
τϨʔεͷࣗಈੜ੒ػࢉܭցֶशʹΑΔػ
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֓ཁɿػࢉܭτϨʔεͱ͸ϓϩάϥϜΛ࣮ࡍͨ͠ߦͷ༷ʑͳ৘ใΛه࿥ͨ͠΋ͷͰ͋Δɽ͜ΕΛ༻͍ͯϓ
ϩάϥϜͷϘτϧωοΫͳͲΛൃ͠ݟɼղܾ͢Δ͜ͱͰϓϩάϥϜͷੑೳ͕ܨʹ্޲Δɽ͔͠͠ɼػࢉܭτ

ϨʔεΛऔಘ͢Δʹ͸ϓϩάϥϜΛ࣮͢ߦ࣮ʹࡍΔඞཁ͕͋ΓɼϓϩάϥϜͷαΠζʹΑͬͯ͸ଟେͳ࣌

ؒΛཁ͢ΔɽຊڀݚͰ͸ɼճؼ໦ͳͲͷػցֶशͷख๏Λ༻͍Δ͜ͱʹΑͬͯɼϓϩάϥϜͷಛ௃ྔΛೖ

ྗͱ͠ɼػࢉܭτϨʔεͷҰछͰ͋Δ L1ΩϟογϡϛεͳͲͷػࢉܭτϨʔεΛ෦෼తʹੜ੒͢Δ͜ͱʹ

੒ޭͨ͠ɽRodiniaϕϯνϚʔΫͷ PathfinderϓϩάϥϜʹରͯ͠ɼϓϩάϥϜͷ໰୊αΠζΛมͨ͠ߋ

ࠩޡ஋ΛͦΕͧΕ༧ଌܭͷΩϟογϡϛε਺ͱͦͷྦྷࡍ 19.57%ɼ7.30%ͷਫ਼౓Ͱੜ੒͢Δ͜ͱʹ੒ޭͨ͠ɽ

1. ͸͡Ίʹ

଴ͨ͠௨ΓظɼࡍΔ͢ߦϓϩάϥϜΛ࣮ͯͬ࢖Λػࢉܭ

ͷੑೳ͕ग़ͳ͍৔߹͕͋Δɽͦ͏ͨ͠৔߹ɼϓϩάϥϜͷ

ੑೳ͕ग़ͳ͍ݪҼΛಥ͖ࢭΊΔ͜ͱ͕ඞཁͱͳΔɽͦ͜Ͱ

τϨʔεΛऔಘ͠ɼϓϩάϥϜ಺ͷͲͷ෦෼Ͱ࣌ؒػࢉܭ

͕͔͔͍ͬͯΔͷ͔ɼͲ͜ͷॲཧ͕ϘτϧωοΫʹͳͬͯ

͍Δͷ͔ɼͳͲͷ৘ใΛ֬ೝ͠ϓϩάϥϜΛվળ͍ͯ͘͠

͜ͱ͕ඞཁͱͳΔɽػࢉܭτϨʔε͸ϓϩάϥϜ࣮ߦͷ

༷ʑͳ৘ใΛه࿥ͨ͠΋ͷͰ͋Δɽ͔͠͠ɼػࢉܭτϨʔ

ε͸ϓϩάϥϜΛ࣮͠ߦ࣮ʹࡍͳ͍ͱऔಘ͢Δ͜ͱ͕Ͱ͖

ͳ͍ͨΊɼ໰୊αΠζ͕େ͖͍ϓϩάϥϜͷ࣮ߦͷࡍɼҰ

ճͷػࢉܭτϨʔεΛऔಘ͢ΔͨΊʹ͸ଟ͘ͷ͕͔͔࣌ؒ

ΔɽͦͷͨΊɼϓϩάϥϜαΠζͳͲͷύϥϝʔλΛมߋ

͠ɼෳ਺ճػࢉܭτϨʔεΛऔಘ͢Δ͜ͱ͸ࠔ೉ʹͳͬͯ

͘Δɽ

ຊڀݚͰ͸ɼগ਺ճͷϓϩάϥϜ࣮ߦΛ௨ͯ͡ಘͨϓ

ϩάϥϜͷಛ௃ྔ͔Β L1ΩϟογϡϛεͳͲͷػࢉܭτ

ϨʔεΛ෦෼తʹੜ੒͢Δ͜ͱʹ੒ޭͨ͠ɽRodiniaϕϯ

νϚʔΫ [1]ͷ PathfinderϓϩάϥϜΛ TSUBAME3.0 Λ

༻͍ͯ 1εϨουͰ࣮ࡍͨ͠ߦɼϓϩάϥϜͷ໰୊αΠζ

Λมͨ͠ߋͱ͖ʹ૬ରࠩޡ 19.57%ͷਫ਼౓Ͱ L1Ωϟογϡ

ϛε਺ͷτϨʔεΛੜ੒͢Δ͜ͱʹ੒ޭͨ͠ɽ·ͨɼϓϩ

άϥϜશମͷΩϟογϡϛεྦྷܭ஋Λ૬ରࠩޡ 7.30%ͷਫ਼

౓Ͱੜ੒͢Δ͜ͱʹ੒ޭͨ͠ɽ

1 ౦ۀ޻ژେֶ
2 ཧԽֶڀݚॴ ηϯλʔڀݚՊֶࢉܭ
a) tsuchikawa.t.aa@m.titech.ac.jp

2. എܠ

2.1 ͍ͯͭʹτϨʔεػࢉܭ

ͷ௨৴ͷ৘ใࡍͨ͠ߦτϨʔε͸ϓϩάϥϜΛ࣮ػࢉܭ

΍ϝϞϦ࢖༻ͷ৘ใͳͲΛه࿥ͨ͠΋ͷͰ͋Δɽػࢉܭτ

Ϩʔεͷछྨ͸ෳ਺͋ΓɼεϨουؒɼϓϩηεؒͷ௨৴

΍ಉظͷ༷ࢠΛه࿥ͨ͠΋ͷ΍ɼϝϞϦ΍ΩϟογϡͳͲ

ͷϋʔυ΢ΣΞΧ΢ϯλʔͷ༷ࢠɼ I/O ͷ༷ࢠ΍ɼCPUɼ

GPU ͷ༷ࢠΛه࿥ͨ͠΋ͷͳͲ͕͋Δɽ

τϨʔε͸ػࢉܭճͷධՁͰ͸ɼࠓ Score-P [2]ɼPAPI [3]

Λ༻͍ͯऔಘ͠ɼVampir [4]Λ༻͍ͯՄࢹԽͨ͠ɽScore-P

͸ػࢉܭτϨʔεΛऔಘ͢Δத৺తͳཁૉͰ͋Γɼϓϩά

ϥϜ࣮࣌ߦͷ௨৴ɼಉظͷ༷ࢠͳͲΛه࿥͢Δ͜ͱ͕Ͱ͖

Δɽ·ͨ Score-P͸֎෦πʔϧͰܭଌͨ݁͠ՌΛऔΓࠐΉ

͜ͱ͕ՄೳͰ͋ΓɼͦͷதͰ PAPI͸Ωϟογϡϛε਺ͳ

Ͳͷϋʔυ΢ΣΞΧ΢ϯλʔΛத৺ʹऩू͢ΔπʔϧͰɼ

Vampir͸άϥϑͳͲͰػࢉܭτϨʔεΛՄࢹԽ͢Δπʔ

ϧͰ͋Δɽਤ 1͸ VampirͰՄࢹԽͨ͠ػࢉܭτϨʔεͷ

ྫͰ͋Δɽ

3. ఏҊख๏

ΘͨΔʹذଌ߲໨͸ଟܭ࿥Ͱ͖ΔهτϨʔεͰػࢉܭ

ͨΊɼL1ΩϟογϡϛεͳͲͷ 1ͭͷػࢉܭτϨʔεʹ

ண໨ͯ͠ɼػցֶशʹΑΔੜ੒Λ͏ߦɽScore-Pͷग़ྗͷ

ඪ४ͷग़ྗࣜܗͰ͋Δ Open Trace Format 2(OTF2)ࣜܗ

[8]ͷϑΝΠϧ͔ΒಘΒΕΔ EVENT৘ใΛೖྗσʔλͱ

ͨ͠ɽग़ྗσʔλ͸ otf2ϑΝΠϧ͔ΒಘΒΕΔ L1Ωϟο

γϡͷϛε਺ͳͲͷػࢉܭτϨʔεͱͳΔɽਤ 2ʹ OTF2

ϑΝΠϧʹه࿥͞ΕΔΤϯτϦͷྫΛࣔ͢ɽਤ 2Ͱ੨৭ʹ

ண৭ͨ͠Օॴ͸ϓϩάϥϜͷؔ਺΍ OpenMPͰฒྻ࣮ߦ
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ਤ 1: ՄࢹԽ͞ΕͨػࢉܭτϨʔεͷྫ
ɹ

͞ΕΔྖҬ΁ͷग़ೖΓͷ৘ใΛද͍ͯ͠ΔɽΦϨϯδจࣈ

͸ه࿥͞Ε͍ͯΔ֤Πϕϯτͷൃੜ࣌ࠁΛ UNIX࣌ؒͰද

͠ɼ੺จࣈ͸֤ܭଌ߲໨ (ਤதͷྫͰ͸ L1Ωϟογϡϛε

਺)ͷྦྷܭ஋Λද͍ͯ͠Δɽ੨จࣈͷ෦෼͸ 1ճͷϓϩά

ϥϜ࣮͔ߦΒߏ੒͢Δ͜ͱ͕Ͱ͖ΔɽҰํɼΦϨϯδจࣈ

ͱ੺จࣈ͸ɼπʔϧΛ༻͍ͯτϨʔεͱͯ͠औಘ͢Δ͜ͱ

͕ඞཁͰ͋ΓɼαΠζΛม͢ߋΔ౓ʹϓϩάϥϜΛ࣮͢ߦ

Δ͜ͱ͕ͯඞཁͱͳΔɽͦ͜ͰຊڀݚͰ͸ɼ੨จࣈͰද͞

ΕͨϓϩάϥϜͷಛ௃ྔͰ͋Δ METRIC ͷ৘ใͱϕϯν

ϚʔΫͷத͔Βର৅ͱͨ͠ϓϩάϥϜͷ໰୊αΠζΛೖྗ

ͱͯ͠ɼ֤ EVENTʹ͓͚Δ L1Ωϟογϡϛε਺ͱϓϩ

άϥϜશମͷΩϟογϡϛε਺ͷྦྷܭ஋Λػցֶशͷख๏

ʹΑΓੜ੒͢Δɽ

3.1 ೖྗσʔλͷ੔ܗ

੒͢Δʹ͋ͨΓɺ࣍࡞σʔλΛࢣڭցֶशϞσϧͷػ

ͷΑ͏ʹ METRIC ͷ৘ใͱϓϩάϥϜͷೖྗαΠζʹ

ରͯ͠લॲཧΛͨͬߦɽ·ͣMETRICʹؔͯ͠͸MET-

RIC ͕΋ͭؔ਺ͷ৘ใʹண໨͠ɺϓϩάϥϜશମʹଘࡏ

͢Δؔ਺ͷ਺ͷ࣍ݩͷ഑ྻΛ࡞Γɼͦͷؔ਺͝ͱʹؔ਺ͷ

ENTER∼LEAVEʹೖ͍ͬͯΔ৔߹͸ 1ΛͦΕҎ֎ͷ৔߹

Λ 0ͱͨ͠഑ྻͱͨ͠ɽਤ 2ͷલॲཧͷखॱΛࣔ͢ɽ

Listing 1: PathfinderͷϓϩάϥϜ (Ұ෦)

1 for (int t = 0; t < rows -1; t++) {

2 temp = src;

3 src = dst;

4 dst = temp;

5 #pragma omp parallel for private(min) //

1⃝, 2⃝, 5⃝
6 for(int n = 0; n < cols; n++){

7 min = src[n];

8 if (n > 0)

9 min = MIN(min , src[n-1]);

10 if (n < cols -1)

11 min = MIN(min , src[n+1]);

12 dst[n] = wall[t+1][n]+min;

13 } // 3⃝, 4⃝
14 }

ਤ 2: औಘ͞ΕͨػࢉܭτϨʔεͷྫ
ɹ

ਤ 2 ͷτϨʔεΛݟΔͱɼ 1⃝͔Β 5⃝ͱ൪߸͕ৼͬͯ͋

Δ 5 ͭͷ METRIC ͕ଘ͢ࡏΔɽ͜ΕΒ͸ Pathfinder ϓ

ϩάϥϜͷதͷ 1⃝͔Β 5⃝ͱରԠ͍ͯ͠Δɽ·ͣ 1⃝ʹ஫

໨͢Δͱɼ্ʹ ENTER ͕͋ΓɼRegion: “!$omp par-

allel @pathfinder.cpp:98”<15>ͱॻ͍ͯ͋Δɽͭ·Γɼ 1⃝
ͷMETRIC͸ pathfindef.cppͷϓϩάϥϜͷ ͋ʹ໨ߦ98

Δ openmpͷ parallelͷൣғʢRegionʣʹؚ·Ε͍ͯΔ͜

ͱΛҙຯ͢Δɽ<15>ͱͳ͍ͬͯΔՕॴ͸ܭଌର৅ͷྖҬΛ

ࣝผ͢ΔͨΊͷ಺෦తͳ IDͰ͋Γɼ࣮ߦͷͨͼʹมԽ͢

ΔɽτϨʔεͷߏ࠶੒͓Αͼར༻ʹ͓͍ͯ͜ͷ൪߸ࣗମΛ

Δ͜ͱͱ͢Δɽ͢ࢹΔඞཁੑ͸ͳ͍ͨΊɼҎ߱͸ແ͢ݱ࠶

2⃝͔Β 5⃝΋ಉ༷ʹ ENTERͱ LEAVEΛ֬ೝ͠ɼ֤Πϕϯ

τʹൃੜ࣌ࠁʹ͓͍֤ͯ regionʹೖ͍ͬͯΔ͔Ͳ͏͔Λɼ

region͝ͱʹ 0/1Ͱ͋ΒΘͨ͠ϕΫτϧͰද͢ݱΔɽ͜ͷ

ྫͰ͸ region͸ 3छྨ͋ΔͨΊɼϕΫτϧ͸ ͷϕΫݩ3࣍

τϧͱͳΓɼ֤METRICจʹ͓͍ͯɼ

[1, 0, 0][1, 1, 0][1, 1, 1][1, 1, 0][1, 0, 0]

ͱද͞ΕΔɽ

·ͨग़ྗͱͯ͠͸֤ METRICͷ L1Ωϟογϡϛε਺

Λग़ྗ͍͕ͨ͠ɼਤ 2ͷ੺จࣈͰද͞ΕΔ L1Ωϟογϡ

ϛε਺͸ॳظ஋͕ෆఆ஋ʹͳ͍ͬͯΔྦྷੵ஋ͱͳ͍ͬͯΔ

ͨΊɼೖྗͷ METRICͷ L1Ωϟογϡϛε਺͔ΒҰͭ

લͷMETRICͷΩϟογϡϛε਺ΛҾ͍ͨ΋ͷΛग़ྗͱ

͢Δɽਤ 2ͷྫͰ͸ [13561, 241, 6, 2] ͱͳΔɽ·ͨɼҰ൪

ॳΊͷཁૉ͸ॳظ஋͕ෆఆ஋ͷͨΊল͘ɽ

3.2 ྀߟͷྻܥ࣌

·ͨɼਤ 2ͷΦϨϯδจࣈͷܭଌ࣌ࠁΛΈΔͱ্͔Β࣌

ܥॱͷτϨʔεʹͳ͍ͬͯΔ͜ͱ͕Θ͔Δɽͦ͜Ͱ࣌ྻܥ

ྻͷ৘ใΛྀ͠ߟɼ༧ଌਫ਼౓ΛߴΊΔͨΊʹ௚ۙͷೖྗϕ

ΫτϧΛෳ਺ݸ࿈݁ͤͨ͞΋ͷΛೖྗͱͨ͠ɽྫ͑͹ɼ3.1

ষͰٻΊͨྫͷ 5ͭͷ഑ྻʹରͯ͠ɼ࣌ྻܥΛྀ͠ߟɼ2

௚ۙͷϕΫτϧΛ݁߹͢ΔͱҎԼͷΑ͏ʹͳΔɽॳͭͣݸ

Ίͷ 2 ͭͷϕΫτϧʹ͍ͭͯ͸લʹ݁߹͢΂͖ 2 ͭͷϕ

Ϋτϧ͕ͳ͍ͨΊ࡟আ͕ͨ͠ɼ࣌ྻܥ৘ใͷҰ൪࠷ॳͷ΄

͏ͷϕΫτϧͰ͋ΔͨΊ࡟আͯ͠΋࣮༻্໰୊ͳ͍ͱ൑அ

ͨ͠ɽ
[1, 1, 1, 1, 1, 0, 1, 0, 0][1, 1, 0, 1, 1, 1, 1, 1, 0][1, 0, 0, 1, 1, 0, 1, 1, 1]

·ͨ͜ͷ࣌ɼग़ྗ͸ҎԼͷΑ͏ʹͳΔɽ

[241, 6, 2]
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ද 1: scikit-learnͱͷରԠ

ճؼ෼ੳϞσϧ scikit-learn ͷϥΠϒϥϦ໊

ઢܗճؼ LinearRegression

SGD SGDRegressor

Ridge ճؼ Ridge

Lasso ճؼ Lasso

ElasticNet ElasticNet

SVR LinearRegression

ճؼ໦ DecisionTreeRegression

ϥϯμϜϑΥϨετ RandomForestRegression

Extremely Randomized Trees ExtraTreeRegression

ճؼ໦+ޯ഑ϒʔετ GradientBoostingRegression

ճؼ໦+AdaBoost AdaboostRegression

ճؼ໦+όΪϯά BaggingRegression

3.3 ϓϩάϥϜ৘ใͷೖྗͱѹॖ

ϓϩάϥϜ͝ͱͷಛ௃ྔΛೖྗσʔλʹؚΊΔͨΊɼσʔλ

αΠζ΍ࢉܭύλʔϯʹӨڹΛ༩͍͑ͯΔϓϩάϥϜͷҾ਺ͷ

৘ใΛ෇Ճͨ͠ɽ·ͨಉ͡ೖྗʹରͯ͠ɼಉ͡ग़ྗΛ͢Δσʔ

λ͕͋Δͱɼಉ͡܇࿅σʔλΛػցֶशʹֶशͤ͞Δ͜ͱʹͳ

Γɼֶ शʹภΓ͕ੜ·Ε͏·ֶ͘शͰ͖ͳ͍ͨΊɼಉ͡܇࿅σʔ

λ͸ ͯ͠֎Ҏ֎ͷσʔλΛআݸ1 1ͭͷϕΫτϧʹͨ͠ɽ

3.4 Ϟσϧؼճͨ͠༺࢖

෼ੳʹ͸ scikit-learn [8]Λ࢖༻͠ɼճؼϞσϧ͸ઢܗϞσϧɾ

ܾఆ໦΍͜ΕΒͷϞσϧͷΞϯαϯϒϧճؼΛ༻͍ͨɽ·ͨ

scikit-learnͷϥΠϒϥϦͱͷରԠΛද 1ʹࣔͨ͠ɽ

4. ධՁ
4.1 ڥ؀ߦ࣮

࣮૷ͷ࣮ڥ؀ߦͱͯ͠ɼ౦ۀ޻ژେֶֶज़ࡍࠃ৘ใηϯλʔ

ͷ TSUBAME3.0Λ࢖༻ͨ͠ɽද 2ʹ TSUBAME3.0ͷ࣮࣌ߦ

ͷϋʔυ΢ΣΞߏ੒ͱιϑτ΢ΣΞߏ੒Λࣔ͢ɽ

4.2 Ռ݁ݧ࣮

͸ݧ࣮ Rodinia ϕϯνϚʔΫͷ Pathfinder ϓϩάϥϜΛ༻

͍ͨɽ͜ͷϓϩάϥϜ͸ 2 ࡧ࿏Λ୳ܦάϦουσʔλͷݩ࣍

͢ΔϓϩάϥϜͰ͋Δɽ·ͨ͜ͷϓϩάϥϜͷಛ௃ྔͱͯ͠ɼ

άϦουͷԣ (row) ͱॎ (col) ͷαΠζͷҾ਺͕͋ΔͨΊɼͦ

ͷ 2 ͭͷσʔλΛೖྗσʔλʹؚΊͨɽ܇࿅σʔλʹ͸ೖྗ

αΠζͱͯ͠ (row,col)=(100,100)ɼ(1000,1000)ɼ(10000,1000)ɼ

(100000,100)Λ༻͍ɼςετσʔλͱͯ͠ (row,col)=(1000,100)

Λ༻͍ͨɽ·ͨɼPathfinder ʹग़͢ݱΔ Region ͷछྨ͸ 9 ͭ

Ͱ͋ͬͨͷͰɼ9࣍ݩͷϕΫτϧʹ ͷσʔλαΠζΛ࿈ݩ2࣍

݁ͨ͠΋ͷ͕ҰͭͷೖྗσʔλͱͳΔɽ

4.2.1 ࿈݁਺ 4ͷ࣌ͷ༧ଌ݁Ռ

͸͡Ίʹɼࠓճ࡞੒ͨ͠σʔληοτʹରͯ͠ద੾ͳϞσϧ

Λݕ౼͢ΔͨΊʹɼ࿈݁਺Λ 4ͱͯ͠ L1Ωϟογϡϛε਺Λ

༧ଌͨ͠ɽ·ͨ 4ͭΛ࿈݁ͤ͞ΔͨΊɼ9× (4 + 1) + 2 = 47 ࣍

ͷϕΫτϧ͕ҰͭͷೖྗσʔλͱͳΔɽͦͷ݁ՌΛԣ࣠Λ࣮ݩ

ଌ஋ɼॎ࣠Λ༧ଌ஋ͱͯ྆͠ର਺Λͱͬͨάϥϑͱͯ͠ਤ 3ʹ

ࣔ͢ɽਤͷର֯ઢ্ʹ఺͕͚ۙΕ͹͍ۙ΄Ͳ࣮ଌ஋ͱ༧ଌ஋͕

ද 2: ڥ؀ߦ࣮ (TSUBAME3.0)

CPU Intel(R) Xeon(R) CPU

E5-2680 v4 ʷ 2

प೾਺ 2.4 GHz

ίΞ਺ 14

εϨου਺ 28

L1 Ωϟογϡ 32 KB

L2 Ωϟογϡ 256 KB

L3 Ωϟογϡ 35840 KB

ϝϞϦ 256GB

ϝϞϦόϯυ෯ɹ 76.8 GB/s

ΠϯλʔίωΫτ Intel Omni-Path HFI x4

όϯυ෯ɹ 100Gbps

όεɾΠϯλʔϑΣΠεɹ PCI Express Gen3 x 16

τϙϩδʔɹ Fat tree

C ίϯύΠϥ gcc 4.8.5

Score-P scorep 3.1

cube cube 4.3.5

vampir vampir 9.4

papi papi 5.5.1

OpenMP OpenMP 3.1

͍ۙ͜ͱ͕͑ݴɼྑ͍Ϟσϧͱ͑ݴΔɽද 1ͷख๏Ͱ݁ͨ͠ࢼ

Ռɼਤ 3ͷ (a)ͷΑ͏ʹද 1ͷ্ 6ͭͷճؼͰ͸༧ଌ஋͕Ұͭ

ͷ஋ʹݻ·ͬͯ͠·ͬͨҰํɼ(b) ͷճؼ໦΍ͦΕʹ൐͏Ξϯ

αϯϒϧֶशͰൺֱతֶश͕͏·͘ਐΜͩͷͰɼද̍ͷԼ 6ͭ

ͷϞσϧʹண໨ͯ͠ɼ࿈݁਺Λม͠ߋϞσϧͷ༧ଌΛߦͳͬͯ

͍͘ɽ

4.2.2 ࿈݁਺Λม͑ͨ࣌ͷ༧ଌࠩޡͷ݁Ռ

ͦΕͰ͸ɼճؼ໦΍ͦΕʹ൐͏ΞϯαϯϒϧֶशͷϞσϧΛ

༻͍ͯɼ࿈݁਺Λม͑ͨ࣌ͷϞσϧΛධՁ͢Δɽ͜͜Ͱ͸༧ଌ

Λ༻͍ͯධՁ͢Δɽਤࠩޡ 4 ͸࿈݁਺Λ 0 ͔Β 9 ·Ͱม͑ͨ

࣌ͷͦΕͧΕͷϞσϧͷ༧ଌࠩޡΛࣔͨ͠΋ͷʹͳΔɽ·ͨɼ

Ϟσϧͷ༧ଌ݁Ռ͸࣮͝ߦͱʹมΘΔͷͰɼਤ 5 ͸ͦΕͧΕ

ͷϞσϧΛ 10 ճͨ͠ࢉܭ༧ଌࠩޡͷฏۉΛͱͬͨ΋ͷͱͳͬ

͍ͯΔɽਤ 4 ΑΓ࿈݁਺͕ 4 ະຬͷ৔߹͸༧ଌۃ͕ࠩޡ୺ʹ

େ͖͘ͳΔέʔε͕͋Γ 4 Ҏ্ͷ࣌ʹ҆ఆֶͯ͠शͰ͖͍ͯ

Δ͜ͱ͕Θ͔Δɽ༧ଌ͕ࠩޡҰ൪খ͍͞ͷ͸࿈݁਺ 8 ͷ࣌ͷ

ExtraTreesRegressorͷ࣌Ͱ༧ଌࠩޡ 65.93%Ͱ͋ͬͨɽ·ͨ͜

ͷ࣌ͷΩϟογϡϛε਺ͷྦྷܭ஋ͷ༧ଌࠩޡ͸ 9.40%Ͱ͋ͬͨɽ

(a) ElasticNet (b) ExtraTreesRegressor

ਤ 3: ࿈݁਺ 4Ͱ༻͍ͨճؼϞσϧͷҰ෦
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ਤ 4: ࿈ ݁ ਺ n ͷ ࣌ ͷ L1 Ω ϟ ο γ ϡ ϛ ε

ͷ ૬ ର ޡ ࠩ (૬ ର ޡ ࠩ ͕ େ ͖ ͍ ࿈ ݁ ਺ 4 Ҏ Լ

ͷ GradientBoostingRegressor(1000%∼6000%) ͱ

AdaBoostRegressor(500%∼1000%) ʹ ؔ ͠ ͯ ͸ ά ϥ

ϑΛলུͨ͠)
ɹ

4.2.3 ࿈݁਺ 6ͷ࣌ͷ༧ଌࠩޡͷৄࡉ

4.2.2 ষͰ࿈݁਺͕ 4 Ҏ্ͷ࣌ʹൺֱతΑֶ͘श͢Δ͜ͱ͕

Θ͔ͬͨͷͰɼ࿈݁਺ 6 ͷ৔߹ͷ༧ଌࠩޡͷৄࡉΛͯݟΈΔɽ

ਤ 5 ͸࿈݁਺ 6 ͷ࣌ͷ࣮ଌ஋ͱ༧ଌ஋ͷ྆ର਺άϥϑΛࣔ͠

ͨ΋ͷͰɼਤ 6 ͸࿈݁਺ 6 ͷ࣌ͷ༧ଌࠩޡͷώετάϥϜʹ

༧ଌࠩޡͷฏۉɼ࠷େ஋ɼதԝ஋ΛͦΕͧΕɼ੺ઢɼ྘ઢɼԫ

৭ઢͰࣔͨ͠΋ͷͰ͋Δɽ·ͨ͜ͷ࣌ɼޯ഑ϒʔετ+ܾఆ໦

(GradientBoostingRegressor)ͷϞσϧΛ༻͍ͨɽ

͜͜Ͱਤ 5ΛݟΔͱɼ༧ଌ஋ͷ஋͕ 100 ͔Β 101 ʹଟ͘ଘࡏ

͍ͯ͠Δ͜ͱ͕Θ͔Δɽ͔͠͠ɼ༧ଌ஋ͷ஋͕ 1ܻͷ਺஋ͷࠩ

͸࣮༻্͸͋·Γ໰୊ͷͳ͍ඍখͳࠩޡʹ΋ؔΘΒͣɼ༧ଌޡ

ࠩͷࣜࢉܭͰ͸աେͳࠩޡʹͳͬͯ͠·͏ɽͦ͜Ͱ 10 ະຬͷ

σʔλΛআ͍ͯධՁͯ͠΋࣮༻্໰୊ͳ͍ͱ൑அ͠ɼ࣮ଌ஋͕

10ະຬͷσʔλΛআ͍ͯɼಉ͡Ϟσϧɼ࿈݁਺Λ༻͍ͯ࠶౓ධ

ՁΛͨͬߦ (ਤ 7)ɽ

ਤ 7 ΛݟΔͱ༧ଌ͕ࠩޡશମతʹԼ͕͍ͬͯΔ͜ͱ͕Θ͔

Δɽ·ͨɼ༧ଌࠩޡͷฏۉ஋͸ 80.0%͔Β 24.5%ɼ࠷େ஋͸

1047.2%͔Β 137.6%ɼதԝ஋͸ 38.2%͔Β 20.8%ͱͳΓɼ࣮༻

ਤ 5: ࣮ଌ஋ͱ༧ଌ஋ͷ྆ର਺άϥϑ (࿈݁਺ 6)
ɹ

ਤ 6: ૬ରࠩޡͷώετάϥϜ (࿈݁਺ 6)
ɹ

্ඞཁͳσʔλͰ͸ΑΓ͍ߴਫ਼౓Ͱֶश͕Ͱ͖͍ͯΔ͜ͱ͕Θ

͔Δɽ

4.2.4 ࣮ଌ஋ 10ະຬΛআ͍ͨσʔλͷ༧ଌࠩޡ

࣮ଌ஋͕ 10ະຬͷσʔλΛআ֎ͨ͠ϞσϧΛධՁ͍ͯ͘͠ɽ

ਤ 5 ͱಉ͘͡ɼͦΕͧΕͷϞσϧͰ 10 ճͷฏۉͷ༧ଌࠩޡΛ

ͱΓɼ࿈݁਺Λ 0͔Β 9·Ͱม͑ͨ࣌ͷάϥϑΛਤ 8ʹࣔ͢ɽ

ਤ 4ͱൺֱ͢ΔͱɼͲͷϞσϧ΋༧ଌࠩޡͷਫ਼౓͕Α͘ͳͬ

͍ͯΔɽҰ൪༧ଌਫ਼౓͕Α͔ͬͨͷ͸࿈݁਺ 8 ͷ࣌ͷ Extra-

TreesRegressor ͷϞσϧͰ༧ଌࠩޡ 19.57%Ͱ͋ͬͨɽ·ͨ͜

ͷ࣌ɼΩϟογϡϛε਺ͷྦྷܭ஋ͷ༧ଌࠩޡ͸ 7.30%Ͱ͋ͬͨɽ

5. ࡯ߟ
5.1 ద੾ͳ࿈݁਺ͷબ୒

ਤ 4ͷ 10ະຬͷσʔλΛॲཧ਺લͷ༧ଌࠩޡͷάϥϑͱਤ 8

ͷ 10ະຬͷσʔλΛॲཧͨ͠ޙͷάϥϑΛΈΔͱɼͲͪΒ΋ 0

͔Β 3·Ͱͷ࿈݁਺Ͱ͸༧ଌ͕ࠩޡ૬ରతʹେ͖͘ͳΔ৔߹͕

͋Δɽ͔͠͠ɼ࿈݁਺͕ 4Ҏ্ʹͳΔͱൺֱత༧ଌ͕҆ࠩޡఆ

ͷΘ͔Δɽ͜Ε͸ɼ࿈݁਺Λ૿΍͢͜ͱͰɼೖ͍ͯͬ͘ݮͯ͠

ྗϕΫτϧʹҰҙੑ͕ੜͨͨ͡Ίɼֶश͕͏·͘ਐΈ༧ଌ஋ʹ

ภΓ͕ͨͨͬݮΊͩͱࢥΘΕΔɽ

5.2 ͍ͯͭʹσʔλͷ෼෍ݩ

࣍ʹ PathfinderʹҰ൪ଟ͘ग़͢ݱΔؔ਺ʹண໨͠ɼ4छྨͷ

ਤ 7: σʔλॲཧޙͷ૬ରࠩޡͷώετάϥϜ (࿈݁਺ 6)
ɹ
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ਤ 8: ࿈݁਺ n ͷ࣌ͷ L1 Ωϟογϡϛεͷ૬ର

ࠩޡ (࣮ଌ஋ͷॲཧޙɼ·ͨɼ૬ର͕ࠩޡେ͖͍

࿈ ݁ ਺ 4 Ҏ Լ ͷ BaggingRegressor(100%∼300%)ɾ

GradientBoostingRegressor(100%∼700%) ΍

AdaBoostRegressor(100%∼200%) ʹؔͯ͠͸άϥϑ

Λলུͨ͠)
ɹ

໰୊αΠζͷ܇࿅σʔλͷΩϟογϡϛε਺ͷσʔλ෼෍Λ֬

ೝ͠ɼֶशޙͷϞσϧ͕܇࿅σʔλͱςετσʔλʹର͠༧ଌ

ͨ͠஋ͱσʔλ෼෍ͷؔੑ܎ΛΈΔɽਤ 9 ͷ size ͸ 100 100ɼ

1000 1000ɼ100000 100ɼ10000 1000 ༺࢖࿅σʔλͱͯ͠܇͕

ͨ͠໰୊αΠζɼ1000 100͕ςετσʔλͱͯ͠࢖༻ͨ͠໰୊

αΠζͱରԠ͍ͯ͠Δɽਤ 9ͷശͻ͛ਤ͸ؔ਺ͷΩϟογϡϛ

ε਺ͷσʔλ෼෍ʹͳ͍ͬͯΔɽ੺৭ͷ͕֯ࡾٯςετσʔλ

ͷ༧ଌ஋ͱͳ͍ͬͯͯଞͷ੨৭ͷ֯ࡾٯ͸ͦΕͧΕͷ܇࿅σʔ

λͷ༧ଌ஋Ͱ͋Δɽ·ͨϞσϧ͸༧ଌࠩޡͷਫ਼౓͕࠷΋͔ͬߴ

ͨ࿈݁਺ 8ͷ࣌ͷ ExtraTreesRegressorͷϞσϧΛ༻͍ͨɽ

ਤ 9 ΛݟΔͱɼ໰୊αΠζ͕େ͖͘ͳΔͱͦΕʹ൐͍ɼL1

Ωϟογϡϛεͷ༧ଌ஋΋େ͖͘ͳ͍ͬͯΔ͜ͱ͕Θ͔Γɼς

ετσʔλʹର͢Δ༧ଌ஋΋αΠζʹൺྫ͍ͯ͠Δɽ·ͨςε

ਤ 9: ࿅σʔλͱςετσʔλͷσʔλ෼෍ͱͦΕͧΕ܇

ͷσʔλͷ༧ଌ஋
ɹ

τσʔλͷσʔλ෼෍ΛݟΔͱɼதԝ஋ͷ஋ͱ΄΅౳͘͠ɼಛ

ఆͷؔ਺ʹର͠ɼΩϟογϡϛε਺Λ্खֶ͘श͕Ͱ͖͍ͯΔ

͜ͱ͕Θ͔Δɽ

5.3 Ϟσϧ͝ͱͷਫ਼౓ʹ͍ͭͯ

4.2.1 ষΑΓઢܗճؼΛத৺ͱͨ͠෼ੳ΍ϩδεςΟοΫճ

෼ੳͷख๏Ͱ͸͏·ֶ͘श͕Ͱ͖ͳ͍͜ͱؼͳճܗͳͲͷઢؼ

͕Θ͔ͬͨɽ͜Ε͸ࠓճ࢖༻ͨ͠ೖྗσʔληοτʹର͠ɼग़

ྗ͕ઢܗతͰ͸ͳ͍ͨΊͩͱࢥΘΕΔɽͦ͜ͰΞϯαϯϒϧΛ

༻͍͕ͨΞϯαϯϒϧֶशͰ΋ϒʔεςΟϯάΛͨͬ࢖෼ੳͱ

όΪϯάΛͨͬ࢖ख๏Ͱ༧ଌࠩޡͷਫ਼౓ʹ͕ࠩग़͍ͯΔɽਤ 4

ΛΈΔͱɼޯ഑ϒʔετ+ճؼ໦ͷϞσϧ΍ Adaboost+ճؼ໦

ͷϒʔεςΟϯάΛ༻͍ͨख๏͕ଞͷόΪϯάΛ༻͍ͨख๏ͳ

Ͳͷʹൺ΂ਫ਼౓͕ѱ͍ɽ͜Ε͸ϒʔεςΟϯά͸֎Ε஋ʹେ͖

ͳӨڹΛड͚΍͍͢ϞσϧͰ͋ΔͨΊɼ࿈݁਺͕௿͍ͱ͖͸ೖ

ྗϕΫτϧʹҰҙੑ͕খ͘͞ɼ֎Ε஋ͷӨڹΛେ͖͘ड͚ͨͨ

ΊͩͱࢥΘΕΔɽ͔͠͠ɼϒʔεςΟϯά͸όΪϯάΑΓ΋ਫ਼

౓͸ग़΍͍͢ϞσϧͰ͋ΔͨΊɼਤ 8ΛΈΔͱશମతʹϒʔε

ςΟϯάͷϞσϧͷํ͕ਫ਼౓͕޲܏͍ߴʹ͋Δ͜ͱ͕Θ͔Δɽ

6. ؔ࿈ڀݚ

6.1 ڀݚτϨʔεͷੜ੒ʹؔ͢Δػࢉܭ

௰Βͷڀݚ [6]Ͱ͸ɼHPCγεςϜͱΞϓϦέʔγϣϯͷί

σβΠϯʹ͓͍ͯɼকདྷγεςϜ্ͰͷΞϓϦέʔγϣϯͷ௨

৴ੑೳͷਪఆʹண໨ͨ͠ɽSCAMP(SCAlable Mpi Profiler)ͱ

͍͏ख๏Λ༻͍ɼকདྷγεςϜʹ͓͚ΔΞϓϦέʔγϣϯͷٙ

ଘͷγεςϜͷMPIΠϕϯττطMPIΠϕϯττϨʔεΛࣅ

Ϩʔε͔Βੜ੒͠ɼ͞ΒʹωοτϫʔΫγϡϛϨʔλΛ࣮͠ߦ

ͯ௨৴ੑೳΛධՁͨ͠ɽ

ωοτϫʔΫγϛϡϨʔγϣϯΛ͏ߦʹ͸τϨʔεͷ৘ใ

͕ඞཁͱͳΔɽ͔͠͠ɼকདྷγεςϜʹ͓͚ΔωοτϫʔΫγ

ϛϡϨʔγϣϯΛ͏ߦʹ͸ɼطଘͷτϨʔε৘ใ͸ͣ͑࢖ɼͦ

ͷγεςϜͷϊʔυ਺ͳͲʹରԠͨ͠γεςϜͷαΠζͱಉ਺

ͷτϨʔεϑΝΠϧ͕ඞཁͱͳͬͯ͘ΔɽSCAMP๏ͷ֓ཁ͸

ਤ 10ʹࣔ͢ɽ

ਤ 10: SCAMP๏ͷ֓ཁ (ಉ࿦จΑΓҾ༻)
ɹ

൴Β͸ɼϓϩάϥϜίʔυͷதؒදݱͰ͋Δ LLVM-IRΛ༻

͍ͯɼίʔυ͔ΒٙࣅMPIΠϕϯττϨʔεϑΝΠϧͷࣗಈੜ

੒ʹ΋औΓ૊ΜͰ͍ΔɽLLVM-IRͷMPIؔ਺ΛಡΈࠐΈɼؔ

਺ͷϑϩʔΛ௥੻͢Δ͜ͱͰɼٙࣅMPIΠϕϯττϨʔεδΣ

ωϨʔλΛੜ੒͢Δɽ͜ͷδΣωϨʔλʹ࣮ MPI Πϕϯττ

ϨʔεͱকདྷγεςϜͷϊʔυ਺ͱ MPI ϥϯΫΛ༩͑Δ͜ͱ
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ͰٙࣅMPIΠϕϯττϨʔεΛग़ྗ͢Δ͜ͱ͕ՄೳͰ͋Δɽ

ҰํɼຊڀݚͰఏҊ͢Δख๏͸௨৴τϨʔεʹݶΒͳ͍Ұൠ

తͳτϨʔεΛର৅ͱ͓ͯ͠Γɼࠓճͷ L1 Ωϟογϡϛε਺

ͳͲΛੜ੒͢Δ͜ͱ͕Ͱ͖Δɽ͔͠͠ɼຊڀݚͰ͸ػցֶशϞ

σϧʹର͢ΔೖྗσʔληοτΛࣗಈੜ੒͢Δ͜ͱ͸Ͱ͖͍ͯ

ͳ͍ɽ

6.2 ϕϯνϚʔΫͷੜ੒ͨ͠༺࢖τϨʔεΛػࢉܭ

Wu Βͷڀݚ [7] Ͱ͸ HPC ͷϋʔυ΢ΣΞͱιϑτ΢ΣΞ

ΛධՁ͢ΔࡍʹෆՄܽͳϕϯνϚʔΫͷࣗಈੜ੒ʹண໨ͨ͠ɽ

ScalaTraceͱݺ͹ΕΔ௨৴τϨʔεΛऔಘ͢ΔπʔϧΛ࢖༻͠ɼ

HPC௨৴τϨʔεΛऩू͠ɼ௨৴ಈ͓࡞Αͼ࣮ؒ࣌ߦʹؔͯ͠

ϕϯνϚʔΫΛੜ੒ͨ͢͠ࣅྨʹͷΞϓϦέʔγϣϯʹඇৗݩ

Δ͜ͱʹ੒ޭͨ͠ɽScalaTrace͸ Umpireͱ PMPIΛ࢖༻ͯ͠

ಘͨ௨৴τϨʔεΛ௥੻͠ɼϊʔυؒͷ൓෮Λѹॖ͠ɼޙ࠷͸

֤ϊʔυ্ͷϩʔΧϧτϨʔεΛ୯ҰάϩʔόϧτϨʔεʹ݁

߹͢Δɽ·ͨλΠϜελϯϓ΋ه࿥͢Δɽ͜ΕΛ͍࢖ɼϧʔϓ

ʹೖΔλΠϛϯάͷৄࡉΛه࿥͢ΔɽScalaTraceΛಘͨτϨʔ

εΛτϥόʔε͢Δ͜ͱͰ CޠݴͷϕϯνϚʔΫΛࣗಈੜ੒͢

Δ͜ͱ͕Ͱ͖ΔɽධՁͱͯ͠ɼ֤λΠϓͷ MPI Πϕϯτʹͭ

͍ͯɼੜ੒͞ΕͨϕϯνϚʔΫ͝ͱʹଌఆ͞ΕͨΠϕϯτ਺͓

Αͼϝοηʔδྔ͕ɼݩͷΞϓϦέʔγϣϯʹରͯ͠ଌఆ͞Ε

ͨ΋ͷͱ׬શʹҰகͨ͠ɽ

WuΒ͸ιʔείʔυΛղੳ͢Δ͜ͱʹΑΓੑೳ༧ଌΛ͏ߦ

͕ɺҰํͰຊڀݚͰ͸ιʔείʔυΛղੳͤͣͱ΋ػցֶशʹ

ΑΔ࣮ݧతͳΞϓϩʔνͰ͋Δఔ౓ͷਫ਼౓Ͱੑೳ༧ଌΛ͑ߦΔ

͜ͱΛࣔͨ͠ɽ

7. ·ͱΊͱޙࠓͷ՝୊

ຊڀݚͰ͸ɼRodiniaϕϯνϚʔΫͷ PathfinderϓϩάϥϜ

ͷϓϩάϥϜͷಛ௃ྔͱΩϟογϡϛε਺Λֶश͢Δ͜ͱͰɼ

ϓϩάϥϜͷ໰୊αΠζΛมࡍͨ͠ߋͷΩϟογϡϛε਺ͱͦ

ͷྦྷܭ஋ΛͦΕͧΕ༧ଌࠩޡ 19.57%ɼ7.30%ͷਫ਼౓Ͱੜ੒͢Δ
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