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ΠϯλʔΫϥυߏڥஙγεςϜVCPʹΑΔ
HPCΫϥελߏڥஙࢧԉ

 (a,1,2ࢠͭ͋ լࠤ Ұൟ1 ԣࢁ ॏढ़1 ୮ੜ ஐ1 ߹ా ਓ1,2ݑ

֓ཁɿෳࡶͳϥΠϒϥϦΠϯετʔϧͷ؆қԽ DockerΤίγεςϜͷ׆༻ͷͨΊɼHPCͰίϯ

ςφ͕׆༻͞ΕΔΑ͏ʹͳ͖ͬͯͨɽ·ͨɼΫϥυΦϯϓϨڥͰখنͳ HPCΫϥελΛߏங͠

ͯར༻͢Δधཁ͋Δ͕ɼHPCΫϥελ֤͚छϥΠϒϥϦͷΠϯετʔϧ GPUϊʔυͷར༻ઃఆɼ

SinguralityͷΑ͏ͳ HPC༻ίϯςφͷઃఆͳͲɼऀڀݚʹΑΔ HPCΫϥελͷߏஙཧͷෛ୲ඇ

ৗʹେ͖͍ɽຊڀݚͰɼΠϯλʔΫϥυߏڥஙγεςϜ VCPΛ༻͍ͯ HPCΫϥελΛߏஙɼཧ

͢ΔͨΊͷखॱॻͰ͋Δ HPCςϯϓϨʔτΛ։ൃͨ͠ɽຊςϯϓϨʔτෳͷ Jupyter Notebook Ͱ

͍ͨ༺Λ܈͞Ε͓ͯΓɼOpenHPCϥΠϒϥϦߏ HPCΫϥελͷߏங͠ɼSingularity GPUϊʔυ

ͷઃఆαϯϓϧϓϩάϥϜͷ࣮ߦʹରԠ͍ͯ͠Δɽ༧උ࣮ݧʹΑΓɼHPCςϯϓϨʔτͰߏஙͨ͠

HPCΫϥελͷ༗༻ੑΛࣔ͢ɽ·ͨɼςϯϓϨʔτͷ࣭ҡ࣋ͱ։ൃޮ্ͷͨΊͷ։ൃࣗಈԽͷ

Έ։ൃͨ͠ɽ

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

1. ͡Ίʹ

OSϨϕϧͷԾԽٕज़Ͱ͋ΔίϯςφͷීٴʹΑΓߴɼ

ੑࢉܭʢHPCͱݺͿʣʹ͓͍ͯίϯςφ͕׆༻͞

ΕΔΑ͏ʹͳ͖ͬͯͨ [1]ɽHPCͰɼෳϢʔβͷ

ฒྻδϣϒΛޮΑ͘ॲཧ͢ΔͨΊɼେنͳฒྻػࢉܭ

γεςϜʢHPCΫϥελͱݺͿʣΛߏஙͯ͠όονδϣϒ

εέδϡʔϥͰݯࢿཧͯ͠ར༻͢Δͷ͕ҰൠతͰ͋Δɽ

֤ϢʔβɼOSͷ ACLʢAccess Control ListʣͰอ͞ޢ

Ε͍ͯΔͷΈͰಉ͡ػࢉܭΛෳͷϢʔβͰڞ༗͠ɼHPC

ΫϥελཧऀʹΑΓඋ͞ΕͨࢉܭϥΠϒϥϦΛ༻͍ͯɼ

ඞཁͳϓϩάϥϜΛίϯύΠϧɼ࣮͢ߦΔɽΑͬͯɼ༧Ί

༻ҙ͞Ε͍ͯͳ͍ϥΠϒϥϦͷར༻ͰɼෳࡶͳϥΠϒϥ

ϦΠϯετʔϧͷख͕ؒൃੜ͠ɼΠϯετʔϧࡁͷϥΠϒ

ϥϦͱڝ߹͢Δ߹ར༻͕Ͱ͖ͳ͍͜ͱ͋Δɽओཁͳ

ίϯςφϥϯλΠϜͰ͋Δ Dockerɼ༧Ίඋ͞Εͨί
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ϯςφΠϝʔδΛ༻͍Δ͜ͱͰΠϯετʔϧͷख͕ؒܰݮ

Ͱ͖ɼϥΠϒϥϦڝ߹ͷղܾͰ͖ΔͨΊɼ͜ΕΒͷ

՝Λղܾ͢Δٕज़ͱͯ͠͞Ε͍ͯΔɽHPCγες

Ϝʹ͓͍ͯ DockerίϯςφΛར༻͢Δࡍͷ՝ͱͯ͠ɼ

root Ͱ͖ͳ͍ɼԾԽͷΦʔόϔοߦͳ͚Ε࣮͕ݶݖ

υ͕ڐ༰Ͱ͖Δ͔໌Β͔Ͱͳ͍ͳͲ͕͛ڍΒΕΔ͕ɼ͜Ε

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

Α͏ͳ HPC༻ίϯςφɼRootlessͷΑ͏ͳ rootݶݖΛ

ඞཁͱ͠ͳ͍൚༻ίϯςφͷ։ൃ͕ਐΜͰ͍Δɽ͜ΕΒ

DockerΠϝʔδͱͷੑޓΛҡ͍ͯ࣋͠ΔͨΊɼHPC

Ͱ DockerͷΤίγεςϜͷ׆༻͕ՄʹͳΔɽ·ͨɼ

ցֶशͰػ GPUΛ׆༻ͨ͠ίϯςφͷར༻ظ

͞Ε͍ͯΔɽ

ֶज़ؔػͰఏ͞ڙΕΔେن HPCΫϥελʹରͯ͠ɼ

Ϋϥυ·ͨΦϯϓϨͷ্ػࢉܭͰখنͳ HPCΫϥ

ελڥΛߏஙͯ͠ར༻͢Δधཁґવͱ͍ͯ͠ߴɽڀݚ

Λར༻͢Δඞཁ͕͋Δݯࢿࢉܭᬎେྔͷٸ͍͓ͯʹಈ׆

߹ɼֶज़େن HPCΫϥελͰར༻खଓ͖ʹؒ࣌Λ

ཁͨ͠Γɼൟظʹར༻։࢝Ͱ͖ͳ͍͜ͱ͋

Δɽ·ͨɼࣄલʹখنͳ࣮ݧΛखݩͷڥͰ܁Γฦͯ͠

େنͳ࣮ݧΛେن HPCΫϥελͰ࣮͢ࢪΔํ͍
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ҰൠతͰ͋Γɼఆৗతʹར༻͢Δػࢉܭߪೖͯ͠ӡ༻͠

ͨํ͕૯ͯ͡ίετ͔͔Βͳ͍ɽ͔͠͠ͳ͕Βɼऀڀݚ

ʹΑΔ HPCΫϥελͷߏஙɼཧͷෛ୲͕՝ͱͳΔɽ

ಛʹɼGPUϊʔυͰߏ͞ΕΔΑ͏ͳ HPCΫϥελʹେ

ن HPCΫϥελͱಉͷϥΠϒϥϦ Singularityͷ

HPC͚ίϯςφڥΛϥΠϒϥϦͷґଘؔΛྀ͠ߟ

ͯඋ͢ΔͷඇৗʹࠔͰ͋Δɽ

༺ॴʢNIIʣͰɼDockerίϯςφΛརڀݚใֶཱࠃ

ͯ͠ΠϯλʔΫϥυڥͰͷݯࢿཧΛج͏ߦ൫ιϑτ

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

VCPΛ༻͍ͯΞϓϦέʔγϣϯߏڥஙΛࢧԉ͢Δʮֶೝ

ΫϥυΦϯσϚϯυߏஙαʔϏεʯʢOCSʣ[7]Λֶज़ݚ

ΔɽVCPɼ༷ʑͳΫϥυͷ͍ͯ͠ڙఏʹؔػڀ IaaS

ʢInfrastructure-as-a-Serviceʣͷ੍ޚ APIΛநԽ͢ΔΠ

ϯλϑΣʔεΛఏ͠ڙɼҟछΫϥυڥΛҰͭͷԾత

ͳڥࢉܭͱͯ͠༰қʹૢ࡞ɼཧ͢Δ͜ͱΛՄʹ͢Δɽ

ҰํɼOCSͰֶज़ใωοτϫʔΫ SINET5[8], [9], [10]

ͱΫϥυͷར׆༻Λଅਐ͢Δ͜ͱΛతͱͯ͠ɼʢ1ʣ

SINETΫϥυଓαʔϏε [11]Λ༻͍ͨ VPNߏங

ͷॳظಋೖࢧԉɼʢ2ʣVCPʹΑΔΦϯσϚϯυߏஙػ

ͷఏڙɼʢ3ʣΞϓϦέʔγϣϯߏڥஙςϯϓϨʔτͷ

ใڞ༗Λ͍ͯͬߦΔɽಛʹʢ3ʣͰɼڀݚɾڭҭత

ͷΞϓϦέʔγϣϯͷߏڥஙɼཧͷͨΊͷखॱॻΛ

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

͕Βɼ֤ΞϓϦέʔγϣϯʹؔ࿈͢ΔιϑτΣΞϥΠϒ

ϥϦ VCPͦͷͷͷΞοϓσʔτͷରԠ͋Γɼ֤

ςϯϓϨʔτͷ։ൃɾอकͷίετ͕ඇৗʹ͍ߴͱ͍͏՝

͋Δɽ

ຊߘͰɼVCP ͱ Jupyter Notebook Λ༻͍ͯΫϥ

υ·ͨΦϯϓϨڥʹ༰қʹ HPCΫϥελڥΛߏங

͢Δ͜ͱΛࢧԉ͢Δ HPCςϯϓϨʔτΛ։ൃ͢Δɽຊς

ϯϓϨʔτͰɼOpenHPC 2.x[14]Ͱఏ͍ͯ͠ڙΔ HPC

Λඋͨ͠܈ϥΠϒϥϦ͚ HPC ΫϥελͷߏஙΛ༰

қʹ͢Δɽ·ͨɼߏங͢Δ HPCΫϥελͰ GPU͓Α

ͼ Singularityͷར༻Մʹ͢Δɽ࣮͔ݧΒɼߏஙͨ͠

HPCΫϥελ্Ͱ NVIDIA͕ࣾެ։͍ͯ͠Δ NGCΧλ

ϩά [15]ͷίϯςφΠϝʔδΛ SingularityίϯςφԽ͠

ͯ GPUϊʔυͰར༻Ͱ͖ΔΑ͏ʹ͢Δͱͱʹɼ༧උධ

ՁʹΑΓ༗༻ੑΛࣔ͢ɽNGC ΧλϩάͰɼਂֶशɼ

ίϯςφΠϝʔδ͕ެ։͞Ε͍ͯΔɽ͚ցֶशɼHPCػ

·ͨɼHPCςϯϓϨʔτ͓Αͼͦͷଞͷ OCSΞϓϦέʔ

γϣϯςϯϓϨʔτͷ࣭ҡ࣋ͱ։ൃޮ্ͷͨΊͷ։

ൃࣗಈԽͷΈ։ൃͨ͠ɽ

2. ൫ιϑτΣΞVCPͱΞϓϦέʔγϣج
ϯςϯϓϨʔτͷ֓ཁ

ֶೝΫϥυΦϯσϚϯυߏஙαʔϏεʢOCSʣͰར༻

͍ͯ͠Δج൫ιϑτΣΞ VCPͷ֓ཁͱɼVCPΛ༻͍ͯ

ਤ 1 ൫ιϑτΣΞج VCP ͷར༻Πϝʔδɽ

ਤ 2 VCP ͷߏɽ

ΞϓϦέʔγϣϯߏڥஙΛࢧԉ͢ΔΞϓϦέʔγϣϯς

ϯϓϨʔτͷ֓ཁʹ͍ͭͯઆ໌͢Δɽ

2.1 ൫ιϑτΣΞVCPج

VCPɼਤ 1Ͱࣔ͢Α͏ʹ SINET5ͷΑ͏ͳVPNʢVir-

tual Private Networkʣʹଓ͞Εͨ 1ͭҎ্ͷΫϥυ

Λ 1ͭͷԾΫϥυͱΈͳ͠ɼԾΫϥυ্ͷཧܭ

ʢVMʣ্ͰͷΞϓϦέʔγϣϯػࢉܭʢBMʣԾػࢉ

ԉ͢Δɽ·ͨɼVCPͰࢧஙΛߏڥ DockerίϯςφΛ

༻͍ͯੑΦʔόϔουͰ༰қʹΞϓϦέʔγϣϯڥ

ΛඋͰ͖ΔɼҟͳΔΫϥυAPIͷࠩҟΛٵऩ͢Δαʔ

ϏεΠϯλϑΣʔεΛఏ͢ڙΔɼͱ͍͏ಛΛͭ࣋ɽ

ਤ 2ʹɼOCSͰͷVCPͷඋߏΛࣔ͢ɽVCPɼओ

ʹ VCPαʔϏεϚωʔδϟɼԾΫϥυίϯτϩʔϥ

ʢVCίϯτϩʔϥʣɼԾϧʔλͰߏ͞ΕΔɽVCPϚ

ωʔδϟɼԾΫϥυΛཧ͢Δ VCPͷར༻ऀʗά

ϧʔϓʹରͯ͠ VCίϯτϩʔϥΛඋ͢Δͱͱʹɼ֤

ར༻ऀʹରͯ͠ VCίϯτϩʔϥͷΞΫηε੍ޚʹར༻

͢ΔτʔΫϯΛ͏ߦ [16]ɽVCPͷར༻ऀͦΕͧΕҟ

ͳΔԾϓϥΠϕʔτωοτϫʔΫʢVPNʣΛར༻͢Δͨ

ΊɼVCίϯτϩʔϥར༻ऀຖʹඋ͢Δɽ֤ར༻ऀɼ

ׂΓͯΒΕͨ VCίϯτϩʔϥʹରͯ͠ VCPͷαʔϏ

εΠϯλϑΣʔεΛհͯ͠ԾΫϥυͷݯࢿࢉܭͷ੍

ͱෳؔػڀݚɽ·ͨɼԾϧʔλେֶֶज़͏ߦΛޚ

༻ΫϥυσʔληϯλʔؒͷωοτϫʔΫͷϋϒతͳ

ׂΛ୲͏ͱͱʹɼඞཁʹԠͯ͡ BGPʹΑΔܦ࿏੍ޚ

ΔɽΫϥυؒωοτϫʔΫ͢ڙఏػ SINET5ͷ

L2VPNΛલఏͱ͍ͯ͠Δ͕ɼL2VPN͕ڥͳ͍ɼ·ͨ

͢༺ωοτϫʔΫ͕ඞཁͳ͍ΞϓϦέʔγϣϯΛརੑߴ

Δ߹ɼIPSecτϯωϧΛ༻͍ͨΫϥυؒ VPNΛߏ

ஙͯ͠ར༻͢Δ͜ͱ͕Ͱ͖Δɽ

VCPͰɼ༷ ʑͳΫϥυ্ͷػࢉܭΛ౷ҰతʹཧͰ
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͖ΔΑ͏ʹ͢Δ͜ͱͱɼ͔༷ͭʑͳΞϓϦέʔγϣϯͷط

ଘ DockerΠϝʔδΛ࠶ར༻Ͱ͖ΔΑ͏ʹ͢Δ͜ͱ͕ٻΊ

ΒΕΔɽΑͬͯɼVCPʹΑΔࢉܭϊʔυىಈͰΫϥυ

Ͱ֬อͨ͠ VMʗ BM্ʹϕʔείϯςφͱΞϓϦέʔ

γϣϯίϯςφΛೋ֊Ͱඋͯ͠ར༻͢Δ͜ͱΛલఏͱ

͍ͯ͠Δɽ͜ͷΑ͏ͳར༻ܗଶ Docker-in-Docker ͱݺ

Ε͓ͯΓɼଟগͷੑྼԽ͕ݒ೦͞ΕΔͷͷॊೈͳΞ

ϓϦέʔγϣϯϥΠϒϥϦͷඋΛՄʹ͢Δɽϕʔεί

ϯςφͰωοτϫʔΫઃఆ VCPͰىಈͨ͠ϊʔυ

ʢVCϊʔυʣͷࢹ׆ࢮɼϝτϦΫεऩूΛ͏ߦɽΞϓϦ

έʔγϣϯίϯςφͰɼతͷΞϓϦέʔγϣϯͰඞ

ཁͱ͞ΕΔίϯςφΛඋ͢Δɽϕʔείϯςφ֤ VM

ʗ BMʹ 1ͭඋ͞ΕΔͷͰ͋ΓɼΞϓϦέʔγϣϯί

ϯςφϕʔείϯςφ্ʹෳඋ͢Δ͜ͱ͕Ͱ͖Δɽ

VCPͰɼར༻ऀʹରͯ͠౷ҰతʹΫϥυΛ੍͢ޚ

ΔͨΊͷαʔϏεΠϯλϑΣʔεͱͯ͠ VCP REST API

ͱ Python ϕʔεͷ։ൃΩοτ VCP SDK Λఏ͍ͯ͠ڙ

ΔɽαʔϏεΠϯλϑΣʔεͷৄࡉจݙ ͍ͯ͠هʹ[6]

Δɽ·ͨɼVCίϯτϩʔϥ෦ͰTerraform[17]Λ༻͍ͯ

ҟͳΔΫϥυϓϩόΠμͷ APIͷࠩҟΛٵऩ͍ͯ͠Δɽ

Terraform Ͱɼ֤Ϋϥυʹ͓͚Δ VM ωοτϫʔ

ΫεΠονɼίϯςφͷݯࢿΛ੍͢ޚΔϞδϡʔϧΛ

Providerͱݺͼɼओཁͳ Provider͕༧Ίఏ͞ڙΕ͍ͯΔɽ

·ͨɼVCPͷΫϥυϓϩόΠμରԠϞδϡʔϧϓϥά

ΠϯԽ͞Ε͓ͯΓɼ֦ு͕༰қʹͳ͍ͬͯΔ [16]ɽݱঢ়Ͱ

ɼAWSʢAmazon Web ServicesʣɼMicrosoft Azureɼ͞

͘ΒͷΫϥυɼOracle Cloud Infrastructureɼւಓେ

ֶΠϯλʔΫϥυγεςϜɼVMware vSphereʢΦϯϓ

ϨڥʣΛαϙʔτ͍ͯ͠Δɽ

2.2 ΞϓϦέʔγϣϯςϯϓϨʔτ

ΞϓϦέʔγϣϯςϯϓϨʔτɼڀݚɾڭҭతͰ

͘ར༻͞Ε͍ͯΔΞϓϦέʔγϣϯͷߏஙɾӡ༻खॱΛς

ϯϓϨʔτԽͨ͠ͷΛ Jupyter NotebookࣜܗͰఏ͠ڙ

͍ͯΔɽ֤ςϯϓϨʔτɼVCPΛ༻͍ͯΫϥυͰͷΞ

ϓϦέʔγϣϯߏஙΛՄʹ͢ΔͨΊɼVCP SDKΛ༻͍

ͯ։ൃ͞Ε͍ͯΔɽ͜ΕʹΑΓɼΫϥυͰͷΞϓϦέʔ

γϣϯߏஙʹෆ׳Εͳར༻ऀʹରͯ͠Ϋϥυͷར׆༻Λ

ԉ͢Δͱͱʹɼ֤ΞϓϦέʔγϣϯίϛϡχςΟͰదࢧ

ٓςϯϓϨʔτΛ֦ுͯ͠ใڞ༗͞ΕΔ͜ͱΛظͯ͠

͍Δɽ

ͰɼҎԼͷΞϓϦέʔγϣϯςϯϓϨʔτΛެ࣌ݱ

։͍ͯ͠Δ [13]ɽ

LMSςϯϓϨʔτ moodle[18]Λ༻ֶ͍ͨशཧγες

ϜΛߏஙɼӡ༻͢Δ͜ͱ͕Ͱ͖Δɽ͍μϯλΠ

ϜͰߋ৽ۀ࡞Λ͜͏ߦͱΛతͱ͠ɼBlueGreenDe-

ployment[19]ͱ͍͏ख๏ʹߋͮ͘ج৽खॱΛ͍ͯ͠ه

Δ [20]ɽ

LMSςϯϓϨʔτ؆қߏ൛ LMSςϯϓϨʔτΑΓ

؆൛༻ҙͨ͠ɽ·ͨɼߏతͳར༻Λఆͨ͠؆қظ

қߏ൛ͰɼVCPΛར༻ͤͣʹ AWS·ͨ Azure

ʹMoodleڥΛߏங͢Δखॱ߹Θͤͯެ։͠

͍ͯΔɽ

HPCςϯϓϨʔτ OpenHPC[14] v1.xͰఏ͞ڙΕ͍ͯ

ΔՊֶٕज़ࢉܭͷͨΊͷࢉܭϥΠϒϥϦ͓܈Αͼόο

νδϣϒεέδϡʔϥ͔ΒͳΔΫϥελڥΛߏஙͱɼ

Δɽ͑ߦຊతͳੑධՁ͕جஙͨ͠ΫϥελͰͷߏ

ςϯϓϨʔτڥԋशٛߨ Jupyter Notebook Λ༻͍ͨ

൫جͷڥԋशٛߨங͢ΔͷͰɼߏΛڥԋशٛߨ

ιϑτΣΞʹ JupyterHubΛٛߨԋश༻ʹ NIIͰ

֦ுͨ͠ CoursewareHub[21]Λ༻͍͍ͯΔɽCourse-

wareHubͰɼࡐڭɼ՝ͷճऩूɼૢ࡞ཤྺ

ͷऩूͷػ͕ఏ͞ڙΕ͍ͯΔɽ

2.3 ৽͍͠HPCςϯϓϨʔτͷඞཁੑͱςϯϓϨʔτ

։ൃͷ՝

VCP ͷ HPC ༻్Ͱͷར༻ͷ՝ͱɼςϯϓϨʔτ։

ൃͷ՝ʹ͍ͭͯҎԼʹड़ΔɽVCPͰɼVM·ͨ

BM ্ʹϕʔείϯςφΛඋ͠ɼΞϓϦέʔγϣϯί

ϯςφΛϕʔείϯςφ্ʹىಈͯ͠ Docker-in-Docker

ʢD-in-DʣߏͰར༻͢Δ͜ͱΛલఏͱ͍ͯ͠ΔɽD-in-D

ͷΦʔόϔου͋Δఔڐ༰Ͱ͖Δͷͷ [6]ɼHPC

ΊΒٻΓখ͘͢͞Δ͜ͱ͕ݶͰΦʔόϔουΛͰ͖Δڥ

ΕΔɽ·ͨɼ৽ͨͳΞϓϦέʔγϣϯίϯςφΛඋ͢Δ

߹ɼࡾ֊ͷԾԽ͕ඞཁʹͳΔέʔε͕͑ߟΒΕɼͦ

ͷΦʔόϔου͕ڐ༰Ͱ͖Δ͔໌Β͔Ͱͳ͍ɽ·ͨɼ2020

 Ͱ࣌10݄ CentOS8·ͨ OpenSUSE Leap 15Λલ

ఏͱͨ͠OpenHPC v2.x͕ϦϦʔε͞ΕΔͳͲ৽͍͠ϥΠ

ϒϥϦͷରԠ͕ඞཁͰ͋Δͱͱʹɼϕʔείϯςφ্

ͰͷҰൠϢʔβʹΑΔ rootݶݖͷར༻੍ݶɼGPUϊʔ

υ͓Αͼ SingularityͷରԠͳͲػցֶशॲཧͷधཁΛ

ຬͨ͢͜ͱඞཁͰ͋Δɽ

ͷΑ͏ʹ৽͍͠ϥΠϒϥϦͷϦϦʔεͷରԠͩه্

͚Ͱͳ͘ɼ֤ΞϓϦέʔγϣϯʹؔ࿈͢ΔιϑτΣΞ

ϥΠϒϥϦ VCPͦͷͷͷΞοϓσʔτͷରԠ͋

Γɼ֤ςϯϓϨʔτͷ։ൃɾอकͷίετ͕ඇৗʹ͍ߴͱ

͍͏՝͋ΔɽΞϓϦέʔγϣϯςϯϓϨʔτͰɼ୭

Εఆ͍ͯ͢͠ߦ࣮ͯͬैʹςϯϓϨʔτͯ͠ߦ࣮͕

ΔΞϓϦέʔγϣϯڥͷߏங͕Ͱ͖Δ͜ͱΛ͍ͯ͠ࢦ

Δɽ͔͠͠ͳ͕Βɼ͔ͮؾͳ͍͏ͪʹಛఆͷϥΠϒϥϦ͕

ഊࣦ͠ʹۀ࡞৽͞ΕͯΞϓϦέʔγϣϯͷΠϯετʔϧߋ

ͨΓɼެ։͞Ε͍ͯͨίϯςφΠϝʔδσʔλϑΝΠϧ

Ͱ͖ͳ͘ͳΔ͜ͱ͋Δɽߦ࣮ʹআ͞ΕͯखॱͲ͓Γ͕

Αͬͯɼ։ൃɾอकͷίετΛܰ͢ݮΔͨΊɼιϑτΣ

Ξ։ൃͰߦΘΕ͍ͯΔ CI/CDʢܧଓతΠϯςάϨʔγϣ

ϯʗܧଓతσϦόϦʔʣͷΑ͏ͳ։ൃࣗಈԽͷΈ͕ɼ
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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

ϯϓϨʔτʹෆՄܽͰ͋Δɽ

ΑͬͯɼຊߘͰOpenHPC v2.x͓ΑͼGPUϊʔυʹ

ରԠͨ͠HPCΫϥελͷߏஙɾཧΛՄʹ͢ΔHPCς

ϯϓϨʔτΛ։ൃ͢Δɽ·ͨɼ։ൃࣗಈԽͷΈͱͯ͠

Jupyter NotebookϕʔεͷΞϓϦέʔγϣϯςϯϓϨʔ

τͷ CI/CDڥͷߏஙʹ͍ͭͯड़Δɽ

3. HPCΫϥελߏஙςϯϓϨʔτͷ։ൃ

ຊߘͰɼOpenHPC v2.xΛϕʔεͱͨ͠ HPCΫϥε

λΛߏங͢Δ HPCςϯϓϨʔτ v2ͷ։ൃʹ͍ͭͯհ

͢ΔɽOpenHPC Linux FoundationϓϩδΣΫτͷҰ

ͭͰ͋ΓɼΦʔϓϯιʔε HPCιϑτΣΞίϯϙʔω

ϯτͱϕετϓϥΫςΟεͷϦϑΝϨϯείϨΫγϣϯΛ

ఏ͍ͯ͠ڙΔɽHPCςϯϓϨʔτͰɼ௨ৗͷ VCPΞϓ

ϦέʔγϣϯڥͱҟͳΓɼඞཁͳϥΠϒϥϦΛ༧Ίϕʔ

είϯςφΠϝʔδʹΠϯετʔϧ͓͖ͯ͠ɼVCϊʔυ

Λىಈͯ͠؆୯ͳઃఆͷΈͰར༻Ͱ͖ΔΑ͏ʹ͢Δɽද 1

ʹɼެ։தͷ HPCςϯϓϨʔτ v1ͱຊߘͰ։ൃ͢Δ v2

ͷҧ͍Λ·ͱΊͨɽv1ɼv2ͱɼόονδϣϒεέδϡʔ

ϥ SlurmɼCPUΞʔΩςΫνϟ x86 64Λରͱͯ͠

͓ΓɼSingularityͷར༻ՄͰ͋ΔɽGPUϊʔυͷα

ϙʔτɼVCPͱͯ͠ରԠՄͰ͋Δ͕ɼv1ςϯϓϨʔ

τͰະରԠͱͳ͍ͬͯΔɽ

ਤ 3ʹVCPͱ։ൃ͢ΔHPCςϯϓϨʔτͰߏங͞ΕΔ

HPCΫϥελͷ֓ཁΛࣔ͢ɽຊςϯϓϨʔτΛ༻͍Δ͜

ͱͰɼNFSαʔόΛ݉Ͷͨ SlurmϚελʔϊʔυʢMaster

nodeʣͱͷࢉܭϊʔυʢCompute nodeʣͰߏ͞Ε

Δ HPCΫϥελͷߏஙɼཧ͕༰қʹ͑ߦΔΑ͏ʹͳΔɽ

Ҏ߱ͰɼHPCςϯϓϨʔτ 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 HPCςϯϓϨʔτͷৄࡉʹ͍ͭͯड़Δɽ

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

DockerΠϝʔδͷ֓ཁΛࣔ͢ɽΠϝʔδϑΝΠϧɼҎԼ

ͷ 4ͭͰߏ͞ΕΔɽ

( 1 ) vcp/openhpc:commonɿڞ௨ϕʔεΠϝʔδ

( 2 ) vcp/openhpc:masterɿϚελʔϊʔυΠϝʔδ

( 3 ) vcp/openhpc:computeɿࢉܭϊʔυΠϝʔδ

( 4 ) vcp/openhpc:compute-gpuɿGPUࢉܭϊʔυΠϝʔδ

ʢ1ʣڞ௨ϕʔεΠϝʔδɼHPCςϯϓϨʔτͰར༻͢Δ

VCϊʔυͯ͢ʹڞ௨͢ΔιϑτΣΞͷΠϯετʔϧ

ͷઃఆΛ͏ߦͷͰ͋ΓɼVCPͱ CentOS8ͷΠϝʔδΛ

ϕʔεͱͯ͠ sshͷΑ͏ͳجຊతͳιϑτΣΞͷΠϯε

τʔϧOpenHPCϦϙδτϦΛϩʔΧϧڥͰར༻Մ

ʹ͢Δɽʢ2ʣϚελʔϊʔυΠϝʔδɼHPCςϯϓϨʔ

τͷϚελʔϊʔυ༻ͷϕʔείϯςφΠϝʔδͰ͋Γɼ

ʢ1ʣڞ௨ΠϝʔδΛϕʔεͱͯ͠ɼϚελʔϊʔυʹඞཁͳ

ιϑτΣΞΛઃఆ͢Δɽ۩ମతʹɼOpenHPCͷϕʔ

εϥΠϒϥϦɼSlurmϚελʔ༻ϥΠϒϥϦɼOpenHPC

։ൃ༻ϥΠϒϥϦͷΠϯετʔϧɼNFSαʔόઃఆͳͲ

Λ͏ߦɽʢ3ʣࢉܭϊʔυΠϝʔδࢉܭϊʔυ༻ͷΠϝʔ

δͰ͋Γɼʢ1ʣΛϕʔεͱͯ͠ OpenHPCͷࢉܭϊʔυ༻

ϥΠϒϥϦ͓Αͼ SlurmΫϥΠΞϯτ༻ϥΠϒϥϦΛΠϯ

ετʔϧ͢Δɽ·ͨɼGPUϊʔυΛࢉܭϊʔτͱͯ͠ར

༻͢Δ߹ʢ4ʣGPUࢉܭϊʔυΠϝʔδΛ༻͍Δɽʢ4ʣ

Ͱɼʢ3ʣΛϕʔεͱͯ͠ NVIDIA GPU༻υϥΠόɼϥ

ϯλΠϜɼ͓Αͼ NVIDIA CUDA ToolkitΛΠϯετʔ

ϧ͢ΔɽVCP v21.04ͰɼDockerͷ GPU࿈ػܞͰ͋

Δ docker run --gpusΦϓγϣϯʹରԠͨͨ͠Ίɼϕʔ

είϯςφͰϕϯμݻ༗ͷυϥΠόͷΠϯετʔϧ͕ෆཁ

ʹͳΔͱظ͞ΕΔɽ͔͠͠ͳ͕Βɼզʑ͕ఆ͍ͯ͠Δ

Ϣʔεέʔεͷ 1ͭͰ͋ΔNVIDIA͕ࣾఏ͢ڙΔػցֶश
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༻ΞϓϦέʔγϣϯίϯςφʢNGCʣͷ࣮ߦͰ CUDA

͕ϕʔείϯςφʹΠϯετʔϧ͞Ε͍ͯΔඞཁ͕͋Γɼ

CUDAͱυϥΠόͷΠϯετʔϧ͕ҰମԽ͞Ε͍ͯΔͨ

ΊɼGPUϊʔυ༻ͷΠϝʔδΛผ్༻ҙͨ͠ɽ

3.2 HPCςϯϓϨʔτ v2ͷߏ

։ൃͨ͠ϕʔείϯςφΠϝʔδΛར༻ͯ͠ HPCΫϥ

ελߏஙɾཧΛ͏ߦखॱΛɼखॱ͝ͱʹෳͷ Jupyter

NotebookͰߏ͞Εͨ HPCςϯϓϨʔτͱͯ͠։ൃ͠

ͨɽਤ 5ʹHPCςϯϓϨʔτ v2ͷߏΛࣔ͢ɽHPCςϯ

ϓϨʔτҎԼͷ NotebookͰߏ͞Ε͓ͯΓɼNotebook

ʹैͬͯ HPCΫϥελߏڥஙɼδϣϒͷ࣮ߦɼઃఆม

ͱ͕Ͱ͖͜͏ߦΛغ։ɼഁ࠶ʗࢭɼHPCΫϥελͷఀߋ

Δɽδϣϒͷ࣮ߦͰɼඪ४తͳϕϯνϚʔΫϓϩάϥ

ϜͰ͋Δ Linpackͷ࣮ߦɼSinguralityʹΑΔ DockerΠ

ϝʔδͷ࣮ߦɼNGCΧλϩάͷίϯςφ࣮ߦͷखॱࣔ

͍ͯ͠Δɽ

010: ύϥϝʔλઃఆ ங͢Δߏ HPC ΫϥελΛߏ͢

Δϊʔυʹؔ͢ΔύϥϝʔλΛઃఆ͢Δɽ۩ମతʹ

VCP͓ΑͼVCϊʔυʹؔ͢Δύϥϝʔλɼϊʔυߏ

 VMαΠζͳͲ HPCΫϥελʹؔ͢Δύϥϝʔ

λɼΫϥελͷೝূαʔϏεMUNGE Slurmͷύ

ϥϝʔλઃఆΛ͏ߦɽ

020: OpenHPCͷىಈ ਤ 3ͷ HPCΫϥελΛߏ͢

Δ VCϊʔυɼVCσΟεΫΛ VCPͰ࡞͢ΔɽVC

σΟεΫɼAWSͷ EBSͷΑ͏ͳϒϩοΫετϨʔ

δαʔϏεΛVCP͔Βར༻͢ΔͷͰ͋ΓɼϚελʔ

ϊʔυͷ NFSϘϦϡʔϜͱͯ͠ར༻͢Δɽϊʔυ܈

ͷىಈޙɼSlurmͷಈ֬࡞ೝΛ͏ߦͱͱʹɼϊʔυ

ʹΛ༰қʹ͢ΔͨΊ࡞ͷૢ܈ Ansibleͷઃఆ͜͜Ͱ

ϊʔࢉܭಈͨ͠VCϊʔυɼ௨ৗͷىɽVCPͰ͏ߦ

υͱಉ༷ʹѻ͏͜ͱ͕Ͱ͖Δɽ

030: ઃఆϑΝΠϧͷฤू ઃఆϑΝΠϧΛฤू͠ɼฤू

ϊʔυʹ͢ΔɽࢉܭͷϑΝΠϧΛ֤ޙ

031: ઃఆϑΝΠϧͷฤू–slurm.conf ઃఆϑΝΠϧ

slurm.conf Λฤू͠ɼฤूޙͷϑΝΠϧΛ֤ࢉܭ

ϊʔυʹͯ͠ɼมߋΛөͤ͞Δɽ

032: ઃఆϑΝΠϧͷฤू–GPU(GRES)ͷొ GPU

ͳͲΛ Slurm ͷ Generic ResourceʢGRESʣͱͯ͠

Ճ͢ΔͨΊɼslurm.confΛฤूͯ͠ฤूޙͷϑΝ

ΠϧΛ֤ࢉܭϊʔυʹ͠ɼมߋΛөͤ͞Δɽ

ʹϊʔυࢉܭ GPU ϊʔυΛར༻͢Δ߹ɼ͜ͷ

NotebookΛ࣮͢ߦΔɽ

051: ϢʔβͷՃ HPCΫϥελʹϢʔβΛొ͢Δɽ

052: Ϣʔβͷআ HPCΫϥελ͔ΒϢʔβΛআ͢Δɽ

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 Πϝʔδʹม͠ɼ

PyTorchίϯςφͰMNISTΛ࣮͢ߦΔɽίϯςφ͔

Β GPU͕ར༻Ͱ͖͍ͯΔ͜ͱ֬ೝ͢Δɽ

142: NGC CatalogͷίϯςφΛ࣮͢ߦΔ–TensorFlow

141ͱಉ༷ʹɼNGCΧλϩάͷ TensorFlowίϯςφ

ΠϝʔδΛऔಘͯ͠MNISTΛ࣮͢ߦΔɽίϯςφ͔

Β GPU͕ར༻Ͱ͖͍ͯΔ͜ͱ֬ೝ͢Δɽ

911: ϊʔυͷఀࢭ VCPͷϊʔυఀػࢭΛ༻͍ͯHPC

ΫϥελΛߏ͢Δ VCϊʔυ܈Λఀ͢ࢭΔɽ

912: ϊʔυͷ࠶։ VCPͷϊʔυ࠶։ػΛ༻͍ͯHPC

ΫϥελΛߏ͢Δ VCϊʔυ܈Λ࠶Քಇͤ͞Δɽ࠶

ՔಇޙɼSlurmΫϥελͷϊʔυͷঢ়ଶΛ֬ೝ͢Δɽ

920: OpenHPCڥͷআ ஙͨ͠ߏ HPCΫϥελΛ

ରԠ͢Δʹڥআͨ͠আ͠ɼ Ansibleͷઃఆ

আ͢Δɽ

HPC Ϋϥελͷཧऀɼ௨ৗͷϊʔυͰ 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 ͰɼVCP ͷϊʔυఀࢭ

ʢpower offʣɼ࠶։ʢpower onʣػΛ༻͍ͯɼઃఆࡁΈ

ͷ HPCΫϥελશମΛఀͤ͞ࢭɼඞཁͳͱ͖ʹ࠶։͢Δ

͜ͱ͕Ͱ͖ΔɽΫϥυͷΦϯσϚϯυαʔϏεͰՔಇ

ࢭԠͯ͡՝ۚ͞ΕΔͨΊɼར༻͍ͯ͠ͳ͍ͱ͖ఀʹؒ࣌

͓ͯ͘͜͠ͱ͕·͍͠ɽ͔͠͠ͳ͕ΒɼHPCΫϥελ

ͷΑ͏ʹෳͷϊʔυͰߏ͞Εͯઃఆ͕ෳࡶͳͷ

ͷ߹ɼڥΛյͯ͠࡞Γ͢ʹཧऀͷෛ୲͕େ͖͢

͗ΔɽVCPͷ෦Ͱ༻͍͍ͯΔ TerraformͰϊʔυͷ

௨ڞ։ͷͨΊͷ࠶ɼࢭఀ API͕ͳ͍ͨΊɼVCP v20.04Ͱ

ϊʔυఀࢭɼ࠶։ػΛಠࣗʹαϙʔτ͠ɼෳࡶͳߏͷ

γεςϜΛ·Δ͝ͱఀࢭɼ࠶։͢Δ͜ͱΛՄʹͨ͠ɽ

ঢ়ͰɼHPCςϯϓϨʔτAWSɼMicrosoftݱ Azureɼ

Oracle Cloud InfrastructureͰಈ࡞Λ֬ೝ͍ͯ͠Δɽ·ͨɼ

VCPͷϊʔυఀࢭɼ࠶։ػ AWSͱ AzureͰར༻Մ

Ͱ͋ΔɽVCPʹґଘ͠ͳ͍෦ʹ͍ͭͯɼଞͷΫϥ

υΦϯϓϨڥͰ׆༻Ͱ͖Δͱ͑ߟΒΕΔɽ
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ਤ 5 HPC ςϯϓϨʔτ v2 ͷߏɽ
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ਤ 6 NGC Χλϩάͷ PyTorch ίϯςφΛ Singularity Ͱ࣮͠ߦ

ͨ݁Ռͷεφοϓγϣοτɽ্ਤ࣮࣌ߦͷεφοϓγϣο

τɼԼਤग़ྗ݁ՌͷεφοϓγϣοτΛද͢ɽ

3.3 HPCςϯϓϨʔτ v2ͷ࣮֬ߦೝ

ਤ 6ɼNGCΧλϩάͷ PyTorchίϯςφΛ Singular-

ityͰ࣮ࡍͨ͠ߦͷεφοϓγϣοτΛࣔ͢ɽਤ 6্ਤͰ

ɼόονεΫϦϓτΛ༻͍ͨ Slurmͷ Singularityδϣ

ϒͷೖΛޙͨͬߦɼGPUϊʔυ͕ར༻͞Ε͍ͯΔ͜ͱ͕

֬ೝͰ͖Δɽਤ 6Լਤɼδϣϒॲཧޙͷग़ྗ݁ՌΛ֬ೝ

͠ɼMNISTͷ࣮͕ߦਖ਼ৗʹߦΘΕͨ͜ͱ͕͔ΔɽΑͬ

ͯɼຊςϯϓϨʔτʹΑΓ HPCΫϥελڥͷߏங͔Β

Singularity͓Αͼ GPUϊʔυΛ༻͍ͨδϣϒ࣮ߦ·Ͱ͕

ਖ਼ৗʹߦΘΕ͍ͯΔ͜ͱ͕֬ೝͰ͖Δɽ·ͨɼHPCΫϥ

ελͷߏஙݧܦͷͳ͍ΤϯδχΞ͕΄΅ 1ͷۀ࡞ͰΫϥ

υͰͷ HPCΫϥελߏங͓Αͼ GPUϊʔυΛ༻͍ͨ

ಈ֬࡞ೝ·Ͱ͑ߦΔ͜ͱ͕֬ೝͰ͖ͨɽ

4. ΞϓϦέʔγϣϯςϯϓϨʔτͷ։ൃࣗಈ
ԽͷऔΓΈ

ΞϓϦέʔγϣϯςϯϓϨʔτͷ։ൃޮΛ͋͛ΔͨΊɼ

CI/CDڥΛߏஙͯ͠ςϯϓϨʔτͷࣗಈ࣮ߦͷΈ

Λߏஙͨ͠ɽίʔυͷ։ൃϓϥοτϑΥʔϜͱͯ͠Φʔϓ

ϯιʔειϑτΣΞͷGitLab[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

Ͱߦ GitLabͷ CI/CDύΠϓϥΠϯػͰΞϓϦέʔ

γϣϯςϯϓϨʔτͷࣗಈ࣮ߦΛͨͬߦɽ

ਤ 7ʹΞϓϦέʔγϣϯςϯϓϨʔτͷ CI/CDڥͷ

֓ཁΛࣔ͢ɽGitLabΦϯϓϨڥɼVCίϯτϩʔϥ

 NII VCP αΠτʹඋ͞Ε͓ͯΓɼVCP ڥߦ࣮

Ϋϥυ্ʹߏஙͨ͠ɽVCP࣮ڥߦɼϦϦʔε൛ͱ

nightly build ൛ͷ VC ίϯτϩʔϥΛଓͨ͠ڥΛߏ

ஙͨ͠ɽϦϦʔε൛Ϣʔβʹఏ͞ڙΕ͍ͯΔ҆ఆ൛Ͱ

͋Γɼnightly build൛ϦϦʔεલͷ൛ͱͳ͍ͬͯΔɽΞ

ϓϦέʔγϣϯςϯϓϨʔτ VCPຊମͷ։ൃʹਵ͠

ͯͰ͖Δ͚͍ͩλΠϜϥάͰެ։͢Δඞཁ͕͋ΔͨΊɼ

nightly build൛Ͱͷಈূݕ࡞ฒ͍ͯͬߦͯ͠ߦΔɽ

֤ VCP࣮ڥߦɼ༧ΊGitLab Runnerͱςετίϯ

ςφΛඋ͓͖ͯ͠ɼGitLabͷίʔυͷ pushͳͲΛܖ

ʹػ CI/CDύΠϓϥΠϯͷδϣϒ͕GitLab RunnerʹΑ

Γ։࢝͞ΕΔɽCI/CDύΠϓϥΠϯɼYAMLࣜܗͷઃ

ఆϑΝΠϧ.gitlab-ci.ymlʹ࣮͢ߦΔδϣϒΛهड़͢

Δ͜ͱ͕Ͱ͖ΔɽجຊతͳύΠϓϥΠϯॲཧͷྲྀΕҎԼ

ͷΑ͏ʹͳΔɽ

( 1 ) .gitlab-ci.ymlʹهड़͞Ε͍ͯΔ Dockerίϯςφ

ʢςετίϯςφʣΛ GitLab Runner͕ VCP࣮ߦ

ಈ͢Δɽىʹڥ

( 2 ) ςετίϯςφʹ GitLabϓϩδΣΫτͷιʔεΛ

ల։ (git clone)͢Δɽ

( 3 ) ςετίϯςφͰ.gitlab-ci.yml ड़͞Ε͍ͯΔهʹ

δϣϒΛॱ͢ߦ࣮࣍Δɽ

ਤ 8 ɼGitLab Ͱ CI/CD ύΠϓϥΠϯΛՄࢹԽͨ͠

݁ՌΛΩϟϓνϟͨ͠ͷͰ͋Δɽ1ͭΊͷδϣϒͰϕʔ
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ද 2 ༧උ࣮ڥݧɽ

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 ͷΈ߹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]

ʹϕʔείϯςφΠϝʔδΛඋ͢Δɽ֤δϣϒɼςε

τγφϦΦΛද͢ FeatureϑΝΠϧͱɼFeatureϑΝΠϧ

Ͱهड़͠ ʮͨৼΔ ʢ͍BehaviorʣʯͷఆٛΛ࣮ͨ͠ Step

ϑΝΠϧͰද͞ΕΔɽFeatureϑΝΠϧςετهड़ޠݴ

ͷGherkinͰهड़͠ɼStepϑΝΠϧPythonͰ࣮ͯ͠ɼ

pytest-bdd[26]πʔϧΛ༻͍ͯςετγφϦΦΛ࣮ͯ͠ߦ

͍͘ɽΞϓϦέʔγϣϯςϯϓϨʔτͷ Notebookͷ࣮ߦ

ͰɼPapermill[27]Λ༻͍ͨɽPapermillͰɼNotebook

Ͱೖྗ͢ΔύϥϝʔλઃఆΛ࣮࣌ߦʹ༩͑Δ͜ͱͰɼNote-

bookΛࣗಈతʹ࣮ͦͯ͠ߦͷग़ྗ݁ՌΛؚΉNotebookΛ

ಘΔ͜ͱ͕Ͱ͖Δɽग़ྗ͞Εͨ NotebookҰఆؒظอଘ

͞ΕΔͨΊɼδϣϒͷ࣮ߦʹࣦഊͨ͠߹ Notebookͷ

ग़ྗ݁ՌΛదٓ֬ೝ͢Δ͜ͱ͕Ͱ͖ΔΑ͏ʹͳ͍ͬͯΔɽ

ΞϓϦέʔγϣϯςϯϓϨʔτͷ CI/CDʹΑΔࣗಈ࣮

ঢ়Ͱݱɼߦ HPCςϯϓϨʔτɼLMSςϯϓϨʔτɼ

ςϯϓϨʔτʹରͯ͠ڥԋशٛߨ AWSͱ AzureڥͰ

Δɽ͍ͯ͠ࢪ࣮

5. ༧උධՁ

༧උධՁͱͯ͠ɼVCPͷϕʔείϯςφར༻ͷ༗ແͱɼΞ

ϓϦέʔγϣϯίϯςφͱͯ͠ Docker·ͨ Singularity

Λར༻ͨ͠ࡍͷ MNISTͷֶशؒ࣌Λൺֱ͢ΔɽMNIST

ɼ28x28ըૉͷखॻ͖͔ࣈΒͳΔσʔληοτͰ͋Γɼ

0͔Β 9·ͰͷࣈͷྨΛֶश͢Δɽ࣮ݧͰɼHPCς

ϯϓϨʔτ v2Λ༻͍ͯ HPCΫϥελΛߏங͠ɼSlurmͰ

NGCΧλϩάͷPyTorchͱTensorFlowͷίϯςφΛ༻͍

ͯMNISTΛ 1ͷࢉܭϊʔυ্Ͱ࣮͢ߦΔɽද 2ʹɼ༻

ܭɼ͍ߦAWSͰݧΛࣔ͢ɽ࣮ڥݧϊʔυͷ࣮ࢉܭͨ͠
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ਤ 9 VCPར༻ͷ༗ແɼD-in-D·ͨ Singuralityར༻࣌ͷMNIST

ͷൺֱɽؒ࣌ߦ࣮

ϊʔυʹࢉ g4dn.xlargeΠϯελϯεΛ༻͍ɼMNISTͷ

ͰNVIDIAߦ࣮ Tesla T4 GPUΛར༻͢Δɽ·ͨɼ࣮ݧ

ͷΈ߹ΘͤΛද 3ʹࣔ͢ɽDDockerɼS Singuralityɼ

DinDDocker-in-DockerɼSinD Singurality-in-Docker

Λද͢ɽVCPར༻࣌ʹϕʔείϯςφͷ্ͰΞϓϦέʔ

γϣϯίϯςφΛ࣮͢ߦΔͨΊɼೖΕܕࢠԾԽͱͳ͍ͬͯ

ΔɽPyTorchͰ PyTorch Examples GitHubαΠτ [28]

ͷ mnist/main.py Λ༻͍ͯ 3 ΤϙοΫͷֶशؒ࣌Λɼ

TensorFlowͰʮQuickstart for beginnersʯ[29]Ͱެ։͞

Ε͍ͯΔͷͱಉͷ MNIST εΫϦϓτΛ༻͍ͯ 5 Τ

ϙοΫͷֶशؒ࣌Λଌఆͨ͠ɽຊڀݚͰɼԾԽͷ

Φʔόϔουͷൺֱ͕తͰ͋ΓɼPyTorchͱTensorFlow

ͷ࣮ؒ࣌ߦΛൺֱ͢ΔͷͰͳ͍ɽ

ਤ 9ʹMNISTͷ࣮ؒ࣌ߦͷൺֱ݁ՌΛࣔ͢ɽॎ࣠૯

Λؒ࣌ߦ࣮ [sec]Ͱɼԣ࣮࣠ݧͷΈ߹ΘͤΛ͓ࣔͯ͠

Γɼઌ಄ͷ PTͱ TFͦΕͧΕ PyTorch·ͨ Tensor-

FlowΛ༻͍ͨ݁ՌΛද͍ͯ͠ΔɽάϥϑதͷΦϨϯδ৭

MNISTͷॲཧؒ࣌Ͱ͋Γɼ੨৭ίϯςφىಈͳͲͷى

ಈؒ࣌Λද͢ɽͨͩ͠ɼىಈؒ࣌ʹ SlurmͷΦʔόϔο

υؚ·Εͳ͍ɽPyTorchͱ TensorFlow͍ͣΕͷ߹ʹ

͓͍ͯɼVCPͷϕʔείϯςφͷར༻ͷ༗ແΛΘͣ

SingularityΛ༻͍ͨํ͕૯࣮͕ؒ࣌ߦ͘ͳΔ͜ͱ͕Θ͔

Δɽ࣮ؒ࣌ߦͷ༁Ͱɼىಈؒ࣌ SingularityΛ༻͍

Δ΄͏͕Θ͔ͣʹ͘ͳ͍͕ͬͯͨɼॲཧؒ࣌ͷࠩͷӨڹ

͕େ͖͔ͬͨɽҰํͰɼVCPͷར༻ͷ༗ແͰൺֱ͢Δͱɼ

DͱDinDɼSͱ SinD͍ͣΕͷ߹ͦͷੑ͔ࠩۇͰ

͋ΓɼೖΕܕࢠԾԽͷΦʔόϔουແࢹͰ͖Δ͜ͱ͕

Θ͔ΔɽΑͬͯɼVCPʹΑΔΦʔόϔου͔ۇͰ͋Γɼ

Δ߹ʹΞϓϦέʔγϣϯίϯ͢ࢹͰੑΛॏ࣌ݱ

ςφ DockerͰىಈ͢Δํ͕Α͘ɼϢʔβ͕ rootݶݖͷ

ར༻͕͞ڐΕͳ͍έʔεͰ SingularityΛར༻͢Δํ͕

·͍͜͠ͱ͕ࣔࠦ͞Εͨɽ

6. ؔ࿈ڀݚ

ΫϥυͰͷ HPCΫϥελߏங༻αʔϏε͓Αͼγ
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εςϜෳ͋ΔɽStarHPC[30], [31]ɼฒྻϓϩάϥϛ

ϯάڭҭΛతͱͯ͠ϩʔΧϧڥͷ VMWare Virtual

Boxɼ͓Αͼ AWSΫϥυڥʹ HPCΫϥελڥΛ

ங͢ΔͷͰ͋ΓɼΫϥυͰͷߏ HPC ஙπʔߏڥ

ϧͷઌ͚ۦͰ͋ΔɽAWSͰͷ HPC༻ΫϥελߏஙΛࢧ

ԉ͢ΔͨΊɼOpenMPIɼHadoopɼOpen Grid Schedulerɼ

NFSͷϥΠϒϥϦ͕༧ΊΠϯετʔϧ͞ΕͨVMΠϝʔ

δʢAMIʣΛެ։͍ͯ͠ΔɽAzure Cycle Cloud[32]͓Αͼ

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

AWSͷΫϥυڥͰ HPCΫϥελڥͷߏஙɾཧΛ

αϙʔτ͢ΔαʔϏεͰ͋Δɽ͜ΕΒ͍ͣΕར༻Մ

ͳΫϥυϓϩόΠμʹ੍͕͋ݶΔ͕ɼHPCςϯϓϨʔ

τͰ AWSɼAzureɼOracle Cloud InfrastructureͰͷಈ

Λ֬ೝ͍ͯ͠ΔɽFrexera࡞ Cloud Management Platform

ʢچ RightScaleʣ[34]ͰෳͷΫϥυڥʹରԠͯ͠

͓Γɼಉ༷ʹ؆қͳૢ࡞ͰΞϓϦέʔγϣϯڥΛߏஙՄ

ʹ͢ΔαʔϏεΛఏ͍ͯ͠ڙΔɽ

͍ͣΕ HPCΫϥελߏஙΛࢧԉ͢ΔͰྨ͕͋ੑࣅ

Δ͕ɼίϯςφϕʔεͰ Jupyter NotebookΛ༻͍ͨςϯ

ϓϨʔτΛఏ͢ڙΔͰҟͳΔɽNII ͰɼଐਓԽ͕͠

ͪͳػࢉܭγεςϜͷߏஙɾӡ༻ͷखॱͷੑݱ࠶ใ

༗Λతͱͯ͠ɼLiterateڞ Computing for Reproducible

InfrastructureʢLC4RIʣͱ͍͏ํ๏ʹ͍ͯͮج Jupyter

NotebookΛॴΫϥυج൫ͷߏஙɼӡ༻ʹ׆༻͍ͯ͠

Δ [35], [36], [37]ɽOCSͷΞϓϦέʔγϣϯςϯϓϨʔτ

Ͱϊϋͷڞ༗Λతͱͯ͠ Jupyter NotebookΛ࠾

༻͓ͯ͠Γɼར༻ऀʹΑΔڥઃఆͷΧελϚΠζΤ

ϥʔൃੜ࣌ͷݪҼ͕͠໌ڀ͍͢ͳͲͷར͕͋Δɽ·

ͨɼίϯςφϕʔεͰ͋Δ͜ͱʹΑΓɼVMΠϝʔδϕʔ

εͰ࡞ΔΑΓՄൖੑɼ֦ுੑ͕͍ߴͱ͑ߟΒΕΔɽ

Chameleon Cloud ถࠃͷΞΧσϛοΫΫϥυͷ 1

ͭͰ͋ΓɼOCSಉ༷ʹ Jupyter NotebookͰڥࢉܭͷߏ

ஙखॱΛڞ༗͍ͯ͠Δ [38]ɽChameleon Cloud Ͱͷར༻

Λલఏͱ͍ͯ͠ΔͰҟͳΔɽBinderHub[39] Jupyter

Notebookϕʔεͷੑݱ࠶ͷ͋ΔڥࢉܭΛ K8s্Ͱఏڙ

͢ΔͷͰ͋ΔɽඞཁͳϥΠϒϥϦ͕Πϯετʔϧ͞Εͨ

Jupyter NotebookڥΛఏڙͰ͖Δ͕ɼHPCΫϥελͷ

Α͏ͳෳࡶͳߏͷΞϓϦέʔγϣϯڥͷߏஙαϙʔ

τ͍ͯ͠ͳ͍ɽ

KubernetesʢK8sʣ[40]GoogleʹΑΓઃܭɾ։ൃ͞Εɼ

ΦʔϓϯιʔεγεςϜͱͯ͠։ൃ͕ਐΊΒΕ͍ͯΔࡏݱ

ίϯςφΦʔέετϨʔγϣϯπʔϧͰ͋Δɽେنڥ

ͰͷେྔϚΠΫϩαʔϏεͷ࣮ߦɾཧΛతͱͯ͠ઃܭ

͞Ε͓ͯΓɼෳΫϥυڥͰ K8sϕʔεͷίϯςφ

ड़هͰࣜܗඋ͞Ε͍ͯΔɽK8sͰɼYAML͕ڥߦ࣮

͞ΕΔϚχϑΣετϑΝΠϧ HelmͱݺΕΔύοέʔ

δཧͷΈΛར༻͢Δ͜ͱͰΞϓϦέʔγϣϯڥͷ

ஙɾཧ͕ՄͰ͋ΔɽK8sίϯςφΦʔέετϨʔߏ

γϣϯπʔϧͷσϑΝΫτελϯμʔυͱ͑ߟΒΕ͍ͯΔ

͕ɼOCSͰରͱ͢ΔΑ͏ͳݸʑͷVPNʢVirtual Private

NetworkʣͰִ͞Εͨൺֱతগͷڥػࢉܭͷཧʹ

ιϑτΣΞελοΫ͕େ͖͍ͱ͑ߟΒΕΔɽVCP

ࡏݱϙʔλϒϧ൛։ൃ͞Ε͓ͯΓɼϙʔλϒϧ൛ίϯ

ςφΛىಈ͢Ε͙͢ʹར༻Ͱ͖ΔΑ͏ʹͳ͍ͬͯΔɽͨ

ͩ͠ɼຊڀݚͰ։ൃͨ͠ HPCΫϥελͷίϯςφΠϝʔ

δࣗମ K8sڥͰྲྀ༻͢Δ͜ͱ͕Ͱ͖Δɽ

Jupyter Notebookͷӡ༻खॱॻͷ CIΛ GitLabͷύΠ

ϓϥΠϯͱ PapermillͰ࣮͢ݱΔऔΓΈ [41]͋Δɽຊ

Βෳ͔ূݕͰɼίϯςφΠϝʔδͷڀݚ NotebookͰ

ɼϦϙδτϦͷίϯςφߦ͞ΕΔςϯϓϨʔτͷ࣮ߏ

Πϝʔδͷඋ·ͰΛ͍ͯͬߦΔɽ

7. ·ͱΊͱޙࠓͷ՝

ຊڀݚͰɼΠϯλʔΫϥυݯࢿཧͷͨΊͷج൫ι

ϑτΣΞVCPΛ༻͍ͯɼΫϥυͰͷHPCΫϥελͷ

ஙɼཧΛ༰қʹ͢Δߏ HPCςϯϓϨʔτͷ։ൃΛͬߦ

ͨɽԾԽͷΦʔόϔουΛ͢ݮΔͨΊʹOpenHPCϥ

ΠϒϥϦ͕Πϯετʔϧ͞Εͨ DockerΠϝʔδΛ࡞͢

ΔͱͱʹɼHPCΫϥελͷߏஙɼཧɼαϯϓϧϓϩ

άϥϜͷ࣮ߦͷखॱΛ Jupyter NotebookͰهड़͠ɼHPC

ςϯϓϨʔτͱͯ͠։ൃͨ͠ɽHPC ςϯϓϨʔτͰɼ

Singularityίϯςφ GPUϊʔυͷར༻αϙʔτͯ͠

͓ΓɼGPUϊʔυ্Ͱ SingularityΛ༻͍ͯ NGCΧλϩ

άͷػցֶश༻ίϯςφͷར༻͕Ͱ͖Δ͜ͱΛ֬ೝͨ͠ɽ

·ͨɼΞϓϦέʔγϣϯςϯϓϨʔτͷ։ൃޮԽͷͨΊ

ͷ CI/CDͷΈ։ൃͨ͠ɽ༧උධՁ͔ΒɼVCPͰ

උͨ͠ڥͷΦʔόϔου͔ۇͰ͋Δ͜ͱɼSingularity

ࣗମͷΦʔόϔουେ͖͘ɼD-in-Dબతʹར༻Ͱ͖

Δํ͕·͍͜͠ͱ͕ࣔࠦ͞ΕͨɽHPCςϯϓϨʔτ v2

ͷެ։൛ͰɼD-in-Dͷखॱ HPCςϯϓϨʔτʹؚΊ

Δ༧ఆͰ͋Δɽ

ɼaarch64ΞʔΩςΫνϟରԠεέʔϧΞτޙࠓ

γφϦΦͷ࣮ͳͲɼHPCςϯϓϨʔτͷ֦ுΛ͏ߦɽ·

ͨɼVCP͓Αͼ֤छςϯϓϨʔτͷmdx[42]ͷద༻Λݕ

౼͍ͯ͠Δɽmdxσʔλࣾܕ༺׆ձϓϥοτϑΥʔ

ϜͰ͋ΓɼSINET5ʹଓ͞ΕͨΫϥυܕͷੑߴσʔ

λڥ༺׆Λఏ͢ڙΔɽ։ൃதͷ VCPϙʔλϒϧ൛ͱط

ଘͷΞϓϦέʔγϣϯςϯϓϨʔτͷ׆༻ʹΑΓɼmdxͰ

ͷσʔλࢧ༺׆ԉʹݙߩͰ͖Δͱ͍ͯ͑ߟΔɽ

ँࣙ ຊ͍͍ͨͩͨྗڠ͝ʹڀݚཧٕݚͷখઘರԆ༷

ɽ͢·͍ͨ͠ँײ͘ਂʹ

ຊڀݚͷҰ෦ɼJST CRESTʮϏοάσʔλ౷߹ར׆

༻ͷͨΊͷੈ࣍ج൫ٕज़ͷग़ɾମܥԽʯJPMJCR1501

ͷॿΛड͚ͨͷͰ͋Δɽ
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