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舅䄕磆☭ 2

儕榹 ⶛䄗   Takumi Sueda       @puhitaku

  

☼◄


˝ 
ت٤ٚ٭ٛن
˝ 眦⛨㱝٭ٔز٤ي HOMMA Inc.

˝ 㓴璛

˝ 
铺䅨و٤ٔ؞ؔطٖٛ؞ج
˝ OSS ٜٚؕئ٤ؤت٤ج  etc.


 


㞐ס׵ם׀

˝ 
ס׵ַ⛥מ䤗软յ攐ס٭ٕؕٝ⪑
˝ 
ء٤ٛؓؼة٤ؙت٭فٛ
˝ 3Dع٤ٛو

˝ ꮟ哧


 

萴䣆ס⚡⹆ⱶ塷


˝ 2014䇗ׯ׮׽׻夵䇗⹆ⱶ



舅䄕磆☭

仼磬 Linux ך鵽鬼ր꧅㯸鰭傴ך Linux ؅Ⳃֹא־ց؅㓴璛╈瑬3㍑ֿ全僖氦㚞5ס僖⺘מ鬼׌ױ׽
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SHARP Brain עכ

꧅㯸鰭傴 SHARP Brain
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SHARP Brain עכ

SHARP Brain PW-SH1

攐䐶

˝ SHARP ֿ2008䇗מ氦㚞ג׊꧅㯸鰭傴غ٤ٚه

˝ Windows CE ؅䯋鬼2020䇗ס嚀牊ךױ

˝ CE ⺸ׄؓסٛو┉鼧ֿⳂׂ

˝ 舅⮆ג׊ٜؕق٤ؤך exe ׵Ⳃׂ

˝ 氦㚞䏲׃׌ Brain ؠشـ槡꣝ֿ 2ch ך䡗玮


Brain ךⳂׂ Windows CE ؓٛو

˝ 
٭ٔز٤ٚٛوؓ
˝ 
عنخ׳؅鐆 Wikipedia ך٤ؕٚن؛
˝ matplotlib

˝  ٭أٜٔ؟

˟לםלם
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SHARP Brain עכ 6

DRAM: LPDDR 128MB

eMMC: 8GB

SDס鈐䡡٬䨯䥁┘⺎


י׊מ⹿ׂ碛儢כז׵؅ Raspberry Pi ♏⮣  עי׊כ啶䡗סؘؓؗغ٭ـ
׋䚉גׄ♀؅٭ٛطشفכ LCD כغ٭ٍ٭؞

CPU: NXP i.MX283

ARM926EJ-S, armv5tej


454 MHz

LCD: 800x480 לם

SD: SDXC

䨯䥁⺎耆מعشٞت


:☽סא

յٜؾقزشذյ٭ٛطشف

澷妳٭ئ٤جꝧꝥ吾湳לם



SHARP Brain עכ

SHARP Brain PW-SH1

U-Boot כ Linux ء٤ؔط٭َס

˝ 2020䇗מ Brain ر٭ٞع٭هמրU-Bootցכ 

Linux ؅ٜؾ٭؜燯吣

˝ Raspberry Pi כ⺱璡ס癨ⶡ׈SD מ抏ׂׄד 


٤؅鿥䄭٘ب٭ٖلٛعتؔظ Linux ׾ֻ✳ך

㲔逷٬فؕٚغג׊㲔杯׾ַי׊嚀耆

˝ LCD二釨㲔逷

˝ 
二釨㲔逷غ٭ٍ٭؞
˝ 
ٜؾقزشذ
˝ SD / eMMC 鐆ײ傴׀

˝ ㏆꧅碛㯸و٭ل׾׻מꮟ 

etc ...
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SHARP Brain עכ

SHARP Brain PW-SH1

㲔杯ַםַי׊嚀耆

˝ 
ع٤ْةؾُ٭٠ق

˝ 
و٭ٛت
˝ cpufreqCPU ⼽嫧丗⯆䐒


˝ غ٤ؗئ
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🤔



SHARP Brain עכ

SHARP Brain PW-SH1

㲔杯ַםַי׊嚀耆

˝ 
ع٤ْةؾُ٭٠ق

˝ 
و٭ٛت
˝ cpufreqCPU ⼽嫧丗⯆䐒


˝ غ٤ؗئ
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🤔



րو٭ٛتցעכ



րو٭ٛتցעכ

˝ Suspend-to-Idle

˝ Standby

˝ Suspend-to-RAM

˝ Hibernation


Linux סրو٭ٛتց־חַׂעמ牊걉ֵֿ׾
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┕鋗؅稀燡י׊ "sleep", "system-wide sleep" 璡צ⽛כյ 
┉芗מյ┖מ车ׂל׮⛥寕鞝꧅ⱱ



րو٭ٛتցעכ

1. Suspend-to-Idle 2. Standby

😴 Userspaceغشٝت׷تجٞو

😴 Timekeepingtick, زشؕتعت؞ط٤ؤ

😴 I/O

CPU ؅俲סׄד׾׌מ

硾ؘؓؗعنخ氳و٭ٛتם


׊־؅㴏 CPU ַםַי׿؂✳מع٭ه
׾⯡꧅ⱱ؅כז׵

😴 Suspend-to-Idle ס׵׾םמن؛ך⪒鼧

😴 Non-boot CPU

3. Suspend-to-RAM

😴 Standby ס׵׾םמن؛ך⪒鼧

ؘؓؗغ٭ـסי׬׌ׯ׮ ��

CPU סتؕفظכ敯䛜؅ DRAM מ糋׀

DRAM כ䐝䅯מ䑒釐غ٭ـם♓㛙؅㴏׌־

4. Hibernation

ؘؓؗغ٭ـסי׬׌ ��

CPU סتؕفظכ敯䛜؅

姧禈⴫⺎耆ם鋗ꎰ㨥⛮מ鴢ֿ٤ؗرعشٔب׊



րو٭ٛتցעכ

1. Suspend-to-Idle 2. Standby

😴 Userspaceغشٝت׷تجٞو

😴 Timekeepingزشؕتعت؞ط٤ؤ

😴 I/O

CPU ؅俲סׄד׾׌מ

硾ؘؓؗعنخ氳و٭ٛتם


׊־؅㴏 CPU ַםַי׿؂✳מع٭ه
׾⯡꧅ⱱ؅כז׵

😴 Suspend-to-Idle ס׵׾םמن؛ך⪒鼧

😴 Non-boot CPU

3. Suspend-to-RAM

😴 Standby ס׵׾םמن؛ך⪒鼧

ؘؓؗغ٭ـסי׬׌ׯ׮ ��

CPU סتؕفظכ敯䛜؅ DRAM מ糋׀

DRAM כ䐝䅯מ䑒釐غ٭ـם♓㛙؅㴏׌־

4. Hibernation

ؘؓؗغ٭ـסי׬׌ ��

CPU סتؕفظכ敯䛜؅

姧禈⴫⺎耆ם鋗ꎰ㨥⛮מ鴢ֿ٤ؗرعشٔب׊

꧅ⱱ⯡峎ꄈ׷䐝䅯׾־־מ侇ꝴס 
 עך꧅㯸鰭傴כ׾؅縒ֻت٤ٚف
 Suspend-to-RAM ַג׽׷؅



Suspend-to-RAM 燯车כ䐝䅯ס孱׿



Suspend-to-RAM 燯车כ䐝䅯ס孱׿

1. 
׾׎׈ֻ⤓מو٭ٛت؅ّطتبهئ⺨סٜؾ٭؜յ׽鵟湳؅鴜غ٤ًتئמ⛮⪑ّطتب
2. 
׾׌ث٭ٛن؅ؠتذ
3. 
錃㲊ֹ׻ַם׊ٜغ٤ـ؅ײ鱮׽Ⱏס㛙♓تؕفظֹ✳מ䐝䅯 & غ٤ًتئ؅تؕفظ
4. Non-boot CPU ؅塛׾״׿א♓㛙ס CPU כؠتذס IRQ ע Boot CPU ׾׿׈ع٭ٝءُؕמ

5. 
׾״璡؅塛زشؕتعت؞ط٤ؤ׊؅扛Ⲗ⴫ tick ס٭ٚ٭ٖةآت
6. ׊׵燯车׫寕鞝꧅ⱱ敯䛜⛥עRAM ♓㛙 י׊䐒؅峚⯆מ璡ؘّؓؗ٭ؒنס㍾僗ّ٭ؚنعشٚو


꧅嶎了עׂ
7. 䐝䅯تؕفظֹ✳מלםغ٭ٍ٭؞ס׼־Ⱏ׽鱮ֿײ全ךױ׾㴏׾

Suspend-to-RAM ׫燯车׾׌孱׿
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Suspend-to-RAM 燯车כ䐝䅯ס孱׿

1. 䐝䅯تؕفظ׷زشؕتֹ✳מלםغ٭ٍ٭؞ס׼־Ⱏ׽鱮ֿײ全׾

2. 
׾׿׈ٜغ٤ـֿײ鱮׽Ⱏ׊CPU ֿ䐝䅯 י鷨爊؅磬׾ם樟יז׻מّ٭ؚنعشٚو

˝ 䐝䅯ַַיׂם׊Ⱏ׽鱮ף׿ֵךײ⫋䈱㴏׾

3. 
׾䐒ֿ䢙⯆מٜؾ٭؜
4. 
׾׎׈؅䐝䅯ء٤ٛ٭ٖةآتյtickյؓؤסٜؾ٭؜
5. Non-boot CPU ؅颯׌׆

6. 
׌䢙מכ׵؅ IRQ ׊׆؅颯تؕفظ
7. 
׾׎׈ ؅䐝䅯 (thaw =րꦣ鉮ׄց)ؠتذ
8. ׾䐝䅯鵟湳؅鴜מ⛮⪑ّطتب

Suspend-to-RAM ׼־䐝䅯׾׌孱׿
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二ךغ٭ـםג Suspend-to-RAM עמ׾׷؅

⛰ֿ䑒釐־



Suspend-to-RAM עמ׾׷؅⛰ֿ䑒釐־

Suspend-to-RAM מ䑒釐סח2ם釐碛
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ع٤ْةؾُ٭٠ق 䐝䅯סتؕفظֹ✳מⰟ׽鱮ٚغ٤ـײ


˟׼ם յBrainףֻכג
˝ SoC ⫂襓ٝذ٭ٖٝ؟

˝ 㛙鼧סغ٭ـ꧅嶎؅⯆䐒׾׌ MOSFET ع٭أס

珷㯸מ䫘禈ג׿׈ GPIO

˝ SPI, I²C 璡ؘٜٚنًٛס


׾⮉꧅嶎؅מ graceful ׼ג鵟湳ֿ全غ٤ًتئ
꞊丗סفؕٚغ؅ dev_pm_ops 啶鵰⛮מ㲔逷


 



؅➟꞊ס꧅嶎ذ٭ٖٝ؟ٝכتؕفظ
Device Tree ך鋗鳭

䐝䅯׀׬׌⪌ⱱֿ全ג侇׼־فؕٚغتؕفظמ 
Power Management Subsystem ׫䐝䅯؅䧗炐 


㲔逷מ ISR ؅׀䣆禈׾׌


˟׼ם յBrainףֻכג
˝ 槆ꪫꝧꝥ؅吾湳׾׌澷妳٭ئ٤ج

˝ ꧅嶎ٍ٤ֿذ笋ֿ׾ GPIO



Suspend-to-RAM עמ׾׷؅⛰ֿ䑒釐־

/sys/power/state ס׫ write ؅颯憠׾׌כ

哭鈝ؠشذتٜ٭ؤ
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i.MX28 ꝧ氦ٍסغ٭  Device Tree הֹס

LCD כ꧅嶎ס꞊➟؅鋗ג׊甙䢥


׾׌⮉⪋꧅嶎؅י釤ֿٜؾ٭؜䗯㕔؅ס׆

Suspend-to-RAM ؅㲔车׾׌⣐כغ٭ؤס Device Tree



Suspend-to-RAM עמ׾׷؅⛰ֿ䑒釐־ 20

䐝䅯סتؕفظֹ✳מⰟ׽鱮כٚغ٤ـײ

Suspend-to-RAM ؅㲔车غ٭ؤ׾׌ꝴס妳䧏סה⚥鷼


ֿٚغ٤ـײ鱮׽Ⱏסفؕٚغ .1
pm_wakeup_event ꞊丗צ⽛؅


PM subsystem ⫂鼧؅ذ٤ؗ؜ס

׾׌ع٤ْٛؠ٤ؕ

2. suspend_enter ע CPU ס PC ֿ

䢙؅ذ٤ؗ؜מצג׾ׂיז


澬鏀׊յ㘃ֻو٭ٜף׿ַי聰⭳

㘃ֻף׿ׄםי⫋䈱 CPU ؅㴏׌־


扛釱עⰟ鱮ַם׼꞊؂מ䐝䅯׽ױח

/drivers/input/keyboard/gpio_keys.c L443 (Linux 5.4.234)

/kernel/power/suspend.c L502 (Linux 5.4.234)



Brain ׾ֽׄמ㲔逷敯媲



Brain ׾ֽׄמ㲔逷敯媲

✅ Suspend-to-RAM ס㲔车

✅ ꧅嶎ٍ׾׻מ٤ذ䐝䅯؅تؠٛعُ٭؞ GPIO 泡䫘禈ך鐆׳嚀牊

⬜ ꧅嶎ٍ׾׻מ٤ذ䐝䅯؅ع٤يؕ٭؞ MCU ׼־ I²Cך鐆׳嚀牊


˝ I²C ًؘٜٛٚنⶡ⛣סⰟ׽鱮؅٭؞סלייזםמײ䥨׵י׊颯ֹױ׊י׀

˝ 
꡾㲊氳י״哕עכ׆׾׀ךך ISR ╈׾ַי㴏ֿؘٜٚنًٛסל؆כ׮
˝ Windows כד㲔杯ֿء٤ٛؓؼة٤ؙت٭فٛךס׾ַי׊䑒釐


⬜ LCD 璡ס꧅嶎⯆䐒

˝ FET ׷ع٭أס ENABLE 珷㯸׾ֿםחמ GPIO ؅ regulator י׊כ Device Tree מ辐鋗


⬜ 泸꧅ⱱ䓪ס吾錞

⬜ OS ْؕت٭ٛٛי׊כة٭

ף鷹ⶐֿג׀ךע Suspend-to-RAM ׍ױכץ
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韬橎䑴璻ٞء

suspend_prepare ̜ suspend_freeze_processes [1]傧ׂ userspace ׾׎׼⬲מ⩝؅ն

[1] https://elixir.bootlin.com/linux/v5.4.234/source/kernel/power/power.h#L250

Q. kthread כ userspace ַֹֹלעتجٞوסꯂ樑׾⬲ך
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Q. 4סח䣆嫎יז׻מ寕鞝꧅ⱱ⛥峎Ⲗ冽ַ׼ׂ׿לע䄐ֵֿ׾

ֵך׎؂⺬ײ磝סغ٭ـ鱨⼽ַם㵼כ SoC סـַؙؗ־ך׶הׂ׶ה״ףֻכגն׾׻מّطتب
⪑ّطتب׼ם SoC ַ׈㵸םֹ׻ס յBrain׊ַ׀㛻ֿعؠق٤ؕ׵ךׄד Suspend-to-Idle ף׿
 Standby יזכמ Brain סؓؤٜء٤بն[1]ַם⭳䄐ֿ־׊115mA ̜ 86mA 爊䈱 ך寕鞝꧅ⱱס⛮
ַ׀㛻סعؠق٤ؕלם꧅嶎ס LCD ׼־׿׆ע նSuspend-to-RAMַם䄐ֿכ Suspend-to-Idle ע
鼧⮆ס㲔逷׿אךס׾׷؅♓꡸銶峮׊⮭伺◀㲊ն

[1] https://twitter.com/puhitaku/status/1629849862924648455



⭳⪯٬⹆縒
˝ Bootlin Elixir: https://elixir.bootlin.com/linux/v5.4.234/

˝ Mainline Linux


˝ /Documentation/admin-guide/pm/suspend-flows.rst

˝ /Documentation/admin-guide/pm/sleep-states.rst
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