSyyiirmnssumansiuda avividanssulndi

o
[

AeIgIaNssuliin aedanssumans urinendeinuasenans WelnsAinw 2547
wazti@nwlundngnsinermansumUadia a1u13AINTsuLenawIs A1ATYIAINTIY
ARNTINET PaInTaluvInende TudnsAnwn 2554

Y a

Aideuinendnuslddfuninanumannislussnumsssyn “The 9" National
Conference on Computing and Information Technology, NCCIT2013” Fo91
“Scheduling Tasks in Real-time Operating Systems on Multiple Core Microprocessors”
a Auzvaluladansauma unnineiaemaluladnszaouinainszuasiuie (KMUTNB)

Uszinelng Wafounguninu w.e. 2556



	ปกภาษาไทย
	ปกภาษาอังกฤษ
	หน้าอนุมัติ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1  บทนำ
	1.1 ความเป็นมาและความสำคัญของปัญหา
	1.2 วัตถุประสงค์ของการวิจัย
	1.3 ขอบเขตของการวิจัย
	1.4 ประโยชน์ที่คาดว่าจะได้รับ

	บทที่ 2  ทฤษฎีและงานวิจัยที่เกี่ยวข้อง
	2.1 ทฤษฎีที่เกี่ยวข้องกับงานวิจัย
	2.2 งานวิจัยที่เกี่ยวข้อง

	บทที่ 3  วิธีการดำเนินการวิจัย
	3.1 แนวความคิด
	3.2 การออกแบบ
	3.3 การพัฒนา

	บทที่ 4  การทดลองและผลการทดลอง
	4.1 เครื่องมือที่ใช้
	4.2 วิธีการทดลอง
	4.3 ผลการทดลอง

	บทที่ 5  สรุปผลวิจัยและข้อเสนอแนะ
	5.1 สรุปผลวิจัย
	5.2 ข้อเสนอแนะ

	รายการอ้างอิง
	ภาคผนวก
	ประวัติผู้เขียน



