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Practical Rearrangement of Dynamic Double-array Dictionaries

Shunsuke Kanda1,a) Yuma Fujita1 Kazuhiro Morita1 Masao Fuketa1

Abstract: The double-array is a data structure widely used to implement dictionaries with string keys.
While a previous dynamic double-array dictionary had a problem that its memory efficiency decreases with
key deletion, earlier studies have solved it by rearranging the double-array. This paper describes that con-
ventional rearrangement time becomes problematic in practice, and proposes new rearrangement methods.
From experiments using a dictionary with over ten million keys, we show that our methods use less than one
second for rearrangement while the conventional ones use over two minutes. In addition, we show that our
rearrangement can improve search speed.

1. ͸͡Ίʹ

τϥΠʢTrieʣ[1]ͱ͸ࢬʹจࣈΛ෇ਵͨ͠ॱং໦Ͱ͋Γɼ

จूྻࣈ߹Λ؅ཧ͢ΔͨΊʹ͘޿༻͍ΒΕΔɽจྻࣈͷ઀

಄ࣙΛซ߹͢Δ͜ͱͰߏங͞Εɼ͔ࠜΒ༿Λ্ࢬ͙ܨͷจ

ΕΔɽ·ͨɼ͞ݩ෮͕ྻࣈΛ࿈݁͢Δ͜ͱʹΑΓొ࿥จࣈ

֤จྻࣈʹҰҙʹରԠ͢Δઅ఺͕ଘ͢ࡏΔͨΊɼจ͔ྻࣈ

Βݻ༗ͷࣝผࢠ΁ͷࣸ૾Λ༩͑Δ͜ͱ͕Ͱ͖Δɽ୯७ͳ׬

શҰகࡧݕʹՃ͑ɼࣗવޠݴॲཧͳͲͰඞཁͱ͞ΕΔ઀಄

ࣙϕʔεͷࡧݕ΋ఏڙͰ͖Δ͜ͱ͔ΒɼจྻࣈΛΩʔͱ͠

ͨࣙॻͱͯ͠ͷར༻͕ଟ͘ݟΒΕΔɽ

͜ͷτϥΠΛ༻͍ͨࣙॻΛ࣮͢ݱΔͨΊʹɼμϒϧ഑ྻ

ʢDouble-arrayʣ[2]͸ࡏݱ΋͘޿༻͍ΒΕ͍ͯΔɽμϒϧ

഑ྻͱ͸ɼۃΊͯߴ଎ͳࡧݕΛར఺ͱ͢Δσʔλߏ଄Ͱ͋

Γɼ੩తࣙॻͱಈతࣙॻͷ྆ํͷ༻్ʹରͯ͠ଟ͘ͷڀݚ
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͕ͳ͞Ε͖ͯͨɽ੩తࣙॻʹ͍ͭͯ͸ɼओʹهԱޮ཰ͱݕ

ΒΕΔݟଟ͕͘ڀݚΛ໨తͱ্ͨ͠޲଎౓ͷࡧ [3, 4]ɽಈ

తࣙॻͱൺ΂࣮૷΋୯७Ͱ͋Δ͜ͱ͔ΒɼසൟͳΩʔͷߋ

৽ʢ௥Ճ΍࡟আʣΛඞཁͱ͠ͳ͍ޠኮࣙॻͳͲͰར༻͞Ε

͍ͯΔ [5,6]ɽಈతࣙॻʹ͍ͭͯ͸ɼओʹߋ৽଎౓ͷվળΛ

໨తͱ͕ͨ͠ڀݚଟ͘ݟΒΕΔ [7–10]ɽ౰ॳͷμϒϧ഑ྻ

͸ɼߋ৽଎౓͕௿଎͔ͭෆ҆ఆͱ͍͏໰୊Λ๊͓͑ͯΓɼ

ಈతࣙॻͱͯ͠ͷར༻͸͋·Γใ͞ࠂΕ͍ͯͳ͔ͬͨɽ͠

͔͠ɼ໼ాΒͷڀݚ [9]ʹ͓͍ͯɼ੩తࣙॻͱಉ౳ͷߏங

࣌ؒͰΩʔͷஞ࣍௥Ճ͕ՄೳͰ͋Δ͜ͱ͕ࣔ͞ΕΔͳͲɼ

৽ʹજΉϘτϧωοΫͷଟ͕͘ղܾ͞Εɼۙ೥Ͱ͸ಈతߋ

ࣙॻͱͯ͠ͷར༻͕͍͔ͭ͘ใ͞ࠂΕ͍ͯΔ [11, 12]ɽ

ಈతࣙॻʹؔͯ͠ɼߋ৽଎౓ͷվળΛ໨తͱͨ͠ڀݚͷ

ଞʹݟΒΕΔͷ͕ɼهԱޮ཰վળͷͨΊͷߏ࠶੒๏ʹؔ͢

ΔڀݚͰ͋Δɽμϒϧ഑ྻ͸ɼϋογϡදͷΑ͏ʹະ࢖༻

ͷཁૉΛؚΉ͜ͱ͕લఏʹ͋Γɼͦͷॆర཰ʢ࢖༻͞Εͯ

͍Δཁૉͷׂ߹ʣ͕ ଄Ͱ͋Δɽߏӈ͢ΔσʔλࠨԱޮ཰Λه
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τϥΠʹ͓͚Δઅ఺ͷ࡟আ͸ɼͦͷઅ఺ʹରԠ͢ΔཁૉΛ

ະ࢖༻ʹ͢Δ͜ͱͰ࣮͞ݱΕΔͨΊɼΩʔ࡟আͷ܁Γฦ͠

ʹ൐͏ॆర཰ͷ௿Լ͕໰୊ͱͳΔɽ͜ͷ໰୊ʹର͠ɼະ࢖

༻ཁૉΛ٧Ί௚͢͜ͱʹΑΓμϒϧ഑ྻΛߏ࠶੒͠ɼॆర

཰Λվળ͢Δͱ͍͏ાஔ͕͑ߟΒΕ͖ͯͨ [13–15]ɽ໼ా

ΒʹΑΔߏ࠶੒๏ [15]Λ༻͍Ε͹ɼॆర཰Λ 100%ۙ͘ʹ

ҡ࣋Ͱ͖Δ͜ͱ͕࣮ݧʹΑΓࣔ͞Ε͍ͯΔɽ

͜Ε·Ͱͷߏ࠶੒๏͸ɼৗʹॆర཰Λ͘ߴҡ࣋͢Δͱ͍

͏໨తʹ͓͍ͯɼΩʔΛ࡟আ͢Δͨͼʹߏ࠶੒Λ͓͜ͳ͏

खॱͷ্ͰධՁΛಘ͖ͯͨɽ͔͠͠ɼߏ࠶੒ͷͨΊʹ࣮ࡍ

ʹඞཁͳૢ࡞͸ଟ͘ɼ୯७ʹΩʔΛ࡟আ͢Δ৔߹ͱൺ΂Δ

ͱଟ͘ͷ࣌ؒΛඞཁͱ͢Δɽ·ͨɼ࡟আʹΑͬͯൃੜͨ͠

ະ࢖༻ཁૉ͸ɼͦͷޙͷ௥Ճʹ͓͍ͯ࠶ར༻ͷର৅ͱͳΔ

ͨΊɼ࡟আ࣌ؒΛ٘ਜ਼ʹͯ͠·Ͱৗʹॆర཰Λ 100%ʹอ

ͭར఺͸͋·Γͳ͍ɽͦͷͨΊ࣮༻্͸ɼॆర཰ʹରͯ͠

ᮢ஋Λઃఆ͓͖ͯ͠ɼͦΕΛτϦΨʔͱͯ͠ߏ࠶੒Λ࣮ߦ

͢Δͱ͍ͬͨར༻͕͑ߟΒΕΔɽ

ຊߘͰ͸ɼμϒϧ഑ྻΛ༻͍ͨಈతࣙॻͷߋͳΔ࣮༻Խ

Λ໨తͱ͠ɼ࣮༻ʹ͓͍ͯޮ཰తͳߏ࠶੒๏ΛఏҊ͢Δɽ

ఏҊख๏ʹର͢ΔධՁ͸࣮ݧʹΑΓ༩͑ɼ࣮͕ؒ࣌ߦେ෯

ʹ୹ॖ͞ΕΔ͜ͱΛࣔ͢ɽՃ͑ͯɼఏҊख๏ʹΑΔߏ࠶੒

͕ɼͦ ͷޙͷࡧݕ଎౓ͷ্޲ʹ΋͕ܨΔͱ͍͏͜ͱΛࣔ͢ɽ

2. ४උ

ຊઅͰ͸ɼຊڀݚʹؔ࿈͢ΔैདྷڀݚΛ͍͔ͭ͘঺հ͢

Δɽ͸͡ΊʹɼجຊతͳఆٛΛҎԼʹ༩͑ΔɽຊߘͰ͸ɼ

τϥΠͷઅ఺਺Λ nͰද͢ɽࢬʹ෇ਵ͢Δจࣈ͸ΞϧϑΝ

ϕοτ Σ = {0, 1, . . . ,σ − 1}্Ͱද͞ΕΔɽ഑ྻͷཁૉ͸
0͔Β࢝·ΔఴࣈͰࢦఆ͠ɼର਺ͷఈ͸ 2Ͱ౷Ұ͢Δɽ

2.1 μϒϧ഑ྻ

μϒϧ഑ྻ͸ɼbaseɼcheckͱݺ͹ΕΔ 2ͭͷ഑ྻΛ

༻͍ͯɼτϥΠΛද͢ݱΔσʔλߏ଄Ͱ͋Δɽbase[s]ͱ

check[s]͸અ఺ sʹରԠ͓ͯ͠Γɼઅ఺ sʹରԠ͢Δཁૉ

Λཁૉ sͱද͢ɽ೚ҙͷ಺෦અ఺ s͔Βग़͍ͯΔจࣈ cͷ

ࢠ͕ࢬ tΛ͢ࢦঢ়ଶʹର͠ɼ࣍ࣜΛຬ଍͢Δɽ

base[s]⊕ c = t, check[t] = s (1)

ਤ 1Ͱ͸ɼจࣈ c1ɼc2ʹΑΓઅ఺ s͔Βࢠ t1ɼt2ΛͦΕ

ͧΕʹ͢ࢦঢ়ଶΛɼμϒϧ഑ྻʹΑΓදͨ͠ྫΛ͍ࣔͯ͠

Δɽઅ఺ s͔Βจࣈ c1 ʹΑΓભҠ͞ΕΔࢠ t1 Λಛఆ͢Δ

৔߹ɼt1 ← base[s]⊕ c1 ʹΑΓީิͱͳΔࢉ͕ࢠग़Ͱ͖ɼ

check[t1]ͱ਌ sͷ஋Λൺֱ͢Δ͜ͱͰɼͦͷ͕ࢠଘ͢ࡏ

Δ͔ΛࣝผͰ͖Δɽٯʹ਌ͷಛఆ͸ɼcheck஋Λࢀর͢Δ

͚ͩͰΑ͘ɼۃΊͯগͳ͍ԋࢉճ਺Ͱઅ఺ؒͷҠಈ͕Ͱ͖

Δ͜ͱ͕μϒϧ഑ྻͷ࠷େͷར఺Ͱ͋Δɽ

ҰํͰɼμϒϧ഑ྻ͸ base஋Λجʹɼࣜ (1)Λຬͨ͢

Α͏ʹઅ఺Λ഑ஔ͠ߏங͞ΕΔͨΊɼະ࢖༻ͷཁૉΛؚΉ

s t1 t2
BASE base
CHECK s s

base⊕	c2
base⊕	c1

s
t1

t2

c1

c2

Double-array

Trie

ਤ 1 τϥΠͱͦΕΛදͨ͠μϒϧ഑ྻɽ

͜ͱ͕લఏʹ͋Δɽ͜͜Ͱະ࢖༻ཁૉʹ͍ͭͯɼ͍͔ͭ͘

ఆٛΛ༩͓͑ͯ͘ɽཁૉ s͕࢖༻͞Ε͍ͯΔ͔൱͔Λɼ഑

ྻ used[s] ∈ {true, false}Λ༻͍ͯද͢ɽະ࢖༻ཁૉͱ
͸഑ྻ్தʹؚ·ΕΔ΋ͷͰ͋Γɼμϒϧ഑ྻͷ഑ྻ௕Λ

N ͱ͢Δͱ used[N − 1] = trueͰ͋Δɽ·ͨɼະ࢖༻ཁ

ૉͷఴूࣈ߹Λ R = {0 ≤ s < N | used[s] = false}ͱද
͢ɽະ࢖༻ཁૉ਺ |R| = mͱ͢ΔͱɼN = n+mͰ͋Γɼ

μϒϧ഑ྻͷॆర཰͸ n/N Ͱද͞ΕΔɽ͜ͷॆర཰͕ߴ

͍΄ͲهԱޮ཰ͷྑ͍μϒϧ഑ྻͱ͍͑Δɽ

ࣙॻͱͯ͠μϒϧ഑ྻΛ༻͍Δ৔߹ɼѹॖͱߴ଎ԽΛ໨

తͱͯ͠MPτϥΠʢMinimal Prefix Trieʣ[2]͕Α͘දݱ

͞ΕΔɽMPτϥΠͰ͸ɼ֤ΩʔΛࣝผ͢ΔͨΊʹඞཁͳ

Γͷ઀ඌ࢒଄ͱͯ͠؅ཧ͠ɼߏখͷ઀಄ࣙू߹ͷΈΛ໦࠷

ࣙΛจྻࣈͱͯ͠ผྖҬͰ؅ཧ͢Δɽ઀ඌࣙͷࢀর͸ɼ֤

༿ʹϦϯΫΛ༩͑Δ͜ͱͰ࣮͞ݱΕɼμϒϧ഑ྻͰ͸༿ͷ

base஋ʹΑͬͯ͜ͷϦϯΫΛද͢ݱΔɽMPτϥΠͰ͸ɼ

୯७ͳτϥΠͱൺ΂গͳ͍અ఺਺ͰࣙॻΛ࣮ݱͰ͖ΔͨΊɼ

ίϯύΫτʹμϒϧ഑ྻࣙॻΛ࣮ݱͰ͖Δɽ·ͨɼ઀ඌࣙ

Λจྻࣈͱͯ͠র߹Ͱ͖ΔͨΊɼࡧݕ΋ߴ଎Խ͞ΕΔɽ

2.2 Ωʔͷ࡟আͱߏ࠶੒๏

μϒϧ഑ྻͰ͸ɼ࡟আΩʔͷΈͱରԠ͢Δઅ఺ʹ͓͚Δ

ཁૉΛະ࢖༻ʹ͢Δ͜ͱͰɼΩʔͷ࡟আΛ࣮͢ݱΔɽ͜ͷ

ॲཧͷ໰୊఺ͱͯ͠ɼ࡟আճ਺ʹൺྫͯ͠ະ࢖༻ཁૉ਺͕

૿Ճ͠ɼॆర཰͕௿Լ͢Δ͜ͱ͕͋͛ΒΕΔ͕ɼ͜ͷ໰୊

͸໼ాΒʹΑͬͯఏҊ͞Εͨߏ࠶੒๏Λ༻͍Δ͜ͱͰղܾ

͞ΕΔ [15]ɽ໼ాΒʹΑΔߏ࠶੒खଓ͖ Rearrange Λ

Algorithm 1ʹࣔ͢ɽ·ͨɼAlgorithm 1Ͱ༻͍ΒΕΔؔ

਺ٴͼखଓ͖ΛҎԼͷΑ͏ʹఆٛ͢Δɽ

• Edges(s)ɿઅ఺ s͔Βग़Δࢬͷ෇ਵจࣈͷू߹Λฦ͢ɽ

• Shelter(s, base, E)ɿू߹ E ʹؚ·ΕΔશͯͷจࣈ c

ʹରͯ͠ɼused[base ⊕ c] = trueͱͳΔཁૉͱͦͷ

ܑఋͷཁૉΛɼR− {base⊕ c | c ∈ E}தͷະ࢖༻ཁૉ
ʹҠಈ͢Δ͔ɼ΋͘͠͸഑ྻͷ຤ඌΑΓํޙʹҠಈ͢

Δɽ݁Ռͱͯ͠ɼཁૉ sΛҠಈͤͨ͞৔߹͸ɼͦͷҠ

ಈઌΛฦ͠ɼͦΕҎ֎͸ͦͷ·· sΛฦ͢ɽ

• Move(s, base, E)ɿू߹ E ʹؚ·ΕΔશͯͷจࣈ cʹ

ରͯ͠ɼཁૉ base[s]⊕ cΛཁૉ base⊕ cʹҠಈ͢Δɽ

c⃝ 2016 Information Processing Society of Japan 2

Vol.2016-DBS-163 No.12
Vol.2016-IFAT-123 No.12

2016/9/14



৘ใॲཧֶձڀݚใࠂ
IPSJ SIG Technical Report

Algorithm 1 ໼ాΒʹΑΔߏ࠶੒खଓ͖ɽ
1: procedure Rearrange

2: while R ̸= ∅ do
3: s← check[N − 1] ◃ ຤ඌͷ਌Λಛఆ
4: E ← Edges(s)

5: base← XCheck(E) ◃ ѹॖཁૉͷҠಈઌΛ୳ࡧ
6: if base = nil then

7: break

8: s← Shelter(s, base, E) ◃ িಥΛճආ
9: Move(s, base, E) ◃ ٧Ί௚͠

10: function XCheck(E)

11: for all r ∈ R do

12: base← r ⊕ E[0] ◃ base ஋Λࢉٯ
13: if IsTarget(base, E) = true then

14: return base

15: return nil ◃ ୳ࣦࡧഊ

16: function IsTarget(base, E)

17: for all c ∈ E do

18: s← base⊕ c

19: if s = Root or N ≤ s then ◃ Rootɿࠜ ID

20: return false

21: if used[s] = true then

22: if |E| ≤ |Edges(check[s])| then
23: return false

24: return true

BASE
CHECK

Shelter

Move

ਤ 2 Rearrange ͷڍಈɽ

Rearrange͸ɼ຤ඌͷཁૉΛલํʹҠಈ͠ɼະ࢖༻ཁ

ૉΛ٧Ί௚͢͜ͱͰॆర཰ͷվળΛਤΔɽ͜ͷͱ͖ɼࣜ (1)

Λຬͨͨ͢Ίʹɼ຤ඌͷཁૉͱҰॹʹܑఋͷཁૉ΋Ҡಈ͢

Δඞཁ͕͋ΔͨΊɼͦΕΒΛ·ͱΊͯѹॖཁૉͱݺͿ͜ͱ

ʹ͢ΔɽRearrangeͰ͸ɼؔ਺ XCheckΛ༻͍Δ͜ͱ

ͰɼҎԼͷΑ͏ʹѹॖཁૉͷҠಈઌΛٻΊ͍ͯΔɽ

XCheck͸ɼѹॖཁૉͷҠಈઌΛ୳͢ࡧΔؔ਺Ͱ͋Γɼ

݁Ռͱͯ͠ҠಈઌΛࣔ͢ base஋Λฦ͢ɽRΛ૸ࠪ͠ɼະ

ΑΓಘΒΕͨʹࢉٯཁૉ͔Βͷ༺࢖ base஋͕ɼѹॖཁૉͷ

ҠಈઌΛࣔ͢஋ͱͯ͠ద͍ͯ͠Δ͔Ͳ͏͔ΛɼIsTarget

Λ༻͍ͯ൑அ͢ΔɽIsTargetʹΑΓѹॖཁૉͷҠಈઌީ

ิͱͯࣝ͠ผ͞ΕΔཁૉ͸ɼະ࢖༻ཁૉɼ΋͘͠͸ѹॖཁ

ૉ਺ΑΓ΋ܑఋͷ਺͕গͳ͍ཁૉͰ͋Δɽ

ѹॖཁૉͷҠಈ͸ɼXCheckʹΑΓܾఆ͞Εͨ base஋

Λ༻͍͓ͯ͜ͳΘΕΔ͕ɼҠಈઌʹࡁ༺࢖Έཁૉ΋ؚ·Ε

ΔͨΊɼલ΋ͬͯ ShelterʹΑΓিಥΛճආ͠ɼMove

ʹΑΓ٧Ί௚͠Λ͓͜ͳ͏ʢਤ 2ʣɽShelterʹΑΓҠಈ

͞ΕΔཁૉ͸ɼ຤ඌͷཁૉΑΓ΋ܑఋ͕গͳ͍ͨΊҠಈ͠

΍͘͢ɼ͜ͷॲཧΛ܁Γฦ͢͜ͱͰ 100%͍ۙॆర཰Λୡ

੒Ͱ͖Δ͜ͱ͕࣮ݧʹΑΓࣔ͞Ε͍ͯΔɽ

2.3 ະ࢖༻ཁૉ୳ࡧͷߴ଎Խ

XCheckʹ͓͚ΔRͷ૸͕ࠪ࣌ؒɼRearrangeͷ࣮ߦ

࣌ؒΛ࠷΋ࠨӈ͢Δɽॳظͷμϒϧ഑ྻͰ͸ɼ͜ͷ૸ࠪͷ

ͨΊʹ഑ྻશମΛઢܗ୳͕͍ͨͯ͠ࡧɼେن໛ͳࣙॻʹର

ͯ͜͠ͷ୳ؒ࣌ࡧ͸க໋తͳ໰୊ͱͳΔɽͦͷͨΊɼະ࢖

༻ཁૉΛ૒ํ޲॥؀࿈݁Ϧετͱͯ͠ߏங͓͖ͯ͠ɼະ࢖

༻ཁૉͷΈΛ૸ࠪͰ͖Δঢ়ଶͰ؅ཧ͓ͯ͘͠ Empty-Link

ʢELʣ๏͕Ұൠతʹ༻͍ΒΕΔ [7, 8]ɽ

ԾʹR = {r1, r2, . . . , rm}ͱͨ͠ͱ͖ɼEL๏Ͱ͸ baseɼ

checkͷະ࢖༻ཁૉΛར༻͠ɼҎԼͷΑ͏ʹ૒ํ޲॥؀࿈

݁ϦετΛߏங͢Δɽ

base[ri] =

⎧
⎨

⎩
ri+1 (1 ≤ i < m)

r1 (i = m)

check[ri] =

⎧
⎨

⎩
ri−1 (1 < i ≤ m)

rm (i = 1)

͜͜Ͱɼ೚ҙͷ riΛϦετͷઌ಄ͱͯ͠هԱ͓ͯ͘͜͠ͱ

ͰɼO(m)Ͱͷ૸͕ࠪՄೳͱͳΔɽ

৽ͨʹະ࢖༻ཁૉΛՃ͑Δ৔߹͸ɼϦετͷઌ಄ཁૉͱ

຤ඌཁૉͷؒʹૠೖ͠ɼ࡟আ͢Δ৔߹͸ɼͦͷະ࢖༻ཁૉ

ͷલޙΛ૬ޓʹ࿈݁͢Δ͚ͩͰΑ͍ɽͦͷͨΊɼϦετͷ

Ͱ͖Δɽߦ৽͸ఆ਺࣌ؒͰ࣮ߋ

2.4 ଎Խߴͷڍྻࢬ

RearrangeʹજΉϘτϧωοΫͱͯ͠ɼڍྻࢬͷ࣮ߦ

࣌ؒ΋͋͛ΒΕΔɽ୯७ͳ࣮૷ʹ͓͍ͯ Edges(s)͸ɼΣ

ʹؚ·ΕΔશͯͷจࣈ cʹରͯ͠ɼઅ఺ s͔Β͕ࢠఆٛ͞Ε

͍ͯΔ͔Λ֬ೝ͢Δ͜ͱʹΑΓɼO(σ)Ͱ࣮͞ߦΕ͍ͯͨɽ

ͱͯ͠ѻ͏ͨΊɼσྻࣈ͸ɼΩʔΛόΠτจʹࡍ࣮ = 256

Ͱ͋Γɼ͜ ͷ࣮ؒ࣌ߦ͸ۃ୺ʹ௿଎ͳ༁Ͱ͸ͳ͍ɽ͔͠͠ɼ

RearrangeͷΑ͏ʹԿ౓΋ Edges͕ݺͼग़͞ΕΔڥ؀

ʹ͓͍ͯ͸ɼॏେͳϘτϧωοΫͱͳΓಘΔɽ

͜ͷ໰୊͸ɼ໼ాΒʹΑͬͯఏҊ͞ΕͨNode-LinkʢNLʣ

๏Λ༻͍Δ͜ͱͰղܾͰ͖Δ [9]ɽNL ๏Ͱ͸ɼ৽ͨʹ഑

ྻ childͱ sibΛ༻͍Δɽchild[s]͸ɼઅ఺ sͱͦͷ࠷ॳ

ͷࢠͱΛ্ࢬ͙ܨͷจࣈΛ֨ೲ͠ɼsib[s]͸ɼઅ఺ sͷ࣍

ͷܑఋͱͦͷ਌ͱΛ্ࢬ͙ܨͷจࣈΛ֨ೲ͢Δɽ͜ͷͱ

͖ɼઅ఺ sͷ࠷ॳͷࢠͱ࣍ͷܑఋ͸ɼbase[s]⊕ child[s]ɼ

base[check[s]] ⊕ sib[s] ͷΑ͏ʹఆ਺࣌ؒͰٻΊΒΕɼ

E ← Edges(s)͸ɼO(|E|)Ͱ࣮ߦՄೳͱͳΔɽͨͩ͠ɼ௥
ՃͰ 2N log σϏοτඞཁͰ͋ΓɼNL๏ͷར༻͸ɼߋ৽࣌

ؒͱهԱޮ཰ͷͲͪΒʹॏ఺Λஔ͔͘ʹΑܾͬͯ·Δɽ

3. ࣮༻తͳߏ࠶੒๏

ຊઅͰ͸ɼॆర཰͕௿Լͨ͠ঢ়ଶʹ͓͚Δैདྷͷߏ࠶੒

๏ͷ໰୊఺Λ͠࡯ߟɼͦͷղܾࡦΛఏҊ͢Δɽ·ͨɼҧͬ

ͨखॱʹΑΔߏ࠶੒๏΍ߴ଎Խख๏ΛఏҊ͢Δɽ
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BASE
CHECK

BASE
CHECK

( ( (

ਤ 3 ैདྷͷ EL ๏ͱ BL ๏Λద༻ͨ͠ঢ়ଶɽ

3.1 Ωϟογϡޮ཰Λྀͨ͠ߟ EL๏

EL๏Λ༻͍Δ͜ͱʹΑΓɼXCheckʹ͓͚Δ Rͷ૸ࠪ

͕ O(m)Ͱ࣮ߦՄೳͱͳΔҰํͰɼ৽͍͠ະ࢖༻ཁૉ͸Ϧ

ετͷ຤ඌʹૠೖ͞ΕΔͨΊɼr1, r2, . . . , rm ͱ഑ྻ্ͷॱ

ংؔ܎͸ͳ͘ͳΔɽͦͷͨΊɼΩʔͷ࡟আ͕܁Γฦ͞Εͨ

,ͷ࿈݁Ϧετ͸ɼr1ޙ r2, . . . , rm ͕഑ྻ্ʹྡ઀ͤͣɼ݁

Ռͱͯ͠ɼXCheckͰΩϟογϡϛε͕ൃੜ͠΍͍͢ঢ়ଶ

ͱͳΔɽ

ͦ͜Ͱɼ഑ྻΛ௕͞ LͷϒϩοΫຖʹ෼ׂ͠ɼϒϩο

Ϋ୯ҐͰ࿈݁ϦετΛߏங͢Δ͜ͱʹΑΓɼ໰୊ͷղܾΛ

ਤΔɽ۩ମతʹ͸ɼϒϩοΫ಺ͷະ࢖༻ཁૉͰ૒ํ޲॥؀

࿈݁ϦετΛߏங͠ɼະ࢖༻ཁૉΛؚΉ֤ϒϩοΫʹͭ

͍ͯ΋ɼಉ͡Α͏ʹ૒ํ޲॥؀࿈݁ϦετΛߏங͢Δɽ݁

Ռͱͯ͠ɼಉ͡ϒϩοΫʹؚ·ΕΔະ࢖༻ཁૉ͸࿈ଓ͠

র͢Δ͜ͱ͕Ͱ͖Δʢਤࢀͯ 3ʣɽຊߘͰ͸ɼ͜ͷख๏Λ

Block-LinkʢBLʣ๏ͱݺͿɽ

BL๏Ͱ͸ɼҎԼͷΑ͏ͳཧ༝Ͱ L = 2⌈log σ⌉ͱ͢Δͱޮ

཰͕ྑ͍ɽXCheckʹ͓͚Δ base ← r ⊕ E[0]ʹ͍ͭͯɼ

E[0] ∈ ΣΑΓɼr ͷԼҐ ⌈log σ⌉Ϗοτʹର͠ഉଞత࿦ཧ
࿨ͨ݁͠Ռ͕ baseͰ͋Δɽ͢ͳΘͪɼL = 2⌈log σ⌉ͷͱ͖ɼ

⌊r/L⌋ = ⌊base/L⌋Ͱ͋Γɼr ͱ base͸ಉ͡ϒϩοΫ಺ͷ

஋Λද͢ɽ͜ͷ baseΛ༻͍ͯɼIsTargetͰ͸Ҡಈઌީ

ิΛ૸ࠪ͢Δ͕ɼจࣈ c ∈ E ʹର͢Δ s ← base ⊕ c΋·

ͨɼbaseͱಉ͡ϒϩοΫ಺Λද͢஋Ͱ͋Δɽ݁Ռͱͯ͠ɼ

͋Δ ri ʹର͠ IsTargetΛݺͼग़͢ͱɼͦͷϒϩοΫ಺

ͷཁૉ͸্ҐΩϟογϡʹׂΓ౰ͯΒΕΔ֬཰͕͘ߴɼଓ

͘ ri+1 Ҏ͕߱࿈ଓͯ͠ಉ͡ϒϩοΫ಺ͷཁૉͰ͋ͬͨ৔

߹ɼΩϟογϡޮ཰ͷࠐݟ্͕޲ΊΔɽ

͜ͷ BL๏ʹ͍ͭͯ͸ɼطʹจݙ [9]ʹ͓͍ͯಉ༷ͷख

๏͕ఏҊ͞Ε͍ͯΔɽ͜ͷจݙͰ͸ɼΩʔͷ௥Ճʹ͓͚Δ

ʹ଎Խ͓Αͼ҆ఆԽΛ໨తͱ͠ɼ֤ϒϩοΫߴ৽࣌ؒͷߋ

͓͚Δະ࢖༻ཁૉ਺΍աڈͷ୳ࣦࡧഊճ਺ͳͲΛ༻͍ͯ

ϒϩοΫΛ෼ྨ͢Δ͜ͱͰɼ໰͍߹Θͤʹదͨ͠୳ൣࡧғ

ͷ੍ޚΛ࣮͍ͯ͠ݱΔɽͨͩ͠ɼ͜ͷϒϩοΫ෼ྨΛ୯७

ʹRearrangeʹԠ༻͢Δ͜ͱ͸೉͘͠ɼຊߘͰ͸Ωϟο

γϡޮ཰ԽʹΑΔੑೳ্޲ͷΈΛධՁ͢Δɽ

…

…

…

…

…

…

…

…

Root Root

Root1

Root2

Trie
Prefix	Subtrie

Suffix	Subtries

c1

c2

c3

c4

c5

c6

c1

c2

c3

c4

c5

c6

ਤ 4 ෼ղલޙͷτϥΠɽଠ࿮ͷઅ఺͸෼ղج४Λද͢ɽ

3.2 ੩తͳߏ࠶ஙʹΑΔ୯७ͳߏ࠶੒

ैདྷڀݚͰ͸RearrangeͷΑ͏ʹɼະ࢖༻ཁૉΛ٧Ί

௚͢͜ͱʹΑΓॆర཰ͷվળΛਤ͖ͬͯͨɽҰํͰɼҠಈ

ઌީิͷ୳ࡧ΍ཁૉҠಈͳͲɼ࣮ࡍʹඞཁͱ͞ΕΔૢ࡞͸

ଟ͘ɼ୯७ʹμϒϧ഑ྻΛ੩తʹߏங͠௚ͨ͠ํ͕ɼޮ཰

తͰ͋Δͱ΋͑ߟΒΕΔ*1ɽ

੩తͳߏ࠶ஙʹ͓͚Δར఺ͱͯ͠ɼিಥճආͷͨΊͷཁ

ૉҠಈ͕ඞཁͳ͘ɼ݁Ռతʹ਌ͱྡ͕ࢠ઀͠΍͍ͨ͢Ίɼ

Ωϟογϡޮ཰্޲ʹΑΔࡧݕͷߴ଎Խ͕ظ଴Ͱ͖Δ͜ͱ

͕͋͛ΒΕΔɽ࣮ࡍɼಈతʹΩʔΛஞ࣍௥Ճͨ͠৔߹ʹൺ

΂ɼ੩తʹߏஙͨ͠ํ͕ߴ଎ͳࡧݕΛ͓͜ͳ͑Δ͜ͱ͕ɼ

จݙ [9]ʹ͓͍ͯࣔ͞Ε͍ͯΔɽRearrangeΛ࣮ͨ͠ߦ

৔߹ɼஞ࣍௥ՃҎ্ͷཁૉҠಈ͕͓͜ͳΘΕΔͨΊɼ੩త

ͷ݁ՌΑΓݙஙʹ͓͚ΔΩϟογϡޮ཰Խ͸ɼ͜ͷจߏ࠶

΋ݦஶʹݱΕΔ͜ͱ͕༧૝͞ΕΔɽ

3.3 ੒ͷฒྻԽߏ࠶

Λ͞Βʹ୹ॖؒ࣌ߦ੒Λฒྻʹ͓͜ͳ͏͜ͱͰɼ࣮ߏ࠶

͢Δ͜ͱ͕Ͱ͖ΔɽఏҊख๏Ͱ͸ɼτϥΠΛ୯Ұͷ઀಄ࣙ

෦෼τϥΠʢPrefix Subtrieʣͱɼෳ਺ͷ઀ඌࣙ෦෼τϥΠ

ʢSuffix Subtriesʣʹ෼ղͯ͠ߏங͢Δ͜ͱʹΑΓɼߏ࠶੒

ͷฒྻԽΛՄೳʹ͢Δɽਤ 4͸ɼτϥΠΛ઀಄ࣙ෦෼τϥ

Πͱ઀ඌࣙ෦෼τϥΠʹ෼ղͨ͠ྫΛ͍ࣔͯ͠Δɽଠ࿮ͷ

અ఺ʹΑΓτϥΠ͸෼ղ͞Ε͓ͯΓɼຊߘͰ͸͜ͷઅ఺Λ

෼ղઅ఺ͱݺͿɽ

઀಄ࣙ෦෼τϥΠ͸ɼશͯͷΩʔʹର͠ڞ௨ͷࠜΛ࣋ͪɼ

෼ղઅ఺ͱରԠ͢Δ֤༿͕઀ඌࣙ෦෼τϥΠͷࠜ΁ͷϦϯ

ΫΛอ͍࣋ͯ͠Δɽ༿͕ϦϯΫΛอ࣋͢Δͱ͍͏ػೳ͕ڝ

߹͢ΔͨΊɼMPτϥΠͰ͸ͳ͘୯७ͳτϥΠͱͯ͠ߏ੒

͞ΕΔɽ઀ඌࣙ෦෼τϥΠ͸ɼ͕ࠜ෼ղઅ఺ͱରԠ͠ɼ෼

ղઅ఺Ҏ߱ͷτϥΠΛैདྷ௨Γ MPτϥΠͱͯ͠ߏ੒͢

Δɽࡧݕ͸ɼ઀಄ࣙ෦෼τϥΠɼ઀ඌࣙ෦෼τϥΠͷॱʹ

અ఺ΛҠಈ͢Δ͜ͱʹΑΓ࣮͞ݱΕΔɽ͜ͷΑ͏ʹ෼ղ͞

Ε֤ͨτϥΠΛɼͦΕͧΕݸʑʹද͢ݱΔ͜ͱʹΑΓɼಠ

ཱͨ͠ෳ਺ͷμϒϧ഑ྻΛฒྻʹߏ࠶੒͢Δ͜ͱ͕Ͱ͖Δɽ

τϥΠͷ෼ղج४ʹ͍ͭͯ͸ɼొ࿥͢ΔΩʔͷಛ௃ʹԠ

ͯ͡༧Ίઃఆ͢Ε͹Α͍ɽ͜ͷͱ͖ɼ෼ղઅ఺͕༨ܭʹඞ

*1 ੩తߏஙͷ۩ମతͳํ๏ʹ͍ͭͯ͸ɼ[16] Λࢀর͞Ε͍ͨɽ
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ཁͱͳΔ఺Λྀ͠ߟɼ઀ඌࣙ෦෼τϥΠΛେྔʹ࡞Βͣɼ

͔ͭฒྻԽ͕༗ޮʹಇ͘Α͏ͳ෼ղج४Λ͑ߟΔඞཁ͕͋

Δɽࣗવޠݴॲཧʹ͓͚Δޠኮू߹ͳͲɼಛผʹ઀಄ࣙʹ

ಛ௃Λ࣋ͨͳ͍ΩʔΛର৅ͱ͢Δ৔߹͸ɼਤ 4ͷΑ͏ʹࠜ

͔Βग़Δઅ఺Λ෼ղઅ఺ͱ͠ɼΩʔͷ 1จࣈ໨Λڥʹ෼ղ

͢Ε͹Α͍ɽ࣮༻ʹ͓͍ͯɼ઀ඌࣙ෦෼τϥΠͷ਺͸ߴʑ

σ = 256Ͱ͋Γɼසग़޲܏ʹΑ֤ͬͯτϥΠͷઅ఺਺ʹҧ

͍͸͋Δ͕ɼฒྻԽ͕༗ޮʹಇ͘͜ͱ͕༧૝͞ΕΔɽ

ҰํͰɼ઀಄ࣙʹ “http://”΍ “https://”ɼ“ftp://”

ͳͲ͕සग़͢ΔURLू߹Λѻ͏৔߹͸ɼ1จࣈ໨Λڥʹ෼

ղ͢Ε͹ɼۃ୺ʹେ͖͍઀ඌࣙ෦෼τϥΠ͕ߏங͞Εͯ͠

·͏ɽ͜ͷͱ͖͸ɼ༧Ί઀಄ࣙ෦෼τϥΠʹසग़͕༧૝͞

ΕΔ઀಄ࣙΛొ࿥͓͖ͯ͠ɼͦΕʹΑͬͯఆٛ͞Ε֤ͨઅ

఺͔Βग़Δઅ఺Λ෼ղઅ఺ͱ͠ɼτϥΠΛ෼ղ͢Ε͹Α͍ɽ

4. ΑΔධՁʹݧ࣮

ຊઅͰ͸ɼઅ 2 ͱઅ 3 Ͱ঺հͨ͠ख๏ͷ༷ʑͳ૊Έ߹

Θͤʹର͠ɼߏ࠶੒๏ͱͯ͠ͷධՁΛ࣮ݧʹΑΓ༩͑Δɽ

ධՁ߲໨ʹ͸ߏ࠶੒࣌ؒͷଞʹɼ੩తߏ࠶ஙʹΑΔΩϟο

γϡޮ཰ԽΛධՁ͢ΔͨΊߏ࠶੒ޙͷࡧݕ଎౓΋Ճ͑ͨɽ

4.1 ઃఆݧ࣮

੒͸ɼIntelߏͷػࢉܭ͍ͨ༺ʹݧ࣮ Core i7 4.0 GHz

CPUɼL2 cache 256 KBɼL3 cache 8 MBͰ͋ΓɼOS͸

OS X 10.11Ͱ͋Δɽ࣮૷ޠݴ͸ C++Ͱɼ࠷దԽΦϓγϣ

ϯͱͯ͠-O3Λࢦఆ͠ɼApple LLVM version 7.3.0ʢclang-

703.0.31ʣΛ༻͍ͯίϯύΠϧͨ͠ɽ࣮ؒ࣌ߦͷܭଌʹ͸ɼ

std::chrono::duration castΛ༻͍ͨɽฒྻԽͷ࣮૷ʹ

͸ɼstd::threadΛ༻͍ͨɽىಈͰ͖Δ࠷େεϨου਺͸

8Ͱ͋Δɽ

ࣙॻͷߏ੒ʹ͸ɼ2015೥ 2݄࣌఺Ͱͷӳޠ൛Wikipedia

ͷλΠτϧूࣄه߹Λ༻͍ͨ*2ɽΩʔ਺͕ 11,519,354݅ɼ

Ωʔͷฏۉ௕͕ 20.7όΠτͰ͋Δɽ͜ΕΒΩʔΛແ࡞ҝ

ͷॱʹஞ࣍௥Ճ͢Δ͜ͱʹΑͬͯࣙॻΛߏங͠ɼ͔ͦ͜Β

10%ͣͭແ࡞ҝʹΩʔΛ࡟আ͢Δ͜ͱʹΑͬͯಘΒΕͨ 10

ύλʔϯͷ֤ࣙॻʹରͯ͠ߏ࠶੒๏Λద༻ͨ͠ɽฒྻԽͷ

ͨΊͷτϥΠ෼ղ͸ɼਤ 4 ͷΑ͏ʹΩʔͷ 1 จࣈ໨Λڥ

ʹ෼ղʹͨ͠ɽ͜ͷͱ͖ɼ઀ඌࣙ෦෼τϥΠͷ਺͸ 107ͱ

ͳͬͨɽߏ࠶੒͕࣮͞ߦΕΔલͷ֤ࣙॻͷॆర཰ͷঢ়ଶΛ

ද 1ʹࣔ͢ɽτϥΠͷ෼ղʹΑΔॆర཰ͷมԽ͸͋·Γݟ

ΒΕͳ͔ͬͨͨΊɼ͜ͷදͰ͸෼ղ͍ͯ͠ͳ͍ঢ়ଶͷॆర

཰ͷΈΛ͍ࣔͯ͠Δɽ

٧Ί௚͠ʹΑΔߏ࠶੒๏ [15]ͱ੩తߏ࠶ஙʹΑΔߏ࠶੒

๏ͷ 2ͭͷख๏ʹର͠ɼNL๏ [9]ɼBL๏ɼฒྻԽΛͦΕ

ͧΕҧͬͨύλʔϯͰ૊Έ߹Θͤͨɼܭ 16छྨͷख๏Λ

ධՁͨ͠ɽEL๏ [8]͸શͯͷख๏ʹద༻ͨ͠ɽ

*2 https://dumps.wikimedia.org/enwiki/

ද 1 আ͞ΕͨΩʔͷׂ߹ͱॆర཰ʹؔ͢Δ݁Ռɽ࡟

Ωʔ࡟আ཰ (%) 0 10 20 30 40

ॆర཰ (%) 100.0 89.4 78.9 68.5 58.1

Ωʔ࡟আ཰ (%) 50 60 70 80 90

ॆర཰ (%) 47.9 37.8 27.8 18.1 8.7

4.2 ࡯ߟՌͱ݁ݧ࣮

ՌΛਤ݁ݧ੒࣌ؒʹؔ͢Δ࣮ߏ࠶ 5(a)ʹࣔ͠ɼؒ࣌ࡧݕ

ʹؔ͢Δ࣮݁ݧՌΛਤ 5(b)ʹࣔ͢ɽߏ࠶੒࣌ؒ͸ɼख๏ؒ

Ͱେ͖ͳ͕ࠩੜ·ΕͨͨΊɼਤ 5(a)ͷॎ͕࣠ 2ͷର਺࣠ͱ

ͳ͍ͬͯΔ͜ͱʹ஫ҙ͢Δɽߏ࠶੒࣌ؒʹؔͯ͠ɼ੩త࠶

ʹஙߏ BL๏Λద༻͢Δ͜ͱʹΑΔมԽ͸ݟΒΕͳ͔ͬͨ

ͨΊɼ͜ΕΒͷ૊Έ߹Θͤʹؔ͢Δ݁Ռ͸লུ͍ͯ͠Δɽ

ɼNL๏ͱͯؔ͠ʹؒ࣌ࡧݕ BL๏͸͕ؔ܎ͳ͍ͨΊɼฒ

ྻԽͱͷ૊Έ߹ΘͤͷΈΛ݁Ռͱ͍ͯͯͤ͠ࡌΔɽ·ͨɼ

͍ͣΕͷߏ࠶੒๏Λ༻͍ͨ৔߹΋ɼॆర཰͸ 100%ۙ͘ʹ

·Ͱվળ͞Εͨɽ

·ͣɼ٧Ί௚͠ʹΑΔߏ࠶੒࣌ؒʹண໨͢Δͱɼ୯७ͳ

আ཰࡟੒ͷͱ͖ɼΩʔߏ࠶ 40–50%ͷ஍఺Ͱ 140ඵ΋ཁ͠

͍ͯΔɽNL๏Λద༻ͨ͠৔߹΋վળ͞Εͣɼ͕ڍྻࢬओ

ͳ໰୊Ͱͳ͍͜ͱ͕Θ͔ΔɽҰํɼBL๏Λద༻͢Δ͜ͱ

Ͱɼ͜ͷߏ࠶੒࣌ؒ͸ 8ඵʹ·Ͱ୹ॖ͞ΕΔ͜ͱ͔Βɼ͍

͔ʹΩϟογϡޮ཰ͷѱ͕͞ैདྷͷߏ࠶੒๏ͷ໰୊఺Ͱ

͔͕͋ͬͨΘ͔Δɽ͞ΒʹɼΩϟογϡޮ཰Λվળ͢Δ͜

ͱͰ NL๏͕ޮ཰Α͘ಇ͖ɼBL๏ͱ NL๏ͷ૊Έ߹Θͤ

Ͱ͸ 5ඵͰߏ࠶੒͕ՄೳͱͳΔɽฒྻԽʹΑΔߴ଎Խ΋֬

ೝ͞ΕɼNL๏ɼBL๏ɼฒྻԽΛ૊Έ߹ΘͤΔ͜ͱͰɼ࠶

੒͕࣌ؒߏ 1ඵʹ·Ͱ୹ॖ͞Εͨɽ

࣍ʹɼ੩తߏ࠶ஙʹΑΔߏ࠶੒࣌ؒʹண໨͢Δɽ੩త࠶

ஙͰ͸ɼશͯͷઅ఺Λ୧Δඞཁ͕͋Δ͕ɼিಥճආʹΑߏ

ΔཁૉҠಈͳͲ͕ඞཁͳ͘ΞϧΰϦζϜ͕୯७ͳͨΊɼ٧

Ί௚͠ͱൺ΂ߴ଎ʹߏ࠶੒͕Մೳͱ͍͏݁Ռʹͳͬͨɽಛ

ʹɼNL๏ͱฒྻԽΛ૊Έ߹ΘͤΔ͜ͱͰɼొ࿥Ωʔ਺͕

1,000ສ݅Λ௒͑Δঢ়ଶͰ͋ͬͯ΋ 1ඵະຬͰߏ࠶੒͕Մ

ೳͱͳΔɽߏ࠶੒࣌ؒ͸ओʹઅ఺਺ʹґଘ͢ΔͨΊɼΩʔ

੒ʹΑΓద͍ͯ͠Δɽߏ࠶ঢ়ଶͰͷ͍ߴআ཰͕࡟

࠶ஙʹΑΔߏ࠶੒๏ͱ੩తߏ࠶ɼ٧Ί௚͠ʹΑΔʹޙ࠷

΋ੑೳ࠷෼͚ʹ͍ͭͯධՁ͢ΔɽͦΕͧΕͷ͍࢖੒๏ͷߏ

͕ྑ͔ͬͨ৔߹ͷߏ࠶੒࣌ؒΛൺֱ͢ΔͱɼΩʔ࡟আ཰͕

10%ɼ͢ͳΘͪॆర཰͕໿ 90%ͷ஍఺Ͱߏ࠶੒͕࣌ؒٯస

͍ͯ͠ΔɽهԱޮ཰Λ༏ઌ͠ɼNL๏Λద༻͠ͳ͍৔߹Ͱ

Δͱɼॆర཰͕໿͑ߟ 80%ͷ஍఺Ͱٯస͍ͯ͠Δɽͦͷͨ

Ίɼࣙॻͷߏ੒ͳͲʹԠͯ͡ɼॆర཰͕͋ΔҰఆͷ஋ΑΓ

ʹஙͱ͍͏Α͏ߏ࠶৔߹͸٧Ί௚͠ɼ௿͍৔߹͸੩త͍ߴ

੒͕͓͜ͳ͑Δɽߏ࠶଎ͳߴ෼͚Δ͜ͱͰɼ͍࢖

ҰํͰɼߏ࠶੒ޙͷؒ࣌ࡧݕʹண໨͢Δͱɼ੩తߏ࠶ங

ʹΑΔΩϟογϡޮ཰Խͷ͓͔͛Ͱɼࡧݕ଎౓ʹ໌Β͔ͳ

͕ࠩͰ͍ͯΔͷ͕͑࢕ΔɽΩʔͷ௥Ճ΍࡟আʹ͓͍ͯ΋ɼ
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(b) ฏؒ࣌ࡧݕۉ

ਤ 5 ੒Λߏ࠶Ռɽຌྫ͸ɼ٧Ί௚͠ʹΑΔ݁ݧ੒๏ʹର͢Δ࣮ߏ࠶ Pɼ੩తߏ࠶ஙʹΑΔ࠶

੒Λߏ SɼNL๏Λ NɼBL๏Λ BɼฒྻԽΛ Cͱͯ͠ख๏ͷ૊Έ߹ΘͤΛද͍ͯ͠Δɽ

Ұ౓ͦͷΩʔΛ͢ࡧݕΔඞཁ͕͋ΔͨΊɼ੩తߏ࠶ஙʹΑ

ΔΩϟογϡޮ཰Խ͸ɼࣙॻͱͯ͠ͷ͋ΒΏΔૢ࡞ͷ଎౓

͍͓ʹگɼॆర཰͕௿Լ͍ͯ͠ͳ͍ঢ়ʹނΔɽ͕ܨʹ্޲

ͯ΋ɼ੩తߏ࠶ஙʹΑΔಈతμϒϧ഑ྻͷߏ࠶੒͸ॏཁͰ

͋Δͱ͍͑Δɽ·ͨɼఆظతʹ੩తߏ࠶ஙΛ͓͜ͳ͏ͱ͍

͏ར༻Λͨ͑ߟͱ͖ʹɼฒྻԽͳͲʹΑΔߴ଎Խ͸ΑΓॏ

ཁͳ΋ͷͱͳΔɽ

5. ͓ΘΓʹ

ຊߘͰ͸ɼ࣮༻ʹ͓͚Δޮ཰తͳߏ࠶੒๏ͷݕ౼ͱɼ৽

͍͠ख๏ͷఏҊɼٴͼධՁΛ͓͜ͳͬͨɽ࣮ݧʹΑΓɼఏ

Ҋख๏͸ैདྷΑΓང͔ʹߴ଎ʹߏ࠶੒Λ͓͜ͳ͑Δ͜ͱΛ

ࣔͨ͠ɽͦͷߏ࠶੒࣌ؒ͸ 1,000ສ݅Λ௒͑ΔΩʔΛొ࿥

ͨࣙ͠ॻʹ͓͍ͯ΋Θ͔ͣ 1ඵະຬͰ͋Γɼ࣮༻ʹ͓͍ͯ

ʹஙߏ࠶੒͕࣌ؒ໰୊ͱͳΔ͜ͱ͸ͳ͍ɽ·ͨɼ੩తߏ࠶

ΑΔߏ࠶੒Ͱ͸ɼ࣮ޙߦͷࣙॻͷੑೳ͕ܨʹ্޲Δ͜ͱΛ

ࣔ͠ɼॆర཰௿ԼΛվળ͢Δ໨తҎ֎Ͱͷߏ࠶੒ͷඞཁੑ

Λࣔͨ͠ɽՃ͑ͯɼఏҊख๏ʹΑΔߴ଎Խͷ༗ޮੑ͕֬ೝ

͞Εͨɽޙࠓͷ՝୊ͱͯ͠ɼURLͳͲͷ઀಄ࣙʹಛ௃Λ

࣋ͬͨΩʔू߹ʹର࣮ͯ͠ݧΛ͓͜ͳ͏ͳͲɼ༷ʑͳ৔໘

ʹԠͯ͡ͷධՁΛ༩͑Δ͜ͱ͕͋͛ΒΕΔɽ
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