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System Boundary

1
1
1

A 4

System !

User

Providing Interface Required Interface

External System
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bool decode(const char* data);

Player © Decoder
media
Player Decoder
media media
Player —( O——  Decoder




bool decode(const char* data);

media
Player Decoder
media media
Player —( O——  Decoder
Decoder Decoder
6 ™\ media
int read(char* data, int length);
Media
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Providing interface: system will determine the interface and

the external using it will be developed later.

Required interface: the external system already exists and provides interface.

System uses it. The external system will not be changed later.

ﬁ) media T/ media

Decoder Decoder
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How does ARM Boot?

Step 1

CPU will download

a bootloader from the
interface defined by
boostrap resistors

and eFuses e.g. from:
UISB, Ethernet, SATA,
SPI, NAND, SD card, ...

Step 2

Bootloader then setup
DRAM, configures the
peripherals where OS
files are located, downloads
them and start the OS

Operati
Ste p 3 Sy:tem ;ggs)
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Internal Bootloader

Bootloader

iR

; 1

: Note: - v -

i Combination of these resistors & internal
i eFuses defines how the CPU will boot,

Well known bootloaders:
u-Boot, Bareboy, ...

Common OS: Linux, Android,
Windows CE, ...

CPU

A 4

Computer

ROM code

A 4

<<extend>>

Application

Boot Loader

<<extend>>

Kernel




<<system>>

ROM code ™ g0t Loader

> Kernel

CPU

o R
Lo
Device
User <<system>> Developer
Boot Code O Boot Loader _O<
(ROM)  »— Kernel
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ROM code

<<system>>
Boot Loader

Kernel

CPU
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User

<<system>>
Boot Loader

O

Device

VS

Developer

User

Boot Code
(ROM)

<<system>>
Boot Loader

—( Kernel
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HW

User

<<system>>
Boot Loader

O

Device

VS

Developer

User

< <system>>
Boot Loader

O

Device

n

Memory

iDsplay

Keyboard

A~
UART

T

Flash

N\
USB

T

Network

Developer



CPU UART Update Server
(4 cores) DRAM FLASH (I/0)

Y Y Y Y Bl

- <<system>> ~
% Boot Loader %
User Device
Developer
VS
< <system> >
o -0 %
% Boot Loader
User Device
T L L L T peveloper
CPU DRAM FLASH UART
(4 cores) (1/0) Network
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SPL (Secondary Program Loader)

BOOT MEDIA
READAEBLE BY ROM
* BOARD Y
PROCESSOR Size of internal RAM or boot media
INTERMAL RAM
ROM

can be a technical constraint.

SPL

KERNEL

MANY
h r POSSIBLE
SOURCES
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Business Driver

s Performance Maintainability ,

< Specialization

Generalization >
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Boot Loader Boot Loader

UC _01. Boot Kernel LG _01. Boot Kernel

iJ
iJ

z gincludes VS z «includlem
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Boot Loaderg
UC_01. Boot Kernel

—_— UC_03. Check Hardware
User\
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UC_04. Config Boat

User\

Boot Loader S

UC 01. Boot Kernel

UC_03. Check Hardware ) jnciuge,

UC_02. Execute Shell

| . |

«includf»F -
UC 04, Config Boot
|
VS
Boot LoaderS
LIC_01. Boot Kernel LIC_04. Config Boat
f-ff gextends. — = 7 "
—~—\.._\_\_‘_\_\_‘- - -
User gextends

I

UC 02, Execute Shell

______ - UC_03. Check Hardware




Boot Loader

~ sincludes _ __ "¢ 5. Reboot

gextends - ~

-

__extendy___ G _UC_04. Config Boot

T = . _sextends

-

UC 03. Check Hardware

Lser
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Boot Loader S

LC_01. Boot Kernel

qexten:dm

~ gextends

- -
-

UC 03. Check Hardware




Boot Loader \

UC_03. Initialize HW

-
-
-

gincludey _ - ~

-
-
-
-
-

% UC_01. Boot Kernel L L T UC_04. POST(Power On Self Test)

B = ~ —«include»

User UC_02. Execute Shell = AP

A use case is a metaphor to specify requirements.
It is better identified by the user’s intent,
rather than internal functionalities or steps.

Don't design or organize use cases based on internal functionality.
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<<system>>

ROM code ™ g0t Loader

—> Kernel

CPU

Lser
I

(;I“) S4B $OIL AzE0yof 034

', power on
>

. 2. execute boot code (ROM)
|
i 3. load boot loader

-

. 4. execute boot loader

& 5ystems
Boot Loader

I !5, load kemel

. —

P

1 1B, execute ker
e —

nel | Kernel

@ Systems
Boaot Loader

. boot kernel !
L— ——————— 3!

!

2. intialize HW

'r-l%—:l

3. run post(power on self test)

4. load kernel

e« |

i
15 execute kemel | Kernel l
I

I I
I ]




% Systems
Boot Loader

1. boot kernel !
[ — —}J

Lg.inﬂahze HW

Initialization Flow - common/board f.c, board r.c

I

I

I -—

| <
: II3.runpnsﬂpuwerunseﬁtemj

I |
4. load kernel

. D

1
] i
1 & execute kernel
! (2. BXecute kemnel ) Kernel ;
] i
]
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static const init_fnc_t init_sequence_f[] = {
setup_mon_len,

#ifdef CONFIG_OF_CONTROL
fdtdec_setup,

#endi f

#ifdef CONFIG_TRACE_EARLY
trace_early_init,

#endi f
initf_malloc,
log_init,

initf_bootstage,
#ifdef CONFIG_BLOBLIST

bloblist_init,
#endi f
clear_bss,
NULL,
s
void board_init_f(ulong boot_flags)
{
gd—>flags = boot_flags;
gd—>have_console = 0;
if (initcall_run_list(init_sequence_f)) hang();
}

static const init_fnc_t init_sequence_r[] = {
initr_trace,
initr_reloc,

#if defined(CONFIG_ARM) || defined(CONFIG_RISCV)
initr_caches,

#endi f
initr_reloc_global_data,

#if defined(CONFIG_SYS_INIT_RAM_LOCK) && #f
def ined(CONFIG_E500)
initr_unlock_ram_in_cache,

#endi f
initr_barrier,
initr_malloc,

run_main_loop,

I

void board_init_r(gd_t *new_gd, ulong dest_addr)
{
od = new_gd;

gd—>f lags &= ~GD_FLG_LOG_READY;

if (initcall_run_list(init_sequence_r)) hang();

/* NOTREACHED - run_main_loop() does not return =/
hang();




% Systems
Boot Loader

1. boot kernel !
I_—_—}J

I I

! L 2. intialize HW
| <

1

i II3.runpnsﬂpuwerunseﬁtemj

Initialization Flow — post/post.c, tests.c

1 I
, . 4. load kemnel

. D

1
] i
1 & execute kernel
! (2. BXecute kemnel ) Kernel |
] i
]

@ SA9IAF HOIL ATEQIO] 013

\ 4

struct post_test post_list[] =

{
#if CONFIG_POST & CONFIG_SYS_POST_OCM
{ "OCM test",
"ocm",
"This test checks on chip memory (OCM).",
POST_ROM | POST_ALWAYS | POST_PREREL |
POST_CRITICAL | POST_STOP,
&ocm_post_test,
NULL,
NULL,
CONF I1G_SYS_POST_0OCM
},
#endi f

#if CONFIG_POST & CONFIG_SYS_POST_CACHE
{ '"Cache test",
"cache",
"This test verifies the CPU cache operation.",
POST_RAM | POST_ALWAYS,
&cache_post_test,
NULL,
NULL,
CONF | G_SYS_POST_CACHE

I
#endi f

b

int post_run(char *name, int flags)

{

unsigned int i, last;

int test_flags[POST_MAX_NUMBER];

post_get_flags(test_flags);

if (post_bootmode_get (&last) & POST_POWERTEST) {
if (last & POST_FAIL_SAVE) {
last &= ~POST_FAIL_SAVE;
gd—>flags |= GD_FLG_POSTFAIL;

}

if (last < post_list_size &&

(flags & test_flags[last] & POST_ALWAYS) &&

(flags & test_flags[last] & POST_MEM)) {

post_run_single(post_list + last,
test_flags[last], flags | POST_REBOOT,
last):

for (i = last + 1, i < post_list_size; i++) {
if (gd—>flags & GD_FLG_POSTSTOP) break;
post_run_single(post_list + i,
test_flags[i], flags, i);




—

& 5ystems
Boot Loader

& 5ystems
Boot Loader

User : User :
"1, boot kernel _ ! "1, boot kernel !
———— ! b 3/
| [ | 1
! L 2. intialize HW ! . 2. intialize HW
l P l P
| 13, run postipower on self test) Iu 1 3. run post{power on self test)
I I
; | \ ! '
' ! ! 4. read kernel from storage
! ! _ 4.1 read kernel from storage ! L
L—d' load kermel 42 uncompress kernel ' Ir(tl

E"E—_] 4.3 validate kernel Iu 5. uncompress kernel
i

I
1
]
l < |
"5 execute kernel Kernel I i
. T ? : | B. validate kermel

1 1 | I ]

1 ] X 1

I I

1 1 7. execute kernel

. s ) > Kernell
i 1

1 1 |
[} I 1]
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& Systems
Boot Loader

@ Systemas
Boot Loader

User - User -
' 1. show "hit any key to stop auto boot" ! "1, execute shell |
- — e e e e |

1 ! i 1

M 'H{_E. show prompt !

| !
I . | . I
3. show prompt 3. request command

] I ] 1
| ' . 4. parse command
I Rt e S | 1 |

- - pa—
1 5. parse command |

] |

i - information commands
]

i
"B, run command '

L ] "&. run command
; i - download commands

1 1 1 1 . .

: ' I i - erwvironment variables commands
- flattened device tree support

- etc.

L 2. press key to execute shell ' loop ) |
1 : :
]
!

- memaory commands
- execution control commands

What the system needs to do for actor’s request is specified

() st o, emeare e in more detail, rather than user interface.
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i

"1, poweron !

L,—_,—).
I

' 2. aexecute boot code (ROM)

P~

UC_O1 Boot kernel ! 13 load oot loader
Description System loads and executes kernel. ! 4 ,
X 4. execute boot loader # Systems
Actor User ' i Boat Loader

Pre-condition [DEVICE_OFF] Device is powered off. "t 1oad kermel
Post-condition | [KERNEL] Kernel is executed. . , «
! ;_E axacute ker
1. User requests system (boot loader) to boot kernel. \ ' .
1.1 User powers on device. ' ' ' '
1.2 CPU executes boot code (ROM).

1.3 Boot code loads boot loader.

1.4 Boot code executes boot loader. @ 5ystema }
2. System initializes HW. l Boot Loader
Basic Flow User .

3. System runs POST (Power On Self Test). . .

"1, boot kernel
I_:—_:—}ll

4. System loads kernel.

' ' 2. intialize HW
4.1 System reads kernel from storage. ! ::j

4.2 System decompresses kernel. ; '3, run post(power on self test)

4.3 System validates kernel.

5. System executes kernel. . '

i
J 14, load kernel

4.1 read kernel from storage

Additional Flow | 2. If HW initialization fails, system halts with a notification. 4.2 uncompress kerne|

| 4.3 validate kernel
Additional Flow | 4.3 If kernel validation fails, system loads the previously successful kernel. !

1
1
]
]
1 ]
1 \ -
| J_E gxecute Iﬂm_nel Kernel
(sr) FALOIAL HOIL ATEQ0] 0174 : , — l
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! N



e i Sont Lometer
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"1, execute shell !
— —_— —.+.'

 loop :'

2. show prompt !
g

UcC_02 Execute Shell . .

.. R - ' 3. request command _ |

Description System provides CLI (Command Line Interface) to user. | !
| , 4. parse command

Actor User !

- mermaory commands

- execution contral commands

- download commands

- environment variables commands

1
"5 run command
1

1. User requests system (boot loader) to provide CLI. ! ,
1.1 System shows “press any key to stop autoboot” with timeout. f

Post-condition | [SHELL] System provides CLI to user.

Pre-condition [DEVICE_OFF] Device is powered off. ! - information commands

- flattened device tree support
- etc.

]
1 I

1.2 User presses any key to stop autoboot within timeout. ! .

. System shows prompt.

Basic Flow
. User requests system to execute command.

S No need to specify user interface in detail.
. System parses command.

. System runs command. Ul can be easily changed = Ul modifiability.

o U1 A W N

. System goes to 2 (loop).

Additional Flow || 1.2 Otherwise, system continues to boot kernel (UC_01).

3. System provides many commands, extended by UC_03, UC_04 and
UC 01, etc.

Additional Flow Good to specify extension point. & CLI modifiability.

Boot Loader&

—

Don’'t omit the SUbjECt. % _ wextends _ UC_04. Config Boat

- xextend»
Don’t use the passive voice. cextanf -

@z‘\;m gOIL Az=N 0134 3. System gets command from user.
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i & 5ystems }
Boot Loader
User

Ll. boot kernel

L_E._intialize HW
.r‘;__j

]
+ 3. run post(power an self test)

4.1 read kernel from storage

I

I

t4. load kernel

—_— 42 uncompress kernel
I

I

]

4
—— 4.3 validate kernel

— 5| Kernel |

"5 execute kernel
P — —

I
i
|

Architectural Concern

- Concurrency -

HW / Device Initialization

NN

Boot Kernel

POST

Execute Shell
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arm
CORTEX®-A72

Arm CoreSight™ multicore debug and trace

Core 1l

NEON™
Armvs-A SIMD engine
32b/64b CPU .
Floating

ACP SCU L2 cache w/ECC (512kB-4MB)

128-bit AMBA®4 ACE or AMBA 5 CHI coherent bus interface

Architectural Concern
- Concurrency -

Concurrent Executions

HEEHE

Deployment Unit

SW thread
4 process Service
¢ core Container
HW CPU Virtual Machine
Device Cloud




e storage }, [ oran | (merwpt | [ Tmer ) (s ) [ s ) [ uear )

A A ¢
DMA
File System Config Load [ Keyboard ] [ Display ]
N A A N
Sooocooo Kernel Load Shell  F------ '
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http://www.wirfs-brock.com/PDFs/Art_of Writing_Use_Cases.pdf

The Art of Writing Use

Rebecca Wirfs-Brock

; rebecca @wirfs-brock.com
www.wirfs-brock.com John Schwartz

m Copyright 2001, Wirfs-Brock Associates, Inc. 1 jOhn @ Wil’fS-bl’OCk.COm



