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໺࿊ ਖ਼໌1,a) ௕୩઒ ӳ1࢘ ଜ্ ַੜ1 ্࿨ా ప1 দຊ ୡ࿠1
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༺దԽ͢Δैདྷͷख๏͕ར࠷Λྗిͯ͠ޚ೉Ͱ͋ΔͨΊɼCPUͷप೾਺ΛΞϓϦ͔Β੍ࠔΔ͔༧ଌ΋͢ߦ

Ͱ͖ͳ͍ͨΊɼফඅిྗͷ཈੍͕ࠔ೉Ͱ͋Δɽ͔͠͠ɼܞଳ୺຤ʹ͓͍ͯɼফඅిྗͱϢʔβͷମੑײೳ

Λཱ྆ͤ͞ΔͨΊʹ͸ɼ୺຤ͷར༻͞Ε͍ͯΔঢ়گΛೝࣝ͠ɼͦͷঢ়ࣜํޚ੍ͨͬ͋ʹگΛ༻͍Δඞཁ͕

͋Δɽ͜Εʹରͯ͠ࡏݱͷεϚʔτϑΥϯͰ͸ɼCPUෛՙʹԠͯ͡प೾਺ͱిѹΛ੍͕͖ͨͯ͠ޚɼର࿩

తʹར༻͢Δ৔߹ͷମੑײೳ֬อͷͨΊͷઃఆͱͳ͍ͬͯΔͨΊɼফඅిྗͷແବ͕ൃੜ͢Δɽ͜ͷ໰୊

ʹରͯ͠ෳ਺ͷվળख๏͕ଘ͢ࡏΔ͕ɼ͜ΕΒͷख๏Ͱ͸ɼ୺຤ͷঢ়ଶΛਖ਼͘͠ೝࣝͰ͖ͳ͍৔߹͕͋Δ

্ɼݸʑͷΞϓϦʹର͢Δप೾਺ઃఆΛϢʔβ͕͏ߦඞཁ͕͋ΔͳͲͷ໰୊͕͋ΔɽຊڀݚͰ͸ɼ୺຤ͷ

पลثػ΍ΞϓϦͷঢ়ଶมԽʹՃ͑ɼεϚʔτϑΥϯͷγεςϜαʔϏεͷ׆ಈঢ়گΛ؍ଌ͠ɼͦΕΒ؍

ଌ݁Ռͷ૊Έ߹Θͤͱप೾਺੍ޚͷઃఆΛରԠ෇͚Δ DBΛ༻͍Δ͜ͱͰɼ୺຤ͷঢ়ଶΛਖ਼͘͠೺Ѳ͠ɼ

ઃఆมߋΛ͏ߦɽ·ͨ Android࡞ࢼʹ͚޲Λ͍ߦɼ࣮ػʹΑΔධՁͰిྗͷޮݮ࡟ՌΛ֬ೝͨ͠ɽ

ΩʔϫʔυɿCPUfreqɼεϚʔτϑΥϯɼAndroidɼলిྗ

1. എܠ

৔ʹ౤ࢢछ͕ػɼεϚʔτϑΥϯ͸ඇৗʹଟ਺ͷࡏݱ

ೖ͞Ε͓ͯΓɼγΣΞ΋ٸ଎ʹ֦େ͍ͯ͠Δɽ͔͠͠ɼε

ϚʔτϑΥϯ͸ϑΟʔνϟʔϑΥϯͱൺֱͯ͠ফඅిྗେ

͖͍͜ͱ͕஌ΒΕ͍ͯΔɽͦͷཧ༝ͱͯ͠ɼεϚʔτϑΥ

ϯ͸ɼ೚ҙͷΞϓϦΛμ΢ϯϩʔυͯ͠ΠϯετʔϧՄೳ

Ͱ͋Δ͜ͱͱɼඇৗʹଟ͘ͷػछ͕ଘ͢ࡏΔͨΊɼΞϓϦ

έʔγϣϯ։ൃऀ΋୺຤։ൃऀͷ૒ํ͞ߦ࣮ʹڞΕΔ୺຤

΍ΞϓϦΛݶఆ͢Δ͜ͱ͕Ͱ͖ͣɼͲͷΞϓϦ͕Ͳͷఔ౓

ͷ CPUೳྗ͕ඞཁ͔Λࣄલʹଌఆ͓͖ͯ͠ɼCPUͷಈ࡞

प೾਺Λ࠷దԽ͢Δͱ͍͏ϑΟʔνϟʔϑΥϯͷख๏Λ༻

͍Δ͜ͱ͕Ͱ͖ͳ͍ɽ

·ͨɼεϚʔτϑΥϯ͕ී࢝͠ٴΊͨ౰ॳ͸ɼσΟεϓ

ϨΠ͕ OFFͷؒظʹಈ͢࡞ΔΞϓϦέʔγϣϯ͸ɼϝʔ

ϧͷண৴νΣοΫͳͲগ਺ͷछྨʹݶΒΕɼCPU͕ಈ࡞

͢Δؒ࣌΋ඇৗʹ୹͔ͬͨͨΊɼ͜ͷؒظͷফඅిྗ͸͋

·Γண໨͞Ε͍ͯͳ͔ͬͨɽҎ্ͷΑ͏ͳཧ༝ʹΑΓɼै

དྷͷεϚʔτϑΥϯͰ͸σΟεϓϨΠ͕ ONͷঢ়ଶͰϢʔ
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β͕ର࿩తʹར༻͍ͯ͠Δঢ়گͰͷମੑײೳͷ֬อͱফඅ

ిྗͷ͕ݮ࡟Մೳͳ CPUͷಈ࡞प೾਺ͷઃఆ͕ͳ͞Εͯ

͓ΓɼσΟεϓϨΠ͕ OFFͷؒظ΋ಉ͡ઃఆͰ͋Δɽ

Ұํɼεέδϡʔϧ΍৔ॴʹԠͯ͡৘ใΛఏ͢ڙΔαʔ

Ϗε ༺΋αʔϏεͷछྨɼརޙࠓΓͭͭ͋Γɼ͕޿͕[2][1]

ऀͷ૿Ճ͕༧૝͞ΕΔɽ͜ͷΑ͏ͳαʔϏεͰ͸ɼϢʔβ

తʹηϯαͷ஋ΛಡΈऔͱΓɼϢʔظଳ͢Δ୺຤͸ఆܞ͕

βͷ৘ใΛऔಘͯ͠αʔόʹૹ৴͢Δɽ͜ͷΑ͏ͳঢ়گͰ

͸ɼϢʔβ͕ର࿩తʹར༻͍ͯ͠ͳ͍͕ɼ୺຤͕׆ಈͯ͠

͍Δ͕ؒظΑΓ૿Ճ͢ΔͨΊɼফඅిྗͷ཈੍͕ΑΓٻΊ

ΒΕΔ͜ͱͱͳΔɽҰൠʹࡏݱͷܞଳ୺຤͸ը໘Λ͚ͭ

ͯɼର࿩తʹૢ͍ͯ͠࡞Δ࣌ʹదͨ͠प೾਺੍ޚΛߦͳͬ

͍ͯΔͨΊɼର࿩తʹૢ͍ͯ͠࡞ͳ͍৔߹ͷిྗͷແବ͕

େ͖͍ɽͦͷͨΊɼిྗͷແବΛ͢ݮ࡟Δ্Ͱղ͘΂͖՝

୊͸ɼ࣮ߦதͷ୺຤ͷঢ়ଶΛݕग़͠ɼࡏݱͷঢ়ଶʹదͨ͠

ిྗઃఆΛ൑ఆ͠ɼૉૣ͘ద༻͢Δ͜ͱͰ͋Δɽ

ຊڀݚͰ͸ɼϢʔβͷମੑײೳΛ֬อͭͭ͠ফඅిྗΛ

ଳ୺຤ͰσΟεϓϨΠΛܞΔͨΊɼ͢ݮ࡟ OFFʹ͍ͯ͠

Δঢ়ଶͰ΋ಈ͖ଓ͚ΔΞϓϦέʔγϣϯͷछྨ͕ݶΒΕΔ

ͱڞʹɼΞϓϦέʔγϣϯͷछྨຖͷڞ௨ͷಛੑ͕͋Δ͜

ͱΛར༻ͯ͠ɼϢʔβʹΑΔΞϓϦͷొ࿥ແ͠ʹ୺຤ঢ়ଶ

Λ൑ఆ͠ɼঢ়گʹ͋ͬͨ CPUͷप೾਺ઃఆΛ͏ߦɽ
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2. ޚΘΕํͱCPUͷप೾਺੍࢖ଳ୺຤ͷܞ

प೾਺ͱిѹΛϓϩάϥϜ͔Β੍࡞ͷCPUͰ͸ɼಈࡏݱ

Δ͢ޚ (DVFS:Dynamic Voltage and Frequency Scaling)

͜ͱ͕ՄೳͰ͋ΔɽCPUͷফඅిྗ͸࣮ࡍͷࢉܭʹར༻

͞ΕΔిྗʹՃ͑ͯɼ࿙ΕిྲྀʹΑࣦͬͯΘΕΔిྗͷ߹

प೾਺͓Αͼిѹͷ࡞Ͱ͋Δ͕ɼফඅిྗ͸ಈܭ 2৐ʹൺ

ྫ͢ΔɽͦͷͨΊɼಈ࡞प೾਺͕૿Ճ͢Δʹ൐͍ফඅిྗ

͸૿Ճ͢Δ͕ɼ͋Δप೾਺Λ௒͑ͨͱ͜ΖͰফඅిྗ͕େ

͖͘૿Ճ͢Δɽ͜Ε͸ɼόε౳ͷपลճ࿏ͷप೾਺͕૿Ճ

͢ΔͨΊͰ͋Δɽ͞Βʹप೾਺͕૿Ճ͢Δͱɼ͋Δप೾਺

Ͱ CPUͷফඅిྗ͕ܹٸʹ૿Ճ͢Δɽ͜Ε͸ɼ͋Δप೾

਺ΛڥʹඞཁͱͳΔిѹ্͕ঢ͢ΔͨΊͰ͋ΔɽҎ্ͷ͜

ͱ͔Βɼ࠷΋ిྗతʹ༗རͱͳΔͷ͸ɼCPUͷಈ࡞प೾਺

Λಈి࡞ѹ΍όεͷप೾਺Λ૿Ճͤ͞Δඞཁͷͳ͍ൣғͩ

ఆͯ͠ར༻͢Δ͜ͱͰ͋Δɽݶʹ͚

ҰํɼCPUͷಈ࡞प೾਺ͷ্ݶ஋Λ੍͠ݶɼిѹ΍ό

εͷप೾਺Λ૿Ճͤ͞ͳ͍Α͏ʹͨ͠ঢ়ଶͰ͸ɼॲཧʹ࣌

ؒతͳ͕͋ݶظΔ৔߹ʹ໰୊͕ൃੜ͢Δɽྫ͑͹ɼεϚʔ

τϑΥϯͷλονύωϧΛϢʔβ͕ର࿩తʹૢ͍ͯ͠࡞Δ

৔߹ɼCPUͷॲཧೳྗ͕ෆ଍͢ΔͱɼϙΠϯλͷಈ͖͕ࢦ

ͷಈ͖ΑΓ஗ΕΔɼը໘ͷॻ͖͑׵ॲཧ͕ը໘ͷߋ৽ʹؒ

ʹ߹Θͳ͘ͳΔͳͲͷ໰୊͕ൃੜ͢ΔɽͦͷҰํͰɼը໘

͕ফ͍͑ͯΔঢ়ଶͰҐஔ৘ใ౳Λఆظతʹαʔόʹૹ৴͢

ΔΑ͏ͳ༻్Ͱ͸ɼ୹ظతͳॲཧͷ஗Ԇ͸໰୊ͱͳΒͳ͍

ͨΊɼྗۃফඅిྗ͕গͳ͘ͳΔप೾਺ൣғͰӡ༻͢Δ͜

ͱ͕ٻΊΒΕΔɽ

Ҏ্ͷΑ͏ʹɼϢʔβ͕୺຤Λର࿩తʹૢ͍ͯ͠࡞Δ͔

൱͔ͳͲʹΑͬͯɼCPUͷಈ࡞प೾਺཈੍ͷՄ൱ɼCPU

ෛՙͷมԽʹର͢Δ CPUಈ࡞प೾਺੍ޚͷԠ౴ੑ΁ͷཁ

࢖తͳܕଳ୺຤ͷయܞมԽ͢ΔɽͦͷͨΊຊষͰ͸ɼ͕ٻ

ΘΕํʢγφϦΦʣͱɼͦΕͧΕͷγφϦΦʹదͨ͠प೾

਺ͷ੍ํޚ๏ʹ͍ͭͯݕ౼͢Δɽ

2.1 ଳ୺຤ͷར༻γφϦΦͱܞ CPUͷप೾਺੍ޚ

ଳ୺຤Ͱ͸ɼϢʔβ͕ର࿩తʹར༻͍ͯ͠Δ৔߹ɼϢʔܞ

βͷମੑײೳͷྼԽΛ๷͢ࢭΔͨΊɼCPUෛՙʹ௥ैͯ͠

ಈ࡞प೾਺Λਝ଎ʹ૿Ճͤ͞Δඞཁ͕͋Δɽ͔͠͠ɼCPU

ෛՙ͸͘͝୹ؒ࣌Ͱେ͖͘มԽ͢ΔͨΊɼCPUෛՙͷม

Խʹରͯ͠ɼCPUͷप೾਺ͱిѹΛ͢͹΍͘௥ैͤͨ͞

৔߹ɼফඅిྗ͸େ͖͘ͳΔͨΊɼԠ౴ੑೳ͕ॏཁͰͳ͍

৔߹͸ඞཁҎ্ͷిྗΛফඅ͢ΔɽͦͷͨΊɼϢʔβ͕ର

࿩తʹར༻͍ͯ͠ͳ͍ঢ়ଶΛ೺Ѳ͠ɼͦͷ͚ͩؒظ CPU

ͷಈ࡞प೾਺Λ௿͘཈͑Δ͜ͱͰɼফඅిྗΛ͢ݮ࡟Δ͜

ͱ͕ՄೳͱͳΔɽϢʔβ͕ର࿩తʹར༻͍ͯ͠ͳ͍͜ͱΛ

೺Ѳ͢ΔͨΊʹɼҰൠతʹ༻͍ΒΕΔͷ͸σΟεϓϨΠͷ

ON/OFFͷঢ়ଶͷมԽͰ͋Δɽ

·ͣɼσΟεϓϨΠ͕ ONͷঢ়ଶͰϢʔβ͕ର࿩తʹૢ

ͳ͍৔߹ʹ͸ɼWebϒϥ΢δϯάͳͲͰϢʔβ͕͍ͯ͠࡞

ը໘Λ͍ͯ͠ࢹڽΔ৔߹ͱɼిڅத͸σΟεϓϨΠ͕ফ౮

͠ͳ͍Α͏ʹઃఆ͍ͯ͠Δ৔߹͕͋Δɽిڅத͸ফඅిྗ

Λ཈੍͢Δඞཁੑ͕௿͍ɽ·ͨɼϢʔβ͕ը໘Λͯ͠ࢹڽ

͍Δؒظ͸ɼ͍ͭϢʔβ͕࣍ͷૢ࡞Λ͔͏ߦ༧ଌࠔ೉Ͱ͋

ΓɼϢʔβͷૢ࡞ͷ࠶։࣌ͷϨεϙϯε௿ԼΛආ͚ΔͨΊ

ʹ͸ɼফඅిྗ཈੍ͷͨΊͷಛผͳઃఆΛ͜͏ߦͱ͕ࠔ೉

Ͱ͋ΔɽҎ্ͷΑ͏ͳཧ༝͔ΒɼσΟεϓϨΠ͕ ONͷ৔

߹͸ CPUͷॲཧೳྗෆ଍ʹͳΒͳ͍Α͏ɼCPUͷಈ࡞प

೾਺Λ CPUෛՙʹରԠͯ͠ਝ଎ʹ૿Ճͤ͞Δඞཁ͕͋Δɽ

ɼσΟεϓϨΠ͕OFFͷ৔߹ͷ୺຤ͷར༻γφϦΦʹ࣍

৔ʹग़ճ͍ͬͯΔଟ͘ͷ୺຤ͰࢢࡏݱΔɽ͢౼ݕ͍ͯͭʹ

͸ɼσΟεϓϨΠͷ ON/OFFʹ͔͔ΘΒͣڞ௨ͷํ๏Ͱ

CPUͷप೾਺੍ߦ͕ޚΘΕ͖ͯͨͨΊɼσΟεϓϨΠ͕

OFFͷ৔߹ʹΞϓϦ͕ಈ͍ͯ͠࡞Δͱɼप೾਺͕ߴΊʹઃ

ఆ͞ΕΔͨΊిྗͷແବ͕ൃੜ͢Δɽ͔͠͠ɼσΟεϓϨ

Π͕ OFFʹ͍ͯ͠Δؒɼ୺຤ͷঢ়ଶʹؔ܎ͳ͘प೾਺Λ

཈੍͢Δͱར༻͢ΔΞϓϦʹΑͬͯ͸ɼ໰୊͕ൃੜ͢Δɽ

2.1.1 CPUͷॲཧೳྗෆ଍͕໰୊ͱͳΔ৔߹

σΟεϓϨΠΛফͨ͠ঢ়ଶͰԻָΛฉ͍͍ͯΔ৔߹΍Π

ϯλʔωοτϥδΦ౳ͷԻ੠ετϦʔϛϯάΛड৴ͯ͠

͍Δ৔߹ͳͲ͸ CPUͷॲཧੑೳ͕ෆ଍͢ΔͱɼԻඈͼͷ

ൃੜ΍ɼ௨৴ͷεϧʔϓοτ͕े෼ಘΒΕͳ͍ͱ͍ͬͨɼ

ϢʔβͷମੑײೳΛஶ͘͠ଛͳ͏Մೳੑ͕͋Δɽͨͩ͠ɼ

͜ͷΑ͏ͳΞϓϦέʔγϣϯ͸࠶ੜ͢ΔσʔλΛόοϑΝ

Ϧϯά͢ΔͳͲ͓ͯ͠ΓɼϛϦඵ୯ҐͷԠ౴ͷ஗Ε͸໰୊

ʹͳΒͳ͍ɽ͜ͷΑ͏ͳར༻γφϦΦͰ͸ɼෛՙʹԠͯ͡

CPUͷಈ࡞प೾਺Λ੍͢ޚΔඞཁ͕͋Δ͕ɼ͝ ͘୹ؒظͷ

ෛՙͷ૿ՃʹରԠͯ͠ɼܹٸʹ CPUͷप೾਺Λ૿Ճͤ͞

Δඞཁ͸ͳ͘ɼ͋Δఔ౓௕Ίͷؒظͷ CPUෛՙΛ؍ଌ͠ɼ

ͦͷॲཧྔʹԠͯ͡ CPUͷಈ࡞प೾਺Λઃఆ͢Ε͹ྑ͍ɽ

2.1.2 ͦͷଞͷར༻γφϦΦ

σΟεϓϨΠ͕ OFFͷঢ়ଶ͔ͭɼ୺຤ͷ಺ଂηϯαΛ

γφϦΦʹ౰ͯ͸·Βͳ͍৔هଌ͍ͯ͠Δ৔߹ͳͲɼ্؍

߹͸ɼCPUͷॲཧೳྗ͕ෆ଍ͯ͠΋Ϣʔβͷମੑײೳʹ

͸Ө͠ڹͳ͍ɽͦͷͨΊɼCPUͷಈ࡞प೾਺ͷ͏ͪɼ࠷

΋ফඅిྗͷগͳ͍प೾਺ൣғʹݶఆͯ͠ CPUΛಈ͞࡞

ͤΔ͜ͱ͕ɼফඅిྗΛ཈੍͢Δ্Ͱ༗ޮͱͳΔɽ

Ҏ্ͷΑ͏ͳཧ༝͔ΒɼCPUͷফඅిྗΛ͢ݮ࡟ΔͨΊ

ʹ͸ɼσΟεϓϨΠͷ ON/OFFมԽɼσΟεϓϨΠ OFF

ͷϢʔβγφϦΦΛਖ਼֬ʹ೺Ѳ͠ɼͦͷγφϦΦʹద࣌͠

ͨप೾਺ઃఆΛ͜͏ߦͱ͕՝୊ͱͳΔɽද 1 ͸ɼ୺຤ར༻

γφϦΦͷ෼ྨͱ CPUप೾਺੍ޚͷରԠදͰ͋ΔɽσΟ

εϓϨΠ͕ ON ͷ৔߹͸ࡏݱͷҰൠతͳઃఆͱಉ͡Ͱ͋

ΓɼσΟεϓϨΠOFFͷ৔߹͸ɼԻָ࠶ੜͳͲͷ CPUͷ

ॲཧੑೳෆ଍͕͞ڐΕͳ͍৔߹ͱɼͦΕҎ֎ͷ৔߹Λ෼͚

ͯɼͦΕͧΕҟͳΔ੍ޚΛ͜͏ߦͱʹΑΓɼମੑײೳͷ֬

อͱফඅిྗͷ͕ݮ࡟ՄೳͱͳΔɽ
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ද 1 ୺຤ར༻γφϦΦͱ CPU ಺༰ͷ૊Έ߹Θͤޚ੍

୺຤ར༻γφϦΦ
CPU ͷಈ࡞प೾਺ͷ੍ޚ಺༰

CPU ॲཧྔͷมԽʹର͢Δप೾਺੍ޚͷ௥ैੑ प೾਺ͷ্ݶ஋੍ݶ

Ϣʔβ͕୺຤Λૢ͍ͯ͠࡞Δ৔߹
୹ؒظͷෛՙมಈʹ͢͹΍͘௥ैͤ͞Δ

ॲཧೳྗෆ଍ʹ

ʢσΟεϓϨΠ ONʣ ͳΔ͕͋ݥةΔ

߹า͖ͳ͕ΒɼԻָ౳Λฉ͍͍ͯΔ৔ͪ࣋ ൺֱత௕ؒظͷෛՙͷ؍ଌ݁Ռʹ
ಉ্

ʢσΟεϓϨΠ OFFɼϚϧνϝσΟΞܥͷΞϓϦར༻ʣ ɼঃʑʹมԽͤ͞Δ͖ͮج

߹า͍͍ͯΔঢ়ଶͰҐஔ৘ใ౳Λऩू͍ͯ͠Δ৔ͪ࣋
ಉ্

प೾਺੍ݶʹΑΓ

ʢσΟεϓϨΠ OFFɼϚϧνϝσΟΞܥҎ֎ͷΞϓϦར༻ʣ ফඅిྗ͕ݮ࡟Մೳ

3. ैདྷख๏ͱͦͷ໰୊఺

εϚʔτϑΥϯͷ୅දతͳྫͰ͋ΔAndroid[3]*1ͷΧʔ

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

phone[5]*4, Tizen[6]*5 ͳͲ΋Χʔωϧʹ Linux Λ࠾༻

͍ͯ͠ΔɽLinux ʹ͓͚Δ CPU ͷಈ࡞प೾਺ͷ੍ޚ͸

CPUfreq[7][8]͕ར༻ՄೳͰ͋ΔɽຊষͰ͸ɼLinuxͷCPU

ಈ࡞प೾਺ͷ੍ߏػޚͰ͋ΔCPUfreqɼࡏݱͷAndroidʹ

͓͚Δ CPUfreqͷར༻๏͓Αͼɼطଘͷվળख๏ʹ͍ͭ

ͯड़΂Δɽ

3.1 CPUfreq

CPUfreqͰ͸ɼCPUͷར༻཰Λ؍ଌ͠ɼΧʔωϧ಺෦ͷ

governorͱݺ͹ΕΔϞδϡʔϧͰप೾਺Λ੍͢ޚΔɽΧʔ

ωϧ಺෦Ͱ͸ɼgovernor Ͱ໨ඪͱ͢Δಈ࡞प೾਺Λܾఆ

͠ɼͦͷ໨ඪप೾਺Λड͚औͬͨ CPUຖʹҟͳΔυϥΠ

όͰిݯճ࿏΍ΫϩοΫճ࿏Λ੍ͯ͠ޚɼCPUͷಈ࡞प

೾਺͓ΑͼిѹΛ੍͢ޚΔɽ·ͨɼCPUfreqʹ͸ CPUͷ

ಈ࡞प೾਺ͷ্͓ݶΑͼԼݶ஋ɼར༻͢Δ govenorͱ͍ͬ

௨ͷύϥϝʔλͷଞʹɼgovernorຖͷύϥϝʔλ͕ଘڞͨ

࣌Δɽ͜ΕΒͷύϥϝʔλͷ஋͸ΧʔωϧίϯύΠϧ͢ࡏ

ʹσϑΥϧτ஋͕ܾఆ͞ΕΔ͕ɼਤ 1ͷΑ͏ʹ؅ཧऀϢʔ

β΋͘͠͸ɼrootݶݖΛͭ࣋ϓϩάϥϜ͔Βಈతʹม͢ߋ

Δ͜ͱ΋ՄೳͰ͋Δɽ

CPUfreqͰ͸ެࣜͷΧʔωϧͰαϙʔτ͞Ε͍ͯΔ gov-

ernorʹՃ͑ͯɼಛੑͷҟͳΔ਺ଟ͘ͷ governor͕Φʔϓ

ϯιʔεͱͯ͠ެ։ [9]͞Ε͓ͯΓɼΧʔωϧʹࣗ༝ʹ૊Έ

ΜͰར༻͢Δ͜ͱ͕ՄೳͰ͋Δɽͨͩ͠ɼͦͷେ෦෼͕ࠐ

ҎԼʹ঺հ͢Δ governorͱ੍ޚΞϧΰϦζϜ΍ CPUෛՙ

ͷ؍ଌͷڞ͕ํ͑ߟ௨͍ͯ͠ΔͨΊɼৄ ͸આ໌͠ͳ͍ɽʹࡉ

3.1.1 ondemand governor

ondemand governor[10]͸ɼCPUར༻཰্͕ঢ͢Δͱɼ

CPUͷಈ࡞प೾਺Λ࠷େ·Ͱ૿Ճͤ͞Δɽͦͷޙɼঃʑ

ʹ CPUར༻཰Λ؍ଌ͠ͳ͕Βద੾ͳप೾਺·ͰԼ͍͛ͯ

͘ΞϧΰϦζϜʢਤ 2ʣͰ͋Δɽௐ੔Մೳͳύϥϝʔλ

*1 ʮAndroidʯ͸ɺGoogle Inc ͷ঎ඪ·ͨ͸ొ࿥঎ඪͰ͢ɽ
*2 ʮLinuxʯ͸ Linus Torvalds ͷొ࿥঎ඪͰ͢ɽࢯ
*3 ʮFirefox OSʯ͸ Mozilla Foundation ͷ঎ඪͰ͢ɽ
*4 ʮUbuntu phoneʯ͸ Canonical LTD ͷ঎ඪͰ͢ɽ
*5 ʮTizenʯ͸ The Linux Foundation ͷొ࿥঎ඪͰ͢ɽ

CPU

root

governor

CPU /

CPU ( )

CPU

conserva!ve ondemand userspace

powersave

performance

ਤ 1 CPUfreq ͷΞʔΩςΫνϟ

CPU

CPU

ਤ 2 ondemand governor ʹ͓͚Δ CPU ෛՙͱप೾਺ͷؔ܎

͸ɼ໨ඪप೾਺ͷࢉܭ࠶ͷִؒؒ࣌ʢsampling rateʣͱ

CPUͷಈ࡞प೾਺Λ࠷େʹ্͛Δج४ͱͳΔ CPUར༻཰

ʢup thresholdʣͷ 2छྨͰ͋Δɽ*6

ondemand governorͰ͸ɼૣظʹप೾਺ΛҾ্͖͔͛ͯ

Βঃʑʹप೾਺Λݮগͤ͞ΔͨΊɼCPUͷԠ౴ੑ͸ྑ͍

΋ͷͷɼফඅిྗ͸େ͖͘ͳΔɽ

3.1.2 conservative governor

conservative governor͸ɼCPUͷར༻཰ʹԠͯ͡ಈ࡞प

೾਺Λ૿ͤ͞ݮΔ͕ɼ૿ݮͱ΋ʹঃʑʹߦΘΕΔʢਤ 3ʣɽ

ௐ੔Մೳͳύϥϝʔλ͸ɼप೾਺मਖ਼ͷִؒؒ࣌ʢsam-

pling rateʣɼ૿ݮͷൺ཰ʢfreq step : ૿Ճ/ݮগڞ௨ʣɼ૿

Ճɾݮগͷᮢ஋ʢup threshold, down thresholdʣɼप೾਺

Λݮ࡟Մೳ͔൱͔ͷνΣοΫΛִؒؒ࣌͏ߦΛ૿Ճͷ൑ఆ

ΑΓ௕͘͢ΔͨΊͷ܎਺ʢsampling down factorʣͰ͋Δɽ

conservative governorͰ͸ɼCPUͷಈ࡞प೾਺ͷ૿Ճ͕

؇΍͔ʹͳΔͨΊɼফඅిྗ͸௿ΊʹͳΔ৔߹͕ଟ͍͕ɼ

*6 ར༻Մೳͳύϥϝʔλ͸ΧʔωϧͷόʔδϣϯʹΑͬͯҟͳΔɽ
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CPU

CPU

ਤ 3 conservative governor ʹ͓͚Δ CPU ෛՙͱप೾਺ͷؔ܎

CPUෛՙ͕ٸมͨ͠ࡍͷ௥ैੑ͕ѱ͍ɽ

3.1.3 interactive governor

ondemand΍ conservative governorͰ͸ɼ਺ेms͔Β

਺ඦmsͷෛՙ؍ଌ͕ؒظඞཁͰ͋ΔͨΊɼCPUෛՙྔʹ

Ԡͨ͡प೾਺ʹભҠ͢Δॴཁ͕ؒ࣌௕͍ɽ͜Εʹରͯ͠ɼ

प೾਺ͷ࠶ධՁͷִؒΛ୹Δ͢Δ͜ͱͰɼप೾਺੍ޚͷί

ετ͕૿Ճ͢Δ͕ɼCPUෛՙྔʹԠͨ͡प೾਺ʹભҠ͢

Δؒ࣌Λ୹ॖ͠ɼମੑײೳͷ֬อͱফඅిྗͷݮ࡟Λ໨ࢦ

͍ͯ͠Δ governor͕ interactive governor [11] Ͱ͋Δɽͨ

ͩ͠ɼinteractive govenrorͷप೾਺੍ޚͷΞϧΰϦζϜ͸

ondemand governorͱಉ͡Ͱ͋ΔͨΊɼCPUෛՙͷมಈ

͕େ͖͍৔߹ɼCPUͷಈ࡞प೾਺͕͍ߴස౓Ͱ࠷େʹͳ

ΔͨΊɼফඅిྗ͕େ͖͘ͳΔ͕͋ݥةΔɽ

3.2 ͷࡏݱ CPUfreqͷར༻๏

Linuxϕʔεͷ PC΍αʔόͰ͸ɼϢʔβ͕ PCͱର࿩

తʹૢ͍ͯ͠࡞Δ͔൱͔ɼϢʔβʹΑΔૢ࡞ͷҙਤͷ൑ఆ

ೳΛ֬อ͢Δ͜ͱ͕༰қੑײ೉Ͱ͋ͬͨ͜ͱ͔Βɼମࠔ͕

ͳ ondemand governorΛར༻͍ͯ͠ΔɽεϚʔτϑΥϯ

΋౰ॳ͸ಉ͡Ͱ͕͋ͬͨɼফඅిྗݮ࡟ͷඞཁੑ͕Ұൠత

ͳ PCͱൺֱͯ͠େ͖͍͜ͱ͔Βɼgovernorͷύϥϝʔλ

νϡʔχϯά͚ͩͰͳ͘ɼಠࣗʹ governorΛ֦ு͍ͯ͠

Δ৔߹΋͋Δɽͨͩ͠ɼࡏݱͷ CPUfreqͷར༻ํ๏Ͱ͸ɼ

Ϣʔβ͕ର࿩తʹૢ͍ͯ͠࡞Δ৔߹Λ૝ఆͨ͠ઃఆͱͳͬ

͍ͯΔͨΊɼϢʔβ͕ର࿩తʹར༻͍ͯ͠ͳ͍৔߹ͷফඅ

ిྗ͸ແବ͕େ͖͍ɽ

3.3 ैདྷͷվળख๏ͱͦͷ໰୊఺

લઅͰઆ໌ͨ͠ CPUfreqͷ໰୊Λվળ͢ΔͨΊɼ୺຤

ͷঢ়ଶʹ߹ΘͤͯɼcpufreqͷઃఆΛ੾Γସ͑ΔػೳΛ࣋

ͭख๏ʹɼLinuxʹ͓͚Δ cpufreqd[12]΍ Androidʹ͓͚

Δ SetCPU[13] ͕͋Δɽ͜ΕΒͷख๏Ͱ͸ɼ֎෦ిڅͷ༗

ແɼಛఆͷΞϓϦͷىಈ/ऴྃɼ૷ஔͷ಺෦Թ౓ɼσΟεϓ

ϨΠͷ ON/OFF౳ͷΠϕϯτΛݕग़͠ɼ͋ΔΠϕϯτʹ

݁ͼ෇͚ΒΕͨ governorͷબ୒΍ governorͷύϥϝʔλ

ઃఆΛ͏ߦɽ

͔͠͠ɼ͜ΕΒͷख๏Ͱ͸ΠϕϯτͱઃఆΛ 1 ର 1 Ͱ

݁ͼ͚͓ͭͯΓɼ୺຤ঢ়ଶͷޡೝ͕ࣝൃੜ͠͏Δɽྫ͑

͹ɼσΟεϓϨΠONͷঢ়ଶͰԻָ࠶ੜΛ։࢝͠ɼͦͷޙɼ

σΟεϓϨΠΛOFFʹ͢ΔͱɼσΟεϓϨΠOFFͷΠϕ

ϯτʹରԠͤͨ͞ઃఆ͕༗ޮͱͳΓɼԻָ࠶ੜಠࣗͷઃఆ

Λ͜͏ߦͱ͕Ͱ͖ͳ͍ɽ·ͨɼಛఆͷΞϓϦͷىಈ΍ऴྃ

ͰઃఆΛม͢ߋΔ͜ͱ͸Ͱ͖Δ͕ɼԻָ࠶ੜ͚ͩΛͱͬͯ

Έͯ΋ɼ਺͖͑Εͳ͍ఔͷ਺ͷΞϓϦ͕ଘ͢ࡏΔͨΊɼ͢

΂ͯͷΞϓϦΛϕϯμଆͰొ࿥͢Δ͜ͱ͸Ͱ͖ͣɼϢʔβ

͕ࣗ෼ͷ͏࢖ΞϓϦΛݸʑʹొ࿥͢Δඞཁ͕͋ΓɼϢʔβ

͕త֬ʹొ࿥͢Δ͜ͱ΋ࠔ೉Ͱ͋Δɽͭ·ΓɼࡏݱఏҊ͞

Ε͍ͯΔվળख๏ͷ໰୊఺͸ҎԼͷ 2ͭͰ͋Δɽ

( 1 ) σΟεϓϨΠͷঢ়ଶมԽ౳ͷΠϕϯτͷൃੜͱɼCPU

ಈ࡞प೾਺੍ޚͷ಺༰Λ 1ର 1ʹ݁ͼ͚͍ͭͯΔ͜ͱɽ

( 2 ) Իָ࠶ੜ΍Ի੠ετϦʔϛϯάͷड৴ΛΞϓϦͷىಈ

ͱఀࢭͰ൑அ͍ͯ͠Δ͜ͱɽ

4. ఏҊख๏ͱCPUप೾਺੍ޚͷ಺༰

ຊڀݚͰ૝ఆ͍ͯ͠Δ୺຤ར༻γφϦΦΛࣝผ͠ɼCPU

ಈ࡞प೾਺ͷ੍ޚ಺༰Λม͢ߋΔ্Ͱɼैདྷख๏ʹ͸ 2ͭ

ͷ໰୊఺͕͋ͬͨɽ͜Εʹରͯ͠ɼຊڀݚͷఏҊํࣜͰ͸ɼ

ͷΑ͏ͳख๏Ͱ͜ΕΒͷ໰୊ͷղܾΛਤΔɽ࣍

1൪໨ͷ໰୊ʹରͯ͠͸ɼΠϕϯτൃੜຖʹมԽ͕ൃੜ

ͨ͠σόΠε΍ΞϓϦͷঢ়ଶ͚ͩͰͳ͘ɼࢹ؂ର৅શͯͷ

ঢ়ଶͷ૊Έ߹ΘͤͰ୺຤ͷར༻γφϦΦΛ൑ఆ͠ɼ൑ఆ͠

ͨγφϦΦʹରͯ͠ CPUಈ࡞प೾਺ͷ੍ޚ಺༰ΛରԠ෇

͚Δ͜ͱͰղܾ͢Δɽ

2൪໨ͷ໰୊͸ΞϓϦͷঢ়ଶมԽΛ͢ࢹ؂ΔͷͰ͸ͳ͘ɼ

֘౰͢ΔछྨͷΞϓϦ͕ڞ௨ʹར༻͢Δ API΍γεςϜ

αʔϏεͷঢ়ଶΛ͢ࢹ؂Δ͜ͱͰɼݸʑͷΞϓϦΛొ࿥͢

Δ͜ͱͳ͘ར༻γφϦΦΛ൑ఆ͢Δɽຊڀݚʹ͓͚Δ୺຤

ͷར༻γφϦΦͰ͸ɼԻָ࠶ੜ΍ετϦʔϛϯά์ૹͷड

৴։࢝ͱఀࢭΛݕग़͢Δඞཁ͕͋Δ͕ɼ͜ΕΒͷΞϓϦ

͸Ի੠Λग़ྗ͢ΔͨΊɼҰൠతʹԻ੠σʔλͷσίʔυ

΍ϛΩγϯάΛ͏ߦγεςϜαʔϏεʢAndroidͷ৔߹͸

mediaserverʣΛར༻͢Δɽ͜ͷੑ࣭Λ׆༻͠ɼγεςϜ

αʔϏεͷ׆ಈΛ͢ࢹ؂Δ͜ͱͰɼݸผΞϓϦέʔγϣϯ

ͷొ࿥ͳ͠ʹɼσΟεϓϨΠ OFF࣌ͷར༻γφϦΦΛਖ਼

ࣝ͘͠ผ͢Δɽ

·ͨɼຊڀݚ։ൃͰ͸ϓϩτλΠϓͷ։ൃͱ࣮ػͰͷ

ੑೳධՁͨͬߦɽैͬͯɼAndroidΛ͸͡Ίͱͨ͠ OS΍

LinuxΧʔωϧͷόʔδϣϯΞοϓʹਝ଎ʹ௥ै͢ΔͨΊɼ

Χʔωϧ΍ Android౳ͷϑϨʔϜϫʔΫͷطଘΠϯλʔ

ϑΣʔεΛ׆ྗۃ༻͢ΔɽͦͷͨΊɼ࣮ࡍͷ CPU प೾਺

͸ޚ੍ CPUfreqΛར༻͠ɼgovernorͷ੾Γସ͑ɼgovernor

ͷύϥϝʔλͷมߋʹΑ࣮ͬͯ͢ݱΔɽ

ਤ 4͸ఏҊํࣜͷγεςϜߏ੒ਤͰ͋ΔɽຊఏҊํࣜ

͸ɼҎԼͷ 4छྨͷϞδϡʔϧͱ 1ͭͷσʔλϕʔε͔Β

੒Γཱ͓ͬͯΓɼʮΞϓϦঢ়ଶػࢹ؂ೳʯҎ֎͸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

΋༰қʹ௥ैͰ͖Δɽ࣌

4.1 ΞϓϦঢ়ଶػࢹ؂ೳ

͜ͷϞδϡʔϧ͸ɼΞϓϦέʔγϣϯʢAndroidͷ৔߹ɼ

Activity͓Αͼ Serviceʣͷঢ়ଶ͕มԽͨ͠৔߹ʢonCreate

͔Β onResume౳ʣʹͦΕΛݕग़ͯ͠ঢ়ଶมԽ௨஌αʔϏ

εʹݕग़ͨ͠ΠϕϯτΛ௨஌ʢIntentΛൃߦʣ͢Δɽ͜Ε

ʹΑΓɼΞϓϦͷঢ়ଶมԽ͕ଈ࣌ʹঢ়ଶมԽ௨஌αʔϏε

ʹ௨஌͞ΕΔɽ͜ͷػೳ͸ຊڀݚͰͨ͠࡞ࢼϓϩτλΠ

ϓͰ͸ɼAndroidͷϑϨʔϜϫʔΫΛ֦ு࣮ͯ͠૷Λͬߦ

ͨɽͦͷͨΊɼ༨෼ͳ CPUෛՙͳ͠ʹɼঢ়ଶมԽ͕ݕ஌

Ͱ͖Δɽ

4.2 ঢ়ଶมԽ௨஌αʔϏε

σΟεϓϨΠͷ ON/OFFͷมԽ΍ɼΞϓϦέʔγϣϯ

ঢ়ଶมԽͱ͍ͬͨΠϕϯτΛू໿͠ɼ֎෦ͷ daemonʹι

έοτܦ༝Ͱ௨஌͢ΔͨΊͷαʔϏεɽϓϩτλΠϓͰ

͸ɼAndroidৗறΞϓϦέʔγϣϯͱ࣮ͯ͠૷ͨ͠ɽ

4.3 লిྗ daemon

ͷঢ়ଶมԽ௨஌αʔϏε͔ΒͷΠϕϯτΛ଴ͪड͚ه্

ΔଞɼఆظతʹόοςϦྔ࢒΍ಛఆͷϓϩηεͷ׆ಈঢ়گ

Λ͠ࢹ؂ɼ݁ࢹ؂ՌʹมԽ͕͋ͬͨ৔߹ʹ಺෦తʹΠϕ

ϯτΛൃੜͤ͞ɼΠϕϯτൃੜ࣌ͷ୺຤ͷঢ়ଶΛ൑ఆ͢

Δɽௐࠪ݁Ռ͔Βɼม͢ߋ΂͖CPUfreqͷઃఆ಺༰Λϧʔ

ϧ DB ͔Β൑ఆ͠ɼϧʔϧதʹهड़͞ΕͨΞΫγϣϯͰ

CPUfreqͷઃఆΛॻ͖͑׵ΔɽຊڀݚͷϓϩτλΠϓͰ

͸ɼmediaserverͷࢹ؂Λ͜ͷϞδϡʔϧͰߦͳ͍ͬͯΔɽ

4.4 ֎෦ΞΫηεϥΠϒϥϦ

όοςϦྔ࢒ͷ৘ใɼCPUfreqؔ࿈ϑΝΠϧͷஔ͖৔ॴ

΍ɼϑΝΠϧͷϑΥʔϚοτʢঢॱͱ߱ॱͷҧ͍ʣͳͲɼ

छ΍ΧʔωϧͷόʔδϣϯʹΑΔػ I/Fͷҧ͍Λٵऩ͠ɼ

লిྗ daemonͷҠ২ੑΛߴΊΔͨΊͷϥΠϒϥϦɽ

4.5 CPUfreqઃఆ༻ϧʔϧDB

୺຤ͷϋʔυ΢ΣΞ΍ಛఆͷΞϓϦͷར༻ঢ়گͷ૊Έ

߹ΘͤΛΠϯσοΫεͱ͠ɼCPUfreqͷ governor͓Αͼ

governorͷύϥϝʔλΛॻ͖͑׵ΔͨΊͷ࣮ࡍͷΞΫγϣ

ϯͷྻΛσʔλͱͯ͠อ࣋͢ΔϧʔϧΛ֨ೲ͢Δ SQLite

ଌ݁Ռͷ૊Έ؍ͷσʔλϕʔεɽ͜ΕʹΑΓɼ೚ҙͷࣜܗ

߹ΘͤͰ୺຤ͷঢ়ଶΛ൑ఆ͢Δ͜ͱ͕ՄೳͰ͋Δɽ

4.6 ϓϩτλΠϓ

ຊڀݚͰ͸࣮ࡍʹಈ͢࡞ΔϓϩτλΠϓΛ։ൃ͠ɼҎ

Լͷ Λ֬ೝͨ͠ɽͨͩ͠ɼҰ෦ͷ୺຤Ͱ͸ɼ࡞छͰಈػ6

Χʔωϧ CPUfreqʹϕϯμಠࣗͷ֦ு͕ͳ͞Ε͍ͯΔͨ

ΊɼCPU ಈ࡞प೾਺ͷ্ݶ/Լݶ஋ͷઃఆ͕Ͱ͖ͳ͍ͱ

Δɽ͕͋ݶ੍͍ͨͬ

• Google Android Developer Phone2

• Google Nexus One

• Google Nexus S

• Google Galaxy Nexus

• Samsung Glaxy S

• Motorola Milestone

ɹ

4.7 प೾਺੍ޚ಺༰ͱͦͷܾఆํ๏

ຊఏҊख๏Ͱ͸ɼ୺຤ͷঢ়ଶΛݕग़ͨ͠ޙɼ୺຤ͷঢ়ଶ

ʹ߹Θͤͨ CPUͷप೾਺ઃఆΛ CPUfreqΛ༻͍ͯ͏ߦɽ

ͭ·Γɼ͋ΔγφϦΦʹ͓͍ͯੑೳͷཁٻͱফඅిྗͷ࡟

Մೳͳ͕ݮ governorͱύϥϝʔλͷ૊Έ߹ΘͤΛܾఆ͠ɼ

ͦΕΛઌͷϓϩλΠϓΛ༻͍ͯ୺຤ͷΧʔωϧʹద༻͢

Δɽ͜͜Ͱ͸ɼ૝ఆ͢Δར༻γφϦΦʹରԠͨ͠ CPUfreq

ઃఆΛܾఆ͢Δख๏ʹ͍ͭͯड़΂Δɽ

ຊڀݚͰ͸ɼҎԼͷΑ͏ͳ৚݅Λຬͨ͢୺຤ͱͯ͠ɼ

Nexus OneΛOS͸ΧελϜROMʢCyanogenMod7ʣ[14]

Λར༻ͨ͠ɽ·ͨɼ෺ཧతͳফඅిྗ͸୺຤ʹྲྀΕ͜Ήి

ྲྀΛଌఆͨ͠ɽ

• ར༻Մೳͳप೾਺ͷൣғ͕͍͜޿ͱ
• ଟ͘ͷप೾਺͕ར༻ՄೳͰ͋Δ͜ͱ
• ຊతͳج governorͷ͢΂͕ͯར༻ՄೳͰ͋Δ͜ͱ

• γϯάϧίΞ CPUΛ౥͍ͯ͠ࡌΔ͜ͱ *7

• ୺຤ϕϯμʹΑΔಠࣗͷ governorͷ֦ு͕ͳ͍͜ͱ

ຊڀݚ։ൃͰ͸ɼσΟεϓϨΠ͕ OFFͷ৔߹ʹ͓͍ͯɼ

Ϣʔβ͕ର࿩తʹར༻͍ͯ͠Δ৔߹ͱɼηϯγϯάͳͲΛ

όοΫάϥ΢ϯυͰߦͳ͍ͬͯΔ৔߹ͷ 2௨ΓͷγφϦΦ

ʹ͓͍ͯɼCPUͷಈ࡞प೾਺ͷ੍ޚ಺༰Λ੾Γସ͑Δ͜ͱ

ʹΑΓɼফඅిྗΛ͢ݮ࡟Δ͜ͱͰ͋Δɽද 3ͷΑ͏ʹɼ

*7 ϚϧνίΞ CPU ʹ͓͚ΔίΞ੍ޚͷӨڹΛഉআ͢ΔͨΊ
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ද 2 ར༻ͨ͠ϓϥοτϑΥʔϜͷ৘ใ

Ϟσϧ໊ Nexus One

CPU QSD8250

Χʔωϧ 2.6.35.7

ར༻Մೳͳ governor
interactive conservative userspace

powersave ondemandperformance

ඪ४ governor ondemand

ར༻Մೳͳप೾਺ʢkHzʣ

245000 384000 422400 460800

499200 537600 576000 614400

652800 691200 729600 768000

806400 844800 883200 921600

960000 998400

ද 3 ͷ୺຤ར༻γφϦΦʢσΟεϓϨΠݧ࣮ OFF ఆʣݶ࣌

γφϦΦ ΞϓϦ൪߸ ΞϓϦͷৄࡉ ແઢͷঢ়ଶ

Իָ࠶ੜ౳
1 Իָ࠶ੜ ಺Ϟʔυػ

2 Իָ࠶ੜ 3G

ͦͷଞ

3 ηϯα৘ใऔಘ ಺Ϟʔυػ

4 ηϯα৘ใऔಘ 3G

5 Ґஔͱηϯαऔಘ 3G

6 Ґஔ৘ใऔಘ 3G

7 ଴ड ಺Ϟʔυػ

8 ଴ड 3G

ର࿩తར༻ͷγφϦΦ͸Իָ࠶ੜΞϓϦΛར༻͠ɼηϯγ

ϯάؔ܎ͷॲཧ͸ੑೳධՁ༻ʹ৽نʹΞϓϦΛ։ൃͨ͠ɽ

͞Βʹɼຊڀݚͷର৅͸ը໘ OFFͷঢ়ଶͰৗ࣌όοΫά

ϥ΢ϯυͰσʔλΛऩू͢ΔΑ͏ͳར༻ํ๏Λ૝ఆ͍ͯ͠

ΔͨΊɼը໘͕ OFFͷঢ়ଶͰ CPU͕͍͖ͯىΔ΋ͷͷɼ

ΞϓϦ͕ൃ׆ʹಈ͍ͯ͠࡞ͳ͍଴ػঢ়ଶʢ੩ࢭ଴डঢ়ଶʣ

΋σʔλΛऔಘͨ͠ɽ

4.7.1 governorͷબ୒

·ͣɼ֤γφϦΦͰར༻͢Δ governorΛબ୒͢ΔͨΊɼ

σϑΥϧτͷύϥϝʔλΛ༻͍ɼද 3ͷ֤୺຤ར༻γφ

ϦΦʹ͓͍ͯɼͲͷఔ౓ͷిྲྀ͕ి஑͔Β୺຤ʹྲྀΕ͜

Ή͔Λଌఆͨ͠ɽ ͜ͷଌఆʹ͓͍ͯɼར༻ͨ͠ governor

͸ ondemandɼconservativeɼinteractiveͷ 3छྨͰ͋Δɽ

ਤ 5͸֤ར༻γφϦΦʹ͓͍ͯɼondemand govenrorͰͷ

ిྲྀΛ 1ͱͨ͠৔߹ͷ conservative governorͱ interactive

governorͷిྲྀ஋ͷൺΛࣔͨ͠΋ͷͰ͋Δɽ͜ΕΛͯݟΘ

͔ΔΑ͏ʹɼinteractive governorͰ͸ɼondemand governor

ͱ΄ͱΜͲ͕ࠩͳ͍ͷʹରͯ͠ɼconservative governorͰ

͸Իָ࠶ੜ͕ ondemand governorΑΓిྲྀ͕େ͖͘ͳΔଞ

͸ɼಉ͔͡খ͘͞ͳ͍ͬͯΔͨΊɼconservative governor

Λ༻͍Δ͜ͱͱͨ͠ɽ

͜ͷΑ͏ͳ݁ՌͱͳΔཧ༝ͱͯ͠ɼinteractive governor

͸ɼෛՙ͕૿Ճͨ͠ࡍʹҰ౓ߴ࠷ͷप೾਺ʹ͢Δ͜ͱͱɼ

ଞͷ governorΑΓ୹ִ͍ؒͰप೾਺Λม͢ߋΔͨΊɼप

೾਺ͷݮগ΋ૣ͍͕ɼಉ༷ʹසൟʹߴ࠷ͷप೾਺·Ͱ૿Ճ

͢ΔͨΊɼ͜ͷΑ͏ͳ݁Ռͱͳ͍ͬͯΔɽͦΕʹରͯ͠ɼ

conservative governor͸ঃʑʹप೾਺Λ૿Ճͤ͞ΔͨΊɼ

CPUͷಈ࡞प೾਺͸୹ؒظͷෛՙͰ͸ͦΕ΄Ͳ૿Ճͤͣɼ

ফඅిྗ͕௿ΊͱͳΔɽ

4.7.2 प೾਺Λ૿Ճͤ͞Δᮢ஋

Δִؒ͢ࢉܭ࠶ͷᮢ஋ɼप೾਺Λݮɼप೾਺ͷ૿ʹ࣍

౳Λܾఆ͢Δඞཁ͕͋Δɽ·ͣप೾਺Λ૿Ճͤ͞Δᮢ஋

ʢup thresholdʣ͸ CPUར༻཰ͷ஋Ͱ͋Γɼ0͔Β 100·

Ͱͷ੔਺ʹ͢Δඞཁ͕͋Δɽप೾਺૿Ճͷᮢ஋͸େ͖͍΄

͏͕प೾਺্͕͕Γʹ͘͘ͳΓফඅిྗͷ཈੍͕ՄೳͰ͋

Δɽ͔͠͠ɼ͋·Γେ͖͍਺ࣈʹͨ͠৔߹ʢྫ͑͹ 100ʣ

ʹɼI/Oʹ൐͏ׂΓࠐΈ଴ͪͰ CPU͕୹ؒ࣌Ͱ΋ॲཧ͕

ͳ͍ঢ়ଶʹͳͬͨ৔߹ɼCPUར༻཰͸ᮢ஋Λ௒͑ͳ͍ͨ

Ίɼप೾਺͕૿ՃͰ͖ͳ͘ͳΔɽͦͷͨΊɼI/O౳ͷׂΓ

ΜͰগ͠௿Ίͷ஋ʹ͢Δඞཁ͕͋ࠐݟΛؒ࣌Έ଴ͪ౳ͷࠐ

Δɽۙ೥ग़ՙ͞Εͨ୺຤ʢ8ࣾ छʣͰ͸ɼAndroidͷػ17

όʔδϣϯ্͕͕ΔʹͭΕͯɼup thresholdͷઃఆ஋΋େ

͖͘ͳ͍ͬͯΔ͕ɼGingerBreadҎ߱ͷόʔδϣϯͰ͸ɼ

छΛআ͖ػ1 90΋͘͠͸ 95Ͱ͋ΔɽͦͷͨΊɼຊڀݚͰ

΋ up thresholdͷ஋͸ 95ͱͨ͠ɽ

4.7.3 प೾਺࠶ධՁ͢Δִؒؒ࣌

ʢsamplingִؒؒ࣌ධՁ͢Δ࠶ɼप೾਺ʹ࣍ rateʣʹ

Δɽਤ͑ߟ͍ͯͭ 5 Ͱ͸ɼԻָ࠶ੜʹ͓͍ͯ ondemand

governorΑΓ conservative governorͷํ͕ফඅిྗ͕େ͖

͍ɽ͜ͷ৔߹ͷෛՙঢ়گΛ֬ೝ͢ΔͱɼԻָ࠶ੜͰ͸΄ͱΜ

Ͳͷؒظʹ͓͍ͯɼCPUෛՙ͕ຆͲແ͍͕ɼ୹ؒ࣌ͷߴෛ

ՙঢ়ଶ͕पظతʹݱΕ͍ͯΔɽ·ͨɼondemand governor

ͷαϯϓϦϯά͕ؒ࣌ 50msͳͷʹରͯ͠ɼconservative

governorͰ͸ 200msͱͳ͍ͬͯΔɽͦͷͨΊɼ200msͷ

ฏۉෛՙ͕ governor ͷ down threshold Ҏ্ͱͳΔঢ়ଶ

Ͱ͸ɼԻָ࠶ੜҎ֎ͷॲཧ͕ಉ࣌ʹൃੜ͠ɼҰ౓प೾਺

͕૿Ճͯ͠͠·͏ͱɼҎޙ·ͬͨ͘प೾਺͕Լ͕Βͳ͘

ͳΔɽٯʹɼondemand governorͰ͸ 50msͷप೾਺࠶ධ

ՁͷλΠϛϯάͰෳ਺ճप೾਺ΛԼ͛Δ͜ͱ͕Ͱ͖Δͨ

Ίɼফඅిྗͷ͕ࠩൃੜ͢Δɽ͜ΕΛ๷͢ࢭΔͨΊʹ͸ɼ

sampling rate Λ୹͘͢Δ͔ɼdown threshold Λେ͖͘

͢Δඞཁ͕͋Δ͕ɼࠓճར༻ͨ͠ϓϥοτϑΥʔϜͰ͸ɼ

conservative governorͷ sampling rate͸࠷ʹطখ஋Ͱ͋

ΔͨΊɼ͜ͷ஋͸ม͠ߋͳ͍ɽ

4.7.4 प೾਺Λݮগͤ͞Δᮢ஋

प೾਺Λݮগͤ͞Δᮢ஋ʢdown thresholdʣͰ͋Δ͕ɼ

ઌ΄ͲͷԻָ࠶ੜͷྫͷΑ͏ʹɼ͜ͷ஋͸ͳΔ΂͘େ͖͍

ํ͕লిྗͱͳΔɽͦͷͨΊɼdown thresholdͷՄೳͳ

গ͞ݮΊΔɽҰൠతʹ͸ɼप೾਺ΛٻΑΓʹࢉܭେ஋Λ࠷

ͤͨ৔߹ʹɼભҠઌप೾਺ʹ͓͚Δप೾਺૿Ճᮢ஋Ҏ্ͷ

ͳΔʢҎԼͷ͕ࣜຬͨ͞Εͨ৔߹ʣͱɼप೾਺͕ʹྔࣄ࢓

௿Լͨ࣍͠ͷप೾਺ධՁͷλΠϛϯάͰɼप೾਺Λ૿Ճ͞

ͤΔ൑ఆ͕͞Εɼ݁ Ռͱͯ͠प೾਺͕ৼಈ͢Δ͕͋ݥةΔɽ

ͭ·ΓɼCPUͷಈ࡞प೾਺Λ௿͍ํ͔Βॱʹ f0, f1...fnͱ

͢Δͱɼ࣍ͷ͕ࣜຬͨ͞ΕΔ͜ͱ͕ͳ͍Α͏ʹ֤ᮢ஋Λઃ
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0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1 2 3 4 5 6 7 8

conserva!ve

interac!ve

電流の比

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 प೾਺ݮগͷᮢ஋ΛมԽͤͨ͞৔߹ͷฏۉप೾਺ͷಛੑ

ද 4 conservative governor ͷύϥϝʔλ

ύϥϝʔλ ඪ४ มޙߋ

प೾਺૿Ճᮢ஋ (up threshold) 76 95

प೾਺ݮগᮢ஋ (down threshold) 12 60

प೾਺ݟ௚ִؒ͠ (sampling rate) 200 200

प೾਺มߋ཰ 5 5

प೾਺ͷ্ݶ஋ʢkHzʣ
998400 384000

ʢҰ෦ͷγφϦΦͷΈʣ

ఆ͢Δඞཁ͕͋Δɽ

fk × up threshold ≤ fk+1 × down threshold

ͦͷͨΊɼ୺຤Ͱར༻Մೳͳप೾਺ͷϦετͱઌʹܾఆ͠

ͨ up threshodl ͷ஋Λ༻͍ͯɼଟগͷෛՙͷଌఆ͕ࠩޡ

͋ͬͯ΋ɼ্ͷ͕ࣜຬͨΕΔ͜ͱ͕ͳ͍஋ͷ্ݶ஋ͱͯ͠

60Λࢉग़ͨ͠ɽ࣍ʹɼ֬ೝͷͨΊԻָ࠶ੜͷ৔߹ͷ CPU

ͷಈ࡞प೾਺ͷฏۉ஋ͱ down thresholdͷؔ܎Λଌఆ͠

ͨɽਤ 6͔ΒΘ͔ΔΑ͏ʹɼdown thresholdͷ஋͕ 28Ҏ

্Ͱ͋Ε͹ɼCPUͷಈ࡞प೾਺͸े෼཈੍͢Δ͜ͱ͕Ͱ

͖ɼফඅిྗͷ௿ظ͕ݮ଴Ͱ͖Δɽ

ଞͷར༻γφϦΦͰ͸ɼCPUͷॲཧೳྗ͕ෆ଍ͯ͠΋ɼ

Ϣʔβͷར༻ײʹ͸Ө͠ڹͳ͍ͨΊɼԻָ࠶ੜͱಉ͘͡

conservative governorΛ࠾༻্ͨ͠Ͱɼ͞ΒʹɼCPUͷಈ

େ஋Λ཈੍͢Δ͜ͱͱ͠ɼද࠷प೾਺ͷ࡞ 4ͷΑ͏ʹύϥ

ϝʔλΛ֬ఆͨ͠ɽ

ද 5 ిྲྀͷଌఆ݁Ռ

governor ondemand conservative interactive

प೾਺੍ݶ 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 ฏۉप೾਺ͱ࠷௿प೾਺ͷൺ

governor ondemand conservative interactive

प೾਺੍ݶ 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

ຊষͰ͸ɼσΟεϓϨΠΛOFFʹ͍ͯ͠Δঢ়ଶͰར༻͞

ΕΔయܕతͳΞϓϦέʔγϣϯʹରͯ͠ɼ࠷దԽͨ͠ઃఆ

Λ͜͏ߦͱͰɼͲͷఔ౓ফඅిྗΛ͢ݮ࡟Δ͜ͱ͕ՄೳͰ

͋Δ͔Λ࣮ࡍͷ୺຤ͷফඅిྗͷଌఆ݁ՌʹΑͬͯࣔ͢ɽ

5.1 ଌఆର৅ͷγφϦΦͱଌఆख๏

ຊධՁͰ͸ɼ4.7અͱಉ͡ΞϓϦʢද 3ʣΛ༻͍ͯܭଌ

ͨ͠ɽͨͩ͠ɼిྲྀଌఆճ࿏Λ୺຤ʹ઀ଓ͓ͯ͠Γɼ԰֎

ʹ͓͚Δ GPSଌҐ͕ࠔ೉Ͱ͋ΔͨΊɼ3Gͷແઢج஍ہ

ͷ৘ใΛ༻͍ͨଌҐʹݶఆͨ͠ɽ·ͨɼ༧͠ظͳ͍ແઢ௨

৴ʹΑΓɼফඅిྗ͕มԽ͢Δ͜ͱΛ๷͢ࢭΔͨΊɼεέ

δϡʔϧͳͲͷಉظͱ͍ͬͨॲཧ͸཈੍͍ͯ͠Δɽ

ऩूͨ͠σʔλ͸ɼʮͲͷप೾਺ͰͲΕ͚ͩͷؒ࣌ಈ࡞

͔ͨ͠ʯͷ౷ܭσʔλɼ͓Αͼɼʮి஑͔ΒྲྀΕͨిྲྀͷ࣮

ଌ஋ʯͷ 2छྨͰ͋Δɽ͜Εʹ͍ͭͯ΋ɼ4.7અͱಉ͡Ͱ

͋Δ͕ɼΑΓਫ਼౓Λ্͛ΔͨΊɼ֤γφϦΦຖʹ ෼ؒ࣌2

ͷσʔλΛ 10ճऩू͠ɼฏۉΛٻΊ͍ͯΔɽ

5.2 ফඅిྗ

ද 5͸ిྲྀͷଌఆ݁ՌͰ͋ΔɽԻָ࠶ੜ࣌Ҏ֎͸ gover-

norͷύϥϝʔλνϡʔχϯά΍্ݶप೾਺ͷ཈੍ʹΑΓɼ

ফඅిྲྀΛ 30ʙ40%ఔ౓ݮ࡟ՄೳͰ͋Δͷʹରͯ͠ɼԻָ

͸࣌ੜͰ͸ফඅిྲྀͷ͕ࠩຆͲແ͍ɽ·ͨɼ଴ड࠶ 45%ʙ
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େ࠷ 60%ఔ౓ݮ࡟Ͱ͖͍ͯΔɽ

ද 6 ͸ɼଌఆ࣌ͷฏۉͷಈ࡞प೾਺ͱ࠷௿प೾਺

ʢ245MHzʣͱͷൺͰ͋Δɽ͜ͷදதͷ਺஋ʹ͓͍ͯɼʮ1.00ʯ

͸ 1ΑΓ΍΍େ͖͍஋ɼʮ1ʯ͸ৗ࣌ར༻Մೳͳ࠷௿ͷप೾

਺ʢ245MHzʣͰಈ͍ͨͯ͜͠࡞ͱΛ͍ࣔͯ͠Δɽconser-

vative governorͰ͸ɼgovernorઃఆͷར༻Մೳप೾਺ͷࠩ

ͱ freq stepͷੵΛ༻͍ΔͨΊɼ্ݶप೾਺ͷมߋ͸ɼप

೾਺ͷมԽͷ͖܏ͷมԽͤ͞Δಇ͖͕͋Γɼ௕ؒظ CPU

ෛՙ͕͍ߴঢ়ଶ͕ଓ͔ͳ͍͔͗Γप೾਺্͕͕Βͳ͍ͨ

Ίɼ͜ͷΑ͏ͳ݁ՌͱͳΔɽ

͜ͷද͔ΒɼԻָ࠶ੜҎ֎ͷ͢΂ͯͷγφϦΦʹ͓͍

ͯɼνϡʔχϯάޙͷ conservative governorͰ CPUಈ࡞

प೾਺ͷ্ݶ஋Λ཈੍ͨ͠৔߹͸࠷௿ͷप೾਺Ͱಈͯ͠࡞

͓Γɼిྲྀͷࠩ͸ CPUҎ֎ͷճ࿏ʹ͓͚ΔফඅిྗʹΑ

Δ΋ͷͰ͋Δ͜ͱ͕Θ͔Δɽ͜ͷΑ͏ʹɼ্ݶप೾਺Λ཈

੍ͨ͠৔߹ʹɼप೾਺͕࠷௿प೾਺Ͱݻఆ͞ΕΔͷ͸ҎԼ

ͷΑ͏ͳཧ༝Ͱ͋Δɽ

conservative governorͰ͸ɼप೾਺ม࣌ߋͷ෯Λ͢ࢉܭ

Δ৔߹ʹɼΧʔωϧͷαϙʔτ͢Δ࠷େͷप೾਺Ͱ͸ͳ͘ɼ

governorઃఆͷ্ݶप೾਺ͱप೾਺มߋ཰ͷੵΛ༻͍Δͨ

Ίɼ্ݶप೾਺ͷมߋ͸ɼप೾਺ͷมԽͷ͖܏ͷมԽͤ͞

Δಇ͖͕͋Γɼ௕ؒظ CPUෛՙ͕͍ߴঢ়ଶ͕ଓ͔ͳ͍͔

͗Γɼप೾਺্͕͕Βͳ͍ɽҎ্ͷ governorͷੑ࣭ͷͨ

Ίɼ͜ͷΑ͏ͳ݁ՌͱͳΔɽ

·ͨɼԻָ࠶ੜʹ͍ͭͯ͸ɼondemandͱ conservative

governorͰ͸ɼconservative governor͸प೾਺͕΍΍௿͘

ͳΔ΋ͷͷɼফඅిྗ͸ಉ͡ͱͳ͍ͬͯΔɽ͜ͷཧ༝ͱ͠

ͯɼԻָ࠶ੜͰར༻͞ΕΔ DSP΍Ξφϩάճ࿏ͷফඅి

ྗ͕େ͖͘ɼCPU ͷిྗͷ͕ࠩຒ຅ͯ͠͠·͏͜ͱͱɼ

CPUͷॲཧྔ͸ൺֱతఆৗతͳෛՙͱͳΔɽͦͷͨΊɼ2

ྔࣄ࢓Δͱɼ΄΅ಉҰͷप೾਺෼෍ͱ͢ࢉܭΛۉͷฏؒ࣌

ͱͳΔͨΊͰ͋Δɽ

ຊఏҊํࣜͰ͸ɼෳ਺ͷՕॴͰ਺ଟ͘ͷ୺຤ঢ়ଶͷࢹ؂

Λߦͳ͍ͬͯΔ͕ɼdaemonຊମΛআ͘ͱɼΠϕϯτ͕ൃੜ

ͨ͠৔߹ͷΈ௥Ճͷॲཧ͕࣮͞ߦΕΔͨΊɼͦ Ε΄Ͳ CPU

ෛՙ͸૿Ճ͠ͳ͍ɽٯʹ daemon͸ɼ਺ඵʹҰճϓϩηε

ͷಈ࡞ঢ়گ΍ CPUͷར༻཰ͷνΣοΫ͢ΔͨΊɼෛՙͷ

૿Ճʹ൐͍ిྗফඅ͸૿Ճ͢Δɽ͔͠͠ɼফඅిྲྀͷଌఆ

݁Ռ͔ΒΘ͔ΔΑ͏ʹɼఏҊख๏ͷಈ࡞ʹΑͬͯ૿Ճ͢Δ

ిྗΑΓγεςϜͷిྗઃఆΛ੍͢ޚΔ͜ͱʹΑΔిྗ࡟

ճΔͱ͍͏݁Ռ͕ಘΒΕͨɽ্͕ݮ

6. ·ͱΊ

ຊڀݚͰ͸ɼεϚʔτϑΥϯͷফඅిྗΛ཈੍͢ΔͨΊɼ

୺຤ͷঢ়ଶͷ؍ଌ݁ՌʹԠͯ͡ CPUͷಈ࡞प೾਺Λ੍ޚ

͢Δɽ͜ͷख๏Ͱ͸ɼ୺຤Λର࿩తʹར༻͍ͯ͠ͳ͍৔߹

ʹண໨͠ɼయܕతͳͷγφϦΦʹ͓͍ͯڞ௨ͳ୺຤ͷঢ়ଶ

ʹண໨͠ɼͦͷ૊Έ߹ΘͤͰ୺຤ͷγφϦΦΛ൑ఆ͢Δɽ

͜ͷγφϦΦʹରͯ͠ɼCPUઃఆΛ݁ͼ͚ͭͨσʔλϕʔ

εΛ༻ҙ͠ɼ୺຤ͷঢ়ଶͷ݁ࢹ؂Ռ͔ΒରԠ͢Δ CPUप

೾਺ͷ੍ޚઃఆΛܾఆ͠ɼOSͷΧʔωϧʹઃఆ͢Δɽ

·ͨɼఏҊख๏ͷϓϩτλΠϓΛ։ൃ͠ɼGoogle Nexus

OneΛ༻͍ɼ୺຤ʹి஑͔ΒྲྀΕࠐΉిྲྀͱɼCPUͷಈ࡞

प೾਺ͷଌఆͯ͠ੑೳΛධՁͨ͠ɽ͜ͷධՁͷ݁ՌɼσΟ

εϓϨΠ͕ OFFͰηϯαྨΛಡΈग़͍ͯ͠Δঢ়ଶͰ͸ɼ

30%ʙ40%ఔ౓୺຤ʹྲྀΕࠐΉిྲྀ͕ݮ࡟Ͱ͖Δ্ɼσΟ

εϓϨΠOFF͔ͭ୺຤͕εϦʔϓͰ͖ͳ͍ঢ়ଶʢ଴डʣঢ়

ଶͰ͸࠷େ 60%ͷిྗ͕ݮ࡟Ͱ͖ͨɽ
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