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AIΫϥυͰͷLinuxίϯςφར༻ʹੑ͚ͨධՁ

౻ࠤ ਔ1,a) খ 1ߴ

֓ཁɿϢʔβݶݖͰಈ͢࡞Δ LinuxίϯςφͷҰͭͰ͋Δ Singularityʹରͯ͠ɼԋੑࢉɼωοτϫʔΫ

௨৴ੑɼϝϞϦόϯυ෯ੑɼετϨʔδ I/OੑͳͲ AI/ϏοάσʔλॲཧΛͨ͠ϫʔΫϩʔυɼ

ਂࢄֶशϑϨʔϜϫʔΫͷҰͭͰ͋Δ ChainerMNͷϫʔΫϩʔυΛ࢈૯ݚ AIΫϥυ্Ͱ࣮͠ߦɼ

༧උతͳੑධՁΛͨͬߦɽͦͷ݁ՌɼSingularityΛհ࣮ͯͨ͠͠ߦ߹ʹ͓͍ͯϕΞϝλϧͳڥͰ

ͷ࣮ߦͱଝ৭ͷͳ͍ੑ͕ಘΒΕΔ͜ͱ͕Θ͔ΓɼΞϓϦέʔγϣϯͷ࣮ੑ͍ߴʹߦ͕ٻΊΒΕΔεʔ

ύʔίϯϐϡʔλͷΑ͏ͳڞ༗ڥػࢉܭʹ͓͍ͯɼϢʔβݶݖͰಈ͢࡞Δ Linuxίϯςφͷར༻͕ݱ

࣮తͰ͋Δ͜ͱ͕Θ͔ͬͨɽ

1. ͡Ίʹ

ۙɼAIʹؔ͢Δڀݚ։ൃ͕ɼࣗಈंͷࣗಈӡసɼ

ɼϩϘοτɼҩྍɼༀɼۚۀ ༥ͳͲͷ༷ʑͳͰ͘

ΜʹߦΘΕ͍ͯΔɽͱΓΘ͚ɼଟߏͷχϡʔϥϧωο

τϫʔΫ (σΟʔϓχϡʔϥϧωοτϫʔΫɼDNN)Λ༻

ցֶशख๏Ͱ͋Δਂֶशػ͍ͨ (σΟʔϓϥʔχϯά)͕

͞Ε͓ͯΓɼը૾ೝࣝɼԻೝࣝɼө૾ೝࣝɼࣗવݴ

جΕ͍ͯΔɽਂֶशͷ·ࠐݟ͕༺Ԡ͍ॲཧͳͲͷ෯ޠ

ຊతͳ֓೦ 1980͔Βଘ͍ͯ͠ࡏΔͷͷɼଟஈͷ

DNNʹΑΓେྔͷσʔλ͔ΒലେͳࢉܭΛ͍ߦಛྔΛ

நग़͢Δඞཁ͕͋ͬͨͨΊ͜Ε·ͰཱͬͨਐలΈΒΕ

ͳ͔͕ͬͨɼ2010ʹೖΓɼΞϧΰϦζϜ (Algorithm

Theory)ͷਐలͱͱʹɼେྔͷϏοάσʔλ (Big Data)

Λ͑ΔετϨʔδٕज़ɼͦΕΒͷσʔλʹରͯ͠ߴ

ʹॲཧ͢Δࢉܭྗ (Computation)͕େ෯ʹਐలͨͨ͠

Ίɼൺֱతؒ࣌Ͱߴਫ਼ͳֶश͕࣮͞ݱΕΔΑ͏ʹͳΓɼ

گҐҰମͱͳͬͯϒϨΠΫεϧʔ͕ͨΒ͞Ε͍ͯΔঢ়ࡾ

Ͱ͋Δɽ͜ͷͨΊɼैདྷϏοάσʔλॲཧͷج൫Ͱ͋ͬ

ͨΫϥυʹੑߴࢉܭ༝དྷͷ GPUΞΫηϥϨʔλͷ

ಋೖ͕ੵۃతʹߦΘΕ͓ͯΓ, ·ͨɼैདྷੑߴࢉܭʹ

ΑΔγϛϡϨʔγϣϯج൫Ͱ͋ͬͨεʔύʔίϯϐϡʔλ

ʹσʔλಉԽͳͲϏοάσʔλॲཧͷॏཁੑ͕ᨳΘΕΔ

Α͏ʹͳ͓ͬͯΓɼ͜ΕΒͷج൫Λ༥߹ͯ͠ઃ͞ܭΕͨAI

Ϋϥυ [1], AIεʔύίϯϐϡʔλ [2]ొ͠͡Ίͯ

͍Δ.

AIϏοάσʔλॲཧʹ͓͍ͯੑߴࢉܭ༝དྷͷٕ

ज़͕ඞཁʹͳΔҰํͰɼطଘͷΫϥυͱεʔύʔίϯ

1 ॴڀݚ߹ज़૯ٕۀ࢈։ൃ๏ਓڀݚཱࠃ
a) hitoshi.sato@aist.go.jp

ϐϡʔλͷιϑτΣΞελοΫʹґવͱͯ͠େ͖ͳִ

ͨΓ͕͋ΔɽͱΓΘ͚ɼਂࢄֶशʹ͓͍ͯɼଟ͘ͷ

߹ɼ؆ศͳϓϩάϥϛϯάΠϯλʔϑΣʔεΛఏͭ͠ڙ

ͭੑ͍ߴΛୡ͢ΔͨΊʹɼPythonΛհͯ͠ɼCUDA

 CuDNNͳͲ GPUΞΫηϥϨʔλΛߴͯ͠༺׆ͳԋ

ΊͷϥΠϒϥϦɼOpenMPIͨ͏ߦΛࢉ NCCL2ͳͲ

GPU Infinibandʹ࠷దԽ͞Εͨ௨৴Λͨ͏ߦΊͷMPI

ϥΠϒϥϦɼ͞ΒʹɼRedisɼLevelDBͳͲσʔλΞΫηε

ͷͨΊͷ Key Value StoreͳͲΛ࣮͢ߦΔඞཁ͕͋Γɼෳ

ΔଟͷιϑτΣΞίϯϙʔωϯτΛ͕͋ͳґଘؔࡶ

Πϯετʔϧ͢Δඞཁ͕͋Δɽ͔͠͠ɼैདྷͷεʔύʔί

ϯϐϡʔλͷΑ͏ͳڞ༗ڥػࢉܭͰɼ௨ৗɼҰൠϢʔ

βʔʹରͯ͠ rootݶݖ༩͑ΒΕͳ͍ͨΊɼҙͷOSͷ

બ͕Ͱ͖ͳ͍ɼrpm aptͳͲͷύοέʔδΠϯε

τʔϥʹΑΔ؆ศͳιϑτΣΞͷΠϯετʔϧ͕Ͱ͖ͳ

͍ͳͲɼϢʔβͷιϑτΣΞඋͷੜੑ࢈ੑݱ࠶Λ

Δ͜ͱ͕େ͖ͳͱͳ͍ͬͯΔɽ્͍ͯ͠

Linuxίϯςφ্هͷΛେ෯ʹ؇͢Δ͜ͱ͕Ͱ

͖Δ༗ͳٕज़Ͱ͋ΔɽࡏݱɼσϑΝΫτͰ͘༻͍ΒΕ

͍ͯΔ Docker [3] ɼΫϥυͰͷར༻ʹಛԽ͓ͯ͠Γ

ʹ࣌ߦ࣮ rootݶݖΛඞཁͱ͠σʔϞϯͱ্ͯ͠ػࢉܭʹ

ৗற͢ΔͨΊɼεʔύʔίϯϐϡʔλͷΑ͏ͳڞ༗ࢉܭ

ͳ͍ͷͷɼۙɼSingularity͔ʹ༺Ͱͷརڥػ [4],

Shifter [5], [6], CharieCloud [7] ͳͲϢʔβݶݖͰಈ͢࡞

Δڞ༗͚ڥػࢉܭͷ Linuxίϯςφ͕ొ࢝͠Ί͍ͯ

ΔɽͦͷҰํͰɼ͜ͷΑ͏ͳϢʔβݶݖͰಈ͢࡞Δ Linux

ίϯςφΛ AIΫϥυ্Ͱ AI/Ϗοάσʔλॲཧͷϫʔ

ΫϩʔυΛద༻ͨ͠߹ͷੑ໌Β͔Ͱͳ͍ɽ

զʑɼϢʔβݶݖͰಈ͢࡞Δ LinuxίϯςφͷҰͭͰ
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ਤ 1 ଘͷΫϥυͱεʔύʔίϯϐϡʔλͷιϑτΣΞεط

λοΫ

͋Δ Singularityʹରͯ͠ɼԋੑࢉɼϝϞϦόϯυ෯ੑ

ɼωοτϫʔΫ௨৴ੑɼετϨʔδ I/OੑͳͲ AI/

ϏοάσʔλॲཧΛͨ͠ϫʔΫϩʔυɼਂࢄֶ

शϑϨʔϜϫʔΫͷҰͭͰ͋Δ ChainerMN [20] ͷϫʔΫ

ϩʔυΛ࢈૯ݚ AIΫϥυ [8]্Ͱ࣮͠ߦɼ༧උతͳੑ

ධՁΛͨͬߦɽͦͷ݁ՌɼSingularityΛհ࣮ͯͨ͠͠ߦ

߹ʹ͓͍ͯϕΞϝλϧͳڥͰͷ࣮ߦͱଝ৭ͷͳ͍ੑ

͕ಘΒΕΔ͜ͱ͕Θ͔ΓɼΞϓϦέʔγϣϯͷ࣮͍ߴʹߦ

ੑ͕ٻΊΒΕΔεʔύʔίϯϐϡʔλͷΑ͏ͳڞ༗ࢉܭ

Δ͢࡞ͰಈݶݖɼϢʔβ͍͓ͯʹڥػ Linuxίϯςφ

ͷར༻͕࣮ݱతͰ͋Δ͜ͱ͕Θ͔ͬͨɽ

2. AIΫϥυ

զʑɼਓٕज़ͷڀݚ։ൃΛਪਐ͢ΔͨΊɼϏο

άσʔλॲཧج൫Ͱ͋ΔΫϥυͱੑߴࢉܭʹΑΔγ

ϛϡϨʔγϣϯج൫Ͱ͋ΔεʔύʔίϯϐϡʔλͱΛ༥߹

Ͱ͋Δڥࢉܭنͷେੈ࣍ͨ͠ AIΫϥυͷઃܭɾ

͚ͯʹ։ൃΛਐΊ͍ͯΔɽ͜ͷઅͰɼAIΫϥυڀݚ

ଘͷΫϥυͱεʔύʔίϯϐϡʔλ্ͰͷιϑτΣط

ΞελοΫͷΛࢦఠ͠ɼAIΫϥυͷιϑτΣ

ΞΤίγεςϜͷग़͢Δ্ͰඞཁͳΛड़Δɽ

2.1 ΫϥυͱεʔύʔίϯϐϡʔλͷιϑτΣΞε

λοΫͷִͨΓ

AIΫϥυͰطଘͷΫϥυεʔύʔίϯϐϡʔ

λͷ྆ํͷٕज़ཁૉ͕ඞཁͰ͋Δ͕, ҰํͰɼطଘͷΫϥ

υͱεʔύʔίϯϐϡʔλͰιϑτΣΞελοΫʹ

ؔͯ͠େ͖ͳִͨΓ͕͋Δɽେ·͔ͳ֓ཁΛਤ ɽ͢هʹ1

ΞϓϦέʔγϣϯ

• ΫϥυͰδϣϒͷ࣮ߦʹΠϯλϥΫςΟϒͳૢ࡞
͕ඞཁͰ͋ͬͨΓɼΣϒΛհͯ͠αʔϏεΛఏ͢ڙ

Δඞཁ͕͋ͬͨΓ͢Δɽ

• εʔύʔίϯϐϡʔλͰεέδϡʔϥΛհͨ͠όο
νδϣϒʹΑΔ࣮͕ߦଟ͍ɽ

γεςϜιϑτΣΞ

• ΫϥυͰσʔλղੳͳͲසൟʹϓϩάϥϜΛॻ͖
,ΔΑ͏ͳϢʔεέʔεʹಛԽ͠ɼJava͑ ScalaͳͲ

ੜ͍ߴ͕ੑ࢈ϓϩάϥϜ͕͘ޠݴΘΕ͍ͯΔͷ

ͷɼߴԽʹ͔ͳ͍ɽࢄσʔλϕʔεͷར༻͕

ଟ͘ɼར༻༻్ʹԠͨ͡Ϛϧνςφϯτͳׂݯࢿ

REST APIΛհͨ͠ޚ੍ݯࢿΛ͕͋͏ߦΔɽ

• εʔύʔίϯϐϡʔλͰ Fortran, C, C++Λ͡Ί

MPIɼOpenMP, CUDA/OpenCLͳͲͷΑ͏ͳϚγϯ

ͷੑΛ͔ͤ׆ΔϓϩάϥϜޠݴϥϯλΠϜ͕

͕ੑ࢈ΘΕ͍ͯΔͷͷɼϓϩάϥϜ͕͘͠ੜ͘

͍ɽͨͩ͠ɼBLASͳͲͷԋࢉΛ͡Ίͱ͢Δ

ΧʔωϧॲཧසൟʹϓϩάϥϜΛॻ͖͑Δඞཁ͕

ͳ͍ɽ·ͨɼ͠͠ઍɾສίΞنͷػࢉܭ

͚ʹσόοάɾੑνϡʔχϯά͕ඞཁͱͳΔɽεέ

δϡʔϥΛհׂͯ͠ݯࢿΛ͜͏ߦͱ͕ଟ͍ɽ

OS

• ΫϥυͰॊೈͳݯࢿཧΛతͱͯ͠ԾϚγϯ
 LinuxίϯςφͳͲʹΑΓݯࢿͷԾԽ͕ߦΘΕΔ

͜ͱ͕ଟ͍ɽ

• εʔύʔίϯϐϡʔλͰϓϩάϥϜͷߴੑΛॏࢹ
͠ɼݯࢿͷԾԽ͕ߦΘΕͣϕΞϝλϧͳར༻͕ଟ͍ɽ

ϋʔυΣΞ

• ΫϥυͰΣϒαʔόʔ༝དྷͷίϞσΟςΟͳ
x86αʔόʔREST APIΛલఏͱͨ͠ࢄετϨʔ

δΛ࠾༻͍ͯ͠Δ͜ͱ͕ଟ͍ɽ

• εʔύʔίϯϐϡʔλͰߴԽʹಛԽ͠ɼInfiniband
ͷΑ͏ͳଳҬɾԆͳωοτϫʔΫɼGPUͷ

Α͏ͳԋࢉΞΫηϥϨʔλɼόʔετόοϑΝͷΑ͏

ͳ I/OΞΫηϥϨʔλͳͲɼ৽͍ٕ͠ज़Λੵۃతʹ࠾

༻͍ͯ͠Δ͜ͱ͕ଟ͍ɽ

AIΫϥυͰطଘͷΫϥυεʔύʔίϯϐϡʔ

λͷ྆ํͷٕज़ཁૉΛຬͨ͢ιϑτΣΞΤίγεςϜΛ

͍͔ʹग़͢Δ͔͕ॏཁͳ՝ͱͳΔɽ

2.2 AIΫϥυͷιϑτΣΞελοΫ

զʑฏ 29 ݚ૯࢈ʹ6݄ AIΫϥυ [8]ͷӡ༻Λ

։ͨ࢝͠ɽ͜ͷӡ༻Λ௨ͯ͡ɼݱঢ়Ͱզʑ͕ඞཁͰ͋ΔAI

ΫϥυͷιϑτΣΞελοΫͷཁٻΛਤ ɽ͢هʹ2

ΞϓϦέʔγϣϯ

• ցֶशɼਂֶशɼάϥϑॲཧͳͲͷϑϨʔϜϫʔػ
ΫΛ؆୯ʹόονॲཧΠϯλϥΫςΟϒૢ࡞Ͱར༻

Ͱ͖Δඞཁ͕͋Γɼ·ͨɼ߹ʹΑͬͯΣϒΛհ

ͯ͠αʔϏεΛఏ͢ڙΔඞཁ͕͋Δɽ

γεςϜιϑτΣΞ

• σʔλղੳͳͲසൟʹϓϩάϥϜΛॻ͖͑ΔΑ͏
ͳϢʔεέʔεʹಛԽ͠ɼPython, RͳͲͷεΫϦϓ

τޠݴɼJupyter NotebookͳͲͷϑϨʔϜϫʔΫΛ
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ਤ 2 AI ΫϥυͷιϑτΣΞελοΫ

ར༻ͭͭ͠ɼੑ͕ඞཁͳ߹ଟ͘ɼHPC༝དྷ

ͷ BLASͳͲͷԋࢉΧʔωϧ Sort, PrefixSum,

Merge, PrefixSumͳͲͷϏοάσʔλॲཧΧʔωϧ

Λ؆୯ʹݺͼग़ͤΔඞཁ͕͋Δɽ·ͨɼ߹ʹΑͬͯ

 MPI GPUͳͲΛ༻͍ฒྻॲཧʹΑΔߴԽΛ

ɽ͏ߦ

• େنͳύϥϝʔλαʔϕΠΛͨ͏ߦΊɼδϣϒͷ
ϫʔΫϑϩʔΛαϙʔτ͢Δඞཁ͕͋Δɽߦ࣮ؒ࣌

• ը૾ɼө૾ɼςΩετͳͲͷσʔλʹର͢Δཻࡉͳ
I/O͕ଟ͘ɼ߹ʹΑͬͯൿಗੑͷ͋Δσʔλͷ

ΞΫηε͕ඞཁͱͳΔɽ

OS

• ଟͷίϯϙʔωϯτͰߏ͞ΕͨෳࡶͳιϑτΣ
ΞελοΫͷ؆ศʹඋ͢ΔͨΊʹ Linux ίϯςφ

͕ඞཁͱͳΔɽͨͩ͠ɼϓϩάϥϜͷߴੑॏ͞ࢹ

ΕΔɽ

ϋʔυΣΞ

• εʔύʔίϯϐϡʔλ༝དྷͷ InfinibandͷΑ͏ͳ

ଳҬɾԆͳωοτϫʔΫɼGPUͷΑ͏ͳԋࢉΞ

ΫηϥϨʔλΛ࠾༻ͭͭ͠ίϞσΟςΟͳίϯϙʔ

ωϯτͰߏ͞Εͨαʔό͕༻͍ΒΕΔɽ

ਂࢄֶशΛ͡Ίͱͯ͠ AI/Ϗοάσʔλॲཧͷ

ϫʔΫϩʔυͰੑߴࢉܭ༝དྷͷٕज़ཁૉ͕ඞཁͰ͋

ΓɼAIΫϥυ͕εʔύʔίϯϐϡʔλʹྨߏͨ͠ࣅΛ

ΒΕΔɽҰํͰɼ͑ߟͷҰͭͱͯ͠ࢶΔ͜ͱબ͢༺࠾

AI/ϏοάσʔλॲཧͰɼෳࡶͳґଘ͕ؔ͋Δଟͷ

ιϑτΣΞίϯϙʔωϯτΛΠϯετʔϧ͢Δඞཁ͕͋

Δͷʹର͠ɼैདྷͷεʔύʔίϯϐϡʔλͷΑ͏ͳڞ༗ܭ

Ͱɼ௨ৗɼҰൠϢʔβʔʹରͯ͠ڥػࢉ rootݶݖ༩

͑ΒΕͳ͍ͨΊɼҙͷ OSͷબ͕Ͱ͖ͳ͍ɼrpm

 aptͳͲͷύοέʔδΠϯετʔϥʹΑΔ؆ศͳιϑτ

ΣΞͷΠϯετʔϧ͕Ͱ͖ͳ͍ͳͲɼϢʔβͷιϑτ

ΣΞඋͷੜੑ࢈ੑݱ࠶Λ્͍ͯ͠Δ͜ͱ͕େ͖ͳ

ͱͳ͍ͬͯΔɽ

2.3 Ͱͷ্ڥػࢉܭ༗ڞ Linux ίϯςφͷར༻ͱ



LinuxίϯςφɼΞϓϦέʔγϣϯͱΞϓϦέʔγϣ

ϯ͕ඞཁͱ͢Δ࣮ڥߦΛΠϝʔδͱͯ͠ύοέʔδԽ

͠ɼϗετػࢉܭͷ OS Ϧιʔε͔Βִ͞ΕۭͨؒͰ

ϓϩηεΛ࣮͢ߦΔͨΊͷԾԽٕज़Ͱ͋ΔɽLinux ί

ϯςφΛ༻͍Δ͜ͱʹΑΓॊೈʹΞϓϦέʔγϣϯͷ

උͱ࣮ߦΛ͜͏ߦͱ͕ՄʹͳΔɽࡏݱɼLinuxίϯςφ

Ͱ Docker [3]͕σϑΝΫτͰ༻͍ΒΕ͓ͯΓɼNVIDIA

GPU֦ுͨ͠ NVIDIA Docker [9] NVIDIA Docker

ʹಛԽͨ͠ίϯςφΠϝʔδΛ͢Δ NVIDIA GPU

Cloud [10]ͳͲొ͖͍ͯͯ͠Δɽ͔͠͠ɼDockerΫ

ϥυͰͷར༻ʹಛԽ͓ͯ͠Γ࣮࣌ߦʹ rootݶݖΛඞཁ

ͱ͠σʔϞϯͱ্ͯ͠ػࢉܭʹৗற͢ΔͨΊɼڞ༗ػࢉܭ

ʹͰҙͷϢʔβڥ Dockerͷ࣮ߦΛͨ͠ڐ߹ʹɼ

• ҙͷϢʔβ͕ҙͷετϨʔδྖҬΞΫηεՄ
ʹͳΔ

• ҙͷϢʔβ͕ػࢉܭʹରͯ͠ҙͷઃఆΛ͜͏ߦͱ
͕ՄʹͳΔ

ͳͲͷηΩϡϦςΟ্ͷ͕ൃੜ͢ΔͨΊɼεʔύʔί

ϯϐϡʔλͷΑ͏ͳڞ༗ڥػࢉܭͰͷར༻ʹ͔ͳ͍ɽ

3. Singularity

ۙɼ2.3અͰड़ͨܽΛղফ͠ɼϢʔβݶݖͰಈ࡞

͢Δڞ༗͚ڥػࢉܭͷ Linuxίϯςφ [4], [5], [6], [7]

͕ొ࢝͠Ί͍ͯΔɽ͜͜ͰɼͦͷதͰɼݱঢ়Ͱར༻

ൺֱతଟ͍͕ྫࣄ Singularity [4] ʹண͢Δɽ

3.1 Singularityͷ֓ཁ

SingularityɼถࠃϩʔϨϯεɾόʔΫϨʔڀݚཱࠃॴ

Λத৺ʹΦʔϓϯιʔεͰ։ൃ͞Ε͍ͯΔ Linuxίϯςφ

ͷҰͭͰ͋ΔɽSingularity 2.3અͰड़ͨܽΛϥοϓ

τοϓͳͲݸਓ͕ rootݶݖΛڥͭ࣋Ͱߏஙͨ͠ίϯς

φΠϝʔδΛڞ༗ڥػࢉܭͰϢʔβݶݖͷΈͰ࣮͢ߦ

Δ͜ͱͰղܾ͍ͯ͠Δɽ۩ମతʹɼSingularity࡞ʹ͚

͞ΕͨίϯςφΠϝʔδͷϚϯτɼΧʔωϧͰඞཁ

ͳ໊લۭؒͷ࡞ɼίϯςφͷϗετͷ pathͷ࡞

ͳͲΛ root͕ݶݖඞཁͳૢ࡞Λ SUID͞ΕͨϑΝΠϧΛ

հͯ͜͠͏ߦͱͰݶఆ͠ɼৗறσʔϞϯΛ༻ҙͤͣɼݯࢿ

ཧΛεέδϡʔϥʹҕͶΔ͜ͱʹΑΓ࣮͍ͯ͠ݱΔɽ

Singularityͷಈ࡞ΠϝʔδΛਤ ɽ·ͣɼϢʔβ͢هʹ3

ϥοϓτοϓͳͲݸਓ͕ rootݶݖΛڥͭ࣋Ͱ Singular-

ityίϯςφͷΠϝʔδΛߏங͢Δඞཁ͕͋ΔɽSingularity

Ͱ LinuxίϯςφͷΠϝʔδΛߏங͢ΔͨΊʹɼsand-

box ۭͷΠϝʔδϑΝΠϧ͔ΒΠϯλϥΫςΟϒʹι

ϑτΣΞΛΠϯετʔϧ͢Δ͜ͱͰ࡞͢Δํ๏ͷଞɼ

RecipeͱݺΕΔιϑτΣΞͷΠϯετʔϧखॱΛه

ड़ͨ͠ϑΝΠϧ (Singularityͱ͢Δʣ͔Βߏங͢Δํ๏ɼ
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sudo singularity build –sandbox tmpdir/ 
Singularity

sudo singularity build –writable container.img Singularity

sudo singularity build container.img Singularity

sudo singularity build container.img docker://ubuntu

sudo singularity build container.img shub://ubuntu

singularity run container.img

singularity exec container.img …

singularity shell container.img

Da

Dm (Da

o bgDa

) S H Dgd

l S H gd sudo singularity shell –writable container.img

H R S D
H r 

(, S H Dgd

( S H Dgd

, , S H Dgd

p eic p

container.img

S H
H Dkn

ਤ 3 Singularity ͷಈ࡞Πϝʔδ

DockerHub [11] ্ʹϗετ͞Ε͍ͯΔ Docker ίϯςφ

ͷΠϝʔδΛར༻ͯ͠ߏங͢Δํ๏ɼSingularityHub [12]

ͱݺΕΔ SingularityίϯςφͷΠϝʔδΛϗετͯ͠

͍Δ Web αʔϏεΛར༻ͯ͠ߏங͢Δํ๏͕͋Δɽ࣍

ʹɼߏங͞Εͨ SingularityͷίϯςφΠϝʔδΛϑΝΠ

ϧ (container.imgͱ͢Δ)ͱͯ͠ڞ༗ڥػࢉܭసૹ͢

Δɽޙ࠷ʹɼڞ༗ڥػࢉܭͰ SingularityίϚϯυʹΑΓ

ίϯςφΠϝʔδͷϑΝΠϧΛ༻͍ͯΞϓϦέʔγϣϯΛ

ߦΛ࡞ΔɽSingularityͰɼΠϯλϥΫςΟϒͳૢ͢ߦ࣮

͏ shellϞʔυɼϓϩηεΛஔ͖͢ߦ࣮ͯ͑Δ execϞʔ

υɼRecipeϑΝΠϧʹهड़͞Εͨಈ࡞Λ͏ߦ runϞʔυͷ

3छྨͷ࣮ํߦ๏Λαϙʔτ͍ͯ͠Δɽ

3.2 HPCΞϓϦέʔγϣϯͷ࣮ߦ

HPCΞϓϦέʔγϣϯΛGPUΞΫηϥϨʔλ Infini-

bandωοτϫʔΫΛ༻͍࣮ͯ͢ߦΔࡍ֤छσόΠευ

ϥΠόΛඞཁͱ͢ΔɽҰํͰɼίϯςφΠϝʔδʹ͜ΕΒ

ͷσόΠευϥΠόΛΠϯετʔϧ͢ΔͱɼίϯςφΠ

ϝʔδͷ൚༻ੑ͕ଛͳΘΕΔ͜ͱ͕ͱͳΔɽGPUͷ

߹ɼϗετଆͷσόΠευϥΠόΛ Singularityίϯςφ

ʹϚϯτ͢Δ͜ͱͰղܾ͓ͯ͠Γɼ࣮ ɼ–nvΦϓγϣࡍ

ϯΛ༻͍Δ͜ͱͰɼ/.singularity/libsҎԼʹ libcuda.so

libnvidia-ml.soΛ͡Ίͱ͢ΔϗετଆͷϥΠϒϥϦ͕ί

ϯςφଆϚϯτ͞ΕΔɽInfinibandͷ߹ಉ༷ͷϝ

ΧχζϜͰద༻͢Δ͜ͱ͕Ͱ͖Δɽ۩ମతʹɼSingularity

Λ࣮͢ߦΔࡍʹɼInfinibandͷυϥΠόΛϩʔυ͢ΔΑ͏

ʹઃఆϑΝΠϧ (/etc/singularity/init)ʹهड़͢Δ͜ͱͰ

ͱ͕Ͱ͖Δɽ͜͏ߦ

HPC ΞϓϦέʔγϣϯΛ MPI Λ༻͍࣮ͯ͢ߦΔ߹

ɼίϯςφʹMPIΛΠϯετʔϧ͠ɼίϯςφ֎͔Β

MPIΛىಈ͢Δ͜ͱͰ͜͏ߦͱ͕Ͱ͖Δɽͨͩ͠ɼ͜ͷࡍ

ʹίϯςφͱίϯςφ֎ͷMPIͷόʔδϣϯͳͲͷߏ

ΛಉҰʹ͢Δඞཁ͕͋ΔɽPythonΛհͯ͠MPIΛىಈ

͢Δ߹ಉ༷ͰɼίϯςφʹΠϯετʔϧ͞Ε͍ͯΔ

MPIʹରͯ͠mpi4pyΛίϯςφʹΠϯετʔϧ͠ɼί

ϯςφ֎͔ΒMPIΛىಈ͢Δ͜ͱͰ͜͏ߦͱ͕Ͱ͖Δɽ

ද 1 AAIC ͷࢉܭϊʔυͷεϖοΫ
CPU Intel Xeon E5-2630L v4 1.80GHz

(10 cores, HT-enabled) × 2

GPU NVIDIA Tesla P100 × 8

Mem 256 GiB

SSD Intel DC S3510 480 GB × 1

4. ݧ࣮

ϢʔβݶݖͰಈ͢࡞Δ͚ڥػࢉܭ༺ڞͷ Linux ί

ϯςφΛ AI/ϏοάσʔλॲཧͷϫʔΫϩʔυΛద༻ͨ͠

߹ͷੑΛ໌Β͔ʹ͢ΔͨΊͷ࣮ݧΛͨͬߦɽ۩ମత

ʹɼϢʔβݶݖͰಈ͢࡞Δ Linux ίϯςφͷҰͭͰ͋

Δ Singularityʹରͯ͠ɼԋੑࢉɼϝϞϦόϯυ෯ੑɼ

ωοτϫʔΫੑɼετϨʔδ I/O ੑͳͲ AI/Ϗοά

σʔλॲཧΛͨ͠ϫʔΫϩʔυɼਂࢄֶशϑϨʔ

ϜϫʔΫͷҰͭͰ͋Δ ChainerMNͷϫʔΫϩʔυΛ࢈૯

ݚ AIΫϥυ্Ͱ࣮͠ߦɼ༧උతͳੑධՁΛͨͬߦɽ

4.1 ڥݧ࣮

ݚ૯࢈શͯݧ࣮ AIΫϥυ AAIC্Ͱͨͬߦɽද 1

ϊʔυͷεϖοΫɼਤࢉܭʹ Λߏϊʔυͷ෦ࢉܭʹ4

ࣔ͢ɽ1ͭͷNUMAϊʔυʹ͖ͭCPU͕ 1ιέοτ, 128

GiBͷϝϞϦ, 4ͷ GPU͕ଐ͠ɼҰํͷ NUMAϊʔυ

ʹϩʔΧϧετϨʔδͱͯ͠ SSD͕ଐ͠ɼ͏Ұํͷ

NUMAϊʔυʹ EDR Infiniband HBA͕ଐ͍ͯ͠Δɽ

ϊʔυؒࢉܭ EDR InfinibandʹΑΓDirector SwitchΛ

հͯ͠ Full-bisection Fat TreeߏͰଓ͞Ε͍ͯΔɽڞ

༗ϑΝΠϧγεςϜ GPFS v4.2Ͱ͋Δ͕ɼࠓճͷ࣮ݧ

Ͱ༻͍ͯ͠ͳ͍ɽ

ϊʔυͷࢉܭ OS CentOS 7.3Ͱߏ͞ΕɼLinuxͷ

Χʔωϧ v3.10.0 Ͱ͋Δɽ༻ͨ͠ Singularity ͷόʔ

δϣϯ v2.4Ͱ͋Γɼ࣮ݧͷ߹্ 4.6અͷΈ v2.3.2Λ༻

͍͍ͯΔɽLinuxίϯςφΠϝʔδͷ OS Ubuntu16.04

ͱͨ͠ɽ֤छϕϯνϚʔΫϓϩάϥϜͷϏϧυʹ OSͷ

σϑΥϧτͷ gccίϯύΠϥΛ༻͍ɼϕΞϝλϧڥͰ

v4.8.5ɼLinux ίϯςφڥͰ v5.4.0 Ͱ͋ͬͨɽ·ͨɼ

glibcϕΞϝλϧڥͰ v2.17, LinuxίϯςφڥͰ

 v2.23Ͱ͋ͬͨɽ྆ڥͱ CUDA v8.0.61.2, CuDNN

v6.0.21, NCCL v2.0.5Λ༻͍ɼMPIOpenMPI v2.1.1Λ

༻͍ͨɽ

4.2 ԋੑࢉ

ԋੑࢉΛܭଌ͢ΔͨΊʹ BLAS(Basic Linear Algebra

Subprograms)ϥΠϒϥϦͷGEMM(General Matrix Mul-

tiplication)ΧʔωϧΛ GPUͱ CPUΛରʹ࣮ͨ͠ߦɽ

GPU্Ͱͷ࣮ߦͰɼCUDA Toolkit 8.0.61ʹଐ͢Δ

cuBLAS [13]Λ༻͍ͯਫ਼ (FP16)ɼ୯ਫ਼ (FP32)ɼഒਫ਼
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Machine (256GB total)

NUMANode P#0 (128GB)

Package P#0

L3 (25MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#0

PU P#20

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#1

PU P#21

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#2

PU P#22

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#3

PU P#23

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#4

PU P#24

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#8

PU P#5

PU P#25

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#9

PU P#6

PU P#26

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#10

PU P#7

PU P#27

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#11

PU P#8

PU P#28

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#12

PU P#9

PU P#29

PCI 10de:15f9

card1

renderD128

PCI 10de:15f9

card2

renderD129

PCI 10de:15f9

card3

renderD130

PCI 10de:15f9

card4

renderD131

PCI 8086:8d62

sda

PCI 1a03:2000

card0

controlD64

PCI 8086:8d02

NUMANode P#1 (128GB)

Package P#1

L3 (25MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#10

PU P#30

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#11

PU P#31

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#12

PU P#32

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#13

PU P#33

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#14

PU P#34

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#8

PU P#15

PU P#35

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#9

PU P#16

PU P#36

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#10

PU P#17

PU P#37

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#11

PU P#18

PU P#38

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#12

PU P#19

PU P#39

PCI 8086:1528

enp129s0f0

PCI 8086:1528

enp129s0f1

PCI 10de:15f9

card5

renderD132

PCI 10de:15f9

card6

renderD133

PCI 10de:15f9

card7

renderD134

PCI 10de:15f9

card8

renderD135

PCI 15b3:1013

ib0 mlx5_0

Indexes: physical

Date: Tue May 30 11:27:53 2017

ਤ 4 AAIC ͷࢉܭϊʔυͷ෦ߏ

ਤ 5 GEMM(GPU) ͷੑ

 (FP64)ΛϕΞϝλϧͳࢉܭϊʔυ্Ͱ࣮ͨ͠ߦͷͱ

Singularityͷ execαϒίϚϯυΛհ࣮ͯͨ͠͠ߦͷͱ

Λൺֱͨ͠ɽCPU্Ͱͷ࣮ߦͰɼIntel Math Kernel Li-

brary 2017.1.132ͷ CBLAS [14] Λ༻͍ͯ୯ਫ਼ (FP32)ɼ

ഒਫ਼ (FP64)ΛϕΞϝλϧͳࢉܭϊʔυ্Ͱ࣮ͨ͠ߦ

ͷͱ Singularityͷ execαϒίϚϯυΛհ࣮ͯͨ͠͠ߦ

ͷͱΛൺֱͨ͠ɽਤ 5 ʹ GPU ্ͷ݁ՌΛࣔ͢ɽਫ਼ʹ

ΑΒͣϕΞϝλϧڥͰͷ࣮ߦͰ SingularityΛհͨ͠

Δɽಉ༷ʹɼ͑Ͱ΄΅ੑ্ͷଝ৭͕ͳ͍͜ͱ͕ߦ࣮

ਤ 6ʹ CPU্ͷ݁ՌΛࣔ͢ɽྻߦͷαΠζ͕খ͍͞߹

ʹੑ্ͷΒ͖͕ͭൃੜ͢Δͷͷ֓Ͷੑ্ͷଝ৭͕

ͳ͍͜ͱ͕͑Δɽ

ਤ 6 GEMM(CPU) ͷੑ

4.3 ϝϞϦόϯυ෯ੑ

ϝϞϦͷଳҬ෯Λܭଌ͢ΔͨΊʹ STREAMϕϯνϚʔ

ΫΛ࣮ͨ͠ߦɽࠓճɼόʔδχΞେֶͷαΠτΑΓೖख

ͨ͠ίʔυ [15]ΛϕΞϝλϧͳࢉܭϊʔυ্Ͱ࣮ͨ͠ߦ

ͷͱ Singularityͷ 3छྨͷαϒίϚϯυ exec, shell, run

Λհ࣮ͯͨ͠͠ߦͷͱΛൺֱͨ͠ɽਤ 7ʹ݁ՌΛࣔ͢ɽ

SingularityΛհ࣮ͯͨ͠͠ߦ߹Ͱ΄΅ଝ৭ͷͳ͍ੑ

Ͱ͋Δ͜ͱ͕͑ɼ߹ʹΑͬͯ SingularityΛհͯ͠

Λࣔ͢͜ͱΛ֬ೝͨ͠ɽ͜Εੑ͍ߴׯए͕͏΄ͨ͠ߦ࣮

ɼϓϩάϥϜͷ࣮ߦʹؔͯ͠ɼLinuxίϯςφ͕ඞཁ࠷

খݶͷ࠷దͳιϑτΣΞͷΈΛؚΈ༨ͳΦʔόʔϔο

υΛগͳ͘͢Δ͜ͱ͕Ͱ͖ΔͨΊͰ͋Δͱ͍ͯ͑ߟΔɽ

4.4 ωοτϫʔΫ௨৴ੑ

ωοτϫʔΫ௨৴ੑΛܭଌ͢ΔͨΊʹ OSU Micro-

Benchmarks [16]Λ࣮ͨ͠ߦɽࠓճɼMVAPICHͷΣ

ϒαΠτ͔Βऔಘͨ͠ OSU Micro-Benchmarks v5.3.2Λ

༻͍ͯɼϗετٴؒػࢉܭͼGPUσόΠεؒͷόϯυ෯ɼ

ԆɼAllReduceͷੑΛ 2ͷϕΞϝλϧͳࢉܭϊʔυ

Λ༻͍࣮ͯͨ͠ߦͷͱ SingularityΛհͯ͠ 2ͷࢉܭ

ϊʔυΛ༻͍࣮ͯͨ͠ߦͷͱΛൺֱͨ͠ɽਤ 8ʹ݁ՌΛ

ࣔ͢ɽਤ 8(c)ʹ͓͍ͯ SingularityΛհ࣮ͯͨ͠͠ߦ߹

΅΄ͳੑ͕ΈΒΕ͕ͨɼͦͷଞͷ߹ʹ͓͍ͯྑʹ

ಉͷੑΛࣔͨ͠ɽ

4.5 ετϨʔδ I/Oੑ

ετϨʔδ I/OͷੑΛܭଌ͢ΔͨΊʹ fioϕϯνϚʔ

Ϋ [17]Λ࣮ͨ͠ߦɽࠓճ༻ͨ͠ fioͷόʔδϣϯ v2.19

Ͱ͋Δɽ·ͣɼࢉܭϊʔυͷϩʔΧϧετϨʔδ (SSD)

ʹରͯ͠ϒϩοΫαΠζΛ 128KB ͱͯ͠ I/O ͷεϧʔ

ϓοτΛܭଌ͠ɼϕΞϝλϧͳࢉܭϊʔυ্Ͱ࣮ͨ͠ߦ

ͷͱ Singularityͷ execαϒίϚϯυΛհ࣮ͯͨ͠͠ߦ

ͷͱͰൺֱͨ͠ɽ݁ՌΛਤ ɽREADɼWRITE͢هʹ9
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(a) Copy (b) Scale (c) Add (d) Triad

ਤ 7 STREAM ͷੑ

(a) όϯυ෯ʢϗετؒʣ (b) Ԇʢϗετؒʣ (c) AllReduceʢϗετؒʣ

(d) όϯυ෯ʢGPU σόΠεؒʣ (e) ԆʢGPU σόΠεؒʣ (f) AllReduceʢGPU σόΠεؒʣ

ਤ 8 OSU Micro Benchmarks ͷੑ

(a) READ (b) WRITE

ਤ 9 fio ͷੑ (I/O εϧʔϓοτ)

ͱʹ΄΅ಉͳੑΛࣔ͢͜ͱ͕͑Δɽ࣍ʹɼࢉܭ

ϊʔυͷϩʔΧϧετϨʔδ (SSD)ʹରͯ͠ϒϩοΫα

ΠζΛ 4KB ͱͯ͠ϥϯμϜ I/O ͢Δ͜ͱʹΑΓ IOPS

Λܭଌ͠ɼϕΞϝλϧͳࢉܭϊʔυ্Ͱ࣮ͨ͠ߦͷͱ

Singularity ͷ exec αϒίϚϯυΛհ࣮ͯͨ͠͠ߦͷ

ͱͰൺֱͨ͠ɽ͜ͷࡍɼREADɼWRITEͷ I/Oͷଞʹɼ

READͱWRITEͷ I/OΛ 70%ͱ 30%ͷൺͰࠞ߹ͤ͞

ͨ READ/WRITEͷϫʔΫϩʔυ࣮͠ߦɼiodepthΛ 1

ͱ 16ͱઃఆͨ͠ɽ݁ՌΛਤ ɽͪ͜ΒɼREADɼ͢هʹ10

WRITEɼREAD/WRITEͱʹ΄΅ಉͳੑΛࣔ͢͜

ͱ͕͑Δɽ

4.6 ਂࢄֶश

ਂࢄֶशͷੑΛܭଌ͢ΔͨΊʹ ImageNetͷσʔ

ληοτ [18]ʹରͯ͠ ResNet-50 [19] ʹΑΔֶशΛͬߦ

ͨɽࠓճɼChainerMN [20] Λ༻͍ͯɼ8 ͷࢉܭϊʔ

υ (64GPU) Λ༻͍ͯϕΞϝλϧͳڥͰ࣮ͨ͠ߦͷ

ͱ Singularityͷ execαϒίϚϯυΛհ࣮ͯͨ͠͠ߦͷ

ͱΛൺֱͨ͠ɽChainerMN v1.0.0Λ༻͠ɼ෦తʹ

Chainer v2.1.0, Cupy v1.0.3ɼmpi4py v2.0.0Λ༻͍ͯ͠

Δɽ·ͨɼPython v3.6.1Λ༻ͨ͠ɽઃఆͨ͠ύϥϝʔ

λ Ε͍ͯΔͷͱಉͰ͋ΓɼόοναΠ͞ࡌهʹ[21]

ζΛGPU͋ͨΓ 32ʢτʔλϧͰ 2048)ɼֶ शΛ 30 epoch

ຖʹ 0.1ഒͱ͠ɼMomentum SGD (momentum=0.9)ͷ࠷

దԽΛ༻͍ɼWeight decayΛ 0.0001ͱͯ͠ 100 epochͷ

ֶशΛͨͬߦɽਤ 11ʹ݁ՌΛࣔ͢ɽଞͷϢʔβͷδϣϒ

ΊɼϕͨͨͬߦΛݧͰ࣮ڥػࢉܭ༗ڞΕ͍ͯΔ͞ߦ࣮͕

Ξϝλϧͳࢉܭϊʔυ্Ͱ࣮ͨ͠ߦ߹ͱ SingularityΛ

հ࣮ͯͨ͠͠ߦ߹ͱͰৼΔ͍ͷҧ͍͕ΈΒΕΔͷͷɼ

Δɽ͑ͷͰେ͖ͳࠩҟ͕ΈΒΕͳ͍͜ͱ͕ؒ࣌ߦ࣮
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(a) READ (b) WRITE (c) READ(70%)/WRITE(30%)

ਤ 10 fio ͷੑ (IOPS)

ਤ 11 ਂࢄֶशͷੑ

4.7 ٞ

ԋੑࢉɼϝϞϦόϯυ෯ੑɼωοτϫʔΫੑɼε

τϨʔδ I/OੑͳͲ AI/ϏοάσʔλॲཧΛͨ͠ϫʔ

ΫϩʔυΛϕΞϝλϧͳڥͱ SingularityΛ༻͍ͨ Linux

ίϯςφڥͰ࣮ੑͯ͠ߦΛൺֱͨ͠ɽ࣮ݧΛ௨ͯ͡ɼ

֓ͶɼSingularityΛ༻͍ͨ LinuxڥͰϕΞϝλϧͳ

ߴʹߦͱଝ৭ͷͳ͍ੑΛࣔ͠ɼΞϓϦέʔγϣϯͷ࣮ڥ

͍ੑ͕ٻΊΒΕΔεʔύʔίϯϐϡʔλͷΑ͏ͳڞ༗ܭ

Δ͢࡞ͰಈݶݖͰɼϢʔβڥػࢉ Linuxίϯςφͷར

Ͱɼݧճͷ࣮ࠓతͰ͋Δ͜ͱ͕Θ͔ͬͨɽಛʹɼ࣮ݱ͕༺

ϕΞϝλϧڥͱ Linux ͰҟͳΔڥ OS(CentOS7.3 ͱ

Ubuntu16.04),ҟͳΔίϯύΠϥͷόʔδϣϯ (gcc v4.8.5

ͱ v5.4.0)ɼҟͳΔ glibcͷόʔδϣϯ (glibc v2.17ͱ v2.23)

ͳͲେ෯ʹҟͳΔιϑτΣΞΛ༻͍ͯͳ࣮͘͢ߦ

Δ͜ͱΛ֬ೝͨ͠ɽ·ͨɼAI/ϏοάσʔλॲཧʹযΛ

͋ͯɼωοτϫʔΫ௨৴ੑετϨʔδ I/Oੑʹ͓͍

ͯϕΞϝλϧڥͱ LinuxίϯςφڥͰଝ৭ͷͳ͍ੑ

Λࣔ͢͜ͱ͕֬ೝͰ͖ͨɽ4.6અͷਂࢄֶशͷ࣮ݧ

ͰੑʹΒ͖͕ͭൃੜͯ͠͠·͕ͬͨɼ֤छϚΠΫϩ

ϕϯνϚʔΫͷ݁Ռ͔Β LinuxίϯςφԾԽʹ༝དྷ͢Δ

ͷͰ͋Δͱ͓ͯ͑ߟΒͣɼଞͷϢʔβͷδϣϒ͕࣮ߦ

͞Ε͍ͯΔڞ༗ڥػࢉܭͰ࣮ݧΛͨͬ͜ߦͱ͋Γɼଞ

ͷཁҼͰ͋Δͱ͍ͯ͑ߟΔɽ

εʔύʔίϯϐϡʔλͷΑ͏ͳڞ༗ڥػࢉܭͰɼ௨

ৗɼ༷ʑͳཁҼʹΑΓιϑτΣΞͷΞοϓσʔτ͕ݶఆ

తͰ͋Γɼstate-of-the-artͳ࠷৽ͷιϑτΣΞ͕ར༻Ͱ

͖ͳ͔ͬͨΓɼγεςϜ͕ιϑτΣΞͷόʔδϣϯΛউ

खʹม͑ͯ͠·͏͜ͱʹΑΓϢʔβͷΞϓϦέʔγϣϯ

͕ಈ͠࡞ͳ͘ͳͬͨΓͳͲɼϢʔβͷιϑτΣΞඋͷ

ੜੑ࢈ੑݱ࠶ͳͲ્͞ΕΔ͜ͱ͕ͱͳ͍ͬͯͨ

͕ɼ͜ͷΑ͏ͳɼϢʔβݶݖͰಈ͢࡞Δ Linuxίϯ

ςφٕज़Λ༻͍Δ͜ͱʹΑΓΞϓϦέʔγϣϯͷੑԼ

͢Δ͜ͱͳ͘େ෯ʹ؇Ͱ͖Δͱ͑ߟΔɽͱΓΘ͚ɼAI/

ϏοάσʔλॲཧͰɼΞϓϦέʔγϣϯͷ࣮ੑ͍ߴʹߦ

͕ٻΊΒΕΔҰํͰɼෳࡶͳґଘ͕ؔ͋Δଟͷιϑ

τΣΞίϯϙʔωϯτΛΠϯετʔϧ͢Δඞཁ͕͋Δͨ

ΊɼϢʔβݶݖͰಈ͢࡞Δ Linuxίϯςφٕज़༗ͳΞ

ϓϩʔνͰ͋Δɽ

5. ͓ΘΓʹ

ຊߘͰɼϢʔβݶݖͰಈ͢࡞Δ LinuxίϯςφͷҰͭ

Ͱ͋Δ SingularityΛεʔύʔίϯϐϡʔλʹྨڞͨ͠ࣅ

༗ڥػࢉܭͰ͋Δ AIΫϥυ্ద༻͠ɼAI/Ϗοά

σʔλॲཧΛͨ͠ϫʔΫϩʔυਂࢄֶशͷϫʔΫ

ϩʔυΛ࣮͢ߦΔ͜ͱʹΑΓ༧උతͳੑධՁΛͨͬߦɽ

ͦͷ݁Ռɼ֓ͶɼSingularity Λ༻͍ͨ Linux Ͱϕڥ

Ξϝλϧͳڥͱଝ৭ͷͳ͍ੑΛࣔ͢͜ͱ͕Θ͔ͬͨɽ

ಛʹɼσϑΝΫτͰར༻͞Ε͍ͯΔ DockerίϯςφͷΠ

ϝʔδΛར༻͢Δ͜ͱ͕Ͱ͖ɼ͔ͭɼΧελϚΠζͨ͠ί

ϯςφΠϝʔδΛϢʔβݶݖͷΈͰڞ༗্ػࢉܭͰ࣮ߦͰ

͖ΔϢʔβଆӡ༻ཧऀଆʹͱͬͯιϑτΣΞ

උͷੜੑ࢈ͷ্ੑݱ࠶ͷ୲อʹେ͖͘د༩͢Δͱ͑ߟ

ΒΕΔɽޙࠓɼ҆ఆੑͷ্ηΩϡϦςΟʔΠγϡʔ

ͷվળͳͲߋͳΔΤϯδχΞϦϯάʹΑΔϓϩμΫγϣϯ

ΊΒΕΔɽٻऔΓΈ͕͚ͨʹ༺Ͱͷརڥ

ँࣙ ͜ͷڀݚͷҰ෦ɼNEDO ɾϩਓੈ࣍

Ϙοτதٕ֩ज़։ൃɼٴͼɼJSPSՊݚඅ 26540050ͷҰ

Ͱ࣮ͨ͠ࢪɽ
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