
ҐஔґଘTop-kࡧݕͷͨΊͷ
ޮ཰తͳΠϯσοΫεߏ଄ͷఏҊ

(ʑ໦༐࿨1,aࠤ Wang-Chien Lee2,b) (c,1ߒོݪ ੢ඌষ࣏࿠1,d)

֓ཁɿۙ೥ɼҐஔ৘ใΛؚΉσʔλΛ͢ࡧݕΔػձ͕૿Ճ͍ͯ͠Δɽ͜Εʹ൐͍ɼҐஔ৘ใΛྀͨ͠ߟ

Top-k͕ࡧݕ஫໨͞Ε͍ͯΔɽຊߘͰ͸ɼಛʹɼࢦఆ͞ΕͨҐஔͱσʔλͱͷڑ཭ɼ͓Αͼͦͷଞͷଐੑ
஋ʹ͍ͯͮجɼσʔλΛ͢ࡧݕΔҐஔґଘ Top-kࡧݕʹ͍ͭͯண໨͢ΔɽҐஔґଘ Top-kࡧݕͷͨΊͷΠ
ϯσοΫεٕज़͸ɼචऀΒͷ஌ΔݶΓɼ͜Ε·ͰʹఏҊ͞Ε͓ͯΒͣɼطଘͷΠϯσοΫεߏ଄Ͱ͸ޮ཰

తʹࡧݕͰ͖ͳ͍ɽͦ͜ͰຊߘͰ͸ɼR໦ͱεΧΠϥΠϯΛ૊Έ߹Θͤͨ SKY-R໦ΛఏҊ͢ΔɽSKY-R
໦Ͱ͸ɼҐஔ৘ใͱଐੑ஋ͷ྆ํͷ؍఺͔ΒྖࡧݕҬΛޮՌతʹ͢ݮ࡟Δ͜ͱ͕Ͱ͖Δɽ͞ΒʹɼSKY-R
໦Λ֦ுͯ͠ɼଐੑ஋ؒͷྨࣅ౓Λߏྀͯ͠ߟங͢ΔɼS2KY-R໦΋ఏҊ͢Δɽ࣮݁ݧՌΑΓɼఏҊΠϯ
σοΫεߏ଄͸ɼೖग़ྗίετ͓Αͼؒ࣌ࢉܭΛݮ࡟Ͱ͖Δ͜ͱΛ֬ೝͨ͠ɽ

1. ͸͡Ίʹ

Ґஔଌྔ૷ஔͱҠಈ୺຤ͷීٴʹ൐͍ɼҐஔ৘ใΛྀߟ

ଟ͘ͷΞϓϦέʔγϣϯʹͱͬͯඞཁෆՄܽͱ͕ࡧݕͨ͠

ͳ͍ͬͯΔɽྫ͑͹ɼҐஔґଘιʔγϟϧαʔϏεͰ͋Δɼ

Yelp΍ Foursquare*1ͳͲ͕ྫͱͯ͋͛͠ΒΕΔɽ͜ΕΒͷ
αʔϏεͰ͸ɼҐஔ΍ᅂ޷ʹ߹ΘͤͨࡧݕΛϢʔβʹఏڙ

͍ͯ͠Δɽਤ 1ʹ͓͍ͯɼࠨͷάϥϑ͸ ͷσʔλΛؚݸ9
Ήۭؒʢ஍ཧతͳڑ཭ʣΛࣔ͠ɼӈͷද͸ͦΕͧΕͷσʔ

λͷ 2ͭͷଐੑ஋ʢ஋ஈͱਓؾʣΛࣔ͢ɽࢦఆҐஔ q͓Α

ͼϢʔβͷᅂ͕޷༩͑ΒΕͨ࣌ɼσʔλͱࢦఆҐஔͷڑ཭

͓Αͼᅂ޷Λྀͨ͠ߟଐੑ஋Λ΋ͱʹɼσʔλΛॱҐ෇͚

͢Δ.*2͜ͷͱ͖ɼϢʔβ͕ࢦఆ͢ΔҐஔ΍ɼϢʔβͷᅂ޷
ʢ஋ஈ͕ॏཁͳͲʣʹΑΓɼ࠷΋Α͍σʔλ͸มԽ͢Δɽ

ۙ೥ɼۭؒσʔλϕʔεʹ͓͚Δ Top-kࡧݕ͸ɼසൟʹ
Ε͍ͯΔ͞ڀݚ ([3], [4]ͳͲ)ɽຊߘͰ͸ɼจݙ [12]Ͱఆٛ
͞Ε͍ͯΔɼҐஔͱଐੑ஋ʹ͍ͯͮجσʔλΛॱҐ෇͚͢

ΔɼҐஔґଘ Top-kࡧݕʹண໨͢ΔɽҐஔґଘ Top-kࡧݕ
Ͱ͸ɼϢʔβ͸ɼࡧݕσʔλ਺ kɼࢦఆҐஔ qɼ͓Αͼᅂ

ఆ͢Δɽͭ·ΓɼҐஔґଘࢦΛ޷ Top-kࡧݕ͸ɼ“σʔλͱ
qͷڑ཭”ͱ “Ϣʔβͷᅂ޷ʹ߹Θͤͨଐੑ஋”ʹ͍ͯͮج

1 େࡕେֶ৘ใՊֶڀݚՊϚϧνϝσΟΞֶ޻ઐ߈
2 Pennsylvania State University
a) sasaki.yuya@ist.osaka-u.ac.jp
b) wlee@cse.psu.edu
c) hara@ist.osaka-u.ac.jp
d) nishio@ist.osaka-u.ac.jp
*1 http://www.yelp.com/ɼ͓Αͼ https://foursquare.com/
*2 ͜ͷྫͰ͸ɼখ͍͞ଐੑ஋ΛΑΓΑ͍΋ͷͱ͢Δɽ

o1
o2

o3

o5

o6q

x

y

o7

o9
o8

o4

0.5

0.5

0

price rating
o1 0.1 1.0
o2 0.8 0.1
o3 0.3 0.8
o4 0.3 0.4
o5 0.9 0.3
o6 0.2 0.7
o7 0.3 0.3
o8 0.6 0.2
o9 0.6 0.6

1.0

1.0

ਤ 1: σʔλͱࢦఆҐஔΛؚΉۭ͓ؒΑͼσʔλͷଐੑ஋

σʔλΛείΞ෇͚͠ɼ্Ґ kݸͷείΞͱͳΔσʔλΛ

ฦ৴͢ΔɽྖࡧݕҬΛ͢ݮ࡟ΔͨΊʹ͸ɼσʔλͱͷڑ཭

ͱଐੑ஋͕ॏཁͱͳΔɽྫ͑͹ɼR໦ [5]ʹΑΓɼࢦఆҐ
ஔʹ࠷΋͍ۙσʔλΛ͠ࡧݕɼͦͷσʔλʹଐੑ஋ʹͮج

͍ͯείΞ෇͚͢Δ͜ͱ͕ՄೳͰ͋ΔɽΑΓޮ཰తͳํ๏

ͱͯ͠ɼMax aR໦ [8]͸ɼҐஔͱଐੑ஋ͷ྆ํΛಉ࣌ʹߟ
ྀ͠ͳ͕ΒɼྖࡧݕҬΛ͢ݮ࡟Δ͜ͱ͕ՄೳͰ͋Δɽ͔͠

͠ɼଐੑ஋ͷ৘ใ͕ෆਖ਼֬Ͱ͋ΔͨΊɼࠐߜΈͷਫ਼౓͸ͦ

Ε΄Ͳ͘ߴͳ͍ɽ

ຊߘͰ͸ɼҐஔґଘ Top-kࡧݕॲཧͷͨΊͷ৽͍͠Πϯ
σοΫεߏ଄ΛఏҊ͢Δɽ͜ͷఏҊΠϯσοΫεߏ଄͸ɼ

R໦ [5]ͱεΧΠϥΠϯ [1]Λجʹ͢ΔͨΊɼSKY-R໦ͱ
ΑͿɽR໦͸ۭؒσʔλϕʔεʹ͓͍ͯɼޮ཰తʹσʔλ
ΛࡧݕͰ͖ΔΠϯσοΫεߏ଄ͱͯ͠஌ΒΕ͍ͯΔɽҰ

ํɼεΧΠϥΠϯͰ͸ɼҐஔΛྀ͠ߟͳ͍ Top-kࡧݕʹ͓
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͍ͯɼεΧΠϥΠϯʹଐ͢Δσʔλ (εΧΠϥΠϯ఺)ͷΈ
఺͔Β؍΋είΞ͕Α͍σʔλͱͳΔͨΊɼଐੑ஋ͷ࠷͕

Δ͜ͱ͕ՄೳͰ͋ΔɽͦͷͨΊɼSKY-R͢ݮ࡟ҬΛྖࡧݕ
໦͸ɼҐஔͱଐੑ஋ͷ྆ํͷ؍఺͔ΒྖࡧݕҬΛ͢ݮ࡟Δ

͜ͱ͕ՄೳͰ͋ΔɽSKY-R໦Ͱ͸ɼͦΕͧΕͷϊʔυ͸ɼ
ͦͷϊʔυΛࠜͱ͢Δ෦෼໦ʹଐ͢ΔσʔλͷҐஔ৘ใ

͓ΑͼεΧΠϥΠϯू߹ͷ֓ཁΛอ͍࣋ͯ͠ΔɽΫΤϦॲ

ཧΞϧΰϦζϜͰ͸ɼҐஔ৘ใ͓ΑͼεΧΠϥΠϯू߹ͷ

֓ཁΑΓɼͦΕͧΕσʔλͷҐஔ͓Αͼଐੑ஋Λਪఆ͠ɼ

΂͖σʔλΛબఆ͢Δɽ͞ΒʹɼSKY-R໦Λ֦ு͢ࡧݕ
͠ɼଐੑ஋ؒͷྨࣅ౓Λߏྀͨ͠ߟ଄ɼS2KY-R໦ΛఏҊ͢
ΔɽSKY-R໦Ͱ͸ɼߏங࣌ʹҐஔ৘ใͷΈΛྀ͢ߟΔ͕ɼ
S2KY-R໦Ͱ͸ɼଐੑ஋ؒͷྨࣅ౓ͱҐஔΛྀ͢ߟΔͨΊɼ
༿ϊʔυ͕ͨࣅΑ͏ͳσʔλΛอ࣋͠΍͘͢ͳΓɼޮ཰త

ͳҐஔґଘ Top-kࡧݕॲཧΛ࣮͢ݱΔɽ࣮σʔλΛ༻͍ͨ
଄͸ɼೖग़ྗίετ͓ΑߏΑΓɼఏҊΠϯσοΫεʹݧ࣮

ͼؒ࣌ࢉܭʹ͓͍ͯɼޮ཰తʹҐஔґଘ Top-kࡧݕΛॲཧ
Ͱ͖Δ͜ͱΛ֬ೝ͢Δɽ

ҎԼͰ͸ɼ·ͣɼ2ɽʹ͓͍ͯɼ༧උ஌ࣝΛઆ໌͢Δɽͦ
ͷޙɼ3ɽ͓Αͼ 4ɽʹ͓͍ͯɼఏҊ͢ΔΠϯσοΫεߏ
଄ɼ͓Αͼ֦ுΠϯσοΫεߏ଄ʹ͍ͭͯɼͦΕͧΕઆ໌

͢Δɽͦͷޙɼ5ɽʹ͓͍ͯɼ࣮݁ݧՌΛࣔ͢ɽޙ࠷ʹɼ6ɽ
ʹ͓͍ͯɼؔ࿈ڀݚΛड़΂ɼ7ɽͰຊߘΛ·ͱΊΔɽ

2. ༧උ஌ࣝ

2.1 ໰୊ఆٛ

σʔλ o ∈ O͸ɼҐஔ৘ใ o.locͱଐੑ஋ o.attΛอ࣋͠
͍ͯΔɽo.loc͸ɼҢ౓ͱܦ౓ʹΑͬͯද͞ΕΔ ฏ໘ݩ2࣍
ͱ͠ɼo.att͸ d࣍ݩͷϕΫτϧ o.atti ∈ [0, 1](i = 1, · · · , d)
Ͱද͞ΕΔɽଐੑ஋͸ɼখ͍͞΄ͲΑ͍΋ͷͱ͢Δɽ֤

σʔλͷείΞ͸ɼΫΤϦ q ఆ͞ΕΔɽΫܾ͍ͯͮجʹ

ΤϦ q ͸ɼΫΤϦͷࢦఆҐஔ q.loc ͱॏΈ෇͚܎਺ q.w
ʢq.wi ≥ 0 (i = 1, · · · , d)ɼ͔ ͭ

∑d
i=1 q.wi = 1ʣͰߏ੒͞Ε

ΔɽΫΤϦ q ʹ͓͚Δɼσʔλ oͷείΞ score(q, o)͸ɼ

ҎԼͷࣜʹैͬͯ͞ࢉܭΕΔɽ

score(q, o) = α
D(q.loc, o.loc)

maxD

+(1− α)
∑d

i=1 q.wi · o.atti
maxA

. (1)

͜ͷࣜʹ͓͍ͯɼα ∈ [0, 1]͸ɼڑ཭ͱଐੑ஋ͷείΞ෇͚

ʹ͓͚ΔॏཁੑΛද͢ύϥϝʔλɼD(q.loc, o.loc)͸ qͱ o

ͷϢʔΫϦου্ۭؒͷڑ཭ɼ͓ΑͼmaxDͱmaxA͸

ਖ਼نԽͷͨΊͷ্ۭؒͷ࠷େڑ཭ͱଐੑ஋্ͷ࠷େڑ཭Λ

ͦΕͧΕࣔ͢ɽ͜ͷείΞϦϯάؔ਺ʹ͍ͯͮجɼҐஔґ

ଘ Top-kࡧݕΛҎԼͷΑ͏ʹఆٛ͢Δɽ

ఆٛ 1 (Ґஔґଘ Top-k .(ࡧݕ ΫΤϦ q ͓Αͼσʔλཁ

਺ٻ k ͕༩͑ΒΕͨͱ͖, Ґஔґଘ Top-k ࡧݕͷࡧݕ
݁Ռ TOPk(q) ͸ɼTOPk(q) ⊂ O, |TOPk(q)| = kɼ͔ͭ

∀oi, oj : oi ∈ TOPk(q), oj ∈ O − TOPk(q) ʹ͓͍ͯɼ

score(q, oi) ≤ score(q, oj)ͱͳΔ.

ຊߘͰͷڀݚ໨త͸ɼޮ཰Α͘ TOPk(q)Λ୳͢͜ͱͰ

͋Δɽ

ྫ: ਤ 1ʹ͓͍ͯɼΫΤϦΛ qʢq.loc={0.5, 0.5}, q.w={0.5,
0.5}ʣ, α = 0.5ɼ͓Αͼ k = 2ͱ͢ΔɽͦΕͧΕͷσʔλ

ͷείΞΛࣜ (1)Ͱ͢ࢉܭΔͱɼ1Ґ͓Αͼ 2Ґͷσʔλ
͸ɼo7 ͓Αͼ o4 ͱͳΔɽ

2.2 εΧΠϥΠϯ

Ґஔґଘ Top-kࡧݕͰ͸ɼσʔλͷείΞ͸Ґஔͱଐੑ
஋ʹΑܾͬͯఆ͢Δɽଐੑ஋ͷΈʹண໨ͨ͠৔߹ɼείΞ

Ϧϯάؔ਺͕୯ௐ૿ՃͰ͋ΔͨΊɼ1Ґͷσʔλ͸εΧΠ
ϥΠϯʹؚ·ΕΔ͜ͱ͕஌ΒΕ͍ͯΔɽҎԼʹɼεΧΠϥ

Πϯͷఆٛɼ͓Αͼ Top-kࡧݕͱͷؔ࿈Λड़΂Δɽ

ఆٛ 2 (εΧΠϥΠϯ). ͋Δσʔλ oi ∈ O͕ɼσʔλ oj ∈ O

ʹରͯ͠ɼશͯͷ࣍ݩͷଐੑ஋ʹ͓͍ͯ oi.att ≥ oj .attɼ͔

ͭগͳ͘ͱ΋ 1ͭͷ࣍ݩͷଐੑ஋ʹ͓͍ͯ oi.att > oj .att

ͱͳΔ৔߹ɼoi ͸ oj ʹυϛφϯτ͞Ε͍ͯΔͱ͍͏. εΧ
ΠϥΠϯू߹ SKY ⊆ O ͸ɼO ಺ͷ͍ͣΕͷ఺ʹ΋υϛ

φϯτ͞Ε͍ͯͳ͍σʔλू߹Ͱ͋Δɽ·ͨɼSKY ಺ͷ

σʔλΛεΧΠϥΠϯ఺ͱΑͿɽ

ఆཧ 1. είΞϦϯάؔ਺͕୯ௐ૿Ճͷ৔߹ɼ1Ґͷσʔλ
͸ඞͣεΧΠϥΠϯू߹ʹؚ·ΕΔɽ

ূ໌: ͋Δ఺ oxͱɼ఺ oxΛυϛφϯτ͢Δ఺ oyΛ͑ߟΔɽ

ͭ·Γɼશͯͷ࣍ݩͷଐੑ஋ʹ͓͍ͯ oy.atti ≤ ox.attiɼ͔

ͭগͳ͘ͱ΋ 1ͭͷ࣍ݩͷଐੑ஋ʹ͓͍ͯ oy.atti < ox.atti

͕੒Γཱͭɽ୯ௐ૿Ճؔ਺ f Ͱ͸ɼf(ox) > f(oy)͕ৗʹ

੒ཱ͢ΔɽͦͷͨΊɼଞͷ఺ʹυϛφϯτ͞Ε͍ͯΔ఺

͸ɼ্Ґ 1Ґͷσʔλʹؚ·ΕΔ͜ͱ͸ͳ͍ɽͭ·Γɼε
ΧΠϥΠϯू߹಺ͷσʔλͷΈ্͕Ґ 1ҐͷσʔλͱͳΓ
͑Δɽ!
εΧΠϥΠϯ఺ʹΑΓɼҐஔΛྀ͠ߟͳ͍ Top-kࡧݕʹ
͓͚Δ 1ҐͷσʔλΛ͢ࡧݕΔ͜ͱ͕Ͱ͖ΔɽͦͷͨΊɼ
εΧΠϥΠϯ͸ଐੑ஋ͷ؍఺͔ΒྖࡧݕҬΛ͢ݮ࡟Δ͜ͱ

͕ՄೳͰ͋Δɽ

ྫ: ਤ 2ʹ͓͚Δӈͷάϥϑ͸ɼਤ 1ʹ͓͚Δσʔλͷ
ଐੑ஋Λ ฏ໘ʹϓϩοτͨ͠΋ͷͰ͋Δɽྫ͑͹ɼݩ2࣍
o4 ͸ o7 ʹυϛφϯτ͞Ε͍ͯΔͨΊɼo4 ͸εΧΠϥΠϯ

఺ʹؚ·Εͳ͍ɽ͜ͷྫͰ͸ɼεΧΠϥΠϯ఺͸ o1ɼo2ɼ

o6ɼ o7ɼ͓Αͼ o8 ͱͳΔɽ

2.3 Max aR໦
Max aR໦ [8]͸ɼҐஔґଘ Top-kࡧݕॲཧʹ༻͍Δ͜ͱ
͕Ͱ͖ΔɽMax aR໦Ͱ͸ɼ֤ ϊʔυ͸ࢠଙϊʔυͷҐஔ৘

ใͱଐੑ஋৘ใͷ֓ཁΛอ͍࣋ͯ͠Δɽ·ͣɼҐஔ৘ใͱ

ͯ͠ɼ֤ ϊʔυ͸ࣗ਎Λࠜͱ͢Δ෦෼໦ʹؚ·ΕΔσʔλΛ
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o1
o2

o3

o5

o6

o7

o9

o1

o2

o3

o4
o5

o6

o.att1

o7 o8

o9

o.att2

o8

0.5

0.5

R7

R1

R2

R3

R4

R5

R6o4

0.5

0.5

0 0

q

x

y
1.0

1.0

1.0

1.0

ਤ 2: ͱଐੑ஋ܗখۣ࠷

R5 R6

R1 R2 R3 R4

o1 o2 o3 o4 o5 o6 o8 o9o7

R7:

R5: R6:

R1: R2: R3: R4:

ਤ 3: R໦ʹ͓͚Δσʔλߏ଄

ද 1: Max aR໦ʹ͓͚Δ֤ϊʔυ͕อ࣋͢Δଐੑ஋৘ใ
Node Best value
R7 (R5:0.1,0.1), (R6:0.2,0.2)
R6 (R3:0.2,0.3), (R4:0.6,0.2)
R5 (R1:0.1,0.1), (R2:0.3,0.4)
R4 (o7:0.3,0.3), (o8:0.6,0.2), (o9:0.6,0.6)
R3 (o5:0.9,0.3), (o6:0.2,0.7)
R2 (o3:0.3,0.8), (o4:0.3,0.4)
R1 (o1:0.1,1.0), (o2:0.8,0.1)

શͯแؚ͢Δ࠷খۣܗMinimum Bounding Rectangle (MBR)
Λอ͍࣋ͯ͠ΔɽՃ͑ͯɼ֤ϊʔυ͸ࣗ਎Λࠜͱ͢Δ෦෼

໦ʹؚ·ΕΔσʔλͷଐੑ஋ͷ֤࣍ݩʹ͓͚Δ࠷খ஋Λอ

͍࣋ͯ͠ΔɽMax aR໦͸ɼҐஔͱଐੑ஋ʹΑͬͯྖࡧݕ
ҬΛ͢ݮ࡟Δ͜ͱ͕Ͱ͖Δ͕ɼ֤ϊʔυ͸ࢠଙσʔλͷ֤

ଙࢠʹ࣌ࡧݕখ஋ͷଐੑ஋Λอ͍࣋ͯ͠ΔͨΊɼ࠷ͷݩ࣍

σʔλͷ࣮ࡍͷଐੑ஋ΑΓΑ͍είΞΛਪఆͯ͠͠·͏ɽ

ͦͷͨΊɼଐੑ஋ͷ؍఺͔ΒͷࠐߜΈͷਫ਼౓͸ɼͦΕ΄Ͳ

ͳ͍ɽ͘ߴ

ྫ: ਤ 3͸ɼਤ 1ʹ͓͚Δ ͷσʔλʹ͓͚ΔMaxݸ9 aR
໦ͷߏ଄ɼ͓Αͼਤ 2͸MBRͱଐੑ஋Λද͢ɽ·ͨɼද 1
͸ɼதܧϊʔυʹ͓͚Δ࠷খଐੑ஋৘ใɼ͓Αͼ༿ϊʔυ

ʹ͓͚Δσʔλͷଐੑ஋৘ใΛࣔ͢ɽ͜ͷྫͰ͸ɼR5͕
อ͍࣋ͯ͠Δ R1ͷ࠷খଐੑ஋͸ɼ(R1:0.1, 0.1)Ͱ͋Δ͕ɼ
R1͕࣮ࡍʹอ͍࣋ͯ͠Δσʔλͷଐੑ஋͸ɼ(o1:0.1, 1.0)
͓Αͼ (o2:0.8, 0.1)Ͱ͋Δɽ͜ΕΒͷ஋͸ R5͕อ͍࣋ͯ͠
Δ΋ͷͱେ͖͘཭Ε͍ͯΔɽ

3. R໦ͱεΧΠϥΠϯΛ૊Έ߹ΘͤͨΠϯσο
Ϋεߏ଄

ຊઅͰ͸ɼR໦ͱεΧΠϥΠϯΛ૊Έ߹ΘͤͨΠϯσο
Ϋεߏ଄ SKY-R໦ɼ͓ΑͼҐஔґଘ Top-kࡧݕॲཧΞϧ

ΰϦζϜʹ͍ͭͯઆ໌͢Δɽ

3.1 SKY-R໦
SKY-R໦͸ɼجຊతʹ R໦ͱಉ͡ߏ଄͕ͩɼ֤ϊʔυ͸
εΧΠϥΠϯ఺Λอ͍࣋ͯ͠Δɽ

SKY-R໦͸ɼଐੑ஋ʹΑΔྖࡧݕҬͷݮ࡟Λ໨తͱ͢
Δɽ֤ϊʔυ͕ࣗ਎ͷશͯͷࢠଙσʔλͷଐੑ஋৘ใΛอ

࣋͢Ε͹ɼྖࡧݕҬΛେ෯ʹ͢ݮ࡟Δ͜ͱ͕ՄೳͰ͋Δɽ

͔͠͠ɼR໦Ͱ͸ɼσΟεΫʹର͢Δೖग़ྗ਺ʢೖग़ྗͷ
ίετʣΛ཈੍͢ΔͨΊɼ1ͭͷϊʔυʹରͯ͠ɼ1ճͷ
ೖग़ྗͰશͯͷࢠϊʔυͷ৘ใΛऔಘͰ͖ΔΑ͏ʹࢠϊʔ

υͷ਺੍͕͞ݶΕ͍ͯΔɽͭ·Γɼϊʔυ͕อ࣋͢Δ৘ใ

ͷαΠζʹԠͯ͡ࢠϊʔυͷ਺͕มԽ͢ΔͨΊɼ֤ϊʔυ

͕อ࣋͢Δ৘ใྔ͕ଟ͗͢Δ৔߹ɼޮ཰͕௿Լ͢Δɽͦͷ

ͨΊɼͲͷΑ͏ͳ৘ใΛอ࣋͢Δ͔͕ɼޮ཰తʹҐஔґଘ

Top-kࡧݕΛॲཧ͢Δ্ͰॏཁͱͳΔɽอ࣋͢Δ৘ใʹ͓
͚Δ৚݅͸ɼਖ਼֬ͳ݁ՌΛอূ͢Δ͜ͱɼ͞Βʹখ͍͞α

ΠζͰྖࡧݕҬΛ͢ݮ࡟Δ͜ͱͰ͋Δɽͦ͜ͰɼεΧΠϥ

Πϯ఺͸σʔλͷ݁ՌΛอূͰ͖ɼ͔ͭྖࡧݕҬΛݮ࡟Ͱ

͖ΔͨΊɼSKY-R໦ͷ֤ϊʔυ͸ɼεΧΠϥΠϯ఺Λอ࣋
͢Δɽ

Ґஔґଘ Top-k ॲཧͰ͸ɼεΧΠϥΠϯ఺͸ඇৗࡧݕ
ʹ༗ӹͰ͋Δ͕ɼεΧΠϥΠϯ఺ͷ਺Λ੍ޚͰ͖ͳ͍ͱ

͍ͬͨ໰୊͕͋Δɽ΋͠εΧΠϥΠϯ఺ͷ਺͕ଟ͘ͳΔͱɼ

ϊʔυ͕อ࣋͢Δ৘ใྔ͕େ͖͘ͳΓɼೖग़ྗͷίετ͕

େ͖͘ͳͬͯ͠·͏ɽͦ͜ͰɼSKY-R໦Ͱ͸ɼ֓ཁεΧΠ
ϥΠϯ [13]ʹΑΓɼεΧΠϥΠϯ఺ͷ਺Λ੍ͭͭ͠ݶɼ݁
ՌΛอূ͢ΔɽεΧΠϥΠϯ఺ͷ਺͕࠷େεΧΠϥΠϯ఺

ͷ਺ |SKY |Λ௒͑ͨ৔߹ɼҎԼͷॲཧʹΑΓεΧΠϥΠ
ϯ఺Λू໿͢Δɽ

ͷޮ཰ੑ͕ଛͳΘΕͳ͍Α͏ʹɼ֓ཁεΧݮ࡟Ҭྖࡧݕ

ΠϥΠϯʢΞϧΰϦζϜ 1ʣͰ͸ɼ·ͣશͯͷεΧΠϥΠ
ϯ఺ͷத͔Β |SKY ͷ୅දεΧΠϥΠϯ఺Λબ୒͢Δɽݸ|
·ͣɼΤϯτϩϐʔ͕࠷΋খ͍͞εΧΠϥΠϯ఺Λ୅දε

ΧΠϥΠϯͱ͢Δʢ1ߦ໨ʣɽͦͷޙɼଞͷ୅දεΧΠϥΠ
ϯ఺ͱͷڑ཭͕࠷େͱͳΔεΧΠϥΠϯ఺Λ୅දεΧΠϥ

Πϯ఺ͱ͢Δʢ2͔Β ֎໨ʣɽ୅දεΧΠϥΠϯ఺Ҏߦ4
ͷεΧΠϥΠϯ఺ΛɼͦͷεΧΠϥΠϯ఺ͱͷڑ཭͕࠷খ

ͱͳΔ୅දεΧΠϥΠϯ఺ʹׂΓ౰ͯΔʢ5͔Β ໨ʣɽߦ8
ɼಉ͡୅දεΧΠϥΠϯ఺ʹׂΓ౰ͯΒΕͨ఺Λूʹޙ࠷

໿͠ʢ֤࣍ݩͰ࠷খͷଐੑ஋Λબ୒ʣɼ“Ծ૝εΧΠϥΠϯ
఺”Λ࡞੒͢Δʢ10͔Β ໨ʣɽ֓ཁεΧΠϥΠϯʹΑߦ12
ΓɼεΧΠϥΠϯ఺਺ΛޮՌతʹ͢ݮ࡟Δ͜ͱ͕Ͱ͖Δɽ

SKY-R໦Ͱ͸ɼ֤༿ϊʔυ͸ΤϯτϦ (o, o.loc, o.att)Λ
อ࣋͠ɼҰํɼ֤ தܧϊʔυ͸ΤϯτϦ (np, rectangle, sp)Λ
อ࣋͢Δɽnp͸ࢠϊʔυ΁ͷϙΠϯλɼrectangle͸MBRɼ
͓Αͼ sp͸εΧΠϥΠϯ఺Λද͢ɽ
ྫ: ਤ 3͸ɼਤ 1ʹ͓͚Δ SKY-R໦Λද͢ɽΠϯσοΫ
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Algorithm 1 Abstract skyline
Input: SKY and |SKY |
Output: SKY

1: p1← argmin∀p∈SKY (
∑d

i=1 ln (p.atti + 1))
2: for ∀pi:i = 2, · · · , |SKY | do
3: pi ←max∀p∈SKY −p1,··· ,pi−1dist(p, {p1, · · · pi−1})
4: end for
5: for ∀p ∈ SKY do
6: i←argmin∀pi∈[1,|SKY |] dist(p, pi)
7: Ci ← Ci ∪ {p}
8: end for
9: for 1 ≤ i ≤ |SKY | do
10: for 1 ≤ i ≤ d do
11: q.attj ←min∀p′∈Ci (p′.attj )
12: end for
13: SKY ← SKY ∪ q

14: end for

εߏ଄͸ɼR໦ͱಉ͡Ͱ͋Δ͕ɼ֤ ϊʔυ͕อ࣋͢Δ৘ใ͕

ҟͳΔɽ͜͜Ͱ͸ɼ࠷େεΧΠϥΠϯ఺਺Λ 2ͱ͢Δɽද
2͸ɼ֤ தܧϊʔυ͕อ࣋͢ΔεΧΠϥΠϯ఺ɼ͓ Αͼ֤༿

ϊʔυอ࣋͢Δଐੑ஋৘ใΛࣔ͢ɽྫ͑͹ɼR5ʹ͓͚Δε
ΧΠϥΠϯ఺͸ 3ͭ (<0.1,1.0>, <0.8,0.1>, <0.3,0.4>)͋
Δ͕ɼR7͸ 2ͭͷεΧΠϥΠϯ఺͔͠อ࣋͢Δ͜ͱ͕Ͱ
͖ͳ͍ɽͦ͜ͰɼR7͸ <0.1,1.0>ͱ <0.3,0.4>Λू໿͠ɼ
Ծ૝εΧΠϥΠϯ఺ <0.1,0.4>Λ࡞੒͠ɼ<0.8,0.1>ͱͱ
΋ʹه࿥͢Δɽਤ 4Ͱ͸ɼઢ্ͷԁ͸ R7͕อ࣋͢Δ R5͓
Αͼ R6ʹ͓͚ΔεΧΠϥΠϯ఺ɼ͓Αͼਤ಺ͷനԁ͸Ծ
૝εΧΠϥΠϯ఺Λද͢ɽ

ද 2: ֤ϊʔυ͕อ࣋͢ΔεΧΠϥΠϯ఺
ϊʔυ εΧΠϥΠϯ఺

R7 (R5:<0.1,0.4>,<0.8,0.1>), (R6:<0.2,0.7>,<0.3,0.2>)
R6 (R3:<0.9,0.3>,<0.2,0.7>), (R4:<0.3,0.3>,<0.6,0.2>)
R5 (R1:<0.1,1.0>,<0.8,0.1>), (R2:<0.3,0.4>)
R4 (o7:0.3,0.3), (o8:0.6,0.2), (o9:0.6,0.6)
R3 (o5:0.9,0.3), (o6:0.2,0.7)
R2 (o3:0.3,0.8), (o4:0.3,0.4)
R1 (o1:0.1,1.0), (o2:0.8,0.1)

o1

o2

o3

o4
o5

o6

o7 o8

o9
0.5

0.50

R6

R5

o.att1

1.0

1.0

ਤ 4: R7͕อ࣋͢Δ R5ͱ R6ͷεΧΠϥΠϯ఺

࣍ʹɼSKY-R໦ͷߏஙํ๏ʹ͍ͭͯઆ໌͢Δɽجຊత
ʹɼR໦ [5]ͱߏஙํ๏͸ಉ༷ͰɼInsertΛ܁Γฦ͢ʢΞϧ
ΰϦζϜ 2ʣɽChooseLeafͱ Split͸ɼඪ४తͳ΋ͷͱಉ
͡ํ๏Ͱ͏ߦɽChooseLeaf͸ɼ৽͍͠σʔλΛϊʔυʹ

௥Ճͨ͠৔߹ʹɼMBRͷ૿Ճ͕࠷খͱͳΔͱ༿ϊʔυΛ
બ୒͢Δؔ਺ɼ͓Αͼ Split͸ɼϊʔυΛMBR͕࠷΋཭Ε
ΔΑ͏ʹ 2ͭͷϊʔυʹ෼ׂ͢Δؔ਺Ͱ͋Δɽ

Algorithm 2 Insert algorithm
1: N ← ChooseLeaf(data)
2: Add data toN
3: if exceed maximum number of child nodes ofN then
4: {N1, N2}←N .Split()
5: ifN is root then
6: Initialize new rootNR and addN1 andN2 toNR

7: else
8: Ascend fromN to root, and update MBR and skyline points
9: end if
10: else ifN is not root then
11: Update the MBR and skyline points of the ancestor node ofN
12: end if

ΞϧΰϦζϜʹ͓͚ΔɼR໦ͱ SKY-R໦ͷҧ͍͸ɼ૆
ઌϊʔυͷεΧΠϥΠϯ఺Λߋ৽͢Δ఺Ͱ͋Δʢ11ߦʣɽ
ϊʔυ͕อ࣋͢ΔεΧΠϥΠϯ఺͕ |SKY |Λ௒͑ͨ৔߹ɼ
ΞϧΰϦζϜ 1ʹΑΓεΧΠϥΠϯ఺ͷ਺ΛݮΒ͢ɽ

3.2 Ґஔґଘ Top-kࡧݕॲཧ
Ґஔґଘ Top-kࡧݕॲཧͰ͸ɼbest-firstࡧݕΞϧΰϦζ
Ϝʢจݙ [6]ͳͲʣΛ༻͍Δɽbest-firstࡧݕΞϧΰϦζϜ
Ͱ͸ɼώʔϓ಺Ͱ࠷΋খ͍͞είΞͷΤϯτϦ͔Βॱʹݕ

ΔɽσʔλͷείΞ͸ࣜ͢ࡧ (1)ʹΑͬͯఆٛ͞Ε͍ͯΔɽ
͜͜Ͱ͸ɼϊʔυ N ͷείΞΛҎԼͷࣜͰఆٛ͢Δɽ

score(q,N) = α
MinD(q.loc,N.MBR)

MaxD

+(1− α)argmin∀p∈N.sp

∑d
i=1 q.wi · p.atti

MaxA
. (2)

MinD(q.loc,N.MBR)͸ɼq.locͱ N ͷMBR ͷ࠷খڑ

཭Λࣔ͢ɽࣜ (2)ʹΑΓɼN ͷࢠଙσʔλͷ͏ͪ࠷খͷε

ίΞͱͳΓ͏ΔείΞΛ͢ࢉܭΔɽ

ΞϧΰϦζϜ 3ʹ͓͍ͯɼMINHEAP͸ɼ֨ೲ͍ͯ͠Δ
σʔλͱϊʔυΛείΞͷঢॱʹιʔτ͍ͯ͠ΔώʔϓͰ

͋ΔɽͦͷͨΊɼMINHEAPͷઌ಄ͷཁૉ͕σʔλͷ৔߹ɼ
είΞ͕࠷খͷσʔλͱͳΔʢ4͔Β ໨ʣɽTOPk(q)ߦ9

ʹ֨ೲ͍ͯ͠Δσʔλ਺͕ kͱͳͬͨͱ͖ɼॲཧΛऴྃ͢

Δʢ6ߦʣɽ͜͜Ͱɼσʔλ͓ΑͼϊʔυΛMINHEAPʹૠ
ೖ͢ΔࡍɼMINHEAP಺ͷσʔλͷείΞ͕ૠೖ༧ఆͷ΋
ͷΑΓখ͍͞΋ͷ͕ɼ(k − TOPk(q))͋ݸΔ৔߹ɼૠೖΛ
໨ʣɽMINHEAP಺ͷσʔλ͓ΑͼϊʔυߦΘͳ͍ʢ11ߦ
ͷ਺Λ͢ݮ࡟Δ͜ͱʹΑΓɼιʔτͷͨΊͷؒ࣌ࢉܭΛ࡟

Δ͜ͱ͕Ͱ͖Δɽ͢ݮ

ྫ: ਤ 1ʹ͓͍ͯɼΫΤϦΛ qʢq.loc={0.5, 0.5}, q.w={0.5,
0.5}ʣ, α = 0.5ɼ͓Αͼ k = 2ͱ͢Δɽϊʔυ͓Αͼσʔ

λͷείΞΛɼͦΕͧΕࣜ (2)ɼ͓Αͼࣜ (1)Ͱ͢ࢉܭΔɽ
্Ґ 2ҐͷσʔλΛ͢ࡧݕΔ৔߹ʹ͓͚Δɼώʔϓ಺ͷཁ
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Algorithm 3 Search algorithm
Input: k, q and index structure
Output: TOPk(q)

1: MINHEAP.insert(root, 0)
2: while MINHEAP.size() ̸= 0 do
3: N ← MINHEAP.first()
4: ifN is object then
5: TOPk(q).insert(N )
6: if |TOPk(q)| ≥ k then
7: return TOPk(q)

8: end if
9: else
10: for ∀ni ∈ N.entry do
11: if number of data with smaller score in MINHEAP than

score(q, ni) < (k − |TOPk(q)|) then
12: ifN is leaf node then
13: MINEHEAP.insert(Data, score(q, ni))
14: else
15: MINHEAP.insert(Node, score(q, ni))

//If score is a same value, a smaller MBR is better.
16: end if
17: end if
18: end for
19: end if
20: end while

ૉΛτϨʔεͨ͠΋ͷΛҎԼʹࣔ͢ɽ

( 1 ) MINHEAP{(R7,0)}ɽ
( 2 ) MINHEAP{(R5,0.3),(R6,0.3)}ɽ
( 3 ) MINHEAP{(R6,0.25),(R2,0.453),(R1,0.5846)}ɽ
( 4 ) MINHEAP{(R4,0.412),(R2,0.556),(R1,0.719),(R3,0.719)}ɽ
( 5 ) MINHEAP{(o7,0.4118),(R2,0.556),(o8,0.615),(R1,0.719),

(R3,0.719)}. //(o9, 0.853) ͸ɼMINHEAP ʹૠೖ͞Ε
ͳ͍ɽ

( 6 ) o7 Λ݁ࡧݕՌʹૠೖɽ
( 7 ) MINHEAP{(R2,0.556),(o8,0.615),(R1,0.719),(R3,0.719)}ɽ
( 8 ) MINHEAP{(o4,0.556),(o8,0.615),(R1,0.719),(R3,0.719)}.

//(o3, 0.904)͸ɼMINHEAPʹૠೖ͞Εͳ͍ɽ
( 9 ) o4 Λ݁ࡧݕՌʹૠೖ;ऴྃɽ
͜ͷྫͰ͸ɼ࣮֬ʹ݁ࡧݕՌʹೖΒͳ͍σʔλΛ͢ࡧݕ

Δ͜ͱͳ͘ɼਤ 3ʹ͓͚Δ໦ͷҰ෦ͷΈΛ͢ࡧݕΔ͜ͱʹ
ΑΓɼਖ਼֬ͳ݁ࡧݕՌΛऔಘͰ͖Δɽ

4. ֦ுΠϯσοΫεߏ଄

SKY-R ໦͸ɼR ໦ͱಉ༷ͷߏஙํ๏Λ༻͍ΔͨΊɼߏ
ங࣌ʹσʔλͷҐஔͷΈΛྀ͢ߟΔɽ͔͠͠ɼσʔλͷଐ

ੑ஋΋Ґஔͱಉ༷ʹྖࡧݕҬͷݮ࡟ʹ༗ޮͰ͋ΔͨΊɼΠ

ϯσοΫεߏ଄ͷߏங࣌ʹྀ͢ߟ΂͖ཁૉͰ͋Δɽͦ͜

Ͱɼߏங࣌ʹଐੑ஋ؒͷྨࣅ౓΋ྀߟʹ͍ΕͨɼS2KY-R໦
(similarity skyline R໦)ΛఏҊ͢Δɽ

4.1 S2KY-R໦
S2KY-R໦͸ɼSKY-R໦ͱಉ༷ʹɼ֤ϊʔυ͸εΧΠϥ

Πϯ఺Λอ͍࣋ͯ͠Δ͕ɼߏங࣌ʹྀ͢ߟΔ఺͕ҟͳΔɽ

ͭ·ΓɼΞϧΰϦζϜ 2ʹ͓͚ΔɼChooseLeafͱ Split͕
ҟͳΔɽ۩ମతʹ͸ɼSKY-R໦ʢR໦ [5]΋ಉ༷ʣͰ͸ɼ
MBRͷ໘ੵͷΈΛྀ͢ߟΔ͕ɼS2KY-R໦Ͱ͸ɼσʔλΛ
ૠೖ͢ΔࡍɼMBRͷ໘ੵͱଐੑ஋ؒͷྨࣅ౓Λྀ͢ߟΔɽ
·ͣɼChooseLeafʹ͓͍ͯɼ৽͍͠σʔλʹରͯ͠ૠೖ
ύεΛద੾ʹܾఆ͢ΔͨΊʹɼࡏݱͷϊʔυ͔ΒͲͷࢠ୺

຤Λબ୒͢Δ͔ΛҎԼͷΑ͏ʹܾఆ͢Δɽ

ͷϊʔυͷࡏݱ pݸͷΤϯτϦ E1, · · · , Epɼ͓Αͼૠೖ

͞ΕΔσʔλ oΛ͑ߟΔɽR໦Ͱ͸ɼMBRͷ૿Ճ෼ΛҎ
ԼͷࣜͰ͢ࢉܭΔɽ

AreaIncrease(o,Ex) = Area(o+Ex)−Area(Ex) (3)

Area(x)͸ɼxΛؚΉMBRͷ໘ੵɼEx (1 ≤ x ≤ p)͸ɼݱ
ͷϊʔυͷΤϯτϦΛද͢ɽΑΓখ͍͞ࡏ AreaIncrease

͸ɼ৽͍͠σʔλ͕ࢠϊʔυͷࢠଙσʔλʹڑ཭తʹ͍ۙ

͜ͱΛҙຯ͢Δɽ

S2KY-R໦͸ɼҎԼͷఆٛʹ͍ͯͮجɼଐੑ஋ؒͷྨࣅ
౓Λ͢ࢉܭΔɽ

ఆٛ 3 (ଐੑ஋ؒͷྨࣅ౓). ౓͸ɼ৽͘͠ૠೖ͞ΕΔࣅྨ
σʔλͷଐੑ஋ͱΤϯτϦ Ex ͷεΧΠϥΠϯ఺ͱͷ࠷খ

཭ͱ͢Δɽڑ

Similarity(o,Ex) = min
∀p∈Ex.sp

dist(o.att, p). (4)

dist(x, y)͸ɼଐੑ஋ xͱ yͷڑ཭Λࣔ͢ɽ

ɼAreaIncreaseʹޙ࠷ ͱ Similarity ͷ߹ܭʹΑΓɼ

IncreaseΛ͢ࢉܭΔɽ

Increase(o,Ex) = β
AreaIncrease(o,Ex)

MaxArea

+ (1− β)Similarity(o,Ex)

MaxSim
. (5)

MaxAreaͱMaxSim͸ɼਖ਼نԽͷͨΊͷશମͷྖҬ͓

Αͼ࠷େͷྨࣅ౓ɼβ͸ύϥϝʔλͱͳΔɽIncrease͕࠷

খͱͳΔϊʔυ͸ɼڑ཭͕ۙ͘ɼଐੑ஋͕ྨ͍ͯ͠ࣅΔͨ

Ίɼ࣍ͷϊʔυͯ͠બ͹ΕΔɽ͜ͷࢉܭ͸ɼ༿୺຤ʹ͖ߦ

ண͘·Ͱଓ͚ΒΕΔʢΞϧΰϦζϜ 4ʣɽ͜͜Ͱɼβ ͕ 1ͷ
৔߹ɼS2KY-R໦͸ SKY-R໦ͱಉ͡ʹͳΔɽ

Algorithm 4 ChooseLeaf algorithm
1: N ← root
2: while 1 do
3: ifN is leaf node then
4: returnN
5: end if
6: N ← np in the entry inN with the smallest increase
7: end while

͞ΒʹɼSplitʹ͓͍ͯɼεΧΠϥΠϯू߹ؒͷڑ཭ΛҎ
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ԼͷࣜͰఆٛ͢Δɽ

Sdist(SKYA, SKYB) =

∑
p∈SKYA

min∀q∈SKYB dist(p, q)

|SKYA|+ |SKYB |

+

∑
q∈SKYB

min∀p∈SKYA dist(q, p)

|SKYA|+ |SKYB |
. (6)

͜ͷࣜ͸ɼεΧΠϥΠϯؒͷ࠷খͷڑ཭ͷฏۉΛ͢ࢉܭΔɽ

Sdist(x, y)͕খ͍͞৔߹ɼεΧΠϥΠϯू߹ xͱ yͷڑ཭

͕͍ۙ͜ͱΛද͢ɽ

Algorithm 5 Split algorithm
1: for ∀ pair of Ei and Ej in entries do
2: dij ← area(Ei + Ej) − area(Ei) − area(Ej)

3: simij ← Sdist(SKYEi ,SKYEj )
4: difij = βdij + (1− β)simij

5: end for
6: Choose the pair with the largest dif value to be the first elements of
the two group

7: while not all entries inN belong a group do
8: if one group needs to include all remaining entries then
9: Assign all remaining entries to it and break
10: end if
11: Calculate Increase for all remaining entries to two groups
12: Choose the entry with the largest Increase and add it to the other

group
13: end while

ΞϧΰϦζϜ 5Ͱ͸ɼ·ͣɼ2ͭͷΤϯτϦΛ࠷ॳͷཁ
ૉͱͯ͠બ୒͢Δʢ1͔Β ໨ʣɽଞͷΤϯτϦ͸Ͳͪߦ6
Β͔ͷάϧʔϓʹׂΓ౰ͯΒΕΔ͕ɼIncrease͕େ͖͍Τ

ϯτϦͷׂΓ౰ͯΛ๷͙ͨΊʹɼ࠷େͷ IncreaseΛ΋ͭ

ΤϯτϦΛ΋͏ยํͷάϧʔϓʹׂΓ౰ͯΔʢάϧʔϓ͕

2ͭ͋ΔͨΊɼ֤ΤϯτϦ͸ 2ͭͷ IncreaseΛ΋ͭʣʢ11
͔Β ໨ʣɽ͞Βʹɼยํͷάϧʔϓ΁ͷภΓΛ๷͙ͨߦ12
Ίɼ࠷খͷࢠϊʔυ਺Λࣄલʹܾఆ͓ͯ͘͠ʢجຊతʹɼ

ϊʔυ਺ͷ൒෼ͱͳΔʣʢ8͔Βࢠେ࠷ ໨ʣɽߦ9
ྫ: ਤ 5͸ɼਤ 1ʹ͓͍ͯɼS2KY-R໦Λߏஙͨ͠ࡍͷ֤
ϊʔυͷ MBRΛද͢ɽ͜ͷྫͰ͸ɼo4 ͱ o7 Δ͍ͯࣅ͕

ଐੑ஋Λ΋ͭͨΊɼಉ͡ϊʔυ R3ʹอ࣋͞ΕΔɽ

o1
o2

o3

o5

o6q
o7

o8o9

o4

0.50

0.5

R1

R2

R3

R4

R5

R6

R7

x

y
1.0

1.0

ਤ 5: S2KY-R໦ʹ͓͚Δ࠷খۣܗ

4.2 ॲཧࡧݕ

S2KY-R໦ʹ͓͍ͯ΋ɼΞϧΰϦζϜ 3Λ༻͍ͯҐஔґ
ଘ Top-kࡧݕΛॲཧ͢Δɽ
S2KY-R໦Ͱ͸ɼ༿ϊʔυ͕ΑΓ͍ͯࣅΔσʔλΛอ࣋
͠΍͘͢ͳΔɽͦΕʹΑΓɼείΞ͕ൺֱతখ͍͞ʢ্Ґ

kҐͱ͸ݶΒͳ͍ʣkݸͷσʔλΛMINHEAPʹ SKY-R໦
ΑΓૣ͘ૠೖ͠΍͘͢ͳΔͨΊɼMINHEAP಺ͷσʔλ਺
͓Αͼϊʔυ਺͕গͳ͘ͳΔɽ݁Ռͱͯ͠ɼ࡟͕ؒ࣌ࢉܭ

ΕΔɽ͞ݮ

5. ੑೳධՁ

ҐஔґଘTop-kࡧݕॲཧʹ͓͚ΔɼSKY-R໦͓ΑͼS2KY-
R໦ͷੑೳΛධՁ͢Δɽ·ͨɼൺֱख๏ͱͯ͠ɼMax aR໦
Λ༻͍Δɽ

σʔληοτɽσʔλͷҐஔ৘ใͱͯ͠ɼ࣮σʔλͱਓ

σʔλΛ༻͍Δɽ࣮σʔλ͸ɼFoursqure͔Βநग़ͨ͠޻
10km×10kmͷ౦ژͷࢪઃɼ͓Αͼਓ޻σʔλ͸Ұ༷෼෍
͓ΑͼΫϥελ෼෍ͱͳΔʢਤ σʔλͷଐ޻রʣɽਓࢀ6
ੑ஋ͱͯ͠ɼd࣍ݩͷҰ༷෼෍͓Αͼඇ૬ؔ෼෍Λ༻͍Δɽ

࣮σʔλͷ Foursquare͔Βநग़ͨ͠σʔλʹ͸ɼଐੑ஋͕
෇༩͞Εͯͳ͔ͬͨͨΊɼҰ༷෼෍ଐੑ஋Λ༩͑ͨɽ

࣮σʔλ͸ σʔλ͸޻ɼ͓Αͼਓݸ45,219 ͷݸ100,000
σʔλ͕ଘ͢ࡏΔɽ

!

!"#

!"$

!"%

!"&

'

! !"# !"$ !"% !"& '

(a)࣮σʔλ

!

!"#

!"$

!"%

!"&

'

! !"# !"$ !"% !"& '

(b)Ϋϥελ෼෍

!

!"#

!"$

!"%

!"&

'

! !"# !"$ !"% !"& '

(c)Ұ༷෼෍

ਤ 6: Ґஔ৘ใ

ઃఆ. શͯͷΠϯσοΫε͸ɼϝϞϦ಺ʹଘ͠ࡏɼϖʔ
δαΠζΛ 4KBͱͨ͠ɽϊʔυͷαΠζ͸ɼSKY-R໦͓
Αͼ S2KY-R໦Ͱ͸ (16 + 4d · |SKY |)BɼMax aR໦Ͱ͸ɼ
(16+ 4d)BͱͳΔɽͭ·ΓɼSKY-R໦͓Αͼ S2KY-R໦ͷ
ϊʔυ਺͸ࢠେ࠷ ⌈4, 096/(16+ 4d · |SKY |)⌉ɼ͓ΑͼMax
aR໦ͷ࠷େࢠϊʔυ਺͸ ⌈4, 096/(16+4d)⌉ͱͳΔɽ·ͨɼ
SKY-R໦͓Αͼ S2KY-R໦ʹ͓͚Δɼ|SKY |ɼ͓ Αͼ βΛɼ

༧උ࣮ݧͷ݁ՌΑΓɼͦΕͧΕ 5ɼ͓Αͼ 0.8ͱ͢Δɽશͯ
ͷΞϧΰϦζϜΛ c++Ͱ࣮૷͠ɼIntel(R) Core(TM) i7-3770
CPU @ 3.40GHz with 8.00 GB RAM Λ౥͢ࡌΔαʔόʹ
Α࣮ͬͯͨ͠ݧɽ

͸ɼϥϯμϜͳΫΤϦʢq.locͱ͍͓ͯʹݧ࣮ q.w͕ϥϯ
μϜʣΛ ϊʔυ਺ʣࡧੜ੒͠ɼ“ೖग़ྗίετ”ʢ୳ݸ100
͓Αͼ ஋Λௐ΂ͨɽදۉͷฏ”ؒ࣌ࢉܭ“ 3͸ύϥϝʔλ
Λࣔ͠ɼଠࣈ͸σϑΥϧτ஋ͱ͢Δɽ

�$'"%ॹ��,/�+21-(� !&#উ�0.��)��*

�������������������	���
������
���
�����������
����



ද 3: ύϥϝʔλઃఆ
ύϥϝʔλ ஋

ཁٻσʔλ਺ k 1, 5, 10, 20, 50, 100
α 0, 0.2, 0.3, 0.4, ,0.6, 0.8, 1.0
਺ݩ࣍ d 1, 2, 3 , 4
Ґஔ৘ใ ࣮σʔλɼҰ༷෼෍ɼΫϥελ෼෍

ଐੑ஋৘ใ Ұ༷෼෍ɼඇ૬ؔ෼෍

5.1 ਓ޻σʔλ

·ͣɼਓ޻σʔλʹ͓͚Δ݁ՌΛɼਤ 7a͓Αͼ 7bʹࣔ
͢ɽ͜ΕΒͷਤʹ͓͍ͯɼ“LU”, “LC”, “AU”,͓Αͼ “AA”
͸ɼͦΕͧΕҰ༷෼෍Ґஔ৘ใɼΫϥελ෼෍Ґஔ৘ใɼ

Ұ༷෼෍ଐੑ஋ɼ͓Αͼඇ૬ؔ෼෍ଐੑ஋Λࣔ͢ɽSKY-R
໦͓Αͼ S2KY-R໦͸ɼMax aR໦ΑΓ΋ɼશͯͷ૊߹Θͤ
ʹ͓͍ͯɼੑߴೳͰ͋Δ͜ͱ͕Θ͔Δɽ͜ͷ݁ՌΑΓɼε

ΧΠϥΠϯ఺͕ྖࡧݕҬݮ࡟ʹ༗ޮͰ͋Δ͜ͱ͕Θ͔Δɽ

·ͨɼSKY-R໦͸ɼҰ༷෼෍ଐੑ஋ͷ৔߹ʹ͓͍ͯɼҰํɼ
S2KY-R໦͸ɼΫϥελ෼෍Ґஔ৘ใͷ৔߹ʹ͓͍ͯɼੑ
ೳ͕Α͘ͳΔɽ͜Ε͸ɼҐஔ৘ใͷΈΛ༻͍ΔΠϯσοΫ

εߏ଄ͷ৔߹ɼଐੑ஋ʹภΓͷͳ͍ํ͕༗ޮͰ͋ΓɼҰํɼ

ଐੑ஋ͷྨࣅ౓Λ༻͍ΔΠϯσοΫεߏ଄ͷ৔߹ɼҐஔʹ

ภΓͷ͋Δ΄͏͕༗ޮͰ͋ΔͨΊͰ͋Δɽ

0
50

100
150
200
250
300
350
400
450
500

LU+AU LC+AU LU+AA LC+AA
+ 

SKY-R

S2KY-R

Max aR

(a)ೖग़ྗίετ

0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09

0.1

LU+AU LC+AU LU+AA LC+AA

[s
ec

]

+ 

SKY-R

S2KY-R

Max aR

(b)ؒ࣌ࢉܭ

ਤ 7: Ґஔ৘ใͱଐੑ஋৘ใ෼෍ͷӨڹ

5.2 ࣮σʔλ

࣍ʹɼ࣮σʔλΛ༻͍ͨ৔߹ͷ݁ՌΛࣔ͢ɽ

k ͷӨڹɽ k ͷ૿Ճʹ൐͍ɼྖࡧݕҬ͕֦େ͢ΔͨΊɼ

ޮ཰తʹΫΤϦΛॲཧ͢Δ͜ͱ͕ॏཁͱͳΔɽਤ 8aɼ͓Α
ͼ 8bʹ kΛมԽͤͨ͞ͱ͖ͷධՁ݁ՌΛࣔ͢ɽSKY-R໦
͓Αͼ S2KY-R໦͸ɼશͯͷ k ʹ͓͍ͯɼMax aR໦ΑΓ
Α͍ੑೳΛ͍ࣔͯ͠Δɽೖग़ྗίετʹ͓͍ͯɼk ͕খ͞

͍৔߹ɼSKY-R໦͸ S2KY-R໦ΑΓখ͘͞ɼk͕େ͖͍৔

߹͸ɼS2KY-R໦ͷํ͕খ͍͞ɽ͜Ε͸ɼSKY-R໦ͷ৔߹
ͷ֤ϊʔυͷMBRͷํ͕ S2KY-R໦ͷ৔߹ΑΓখ͍ͨ͞
ΊɼS2KY-R໦ͷํ͕ྖࡧݕҬ͕एׯେ͖͘ͳͬͯ͠·͏
ͨΊͰ͋ΔɽҰํɼk͕େ͖͍৔߹Ͱ͸ɼS2KY-R໦Ͱ͸ɼ
Ұ౓ʹ݁ࡧݕՌʹೖΔσʔλΛऔಘ͠΍͍ͨ͢Ίɼೖग़ྗ

ίετ͕খ͘͞ͳΔɽ͞ΒʹɼS2KY-R໦Ͱ͸ɼؒ࣌ࢉܭ
͕ SKY-R໦ΑΓඇৗʹখ͍͞ɽ͜Ε͸ɼS2KY-R໦Ͱ͸ɼ
Ұ౓ͷ୳ࡧͰൺֱతείΞ͕Α͍σʔλΛMINHEAPʹૠ
ೖ͢ΔͨΊɼMINHEAP಺ʹૠೖ͞ΕΔσʔλ͓Αͼϊʔ

0
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100
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200
250
300
350
400
450

top1 top5 top10 top20 top50 top100
top-k

SKY-R

S2KY-R

Max aR

(a)ೖग़ྗίετ
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0.04

0.05

0.06

0.07

top1 top5 top10 top20 top50 top100

[s
ec

]

top-k

SKY-R

S2KY-R

Max aR

(b)ؒ࣌ࢉܭ

ਤ 8: kͷӨڹ

υͷ਺͕ݮগ͠ɼ͢ݮ࡟͕ؒ࣌ࢉܭΔ͔ΒͰ͋Δɽ

αͷӨڹɽύϥϝʔλ α͸ɼϢʔβʹ͓͚ΔσʔλͷҐ

ஔͷॏཁੑΛද͓ͯ͠Γɼα͕େ͖͍΄ͲɼΑΓ͍ۙσʔ

λΛ༏ઌͯ͢͠ࡧݕΔɽਤ 9aɼ͓Αͼ 9bʹ αΛมԽͤ͞

ͨͱ͖ͷධՁ݁ՌΛࣔ͢. S2KY-R໦ͷੑೳ͸ɼα͕খ͍͞
ͱ͖ɼଞͷΠϯσοΫεߏ଄ΑΓ΋Α͍͕ɼα͕େ͖͍ͱ

͖ʹ͸ѱ͘ͳΔɽ͜Ε͸ɼS2KY-R໦͸ଐੑ஋Λྀ͢ߟΔ
͜ͱͰྖࡧݕҬΛݮ࡟Ͱ͖Δ͕ɼMBR͕एׯେ͖͘ͳͬ
ͯ͠·͏ͨΊͰ͋ΔɽΑͬͯɼα͕େ͖͘ͳΔʹͭΕͯɼ

ೖग़ྗίετ͕ঃʑʹ૿Ճ͢ΔɽҰํɼSKY-R໦͸ɼશͯ
ͷ αʹ͓͍ͯɼMax aR໦ΑΓΑ͍ੑೳΛࣔ͢ɽ͜Ε͸ɼ
SKY-R໦ͷํ͕ྖࡧݕҬΛΑΓݮ࡟Ͱ͖ΔͨΊͰ͋Δɽ

0

100

200

300

400

500

600

0 0.2 0.4 0.6 0.8 1
alpha

SKY-R

S2KY-R

Max aR

(a)ೖग़ྗίετ
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Max aR

(b)ؒ࣌ࢉܭ

ਤ 9: αͷӨڹ

dͷӨڹɽଐੑ஋ͷ࣍ݩ਺͕૿Ճ͢Δʹ൐͍ɼଐੑ஋ͷ

ଟ༷ੑ͕૿Ճ͢ΔɽͦͷͨΊɼଐੑ஋ʹΑΔྖࡧݕҬͷ࡟

೉͘͠ͳΔɽਤ͕ݮ 10aɼ͓Αͼ 10bʹ dΛมԽͤͨ͞ͱ

͖ͷධՁ݁ՌΛࣔ͢ɽSKY-R໦͓Αͼ S2KY-R໦͸ɼd͕

1ͷ৔߹Λআ͖ɼMax aR໦ΑΓੑೳ͕Α͍ɽd͕ 1ͷ৔߹ɼ
εΧΠϥΠϯ఺͸ৗʹ 1ͭͱͳΔͨΊɼσϑΥϧτ஋Λ 5
ͱ͍ͯ͠Δ SKY-R໦͓Αͼ S2KY-R໦͸ແବʹࢠϊʔυ
ͷ਺ΛݮΒͯ͠͠·͏ɽͦͷͨΊɼMax aR໦ͷํ͕ੑೳ
͕Α͘ͳΔɽd͕૿Ճ͢Δͱɼଐੑ஋ͷྨࣅ౓Λྀ͢ߟΔ

఺͕ΑΓ༗ޮʹಇͨ͘ΊɼS2KY-R໦ͷੑೳ͕Α͘ͳΔɽ

6. ؔ࿈ڀݚ

Top-kࡧݕɽTop-kࡧݕॲཧ͸෯͞ڀݚ͘޿Ε͍ͯΔ [7]ɽ
TaoΒ͸ [11]ɼbranch-and-boundΞϧΰϦζϜΛఏҊͯ͠
͍Δɽbranch-and-boundΞϧΰϦζϜ͸ɼR໦ [5]Λجͱ͠
ͯɼ࠷΋Α͍είΞͷՄೳੑ͕͋ΔσʔλΛอ࣋͢Δϊʔ

υΛ୳͢ࡧΔɽҰํɼσʔλͷλϓϧ͔Β֊૚ԽΠϯσο

ΫεΛߏங͠ɼগͳ͍֊૚ͷΈͷࡧݕʹΑΓ݁ՌΛอূ͢
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ਤ 10: dͷӨڹ
Δ Top-kࡧݕख๏΋ఏҊ͞Ε͍ͯΔ [2], [9]ɽ
͜ΕΒͷख๏͸ɼҐஔґଘ Top-kࡧݕॲཧʹ༻͍Δ͜ͱ
΋Ͱ͖Δ͕ɼඇޮ཰తͰ͋Δɽଐੑ஋ͷ্Ґ 1Ґͷσʔλ
Λ͠ࡧݕɼͦͷσʔλͷҐஔʹΑΔείΞΛ෇༩͢Δ͜ͱ

Λ܁Γฦ͢͜ͱʹΑΓɼ݁ࡧݕՌΛऔಘՄೳͰ͋Δ͕ɼࢦ

ఆҐஔ͔Βඇৗʹԕ͍σʔλΛͯ͠͠ࡧݕ·͏Մೳੑ͕

ɽ͍ߴ

ҐஔґଘTop-kࡧݕΛఆ͍ٛͯ͠Δจݙ [12]Ͱ͸ɼbranch-
and-boundΞϧΰϦζϜ [11]ʹΑΓɼσʔλΛ͍ͯ͠ࡧݕ
Δɽ͔͠͠ɼbranch-and-boundΞϧΰϦζϜΛ༻͍ͯҐஔ
ґଘ Top-kࡧݕΛ͏ߦ৔߹ɼશͯͷΫΤϦʹରͯ͠ɼ໦ߏ଄
Λߏங͢Δඞཁ͕͋Γɼίετ͕ඇৗʹେ͖͍ɽจݙ [12]
Ͱ͸ɼ࿈ଓతٯ Top-kࡧݕʹ͍ͭͯఏҊ͍ͯ͠Δ͕ɼߏங
ίετΛྀ͍ͯ͠ߟͳ͍ɽ

k .ࡧݕ๣ۙ࠷ ۭؒσʔλϕʔεʹ͓͚Δ k ݕ๣ۙ࠷
ࡧ [10]Ͱ͸ɼࢦఆҐஔʹ͍ۙ k Ͱ͖ΔࡧݕͷσʔλΛݸ

ͨΊɼҐஔґଘ Top-kࡧݕʹԠ༻͢Δ͜ͱ͕Ͱ͖Δɽ͔͠
͠ɼείΞ͕ඇৗʹେ͖͍σʔλ΋ͯ͠͠ࡧݕ·͏ͨΊɼ

ඇޮ཰తͰ͋Δɽ

Spatial keyword top-kࡧݕ. Spatial keyword top-kࡧݕͰ
͸ɼΩʔϫʔυʹؔ࿈͕͋ΓɼࢦఆҐஔʹ͍ۙσʔλΛݕ

ΔɽFelipeΒ͢ࡧ [4]͸ɼsignature fileͱ R໦Λ૊Έ߹Θ
ͤͨख๏ΛఏҊͨ͠ɽ͜ͷख๏Ͱ͸ɼݶΒΕͨΩʔϫʔυ

ʹͷΈରԠ͠ɼΩʔϫʔυͱͷద߹਺ʹԠͯ͡ɼσʔλΛ

ॱҐ෇͚͢ΔɽCongΒ [3]͸ɼจষͱΩʔϫʔυͷؔ࿈౓
͓ΑͼҐஔΛྀͯ͠ߟɼσʔλΛॱҐ෇͚͢Δख๏ΛఏҊ

ͨ͠ɽSpatial keyword top-kࡧݕͰ͸ɼυΩϡϝϯτࡧݕ
ʹண໨͓ͯ͠Γɼଐੑ஋Λண໨ͨ͠Ґஔґଘ Top-kࡧݕͱ
͸ɼॱҐ෇͚ͷํ๏͕ҟͳΔɽ

7. ·ͱΊ

ຊߘͰ͸ɼҐஔґଘ Top-kࡧݕॲཧͷͨΊͷ৽͍͠Πϯ
σοΫεߏ଄Ͱ͋Δ SKY-R໦ΛఏҊͨ͠ɽSKY-R໦Ͱ͸ɼ
R໦ͱεΧΠϥΠϯΛ૊Έ߹ΘͤΔ͜ͱʹΑΓɼҐஔ͓Α
ͼଐੑ஋͔ΒྖࡧݕҬΛ͢ݮ࡟Δ͜ͱ͕Ͱ͖Δɽ·ͨɼޮ

཰తͳҐஔґଘ Top-kࡧݕॲཧΞϧΰϦζϜΛఏҊͨ͠ɽ
ΠϯσοΫεߏ଄͓ΑͼҐஔґଘ Top-kࡧݕॲཧΞϧΰϦ
ζϜʹΑΓɼޮ཰తʹ݁ࡧݕՌΛऔಘ͢Δ͜ͱ͕Ͱ͖Δɽ

͞Βʹɼଐੑ஋ͷྨࣅ౓Λྀͯ͠ߟΠϯσοΫεߏ଄Λ

ΑΓɼఏҊΠϯʹݧங͢ΔɼS2KY-R໦΋ఏҊͨ͠ɽ࣮ߏ

σοΫεߏ଄͸ɼೖग़ྗίετ͓Αͼؒ࣌ࢉܭͷͲͪΒ

ͷ؍఺͔Β΋༗ޮͰ͋Δ͜ͱ͕Θ͔ͬͨɽSKY-R໦͓Α
ͼ S2KY-R໦ͷੑೳࠩ͸ɼࡧݕ৚݅΍σʔλͷ෼෍ʹґଘ
͢Δɽ

ຊߘͰఏҊͨ͠ΠϯσοΫεߏ଄͸ɼ༷ʑͳ֦ு͕͑ߟ

ΒΕΔɽ·ͣɼΩʔϫʔυࡧݕͱͷ૊߹Θͤ (ྫ͑͹ɼ͋
ΔҐஔʹ͍ۙਓؾͷ “த՚”Ϩετϥϯ)͕͑ߟΒΕΔɽ࣍
ʹɼҠಈ୺຤ͷͨΊͷ࿈ଓతҐஔґଘ Top-kࡧݕ΁ͷ֦ு
΋༗ӹͱࢥΘΕΔɽ͞ΒʹɼຊߘͰ͸ɼσʔλͱࢦఆҐஔ

ͷڑ཭ΛϢʔΫϦουڑ཭Ͱ͕ͨ͠ࢉܭɼಓ࿏ϕʔεͷڑ

཭ʹ֦ு͢Δ͜ͱ΋ॏཁͳڀݚ՝୊Ͱ͋Δɽ

[ँࣙ]
ຊڀݚͷҰ෦͸ɼจ෦Պֶলڀݚඅิॿۚɾج൫ڀݚ S

ʢ21220002ʣɼج൫ڀݚ Bʢ24300037ʣɼ͓Αͼಛผڀݚһ
঑ྭඅʢ24-293ʣͷڀݚॿ੒ʹΑΔ΋ͷͰ͋Δɽ͜͜ʹه
ͯ͠ँҙΛද͢ɽ
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