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ΠϯλʔΫϥ΢υߏڥ؀ஙγεςϜVCPʹΑΔ
HPCΫϥελߏڥ؀ஙࢧԉ

஛๪ (a,1,2ࢠͭ͋ լࠤ Ұൟ1 ԣࢁ ॏढ़1 ୮ੜ ஐ໵1 ߹ా ਓ1,2ݑ

֓ཁɿෳࡶͳϥΠϒϥϦΠϯετʔϧͷ؆қԽ΍ DockerΤίγεςϜͷ׆༻ͷͨΊɼHPC෼໺Ͱ΋ίϯ

ςφ͕׆༻͞ΕΔΑ͏ʹͳ͖ͬͯͨɽ·ͨɼΫϥ΢υ΍ΦϯϓϨڥ؀Ͱখن໛ͳ HPCΫϥελΛߏங͠

ͯར༻͢Δधཁ΋͋Δ͕ɼHPCΫϥελ֤͚޲छϥΠϒϥϦͷΠϯετʔϧ΍ GPUϊʔυͷར༻ઃఆɼ

SinguralityͷΑ͏ͳ HPC༻ίϯςφͷઃఆͳͲɼऀڀݚʹΑΔ HPCΫϥελͷߏங΍؅ཧͷෛ୲͸ඇ

ৗʹେ͖͍ɽຊڀݚͰ͸ɼΠϯλʔΫϥ΢υߏڥ؀ஙγεςϜ VCPΛ༻͍ͯ HPCΫϥελΛߏஙɼ؅ཧ

͢ΔͨΊͷखॱॻͰ͋Δ HPCςϯϓϨʔτΛ։ൃͨ͠ɽຊςϯϓϨʔτ͸ෳ਺ͷ Jupyter Notebook Ͱ

͍ͨ༺Λ܈੒͞Ε͓ͯΓɼOpenHPCϥΠϒϥϦߏ HPCΫϥελͷߏங͠ɼSingularity΍ GPUϊʔυ

ͷઃఆ΍αϯϓϧϓϩάϥϜͷ࣮ߦʹ΋ରԠ͍ͯ͠Δɽ༧උ࣮ݧʹΑΓɼHPCςϯϓϨʔτͰߏஙͨ͠

HPCΫϥελͷ༗༻ੑΛࣔ͢ɽ·ͨɼςϯϓϨʔτͷ඼࣭ҡ࣋ͱ։ൃޮ཰্޲ͷͨΊͷ։ൃࣗಈԽͷ࢓૊

Έ΋։ൃͨ͠ɽ

Support for an HPC Cluster Construction by Using the VCP
Inter-cloud Application Environment Construction System

1. ͸͡Ίʹ

OSϨϕϧͷԾ૝Խٕज़Ͱ͋ΔίϯςφͷීٴʹΑΓߴɼ

ੑೳࢉܭʢHPCͱݺͿʣ෼໺ʹ͓͍ͯ΋ίϯςφ͕׆༻͞

ΕΔΑ͏ʹͳ͖ͬͯͨ [1]ɽHPC෼໺Ͱ͸ɼෳ਺Ϣʔβͷ

ฒྻδϣϒΛޮ཰Α͘ॲཧ͢ΔͨΊɼେن໛ͳฒྻػࢉܭ

γεςϜʢHPCΫϥελͱݺͿʣΛߏஙͯ͠όονδϣϒ

εέδϡʔϥͰ؅ݯࢿཧͯ͠ར༻͢Δͷ͕ҰൠతͰ͋Δɽ

֤Ϣʔβ͸ɼOSͷ ACLʢAccess Control ListʣͰอ͞ޢ

Ε͍ͯΔͷΈͰಉ͡ػࢉܭΛෳ਺ͷϢʔβͰڞ༗͠ɼHPC

Ϋϥελ؅ཧऀʹΑΓ੔උ͞ΕͨࢉܭϥΠϒϥϦΛ༻͍ͯɼ

ඞཁͳϓϩάϥϜΛίϯύΠϧɼ࣮͢ߦΔɽΑͬͯɼ༧Ί

༻ҙ͞Ε͍ͯͳ͍ϥΠϒϥϦͷར༻Ͱ͸ɼෳࡶͳϥΠϒϥ

ϦΠϯετʔϧͷख͕ؒൃੜ͠ɼΠϯετʔϧࡁͷϥΠϒ

ϥϦͱڝ߹͢Δ৔߹͸ར༻͕Ͱ͖ͳ͍͜ͱ΋͋Δɽओཁͳ

ίϯςφϥϯλΠϜͰ͋Δ Docker͸ɼ༧Ί੔උ͞Εͨί
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ϯςφΠϝʔδΛ༻͍Δ͜ͱͰΠϯετʔϧͷख͕ؒܰݮ

Ͱ͖ɼϥΠϒϥϦڝ߹ͷ໰୊΋ղܾͰ͖ΔͨΊɼ͜ΕΒͷ

՝୊Λղܾ͢Δٕज़ͱͯ͠஫໨͞Ε͍ͯΔɽHPCγες

Ϝʹ͓͍ͯ DockerίϯςφΛར༻͢Δࡍͷ՝୊ͱͯ͠ɼ

root Ͱ͖ͳ͍ɼԾ૝ԽͷΦʔόϔοߦͳ͚Ε͹࣮͕ݶݖ

υ͕ڐ༰Ͱ͖Δ͔໌Β͔Ͱͳ͍ͳͲ͕͛ڍΒΕΔ͕ɼ͜Ε

Βʹ͍ͭͯ΋ Shifter[2]ɼSingurality[3]ɼCharliecloud[4]ͷ

Α͏ͳ HPC༻ίϯςφ΍ɼRootlessͷΑ͏ͳ rootݶݖΛ

ඞཁͱ͠ͳ͍൚༻ίϯςφͷ։ൃ͕ਐΜͰ͍Δɽ͜ΕΒ͸

DockerΠϝʔδͱͷੑ׵ޓΛҡ͍࣋ͯ͠ΔͨΊɼHPC෼

໺Ͱ΋ DockerͷΤίγεςϜͷ׆༻͕ՄೳʹͳΔɽ·ͨɼ

ցֶश෼໺Ͱ͸ػ GPUΛ׆༻ͨ͠ίϯςφͷར༻΋ظ଴

͞Ε͍ͯΔɽ

ֶज़ؔػͰఏ͞ڙΕΔେن໛ HPCΫϥελʹରͯ͠ɼ

Ϋϥ΢υ·ͨ͸ΦϯϓϨͷ্ػࢉܭͰখن໛ͳ HPCΫϥ

ελڥ؀Λߏஙͯ͠ར༻͢Δधཁ΋ґવͱ͍ͯ͠ߴɽڀݚ

Λར༻͢Δඞཁ͕͋Δݯࢿࢉܭᬎେྔͷٸ͍͓ͯʹಈ׆

৔߹ɼֶज़େن໛ HPCΫϥελͰ͸ར༻खଓ͖ʹ࣌ؒΛ

ཁͨ͠Γɼൟ๩ظ΍೥౓຤ʹ͸ར༻։࢝Ͱ͖ͳ͍͜ͱ΋͋

Δɽ·ͨɼࣄલʹখن໛ͳ࣮ݧΛखݩͷڥ؀Ͱ܁Γฦͯ͠

େن໛ͳ࣮ݧΛେن໛ HPCΫϥελͰ࣮͢ࢪΔํ͍࢖΋
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ҰൠతͰ͋Γɼఆৗతʹར༻͢Δػࢉܭ͸ߪೖͯ͠ӡ༻͠

ͨํ͕૯ͯ͡ίετ΋͔͔Βͳ͍ɽ͔͠͠ͳ͕Βɼऀڀݚ

ʹΑΔ HPCΫϥελͷߏஙɼ؅ཧͷෛ୲͕՝୊ͱͳΔɽ

ಛʹɼGPUϊʔυͰߏ੒͞ΕΔΑ͏ͳ HPCΫϥελʹେ

໛ن HPCΫϥελͱಉ౳ͷϥΠϒϥϦ΍ Singularity౳ͷ

HPC͚޲ίϯςφڥ؀ΛϥΠϒϥϦͷґଘؔ܎Λྀ͠ߟ

ͯ੔උ͢Δͷ͸ඇৗʹࠔ೉Ͱ͋Δɽ

༺ॴʢNIIʣͰ͸ɼDockerίϯςφΛརڀݚ৘ใֶཱࠃ

ͯ͠ΠϯλʔΫϥ΢υڥ؀Ͱͷ؅ݯࢿཧΛج͏ߦ൫ιϑτ

΢ΣΞ VCPʢVirtual Cloud Providerʣ[5], [6]Λ։ൃ͠ɼ

VCPΛ༻͍ͯΞϓϦέʔγϣϯߏڥ؀ஙΛࢧԉ͢Δʮֶೝ

Ϋϥ΢υΦϯσϚϯυߏஙαʔϏεʯʢOCSʣ[7]Λֶज़ݚ

ΔɽVCP͸ɼ༷ʑͳΫϥ΢υͷ͍ͯ͠ڙఏʹؔػڀ IaaS

ʢInfrastructure-as-a-Serviceʣͷ੍ޚ APIΛந৅Խ͢ΔΠ

ϯλϑΣʔεΛఏ͠ڙɼҟछΫϥ΢υڥ؀ΛҰͭͷԾ૝త

ͳڥ؀ࢉܭͱͯ͠༰қʹૢ࡞ɼ؅ཧ͢Δ͜ͱΛՄೳʹ͢Δɽ

ҰํɼOCSͰ͸ֶज़৘ใωοτϫʔΫ SINET5[8], [9], [10]

ͱΫϥ΢υͷར׆༻Λଅਐ͢Δ͜ͱΛ໨తͱͯ͠ɼʢ1ʣ

SINETΫϥ΢υ઀ଓαʔϏε [11]Λ༻͍ͨ VPNߏங౳

ͷॳظಋೖࢧԉɼʢ2ʣVCPʹΑΔΦϯσϚϯυߏஙػೳ

ͷఏڙɼʢ3ʣΞϓϦέʔγϣϯߏڥ؀ஙςϯϓϨʔτ౳ͷ

৘ใڞ༗Λ͍ͯͬߦΔɽಛʹʢ3ʣͰ͸ɼڀݚɾڭҭ໨త

ͷΞϓϦέʔγϣϯͷߏڥ؀ஙɼ؅ཧͷͨΊͷखॱॻΛ

Jupyter Notebook[12]ࣜܗͰެ։͍ͯ͠Δ [13]ɽ͔͠͠ͳ

͕Βɼ֤ΞϓϦέʔγϣϯʹؔ࿈͢Διϑτ΢ΣΞϥΠϒ

ϥϦ΍ VCPͦͷ΋ͷͷΞοϓσʔτ΁ͷରԠ΋͋Γɼ֤

ςϯϓϨʔτͷ։ൃɾอकͷίετ͕ඇৗʹ͍ߴͱ͍͏՝

୊΋͋Δɽ

ຊߘͰ͸ɼVCP ͱ Jupyter Notebook Λ༻͍ͯΫϥ΢

υ·ͨ͸ΦϯϓϨڥ؀ʹ༰қʹ HPCΫϥελڥ؀Λߏங

͢Δ͜ͱΛࢧԉ͢Δ HPCςϯϓϨʔτΛ։ൃ͢Δɽຊς

ϯϓϨʔτͰ͸ɼOpenHPC 2.x[14]Ͱఏ͍ͯ͠ڙΔ HPC

Λ഑උͨ͠܈ϥΠϒϥϦ͚޲ HPC ΫϥελͷߏஙΛ༰

қʹ͢Δɽ·ͨɼߏங͢Δ HPCΫϥελͰ͸ GPU͓Α

ͼ Singularityͷར༻΋Մೳʹ͢Δɽ࣮͔ݧΒɼߏஙͨ͠

HPCΫϥελ্Ͱ NVIDIA͕ࣾެ։͍ͯ͠Δ NGCΧλ

ϩά [15]ͷίϯςφΠϝʔδΛ SingularityίϯςφԽ͠

ͯ GPUϊʔυͰར༻Ͱ͖ΔΑ͏ʹ͢Δͱͱ΋ʹɼ༧උධ

ՁʹΑΓ༗༻ੑΛࣔ͢ɽNGC ΧλϩάͰ͸ɼਂ૚ֶशɼ

ίϯςφΠϝʔδ͕ެ։͞Ε͍ͯΔɽ͚޲ցֶशɼHPCػ

·ͨɼHPCςϯϓϨʔτ͓Αͼͦͷଞͷ OCSΞϓϦέʔ

γϣϯςϯϓϨʔτͷ඼࣭ҡ࣋ͱ։ൃޮ཰্޲ͷͨΊͷ։

ൃࣗಈԽͷ࢓૊Έ΋։ൃͨ͠ɽ

2. ൫ιϑτ΢ΣΞVCPͱΞϓϦέʔγϣج
ϯςϯϓϨʔτͷ֓ཁ

ֶೝΫϥ΢υΦϯσϚϯυߏஙαʔϏεʢOCSʣͰར༻

͍ͯ͠Δج൫ιϑτ΢ΣΞ VCPͷ֓ཁͱɼVCPΛ༻͍ͯ

ਤ 1 ൫ιϑτ΢ΣΞج VCP ͷར༻Πϝʔδɽ

ਤ 2 VCP ͷߏ੒ɽ

ΞϓϦέʔγϣϯߏڥ؀ஙΛࢧԉ͢ΔΞϓϦέʔγϣϯς

ϯϓϨʔτͷ֓ཁʹ͍ͭͯઆ໌͢Δɽ

2.1 ൫ιϑτ΢ΣΞVCPج

VCP͸ɼਤ 1Ͱࣔ͢Α͏ʹ SINET5ͷΑ͏ͳVPNʢVir-

tual Private Networkʣʹ઀ଓ͞Εͨ 1ͭҎ্ͷΫϥ΢υ

Λ 1ͭͷԾ૝Ϋϥ΢υͱΈͳ͠ɼԾ૝Ϋϥ΢υ্ͷ෺ཧܭ

ʢVMʣ্ͰͷΞϓϦέʔγϣϯػࢉܭʢBMʣ΍Ծ૝ػࢉ

ԉ͢Δɽ·ͨɼVCPͰ͸ࢧஙΛߏڥ؀ DockerίϯςφΛ

༻͍ͯ௿ੑೳΦʔόϔουͰ༰қʹΞϓϦέʔγϣϯڥ؀

Λ഑උͰ͖ΔɼҟͳΔΫϥ΢υAPIͷࠩҟΛٵऩ͢Δαʔ

ϏεΠϯλϑΣʔεΛఏ͢ڙΔɼͱ͍͏ಛ௃Λ࣋ͭɽ

ਤ 2ʹɼOCSͰͷVCPͷ഑උߏ੒Λࣔ͢ɽVCP͸ɼओ

ʹ VCPαʔϏεϚωʔδϟɼԾ૝Ϋϥ΢υίϯτϩʔϥ

ʢVCίϯτϩʔϥʣɼԾ૝ϧʔλͰߏ੒͞ΕΔɽVCPϚ

ωʔδϟ͸ɼԾ૝Ϋϥ΢υΛ؅ཧ͢Δ VCPͷར༻ऀʗά

ϧʔϓʹରͯ͠ VCίϯτϩʔϥΛ഑උ͢Δͱͱ΋ʹɼ֤

ར༻ऀʹରͯ͠ VCίϯτϩʔϥ΁ͷΞΫηε੍ޚʹར༻

͢ΔτʔΫϯ഑෍Λ͏ߦ [16]ɽVCPͷར༻ऀ͸ͦΕͧΕҟ

ͳΔԾ૝ϓϥΠϕʔτωοτϫʔΫʢVPNʣΛར༻͢Δͨ

ΊɼVCίϯτϩʔϥ͸ར༻ऀຖʹ഑උ͢Δɽ֤ར༻ऀ͸ɼ

ׂΓ౰ͯΒΕͨ VCίϯτϩʔϥʹରͯ͠ VCPͷαʔϏ

εΠϯλϑΣʔεΛհͯ͠Ծ૝Ϋϥ΢υ಺ͷݯࢿࢉܭͷ੍

ͱෳ਺ؔػڀݚɽ·ͨɼԾ૝ϧʔλ͸େֶ౳ֶज़͏ߦΛޚ

঎༻Ϋϥ΢υσʔληϯλʔؒͷωοτϫʔΫͷϋϒతͳ

໾ׂΛ୲͏ͱͱ΋ʹɼඞཁʹԠͯ͡ BGPʹΑΔܦ࿏੍ޚ

ΔɽΫϥ΢υؒωοτϫʔΫ͸͢ڙೳ΋ఏػ SINET5ͷ

L2VPNΛલఏͱ͍ͯ͠Δ͕ɼL2VPN͕ڥ؀ͳ͍ɼ·ͨ͸

͢༺ೳωοτϫʔΫ͕ඞཁͳ͍ΞϓϦέʔγϣϯΛརੑߴ

Δ৔߹͸ɼIPSecτϯωϧΛ༻͍ͨΫϥ΢υؒ VPNΛߏ

ஙͯ͠ར༻͢Δ͜ͱ͕Ͱ͖Δɽ

VCPͰ͸ɼ༷ ʑͳΫϥ΢υ্ͷػࢉܭΛ౷Ұతʹ؅ཧͰ
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͖ΔΑ͏ʹ͢Δ͜ͱͱɼ͔༷ͭʑͳΞϓϦέʔγϣϯͷط

ଘ DockerΠϝʔδΛ࠶ར༻Ͱ͖ΔΑ͏ʹ͢Δ͜ͱ͕ٻΊ

ΒΕΔɽΑͬͯɼVCPʹΑΔࢉܭϊʔυىಈͰ͸Ϋϥ΢υ

Ͱ֬อͨ͠ VMʗ BM্ʹϕʔείϯςφͱΞϓϦέʔ

γϣϯίϯςφΛೋ֊૚Ͱ഑උͯ͠ར༻͢Δ͜ͱΛલఏͱ

͍ͯ͠Δɽ͜ͷΑ͏ͳར༻ܗଶ͸ Docker-in-Docker ͱݺ

͹Ε͓ͯΓɼଟগͷੑೳྼԽ͕ݒ೦͞ΕΔ΋ͷͷॊೈͳΞ

ϓϦέʔγϣϯϥΠϒϥϦͷ഑උΛՄೳʹ͢Δɽϕʔεί

ϯςφ૚Ͱ͸ωοτϫʔΫઃఆ΍ VCPͰىಈͨ͠ϊʔυ

ʢVCϊʔυʣͷࢹ؂׆ࢮɼϝτϦΫεऩूΛ͏ߦɽΞϓϦ

έʔγϣϯίϯςφ૚Ͱ͸ɼ໨తͷΞϓϦέʔγϣϯͰඞ

ཁͱ͞ΕΔίϯςφΛ഑උ͢Δɽϕʔείϯςφ͸֤ VM

ʗ BMʹ 1ͭ഑උ͞ΕΔ΋ͷͰ͋ΓɼΞϓϦέʔγϣϯί

ϯςφ͸ϕʔείϯςφ্ʹෳ਺഑උ͢Δ͜ͱ͕Ͱ͖Δɽ

VCPͰ͸ɼར༻ऀʹରͯ͠౷ҰతʹΫϥ΢υΛ੍͢ޚ

ΔͨΊͷαʔϏεΠϯλϑΣʔεͱͯ͠ VCP REST API

ͱ Python ϕʔεͷ։ൃΩοτ VCP SDK Λఏ͍ͯ͠ڙ

ΔɽαʔϏεΠϯλϑΣʔεͷৄࡉ͸จݙ ͍ͯ͠هʹ[6]

Δɽ·ͨɼVCίϯτϩʔϥ಺෦ͰTerraform[17]Λ༻͍ͯ

ҟͳΔΫϥ΢υϓϩόΠμͷ APIͷࠩҟΛٵऩ͍ͯ͠Δɽ

Terraform Ͱ͸ɼ֤Ϋϥ΢υʹ͓͚Δ VM ΍ωοτϫʔ

ΫεΠονɼίϯςφ౳ͷݯࢿΛ੍͢ޚΔϞδϡʔϧΛ

Providerͱݺͼɼओཁͳ Provider͕༧Ίఏ͞ڙΕ͍ͯΔɽ

·ͨɼVCPͷΫϥ΢υϓϩόΠμରԠϞδϡʔϧ΋ϓϥά

ΠϯԽ͞Ε͓ͯΓɼ֦ு͕༰қʹͳ͍ͬͯΔ [16]ɽݱঢ়Ͱ

͸ɼAWSʢAmazon Web ServicesʣɼMicrosoft Azureɼ͞

͘ΒͷΫϥ΢υɼOracle Cloud Infrastructureɼ๺ւಓେ

ֶΠϯλʔΫϥ΢υγεςϜɼVMware vSphereʢΦϯϓ

Ϩڥ؀ʣΛαϙʔτ͍ͯ͠Δɽ

2.2 ΞϓϦέʔγϣϯςϯϓϨʔτ

ΞϓϦέʔγϣϯςϯϓϨʔτ͸ɼڀݚɾڭҭ໨తͰ޿

͘ར༻͞Ε͍ͯΔΞϓϦέʔγϣϯͷߏஙɾӡ༻खॱΛς

ϯϓϨʔτԽͨ͠΋ͷΛ Jupyter NotebookࣜܗͰఏ͠ڙ

͍ͯΔɽ֤ςϯϓϨʔτ͸ɼVCPΛ༻͍ͯΫϥ΢υͰͷΞ

ϓϦέʔγϣϯߏஙΛՄೳʹ͢ΔͨΊɼVCP SDKΛ༻͍

ͯ։ൃ͞Ε͍ͯΔɽ͜ΕʹΑΓɼΫϥ΢υͰͷΞϓϦέʔ

γϣϯߏஙʹෆ׳Εͳར༻ऀʹରͯ͠Ϋϥ΢υͷར׆༻Λ

ԉ͢Δͱͱ΋ʹɼ֤ΞϓϦέʔγϣϯίϛϡχςΟͰదࢧ

ٓςϯϓϨʔτΛ֦ுͯ͠৘ใڞ༗͞ΕΔ͜ͱΛظ଴ͯ͠

͍Δɽ

఺Ͱ͸ɼҎԼͷΞϓϦέʔγϣϯςϯϓϨʔτΛެ࣌ݱ

։͍ͯ͠Δ [13]ɽ

LMSςϯϓϨʔτ moodle[18]Λ༻ֶ͍ͨश؅ཧγες

ϜΛߏஙɼӡ༻͢Δ͜ͱ͕Ͱ͖Δɽ୹͍μ΢ϯλΠ

ϜͰߋ৽ۀ࡞Λ͜͏ߦͱΛ໨తͱ͠ɼBlueGreenDe-

ployment[19]ͱ͍͏ख๏ʹߋͮ͘ج৽खॱΛ͍ͯ͠ه

Δ [20]ɽ

LMSςϯϓϨʔτ؆қߏ੒൛ LMSςϯϓϨʔτΑΓ୹

؆੒൛΋༻ҙͨ͠ɽ·ͨɼߏతͳར༻Λ૝ఆͨ͠؆қظ

қߏ੒൛Ͱ͸ɼVCPΛར༻ͤͣʹ AWS·ͨ͸ Azure

ʹ௚઀Moodleڥ؀Λߏங͢Δखॱ΋߹Θͤͯެ։͠

͍ͯΔɽ

HPCςϯϓϨʔτ OpenHPC[14] v1.xͰఏ͞ڙΕ͍ͯ

ΔՊֶٕज़ࢉܭͷͨΊͷࢉܭϥΠϒϥϦ͓܈Αͼόο

νδϣϒεέδϡʔϥ͔ΒͳΔΫϥελڥ؀Λߏஙͱɼ

Δɽ͑ߦຊతͳੑೳධՁ͕جஙͨ͠ΫϥελͰͷߏ

ςϯϓϨʔτڥԋश؀ٛߨ Jupyter Notebook Λ༻͍ͨ

൫جͷڥԋश؀ٛߨங͢Δ΋ͷͰɼߏΛڥԋश؀ٛߨ

ιϑτ΢ΣΞʹ͸ JupyterHubΛٛߨԋश༻ʹ NIIͰ

֦ுͨ͠ CoursewareHub[21]Λ༻͍͍ͯΔɽCourse-

wareHubͰ͸ɼࡐڭ഑෍ɼ՝୊ͷճ౴ऩूɼૢ࡞ཤྺ

ͷऩू౳ͷػೳ͕ఏ͞ڙΕ͍ͯΔɽ

2.3 ৽͍͠HPCςϯϓϨʔτͷඞཁੑͱςϯϓϨʔτ

։ൃͷ՝୊

VCP ͷ HPC ༻్Ͱͷར༻ͷ՝୊ͱɼςϯϓϨʔτ։

ൃͷ՝୊ʹ͍ͭͯҎԼʹड़΂ΔɽVCPͰ͸ɼVM·ͨ͸

BM ্ʹϕʔείϯςφΛ഑උ͠ɼΞϓϦέʔγϣϯί

ϯςφΛϕʔείϯςφ্ʹىಈͯ͠ Docker-in-Docker

ʢD-in-Dʣߏ੒Ͱར༻͢Δ͜ͱΛલఏͱ͍ͯ͠ΔɽD-in-D

ͷΦʔόϔου͸͋Δఔ౓ڐ༰Ͱ͖Δ΋ͷͷ [6]ɼHPC؀

ΊΒٻΓখ͘͢͞Δ͜ͱ͕ݶͰ͸ΦʔόϔουΛͰ͖Δڥ

ΕΔɽ·ͨɼ৽ͨͳΞϓϦέʔγϣϯίϯςφΛ഑උ͢Δ

৔߹ɼࡾ֊૚ͷԾ૝Խ͕ඞཁʹͳΔέʔε͕͑ߟΒΕɼͦ

ͷΦʔόϔου͕ڐ༰Ͱ͖Δ͔໌Β͔Ͱͳ͍ɽ·ͨɼ2020

೥ 10݄࣌఺Ͱ CentOS8·ͨ͸ OpenSUSE Leap 15Λલ

ఏͱͨ͠OpenHPC v2.x͕ϦϦʔε͞ΕΔͳͲ৽͍͠ϥΠ

ϒϥϦ΁ͷରԠ͕ඞཁͰ͋Δͱͱ΋ʹɼϕʔείϯςφ্

ͰͷҰൠϢʔβʹΑΔ rootݶݖͷར༻੍ݶ΍ɼGPUϊʔ

υ͓Αͼ Singularity΁ͷରԠͳͲػցֶशॲཧͷधཁΛ

ຬͨ͢͜ͱ΋ඞཁͰ͋Δɽ

ͷΑ͏ʹ৽͍͠ϥΠϒϥϦͷϦϦʔε΁ͷରԠͩه্

͚Ͱͳ͘ɼ֤ΞϓϦέʔγϣϯʹؔ࿈͢Διϑτ΢ΣΞ

ϥΠϒϥϦ΍ VCPͦͷ΋ͷͷΞοϓσʔτ΁ͷରԠ΋͋

Γɼ֤ςϯϓϨʔτͷ։ൃɾอकͷίετ͕ඇৗʹ͍ߴͱ

͍͏՝୊΋͋ΔɽΞϓϦέʔγϣϯςϯϓϨʔτͰ͸ɼ୭

Ε͹૝ఆ͍ͯ͢͠ߦ࣮ͯͬैʹ΋ςϯϓϨʔτͯ͠ߦ࣮͕

ΔΞϓϦέʔγϣϯڥ؀ͷߏங͕Ͱ͖Δ͜ͱΛ໨͍ͯ͠ࢦ

Δɽ͔͠͠ͳ͕Βɼ͔ͮؾͳ͍͏ͪʹಛఆͷϥΠϒϥϦ͕

ഊࣦ͠ʹۀ࡞৽͞ΕͯΞϓϦέʔγϣϯͷΠϯετʔϧߋ

ͨΓɼެ։͞Ε͍ͯͨίϯςφΠϝʔδ΍σʔλϑΝΠϧ

Ͱ͖ͳ͘ͳΔ͜ͱ΋͋Δɽߦ࣮ʹআ͞ΕͯखॱͲ͓Γ࡟͕

Αͬͯɼ։ൃɾอकͷίετΛܰ͢ݮΔͨΊɼιϑτ΢Σ

Ξ։ൃͰߦΘΕ͍ͯΔ CI/CDʢܧଓతΠϯςάϨʔγϣ

ϯʗܧଓతσϦόϦʔʣͷΑ͏ͳ։ൃࣗಈԽͷ࢓૊Έ͕ɼ
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ද 1 HPC ςϯϓϨʔτ v1 ͱ v2 ͷൺֱɽ

HPC ςϯϓϨʔτ v1 v2

OpenHPC ver. 1.3.x 2.x

ϕʔείϯςφ OS CentOS 7.7 CentOS 8

ରԠΞʔΩςΫνϟ x86 64 x86 64

ରԠεέδϡʔϥ Slurm Slurm

Singularity αϙʔτ ! !
GPU αϙʔτ - !

!"#$%&'

!"#()*+

"%,-)./012)%,# -)3'*

4%-2510'#6%78%,',2

!"#$%&'()"*'

+,%-#*

!"#$%&'%(
)*"+!&,-#.

./+&'- )"*'

!"#
/0-!%

/-12/-01,/1"3

+,%-#0&,*

!"#$%&'%(
)*"+!&,-#.

!"#$%&'()"*'

+,%-#*

!"#$%&'%(
)*"+!&,-#.

!"#$%&'()"*'

+,%-#*

!"#$%&'%(
)*"+!&,-#.

!"#$#%&'()*$+,-.*/,0),(1! !")&-",,'-

!"#"$%&'$(()' *$')

+,-./"$'0 !,1(&

4-,'%+51+6782%5+%$6)2+(

+,%-#*

!"#$%&'%(
)*"+!&,-#.

!"#$%&'()"*'

12-&%/,(3-24/&'(5'&6"-7

ਤ 3 HPC ςϯϓϨʔτͰߏங͢Δ HPC Ϋϥελͷ֓ཁɽ

Jupyter NotebookͰ։ൃ͞Ε͍ͯΔΞϓϦέʔγϣϯς

ϯϓϨʔτʹ΋ෆՄܽͰ͋Δɽ

ΑͬͯɼຊߘͰ͸OpenHPC v2.x͓ΑͼGPUϊʔυʹ

ରԠͨ͠HPCΫϥελͷߏஙɾ؅ཧΛՄೳʹ͢ΔHPCς

ϯϓϨʔτΛ։ൃ͢Δɽ·ͨɼ։ൃࣗಈԽͷ࢓૊Έͱͯ͠

Jupyter NotebookϕʔεͷΞϓϦέʔγϣϯςϯϓϨʔ

τͷ CI/CDڥ؀ͷߏஙʹ͍ͭͯड़΂Δɽ

3. HPCΫϥελߏஙςϯϓϨʔτͷ։ൃ

ຊߘͰ͸ɼOpenHPC v2.xΛϕʔεͱͨ͠ HPCΫϥε

λΛߏங͢Δ HPCςϯϓϨʔτ v2ͷ։ൃʹ͍ͭͯ঺հ

͢ΔɽOpenHPC͸ Linux FoundationϓϩδΣΫτͷҰ

ͭͰ͋ΓɼΦʔϓϯιʔε HPCιϑτ΢ΣΞίϯϙʔω

ϯτͱϕετϓϥΫςΟεͷϦϑΝϨϯείϨΫγϣϯΛ

ఏ͍ͯ͠ڙΔɽHPCςϯϓϨʔτͰ͸ɼ௨ৗͷ VCPΞϓ

Ϧέʔγϣϯڥ؀ͱҟͳΓɼඞཁͳϥΠϒϥϦΛ༧Ίϕʔ

είϯςφΠϝʔδʹΠϯετʔϧ͓͖ͯ͠ɼVCϊʔυ

Λىಈͯ͠؆୯ͳઃఆͷΈͰར༻Ͱ͖ΔΑ͏ʹ͢Δɽද 1

ʹɼެ։தͷ HPCςϯϓϨʔτ v1ͱຊߘͰ։ൃ͢Δ v2

ͷҧ͍Λ·ͱΊͨɽv1ɼv2ͱ΋ɼόονδϣϒεέδϡʔ

ϥ͸ SlurmɼCPUΞʔΩςΫνϟ͸ x86 64Λର৅ͱͯ͠

͓ΓɼSingularityͷར༻΋ՄೳͰ͋ΔɽGPUϊʔυͷα

ϙʔτ͸ɼVCPͱͯ͠͸ରԠՄೳͰ͋Δ͕ɼv1ςϯϓϨʔ

τͰ͸ະରԠͱͳ͍ͬͯΔɽ

ਤ 3ʹVCPͱ։ൃ͢ΔHPCςϯϓϨʔτͰߏங͞ΕΔ

HPCΫϥελͷ֓ཁΛࣔ͢ɽຊςϯϓϨʔτΛ༻͍Δ͜

ͱͰɼNFSαʔόΛ݉Ͷͨ SlurmϚελʔϊʔυʢMaster

nodeʣͱ਺୆ͷࢉܭϊʔυʢCompute nodeʣͰߏ੒͞Ε

Δ HPCΫϥελͷߏஙɼ؅ཧ͕༰қʹ͑ߦΔΑ͏ʹͳΔɽ

Ҏ߱Ͱ͸ɼHPCςϯϓϨʔτ v2Ͱ։ൃͨ͠ HPC༻ϕʔ

!"#$%&'()'*+,'&-!"#$%&

!.#$%&'()'*+,'&-&)//)+

%&'(012*

&*+3)2-4

!""#$%&&%'#()*+,+)-.#/-0102#..34
5',*(-#67-'89$ +-7%.):%+;

!5#$%&'()'*+,'&-'(!)*$%

%&'()'*+,'&-&)//)+

%&'()'*+,'&-&)//)+

!""#$%&'()* +,-&
!""#./0123'#2,-4&1#'3"&

5'-4,//#$%&'()*6&7&/3%2&'4#
*32%3'&'4-

8&-3019&2,',:&1 -4,140%
;',+/&#<=.#.&17&1

!""#$%&'()* +,-&#932%04&
!""#./0129/>&'4

!6#$%&'()'*+,'&-'(!)*$%+,)*

%&'()'*+,'&-&)/'73*

5'-4,//#<?565!#"1>7&1

ਤ 4 HPC ςϯϓϨʔτ v2 ༻ϕʔείϯςφΠϝʔδɽ

είϯςφΠϝʔδͷ֓ཁͱɼJupyter NotebookͰ։ൃ

͞Εͨ HPCςϯϓϨʔτͷৄࡉʹ͍ͭͯड़΂Δɽ

3.1 HPCςϯϓϨʔτ v2ͷϕʔείϯςφΠϝʔδ

OpenHPC ͷ GitHub αΠτ [22] Ͱެ։͞Ε͍ͯΔυ

ΩϡϝϯτʮInstall Guide (with Warewulf + Slurm)ʯΛ

ࡉͷৄ܈։ൃͨ͠ɽΠϯετʔϧ͞ΕΔϥΠϒϥϦʹݩ

͸ɼຊυΩϡϝϯτΛ͞ߟࢀΕ͍ͨɽ

ਤ 4 ʹ HPC ςϯϓϨʔτ v2 ༻ϕʔείϯςφ༻ͷ

DockerΠϝʔδͷ֓ཁΛࣔ͢ɽΠϝʔδϑΝΠϧ͸ɼҎԼ

ͷ 4ͭͰߏ੒͞ΕΔɽ

( 1 ) vcp/openhpc:commonɿڞ௨ϕʔεΠϝʔδ

( 2 ) vcp/openhpc:masterɿϚελʔϊʔυΠϝʔδ

( 3 ) vcp/openhpc:computeɿࢉܭϊʔυΠϝʔδ

( 4 ) vcp/openhpc:compute-gpuɿGPUࢉܭϊʔυΠϝʔδ

ʢ1ʣڞ௨ϕʔεΠϝʔδ͸ɼHPCςϯϓϨʔτͰར༻͢Δ

VCϊʔυ͢΂ͯʹڞ௨͢Διϑτ΢ΣΞͷΠϯετʔϧ

ͷઃఆΛ͏ߦ΋ͷͰ͋ΓɼVCPͱ CentOS8ͷΠϝʔδΛ

ϕʔεͱͯ͠ sshͷΑ͏ͳجຊతͳιϑτ΢ΣΞͷΠϯε

τʔϧ΍OpenHPCϦϙδτϦΛϩʔΧϧڥ؀Ͱར༻Մೳ

ʹ͢Δɽʢ2ʣϚελʔϊʔυΠϝʔδ͸ɼHPCςϯϓϨʔ

τͷϚελʔϊʔυ༻ͷϕʔείϯςφΠϝʔδͰ͋Γɼ

ʢ1ʣڞ௨ΠϝʔδΛϕʔεͱͯ͠ɼϚελʔϊʔυʹඞཁͳ

ιϑτ΢ΣΞΛઃఆ͢Δɽ۩ମతʹ͸ɼOpenHPCͷϕʔ

εϥΠϒϥϦɼSlurmϚελʔ༻ϥΠϒϥϦɼOpenHPC

։ൃ༻ϥΠϒϥϦͷΠϯετʔϧ΍ɼNFSαʔόઃఆͳͲ

Λ͏ߦɽʢ3ʣࢉܭϊʔυΠϝʔδ͸ࢉܭϊʔυ༻ͷΠϝʔ

δͰ͋Γɼʢ1ʣΛϕʔεͱͯ͠ OpenHPCͷࢉܭϊʔυ༻

ϥΠϒϥϦ͓Αͼ SlurmΫϥΠΞϯτ༻ϥΠϒϥϦΛΠϯ

ετʔϧ͢Δɽ·ͨɼGPUϊʔυΛࢉܭϊʔτͱͯ͠ར

༻͢Δ৔߹͸ʢ4ʣGPUࢉܭϊʔυΠϝʔδΛ༻͍Δɽʢ4ʣ

Ͱ͸ɼʢ3ʣΛϕʔεͱͯ͠ NVIDIA GPU༻υϥΠόɼϥ

ϯλΠϜɼ͓Αͼ NVIDIA CUDA ToolkitΛΠϯετʔ

ϧ͢ΔɽVCP v21.04Ͱ͸ɼDockerͷ GPU࿈ػܞೳͰ͋

Δ docker run --gpusΦϓγϣϯʹରԠͨͨ͠Ίɼϕʔ

είϯςφͰϕϯμݻ༗ͷυϥΠόͷΠϯετʔϧ͕ෆཁ

ʹͳΔͱظ଴͞ΕΔɽ͔͠͠ͳ͕Βɼզʑ͕૝ఆ͍ͯ͠Δ

Ϣʔεέʔεͷ 1ͭͰ͋ΔNVIDIA͕ࣾఏ͢ڙΔػցֶश
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༻ΞϓϦέʔγϣϯίϯςφʢNGCʣͷ࣮ߦͰ͸ CUDA

͕ϕʔείϯςφʹΠϯετʔϧ͞Ε͍ͯΔඞཁ͕͋Γɼ

CUDAͱυϥΠόͷΠϯετʔϧ͕ҰମԽ͞Ε͍ͯΔͨ

ΊɼGPUϊʔυ༻ͷΠϝʔδΛผ్༻ҙͨ͠ɽ

3.2 HPCςϯϓϨʔτ v2ͷߏ੒

։ൃͨ͠ϕʔείϯςφΠϝʔδΛར༻ͯ͠ HPCΫϥ

ελߏஙɾ؅ཧΛ͏ߦखॱΛɼखॱ͝ͱʹෳ਺ͷ Jupyter

NotebookͰߏ੒͞Εͨ HPCςϯϓϨʔτͱͯ͠։ൃ͠

ͨɽਤ 5ʹHPCςϯϓϨʔτ v2ͷߏ੒Λࣔ͢ɽHPCςϯ

ϓϨʔτ͸ҎԼͷ NotebookͰߏ੒͞Ε͓ͯΓɼNotebook

ʹैͬͯ HPCΫϥελߏڥ؀ஙɼδϣϒͷ࣮ߦɼઃఆม

ͱ͕Ͱ͖͜͏ߦΛغ։ɼഁ࠶ʗࢭɼHPCΫϥελͷఀߋ

Δɽδϣϒͷ࣮ߦͰ͸ɼඪ४తͳϕϯνϚʔΫϓϩάϥ

ϜͰ͋Δ Linpackͷ࣮ߦ΍ɼSinguralityʹΑΔ DockerΠ

ϝʔδͷ࣮ߦɼNGCΧλϩάͷίϯςφ࣮ߦͷखॱ΋ࣔ

͍ͯ͠Δɽ

010: ύϥϝʔλઃఆ ங͢Δߏ HPC ΫϥελΛߏ੒͢

Δϊʔυʹؔ͢ΔύϥϝʔλΛઃఆ͢Δɽ۩ମతʹ͸

VCP͓ΑͼVCϊʔυʹؔ͢Δύϥϝʔλɼϊʔυߏ

੒΍ VMαΠζͳͲ HPCΫϥελʹؔ͢Δύϥϝʔ

λɼΫϥελͷೝূαʔϏεMUNGE΍ Slurmͷύ

ϥϝʔλઃఆΛ͏ߦɽ

020: OpenHPCͷىಈ ਤ 3ͷ HPCΫϥελΛߏ੒͢

Δ VCϊʔυɼVCσΟεΫΛ VCPͰ࡞੒͢ΔɽVC

σΟεΫ͸ɼAWSͷ EBSͷΑ͏ͳϒϩοΫετϨʔ

δαʔϏεΛVCP͔Βར༻͢Δ΋ͷͰ͋ΓɼϚελʔ

ϊʔυͷ NFSϘϦϡʔϜͱͯ͠ར༻͢Δɽϊʔυ܈

ͷىಈޙɼSlurmͷಈ֬࡞ೝΛ͏ߦͱͱ΋ʹɼϊʔυ

ʹΛ༰қʹ͢ΔͨΊ࡞ͷૢ܈ Ansibleͷઃఆ΋͜͜Ͱ

ϊʔࢉܭಈͨ͠VCϊʔυ͸ɼ௨ৗͷىɽVCPͰ͏ߦ

υͱಉ༷ʹѻ͏͜ͱ͕Ͱ͖Δɽ

030: ઃఆϑΝΠϧͷฤू ઃఆϑΝΠϧΛฤू͠ɼฤू

ϊʔυʹ഑෍͢ΔɽࢉܭͷϑΝΠϧΛ֤ޙ

031: ઃఆϑΝΠϧͷฤू–slurm.conf ઃఆϑΝΠϧ

slurm.conf Λฤू͠ɼฤूޙͷϑΝΠϧΛ֤ࢉܭ

ϊʔυʹ഑෍ͯ͠ɼมߋΛ൓өͤ͞Δɽ

032: ઃఆϑΝΠϧͷฤू–GPU(GRES)ͷొ࿥ GPU

ͳͲΛ Slurm ͷ Generic ResourceʢGRESʣͱͯ͠

௥Ճ͢ΔͨΊɼslurm.confΛฤूͯ͠ฤूޙͷϑΝ

ΠϧΛ֤ࢉܭϊʔυʹ഑෍͠ɼมߋΛ൓өͤ͞Δɽ

ʹϊʔυࢉܭ GPU ϊʔυΛར༻͢Δ৔߹͸ɼ͜ͷ

NotebookΛ࣮͢ߦΔɽ

051: Ϣʔβͷ௥Ճ HPCΫϥελʹϢʔβΛొ࿥͢Δɽ

052: Ϣʔβͷ࡟আ HPCΫϥελ͔ΒϢʔβΛ࡟আ͢Δɽ

061: Singularityͷϩʔυ SingularityΛσϑΥϧτͰ

ར༻Ͱ͖ΔΑ͏ʹ͢ΔͨΊɼ/etc/profile.d/ͷઃఆ

ϑΝΠϧΛม͢ߋΔɽ

062: SingularityͷΞϯϩʔυ Singularity ΛσϑΥ

ϧ τ Ͱ ͸ ϩ ʔ υ ͞ Ε ͳ ͍ Α ͏ ʹ ͢ Δ ͨ Ί ɼ

/etc/profile.d/ͷઃఆϑΝΠϧΛม͢ߋΔɽ

121: LinpackϕϯνϚʔΫ–HPL HPL[23]Λ࣮͢ߦΔ

ͨΊͷ४උۀ࡞ΛޙͨͬߦɼHPLΛ࣮͢ߦΔɽ

140: Singularityͷར༻ Singularity Ͱ Docker ίϯς

φΠϝʔδ͕࣮ߦͰ͖Δ͜ͱΛ֬ೝ͢Δɽ

141: NGC CatalogͷίϯςφΛ࣮͢ߦΔ–PyTorch

NGC Χλϩά͔Β PyTorch ͷ Docker ίϯςφΠ

ϝʔδΛऔಘͯ͠ Singurality Πϝʔδʹม͠׵ɼ

PyTorchίϯςφͰMNISTΛ࣮͢ߦΔɽίϯςφ͔

Β GPU͕ར༻Ͱ͖͍ͯΔ͜ͱ΋֬ೝ͢Δɽ

142: NGC CatalogͷίϯςφΛ࣮͢ߦΔ–TensorFlow

141ͱಉ༷ʹɼNGCΧλϩάͷ TensorFlowίϯςφ

ΠϝʔδΛऔಘͯ͠MNISTΛ࣮͢ߦΔɽίϯςφ͔

Β GPU͕ར༻Ͱ͖͍ͯΔ͜ͱ΋֬ೝ͢Δɽ

911: ϊʔυͷఀࢭ VCPͷϊʔυఀػࢭೳΛ༻͍ͯHPC

ΫϥελΛߏ੒͢Δ VCϊʔυ܈Λఀ͢ࢭΔɽ

912: ϊʔυͷ࠶։ VCPͷϊʔυ࠶։ػೳΛ༻͍ͯHPC

ΫϥελΛߏ੒͢Δ VCϊʔυ܈Λ࠶Քಇͤ͞Δɽ࠶

ՔಇޙɼSlurmΫϥελͷϊʔυͷঢ়ଶΛ֬ೝ͢Δɽ

920: OpenHPCڥ؀ͷ࡟আ ஙͨ͠ߏ HPCΫϥελΛ

ରԠ͢Δʹڥআͨ͠؀࡟আ͠ɼ࡟ Ansibleͷઃఆ΋࡟

আ͢Δɽ

HPC Ϋϥελͷ؅ཧऀ͸ɼ௨ৗͷϊʔυͰ HPC Ϋ

ϥελΛߏங͠ɼLinpack ͷ࣮ߦ·Ͱ֬ೝ͢Δ৔߹͸

010→020→031→051→121ɼGPU ϊʔυͰ HPC Ϋϥε

λΛߏங͠ɼNGC Χλϩάͷίϯςφ࣮ߦΛ͢ࢼ৔߹

͸ 010→020→032→061→051→140→141·ͨ͸ 142ͷΑ

͏ʹ NotebookΛ࣮͍ͯ͘͠ߦɽ

911 ͱ 912 ͷ Notebook Ͱ͸ɼVCP ͷϊʔυఀࢭ

ʢpower offʣɼ࠶։ʢpower onʣػೳΛ༻͍ͯɼઃఆࡁΈ

ͷ HPCΫϥελશମΛఀͤ͞ࢭɼඞཁͳͱ͖ʹ࠶։͢Δ

͜ͱ͕Ͱ͖ΔɽΫϥ΢υͷΦϯσϚϯυαʔϏεͰ͸Քಇ

࣌ؒʹԠͯ͡՝ۚ͞ΕΔͨΊɼར༻͍ͯ͠ͳ͍ͱ͖͸ఀࢭ

͓ͯ͘͜͠ͱ͕๬·͍͠ɽ͔͠͠ͳ͕ΒɼHPCΫϥελ

ͷΑ͏ʹෳ਺୆ͷϊʔυͰߏ੒͞Εͯઃఆ͕ෳࡶͳ΋ͷ

ͷ৔߹ɼڥ؀Λյͯ͠࡞Γ௚͢ʹ͸؅ཧऀͷෛ୲͕େ͖͢

͗ΔɽVCPͷ಺෦Ͱ༻͍͍ͯΔ TerraformͰ͸ϊʔυͷ

௨ڞ։ͷͨΊͷ࠶ɼࢭఀ API͕ͳ͍ͨΊɼVCP v20.04Ͱ

ϊʔυఀࢭɼ࠶։ػೳΛಠࣗʹαϙʔτ͠ɼෳࡶͳߏ੒ͷ

γεςϜΛ·Δ͝ͱఀࢭɼ࠶։͢Δ͜ͱΛՄೳʹͨ͠ɽ

ঢ়Ͱ͸ɼHPCςϯϓϨʔτ͸AWSɼMicrosoftݱ Azureɼ

Oracle Cloud InfrastructureͰಈ࡞Λ֬ೝ͍ͯ͠Δɽ·ͨɼ

VCPͷϊʔυఀࢭɼ࠶։ػೳ͸ AWSͱ AzureͰར༻Մ

ೳͰ͋ΔɽVCPʹґଘ͠ͳ͍෦෼ʹ͍ͭͯ͸ɼଞͷΫϥ

΢υ΍ΦϯϓϨڥ؀Ͱ΋׆༻Ͱ͖Δͱ͑ߟΒΕΔɽ
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ਤ 5 HPC ςϯϓϨʔτ v2 ͷߏ੒ɽ
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ਤ 6 NGC Χλϩάͷ PyTorch ίϯςφΛ Singularity Ͱ࣮͠ߦ

ͨ݁Ռͷεφοϓγϣοτɽ্ਤ͸࣮࣌ߦͷεφοϓγϣο

τɼԼਤ͸ग़ྗ݁ՌͷεφοϓγϣοτΛද͢ɽ

3.3 HPCςϯϓϨʔτ v2ͷ࣮֬ߦೝ

ਤ 6͸ɼNGCΧλϩάͷ PyTorchίϯςφΛ Singular-

ityͰ࣮ࡍͨ͠ߦͷεφοϓγϣοτΛࣔ͢ɽਤ 6্ਤͰ

͸ɼόονεΫϦϓτΛ༻͍ͨ Slurm΁ͷ Singularityδϣ

ϒͷ౤ೖΛޙͨͬߦɼGPUϊʔυ͕ར༻͞Ε͍ͯΔ͜ͱ͕

֬ೝͰ͖Δɽਤ 6Լਤ͸ɼδϣϒॲཧޙͷग़ྗ݁ՌΛ֬ೝ

͠ɼMNISTͷ࣮͕ߦਖ਼ৗʹߦΘΕͨ͜ͱ͕෼͔ΔɽΑͬ

ͯɼຊςϯϓϨʔτʹΑΓ HPCΫϥελڥ؀ͷߏங͔Β

Singularity͓Αͼ GPUϊʔυΛ༻͍ͨδϣϒ࣮ߦ·Ͱ͕

ਖ਼ৗʹߦΘΕ͍ͯΔ͜ͱ͕֬ೝͰ͖Δɽ·ͨɼHPCΫϥ

ελͷߏஙݧܦͷͳ͍ΤϯδχΞ͕΄΅ 1೔ͷۀ࡞ͰΫϥ

΢υͰͷ HPCΫϥελߏங͓Αͼ GPUϊʔυΛ༻͍ͨ

ಈ֬࡞ೝ·Ͱ͑ߦΔ͜ͱ͕֬ೝͰ͖ͨɽ

4. ΞϓϦέʔγϣϯςϯϓϨʔτͷ։ൃࣗಈ
ԽͷऔΓ૊Έ

ΞϓϦέʔγϣϯςϯϓϨʔτͷ։ൃޮ཰Λ͋͛ΔͨΊɼ

CI/CDڥ؀Λߏஙͯ͠ςϯϓϨʔτͷࣗಈ࣮ߦͷ࢓૊Έ

Λߏஙͨ͠ɽίʔυͷ։ൃϓϥοτϑΥʔϜͱͯ͠Φʔϓ

ϯιʔειϑτ΢ΣΞͷGitLab[24]Λ༻͍͓ͯΓɼࣗಈ࣮

!"#!"#$ $%&'&()&*

!"#$%&'
()**+,

!"#
$%!&

!"#!"#$ $+,-./'0123,'4*

!"#$%&'
()**+,

!"#
$%!&

!" "#$%&#''(&
)&('(*+(,

!"-"#$%&#''(&
)$./0%'1-23.'4,

-./'/0)1#+,

-./'/0)1#+,

!"#$%&

!"!"#$%566&'()

ਤ 7 ΞϓϦέʔγϣϯςϯϓϨʔτͷ CI/CD ɽڥ؀

!"#$%&'
(")*+,-

!"#$%&'*
./0"12%

34/5"12%&%
46"7*&#789

:;<=><?*!"#$
%&'@(")AB

ਤ 8 CI/CD ύΠϓϥΠϯͷՄࢹԽ݁Ռɽ

Ͱ͸ߦ GitLabͷ CI/CDύΠϓϥΠϯػೳͰΞϓϦέʔ

γϣϯςϯϓϨʔτͷࣗಈ࣮ߦΛͨͬߦɽ

ਤ 7ʹΞϓϦέʔγϣϯςϯϓϨʔτͷ CI/CDڥ؀ͷ

֓ཁΛࣔ͢ɽGitLab͸ΦϯϓϨڥ؀ɼVCίϯτϩʔϥ

͸ NII VCP αΠτʹ഑උ͞Ε͓ͯΓɼVCP ͸ڥ؀ߦ࣮

Ϋϥ΢υ্ʹߏஙͨ͠ɽVCP࣮ڥ؀ߦ͸ɼϦϦʔε൛ͱ

nightly build ൛ͷ VC ίϯτϩʔϥΛ઀ଓͨ͠ڥ؀Λߏ

ஙͨ͠ɽϦϦʔε൛͸Ϣʔβʹఏ͞ڙΕ͍ͯΔ҆ఆ൛Ͱ

͋Γɼnightly build൛͸ϦϦʔεલͷ൛ͱͳ͍ͬͯΔɽΞ

ϓϦέʔγϣϯςϯϓϨʔτ͸ VCPຊମͷ։ൃʹ௥ਵ͠

ͯͰ͖Δ͚ͩ୹͍λΠϜϥάͰެ։͢Δඞཁ͕͋ΔͨΊɼ

nightly build൛Ͱͷಈূݕ࡞΋ฒ͍ͯͬߦͯ͠ߦΔɽ

֤ VCP࣮ڥ؀ߦ͸ɼ༧ΊGitLab Runnerͱςετίϯ

ςφΛ഑උ͓͖ͯ͠ɼGitLab΁ͷίʔυͷ pushͳͲΛܖ

ʹػ CI/CDύΠϓϥΠϯͷδϣϒ͕GitLab RunnerʹΑ

Γ։࢝͞ΕΔɽCI/CDύΠϓϥΠϯ͸ɼYAMLࣜܗͷઃ

ఆϑΝΠϧ.gitlab-ci.yml಺ʹ࣮͢ߦΔδϣϒΛهड़͢

Δ͜ͱ͕Ͱ͖ΔɽجຊతͳύΠϓϥΠϯॲཧͷྲྀΕ͸ҎԼ

ͷΑ͏ʹͳΔɽ

( 1 ) .gitlab-ci.ymlʹهड़͞Ε͍ͯΔ Dockerίϯςφ

ʢςετίϯςφʣΛ GitLab Runner͕ VCP࣮؀ߦ

ಈ͢Δɽىʹ಺ڥ

( 2 ) ςετίϯςφ಺ʹ GitLabϓϩδΣΫτͷιʔεΛ

ల։ (git clone)͢Δɽ

( 3 ) ςετίϯςφ಺Ͱ.gitlab-ci.yml ड़͞Ε͍ͯΔهʹ

δϣϒΛॱ࣮࣍͢ߦΔɽ

ਤ 8 ͸ɼGitLab Ͱ CI/CD ύΠϓϥΠϯΛՄࢹԽͨ͠

݁ՌΛΩϟϓνϟͨ͠΋ͷͰ͋Δɽ1ͭΊͷδϣϒͰϕʔ
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ද 2 ༧උ࣮ڥ؀ݧɽ

ػࢉܭ AWS g4dn.xlargeʢ4 εϨουɼ15GB ϝϞϦʣ

CPU Intel Xeon Platinum 8259CL CPU @ 2.50GHz

GPU NVIDIA Tesla T4, v. 455.45.01 driver

Χʔωϧ Linux 4.18.0-240.15.1.el8 3.x86 64

Singularity v. 3.4.2-5.1.ohpc.2.0

Docker v. 20.10.5

ίϯςφ OS CentOS 8

ϗετ OS Ubuntu 16.04.4

ද 3 ͷ૊Έ߹Θͤɽݧ࣮

VCP ར༻ Singularity ར༻

D Docker - ɹ-

DinD Docker-in-Docker ༗ -

S Singularity - ༗

SinD Singularity-in-Docker ༗ ༗

είϯςφΠϝʔδͷόϦσʔγϣϯɼ2ͭΊͱ 3ͭΊͷ

δϣϒͰΠϝʔδͷϏϧυΛ͍ߦɼ4ͭΊͷδϣϒͰΞϓ

ϦέʔγϣϯςϯϓϨʔτΛςετ࣮ͯ͠ߦɼޙ࠷ʹ NII

͕؅ཧ͢Δ DockerΠϝʔδϦϙδτϦͰ͋Δ Harbor[25]

ʹϕʔείϯςφΠϝʔδΛ഑උ͢Δɽ֤δϣϒ͸ɼςε

τγφϦΦΛද͢ FeatureϑΝΠϧͱɼFeatureϑΝΠϧ

Ͱهड़͠ ʮͨৼΔ෣ ʢ͍BehaviorʣʯͷఆٛΛ࣮૷ͨ͠ Step

ϑΝΠϧͰද͞ΕΔɽFeatureϑΝΠϧ͸ςετهड़ޠݴ

ͷGherkinͰهड़͠ɼStepϑΝΠϧ͸PythonͰ࣮૷ͯ͠ɼ

pytest-bdd[26]πʔϧΛ༻͍ͯςετγφϦΦΛ࣮ͯ͠ߦ

͍͘ɽΞϓϦέʔγϣϯςϯϓϨʔτͷ Notebookͷ࣮ߦ

Ͱ͸ɼPapermill[27]Λ༻͍ͨɽPapermillͰ͸ɼNotebook

Ͱೖྗ͢ΔύϥϝʔλઃఆΛ࣮࣌ߦʹ༩͑Δ͜ͱͰɼNote-

bookΛࣗಈతʹ࣮ͦͯ͠ߦͷग़ྗ݁ՌΛؚΉNotebookΛ

ಘΔ͜ͱ͕Ͱ͖Δɽग़ྗ͞Εͨ Notebook͸Ұఆؒظอଘ

͞ΕΔͨΊɼδϣϒͷ࣮ߦʹࣦഊͨ͠৔߹΋ Notebookͷ

ग़ྗ݁ՌΛదٓ֬ೝ͢Δ͜ͱ͕Ͱ͖ΔΑ͏ʹͳ͍ͬͯΔɽ

ΞϓϦέʔγϣϯςϯϓϨʔτͷ CI/CDʹΑΔࣗಈ࣮

ঢ়Ͱ͸ݱ͸ɼߦ HPCςϯϓϨʔτɼLMSςϯϓϨʔτɼ

ςϯϓϨʔτʹରͯ͠ڥԋश؀ٛߨ AWSͱ Azureڥ؀Ͱ

Δɽ͍ͯ͠ࢪ࣮

5. ༧උධՁ

༧උධՁͱͯ͠ɼVCPͷϕʔείϯςφར༻ͷ༗ແͱɼΞ

ϓϦέʔγϣϯίϯςφͱͯ͠ Docker·ͨ͸ Singularity

Λར༻ͨ͠ࡍͷ MNISTͷֶश࣌ؒΛൺֱ͢ΔɽMNIST

͸ɼ28x28ըૉͷखॻ͖਺͔ࣈΒͳΔσʔληοτͰ͋Γɼ

0͔Β 9·Ͱͷ਺ࣈͷ෼ྨΛֶश͢Δɽ࣮ݧͰ͸ɼHPCς

ϯϓϨʔτ v2Λ༻͍ͯ HPCΫϥελΛߏங͠ɼSlurmͰ

NGCΧλϩάͷPyTorchͱTensorFlowͷίϯςφΛ༻͍

ͯMNISTΛ 1୆ͷࢉܭϊʔυ্Ͱ࣮͢ߦΔɽද 2ʹɼ࢖༻

ܭɼ͍ߦ͸AWSͰݧΛࣔ͢ɽ࣮ڥ؀ݧϊʔυͷ࣮ࢉܭͨ͠
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ਤ 9 VCPར༻ͷ༗ແɼD-in-D·ͨ͸ Singuralityར༻࣌ͷMNIST

ͷൺֱɽؒ࣌ߦ࣮

ϊʔυʹ͸ࢉ g4dn.xlargeΠϯελϯεΛ༻͍ɼMNISTͷ

Ͱ͸NVIDIAߦ࣮ Tesla T4 GPUΛར༻͢Δɽ·ͨɼ࣮ݧ

ͷ૊Έ߹ΘͤΛද 3ʹࣔ͢ɽD͸DockerɼS͸ Singuralityɼ

DinD͸Docker-in-DockerɼSinD͸ Singurality-in-Docker

Λද͢ɽVCPར༻࣌ʹ͸ϕʔείϯςφͷ্ͰΞϓϦέʔ

γϣϯίϯςφΛ࣮͢ߦΔͨΊɼೖΕܕࢠԾ૝Խͱͳ͍ͬͯ

ΔɽPyTorchͰ͸ PyTorch Examples GitHubαΠτ [28]

ͷ mnist/main.py Λ༻͍ͯ 3 ΤϙοΫ෼ͷֶश࣌ؒΛɼ

TensorFlowͰ͸ʮQuickstart for beginnersʯ[29]Ͱެ։͞

Ε͍ͯΔ΋ͷͱಉ౳ͷ MNIST εΫϦϓτΛ༻͍ͯ 5 Τ

ϙοΫ෼ͷֶश࣌ؒΛଌఆͨ͠ɽຊڀݚͰ͸ɼԾ૝Խͷ

Φʔόϔουͷൺֱ͕໨తͰ͋ΓɼPyTorchͱTensorFlow

ͷ࣮ؒ࣌ߦΛൺֱ͢Δ΋ͷͰ͸ͳ͍ɽ

ਤ 9ʹMNISTͷ࣮ؒ࣌ߦͷൺֱ݁ՌΛࣔ͢ɽॎ࣠͸૯

Λؒ࣌ߦ࣮ [sec]Ͱɼԣ࣠͸࣮ݧͷ૊Έ߹ΘͤΛ͓ࣔͯ͠

Γɼઌ಄ͷ PTͱ TF͸ͦΕͧΕ PyTorch·ͨ͸ Tensor-

FlowΛ༻͍ͨ݁ՌΛද͍ͯ͠ΔɽάϥϑதͷΦϨϯδ৭͸

MNISTͷॲཧ࣌ؒͰ͋Γɼ੨৭͸ίϯςφىಈͳͲͷى

ಈ࣌ؒΛද͢ɽͨͩ͠ɼىಈ࣌ؒʹ͸ SlurmͷΦʔόϔο

υ͸ؚ·Εͳ͍ɽPyTorchͱ TensorFlow͍ͣΕͷ৔߹ʹ

͓͍ͯ΋ɼVCPͷϕʔείϯςφͷར༻ͷ༗ແΛ໰Θͣ

SingularityΛ༻͍ͨํ͕૯࣮͕ؒ࣌ߦ௕͘ͳΔ͜ͱ͕Θ͔

Δɽ࣮ؒ࣌ߦͷ಺༁Ͱ͸ɼىಈ࣌ؒ͸ SingularityΛ༻͍

Δ΄͏͕Θ͔ͣʹ௕͘ͳ͍͕ͬͯͨɼॲཧ࣌ؒͷࠩͷӨڹ

͕େ͖͔ͬͨɽҰํͰɼVCPͷར༻ͷ༗ແͰൺֱ͢Δͱɼ

DͱDinDɼSͱ SinD͍ͣΕͷ৔߹΋ͦͷੑೳࠩ͸͔ۇͰ

͋ΓɼೖΕܕࢠԾ૝ԽͷΦʔόϔου͸ແࢹͰ͖Δ͜ͱ͕

Θ͔ΔɽΑͬͯɼVCPʹΑΔΦʔόϔου͸͔ۇͰ͋Γɼ

Δ৔߹ʹ͸ΞϓϦέʔγϣϯίϯ͢ࢹ఺Ͱ͸ੑೳΛॏ࣌ݱ

ςφ͸ DockerͰىಈ͢Δํ͕Α͘ɼϢʔβ͕ rootݶݖͷ

ར༻͕͞ڐΕͳ͍έʔεͰ͸ SingularityΛར༻͢Δํ͕

๬·͍͜͠ͱ͕ࣔࠦ͞Εͨɽ

6. ؔ࿈ڀݚ

Ϋϥ΢υͰͷ HPCΫϥελߏங঎༻αʔϏε͓Αͼγ
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εςϜ͸ෳ਺͋ΔɽStarHPC[30], [31]͸ɼฒྻϓϩάϥϛ

ϯάڭҭΛ໨తͱͯ͠ϩʔΧϧڥ؀ͷ VMWare΍ Virtual

Boxɼ͓Αͼ AWSΫϥ΢υڥ؀ʹ HPCΫϥελڥ؀Λ

ங͢Δ΋ͷͰ͋ΓɼΫϥ΢υͰͷߏ HPC ஙπʔߏڥ؀

ϧͷઌ͚ۦͰ͋ΔɽAWSͰͷ HPC༻ΫϥελߏஙΛࢧ

ԉ͢ΔͨΊɼOpenMPIɼHadoopɼOpen Grid Schedulerɼ

NFS౳ͷϥΠϒϥϦ͕༧ΊΠϯετʔϧ͞ΕͨVMΠϝʔ

δʢAMIʣΛެ։͍ͯ͠ΔɽAzure Cycle Cloud[32]͓Αͼ

AWS ParallelCluster[33] ͸ɼ؆୯ͳૢ࡞Ͱ Azure ·ͨ͸

AWSͷΫϥ΢υڥ؀Ͱ HPCΫϥελڥ؀ͷߏஙɾ؅ཧΛ

αϙʔτ͢ΔαʔϏεͰ͋Δɽ͜ΕΒ͸͍ͣΕ΋ར༻Մೳ

ͳΫϥ΢υϓϩόΠμʹ੍͕͋ݶΔ͕ɼHPCςϯϓϨʔ

τͰ͸ AWSɼAzureɼOracle Cloud InfrastructureͰͷಈ

Λ֬ೝ͍ͯ͠ΔɽFrexera࡞ Cloud Management Platform

ʢچ RightScaleʣ[34]Ͱ͸ෳ਺ͷΫϥ΢υڥ؀ʹରԠͯ͠

͓Γɼಉ༷ʹ؆қͳૢ࡞ͰΞϓϦέʔγϣϯڥ؀ΛߏஙՄ

ೳʹ͢ΔαʔϏεΛఏ͍ͯ͠ڙΔɽ

͍ͣΕ΋ HPCΫϥελߏஙΛࢧԉ͢Δ఺Ͱྨ͕͋ੑࣅ

Δ͕ɼίϯςφϕʔεͰ Jupyter NotebookΛ༻͍ͨςϯ

ϓϨʔτΛఏ͢ڙΔ఺ͰҟͳΔɽNII Ͱ͸ɼଐਓԽ͕͠

ͪͳػࢉܭγεςϜͷߏஙɾӡ༻ͷखॱͷੑݱ࠶΍৘ใ

༗Λ໨తͱͯ͠ɼLiterateڞ Computing for Reproducible

InfrastructureʢLC4RIʣͱ͍͏ํ๏࿦ʹ͍ͯͮج Jupyter

NotebookΛॴ಺Ϋϥ΢υج൫ͷߏஙɼӡ༻ʹ׆༻͍ͯ͠

Δ [35], [36], [37]ɽOCSͷΞϓϦέʔγϣϯςϯϓϨʔτ

Ͱ΋ϊ΢ϋ΢ͷڞ༗Λ໨తͱͯ͠ Jupyter NotebookΛ࠾

༻͓ͯ͠Γɼར༻ऀʹΑΔڥ؀ઃఆͷΧελϚΠζ΍Τ

ϥʔൃੜ࣌ͷݪҼ͕͠໌ڀ΍͍͢ͳͲͷར఺͕͋Δɽ·

ͨɼίϯςφϕʔεͰ͋Δ͜ͱʹΑΓɼVMΠϝʔδϕʔ

εͰ࡞ΔΑΓ΋Մൖੑɼ֦ுੑ͕͍ߴͱ͑ߟΒΕΔɽ

Chameleon Cloud ͸ถࠃͷΞΧσϛοΫΫϥ΢υͷ 1

ͭͰ͋ΓɼOCSಉ༷ʹ Jupyter NotebookͰڥ؀ࢉܭͷߏ

ஙखॱΛڞ༗͍ͯ͠Δ [38]ɽChameleon Cloud Ͱͷར༻

Λલఏͱ͍ͯ͠Δ఺ͰҟͳΔɽBinderHub[39]͸ Jupyter

Notebookϕʔεͷੑݱ࠶ͷ͋Δڥ؀ࢉܭΛ K8s্Ͱఏڙ

͢Δ΋ͷͰ͋ΔɽඞཁͳϥΠϒϥϦ͕Πϯετʔϧ͞Εͨ

Jupyter Notebookڥ؀ΛఏڙͰ͖Δ͕ɼHPCΫϥελͷ

Α͏ͳෳࡶͳߏ੒ͷΞϓϦέʔγϣϯڥ؀ͷߏங͸αϙʔ

τ͍ͯ͠ͳ͍ɽ

KubernetesʢK8sʣ[40]͸GoogleʹΑΓઃܭɾ։ൃ͞Εɼ

ΦʔϓϯιʔεγεςϜͱͯ͠։ൃ͕ਐΊΒΕ͍ͯΔࡏݱ

ίϯςφΦʔέετϨʔγϣϯπʔϧͰ͋Δɽେن໛ڥ؀

ͰͷେྔϚΠΫϩαʔϏεͷ࣮ߦɾ؅ཧΛ໨తͱͯ͠ઃܭ

͞Ε͓ͯΓɼෳ਺Ϋϥ΢υڥ؀Ͱ K8sϕʔεͷίϯςφ

ड़هͰࣜܗ੔උ͞Ε͍ͯΔɽK8sͰ͸ɼYAML͕ڥ؀ߦ࣮

͞ΕΔϚχϑΣετϑΝΠϧ΍ Helmͱݺ͹ΕΔύοέʔ

δ؅ཧͷ࢓૊ΈΛར༻͢Δ͜ͱͰΞϓϦέʔγϣϯڥ؀ͷ

ஙɾ؅ཧ͕ՄೳͰ͋ΔɽK8s͸ίϯςφΦʔέετϨʔߏ

γϣϯπʔϧͷσϑΝΫτελϯμʔυͱ͑ߟΒΕ͍ͯΔ

͕ɼOCSͰର৅ͱ͢ΔΑ͏ͳݸʑͷVPNʢVirtual Private

NetworkʣͰִ཭͞Εͨൺֱతগ਺ͷڥ؀ػࢉܭͷ؅ཧʹ

͸ιϑτ΢ΣΞελοΫ͕΍΍େ͖͍ͱ͑ߟΒΕΔɽVCP

͸ࡏݱϙʔλϒϧ൛΋։ൃ͞Ε͓ͯΓɼϙʔλϒϧ൛ίϯ

ςφΛىಈ͢Ε͹͙͢ʹར༻Ͱ͖ΔΑ͏ʹͳ͍ͬͯΔɽͨ

ͩ͠ɼຊڀݚͰ։ൃͨ͠ HPCΫϥελͷίϯςφΠϝʔ

δࣗମ͸ K8sڥ؀Ͱ΋ྲྀ༻͢Δ͜ͱ͕Ͱ͖Δɽ

Jupyter Notebookͷӡ༻खॱॻͷ CIΛ GitLabͷύΠ

ϓϥΠϯͱ PapermillͰ࣮͢ݱΔऔΓ૊Έ [41]΋͋Δɽຊ

Βෳ਺͔ূݕͰ͸ɼίϯςφΠϝʔδͷڀݚ NotebookͰ

ɼϦϙδτϦ΁ͷίϯςφߦ੒͞ΕΔςϯϓϨʔτͷ࣮ߏ

Πϝʔδͷ഑උ·ͰΛ͍ͯͬߦΔɽ

7. ·ͱΊͱޙࠓͷ՝୊

ຊڀݚͰ͸ɼΠϯλʔΫϥ΢υ؅ݯࢿཧͷͨΊͷج൫ι

ϑτ΢ΣΞVCPΛ༻͍ͯɼΫϥ΢υͰͷHPCΫϥελͷ

ஙɼ؅ཧΛ༰қʹ͢Δߏ HPCςϯϓϨʔτͷ։ൃΛͬߦ

ͨɽԾ૝ԽͷΦʔόϔουΛ͢ݮ࡟ΔͨΊʹOpenHPCϥ

ΠϒϥϦ͕Πϯετʔϧ͞Εͨ DockerΠϝʔδΛ࡞੒͢

Δͱͱ΋ʹɼHPCΫϥελͷߏஙɼ؅ཧɼαϯϓϧϓϩ

άϥϜͷ࣮ߦͷखॱΛ Jupyter NotebookͰهड़͠ɼHPC

ςϯϓϨʔτͱͯ͠։ൃͨ͠ɽHPC ςϯϓϨʔτͰ͸ɼ

Singularityίϯςφ΍ GPUϊʔυͷར༻΋αϙʔτͯ͠

͓ΓɼGPUϊʔυ্Ͱ SingularityΛ༻͍ͯ NGCΧλϩ

άͷػցֶश༻ίϯςφͷར༻͕Ͱ͖Δ͜ͱΛ֬ೝͨ͠ɽ

·ͨɼΞϓϦέʔγϣϯςϯϓϨʔτͷ։ൃޮ཰ԽͷͨΊ

ͷ CI/CDͷ࢓૊Έ΋։ൃͨ͠ɽ༧උධՁ͔ΒɼVCPͰ഑

උͨ͠ڥ؀ͷΦʔόϔου͸͔ۇͰ͋Δ͜ͱɼSingularity

ࣗମͷΦʔόϔου͸େ͖͘ɼD-in-D΋બ୒తʹར༻Ͱ͖

Δํ͕๬·͍͜͠ͱ͕ࣔࠦ͞ΕͨɽHPCςϯϓϨʔτ v2

ͷެ։൛Ͱ͸ɼD-in-Dͷखॱ΋ HPCςϯϓϨʔτʹؚΊ

Δ༧ఆͰ͋Δɽ

͸ɼaarch64ΞʔΩςΫνϟରԠ΍εέʔϧΞ΢τޙࠓ

γφϦΦͷ࣮૷ͳͲɼHPCςϯϓϨʔτͷ֦ுΛ͏ߦɽ·

ͨɼVCP͓Αͼ֤छςϯϓϨʔτͷmdx[42]΁ͷద༻Λݕ

౼͍ͯ͠Δɽmdx͸σʔλࣾܕ༺׆ձ૑੒ϓϥοτϑΥʔ

ϜͰ͋ΓɼSINET5ʹ઀ଓ͞ΕͨΫϥ΢υܕͷੑߴೳσʔ

λڥ؀༺׆Λఏ͢ڙΔɽ։ൃதͷ VCPϙʔλϒϧ൛ͱط

ଘͷΞϓϦέʔγϣϯςϯϓϨʔτͷ׆༻ʹΑΓɼmdxͰ

ͷσʔλࢧ༺׆ԉʹ΋ݙߩͰ͖Δͱ͍ͯ͑ߟΔɽ

ँࣙ ຊ͍͍ͨͩͨྗڠ͝ʹڀݚ਺ཧٕݚͷখઘರԆ༷

ɽ͢·͍ͨ͠ँײ͘ਂʹ

ຊڀݚͷҰ෦͸ɼJST CRESTʮϏοάσʔλ౷߹ར׆

༻ͷͨΊͷ࣍ੈ୅ج൫ٕज़ͷ૑ग़ɾମܥԽʯJPMJCR1501

ͷॿ੒Λड͚ͨ΋ͷͰ͋Δɽ
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