
ࡿࡅ࠾ࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻ
ከḟඖࢱ࣮ࢹTop-k᳨⣴ᡭἲ

ኳ᪉ ᆅ1,a) బࠎᮌ ຬ1,b) ཎ 㝯ᾈ1,c) すᑿ ❶㑻1,d)

ᴫせ㸸㏆ᖺ㸪࣮ࣘࡀࢨᣦᐃ᳨ࡿࡍ⣴᮲௳ᇶ࡙ࢆࢥࢫࡢࢱ࣮ࢹ࡚࠸Ỵᐃࡋ㸪ୖ  kಶ࣮ࢹࡘࡶࢆࢥࢫࡢ

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

࠾ቃ⎔ࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻ㸪ࡣ࡛✏㸪ᮏࡾ࠾࡛ࢇ㐍ࡀᬑཬࡢࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻࡿ࠶࡛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࠶㔜せ࡛ࡀࡇࡿࡍ๐ῶࢆࢡࢵࣄࣛࢺ࡞㸪せࡣ࡛ࢡ࣮࣡ࢺ

ప㐜ᘏ࡛ୖࡧࡼ࠾㸪ࢡࢵࣄࣛࢺ㸪పࡶ࡚࠸࠾ሙྜࡓࢀࡉᣦᐃࡀ௳᮲ࡿ࡞␗ࡈࢨ㸪࣮ࣘࡣ࡛✏ k ಶ

ࢆࢢࣥࢸ࣮ࣝࡢ࢚ࣜࢡ࡚࠸⏝ࢆࢱࢫࣛࢡ㸪ࡣ㸬ClusTo࡛ࡿࡍᥦࢆᡭἲ㸪ClusToࡿࡍᚓྲྀࢆࢱ࣮ࢹࡢ

➃࡞せᚓྲྀࡢ㸪᳨⣴⤖ᯝࡽࡉ㸬ࡿࡍ㏦ಙࢆ࢚ࣜࢡ⣴᳨ຠ⋡ⓗ⣴⠊ᅖ᳨ࡿࡍᣦᐃࡀࢨ㸪࣮ࣘ࠸⾜

ᮎ࢚ࣜࢡࡢ㏦ಙࢆᢚไࡘࡘࡋ㸪ṇゎ㞟ྜࢆࢱ࣮ࢹࡿࢀࡲྵຠ⋡ⓗྲྀᚓࡿࡍ㸬ࣥࣙࢩ࣮࣑ࣞࣗࢩᐇ㦂

ప㐜ᘏ࡛ୖࡧࡼ࠾㸪ࢡࢵࣄࣛࢺ㸪పࡣ㸪ClusToࡽᯝ⤖ࡢ k ಶྲྀࢆࢱ࣮ࢹࡢᚓ࡛ࢆࡇࡿࡁ☜ㄆࡓࡋ㸬

1. ࡵࡌࡣ
Top-k᳨⣴ࡣ㸪࣮ࣘࡀࢨᣦᐃ᳨ࡿࡍ⣴᮲௳ࣥࣜࢥࢫ

ୖࡿࡍ㛵㐃ࡶ㸪᭱ࡁᇶ࡙㛵ᩘࢢ kಶ᳨ࢆࢱ࣮ࢹࡢ⣴ࡍ

㊃ྥࡢࢨ㸪࣮ࣘࡽࢱ࣮ࢹࡘࡶࢆᒓᛶ್ࡢḟඖࡢᩘ「㸬ࡿ

ࣉࡢࡃ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ⓗࢻࡿ࠶࡛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⅏⌧ሙὴ㐵ࡓࢀࡉᩆᛴ㝲ဨࡘࡶࡢ↓⥺㏻ಙ➃ᮎ࡛ࢻ

㸬ᩆᛴ㝲ࡿ࠶᭷ຠ࡛ࡀࡇࡿࡍᵓ⠏ࢆࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍

ဨࡣ⮬㌟ࡢᢸᙜࡿࡍ⌧ሙ࡛ࡢ⿕⅏ሗ㸦ࡤ࠼⿕⅏⪅ࡢᖺ

㱋ࡸ㈇യ≧ἣ࡞㸧ࢆ➃ᮎධຊࡋ㸪Top-k᳨⣴࡚ࡗࡼ

⮬㌟ࡢ࿘ᅖᏑᅾୖࡿࡍ kಶࡢ⿕⅏ሗྲྀࢆᚓࡇࡿࡍ

㸬ࡿ࠶࡛⬟ྍࡀࡇ࠺⾜ࢆ་⒪ᑐᛂ㸪ࡾࡼ

1 㜰ᏛᏛ㝔ሗ⛉Ꮫ◊✲⛉ࢹ࣓ࢳ࣐ࣝᕤᏛᑓᨷ
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࣮࣡ࢺࢵࢿࡾࡼ㏻ಙ⥺↓ࡣ࡛ࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻ

ᅽ㏕ࡢ㸪ᖏᇦࡿࡍቑຍࡀࢡࢵࣄࣛࢺ㸪ࡵࡓࡿࡍᵓᡂࢆࢡ

ၥࡓࡗ࠸ቑࡢᾘ㈝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

᳨⣴⤖ᯝྲྀࡢᚓᚲ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㏦ಙࡾࡼࢢࣥࢹࢵࣛࣇᮎ➃ࡢ࡚

kಶྲྀࢆࢱ࣮ࢹࡢᚓࡿ࠶࡛ࡇࡿࡍ㸬ࡋࡋ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⣴ࡋࡋ㸬ࡿ

᳨⣴᮲௳ࢆᣦᐃࡿࡍሙྜ㸪ࡿ࡞␗ࡢࡽࢀࡑ᮲௳ࡢಶࠎᑐ

ࢵ࣊ࣂ࣮࢜ࡢࡑ㸪ࡾ࡞ᚲせࡀ⌮⟶ࡧࡼ࠾㸪⤒㊰ᵓ⠏㸪࡚ࡋ

ࡲྵ⣴⤖ᯝ᳨ࡢࢀࡎ࠸㸪ࡓࡲ㸬ࡿ࡞ࡃࡁ㠀ᖖࡀࢻ

࢝㸪࣮ࣟࡾࡼࡇࡿࡍ㏦ಙ➃ᮎࢆࢱ࣮ࢹࡢ࡚ࡿࢀ

ୖࣝ kಶྲྀࢆࢱ࣮ࢹࡢᚓࡀࡿࢀࡽ࠼⪄ࡶࡇࡿࡍ㸪㏦

ಙࡀᩘࢱ࣮ࢹࡁࡍ㠀ᖖከࡇࡿ࡞ࡃ㸪ࡢࢱ࣮ࢹࡧࡼ࠾

᭦᪂ฎ⌮ࡀࡇࡿࡌ⏕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-ࡢࢻࣥࣂ࢝ࢫ

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*1ࢆᥦࡿࡍ㸬ClusToࡣ㸪ࣛ࢝ࢫ

ࣥ ⣴⤖ᯝ᳨ࡢࡃ㸪ከࡾࡼࢢࣥࣜࢱࢫࣛࢡࡓ࠸⏝ࢆ[2]

ࢱࢫࣛࢡࢆᮎ➃ࡘᣢࢆࢱ࣮ࢹࡿࢀࡉணࡀࡇࡿࢀࡲྵ

ࡢࢱ࣮ࢹࡘᣢࡢ㝿㸪㞄᥋➃ᮎࡢࡇ㸬ࡿࡍࢻࢵ࣊ K-࢝ࢫ

ࢻࣥࣂ ྍᚓྲྀࡢ㸪᳨⣴⤖ᯝࡾࡼࡇࡿࡍᢕᥱࢆ[5]

࡛ࡳࡢᮎ➃࡞ᚲせࡾ㝈࡞⬟ Top-k᳨⣴࠺⾜ࢆ㸬࢚ࣜࢡ㌿㏦

ࡣ㸪⮬㌟ࢱ࣮ࢹࡢ㞄᥋➃ᮎࡢ K-ࡽࢻࣥࣂ࢝ࢫ

ࡵࡓࡿࡍ๐ῶࢆ㏉ಙࡢࢱ࣮ࢹ࡞㸪せࡋసᡂࢆࢱࣝࣇ

⾜ࢆࢢࣥࢸ࣮࢚ࣝࣜࢡࡢࢫ࣮࣋ࢱࢫࣛࢡ㸪ࡓࡲ㸬ࡿ࠸⏝

ࢆ࢚ࣜࢡ࡛ࢡࢵࣄࣛࢺప⣴⠊ᅖ᳨ࡿࡍᣦᐃࡢࢨ㸪࣮ࣘ࠸

㏦ಙࡿࡍ㸬ࡢࡑᚋ㸪ࡾࡼࢱࣝࣇタᐃࡓࡋ㜈್ࡽ㸪ࢡ

⬟ྍࡿࢀࡲྵ㸪᳨⣴⤖ᯝࡋỴᐃࢆᮎ➃ࡁࡍ㏦ಙࢆ࢚ࣜ

ᛶྲྀࢆࡳࡢࢱ࣮ࢹࡿ࠶ࡢᚓࡿࡍ㸬K-࠸⏝ࢆࢻࣥࣂ࢝ࢫ

ࢵࣄࣛࢺ㸪పࡶ࡚࠸࠾௳⣴᮲᳨ࡿ࡞࠸㸪ࡾࡼࡇࡿ

࡛ࢡ Top-k᳨⣴ࡿ࠶࡛⬟ྍࡀࡇ࠺⾜ࢆ㸬ࣙࢩ࣮࣑ࣞࣗࢩ

ࣥᐇ㦂ࡢ⤖ᯝࡽ㸪ClusToࡣపࢡࢵࣄࣛࢺ㸪ࡧࡼ࠾ప㐜ᘏ

࡛ Top-k᳨⣴ࢆฎ⌮࡛ࢆࡇࡿࡁ☜ㄆࡓࡋ㸬

௨ୗ࡛ࡣ㸪2❶࡛ᐃ⎔ቃᐃ⩏࡚࠸ࡘㄝ᫂ࡋ㸪3❶

㸬4❶࡛ᥦᡭἲClusToࡿ㏙࡚࠸ࡘ✲◊㛵㐃࡚࠸࠾

㸬ࡍ♧ࢆᯝ⤖ࡢᐇ㦂ࣥࣙࢩ࣮࣑ࣞࣗࢩ࡛❶㸪5ࡋㄝ࡚᫂࠸ࡘ

᭱ᚋ 6❶࡛ᮏ✏ࡵࡲࡢᚋࡢㄢ㢟࡚࠸ࡘ㏙ࡿ㸬

2. ᐃ⎔ቃᐃ⩏
ᮏ❶࡛ࡣ㸪ᮏ✏ࡿࡅ࠾ᐃ⎔ቃ࡚࠸ࡘㄝ᫂ࡋ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

ಶࡿࡍࡢࡶࡘࡶࢆࢱ࣮ࢹࢱ࣓ࡢ㸬ࢱ࣮ࢹࢱ࣓ࡢࢀࡒࢀࡑ

vi[j](1 ≤ j ≤ m)ࡣ㸪ఱࢢࣥࣜࢥࢫࡢࡽ㛵ᩘ್ࡾࡼ

㸪ࣘࢀࡉỴᐃࡀ 㸪ࡽࡉ㸬ࡿࡍࡢࡶ࠺ᚑ㛫✵ࢻࢵࣜࢡ࣮

vi[j]ࡣ㸪[0, valuemax]ࡢ⠊ᅖ࡛ṇつࡢࡶࡿ࠸࡚ࢀࡉ

ḟඖᩘࡢࢱ࣮ࢹࢆಶᩘmࡢࢱ࣮ࢹࢱ㸪࣓ࡣ࡛✏㸬ᮏࡿࡍ

ࡽ㝈ࡣࡿ࡞ࡽࡳࡢࢱ࣮ࢹࢱ࣓ࡣࢱ࣮ࢹ㸪ࡓࡲ㸬ࡪ

ィྜࡢࢬࢧࡢࢱ࣮ࢹࢱ࣓㸪ᇶᮏⓗࡣࢬࢧࢱ࣮ࢹ㸪ࡎ

ࡢࢱ࣮ࢹࢡ࣮࣡ࢺࢵࢿ㸪ࡓࡲ㸬ࡿࡍࡢࡶ࠸ࡁࡶࡾࡼ

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

」〇ࡣᏑᅾࡿࡍࡢࡶ࠸࡞ࡋ㸬

2.1.2 ࣝࢹࣔࢡ࣮࣡ࢺࢵࢿ

ព୍ࢀࡒࢀࡑ㸪ࡋᏑᅾࡀᮎ➃ࡢ㸪nྎࡣෆࢡ࣮࣡ࢺࢵࢿ

㆑ูᏊࡢ {N1, N2, · · · , Nn}ࡀࡾᙜ࡚ࡢࡶࡿ࠸࡚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☜ᢕᥱ࡛ࡿࡍࡢࡶࡿࡁ㸬ࡲ

࣮ࣘࡘࡶࢆ㸪➃ᮎࡣ㸬ᐇ㝿ࡿࡍࡿ࠶ᅛᐃ࡛ࡣ㸪➃ᮎࡓ

ࡁ㉳ࡀື⛣㸪ࡣ࡛✏㸪ᮏࡀࡿࢀࡽ࠼⪄ࡶࡇࡿࡍື⛣ࡣࢨ

࡞࠼ࢆᙳ㡪ࢪ࣏ࣟࢺࢡ࣮࣡ࢺࢵࢿ㸪ࡶ࡚࠸࠾ሙྜࡓ

㸬ࡍ࡞ࡳ㸪ᅛᐃࡋࡳࡢື⛣࡞ᒁᡤⓗࡢ࠸

2.2 ᐃ⩏

ᮏ✏ࡿࡅ࠾ Top-k᳨⣴࡛ࡣ㸪ࢢࣥࣜࢥࢫ㛵ᩘ f ⏝ࢆ

ࢱ࣮ࢹࡽࢱ࣮ࢹࢱ㸪࣓࡚࠸ oiࢆࢥࢫࡢỴᐃࡿࡍ㸬ලయ

ⓗࡣ㸪oiࢥࢫࡢ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㸪ྛḟඖࡋධຊࢆ

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‶ࢆࡇ d[m]௨

ෆᏑᅾ᳨ࢆࢱ࣮ࢹࡿࡍ⣴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 ࡽࢨ࣮ d[m]௨ෆᏑᅾࡿࡍ➃ᮎࡢᣢ࣮ࢹࡘ

࠸ࡉᑠࡶ᭱ࡢࢥࢫ㸪ࡕ࠺ࡢࢱ kಶࡿࡍࢱ࣮ࢹࡢ㸬

ࡿࡁ㸪ᣦᐃ࡛࡛ࡇࡇ kୖࡣ್ࡢ㝈㸦್᭱㸧K ࡿ࠶ࡀ

㸬ࡿࡍࡢࡶ

ᐃ⩏ 2 .(ࢺࣥࢼ࣑ࢻ) ࢱ࣮ࢹࡿ࠶ oi, oi′ ࡢ㸪࡚࡚ࡋᑐ

ḟඖ j 㸪vi[j]࡚࠸࠾ ≤ vi′ [j]ࡋࡓ‶ࢆ㸪ࡘ㸪ᑡࡃ࡞

ࡶ ḟඖࡢࡘ1 j′ 㸪vi[j࡚࠸࠾
′] < vi′ [j

㸪ࡁࡍࡓ‶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ࡣࣥࣛ࢝ࢫ

࠸࡞࠸࡚ࢀࡉࢺࣥࢼ࣑ࢻࡶࢱ࣮ࢹࡢࡢ㸪࡚࠸࠾ྜ

㸬ࡿࡍ㞟ྜࡢࢱ࣮ࢹ

ࡤ࠼㸪ᅗ ࡧࡼ࠾㸪a㸪c㸪d㸪ࡣ1࡛ hࣥࣛ࢝ࢫࡀ

㸬ࡿࢀࡲྵ

ᐃ⌮ 1. 㸪᭱ࡁࡿ࠶༢ㄪ⥺ᙧ㛵ᩘ࡛ࡀ㛵ᩘࢢࣥࣜࢥࢫ

ୖࡣࢱ࣮ࢹࡢᚲࡿࢀࡲྵࣥࣛ࢝ࢫࡎ㸬

ᐃ⩏ 4 (K-ࢻࣥࣂ࢝ࢫ). K-ࡣࢻࣥࣂ࢝ࢫ㸪࣮ࢹࡿ࠶

࡚ࢀࡉࢺࣥࢼ࣑ࢻࢱ࣮ࢹࡢK-1ಶࠎ㸪㧗࡚࠸࠾㞟ྜࢱ

㸬ࡿࡍ㞟ྜࡢࢱ࣮ࢹࡿ࠸

ᐃ⌮ 2. 㸪ୖࡁࡿ࠶༢ㄪ⥺ᙧ㛵ᩘ࡛ࡀ㛵ᩘࢢࣥࣜࢥࢫ

K ಶࡣࢱ࣮ࢹࡢ㸪ᚲࡎK-ࡿࢀࡲྵࢻࣥࣂ࢝ࢫ㸬

ド᫂. Kୖࡿ࠶ ಶࢱ࣮ࢹࡿࢀࡲྵ oiࡀK-ࣥࣂ࢝ࢫ

Kࡶࡃ࡞㸪ᑡࡁࡢࡇ㸬ࡿࡍ௬ᐃ࠸࡞ࢀࡲྵࢻ ಶ

ࡀࢱ࣮ࢹࡢ oi ᛶࡢ㸬༢ㄪ⥺ᙧ㛵ᩘࡿ࠸࡚ࡋࢺࣥࢼ࣑ࢻࢆ

㉁ࡽ㸪ᑡࡶࡃ࡞K ಶࡣࢥࢫࡢࢱ࣮ࢹࡢ㸪oi ࢥࢫࡢ

㸪oiࡵࡓࡢࡑ㸬ࡿ࠶࡛᫂⮬ࡣࡇ࠸ࡉᑠࡾࡼ ୖࡣ K
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ಶ࠸࡞ࡣࡇࡿࢀࡲྵࢱ࣮ࢹࡢ㸬࡚ࡗࡀࡓࡋ㸪⫼⌮ἲ

⌮㸪ᐃࡾࡼ ࢝ࢫ-㸪Kࡣࣥࣛ࢝ࢫ㸪ࡓࡲ㸬ࡘ❧ࡾᡂࡣ2

ࡿࡅࢻࣥࣂ 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࠸࡚ࡋᥦࢆTop-k᳨⣴ᡭἲࡓ࠸⏝ࢆ[8]

㸪ୖ࡚࠸⏝ࢆࣇࣛࢢࢺࣥࢼ࣑ࢻ㸪ࡣᡭἲ࡛ࡢࡇ kಶྵ

ࢩ㸬ࡿࡍ㏉ಙࢆࢱ࣮ࢹࢡࣥࢩ㸪ࡋ⟭ィࢆࢱ࣮ࢹࡿᚓࢀࡲ

࣮࣡ࢺࢵࢿ㸪ࡋసᡂࢆࢱࣝࣇࡽࢱ࣮ࢹࡓࡋಙཷࡣࢡࣥ

㸪ࡣᮎ➃ࢧࣥࢭ㸬ྛࡿࡍ㏦ಙࢆࢱࣝࣇᮎ➃ࢧࣥࢭࡢෆࢡ

ࢱ࣮ࢹࡁࡍ㏉ಙࡽࢱࣝࣇ㝿㸪ࡓࡁ㉳ࡀ᭦᪂ࡢࢱ࣮ࢹ

ࢡࣥࢩࡀᮎ➃࠺⾜ࢆ㸪Top-k᳨⣴ࡣᡭἲ࡛ࡢࡇ㸬ࡿࡵồࢆ

㸪ࡓࡲ㸬ࡿ࡞␗ࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻⅬ࡛㸪ࡿ࠶࡛ࡳࡢ

Ⅼ࡛ၥࡿࡍ៖⪄ࡶࢆ௳⣴᮲᳨࠸࡞ࡢࡇࡿࡍᣦᐃࡀࢨ࣮ࣘ

㢟ࡿ࠶ࡀ㸬ᩥ⊩ 㸪௦࡚࠸࠾ࢡ࣮࣡ࢺࢵࢿ㸪P2Pࡣ࡛[7]

ࡓ࠸⏝ࢆࣆ⾲ Top-k ᳨⣴ᡭἲࢆᥦࡿ࠸࡚ࡋ㸬௦⾲ࣆ

ࡘᣢࡢࣆࡿࡍᏑᅾࡢࢡࣥࣜ⌮㸪ㄽࡣ K-ࢻࣥࣂ࢝ࢫ

ࡘᣢࡢࣆ⾲௦ࡿࡍ㸪㞄᥋ࡽࡉ㸬ࡿࡍಖᣢ࡚ࡋ〇「ࢆ

ࡿ࠶㸪ࡋ⌮⟶ࢆࣥࣛ࢝ࢫࡢࢱ࣮ࢹ Top-k᳨⣴࡛ࡢ㜈್

Ỵᐃࢆࣆ⾲௦ࡁࡍ㏦ಙࢆ࢚ࣜࢡ㸪ࡽࣥࣛ࢝ࢫ

ࡼ࠾Ⅼ㸪ࡿ࠸࡚ࡋᐃࢆ〇「ࡢࢱ࣮ࢹ㸪ࡣᡭἲࡢࡇ㸬ࡿࡍ

ࡢ✏Ⅼ࡛ᮏࡿ࠶య࡛ࢡ࣮࣡ࢺࢵࢿࡀ⣴⠊ᅖ᳨ࡢࢱ࣮ࢹࡧ

ᐃࡿ࡞␗㸬ࡓࡲ㸪ࢆࢫࣟࢺࢵࢣࣃᐃ࠸࡞࠸࡚ࡋⅬ࡛

㸬ࡿ࠶ᅔ㞴࡛ࡣ㐺ᛂࡢࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻ

ᩥ⊩ [1], ࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻࣝࣂ㸪ࣔࡣ࡛[6]

ࡿࡅ࠾ Top-k᳨⣴ᡭἲࢆᥦࡿ࠸࡚ࡋ㸬ᩥ⊩ 㸪ṇࡣ࡛[6]

ࡿࡼࢬ࣮࢙ࣇ㸪2ࡵࡓࡿࡍタᐃࢆ㜈್࡞☜ Top-k᳨⣴ࢆ

ࡢࢱ࣮ࢹࡢෆࢡ࣮࣡ࢺࢵࢿ࡛┠ࢬ࣮࢙ࣇ㸬1࠺⾜ k␒┠ࡢ

ࡘࡶࢆࢥࢫࡢ㜈್௨ୗ࡛┠ࢬ࣮࢙ࣇ㸪2ࡋᚓྲྀࢆࢥࢫ

ࡼࢢࣥࢹࢵࣛࣇࢆ࢚ࣜࢡ㸪ࡋࡋ㸬ࡿࡍ㏉ಙࢆࢱ࣮ࢹ

ᮎ௨➃࠸࡞ࡀᚲせᚓྲྀࡢ㸪᳨⣴⤖ᯝࡵࡓࡿ࠸࡚ࡋ㌿㏦ࡾ

እࡢ↓㥏࡞㌿㏦ࡀከ࠸㸬ᩥ⊩ 㸪ࡋసᡂࢆ⾲㸪⤒㊰ࡣ࡛[1]

᳨⣴⤖ᯝྲྀࡢᚓᚲせ࡞㞄᥋➃ᮎࢆ࢚ࣜࢡ㏦ಙࡿࡍ㸬ࡋ

㸪ࡵࡓࡿ࠶ࡀᚲせࡿࡍసᡂࢆ⾲㊰⤒ࡈ௳㸪᳨⣴᮲ࡋ

᳨⣴᮲௳ࡢ✀㢮ࡀከ࠸ሙྜ㸪ࡀࢻࢵ࣊ࣂ࣮࢜㠀ᖖࡃࡁ

ᣦࡀ௳⣴᮲᳨ࡿ࡞࠸㸪ࡣ㸬୍᪉㸪ClusToࡿ࠶ࡀၥ㢟ࡿ࡞

ᐃࡓࢀࡉሙྜࡶ࡚࠸࠾㸪᳨⣴⠊ᅖෆᏑᅾࡿࡍ࡚ࡢ➃

ᮎࢆ࢚ࣜࢡ㏦ಙࡃ࡞ࡇࡿࡍ㸪ప㐜ᘏ࡛Top-k᳨⣴ࢆ⾜

⫣㸪ᩥࡽࡉ㸬ࡿࡁ࡛ࡀࡇ࠺ ࣜࢱࢫࣛࢡ㸪ࡾ࡞␗[1]

ࡣࢢࣥ 1ᗘࡢࡳࡢᐇ⾜࡛ࡾ࠶㸪᳨⣴᮲௳ࡀᣦᐃࡈࡿࢀࡉ

㸬࠸࡞ࡣࡇࡿࡍ⏕Ⓨࡀࢻࢵ࣊ࣂ࣮࢜

4. ᥦᡭἲ
ᮏ❶࡛ࡣ㸪ᥦᡭἲ ClusToࡿࡅ࠾㸪ࢢࣥࣜࢱࢫࣛࢡ

᪉ἲ㸪ࡧࡼ࠾Top-k᳨⣴ࢪ࣮ࢭࢵ࣓ࡢฎ⌮᪉ἲ࡚࠸ࡘㄝ

᫂ࡿࡍ㸬

4.1 ᵓ⠏ࡢࢱࢫࣛࢡ

ᮏ⠇࡛ࡣ㸪᳨ࡿ࡞࠸⣴᮲௳ࡶ࡚࠸࠾ᑡ࠸࡞➃ᮎᩘ࡛

Top-k᳨⣴ࢆࡇ࠺⾜ࢆ┠ⓗࡓࡋ ࣥࣜࢱࢫࣛࢡࣉࢵ࣍1

㸬ࡿࡍㄝ࡚᫂࠸ࡘ᪉ἲࡢࢢ

᳨⣴⤖ᯝࢆࢱ࣮ࢹࡿࢀࡲྵᣢࡘ➃ᮎࢆ࢚ࣜࢡ㏦ಙࡍ

ࢀࡽ࠼⪄ࡀࡇࡿ࠸⏝ࢆࢢࣥࢹࢵࣛࣇ㸪༢⣧ࡵࡓࡿ

ࡿ [6]㸬ࡋࡋ㸪ࡿࡼࢢࣥࢹࢵࣛࣇ㌿㏦࡛ࡣ㸪᳨⣴⤖ᯝ

ࡲࡋ࡚ࢀࡉ㏦ಙࡀ࢚ࣜࢡᮎ➃ࡢࡃከ࠸࡞ࡀᚲせᚓྲྀࡢ

㸬ClusTo࠺ࡲࡋ࡚ࡋ⏕Ⓨࡀࢡࢵࣄࣛࢺ࡞㸪↓㥏࠸ ࢡ㸪ࡣ

ࡇ㸪ࡾࡼࡇࡿࡍࢢࣥࢸ࣮ࣝࢆ࢚ࣜࢡ࡚࠸⏝ࢆࢱࢫࣛ

㸪ࡣ࡛ࢢࣥࢸ࣮ࣝࡓ࠸⏝ࢆࢱࢫࣛࢡ㸬ࡿࡍゎỴࢆၥ㢟ࡢ

ࢱࢫࣛࢡࡢᒓࡿࡍ➃ᮎ㞄᥋ࡿࡍ➃ᮎ㸦࢙࢘ࢺ࣮ࢤ

ࢃ⾜ࡀ㏦ಙࡢ࢚ࣜࢡ㛫࡛ࢻࢵ࣊ࢱࢫࣛࢡ㸪ࡋࢆ㸧ࢻ࣮ࣀ

ࢫࣛࢡ㸪ࡀࢱ࣮ࢹࡘᣢࡢࢻࢵ࣊ࢱࢫࣛࢡ㸪ࡁࡢࡇ㸬ࡿࢀ

ࢀࡇሙྜ㸪ࡿ࠸࡚ࡋࢺࣥࢼ࣑ࢻࢆࢱ࣮ࢹࡘᣢࡢᮎ➃ࡢෆࢱ

ࡎࡏ㏦ಙࢆ࢚ࣜࢡᮎ➃ࡢࡽ Top-k᳨⣴ࡿ࠼⾜ࢆ㸬ࡢࡑ

ࡋⓗ┠ࢆ⌧ᐇࡢTop-k᳨⣴ࡢᮎᩘ࡛➃࠸࡞ᑡࡾࡼ㸪ࡵࡓ

࡚㸪ከࡿࡍࢺࣥࢼ࣑ࢻࢆࢱ࣮ࢹࡢࡃணࢆࢱ࣮ࢹࡿࢀࡉ

ᣢࡘ➃ᮎࡿࡍࢻࢵ࣊ࢱࢫࣛࢡࢆ㸬ලయⓗࡣ㸪ྛ➃ᮎࡣ

⮬㌟ࡢᣢࢆࣥࣛ࢝ࢫࡿࡅ࠾ࢱ࣮ࢹࡘィ⟬ࡋ㸪௨ୗࡢ

ᘧࢆ࣐ࢱࡢࡵࡓࡿ࡞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 ࢆࡇࡿ࡞ࡃࡁせࡀ್ࡢ࣐ࢱࡣ

㜵ࡿ࠸⏝ࡵࡓࡄ㸬ᘧ (2)㸪ࡧࡼ࠾ ࡿࡅ࠾(3) |skyline|

ࢆᩘࢱ࣮ࢹࡢࣥࣛ࢝ࢫࡿࡅ࠾ࢱ࣮ࢹࡘࡶࡀᮎ➃ྛࡣ

ࡧࡼ࠾㸬SkyAvgDist㸪ࡍ⾲ SkyMinDist ᣢࡢ㸪⮬㌟ࡣ

,ཎⅬ㸦0㸧ࢱ࣮ࢹࢱ㸦࣓ࢱ࣮ࢹࡿ࡞ࣥࣛ࢝ࢫࡘ 0,

...,0㸧ࡢᖹᆒ㊥㞳㸪᭱ࡧࡼ࠾▷㊥㞳ࡍ♧ࢀࡒࢀࡑࢆ㸬ᐃ

⌮ ୖ࡚᭱ࡋᑐ௳⣴᮲᳨ࡢࡽఱࡣࣥࣛ࢝ࢫ㸪ࡽ1

ࡢࢱ࣮ࢹࡿ࡞㞟ྜ࡛ࡵࡓࡿ࠶㸪ࡀ್ࡢࡽࢀࡇᑠ࠸ࡉ

ࢆࡇࡿ࠸࡚ࡗࡶࢆࢱ࣮ࢹ࠸ࡍࡸࢀࡲྵ⣴᳨ࡢࡃ㸪ከ

㸬ࡍ♧

ࡋⓎⅆࡀ࣐ࢱ㸪ࢀࡉⓎⅆࡽࡢࡶ࠸ࡉᑠࡀ್ࡣ࣐ࢱ

ࢡ㸪ࡣࢻࢵ࣊ࢱࢫࣛࢡ㸬ࡿ࡞ࢻࢵ࣊ࢱࢫࣛࢡࡽᮎ➃ࡓ

ࢵ࣓ࡢࡇ㸬ࡿࡍࢺࢫࣕ࢟ࢻ࣮ࣟࣈࢆࢪ࣮ࢭࢵᵓ⠏࣓ࢱࢫࣛ

㆑ูᏊ㸪㏦ಙ➃ᮎ㆑ูᏊ㸪ࡢࢻࢵ࣊ࢱࢫࣛࢡ㸪ࡣࢪ࣮ࢭ

㏦ಙ➃ᮎࡢ⨨ሗ㸪㏦ಙ➃ᮎࡢ K-ࡲྵࢻࣥࣂ࢝ࢫ

㸬ཷಙࡿࢀࡲྵࡀ㆑ูᏊࡧࡼ࠾㸪ࢱ࣮ࢹࢱ࣓ࡢࢱ࣮ࢹࡿࢀ

ࡢࡶࡓࢀࡉ㏦ಙࡽࢻࢵ࣊ࢱࢫࣛࢡࡀࢀࡑ㸪ࡣᮎ➃ࡓࡋ

㸦ࡢࢻࢵ࣊ࢱࢫࣛࢡ㆑ูᏊ㏦ಙ➃ᮎ㆑ูᏊࡌྠࡀ㸧࡛ ࡿ࠶

ሙྜ㸪ࡿࡍࣝࢭࣥࣕ࢟ࢆ࣐ࢱ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௨ୗࡣᮎ➃ࡢ࡚ࡓࡋಙཷࢆࢪ࣮ࢭ

㊰⾲ࢆసᡂࡿࡍ㸬⤒㊰⾲ࢫࣛࢡࡣࣜࢺ࢚ࣥࡢࢀࡒࢀࡑࡢ

⨨ሗ㸦CHࡢࡑ㆑ูᏊ㸪ࡢ㸦CH㸧ࢻࢵ࣊ࢱ position㸧㸪

㞄᥋ࡢࡵࡓࡿࡍ㏦ಙࢆ࢚ࣜࢡࢻࢵ࣊ࢱࢫࣛࢡࡢࡑࡧࡼ࠾

➃ᮎ㸦next node㸧ࡢ㆑ูᏊ*2ࡀ᱁⣡ࡿࢀࡉ㸦ᅗ 2㸧㸬ࡽࡉ

グࢆࢻࣥࣂ࢝ࢫ-Kࡧࡼ࠾⨨ሗ㸪ࡢ㸪(ii)㞄᥋➃ᮎ

㘓ࡿࡍ㸬ࡃ࡞ࡣ࡛ࡢࡶࡢࡑࢱ࣮ࢹ㸪K-ࡲྵࢻࣥࣂ࢝ࢫ

ࢥࢫࡢࢱ࣮ࢹ㸪ࡣࡢࡿࡍ㏦ಙࢆࢱ࣮ࢹࢱ࣓ࡢࢱ࣮ࢹࡿࢀ

㸪ࡃࡼࡤࢀࡍᢕᥱࡳࡢሗࡢࡽࢀࡇ㸪ࡣࡵࡓࡿࡍ⟭ィࢆ

ࡓࡿ࡞ࡃࡁࡀࢻࢵ࣊ࣂ࣮࢜ࡿࡍ㏦ಙࢆࡢࡶࡢࡑࢱ࣮ࢹ

⌮㸬ᐃࡿ࠶࡛ࡵ 㸪ୖࡽ2 k(≤ K)ಶࡣࢱ࣮ࢹࡢ㸪᳨⣴

⠊ᅖᏑᅾࡿࡍ➃ᮎࡢK-ࢻࣥࣂ࢝ࢫෆᏑᅾࡵࡓࡿࡍ㸪

㞄᥋➃ᮎࡢ K-ࢆࢻࣥࣂ࢝ࢫᢕᥱࡾࡼࡇࡿࡍ㸪࠸

ࣇ࡞㸪ຠᯝⓗࡶ࡚࠸࠾ሙྜࡓࢀࡉᣦᐃࡀ௳⣴᮲᳨ࡿ࡞

ࢱࢫࣛࢡ࡛ࡲࢀࡇ㸪ࡽࡉ㸦4.2⠇㸧㸬ࡿࡁసᡂ࡛ࢆࢱࣝ

ᵓ⠏࣓ࢆࢪ࣮ࢭࢵ㏦ಙ࠸࡞࠸࡚ࡋሙྜ㸪(iii)ࢱࢫࣛࢡᵓ⠏

ࢱࢫࣛࢡ㸪ࡁࡢࡇ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ࡣࢪ࣮ࢭࢵ࣓ࡢࡇ㸬ࡿࡍ㏦ಙࢆࢪ࣮ࢭ

ࡑ㸪㆑ูᏊࡢࢻࢵ࣊ࢱࢫࣛࢡࡿ࠸࡚ࡋᢕᥱࡀ㌟⮬ࡧࡼ࠾

ࢵ࣊ࢱࢫࣛࢡ㸪ྛࡾࡼࢀࡇ㸬ࡿ࠸࡚ࢀࡲྵࡀ⨨ሗࡢ

㸪nextࢻࢵ࣊ࢱࢫࣛࢡࡢࢱࢫࣛࢡࡿࡍ㸪㞄᥋ࡣࢻ node㸪࠾

㸬ࡿࡁᢕᥱ࡛ࢆᮎ➃ࣂ࣓ࣥࡿࡍᡤᒓࢱࢫࣛࢡࡢ㌟⮬ࡧࡼ

㸪nextࡁࡢࡇ nodeࡣ㏦ಙඛ᭱ࢻࢵ࣊ࢱࢫࣛࢡࡿ࡞

ࡶ᭱ࢻࢵ࣊ࢱࢫࣛࢡ㸪㏦ಙඛࡣࢀࡇ㸬ࡿࡍᮎ➃࠸㏆ࡶ

㏆࠸➃ᮎࡣ㸪ࢻࢵ࣊ࢱࢫࣛࢡࡢࡑ㞄᥋ྍࡿ࠸࡚ࡋ⬟ᛶࡀ

㧗ࡵࡓ࠸㸪㏦ಙඛ᳨ࢻ࣮ࣀ࢙࢘ࢺ࣮ࢤࡢࢱࢫࣛࢡ⣴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

࠸࡚ࡋಖᣢࢆࡳࡢሗࡢ㞄᥋➃ᮎࡣ㸪ྛ➃ᮎࡶ࡚࠸࠾ྜ

ࡓࢀࡉ㸪᭦᪂ࡵࡓࡿ K-ࢆࢻࣥࣂ࢝ࢫ㞄᥋➃ᮎ࣮ࣟࣈ

㸬࠸ࡼ࡛ࡅࡔࡿࡍࢺࢫࣕ࢟ࢻ

*2 ሙྜ㸪nextࡿ࠸࡚ࡋ㞄᥋ࢻࢵ࣊ࢱࢫࣛࢡ node=CHࡿ࡞

4.2 సᡂࡢࢱࣝࣇ

ClusTo࡛ࡣ㸪⤒㊰⾲ࢆࢢࣥࢸ࣮࢚ࣝࣜࢡ࡚࠸⏝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㸪ྛ➃ᮎࡵࡓࡢࡑ㸬࠸࡞ࡣ࡛ࡁ

k 㸪ࡾࡼࡇࡿࡶ✚ぢࢆ㸦㜈್㸧ࢥࢫࡢࢱ࣮ࢹࡢ┠␒

᳨⣴⤖ᯝࢆࢱ࣮ࢹࡿࢀࡲྵᣢ࠸࡞ࡓ㞄᥋➃ᮎࡢせ࡞

᳨⣴ࡢ࢚ࣜࢡ㌿㏦ࢆᢚไࡀࡇࡿࡍ᭷ຠ࡛ࡿ࠶㸬ࢆࢀࡇᐇ

ࣝࣇ࢚ࣜࢡ⣴᳨ࡀ㸪ྛ➃ᮎ࡚ࡋᡭἲ࡞ឤⓗ┤ࡿࡍ⌧

ୖࡿࡍᢕᥱࡀ㸪⮬㌟࡚ࡋࢱ kಶࡑࢥࢫࡢࢱ࣮ࢹࡢ

⮬ሗࡢࡇ㸪ࡀᮎ➃ࡓࡋಙཷࢆࢀࡑ㸪ࡋῧࢆ㆑ูᏊࡢ

㌟ࡀᣢࡽࢥࢫࡢࢱ࣮ࢹࡘ㸪㜈್ࢆぢ✚࠼⪄ࡀࡇࡿࡶ

㸪kࡋࡋ㸬ࡿࢀࡽ ㏦ಙࡢࢱࣝࣇሙྜ㸪࠸ࡁࡀ

㸬ࡿ࠶ࡀၥ㢟ࡿ࡞ࡃࡁࡀࢻࢵ࣊ࣂ࣮࢜ࡿ

ᅛࢆࢻࢵ࣊ࣂ࣮࢜ࡿࡼࢱࣝࣇ㸪ࡣ㸪ClusTo࡛࡛ࡇࡑ

ᐃࡘᑠࡃࡉᢚࡵࡓࡿ࠼㸪k ಶศࡃ࡞ࡣ࡛ࢱ࣮ࢹࡢ㸪ྛ➃

ᮎࡀᢕᥱࡿࡍ㸪ୖ  1␒┠㸪⌊k/2⌋+1␒┠㸪ࡧࡼ࠾ k␒┠

ࡿ࡞ ࢀࡑ㸦ࡏྜ⤌ࡢ㆑ูᏊࡢࡑࢥࢫࡢࢱ࣮ࢹࡢࡘ3

ࢀࡒ lb㸪me㸪ࡧࡼ࠾ ub㸧ࡿࡍࢱࣝࣇࢆ㸬ࡽࡉ㸪㜈

ࢡ⣴᳨ࡓࡋ㸪ཷಙࡣ㸪ྛ➃ᮎࡵࡓࡿࡅ㏆್࡙࡞☜ṇࢆ್

ࡀ㞄᥋➃ᮎࡢ㌟⮬㌟⮬ࡧࡼ࠾㸪ࢱࣝࣇࡿࢀࡲྵ࢚ࣜ

ᣢࢥࢫࡢࢱ࣮ࢹࡘሗࢆࢱࣝࣇࡽ᭦᪂ࡿࡍ㸬

࣒ࢬࣜࢦࣝ㸪ࢆ࣒ࢬࣜࢦࣝࡢసᡂࢱࣝࣇ 1 ♧

㌟⮬㌟⮬ࢱࣝࣇࡓࡋ㸪ཷಙ㸪ᇶᮏⓗࡣ㸬ྛ➃ᮎࡍ

ୖࡿࡅ࠾ࢱ࣮ࢹࡘᣢࡀ㞄᥋➃ᮎࡢ kಶࢥࢫࡢࢱ࣮ࢹࡢ

࢚ࣜࢡ㸪᳨⣴࡛ࡇࡇ3㸬*ࡿࡍసᡂࢆࢱࣝࣇ㸪ࡽሗ

࡛ࡏྜ⤌ࡢ㆑ูᏊࢥࢫࡢࡘ㸪3ࡣࢱࣝࣇࡿࡍῧ

㸪kࡵࡓࡿ࠶ > ㏦ࡢ࢚ࣜࢡࡽⓎ⾜➃ᮎ࢚ࣜࢡሙྜ㸪ࡢ3

ಙඖ➃ᮎࡢ࡛ࡲ⤒㊰ࡿࢀࡲྵ➃ᮎ㸪ࡢࡽࢀࡑࡧࡼ࠾㞄᥋

➃ᮎ㸦௨ᚋ㸪ୖὶ➃ᮎ㸧ࡢᣢ࡚࠸࠾ࢱ࣮ࢹࡘ㸪ୖ kಶ

㸬࠸࡞ࡁᢕᥱ࡛ࡣ࡚ࡢ㆑ูᏊࢥࢫࡢࢱ࣮ࢹࡓࡗ࡞

ࢱ࣮ࢹࡓࡗ࡞ࡁ㸪ᢕᥱ࡛ࡾࡼ᪉ἲࡢࡽ㸪ఱࡁࡢࡇ

ࡶࡾࡼ್࡞☜ṇࡀ㸪㜈್ࡀࡿ࠶ࡀᚲせࡿࡍ᥎ᐃࢆࢥࢫࡢ

ᑠ࠺ࡲࡋ࡚ࡗ࡞ࡃࡉ㸪᳨⣴⠊ᅖෆୖࡢ kಶࡿࢀࡲྵ

㸬୍ࡿ࠶ࡀᛶ⬟ྍ࠸࡞ࡋ㏦ಙࢆ࢚ࣜࢡᮎ➃ࡘᣢࢆࢱ࣮ࢹ

᪉㸪᳨⣴⤖ᯝࢆࢱ࣮ࢹࡿࢀࡲྵᣢࡘ➃ᮎ☜ᐇ࢚ࣜࢡ

ࢆࢥࢫࡢࢱ࣮ࢹࡓࡗ࡞ࡁ㸪ᢕᥱ࡛ࡵࡓࡿࡍ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࠶㔜せ࡛ࡀࡇࡿࡍ࠺ࡼ࠸࡞ࡽ

ࡿࡅ࠾ࢱ࣮ࢹࡘᣢࡢ㸪ୖὶ➃ᮎࡣ㸪ClusTo࡛࡛ࡇࡑ

ୖ kಶࡕ࠺ࡢࢱ࣮ࢹࡢ㸪࡚ࡋࢱࣝࣇῧࡗ࡞ࢀࡉ

ᢕᥱ࡛ࡀ㸪ྛ➃ᮎࢆ㆑ูᏊ㸧ࡧࡼ࠾㸦ࢥࢫࡢ4*ࢱ࣮ࢹࡓ

*3 4.1 ⠇ࡢฎ⌮ࡾࡼ㸪㞄᥋➃ᮎࡢᣢࢆࢥࢫࡢࢱ࣮ࢹࡘィ⟬࡛ࡁ
㸬ࡿ

*4 㸪lb࡚࠸࠾㏦ಙඖ➃ᮎ࢚ࣜࢡ ࡽ me㸪ࡧࡼ࠾ me ࡽ ubࡢ
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Algorithm 1 సᡂࡢࢱࣝࣇ
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ⓗࡿࡍ᥎ᐃᇶࢆሗࢥࢫࡢࢱ࣮ࢹࡿࡁ

➃ᮎࡣ㸪ࡎࡲ㸪࢚ࣜࢡ㏦ಙඖ➃ᮎ⮬㌟ࡢඹ㏻ࡢ㏻ಙ⠊

ᅖෆᏑᅾࡿࡍ➃ᮎࡢᣢࢆࢥࢫࡢࢱ࣮ࢹࡘィ⟬ࡿࡍ㸬ࡇ

ᢕࡀ㏦ಙඖ➃ᮎ࢚ࣜࢡ㸪ࡽࢱࣝࣇࡓࡋಙཷࢥࢫࡢ

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࡞⠊ᅖෆࡢࢱࣝࣇࡀ

ࡧࡼ meࡽ ubᏑᅾࡢࢱ࣮ࢹࡿࡍಶᩘࡓࡗ࡞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

ࢆࢥࢫࡢࢱ࣮ࢹ࠸࡞࠸࡚ [lb, me]㛫㸪ࡧࡼ࠾ [me㸪ub]㛫

㏦ಙඖ࢚ࣜࢡ㸪ࡾࡼࡇ࠺⿵࡚ࡋࢥࢫ᭱ࡿࡅ࠾

➃ᮎࡀᢕᥱୖࡿ࠸࡚ࡋ kಶࢆࢥࢫࡢࢱ࣮ࢹࡢᑠࡃࡉぢ

ࢱ࣮ࢹࡿࢀࡲྵᯝ㸪᳨⣴⤖ᯝ⤖ࡢࡑ㸬࠸࡞ࡣࡇࡿࡶ✚

ࡋᚋ㸪ཷಙࡢࡑ㸬ࡿࡁಖド࡛ࢆ㌿㏦࢚ࣜࢡࡢᮎ➃ࡘᣢࢆ

ࡓࡋ㸪⿵ࢱࣝࣇࡓ 㸪㆑ูᏊࢥࢫ} }㸪ࡧࡼ࠾⮬㌟

㞄᥋➃ᮎࡀᣢୖࡽࢱ࣮ࢹࡘ k ಶࢆࡢࡶࡿ࡞ィ⟬ࡋ㸪

⮬㌟ࢆࢱࣝࣇࡢసᡂࡿࡍ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࠸ࡘㄝ᫂ࡿࡍ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ࡾࡼ࢚ࣜࢡ㸪࣮ࣘࡀࢨᣦ

ᐃ᳨ࡓࡋ⣴⠊ᅖࢆಖドࡋ㸪ࡢࡑᚋ㸪ࢱ࣮ࢹ㞟ࡼ࢚ࣜࢡ

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

ࢱࣝࣇ㸪ࡋ⟭ィࢆࢥࢫࡢࢱ 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nextࡁࡢ node᳨ࡀ⣴⠊ᅖෆ࠸࡞ࢀࡲྵሙྜࡣ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㸪࣒ࢬࣜࢦࣝࡧࡼ࠾ 㸪᳨⣴ࡓࡲ㸬ࡍ♧3

ࣝࢆ⌮ฎࡢሙྜࡓࡋಙཷࢆ⟆ᛂ࢚ࣜࢡ㏦ಙᚋ㸪ࢆ࢚ࣜࢡ

࣒ࢬࣜࢦ 㸬Npࡍ♧4 ࢀࡉ㏦ಙࡀ࢚ࣜࢡ⣴᳨࡛ࡍ㸪ࡣ

ࢆ࢚ࣜࢡࢻࢵ࣊ࢱࢫࣛࢡࡓ࠸㝖ࢆࢻࢵ࣊ࢱࢫࣛࢡࡿ࠸࡚

㏦ಙࡿࡍ㸦࣒ࢬࣜࢦࣝ 2㸪6∼15⾜㸧㸬ࡁࡢࡇ㸪ࢫࣛࢡ

nextࡢࡵࡓࡿࡍ㏦ಙࢻࢵ࣊ࢱ node᳨ࡀ⣴⠊ᅖእ࡛ࡿ࠶

㸦࠸࡞ࡋ㏦ಙࢆ࢚ࣜࢡࡣࢻࢵ࣊ࢱࢫࣛࢡࡢࡑ㸪ࡤࡽ࡞

࣒ࢬࣜࢦࣝ 2㸪10∼15⾜㸧㸬ࡓࡲ㸪AT ࡀ ࡣሙྜࡓࡗ࡞∅

⮬㌟ࢆⴥ➃ᮎࡋ㸪㜈್௨ୗࢆࢱ࣮ࢹࡘࡶࢆࢥࢫࡢᣢࡗ

࣒ࢬࣜࢦࣝ㸦ࡿࡍ㏦ಙࢆ࢚ࣜࢡ㞟ࢱ࣮ࢹᮎ➃ࡿ࠸࡚

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࠶࡛ ࡢ࡚ࡿࢀࡲྵ next node࢚ࢡࡽ

ࣜᛂ⟅ཷࢆಙྠࡶࢻࢵ࣊ࢱࢫࣛࢡࡓࡋᵝࢱ࣮ࢹ㞟࢚ࢡ

ࢱࣝࣇ㸪ࡣᮎ➃ྛࡓࡋಙཷࢆ࢚ࣜࢡ㸬᳨⣴ࡿࡍ㏦ಙࢆࣜ

࢚ࢡ⣴᳨࡛ࡲ㸪୍ᗘ㸪ⴥ➃ᮎࡽࡉ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࡞⬟㸪ྍࡾࡼࡇ

㸪࡛ࡇࡇ㸬ࡿࡁᢚไ࡛ࢆ㏦ಙ࢚ࣜࢡ⣴᳨ࡢᮎ➃࡞せ

᳨⣴⠊ᅖࡢቃ⏺㏆࡛ࡣ㸪᳨ࡣࢻࢵ࣊ࢱࢫࣛࢡ⣴⠊ᅖእ࡛

Ꮡᅾ⣴⠊ᅖෆ᳨ࡣᮎ➃ࡿࡍᡤᒓࢱࢫࣛࢡࡢࡑ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

࣮ࢹࡿࡼࢻࢵ࣊ࢱࢫࣛࢡ㸪ࡣᮎ➃ࡢࡑ㸬ࡿ࠶ࡀሙྜࡿࡍ

㸪ୖࡵࡓ࠸࡞ࡽ࡞㇟ᑐࡢ࢚ࣜࢡ㞟ࢱ kಶࡿࢀࡲྵ

ࢱ࣮ࢹࡽࢻࢵ࣊ࢱࢫࣛࢡ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ⴥ➃ᮎࡁࡢࡇ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 ࡀࢱ࣮ࢹࡘࡶࢆࢥࢫࡢ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㸪㜈್௨ୗࢆࢱ࣮ࢹࡘࡶࢆࢥࢫࡢぶ➃ᮎ

㸬ࡿࡍ㏉ಙ

᳨⣴࢚ࣜࢡ㸪࢚ࣜࢡࡧࡼ࠾ᛂ⟅ཷࢆಙࡓࡋ➃ᮎࡣ㸪ཷಙ

☜ㄆࡵࡓࡢACKࢆ㏦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㸪᳨⣴⤖ᯝྲྀࢆࢱ࣮ࢹࡿࢀࡲྵᚓ࡛ࡿࡁ㸬ࡲ

⪄࠸ከࡀࡇࡿࢀࡲྵ㸪᳨⣴⤖ᯝ࡚࠸࠾㸪4.1⠇ࡓ

㸬ࡿ࠸࡚ࡋࢻࢵ࣊ࢱࢫࣛࢡࢆᮎ➃ࡘᣢࢆࢱ࣮ࢹࡿࢀࡽ࠼

ClusTo࡛ࡣ㸪ࢆ࢚ࣜࢡࢻࢵ࣊ࢱࢫࣛࢡ㏦ಙࡓࡃ࠸࡚ࡋ

᭦ࢆࢱࣝࣇ㝿㸪ࡓࡋಙཷࢆ࢚ࣜࢡࡀࢻࢵ࣊ࢱࢫࣛࢡ㸪ࡵ

᪂ࡋ㸪㜈್ࢆᑠࡃࡉタᐃ࡛࠺࠸ࡿࡁⅬࡿ࠶ࡀ㸬ࢀࡇ

㸪せࡁᢚไ࡛ࢆ㏦ಙඛ➃ᮎᩘࡢ࢚ࣜࢡ㞟ࢱ࣮ࢹ㸪ࡾࡼ

㸬ࡿࡁ๐ῶ࡛ࢆࢡࢵࣄࣛࢺ࡞

5. ホ౯ࣥࣙࢩ࣮࣑ࣞࣗࢩ
ᮏ❶࡛ࡣ㸪ᥦᡭἲࡢᛶ⬟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 50ಶᣢࡓࡋࡢࡶࡘ㸬ྛḟඖࢱ࣓ࡢ

ࡣ್ࡢࢱ࣮ࢹ [0, 㸪ࡣ㸬ᮏᐇ㦂࡛ࡓࡋᩘᩚࡢ⠊ᅖࡢ[250

࠸⏝ࢆ㸪୍ᵝ㸪┦㛵㸪㠀┦㛵࡚ࡋศᕸࡢ್ࡢࢱ࣮ࢹࢱ࣓

,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࠶ࡢḟඖࡣ್ࡢࡿ࡞ࡃࡁ㸦㏫ྠࡶᵝ㸧࠺ࡼ

୰ࣥࣙࢩ࣮࣑ࣞࣗࢩ㸪ࡓࡲ㸬ࡓࡋసᡂ ࡀࢱ࣮ࢹࡢ30%

᭦᪂ࡓࡋࡢࡶࡿࢀࡉ㸬

Top-k᳨⣴ᡭἲ࡚ࡋ㸪ClusTo㸪2᳨ࢬ࣮࢙ࣇ⣴ᡭἲ [6]㸪

ࢵࣛࣇࢆ࢚ࣜࢡ㸪ࡣ㸬༢⣧ᡭἲࡓ࠸⏝ࢆ༢⣧ᡭἲࡧࡼ࠾

ୖࡿࡍᢕᥱࡀ㌟⮬ࡣ࢚ࣜࢡ㸪ࡋ㌿㏦ࡾࡼࢢࣥࢹ k

*5 Scalable Network Technologoes: Creaters of QualNet Net-
work Simulator Software,
<URL: http://www.scalable-networks.com/>.
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ಶࢥࢫࡢࢱ࣮ࢹࡢ㆑ูᏊࢆࡏྜ⤌ࡢῧࡿࡍ㸬࢚ࣜࢡ

㸪ୖ࡚࠸࠾ᮎ➃ࡓࡋಙཷࢆ k ಶࡀࢱ࣮ࢹࡿ࡞᭦᪂

㸪ࡣ࡛⟆ᛂ࢚ࣜࢡ㸬ࡿࢀࡉ᭦᪂ࡶࡏྜ⤌ࡢࡇሙྜ㸪ࡿࢀࡉ

k ࡘࡶࢆࢥࢫࡢ㸪㜈್௨ୗࡋタᐃ㜈್ࢆࢥࢫࡢ┠␒

㸬ࡿࡍ㏉ಙࢆࢱ࣮ࢹ

ᮏᐇ㦂࡛ࡣ㸪Kࢆ 10ᅇࢆ㏦ᅇᩘࡢ⟆ᛂ࢚ࣜࢡ㸪ࡋ15

ࢥࢫ㸬ࡓㄪࢆᚓ⢭ᗘྲྀࡢࢱ࣮ࢹࡢ㸪㏦ᅇᩘෆ࡛࡚ࡋ

wj(1ྛࡿࡍධຊࡀࢨ㸪࣮࡚ࣘ࠸࠾㛵ᩘࢢࣥࣜ ≤ j ≤ m)

㸪᳨⣴⠊ᅖࡓࡲ㸬ࡓࡋࡢࡶࡿࡍỴᐃ࣒ࢲࣥࣛࡣ d ࢆ

d = 50 · j[m]ࡋ㸪j ,㸪[2ࡣ 㸪ᖹᆒࡾ࠶࡛ᩘᩚࡢ⠊ᅖࡢ[8

5㸪ศᩓ ࡣ㸬ྛ➃ᮎࡿࢀࡉỴᐃ࡚ࡗᚑṇつศᕸࡢ20 [60,

600][sec]ࡢ⠊ᅖ࡛Ỵᐃ࡞࣒ࢲࣥࣛࡓࡋ㛫㝸࡛ Top-k᳨⣴ࢆ

ᐇ⾜ࡓࡋࡢࡶࡿࡍ㸬௨ୖࣥࣙࢩ࣮࣑ࣞࣗࢩࡢ⎔ቃ࠸࠾

࡚㸪ྛ➃ᮎࡢ⨨࣒ࢲࣥࣛࢆỴᐃࡋ㸪900[sec]⤒㐣ࡏࡉ

㸬ࡓㄪࢆホ౯್ࡢ௨ୗࡢࡓ

• ྲྀ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 (ࡿࢀࡲྵṇゎ㞟ྜࡀゎࡢ┠␒

0 (j (࠸࡞ࢀࡲྵṇゎ㞟ྜࡀゎࡢ┠␒
(6)

ࡁᚓ࡛ྲྀࢆࢱ࣮ࢹࡢୖࡾࡼ㸪ࡣ㸪MAP࡚ࡗࡀࡓࡋ

㸬ࡿ࡞್࠸㧗ࡿ࠸࡚

• 㐜ᘏ㸸᳨⣴࢚ࣜࢡᑐࡿࡍ㸪᳨⣴࢚ࣜࢡⓎ⾜➃ᮎࡀ

᳨⣴ࢆ࢚ࣜࢡⓎ⾜᳨ࡽ࡚ࡋ⣴⤖ᯝྲྀࢆᚓࡢ࡛ࡲࡿࡍ

ᖹᆒ㛫㸬

• ࡢࢪ࣮ࢭࢵ࣓ࡓࢀࡉ㏦ಙ㸸Top-k᳨⣴୰ࢡࢵࣄࣛࢺ

㸬್ࡓࡗヨ⾜ᅇᩘ࡛ࢆᩘࢺࣂ⥲

• ࡓࢀࡉ㏦ಙࡀ࢚ࣜࢡᮎᩘ㸸Top-k᳨⣴୰➃ࢫࢭࢡ

ᖹᆒ➃ᮎᩘ㸬

• ࡓࢀࡉ㏦ಙ㝿ࡢࢢࣥࣜࢱࢫࣛࢡ㸸ࢻࢵ࣊ࣂ࣮࢜⌮⟶

ࡼ࠾㸧㸪ࢻࢵ࣊ࣂ࣮࢜㸦ึᮇᩘࢺࣂ⥲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ᥦᡭἲࡎࡲ

m㸪ࡢ್ࡢࢱ࣮ࢹࢱ࣓ࡧࡼ࠾ศᕸࢆኚ࡚ࡏࡉㄪࡓ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➃ᮎᩘࡁࡢࡇ㸬ࡍ♧3 nࡣ 㸪ᅗࡋ300

3(a) 㸪ᅗࡓࡲ㸬ࡓࡋᵝ୍ࡣศᕸࡢ್ࡢࢱ࣮ࢹࢱ࣓ࡣ࡛

3(b)࡛ࡣ㸪mࢆ 㸬ࡓࡋ3

ᅗ 3(a)ࡾࡼ㸪ClusToࡣ㸪mࡀࢵࣄࣛࢺࡿ࡞ࡃࡁ

ࡿ࡞ࡃࡁࡀ㸪mࡣࢀࡇ㸬ࡿࢃࡀࡇࡿࡍቑຍࡀࢡ

࡞ࡃ࡞ᑡࡀᩘࡢࢱ࣮ࢹࡿࢀࡉࢺࣥࢼ࣑ࢻࢱ࣮ࢹࡢ㸪

ࡓࡢࡑ㸬ࡿ࡞ࡃከࡀࢱ࣮ࢹࡿࢀࡲྵࢻࣥࣂ࢝ࢫ-㸪Kࡾ

ࡍ▱㏻ࢆ᭦᪂ࢱ࣮ࢹࡧࡼ࠾㸪ࢪ࣮ࢭࢵᵓ⠏࣓ࢱࢫࣛࢡ㸪ࡵ

㸪ᅗࡓࡲ㸬ࡿ࡞ࡃࡁࡀࢬࢧࡢࢪ࣮ࢭࢵ࣓ࡿ 3(b)ࡾࡼ㸪

ࢡࢵࣄࣛࢺࡶሙྜࡿ࠶㠀┦㛵࡛ࡀศᕸࡢ್ࡢࢱ࣮ࢹࢱ࣓

࠸ࡉᑠࡀ್ࡢࢱ࣮ࢹࢱ࣓ࡢḟඖࡿ࠶㸪ࡣࢀࡇ㸬ࡿࡍቑຍࡀ

㸪ࡵࡓ࠸ከࡀࡇ࠸ࡁࡀ್ࡢࢱ࣮ࢹࢱ࣓ࡢḟඖࡢ㸪ࡁ

ྠሙྜ࠸ࡁࡀ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 kࢆኚࡓࡏࡉ㸬ࡢࡽࢀࡇ⤖ᯝࢆ㸪ࢀࡒࢀࡑᅗ

4㸪ࡧࡼ࠾ᅗ 㸪mࡁࡢࡇ㸬ࡍ♧5 = 3㸪್࣓ࡢࢱ࣮ࢹࢱ

ᩘࢱ࣮ࢹせồࡢࡿࡏࡉኚࢆ㸬nࡓࡋᵝ୍ࡣศᕸࡢ k

,㸪[1ࡣ 㸪ᖹᆒࡣ㸪ศᕸࡋ⠊ᅖ࡛Ỵᐃࡢ[15 5㸪ศᩓ ṇࡢ5

つศᕸᚑࡓࡋࡢࡶ࠺㸬kࢆኚࡿࡏࡉࡢ➃ᮎᩘ nࡣ

㸬ࡓࡋ300

➃ᮎᩘ nࡢᙳ㡪㸬 ᅗ 4(a)ࡾࡼ㸪ClusToࡣࡢᡭἲࡶࡾࡼ

㧗࠸⢭ᗘࢆ⥔ᣢ࡛ࡿࢃࡀࡇࡿ࠸࡚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⣴ࢆࢢࣥࢹࢵࣛࣇ࡚࠸࠾ 2ᗘ⾜ࡵࡓ࠺㸪

➃ᮎᩘࡀቑࡀ✺⾪ࢺࢵࢣࣃࡿ࠼㢖⦾Ⓨ⏕࡛ࡽࡿࡍ

㸬ࡿ࠶

ᅗ 4(b)ࡾࡼ㸪ClusToࡣ㸪㐜ᘏࡶ᭱ࡀᑠ࠸ࡉ㸬ࡣࢀࡇ㸪᳨

⣴⠊ᅖࡢ࡚ࡢ➃ᮎࢆ࢚ࣜࢡ㏦ಙࡃ࡞ࡇࡿࡍ㸪Top-k

᳨⣴ࢆᐇ⾜ࡿ࠶࡛ࡵࡓࡿ࠸࡚ࡋ㸬ࡓࡲ㸪ࢱ࣮ࢹ㞟࢚ࣜࢡ

㏦ಙࡳࡢᮎ➃ࡘࡶࢆࢱ࣮ࢹࡿ࡞ࢥࢫࡢ㸪㜈್௨ୗࢆ

ࡿࡼࢫࣟࢺࢵࢣࣃ㸪ࡋ๐ῶࢆࢡࢵࣄࣛࢺ㸪ࡵࡓࡿ࠸࡚ࡋ

㐩ࢆ㸪ప㐜ᘏࡽࡇࡿࡁపῶ࡛ࢆ㏦ᅇᩘࡢࢪ࣮ࢭࢵ࣓

ᡂ࡛ࡿ࠸࡚ࡁ㸬2᳨ࢬ࣮࢙ࣇ⣴ᡭἲࡣ㸪2ᗘࢹࢵࣛࣇࡢ

㸪༢⣧ᡭࡵࡓࡿ࠸࡚ࡗ࡞⾜ࢆ㌿㏦ࡢ࢚ࣜࢡ⣴᳨ࡿࡼࢢࣥ

ἲࡶࡾࡼ㐜ᘏࡀ࠸ࡁ㸬

ᅗ 4(c)ࡾࡼ㸪ClusToࡣపࡢ࡛ࢡࢵࣄࣛࢺ Top-k᳨⣴ࢆ

ฎ⌮࡛ࡿࢃࡀࡇࡿࡁ㸬2᳨ࢬ࣮࢙ࣇ⣴ᡭἲ༢⣧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

!

"!

#!

$!

%!

&!

! & "! "&

!"#
$%!

"
#
$

!"#$%&

'()*+,

#!"#$%&'()*'(

(c) ࢡࢵࣄࣛࢺ
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(d) ᮎᩘ➃ࢫࢭࢡ
ᅗ 5 せồᩘࢱ࣮ࢹ k ᙳ㡪ࡢ

ࢡࢵࣄࣛࢺࡿࡼࢢࣥࢹࢵࣛࣇ㸪ࡿ࠼ቑࡀᮎᩘ➃ࡣ

ࡢࢫ࣮࣋ࢱࢫࣛࢡ㸪ࡣ㸪ClusToࡋࡋ㸬ࡿ࠸࡚ࡋቑຍࡀ

➃㸪ࡵࡓࡿ࠸࡚ࡋಖドࢆ㸪᳨⣴⠊ᅖࡾࡼࢢࣥࢸ࣮ࣝ

ᮎᩘࡀቑຍࡓࡋሙྜࡶ࡚࠸࠾㸪ࢆ࢚ࣜࢡ㏦ಙࡿࡍ➃ᮎ

ᅗࡀᯝ⤖ࡢࡑ㸬࠸࡞ࡽࢃኚᇶᮏⓗࡣᩘ 4(d)ࡿࢃࡽ㸬

ClusTo ࡢ࢚ࣜࢡ㸪࡚ẚᡭἲ࠺⾜ࢆࢢࣥࢹࢵࣛࣇࡣ

㏦ಙඛ➃ᮎᩘࢆࡃࡁ๐ῶ࡛ࡿ࠸࡚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ClusToࡢ᪉ࡀయࢵࣄࣛࢺࡢ

ᮎᩘ➃ࡣࢀࡇ㸪ࡓࡲ㸬ࡿࢀࡲぢ㎸ࡀࡇࡿ࡞ࡃࡉᑠࡀࢡ

ࡢ 5%ᮍ‶࡛ࡾ࠶㸪ࢡ࣮࣡ࢺࢵࢿෆࡢከࡢࡃ➃ᮎࡀࠎྛࡢ

Top-k᳨⣴࠺⾜ࢆሙྜ㸪ClusToࡣ᭷ຠ࡛ࡿ࠶ゝࡿ࠼㸬

せồᩘࢱ࣮ࢹ kࡢᙳ㡪㸬 ᅗ 5(a)ࡾࡼ㸪kࡀࡿ࡞ࡃࡁ㸪

࡚ࡢᡭἲྲྀ࡚࠸࠾ᚓ⢭ᗘࡀపୗࡿ࠸࡚ࡋ㸬ࡣࢀࡇ㸪㏉

ಙࡀᩘࢱ࣮ࢹࡿࡍከࡵࡓࡿ࡞ࡃ㸪ࡀࢡࢵࣄࣛࢺቑຍ㸦ᅗ

5(c)㸧ࡋ㸪ࡢࢫࣟࢺࢵࢣࣃᶵࡀቑຍࡿ࠶࡛ࡵࡓࡿࡍ㸬ࡋ

㸪ᅗࡣ㸪ClusToࡋ ࢆ⢭ᗘ࠸㧗ࡶ㸪᭱ࡽ⏤⌮ࡢᯝ⤖ࡢ4

⥔ᣢࡿ࠸࡚ࡋ㸬ࡓࡲ㸪k ࢚ࣜࢡ㞟ࢱ࣮ࢹࡿ࡞ࡃࡁࡀ

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 ᳨

⣴ࢆࡇ࠺⾜ࢆ┠ⓗࡋ㸪ClusToࢆᥦࡓࡋ㸬ClusTo࡛

࢚ࣜࢡ㸪࠸⾜ࢆࢢࣥࣜࢱࢫࣛࢡࡓ࠸⏝ࢆࣥࣛ࢝ࢫ㸪ࡣ

ࡉ㸬ࡿ࠸࡚ࡋ⌧ᐇࢆຠ⋡ࡢ᭦᪂ࢱࣝࣇࢢࣥࢸ࣮ࣝ

ࢻࣥࣂ࢝ࢫ-Kࡘࡶࡢ㸪㞄᥋➃ᮎࡣ᭦᪂࡛ࢱࣝࣇ㸪ࡽ

ࡁ࡛ࡀࡇࡿࡵ㧗ࢆ⢭ᗘࡢࢱࣝࣇ㸪ࡾࡼࡇࡿ࠸⏝ࢆ

ᚋ㸪ࡢࢢࣥࢸ࣮࢚ࣝࣜࢡࡢ࡛ࢫ࣮࣋ࢱࢫࣛࢡ㸪ࡓࡲ㸬ࡿ

㜈್௨ୗࡘࡶࢆࢱ࣮ࢹࡢ➃ᮎ᳨⣴ࢆ࢚ࣜࢡ㏦ಙࡇࡿࡍ

㏦ಙ࢚ࣜࢡ⣴᳨ࡢᮎ➃࡞せᚓྲྀࡢ㸪᳨⣴⤖ᯝࡾࡼ

㸪ୖࡘࡘࡋᢚไࢆ  kಶࢆࢱ࣮ࢹࡢ㧗☜⋡࡛ྲྀᚓࡿ࠸࡚ࡋ㸬

࢚ࣜࢡ㸪᳨⣴ࡣ㸪ClusToࡽᯝ⤖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ࡋࡋ㸬ࡓࡋᐃࢆࢡ࣮࣡ࢺࢵࢿࢡࢵ࣍ࢻ

ࡶሙྜࡿࡁ㉳ࡀษ᩿ࢡࣥࣜࡢ㸪➃ᮎ㛫ࡋື⛣ࡀ㸪➃ᮎࡣ࡛

ࣇ㸪࡚࠸ᇶ࡙ሗࡢ㸪㞄᥋➃ᮎࡣ㸬ClusToࡿࢀࡽ࠼⪄

ࡢࢪ࣏ࣟࢺ㸪ࡵࡓࡿ࠸࡚ࡗ࡞⾜ࢆ㏦ಙ࢚ࣜࢡࡸ᭦᪂ࡢࢱࣝ

ኚࡀၥ㢟ࡿ࡞㸬ࡵࡓࡢࡑ㸪ᚋࣝࣂࣔࡣ⎔ቃࡢᣑ

ᙇࡴ⤌ࡾྲྀ࡚࠸ࡘணᐃ࡛ࡿ࠶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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