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͋Β·͠ จूྻࣈ߹Λอ؅͢ΔͨΊͷσʔλߏ଄Ͱ͋Δจࣙྻࣈॻʹؔͯ͠ɼۙ೥ɼଟ͘ͷ༻్ͰίϯύΫτੑ͕

Ԡͯ͡ɼTrie΍ʹܠΕ͍ͯΔɽ·ͨɼͦͷഎ͞ࠂΊΒΕΔͱ͍͏࣮ྫ͕ใٻ Front-CodingͳͲͷࣙॻΛ࣮͢ݱΔͨΊ

ͷ༏Εٕͨ๏ʹɼจ๏ѹॖͳͲͷྗڧͳσʔλѹॖΛ૊Έ߹Θͤͨѹॖจࣙྻࣈॻ͕ఏҊ͞Ε͍ͯΔɽຊߘͰ͸ɼط

ଘͷѹॖจࣙྻࣈॻͷվྑΛ໨తͱ͠ɼจࣙྻࣈॻͷѹॖʹจࣙྻࣈॻΛ༻͍Δͱ͍͏ํ͍ࣙͨͮجʹࡦॻߏ଄Λఏ

Ҋ͢Δɽ࣮σʔλΛ༻͍࣮ͨݧΑΓɼఏҊʹΑΔจࣙྻࣈॻ͸ Re-PairʹΑΓѹॖͨࣙ͠ॻͱൺ΂ɼϝϞϦޮ཰΍ݕ

ஙͰ͖Δ͜ͱΛࣔͨ͠ɽߏ଎౓ͷτϨʔυΦϑʹؔͯ͠ಉ౳ͷੑೳΛࣔͭͭ͠ɼ୹͍࣌ؒͰݩɾ෮ࡧ

Ωʔϫʔυ ѹॖจࣙྻࣈॻɼTrieɼFront-Codingɼѹॖσʔλߏ଄

1. ͸ ͡ Ί ʹ

จࣙྻࣈॻͱ͸ɼจྻࣈͷू߹Λอ؅͢ΔͨΊͷσʔλߏ଄

Ͱ͋Γɼ֤จྻࣈʹର͠ݻ༗ͷ IDΛׂΓ౰ͯΔɽ͢ͳΘͪɼจ

ͷೖྗʹର͠ɼͦͷྻࣈ IDΛใ͢ࠂΔ LookupͱɼIDͷೖྗ

ʹର͠ɼͦͷจྻࣈΛใ͢ࠂΔ Accessͷ 2ͭͷૢ࡞Λఏ͢ڙ

Δσʔλߏ଄Ͱ͋Δɽࣗવޠݴॲཧ΍৘ใࡧݕɼηϚϯςΟο

Ϋɾ΢ΣϒɼόΠΦΠϯϑΥϚςΟΫεɼ஍ཧ৘ใγεςϜͳ

Ͳͷ਺ଟ͘ͷ༻్ʹ͓͍ͯ༻͍ΒΕ͍ͯΔɽҰํͰɼۙ೥Ͱ͸

େن໛σʔλʹରࣙ͠ॻຊମͷαΠζ͕໰୊ͱͳΔ͕ྫࣄෳ਺

ใ͞ࠂΕ͓ͯΓ [1]ɼϝϞϦޮ཰ͷྑ͍ࣙॻߏ଄ɼ͍ΘΏΔѹ

ॖจࣙྻࣈॻͷఏҊ͕ଟ͘ͳ͞Ε͍ͯΔ [1–5]ɽ

จࣙྻࣈॻͷѹॖʹؔͯ͠ɼςΩετσʔλʹର͢Δྗڧ

ͳѹॖख๏Λద༻͢Δํ͕ࡦɼۙ೥ͷڀݚͰ͸ଟ͘ݟΒΕΔɽ

ྫ͑͹ɼMart́ınez-Prieto Β [1] ͸ɼจࣙྻࣈॻΛ࣮͢ݱΔͨ

Ίͷ༷ʑͳٕ๏ʹطଘͷσʔλѹॖΛ૊Έ߹ΘͤΔ͜ͱʹΑ

ΓɼϝϞϦޮ཰ʹ༏ΕͨࣙॻΛෳ਺ݸఏҊ͍ͯ͠ΔɽதͰ΋ɼ

Front-Coding [6]Λϕʔεͱͨࣙ͠ॻͷੑೳ͕͘ߴɼ෦෼తʹ

ϝϞϦ͍ߴର͠σʔλѹॖΛద༻͢Δ͜ͱͰʹྻࣈΕΔจݱ

ޮ཰Λୡ੒͍ͯ͠ΔɽGrossi ͱ Ottaviano [2] ͸ɼTrie [7] Λ

ϕʔεʹ Path Decomposion [8]ͱݺ͹ΕΔٕ๏Λ༻͍Δ͜ͱ

ͰɼΩϟογϡޮ཰ʹ༏ΕͨࣙॻΛ࣮͍ͯ͠ݱΔɽ͜ͷࣙॻߏ

଄ʹ͓͍ͯ΋ɼطଘͷσʔλѹॖͱ૊Έ߹ΘͤΔ͜ͱͰ͍ߴϝ

ϞϦޮ཰Λ࣮͍ͯ͠ݱΔɽ

͜ͷΑ͏ʹɼςΩετσʔλʹର͢Δطଘͷѹॖख๏Λ༻͍

ͨจࣙྻࣈॻ͕ෳ਺ఏҊ͞Ε͍ͯΔɽதͰ΋ɼTrie ΍ Front-

CodingͳͲΛϕʔεͱͯ͠ߏஙͨࣙ͠ॻ಺ʹ෦෼తʹݱΕΔ

จྻࣈʹɼRe-Pair [9]ͱݺ͹ΕΔจ๏ѹॖΛద༻͢Δ͜ͱʹΑ

ΓಘΒΕΔѹॖจࣙྻࣈॻ͸ɼ൚༻తʹ͍ߴϝϞϦޮ཰Λୡ੒

͠ɼLookup/Accessͷ࣮ؒ࣌ߦʹؔͯ͠΋༏Ε͍ͯΔɽҰํɼ

Re-PairʹΑΔѹॖ͸ೖྗจྻࣈ௕ʹର͠ઢؒ࣌ܗͰಈ͢࡞Δ

΋ͷͷɼ࣮ࡍʹ͸େ෯ͳ࣌ؒͱྖۀ࡞ҬΛཁ͠ɼRe-PairΛ༻

͍ͨࣙॻͷߏஙίετ͸ඇৗʹେ͖͍ͱ͍͏໰୊΋ಉ࣌ʹଘࡏ

͢ΔɽվળͷͨΊʹɼѹॖίετͷ໘Ͱͷ Re-Pairͷվྑɼ΋

͘͠͸ѹॖίετͷ௿͍ҟͳΔσʔλѹॖͷར༻ͳͲ͕͑ߟΒ

ΕΔ͕ɼͦΕͰ͸ΦϦδφϧͷ Re-Pair΄Ͳͷѹॖ཰͕ಘΒΕ

ͳ͍ͱ͍͏δϨϯϚʹؕΔɽ͜ͷ໰୊͸ɼѹॖจࣙྻࣈॻͷߋ

ͳΔ࣮༻Խʹ͚ͨ޲վળ͢΂͖఺ͷ 1ͭͱ͍͑Δɽ

ຊڀݚͰ͸ɼจࣙྻࣈॻͷѹॖʹจࣙྻࣈॻΛ༻͍Δͱ͍͏

ࣙྻࣈଘͷѹॖจطͼٴɼ͜͏ͨ͠໰୊ͷվળɼ͖ͮجʹࡦํ

ॻͷੑೳ্޲Λ໨͢ࢦɽ͜ͷํࡦʹؔͯ͠ಈػͱͳͬͨͷ͕ɼ໼

ా [5]ʹΑΓఏҊ͞Εͨࣙॻߏ଄Ͱ͋Δɽ͜ͷࣙॻͰ͸ TrieΛ

ϕʔεͱ͠ɼ෦෼తʹݱΕΔจྻࣈΛؼ࠶తʹ TrieࣙॻʹΑΓ

ѹॖ͢Δͱ͍͏ํ๏Ͱ͍ߴϝϞϦޮ཰Λୡ੒͍ͯ͠Δɽ͜ͷΑ

͏ʹࣙॻͷѹॖʹࣙॻΛ༻͍Δͱ͍͏ํ๏͸ɼطଘͷ Re-Pair

ͳͲʹΑΓѹॖ͞ΕΔࣙॻʹରͯ͠΋ద༻Ͱ͖ɼ৽ͨͳѹॖͷ

खஈͱͳΓಘΔɽͦ͜ͰຊߘͰ͸ɼ͜ͷํ͍ࣙͨͮجʹࡦॻߏ

଄Λ͍͔ͭ͘ఏҊ͠ɼ࣮ݧʹΑΓධՁΛ༩͑Δɽ

2. ४ උ

ຊઅͰ͸ɼࣙॻΛ࣮૷͢Δ্ͰඞཁͱͳΔσʔλߏ଄Λ؆୯

ʹ঺հ͢Δɽ͸͡ΊʹɼجຊతͳఆٛΛҎԼʹ༩͑Δɽจ͕ࣈ

औΓಘΔ஋ͷू߹ Σ ΛΞϧϑΝϕοτͱ͍͍ɼͦͷαΠζΛ

σ = |Σ|ͱද͢ɽର਺ͷఈ͸ 2Ͱ౷Ұ͢Δɽ

2. 1 Rank/Selectࣙॻ

Ϗοτྻ B[1...n]ʹର͠ɼRank/Selectͱݺ͹ΕΔجຊతͳ

2ͭͷૢ࡞Λಋೖ͢Δɽ

• Rankb(B, i)ɿB[1...i]தͷ b ∈ {0, 1}ͷ਺Λฦ͢ɽ
• Selectb(B, i)ɿi൪໨ͷ b ∈ {0, 1}͕ग़͢ݱΔҐஔΛฦ͢ɽ
͜ΕΒͷૢ࡞͸ɼo(n)Ϗοτͷิॿσʔλߏ଄ΛՃ͑Δ͜ͱ

ʹΑͬͯɼఆ਺࣌ؒͰ࣮ߦͰ͖Δ [10]ɽ

2. 2 LOUDSදݱ

LOUDSʢLevel-Ordered Unary Degree Sequenceʣ[10] ͸

ॱং໦Λද͢ݱΔͨΊͷ؆ܿσʔλߏ଄ɼ͍ΘΏΔ؆ܿ໦ͷ 1

छͰ͋ΔɽLOUDSͰ͸ɼࢠΛ dͭ࣋ݸઅ఺Λ dݸͷ ‘1’ͱ 1

ͷݸ ‘0’ͷ࿈݁ʹΑΓද͠ɼ͜ΕΒΛ෯༏ઌʹ࿈݁͢Δ͜ͱʹΑ

ΓಘΒΕΔϏοτྻʹΑΓ໦Λද͢ݱΔɽ͜ͷͱ͖ɼࠜͷ਌ͷ

Α͏ʹৼΔ෣͏εʔύʔϧʔτͱͯ͠ɼϏοτྻͷઌ಄ʹ “10”



Λ෇༩͢Δɽઅ఺ͷҠಈ͸ɼϏοτྻ্ͷ Rank/SelectΛհ͠

ΕΔͨΊɼԾʹ໦ͷઅ఺਺Λ͞ݱ࣮ͯ nͱͨ͠ͱ͖ɼͦͷϝϞ

Ϧ࢖༻ྔ͸ 2n+ o(n)ϏοτͱͳΔɽ

2. 3 DFUDSදݱ

DFUDSʢDepth-First Unary Degree Sequenceʣ[11] ͸ɼ

LOUDS ͱಉ͘͡؆ܿ໦ͷ 1 छͰ͋ΓɼׅྻހΛ༻͍ͯॱ

ং໦Λද͢ݱΔɽDFUDS Ͱ͸ɼࢠΛ d અ఺Λͭ࣋ݸ d ͷݸ

‘(’ͱ ͷݸ1 ‘)’ͷ࿈݁ʹΑΓද͢ɽͦͯ͠ɼ͜ΕΒΛਂ͞༏ઌ

ॱʹ࿈݁͠ɼઌ಄ʹ ‘(’Λ௥Ճׅͨ͠ྻހʹΑΓ໦Λද͢ݱΔɽ

DFUDSʹ͓͚Δઅ఺ͷҠಈʹඞཁͳ্ׅྻހͷૢ࡞͸ɼo(n)

Ϗοτͷิॿσʔλߏ଄ʹΑΓఆ਺࣌ؒͰ༩͑ΒΕΔ [10, 12]ɽ

અ఺਺ nʹର͠ɼͦͷϝϞϦ࢖༻ྔ͸ 2n+ o(n)ϏοτͰ͋Δɽ

2. 4 Elias-Fanoදݱ

Elias-Fanoදݱ [13,14]ͱ͸ɼ࠷େ஋͕ nͰ͋Δmݸͷ੔਺

஋͔Βߏ੒͞ΕΔٛ޿୯ௐ૿Ճྻʹର͠ɼఆ਺࣌ؒͰͷΞΫη

εΛอূͭͭ͠ɼ2m+m log n
m + o(m)ϏοτͰද͢ݱΔͨΊ

ͷූ߸Ͱ͋ΔɽElias-Fanoදݱͷޮ཰తͳ࣮૷͸͍͔ͭ͋͘Δ

͕ɼެ։͞Ε͍ͯΔ࣮૷ͱͯ͠͸ Succinct [15]͕༗໊Ͱ͋Δɽ

3. จࣙྻࣈॻ

จࣙྻࣈॻͱ͸ɼจྻࣈͷू߹ S ⊂ Σ∗ Λอ؅͠ɼ֤จྻࣈ

ʹର͠ݻ༗ͷ IDͱͯ͠ [1, |S|]಺ͷ੔਺஋Λ༩͑ΔͨΊͷσʔ
λߏ଄Ͱ͋Δɽ͜ͷͱ͖ɼҎԼͷ 2ͭͷૢ࡞Λఏ͢ڙΔɽ

• Lookup(s)ɿs ∈ S Ͱ͋Ε͹ɼͦͷ IDΛฦ͢ɽ

• Access(i)ɿID iʹରԠ͢ΔจྻࣈΛ෮͢ݩΔɽ

·ͨɼ͋Δจྻࣈͷྻܥ ⟨s1, s2, ..., sn⟩ΛɼจࣙྻࣈॻΛ༻
͍ͯ੔਺஋ͷྻܥ ⟨i1, i2, ..., in⟩ʹม͢׵Δૢ࡞Λࣙॻූ߸Խͱ
ΑΓ΋੔਺஋ͷํ͕֨ೲʹඞཁͳྖҬྻࣈຊతʹɼจجͿɽݺ

͸খ͘͞ɼ੔਺஋ྻͱจࣙྻࣈॻͷϝϞϦ࢖༻ྔΛ଍͠߹Θͤ

ͨ݁Ռ͕ɼݩͷจྻܥྻࣈͷϝϞϦ࢖༻ྔΑΓ΋খ͍͞৔߹ɼ

ࣙॻූ߸ԽʹΑΔѹॖ͕ୡ੒͞ΕΔɽ

ຊڀݚͰ͸ɼTrie΍ Front-Coding಺ʹ෦෼తʹݱΕΔจࣈ

ྻʹରͯࣙ͠ॻූ߸ԽΛద༻͢Δ͜ͱͰɼطଘͷࣙॻߏ଄ͷվ

ྑΛਤΔɽͦ͜ͰຊઅͰ͸ɼCompact TrieʢC-TrieʣɼPath-

Decomposed TrieʢPD-TrieʣɼFront-Codingͷ 3ͭͷࣙॻߏ

଄ɼ͓Αͼطଘͷ࣮૷ํ๏ʹ͍ͭͯઆ໌͢ΔɽՃ͑ͯɼࣙॻූ

߸ԽΛద༻͢ΔͨΊͷσʔλߏ଄ΛఏҊ͢Δɽ

3. 1 Compact TrieʢC-Trieʣ

Trieͱ͸ɼจྻࣈͷڞ௨઀಄ࣙΛซ߹͠ɼࢬʹจࣈΛ෇ਵ͢Δ

͜ͱͰߏங͞ΕΔϥϕϧ෇͖ॱং໦Ͱ͋Δɽొ࿥จྻࣈ͸ɼ͔ࠜ

Β༿΁ͷܦ࿏্ͷࢬϥϕϧΛ࿈݁͢Δ͜ͱʹΑΓ෮͞ݩΕΔɽͦ

ͯ͠ɼC-Trieͱ͸ɼTrieʹ͓͚Δ෼ذΛ࣋ͨͳ͍અ఺Λ࡟আ͠ɼ

଄Ͱ͋Δɽߏங͞ΕΔ໦ߏͷϥϕϧΛ༩͑Δ͜ͱʹΑΓྻࣈจʹࢬ

ਤ 1aʹɼจूྻࣈ߹ Sex = {“ideal”, “ideas”, “ideology”,
“tea”, “techie”, “technology”, “tie”, “trie”} ʹର͢Δ C-

TrieͷྫΛࣔ͢ɽ

C-TrieΛ༻͍ͨѹॖจࣙྻࣈॻͱͯ͠஌ΒΕΔͷ͕ɼຊڀݚ

ͷಈػͰ΋͋Δɼ໼ాʹΑͬͯఏҊ͞ΕͨMARISAʢMatching

Algorithm with Recursively Implemented StorAgeʣ[5]Ͱ͋

ΔɽMARISAͱ͸ɼC-Trieͷϥϕϧѹॖʹ C-TrieΛ༻͍Δͱ
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(a) C-Trieɽ֤จྻࣈͷऴ୺ʹҐஔ͢Δઅ఺͕࢛֯

Ͱඳ͔Ε͍Δ
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(b) C-Trie ͷදݱ

ਤ 1: Sex ʹର͢Δ C-Trieɼٴͼදݱͷྫ

͍͏ॲཧΛؼ࠶తʹ܁Γฦ͢͜ͱͰߏங͞ΕΔσʔλߏ଄Ͱ͋

Δɽ͜͜Ͱ͸MARISAΛߟࢀʹɼC-Trieͷѹॖʹࣙॻූ߸Խ

Λ༻͍Δํ๏Λઆ໌͢Δɽ

C-Trieͷѹॖʹࣙॻූ߸ԽΛ༻͍Δ৔߹ɼͦͷର৅ͱͳΔͷ

͸ࢬϥϕϧͰ͋ΔɽMARISA Ͱ͸ࢬϥϕϧʹؔͯ͠ɼ௕͞ 1

ͷϥϕϧͱ௕͞ 2Ҏ্ͷϥϕϧΛ۠ผ͠ɼऀޙΛࣙॻූ߸Խʹ

ΑΓ੔਺஋ʹஔ͖͑׵ΔɽԾʹઅ఺ v ͷϥϕϧΛ֨ࢬ͏͔޲ʹ

ೲͨ͠഑ྻΛ L[v]ͱ͢ΔͱɼL͸഑ྻ L′ ͱϏοτྻ F Λ༻͍

ͯҎԼͷΑ͏ʹஔ͖͑׵ΒΕΔɽ

• |L[v]| = 1ͷ৔߹ɼL′[v]← L[v]͔ͭ F [v]← 0ɽ

• |L[v]| >= 2ͷ৔߹ɼจྻࣈ L[v]Λࣙॻූ߸Խ͠ಘΒΕΔ

IDΛ iv ͱ͢ΔͱɼL′[v]← iv ͔ͭ F [v]← 1ɽ

ਤ 1aͷ C-TrieΛɼMARISAͱಉ༷ͷํ๏Ͱࣙॻූ߸Խʹ

ΑΓදྫͨ͠ݱΛਤ 1b ʹࣔ͢ɽMARISA Ͱ͸ɼ໦ͷදݱʹ

LOUDSΛ༻͍͍ͯΔͨΊɼL͸ࢬϥϕϧΛ෯༏ઌॱʹฒ΂ͨ

݁ՌͰ͋Γɼࣙॻූ߸ԽΛ༻͍ͯ Lͷ୅ΘΓʹ L′ ͱ F ͕ಘΒ

ΕΔɽB ͸໦ʹର͢Δ LOUDS දݱͰ͋ΓɼT ͸અ఺ v ͕จ

ͷऴ୺ʹҐஔ͢Ε͹ྻࣈ T [v] = 1 ͱͳΔΑ͏ͳϏοτྻͰ͋

ΔɽT ͸จྻࣈͷऴ୺Λද͚ͩ͢Ͱͳ͘ɼRank/SelectʹΑΓ

અ఺ ID͔Β [1, |S|]಺ͷจྻࣈ ID΁ͷࣸ૾Λ༩͑Δ໾ׂ΋Ռ

ͨ͢ɽ͜ͷͱ͖ɼLookup/Access͸ҎԼͷΑ͏ʹ࣮͞ߦΕΔɽ

Lookup(s) ͸ɼs Λߏ੒͢ΔจࣈʹΑΓ͔ࠜΒ༿ v ΁ભҠ͠ɼ

Rank1(T, v)Ͱͦͷ IDΛฦ͢ɽAccess(i)͸ɼSelect1(T, i)ʹ

ΑΓ෮͍ͨ͠ݩจྻࣈͷऴ୺ʹҐஔ͢Δઅ఺ IDΛऔಘ͠ɼͦ

͔͜Βࠜ·ͰͷࢬϥϕϧΛ࿈݁͢Δ͜ͱͰొ࿥จྻࣈΛ෮͢ݩ

Δɽ͜ΕΒૢࢬ͍͓ͯʹ࡞ϥϕϧΛࢀর͢Δͱ͖ɼF [v] = 1Ͱ

͋Ε͹ L′[v] ʹ֨ೲ͞Εͨ ID Λ༻͍ͯࣙॻ͔ΒࢬϥϕϧΛਵ

࣌෮͢ݩΔɽ
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Dictionary	encoding
GFADCBAEL’

12345678

1t2e1ch1ie|ology||ie|e|de1a1l||logyL 

1__________2____3_4__5_6_____7_8

de1a1l
e
ie
logy
ology
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A
B
C
D
E
F
G

irianos
((((((()))))))(()))

E 
B

1234567890123456789

(c) PD-Trie ͷදݱ

ਤ 2: Sex ʹର͢Δ TrieɼPD-Trieɼٴͼͦͷදݱͷྫ

3. 2 Path-Decomposed TrieʢPD-Trieʣ

PD-Trieͱ͸ɼTrieΛઅ఺͔Β༿·Ͱͷܦ࿏ʹ෼ղ͢Δૢ࡞

ʢPath DecomposionʣΛؼ࠶తʹ܁Γฦ͢͜ͱʹΑΓߏங͞Ε

Δ໦ߏ଄Ͱ͋Γɼ֤અ఺͕֤ܦ࿏ʹରԠ͢Δɽ͜͜Ͱ͸ɼ·ͣ

ॳΊʹɼਤ 2ʹࣔ͢ྫΛ༻͍ͯ Grossiͱ Ottaviano [2]ʹΑΔ

จࣙྻࣈॻʹͮ͘ج PD-Trieͷσʔλߏ଄ɼٴͼैདྷͷ࣮૷ํ

๏Λઆ໌͢Δɽ࣍ʹɼࣙॻූ߸ԽΛѹॖʹద༻͢ΔͨΊͷσʔ

λߏ଄ʹ͍ͭͯఏҊ͢Δɽ

ਤ 2bʹࣔ͢໦ߏ଄͸ɼਤ 2aͷ TrieΛ࣮ઢͰ͕ܨΕͨܦ࿏

͝ͱʹ෼ղ͠ߏங͞Εͨ PD-TrieͰ͋Γɼ֤અ఺ʹ͸ Trieͷ

෇ਵ͍ͯ͠Δɽ͕ࣈจذ͸෼ʹࢬ࿏Λද͢અ఺ϥϕϧɼ֤ܦ֤

અ఺ϥϕϧʹؚ·ΕΔ 1,2, ...ͱ͍͏จࣈ͸ Σʹؚ·Εͳ͍ಛ

घจࣈͰ͋Γɼ෼͕͋ذΔՕॴͱ෼ذ਺Λ͍ࣔͯ͠Δɽ͜͏͠

ͨ PD-Trie ͸ҎԼͷखॱͰߏங͞ΕΔɽ·ͣɼTrie ͷ͔ࠜΒ

೚ҙͷ༿·Ͱͷܦ࿏ π Λબ୒͢Δɽ࣍ʹɼܦ࿏ π ্ͷࢬͷจ

ͱɼ֤અ఺ʹ͓͍ͯ෦෼ࣈ Trie͕ਨΕԼ͕͍ͬͯΔ৔߹ʹ͸ɼ

ͦͷ෦෼ Trieͷ਺Λࣔ͢ಛघจࣈ ∈ {1,2, ...}ͱΛ࿈݁͢Δ͜
ͱͰಘΒΕΔจྻࣈΛɼPD-Trieͷࠜ vπ ͷઅ఺ϥϕϧͱ͢Δɽ

ࠜ vπ ͷࢠ͸ɼܦ࿏ π ͔ΒਨΕԼ͕Δ෦෼ Trieʹର͢Δ PDT

ͷࠜͱͯ͠ؼ࠶తʹఆٛ͢Δɽ͜ͷͱ͖ɼࢠ΁ͷ෼ذจࣈʹ͸

֤෦෼ Trie΁ࢬ͏͔޲ͷϥϕϧΛ༩͑Δɽ

Trieͷ෼ղʹؔͯ͠ɼͲͷࢠΛ୧Γܦ࿏Λબ୒͢Δ͔͸೚ҙ

Ͱ͋Δ͕ɼ͜ͷྫͰ͸ Heavy Pathͱݺ͹ΕΔܦ࿏Λબ୒ͯ͠

͍ΔɽHeavy Pathͱ͸ɼࢠͷબ୒ʹ͓͍ͯɼͦͷࢠΛࠜͱ͢

Δ෦෼໦Ͱ࠷΋ଟ͘ͷ༿Λ࣋ͭࢠΛબ୒͠ଓ͚Δ͜ͱʹΑΓಘ

ΒΕΔܦ࿏Ͱ͋ΔɽHeavy PathΛબ୒͠ TrieΛ෼ղ͢Δૢ࡞

͸ɼҰൠʹ Centroid Path DecompositionʢCPDʣͱݺ͹Εɼ

CPDʹΑΓಘΒΕΔ PD-Trieͷ͞ߴ͸ߴʑO(log |S|)ͱͳΔ
͜ͱ͕஌ΒΕ͍ͯΔɽ͢ͳΘͪɼCPD͸અ఺ؒͷϥϯμϜΞ

Ϋηεͷճ਺Λ཈੍͠ɼΩϟογϡޮ཰ͷΑ͍ TrieࣙॻΛߏங

Ͱ͖ΔɽຊߘͰ͸ CPDʹΑΔ PD-Trieͷߏ੒Λલఏͱ͢Δɽ

PD-Trieͷදݱʹؔͯ͠ɼ֤અ఺ v ͸અ఺ϥϕϧΛ֨ೲͨ͠

Lvɼઅ఺ v ͔Βग़Δ෼ذจࣈΛٯॱʹ֨ೲͨ͠ Evɼઅ఺ v ͷ

DFUDSදݱBvʹΑΓද͞ݱΕΔɽઅ఺൪߸͸ਂ͞༏ઌॱʹ༩

͑ΒΕɼLv, Ev, Bv Λઅ఺൪߸ͷॱʹ࿈݁͢Δ͜ͱʹΑΓಘΒ

ΕΔ഑ྻ L,E,B ʹΑΓ PD-Trie͸ද͞ݱΕΔʢਤ 2cʣɽPD-

Trieʹ͍ͭͯ͸දํݱ๏ͷ঺հʹཹΊΔͨΊɼLookup/Access

ͷ࣮ํߦ๏ʹ͍ͭͯ͸ݪஶ࿦จ [2]Λ͞ߟࢀΕ͍ͨɽ

3. 2. 1 ैདྷͷ࣮૷

L ͸ɼΣ′ = Σ ∪ {1,2, ...,σ − 1} ͔ΒͳΔจࣈΛཁૉͱ͠ɼ
ࡍ࣮ Σ = [0, 256)ͳ͜ͱ͔Β Σ′ = [0, 511)Ͱ͋Δɽ͜ͷ Lͷ

࣮૷ʹؔͯ͠ɼจݙ [2]Ͱ͸ 2ͭͷख๏ΛఏҊ͍ͯ͠Δɽ

1ͭ͸ɼLΛ Vbyte [16]ʹΑΓόΠτྻʹஔ͖͑׵Δ୯७ͳ

ख๏Ͱ͋Δɽ͜ͷͱ͖ɼΣ′ ͷ֤஋Λ Lʹ͓͍ͯग़ݱස౓͕େ

͖͍ॱʹ 0͔ΒׂΓৼΔ͜ͱͰɼੜ੒͞ΕΔόΠτྻΛখ͘͞

͢Δ͜ͱ͕Ͱ͖Δʢ஫1ʣɽ΋͏ 1 ͭ͸ɼL Λ Re-Pair [9] ʹΑΓ

ѹॖ͢Δख๏Ͱ͋Δɽͨͩ͠ɼΦϦδφϧͷ Re-Pairͷ࣮૷Ͱ

͸ͳ͘ɼApproximate Re-Pair [17]ʹमਖ਼ΛՃ࣮͑ͨ૷Λద༻

͍ͯ͠Δɽ͜ͷ࣮૷Ͱ͸ɼ͋Δఔ౓ͷѹॖ཰Λ٘ਜ਼ʹɼѹॖί

ετͱ෮ݩίετΛҰఆʹ཈͑Δ͜ͱ͕Ͱ͖Δɽ·ͨɼͲͪΒ

ͷख๏ʹରͯ͠΋ɼLʹ͓͚Δઅ఺ϥϕϧͷڥք͸ Elias-Fano

දݱΛ༻͍ͯهԱ͓ͯ͘͠ɽ

3. 2. 2 ࣙॻූ߸ԽΛ༻͍ͨѹॖ

ࣙॻූ߸ԽΛ༻͍ͨ PD-TrieͷѹॖͰ͸ɼLʹؚ·ΕΔ֤અ

఺ϥϕϧʢۭจྻࣈ΋ؚΉʣʹରࣙ͠ॻූ߸ԽΛద༻͢Δɽਤ

2cͷ L′ ͸ɼLͷ֤અ఺ϥϕϧΛࣙॻූ߸Խ͠ɼIDʹஔ͖͑׵

ͨ݁ՌͰ͋Δɽ͜ͷͱ͖ɼઅ఺ϥϕϧ͸ VbyteʹΑΓόΠτྻ

ʹมࣙ͠׵ॻූ߸ԽΛద༻͢ΔɽL′ ͸୯ͳΔ੔਺஋ྻʹͳΔͨ

Ίɼ୯७ͳݻఆ௕഑ྻͱͯ͠؅ཧͰ͖ɼ֤અ఺ϥϕϧͷڥքΛ

Ա͢Δඞཁ͸ͳ͘ͳΔɽه

3. 3 Front-Coding

Front-Coding ͱ͸ɼࣙॻࣜॱʹ੔ྻ͞Εͨจूྻࣈ߹ʹର

͠ɼ֤จྻࣈΛͦͷ௚લͷจྻࣈͱͷ࠷௕ڞ௨઀಄ࣙ௕ͱɼͬ࢒

ͨ઀ඌࣙͷϖΞʹූ߸Խ͢Δٕ๏Ͱ͋Δɽࣗવޠݴ΍ URLͳ

Ͳɼ࣮ࡍͷίʔύεʹ͸ͨࣅΑ͏ͳ઀಄͕ࣙଟ͘ݱΕΔͱ͍͏

ಛ௃Λར༻͠ѹॖ͢Δɽࣙॻͱ֤ͯ͠จྻࣈʹϥϯμϜΞΫη

ε͍ͨ͠৔߹ʹ͸ɼจूྻࣈ߹ΛҰఆݸ਺ͷจ͔ྻࣈΒͳΔό

ʢ஫1ʣɿจݙ [2] ͷ࣮૷Ͱ͸ɼӳจʹର͠େ൒ͷจ͕ࣈ [0, 128) ಺ͷ஋ΛऔΔ͜

ͱΛલఏͱ͍ͯ͠ΔͨΊɼ͜ͷΑ͏ͳ޻෉͸͍ͯ͠ࢪͳ͍ɽ
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ਤ 3: Sex ʹର͢Δ Front-Codingͷྫ

έοτʹ෼ׂ͠ɼόέοτͷ࠷ॳͷจྻࣈʢϔομʔʣΛූ߸

Խͤͣʹͦͷ··֨ೲ͓ͯ͘͠ɽ͜ͷͱ͖ɼจྻࣈͷ ID͸ࣙ

ॻࣜॱʹׂΓৼΒΕΔɽਤ 3ͷ্෦͸ɼόέοτͷαΠζΛ 4

ͱͯ͠ Sex ʹ Front-CodingΛద༻ͨ͠৔߹ͷྫΛ͍ࣔͯ͠Δɽ

Lookup͸ɼϔομʔʹର͢Δೋ෼୳ࡧʹΑΓɼͦͷจ͕ྻࣈ

ؚ·Ε͍ͯΔόέοτΛಛఆ͠ɼͦͷதΛஞ࣍తʹௐ΂Δ͜ͱ

Ͱ࣮͞ߦΕΔɽAccess͸ɼड͚औͬͨ ID͔Βόέοτͱɼͦ

ͷόέοτ಺ͰͷΦϑηοτࢉग़͠ɼϔομʔ͔Βॱʹ෮͠ݩ

͍ͯ͘͜ͱͰ࣮͞ߦΕΔɽ

3. 3. 1 ैདྷͷ࣮૷

Front-CodingΛ༻͍ͨࣙॻͷ୯७ͳ࣮૷ͱͯ͠͸ɼ[1]Ͱఏ

Ҋ͞Εͨ Plain Front-CodingʢPFCʣ͕͋͛ΒΕΔɽPFC͸ɼ

ऴ୺จ͕ࣈ෇༩͞ΕͨจྻࣈͱɼVbyteʹΑΓόΠτྻʹஔ͖

௨઀಄ࣙ௕ΛɼϝϞϦ্ʹ࿈ଓͯ͠഑ஔ͠ɼ֤ϔοڞΒΕͨ͑׵

μʔͷઌ಄ҐஔΛهԱ͓ͯ͘͠σʔλߏ଄Ͱ͋Δɽ·ͨ [1]Ͱ͸ɼ

ೋ෼୳ࡧͷର৅ͱͳΔϔομʔҎ֎ͷόΠτྻʹର͠ Re-Pair

Λద༻͢Δ͜ͱͰɼPFCΛѹॖ͍ͯ͠Δʢ஫2ʣɽఏҊऀͷ࣮૷Ͱ

͸ɼNavarroʹΑΓެ։͞Ε͍ͯΔΦϦδφϧʹ͍ۙ Re-Pair

࣮૷ʢhttps://www.dcc.uchile.cl/~gnavarro/software/ʣ

Λ࠾༻͍ͯ͠Δɽ

3. 3. 2 ࣙॻූ߸ԽΛ༻͍ͨѹॖ

ࣙॻූ߸ԽΛ༻͍ͨ Front-CodingͷѹॖͰ͸ɼPFCͷѹॖ

ͱಉ͘͡ϔομʔҎ֎ͷจྻࣈΛࣙॻූ߸ԽʹΑΓ IDʹஔ͖

Δɽਤ͑׵ 3 ͷԼ෦ʹͦͷྫΛࣔ͢ɽຊఏҊʹ͓͚Δ Front-

Coding ࣙॻ͸ɼϔομʔจྻࣈΛ֨ೲ͢ΔͨΊͷ഑ྻ H ͱɼ

ϔομʔͷ֤ઌ಄ҐஔΛࣔ͢ϙΠϯλͷ഑ྻ Pɼڞ௨઀಄ࣙ௕

Λ֨ೲ͢Δ഑ྻ Cɼࣙॻූ߸ԽʹΑΓಘΒΕͨ IDΛ֨ೲ͢Δ

഑ྻ LʹΑΓߏ੒͞ΕΔɽ

4. จࣙྻࣈॻѹॖͷͨΊͷจࣙྻࣈॻ

දهͷࠞಉΛආ͚ΔͨΊɼจࣙྻࣈॻͷѹॖΛ໨తͱͯ͠༻

͍ΒΕΔจࣙྻࣈॻΛɼຊߘͰ͸ิॿจࣙྻࣈॻͱݺͿɽิॿ

จࣙྻࣈॻ͸ɼઅ 3.Ͱ঺հͨ͠Α͏ʹɼTrie΍ Front-Coding

ʢ஫2ʣɿจݙ [1] Ͱ͸ɼଞʹ΋ Hu-Tucker ූ߸ [7] Λ༻͍ͨϔομʔͷѹॖ΋

ఏҊ͍ͯ͠Δ͕ɼຊߘͰ͸ϔομʔҎ֎ͷจྻࣈʹର͠ɼRe-Pair Λద༻ͨ͠৔

߹ͱࣙॻූ߸ԽΛద༻ͨ͠৔߹ͱͷൺֱΛ໨తͱ͍ͯ͠ΔͨΊɼϔομʔͷѹॖ

ʹ͍ͭͯ͸ධՁ͍ͯ͠ͳ͍ɽ

಺ʹ࢒ΔจྻࣈΛ੔਺஋ʹஔ͖͑׵ɼͦΕΒจྻࣈΛผྖҬͰ

อ؅͢ΔͨΊʹ༻͍ΒΕΔɽͨͩ͠ɼຊ༻్Ͱ͸ิॿจࣙྻࣈ

ॻ͕จྻࣈʹׂΓ౰ͯΔ IDʹ͍ͭͯɼͦͷ஋ҬΛ੍͠ݶͳ͍ɽ

Lookup/Access ʹ͓͍ͯจྻࣈΛ෮͢ݩΔ༻్Ͱ༻͍ΒΕΔ

ิॿจࣙྻࣈॻʹ͍ͭͯɼఏ͢ڙ΂͖ૢ࡞ΛҎԼʹఆٛ͢Δɽ

• Restore(i)ɿID iʹରԠ͢ΔจྻࣈΛ෮͢ݩΔɽ

• Compare(i, q)ɿRestore(i)ͱΫΤϦจྻࣈ qΛൺֱ͢Δɽ

Restore ͸ Access ͱಉ༷ͷૢ͕ͩ࡞ɼදهͷࠞಉΛආ͚Δ

ͨΊʹվΊͯఆٛͨ͠ɽCompare ͸ Lookup ͼग़ݺ͍͓ͯʹ

͞ΕΔૢ࡞Ͱ͋ΔɽRestore Ͱ͖Ε͹ߦ࣮͕ Compare ΋࣮ߦ

Ͱ͖Δ͕ɼRestore͸෮͢ݩΔจྻࣈΛඞͣޙ࠷·ͰಡΈࠐΉ

ͷʹର͠ɼCompare͸ΫΤϦͱϛεϚονͯ͠Δ৔߹ɼޙ࠷·

ͰಡΈࠐΉඞཁ͸ͳ͍ɽ

ຊઅͰ͸ɼҎԼͷ͜ͱΛิྀ͠ߟॿจࣙྻࣈॻΛఏҊ͢Δɽ

• Ұճͷ Lookup·ͨ͸ Accessʹ͓͍ͯɼCompare·ͨ

͸ Restore͸ෳ਺ճݺͼग़͞ΕΔɽͦͷͨΊɼจࣙྻࣈॻҎ্

ΕΔɽ͞ࢹॏཁ͕ؒ࣌ߦ࣮ʹ

• Trie΍ Front-CodingʹΑͬͯɼ઀಄͕ࣙڞ༗͞Εߏங

͞Εͨࣙॻ಺ʹ࢒Δ෦෼จྻࣈΛอ؅ͷର৅ͱ͢Δɽ͜ΕΒͷ

จྻࣈʹ͸ɼͨࣅΑ͏ͳ઀ඌ͕ࣙଟ͘ݱΕΔ͜ͱ͕༧૝͞ΕΔɽ

4. 1 ୯७ͳ઀ඌࣙซ߹

ิॿจࣙྻࣈॻΛ࣮͢ݱΔ࠷΋୯७ͳσʔλߏ଄͸ɼऴ୺จ

ͷྻࣈΛϝϞϦ্ʹ࿈ଓͯ͠഑ஔ͠ɼ֤จྻࣈΛ෇༩ͨ͠จࣈ

ઌ಄ҐஔΛ IDͱͯ͠ಘΔख๏Ͱ͋Δɽ͜ͷͱ͖ɼ͋Δจྻࣈ

͕ଞͷจྻࣈͷ઀ඌࣙʹؚ·ΕΔ৔߹ɼͦΕΒΛซ߹͢Δ͜ͱ

͕Ͱ͖Δɽ͜͏ͯ͠ߏங͞ΕΔ഑ྻ͸Ұൠʹ TAIL ͱݺ͹Ε

Δ [4, 5]ɽޙʹࣔ͢ Reverse Trie΍ Back-Codingͱൺ΂Δͱɼ

ซ߹Ͱ͖Δจྻࣈͷׂ߹͸গͳ͍͕ɼ୯७ͳจྻࣈͱͯ͠ߴ଎

রͰ͖Δɽࢀʹ

4. 2 Reverse Trie

ຊߘͰ͸ɼจྻࣈΛ͔ํޙΒซ߹͢Δ͜ͱʹΑͬͯߏங͞Ε

Δ TrieΛ Reverse TrieͱݺͿɽReverse TrieͰ͸ɼจྻࣈͷ

ऴ୺͕ࠜʹରԠ͠ɼ༿͔Βࠜͷํ޲ʹ୧Δ͜ͱͰొ࿥จ͕ྻࣈ

෮ݩͰ͖Δɽ͢ͳΘͪɼจྻࣈͷ࢝఺ͱͳΔઅ఺ IDΛอ࣋͠

͓ͯ͘͜ͱͰɼRestore΍ Compare͕࣮ߦͰ͖Δɽ͜͜Ͱ͸ɼ

Compact Trie Λ༻͍ͨ Reverse Trie ͷ࣮૷Ͱ͋Δ Reverse

Compact TrieʢRC-TrieʣͱɼPD-Trie Λ༻͍࣮ͨ૷Ͱ͋Δ

Reverse Path-Decomposed TrieʢRPD-Trieʣͷ 2छྨͷσʔ

λߏ଄͍ͭͯઆ໌͢ΔɽRC-Trie͸ɼMARISAͷิॿจྻࣈ

ࣙॻͱͯ͠༻͍ΒΕ͍ͯΔطଘͷ࣮૷ख๏Ͱ͋ΔɽRPD-Trie

͸ɼຊߘͰ৽ͨʹఏҊ͢Δσʔλߏ଄Ͱ͋ΓɼRC-TrieΑΓ΋

ॻͷ࣮૷Ͱ͋ΔɽࣙྻࣈΔิॿจ͢ڙΛఏݩ଎ͳ෮ߴʹߋ

4. 2. 1 Reverse Compact TrieʢRC-Trieʣ

RC-Trie͸ɼઅ 3. 1Ͱઆ໌ͨ͠ํ๏ͱಉ༷ͷ࣮૷ͰɼReverse

TrieʹΑΔࣙॻΛ࣮͢ݱΔɽͨͩ͠ɼ֤અ఺ IDΛจྻࣈͷ ID

ͱͯ͠༩͑ɼ͔ͦ͜Βࠜʹ͔ͯͬ޲୧Δ͜ͱͰจྻࣈΛ෮ݩ

͢ΔͨΊɼ֤จྻࣈͷऴ୺Λද͢Ϗοτྻ T ͸ඞཁͱ͠ͳ͍ɽ

RC-Trie΋·ͨɼࣙॻූ߸ԽʹΑΓѹॖ͞ΕΔσʔλߏ଄Ͱ͋

ΔɽMARISAͰ͸༧ΊܾΊͨ਺ͷ෼͚ͩ RC-TrieΛؼ࠶తʹ

͸ྻࣈΔจ࢒ʹޙ࠷ங͠ɼߏ TAILʹΑΓอ؅͢Δɽ
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(b) RPD-Trie

ਤ 4: Reverse Trieͱ RPD-Trieͷྫ

4. 2. 2 Reverse Path-Decomposed TrieʢRPD-Trieʣ

RC-Trie ΑΓ΋ߴ଎ͳ Reverse Trie ͷ࣮૷Λ͑ߟΔ৔߹ɼ

Ωϟογϡޮ཰ΛߴΊΔ Path Decomposionͷར༻͕༗ྗͳબ

୒ࢶͱͳΔ͕ɼจݙ [2]ͷ࣮૷Ͱ͸ɼ֤અ఺ϥϕϧΛઌ಄͔Β

ಡΈࠐΜͰ͍͘ඞཁ͕͋ΔͨΊɼCompare ʹ͓͚ΔϛεϚο

νΛଈݕʹ࠲ग़Ͱ͖ͳ͍ɽͦ͜ͰɼิॿจࣙྻࣈॻͷͨΊͷ

PD-Trieͷ࣮૷ɼRPD-TrieΛҎԼʹఏҊ͢Δɽ

ิॿจࣙྻࣈॻͷͨΊͷ Reverse Trie Ͱ͸ɼࢠΛಛఆ͢Δ

ݙΛඞཁͱ͠ͳ͍ͨΊɼRPD-Trieͷ࣮૷͸จ࡞ૢ [2]ͷ࣮૷

ͱൺ΂୯७Ͱ͋Δɽਤ 1b Ͱ༻͍ΒΕ͍ͯΔิॿจࣙྻࣈॻ

Λ Reverse Trie ʹΑΓ࣮ྫͨ͠ݱΛਤ 4a ʹɼͦΕʹର͢Δ

RPD-TrieͷྫΛਤ 4bʹࣔ͢ɽઆ໌ͷ౎߹্ɼReverse Trieʹ

͸ऴ୺จࣈ ‘$’ʹΑΓεʔύʔϧʔτΛ෇༩͍ͯ͠Δɽਤ 4bͷ

RPD-Trie͸ɼReverse Trieʹ CPDΛద༻͠ɼ෯༏ઌॱʹઅ

఺ IDΛׂΓ౰ͯΔ͜ͱʹΑΓߏங͞Ε͍ͯΔɽࢠΛಛఆ͢Δ

ඞཁ͕ͳ͍ͨΊɼ෼ذ৘ใΛࣔ͢ಛघจࣈ 1,2, ...͸ؚ·Εͯ

͍ͳ͍ɽ

RPD-Trieͷදݱʹ͸ɼ3ͭͷ഑ྻ L,B, P Λ༻͍ΔɽL͸ɼ

RPD-Trieͷ֤અ఺ʹରͯ͠ɼͦͷઅ఺΁͏͔޲෼ذจࣈʢεʔ

ύʔϧʔτҎ֎ʣͱઅ఺ϥϕϧΛ࿈݁͢Δ͜ͱʹΑΓಘΒΕΔ

จྻࣈΛɼઅ఺ IDॱʹ࿈݁͢Δ͜ͱʹΑΓಘΒΕΔจྻࣈͰ

͋ΔɽB ͸ɼL[i] ͕෼ذจࣈͳΒ B[i] = 1ɼઅ఺ϥϕϧͳΒ

B[i] = 0Ͱ͋ΔΑ͏ͳϏοτྻͰ͋ΔɽP ͸ɼ֤͕ࢬઅ఺ϥϕ

ϧͷͲͷҐஔ͔Β෼͔͖ͨͯ͠ذΛࣔ͢੔਺஋ྻͰ͋ΓɼL্

ͷఴࣈΛઅ఺ IDॱʹ֨ೲ͢ΔɽRPD-Trie͸ɼ֤จྻࣈͷ࢝

఺ʹҐஔ͢Δ L্ͷఴࣈΛจྻࣈͷ IDͱͯ͠ൃ͢ߦΔɽ͜ͷ

ͱ͖ɼRPD-Trieͷ Restore(i)͸ҎԼͷखॱͰ࣮͞ߦΕΔɽ

ʢ 1ʣ str Λ “”ͰॳظԽ͢Δɽ

ʢ 2ʣ L[i] = ‘$’ͳΒ str Λฦ͠ऴྃ͢Δɽ

ʢ 3ʣ str ͷ຤ඌʹ L[i]ΛՃ͑Δɽ

ʢ 4ʣ B[i] = 1ͳΒ i← P [Rank1(B, i)]ɼB[i] = 0ͳΒ iΛ

σΫϦϝϯτ͢Δ͜ͱͰࢀরҐஔΛߋ৽͠ɼ2΁໭Δɽ

ϝϞϦ࢖༻ྔʹؔͯ͠ɼReverse Trieͷઅ఺਺Λ nͱͨ͠৔

߹ɼL͸ n log σ ϏοτɼB ͸ n+ o(n)Ϗοτཁ͢ΔɽP ͸੔

਺஋ྻ͕ͩɼ෯༏ઌʹઅ఺൪߸ΛׂΓ౰ͯΔ͜ͱͰٛ޿୯ௐ૿

ՃྻͱͳΔͷͰɼElias-Fanoද͕ݱద༻Ͱ͖ΔɽԾʹ |P | = m

ͱͨ͠ͱ͖ɼP ͸ 2m +m log n
m + o(m)Ϗοτཁ͢Δɽ؆ܿ

໦ʹΑΓ Reverse Trie Λද͢ݱΔ৔߹ɼͦͷϝϞϦ࢖༻ྔ͸

2n+n log σ+o(n)ϏοτͰ͋Γɼ͓͓Αͦ 2m+m log n
m < n

ͷͱ͖ɼRPD-Trie͸؆ܿ໦දݱΑΓখ͘͞ͳΔɽ͜͜Ͱɼm

͸ Reverse Trie ͷ༿ͷ਺͔Β 1 ΛҾ͍ͨ஋Ͱ͋Γɼਤ 4 ͷྫ

ʹ΋ݟΒΕΔΑ͏ʹɼnͱൺ΂Δͱ࣮ࡍʹ͸͔ͳΓখ͍͞஋ͱ

ͳΔɽͦͷͨΊɼRPD-Trie͸؆ܿ໦ͱಉ౳ɼ΋͘͠͸ͦΕҎ

্ͷϝϞϦޮ཰͕ظ଴Ͱ͖ɼ͔ͭΩϟογϡޮ཰ͷྑ͍෮ݩΛ

ఏڙͰ͖Δɽ

4. 3 Back-Coding

Front-Coding ͷٕ๏Λɼ઀ඌࣙʹର͠ద༻͢Δ͜ͱͰิॿ

จࣙྻࣈॻΛ࣮͢ݱΔɽຊߘͰ͸ɼ͜ͷٕ๏Λ Back-Codingͱ

ͿɽBack-CodingͰ΋ݺ Front-Codingͱಉ༷ʹɼจूྻࣈ߹

Λόέοτʹ෼ׂ͠ϔομʔ͔Βॱʹ෮͢ݩΔɽิॿจࣙྻࣈ

ॻͰ͸ߴ଎ੑ͕ٻ͘ڧΊΒΕΔͨΊɼຊڀݚͰ͸ Back-Coding

Λ୯७ʹ PFCʹΑΓ࣮૷͢Δɽ

·ͨɼߴʹߋ଎ੑΛ௥͢ٻΔͨΊɼ௚લͱͷจྻࣈͷࠩҟͰ

͸ͳ͘ɼ֤όέοτ͝ͱʹϔομʔͱͷࠩҟΛ༻͍ͯஔ͖͑׵

Δํ๏ [18]΋ิॿจࣙྻࣈॻʹద༻͢ΔɽຊߘͰ͸ɼ͜ͷٕ๏

Λ Fast Back-CodingʢFBCʣͱݺͿɽFBC ʹΑΔࣙॻͰ͸ɼ

్தͷจྻࣈΛ෮͢ݩΔඞཁ͕ͳ͘ɼϝϞϦΛίϐʔ͢Δճ਺

͕ྻࣈΒΕΔจ͑׵Ήɽͨͩ͠ɼ੔਺஋ʹஔ͖ࡁʑ2ճͰߴ͕

গͳ͘ͳΔ෼ɼϝϞϦޮ཰ͱͷτϨʔυΦϑͱͳΔɽ

5. ΑΔධՁʹݧ࣮

ຊઅͰ͸ɼઅ 3.Ͱ঺հͨ͠จࣙྻࣈॻʹର͠ɼઅ 4.Ͱ঺հ

ͨ͠ิॿจࣙྻࣈॻʹΑΔѹॖΛద༻ͨ͠৔߹ͷੑೳʹؔͯ͠

ධՁΛ༩͑Δɽ

5. 1 ࣮ ݧ ઃ ఆ

੒͸ɼIntelߏͷػࢉܭ͍ͨ༺ʹݧ࣮ Core i7 4.0 GHz CPUɼ

16 GB RAM (L2 cache 256 KB, L3 cache 8 MB)Ͱ͋ΓɼOS

͸ OS X 10.12 Ͱ͋Δɽࣙॻͷ࣮૷ޠݴ͸ C++Ͱɼ࠷దԽ

Φϓγϣϯͱͯ͠-O3 Λࢦఆ͠ɼApple LLVM version 8.0.0

(clang-800.0.42.1) Λ༻͍ͯίϯύΠϧͨ͠ɽ࣮ؒ࣌ߦͷܭଌ

ʹ͸ɼstd::chrono::duration castΛ༻͍ͨɽ

5. 1. 1 σʔλߏ଄

C-TrieɼPD-TrieɼFront-Coding Λϕʔεͱ͢Δจࣙྻࣈ

ॻʹର͠ɼTAILɼRC-TrieɼRPD-TrieɼBack-CodingɼFBC

ͷ 5 छྨͷิॿจࣙྻࣈॻʹΑΔѹॖΛͦΕͧΕద༻ͨ͠ɽ

RC-Trie ʹؔͯ͠ɼ1 ͭͷ RC-Trie ͱ TAIL ʹΑΓߏ੒͞Ε

Δࣙॻͱɼ2 ͭͷ RC-Trie ͱ TAIL ʹΑΓߏ੒͞ΕΔࣙॻΛ

ධՁͨ͠ʢͦΕͧΕ RCT1ɼRCT2ͱදهʣɽBack-Codingͱ

FBCͷόέοταΠζʹؔͯ͠͸ɼ4ɼ8ɼ16ͷ 3छྨΛධՁ

ͨ͠ʢͦΕͧΕ BC4ɼBC8ɼBC16ɼFBC4ɼFBC8ɼFBC16

ͱදهʣɽҐஔ෇͚ͱͯ͠͸ɼTAILͱ RC-Trie͕طଘͷิॿ

จࣙྻࣈॻɼRPD-TrieɼBack-CodingɼFBC͕ఏҊ͞Εͨิ

ॿจࣙྻࣈॻͱͳΔɽ

PD-TrieɼFront-Codingʹؔͯ͠͸ɼิॿจࣙྻࣈॻΛ༻͍

ͳ͍ैདྷͷ࣮૷ख๏΋ൺֱʹ༻͍ͨɽPD-TrieͰ͸ɼઅ఺ϥϕ

ϧͷදݱʹ Vbyteͱ Re-PairΛ༻͍Δ 2ͭͷ࣮૷ΛධՁͨ͠



ද 1: ίʔύεʹؔ͢Δ৘ใ

αΠζ จྻࣈ਺ ฏۉ௕ σ

SW 227.2 11,519,354 20.7 199

SI 612.9 7,414,866 86.7 98

SU 2,723.3 39,459,925 72.4 103

ʢͦΕͧΕ PlainɼRe-PairͱදهʣɽFront-CodingͰ͸ɼPFC

ͱͦΕʹ Re-Pair Λద༻ͨ͠ 2 ͭͷ࣮૷ΛධՁͨ͠ʢಉ͘͡

PlainɼRe-PairͱදهʣɽRe-Pairͷ࣮૷͸ѥछؚΊ͍͔ͭ͘

ଘ͢ࡏΔ͕ɼຊ࣮ݧͰ͸અ 3. Ͱ঺հͨ͠Α͏ʹɼͦΕͧΕͷ

ఏҊऀ͕ࣙॻͷѹॖʹద༻͍ͯ͠Δ Re-Pair ͷ࣮૷Λ༻͍ͯɼ

ϕʔεϥΠϯͱͨ͠ɽ·ͨɼFront-Coding ࣙॻͷόέοτα

Πζ͸ɼաڈͷ࣮ݧΛߟࢀʹ 8Ͱ౷Ұͨ͠ɽ

5. 1. 2 ί ʔ ύ ε

ࣙॻͷߏஙʹ͸ɼҎԼͷ 3ͭͷίʔύεΛར༻ͨ͠ɽ

• SWɿӳޠ൛Wikipediaͷݟग़͠ू߹ʢhttps://dumps.

wikimedia.org/enwiki/ʣ

• SIɿΠϯυγφॾࠃͷυϝΠϯ্ͰΫϩʔϧ͠ಘΒ

Εͨ URL ू߹ʢhttp://data.law.di.unimi.it/webdata/

indochina-2004/indochina-2004.urls.gzʣ

• SUɿ.uk υϝΠϯ্ͰΫϩʔϧ͠ಘΒΕͨ URL ू߹

ʢhttp://data.law.di.unimi.it/webdata/uk-2005/uk-2005.

urls.gzʣ

ද 1ʹίʔύεͷجຊతͳσʔλΛࣔ͢ɽʮαΠζʯ͸ੜσʔ

λͷαΠζɼ͢ͳΘͪจྻࣈͷ߹ܭ௕Λ͓ࣔͯ͠Γɼ୯Ґ͸

MiB Ͱ͋Δɽʮจྻࣈ਺ʯ͸ɼίʔύε಺ͷॏෳΛআ͍ͨจࣈ

ྻͷ਺ɼʮฏۉ௕ʯ͸ͦΕΒͷฏۉจࣈ਺Λ͍ࣔͯ͠Δɽʮσʯ͸ɼ

ίʔύεʹ͓͍ͯ༻͍ΒΕ͍ͯΔจࣈͷछྨͷ਺Λ͍ࣔͯ͠Δɽ

·ͨɼ͜ΕΒίʔύε͔Β C-TrieɼPD-TrieɼFront-Coding

ʹΑͬͯࣙॻΛߏஙͨ͠৔߹ʹɼࣙॻූ߸Խͷର৅ͱͯ͠ݱΕ

Δจྻࣈʹؔ͢Δ৘ใΛද 2 ʹࣔ͢ɽʮαΠζʯ͸ݱΕͨจࣈ

ྻͷ߹ܭ௕ΛMiBͰ͓ࣔͯ͠Γɼʮจྻࣈ਺-લʯ͸ͦͷจྻࣈ

਺Λ͍ࣔͯ͠Δɽʮจྻࣈ਺-ޙʯ͸͔ͦ͜ΒॏෳΛআ͍ͨ৔߹

ͷจྻࣈ਺Λ͓ࣔͯ͠Γɼʮฏۉ௕ʯ͸ͦͷฏۉจࣈ਺Λࣔͯ͠

͍Δɽද 2͔Β෼͔ΔΑ͏ʹɼॏෳΛআ͚ͩ͘Ͱ΋จྻࣈ਺Λ

Δ͜ͱ͕Ͱ͖Δɽ͢ݮ࡟ʹ33%–18

5. 2 ݁ՌͱධՁ

ද 3 ங࣌ؒʯߏՌΛࣔ͢ɽ֤ྻͷ߲໨ʹ͍ͭͯɼʮ݁ݧ࣮ʹ

͸ࣙॻͷߏஙʹཁͨ࣌ؒ͠Ͱ୯Ґ͸ඵɼʮѹॖ཰ʯ͸ίʔύε

ͷੜσʔλͷαΠζʹର͢Δѹॖ཰Ͱ୯Ґ͸%ɼʮLookupʯͱ

ʮAccessʯ͸ͦΕͧΕ 1ճ౰ͨΓͷ࣮ؒ࣌ߦͰ୯Ґ͸ϚΠΫϩ

ඵͰ͋ΔɽLookup/Accessͷ࣮ؒ࣌ߦΛܭଌ͢ΔͨΊʹɼίʔ

ύε͔ΒϥϯμϜʹநग़ͨ͠ 100ສݸͷจྻࣈɼٴͼͦͷจࣈ

ྻʹରԠ͢Δ 100ສݸͷ IDΛ༻͍ͨɽͦΕͧΕɼ10ճͷߦࢼ

͔ΒಘΒΕͨ݁ՌͷฏۉͰ͋Δɽ

5. 2. 1 C-Trieͷ݁Ռʢද 3aʣʹର͢ΔධՁ

ங࣌ؒʹؔͯ͠͸ɼ͍ͣΕ΋ߏ TAIL͕ߴ଎Ͱ͋ΓɼPRDT

͕௿଎Ͱ͋ͬͨɽ͔͠͠ɼͦͷࠩ͸ߴʑ1.4ഒͰ͋ΓେࠩͰ͸ͳ

͍ɽѹॖ཰ʹؔͯ͠͸ɼRPT2͕૯ͯ͘͡ߴɼLookup/Access

ද 2: ࣙॻ಺ʹݱΕΔจྻࣈʹؔ͢Δ৘ใ
(a) SW

αΠζ จྻࣈ਺-લ จྻࣈ਺-ޙ ฏۉ௕

C-Trie 90.9 11,580,413 3,027,555 12.8

PD-Trie 90.3 11,519,354 3,762,732 14.4

Front-Coding 83.0 10,079,434 2,921,168 13.5

(b) SI

αΠζ จྻࣈ਺-લ จྻࣈ਺-ޙ ฏۉ௕

C-Trie 135.8 6,472,460 1,251,149 39.1

PD-Trie 134.6 7,414,866 1,300,192 44.7

Front-Coding 121.6 6,488,007 1,204,600 42.5

(c) SU

αΠζ จྻࣈ਺-લ จྻࣈ਺-ޙ ฏۉ௕

C-Trie 663.3 41,001,910 11,396,164 32.5

PD-Trie 655.4 39,459,925 11,958,074 35.2

Front-Coding 591.7 34,527,434 10,756,301 34.2

ͷ࣮ؒ࣌ߦʹؔͯ͠͸ɼTAIL͕૯ͯ͡༏Ε͍ͯͨɽ৽ఏҊͷ

ิॿจࣙྻࣈॻʹؔͯ͠ɼSW ͷΑ͏ʹฏۉ௕͕ൺֱత୹͍৔

߹ʹ͸ RPDT͕ɼSI ΍ SU ͷΑ͏ʹ௕͍৔߹ʹ͸ FBC4͕ɼ

શମͷόϥϯεͱͯ͠༏Ε͍ͯͨɽ͔͠͠ɼͲͪΒͷੑೳ΋

TAIL ͱ RPT1 ͷؒʹҐஔ͠ɼC-Trie ʹద༻͢Δ্ͰಛผͲ

ͷิॿจࣙྻࣈॻ͕༏Ε͍ͯΔͱ͍ͬͨ݁Ռ͸ಘΒΕͳ͔ͬͨɽ

5. 2. 2 PD-Trieͷ݁Ռʢද 3bʣʹର͢ΔධՁ

ங࣌ؒʹؔͯ͠͸ɼ͍ͣΕ΋ߏ Plain͕ߴ଎Ͱ͋ͬͨɽิॿ

จࣙྻࣈॻΛ༻͍ͨ৔߹ͷߏங࣌ؒ͸ɼ͍ͣΕ΋͍ۙ஋ΛऔΓɼ

Plainͱൺ΂ͯ࠷େͰ 3.4ഒ௿଎Ͱ͋ͬͨɽҰํɼRe-PairΛ༻

͍࣮ͨ૷͸ɼߏஙίετΛҰఆʹ཈͑ΔΑ͏ͳ࣮૷Λ͍ͯ͠Δ

΋ͷͷɼPlainͱൺ΂ͯ࠷େͰ 15ഒ΋௿଎Ͱ͋ͬͨɽ͜ͷ͜ͱ

͔ΒɼิॿจࣙྻࣈॻΛ༻͍ͨ৔߹ͷߏஙίετ͸ɼৗʹ௿͘

҆ఆ͍ͯ͠Δɽ

ิॿจࣙྻࣈॻʹ͓͍ͯɼѹॖ཰ʹؔͯ͠͸ RPT2ɼBC16

͕༏Εͨ݁ՌͰ͋Δ΋ͷͷɼLookup/Access ͷ࣮͕ؒ࣌ߦඇ

ৗʹ௿଎Ͱ͋Δɽѹॖ཰ͱ࣮ؒ࣌ߦͷόϥϯεͰ༏Ε͍ͯΔ

ͷ͸ RPDTͱ FBC4ɼFBC8Ͱ͋ΓɼRe-Pairͱൺ΂ͯɼSW

ʹ͓͚Δ FBCΛআ͍ͯѹॖ཰ͱ࣮ؒ࣌ߦͰ͍ۙ஋Λ͍ࣔͯ͠

Δɽ͜ΕʹՃ͑ͯߏங͕࣌ؒ୹͍͜ͱ͕ɼैདྷͷѹॖʹର͢Δ

RPDTͱ FBC4ɼFBC8ͷར఺ͱ͍͑Δɽ

·ͨɼ஫໨͢΂͖఺ͱͯ͠ɼPlain ΑΓ΋ TAIL ͷํ͕

Lookup/Access ͷ࣮ؒ࣌ߦͰ্ճͬͨͱ͍͏఺͕͋͛ΒΕ

Δɽ͜ͷཁҼͱͯ͠͸ɼࣙॻූ߸ԽʹΑΓ Elias-Fano දݱʹ

ΑΔઅ఺ϥϕϧͷڥքͷ෮͕ݩඞཁͳ͘ͳͬͨ͜ͱ͕͋͛Β

Εɼࣙॻූ߸ԽʹΑΔѹॖ͕ޮ཰తʹಇ͍ͨ 1 ͭͷྫͱ͍͑

Δɽ·ͨɼTAILʹΑΔѹॖ཰΋ɼSI ΍ SU Ͱ͸ Re-Pairͱൺ

΂ 2–3%͔͠ҧΘͳ͍ɽ෮ݩ଎౓Λॏͨ͠ࢹଞͷσʔλѹॖΛ

༻͍ͨͱͯ͠΋ɼ୯७ͳจࢀྻࣈরͰ͋Δ TAILΑΓߴ଎ʹͳ

Δͱ͸ͮ͑ߟΒ͘ɼLookup/Accessͷ࣮ؒ࣌ߦΛॏ࣮ͨ͠ࢹ૷

ʹ͓͍ͯɼTAIL͸༏ΕͨखஈͱͳΔɽ



ද 3: Ռ݁ݧ࣮
(a) C-Trie

SW SI SU

ங࣌ؒߏ ѹॖ཰ Lookup Access ங࣌ؒߏ ѹॖ཰ Lookup Access ங࣌ؒߏ ѹॖ཰ Lookup Access

TAIL 8.5 34.0 1.11 1.13 8.3 11.7 1.47 1.87 48.1 19.0 2.46 2.65

RCT1 10.1 26.1 1.61 1.59 9.1 8.1 2.87 3.20 57.0 13.4 4.47 4.51

RCT2 10.4 24.9 1.68 1.67 9.3 7.2 3.44 3.82 59.5 12.1 5.22 5.22

RPDT 11.8 27.6 1.39 1.42 9.6 9.5 2.25 2.73 65.2 15.0 3.53 3.70

BC4 11.2 30.8 2.05 1.37 9.2 9.6 4.26 2.55 61.4 15.5 5.24 3.59

BC8 11.1 29.2 2.23 1.45 9.2 9.1 5.67 3.56 61.3 14.6 5.87 3.95

BC16 11.1 28.3 2.59 1.63 9.2 8.8 7.45 4.66 61.1 14.1 7.07 4.64

FBC4 11.1 31.6 1.46 1.32 9.2 9.9 2.07 2.34 61.7 15.9 3.28 3.19

FBC8 11.1 30.9 1.53 1.36 9.3 9.8 2.37 2.61 61.2 15.5 3.47 3.29

FBC16 11.0 30.9 1.65 1.43 9.2 9.9 2.86 2.84 61.4 15.5 3.83 3.50

(b) PD-Trie

SW SI SU

ங࣌ؒߏ ѹॖ཰ Lookup Access ங࣌ؒߏ ѹॖ཰ Lookup Access ங࣌ؒߏ ѹॖ཰ Lookup Access

Plain 2.1 49.6 1.25 1.42 2.5 24.5 1.39 1.78 12.8 27.1 1.89 2.26

Re-Pair 29.0 31.6 1.31 1.48 20.3 11.8 1.63 2.00 185.6 17.5 2.06 2.42

TAIL 4.7 41.7 1.13 1.26 4.0 13.5 1.23 1.56 24.1 20.7 1.67 1.96

RCT1 6.7 31.3 2.51 2.57 4.8 9.1 2.91 3.16 32.3 14.8 4.14 4.28

RCT2 7.2 29.3 3.66 3.63 5.0 8.2 4.55 4.75 35.5 13.4 6.55 6.57

RPDT 7.2 32.4 1.51 1.60 4.8 10.7 1.68 1.92 33.8 16.4 2.48 2.67

BC4 6.5 36.0 3.38 3.66 4.5 10.9 5.24 5.75 31.0 16.9 5.71 6.24

BC8 6.5 33.8 3.71 3.96 4.5 10.3 6.09 6.64 31.1 15.9 6.58 7.12

BC16 6.5 32.7 4.48 4.77 4.5 10.0 7.73 8.27 30.9 15.4 8.28 8.79

FBC4 6.5 37.0 1.61 1.74 4.5 11.3 1.78 2.08 31.1 17.3 2.42 2.69

FBC8 6.5 35.9 1.73 1.85 4.5 11.2 2.00 2.30 31.2 16.9 2.64 2.92

FBC16 6.5 35.9 1.97 2.12 4.5 11.3 2.40 2.73 31.2 16.9 3.03 3.33

(c) Front-Coding

SW SI SU

ங࣌ؒߏ ѹॖ཰ Lookup Access ங࣌ؒߏ ѹॖ཰ Lookup Access ங࣌ؒߏ ѹॖ཰ Lookup Access

Plain 0.8 59.6 1.11 0.37 0.8 34.9 1.31 0.33 3.8 37.3 1.60 0.37

Re-Pair 470.9 36.5 2.09 1.31 1363.8 18.2 2.67 1.66 5861.6 22.3 3.29 1.91

TAIL 3.7 45.3 1.39 0.69 2.7 25.0 1.72 0.78 17.7 31.4 2.26 0.88

RCT1 5.2 37.4 2.42 1.50 3.6 21.1 2.30 1.22 26.7 25.7 3.84 2.13

RCT2 5.6 36.0 2.63 1.69 3.8 20.1 2.76 1.62 29.2 24.4 4.66 2.85

RPDT 6.2 38.7 1.95 1.10 3.9 22.3 2.13 1.08 30.6 27.1 3.31 1.73

BC4 5.7 41.9 1.82 1.03 3.6 22.5 2.27 1.22 27.3 27.7 3.00 1.54

BC8 5.6 40.2 2.01 1.19 3.6 22.0 2.60 1.54 27.2 26.8 3.40 1.87

BC16 5.6 39.4 2.36 1.56 3.6 21.7 3.37 2.30 27.3 26.4 4.31 2.72

FBC4 5.7 42.7 1.73 0.95 3.6 22.9 1.98 0.98 27.4 28.1 2.64 1.22

FBC8 5.7 42.0 1.78 1.01 3.6 22.7 2.04 1.04 27.4 27.7 2.72 1.30

FBC16 5.6 42.0 1.90 1.14 3.6 22.9 2.20 1.21 27.3 27.7 2.92 1.49

5. 2. 3 Front-Codingͷ݁Ռʢද 3cʣʹର͢ΔධՁ

଎౓ʹؔͯ͠ɼPlain͕૯ߦங࣌ؒɼLookup/Accessͷ࣮ߏ

΋༏Ε͍ͯΔ͕ɼѹॖ཰ʹؔͯ͠͸େ͖͘ྼΔ݁Ռͱͳͬ࠷ͯ͡

ͨɽิॿจࣙྻࣈॻΛ༻͍࣮ͨ૷ͷߏங࣌ؒʹؔͯ͠ɼPlain

ʹ͸ٴ͹ͳ͍΋ͷͷɼRe-Pairͱൺ΂ɼSW Ͱ࠷େ 127ഒɼSI

Ͱ࠷େ 505ഒɼSU Ͱ࠷େ 331ഒͱѹ౗తʹߴ଎Ͱ͋Δ͜ͱ͕

Θ͔ͬͨɽFront-Coding ͷ Re-Pair Ͱ͸ɼΦϦδφϧʹ͍ۙ

࣮૷Λ͍ͯ͠Δͱ͍͏͜ͱʹىҼ͠ɼ͜Ε΄Ͳʹ΋͕͕ࠩͬ޿

ͨɽҰํͰɼѹॖ཰ʹ͍ͭͯ͸ Re-Pair ͕༏Ε͓ͯΓɼSI ͱ

SU Ͱ͸࠷΋ίϯύΫτʹࣙॻΛߏங͍ͯ͠Δɽ͔͠͠ɼѹॖ

཰ʹ൓ͯ͠ Lookup/Access ͷ࣮ؒ࣌ߦ͸ൺֱత஗͘ɼͦͷࠩ

͸ TAILͱൺ΂ͯ 1.5–2.2ഒɼFBC4ͱൺ΂ͯ 1.2–1.7ഒͱ௿



଎Ͱ͋ͬͨɽ

ɼRPDTʹޙ࠷ ͱ FBC4 Λ Re-Pair ʹର͠ൺֱ͢Δͱɼ

RPDTͱ FBC4͸ѹॖ཰Ͱ 2–6%ྼΔ΋ͷͷɼLookup/Access

ͷ࣮ؒ࣌ߦ͸ 1.1–1.7 ഒߴ଎Ͱ͋Γɼߏங࣌ؒ͸ 76–379 ഒͱ

ѹ౗తʹߴ଎Ͱ͋Δɽ͜ΕΑΓɼิॿจࣙྻࣈॻ͸ Re-PairΑ

Γ΋࣮ݱతͳѹॖखஈͱ͍͑Δɽ

6. ͓ Θ Γ ʹ

ຊߘͰ͸ɼจࣙྻࣈॻͷѹॖʹࣙॻූ߸ԽΛ༻͍Δํجʹࡦ

͖ͮɼطଘͷࣙॻߏ଄ʹࣙॻූ߸ԽΛద༻͢Δํ๏ɼٴͼࣙ

ॻѹॖͷͨΊͷࣙॻߏ଄ΛఏҊͨ͠ɽຊ࣮ݧͰ͸ɼPD-Trieɼ

Front-Coding ͱ΋ʹɼͦΕͧΕͷఏҊऀ͕ద༻ͨ͠ Re-Pair

ͷ࣮૷ΛϕʔεϥΠϯͱͯ͠༻͍͕ͨɼߏஙίετɼѹॖ཰ɼ

෮ݩ଎౓ͳͲɼͲ͜ʹॏ఺Λஔ͔͘ʹΑͬͯɼRe-Pairͷ࣮૷

΍ద༻͢Δσʔλѹॖ๏ͳͲʹ͸બ୒ͷ༨஍͕͋Δɽ͔͠͠ɼ

RPDT ΍ FBC ʹΑΓѹॖͨࣙ͠ॻ͸ Re-Pair ѹॖʹΑΔࣙ

ॻͱൺ΂ɼѹॖ཰ɼLookup/Access ͷ࣮ؒ࣌ߦͷτϨʔυΦ

ϑʹ͓͍ͯಉ౳ͷੑೳΛࣔͭͭ͠ɼߏஙίετʹؔͯ͠େ͖͘

্ճͬͨͱ͍͏݁Ռ͔Βɼࣙॻූ߸ԽʹΑΔѹॖ͸༗ޮͳखஈ

ͷ 1ͭͱͳΓಘΔɽͨͩ͠ɼຊ࣮ݧͰ͸ߏஙʹ͓͚Δྖۀ࡞Ҭ

ʹ͍ͭͯͷධՁΛ༩͑ΒΕ͍ͯͳ͍ͨΊɼͦΕ͸ޙࠓͷ՝୊ͱ

ͳΔɽ

·ͨຊߘͰ͸ɼจࣙྻࣈॻʹର͢Δࣙॻූ߸Խͷద༻Λߟ

଄Ͱ͋ΕߏΕΔσʔλݱ͕ྻࣈɼ෦෼తʹଟ਺ͷจ͕ͨ͠࡯

͹ɼಉ༷ͷѹॖ͕ద༻Ͱ͖ΔɽͱΓΘ͚ɼPD-Trie΁ͷద༻Ͱ

Elias-Fanoද͕ݱऔΓআ͚ͨΑ͏ʹɼจྻࣈΛ੔਺஋ʹஔ͖׵

͑Δ͜ͱʹΑΓར఺͕͍ͤͩݟΔσʔλߏ଄Ͱ͋Ε͹ɼࣙॻූ

߸ԽʹΑΔѹॖ͸ޮՌతͰ͋Δɽޙࠓͷ༧ఆͱͯ͠͸ɼͦ͏͠

ͨσʔλߏ଄ͷௐࠪͱద༻࣮͕͛͋ݧΒΕΔɽ
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