
ࡿࡅ࠾࡟ࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻ࢔
ከḟඖࢱ࣮ࢹTop-k᳨⣴ᡭἲ

ኳ᪉ ኱ᆅ1,a) బࠎᮌ ຬ࿴1,b) ཎ 㝯ᾈ1,c) すᑿ ❶἞㑻1,d)

ᴫせ㸸㏆ᖺ㸪࣮ࣘࡀࢨᣦᐃ᳨ࡿࡍ⣴᮲௳࡟ᇶ࡙ࢆ࢔ࢥࢫࡢࢱ࣮ࢹ࡚࠸Ỵᐃࡋ㸪ୖ ఩ kಶ࣮ࢹࡘࡶࢆ࢔ࢥࢫࡢ

ࡿࡍ⣴᳨ࢆࢱ Top-k᳨⣴ࡢ࡬㛵ᚰࡀ㧗ࡿ࠸࡚ࡗࡲ㸬ࡓࡲ㸪↓⥺㏻ಙ➃ᮎ࡛ࡳࡢᵓᡂ୍ࡿࢀࡉ᫬ⓗࢺࢵࢿ࡞

࠾࡟ቃ⎔ࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻ࢔㸪ࡣ࡛✏㸪ᮏࡾ࠾࡛ࢇ㐍ࡀᬑཬࡢࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻ࢔ࡿ࠶࡛ࢡ࣮࣡

ࡿࡅ Top-k᳨⣴ฎ⌮ࡿ࠼⪄ࢆ㸬᳨⣴ᑐ㇟ࡣࢱ࣮ࢹࡿ࡞࡜㸪୍⯡ⓗ࡟ከḟඖࡢᒓᛶ್ࡾ࠾࡚ࡗࡶࢆ㸪࣮ࣘࢨ

㸪ୖ఩࡚ࡗࡼ࡟⣴⠊ᅖ᳨ࡸ௳⣴᮲᳨ࡢ k ಶࡿ࡞␗ࡀࢱ࣮ࢹࡿ࡞࡜㸬୍᪉㸪↓⥺㏻ಙࢵࢿࢡࢵ࣍ࢻ࢔࠺⾜ࢆ

㸬ᮏࡿ࡞࡜ᚲせࡀ⣴᪉ἲ᳨࡞㸪ຠ⋡ⓗࡵࡓࡿ࠶㔜せ࡛ࡀ࡜ࡇࡿࡍ๐ῶࢆࢡࢵࣄࣛࢺ࡞㸪୙せࡣ࡛ࢡ࣮࣡ࢺ

ప㐜ᘏ࡛ୖ఩ࡧࡼ࠾㸪ࢡࢵࣄࣛࢺ㸪పࡶ࡚࠸࠾࡟ሙྜࡓࢀࡉᣦᐃࡀ௳᮲ࡿ࡞␗࡟࡜ࡈࢨ㸪࣮ࣘࡣ࡛✏ k ಶ

ࢆࢢࣥ࢕ࢸ࣮ࣝࡢ࢚ࣜࢡ࡚࠸⏝ࢆࢱࢫࣛࢡ㸪ࡣ㸬ClusTo࡛ࡿࡍᥦ᱌ࢆᡭἲ㸪ClusToࡿࡍᚓྲྀࢆࢱ࣮ࢹࡢ

➃࡞୙せ࡟ᚓྲྀࡢ㸪᳨⣴⤖ᯝ࡟ࡽࡉ㸬ࡿࡍ㏦ಙࢆ࢚ࣜࢡ⣴᳨࡟ຠ⋡ⓗ࡟⣴⠊ᅖ᳨ࡿࡍᣦᐃࡀࢨ㸪࣮ࣘ࠸⾜

ᮎ࢚ࣜࢡࡢ࡬㏦ಙࢆᢚไࡘࡘࡋ㸪ṇゎ㞟ྜࢆࢱ࣮ࢹࡿࢀࡲྵ࡟ຠ⋡ⓗྲྀ࡟ᚓࡿࡍ㸬ࣥࣙࢩ࣮࣑ࣞࣗࢩᐇ㦂

ప㐜ᘏ࡛ୖ఩ࡧࡼ࠾㸪ࢡࢵࣄࣛࢺ㸪పࡣ㸪ClusToࡽ࠿ᯝ⤖ࡢ k ಶྲྀࢆࢱ࣮ࢹࡢᚓ࡛ࢆ࡜ࡇࡿࡁ☜ㄆࡓࡋ㸬

1. ࡟ࡵࡌࡣ
Top-k᳨⣴ࡣ㸪࣮ࣘࡀࢨᣦᐃ᳨ࡿࡍ⣴᮲௳ࣥࣜ࢔ࢥࢫ࡜

఩ୖࡿࡍ㛵㐃ࡶ㸪᭱ࡁᇶ࡙࡟㛵ᩘࢢ kಶ᳨ࢆࢱ࣮ࢹࡢ⣴ࡍ

㊃ྥࡢࢨ㸪࣮ࣘࡽ࠿ࢱ࣮ࢹࡘࡶࢆᒓᛶ್ࡢḟඖࡢᩘ「㸬ࡿ

ࣉ࢔ࡢࡃ㸪ከࡣTop-k᳨⣴ࡿࡁ⣴᳨࡛ࢆࢱ࣮ࢹ࠸㏆ࡶ᭱࡟

ࢃ⾜ࡀ✲◊࡚࠸࠾࡟ศ㔝࡞ࠎ㸪ᵝࢀࡉ⏝฼࡛ࣥࣙࢩ࣮ࢣࣜ

ࡸࣈ࢙࢘㸪ࡤ࠼㸬౛ࡿ࠸࡚ࢀ P2Pࢡ࣮࣡ࢺࢵࢿ 㸪ࡣ࡛[7]

ࢺࢵࢿࢧࣥࢭ㸪ࡸ⣴᳨ࡢࢺ࣓ࣥࣗ࢟ࢻ࠺ྜ࡟࿡⯆ࡢࢨ࣮ࣘ

ࢡ࣮࣡ 㸬↓⥺㏻ࡿ࠶ࡀ࡝࡞ࢢࣥࣜࢱࢽࣔࡢ㸪⎔ቃࡣ࡛[4]

ಙ➃ᮎ࡛ࡳࡢᵓᡂ୍ࡿࢀࡉ᫬ⓗࢻ࢔ࡿ࠶࡛ࢡ࣮࣡ࢺࢵࢿ࡞

ࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ [1], [3], ࡣ㸪Top-k᳨⣴ࡶ࡚࠸࠾࡟[6]

᭷ຠ᳨ࢱ࣮ࢹ࡞⣴ᡭẁ࡛ࡿ࠶㸬౛ࡤ࠼㸪⅏ᐖ➼ࡀⓎ⏕ࡓࡋ

ሙྜ㸪ࡢ➼ࢺࢵࢿ࣮ࢱࣥ࢖᪤Ꮡࡢ㏻ಙࡀࣛࣇࣥ࢖฼⏝࡛ࡁ

㸪ࡣᩆᛴάື࡛ࡿࡅ࠾࡟ሙྜ࡞࠺ࡼࡢࡑ㸬ࡿ࠶ࡀᛶ⬟ྍ࠸࡞

⿕⅏⌧ሙ࡟ὴ㐵ࡓࢀࡉᩆᛴ㝲ဨࡘࡶࡢ↓⥺㏻ಙ➃ᮎ࡛ࢻ࢔

㸬ᩆᛴ㝲ࡿ࠶᭷ຠ࡛ࡀ࡜ࡇࡿࡍᵓ⠏ࢆࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍

ဨࡣ⮬㌟ࡢᢸᙜࡿࡍ⌧ሙ࡛ࡢ⿕⅏᝟ሗ㸦౛ࡤ࠼⿕⅏⪅ࡢᖺ

㱋ࡸ㈇യ≧ἣ࡝࡞㸧ࢆ➃ᮎ࡟ධຊࡋ㸪Top-k᳨⣴࡚ࡗࡼ࡟

⮬㌟ࡢ࿘ᅖ࡟Ꮡᅾୖࡿࡍ఩ kಶࡢ⿕⅏᝟ሗྲྀࢆᚓ࡜ࡇࡿࡍ

㸬ࡿ࠶࡛⬟ྍࡀ࡜ࡇ࠺⾜ࢆ་⒪ᑐᛂ࡟⁥㸪෇ࡾࡼ࡟

1 ኱㜰኱Ꮫ኱Ꮫ㝔᝟ሗ⛉Ꮫ◊✲⛉࢔࢕ࢹ࣓ࢳ࣐ࣝᕤᏛᑓᨷ
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࣮࣡ࢺࢵࢿࡾࡼ࡟㏻ಙ⥺↓ࡣ࡛ࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻ࢔

ᅽ㏕ࡢ㸪ᖏᇦ࡜ࡿࡍቑຍࡀࢡࢵࣄࣛࢺ㸪ࡵࡓࡿࡍᵓᡂࢆࢡ

ၥࡓࡗ࠸࡜ቑ኱ࡢᾘ㈝㟁ຊࡢ㸪➃ᮎࡸࢫࣟࢺࢵࢣࣃࡿࡼ࡟

㢟ࡿࡌ⏕ࡀ㸬ࡵࡓࡢࡑ㸪Top-k᳨⣴࠺⾜ࢆ㝿㸪ୖ఩ kಶ࡟

࡟๐ῶࡢ㏦ಙ➃ᮎᩘࢪ࣮ࢭࢵ࣓ࡸ㏉ಙࡢࢱ࣮ࢹ࠸࡞ࢀࡲྵ

㸪ࡣ࡟㸬⌮᝿ⓗࡿ࠶㔜せ࡛ࡀᢚไࡢࢡࢵࣄࣛࢺ࡞㸪୙せࡿࡼ

᳨⣴⤖ᯝྲྀࡢᚓ࡟ᚲせ࡞➃ᮎ࡛ࡳࡢ Top-k᳨⣴࡜ࡇ࠺⾜ࢆ

ࢨ㸪࣮ࣘࡣࢱ࣮ࢹࡿࢀࡲྵ࡟㸬୍᪉㸪᳨⣴⤖ᯝ࠸ࡋࡲᮃࡀ

ᩘࢱ࣮ࢹせồࡧࡼ࠾⣴᮲௳㸪᳨⣴⠊ᅖ㸪᳨ࡿࡍᣦᐃࡀ k࡟

ࡢ㸪ḟࡣ࡚ࡋ࡜⣴᪉ἲ᳨࡞㸪༢⣧࡛ࡇࡇ㸬ࡿ࡞␗࡚ࡗࡼ 2

඲ࡢ⣴⠊ᅖෆ᳨ࢆ࢚ࣜࢡ㸪᳨⣴ࡣ┠ࡘ㸬1ࡿࢀࡽ࠼⪄ࡀࡘ

఩ୖࡽ࠿㸪඲➃ᮎࡋ㏦ಙࡾࡼ࡟ࢢࣥ࢕ࢹࢵࣛࣇ࡟ᮎ➃ࡢ࡚

kಶྲྀࢆࢱ࣮ࢹࡢᚓࡿ࠶࡛࡜ࡇࡿࡍ㸬ࡋ࠿ࡋ㸪ࡢࡇ᪉ἲ࡛

᳨࡟ᮎ➃ࡢࡃከ࠸࡞ࡓᣢࢆࢱ࣮ࢹࡿࢀࡲྵ࡟㸪᳨⣴⤖ᯝࡣ

⣴ࡀ࢚ࣜࢡ㌿㏦ࡿࢀࡉၥ㢟ࡿ࠶ࡀ㸬୍࠺ࡶ᪉ࡣ㸪᳨⣴᮲௳

࠶࡛࡜ࡇࡿࡍసᡂࢆ㏦ಙ⤒㊰ࡢࢪ࣮ࢭࢵ࣓࡞ຠ⋡ⓗ࡟࡜ࡈ

ࡿ࡞␗ࢀࡒࢀࡑ㸪ࡀࢨ࣮ࣘ࠺⾜ࢆ㸪Top-k᳨⣴ࡋ࠿ࡋ㸬ࡿ

᳨⣴᮲௳ࢆᣦᐃࡿࡍሙྜ㸪ࡿ࡞␗ࡢࡽࢀࡑ᮲௳ࡢಶ࡟ࠎᑐ

ࢵ࣊ࣂ࣮࢜ࡢࡑ㸪ࡾ࡞࡜ᚲせࡀ⌮⟶ࡧࡼ࠾㸪⤒㊰ᵓ⠏㸪࡚ࡋ

ࡲྵ࡟⣴⤖ᯝ᳨ࡢ࠿ࢀࡎ࠸㸪ࡓࡲ㸬ࡿ࡞ࡃࡁ኱࡟㠀ᖖࡀࢻ

࢝㸪࣮ࣟࡾࡼ࡟࡜ࡇࡿࡍ㏦ಙ࡟඲➃ᮎࢆࢱ࣮ࢹࡢ඲࡚ࡿࢀ

఩ୖ࡟ࣝ kಶྲྀࢆࢱ࣮ࢹࡢᚓࡀࡿࢀࡽ࠼⪄ࡶ࡜ࡇࡿࡍ㸪㏦

ಙࡀᩘࢱ࣮ࢹࡁ࡭ࡍ㠀ᖖ࡟ከ࡜ࡇࡿ࡞ࡃ㸪ࡢࢱ࣮ࢹࡧࡼ࠾

᭦᪂ฎ⌮࡟኱ࡀ࡜ࡇࡿࡌ⏕ࡀࢡࢵࣄࣛࢺ࡞ࡁၥ㢟ࡿ࡞࡜㸬

⋠ຠࡢTop-k᳨⣴ࡿࡍ࡜㇟ᑐࢆࢱ࣮ࢹ㸪ከḟඖ࡟࠺ࡼࡢࡇ

໬ࡣᐜ࡛᫆ࡀ࠸࡞ࡣ㸪పࢡࢵࣄࣛࢺ㸪ࡧࡼ࠾ప㐜ᘏࡢ㐩ᡂ
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ᅗ 1 ࡜ࣥ࢖ࣛ࢖࢝ࢫ K-ࡢࢻࣥࣂ࢖࢝ࢫ౛

㸬ࡿ࠶㔜せ࡛ࡣ

㸪࡚࠸࠾࡟ࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻ࢔㸪ࡣ࡛✏㸪ᮏ࡛ࡇࡑ

㸪ࡶ࡚࠸࠾࡟ሙྜࡓࢀࡉᣦᐃࡀ௳⣴᮲᳨ࡿ࡞␗࡟࡜ࡈࢨ࣮ࣘ

పࢡࢵࣄࣛࢺ㸪ࡧࡼ࠾ప㐜ᘏ࡛ୖ఩ kಶྲྀࢆࢱ࣮ࢹࡢᚓࡍ

ࡿ࠶ᡭἲ࡛ࡿ ClusTo*1ࢆᥦ᱌ࡿࡍ㸬ClusToࡣ㸪ࣛ࢖࢝ࢫ

ࣥ࢖ ⣴⤖ᯝ᳨ࡢࡃ㸪ከࡾࡼ࡟ࢢࣥࣜࢱࢫࣛࢡࡓ࠸⏝ࢆ[2]

ࢱࢫࣛࢡࢆᮎ➃ࡘᣢࢆࢱ࣮ࢹࡿࢀࡉண᝿ࡀ࡜ࡇࡿࢀࡲྵ࡟

ࡢࢱ࣮ࢹࡘᣢࡢ㝿㸪㞄᥋➃ᮎࡢࡇ㸬ࡿࡍ࡜ࢻࢵ࣊ K-࢝ࢫ

ࢻࣥࣂ࢖ ྍ࡟ᚓྲྀࡢ㸪᳨⣴⤖ᯝࡾࡼ࡟࡜ࡇࡿࡍᢕᥱࢆ[5]

࡛ࡳࡢᮎ➃࡞ᚲせࡾ㝈࡞⬟ Top-k᳨⣴࠺⾜ࢆ㸬࢚ࣜࢡ㌿㏦

᫬ࡣ࡟㸪⮬㌟࡜ࢱ࣮ࢹࡢ㞄᥋➃ᮎࡢ K-ࡽ࠿ࢻࣥࣂ࢖࢝ࢫ

࡟ࡵࡓࡿࡍ๐ῶࢆ㏉ಙࡢࢱ࣮ࢹ࡞㸪୙せࡋసᡂࢆࢱࣝ࢕ࣇ

⾜ࢆࢢࣥ࢕ࢸ࣮࢚ࣝࣜࢡࡢࢫ࣮࣋ࢱࢫࣛࢡ㸪ࡓࡲ㸬ࡿ࠸⏝

ࢆ࢚ࣜࢡ࡛ࢡࢵࣄࣛࢺప࡟⣴⠊ᅖ᳨ࡿࡍᣦᐃࡢࢨ㸪࣮ࣘ࠸

㏦ಙࡿࡍ㸬ࡢࡑᚋ㸪ࡾࡼ࡟ࢱࣝ࢕ࣇタᐃࡓࡋ㜈್ࡽ࠿㸪ࢡ

⬟ྍࡿࢀࡲྵ࡟㸪᳨⣴⤖ᯝࡋỴᐃࢆᮎ➃ࡁ࡭ࡍ㏦ಙࢆ࢚ࣜ

ᛶྲྀࢆࡳࡢࢱ࣮ࢹࡿ࠶ࡢᚓࡿࡍ㸬K-࠸⏝ࢆࢻࣥࣂ࢖࢝ࢫ

ࢵࣄࣛࢺ㸪పࡶ࡚࠸࠾࡟௳⣴᮲᳨ࡿ࡞࠿࠸㸪ࡾࡼ࡟࡜ࡇࡿ

࡛ࢡ Top-k᳨⣴ࡿ࠶࡛⬟ྍࡀ࡜ࡇ࠺⾜ࢆ㸬ࣙࢩ࣮࣑ࣞࣗࢩ

ࣥᐇ㦂ࡢ⤖ᯝࡽ࠿㸪ClusToࡣపࢡࢵࣄࣛࢺ㸪ࡧࡼ࠾ప㐜ᘏ

࡛ Top-k᳨⣴ࢆฎ⌮࡛ࢆ࡜ࡇࡿࡁ☜ㄆࡓࡋ㸬

௨ୗ࡛ࡣ㸪2❶࡛᝿ᐃ⎔ቃ࡜ᐃ⩏࡚࠸ࡘ࡟ㄝ᫂ࡋ㸪3❶࡟

࡟㸬4❶࡛ᥦ᱌ᡭἲClusToࡿ࡭㏙࡚࠸ࡘ࡟✲◊㛵㐃࡚࠸࠾

㸬ࡍ♧ࢆᯝ⤖ࡢᐇ㦂ࣥࣙࢩ࣮࣑ࣞࣗࢩ࡛❶㸪5ࡋㄝ࡚᫂࠸ࡘ

᭱ᚋ࡟ 6❶࡛ᮏ✏࡜ࡵ࡜ࡲࡢ௒ᚋࡢㄢ㢟࡚࠸ࡘ࡟㏙ࡿ࡭㸬

2. ᝿ᐃ⎔ቃ࡜ᐃ⩏
ᮏ❶࡛ࡣ㸪ᮏ✏ࡿࡅ࠾࡟᝿ᐃ⎔ቃ࡚࠸ࡘ࡟ㄝ᫂ࡋ㸪Top-k

᳨⣴ࡢ࡝࡞ᐃ⩏࡚࠸ࡘ࡟㏙ࡿ࡭㸬

2.1 ᝿ᐃ⎔ቃ

2.1.1 ࣝࢹࣔࢱ࣮ࢹ

ᮏ✏࡛᝿ᐃࢱ࣮ࢹࡿࡍ oiࡣ㸪୍ពࡢ㆑ูᏊ i㸪ࡧࡼ࠾m

ಶࡿࡍ࡜ࡢࡶࡘࡶࢆࢱ࣮ࢹࢱ࣓ࡢ㸬ࢱ࣮ࢹࢱ࣓ࡢࢀࡒࢀࡑ

vi[j](1 ≤ j ≤ m)ࡣ㸪ఱࢢࣥࣜ࢔ࢥࢫࡢ࠿ࡽ㛵ᩘ್ࡾࡼ࡟

㸪ࣘࢀࡉỴᐃࡀ 㸪࡟ࡽࡉ㸬ࡿࡍ࡜ࡢࡶ࠺ᚑ࡟㛫✵ࢻࢵࣜࢡ࣮

vi[j]ࡣ㸪[0, valuemax]ࡢ⠊ᅖ࡛ṇつ໬࡜ࡢࡶࡿ࠸࡚ࢀࡉ

ḟඖᩘࡢࢱ࣮ࢹࢆಶᩘmࡢࢱ࣮ࢹࢱ㸪࣓ࡣ࡛✏㸬ᮏࡿࡍ

ࡽ㝈ࡣ࡜ࡿ࡞ࡽ࠿ࡳࡢࢱ࣮ࢹࢱ࣓ࡣࢱ࣮ࢹ㸪ࡓࡲ㸬ࡪ࿧࡜

ィྜࡢࢬ࢖ࢧࡢࢱ࣮ࢹࢱ࣓࡟㸪ᇶᮏⓗࡣࢬ࢖ࢧࢱ࣮ࢹ㸪ࡎ

ࡢࢱ࣮ࢹ࡟ࢡ࣮࣡ࢺࢵࢿ㸪ࡓࡲ㸬ࡿࡍ࡜ࡢࡶ࠸ࡁ኱ࡶࡾࡼ

*1 Cluster & K-skyband-based multi-dimensional Top-k query
processing

」〇ࡣᏑᅾࡿࡍ࡜ࡢࡶ࠸࡞ࡋ㸬

2.1.2 ࣝࢹࣔࢡ࣮࣡ࢺࢵࢿ

ព୍ࢀࡒࢀࡑ㸪ࡋᏑᅾࡀᮎ➃ࡢ㸪nྎࡣ࡟ෆࢡ࣮࣡ࢺࢵࢿ

㆑ูᏊࡢ {N1, N2, · · · , Nn}ࡀ๭ࡾᙜ࡚࡜ࡢࡶࡿ࠸࡚ࢀࡽ

㸪඲࡚࠸⾜ࢆ㏻ಙ࡚࠸⏝ࢆつ᱁⥺↓ࡢ୍ྠࡣ㸬ྛ➃ᮎࡿࡍ

㏻ಙ༙ᚄࡢࡶࡌྠࡣ㸦r[m]㸧ࡿࡍ࡜㸬࡟ࡽࡉ㸪GPSࡢ࡝࡞

ᶵჾࡾࡼ࡟⮬㌟ࡢ఩⨨ࢆṇ☜࡟ᢕᥱ࡛ࡿࡍ࡜ࡢࡶࡿࡁ㸬ࡲ

࣮ࣘࡘࡶࢆ㸪➃ᮎࡣ࡟㸬ᐇ㝿ࡿࡍ࡜ࡿ࠶ᅛᐃ࡛ࡣ㸪➃ᮎࡓ

ࡁ㉳ࡀື⛣㸪ࡣ࡛✏㸪ᮏࡀࡿࢀࡽ࠼⪄ࡶ࡜ࡇࡿࡍື⛣ࡣࢨ

࡞࠼୚ࢆᙳ㡪࡟ࢪ࣏ࣟࢺࢡ࣮࣡ࢺࢵࢿ㸪ࡶ࡚࠸࠾࡟ሙྜࡓ

㸬ࡍ࡞ࡳ࡜㸪ᅛᐃࡋ࡜ࡳࡢື⛣࡞ᒁᡤⓗࡢ࡝࡯࠸

2.2 ᐃ⩏

ᮏ✏ࡿࡅ࠾࡟ Top-k᳨⣴࡛ࡣ㸪ࢢࣥࣜ࢔ࢥࢫ㛵ᩘ f ⏝ࢆ

ࢱ࣮ࢹࡽ࠿ࢱ࣮ࢹࢱ㸪࣓࡚࠸ oiࢆ࢔ࢥࢫࡢỴᐃࡿࡍ㸬ලయ

ⓗࡣ࡟㸪oi࢔ࢥࢫࡢ㸦score(oi)㸧ࡣ㸪score(oi) = f(oi) =∑m
j=1

wj × vi[j], (
∑m

j=1
wj = 1, wj ≥ ࢀࡉ⟭ィ࡚ࡋ࡜(0

㸪ྛࡣࢨ㸬࣮ࣘࡿ wj ࢨ࣮ࣘࡿࡍᑐ࡟㸪ྛḟඖࡋ࡜ධຊࢆ

㸪fࡓࡲ㸬ࡍ♧ࢆ㊃ྥࡢ ḟࡢ㸪඲࡚ࡾ࠶༢ㄪ⥺ᙧ㛵ᩘ࡛ࡣ

ඖ࡚࠸࠾࡟㸪vi[j] ≤ vi′ [j]ࡤࡽ࡞㸪f(oi) ≤ f(oi′)࡛ࡿ࠶

ࡽ࠿⨨఩ࡢ㌟⮬ࡣࢨ㸪࣮ࣘ࡟ࡽࡉ㸬ࡍࡓ‶ࢆ࡜ࡇ d[m]௨

ෆ࡟Ꮡᅾ᳨ࢆࢱ࣮ࢹࡿࡍ⣴ᑐ㇟ࡿࡍ࡜㸬ᮏ✏࡛ࡣ㸪࢔ࢥࢫ

㛵ᩘࢢࣥࣜ f㸪᳨ࡧࡼ࠾⣴⠊ᅖ d᳨ࢆ⣴᮲௳ࡪࡼ࡜㸬

ᐃ⩏ 1 (Top-k ᳨⣴). Top-k᳨⣴᳨ࡢ⣴⤖ᯝࡿࢀࡲྵ࡟

㸪ࣘࡣࢱ࣮ࢹ ࡽ࠿ࢨ࣮ d[m]௨ෆ࡟Ꮡᅾࡿࡍ➃ᮎࡢᣢ࣮ࢹࡘ

࠸ࡉᑠࡶ᭱ࡢ࢔ࢥࢫ㸪ࡕ࠺ࡢࢱ kಶࡿࡍ࡜ࢱ࣮ࢹࡢ㸬

ࡿࡁ㸪ᣦᐃ࡛࡛ࡇࡇ kୖࡣ࡟್ࡢ㝈㸦᭱኱್㸧K ࡿ࠶ࡀ

㸬ࡿࡍ࡜ࡢࡶ

ᐃ⩏ 2 .(ࢺࣥࢼ࣑ࢻ) ࢱ࣮ࢹࡿ࠶ oi, oi′ ࡢ㸪඲࡚࡚ࡋᑐ࡟

ḟඖ j 㸪vi[j]࡚࠸࠾࡟ ≤ vi′ [j]ࡋࡓ‶ࢆ㸪ࡘ࠿㸪ᑡ࡜ࡃ࡞

ࡶ ḟඖࡢࡘ1 j′ 㸪vi[j࡚࠸࠾࡟
′] < vi′ [j

㸪ࡁ࡜ࡍࡓ‶ࢆ[′

oi ࡣ oi′ 㸬࠺࠸࡜ࡿ࠸࡚ࡋࢺࣥࢼ࣑ࢻࢆ

౛ࡤ࠼㸪ᅗ ࡣ㸪aࡋ♧ࢆ㞟ྜࡢࢱ࣮ࢹ㸪2ḟඖࡣ1 bࢆ

㸬ࡿ࠸࡚ࡋࢺࣥࢼ࣑ࢻ

ᐃ⩏ 3 .(ࣥ࢖ࣛ࢖࢝ࢫ) 㞟ࢱ࣮ࢹࡿ࠶㸪ࡣࣥ࢖ࣛ࢖࢝ࢫ

࠸࡞࠸࡚ࢀࡉࢺࣥࢼ࣑ࢻࡶ࡟ࢱ࣮ࢹࡢ࡝ࡢ㸪௚࡚࠸࠾࡟ྜ

㸬ࡿࡍ࡜㞟ྜࡢࢱ࣮ࢹ

౛ࡤ࠼㸪ᅗ ࡧࡼ࠾㸪a㸪c㸪d㸪ࡣ1࡛ hࣥ࢖ࣛ࢖࢝ࢫࡀ

㸬ࡿࢀࡲྵ࡟

ᐃ⌮ 1. 㸪᭱ࡁ࡜ࡿ࠶༢ㄪ⥺ᙧ㛵ᩘ࡛ࡀ㛵ᩘࢢࣥࣜ࢔ࢥࢫ

ୖ఩ࡣࢱ࣮ࢹࡢᚲࡿࢀࡲྵ࡟ࣥ࢖ࣛ࢖࢝ࢫࡎ㸬

ᐃ⩏ 4 (K-ࢻࣥࣂ࢖࢝ࢫ). K-ࡣࢻࣥࣂ࢖࢝ࢫ㸪࣮ࢹࡿ࠶

࡚ࢀࡉࢺࣥࢼ࣑ࢻ࡟ࢱ࣮ࢹࡢK-1ಶࠎ㸪㧗࡚࠸࠾࡟㞟ྜࢱ

㸬ࡿࡍ࡜㞟ྜࡢࢱ࣮ࢹࡿ࠸

ᐃ⌮ 2. 㸪ୖࡁ࡜ࡿ࠶༢ㄪ⥺ᙧ㛵ᩘ࡛ࡀ㛵ᩘࢢࣥࣜ࢔ࢥࢫ

఩K ಶࡣࢱ࣮ࢹࡢ㸪ᚲࡎK-ࡿࢀࡲྵ࡟ࢻࣥࣂ࢖࢝ࢫ㸬

ド᫂. ఩Kୖࡿ࠶ ಶࢱ࣮ࢹࡿࢀࡲྵ࡟ oiࡀK-ࣥࣂ࢖࢝ࢫ

Kࡶ࡜ࡃ࡞㸪ᑡࡁ࡜ࡢࡇ㸬ࡿࡍ௬ᐃ࡜࠸࡞ࢀࡲྵ࡟ࢻ ಶ

ࡀࢱ࣮ࢹࡢ oi ᛶࡢ㸬༢ㄪ⥺ᙧ㛵ᩘࡿ࠸࡚ࡋࢺࣥࢼ࣑ࢻࢆ

㉁ࡽ࠿㸪ᑡࡶ࡜ࡃ࡞K ಶࡣ࢔ࢥࢫࡢࢱ࣮ࢹࡢ㸪oi ࢥࢫࡢ

㸪oiࡵࡓࡢࡑ㸬ࡿ࠶࡛᫂⮬ࡣ࡜ࡇ࠸ࡉᑠࡾࡼ࢔ ఩ୖࡣ K
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ಶ࠸࡞ࡣ࡜ࡇࡿࢀࡲྵ࡟ࢱ࣮ࢹࡢ㸬࡚ࡗࡀࡓࡋ㸪⫼⌮ἲ࡟

⌮㸪ᐃࡾࡼ ࢝ࢫ-㸪Kࡣࣥ࢖ࣛ࢖࢝ࢫ㸪ࡓࡲ㸬ࡘ❧ࡾᡂࡣ2

ࡿࡅ࡟ࢻࣥࣂ࢖ K=1ࡢሙྜࡢ㞟ྜ࡛ࡵࡓࡿ࠶㸪ᐃ⌮ ࡣ1

ᡂࡘ❧ࡾ㸬!

3. 㛵㐃◊✲

ᮏ❶࡛ࡣ㸪ᵝ࡞ࠎศᩓ⎔ቃ࡛ࡢTop-k᳨⣴ࡿࡅ࠾࡟௦⾲

ⓗ࡞᪤Ꮡᡭἲࢆ⤂௓ࡿࡍ㸬

ᩥ⊩ ࣑ࢻ㸪࡚࠸࠾࡟ࢡ࣮࣡ࢺࢵࢿࢧࣥࢭ⥺↓㸪ࡣ࡛[4]

ࣇࣛࢢࢺࣥࢼ 㸬ࡿ࠸࡚ࡋᥦ᱌ࢆTop-k᳨⣴ᡭἲࡓ࠸⏝ࢆ[8]

㸪ୖ఩࡚࠸⏝ࢆࣇࣛࢢࢺࣥࢼ࣑ࢻ㸪ࡣᡭἲ࡛ࡢࡇ kಶྵ࡟

ࢩ㸬ࡿࡍ㏉ಙࢆࢱ࣮ࢹ࡟ࢡࣥࢩ㸪ࡋ⟭ィࢆࢱ࣮ࢹࡿᚓࢀࡲ

࣮࣡ࢺࢵࢿ㸪ࡋసᡂࢆࢱࣝ࢕ࣇࡽ࠿ࢱ࣮ࢹࡓࡋಙཷࡣࢡࣥ

㸪ࡣᮎ➃ࢧࣥࢭ㸬ྛࡿࡍ㏦ಙࢆࢱࣝ࢕ࣇ࡟ᮎ➃ࢧࣥࢭࡢෆࢡ

ࢱ࣮ࢹࡁ࡭ࡍ㏉ಙࡽ࠿ࢱࣝ࢕ࣇ㝿㸪ࡓࡁ㉳ࡀ᭦᪂ࡢࢱ࣮ࢹ

ࢡࣥࢩࡀᮎ➃࠺⾜ࢆ㸪Top-k᳨⣴ࡣᡭἲ࡛ࡢࡇ㸬ࡿࡵồࢆ

㸪ࡓࡲ㸬ࡿ࡞␗࡜ࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻ࢔Ⅼ࡛㸪ࡿ࠶࡛ࡳࡢ

Ⅼ࡛ၥࡿࡍ៖⪄ࡶࢆ௳⣴᮲᳨࠸࡞ࡢ࡜ࡇࡿࡍᣦᐃࡀࢨ࣮ࣘ

㢟ࡿ࠶ࡀ㸬ᩥ⊩ 㸪௦࡚࠸࠾࡟ࢡ࣮࣡ࢺࢵࢿ㸪P2Pࡣ࡛[7]

ࡓ࠸⏝ࢆ࢔ࣆ⾲ Top-k ᳨⣴ᡭἲࢆᥦ᱌ࡿ࠸࡚ࡋ㸬௦⾲ࣆ

ࡘᣢࡢ࢔ࣆࡿࡍᏑᅾࡢࢡࣥࣜ⌮㸪ㄽࡣ࢔ K-ࢻࣥࣂ࢖࢝ࢫ

ࡘᣢࡢ࢔ࣆ⾲௦ࡿࡍ㸪㞄᥋࡟ࡽࡉ㸬ࡿࡍಖᣢ࡚ࡋ࡜〇「ࢆ

ࡿ࠶㸪ࡋ⌮⟶ࢆࣥ࢖ࣛ࢖࢝ࢫࡢࢱ࣮ࢹ Top-k᳨⣴࡛ࡢ㜈್

Ỵᐃࢆ࢔ࣆ⾲௦ࡁ࡭ࡍ㏦ಙࢆ࢚ࣜࢡ㸪ࡽ࠿ࣥ࢖ࣛ࢖࢝ࢫ࡜

ࡼ࠾Ⅼ㸪ࡿ࠸࡚ࡋ᝿ᐃࢆ〇「ࡢࢱ࣮ࢹ㸪ࡣᡭἲࡢࡇ㸬ࡿࡍ

ࡢ✏Ⅼ࡛ᮏࡿ࠶඲య࡛ࢡ࣮࣡ࢺࢵࢿࡀ⣴⠊ᅖ᳨ࡢࢱ࣮ࢹࡧ

᝿ᐃࡿ࡞␗࡜㸬ࡓࡲ㸪ࢆࢫࣟࢺࢵࢣࣃ᝿ᐃ࠸࡞࠸࡚ࡋⅬ࡛

㸬ࡿ࠶ᅔ㞴࡛ࡣ㐺ᛂࡢ࡬ࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻ࢔

ᩥ⊩ [1], ࡟ࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻ࢔ࣝ࢖ࣂ㸪ࣔࡣ࡛[6]

ࡿࡅ࠾ Top-k᳨⣴ᡭἲࢆᥦ᱌ࡿ࠸࡚ࡋ㸬ᩥ⊩ 㸪ṇࡣ࡛[6]

ࡿࡼ࡟ࢬ࣮࢙ࣇ㸪2ࡵࡓࡿࡍタᐃࢆ㜈್࡞☜ Top-k᳨⣴ࢆ

ࡢࢱ࣮ࢹࡢෆࢡ࣮࣡ࢺࢵࢿ࡛┠ࢬ࣮࢙ࣇ㸬1࠺⾜ k␒┠ࡢ

ࡘࡶࢆ࢔ࢥࢫࡢ㜈್௨ୗ࡛┠ࢬ࣮࢙ࣇ㸪2ࡋᚓྲྀࢆ࢔ࢥࢫ

ࡼ࡟ࢢࣥ࢕ࢹࢵࣛࣇࢆ࢚ࣜࢡ㸪ࡋ࠿ࡋ㸬ࡿࡍ㏉ಙࢆࢱ࣮ࢹ

ᮎ௨➃࠸࡞ࡀᚲせ࡟ᚓྲྀࡢ㸪᳨⣴⤖ᯝࡵࡓࡿ࠸࡚ࡋ㌿㏦ࡾ

እࡢ࡬↓㥏࡞㌿㏦ࡀከ࠸㸬ᩥ⊩ 㸪ࡋసᡂࢆ⾲㸪⤒㊰ࡣ࡛[1]

᳨⣴⤖ᯝྲྀࡢᚓ࡟ᚲせ࡞㞄᥋➃ᮎࢆ࢚ࣜࢡ࡟㏦ಙࡿࡍ㸬ࡋ

㸪ࡵࡓࡿ࠶ࡀᚲせࡿࡍసᡂࢆ⾲㊰⤒࡟࡜ࡈ௳㸪᳨⣴᮲ࡋ࠿

᳨⣴᮲௳ࡢ✀㢮ࡀከ࠸ሙྜ㸪ࡀࢻࢵ࣊ࣂ࣮࢜㠀ᖖ࡟኱ࡃࡁ

ᣦࡀ௳⣴᮲᳨ࡿ࡞࠿࠸㸪ࡣ㸬୍᪉㸪ClusToࡿ࠶ࡀၥ㢟ࡿ࡞

ᐃࡓࢀࡉሙྜࡶ࡚࠸࠾࡟㸪᳨⣴⠊ᅖෆ࡟Ꮡᅾࡿࡍ඲࡚ࡢ➃

ᮎࢆ࢚ࣜࢡ࡟㏦ಙࡃ࡞࡜ࡇࡿࡍ㸪ప㐜ᘏ࡛Top-k᳨⣴ࢆ⾜

⫣㸪ᩥ࡟ࡽࡉ㸬ࡿࡁ࡛ࡀ࡜ࡇ࠺ ࣜࢱࢫࣛࢡ㸪ࡾ࡞␗࡜[1]

ࡣࢢࣥ 1ᗘࡢࡳࡢᐇ⾜࡛ࡾ࠶㸪᳨⣴᮲௳ࡀᣦᐃ࡜ࡈࡿࢀࡉ

㸬࠸࡞ࡣ࡜ࡇࡿࡍ⏕Ⓨࡀࢻࢵ࣊ࣂ࣮࢜࡟

4. ᥦ᱌ᡭἲ
ᮏ❶࡛ࡣ㸪ᥦ᱌ᡭἲ ClusToࡿࡅ࠾࡟㸪ࢢࣥࣜࢱࢫࣛࢡ

᪉ἲ㸪ࡧࡼ࠾Top-k᳨⣴ࢪ࣮ࢭࢵ࣓ࡢฎ⌮᪉ἲ࡚࠸ࡘ࡟ㄝ

᫂ࡿࡍ㸬

4.1 ᵓ⠏ࡢࢱࢫࣛࢡ

ᮏ⠇࡛ࡣ㸪᳨ࡿ࡞࠿࠸⣴᮲௳ࡶ࡚࠸࠾࡟ᑡ࠸࡞➃ᮎᩘ࡛

Top-k᳨⣴ࢆ࡜ࡇ࠺⾜ࢆ┠ⓗࡓࡋ࡜ ࣥࣜࢱࢫࣛࢡࣉࢵ࣍1

㸬ࡿࡍㄝ࡚᫂࠸ࡘ࡟᪉ἲࡢࢢ

᳨⣴⤖ᯝࢆࢱ࣮ࢹࡿࢀࡲྵ࡟ᣢࡘ➃ᮎࢆ࢚ࣜࢡ࡬㏦ಙࡍ

ࢀࡽ࠼⪄ࡀ࡜ࡇࡿ࠸⏝ࢆࢢࣥ࢕ࢹࢵࣛࣇ࡟㸪༢⣧࡟ࡵࡓࡿ

ࡿ [6]㸬ࡋ࠿ࡋ㸪ࡿࡼ࡟ࢢࣥ࢕ࢹࢵࣛࣇ㌿㏦࡛ࡣ㸪᳨⣴⤖ᯝ

ࡲࡋ࡚ࢀࡉ㏦ಙࡀ࢚ࣜࢡ࡟ᮎ➃ࡢࡃከ࠸࡞ࡀᚲせ࡟ᚓྲྀࡢ

㸬ClusTo࠺ࡲࡋ࡚ࡋ⏕Ⓨࡀࢡࢵࣄࣛࢺ࡞㸪↓㥏࠸ ࢡ㸪ࡣ

ࡇ㸪ࡾࡼ࡟࡜ࡇࡿࡍࢢࣥ࢕ࢸ࣮ࣝࢆ࢚ࣜࢡ࡚࠸⏝ࢆࢱࢫࣛ

㸪ࡣ࡛ࢢࣥ࢕ࢸ࣮ࣝࡓ࠸⏝ࢆࢱࢫࣛࢡ㸬ࡿࡍゎỴࢆၥ㢟ࡢ

௚࡟ࢱࢫࣛࢡࡢᒓࡿࡍ➃ᮎ࡜㞄᥋ࡿࡍ➃ᮎ㸦࢖࢙࢘ࢺ࣮ࢤ

ࢃ⾜ࡀ㏦ಙࡢ࢚ࣜࢡ㛫࡛ࢻࢵ࣊ࢱࢫࣛࢡ㸪ࡋ௓ࢆ㸧ࢻ࣮ࣀ

ࢫࣛࢡ㸪ࡀࢱ࣮ࢹࡘᣢࡢࢻࢵ࣊ࢱࢫࣛࢡ㸪ࡁ࡜ࡢࡇ㸬ࡿࢀ

ࢀࡇሙྜ㸪ࡿ࠸࡚ࡋࢺࣥࢼ࣑ࢻࢆࢱ࣮ࢹࡘᣢࡢᮎ➃ࡢෆࢱ

࡟ࡎࡏ㏦ಙࢆ࢚ࣜࢡ࡟ᮎ➃ࡢࡽ Top-k᳨⣴ࡿ࠼⾜ࢆ㸬ࡢࡑ

ࡋ࡜ⓗ┠ࢆ⌧ᐇࡢTop-k᳨⣴ࡢᮎᩘ࡛➃࠸࡞ᑡࡾࡼ㸪ࡵࡓ

࡚㸪ከ࡜ࡿࡍࢺࣥࢼ࣑ࢻࢆࢱ࣮ࢹࡢࡃண᝿ࢆࢱ࣮ࢹࡿࢀࡉ

ᣢࡘ➃ᮎࡿࡍ࡜ࢻࢵ࣊ࢱࢫࣛࢡࢆ㸬ලయⓗࡣ࡟㸪ྛ➃ᮎࡣ

⮬㌟ࡢᣢࢆࣥ࢖ࣛ࢖࢝ࢫࡿࡅ࠾࡟ࢱ࣮ࢹࡘィ⟬ࡋ㸪௨ୗࡢ

ᘧࢆ࣐࢖ࢱࡢࡵࡓࡿ࡞࡜ࢻࢵ࣊ࢱࢫࣛࢡࡽ࠿タᐃࡿࡍ㸬

Timer =
α · SkyAvgDist+ (1− α) · SkyMinDist

β
.

(1)

SkyAvgDist =

∑|skyline|
i=1 (

√∑m
j=1

vi[j]2)

|skyline|
. (2)

SkyMinDist = min1≤i≤|skyline|(

√√√√
m∑

j=1

vi[j]2). (3)

ᘧ ࡿࡅ࠾࡟(1) α ∈ [0, 1]㸪ࡧࡼ࠾ β(> ࣛࣃ࣒ࢸࢫࢩࡣ(0

㸪βࡾ࠶࡛ࢱ࣮࣓ ࢆ࡜ࡇࡿ࡞ࡃࡁ኱࡟୙せࡀ್ࡢ࣐࢖ࢱࡣ

㜵ࡿ࠸⏝࡟ࡵࡓࡄ㸬ᘧ (2)㸪ࡧࡼ࠾ ࡿࡅ࠾࡟(3) |skyline|

ࢆᩘࢱ࣮ࢹࡢࣥ࢖ࣛ࢖࢝ࢫࡿࡅ࠾࡟ࢱ࣮ࢹࡘࡶࡀᮎ➃ྛࡣ

ࡧࡼ࠾㸬SkyAvgDist㸪ࡍ⾲ SkyMinDist ᣢࡢ㸪⮬㌟ࡣ

,ཎⅬ㸦0࡜㸧ࢱ࣮ࢹࢱ㸦࣓ࢱ࣮ࢹࡿ࡞࡜ࣥ࢖ࣛ࢖࢝ࢫࡘ 0,

...,0㸧ࡢ࡜ᖹᆒ㊥㞳㸪᭱ࡧࡼ࠾▷㊥㞳ࡍ♧ࢀࡒࢀࡑࢆ㸬ᐃ

⌮ ୖ࡚᭱ࡋᑐ࡟௳⣴᮲᳨ࡢ࠿ࡽఱࡣࣥ࢖ࣛ࢖࢝ࢫ㸪ࡽ࠿1

఩ࡢࢱ࣮ࢹࡿ࡞࡜㞟ྜ࡛ࡵࡓࡿ࠶㸪ࡀ್ࡢࡽࢀࡇᑠ࡯࠸ࡉ

ࢆ࡜ࡇࡿ࠸࡚ࡗࡶࢆࢱ࣮ࢹ࠸ࡍࡸࢀࡲྵ࡟⣴᳨ࡢࡃ㸪ከ࡝

㸬ࡍ♧

ࡋⓎⅆࡀ࣐࢖ࢱ㸪ࢀࡉⓎⅆࡽ࠿ࡢࡶ࠸ࡉᑠࡀ್ࡣ࣐࢖ࢱ

ࢡ㸪ࡣࢻࢵ࣊ࢱࢫࣛࢡ㸬ࡿ࡞࡜ࢻࢵ࣊ࢱࢫࣛࢡࡽ࠿ᮎ➃ࡓ

ࢵ࣓ࡢࡇ㸬ࡿࡍࢺࢫࣕ࢟ࢻ࣮ࣟࣈࢆࢪ࣮ࢭࢵᵓ⠏࣓ࢱࢫࣛ

㆑ูᏊ㸪㏦ಙ➃ᮎ㆑ูᏊ㸪ࡢࢻࢵ࣊ࢱࢫࣛࢡ㸪ࡣ࡟ࢪ࣮ࢭ

㏦ಙ➃ᮎࡢ఩⨨᝟ሗ㸪㏦ಙ➃ᮎࡢ K-ࡲྵ࡟ࢻࣥࣂ࢖࢝ࢫ

㸬ཷಙࡿࢀࡲྵࡀ㆑ูᏊࡧࡼ࠾㸪ࢱ࣮ࢹࢱ࣓ࡢࢱ࣮ࢹࡿࢀ

ࡢࡶࡓࢀࡉ㏦ಙࡽ࠿ࢻࢵ࣊ࢱࢫࣛࢡࡀࢀࡑ㸪ࡣᮎ➃ࡓࡋ

㸦ࡢࢻࢵ࣊ࢱࢫࣛࢡ㆑ูᏊ࡜㏦ಙ➃ᮎ㆑ูᏊࡌྠࡀ㸧࡛ ࡿ࠶

ሙྜ㸪ࡿࡍࣝࢭࣥࣕ࢟ࢆ࣐࢖ࢱ㸬ࡓࡲ㸪ࢱࢫࣛࢡᵓ⠏࣓ࢵ
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CH Next_node CH_position
N8 N9 (x8, y8)
N15 N14 (x15, y15)
N30 N12 (x30, y30)

CH Next_node CH_position
N11 N12 (x11, y11)
N30 N30 (x30, y30)

ᅗ 2 ౛ࡢ⾲㊰⤒࡜ࢱࢫࣛࢡ

⤒㸬(i)࠺⾜ࢆ⌮ฎࡢ㸪௨ୗࡣᮎ➃ࡢ඲࡚ࡓࡋಙཷࢆࢪ࣮ࢭ

㊰⾲ࢆసᡂࡿࡍ㸬⤒㊰⾲ࢫࣛࢡࡣ࡟ࣜࢺ࢚ࣥࡢࢀࡒࢀࡑࡢ

఩⨨᝟ሗ㸦CHࡢࡑ㆑ูᏊ㸪ࡢ㸦CH㸧ࢻࢵ࣊ࢱ position㸧㸪

㞄᥋ࡢࡵࡓࡿࡍ㏦ಙࢆ࢚ࣜࢡ࡟ࢻࢵ࣊ࢱࢫࣛࢡࡢࡑࡧࡼ࠾

➃ᮎ㸦next node㸧ࡢ㆑ูᏊ*2ࡀ᱁⣡ࡿࢀࡉ㸦ᅗ 2㸧㸬ࡽࡉ

グࢆࢻࣥࣂ࢖࢝ࢫ-Kࡧࡼ࠾఩⨨᝟ሗ㸪ࡢ㸪(ii)㞄᥋➃ᮎ࡟

㘓ࡿࡍ㸬ࡃ࡞ࡣ࡛ࡢࡶࡢࡑࢱ࣮ࢹ㸪K-ࡲྵ࡟ࢻࣥࣂ࢖࢝ࢫ

࢔ࢥࢫࡢࢱ࣮ࢹ㸪ࡣࡢࡿࡍ㏦ಙࢆࢱ࣮ࢹࢱ࣓ࡢࢱ࣮ࢹࡿࢀ

㸪ࡃࡼࡤࢀࡍᢕᥱࡳࡢ᝟ሗࡢࡽࢀࡇ㸪ࡣ࡟ࡵࡓࡿࡍ⟭ィࢆ

ࡓࡿ࡞ࡃࡁ኱ࡀࢻࢵ࣊ࣂ࣮࢜࡜ࡿࡍ㏦ಙࢆࡢࡶࡢࡑࢱ࣮ࢹ

⌮㸬ᐃࡿ࠶࡛ࡵ 㸪ୖ఩ࡽ࠿2 k(≤ K)ಶࡣࢱ࣮ࢹࡢ㸪᳨⣴

⠊ᅖ࡟Ꮡᅾࡿࡍ➃ᮎࡢK-ࢻࣥࣂ࢖࢝ࢫෆ࡟Ꮡᅾࡵࡓࡿࡍ㸪

㞄᥋➃ᮎࡢ K-ࢆࢻࣥࣂ࢖࢝ࢫᢕᥱࡾࡼ࡟࡜ࡇࡿࡍ㸪࠿࠸

࢕ࣇ࡞㸪ຠᯝⓗࡶ࡚࠸࠾࡟ሙྜࡓࢀࡉᣦᐃࡀ௳⣴᮲᳨ࡿ࡞

ࢱࢫࣛࢡ࡟࡛ࡲࢀࡇ㸪࡟ࡽࡉ㸦4.2⠇㸧㸬ࡿࡁసᡂ࡛ࢆࢱࣝ

ᵓ⠏࣓ࢆࢪ࣮ࢭࢵ㏦ಙ࠸࡞࠸࡚ࡋሙྜ㸪(iii)ࢱࢫࣛࢡᵓ⠏

ࢱࢫࣛࢡ㸪ࡁ࡜ࡢࡇ㸬ࡿࡍࢺࢫࣕ࢟ࢻ࣮ࣟࣈࢆࢪ࣮ࢭࢵ࣓

ࢻࢵ࣊ࢱࢫࣛࢡࡢࢪ࣮ࢭࢵ࣓ࡓࡋ㸪ཷಙࡣ㆑ูᏊࡢࢻࢵ࣊

㸬ࡿࡍ࡜㆑ูᏊࡢ

୍ᐃ᫬㛫⤒㐣ᚋ㸪ࢻࢵ࣊ࢱࢫࣛࢡ௨እࡢ➃ᮎࡣ㸪⮬㌟ࡀ

ᢕᥱ᭱ࡿࡍ▷㊥㞳࡟ࢻࢵ࣊ࢱࢫࣛࢡࡢ㸪࣓ࣥࣂ㏻▱࣓ࢵ

㸪㏦ಙ➃ᮎ㆑ูᏊ㸪ࡣ࡟ࢪ࣮ࢭࢵ࣓ࡢࡇ㸬ࡿࡍ㏦ಙࢆࢪ࣮ࢭ

ࡑ㸪࡜㆑ูᏊࡢࢻࢵ࣊ࢱࢫࣛࢡࡿ࠸࡚ࡋᢕᥱࡀ㌟⮬ࡧࡼ࠾

ࢵ࣊ࢱࢫࣛࢡ㸪ྛࡾࡼ࡟ࢀࡇ㸬ࡿ࠸࡚ࢀࡲྵࡀ఩⨨᝟ሗࡢ

㸪nextࢻࢵ࣊ࢱࢫࣛࢡࡢࢱࢫࣛࢡࡿࡍ㸪㞄᥋ࡣࢻ node㸪࠾

㸬ࡿࡁᢕᥱ࡛ࢆᮎ➃ࣂ࣓ࣥࡿࡍᡤᒓ࡟ࢱࢫࣛࢡࡢ㌟⮬ࡧࡼ

㸪nextࡁ࡜ࡢࡇ nodeࡣ㏦ಙඛ᭱࡟ࢻࢵ࣊ࢱࢫࣛࢡࡿ࡞࡜

ࡶ᭱࡟ࢻࢵ࣊ࢱࢫࣛࢡ㸪㏦ಙඛࡣࢀࡇ㸬ࡿࡍ࡜ᮎ➃࠸㏆ࡶ

㏆࠸➃ᮎࡣ㸪࡜ࢻࢵ࣊ࢱࢫࣛࢡࡢࡑ㞄᥋ྍࡿ࠸࡚ࡋ⬟ᛶࡀ

㧗ࡵࡓ࠸㸪㏦ಙඛ᳨࡟ࢻ࣮ࣀ࢖࢙࢘ࢺ࣮ࢤࡢࢱࢫࣛࢡ⣴ࢡ

๐ῶࢆᩘࣉࢵ࣍ࡢ࢚ࣜࢡ㸪᳨⣴ࡃ࡞ࡀᚲせࡿࡍ㌿㏦ࢆ࢚ࣜ

㸬ࡿ࠶࡛ࡵࡓࡿࡁ࡛

௨ୖືࡢసࡾࡼ࡟㸪ຠ⋡ⓗ࡞Top-k᳨⣴ࢫࣛࢡࡢࡵࡓࡢ

ࡲ㸬ࡿࡍᢚไࢆᮎᩘ➃ࡿࡍ㏦ಙࢆ࢚ࣜࢡ㸪᳨⣴ࡋᵓ⠏ࢆࢱ

࢝ࢫ-Kࡧࡼ࠾఩⨨᝟ሗ㸪ࡢ㞄᥋➃ᮎࡢ㸪⮬㌟ࡣ㸪ྛ➃ᮎࡓ

ሙࡓࡁ㉳ࡀ᭦᪂ࡢࢱ࣮ࢹ㸪࡟ࡽࡉ㸬ࡿࡁᢕᥱ࡛ࢆࢻࣥࣂ࢖

࠸࡚ࡋಖᣢࢆࡳࡢ᝟ሗࡢ㞄᥋➃ᮎࡣ㸪ྛ➃ᮎࡶ࡚࠸࠾࡟ྜ

ࡓࢀࡉ㸪᭦᪂ࡵࡓࡿ K-ࢆࢻࣥࣂ࢖࢝ࢫ㞄᥋➃ᮎ࣮ࣟࣈ࡟

㸬࠸ࡼ࡛ࡅࡔࡿࡍࢺࢫࣕ࢟ࢻ

*2 ሙྜ㸪nextࡿ࠸࡚ࡋ㞄᥋࡜ࢻࢵ࣊ࢱࢫࣛࢡ node=CHࡿ࡞࡜

4.2 సᡂࡢࢱࣝ࢕ࣇ

ClusTo࡛ࡣ㸪⤒㊰⾲ࢆࢢࣥ࢕ࢸ࣮࢚ࣝࣜࢡ࡚࠸⏝ࢆ⾜

㸪ࣘ࠸ 㸬ࡿࡍ㌿㏦ࢆ࢚ࣜࢡ⣴᳨࡛ࡲ⣴⠊ᅖ᳨ࡿࡍᣦᐃࡀࢨ࣮

࡞࠸࡚ࢀࡉ㏦ಙࡀ࢚ࣜࢡ⣴᳨࡚࠸࠾࡟ࢱࢫࣛࢡᚋ㸪ྛࡢࡑ

ࢱ࣮ࢹࡿࢀࡲྵ࡟㸪᳨⣴⤖ᯝࡋ㏦ಙࢆ࢚ࣜࢡ⣴᳨࡟ᮎ➃࠸

㸪ࡵࡓࡿࡍ๐ῶࢆࢡࢵࣄࣛࢺ࡞㸪↓㥏࡛ࡇࡇ㸬ࡿࡍᚓྲྀࢆ

᳨⣴⤖ᯝྲྀࡢᚓ࡟㈉⊩࠸࡞ࡋ➃ᮎ᳨ࡣ࡬⣴ࢆ࢚ࣜࢡ㏦ಙࡍ

఩ୖࡢ㸪᳨⣴⠊ᅖෆࡀ㸪ྛ➃ᮎ࡟ࡵࡓࡢࡑ㸬࠸࡞ࡣ࡛ࡁ࡭

k 㸪ࡾࡼ࡟࡜ࡇࡿࡶ✚ぢࢆ㸦㜈್㸧࢔ࢥࢫࡢࢱ࣮ࢹࡢ┠␒

᳨⣴⤖ᯝࢆࢱ࣮ࢹࡿࢀࡲྵ࡟ᣢ࠸࡞ࡓ㞄᥋➃ᮎࡢ࡬୙せ࡞

᳨⣴ࡢ࢚ࣜࢡ㌿㏦ࢆᢚไࡀ࡜ࡇࡿࡍ᭷ຠ࡛ࡿ࠶㸬ࢆࢀࡇᐇ

ࣝ࢕ࣇ࡟࢚ࣜࢡ⣴᳨ࡀ㸪ྛ➃ᮎ࡚ࡋ࡜ᡭἲ࡞ឤⓗ┤ࡿࡍ⌧

఩ୖࡿࡍᢕᥱࡀ㸪⮬㌟࡚ࡋ࡜ࢱ kಶࡑ࡜࢔ࢥࢫࡢࢱ࣮ࢹࡢ

⮬࡜᝟ሗࡢࡇ㸪ࡀᮎ➃ࡓࡋಙཷࢆࢀࡑ㸪ࡋῧ௜ࢆ㆑ูᏊࡢ

㌟ࡀᣢࡽ࠿࢔ࢥࢫࡢࢱ࣮ࢹࡘ㸪㜈್ࢆぢ✚࠼⪄ࡀ࡜ࡇࡿࡶ

㸪kࡋ࠿ࡋ㸬ࡿࢀࡽ ࠿࠿࡟㏦ಙࡢࢱࣝ࢕ࣇሙྜ㸪࠸ࡁ኱ࡀ

㸬ࡿ࠶ࡀၥ㢟ࡿ࡞ࡃࡁ኱ࡀࢻࢵ࣊ࣂ࣮࢜ࡿ

ᅛࢆࢻࢵ࣊ࣂ࣮࢜ࡿࡼ࡟ࢱࣝ࢕ࣇ㸪ࡣ㸪ClusTo࡛࡛ࡇࡑ

ᐃࡘ࠿ᑠࡃࡉᢚࡵࡓࡿ࠼㸪k ಶศࡃ࡞ࡣ࡛ࢱ࣮ࢹࡢ㸪ྛ➃

ᮎࡀᢕᥱࡿࡍ㸪ୖ ఩ 1␒┠㸪⌊k/2⌋+1␒┠㸪ࡧࡼ࠾ k␒┠

ࡿ࡞࡜ ࢀࡑ㸦ࡏྜ⤌ࡢ㆑ูᏊࡢࡑ࡜࢔ࢥࢫࡢࢱ࣮ࢹࡢࡘ3

ࢀࡒ lb㸪me㸪ࡧࡼ࠾ ub㸧ࡿࡍ࡜ࢱࣝ࢕ࣇࢆ㸬࡟ࡽࡉ㸪㜈

ࢡ⣴᳨ࡓࡋ㸪ཷಙࡣ㸪ྛ➃ᮎࡵࡓࡿࡅ㏆࡙࡟್࡞☜ṇࢆ್

ࡀ㞄᥋➃ᮎࡢ㌟⮬࡜㌟⮬ࡧࡼ࠾㸪ࢱࣝ࢕ࣇࡿࢀࡲྵ࡟࢚ࣜ

ᣢ࢔ࢥࢫࡢࢱ࣮ࢹࡘ᝟ሗࢆࢱࣝ࢕ࣇࡽ࠿᭦᪂ࡿࡍ㸬

࣒ࢬࣜࢦࣝ࢔㸪ࢆ࣒ࢬࣜࢦࣝ࢔ࡢసᡂࢱࣝ࢕ࣇ 1 ♧࡟

㌟⮬࡜㌟⮬࡜ࢱࣝ࢕ࣇࡓࡋ㸪ཷಙ࡟㸪ᇶᮏⓗࡣ㸬ྛ➃ᮎࡍ

఩ୖࡿࡅ࠾࡟ࢱ࣮ࢹࡘᣢࡀ㞄᥋➃ᮎࡢ kಶࢥࢫࡢࢱ࣮ࢹࡢ

࢚ࣜࢡ㸪᳨⣴࡛ࡇࡇ3㸬*ࡿࡍసᡂࢆࢱࣝ࢕ࣇ㸪ࡽ࠿᝟ሗ࢔

࡛ࡏྜ⤌ࡢ㆑ูᏊ࡜࢔ࢥࢫࡢࡘ㸪3ࡣࢱࣝ࢕ࣇࡿࡍῧ௜࡟

㸪kࡵࡓࡿ࠶ > ㏦ࡢ࢚ࣜࢡࡽ࠿Ⓨ⾜➃ᮎ࢚ࣜࢡሙྜ㸪ࡢ3

ಙඖ➃ᮎࡢ࡛ࡲ⤒㊰ࡿࢀࡲྵ࡟➃ᮎ㸪ࡢࡽࢀࡑࡧࡼ࠾㞄᥋

➃ᮎ㸦௨ᚋ㸪ୖὶ➃ᮎ㸧ࡢᣢ࡚࠸࠾࡟ࢱ࣮ࢹࡘ㸪ୖ఩ kಶ

㸬࠸࡞ࡁᢕᥱ࡛ࡣ඲࡚ࡢ㆑ูᏊ࡜࢔ࢥࢫࡢࢱ࣮ࢹࡓࡗ࡞࡜

ࢱ࣮ࢹࡓࡗ࠿࡞ࡁ㸪ᢕᥱ࡛ࡾࡼ࡟᪉ἲࡢ࠿ࡽ㸪ఱࡁ࡜ࡢࡇ

ࡶࡾࡼ್࡞☜ṇࡀ㸪㜈್ࡀࡿ࠶ࡀᚲせࡿࡍ᥎ᐃࢆ࢔ࢥࢫࡢ

ᑠ࡜࠺ࡲࡋ࡚ࡗ࡞ࡃࡉ㸪᳨⣴⠊ᅖෆୖࡢ఩ kಶࡿࢀࡲྵ࡟

㸬୍ࡿ࠶ࡀᛶ⬟ྍ࠸࡞ࡋ㏦ಙࢆ࢚ࣜࢡ࡟ᮎ➃ࡘᣢࢆࢱ࣮ࢹ

᪉㸪᳨⣴⤖ᯝࢆࢱ࣮ࢹࡿࢀࡲྵ࡟ᣢࡘ➃ᮎ࡬☜ᐇ࢚ࣜࢡ࡟

኱ࢆ࢔ࢥࢫࡢࢱ࣮ࢹࡓࡗ࠿࡞ࡁ㸪ᢕᥱ࡛࡟ࡵࡓࡿࡍ㌿㏦ࢆ

࢚ࣜࢡ⣴᳨࡞㸪୙せ࡜ࡿࡂࡍࡋ᥎ᐃ࡟㸧࢕ࢸࣇ࣮ࢭ㸦ࡵࡁ

ቑຍࡀ㏉ಙࡢࢱ࣮ࢹ࠸࡞ࢀࡲྵ࡟⣴⤖ᯝ᳨ࡧࡼ࠾㌿㏦㸪ࡢ

ࡘᣢࢆࢱ࣮ࢹࡿࢀࡲྵ࡟㸪᳨⣴⤖ᯝࡵࡓࡢࡑ㸬࠺ࡲࡋ࡚ࡋ

➃ᮎ࢚ࣜࢡࡢ࡬㌿㏦ࢆಖドࡘࡘࡋ㸪㜈್ࡀ୙せ࡟኱࡞ࡃࡁ

㸬ࡿ࠶㔜せ࡛ࡀ࡜ࡇࡿࡍ࡟࠺ࡼ࠸࡞ࡽ

ࡿࡅ࠾࡟ࢱ࣮ࢹࡘᣢࡢ㸪ୖὶ➃ᮎࡣ㸪ClusTo࡛࡛ࡇࡑ

ୖ఩ kಶࡕ࠺ࡢࢱ࣮ࢹࡢ㸪࡚ࡋ࡜ࢱࣝ࢕ࣇῧ௜ࡗ࠿࡞ࢀࡉ

ᢕᥱ࡛ࡀ㸪ྛ➃ᮎࢆ㆑ูᏊ㸧ࡧࡼ࠾㸦࢔ࢥࢫࡢ4*ࢱ࣮ࢹࡓ

*3 4.1 ⠇ࡢฎ⌮ࡾࡼ࡟㸪㞄᥋➃ᮎࡢᣢࢆ࢔ࢥࢫࡢࢱ࣮ࢹࡘィ⟬࡛ࡁ
㸬ࡿ

*4 㸪lb࡚࠸࠾࡟㏦ಙඖ➃ᮎ࢚ࣜࢡ ࡽ࠿ me㸪ࡧࡼ࠾ me ࡽ࠿ ubࡢ

�$'"%ॹ��,/�+21-(� !&#উ�0.��)��*
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Algorithm 1 సᡂࡢࢱࣝ࢕ࣇ
Input: lb,me, ub
Output: lb′,me′, ub′

1: /* Node, Np, makes a filter from a query sent by Nq */
2: local top-k data← ∅
3: lm data ← mu data ← ∅
4: lm datacom ← mu datacom ← ∅
5: for ∀Nq′∈|Np.neighboring node| do
6: if Nq′ , is within query range then
7: if Dist(Nq, Nq′ ) ≤ r then
8: lm datacom ← lm datacom ∪ {∀{score(oj), j} |

oj∈Nq′ ’s K-skyband,score(oj)∈[lb.score,me.score]}
9: mu datacom ← mu datacom ∪ {∀{score(oj), j} |

oj∈Nq′ ’s K-skyband,score(oj)∈(me.score, ub.score]}
10: end if
11: end if
12: end for
13: Sort lm datacom and mu datacom by ascending order
14: lm data ← lb ∪ lm datacom

15: if |lm data| < ⌊k/2⌋+1 then
16: for i=0 to ⌊k/2⌋+1−|lm data| do
17: lm data ← lm data ∪ {me.score, -(i + 1)}
18: end for
19: end if
20: mu data ← mu datacom

21: if |mu data| < k-⌊k/2⌋−1 then
22: for i=0 to k-⌊k/2⌋-1−|mu data| do
23: mu data ← mu data ∪ {ub.score, -(i + k)}
24: end for
25: end if
26: Calculate local top-k data from its own data and neighbors’

K-skyband within query range
27: local top-k data ← local top-k data ∪ lm data ∪ me ∪

mu data ∪ ub
28: Sort local top-k data by ascending order
29: lb′ ← local top-k data[0]
30: me′ ← local top-k data[⌊k/2⌋]
31: j ← ⌊k/2⌋
32: while me′.id < 0 do
33: j ← j + 1
34: me′ ← local top-k data[j]
35: end while
36: ub′ ← local top-k data[k − 1]
37: j ← k − 1
38: while ub′.id < 0 do
39: j ← j + 1
40: ub′ ← local top-k data[j]

41: end while

㸪ྛࡣ࡟㸬ලయⓗࡿࡍ᥎ᐃ࡟ᇶࢆ᝟ሗ࢔ࢥࢫࡢࢱ࣮ࢹࡿࡁ

➃ᮎࡣ㸪ࡎࡲ㸪࢚ࣜࢡ㏦ಙඖ➃ᮎ࡜⮬㌟ࡢ࡜ඹ㏻ࡢ㏻ಙ⠊

ᅖෆ࡟Ꮡᅾࡿࡍ➃ᮎࡢᣢࢆ࢔ࢥࢫࡢࢱ࣮ࢹࡘィ⟬ࡿࡍ㸬ࡇ

ᢕࡀ㏦ಙඖ➃ᮎ࢚ࣜࢡ㸪ࡽ࠿ࢱࣝ࢕ࣇࡓࡋಙཷ࡜࢔ࢥࢫࡢ

ᥱୖࡿ࠸࡚ࡋ఩ k ಶࢆࢱ࣮ࢹࡢ᥎ᐃࡿࡍ㸦5∼13⾜㸧㸬ࡲ

࢔ࢥࢫ㸪ࡕ࠺ࡢࢱ࣮ࢹࡘᣢࡀᮎ➃ࡢ㏻ಙ⠊ᅖෆࡢ㸪ඹ㏻ࡓ

࠾me㸪ࡽ࠿㸪lbࡀಶᩘࡢࡢࡶࡿ࡞࡜⠊ᅖෆࡢࢱࣝ࢕ࣇࡀ

ࡧࡼ meࡽ࠿ ub࡟Ꮡᅾࡢࢱ࣮ࢹࡿࡍಶᩘࡓࡗ࠿࡞ࡓ‶࡟

ሙྜ㸪୙㊊ศࢆ㸪[lb, me]㛫ࡣme㸪[me, ub]㛫ࡣ ub࡜ぢ

ࡧࡼ࠾㸦15∼19⾜㸪ࡍ࡞ 21∼25⾜㸧㸬࡟࠺ࡼࡢࡇ㸪ᢕᥱࡋ

ࢆ࢔ࢥࢫࡢࢱ࣮ࢹ࠸࡞࠸࡚ [lb, me]㛫㸪ࡧࡼ࠾ [me㸪ub]㛫

㏦ಙඖ࢚ࣜࢡ㸪ࡾࡼ࡟࡜ࡇ࠺⿵࡚ࡋ࡜࢔ࢥࢫ኱᭱ࡿࡅ࠾࡟

➃ᮎࡀᢕᥱୖࡿ࠸࡚ࡋ఩ kಶࢆ࢔ࢥࢫࡢࢱ࣮ࢹࡢᑠࡃࡉぢ

ࢱ࣮ࢹࡿࢀࡲྵ࡟ᯝ㸪᳨⣴⤖ᯝ⤖ࡢࡑ㸬࠸࡞ࡣ࡜ࡇࡿࡶ✚

ࡋᚋ㸪ཷಙࡢࡑ㸬ࡿࡁಖド࡛ࢆ㌿㏦࢚ࣜࢡࡢ࡬ᮎ➃ࡘᣢࢆ

ࡓࡋ㸪⿵᏶ࢱࣝ࢕ࣇࡓ 㸪㆑ูᏊ࢔ࢥࢫ} }㸪ࡧࡼ࠾⮬㌟࡜

㞄᥋➃ᮎࡀᣢୖࡽ࠿ࢱ࣮ࢹࡘ఩ k ಶࢆࡢࡶࡿ࡞࡜ィ⟬ࡋ㸪

⮬㌟ࢆࢱࣝ࢕ࣇࡢసᡂࡿࡍ㸦26∼41⾜㸧㸬

㛫ࡣ࡟㸪ࢀࡒࢀࡑ (⌊k/2⌋ − 1)ಶ㸪ࡧࡼ࠾ (k− ⌊k/2⌋ − 2)ಶࡢ
㸬ࡿࡍᏑᅾࡀࢱ࣮ࢹ

4.3 Top-k᳨⣴

ᮏ⠇࡛ࡣ㸪ClusToࡿࡅ࠾࡟ Top-k᳨⣴ࢪ࣮ࢭࢵ࣓ࡢฎ

⌮᪉ἲ࡚࠸ࡘ࡟ㄝ᫂ࡿࡍ㸬

ClusTo 㸪2ࡣ࡛ ✀㢮᳨ࡢ⣴࢚ࣜࢡ㸪ࢱࢫࣛࢡ㛫࢚ࣜࢡ

㸦CtoC-query㸧㸪ࢱ࣮ࢹࡧࡼ࠾཰㞟࢚ࢡ 㸦ࣜdata acquisition-

query㸧ࡿ࠸⏝ࢆ㸬ࢱࢫࣛࢡ㛫ࡾࡼ࡟࢚ࣜࢡ㸪࣮ࣘࡀࢨᣦ

ᐃ᳨ࡓࡋ⣴⠊ᅖࢆಖドࡋ㸪ࡢࡑᚋ㸪ࢱ࣮ࢹ཰㞟ࡼ࡟࢚ࣜࢡ

㸪ୖ఩ࡾ kಶྍࡿࢀࡲྵ࡟⬟ᛶྲྀࢆࢱ࣮ࢹࡿ࠶ࡀᚓࡿࡍ㸬

࢚ࣜࢡ㛫ࢱࢫࣛࢡ㸪ࡎࡲ qciࡣ㸪qci=<org, org position,

sender id, k, d, w, F , AT , CL> 㸬iࡿࢀࡉ⾲࡛ ⣴᳨ࡣ

㆑ูᏊ㸪orgࡢ࢚ࣜࢡ ㆑ูᏊ㸪ࡢⓎ⾜➃ᮎ࢚ࣜࢡ⣴᳨ࡣ

org position ࡼ࠾఩⨨᝟ሗ㸪ࡢⓎ⾜➃ᮎ࢚ࣜࢡ㸪᳨⣴ࡣ

ࡧ sender id᳨ࡣ⣴࢚ࣜࢡ㏦ಙ➃ᮎࡢ㆑ูᏊ࡛ࡿ࠶㸬᳨⣴

Ⓨ⾜➃ᮎ࢚ࣜࢡ Norg ᩘࢱ࣮ࢹ㸪せồࡣ k㸪᳨⣴㊥㞳 d㸪

ࡧࡼ࠾ w={w1, w2, · · · , wm} ࣮ࢹ㸪ࡓࡲ㸬ࡿࡍᣦᐃࢆ

ࢱࣝ࢕ࣇ㸪ࡋ⟭ィࢆ࢔ࢥࢫࡢࢱ F ᚋ㸪ࡢࡑ㸬ࡿࡍసᡂࢆ

⮬㌟ࡢ⤒㊰⾲ࡿࡅ࠾࡟඲࡚ࡢࢻࢵ࣊ࢱࢫࣛࢡࡢ㆑ูᏊ

㸦CHj㸧ࡢࡑ࡜ next nodeࢆ㸪AT=AddressTuple={{CH0,

next node0}, {CH1, next node1}, · · · } ࡇ㸬ࡿࡍ᱁⣡࡟

㸪nextࡁ࡜ࡢ node᳨ࡀ⣴⠊ᅖෆ࠸࡞ࢀࡲྵ࡟ሙྜࡣ㸪AT

㸪CL=ClusterListࡓࡲ㸬࠸࡞ࡋ᱁⣡ࡣ࡟ ࢚ࣜࢡ㸪᳨⣴ࡣ

࡛ࢺࢫࣜࡿࡍ᱁⣡ࢆ㆑ูᏊࡢࢻࢵ࣊ࢱࢫࣛࢡࡓࢀࡉ㏦ಙࡀ

㸪Norgࡾ࠶ ࡣ࡛࢚ࣜࢡ⣴᳨ࡿࡍ㏦ಙࡀ 㸦Norgࡿ࠶࡛∅ ࡀ

సᡂࢆ࢚ࣜࢡ㸪CL={org}㸧㸬᳨⣴ࡤࡽ࡞ࢻࢵ࣊ࢱࢫࣛࢡ

ᚋ㸪Norg 㸪ATࡣ ࡿࢀࡲྵ࡟ next nodeࢆ࢚ࣜࢡ࡟㏦ಙࡍ

ᮎ➃ࡓࡋಙཷࢆࢀࡇ㸬ࡿ Np ࢔ࢆ⌮ฎࢪ࣮ࢭࢵ࣓ࡿࡅ࠾࡟

࣒ࢬࣜࢦࣝ 2㸪࣒ࢬࣜࢦࣝ࢔ࡧࡼ࠾ 㸪᳨⣴ࡓࡲ㸬ࡍ♧࡟3

ࣝ࢔ࢆ⌮ฎࡢሙྜࡓࡋಙཷࢆ⟆ᛂ࢚ࣜࢡ㏦ಙᚋ㸪ࢆ࢚ࣜࢡ

࣒ࢬࣜࢦ 㸬Npࡍ♧࡟4 ࢀࡉ㏦ಙࡀ࢚ࣜࢡ⣴᳨࡟࡛ࡍ㸪ࡣ

ࢆ࢚ࣜࢡ࡟ࢻࢵ࣊ࢱࢫࣛࢡࡓ࠸㝖ࢆࢻࢵ࣊ࢱࢫࣛࢡࡿ࠸࡚

㏦ಙࡿࡍ㸦࣒ࢬࣜࢦࣝ࢔ 2㸪6∼15⾜㸧㸬ࡁ࡜ࡢࡇ㸪ࢫࣛࢡ

nextࡢࡵࡓࡿࡍ㏦ಙ࡟ࢻࢵ࣊ࢱ node᳨ࡀ⣴⠊ᅖእ࡛ࡿ࠶

࢔㸦࠸࡞ࡋ㏦ಙࢆ࢚ࣜࢡࡣ࡟ࢻࢵ࣊ࢱࢫࣛࢡࡢࡑ㸪ࡤࡽ࡞

࣒ࢬࣜࢦࣝ 2㸪10∼15⾜㸧㸬ࡓࡲ㸪AT ࡀ ࡣሙྜࡓࡗ࡞࡜∅

⮬㌟ࢆⴥ➃ᮎࡋ࡜㸪㜈್௨ୗࢆࢱ࣮ࢹࡘࡶࢆ࢔ࢥࢫࡢᣢࡗ

࣒ࢬࣜࢦࣝ࢔㸦ࡿࡍ㏦ಙࢆ࢚ࣜࢡ཰㞟ࢱ࣮ࢹ࡟ᮎ➃ࡿ࠸࡚

3㸧㸬

࢚ࣜࢡ཰㞟ࢱ࣮ࢹ qdi ,㸪qdi=<orgࡣ org position,

sender id, k, d, w, F , A> 㸬A=Addressࡿࢀࡉ⾲࡛ 㸪ࡣ

ࢺࢫࣜࡿࡍ᱁⣡ࢆ㆑ูᏊࡢ㏦ಙඛ➃ᮎࡢ࢚ࣜࢡ཰㞟ࢱ࣮ࢹ

ATࡢ㸬⮬㌟ࡿ࠶࡛ ࡢ඲࡚ࡿࢀࡲྵ࡟ next node࢚ࢡࡽ࠿

ࣜᛂ⟅ཷࢆಙྠࡶࢻࢵ࣊ࢱࢫࣛࢡࡓࡋᵝࢱ࣮ࢹ࡟཰㞟࢚ࢡ

ࢱࣝ࢕ࣇ㸪ࡣᮎ➃ྛࡓࡋಙཷࢆ࢚ࣜࢡ㸬᳨⣴ࡿࡍ㏦ಙࢆࣜ

࢚ࢡ⣴᳨࡛ࡲ㸪୍ᗘ㸪ⴥ➃ᮎ࡟ࡽࡉ㸬ࡿࡍタᐃࢆ㜈್ࡽ࠿

ࣜࢦࣝ࢔㸦ࡿࡍ᭦᪂ࢆ㜈್ࡾࡼ࡟⟆ᛂ࢚ࣜࢡ㌿㏦ᚋ㸪ࢆࣜ

࣒ࢬ 4㸪2∼5⾜㸧㸬ࡢࡑᚋ㸪ࢱ࣮ࢹ཰㞟ࢆ࢚ࣜࢡ㏦ಙࡿࡍ

ᚓྲྀࡢ㸪᳨⣴⤖ᯝࡋࡃࡉᑠࢆ㜈್ࡾ㝈࡞⬟㸪ྍࡾࡼ࡟࡜ࡇ

㸪࡛ࡇࡇ㸬ࡿࡁᢚไ࡛ࢆ㏦ಙ࢚ࣜࢡ⣴᳨ࡢ࡬ᮎ➃࡞୙せ࡟

᳨⣴⠊ᅖࡢቃ⏺௜㏆࡛ࡣ㸪᳨ࡣࢻࢵ࣊ࢱࢫࣛࢡ⣴⠊ᅖእ࡛

Ꮡᅾ࡟⣴⠊ᅖෆ᳨ࡣᮎ➃ࡿࡍᡤᒓ࡟ࢱࢫࣛࢡࡢࡑ㸪ࡀࡿ࠶
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Algorithm 2 ᳨⣴࢚ࣜࢡ qq ⌮ฎࡢ
1: if Np receives qq for the first time then
2: parent ← qq .sedner id
3: Set F by Algorithm 1
4: threshold ← F [2].score //ub.score
5: if qcq then
6: CL ← qq.CL
7: for i=0 to |qq.AT |-1 do
8: CL ← CL ∪ qq.AT.CH[i]
9: end for

10: AT ← ∅
11: for ∀t← RoutingTable.entry do
12: if t.CH is not included in CL and

t.next node is within d from Norg then
13: AT ← AT ∪ {t.CH, t.next node}
14: end if
15: end for
16: if AT ̸= ∅ then
17: qcq ← <org, org position, p, k, d, w, F , AT , CL>
18: Send qcq to nodes included in AT as next node
19: else
20: LeafFlag ← 1
21: Perform Algorithm 3
22: end if
23: end if
24: if qdq then
25: Reply data whose score is not more than threshold to

parent
26: end if

27: end if

Algorithm 3 ⴥ➃ᮎ㸪ࡢࢻࢵ࣊ࢱࢫࣛࢡࡧࡼ࠾ฎ⌮
1: A ← ∅
2: if LeafFlag = 1 then
3: Put in all neighbors’ identifiers, Nr which fulfill all the

following conditions to A
· Nr is within d from Norg

· Nr has data whose score is not more than threshold
· Nr’s nearest cluster head is not within d from Norg

4: end if
5: if Np is a cluster head then
6: Put in all cluster members’ identifiers, Nr which fulfill all

the following conditions to A
· Nr is within d from Norg

· Nr has data whose score is not more than threshold
· Nr is not parent

7: end if
8: if A ̸= ∅ then
9: qdq ← <org, org position, p, k, d, w, F , A>

10: Send qdq to nodes included in A
11: else
12: Reply data whose score is not less than threshold to parent

13: end if

Algorithm 4 ⌮ฎࡢ⟆ᛂ࢚ࣜࢡ
1: /* Np receives ri */
2: if threshold > ri.threshold then
3: threshold ← ri.threshold
4: D ← D ∪ ri.D
5: end if
6: if Np receives reply from all next nodes inlcluded in AT for

the fist time then
7: if Np is a cluster head then
8: Perform Algorithm 3
9: else

10: D′ ← {∀data∈ D|data.score ≤ threshold}
11: ri ← <p, D′, threshold>
12: Send ri to parent
13: end if
14: else if Np receives reply from all next nodes inlcluded in A

then
15: D′ ← {∀ data∈ D|data.score ≤ threshold}
16: ri ← <p, D′, threshold>
17: Send ri to parent

18: end if

࣮ࢹࡿࡼ࡟ࢻࢵ࣊ࢱࢫࣛࢡ㸪ࡣᮎ➃ࡢࡑ㸬ࡿ࠶ࡀሙྜࡿࡍ

㸪ୖ఩ࡵࡓ࠸࡞ࡽ࡞࡜㇟ᑐࡢ࢚ࣜࢡ཰㞟ࢱ kಶࡿࢀࡲྵ࡟

ࢱ࣮ࢹࡽ࠿ࢻࢵ࣊ࢱࢫࣛࢡ㸪ࡶሙྜ࡛ࡿ࠸࡚ࡗᣢࢆࢱ࣮ࢹ

཰㞟ࡀ࢚ࣜࢡ㏦ಙ࠸࡞ࢀࡉ㸬ࡵࡓࡢࡑ㸪ⴥ➃ᮎࡀ㸪ୖグࡢ

᮲௳ࡍࡓ‶ࢆ➃ᮎࢱ࣮ࢹ࡟཰㞟ࢆ࢚ࣜࢡ㏦ಙࡿࡍᚲせ࠶ࡀ

ࡍ㏦ಙࢆ࢚ࣜࢡ཰㞟ࢱ࣮ࢹࡿࡅ࠾࡟㸪ⴥ➃ᮎࡁ࡜ࡢࡇ㸬ࡿ

ࡢ௳᮲ࡿ ࣒ࢬࣜࢦࣝ࢔㸦┠ࡘ3 3㸪3⾜㸧ࡾࡼ࡟㸪᳨⣴⠊

ᅖෆࡢ➃ᮎ࢚ࣜࢡࡢ࡬㏦ಙࢆಖドࡿࡍ㸬

⟆ᛂ࢚ࣜࢡ ri 㸪ri=<senderࡣ id, D, threshold> ࡛⾲

㸬senderࡿࢀࡉ id࢚ࣜࢡࡣᛂ⟅ࡢ㏦ಙ➃ᮎ㆑ูᏊ࡛ࡿ࠶㸬

D ࡀࢱ࣮ࢹࡘࡶࢆ࢔ࢥࢫࡢ㸪㜈್㸦threshold㸧௨ୗࡣ࡟

ⴥ➃ᮎ࠸࡞ࡢᚲせࡿࡍ㏦ಙࢆ࢚ࣜࢡ཰㞟ࢱ࣮ࢹ㸬ࡿࢀࡲྵ

㸦࣒ࢬࣜࢦࣝ࢔ 3㸪11∼13⾜㸧㸪ࢱ࣮ࢹࡧࡼ࠾཰㞟ࢆ࢚ࣜࢡ

ཷಙࡓࡋ➃ᮎࡣ㸪㜈್௨ୗࢆࢱ࣮ࢹࡘࡶࢆ࢔ࢥࢫࡢぶ➃ᮎ

㸬ࡿࡍ㏉ಙ࡟

᳨⣴࢚ࣜࢡ㸪࢚ࣜࢡࡧࡼ࠾ᛂ⟅ཷࢆಙࡓࡋ➃ᮎࡣ㸪ཷಙ

☜ㄆ࡟ࡵࡓࡢACKࢆ㏦ಙඖ➃ᮎ࡟㏉ಙࡿࡍ㸬᳨⣴࢚ࣜࢡ㸪

࡟㸪୍ᐃ᫬㛫ෆࡣ㏦ಙ➃ᮎࡢ⟆ᛂ࢚ࣜࢡࡣࡓࡲ ACKཷࢆ

ಙ࡛ࡓࡗ࠿࡞ࡁሙྜ㸪෌㏦࠺⾜ࢆ㸬

௨ୖືࡢసࡾࡼ࡟㸪ClusToࡣ㸪᳨ࡿ࡞࠿࠸⣴᮲௳ࡀᣦ

ᐃࡓࢀࡉሙྜࡶ࡚࠸࠾࡟㸪᳨⣴ࢆ࢚ࣜࢡ㏦ಙࡿࡍ➃ᮎᩘࢆ

ᢚไࡘࡘࡋ㸪᳨⣴⤖ᯝྲྀࢆࢱ࣮ࢹࡿࢀࡲྵ࡟ᚓ࡛ࡿࡁ㸬ࡲ

⪄࡜࠸ከࡀ࡜ࡇࡿࢀࡲྵ࡟㸪᳨⣴⤖ᯝ࡚࠸࠾࡟㸪4.1⠇ࡓ

㸬ࡿ࠸࡚ࡋ࡜ࢻࢵ࣊ࢱࢫࣛࢡࢆᮎ➃ࡘᣢࢆࢱ࣮ࢹࡿࢀࡽ࠼

ClusTo࡛ࡣ㸪ࢆ࢚ࣜࢡ࡟ࢻࢵ࣊ࢱࢫࣛࢡ㏦ಙࡓࡃ࠸࡚ࡋ

᭦ࢆࢱࣝ࢕ࣇ㝿㸪ࡓࡋಙཷࢆ࢚ࣜࢡࡀࢻࢵ࣊ࢱࢫࣛࢡ㸪ࡵ

᪂ࡋ㸪㜈್ࢆᑠࡃࡉタᐃ࡛࠺࠸࡜ࡿࡁ฼Ⅼࡿ࠶ࡀ㸬࡟ࢀࡇ

㸪୙せࡁᢚไ࡛ࢆ㏦ಙඛ➃ᮎᩘࡢ࢚ࣜࢡ཰㞟ࢱ࣮ࢹ㸪ࡾࡼ

㸬ࡿࡁ๐ῶ࡛ࢆࢡࢵࣄࣛࢺ࡞

5. ホ౯ࣥࣙࢩ࣮࣑ࣞࣗࢩ
ᮏ❶࡛ࡣ㸪ᥦ᱌ᡭἲࡢᛶ⬟ホ౯࣑ࣗࢩࡓࡗ⾜࡟ࡵࡓࡢ

ࢡ࣮࣡ࢺࢵࢿ㸪ࡣ㸬ᮏᐇ㦂࡛ࡍ♧ࢆᯝ⤖ࡢᐇ㦂ࣥࣙࢩ࣮ࣞ

㸬ࡓ࠸⏝ࢆQualnet6.1*5ࢱ࣮࣑ࣞࣗࢩ

5.1 ቃ⎔ࣥࣙࢩ࣮࣑ࣞࣗࢩ

800[m]×800[m]ࡢ 2 ḟඖᖹ㠃≧ࡢ㡿ᇦ࡟ n ࡀᮎ➃ࡢྎ

Ꮡᅾࡿࡍ㸬ྛ➃ᮎࡣ㸪IEEE802.11b 㸪ఏ㏦㏿ᗘࡋ⏝౑ࢆ

11[Mbps]㸪㏻ಙఏᦙ㊥㞳ࡀ 100[m]⛬ᗘࡿ࡞࡜㏦ಙ㟁ຊ࡛

ࢀࡒࢀࡑ㸪ࡣ㸬ྛ➃ᮎࡿࡍ㏦ಙࢆࢱ࣮ࢹ 128[Byte]࢖ࢧࡢ

ࢆࢱ࣮ࢹmḟඖࡢࢬ 50ಶᣢࡓࡋ࡜ࡢࡶࡘ㸬ྛḟඖࢱ࣓ࡢ

ࡣ್ࡢࢱ࣮ࢹ [0, 㸪ࡣ㸬ᮏᐇ㦂࡛ࡓࡋ࡜ᩘᩚࡢ⠊ᅖࡢ[250

࠸⏝ࢆ㸪୍ᵝ㸪┦㛵㸪㠀┦㛵࡚ࡋ࡜ศᕸࡢ್ࡢࢱ࣮ࢹࢱ࣓

,㸪[0ࡣ㸬୍ᵝࡓ ┦㸬ࡓࡏࡉ⏕Ⓨࢆ್࡟⠊ᅖෆ୍࡛ᵝࡢ[250

㛵ࡣ㸪1ྛࡢࢱ࣮ࢹࡢࡘḟඖࡀ್ࡢఝ࡟࠺ࡼࡿ࡞࡜್ࡓస

ᡂࡓࡋ㸬㠀┦㛵ࡣ㸪1ࡿ࠶ࡢࢱ࣮ࢹࡢࡘḟඖࡀ್ࡢᑠ࠸ࡉ

ሙྜࡣ㸪௚ࡿ࠶ࡢḟඖࡣ್ࡢ኱ࡿ࡞ࡃࡁ㸦㏫ྠࡶᵝ㸧࠺ࡼ

࡟୰ࣥࣙࢩ࣮࣑ࣞࣗࢩ㸪ࡓࡲ㸬ࡓࡋసᡂ࡟ ࡀࢱ࣮ࢹࡢ30%

᭦᪂ࡓࡋ࡜ࡢࡶࡿࢀࡉ㸬

Top-k᳨⣴ᡭἲ࡚ࡋ࡜㸪ClusTo㸪2᳨ࢬ࣮࢙ࣇ⣴ᡭἲ [6]㸪

ࢵࣛࣇࢆ࢚ࣜࢡ㸪ࡣ㸬༢⣧ᡭἲࡓ࠸⏝ࢆ༢⣧ᡭἲࡧࡼ࠾

఩ୖࡿࡍᢕᥱࡀ㌟⮬ࡣ࡟࢚ࣜࢡ㸪ࡋ㌿㏦ࡾࡼ࡟ࢢࣥ࢕ࢹ k

*5 Scalable Network Technologoes: Creaters of QualNet Net-
work Simulator Software,
<URL: http://www.scalable-networks.com/>.
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ಶ࡜࢔ࢥࢫࡢࢱ࣮ࢹࡢ㆑ูᏊࢆࡏྜ⤌ࡢῧ௜ࡿࡍ㸬࢚ࣜࢡ

㸪ୖ఩࡚࠸࠾࡟ᮎ➃ࡓࡋಙཷࢆ k ಶࡀࢱ࣮ࢹࡿ࡞࡜᭦᪂

㸪ࡣ࡛⟆ᛂ࢚ࣜࢡ㸬ࡿࢀࡉ᭦᪂ࡶࡏྜ⤌ࡢࡇሙྜ㸪ࡿࢀࡉ

k ࡘࡶࢆ࢔ࢥࢫࡢ㸪㜈್௨ୗࡋタᐃ࡟㜈್ࢆ࢔ࢥࢫࡢ┠␒

㸬ࡿࡍ㏉ಙࢆࢱ࣮ࢹ

ᮏᐇ㦂࡛ࡣ㸪Kࢆ 10ᅇࢆ෌㏦ᅇᩘࡢ⟆ᛂ࢚ࣜࢡ㸪ࡋ࡜15

࢔ࢥࢫ㸬ࡓ࡭ㄪࢆᚓ⢭ᗘྲྀࡢࢱ࣮ࢹࡢ㸪෌㏦ᅇᩘෆ࡛࡚ࡋ࡜

wj(1ྛࡿࡍධຊࡀࢨ㸪࣮࡚ࣘ࠸࠾࡟㛵ᩘࢢࣥࣜ ≤ j ≤ m)

㸪᳨⣴⠊ᅖࡓࡲ㸬ࡓࡋ࡜ࡢࡶࡿࡍỴᐃ࡟࣒ࢲࣥࣛࡣ d ࢆ

d = 50 · j[m]ࡋ࡜㸪j ,㸪[2ࡣ 㸪ᖹᆒࡾ࠶࡛ᩘᩚࡢ⠊ᅖࡢ[8

5㸪ศᩓ ࡣ㸬ྛ➃ᮎࡿࢀࡉỴᐃ࡚ࡗᚑ࡟ṇつศᕸࡢ20 [60,

600][sec]ࡢ⠊ᅖ࡛Ỵᐃ࡞࣒ࢲࣥࣛࡓࡋ㛫㝸࡛ Top-k᳨⣴ࢆ

ᐇ⾜ࡓࡋ࡜ࡢࡶࡿࡍ㸬௨ୖࣥࣙࢩ࣮࣑ࣞࣗࢩࡢ⎔ቃ࠸࠾࡟

࡚㸪ྛ➃ᮎࡢ఩⨨࡟࣒ࢲࣥࣛࢆỴᐃࡋ㸪900[sec]⤒㐣ࡏࡉ

㸬ࡓ࡭ㄪࢆホ౯್ࡢ௨ୗࡢ᫬ࡓ

• ྲྀᚓ⢭ᗘ㸸㡰఩௜᳨ࡁ⣴⤖ᯝࡢᛶ⬟ࡿ ࢆMAP(Mean

Average Precision)ྲྀࢆ್ࡢᚓ⢭ᗘࡿࡍ࡜㸬MAP 㸪ࡣ

ᖹᆒ⢭ᗘࡢ࢚ࣜࢡྛ AP(Average Precision)ࢆᖹᆒ໬

㸬APࡿ࠶࡛ࡢࡶࡓࡋ ࡧࡼ࠾ MAP ᘧ࡛ồࡢ௨ୗࡣ

㸬ࡿࡵ

APi =
1

k

k∑

j=1

x

j
· e (4)

MAP =
1

querynum

querynum∑

i=1

APi (5)

APi ࡣ i␒┠ࡢ࢚ࣜࢡࡢᖹᆒ⢭ᗘ࡛ࡿ࠶㸬xࡣ㸪ྲྀᚓ

఩ୖࡢゎࡓࡋ j ಶࡕ࠺ࡢṇゎ㞟ྜࡢ j ఩௨ෆ࡛ࡿ࠶ゎ

㸬ࡍ♧ࢆᩘ⾜Ⓨࡢ࢚ࣜࢡࡣ㸬querynumࡿ࠶ಶᩘ࡛ࡢ

㸬ࡿࢀࡉ⩏ᐃ࡟࠺ࡼࡢ௨ୗࡣ㸪eࡓࡲ

e =

⎧
⎨

⎩
1 (j (ࡿࢀࡲྵ࡟ṇゎ㞟ྜࡀゎࡢ┠␒

0 (j (࠸࡞ࢀࡲྵ࡟ṇゎ㞟ྜࡀゎࡢ┠␒
(6)

ࡁᚓ࡛ྲྀࢆࢱ࣮ࢹࡢ఩ୖࡾࡼ㸪ࡣ㸪MAP࡚ࡗࡀࡓࡋ

㸬ࡿ࡞࡜್࠸㧗࡝࡯ࡿ࠸࡚

• 㐜ᘏ㸸඲᳨⣴࡟࢚ࣜࢡᑐࡿࡍ㸪᳨⣴࢚ࣜࢡⓎ⾜➃ᮎࡀ

᳨⣴ࢆ࢚ࣜࢡⓎ⾜᳨ࡽ࠿࡚ࡋ⣴⤖ᯝྲྀࢆᚓࡢ࡛ࡲࡿࡍ

ᖹᆒ᫬㛫㸬

• ࡢࢪ࣮ࢭࢵ࣓ࡓࢀࡉ㏦ಙ࡟㸸Top-k᳨⣴୰ࢡࢵࣄࣛࢺ

㸬್ࡓࡗヨ⾜ᅇᩘ࡛๭ࢆᩘࢺ࢖ࣂ⥲

• ࡓࢀࡉ㏦ಙࡀ࢚ࣜࢡ࡟ᮎᩘ㸸Top-k᳨⣴୰➃ࢫࢭࢡ࢔

ᖹᆒ➃ᮎᩘ㸬

• ࡓࢀࡉ㏦ಙ࡟㝿ࡢࢢࣥࣜࢱࢫࣛࢡ㸸ࢻࢵ࣊ࣂ࣮࢜⌮⟶

ࡼ࠾㸧㸪ࢻࢵ࣊ࣂ࣮࢜㸦ึᮇᩘࢺ࢖ࣂ⥲ࡢࢪ࣮ࢭࢵ࣓

ࣂ⥲ࡢࢪ࣮ࢭࢵ࣓ࡿࡍ㏦ಙ࡟㝿ࡓࡁ㉳ࡀ᭦᪂ࢱ࣮ࢹࡧ

㸧㸬ࢻࢵ࣊ࣂ࣮࢜᭦᪂ࢱ࣮ࢹ㸦ᩘࢺ࢖

5.2 ホ౯⤖ᯝ

5.2.1 ึᮇࢱ࣮ࢹࡧࡼ࠾᭦᪂ࢻࢵ࣊ࣂ࣮࢜

ḟඖᩘࡢࢱ࣮ࢹ㸪ࢆࢻࢵ࣊ࣂ࣮࢜⌮⟶ࡢ㸪ᥦ᱌ᡭἲࡎࡲ

m㸪ࡢ್ࡢࢱ࣮ࢹࢱ࣓ࡧࡼ࠾ศᕸࢆኚ໬࡚ࡏࡉㄪࡓ࡭㸬ࡑ
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(a) ḟඖᩘࡢࢱ࣮ࢹ m ᙳ㡪ࡢ
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(b) ᙳ㡪ࡢศᕸࡢ್ࡢࢱ࣮ࢹࢱ࣓

ᅗ 3 ࢻࢵ࣊ࣂ࣮࢜⌮⟶

ᅗࢆᯝ⤖ࡢ 㸪➃ᮎᩘࡁ࡜ࡢࡇ㸬ࡍ♧࡟3 nࡣ 㸪ᅗࡋ࡜300

3(a) 㸪ᅗࡓࡲ㸬ࡓࡋ࡜ᵝ୍ࡣศᕸࡢ್ࡢࢱ࣮ࢹࢱ࣓ࡣ࡛

3(b)࡛ࡣ㸪mࢆ 㸬ࡓࡋ࡜3

ᅗ 3(a)ࡾࡼ㸪ClusToࡣ㸪mࡀ኱ࢵࣄࣛࢺ࡝࡯ࡿ࡞ࡃࡁ

࡯ࡿ࡞ࡃࡁ኱ࡀ㸪mࡣࢀࡇ㸬ࡿ࠿ࢃࡀ࡜ࡇࡿࡍቑຍࡀࢡ

࡞ࡃ࡞ᑡࡀᩘࡢࢱ࣮ࢹࡿࢀࡉࢺࣥࢼ࣑ࢻ࡟ࢱ࣮ࢹࡢ㸪௚࡝

ࡓࡢࡑ㸬ࡿ࡞ࡃከࡀࢱ࣮ࢹࡿࢀࡲྵ࡟ࢻࣥࣂ࢖࢝ࢫ-㸪Kࡾ

ࡍ▱㏻ࢆ᭦᪂ࢱ࣮ࢹࡧࡼ࠾㸪ࢪ࣮ࢭࢵᵓ⠏࣓ࢱࢫࣛࢡ㸪ࡵ

㸪ᅗࡓࡲ㸬ࡿ࡞ࡃࡁ኱ࡀࢬ࢖ࢧࡢࢪ࣮ࢭࢵ࣓ࡿ 3(b)ࡾࡼ㸪

ࢡࢵࣄࣛࢺࡶ࡟ሙྜࡿ࠶㠀┦㛵࡛ࡀศᕸࡢ್ࡢࢱ࣮ࢹࢱ࣓

࠸ࡉᑠࡀ್ࡢࢱ࣮ࢹࢱ࣓ࡢḟඖࡿ࠶㸪ࡣࢀࡇ㸬ࡿࡍቑຍࡀ

㸪ࡵࡓ࠸ከࡀ࡜ࡇ࠸ࡁ኱ࡀ್ࡢࢱ࣮ࢹࢱ࣓ࡢḟඖࡢ㸪௚ࡁ࡜

ྠ࡜ሙྜ࠸ࡁ኱ࡀ㸪mࡾ࡞ࡃ࡞ᑡࡀሙྜࡿࢀࡉࢺࣥࢼ࣑ࢻ

ᵝࡢᙳ㡪ࡿࡌ⏕ࡀ㸬

5.2.2 Top-k᳨⣴ࡿࡅ࠾࡟ᛶ⬟

ḟ࡟㸪ྛᡭἲࡢᛶ⬟ࢆㄪࡵࡓࡿ࡭㸪➃ᮎᩘ n㸪ࡧࡼ࠾せ

ồᩘࢱ࣮ࢹ kࢆኚ໬ࡓࡏࡉ㸬ࡢࡽࢀࡇ⤖ᯝࢆ㸪ࢀࡒࢀࡑᅗ

4㸪ࡧࡼ࠾ᅗ 㸪mࡁ࡜ࡢࡇ㸬ࡍ♧࡟5 = 3㸪್࣓ࡢࢱ࣮ࢹࢱ

ᩘࢱ࣮ࢹせồࡢ᫬ࡿࡏࡉኚ໬ࢆ㸬nࡓࡋ࡜ᵝ୍ࡣศᕸࡢ k

,㸪[1ࡣ 㸪ᖹᆒࡣ㸪ศᕸࡋ⠊ᅖ࡛Ỵᐃࡢ[15 5㸪ศᩓ ṇࡢ5

つศᕸ࡟ᚑࡓࡋ࡜ࡢࡶ࠺㸬kࢆኚ໬ࡿࡏࡉ᫬ࡢ➃ᮎᩘ nࡣ

㸬ࡓࡋ࡜300

➃ᮎᩘ nࡢᙳ㡪㸬 ᅗ 4(a)ࡾࡼ㸪ClusToࡣ௚ࡢᡭἲࡶࡾࡼ

㧗࠸⢭ᗘࢆ⥔ᣢ࡛ࡿ࠿ࢃࡀ࡜ࡇࡿ࠸࡚ࡁ㸬ࡣࢀࡇ㸪᳨⣴ࢡ

࠸࡚ࡁᢚไ࡛ࢆᮎᩘ➃ࡿࡍ㏦ಙࢆ⟆ᛂ࢚ࣜࢡࡧࡼ࠾㸪࢚ࣜ

ࢱ࣮ࢹࡿࡼ࡟✺⾪ࢺࢵࢣࣃ㸪ࡋ๐ῶࢆࢡࢵࣄࣛࢺ㸪ࡵࡓࡿ

⣴ᡭἲ᳨ࢬ࣮࢙ࣇ㸬2ࡿ࠶࡛ࡵࡓࡿ࠸࡚ࡁᢚไ࡛ࢆᦆኻࡢ

㸪୍ࡣࢀࡇ㸬ࡿࡍపୗࡀሙྜ㸪ྲྀᚓ⢭ᗘ࠸ከࡀᮎᩘ➃ࡣ࡛

ᗘࡢ Top-k᳨⣴ࢆࢢࣥ࢕ࢹࢵࣛࣇ࡚࠸࠾࡟ 2ᗘ⾜ࡵࡓ࠺㸪

➃ᮎᩘࡀቑࡀ✺⾪ࢺࢵࢣࣃ࡜ࡿ࠼㢖⦾࡟Ⓨ⏕࡛ࡽ࠿ࡿࡍ

㸬ࡿ࠶

ᅗ 4(b)ࡾࡼ㸪ClusToࡣ㸪㐜ᘏࡶ᭱ࡀᑠ࠸ࡉ㸬ࡣࢀࡇ㸪᳨

⣴⠊ᅖࡢ඲࡚ࡢ➃ᮎࢆ࢚ࣜࢡ࡟㏦ಙࡃ࡞࡜ࡇࡿࡍ㸪Top-k

᳨⣴ࢆᐇ⾜ࡿ࠶࡛ࡵࡓࡿ࠸࡚ࡋ㸬ࡓࡲ㸪ࢱ࣮ࢹ཰㞟࢚ࣜࢡ

㏦ಙ࡟ࡳࡢᮎ➃ࡘࡶࢆࢱ࣮ࢹࡿ࡞࡜࢔ࢥࢫࡢ㸪㜈್௨ୗࢆ

ࡿࡼ࡟ࢫࣟࢺࢵࢣࣃ㸪ࡋ๐ῶࢆࢡࢵࣄࣛࢺ㸪ࡵࡓࡿ࠸࡚ࡋ

㐩ࢆ㸪ప㐜ᘏࡽ࠿࡜ࡇࡿࡁపῶ࡛ࢆ෌㏦ᅇᩘࡢࢪ࣮ࢭࢵ࣓

ᡂ࡛ࡿ࠸࡚ࡁ㸬2᳨ࢬ࣮࢙ࣇ⣴ᡭἲࡣ㸪2ᗘ࢕ࢹࢵࣛࣇࡢ

㸪༢⣧ᡭࡵࡓࡿ࠸࡚ࡗ࡞⾜ࢆ㌿㏦ࡢ࢚ࣜࢡ⣴᳨ࡿࡼ࡟ࢢࣥ

ἲࡶࡾࡼ㐜ᘏࡀ኱࠸ࡁ㸬

ᅗ 4(c)ࡾࡼ㸪ClusToࡣపࡢ࡛ࢡࢵࣄࣛࢺ Top-k᳨⣴ࢆ

ฎ⌮࡛ࡿ࠿ࢃࡀ࡜ࡇࡿࡁ㸬2᳨ࢬ࣮࢙ࣇ⣴ᡭἲ࡜༢⣧ᡭἲ
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(a) ྲྀᚓ⢭ᗘ
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(b) 㐜ᘏ
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(c) ࢡࢵࣄࣛࢺ
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(d) ᮎᩘ➃ࢫࢭࢡ࢔
ᅗ 4 ➃ᮎᩘ n ᙳ㡪ࡢ
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(a) ྲྀᚓ⢭ᗘ
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(b) 㐜ᘏ
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(c) ࢡࢵࣄࣛࢺ
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(d) ᮎᩘ➃ࢫࢭࢡ࢔
ᅗ 5 せồᩘࢱ࣮ࢹ k ᙳ㡪ࡢ

ࢡࢵࣄࣛࢺࡿࡼ࡟ࢢࣥ࢕ࢹࢵࣛࣇ㸪࡜ࡿ࠼ቑࡀᮎᩘ➃ࡣ

ࡢࢫ࣮࣋ࢱࢫࣛࢡ㸪ࡣ㸪ClusToࡋ࠿ࡋ㸬ࡿ࠸࡚ࡋቑຍࡀ

➃㸪ࡵࡓࡿ࠸࡚ࡋಖドࢆ㸪᳨⣴⠊ᅖࡾࡼ࡟ࢢࣥ࢕ࢸ࣮ࣝ

ᮎᩘࡀቑຍࡓࡋሙྜࡶ࡚࠸࠾࡟㸪ࢆ࢚ࣜࢡ㏦ಙࡿࡍ➃ᮎ

ᅗࡀᯝ⤖ࡢࡑ㸬࠸࡞ࡽࢃኚ࡟ᇶᮏⓗࡣᩘ 4(d)ࡿ࠿ࢃࡽ࠿㸬

ClusTo ࡢ࢚ࣜࢡ㸪࡚࡭ẚ࡟ᡭἲ࠺⾜ࢆࢢࣥ࢕ࢹࢵࣛࣇࡣ

㏦ಙඛ➃ᮎᩘࢆ኱ࡃࡁ๐ῶ࡛ࡿ࠸࡚ࡁ㸬࡛ࡇࡇ㸪n=300ࡢ

࡜㸪ClusToࡁ࡜ 㸪ࡣᕪࡢࢡࢵࣄࣛࢺࡢ⣴ᡭἲ᳨ࢬ࣮࢙ࣇ2

29.9−13.4=16.5[KB]࡛ࡿ࠶㸬ClusTo࡛ࡣ㸪ึ ᮇ࣮ࢹࡧࡼ࠾

ࡀࢻࢵ࣊ࣂ࣮࢜ࡢ᭦᪂࡛ࢱ 95.9+100.8=196.7[KB]Ⓨ⏕ࡍ

·㸪196.7/16.5=11.92ࡣቃ࡛⎔ࡢࡇ㸪࡚ࡗࡀࡓࡋ㸬ࡿ · · ! 12

ᅇࡢ Top-k᳨⣴࡜࠺⾜ࢆ㸪ClusToࡢ᪉ࡀ඲యࢵࣄࣛࢺࡢ

ᮎᩘ➃ࡣࢀࡇ㸪ࡓࡲ㸬ࡿࢀࡲぢ㎸ࡀ࡜ࡇࡿ࡞ࡃࡉᑠࡀࢡ

ࡢ 5%ᮍ‶࡛ࡾ࠶㸪ࢡ࣮࣡ࢺࢵࢿෆࡢከࡢࡃ➃ᮎࡀࠎྛࡢ

Top-k᳨⣴࠺⾜ࢆሙྜ㸪ClusToࡣ᭷ຠ࡛࡜ࡿ࠶ゝࡿ࠼㸬

せồᩘࢱ࣮ࢹ kࡢᙳ㡪㸬 ᅗ 5(a)ࡾࡼ㸪kࡀ኱࡜ࡿ࡞ࡃࡁ㸪

඲࡚ࡢᡭἲྲྀ࡚࠸࠾࡟ᚓ⢭ᗘࡀపୗࡿ࠸࡚ࡋ㸬ࡣࢀࡇ㸪㏉

ಙࡀᩘࢱ࣮ࢹࡿࡍከࡵࡓࡿ࡞ࡃ㸪ࡀࢡࢵࣄࣛࢺቑຍ㸦ᅗ

5(c)㸧ࡋ㸪ࡢࢫࣟࢺࢵࢣࣃᶵ఍ࡀቑຍࡿ࠶࡛ࡵࡓࡿࡍ㸬ࡋ

㸪ᅗࡣ㸪ClusToࡋ࠿ ࢆ⢭ᗘ࠸㧗ࡶ㸪᭱ࡽ࠿⏤⌮ࡢᯝ⤖ࡢ4

⥔ᣢࡿ࠸࡚ࡋ㸬ࡓࡲ㸪k ࢚ࣜࢡ཰㞟ࢱ࣮ࢹ࡜ࡿ࡞ࡃࡁ኱ࡀ

㸦ᅗࡿࡍቑຍࡀᮎᩘ㸧➃ࢫࢭࢡ࢔㏦ಙඛ㸦ࡢ 5(d)㸧ࡵࡓ㸪

㐜ᘏ㸪ࡀࢡࢵࣄࣛࢺࡧࡼ࠾ቑຍࡿࡍ㸦ᅗ 5(b)㸪5(c)㸧㸬

6. ࡟ࡾࢃ࠾
ᮏ✏࡛ࡣ㸪࡚࠸࠾࡟ࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻ࢔㸪ࡿ࡞࠿࠸

᳨⣴᮲௳ࡀᣦᐃࡓࢀࡉሙྜࡶ࡚࠸࠾࡟ຠ⋡ⓗ࡟Top-k ᳨

⣴ࢆ࡜ࡇ࠺⾜ࢆ┠ⓗࡋ࡜㸪ClusToࢆᥦ᱌ࡓࡋ㸬ClusTo࡛

࢚ࣜࢡ㸪࠸⾜ࢆࢢࣥࣜࢱࢫࣛࢡࡓ࠸⏝ࢆࣥ࢖ࣛ࢖࢝ࢫ㸪ࡣ

ࡉ㸬ࡿ࠸࡚ࡋ⌧ᐇࢆຠ⋡໬ࡢ᭦᪂ࢱࣝ࢕ࣇ࡜ࢢࣥ࢕ࢸ࣮ࣝ

ࢻࣥࣂ࢖࢝ࢫ-Kࡘࡶࡢ㸪㞄᥋➃ᮎࡣ᭦᪂࡛ࢱࣝ࢕ࣇ㸪࡟ࡽ

ࡁ࡛ࡀ࡜ࡇࡿࡵ㧗ࢆ⢭ᗘࡢࢱࣝ࢕ࣇ㸪ࡾࡼ࡟࡜ࡇࡿ࠸⏝ࢆ

ᚋ㸪ࡢࢢࣥ࢕ࢸ࣮࢚ࣝࣜࢡࡢ࡛ࢫ࣮࣋ࢱࢫࣛࢡ㸪ࡓࡲ㸬ࡿ

㜈್௨ୗࡘࡶࢆࢱ࣮ࢹࡢ➃ᮎ᳨࡟⣴ࢆ࢚ࣜࢡ㏦ಙ࡜ࡇࡿࡍ

㏦ಙ࢚ࣜࢡ⣴᳨ࡢ࡬ᮎ➃࡞୙せ࡟ᚓྲྀࡢ㸪᳨⣴⤖ᯝࡾࡼ࡟

㸪ୖࡘࡘࡋᢚไࢆ ఩ kಶࢆࢱ࣮ࢹࡢ㧗☜⋡࡛ྲྀᚓࡿ࠸࡚ࡋ㸬

࢚ࣜࢡ㸪᳨⣴ࡣ㸪ClusToࡽ࠿ᯝ⤖ࡢᐇ㦂ࣥࣙࢩ࣮࣑ࣞࣗࢩ

࡚ࡋᢚไࡾ㝈࡞⬟ྍࢆ㏦ಙඛ➃ᮎࡢ Top-k᳨⣴࡚ࡗ࡞⾜ࢆ

࡜ࡇࡿࡁ㐩ᡂ࡛ࢆప㐜ᘏࡧࡼ࠾㸪ࢡࢵࣄࣛࢺ㸪పࡵࡓࡿ࠸

㸬ࡓࡋㄆ☜ࢆ

ᮏ✏࡛ࡣ㸪ᅛᐃ㸦ࡀࢪ࣏ࣟࢺࢡ࣮࣡ࢺࢵࢿኚ໬࠸࡞ࡋ㸧

ቃ⎔ࡢ㸪ᐇ㝿ࡋ࠿ࡋ㸬ࡓࡋ᝿ᐃࢆࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻ࢔

ࡶሙྜࡿࡁ㉳ࡀษ᩿ࢡࣥࣜࡢ㸪➃ᮎ㛫ࡋື⛣ࡀ㸪➃ᮎࡣ࡛

࢕ࣇ㸪࡚࠸ᇶ࡙࡟᝟ሗࡢ㸪㞄᥋➃ᮎࡣ㸬ClusToࡿࢀࡽ࠼⪄

ࡢࢪ࣏ࣟࢺ㸪ࡵࡓࡿ࠸࡚ࡗ࡞⾜ࢆ㏦ಙ࢚ࣜࢡࡸ᭦᪂ࡢࢱࣝ

ኚ໬ࡀၥ㢟ࡿ࡞࡜㸬ࡵࡓࡢࡑ㸪௒ᚋࣝ࢖ࣂࣔࡣ⎔ቃࡢ࡬ᣑ

ᙇࡴ⤌ࡾྲྀ࡚࠸ࡘ࡟ணᐃ࡛ࡿ࠶㸬

ㅰ㎡ ᮏ◊✲୍ࡢ㒊ࡣ㸪ᩥ㒊⛉Ꮫ┬◊✲㈝⿵ຓ㔠࣭ᇶ┙

◊✲ S㸦21220002㸧㸪ࡧࡼ࠾ᇶ┙◊✲ B㸦24300037㸧ࡢ◊✲

ຓᡂࡿ࠶࡛ࡢࡶࡿࡼ࡟㸬࡟ࡇࡇグ࡚ࡋㅰពࡍ⾲ࢆ㸬
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