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͋Β·͠ ຊ࿦จͰ͸ɺू໿ٯ kϥϯΫΫΤϦ (ҎԼ,ARkR)ͱݺ͹ΕΔࡧݕख๏ΛΫϥελϦϯάΛ༻͍ͯޮ཰Խ͢

Δ͜ͱΛ໨తͱ͢ΔɻARkR͸ɺෳ਺ͷ঎඼σʔλΛΫΤϦͱͯ͠ड͚औΓɺΫΤϦ঎඼ͱશͯͷϢʔβٴͼɺଞͷ

঎඼ͱશͯͷϢʔβʹ͍ͭͯείΞΛ͠ࢉܭɺΫΤϦ঎඼͕ଞͷ঎඼ΑΓ΋ྑ͍είΞͱͳ͍ͬͯΔ্Ґ kਓͷϢʔ

βΛղͱͯ͠ฦ͢ࡧݕख๏Ͱ͋ΔɻARkR͸ɺΫΤϦͱͯ͠ड͚औΔ঎඼ͷ෼෍͕͍޿৔߹ʹɺطଘͷख๏Ͱ͸ࡧݕ

ޮ཰͕ஶ͘͠௿Լ͢Δɻ͜ΕʹରԠ͢ΔͨΊɺΫΤϦͱͯ͠༩͑ΒΕͨσʔλΛෳ਺ͷΫϥελʹ෼ׂ͠ɺͦΕͧΕ

ͷΫϥελʹରͯ͠طଘͷख๏Λద༻͢Δɻ͜ΕʹΑΓɺ঎඼ͷ෼෍ʹؔΘΒͣޮ཰Α͘ ARkRΛॲཧͰ͖ΔΑ͏ʹ

ͳΔɻ

Ωʔϫʔυ ARkR, ΫϥελϦϯά

1. ͸ ͡ Ί ʹ

Top-kΫΤϦ [1]΍ٯ kϥϯΫΫΤϦ [2]ͱݺ͹ΕΔࡧݕख

๏͸ɺΫΤϦͱͯ͠ҰͭͷσʔλΛ౉͢Α͏ͳࡧݕख๏Ͱ͋Δɻ

લऀ͸ɺϢʔβͷ޷ΈΛΫΤϦͱͯ͠ɺϢʔβͷ޷Έͱ঎඼Ұ

ͭҰͭͱͷείΞΛͯ͠ࢉܭείΞͷ௿͍ॱʹϥϯΫ෇͚Λߦ

͍ɺ্Ґ kݸͷ঎඼Λղͱͯ͠ฦ͢ɻ͜Ε͸ɺϢʔβࢹ఺ͷݕ

Δͱ͍͏͢ࡧݕΈʹԠͨ͡঎඼Λ޷ϞσϧͰ͋ΓɺϢʔβͷࡧ

͸ɺ͋Δ঎඼ΛΫΤϦͱͯ͠༩͑ΔऀޙʹٯͰ͖Δɻ͕ํ͍࢖

ͱɺͦͷ঎඼ͱ͢΂ͯͷϢʔβٴͼଞͷ঎඼ͱ͢΂ͯͷϢʔβ

ʹ͍ͭͯείΞΛ͠ࢉܭɺΫΤϦͱͯ͠༩͑ΒΕͨ঎඼͕ଞͷ

঎඼ΑΓ΋ྑ͍είΞͱͳ͍ͬͯΔ্Ґ kਓͷϢʔβΛղͱ͠

ͯฦ͢ɻͪ͜Βͷख๏͸ɺϝʔΧʔࢹ఺ͷࡧݕϞσϧͰɺજࡏ

తͳফඅऀͷൃݟ΍঎඼ͷϚʔέςΟϯάʹԠ༻͢Δ͜ͱ͕Ͱ

͖Δɻ

ද 1,2 ͸ɺٯ k ϥϯΫΫΤϦͰ k=1 ͷͱ͖ͷྫΛ͍ࣔͯ͠

Δɻද 1͸ೋਓͷϢʔβͷܞଳి࿩ʹؔ͢Δ޷ΈΛ͓ࣔͯ͠Γɺ

·ͨද 2ʹࣔ͞Ε͍ͯΔ 5ͭͷҟͳΔܞଳి࿩ (p1− p5)͕ͦ

ΕͧΕͷϢʔβʹ͍ͭͯ”Ranks”ͷཝͰॱҐ෇͚͞Ε͍ͯΔɻ

ද 2Ͱ͸ͦΕͧΕͷܞଳి࿩ʹؔ͢Δ৘ใͱϢʔβ͝ͱͷεί

ΞͱϢʔβ͕͚ͭͨॱҐɺͦͯ͠ٯ kϥϯΫΫΤϦͷ݁ՌΛද

͍ͯ͠Δɻٯ kϥϯΫΫΤϦͰ͸ɺͲͷϢʔβ͕࠷΋͍ߴධՁ

ΛԼ͔͢ΛٻΊΔͷͰɺ͜ͷྫͷ৔߹ɺk=1ͳͷͰϢʔβΛҰ

ਓ୳͠ग़͢ɻͦͷ݁Ռ͸ɺද 2ͷ࠷΋ӈͷཝʹࣔ͞Ε͍ͯΔɻ

ٯ kϥϯΫΫΤϦ͸ɺҰͭͷ঎඼ʹରͯ͠ͷࡧݕख๏Ͱ͋Δ

ͨΊɺෳ਺ͷ঎඼ΛҰͭͷ঎඼ͱͯ͠ചΓग़͢όϯυϦϯάͱ

͍͏঎๏ΛऔΔΑ͏ͳϝʔΧʔʹରͯ͠͸༻͍Δ͜ͱ͕Ͱ͖ͳ

͔ͬͨɻ͜͜Ͱɺू໿ٯ k ϥϯΫΫΤϦ (Aggregate Reverse

k-Ranks Query: ARkR)ͱݺ͹ΕΔࡧݕख๏͕ఏҊ͞Εͨ [3]ɻ

ARkR ΫΤϦ͸ɺٯ k ϥϯΫΫΤϦͱಉ༷ͷࡧݕख๏Ͱ͋Δ

͕ɺΫΤϦͱͯ͠ෳ਺ͷ঎඼Λ༩͑Δͱ͍͏఺͕ҟͳΔɻ

ද 3 ͸ ARkR ʹ͓͍ͯ k=1 ͷ࣌ͷ؆୯ͳྫͰ͋Δɻόϯ

υϧ͞Εͨ঎඼ {p1, p2} ͕ΫΤϦͱͯ͠༩͑ΒΕͨͱ͢Δɻ
{p1, p2}ͷू໿ϥϯΫ͸ɺ֤Ϣʔβʹ͍֤ͭͯ঎඼ͷϥϯΫͷ
࿨Λͱͬͨ΋ͷʹͳΔɻJack ͷ৔߹͸ 5, Dave ͷ৔߹͸ 6 ͱ

ͳΔͷͰɺAR1R͸ Jack͕ϢʔβͷதͰ࠷΋޷Ήͱͯ͠ Jack

Λղͱͯ͠ٻΊΔɻ

user u[smart] u[rating] Ranks

Jack 0.8 0.2 p3,p2,p1,p4,p5

Dave 0.3 0.7 p2,p5,p3,p4,p1

ද 1: Ϣʔβͷ޷ΈͱܞଳͷϥϯΫ෇͚ͷྫ

p[smart] p[rating]

Score

on Jack

Score

on

Dave

Rank

in Jack

Rank

in Dave R-1Rank

p1 6 7 6.2 6.7 3rd 5th Jack

p2 2 3 2.2 2.7 2nd 1st Dave

p3 1 6 2.0 4.5 1st 3rd Jack

p4 7 5 6.6 5.6 4th 4th Jack

p5 8 2 6.8 3.8 5th 2nd Dave

ද 2: ϢʔβʹΑΔݸʑͷܞଳి࿩ͷϥϯΫ෇͚ͱٯ kϥϯΫ

ΫΤϦ (k=1)ͷྫ

|Q|=2
sum Rank in

Jack

sum Rank in

Dave
AR-1Rank

p1,p2 5 (3 + 2) 6 (5 + 1) Jack

p4,p5 9 (4 + 5) 6 (4 + 2) Dave

ද 3: ARkRͷྫ (k=1)

ઌڀݚߦͰ͸ɺARkRΫΤϦΛఏҊ͢Δͱͱ΋ʹɺTPMͱ

͹ΕΔݺ R໦Λ༻͍ͨޮ཰Խख๏΋ఏҊͨ͠ɻ͔͠͠ɺTPM

͸ΫΤϦ্͕ۭؒʹ͘޿෼͍ͯ͠ࢄΔΑ͏ͳΫΤϦ෼෍ͷ৔߹

Ͱ͸ੑೳ͕ѱ͘ͳΔ͜ͱ͕Θ͔͍ͬͯΔɻͦ͜ͰɺຊڀݚͰ͸

ARkRΫΤϦʹର͢ΔΫΤϦΛΫϥελϦϯά͠ɺͦΕͧΕͷ

Ϋϥελʹରͯ͠ TPMΛద༻͢Δ͜ͱʹΑͬͯΫΤϦ͕͘޿



෼͍ͯͯ͠ࢄ΋ࢉܭΛޮ཰Խ͢Δํ๏ΛఏҊ͢Δɻ

ຊ࿦จͰ͸ɺ·ͣ ARkR ʹؔΘΔطଘͷڀݚ΍ख๏ʹ͍ͭ

ͯ·ͱΊɺطଘͷख๏Ͱͷ໰୊఺Λࢦఠ͢Δɻଓ͍ͯɺͦͷ໰

୊఺Λղܾ͢ΔͨΊʹఏҊͨ͠ख๏ͱͦͷࠜڌΛࣔ͢ɻޙ࠷ʹɺ

·ͱΊͱޙࠓͷ՝୊Λࣔ͠ɺޙࠓͷڀݚͷํੑ޲Λࣔ͢ɻ

2. ؔ ࿈ ݚ ڀ

ϥϯΫ෇͚͸ɺ঎඼ͷධՁࢦඪͱͯ͠ॏཁͳ໾ׂΛՌͨ͢ɻ

ϥϯΫΛ༻͍ͨΫΤϦॲཧ͸͜Ε·Ͱ΋͞ڀݚ͘޿Ε͖ͯͨɻ

ͦͷதͰ΋ຊڀݚͱؔΘΓͷਂ͍ɺٯϥϯΫΫΤϦʹ͍ͭͯड़

΂Δɻ

ɹٯϥϯΫΫΤϦ (RkR): ͷର৅ͰڀݚϥϯΫΫΤϦ͸ɺຊٯ

͋Δ ARkR ΛؚΊɺٯ top-k ΫΤϦɺٯ k ϥϯΫΫΤϦͳͲ

ͰݟΒΕΔɺ঎඼ʹ͍ͭͯϢʔβΛϥϯΫ෇͚͠ධՁΛ͏ߦΫ

ΤϦॲཧͷ૯শͰ͋ΔɻҎԼʹɺٯ top-kΫΤϦٴͼٯ kϥϯ

ΫΫΤϦʹ͍ͭͯ؆ܿʹઆ໌͢Δɻ

ٯ top-kΫΤϦ [1,4]: ΫΤϦͱͯ͠༩͑ΒΕͨ঎඼Λଞͷ঎

඼ͱൺ΂ͨࡍʹɺ্Ґ kҐҎ಺ʹධՁ͢ΔΑ͏ͳϢʔβΛ୳͢

ख๏Ͱ͋Δɻٯ top-kΫΤϦΛޮ཰Խ͢Δख๏ͱͯ͠ Vlachou

Β [5] ͸ɺ໦ߏ଄ٴͼɺڥքʹ͍ͨͮجҐஔܾΊʹΑΔ෼ࢬ

ఆ๏Λ༻͍ͨΞϧΰϦζϜΛఏҊͨ͠ɻ·ͨɺVlachouݶ Β

͸ɺ[6, ٯ[7 top-kΫΤϦʹ͓͚ΔԠ༻ྫΛଟ਺͍ͯ͛ڍΔɻ

ٯ k ϥϯΫΫΤϦ [2]: ͷ͋Δ঎඼ͷΈ͕ϢʔβྗڹӨ͍ڧ

Λ֫ಘ͢ΔΑ͏ͳٯ top-kΫΤϦʹରͯ͠ɺ͍͔ͳΔ঎඼ʹର

ͯ͠΋ͦͷ঎඼ΛଞͷϢʔβΑΓ΋૬ରతʹ͘ߴධՁ͢Δ্Ґ

kਓͷϢʔβΛ୳͢͜ͱͰɺ঎඼ͷӨྗڹʹؔΘΒͣϢʔβΛ

୳ͤΔΑ͏ʹͨ͠ख๏Ͱ͋Δɻ

3. ू໿ٯ kϥϯΫΫΤϦ (ARkR)

ARkR͸ɺલষͰ΋৮Εͨٯ kϥϯΫΫΤϦΛ֦ுͨ͠΋ͷ

Ͱ͋Δɻٯ kϥϯΫΫΤϦͰ͸ɺҰͭͷΫΤϦʹରͯ͠ͷΈϥ

ϯΫΛ͠ࢉܭղΛٻΊ͍ͯͨ΋ͷΛɺARkRͰ͸ɺෳ਺ͷΫΤ

Ϧʹରͯ͠ͷϥϯΫΛ͠ࢉܭɺղΛٻΊΕΔΑ͏ʹͨ͠΋ͷͰ

͋Δɻ͜ΕʹΑͬͯɺྫ͑͹ෳ਺ͷ঎඼ͳͲΛҰͭͷηοτͱ

ͯ͠ൢച͢ΔΑ͏ͳൢചऀʹରͯ͠ɺͲͷΑ͏ͳফඅऀ͕ͦͷ

঎඼Λߪೖ͢Δͷ͔λʔήοτΛߜΓࠐΉ͜ͱ͕Ͱ͖ɺͦͷΑ

͏ͳফඅऀʹର͢ΔΞϓϩʔνΛ͑ߟΕΔΑ͏ʹͳΔͱ͍͏Ԡ

ΒΕΔɻ͑ߟ͕ྫ༺

3. 1 ARkRͷఆٛ

ఆٛ 1. (rank(u, q)): σʔλू߹ P , ॏΈ෇͖ϕΫτϧ u,

ΫΤϦ q ͕༩͑ΒΕͨ࣌ɺu ʹΑΔΫΤϦ q ͷϥϯΫ͸

rank(u, q) = |S| ͱͳΓɺ S ⊂
= P ͔ͭ ∀pi ∈ S, f(u, pi) <

f(u, q) ∧ ∀pj ∈ (P − S), f(u, pj) <= f(u, q)Λຬͨ͢ɻ

ఆٛ 2. (Aggregate Reverse k Rank query, ARkR): σʔ

λू߹ P , ॏΈ෇͖ϕΫτϧू߹ U , ਖ਼ͷ੔਺ k, ΫΤϦू

߹ Q ͕༩͑ΒΕͨ࣌ɺARkR ΫΤϦ͸ S⊂=U, |S| = k ͔ͭ

∀ui ∈ S, ∀uj ∈ (U −S), ARank(ui, Q) <= ARank(uj , Q)Λຬ

ͨ͢Α͏ͳ S Λฦ͢ɻ

͜ͷ࣌ɺARank ͸ Sum, Max, Min ͳͲͷू໿͑ߟ͕ࢉܭ

ΒΕΔɻ͜ͷ࿦จʹ͓͍ͯ͸ɺSumʹ͍ͭͯ͑ߟɺ࣍ͷΑ͏ʹ

ఆٛ͢Δɻ

ఆٛ 3. ARank(u,Q) =
∑

qi∈Q rank(u, qi)

3. 2 TPM (Tree Pruning Method)

TPM͸ɺR໦ [8]ʹΑΔσʔλू߹ P ͷΠϯσοΫεԽʹ

Αͬͯ࡞ΒΕΔ R໦ͷϊʔυ (ΤϯτϦ)ٴͼɺ֤ u ∈ U ʹΑ

ΔΫΤϦू߹ Q ͷ্ք (Q.up) ͱԼք (Q.low) Λར༻͢Δ͜

ͱʹΑΓ ARkRͷޮ཰ԽΛਤΔΞϧΰϦζϜͰ͋Δɻਤ 1͸

TPMͷ࣮ߦաఔʹ͍ͭͯೋۭؒݩ࣍Ͱࣔͨ͠΋ͷͰ͋Δɻ·

ͣɺQʹ͍ͭͯͷMBRΛ͢ࢉܭΔɻͦͯ͠ɺ͋ΔॏΈ෇͖ϕ

Ϋτϧ ui ʹରͯ͠ਨ௚ͳ௚ઢʹΑΓQͷ্քͱԼքΛ͠ࢉܭɺ

ͦΕͧΕQ.up, Q.lowͱ͢هɻQΛ্քͱԼքʹ෼͚ΔਨઢΛ

ਤதͰ͸ഁઢͰද͍ͯ͠Δɻ͜ͷഁઢʹΑΓۭؒ͸̏ͭͷྖҬ

ʹ෼͚ΒΕɺͦΕͧΕ BelowQ,AboveQ, ͦΕҎ֎ͱ͢Δɻ͜

ͷྫͷ৔߹ɺϊʔυ e2͸ BelowQʹؚ·Ε͓ͯΓɺϊʔυ e5

͸ AboveQ ʹؚ·Ε͍ͯΔɻBelowQ ͱ AboveQ ʹؚ·ΕΔ

ϊʔυ͸ͦΕͧΕͷ্քͱԼքΛௐ΂Δ͜ͱʹΑͬͯϑΟϧλ

Ϧϯά͢Δ͜ͱ͕Ͱ͖ΔɻͦͷϧʔϧΛҎԼʹࣔ͢ɻ

ਤ 1: ೋݩ࣍σʔλू߹ P ͷۭؒʹ͓͚Δ ui ͱ Qͷ্քͱԼ

քʹΑΔۭؒ෼ׂͷྫ

ʢ 1ʣ (ep ͕ BelowQʹؚ·ΕΔ)

f(u, ep.up) < f(u,Q.low) ͕੒ཱ͢ΔͳΒ͹ɺ∀p ∈ ep, ∀q ∈
Q, f(u, q) > f(u, p) ΋੒ཱ͢ΔͨΊɺep ʹؚ·ΕΔσʔλΛ

਺্͑͛Δɻ

ʢ 2ʣ (ep ͕ AboveQʹؚ·ΕΔ)

f(u, ep.low) > f(u,Q.up) ͕੒ཱ͢ΔͳΒ͹ɺ∀p ∈ ep, ∀q ∈
Q, f(u, q) < f(u, p) ΋੒ཱ͢ΔͨΊɺep ʹؚ·ΕΔσʔλΛ

੾ΓࣺͯΔɻ

ʢ 3ʣ (1,2Ҏ֎ͷ৔߹)

f(u, ep.low) > f(u,Q.low) ͔ͭ f(u, ep.up) < f(u,Q.up) ͕

੒ཱ͢ΔͳΒ͹ɺep ͸ղͷީิͱͯ͠อ࣋͠ɺਫ਼ࠪ͢Δඞཁ͕

͋Δɻ

·ͨɺTPM͸֤ u ∈ U ʹ͍ͭͯͷϥϯΫΛ͢ࢉܭΔࡍʹɺ

minRank ͱݺ͹ΕΔᮢ஋Λ΋͍ͪͯɺR໦ͷ୳ࡧΛ୹ॖ͢Δ

ํ๏Λͱ͍ͬͯΔɻ͜ͷΞϧΰϦζϜ͸ɺARank-P [3]ͱݺ͹

ΕΔɻ



3. 3 TPMʹ͓͚Δ໰୊఺

3. 2Ͱड़΂ͨϑΟϧλϦϯάͷୈ 3ͷϧʔϧʹ͓͚Δਫ਼ࠪͱ

͸ɺϊʔυ ep ʹؚ·ΕΔ͢΂ͯͷσʔλʹ͍֤ͭͯ q ∈ Qͱ

ͷείΞΛ͢ࢉܭΔ͜ͱͰ͋ΔɻͦͷͨΊɺ͢ূݕΔ΂͖ϊʔ

υ͕૿͑Ε͹૿͑Δ΄Ͳ͑૿͕ྔࢉܭΔ͜ͱͱͳΔɻ͢ূݕΔ

΂͖ϊʔυ͕૿͑ΔݪҼͱͯ͠ɺΫΤϦ͕ਤ 2aͷΑ͏ʹɺۭ

্ؒʹେ͖͘෼͍ͯ͠ࢄΔ৔߹͕͑ߟΒΕΔɻطଘͷख๏Ͱ͸ɺ

͜ͷΑ͏ͳ৔߹ʹ͕ྔࢉܭେ෯ʹ૿͑ͯ͠·͏ͱ͍͏໰୊఺Λ

๊͍͑ͯΔɻͦ͜ͰɺຊڀݚͰ͸ΫΤϦΛΫϥελϦϯά͢Δ

͜ͱʹΑͬͯطଘͷख๏Λ༻͍ͯ΋ɺྔࢉܭΛ͢ݮ࡟Δ͜ͱͷ

Ͱ͖Δख๏ΛఏҊ͢Δɻ

4. ఏ Ҋ ख ๏

͜͜Ͱ͸ɺΫΤϦΛΫϥελϦϯά͢Δ͜ͱʹΑΔ TPMͷ

ॲཧೳྗͷ্޲ͷݪཧΛઆ໌͢Δɻ4. 1Ͱ͸ɺΫΤϦͷΫϥε

λϦϯάʹΑΔϑΟϧλϦϯάͷվળͷݪཧΛྫΛަ͑ͯઆ໌

͠ɺ4. 2Ͱ͸ɺఏҊख๏ͷΞϧΰϦζϜͷ঺հٴͼͦΕͧΕͷ

ಈ࡞ʹ͍ͭͯৄ͍͠આ໌Λ͏ߦɻ

4. 1 QͷΫϥελϦϯάʹΑΔϑΟϧλϦϯάͷվળ

ຊख๏Ͱ͸ɺΫΤϦू߹QΛෳ਺ͷΫϥελʹ෼ׂ͠ɺͦΕ

ͧΕͷΫϥελʹ͍ͭͯɺطଘͷޮ཰ԽΛ͏ߦΞϧΰϦζϜͰ

͋Δ TPMΛվྑ͠ɺͦΕΛద༻͢Δ͜ͱͰ͞ΒͳΔޮ཰ԽΛ

ਤΔɻ͜ͷख๏Λ CTPM(Clustered TPM)ͱݺͿ͜ͱͱ͢Δɻ

ྫͱͯ͠ਤ 2aͷΑ͏ʹΫΤϦ {q1-q4}͕༩͑ΒΕͨ৔߹ɺਤ
3aʹࣔ͢Α͏ʹ̎ͭͷΫϥελ {QC1, QC2}ʹΫϥελϦϯά
͕Ͱ͖ͨͱ͢Δɻ֤ͦͯ͠Ϋϥελʹ͍ͭͯͦΕͧΕͷ্քͱ

ԼքΛ͠ࢉܭɺ֤ʑͷΫϥελʹରͯ͠ TPMΛ༻͍ͯ ARkR

Λ͢ࢉܭΔɻ͜Ε͕ɺຊఏҊख๏ͷ͓͓·͔ͳྲྀΕͰ͋Δɻ

ຊདྷɺਤ 2aͷΑ͏ʹΫΤϦͷ MBR͕େ͖͍͕ͯͬ͘޿Δ

ঢ়ଶͰ͸ɺ͜ͷMBRͷ্ք (Q.up)ͱԼք (Q.low)ͷ఺͔Β

Ϣʔβ ui ʹਨઢΛҾ͍ͨ৔߹ͷؒͷۭؒ (ਤ 2b) ʹଘ͢ࡏΔ

σʔλ pʹ͍ͭͯ͸ஞࢉܭ࣍ΛߦΘͳ͚Ε͹ͳΒͳ͔ͬͨɻ͠

͔͠ɺਤ 3a ͷΑ͏ʹΫΤϦΛΫϥελϦϯά͢Δ͜ͱʹΑͬ

ͯɺਤ 3bʹࣔ͢Α͏ʹɺ֤Ϋϥελʹ͓͍ͯͷ্քٴͼԼք

ͷ఺ͰॲཧΛ෼͚Δ͜ͱ͕ՄೳʹͳΔͨΊɺ͢ࢉܭΔ΂͖ؒͷ

ྖҬ͕ TPMʹൺ΂ͯখ͘͞ͳ͍ͬͯΔ͜ͱ͕Θ͔Δ (ਤதͷ

փ৭ͷྖҬ)ɻҎ্ͷཧ༝ʹΑΓɺTPMΛ༻͍͕ͨࢉܭʹࡍඞ

ਢͰ্͋ͬͨքͱԼքͷؒͷۭؒʹଘ͢ࡏΔσʔλ pͱͷࢉܭ

Λ CTPMͰ͸େ෯ʹݮ࡟Ͱ͖Δ͜ͱ͕͑ݴΔɻৄ͍͠Ξϧΰ

ϦζϜͷઆ໌͸ɺ4. 2અͷ CTPMΞϧΰϦζϜͰ͏ߦɻ

Δͱɺ্քҎ্ͷ఺ɺ͋Δ͍͸ԼքݟʹɺΫϥελ͝ͱʹߋ

ҎԼͷ఺΋૿͑ΔͨΊɺϑΟϧλϦϯάՄೳͳྖҬΛ૿΍͢͜

ͱ͕Ͱ͖ɺྔࢉܭΛݮΒ͢͜ͱ͕Ͱ͖Δɻ·ͨɺTPMͷઅͰ

৮ΕͨminRankͱͷ൑ఆΛૣΊʹ͜͏ߦͱ΋ՄೳͱͳΔɻͳ

ͥͳΒ͹ɺminRank ͱൺֱ͞ΕΔࢉܭதͷϥϯΫ͕Ϋϥελ

ͷԼք͕͕޿Δ͜ͱʹΑͬͯɺΑΓૣ͘େ͖͘ੵݟ΋Δ͜ͱ͕

Ͱ͖Δ͔ΒͰ͋ΔɻྫΛ༻͍ͯઆ໌͢Δɻ

ਤ 4ʹࣔ͢Α͏ʹɺΫϥελ͕ 2ͭʹ෼͚ΒΕ͍ͯΔ৔߹ɺ

֤ΫϥελͷԼքʹ͋Δσʔλ pͷ߹ܭ஋͕ΫΤϦू߹ͷ࠷௿

ϥϯΫʹؔΘΔ (ਤதͷಷ৭ͷྖҬ)ɻͦͷͨΊɺݩͷख๏Ͱ͸

ΫΤϦू߹શମͷԼքҎԼͷσʔλͷΈΛ༻͍ͯ࠷௿ϥϯΫΛ

ͱʹΑͬͯɺΫϥε͜͏ߦɺΫϥελϦϯάΛ͕͍ͨͯ͠ࢉܭ

λ͝ͱͷԼքҎԼͷσʔλΛ߹ͨ͠ܭ΋ͷΛ࠷௿ϥϯΫͱͯ͠

ѻ͏͜ͱ͕Ͱ͖ɺݩͷԼքͷσʔλΑΓ΋େ͖͘ͳΔ (ਤதͷ

ബփ৭ͷྖҬ)ɻ͜ΕʹΑͬͯɺTPMʹ͓͚ΔminRankͱͷ

ൺֱ൑ఆʹ͓͍ͯݩͷख๏ΑΓ΋ૣظʹ໦ߏ଄ͷ୳ࡧΛࢭΊɺ

Δ͜ͱ͕Ͱ͖Δɻৄ͍͠ΞϧΰϦζϜͷઆ໌͸ɺ͢ݮ࡟Λྔࢉܭ

4. 2અͷ CARank-PΞϧΰϦζϜͰ͏ߦɻ

(a) ༩͑ΒΕͨΫΤϦͱͦͷ MBR (b) Δ΂͖ؒͷྖҬ͢ࢉܭ

ਤ 2: TPMʹ͓͚ΔΫΤϦͷMBRͱϑΟϧλෆՄೳͳྖҬ

(a) ΫΤϦͷΫϥελϦϯάΛͬߦ

ͨྫ
(b) Δ΂͖ؒͷྖҬ͢ࢉܭ

ਤ 3: CTPMʹ͓͚ΔΫΤϦͷMBRͱϑΟϧλෆՄೳͳྖҬ

ਤ 4: ΫϥελϦϯάʹΑΔ minRank ͷ൑ఆʹ༻͍ΒΕΔ࠷

௿ϥϯΫͷ෯ͷ͕޿Γ

4. 2 CTPMΞϧΰϦζϜ

CARank-PΞϧΰϦζϜ: ΞϧΰϦζϜ 1ʹࣔ͢Α͏ʹɺ

ೖྗͱͯ͠ P, u,QC ,minRank ͕༩͑ΒΕͨ࣌ɺCARank-P

ΞϧΰϦζϜ͸ɺશΫϥελ QC ʹؚ·ΕΔΫΤϦʹର͢Δू

໿ϥϯΫ CARank ͕ minRank ΑΓ΋খ͍͔͞Λ֬ೝ͢Δɻ

ͦͯ͠ɺCARank(u,QC) < minRank ͕੒ཱ͢Δ৔߹ɺQC

ͷू໿ϥϯΫΛฦ͢ɻ·ͨɺೖྗͱͯ͠༩͑ΒΕΔ P ͸ࣄલʹ

R໦ʹΑͬͯΠϯσΫγϯά͞Ε͍ͯΔ΋ͷͱ͢Δɻ͜ͷΞϧ

ΰϦζϜͰ͸ R໦ͷΤϯτϦʔ (ep)Λ༻͍ͯɺ֤MBRʹͭ

͍ͯϑΟϧλϦϯάΛ͏ߦɻ



Algorithm 1 CARank-P

Input: P, u,QC ,minRank

Output: rnk; If u is included (−1 otherwise);

1: rnk ⇐ 0, Cand ⇐ ∅
2: heapP.enqueue(RtreeP.Root())

3: while heapP.isNotEmpty() do

4: ep ⇐ heapP.dequeue()

5: if ep is non-leaf node

6: foreach qC ∈ QC do

7: if ep is under qC

8: rnk ⇐ rnk + ep.size()× |qC |
9: if rnk >= minRank

10: return -1

11: end if

12: else if (ep overlaps qC) and (ep.children() ̸∈ heapP )

13: heapP.enqueue(ep.children())

14: end if

15: end foreach

16: end if

17: if ep is a leaf node

18: foreach qC ∈ QC do

19: if ep is under qC

20: rnk ⇐ rnk + |qC |
21: if rnk >= minRank

22: return -1

23: end if

24: else

25: foreach qi ∈ qC do

26: if f(qi, u) > f(ep, u)

27: rnk ⇐ rnk + 1

28: end if

29: end foreach

30: end if

31: end foreach

32: end if

33: end while

34: if rnk <= minRank

35: return rnk

36: else

37: return -1

38: end if

ࣔ͢ʹ໨ߦ1 rnk͸ɺશΫϥελQC ͷू໿ϥϯΫ CARank

ͷҰ࣌Χ΢ϯλʔͱͯ͠༻͍Δม਺Ͱ͋Δɻ࣍ʹɺΞϧΰϦζ

Ϝ͸ R໦ʹ֨ೲ͞Ε͍ͯΔ P ͷ root͔Βஞ࣍తʹΤϯτϦʔ

ep Λ heapP ʹૠೖ͠ɺep ͕༿ϊʔυ͔൱͔ͰॲཧΛ෼͚Δ

(2,3,4,5,18 ໨)ɻߦ ͔͜͜Β֤ΫΤϦΫϥελ qC ∈ QC ʹͭ

͍ͯɺep ͕༿ϊʔυͰͳ͍৔߹ɺep ͷ্ք͕ qC ͷԼքΑΓ΋

খ͘͞ͳΔ͔Λௐ΂ɺখ͍͞৔߹͸ rnk ʹ ep ʹؚ·ΕΔσʔ

λ਺ΛՃ͠ࢉɺͦ͏Ͱͳ͍৔߹͸ɺep ͷࢠϊʔυΛ heapP ʹ

ૠೖ͢Δ ɻep(໨ߦ7,8,13,14) ͕༿ϊʔυͷ৔߹ɺep ͷ্ք͕

qC ͷԼքΑΓ΋খ͘͞ͳΔ৔߹͸ rnkʹΫϥελ qC ʹؚ·Ε

ΔΫϥελ਺ΛՃ͠ࢉɺͦ͏Ͱͳ͍৔߹͸ɺ֤ΫΤϦ qi ∈ qC

ʹ͍ͭͯ qiͱ uɺepͱ u ͷείΞΛஞ࣍ൺֱ͠ɺrnk Λߋ৽

͢Δ ɻ͍ͣΕͷ৔߹ʹ͓͍ͯ΋(໨ߦ18-33) rnkΛߋ৽͢Δࡍ

͸ɺৗʹminRank ͱͷൺֱΛ͍ߦɺrnk >= minRank ͱͳͬ

ͨ৔߹ɺ−1 Λฦͦ͠ͷ࣌఺ͰࢉܭΛऴྃ͢Δɻ͜Ε͸ɺu ͕

ARkRͷղͰͳ͍͜ͱΛࣔ͢ɻٯʹɺrnk <= minRankͷ৔߹

͸ɺrnk Λू໿ϥϯΫ஋ͱͯ͠ฦ͢ɻ

CTPMΞϧΰϦζϜ: CTPMΞϧΰϦζϜ͸ɺΞϧΰϦζ

Ϝ 2ʹࣔ͢௨ΓɺP,U,QΛೖྗͱͯ͠ड͚औΓɺΫΤϦ Qʹ

ର͢Δ ARkRͷղΛग़ྗ͢Δɻ·ͣɺղީิͷ heapΛ kݸͷ

uͱͦΕΒͷ Qʹର͢Δू໿ϥϯΫͰॳظԽ͠ɺk൪໨ͷϥϯ

Ϋ஋Λ minRank ͱͯ͠อ࣋͢Δɻ(1,2ߦ໨)࣍ʹɺk-means

๏Λ༻͍ͯ Q ΛΫϥελϦϯά͠ɺ֤ u ∈ (U ͍༺ʹॳ࠷−
ͨ kݸͷཁૉ)ʹରͯ͠ू໿ϥϯΫ rnkΛઌ΄Ͳͷ CARank-P

ΞϧΰϦζϜΛ༻͍ͯ͢ࢉܭΔɻ(3,4,5ߦ໨)΋͠ɺrnk͕ −1

Ͱͳ͚Ε͹ࢉܭର৅ͷ u͸ ARkRΫΤϦͷղީิͰ͋ΔͷͰ

heapΛߋ৽͢Δɻ(7ߦ໨)ߋ৽͞Εͨ heapͷ k൪໨ͷϥϯΫ

஋Λ minRank ʹ୅ೖ͠ɺҎ֤߱ u ʹର͠܁Γฦ͠ࢉܭΛߦ

͏ɻ(4,8ߦ໨) ͢΂ͯͷ͕ࢉܭऴྃͨ࣌͠఺ͰɺARkRΫΤϦ

ͷղू߹ͱͳ͍ͬͯΔ heapΛฦ͢ɻ(9ߦ໨)

Algorithm 2 Clustered Tree-Pruning Method (CTPM)

Input: P,U,Q

Output: result set heap

1: initialize heap with first k weighting vectors and aggregate

ranks of Q

2: minRank ⇐ heap.lastRank

3: QC ⇐ KMeans(Q)

4: foreach u ∈ U− {first k element in U} do

5: rnk ⇐ ARank-P(P, u,QC ,minRank)

6: if rnk |= −1

7: heap.insert(u, rnk)

8: minRank ⇐ heap.lastRank

9: end if

10: end foreach

11: return heap

5. ࡯ߟɾݧ࣮

ɺ༩͑ΒΕͨΫΤϦΛΫϥελϦϯά͢Δ͜ͱʹΑͬʹࡍ࣮

ͯ ARkR ͷޮࡧݕ཰্͕͍ͯ͠޲Δ͔Λ͢ূݕΔͨΊɺ্ه

ͷΞϧΰϦζϜΛ΋ͱʹ࣮ݧΛͨͬߦɻ5. 1અͰ͸ɺ࣮ݧʹ༻

͍ͨϚγϯͷੑೳͱσʔλʹ͍ͭͯઆ໌͠ɺ5. 2અͰ͸ɺ࣮ݧ

݁ՌΛఏࣔ͠ɺͦΕͧΕύϥϝʔλΛมͨ͠ߋ৔߹ʹ͍ͭͯߟ

Λड़΂Δɻ࡯

5. 1 ɾઃఆڥ؀ݧ࣮

ຊ࣮ݧ͸ɺଟ༷ͳσʔληοτʹରͯ͠ɺTPM ͱ CTPM

ΞϧΰϦζϜΛ༻͍ͨࡍͷॲཧؒ࣌Λൺֱ͢Δɻ༻͍ͨϚγϯ

͸ɺCPU: 2.6GHz Intel Core i7ɺ RAM:16GB ͷMacͰɺΞ

ϧΰϦζϜͷ࣮૷ޠݴ͸૒ํͱ΋ C++Ͱ͋Δɻ

߹੒σʔλͷΫΤϦσʔλ Q͸ɺΫϥελ (CL)ʹैͬͯੜ

੒͞ΕɺΫΤϦσʔλͷΫϥελϦϯάʹ͸ɺk-means๏Λ༻

͍ɺΫϥελ਺͸ 3
√

|Q| ʹै͏΋ͷͱ͢Δɻ߹੒σʔλͷ঎
඼σʔλ P ͓ΑͼϢʔβͷ޷Έͷσʔλ U ͸ɺਓޱσʔλΛ



༻͍Ұ༷෼෍ (UN)ٴͼΫϥελ (CL)ʹैͬͯੜ੒͞ΕΔ΋

ͷͱ͢Δɻطఆ஋͸ɺ |Q| = 20, |P | = |U | = 100k,ύϥϝʔ

λ k = ਺ݩ࣍,10 d = 3ͱ͢Δɻ

࣮σʔλͰͷ࣮ݧ͸ɺ1949 ೥͔Β 2009 ೥·Ͱͷ 20960 ͷ

NBAબखͷσʔλΛ༻͍ͯɺͦΕΒͷબखͷதͰΫΤϦͰ༩

͑ΒΕͨબखͷ૊Έ߹Θͤʹ͍ͭͯɺଞͷϢʔβΑΓ΋͜ͷ૊

Έ߹ΘͤΛ޷Ή্Ґ 10ਓͷϢʔβ͸୭͔ͱ͍͏໰͍߹ΘͤΛ

ɻબखͷσʔλ͸ɺͦΕͧΕͷબखͷಘ఺਺ɺϦό΢ϯυ͏ߦ

਺ɺΞγετ਺ɺϒϩοΫ਺ɺͦͯ͠εςΟʔϧ਺ͷ͔̑ݩ࣍

ΒͳΔɻΫΤϦͰ༩͑ΒΕΔબखͷ૊Έ߹Θͤ͸બखσʔλͷ

த͔Βແ࡞ҝͰબ͹ΕΔ΋ͷͱ͢ΔɻϢʔβ U ͸߹੒σʔλͱ

ಉ༷ͷํ๏Ͱੜ੒͢Δɻطఆ஋͸ɺ|P | = 20960, |U | = 100k,ύ

ϥϝʔλ k = ਺ݩ࣍,10 d = 5ͱ͢Δɻ

Ͱ͸ɺಉ͡σʔληοτʹରͯ͠ݧ࣮ 100ճΞϧΰϦζϜΛ

ͱͯ͠ѻؒ࣌ऴతͳॲཧ࠷஋Λɺۉͷฏؒ࣌ͷॲཧࡍͨ͠ߦ࣮

͏ɻҰ༷෼෍ͷ߹੒σʔλʹ͍ͭͯύϥϝʔλ Q,P ͱ U, k, d

ͷ஋Λม͑ͨ৔߹ʹ͓͚ΔɺTPM ͱ CTPM ΞϧΰϦζϜͷ

ॲཧؒ࣌ɺΫϥελͷ߹੒σʔλʹ͍ͭͯ͸ dΛม͑ͨ৔߹Λ

Ұ༷෼෍ͷσʔλʹ͍ͭͯൺֱΛ͏ߦɻ࣮σʔλʹ͍ͭͯ͸ɺ

ΫΤϦ਺ |Q|Λม͑ͨ৔߹ʹ͓͚Δ TPMͱ CTPMΞϧΰϦ

ζϜͷॲཧؒ࣌ʹ͍ͭͯൺֱΛ͏ߦɻ

5. 2 ࡯ߟՌɾ݁ݧ࣮

߹੒σʔλΛ༻͍࣮ͨݧ: ਤ 5͸ɺҰ༷෼෍ (UN)Ͱੜ੒͞

Εͨਓޱσʔλʹରͯ͠ಛఆͷ஋Λม͑ͯॲཧؒ࣌Λܭଌ͠

ͨ݁ՌΛࣔͨ͠΋ͷͰ͋ΔɻTPM ͷॲཧؒ࣌͸ബ͍փ৭Ͱɺ

CTPM ͷॲཧؒ࣌͸ೱ͍փ৭Ͱࣔ͞Ε͍ͯΔɻͲͷΑ͏ͳঢ়

ରͯ͠΋ɺCTPMʹگ ͕ TPM ΑΓ΋ॲཧ͘ૣ͕ؒ࣌ͳͬͯ

͍Δ͜ͱ͕Θ͔Δɻ͜ͷதͰ஫໨͢Δ΂͖͸ਤ 5a ʹ͓͍ͯɺ

ΫΤϦ਺ |Q| ͕૿͑ͨ৔߹ʹ͓͍ͯ΋ɺCTPM ͸ TPM ʹൺ

΂ͯେ͖͘ॲཧؒ࣌Λ཈͑Δ͜ͱ͕Ͱ͖͍ͯΔ͜ͱͰ͋Δɻ͜

Ε͸ɺΫϥελϦϯάʹΑͬͯϑΟϧλྖҬΛ૿΍͢͜ͱ͕Ͱ

͖ͨ݁ՌͰ͋Δͱ͑ߟΔ͜ͱ͕Ͱ͖Δɻ5b ͸ɺσʔλ਺ͷม

ԽʹΑΔॲཧؒ࣌ͷมԽΛද͍ͯ͠Δɻσʔλ਺ͷ૿Ճʹର͠

ͯ͸ɺTPM ΋ CTPM ΋ॲཧؒ࣌΋૿Ճ͍ͯ͠Δ͜ͱ͕Θ͔

Δɻਤ 5cͷύϥϝʔλ kͷมԽʹ͍ͭͯ͸ɺheapͷαΠζ͕

େ͖͘ͳΔ͚ͩͰ͋ΔͷͰɺTPM ΋ CTPM ʹ΋େ͖ͳมԽ

͸ݱΕ͍ͯͳ͍ɻਤ 5dͷݩ࣍਺ͷ૿Ճʹରͯ͠͸ɺCTPM͸

TPMͱݩ࣍਺ʹର͢Δॲཧͷํ࢓ʹ͕ࠩͳ͍ͨΊݩ࣍਺ͷ૿

Ճʹରͯ͠͸ TPMΑΓ΋ॲཧؒ࣌͸཈͑Δ͜ͱ͕Ͱ͖͍ͯΔ

͕ɺ૿͑ํͱͯ͠͸มԽ͕ͳ͍͜ͱ͕Θ͔Δɻ

ਤ 6͸ɺҰ༷෼෍ (ਤ 6a)ͱΫϥελ (ਤ 6b)Ͱੜ੒͞Εͨ

߹੒σʔλʹ͍ͭͯݩ࣍਺Λม͑ͨ৔߹ͷ݁Ռʹ͍ͭͯࣔͨ͠

ਤͰ͋Δɻશମతʹ͸ΫϥελͰੜ੒͞Εͨσʔλͷํ͕Ұ༷

෼෍ΑΓ΋ૣ͘ͳ͍ͬͯΔ͜ͱ͕Θ͔Δɻ͜Ε͸ɺΫϥελͰ

ੜ੒͞Εͨσʔλͷํ͕ɺR໦ʹΑͬͯΠϯσΫγϯά͞Ε΍

͘͢ͳ͍ͬͯΔ͜ͱ͕ݪҼͰ͋Δͱ͑ߟΔ͜ͱ͕Ͱ͖Δɻ

࣮σʔλΛ༻͍࣮ͨݧ: ਤ 7͸ɺ࣮σʔλʹ͍ͭͯΫΤϦ਺

Λม͑ͯॲཧؒ࣌Λܭଌͨ݁͠ՌΛ TPMͱ CTPMʹ͍ͭͯ

ࣔͨ͠ਤͰ͋Δɻ࣮σʔλʹ͍ͭͯ΋ɺCTPM ͸ TPM ΑΓ

΋ૣ͘ͳ͍ͬͯΔ͜ͱ͕Θ͔ΔɻΫΤϦ਺͕૿͑ͯ΋ CTPM

Ͱ͸େ͖͘ॲཧ͍ͯ͑૿͕ؒ࣌ͳ͍ͱ͍͏݁Ռ͸ɺ߹੒σʔλ

ͷ৔߹Ͱ΋ݟΒΕͨ޲܏Ͱ͋Γɺ͖ͪΜͱ࣮σʔλʹ͓͍ͯ΋

ಉ༷ͷ݁Ռ͕ಘΒΕ͍ͯΔ͜ͱ͕Θ͔Δɻ

(a) |Q|, UN (b) |P |&|U |, UN

(c) k, UN (d) d, UN

ਤ 5: Ұ༷෼෍Ͱੜ੒͞Εͨσʔλʹ͓͍ͯɺ֤ύϥϝʔλΛ

มͨ͠ߋ৔߹ͷॲཧؒ࣌ͷมԽɻطఆ஋͸ɺ|Q| = 20, |P | =
|U | = 100k, k = 10, d = 3ɻ

(a) d, UN (b) d, CL

ਤ 6: Ұ༷෼෍ͱΫϥελͰੜ੒͞Εͨσʔλʹ͓͚Δɺॲཧ

ͷมԽؒ࣌

ਤ 7: ࣮σʔλʹ͓͍ͯΫΤϦ਺ |Q|Λม͑ͨ৔߹ʹ͓͚Δॲ
ཧؒ࣌ͷมԽ

6. ݁ ࿦

ຊڀݚͰ͸ɺطଘͷ ARkR ͷޮ཰ԽΛ͏ߦख๏ʹ͓͍ͯಛ

ఆͷΫΤϦͷ෼෍ʹ͓͍ͯޮՌΛൃشͰ͖ͳ͍͜ͱΛࣔ͠ɺͦ

ͷ໰୊఺Λղফ͢ΔͨΊʹΫΤϦΛΫϥελϦϯάͯ͠طଘͷ

ख๏Λద༻͢Δͱ͍͏ఏҊΛͨͬߦɻ͜ͷఏҊΛ΋ͱʹ࣮ݧΛ



͍ͨ༺ଘͷख๏Λطɺ͍ߦ ARkR ΛΑΓޮ཰తʹࢉܭͰ͖Δ

Α͏ʹվྑ͢Δ͜ͱ͕Ͱ͖ͨɻ

༗ޮʹࡍଘͷΞϧΰϦζϜΛద༻͢Δطͷ՝୊ͱͯ͠ɺޙࠓ

ͳΫϥελϦϯάΛͲͷΑ͏ʹ͔ͯ͠͏ߦΛݕ౼͢Δඞཁ͕͋

Δɻ·ͨɺݩ࣍਺͕͞Βʹେ͖͘ͳͬͨ৔߹ʹɺޮ཰తʹॲཧ

Ͱ͖ΔΑ͏ͳख๏Λ͑ߟΔඞཁ͕͋Δɻ͜ΕΒͷ՝୊Λղܾ͠ɺ

ARkRΛ͞Βʹޮ཰Խ͢Δ͜ͱΛ໨ͯ͠ࢦΏ͘ɻ
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