
ෳڥʹ͓͚ΔਪఆԠͮ͘جʹؒ࣌
ΦϑϩʔσΟϯάγεςϜͷݕ౼

୩ ྒྷଠ1,a) খྛ ༟थ1,b) ॏ (c,1

֓ཁɿεϚʔτϑΥϯͳͲͷσόΠεόοςϦϓϩηοαͳͲͷϦιʔεͷͰ੍͕͋ΓɼΞϓϦ
έʔγϣϯ࣮ߦͷࡍʹෛՙ͕ܰݮඞཁͱ͞ΕΔɽΦϑϩʔσΟϯάͰɼΫϥυαʔόͳͲͷϦιʔε

͕๛ͳ࣮ڥߦΞϓϦέʔγϣϯΛҠ͢ߦΔ͜ͱͰσόΠεͷෛՙΛܰ͢ݮΔɽ͔͠͠ɼطଘͷΦ

ϑϩʔσΟϯάख๏ͰΤοδΫϥυͳͲ͔Βߏ͞ΕΔෳڥʹؔͯ͠͞ΒͳΔݕ౼͕ඞཁͰ

͋Δɽͦ͜ͰɼຊߘͰෳڥʹ͓͚ΔਪఆԠͮ͘جʹؒ࣌ΦϑϩʔσΟϯάγεςϜΛఏҊ͢Δɽ

ຊߘͰఏҊ͢ΔΦϑϩʔσΟϯάγεςϜͰɼ֤ͷ࣮ڥߦʹ͓͍ͯωοτϫʔΫϦιʔεͷঢ়ଶ

ͱΦϑϩʔσΟϯά͢ΔɽڥߦখͱͳΔ࣮࠷͕ؒ࣌ग़͠ɼਪఆԠࢉΛؒ࣌ਪఆԠ͖ͮجʹ

1. ͡Ίʹ

ɼεϚʔτϑΥϯࡏݱ IoTσόΠεͳͲ͕͠ٴී͘

͍ͯΔɽ͔͠͠ɼ͜ΕΒͷσόΠεͰόοςϦωοτ

ϫʔΫͷଳҬ෯ɼϓϩηοαͷॲཧྗͱ͍ͬͨϦιʔε

ͷͰ༷ʑͳ੍͕͋Δ [1]ɽͦͷͨΊɼ͜ΕΒͷσόΠε

ͷݶΒΕͨϦιʔεͷෛՙͷ͕ܰݮඞཁͱ͞ΕΔɽ

ෛՙΛܰ͢ݮΔख๏ͷ̍ͭͱͯ͠ΦϑϩʔσΟϯά͕͋

ΔɽΦϑϩʔσΟϯάͰΫϥΠΞϯτ͔ΒɼόοςϦ

ϓϩηοαͷॲཧྗͳͲͷϦιʔε͕๛ͳΫϥυ

αʔόΤοδαʔόͳͲͷϦϞʔτ࣮ڥߦͱΞϓϦ

έʔγϣϯΛҠ͠ߦ࣮ͯ͠ߦɼΫϥΠΞϯτͰ࣮݁ߦՌΛ

ड৴͢Δ [2]ɽΦϑϩʔσΟϯάʹΑ੍ͬͯͷ͋Δσό

ΠεͷෛՙΛܰ͠ݮɼΞϓϦέʔγϣϯͷ࣮ؒ࣌ߦΛॖ

͢Δ͜ͱ͕ՄͰ͋Δɽ͔͠͠ɼҰൠతʹΦϑϩʔσΟϯ

άͷࡍʹେ͖ͳσʔλసૹΛ͏ͨΊɼωοτϫʔΫͷ

ঢ়ଶΞϓϦέʔγϣϯͷαΠζʹΑͬͯΦϑϩʔσΟ

ϯάΛ͜͏ߦͱͰσʔλసૹʹֻ͔Δ૿͕ؒ࣌େ͠ɼΫϥ

ΠΞϯτͰ࣮͢ߦΔ߹ΑΓΞϓϦέʔγϣϯ࣮ߦશମ

ͷԠ૿͕ؒ࣌େͯ͠͠·͏Մੑ͕͋ΔɽͦͷͨΊɼΦ

ϑϩʔσΟϯάΛࡍ͏ߦʹωοτϫʔΫͷঢ়ଶΞϓϦ

έʔγϣϯͷαΠζͳͲʹԠͯ͡ɼΦϑϩʔσΟϯάͷ࣮

ͰΫϥΠࡏݱઌΛಈతʹܾఆ͢Δඞཁ͕͋Δɽͦ͜Ͱߦ
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ΞϯτͱϦϞʔτ࣮ڥߦͷ̎Ͱߏ͞ΕͨTwo-tierΦ

ϑϩʔσΟϯά͕ఏҊ͞Ε͍ͯΔɽTwo-tierΦϑϩʔσΟ

ϯάͰωοτϫʔΫϦιʔεͷঢ়ଶʹԠͯ͡Φϑϩʔ

σΟϯάΛ͏ߦɽTwo-tierΦϑϩʔσΟϯάʹΑ੍ͬͯ

ͷ͋ΔσόΠεͷిྗফඅͷݮΞϓϦέʔγϣϯͷ࣮

ͷॖ͢Δ͜ͱ͕ՄͰ͋Δ͕ɼΫϥΠΞϯτͱΫؒ࣌ߦ

ϥυαʔόͷ̎ͷ࣮ݶʹڥߦఆ͞Ε͍ͯΔͨΊɼΦ

ϑϩʔσΟϯάʹΑΔෛՙܰݮͷޮՌ͕ෆेͰ͋Δɽ

ͦ͜ͰɼຊߘͰΫϥΠΞϯτɼΤοδαʔόɼΫϥυ

αʔόͷ࣮͔ڥߦΒߏ͞Εͨෳڥʹ͓͚Δਪఆ

Ԡͮ͘جʹؒ࣌ΦϑϩʔσΟϯάγεςϜΛఏҊ͢Δɽ

ຊߘͰఏҊ͢ΔΦϑϩʔσΟϯάγεςϜͰΫϥΠΞϯ

τ͔ΒͷϦΫΤετʹΑͬͯΦϑϩʔσΟϯά͕։࢝͞Εɼ

֤ͷ࣮ڥߦʹ͓͍ͯಠཱʹਪఆԠؒ࣌Λࢉग़͠ɼΫ

ϥΠΞϯτͱԠΛసૹ͢ΔɽΫϥΠΞϯτͰ͜ͷԠ

ʹ֤͍ͯͮجͷ࣮ڥߦΦϑϩʔσΟϯάΛ͏ߦ

߹ͷਪఆԠؒ࣌Λൺֱ͠ɼ࠷খͷਪఆԠؒ࣌ͱͳΔ

ͷ࣮ڥߦͱΦϑϩʔσΟϯάΛ͏ߦɽਪఆԠؒ࣌

ΞϓϦέʔγϣϯͷ࣮ؒ࣌ߦͱσʔλసૹʹֻ͔Δؒ࣌ͷ

Ͱද͞ΕΔɽ·ͨɼਪఆԠؒ࣌ͷࢉग़ͷࡍʹԆͳ

ͲͷωοτϫʔΫͷঢ়ଶ CPU༻ͳͲͷϦιʔεͷ

ঢ়ଶΛར༻͢Δɽ͜ΕʹΑͬͯωοτϫʔΫϦιʔεͷ

ঢ়ଶʹԠͨ͡ಈతͳΞϓϦέʔγϣϯͷ࣮ߦΛ࣮͢ݱΔɽ

ҎԼɼຊߘͰɼ2ষͰؔ࿈ڀݚʹ͍ͭͯड़ɼ3ষͰෳ

ڥʹ͓͚ΔਪఆԠͮ͘جʹؒ࣌ΦϑϩʔσΟϯά

γεςϜΛఏҊ͠ɼ4ষͰϓϩτλΠϓʹΑΔ࣮ݧɾධՁ

݁ՌΛࣔ͢ɽޙ࠷ʹ 5ষͰ݁Λड़Δɽ
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2. ؔ࿈ڀݚ

ຊষͰɼΦϑϩʔσΟϯάͷഎܠͱ֓ཁʹ͍ͭͯड़ɼ

̎ڥʹ͓͚ΔΦϑϩʔσΟϯάख๏Ͱ͋ΔTwo-tierΦ

ϑϩʔσΟϯάʹ͍ͭͯͷؔ࿈ڀݚͱ Two-tierΦϑϩʔ

σΟϯάʹ͓͚ΔΛ͛ڍΔɽ

2.1 ΦϑϩʔσΟϯάͷഎܠ

ɼεϚʔτϑΥϯࡏݱ IoTσόΠεͳͲͷσόΠε͕

Γɼ͜ΕʹͬͯεϚʔτϑΥϯͳͲͷϞ͓ͯ͠ٴී͘

όΠϧσόΠεͰ࣮ߦՄͳΞϓϦέʔγϣϯ૿Ճͯ͠

͍ΔɽΞϓϦέʔγϣϯͷྫͱͯ͠ΦϯϥΠϯήʔϜ

SNSɼϏσΦετϦʔϛϯάαʔϏεը૾ೝࣝͳͲ͕ڍ

͛ΒΕɼ͜ΕΒΛ࣮͢ߦΔͨΊʹϞόΠϧσόΠεߴղ

૾ͷσΟεϓϨΠϚϧνίΞͷϓϩηοαΛ͠ࡌɼ

ΔͳͲɼਐาΛ͍͛ͯΔɽ͢ݱωοτϫʔΫଓΛ࣮ߴ

͔͠͠ɼಉ࣌ʹόοςϦۦಈͷϞόΠϧσόΠεͰΞϓ

Ϧέʔγϣϯͷ࣮ߦʹ͏ిྗফඅ૿େ͓ͯ͠Γɼߴෛ

ՙͳΞϓϦέʔγϣϯΛ࣮ͨ͠ߦ߹ͰόοςϦΛ࣌

ؒͰ͍Ռͨͯ͠͠·͏Մੑ͕͋Δ [5]ɽ·ͨɼཧతͳ

εϖʔεͷ੍͔ΒࡌͰ͖ΔετϨʔδϓϩηοαͳ

ͲͷϦιʔεʹݶΓ͕͋ΔͨΊɼ͜ΕΒͷੑݶΒΕ

Δ [6]ɽͦͷͨΊɼݶΒΕͨϦιʔεͷෛՙΛܰ͢ݮΔඞ

ཁ͕͋Δɽ

2.2 ΦϑϩʔσΟϯάͷ֓ཁ

ϞόΠϧσόΠεͷෛՙΛܰ͢ݮΔख๏ͷ̍ͭͱͯ͠Φ

ϑϩʔσΟϯά͕͛ڍΒΕΔɽਤ 1ʹΦϑϩʔσΟϯάͷ

ྲྀΕΛࣔ͢ɽΦϑϩʔσΟϯάϞόΠϧσόΠεͷΑ͏

ͳΫϥΠΞϯτͷϩʔΧϧ࣮͔ڥߦΒɼϦιʔε͕๛

Ͱ͋ΔΫϥυαʔόΤοδαʔόͷΑ͏ͳϦϞʔτ࣮

ɼΫϥΠΞ͠ߦ࣮ͯ͠ߦͱΞϓϦέʔγϣϯΛҠڥߦ

ϯτͰ࣮݁ߦՌΛड৴͢Δͱ͍͏ͷͰ͋ΔɽҰൠతʹɼ

ΦϑϩʔσΟϯάʹΑͬͯϞόΠϧσόΠεͷిྗফඅ

Λ͠ݮɼΞϓϦέʔγϣϯͷ࣮ؒ࣌ߦΛॖ͢Δ͜ͱ͕

ՄͰ͋Δɽ͔͠͠ɼ୯ʹϩʔΧϧ࣮ڥߦͷΞϓϦέʔ

γϣϯΛϦϞʔτ࣮ڥߦҠ͢ߦ࣮ͯ͠ߦΔ͚ͩͰɼ

ΞϓϦέʔγϣϯͷ࣮ߦશମͷԠ͕ؒ࣌ඞͣ͠ݮͰ

͖ΔͱݶΒͳ͍ɽྫ͑ɼϩʔΧϧ࣮ڥߦͱϦϞʔτ

ͷؒͷωοτϫʔΫʹେ͖ͳԆ͕ൃੜͨ͠߹ɼڥߦ࣮

ΦϑϩʔσΟϯάΛࡍ͏ߦͷΞϓϦέʔγϣϯͷసૹԠ

ਤ 1 ΦϑϩʔσΟϯάͷྲྀΕ

ͷసૹʹؒ࣌Λཁ͠ɼ݁Ռͱͯ͠Ԡ૿͕ؒ࣌େͯ͠

͠·͏Մੑ͕͋Δɽ·ͨɼΞϓϦέʔγϣϯͷ࣮ߦʹඞ

ཁͳσʔλαΠζ͕େ͖͍߹ʹಉ༷ʹσʔλసૹʹ

·େͯ͠͠·͏Մੑ͕͋Δɽ૿͕ؒ࣌Λཁ͠ɼԠؒ࣌

ͨɼσʔλసૹʹେ͖ͳؒ࣌Λཁ͢Δ͜ͱͰ௨৴Λ࣌͏ߦ

͕ؒ૿Ճ͠ɼిྗফඅ͕૿Ճ͢Δ͜ͱͰɼΦϑϩʔσΟϯ

άʹΑΔෛՙܰݮͷޮՌ͕ෆेʹͳΔՄੑ͕͋Δ [7]ɽ

Ҏ্ͷ͜ͱ͔ΒɼωοτϫʔΫͷঢ়ଶ࣮͢ߦΔΞϓϦ

έʔγϣϯʹԠͯ͡ɼϞόΠϧσόΠεͰ࣮͢ߦΔͷ͔ɼ

ΦϑϩʔσΟϯάΛ͏ߦͷ͔Λಈతʹܾఆ͢ΔΦϑϩʔ

σΟϯάख๏͕ඞཁͰ͋Δ [8][9]ɽ

2.3 Two-tierΦϑϩʔσΟϯά

Two-tierΦϑϩʔσΟϯάϩʔΧϧ࣮ڥߦͰ͋ΔϞ

όΠϧσόΠεͱϦϞʔτ࣮ڥߦͰ͋ΔΫϥυαʔό

Τοδαʔόͷ̎ͷڥΛఆͨ͠ΦϑϩʔσΟϯά

ख๏Ͱ͋ΔɽTwo-tier ΦϑϩʔσΟϯάͰωοτϫʔ

Ϋͷঢ়ଶΦϑϩʔσΟϯάઌͱͳΔϦϞʔτ࣮ڥߦͷ

Ϧιʔεͷঢ়ଶʹԠͯ͡ϩʔΧϧڥͰͷ࣮ߦͱΦϑϩʔ

σΟϯάͷܾఆΛಈతʹ͜͏ߦͱͰɼΦϑϩʔσΟϯάʹ

ΑΔϞόΠϧσόΠεͷిྗফඅͷݮԠؒ࣌ͷݮ

ͳͲͷෛՙܰݮͷޮՌΛߴΊ͍ͯΔɽ

MAUI[3]ͰϞόΠϧσόΠεͰͷిྗফඅͷݮͱΛ

తͱ͓ͯ͠ΓɼϞόΠϧσόΠεͰͷ࣮ߦ༻ͱΤοδαʔ

όͰͷ࣮ߦ༻ͷ̎ͭͷόʔδϣϯͷΞϓϦέʔγϣϯΛ༻

ҙ͠ɼΞϓϦέʔγϣϯ࣮࣌ߦʹిྗফඅ͕࠷খͱͳΔΑ͏

ʹΦϑϩʔσΟϯάΛ͔͏ߦΛܾఆ͢ΔɽMAUIͰΦϑ

ϩʔσΟϯάͷཻϝιου୯ҐͰ͋ΔɽCloneCloud[4]

ͰΞϓϦέʔγϣϯ࣮ߦͷߴԽͱɼϞόΠϧσόΠε

ͰͷిྗফඅͷݮΛతͱ͓ͯ͠ΓɼϞόΠϧσόΠε

ͷΫϩʔϯڥΛΫϥαʔό্ͷόʔνϟϧϚγϯʹ࡞

͠ɼΞϓϦέʔγϣϯΛׂ࣮͢ߦΔɽCloneCloudͰ

ΦϑϩʔσΟϯάͷཻεϨου୯ҐͰ͋Δɽ

2.4 Two-tierΦϑϩʔσΟϯάͷ

MAUI  CloneCloud ͷΑ͏ͳ Two-tier ΦϑϩʔσΟ

ϯάͰϩʔΧϧ࣮ڥߦͰ͋ΔϞόΠϧσόΠεͱɼΫ

ϥυαʔόͳͲͷϦϞʔτ࣮ڥߦͷ̎ͷݶʹڥఆ

͞Ε͓ͯΓɼ࣮ڥͰఆ͞ΕΔΫϥυαʔόΤοδ

αʔό͔Βߏ͞Εͨෳͷྀ͕͞ߟ͍ͯͭʹڥΕͯ

͍ͳ͍ͱ͍͏͕͋ΔɽMAUI CloneCloudͳͲͷ

Two-tierΦϑϩʔσΟϯάͰɼωοτϫʔΫͷঢ়ଶϦ

Ϟʔτ࣮ڥߦͷϦιʔεͷঢ়ଶʹԠͯ͡ಈతʹΦϑϩʔ

σΟϯάΛ͕͏ߦɼΞϓϦέʔγϣϯͷ࣮ߦઌϞόΠϧ

σόΠε͔ΤοδαʔόΫϥυαʔόͷ͔̎ͭ͠ଘࡏ

͠ͳ͍ͨΊɼྫ͑ɼ͜ΕΒͷؒͷωοτϫʔΫͷԆ͕

େ͖͘ͳͬͨ߹ʹϞόΠϧσόΠεͰ࣮͢ߦΔ͔͠બ

͕ࢶͳ͘ɼΦϑϩʔσΟϯάʹΑΔϞόΠϧσόΠεͷ
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ෛՙ͕ܰݮෆेͱͳΔՄੑ͕͋Δɽ

ͦͷͨΊɼTwo-tierΦϑϩʔσΟϯάΦϑϩʔσΟϯ

άઌͷબݶ͕ࢶఆతͱ͑ݴɼΑΓ࣮ڥʹ͍ۙෳͰ

Ͱద༻ՄͳΦϑϩʔσΟϯάख๏͕ඞཁڥ͞Εͨߏ

ͱͳΔɽ

3. ఏҊख๏

ຊষͰɼෳڥʹ͓͚ΔਪఆԠͮ͘جʹؒ࣌Φ

ϑϩʔσΟϯάγεςϜʹ͍ͭͯఏҊ͢Δɽ

3.1 ΦϑϩʔσΟϯάγεςϜͷ֓ཁ

ຊߘͰఏҊ͢ΔΦϑϩʔσΟϯάγεςϜͰɼ֤ͷ

ͰΞϓϦέʔγϣڥߦಠཱʹࣗͷ࣮͍͓ͯʹڥߦ࣮

ϯΛ࣮͢ߦΔ߹ͷਪఆԠؒ࣌Λࢉग़͢Δɽͦͯ͠ɼਪ

ఆԠ࠷͕ؒ࣌খͱͳΔͷ࣮ڥߦͱΦϑϩʔσΟ

ϯάΛ͏ߦɽਪఆԠؒ࣌ΞϓϦέʔγϣϯͷαΠζɼ

ωοτϫʔΫͷଳҬ෯ԆͳͲͷωοτϫʔΫͷঢ়ଶɼ

CPU༻ͳͲͷϦιʔεͷঢ়ଶͳͲʹࢉ͖ͮجग़͢Δɽ

ਪఆԠ࠷͕ؒ࣌খͱͳΔ࣮ڥߦͱΦϑϩʔσΟϯά

Λ͜͏ߦͱͰɼಉ࣌ʹΫϥΠΞϯτʹ͓͚Δిྗফඅͷ

ͰఏҊ͢ΔΦϑϩʔσΟϯάγεςߘ͞ΕΔɽຊظݮ

ϜͰ Two-tierΦϑϩʔσΟϯάͰྀ͍ͯ͠ߟͳ͔ͬ

ͨΤοδΫϥυ͔Βߏ͞ΕΔෳͷڥΛఆ͠

͍ͯΔɽΦϑϩʔσΟϯάͷࡍʹԆ CPU༻Λ

Δ͜ͱͰωοτϫʔΫʹԆ͕ੜ͍ͯ͡Δ߹ɼྀ͢ߟ

ΦϑϩʔσΟϯάલʹ͢Ͱʹ࣮ڥߦͷϦιʔεෛՙ͕

ֻ͔͍ͬͯΔ߹ʹద༻Մʹ͢Δɽ

3.2 ΦϑϩʔσΟϯάγεςϜͷఆڥ

ਤ 2ʹຊߘͰఏҊ͢ΔΦϑϩʔσΟϯάγεςϜͷߏ

Λࣔ͢ɽຊߘͰఏҊ͢ΔΦϑϩʔσΟϯάγεςϜͰΫ

ϥΠΞϯτɼΤοδɼΫϥυ͔ΒͳΔෳͷ࣮ڥߦ

͔Βߏ͞ΕΔڥΛఆ͢ΔɽTier̍ΫϥΠΞϯτ

ʢR1ʣɼTier ̎ΤοδαʔόʢR2ʣɼTier ̏Ϋϥυ

αʔόʢR3ʣ͔Βߏ͞ΕΔɽ

3.3 ΦϑϩʔσΟϯάγεςϜͷߏ

ਤ 3ʹຊߘͰ࣮͢ΔΦϑϩʔσΟϯάγεςϜͷίϯ

ਤ 2 ΦϑϩʔσΟϯάγεςϜͷఆڥ

ϙʔωϯτͷߏΛࣔ͢ɽ֤ͷ࣮ڥߦ Managerʹ

ΑͬͯΦϑϩʔσΟϯά࣌ͷ੍ߦ͕ޚΘΕΔɽ

• Client Manager

Offload Controllerͱͯ͠ΦϑϩʔσΟϯάΛཧ͢

ΔׂΛ୲͓ͬͯΓɼྡ͢ΔΤοδͱϦΫΤετ

Λૹ৴͢Δ Request Senderɼ֤ͷ࣮͔ڥߦΒͷԠ

Λड৴͢Δ Resource Offer ReceiverɼΦϑϩʔσΟ

ϯάΛ͏ߦͷ࣮ڥߦͱ࠷ऴతͳΦϑϩʔσΟϯ

άͷϦΫΤετΛసૹ͢Δ Offload Request Senderɼ

JavaͷΫϥεϩʔμʹΑͬͯΞϓϦέʔγϣϯͷΫ

ϥεϑΝΠϧΛΤοδΫϥυϩʔυ͢ΔͨΊͷ

αʔόͱͳΔ Class Load ServerɼΞϓϦέʔγϣϯ

ͷ࣮݁ߦՌΛड৴͢Δ Result Receiver͔Βߏ͞Ε

ΔɽΞϓϦέʔγϣϯ࣮࣌ߦʹ Client Manager͕

ಈ͞ΕɼϦΫΤετΛΤοδͱૹ৴͢Δ͜ͱͰΦى

ϑϩʔσΟϯάखॱ͕։࢝͞ΕΔɽ·ͨɼ֤ͷ࣮ߦ

খͷਪ࠷ɼ͖ͮجʹग़݁Ռࢉͷؒ࣌ͰͷਪఆԠڥ

ఆԠؒ࣌ͱͳΔͷ࣮ڥߦͱΞϓϦέʔγϣϯ

ͷ࣮ߦΛҠ͢ߦΔɽ

• Edge ManagerɼCloud Manager

ΦϑϩʔσΟϯάઌͱͳΔΤοδͱΫϥυͰɼͦ

ΕͧΕ Edge Managerͱ Cloud Manager͕Φϑϩʔ

σΟϯάΛ੍͍ͯ͠ޚΔɽEdge Manager ͱ Cloud

Manager ϦΫΤετͷड৴ԠͷసૹɼਪఆԠ

ؒ࣌ͷࢉग़ͳͲͷΦϑϩʔσΟϯάΛ͏ߦ·Ͱͷ

ॲཧΛ୲͏ Resource ManagerͱɼΫϥεϩʔυ࣮

ͷॲࡍ͏ߦՌͷసૹͳͲͷΦϑϩʔσΟϯάΛ݁ߦ

ཧΛ୲͏ Offload Execution Engine Ͱߏ͞Ε͍ͯ

ΔɽResource ManagerϦΫΤετΛड৴͠ɼࣗ

ਤ 3 ΦϑϩʔσΟϯάγεςϜͷߏίϯϙʔωϯτ
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ͷ࣮ڥߦʹ͓͚ΔਪఆԠؒ࣌Λࢉग़͢Δ Request

ReceiverɼΤοδ͔ΒΫϥυͱϦΫΤετΛస

ૹ͢Δ Request ForwarderɼΫϥΠΞϯτԠΛస

ૹ͢Δ Resource Offer Sender ʹΑͬͯߏ͞ΕΔɽ

Offload Execution EngineΫϥΠΞϯτ͔Βͷ࠷ऴ

తͳΦϑϩʔσΟϯάͷϦΫΤετΛड৴͢ΔOffload

Request ReceiverɼΫϥεϩʔμʹΑͬͯΫϥΠΞϯ

τʹଘ͢ࡏΔΞϓϦέʔγϣϯͷΫϥεϑΝΠϧΛ

ϩʔυ͢Δ Class Loaderɼ࣮݁ߦՌΛΫϥΠΞϯτ

ͱసૹ͢Δ Result Sender͔Βߏ͞ΕΔɽ

3.4 ਪఆԠؒ࣌ͷࢉग़

ਪఆԠؒ࣌σʔλసૹʹֻ͔Δؒ࣌ͱΞϓϦέʔ

γϣϯͷ࣮ؒ࣌ߦͷͰ͋Δࣜʢ1ʣʹΑͬͯࢉग़͢Δɽ

T (Aa0 , Rl) = Ttransmit(Aa0 , Rl) + Texec(Aa0 , Rl) (1)

͜͜ͰɼAa0 ࣮͢ߦΔΞϓϦέʔγϣϯɼRl  Tier l

ͷ࣮ڥߦΛද͓ͯ͠ΓɼୈҰ߲ͷ Ttransmit(Aa0 , Rl)ɼ

ڥߦ࣮ Rl ΞϓϦέʔγϣϯ Aa0 ͷσʔλΛసૹ͢Δ

ʹֻ͔Δؒ࣌ɼୈೋ߲ͷ Texec(Aa0 , Rl)࣮ڥߦ Rl ʹ

͓͚ΔΞϓϦέʔγϣϯ Aa0 ͷ࣮ؒ࣌ߦΛද͍ͯ͠Δɽ·

ͨɼTtransmit(Aa0 , Rl)ࣜʢ2ʣͷΑ͏ʹɼTexec(Aa0 , Rl)

ࣜʢ3ʣͷΑ͏ʹද͞ΕΔɽ

Ttransmit(Aa0 , Rl) =
IS(Aa0)

BWspd(R1→l)
+Dlink(R1→l)(2)

Texec(Aa0 , Rl) = wCPU (Rl) · ETexec(Aa0 , Rl) (3)

IS(Aa0) ࣮͢ߦΔΞϓϦέʔγϣϯ Aa0 ͷαΠζɼ

BWspd(R1→l)ΫϥΠΞϯτ R1 ͱ࣮ڥߦ Rl ؒͷωο

τϫʔΫͷଳҬ෯ɼDlink(R1→l) Offloading Requestૹ

৴࣌ͷΫϥΠΞϯτ R1 ͱ࣮ڥߦ Rl ؒʹ͓͚Δωοτ

ϫʔΫͷϦϯΫԆɼwCPU (Rl)࣮ڥߦ Rl ʹ͓͚Δ

ΞϓϦέʔγϣϯ͕༻Մͳ CPU༻ʹͮ͘جॏΈɼ

ETexec(Aa0 , Rl)࣮ڥߦ Rl ʹ͓͍ͯɼΞϓϦέʔγϣ

ϯ͕ CPUΛ Λදؒ࣌͠ߦՄͳ߹ͷਪఆ࣮༺100%

͍ͯΔɽ·ͨɼETexec(Aa0 , Rl)ΞϓϦέʔγϣϯΛࣄ

લʹ੩తղੳ͢Δ͜ͱʹΑͬͯࣜʢ4ʣͷΑ͏ͳܗʹ؆қ

తʹఆࣜԽ͠ɼਪఆԠؒ࣌ͷࢉग़ʹ༻͍Δɽ

ETexec(Aa0 , Rl) = −a · fRl + b (4)

ࣜʢ4ʣʹ͓͍ͯ aͱ bΞϓϦέʔγϣϯͷ੩తղੳʹ

ΑͬͯಘΒΕΔ͖ͱยɼfRl ࣮ڥߦ Rl ͷ CPUͷ

ಈ࡞पͰ͋Δɽ֤࣮ڥߦʹ͓͍ͯར༻Մͳ CPU

Λ༻͍Δ͜ͱͰɼΦϑϩʔσΟϯάલʹ͢Ͱʹෛՙ༺

ͷΦϑϩʔσΟϯάΛճආ͢Δɽڥߦ࣮͍ߴ͕

3.5 ΦϑϩʔσΟϯάखॱ

ਤ 4 ʹΤοδΦϑϩʔσΟϯά͢Δ߹ͷΦϑϩʔ

ਤ 4 ΤοδΦϑϩʔσΟϯά͢Δ߹ͷΦϑϩʔσΟϯάखॱྫ

σΟϯάखॱྫΛɼҎԼʹͦͷྲྀΕΛࣔ͢ɽ

( 1 ) ΫϥΠΞϯτ͔Β࣮͢ߦΔΞϓϦέʔγϣϯͷαΠ

ζɼΫϥΠΞϯτʹ͓͚ΔਪఆԠ͕֨ؒ࣌ೲ͞Εͨ

ϦΫΤετΛΤοδͱૹ৴͢Δɽ

( 2 ) ΫϥΠΞϯτ͔ΒͷϦΫΤετΛड৴ͨ͠ΤοδͰ

ϦΫΤετʹ͖ͮجɼΤοδʹ͓͚ΔਪఆԠؒ࣌

ͷࢉग़Λ͍ߦɼΤοδʹ͓͚ΔਪఆԠ͕֨ؒ࣌ೲ

͞Εͨ Resource OfferΛΫϥΠΞϯτͱసૹ͢Δɽ

·ͨɼಉ࣌ʹϦΫΤετʹ֨ೲ͞ΕͨਪఆԠؒ࣌Λ

Τοδʹ͓͚ΔਪఆԠؒ࣌ʹஔ͖͑ɼΫϥυ

ͱϦΫΤετΛసૹ͢Δɽ

( 3 ) Τοδ͔ΒͷϦΫΤετΛड৴ͨ͠ΫϥυͰϦΫ

Τετʹ͖ͮجɼΫϥυʹ͓͚ΔਪఆԠؒ࣌ͷࢉ

ग़Λ͏ߦɽ͜ͷྫͰɼΤοδʹ͓͚ΔਪఆԠؒ࣌

ͷํ͕Ϋϥυʹ͓͚ΔਪఆԠؒ࣌ΑΓখ͍ͨ͞

ΊɼΫϥυΦϑϩʔσΟϯάΛ͑ߦͳ͍͜ͱΛ

ࣔͨ͠ Resource OfferΛΫϥΠΞϯτͱૹ৴͢Δɽ

( 4 ) ΤοδͱΫϥυ͔Βͷ Resource OfferΛड৴ͨ͠Ϋ

ϥΠΞϯτͰͯ͢ͷਪఆԠؒ࣌Λൺֱ͠ɼ࠷

ਪఆԠ͕ؒ࣌খ͍͞Τοδͱ Offload RequestΛ

ૹ৴͢Δɽ

( 5 ) Offload RequestΛड৴ͨ͠ΤοδͰɼΫϥεϩʔ

μʹΑͬͯΫϥΠΞϯτ͔ΒΞϓϦέʔγϣϯͷΫϥ

εϑΝΠϧΛϩʔυ͠ɼ࣮͢ߦΔɽ

( 6 ) Τοδʹ͓͍ͯΞϓϦέʔγϣϯͷ࣮͕ߦऴྃ͢Δ

ͱɼ࣮݁ߦՌΛΫϥΠΞϯτͱసૹ͢Δɽ

4. ϓϩτλΠϓ࣮ɾධՁ

ຊষͰɼΦϑϩʔσΟϯάγεςϜͷϓϩτλΠϓ࣮

ͱɼϓϩτλΠϓΛ༻͍࣮ͨݧʹΑΔಈ֬࡞ೝͱධՁʹ

͍ͭͯड़Δɽ

4.1 ࣮ڥ

ਤ 5ʹΦϑϩʔσΟϯάγεςϜͷ࣮ڥΛɼද 1ʹ
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༗ઢଓ͞Ε͓ͯΓɼΫϥ࢜ಉࡐػΛࣔ͢ɽ֤ࡐػ༺

ΠΞϯτͱΤοδͷؒʹωοτϫʔΫͷঢ়ଶΛ੍ޚͰ͖

ΔωοτϫʔΫΤϛϡϨʔλΛஔ͠ɼϦϯΫԆΛ༩

͠ͳ͍߹ͱɼҙਤతʹϦϯΫԆΛ༩ͨ͠߹ͷ̎ͭ

ͷঢ়گͰ࣮ݧΛͨͬߦɽԆະ༩ͷ߹ͱԆ༩ͷ

߹ͷͦΕͧΕͷଳҬ෯Λ Iperf[10]Λ༻͍ͯଌఆ͠ɼ࣮ଌ

Λ࣮ݧύϥϝʔλͱͯ͠ར༻ͨ͠ɽ༩ͨ͠ϦϯΫԆͷ

ઃఆͱωοτϫʔΫଳҬ෯ͷ࣮ଌʹΑΔ࣮ݧύϥϝʔ

λΛද 2ʹࣔ͢ɽ

ࣜʢ3ʣͷ CPU༻ʹͮ͘جॏΈ wCPU ࠓճͷ࣮ݧ

Ͱ cpulimit[11]Λ༻͍Δ͜ͱͰΞϓϦέʔγϣϯͷ࣮ߦ

Մͳ༺ʹ CPU༻Λҙͷʹ੍͠ݶɼ࣮ڥߦ

ʹෛՙֻ͕͔ͬͨঢ়ଶΛͨ͠ݱ࠶ɽ·ͨɼ࣮ݧʹ͓͍ͯ

ࣜʢ5ʣͷΑ͏ʹ wCPU Λઃఆͨ͠ɽ

wCPU = 1− CPUset

100
(5)

ࣜʢ5ʣʹ͓͍ͯɼCPUset  cpulimitʹΑ੍ͬͯ͠ݶ

ͨ CPU༻Ͱ͋Γɼྫ͑ɼCPU༻͕ 30%ͷ߹

ʹΞϓϦέʔγϣϯ࣮ߦʹ 70%ͷ CPUΛ༻Ͱ͖Δͨ

ΊɼwCPU = 0.7ͱͳΔɽ

ਪఆ࣮ؒ࣌ߦΛදࣜ͢ʢ4ʣͷ aͱ b CPUͷಈ࡞प

ͱ࣮ؒ࣌ߦͷؔΛௐͨ༧උ࣮ݧͰਤ 6ͷΑ͏ͳ݁Ռ

͕ಘΒΕɼ͜Εʹࠓ͖ͮجճͷ࣮ݧʹ͓͍ͯࣜʢ6ʣͷΑ

͏ʹઃఆͨ͠ɽ

ETexec(Aa0 , Rl) = −1949.3 · fRl + 7924.4 (6)

ΔΞϓϦέʔγϣϯͱͯ͠ɼ100,000·Ͱͷ͢ߦ࣮

ͷதʹૉ͕͍ͭ͘ଘ͢ࡏΔ͔ΛΧϯτ͢Δૉఆ

ϓϩάϥϜΛ༻͍ͨɽ͜ͷૉఆϓϩάϥϜΫϥΠΞ

ਤ 5 ࣮ڥ

ද 1 ࡐػ༺
OS CPU ϝϞϦ

Client Ubuntu 14.04 LTS Intel Pentium G4400@ 3.30GHz 4GB

Edge Ubuntu 14.04 LTS Intel Pentium G3240@ 3.20GHz 4GB

Cloud Ubuntu 16.04 LTS Intel Core i5-2400@ 3.30GHz 2GB

ΤϛϡϨʔλ Ubuntu 14.04 LTS Intel Core i7-4790@ 3.60GHz 8GB

ද 2 ύϥϝʔλݧ࣮
Ԇະ༩ Ԇ༩

ωοτϫʔΫଳҬ෯ BWspd(R1→l) (ଌఆ) 940Mbps 80Mbps

ϦϯΫԆɹ Dlink(R1→l) (ઃఆ) 0msec 100msec

ਤ 6 CPU ಈ࡞पͱ࣮ؒ࣌ߦͷؔ

ϯτʹ͓͍ͯ CPU༻͕ 0%ͷ߹ʹ 1,500msecͰ

ΫϥΠΞϯτʹͷΈ͍͓ͯʹݧճͷ࣮ࠓऴྃ͠ɼ͕ߦ࣮

ஔ͞Ε͍ͯΔɽ·ͨɼ͜ͷϓϩάϥϜͷΫϥεϑΝΠϧ

ͷαΠζ 923ByteͰ͋Δɽ

ධՁ߲ͱͯ͠Ԇͳ͠ͷ߹ͱԆ͋Γͷ߹ͷͦ

ΕͧΕʹ͍ͭͯɼΞϓϦέʔγϣϯ࣮ߦશମͷԠؒ࣌Λ

ଌఆͨ͠ɽ

4.2 ಈ֬࡞ೝͱධՁ

ਤ 7ʹΫϥΠΞϯτͱΤοδؒʹԆΛ༩͍ͯ͠ͳ͍

߹ͷ֤࣮ڥߦʹ͓͚ΔਪఆԠؒ࣌ͱΦϑϩʔσΟ

ϯά͕࣮͞ߦΕͨΤοδʹ͓͚Δ࣮ࡍͷԠؒ࣌Λࣔ͢ɽ

͜͜Ͱ CPU༻ΫϥΠΞϯτͰ 40%ɼΤοδͰ 0%ɼ

ΫϥυͰ 20%ʹઃఆͨ͠ɽਤ 7ʹ͓͍ͯ ClientɼEdgeɼ

Cloud ֤ͷ࣮ڥߦʹ͓͚ΔਪఆԠؒ࣌Λදͯ͠

͓ΓɼClient = 2,352msecɼEdge = 1,687msecɼCloud =

2,352msecͰ͋ΓɼΤοδͷਪఆԠ࠷͕ؒ࣌খͱͳͬͨɽ

͜Εʹ͖ͮجɼΤοδΦϑϩʔσΟϯά͕࣮͞ߦΕɼ࣮

ؒ࣌ͷԠࡍ Ex Edge = 1,738msecͰ͋ͬͨɽEx Edge

ʹΞϓϦέʔγϣϯΛ࣮͢ߦΔͷʹֻ͔࣮ͬͨؒ࣌ߦͱ

σʔλసૹʹֻؚ͔͕ͬͨؒ࣌·ΕΔɽ

ਤ 7 ΤοδΦϑϩʔσΟϯά͞ΕΔ߹ͷԠ࣌ ʢؒԆະ༩ʣ
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ਤ 8 ΫϥυΦϑϩʔσΟϯά͞ΕΔ߹ͷԠ࣌ ʢؒԆ༩ʣ

ਤ 8ʹΫϥΠΞϯτͱΤοδؒʹ 100msecͷԆΛ

༩ͨ͠߹ͷ֤࣮ڥߦʹ͓͚ΔਪఆԠؒ࣌ͱΦϑϩʔ

σΟϯά͕࣮͞ߦΕͨΫϥυʹ͓͚Δ࣮ࡍͷԠؒ࣌Λ

ࣔ͢ɽ͜͜Ͱ CPU༻ΫϥΠΞϯτͰ 40%ɼΤοδ

Ͱ 0%ɼΫϥυͰ 0%ʹઃఆͨ͠ɽਤ 8ʹ͓͍ͯ Clientɼ

EdgeɼCloud֤ͷ࣮ڥߦʹ͓͚ΔਪఆԠؒ࣌Λද

͓ͯ͠ΓɼClient = 2,886msecɼEdge = 3,087msecɼCloud

= 2,282msecͰ͋ΓɼΫϥυͷਪఆԠ࠷͕ؒ࣌খͱͳͬ

ͨɽ͜Εʹ͖ͮجɼΫϥυΦϑϩʔσΟϯά͕࣮͞ߦ

Εɼ࣮ࡍͷԠؒ࣌ Ex Cloud = 2,682msecͰ͋ͬͨɽ

Ex CloudʹΞϓϦέʔγϣϯΛ࣮͢ߦΔͷʹֻ͔ͬͨ

ΕΔɽ·ֻؚ͕͔ؒ࣌ͨͬʹͱσʔλసૹؒ࣌ߦ࣮

ຊߘͰఏҊͨ͠ΦϑϩʔσΟϯάγεςϜͷϓϩτλΠ

ϓͷ࣮ʹΑΔ࣮͔ݧΒɼԆΛ༩͍ͯ͠ͳ͍߹ͱ

ԆΛ༩ͨ͠߹ͷ྆ํͰਪఆԠؒ࣌ͷࢉग़ʹ͖ͮجɼ

ΦϑϩʔσΟϯڥߦͱͳΔͷ࣮ؒ࣌খͷਪఆԠ࠷

ά͕࣮͞ߦΕΔ͜ͱ͕֬ೝͰ͖ͨɽ

5. ͓ΘΓʹ

ຊߘͰΫϥΠΞϯτɼΫϥυαʔόΤοδαʔό

ͳͲͷෳڥʹ͓͚ΔਪఆԠͮ͘جʹؒ࣌Φϑϩʔ

σΟϯάγεςϜͷఏҊΛͨͬߦɽຊߘͰఏҊͨ͠Φϑ

ϩʔσΟϯάγεςϜͰɼ֤ͷ࣮ڥߦʹ͓͍ͯಠཱ

ʹਪఆԠؒ࣌Λࢉग़͠ɼ࠷খͷਪఆԠؒ࣌Ͱ͋Δͷ

Ξؒ࣌ɽਪఆԠ͏ߦͱΦϑϩʔσΟϯάΛڥߦ࣮

ϓϦέʔγϣϯͷ࣮ؒ࣌ߦͱσʔλసૹʹֻ͔Δؒ࣌ͷ

Ͱද͞ΕΔɽ·ͨɼਪఆԠؒ࣌ͷࢉग़ͷࡍʹԆͳͲ

ͷωοτϫʔΫͷঢ়ଶ CPU༻ͳͲͷϦιʔεͷঢ়

ଶΛར༻͢Δɽ͜ΕʹΑͬͯωοτϫʔΫϦιʔεͷঢ়

ଶʹԠͨ͡ಈతͳΦϑϩʔσΟϯάΛ࣮͢ݱΔɽ

·ͨɼఏҊͨ͠ΦϑϩʔσΟϯάγεςϜͷϓϩτλΠ

ϓΛ࣮࣮ͯ͠ݧΛ͍ߦɼಈ֬࡞ೝͱධՁΛͨͬߦɽ࣮ݧ

ʹΑΓɼຊߘͰఏҊͨ͠ΦϑϩʔσΟϯάγεςϜʹ͓͍
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