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ฏ໘ஔͷֶ

Ѩ෦ ∗

ฏ 30  7 ݄ 5 

1 ฏ໘ஔͬͯͳΜͩΖ͏ʁ
ֶͷ༻ޠͱΓ͕͋͑ͣ͢͡ײ͍ݎΔɻຊߨԋͷओͰ͋Δฏ໘
ஔ͔֬ʹ͍ۤ͠ݎɻӳޠͷ༁ͳͷͰํͳ͍ͱ͍͑ํͳ͍ͷ
͚ͩΕͲʢͳʹ͠Ζฏ໘ hyperplaneͷ༁ޠͳͷͰɺ͜ΕҎ֎༁͠Α
͏͕ͳ͍ʣɺΠϝʔδ͕௫ΈͮΒ͍ɻ
͠օ͞Μ͕NHKͷEςϨͰ์ૹதͷʰຢ٢थͷϔϨʔΧʂʱͷ

5݄ 30์ૹ [1]Λ͝ཡʹͳ͓ͬͯΒΕΕɺฏ໘ஔʹରͯͦ͠ͷ
Α͏ͳΠϝʔδΛͣͨ࣋ʹ͢ΉͰ͋Ζ͏ɻ͜ͷճͰɺฏ໘ஔڀݚ
Ͱ͋Δɺւಓେऀڀݚతʹத৺తͳׂΛՌ͍ͨͯ͠Δࡍࠃ͍͓ͯʹ
ֶͷ٢Ӭਖ਼ڭत͕ొ͠ɺฏ໘ஔʹ͍ͭͯຢ٢͞Μʹର͔ͯ͠ͳ
Γৄ͍ͨͯͬ͘͠ޠɻ্ͷ์ૹʹ͓͍ͯʰฏ໘ஔʱͳΔϫʔυ
͕͋Ε΄Ͳొ͠ɺ͔͔͠ͳΓֶతʹਖ਼֬ͳఆ͕ٛ͑ΒΕΔͳͲ
ͱ͍͏͜ͱલະฉɺࠓݹະિ༗ɺۭલઈޙͷग़དྷࣄͰ͋Γɺ͜ΕҎ
͓߱ͦΒ͘͜ͷΑ͏ͳػձͳ͍Ͱ͋Ζ͏ɻ͠ڵຯΛͨ࣋Εͨํ͕
͓ΒΕΕɺੋඇ͜ͷ์ૹΛ͝ཡʹͳΒΕΔ͜ͱΛ͓קΊ͢Δɻ࣮ࢲࡍ
ͷߨԋɺ͜ͷճͰ٢Ӭ͞Μ͕ͨͬ͜ޠͱɺޠΓ͖Εͳ͔ͬͨ͜ͱΛิ
ɺͳΔ͘Θ͔Γֶ͍͢తͳূ໌Λ༩͑Δ͜ͱʹͳΔͰ͋Ζ͏ɻ͠
ͱ͍͑ɺͪΖΜຊߨԋ [1]Λ͍ͯݟͳ͍ํʹΘ͔ΔΑ͏ʹ४උ͞
Ε͍ͯΔͷͰɺͦͷ҆͝৺͞Ε͍ͨɻ
ͯ͞ɺฏ໘ஔͷֶͷઆ໌ʹೖΔɻ͜͜·Ͱ͋Ε͜Εॻ͍͓͍ͯ
ͯͳΜ͕ͩɺ࣮ฏ໘ஔ͍͍ͨͯ͠͠ରͰͳ͍ɻೋۭݩ࣍
ؒɺͭ·Γ࠲ඪฏ໘Λ͔ු͍ࢥ͍͚ͯͨͩΔͱɺͦ͜ʹઢΛԿຊ͔
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Ҿ͍ͯ͑Εɺฏ໘ஔͷҰྫͷͰ͋Δɻͬͱ؆୯ʹ͑ݴɺ
ઢ্ʹΛ༗ݸݶɺྫ͑ 3ͭɺ4ͭɺ5ͭɺԿݸͰྑ͍ͷͰ͓͍
ͨͷฏ໘ஔͷҰྫͰ͋Δɻ͓खࢴʹݩͱԖච͕͋Εʢఆن
͋ͬͨ΄͏͕ྑ͍͔͠Εͳ͍ʣɺͦΕͰԿຊ͔ઢΛҾ͚Α͍͠ɺֶߍ
ͷߍఉʹന͍ੴփͰઢΛԿຊ͔Ҿ͍ͨͷɺ͍͍ͩͨฏ໘ஔͰ
͋Δɻ
Ί࢝ͱͯ͠ɺ·ͣ͜ͷηοτΞοϓ͔Β͏ߦʹԋதߨͳఆٛີݫ
Α͏ɻͭ·Γ

ઢ্ͷฏ໘ஔ༗ݸݶͷू߹

Ͱ͋Γ,

ฏ໘্ͷฏ໘ஔ༗ݸݶͷઢͷू߹

ͱఆٛ͢Δ. ҎޙɺલऀΛஔ, .ͿݺΛઢஔͱऀޙ

1.1 ஔ

·ͣஔͰ͋Δ͕ɺ͜ΕඇৗʹΘ͔Γ͍͢ɻྫ͑ઢ্ͷ
ඪ࠲ x = 1, 2, 3, 4, 5ʹҰͭͣͭΛ͓͍ͨͷΛ͑ߟΑ͏ɻ͜ͷ߹ɺ
શ෦Ͱ 5͋Δɻຊʹ͜Ε͚ͩͰ͋Γɺ͜ΕΛ͍Ζ͍Ζ͢ڀݚΔͱ
͍͏ͷ͕ฏ໘ஔͰ͋Δɻͯ͞ɺ͜ͷঢ়گͰԿ͕Ͱ͖ΔͩΖ͏ʁɹͨ
ͿΜͰ͖Δ͜ͱ 1͚ͭͩͰɺ͜ͷޒ͕ઢΛ͍ͭ͘ʹׂ͢Δ͔Λ
͑Δͱ͍͏ͷͰ͋ΔɻֆΛඳ͚໌Β͔ͳΑ͏ʹɺ͜ͷޒઢ
Λ 6ͭͷ۠ؒʹׂ͢Δɻ͏ͪ 2ͭແݶ·Ͱ৳ͼΔ۠ؒͰ͋ΓɺΓ 4

ͭ͞༗ݶͷ۠ؒͰ͋Δɻ
ͯ͞ɺ͜ͷߦࢼΛͲ͔͜Ͱͨ͜ݟͱ͕ͳ͍ͩΖ͏͔ɻ͜͜ͰઢΛ

ಓͱ͠ɺ5Λޒຊͷथʹஔ͖ͯ͑ΈΑ͏ɻ͢Δͱ͜Εɺখֶֶߴߍ
Ͱश͏ਓश͏ʢࢲश͍·ͤΜͰͨ͠ʣ২ࢉͱಉ͡ઃఆʹͳ͍ͬͯ
Δ͜ͱ͕Θ͔ΔͩΖ͏ɻ২ࢉ২͕͍͔ͭ͘২͑ΒΕ͍ͯͨ߹ɺಓ
͕͍ͭ͘ʹ͔ΕΔ͔ɺٴͼ͕͞༗ݶͷಓ͍ͭ͘ݱΕΔ͔Λ͏͜
ͱ͕ଟ͍ɻͦΕΛͪΐͬ ͱߍߴֶͬΆ͍ݴ༿ʹͨ͠ͷ͕ɺஔͱ͍ͬ
ͯؒҧ͍ͳ͍ɻ
͔͜͜͠͠ͰҰͭͷҧ͍ʹͮ͘ؾɻͭ·Γ২ࢉɺஔͷΑ͏ʹɺ

ಓͷͲ͜ʹΛ͓͍͔ͨΛ໌͍ࣔͯ͠ͳ͍ͷͩɻ২͕͍ͭ͘ɺͱ͍͏
ใ͔͠ͳ͍ɻ͜ͷʹ͓͍ͯஔͷ΄͏͕༏Ε͍ͯΔͷ͔ͱ͍͏ͱ
࣮ٯͰɺΉ͠Ζ২ࢉͷ΄͏͕ຊ࣭Λ͍͍ͭͯΔɻྫ͑ಉ͡ 5Ͱ
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, x = −100,−50, 0, 46, 10000ͱ͍͏͔ޒॴʹΛஔ͍ͨஔΛ͑ߟ
Α͏ɻ͢Δͱ͜ͷ߹Ͱઢ 6ͭͷྖҬʹׂ͞Εɺ͞༗ݶͷ۠
ؒ 4ͭͱɺ݁ՌมΘΒͳ͍ɻ͜ΕΑ͑͘ߟΕͨΓલͷ͜ͱͰ
͋Δ͕ɺஔͷ߹͕Ͳ͜ʹ͋ͬͯɺઢׂ͕͞ΕΔɺͦ
ͷ͏ͪͰ͕͞༗ݶͷ۠ؒͷɺৗʹҰఆͰ͋ΔɻΑͬͯ২ࢉ࣮
ɺஔͷ߹, ۠ؒͷׂͷॴʹΑΒͳ͍ͱ͍͏ɺਂ͍࣮ࣄ
Λ͍ͯͬΔͷͩʂɹਖ਼֬ʹ͑ݴ, ஔ͕ nݸͷ͔Βͳ͍ͬͯΔ
߹ɺ͜ͷஔʹΑͬͯઢ 1+nݸͷ۠ؒʹׂ͞Εɺͦͷ͏ͪn−1

ͱͳ͍ͬͯΔͱ͍͏͜ͱͰ͋Δɻ͜ͷݶ͞༗͕ݸ 1Λͨ͠Γ͍ͯ͠
Δͱ͍͏෦ݱʹޙΕΔͷͰɺ͝هԱ͍͖͍ͨͩͨɻ
Δɻͭ·Γ২ͷ͑ݴͭ·Βͳ͍ͱࢉɺ২͑ݴʹٯ͔͠͠
͚ͩͰ͕ܾͯ͢·ͬͯ͠·͏ͷͩɻ͜Ε΄Ͳ۷ΓԼ͛Α͏͕ͳ͍
͍͠ɻ࣮ࡍ২ࢉΛश͏ͱ͖ɺ২ࣗࢉମ͕ʹͳΔ͜ͱك
Ͱɺ͜ΕΛԠ༻ͨ͠Γɺͦͷํ͑ߟΛ༻͍Δ͜ͱͷ΄͏͕ଟ͍ͣͰ͋
Δɻ͔࣮͠͠ࡍɺ͜ͷ࣮ࣄɺͭ·Γ২ࢉʹ͓͍ͯ২ͷׂ͔۠͠
ؒͷʹد༩͠ͳ͍ͱ͍͏࣮ࣄɺͷͪͷͪۃΊͯॏཁͱͳΔɻ

1.2 ઢஔ

؆୯ͳྫͱͯ͠ɺx࠷Α͏ɻྫ͑͑ߟฏ໘தͷઢஔΛʹ࣍ =

0, y = 0ͱ͍͏ x࣠ٴͼ y࣠Λͳ͢ 2ઢ͔ΒͳΔઢஔͳͲ͕ͦͷ
ҰྫͰ͋Δɻ͜ͷஔʹରͯ͠ɺಉ͡Α͏ͳΛ͑ߟΑ͏ɻͭ·Γ
ઢ͕ฏ໘Λ͍ͭ͘ͷྖҬʹׂ͢Δ͔Λ͑ߟΔɻ͜ͷ 2͔࣠ΒͳΔ
ஔɺ͍ΘΏΔୈҰɺୈೋɺୈࡾɺୈ࢛ݶʹฏ໘Λׂ͢ΔͷͰɺ4ͭ
ͷྖҬʹׂ͢Δɻ
Ͱͳ͍ߦɺฏࡍ࣮ 2ઢৗʹ 4ͭͱׂ͢ΔͷͰɺ২ࢉͱಉ͡
Α͏ʹݏͳ༧͕ͯ͘͠ײΔ͕ɺ3ຊʹ్ͨ͜͠ͷ༧ײᐜ༕ͱͳΔɻҎ
Լͷ 2ͭͷஔΛ͑ߟΑ͏ɿ

A : x = 0, y = 0, y − x = 0 ͷ 3ຊ͔ΒͳΔઢஔ.

B : x = 0, y = 0, y − x = 1 ͷ 3ຊ͔ΒͳΔઢஔ.

A,BͦΕͧΕʹରԠ͢Δฏ໘ͷׂΛ c(A), c(B)ͱ͔͜͏ɻ͢Δͱֆ
Λඳ͘͜ͱͰ༰қʹ

c(A) = 6, c(B) = 7
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ͱͳΓɺઢͷຊಉ͡Ͱׂ͕ҟͳΔ͜ͱ͕͋ΔͱΘ͔ΔɻAͷ
ׂྖҬͯ͢໘ੵ͕༗ݶͰͳ͘ɺBҰ͚ͭͩ໘ੵ༗ݶͷܗ֯ࡾ
Ε͍ͯΔɻݱ͕
ͯ͞ɺ͜ͷҧ͍ΛͲ͏ଊ͑ͨΒ͍͍ͩΖ͏ʁɹஔͷ߹ͷ
͚͕ͩॏཁͰ͋ͬͨɻઢஔʹ͓͍ͯແઢͷॏཁͩΖ͏͕ɺ
ඳ͍ͯΈΕ͔Δ௨ΓɺͦΕΒ͕Ͳ͏ަΘ͍ͬͯΔ͔ॏཁʹͳͬͯ
͘Δɻͭ·ΓͷใɺΑΓਖ਼֬ʹަͷใͰ͋ΔɻA,Bͷަͷ
ใҎԼͷ௨ΓͰ͋Δɿ

A : (0, 0) ͷΈ.

B : (0, 0), (0, 1), (−1, 0) ͷࡾ.

͜͜Ͱඇৗʹ҆ͳ༧ΛཱͯͯΈΑ͏ɻ͢ͳΘͪɺઢஔͷׂ
ઢͱަͷ͚ͩͰܾ·Δͱ͍͏༧Ͱ͋ΔɻBͷ߹ΛͯݟΈΔͱɺ
ઢ 3, ަ 3Ͱ͋Δɻ২ࢉͷ߹ৗʹׂ۠ؒͷ, ʰ1+

ͷʱͩͬͨ͜ͱΛ͍ࢥग़ͯ͠ಉ͜͡ͱΛͯ͠ΈΔͱ,

1 + Bͷઢͷ+ Bͷަͷ = 1 + 3 + 3 = 7 = c(B)

ͱͳΓɺશ͘ಉ͡ެཱ͕͍ࣜͯ͠Δʂɹ͔͜͠͠ͷ҆ͳ༧Aͷ
߹Ͱૣ൱ఆ͞ΕΔɿ

1 +Aͷઢͷ+Aͷަͷ = 1 + 3 + 1 = 5 < 6 = c(A).

͔͜͜͠͠ͰఘΊͯ͠·ֶͬͯऀʹͳΕͳ͍ɻఘΊͣɺΑ͘Aͷ
ֆΛͯݟΈΑ͏ɻ͢Δͱͦ͜ʹݱΕΔ།ҰͷަͨΔݪ, Bʹग़ͯ͘
Δ 3ͭͷަͱগ༷͕͠ࢠҧ͏͜ͱ͕ͯݟऔΕΔɻ͢ͳΘͪAͷ།Ұ
ͷަͨΔݪ, 3ઢ͕ͯ͢௨͍ͬͯΔͷʹର͠ɺBͷ 3ͭͷͦΕ
ΒͦΕͧΕ, 2 ઢ͔͠௨͍ͬͯͳ͍ͷͩɻ͜ͷ؍͔ΒݟΕɺ͜Ε
ΒͷަҟͳΔͱݟΔͷ͕ࣗવͰ͋ΔɻΑͬͯͦͷҧ͍Λөͤͯ͞
ΈΑ͏ɻ
ަΛ࡞Δʹແɺ2ઢ͕ඞཁͩɻBʹ͓͍ͯͦ͏͍͏ަ͔͠

ͳ͘ɺͦ͏ͯ͠Ͱ͖ΔʰҰ൪؆୯ͳަʱΛҰͭͱ͑ͯɺͦΕΒ͕ 3ͭ
͋Δͱͯ͠ެࣜΛಋग़ͨ͠ɻͱ͢ΕAʹݱΕΔ 3ઢ͕ަΘΔަ
ʰগ͠ෳࡶͳަʱͰ͋ΔɻΑͬͯ͜ΕΛҰͭͷͱࢥΘͣɺ2ͷد
༩͕͋Δͱ͑ߟΑ͏ɻ͢ΔͱAͷަҰͭͰͱͯ͠ͷد༩ 2ͱ
ͳΔͷͰɺ

1 + 3 + 2 = 6 = c(A)
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ͱͳͬͯެཱࣜ͢Δɻͭ·Γަʹͦͷෳ͔͞ࡶΒఆ·Δʰॏ͞ʱΛ
ͷͤͯ͑ߟΕɺৗʹ͜ͷެཱ͕ࣜͦ͠͏ͳ͕ͯ͘͠ؾΔɻ࣮ͦࡍͷ
ͱ͓ΓͰ͋Δ͜ͱΛɺ͜ͷߨԋͰ͍ࣔͨ͠ɻͦΕΛઆ໌͢ΔͨΊɺҎ
ԼͷΑ͏ͳఆࣜԽΛ͏ߦɻ
CΛ nຊ͔ΒͳΔฏ໘தͷઢஔͱ͠ɺP (C)Ͱͦͷަશମͷू߹
Λද͢ɻ p ∈ P (C)ʹରͯ͠ µ(p)Λ, Cʹؚ·ΕΔઢͰ, pΛ௨Δͷ
ͷ͔Β 1ΛҾ͍ͨͷͱͯ͠ఆٛ͠ɺߋʹ

p(C) :=
∑

p∈P (C)

µ(p)

ͱ͓͜͏. ͢ΔͱҎԼཱ͕͢Δɿ

c(C) = 1 + n+ p(C).

ຊ͕ 10ຊ͘Β͍·ͰͷઢஔͳΒɺͯ͢ͷ؆୯ʹࢉܭͰ͖
ΔͷͰɺڵຯͷ͋Δํੋඇ͍Ζ͍ΖͳྫΛࣗͰͯͬ࡞Έͯ͞ࢉܭΕ
ͯΈΔ͜ͱΛ͓קΊ͢Δɻ͜ͷఆཧZaslavskyͷఆཧͱݺΕɺূ໌
͞Εͨͷ࣮ 1975 ([2])ͱ͔ͳΓۙ࠷Ͱ͋ΔɻZaslavsky͜ΕΛҰ
ൠͷݩ࣍ɺͭ·ΓஔઢஔΛҰൠԽͨ͠ɺ·͞ʹฏ໘ஔʹ
ରͯ͠ূ໌ͨ͠ɻ͜Ε͕ฏ໘ஔڀݚͷນ։͚Ͱ͋ͬͨɻ
ຊߨԋͰɺ͜ͷઢஔʹର͢ΔZaslavskyͷఆཧΛূ໌͢Δɻͦͷ

தͰɺஔʹΑΔઢͷׂͷʹ͔͠ΑΒͳ͍ͱͨ͠ɺ͕ࢲ
ͭ·Βͳ͍ͱஅͨ͡২ࢉͷݪཧ͕ྗڧʹޮ͍ͯ͘Δɻͭ·Βͳ͍ͱ͠
ͨͷࢲͷࣝݟෆͰ͋Γɺ࣮ۃΊͯਂֶ͍తͳ໘ന͕ͦ͜͞ʹ
ӅΕ͍ͯΔͷͰ͋Δɻ
͜͜·ͰΛߨԋͷલͱ͠ɺؒ࣌ͨͬͰฏ໘ஔͷఆٛΛ্ͨͬߦ

Ͱɺάϥϑͷ࠼৭ʢลͰ͕ܨΕ͍ͯΔҧ͏৭ͰృΔͱ͍͏ɺ͍Θ
ΏΔ࢛৭ʹग़ͯ͘Δ࠼৭ʣͱฏ໘ஔɺٴͼ্Ͱड़ͨ Zaslavsky

ͷఆཧͱͷؔ࿈ʹ͍ͭͯड़͍ͨɻ
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