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Path DecompositionΛ༻͍ͨ
ϝϞϦޮ཰ͷྑ͍ಈతΩʔϫʔυࣙॻͷ࣮૷๏

ਆా फ़հ1,2,a) ৿ా ࿨1޺ ᔖా ਖ਼༤1

֓ཁɿΩʔϫʔυࣙॻͱ͸จྻࣈΛΩʔͱ͢Δ࿈૝഑ྻͰ͋Γɼจूྻࣈ߹Λอ؅͢ΔͨΊͷσʔλߏ଄
ͱ͔ͯ͘͠ݹΒ༻͍ΒΕ͍ͯΔɽҰํͰۙ೥ɼ͜ͷΩʔϫʔυࣙॻΛ༻͍ͯେن໛ͳจྻࣈσʔλΛओه

ԱͰ؅ཧ͢Δͱ͍࣮ͬͨྫ͕਺ଟ͘ใ͞ࠂΕ͓ͯΓɼϝϞϦޮ཰ͷྑ͍࣮૷͕ٻΊΒΕ͍ͯΔɽࡏݱͷͱ

͜Ζɼ੩త༻్ʹݶఆ͢Ε͹਺ଟ͘ͷ࣮૷͕͍ߴϝϞϦޮ཰Λୡ੒͍ͯ͠Δɽ͔͠͠ɼͦΕΒʹൺ΂ͯط

ଘͷಈతͳ࣮૷͸ང͔ʹଟ͘ͷϝϞϦΛফඅ͢Δɽͦ͜ͰຊߘͰ͸ɼPath DecompositionΛ༻͍ͨϝϞϦ

ޮ཰ͷྑ͍ಈతΩʔϫʔυࣙॻͷ࣮૷๏ΛఏҊ͢ΔɽPath Decompositionͱ͸ຊདྷɼΩϟογϡϑϨϯυ

Ϧʔͳ TrieࣙॻΛ࣮૷͢ΔͨΊʹ༻͍ΒΕΔٕ๏Ͱ͋Δ͕ɼຊఏҊͰ͸লϝϞϦͳಈతࣙॻΛ࣮͢ݱΔͨ

Ίʹ͜ͷٕ๏Λ༻͍Δɽେن໛ͳ࣮ݱͷσʔληοτΛ༻͍࣮ͨݧʹΑΓɼఏҊख๏͸طଘͷ࠷΋ϝϞϦ

ޮ཰ͷྑ͍࣮૷ͱൺ΂ɼ࠷େͰ 2.8ഒ΋ίϯύΫτʹಈతࣙॻΛ࣮ݱͰ͖Δ͜ͱΛࣔ͢ɽ

1. ͸͡Ίʹ

େن໛ͳจྻࣈσʔλΛ͍͔ʹޮ཰Α͘ओهԱͰ؅ཧ͢

Δ͔ͱ͍͏ͷ͸ɼݱ୅ͷػࢉܭՊֶʹ͓͍ͯجຊతͳ՝୊

ͷͻͱͭͰ͋Γɼࠓ·Ͱଟ͘ͷ͕ऀڀݚϝϞϦޮ཰ͷྑ͍

σʔλߏ଄ͷఏҊΛ͓͜ͳ͖ͬͯͨɽຊߘͰ͸ɼจྻࣈΛ

Ωʔͱ͢Δ࿈૝഑ྻͷ࣮ݱతͳσʔλߏ଄ʹ͍ͭͯ͑ߟΔɽ

͜ͷσʔλߏ଄͸ҰൠతʹΩʔϫʔυࣙॻͱΑ͹Εɼࣗવ

యతͳσʔλݹΒΕΔ͍༺͍͓ͯʹࡧݕॲཧ΍৘ใޠݴ

ݙ଄ͷҰͭͰ͋ΔɽҰํͰۙ೥Ͱ͸จߏ [1]Ͱใ͞ࠂΕΔ

Α͏ʹɼڊେͳσʔλΛѻ͏ͨΊʹϝϞϦޮ཰ͷྑ͍Ωʔ

ϫʔυࣙॻͷ࣮૷͕਺ଟ͘ͷ༻్ͰٻΊΒΕ͍ͯΔɽྫ͑

͹ɼMavlyutovΒ [2]͸ RDFσʔλετΞγεςϜʹ͓

͍ͯ 14GB͔Β੒Δ URIू߹ͷอ؅Λྀ͍ͯ͠ߟΔɽ

੩తͳࣙॻʹݶఆ͢Ε͹ɼϝϞϦޮ཰ʹ༏Ε࣮ͨ૷๏

͕͍͔ͭ͘ఏҊ͞Ε͍ͯΔɽྫ͑͹Mart́ınez-PrietoΒ [1]

͸ɼ͞·͟·ͳٕ๏Λ૊Έ߹Θͤͨ਺छྨͷ࣮૷๏ΛఏҊ

͠ධՁΛ༩͍͑ͯΔɽGrossiͱ Ottaviano͸ɼTrie [3]ͱ

ͯ͠஌ΒΕΔ໦ߏ଄Λ༻͍ͨΩϟογϡϑϨϯυϦʔͳ࣮

૷๏ΛఏҊ͍ͯ͠ΔɽKandaΒ [4]͸ɼ͜ΕΒͷ࣮૷ʹର

ͯࣙ͠ॻූ߸ԽΛ༻͍ͨѹॖํࡦΛద༻͠ධՁΛ༩͑ͨɽ

·ͨ KandaΒ [5]͸ɼվྑܕ Double ArrayΛ༻͍ͨߴ଎

ͳࣙॻͷ࣮૷๏΋ఏҊ͍ͯ͠Δɽ͜ΕΒʹΑΔ࣮૷͸େن

໛ͳσʔληοτΛίϯύΫτʹอ؅͢Δ͜ͱ͕Ͱ͖Δ

1 ಙౡେֶେֶӃઌ୺ٕज़Պֶڭҭ෦
2 ֶज़ৼڵձಛผڀݚһ DC
a) shnsk.knd@gmail.com

͕ɼΩʔϫʔυͷ௥Ճ΍࡟আΛఏ͍ͯ͠ڙͳ͍ͨΊʹͦͷ

༻్͸ݶఆ͞ΕΔɽ

ಈతͳࣙॻʹؔͯ͠͸ɼJudy [6]΍HAT-trie [7]ɼCedar [8]

ͳͲͷޮ཰తͳ࣮૷͕͍͔ͭ͘ଘ͍ͯ͠ࡏΔɽ͜ΕΒͷ࣮

૷͸ϙΠϯλͷΦʔόϔουΛ͢ݮ࡟Δ͜ͱͰϝϞϦޮ

཰ͷվળΛࢼΈ͍ͯΔ͕ɼ੩తͳࣙॻͱൺ΂Δͱґવͱ

ͯ͠͸Δ͔ʹଟ͘ͷϝϞϦΛফඅ͢ΔɽҰํͰɼTrie Λ

ίϯύΫτ͔ͭಈతʹද͢ݱΔͨΊͷσʔλߏ଄΋͍͘

͔ͭఏҊ͞Ε͍ͯΔɽDarraghΒ [9]͸ίϯύΫτͳϋο

γϡදΛ༻͍ͨσʔλߏ଄ΛఏҊ͓ͯ͠Γɼۙ೥ Poyiasͱ

Raman [10]ʹΑͬͯͦͷվྑͰ͋Δm-Bonsai͕ఏҊ͞

Εͨɽm-Bonsai͸ TrieΛ৘ใཧ࿦తԼݶʹ઴ۙతʹҰக

͢ΔαΠζͰද͠ݱɼ͔ͭجຊతͳ໦ͷૢ࡞Λ O(1)ظ଴

Ͱ͖ΔɽTakagiΒߦͰ࣮ؒ࣌ [11]΋·ͨɼΦϯϥΠϯจ

଄ΛఏҊ͍ͯ͠Δɽ͠ߏॲཧͷͨΊͷޮ཰తͳσʔλྻࣈ

͔͠ɼ͜ΕΒͷಈత Trieදݱʹؔͯ͠Ωʔϫʔυࣙॻͷ࣮

૷ʹର͢Δٞ࿦΍ධՁ͸༩͑ΒΕ͍ͯͳ͍ɽͦΕނʹɼΑ

ΓϝϞϦޮ཰ͷྑ͍ΩʔϫʔυࣙॻͷઃܭʹऔΓ૊Ήඞཁ

͕͋Δɽ

ͦ͜ͰຊߘͰ͸ɼTrieΛม͢ܗΔͨΊͷٕ๏Ͱ͋ΔPath

Decomposition [12]Λ༻͍ͨɼϝϞϦޮ཰ͷྑ͍ಈతΩʔ

ϫʔυࣙॻͷ৽͍࣮͠૷๏ΛఏҊ͢ΔɽPath Decomposi-

tionͱ͸ɼຊདྷΩϟογϡϑϨϯυϦʔͳ Trieߏ଄Λܗ੒

͢ΔͨΊʹఏҊ͞Εٕͨ๏Ͱ͋Γɼࡏݱ͸੩తͳ༻్ʹ͓

͍ͯͷΈ༻͍ΒΕ͍ͯΔ [13, 14]ɽ͔͠͠ఏҊख๏Ͱ͸ಈ

తࣙॻΛߏங͢ΔͨΊʹ͜ͷٕ๏ΛԠ༻͢ΔɽՃ͑ͯɼߴ
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͍ϝϞϦޮ཰ΛಘΔͨΊʹ m-BonsaiΛద༻͢Δํ๏Λఏ

Ҋ͢ΔɽఏҊख๏ʹର͢ΔධՁ͸ɼେن໛ͳ࣮ݱͷσʔλ

ηοτΛ༻͍࣮ͨݧʹΑΓ༩͑Δɽ

2. ४උ

2.1 ๏ͱఆٛهຊతͳج

nݸͷཁૉΛͭ࣋഑ྻ Aɼ͢ͳΘͪ A[0]A[1] . . . A[n− 1]

Λ A[0, n)ͱද͢ɽ͜ͷ഑ྻ A[0, n)ʹରͯ͠ɼ|A|͸ͦͷ
௕͞ nΛද͢ɽಛघͳऴ୺จࣈʮ$ʯΛ຤ඌʹͭ࣋όΠτ

จྻࣈΛΩʔϫʔυͱΑͿɽ͢ͳΘͪɼΩʔϫʔυ w[0, n)

ʹରͯ͠ $ ̸∈ w[0, n− 1)ͱ w[n− 1] = $͕੒Γཱͭɽର਺

ͷఈ͸ 2Ͱ౷Ұ͢Δɽ

2.2 Path Decomposition

Trie [3]ͱ͸ɼจूྻࣈ߹Λอଘ͢͠ࡧݕΔͨΊͷϥϕϧ

෇͖ॱং໦Ͱ͋Γɼจྻࣈͷ઀಄ࣙΛซ߹͢Δ͜ͱʹΑΓ

ங͞ΕΔɽPathߏ Decomposition [12]ͱ͸ɼ͜ͷ TrieΛ

ҎԼͷΑ͏ͳखॱͰ Path-Decomposed TrieʢPDTʣ΁ͱ

ม͢ܗΔٕ๏Ͱ͋Δɽ·ͣɼTrieͷ͔ࠜΒ೚ҙͷ༿·Ͱͷ

࿏Λܦ࿏Λબ୒͠ɼͦͷܦ PDTͷࠜͱؔ࿈෇͚ͯఆٛ͢

Δɽಉ༷ͷॲཧΛͦͷܦ࿏͔ΒਨΕԼ͕Δ֤෦෼ Trieʹ

ରͯ͠ؼ࠶తʹ࣮͠ߦɼͦ͏ͯ͠ಘΒΕ֤ͨ෦෼ PDTͷ

ࠜΛલॲཧͰఆٛͨ͠ PDTͷࠜͷࢠͱͯ͠ɼ෦෼ Trie΁

ͷ෼ذจࣈΛ෇ਵͨ͠ࢬͰ͙ܨɽ

Path Decompositionͷຊདྷͷ໨త͸ɼTrieͷ෼ղʹΑ

Γ໦ͷ͞ߴΛ཈͑Δ͜ͱͰɼ࣌ࡧݕʹઅ఺ؒͷϥϯμϜΞ

Ϋηεճ਺Λ͢ݮ࡟Δ͜ͱͰ͋ΔɽTrieΛ෼ղ͢Δͱ͖ɼ

ͲͷࢠΛ୧Γܦ࿏Λબ୒͢Δͷ͔͸೚ҙͰ͋Δ͕ɼͲͷΑ

͏ͳબͼํΛ༻͍ͯ΋ PDTͷ͞ߴ͸ύτϦγΞ໦ [15]ͷ

ͦΕΛ௒͑ͳ͍͜ͱ͕อূ͞Ε͍ͯΔͨΊɼ͋Δఔ౓ͷ

Ωϟογϡޮ཰ͷվળ͸ඞͣࠐݟΊΔɽຊ࣮૷ʹ͓͍ͯॏ

ཁͳ࣮ࣄΛҎԼʹࣔ͢ɽ

࣮ࣄ 1. PDTͷ֤અ఺͸ݩͷ Trieͷ͋Δઅ఺͔Β༿·Ͱ

ͷܦ࿏ʹରԠ͢Δɽऴ୺จࣈʹΑΓɼݩͷ Trieͷ༿ͷ਺͸

ొ࿥Ωʔϫʔυ਺ͱҰக͢ΔͨΊɼPDTͷઅ఺਺͸ొ࿥

Ωʔϫʔυ਺ͱҰக͢Δɽ

2.3 m-Bonsai

m-Bonsai [10]ͱ͸ϝϞϦޮ཰ͷྑ͍ಈతͳ Trieͷදݱ

๏Ͱ͋Γɼ։൪஍๏Λ༻͍֤ͯઅ఺Λϋογϡද Q[0,m)

্ʹఆٛ͢ΔɽԾʹઅ఺਺Λ n ͱͨ͠ͱ͖ɼα = n/m

ʢ0 ≤ α ≤ 1ʣΛϋογϡදQͷ઎༗཰ͱݺͿɽ͜͜Ͱ nͱ

m͸༧Ί༩͑ΒΕ͍ͯΔ΋ͷͱ૝ఆ͢Δɽ֤અ఺͸Qͷ͍

ͣΕ͔ͷཁૉʹ഑ஔ͞ΕΔͨΊɼͦͷ൪஍ 0 ≤ i < mΛઅ

఺ͷ IDͱͯ͠༻͍Δɽઅ఺ v ͔Βจࣈ cʹΑΓࣔ͞ΕΔ

ΕΔɽͨͩ͠ɼ͞ݱͷखॱʹΑΓ࣮ͭࡾͷ௥Ճ͸ɼҎԼͷࢠ

σ ͸ࢬʹ෇ਵ͢ΔจࣈͷΞϧϑΝϕοταΠζΛද͢ɽ·

ͣɼࢠʹର͢ΔϋογϡΩʔͱͯ͠ϖΞ ⟨v, c⟩Λੜ੒͢Δɽ

ɼϋογϡؔ਺ʹ࣍ h : {0, . . . ,m ·σ−1}→ {0, . . . ,m−1}
Λ༻͍ͯɼࢠͷॳظ൪஍ u = h(⟨v, c⟩)Λࢉग़͢Δɽޙ࠷
ʹɼQ্Λॳظ൪஍ u͔Βઢܗ૸ࠪ͠࠷ॳʹग़ձ͏ۭཁૉ

ͷ൪஍Λ u′ ͱͨ͠ͱ͖ɼQ[u′]ʹͦͷࢠΛ഑ஔ͢Δɽ͢ͳ

Θͪɼ৽ͨʹ௥Ճ͞Εͨࢠͷ ID͸ u′ ͱͳΔɽ

ϝϞϦ࢖༻ྔʹؔͯ͠ɼ୯७ʹϋογϡΩʔ ⟨v, c⟩ Λ
Q[u′]ʹهड़ͨ͠৔߹ɼ֤ཁૉ͸ ⌈log(m · σ)⌉ϏοτΛফඅ
͢Δɽm-BonsaiͰ͸୹ॖΩʔ [3, ԋश໰୊ 6.13]ͱΑ͹Ε

Δٕ๏Λ༻͍ͯɼ͜ͷϝϞϦ࢖༻ྔΛ ⌈log σ⌉Ϗοτʹ·
Ͱ͍ͯ͠ݮ࡟Δɽ͜ͷͱ͖ u′͔Β u·Ͱͷڑ཭ɼ͢ͳΘͪ

িಥճ਺ΛD[u′]ʹอͨ࣋͠సҠ഑ྻDΛ৽͘͠ಋೖ͢Δ

ඞཁ͕͋Δ͕ɼ[10, ิ୊ 1]ΑΓͦͷฏۉ஋͸খ͍͜͞ͱ͔

Βɼූ߸ԽͳͲΛ༻͍Δ͜ͱͰD͸ίϯύΫτʹදݱͰ͖

Δɽͳ͓ɼઅ 4ͷ࣮ݧͰ΋༻͍ͨୈҰஶऀʹΑΔm-Bonsai

ͷ࣮૷͸ https://github.com/kamp78/bonsais ʹެ։

͍ͯ͠Δɽ

3. DynPDT

ຊઅͰ͸ɼPath DecompositionΛ༻͍ͨ৽͍͠ಈతΩʔ

ϫʔυࣙॻͷ࣮૷๏ɼDynPDTΛఏҊ͢Δɽ

3.1 ຊతͳΞΠσΞج

·ͣɼDynPDTͷجຊతͳΞΠσΞͰ͋Δஞ࣍తPath

DecompositionΛઆ໌͢Δɽஞ࣍తPath Decomposition

Ͱ͸ɼ֤ΩʔϫʔυʹରԠ͢Δઅ఺Λͦͷొ࿥ॱʹஞ࣍త

ʹఆٛ͢Δ͜ͱͰ PDTΛߏங͢ΔɽҎԼʹΩʔϫʔυ w

Λ௥Ճ͢Δͱ͖ͷखଓ͖Λࣔ͢ɽಉ࣌ʹ DynPDTͷߏ੒

΋ࣔ͢ɽ

• ࣙॻ͕ۭͰ͋Ε͹ɼจྻࣈ w͕ϥϕϧ෇͚͞ΕͨࠜΛ

ఆٛ͢ΔɽຊߘͰ͸ɼઅ఺ v ʹ෇ਵ͢ΔϥϕϧΛ Lv

ͱද͢ɽ

• ࣙॻ͕ۭͰͳ͚Ε͹ɼม਺ vʹࠜͷઅ఺ IDΛઃఆ͠ɼ

ҎԼͷೋͭͷखॱʹΑΓΩʔϫʔυΛ୳͢ࡧΔɽख

ॱ 1 Ͱ͸ w ͱ Lv Λൺֱ͢Δɽ΋͠ w = Lv Ͱ͋Ε

͹ɼ͜ͷΩʔϫʔυ͸͢Ͱʹొ࿥͞Ε͍ͯΔͷͰख

ଓ͖Λऴྃ͢Δɽͦ͏Ͱͳ͚Ε͹ɼखॱ 2 ʹ͓͍ͯ

w[i] ̸= Lv[i]͔ͭ w[0, i) = Lv[0, i)Ͱ͋ΔΑ͏ͳϥϕ

ϧ ⟨i, w[i]⟩ʹΑΓࣔ͞ΕΔࢠΛ୳͢ࡧΔɽ΋͕͠ࢠͳ
͚Ε͹ɼ⟨i, w[i]⟩Λϥϕϧͱͯ͠෇ਵͨ͠ࢬͱ઀ඌࣙ
w[i + 1, |w|) Λϥϕϧͱͯ͠෇ਵͨ͠ࢠΛ௥Ճ͢Δɽ
΋͕͋͠ࢠΕ͹ɼvʹͦͷࢠͷઅ఺ IDΛɼwʹ઀ඌࣙ

w[i+ 1, |w|)Λઃఆ͠खॱ 1΁໭Δɽ

͢ͳΘͪɼ֤અ఺ϥϕϧ͸ొ࿥Ωʔϫʔυͷ͍ͣΕ͔ͷ

઀ඌࣙΛද͠ɼࢬϥϕϧ͸અ఺ϥϕϧ্ͷΦϑηοτͱό

ΠτจࣈͷϖΞʹΑΓߏ੒͞ΕΔɽࡧݕ΋ಉ༷ͷखଓ͖Ͱ

త࣍ΕΔɽஞ͞ݱ࣮ Path Decompositionͷಛ௃ͱͯ͠͸ɼ

ૣ͘ʹొ࿥͞ΕͨΩʔϫʔυʹରԠ͢Δઅ఺΄Ͳࠜͷ෇ۙ

ʹ഑ஔ͞ΕɼͦͷΑ͏ͳΩʔϫʔυʹର͢Δ୳ࡧίετ͸
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ਤ 1: DynPDTͷྫʢλ = 8ʣ

௿͘཈͑ΒΕΔ͜ͱ͕͋͛ΒΕΔɽ͔͠͠ɼઅ 4Ͱ͸ͦͷ

Α͏ͳಛ௃͸ྀͣͤߟɼແ࡞ҝॱʹΩʔϫʔυ͕௥Ճ͞Ε

ͨ DynPDTʹରͯ͠ධՁΛ༩͑Δɽ

3.2 m-Bonsaiͷద༻

ϝϞϦޮ཰ΛಘΔͨΊʹɼDynPDTͰ͸͍ߴ m-Bonsai

Λ༻͍ͯ͜ͷ PDTΛද͢ݱΔɽͨͩ͠ɼҎԼͷ໰୊͕ੜ

͡Δɽ

໰୊ 1. ϥϕϧ͸અ఺ϥϕϧ্ͷΦϑηοτࢬ iͱόΠτ

จࣈ c͔Β੒ΔϖΞ ⟨i, c⟩Ͱ͋Δɽઅ఺ϥϕϧͷ࠷େ௕Λ
Λͱͨ͠ͱ͖ɼͦͷΞϧϑΝϕοταΠζ͸ σ = 256 ·Λͱ
ͳΔɽm-Bonsai͸ϋογϡද QʹׂΓ౰ͯΔྖҬͱϋο

γϡؔ਺ hΛ༧Ίఆٛ͢ΔͨΊʹύϥϝʔλ σΛݻఆ͢Δ

ඞཁ͕͋Δ͕ɼະ஌ͷΩʔϫʔυΛొ࿥͢Δಈతͳ༻్ʹ

͓͍ͯ Λ͸ݻఆ͠ಘͳ͍ύϥϝʔλͰ͋Δɽ

͜ͷ໰୊Λղܾ͢ΔͨΊʹɼ৽ͨͳύϥϝʔλ λΛಋೖ

͠ɼΞϧϑΝϕοταΠζΛ σ = 256 · λͱ੍ͯ͠ڧతʹ
ఆ͢Δɽ΋͠ݻ Lv ্ͷΦϑηοτ i͕ λҎ্Ͱ͋Ε͹ɼ

i < λͱͳΔ·ͰҎԼͷखॱΛ܁Γฦ͢ɽ

( 1 ) અ఺ v͔Βಛघจࣈ φʹΑͬͯࣔ͞ΕΔࢠ uΛՃ͑Δɽ

( 2 ) v ← uɼi← i− λͱߋ৽͢Δɽ

͜ͷखॱʹΑΓఆٛ͞ΕΔઅ఺Λεςοϓઅ఺ͱΑͿ

͜ͱʹ͢Δɽ͜ͷղܾҊͰ͸ λʹԠͯ͡εςοϓઅ఺Λ

௥Ճ͢ΔͨΊɼλ͕খ͗͢͞Ε͹େྔͷεςοϓઅ఺Λఆ

ٛ͢Δ͜ͱʹͳΔɽٯʹ λ͕େ͖͗͢Ε͹ Qͷ֤ཁૉ͸

⌈log(256 · λ)⌉ϏοτΛ֬อ͢ΔͨΊɼͦͷϝϞϦ࢖༻ྔ͕
໰୊ͱͳΔɽނʹద੾ͳ λΛఆٛ͢Δඞཁ͕͋Δɽ

ྫͱͯ͠ɼΩʔϫʔυ technology$ɼtechnics$ɼtech-

nique$ɼtechnically$ɼtechnological$Λɼ͜ͷॱʹ௥

Ճ͢Δ͜ͱʹΑΓߏங͞Εͨ DynPDTΛਤ 1ʹࣔ͢ɽྫ

ͷઅ఺͸ v1, v2, . . . , v6ͷॱʹఆٛ͞Ε͍ͯΔɽྫ͑͹ɼ͜

ͷࣙॻΛ༻͍ͯ technically$Λ͢ࡧݕΔ৔߹ɼ·ͣ wʹ

͜ͷΩʔϫʔυΛઃఆ͠અ఺ϥϕϧ Lv1 ͱൺֱ͢Δɽ݁

Ռͱͯ͠ w[0, 5) = Lv1 [0, 5) = techn ͳͷͰɼࢬϥϕϧ

⟨5, w[5]⟩ = ⟨5, i⟩Λ༻͍ͯઅ఺ v2 ʹҠಈ͢Δɽ͜ͷͱ͖ɼ

wʹ͸࢒Γͷ઀ඌࣙ cally$Λઃఆ͢Δɽ࣍ʹ wͱ Lv2 Λ

ൺֱ͠ɼw[0, 1) = Lv2 [0, 1) = cͳͷͰ ⟨1, w[1]⟩ = ⟨1, a⟩Λ
༻͍ͯઅ఺ v4 ΁Ҡಈ͠ɼwʹ࢒Γͷ઀ඌࣙ lly$Λઃఆ͢

Δɽ࠷ऴతʹɼw = Lv4 ΑΓ͜ͷࡧݕΩʔϫʔυ͕ొ࿥͞

Ε͍ͯΔ͜ͱ͕Θ͔Δɽ

Ճ͑ͯɼtechnological$Λ͢ࡧݕΔͱ͖ͷྫ΋ࣔ͢ɽ

લྫͱಉ͡Α͏ʹɼw ΩʔϫʔυΛઃఆ͠અ఺ϥࡧݕʹ

ϕϧ Lv1 ͱൺֱ͢Δɽͦͷ݁Ռ͸ w[0, 9) = Lv1 [0, 9) =

technologͰ͋Δ͕ɼλ ≤ 9ΑΓఆΊΒΕͨΞϧϑΝϕο

ταΠζΛ௒ա͢ΔͨΊɼࢬϥϕϧ ⟨9, i⟩͸ແޮͰ͋Δɽ
ࣈɼಛघจʹނ φΛ༻͍ͯઅ఺ v5ʹҠಈ͢Δɽ9−λ < λɼ

͢ͳΘͪ 1 < λΑΓɼ⟨1, i⟩Λ༻͍ͯઅ఺ v6 ʹҠಈ͢Δ͜

ͱ͕Ͱ͖Δɽ࠷ऴతʹɼ࢒Γͷ઀ඌࣙ cal$ͱ Lv6 ͕Ұக

͢ΔͨΊɼ͜ͷࡧݕΩʔϫʔυ͕ొ࿥͞Ε͍ͯΔ͜ͱ͕Θ

͔Δɽ

3.3 ۩ମతͳ࣮૷

࿈૝഑ྻͱͯ͠ɼ֤Ωʔϫʔυʹ೚ҙͷ஋Λ࿈૝෇͚

ΒΕΔ͜ͱ͸ඞਢػೳͰ͋ΔɽDynPDTͰ͸અ఺ͱΩʔ

ϫʔυ͕ҰҙʹରԠ͢ΔͨΊɼઅ఺ϥϕϧʹଓ͘ྖҬΛ༻

͍Δ͜ͱͰ࿈૝஋Λอ࣋͢Δ͜ͱ͕Ͱ͖ΔɽΩʔϫʔυͷ

ଘͷ։൪஍๏ͱಉ༷ʹ֤અ఺ʹରͯ͠طআʹؔͯ͠͸ɼ࡟

ͦΕΛࣔ͢ϑϥάΛಋೖ͢Δ͜ͱͰ୯७ʹ࣮ݱͰ͖Δɽͨ

ͩ͠ɼ࡟আʹΑΓൃੜ͢Δແବͳઅ఺ྖҬͷղ์ʹؔͯ͠

͸ޙࠓͷ՝୊ͱͯ͠࢒Δɽ·ͨ m-BonsaiΛར༻͢ΔͨΊ

ʹ͸ɼઅ఺਺ͱ઎༗཰ʹґଘͨ͠Qͷཁૉ਺Λ༧Ίఆٛ͢

Δඞཁ͕͋Δɽ͑׵͍ݴΕ͹ɼσʔληοτʹରͯ͠༧ظ

͞ΕΔઅ఺਺Λੵݟ΋Δඞཁ͕͋Δɽૉ๿ͳ TrieΛ༻͍

Δ৔߹͜ͷੵݟ΋Γ͸೉͍͕͠ɼ͍޾ʹ΋࣮ࣄ 1ʹΑΓɼ

DynPDTͷઅ఺਺͸ొ࿥Ωʔϫʔυ਺ͱద੾ͳ λʹԠ͡

ͨগྔͷεςοϓઅ఺਺ͷ߹ܭͱͳΔɽ͢ͳΘͪɼ͓͓Α

ͦͷઅ఺਺͸༰қʹੵݟ΋Δ͜ͱ͕Ͱ͖Δɽ

3.4 અ఺ϥϕϧͷอ؅

અ఺ϥϕϧ͸Մม௕ͳจྻࣈͰ͋ΔͨΊɼm-Bonsaiͱ

͸ɼ͢ͳΘͪϋογϡද QͱసҠ഑ྻ Dͱ͸ผͷྖҬͰ

อ؅͞ΕΔɽ͜ͷͱ͖ૉ๿ͳ࣮૷ͱͯ͠͸ɼ഑ྻ P [0,m)

Λ༻͍ͯ P [i]ʹ Li ΁ͷϙΠϯλΛ֨ೲ͢Δํ๏͕͑ߟΒ

ΕΔɽຊߘͰ͸ɼ͜ͷ࣮૷๏Λ PlainͱΑͿɽPlain͸અ

఺ϥϕϧͷࢀরͱ௥Ճ͕ఆ਺ؒ࣌Ͱ͓͜ͳ͑Δ͕ɼmݸͷ

ϙΠϯλྖҬΛཁ͢ΔͨΊϝϞϦ࢖༻ྔ͕େ͖͍ͱ͍͏ܽ

఺͕͋Δɽਤ 2aʹͦͷྫΛࣔ͢ɽ

ͦ͜Ͱ୅ସखஈͱͯ͠ɼGoogle Sparse Hash*1ͱಉ༷ͷ

ٕ๏Ͱ Plainʹ͓͚ΔϙΠϯλͷΦʔόϔουΛ͢ݮ࡟Δ

࣮૷๏ΛఏҊ͢Δɽ͜ͷ࣮૷๏Ͱ͸અ఺ϥϕϧΛͦͷ ID

ʹରͯ͠ɼℓͭͣݸͷάϧʔϓʹ෼ׂ͢Δɽྫ͑͹ɼҰ൪

໨ͷάϧʔϓ͸ L0 . . . Lℓ−1͔Β੒Γɼೋ൪໨ͷάϧʔϓ͸

Lℓ . . . L2ℓ−1 ͔Β੒ΔɽՃ͑ͯɼLi ͕ଘ͢ࡏΕ͹ B[i] = 1

ͱͳΔΑ͏ͳϏοτྻ B Λಋೖ͢Δɽ֤άϧʔϓʹ͓͍

ͯɼB[i] = 1Ͱ͋Δઅ఺ϥϕϧ LiΛ IDॱΛҡ࣋͠ͳ͕Β

*1 https://github.com/sparsehash/sparsehash
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!

cal$technology$ cs$ ue$lly$

(a) Plain

! 1 0 1 1 0 1 0 1
$

3lly10technology2cs 3cal2ue

(b) Bitmapʢℓ = 4ʣ

ਤ 2: અ఺ϥϕϧͷอ؅ํ๏ͷྫ

࿈݁͠ɼ֤άϧʔϓͷ࿈݁ϥϕϧจྻࣈ΁ͷϙΠϯλΛอ

Δ͜ͱʹΑΓɼP࣋͢ ͷ௕͞Λ ⌈m/ℓ⌉ʹݮ࡟Ͱ͖Δɽ͜ͷ
࣮૷๏ΛBitmapͱΑͿɽਤ 2bʹͦͷྫΛࣔ͢ɽͨͩ͠ɼ

અ఺ϥϕϧதʹؚ·ΕΔଠࣈͷ਺ࣈʹؔͯ͠͸ޙड़͢Δɽ

BitmapͰ͸ɼ഑ྻ P ͱ B Λ༻͍ͯ Li ΛҎԼͷΑ͏ʹ

র͢Δɽ΋͠ࢀ B[i] = 0 Ͱ͋Ε͹ Li ͸ଘ͠ࡏͳ͍͜ͱ

͕Θ͔ΔɽB[i] = 1 Ͱ͋Ε͹ g = ⌊i/ℓ⌋ ͱ͠ɼP [g] ͔Β

Li ؚ͕·ΕΔ࿈݁ϥϕϧจྻࣈΛऔಘ͢ΔɽՃ͑ͯɼ෦

෼Ϗοτྻ Bg = B[g · ℓ, (g + 1) · ℓ) ΋औಘ͢ΔɽԾʹɼ
Bg[0, i mod ℓ+1)ʹؚ·ΕΔ 1ͷ਺Λ jͱͨ͠ͱ͖ɼઌ΄

Ͳಘͨ࿈݁ϥϕϧจྻࣈͷ j ൪໨ͷϥϕϧ͕ Li Ͱ͋Δɽℓ

͸ఆ਺ͳͷͰɼpopcountؔ਺ [16]Λ༻͍Δ͜ͱͰ Bg ʹ

ؚ·ΕΔ 1ͷ਺͸ఆ਺ؒ࣌ͰٻΊΔ͜ͱ͕Ͱ͖ΔɽͦΕނ

ʹɼࢀরؒ࣌͸࿈݁ϥϕϧจྻࣈͷ j ൪໨·ͰΛ૸ࠪ͢Δ

ͱҰக͢Δɽؒ࣌

୯७ʹઅ఺ϥϕϧΛ࿈݁ͨ͠৔߹ɼ͜ͷ૸ࠪ͸ऴ୺จ

র͸ࢀΕɼ͞ߦΛ਺্͑͛Δ͜ͱʹΑΓ࣮ࣈ O(ℓ · Λ) ࣌
ؒͰ͓͜ͳΘΕΔɽ͜ͷࢀরؒ࣌Λ୹͘͢ΔͨΊɼArray

Hash [17] Ͱ༻͍ΒΕ͍ͯΔ Skipping ٕ๏ΛԠ༻͢Δɽ

Skippingٕ๏Ͱ͸ɼVByteූ߸Խ [18]Λ༻͍֤ͯઅ఺ϥ

ϕϧͷલʹͦͷ௕͞Λهड़͢Δɽ͜ͷͱ͖֤અ఺ϥϕϧͷ

ऴ୺จࣈ͸ഉআ͢Δ͜ͱ͕Ͱ͖ΔɽSkippingٕ๏Ͱ͸ɼͦ

ͷ௕͞Λར༻࣍͠ͷઅ఺ϥϕϧͷ࢝఺·ͰҠಈ͢Δ͜ͱ͕

Ͱ͖ΔͷͰɼࢀরΛ O(ℓ)ؒ࣌Ͱ࣮ߦͰ͖ΔɽSkippingٕ

๏Λద༻ͨ݁͠Ռ͕ਤ 2bͰ͋Δɽ

4. ΑΔධՁʹݧ࣮

ຊઅͰ͸࣮ݧʹΑΓDynPDTΛධՁ͢Δɽ·ͨɼ࣮ ʹݧ

༻͍ͨDynPDTͷ࣮૷͸ https://github.com/kamp78/

dynpdtʹެ։͍ͯ͠Δɽ

4.1 ઃఆݧ࣮

੒͸ɼIntelߏͷػࢉܭ͍ͨ༺ʹݧ࣮ Xeon E5540 @2.53

GHz CPU, 32 GB RAMʢL2 cacheɿ1 MBɼL3 cacheɿ8

MBʣͰ͋ΓɼOS͸Ubuntu Server 16.04 LTSͰ͋Δɽ࣮

ද 1: σʔληοτʹؔ͢Δ৘ใ

Wiki UK WebBase LUBM

SizeʢMiBʣ 227.2 2,723.3 6,782.1 3,194.1

KeysʢMʣ 11.5 39.5 118.1 52.6

NodesʢMʣ 111.0 748.6 1,426.3 247.7

NPK 9.6 19.0 12.1 4.7

BPK 20.7 72.4 60.2 63.7

૷ޠݴ͸ C++Ͱɼ࠷దԽΦϓγϣϯͱͯ͠-O9Λࢦఆ͠ɼ

g++ version 5.4.0Λ༻͍ͯίϯύΠϧͨ͠ɽϝϞϦ࢖༻

ྔͷܭଌʹ͸/proc/<PID>/statmΛ༻͍ͨɽ࣮ؒ࣌ߦͷ

ଌʹ͸ܭ std::chrono::duration cast Λ༻͍ͨɽ࣮ݧ

༻σʔληοτ͸ҎԼͰ͋Δɽ

• Wikiɿӳޠ൛WikipediaͷλΠτϧ2*߹ूࣄه

• UKɿ.ukυϝΠϯ্Ͱ UbiCrawler [19]ʹΑΓಘΒΕ

ͨ URLू߹*3

• WebBaseɿWebBaseΫϩʔϥ [20]ʹΑΓಘΒΕͨURL

ू߹*4

• LUBMɿLUBMϕϯνϚʔΫ [21]ʹΑΓੜ੒͞Εͨ

σʔληοτ͔Βநग़ͨ͠ URIू߹*5

ද 1ʹͦͷৄࡉΛࣔ͢ɽʮSizeʯ͸ੜσʔλͷ༰ྔɼʮKeysʯ

͸ొ࿥Ωʔϫʔυ਺ɼʮNodesʯ͸ૉ๿ͳ TrieΛߏஙͨ͠

৔߹ͷઅ఺਺ɼʮNPKʯ͸Ωʔϫʔυ౰ͨΓͷૉ๿ͳ Trie

ͷઅ఺਺ͷฏۉɼʮBPKʯ͸Ωʔϫʔυ౰ͨΓͷฏۉόΠ

τ਺ɼ͢ͳΘͪΩʔϫʔυͷฏۉ௕Λ͍ࣔͯ͠Δɽ

4.1.1 ࣮૷

ຊ࣮ݧͰ͸ɼDynPDT Λ m-Bonsai ଘͷಈతࣙطͼٴ

ॻͱൺֱ͢Δ͜ͱͰධՁΛ༩͑ͨɽDynPDT ʹؔͯ͠

͸ɼPlainͱ Bitmapʢℓ = 8, 16, 32, 64ʣͷ྆ํΛ࣮૷ͨ͠ɽ

DynPDTࣙॻͷ࿈૝஋ʹ͸ intΛઃఆ͕ͨ͠ɼm-Bonsai

͸ࣙॻͱ࣮ͯ͠૷๏͕ఏҊ͞Ε͍ͯͳ͍ͷͰɼ࿈૝஋Λ࣋

ͨͳ͍ૉ๿ͳ Trieͱ࣮ͯ͠૷ͨ͠ɽطଘͷಈతࣙॻʹ͸

ϝϞϦޮ཰ͷྑ͍ҎԼͷ 3ͭͷ࣮૷ΛબΜͩɽ

• JudyɿHewlett-PackardڀݚॴʹΑΓ։ൃ͞Εͨಈత

Trieࣙॻ [6]

• HAT-trieɿTrieͱ Array HashͷϋΠϒϦουʹΑΔ

ಈతࣙॻ [7]

• CedarɿDouble ArrayΛ༻͍ͨ࠷খ઀಄ࣙ TrieʹΑ

Δಈతࣙॻ [8]

DynPDTͱಉ༷ʹɼ͜ΕΒʹ΋࿈૝஋ͱͯ͠ intΛઃ

ఆͨ͠ɽHAT-trieʹ͸ɼhttps://github.com/dcjones/

hat-trieͰެ։͞Ε͍ͯΔ࣮૷Λ༻͍ͨɽCedarͷΈΞ

υϨεදݱʹ 32Ϗοτ੔਺Λ༻͍͍ͯΔͨΊɼڊେͳσʔ

ληοτͷWebBaseʹରͯࣙ͠ॻΛߏங͢Δ͜ͱ͕Ͱ͖

ͳ͔ͬͨɽ

*2 https://dumps.wikimedia.org/enwiki/
*3 http://law.di.unimi.it/webdata/uk-2005/
*4 http://law.di.unimi.it/webdata/webbase-2001/
*5 https://exascale.info/projects/web-of-data-uri/

c⃝ 2017 Information Processing Society of Japan 4

Vol.2017-DBS-165 No.15
Vol.2017-IFAT-128 No.15

2017/9/18



৘ใॲཧֶձڀݚใࠂ
IPSJ SIG Technical Report

ද 2: ϝϞϦ࢖༻ྔʹؔ͢Δ࣮݁ݧՌ

Data Structure Wiki UK WebBase LUBM

Plain 46.6 54.4 47.5 45.0

Bitmap-8 21.2 31.3 24.0 15.5

Bitmap-16 18.8 28.2 21.0 13.8

Bitmap-32 17.4 27.1 19.8 12.1

Bitmap-64 16.9 26.4 19.2 11.5

m-Bonsai 23.6 46.1 29.3 11.4

Judy 50.5 60.3 53.5 33.9

HAT-trie 40.2 82.3 68.9 64.7

Cedar 41.1 58.4 – 29.7

4.1.2 ύϥϝʔλ

DynPDTͱm-Bonsai͸઎༗཰ αΛύϥϝʔλͱͯ࣋͠

ͭɽຊ࣮ݧͰ͸ɼطଘͷ࣮ݧ [9, 10]ͱಉ͡Α͏ʹ α = 0.8

Λઃఆͨ͠ɽނʹɼDynPDTͰ͸ొ࿥Ωʔϫʔυ਺Λ 0.8

Ͱׂͬͨ஋Λϋογϡද Qͷ௕͞ͱͯ͠ఆٛͨ͠ɽ͜͜

Ͱɼ݁Ռͱͯ͠ಘΒΕΔ DynPDT ͷ઎༗཰Λ α′ ͱ͢Δ

ͱɼεςοϓઅ఺ͷ਺ʹґଘ͠ α ≤ α′ Ͱ͋Δͱ͍͏͜ͱ

ʹཹҙ͞Ε͍ͨɽm-BonsaiͰ͸ɼ༧Ίੵݟ΋ͬͨૉ๿ͳ

Trieͷઅ఺਺Λ 0.8Ͱׂͬͨ஋Λϋογϡද Qͷ௕͞ͱ

ͯ͠ఆٛͨ͠ɽ͢ͳΘͪɼNPK͕খ͘͞ͳΔʹ͕ͨͬ͠

ͯ DynPDTͱ m-Bonsaiʹ͓͚Δ Qͷ௕͞ͷࠩ͸খ͘͞

ͳΔɽ

DynPDTʹ͍ͭͯ͸ɼεςοϓઅ఺਺΍ QͷϝϞϦ࢖

༻ྔΛࠨӈ͢Δύϥϝʔλ λ΋ࣄલʹઃఆ͢Δඞཁ͕͋Δɽ

λ͕େ͖͗͢ΔͱɼQʹׂΓ౰ͯΒΕΔྖҬ͕େ͖͘ͳΔɽ

ʹٯ λ͕খ͗͢͞Δͱɼεςοϓઅ఺͕େྔʹ࡞ΒΕ α′

͕େ͖͘ͳΔɽα′ ͕େ͖͘ͳΔͱিಥճ਺͕૿͑ D ͷฏ

͸૿Ճ͠ྔ༺࢖஋͕େ͖͘ͳΔͨΊɼ݁Ռͱͯ͠ϝϞϦۉ

୳ࡧ଎౓΋௿Լ͢Δɽͦ͜Ͱదͨ͠ λΛ͚ͭݟΔͨΊʹɼ

֤σʔληοτʹରͯ͠ λ ∈ [2, 4, 8, 16, 32, 64, 128]ͷൣғ

Ͱ༧උ࣮ݧΛ͓͜ͳͬͨɽͦͷ݁ՌΑΓɼα′ ≤ 0.81ͱͳΔ

Α͏ͳ࠷খͷ λͱͯ͠ɼWikiͰ 16ɼUKͰ 64ɼWebBase

Ͱ 32ɼLUBMͰ 16͕ಘΒΕͨɽ͜ΕΒͷ஋Λຊ࣮ݧͰ͸

λʹઃఆͨ͠ɽ

4.2 Ռ݁ݧ࣮

ΩʔϫʔυΛແ࡞ҝͷॱʹ௥Ճ͢Δ͜ͱͰࣙॻΛߏங

͠ɼͦͷͱ͖ͷ Resident Set SizeΛϝϞϦ࢖༻ྔͱͯ͠ܭ

ଌͨ͠ɽ௥Ճؒ࣌͸ 3ճͷߦࢼฏۉͰ͋Δɽࡧݕ͸֤σʔ

ληοτ͔Βແ࡞ҝʹநग़ͨ͠ 100ສͷΩʔϫʔυʹର͠

ɽࣔ݁͢Ռ͸ͨ͠ߦ࣮ 10ճͷߦࢼฏۉͰ͋Δɽ

4.2.1 ϝϞϦ࢖༻ྔ

ද ՌΛࣔ͢ɽPlainʹ͓͚ΔϙΠϯλͷΦʔ݁ݧ࣮ʹ2

όϔου͸ BitmapʹΑΓେ͖͘͞ݮ࡟Ε͍ͯΔͷ͕Θ͔

ΔɽLUBMʹ͓͍ͯɼBitmap-64͸ PlainΑΓ΋ 3.9ഒখ

͍͞ɽ·ͨɼm-Bonsaiͱ Bitmap-64Λൺ΂ΔͱɼLUBM

Λআ͍ͯBitmap-64͸ 1.4–1.7ഒখ͍͞. ͔͠͠ LUBMͰ

ද 3: ௥Ճؒ࣌ʹؔ͢Δ࣮݁ݧՌ

Data Structure Wiki UK WebBase LUBM

Plain 1.14 1.65 2.37 1.65

Bitmap-8 1.38 1.99 2.64 1.91

Bitmap-16 1.57 2.29 2.93 1.99

Bitmap-32 1.93 2.91 3.47 2.29

Bitmap-64 2.65 4.12 4.60 2.87

m-Bonsai 2.22 7.13 7.69 4.80

Judy 1.06 2.15 2.94 1.53

HAT-trie 1.13 1.63 1.75 2.58

Cedar 1.07 2.56 – 2.50

ද 4: Ռ݁ݧΔ࣮ؔ͢ʹؒ࣌ࡧݕ

Data Structure Wiki UK WebBase LUBM

Plain 1.13 1.53 2.20 1.12

Bitmap-8 1.38 2.15 2.40 1.26

Bitmap-16 1.61 2.47 2.74 1.43

Bitmap-32 2.06 3.25 3.72 1.61

Bitmap-64 3.01 4.88 5.29 2.16

m-Bonsai 2.06 6.69 8.30 3.08

Judy 0.88 2.02 2.42 0.79

HAT-trie 0.35 0.61 0.80 0.51

Cedar 0.69 2.51 – 0.69

͸ɼNPK͕খ͘͞m-BonsaiͱDynPDTͷQͷ͕ࠩখ͞

͍ͨΊɼm-Bonsaiͷํ͕Θ͔ͣʹখ͘͞ͳͬͨɽͨͩ͠ɼ

m-Bonsai͸࿈૝஋Λอ͓ͯ࣋͠ΒͣɼԾʹm-Bonsai͕ϝ

ϞϦʹؔͯ͠ͷΦʔόϔου͕Ұ੾ͳ͘ཧ૝తʹ࿈૝஋Λ

อͨ࣋͠ͱ͢Ε͹ɼΩʔϫʔυ͝ͱʹ sizeof(int) = 4ό

Πτ͕ͣͭՃ͞ࢉΕΔࢉܭʹͳΔɽ͢ͳΘͪɼࣙॻͱͯ͠

͸ Bitmap-64͸શͯͷσʔληοτʹରͯ͠m-BonsaiΑ

Γ΋খ͘͞ͳΔɽطଘͷࣙॻͱൺ΂ͯ΋ Bitmap-64͸࠷΋

খ͘͞ɼ֤σʔληοτʹ͓͚Δ࠷΋ίϯύΫτͳ݁Ռͱ

ൺֱͯ͠ɼͦͷࠩ͸ 2.2–2.8ഒͰ͋ͬͨɽ

4.2.2 ௥Ճؒ࣌

ද 3ʹ݁ՌΛࣔ͢ɽDynPDTʹ͓͍ͯɼඞવతʹ Plain

଎Ͱߴ΋࠷͕ Bitmap-64 ΋௿଎ͱͳͬͨɽ͔͠͠ɼ࠷͕

Bitmap-8ͱ PlainʹϝϞϦ࢖༻ྔ΄Ͳͷେ͖ͳࠩ͸ݟΒΕ

ͳ͍ɽҎԼͰ͸ɼBitmap-8ͱͦͷଞͷ࣮૷ͱΛൺֱ͢Δɽ

·ͣ m-Bonsaiͱൺֱͨ͠৔߹ɼ͢΂ͯͷσʔληοτʹ

͓͍ͯ Bitmap-8͕ߴ଎Ͱ͋ͬͨɽBPKͷେ͖͍ UK΍

WebBaseʹ͓͍ͯ͸ Path DecompositionͷޮՌ͕ݦஶʹ

Εɼͦݱ ͷࠩ͸UKͰ 3.6ഒɼWebBaseͰ 2.9ഒͰ͋ͬͨɽ

଎ͱ͍ߴଘͷࣙॻͱൺ΂ͨ৔߹ɼBitmap-8͸΋ͬͱ΋ط

͏Θ͚Ͱ͸ͳ͔͕ͬͨɼWikiΛআ͍ͯ 2൪໨ʹྑ޷ͳ݁

ՌΛࣔͨ͠ɽ

4.2.3 ؒ࣌ࡧݕ

ද 4ʹ݁ՌΛࣔ͢ɽ௥Ճؒ࣌ͱಉ༷ʹɼDynPDTʹ͓

͍ͯ Plain͕΋ͬͱ΋ߴ଎ͱͳΓɼBitmap-8͸ m-Bonsai

ΑΓ΋ߴ଎Ͱ͋ͬͨɽҰํͰطଘͷࣙॻͱൺ΂ΔͱɼDyn-
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PDT͸جຊతʹ௿଎Ͱ͋ΓɼBitmap-8ͱ HAT-trieͱͷ

ࠩ͸࠷େͰ 3.9ഒͰ͋ͬͨɽͨͩ͠ɼUKͱWebBaseʹ

͓͍ͯ͸ɼBitmap-8͸ Judyͱ Cedarʹ͍ۙ஋Λࣔͯ͠

͍Δɽ

5. ͓ΘΓʹ

ຊߘͰ͸ɼPath DecompositionΛ༻͍ͨϝϞϦޮ཰ͷΑ

͍ಈతΩʔϫʔυࣙॻͷ৽͍࣮͠૷๏Ͱ͋ΔDynPDTΛఏ

Ҋͨ͠ɽ·ͨɼ࣮ݧʹΑΓطଘͷ࣮૷ͱ͘Β΂ͯDynPDT

͸େ෯ʹίϯύΫτͰ͋Δ͜ͱΛࣔͨ͠ɽҰํͰɼͦͷ࣌

ؒޮ཰͸͋·Γ͘ߴͳ͔ͬͨɽm-Bonsaiʹ͓͚Δઅ఺ؒ

ͷભҠ଎౓͕ͦͷଞͷϙΠϯλϕʔεͷ࣮૷ͱ͘Β΂ͯ௿

଎Ͱ͋ͬͨ͜ͱ͕ɼͦ ͷओͳݪҼͱͯ͑͠ߟΒΕΔɽ·ͨɼ

։൪஍๏Λ༻͍͍ͯΔͨΊɼϋογϡදͷ֦ுɼॖখ͕؆

୯ʹ͓͜ͳ͑ͳ͍͜ͱ΋ผͷ໰୊఺ͱͯ͛͠ڍΒΕΔɽࠓ

ͷ՝୊ͱͯ͠͸ɼ͜ΕΒͷܽ఺Λվળ͢Δผͷޙ Trieදݱ

ΛߟҊ͢Δ͜ͱ͕͋͛ΒΕΔɽ

·ͨຊߘͰ͸ɼ༩͑ΒΕͨΩʔϫʔυʹରͦ͠ͷ࿈૝஋

Λฦ͢ͱ͍ͬͨ࿈૝഑ྻͱͯ͠ͷجຊతͳػೳͷΈΛऔ

Γѻ͕ͬͨɼΩʔϫʔυʹݻ༗ͷ IDΛ༩͑Մٯͳૢ࡞Λ

ఏ͢ڙΔࣙॻߏ଄΋ଟ͘ͷ༻్ʹ͓͍ͯॏཁͱ͞Ε͍ͯ
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