TECHNICAL FEATURE > > > >

Xt 30 R2l= ejAT FED SIE0] QIHYE X2| REZ| £ AT FEI AT REIZI0| 37 ol st
Y JEft LlshE S-S B 0# S0f= 0l2{3 2XS0] et LRl siEMS Loty TR £
| o

S 2R E BI2C 2U1 WAL QM 29| WAI0| AHZYS TR Yl TSt Ut 7ot M 29| 7E TR B

312 B3 FR} slego] JHYHE Rt 34 % %, O 2904 SUM #he dol #h& 1 5741713 ThA] A%
ofo] & A5 B e A 5 Gl AR VEhd, sh= 8, 5, critical sectionlA] QIE|HES wolEo 2
ojTt RS BT FRIONA FHFHES Hshs =5l TAIE A 4= Slrt, mebA task0.c HY 9] main FHE
St=glo] AHHETL EAsto] st=slo] (IHHE 2] F10| I o] A3t
A e F8odol S Mgk AL st} weba stEgjo] ¢l local irq_enable, local irq disable W= &% include/
EHEZ At ZAZE HAE o Qe FYolA sh=gof system.h ZHo] A 2fEjo] glou o 7]t AEgt vt 9L
AEIHES Hfof oo gk, ., OhE eSS 2= E ol A e Adutdstod
task0.c2| main &= eventslRQHandler &=~
while() { 7 tmp_sum = SUM;
tmp_sum = SUM; ifttmp_sum = 0x100000) {
iftmp_sum = 0x100000) break:
- tmp_sum ++ }
timer —————————»
interrupt SUM = tmp_sum; tmp_surm+;
countH SUM = tmp_sum;
} Y count+:
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AA % 78S 3 YT = 089 o3|t 586

jump to taskO

sum in task0: 0x00100000

count in taskO: 0x000fffa9d

sum in timer interrupt handler: 0x00100000
count in timer interrupt handler: 0x00000057

o}7]4 SUM 2H& 0x100000L.2 Ueth E task0 FEI9]
count #¥} QTEIHE Hz] FE9 count #h& T H$ole
0x100000°] Ure-= A 8elg o= Qlth, &, st=go] Qe HE
& o2 £ FEo| SUM ¥ & A YR Aot s
ato] Aol ik A4 AJehE shdstoirt.

old st=glo] AEHHERIHHE AE Ajsks B30 ®
o St=go] JAHHERIHYE B - 53 AEHE)7H 24
sfo] 71 stegof JIEHERIEHE BE Asfof 3 790
& 2R g9 o] 9k& Aol FAIZE S 4 9
o, O3 3& 2A

I 33} 22 A9olw 18 2044 st=glo] QIEHE
7} HAYSHH A7 HAYE 4= Qs AolA shEge] QIEHY
EE o} Frofof i},

durA o2 AT TR slEgo] QIEHE A7 FELE
E= stEglo] JAEYE A2 8} stEgo] JIHHE A

MEIL(mwseo@e—serome.co.kr)

FEZI] % G0l U A9 E T BRYAS W
AZIo] QT B AEYES B0 BAZ HET 4
slet

TSt Sl i 2eighol] 4 ] ot 4
A A7 AR A oA BAIZ 2T A Az 1A

73 4 gaa 2R g 2A) 34 Godo] 92 7
)

o =
T8 49 22 Aol TG GE Ftdhs Aol dAst
DR RIHYES U302 FAE 2T = ot &, 19 2
oF Zro] A2t 4= ck, eyt giAT FElojA]

o
2o AZle] YEA G B9 EE AT FHAH B4

task0.c2| main gt

while(t) {

timer ————
interrupt

count++

timer ————»
interrupt }
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[l et e AlFelal stEgo] JAHHE FHEiM F g2 27|89k 3lal Al

A%l tek He 2 Aeole JHYEES e e T task0.c A9 Y18-& thatt o] 4t
Z2AE A gl o] ol keyHt flag 4= 3t

€ HE 7ol AV IS 4 Sl Y9e Hlaazt] &4t veelie

202 HsA sfjof gt

#include {system.h)

L_I
? =
CD

UM k= $of 2= 1 3717138 B AAs=
, critical section®] A&} A oA flags W]l £t
oA flags &2l Yo= g% Uehdtt flag7} ©]
7} Q& 74l flagZ7t &2F2 W7hA] busy waiting

AN

)

o it
4 o= x @
ot _VE-L o
% S

P

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

=

task0 EEMW flagS U2)a 2 H4 SUMS dasle #define SUM LOCK #(volatile unsigned int
=%l timer interrupt”} 'WA5}e] corelRQHandler #'d +)0x200004
Blellq 271% aq S RS 43511, task] £HOE H unsigned int tmp_ sum;
3 taskl FEA TG W8S H28arat 5l flagz) o]u] unsigned int count = 0;
Y7} 9lom & taskl 51011 A= flag7h =eb H71A] busy
waitingS =gt 2189 (19 519 Wgof Ut ot 9] f while(l) {
&2 8] 1= sk while(l) {
A main.c Lo W82 thaat o] SARtth local irq disable();
if(SUM_LOCK == 1) {
e SUM_LOCK = 0;
void kmain(void) local irq enable();
{ break;
}
uart, puts(jump to taskO\n'); local irq enable();

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

x(volatile unsigned int #)0x200004 = 1; tmp,sum = SUM;

if(tmp sum »= 0x100000) {
Jump2task0(;
local_irq_disable(;
SUM LOCK = 1;
local_irq_enable();
7MY F4 0200004 B2 9] 4 H}O|EL= flag ARGS9 el
ol o] ool 12 27|35k ek 5, flag7h &2} ol A
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tmp sum ++;

SUM = tmp sum;

local_irq_disable);
SUM LOCK = 1;
local_irq_enable();

count++;

local irq_disable();
uart_puts(sum in taskO: ");
uart_puthexnl(SUM);

uart, puts(count in task0: );
uart, puthexnl(count);
local_irq_enable();

Aot oS St YHICI= 089 OlsHet SE®

task0.c 4} main FEHA flags Wele 42 the

ol

( )

while(l) {
local irq disable();
if(SUM_LOCK == 1) {

SUM LOCK = 0;
local _irq enable();
break;

}
local irq_enable();
}

- J

%, SUM LOCKe| Z=P7} 9l SUM LOCKE Uiz
critical section®& E907}a1 SUM_LOCKo] &7} gloH
SUM_LOCKo| &2 wi7HA] busy waitings 343+ 7|t}
ek o714 g 7] 298 & SUM_LOCK #4 9A]
SUM #Ad 3-f39el7] tizol JEHEES ot Hus)

SUM = tmp_sum; —=

count++;

for(;3); Fofof gt
critical section®]l that & vk ol flags &)= 52
< Ty Folth,
QIHEE A XMz| 28 CIEHE B Xz2| RE!
while(1) { 7] tmp_sum = SUM;

tmp_sum = SUM:; if(tmp_sum )= 0x100000) {

iftmp_sum )= 0x100000) break;

tmp_sum ++ }

CIEEE B ———»

tmp_sum-+;

SUM = tmp_sum;

count++;

33 3. stEf0] ABTE X2l FEIZIS| 7hY
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local irq_disable);
SUM LOCK = 1;
local irq enable(;

%, SUM_LOCKZ &9 critical section #HA] U2},
tasklc 749 WEE task0.c Q<] &}t o] =43t
cth ol 2Rt W82 Hutdste] eels) B vhaat 2

jump to taskO

sum in taskl: 0x00100000
count in taskl: 0x0008fe35
sum in task0: 0x00100000
count in taskO: 0x000701ch

oj7]4 SUM g 0x1000002.2 W&tk E task0 FEI9|
count #¥ taskl FE count #& HT HLol=

<
38 2 4 9
task0.ce| main &t taskl.cel main &
while(1) { while(1) {
tmp_sum = SUM; tmp_sum = SUM;
ifttmp_sum )= 0x100000) break; iftmp_sum )= 0x100000) break;
=W Tet
tmp_sum ++ / tmp_sum ++
timer ————»
interrupt SUM = tmp_sum; pp— SUM = tmp_sum;
== =
count++ count+
¢ timer
} interrupt
2! 4. task0 20 CHet task1 FEI2| 7k
task0.ce| main &< task1.ce| main &<
while() { whie() { < timer
interrupt
timer
interrupt
count+; count+;
} }
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0x100000°] W= A 2l 4= Qle}, &, flags A=
H T FEo] SUM ¥4 k& AH & HIstes sto] ¥
Qoll thzt B HEE 2 steict

olollA Bl SR B —Er._7JO1
778 ZE7 Ay 7ol T3t sl AR .

flags Wel= S&olA flag7t 0]‘3] "HE% 7} ke Aol
busy waiting= =35t 7]chicial st o]gA Ast
ol% =24 Ql A= WAYsHA] eh=th e Bj2=7t busy
CPU AlZks FHIsHA =H, ot
aff Feofof gtk AR o=
9= A7k 53t busy waiting S 473
A PYAIE blocking Al7Ith 2, SR Z2A|
A5 EASE wait queued]] Wil BlAT AAIETE ST

52 AdofAl= sleep on 9] F7t o] gt TS glct,
TebA flags Wele 544 et 22 JEHZ sAEofof
Eii=g

o
Jo
of
12
2
=
=

waitingS F38l= ¢l
2haf ofof| tigt AAgt A&
A3 FRA 5T 5

ok & %

while(l)
local_irq_disable();
ifSUM_LOCK == 1) {
SUM _LOCK = 05
local_irq_enable();
break;

}

local_irq_enable();
SLEEP ONO);

}

foll= @A H2as
SAoIu 7E 29 Jock

%, flag7h olu] W=7k A& 73
blocking AlZIt}, AlnkEze]S] down
Z=2% o|9} ZHo e R LHE )

E flags vl 22 v
2t

@S gz Ssolor

et S Set YHci=E 089 ofshiet S8

local_irq_disable(;
SUM LOCK = 1;
local irq enable();
WAKE_UP();

Z flagE 22|12 YA blocking Hlo] Sl Bl2371 Q1
%1 B4 32 unblocking AlZIth Alukzele] up E2to|t
FE2A9 unlock 5% 0]¢t T2 Fej = FHE,

SLEEP ON #h¢} WAKE UP ¥+ wait queuelt
ready queuesol tet A % & WA g o Fs}]
2

TR ready queuel} wait queues F&3}7] Hof WA
ole] 7§e] Bja=7} -3 —)F = S el 2AL o714
£ 16719 BjAa7t 48 4= QIS op7| & g,

HA main,c 242 W85 that 2ol 4RI,

main,c

#define TASKOL2PT (unsigned int #)(0x100000+0x4400)
#define TASKIL2PT (unsigned int #)(0x100000+0x4800)
#define SHAREDL2PT (unsigned int #)(0x100000+0x4c00)
#define TASKL2PT(n) (unsigned int #)(0x100000+
0x4800+n:+0x400)

#define TASKOBASE
(0x30200000| 0xff<<4 | 0x2<<2[0x2)
#define TASKIBASE
(0x30300000| 0xff<<4 | 0x2<<210x2)
#define SHAREDBASE
(0x30400000 | 0xff<{<4 |0x2¢2|0x2)
#define TASKBASE(m)
(0x30300000| 0xff<<4 | 0x2<<2[0x2)
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#define MASTERLIPT
#)(0x100000)

#define jump2task0()
¢
unsigned long spsr;
unsigned long taskOaddr=0x400000;
unsigned long svesp=0x100000;
_asm___volatile (

"sub sp,%2,#4\n"

"mov r0,#0\n"

"mrs %0,spsr\n’

"bic %0,%0 #0xfA\n"

"orr %0,%0,#0x5f\n"

"msr spsr_c,%0\n"

"movs pc,%1"

:'r'(spsy), 'r'(taskOaddr)

,'r'(svesp)

P S

non

‘'memory’,"cc);

void kmain(void)
{

mmu_fill_12pt(TASKOL2PT, TASKOL2PT+8,

TASKOBASE);

mmu_fill 12pt(TASK1L2PT, TASKIL2PT+8,

TASKIBASE);

mmu_fill 12pt(SHAREDL2PT, SHAREDL2PT+8,

SHAREDBASE);

{

mnt i

for(i=2;i<16;i++) {

106

(unsigned int

mmu_fill 12pt(TASKL2PT(), TASKL2PT()+6
TASKBASE(®);
mmu fill 12pt(TASKL2PT()+6 TASKL2PT()+8,

TASKBASE®)+0x4000+i0x2000);
i

flush cache tlb();

TASKL2PT(n) "lAZ2+& n¥l gA3E Belshe level 2
page table®] 7H} F+45 YRt} n 2~159] 3% th
1 7H43%cE TASKBASE®) 22 nd glA39 58 F
S} AP, C, B &4 55 Ut a2 n¥l HiAas 19
237t 35 FHe A Hoh &, 0¥ gaae
taskO.c ] %= main FE-E =35t 19 gjAaRE 151
B} AT tagklc Oﬂ = main FE-E 53}

jump2task0 WA Zol= 0 B A ol
I3l 10 A 2E ol 08k ol = Fi2 78ISt &L
2 FoA 1H ejAT o= 1352, 29 BjAT= 288, nH Hl A
e nfks QAR W task.c LS A8k Fol Jlth
n 2~159] k& ZHeral 7HgRi,

kmain $=rollA+ mmu fill 12pt 5 0]43) task2~15
9] Jevel2 page tableS Z7|3ReIt}, kmain 5 38l
W 3o #Hlo|A] glo|Ex} task 2~159] 28-S B2 via] 3
TVgollA [ 6l ol v e,

mlo

S,

task.c
typedef struct {

unsigned int context[18];
} process state;



process state process[16];
process_state # current;
process state * prev, * next,

unsigned int pid = 0;

void init, task()
{
current = &process[0];

next = current;

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

fint i

for(i=2;i<16:i++) {
processlil.context[13+2] = 0x408000;
processli].context[1] = 0x400000;
process{il.context[0] = 0x5f;
processlil.context[0+2] = i;

#define MASTERLIPT (unsigned int )(0x100000)
#define TASKOL2PTBASE  (0x30004400]0x03<<{5 11
«410xD)

#define TASKIL2PTBASE  (0x30004800|0x03<<511
410xD)

#define TASKL2PTBASE®) ((0x30004800+(nx0x400))]
0x03<¢5[1¢<410x1)

void schedule()
{
pid = (pid+1)%16;

current = &processpidl;

Aot oS St YHICI= 089 OlsHet SE®

next = current;

flush_cache_t1b(;

if(pid == 0) mmu_map 12pt(MASTERLIPT+4,
TASKOL2PTBASE);

else if(pid == 1) mmu_map_12pt(MASTERLIPT
+4, TASKIL 2PTBASE);

else mmu map 12pt(MASTERLIPT+4, TAS
KL2PTBASE(pid);
}

0x3033_8000

0x3033_6000

0x3030_c000

0x3030_a000

0x3030_8000

0x3010_a000
0x3010_9c00

0x3010_9800

0x3010_5800
0x3010_5400
Page table &

0x3010_5000
0x3010_4000
0x3010_4800

0x3010_4400

0x3010_4000

0x3010_0000
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WA 16702 BjATE 2T 4= YEE process HD B
9] dEZ] A4E 1692 443t} init_task TrollA= 19
A7t 1 g AR v 5 Qe REE eI 1Y
I task2~task159 context W= Z7|8hghct,
TASKL2PTBASEm) W22+ n ¥ AT E 2|5l level
2 page table®] &4 542} Domain, C, B $4 5-& Yehd
t} schedule g4+ pid M5 73A8=

4348t ] A3.9] level 2 page tableS WHA7| = FES 5

s

#include <system.h)

int main(unsigned int arg)
{
for(;:) {
local irq disable();
uart, puts(‘task ");
uart, puthexnl(arg);

local_irq_enable();

main F<EollA AR} ZHE =S =AYt main e
oes] A S He FAN 48 Sl st

taskl.c ZY9] WEE task0.c THLe] W} Lol =43t
t} oAk ZAJEE Y 8-S Aulelsle] Eold) e}

% 23S 2 4 9k

task 0x00000000
task 0x00000001
task 0x00000002
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task 0x00000003
task 0x00000004
task 0x00000005
task 0x00000006
task 0x00000007
task 0x00000008
task 0x00000009
task 0x0000000a
task 0x0000000b
task 0x0000000c
task 0x0000000d
task 0x0000000e
task 0x0000000f

1670] Bj2=7}F AT 3= AL 9l

o8 TR 2R A O] AAIEH I 9

O] AAET FEIE 7181 9lel Uuk et

daf) 27|12 sk o] F 7K FE ol8sto] FH] Fready
queue)?} o7 FHwait queue)E +HE Ao},

HA dut e a8 79 2 BRS Adet i ARAE

include T Eg] Woll queue.h T ol thaat} o] A LJgict,

include/queue.h

typedef struct _queue {
process state * head;
process state # tail;
unsigned int num;

} queue:

void initqueue(queue * q);
void enqueuelqueue * q, process state # proc);

process state * dequeuelqueue * q);



%
-
o
4

o[}
ﬂl|0
i
1l

HICI= 0SQ| ofsliet S2

tail

head next next next

. : queue head . : task

a8 7. Yt queue

T W ARG ol S0l A
T 7P Fo] ol ol BaaE
T T Ul e "2 e e

queue 754 9] head ¥
A& 71719, tail M=
7FI70ct num #H4E=
o},

274e] g2at e BAaE Tl next EQUE W4
€ 7HIH. include ¥ EZ | U= task.h U9
process state T2 & TR} Zo] =43t

4 )
include/task.h

typedef struct _process state {
unsigned int context[18];
unsigned int pid;
unsigned int time remain;
unsigned int time slice;
unsigned int need resched;
unsigned int prior;
struct _process state * next;
} process state;

|

-

pid ¥ A WS e 21719 BjAas a3t
35 ZH=t} time remain ¥ A7 AREE 4= Gl
time slice®] '@ 7155 7HA|m, Bfo|H QIE|HE7} Ay o
oc} S ZFAgltt time slice Was BlAT7F R0
time sliceE S B-& uff g BLS 4= Q1= time slice®] 7i4
£ 71t} need resched M= BjA3 AAIE 0] LS 7
Qof] ARgSHH prior W= HjAT L] SA491E UEhdI)

I,

next E1E] |= 4] Fubh ti7|5F WollA o Bl 235 7}
2)7]= e gt

initqueue, enqueue, dequeue T4+ queue.c o] oFS-
I} o] AolEof glow 7t = 27|sfeal ol HiAAE
WA wh= AT gtk of7] A= ol thet AAIE A o)
A 712 jh,

queue.c
#include <task.hy
#include {queue.h
#include <nullhy

void initqueuelqueue * q)

{
gq—~head = NULL;
g—tail = NULL;
q~num = 0;

void enqueue(queue * g, process state * proc)

{

ifg>num == 0) {
q—~head = proc;
q—tail = proc;
}else {

q—tail-)next = proc;
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q—tail = proc;

g—num ++;

process state * dequeuelqueue * q)
{

process_state * tmp:

ifl@—>num == 0) return NULL;
else iflgnum == 1) {

tmp = g—head;
q—~head = NULL;
gq—tail = NULL;
} else {
tmp = q—head;
g—~head = q—head—)next;
}
g—ynum ——;
return tmp;
}
| J

NULL "Z2%= include YEz2]9] nullh stdof ok}

2ol Aelaiet

include/null.h

#define NULL  ((void %)0)

OFo 2 oA &9 7= 18 83 2 BYS Ze=tt #F
TF2AE include Y E2] Yol prior-queue.h TFYof T
1} o] Aozt
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include/prior—queue.h

#include {queue.h)

typedef struct _priorQ {
queue Q[16];
unsigned int num;

} priorQ;

void initpriorQ(priorQ #);
void enpriorQ(priorQ #, process state #);
process state # depriorQ(priorQ =);

| J

priorQ FEAE & 167]9] Yut F2 7 A1 &9 F
Yof| 9= B E gjAT9] 7i4-E AAFH= num W47} L) Q
Wi 40 QUElA WB7} S48 4 91} et

AL

initpriorQ, enpriorQ, depriorQ ¥ prior—queue.c I}

Aol ehE o] A olE o] gl

prior—queue.c

#include <task.h)
#include {prior—queue h)
#include <null.hy

void initpriorQ(prior@ * ppQ)
{

int i
for(i=0;i{16;i++) initqueue&ppQ—>QLi);
ppQ—>num = 0;

void enpriorQ(priorQ # ppQ, process state #* proc)
{
enqueue(&ppQ—)Qlproc— prior], proc);




et S Set YHci=E 089 ofshiet S8

tail \
head next next
E—  —

tail \«4
h xt
ead ‘ ne; ‘

tail

ppPQ—ynum ++;

process state * depriorQ(prior@ * ppQ)
{
if(pp@->num == 0) return NULL;
else {
int i

process _state * tmp;

for(i=0;i<16;i++) {

tmp = dequeue@&ppQ—>QLiD:;

ifttmp 1= NULL) break;
1
ppR—n
tmp—next = NULL;

return tmp;

head 'next ‘ next ' next ‘

o
40
rx

[ queue head () : task

Ay
o
4

—

initpriorQ ¥ A w9 F5 27186k DS 5,
enpriorQ o= FAAF sk B2 94 &l sidshe
ol AT E Y= IS 31, depriorQ Tt 4 97
7P & HAAE S &8 oA Ade 22 gl

ool A dut et LAl 9] FE s Btk

AF7HA] el B FE st JIHHE X F

Bkl E A= —rE]HL B A SRk 35 Gl it 73
A g7 A Aol gt siAAS dobEtth E 2R
21 A oA —"E—% Ao AAETE s Sfs) 2

-

A 9 A0 AAEEE —"rL??‘;BH E7li 3}7‘}. EE, SLEEP_
ON 814=0} WAKE, UP 4= 1813)) H7|& 314} R
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