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Research on Task Scheduling of MQXLite Embedded Operating System

SHI Dong, WEN Jin

(College of Information Technology, Kunming University, Kunming, Yunnan, China 650214)

Abstract: Due to the lack of theory research on the practical method of embedded real-time operating systems, the member structure of

the ready queue and waiting queue in MQXLite was analyzed. We summarized the functions of MQXLite implements task scheduling,
analyzed the function of the MQXLite scheduling entry function, meanwhile, studied the working flow chart of the kernel scheduling
function sched_ internal and the scheduling of the tasks in the MQXLite operating system. Finally, the MQXLite project framework
developed by Suzhou University was taken as an example to further state the task scheduling and synchronization of embedded real-time

operating system.
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struct td_struct*  TD_NEXT AR5 i A
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_mqx_uint STATE MHTE SRS
_task_ id TASK_ID MFE S — G5
pointer STACK_ BASE MRS AR IR R (WIIR{H)
pointer STACK_PTR MATE S HER TR E (MHTE)
pointer STACK_ LIMIT HTAE 55 HEAR RN
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READY_ Q_ STRUCT mqx _ static _ ready _ queue
[ MQX_READY_QUEUE_ITEMS], HH{ READY_
Q_STRUCT & MQXLite x& SLAYZEFIA, H G A8 HE a0
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AR A it UL
TD_STRUCT_PTR HEAD_READY_Q AR BB K1Y i ek
TD_STRUCT_PTR TAIl_READY_Q A BAS AT i kil

struct ready_q_struct * NEXT_Q ek A S AT sk
uint_16 ENABLE_SR A NS A AL e

uint_16  PRIORITY A BRI KA e

W4 MQXLite B, _mqxlite_init () pRZCE FH
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1) 5 NAZEHE X 1) READY _ Q _ LIST = B
{H:

kernel_data —> READY_Q_LIST = (READY_Q_
STRUCT_PTR) NULL;

2) ARSI EL, BT S Sk Rk
H 102 A R LS e AT 550 it — A~ sh 4 BA S -

priority_levels = kernel _data — > LOWEST_TASK
_PRIORITY +2;

RS h ) “kernel _data — > LOWEST _TASK _
PRIORITY” £ AL S5 B i i R e Rl (3%
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3) FRECHLE BAS Sk m B2k, v At
IR AL -

q_ptr = &mqx_static_ready_queue[ 0] ;

4) WIIRALEEE B kT A

n = priority_levels;

while (n- - ) |

q_ptr — > HEAD_READY _Q = ( TD_STRUCT _
PTR) q_ptr;

q_ptr — > TAIL_READY_Q = ( TD_STRUCT _
PTR) q_ptr;

q_ptr — > PRIORITY = (uint_16)n;
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q_ptr —> NEXT_Q =kernel_data — > READY_Q_
LIST;

kernel_data —> READY_Q_LIST =q_ptr + +;

}

F5— 3k 4519 HEAD_ READY _ Q 5 B
TAIL_ READY_Q FEH¥48m-kT 5 H &, NEXT_
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BHEIX ) CURRENT_READY_ Q FEX .

kernel_data —> CURRENT_READY_Q = kernel _
data —> READY_Q_LIST.
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PRACH IS . X SR BU %0 /2 sched _ inter-
nal PRECAT switch_ task pR%L, sched_start_internal,
_sched_run_internal , _int_kernel_isr, _sched_check_

scheduler_internal , _sched_execute_scheduler_ inter-
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nal, _task_block & A [A] 15 #0 F $0A7 I8 BE 9 A BK
. RIS A BTG O, (o R Y ek RS I
MOQXLite f 8 B2, 48 33 AL 20 5 7 MQXLite

| lwmsgq receive(), lwmsgq send(),

Iwsem_ wait(), lwsem wait ticks(),

| mutex_lock(), _mutex destroy(),
task set priority(), _mutex_destroy(),

| mutex_unlock(), _task set priority(),
task restart(), lwsem_wait_for(),

| lwsem_wait_until(), Iwmsgq receive(),
time_delay for(), _time delay_ticks(),

[timeidelayiuntil()

-
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| Iwevent_destroy(), _lwevent_set(),
| lwmsgq receive(), Iwmsgq send(),
| Iwsem_destroy(), _Iwsem JOSt(f(,

| mutex destroy(), —mutex unlock(),
| mutex lock(), mutex_try lock(),

| task_create(), _task create_at(),

| task set priority(), task ready(),

| task start preemption()

v

[ 5) _sched_check_schduler_internal

| Iwevent wait_for(), lwe
vent wait until(), Iweven
Y t wait_ticks(), lwmsgq s

| _magxlite(void)
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I 1) _sched start_internal ]
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end()
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GET_KERNEL_ DATA 10//10< A K %045 X &
Hoht

b sched_ internal //Bk%5 2] sched_ internal Zb3H,
Fr i

2) _ sched _ run _ internal PR 7 A5
_ sched_ start_ internal FRESEAHE, FEFT
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3) _task_block pRECKE 2 HiI 55 A4S BA S
BRI E A block K2, BiJ5 I8 H _ sched _ internal
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sched_internal

sched internal
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//BRERAE 2 i readyq [k FRA ARG TD, R
At B TR E T -

ldr rl, [r3, #KD_CURRENT_READY_Q]

Idr vl [l ] //rvle—d @ USRS T 55155

emp rl, 12 // BRSSP 5155 S
RIS AT S5 R

beq_isr_return_ end //3& A B 5SS Bt 45 4T
%, IR [EGAT 55 Ak St T

b sched_ internal // 478 &

_sched _start _internal, _sched _run _internal , _

_Int
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5) _sched_check_schduler_internal i 33 78
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B AL T P b R 55 ) b HLA B AR
TAT 5 H P, #L#AT b _ sched_ execute_ schduler
_internal, FFUHIHAT IR AF IR L . OC PA A b T
VB, BEJSIT A6 PRAT I8 B2 484

6) _ sched_ execute_ schduler_ internal pRj %
DRE R TR SIS AT 55 19 R SOF LR P T
Bl AT sched _ internal JFIRHEAT 55 . Hizt1y
HOB AT A R ], Wt R T I PR 55 5
BEIRBK AT 55 .

STORE_ ALL_REGISTERS//{#:47 [ F 3¢

cpsid i // %] H

GET_KERNEL_DATA 10

ldr 13, [10, #KD_ACTIVE_PTR] //3KBUSIE
ARG L

strrl, [13, #TD_STACK_PTR] //{47 SP 2
frar WA BT 551k

1E MQXLite #, _ sched_ execute_ schduler_ in-
ternal [JEATI SCA IR — T2 J0 7L F KT S A 4T
G5 e P BT IR 55 1, 18 e 3hAT _ sched _
check _scheduler_internal $|Wi 4 3IRAS, AFE 2R
gk A _sched_ execute_ schduler_ internal pRZINAT;
Ty — M E 2 B AL T P 8 R 55 R v
AT _ sched_ execute_ schduler_ internal 47
VR .
2.2 BJE M 4% sched_internal #= switch_ task |47

sched_ internal F1 switch_ task J& MQXLite J& &
A% 0, MQXLite fT A 4% 55 19 [A] 25 #8 J2 18 i

sched_ internal F switch_ task SCHLH .

24 MQXLite 38 2 A H R %3 A sched _ internal
THREE , sched _ internal 1 55 7E 8L 4% A 51 b A5 4k
REHEHNRELS, NRKBF AT S, 3
PEA switch_ task, FFIRAE5 U4, IR %A %
2, WEPET — RSO NI &4, MMk,
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KAXWIES FRslT, ShRASAERBINE . 4
HBH AL AL 55 )5, MQXLite JT 4R AT switch_
task. FEAHLFE UL 2.

A SR B A DI AT S5 ), TR — RS
FARLR AT A7 2%, MQXLite 75 AT 55 2398 FH_ psp
_build_stack_ frame pRECRANEAT 55 Wi, [RIRS B
TS A5 STACK _ BASE, STACK_ LIMIT A
STACK_PTR % 3 Mot , I HIEFE 7 H A1 PSP_
STACK_START_ STRUCT [X 1, [fiiZ X547 T fF
FIBATIN I AF a5 B, E X R, BT A
I B SHRAERY B SRR LA R T3k iR . X
FEUAL S HORBERS, SN FRAT T L3 & i (E TR
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ISR TR [EL0RE RO A HBHEIRESS PSP, BLi
PSP ffif5[m) | RO, #2414 )51 PRIMASK %77 &%,
PC {HH R, A MNZ¥ RO ~R3, RI12, LR, PC,
xPSR j% 8 apfrdnifiil, XHEZ )G PC ST (tem-
plate_ptr — > TASK_ADDRESS) | 1, iXH TASK_
ADDRESS 2155 %L, RO Z1T:55 BRELHI ZHL create
_parameter, iR [B]HbhlA_task_ exit_ function_ internal
(FESFIB AN ) , BUmMESE R 155 1 U sl B
AT I ARAE . QSR I2 B 1T i i IE WAT: 55 D0 4t
AP A2V rest_of_stack_ frame_ restore, #AkZETF-3))
SE)NFE 4y xPSR, PC, LR, R12, R3-RO #I PRIMASK
MR TTAE, B YRt (REtesits) JF
IEPAT, RRERLSE AR TR ST RIS .
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I
MSP
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PSP:

A 4

L JEPRIMASK,, pop{PC}ik& [1l{F-55
FE 1R L] B 2hid JERO~R3, R12,

LR, xPSR
v
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‘ AJFER12, LR ‘

v

N ISPR A
v

v

\4

BJFXPSR, I8 JHRO~R3, i i
PRIMASK, POP{PCHE%iz1T

B2 RAERREE

3 MQXLite F S ERE L9

MQXLite FRINTESS S C AR AE RS SERF AT .
155 VR P A B pR SO, S I pR B2 AT 55 Al A
G h e RS B GE I SR AS b, RS SEAT IR, B
PRAEAT S5 $dT . T HILA_time_delay_tick () pR%L
AT

_time_delay_tick () pREIRITIF, T IGIREK
MHIE S5 AT 55 AR 1

td_ ptr = kernel_ data —> ACTIVE_PTR;;

B i 4 A P B I S B Y AT AT: 55 4 OR AF 1Y
TIMEOUT 225 .

PSP _ ADD _ TICKS _ TO _ TICK _ STRUCT
( &kernel _data —> TIME , time_ in_ ticks, &td_ ptr —
> TIMEOUT) ;

)5 8 H_time_ delay_internal () PR%X:

_time_delay_internal (td_ptr) ;

_time_delay_internal () ZEJH TAFEA .

1) R4 Fif A 55 46 18 45 v 19 TIMEOUT 7 Bt 5
I EERE BAS o 8 JRAT: 55 1 3R 45 Hh g TIMEOUT <7
Bt AT OB, R B Y R 55 R AR SE I S5 17 BAS)
SRDEA

2) B B FE S5 FR AT 2 BA S B

_QUEUE_UNLINK (td_ptr) ;

3) K5 AL 55 Fl R A4 A 2 A S5 Fr BA S
JF45 H STATE FBLE AL .

_QUEUE _ INSERT ( &kernel _ data — > TIME-
OUT_QUEUE, tdprev_ptr, td_ptr) ;

td_ptr — >STATE | = IS_ON_TIMEOUT_Q;

4) PATIHEE .

_sched_ execute_ scheduler_ internal () ;

XA, YT 55 2 MO 5 Bl e 7 21 BH 28
A, BRSSO AT . BT
MOQXLite #:F 25545 — A~ SIS SysTick, 4 Sy-
sTick HBr ™Az LAJG MQXLite 5t 98 FH P4 4% v Wt iR 55
) F2E_int_kernel _isr PEFTALHH, _int_kernel _isr £



$3

1 #, 3 B MQXLite fix AXXHAE RGHT 5 I8 BTk 52 63

JE B SysTick H W Al 45 5] #2 _ time _ notify _ kernel
() HEFTACPR . N M _ time_ notify_kernel () [
JLLiuy

(a) Fil 4R R GEm ]

PSP_INC_TICKS ( &kernel_data — > TIME) ;

(b) IEH ARG PR .

PSP_NORMALIZE_ TICKS ( &kernel _ data — >
TIME) ;

(c) Fufs EmfEEAF BRI, A7 A 5 20 e AT:
5, WURAZAT 55 5 R B A DA S S A I8 B

_TASK_READY (td_ptr, kernel_data) ;

% _time_notify_kernel () ATIEHIR[E], K
BT IR 55 A% _ int_ kernel _isr, ] Wy B 5t 45 BA 5]
KA, WARAT b sched _internal JFAR ¥ & . X
FEJEASE R, AT 55 3 EH BT IR AT

4 MQXLite {£ 551 & L6 5 #7

TRHETLATRN RS TTF & 1) MQXLite “TAEHEZE A 4],
PRSP R RS . MQXLite TFEHESE Y, 42
HET 3 155 task_main( ), task_light () Fl task _
vart( ), HAESFISESI350 97, 9, 8. 7E main() pRi%K
P maxlite () TR, _maxlite () 2345 B A
MQX_AUTO_START_TASK J&M4:#Y task_ main( ) {£:55
ARSI, 76 _maxlite () SETA LA, 4
JH_sched_start_internal () BRECTTAEHATIHRE, AR
[=] .

EA sched_internal J5, S STEMICH R
7R ZE NS A 4R 3 task _ main () 455, T2
task_ main( ) 15 LAFHAT . £F task_main( ) £, 8
1 _task_ create_ at () pREUIT th A1 2 task_ light () T
451 task_uart( )£ 4% . _task_ create_ at( ) pREAN %
task_light () f£:55 /5, 232 BB - CHECK_ RUN_
SCHEDULER %, HAApik & RE e ik T ek
A, AR T R WORES, WS ATET
WA, DA £ & 5 A S Bk 28 AS L e 9 vy
MAEZS B ZE ASUAFAE . 1 T task _ light 455 {55 4%
fi.F task_ main {55, W task_ main {45 4k 2L $4
7, FURH_task_ create_at () pREL B i task _ uart
155 R $47_ CHECK_RUN_SCHEDULER ( ) #f
TR A . BT task_uart RS-0 5E 90t/ T task
_main f£55, task_main £ 55 FHRAES AT . BlJS

task_ main {1:55 %3¢ UARTO [ 7 Ho 1 iz 55 191 722
e UARTO thily, B 2455 W H]_task_block () kR
ks task _ main 155 DO ZE NS RS bR, JFE N
block JRZ, AT b sched_internal, I, EAER
GEIFIRTPRAT L . sched _internal M &8 552 BAF1
THIG SHRAFTE W f = RSB SO 45 AT 55 . e 25l
task_ uart £ 451247 .

task_ uart {F 55 #1 I8 F _ lwevent_ wait_ ticks ( )
PREY, ZREU IR 228 ] _ time_ delay_ internal p§
BOHs task _ vart {T: 55 503 4E 15 4 R RS, 5 9
_sched_ execute_ scheduler_ internal ( ) JT- 48 57 1% 7
.

HeR}, task_main (B4 S HEPHZE, task_uart (£ 55
B IE R SERE IS, RZEBAS B HA task _light £
%, I task_light (£ 515 L1547 . 24 task_light {F
553647 #_ time _ delay _ ticks () pR B, 2% oK KUK
task _ light {15545 SE I 14 of i 225 500 A B S Pof S5
BAF, F1 9% F_ sched_ execute_ scheduler_ internal ( )
THEFT—He R . T task_uart {£55F01 task_light
1ES5 BT RE I SE R BA S b, A T i e A s A 28
WAE553847 .

WERBAT P W, MQXLite $47£ 75 IR 55— H
BTN £ . H i TR HE 28 45 B2 p A SysTick Al
UARTO Wi H . i UARTO — B3 Hlioh
W=z, W task_vart {E55 50— HA BT . (HRS
PR 5 ms PEH—> SysTick H W, SysTick B AR
5 Bl time_notify_ kernel () 2> B A% FPIRTAR 55 191 72
_int_kernel_isr ], _time_ notify_kernel () ¥ 7% 2E
IFEEFFBAS P Y task _ light £ 55 ) SiE I IR 5] 2 75 5E
. WERSER, _time_notify_kernel () SJLHiZ AL 55 M
TER AR ASNFE RS B 25 BA S, 24 time_ notify
kernel () 752 53R B 2_int_ kernel _isr H1/, _int
_ kernel_isr 147 “b sched_ internal” JE & #§ fii 15
task_light fE55 15 LIk SLIZ 1T, /NMTIRESMCE, FhfG
task_ light 4% %52 8 F_ time _ delay _ ticks ( ) pR%k, i
task_ light 1T 55 FF- U 3 SE I S5 F5 AS, I3 ]
sched_ execute_scheduler_internal () 1G5 —%¢ B
JE, WAL UARTO s BoA 1552 hil =2, miakes
PEAZSWESS, E# SysTick FPIBHA-R™ 4, task_
light {155 FztT, FMEL .

WA FE AR T UARTO A2 by, U] int_
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kernel _isr 2¥ 1 ] UARTO 1 v il 55 451 F UARTO _
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