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֓ཁɿNIIͰɼSINETͱΫϥυΛੑݱ࠶ͯ͠༺׆ͷ͋ΔΞϓϦέʔγϣϯڥͷߏஙɾӡ༻Λࢧԉ͢

ΔΦϯσϚϯυΫϥυߏஙαʔϏεͷఏڙΛܭը͓ͯ͠Γɼج൫ιϑτΣΞ VCPͱ Jupyterࣜܗͷݚ

ͱΑΓ্ͰɼVCPͷརศੑߘஙɾӡ༻खॱॻͷ։ൃΛਐΊ͍ͯΔɽຊߏҭΞϓϦέʔγϣϯͷڭɾڀ

࣮༻తͳΞϓϦέʔγϣϯςϯϓϨʔτͷ։ൃΛࢧԉ͢ΔͨΊɼVCPΛվྑͯ͠ (1)ར༻ऀͷཧػɼ

(2)ϞχλϦϯάػɼ(3)҆શͳσʔλཧࢧԉߏػɼ(4)ΫϥυϓϩόΠμରԠϞδϡʔϧͷϓϥά

Πϯߏػͷ։ൃΛ͏ߦͱͱʹɼ(5)VCPͰͷ GPUΠϯελϯεར༻ূݕΛͨͬߦɽ࣮͔ݧΒɼVCPͰ

GPUΠϯελϯεΛར༻͢Δ͜ͱ͕ՄͰ͋Γɼͦͷੑ௨ৗͷར༻ܗଶͱൺֱͯ͠ଝ৭ͳ͍͜ͱΛ֬

ೝͨ͠ɽ·ͨɼVCPΛ༻͍ͯήϊϜղੳڥΛΦϯϓϨϛε͔ڥΒ SINET5Λհͯ͠༻Ϋϥυ

εέʔϧΞτ͢Δ࣮ݧʹ͍ͭͯհ͠ɼ࣮༻ੑΛࣔ͢ɽ

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

1. ͡Ίʹ

ΑΓɺʹٴֶज़ωοτϫʔΫͱΫϥυٕज़ͷීੑߴ

ΠϯλʔΫϥυ [1]ͱݺΕΔෳͷΫϥυݯࢿΛར

ใֶཱࠃஙɾར༻͕Մͱͳͬͨɽߏ൫ͷجࢉܭͨ͠༺

ॴʢNIIʣ͕ӡ༻͍ͯ͠Δڀݚ SINET5[2], [3], [4]ɼࠃ

800৫Ҏ্ͷֶज़ؔػڀݚʹଓ͞Εֶͨज़ωοτϫʔ

ΫͰ͋ΓɼશಓݝͷϧʔλؒΛ 100GbpsͰ૬ޓଓ

ͤͨ҆͞શ͔ͭଳҬԆͷωοτϫʔΫΛఏ͢ڙΔͱ

ͱʹɼถࠃɼԤभɼΞδΞͷֶज़ωοτϫʔΫʹରͯ͠

ଳҬͳωοτϫʔΫͰଓ͞Ε͍ͯΔɽ·ͨɼۙ࠷Ͱ

 SINET5Λ࢝Ίͱ͢Δֶज़ωοτϫʔΫ͔Βෳͷ

༻Ϋϥυσʔληϯλʹଓ͢Δ͜ͱ͕Ͱ͖ΔΑ͏

ʹͳͬͨͨΊɼֶज़ؔػڀݚͱ༻ΫϥυΛԾϓϥΠ

ϕʔτωοτϫʔΫʢVPNʣͰଓͤ͞ɼ҆શɼ҆ఆɼߴ

ੑͳΠϯλʔΫϥυڥΛߏஙͰ͖ΔΑ͏ʹͳͬͯ

͖ͨɽ

ΠϯλʔΫϥυڥͰޮΑ͘ΞϓϦέʔγϣϯڥ
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Λߏஙɾӡ༻͢ΔʹɼରΞϓϦέʔγϣϯҎ֎ͷ༷ʑͳ

͕ࣝඞཁͱͳΓɼ؆୯Ͱͳ͍ɽ۩ମతʹɼֶज़ωο

τϫʔΫͱΫϥυଓʹؔ͢Δܦ࿏੍ޚઃఆɼݸʑͷΫ

ϥυϓϩόΠμͷαʔϏεΠϯλϑΣʔεͷशಘɼར༻

͢Δݯࢿͷ࠷దԽεέʔϧΞτͷΫϥυΒ͍͠ར

༻ํ๏ͷద༻ͳͲɼଟ͘ͷٕज़త՝͕͋Δɽ·ͨɼΞϓ

Ϧέʔγϣϯڥͷߏஙɾӡ༻ࣗମɼ༷ʑͳϥΠϒϥϦ

ͷґଘؔͷղܾιϑτΣΞͷόʔδϣϯΞοϓͷ

ରԠͳͲɼ؆୯ʹ͑ߦΔΘ͚Ͱͳ͍ɽ

NIIͰɼSINETͱΫϥυΛੑݱ࠶ͯ͠༺׆ͷ͋ΔΞ

ϓϦέʔγϣϯڥͷߏஙɾӡ༻Λࢧԉ͢ΔͨΊɼฏ 30

 10݄͔ΒΦϯσϚϯυΫϥυߏஙαʔϏε [5]ͷఏڙ

Λܭը͍ͯ͠ΔɽΦϯσϚϯυΫϥυߏஙαʔϏεɼ

ओʹج൫ιϑτΣΞͱΞϓϦέʔγϣϯςϯϓϨʔτͰ

൫ιϑτΣΞɼSINETʹଓ͞Εͨج͞ΕΔɽߏ

༷ʑͳΫϥυσʔληϯλʔͷ্ݯࢿʹΞΠιϨʔτ͞

ΕͨԾجࢉܭ൫ʢԾΫϥυͱݺͿʣΛߏங͢ΔɽΞ

ϓϦέʔγϣϯςϯϓϨʔτɼେֶͰར༻͞Ε͍ͯΔ

ֶशཧγεςϜʢLMSʣͷΞϓϦέʔγϣϯͷߏஙɾ

ӡ༻खॱΛςϯϓϨʔτԽͨ͠ͷͰ͋ΓɼԾΫϥυ

ͰͷΞϓϦέʔγϣϯߏڥஙɾӡ༻Λࢧԉ͢Δɽ
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ਤ 1 ΦϯσϚϯυΫϥυߏஙαʔϏεͷ֓ཁɽ

զʑɼ͜Ε·Ͱͷج͍͓ͯʹڀݚ൫ιϑτΣΞͰ

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

ϥʔχϯάϓϥοτϑΥʔϜMoodleΛ࢝Ίͱ͢ΔΞϓϦ

έʔγϣϯςϯϓϨʔτ։ൃΛਐΊ͍ͯΔ [8]ɽVCPͷ։

ൃͰɼDocker[9]ίϯςφΛར༻ͨ͠ԾΫϥυΛߏ

ஙͯ͠ੑݱ࠶ͷ͋ΔήϊϜղੳߏ͕ڥஙͰ͖Δ͜ͱΛࣔ

͢ [6]ͱͱʹɼԾΫϥυͷ༰қͳ੍ޚΛՄʹ͢Δ

αʔϏεΠϯλϑΣʔεͷఏڙͱɼSINET5ͱ༻ɾֶज़

ΫϥυͰߏ͞ΕΔԾΫϥυͷߏஙΛՄʹͯͦ͠

ͷجຊੑΛࣔͨ͠ [7]ɽΞϓϦέʔγϣϯςϯϓϨʔτͰ

ɼϒϥβϕʔεͷΠϯλϑΣʔεΛఏ͢ڙΔ Jupyter

Notebook[10]Λ༻͍ͯػࢉܭͷૢ࡞ɼӡ༻Λ͏ߦखॱॻ͓

Αͼ࣮ڥߦΛఏ͢ڙΔɽNIIͰɼߏஙखॱͷੑݱ࠶

ใڞ༗ΛՄʹ͢Δ Literate Computing for Reproducible

InfrastructureʢLC4RIʣͱ͍͏ํ๏ʹ͍ͯͮج Jupyter

NotebookΛॴΫϥυج൫ͷߏஙɼӡ༻ʹ׆༻͓ͯ͠

Γ [11], [12], [13]ɼΦϯσϚϯυΫϥυߏஙαʔϏεͰ

͜ΕΛ࠾༻͍ͯ͠Δɽ

͔͠͠ͳ͕ΒɼVCPͷརศੑ্ͱΑΓ࣮༻తͳΞϓ

ϦέʔγϣϯςϯϓϨʔτͷ։ൃͷͨΊʹɼར༻ऀͷೝূ

ೝՄɼԾΫϥυͷϞχλϦϯάɼ҆શͳσʔλͷཧɼ

ར༻ՄͳΫϥυϓϩόΠμͷ֦ॆɼGPUΠϯελϯ

εͷରԠɼVCPͷػ֦ு͕ඞཁͱͳΔ͜ͱ͕໌Β͔

ʹͳͬͨɽ

ຊߘͰɼVCPΛվྑ͠ (1)ར༻ऀͷཧػɼ(2)Ϟ

χλϦϯάػɼ(3)҆શͳσʔλཧࢧԉߏػɼ(4)Ϋϥ

υϓϩόΠμରԠϞδϡʔϧͷϓϥάΠϯߏػΛ։ൃ͠

ͨɽ·ͨɼ(5)VCPͰͷ GPUΠϯελϯεར༻ূݕΛߦ

͍ɼGPUΠϯελϯε VCP͔Βར༻Ͱ͖Δ͜ͱΛ֬ೝ

ͨ͠ɽ࣮͔ݧΒɼVCPͰGPUΠϯελϯεΛར༻͢Δࡍ

௨ৗͷར༻ܗଶͱൺֱͯ͠ੑ͕ଝ৭ͳ͍͜ͱΛࣔ͢ɽ

·ͨɼVCPΛ༻͍ͯήϊϜղੳڥΛΦϯϓϨϛεڥ

͔Β SINET5Λհͯ͠༻ΫϥυεέʔϧΞτ͢Δ

հ͢Δɽ͍ͯͭʹݧ࣮

2. ΦϯσϚϯυΫϥυߏஙαʔϏεͷ֓ཁ

ΦϯσϚϯυΫϥυߏஙαʔϏεɼSINETͱֶज़ɾ
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ਤ 2 VCP ͷར༻ܗଶɽ

༻ΫϥυͷݯࢿΛ׆༻ͨ͠ΞϓϦέʔγϣϯͷߏஙɾ

ӡ༻Λࢧԉ͢Δɽਤ 1ʹΦϯσϚϯυΫϥυߏஙαʔϏ

εͷ֓ཁΛࣔ͢ɽΦϯσϚϯυΫϥυߏஙαʔϏεɼ

൫ιϑτΣΞʹΑΓج SINETͷ L2VPNͰଓ͞Εͨ

1ͭҎ্ͷΫϥυσʔληϯλʔͷݯࢿʹରͯ͠ɼԾ

ΫϥυΛߏங͠ɼΞϓϦέʔγϣϯςϯϓϨʔτʹΑΓ

ΞϓϦέʔγϣϯߏڥஙɾӡ༻Λࢧԉ͢ΔɽҎ߱Ͱج൫

ιϑτΣΞͷ VCPͱΞϓϦέʔγϣϯςϯϓϨʔτʹ

͍ͭͯઆ໌͢Δɽ͞Βʹɼརศੑ͓Αͼ࣮༻ੑ্ͷͨΊ

ͷ՝ʹ͍ͭͯड़Δɽ

2.1 ൫ιϑτΣΞVCPج

VCPɼSINETʹଓ͞Εͨ 1ͭҎ্ͷΫϥυͷ

ཧػࢉܭԾػࢉܭͷ্ݯࢿʹΞΠιϨʔτ͞ΕͨԾ

ΫϥυΛߏங͠ɼఏ͢ڙΔɽVCPͰɼܰྔͳԾԽ

Λ࣮͢ݱΔ DockerίϯςφΛ༻͍Δ͜ͱͰɼੑΦʔ

όϔουͰ༰қʹΞϓϦέʔγϣϯڥΛඋͰ͖Δɽ·

ͨɼԾΫϥυωοτϫʔΫͷઃఆࢧԉҟͳΔΫϥ

υ APIͷࠩҟΛٵऩ͢ΔαʔϏεΠϯλϑΣʔεΛఏ

ΔɽຊΠϯλϑΣʔεΛ༻͍Δ͜ͱͰɼར༻ऀ༷ʑ͢ڙ

ͳΫϥυʹରͯ͠ಉ༷ͷૢ࡞ͰඞཁͳϊʔυߏͷԾ

ΫϥυͷߏஙɼఀࢭɼআɼԾΫϥυͷϊʔυ

ʢVCϊʔυʣͷՃɾআ͕͑ߦΔɽ

2.1.1 VCPʹΑΔԾΫϥυͷఏڙ

ਤ 2ʹɼVCPͷར༻ܗଶΛࣔ͢ɽVCPɼओʹ VCP

ϚωʔδϟʢVCP ManagerʣɼԾΫϥυʢVCʣίϯτ

ϩʔϥʢVC ControllerʣɼԾϧʔλʢVirtual RouterʣͰ

͞ΕΔɽVCPϚωʔδϟԾΫϥυΛཧ͢Δߏ

VCPͷར༻ऀʗάϧʔϓʹରͯ͠VCίϯτϩʔϥΛඋ

͢ΔɽVCPͷར༻ऀͦΕͧΕҟͳΔԾϓϥΠϕʔτ

ωοτϫʔΫʢVPNʣΛར༻͢ΔͨΊɼVCίϯτϩʔϥ

ར༻ऀຖʹ༻ҙ͢Δɽ֤ར༻ऀɼׂΓͯΒΕͨ VC

ίϯτϩʔϥʹରͯ͠ VCPαʔϏεΠϯλϑΣʔεΛհ

ͯ͠ԾΫϥυͷߏஙΛࣔ͢ࢦΔɽ·ͨɼԾϧʔλ

େֶֶज़ؔػڀݚͱෳ༻Ϋϥυσʔληϯλʔؒ

ͷωοτϫʔΫͷϋϒతͳׂΛ୲͏ͱͱʹɼ֎෦ωο

τϫʔΫͷήʔτΣΠػ͓Αͼ BGPʹΑΔܦ࿏੍

උ͍͑ͯΔɽΫϥυؒωοτϫʔΫػޚ SINET5

ͷ L2VPNΛલఏͱ͍ͯ͠Δ͕ɼL2VPN͕ڥͳ͍ɼ·ͨ
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ਤ 3 VCP αʔϏεΠϯλϑΣʔεɽ

ੑߴωοτϫʔΫ͕ඞཁͳ͍ΞϓϦέʔγϣϯΛར༻

͢Δར༻ऀʹରͯ͠ɼԾϧʔλͰ IPSecτϯωϧΛ༻

͍ͨΫϥυؒ VPNΛߏஙͯ͠ར༻Ͱ͖ΔΑ͏ʹ͍ͯ͠

ΔɽԾϧʔλʹɼԾεΠονOpen vSwitchʢOVSʣ

[14]ͱϧʔςΟϯάιϑτΣΞ Quagga[15]Λ༻͍࣮ͯ

͍ͯ͠Δɽ

ΦϯσϚϯυΫϥυߏஙαʔϏεͰɼ༷ʑͳΫϥ

υͰ༰қʹԾΫϥυ͕ߏஙͰ͖ΔΑ͏ʹ͢Δ͜ͱɼ͓ Α

ͼ༷ʑͳΞϓϦέʔγϣϯͰެ։͞Ε͍ͯΔطଘͷDocker

ΠϝʔδΛར༻Ͱ͖ΔΑ͏ʹ͢Δ͜ͱ͕ٻΊΒΕΔɽΑͬ

ͯɼਤ 2ͷӈଆʹ͍ࣔͯ͠ΔΑ͏ʹɼVCPʹΑΔԾΫϥ

υͷ VCϊʔυىಈͰΫϥυͰ֬อͨ͠Ծʗ

ཧػࢉܭʢVM/BMʣʹ ରͯ͠ϕʔείϯςφͱΞϓϦέʔ

γϣϯίϯςφΛೋ֊Ͱඋͯ͠ར༻͢Δ͜ͱΛલఏͱ

͍ͯ͠Δɽ͜ͷΑ͏ͳར༻ܗଶɼDocker-in-Dockerͱݺ

Ε͓ͯΓɼଟগͷੑྼԽ͕ݒ೦͞ΕΔͷͷɼॊೈͳ

ΞϓϦέʔγϣϯϥΠϒϥϦͷඋΛՄʹ͢Δɽϕʔε

ίϯςφͰωοτϫʔΫઃఆىಈͨ͠ VCϊʔυͷ

ɽΞϓϦέʔγϣϯίϯςφͰɼత͏ߦΛࢹ׆ࢮ

ͷΞϓϦέʔγϣϯͰඞཁͱ͞ΕΔίϯςφΛඋ͢Δɽ

ϕʔείϯςφ֤ VM·ͨ BMʹ 1ͭඋ͞ΕΔ

ͷͰ͋ΓɼΞϓϦέʔγϣϯίϯςφϕʔείϯςφ্

ʹෳඋ͢Δ͜ͱ͕Ͱ͖Δɽ

2.2 VCPαʔϏεΠϯλϑΣʔε

VCPͰɼҟͳΔΫϥυϓϩόΠμͷ APIͷࠩҟΛ

ऩ͢ΔͨΊɼVCίϯτϩʔϥͷ෦ͰΦʔϓϯιʔεٵ

ͷ Terraform[16] Λ༻͍͓ͯΓɼར༻ऀʹରͯ͠ VCP

REST APIͱ Pythonϕʔεͷ։ൃΩοτVCP SDKΛఏ

Δɽਤ͍ͯ͠ڙ 3ʹ͜ΕΒͷαʔϏεΠϯλϑΣʔεͷ֓

ཁΛࣔ͢ɽ

VCP REST API ͰɼYAML ड़͞ΕͨԾهͰࣜܗ

ΫϥυͷߏϑΝΠϧʢConfiguration fileʣΛ POST

ϝιουͰऔಘ͢ΔͱɼͦͷߏϑΝΠϧʹैͬͯ Ter-

# ԾΫϥυڥͷॳظԽ

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

# ͢Δ࡞ VC ϊʔυͷ spec ใΛΫϥυ໊ͱ flaver"small"Ͱ࡞

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

# spec Ͱࢦఆͨ͠ VC ϊʔυΛىಈ

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

# vc Ͱཧ͢Δͯ͢ͷ VC ϊʔυͷআ

# 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"

### ͘͞ΒͷΫϥυͷઃఆ ###

sakura:

token: "͘͞ΒͷΫϥυͷτʔΫϯ"

secret: "͘͞ΒͷΫϥυͷγʔΫϨοτ"

private_network: "default"

:

ਤ 5 VCP SDK ઃఆϑΝΠϧͷྫɽ

raformܦ༝Ͱ֤Ϋϥυͷ֬ݯࢿอͷ੍ޚΛՄʹ

͢ΔɽTerraformͰɼ֤Ϋϥυʹ͓͚Δ VMωοτ

ϫʔΫεΠονɼίϯςφͷݯࢿΛ੍͢ޚΔϞδϡʔϧ

Λ ProviderͱݺͼɼAWSʢAmazon Web ServicesʣɼGCP

ʢGoogle Cloud PlatformʣɼMicrosoft AzureɼOpenStack

ͷओཁͳ Provider Λ༧Ίఏ͞ڙΕ͍ͯΔɽ·ͨɼTer-

raformϓϥάΠϯϕʔεͰ࣮͞Ε͓ͯΓɼTerraform

ͷఏ͢ڙΔ APIΛ࣮͢Δ͜ͱͰಠࣗͷ ProviderΛ։ൃ

͢Δ͜ͱ͕Ͱ͖Δɽ

ԾΫϥυͷ੍ޚΛ༰қʹ͢ΔͨΊɼPythonϕʔεͷ

։ൃΩοτVCP SDKఏ͍ͯ͠ڙΔɽਤ 4ʹVCP SDK

Λ༻͍ͨίʔυྫΛࣔ͢ɽਤ 4ɼAWSʹ smallϑϨʔ

όͷVCϊʔυΛ ಈ͢ΔྫΛ͍ࣔͯ͠Δɽར༻ऀɼى1ͭ

ԾΫϥυͷॳظԽʢ2ߦʣɼVCϊʔυߏʢspecʣ

ͷࢦఆʢ4ߦʣɼVCϊʔυͷىಈʢ6ߦʣͷ ͰΫϥߦ3

υʹ VCϊʔυΛىಈ͢Δ͜ͱ͕Ͱ͖Δɽspecͷࢦఆ

ՕॴͰɼawsͷΘΓʹ azureͱೖྗ͢ΔͱɼAzure্ʹ

VCϊʔυΛىಈ͢Δ͜ͱ͕Ͱ͖ΔɽϑϨʔόʹɼ֤Ϋ

ϥυʹରͯ͠༧Ί smallɼmediumɼlargeͷύϥϝʔλ

ηοτΛఆ͓ٛͯ͠ΓɼΫϥυར༻ʹෆ׳ΕͳϢʔβʹ

༰қʹૢ࡞Ͱ͖ΔΑ͏ʹ͍ͯ͠Δɽ·ͨɼ͜͜Ͱఆٛ͠

͍ͯΔύϥϝʔλ্ॻ͖ՄͰ͋ΔͨΊɼར༻ऀ͕ඞཁ

ʹԠͯ͡ΠϯελϯελΠϓσΟεΫαΠζͷৄࡉͳ

ੑΛఆٛ͢Δ͜ͱͰ͖Δɽ·ͨɼcleanup()ͱ͍͏ϝ

ιουͰͦͷԾΫϥυ͕ཧ͍ͯ͠Δͯ͢ͷϊʔυ

Λআ͢Δ͜ͱ͕Ͱ͖Δɽͨͩ͠ɼAWSͷΞΫηετʔ
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ΫϯͳͲ੍ޚʹඞཁͳใɼਤ 5ʹࣔ͢Α͏ͳ YAML

ͷઃఆϑΝΠϧʹ༧Ί֨ೲ͓ͯ͘͠ඞཁ͕͋Δɽ͜Εࣜܗ

Βͷใ͔ΒɼVCP SDKͰߏϑΝΠϧΛੜ͠ɼVCP

REST APIͰ VCίϯτϩʔϥʹ੍ޚͷཁٻΛૹ৴͢Δɽ

2.3 ΞϓϦέʔγϣϯςϯϓϨʔτ

ΞϓϦέʔγϣϯςϯϓϨʔτɼڀݚɾڭҭతͰ

͘ར༻͞Ε͍ͯΔΞϓϦέʔγϣϯͷߏஙɾӡ༻खॱΛς

ϯϓϨʔτԽͨ͠ͷΛ Jupyter NotebookࣜܗͰఏ͢ڙ

Δɽ͜ΕʹΑΓɼΫϥυͰͷΞϓϦέʔγϣϯߏஙʹෆ

࣌ݱԉ͢ΔɽࢧΛ༺׆Εͳར༻ऀʹରͯ͠Ϋϥυͷར׳

ͰɼҎԼͷΞϓϦέʔγϣϯςϯϓϨʔτͷ։ൃΛਐ

Ί͓ͯΓɼҾ͖ଓ͖ར༻ऀίϛϡχςΟͱ͠ྗڠͳ͕Β։

ൃΛਐΊ͍ͯ͘ɽ

HPCςϯϓϨʔτ OpenHPC[17] Ͱఏ͞ڙΕ͍ͯΔՊ

ֶٕज़ࢉܭͷͨΊͷࢉܭϥΠϒϥϦ͓܈ΑͼΩϡʔΠ

ϯάγεςϜ͔ΒͳΔΫϥελڥΛߏஙͱɼߏங͠

ͨΫϥελͰͷجຊతͳੑධՁ͕͑ߦΔɽ

LMSςϯϓϨʔτ moodle[18]Λ༻ֶ͍ͨशཧγες

ϜΛߏஙɼμϯλΠϜΛ͘͢Δ͜ͱΛతͱͨ͠

BlueGreenDeployment[19]ͱ͍͏ख๏ʹͮ͘جΞοϓ

σʔτۀ࡞ [8]ͷͨΊͷखॱΛ͍ͯ͠هΔɽ

VDIςϯϓϨʔτ Guacamole[20]Λ༻͍ͨٛߨɾԋश༻

ͷԾσεΫτοϓج൫ʢVDIʣͷߏஙͱɼεέʔϧ

ΞτʗμϯͷखॱΛ͍ࣔͯ͠Δɽ

ήϊϜղੳςϯϓϨʔτ GalaxyϫʔΫϑϩʔπʔϧ [21]

ʹΑΔήϊϜσʔλղੳڥΛΫϥυ্ʹߏங͢Δ

ͷͰ͋Δɽ

2.4 རศੑɼ࣮༻ੑ্ͷͨΊͷ՝

ΞϓϦέʔγϣϯςϯϓϨʔτͷ։ൃͱΦϯσϚϯυΫ

ϥυߏஙαʔϏεͷݧࢼӡ༻ΛਐΊΔʹ͋ͨΓɼརศੑ

࣮༻ੑΛ্ͤ͞ΔͨΊʹҎԼͷΑ͏ͳٕज़తͳ՝

͕͋Δ͜ͱ͕໌Β͔ʹͳͬͨɽ

VCίϯτϩʔϥͷཧ VCίϯτϩʔϥɼಉҰͷݚ

άϧʔϓͳͲڀ VPNʹΞΫηεՄͳෳͷར༻ऀ

Ͱڞ༗͢Δ͜ͱʹͳΔɽVCίϯτϩʔϥͷཧऀɼ

Ͳͷར༻ऀʹVCίϯτϩʔϥͷΞΫηεΛڐՄ͠ɼ

Ͳͷར༻ऀ͕ͲͷΑ͏ͳૢ࡞Λͨͬߦͷ͔ɼཧ͢Δ

ඞཁ͕͋Δɽ·ͨɼ͜ͷͨΊͷཧऀɼར༻ऀํͷ

खଓ͖͕ࡶʹͳΔͱརศੑԼ͕ͬͯ͠·͏ɽ

ԾΫϥυϞχλϦϯά ԾΫϥυΛར༻͢Δࡍɼ

ΫϥυͰ֬อ͢Δ VC ϊʔυͷੑʹൺྫͯ͠

୯Ґͨ͋ؒ࣌Γͷར༻ྉ͕͘ߴͳΔͨΊɼରΞϓϦ

έʔγϣϯΛӡ༻͢ΔͨΊʹेͳੑͷ VCϊʔυ

Λར༻͢Δ͜ͱ͕ٻΊΒΕΔɽͦͷͨΊɼͲͷϓϩά

ϥϜ͕ͲͷݯࢿΛͲͷఔফඅ͢Δͷ͔Λత֬ʹѲ

͢Δඞཁ͕͋Δ͕ɼݸʑͷར༻ऀ͕ϞχλϦϯάπʔ

ϧΛΠϯετʔϧ͢Δͷෛ୲͕େ͖͍ɽ

ΫϥυͰͷ҆શͳσʔλཧ SINETͷVPNͱ֤Ϋϥ

υͰͷΞΠιϨʔγϣϯػΛར༻͢Δ͜ͱͰ҆

શʹԾΫϥυΛߏங͢Δ͜ͱ͕Ͱ͖Δ͕ɼىಈ͠

ͨΞϓϦέʔγϣϯڥ VPNʹଓ͞Εͨଞͷܭ

͞ʹݥةΔ੬ऑੑʹΑΓɼใ࿙͍͑ͷ͚͓ʹػࢉ

Β͞ΕΔՄੑ͕͋ΔɽΑͬͯɼΫϥυͰੑີػͷ

ใΛѻ͏ΞϓϦέʔγϣϯͰɼσΟεΫϘ͍ߴ

ϦϡʔϜࣗମΛ҉߸Խͨ͠ΑΓ҆શͳσʔλͷཧ͕

ΊΒΕΔɽٻ

৽نΫϥυϓϩόΠμͷରԠ VCP Ͱ Terraform

Λ༻͍ͯෳͷΫϥυϓϩόΠμʹରԠ͓ͯ͠

Γɼݱঢ়ͰAWSɼAzureɼGCPɼ͞ ͘ΒͷΫϥυɼ

OpenStackʹରԠ͍ͯ͠ΔɽޙࠓɼΑΓଟ͘ͷΫϥ

υϓϩόΠμʹରԠ͢ΔʹɼୈऀࡾʹΑΓ VCPର

ԠͷΫϥυϓϩόΠμ͕։ൃͰ͖Δ͜ͱ͕ٻΊΒΕ

Δ͕ɼTerraformͰͷϓϩόΠμ։ൃ͚ͩͰͳ͘ VCP

REST API VCP SDKͰͷίʔυमਖ਼ඞཁͱͳ

Γɼ؆୯Ͱͳ͍ɽ

ΞΫηϥϨʔλͷར༻ Ͱɼࢉܭੑߴցֶशػ

ফඅిྗͰߴͳࢉܭΛͨ͏ߦΊʹɼGPUͱ CPU

Λซ༻͢Δख๏͕༻͍ΒΕΔɽΫϥυͰɼओཁͳ

ΫϥυͰ GPU͕ར༻ՄͳΠϯελϯε͕طʹ

ఏ͞ڙΕ͍ͯΔɽ·ͨɼۙ࠷Ͱ FPGAΛΞΫηϥ

Ϩʔλͱͯ͠ར༻ՄͳΠϯελϯεͷఏڙ࢝·ͬ

͍ͯΔɽ͔͠͠ͳ͕Βɼ͜ΕΒ Dockerίϯςφ͔

Βར༻͢Δ͜ͱ͕Ͱ͖ͳ͍ͨΊɼ͜ͷ··Ͱ VCP

͔Βར༻͢Δ͜ͱͰ͖ͳ͍ɽ

3. VCPͷػ֦ு

ΦϯσϚϯυΫϥυߏஙαʔϏεͷརศੑɼ࣮༻ੑ

্Λతͱ͠ɼҎԼͷػΛ։ൃ͓ΑͼূݕΛͨͬߦɽ

(1) VCίϯτϩʔϥར༻ऀཧػ

(2) ԾΫϥυϞχλϦϯάػ

(3) ҆શͳσʔλཧࢧԉߏػ

(4) ΫϥυϓϩόΠμରԠϞδϡʔϧͷϓϥάΠϯߏػ

(5) VCPͰͷ GPUΠϯελϯεར༻ূݕ

3.1 VCίϯτϩʔϥར༻ऀཧػ

VCίϯτϩʔϥʢVCCʣͷཧऀʹର͠ɼͦ ͷVCCͷ

ར༻ऀͷཧΛࢧԉ͢ΔͨΊͷػͱͯ͠ɼཧऀ༻Web

ϢʔβΠϯλϑΣʔεʢWeb UIʣͱར༻ऀͷೝূೝՄߏػ

Λ։ൃͨ͠ɽਤ 6ʹVCCར༻ऀͷཧػͷ֓ཁΛࣔ͢ɽ

ཧऀ༻Web UIͰɼֶज़ೝূϑΣσϨʔγϣϯʮֶೝ

ʢGakuNinʣʯ[22]ʹΑΔೝূೝՄΛ͏ߦɽֶೝɼຊࠃ

ͷେֶͱ 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༻ऀཧػͷ֓ཁɽ

ຊαʔϏεͷఏڙରऀࠃͷେֶؔػڀݚͰ͋Δͨ

ΊɼֶೝΛར༻͢Δ͜ͱͰಠࣗͷ IDཧ͕ෆཁʹͳͬͨ

Γɼར༻ऀγϯάϧαΠϯΦϯ͕ՄʹͳΔͳͲͷར

͕͋Δɽ

ͨͩ͠ɼݸʑͷར༻ऀʹର͢Δ VCCར༻࣌ͷೝূೝՄ

ֶೝϕʔεʹ͢ΔͱϓϩάϥϜ͔Βͷೝূ͕༰қͰͳ

͍ͨΊɼར༻ऀʹରͯ͠ΞΫηετʔΫϯϕʔεͰͷ

ೝূೝՄΛ͏ߦɽVCCཧऀɼཧऀ༻Web UI͔Β

VCCཧऀ͕֤Ϣʔβʹରͯ͠ݶظ͖ΞΫηετʔΫ

ϯΛൃ͢ߦΔखଓ͖Λ͍ߦɼൃͨ͠ߦτʔΫϯΛ VCCར

༻ऀʹ͢ΔɽཧऀʹΑΔൃͨ͠ߦτʔΫϯͷআɼ

ʹͱ͕Ͱ͖ΔɽΞΫηετʔΫϯ͜͏ߦԆదٓݶظ

ɼHashiCorp VaultʢVaultʣ[23] Λ༻͍͍ͯΔɽVault

ɼτʔΫϯ͝ͱʹൿಗใΛཧ͢ΔͨΊͷ҉߸Խ͞Ε

ͨKey Value StoreʢKVSʣΛఏ͢ڙΔɽVCCͰɼ֤ར

༻ऀʹରͯ͠ผʑͷΞΫηετʔΫϯΛൃͯ͠ߦར༻ऀΛ

ࣝผ͢ΔɽVCCར༻ऀɼ͞ΕͨΞΫηετʔΫϯ

Λར༻ͯ͠ VCCʹΞΫηε͢ΔɽVCCͰɼͦͷΞΫη

ετʔΫϯ͕༗ޮͳͷ͔Ͳ͏͔Λ͠ূݕɼͦͷར༻ऀͷ

ཁٻͷೝূೝՄΛ͏ߦɽ

3.2 ԾΫϥυϞχλϦϯάػ

ԾΫϥυͷϞχλϦϯάΛࢧԉ͢ΔͨΊɼVCίϯ

τϩʔϥʹϞχλϦϯάػΛ࣮ͨ͠ɽԾΫϥυͷ

ϞχλϦϯάͰɼa)֤ϕʔείϯςφͰͷ VCϊʔυ

ͷݯࢿར༻ঢ়گʹؔ͢ΔใʢϝτϦΫεใʣΛऔಘ͠ɼ

b)VCC͝ͱʹϕʔείϯςφͰऔಘͨ͠ϝτϦΫεใ

ΛҰݩతʹऩूɾཧ͠ɼc)ͦͷ݁ՌͷՄࢹԽΛ͏ߦɽ

ϞχλϦϯάػͷ࣮Ͱɼa)Ͱ cAdvisor[24]ɼb)

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

ΦʔϓϯιʔειϑτΣΞΛར༻͢Δ͜ͱͰɼ൚༻తͳ

σʔλࣜܗͱ APIΛͭϞχλϦϯάγεςϜ͕ؒظ

Ͱ࣮͢Δ͜ͱ͕Ͱ͖Δɽ

cAdvisor Google͕։ൃ͍ͯ͠Δ Dockerίϯςφͷ

ϞχλϦϯάπʔϧͰ͋Γɼίϯςφ୯ҐͰϝτϦΫε

ใΛऔಘ͢Δ͜ͱ͕ՄͰ͋Δɽ֤ϕʔείϯςφʹ

උͨ͠ cAdvisorʹΑΓɼVCϊʔυશମͷར༻ঢ়͚ͩگͰ

ͳ͘ɼͦͷ্Ͱىಈ͍ͯ͠ΔෳͷΞϓϦέʔγϣϯͷར

༻ঢ়گͦΕͧΕࢹͰ͖Δɽ

Prometheus pullܕͷϞχλϦϯάγεςϜͰ͋Γɼ

֤ϕʔείϯςφͷ cAdvisor͔ΒϝτϦΫεใΛఆ

తʹऔಘͯ͠ཧ͢ΔɽVCCͰظ VCϊʔυͷىಈঢ়

ͨ·ΛѲ͓ͯ͠Γɼگ Prometheusͱ cAdvisor࿈͠ܞ

͍ͯΔͨΊɼPrometheusΛ༻͍ͨɽ

ϝτϦΫεใͷՄࢹԽͰɼPrometheusࣗମՄࢹ

ԽπʔϧΛఏ͍ͯ͠ڙΔ͕ɼΑΓײతͳ GUI Λఏڙ

͢Δ Grafana Λ༻͍ͨɽGrafana σʔλιʔεͱͯ͠

PrometheusΛࢦఆ͢Δ͜ͱ͕Ͱ͖ɼμογϡϘʔυͷΧ

ελϚΠζՄͰ͋Δɽ

3.3 ҆શͳσʔλཧࢧԉߏػ

VCPͷར༻ऀʹରͯ҆͠શͳσʔλཧΛࢧԉ͢Δͨ

Ίɼ3.1અͰ VCίϯτϩʔϥʹಋೖͨ͠ VaultΛ֤ VCC

ͷར༻ऀͷൿಗใҰ࣌ཧ KVSͱͯ͠ར༻Ͱ͖ΔΑ͏

ʹͨ͠ɽ͜ΕʹΑΓɼVCPʹؔ͢Δૢ࡞ͱ֤ΞϓϦέʔ

γϣϯڥͷߏஙɾӡ༻ʹؔ͢Δૢ͍͓࣍ͯʹ࡞ͷΑ͏ʹ

VaultΛར༻͢Δ͜ͱ͕Ͱ͖Δɽ

VCPͰɼΫϥυͷΞΫηετʔΫϯΛؚΉઃఆ

ใΛਤ 5ʹࣔ͢ઃఆϑΝΠϧ REST APIͰ༻͍Δߏ

ϑΝΠϧʹॻ͖ࠐΉඞཁ͕͋Δ͕ɼใ࿙͍͑ͷڪΕ

͕͋ΔɽΑͬͯɼར༻ऀΞΫηετʔΫϯͷൿಗใ

ͷΘΓʹVaultͷΩʔΛೖྗ͢ΕɼVCCଆͰͦͷΩʔ

ʹඥͮ͘ൿಗใΛ Vault͔Βऔಘͯ͠Ϋϥυʹର͢Δ

ΔΑ͏ʹͨ͠ɽVCPͰɼΞΫηετʔΫϯ͑͝ߦ͕ޚ੍

ͱʹ KVSͷ֨ೲεϖʔεΛΓ͚Δ HashiCorp Vault

ͷ CubbyholeͱݺΕΔํࣜͷར༻Λલఏͱ͍ͯ͠Δɽ

ΞϓϦέʔγϣϯڥͷߏஙɾӡ༻ʹؔ͢Δૢ࡞Ͱɼ

sshσΟεΫϘϦϡʔϜ҉߸Խʹؔ͢ΔݤใΛVault

ʹ֨ೲͯ͠ར༻͢Δ͜ͱ͕Ͱ͖ΔɽVCPͰɼVCϊʔυ

্ͰͷΞϓϦέʔγϣϯߏڥஙɾӡ༻खॱεΫϦϓτ

 Jupyter NotebookͷίʔυͰهड़͠ɼ࣮͞ߦΕΔ͜

ͱΛఆ͍ͯ͠Δɽ͔͠͠ɼ্هͷΑ͏ͳൿಗใΛઃఆ

ϑΝΠϧίʔυࣗମʹຒΊࠐΉ͜ͱ VCPૢ࣌࡞ಉ༷

ʹใ࿙͍͑ͷڪΕ͕͋Δɽ·ͨɼਵ࣌ύεϑϨʔζΛೖ

ྗ͢ΔΑ͏ͳར༻ํ๏Ͱෛ୲͕େ͖͍ɽͦ͜ͰɼVCCͷ

ͱͯ͠ػ VaultΛఏ͢ڙΔ͜ͱͱ͠ɼVCPʹؔ͢Δૢ

Ҏ֎Ͱར༻Ͱ͖ΔΑ͏ʹͨ͠ɽ࡞

2.3અͰհͨ͠MoodleΛ༻͍ͨ LMSςϯϓϨʔτͰ

ɼMoodleͰݸʑͷֶੜͷͳͲੑີػͷ͍ߴใΛ

ཧ͢ΔͨΊɼΫϥυͰ֬อ͢ΔσΟεΫϘϦϡʔϜશ

ମΛ LUKSʢLinux Unified Key SetupʣͰ҉߸Խ͢Δखॱ

Λհ͍ͯ͠Δɽ͜Εɼສ͕ҰΫϥυଆͰͦͷσΟε

Ϋ͕౪ʹ͋ͬͨ߹Ͱɼͦͷ··ͰಡΈग़ͤͳ͍

Α͏ʹ͍ͯ͠Δɽ·ͨɼ҉߸Խͷݤใࣗମ 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 Ϋϥυ APIɼΫϥυϓϩόΠμɼϦʔδϣϯͷؔɽ

͋ΔͨΊɼݤͱσΟεΫΛಉ࣌ʹ౪·ΕΔՄੑ͍ɽ

3.4 ΫϥυϓϩόΠμରԠϞδϡʔϧͷϓϥάΠϯߏػ

VCPίʔυͷϦϑΝΫλϦϯάΛ͍ߦɼୈऀࡾʹΑΔ

VCPରԠΫϥυϓϩόΠμରԠϞδϡʔϧͷ։ൃ͕༰

қʹ͑ߦΔΑ͏ʹͨ͠ɽਤ 7ʹΫϥυ APIɼΫϥυϓ

ϩόΠμɼϦʔδϣϯͷؔΛࣔ͢ɽCloud APIͰɼ

ҟͳΔΫϥυ APIΛද͍ͯ͠ΔɽCloud ProviderͰ

ɼԼͷ Cloud APIΛఏ͢ڙΔΫϥυϓϩόΠμΛද

͍ͯ͠ΔɽRegionͰɼԼͷΫϥυϓϩόΠμͰར

༻ՄͳϦʔδϣϯใ͕ఆٛ͞Ε͍ͯΔɽ֤ԾΫϥ

υʢVCʣͰɼҹ͕ഁࣔ͢͠ࢦઢͷ࢛֯Ͱғ·ΕͨϦʔ

δϣϯɼΫϥυϓϩόΠμɼΫϥυ APIͷΈ߹Θͤ

Λར༻͢Δ͜ͱΛද͍ͯ͠Δɽ

৽ͨͳΫϥυϓϩόΠμΛ VCPͰར༻Մʹ͢Δͨ

Ίʹɼਤ 7ͷ Cloud APIͱ Cloud ProviderͰඞཁ

ͱ͞ΕΔίʔυεΩʔϚϑΝΠϧ͔ΒͳΔϓϥάΠϯϞ

δϡʔϧΛ࣮·ͨఆٛ͢ΕΑ͍ɽඞཁͳίʔυ͓Α

ͼεΩʔϚϑΝΠϧҎԼͷ௨ΓͰ͋Δɽ

Cloud API VCP ఆ͍ͯ͠Δن͕ SPIʢService

Provider InterfaceʣʹैͬͯɼίΞͱͳΔϓϥάΠ

ϯϞδϡʔϧΛ։ൃ͢Δɽ·ͨɼTerraform༻ςϯϓ

ϨʔτϑΝΠϧΛنఆ͢Δɽ

Cloud Provider ֤ΫϥυϓϩόΠμͰར༻Մͳ

Πϯελϯεͷੑใύϥϝʔλͱ YAMLεΩʔ

ϚͰఆٛ͢Δɽ·ͨɼYAMLࣜܗͰରΫϥυʹ͓

͚Δ small/medium/largeͷ֤ϑϨʔόͷσϑΥϧτ

ύϥϝʔλΛఆٛ͢Δɽ͞ΒʹɼରΫϥυϓϩ

όΠμʹඥͮ͘ Cloud APIΛࢦఆ͢Δɽ

VCP SDK ਤ 7ʹؚ·Ε͍ͯͳ͍͕ɼVCP SDKͷ

ΫϥεͷՃඞཁͱͳΔɽCloud ProviderͰنఆ

ͨ͠ੑใύϥϝʔλͷ setter/getterϝιουΛඞ

ཁʹԠͯ͡ఆٛ͢Δɽ

ຊϓϥάΠϯߏػΛ༻͍ͯɼ৽ͨʹ GCPͱ OpenStack

ϕʔεͷϓϥΠϕʔτΫϥυͷͨΊͷϓϥάΠϯϞδϡʔ

ϧΛ։ൃ͠ɼਖ਼ৗʹಈ͢࡞Δ͜ͱΛ֬ೝͨ͠ɽGCPϓϥ

άΠϯͷՃͰɼ্هͷ 3ͭͷ߲ʹؔ͢Δ࣮ɾఆٛ

ΛͨͬߦɽϓϥΠϕʔτΫϥυϓϥάΠϯͷՃͰɼ

ଘͷط Cloud API͕ར༻ՄͰ͋ΔͨΊɼCloud 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 2߲ʹ͍࣮ͭͯɾఆٛΛͨͬߦɽ

3.5 VCPͰͷGPUΠϯελϯεར༻ূݕ

ຊڀݚͰɼDocker-in-DockerํࣜͰͷ GPUΠϯελ

ϯεͷϕʔείϯςφ͓ΑͼΞϓϦέʔγϣϯίϯςφ

ͷඋͷূݕͱɼVCPͷద༻Λͨͬߦɽ

ίϯςφ্Ͱ GPUΛར༻͢ΔʹɼNVIDIA͕ࣾ։ൃ

ͨ͠ NVIDIA Dockerʢnvidia-dockerʣ[27] Λར༻͢Δํ

๏͕͋Δɽ͜ΕʹΑΓɼGPUར༻ڥͷੑݱ࠶ͷ

͋Δ࣮ڥߦͷߏங͕༰қʹͳͬͨɽ·ͨɼOpen Con-

tainer InitiativeʢOCIʣ[28]Ͱنఆ͞Ε༷ͨʹ४ͯ͠ڌ

͞Ε࣮ͨ࠶ nvidia-docker2 ʹΑΓɼdocker-compose 

swarmͳͲ௨ৗͷ DockerͰར༻Մͳπʔϧ܈ͱͷ

ੑ͘ߴͳͬͨɽ͔͠͠ͳ͕ΒɼNVIDIA DockerʹΑΔ

Docker-in-Docker Ε͍ͯ͞ূݕʹͷར༻ํ๏ेࣜܗ

ͳ͍ɽ

VCPͰɼVCϊʔυΛىಈ͢Δʹ͋ͨΓ֤Ϋϥυͷ

Πϯελϯε༻ͷϚγϯΠϝʔδͱϕʔείϯςφΠϝʔ

δΛ༧Ί༻ҙ͍ͯ͠ΔɽGPU ίϯςφʹରԠ͢ΔͨΊɼ

GPUίϯςφରԠϚγϯΠϝʔδ͓Αͼϕʔείϯςφ

Πϝʔδͷ࡞ͱɼGPUରԠϕʔείϯςφ্ͰΞϓϦ

έʔγϣϯίϯςφΛ༻͍ͨͷػցֶशϓϩάϥϜͷ࣮ߦ

Λ֬ೝͨ͠ɽਤ 8ʹɼߏஙͨ͠Docker-in-DockerͷߏΛ

ࣔ͢ɽփ৭ͷ࢛֯ VMɼ੨৭ͷ࢛֯ϕʔείϯςφɼ

৭ͷ࢛֯ΞϓϦέʔγϣϯίϯςφΛද͓ͯ͠Γɼ֊

తʹඋ͞Ε͍ͯΔɽ·ͨɼᒵ৭ͷؙ࢛֯Πϯετʔ

ϧ͞Ε͍ͯΔϥΠϒϥϦΛද͓ͯ͠Γɼnvidia-docker2

ϕʔείϯςφʹΠϯετʔϧ͞Ε͍ͯΔɽNvidia

driver  VM ·ͨϕʔείϯςφͷ͍ͣΕ͔ʹΠϯε

τʔϧ͞Ε͍ͯΕΑ͍͕ɼυϥΠόΛΠϯετʔϧ͢Δ

OSͷΧʔωϧόʔδϣϯɼϗετ VMͱίϯςφͱͰ

Ұக͠ͳ͚ΕͳΒͳ͍ͱ͍͏੍Δɽ

ΞϓϦέʔγϣϯίϯςφͰɼਂ ֶशϑϨʔϜϫʔΫ

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

ίϯςφΛඋ͠ɼͦͷ্Ͱਖ਼ৗʹػցֶशॲཧ͕͑ߦΔ

͜ͱΛ AWS͓Αͼ AzureͰ֬ೝͨ͠ɽ·ͨɼ͜ΕΒͷϚ

γϯΠϝʔδ͓ΑͼϕʔείϯςφΠϝʔδΛ VCPଆʹ

ొͯ͠ඞཁͳύϥϝʔλΛࢦఆ͢Δ͜ͱͰɼGPUରԠ

ϕʔείϯςφඋͨ͠ VC ϊʔυΛ AWS͓Αͼ Azure

Ͱ VCP͔ΒىಈͰ͖Δ͜ͱΛ֬ೝͨ͠ɽ

4. GPUରԠVCϊʔυͷجຊੑ

nvidia-docker2Λ VCPͰ Docker-in-DockerࣜܗͰ࣮ߦ

͢ΔࡍͷੑΦʔόϔουΛௐࠪ͢ΔͨΊɼChainer͓Α

ͼ TensorFlowΛ༻͍ͨධՁ࣮ݧΛ AWS͓Αͼ AzureͰ

ͰɼAWSͱݧɽ࣮ͨͬߦ AzureͰར༻Ͱ͖Δ GPU

͕ҟͳΔͨΊɼAWS͓Αͼ Azureʹ͓͍ͯ VCϊʔυΛ

ಈͯ͠ར༻͢Δ߹ʢϕʔείϯςφ͋Γʣͱɼ௨ৗͷى

ΠϯελϯεΛͦͷ··ར༻͢Δ߹ʢϕʔείϯςφͳ

͠ʣͰͦΕͧΕൺֱ͢Δɽىಈ֤ͨ͠ϊʔυͰɼඞཁͳ

ΞϓϦέʔγϣϯίϯςφΛඋͯ͠ɼͦΕͧΕͷڥͰ

Δɽ͢ߦցֶशϓϩάϥϜΛ࣮ػ

ද 1ɼද 2 ʹຊ࣮ݧͰ༻͍ͨػࢉܭͱΞϓϦέʔγϣ

ϯͷߏΛࣔ͢ɽ֤ΫϥυͰɼVCPͷ༗ແʹؔΘΒ

ͣಉ͡ߏͷػࢉܭΛར༻͢Δ͜ͱͱͨ͠ɽ·ͨɼΞϓ

Ϧέʔγϣϯͷߏ ChainerɼTensorFlow ͱͯ͢

ͷڥͰಉ͡Έ߹ΘͤͷͷΛ༻͍ͨɽChainer Ͱ

MNIST[31]ɼTensorFlowͰ CIFAR10[32]ͷσʔληο

τΛ༻͍ͨػցֶशαϯϓϧϓϩάϥϜ͕ఏ͞ڙΕ͍ͯ

ΔɽMNIST  28×28 ըૉͷखॻ͖͔ࣈΒͳΔσʔλ

ηοτͰ͋ΔɽChainerͷαϯϓϧϓϩάϥϜΛ༻͍ͯɼ

600ΠλϨʔγϣϯ ×20ΤϙοΫͷֶशؒ࣌Λଌఆ͠

ͨɽCIFAR10 32×32ըૉͷը૾͕ඈػߦͷ 10छྨͷ

Ϋϥεʹྨ͞Ε͍ͯΔσʔληοτͰ͋ΔɽTensorFlow

αϯϓϧϓϩάϥϜΛ༻͍ͯɼ1ສεςοϓͷֶशʹཁ͢

Δؒ࣌Λଌఆͨ͠ɽ

ਤ 9ɼਤ 10ʹ AWS͓Αͼ Azureʹֶ͓͍֤ͯशʹཁ͠

ΛΛࣔ͢ɽ͍ͣΕؒ࣌ͨ 10ճͷฏۉͰ͋Γɼ֤ ֶश࣌

ؒͷඪ४ภࠩ 1.0ະຬͰ͋ͬͨɽAWSɼAzureͰͷֶश

ͷࠩɼར༻͍ͯ͠Δؒ࣌ GPUͷੈ͕ҟͳΔ͜ͱʹΑ

63.35 63.22

239.98 240.24
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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 εέʔϧΞτ࣮ڥݧɽ

Δɽ·ͨɼw/VCP Docker-in-Dockerߏͷ VCϊʔυ

ͷ࣮݁ߦՌͰ͋ΔɽChainerͱMNISTΛ༻͍࣮ͨݧͷ݁

ՌͰɼAWSɼAzureͱ VCϊʔυͷํֶ͕शۇ͕ؒ࣌

͔ʹ͔͘ɼVCPʹΑΔΦʔόϔουࠩޡͷൣғͰ͋Δ

͜ͱ͕͔ΔɽҰํɼTensorFlowͱ CIFAR10Λ༻͍࣮ͨ

ͷ݁ՌͰɼVCϊʔυͷํ͕ݧ AWSͰ 1.06%ɼAzure

Ͱ 0.11%ֶश͕ؒ࣌͘ͳ͍͕ͬͯͨɼڐ༰Ͱ͖Δ͜ͱ

͕֬ೝͰ͖ͨɽ

5. GalaxyήϊϜղੳڥεέʔϧΞτ࣮ݧ

VCPͷ࣮༻ੑΛࣔͨ͢ΊɼGalaxyͱΫϥελػࢉܭΛ

༻͍ͨήϊϜղੳڥΛΦϯϓϨϛεʢNIIॴΫϥυʣ

Β༻Ϋϥυͷ͔ڥ AWSʹ SINET5Λհͯ͠εέʔ

ϧΞτ͢Δ࣮ݧΛ SC17ͷలࣔձͰ࣮ͨ͠ࢪɽNIIॴ

Ϋϥυ OpenStackϕʔεͷϕΞϝλϧΫϥυͰ

͋ΓɼVCP͔Β੍͢ޚΔ͜ͱ͕Ͱ͖ΔɽΑͬͯɼΦϯϓϨ

ϛεڥͱ༻ΫϥυڥΛ VCPΛ༻͍ͯߏங͢Δɽ

ਤ Λࣔ͢ɽVCPͷϢʔβɼਤڥݧ࣮ʹ11 12ʹࣔ

͢ Jupyter Notebook ͷखॱʹैͬͯҎԼͷۀ࡞Λ͍ߦɼ

GalaxyڥͷεέʔϧΞτΛ࣮ূͨ͠ɽ

1. VCPΛ༻͍ͯΦϯϓϨϛεڥʹϑϩϯτΤϯυ༻

ͷVCϊʔυ 1ͱࢉܭ༻VCϊʔυ 2Λىಈ͢Δɽ

ϑϩϯτΤϯυϊʔυ NFSαʔόͷػΛ୲͏ͨ

ΊɼదͳαΠζͷσʔλϘϦϡʔϜΛΞλονͯ͠
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ද 1 ɽߏͷػࢉܭ͍ͨ༺Ͱݧ࣮

ڥݧ࣮ 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༻͍ͨΞϓϦέʔγϣϯͷڥ֤

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 GalaxyεέʔϧΞτ࣮ݧ༻ Jupyter Notebookͷεφο

ϓγϣοτɽ

ਤ 13 Galaxy ϫʔΫϑϩʔπʔϧ͔Βͷπʔϧʢδϣϒʣͷ࣮ߦ

ͷεφοϓγϣοτɽ࣌

͓͘ɽىಈͨ͠ VCϊʔυɼར༻ऀ͔Β௨ৗͷܭ

Δɽ͑ݟϊʔυͱͯ͠ࢉ

2. ͷ্ʹɼΞϓϦέʔγϣϯίϯς܈ಈͨ͠ϊʔυى

φͷඋΛඞཁͳઃఆΛ͍ͯͬ͘ߦɽϑϩϯτΤϯ

υϊʔυͰɼGalaxyϫʔΫϑϩʔπʔϧͱόον

ਤ 14 ΦϯϓϨϛεڥͷΈར༻ͨ͠ࡍͷϞχλϦϯά݁Ռɽ

ਤ 15 ΦϯϓϨϛε͔ڥΒ AWS εέʔϧΞτޙͷϞχλϦ

ϯά݁Ռɽ

ΩϡʔΠϯάγεςϜ SLURM ͷίϯτϩʔϥͷΠ

ϝʔδΛඋ͢ΔɽࢉܭϊʔυͰɼSLURMͷࢉܭ

ϊʔυ༻ΠϝʔδΛඋ͠ɼΦϯϓϨϛεͷ Galaxy

ங͢ΔɽߏΛڥ

3. ஙͨ͠ਤ13ͷGalaxyϙʔλϧʹΞΫηε͠ɼGalaxyߏ

͔Βೖ͞Εͨδϣϒ͕֤ࢉܭϊʔυͰ࣮ߦͰ͖Δ͜

ͱΛ֬ೝ͢Δɽਤ 14ɼΦϯϓϨϛεڥͰ 2ͭͷ

δϣϒΛ࣮ࡍͨ͠ߦͷϞχλϦϯά݁ՌΛද͍ͯ͠

ΔɽࠨଆϕʔείϯςφͷϝτϦΫεใɼӈଆ

ΞϓϦέʔγϣϯίϯςφͷϝτϦΫεใͰ͋Γɼ

ΞϓϦέʔγϣϯίϯςφͰδϣϒΛ࣮͍ͯ͠ߦΔ

ͨΊʹಉ༷ͷ݁Ռͱͳ͍ͬͯΔɽ

4. ΦϯϓϨϛεڥͷ͕ݯࢿࢉܭΓͳ͘ͳͬͨͱ͍͏

લఏͰɼSINET5 ͔Βଓ͞Εͨ AWS ͷ VPC

ʢVirtual Private Cloudʣʹ VCP Λ༻͍ͯࢉܭ༻
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VCϊʔυΛ 2ىಈ͢Δɽ

5. 2.Ͱͷࢉܭϊʔυͷઃఆͱಉ͡खॱͰɼAWSͷVC

ϊʔυʹࢉܭϊʔυ༻ͷΞϓϦέʔγϣϯίϯςφΛ

උ͢Δɽࢉܭϊʔυͷ NFSαʔόɼΦϯϓϨϛ

εͷͷΛར༻͢Δɽ

6. 3.ͱಉ༷ʹ Galaxy͔Β 4ͭͷδϣϒΛೖ͠ɼΦϯ

ϓϨϛεͱ AWSͷ 4ͭͷࢉܭϊʔυͰ֤δϣϒ͕࣮

ΕΔ͜ͱΛ֬ೝ͢Δɽਤ͞ߦ 15ɼεέʔϧΞτ

Ͱڥͷޙ 4 ͭͷδϣϒΛ࣮ࡍͨ͠ߦͷϞχλϦϯ

ά݁ՌΛද͍ͯ͠ΔɽAWSͷࢉܭϊʔυΦϯϓϨ

ϛεڥͷ NFSαʔόΛར༻͍ͯ͠ΔͨΊɼϐʔΫ

ʹୡ͢Δ·Ͱʹؒ࣌ʹଟগͷԆ͕͋Δͷͷɼ1ͭ

ͷ SLURMΫϥελͱͯ͠ػ͍ͯ͠Δ͜ͱ͕֬ೝͰ

͖Δɽ

6. ؔ࿈ڀݚ

InterCloud[33] Contrail[34]ͳͲͷΠϯλʔΫϥυ

ʹؔ͢ΔڀݚϓϩδΣΫτͰɼෳΫϥυͷϑΣσ

Ϩʔτͯ͠ SLAϕʔεͷϒϩʔΧϦϯάαʔϏεΛఏڙ

͢Δɽຊ͕ڀݚରͱ͢ΔαʔϏεͰɼར༻ऀ͕ࢦఆ͠

ͨΫϥυ্ͷݯࢿͷར༻Λ༰қʹ͠ɼΞϓϦέʔγϣϯ

ԉ͢Δ͜ͱΛతͱ͓ͯ͠ΓɼϒϩʔΧϦϯࢧஙΛߏڥ

άαʔϏεΞϩέʔγϣϯख๏ʹؔ͢Δڀݚείʔϓ

֎Ͱ͋Δɽ

ҟͳΔΫϥυΛ੍͢ޚΔͨΊͷπʔϧͱͯ͠ɼAWS

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

cloud[37] ͕͋Δɽ͜ΕΒɼҟͳΔΫϥυͷ API ͷ

ࠩҟΛٵऩ͢Δ͜ͱΛతͱ͍ͯ͠ΔɽզʑɼΫϥυ

APIͷࠩҟͷٵऩʹ TerraformΛ༻͍͓ͯΓɼར༻ऀ

͚ʹ VCP REST APIͱɼΫϥυͰͷߏڥஙʹෆ׳

Εͳར༻ऀʹର͍͍ͯ͢͠ VCP SDKΛఏ͍ͯ͠ڙ

ΔɽRightScale[38]ͰɼϘλϯͻͱͭͰΫϥυ্ʹΞ

ϓϦέʔγϣϯڥΛߏங͢Δ༻αʔϏεΛఏ͍ͯ͠ڙ

ΔɽΞϓϦέʔγϣϯߏڥஙΛࢧԉ͢ΔͰྨ͕͋ੑࣅ

Δ͕ɼզʑ Jupyter NotebookΛ༻͍ͨϗϫΠτϘοΫ

εతΞϓϩʔνΛͱ͓ͬͯΓɼڥઃఆͷΧελϚΠζ

Τϥʔൃੜ࣌ͷݪҼ͕͠໌ڀ͍͢ͳͲͷར͕͋Δɽ

Π ϯ λ ʔ Ϋ ϥ  υ  ڥ Λ ఏ ڙ ͢ Δ ࢼ Έ ͱ ͠

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

ʢGÉANT Testbed Serviceʣɼ͢ࢄΔOpenStackϕʔ

εͷݯࢿࢉܭ SDNεΠονɼ͓ Αͼͦͷؒͷωοτϫʔ

ΫΛ౷߹͢ΔͨΊͷιϑτΣΞελοΫΛ։ൃ͍ͯ͠Δɽ

Skyportɼ൴Βͷ։ൃ͍ͯ͠ΔσʔλղੳϓϥοτϑΥʔ

Ϝ AWE/Shock্ͷϓϩάϥϜ࣮ڥߦΛ DockerΛ༻͍

ͯඋ͢Δɽ͜ΕΒରͱ͢Δجࢉܭ൫͕ಛఆ͞Ε͍ͯ

ΔͰຊڀݚͱҟͳΔɽCYCLONEຊڀݚಉ༷ɼΞϓϦ

έʔγϣϯڥΛෳΫϥυߏʹ্ݯࢿங͢ΔγεςϜ

Ͱ͋ΔɽΞϓϦέʔγϣϯڥͷඋͰɼຊڀݚͰܰ

ྔͳ LinuxίϯςφΛར༻͢Δͷʹର͠ɼCYCLONEͰ

 VMΠϝʔδΛ༻͍͍ͯΔɽ

7. ·ͱΊ

ΦϯσϚϯυΫϥυߏஙαʔϏεͷఏ͚ʹڙɼج

൫ιϑτΣΞ VCPͱ JupyterࣜܗͷڀݚɾڭҭΞϓϦ

έʔγϣϯͷߏஙɾӡ༻खॱॻͷ։ൃΛਐΊ͍ͯΔɽຊߘ

ͰɼVCPͷརศੑ্ͱΑΓ࣮༻తͳΞϓϦέʔγϣ

ϯςϯϓϨʔτͷ։ൃΛࢧԉ͢ΔͨΊɼVCPΛվྑͯ͠

(1)ར༻ऀͷཧػɼ(2)ϞχλϦϯάػɼ(3)҆શͳ

σʔλཧࢧԉߏػɼ(4)ΫϥυϓϩόΠμରԠϞδϡʔ

ϧͷϓϥάΠϯߏػͷ։ൃΛ͏ߦͱͱʹɼ(5)VCPͰͷ

GPUΠϯελϯεར༻ূݕΛͨͬߦɽ࣮͔ݧΒɼVCPͰ

GPUΠϯελϯεΛར༻͢Δ͜ͱ͕ՄͰ͋Γɼͦͷੑ

௨ৗͷར༻ܗଶͱൺֱͯ͠ଝ৭ͳ͍͜ͱΛ֬ೝͨ͠ɽ

·ͨɼVCPΛ༻͍ͯήϊϜղੳڥΛΦϯϓϨϛε͔ڥ

Β SINET5Λհͯ͠༻ΫϥυεέʔϧΞτ͢Δ࣮

ɼVCίϯτޙࠓհ͠ɼ࣮༻ੑΛࣔͨ͠ɽ͍ͯͭʹݧ

ϩʔϥͷػࠪͷ֦ॆ FPGAͷଞͷΞΫηϥϨʔ

λͷରԠɼΞϓϦέʔγϣϯςϯϓϨʔτϋϯζΦϯ

ύοέʔδͷ֦ॆͳͲΛ͍ͯͬ͘ߦɽ

ँࣙ ຊࣜג͍͍ͨͩͨྗڠ͝ʹڀݚձࣾΞεέΠυͷ

ಹਢ३༷ɼӋௗจ༷ࢠɼ૿ོ༷ࢁɼཧٕݚͷখઘರԆ

ɽ͢·͍ͨ͠ँײ͘ਂʹ༷

ຊڀݚͷҰ෦ɼJST CRESTʮϏοάσʔλ౷߹ར׆

༻ͷͨΊͷੈ࣍ج൫ٕज़ͷग़ɾମܥԽʯJPMJCR1501
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