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ΠϯλʔΫϥ΢υߏڥ؀ஙγεςϜʹΑΔΞϓϦέʔγϣϯ
ೳ֦ுػԉͷͨΊͷࢧஙߏڥ؀

஛๪ (a,1ࢠͭ͋ ୮ੜ ஐ໵1 լࠤ Ұൟ1 ԣࢁ ॏढ़2 ߹ా ਓ1ݑ

֓ཁɿNIIͰ͸ɼSINETͱΫϥ΢υΛੑݱ࠶ͯ͠༺׆ͷ͋ΔΞϓϦέʔγϣϯڥ؀ͷߏஙɾӡ༻Λࢧԉ͢

ΔΦϯσϚϯυΫϥ΢υߏஙαʔϏεͷఏڙΛܭը͓ͯ͠Γɼج൫ιϑτ΢ΣΞ VCPͱ Jupyterࣜܗͷݚ

ͱΑΓ্޲Ͱ͸ɼVCPͷརศੑߘஙɾӡ༻खॱॻͷ։ൃΛਐΊ͍ͯΔɽຊߏҭΞϓϦέʔγϣϯͷڭɾڀ

࣮༻తͳΞϓϦέʔγϣϯςϯϓϨʔτͷ։ൃΛࢧԉ͢ΔͨΊɼVCPΛվྑͯ͠ (1)ར༻ऀͷ؅ཧػೳɼ

(2)ϞχλϦϯάػೳɼ(3)҆શͳσʔλ؅ཧࢧԉߏػɼ(4)Ϋϥ΢υϓϩόΠμରԠϞδϡʔϧͷϓϥά

Πϯߏػͷ։ൃΛ͏ߦͱͱ΋ʹɼ(5)VCPͰͷ GPUΠϯελϯεར༻ূݕΛͨͬߦɽ࣮͔ݧΒɼVCPͰ

GPUΠϯελϯεΛར༻͢Δ͜ͱ͕ՄೳͰ͋Γɼͦͷੑೳ΋௨ৗͷར༻ܗଶͱൺֱͯ͠ଝ৭ͳ͍͜ͱΛ֬

ೝͨ͠ɽ·ͨɼVCPΛ༻͍ͯήϊϜղੳڥ؀ΛΦϯϓϨϛε͔ڥ؀Β SINET5Λհͯ͠঎༻Ϋϥ΢υ΁

εέʔϧΞ΢τ͢Δ࣮ݧʹ͍ͭͯ঺հ͠ɼ࣮༻ੑΛࣔ͢ɽ

Enhancement of an On-demand Configuration System for Inter-Cloud
Applications

1. ͸͡Ίʹ

ΑΓɺʹٴೳֶज़ωοτϫʔΫͱΫϥ΢υٕज़ͷීੑߴ

ΠϯλʔΫϥ΢υ [1]ͱݺ͹ΕΔෳ਺ͷΫϥ΢υݯࢿΛར

৘ใֶཱࠃஙɾར༻͕Մೳͱͳͬͨɽߏ൫ͷجࢉܭͨ͠༺

ॴʢNIIʣ͕ӡ༻͍ͯ͠Δڀݚ SINET5[2], [3], [4]͸ɼࠃ಺

800૊৫Ҏ্ͷֶज़ؔػڀݚʹ઀ଓ͞Εֶͨज़ωοτϫʔ

ΫͰ͋Γɼશ౎ಓ෎ݝͷϧʔλؒΛ 100GbpsͰ૬ޓ઀ଓ

ͤͨ҆͞શ͔ͭ޿ଳҬ௿஗ԆͷωοτϫʔΫΛఏ͢ڙΔͱ

ͱ΋ʹɼถࠃɼԤभɼΞδΞͷֶज़ωοτϫʔΫʹରͯ͠

΋޿ଳҬͳωοτϫʔΫͰ઀ଓ͞Ε͍ͯΔɽ·ͨɼۙ࠷Ͱ

͸ SINET5Λ࢝Ίͱ͢Δֶज़ωοτϫʔΫ͔Βෳ਺ͷ঎

༻Ϋϥ΢υσʔληϯλʹ௚઀઀ଓ͢Δ͜ͱ͕Ͱ͖ΔΑ͏

ʹͳͬͨͨΊɼֶज़ؔػڀݚͱ঎༻Ϋϥ΢υΛԾ૝ϓϥΠ

ϕʔτωοτϫʔΫʢVPNʣͰ઀ଓͤ͞ɼ҆શɼ҆ఆɼߴ

ੑೳͳΠϯλʔΫϥ΢υڥ؀ΛߏஙͰ͖ΔΑ͏ʹͳͬͯ

͖ͨɽ

ΠϯλʔΫϥ΢υڥ؀Ͱޮ཰Α͘ΞϓϦέʔγϣϯڥ؀

1 ॴڀݚ৘ใֶཱࠃ
National Institute of Informatics

2 അେֶ܈
Gunma University

a) takefusa@nii.ac.jp

Λߏஙɾӡ༻͢Δʹ͸ɼର৅ΞϓϦέʔγϣϯҎ֎ͷ༷ʑͳ

஌͕ࣝඞཁͱͳΓɼ؆୯Ͱ͸ͳ͍ɽ۩ମతʹ͸ɼֶज़ωο

τϫʔΫͱΫϥ΢υ઀ଓʹؔ͢Δܦ࿏੍ޚઃఆɼݸʑͷΫ

ϥ΢υϓϩόΠμͷαʔϏεΠϯλϑΣʔεͷशಘɼར༻

͢Δݯࢿͷ࠷దԽ΍εέʔϧΞ΢τ౳ͷΫϥ΢υΒ͍͠ར

༻ํ๏ͷద༻ͳͲɼଟ͘ͷٕज़త՝୊͕͋Δɽ·ͨɼΞϓ

Ϧέʔγϣϯڥ؀ͷߏஙɾӡ༻ࣗମ΋ɼ༷ʑͳϥΠϒϥϦ

ͷґଘؔ܎ͷղܾ΍ιϑτ΢ΣΞͷόʔδϣϯΞοϓ΁ͷ

ରԠͳͲɼ؆୯ʹ͑ߦΔΘ͚Ͱ͸ͳ͍ɽ

NIIͰ͸ɼSINETͱΫϥ΢υΛੑݱ࠶ͯ͠༺׆ͷ͋ΔΞ

ϓϦέʔγϣϯڥ؀ͷߏஙɾӡ༻Λࢧԉ͢ΔͨΊɼฏ੒ 30

೥ 10݄͔ΒΦϯσϚϯυΫϥ΢υߏஙαʔϏε [5]ͷఏڙ

Λܭը͍ͯ͠ΔɽΦϯσϚϯυΫϥ΢υߏஙαʔϏε͸ɼ

ओʹج൫ιϑτ΢ΣΞͱΞϓϦέʔγϣϯςϯϓϨʔτͰ

൫ιϑτ΢ΣΞ͸ɼSINETʹ઀ଓ͞Εͨج੒͞ΕΔɽߏ

༷ʑͳΫϥ΢υσʔληϯλʔͷ্ݯࢿʹΞΠιϨʔτ͞

ΕͨԾ૝جࢉܭ൫ʢԾ૝Ϋϥ΢υͱݺͿʣΛߏங͢ΔɽΞ

ϓϦέʔγϣϯςϯϓϨʔτ͸ɼେֶ౳Ͱར༻͞Ε͍ͯΔ

ֶश؅ཧγεςϜʢLMSʣ౳ͷΞϓϦέʔγϣϯͷߏஙɾ

ӡ༻खॱΛςϯϓϨʔτԽͨ͠΋ͷͰ͋ΓɼԾ૝Ϋϥ΢υ

ͰͷΞϓϦέʔγϣϯߏڥ؀ஙɾӡ༻Λࢧԉ͢Δɽ
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ਤ 1 ΦϯσϚϯυΫϥ΢υߏஙαʔϏεͷ֓ཁɽ

զʑ͸ɼ͜Ε·Ͱͷج͍͓ͯʹڀݚ൫ιϑτ΢ΣΞͰ

͋Δ Virtual Cloud ProviderʢVCPʣ[6], [7] ͷ։ൃͱɼe

ϥʔχϯάϓϥοτϑΥʔϜMoodleΛ࢝Ίͱ͢ΔΞϓϦ

έʔγϣϯςϯϓϨʔτ։ൃΛਐΊ͍ͯΔ [8]ɽVCPͷ։

ൃͰ͸ɼDocker[9]ίϯςφΛར༻ͨ͠Ծ૝Ϋϥ΢υΛߏ

ஙͯ͠ੑݱ࠶ͷ͋ΔήϊϜղੳߏ͕ڥ؀ஙͰ͖Δ͜ͱΛࣔ

͢ [6]ͱͱ΋ʹɼԾ૝Ϋϥ΢υͷ༰қͳ੍ޚΛՄೳʹ͢Δ

αʔϏεΠϯλϑΣʔεͷఏڙͱɼSINET5ͱ঎༻ɾֶज़

Ϋϥ΢υͰߏ੒͞ΕΔԾ૝Ϋϥ΢υͷߏஙΛՄೳʹͯͦ͠

ͷجຊੑೳΛࣔͨ͠ [7]ɽΞϓϦέʔγϣϯςϯϓϨʔτͰ

͸ɼϒϥ΢βϕʔεͷΠϯλϑΣʔεΛఏ͢ڙΔ Jupyter

Notebook[10]Λ༻͍ͯػࢉܭͷૢ࡞ɼӡ༻Λ͏ߦखॱॻ͓

Αͼ࣮ڥ؀ߦΛఏ͢ڙΔɽNIIͰ͸ɼߏஙखॱͷੑݱ࠶΍৘

ใڞ༗ΛՄೳʹ͢Δ Literate Computing for Reproducible

InfrastructureʢLC4RIʣͱ͍͏ํ๏࿦ʹ͍ͯͮج Jupyter

NotebookΛॴ಺Ϋϥ΢υج൫ͷߏஙɼӡ༻ʹ׆༻͓ͯ͠

Γ [11], [12], [13]ɼΦϯσϚϯυΫϥ΢υߏஙαʔϏεͰ΋

͜ΕΛ࠾༻͍ͯ͠Δɽ

͔͠͠ͳ͕ΒɼVCPͷརศੑ্޲ͱΑΓ࣮༻తͳΞϓ

ϦέʔγϣϯςϯϓϨʔτͷ։ൃͷͨΊʹɼར༻ऀͷೝূ

ೝՄɼԾ૝Ϋϥ΢υͷϞχλϦϯάɼ҆શͳσʔλͷ؅ཧɼ

ར༻ՄೳͳΫϥ΢υϓϩόΠμͷ֦ॆɼGPUΠϯελϯ

εͷରԠ౳ɼVCPͷػೳ֦ு͕ඞཁͱͳΔ͜ͱ͕໌Β͔

ʹͳͬͨɽ

ຊߘͰ͸ɼVCPΛվྑ͠ (1)ར༻ऀͷ؅ཧػೳɼ(2)Ϟ

χλϦϯάػೳɼ(3)҆શͳσʔλ؅ཧࢧԉߏػɼ(4)Ϋϥ

΢υϓϩόΠμରԠϞδϡʔϧͷϓϥάΠϯߏػΛ։ൃ͠

ͨɽ·ͨɼ(5)VCPͰͷ GPUΠϯελϯεར༻ূݕΛߦ

͍ɼGPUΠϯελϯε΋ VCP͔Βར༻Ͱ͖Δ͜ͱΛ֬ೝ

ͨ͠ɽ࣮͔ݧΒɼVCPͰGPUΠϯελϯεΛར༻͢Δࡍ

΋௨ৗͷར༻ܗଶͱൺֱͯ͠ੑೳ͕ଝ৭ͳ͍͜ͱΛࣔ͢ɽ

·ͨɼVCPΛ༻͍ͯήϊϜղੳڥ؀ΛΦϯϓϨϛεڥ؀

͔Β SINET5Λհͯ͠঎༻Ϋϥ΢υ΁εέʔϧΞ΢τ͢Δ

঺հ͢Δɽ͍ͯͭʹݧ࣮

2. ΦϯσϚϯυΫϥ΢υߏஙαʔϏεͷ֓ཁ

ΦϯσϚϯυΫϥ΢υߏஙαʔϏε͸ɼSINETͱֶज़ɾ
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ਤ 2 VCP ͷར༻ܗଶɽ

঎༻Ϋϥ΢υͷݯࢿΛ׆༻ͨ͠ΞϓϦέʔγϣϯͷߏஙɾ

ӡ༻Λࢧԉ͢Δɽਤ 1ʹΦϯσϚϯυΫϥ΢υߏஙαʔϏ

εͷ֓ཁΛࣔ͢ɽΦϯσϚϯυΫϥ΢υߏஙαʔϏε͸ɼ

൫ιϑτ΢ΣΞʹΑΓج SINETͷ L2VPNͰ઀ଓ͞Εͨ

1ͭҎ্ͷΫϥ΢υσʔληϯλʔͷݯࢿʹରͯ͠ɼԾ૝

Ϋϥ΢υΛߏங͠ɼΞϓϦέʔγϣϯςϯϓϨʔτʹΑΓ

ΞϓϦέʔγϣϯߏڥ؀ஙɾӡ༻Λࢧԉ͢ΔɽҎ߱Ͱج൫

ιϑτ΢ΣΞͷ VCPͱΞϓϦέʔγϣϯςϯϓϨʔτʹ

͍ͭͯઆ໌͢Δɽ͞Βʹɼརศੑ͓Αͼ࣮༻ੑ্޲ͷͨΊ

ͷ՝୊ʹ͍ͭͯड़΂Δɽ

2.1 ൫ιϑτ΢ΣΞVCPج

VCP͸ɼSINETʹ઀ଓ͞Εͨ 1ͭҎ্ͷΫϥ΢υͷ෺

ཧػࢉܭ΍Ծ૝ػࢉܭ౳ͷ্ݯࢿʹΞΠιϨʔτ͞ΕͨԾ

૝Ϋϥ΢υΛߏங͠ɼఏ͢ڙΔɽVCPͰ͸ɼܰྔͳԾ૝Խ

Λ࣮͢ݱΔ DockerίϯςφΛ༻͍Δ͜ͱͰɼ௿ੑೳΦʔ

όϔουͰ༰қʹΞϓϦέʔγϣϯڥ؀Λ഑උͰ͖Δɽ·

ͨɼԾ૝Ϋϥ΢υ಺ωοτϫʔΫͷઃఆࢧԉ΍ҟͳΔΫϥ

΢υ APIͷࠩҟΛٵऩ͢ΔαʔϏεΠϯλϑΣʔεΛఏ

ΔɽຊΠϯλϑΣʔεΛ༻͍Δ͜ͱͰɼར༻ऀ͸༷ʑ͢ڙ

ͳΫϥ΢υʹରͯ͠ಉ༷ͷૢ࡞Ͱඞཁͳϊʔυߏ੒ͷԾ૝

Ϋϥ΢υͷߏஙɼఀࢭɼ࡟আ΍ɼԾ૝Ϋϥ΢υ಺ͷϊʔυ

ʢVCϊʔυʣͷ௥Ճɾ࡟আ͕͑ߦΔɽ

2.1.1 VCPʹΑΔԾ૝Ϋϥ΢υͷఏڙ

ਤ 2ʹɼVCPͷར༻ܗଶΛࣔ͢ɽVCP͸ɼओʹ VCP

ϚωʔδϟʢVCP ManagerʣɼԾ૝Ϋϥ΢υʢVCʣίϯτ

ϩʔϥʢVC ControllerʣɼԾ૝ϧʔλʢVirtual RouterʣͰ

੒͞ΕΔɽVCPϚωʔδϟ͸Ծ૝Ϋϥ΢υΛ؅ཧ͢Δߏ

VCPͷར༻ऀʗάϧʔϓʹରͯ͠VCίϯτϩʔϥΛ഑උ

͢ΔɽVCPͷར༻ऀ͸ͦΕͧΕҟͳΔԾ૝ϓϥΠϕʔτ

ωοτϫʔΫʢVPNʣΛར༻͢ΔͨΊɼVCίϯτϩʔϥ

΋ར༻ऀຖʹ༻ҙ͢Δɽ֤ར༻ऀ͸ɼׂΓ౰ͯΒΕͨ VC

ίϯτϩʔϥʹରͯ͠ VCPαʔϏεΠϯλϑΣʔεΛհ

ͯ͠Ծ૝Ϋϥ΢υͷߏஙΛࣔ͢ࢦΔɽ·ͨɼԾ૝ϧʔλ͸

େֶ౳ֶज़ؔػڀݚͱෳ਺঎༻Ϋϥ΢υσʔληϯλʔؒ

ͷωοτϫʔΫͷϋϒతͳ໾ׂΛ୲͏ͱͱ΋ʹɼ֎෦ωο

τϫʔΫ΁ͷήʔτ΢ΣΠػೳ͓Αͼ BGPʹΑΔܦ࿏੍

ೳ΋උ͍͑ͯΔɽΫϥ΢υؒωοτϫʔΫ͸ػޚ SINET5

ͷ L2VPNΛલఏͱ͍ͯ͠Δ͕ɼL2VPN͕ڥ؀ͳ͍ɼ·ͨ
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ਤ 3 VCP αʔϏεΠϯλϑΣʔεɽ

͸ੑߴೳωοτϫʔΫ͕ඞཁͳ͍ΞϓϦέʔγϣϯΛར༻

͢Δར༻ऀʹରͯ͠ɼԾ૝ϧʔλͰ͸ IPSecτϯωϧΛ༻

͍ͨΫϥ΢υؒ VPNΛߏஙͯ͠ར༻Ͱ͖ΔΑ͏ʹ͍ͯ͠

ΔɽԾ૝ϧʔλʹ͸ɼԾ૝εΠονOpen vSwitchʢOVSʣ

[14]ͱϧʔςΟϯάιϑτ΢ΣΞ Quagga[15]Λ༻͍࣮ͯ

૷͍ͯ͠Δɽ

ΦϯσϚϯυΫϥ΢υߏஙαʔϏεͰ͸ɼ༷ʑͳΫϥ΢

υͰ༰қʹԾ૝Ϋϥ΢υ͕ߏஙͰ͖ΔΑ͏ʹ͢Δ͜ͱɼ͓ Α

ͼ༷ʑͳΞϓϦέʔγϣϯͰެ։͞Ε͍ͯΔطଘͷDocker

ΠϝʔδΛར༻Ͱ͖ΔΑ͏ʹ͢Δ͜ͱ͕ٻΊΒΕΔɽΑͬ

ͯɼਤ 2ͷӈଆʹ͍ࣔͯ͠ΔΑ͏ʹɼVCPʹΑΔԾ૝Ϋϥ

΢υ΁ͷ VCϊʔυىಈͰ͸Ϋϥ΢υͰ֬อͨ͠Ծ૝ʗ෺

ཧػࢉܭʢVM/BMʣʹ ରͯ͠ϕʔείϯςφͱΞϓϦέʔ

γϣϯίϯςφΛೋ֊૚Ͱ഑උͯ͠ར༻͢Δ͜ͱΛલఏͱ

͍ͯ͠Δɽ͜ͷΑ͏ͳར༻ܗଶ͸ɼDocker-in-Dockerͱݺ

͹Ε͓ͯΓɼଟগͷੑೳྼԽ͕ݒ೦͞ΕΔ΋ͷͷɼॊೈͳ

ΞϓϦέʔγϣϯϥΠϒϥϦͷ഑උΛՄೳʹ͢Δɽϕʔε

ίϯςφ૚Ͱ͸ωοτϫʔΫઃఆ΍ىಈͨ͠ VCϊʔυͷ

ɽΞϓϦέʔγϣϯίϯςφ૚Ͱ͸ɼ໨త͏ߦΛࢹ؂׆ࢮ

ͷΞϓϦέʔγϣϯͰඞཁͱ͞ΕΔίϯςφΛ഑උ͢Δɽ

ϕʔείϯςφ͸֤ VM·ͨ͸ BMʹ 1ͭ഑උ͞ΕΔ΋

ͷͰ͋ΓɼΞϓϦέʔγϣϯίϯςφ͸ϕʔείϯςφ্

ʹෳ਺഑උ͢Δ͜ͱ͕Ͱ͖Δɽ

2.2 VCPαʔϏεΠϯλϑΣʔε

VCPͰ͸ɼҟͳΔΫϥ΢υϓϩόΠμͷ APIͷࠩҟΛ

ऩ͢ΔͨΊɼVCίϯτϩʔϥͷ಺෦ͰΦʔϓϯιʔεٵ

ͷ Terraform[16] Λ༻͍͓ͯΓɼར༻ऀʹରͯ͠͸ VCP

REST APIͱ Pythonϕʔεͷ։ൃΩοτVCP SDKΛఏ

Δɽਤ͍ͯ͠ڙ 3ʹ͜ΕΒͷαʔϏεΠϯλϑΣʔεͷ֓

ཁΛࣔ͢ɽ

VCP REST API Ͱ͸ɼYAML ड़͞ΕͨԾ૝هͰࣜܗ

Ϋϥ΢υͷߏ੒ϑΝΠϧʢConfiguration fileʣΛ POST

ϝιουͰऔಘ͢Δͱɼͦͷߏ੒ϑΝΠϧʹैͬͯ Ter-

# Ծ૝Ϋϥ΢υڥ؀ͷॳظԽ

vc = VcpSDK("vcp_accesskey", "my_vc_name")

# ੒͢Δ࡞ VC ϊʔυͷ spec ৘ใΛΫϥ΢υ໊ͱ flaver"small"Ͱ࡞੒

spec = vc.spec.find("aws", "small")

# spec Ͱࢦఆͨ͠ VC ϊʔυΛىಈ

nodes = vc.unit.create("instance_name", spec)

# vc Ͱ؅ཧ͢Δ͢΂ͯͷ VC ϊʔυͷ࡟আ

# vc.cleanup()

ਤ 4 VCP SDK Λ༻͍ͨίʔυྫɽ

### VCC ઃఆ ###

vcc:

host: VC Controller IP

name: VCC Name

### AWS ͷઃఆ ###

aws:

access_key: "AWS ͷΞΫηεΩʔ"

secret_key: "AWS ͷγʔΫϨοτΩʔ"

private_network: "default"

### ͘͞ΒͷΫϥ΢υͷઃఆ ###

sakura:

token: "͘͞ΒͷΫϥ΢υͷτʔΫϯ"

secret: "͘͞ΒͷΫϥ΢υͷγʔΫϨοτ"

private_network: "default"

:

ਤ 5 VCP SDK ઃఆϑΝΠϧͷྫɽ

raformܦ༝Ͱ֤Ϋϥ΢υ΁ͷ֬ݯࢿอ౳ͷ੍ޚΛՄೳʹ

͢ΔɽTerraformͰ͸ɼ֤Ϋϥ΢υʹ͓͚Δ VM΍ωοτ

ϫʔΫεΠονɼίϯςφ౳ͷݯࢿΛ੍͢ޚΔϞδϡʔϧ

Λ ProviderͱݺͼɼAWSʢAmazon Web ServicesʣɼGCP

ʢGoogle Cloud PlatformʣɼMicrosoft AzureɼOpenStack

౳ͷओཁͳ Provider Λ༧Ίఏ͞ڙΕ͍ͯΔɽ·ͨɼTer-

raform͸ϓϥάΠϯϕʔεͰ࣮૷͞Ε͓ͯΓɼTerraform

ͷఏ͢ڙΔ APIΛ࣮૷͢Δ͜ͱͰಠࣗͷ ProviderΛ։ൃ

͢Δ͜ͱ͕Ͱ͖Δɽ

Ծ૝Ϋϥ΢υͷ੍ޚΛ༰қʹ͢ΔͨΊɼPythonϕʔεͷ

։ൃΩοτVCP SDK΋ఏ͍ͯ͠ڙΔɽਤ 4ʹVCP SDK

Λ༻͍ͨίʔυྫΛࣔ͢ɽਤ 4͸ɼAWSʹ smallϑϨʔ

όͷVCϊʔυΛ ಈ͢ΔྫΛ͍ࣔͯ͠Δɽར༻ऀ͸ɼى1ͭ

Ծ૝Ϋϥ΢υͷॳظԽʢ2ߦ໨ʣɼVCϊʔυߏ੒ʢspecʣ

ͷࢦఆʢ4ߦ໨ʣɼVCϊʔυͷىಈʢ6ߦ໨ʣͷ ͰΫϥߦ3

΢υʹ VCϊʔυΛىಈ͢Δ͜ͱ͕Ͱ͖Δɽspecͷࢦఆ

ՕॴͰɼawsͷ୅ΘΓʹ azureͱೖྗ͢ΔͱɼAzure্ʹ

VCϊʔυΛىಈ͢Δ͜ͱ͕Ͱ͖ΔɽϑϨʔόʹ͸ɼ֤Ϋ

ϥ΢υʹରͯ͠༧Ί smallɼmediumɼlargeͷύϥϝʔλ

ηοτΛఆ͓ٛͯ͠ΓɼΫϥ΢υར༻ʹෆ׳ΕͳϢʔβʹ

΋༰қʹૢ࡞Ͱ͖ΔΑ͏ʹ͍ͯ͠Δɽ·ͨɼ͜͜Ͱఆٛ͠

͍ͯΔύϥϝʔλ͸্ॻ͖ՄೳͰ͋ΔͨΊɼར༻ऀ͕ඞཁ

ʹԠͯ͡ΠϯελϯελΠϓ΍σΟεΫαΠζ౳ͷৄࡉͳ

ੑೳΛఆٛ͢Δ͜ͱ΋Ͱ͖Δɽ·ͨɼcleanup()ͱ͍͏ϝ

ιουͰͦͷԾ૝Ϋϥ΢υ͕؅ཧ͍ͯ͠Δ͢΂ͯͷϊʔυ

Λ࡟আ͢Δ͜ͱ͕Ͱ͖Δɽͨͩ͠ɼAWSͷΞΫηετʔ
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ΫϯͳͲ੍ޚʹඞཁͳ৘ใ͸ɼਤ 5ʹࣔ͢Α͏ͳ YAML

ͷઃఆϑΝΠϧʹ༧Ί֨ೲ͓ͯ͘͠ඞཁ͕͋Δɽ͜Εࣜܗ

Βͷ৘ใ͔ΒɼVCP SDKͰߏ੒ϑΝΠϧΛੜ੒͠ɼVCP

REST APIͰ VCίϯτϩʔϥʹ੍ޚͷཁٻΛૹ৴͢Δɽ

2.3 ΞϓϦέʔγϣϯςϯϓϨʔτ

ΞϓϦέʔγϣϯςϯϓϨʔτ͸ɼڀݚɾڭҭ໨తͰ޿

͘ར༻͞Ε͍ͯΔΞϓϦέʔγϣϯͷߏஙɾӡ༻खॱΛς

ϯϓϨʔτԽͨ͠΋ͷΛ Jupyter NotebookࣜܗͰఏ͢ڙ

Δɽ͜ΕʹΑΓɼΫϥ΢υͰͷΞϓϦέʔγϣϯߏஙʹෆ

࣌ݱԉ͢ΔɽࢧΛ༺׆Εͳར༻ऀʹରͯ͠Ϋϥ΢υͷར׳

఺Ͱ͸ɼҎԼͷΞϓϦέʔγϣϯςϯϓϨʔτͷ։ൃΛਐ

Ί͓ͯΓɼҾ͖ଓ͖ར༻ऀίϛϡχςΟͱ͠ྗڠͳ͕Β։

ൃΛਐΊ͍ͯ͘ɽ

HPCςϯϓϨʔτ OpenHPC[17] Ͱఏ͞ڙΕ͍ͯΔՊ

ֶٕज़ࢉܭͷͨΊͷࢉܭϥΠϒϥϦ͓܈ΑͼΩϡʔΠ

ϯάγεςϜ͔ΒͳΔΫϥελڥ؀Λߏஙͱɼߏங͠

ͨΫϥελͰͷجຊతͳੑೳධՁ͕͑ߦΔɽ

LMSςϯϓϨʔτ moodle[18]Λ༻ֶ͍ͨश؅ཧγες

ϜΛߏஙɼμ΢ϯλΠϜΛ୹͘͢Δ͜ͱΛ໨తͱͨ͠

BlueGreenDeployment[19]ͱ͍͏ख๏ʹͮ͘جΞοϓ

σʔτۀ࡞ [8]ͷͨΊͷखॱΛ͍ͯ͠هΔɽ

VDIςϯϓϨʔτ Guacamole[20]Λ༻͍ͨٛߨɾԋश༻

ͷԾ૝σεΫτοϓج൫ʢVDIʣͷߏஙͱɼεέʔϧ

Ξ΢τʗμ΢ϯͷखॱΛ͍ࣔͯ͠Δɽ

ήϊϜղੳςϯϓϨʔτ GalaxyϫʔΫϑϩʔπʔϧ [21]

ʹΑΔήϊϜσʔλղੳڥ؀ΛΫϥ΢υ্ʹߏங͢Δ

΋ͷͰ͋Δɽ

2.4 རศੑɼ࣮༻ੑ্޲ͷͨΊͷ՝୊

ΞϓϦέʔγϣϯςϯϓϨʔτͷ։ൃͱΦϯσϚϯυΫ

ϥ΢υߏஙαʔϏεͷݧࢼӡ༻ΛਐΊΔʹ͋ͨΓɼརศੑ

΍࣮༻ੑΛ্ͤ͞޲ΔͨΊʹ͸ҎԼͷΑ͏ͳٕज़తͳ՝୊

͕͋Δ͜ͱ͕໌Β͔ʹͳͬͨɽ

VCίϯτϩʔϥͷ؅ཧ VCίϯτϩʔϥ͸ɼಉҰͷݚ

άϧʔϓͳͲڀ VPNʹΞΫηεՄೳͳෳ਺ͷར༻ऀ

Ͱڞ༗͢Δ͜ͱʹͳΔɽVCίϯτϩʔϥͷ؅ཧऀ͸ɼ

Ͳͷར༻ऀʹVCίϯτϩʔϥ΁ͷΞΫηεΛڐՄ͠ɼ

Ͳͷར༻ऀ͕ͲͷΑ͏ͳૢ࡞Λͨͬߦͷ͔ɼ؅ཧ͢Δ

ඞཁ͕͋Δɽ·ͨɼ͜ͷͨΊͷ؅ཧऀɼར༻ऀ૒ํͷ

खଓ͖͕൥ࡶʹͳΔͱརศੑ΋Լ͕ͬͯ͠·͏ɽ

Ծ૝Ϋϥ΢υϞχλϦϯά Ծ૝Ϋϥ΢υΛར༻͢Δࡍɼ

Ϋϥ΢υͰ͸֬อ͢Δ VC ϊʔυͷੑೳʹൺྫͯ͠

୯Ґͨ͋ؒ࣌Γͷར༻ྉ͕͘ߴͳΔͨΊɼର৅ΞϓϦ

έʔγϣϯΛӡ༻͢ΔͨΊʹे෼ͳੑೳͷ VCϊʔυ

Λར༻͢Δ͜ͱ͕ٻΊΒΕΔɽͦͷͨΊɼͲͷϓϩά

ϥϜ͕ͲͷݯࢿΛͲͷఔ౓ফඅ͢Δͷ͔Λత֬ʹ೺Ѳ

͢Δඞཁ͕͋Δ͕ɼݸʑͷར༻ऀ͕ϞχλϦϯάπʔ

ϧΛΠϯετʔϧ͢Δͷ͸ෛ୲͕େ͖͍ɽ

Ϋϥ΢υͰͷ҆શͳσʔλ؅ཧ SINETͷVPNͱ֤Ϋϥ

΢υͰͷΞΠιϨʔγϣϯػೳΛར༻͢Δ͜ͱͰ҆

શʹԾ૝Ϋϥ΢υΛߏங͢Δ͜ͱ͕Ͱ͖Δ͕ɼىಈ͠

ͨΞϓϦέʔγϣϯڥ؀΍ VPNʹ઀ଓ͞Εͨଞͷܭ

͞ʹݥةΔ੬ऑੑ౳ʹΑΓɼ৘ใ࿙͍͑ͷ͚͓ʹػࢉ

Β͞ΕΔՄೳੑ͕͋ΔɽΑͬͯɼΫϥ΢υͰੑີػͷ

৘ใΛѻ͏ΞϓϦέʔγϣϯͰ͸ɼσΟεΫϘ͍ߴ

ϦϡʔϜࣗମΛ҉߸Խͨ͠ΑΓ҆શͳσʔλͷ؅ཧ͕

ΊΒΕΔɽٻ

৽نΫϥ΢υϓϩόΠμ΁ͷରԠ VCP Ͱ͸ Terraform

Λ༻͍ͯෳ਺ͷΫϥ΢υϓϩόΠμʹରԠ͓ͯ͠

Γɼݱঢ়Ͱ͸AWSɼAzureɼGCPɼ͞ ͘ΒͷΫϥ΢υɼ

OpenStackʹରԠ͍ͯ͠ΔɽޙࠓɼΑΓଟ͘ͷΫϥ΢

υϓϩόΠμʹରԠ͢Δʹ͸ɼୈऀࡾʹΑΓ VCPର

ԠͷΫϥ΢υϓϩόΠμ͕։ൃͰ͖Δ͜ͱ͕ٻΊΒΕ

Δ͕ɼTerraformͰͷϓϩόΠμ։ൃ͚ͩͰͳ͘ VCP

REST API΍ VCP SDKͰͷίʔυमਖ਼΋ඞཁͱͳ

Γɼ؆୯Ͱ͸ͳ͍ɽ

ΞΫηϥϨʔλͷར༻ ෼໺Ͱ͸ɼࢉܭೳੑߴցֶश΍ػ

௿ফඅిྗͰߴ଎ͳࢉܭΛͨ͏ߦΊʹɼGPUͱ CPU

Λซ༻͢Δख๏͕༻͍ΒΕΔɽΫϥ΢υͰ΋ɼओཁͳ

Ϋϥ΢υͰ͸ GPU͕ར༻ՄೳͳΠϯελϯε͕طʹ

ఏ͞ڙΕ͍ͯΔɽ·ͨɼۙ࠷Ͱ͸ FPGAΛΞΫηϥ

Ϩʔλͱͯ͠ར༻ՄೳͳΠϯελϯεͷఏڙ΋࢝·ͬ

͍ͯΔɽ͔͠͠ͳ͕Βɼ͜ΕΒ͸ Dockerίϯςφ͔

Βར༻͢Δ͜ͱ͕Ͱ͖ͳ͍ͨΊɼ͜ͷ··Ͱ͸ VCP

͔Βར༻͢Δ͜ͱ͸Ͱ͖ͳ͍ɽ

3. VCPͷػೳ֦ு

ΦϯσϚϯυΫϥ΢υߏஙαʔϏεͷརศੑɼ࣮༻ੑ޲

্Λ໨తͱ͠ɼҎԼͷػೳΛ։ൃ͓ΑͼূݕΛͨͬߦɽ

(1) VCίϯτϩʔϥར༻ऀ؅ཧػೳ

(2) Ծ૝Ϋϥ΢υϞχλϦϯάػೳ

(3) ҆શͳσʔλ؅ཧࢧԉߏػ

(4) Ϋϥ΢υϓϩόΠμରԠϞδϡʔϧͷϓϥάΠϯߏػ

(5) VCPͰͷ GPUΠϯελϯεར༻ূݕ

3.1 VCίϯτϩʔϥར༻ऀ؅ཧػೳ

VCίϯτϩʔϥʢVCCʣͷ؅ཧऀʹର͠ɼͦ ͷVCCͷ

ར༻ऀͷ؅ཧΛࢧԉ͢ΔͨΊͷػೳͱͯ͠ɼ؅ཧऀ༻Web

ϢʔβΠϯλϑΣʔεʢWeb UIʣͱར༻ऀͷೝূೝՄߏػ

Λ։ൃͨ͠ɽਤ 6ʹVCCར༻ऀͷ؅ཧػೳͷ֓ཁΛࣔ͢ɽ

؅ཧऀ༻Web UIͰ͸ɼֶज़ೝূϑΣσϨʔγϣϯʮֶೝ

ʢGakuNinʣʯ[22]ʹΑΔೝূೝՄΛ͏ߦɽֶೝ͸ɼ೔ຊࠃ

಺ͷେֶ౳ͱ NII͕࿈ߏͯ͠ܞஙɾӡ༻͍ͯ͠ΔೝূϑΣ

σϨʔγϣϯج൫Ͱ͋Γɼ֤͕ؔػϑΣσϨʔγϣϯͷϙ

ϦγΛ৴པ͠߹͏͜ͱͰ૬ޓͷೝূ࿈ܞΛ࣮͍ͯ͠ݱΔɽ
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Shibboleth VCC Manager UI

VCC 
documents

VCC info

Token 
mngmt

VC Controller Notebook / CLI

VCP SDK
based code

VC
Controller

Core

Vault

audit log

DB

VCC Manager VCC User

User A's
Token

User A's
Token

User A's
Token

ਤ 6 VC ίϯτϩʔϥར༻ऀ؅ཧػೳͷ֓ཁɽ

ຊαʔϏεͷఏڙର৅ऀ͸ࠃ಺ͷେֶ౳ؔػڀݚͰ͋Δͨ

ΊɼֶೝΛར༻͢Δ͜ͱͰಠࣗͷ ID؅ཧ͕ෆཁʹͳͬͨ

Γɼར༻ऀ͸γϯάϧαΠϯΦϯ͕ՄೳʹͳΔͳͲͷར఺

͕͋Δɽ

ͨͩ͠ɼݸʑͷར༻ऀʹର͢Δ VCCར༻࣌ͷೝূೝՄ

͸ֶೝϕʔεʹ͢ΔͱϓϩάϥϜ͔Βͷೝূ͕༰қͰͳ

͍ͨΊɼར༻ऀʹରͯ͠͸ΞΫηετʔΫϯϕʔεͰͷ

ೝূೝՄΛ͏ߦɽVCC؅ཧऀ͸ɼ؅ཧऀ༻Web UI͔Β

VCC؅ཧऀ͕֤Ϣʔβʹରͯ͠ݶظ෇͖ΞΫηετʔΫ

ϯΛൃ͢ߦΔखଓ͖Λ͍ߦɼൃͨ͠ߦτʔΫϯΛ VCCར

༻ऀʹ഑෍͢Δɽ؅ཧऀʹΑΔൃͨ͠ߦτʔΫϯͷ࡟আɼ

ʹͱ͕Ͱ͖ΔɽΞΫηετʔΫϯ͜͏ߦԆ௕͸దٓݶظ

͸ɼHashiCorp VaultʢVaultʣ[23] Λ༻͍͍ͯΔɽVault

͸ɼτʔΫϯ͝ͱʹൿಗ৘ใΛ؅ཧ͢ΔͨΊͷ҉߸Խ͞Ε

ͨKey Value StoreʢKVSʣΛఏ͢ڙΔɽVCCͰ͸ɼ֤ར

༻ऀʹରͯ͠ผʑͷΞΫηετʔΫϯΛൃͯ͠ߦར༻ऀΛ

ࣝผ͢ΔɽVCCར༻ऀ͸ɼ഑෍͞ΕͨΞΫηετʔΫϯ

Λར༻ͯ͠ VCCʹΞΫηε͢ΔɽVCCͰ͸ɼͦͷΞΫη

ετʔΫϯ͕༗ޮͳ΋ͷ͔Ͳ͏͔Λ͠ূݕɼͦͷར༻ऀͷ

ཁٻͷೝূೝՄΛ͏ߦɽ

3.2 Ծ૝Ϋϥ΢υϞχλϦϯάػೳ

Ծ૝Ϋϥ΢υͷϞχλϦϯάΛࢧԉ͢ΔͨΊɼVCίϯ

τϩʔϥʹϞχλϦϯάػೳΛ࣮૷ͨ͠ɽԾ૝Ϋϥ΢υͷ

ϞχλϦϯάͰ͸ɼa)֤ϕʔείϯςφͰͷ VCϊʔυ಺

ͷݯࢿར༻ঢ়گʹؔ͢Δ৘ใʢϝτϦΫε৘ใʣΛऔಘ͠ɼ

b)VCC͝ͱʹϕʔείϯςφͰऔಘͨ͠ϝτϦΫε৘ใ

ΛҰݩతʹऩूɾ؅ཧ͠ɼc)ͦͷ݁ՌͷՄࢹԽΛ͏ߦɽ

ϞχλϦϯάػೳͷ࣮૷Ͱ͸ɼa)Ͱ͸ cAdvisor[24]ɼb)

͸ Prometheus[25]ɼc) ͸ Grafana[26] Λ༻͍ͨɽطଘͷ

Φʔϓϯιʔειϑτ΢ΣΞΛར༻͢Δ͜ͱͰɼ൚༻తͳ

σʔλࣜܗͱ APIΛ΋ͭϞχλϦϯάγεςϜ͕୹ؒظ

Ͱ࣮૷͢Δ͜ͱ͕Ͱ͖Δɽ

cAdvisor͸ Google͕։ൃ͍ͯ͠Δ Dockerίϯςφͷ

ϞχλϦϯάπʔϧͰ͋Γɼίϯςφ୯ҐͰϝτϦΫε৘

ใΛऔಘ͢Δ͜ͱ͕ՄೳͰ͋Δɽ֤ϕʔείϯςφ಺ʹ഑

උͨ͠ cAdvisorʹΑΓɼVCϊʔυશମͷར༻ঢ়͚ͩگͰ

ͳ͘ɼͦͷ্Ͱىಈ͍ͯ͠Δෳ਺ͷΞϓϦέʔγϣϯͷར

༻ঢ়گ΋ͦΕͧΕࢹ؂Ͱ͖Δɽ

Prometheus͸ pullܕͷϞχλϦϯάγεςϜͰ͋Γɼ

֤ϕʔείϯςφ಺ͷ cAdvisor͔ΒϝτϦΫε৘ใΛఆ

తʹऔಘͯ͠؅ཧ͢ΔɽVCCͰ͸ظ VCϊʔυͷىಈঢ়

ͨ·Λ೺Ѳ͓ͯ͠Γɼگ Prometheusͱ cAdvisor΋࿈͠ܞ

͍ͯΔͨΊɼPrometheusΛ༻͍ͨɽ

ϝτϦΫε৘ใͷՄࢹԽͰ͸ɼPrometheusࣗମ΋Մࢹ

ԽπʔϧΛఏ͍ͯ͠ڙΔ͕ɼΑΓ௚ײతͳ GUI Λఏڙ

͢Δ Grafana Λ༻͍ͨɽGrafana ͸σʔλιʔεͱͯ͠

PrometheusΛࢦఆ͢Δ͜ͱ͕Ͱ͖ɼμογϡϘʔυͷΧ

ελϚΠζ΋ՄೳͰ͋Δɽ

3.3 ҆શͳσʔλ؅ཧࢧԉߏػ

VCPͷར༻ऀʹରͯ҆͠શͳσʔλ؅ཧΛࢧԉ͢Δͨ

Ίɼ3.1અͰ VCίϯτϩʔϥʹಋೖͨ͠ VaultΛ֤ VCC

ͷར༻ऀͷൿಗ৘ใҰ؅࣌ཧ KVSͱͯ͠ར༻Ͱ͖ΔΑ͏

ʹͨ͠ɽ͜ΕʹΑΓɼVCPʹؔ͢Δૢ࡞ͱ֤ΞϓϦέʔ

γϣϯڥ؀ͷߏஙɾӡ༻ʹؔ͢Δૢ͍͓࣍ͯʹ࡞ͷΑ͏ʹ

VaultΛར༻͢Δ͜ͱ͕Ͱ͖Δɽ

VCPͰ͸ɼΫϥ΢υͷΞΫηετʔΫϯ౳ΛؚΉઃఆ৘

ใΛਤ 5ʹࣔ͢ઃఆϑΝΠϧ΍ REST APIͰ༻͍Δߏ੒

ϑΝΠϧʹ௚઀ॻ͖ࠐΉඞཁ͕͋Δ͕ɼ৘ใ࿙͍͑ͷڪΕ

͕͋ΔɽΑͬͯɼར༻ऀ͸ΞΫηετʔΫϯ౳ͷൿಗ৘ใ

ͷ୅ΘΓʹVaultͷΩʔΛೖྗ͢Ε͹ɼVCCଆͰͦͷΩʔ

ʹඥͮ͘ൿಗ৘ใΛ Vault͔Βऔಘͯ͠Ϋϥ΢υʹର͢Δ

ΔΑ͏ʹͨ͠ɽVCPͰ͸ɼΞΫηετʔΫϯ͑͝ߦ͕ޚ੍

ͱʹ KVSͷ֨ೲεϖʔεΛ੾Γ෼͚Δ HashiCorp Vault

ͷ Cubbyholeͱݺ͹ΕΔํࣜͷར༻Λલఏͱ͍ͯ͠Δɽ

ΞϓϦέʔγϣϯڥ؀ͷߏஙɾӡ༻ʹؔ͢Δૢ࡞Ͱ͸ɼ

ssh΍σΟεΫϘϦϡʔϜ҉߸Խʹؔ͢Δݤ৘ใ౳ΛVault

ʹ֨ೲͯ͠ར༻͢Δ͜ͱ͕Ͱ͖ΔɽVCPͰ͸ɼVCϊʔυ

্ͰͷΞϓϦέʔγϣϯߏڥ؀ஙɾӡ༻खॱ͸εΫϦϓτ

΍ Jupyter Notebook಺ͷίʔυͰهड़͠ɼ࣮͞ߦΕΔ͜

ͱΛ૝ఆ͍ͯ͠Δɽ͔͠͠ɼ্هͷΑ͏ͳൿಗ৘ใΛઃఆ

ϑΝΠϧ΍ίʔυࣗମʹຒΊࠐΉ͜ͱ͸ VCPૢ࣌࡞ಉ༷

ʹ৘ใ࿙͍͑ͷڪΕ͕͋Δɽ·ͨɼਵ࣌ύεϑϨʔζΛೖ

ྗ͢ΔΑ͏ͳར༻ํ๏Ͱ͸ෛ୲͕େ͖͍ɽͦ͜ͰɼVCCͷ

ೳͱͯ͠ػ VaultΛఏ͢ڙΔ͜ͱͱ͠ɼVCPʹؔ͢Δૢ

Ҏ֎Ͱ΋ར༻Ͱ͖ΔΑ͏ʹͨ͠ɽ࡞

2.3અͰ঺հͨ͠MoodleΛ༻͍ͨ LMSςϯϓϨʔτͰ

͸ɼMoodleͰݸʑͷֶੜͷ੒੷ͳͲੑີػͷ͍ߴ৘ใΛ

؅ཧ͢ΔͨΊɼΫϥ΢υͰ֬อ͢ΔσΟεΫϘϦϡʔϜશ

ମΛ LUKSʢLinux Unified Key SetupʣͰ҉߸Խ͢Δखॱ

Λ঺հ͍ͯ͠Δɽ͜Ε͸ɼສ͕ҰΫϥ΢υଆͰͦͷσΟε

Ϋ͕౪೉౳ʹ͋ͬͨ৔߹Ͱ΋ɼͦͷ··Ͱ͸ಡΈग़ͤͳ͍

Α͏ʹ͍ͯ͠Δɽ·ͨɼ҉߸Խͷݤ৘ใࣗମ͸ VCCଆʹ
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OpenStack Newton API AWS API Azure API …

Private 
Cloud A

Private 
Cloud B AWS Azure

Region
A

Region
B

Region
C

Region
D

… Region
E

Region
F

…

VC 1 VC 2 VC 3

Cloud API

Cloud Provider

Region

ਤ 7 Ϋϥ΢υ APIɼΫϥ΢υϓϩόΠμɼϦʔδϣϯͷؔ܎ɽ

͋ΔͨΊɼݤͱσΟεΫΛಉ࣌ʹ౪·ΕΔՄೳੑ͸௿͍ɽ

3.4 Ϋϥ΢υϓϩόΠμରԠϞδϡʔϧͷϓϥάΠϯߏػ

VCPίʔυͷϦϑΝΫλϦϯάΛ͍ߦɼୈऀࡾʹΑΔ

VCPରԠΫϥ΢υϓϩόΠμରԠϞδϡʔϧͷ։ൃ͕༰

қʹ͑ߦΔΑ͏ʹͨ͠ɽਤ 7ʹΫϥ΢υ APIɼΫϥ΢υϓ

ϩόΠμɼϦʔδϣϯͷؔ܎Λࣔ͢ɽCloud API૚Ͱ͸ɼ

ҟͳΔΫϥ΢υ APIΛද͍ͯ͠ΔɽCloud Provider૚Ͱ

͸ɼ௚Լͷ Cloud APIΛఏ͢ڙΔΫϥ΢υϓϩόΠμΛද

͍ͯ͠ΔɽRegion૚Ͱ͸ɼ௚ԼͷΫϥ΢υϓϩόΠμͰར

༻ՄೳͳϦʔδϣϯ৘ใ͕ఆٛ͞Ε͍ͯΔɽ֤Ծ૝Ϋϥ΢

υʢVCʣͰ͸ɼ໼ҹ͕ഁࣔ͢͠ࢦઢͷ࢛֯Ͱғ·ΕͨϦʔ

δϣϯɼΫϥ΢υϓϩόΠμɼΫϥ΢υ APIͷ૊Έ߹Θͤ

Λར༻͢Δ͜ͱΛද͍ͯ͠Δɽ

৽ͨͳΫϥ΢υϓϩόΠμΛ VCPͰར༻Մೳʹ͢Δͨ

Ίʹ͸ɼਤ 7ͷ Cloud API૚ͱ Cloud Provider૚Ͱඞཁ

ͱ͞ΕΔίʔυ΍εΩʔϚϑΝΠϧ͔ΒͳΔϓϥάΠϯϞ

δϡʔϧΛ࣮૷·ͨ͸ఆٛ͢Ε͹Α͍ɽඞཁͳίʔυ͓Α

ͼεΩʔϚϑΝΠϧ͸ҎԼͷ௨ΓͰ͋Δɽ

Cloud API૚ VCP ఆ͍ͯ͠Δن͕ SPIʢService

Provider InterfaceʣʹैͬͯɼίΞͱͳΔϓϥάΠ

ϯϞδϡʔϧΛ։ൃ͢Δɽ·ͨɼTerraform༻ςϯϓ

ϨʔτϑΝΠϧΛنఆ͢Δɽ

Cloud Provider૚ ֤Ϋϥ΢υϓϩόΠμͰར༻Մೳͳ

Πϯελϯεͷੑೳ৘ใύϥϝʔλͱ YAMLεΩʔ

ϚͰఆٛ͢Δɽ·ͨɼYAMLࣜܗͰର৅Ϋϥ΢υʹ͓

͚Δ small/medium/largeͷ֤ϑϨʔόͷσϑΥϧτ

ύϥϝʔλ஋Λఆٛ͢Δɽ͞Βʹɼର৅Ϋϥ΢υϓϩ

όΠμʹඥͮ͘ Cloud APIΛࢦఆ͢Δɽ

VCP SDK ਤ 7ʹ͸ؚ·Ε͍ͯͳ͍͕ɼVCP SDKͷ

Ϋϥεͷ௥Ճ΋ඞཁͱͳΔɽCloud Provider૚Ͱنఆ

ͨ͠ੑೳ৘ใύϥϝʔλͷ setter/getterϝιουΛඞ

ཁʹԠͯ͡ఆٛ͢Δɽ

ຊϓϥάΠϯߏػΛ༻͍ͯɼ৽ͨʹ GCPͱ OpenStack

ϕʔεͷϓϥΠϕʔτΫϥ΢υͷͨΊͷϓϥάΠϯϞδϡʔ

ϧΛ։ൃ͠ɼਖ਼ৗʹಈ͢࡞Δ͜ͱΛ֬ೝͨ͠ɽGCPϓϥ

άΠϯͷ௥ՃͰ͸ɼ্هͷ 3ͭͷ߲໨ʹؔ͢Δ࣮૷ɾఆٛ

ΛͨͬߦɽϓϥΠϕʔτΫϥ΢υϓϥάΠϯͷ௥ՃͰ͸ɼ

ଘͷط Cloud API͕ར༻ՄೳͰ͋ΔͨΊɼCloud API૚

VM(Ubuntu 16.04; ami=niivcp-gpu-20180620)

Nvidia driver(nvidia-384)

Base Container(Ubuntu 16.04; image=gpu-base:nvidia-384)

nvidia-docker2 docker-ce(18.03.1-ce)

libcuda1-384 Nvidia driver(nvidia-384)

Application Container
nvidia/cuda

Application Container
tensorflow/tensorflow:latest-gpu

Application Container
chainer/chainer

ਤ 8 GPU ରԠ Docker-in-Docker ੒ɽߏ

Ҏ֎ͷ 2߲໨ʹ͍࣮ͭͯ૷ɾఆٛΛͨͬߦɽ

3.5 VCPͰͷGPUΠϯελϯεར༻ূݕ

ຊڀݚͰ͸ɼDocker-in-DockerํࣜͰͷ GPUΠϯελ

ϯε΁ͷϕʔείϯςφ͓ΑͼΞϓϦέʔγϣϯίϯςφ

ͷ഑උͷূݕͱɼVCP΁ͷద༻Λͨͬߦɽ

ίϯςφ্Ͱ GPUΛར༻͢Δʹ͸ɼNVIDIA͕ࣾ։ൃ

ͨ͠ NVIDIA Dockerʢnvidia-dockerʣ[27] Λར༻͢Δํ

๏͕͋Δɽ͜ΕʹΑΓɼGPUར༻ڥ؀ͷ෼཭΍ੑݱ࠶ͷ

͋Δ࣮ڥ؀ߦͷߏங͕༰қʹͳͬͨɽ·ͨɼOpen Con-

tainer InitiativeʢOCIʣ[28]Ͱنఆ͞Ε༷ͨ࢓ʹ४ͯ͠ڌ

૷͞Ε࣮ͨ࠶ nvidia-docker2 ʹΑΓɼdocker-compose ΍

swarmͳͲ௨ৗͷ DockerͰར༻Մೳͳπʔϧ܈ͱͷ਌࿨

ੑ΋͘ߴͳͬͨɽ͔͠͠ͳ͕ΒɼNVIDIA DockerʹΑΔ

Docker-in-Docker Ε͍ͯ͞ূݕʹͷར༻ํ๏͸े෼ࣜܗ

ͳ͍ɽ

VCPͰ͸ɼVCϊʔυΛىಈ͢Δʹ͋ͨΓ֤Ϋϥ΢υͷ

Πϯελϯε༻ͷϚγϯΠϝʔδͱϕʔείϯςφΠϝʔ

δΛ༧Ί༻ҙ͍ͯ͠ΔɽGPU ίϯςφʹରԠ͢ΔͨΊɼ

GPUίϯςφରԠϚγϯΠϝʔδ͓Αͼϕʔείϯςφ

Πϝʔδͷ࡞੒ͱɼGPUରԠϕʔείϯςφ্ͰΞϓϦ

έʔγϣϯίϯςφΛ༻͍ͨͷػցֶशϓϩάϥϜͷ࣮ߦ

Λ֬ೝͨ͠ɽਤ 8ʹɼߏஙͨ͠Docker-in-Dockerͷߏ੒Λ

ࣔ͢ɽփ৭ͷ࢛֯͸ VMɼ੨৭ͷ࢛֯͸ϕʔείϯςφɼ

྘৭ͷ࢛֯͸ΞϓϦέʔγϣϯίϯςφΛද͓ͯ͠Γɼ֊

૚తʹ഑උ͞Ε͍ͯΔɽ·ͨɼᒵ৭ͷؙ࢛֯͸Πϯετʔ

ϧ͞Ε͍ͯΔϥΠϒϥϦΛද͓ͯ͠Γɼnvidia-docker2౳

͸ϕʔείϯςφ಺ʹΠϯετʔϧ͞Ε͍ͯΔɽNvidia

driver ͸ VM ·ͨ͸ϕʔείϯςφͷ͍ͣΕ͔ʹΠϯε

τʔϧ͞Ε͍ͯΕ͹Α͍͕ɼυϥΠόΛΠϯετʔϧ͢Δ

OSͷΧʔωϧόʔδϣϯ͸ɼϗετ VMͱίϯςφͱͰ

Ұக͠ͳ͚Ε͹ͳΒͳ͍ͱ͍͏੍໿͸࢒Δɽ

ΞϓϦέʔγϣϯίϯςφͰ͸ɼਂ ૚ֶशϑϨʔϜϫʔΫ

ͷChainer[29]΍TensorFlow[30]ʹରԠͨ͠ nvidia-doker2
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ਤ 9 AWS ʹ͓͚Δֶशؒ࣌ͷൺֱɽ

ίϯςφΛ഑උ͠ɼͦͷ্Ͱਖ਼ৗʹػցֶशॲཧ͕͑ߦΔ

͜ͱΛ AWS͓Αͼ AzureͰ֬ೝͨ͠ɽ·ͨɼ͜ΕΒͷϚ

γϯΠϝʔδ͓ΑͼϕʔείϯςφΠϝʔδΛ VCPଆʹ

ొ࿥ͯ͠ඞཁͳύϥϝʔλΛࢦఆ͢Δ͜ͱͰɼGPUରԠ

ϕʔείϯςφ഑උͨ͠ VC ϊʔυΛ AWS͓Αͼ Azure

Ͱ VCP͔ΒىಈͰ͖Δ͜ͱΛ֬ೝͨ͠ɽ

4. GPUରԠVCϊʔυͷجຊੑೳ

nvidia-docker2Λ VCPͰ Docker-in-DockerࣜܗͰ࣮ߦ

͢ΔࡍͷੑೳΦʔόϔουΛௐࠪ͢ΔͨΊɼChainer͓Α

ͼ TensorFlowΛ༻͍ͨධՁ࣮ݧΛ AWS͓Αͼ AzureͰ

Ͱ͸ɼAWSͱݧɽ࣮ͨͬߦ AzureͰ͸ར༻Ͱ͖Δ GPU

͕ҟͳΔͨΊɼAWS͓Αͼ Azureʹ͓͍ͯ VCϊʔυΛ

ಈͯ͠ར༻͢Δ৔߹ʢϕʔείϯςφ͋Γʣͱɼ௨ৗͷى

ΠϯελϯεΛͦͷ··ར༻͢Δ৔߹ʢϕʔείϯςφͳ

͠ʣͰͦΕͧΕൺֱ͢Δɽىಈ֤ͨ͠ϊʔυͰ͸ɼඞཁͳ

ΞϓϦέʔγϣϯίϯςφΛ഑උͯ͠ɼͦΕͧΕͷڥ؀Ͱ

Δɽ͢ߦցֶशϓϩάϥϜΛ࣮ػ

ද 1ɼද 2 ʹຊ࣮ݧͰ༻͍ͨػࢉܭͱΞϓϦέʔγϣ

ϯͷߏ੒Λࣔ͢ɽ֤Ϋϥ΢υͰ͸ɼVCPͷ༗ແʹؔΘΒ

ͣಉ͡ߏ੒ͷػࢉܭΛར༻͢Δ͜ͱͱͨ͠ɽ·ͨɼΞϓ

Ϧέʔγϣϯͷߏ੒͸ ChainerɼTensorFlow ͱ΋͢΂ͯ

ͷڥ؀Ͱಉ͡૊Έ߹Θͤͷ΋ͷΛ༻͍ͨɽChainer Ͱ͸

MNIST[31]ɼTensorFlowͰ͸ CIFAR10[32]ͷσʔληο

τΛ༻͍ͨػցֶशαϯϓϧϓϩάϥϜ͕ఏ͞ڙΕ͍ͯ

ΔɽMNIST ͸ 28×28 ըૉͷखॻ͖਺͔ࣈΒͳΔσʔλ

ηοτͰ͋ΔɽChainerͷαϯϓϧϓϩάϥϜΛ༻͍ͯɼ

600ΠλϨʔγϣϯ ×20ΤϙοΫ෼ͷֶशؒ࣌Λଌఆ͠

ͨɽCIFAR10͸ 32×32ըૉͷը૾͕ඈػߦ౳ͷ 10छྨͷ

Ϋϥεʹ෼ྨ͞Ε͍ͯΔσʔληοτͰ͋ΔɽTensorFlow

αϯϓϧϓϩάϥϜΛ༻͍ͯɼ1ສεςοϓͷֶशʹཁ͢

Δؒ࣌Λଌఆͨ͠ɽ

ਤ 9ɼਤ 10ʹ AWS͓Αͼ Azureʹֶ͓͍֤ͯशʹཁ͠

ΛΛࣔ͢ɽ͍ͣΕ΋ؒ࣌ͨ 10ճͷฏۉ஋Ͱ͋Γɼ֤ ֶश࣌

ؒͷඪ४ภࠩ͸ 1.0ະຬͰ͋ͬͨɽAWSɼAzureͰͷֶश

ͷࠩ͸ɼར༻͍ͯ͠Δؒ࣌ GPUͷੈ୅͕ҟͳΔ͜ͱʹΑ
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ਤ 10 Azure ʹ͓͚Δֶशؒ࣌ͷൺֱɽ

VCP system
VCP 

Manager

Galaxy Users

VC Controller

Unit: galaxy+nfs

BC

App:
Galaxy

+Slurmctld

BM

Unit: galaxy-compute

BC

App:
Slurmd

BM

node #1

BC

App:
Slurmd

BM

node #2

SINET5

NFS Client

Amazon:
@ap-northeast-1

NII Cloud:
@chiba

Unit: compute

BC

App:
Slurmd

VM

Persistent Data
• Galaxy DB
• Tool Config
• Workflow
• Reference Data
etc …

Scale-out

VCP User
(VC Administrator)

GW

node #n

Galaxy Template
(Jupyter Notebook)

BC

App:
Slurmd

VM

node 
#n+1

BC VCP Base Container

BM Bare-metal Machine

VM Virtual Machine

App Application Container

OpenStack AWS VPC

disk
NFS Server

ਤ 11 Galaxy εέʔϧΞ΢τ࣮ڥ؀ݧɽ

Δɽ·ͨɼw/VCP͸ Docker-in-Dockerߏ੒ͷ VCϊʔυ

ͷ࣮݁ߦՌͰ͋ΔɽChainerͱMNISTΛ༻͍࣮ͨݧͷ݁

ՌͰ͸ɼAWSɼAzureͱ΋ VCϊʔυͷํֶ͕शۇ͕ؒ࣌

͔ʹ୹͔͘ɼVCPʹΑΔΦʔόϔου͸ࠩޡͷൣғͰ͋Δ

͜ͱ͕෼͔ΔɽҰํɼTensorFlowͱ CIFAR10Λ༻͍࣮ͨ

ͷ݁ՌͰ͸ɼVCϊʔυͷํ͕ݧ AWSͰ͸ 1.06%ɼAzure

Ͱ͸ 0.11%ֶश͕ؒ࣌௕͘ͳ͍͕ͬͯͨɼڐ༰Ͱ͖Δ͜ͱ

͕֬ೝͰ͖ͨɽ

5. GalaxyήϊϜղੳڥ؀εέʔϧΞ΢τ࣮ݧ

VCPͷ࣮༻ੑΛࣔͨ͢ΊɼGalaxyͱΫϥελػࢉܭΛ

༻͍ͨήϊϜղੳڥ؀ΛΦϯϓϨϛεʢNIIॴ಺Ϋϥ΢υʣ

Β঎༻Ϋϥ΢υͷ͔ڥ؀ AWSʹ SINET5Λհͯ͠εέʔ

ϧΞ΢τ͢Δ࣮ݧΛ SC17ͷలࣔձ৔Ͱ࣮ͨ͠ࢪɽNIIॴ

಺Ϋϥ΢υ͸ OpenStackϕʔεͷϕΞϝλϧΫϥ΢υͰ

͋ΓɼVCP͔Β੍͢ޚΔ͜ͱ͕Ͱ͖ΔɽΑͬͯɼΦϯϓϨ

ϛεڥ؀ͱ঎༻Ϋϥ΢υڥ؀Λ VCPΛ༻͍ͯߏங͢Δɽ

ਤ Λࣔ͢ɽVCPͷϢʔβ͸ɼਤڥ؀ݧ࣮ʹ11 12ʹࣔ

͢ Jupyter Notebook ͷखॱʹैͬͯҎԼͷۀ࡞Λ͍ߦɼ

Galaxyڥ؀ͷεέʔϧΞ΢τΛ࣮ূͨ͠ɽ

1. VCPΛ༻͍ͯΦϯϓϨϛεڥ؀ʹϑϩϯτΤϯυ༻

ͷVCϊʔυ 1୆ͱࢉܭ༻VCϊʔυ 2୆Λىಈ͢Δɽ

ϑϩϯτΤϯυϊʔυ͸ NFSαʔόͷػೳΛ୲͏ͨ

Ίɼద੾ͳαΠζͷσʔλϘϦϡʔϜΛΞλονͯ͠
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ද 1 ੒ɽߏͷػࢉܭ͍ͨ༺Ͱݧ࣮

ڥ؀ݧ࣮ AWS, AWS-VCP Azure, Azure-VCP

OS Ubuntu 16.04.4 LTS Ubuntu 16.04.4 LTS

Χʔωϧ v. 4.4.0-128-generic v. 4.13.0-1018-azure

CPU Intel(R) Xeon(R) CPU E5-2686 v4 @ 2.30GHz Intel(R) Xeon(R) CPU E5-2690 v3 @ 2.60GHz

Ծ૝ CPU ਺ 4 6

ϝϞϦ 59 GiB 55 GiB

Πϯελϯε p2.xlarge Standard NV6

GPU Tesla K80 × 1 Tesla M60 × 1

NVIDIA υϥΠό v. 384.130 v. 384.130

ද 2 ੒ɽߏͰ༻͍ͨΞϓϦέʔγϣϯͷڥ؀֤

Chainer TensorFlow

ίϯςφ chainer/chainer tensorflow/tensorflow

Πϝʔδ :v4.2.0-python3 :1.8.0-gpu-py3

OS Ubuntu 16.04.4 LTS Ubuntu 16.04.4 LTS

Python v. 3.5.2 v. 3.5.2

CUDA v. 8.0.61 v. 9.0.176

cuDNN v. 6.0.21 –

ਤ 12 GalaxyεέʔϧΞ΢τ࣮ݧ༻ Jupyter Notebookͷεφο

ϓγϣοτɽ

ਤ 13 Galaxy ϫʔΫϑϩʔπʔϧ͔Βͷπʔϧʢδϣϒʣͷ࣮ߦ

ͷεφοϓγϣοτɽ࣌

͓͘ɽىಈͨ͠ VCϊʔυ͸ɼར༻ऀ͔Β͸௨ৗͷܭ

Δɽ͑ݟϊʔυͱͯ͠ࢉ

2. ͷ্ʹɼΞϓϦέʔγϣϯίϯς܈ಈͨ͠ϊʔυى

φͷ഑උΛඞཁͳઃఆΛ͍ͯͬ͘ߦɽϑϩϯτΤϯ

υϊʔυͰ͸ɼGalaxyϫʔΫϑϩʔπʔϧͱόον

ਤ 14 ΦϯϓϨϛεڥ؀ͷΈར༻ͨ͠ࡍͷϞχλϦϯά݁Ռɽ

ਤ 15 ΦϯϓϨϛε͔ڥ؀Β AWS ΁εέʔϧΞ΢τޙͷϞχλϦ

ϯά݁Ռɽ

ΩϡʔΠϯάγεςϜ SLURM ͷίϯτϩʔϥͷΠ

ϝʔδΛ഑උ͢ΔɽࢉܭϊʔυͰ͸ɼSLURMͷࢉܭ

ϊʔυ༻ΠϝʔδΛ഑උ͠ɼΦϯϓϨϛεͷ Galaxy

ங͢ΔɽߏΛڥ؀

3. ஙͨ͠ਤ13ͷGalaxyϙʔλϧʹΞΫηε͠ɼGalaxyߏ

͔Β౤ೖ͞Εͨδϣϒ͕֤ࢉܭϊʔυͰ࣮ߦͰ͖Δ͜

ͱΛ֬ೝ͢Δɽਤ 14͸ɼΦϯϓϨϛεڥ؀Ͱ 2ͭͷ

δϣϒΛ࣮ࡍͨ͠ߦͷϞχλϦϯά݁ՌΛද͍ͯ͠

Δɽࠨଆ͸ϕʔείϯςφͷϝτϦΫε৘ใɼӈଆ͸

ΞϓϦέʔγϣϯίϯςφͷϝτϦΫε৘ใͰ͋Γɼ

ΞϓϦέʔγϣϯίϯςφ಺ͰδϣϒΛ࣮͍ͯ͠ߦΔ

ͨΊʹಉ༷ͷ݁Ռͱͳ͍ͬͯΔɽ

4. ΦϯϓϨϛεڥ؀ͷ͕ݯࢿࢉܭ଍Γͳ͘ͳͬͨͱ͍͏

લఏͰɼSINET5 ͔Β௚઀઀ଓ͞Εͨ AWS ͷ VPC

ʢVirtual Private Cloudʣ಺ʹ VCP Λ༻͍ͯࢉܭ༻

c⃝ 2018 Information Processing Society of Japan 8

Vol.2018-OS-144 No.10
2018/7/31



৘ใॲཧֶձڀݚใࠂ
IPSJ SIG Technical Report

VCϊʔυΛ 2୆ىಈ͢Δɽ

5. 2.Ͱͷࢉܭϊʔυͷઃఆͱಉ͡खॱͰɼAWS಺ͷVC

ϊʔυʹࢉܭϊʔυ༻ͷΞϓϦέʔγϣϯίϯςφΛ

഑උ͢Δɽࢉܭϊʔυͷ NFSαʔό͸ɼΦϯϓϨϛ

εͷ΋ͷΛར༻͢Δɽ

6. 3.ͱಉ༷ʹ Galaxy͔Β 4ͭͷδϣϒΛ౤ೖ͠ɼΦϯ

ϓϨϛεͱ AWSͷ 4ͭͷࢉܭϊʔυͰ֤δϣϒ͕࣮

ΕΔ͜ͱΛ֬ೝ͢Δɽਤ͞ߦ 15͸ɼεέʔϧΞ΢τ

Ͱڥͷ؀ޙ 4 ͭͷδϣϒΛ࣮ࡍͨ͠ߦͷϞχλϦϯ

ά݁ՌΛද͍ͯ͠ΔɽAWSͷࢉܭϊʔυ͸ΦϯϓϨ

ϛεڥ؀ͷ NFSαʔόΛར༻͍ͯ͠ΔͨΊɼϐʔΫ

ʹୡ͢Δ·Ͱʹؒ࣌ʹଟগͷ஗Ԇ͕͋Δ΋ͷͷɼ1ͭ

ͷ SLURMΫϥελͱͯ͠ػೳ͍ͯ͠Δ͜ͱ͕֬ೝͰ

͖Δɽ

6. ؔ࿈ڀݚ

InterCloud[33]΍ Contrail[34]ͳͲͷΠϯλʔΫϥ΢υ

ʹؔ͢ΔڀݚϓϩδΣΫτͰ͸ɼෳ਺Ϋϥ΢υͷϑΣσ

Ϩʔτͯ͠ SLAϕʔεͷϒϩʔΧϦϯάαʔϏεΛఏڙ

͢Δɽຊ͕ڀݚର৅ͱ͢ΔαʔϏεͰ͸ɼར༻ऀ͕ࢦఆ͠

ͨΫϥ΢υ্ͷݯࢿͷར༻Λ༰қʹ͠ɼΞϓϦέʔγϣϯ

ԉ͢Δ͜ͱΛ໨తͱ͓ͯ͠ΓɼϒϩʔΧϦϯࢧஙΛߏڥ؀

άαʔϏε΍Ξϩέʔγϣϯख๏ʹؔ͢Δڀݚ͸είʔϓ

֎Ͱ͋Δɽ

ҟͳΔΫϥ΢υΛ੍͢ޚΔͨΊͷπʔϧͱͯ͠ɼAWS

CloudFormation[35], OpenStack Heat[36]ɼApache Lib-

cloud[37] ͕͋Δɽ͜ΕΒ͸ɼҟͳΔΫϥ΢υͷ API ͷ

ࠩҟΛٵऩ͢Δ͜ͱΛ໨తͱ͍ͯ͠Δɽզʑ͸ɼΫϥ΢υ

APIͷࠩҟͷٵऩʹ͸ TerraformΛ༻͍͓ͯΓɼར༻ऀ޲

͚ʹ͸ VCP REST APIͱɼΫϥ΢υͰͷߏڥ؀ஙʹෆ׳

Εͳར༻ऀʹରͯ͠΋͍࢖΍͍͢ VCP SDKΛఏ͍ͯ͠ڙ

ΔɽRightScale[38]Ͱ͸ɼϘλϯͻͱͭͰΫϥ΢υ্ʹΞ

ϓϦέʔγϣϯڥ؀Λߏங͢Δ঎༻αʔϏεΛఏ͍ͯ͠ڙ

ΔɽΞϓϦέʔγϣϯߏڥ؀ஙΛࢧԉ͢Δ఺Ͱྨ͕͋ੑࣅ

Δ͕ɼզʑ͸ Jupyter NotebookΛ༻͍ͨϗϫΠτϘοΫ

εతΞϓϩʔνΛͱ͓ͬͯΓɼڥ؀ઃఆͷΧελϚΠζ΍

Τϥʔൃੜ࣌ͷݪҼ͕͠໌ڀ΍͍͢ͳͲͷར఺͕͋Δɽ

Π ϯ λ ʔ Ϋ ϥ ΢ υ ؀ ڥ Λ ఏ ڙ ͢ Δ ࢼ Έ ͱ ͠

ͯɼGTS[39]ɼSkyport[40]ɼCYCLONE[41]͕͋ΔɽGTS

ʢGÉANT Testbed Serviceʣ͸ɼ෼͢ࢄΔOpenStackϕʔ

εͷݯࢿࢉܭ΍ SDNεΠονɼ͓ Αͼͦͷؒͷωοτϫʔ

ΫΛ౷߹͢ΔͨΊͷιϑτ΢ΣΞελοΫΛ։ൃ͍ͯ͠Δɽ

Skyport͸ɼ൴Βͷ։ൃ͍ͯ͠ΔσʔλղੳϓϥοτϑΥʔ

Ϝ AWE/Shock্ͷϓϩάϥϜ࣮ڥ؀ߦΛ DockerΛ༻͍

ͯ഑උ͢Δɽ͜ΕΒ͸ର৅ͱ͢Δجࢉܭ൫͕ಛఆ͞Ε͍ͯ

Δ఺ͰຊڀݚͱҟͳΔɽCYCLONE͸ຊڀݚಉ༷ɼΞϓϦ

έʔγϣϯڥ؀Λෳ਺Ϋϥ΢υߏʹ্ݯࢿங͢ΔγεςϜ

Ͱ͋ΔɽΞϓϦέʔγϣϯڥ؀ͷ഑උͰ͸ɼຊڀݚͰ͸ܰ

ྔͳ LinuxίϯςφΛར༻͢Δͷʹର͠ɼCYCLONEͰ

͸ VMΠϝʔδΛ༻͍͍ͯΔɽ

7. ·ͱΊ

ΦϯσϚϯυΫϥ΢υߏஙαʔϏεͷఏ͚޲ʹڙɼج

൫ιϑτ΢ΣΞ VCPͱ JupyterࣜܗͷڀݚɾڭҭΞϓϦ

έʔγϣϯͷߏஙɾӡ༻खॱॻͷ։ൃΛਐΊ͍ͯΔɽຊߘ

Ͱ͸ɼVCPͷརศੑ্޲ͱΑΓ࣮༻తͳΞϓϦέʔγϣ

ϯςϯϓϨʔτͷ։ൃΛࢧԉ͢ΔͨΊɼVCPΛվྑͯ͠

(1)ར༻ऀͷ؅ཧػೳɼ(2)ϞχλϦϯάػೳɼ(3)҆શͳ

σʔλ؅ཧࢧԉߏػɼ(4)Ϋϥ΢υϓϩόΠμରԠϞδϡʔ

ϧͷϓϥάΠϯߏػͷ։ൃΛ͏ߦͱͱ΋ʹɼ(5)VCPͰͷ

GPUΠϯελϯεར༻ূݕΛͨͬߦɽ࣮͔ݧΒɼVCPͰ

GPUΠϯελϯεΛར༻͢Δ͜ͱ͕ՄೳͰ͋Γɼͦͷੑ

ೳ΋௨ৗͷར༻ܗଶͱൺֱͯ͠ଝ৭ͳ͍͜ͱΛ֬ೝͨ͠ɽ

·ͨɼVCPΛ༻͍ͯήϊϜղੳڥ؀ΛΦϯϓϨϛε͔ڥ؀

Β SINET5Λհͯ͠঎༻Ϋϥ΢υ΁εέʔϧΞ΢τ͢Δ࣮

͸ɼVCίϯτޙࠓ঺հ͠ɼ࣮༻ੑΛࣔͨ͠ɽ͍ͯͭʹݧ

ϩʔϥͷػ؂ࠪೳͷ֦ॆ΍ FPGA౳ͷଞͷΞΫηϥϨʔ

λ΁ͷରԠɼΞϓϦέʔγϣϯςϯϓϨʔτ΍ϋϯζΦϯ

ύοέʔδͷ֦ॆͳͲΛ͍ͯͬ͘ߦɽ

ँࣙ ຊࣜג͍͍ͨͩͨྗڠ͝ʹڀݚձࣾΞεέΠυͷ

ಹਢ໺३༷ɼӋௗจ༷ࢠɼ૿ོ༷ࢁɼ਺ཧٕݚͷখઘರԆ

ɽ͢·͍ͨ͠ँײ͘ਂʹ༷

ຊڀݚͷҰ෦͸ɼJST CRESTʮϏοάσʔλ౷߹ར׆

༻ͷͨΊͷੈ࣍୅ج൫ٕज़ͷ૑ग़ɾମܥԽʯJPMJCR1501

ͷॿ੒Λड͚ͨ΋ͷͰ͋Δɽ
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