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QM  㒊ศ䛿᳨ウ୰䚹  

ㅰ㎡  
ᮏ䝥䝻䜾䝷䝮䛾㛤Ⓨ䛿䚸኱Ꮫ㝔⏕䛾ᑠᮡ㈗ὒ
䛥䜣䛸஭ୖ㞝௓䛥䜣䚸༤ኈ◊✲ဨ䛾⚄㇂ᇶྖ
༤ኈ䛸䛾ඹྠ◊✲䛷䛒䜛䚹  

90  ns   21  ns  
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M-7: Platypus-QM

㔞Ꮚ໬Ꮫィ⟬
㛤Ⓨ㈐௵⪅㻦 ୰ᮧ᫓ᮌ 㻔኱㜰኱Ꮫ⺮ⓑ㉁◊✲ᡤ㻕

1 ᴫせ1.ᴫせ
ศᏊ㌶㐨ἲ䛚䜘䜃ᐦᗘỗ㛵ᩘ⌮ㄽ䠄DFT䠅䜢⏝䛔䛯⺮ⓑ㉁䛺䛹⏕యศᏊ⣔䛾඲㟁Ꮚ➨୍ཎ⌮ィ⟬䜢⾜䛖䚹
ᮏ◊✲䛷䛿⏕య୰䛷䛾ບ㉳≧ែ➼䚸໬Ꮫ⤖ྜ䛾⤖ྜゎ㞳䚸ศᏊ㛫ຊ䛾グ㏙䜢⾜䛖䛯䜑䚸Quantum
Mechanics(QM)ィ⟬䛾㧗ᗘ໬䜢⾜䛳䛶䛝䛯䚹
ලయⓗ䛻䛿䚸Platypus-QM䜈䛾CIS䚸CIS-DFT䚸CIS(D)䚸
CASSCF䚸MP2䛾ᐇ⿦䜢⾜䛳䛯䚹CIS䛿⏕యⰍ⣲䛺䛹䛾
ບ㉳≧ែ䜢グ㏙䛩䜛Ⅽ䛾ᇶ♏⌮ㄽ䛷䛒䜚䚸CIS-DFT䚸ບ㉳≧ែ䜢グ㏙䛩䜛Ⅽ ♏ ㄽ 䛒䜚䚸 䚸
CIS(D)䛿䛭䛾㧗⢭ᗘ⌮ㄽ䛻ヱᙜ䛩䜛䚹䛣䜜䜙䛾ᐇ⿦䛻䜘
䜚⏕యⰍ⣲䛻䜘䜛ග྾཰(ගྜᡂ⣔)䛺䛹䛾㧗⢭ᗘィ⟬䛜
ྍ⬟䛻䛺䛳䛯䚹䜎䛯CASSCF䛿໬Ꮫ⤖ྜ䛾⤖ྜゎ㞳㐣⛬
䜢グ㏙䛩䜛Ⅽ䛾⌮ㄽ䛷䛒䜚䚸௒ᅇ䛾ᐇ⿦䚸㧗ຠ⋡໬䛻䜘䜚䚸
໬Ꮫ཯ᛂ㐣⛬䛜グ㏙ྍ⬟䛸䛺䛳䛯䚹ཪ䚸MP2䛾ᐇ⿦䛻䜘
䜚䚸ศᏊෆỈ⣲⤖ྜ➼䛾ศᏊ㛫ຊ䛻㉳ᅉ䛩䜛⏕໬Ꮫ㐣⛬
䜒ィ⟬ྍ⬟䛸䛺 䛯

Phodobacter sphaeroides⏤᮶䛾ගྜᡂάᛶ୰ᚰ
䜒ィ⟬ྍ⬟䛸䛺䛳䛯䚹

p ග
䛾䝞䜽䝔䝸䜸䜽䝻䝻䝣䜱䝹a஧㔞య䠄䝇䝨䝅䝱䝹䝨䜰䠅
䛾HOMO

2.ி䛷䛾ᛶ⬟ホ౯
ி䝁䞁䝢䝳䞊䝍ୖ䛻䛚䛔䛶䝝䜲
䝤䝸䝑䝗୪ิ䛸SIMD໬䜢㐍䜑
䛶䛚䜚䚸䜶䝛䝹䜼䞊ィ⟬䛻䛚
䛡䜛✚ศィ⟬䛚䜘䜃Fock⾜
ิ䛾2㟁Ꮚ㡯ィ⟬䛾䜹䞊䝛䝹
䝁䞊䝗䜢సᡂ䛧䛯䚹AOᩘ2728
䛾⣔䛻䛚䛔䛶䚸୪ิ໬⋡
99.96% (8CPUx1䝇䝺䝑䝗䛸
1024CPUx8䝇䝺䝑䝗䛛䜙⟬

⣔䠖䝇䝨䝅䝱䝹䝨䜰䠄ཎᏊᩘ280)䛾cc-pVDZᇶᗏ㛵ᩘ⣔䠄AOᩘ2728)

ฟ)䛜ᚓ䜙䜜䛯䚹512CPUx8䝇
䝺䝑䝗䛷䛿40%䜢㉸䛘䜛୪ิ
໬ຠ⋡䜢ほ 䛷䛝䛯䚹

3. Platypus-DFT䛻䜘䜛ᛂ⏝ィ⟬
ගྜᡂ䛾Ỉศゎ཯ᛂ୰ᚰ䛾ィ⟬

ྍどග䜢⏝䛔䛶Ỉ䜢ศゎ䛧㓟⣲䛸Ỉ⣲(䝥䝻䝖䞁+㟁Ꮚ)
䜢Ⓨ⏕䛥䛫䜛䛣䛾཯ᛂ䛿⌧ᅾ䛾䜶䝛䝹䜼䞊ၥ㢟䞉ᆅ⌫
 ᬮ໬ၥ㢟䜢ゎỴ䛩䜛㘽䛸䛺䜛཯ᛂ䛷䛒䜛䚹
ゐ፹୰ᚰ 㓟⣲ᯫ䛭䛾ゐ፹୰ᚰ䛿㓟⣲ᯫ

ᶫ䝬䞁䜺䞁ᅄ᰾䜘䜚䛺䜛
䜽䝷䝇䝍䞊䛷䛒䜛䚹㔜ཎ
Ꮚ䛾఩⨨䜢ᅛᐃ䛧䚸ᯫᶫ
䜰䝭䝜㓟䛾ഃ㙐୰䛾䜰䝉
䝔䞊䝖䜢㓑㓟䛻䝰䝕䝹໬
䛧䛶䚸Kok䝃䜲䜽䝹䜢᝿

PS II䛾䝬䞁䜺䞁䜽䝷䝇䝍䞊䛾ྍ⬟䛺඲䛶䛾䝇䝢䞁ᵓ㐀

䝬䞁䜺䞁䜲䜸䞁䛜䝇䝢䞁ศᴟ⋡䛛䜙ぢ䜜䜀᏶඲䛺☢ᛶ≧ែ
䛻䛒䜛䛾䛻䜒㛵䜟䜙䛪䚸䝇䝢䞁䜔㟁Ⲵ䛜ྛ䝃䜲䝖㛫䜢ᐜ᫆䛻
㌿⛣䛩䜛Labile䛺㟁Ꮚᵓ㐀䜢ᣢ䛴஦䚸䜎䛯䝃䜲䝖㛫䛾☢Ẽ
ⓗ┦஫స⏝ゎᯒ䛾⤖ᯝ䛛䜙䛿䚸䜽䝷䝇䝍䞊඲య䛾☢Ẽⓗ䛺
䜹 䝥䝸䞁䜾䛾⤖ᯝ඲⣔䛾䝇䝢䞁≧ែ䛜Ỵᐃ䛧䛶䛔䜛஦䛜᫂䛧䛶䚸Kok䝃䜲䜽䝹䜢᝿

ᐃ䛧䛶㓟໬≧ែ䜢ኚ䛘䛺
䛜䜙䚸䝁䜰㒊ศ䛾᭱Ᏻᐃ
㟁Ꮚ≧ែ䜢ㄪ䜉䛯 䚹

Kok䝃䜲䜽䝹䛸䝬䞁䜺䞁䜽䝷䝇䝍䞊䛾㓟໬ᩘ䠄㉥䛜᝿ᐃ䛧䛯≧ែ䠅

䜹䝑䝥䝸䞁䜾䛾⤖ᯝ඲⣔䛾䝇䝢䞁≧ែ䛜Ỵᐃ䛧䛶䛔䜛஦䛜᫂
䜙䛛䛻䛺䛳䛯[1-2]䚹

ཧ⪃ᩥ⊩
1. Kanda et al.,Chem.Phys.Lett. 506, 98-103 (2011)
2. Yamanaka et al., Chem.Phys.Lett. 511, 138-145 (2011)



176

ᰴ਎ઍ↢๮૕⛔วࠪߩࠕࠚ࠙࠻ࡈ࠰ࡦ࡚ࠪ࡯࡟ࡘࡒ⎇ⓥ㐿⊒ (ISLiM)ᚑᨐႎ๔ળ 2011  (2011.12.21-­22)

M-8: Platypus-QM/MM

㔞Ꮚ໬Ꮫィ⟬䠋ศᏊືຊᏛ㐃ᡂィ⟬
㛤Ⓨ㈐௵⪅㻦 ୰ᮧ᫓ᮌ 㻔኱㜰኱Ꮫ⺮ⓑ㉁◊✲ᡤ㻕

1 ᴫせ1.ᴫせ
䛷䛿䚸⏕య㧗ศᏊ䜢⤒㦂ⓗศᏊຊሙ䜶䝛䝹

䜼䞊㛵ᩘ䛸㠀⤒㦂ⓗศᏊ㌶㐨ἲ䛷グ㏙䛧䛶ศᏊືຊᏛ䝅䝭䝳䝺䞊䝅䝵䞁䜢㐙⾜䛷䛝䜛䚹⤒㦂ⓗศᏊຊሙ䜶䝛䝹
䜼䞊㛵ᩘ䛷䛿ྛཎᏊ䛿㉁㔞䛸㟁Ⲵ䜢ᣢ䛱࿘㎶ཎᏊ䛸䛾⤖ྜ㛵ಀ䜢⤒㦂ⓗ䛻ண䜑ᐃ䜑䜙䜜䛯䝟䝷䝯䞊䝍䞊䛻䜘䛳
䛶ィ⟬䛩䜛䚹୍᪉䚸㠀⤒㦂ⓗ䛺ศᏊ㌶㐨ἲ䛷䛿䚸ྛཎᏊ䛿ཎᏊ᰾䛾㟁Ⲵ䛸㟁ᏊἼື㛵ᩘ䛻䜘䛳䛶䛾䜏グ㏙䛥䜜
䜛䚹ᡃ䚻䛿䝪䝹䞁䞊䜸䝑䝨䞁䝝䜲䝬䞊㏆ఝ䛾⠊ᅖෆ䛷䚸ཎᏊ᰾䛜㟁Ꮚᵓ㐀䛸䛿᩿⇕ⓗ䛻ศ㞳䛧䛶ྲྀ䜚ᢅ䛘䜛䛸௬
ᐃ䛧䛯䛖䛘䛷 䝝䜲䝤䝸䝑䝗䜶䝛䝹䜼䞊㛵ᩘ䛷グ㏙䛥䜜䛯⣔䛾䝝䝭䝹䝖䝙䜰䞁䜢ྂ඾ⓗ䛻✚ศ䛧䛶⣔䜢᫬㛫Ⓨᒎ䛥ᐃ䛧䛯䛖䛘䛷䚸䝝䜲䝤䝸䝑䝗䜶䝛䝹䜼 㛵ᩘ䛷グ㏙䛥䜜䛯⣔䛾䝝䝭䝹䝖䝙䜰䞁䜢ྂ඾ⓗ䛻✚ศ䛧䛶⣔䜢᫬㛫Ⓨᒎ䛥
䛫䛶䛔䜛䚹 䛿䛣䛾⤒㦂ⓗศᏊຊሙ䝴䝙䝑䝖䛸㠀⤒㦂ⓗ䝴䝙䝑䝖䜢㐃ᡂ䛥䛫䛶 ศᏊືຊ
Ꮫ䝅䝭䝳䝺䞊䝅䝵䞁䜢ᐇ᪋䛩䜛䚹䛣䛾㝿䚸 ✵㛫䛛䜙䛾㟼㟁ⓗᐤ୚䜢ᚑ᮶ἲ䛻ẚ䜉䛶䛿䜛䛛䛻ṇ☜䛻ྲྀ䜚㎸䜐᪉
ἲ䛸䛧䛶䚸᪂䛯䛻㛤Ⓨ䛧䛯 䛾䜰䝹䝂䝸䝈䝮䜢ྲྀ䜚ධ䜜䛯䚹䛥䜙䛻䚸 ἲ䛻ᇶ
䛵䛟␯⤖ྜ㉸୪ิィ⟬䛻䜘䛳䛶䚸᭱ᑠ⮬⏤䜶䝛䝹䜼䞊⤒㊰Ỵᐃ䛩䜛䝇䜻䞊䝮䜢ᑟධ䛧䛯䚹

2. Zero-dipole summation 䜰䝹䝂䝸䝈䝮䛾MDィ⟬䜈䛾㐺⏝
䜙䛻䜘䛳䛶ᥦ᱌䛥䜜䛯࿘ᮇ⣔䛻䛚䛔䛶ேᕤⓗ䛺୰ᛶ⣔䜢స䜛

䛣䛸䛻䜘䛳䛶㟼㟁┦஫స⏝䜶䝛䝹䜼䞊䛾⢭ᗘ䜢ಖ䛴ᕤኵ 䛿䚸⚟

⏣䜙䛻䜘䛳䛶཮ᴟᏊ䝰䞊䝯䞁䝖䜒䝊䝻䛸䛩䜛⣔䛸䛩䜛䜰䝹䝂䝸䝈䝮
䛻Ⓨᒎ䛥䜜䛯 䚹䛣䛾䜰䝹䝂䝸䝈䝮䛷䛿䚸࿘ᮇ⣔䛻ᚲ㡲䛾⿵ㄗᕪ

㛵ᩘ䛻䛚䛡䜛䝎䞁䝢䞁䜾䝟䝷䝯䞊䝍䜢㝈䜚䛺䛟ᑠ䛥䛟䛩䜛䛣䛸䛜ྍ⬟
䛷䛒䜚䚸㠀࿘ᮇⓗ䛺⣔䜈䛾ᣑᙇ䜒ྍ⬟䛷䛒䜛䚹

䛣䛾䜰䝹䝂䝸䝈䝮䜢ỈศᏊ䛾⣔䛚䜘䜃⭷⺮ⓑ㉁䛾⣔䛻ᛂ⏝䛧
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3.᭱㐺⮬⏤䜶䝛䝹䜼䞊⤒㊰᥈⣴ἲ䠖Chain-of-State + hybrid-QM/MD䝅䝭䝳䝺䞊䝅䝵䞁
㓝⣲䛺䛹䛾」㞧䛺ศᏊ㐣⛬䛾⮬⏤䜶䝛䝹䜼 ィ⟬䛻ᑐ䛩䜛㧗ຠ⋡䛾ィ⟬䛾䛯䜑 ἲ䛻䜘䜛␯

䛣䛾䜰䝹䝂䝸䝈䝮䜢ỈศᏊ䛾⣔䛚䜘䜃⭷⺮ⓑ㉁䛾⣔䛻ᛂ⏝䛧䚸
ἲ䛻䜘䜛䜶䝛䝹䜼䞊䛚䜘䜃ຊ䛾್䛸ẚ㍑䛧䛯䛸䛣䜝䚸ᴟ䜑䛶

Ⰻ䛔⢭ᗘ䛷୍⮴䛩䜛䛣䛸䛜☜ㄆ䛥䜜䛯䚹䛥䜙䛻䚸䛣䛾䜰䝹䝂䝸䝈䝮
䛻䜘䜛 ィ⟬䛾⤖ᯝ䚸䛭䜜䜙䛾⣔䛾䝎䜲䝘䝭䝑䜽䛺ᛶ㉁䜒ಖ䛯䜜
䛶䛔䜛䛣䛸䛜☜ㄆ䛥䜜䛯䚹

ji ||

㓝⣲䛺䛹䛾」㞧䛺ศᏊ㐣⛬䛾⮬⏤䜶䝛䝹䜼䞊ィ⟬䛻ᑐ䛩䜛㧗ຠ⋡䛾ィ⟬䛾䛯䜑䚸 ἲ䛻䜘䜛␯

⤖ྜ୪ิィ⟬䜢⏝䛔䛯䚸」ᩘ䛾䝟䝷䝯䞊䝍್䛜ྠᮇ䛧䛶㢮ఝ䛾ィ⟬䜢⾜䛖஧㔜໬䛧䛯୪ิ໬䝇䜻䞊䝮䜢ᑟධ䛧
䛯䚹 ἲ䛾ึᮇ㓄⨨䛸䛧䛶䚸䛒䜛ᖹ⾮≧ែ 䛸 㛫䜢⤖䜆ヨ⾜⤒㊰䠄ୗグ䛾౛䛷䛿┤⥺䠅ୖ䛻➼㛫

㝸䛻ィ⟬䝅䝭䝳䝺䞊䝅䝵䞁Ⅼ䜢㓄⨨䛩䜛䚹ྛィ⟬䝅䝭䝳䝺䞊䝅䝵䞁Ⅼ䛷䛿䛚஫䛔௚䛸䛿␗䛺䜛఩┦✵㛫ୖ䛾䝟䝷
䝯䞊䝍䞊䠄཯ᛂᗙᶆ䠅䜢ᣢ䛱ᐃ䜑䜙䜜䛯᫬㛫㛫㝸୰䠄䝣䜵䞊䝈䠅䛻ྛ䚻఩┦✵㛫Ⅼ㏆ഐ䛾⮬⏤䜶䝛䝹䜼䞊㠃䛻㛵
䛩䜛ィ⟬䜢ᐇ⾜䛩䜛䚹ྛ䚻䛾ィ⟬䛜཰᮰䛧䛯ᚋ䛻䚸䝩䝇䝖䛻䛣䜜䜙䛾ィ⟬᝟ሗ䜢㞟⣙䛧䛶ホ౯䛩䜛䛣䛸䛷ḟ䛾᫬
㛫㛫㝸䛻ྛ䝅䝭䝳䝺䞊䝅䝵䞁䛜౑⏝䛩䜛䝟䝷䝯䞊䝍䞊䜢Ỵᐃ䛧䛶䝤䝻䞊䝗䜻䝱䝇䝖䛧ḟ䛾䝣䜵䞊䝈䛾ィ⟬䜢⥆⾜䛩

R
Ỉ⁐ᾮ୰䛷
䛾䜰䝷䝙䞁䞉
䝆䝨䝥䝏䝗䛾

㛫㛫㝸 ྛ䝅 䝅 䞁 ౑⏝䛩䜛 䝷 䝍 䜢Ỵᐃ 䜻䝱 ḟ ィ⟬䜢⥆⾜䛩
䜛䚹䝟䝷䝯䞊䝍䞊䛜཰᮰䛩䜛䜎䛷䛣䛾ィ⟬䛸䝟䝷䝯䞊䝍䞊㞟⣙䛾㐣⛬䜢⧞䜚㏉䛩䛣䛸䛷᭱㐺䛺䝟䝷䝯䞊䝍䞊䜢Ỵᐃ
䛧䚸 䛸 䜢⤖䜆᭱㐺⤒㊰䛜Ỵᐃ䛥䜜䜛䛣䛸䛻䛺䜛䚹ᚑ᮶䛾 ἲ䛿䚸䜋䛸䜣䛹䛜ྂ඾ຊᏛ䛾⠊␪䛷䛺
䛥䜜䛶䛝䛯䛜䚸ᡃ䚻䛿䚸 䛷㛤Ⓨ䛧䛯㟁Ꮚ≧ែィ⟬䜢ᑟධ䛩䜛䛣䛸䛻䜘䛳䛶䚸㟁Ꮚᵓ㐀䛜ኚ໬䛩䜛໬
Ꮫ཯ᛂ䛾⮬⏤䜶䝛䝹䜼䞊⤒㊰䛾ィ⟬䜢ྍ⬟䛸䛧䛯䚹

P

ᵓ㐀ኚ໬䛻
䛴䛔䛶䚸 䠄
ᵓ㐀䠅䛛䜙
䠄 䠅䜈

䛾ኚ໬䛾᭱
㐺⮬⏤䜶䝛
䝹䜼 ⤒㊰䝹䜼䞊⤒㊰
䛾᥈⣴౛䚹
Ỉ䛿 䚸䝨
䝥䝏䝗䛿
䛸䛧䛶ィ⟬䚹
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M-9: Platypus-CGM/MM

⢒ど໬䝰䝕䝹ィ⟬䠋ศᏊືຊᏛ㐃ᡂィ⟬
㛤Ⓨ㈐௵⪅㻦 ୰ᮧ᫓ᮌ 㻔኱㜰኱Ꮫ⺮ⓑ㉁◊✲ᡤ㻕

1 ᴫせ1.ᴫせ
⺮ⓑ㉁䛾ศᏊືຊᏛ䛻⨨䛔䛶䜒䛳䛸䜒୍⯡ⓗ䛻౑⏝䛥䜜䛶䛔䜛඲ཎᏊ䝰䝕䝹䠄䠝䠝䠩䠅䛿䚸ᵓ㐀᝟ሗ䛜ヲ⣽䛷䛒
䜛䛜䜖䛘䛻ᵓ㐀✵㛫䛾᥈⣴䛻᫬㛫䛜䛛䛛䜛䚹≉䛻䝗䝯䜲䞁㐠ື䛾䜘䛖䛺⌧㇟䜢ᢅ䛖䛻䛿୙ྥ䛝䛷䛒䜛䚹

୍᪉䛷⢒ど໬䝰䝕䝹䠄䠟䠣䠩䠅䛿㛗᫬㛫䛾䝅䝭䝳䝺䞊䝅䝵
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2 ᡭἲ䛾᳨ド䠄Chignolin)*1
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䠟䠣䠩䝅䝭䝳䝺䞊䝍䞊䠄platypus-CGM䠅䜢㛤Ⓨ䛧䛶䛝䛯䚹

2.ᡭἲ䛾᳨ド䠄Chignolin) 1

ChignolinศᏊ(PDBID:1uao)
ิ

䜶䝛䝹䜼䞊䛸Q್䛾ᩓᕸᅗ
(ᕥ䠅AAM/CGM䚸
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㓄ิ: GYDPETGTWG
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Wang-Landauἲ䛷䛿䜶䞁䝖䝻䝢䞊S䜢䜶䝛䝹䜼䞊E䛸
᫬㛫t䛾㛵ᩘ䛷⾲䛧䚸S=S+f (f䛿ศᕸ㛵ᩘP(E)䛜ᖹ䜙
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4.௒ᚋ䛾ィ⏬

᫬㛫 㛵ᩘ ⾲䛧䚸 (䛿ศᕸ㛵ᩘ ( ) ᖹ䜙

䛻䛺䜛䛯䜃䛻ῶᑡ䛩䜛䝟䝷䝯䞊䝍䠅䛸ኚ᭦䛩䜛䚹䝃䞁䝥
䝸䞁䜾ึᮇ䛾ẁ㝵䛾S䛾ฝพ䜢䛾䛮䛟䛯䜑䚸S䛾᭤⋡
䜢᭱ᑠ໬䛩䜛ኚศཎ⌮䜢ᑟධ䛧䚸⮬ືⓗ䛻⢭ᗘ䜘䛟ᵓ
㐀䜢䝃䞁䝥䝸䞁䜾䛩䜛᪉ἲ䜢☜❧䛧䛯䠄Smooting
Wang-Landauἲ:SWLἲ䠅䚹

㯮୸䛿䠝䠟䠬䛸䠩䠝䠰䝗䝯䜲䞁䛷䚸▮༳䛾㛗䛥䛜R䚹R䛻ᑐ䛧
䛶䠯䠳䠨ἲ䜢ᛂ⏝䛩䜛䛣䛸䛷䚸ᣑᩓ䜶䞁䝖䝻䝢䞊䜢ຠ⋡ⓗ
䛻ồ䜑䜛䛾䛜≺䛔䚹

䝥 䜾 䛥 䛺䜛㧗㏿ ┦ స 䝤

┿✵୰䛾Alanine-dipeptide䜢SWLἲ䜢⏝䛔䛶ィ⟬䛧䛯
䜹䝜䝙䜹䝹ศᕸ䠄㉥ 㟷䠅䛸䜹䝜䝙䜹䝹䝅䝭䝳䝺䞊䝅䝵䞁䛾⤖
ᯝ䠄䝢䞁䜽 ⥳䠅䠙䠚୍⮴

ཧ⪃ᩥ⊩
1. Shimoyama et al., J.Chem.Phys. 133, 135101 (2010)
2. Shimoyama et al., J.Chem.Phys. 134, 024109 (2011) 

䝥䝻䜾䝷䝮䛾䛥䜙䛺䜛㧗㏿໬䠖┦஫స⏝䝔䞊䝤䝹
䛾㏻ಙ䛾ຠ⋡໬
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ᶵ䝅䝭䝳䝺䞊䝅䝵䞁䛻䛶⾜䛳䛯䚹  
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䊶Hodgkin-Huxley䊝䊂䊦䈱ታⵝ䋺␹⚻⥝ᅗ䈮䉋䉎⤑㔚૏䈱
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ၮ␆ᑼ HVC
t
V

䊗䉪䉶䊦ᢙ 28㬍16㬍16 Cm 1.0
䊏䉾䉼 1.0 gK 36.0
Ӡ䌴 1.0e-04 gNa 120.0
᜛ᢔଥᢙ 100.0 gL 0.3
v 1.0 vK -12.0
m 1.0 vNa 115.0
n 1.0 vL 10.613
h 1.0 Iapp ᐳᮡ(4.0,8.0,8.0)
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↢ൻቇ෻ᔕ䋨⍫ශ䋩䋺㪉㪋෻ᔕ䋨⚿วಽሶ䈫䈱⋧੕૞↪䋩
ታ✢䋺ਥ෻ᔕ䇮⎕✢䋺⺞▵෻ᔕ
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C-4 RICS-Insulin Granule Dynamics
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O-1: ZZ-EFSI
඲㌟䝪䜽䝉䝹䝅䝭䝳䝺䞊䝅䝵䞁䠄䝪䜽䝉䝹ᵓ㐀ὶయ㐃ᡂゎᯒ䝥䝻䜾䝷䝮䠅
㛤Ⓨ㈐௵⪅㻦 㧗ᮌ࿘ 㻔⌮໬Ꮫ◊✲ᡤḟୡ௦ィ⟬⛉Ꮫ◊✲㛤Ⓨ䝥䝻䜾䝷䝮㻕

ཧ⪃ᩥ⊩
Sugiyama, K., Ii, S., Takeuchi, S., Takagi, S. and Matsumoto, Y. (2010) Full Eulerian simulations of biconcave neo-Hookean 

particles in a Poiseuille flow, Comput. Mech., 46: 147-157. 
Nagano, N., Sugiyama, K., Takeuchi, S., Ii, S., Takagi, S. and Matsumoto, Y. (2010) Full-Eulerian finite-difference simulation of

fluid flow in hyperelastic wavy channel, J. Fluid Sci. Tech., 5: 475-490. 
Sugiyama, K., Ii, S., Takeuchi, S., Takagi, S. and Matsumoto, Y. (2011) A full Eulerian finite difference approach for solving fluid-

structure coupling problems, J. Comput. Phys., 230: 596-627. 
Ii, S., Sugiyama, K., Takeuchi, S., Takagi, S. and Matsumoto, Y. (2011) An implicit full Eulerian method for the fluid-structure

interaction problem, Int. J. Numer. Meth. Fluids, 65: 150-165.
Ii, S., Gong, X., Sugiyama, K., Wu, J., Huang, H., and Takagi, S. (2011) A full Eulerian fluid-membrane coupling method with a 

smoothed volume-of-fluid approach, Comm. Comput. Phys. (accepted).
Takagi, S., Sugiyama, K., Ii. S., and Matsumoto, Y. (2011) A review of full Eulerian methods for fluid-structure interaction 

problems, J. Appl. Mech. (accepted).

㛤Ⓨ䛻⮳䜛⫼ᬒ

㛤Ⓨ䝋䝣䝖䜴䜵䜰䛾≉ᚩ

Eulerᆺὶయ䞉ᵓ㐀/⭷㐃ᡂゎᯒἲ

ືⓗ䝟䝷䝯䞊䝍䜢ᣢ䛴ᨃఝᅽ⦰ᛶἲ
(Artificial Compressibility Method; ACM)

ᅛᐃ䝯䝑䝅䝳ୖ䛷䠈඲䛶䛾≀
⌮㔞䜢᭦᪂䛷䛝䜛䜘䛖䛻ᐃᘧ
໬䠊

䝕䞊䝍䛾฼⏝䛻䜘䜚䠈
䝯䝑䝅䝳⏕ᡂ䞉෌ᵓᡂ䜢୙せ䛻䠊
」㞧䛺ቃ⏺ᙧ≧䜢ᣢ䛴/ከᩘ
䛾ศᩓయ䜢ྵ䜐ၥ㢟䛾ᢅ䛔
䜢ᐜ᫆䛻 䠊

་⒪⏬ീ䠄CT䝇䜻䝱䞁䠈MRI➼䠅䛸┦
ᛶ䛾Ⰻ䛔ὶయᵓ㐀㐃ᡂゎᯒ䛻䜘䜚䠈
ಶேẖ䛾デ᩿䛻༶䛧䛯἞⒪ᨭ᥼䜢ᐇ
⌧䛧䛯䛔䠊
㉥⾑⌫䞉⾑ᑠᯈ䜢ྵ䜐⾑ὶ䜢ᑐ㇟䛸

䛩䜛㉸኱つᶍ୪ิィ⟬䜢ᐜ᫆䛻ᐇ⌧
䛧䠈⾑ᑠᯈ⾑ᰦ䛻⮳䜛ᶵᵓ䜢᫂䜙䛛䛻
䛧䛯䛔䠊

ᅽຊಟṇ䛻㝿䛧䛶䠈㏿ᗘⓎᩓ䜢᭱ᑠ໬䛩䜛ฎ⌮䜢ᑟධ䠊
ᩘ್ⓗ䛻Ᏻᐃ䛷᏶඲㝧ⓗ䛺᫬㛫✚ศ䠊
㧗䛔ᐇຠᛶ⬟䠈୪ิᛶ⬟䜢ᐇ⌧䠊

How is the solid deformation
described?

Lagrangian frame Eulerian frame

by left Cauchy-Green
deformation tensor

by the displacement of 

኱つᶍ୪ิィ⟬䛻㐺䛧䛯ὶయᵓ㐀/⭷㐃ᡂゎᯒ䜢ᐇ⌧

⌧᫬Ⅼ䛷䛾㛤Ⓨ≧ἣ
㛤Ⓨゝㄒ䛸䝷䜲䝤䝷䝸
FORTRAN, C++, MPI, OpenMP, VSphere
䛂ி䛃䛾䝬䝙䝳䜰䝹䛻ᚑ䛔䠈䝥䝻䝣䜯䜲䝷䠈PA䝒䞊䝹䜢
౑䛳䛶ᛶ⬟䝏䝳䞊䝙䞁䜾䠊
䛂ி䛃䛷䠈䝇䝔䞁䝅䝹ィ⟬䛸䛧䛶ᴟ䜑䛶㧗䛔ᐇຠᛶ⬟䠈
ྎᩘຠᯝ䜢㐩ᡂ䠊

䝏䝱䝛䝹ὶ䜜ෆ
neo-Hookeయ⢏Ꮚ

ᐇຠᛶ⬟䛸୪ิྎᩘ
(weak scaling)

⌧ᅾ㛤Ⓨ/ᐇ᪋୰䛾ィ⟬஦౛ (⾑ᰦ䝅䝭䝳䝺䞊䝍)
⾑ᑠᯈ⾑ᰦ䛻⮳䜛ᶵᵓゎ᫂䜢┠ᣦ䛩

⾑ὶ䛸Ligand-Receptor⤖ྜ䛾䝬䝹䝏䝇䜿䞊䝹/
䝣䜱䝆䝑䜽䝇ゎᯒἲ䛾ᴫせ

⾑ᑠᯈ௜╔䛾ᵝᏊ䠈㉥⾑⌫䛾ᙳ㡪

⾑ᰦᙧᡂ䛾➨୍ẁ㝵䛻䛚䛡䜛䠈㉥⾑⌫䛾Ꮡᅾ䛾㔜せᛶ䠊

э௒ᚋ䛿䠈ከᩘ䛾㉥⾑⌫䛜Ꮡᅾ䛩䜛᮲௳䛷䠈⾑ᑠᯈ䛾
௜╔䛛䜙⾑ᰦ䛾ึᮇ㐣⛬䜢䛂ி䛃䛷ゎᯒ

ィ⟬䛾ጇᙜᛶ (ὶయᵓ㐀/⭷㐃ᡂᶵ⬟䛾ᐇ⿦)

- - Zhao, Freund & Moser 
(2009, J. Comput. Phys. 227)
SMAC䠇 Lagrangian for solid

䠉 Present (ACM + full Eulerian)

䜻䝱䝡䝔䜱ὶ䜜୰䛾㉸ᙎᛶయ⢏Ꮚ 䛫䜣᩿ὶ୰䛾⭷䜹䝥䝉䝹

༑ศ䛻᳨ド䛥䜜䛯ィ⟬⤖ᯝ䜢Ⰻ䛟෌⌧
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O-2: TK-Thrombocyte 

血小板細胞放出シミュレーション 血小板細胞接着シミュレーション

a. 細胞スケールシミュレーター（RICSの血小板細胞への応用）
ー実証実験にて計測された細胞内小器官の局在、細胞表面上に
局在するGPIb とvon Willebrand因子の相互作用による活性
化シグナルの広がり、細胞内の濃染顆粒放出を組み込んだ。 

リン酸化シグナル蛋白VASP-Pの局在
非刺激時 刺激時 

ー実証実験による活性化刺激
後のシグナル蛋白の細胞内
局在を定量しシミュレー
ターを精緻化 

b. 臓器全身スケールシミュレーター 
（血小板細胞接着シミュレーター） 

ー実証実験に裏打ちされ、血小板細胞上の特異的接
着蛋白（von Willebrand因子と結合するGPIb ）の
細胞表面上の局在を考慮し、接着した血小板細胞
が受ける流体力による受動的形態変化（偽足形
成）を組み込んだ血小板細胞接着シミュレーター
を作成した。 

ー流れ場にて、von Willebarand因子に接着した血小
板の偽足長を実測してシミュレーターを精緻化 

ー「京」を用いたa, bの大規
模連携計算により、細胞ス
ケールと臓器全身スケール
の統合的理解を目指す 

: 

: 
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O-3: ZZ-DOSE based on PHITS

重粒子線は、がん
のあるせまい領域
だけを集中攻撃

Ｘ線は通り道にまんべんな
く影響をあたえ、正常組織
に後遺症が出ることも

1984年

1994年 炭素イオン線臨床試験開始
2003年 高度先進医療として承認

重粒子線治療センター
建設計画スタート

放射線医学総合研究所での患者数
1994.6-2009.2の期間に4504人 (年々増え2008年度は684人)

線量の集中性が高い（ピンポイント
に照射可能）
強い生物効果（細胞を死滅させる力
が強い）
他の治療法では治らないがん（メラ
ノーマ、肝臓がん、手術できない肉
腫）が治る
同じ治るにしてもより短期間で安全
に治りQOLが高い（Ｘ線なら20～40

回照射、重粒子線なら１回照射）
高度先進医療として、近年、国民の
注目が高まっている

重粒子線は目に見えないので、3D-CT画像を使って
線量を計算し、治療計画を立てる

様々な組織から構成される不均質な体系についても高精度
で線量計算できる手法が必要
がん病巣への線量を十分に、正常組織の被ばくを低減

モンテカルロ法を用いた重粒子線線量計算シミュレーターを開発

信頼性の高い線量計算法が必要
実際には3Dで計算

ペンシルビーム法

モンテカルロ法

既存の計算手法：ペンシルビーム法等
長所：簡便で計算時間が短い（数分）
短所：不均質な媒質中（骨の近くなど）で誤差大  

がん病巣へは不十分な線量、正常組織に不要な被ばく

モンテカルロ法を用いた線量計算の実用化が切望されている

……

0.3ミリ角での全身ボクセル線量計算
（1640×890×5630ボクセル） 
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O-4: ZZ-HIFU

1. Background and Objectives 3. Simulation Assisted Focus Control

Minimally-invasive treatment, which provides 
the heat coagulation of tissue around the focal 
point of ultrasound.
Benefits

Short hospital stay
Radiation free
Repeatable treatment

Stage controller

Trigger

Stage

40 mm

56ch PZT
Transducer

High-Intensity Focused Ultrasound therapy Experimental Apparatus

Repeatable treatment
Approved for tumors such as the prostate 
hyperplasia and uterine fibroids. Kennedy JE., Nat. Rev. Cancer, 5:321-27, 2005

MRI-guided Focused Ultrasound Surgery has 
been developed for various tumors.

Pre and Post contrast imaging for treatment 
validation
Accurate targeting
Real-time monitoring of temperature

http://www.ushifu.com http://www.insightec.com

Geometrical Focus

Oscilloscope

Trigger
Water

Needle hydrophone

o

Acrylic plate (3 mm)
c=2660m/s

LabVIEW�™

61ch Amplifier

56 elements
Frequency 2 MHz
Focal distance: 100 mm

The acrylic plate as a phantom of bone is inserted between the transducer and target. The angle of the 
acrylic plate can be changed The transducer is driven by 61ch amplifier under the control of

Brain tumor Liver tumor

Displacement and diffusion of focal point due to the reflection 
and refraction of ultrasound at the interface of bones Focus control by array transducer

1. Ultrasound is emitted from a target point 
and recieved by the array transducer

2. Take cross correlations of the received 
pressure and choose the amplitude and phase 
delay to make the cross correlation maximum.

HIFU for tumor behind bones

I. Estimation of control parameters using the NUMERICAL SIMULATION

Method & Results

acrylic plate can be changed. The transducer is driven by 61ch amplifier under the control of 
LabVIEW. The acoustic field is measured by using needle hydrophone 3-dimensionally

Simulation assisted focusing methods
A layered wavevector-frequency domain model using input from CT scans 
(Clement & Hynynen, 2002)
A time-reversal process based on prior CT scans using the wave propagation simulation
(Aubry et al., 2003)

Digital human model is constructed based on CT images
Control parameters of array transducer is obtained by a simulation

Cross correlation

Phase shift mapAmplitude map

Reali ation of the appropriate foc s control in the bod sing arra transd cer

Objectives

z=0mm x=-4mm[MPa]

2. HIFU Simulator

Realization of the appropriate focus control in the body using array transducer
Prediction of the treatment region for the preoperative planning
Support of the development of HIFU device from design to approval

II. Transducer is driven by the estimated parameters in the EXPERIMENT

The media of a volume model of
human body (voxel phantom) is

x=-1mmz=0mm [MPa]

[MPa]z=0mm x=0mm

discretized into cubic elements
with the voxel data for a living
human body collected by
CT/MRI technologies. On the
other hand, the shape of the
transducer defined by CAD is
represented by the volume data
of the signed distance function.
Then, the ultrasound propagation
from the transducer through the
voxel phantom is performed by
large-scale parallel computing.

Okita et al., Int. J. Numer. Meth. Fluids 2011; :43�–66

[MPa]z=0mm x=0mm

The mass conservation equation for mixture:

The momentum conservation equation for mixture:

Sound source due to the transducers2
,

1 j p p

m sm j p T p

u fp E
c t x E t

where m k k
k

f 2 2

1 k

km sm k sk

f
c cand

12
3

i
m m kk ij m ij kk ij

i j

u p e e e
t x x

The equation of state of media: (Tait�’s equation)
1

1
0

0 1

p A
p A

2
0 0

1 0
scA p 1B

A
where and

Non-linear coefficient

2 212
3m pm m m kk m ij ij kk

j j

T TC e e e e
x x

The heat equation for mixture:

Basic equations

Since the sound speed of the acrylic plate is faster than water, ultrasounds focused away from
the target in both cases without focus control. By driving the array transducer with the control
parameters which were previously obtained by the numerical simulation, the focal points
were assigned to the target correctly in the experiments with focus control. Therefore, the
simulation assisted focus control is effective and the numerical simulation is so accurate that
the focus control is enabled.

Basic equations are discretized by the Finite Difference Method of 6-th order central difference 
in space and are explicitly integrated in time based on FDTD method.
Perfectly Matched Layer is employed for the non-reflecting boundary.
Parallel computing is performed by the domain decomposition with MPI + OpenMP.

Numerical method
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⢇䈏ਲ䈚䈒䇮 ലᨐ⊛䈭ᴦ≮ᴺ䈱㐿⊒䈏ᄢ䈐䈭⺖㗴䈫䈭䈦
䈩䈇䉎䇯䉁䈢䇮㊀◊䈭∔ᖚ䈱㓙䈮๭ๆ⵬ഥ䈮೑↪䈘䉏䉎䈖
䈫䈏ᄙ䈇ੱᎿ๭ๆེ䈮㑐䈚䈩䉅䇮ᄖㇱ䈎䉌ᒝ೙⊛䈮឵᳇䉕
ⴕ䈉䈖䈫䈪⢖䈱ᧃ᪳⚵❱䈮៊்䈏⊒↢䈚䇮ᖚ⠪䈱੍ᓟ䉕ᖡ
䈒䈜䉎ᄢ䈐䈭ⷐ࿃䈫䈭䈦䈩䈇䉎䇯

䈖䉏䉌䈱໧㗴䈱⸃᳿䉕㒖䉃ᩮᧄ⊛䈭ⷐ࿃䈫䈚䈩䇮⢖䈱ᧃ
᪳ㇱ૏䈮䈍䈔䉎ⓨ᳇䈱ᵹ䉏䈫䈠䉏䈮઻䈉⚵❱䈱ᄌᒻ䈱㑐
ଥ䈏᣿⏕䈮䈘䉏䈩䈇䈭䈇䈫䈇䈉੐ታ䈏䈅䉎䇯⢖䈲䇮⚂200䊚
䉪䊨䊮䈱⢖⢩䈫๭䈳䉏䉎ᚱ⁁䈱⚵❱䈏ㅪ⚿䈚䈢ⶄ㔀䈭ᒻ
⁁䉕䈚䈩䈍䉍䇮ᮮ㓒⤑䈱਄ਅㆇേ䈮䉋䈦䈩⢖⢩䈱㓸ว૕䈏
ฃേ⊛䈮ᄌᒻ䈚䇮䈠䉏䈮䉋䈦䈩⢖ౝㇱ䈮ⓨ᳇䈱ᵹ䉏䈏⊒
↢䈜䉎䇯䈚䈎䈚䇮᳇ᵹ䈱ㅦᐲ䉇⚵❱䈮૞↪䈜䉎ᔕജ䉕↢૕
ౝ䈪⸘᷹䈜䉎䈖䈫䈲䇮ᦨవ┵䈱⸘᷹ᛛⴚ䉕↪䈇䈩䉅ᭂ䉄䈩
࿎㔍䈪䈅䉎䇯৻ᣇ䈪䇮⸘▚ᯏᕈ⢻䈱ะ਄䈮䉋䈦䈩䇮ⶄ㔀䈭
ᒻ⁁䈱‛૕䈫ᵹ૕䈱⋧੕૞↪䉕⸃ᨆ䈜䉎䉲䊚䊠䊧䊷䉲䊢䊮
䈏ㄭᐕ䇮䉋䈉䉇䈒ታ↪䊧䊔䊦䈪น⢻䈮䈭䉍䈧䈧䈅䉎䇯

䈠䈖䈪䇮ᚒ䇱䈲䇮␹ᚭ䈮ᑪ⸳ਛ䈱੩ㅦ䉮䊮䊏䊠䊷䉺䇸੩䇹
䉕↪䈇䈢ᄢⷙᮨ⸘▚䈮䉋䈦䈩䇮๭ๆ䈪↢䈛䉎⢖䈱ᧃ᪳ㇱ
૏䈮䈍䈔䉎䉻䉟䊅䊚䉾䉪䉴䉕⸃᣿䈜䉎䈢䉄䇮䉲䊚䊠䊧䊷䉲䊢䊮
䉸䊐䊃䈱㐿⊒䉕ㅴ䉄䈩䈇䉎䇯

O-­5:  ZZ-­LUNG
⢖๭ๆ䊶⢖ᓴⅣ䉲䊚䊠䊧䊷䉲䊢䊮

㐿⊒⽿છ⠪: ⍹ፃᐽᶈ (ℂൻቇ⎇ⓥᚲ⤳ེోり䉴䉬䊷䊦⎇ⓥ㐿⊒䉼䊷䊛)

䉸䊐䊃㐿⊒䈱⢛᥊

⃻Ბ㓏䈪䈲䇮䉮䊷䊄䈱ା㗬ᕈ䉕⏕⹺䈚䈧䈧䇮⸃ᨆ䈜䈼䈐
⃻⽎䈱ၮᧄ⊛䈭ᝄ䉎⥰䈇䉕ᛠី䈜䉎䈢䉄䇮⢖ᧃ᪳ㇱ䈱ᒻ
⁁䉕䉲䊮䊒䊦䈭ᐞ૗ᒻ⁁䈪ᮨᡆ䈚䈢♽䈮䈍䈇䈩⸘▚䉕ⴕ䈦
䈩䈇䉎䇯䈜䈭䉒䈤䇮⢖⢩▤䉕౞ᩇ䇮䈠䈱๟䉍䉕ข䉍࿐䉃⢖
⢩䉕⃿䈪ᮨᡆ䈚䈢ᐞ૗ᒻ⁁䉕᭴▽䈚䇮䈠䈱ౝㇱ䈮๭ๆ䈮䉋
䉎᳇ᵹ䈏⊒↢䈜䉎䉋䈉䈮䈚䈩䈇䉎䇯䈘䉌䈮䇮⃿䈱๟䉍䈮ⷙೣ
⊛䈭ⓣ䈱ⓨ䈇䈢⃿Ზ䉕㈩⟎䈚䇮ⴊᵹ䈏ᵹ䉏䉎Ძ⚦ⴊ▤䉕
ᮨᡆ䈚䈢䋨࿑䋳䋩䇯䈠䈱⸘▚଀䉕␜䈚䈢䉅䈱䈏࿑䋴䈪䈅䉎䇯

੹ᓟ䈲䇮䉋䉍⃻ታ⊛䈭♽䈮䈍䈇䈩⸘▚䉕ታᣉ䈚䇮ᧃ᪳᳇
㆏䈮䈍䈔䉎᳇ᵹ䈱㐽Ⴇ䈏⢖⚵❱䈱ᔕജ႐䈮䈬䈱䉋䈉䈭ᓇ
㗀䉕ਈ䈋䇮⢖⢩᭴ㅧ䈱⎕უ䉕ᒁ䈐⿠䈖䈜䈎䈮䈧䈇䈩⸃ᨆ
䉕ㅴ䉄䈩䈇䈒੍ቯ䈪䈅䉎䇯䈘䉌䈮䈲䇮䈖䈱⸃ᨆ䉕ㅢ䈚䈩䇮⢖
Ἳ䉇ᘟᕈ㐽Ⴇᕈ⢖∔ᖚ䈭䈬䈱∛ᘒ䉕䉋䉍ᷓ䈒ℂ⸃䈚䇮ലᨐ
⊛䈭ᴦ≮䈮䈧䈭䈏䉎␜ໂ䉕ᓧ䈢䈇䈫⠨䈋䈩䈇䉎䇯

ੱᎿ๭ๆེ䈮䉋䉎⢖៊்䉕ᛥ೙䈪䈐䉎༐⿠䈱೙ᓮᚻᴺ
䉕ᮨ⚝䈜䉎䈖䈫䉅㊀ⷐ䈭䊃䊏䉾䉪䈣䈫⠨䈋䈩䈇䉎䇯㉄⚛䈫ੑ
㉄ൻ὇⚛䈱േᘒ䉕⸃ᨆ䈜䉎䊝䉳䊠䊷䊦䉅♖✺ൻ䈚䇮ᓴⅣ
ེ♽䈱ℂ⸃䈮㊀ⷐ䈭䉧䉴੤឵䊒䊨䉶䉴䈮䈧䈇䈩䉅⸃ᨆ䉕
ㅴ䉄䈩䈇䈒ᣇ㊎䈪䈅䉎䇯

䈭䈍䇮䉸䊷䉴䉮䊷䊄䈲዁᧪⊛䈮䈲ήఘ䈪౏㐿䈜䉎੍ቯ䈪
䈅䉎䈏䇮⃻ᤨὐ䈪䈲㐿⊒ㅜ਄䈪䈅䉎䈢䉄䇮೑↪Ꮧᦸ⠪䈲䇮
౒ห⎇ⓥ䈫䈇䈉ᒻᑼ䈪䇮㐿⊒⠪䈫ද⼏䈚䈭䈏䉌ㆡ↪▸࿐䉕
ᬌ⸛䈚䈩䈇䈒䈖䈫䉕ᗐቯ䈚䈩䈇䉎䇯

࿑䋱䋮ᣣᧄੱ䈱ᱫ࿃㗅૏

ෘ↢ഭ௛⋭䈱ੱญേᘒ⛔
⸘䋨2010ᐕ 䋩䈮䉋䉎䈫䇮ᣣᧄ
ੱ䈱ᱫ࿃㗅૏䈮䈍䈇䈩⢖Ἳ
䈏䋴૏䇮ᘟᕈ㐽Ⴇᕈ⢖∔ᖚ䈏
䋹૏䉕භ䉄䈩䈇䉎䋨࿑䋱䋩䇯䈖䈱
䉋䈉䈮๭ๆེ♽∔ᖚ䈲䇮ᄙ䈒
䈱࿖᳃䈱↢๮䈮㑐䉒䉎㊀ᄢ
䈭∔ᖚ䈪䈅䉎䈮䉅㑐䉒䉌䈝䇮
⮎೷ᴦ≮䉇ᄖ⑼ᴦ≮䈱ㆬᛯ

㐿⊒䉮䊷䊄䈱᭎ⷐ

⸘▚੐଀

੹ᓟ䈱ዷ㐿

ᧄ㐿⊒䉮䊷䊄䈲䇮᦭㒢Ꮕಽᴺ䈮
ၮ䈨䈒ోり䊗䉪䉶䊦䉲䊚䊠䊧䊷䉲䊢
䊮᭴ㅧᵹ૕ㅪᚑ⸃ᨆ䊒䊨䉫䊤䊛
ZZ-EFSI䉕䊔䊷䉴䈫䈚䈩䈇䉎䋨⹦⚦
䈲䇮 O-­1䋺ℂൻቇ⎇ⓥᚲ䊶㜞ᧁ๟
䈱䊘䉴䉺䊷䉕䈗ⷩ䈒䈣䈘䈇䋩䇯
⸘▚㗔ၞ䈲䇮ⓨ㑆਄䈮࿕ቯ䈚䈢
৻᭽䈭䋳ᰴర䈱⋥ᣇ૕ᩰሶ䈪ో
૕䉕ಽഀ䈚䇮 VOF㑐ᢙ䈮䉋䈦䈩䇮
ⓨ᳇䈏ᵹ䉏䉎᳇㆏㗔ၞ䇮ⴊᶧ䈏
ᵹ䉏䉎Ძ⚦ⴊ▤㗔ၞ䈭䉌䈶䈮⢖
⚵❱䉕඙೎䈚䈩䈇䉎䋨࿑䋲䋩䇯䈖䈱䈢
䉄䇮ਗ೉⸘▚䈮ᒰ䈢䈦䈩䈲䇮⍱ᒻ
㗔ၞ䉕ဋ╬ಽഀ䈜䉎䈖䈫䈪䇮ല₸
⊛䈭䊨䊷䊄䊋䊤䊮䉴䉕ታ⃻䈜䉎䈖䈫
䈏น⢻䈪䈅䉎䇯
䉁䈢䇮ℂൻቇ⎇ⓥᚲ䈱䌖䌃䌁D䉲
䉴䊁䊛⎇ⓥ䊒䊨䉫䊤䊛䈪᭴▽䈘䉏
䈢䌖-­䌓phere䈫๭䈳䉏䉎㐿⊒ⅣႺ
䉕೑↪䈚䈩MPI䈫OpenMP䈱䊊䉟
䊑䊥䉾䊄ਗ೉䉕ታ⃻䈚䈩䈇䉎䇯㐿⊒
⸒⺆䉅C++䈫Fortran90䈱䊊䉟䊑
䊥䉾䊄䈫䈭䈦䈩䈇䉎䇯

࿑䋲䋮 (a) ᵹ૕᭴ㅧ✵ᚑ
⸃ᨆ䈮↪䈇䉌䉏䉎䈖䈫䈏
ᄙ䈇㕖᭴ㅧᩰሶ䈱৻଀
䋨಴ౖ : Gao & Hu J.
Comp. Phys., 2009䋩䇯
᭴ㅧ૕䈱Ⴚ⇇ઃㄭ䈮ᄙ
䈒䈱ᩰሶ䉕㈩⟎䈚䇮᭴ㅧ
૕䈱⒖േ䈫䈫䉅䈮ᩰሶ䉅
⒖േ䉅䈚䈒䈲ౣቯ⟵䈜䉎䇯
(b) ⓨ㑆䈮࿕ቯ䈚䈢⋥
ᣇ૕ᩰሶ䈱৻଀䇯᭴ㅧ
૕䈱ㆇേ䈮઻䈦䈩ᤨ㑆
⊒ዷ䈜䉎VOF㑐ᢙ䉕↪
䈇䈩ᵹ૕䈫᭴ㅧ૕䉕඙
೎䈜䉎䇯

s
10 0.5

a

b

⻢ㄉ

ᧄ⎇ⓥ䈲䇮ᢥㇱ⑼ቇ⋭ ᦨవ┵䊶㜞ᕈ⢻᳢↪䉴䊷䊌䊷䉮
䊮䊏䊠䊷䉺䈱㐿⊒೑↪䇸ᰴ਎ઍ↢๮૕⛔ว䉲䊚䊠䊧䊷䉲䊢䊮
䉸䊐䊃䉡䉢䉝䈱⎇ⓥ㐿⊒䇹䈱ᡰេ䉕ฃ䈔ⴕ䉒䉏䈢䉅䈱䈪䈜䇯
䉁䈢䇮ℂൻቇ⎇ⓥᚲ䈏ታᣉ䈚䈩䈇䉎੩ㅦ䉮䊮䊏䊠䊷䉺䇸੩䇹
䈱⹜㛎೑↪䈮䈍䈇䈩䇮㐿⊒䉮䊷䊄䈱䊁䉴䊃⸘▚䉕䈘䈞䈩䈇
䈢䈣䈐䉁䈚䈢䇯⸥䈚䈩ᗵ⻢䈇䈢䈚䉁䈜䇯

a

࿑䋳䋮 (a)⢖ᧃ᪳ㇱ૏䈱ᮨᑼ࿑䋨಴ౖ䋺‐ᧁ䊶ዊᨋ⪺䇸ੱ૕䈱ᱜᏱ᭴ㅧ
䈫ᯏ⢻ I ๭ๆེ䇹䋩 (b)⸘▚䈮↪䈇䈢᳇㆏ᒻ⁁䈱㠽⍑࿑ (c)Ძ⚦ⴊ▤
ᒻ⁁䈱㠽⍑࿑䇯⢖⢩▤䈫䋱䋲୘䈱⢖⢩䈎䉌ᚑ䉎♽䉕128x128x256䈱⸘
▚ᩰሶ䈪૞ᚑ䇯⢖⢩▤䈭䉌䈶䈮⢖⢩䈱⋥ᓘ䈲50ᩰሶ䇮Ძ⚦ⴊ▤䈱ෘ䈘
䈲7ᩰሶ䈪⴫⃻䈘䉏䈩䈇䉎䇯

࿑䋴䋮⸘▚䈪ᓧ䉌䉏䈢ㅦᐲ
ಽᏓ䈱䊗䊥䊠䊷䊛䊧䊮䉻䊥
䊮䉫䇯࿑䋳䈱⸘▚ᒻ⁁䈱
ਅ┵䉕ᒝ೙⊛䈮਄ਅ䈮ᝄേ
䈘䈞䈭䈏䉌䇮Ძ⚦ⴊ▤ౝㇱ䈮
䈣䈔᳓ᐔᣇะ䈮࿶ജ൨㈩䈏
⊒↢䈜䉎䉋䈉䈮Ⴚ⇇᧦ઙ䉕⸳
ቯ䈚䈩⸘▚䉕ⴕ䈦䈢䇯䈢䈣䈚䇮
࿑䈪␜䈘䉏䈩䈇䉎䈱䈲䇮⸘▚
ᒻ⁁䈱৻ㇱ䈱䉂䇯

b c

ᖡᕈᣂ↢‛
(29.5%)

ᔃ∔ᖚ
(15.8%)

䈠䈱ઁ

⣖
ⴊ▤
∔ᖚ
(10.3%)

⢖Ἳ

(9.9%)

ᘟᕈ㐽Ⴇ
ᕈ⢖∔ᖚ

(1.4%)



187

ᰴ਎ઍ↢๮૕⛔วࠪߩࠕࠚ࠙࠻ࡈ࠰ࡦ࡚ࠪ࡯࡟ࡘࡒ⎇ⓥ㐿⊒ (ISLiM)ᚑᨐႎ๔ળ 2011  (2011.12.21-­22)

㻌
䝬䝹䝏䝇䜿䞊䝹䞉䝬䝹䝏䝣䜱䝆䝑䜽䝇ᚰ⮚䝅䝭䝳䝺䞊䝍㻌

㛤Ⓨ㈐௵⪅㻦㻌 ஂ⏣ಇ᫂㻌㻔ᮾி኱Ꮫ㻕㻌㻌 㻌

㻌

ୖグ䝕䞊䝍䛿ி䛾ヨ㦂฼⏝୪䜃䛻⌮໬Ꮫ◊✲ᡤ᝟ሗᇶ┙䝉䞁䝍䞊RICC  䛻䜘䜚ᚓ䜙䜜䛯䚹  
ி䛿⌧ᅾ㛤Ⓨ୰䛷䛒䜚䚸䛣䜜䜙䛾ᩘᏐ䛿⌧≧䛾್䛷䛒䜛䚹  
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D-1: ParaHaplo

ParaHaplo  
DNA

 
2002  

100

 

(Misawa et al. 2008)  

 
ParaHaplo PC 8,000

(Misawa and Kamatani  
2009, 2010, 2011)  

SIMD  

ParaHaplo  
 

ParaHaplo 44 JPT) 45 (CHB) 
 

 
ParaHaplo  

ParaHaplo
 

23  
 

 
 

 

参考文献 
Misawa K, Fujii S, Yamazaki T, Takahashi A, Takasaki J, Yanagisawa M, Ohnishi Y, Nakamura Y, Kamatani N  (2008)  

New correction algorithms for multiple comparisons in case-control multilocus association studies based on 
haplotypes and diplotype configurations. J Hum Genet 53:789-801 

Misawa K, Kamatani N  (2009)  ParaHaplo: A program package for haplotype-based whole-genome association study 
using parallel computing. Source Code Biol Med 4:7 

Misawa K, Kamatani N  (2010)  ParaHaplo 2.0: a program package for haplotype-estimation and haplotype-based 
whole-genome association study using parallel computing. Source Code Biol Med 5:5 

Misawa K, Kamatani N  (2011)  ParaHaplo 3.0: A program package for imputation and a haplotype-based whole-
genome association study using hybrid parallel computing. Source Code Biol Med 6:10 
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D-2: NGS analyzer
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D-3: ExRAT
拡張RAT法による2SNP組合せの全ゲノム関連解析ソフトウェア 
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D-­4:  SiGN-­BN  

SiGN  㛤Ⓨ࣓࣮ࣥࣂ  :  ⋢⏣  ჆⣖㸪ᓥᮧ  ᚭᖹ㸪ᒣཱྀ  㢮㸪᪂஭⏣  ཌྖ㸪ᩧ⸨  ࡴࡺ࠶㸪㛗ᓮ  ṇᮁ㸪஭ඖ  Ύဢ㸪ᐑ㔝  ᝅ

SiGN㸦ࣥ࢖ࢧ㸧ࡣ㑇ఏᏊⓎ⌧࣮ࣗࣆࣥࢥ࣮ࣃ࣮ࢫࡽ࠿ࢱ࣮ࢹ
࢙࢘ࢺࣇࢯࡿࡍண ࣭᥎ᐃࢆࢡ࣮࣡ࢺࢵࢿ㑇ఏᏊ࡚࠸⏝ࢆࢱ

࠿ࢱ࣮ࢹ 㸪ほࡾࡼ࡟ゎᯒࢡ࣮࣡ࢺࢵࢿ㸬㑇ఏᏊࡿ࠶࡛⩌࢔

࣭ ணࡢ⏝ᐃ㸪๪సྠࡢ๣ᶆⓗ㑇ఏᏊ⸆ࡽ ᅇ㑊㸪๰⸆ࢵࢤ࣮ࢱ

ࡉᮇᚅࡀ࡜ࡇࡿ࡞࡟ᐜ᫆ࡀ࡝࡞᥈⣴࢖࢙࢘ࢫࣃẘᛶ㛵୚࣭ࢺ

㸬SiGNࡿࢀ ࣋ࡵࡓࡿࡍᑐᛂ࡟ゎᯒࡢࢱ࣮ࢹᐇ㦂࡞ࠎᵝࡣ࡛
࢘࢞ࣝ࢝࢕ࣇࣛࢢ㸪ࣝࢹ㸪≧ែ✵㛫ࣔࢡ࣮࣡ࢺࢵࢿࣥ࢔ࢪ࢖

࣮࣡ࢺࢵࢿ㑇ఏᏊࡀࣝࢹᕫᅇᖐࣔ⮬ࣝࢺࢡ㸪࣋ࣝࢹࣔࣥ࢔ࢩ

㸬SiGN-­BNࡿ࠶࡛⬟ྍ⏝฼࡚ࡋ࡜ࣝࢹࣔࢡ ࣋ࡕ࠺ࡢࡽࢀࡇࡣ
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X5

X3 X4

X1

X6

X2

Gene Expression = Random Variable
G: gene network      X:  gene expression data

Directed Edge = Dependency
Node = Gene

f (X1,X2, ,X6)
f1(X1) f2(X2) f3(X3 | X1) f6(X6 | X3,X4 )

Representation of the joint probability distribution
by the DAG (Directed Acyclic Graph) structure

Bayesian Network

The network structure is determined by maximizing 
the posterior probability given the expression data

The parent-­child relationship is modeled by the B-­spline 
nonparametric regression

Bayesian Network Model

The NNSR (Neighbor Node Sampling & Repeat) Algorithm

Greedy Hill-­Climb (HC) + Bootstrap Algorithm

Parallel Optimal Search (Para-­OS) Algorithm

Imoto et al. (2002).

Tamada et al. (2011b).

ᩥ㒊⛉Ꮫ┬   ᪂Ꮫ⾡㡿ᇦ◊✲ࠖࢇࡀ࣒ࢸࢫࢩࠕ

Parallel Algorithms for Estimating Gene Network Structures

Perform a random walk to collect 
genes that are close to each other 
in terms of the network.

Randomly pick up genes with 
probabilities proportional to the 
network score.

Construct a single gene network 
by accumulating the estimated 
subnetworks.

Perform subnetwork 
estimation

Repeat this many times independently

Reference

Societ 62

Angiogenesis 12

7

9

14

ࢡ࣮࣡ࢺࢵࢿࣥ࢔ࢪ࢖࣋ࡿࡼ࡟ᅇᖐࢡࢵࣜࢺ࣓ࣛࣃࣥࣀ

௙ᵝ࢔࢙࢘ࢺࣇࢯ

ᛂ⏝஦౛ࡢ࡛ࡲࢀࡇ

=㑇ఏᏊⓎ⌧ࡢ౫Ꮡ㛵ಀࣝࢹࣔࡓࡋ⌧⾲࡛ࢡ࣮࣡ࢺࢵࢿࢆ

ࢱ࣮ࢹ⌧㑇ఏᏊⓎࡿࡼ࡟࡝࡞࢖ࣞ࢔ࣟࢡ࢖࣐

xࡽ࠿ yࡢ࡬ᯞ㸸

ࣝࣉࣥࢧ⪅ᝈࡸᐇ㦂ࣥ࢘ࢲࢡࢵࣀ-
-⸆๣ᛂ⟅᫬⣔ิࢱ࣮ࢹ

」㞧࡞㑇ఏᏊ㛫ࡢไᚚࡸ

౫Ꮡ㛵ಀࢆⓎ⌧࠿ࢱ࣮ࢹ

࠸ࡓࡋ᥎ᐃࡽ

኱つᶍ㑇ఏᏊⓎ⌧ࡢࡽ࠿ࢱ࣮ࢹ኱つᶍ㑇ఏ
Ꮚࡢࢡ࣮࣡ࢺࢵࢿ᥎ᐃࡣ࡟⭾኱࡞ィ⟬ࡀᚲ
せ࡛ࡿ࠶㸬࡚ࡗࡀࡓࡋ㑇ఏᏊࢡ࣮࣡ࢺࢵࢿ
ゎᯒࡿࡼ࡟ࢱ࣮ࣗࣆࣥࢥ࣮ࣃ࣮ࢫࡣ࡟኱つ
ᶍィ⟬ࡀḞ࠸࡞ࡏ࠿㸬

ࠥ1,000
genes

genes

ࠥ30
genes

X5

X3 X4

X1

X6

X2

Random 
sampling with 
replacement  

Original expression 
dataset  

Re-­sampled 
dataset  

Network 
estimation  

Estimated network  

Tamada et al. (2011c).

Imoto et al. (2002). Tamada et al. (2009).

-­ Parallel version of the optimal search algorithm by 
dynamic programming. 

ධຊࢱ࣮ࢹ㸸࣐ࡢ࡝࡞࢖ࣞ࢔ࣟࢡ࢖㑇ఏᏊⓎ⌧ࢱ࣮ࢹ

㟼ⓗ㸸ࣥ࢘ࢲࢡࢵࣀᐇ㦂㸪ᝈ⪅⏤᮶ࣝࣉࣥࢧ

ືⓗ㸸⸆๣ᛂ⟅᫬⣔ิࢱ࣮ࢹ

ฟຊࢱ࣮ࢹ㸸㑇ఏᏊࢡ࣮࣡ࢺࢵࢿ㸦ࢺࢫ࢟ࢸ /CSML㸧

୪ิᛶ⬟

ቃ⎔ࢺࢵࢤ࣮ࢱࡢிࠖ௨እ࡛ࠕ

PR

౛

᭱኱ືసᩘ࢔ࢥ㸸30,720࢔ࢥ㸦3,840ࢻ࣮ࣀ㸧
୪ิ໬ຠ⋡㸸0.91  (30,720  vs  15,360࢔ࢥ᫬ )

(HC+Bootstrap)

ධຊ

ᴫせ࣭≉ᚩ
ࢺࢵࢿࣥ࢔ࢪ࢖࣋ࡿࡼ࡟ᅇᖐࢡࢵࣜࢺ࣓ࣛࣃࣥࣀ  ­-
ࢺࢵࢿ㑇ఏᏊࡽ࠿ࢱ࣮ࢹ⌧㑇ఏᏊⓎ࡚࠸⏝ࢆࢡ࣮࣡

࢔࢙࢘ࢺࣇࢯࡿࡍ᥎ᐃࢆࢡ࣮࣡

࣮࣡ࢺࢵࢿ㑇ఏᏊ࡟㏿㧗ࡋ㉸୪ิ࡛ືస࡚࡟ிࠖୖࠕ  ­-
⬟ྍ⟭ィࢆ㸧ࣇࣛࢢ㸦᭷ྥࢡ

-­  NNSR ࡓࡗࡔᚲせ࡛ࡲࢀࡇ࡜ࡿ࠸⏝ࢆ࣒ࢬࣜࢦࣝ࢔
኱つᶍ㑇ఏࡿࡼ࡟࣒ࣀࢤ㸪඲࡟ࡎࡏࢆ㑇ఏᏊ㑅ᢥࠖࠕ

Ꮚࡢࢡ࣮࣡ࢺࢵࢿ᥎ᐃྍࡀ⬟

-­  HC+Bootstrap ἲࡾࡼ࡟࡜ࡇࡿ࠸⏝ࢆ㧗ಙ㢗ࢺࢵࢿ
⬟ྍ⟭ィࢆࢡ࣮࣡

ࢺࢵࢿࢆ஦๓▱㆑࡞ࠎᵝࡃ࡞࡛ࡅࡔ࢖ࣞ࢔ࣟࢡ࢖࣐  ­-
⬟ྍ⏝฼࡟᥎ᐃࢡ࣮࣡

ࣝࣉࣥࢧ㓄ᕸᙧែ࢔࢙࢘ࢺࣇࢯ ࢖ࣞ࢔  㸧ᩘ㸸50  ࠥ  1,000࢖ࣞ࢔)
᫬⣔ิࡣࢱ࣮ࢹ」ᩘᅇࡾ⧞ࡢ㏉ࡋィ ࢆ᥎ዡ

ࢻ࣮ࣀ  㸦㑇ఏᏊ㸧ᩘ㸸100ࠥ100,000ࢻ࣮ࣀ

Cell  Illustrator࡛ゎᯒྍ⬟

㓄ᕸࢆࣜࢼ࢖ࣂ⾜ᐇ࡟ࢨி࣮ࠖࣘࠕ

HGC࡛࣮ࣝࢺࢫࣥ࢖࡟࣒ࢸࢫࢩࡣணᐃ

ᮾி኱Ꮫ  ་⛉Ꮫ◊✲ᡤ  ࣒ࣀࢤࢺࣄゎᯒ࣮ࢱࣥࢭ
(HGC)࣒ࢸࢫࢩࢱ࣮ࣗࣆࣥࢥ࣮ࣃ࣮ࢫ

㸦Xeon/Opteron  PC  ࢱࢫࣛࢡ㸧

㸦ࢢ࣮ࣥࣜࢣࢫࢢࣥࣟࢺࢫ㸧

ฟຊ

᥎ᐃࡓࢀࡉᯞ࡟ಙ㢗ᗘ➼ࡢ᝟ሗ௜ࡁ

⫵⒴⣽⬊ᰴ PC-­9㸩Gefitinibᢞ୚ࡿࡼ࡟⸆๣ᛂ⟅࢖࢙࢘ࢫࣃゎᯒ
౑⏝ࢱ࣮ࢹ

⣽⬊㸸⫵⒴⣽⬊ᰴ  PC-­9
⸆㸸Gefitinib(ࢧࢵࣞ࢖ :  ᢠࢇࡀ๣㸧

㸸࢖ࣞ࢔ࣟࢡ࢖࣐

ィ ࢱ࣮ࢹ㸸26  ᫬Ⅼ ×  1  ᅇィ 㸻26ࢱ࣮ࢹ࢖ࣞ࢔

EGF,Gefitinibᢞ୚࣭㠀ᢞ୚ࡢ 4᮲௳

┠ⓗ

Gefitinib ⒴⣽⬊ᰴ⫵ࡓࡋᢞ୚ࢆ PC-­9 㑇ఏᏊࡢ࡛
⏝㸪ᮍ▱స࡛࡜ࡇࡿぢࢆⓗኚ໬ືࡢࢡ࣮࣡ࢺࢵࢿ
ᶵᗎྠࡢᐃ

฼⏝ᡭἲ

⬊⮖ᖏ㟼⬦ෆ⓶⣽ࢺࣄ (HUVEC)ࢫࢩ࣮ࢺ࣏࢔ࡿࡼ࡟㛵୚㑇ఏᏊྠᐃ
౑⏝ࢱ࣮ࢹ

⣽⬊㸸ࢺࣄ⮖ᖏ㟼⬦ෆ⓶⣽⬊㸦HUVEC㸧
่⃭㸸  ⾑Ύ㝖ཤ  &  siRNAࣥ࢘ࢲࢡࢵࣀ

㸸࢖ࣞ࢔ࣟࢡ࢖࣐

ィ ࢱ࣮ࢹ㸸8  ᫬Ⅼ ×  3  ᅇィ   ᫬⣔ิࢱ࣮ࢹ

┠ⓗ

ࡓࡋㄏᑟࢆࢫࢩ࣮ࢺ࣏࢔ HUVECࢆ᫬⣔ิ࡟ほ ࡋ
ไࢫࢩ࣮ࢺ࣏࢔ࡾࡼ࡟࡜ࡇࡿࡍࢆゎᯒࢡ࣮࣡ࢺࢵࢿ
ᚚ࡟㛵ࡿࢃ㛵㐃㑇ఏᏊྠࡢᐃ

฼⏝ᡭἲ

ࠥ100,000

ືⓗ࣋ࢡ࣮࣡ࢺࢵࢿࣥ࢔ࢪ࢖ (HC) ࡿࡼ࡟
Node-­Set  Separation  ἲ

Agilent  44K  Whole  Human  Genome  
Oligo  Microarray

Node-­Set  Separationἲࡾࡼ࡟᫬Ⅼẖࡀࢡ࣮࣡ࢺࢵࢿࡢᚓࢀࡽ᫬㛫ࡿࡼ࡟ኚ໬ࡀゎᯒྍ⬟⤖ᯝ

Affara et al. (2007).

CodeLink  UniSet  Human  20K  
gene  chip

8  siRNA  ࢖ࣞ࢔ࣥ࢘ࢲࢡࢵࣀ
                                ィ ࢱ࣮ࢹ࢖ࣞ࢔32

siRNA ࡓ࠸⏝ࢆ஦๓᝟ሗࡿࡼ࡟࢖ࣞ࢔ࣥ࢘ࢲࢡࢵࣀ
HC+Bootstrapືࡿࡼ࡟ⓗ࣋ࢡ࣮࣡ࢺࢵࢿࣥ࢔ࢪ࢖

⤖ᯝ

஦౛ࡢ௚ࡢࡑ

ᯝ⤖ࡢゎᯒࡧࡼ࠾᥎ᐃࢡ࣮࣡ࢺࢵࢿ GABARAPࣈࣁࡀ㑇ఏᏊ㸦Ꮚࡢ
ከࢡ࣮࣡ࢺࢵࢿ࠸୰ࢻ࣮ࣀࡢ㸧࡚ࡋ࡜ᢳฟࢀࡉᐇ㦂ⓗࡶ࡟ HUVEC
ㄆ㸬☜ࢆ㛵୚ࡢ࡬ࢫࢩ࣮ࢺ࣏࢔࡚࠸࠾࡟

-­  HUVEC/Fenofibrateࡿࡼ࡟㠀⬡㉁௦ㅰ⣔స⏝ྠࡢ࢖࢙࢘ࢫࣃᐃ

-­  HUVEC/Fenofibrateࡓ࠸⏝ࢆ㧗⬡⾑⑕⸆᪂つࢺࢵࢤ࣮ࢱ㑇ఏᏊྠࡢᐃ
Araki et al. (2009).

Imoto et al. (2006).

⬊⣽࣐࣮ࣀ࣓ࣛ  ­- /Paclitaxelࡿࡼ࡟᪂つᢠ⒴๣ྠࡢࢺࢵࢤ࣮ࢱᐃ

Ott et al. (2004).

Tamada et al. (2011a).

ᮏⓎ⾲ࡢ⤖ᯝ୍ࡢ㒊ࡣ㸪⌮໬Ꮫ◊✲ᡤࡀᐇ᪋ࡿ࠸࡚ࡋி㏿ࠕࢱ࣮ࣗࣆࣥࢥிࠖࡢヨ㦂฼⏝ࡍ࡛ࡢࡶࡿࡼ࡟㸬

ͤ  2011/12/1⌧ᅾ
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ࡿ࠶್࡛࡞ᬻᐃⓗࡿࡼ
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D-5:  S iG N-L 1 
L1ṇ๎໬ἲ䛻䜘䜛኱つᶍ㑇ఏᏊ䝛䝑䝖䝽䞊䜽᥎ᐃ䝥䝻䜾䝷䝮 

㛤Ⓨ㈐௵⪅: ᐑ㔝 ᝅ (ᮾி኱Ꮫ ་⛉Ꮫ◊✲ᡤ 䝠䝖䝀䝜䝮ゎᯒ䝉䞁䝍䞊)   
 

SiGN 㛤Ⓨ䝯䞁䝞䞊: ⋢⏣ ჆⣖䚸ᓥᮧ ᚭᖹ䚸ᒣཱྀ 㢮䚸᪂஭⏣ ཌྖ䚸ᩧ⸨ 䛒䜖䜐䚸㛗ᓮ ṇᮁ䚸஭ඖ Ύဢ䚸ᐑ㔝 ᝅ 

SiGN  (䝃䜲䞁)  䛿㑇ఏᏊ䝛䝑䝖䝽䞊䜽Ⓨ⌧䝕䞊䝍䛛䜙

䝇䞊䝟䞊䝁䞁䝢䝳䞊䝍䜢⏝䛔䛶㑇ఏᏊ䝛䝑䝖䝽䞊䜽
䜢ண 䞉᥎ᐃ䛩䜛䝋䝣䝖䜴䜵䜰⩌  (SiGN-­‐BN,  SiGN-­‐L1,  

SiGN-­‐SSM)  䛷䛒䜛䚹䛣䛾䛖䛱䚸SiGN-­‐L1  䛿  L1  ṇ๎໬

ἲ䛻䜘䜛䝇䝟䞊䝇䛺⤫ィⓗ䜾䝷䝣䜱䜹䝹䝰䝕䝹䠄䜾
䝷䝣䜱䜹䝹䜺䜴䝅䜰䞁䝰䝕䝹䚸䝧䜽䝖䝹⮬ᕫᅇᖐ䝰䝕
䝹䚸ᵓ㐀᪉⛬ᘧ䝰䝕䝹䠅䜢⏝䛔䛯㑇ఏᏊ䝛䝑䝖䝽䞊
䜽᥎ᐃ䝋䝣䝖䜴䜵䜰䛷䛒䜚䚸䝇䞊䝟䞊䝁䞁䝢䝳䞊䝍䜢
⏝䛔䛯୪ิィ⟬䛻䜘䜚䚸䝠䝖඲㑇ఏᏊ䜢ᑐ㇟䛸䛧䛯
኱つᶍ㑇ఏᏊ䝛䝑䝖䝽䞊䜽䜢᥎ᐃ䛩䜛䛣䛸䛜ྍ⬟䛷
䛒䜛䚹᥎ᐃ䛥䜜䛯㑇ఏᏊ䝛䝑䝖䝽䞊䜽䜢ゎᯒ䛩䜛䛣
䛸䛻䜘䜚䚸ほ 䝕䞊䝍䛛䜙⸆๣ᶆⓗ㑇ఏᏊ䛾ྠᐃ䚸
๰⸆䝍䞊䝀䝑䝖䞉ẘᛶ㛵୚䝟䝇䜴䜵䜲䛾᥈⣴䛺䛹䛾
ᛂ⏝䛜ᮇᚅ䛥䜜䜛䚹  

SiGN-L1䛾≉ᚩ

䛣䜜䜎䛷䛾ᛂ⏝஦౛

ධຊ䛸ฟຊ

㑇ఏᏊ䝛䝑䝖䝽䞊䜽 =㑇ఏᏊⓎ⌧㛫䛾౫Ꮡ㛵ಀ䜢⾲䛧䛯䜾䝷䝣ᵓ㐀

Case  1.  Sample  A  䛻ᑐ䛩䜛㑇ఏᏊ◚ቯᰴⓎ⌧䝕䞊䝍䛛䜙㑇ఏᏊ䝛䝑䝖䝽䞊䜽䜢᥎ᐃ  

Case  4.  ␗䛺䜛䝃䞁䝥䝹䛻ᑐ䛩䜛㑇ఏᏊⓎ⌧䝕䞊䝍䛛䜙䝃䞁䝥䝹ྛ䚻䛾䝛䝑䝖䝽䞊䜽䜢᥎ᐃ  
ᴫせ

Case  2.  Sample  A  䛻ᑐ䛩䜛᫬⣔ิ㑇ఏᏊⓎ⌧䝕䞊䝍䛛䜙㑇ఏᏊ䝛䝑䝖䝽䞊䜽䜢᥎ᐃ  

Sparse  Vector  Autoregressive  Model  

Case  3.  Sample  A  䛻ᑐ䛩䜛␗䛺䜛ᐇ㦂᮲௳ୗ䛾᫬⣔ิ㑇ఏᏊⓎ⌧  
䝕䞊䝍䛛䜙ྛ䚻䛾ᐇ㦂᮲௳ୗ䛷䛾㑇ఏᏊ䝛䝑䝖䝽䞊䜽䜢᥎ᐃ  

Sparse  Graphical  Gaussian  Model  

Condition  1  

Condition  2  

Condition  3  

Condition  1  

Condition  2  

Condition  3  

NetComparator  

NetworkProfiler  

3✀㢮䛾⤫ィⓗ䜾䝷䝣䜱䜹䝹䝰䝕䝹 (䜾䝷䝣䜱䜹䝹䜺䜴䝅䜰䞁䝰䝕䝹䚸䝧䜽䝖䝹⮬ᕫ
ᅇᖐ䝰䝕䝹䚸ᵓ㐀᪉⛬ᘧ䝰䝕䝹) 䛻䜘䜚䚸㑇ఏᏊⓎ⌧䝕䞊䝍䛛䜙㑇ఏᏊ䝛䝑䝖䝽䞊䜽
䝰䝕䝹䜢ᵓ⠏

L1ṇ๎໬ἲ䜢⏝䛔䛶䝇䝟䞊䝇䛺䝰䝕䝹䛾䝟䝷䝯䞊䝍✵㛫䜢᥈⣴䛩䜛䛣䛸䛻䜘䜚䚸
100,000 䝜䞊䝗䜎䛷䛾኱つᶍ㑇ఏᏊ䝛䝑䝖䝽䞊䜽᥎ᐃ䛜ྍ⬟
ᮾி኱Ꮫ་⛉Ꮫ◊✲ᡤ䝠䝖䝀䝜䝮ゎᯒ䝉䞁䝍䞊䠄HGC䠅䛾䝇䞊䝟䞊䝁䞁䝢䝳䞊䝍䝅䝇
䝔䝮䠄Xeon/Opteron PC 䜽䝷䝇䝍䠅ୖ䛷䚸Sun Grid Engine 䜢⏝䛔䛯୪ิ໬䛻䜘䜚
1,024 䝁䜰䛾୪ิ໬䜢㐩ᡂ䠊௒ᚋ䚸RICC䚸RICC-FX䚸䛂ி䛃ୖ䛷ືస䜢᳨ドணᐃ䠊

஧䛴䛾␗䛺䜛ᡂ㛗ᅉᏊ䛻䜘䜛⣽⬊ෆ䛾᝟ሗఏ㐩䝟䝇䜴䜵䜲䛾ẚ㍑  

෌Ⓨ䝸䝇䜽䛻㛵䜟䜛᪥ᮏே⫵⒴ᝈ⪅䛾㑇ఏᏊ䝛䝑䝖䝽䞊䜽䛾ẚ㍑  

䝕䞊䝍: 226⑕౛䛾⫵⥺䛜䜣ᝈ⪅䛾㑇ఏᏊⓎ⌧䝕䞊䝍 
䠄ᅜ❧䛜䜣䝉䞁䝍䞊ᶓ⏣ඛ⏕䚸Ἑ㔝ඛ⏕䛸䛾ඹྠ◊✲䠅 
┠ⓗ: ෌Ⓨ䝸䝇䜽䜢䝰䝆䝳䝺䞊䝍䞊䛸䛧䛯䛸䛝䛾 226 ⑕౛ྛ䚻䛾㑇ఏᏊ䝛䝑䝖
䝽䞊䜽䜢᥎ᐃ䛧䚸෌Ⓨ䝸䝇䜽䛜㧗䛔ᝈ⪅䛸ప䛔ᝈ⪅䛾䝅䝇䝔䝮䛾㐪䛔䜢ẚ㍑ 

䝕䞊䝍: 8ᐇ㦂᮲௳ୗ䛻䛚䛔䛶8᫬Ⅼ䛷ィ 䛧䛯᫬⣔ิ㑇ఏᏊⓎ⌧䝕䞊䝍 
(Nagashima et al., 2007) 

┠ⓗ:  EGF䚸HRGྛ䚻䛾ᡂ㛗ᅉᏊ䛻䜘䛳䛶ㄏᑟ䛥䜜䜛 8 ᐇ㦂᮲௳ୗ䛷䛾㑇ఏ
Ꮚ䝛䝑䝖䝽䞊䜽䜢᥎ᐃ䛧䚸EGF่⃭䚸HRG่⃭ୗ䛾䝅䝇䝔䝮䛾㐪䛔䜢ẚ㍑ 

CTGF  (Connective  Tissue  Growth  Factor)  
ቑṪ䞉ศ໬䜢ไᚚ䛩䜛TGF-­‐ 䛾ୗὶᅉᏊ䛷䚸  TGF-­‐ 䛾㛫㉁⧄⥔໬ಁ㐍స⏝䜢௰௓  

ቑṪಁ㐍䚸㐟㉮䚸⣽⬊እᇶ㉁⟬ฟ䚸⾑⟶᪂⏕స⏝䜢࿊䛩䜛  

ཧ⪃ᩥ⊩

for
Computational Science.

Shimamura et al. (2007) Weighted lasso in graphical Gaussian modeling for large gene network estimation based on microarray data.  
  Genome Informatics, 19, 142-153.

Shimamura et al -course gene expression profiles.
  BMC Systems Biology, 3, e41.

Shimamura et al
  Bioinformatics, 26(8), 1064-1072.

Shimamura et al. (2010) Collocation-based sparse estimation for inferring continuous-time dynamic gene networks.
  Genome Informatics, 24, 164-178.

Shimamura et al -mesenchymal transition.
  PLoS ONE 6(6): e20804, doi:10.1371/journal.pone.0020804, 2011.
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D-­6:  SiGN-­SSM

SiGN  㛤Ⓨ࣓࣮ࣥࣂ  :  ⋢⏣  ჆⣖㸪ᓥᮧ  ᚭᖹ㸪ᒣཱྀ�㢮㸪᪂஭⏣�ཌྖ㸪ᩧ⸨ࡴࡺ࠶�㸪㛗ᓮ  ṇᮁ㸪஭ඖ  Ύဢ㸪ᐑ㔝  ᝅ

SiGN㸦ࣥ࢖ࢧ㸧ࡣ㑇ఏᏊⓎ⌧࣮ࣗࣆࣥࢥ࣮ࣃ࣮ࢫࡽ࠿ࢱ࣮ࢹ
࢙࢘ࢺࣇࢯࡿࡍண ࣭᥎ᐃࢆࢡ࣮࣡ࢺࢵࢿ㑇ఏᏊ࡚࠸⏝ࢆࢱ

࠿ࢱ࣮ࢹ 㸪ほࡾࡼ࡟ゎᯒࢡ࣮࣡ࢺࢵࢿ㸬㑇ఏᏊࡿ࠶࡛⩌࢔

࣭ ணࡢ⏝ᐃ㸪๪సྠࡢ๣ᶆⓗ㑇ఏᏊ⸆ࡽ ᅇ㑊㸪๰⸆ࢵࢤ࣮ࢱ

ࡉᮇᚅࡀ࡜ࡇࡿ࡞࡟ᐜ᫆ࡀ࡝࡞᥈⣴࢖࢙࢘ࢫࣃẘᛶ㛵୚࣭ࢺ

㸬SiGNࡿࢀ ࣋ࡵࡓࡿࡍᑐᛂ࡟ゎᯒࡢࢱ࣮ࢹᐇ㦂࡞ࠎᵝࡣ࡛
࢘࢞ࣝ࢝࢕ࣇࣛࢢ㸪ࣝࢹ㸪≧ែ✵㛫ࣔࢡ࣮࣡ࢺࢵࢿࣥ࢔ࢪ࢖

࣮࣡ࢺࢵࢿ㑇ఏᏊࡀࣝࢹᕫᅇᖐࣔ⮬ࣝࢺࢡ㸪࣋ࣝࢹࣔࣥ࢔ࢩ

㸬SiGN-­SSMࡿ࠶࡛⬟ྍ⏝฼࡚ࡋ࡜ࣝࢹࣔࢡ ࡕ࠺ࡢࡽࢀࡇࡣ
≧ែ✵㛫ࣔࢡ࣮࣡ࢺࢵࢿࡓ࠸⏝ࢆࣝࢹ᥎ᐃ࡛࢔࢙࢘ࢺࣇࢯ㸪

㸪᫬⣔ิ㑇ఏࡾࡼ࡟⟭୪ิィࡓ࠸⏝ࢆࢱ࣮ࣗࣆࣥࢥ࣮ࣃ࣮ࢫ

ᏊⓎ⌧ᩘࡽ࠿ࢱ࣮ࢹ༓㑇ఏᏊࡧࡼ࠾࣮ࣝࣗࢪࣔࡢ㑇ఏᏊࢵࢿ

㸬ࡿ࠶࡛⬟ྍࡀᵓ⠏ࡢࣝࢹࣔ ணࡧࡼ࠾᥎ᐃ㸪ࡢࢡ࣮࣡ࢺ

ᴫ        せ

≧ែ✵㛫ࣔࡿࡼ࡟ࣝࢹ᫬⣔ิ㑇ఏᏊⓎ⌧ࡢࡽ࠿ࢱ࣮ࢹ᝟ሗᢳฟ
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㸦Xeon/Opteron  PC  ࢱࢫࣛࢡ㸧

㸦ࢢ࣮ࣥࣜࢣࢫࢢࣥࣟࢺࢫ㸧

ฟຊ

ṇᖖ⫵ୖ⓶⣽⬊ SAEC㸩EGF(+Gefitinib)ᢞ୚ୗ�EGFᛂ⟅࢖࢙࢘ࢫࣃゎᯒ
౑⏝ࢱ࣮ࢹ

⣽⬊㸸⫵ṇᖖ⣽⬊  SAEC
่⃭ �⸆㸸EGF��Gefitinib(ࢧࢵࣞ࢖ :  ᢠࢇࡀ๣㸧
㸸࢖ࣞ࢔ࣟࢡ࢖࣐

ィ ࢱ࣮ࢹ㸸19᫬Ⅼ ×  1  ᅇィ �LQ��� ᫬㛫

EGF,Gefitinibᢞ୚࣭㠀ᢞ୚ࡢ 4᮲௳

┠ⓗ

Gefitinibࡢᙳ㡪ࡾࡼ࡟㑇ఏᏊ㛫ไᚚᵓ㐀࡟
ኚ໬ࡓࡗ࠶ࡢ㑇ఏᏊ⩌ࡢண ࡧࡼ࠾ ��
᥈⣴࣮࣐࢝࢜࢖ࣂ ணᚋணࢇࡀ⫵

฼⏝ᡭἲ

⣽⬊ᰴࢇࡀ⫵ PC9/PC9GR࡟ᑐࡿࡍ Gegitinibືⓗຠᯝண 
౑⏝ࢱ࣮ࢹ

⣽⬊㸸⫵ࢇࡀ⣽⬊ᰴ  PC9  および PC9GR
่⃭ �⸆㸸EGF��Gefitinib(ࢧࢵࣞ࢖ :  ᢠࢇࡀ๣㸧

┠ⓗ

⸆๣⪏ᛶ⬟ࢇࡀࡿ࡞␗ࡢ⣽⬊ࡢ࡬⸆๣స⏝Ⅼ
ண 㸸ࡢస⏝ᶵᗎࡧࡼ࠾
PC9㸦⸆๣ឤཷᛶ㸧�PC9GR㸦⸆๣⪏ᛶ㸧
฼⏝ᡭἲ

ࡢࡽ࠿ࣝࢹࣔࡓࢀࡉᵓ⠏ࡾࡼ࡟ࢱ࣮ࢹ࣮ࣝࣟࢺࣥࢥ
▱ᖖ᳨␗࣒ࢸࢫࢩࡃᇶ࡙࡟ ணࡢࢱ࣮ࢹࢫ࣮ࢣ

Agilent  44K  Whole  Human  Genome  
Oligo  Microarray
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⬊⣽࣐࣮ࣀ࣓ࣛ  ­- /Paclitaxelࡿࡼ࡟᪂つᢠ⒴๣ྠࡢࢺࢵࢤ࣮ࢱᐃ

ࢡ࣮࣡ࢺࢵࢿ࣮ࣝࣗࢪࣔ

㑇ఏᏊࢡ࣮࣡ࢺࢵࢿ

ືⓗⓎ⌧ண ࣔࣝࢹ

≧ែ✵㛫ࣔࣝࢹ��6WDWH�6SDFH�0RGHO�

ḟඖ⦰⣙ࡿࡼ࡟

㧗ḟඖ▷᫬⣔ิ

㑇ఏᏊⓎ⌧ࡢࡽ࠿ࢱ࣮ࢹ

᥎ᐃ࣒ࢸࢫࢩ

},,,{ 0xRFH

᥎ᐃࢱ࣮࣓ࣛࣃᵓ㐀࣒ࢸࢫࢩ

㸦ඹⓎ⌧㑇ఏᏊ⩌㛫㸧

http://sign.hgc.jp/signssm/index.html

D FD

㸦ಶู㑇ఏᏊ㛫㸧

P(y
n
| y1,…, yn 1;; )

㑇ఏᏊ㛫㞄᥋⾜ิ

ண ศᕸ

F

㸦ࣥࣙࢩ࣮࣑ࣞࣗࢩ㸧

≧ែኚᩘ㛫㞄᥋⾜ิ

≧ែ✵㛫ࣔࡿࡼ࡟ࣝࢹ኱つᶍ㑇ఏᏊࢡ࣮࣡ࢺࢵࢿ᥎ᐃ࣒ࣛࢢࣟࣉ

Case

Control
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Agilent  44K  Whole  Human  Genome  
Oligo  Microarray
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D-­7:  SBiP 
䝕䞊䝍ゎᯒ⼥ྜ䝥䝷䝑䝖䝣䜷䞊䝮 

㛤Ⓨ㈐௵⪅: ᐑ㔝ᝅ (ᮾி኱Ꮫ ་⛉Ꮫ◊✲ᡤ 䝠䝖䝀䝜䝮ゎᯒ䝉䞁䝍䞊) 
 

SBiP䛷䛿䚸⣽⬊䞉⏕࿨䝥䝻䜾䝷䝮䛾⤫ྜⓗ⌮ゎ䛾䛯䜑䛻᪂つᶵ
⬟䜢ᑟධ䛧䚸GUI䛸⤫ྜ䛩䜛䛣䛸䛷䚸ᐇ㦂䝕䞊䝍䛸䝁䞁䝢䝳䞊䝍ゎ

ᯒ䜢䝅䞊䝮䝺䝇䛻䛴䛺䛞䚸⣽⬊䝅䝇䝔䝮䛾ゎᯒ䜢䝴䞊䝄䛜⡆༢
䛻⾜䛖䛣䛸䛜䛷䛝䜛䝋䝣䝖䜴䜵䜰䝥䝷䝑䝖䝣䜷䞊䝮䜢┠ᣦ䛧䛶䛔䜛䚹
ᶵ⬟䛧䛶䛔䜛㒊ศ䛻䛴䛔䛶䛿䚸䝗䜻䝳䝯䞁䝔䞊䝅䝵䞁ཬ䜃ᑟධ䞉฼
⏝ἲ䛾ㄝ᫂䠄ⱥᩥ䞉࿴ᩥ䠅䜢ᩚഛ䛧䚸බ㛤䛧䛶䛔䜛䚹  

  http://sbip.hgc.jp/  
䛆ලయⓗ䛺㛤Ⓨෆᐜ䛇  

    ᪂つᶵ⬟䛾㏣ຍ䛸䝴䞊䝄䝡䝸䝔䜱䛾ྥୖ䜢䛿䛛䛳䛯䚹  

䠍䠊SBiP䛾ゎᯒ䝁䞁䝫䞊䝛䞁䝖䛻ᑐ䛧䛶䚸ྛ✀䛾⾲♧䞉⟶⌮䜴䜱䞁

䝗䜴䜢㛤Ⓨ䛧䚸ᐇ⾜᫬䛻䛚䛡䜛䝴䞊䝄䝡䝸䝔䜱䜢ྥୖ䛥䛫䛯䠄䝟䜲
䝥䝷䜲䞁䝣䝻䞊ไᚚ䝇䜽䝸䝥䝖タᐃ䞉ᐇ⾜ᶵ⬟䚸䝕䝣䜷䞊䝹䝖್䛾
preferenceᶵ⬟䚸ᐇ⾜᫬䜶䝷䞊䝺䝫䞊䝖ᶵ⬟䚸ධฟຊ䝟䝷䝯䞊䝍

್䛾ᐇ⾜᫬ᣦᐃᶵ⬟䚸➼䠅䚹䝽䞊䜽䝣䝻䞊䛾ᥥ⏬䞉ྍど໬䝷䜲䝤䝷
䝸䞊JGraph䛾㧗ᶵ⬟໬䛻క䛔SBiP䛾䝁䞊䝗䜢኱ᖜ䛻ಟṇ䛧䚸ど

ぬⓗ䛻䜟䛛䜚䜔䛩䛔䝣䝻䞊సᡂ䜢ᐇ⌧䛧䛯䚹䜎䛯䝁䞁䝫䞊䝛䞁䝖
䛾䝟䝑䜿䞊䝆໬䛻䜘䜚SBiP䛾䝎䜴䞁䝻䞊䝗᫬㛫䜢▷⦰䛷䛝䜛䜘䛖
䛻䛧䛯䚹SBiP䛿Java䛷㛤Ⓨ䛥䜜䛶䛔䜛䛜䚸⤫ィィ⟬䛸䜾䝷䝣䜱䝑
䜽䝇䛾䛯䜑䛾ゝㄒR䜢୙⮬⏤䛺䛟౑䛘䜛䜘䛖䛻䝋䝣䝖䜴䜵䜰䜢ᩚഛ

䛧䛯䚹䜎䛯䚸䝕䞊䝍ゎᯒ䜔䝛䝑䝖䝽䞊䜽ゎᯒ䞉ẚ㍑ゎᯒ䛺䛹䛾䝁䞁
䝫䞊䝛䞁䝖䜢᪂䛯䛻㏣ຍ䛧䛯䚹䝅䝭䝳䝺䞊䝅䝵䞁䝒䞊䝹Cell  
Illustrator䛾ᨵⰋ䛻䜘䜚䝴䞊䝄䝡䝸䝔䜱䛾ྥୖ䜢ᅗ䛳䛯䚹  

䠎䠊SBiP䜰䝥䝸䜿䞊䝅䝵䞁䝃䜲䝖䞉䝦䝹䝥䝃䜲䝖䜢సᡂ䛧䚸Java  
Web  Startᶵ⬟䜢౑䛳䛶㉳ື䛩䜛online∧䚸zip䝣䜯䜲䝹䜢ᒎ㛤䛧
䛶䝻䞊䜹䝹䛷ᐇ⾜䛩䜛offline∧䛜฼⏝䛷䛝䜛䜘䛖䛻䛧䛯䚹  

䠏䠊SBiP䜢⏝䛔䛶䝕䞊䝍ゎᯒ䝟䜲䝥䝷䜲䞁䜢ᵓ⠏䛧䚸䝕䞊䝍ゎᯒ䜢
ᐇ᪋䛧䛯䠄Gefitinibឤཷᛶ⫵䛜䜣⣽⬊ᰴ䛸⪏ᛶᰴ䛾䝛䝑䝖䝽䞊䜽

ẚ㍑䚸ங䛜䜣⣽⬊ᰴ䛾䝸䜺䞁䝗ᛂ⟅᫬⣔ิ䝕䞊䝍䜢౑䛳䛯䝛䝑䝖
䝽䞊䜽᥎ᐃἲ䛾ẚ㍑䚸➼䠅䚹  

SBiP  䛿䚸䝕䞊䝍ゎᯒ⼥ྜ䜰䝥䝸䜿䞊䝅䝵䞁㛤Ⓨ䝏䞊䝮䛷㛤Ⓨ䛧䛯
ᢏ⾡䛸䝥䝻䜾䝷䝮䛾䛖䛱䚸≉䛻  SiGN䚸LiSDAS  䜢ゎᯒ䝟䜲䝥䝷䜲
䞁䛾䝁䞁䝫䞊䝛䞁䝖䛸䛧䛶䝴䞊䝄䛜⡆༢䛻฼⏝䛷䛝䜛㧗ᶵ⬟  GUI  

䜢ഛ䛘䛯䝋䝣䝖䜴䜵䜰䝥䝷䝑䝖䝣䜷䞊䝮䜢䝴䞊䝄䛻ᥦ౪䝋䝣䝖䛷䛒䜛䚹
ி䛻⏝ព䛥䜜䛶䛔䜛䝆䝵䝤䝇䜿䝆䝳䞊䝸䞁䜾䝅䝇䝔䝮䛸㐃ᦠ䛧䚸ி
䛻䛶ྛゎᯒ䝟䜲䝥䝷䜲䞁䛾ฎ⌮䛾୍㒊䜢ᐇ⾜䛧䚸䛭䛾⤖ᯝ䜢䚸
SBiP  䛾どぬ໬䝁䞁䝫䞊䝛䞁䝖⩌䜢⏝䛔䛶ಖᏑ䛷䛝䜛䜘䛖┠ᣦ䛧䛶
䛔䜛䚹  
䝴䞊䝄䛿  SBiP  䛻⏝ព䛥䜜䛶䛔䜛䛥䜎䛦䜎䛺ゎᯒ䝁䞁䝫䞊䝛䞁䝖

䜢⤌䜏ྜ䜟䛫䛶䜹䝇䝍䝬䜲䝈䛧䛯ゎᯒ䝣䝻䞊䜢ᐇ⾜ྍ⬟䛷䛒䜛䚹
౛䛘䜀SiGN-­SSM䚸  SiGN-­L1䚸SiGN-­BN  䛺䛹䛾㑇ఏᏊ䛾Ⓨ⌧

᝟ሗ䛛䜙䝛䝑䝖䝽䞊䜽䜢᥎ᐃ䛩䜛䝁䞁䝫䞊䝛䞁䝖⩌䜢ி䛾ୖ䛷ᐇ
⾜䛧䚸䛭䜜䜙䛾⤖ᯝ䜢䝴䞊䝄䛻ᩚ⌮䛧どぬ໬䛧䛶⾲♧䛩䜛⤫ྜゎ
ᯒ䝥䝷䝑䝖䝣䜷䞊䝮䛸䛺䜛ணᐃ䛷䛒䜛䚹  

Step  1  –  1:  

Set  CSML  and  

Parameter  Search  Space    

Step  2:  Link  CSML  with  

Time-­‐Series  Data  

Step  3:  Run  Data  

Assimilation  

S
te
p
  4
:  R

e
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s
  a
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r
a
m
e
te
r
  D
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r
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u
t
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n
s
  

Step  1  -­‐  2:  

Set  Time-­‐Series  Data  

㑇ఏᏊไᚚ䛾ẚ㍑ゎᯒ䛾౛  (䛣䛣䛷䛿㠀ᖖ䛻ᑡ䛺䛔㑇ఏᏊᩘ䜢ᅗ♧)  

SBiP  (Systems  Biology  integrative  Pipeline)  

䝕䞊䝍䛾ᆺ   䝣䝻䞊   䝁䞁䝫䞊䝛䞁䝖  

CSML  

Java  

Graph  

R  

MIX  

⣽⬊ෆ䛾཯ᛂ䜢䝛䝑䝖䝽䞊䜽䛸䛧䛶⾲⌧䛧䚸䝅
䝭䝳䝺䞊䝅䝵䞁䚸䜎䛯どぬ໬䛷䛝䜛䝕䞊䝍ᵓ㐀  

⾜ิ䚸䝕䞊䝍䝣䝺䞊䝮䛺䛹䛾䝕䞊䝍ゎᯒ䛻ᚲせ
䛺  Java  䛷⾲⌧䛥䜜䜛䝕䞊䝍ᵓ㐀  

༢⣧䛺䜾䝷䝣ᵓ㐀  

⤫ィゎᯒ䝋䝣䝖  R  䛾䝕䞊䝍ᵓ㐀  

ୖグ䛾䝕䞊䝍䛜㞟䜑䜙䜜䛯䝕䞊䝍ᵓ㐀  

㑇ఏᏊ䝛䝑䝖䝽䞊䜽᥎ᐃ䞉⣽⬊ᶵᗎゎᯒ  

EGF่⃭ୗGefitinibᢞ୚ୗ䛻䛚䛡䜛Gefitinibឤཷᛶᰴ䠄ᕥᅗ䠅䛸⪏ᛶᰴ䠄ྑᅗ䠅䛾㑇ఏᏊ䝛䝑䝖䝽䞊䜽  

⤫ྜゎᯒ  

䝕䞊䝍ྠ໬䛻䜘䜛䝰䝕䝹᥎ᐃ  

Cell  Illustrator  Online  䛻䜘䜛䝅
䝭䝳䝺䞊䝅䝵䞁ゎᯒ  

㑇ఏᏊ䝛䝑䝖䝽䞊䜽᥎ᐃ䞉⣽⬊ᶵᗎゎᯒ  

SBiP  㛤Ⓨ䝯䞁䝞䞊  :  㛗ᓮ  ṇᮁ䠈㛵㇂  ᘺ⏕䠈ᩧ⸨  䛒䜖䜐䠈ᒣཱྀ  㢮䠈஭ඖ  Ύဢ䠈ᓥᮧ  ᚭᖹ䠈᪂஭⏣  ཌ䠈⋢⏣  ჆⣖䠈ᐑ㔝  ᝅ  
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D-8: LiSDAS
⏕࿨య䝕䞊䝍ྠ໬䝥䝻䜾䝷䝮
㛤Ⓨ㈐௵⪅㻦 ᵽཱྀ▱அ 㻔⤫ィᩘ⌮◊✲ᡤ䝕䞊䝍ゎᯒ⼥ྜ◊✲㛤Ⓨ䝏䞊䝮㻕

䕿ᩪ⸨ṇஓ ྜྷ⏣ு ୰㔝ៅஓ 㛗ᑿ኱㐨 㻔⤫ィᩘ⌮◊✲ᡤ䞉䝕䞊䝍ྠ໬◊✲㛤Ⓨ䝉䞁䝍䞊㻕

���ూବ ���ਙચ೾৒
ᐇ㦂䛻䜒䛸䛵䛟䝍䞁䝟䜽㉁㛫┦஫స⏝䜔㌿෗ไᚚᅉᏊ䛾
ാ䛝䛻䛴䛔䛶䛾▱㆑䛾䜏䛛䜙䚸⌧㇟䜢෌⌧䛩䜛ຊᏛ䝰䝕
䝹䜢ᵓᡂ䛩䜛䛣䛸䛿ᮍ䛰ᅔ㞴䛷䛒䜛䚹

䛣䛾ᅔ㞴䛾᰿ᮏⓗ䛿䚸⣽⬊㛫䛾ಶయᕪ䛾䛯䜑䛻ィ ್
䛾ㄗᕪ䛜኱䛝䛔䛣䛸䜔䚸䛚䛭䜙䛟ᐇ㦂䛷᳨ド䛥䜜䛶䛔䛺䛔
཯ᛂ㐣⛬䛜Ꮡᅾ䛩䜛䛯䜑䛷䛒䜛䛸⪃䛘䜙䜜䜛䚹
䛭䛣䛷䚸LiSDAS䛷䛿䚸⏕యෆศᏊ䛾ィ 䝕䞊䝍䜢ཧ↷
್䛸䛧䛶䛒䛯䛘䜛䛣䛸䛷 䝅䝭䝳䝺䞊䝅䝵䞁䛾෌⌧ᛶ䞉ண 

ਙચ೾৒
哺乳動物の概日周期転写ネットワーク

䝰䝕䝹䛾つᶍ
䝅䝇䝔䝮ኚᩘ䛾ಶᩘ: 29
ほ ኚᩘ䛾ಶᩘ: 7
䝰䝕䝹䝟䝷䝯䞊䝍ᩘ: 116
ほ 䜢䝖䝺䞊䝇䛩䜛䝟䝷䝯䞊䝍
䛜Ⓨぢ䛷䛝䜛䛣䛸䜢☜ㄆ䚹

್䛸䛧䛶䛒䛯䛘䜛䛣䛸䛷䚸䝅䝭䝳䝺 䝅䝵䞁䛾෌⌧ᛶ ண 
ຊ䜢ᨵၿ䛩䜛䛯䜑䛾䝟䝷䝯䞊䝍䝏䝳䞊䝙䞁䜾䜔䝰䝕䝹䛾
ᨵⰋ䜢䝧䜲䝈⤫ィ䛾ᯟ⤌䜏䛷ᐇຠ䛩䜛䚹

䖃 ほ 䝕䞊䝍 䞊 ᭱⤊ⓗ䛺MAPゎ 䞊 MAPゎ䛾᭦᪂ᒚṔ

䝰䝕䝹

ଁੑ৓ঔॹঝেਛ
(ম৬धभੌ੢॑ਫ਼ୈ)

३५ॸ঒ଡਛ

���ి৷হ୻�ཡऋ॒಍ཝभఇදૢ௦
䝅䝭 䝺 䝅 䞁 䝕䝹䛾ᵓᡂᡭ⥆䛝

হ৐ীഘ
ଡਛஓ

ॹॕঞॡঞ
೴়ૌங

ほ 
䝕䞊䝍

ᨵⰋ

䝰䝕䝹

㌿෗ไᚚᅇ㊰

dxj/dt = -dkj + tckjA(xa(j)| cj, pj)R(xr(j)| dj, qj) + bkxb(j,1)xb(j,2)

A(x |c, p) = xp/(xp + cp),    R(x |d, q) = cq/(xq + dq)

ศゎ ㌿෗άᛶ ㌿෗ᢚไ 」ྜయ⏕ᡂ

䝰䝕䝹
(ト䠖ி䛿⌧ᅾ㛤Ⓨ୰䛷䛒䜚䚸䛣䜜䜙䛾ᩘᏐ
䛿⌧≧䛾್䛷䛒䜛)

੝ଐऔोञীഘ

��ੑ઴ুਢऌ

䝅䝭䝳䝺䞊䝅䝵䞁䞉䝰䝕䝹䛾ᵓᡂᡭ⥆䛝
yi,n:᫬Ⅼn䛷䛾㑇ఏᏊi䛾⃰ᗘ (i = 1,�…,17654)
xj,n:᫬Ⅼn䛷䛾j␒┠䛾₯ᅾኚᩘ䚹Ⓨ⌧䝟䝍䞊䞁䛜ఝ䛶
䛔䜛㑇ఏᏊ䛾䜽䝷䝇䝍 (j = 1,�…, 46 (௵ព))
ほ ⾜ิ H = (hij)䛾᥎ᐃ

yi,n = hij xj + i, i䡚 N(䞉|0,wi),  xj,n䡚 N(䞉|0,vj)
㠀㈇ᑐゅ໬᮲௳:ѩk.(hik > 0ҍѦj.(j  k э hij = 0))

₯ᅾኚᩘୖ䛾䝛䝑䝖䝽䞊䜽䜢Ỵ䜑䜛a(j), r(j)䛾᥎ᐃ
d /dt dk + tck A( | )R( | d )

( | , p) ( ), ( | , q) ( )
䝰䝕䝹䝟䝷䝯䝍 = (xj(0), dkj, ckj, bk, cj, pj)䛾ᖹᆒ䞉ศᩓ
ほ ᫬⣔ิ D = (yi,n)

ॹॕঞॡঞ೴়ૌங॑ਹ৷खञঃছওشॱ௓৒

੦ೲ೾২ G0( )

ほ 䝕䞊䝍 㻰 ᑬᗘ䛾㧗䛔Ⅼ䛾࿘㎶䛛䜙䝃䞁䝥䝸䞁䜾䛩䜛

䝃䞁䝥䝸䞁䜾 ᑬᗘ䛻䜘䜛㔜䜏௜䛡

G0( )

1

2
3

1
1

2
1

3
1

i

D: ほ 䝕䞊䝍
䝰䝕䝹䝟䝷䝯 䝍 (཯ᛂ㏿ᗘ ㌿෗ᅉᏊ䛧䛝䛔್)

dxj/dt = -dkj + tckjA(xa(j)| cj, pj)R(xr(j)| dj, qj)
ྛi  䛻䛴䛝, ṇ㈇䛭䜜䛮䜜䛻,䝖䝺䞁䝗䛾┦㛵䛜᭱
䜒㧗䛔䜒䛾䜢, 䛭䜜䛮䜜a(j), r(j) 䛸䛩䜛䚹

ৢ
ଞ
ऋ
॒
಍
ཝ

३঑গঞش३ঙথधৰୡभૻຎ

, : 䝰䝕䝹䝟䝷䝯䞊䝍 (཯ᛂ㏿ᗘ, ㌿෗ᅉᏊ䛧䛝䛔್)
�“a䡚 b�”: ศᕸb䛛䜙䝃䞁䝥䝸䞁䜾䛧䛶a䛻௦ධ

For i = 1,�…, N  [N䡚106]
For j = 1,�…, m: (j)䡚 p(䞉| *). [m =128]
w* = j p(D| (j))/m. [p(D| (i))  w*䛾㏆ఝ䛻౑䛖]
If i ӌ n then  [ಖᣢ䛩䜛  䛾ಶᩘ n =128]

(i) := *, w(i) := w*.
*䡚 G0(䞉). [LiSDAS䛜๓ฎ⌮䛷タィ]

Else

ৢ
ఇ
ද
ິ
ਙ
ઙ

ㅰ㎡
ி䛷䛾ィ⟬䛻㛵䛧䛶䛿ி㏿䝁䞁䝢䝳䞊䝍ி䛾ヨ㦂฼⏝䚸䛚䜘䜃ᮏᖺ3
᭶䛷䛾≉ู㐠⏝䛷䛾⤖ᯝ䛷䛩䚹䜎䛯䚸PC䜽䝷䝇䝍䛷䛾ᛶ⬟ィ 䛻㛵
䛧䛶䛿⌮໬Ꮫ◊✲ᡤ᝟ሗᇶ┙䝉䞁䝍䞊䛾RICC䜢౑⏝䛧䛶䛔䜎䛩Else

*䡚 j p(D| (j)) (  - (j))/m.
*䡚 p( | (1),�…, (n), *)
҃ 1/(  + n)㽢 i p( *| (i)) (  - (i))
+ /(  + n)㽢p( *| ) G0( ).

IfѩkѮ{1,�…,n}. p(D| (k)) < p(D| *) 
then

(k) := *, w(k) := w*.

Yoshida R, et al., (2010) Bayesian experts in exploring reaction 
kinetics of transcription circuits, Bioinformatics, 26(18), i589-595.

Yoshida R, et al. (2010) Bayesian learning in sparse graphical factor 
annealing, Journal of Machine 

Learning Research, 11:1771-1798.
Yoshida R, et al. (2008) Bayesian learning of biological pathways on 

genomic data assimilation, Bioinformatics, 24(22):2592-2601.

૞અધ൴
䛧䛶䛿⌮໬Ꮫ◊✲ᡤ᝟ሗᇶ┙䝉䞁䝍 䛾RICC䜢౑⏝䛧䛶䛔䜎䛩䚹
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D-9: MEGADOCK
MEGADOCK  

+i=

ZDOCK
= +i

=

= +i

相互作用予測 網羅的ドッキング 

P1

P1 P2 P3 P4 P5

1

2

3

MPI

OpenMP 

MEGADOCKは、タンパク質立体構造に基づいて細胞内の
タンパク質を網羅的にドッキングすることで、タンパク
質間相互作用ネットワークを予測するプログラムである。 
我々は、剛体ドッキングの際に、形状相補性について従
来と比べて単純化することで計算量を減じた評価モデル
（rPSCモデル）を新規に提案した。さらに静電相互作用
も導入した評価関数を実装し、高速フーリエ変換（FFT）
により効率的に計算することを可能とした。また、
OpenMPとMPIを用いたハイブリッド並列化を行うことで、
大規模並列計算を可能にした。 
標準的なベンチマークデータセットや実問題としてバク
テリアの走化性の問題に適用し、タンパク質間ネット
ワーク予測精度としてそれぞれ F値0.43, 0.45を得た。 
京速コンピュータ「京」において、12,288ノードで良好
な並列化効率 (ストロングスケーリング0.96)を得た。今後
は肺がんに関連の深いEGF受容体シグナル伝達系を対象に 
2,000 x 2,000級の組み合わせのドッキング問題にチャレ
ンジする。 

Trypsinogen and 
trypsin inhibitor 
(PDB id : 1CGI)

Green: MEGADOCK 2.1 
predicted ,  
Red: X-ray structure

 high

low

S
co

re

978

143

0.92 0.98

0.96

約 級の
ドッキング計算を実施
新規相互作用の発見を目指す

ノード利用の場合
全計算を約半日で終了する見込み
時間 ノード
時間
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㻾㻵㻷㻱㻺㻌㻮㼞㼍㼕㼚㻌㻿㼏㼕㼑㼚㼏㼑㻌㻵㼚㼟㼠㼕㼠㼡㼠㼑㻘㻌㼃㼍㼗㼛㻌㻯㼕㼠㼥㻘㻌㻿㼍㼕㼠㼍㼙㼍㻘㻌㻶㼍㼜㼍㼚㻕

NEST is a simulator for large biological neuronal networks. Small systems of differential equations describe
individual neurons which are coupled to form networks of natural size and complexity. The code runs on a
variety of computer architectures: from single- and multi-core desktop computers to large clusters and HPC
facilities such as K and JUGENE. NEST is subject to continuous development driven by the needs of the
neuroscience community. These efforts are coordinated by the NEST Initiative (www.nest-initative.org), an
international collaboration of several research institutes.
In the course of the Next-Generation Supercomputing Project we adapted NEST to systems with
more than 10,000 cores enabling the simulation of full size networks at cellular resolution:
s

Spike-timing and neuromodulation dependent
plasticity
NEST can simulate models of
synaptic plasticity depending on

activity of pre- and post-
synaptic neurons
presence of neuromodulators

Morrison A et al. (2007) Neural Comput. 19, 1437-1467
Potjans W et al. (2010) Front Comput Neurosci 4:141
Potjans W et al. (2011) PLoS CB 7(5): e1001133

High degree of parallelization

3㽢106 neurons
speedup =0.9@16384 cores
hybrid OpenMP/MPI code
achieved phase III on K

Plesser HE et al. (2007)
Springer-Verlag LNCS 4641, 672-681
Kunkel S et al. (2009) Front. Neuroinform.
doi:10.3389/conf.neuro.11.2009.08.044 

3 times larger network
than on Jugene in same time 

Step Description Network type Nrns. Syn. Status Nov 2011 Expected results

1 reduced primate visual cortex
(32 areas 㽢 1 local microcircuit)

random at micro and 
macro scale

3㽢10
6

3㽢101

0
technically achieved on 
K  on 28.Aug 2011

㻙 㼏㼔㼍㼞㼍㼏㼠㼑㼞㼕㼦㼑㻌㼟㼠㼍㼠㼕㼛㼚㼍㼞㼥㻌㼟㼠㼍㼠㼑㻦
㼞㼍㼠㼑㻘㻌㼕㼞㼞㼑㼓㼡㼘㼍㼞㼕㼠㼥
㻙 㼏㼛㼙㼜㼍㼞㼕㼟㼛㼚㻌㼛㼒㻌㼘㼛㼣㻙㼒㼞㼑㼝㼡㼑㼚㼏㼥
㻱㻱㻳㻌㼍㼚㼐㻌㻸㻲㻼㻌㼠㼛㻌㼑㼤㼜㼑㼞㼕㼙㼑㼚㼠㼟

2 like 1, but respecting relative 
sizes of areas (32) and distance 
dependent connectivity

spatially organized at 
micro scale

108 1012 - technically possible
with current code 

- tests in progress

㼏㼍㼜㼍㼎㼕㼘㼕㼠㼥㻌㼠㼛㻌㼟㼕㼙㼡㼘㼍㼠㼑㻌㼒㼡㼘㼘㻌㼟㼏㼍㼘㼑㻌
㼙㼛㼐㼑㼘㻌㼛㼒㻌㼍㻌㼒㼡㼚㼏㼠㼕㼛㼚㼍㼘㻌㼡㼚㼕㼠

3 human brain model (approx. 100 
areas)

spatially organized < 1011 < 1015 㼍㼟㼟㼑㼟㼟㼙㼑㼚㼠㻌㼛㼒㻌㼍㼎㼕㼘㼕㼠㼥㻌㼠㼛㻌㼟㼕㼙㼡㼘㼍㼠㼑㻌
㼒㼡㼘㼘㻌㼟㼏㼍㼘㼑㻌㼙㼛㼐㼑㼘

Roadmap (22 Feb. 2010) and outlook

Model of the local microcircuit
1 mm2 cortex with layer- and
cell type specific connectivity
reproduces layer-dependent
rate (A, B) and irregularity (C),
and propagation

Potjans et al. (2011) (submitted)
Potjans et al. (2011) arXiv:1106.5678v1
Wagatsuma et al. (2011)

Front. Comput. Neurosci. 5:31
Lindén et al (2011) Neuron (in press)

Compositionality in networks of synfire chains

high-capacity embedding of
synfire chains
propagation probability p(h)
depends on # waves h
activity settles at critical point

NEST implements the MUSIC interface

NEST supports the MUSIC interface to
Communicate with other simulators

distributed simulators A, B, and C
exchange of data during runtime
enables multi-simulator models

Djurfeldt M et al. (2010) Neuroinformatics 8(1):43-60

Model of memory and optimizations

new implementation of storage for neurons
(solid blue) and synapses (solid orange) employs
sparse representation
reduced memory consumption (dashed: old impl.)
enables efficient distribution on M  10000 cores

Kunkel et al. (2011)
(submitted)

about 1000 
neurons 
per core

Trengove (2011) (submitted)

about 1000
neurons
per core
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Potjans,  Morrison,  Diesmann  (2010)

tpre

tpost
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B -­3:   VMS
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視覚皮質

外界像 網膜

眼球運動制御

眼光学

入力イメージ 網膜細胞の応答

眼球(眼光学)

眼球運動制御
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㻌ABSTRACT  
We  report  all-­atom  simulations  of  molecular  crowding,  an  early  result   from  
the         which   is   a   10-­PFLOPS   supercomputer   under  
construction   in  Japan.  The  K  compute  nodes   consist   of   8-­core  SPARC64  
VIIIfx   processors   attached   to   dedicated   routers   in   a   six-­dimensional  
mesh/torus.  Using  27,648  such  nodes,  we  observed  1.3  PFLOPS   (37.5%  
of  peak)  during  a  180  million-­atom  simulation.  We  discuss  the  performance  
and   scaling   of   molecular   dynamics   simulations   on      as   well   as  
macromolecular  crowding  at  atomic  resolution.  

  
Living  cells  are  crowded  because  macromolecules  comprise  ~30%  of  their  
molecular  weight.  Recently,  the  effects  of  crowded  cellular  environments  on  
protein  stability  have  been  revealed   through   in-­cell  NMR  spectroscopy.  To  
study   these   effects,   we   performed   all-­atom   classical  molecular   dynamics  
simulations  of  two  systems:  target  proteins  in  solvent  and  target  proteins  in  
an  environment  of  molecular  crowders  that  mimic  the  conditions  of  a  living  
cell.  

Model     
Number  of  atoms   418,707  
Cutoff  radius   28  Å  +  2  Å  margin  
Number  of  pairs  per  atom   8,835(  +  2,031   in  margin)  
FLOP  counts  for  1,000  steps     469,564,792MFLOP  
Kernel  FLOPS  per  thread   7,088  MFLOPS  (44.3%)  
SIMD%   48.76%  
FLOP  counts  per  atom  pair   103.2  FLOP  

#  of  nodes   node   64   256   512   4096   13824   27648  
#  of  atoms   atom   418,707   1,674,828   3,349,656   26,797,248   90,440,712   180,881,424  
Total ( node)   152.84   153.66   153.34   153.88   153.92   154.29  
Force  calculation     128.21   128.21   128.36   128.34   128.06   128.15  
Communication   20.19   20.99   20.50   20.87   21.21   21.55  
Other   4.45   4.47   4.48   4.67   4.64   4.60  

Model   432     
Number  of  atoms   180,881,424  
Cutoff  radius   28  Å  +  2  Å  margin  
Number  of  pairs  per  atom     8,835(  +  2,031   in  margin)  
FLOP  counts  for  1,000  steps   202,851,990,144  MFLOP  
Topology  of  computation  node   24�24�48  
Number  of  nodes   27,648  
Number  of  cores   221,184  
Theoretical  peak  performance   3.539  PFLOPS  
Calculation  time  for  1,000  step   154.29  sec  
Sustained  performance     
Efficiency   0.3716  
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Figure  1.  Section  of  the  K  computer.  Visible  are  
four  computer  racks  with  384  nodes.  

  Table  1.  FLOPS  efficiency  on  the  kernel  loop  

Table  2.  Time  spent  in  blocks  in  millisecond  per  step  for  weak  scaling  (418,707  atom/64  nodes)  

Table  4.  Conditions  of  the  simulation  for  the  
peak  performance  

Figure  6.  Vicinal  area  of  TTHA   for   the     system  (viv).  The  
TTHA  molecule  is  drawn  using  the  ribbon  model,  and  ovalbumin  
molecules   are   drawn   using   the   space-­filled   model.   Each  
ovalbumin  molecule  is  colored  differently.  

Figure   2.   Weak   scaling   for   6,542   atoms/node.  
Constant   wall   clock   times/step   show   the  
perfect   scaling.   Ratios   of   force  
calculation/communication/the  others  are  also  
constant,  and  force  calculation  is  dominant.  

Figure  3.  Strong  scaling  for  the  system  
of  1,674,828  atoms.  

#  of  nodes   256   512   2048   4096   16384  
#  of  import  cells   936   768   504   446   342  
#  of  communi-­cation  nodes   26   44   124   174   342  
Total   153.66   84.63   28.57   18.98   13.58  
Force  calculation   128.21   61.78   15.42   8.33   2.68  
Communication   20.99   19.96   11.75   9.55   9.96  
Other   4.47   2.89   1.40   1.10   0.94  

Table  3.  Time  spent  in  blocks  in  millisecond  per  step  for  strong  
scaling  (1,674,828  atoms)  
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Figure  5.  Conformational  fluctuations  of  TTHA  for  
   (viv)  and     systems   (vit1,  vit2).  The  

green,  red,  and  blue  curves  indicate  the  RMSFs  of  
TTHA   for      and      systems,  
respectively.   The   abscissa   axis   is   the   residue  
number   of   TTHA   and   the   ordinate   axis   is   the  
RMSF  value   (in  Angstrom).  Red  and  white  boxes  
indicate   alpha-­helices   and   beta-­sheets,  
respectively.  
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䠖཯ᛂ䝇䜻䞊䝮ᵓᡂせ⣲  

Virtual  Library  

✀ᵓ㐀  

㏫ྜᡂ  

㡰ྜᡂ  

5൨ᵓ㐀  

5൨ᵓ㐀  

䞉1൨ᵓ㐀  
䞉1൨3000୓䝇䜻䞊䝮  

10൨ᵓ㐀  

9.     rule  of  5  ࢆᣦᶆࡓࡋ࡜ホ౯౛  
ศᕸ䛾␗䛺䜛✀ᵓ㐀⩌䛾ά⏝᳨ウ  

㸴�Ⓨ⏕໬ྜ≀⩌ࡢ�
� �᪂つᛶ�䞉    transform䛻䛿䚸཯ᛂ䝇䜻䞊䝮䜢ᵓᡂ䛩䜛ྛ໬ྜ≀䛾཯ᛂ㻌   

㻌 ୰ᚰ᝟ሗ䛜཰⣡䛥䜜䜛䚹  
㻌 㻌 ලయⓗ䛻䛿䚸཯ᛂ୰ᚰ䛾㒊ศᵓ㐀䛸䛭䛾࿘ᅖ䛾ᵓ㐀≉ᚩ  
㻌 ᝟ሗ䚸⤖ྜ䛾ษ᩿㒊఩䚸⤖ྜḟᩘ䛾ኚ໬䛧䛯㒊఩䛸䛭䛾  
㻌 ḟᩘ䚸᪂䛯䛻⏕ᡂ䛧䛯༢⤖ྜ䛾㒊఩䚸⬺㞳䛧䛯⨨᥮ᇶ䛾  
㻌 ✀㢮䛸㒊఩䚸ຍ䜟䛳䛯⨨᥮ᇶ䛾✀㢮䛸䛭䛾఩⨨䛺䛹䚹  
  

䞉㻌 䝅䝇䝔䝮䛻ධຊ䛥䜜䛯໬Ꮫᵓ㐀䛻䚸ྛtransform䛻  
㻌 㻌 グ㏙䛥䜜䛯㒊ศᵓ㐀䛜ྵ䜎䜜䜛ሙྜ䛿䚸ヱᙜ㒊఩䜢  
㻌 㻌 transformᵓ㐀䛻⨨䛝᥮䛘䛯཯ᛂ䝇䜻䞊䝮䜢ᥦ᱌䛩䜛䚹㻌   
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本資料集に記載されている「京」での計算は、2011 年 3 月の「京」の特別運用および

その後の試験利用によって行われたものです。 

また、本資料集に記載されている「京」を使用した測定値は、開発整備中の「京」によ

る、測定時点での数値です。 


