
৘ใॲཧֶձڀݚใࠂ
IPSJ SIG Technical Report

AIΫϥ΢υͰͷLinuxίϯςφར༻ʹੑ͚ͨ޲ೳධՁ

౻ࠤ ਔ1,a) খ઒ 1ߴ޺

֓ཁɿϢʔβݶݖͰಈ͢࡞Δ LinuxίϯςφͷҰͭͰ͋Δ Singularityʹରͯ͠ɼԋੑࢉೳɼωοτϫʔΫ

௨৴ੑೳɼϝϞϦόϯυ෯ੑೳɼετϨʔδ I/OੑೳͳͲ AI/ϏοάσʔλॲཧΛ໛ͨ͠ϫʔΫϩʔυ΍ɼ

෼ਂࢄ૚ֶशϑϨʔϜϫʔΫͷҰͭͰ͋Δ ChainerMNͷϫʔΫϩʔυΛ࢈૯ݚ AIΫϥ΢υ্Ͱ࣮͠ߦɼ

༧උతͳੑೳධՁΛͨͬߦɽͦͷ݁ՌɼSingularityΛհ࣮ͯͨ͠͠ߦ৔߹ʹ͓͍ͯ΋ϕΞϝλϧͳڥ؀Ͱ

ͷ࣮ߦͱଝ৭ͷͳ͍ੑೳ͕ಘΒΕΔ͜ͱ͕Θ͔ΓɼΞϓϦέʔγϣϯͷ࣮ੑ͍ߴʹߦೳ͕ٻΊΒΕΔεʔ

ύʔίϯϐϡʔλͷΑ͏ͳڞ༗ڥ؀ػࢉܭʹ͓͍ͯ΋ɼϢʔβݶݖͰಈ͢࡞Δ Linuxίϯςφͷར༻͕ݱ

࣮తͰ͋Δ͜ͱ͕Θ͔ͬͨɽ

1. ͸͡Ίʹ

ۙ೥ɼAIʹؔ͢Δڀݚ։ൃ͕ɼࣗಈंͷࣗಈӡసɼ੡଄

ɼϩϘοτɼҩྍɼ૑ༀɼۚۀ ༥ͳͲͷ༷ʑͳ෼໺Ͱ͘޿੝

ΜʹߦΘΕ͍ͯΔɽͱΓΘ͚ɼଟ૚ߏ଄ͷχϡʔϥϧωο

τϫʔΫ (σΟʔϓχϡʔϥϧωοτϫʔΫɼDNN)Λ༻

ցֶशख๏Ͱ͋Δਂ૚ֶशػ͍ͨ (σΟʔϓϥʔχϯά)͕

஫໨͞Ε͓ͯΓɼը૾ೝࣝɼԻ੠ೝࣝɼө૾ೝࣝɼࣗવݴ

جΕ͍ͯΔɽਂ૚ֶशͷ·ࠐݟ͕༺Ԡ͍޿ॲཧͳͲͷ෯ޠ

ຊతͳ֓೦͸ 1980೥୅͔Βଘ͍ͯ͠ࡏΔ΋ͷͷɼଟஈͷ

DNNʹΑΓେྔͷσʔλ͔ΒലେͳࢉܭΛ͍ߦಛ௃ྔΛ

நग़͢Δඞཁ͕͋ͬͨͨΊ͜Ε·Ͱ໨ཱͬͨਐల͸ΈΒΕ

ͳ͔͕ͬͨɼ2010೥୅ʹೖΓɼΞϧΰϦζϜ (Algorithm

Theory)ͷਐలͱͱ΋ʹɼେྔͷϏοάσʔλ (Big Data)

Λ஝͑ΔετϨʔδٕज़΍ɼͦΕΒͷσʔλʹରͯ͠ߴ଎

ʹॲཧ͢Δࢉܭೳྗ (Computation)͕େ෯ʹਐలͨͨ͠

Ίɼൺֱత୹ؒ࣌Ͱߴਫ਼౓ͳֶश͕࣮͞ݱΕΔΑ͏ʹͳΓɼ

گҐҰମͱͳͬͯϒϨΠΫεϧʔ͕΋ͨΒ͞Ε͍ͯΔঢ়ࡾ

Ͱ͋Δɽ͜ͷͨΊɼैདྷ͸Ϗοάσʔλॲཧͷج൫Ͱ͋ͬ

ͨΫϥ΢υʹ΋ੑߴೳࢉܭ༝དྷͷ GPUΞΫηϥϨʔλͷ

ಋೖ͕ੵۃతʹߦΘΕ͓ͯΓ, ·ͨɼैདྷ͸ੑߴೳࢉܭʹ

ΑΔγϛϡϨʔγϣϯج൫Ͱ͋ͬͨεʔύʔίϯϐϡʔλ

ʹ΋σʔλಉԽͳͲϏοάσʔλॲཧͷॏཁੑ͕ᨳΘΕΔ

Α͏ʹͳ͓ͬͯΓɼ͜ΕΒͷج൫Λ༥߹ͯ͠ઃ͞ܭΕͨAI

Ϋϥ΢υ [1], AIεʔύίϯϐϡʔλ [2]΋ొ৔͠͸͡Ίͯ

͍Δ.

AI΍Ϗοάσʔλॲཧʹ͓͍ͯ΋ੑߴೳࢉܭ༝དྷͷٕ

ज़͕ඞཁʹͳΔҰํͰɼطଘͷΫϥ΢υͱεʔύʔίϯ

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

ϐϡʔλͷιϑτ΢ΣΞελοΫʹ͸ґવͱͯ͠େ͖ͳִ

ͨΓ͕͋ΔɽͱΓΘ͚ɼ෼ਂࢄ૚ֶशʹ͓͍ͯ͸ɼଟ͘ͷ

৔߹ɼ؆ศͳϓϩάϥϛϯάΠϯλʔϑΣʔεΛఏͭ͠ڙ

ͭ΋ੑ͍ߴೳΛୡ੒͢ΔͨΊʹɼPythonΛհͯ͠ɼCUDA

΍ CuDNNͳͲ GPUΞΫηϥϨʔλΛߴͯ͠༺׆଎ͳԋ

ΊͷϥΠϒϥϦ΍ɼOpenMPI΍ͨ͏ߦΛࢉ NCCL2ͳͲ

GPU΍ Infinibandʹ࠷దԽ͞Εͨ௨৴Λͨ͏ߦΊͷMPI

ϥΠϒϥϦɼ͞ΒʹɼRedisɼLevelDBͳͲσʔλΞΫηε

ͷͨΊͷ Key Value StoreͳͲΛ࣮͢ߦΔඞཁ͕͋Γɼෳ

Δଟ਺ͷιϑτ΢ΣΞίϯϙʔωϯτΛ͕͋܎ͳґଘؔࡶ

Πϯετʔϧ͢Δඞཁ͕͋Δɽ͔͠͠ɼैདྷͷεʔύʔί

ϯϐϡʔλͷΑ͏ͳڞ༗ڥ؀ػࢉܭͰ͸ɼ௨ৗɼҰൠϢʔ

βʔʹରͯ͠ rootݶݖ͸༩͑ΒΕͳ͍ͨΊɼ೚ҙͷOSͷ

બ୒͕Ͱ͖ͳ͍఺΍ɼrpm΍ aptͳͲͷύοέʔδΠϯε

τʔϥʹΑΔ؆ศͳιϑτ΢ΣΞͷΠϯετʔϧ͕Ͱ͖ͳ

͍఺ͳͲɼϢʔβͷιϑτ΢ΣΞ഑උͷੜੑ࢈΍ੑݱ࠶Λ

Δ͜ͱ͕େ͖ͳ໰୊ͱͳ͍ͬͯΔɽ͍ͯ͠֐્

Linuxίϯςφ͸্هͷ໰୊Λେ෯ʹ؇࿨͢Δ͜ͱ͕Ͱ

͖Δ༗๬ͳٕज़Ͱ͋ΔɽࡏݱɼσϑΝΫτͰ͘޿༻͍ΒΕ

͍ͯΔ Docker [3] ͸ɼΫϥ΢υͰͷར༻ʹಛԽ͓ͯ͠Γ

ʹ࣌ߦ࣮ rootݶݖΛඞཁͱ͠σʔϞϯͱ্ͯ͠ػࢉܭʹ

ৗற͢ΔͨΊɼεʔύʔίϯϐϡʔλͷΑ͏ͳڞ༗ࢉܭ

ͳ͍΋ͷͷɼۙ೥ɼSingularity͔޲ʹ༺Ͱͷརڥ؀ػ [4],

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

Δڞ༗͚޲ڥ؀ػࢉܭͷ Linuxίϯςφ͕ొ৔࢝͠Ί͍ͯ

ΔɽͦͷҰํͰɼ͜ͷΑ͏ͳϢʔβݶݖͰಈ͢࡞Δ Linux

ίϯςφΛ AIΫϥ΢υ্Ͱ AI/Ϗοάσʔλॲཧͷϫʔ

ΫϩʔυΛద༻ͨ͠৔߹ͷੑೳ͸໌Β͔Ͱ͸ͳ͍ɽ

զʑ͸ɼϢʔβݶݖͰಈ͢࡞Δ LinuxίϯςφͷҰͭͰ
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ਤ 1 ଘͷΫϥ΢υͱεʔύʔίϯϐϡʔλͷιϑτ΢ΣΞεط

λοΫ

͋Δ Singularityʹରͯ͠ɼԋੑࢉೳɼϝϞϦόϯυ෯ੑ

ೳɼωοτϫʔΫ௨৴ੑೳɼετϨʔδ I/OੑೳͳͲ AI/

ϏοάσʔλॲཧΛ໛ͨ͠ϫʔΫϩʔυ΍ɼ෼ਂࢄ૚ֶ

शϑϨʔϜϫʔΫͷҰͭͰ͋Δ ChainerMN [20] ͷϫʔΫ

ϩʔυΛ࢈૯ݚ AIΫϥ΢υ [8]্Ͱ࣮͠ߦɼ༧උతͳੑೳ

ධՁΛͨͬߦɽͦͷ݁ՌɼSingularityΛհ࣮ͯͨ͠͠ߦ৔

߹ʹ͓͍ͯ΋ϕΞϝλϧͳڥ؀Ͱͷ࣮ߦͱଝ৭ͷͳ͍ੑೳ

͕ಘΒΕΔ͜ͱ͕Θ͔ΓɼΞϓϦέʔγϣϯͷ࣮͍ߴʹߦ

ੑೳ͕ٻΊΒΕΔεʔύʔίϯϐϡʔλͷΑ͏ͳڞ༗ࢉܭ

Δ͢࡞Ͱಈݶݖ΋ɼϢʔβ͍͓ͯʹڥ؀ػ Linuxίϯςφ

ͷར༻͕࣮ݱతͰ͋Δ͜ͱ͕Θ͔ͬͨɽ

2. AIΫϥ΢υ

զʑ͸ɼਓ޻஌ೳٕज़ͷڀݚ։ൃΛਪਐ͢ΔͨΊɼϏο

άσʔλॲཧج൫Ͱ͋ΔΫϥ΢υͱੑߴೳࢉܭʹΑΔγ

ϛϡϨʔγϣϯج൫Ͱ͋ΔεʔύʔίϯϐϡʔλͱΛ༥߹

Ͱ͋Δڥ؀ࢉܭ໛ن୅ͷେੈ࣍ͨ͠ AIΫϥ΢υͷઃܭɾ

͚ͯ޲ʹ։ൃΛਐΊ͍ͯΔɽ͜ͷઅͰ͸ɼAIΫϥ΢υڀݚ

ଘͷΫϥ΢υͱεʔύʔίϯϐϡʔλ্Ͱͷιϑτ΢Σط

ΞελοΫͷ໰୊఺Λࢦఠ͠ɼAIΫϥ΢υͷιϑτ΢Σ

ΞΤίγεςϜͷ૑ग़͢Δ্Ͱඞཁͳ఺Λड़΂Δɽ

2.1 Ϋϥ΢υͱεʔύʔίϯϐϡʔλͷιϑτ΢ΣΞε

λοΫͷִͨΓ

AIΫϥ΢υͰ͸طଘͷΫϥ΢υ΍εʔύʔίϯϐϡʔ

λͷ྆ํͷٕज़ཁૉ͕ඞཁͰ͋Δ͕, ҰํͰɼطଘͷΫϥ

΢υͱεʔύʔίϯϐϡʔλͰ͸ιϑτ΢ΣΞελοΫʹ

ؔͯ͠େ͖ͳִͨΓ͕͋Δɽେ·͔ͳ֓ཁΛਤ ɽ͢هʹ1

ΞϓϦέʔγϣϯ૚

• Ϋϥ΢υͰ͸δϣϒͷ࣮ߦʹΠϯλϥΫςΟϒͳૢ࡞
͕ඞཁͰ͋ͬͨΓɼ΢ΣϒΛհͯ͠αʔϏεΛఏ͢ڙ

Δඞཁ͕͋ͬͨΓ͢Δɽ

• εʔύʔίϯϐϡʔλͰ͸εέδϡʔϥΛհͨ͠όο
νδϣϒʹΑΔ࣮͕ߦଟ͍ɽ

γεςϜιϑτ΢ΣΞ૚

• Ϋϥ΢υͰ͸σʔλղੳͳͲසൟʹϓϩάϥϜΛॻ͖
,ΔΑ͏ͳϢʔεέʔεʹಛԽ͠ɼJava͑׵ ScalaͳͲ

ੜ͍ߴ͕ੑ࢈ϓϩάϥϜ࢖͘޿͕ޠݴΘΕ͍ͯΔ΋ͷ

ͷɼߴ଎Խʹ͸͔޲ͳ͍ɽ෼ࢄσʔλϕʔεͷར༻͕

ଟ͘ɼར༻༻్ʹԠͨ͡Ϛϧνςφϯτͳׂݯࢿ౰΍

REST APIΛհͨ͠ޚ੍ݯࢿΛ͕͋޲܏͏ߦΔɽ

• εʔύʔίϯϐϡʔλͰ͸ Fortran, C, C++Λ͸͡Ί

MPIɼOpenMP, CUDA/OpenCLͳͲͷΑ͏ͳϚγϯ

ͷੑೳΛ͔ͤ׆ΔϓϩάϥϜޠݴ΍ϥϯλΠϜ͕޿

͕ੑ࢈ΘΕ͍ͯΔ΋ͷͷɼϓϩάϥϜ͕೉͘͠ੜ࢖͘

௿͍ɽͨͩ͠ɼBLASͳͲͷ਺஋ԋࢉΛ͸͡Ίͱ͢Δ

Χʔωϧॲཧ͸සൟʹϓϩάϥϜΛॻ͖͑׵Δඞཁ͕

ͳ͍ɽ·ͨɼ͠͹͠͹਺ઍɾ਺ສίΞن໛ͷ޲ػࢉܭ

͚ʹσόοάɾੑೳνϡʔχϯά͕ඞཁͱͳΔɽεέ

δϡʔϥΛհׂͯ͠ݯࢿ౰Λ͜͏ߦͱ͕ଟ͍ɽ

OS૚

• Ϋϥ΢υͰ͸ॊೈͳ؅ݯࢿཧΛ໨తͱͯ͠Ծ૝Ϛγϯ
΍ LinuxίϯςφͳͲʹΑΓݯࢿͷԾ૝Խ͕ߦΘΕΔ

͜ͱ͕ଟ͍ɽ

• εʔύʔίϯϐϡʔλͰ͸ϓϩάϥϜͷߴ଎ੑΛॏࢹ
͠ɼݯࢿͷԾ૝Խ͕ߦΘΕͣϕΞϝλϧͳར༻͕ଟ͍ɽ

ϋʔυ΢ΣΞ૚

• Ϋϥ΢υͰ͸΢Σϒαʔόʔ༝དྷͷίϞσΟςΟͳ
x86αʔόʔ΍REST APIΛલఏͱͨ͠෼ࢄετϨʔ

δΛ࠾༻͍ͯ͠Δ͜ͱ͕ଟ͍ɽ

• εʔύʔίϯϐϡʔλͰ͸ߴ଎ԽʹಛԽ͠ɼInfiniband
ͷΑ͏ͳ௒޿ଳҬɾ௿஗ԆͳωοτϫʔΫɼGPUͷ

Α͏ͳԋࢉΞΫηϥϨʔλɼόʔετόοϑΝͷΑ͏

ͳ I/OΞΫηϥϨʔλͳͲɼ৽͍ٕ͠ज़Λੵۃతʹ࠾

༻͍ͯ͠Δ͜ͱ͕ଟ͍ɽ

AIΫϥ΢υͰ͸طଘͷΫϥ΢υ΍εʔύʔίϯϐϡʔ

λͷ྆ํͷٕज़ཁૉΛຬͨ͢ιϑτ΢ΣΞΤίγεςϜΛ

͍͔ʹ૑ग़͢Δ͔͕ॏཁͳ՝୊ͱͳΔɽ

2.2 AIΫϥ΢υͷιϑτ΢ΣΞελοΫ

զʑ͸ฏ੒ 29೥ ݚ૯࢈ʹ6݄ AIΫϥ΢υ [8]ͷӡ༻Λ

։ͨ࢝͠ɽ͜ͷӡ༻Λ௨ͯ͡ɼݱঢ়Ͱզʑ͕ඞཁͰ͋ΔAI

Ϋϥ΢υͷιϑτ΢ΣΞελοΫͷཁٻΛਤ ɽ͢هʹ2

ΞϓϦέʔγϣϯ૚

• ցֶशɼਂ૚ֶशɼάϥϑॲཧͳͲͷϑϨʔϜϫʔػ
ΫΛ؆୯ʹόονॲཧ΍ΠϯλϥΫςΟϒૢ࡞Ͱར༻

Ͱ͖Δඞཁ͕͋Γɼ·ͨɼ৔߹ʹΑͬͯ͸΢ΣϒΛհ

ͯ͠αʔϏεΛఏ͢ڙΔඞཁ͕͋Δɽ

γεςϜιϑτ΢ΣΞ૚

• σʔλղੳͳͲසൟʹϓϩάϥϜΛॻ͖͑׵ΔΑ͏
ͳϢʔεέʔεʹಛԽ͠ɼPython, RͳͲͷεΫϦϓ

τޠݴɼJupyter NotebookͳͲͷϑϨʔϜϫʔΫΛ
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ਤ 2 AI Ϋϥ΢υͷιϑτ΢ΣΞελοΫ

ར༻ͭͭ͠΋ɼੑೳ͕ඞཁͳ৔߹΋ଟ͘ɼHPC༝དྷ

ͷ BLASͳͲͷ਺஋ԋࢉΧʔωϧ΍ Sort, PrefixSum,

Merge, PrefixSumͳͲͷϏοάσʔλॲཧΧʔωϧ

Λ؆୯ʹݺͼग़ͤΔඞཁ͕͋Δɽ·ͨɼ৔߹ʹΑͬͯ

͸ MPI΍ GPUͳͲΛ༻͍ฒྻॲཧʹΑΔߴ଎ԽΛ

ɽ͏ߦ

• େن໛ͳύϥϝʔλαʔϕΠΛͨ͏ߦΊɼδϣϒͷ௕
΍ϫʔΫϑϩʔΛαϙʔτ͢Δඞཁ͕͋Δɽߦ࣮ؒ࣌

• ը૾ɼө૾ɼςΩετͳͲͷσʔλʹର͢Δཻࡉ౓ͳ
I/O͕ଟ͘ɼ৔߹ʹΑͬͯ͸ൿಗੑͷ͋Δσʔλ΁ͷ

ΞΫηε͕ඞཁͱͳΔɽ

OS૚

• ଟ਺ͷίϯϙʔωϯτͰߏ੒͞Εͨෳࡶͳιϑτ΢Σ
ΞελοΫͷ؆ศʹ഑උ͢ΔͨΊʹ Linux ίϯςφ

͕ඞཁͱͳΔɽͨͩ͠ɼϓϩάϥϜͷߴ଎ੑ΋ॏ͞ࢹ

ΕΔɽ

ϋʔυ΢ΣΞ૚

• εʔύʔίϯϐϡʔλ༝དྷͷ InfinibandͷΑ͏ͳ௒޿

ଳҬɾ௿஗ԆͳωοτϫʔΫɼGPUͷΑ͏ͳԋࢉΞ

ΫηϥϨʔλΛ࠾༻ͭͭ͠΋ίϞσΟςΟͳίϯϙʔ

ωϯτͰߏ੒͞Εͨαʔό͕༻͍ΒΕΔɽ

෼ਂࢄ૚ֶशΛ͸͡Ίͱͯ͠ AI/Ϗοάσʔλॲཧͷ

ϫʔΫϩʔυͰ͸ੑߴೳࢉܭ༝དྷͷٕज़ཁૉ͕ඞཁͰ͋

ΓɼAIΫϥ΢υ͕εʔύʔίϯϐϡʔλʹྨߏͨ͠ࣅ੒Λ

ΒΕΔɽҰํͰɼ͑ߟͷҰͭͱͯ͠ࢶΔ͜ͱ΋બ୒͢༺࠾

AI/ϏοάσʔλॲཧͰ͸ɼෳࡶͳґଘ͕ؔ͋܎Δଟ਺ͷ

ιϑτ΢ΣΞίϯϙʔωϯτΛΠϯετʔϧ͢Δඞཁ͕͋

Δͷʹର͠ɼैདྷͷεʔύʔίϯϐϡʔλͷΑ͏ͳڞ༗ܭ

Ͱ͸ɼ௨ৗɼҰൠϢʔβʔʹରͯ͠ڥ؀ػࢉ rootݶݖ͸༩

͑ΒΕͳ͍ͨΊɼ೚ҙͷ OSͷબ୒͕Ͱ͖ͳ͍఺΍ɼrpm

΍ aptͳͲͷύοέʔδΠϯετʔϥʹΑΔ؆ศͳιϑτ

΢ΣΞͷΠϯετʔϧ͕Ͱ͖ͳ͍఺ͳͲɼϢʔβͷιϑτ

΢ΣΞ഑උͷੜੑ࢈΍ੑݱ࠶Λ્͍ͯ͠֐Δ͜ͱ͕େ͖ͳ

໰୊ͱͳ͍ͬͯΔɽ

2.3 Ͱͷ্ڥ؀ػࢉܭ༗ڞ Linux ίϯςφͷར༻ͱ໰

୊఺

Linuxίϯςφ͸ɼΞϓϦέʔγϣϯͱΞϓϦέʔγϣ

ϯ͕ඞཁͱ͢Δ࣮ڥ؀ߦΛΠϝʔδͱͯ͠ύοέʔδԽ

͠ɼϗετػࢉܭͷ OS Ϧιʔε͔Βִ཭͞ΕۭͨؒͰ

ϓϩηεΛ࣮͢ߦΔͨΊͷԾ૝Խٕज़Ͱ͋ΔɽLinux ί

ϯςφΛ༻͍Δ͜ͱʹΑΓॊೈʹΞϓϦέʔγϣϯͷ഑

උͱ࣮ߦΛ͜͏ߦͱ͕ՄೳʹͳΔɽࡏݱɼLinuxίϯςφ

Ͱ͸ Docker [3]͕σϑΝΫτͰ༻͍ΒΕ͓ͯΓɼNVIDIA

GPU΁֦ுͨ͠ NVIDIA Docker [9]΍ NVIDIA Docker

ʹಛԽͨ͠ίϯςφΠϝʔδΛ഑෍͢Δ NVIDIA GPU

Cloud [10]ͳͲ΋ొ৔͖͍ͯͯ͠Δɽ͔͠͠ɼDocker͸Ϋ

ϥ΢υͰͷར༻ʹಛԽ͓ͯ͠Γ࣮࣌ߦʹ rootݶݖΛඞཁ

ͱ͠σʔϞϯͱ্ͯ͠ػࢉܭʹৗற͢ΔͨΊɼڞ༗ػࢉܭ

ʹͰ೚ҙͷϢʔβڥ؀ Dockerͷ࣮ߦΛͨ͠ڐ৔߹ʹ͸ɼ

• ೚ҙͷϢʔβ͕೚ҙͷετϨʔδྖҬ΁ΞΫηεՄೳ
ʹͳΔ

• ೚ҙͷϢʔβ͕ػࢉܭʹରͯ͠೚ҙͷઃఆΛ͜͏ߦͱ
͕ՄೳʹͳΔ

ͳͲͷηΩϡϦςΟ্ͷ໰୊͕ൃੜ͢ΔͨΊɼεʔύʔί

ϯϐϡʔλͷΑ͏ͳڞ༗ڥ؀ػࢉܭͰͷར༻ʹ͔޲ͳ͍ɽ

3. Singularity

ۙ೥ɼ2.3અͰड़΂ͨܽ఺Λղফ͠ɼϢʔβݶݖͰಈ࡞

͢Δڞ༗͚޲ڥ؀ػࢉܭͷ Linuxίϯςφ [4], [5], [6], [7]

͕ొ৔࢝͠Ί͍ͯΔɽ͜͜Ͱ͸ɼͦͷதͰ΋ɼݱঢ়Ͱར༻

ൺֱతଟ͍͕ྫࣄ Singularity [4] ʹண໨͢Δɽ

3.1 Singularityͷ֓ཁ

Singularity͸ɼถࠃϩʔϨϯεɾόʔΫϨʔڀݚཱࠃॴ

Λத৺ʹΦʔϓϯιʔεͰ։ൃ͞Ε͍ͯΔ Linuxίϯςφ

ͷҰͭͰ͋ΔɽSingularity͸ 2.3અͰड़΂ͨܽ఺Λϥοϓ

τοϓͳͲݸਓ͕ rootݶݖΛڥ؀ͭ࣋Ͱߏஙͨ͠ίϯς

φΠϝʔδΛڞ༗ڥ؀ػࢉܭͰ͸ϢʔβݶݖͷΈͰ࣮͢ߦ

Δ͜ͱͰղܾ͍ͯ͠Δɽ۩ମతʹ͸ɼSingularity࡞ʹ͚޲

੒͞ΕͨίϯςφΠϝʔδͷϚ΢ϯτɼΧʔωϧ಺Ͱඞཁ

ͳ໊લۭؒͷ࡞੒ɼίϯςφ಺΁ͷϗετͷ pathͷ࡞੒

ͳͲΛ root͕ݶݖඞཁͳૢ࡞Λ SUID͞ΕͨϑΝΠϧΛ

հͯ͜͠͏ߦͱͰݶఆ͠ɼৗறσʔϞϯΛ༻ҙͤͣɼݯࢿ

؅ཧΛεέδϡʔϥʹҕͶΔ͜ͱʹΑΓ࣮͍ͯ͠ݱΔɽ

Singularityͷಈ࡞ΠϝʔδΛਤ ɽ·ͣɼϢʔβ͢هʹ3

͸ϥοϓτοϓͳͲݸਓ͕ rootݶݖΛڥ؀ͭ࣋Ͱ Singular-

ityίϯςφͷΠϝʔδΛߏங͢Δඞཁ͕͋ΔɽSingularity

Ͱ LinuxίϯςφͷΠϝʔδΛߏங͢ΔͨΊʹ͸ɼsand-

box ΍ۭͷΠϝʔδϑΝΠϧ͔ΒΠϯλϥΫςΟϒʹι

ϑτ΢ΣΞΛΠϯετʔϧ͢Δ͜ͱͰ࡞੒͢Δํ๏ͷଞɼ

Recipeͱݺ͹ΕΔιϑτ΢ΣΞͷΠϯετʔϧखॱΛه

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

1-@DaB

/<A8Dm�
�
(DaB

I"Co�&�bgDaB

�	�)
���$/AS9H=�2Dgd

l!/AS9H=�2�$gd sudo singularity shell –writable container.img

HAR?.S*; 4:7,-)D
HA37�@������	��r 

�
(,�
#%/AS9H=�2Dgd

��(�
���
#%/AS9H=�2Dgd

�,����	�,����
#%/AS9H=�2Dgd

>�0Tp MKeicTp

container.img

/AS9H=�2
:(H@Dkn

ਤ 3 Singularity ͷಈ࡞Πϝʔδ

DockerHub [11] ্ʹϗετ͞Ε͍ͯΔ Docker ίϯςφ

ͷΠϝʔδΛར༻ͯ͠ߏங͢Δํ๏ɼSingularityHub [12]

ͱݺ͹ΕΔ SingularityίϯςφͷΠϝʔδΛϗετͯ͠

͍Δ Web αʔϏεΛར༻ͯ͠ߏங͢Δํ๏͕͋Δɽ࣍

ʹɼߏங͞Εͨ SingularityͷίϯςφΠϝʔδΛϑΝΠ

ϧ (container.imgͱ͢Δ)ͱͯ͠ڞ༗ڥ؀ػࢉܭ΁సૹ͢

Δɽޙ࠷ʹɼڞ༗ڥ؀ػࢉܭͰ SingularityίϚϯυʹΑΓ

ίϯςφΠϝʔδͷϑΝΠϧΛ༻͍ͯΞϓϦέʔγϣϯΛ

ߦΛ࡞ΔɽSingularityͰ͸ɼΠϯλϥΫςΟϒͳૢ͢ߦ࣮

͏ shellϞʔυɼϓϩηεΛஔ͖͢ߦ࣮ͯ͑׵Δ execϞʔ

υɼRecipeϑΝΠϧʹهड़͞Εͨಈ࡞Λ͏ߦ runϞʔυͷ

3छྨͷ࣮ํߦ๏Λαϙʔτ͍ͯ͠Δɽ

3.2 HPCΞϓϦέʔγϣϯͷ࣮ߦ

HPCΞϓϦέʔγϣϯΛGPUΞΫηϥϨʔλ΍ Infini-

bandωοτϫʔΫΛ༻͍࣮ͯ͢ߦΔࡍ͸֤छσόΠευ

ϥΠόΛඞཁͱ͢ΔɽҰํͰɼίϯςφΠϝʔδʹ͜ΕΒ

ͷσόΠευϥΠόΛΠϯετʔϧ͢ΔͱɼίϯςφΠ

ϝʔδͷ൚༻ੑ͕ଛͳΘΕΔ͜ͱ͕໰୊ͱͳΔɽGPUͷ

৔߹ɼϗετଆͷσόΠευϥΠόΛ Singularityίϯςφ

಺ʹϚ΢ϯτ͢Δ͜ͱͰղܾ͓ͯ͠Γɼ࣮ ɼ–nvΦϓγϣࡍ

ϯΛ༻͍Δ͜ͱͰɼ/.singularity/libsҎԼʹ libcuda.so΍

libnvidia-ml.soΛ͸͡Ίͱ͢ΔϗετଆͷϥΠϒϥϦ͕ί

ϯςφଆ΁Ϛ΢ϯτ͞ΕΔɽInfinibandͷ৔߹΋ಉ༷ͷϝ

ΧχζϜͰద༻͢Δ͜ͱ͕Ͱ͖Δɽ۩ମతʹ͸ɼSingularity

Λ࣮͢ߦΔࡍʹɼInfinibandͷυϥΠόΛϩʔυ͢ΔΑ͏

ʹઃఆϑΝΠϧ (/etc/singularity/init)ʹهड़͢Δ͜ͱͰ

ͱ͕Ͱ͖Δɽ͜͏ߦ

HPC ΞϓϦέʔγϣϯΛ MPI Λ༻͍࣮ͯ͢ߦΔ৔߹

͸ɼίϯςφ಺ʹMPIΛΠϯετʔϧ͠ɼίϯςφ֎͔Β

MPIΛىಈ͢Δ͜ͱͰ͜͏ߦͱ͕Ͱ͖Δɽͨͩ͠ɼ͜ͷࡍ

ʹίϯςφ಺ͱίϯςφ֎ͷMPIͷόʔδϣϯͳͲͷߏ

੒ΛಉҰʹ͢Δඞཁ͕͋ΔɽPythonΛհͯ͠MPIΛىಈ

͢Δ৔߹΋ಉ༷Ͱɼίϯςφ಺ʹΠϯετʔϧ͞Ε͍ͯΔ

MPIʹରͯ͠mpi4pyΛίϯςφ಺ʹΠϯετʔϧ͠ɼί

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࡞Δ͚޲ڥ؀ػࢉܭ༺ڞͷ Linux ί

ϯςφΛ AI/ϏοάσʔλॲཧͷϫʔΫϩʔυΛద༻ͨ͠

৔߹ͷੑೳΛ໌Β͔ʹ͢ΔͨΊͷ࣮ݧΛͨͬߦɽ۩ମత

ʹ͸ɼϢʔβݶݖͰಈ͢࡞Δ Linux ίϯςφͷҰͭͰ͋

Δ Singularityʹରͯ͠ɼԋੑࢉೳɼϝϞϦόϯυ෯ੑೳɼ

ωοτϫʔΫੑೳɼετϨʔδ I/O ੑೳͳͲ AI/Ϗοά

σʔλॲཧΛ໛ͨ͠ϫʔΫϩʔυ΍ɼ෼ਂࢄ૚ֶशϑϨʔ

ϜϫʔΫͷҰͭͰ͋Δ ChainerMNͷϫʔΫϩʔυΛ࢈૯

ݚ AIΫϥ΢υ্Ͱ࣮͠ߦɼ༧උతͳੑೳධՁΛͨͬߦɽ

4.1 ڥ؀ݧ࣮

ݚ૯࢈͸શͯݧ࣮ AIΫϥ΢υ AAIC্Ͱͨͬߦɽද 1

ϊʔυͷεϖοΫɼਤࢉܭʹ ੒Λߏϊʔυͷ಺෦ࢉܭʹ4

ࣔ͢ɽ1ͭͷNUMAϊʔυʹ͖ͭCPU͕ 1ιέοτ, 128

GiBͷϝϞϦ, 4୆ͷ GPU͕ଐ͠ɼҰํͷ NUMAϊʔυ

ʹ͸ϩʔΧϧετϨʔδͱͯ͠ SSD͕ଐ͠ɼ΋͏Ұํͷ

NUMAϊʔυʹ͸ EDR Infiniband HBA͕ଐ͍ͯ͠Δɽ

ϊʔυؒ͸ࢉܭ EDR InfinibandʹΑΓDirector SwitchΛ

հͯ͠ Full-bisection Fat Treeߏ੒Ͱ઀ଓ͞Ε͍ͯΔɽڞ

༗ϑΝΠϧγεςϜ͸ GPFS v4.2Ͱ͋Δ͕ɼࠓճͷ࣮ݧ

Ͱ͸௚઀͸࢖༻͍ͯ͠ͳ͍ɽ

ϊʔυͷࢉܭ OS͸ CentOS 7.3Ͱߏ੒͞ΕɼLinuxͷ

Χʔωϧ͸ v3.10.0 Ͱ͋Δɽ࢖༻ͨ͠ Singularity ͷόʔ

δϣϯ͸ v2.4Ͱ͋Γɼ࣮ݧͷ౎߹্ 4.6અͷΈ v2.3.2Λ༻

͍͍ͯΔɽLinuxίϯςφΠϝʔδͷ OS͸ Ubuntu16.04

ͱͨ͠ɽ֤छϕϯνϚʔΫϓϩάϥϜͷϏϧυʹ͸ OSͷ

σϑΥϧτͷ gccίϯύΠϥΛ༻͍ɼϕΞϝλϧڥ؀Ͱ͸

v4.8.5ɼLinux ίϯςφڥ؀Ͱ͸ v5.4.0 Ͱ͋ͬͨɽ·ͨɼ

glibc͸ϕΞϝλϧڥ؀Ͱ͸ v2.17, Linuxίϯςφڥ؀Ͱ

͸ v2.23Ͱ͋ͬͨɽ྆ڥ؀ͱ΋ CUDA v8.0.61.2, CuDNN

v6.0.21, NCCL v2.0.5Λ༻͍ɼMPI͸OpenMPI v2.1.1Λ

༻͍ͨɽ

4.2 ԋੑࢉೳ

ԋੑࢉೳΛܭଌ͢ΔͨΊʹ BLAS(Basic Linear Algebra

Subprograms)ϥΠϒϥϦͷGEMM(General Matrix Mul-

tiplication)ΧʔωϧΛ GPUͱ CPUΛର৅ʹ࣮ͨ͠ߦɽ

GPU্Ͱͷ࣮ߦͰ͸ɼCUDA Toolkit 8.0.61ʹ෇ଐ͢Δ

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 ͷࢉܭϊʔυͷ಺෦ߏ੒

ਤ 5 GEMM(GPU) ͷੑೳ

౓ (FP64)ΛϕΞϝλϧͳࢉܭϊʔυ্Ͱ࣮ͨ͠ߦ΋ͷͱ

Singularityͷ execαϒίϚϯυΛհ࣮ͯͨ͠͠ߦ΋ͷͱ

Λൺֱͨ͠ɽCPU্Ͱͷ࣮ߦͰ͸ɼIntel Math Kernel Li-

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

ഒਫ਼౓ (FP64)ΛϕΞϝλϧͳࢉܭϊʔυ্Ͱ࣮ͨ͠ߦ΋

ͷͱ Singularityͷ execαϒίϚϯυΛհ࣮ͯͨ͠͠ߦ΋

ͷͱΛൺֱͨ͠ɽਤ 5 ʹ GPU ্ͷ݁ՌΛࣔ͢ɽਫ਼౓ʹ

ΑΒͣϕΞϝλϧڥ؀Ͱͷ࣮ߦͰ΋ SingularityΛհͨ͠

Δɽಉ༷ʹɼ͑࢕Ͱ΋΄΅ੑೳ্ͷଝ৭͕ͳ͍͜ͱ͕ߦ࣮

ਤ 6ʹ CPU্ͷ݁ՌΛࣔ͢ɽྻߦͷαΠζ͕খ͍͞৔߹

ʹੑೳ্ͷ͹Β͖͕ͭൃੜ͢Δ΋ͷͷ֓Ͷੑೳ্ͷଝ৭͕

ͳ͍͜ͱ͕͑࢕Δɽ

ਤ 6 GEMM(CPU) ͷੑೳ

4.3 ϝϞϦόϯυ෯ੑೳ

ϝϞϦͷଳҬ෯Λܭଌ͢ΔͨΊʹ STREAMϕϯνϚʔ

ΫΛ࣮ͨ͠ߦɽࠓճ͸ɼόʔδχΞେֶͷαΠτΑΓೖख

ͨ͠ίʔυ [15]ΛϕΞϝλϧͳࢉܭϊʔυ্Ͱ࣮ͨ͠ߦ΋

ͷͱ Singularityͷ 3छྨͷαϒίϚϯυ exec, shell, run

Λհ࣮ͯͨ͠͠ߦ΋ͷͱΛൺֱͨ͠ɽਤ 7ʹ݁ՌΛࣔ͢ɽ

SingularityΛհ࣮ͯͨ͠͠ߦ৔߹Ͱ΋΄΅ଝ৭ͷͳ͍ੑೳ

Ͱ͋Δ͜ͱ͕͑࢕ɼ৔߹ʹΑͬͯ͸ SingularityΛհͯ͠

ೳΛࣔ͢͜ͱΛ֬ೝͨ͠ɽ͜Εੑ͍ߴׯए͕͏΄ͨ͠ߦ࣮

͸ɼϓϩάϥϜͷ࣮ߦʹؔͯ͠ɼLinuxίϯςφ͕ඞཁ࠷

খݶͷ࠷దͳιϑτ΢ΣΞͷΈΛؚΈ༨෼ͳΦʔόʔϔο

υΛগͳ͘͢Δ͜ͱ͕Ͱ͖ΔͨΊͰ͋Δͱ͍ͯ͑ߟΔɽ

4.4 ωοτϫʔΫ௨৴ੑೳ

ωοτϫʔΫ௨৴ੑೳΛܭଌ͢ΔͨΊʹ OSU Micro-

Benchmarks [16]Λ࣮ͨ͠ߦɽࠓճ͸ɼMVAPICHͷ΢Σ

ϒαΠτ͔Βऔಘͨ͠ OSU Micro-Benchmarks v5.3.2Λ

༻͍ͯɼϗετٴؒػࢉܭͼGPUσόΠεؒͷόϯυ෯ɼ

஗ԆɼAllReduceͷੑೳΛ 2୆ͷϕΞϝλϧͳࢉܭϊʔυ

Λ༻͍࣮ͯͨ͠ߦ΋ͷͱ SingularityΛհͯ͠ 2୆ͷࢉܭ

ϊʔυΛ༻͍࣮ͯͨ͠ߦ΋ͷͱΛൺֱͨ͠ɽਤ 8ʹ݁ՌΛ

ࣔ͢ɽਤ 8(c)ʹ͓͍ͯ SingularityΛհ࣮ͯͨ͠͠ߦ৔߹

΅΄ͳੑೳ͕ΈΒΕ͕ͨɼͦͷଞͷ৔߹ʹ͓͍ͯ͸޷ྑʹ

ಉ౳ͷੑೳΛࣔͨ͠ɽ

4.5 ετϨʔδ I/Oੑೳ

ετϨʔδ I/OͷੑೳΛܭଌ͢ΔͨΊʹ 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 ͷੑೳ

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

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

ਤ 8 OSU Micro Benchmarks ͷੑೳ

(a) READ (b) WRITE

ਤ 9 fio ͷੑೳ (I/O εϧʔϓοτ)

ͱ΋ʹ΄΅ಉ౳ͳੑೳΛࣔ͢͜ͱ͕͑࢕Δɽ࣍ʹɼࢉܭ

ϊʔυͷϩʔΧϧετϨʔδ (SSD)ʹରͯ͠ϒϩοΫα

ΠζΛ 4KB ͱͯ͠ϥϯμϜ I/O ͢Δ͜ͱʹΑΓ IOPS

Λܭଌ͠ɼϕΞϝλϧͳࢉܭϊʔυ্Ͱ࣮ͨ͠ߦ΋ͷͱ

Singularity ͷ exec αϒίϚϯυΛհ࣮ͯͨ͠͠ߦ΋ͷ

ͱͰൺֱͨ͠ɽ͜ͷࡍɼREADɼWRITEͷ I/Oͷଞʹɼ

READͱWRITEͷ I/OΛ 70%ͱ 30%ͷൺ཰Ͱࠞ߹ͤ͞

ͨ READ/WRITEͷϫʔΫϩʔυ΋࣮͠ߦɼiodepthΛ 1

ͱ 16ͱઃఆͨ͠ɽ݁ՌΛਤ ɽͪ͜Β΋ɼREADɼ͢هʹ10

WRITEɼREAD/WRITEͱ΋ʹ΄΅ಉ౳ͳੑೳΛࣔ͢͜

ͱ͕͑࢕Δɽ

4.6 ෼ਂࢄ૚ֶश

෼ਂࢄ૚ֶशͷੑೳΛܭଌ͢ΔͨΊʹ ImageNetͷσʔ

ληοτ [18]ʹରͯ͠ ResNet-50 [19] ʹΑΔֶशΛͬߦ

ͨɽࠓճ͸ɼChainerMN [20] Λ༻͍ͯɼ8 ୆ͷࢉܭϊʔ

υ (64GPU) Λ༻͍ͯϕΞϝλϧͳڥ؀Ͱ࣮ͨ͠ߦ΋ͷ

ͱ Singularityͷ execαϒίϚϯυΛհ࣮ͯͨ͠͠ߦ΋ͷ

ͱΛൺֱͨ͠ɽChainerMN͸ v1.0.0Λ࢖༻͠ɼ಺෦తʹ

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

Δɽ·ͨɼPython͸ v3.6.1Λ࢖༻ͨ͠ɽઃఆͨ͠ύϥϝʔ

λ͸ Ε͍ͯΔ΋ͷͱಉ౳Ͱ͋ΓɼόοναΠ͞ࡌهʹ[21]

ζΛGPU͋ͨΓ 32ʢτʔλϧͰ 2048)ɼֶ श཰Λ 30 epoch

ຖʹ 0.1ഒͱ͠ɼMomentum SGD (momentum=0.9)ͷ࠷

దԽΛ༻͍ɼWeight decayΛ 0.0001ͱͯ͠ 100 epochͷ

ֶशΛͨͬߦɽਤ 11ʹ݁ՌΛࣔ͢ɽଞͷϢʔβͷδϣϒ

ΊɼϕͨͨͬߦΛݧͰ࣮ڥ؀ػࢉܭ༗ڞΕ͍ͯΔ͞ߦ࣮͕

Ξϝλϧͳࢉܭϊʔυ্Ͱ࣮ͨ͠ߦ৔߹ͱ SingularityΛ

հ࣮ͯͨ͠͠ߦ৔߹ͱͰৼΔ෣͍ͷҧ͍͕ΈΒΕΔ΋ͷͷɼ

Δɽ͑࢕ͷ఺Ͱ͸େ͖ͳࠩҟ͕ΈΒΕͳ͍͜ͱ͕ؒ࣌ߦ࣮
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(a) READ (b) WRITE (c) READ(70%)/WRITE(30%)

ਤ 10 fio ͷੑೳ (IOPS)

ਤ 11 ෼ਂࢄ૚ֶशͷੑೳ

4.7 ٞ࿦

ԋੑࢉೳɼϝϞϦόϯυ෯ੑೳɼωοτϫʔΫੑೳɼε

τϨʔδ I/OੑೳͳͲ AI/ϏοάσʔλॲཧΛ໛ͨ͠ϫʔ

ΫϩʔυΛϕΞϝλϧͳڥ؀ͱ SingularityΛ༻͍ͨ Linux

ίϯςφڥ؀Ͱ࣮ੑͯ͠ߦೳΛൺֱͨ͠ɽ࣮ݧΛ௨ͯ͡ɼ

֓ͶɼSingularityΛ༻͍ͨ Linuxڥ؀Ͱ΋ϕΞϝλϧͳ؀

ߴʹߦͱଝ৭ͷͳ͍ੑೳΛࣔ͠ɼΞϓϦέʔγϣϯͷ࣮ڥ

͍ੑೳ͕ٻΊΒΕΔεʔύʔίϯϐϡʔλͷΑ͏ͳڞ༗ܭ

Δ͢࡞ͰಈݶݖͰ΋ɼϢʔβڥ؀ػࢉ Linuxίϯςφͷར

Ͱ͸ɼݧճͷ࣮ࠓతͰ͋Δ͜ͱ͕Θ͔ͬͨɽಛʹɼ࣮ݱ͕༺

ϕΞϝλϧڥ؀ͱ Linux ͰҟͳΔڥ؀ OS(CentOS7.3 ͱ

Ubuntu16.04),ҟͳΔίϯύΠϥͷόʔδϣϯ (gcc v4.8.5

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

ͳͲେ෯ʹҟͳΔιϑτ΢ΣΞΛ༻͍ͯ΋໰୊ͳ࣮͘͢ߦ

Δ͜ͱΛ֬ೝͨ͠ɽ·ͨɼAI/Ϗοάσʔλॲཧʹয఺Λ

͋ͯɼωοτϫʔΫ௨৴ੑೳ΍ετϨʔδ I/Oੑೳʹ͓͍

ͯ΋ϕΞϝλϧڥ؀ͱ Linuxίϯςφڥ؀Ͱଝ৭ͷͳ͍ੑ

ೳΛࣔ͢͜ͱ͕֬ೝͰ͖ͨɽ4.6અͷ෼ਂࢄ૚ֶशͷ࣮ݧ

Ͱ͸ੑೳʹ͹Β͖͕ͭൃੜͯ͠͠·͕ͬͨɼ֤छϚΠΫϩ

ϕϯνϚʔΫͷ݁Ռ͔Β LinuxίϯςφԾ૝Խʹ༝དྷ͢Δ

΋ͷͰ͋Δͱ͸͓ͯ͑ߟΒͣɼଞͷϢʔβͷδϣϒ͕࣮ߦ

͞Ε͍ͯΔڞ༗ڥ؀ػࢉܭͰ࣮ݧΛͨͬ͜ߦͱ΋͋Γɼଞ

ͷཁҼͰ͋Δͱ͍ͯ͑ߟΔɽ

εʔύʔίϯϐϡʔλͷΑ͏ͳڞ༗ڥ؀ػࢉܭͰ͸ɼ௨

ৗɼ༷ʑͳཁҼʹΑΓιϑτ΢ΣΞͷΞοϓσʔτ͕ݶఆ

తͰ͋Γɼstate-of-the-artͳ࠷৽ͷιϑτ΢ΣΞ͕ར༻Ͱ

͖ͳ͔ͬͨΓɼγεςϜ͕ιϑτ΢ΣΞͷόʔδϣϯΛউ

खʹม͑ͯ͠·͏͜ͱʹΑΓϢʔβͷΞϓϦέʔγϣϯ

͕ಈ͠࡞ͳ͘ͳͬͨΓͳͲɼϢʔβͷιϑτ΢ΣΞ഑උͷ

ੜੑ࢈΍ੑݱ࠶ͳͲ્͞֐ΕΔ͜ͱ͕໰୊ͱͳ͍ͬͯͨ

͕ɼ͜ͷΑ͏ͳ໰୊͸ɼϢʔβݶݖͰಈ͢࡞Δ Linuxίϯ

ςφٕज़Λ༻͍Δ͜ͱʹΑΓΞϓϦέʔγϣϯͷੑೳ௿Լ

͢Δ͜ͱͳ͘େ෯ʹ؇࿨Ͱ͖Δͱ͑ߟΔɽͱΓΘ͚ɼAI/

ϏοάσʔλॲཧͰ͸ɼΞϓϦέʔγϣϯͷ࣮ੑ͍ߴʹߦ

ೳ͕ٻΊΒΕΔҰํͰɼෳࡶͳґଘ͕ؔ͋܎Δଟ਺ͷιϑ

τ΢ΣΞίϯϙʔωϯτΛΠϯετʔϧ͢Δඞཁ͕͋Δͨ

ΊɼϢʔβݶݖͰಈ͢࡞Δ Linuxίϯςφٕज़͸༗๬ͳΞ

ϓϩʔνͰ͋Δɽ

5. ͓ΘΓʹ

ຊߘͰ͸ɼϢʔβݶݖͰಈ͢࡞Δ LinuxίϯςφͷҰͭ

Ͱ͋Δ SingularityΛεʔύʔίϯϐϡʔλʹྨڞͨ͠ࣅ

༗ڥ؀ػࢉܭͰ͋Δ AIΫϥ΢υ্΁ద༻͠ɼAI/Ϗοά

σʔλॲཧΛ໛ͨ͠ϫʔΫϩʔυ΍෼ਂࢄ૚ֶशͷϫʔΫ

ϩʔυΛ࣮͢ߦΔ͜ͱʹΑΓ༧උతͳੑೳධՁΛͨͬߦɽ

ͦͷ݁Ռɼ֓ͶɼSingularity Λ༻͍ͨ Linux Ͱ΋ϕڥ؀

Ξϝλϧͳڥ؀ͱଝ৭ͷͳ͍ੑೳΛࣔ͢͜ͱ͕Θ͔ͬͨɽ

ಛʹɼσϑΝΫτͰར༻͞Ε͍ͯΔ DockerίϯςφͷΠ

ϝʔδΛར༻͢Δ͜ͱ͕Ͱ͖ɼ͔ͭɼΧελϚΠζͨ͠ί

ϯςφΠϝʔδΛϢʔβݶݖͷΈͰڞ༗্ػࢉܭͰ࣮ߦͰ

͖Δ఺͸Ϣʔβଆ΍ӡ༻؅ཧऀଆʹͱͬͯιϑτ΢ΣΞ഑

උͷੜੑ࢈ͷ্޲΍ੑݱ࠶ͷ୲อʹେ͖͘د༩͢Δͱ͑ߟ

ΒΕΔɽޙࠓ͸ɼ҆ఆੑͷ্޲΍ηΩϡϦςΟʔΠγϡʔ

ͷվળͳͲߋͳΔΤϯδχΞϦϯάʹΑΔϓϩμΫγϣϯ

ΊΒΕΔɽٻऔΓ૊Έ͕͚ͨ޲ʹ༺Ͱͷརڥ؀

ँࣙ ͜ͷڀݚͷҰ෦͸ɼNEDO ஌ೳɾϩ޻୅ਓੈ࣍

Ϙοτதٕ֩ज़։ൃɼٴͼɼJSPSՊݚඅ 26540050ͷҰ؀

Ͱ࣮ͨ͠ࢪɽ
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