
ঢ়ଶͷࢹʹΑΓར༻ঢ়گʹ߹Θͤͨ
CPUप੍ޚΛܞ͏ߦଳ͚লిྗख๏

࿊ ਖ਼໌1,a) ୩ ӳ1࢘ ଜ্ ַੜ1 ্ా ప1 দຊ ୡ1

֓ཁɿۙٸʹී͍ͯ͠ٴΔεϚʔτϑΥϯͰɼফඅిྗͷ੍͕ٸͰ͋Δɽ͔͠͠ɼεϚʔτϑΥ
ϯͰɼࣗ༝ʹϚʔέοτ͔ΒΞϓϦΛμϯϩʔυͰ͖ɼΞϓϦ։ൃऀϢʔβ͕ͲͷΑ͏ͳػछͰ࣮

༺దԽ͢Δैདྷͷख๏͕ར࠷Λྗిͯ͠ޚͰ͋ΔͨΊɼCPUͷपΛΞϓϦ͔Β੍ࠔΔ͔༧ଌ͢ߦ

Ͱ͖ͳ͍ͨΊɼফඅిྗͷ੍͕ࠔͰ͋Δɽ͔͠͠ɼܞଳʹ͓͍ͯɼফඅిྗͱϢʔβͷମੑײ

Λཱ྆ͤ͞ΔͨΊʹɼͷར༻͞Ε͍ͯΔঢ়گΛೝࣝ͠ɼͦͷঢ়ࣜํޚ੍ͨͬ͋ʹگΛ༻͍Δඞཁ͕

͋Δɽ͜Εʹରͯ͠ࡏݱͷεϚʔτϑΥϯͰɼCPUෛՙʹԠͯ͡पͱిѹΛ੍͕͖ͨͯ͠ޚɼର

తʹར༻͢Δ߹ͷମੑײ֬อͷͨΊͷઃఆͱͳ͍ͬͯΔͨΊɼফඅిྗͷແବ͕ൃੜ͢Δɽ͜ͷ

ʹରͯ͠ෳͷվળख๏͕ଘ͢ࡏΔ͕ɼ͜ΕΒͷख๏Ͱɼͷঢ়ଶΛਖ਼͘͠ೝࣝͰ͖ͳ͍߹͕͋Δ

্ɼݸʑͷΞϓϦʹର͢ΔपઃఆΛϢʔβ͕͏ߦඞཁ͕͋ΔͳͲͷ͕͋ΔɽຊڀݚͰɼͷ

पลثػΞϓϦͷঢ়ଶมԽʹՃ͑ɼεϚʔτϑΥϯͷγεςϜαʔϏεͷ׆ಈঢ়گΛ؍ଌ͠ɼͦΕΒ؍

ଌ݁ՌͷΈ߹Θͤͱप੍ޚͷઃఆΛରԠ͚Δ DBΛ༻͍Δ͜ͱͰɼͷঢ়ଶΛਖ਼͘͠Ѳ͠ɼ

ઃఆมߋΛ͏ߦɽ·ͨ Android࡞ࢼʹ͚Λ͍ߦɼ࣮ػʹΑΔධՁͰిྗͷޮݮՌΛ֬ೝͨ͠ɽ

ΩʔϫʔυɿCPUfreqɼεϚʔτϑΥϯɼAndroidɼলిྗ

1. എܠ

ʹࢢछ͕ػɼεϚʔτϑΥϯඇৗʹଟͷࡏݱ

ೖ͞Ε͓ͯΓɼγΣΞٸʹ֦େ͍ͯ͠Δɽ͔͠͠ɼε

ϚʔτϑΥϯϑΟʔνϟʔϑΥϯͱൺֱͯ͠ফඅిྗେ

͖͍͜ͱ͕ΒΕ͍ͯΔɽͦͷཧ༝ͱͯ͠ɼεϚʔτϑΥ

ϯɼҙͷΞϓϦΛμϯϩʔυͯ͠ΠϯετʔϧՄ

Ͱ͋Δ͜ͱͱɼඇৗʹଟ͘ͷػछ͕ଘ͢ࡏΔͨΊɼΞϓϦ

έʔγϣϯ։ൃऀ։ൃऀͷํ͞ߦ࣮ʹڞΕΔ

ΞϓϦΛݶఆ͢Δ͜ͱ͕Ͱ͖ͣɼͲͷΞϓϦ͕Ͳͷఔ

ͷ CPUྗ͕ඞཁ͔Λࣄલʹଌఆ͓͖ͯ͠ɼCPUͷಈ࡞

पΛ࠷దԽ͢Δͱ͍͏ϑΟʔνϟʔϑΥϯͷख๏Λ༻

͍Δ͜ͱ͕Ͱ͖ͳ͍ɽ

·ͨɼεϚʔτϑΥϯ͕ී࢝͠ٴΊͨॳɼσΟεϓ

ϨΠ͕ OFFͷؒظʹಈ͢࡞ΔΞϓϦέʔγϣϯɼϝʔ

ϧͷண৴νΣοΫͳͲগͷछྨʹݶΒΕɼCPU͕ಈ࡞

͢Δؒ࣌ඇৗʹ͔ͬͨͨΊɼ͜ͷؒظͷফඅిྗ͋

·Γண͞Ε͍ͯͳ͔ͬͨɽҎ্ͷΑ͏ͳཧ༝ʹΑΓɼै

དྷͷεϚʔτϑΥϯͰσΟεϓϨΠ͕ ONͷঢ়ଶͰϢʔ

1 ࢜௨ڀݚॴ
FUJITSU LABORATORIES LTD 4-1-1 Kamikodanaka,
Nakahara-ku, Kawasaki, Kanagawa, Japan

a) noro@jp.fujitsu.com

β͕ରతʹར༻͍ͯ͠Δঢ়گͰͷମੑײͷ֬อͱফඅ

ిྗͷ͕ݮՄͳ CPUͷಈ࡞पͷઃఆ͕ͳ͞Εͯ

͓ΓɼσΟεϓϨΠ͕ OFFͷؒظಉ͡ઃఆͰ͋Δɽ

ҰํɼεέδϡʔϧॴʹԠͯ͡ใΛఏ͢ڙΔαʔ

Ϗε ༺αʔϏεͷछྨɼརޙࠓΓͭͭ͋Γɼ͕͕[2][1]

ऀͷ૿Ճ͕༧͞ΕΔɽ͜ͷΑ͏ͳαʔϏεͰɼϢʔβ

తʹηϯαͷΛಡΈऔͱΓɼϢʔظଳ͢Δఆܞ͕

βͷใΛऔಘͯ͠αʔόʹૹ৴͢Δɽ͜ͷΑ͏ͳঢ়گͰ

ɼϢʔβ͕ରతʹར༻͍ͯ͠ͳ͍͕ɼ͕׆ಈͯ͠

͍Δ͕ؒظΑΓ૿Ճ͢ΔͨΊɼফඅిྗͷ੍͕ΑΓٻΊ

ΒΕΔ͜ͱͱͳΔɽҰൠʹࡏݱͷܞଳը໘Λ͚ͭ

ͯɼରతʹૢ͍ͯ͠࡞Δ࣌ʹదͨ͠प੍ޚΛߦͳͬ

͍ͯΔͨΊɼରతʹૢ͍ͯ͠࡞ͳ͍߹ͷిྗͷແବ͕

େ͖͍ɽͦͷͨΊɼిྗͷແବΛ͢ݮΔ্Ͱղ͖͘՝

ɼ࣮ߦதͷͷঢ়ଶΛݕग़͠ɼࡏݱͷঢ়ଶʹదͨ͠

ిྗઃఆΛఆ͠ɼૉૣ͘ద༻͢Δ͜ͱͰ͋Δɽ

ຊڀݚͰɼϢʔβͷମੑײΛ֬อͭͭ͠ফඅిྗΛ

ଳͰσΟεϓϨΠΛܞΔͨΊɼ͢ݮ OFFʹ͍ͯ͠

Δঢ়ଶͰಈ͖ଓ͚ΔΞϓϦέʔγϣϯͷछྨ͕ݶΒΕΔ

ͱڞʹɼΞϓϦέʔγϣϯͷछྨຖͷڞ௨ͷಛੑ͕͋Δ͜

ͱΛར༻ͯ͠ɼϢʔβʹΑΔΞϓϦͷొແ͠ʹঢ়ଶ

Λఆ͠ɼঢ়گʹ͋ͬͨ CPUͷपઃఆΛ͏ߦɽ
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2. ޚΘΕํͱCPUͷप੍ଳͷܞ

पͱిѹΛϓϩάϥϜ͔Β੍࡞ͷCPUͰɼಈࡏݱ

Δ͢ޚ (DVFS:Dynamic Voltage and Frequency Scaling)

͜ͱ͕ՄͰ͋ΔɽCPUͷফඅిྗ࣮ࡍͷࢉܭʹར༻

͞ΕΔిྗʹՃ͑ͯɼ࿙ΕిྲྀʹΑࣦͬͯΘΕΔిྗͷ߹

प͓Αͼిѹͷ࡞Ͱ͋Δ͕ɼফඅిྗಈܭ 2ʹൺ

ྫ͢ΔɽͦͷͨΊɼಈ࡞प͕૿Ճ͢Δʹ͍ফඅిྗ

૿Ճ͢Δ͕ɼ͋ΔपΛ͑ͨͱ͜ΖͰফඅిྗ͕େ

͖͘૿Ճ͢Δɽ͜Εɼόεͷपลճ࿏ͷप͕૿Ճ

͢ΔͨΊͰ͋Δɽ͞Βʹप͕૿Ճ͢Δͱɼ͋Δप

Ͱ CPUͷফඅిྗ͕ܹٸʹ૿Ճ͢Δɽ͜Εɼ͋Δप

ΛڥʹඞཁͱͳΔిѹ্͕ঢ͢ΔͨΊͰ͋ΔɽҎ্ͷ͜

ͱ͔Βɼ࠷ిྗతʹ༗རͱͳΔͷɼCPUͷಈ࡞प

Λಈి࡞ѹόεͷपΛ૿Ճͤ͞Δඞཁͷͳ͍ൣғͩ

ఆͯ͠ར༻͢Δ͜ͱͰ͋Δɽݶʹ͚

ҰํɼCPUͷಈ࡞पͷ্ݶΛ੍͠ݶɼిѹό

εͷपΛ૿Ճͤ͞ͳ͍Α͏ʹͨ͠ঢ়ଶͰɼॲཧʹ࣌

ؒతͳ͕͋ݶظΔ߹ʹ͕ൃੜ͢Δɽྫ͑ɼεϚʔ

τϑΥϯͷλονύωϧΛϢʔβ͕ରతʹૢ͍ͯ͠࡞Δ

߹ɼCPUͷॲཧྗ͕ෆ͢ΔͱɼϙΠϯλͷಈ͖͕ࢦ

ͷಈ͖ΑΓΕΔɼը໘ͷॻ͖͑ॲཧ͕ը໘ͷߋ৽ʹؒ

ʹ߹Θͳ͘ͳΔͳͲͷ͕ൃੜ͢ΔɽͦͷҰํͰɼը໘

͕ফ͍͑ͯΔঢ়ଶͰҐஔใΛఆظతʹαʔόʹૹ৴͢

ΔΑ͏ͳ༻్ͰɼظతͳॲཧͷԆͱͳΒͳ͍

ͨΊɼྗۃফඅిྗ͕গͳ͘ͳΔपൣғͰӡ༻͢Δ͜

ͱ͕ٻΊΒΕΔɽ

Ҏ্ͷΑ͏ʹɼϢʔβ͕Λରతʹૢ͍ͯ͠࡞Δ͔

൱͔ͳͲʹΑͬͯɼCPUͷಈ࡞प੍ͷՄ൱ɼCPU

ෛՙͷมԽʹର͢Δ CPUಈ࡞प੍ޚͷԠੑͷཁ

తͳܕଳͷయܞมԽ͢ΔɽͦͷͨΊຊষͰɼ͕ٻ

ΘΕํʢγφϦΦʣͱɼͦΕͧΕͷγφϦΦʹదͨ͠प

ͷ੍ํޚ๏ʹ͍ͭͯݕ౼͢Δɽ

2.1 ଳͷར༻γφϦΦͱܞ CPUͷप੍ޚ

ଳͰɼϢʔβ͕ରతʹར༻͍ͯ͠Δ߹ɼϢʔܞ

βͷମੑײͷྼԽΛ͢ࢭΔͨΊɼCPUෛՙʹैͯ͠

ಈ࡞पΛਝʹ૿Ճͤ͞Δඞཁ͕͋Δɽ͔͠͠ɼCPU

ෛՙؒ࣌͘͝Ͱେ͖͘มԽ͢ΔͨΊɼCPUෛՙͷม

Խʹରͯ͠ɼCPUͷपͱిѹΛ͘͢ैͤͨ͞

߹ɼফඅిྗେ͖͘ͳΔͨΊɼԠੑ͕ॏཁͰͳ͍

߹ඞཁҎ্ͷిྗΛফඅ͢ΔɽͦͷͨΊɼϢʔβ͕ର

తʹར༻͍ͯ͠ͳ͍ঢ়ଶΛѲ͠ɼͦͷ͚ͩؒظ CPU

ͷಈ࡞पΛ͑͘Δ͜ͱͰɼফඅిྗΛ͢ݮΔ͜

ͱ͕ՄͱͳΔɽϢʔβ͕ରతʹར༻͍ͯ͠ͳ͍͜ͱΛ

Ѳ͢ΔͨΊʹɼҰൠతʹ༻͍ΒΕΔͷσΟεϓϨΠͷ

ON/OFFͷঢ়ଶͷมԽͰ͋Δɽ

·ͣɼσΟεϓϨΠ͕ ONͷঢ়ଶͰϢʔβ͕ରతʹૢ

ͳ͍߹ʹɼWebϒϥδϯάͳͲͰϢʔβ͕͍ͯ͠࡞

ը໘Λ͍ͯ͠ࢹڽΔ߹ͱɼిڅதσΟεϓϨΠ͕ফ౮

͠ͳ͍Α͏ʹઃఆ͍ͯ͠Δ߹͕͋Δɽిڅதফඅిྗ

Λ੍͢Δඞཁੑ͕͍ɽ·ͨɼϢʔβ͕ը໘Λͯ͠ࢹڽ

͍Δؒظɼ͍ͭϢʔβ͕࣍ͷૢ࡞Λ͔͏ߦ༧ଌࠔͰ͋

ΓɼϢʔβͷૢ࡞ͷ࠶։࣌ͷϨεϙϯεԼΛආ͚ΔͨΊ

ʹɼফඅిྗ੍ͷͨΊͷಛผͳઃఆΛ͜͏ߦͱ͕ࠔ

Ͱ͋ΔɽҎ্ͷΑ͏ͳཧ༝͔ΒɼσΟεϓϨΠ͕ ONͷ

߹ CPUͷॲཧྗෆʹͳΒͳ͍Α͏ɼCPUͷಈ࡞प

Λ CPUෛՙʹରԠͯ͠ਝʹ૿Ճͤ͞Δඞཁ͕͋Δɽ

ɼσΟεϓϨΠ͕OFFͷ߹ͷͷར༻γφϦΦʹ࣍

ʹग़ճ͍ͬͯΔଟ͘ͷͰࢢࡏݱΔɽ͢౼ݕ͍ͯͭʹ

ɼσΟεϓϨΠͷ ON/OFFʹ͔͔ΘΒͣڞ௨ͷํ๏Ͱ

CPUͷप੍ߦ͕ޚΘΕ͖ͯͨͨΊɼσΟεϓϨΠ͕

OFFͷ߹ʹΞϓϦ͕ಈ͍ͯ͠࡞Δͱɼप͕ߴΊʹઃ

ఆ͞ΕΔͨΊిྗͷແବ͕ൃੜ͢Δɽ͔͠͠ɼσΟεϓϨ

Π͕ OFFʹ͍ͯ͠Δؒɼͷঢ়ଶʹؔͳ͘पΛ

੍͢Δͱར༻͢ΔΞϓϦʹΑͬͯɼ͕ൃੜ͢Δɽ

2.1.1 CPUͷॲཧྗෆ͕ͱͳΔ߹

σΟεϓϨΠΛফͨ͠ঢ়ଶͰԻָΛฉ͍͍ͯΔ߹Π

ϯλʔωοτϥδΦͷԻετϦʔϛϯάΛड৴ͯ͠

͍Δ߹ͳͲ CPUͷॲཧੑ͕ෆ͢ΔͱɼԻඈͼͷ

ൃੜɼ௨৴ͷεϧʔϓοτ͕ेಘΒΕͳ͍ͱ͍ͬͨɼ

ϢʔβͷମੑײΛஶ͘͠ଛͳ͏Մੑ͕͋Δɽͨͩ͠ɼ

͜ͷΑ͏ͳΞϓϦέʔγϣϯ࠶ੜ͢ΔσʔλΛόοϑΝ

Ϧϯά͢ΔͳͲ͓ͯ͠ΓɼϛϦඵ୯ҐͷԠͷΕ

ʹͳΒͳ͍ɽ͜ͷΑ͏ͳར༻γφϦΦͰɼෛՙʹԠͯ͡

CPUͷಈ࡞पΛ੍͢ޚΔඞཁ͕͋Δ͕ɼ͝ ؒ͘ظͷ

ෛՙͷ૿ՃʹରԠͯ͠ɼܹٸʹ CPUͷपΛ૿Ճͤ͞

Δඞཁͳ͘ɼ͋ΔఔΊͷؒظͷ CPUෛՙΛ؍ଌ͠ɼ

ͦͷॲཧྔʹԠͯ͡ CPUͷಈ࡞पΛઃఆ͢Εྑ͍ɽ

2.1.2 ͦͷଞͷར༻γφϦΦ

σΟεϓϨΠ͕ OFFͷঢ়ଶ͔ͭɼͷଂηϯαΛ

γφϦΦʹͯ·Βͳ͍هଌ͍ͯ͠Δ߹ͳͲɼ্؍

߹ɼCPUͷॲཧྗ͕ෆͯ͠Ϣʔβͷମੑײʹ

Ө͠ڹͳ͍ɽͦͷͨΊɼCPUͷಈ࡞पͷ͏ͪɼ࠷

ফඅిྗͷগͳ͍पൣғʹݶఆͯ͠ CPUΛಈ͞࡞

ͤΔ͜ͱ͕ɼফඅిྗΛ੍͢Δ্Ͱ༗ޮͱͳΔɽ

Ҏ্ͷΑ͏ͳཧ༝͔ΒɼCPUͷফඅిྗΛ͢ݮΔͨΊ

ʹɼσΟεϓϨΠͷ ON/OFFมԽɼσΟεϓϨΠ OFF

ͷϢʔβγφϦΦΛਖ਼֬ʹѲ͠ɼͦͷγφϦΦʹద࣌͠

ͨपઃఆΛ͜͏ߦͱ͕՝ͱͳΔɽද 1 ɼར༻

γφϦΦͷྨͱ CPUप੍ޚͷରԠදͰ͋ΔɽσΟ

εϓϨΠ͕ ON ͷ߹ࡏݱͷҰൠతͳઃఆͱಉ͡Ͱ͋

ΓɼσΟεϓϨΠOFFͷ߹ɼԻָ࠶ੜͳͲͷ CPUͷ

ॲཧੑෆ͕͞ڐΕͳ͍߹ͱɼͦΕҎ֎ͷ߹Λ͚

ͯɼͦΕͧΕҟͳΔ੍ޚΛ͜͏ߦͱʹΑΓɼମੑײͷ֬

อͱফඅిྗͷ͕ݮՄͱͳΔɽ
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ද 1 ར༻γφϦΦͱ CPU ༰ͷΈ߹Θͤޚ੍

ར༻γφϦΦ
CPU ͷಈ࡞पͷ੍ޚ༰

CPU ॲཧྔͷมԽʹର͢Δप੍ޚͷैੑ पͷ্ݶ੍ݶ

Ϣʔβ͕Λૢ͍ͯ͠࡞Δ߹
ؒظͷෛՙมಈʹ͘͢ैͤ͞Δ

ॲཧྗෆʹ

ʢσΟεϓϨΠ ONʣ ͳΔ͕͋ݥةΔ

߹า͖ͳ͕ΒɼԻָΛฉ͍͍ͯΔͪ࣋ ൺֱతؒظͷෛՙͷ؍ଌ݁Ռʹ
ಉ্

ʢσΟεϓϨΠ OFFɼϚϧνϝσΟΞܥͷΞϓϦར༻ʣ ɼঃʑʹมԽͤ͞Δ͖ͮج

߹า͍͍ͯΔঢ়ଶͰҐஔใΛऩू͍ͯ͠Δͪ࣋
ಉ্

प੍ݶʹΑΓ

ʢσΟεϓϨΠ OFFɼϚϧνϝσΟΞܥҎ֎ͷΞϓϦར༻ʣ ফඅిྗ͕ݮՄ

3. ैདྷख๏ͱͦͷ

εϚʔτϑΥϯͷදతͳྫͰ͋ΔAndroid[3]*1ͷΧʔ

ωϧ Linux*2 Ͱ͋Γɼଞʹ Firefox OS[4]*3, Ubuntu

phone[5]*4, Tizen[6]*5 ͳͲΧʔωϧʹ Linux Λ࠾༻

͍ͯ͠ΔɽLinux ʹ͓͚Δ CPU ͷಈ࡞पͷ੍ޚ

CPUfreq[7][8]͕ར༻ՄͰ͋ΔɽຊষͰɼLinuxͷCPU

ಈ࡞पͷ੍ߏػޚͰ͋ΔCPUfreqɼࡏݱͷAndroidʹ

͓͚Δ CPUfreqͷར༻๏͓Αͼɼطଘͷվળख๏ʹ͍ͭ

ͯड़Δɽ

3.1 CPUfreq

CPUfreqͰɼCPUͷར༻Λ؍ଌ͠ɼΧʔωϧ෦ͷ

governorͱݺΕΔϞδϡʔϧͰपΛ੍͢ޚΔɽΧʔ

ωϧ෦Ͱɼgovernor Ͱඪͱ͢Δಈ࡞पΛܾఆ

͠ɼͦͷඪपΛड͚औͬͨ CPUຖʹҟͳΔυϥΠ

όͰిݯճ࿏ΫϩοΫճ࿏Λ੍ͯ͠ޚɼCPUͷಈ࡞प

͓ΑͼిѹΛ੍͢ޚΔɽ·ͨɼCPUfreqʹ CPUͷ

ಈ࡞पͷ্͓ݶΑͼԼݶɼར༻͢Δ govenorͱ͍ͬ

௨ͷύϥϝʔλͷଞʹɼgovernorຖͷύϥϝʔλ͕ଘڞͨ

࣌Δɽ͜ΕΒͷύϥϝʔλͷΧʔωϧίϯύΠϧ͢ࡏ

ʹσϑΥϧτ͕ܾఆ͞ΕΔ͕ɼਤ 1ͷΑ͏ʹཧऀϢʔ

β͘͠ɼrootݶݖΛͭ࣋ϓϩάϥϜ͔Βಈతʹม͢ߋ

Δ͜ͱՄͰ͋Δɽ

CPUfreqͰެࣜͷΧʔωϧͰαϙʔτ͞Ε͍ͯΔ gov-

ernorʹՃ͑ͯɼಛੑͷҟͳΔଟ͘ͷ governor͕Φʔϓ

ϯιʔεͱͯ͠ެ։ [9]͞Ε͓ͯΓɼΧʔωϧʹࣗ༝ʹΈ

ΜͰར༻͢Δ͜ͱ͕ՄͰ͋Δɽͨͩ͠ɼͦͷେ෦͕ࠐ

ҎԼʹհ͢Δ governorͱ੍ޚΞϧΰϦζϜ CPUෛՙ

ͷ؍ଌͷڞ͕ํ͑ߟ௨͍ͯ͠ΔͨΊɼৄ આ໌͠ͳ͍ɽʹࡉ

3.1.1 ondemand governor

ondemand governor[10]ɼCPUར༻্͕ঢ͢Δͱɼ

CPUͷಈ࡞पΛ࠷େ·Ͱ૿Ճͤ͞Δɽͦͷޙɼঃʑ

ʹ CPUར༻Λ؍ଌ͠ͳ͕Βదͳप·ͰԼ͍͛ͯ

͘ΞϧΰϦζϜʢਤ 2ʣͰ͋ΔɽௐՄͳύϥϝʔλ

*1 ʮAndroidʯɺGoogle Inc ͷඪ·ͨొඪͰ͢ɽ
*2 ʮLinuxʯ Linus Torvalds ͷొඪͰ͢ɽࢯ
*3 ʮFirefox OSʯ Mozilla Foundation ͷඪͰ͢ɽ
*4 ʮUbuntu phoneʯ Canonical LTD ͷඪͰ͢ɽ
*5 ʮTizenʯ The Linux Foundation ͷొඪͰ͢ɽ

CPU

root

governor

CPU /

CPU ( )

CPU

conserva!ve ondemand userspace

powersave

performance

ਤ 1 CPUfreq ͷΞʔΩςΫνϟ

CPU

CPU

ਤ 2 ondemand governor ʹ͓͚Δ CPU ෛՙͱपͷؔ

ɼඪपͷࢉܭ࠶ͷִؒؒ࣌ʢsampling rateʣͱ

CPUͷಈ࡞पΛ࠷େʹ্͛Δج४ͱͳΔ CPUར༻

ʢup thresholdʣͷ 2छྨͰ͋Δɽ*6

ondemand governorͰɼૣظʹपΛҾ্͖͔͛ͯ

ΒঃʑʹपΛݮগͤ͞ΔͨΊɼCPUͷԠੑྑ͍

ͷͷɼফඅిྗେ͖͘ͳΔɽ

3.1.2 conservative governor

conservative governorɼCPUͷར༻ʹԠͯ͡ಈ࡞प

Λ૿ͤ͞ݮΔ͕ɼ૿ݮͱʹঃʑʹߦΘΕΔʢਤ 3ʣɽ

ௐՄͳύϥϝʔλɼपमਖ਼ͷִؒؒ࣌ʢsam-

pling rateʣɼ૿ݮͷൺʢfreq step : ૿Ճ/ݮগڞ௨ʣɼ૿

Ճɾݮগͷᮢʢup threshold, down thresholdʣɼप

ΛݮՄ͔൱͔ͷνΣοΫΛִؒؒ࣌͏ߦΛ૿Ճͷఆ

ΑΓ͘͢ΔͨΊͷʢsampling down factorʣͰ͋Δɽ

conservative governorͰɼCPUͷಈ࡞पͷ૿Ճ͕

؇͔ʹͳΔͨΊɼফඅిྗΊʹͳΔ߹͕ଟ͍͕ɼ

*6 ར༻ՄͳύϥϝʔλΧʔωϧͷόʔδϣϯʹΑͬͯҟͳΔɽ
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CPU

CPU

ਤ 3 conservative governor ʹ͓͚Δ CPU ෛՙͱपͷؔ

CPUෛՙ͕ٸมͨ͠ࡍͷैੑ͕ѱ͍ɽ

3.1.3 interactive governor

ondemand conservative governorͰɼेms͔Β

ඦmsͷෛՙ؍ଌ͕ؒظඞཁͰ͋ΔͨΊɼCPUෛՙྔʹ

Ԡͨ͡पʹભҠ͢Δॴཁ͕͍ؒ࣌ɽ͜Εʹରͯ͠ɼ

पͷ࠶ධՁͷִؒΛΔ͢Δ͜ͱͰɼप੍ޚͷί

ετ͕૿Ճ͢Δ͕ɼCPUෛՙྔʹԠͨ͡पʹભҠ͢

Δؒ࣌Λॖ͠ɼମੑײͷ֬อͱফඅిྗͷݮΛࢦ

͍ͯ͠Δ governor͕ interactive governor [11] Ͱ͋Δɽͨ

ͩ͠ɼinteractive govenrorͷप੍ޚͷΞϧΰϦζϜ

ondemand governorͱಉ͡Ͱ͋ΔͨΊɼCPUෛՙͷมಈ

͕େ͖͍߹ɼCPUͷಈ࡞प͕͍ߴසͰ࠷େʹͳ

ΔͨΊɼফඅిྗ͕େ͖͘ͳΔ͕͋ݥةΔɽ

3.2 ͷࡏݱ CPUfreqͷར༻๏

Linuxϕʔεͷ PCαʔόͰɼϢʔβ͕ PCͱର

తʹૢ͍ͯ͠࡞Δ͔൱͔ɼϢʔβʹΑΔૢ࡞ͷҙਤͷఆ

Λ֬อ͢Δ͜ͱ͕༰қੑײͰ͋ͬͨ͜ͱ͔Βɼମࠔ͕

ͳ ondemand governorΛར༻͍ͯ͠ΔɽεϚʔτϑΥϯ

ॳಉ͡Ͱ͕͋ͬͨɼফඅిྗݮͷඞཁੑ͕Ұൠత

ͳ PCͱൺֱͯ͠େ͖͍͜ͱ͔Βɼgovernorͷύϥϝʔλ

νϡʔχϯά͚ͩͰͳ͘ɼಠࣗʹ governorΛ֦ு͍ͯ͠

Δ߹͋Δɽͨͩ͠ɼࡏݱͷ CPUfreqͷར༻ํ๏Ͱɼ

Ϣʔβ͕ରతʹૢ͍ͯ͠࡞Δ߹Λఆͨ͠ઃఆͱͳͬ

͍ͯΔͨΊɼϢʔβ͕ରతʹར༻͍ͯ͠ͳ͍߹ͷফඅ

ిྗແବ͕େ͖͍ɽ

3.3 ैདྷͷվળख๏ͱͦͷ

લઅͰઆ໌ͨ͠ CPUfreqͷΛվળ͢ΔͨΊɼ

ͷঢ়ଶʹ߹ΘͤͯɼcpufreqͷઃఆΛΓସ͑ΔػΛ࣋

ͭख๏ʹɼLinuxʹ͓͚Δ cpufreqd[12] Androidʹ͓͚

Δ SetCPU[13] ͕͋Δɽ͜ΕΒͷख๏Ͱɼ֎෦ిڅͷ༗

ແɼಛఆͷΞϓϦͷىಈ/ऴྃɼஔͷ෦ԹɼσΟεϓ

ϨΠͷ ON/OFFͷΠϕϯτΛݕग़͠ɼ͋ΔΠϕϯτʹ

݁ͼ͚ΒΕͨ governorͷબ governorͷύϥϝʔλ

ઃఆΛ͏ߦɽ

͔͠͠ɼ͜ΕΒͷख๏ͰΠϕϯτͱઃఆΛ 1 ର 1 Ͱ

݁ͼ͚͓ͭͯΓɼঢ়ଶͷޡೝ͕ࣝൃੜ͠͏Δɽྫ͑

ɼσΟεϓϨΠONͷঢ়ଶͰԻָ࠶ੜΛ։࢝͠ɼͦͷޙɼ

σΟεϓϨΠΛOFFʹ͢ΔͱɼσΟεϓϨΠOFFͷΠϕ

ϯτʹରԠͤͨ͞ઃఆ͕༗ޮͱͳΓɼԻָ࠶ੜಠࣗͷઃఆ

Λ͜͏ߦͱ͕Ͱ͖ͳ͍ɽ·ͨɼಛఆͷΞϓϦͷىಈऴྃ

ͰઃఆΛม͢ߋΔ͜ͱͰ͖Δ͕ɼԻָ࠶ੜ͚ͩΛͱͬͯ

Έͯɼ͖͑Εͳ͍ఔͷͷΞϓϦ͕ଘ͢ࡏΔͨΊɼ͢

ͯͷΞϓϦΛϕϯμଆͰొ͢Δ͜ͱͰ͖ͣɼϢʔβ

͕ࣗͷ͏ΞϓϦΛݸʑʹొ͢Δඞཁ͕͋ΓɼϢʔβ

͕త֬ʹొ͢Δ͜ͱࠔͰ͋Δɽͭ·ΓɼࡏݱఏҊ͞

Ε͍ͯΔվળख๏ͷҎԼͷ 2ͭͰ͋Δɽ

( 1 ) σΟεϓϨΠͷঢ়ଶมԽͷΠϕϯτͷൃੜͱɼCPU

ಈ࡞प੍ޚͷ༰Λ 1ର 1ʹ݁ͼ͚͍ͭͯΔ͜ͱɽ

( 2 ) Իָ࠶ੜԻετϦʔϛϯάͷड৴ΛΞϓϦͷىಈ

ͱఀࢭͰஅ͍ͯ͠Δ͜ͱɽ

4. ఏҊख๏ͱCPUप੍ޚͷ༰

ຊڀݚͰఆ͍ͯ͠Δར༻γφϦΦΛࣝผ͠ɼCPU

ಈ࡞पͷ੍ޚ༰Λม͢ߋΔ্Ͱɼैདྷख๏ʹ 2ͭ

ͷ͕͋ͬͨɽ͜Εʹରͯ͠ɼຊڀݚͷఏҊํࣜͰɼ

ͷΑ͏ͳख๏Ͱ͜ΕΒͷͷղܾΛਤΔɽ࣍

1൪ͷʹରͯ͠ɼΠϕϯτൃੜຖʹมԽ͕ൃੜ

ͨ͠σόΠεΞϓϦͷঢ়ଶ͚ͩͰͳ͘ɼࢹରશͯͷ

ঢ়ଶͷΈ߹ΘͤͰͷར༻γφϦΦΛఆ͠ɼఆ͠

ͨγφϦΦʹରͯ͠ CPUಈ࡞पͷ੍ޚ༰ΛରԠ

͚Δ͜ͱͰղܾ͢Δɽ

2൪ͷΞϓϦͷঢ়ଶมԽΛ͢ࢹΔͷͰͳ͘ɼ

֘͢ΔछྨͷΞϓϦ͕ڞ௨ʹར༻͢Δ APIγεςϜ

αʔϏεͷঢ়ଶΛ͢ࢹΔ͜ͱͰɼݸʑͷΞϓϦΛొ͢

Δ͜ͱͳ͘ར༻γφϦΦΛఆ͢Δɽຊڀݚʹ͓͚Δ

ͷར༻γφϦΦͰɼԻָ࠶ੜετϦʔϛϯά์ૹͷड

৴։࢝ͱఀࢭΛݕग़͢Δඞཁ͕͋Δ͕ɼ͜ΕΒͷΞϓϦ

ԻΛग़ྗ͢ΔͨΊɼҰൠతʹԻσʔλͷσίʔυ

ϛΩγϯάΛ͏ߦγεςϜαʔϏεʢAndroidͷ߹

mediaserverʣΛར༻͢Δɽ͜ͷੑ࣭Λ׆༻͠ɼγεςϜ

αʔϏεͷ׆ಈΛ͢ࢹΔ͜ͱͰɼݸผΞϓϦέʔγϣϯ

ͷొͳ͠ʹɼσΟεϓϨΠ OFF࣌ͷར༻γφϦΦΛਖ਼

ࣝ͘͠ผ͢Δɽ

·ͨɼຊڀݚ։ൃͰϓϩτλΠϓͷ։ൃͱ࣮ػͰͷ

ੑධՁͨͬߦɽैͬͯɼAndroidΛ͡Ίͱͨ͠ OS

LinuxΧʔωϧͷόʔδϣϯΞοϓʹਝʹै͢ΔͨΊɼ

Χʔωϧ AndroidͷϑϨʔϜϫʔΫͷطଘΠϯλʔ

ϑΣʔεΛ׆ྗۃ༻͢ΔɽͦͷͨΊɼ࣮ࡍͷ CPU प

ޚ੍ CPUfreqΛར༻͠ɼgovernorͷΓସ͑ɼgovernor

ͷύϥϝʔλͷมߋʹΑ࣮ͬͯ͢ݱΔɽ

ਤ 4ఏҊํࣜͷγεςϜߏਤͰ͋ΔɽຊఏҊํࣜ

ɼҎԼͷ 4छྨͷϞδϡʔϧͱ 1ͭͷσʔλϕʔε͔Β

Γཱ͓ͬͯΓɼʮΞϓϦঢ়ଶػࢹʯҎ֎Androidϑ

ϨʔϜϫʔΫͱ LinuxΧʔωϧͷඪ४తͳΠϯλʔϑΣʔ

ε͚ͩΛར༻͢ΔͨΊɼΞϓϦέʔγϣϯ·ͬͨ͘վ
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cpufreq

Android

governor

governor

CPUfreq

CPUfreq

/proc conserva!ve interac!ve

CPU

/sys

CPUfreq CPUfreq

daemon

CPUfreq DB

cpufreq governor

カーネル層

ハードウェア層

Java 層

ネイティブミドルウェア層

ਤ 4 ఏҊख๏ͷγεςϜߏ

͢Δඞཁ͕ͳ͘ɼΧʔωϧ AndroidͷόʔδϣϯΞοϓ

༰қʹैͰ͖Δɽ࣌

4.1 ΞϓϦঢ়ଶػࢹ

͜ͷϞδϡʔϧɼΞϓϦέʔγϣϯʢAndroidͷ߹ɼ

Activity͓Αͼ Serviceʣͷঢ়ଶ͕มԽͨ͠߹ʢonCreate

͔Β onResumeʣʹͦΕΛݕग़ͯ͠ঢ়ଶมԽ௨αʔϏ

εʹݕग़ͨ͠ΠϕϯτΛ௨ʢIntentΛൃߦʣ͢Δɽ͜Ε

ʹΑΓɼΞϓϦͷঢ়ଶมԽ͕ଈ࣌ʹঢ়ଶมԽ௨αʔϏε

ʹ௨͞ΕΔɽ͜ͷػຊڀݚͰͨ͠࡞ࢼϓϩτλΠ

ϓͰɼAndroidͷϑϨʔϜϫʔΫΛ֦ு࣮ͯ͠Λͬߦ

ͨɽͦͷͨΊɼ༨ͳ CPUෛՙͳ͠ʹɼঢ়ଶมԽ͕ݕ

Ͱ͖Δɽ

4.2 ঢ়ଶมԽ௨αʔϏε

σΟεϓϨΠͷ ON/OFFͷมԽɼΞϓϦέʔγϣϯ

ঢ়ଶมԽͱ͍ͬͨΠϕϯτΛू͠ɼ֎෦ͷ daemonʹι

έοτܦ༝Ͱ௨͢ΔͨΊͷαʔϏεɽϓϩτλΠϓͰ

ɼAndroidৗறΞϓϦέʔγϣϯͱ࣮ͯͨ͠͠ɽ

4.3 লిྗ daemon

ͷঢ়ଶมԽ௨αʔϏε͔ΒͷΠϕϯτΛͪड͚ه্

ΔଞɼఆظతʹόοςϦྔಛఆͷϓϩηεͷ׆ಈঢ়گ

Λ͠ࢹɼ݁ࢹՌʹมԽ͕͋ͬͨ߹ʹ෦తʹΠϕ

ϯτΛൃੜͤ͞ɼΠϕϯτൃੜ࣌ͷͷঢ়ଶΛఆ͢

Δɽௐࠪ݁Ռ͔Βɼม͢ߋ͖CPUfreqͷઃఆ༰Λϧʔ

ϧ DB ͔Βఆ͠ɼϧʔϧதʹهड़͞ΕͨΞΫγϣϯͰ

CPUfreqͷઃఆΛॻ͖͑ΔɽຊڀݚͷϓϩτλΠϓͰ

ɼmediaserverͷࢹΛ͜ͷϞδϡʔϧͰߦͳ͍ͬͯΔɽ

4.4 ֎෦ΞΫηεϥΠϒϥϦ

όοςϦྔͷใɼCPUfreqؔ࿈ϑΝΠϧͷஔ͖ॴ

ɼϑΝΠϧͷϑΥʔϚοτʢঢॱͱ߱ॱͷҧ͍ʣͳͲɼ

छΧʔωϧͷόʔδϣϯʹΑΔػ I/Fͷҧ͍Λٵऩ͠ɼ

লిྗ daemonͷҠ২ੑΛߴΊΔͨΊͷϥΠϒϥϦɽ

4.5 CPUfreqઃఆ༻ϧʔϧDB

ͷϋʔυΣΞಛఆͷΞϓϦͷར༻ঢ়گͷΈ

߹ΘͤΛΠϯσοΫεͱ͠ɼCPUfreqͷ governor͓Αͼ

governorͷύϥϝʔλΛॻ͖͑ΔͨΊͷ࣮ࡍͷΞΫγϣ

ϯͷྻΛσʔλͱͯ͠อ࣋͢ΔϧʔϧΛ֨ೲ͢Δ SQLite

ଌ݁ՌͷΈ؍ͷσʔλϕʔεɽ͜ΕʹΑΓɼҙͷࣜܗ

߹ΘͤͰͷঢ়ଶΛఆ͢Δ͜ͱ͕ՄͰ͋Δɽ

4.6 ϓϩτλΠϓ

ຊڀݚͰ࣮ࡍʹಈ͢࡞ΔϓϩτλΠϓΛ։ൃ͠ɼҎ

Լͷ Λ֬ೝͨ͠ɽͨͩ͠ɼҰ෦ͷͰɼ࡞छͰಈػ6

Χʔωϧ CPUfreqʹϕϯμಠࣗͷ֦ு͕ͳ͞Ε͍ͯΔͨ

ΊɼCPU ಈ࡞पͷ্ݶ/Լݶͷઃఆ͕Ͱ͖ͳ͍ͱ

Δɽ͕͋ݶ੍͍ͨͬ

• Google Android Developer Phone2

• Google Nexus One

• Google Nexus S

• Google Galaxy Nexus

• Samsung Glaxy S

• Motorola Milestone

ɹ

4.7 प੍ޚ༰ͱͦͷܾఆํ๏

ຊఏҊख๏Ͱɼͷঢ়ଶΛݕग़ͨ͠ޙɼͷঢ়ଶ

ʹ߹Θͤͨ CPUͷपઃఆΛ CPUfreqΛ༻͍ͯ͏ߦɽ

ͭ·Γɼ͋ΔγφϦΦʹ͓͍ͯੑͷཁٻͱফඅిྗͷ

Մͳ͕ݮ governorͱύϥϝʔλͷΈ߹ΘͤΛܾఆ͠ɼ

ͦΕΛઌͷϓϩλΠϓΛ༻͍ͯͷΧʔωϧʹద༻͢

Δɽ͜͜Ͱɼఆ͢Δར༻γφϦΦʹରԠͨ͠ CPUfreq

ઃఆΛܾఆ͢Δख๏ʹ͍ͭͯड़Δɽ

ຊڀݚͰɼҎԼͷΑ͏ͳ݅Λຬͨ͢ͱͯ͠ɼ

Nexus OneΛOSΧελϜROMʢCyanogenMod7ʣ[14]

Λར༻ͨ͠ɽ·ͨɼཧతͳফඅిྗʹྲྀΕ͜Ήి

ྲྀΛଌఆͨ͠ɽ

• ར༻Մͳपͷൣғ͕͍͜ͱ
• ଟ͘ͷप͕ར༻ՄͰ͋Δ͜ͱ
• ຊతͳج governorͷ͕ͯ͢ར༻ՄͰ͋Δ͜ͱ

• γϯάϧίΞ CPUΛ͍ͯ͠ࡌΔ͜ͱ *7

• ϕϯμʹΑΔಠࣗͷ governorͷ֦ு͕ͳ͍͜ͱ

ຊڀݚ։ൃͰɼσΟεϓϨΠ͕ OFFͷ߹ʹ͓͍ͯɼ

Ϣʔβ͕ରతʹར༻͍ͯ͠Δ߹ͱɼηϯγϯάͳͲΛ

όοΫάϥϯυͰߦͳ͍ͬͯΔ߹ͷ 2௨ΓͷγφϦΦ

ʹ͓͍ͯɼCPUͷಈ࡞पͷ੍ޚ༰ΛΓସ͑Δ͜ͱ

ʹΑΓɼফඅిྗΛ͢ݮΔ͜ͱͰ͋Δɽද 3ͷΑ͏ʹɼ

*7 ϚϧνίΞ CPU ʹ͓͚ΔίΞ੍ޚͷӨڹΛഉআ͢ΔͨΊ
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ද 2 ར༻ͨ͠ϓϥοτϑΥʔϜͷใ

Ϟσϧ໊ Nexus One

CPU QSD8250

Χʔωϧ 2.6.35.7

ར༻Մͳ governor
interactive conservative userspace

powersave ondemandperformance

ඪ४ governor ondemand

ར༻ՄͳपʢkHzʣ

245000 384000 422400 460800

499200 537600 576000 614400

652800 691200 729600 768000

806400 844800 883200 921600

960000 998400

ද 3 ͷར༻γφϦΦʢσΟεϓϨΠݧ࣮ OFF ఆʣݶ࣌

γφϦΦ ΞϓϦ൪߸ ΞϓϦͷৄࡉ ແઢͷঢ়ଶ

Իָ࠶ੜ
1 Իָ࠶ੜ Ϟʔυػ

2 Իָ࠶ੜ 3G

ͦͷଞ

3 ηϯαใऔಘ Ϟʔυػ

4 ηϯαใऔಘ 3G

5 Ґஔͱηϯαऔಘ 3G

6 Ґஔใऔಘ 3G

7 ड Ϟʔυػ

8 ड 3G

ରతར༻ͷγφϦΦԻָ࠶ੜΞϓϦΛར༻͠ɼηϯγ

ϯάؔͷॲཧੑධՁ༻ʹ৽نʹΞϓϦΛ։ൃͨ͠ɽ

͞Βʹɼຊڀݚͷରը໘ OFFͷঢ়ଶͰৗ࣌όοΫά

ϥϯυͰσʔλΛऩू͢ΔΑ͏ͳར༻ํ๏Λఆ͍ͯ͠

ΔͨΊɼը໘͕ OFFͷঢ়ଶͰ CPU͕͍͖ͯىΔͷͷɼ

ΞϓϦ͕ൃ׆ʹಈ͍ͯ͠࡞ͳ͍ػঢ়ଶʢ੩ࢭडঢ়ଶʣ

σʔλΛऔಘͨ͠ɽ

4.7.1 governorͷબ

·ͣɼ֤γφϦΦͰར༻͢Δ governorΛબ͢ΔͨΊɼ

σϑΥϧτͷύϥϝʔλΛ༻͍ɼද 3ͷ֤ར༻γφ

ϦΦʹ͓͍ͯɼͲͷఔͷిྲྀ͕ి͔ΒʹྲྀΕ͜

Ή͔Λଌఆͨ͠ɽ ͜ͷଌఆʹ͓͍ͯɼར༻ͨ͠ governor

 ondemandɼconservativeɼinteractiveͷ 3छྨͰ͋Δɽ

ਤ 5֤ར༻γφϦΦʹ͓͍ͯɼondemand govenrorͰͷ

ిྲྀΛ 1ͱͨ͠߹ͷ conservative governorͱ interactive

governorͷిྲྀͷൺΛࣔͨ͠ͷͰ͋Δɽ͜ΕΛͯݟΘ

͔ΔΑ͏ʹɼinteractive governorͰɼondemand governor

ͱ΄ͱΜͲ͕ࠩͳ͍ͷʹରͯ͠ɼconservative governorͰ

Իָ࠶ੜ͕ ondemand governorΑΓిྲྀ͕େ͖͘ͳΔଞ

ɼಉ͔͡খ͘͞ͳ͍ͬͯΔͨΊɼconservative governor

Λ༻͍Δ͜ͱͱͨ͠ɽ

͜ͷΑ͏ͳ݁ՌͱͳΔཧ༝ͱͯ͠ɼinteractive governor

ɼෛՙ͕૿Ճͨ͠ࡍʹҰߴ࠷ͷपʹ͢Δ͜ͱͱɼ

ଞͷ governorΑΓִ͍ؒͰपΛม͢ߋΔͨΊɼप

ͷݮগૣ͍͕ɼಉ༷ʹසൟʹߴ࠷ͷप·Ͱ૿Ճ

͢ΔͨΊɼ͜ͷΑ͏ͳ݁Ռͱͳ͍ͬͯΔɽͦΕʹରͯ͠ɼ

conservative governorঃʑʹपΛ૿Ճͤ͞ΔͨΊɼ

CPUͷಈ࡞पؒظͷෛՙͰͦΕ΄Ͳ૿Ճͤͣɼ

ফඅిྗ͕ΊͱͳΔɽ

4.7.2 पΛ૿Ճͤ͞Δᮢ

Δִؒ͢ࢉܭ࠶ͷᮢɼपΛݮɼपͷ૿ʹ࣍

Λܾఆ͢Δඞཁ͕͋Δɽ·ͣपΛ૿Ճͤ͞Δᮢ

ʢup thresholdʣ CPUར༻ͷͰ͋Γɼ0͔Β 100·

Ͱͷʹ͢Δඞཁ͕͋Δɽप૿Ճͷᮢେ͖͍΄

͏͕प্͕͕Γʹ͘͘ͳΓফඅిྗͷ੍͕ՄͰ͋

Δɽ͔͠͠ɼ͋·Γେ͖͍ࣈʹͨ͠߹ʢྫ͑ 100ʣ

ʹɼI/Oʹ͏ׂΓࠐΈͪͰ CPU͕ؒ࣌Ͱॲཧ͕

ͳ͍ঢ়ଶʹͳͬͨ߹ɼCPUར༻ᮢΛ͑ͳ͍ͨ

Ίɼप͕૿ՃͰ͖ͳ͘ͳΔɽͦͷͨΊɼI/OͷׂΓ

ΜͰগ͠Ίͷʹ͢Δඞཁ͕͋ࠐݟΛؒ࣌Έͪͷࠐ

Δɽۙग़ՙ͞Εͨʢ8ࣾ छʣͰɼAndroidͷػ17

όʔδϣϯ্͕͕ΔʹͭΕͯɼup thresholdͷઃఆେ

͖͘ͳ͍ͬͯΔ͕ɼGingerBreadҎ߱ͷόʔδϣϯͰɼ

छΛআ͖ػ1 90͘͠ 95Ͱ͋ΔɽͦͷͨΊɼຊڀݚͰ

 up thresholdͷ 95ͱͨ͠ɽ

4.7.3 प࠶ධՁ͢Δִؒؒ࣌

ʢsamplingִؒؒ࣌ධՁ͢Δ࠶ɼपʹ࣍ rateʣʹ

Δɽਤ͑ߟ͍ͯͭ 5 ͰɼԻָ࠶ੜʹ͓͍ͯ ondemand

governorΑΓ conservative governorͷํ͕ফඅిྗ͕େ͖

͍ɽ͜ͷ߹ͷෛՙঢ়گΛ֬ೝ͢ΔͱɼԻָ࠶ੜͰ΄ͱΜ

Ͳͷؒظʹ͓͍ͯɼCPUෛՙ͕ຆͲແ͍͕ɼؒ࣌ͷߴෛ

ՙঢ়ଶ͕पظతʹݱΕ͍ͯΔɽ·ͨɼondemand governor

ͷαϯϓϦϯά͕ؒ࣌ 50msͳͷʹରͯ͠ɼconservative

governorͰ 200msͱͳ͍ͬͯΔɽͦͷͨΊɼ200msͷ

ฏۉෛՙ͕ governor ͷ down threshold Ҏ্ͱͳΔঢ়ଶ

ͰɼԻָ࠶ੜҎ֎ͷॲཧ͕ಉ࣌ʹൃੜ͠ɼҰप

͕૿Ճͯ͠͠·͏ͱɼҎޙ·ͬͨ͘प͕Լ͕Βͳ͘

ͳΔɽٯʹɼondemand governorͰ 50msͷप࠶ධ

ՁͷλΠϛϯάͰෳճपΛԼ͛Δ͜ͱ͕Ͱ͖Δͨ

Ίɼফඅిྗͷ͕ࠩൃੜ͢Δɽ͜ΕΛ͢ࢭΔͨΊʹɼ

sampling rate Λ͘͢Δ͔ɼdown threshold Λେ͖͘

͢Δඞཁ͕͋Δ͕ɼࠓճར༻ͨ͠ϓϥοτϑΥʔϜͰɼ

conservative governorͷ sampling rate࠷ʹطখͰ͋

ΔͨΊɼ͜ͷม͠ߋͳ͍ɽ

4.7.4 पΛݮগͤ͞Δᮢ

पΛݮগͤ͞Δᮢʢdown thresholdʣͰ͋Δ͕ɼ

ઌ΄ͲͷԻָ࠶ੜͷྫͷΑ͏ʹɼ͜ͷͳΔ͘େ͖͍

ํ͕লిྗͱͳΔɽͦͷͨΊɼdown thresholdͷՄͳ

গ͞ݮΊΔɽҰൠతʹɼपΛٻΑΓʹࢉܭେΛ࠷

ͤͨ߹ʹɼભҠઌपʹ͓͚Δप૿ՃᮢҎ্ͷ

ͳΔʢҎԼͷ͕ࣜຬͨ͞Εͨ߹ʣͱɼप͕ʹྔࣄ

Լͨ࣍͠ͷपධՁͷλΠϛϯάͰɼपΛ૿Ճ͞

ͤΔఆ͕͞Εɼ݁ Ռͱͯ͠प͕ৼಈ͢Δ͕͋ݥةΔɽ

ͭ·ΓɼCPUͷಈ࡞पΛ͍ํ͔Βॱʹ f0, f1...fnͱ

͢Δͱɼ࣍ͷ͕ࣜຬͨ͞ΕΔ͜ͱ͕ͳ͍Α͏ʹ֤ᮢΛઃ
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アプリ番号

ਤ 5 σϑΥϧτύϥϝʔλʹΑΔ֤ governor ͷফඅిྲྀಛੑ

0

100

200

300

400

500

600

700

800

900

1000

12 20 28 36 44 52 60 down_threshold の値

ਤ 6 पݮগͷᮢΛมԽͤͨ͞߹ͷฏۉपͷಛੑ

ද 4 conservative governor ͷύϥϝʔλ

ύϥϝʔλ ඪ४ มޙߋ

प૿Ճᮢ (up threshold) 76 95

पݮগᮢ (down threshold) 12 60

पݟִؒ͠ (sampling rate) 200 200

पมߋ 5 5

पͷ্ݶʢkHzʣ
998400 384000

ʢҰ෦ͷγφϦΦͷΈʣ

ఆ͢Δඞཁ͕͋Δɽ

fk × up threshold ≤ fk+1 × down threshold

ͦͷͨΊɼͰར༻ՄͳपͷϦετͱઌʹܾఆ͠

ͨ up threshodl ͷΛ༻͍ͯɼଟগͷෛՙͷଌఆ͕ࠩޡ

͋ͬͯɼ্ͷ͕ࣜຬͨΕΔ͜ͱ͕ͳ͍ͷ্ݶͱͯ͠

60Λࢉग़ͨ͠ɽ࣍ʹɼ֬ೝͷͨΊԻָ࠶ੜͷ߹ͷ CPU

ͷಈ࡞पͷฏۉͱ down thresholdͷؔΛଌఆ͠

ͨɽਤ 6͔ΒΘ͔ΔΑ͏ʹɼdown thresholdͷ͕ 28Ҏ

্Ͱ͋ΕɼCPUͷಈ࡞पे੍͢Δ͜ͱ͕Ͱ

͖ɼফඅిྗͷظ͕ݮͰ͖Δɽ

ଞͷར༻γφϦΦͰɼCPUͷॲཧྗ͕ෆͯ͠ɼ

Ϣʔβͷར༻ײʹӨ͠ڹͳ͍ͨΊɼԻָ࠶ੜͱಉ͘͡

conservative governorΛ࠾༻্ͨ͠Ͱɼ͞ΒʹɼCPUͷಈ

େΛ੍͢Δ͜ͱͱ͠ɼද࠷पͷ࡞ 4ͷΑ͏ʹύϥ

ϝʔλΛ֬ఆͨ͠ɽ

ද 5 ిྲྀͷଌఆ݁Ռ

governor ondemand conservative interactive

प੍ݶ ͳ͠ ͳ͠ ͋Γ ͳ͠

ΞϓϦ൪߸ ిྲྀ ൺ ൺ ൺ ൺ

1 70.11 1 1.00 — 1.04

2 74.78 1 0.99 — 0.98

3 7.92 1 — 0.58 1.27

4 14.09 1 — 0.65 0.96

5 20.31 1 — 0.62 0.94

6 18.99 1 — 0.66 0.93

7 7.74 1 — 0.39 1.02

8 12.17 1 — 0.55 1.05

ද 6 ฏۉपͱ࠷पͷൺ

governor ondemand conservative interactive

प੍ݶ ͳ͠ ͳ͠ ͋Γ ͳ͠

ΞϓϦ൪߸ ൺ ൺ ൺ ൺ

1 1.34 1.00 — 1.08

2 1.07 1.00 — 1.06

3 1.64 — 1 1.69

4 1.55 — 1 1.74

5 1.19 — 1 1.39

6 1.20 — 1 1.34

7 1.66 — 1 1.60

8 1.57 — 1 1.86

5. ධՁ

ຊষͰɼσΟεϓϨΠΛOFFʹ͍ͯ͠Δঢ়ଶͰར༻͞

ΕΔయܕతͳΞϓϦέʔγϣϯʹରͯ͠ɼ࠷దԽͨ͠ઃఆ

Λ͜͏ߦͱͰɼͲͷఔফඅిྗΛ͢ݮΔ͜ͱ͕ՄͰ

͋Δ͔Λ࣮ࡍͷͷফඅిྗͷଌఆ݁ՌʹΑͬͯࣔ͢ɽ

5.1 ଌఆରͷγφϦΦͱଌఆख๏

ຊධՁͰɼ4.7અͱಉ͡ΞϓϦʢද 3ʣΛ༻͍ͯܭଌ

ͨ͠ɽͨͩ͠ɼిྲྀଌఆճ࿏Λʹଓ͓ͯ͠Γɼ֎

ʹ͓͚Δ GPSଌҐ͕ࠔͰ͋ΔͨΊɼ3Gͷແઢجہ

ͷใΛ༻͍ͨଌҐʹݶఆͨ͠ɽ·ͨɼ༧͠ظͳ͍ແઢ௨

৴ʹΑΓɼফඅిྗ͕มԽ͢Δ͜ͱΛ͢ࢭΔͨΊɼεέ

δϡʔϧͳͲͷಉظͱ͍ͬͨॲཧ੍͍ͯ͠Δɽ

ऩूͨ͠σʔλɼʮͲͷपͰͲΕ͚ͩͷؒ࣌ಈ࡞

͔ͨ͠ʯͷ౷ܭσʔλɼ͓Αͼɼʮి͔ΒྲྀΕͨిྲྀͷ࣮

ଌʯͷ 2छྨͰ͋Δɽ͜Εʹ͍ͭͯɼ4.7અͱಉ͡Ͱ

͋Δ͕ɼΑΓਫ਼Λ্͛ΔͨΊɼ֤γφϦΦຖʹ ؒ࣌2

ͷσʔλΛ 10ճऩू͠ɼฏۉΛٻΊ͍ͯΔɽ

5.2 ফඅిྗ

ද 5ిྲྀͷଌఆ݁ՌͰ͋ΔɽԻָ࠶ੜ࣌Ҏ֎ gover-

norͷύϥϝʔλνϡʔχϯά্ݶपͷ੍ʹΑΓɼ

ফඅిྲྀΛ 30ʙ40%ఔݮՄͰ͋Δͷʹରͯ͠ɼԻָ

࣌ੜͰফඅిྲྀͷ͕ࠩຆͲແ͍ɽ·ͨɼड࠶ 45%ʙ
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େ࠷ 60%ఔݮͰ͖͍ͯΔɽ

ද 6 ɼଌఆ࣌ͷฏۉͷಈ࡞पͱ࠷प

ʢ245MHzʣͱͷൺͰ͋Δɽ͜ͷදதͷʹ͓͍ͯɼʮ1.00ʯ

 1ΑΓେ͖͍ɼʮ1ʯৗ࣌ར༻Մͳ࠷ͷप

ʢ245MHzʣͰಈ͍ͨͯ͜͠࡞ͱΛ͍ࣔͯ͠Δɽconser-

vative governorͰɼgovernorઃఆͷར༻Մपͷࠩ

ͱ freq stepͷੵΛ༻͍ΔͨΊɼ্ݶपͷมߋɼप

ͷมԽͷ͖ͷมԽͤ͞Δಇ͖͕͋Γɼؒظ CPU

ෛՙ͕͍ߴঢ়ଶ͕ଓ͔ͳ͍͔͗Γप্͕͕Βͳ͍ͨ

Ίɼ͜ͷΑ͏ͳ݁ՌͱͳΔɽ

͜ͷද͔ΒɼԻָ࠶ੜҎ֎ͷͯ͢ͷγφϦΦʹ͓͍

ͯɼνϡʔχϯάޙͷ conservative governorͰ CPUಈ࡞

पͷ্ݶΛ੍ͨ͠߹࠷ͷपͰಈͯ͠࡞

͓Γɼిྲྀͷࠩ CPUҎ֎ͷճ࿏ʹ͓͚ΔফඅిྗʹΑ

ΔͷͰ͋Δ͜ͱ͕Θ͔Δɽ͜ͷΑ͏ʹɼ্ݶपΛ

੍ͨ͠߹ʹɼप͕࠷पͰݻఆ͞ΕΔͷҎԼ

ͷΑ͏ͳཧ༝Ͱ͋Δɽ

conservative governorͰɼपม࣌ߋͷ෯Λ͢ࢉܭ

Δ߹ʹɼΧʔωϧͷαϙʔτ͢Δ࠷େͷपͰͳ͘ɼ

governorઃఆͷ্ݶपͱपมߋͷੵΛ༻͍Δͨ

Ίɼ্ݶपͷมߋɼपͷมԽͷ͖ͷมԽͤ͞

Δಇ͖͕͋Γɼؒظ CPUෛՙ͕͍ߴঢ়ଶ͕ଓ͔ͳ͍͔

͗Γɼप্͕͕Βͳ͍ɽҎ্ͷ governorͷੑ࣭ͷͨ

Ίɼ͜ͷΑ͏ͳ݁ՌͱͳΔɽ

·ͨɼԻָ࠶ੜʹ͍ͭͯɼondemandͱ conservative

governorͰɼconservative governorप͕͘

ͳΔͷͷɼফඅిྗಉ͡ͱͳ͍ͬͯΔɽ͜ͷཧ༝ͱ͠

ͯɼԻָ࠶ੜͰར༻͞ΕΔ DSPΞφϩάճ࿏ͷফඅి

ྗ͕େ͖͘ɼCPU ͷిྗͷ͕ࠩຒͯ͠͠·͏͜ͱͱɼ

CPUͷॲཧྔൺֱతఆৗతͳෛՙͱͳΔɽͦͷͨΊɼ2

ྔࣄΔͱɼ΄΅ಉҰͷपͱ͢ࢉܭΛۉͷฏؒ࣌

ͱͳΔͨΊͰ͋Δɽ

ຊఏҊํࣜͰɼෳͷՕॴͰଟ͘ͷঢ়ଶͷࢹ

Λߦͳ͍ͬͯΔ͕ɼdaemonຊମΛআ͘ͱɼΠϕϯτ͕ൃੜ

ͨ͠߹ͷΈՃͷॲཧ͕࣮͞ߦΕΔͨΊɼͦ Ε΄Ͳ CPU

ෛՙ૿Ճ͠ͳ͍ɽٯʹ daemonɼඵʹҰճϓϩηε

ͷಈ࡞ঢ়گ CPUͷར༻ͷνΣοΫ͢ΔͨΊɼෛՙͷ

૿Ճʹ͍ిྗফඅ૿Ճ͢Δɽ͔͠͠ɼফඅిྲྀͷଌఆ

݁Ռ͔ΒΘ͔ΔΑ͏ʹɼఏҊख๏ͷಈ࡞ʹΑͬͯ૿Ճ͢Δ

ిྗΑΓγεςϜͷిྗઃఆΛ੍͢ޚΔ͜ͱʹΑΔిྗ

ճΔͱ͍͏݁Ռ͕ಘΒΕͨɽ্͕ݮ

6. ·ͱΊ

ຊڀݚͰɼεϚʔτϑΥϯͷফඅిྗΛ੍͢ΔͨΊɼ

ͷঢ়ଶͷ؍ଌ݁ՌʹԠͯ͡ CPUͷಈ࡞पΛ੍ޚ

͢Δɽ͜ͷख๏ͰɼΛରతʹར༻͍ͯ͠ͳ͍߹

ʹண͠ɼయܕతͳͷγφϦΦʹ͓͍ͯڞ௨ͳͷঢ়ଶ

ʹண͠ɼͦͷΈ߹ΘͤͰͷγφϦΦΛఆ͢Δɽ

͜ͷγφϦΦʹରͯ͠ɼCPUઃఆΛ݁ͼ͚ͭͨσʔλϕʔ

εΛ༻ҙ͠ɼͷঢ়ଶͷ݁ࢹՌ͔ΒରԠ͢Δ CPUप

ͷ੍ޚઃఆΛܾఆ͠ɼOSͷΧʔωϧʹઃఆ͢Δɽ

·ͨɼఏҊख๏ͷϓϩτλΠϓΛ։ൃ͠ɼGoogle Nexus

OneΛ༻͍ɼʹి͔ΒྲྀΕࠐΉిྲྀͱɼCPUͷಈ࡞

पͷଌఆͯ͠ੑΛධՁͨ͠ɽ͜ͷධՁͷ݁ՌɼσΟ

εϓϨΠ͕ OFFͰηϯαྨΛಡΈग़͍ͯ͠Δঢ়ଶͰɼ

30%ʙ40%ఔʹྲྀΕࠐΉిྲྀ͕ݮͰ͖Δ্ɼσΟ

εϓϨΠOFF͔͕ͭεϦʔϓͰ͖ͳ͍ঢ়ଶʢडʣঢ়

ଶͰ࠷େ 60%ͷిྗ͕ݮͰ͖ͨɽ
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