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Program & Process

root@localhost:/home/Lecture/LKl /test

File Edit View

[[ root@localhost
[root@localhost
[root@localhost

Search Terminal Help

test]# vi test.c |
test]# gcc -o test test.c
test]# 1s

[2]

test.c
[root@localhost test]#
[root@localhost test]# file test
test: ELF 64-bit LSB executable, xB86-64,
585 shared L1bs), TOr GNU/LLINuX £.0©.la,
[[root@localhost test]#
[root@localhost test]# ./test
start
end
[root@localhost test]#
[root@localhost test]# ./test &
[1] 5360
[root@localhost test]# start

version 1 (5YSV), dynamically linked (u
10t stripped

[root@localhost test]# ps

PID TTY TIME CMD
| 5360 pts/@ 00:00:00 test |
5361 pts/0 U0 0000 ps

22252 pts/o@ B0:00:00 bash
[root@localhost test]# end

[1]+ Done
[root@localhost test]# |

.ftest

[« [

roct@loi

File Edit View 5earch Term
finclude <stdio.h=

main( )
{
printf(“start\n");
sleep(5);
printf({"end\n");
0]
}
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Task, Process and Thread
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Task, Process and Thread
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clone or
fork or vfork pthread_create
S N
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Task, Process and Thread

1. PID
2. POSIX: &t processUW 2] thread= S &t PIDE 25 06H0F SHCH

PID PID
TGID TGID
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Task example - fork "

#include <unistd.h>
#include <stdio.h>
#include <stdlib.h>
#include <linux/unistd.h>
int main(void)
{
int pid;
printf("before forkWnwn");
if((pid = fork()) < 0){
printf("fork errortn");
exit(-2);
Yelse if (pid == 0){
printf(“TGID(%d), PID(%d): ChildWn", getpid(), syscall(__NR_gettid));
else{
printf("TGID(%d), PID(%d): ParentWn", getpid(), syscall(__NR_gettid));
sleep(2);
}
printf(“after fork WnwWn”); [z root@localhost:/home/Lecture/LKl/Chap3
return 0; File Edit View Search Terminal Help
} [rcot@localhost Chap3]# gcc -o fork pt fork pt.c E]

[rcot@localhost Chap3]# ./fork pt
before fork

TGID(17566), PID(1756@) : Parent
TGID(17561), PIDi(17561) : Child
after fork

after fork

[rcot@localhost Chap3]# |}
[ Seungjae Baek



Task example - pthread

11

#include <unistd.h>
#include <stdio.h>
#include <stdlib.h>
#include <linux/unistd.h>
void *t_function(void *data)
{
int id; int i=0; pthread_t t_id;
id = *((int *)data);
printf(“TGID(%d), PID(%d), pthread_self(%d): Child Wn", getpid(), syscall(_ _NR_gettid), pthread_self());
sleep(2);
}
int main()
{
pthread_t p_thread[2]:
int thr_id; int status;
inta=1; intb=2;
printf("before pthread_create()¥n");
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 : %dWhn", status);
pthread_join(p_thread[ 1], (void **)&status);
printf("thread join : %dWhn", status);
3 root@localhost:/home/Lecture/LKl/Chap3
printf(“TGID(%d), PID(%d): Parent Wn", | File Edit View Search Terminal Help
getpid(), syscall(_NR_gettid)); |[root@localhost Chap3l# gcc -o pthread pt pthread pt.c -lpthread
return 0; [root@localhost Chap3]# ./pthread pt
} before pthread create

TGID(17672), PID[17673), pthread self(355116224) : Child
TGID(17672), PID[17674), plhread sell(347723520) : child
pthread -oin(@)
pthread -oin(@)

TGID(17672), PID[17672) : Parent
[root@localhost Chap3l# |




Task example - vfork

12

#include <unistd.h>
#include <stdio.h>
#include <stdlib.h>
#include <linux/unistd.h>

int main(void)

{
pid_t pid;
printf("before viorkWwn");
if((pid = vfork()) < 0){
printf("fork errorn");
exit(-2);
Yelse if (pid == 0){
printf(“TGID(%d), PID(%d): Child Wn", getpid(), syscall(__NR_gettid));
_exit(0);
else{
printf(“TGID(%d), PID(%d): Parent Wn", getpid(), syscall(__NR_gettid));
}
printf(“after vfork Wn Wn”);
exit(0); root@localhost:/home/Lecture/LKl/Chap3
’ File Edit View Search Terminal Help

[root@localhost Chap3]# gcc -o viork pt vfork pt.c
[root@localhost Chap3]# ./vfork pt
before vfork

TGID(17585), PID(17585) : Child
TGID(17584), PID(17584) : Parent
after wfork

[root@localhost Chap3]# |
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Task example - clone "

#include <unistd.h>
#include <stdio.h>
#include <stdlib.h>
#include <linux/unistd.h>
#include <sched.h>
int sub_a(void *arg)
{
printf(“TGID(%d), PID(%d): Child Wn", getpid(), syscall(__NR_gettid));
sleep(2);
return 0;
}
int main(void) CL(_)NE—_THREAD
{ 40961 4066 option =t Al &2
int child_a_stack[4096], child_b_stack[4096]; .
A tgid= It
printf(“before cloneWn"); 7
printf(“TGID(%d), PID(%d)Wn", getpid(), syscall(__NR_gettid));
clone (sub_a, (void *)(child_a_stack+4095), CLONE_CHILD_CLEARTID | CLONE_CHILD_SETTID, NULL);
clone (sub_a, (void *)(child_b_stack+4095), CLONE_CHILD_CLEARTID | CLONE_CHILD_SETTID, NULL);
sleep(1);
printf(“after clone Wn Wn”);
return 0; % root@localhost:/home/Lecture/LKI/Chap3
} File Edit Wiew Search Terminal Help

[root@localhost Chap3]# gcc -o clone pt clone pt.c fad
[root@localhost Chap3]# ./clone pt
before clone

TGID(17750), PID(17758) : Parent
TGID(17730), PID(17752) : Child
TGID(17751), PID(17751) : Child
after clone

I —| | 00t @locathost Chap3]# ]
..... wruv uuil



Task implementation in Linux a

s Flow controls
|

User App Library Systdm call

I

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

vfork() < > viork() T viork() sys_viork()
|

clone() < > clone() < > clone() sys_fork() /
|

pthread_create() ¢ » pthread_create() ¢ > clone()

I

do_fork()

User Level Kernel Level

= Using strace, Itrace, ‘ctags’ and ‘cscope’ kernel_thread()

I Seungjae Baek



Task example — kernel thread

int __init module_thread_init(void);
void __exit module_thread_exit(void);

void test_kernel_thread(void *arg){

int val, i, j;

val = (int)(long)arg;

printk("<0>kernel_thread %d CPU : %dwWn", val, smp_processor_id());

for(j=0; j < 100000000 ; j++);

for(i=0 ; i < 100000000 ; i++);

printk("<0>kernel_thread %d CPU : %dwWn", val, smp_processor_id());

}

int __init module_thread_init(){

inti;
fori=0;i<4; i++)

return O;

}

void __exit module_thread_exit(){
printk("<0>Module Thread Test Exit Wn");
}

module_init(module_thread_init);
module_exit(module_thread_exit);

kernel_thread((int (*)(void *))test_kernel_thread, (void *)(long)i, 0);

Seungjae Baek



Task example — kernel thread

obj—m := module_thread.o

KDIR := /lib/modules/$(shell uname —r)/build
PWD := $(shell pwd)

default:

$(MAKE) —C $(KDIR) SUBDIRS=$(PWD) modules

clean:
rm —rf *.ko _—
rm —rf *.mod.* £ root@dankook: ~/module_thread @@-
rm —rf .x.cmd [ nkook module thread] # insmod Iul"ll_l..lln-' thread. ko
rm —rf *x.0 -

1kook ]# rmmod mod ule thread
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Task, Process and Thread Y

1. PID
2. POSIX: & process 2l thread= S 2 &t PIDE 25 06H0F SHCH

Task A Task B

PID PID
TGID TGID
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Task, Process and Thread

18

struct task_struct {
pid,
tgid,

Task A

PID
TGID

Task B

PID
TGID

Seungjae Baek



Linux Thread Model "

: Process

s Internal structure
: Thread

: task_struct 2 Al
: Process Discriptor(8KB)
(Z2MA CIATIRIE +

HY 2= AH)

:3g QC Ae

Process A Process B Process C

O w []

User Level

Kernel Level

Kernel Thread B
task_struct

SN

I Seungjae Baek
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Context

O (Context) :
HLEO0| 22|ots AT AN =8 &3 & &

v 3FE2= 74 AIAE 22 (system context), HI 22 =4

(memory context), ot =% 01 =% (hardware context)

-

[ —
H T
v

"""""""""""""""" task structure

thread-structur

SP
eflags
eax

'5' | hardware context

Seungjae Baek




System Context

21

EHATE &2lote &

v

D N N N N NN

EHA 3 & 2 pid, uid, euid, suid, ...

EHA A AEH: &/ AR, READY 2fE, ==& &AEl,

2t Hl: p_pptr, p_cptr, next_task, next_run

policy, priority, counter, rt_priority, need_resched

ERAC] JbER

A B B

o 1.

2l A &£ file descriptor

, = ItE 0|5, =S (kernel dependent)

I Seungjae Baek
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BHAT MAD AON(HE 2Z02 Q200 of

/* test.c */
int glob = 6;
char buf[] = “a write to stdoutWn”;
E{nt 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 */
printf(“pid = %d, glob = %d, var = %dWn”, getpid(), glob, var);
exit (0);
} (Source : Adv. programming in the UNIX Env., pgm 8.1)

I Seungjae Baek



Task 284 1} ==

2528 O Al 22

23

| cholym@embedded.~/SySpro/exam task/d tork .
LUF) MEE) 221V HOET) 2106 S=22(H)

CLOME(2) Linux Programmer s Wenual CLOME( 2 )

0 s
_clone — T2 M & M4

hd Cholim@embedded: ~/syspro/exam taskib fork?

Ay [ @m2E paE =220 HOLD) G S22(H

#ginclude — HEE = L ~, u}

[choi jm@embedded 5 fork2]%

int cl{|[choi im@embedded 5 fork2]% make
f|ag5:'_\m gcc —C fork_testZ.c

gcc —9 -0 fork_testZ fork_testZ.c

Mo [choi jm@embedded 5_fork2]%

__clone & |[choijm@mbedded E_fnr@?
fo rk{E; 9lifork testZ fork_test2.c “TestZ.o0 makefile

o2 7| = | [choiim@mbedded 5 fork21%

T 2 i |[choi im@mbedded 5 fDFkE]
clila write to stdout
M|before fork
D|d =8328+ gl':'b =-"r+ Var
pid = B327, glob =6, var
[choi jm@embedded 5 fork2]®
[choi jm@embedded 5 fork2]®
[choijmEembedded 5_fork2]% |

|

12
G13)

=
HU

L8040
oz

L]

=

—
=

—
nk]
|

L

1]
rir
o
4

[+]
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Process State Diagram(1/2)

24

& Fijve-State Process Model

(Source : OS(stallings))
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Process State Diagram(2/2)

exit

sWi sleep).lock
fork
wakeup, unlock

swap swap

suspended suspended

(Source : UNIX Internals)

I Seungjae Baek



Task State Diagram of LINUX(2.4) 20

create

preempt

Event Occurs Event Wait

TASK_INTERRUPTIBLE

— Seungjae Baek



Task State Diagram of LINUX(2.6) o

create TASK STOPPED

_--

preempt

TASK_INTERRUPTIBLE

I Seungjae Baek

Event Wait



Task State Diagram of LINUX(3.18)

28

TASK_STOPPED

———————

signal signal
schedule

TASK_DEAD

- -

EXIT_ZOMBIE

exit wait

event wait

event occur
TASK_INTERRUPTIBLE
TASK_UNINTERRUPTIBLE

TASK_DEAD

- ~

preemp t EXIT_DEAD

Seungjae Baek



Memory Context (1/5)

29

s fork internal : compile results

Oxfffffff
Oxbfffffff

0x0

gcc

kernel

stack

7

data
text

user’s perspective
(virtual memory)

& =

movl %eax :
o b

i

ax
header || movl [glob], %eax
text —7

glob, buf
data ——
DSS var, pid
stack 1 \

/*include/linux/elf.h =/

Seungjae Baek



Memory Context (2/5)

30

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

task_struct

segment table

ol = 17

/

/

(vm_area_struct)

—

R

memaory

Htet D

e

" pid

ob, buf

data

v In this figure, we assume that there is no paging mechanism.

Seungjae Baek



Memory Context (3/5)

31

s fork internal : after fork

task_struct

olel = 11

/

/

task_struct

pid =12

/

segmen

memaory

glob, buf

t

—_— ]

segmen

/

—

\

1

> text

dat

var,

i

pid

glo

D, buf

|

. pid

v address space : basic protection barrier

Seungjae Baek



Memory Context (4/5) .

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

after fork with COW after “glob++” operation
task_struct S€gment task_struct S€gment
S v = - 7 .
+stack)| ) 3 (stack)
task_struct S€gme task_struct Segme
% Z
5 = e T
memory memory

I Seungjae Baek



Memory Context (5/5)

33

s ME22 Z=2 )& &=38: execve() internal

task_struct

-
pid = W s

segment

}

memaory

— —

ST

- ~

Sty ot

header

— text

— data

RIS S

e

— stack

Seungjae Baek



Virtual Memory Describing 34

s B2 22 Atz A&

v include/linux/sched.h, include/linux/mm.h, include/asm-i386/page.h

task struct mm_ struct vin_area_struct

-

anmap
map_cou

pgd

start_co
end code

start data,
end data

start_brk, brk
start_stack

arg_start, arg_end
env_start, env_end;
Iss,

vm_offset, vin_file

\

e
- vim start, vim end™ |

.

=

| ym offset, vin file |

N

F pgd_ﬂ

Seungjae Baek



Hardware Context (1/3)

35

s brief reminds the 80x86 architecture

ALU

Control U. ouT

Registers

* eip, eflags

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

* CS, ds, ss, es, fs, ...

e cr0, cri1, cr2, cr3, LDTR, TR, ...

Seungjae Baek



Hardware Context(2/3)

36

-

s MAE M= A2 CPU Fafst

movl $10, %eax

call func1
Address space Address space
for Task A for Task B

@ CIAl Task AJt =824 01?
= =M 1) 8 (Context Switch) = thread structure

stack

heap
data

text

Seungjae Baek



Hardware Context(3/3) o

s MHE AsE 2L CPU =&t

stack

heap

data

text

Address space—__
for Task A

stack
heap
data
registers
text
Address space
r Task B
tss struct. tss struct.
for task A for task B

Seungjae Baek



task struct & H/W context

n AHE A= 2L CPU =48}

struct thread_struct {
struct desc_struct tls_array[GDT_ENTRY_TLS_ENTRIES];
unsigned long spo0;
unsigned long sp;
unsigned long sysenter_cs;
unsigned long ip;
unsigned long cr2;
unsigned long fs;
unsigned long gs;

struct vm86_struct __user * vm86_info/

unsigned long screen_bitmap;

unsigned long v86flags, v86mask, saved_spO0;
unsigned int saved_fs, saved_gs;

unsigned long *io_bitmap_ptr;

by

struct vm86_regs {

by

long ebx;
long ecx;
long edx;
long esi;
long edi;
long ebp;
long eax;
long eflags;
long esp;

38
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Kernel Stack

39

= Thread union
v HEe 2 tHAd €2 8KBHIZ2 €Y
v thread_info /2 & Xl 2 kernel stack
v alloc_thread_struct, free thread_struct

CPU
Stack Pointer
Register

thread_info{

current

\ 4

*task
flags(need_resched...)
}

Seungjae Baek



User VS kernel mode

40

= INT, syscall = kernel modeZ & &t

v control path : kernel mode= &2 G6tJ| fet LA HAN
m struct pt_regs ?

v BT PO AEIE HGE AN MEGH)] foH AFZ

nt regs { STSCALL Utr].l'ul:.:ﬁi[gl{ﬂﬁ ' user *, Tilename, . TlLags, umode T, mode)
Ph‘:’=(00|.....;....._.... — -
B (force o largefile())
edx: llays |= 0 LARGEFILE;
e51;
edi: do sys open(AT FDCWD, filename, flags, mode);
ebp; h
eax;
xds:
Xes;
¥0s:
orig eax
eip;
¥CS;
efl qs
xss:

Seungjae Baek



Thread Model H| 12 “

s LinuxThreads vs NPTL

Thread Create and Exit Performance Thread Create and Exit Performance

psec

|H NPTL

W NGPT [ UnuxThreads | [OnPn ENFT  [OlinpTeas

.
Figere 1: Varvizg oumber of Toplevel Threads Figars I: Varyicy ozmiter of Ceocorrent Children

I Seungjae Baek
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[root@ez—xE

pelidemnbeddedDe] -

Jroot]d

4 TRACESZ

= SeT
n.p

File
M ®

~Jority
ﬁﬂwﬁcy =

Edit

Miew  Var

+ ¢ ¢ )

Break Run

= 2

cCPU  Misc

h?

Trace

Perf Cov
et SRS

Linus

42

Miind o

FIFD =eT 5

Mag 1

_[command

Param.priority
Sched policy = 1

0194000
COZEZ2000
CO2CCOnd
COZ2Ca000
COZCEONL
COZ2C2000
COZ2C0000
COnFOO0C
CODEADNDL
CODEEDNL
COBE4000
COBZENNL
COCS4000
3408000

o

Magic

state

uid

I

1

swapper
init

keventd
ksoftirgd_CPUD
kswapd

bdf Tush
kupdated
mtdb1ockd

mch 1ockd
khubd

sys logd

inetd

bash

rpciod

COC3E000

sched

Co134000

Swapper

AMGGEGE!

0. 0.

0.

ooooaooo

o

ihit

Mag e

lenmmand

state

uid

pid—

COZE2000

hit

S leeping

0. [ 1.]

a.

oooaoaoo

ooooov4s  CO010000

swapp

B

rpeiod
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Task H= 2 & &40 *

o BiTask DTask D=C0C54000 -|C
RS COMMAn state TR pid cpaceid tty |Flags ihl=
COC34000(Bash s leeping | 0. [104)| D068 S-71 (00000100

gid sigpending wm size  tth tty name  path

0. Qoooooooo aooooqbn Coc4coon  ftews? fbinibash

flags
B harent voungest child  younger sibling older sibling

N1t sched rpciod Thetd
* B Task DTaslk D=COC 36000

flag1c COMMAan ctate L1 il space1d [Tty ag5s
“OC36000 [sched lcurrent | 0. [125.)| 007D |5-71 (00000100 |

f1cCl

gid sigpending wm size  tth tty name  path
0. oQooogooo  ooodooq41 CcOoczonoo tfysz .intefsched

flags

e e vonpgest «<hild  younger sibling older sibling
bash - - -

arguments

enyironment

open files

addresses

code files

times

L 1

-
":
-
L
L
-
L
L
-
L
L
-
L
5
-
5
5
-
5
5
L
L
L
-
L
L
-
L
L
-
L
L
-
L
L
-
L
L
-
L
u
5
L
u
5
L
u
5
L
5
5
5
L
L
5
L
L
5
u
5
L
u
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L
u
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L
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L
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L
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L
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L
L
L
L
L
L
L
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L
L
L
L
L
L
L
L
L
L
L
5
L
L
5
L
L
L
L
o

L] L] L L] 1] [
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AT & Atg 2L *

s A AHAZE HLX

init_task task_struct task_struct task_struct task_struct

next task next task next task next_task,
< < < < °*°°
prev_task prev_task

prev_task prev_task
next next_run

t run
prev_run prev_run prev_run

run_queue

=where is run_queue ? prev_task? next_task?

s EiA IS 2t
task struct

children.next _ children.prev

parent , sibling.prevT T parent , sibling.next

sibling.next sibling.next

P

sibling.prev <sibling.prev

task struct task struct

task struct

I Seungjae Baek



Linux Signal 45

s A8 Xl Atzg 24

sigaction
task struct sa_handler
_ signal_struct sa_flags
sig count sa_restorer
blocked action[_NSIG]/ sa_mask
signal siglock A
s1gpellrl1ng
' sigset_t sigset -t

/* kernel/signal.c */

/* kernel/signal.c */

sys_Kkill(pid,sig)

info, pid)
sél;&gig_info(sig, il@

sigaddset(t->signal, sig);
t->sigpending = 1;

sys_signal(sig, handler)

I Seungjae Baek



Linux Signal

46

« AIDYE M2l 12 X
signal_struct  sigpendig . ..
count list ’<% -
shared_pendin -
. sighal
rm
task_stryct sighand_struct ~_»sigaction siginfo
o Si_signo
signal count || sa_handler
sighand— apﬂon[_NSKS] sa_flags s
A — e
blocked \agpendm@ ................................. O
Jé.“ = 8 : L
igset_t signal | 81queue ‘s.Jgr%geue
LIl e T ?rqfeg
63 sigset_t )
| . | | | ...............
0 siginfo S|g|nfo

Si_signo Si_signo
si_code si_code

Seungjae Baek



Linux File

s UE 22| Af=E 2 £ fd, inode

task struct

fs_struct -
ﬁles_struc[

include/linux/sched.h

include/linux/sched.h

struct fs_struct §{
atomic_t count;
int umask;

struct dentry *root, *pwd;

include/linux/fs.h

include/linux/dcache.h

47

/

struct ﬁles_si\:li'uct {
atomic_t count;
int max_fds;
struct file **fd;
fd_set close on_exec;
fd set open_fds;

Lstruct file {

struct file *f next, **f pprev;
struct dentry f dentryy;
struct file operations *f op;
mode_t f mode;

loff t f pos;

unsigned int f count, f flags;

struct dentry {
int d_count, d_flags;
struct inode *d_inode;
struct dentry *d_parent;

unsigned char d_iname(]

in;c’/lude/linux/fs.h

s?ruct inode {

} Seungjae Bjg

1ek




Multi-CPUZ I8t 2= A S& i

s AHEE
v Run queue per each CPU
= 2Bt task : SCHED NORMAL, SCHED BATCH, SCHED IDLE
100~139(-20~19)
= A Al2f task : SCHED FIFO, SCHED_RR, SCHED DEADLINE, 0~99

v Load balancing

— L Runqueue __
_____ T wake_up_new_task()... .| T | [T |..Schedule() | -py
do_fork) e el )
tasklist /N OV OV YT D --Runquewe .
Tlir|t][T|[T] ] I7] [7] [7] 20, cpy
CAART, 7 e '
load_balance()
wake_up() ..
R ___Runqueue __
.......................... LS i schedule() el

I Seungjae Baek
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Scheduling Domain & Group

struct sched_domain

- struct sched_group

(Multi-chip level) domain 4\

(Multi—core level) domain

i i i i
ol2| 113/ | 4l 5i7 P —
L | L]
Shared L3 Shared L3
cache v DA BH||iBd| 3

(Hyper—threading level) domain

I Seungjae Baek




RT Task Scheduling >

= FIFO &RR
v O(1) scheduler

. queue[0]

. queue[3] -

queuel[9

rt_prio_array.bitmap rt_prio_array.queue

= DEADLINE (a.k.a., EDF)

v deadline, runtime, period
v RB-tree (with deadline)
v Provides deterministic scheduling

current;y, + runtime < deadline

n

CPU copabitity = TaSk(i,mﬂﬁme)

i=0
Seungjae Baek



Runqueue and Scheduler Data Structure

CPU Runqueue
‘ struct rq {

unsigned int nr_running;

. struct load_weight load;

- u64 nr_switches;

struct rt_rq rt;
struct dl_rq dl;

unsigned long

o

struct cfs_rq cfs;
CPU struct task_struct [*curr;
struct sched_domain *sd;
unsigned long ¢

_//

_capacity;
u_load[ 1;

#define MAX_RT_PRIO 100

struct rt_prio_array {

DECLARE_BITMAP(bitmap, MAX_RT_PRIO+1);
struct list_head queue[MAX_RT_PRIO];

+

FIFO & RR ‘\\

struct rt_rq {
struct rt_prio_array active;
unsigned int rt_nr_running;

o0

DEADLINE

CFS

struct cfs_rq {
struct load_weight load;
unsigned long nr_running;
u64 exec_clock;
u64 min_vruntime;
struct rb_node *rb_leftmost;
struct sched_entity *curr;

7

struct dl_rq {
struct rb_root rb_root;
struct rb_node *rb_leftmost;
unsigned long dl_nr_running;

i

struct sched_domain {
struct sched_domain *parent;
struct sched_domain *child;
struct sched_group *groups;

b

Seungjae Baek



Test Code

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

int main(void)

{

struct sched_param param;
inti,j;

sched_getparam( 0, &param);
printf(" WnBefore setn");

printf(" Param.priority = %dWn", param.sched_priority);
printf(" Sched polic6>= %dWn", sched_getscheduler(0));

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

FIFO, &param);

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

_priority);
er(0));

param.sched_priority = 20j;
sched_setscheduler(0, SCHED_RR,
sched_getparam( 0, &param);

printf(" WnRR setWwn");
printf(" Param.priority = %dWn", param.sched_priority);

printf(" Sched policy = %dWn", sched_getscheduler(0));

(:)4—*

return O;

52

[vootE@embeddedDell root]#t ./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

242t @ AT B X
s A CE JECE S22 W20l
ASIF?
< IRl B0l U1, O1H =012

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

Seungjae Baek



Normal Task Scheduling

53

s CFS

v Completely Fair Scheduler

v RB-tree (with vruntime)

= Timer tickOll 2/o &I =2 =CI EfA 2| vruntime & &l

struct task_struct {

struct sched_entity se;

- P

const struct sched_class *sched_class;

update_curr(struct cfs_rq *cfs_rq)

h 4
struct sched_entity {

struct load_weight load;
u64 vruntime;

by

curr->vruntime += calc_delta_fair(delta_exec, curr);

delta=__ calc_delta(delta, NICE 0 LOAD, &se->load);

\ 4

struct load_weight {

ll

unsigned long weight; . i . welg hto
u32 inv_weight; vruntime += physicalruntime X -
> weight
A 4
prio_to_weight[40] = {
88761, 71755, 56483, 46273, 36291,
29154, 23254, 187@5, 14949, 11916,
9548, 76208, 6108, 4984, 39@6,
3121, 2501, 1991, 1586, 1277,
1024, 828, 655, 526, 423,
335, 272, 215, 172, 137,
110, 87, 70, 56, 45,
36, 29, 23, 18, 15,
hi

I Seungjae Baek
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Normal Task Scheduling

s CFS

v Completely Fair Scheduler
v RB-tree (with vruntime)

= Timer tickOll 2/o &I =2 =CI EfA 2| vruntime & &l

» To avoid frequent context switch, there are minimum runtime and

struct task_struct {

sched_slice(struct cfs_rq *cfs_rq, struct sched_entity *se)
const struct sched_class *sched_class;

struct sched_ entity se; ﬂ
b / slice=__ sched_period(cfs_rq->nr_running + !se->on_rq);
\ 4
struct sched_entity { ﬂ

if(nr_running > sched_nr_latency)

e LoaCR it 02 return sysctl_sched_min_granularity * nr_running

u64 vruntime;

- else
by . return sysctl_sched_latency
v \ :
struct load_weight { ﬂ
unsigned long weight; ’ 2
. . weight
u32 inv_weight; I} . _ P curr
. task’s slice = slice X o _
g i—oweight;
prio_to_weight[40] = {
88761, 71755, 56483, 46273, 36291,
29154, 23254, 187@5, 14948, 11916,
9548, 7620, 6108, 4984, 3906,
3121, 2501, 1991, 1586, 1277,
1824, 828, 655, 526, 423,
335, 272, 215, 172, 137,
118, 87, 70, 56, 45,
36, 29, 23, 18, 15,
}

I Seungjae Baek



Scheduler Activation

55

How
v Directly call schedule()

v Indirectly, mark need_resched flag

When
v Timer tick

Check check_preempt_tick() function for more details!

28 ZO|H Ef AT RHAIC] B S2H0IAS O MALE THD| AMEHE ® 8

v
v M EAAEO =2 R
S, E

AH B 2 AA

i =2
o =

=R E Ot A I Y B =

0

A OF
T o

S X
=

—/

set_tsk _need_resched(task)

clear_tsk _need resched(task)

HE& T2 A 2| need _resched Sl 12 & &
0

& I Z Ml A 2| need _resched Ec2i 1= ol Al

need_resched()

need_resched Zcll 1E & Al. Set0| ™ true, clear0| &
falseE c|l&

I Seungjae Baek



Linux &2 H =& QI H 0| A >0

 AJHEE 2d AMAE =

v nice() (just for backward compatibility)
» sys nice()
= Higt40E2H 4022 U

» Sr= 22 A AHe 22 = capable()& = S =0l CAP_SYS_NICE

E40| YA=Al &0l
n ASHO| R/UCHHA current] niceZ =0l incrementgt (H &
w & _20~19A10| K XIOHAH &

Seungjae Baek



Linux AH =2 CIEH 0| A >

v getpriority(), setpriority()

KIZ &t processAE0ll A= E2= process2| J|= 46 =20 &t

= =
getpriority()&= 18 LH 2= process= It &2 niceZ & gt i gt
Bt
setpriority()= A& 11& W 2 processl J|2R&&R &8
sys_getpriority(), sys_setpriority()
OHOH S ==
. which: Z2AA 1S5S AL
PRIO_PROCCESS
PRIO_PGRP

PRIO _USER
. who : process& BH0fl AFZ3dt= pidLt, pgrp, uidZ =2| gf, 001 H current
niceval : N2 =2 8¢

I Seungjae Baek



Linux 2 H =2 CIEHH 0l A

s & A2 process2t&d A|AEN 2

v sched_getscheduler(), sched_setscheduler()
= OO == pid=2 K| E St processtil & I

MEZ0 AHEY N
//\—| S
= O

O O

= PidE JIAl LD find_process by pid()SZ0dH, policygt= ©
sched_getparam(), sched_setparam()

o5

J2

Xl O
= —

]

—

= pid0ll 51 5H= process2l ANZ 2 Q1K 201 QHLHAE

= rt_priority 2 =2 sched _param Et& X|G9H+2 H&E =
= copy_to_user()= =0l SAtolS

v sched_yield()

» Process E EFAEHZ CtSX| &) XA O

sched _get priority_min(), sched get_priority _max()
= policyOi il H==2 X|&EE AHZEH A AISE = U
HAE 26 =212 x4, 2 gtsS BHE

sched _rr_get_interval()

= pid OHJH Bi== A& S 2 A2 P2 RREIE EES AIE A
A 32H0 U= AU IS /IS

Seungjae Baek
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Scheduling Policy and Class

59

. SCHED_FIFO

7' SCHED_RR

const struct sched_class rt_sched_class = {

.next = &fair_sched_class,
.enqueue_task = enqueue_task_rt,
.dequeue_task = dequeue_task_rt,

.yield_task = yield_task_rt,
¥i

| » SCHED_DEADLINE
Lo |

struct task_struct {

const struct sched_clas
unsigned int policy;

I

5S *sched_class;

const struct sched_class rt_sched_class = {

.next = &fair_sched_class,
.enqueue_task = enqueue_task_rt,
.dequeue_task = dequeue_task_rt,

.yield_task = yield_task_rt,
Jo

%, | SCHED_NORMAL

» SCHED_BATCH
. SCHED_IDLE

static const struct sched_class fair_sched_class = {

.next = &idle_sched_class,
.enqueue_task = enqueue_task_fair,
.dequeue_task = dequeue_task_fair,

.yield_task = yield_task_fair,
J&

Seungjae Baek



Context Switching

60

stack

heap
data

User mode text

Kernel mode

pt_regs

Task A

]

Task B

registers g—

@
D

thread_info{

struct task_struct {

void * stack;

) [ struct thread_struct thread; struct thread_struct th : )

7
%
i

void * stack; thread_info{

Seungjae Baek
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__switch_to() in ARM (1/16)

File Edit “iew War Break Run CPU Misc Trace Ped Cov Linux  Window Help
MElseeon B o dum s d ;

# TRACE3?

= Memory Dump Window

B B Data, List { B:Reoistar . =10} x|
= - = Aat T = Broak | I Mode | Firct b T _ R0 CO19GFS0 RO CO194000 50> OOOJAEED a
a:zrfﬁpine N Snj'rcee” ¢ E“lm GUp | G0 | W Break | #[Mode | Fin I SEEE N T R1 G0000O93 RIS 9052006 +04 0OO0DTF4—
- — — =illc ¢ Rz GODOOOT3 R10 ADD14B30 +08 CO2C1FBO
ﬁﬁinp?gléﬁjmm = ; 5| Ve 2 R11 CO2CIFAC +07 CO1D2EA4
. T _ R4 C02C0000 +10 CO196BB4
90 COde Window F T RS 0014040 14 CO2C1FEQ
T _ RE  CO2CCO00 ST +18 C02C1FED
R7 0 0024080 +1C COO24BOC
IIIII* fl
;s . : sve  SPSR 20000013 CRSE 20000013 +20 CO024BS0
: TElsk]ust switches the register state and the flo ~ oo 0180 +24 COAD2E49
co6 i [next = DxCO2CCONN| +26 (0103648
: USR: +20 D003AEED
nnB8ily  switch tolfHEE, (nEJéfﬁ_Br,.fﬂJJ_lprev = 0= COZCO000] | RE O C0194000 0 +30 C02CO000
——schedule_tailiprev RO B90S200F 0 +34 CO024454
Iurev 0+ CO2C0000] R10 #0014B30 0 +38 C02C0340
Zame_process:
reacquire_kernel_lock{current); E}; CD2C1F?E g :ig Eggggggg
i it (Curfent*meg—mcﬁegi e R13 BFFFFADD 13 0 +44 CO2CO000
o e R NERN TR IR ACKS R14 CE6C /R4 0 +4g 00000000
: return; SPSR 10 +4C CO2C1FE4
- +50 CON4CBCH
SUC: IRG: +54 CO024AA8
1] | AW R13 cO2C1f8C RIS 40000093 +50 COO4CE24
> Ri4 cODJADAD R14 COOMC280 +5C COZEZ000
J-LE-J : SPSE 20040013 SPSR 40000093 +50 COYED9SE0
address 0 - 5 T 0123456750ABCDE +64 CO1CE2A
500000 CO2CTF20| FFFFFFFF ADDT4830 COZCTFAC COUZC554 EEEEQKEAAL CTCSY (2 BT 453 C0010D98
5D :0000:C02C1F30 | COZC1F78 FBDOOOO0 00000400 COO24D8C w3, 54485 HEUHEMEY o1 R12 20000093 +6C CO0ZDEEC
5000003 C02C1F40 | CO01C2A0 COZE2000 CO2C0000 0O0D00TD B555H.. S04, 5540 = R14 CO01C3C0 +70 00000000
S0:00003CO2C1F50 | CO014040 CO2C0000 COO14040 CO2CCO00 R@s5aN, camstne o & PSR 20000093 +74 00000001
50:00003C02C1FG0 | 00000000 CO194000 GI052005 ADD14B30 HyNUN@Lsa-ei0KsH ol +72 00000040
5000003 CO2C1F70 | CO2ZCTFAC 20000013 CO2CTFAC COD24DSC &i, 5180 88, 5aM3g " +70 00000000
5000003 CO2C1FE0 | C0024D3C 20000013 FFFFFFFF0003AEED MES1NH_Frrreaed +20 00000000
50:00003C02C1F0 | D00001F4 COZC1FB0 COTDZEA4 CO19BBE4 RE44SL,55.355k1Y 484 00197078
S0:0000:C02C1FAD | COZC1FED CO2C1FBO COO24BOC COO24B80 Ef,551,CEKSSEKES +55 00000000
500000 CO2C1FBO | CO1D3648 CO1D3648 DO0IAEED CO2C0000 HELSHELSERENHM O 420 00000000
5000003 CO2C1FCO | CO024A84 CO200340 CO2C0330 CO2C0000 575585, 505,544, +30 FFEFEEEF

= CPU register window
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__switch_to() in ARM (2/16)

62

= =10l x| [
Bl Step | M Over | 4 Mest | ¢ Retum| ¢ Up B Go | 1N Break f:i_'] Mode I Find: I E
addr/1ine. SOUrCE | i I E
SR:0000:CO01CSES [E1ADSEAD moy r9,r13, Isr #0x00 _:J ¥
SR: ooon: CUE?CSEC E1403689 Moy r9,r9,1s1 #0x00 I
SRa0000:C001C570 [EANDOOZE b Dxc00fCe3n F
mﬁ.&m&__mmkma_ﬁém@_ﬂﬁldm -ril,r14} .
SR 0000 CO0TCS78 |E10FCO00 mrs r12,cpsr
SH 0000:CO0MES7E ES2DCn04 str ri2,0r13,#-0x4]!
SH 000 :C001C580 |EC554000 mra rd.ra,accl
SRz0000; CUD16534 E3200030 stmdb r13t, frd-r5i
SR aooo: CO01C588 |ES500315 str r13,[r0,#0%318]
SR: ooon: CUE?CSEC E5310318 1dr r13,[r1,#0%318]
SR:0000; CUD1C55D ES912310C 1dr r2,[ri, H0:31C]
SR :0000:C001C554 [ESEDOO3D Tdwia  r134, frd-r53
SH 0ooo: CA01C598 |EC454000 mar accl,r4,ra
SH oo CUDﬂCSﬂt E430C004 1dr r12,[r13],#0%4
SE (000 ; CUD1€5HH EEQIZF10 mer p15,080,r2,c3,¢0,020; 01:
SR 20000 :C001C584 F153F00C Hsr Spsr,ri2
SR aooo: CﬂDﬁCSHE EGFDEFFO Tdwia  r138, Erd-r11,poin
SR: ooon: CUE?CSEC E1400000 nap
SR:0000:C001C5E0 E1HUDDDD nop

0 3 g 0123956 789800
S0:0000:COZCTFA0| CO0TC2A0 COTIRFO0 60000053 BODDO0TS 55555055200 LY

SD:0000:C02C1F50 | 00000002 CO2C0000 COD140A0 CO2CCO00 SHHHNY,SA@SSHS, ST
SD:0000:C02CTFE0 | 00000000 0194000 GI05ZDOE ADD14B30 WHHMNELSA-ES0KEA
SD:0000:C02C1F70 | CO2CTFAC DODOOOIE COZCTFAC COO140A0 3,58000sE,50m55
SD:0000:CO2C1FS0 | CO024D80 20000013 FFFFFFFF NG $MESLYN FREreach
SD:0000:CO2C1FI0 | 000001F4 CO2CTFBO CO1DZEA4 CO196BE4 GEHMEL,55.155K1G
SD:0000:CO2C1FAD | CO2CTFED CO2CTFEO COO24B0C COD24BG0 51,58%,5EKEtaKES
SD:0000:CO2C1FBO | 00000000 00000000 OOD3AEED CO2CO000 YYHEHHNHERENHY ¢
SD:0000:CO2CTFCO | COO24A84 0200340 CO2C0330 CO2CO000 %T5568, 508, SHN,5
SD:0000:C02C1FDA | CO2C0000 00000000 CO2C1FE4 COD4CBCS Y, 5HNNHEL, SCEs
SO:0000:C02C1FED | COD24AA8 COD4CE24 COZE2000 COEDIR0 ATESPEEEH_ cenic

Fegleter

RO CO2C0000
R1 CDECCDDD

Co2caoooo
Coo14040
Co2ccooo

0134000
RS B3052D0E
A0014830
CO2C1FAC
R12 1E
BFFFFADO

CEEC

Co2C1rac
Co0z408c
20000013

0000093
14 CO01C4AD
SASR B0000093

. =10 x]
57 OD03AEED
R{ B9052006 )r04 00DOD1F4
ADO14830 /+02 CD2C1FED
02C1RAC +00 CO1DZEAd
12 E_+10 CO196B84
14 C02CTFED
BE4EBE + 18 CO2C1FED
PCCO0MCSP4 +1C COD24BOC
CPSR 20000013 +20 COD24BE0
0300 +24 000O0OOD
+28 00000000
FIQ: +2C QDOIAEED
i 0 +30 C02C0000
R 0 +34 (0024484
R10 0 +38 (0200340
R11 0 +3C (0200330
12 0 +40 C02C0000
13 0 +44 C02C0000
R14 0 +42 00000000
SPSR 10 +4C COZC1FE4
+5(0 COD4CECE
IRQ: +54 (002448
R17 B00D0DS3  +55 COD4CE24
R4 CO01C280 +5C CO2E2000
SPSE E0000D93  +E0 COTED9ED
+54 C01CB2A8
AET: +68 C001DDE
R13 20000093 +EC CODZDEEC
R14 COOMC3CO +70 DO0O0OOD
SPSR 20000093 +74 00000001
+78 00000040
+70 00000000
+50 00000000
+84 (0197028
+58 00000000
+5C 00000000
+30 FFFFFFFF
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__switch_to() in ARM (3/16)

63

1Data List

M Step | B Over | 4 Mewt |  Retun| @ Up b Go | Il Break fﬂ Made | Find: |
addr/ [ine SoUrce [ B =5
SR 20000 :CO01C568 |E 1AN9EAD Moy re,r1d, Isr #0=00 _:J
SR:0000:C001CSEC |E1AD9EES Moy r9,r9,1s1 #0x00
SR :0000:C001C570 |EADOODZE b 0=CO01CE30
SR:0000:CO0MCS74JEI204FFD __switch_to: stmdb  r13t,ird-r11,r143
E10ECOO0 s r12,cpsr
SR:0000:CO0TCSYC |ES2DC004 str r12,[r13, #-0x4]!
SR:0000:CO01C580 (ECE54000 Mra r4,r5,accl
SR:0000:C001C584 |E9200030 stmdb r130,{r4-r53
SR :0000:C001C588 |ESE00318 str r13,[r0,80:318]
SR:0000:C001C58C E5310318 Tdr r13,[r1,H#0x318]
SR :0000:C001C580 (E5912310 Tdr re,[r1,#0x31C]
SR:0000:C001C594 [F2E00030 ldmia  r13!,4rd-rs}
SR:0000:C001C598 |EC454000 ar accl, r4.r5
SR:0000:CA01C53C (E430C004 Tdr r12,[r13], #0x4
SR:0000:CO01CEAD [EEOGZF10 M r p15,080,12,C3,c0,0:0
SR:0000:CO01CEA4 |E1E9F00C s spsr,rid
SR :0000:C0O01C5A8 |ESFDEFFD Tdmia  r130,{rd-r11,pcit
SR:0000:C001C5AC |E1ADOOOD nop
SR :0000:C001C5B0 E 1400000 nop |
1| | M
. Al .. =10/
address 0 4 4 C D123455?EEHBCDEP |
SD:0000:C02CTFA0 | CO0TC2AD CO196FE0 50000093 GO0D00T 95555055200 100 &
S0:0000:CO2CTES0 | 00000002 CO2CO000 COO140A0 COZCCO00 Suuhil. sR@REYs. 5l
5000003 CO2C1FE0 | 00000000 CO134000 CO2C0000 COO14040 4HRAHHELENY, SR855
SD:0000:C02CT1F7O | COZCCO00 00000000 CO194000 B052D06 45, SHUMEHELER-51 ¥
SD:0000:CO2C1FB0 | ADD14B30 CO2C1FAC COD24DBC+0O003AEED DRKEARL, GEMEEERGNL~
5D :0000:COZC1F30 | 000001F4 CO2C1FBO CO1D2EA4 CO13BBB4 FEMuEL ch icelic
SD:0000:CO2C1FAD | CO2CIFED CO2C1FBO COD24BOC COD24BA0 5i,5%L,55kE55KES
50:0000:C02C1FB0 ( 00000000 00000000 OOO3AEED COZ2CO000 wuyuutihise st
SD:0000:C02CTFCO | CO024A94 CD2C0340 CO2C0330 CO2C0000 373565, 508, 544,6
5D:0000:C02C1FDO ( COZCO000 00000000 COZCTFE4 COO4CBCE w4, GRS E. 55555
SD:0000:CO2CTFED | CO0Z24A443 CO04CB24 COZ2E2000 COYEDABD AT35PEER .. 55545

r“EHHEQSEI

— T H < N =

SWC

R0
R1
k2
R
R4
Ra
RE
R?
5PSR
ACCO

U5R:
Ra
R3
R10
R11
k12
R13
R14

SWC:
R13
k14
5PSR

UND:
R13
R14
5PSR

Co2cnooo
Co2CCooo
E0000013

2
Co2coooo
C0014040
Co2ccooo

0
20000013

C0134000
63052006
A0014B30
CO2CTFRAL
1E
BFFFFADO
CBBC

CO2C1FER
Coo24pac
20000013

Ea000033
CO01C440
60000033

RG (0194000 SP» COZC0000
RS B9052D06  +04 COO140A0
R10 ADD14B30 +08 CO2CCO00
R11 ¢ +0C 00000000
R 1E)+10 £0134000
R : +14 63052008
R14 CODJ4DEC  +12 ADD14B30
pC 78 +1C CO2C1FAC
c@)m C0024D8C

+24 DO03AEED

+26 000001F4
FIQ: +20C CO2C1FED
R 0 +30 CO1D2EAd
R 0 +34 CO195BE4
R10 0 +38 COZCTFED
R11 0 +3C COZCIFEO
R12 0 +40 C0O024B0C
R13 0 +44 CO024B80
R14 0 +48 00000000
SPSR 10 +4C 00000000

+50 DOO3AEED
IRQ: +54 0200000
R17 BODDO09E  +52 CO024A84
R14 COD1C280 +5C CO2C0340
SPSR G0000093  +60 CO2C0330

+54 0200000
AET: +58 0200000
R12 20000093 +5C 00000000
R14  CODC3CO +70 CO2C1FE4
SPSR 20000093 +74 COO4CECS

478 (0024848

+70 COD4CE24

+30 COZE2000

+34 CO1EDAS0

+858 CO1CB2A8

+30C CO01DDIS

+30 COO2DEGC
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__switch_to() in ARM (4/16) o

= M RIES [ B:Hegister : o |# N =10l x|
: : T heg == I _ R0 CO2C0000 RO CO194000 SPe 20000073 =
ad’!lfﬁpine'ime' Sntrf;”t "He“‘lm GUp | BGo | W Break | []Moce | Find | —.__'|z " R CO20C000 RS B90S2D06 04 CO2C0000  —
SR - 0000 :CORTCSE8 |- 14005 A0 mov  rd,ri3,lsr HOxOD B Ol B9 oD an etEe
SR 20000 3 CO01CSRC [F 17409559 moy  ro.rd,ls] #0x00 3 Sttt
SR:0000:C001C570 |EAD0002E b 0%C001C630 £eo e o A
SR:0000:C001C574[=5204F FO __switch_to: stdb 130, frd-r11,r14} oo g
SR:0000:C001CS78{|E 1070000 nrs ri2,cpsr - S anE e et
3 :0000:CO01Ca7E Eggggggg ;F;_ Elzfgrégég—nx4]! syc  SPSH 20000013 CPSE 20000013 +20 CO2C1FAC
SR 20000 2CO01C5a4 (5200010 stmdd  r13%,ird-rag [ ACEL ol :gg Egg%;ggg
SR =0000:C001C58E [F55107 17 ldr  r13.0r1,#0%318] LT o 055 B
SR:0000:C001C590 [E551231¢ ldr  r2,[r1,#0x31C] b e e 5 S TR
SR:0000:C001C598 | C454000 mar  accl,rd,rs b o o 5 AR nea e
SR 20000 :C001C5AC [E 4300004 ldr  r12,[r13], 4044 g s L b i daician
SR =0000:CO01C5A0 (EE032F 10 mer pl5.080,r2,c3,c0,040 ) fas ediedal B 5 Al e
SR =0000:CO01CSA |F 153 F00C msr spsr,ri2 2 see e 5 omieis
SR 0000 = CO01C5AR [F2FORFFD Tdmia  r130,{rd-ri1,pcs b 8 S e
SR 20000 :CO01CSAT | 1400000 nap ks
SR:0000:€001C5B0 |- 100000 nop - ik IRo: o GhAaaCED
| | Ay 13 COZCTIFE4 F13 BO0O00S3 +58 CO2C0000
= — Fi4 COO24D8C R14 COOTC280 +5C CODZ4A84
Dcith =10/ x| SESH 20000013 SPSR 60000033 +60 CO2C0340
address i 3 5 01239567 B9R0C0EF | +64 C0200330
S0 :0000:C02C1F20 | FFFFFFFE £O000093 20000013 COD2C554 FEErgin-thu TCze o UND 2 AET: +58 CO2C0000
5D:0000:C02C1F30 | CD2C1F78 FSDOODOD 04000000 COO24DAN 2}, RHSE HRHEIMEE < 17 BOO00O93 R13 20000093 +6C CO2C0000
SD:0000:COZC1F40 | CO0TC2A0 CO196FE0 60000093 0000013 BS3530ic3 N  1u® Ri4 COOIC4AD F14 COOIC3CO +70 0000000
SD:0000:C02C1FS0 | 00000002 0200000 COD140A0 CO2CCO00 SHMNEM,caassHs, 5% SESH BO000093 SPSE 20000093 +74 CO2C1FE4
S0:0000:C0ZC1FE0 | 00000000 20000013+C0ZC0000 COD140A0 HAKKLAN Mk ca@sc & 478 CO04CBCE
SD:0000:C02C1F70 | CO20C000 00000000 CO134000 RI0SZD0E NS, S HHANHALC s €] 70 CO024BA8
SD:0000:CO2C1FB0 | ADO14B30 CO2CTFAC CO024D8C DODIAEED OKE3RE,5EMISEREY 00 CO04CE4
SD:0000:C02C1F30 | 0DO001F4 COZC1FBO COIDZEA4 CO13BBB4 GINHEL. S5, Lrekis +84 COZE2000
SD:0000:CO2C1FAD | CO2C1FEQ CO2C1FBO COO24BOC CO024BA0 Ei,55L.5EKEEEKES +58 COMEDSR0
S0:0000:C02C1FE0 | 00000000 00000000 OOOZAEED CO2COO00 MANMHAMHE Euhn e 60 CO1CB2AR
SD:0000:COZCTFCD | CO024A84 CO2C0340 CO2CO330 CO2CO000 3TS56S,505.544 ¢ +50 CO01DDYE
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__switch_to() in ARM (5/16) 65

I [=] Bl B Reister

= . i - = T _ R0 0200000 G0 (0194000 o0 20000013«
aﬁﬂﬁﬂ“”“gJﬂ? fHﬂm dUp | PbGo ||%**ﬂm“|mdh - R coaccoon s esosobos 04 coacoomd S
SR:0000:CORTCSES |- AL5: A0 mov  r3,ri13,1sr HOKOD W o PRl B el Al e
SR:0000:CO01CSEE [E 1A0952 mov 19,3, 1s] #0x0D el e e
SR:0000:C001C570 | A00002E b 0%C007CE30 Fe B2 L
SR=0000:C001C5P4IE 3204 F __switch_to: studb 131, fra-rit,r14} Do B e LAG CLES i
SR :0000:C001C578/|E 10FC000 s ri2,cpsr 10 adiadi
5R=0000:C001€57¢][£520C004 str F12,0r13,8-0x4]! e o
SR =0000:C001C580|c C554000 Wra  r4,r5,acc sl El R

|-2R:0000;C001Cs84) -~ 0 SIM_LE{TKEELEL? : +25 D003AEED
SR=0000:C001C589 | 50007 10 St r13,[10,#02318 e e LR DhnnoeEs
SR :0000:C001C58C |F59103 1 Tdr - r13,0r1,H0x318] LR T— o %5 EpaniEe
SR :0000:C001C538 | 0454000 war  accl,rd,rs Ble iRl o o R
SR:0000:CO01CSAC [F 4300004 Tdr  ri2,(r13], %004 Bil Slaelihe oo i
SR=0000:C001C5A0 |EF032F 10 mer pl5.0x0,r2,c3,c0,040 f.8 i e e e
SR :0000:C001C5A4 |E 169700 nsr  spsr,ri2 S kel g o bt
SR -0000:C001C5A9 |E2F05 FFO Tdwia  r138,{rd-ri1,pci i ol
SR 20000 :COD1CSAC |- 1A00000 nop | o e
SR:0000:CON1CS8D |- 1 0000 nop = £ S R
| M | B3 cozciee4 RIS EDOODDS3 <35 0200000

==l R4 CD024DBC R4 CODMC2BD +5C CDD24AB4

=10/ x] SPSR 20000013 SPSR 60000033 +60 CO2CD340

0 g T 01234567B9ARC0ET +64 0260330

5D:0000:C02CTF20] FFFFFFFE 60000093 20000013 COD2CS54 EREG2hy 260,165 & UND: ABT: +58 £02€0000

5D:0000:C02C1F30| CO2C1F76 FBDOOODO 04000000 COD24DBO xi,5hMRsiigamss s R13 60000033 R13 20000033 +5C CO2CD000

SD:0000:C02C1F4D | COD1C2A0 CO136F80 B0ODDNS3 EDOODT3 5555205524y’ Lus’ R14 CODMC4AD R14 CODMC3CD +70 000ODOOD

5D:0000:C02C1FS0| 00000002 CD2C00D0 CODM40AD CO2CCO00 SHAHEs ce@zsis. 5 ¥ SPSR 60000033 SPSR 20000033 +74 CO2CTFE4

5D:0000:C02C1FS0 | 00ODODOO 20000013+C02C0000 CODT40A0 SYHHE SN HE, Snose o +78 CO04CBCS

5D:0000:C02C1F70 | CO2CCD00 0D00OODO CO194000 63052006 45, HANH@Ls 5] +70 0024448

SD:0000:C02C1FB0 | ADO14B30 CD2CTFAC COD24DBC OOD3AEED DK337%,53ME5525Y +20) C0D4CB24

5:0000:C02C1F90 | DOOO01F4 CD2CTFBO CO1D2EA4 CO136BB4 EHHEL, 68, 1o8kes +34 CO2E2000

5D:0000:C02C1FAD | CO2C1FEQ CD2CTFBO COD24BOC COD24B80 51,551, 5EK5hakss +38 COTED9S0

5D:0000:C02C1FB0 | 00000000 0D0000DO OOD3AEED CO2C0000 HYYRERNHEe gyt s £50 CO1CB2AB

SD:0000:C02C1FCD | C0D24484 C0200340 0200330 CD2COND0 5T5505.505.5 4.5 +30) COD1DD3B
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__switch_to() in ARM (6/16)

66

B B Data List T PR Ial B0 B Reaister _ oy I (=] B9
M Step | B Over | & Nest | ¢ Retun| ¢ Up B Go | Il Break _f;ifj'h-iotla I Find: | E = 5 sia Lt Egaggggg EE; gggggagg |-
addr/Tine Source | ' || ' :
SR:0000:CO0TCSRA ] 0000 mov  r3,ri3,lsr HOROD Wb o P L e e
SHfﬂQDUfCUD1ﬁSﬁ£ E1409689 My r9,+9,1s1 HO=0D f i R4 0180 ; Ao CO014040
SR:0000:C001CS70 |EADDO0ZE b 0xCO01CE30 F by RS 0 CO2CC000
SH 0000; J:UD1E5?'4}EE|2D4FFD __S'u':"itCh_tl:l: stmdb r13!,{r’4-r11,r14} i = FE COZCC000 RS 000ooonn
SR :0000:C001C578 |F 10FC000 mrs r12,cpar T R7 0 e CIZI1C58 S1C C0194000
SR:0000:C001C57C|(E520C004 str 12,0013, #-0x4] sy SASR 20000013 CPSR 20000013 <20 305200
SR :0000:C001C584f|EI200030 stidb r13t,ird-ra; Q- +20 CO2C1FAC

BO0a1E str fild [[ﬂm&l ISR FIQ: LI0 CO024pac
5SR: DDBU EUD1E594 ESBDO030 Tdwia  r13!, frd-r5} R10 ADD14B30 RAD 0 +38 CO2C1FRD
SR: 000a: CO01C598 |EC 454000 mar accl,rd,r3 R11  CO2C1FAC Hi1 0 +3C CO1D2EA4
SR DDBD Cﬂﬂqﬂﬁﬁt E43DCnodg 1dr r12,0r13] . #0ad R1Z 20000013 R12 0 +4d C0196ER4
5H{ﬂﬁﬂﬂﬁ€ﬂﬂ1ﬂ5ﬁ4 E163F00C Msr spsr,rid R14 CEEC R14 0 +48 CO2C1FED

'SH;UDﬂﬂWCUD1Q5ﬂ$-EEFDEFFD Tduia r13t, frd-rit,pois : SPSR 10 +40 CO024B00C
SH}EQDUfﬂUD1ﬁ5§£ E 1400000 nap | S50 CO024EE0
SH.DHEUFEUU1ESBU.EjHUDUDD nop | '. S IR): +54 00000000

‘l I a7 R13 CO2C1FSC  R13  BOOOOOS93  +58 00000000
F14 CO0DZ24D8C A14 CODMC280 +5C O003AEED

SPSR 20000013 SPSE BO0O0O093  +60 COZC0000

address i 4 B L 01234567894BCDEF +64 0024434
S 0000:CO2C1F20 | FFFFFFFE GOO0ON33 20000013 COQ2CS554 EEEEZHHTIHE Te 20 g UMD : ART: +hE CO2C0340
SQ BDDD CBquFéU COZC1FYS FRDOOOOD 04000000 CO0Z24D80 i, GUNREUNHESMEE + R13  BOODOOOS3 R13 20000093 +6C COZC0330
Sh:0000: Cﬂ2£1F4D CO0MC2A0 CO196F80 BO000RS3-EOO0ONLZ REEEE ALea WU LHH" 14 CODMC4A0 R14  CODNCICO  +70 COZC0000
SD ooono: CO2C1FS0 | 00000002 CO2C0000 CO01<4pa0 iﬂﬁﬁﬁﬁ,%%@ﬁ%%ﬁﬁﬁ-; SPSR BOO00033  SPSE 20000093 +74 CO2C0000
SD ﬂﬂﬂﬂ CDEC1FED 00000000+20000013 CO2CORQ0_CO0{40A0 HHHUIHE HE CA@Esc & +78 00000000
SH aoono: C02C1F?ﬂ CO2CCO00 00000000 C0194000 G9052006 H5,GHAHuNGELcA_ET +70 CO2C1FE4
SE noon: C02ﬂ1FBD A0014B30 COZCTFAC COO24DBC DOO3AEED OKFRAL,GEMIEEREN +80 CO04CBCE
SD?ﬂDﬂE}@DEE1F9D 000001F4 COZC1FBO CO1D2EA4 CO196BE4 GEMHEL o dcBlic +84 CO0Z24448
55 0000 ; CU2ﬁ1FHD CO2CIFED CO2CAFBO CO024B0C COO24BE0 §&,55%,5RKER5K:S +868 CO04CE24
SQ BDDU CBquFEU 00000000 00000000 0003AEED COZCO000 YHHHHEHHEREHHE & +8C COZE2000
Sh:0000: Cﬂ?ﬁTFCﬂ CO0244884 CO2C0340 CO2C0330 COZ2C0000 5T35@5,505,540.5 +30 CO1EDIRN
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__switch_to() in ARM (7/16)

67

B 6 Data List | _ . =lolx|
Ml Step | ME Over | & Mest | ¢ Retun| @ Up b Go | Il Break fﬂ Maode | Find: |
addr/ Tine SOUFCE | B | =
SR :0000:CO01C5E8 [E 1A09RAD o ra,r13, Isr #0x00 _:J
SR:0000:C001CSEC (ET1ADTEES 0y ra,r3,1s1 #0x0D
SR:0000:C00MC570 [EADOODZE b 0=CO01CE30
SR:0000:CODCSR4EIZD4FFD _.switch_to: stmdb 130, ird-r11, 143
SR:0000:CO01CS78 [E10FCO00 It s rz,cpsr
SR:0000:CODMCSRE (ES2DC004 str r12,[r13, #-0x4]!
SR:0000:COCEB0HECSS4000 It a3 r4,rs,accl
SR:0000:CO0MCER4(EI200030 stmdb r130,{r4-r5;3
SR:0000:COD1CSR8)|ESE003 18 ctr r13,[r0,#0x318]
2310318, dr P13, 0rt,#0.318]
SR:0000:C001E530 (E55 12310 Idr ra,[r1, #0x31C]
SR:0000:C0ON1C5S4 [EREDO0ED0 Tdmia  r13!,§rd-r5;
SR:0000:C001C538 (EC454000 ar accl,rd,ra
SR:0000:CONMCSAC [E43DC004 Tdr r12,[r13], 8#0x4
SR:0000:CO0CSA0 (EEDZ2F10 Mer p13.0%0,r2.c3,c0,0x0
SR:0000:CO0MCEA4 (E1E9F00C msr spsr,ri2
SR :0000:CO01C5A8 [ESFDEFFO Tdmia  r130,ird-r11,pcis
SR:0000:COMCSAC (E1A00000 nop
SR:0000:CO01CSRB0 |E 1400000 nop |
1| | ay
T =01 X]
ress 0 4 £  [01234567894BCDEF |
S0:00on: CO2C0310 | 00000000 000000§0sCOZCTFSC |00000010 N B
SD:0000:C02C0320 | CO196260 (019621 CO19641C “higsbisiB+5idisTy
SD:0000:C02C0330 | FFFIFFFF FFFFFFFF 00000000 C02C0338 EEEEEEEEMUMMGE ©
SD:0000: CDECD34D 00000000 00000000 00000000 00000000 fiHHEERHEEEEEERY i
SD:0000;C02C0350 ) 00000000 00000000 00000000 0O0O000000 HEEENEHtEEEEREE -
S0 :0000:C02C0360 | 00000000 00000000 EAFFFFAE EJCFIOTF fUNMHHKMHAEEELLCE
SD:0000:C02C0370 | E2812801 E491C020 E1310002 1AFFFFFC 5(35_ 5353415566
S0 :0000:C02C0380 | EEO?1F17 EE071F94 E1AOFODE E3AQ1000 LiBE3LBESFACNLRE
50:0000:C02C0330 | EEOYOF10 E1AQFOOE E1ACOO00 E1AQO000 L55EZGAEHHAENNAE
SD:0000:CO2C03A0 | E1A00000 ESDO2000 ES204010 E3S20000 Y4 REiA-EHHRE
SD:0000:CO2CO3B0 | 0ADDD010 E3ADCI0Y E3AD3151 E2BCCRO7P LHMLEGREQ{REECEE

Ei::Fiegi-:-1pr'

R10
R11
k12
R13
R4

SMC:
k13
e
5P5R

UMD
R13
R4
SP&R

Co2ccooo
0
2000001

0194000
£3052006
A0014830
CO2C1FAC
20000013
BFFFFADO

CBEC

CO2C1FaC
Coo24pac
20000013

60000033
CO01C4Aa0
£0000093

C0194000
63052006
A0014B30
CO2C1FAC

LICRE=rerd

Coo1caec
CPSRE 20000013
o

FIQ:
Ri 0
R3 0
R10 0
R11 0
R12 0
R13 0
R14 0
5PSR 10

IRQ:
R13 60000033
R14 C001C280
5PSRE E0000033

ABT:
R13 20000033
F14 CO01C3CO0

SPSR 20000093

aoooateo
aooaaaaao
20000013
Co2caooo
CO014040
Co2ccooo
aooaaaao
0134000
E3052D08
A0014830
CO2C1FAC
C0024D8C
0003AEED
aooootr4
CO2C1FEO
CO01D2EA4
C013EBB4
CO2C1FED
CO2C1FRO
Co02480cC
CO024e30
aooaaaoo
aooaaaao
0003AEED
Co2caooo
C0024434
C02C0340
C02C0330
C02C0000
Co2caoooo
aooaaaao
C02C1FE4
C004cBCE
C0024488
Coo4ce24
C02E2000
C01ED3RO
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__switch_to() in ARM (8/16) %

B :Data, List

. n 1 - 0| x| [EEEGEE
Mstep | B Over [ dMew [ @ Rewm| @up | »Go | 0 Bresk | $¥Mode | Find: |
— |

C0134000 (oooozoo
63052006 +04 00000000 —

addr/Tine SOurce | =

SR :0000:CO01CEES [E1AD9RAD iy ra,r13, [sr #0x0D _:J Qggé?EiE :8? %gggggaa
SR:0000:CO01CSES |E1A09689 iy ra,r3,1s1 #0=00 20000013 +10 CO0140A0
SR:0000:C001C570 |EADDOOZE b OxC001CE30 WY + 14 COZEZ000
SR:0000:CO01CS74:3204FFD __switch_to: stidb r130, Erd-r11, 14} oAl +1% 00000000
SR:0000:C001CS78 |E10FCO0D s F12,cpsr COD1C530  +1C C0194000
SR:0000:C001CE7E [E520C004 str r12,[r13,#-0x4]! 0000012 +20 CO2CDECE
SR:0000:CO01C5R0ECS54000 M r4,r5,accl

o0 +24 CO2CC000
+28 CO2COFROD
+20 C0024bac

SR:0000:C001C584
SR:0000:C001C588
SR:0000:C001C5RC

E3200030 stmdb  r13!,ir4-r53
E5200318 str r13,[r0, #0x318]
E3310318 1dr r13,0r1,#0x318]

RE

L

+
BIZAE lrr2,[r,80531C0 Sl 0 ah aanotiy]

: :CO01C594 [EQBDOO30 Tdmia 13!, ¢rd-ro;

SR A0014B30 R10 0 +38 CO2CC330
SR:0000:C001C558 |EC454000 mHar accl,r4,ra

HEEa R11 CO2CTFAC R11 0 +30 CO2CC340
SR:0000:CO01C53C |E430C004 Tdr r12,0r13],40:4

! Sl R12 20000013 R12 0 +40 CO2CC000
SR:0000:CO01C3A0 \EEOZZF10 mer p15,0=0,r2,c3,c0,0x0

i i R13 BFFFFADD R13 0 +44 00000000
SR:0000:CO01C5A4 |E1E3FO0C Hsr spsr,ri12 R1d CEEC R4 0 +49 COPCOFR4
SR:0000:CO01C5AB |ESFLEFFD Tdmia  r130,{rd-r11,pcit SPSR 10 +40 CO034090
SR:0000:CO01C3AC |E1A00000 nap { +50 CON24BEN
SR:0000:CA01C5E0 |E1A00000 nap ;

SMC: IRG: +54 00000001

J | M R13 CO2COFED R13  E0000033 +53 00000000
R14 CO02408C R14 C001C280 +5C 00000000
=10/ 5PSR 20000013  SPSRE E000O0S3  +E0 OOO1000O

+64 00000000
LND ABT : +BE 00000000
R13 E0000092 R13 20000093 +BC CO2CCO0O0
R14 COOTC4A0  R14  COOTC3CO +70 CO1397Faa
5PSR E0000O093  SPSRE 20000093 +74 CO197F88
+78 C0034B74
+7C CO2E2000
+B0 COMED3R0
+84 CO1CB2A3
+38 CO136BE4
+BC B30532006
+30 AD014B30

0 d B G
:0000:CO2CC310 | 00000000 00000040+ COZCDFE0 JO000001D
):0000:C02CC320 | CO196260 CO1962R0COZBASONICN2CE04]
[:0000 :C02CC330 | FFFEFFFF FFFFFFFF 00000000 CO2CC338

10000 :C02CC340 [ Q0000000 Q0000000 00000000 Q000000
:0000:C02CC350 | 00000000 QO00OOOO 0AO0AOOD DOO0OOON
:0000:CO2CC3E0 | 000000A0 Q000O0OO 0AO0Ao01 00O0DAOD
:0000:CO2CCA70 | CO2CC3A70 CO2CCA70 O00OFFFF COMFEF34
1:0000:CO2CC380 | 00000000 OO0QOOOO CO2CC3AE CO2CC3EE
:0000:C02CC330 | 00000000 00000000 COZ2CC338 C02CC338
):0000:C0O2CC3A0 | Q0000000 QO00AONO 0OO0AOOD 0O0O0OOON
:0000:C02CC3E0 | 00000000 00000020 OOOOFFFF 00000000

o0
I

==|rm

-

LR E

CECEcEczoT + o=
cEzcEononcsczc=c=cz o on|on
oozl el foxoxox OO m o
CECEWIWO MM or o w0 o™ o

MRS oToE e

-
-

CECECETD ooz oMo o]
Sroronononor o s onon oz

Pl e L B o o
CECECE oW cE o= Do
CECESECE Y cEcZozmTNuwe =z e
CECECECESNcEcE = o =]l
[

Pt et et LU Pt - - ) L R P
SECECEoE e X coxozmTue ox|mn
Er ST crorofnororormTMoanoE|—]
MM o ol R T T o e T
MA=z I wO MM = cx == MNP on

EEcZ -
srEoE e
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__switch_to() in ARM (9/16)

69

B 5iData List

=lojx|

Ml Step | Bk Over | $Newt |  Fetun| ¢ Up | B Go | I Bresk | P Mode | Find |

addr/1ine source B | =
SR :0000:CO0TCS6E | [ A056AD oy rd,r13,15r AUROD B
SR :0000:C001CSEC |F 1409623 Moy ra,rd,ls] #0x0D
SR :0000:CO01CS70 (EANNO02E b DACO01CE30
SR :0000:CO01CS74)ET204FFO __switch_to: stmdb  r131,Erd-r11,r143
SR :0000:C001CS78 E10FCO00 mrs r12,cpsr
SR:0000:CO01C57C |E5200004 str r12,0r13, #-0x4]!

SR:0000:CO0MCSR0 [EC554000 Mra r4,r5,accl

SR:0000:C001CS84 |F9200030 stmdb 13!, fr4-r5i
SR:0000:C001C588]|E5200318 str ri3,[r0,#02318]

SR:0000:CODCSBCYESS D318 Tdr r13,[r1,#0:318]
SR:0000:C001C5A0|EST 12310 Tdr r2,[r1,#0x31C]

EARLO0A0, ldmia  ri3l.ird-r5i

SR :0000:CO01C538 (EC454000 mar accl,r4,r3
SR:0000:C001C53¢C |E4900004 Tdr r12,0r13], H0:4

SR:0000:CO0MCSAD [EEDZZFI0 mor p13,0x0,r2,c3,c0,0%0

SR:0000:CO01C5A4 |E1E3F00C msr spsr,ri2
SR :0000:C001C5AR [E2FDEFFD Tdmia  r131,5rd-r11,pcla

SR :0000:C001CSAC |E 1400000 nop
SR :0000:C001CSB0 |E 1400000 nop 4

' a5 0 3 ] T 01239567898000
SD:0000:CO2CC310 | 00000000 00000000 COZCOFE0+000000TD Buuiayby &, o8 ey
SD:0000:C02CC320 | CO195260 CO196280 COZ2B4200 CO2CEO40 “hig3bighp+Cas, o
SD:0000:C02CC330 | FFFEFFFF FFFFFFFF D0ODOOD0 CO2CC338 FEEREEEEMMMMAE ©
Sp:0000:C020C340 | 00000000 00000000 00000000 DOOOODO BEN4ERLHENERLERY
SD:0000:C02CC350 | 00000000 00000000 00000000 DOOOODOD HEHNHMARENHME N
SD:0000:C026C360 | 00000000 00000000 00000001 DOOOODO0 §EBEEEEHERERETEY
SO:0000:C02CC370 | C02CC370 CO2CC370 ODOOFFFF CO1FEF34 pg,Gpc, EENN4ELE
SD:0000:C02CC380 | DOODOOD0 DODOODOO COZCC3EE CO2CC3AR HEMMMRNHEE csc ¢
SD:0000:C02CC330 | 00000000 00000000 CO2CC38 COZCC395 §HNMMMNNSE ca¢ &
SD:00003CO2CC3A0 | 00000000 00000000 00000000 00000000 HENMSEEEHENERERY
SD:0000:C02CC3R0 | 00000000 00000020 DOOOFFFF DOODOOO0 HSH_GHHEESuMaE

{™ B Reaglstar

— T = - =

SV C

B0 CO2C0000

R4 0120
R3 0
FE  CO2CCo00
R7 0
5PSR 20000013
ACCO

UsR:
R
k3
R10
R11
k12
R13
R4

C0134000
E3052D0E
A0014B30
CO2CTFAC
20000013
BFFFFADO

CERC

SMC:
k13
R4
5PSR

CO2C0FED
Coo24pac
20000013

LMD

F13  E0000093
R14 CO01C4A0
5P5SR E0000OS3

RE

R1 Q2CCOonn RY
Rzilliliiiliih'm1n A0014E30
R3 R11 CO2CTFAC

63052006

R12 20000013
R1

PC CO01CS594
CPSR 20000013
o
FIQ:
RS 0
RS 0
R1D 0
R11 0
R12 0
R13 0
R14 0
SPSR 10
IRQ:

F13 &0000033
R4 COD1C230
SPSR E0000093

ABT

R13 20000033
R14 COD1C3CO
5PSR 20000093

-lojx]

CO2C0OFRD
R 14 ~Laaidbas—% 14

0194000 S0

+04
+08
+0C

+1C
+20
+24
+28
+20
+30
+34
+38
+30
+40
+44
+48
+40
+50
+54
+58
+50
+60)
+64
+63
+6C
+70
+74
+78
+70
+80
+34
+88
+80
+30

aooaozoo
aooaaaaao
20000013
Co2ccooo
0014040
C02E2000
dooaaaaao
0134000
C02CDFCA
Co2ccooo
CO2COFED
Coo24pac
a0ooaaat
C0197F80
0200330
C02CC340
Co2ccooo
aooaaaao
C02C0FE4
C0034C30
C0024880
dooooaat
aooaaaao
aooaaaoo
aoot10000
aooaaaoo
aoaooono
Co2ccooo
C01397F88
C0137F88
0034874
C02EZ2000
CO1ED3EO0
CO1CEZ2A8
C0196BE4
E3052D0E
A0014830

s
e
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__switch_to() in ARM (10/16) 0

B0 Data List _ I ) B [=]B4R1 G Register
D sl {0 e [ e o e i e | R Cocccoon R3 es0soe 04 Coxccany o

addr/ | ine source | - | =l © r2 10 R10 AOD14B30 <09 COOT4DA0

SR :0000:C001C56E [E 1409659 Moy r4,ra,1s1 #0x0D _:J ¥ COZCTFAC  +0C COZE2000

SR:0000:CO01CS70 (EA00002E b 0xCO0TCE30 T SO000043 +10 00000000

SR:0000:C001CS74QES204FFD __switch_tao: stmdb r130,4rd-r11, 1143 E- COZCOEER  +14 CO0194000

SR:0000:C001C578 |E10FCODOO mrs ri2,cpsr o8 (024080 +10 COPCDFCH

SR:0000:CO0MCS7C ES2DCn04 str r12,0r13, #-0x4]! - CO010558 <10 COZCCO00
SR:0000:CO01C580 |ECS54000 mra rd,r5,accl

SR:0000:C001C584 [£5200030 stmdb  r13t,4r4-rs} | iy Rt

SR:0000:C001C588 [ESE00318 str r13,[r0,H0x318] & +9 00000001

SR:0000:C001Caa0)ESS 12310 Tdr r2,[r1, #0x31C] Ra ' £0194000 RA ’ 0 +30 CO200330

SR:0000:C001C594|EREDO0Z0 Tdmia F130,ird-ro} Ry E905200E  FY 0 +34 CO2CC340

:0000: Cda4000 mar. . accl,rd,ro RID AOD14B30 R0 0 <38 C020C000

SR:0000:C001C5aC (E490C004 Idr r12,[r13], #0xd R11 COPCAEAC R 0«30 00000000

SR:0000:CO01C3A0 \EEDZZF10 Mcr p15,0:0,r2,c3,c0,0:0 2,3 R17 20000013 RA12 0 +40 COZCDFR4

SR:0000:C001C5A4 |E1E3F00C Msr spsr,ri12 F17 BEFFFADD FR13 0 +44 CO034CA0

SH':UDDD:EU_MCEF_\E EBFDAFFD Tdmia r13!,{r4—r11,lﬂc}*“ R14 CEEC Ri4 0 +<42 CO024BE0

SR :0000:CO01C5AC |E 1400000 nop SPSR 10 +40 0o00oont

5R:0000:C001C3R0 |E 1400000 nop : +50 00000000

SR:0000:C001C5E4 |E1a00000 nap | Sy TRO: +54 00000000

| 4 F13  CO2CDFEE  R13 60000033 +28 00010000

: i i F14 CO024DBC R14 COOMC2B0  +5C 00000000

f aldpast u;lEﬂﬁﬂ SPsR 20000013 SPSR 60000033 +E0 00000000

address 0 4 8 [ 0123456789ABCDEF +64 CO2CC000

SD:0000:C02C0F20 | CODTC2AD CO2CCO00 CO2EZ2000 BOOOOOT3 ASRENG,GH_.GLHN 4 IND ART: +68 CO197F88

50:0000:C02C0F30 | 00000001 COZ2CCO00 COO140A0 COZEZ000 FHY4NE,50@55h_. 5% F13  B0000033 R13 20000033 +6C CO197FB8

50:0000:C02C0F40 | 00000000 C0194000 CO2CDFCE CO2CC000 HHMMHALEER GHE.G 14 COMC4a0 R4 CO0MC3C0  +70 CO034B74

SD:0000;CO2C0FYO| CUZLOFED COZLOFSC |CO1F79E4 CO2COFEC &R, 522, GEwigTR,% ¥ SPsR BO000033  SPSR 20000033 +74 COZE2000

S0:0000:CO2C0FR0 [+00000300 00000000 |20000013 COZCCO00 HERMHEHELELNS, 5~ +78 CO1ED3E0

SD: 0000 :CO2CD FArComreiar—ra2E2- 00000000 CO194000 R@AZEH_ .G HNNHHELE +70 COICE2A8

50:0000:C02CDFR0 | CO2CDFCE CO2CCO00 CO2CDFBO CO02408C £R,545.550. GEMES +80 CO196EB4

S0:0000:C0O2C0DFI0 | D000A0DT COM97F80 CD2CCI30 CO2CC340 FMYNEELE05,5@E,5 +34 BI052D006

SD:0000:CO2C0FAND | CO2CCO00 00000000 CO2COFB4 COO34C90 M5, GHRuNeR,S3LES +08 ADO14B30

S0:0000:CO2C0FBO | COOZ4BR0 00000001 00000000 00000000 $kEEDUNETEY +8C CO010D39s

S0:0000;C02C0DFCOY 00010000 00000000 00000000 COZCCO00 KA gt nHaaaNe S +30 EFEFFF?F
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___switch_to() in ARM (11/16)

71

M Step | B Over | 4 Mest | ¢ Retun| @ Up b Go | Il Break fﬂ Maode | Find: |
addr/ 1ine SOUrce [ B | =
SR :0000:C001C570 [EADOODZE b =C001CE30 ‘:J
SR:0000:CO01CS74HEI204FFD __switch_to: stmdb  r13drd-ri1,r143
SR:0000:C001C578 |E10FCO00 s F12,cpsr
SR :0000:C001CS7C |ES200004 str r12,[r13,8#-0x4]!
SR:0000:CO01C580 (EC554000 s r4,r5,accl
SR:0000:CO07C584 |ES200030 stmdb  r13L,{r4-r53
SR:0000:C001C588 [ESE00318 str r13,[r0,#0:318]
SR:0000:CO01C58CESS1D318 1dr r13,[r1,80:318]
SR :0000:C001C580HES 912310 1dr re,[r,#0x31C]
SR:0000:CO01CS34ESEDOOZ0 Tdmia  r13!,{r4-r5}
SR 20000 :C001C598}EC454000 mar accl,r4,r5
4300004 1dr ri12,.lr13], #0x4
SR:0000:CO0TCEAD (EEDG2ZF10 Hr pl15,080,r2,c3,c0,0%0
SR:0000:CO071C5A4 |ETESFOOC s spsr,ri2
SR:0000:CO01C5A8 (ESFDEFFD Tdwia  r13!, frd-r11,pcit
SR:0000:CO01C5AC |E 1400000 nop
SR 20000 :C0O01C5B0 (E1AD0000 nop
SR:0000:C001C584 |E 1400000 nop
SR:0000:C001C5EE |E 1400000 nop |
' | ay
il D 02edfRD =10l x|
address 1 o g C 0123456789ABCDEF
5D:0000:C02C0F20 | COO1C2A0 COZ2CCO00 CO2EZ000 BOOOOO1T3 BSESUG.SH_.SLUN &
§D:0000:C02C0F30 | 00000001 COZCCO00 COO140A0 COZE2000 HHMYNS.5RE8E54-.5T%
5D:0000:C02COF40 | 00000000 C0194000 CO2CDFCE CO2CCO0D BYWHMGISSR Sue ¢
5D:0000:C02CDFS0 | CO2CDFBO CO2CDF! 2CDFEC 51,520, 65vEa 18,5 z
50:0000:C02C0FR0 [+00000300 000000Q0 20000013 Q02000 HERuuiL G, ol
SD:0000:CO2COF70 | Co0140A0 cuzammwmn AESCH. . CHUNMNALE
50:0000:C02CDFR0 | COZCDFCE COZCCO00 COZCDFBO COOZ24DBC S&,545.55%.5EMES
SD:0000:C0O2C0F30 | 00000001 CO197F80 CO2CC330 CO2CC340 gMiNETL50S,5@E,5
5D:0000:C02CDFAD | CO2CCO00 00000000 COZCDFB4 COO3I4CI0 45, GHMHHER,S3LES
50:0000:C02C0FBO | COOZ4B80 00000001 00000000 00000000 $KESEUNEEEINEEY
S0:0000:C02C0FCOY| 00010000 000AO000 00000000 CO2CC000 NG, 5

B::Register

RO
R1
R2
R3
Rd
R3
RE
R?
5P5R
A0

U5R:
Ra
R3
R10
R11
R12
R13
R14

SWC:
R13
R14
5PSR

UMD :
R13
R1d

Co2cnooo
Co2CC000
10

2

0300

0
Co2Ccooo
0
20000013

0134000
E305200E
A0014830
CO2CTFAL
20000013
BFFFFADD

CEEC

CO2C0FES
Coo24pac
20000013

60000033
C001C440

5PSR E0000033

Re CO194000 SP>
9 B9052D0E  +04
R10 AODO14B30 +08
11 COZC1FRAC +0C
R12 20000043 +10
i T
F14d pEEETT +10
PCooCo01csac +1c
CPSRE 20000013 +20
cooo+24

+28

FIQ: +21(
Ra 0 +30
R4 0 +34
10 0 +35
R11 0 +3C
R1z 0 +40
R13 0 +44
R14 0 +48
SP5R nm +4C
+50

IR: +34
F13  BO000093 +58
R14  CO01C280  +5C
SPSR 0000093 +60
+64

£RT: +68
R13 20000093 +B6C
Ri14  CO0MC3co  +70
SPSR 20000093 +74
+78

+7(

+80

+34

+38

+31

+90

20000013
Co2CC000
C0014040
CO2E2000
noooooon
0134000
CO2ChFCE
co2ccoon
CO2COFED
Cn0240acC
noooooot
C0197Fa0
Co2CC330
CO2CC340
co2ccoon
nooonooon
CO2COFE4
CO034C30
Coo24ea0
noooooot
noonooon
nooonooon
noo100o0
nooonooon
nooonooon
Co2CC000
CO197Fa8
C0197Fa8
C0034B74
CO2E2000
CO1ED3ED0
CO1CB2AR
C0136BE4
63052006
A0014B30
Co010b0as
EFEFFF?F
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__switch_to() in ARM (12/16)

72

-0l x| [FERTEE

Ei!![]:at:a,LiE:T ! bl )
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  r13L,ird-ri1,r143 ﬂ
SR:0000:CO01CS78 |E10FCO00 s r12,cpsr
SR:0000:C001CSYC (E52DC004 str r12,[r13, #-0x4]!
SR:0000:CO01C580 |ECT54000 mra r4,r3,accl
SR :0000:C001C584 (E9200030 stmdb  r130,8r4-r5;3
SR:0000:CO01CSE8 [ESE00318 SEE r13,[r0,%#0:318]
SR:0000:C001C58C [E5910318 Tdr r13,0r1,#0x318]
SR:0000:CO01C530/ESa 12310 Tdr re,[ri,#0x31C]
SR :0000:C001C534/[ESEDODA0 Tdmia  r13!,ir4-r5}
SR :0000:C001CSaBY{EC 454000 far accl,rd,ri3
SR:0000:CO0TCS3C){E43DC004 Tdr r12,[r13], #0xd
: r 3,080,12,C3, ¥
SR:0000:CONTC5A4 (E1ESFOOC s cpsr,ri2
SR:0000:CO01CSA8 [ESFDEFFD Tdmia  r13l,frd-r11,pcih
SR:0000:CO0MCSAC |E 1400000 nop
SR:0000:CO01CSB0 |E 1400000 nop
SR :0000:CO01C5E4 [E 1400000 nop
SR:0000:CONTCSRE (E1ADDOOO nop
SR:0000:C001CSRC (E1AD0000 nop I
4] | H
-lgjx]
address 0 4 8 C 012345E789ABCOEF |
:0000:CO2COFED | 00000300 0000O0O0#20000013 COZCCODD MEHMEHUNLUN_NE, 52
20000 :CO2CDF70 | CO0140A0 CO2E2000 DO00ODOD CO134000 AGZSH...5ANYHNALS S
:0000:C0ZCOFR0 | COZCOFCE COZCCO00 COZCOFBO COOZ24DEC S%,545. 38R, GEMSE
1:0000:CO2C0OFI0 | 00000001 CO197F80 CO2CC330 CO2CC340 ZMANETA50C,58E,5 *
50:0000:C02C0FAD | CO2CCO00 00000000 COZCOFB4 CO034C30 HE,GHUMHER,S3LER &
:0000:C0ZC0OFBO | COO24B30 00000001 00000000 00000000 ZFkggHENENEENH
-00003CO2C0FCO | 00010000 00000000 DOOOODDD CO2CCOND HMSHMAMNHUMaNC ©
:0000:C0Z2C0FDA | CO197F38 CO197F38 CO034B74 COZEZ000 $TiSTLsLRESH-.G
:0000:CO2COFED | COTEDIA0 COMCB2A8 CO19BBB4 GI052006 54505 L55ki50-51
):0000:C02CDFFD | ADD14B30 COD1DD98 EFEFFFPF FOFFFFFF OK3R305570EEREer
:0000:C0ZCEQDD | CO2B320C COZB320C 00000040 COZCEO40 S2+5R2+F@BNMMEE, 5

— T = - =

X

RO C02C0000
F1  CO2CCooo
k2 10
R3 2
R4 0300
Ra 0
RE  CO2CCo00
R? 0
SPSR 20000013
ACCO

UsR:
Ra
k3
R10
R11
R12
R13
R4

C0134000
63052006
A0014B30
CO2CTFAC
20000013
BFFFFADO

CBEC

SMC:
R13
e
SP5R

CO2CDFEC
Coo24pac
20000013

UND:

F13 E0000093
F14 CO01C4A0
5P5R GB0000033

Ri
R3
R10
R11
R12
R13
R14
PC
PSR

FIQ:
RS
R3
R1D
R11
R12
R13
R14
SPSR

IR0:
R13
k14
5PSR

AET:
R13
k14
5PSR

0194000
E3052006
A0014830
CO2C1FAL
20000013
CO2ChFreC
Coo24pac
CO01C3A0
20000013

o

e e e s R e e e e}

—_

£0000033
Coo1c2an
£0000033

20000033
Co01Caco
20000033

SP>
+04
+08
+0C
+10
+14
+18
+(
+20
+24
+28
+20
+30
+34
+38
+30
+40)
+44
+45
+40
+50
+54
+58
+5¢
+60
+64
+68
+6C
+70
+74
+78
+70
+80
+34
+88
+80
+30

CO2CC000 -
Coo14aa0
C02EZ2000
aooaaaao
0134000
C02CDFCE
Co2ccooo
CO2CDFED
coo0240ac
dooooaat
C01397F80
0202330
0200340
Coz2ccoon
aooaaaao
CO2CDFE4
CO034C30
0024880
aooooaat
aooaaaao
aooaaaao
aoot1ao00
aooaaaao
aooaaaao
C02CC000
C01397F88
C0137FE8
0034874
C02E2000
CO1EDIE0
Co1CE2A8
C0136BB4
63052006
f0014830
0010038
EFEFFF?F
FOFFFFFF
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switch ta() in ARM (13/18) S

=101 ] [T _Io/x|

i

T S [ P I It T P b ql coxccon fe esosowne ns cootma
addr/ 1ine —lsource | dl: ¢ 10 R10 A00O14B30 +08 COZE2000
SR :0000:CO0MCS74EI204FF0 __switch_to: stmdb r130,ird-r11,r14; _:J 5 ¢ E% 3 R11 COZCTFAC  +0C 00000000
SR :0000:C001C578 |E10FCO00 mrs r2,cpsr T _ R4 0300 R12 20000013 +10 C0194000
SR:0000:CO0MCSPC [ES2DC004 str r12,[r13, #-0x4]! F~ pg 0 R17 COPCOFEC +14 COPCDECE
SR:0000:C001C580 (ECS54000 mra r4,r5,accl T T RE COZCCOO0 R4 COOZEDAEC +1% COZCCOO0
SR :0000:C001C584 |E5200030 stmdb - r13t,ir4-rai T oR7 0 PC CDOICSA0 +1C CO2CDFBD
SR :0000:CO01CS8E 5500718 stro o ri3,[rD, H0x318] sy SPSR 20000013 CPSR 20000013 +20 COD24D8C
SR:0000:CO0TC38E [E5910318 Tdr r13,[r1,#02318] 0 A0 O +24 00000001
SR 20000 :CO01C530 ES91231C Tdr re, [r1,#0:310] - +28 C0197FR0
SR :0000: CO01C594|{E2ED0030 Tdmia  r130,§rd-r5} SR : FIQ: 20 COACC330
SE:0000:C001C598)(EC454000 mar accl,rd,r3 BE 00994000 RE 0 +30 CO2CC340
SR:0000:C00MCSac]|E4ancnng Tdr r12,[r13], #0x4 Rg E9052006 R9 0 +24 co2ccono

coaoc wer pi5.0sD, r2,cd, el 0kl pl5,0, 02, c3,c0 R0 ADO14B30 R10 0 +32 00000000

SR :0000:CO01CSAG |E 165F00C mer o ospst.rie Ri1 CO2C1FAC R11 0 +3C C02CDFB4
SR:0000:C001CTAR [ESFDEF = — & (O] x]|P034can
SR:0000:C001CSAC |E 140000 EXlER 0074880
SR:000D:COOMCSAO e AOOCC—— Qb
SR:0000:C001C584 | 140000 |5 cpis ~||ooonooo
SR:0000:CO01CSEE E140000) T EI052006 Trademark Intel Arch  WSTE 0o0oaoo
SR :0000:CO01CSEC | 140000 CoreGen  XScale CoreRev 4 0010000
'4| Prodium  PXA&250 ProdRey res 0ooaaao

— CTYPE  OB1&A81A& CLASS 5 H Yes oaoooao

DSIZE 32k [&S5 32 DLENGTH 8 02CCo0o

ISIZE 32k TIASS 32 ILENGTH 8 0197F88

CR 0000397F & OxfFEFOO00 I enable 7 enable R off 5 on 0197 Fas

B 1ittle Cenable & enable M enable 0034874

AusCE 00000000 MO write back - read allocate PO K enshle 02EZ000

TTE #0010000 TTEA AQD010000 01ED3B0

DAC 0000001l 015 no access 014 no access D13 no access D12 no access _lln1cezes

011 no access D10 no access D9 no access 8 no access 019ERE4

7 noaccess 06 no access 0[5 no access D4 no acoess 9052006

03 no access D2 client 01 manager 0o ¢ldent 0014830

FSR 0oooooaF % 0 0 ono Domain 0 Status permission_page 0010098

FAR 0a01&6E40 FEFFF?F

DCLR ooooooon Lono Tocking DFFFFFF

P10 Q0000000 FT0 00000000 0283200

IBCRO CODACSAT MU COO1CSAD E enable | 02B320C

oa00o4o

DERO naoaooonn 02CE040

DERA1 naoaooonn ) 0a0aons

DECOM 00000000 M Data Breakpoint address E1 disable ED disable FEFFFFF

CPAR 00000001 cF? denied CPO allowed ~dogoanan

Zllnoooooz

ﬂ Pl #|oooonao3
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switch_to() in ARM (14/16) r

B B:Data, List 1 y;_lglﬂ
Mstep | B Over [ $Mest [ Retum| @up | b Go | 0 Break | ¥hode | Find | [— g = Eﬁ' Eggggggg Eg Egaggggg EE; Egﬁﬁgggg -
addr/ line source | dl: T R 10 R1D ADOT4B30 <08 CO2E2000
SR:0000:CO01CS7S [ETOFCOO0 mrs F12,cpsr _:j o B3 5 B11 L0 A <00 00000000
SR:0000: EDDMSEC ES2DC0044 str r12,[r13.#—|:|><4]! 7| 0300 H+1EI 0194000
SH‘DEBH CH&TESEU EC554000 mra r4,rs,accl F T ons 0 RIT—fRIEREET + 14 COSCDECH
SH UDDU CEUTCSEE ES500318 str r13,[r0,#02318] T OR7 0 PC COOCSA4 +1C COZCDERD
SH*DHUU CDB1CSED E531231C 1dr r2,[r1,#0031C] 0 ACTT co +24 Oo0onood
SHﬂDﬂUD ﬁﬁﬂiCEQ& EC454000 mar accl,rd,r5 ISR F10: L0 00200330
SR:0000: EDD1CSEC E430C0044 1dr r12,[r13],#0x4 RE 2 c0194000 RA : 0 +30 COPCC340
SR:0000:C001C5A0}EE032F 10 mcr  p15,0%0,r2,¢3,¢0,050; p15,0,r2,c3,c0 R e e AR e

JEAELGE. g I R 7
SR:0000:CO0TCSAR |ERFDSFFO §m1a F130,4rd=r11, poth ! E]? ?ggé?Eig E{? g :%E Uognaao
SR 20000 CO0D1CSAT [F 14000 g - =
SH*DHUU CO01CSEO |E A0 R
SR:0000:C001C5B4 |F 140000 s
SR:0000:CO01C5RE |E 140000 |5 cpis i
SR:0000:€001CSBC [E1A0000f 10 BI052006 Trademark Intel Arch  WSITE
SR:0000:C001C5C0 |F920500 CoreGen  %Scale CoreRev 4
4] Prodium  PXA2S0 ProdRev res
CTYPE  OB1A&148 CLASS 5 H Yes
DSIZE 32k DASS 32 DLEWGTH 8
ISIZE 32k IAsS 32 TILEWGTH 8
CR 0000397F 4 DxfFFfO000 I enable 7 enable R off S on
B 1ittle C enable A enable M enable
AR 00000000 MO write back - read allocate PO Kenable
TTE A0010000 TTEA A0D010000
[ 0oooaoil 015 no access D14 no access D13 no access D12 no access

11 no access D10 no access 09 no access 08 no access
07 no access D6 no access 05 no access 04 no access
D3 no access 02 client 01 manager oo eldent

FSR 0ooooooF % 0 D o Domain 0 Status permission_page

F&R 00016E90

DCLR 0oooooon Lono Tocking

EI0 QOOA0000 FT0 OO0

IECRO CODACIAS MUA  COO1CSA4 € enable |

DERO naoaooonn

LER1 naoaooonn

DECON 00000000 M Data Breakpoint Address E1 disable E0 disable
CPAR 00000001 cF? denfed CPO allowed
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__switch_to() in ARM (15/16) &

EI::[]:E:T.E:.LiE:T n ) -IDIE[' B :Register
e e e o T o ) Fo 0 com o ae o o
addr/ l1ne SOurce = [l

SR :0000:C001C57C |E520C004 str r12,[r13, 8-0x4]! o] ﬁ g E% 12 E]? Qggé?ﬁig :EE 53553333

SR :0000:CO01C580 |FC554000 mra r4,r5,accl T " Ra 0300 AN 0194000

SR :0000:C001C584 [E9200020 stmdb 131, £r4-r5} F 7 RS 0 CO2CDFCE

SR:0000:C001C588 [E5500318 str r13,0r0,#02318] T T RE COZCCO00 CHEL4ER 0200000

SH:Uﬂ_UU:CUmCSEC ES910318 1dr I'13,[I’1,#E|H31E] - R7 0 PC COO1C5A8  +1C CO2CDFBO

SH:D_DDD:CU_D']CESQ ES91231C ]Ijl' re,[r1,#0x31C] cyve SPSRO20000013  CPSE 20000013 +20 COO24DEC

SR 0000 :CO01C534 [ESEDOOS0 Tdmia  r13!,frd-r3} i 0 ACC0 cO +24 0000000d

SR :0000:CO01C598}|E 454000 mar accl,rd,r5 = +38 C0197F80

SR:0000:C001C59C|(E49DC004 ldr r12,[r13],#0x4 SR - FIQ: +20 CO200330

SR ;0000 CO01CSAD|EED=2F 10 mer p15,040,r2,¢3,¢0,0%0 1,1 ] BR 0194000 RO 0 +30 £0200340

SR :0000:C001C5A4)|E 153F00C msro Spsr,ri2 9 B9052006 RS 0«34 CO20C000

ELazed. ILIAERIAT L Is KR4 R10 ADOT4B30 R1D 0 +35 00000000

SH:DE_DD:CBWCSHC E1A00000 nap R11 CO2C1FAC R 0 +3C CO2CDOFB

SHAUHOUELAOICSBEHF 1A00000 i R1Z 20000013 R12 0 +40 C0D34C90

Sh:0000:CO0TCIB I 1A00000 nop R13 BFFFFADD R13 0 +44 CD024BED

SHUDDDCDD'ICEEB E1aA00000 nap B4 CEEC R14 0 +42 00000001

SH.:DD_DD:CDD']CSEE E1400000 nap SPSR 10 +40 00000000

SR:0000:CONTCSED [E320500F __do_softirg: stmdb 130 {r0-r3,112, 114} : +50 0000annn

SR:0000:CO01CSC4 |FRO0CFAR bl 0:C0020478 : do_soft & Sy : TRQ: +54 00010000

J | b 4 R13 COZCDFEC R1Z BO00O093  +58 00000000

ol x| R14 COD24D8C R4 CO01C280  +5C 00000000

=10l SPSR 20000013 SPSRE BO000O093  +60 CO2CCOO0

0 ! I [ 1173456 789ABCDEF | +64 C0197F83

:0000:C02E0FED | 00000300 00000000+20000013 CO2CCO00 HEMEHTERINE NG, 54 LND = AET: +68 C0197F88

1:0000:C02EDF70 | CO0140A0 CO2E2000 00000000 CO194000 f@gkt_. 5UNNNeL5 S R13 BO0000S3 R13 20000093 +6C CON34B74

:0000:C02FDFB0 | CO2CDFCE CO2CCO00 COZCDFEO CO024DAC 58, ENG. 580, GEMEE= R14 COD1C4A0 R14 CO0MCICO +70 COZE2000

):0000:C02(DFI0 | 00000001 CO197F80 CD2CC330 CO2CC34D Suifzzicns,ces, ¥ SPSR BO000093  SPSR 20000093 +74 CO1EDIS0

0 0000:C02E0FAD | CO2CCO00 00000000 COZCDFE4 CO034C90 Mo EHHEMED ca]Ec o +78 C01CB2AM

10000 :CO2COFED | CONZ4EA0 00000001 00000000 00000000 335 5HEAHEREHHER +70 CO196BE4

:0000;:C02COFCO | 00010000 00000000 DOOD00O0 CO2CCON0 HYZHEHEaNHNaNe o +80 53052005

:0000:C02CHFD0 | CO197FA8 CO197F88 COO34B74 COZE2000 $7353745EKESH..S +B4 ADO14B30

:0000;:CO2CHFED | COTED920 CO1CB2AB CO196BB4 E3052D06 351585158ki50-51 +B8 CO01DDIE

1:0000;:C0ZCOFFD | ADD14B30 CODDD9E EFEFFFPF FOFFFFFF OK3A35E5FEEEEEED +8C EFEFFF7F

:0000:C0O2CE000 | CO2B32DC CO2B32DC 00000040 CO2CE040 B2+5R2+G@knes,s +80 FDFFFFFF
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__switch_to() in ARM (16/16)

= M=l E3 | B Reglster _ I o x|
' - = 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;ikJuSt switches the regiszter state and the _:J v R3 2 R11 COZCDFRD +00 CO2CC34D

605 x : I _ R4 COZCC000 R1Z2 20000013 +10 CO2CC000

" — " - F_ RS CO0140A0 R13 COZCDFI0  +14 00000000

| suiich to prev; 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->need_resched] USR: FIQ: <3¢ 00000000

04 g S N Sfl  re cotsdoon 0 +30 00010000

: ’ 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 == small +ve muber) then we w R14 CEEC R4 0 +48 CO024B74

: non-exclusive tasks and one exclusive task. PSR 10 +40 COZE2000

.* 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 F14 CO01C280 +5C B9052D06

=10/ SPSR 20000013 SPSR 40000093 +60 ADO14B30

0 4 g £ 0123456789ABCDEF +E4 C0010D38

SDz0000:CO2CDFZ0 | 20000013 FFFFFFFF CO2CCO00 COZCDFBD LRH_GEERHE.55E.52 LHD : AET: +G8 EFEFFF?F

5D:0000:C02C0DF30 | CO02C554 CO2CDFPC FADOOOO0 00000400 TE35|%,5UNRENENS 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 COZCDFI0 45,559, 5L4040.50,5 +70 CO2CE040

S0:0000:CO2CDFBO | C0024D8C CO024D8C 20000013 FFFFFFFF $M3GEMEZLUNEREE +H0 00000005

SD:0000:CO2CDFS0 | 00000001 COT97FBO CO2CC330 CO2CC340 FMMNETL505, 58,5 +H4 FFFFFFFF

SDz0000:COZCDRAD | COZCCO00 00000000 CO2CDFB4 COO34C30 45, 50HNNEE. 55158 +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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