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32 main.c 49| W-g-olct,

main,c

void kmain(void)
{
uart, init0;
timer init();
mmu_fill 12pt(TASKOL2PT, TASKOL2PT+8,
TASKOBASE);
mmu_fill 12pt(TASKIL2PT, TASKIL2PT+8,
TASKIBASE);
flush cache tlb();
mmu_map_l2pt(MASTERLIPT+4, TASKOL2PTBASE);



F YHICi= 0s9l ofshiet SEE@

init, task0; #define TASKOL2PTBASE (0x30004400|0x03<<511<K

uart,_puts(‘jump to taskO\n”); 410x1)

Jjump2task00; #define TASKIL2PTBASE (0x30004800]0x03<<511<K
} 410x1)

void schedule()

kmain 30l o] 7|Ake] el init task FS {

5

Z3M= BBo] 271591t} init task s B AS 4
kil

=

EX

pid = (pid+1)%2:

current = &process[pid];

Yat7] HlsliA et A Wt AT E Fefsh] flgh
Aol W 2713451 8 o), o4l ool A et T euent
7Hel task.c Tl A OjEof Qlrt,
flush cache tIb();
1O task o 71210] Y2l d) if(pid == 0) mmu_map_12pt(MASTERLIPT+4,
TASKOL2PTBASE);
else mmu_map 12pt(MASTERLIPT+4, TASKIL2P
task.c TBASE);
typedef struct { }
unsigned int context[18];
} process state; process statet= 3Lt} BjATE W23l 17t F-2A 0|
H, o7|A& ol &1t YA AHE AFs] flet
process state process(2]; context H|E W F3It) context W€ Wae AT E
process state * current; Fefsld CPUY ol =7t YA AE 9 AeiE AXsH7] ¢
process_state * prev, * next; gk gatoltt. @Al 27k AHgShe CPUE ARM 3201S Wi
unsigned int pid = 0; kil Qlok. webA context HiE WHaro] O 13 ol

CPUY] BN AE AEE A7 Ao}, mpA|a} IE )= A
BHA o= s telTh

process B|E H4= T 719 g2 A (taskO, task)E T
317] Y5te] Ao processlO], process(l] HE&E 22t
taskO, taskl ElATE TSI} current EJE b= &

void init,_task()
{

current = &process|0];

next = current; A =3 ¢ Bj23E5 7] 7)e 9L S} prev, next £
process{1].context[13+2] = 0x408000; OlE] Wl gAmyr Bl Asle 2as) o) AR5l 94
process{1].context[1] = 0x400000; Adgon pid W4t A7 48 22 A= process Hi
process[1].context[0] = 0x50; & WHa=o] Qldl Aoy,

} init task $FEollAE current, next XEQIE HE4E 27|
skl Qo) 222 3e B A 37} task00] 22 current
3L < N2 = <

#define MASTERLIPT (unsigned int *)(0x100000) QU8 W process[0] HE 7171 . next W

At process(0] ¥E 71] 717 9t} process(l] Ha+=
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mmu_map_12pt FE 0185+ master page tableo] th
low addr & Y #2329 level 2 page tables WHAXIT
CPSR schedule <= eventsSWIHandler, events IRQHandler
. PoR® aRol BT

_ oo A task.c L Q] E-& AHE T TS excep—
- tions.S Y W2 coreSWIHandler, corelRQHandler

o ol TS AL Ekohe FHS 718 AL
e

22 exceptions.S I 9| Y-g-olct,

R4
R5
R6 exceptions.S
R #define sve_stack 0x100000
"8 .globl coreSWIHandler
R9 coreSWIHandler:
R10 Idr r13,=current
Rit ldr r13,[r13] @ r13-)current
R12 add r13,r13#8
SP(R13_usr) stmia r13, {r0-r14}" @ save user registers
LR(R14_usr) nrs 10,spsr
reseved high addr stmdb 13, {r0,r14} @ save the rest

Idr r13,=svc_stack

32 1. Centext 40| 715 1dr 110, Ir, #-4]

bic r10,r10,#0x{f000000
M= WO taskl HlAAE Helshs AT i, mov 10,110

Ussol| 2ol H3HA] taskl BlA=9] SP(R13), PC(R15), bl eventsSWIHandler

CPSR #lA|2Efe]l 712} 0x408000, 0x400000, 0x50 #Ee] Idr r13, =next

SOVH=S context M-S 2718 AEHMASTERLIPT, Idr 113, 13] @ ri3-next
TASKOL2PTBASE, TASKIL2PTBASE w320 thafl= add 113 113 48

U 22,
schedule &=rollX= pid WS Alsko] thaoll =3
A5 AEskal, current M MR 3 HlAIE

ldmdb r13, {r0,r14}

msr spsr_cxsf, r0

ldmia r13, {rO-r14}" @ load user registers
7})71A gt
]—a ]7_“ E]- movs pC,h‘ @ return next task
E F A3k 2517 4519 next HE4E A2 3T
38 Tkl Bk A2 498 Baa weow )
A T N #define irq_stack (0x100000—-0x1000)

A8l flush_cache tlb 35 ]3] cache?} tIbs v &,
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.globl corelRQHandler
corelRQHandler:
sub r14,rl4 #4
1dr r13,=current
1dr r13,[r13]
add r13,r13 #8
stmia r13, {r0-r14}"
mrs r0,spsr
stmdb r13,{r0,r14}
ldr r13,=irq_stack
bl eventsIRQHandler
ldr r13,=next
1dr r13,[r13]
add r13,r13 #8
ldmdb r13, {r0,r14}
msr spsr_cxsf, r0
ldmia r13, {r0-r14}"

movs pe,Ir

coreSWIHandler 3= ZA| Al F2£0&2 HAJHT &
A =3shd Bl mHE AAShs Fat, AlLE S5 A
2lohs Fit, ohZol 3T HjlAal] ks Eolehe Fat

olt}, oj7]o) A= HA coreSWIHandler T Woll 27
=35 76k FH2 280tk

& ARehs FtollAl= WA current ZRIE HE

o] 97| ZkS RIS sve FRA2EHR Qlo]& 3 current E
Sl 7H7]= 4 38& R13 sve A AEE ¢lof
2t} 283 R13 sve HIAIAE Y] S 8ufo|ERbE 7}
AZL F, R18 sve HAILE7} 7He)7le §IAE 7eeR
2] 9] & 4 Fiol RO~R149] 15719] HIAAEE
A&k}

o] Wl R13, R14+= USER ®=9] grAEo|t}, 121
SPSR sve, Rl4 sve HAIAES 4FE R13 sve HAAE7}
7H7l= RS 7o R wme]o] w4 o] A%
i}, o] = X AE= USER HEofA9] CPSR, PC d|%]

o
e
P
N
N

St UHICI= 0Se| OlsHi2t S

L et

289) & 7H3 Qie ol ellA] @A) 54 Fold e
of Bl T 13} Zo| ALt BjAe] RS A5

a1 U R13 sve YIRAH SVC EE2] A (=0x100000)
T Y ALY FE AT
Fulg HIlele HBo| A= next ZIE H49 Y]

S R13 sve § V‘Eii 10} & next EQIE W47} 71
7= 4 & RI13 sve HALHE ¢oj2t) 1eal
RI3 sve HAI2H 9| ghs 8ubolERtE S7HI7] $- RI3.
sve HIXAE7} 7he)7 ) QIS 7o R vie] o] W =
4 BEOZHE SPSR sve, R4 sve A AEH Y 2HS B
Eisg

1231 R13 sve BIAIAE7L 7k ) 9IRS 71l E v
o] 52 a4 Fg o 2 HE RO~R149] 157119 2] 2H
o 3= E?L?‘H’% o] o] thofl e e 2= &
S EAtohs Fol,

B 2510 wlg Bt Sofl = ARGAL P o= mhA Ut
th O8 2% task0 BiATY] S AASHL, task] Bl
9] FHE HAE5k= ootk

corelRQHandler ¥t IA Al FEo= Tt 5,
A pagete BlAa] FHE A S e, stego] ¢l
HHEE Agjole &2, 18l oo 8 29 &
g Eshe R A Ao 97104 core
IRQHandler 3> Woll 2AE S +35te Fea 93t
corelRQHandler oA ZHE Astal Elohe 117
2 coreSWIHandler®} 71 27} FUSIEE v|ws| H7]
vRgic} oA} O & exceptions.S I 2] W-8-& Al HQbT}

OSE °lafist7] flsliAl= multitasking®] =& olsfal
oF 31, multitasking®] Y E olaf5l7] Hair= & A
2ho] HejE HEEA] ofsfsfiof i), whaba] 9] =9 g0
Zh olaf7t E|A| gh=rhd RHEA o FTo] 8-S Ak

AL YAA 7he F 1P ofsfsoRt & Aol

golt.

(o)
=

swihandler.c

void eventsSWIHandler(unsigned int syscallnum)
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TECHNICAL FEATURE

process[0]

CPSR

static unsigned int cnt = 0;
uart,_puts(“SWI handler: *);
uart puts(“syscall number—");
uart, puthex(syscallnum);
uart_puts(‘, cnt—");

uart puthexnl(cnt++);
schedule();

o

eventsSWIHandler ¥+ schedule 35 3&
2ol 71 A glofl= ol 7|AY dAet Ak A

s B
'C‘T

IR o

process!1]

71M= HOYd schedule FE 4 &k, AA OS
oA o1 AlAE F A2 FE UjollA] ofd o wt
2} schedule &5 &3},

A= 5ol ALE F Ay £E YolA 37 99 55 &
ok AL SRR thE e A7t o] kL Qlo] B A
o] B7FsT - sleep ondt Z-E pE 27 = o]
215t gk Woll A EA e 255 ti7] ol WAl schedule 9F
22 23}

E

th2-2 irghandler.c T+ 2] yj-golc},

( irghandler.c W




include <timer.h)

void eventsIRQHandler()

{
unsigned int rintoffset;
unsigned int rintpnd;
uart, puts(TRQ handler: ");
rintoffset = rINTOFFSET;
uart_puts(TINTOFFSET - ");
uart, puthex(rintoffset);
rintpnd = rINTPND;
uart,_puts(’, rINTPND - ");
uart_puthexnl(rintpnd);
rSRCPND |= rintpnd;
rINTPND |= rintpnd;
schedule();

eventsIRQHandler 3<% schedule $H8 T&3=
Fo] F71E A Qo= o] & dlA|e 2t g o714
= HOM) schedule <5 A SE&sh=d, AA] 0S4
+ 2w stego] QI HE A2] £1 oA ofd =4
o] uw}2} schedule 5 &34},

A5 o] st=do] JHHE A7 FHozRE of|
Hlolel & 7Ithel= A3zt th7] ol Heel 92 3%
wake_upd} 22 <= YollAl 1 eAFE 7] FollA
TH| 72 %713 7] F2 A g3t A 23S
A AR LA S A MAEHS

A

A
Yt 4=

.—ﬂ

oA} multitasking 4~385F7] 93l Lodk FEQ Y8
& At EQith upx|eko 2 Makefile 9] KERNEL OBJ
WHapo]| thgatk 2o task.o F2-& 7131}

KERNEL OBJ=head.o main.o mmusetup.o uart.o
exceptions.o swihandler,o timer,o\

irghandler.o mmu.o task.o

{ L A2 72 =5t AHIC= 0S9) ofstet 28

o A WE-S Hupdstd et Anp ofeer 2
o] Uehtth task09} taskl AT 7bol o HEhS: 4345}

&% 9,

SWI handler: syscall number—0x00000081, cnt-0x00000365
IRQ handler: rINTOFFSET-0x0000000a, rINTPND—
0x00000400
SWI handler: syscall number—0x00000081, cnt—
0x00000366

SWI handler: syscall number-0x00000080, cnt—
0x00000d3f
IRQ handler: rINTOFFSET-0x0000000a, rINTPND—
0x00000400
SWI handler: syscall number—0x00000080, cnt—
0x00000d40

oldolA multitasking% Z35l7] 98] Qs S A
s} ~AETY 2ES = o0 ghrglo] ole]
HE 22| FRlI} A3 FEZE 7§1§ A7} HElE o]
£ grotu).

08 Aol FH7 A4 Al B4 Aole FHOR WA
ek, b WA B4 S U] 1A

(o))
=

main.c

#include {system.h)

void uart_init();

#define TASKOL2PT (unsigned int )(0x100000+0x4400)
#define TASKIL2PT (unsigned int #)(0x100000+0x4800)
#define SHAREDL2PT (unsigned int #)(0x100000+0x4c00)
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#define TASKOBASE (0x30200000 | 0x£f<{4|0x2{<2|0x2)
#define TASKIBASE (0x30300000| 0xff<<4|0x2<<2] 0x2)
#define SHAREDBASE (0x30400000 | 0x£f<<4|0x2¢(2/0x2)

#define MASTERLIPT (unsigned int #)(0x100000)

#define TASKOL2PTBASE (0x30004400] 0x03<<511<4 | 0x1)
#define TASKIL2PTBASE (0x30004800 0x03<<51<¢4 | 0x1)
#define SHAREDL2PTBASE (0x30004c000x03¢<5 11<<4 | 0x1)

void mmu_fill_12pt(unsigned int #, unsigned int ,
unsigned int);
void flush cache t1b();

void mmu_map 12pt(unsigned int *, unsigned int);

#define jump2task0()
(
unsigned long spsr;
unsigned long taskOaddr=0x400000;
unsigned long svesp=0x100000;
_asm__ volatile (
“sub sp,%2,#4\n"
“mrs %0,spsr\n”
“bic 90,90 #OxF\”
“orr %0,%0,#0x5\n”
“msr spsr._c,%0\n”
“movs pc, %1’
27 (spsp), ‘7" (taskOaddr)

“ 9

LT (svesp)

P

“memory’, ‘cc’);

void kmain(void)
{

TECHNICAL FEATURE > > > >

SHAREDL 2PT

Ox30407 #® 1 1 11 1 0 10
Ox30406 1 1 11 11 1 0 10
0x30404 11 1 1 11 1 0 10

0x30401 11 1 1 11 1 0 10

0x30400 #® 1 11 11 1 0 10

virtual addr MASTERLIPT 0x30004000

0x0020_0000  0x30004c 0011 01~ 0x30000008

0x30000000

uart, init(;

timer init();

mmu_ fill 12pt(TASKOL2PT, TASKOL2PT+8, TASKOBASE);

mmu_fill 12pt(TASKIL2PT, TASKIL2PT+8, TASKIBASE);

mmu_fill_12pt(SHAREDL2PT, SHAREDL2PT+8,
SHAREDBASE);

flush cache tlb();

mmu map 12pt(MASTERLIPT+4, TASKOL2PTBASE);

mmu._map 12pt(MASTERLIPT+2, SHAREDL2PTBASE);

init task(;

uart, puts(‘jump to taskO\n");



*(volatile unsigned int *)0x200000 = 0;

jump2task0();

SHAREDL2PT W32+ 37 F9E BT level 2 page
table®] 7 F£4E YEbdlith SHAREDBASE iA2+= &
999 =4 Z5‘—54/%13 C, B4/ 55 Uehdit}, SHAR-
EDL2PTBASE "MlZ2= 35 99& 2T level 2 page
table®] E2] $4:9} Domain, C, B 44 52 Uit

kmain =rolAE mmu fill 12pt S5 o8-8l -7 99
level 2 page tables 27]3}3}1L, master page tableol| &7 4
A9 level 2 page tablele WPAIZIT}, O 3 o] 1o 93|
A AAE T G99 level 2 page tableT} master page table
& e Aofth, 3 G992 7 4 3l 0x200000
kil SHES AR, 7|45 0x200000 HA] 2] 4H}o]
ES 3F 99z AF%PE} kmain®l|4] 0x200000 ¥7]9] 4

-
>

r
N
2
rh

A o|n] Avget EO]_E XLZ:EV] H}EH:}

o714 ZoJ& & jump2task0 WA ZA SVC 2E2)
spsr HIAIAE Q] 319 8 HIES 002 27]3}51aL Ox5f Fho
& Y= ol o]FA T A movs HEOIE ©8S
o] 7WA) F4 0x400000 HAZ HEE =3shd CPU o]
O] HE= SYSTEM EE= Hit), of 7] A= tH 7)o #H
/4 taskO, taskl FERINA vart G5 24 A8 U
A HeA} ElAT = SYSTEM LOM SARIT, uet
A th2} Zho) task.c WA Q) init task F<ollA] taskl B
2259] CPSR el A &E o) 0x5f 4kol & er. U] i
2 o)A AL} L,

task.c

void init,_task()
{
current = &process|0];

next = current;

{ L A2 72 =5t AHIC= 0S9) ofstet 28

process[1].context[13+2] = 0x408000;
process[1].context[1] = 0x400000;
process[1].context[0] = 0x5f;

olgol Al main.c TU task.c TLO| Y-E-S AR
ct.

irghandler.c

#include <timer.h>

void eventsIRQHandler()
{
unsigned int rintoffset;
unsigned int rintpnd;
rintoffset = rINTOFFSET;
rintpnd = rINTPND;
{
#define SUM #(volatile unsigned int %0x200000
static unsigned int tmp_sum;
static unsigned int count = 0;
static unsigned int do_sum = 1;
if(do_sum == 0) goto sched;
tmp _sum = SUM;
if(tmp_sum »= 0x100000) {
do sum = 0;
uart,_puts(‘sum in timer interrupt handler: ”);
uart_puthexnl(SUM);
uartputs(‘count in timer interrupt handler: ”);
uart, puthexnl(count);

goto sched;
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tmp sum++;
SUM = tmp_sum;

count++;

rSRCPND |= rintpnd;

rINTPND |= rintpnds;

sched:
schedule();

eventsIRQHandler $F U9 4H 25 ARA}
e B2 o dAlet Ak, SHE 5 delMe 34
B4 SUM ftkmain oA 022 27]3h& A9 #
tmp_sum 22 ¢Joje} 0x100000 ¢} vluwsk 3 ko

tmp_sum ¥4 gEZ 1 S7HIZ & SUM ¥4 gl
o] ¥ count g2 S 571713 RIS b Uit gk
oF tmp_sum ¥422] Zho] 0x100000 gHEch AU 2o

A9 W= do_sum #H& 002 A& & 37 W SUM ¢

ot
R
>

c

= T
FHE E5Y aF-EolA 12 2713t =, g 00]
Enigil

% SUMS B8] RHHES st 4RE ¢

pil

-

o}, count H4= SUM W= Fho] 0x1000000] H= 59t
eventsIRQHandler 3= W9] SHE EFofA4 SUM ¥4

ol 2 AL P=A LEE

The task.c T 9] W8-S Auf AL,

taskO.c
#include {system.h)

int main()

{
#define SUM =(volatile unsigned int %)0x200000

R”

TECHNICAL FEATURE > > > >

unsigned int tmp_sum;
unsigned int count = 0;
while(D) {
tmp_sum = SUM;
if(tmp_sum »= 0x100000) break:
tmp_sum ++;
SUM = tmp_sum;

count++;

local_irq_disable();

uart, puts(‘sum in task0: ”);
uart, puthexnl(SUM);
uart_puts(“count in task0: ”);
uart, puthexnl(count);

local_irq_enable();

for(::):

task0.c F¥ 2] main F8 Wellr= 75t F2&
T ¥4 SUM gh2 A9 ¥4 tmp sum®
0x100000 gkt B|agt %, 2k ™ tmp_sum H4> gk
7PAIZL & SUM W< gholl Yt 2% ¥4 count gh& Sh
371t ek tmp sum ¥429] gro] 0x100000 gtk
AAY oW FIE WA Yol Ff W4 SUM akt A1
W4 count gFe vart® Al U, count ¥ SUM
Ha= Zro] 0x1000000] Eji= &3t task0 EjAT FEIOA]
SUM ¥4 7k 2 ¥ A2PeAE o+ g et
eventsIRQHandler 3¢} task0.c Q9] main 3H=o]
A= Ff W4 SUMe tisl B4 JHiE A, 7
S el A7t ol HA L=Al = FHollA A Ak
22 o7 2] HJ4 swihandler.c T Q] events
SWIHandler <=2} taskl.c I¥ 2] main S~ o2 &

o] 43k

=)

— 2
oy o x

° o #O

0

O



swihandler.c

void eventsSWIHandler(unsigned int syscallnum)
{
schedule();
}
taskl.c
int main()
{
while(1) ;

gl HHA wARE
Makefile®] TASKO, TASK1 F-& thait 2ol 4743ttt
E H l:l o _‘lm 2 —,—-Tl]—

Makefile

# TASKO
TASKO OBJ = task0.0 uart.o
taskO,bin.o: taskO
arm—linux—Id —r —o task0.bin.o —b binary task0.bin
task0: $(TASKO_OBJ)

task0.ce| main &=~

while(1) {
tmp_sum = SUM;

iftmp_sum )= 0x100000) break;

47 e Pk 1e)m

{ L € H2t 782 E5t AHIC|=E 0SQ| ofslet 22

arm-linux—1d $(TASKO OBJ) —o taskO —e main —Ttext
0x400000 -N

arm-linux—objcopy taskO taskO0.bin —O binary
# TASK1
TASK1 OBJ = taskl.o uart.o
taskl.bin.o: taskl

arm-linux—1d - —o taskl.bin.o —b binary taskl.bin
task1: $(TASK1 OBJ)

arm-linux—1d $(TASK1 OBJ) —o taskl —e main —Ttext
0x400000 -N

arm-linux—objcopy taskl taskl.bin —O binary

taskl, task2 F€of| vart % T4E 2715 E =2 Make
file 4} oA AAT WEL At Rt 2

jump to taskO

sum in taskO: 0x00100000

count in task0: 0x000fffe6

sum in timer interrupt handler: 0x00100000
count in timer interrupt handler: 0x0000006a

eventslRQHandler &=

tmp_sum = SUM;

ifttmp_sum )= 0x100000) {

tmp_sum ++ }
timer ————»
interrupt SUM = tmp_sum; & tmp_sum-+;
count++; SUM = tmp_sum;
} ¥ count+s

I8l 4. task0 &

Elofl cist SIELI0] QIEI-E X2| £EIQ| ZHY
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TECHNICAL FEATURE > > > >

o]7]4 SUM % 0x10000021d] Hhal, ClE|HE 2] &
€19 count 4} taskO FEE| count gHe T 49 0x10
00500] Vhei= A BRIgk 4= glrt, o]t Auk= F FHo]
SUM W5 Aol Hohe 497 sty biigoltt, 4
£ 0] O3 49} o] T FHIo] HA 79 o9 2 74
7} Ayt

19 4+ task0 FHAA I Bl SUMS Fdoke &=

%9 timer interrupt”} A3l eventsIRQHandler g Ui

local_irq_disable();
uart,puts(‘sum in taskl: ");
uart, puthexnl(SUM);

flo
Ho

uart, puts(‘count in taskl: );
uart,_puthexnl(count);

local_irq_enable();

o)A SUM #4E #1383 task) FE O & FEole} SUM forG:);

A2 oh el S Uehith ofn 4ol SUM |

Fkol 0x10000]2ar ABZfel At 919f 735+ F&lo] gt H

A e A1 LpAl= 0x10010] €}, &, eventsTRQHandler irghandler.c 49| eventsIRQHandler =% Tt

Aol et B Ak ofw] gl o) B gk o] 43,

oje} Zo] artHo® gjAz 2Ela} sleglo] QEYPE

FE TR G0l & AF B A = L .
o] o] A|2o] 2 Al AT 7HHE 4 9lr) oo irghandler.c
3 AAAE The o)A Alw Aot TR
npxao 2 ElAT 2ElF} BlAT 2el7ke] AA A} void eventsIRQHandler(
S Ak A EAL WA taskl.c IHL ) W8-S ths {
T} 7vo] ZAEIA} taskl = task0.co) Ug 9 127} 29 unsigned int rintoffset;
it unsigned int rintpnd;
rintoffset = rINTOFFSET;
taskd c rintpnd = rINTPND;
#include <{system.h) rSRCEND |= rintpnd;
e rINTPND |= rintpnd;
{
#define SUM *(volatile unsigned int *)0x200000 sched:
unsigned int tmp_sum; schedule();

unsigned int count = 0; }
while(1) {
tmp_sum = SUM;
if(tmp_sum )= 0x100000) break:
tmp sum ++;
SUM = tmp_sum;
count++; jump to taskO
} sum in taskl: 0x00100000



task0.c2| main &

while(1) {
tmp_sum = SUM;

iftmp_sum )= 0x100000) break;

Ho
=2
2]
]

tmp_sum ++;
timer ——————»
interrupt SUM = tmp_sum; —
29y He
count+;

count in task1: 0x000dff3b
sum in taskO: 0x00100000
count in task0: 0x000e3540
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task1.c2| main &=

while(1) {
tmp_sum = SUM;
iftmp_sum )= 0x100000) break;
tmp_sum ++;
SUM = tmp_sum;

count++;
e (1118
} interrupt
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