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Task, Process and Thread

Process
v AlSH AFEHOl Qe E2 )84 9| instance ...
v T8 ARAO €

— L TT

m [hread

In Linux source code
v Process is Task and Thread is also Task

i
A
[T
)
JE
ol



Linux Task Model *

= Internal structure - Frocess
§ : Thread
O : task_struct A=Al
. : Process Discriptor(8KB)
(ZZ2AHA CIATEH +

HE ZDE AEK)

Process A Process B Process C

1Y RE AHM

User Level

Kernel Thread A
‘ @. HI!I task_@
Kernel Level E ..... I -
Kernel Thread B

Scheduier
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s Flow controis

User App Library Systdm call

I

fork() “ > fork() < > clone() sys_clone()
1

viork() < > vfork() G vfork() sys_vfork()
I

clone() < > clone() < > clone() sys_fork() /'
I

pthread_create() ¢ » pthread_create() [+ > clone()

1

do_fork()

User Level Kernel Level

= Using strace, ltrace, ‘ctags’ and ‘cscope’ kernel_thread()
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Thread example(1/5)

_syscallO(pid_t, gettid);

int main(void)

{

int pid;

printf("before forkWnwn");

if((pid = fork()) < 0){

}else if (pid == 0){

else{

exit(0);

printf("fork errorwn");
exit(-2);

printf("child, tgid=(%d), pid=(%d)Wn", getpid(), gettid());

printf("parent, tgid=(%d), pid=(%d)Wn", getpid(), gettid());
sleep(2);

[footl localhost 3 4 process]# ./ fork
hefore fork

child, tgid=(3486), pid=(34356)
parent, togid=(34053), pid=(3405]
[rootl localhost 3 4 process)#




Thread example(2/5)

{

}
int main()

{

_syscallO(pid_t, gettid);

void *t_function(void *data)

int id; int i=0; pthread_t t_id;

id = *((int *)data);

printf("child, tgid=(%d), pid=(%d), pthread_self()=(%d)Wn", getpid(), gettid(), pthread_self());
sleep(2);

return (void *)(idid);

pthread_t p_thread[2];
int thr_id; int status;
inta=1, intb=2;
printf("before pthread_create()Wn");

if((thr_id = pthread_create(&p_thread[0], NULL, t_function, (void*)&a)) < 0){

perror("thread create error : "); exit(1);

}

if((thr_id = pthread_create(&p_thread[ 1], NULL, t_function, (void*)&b)) < 0){
perror("thread create error : "); exit(2);

}

pthread_join(p_thread[0], (void **)&status);

printf("thread join : %dWn", status);
pthread_join(p_thread[1], (void **)&status);

printf("thread join : %dWn", status);

printf("parent, tgid=(%d), pid=(%d)Wn", getpid(), gettid());
return 0;

1=
0l




hefore
child,
child,
thread Jjoin
thread Jjoin

1
4

Thread example(3/5)

parent, tgid=(3619), pid=(3619]
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Thread example(4/5)

_syscallO(pid_t, gettid);
int main(void)
{
pid_t pid;
printf("before vforkWn");
if((pid = vfork()) < 0){
printf("fork errorwn");
exit(-2);
telse if (pid == 0){
printf("child, tgid=(%d), pid=(%d)Wn", getpid(), gettid());
_exit(0);
}elsed
printf("parent, tgid=(%d), pid=(%d)Wn", getpid(), gettid());
}
exit(0);
}

[rootld localhost 3 4 process]# . /viork

efore wifork
child; Ttgid=13513); pid=i{3515)
parent; tglid={(3Sld); pid=(3514)




Thread example(5/5)

_syscall0(pid_t, gettid);

int

int main(void)

{

}

int sub_a(void *arg)

{

sub_a(void *);

10

int child_a_stack[40961, child_b_stack[40961; option

printf("main:Before cloneWn");
printf("parent, tgid=(%d), pid=(%d)Wn", getpid(), gettid());

clone (sub_a, (void *)(child_a_stack+4095), CLONE_VM  NULL);
clone (sub_a, (void *)(child_b_stack+4095), CLONE_VM, NULL);

exit(0);

printf("child, tgid=(%d), pid=(%d)Wn", getpid(), gettid());
exit(1);

[rootflocalhost 5 6 thread]# ./ clone

rmain: Before clone
parent, tgid=(3576); pid=(3578]

[rootllozalhost 5 6 thread] # child, tgid=(3577), pid=({3577)

child, tgid=(3573), pid=(3578)

[root@localhost 5 & thread] #

CLONE

_THREAD

I A &2

PIES




Task in Linux :

POSIX interface J|&t

2 HM et &2t OF

v Linux 1.X
= User / kernel mode Xl &
= Thread M4 Al thread2| attributeE X & i S 2ZM thread modeE & &
=AU
v Linux 2.X
= Kernel mode 8t X| 2 (sys_clone)
» LinuxThreadscty) =&
= 2! threadDICH task XtE2 32X &2 (MACHSl thread?t= CHS)
= POSIX incompatible & Al (pid/tid, signal handling, -**)

v Linux 2.6
= NPTL (Native POSIX Thread Library)
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Task in Linux

12

m LinuxThreads vs NPTL

Thread Create and Exit Performance

HSEC

[@nen W NGPT Ol UinuxThreads |

'
Firore 1: Varrize onmber of Teglevel Thread:

Thread Create and Exit Performance

[owem B NPT [ LinndThieads

Figars I: Varyicy ozmiter of Ceocorrent Children
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Task, Process and Thread

13

m laske

ANEX @S tHelottd AlAE
A& HRZe S2HZ2E, B,
EHAT HES
AFER2F M O]

v

-

=2 D<=

v
v
v = = T

,

S0 N2 BMED
FERO dIAARE

2t
=

=Lt

/* test.c */

int
char

glob = 6;
buf(] = “a write to stdoutWn”’;

int main(void)

int var;
pid_t pid;

var = 88;
write(STDOUT_FILENO, buf, sizeof(buf)-1);
printf(“before forkWn’);

if ((pid = fork()) ==0) { /* child */
glob++; var++;
} else

sleep(2); /* parent */

; exit (0);
(Source : Adv. programming in the UNIX Env., pgm 8.1)

printf(“pid = %d, glob = %d, var = %dWn”, getpid(), glob, var);

i
A
[T
)
JE
ol



Process State Diagram(1/2)

14

dispatch

Five-State Process Model

(Source : OS(stallings))

Ct=0Hst W WsTH
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Process State Diagram(2/2)

wakeup, unlock

. swap

swap | |

(Source : UNIX Internals)

CrRCpsm T



Task State Diagram of LINUX(2.4)

16

create

SR8 o

S




Task State Diagram of LINUX(2.6) !

create

e = -
-
- S~
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Context

b =8 5t A &
(system context), 22| =

o A+&

v 3REZLZ F4 Al
ot=4

(memory context),

s 29 (Context) :
v HEO| &t2|ot= EfA AL
Al AE 2o

........ pa g e t a b I e

swap or
a.out

harélware context




System Context

19

EHADE 2elote 88 &g

v

AN N NN Y N NN

EHA 3 H2: pid, uid, euid, suid, -

ENA 3 AFEH: &leH AFEH, READY &HEH, =T AFER, -

EHA S| IS 2t A p_pptr, p_cptr, next_task, next_run

AHZ=E HE: policy, priority, counter, rt_priority, need_resched
EHA TS K22l 2 JIHE, HOIX

ENA I E2¢et Ut A2 file descriptor

ANg 838

MY E EE

Qi 4B A2 HE,

4
2
E_I
e

0|5, =< (kernel dependent)
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Task@t file =

s U 22| AtE 24 fd, inode

include/linux/sched.h

task_struct

include/linux/dcache.h

include/linux/schg¢d.h include/linux/fs.h

inclyde/linux/fs.h
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Task2t signal

s AE X2l Atz HL

sigaction

task_struct
signal_struct

sigset_t sigset_.t"":

0
ST kernel/signal.c */

1% Larnallecinna
[* kernel/signal. ..... Qs_klll ( pl@
k| Il_proc_info(sig @

s.’ér;‘d _sig_info(sig, @

S|gaddset(t >signal, sig);
t>S|gpend|ng 1; :

old_s

@ctlon(mg new_sa, old

i
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Task H& 22X =

m A HE AX

init_task task_struct task_struct task_struct task_struct
next_task, next_task, |_next_task, _next_task, ...
R — R e R —
prev_task prev_task

prev_task prev_task
next next_run next_run
prev_run prev_run

prev_run
run_gueue

where is run_queue ? prev_task? next task?

m EHA3 JIE Z2H
task_struct

children.next _ children.prev

parent , sibling.prevT T parent , sibling.next

sibling.next sibling.next

task_struct sibling.prev ™ask struct “sibling.prev " task_struct

I c=0

I
S
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[rootdez—xE

Jroot]d

23

Param.priority
Sched ﬂﬂTiCy

o
H
Job

E

= X =0 /
Task Hl=S i ﬁFJ“ 2)
@ TRACE3Z
File Edit Miew ‘“ar Break HRun CPU  Misc Trace Ped Cov  Linux  Window
MK 3 & P | R OR? et SRS
Eib b
magic Command magic stafe uid pi :
C0134000 |swapper CO194000(swapper Funning o.
COZE2000 Tn1t
COZCcoog |keventd
C02¢8000 (ksoftirgd_CPUO 0. 0o0oooon - - -
CO0Z2CE000 (kswapd
CA2C2000 bdf Tush
Co2C0000 (kupdated
CODFO000 mtdblockd - in1t -
CODEADDD |mmchlockd
CODEENOD |khubd S
COBE4000 |sys logd magic  lcommand stafe uid pi :
COB2E00Q |inetd COZEZ000[[init = 1eeping 0.
COC54000 bash
3408000 |rp<iod
COC36000 |sched 0. 0ooodooo Qooont4a  Coo10000
sWapper rpciod -

i
0l
=
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Task H=S +2

sHO

°1(2/2)

24

o BuTask DTask DxCOCR4000
Mag 1 COmmand state Lid b1d spaceid tty |t lags
COC54000{bash s leeping 0. 104. | O0&S S-71 (00000100
qid  sigpending wm size  tth tty name  path
0. Qoooooooo aooooqbn Coc4coon  ftews? fbin/bash
flags
B parent youngest chi1ld  vounger sibling older s1bling
hit sched Fpciod Thetd
* B Task DTask D=COC 36000
tagic COmmand state Lid pid spaceid [ttty [flags
~OC3E000 |sched CUFrent 0. 125, | 007D S=-71 (00000100
qid sigpending wvm size  tth tty name  path
0. oo0oooooo gooooq41  COCE0000 foys2 fnfsfsched
7 flags
o woraest—child  younger sibling older sibling
bash - - -
¥ arguments
# environment
7 open files
7 addresses
7 code files
I Limes

o o o A o o o o o o o A o o o A o o o o s o o o o o o o A o o o o o



Memory Context (1/5)

m fork internal : compile results

gcc \

f y
oeax,. |

- | header || movl [glob], %eax

text T
glob, buf
Oxffffffff o data ——
OXbffFffff bss || var, pid

stack
{4 / sioeld \

- - . (ELF fom]g_t,)/
data . :
text /*xinclude/linux/elf.h */

0x0

user’s perspective
(virtual memory)

I
S
1=
ol



Memory Context (2/5)

26

s fork internal : after loading (after run a.out) & before

fork

segment table

task_struct  (vm_area_struct)
=
pid=11] —

. y

memaory

var,

-

pid

0b, buf

data

v In this figure, we assume that there is no paging mechanism.
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Memory Context (3/5)

27

m fork internal : after fork

task_struct

oliel = 11

/

/

task_struct

pid =12

/

memaory

glob, buf

segment d
] Z
\ ext D1
. , pid
segm? aglob, buf
7 . P
- data Afvef, pid

\

l

v address space : basic protection barrier
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Memory Context (4/5)

28

s fork internal : with COW (Copy on Write) mechanism

after fork with COW

task_struc

pid y

pid 7

t segment

/

/

~

\

\
N
~

task_struct segmﬁ

\ |/

/'

memory

after “glob++" operation

task_struc

[

¢ segment

pid = 11
/ A\
2

=

task_struct S€9me

/
"

pid 7 G

memaory

m
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Memory Context (5/5)

29

s ME2 T2 £=3H: execve() internal

task_struct

segment

memory

////2

pid = 11~

I AN\ M

______
- o~ o~

P e P

Lo o
‘Cdata >
N~

([ stack <7

N

S

AN

header
=tex!

m
A
o
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Taskll memory context 0

s B2 22 Ais 2L

v Include/linux/sched.h, include/linux/mm.h, include/asm-
1386/page.h

task_struct mm_struct vm_area_struct

Jo
EJ
yi=2
0%
=



Hardware Context (1/4)

31

m brief reminds the 80x86 architecture

ALU

Control U. @I

Registers

* eip, eflags

* cax, ebx, ecx, edx, esi, edi, ...

e CS, ds, ss, es, fs, ...

e cr0, crl, cr2, cr3, LODTR, TR, ...
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Hardware Context(2/4) >

kol

n MYE AE 2L CPU F&

J

stack
stack
heap heap
data
data
text
text registers

Address space for
Task B

Address space for
Task A

CtAl Task AJt =3 EHH?
=3 1 8t (Context Switch) = thread structure

I SH=2[H

I
S
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Hardware Context(3/4)

33

s MdE A= 2L CPU =43t

stack
stack
heap heap
data
data
registers
text
text
Address space for
Address space for
- h . g
tss struct. tss struct.
for task A for task B

i
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o
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Hardware Context(4/4)

34

s =9 3 (Context Switch)

save restore
contef <ﬂcontext

ﬁ taSk

o
A
[T
)
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Taskl| H/W context

35

include/asm-i386/processor.h

task_struct

include/asm-arm/processor.h



Kernel Stack

36

Thread union

v HEe2 Zd A3 €2 8KBUHIZ2 €Y
v thread_info 2 = M| 2t kernel stack
v alloc_thread_struct, free_thread_struct

CPU Stack

Pointer
Register
thread_info{
*task
flags(need_resched...)
by
current >
I c=2

0%
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Kernel mode & &

m INT, syscall = kernel mode& & &t
v control path : kernel modeZ &I olD| e Aol T

m Struct pt_regs ?
v S POl AEHE HY AEHN HMESHI| foH Al

filename, int flags, int mode)

az=mlinkage long =N=esEh const char

struct pt_regs i
long
Tong
long ; = sys open()XE CXII LolQl 01 B
long &51; HEE pt_regsH2x2 32 = fI0MH 24
long edi; NERSI=e=
long ebp;
long eax;
int ; » sys forkQX & pt_regsE Sz &
int K C o=
long orig_eax: — Me

long eip;

int ;

rr
OX

., regs.esp, &regs,



Linux2l Task AHAd %

s L2 ANlA 2 |Interface
v fork(), vfork(), clone() = do_fork() = copy_process()
= dup_task_struct(): A HE AEH 22O task_struct= At
= get_pid()E S &l ME22 PIDEEH
» S0 et el W, UFEAIAE HE, AlJ1E =2, Z2A

A FA 9A namespacesSs EHM /28

5t HIOIE= KAl TR A B2 Al B2 T2 AN HLE AL MS(ES

SIGCHLD), L}t Xl 3HIOIE= o2t 22
CLONE_VM : HI22| CIAZdEH2A BE PTSR
CLONE_FS : 2 E dirdt CWDLIEHH= tablet ‘umask’at 2%
CLONE_FILES : &€¢l filelLtEILH= HIOI=2 28
CLONE_PARENT : M2 DFSO{X= XHAl PO £
CLONE_PID : PIDZE R
CLONE_PTRACE : ptrace()2 B2 P === 02+9, XA PE == I}
CLONE_SIGHAND : Al1Y s=2f LIEIHLH= tableZB R
CLONE_THREAD : KHAIPZ 23P% 22 A S =0 €1, HAPY tgid2ES 0
O 2o 2F CLONE_PARENTHIE AN &
CLONE_SIGNAL : =» CLONE_SIGHAND + CLONE_THREAD = ZEIAHE APPO| U
S QS AYCO ADE B4 Jts

CLONE_VFORK : vfork() syst callA At=E&!
» U2 time sliceE 22 XA 2HH S 6K
s MMEF ZZ2NAL| ILOIE Btet

POl 228

1}
[ol
U
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o
A
a
I
)
JE
ol
=



Linux2l Task M|

39

exit() = do_exit()
v task_struct? A M2l flagsZHOU PF_EXITINGEH] &4

v

v

__exit_mm(), sem_exit(), __exit_files(), __exit_fs(), exit_namespace(),
exit_sighand()
EHA S =& T E =» task_struct 2 E X 2| exit_code HH
exit_notify() =& S20H AlOQ<
NAES BERE 22 AYE D29 2 AYEL E2 ntE2MAR2 XX
= J)0OI2tH?
forget_original_parent()& At 8&t
ReaperE T2 NAQ AYCSIE0 U= 2 AR &F
CIE EHA A} S 2 M reaperE child_reaper & -> 0/210] HIZ intEZ A AOICH
EHA O AEIE TASK ZOMBIEZ & &
» OlZ20l= BE20HAH E2E MYot)| st HY AN =8 MM =, thread_info 2t
task_struct2 XM It HO0FQULCY.
schedule&t4+2 Sl Ml Z2MHAZ A2
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AA=E I

40

88 AE =20 UHE EF
v 8E AAHEE
v BIEE AANEE

2 =7 e A o4To1| e 23

v O T I— o

. =3 ou 9l AHZE
“HAEC Ad=E E12S
v FIFO Aaﬂxa'

v CHSAH OIE

JE
|
>
N7
IR
o

QIT QOT A= ai
v odl, ohl Z=JlEs

v EDF? RM? RR?...

o
£
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Priority Inversion Problem

41

TASK 2

TASK

-32

- OHDzle O'?

= T

tasks [N

v Priority inheritance—> task 32| &&= E R/T task 12 —C.’—/g

=219 2 5H0f 43
el LH

> SN 24

= R/T task 10| JICt2l= KH20ll CH
A2 2

=92 =2 AlZ

=2 HAO| Jt=ollOF StCt

I S=a0istw s



A E X| 42
—_— T O

Multi—-CPUE <l et 2l

Hr

s AMH=E
v Run queue per each CPU

v Effective priority based O(1) scheduler
= Priority, affinity, interactivity, ---

v Load balancing

Run Queue

wake_up_new_task()............ ' . ........ schedule() LIl cpy

' . . schedule() CPU

gload_balance()

S— ' schedule() |
................................................................... CPU

m
A
o
[T
)
=
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Linux Scheduling 43

Multi—level feed back queue based on priority
Taske| &&
v AAIZF EHA 3 (SCHED_FIFO, SCHED_RR)
- N M &2
= 0~ 99
v 2B EIAI(SCHED_OTHER)S A 24 =4
= Nice & -20 ~ 19 = 100 ~ 139
Bt =20l A
v Interactivity2 11218t time slice 2t priority2l X Hl At

I
ESEN Jl= =l CH

10ms 100ms 200ms
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Run Queue

44

AloH H

(]

v TZ2AHM0 QU= AldH Jis st T2 AQ =22

=2 BHE > O(1) scheduling

v 2 A F= 20 4A=¢ g2 JIH&

v EXH(active), Ol &4 (expired)

v 24 8= HEDICS Addls TZ2AA RE S

v 2 A0l=s oY RA=2 e A JIsEt

/ QHEQ HIEY AFR > A4 AI2F L0 2D Q429
= ST M =99 BlA 3 TASK_RUNNINGAHEH Ot &l 8

EJl 12 setd
» sched_find_first_bit()0|2 & B 12 set= HE &S

= 22 28 =22l 22E 2

i
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o
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Run Queue S& 0

s B =0l A2 AL

v JIEC Bt =2i0lA AR fiet =22 HElel =&l €1
v S, 2480 Hl 248 tHEES A9IE ofle A2 &2
SMES| 79 AL
EiAT 2IAEE FHE

schedule()
~—

sched_find_first_set()

N~

queue[0]
queuel1]
queue[?2]

eI AEQ

M

i
I NAS A

queuel[7] —
N

queue[139]

prio_array_t.bitmap prio_array_t.queue
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schedule() &+92| s =

46

s schedule()& =
v MEAOI S =(direct invocation)

. current process?f LRI ot ABE AMESE = S, O] processE

=S ol0fot= &%
» ProcessE block otdd= kernel routinel2| &t
current& & & st wait queueldl] €=U

current2 & EHE TASKLINTERRUPTIBLE Lt TASK_UNINTERRUPTIBLE=

Ct

schedule()2 & &
20| AFZIts8tAl A6 E01otH 28 H 2 =0+
AE Jtsot®H currentE I FOHIAM MA

v 238|&0l S=(lazy invocation)
CUIITIIl—] 1ICTCU_ITCOLIICU =2 —=2= I I 2oVl 7T X/ =20
s MOl= &R
currentdt XFA&IS| CPUAIZF quantums 25 S [, update_process_times()
ol &d8¢&t
21919 pro cessjf WA St=0l, 2 process 2 A8=<JF & X process 2 24
=2 Bt == .

seched_setscheduler() Ol L}, sched_yield() AlAE!

[l

S A

m
A

&
I

Ct Xt
O O

ol
—
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CFS basic concept

47

m |f N tasks are on the Runqueue
v fair_clock(virtual clock)

» Real Clock * 1/N
v wait_runtime

= Waiting time of a task

m [0 sort tasks on the red—black tree
v fair_clock — wait_runtime

i
A
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2.6.235H &= CFS &AA=22 AsE

struct cfs_rqg {
struct load_weight load;
CPU runqueues unsigned long nr_running;
u64 exec_clock;
u64 min_vruntime;
struct rb_root tasks_timeline;
struct rb_node *rb_leftmost;
struct rb_node *rb_load balance_curr;

struct rq { - struct sched_entity *curr;
) unsigned long nr_spread_over;
struct cfs_rq cfs; #ifdef CONFIG_FAIR_GROUP_SCHED

struct rt_rq rt; struct rq *rq;
CPU u64 c:oct, prevm struct list_head leaf_cfs_rq_list;
u64 clock_max_delta; struct task_group *tg;

unsigned int clock_warps, clock_overflows; \\@if
}

u64 tick_timestamp

CPU

struct rt_rq {
struct rt_prio_array active;
int rt_load_balance_idx;
struct list_head *rt_load_balance head, *rt_load_balance_curr;

B

#define MAX_RT_PRIO MAX_USER_RT_PRIO
struct rt_prio_array {
DECLARE_BITMAP(bitmap, MAX_RT_PRIO+1);
struct list_head queue[MAX_RT_PRIO];

¥
I " cF

H
o
i
£l
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tasket AH=SH 2 XA

struct task_struct { i | SCHED_MORMAL i static const struct sched_class fair_sched_class = {
i | SCHEDJ|BATCH 0-0 .next = &idle_sched_class,
int prio, static_prio, normal_prio; SCHED_IDLE .enqueue_task = enqueue_task_fair,
struct list_head run_list; E N .dequeue_task = dequeue_task_fair,
const struct sched_class *sched_class; 5 .yield_task = yield_task_fair,
struct sched_entity se; : .check_preempt_curr = check_preempt_wakeup,
.pick_next_task = pick_next_task_fair, :
unsigned int policy; .put_prev_task = put_prev_task_fair,
umask_t cpus_allowed; : #ifdef CONFIG_SMP
unsigned int time_slice; .load_balance = load_balance_fair,
.move_one_task = move_one_task fair,
} i #endif
struct Sched_entity { taSk_thk == taSK_tiCk_fair,
struct load_weight  load; -task_new = task_new_fair,
struct rb_node run_node; ; E ‘
unsigned int on_rq; R T
i § SCHED_FIFO i i const struct sched_class rt_sched_class = {
u64 exec start: i 1S "e .next = &fair_sched_class,
u4 sum exec runtime: P .enqueue_task = enqueue_task_rt,
u64d vruntime: .dequeue_task = dequeue_task_rt,
u64 prev_sum_exec_runtime; .yield_task = yield_task_rt,
.check_preempt_curr = check_preempt_curr_rt, :
#ifdef CONFIG_FAIR_GROUP_SCHED .pick_next_task = pick_next_task_rt, :
struct sched_entity *parent; : .put_prev_task = put_prev_task_rt,
struct Cfs_rq *Cfs_rq; #Ifdef CONF'G SMP
struct cfs_rq *my_(q; .load_Dbalance = load_balance_rt,
#endif .move_one_task = move_one_task_rt,
}: . #endif
.................................................................................. : .set_curr_task = set_curr_task_rt,
: task_tick = task_tick_rt,




schedule() &9 =&t

/* kernel/schedc */

<scheduleD
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if(RT EfA 30 2OH )
fair_sched_class? pick_next_task() &=

I
3 My

@

=2

RT class, fair class =2
=8 SEoI EHiAT & E

pick_next_task(&
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Test Code

i #include <stdio.h>
: #include <unistd.h>
. #include <sched.h>

int main(void)

- {

struct sched_param param;
inti, j;

sched_getparam( O, &param);
printf("" WnBefore setWn");

printf("" Param.priority = %dWn", param.sched_priority);
printf(" Sched polic®= %dWn", sched_getscheduler(0));

param.sched_priority =
sched_setscheduler(0, SCH
sched_getparam( O, &param);

FIFO, &param);

printf("" WnFIFO setWn");
printf("" Param.priority = %dWn", param.sc
printf("" Sched policy = %odWn", sched_getsche

|_priority);
er(0));

param.sched_priority = 20}
sched_setscheduler(0, SCHED_ RR,
sched_getparam( O, &param);

printf("" WnRR setWn");
printf("" Param.priority = %dWn", param.sched_priority);
printf(** Sched policy = %de sched getscheduler(QO)):

return O;

51

[rootEembeddedDell voot]# ./sched
Before set
Param.priority

Sched policy =

FIFO set

Param.priority =
Sched policy =

RR set

Param.priority = 28

Sched policy = 2
[FootEembeddedDell root]d I

for(i=0; i<100000; i++)
for(j=0; j<100000; j++);
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Context Switching

52

m Context?

MEX =2 52t code, data, stack, SF U 22l
MIHEE : task_struct

credentials : 20t X fI8t 2, uid.gid

S

0K

AN N N RN

H/W context : reg 4

X~

o

" 0%

_lj o
2 Al schedule()2} context_switch()& =
switch_mm()2 &
» O|™ EZANAL JA HIZ2 RS M E2HAL XHez A
v switch_to()E &=
» IZ2NA AEIE Old Z2HANA S Z2hAZ det
» ABHAHBQ IZ2MHAM HXNAH S HE /S

—_—

n O

v
v

I
S
1=

0%
=
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__switch_to() in ARM (1/16)

File Edit View Y“ar Break Bun CPU Misc Trace Perf Cov Linux  Window Help
WK s ulE e D dum sas® ;

# TRACES2

Ei::[]:at:a,Li:;:t r&E::HE’EiE‘tE}' .. . ;IEIEI
o 0 e = T G Break | "l Mode | Find e I _ R0 CO196FS0 Ao 0194000 50> DOOJAEED a
ad’!lrﬁpine K Snj'rcee” [ E“lm GUp | ¥Go | I Break | M|Mode | Fin I SRS W T R1 60000093 RS G90S2D06  +04 0000DTFA—
— : e —llc ¢ Rz EO000013 RI0 ADO14B30 +08 CO2C1FRO
ﬁﬁ:n}i?glmjm = i 5| I 2 R11 CO2CIFAC +0C CO1D2EA4
T _ R4 0200000 R1Z +10 CO196BE4
690 COde Window P RS COD140A0 RCC_CO2CTFBC D+ 14 CO2C1FED
T _ RE  C02CC000 A=A +12 CO2CTFED
. R7 0 PC | COO24D80 +1C COO24BOC
* Thiz just switchez the register ztate and the “aw 'S.:,EEE ABRUDEISE 4 EDDDB?;S :%3 Egﬁlgggig
¢ ostack. Tnewt = GxC02CCON]] ) +28 C01D3648
696 * ;
USR: +2C D003AEED
| Y || _switch_tol [ EREy eestj, prev)i [prev = DxCOZCO000] il f RE C0134000 0 +30 CO02C0000
—-schedule ta|lp1reurengDECDI]DI]| R 69052006 0 +34 CO024A84
R10 ADO14B30 0 +38 C02C0340
Same_process: _ R11 CO2CTFAC 0 +30 C02C0330
reacquire_kernel_lock{current); R12 1E 0 +40 £02C0000
702 if (current-sneed_resched) A
S : e R13 BFFFFADD fR12 0 +44 C02C0000
o g AR MR LERRIRRARES R14 CBEC /R4 0 +48 00000000
return; SPSR 10 +4C CO2C1FE4
. +50 CO04CBCS
SV IRQ: +54 CON248A3
1] | AW R13 C0O2C1/8C R13 40000093 +58 CO04CB24
[ 16::d xcllctic] LB | oo anpfiot s dnoooiss oo coieooee
address 0 ] g T 0123956709ABLDE +64 CO1CB2AS
SD:0000:C02CT1F20 | FFFFFFFF AOOT14B30 COZCIFAC 00205594 RRRROKEAAL,5Tesd & UMD : AET: +E5 CO01DD9S
60:0000:C02CTF30 | COZC1F?S FE000000 00000400 COD24DSC »i, BHHRE USNUEMSE &% R13/ BOOODOY3 R12 20000093 +6C CODZDERC
S0:0000:C02C1F40 | CO01CZAD COZE2000 CO2C0000 00000010 A535H_. 5415840 = 4 CODIC4A0 R4 COOMC3CO +70 00000000
S0:0000:C02C1FS0 | CO0140A0 CO2C0000 CO014040 CO2CCO00 R@sshy,saasche, o ¥ SOSR E0000093 SDSE 20000093 +74 00000001
S0:0000:C0ZC1FR0 | 00000000 CO194000 63052006 ADDT14B30 Hutisassn-si0KsH Al +75 00000040
SD:0000:C02C1F?0 | CO2C1FAC 20000013 CO2CTFSC COO24DAC AE,5euH s, 5iMsy +70 00000000
S0:0000:CO2C1FA0 | CO024DSC 20000013 FFFFFFFF0003AEED EM3GINH_FEFEEREN +50 00000000
S0:0000:C02C1FS0 | 000001F4 COZC1FRO COTDZEA4 CO196BE4 SEHHEL, 50, 155kiS 404 C01970728
SD:0000:C02C1FAD | CO2C1FED COZC1FBO CO024BOC CDO24BS0 5&,584,55KE53KES +55 00000000
S0:0000:C02C1FBO | CO1D3648 CO1D3G48 D003IAEED CO2C0000 HERSHELSERENNY © +50 00000000
S0:0000:C02CTFCO | CO024A94 CO200340 CO2C0330 CO2C0000 §T35@E,508,544, 5 +30 FFFFFFFF
Memory Dump Window CPU register window
[ SH=20Etw WS




__switch_to() in ARM (2/16) o

= = =lof x| I =10l x|
M St'epl B Over | 4 Mext | ¢ Retun g'tlp B Go | I Break _?{’;:'-]MDU’E I Find: I g . E? Eggggggg £9052D0E EE; ggggg’%%g (2
addr/11ne SOUrce | = ¢ R?  GOGBELI3 A0014B30 /+08 CO2C1FED
SR:0000:CO01CSES [E1ADSRAD fii 0 ra,r13, lsr §0=00 ﬂ " R3 0 s’ +00 CO1D2EAD

SR :0000:CO01CSRE |E 1409659 Moy ra,ra,1s1 #0x00 T~ ry cozcooon W12 E +10 CO196EE4
SR:0000:CO09CS70 (EADOONZE b OxC001Ce30 FT pd CO0140Ad 14 CO2C1FED

SR 0000 :CO01CS8E (E10FCO00 Mrs r12,cpsr OC O COOMCST4 +1C Conz2dpoc
SR:0000:CO01CS7C |ES2DC004 str r12,[r13, #-0x4]! CPSE 20000013 +20 CO024BE0
SR:0000:CO01C580 |ECS54000 Mra ra.r5,accl 0300 +24 00000000

SR 0000 :CO01C5a4 |EA200030 stmdb r130, {r4-r5i

+28 00000000

SR :0000:C001C588 (5200318 str r13,0r0,#0x318] ;
SR:0000:CONTCSaC |ES310318 1dr r13,0r1,40x318] F e L

: : C0134000 R= 0 +30 Co2Coo00
SR:0000:CO0TCEI0 |ES312310 1dr r2,[r1,#0x31C]

i e ; RS B9052D0OE RA 0 +34 C0024434
SR:0000:C0N1C534 |ESEDOOSD Tdmia  r13!,frd-r53

S R10 A0O14B30 R1O0 0 +33 C02C0340
SR:0000:CON1C535 |EC454000 mar accl,r4,r3 B CO2CTFAC R 0 +30 CO200330
SR:0000:C001C53C \E430C004 Tdr r12,0r13],#0:4 R12 1E R12 0 +40 COZC0000
SR:0000:CONTCSAD EEDZZF10 mer p15,0:0,r2,c3,c0,040

i o R13 BFFFFADOD RT3 0 +44 C02C0000
SR:0000:CONTC5A4 |E163F00C msr shoffie R14 CEEC 14 0 +48 00000000
SR:0000:CO01CSAS [ESFDEFFD Tdmia  r138,{rd-ri1,pcis SpsR 10 +47 COXC1FE4
SR:0000:CO0TCSAC (E1AD0000 nop +50 CON4CRCE
SR:0000:CO0TCSE0E1AD0O00 nop

S IRQ: +54 CO024A42
RT3 CO2CTRBC RT3 BO0OOOD093  +53 CO04CE24

<I

14 COO24D8C R14 CODIC2B0 +5C COZE2000
ic SPSR 20000013 SPSR B00000S3  +50 CO1EDIS0
address 1 g 8 ¢ 0123456 B4 CO1CE2AS
S0:0000:C02CTF40 [ CODTCZA0 CO196FE0 ROOOO0S3 BO0000TI 5555305520 Lhn & UND AET: +65 (0010038
SD:0000:C02C1FS0 | 00000002 CO2C0000 COO14040 CO2CCO00 SHAMHY,SAE55H5.57 R8T BONIIGG, Big (CUOUNIES: bt LOBIDELS
5D:0000:C02C1FE0 | 00000000 0194000 E9052D06 ADD14B30 HHHHHELSR-Ei0KE 14 CODMC4A0 A14  CO01C3CO +70 00000000
SD:0000:C02CTF?0 | CO2CTFAC DODODOME CO2C1FBC CODT40A0 %i,5L40081, 53055 = SPSR BOODDD3S  SPSR 20000033 +7< 00000001
el | ety o (e TR L &
ul PR} GHUUQFrO3=DOg™a0
SD:0000:C02C1FAD | CO2ZCIFED CO2CTFBO CO024BOC COO24B80 51,555, 5EK355KEG +50 00000000
SD:0000:C02C1FBO | 00000000 00000000 Q003AEED CO2C0000 HEHNNHHHEREWEN © +84 (0197028
SD:0000:C02C1FCO | COD24A84 (0200340 CO2C0330 CO2C0000 3T550%, 505, 544,5 +58 00000000
SD:0000:C02C1FD0 | CO2C0000 00000000 CO2CTFE4 COD4CBCE K, SYNNHEL, GECEE +5C 00000000
SD:0000:C02C1FED | COD24AAS CO04CB24 CO2E2000 CO1EDSA0 £T553E554.550L5 +30 FFFFFFFF
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__switch_to() in ARM (3/16)

55

1Data, List

M Step | Be Over | 4 Mewt | ¢ Rewm| ¢ Up b Go | Il Break fij_r tode | Find: I
addr/Tine SOUrCe B | =
5R:0000:CO01CSES [E 1A09EAD oy ra,r13, Isr #0:00 _:J
SR:0000:CO01CSEC |ET1AD9EES it ra,r9,1s1 #0x00
SR:0000:C004CS70 |EADODDZE b D CO01CE30
SRz0000:CO01CS74 ET204FFD _.switch_to: stmdb  r130, {rd-ri1, 143
E10ECOdn Mrs r12.cpsr
SR:0000:Co01Cs?e (E52DC00d ot r12,0r13,#-0:4]!
SR:0000:CO01CS80 ECS54000 =1 r4,r5,accl
SR :0000:C001C584 (E9200030 stmdb  r130,4rd-r5;i
SR:0000:CO01C588 |ESB0D318 =tr r13, [0, #0x318]
SR:0000:CO01CSEC ES310318 Tdr r13,[r1,80x318]
SR:0000:C001C530 |ES31231C Tdr re,[r1,#0x31C]
SR:0000:C001C594 |ESEDOOZ0 Tdmia  r13},ird-r53
SR :0000:C001C598 |EC434000 fiar accl, F4.r0
SR:0000:COMCEaC [E4a0C004 Tdr r12,0r13],#0x4
SR:0000:CO01CSA0 EEDZZFT0 e r p13,0:0,r2,c3,20,0:0
SR :0000:C001C54A4 |E163F00C s il e
SR :0000:CO01CSAR |EGFOAFFD Tdwia  r130, {rd-r11,pcis
SR 0000 :CO01CSAC [F 1400000 nop
SR:0000:C001CSE0 |E 1400000 nop S
1 | ay
. Al .. =1oix|
L 0 4 ] C.D123455?EEHBCDEP |
SD:0000:C02C1F40( CO0OMC2A0 CO136FE30 60000033 60000013 f5R5R0L5E00 LW &
s0:0000:CO2CTRS0 [ 00000002 CO2C0000 CODT40A0 COZCCO00 UM, SRes5s. 5%
50:0000:C02C1FE0 ( 00000000 CO194000 COZ2CO000 COO1404/0 WHUHHELSHY, SR@5S
S0:0000:COZCTFFO | COZCCO00 0000000 CO194000 BI0S2006 45, EHuuiteis i-51 ¥
SD:0000:C02CTFBO | ADD14B30 CO2CIFAC COO24DBCHDO03AEED OKERRL,GIMISEREN &
SD:0000:CO2C1FS0 | 000001F4 CO2C1FBO COMDZEA4 CO19BBE4 GEMEEL,55.L55k1E
SD:0000:CO2CHRAD | CO2CIFEQ CO2CHFBO COO24BOC COOZ4BB0 §i,55L.5EKEGIKES
50:0000:C02C1FB0 ( 00000000 00000000 OO03AEED COZ2CO000 wuyutiiise st
S0:0000:CO2CTFCO | CO024484 CO2C0340 CO2C0330 COZC0000 %TE5@5, 505, 54%.5
S0 :0000:C02C1FDA | CO2C0000 00000000 COZCTFE4 COD4CBCE M, CHHBNED cccc
SD:0000:CO2CTFED | COO24448 CO04CB24 CO2E2000 COMEDAS0 4T353E55%-. 55945

{0 B::Register

— T < M=

SV C

Co2cnooo
Co2Ccooo
E0000013
R3 2
Co2cnooo
C0014040
Co2ccooo
R? 0
5PSR 20000013
ACCO

UsR:
R
R3
R10
R11
R12
R13
R1d

0134000
E305200E
A0014B30
CO2CTFAL
1E
BFFFFADO
CEEC

SMC:
R13
k14
5P&R

CO2C1FER
Cooz24bac
20000013

UMD :

RT3 E0000033
R4  CO01C4A0
5PSR E00O00S3

D COT94000 S0-
RO B90S2006 +04
RID  A0014B30 +08
R11 ¢ +0C
R 1E)+10
Ri : +14
R4 co0J4D8c +18
pC § +1C
+24
+28
FIO: +2C
RS 0 +30
RY 0 +34
R10 0 +33
Ri11 0 +3C
R12 0 +40
R13 0 +44
R14 0 +43
SPSR 10 +4(
+50)
TRO: +54
R13 £0000093 +58
R14 CO01C280 +5C
SPSR EOOOOO93  +60
+64
AET: +63
R13 20000093 +EC
R14 CO01CICO +70
SPSR 20000093 +74
+78
+7C
+80
+34
+88
+8C
+30

co2cnoon
C0014040
co2ccoon
noonooon
0134000
E3052006
A0014B30
CO2C1FAC
Coo24pac
0003AEED
noono1rd
CO2C1FRD
CO102EA4
C0196BB4
CO2CTFED
CO2C1FBD
Coo24enc
C0024ea0
nooonooon
nooonooon
0003AEED
co2cnoon
C0024424
C02C0340
Co2Cn330
coz2cooon
co2cnoon
nooonooon
CO2C1FE4
Co04cece
C0024448
Coo4ce24
CO2E2000
CO1ED32D0
CO1CE2AE
Coo1boas
CO02DERC
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__switch_to() in ARM (4/16)

= M EIES [ B:Hegister : o |# o =10l x|

M Step | B Over + Nest | ¢ Retum ¢ Up b Go Il Break J':‘E_F__f Mode | Find: M _ RO CO2C0000 R CO194000 SPe 20000013 o
et e & - g3y 18 1
SR:0000:C001C568 |E1AD9EAD oy r3,r13, Isr #0x0D _:J ¥ COZCAFAC  +0C CO2CCO00
SR:0000:CONTCSEE |ET1ADGEES oy r3,r3,1s1 #0:00 i 20000013 +10 00000000
SR:0000:CO01CS70 |EADOOOZE b 0xCO01CE30 F- COZCAFED  +14 C0194000
SR:0000:CO01CS EHE 10FCO00 mrs r12,cpsr - 0 PC CODACSE0 +1C ADD14B30
SR:0000:CO0TCSRCYES2D 004 str F12,[r13, #-0x4]1! cyc SPSH 20000043 CPSR 20000013 +20 CORCTFAC
SR:0000:CO01C584 |E9200030 stmdb r13t,ird-ra; - +72 D003AEED
SR:0000:C001C58C |ES910318 1dr r13,[r1,#0x318] R ’ col94n0n Re ' 0 +30 CO2C1FED
SR:0000:CO01CS30 |ES31231C Tdr re, [ri,#0x31C] R9 O BI0S2DOE RO 0 +34 COAD2EAd
SR :0000:C001C598 |EC4534000 mar accl,rd,ra R CO2CAFAC BRI 0 +30 CO2C1FED
SR:0000:CO01CSTC |E430C004 Tdr r12,0r131,#0x4 R17 20000013 R12 0 +40 COZCAFRO
SR:0000:CO01C5A0 |EEOZZF10 (/lalg p15,0:0,r2,c3,c0,0:0 R12 BFFEFADD R13 0 +44 CO024B0C
SR:0000:CO01CA4 |E169F00C msr spsr,ri2 R1d CEEC R4 0 +45 CO024BA0
SR:0000:CO01CSAC |E1A0D0000 nop +50 00000000
SR:0000:CO01CSB0|E1A00000 nop X Sy IRQ: +54 D003AEED
‘I l 4 57 R13 CO2C1FE4  F13 60000093  +58 CO2C0000
= F14 COo02408C R14  CO0MC280 +5C COD24A54
i ;I-gi—x—l SPSR 20000013  SPSRE 60000093 +E0 CO2C0340
address 0 4 8 [ 0123456789ABCOEF +64 C02C0330
SD:0000:C02C1F20 [ FFFFFFFE BO000093 20000013 CO0ZCH54 EREREMN LNN_TES: & UKD AET: +68 C02C0000
5D:0000:C02C1F30 | CO2C1F78 FSDOODO0 04000000 COO24DAN 2}, RHSE HRHEMEE < R13 50000033 R13 20000093 +5C C0200000
S0:0000:C02CTF40 [ COO1C2A0 COT96FE0 BOO0OO0S3 BOOOOOTZ BEf5Zoifitt iiy” F14 CO01C4A0 FR14  CO0MC3CO  +70 00000000
SD:0000:C02C1FS0 | 0000002 CO2C0000 COO14040 COZ2CCODD gAML, 550R5Y5.5 ¥ PSR BO000093  SPSR 20000093 +74 CO2C1FE4
S0:0000:COZCTRED [ 00000000 20000013#C02C0000 COOT40A0 WHHEHLIHN W CR@EZE & +78 C004CBCE
SO:O000:CO2CARRD | CORCCOOD 00000000 CO134000 GINS2006 Y¥5, 55NN NRLE R-51 +7C CO024AA8
SD:0000:CO2C1FB0 | ADO14B30 CO2CTFAC CO024D8C DODIAEED OKE3RE,5EMISEREN +00 C004CE24
S0:0000:CO2C1F30 | 000001F4 CO2C1FBO COMDZEA4 CO19BBE4 GEMuEL,55.L55kK1E +34 C0ZE2000
SD:0000:CO2CTRAD [ CO2CIFED CO2CAFRBO COO24BOC COO24BB0 5i,5%L,55RE53KE5 +38 COMEDAE0
S0:0000:CO2CTREDO [ 00000000 00000000 DOO3AEED CO2CO000 WHEHHHMHEREHHHN & +3C CO1CB2A8
S0:0000:CO2CTFCO | COD24A84 CO2C0340 CO2C0330 CO2C0000 5T35@5,508,5090.5 +30 0010098

I CHROYE D AT




__switch_to() in ARM (5/16) V!

I (=l BN T £ oRegister

A . =2 N o M _ RO CO2C0000 RE  COM94000  SP» 200000713 -
agldfﬁpme 5 Sntrg:”t JHemlm CUp | ¥ 5o | I Bresk [ ZMoce | Fint | [ - R coaccoon 3 esosobos 04 Co2caomd S
SR:0000:CO0TC588 |- [AL5: A0 mov  r3,ri13,1sr HOx0D WL 0 Pl B9 omnincn on stEn
SR:0000:CONYCSEL |ET1AN9EES oy r3,r3,1s1 #0x00 1~ R4 nann +10 00000000
SR:0000:CO01CS70 |EADOOOZE 1] 0xCO01CE30 FT RS " A 14 0134000
SH.DDDD.CDD1C5?4 ES204FF0 __SW'itCh_tl:l: Stmdb r13!,{r4‘r11;r14} T i i S +19 B9052006
SR:0000:CO01CS7BI|E 10FCO00 mrs r12,cpsr - 0 pe CDD1C5§4 +10 AND14B30
SR:0000:CO0MCSPCHES2DCO04 str r12,[r13, #-0x4]! syc ADSH 20000013 CPSR 20000013 +20 CO2C1FAC
SR:0000:CO01CS80)ECS54000 mra rd,ra,accl i c0 +24 CO024DAC

| SRz0000:c004¢584l = 20000 stidb [gagfg[g-._rgi_. .
SR:0000:CoDqCe8a (ESa0Da1a str ri13,[r0,#0:318 SR FIQ: :g% ggggg%%g
SR:0000:C001C58C |ES910318 1dr r13,[r1,80x318] R ’ co194nnn Ro ' 0 +30 COZC1FRD
SR:0000:C001C598 |EC454000 mar accl,rd,ra R11 CO2CAFAC R 0 +30 CO2C1FED
SR:0000:CO01CS3C |E43DC004 1dr r12,[r13], #0x4 R12 20000013 R1Z 0 +40 cO2C1FRD
SR:0000:CO01C3AD EEDZZF0 mer p15,0:0,r2,c3,c0,0:0 R17 BFFEFADD R12 0 +44 COD24B0C
SR:0000:CO0TCSA4 |ET163F00C m=r sper,ri2 R14 CEEC R4 0 +45 CO024BA0
SR:0000:CO01CSAC |E1A0D0000 nop +50 00000000
SR:0000:CO01CSB0 |E1A00000 nop _ Sy TRQ: +54 DOD3IAEED
‘I 4 B R13 CO2C1FE4  R13 60000093  +58 CO2C0000
e F14 CO02408C R14  CO0MC280 +5C COD24A84
il—gl—x—l SPSR 20000013  SPSRE BO000093  +E0 CO2C0340
0 2 [ 012345E783ABCOEF +64 C02C0330
S0:0000CO2CTE20 [ FFFFFFFE B0000033 20000013 CO02C554 EEEESHN LUN_TE:: = WD : ART: +68 C02C0000
50:0000:CO2CTF30 [ CO2CTFY3 FEDOO0DO0 04000000 CO024D30 «f, 5 Y5 WNEEEMEE TS F13 60000093 R13 20000093 +EC CO2C0000
S0:0000;:C0Z2C1F40 | CO01C240 CO196F80 60000093 E0OOO013 ASf5508530 LU R14  CO01C4a0 R14  CO0MC3CO  +70 00000000
S0:0000:C02CTRS0 | D0OO0O0Z CO2C0000 CODT40A0 COZCCODD 34, 5505545, 5 ¥ 5PSR B0000033  SPSR 20000093 +74 COZ2C1FE4
SD+0000:CO2CFEN | 00000000 20000013+C02C0000 COO14060 BNANINRfn Cagse s +78 CO04CBCE
SO:O000:CO2CAFRO | CO2CCOOD 00000000 CO134000 GI0S2006 Y¥5, G HHNNNRLS R-5] +7C CO024AA8
5D:0000:C02C1F80 ( ADO14B30 COZCTFAC CO024DBC O003AEED OkFRLL,SEMZREREEY +30 CO004CB24
SD:0000:CO2C1FA0 | 0D0001F4 CO2CAFEO CODZEA4 CO19BBE4 FiiMEL ¢n ekl +04 CO2E2000
SD:0000:C02CTFAD ( COZCAFED COZCTFBO COOZ4B0C CO024B80 S§,5%E.5ERER5KES +38 CO1ED3R0
S0:0000:CO2CTREDO [ 00000000 00000000 DOO3AEED COZ2CO000 WHEKWHMMHEREHHHN & +3C CO1CB2A8
S0:0000:C02C1FCO | CODZ24A04 CO2C0340 CO2C0330 C02C0000 3T5505.50%.544.5 +30 C001DbD0ag
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__switch_to() in ARM (6/16) >

BB Data, List I S [=[ B0 B:Register _ g |
M Step | B Over | 4 Nest | & Retun 'g..ljp: b Go ||'E[eak| .ff;'fj'Mou‘:la I Fird: | E - Egaggggg EE; gggggagg =
addr/Tine SOUrCe | | || [ ' x
SR:0000:CO0TCS88 [ A0 mov  r3,r13,1sr #0500 — il R B e e
SR:0000:CONTCEET (1409689 Moy ra,r9,1s1 #0=00 f - Rd 0180 nooon CO014040
SR:0000:C001CS70 [EADOOOZE b 0xCO01CE30 F i RS i CO2CCOn
SH.DDHD.CDD1C5?4]E52D4FFD __switch_to: stmdb ri13t, frd-rit,ri4l T = RE COZCC000 A 00000000
SR:0000:COnTCs28 (E10FCOOD s F12,cpsr T R7 0 BC CODICS8E  +1C CO194000
SH:DDDD:CDDJCEED ECS54000 Mt a rd,r3,accl ; B ACCT c0 +74 ANN14R30
SR:0000:CO01Ce84(Eq200030 stmdb ri3!, frd-ra} - +28 CO2C1FAC

SRA0GE str 113, [r0,#0x318] ISR FIQ: £I0 CO024pac
5H:DDﬂD:CEU1C598 EC454000 mar acch,rd,r5 R COZCIEAC B4 0 +30 COAD2EAS
SR:0000:C001C53¢C (E430C004 1dr r12,0r13], #0x4 R12 20000013 Ri2 0 +40 CO19EEE4
SH:DDDD:CDDJCEHD EED3ZF10 Hr p15,0x0,rd,c3,c0,0:0 la 0,.rd F17 BEFEFADD R12 0 +44 CO2C1FED
SR:0000:C001CSA4 (E163F00C Hsr spsr,ri Rid CEEC R4 0 +40 CO2C1EERD
SHJDDﬂD:CDD1C5HE EGFDEFFD ldmia r13!,£r4—r11,pc}“ SPSR 10 +4C CO024B00C
SR:0000:C001CSAC (E1A00000 nop i +50 CO024R20
SR:0000:CO01CSEBO (E1A00000 nop [ES S IR +54 00000000

‘I l M R13  CO2CMF3C R13 60000093  +58 00000000

R14 CO024DBC FR14 CODMC280 +5C 0O0D3AEEQ

" SPSE 20000013  SPSE G0O000093  +E60 CO2C0000

address 0 4 g C 0123456789ABCDEF +64 CO0Z24434
S0:0000:CO2CTF20 | FFFFFFFE GO000033 20000013 COOZC554 ERERZNN LHN_TERE 2 LMD ART: +68 0200340
SD:0000:CO02CTF30 [ CO2C1F7E FBDOOO0O0 04000000 CO0Z4080 Hé:%ﬁﬁ%;ﬁﬁﬁ%ﬁ“i%'Q R13 B0000033 R13 20000093 +6C CO2C0330
SD:0000:CO2C1R40 ( COO1C2A0 CO1I6FE0 GOO00RSS-BOA0OMI-EEs 2052 LY R14 CODMC4A0 R14 COO1C3CO +70 C02C0000
SD:0000:C02C1FS0 | 00000002 CO2C0000 COO14pA0 [ONNREEI &iftey,55e505 503 SPSR G0000093  SPSR 20000083 +74 C0O2C0000
SD:0000:CO2CTREN [ 000000OD0+20000013 CO2COQO0 CONTANAN SHMULESE WY, CAGEE & +78 00000000
SO:0000:CO2CTR?O | CO2CCO00 QO000000 CO194000 B3052006 45,5000 NNELER-51 +70 CO2C1FE4
SD:0000:CO2CTRE0 [ ADO14B30 COZCTRAC CO0Z4D8C DOOD3AEED OKFALE.GEMSSERAEY +80 CO004CBCE
SD:0000:CO2C1F30 | 000001F4 COZCA1FBO CO1DZEA4 CO136BE4 i Laan el +8d4 CO024A483
S0:0000:CO2CIRAD | CO2CIFED CO2C1FBO COD24BOC COO24B80 5i,3%E.5RKEREK:S +38 CO04CE24
SD:0000:CO2CTREO [ 00000000 Q0000000 OO003AEED CO2CO000 BHUMHEHHERERHMN & +AC COZEZ000
SD:0000:CO2CIRCO | CON24484 CO2C0340 CO2C0330 CO2CO000 £T35E5,505,5440.5 +90 CO1EDI30
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__switch_to() in ARM (7/16) >

EI::[]at:a.l_iE:T _ I ) ;lglﬂ EI::FiE!;i-:-hnr

M Step | W Over | 4 Nest [ of Retan] @ Up [ b Go [ 1 reak | 19wce | ind | ) - 052006 04 00000000
addr/1ine Source | | S c ADD14B30  +05 20000013
SR :0000:CO01CRES [E1A09RAD o ra,r13, Isr #0=00 _:J ¥ CO2C1EAD co2en00n
SR:0000:CO0MCSEC (ET1A09EE9 oy ra,r9,1s1 #0=00 T Co014040
SR:0000:C001CS70 |EADOOOZE b 0=C001CE30 P co2Ccana
SR:0000:CODMCS74JEI2D4FFD __switch_to: stmdb r130, {rd-r11, 0143 e cnaceonn FfrS-etfra aooooonnn
SR:0000:C001C578 [E10FCO00 s r2,cpsr TRy 1 CDD1C5C +10 0194000
SR 20000:C001CS7C E5200004 stro ri12,[rt3, #-0x4]! sy SPSR 20000047 CPSR 20000013 +20 £9052D06
SR:0000:CO0MCS80)ECS54000 Mra re,r3,accl coo +24 AD014B30
SR:0000:CO01Ce84HEq200030 stmdb r13!,frd-ro}

+28 CO2CTFAC

:C001C588 FIQ: +200 C002408C

SR 20000 EaB200312 str r13,[r0,#0:318]

2310318 Idr r1d,0r1, #0:318]

o
|
= =
(i) (% T
] i
—_

SR:0000:C001C530 |07 2 1c Tdr 2, [r1,80¢31C] e & e e
SR :0000:C001C534 [ESEDODA0 Tdmia  r13!,frd-r5} R0 ADDM4B30 R0 0 +22 COC1ERD
SR:0000:C001C538 [FC454000 mar  accl,rd,rs N Thoe o HoEH aEly
SR:0000:C001€59C (4300004 ldr - ri2,[r13], 8044 L hS H 0 deibans
SR:0000;:CO0MCAD (EEDZZFT0 Mer p13,0x0,r2,c3,c0,0x0; p15,0,r2,¢ R17 BFEFFADD FR13 0 +44 CO2C1EED
SR:0000:COO1C5A4 |F 1£3F00C msr  spar,ri2 biy b o 5 SRt
SR:0000:CO01CSAR |ESFDEFFD Tdmize P43 frd-ritipcis SPSR 10 +40 COO24B0C
‘I l B R13 COZ2C1F5C R13  BO000093  +55 00000000

oL e F14  C002408C R14 CODMCZB0  +5C O0D03AEED

L 5 = = - D123455?ESHEEE%£€Q 5PSR 20000013 SPSE E0000093  +60 CO2C0000

__address : ' | +64 CO024A834

SD:0000:C02C0370 | 00000000 000000)0+C02C1FSC [0000001D T T IND AET : +55 CO2C0340

S0:0000: CO2C0320 | CO196260 COM9628ALAZRA200ICO19641C \h§%%b55ﬁ3+géd§5_¢ F13 BOOOOD93 R13 20000093 +6C £O200230

S0:0000: CDECDEED FFFIFFFF FFFFFFFF 00000000 CO2C0335 EEREEEEEHHMMAE < F14  CO01C480 Ri14  CODMC3ICO  +70 COzCO000

SD:0000:CO2C0340 | 00000000 00000000 000OOOON 00000000 ﬁﬂﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬂﬁﬁ; SPSR B0000093  SPSE 20000093 +74 CO2C0000

Sh:0000: CO2C0350 | 00000000 00000000 00000000 00000000 WHHMHHHHHHHENHEN - +78 00000000

Sﬁ:DDUD CO2C0360 | 00000000 00000000 EAFFFFAE E3CFI01F HMMMHHMHAFFELLCE +70 CO2C1FE4

SD:0000:C02C0370 | 2812801 E431C020 E1310002 1AFFFFFC 5(3E 53554 15REEL +A0 CO04CBCE

SD:0000:C02C0380 | EEOY1F17Y EEOY1FI4 E1AQFOOE E3ADI000 LiBEILGEZRARHIAE +04 CO024A48

S0:0000:C02C0330 | EEOYOF10 E1AQFOOE E1AQOOOD E1ADDOO0D L3BERRAGHiagiues +08 CO04CR24

S0:0000:CO2C03A0 | E1AD0000 ESDO2000 E9204010 E3520000 HHREH_BEL@-EHWRE +A0 COZE2000

SD:0000:C02C03E0 | 0ADODOA0 E3AOCI0Y E3IAD3151 E2BCCENT LHMLESREQREBCEE +90 CO1ED9S0
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__switch_to() in ARM (8/16)

60

Eﬁ[ﬂﬂDHE.LET

=lolx|

<I

Ml Step | ME Over | & Mest | ¢ Retun| @ Up b Go | Il Break fﬂ Mode | Find: |

addr/ 1ine SOUrce [ B | =
SR:0000:CO01CSER [E1AD9EAD o r9,r13, Isr #0x00 ‘:J
SR:0000:C001C5RC |E1AD9ERS il ra,r9,1s1 #0=00

SR:0000:C001C570 |EADDOOZE b D=Ca01CE30
SR:0000:CO01CS74)ES204FFD _switch_to: stmdb 130, Erd-ri1, 0143

SR:0000:C001C578 |E10FCOO0 s r12,cpsr

SR:0000:CO01C57C ES20C004 i r12,0r13,#-0x14]!

SR:0000:CO01C580 |ECE54000 i r4,ra,acc
SR:0000:C001C584HE3200030 stmdb  r130,{rd-r5;
SR:0000:CO01C588|[E5000318 str r13,[r0,#0x%318]
SR:0000:CO01C5aC||EST1D318 Tdr r13,[r1,#0x318]

SHlZ36 ldr  r2,[r1, 8023101 :
:0000:C001C594 |[ESEDOOSE0 ldmia  r13!,ird-r5;

SR:0000:C001C598 |EC454000 ar accl,rd,ra
SR:0000:C001C59C |E430C004 Tdr r12,[r13], #0x4
SR:0000:CO01CSA0 EEOZ2F10 or p13,0x0,r2,c3,c0,040
SR:0000:C001C5A4 E1E9F00C s r spsr,ri2
SR:0000:CO01C5A8 [ESFDEFFD Tdmia  r13), frd-ri1,pcls
SR:0000:CO01CSAC |E1A00000 nop
SR:0000:C001CSE0 |E1A00000 nop

0

1
=15

7

o0
I

10000 :C0200310
10000 :C02CC320
D 20000 :C02CC330

:0000:002CC340
:0000:C02CC350
0000 :C02CC360
:0000:C02CC370
10000 :C02CC380
:0000:C02CC390
10000 :C02CCIAD
+0000:C02CC380

Qooonooo
C0196260
FEFEFFFF
Qooonooo
Qooonooo
Qooonooo
Co2CC370
Qooonooo
Qooonooo
Qoooonooo
Qooonooo

nonooo
C01962
FEFFFFFF
nooooooo
nooooooo
noooonooo
CO2CC370
nooooooo
nooooooo
nooooooo
nooooozao

Oy CO2C0FED
0 CO2BRA200

Qooooo1n
CO2CB040

Noooaaoo
Noooaaoao
Doooaaoa
00oooaat
OOOOFFFF
Co2cc3es
C02Cc338
0oooaooa
DOOOFFFF

Co2CC3ze
Qooooooo
Qooooooo
Qooooooo
CO1FEF34
Co2ccaes
C02CC338
Qooooooo
Qooooooo

P el e o B B o o
S CECEcEWNST oo O orf
CECESECE Y cE ooz MmN =z e
CECECECESNcEcE = NS =]l
[ c=c=c=T coc=c=mo® o]
Pt et et A LU Pt - - ) [ R e
SECECE o oo oz MMue ox|mn
EroErcrcrofnoToEror mManoE|]
MM o ol R T TN e E o o o

MA=z W wO MM = == == = MN2un
CECE® " cECToZoZcoT ot

cEZcEononcEczc=c=c= o on|on
o oEel el foxoxox OO m o
CECEWWO MM o o o oW o
STESTEe R MECTroErors s oM
Sroronononor.cE s onon oz

B[

E::Register

C0134000
63052006
A0014830
CO2CTFAC
20000013
BFFFFADO

CBRC

CO2CDFED
Coo24pac
20000013

LND
R13
R14
5P5R BO000093

£0000093
CO01C440

C0134000
630532006
A0014B630
CO2CTFRAC
20000013
CO2C0FRD

Coo24pac
Co01cs30
20000013

o

Ra
R4
R10
R11
R12
R13
R14
5PSR

e e R e e R e e e e}

—

IRQ:
R13
R4
5PSR

£0000033
coo1c2a0
E0000093

ABT :

F13 20000093
R14 CO01C3CO
SPSR 20000093

m
A

+04
+08
+0C
+10
+14
+18
+10
+20
+24
+28
420
+30
+34
+38
+30
+40)
+44
+48
+40
+50
+54
+58
+50
+60
+64
+68
+60
+70
+74
+78
+70
+80
+04
+08
+80
+90

(oooozoo
Qooooooo
20000013
Co2Ccooo
C0014040
CO2E2000
Qooooooo
C0134000
CO2CDFCE
Co2Ccooo
CO2COFBD
Coo24pac
Qoooonot
CO197Fa0
CO2CC330
CO2CC340
Co22cooo
Qooooooo
CO2C0FE4
C0034C30
C0024Ba0
Qaaoooont
Qooooooo
Qooooooo
nootoooo
Qooooooo
Qaaoooonn
Co2CCooo
C0137Faa
CO197F38
Co034e74
CO2E2000
CO1ED3R0
CO1CB2A8
C0136EE4
£3052006
A0014830
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__switch_to() in ARM (9/16) i

B B:/Data, List omy ] N I8 [=]ESQ™ B2 Fegister 1 =lofx|
M Step | B Over | & Nest | & Retun _Q.Up- P Go | IN Break ﬂi;f]hdtrdﬂ Find: | N Eﬁ' CECD Eg Egaggggg EE; gggggggg =
= = e 7 ] E—

BRI S | | € s IDDRID AID14E30 +03 20000013
SR:0000:CO0TCS60 |- | A0CEAD mav  r3,ri3,lsr HOROD I (| Ve R e

SR 20000 :C001CS6C |F 1409689 moy  ra,r3,71s] #0x00 - ;

:0000: T~ R4 0180 R17 20000013 +10 COO140A0
SR:0000:C001C570 |FA00002E b 00010630 te R P T kAL
SR:0000:C001C574E3204F FO __switch_to: stidb 1130, Erd-r11,r14} = (CO2CDFE0

0000 Cf T T ORE COPCC000 F4eO24bEc—715 00000000
SR:0000:C001C578 |£ 10FC000 nrs  ri2,cpsr i S e Rl
SR:0000:C001CS7C [E5200004 str r12,[r13,8-0xd]!

syc  SPSA 20000013 CPSE 20000013 +20 CO2CDFCE
SR =0000:C004€580 [F0554000 mra rd,rs,acel B e o R
SR -0000+CO01C588/[F55007 12 str ri3,[r0,#02318] o F10: o G
SR =0000:C004csac|Fs51031z ldr  r13.0r1,#0x318] ST R 0 a3 riene

:0000; : ldmia  r13t,erd-ri; 10 ADD14B30 F10 0 +38 C02CC330
SR:0000:C001C598 |E 454000 mar  accl,rd,rs s T B 5 R s
SR:0000;CO01CSAC [F4300004 ldr  r12,0r13].80x4 Do) miin B b as ddatiea
SR:0000:C001C5A0 |FE032F 10 mcr pls,0x0,12,c3,¢0,0%0; 015,0,r2 HhS EREE T o e
SR:0000:CO01C5A4 £ 153F00C st spsr,riz 4 et o g
SR =0000:CO01C5AG [F2F0RFFD ldmia  r130,ird-r11,pelh S i b isaden
SR =0000:COO1CSAC [F 1400000 nap _ N P
SR >0000:C004C580 | 1400000 nap [® s IAg: o et

4] | M 4 R12 CO2COFED R13  GO0DO0093  +52 00000000
Ri4 COOZ4D8C R14 COOIC280 +50 0000000D

SESH 20000013 SPSE E0000093 +60 00010000

i 3 7 734567 A9PECOEF +64 00000000

-0000:CO2CC310 | 00000000 00000000 COZCOFR00000001D EniinLa e, cimmee D 2 AET: +64 00000000
:0000:C02CC320 | C0196280 CO196280 CO2B4200 CO2CBO40 "hi53hiSuB+5es, 5y 13 BOO000S3 R13 20000093 +EC COZCCO0D
:0000:C02CC330 | FFFEFFFF FFFFFFF 00000000 CD2CC333 SEEEEEEetuips o Ri4 COOC4AD R14 COOIC3CO +70 CO197F8B
D:0000:C02CC340 | 00000000 00000000 0DODODOO 0DODODOD i5NysesMsHEn Ak SPSA BO000093 SPSE 20000093 +74 CO197FES
-0000:C02CC350 | 00000000 00000000 00000000 DOOODOOD HAAMHHAHMHHERHE & 78 CO034B74
:0000:C02CC360 | 00000000 00000000 00ODDOD1 00DODODD HiBMBYENZEEAEAY +70 CO2E2000
:0000:C02CC370 | C02CC370 CO2CC370 DODOFFFF COTFEF34 pg,5pe,SEEiddess 0 CO1EDIED
:0000:C020C380 | D0ODODON 0DOODOD CO2CC388 CO2CC3BA RAMMBGANES, 53¢, 5 84 CO1CB2AR
:0000:CO2CC390 | 00000000 00000000 COZCC3S8 CO2CC3GR HAMMANMMSE coc’c +55 C0196BB4
:0000:C02CC3A0 | DODDDDOD DODODDOD 0ODODODD 0000DDO REHAHAHAKERHARRY 60 B9052D06
0000:C02CC380 | 00000000 00000020 DODOFFFF DODODOOD BYAA_SHEETHNEHEY +40 ADD14B30
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__switch_to() in ARM (10/16) >

B0 Data List : l 1 i JQIE[ B::Registar
AT T AT o Break | "\ Made | Find Il _ RO C02CO000 Ro  CO194000 SPr 20000013 |a
.%E? S B A Jﬁﬂm Qup [ b 6o [ 0 Bresk [ Foce | Fir h — |z _ R CO2CCOOD RS B90S200B <04 CO2CCOO0
AL e e : =il ¢ p2 10 R0 ADD14B30 +05 COD140A0
SR:0000:CO0TCS6E & 1 A0d60d noY r9,r3, 151 B0x0D |

Fa . COZCTFAC +0C COZE2000
SR:0000:CO01CS70 |EA00002E b 0xCO01CE30 I el iieg i bt
SR:0000:CO01CS74JE5204FFD __switch_to: stmdh r130,4rd-r11,r143 =

e L F_ COZCDFES  +14 0194000
SR:0000:C001C578 | 10FC000 mrs r12,cpsr " ) CO63408¢ +18 CO2CDECH
SR:0000:C001CS?E |E5200004 str r12,[r13, 404411 =

e R7 0 PC CODICSAE  +1C CO2CCO00
SR:0000:C0012580 |FC554000 nra r4,rs,acc

fEEC s syc  SPSR 20000013 CPSR 20000013 +20 CO2CDFBO
SR:0000:C001C588/(F5800318 str r13,[r0,#04318] = -52 00000001
SR:0000:C001¢58¢||ES5 10318 ldr r13,[r1,#04318] SR FIQ: 50 C0197Fa0
SR:0000:C001C5an||Es312210 1dr r2,[r1,#0x31C] : :

i : RE 0194000 RS 0 +30 CO2CC330

454000 mar accl,rd,r5

A R10 ADD14B30 RI0 0 +20 CO2CC000
SR 10000 :C001C5AE |E4300004 Tdr r12,0r13], #0xd

i R11 COZCIFAC R11 0 +3C 00000000
SR:0000:CO01CSAD [EE032F10 mer p15,0%0,r2,¢3,¢0,0%0; p15,0,r2,c:

il R12 20000013 R12 0 +40 CO2CDFE4
SR:0000:C001C5A4 |E159F000 nsr Spsr,ri12 S e L o et
SR:0000:CO01CSAR |E5FOEFFD Tdmia  r130,{rd-r11,pcis
et R14 CBEC R4 0 +48 CO024B80
SR :0000:CO01CSAC |F 1400000 nop Eneh i0 +4r GOARODT
SR :0000:C001CSEB0 |E 1400000 nop , e i
SR:0000:C001C584 [£ 1A00000 nop [E £ IRQ: ot

| | M 4 R13 C02CDFE8 R13 50000093 +58 00010000
fie R14 CO024DBC R14 COO1C280 +5C 00000000

=10l x| SPER 20000013 SPSR EO000093  +50 00000000

 01234567809PBCDEF | +E4 C02CC000

SD:0000:CO2C0F20 | COOTC2A0 CO2CCO00 COZEZ000 RODDOOTA B535 05,50 SE00 2 UND : AET: +58 C0197F88
SD:0000:C02C0F30 | 00000001 CO2CCODD COO140AD CO2E2000 3HANHE CR@ssh o R13 BO00DDS3 R12 20000093 +5C CO197F88
SD:0000:C02CDF40 | 00000000 CO134000 CO2CDFCE CO2CCO0D BANNYEL550,5h, 5= R14 CODIC4A0 R14 COOC3CO  +70 CO034B74
SD:0000:CO2C0FYI TUZLDTET COZCORIC|CO1FP9E4 COZCDFEC 58,528,55vE512,5 SPSR 0000093 SPSR 20000093 +74 CO2E2000
Sh:0000:C02C0FAD 00000200 00000000 [20000013 CO2CCO00 MEMHEKHNLMM e C a +75 CO1ED3EN
SD: 0000 : CO2CD FAir ooz 00000000 CO194000 B@554_.. 5 HNNNHELS +70 CO1CB2A8
SD:0000:CO2COFA0 | COZCDFCE CO2CCO00 CO2COFBO CO024D8C 8,545,558, 53M5S +B0 C0196BE4
5D :0000:C02CDFI0 | 00000001 CO137FS0 CO2CC330 CO2CC340 FYNBETL50S,505,5 +54 BA052005
Sh:0000:CO2C0FA0 | COZC0000 00000000 COZCDFE4 COD34C90 NS ,GHuHNED csjEc +55 ADD14B30
SD:0000:CO2COFRO | COOZ24B80 00000001 00000000 DOOOODDD SKEGSHHUHHHENMEY +50 CO010098
SD:0000:C02CDFCA | 00010000 00000000 00000000 CO2CCOOD HYSHHEHHMMMMEE o +30 EFEFFF7F
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__switch_to() in ARM (11/16) >

l " I [l Bl £ :Register

i . ==l N : e M _ RO CO02C0000 RS CO194000  SP: 20000013 -
adef;E’E]pinE N e Snt}iq;”t ¢ Fletulrn g A ko BB ek }ij s | Ll I| = S o R1 o C02CCOoon RS B9052D0E  +04 C02CCO00 —
SRE0000:C00TC570 |c AULUUE b TRC001C630 wl 0ol e e o
SH:DDDD:CD01C5?4|E92D4FFD __switch_to: stmdb F130, ird-r11,r143 i - Rd nann Rz 000 +10 0000anon
SR:0000:C001C578 |E10FCO0D mrs r12,cpsr F RS 0 H+14 0134000
SR:0000:CO0MCSTC |ES2DC004 str r12,[r13,#=0x4]! T T RE C0O2CCO00 RO G4 + 10 COZCDECE
SH:DDDD:CDU1CEED ECS54000 mra r4,.r5,accl - R7 0 pe C661C§§C L1 CO20C000
SR :0000:C001C58C ES910318 1dr r13,[r1, 8023181 - +75 00000001
SR:0000:CO01CS98)|EC454000 mar accl,r4,rs P9 ES0S70OE RO 0 +34 CO2CC340

$3DL004, ldr o r12,0r13],#0x4 R0 AODT4B30 RID 0«35 0206000

SR:0000:CO07TC5A0 |EEDZZFTO Hir p15,080,r2,c3,c0,0=0; p {5 | R11 CO2CAFAC R 0 +3C 00000000
SR:0000:CO0TCSA4 |ET1E3F00C nsr spsr, ez R12 20000013 R1Z 0 +40 CO2CDFR4
SR 0000 :CO01CSAC |E 1400000 naop R14 CEEC R4 0 +45 CO024BA0
SR:0000:CO01C5Ea |E 1400000 nop SPSA 10 +4C 00000004
SH;DDDD:CD01C584 E1a00000 nap i +50 00000000
SR:0000:CO01C5BE E1HDDDDD naop I Sy TRQ: +54 00000000
J | A R12 CO2CDFE8 R13 60000093 +58 00010000

= i i F14 Co02403C R14  COOMCZB0  +5C 00000000

;I-.grl-)il SPSRE 20000043  SPSRE BOO0O093  +60 00000000

C 01234567898BC0EF +64 COZCCO00

SOE0000:CO2COF20 | COOMCZA0 CO2CC000 COZEZO00 BOO00O13 RSists. .ot Gii = WD : #BT : +65 CO197F38

SD:DDDU:CDECDFED 00000001 CO2CC000 COD140A40 COZE2000 3hMUNG . GREEEN-.5 * R13 BO000093 R13 20000093 +6C C0197F88

5D:0000:CO2C0F40| 00000000 CO194000 COZCDFCE COZCCO00 ‘fhMH@LEch SHE, S 14 CO0MC440 Ri14 COOMC3CO +70 CO034B74

50:0000:C02CDFS0 | CO2CDFBO COZCDFyuorFrsEs 02 CDFEE R, EER,BEYER1R.G z SPSR BO000033  SPSR 20000093 +74 COZEZ000

Sh:0000:CO2C0FEN (00000300 00000040 20000013 QD2CCO00 HEMMNMMHLNR KC o s +75 CO1EDIE0

SO:0000:CO2CORA0 | COO140A0 CO2E20M—EEaaaaaa—a0 134000 faFSHo . GHURNENELS +7C CO1CEZ2A8

5D:0000:CO2CDFA0 | CO2CDFCE COZCCO00 COZCDFBO COO24DBC SB,GHE.GER,SEMES +30 CO196BE4

SD:0000:C02CDFI0 | 00000001 CO1S7FE0 CO2CC330 CO2CCI40 FHHM3TLS0S,565,5 +04 £9052D05

SO:0000:CO2COFAD | COZCCOO0 Q0000000 COZCOFE4 COO34C90 HS, SHRHRER,S2LES +85 A0014B30

S0:0000:C02C0FBO | COOZ4B80 00000001 00000000 OO00O00D &KESHHNENENENY +8C CO010D98

SOE0000;CO2COFCO] 00010000 00000000 00000000 COZCCO00 Hhauthuiuhuams o +90 EFEFFF?F

i
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[T
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JE
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__switch_to() in ARM (12/16)

B iData, List

-0l x| [FERTEE

—A T =

Ml Step | MR Over | J Mest | ¢ Retun| @ Up b Go | Il Break f{j Mods | Find: |
addr/Tine SoUrce B | T
SR :0000:CO0MCE74EI204FF0 __switch_to: stmdb r13t,drd-r11, 143 ﬂ
SR:0000:CO01CS78 |E10FCO00 s r12,cpsr
SR:0000:C001CSYC (E52DC004 str r12,[r13, #-0x4]!
SR:0000:C001CS80 [ECS54000 i r4,r3,accl
SR:0000:C001C584 (E9200030 stmdb  r130,{r4-r53
SR:0000:CO01CSE8 [ESE00318 str r13,[r0,8#0:318]
SR:0000:CO01C58C [E5510318 Tdr r13,0r1,#04318]
SR:0000:CO0C530/ESS 12318 1dr re,[ri,#0x31C]
SR :0000:C001C534/[ESEDODA0 Tdmia  r13!,ir4-r5}
SR :0000:C001CSaBY{EC 454000 far accl,rd,ri3
SR:0000:CONTCS3C)|E43DC004 Tdr r12,[r13], #0xd
; r 3,080, 1r2,03,
SR:0000:CONTC5A4 (E1ESFOOC sr spsr,ri2
SR:0000:C001CSA8 [ESFDEFFD Tdmia  r13l,Erd-r11,pcis
SR:0000:CO01CSAL |E1400000 nap
SR:0000:CO01CSB0 |E 1400000 nop
SR :0000:CO01C5E4 [E 1400000 nop
SR:0000:C001CSEE (ET1AD0000 nop
SR:0000:C001CSBC (E1A00000 nop |
1| | v
-0l x|
0 4 8 C ABCOEF
:0000:CO2COFED | 00000300 000DODOO#20000013 CO2CCO00 5.2
)10000:CO2CDERD | CO0140480 CO2E2000 00000000 CO194000 BT
:0000:C0ZC0OF30 | COZCOFCE COZCCO00 COZCOFBO COO24D3C GEMES =
):0000:COZC0OF30 | 00000001 CO197F80 C02CC330 C02CC340 58S, 5 x
30:0000:C02C0OFAD | CO2CCO00 00000000 COZCOFB4 CO034C90 GRLES
:0000:C0ZC0OFBO | COO24B80 00000001 00000000 0O00OQooo by
:0000:C02C0HF20 | 00010000 0000QO00 00000000 COZCCaan NS, S
:0000:C02C0FDA | CO197F28 CO197F88 COO34B74 COZEZ000 e
:0000:CO2COFED | COTEDIB0 COMCE2A8 CO19BBB4 BI0S200G e
):0000:COZCOFFD | AOD14B30 COOMDDSS EFEFFF?F FDFFFFFF EEEER
:0000:C0ZCEQAD | CO2B32D0C COZB3Z20DC 00000040 COZCEO40 HIEY

S C

]
R1
k2
R3
R4
Ra
RE
R?
5P5R
ACCO

UsR:
Ra
R3
R10
R11
k12
R13
R4

SMC:
R13
e
5P5R

UND:
R13
e

CO2C0000
Co2ccooo
10

2

0300

0
Co2ccooo
0
20000013

C0134000
630532006
A0014B30
CO2CTFRAC
20000013
BFFFFADO

CBEC

CO2CDFEC
Coo24pac
20000013

EO000033
Co01C4a0

Ri
R3
R10
R11
R12
R13
R14
pC
PSR

FIQ:
RS
R3
R1D
R11
R12
R13
R14
SPSR

IR0:
R13
R14
5PSR

AET:
R13
R14

0194000
E3052006
A0014830
CO2C1FAL
20000013
CO2CDhFEC
Coo24pac
CO01C3A0
20000013

o

e e e e e Y e e e}

—_

£0000033
Coo1c2en
60000033

20000033
Ca01caco

5P5R GB0000033

5PSR 20000033

m

SP>
+04
+08
+0C
+10
+14
+18
+1(
+20
+24
+28
+20
+30
+34
+38
+30
+40
+44
+48
+40
+50
+54
+58
+50
+60
+64
+68
+6C
+70
+74
+78
+7(
+80
+84
+88
+8C
+30

A
&
I
S
1=

0%

CO2CC000
Coo14aa0
C02EZ2000
aooaaaao
0134000
CO02CDFCE
02000
CO2CDFRO
Co024Dac
aooooaat
C01397F80
0202330
C02CC340
Co2ccoon
aooaaaaao
CO2CDFB4
C0034C30
0024880
aooooaat
aooaaaao
aooaaaao
aoot1ao00
aooaaaao
aooaaaao
Co2ccooo
C01397F88
C0137FE8
0034674
C02E2000
CO1EDIE0
C01CE2A8
C0136BB4
63052006
f0014830
0010038
EFEFFF?F
FOFFFFFF




ewitch tal() in ARM (1R/1R)

65

= =101 x| [REREE Y ofx|
= - — = , —T > CO2CCO00 -

M Step [ B Over [ & Net [ @ Feun] @ Up [ b Go | 1 Breck | %o [ Fin | bR Goxccoon ne eaoe0s o Cooidon)  —
addr/ line __source : | dllc ¢ Rz 10 R10 AD014B30 +08 CO2E2000
SR :0000:CODCS74 EIZ04FFD __switch_to: stmdb 130, ird-r11,r14; _:J ¥ R 2 R11 CORCAFAC  +0C 00000000
SR:0000:CONICS28 [E10FCO00 mrs r12,cpsr T~ R4 0300 R42 20000013 +10 CO194000
SR:0000:CO0MC57C [ES2DC004 str r12,0r13, #0141 F~ RS 0 R13 COCOFEC  +14 CO2CDFCE
SR :0000:C001C580 |EC554000 mra r4,rs,accl T ORE COPCC000 14 COOZ4DEC 1% cO2CCOO0
SR:0000:C001C584 (E9200030 stmdb r13!,frd-r5} T op? 0 PC CODMCSAD  +10 CO2CDERD
SR:0000:C001C588 [F5500318 str r13,[r0, #0x318] e SPSR 20000013 CPSR 20000013 +70 COOZ4DEC
SR:0000:C001C58C [F5310318 1dr r13,0r1,40x318] 0 ACCD el +24 00000001
SR :0000:CO01C530 (ES91231C 1|:Irl re,[r1,#0x31C] - +28 CO197Fe0
SR:0000:C001C594|[E2E00030 ldmia  r13!,ird-r5} ISF - FIG: L0 00200330
SR 0000 CODES38Y{EC 454000 mar accl,r4,r3 RO CO0M94000 RE 0 +30 C0200a40
SR :0000:C001C59C)(E4qncnng 1dr r12,0r13], #0ud R EANS2D0E  R9 0 +24 COPCCN00
EQ32510 mer . p19,080,r2,¢3,¢0,050; p135,0,r2,c3,c0 R10 AOD14B30 R1D 0 +32 0000ODOO
SR:0000:C001CSA4 |F 169F000 msr o spsr,riz R11 CO2C1FAC_ R11 0 +3C CO2CDFB4
SR:0000:C001CSAR |EEFOGF g = = . 0034090
SR :0000:CO01CSAC |E 140000 0024820
SR :0000:C001CSR0 (E140000 | l|poooood
SR:0000:C001C5B4 |E 14000005 cp1sg “|loononon
SR:0000:CO0MCSEE E1A0000) T EI052006 Trademark Intel Arch YSTE nooaono
SR :0000:CON1CSRC |F 140000 Coreden  ¥Scale CoreRey 4 0010000
1| Prodium  PXA250 ProdRev res ooooooo
= CTYPE  OB1AB1AS CLASS 5 H Yes oaoaooo
DSIZE 32k [DA&SS 32 DLENGTH 8 02Ccooo
ISIFE 32k IAS5 32  ILENGTH 8 0197 F8E
R 0000337F ¥ Oxffffo000 I enable 7 enable R off 5 on 0197Fa8
B Tittle C enable & enable M enable 0034p74
AuxCE 00000000 MO write back - read allocate PO Kensble 02E2000
TTE #0010000 TTEA AD010000 01EDARO
DAC 00o0aoMl 015 no access D14 no access 013 no access D12 no access —Alo1cezag
011 no access D10 no access D3 no access D8 no access 019EBR4
7 no access 06 no access 05 no access D4 no access 9052006
03 no access D2 client 01 manager oo client 0014630
FSR 0000000F % 0 D no Domain 0 Status permission_page 00100as
FAR 0a01&6E40 FEFFF?F
DCLR oooooooa L ono locking DFFFFFF
DT OONNDN00 BT Q0000000 N2E3200
IBCRO  COOMCSAT Mya CO0DMCSA0 E enable D2B320C
TEer 081808 31815318131 e BT 0 oooo040
DERO naoaooonn 02CE040
DBR1 naoaooonn , ooo0oas
DECON 00000000 M Data Breakpoint Address E1 disable E0 disable FFFFEEE
CPAR onooooot cP? denied  CPO allowed ~doooonai
_" oaoaon:
ﬂ Fl.#|0000003

20y

SIniETESy



BiData Ligt

awitch tnf) in ARI\A .(14/18\

Rl
R1
R2
R3
R4
R3

Co2C0000  Re
CO2CC000 RS
10 R10

0134000
B3052006
HDD14ESD

R iFamil;
C02CC000 R14  CO024D8C

Coo1cand

R? 0 FC
SIGR 20000013 DZPSR 20000013
AT o

U5R: FI:
F2  C0134000 R=
F3  E3032D0F RA

RI0 ADO14B30 R10
COZCIFAC R

B11

0
0
0
0

SP>
+04
+08

+18
+1C
+20
+24
+28
+2C
+30
+34
+38
+30

M Step | B Over | $MNewt | & Retum| ¢ Up b Go | I Break J,ij’hicrde Fmd| g—
addr/ Tine Source | = C
SR:0000: CDD1C5?E E10FCOO0 mrs r12,cpsr _:J ¥
SH:DQDD:CDD1C5?E EazDC004 str r12,[r13,#-ﬂx4]! 7
SR:0000:C001C580 |EC554000 tra r4.r5,accl e
SR:0000:C001C584 |F3200030 stmdh  r13!,{r4-r5} T
SR:0000:C001C585 |ESE0D31E str r13,[r0,H0x318] -
SR:0000:CO01CS8C |ES510314 1dr F13,[r1, 8023181 sy
SR:0000:C001C530 |ES51231C ldr re,[r1,#0x310] N
SR:0000:C001C594 |EBRDOOS0 Tdwia  r131,{rd-r5} -
SR :0000:C001C588)E 454000 mar acclh,rd,ra
SR0000:C001CSaCHE 4500004 1dr r12,0r13], #0xd
SR:0000:CO01CSAEEDZ2F10 fCr p15,0%0,r2,¢3,c0,080; pil

16AFNALC, Mmsr spsr.rld
SR:0000:C001C5A8 \EBFDEFFD dmia r13%, 4ird-r11,pois
SR:0000:CO0TCSAC |E 1A o
SR:0000:C001C5B0 |E 140000 Gl
SR :0000:CON1C584 |F 120000
SR:0000:C001C588 |E 1400003 cpis
SR:0000:CO01C3RC |ET1ADO0C) T EA052005 Trademark Intel Arch VETE
SR:0000:CO01CSCO |E52D500 CoreCen  ¥Scale CoreRev 4
. 1| ProdMum  PXA250 ProdRev res
- CTYPE  OB1AB1AS CLASS 5 H Yes
DSIZE 32k DASS 32 DLENGTH 8
ISIFE 32k TIASS 32  ILENGTH 8
R 0000337F ¥ OxfEFfo000 I enable 7 enable R off S on
B 1little  enable & enable M enable
f=CR 00000000 MO write back - read allocate PO Kenable
TTE &0010000 TTEA AQDO10000
DA 0aoaoo1l 015 no access D14 no access 013 no access 017 no access
011 no access D10 no access 09 no access 08 no access
[7 no access DE no access [0S no access 04 no access
03 no access 02 client 01 manager oo client
FSR 0000000F % 0 D no Domain O Status permission_page
FAR 0a016E40
DCLR oooooooa L ono locking
DT 00000000 BT0 Q0000000
IBECRO  COOMCSAS Mya CO01CSA4 E enable
L0 T LN sy [N RRNLnInIn} L d;:nb]c
DERO naoaooonn
[BR1 naoaooonn
DECON 00000000 M Data Breakpoint aAddress E1 disable E0 disable
CPAR oooooont CP? denied  CPO allowed
ﬂ.

CO2CC000
014040
CO2E2000
Nooaaaoo
0134000
CO2CDFCA
co2ccaoo
CO2CDFBO
C002408¢C
Nooooaot
C0137F80
C02CC330
C022¢2340
Co2ccaoo
Nooaaaoa
02COFR4
003430
N024e30
nooooot
noaaaoao
nooaaoo
no10000
noaaaoo
noaaaoo
n2ccaoo
0137F38
0137F24
0034874
N2E2000
01ED380

01CE2AS
0136BB4
30532008
0014630
no10038
FEFFF?F
DFFFFFF
0283200
N2B320C
n0aaa4a
02CE040
naaoo0s
FFFFFFF

~ 0000001

nnooooz

;" noaoaao3

LGk

a2

Fe

CHStu) BHsSTH




__switch_to() in ARM (15/16) i

B B:Data List _ n ) (=Bl B :Register
5y [ 0w [t [ram] €p | o | Woms ] Ee] o | =7 o s et cE o

addrs line Source = || P +
SF:0000:C00TC57C [-oo0 L0 Str r12,[r13, O] | S 1 00 el R e
SR :0000:C001C580 [EC554000 mra rd,r5,accl LT R4 0300 R17 S000001% <10 CO194000
SR:0000:C001CS84 (E3200030 stmdh ri13t,ir4-r5i F = Rg 0 RBi 14 CO2COECE
SR:0000:C001C588 [E5200312 st r13,[r0,H0x318] T T RE CO2CC000 R14THO3BRE—L1E C02CCON0
SH:DBDD:CED1C58C ES910318 Tdr r13,0r1,#0x318] B R7 0 Pc CODICSAS  +10 CO2CDERO
SH:D_DDD:CU_D']CSSQ ES31231C ]Ijl' re,[r1,#0x31C] svc  SPSREOZ0000013  CPSE 20000013 +20 COO24Dac
SR:0000:C001C534 (ESEDOO0Z0 Tdmia  r13!,ird-r5i 0 ACCT co+24 0000000
SR :0000:C001C598 {EC454000 mar  accl,rd,rs # 50 C0197FA
SR 0000 COMCSA0YEEDSZF 10 M r p15,0x0,r2,c3,c0,0x:0 1,2 : R : co194000 Ro ’ 0 +30 COZCC340
SR :0000:CO01C5A4|(E (53F00C msr - spsr,ri2 RY BR0S2D0E RO 0 <94 ¢0500000
EDEEED. ldmia  ri3t,erd-rit,pci R10 AOD14B30 R0 0 +32 00000000
SR 0000 CO0TCIBO | 1400000 nop R12 20000013 12 0 +40 CO034C30
SR:0000:CONTCEE0 (E320500F __do_softirg: stmdb r13,4r0-r3,r12,r14} ; +50 0000a000
SR 0000 :CO00MCSCd [EBOOSFAR b1 0xC0020473 » do_sort | Sy TRQ: +54 00010000
"l I Moz R13 COZCDFRC R13  BOOOOOS3  +58 00000000
[Dlﬁl F14 CO02408C R14 CO01CZa80  +5C 00000000
Sl SPSR 20000013 SPSE BOOOOOS3  +60 CO2CCO00
I El a2 L 0123458 7R98BCDEF +64 C0197FE3
:0000:C0ZE0FE0 | 00000300 00000000+20000013 COZCCO00 WEHMEHHHINE e ol WD : HET: +68 CO197F88
1:0000:COZEDERD | COD14040 COZE2000 00000000 CO134000 %ot . U INeLse R13 BOOOODS3 R13 20000093 +6C CO034B74
;0000 COZE0FRN | COZCOFCE COZCCO00 COZCOFBO COO0Z24DEC %, E55. 550, GEMES = 14 CO0MC480 R14  CO01C3Co +70 COZEZ000
):0000:C02EDFA0 | 00000001 CO197F80 CD2CCI30 CO2CC34D SHAMETicns,ses,s ¥ SPSR RODOO093  SPSR 20000033 +74 COTEDIED
s0:0000:C02E0EAD | CO2CCO00 00000000 CO2COFR4 CO034030 HE EHUHHER,S3LEF & +78 CO1CE2A8
;0000 COZCDFRD | COOZ4BE0 00000001 00000000 00000000 FKEGHYHLENELENEY +710 C0196BB4
;0000 COZCDERCH | 00010000 00000000 00000000 COZCCO00 WHEHUHHENEHEE 2 +30 59052006
:0000:C02COFDO | CO197F38 CO0197F28 CO034B74 COZE2000 £E4G%fLiGtKERYU_.G +54 B0014830
:0000;COZCOFED | COTED3B0 COMCB2A8 CO196BB4 BI052D06 3LiGRELGELLICA_ES +835 C0010D3ag
1:0000:C0ZC0OFFD | ADD14B30 0010098 EFEFFFPF FOFFFFFF OKEAZ% 55 EFEEREES +8C EFEFFF?F
:0000:CO2CENA0 | CO2B32DC CO2B32DC 00000040 COZCEQ4D R2+GR2+G@inies,; +90 FDFFFFFF
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__switch_to() in ARM (16/16) >

= B [=l B3| B Registar _ I i
' - = Hgr - ; M _ RO COZC0000 RE 0194000 SP> 00000OO01 -
ad}!jf;e]pme B Over Snu*r?;ﬂ Jﬂetulm g Up b Go | Il Break .;gjhflnde Find: | %.cl_.' |E E E; CDECCD?E E?D Eg%ggggg +gg Eg;gg;gg =
- " " 1 e +

: EE;EkJuSt switches the regiszter state and the _:J v R3 2 R11 COZCDFRD +00 CO2CC34D

66 * ; I _ R4 COZCC000 R12 20000013 +10 CO2CC000

" ( " i F RS CO0140A0 F13 <02CDFI0 +14 00000000

| suiich to PIEY, mext, previ; T _ RE  COZE2000 Ri4 CO024D8C +18 CO2CDFB4

SRR R L R R R? 0 PC CD024D8C +1C CON34CA0

T, sve SPSR 20000013 CPSRE 20000013 +20 CO024BE0

reacquire_kernel_lock{current); Qe OO Al :%g ggggggga

702 if [current-sneed_resched) USR: FIQ: <3¢ 00000000

04 SRS LB LBy Lo L Sfl R cotsdnon 0 +30 00010000

: 1 ’ RS COZCOFCE RY 0 +34 00000000

R0 COZCCoo0 RO 0 +38 00000000

1 R11 COZCDFBO R11 0 +3C CO2CC000

# The core wakeup function. HNon-excluszive wakeups (nr_excluszive == 0} just wak EE EEEEE%S EE g :jg Eg}g;ggg

#up, If it'z an excluzive wakeup (nr_excluzive == =mall +ve muber) then we w R1d CEEC R4 0 +42 CO024B74

: non-exclusive tazks and one excluszive tazk. PSR 10 +40 £02E2000

.* There are circuwstances in which we can try to wake a task which haz alrea%ijzj Sy s TRQ: :gg Eg}gggig

| ' 4 R13 COZCDFS0 R13 40000093 +58 CO196BE4

R14 CO02408C R14 CO01C280  +5C B9052D06

=10/ x| SPSR 20000013 SPSR 40000093 +50 ADO14830

i 0 4 8 £ 0123456789ABCDEF | +E4 C0010D38

SD:0000:COZCOF20 | 20000013 FFFFFFFF COZCCO00 CO2CDFBO LHN.EREEHE,550.52 LHD : ABT : +58 EFEFFF?F

5D :0000:C02C0DF30 | CO02C554 CO2CDF7C FADOOOO0 00000400 TE35|%,5HNRENE R13 60000093 R13 20000093 +EC FDFFFFFF

S0:0000:CO2C0F40 | CO0Z4DEC COOMCZAD CO2C0000 CO2CC000 EMESReiafit,als.5 F14 CO01C4A0 R4 CO01C3CO +70 CO2B32DC

SD:0000:C02CDFS0 | 0000001D 00000002 CO2CCOO0 COD140A0 &4GuEuutys,sness ® SPSR 0000093 SPSR 20000093 +74 CO2B32DC

SD:0000:CO2CDRE0 | CO2EZ000 00000000 COT94000+C02C0FCE Yo, GHUNENELESE, 52 +74 00000040

S0:0000:COZCOFFD [ CO2CC000 COZCOFBO 20000013 COZ2CDFI0 4%.55%, 500 0-5,5 +70 CO2CE040

SD:0000:CO2CDRB0 | COOZ4D8C CO024DBC 20000013 FFFFFFFF 2M3GEMRGLNN_EREE +H0 00000005

SD:0000:CO2CDF30 | 00000001 COT9YFBO CO2CC330 CO2CC340 FMBNETL505, 58,5 +H4 FFFFFFFF

SD:0000:CO2COFAD | CO2CCO00 00000000 COZ2CDFB4 CO034030 e, 5HNENER, 53155 +H5 00000001

SD:0000:CO2CDFB0 | COOZ4B80 00000001 00000000 00000000 gRESHEUNEEINLEEY +8C 00000002

S0:0000:CO2CDFCO | 00010000 00000000 00000000 CO2CCO00 HMEHHUHMEHEHNNE S +30 00000003
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