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1 ͡Ίʹ

Ϋϥεϥϕϧ͖ͷτϥϯβΫγϣϯू߹͕༩͑ΒΕͨͱ
͖ɼڵຯ͋ΔΫϥεʹؔ࿈ͷ͋ΔύλʔϯΛൃ͢ݟΔλεΫͱ
ͯࣝ͠ผύλʔϯൃݟ [1]͕͋Δɽྫ͑ɼੜྨσʔλ͕
༩͑ΒΕͨͱ͖ɼᄡೕྨ͕͋ΓɼೕΛҿΉͱ͍ͬͨύ
λʔϯΛ͚ͭݟΔ͜ͱ͕Ͱ͖Δɽ͔͠͠ɼ͕͋Δͱ͍͏ύ
λʔϯಈશͯʹڞ௨͢Δ͜ͱͰ͋ΔɽͦͷͨΊɼຊݚ
ɼ͑ߟͰσʔλϕʔεͷதͷ༷ʑͳΫϥεͷΈ߹ΘͤΛڀ
ͦΕΒʹڞ௨ͯ͠ग़͢ݱΔύλʔϯΛޮΑ͚ͭ͘ݟΔख๏Λ
ఏҊ͢Δɽ

2 ఏҊख๏

2.1 Ϋϥεؒڞ௨ύλʔϯ

ύλʔϯൃݟͷରͱ͢ΔσʔληοτΫϥεϥϕϧ͖
ͷτϥϯβΫγϣϯू߹D={τ1, τ2, ..., τN}Ͱ͋Δɽτϥϯβ
Ϋγϣϯ |D| = N Ͱ͋ΔɽDதʹग़͢ݱΔΫϥεϥϕϧ
ू߹Λ CɼΞΠςϜू߹Λ X ͱ͓͖ɼD தͷ֤τϥϯβΫ
γϣϯΛ τ = ⟨c, t⟩ͱ͓͘ɽcΫϥεϥϕϧͰ͋Γɼc ∈ C͕
Γཱͭɽ·ͨɼtΞΠςϜू߹Ͱ͋Γɼt ⊆ X ͕Γཱͭɽ
ճ୳͍ͨ͠ύλʔϯΛࠓ π = ⟨c,x⟩ ͱ͢Δɽc ͱΫϥε

ϥϕϧू߹Ͱ͋Γɼc ⊆ C ͕Γཱͭɽx ͱΞΠςϜू߹
Ͱ͋Γɼx ⊆ X ͕Γཱͭɽπ = ⟨c,x⟩ Ϋϥεू߹ c ʹ
ΞΠςϜू߹ x ΕΔ͜ͱΛҙຯ͓ͯ͠ΓɼΫϥݱ௨ͯ͠ڞ͕
εؒڞ௨ύλʔϯʢ͋Δ͍୯ʹڞ௨ύλʔϯʣͱݺͿɽ·
ͨɼcͱ xʹର͠ɼcͷ͍ͣΕ͔ʹॴଐ͢ΔτϥϯβΫγϣϯ
ͷΛ N(c)ɼx ΛؚΉτϥϯβΫγϣϯͷΛ N(x)ɼ͞Β
ʹɼc ͷ͍ͣΕ͔ʹॴଐ͠ x ΛؚΉτϥϯβΫγϣϯͷΛ
N(c,x) =

∑
c∈cN(c,x)ͱఆٛ͠ɼN(c,x)ΛΫϥε cʹ͓͍

ͯɼύλʔϯ xʹద߹ͨ͠τϥϯβΫγϣϯͱఆٛ͢Δɽ͜
ͷͱ͖ɼݱ࠶ p(x | c) = N(c,x)/N(c)ɼద߹ p(c | x) =
N(c,x)/N(x) ͱͳΔɽຊڀݚͰڞ௨ύλʔϯͷධՁͱ͠
ͯ͜ΕΒͷௐฏۉͰ͋ΔɼF (F (π) = F (c,x)=2p(c | x)
p(x | c)/(p(c | x)+p(x | c)))Λ༻͍Δɽͦͯ͠ɼFͷ্Ґ
k Δɽ͑ߟΊΔ͜ͱΛٻҎԼͷύλʔϯΛݸ

2.2 ୳ࡧͱͦͷੑ࣭

ૉʹࣝผύλʔϯൃݟΞϧΰϦζϜΛ֦ு͠Α͏ͱ͢Ε
ɼc ⊆ C ͱͳΔΑ͏ͳ cΛਖ਼ΫϥεɼcͰͳ͍Ϋϥεू߹
ΛෛΫϥεͱ͢Δɽͦͯ͠ɼਖ਼ΫϥεΛڵຯͷ͋ΔΫϥεͱ͠
ͯࣝผύλʔϯΛ͚ͭݟΔɽྫ͑ɼFP-GrowthΛجʹͨ͠
߹ɼ͜ͷํ๏ͰඞཁҎ্ʹ FP-treeΛߏங͢Δ͜ͱʹͳΓ
ແବ͕ଟ͍ɽ
ͦ͜ͰఏҊख๏Ͱɼ֤ΞΠςϜू߹ xΛਂ͞༏ઌͰ୳ࡧ

͠ͳ͕Βɼ֤ xʹର͠શͯͷΫϥεͷΈ߹Θͤ cΛਂ͞༏
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ઌ୳͢ࡧΔ͜ͱΛ͑ߟΔɽਤ 1ʹࣔ͢Α͏ʹ xʹ͍ͭͯ
ඌ୳ࡧ [1]Λ͑ߟɼcʹ͍ͭͯ಄୳ࡧ [1]Λ͑ߟΔɽͳ
͓ɼ͜ͷ୳ࡧX = {A,B,C},C = {c1, c2, c3, c4}ʹର͢
ΔͰ͋Γɼ୳ࡧͷΫϥε ci = i Ͱද͍ࣔͯ͠Δɽ·ͨ
ਤ 1ͷӈํʹ͋ΔഁઢͰғ·Εͨܗ֯ࡾ {A}ͷԼʹ͋Δ
಄୳ࡧͱಉ͡ͷΛলུͨ͠ͷͰ͋Δɽ
֤ΞΠςϜू߹ xΛ୳͢ࡧΔͱ͖ɼ֤ϊʔυʹ֤Ϋϥε

cͷτϥϯβΫγϣϯ N(c,x)Λهͨ͠ FP-treeΛߏங͠
ͳ͕Β୳ࡧΛ͏ߦɽͦͯ͠ɼه͞Εͨ N(c,x)ʹ͖ͮجɼ֬
ࢉܭͷΈͰධՁΛٻΊΔɽ֤Ϋϥεू߹ cʹ͍ͭͯ୳͢ࡧ
Δͱ͖ɼͨ͠ x ʹ͓͚Δݱ࠶ͷ߱ॱͰΫϥεΛ୳ࡧ
͠ύλʔϯ ⟨c,x⟩Λੜ͢Δɽྫ͑ਤ 1Ͱɼp(x | c1) ≥
· · · ≥ p(x | c4) ͕Γཱ͍ͬͯΔɽ͜͜Ͱɼશͯͷ c′ ∈ c ʹ
͍ͭͯ p(x | c) ≤ p(x | c′)͕Γཱͭ c ̸∈ cͱͳΔ cʹର͠ɼ

p(x | c ∪ {c}) =
p(c)p(x | c) +

∑
c′∈c p(c′)p(x | c′)

p(c) +
∑

c′∈c p(c′)

≤ p(x | c) (1)

Ͱ͋Δ͜ͱ༰қʹࣔͤΔͨΊɼΫϥεू߹ͷ֦େʹ͍ͭͯ
Δɽ͑ݴ୯ௐੑ͕Γཱͭͱٯ
·ͨɼΫϥεू߹ cΛ cʹΑ֦ͬͯେͨ͠ͱ͖ͷద߹ɼ

୯ʹݩͷద߹ͷͱͳΔɽ

p(c ∪ {c} | x) = p(c | x) + p(c | x) (2)

Ϋϥεू߹ͷ಄୳ࡧʹ͓͍ͯɼࡏݱ͢ΔΫϥεू߹ c

Λ֦େ͢ΔࡍʹɼՃ͢Δ͜ͱͷͳ͍Ϋϥεू߹Λ cout ͱ͓
͘ɽྫ͑ࡏݱ {c2}ʹ͍ͭͯ୳͍ͯ͠ࡧΔ߹ɼcout = {c1}
ͱͳΔɽ͜ͷ cout מࢬΓͷࡍʹ༻͍Δɽ
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ਤ 1: ఏҊํ๏ͷ୳ࡧ

2.3 Γמࢬ

ຊख๏Ͱɼݶࢬఆ๏ʹ͍ͯͮجධՁͷ͍ߴύλʔϯ͔
Β࠷େ kݸΛग़ྗ͢ΔͨΊɼେ͖͞ kͷީิϦετΛ༻ҙ͠ɼ
ධՁͷ߱ॱͰ֨ೲ͍ͯ͘͠ɽ·ͣɼީิϦετͷ k൪ͷύ
λʔϯΛ πk ͱ͠ɼࡏݱ୳ࡧதͷύλʔϯΛ π = ⟨c,x⟩ͱஔ͖ɼ
ΫϥεͷΈ߹Θͤʹ͍ͭͯ୳͢ࡧΔ͜ͱΛ͑ߟΔɽ୳ਂ͕ࡧ
͘ͳΔʹͭΕͯΫϥεू߹͕֦େ͢ΔͨΊɼࣜ 2ΑΓద߹
1 ʹۙͮ͘ɽ͔͠͠ɼ2.2 અͰಋೖͨ͠ cout ͕ۭͰͳ͍߹ɼ
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p(cout,x)ͷ͕ద߹ʹՃΘΔ͜ͱͳ͍ɽͭ·Γɼcͷ֦
େʹ͓͍ͯద߹ͷ࠷େ 1 − p(cout | x) ͱͳΔɽΫϥε
֦େ࣌ͷٯ୯ௐੑ (ࣜ 1) ߹Θͤͯ͑ߟΔͱɼ͜ͷύλʔϯ
π = ⟨c,x⟩ͷΫϥε֦େʹ͓͚Δ্ք F (π) = 2(1−p(cout |
x))p(x | c)/(1 − p(cout | x) + p(x | c))ͰٻΊΒΕΔɽͦͷ
ͨΊɼΫϥεͷΈ߹ΘͤΛ୳ࡧத F (π) < F (πk)Ͱ͋Εɼ
ɽ͏ߦΓΛמࢬ
ҰํɼΞΠςϜू߹ xͷ֦େʹ͓͍ͯɼ࠷େͷݱ࠶Λ

ͭΫϥε cmax = argmaxc∈CP (x | c)Λ͑ߟΔɽ͜ͷͱ͖ɼ
F (⟨cmax,x⟩) ࡏݱͷΞΠςϜू߹ x ͷ֦େʹ͓͚Δ্քͰ
͋ΔͨΊɼ͜ͷ͕ F (πk)ະຬͳΒ xҎԼΛמࢬΓͰ͖Δɽ

2.4 ύλʔϯͷআ

ҟͳΔ 2 ͭͷީิύλʔϯ π1 = ⟨c1,x1⟩,π2 = ⟨c2,x2⟩ ʹ
͓͍ͯɼc1 ⊇ c2 ͔ͭ x1 ⊆ x2 ͷͱ͖ɼπ1  π2 ΑΓҰൠత
Ͱ͋Δͱ͍ݴɼπ2 ͷํ͕ಛघͰ͋Δͱ͏ݴɽͳύλʔϯ
ͷআɼੜ੍ੑ࢈ [1]ͱ੍ [2]ʹΑͬͯ͏ߦɽੜ࢈
ੑ੍Ͱ π1 ͕ π2 ΑΓҰൠత͔ͭ F (π1) ≥ F (π2)ͷͱ͖ɼ
π1 Λ͠ π2 ΛީิϦετ͔Βআ͢Δɽ੍Ͱ π2 ͕
π1 ΑΓಛघ͔ͭ N(π1) = N(π2)ͷͱ͖ɼπ2 Λ͠ɼπ1 Λީ
ิϦετ͔Βআ͢ΔɽఏҊख๏Ͱɼ୳ࡧதʹੜ੍ੑ࢈Ͱ
νΣοΫΛ͍ߦɼग़ྗͷલͰ੍ͰͷνΣοΫΛ͏ߦɽ
ͨͩ͠ɼ͜ͷ 2 ͭͷ੍͕ڝ߹ͨ͠߹੍Λ༏ઌ͞
ͤΔɽ

3 ݧ࣮

Zoo σʔληοτ1Λ༻͍ͯఏҊख๏ͷಈݧ࣮࡞Λͨͬߦɽ
͜ͷσʔλ ͷΫϥεϥϕϧ͖ͷτϥϯβΫγϣϯ͔ݸ101
Βߏ͞Ε͍ͯΔɽݸʑͷτϥϯβΫΫγϣϯ͕Ұͭͷੜछ
ʹରԠ͓ͯ͠ΓɼಈͷಛʢೕΛҿΉɼཛΛ࢈ΉɼͳͲʣ
͕ΞΠςϜͱͯ͠ද͞ݱΕ͍ͯΔɽ·֤ͨੜछ 1ʙ7ͷΫ
ϥεʢ1: ᄡೕྨɼ2: ௗྨɼ3: ᗡྨɼ4: :ɼ5ྨڕ ྆ੜྨɼ6: ࠛ
ྨɼ7: ʣʹྨ͞Ε͍ͯΔɽྨ֪ߕ
ఏҊख๏ʹΑͬͯಘΒΕͨڞ௨ύλʔϯͷҰ෦Λද 1 ʹࣔ

͢ɽ͜ͷ݁Ռɼग़ྗύλʔϯ k = 50Ͱ࣮ͯ͠ߦಘΒΕͨɼ
্Ґ 7ͭͷڞ௨ύλʔϯͰ͋Δɽྫ͑ɼ1൪ͷύλʔϯ
ᄡೕྨɾௗྨɾᗡྨɾྨڕɾ྆ੜྨʹڞ௨͢Δಛ͕ʮ
Λͭʯ͜ͱΛҙຯ͢Δɽ͞Βʹɼ7൪ʹ F͕ 1Ͱͳ͍
ύλʔϯ͕ग़͍ͯ͠ݱΔ͕ɼ͜ΕΫϥεؒͰେ·͔ʹڞ௨͠
͍ͯΔಛΛॊೈʹग़ྗ͍ͯ͠Δ͜ͱΛ͍ࣔͯ͠Δɽ

ද 1: Zooσʔλ͔ΒಘΒΕΔڞ௨ύλʔϯ
F (c,x) ύλʔϯ ⟨c,x⟩
1.000 ⟨{1,2,3,4,5}, {backbone}⟩
1.000 ⟨{1}, {backbone, breath,milk}⟩
1.000 ⟨{2}, {backbone, breath, eggs, feathers, 2legs, tail}⟩
1.000 ⟨{4, 5}, {aquatic, backbone, eggs, toothed}⟩
1.000 ⟨{4}, {aquatic, backbone, eggs, fins, tail, toothed}⟩
1.000 ⟨{5}, {aquatic, backbone, breath, eggs, toothed}⟩
0.984 ⟨{1, 3, 4, 5}, {toothed}⟩

·ͨɼ20Newsσʔληοτ2ʢ[1]Ͱ༻͍ͨલॲཧࡁΈͷ
ͷΛ༻ʣΛ༻͍ͯఏҊख๏ͷಈݧ࣮࡞Λͨͬߦɽ͜ͷσʔ
λχϡʔεάϧʔϓͷΧςΰϦΛΫϥεͱ͚ͯ͠ΒΕͯ

1 https://archive.ics.uci.edu/ml/datasets/Zoo
2 http://qwone.com/~jason/20Newsgroups/

͓ΓɼΞΠςϜࣄهߘதͷ୯ޠͰ͋Δɽ͜ͷσʔληο
τͰɼarticlͱ͍͏தཱతͳΞΠςϜ͕ͲͷΧςΰϦʹ
ଟؚ͘·Ε͍ͯͨͨΊɼσʔληοτ͔Β articl ετο
ϓϫʔυͱͯ͠আͨ͠ɽಘΒΕͨڞ௨ύλʔϯͷҰ෦Λද
2 ʹࣔ͢ɽ͜ͷ݁Ռɼग़ྗύλʔϯ k = 20 Ͱ࣮ͯ͠ߦ
ಘΒΕͨɼ্Ґ 7 ͭͷύλʔϯͰ͋ΔɽΫϥεͷ൪߸ͦΕ
ͧΕɼ1: rec.motorcyclesɼ2: comp.os.ms-windows.miscɼ
3: comp.windows.xɼ4: sci.cryptɼ5: rec.sport.baseballɼ
6: rec.sport.hockeyɼ7: alt.atheismɼ8: soc.religion.

christianɼ 9: talk.religion.misc Λද͍ͯ͠Δɽ3 ൪
ͷύλʔϯ comp.os.ms-windows.miscͱ comp.windows.x

ͱ͍͏ΧςΰϦͰ window(s)ʹؔ͢Δهड़͕ଟ͔ͬͨ͜ͱΛ
ҙຯ͢Δ3ɽ

ද 2: 20Newsσʔλ͔ΒಘΒΕΔڞ௨ύλʔϯ
F (c,x) ύλʔϯ ⟨c,x⟩
0.661 ⟨{1}, {dod}⟩
0.621 ⟨{1}, {bike}⟩
0.586 ⟨{2, 3}, {window}⟩
0.575 ⟨{4}, {encrypt}⟩
0.571 ⟨{5, 6}, {game}⟩
0.547 ⟨{7, 8, 9}, {god}⟩
0.539 ⟨{8}, {rutger}⟩

2.2અͰࣔͨ͠ૉͳ୳ํࡧ๏Ͱ Zooσʔλͷڞ௨ύλʔϯ
Λൃͨ͠ݟͱ͖ͱͷ୳ੑࡧͷൺֱΛද 3ʢ্ʣʹ ࣔ͠ɼ20News

σʔλͰͷ୳ੑࡧͷൺֱΛද 3ʢԼʣʹࣔ͢ɽͳ͓ɼग़ྗ݁
ՌఏҊख๏ͱมΘΒͳ͔ͬͨɽ͜ͷ݁ՌΑΓɼఏҊख๏ै
དྷͷํ๏ΑΓޮతͰ͋Δ͜ͱ͕͑ݴΔɽ

ද 3: Zooʢ্ʣ͓Αͼ 20NewsʢԼʣͰͷੑൺֱ
Zooσʔλ ૉͳ୳ࡧ ఏҊख๏ ൺ

୳ࡧճ [ճ] 1,715 798 46.5%
୳ؒ࣌ࡧ [ms] 66 26 39.4%

20Newsσʔλ ૉͳ୳ࡧ ఏҊख๏ ൺ

୳ࡧճ [ճ] 1,053,743 134,760 12.8%
୳ؒ࣌ࡧ [ms] 78,966,255 79,798 0.1%

4 ͓ΘΓʹ

ຊڀݚͰΫϥεؒڞ௨ύλʔϯͱͦͷޮతൃݟΞϧΰϦ
ζϜΛఏҊͨ͠ɽ·ͨɼैདྷख๏ͱͷൺֱΛ͍ߦɼ୳ੑࡧ͕
نͷ՝ͱͯ͠ɼΑΓେޙࠓΔ͜ͱΛ֬ೝͨ͠ɽ্͍ͯ͠
ͳσʔλʹ͍ͭͯಉ༷ͷ୳ੑࡧʹͳΔ͔ͷ֬ೝɼFҎ֎
ͷධՁΛ͏߹ͷݕ౼ɼΫϥελੳख๏ͱͷΈ߹Θͤ
ͳͲ͕͛ڍΒΕΔɽ
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