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֓ཁ

֓ཁ

ϒʔϦΞϯάϨϒφجఈΛ༻͍ͯಠύζϧΛղֶ͘తղ๏ͱͯ͠ɼҪ্ΞϧΰϦζϜ [4]͕͋ΔɽҪ
্ΞϧΰϦζϜਓؒͷτϥΠΞϯυΤϥʔํࣜͷղ๏ͱ͍ͯࣅΔͨΊɼಠύζϧͷқఆʹ༻͍
ΒΕͯՌΛ্͍͛ͯΔɽ
Ҫ্ΞϧΰϦζϜʹͮ͘جಠύζϧͷֶతͳқࢦඪʹɼେ͖͚ͯ̎ͭ͋͘Δɽ͢ͳΘͪɼ
ɹ
(1) ઌੜɼҪ্ઌੜͷάϧʔϓʹΑΔ౻ࠤ b-rankɼs-rank[11]͓ΑͼͦΕΒ͔Βੜ͢Δ rankʢs∞-rank
ͳͲʣ
ɹ
(2) ԋऀୡͷάϧʔϓ͕ఏএͨ͠ߨ CIIΞϧΰϦζϜΛ༻͍Δࢦඪ CII[6]-[11] (Computabale Inoue
InvariantɼࢉܭՄҪ্ෆมྔʣͱ SMYෆมྔ [15][16]ʢShindou-Mikoshiba-YoshiharaෆมྔɼSMYIʣ
ɹ
ͷ̎छྨͰ͋Δɽ
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֓ཁ

• ຊൃදͰɼ͜ΕΒ̎छྨͷֶతࢦඪͷ૬ؔʹ͍ͭͯɼ࣮ݧతʹ݁ͨ͠ূݕՌΛใ͢ࠂΔɽΑΓৄ
͘͠ɼʹ͍ͭͯɼCIIΞϧΰϦζϜʹ͍ͯͮجఆٛ͞ΕΔෆมྔ SMYIͱɼMDSL[15][16]ɼ
s∞-rankʢs∞-rank༗ݶͷ߹ʣɼLACʢs∞-rankແݶͷ߹ʣͷͦΕͧΕͱͷ૬ؔʹ͍࣮ͭͯݧతʹ
ͷ߹ɼSMYIͱݶΔɽಛʹɼs∞-rankແ͢ࠂՌΛใ݁ͨ͠ূݕ LAC͍ڧෛͷ૬͕ؔ͋Δͱ͍͏
ຯਂ͍݁ՌΛಘͨɽڵ

• ͍͠࠷ s∞-rankແݶͷύζϧͷྫैདྷ 3͔ͭ͠ΒΕ͍ͯͳ͔ͬͨͨΊɼ͜ͷΫϥεͷύζ
ϧͷ֊͚΄ͱΜͲ͞ڀݚΕ͍ͯͳ͔ͬͨɽ͔͠͠ɼࠓճɼ 150 ͷ s∞-rankແݶͷύζϧ
ͷྫ͕৽ͨʹ͔ͭݟΓɼ࣮ݧʹΑΓ LAC͕͜ͷΫϥεͷ֊͚ͷྑ͍ࢦඪʹͳΔ͜ͱ͕ূݕͰ
͖ͨɽ

• ຊڀݚͰɼಠͷ࣮ݧͰΑ͘༻͍ΒΕΔڷࢯͷ 7 ͷඪ४తूʢ735ʣ[2]͓ΑͼɼΠϯ
Χϥത࢜ͷ࡞ͨ͠ 12 [3]ɼλʔϨοΫࢯͷฤ 634 [12]Λ࣮ݧαϯϓϧͱͯ͠༻
͍ͨɽλʔϨοΫࢯͷ 634ࠓճ৽ͨʹMagmaࣜܗͷೖྗͰ࠾ͨ͠ͷͰ͋Δɽ

• ΔϓϩάϥϜɼࣜॲཧγεςϜMagma[1]্Ͱ։ൃɾ࣮ͨ͠ɽ͍༺ʹࢉܭ
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४උ

ϒʔϦΞϯάϨϒφجఈͷఆٛͱجຊੑ࣭

ɹɹ

ఆٛ 1 (ϒʔϧ)

A Λ୯ҐݩΛͭՄͱ͢Δɽҙͷ a ∈ A ʹ͍ͭͯ a2 = a ཱ͕͢Δͱ͖ɼA Λϒʔϧͱ͍͏ɽ

F2 = {0, 1}Λ ମɼFmݩ2
2 Λ͝ͱͷՃ๏ɼ๏ʹ͍ͭͯՄͱΈͳ͢ͱɼFm

2 ϒʔϧͱͳΔɽ
ɼFmʹ࣍

2 Λͭϒʔϧଟ߲ࣜΛఆٛ͠Α͏ɽʹ

ఆٛ 2 (ϒʔϧଟ߲ࣜ)

Fm
2 [x] = Fm

2 [x1, . . . , xn]Λ Fm
2 ʹͭʹ nมଟ߲ࣜͱ͢ΔɽFm

2 [x]ࣗମɼϒʔϧͰͳ͍ɽ
ͦ͜Ͱ

Fm
2 (x) := Fm

2 [x1, . . . , xn]/〈x2
1 − x1, . . . x

2
n − xn〉.

ͱ͓͘ͱɼFm
2 (x)ϒʔϧͱͳΔɽ͜ΕΛϒʔϧଟ߲ࣜͱݺͿɽ
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४උ

ɹ࣍ʹɼ·ͣɼFm
2 [x] = Fm

2 [x1, . . . , xn]ͷάϨϒφجఈΛઆ໌͢ΔɽFm
2 [x]Ͱɼ௨ৗͷମΛͱ͢Δ

ଟ߲ࣜͱಉ༷ʹɼ༨Γͷ͋ΔׂΓࢉΞϧΰϦζϜ͕ʢগ͠ͷमਖ਼Λ্ͨ͠Ͱʣཱ͢Δʢ༨Γͷ͕݅গ
͠ҟͳΔʣɽ

ఆٛ 3 (άϨϒφجఈ)

Fm
2 [x]্ʹ୯߲ࣜॱংΛ̍ͭ༩͑ɼI ⊂ Fm

2 [x]ΛΠσΞϧͱ͢ΔɽG := {g1, . . . , gs}Λ I ͷ༗ݶ෦ू
߹ͱ͠ɼLT(I) = {LT(f) | f ∈ I, f &= 0}Λ I ͷݩͷઌ಄߲ͷू߹ͱ͢Δɽ͜ͷͱ͖ɼ

〈LT(I)〉 = 〈LT(g1), . . . ,LT(gs)〉

͕ΓཱͭͳΒɼG I ͷάϨϒφجఈͱ͍͏ɽ

ఆٛ 4 (ఈجఈɼ؆άϨϒφجখάϨϒφۃ)

(1)GΛΠσΞϧ I ͷάϨϒφجఈͱ͢Δɽҙͷ g ∈ Gʹ͍ͭͯɼLT (g) /∈ 〈LT (G \ {g})〉 ཱ͕͢Δ
ͱ͖ɼGΛۃখάϨϒφجఈͱ͍͏ɽ
(2)GΛۃখάϨϒφجఈͱ͢Δɽҙͷ g ∈ Gʹରͯ͠ɼḡG\{g} = g ͕Γཱͭͱ͖ɼGΛ؆άϨϒ
φجఈͱ͍͏ɽ͜͜ͰɼḡG\{g} ɼg Λ G \ {g} Ͱׂͬͨ༨ΓͰ͋Δɽ

ɹମ্ͷଟ߲ࣜͷ߹ͱҧͬͯɼ؆άϨϒφجఈҰҙʹఆ·Βͳ͍ͷͰɼ࣍ͷ֊తάϨϒφجఈ
͕ඞཁͰ͋Δɽ
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४උ

ఆٛ 5 (֊తάϨϒφجఈ)

GΛΠσΞϧ I ⊂ Fm
2 [x]ͷ؆άϨϒφجఈͱ͢Δɽ͠ҙͷ f, g ∈ G(f &= g)ʹ͍ͭͯ

LM(f) &= LM(g)ͳΒɼG֊తάϨϒφجఈͱݺΕΔɽ

ɹҙͷΠσΞϧ I ⊂ Fm
2 [x]ɼ།Ұͷ֊తάϨϒφجఈΛͭɽ͜Εମ্ͷͷ߹ͱͨࣅʢ͠

͔͠ɼগ͠ҟͳΔʣBuchbergerΞϧΰϦζϜʹΑͬͯূ໌Ͱ͖Δɽ
ɹҎ্ͷ Fm

2 [x]ͷΠσΞϧͷάϨϒφجఈͷఆ͓ٛΑͼੑ࣭ɼϒʔϧଟ߲ࣜ Fm
2 (x)ͷΠσΞϧʹͭ

͍ͯશ͘ಉ༷ʹཱ͢Δɽ
ɹྫ͑ɼ

ఆٛ 6 (ϒʔϦΞϯάϨϒφجఈ)

Fm
2 [x]ʹ୯߲ࣜॱংΛ̍ͭ༩͑ΔͱɼࣗવʹɼFm

2 (x)ͷʢඪ४୯߲ࣜͷू߹ʹʣ୯߲ࣜॱং͕༠ಋ͞Ε
ΔɽI Λ Fm

2 (x)ͷΠσΞϧͱ͠ɼG := {g1, . . . , gs}Λ I ͷ༗ݶ෦ू߹ͱ͢Δɽ͜ͷͱ͖ɼ
〈LT(I)〉 = 〈LT(g1), . . . ,LT(gs)〉͕ΓཱͭͳΒɼGΛ I ͷϒʔϦΞϯάϨϒφجఈͱ͍͏ɽ

ɹ֊తάϨϒφجఈͷଘࡏͱҰҙੑɼϒʔϧଟ߲ࣜͰཱ͢Δɽϒʔϧଟ߲ࣜͷΠσΞϧͷ۩ମ
తͳࢉܭɼͯ͢ϒʔϦΞϯάϨϒφجఈΛ༻͍ͯ͞ߦΕΔɽ
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४උ

ಠύζϧͷֶతఆࣜԽ

ɹ࣍ʹಠύζϧͷϧʔϧΛϒʔϧଟ߲ࣜΛ༻͍ͯఆࣜԽ͢Δɽxij Λ iߦ j ྻͷϚεʹରԠ͢Δม
ͱ͠ɼF9

2 ্ͷ 81ม x11, · · · , x99 ͷϒʔϧଟ߲ࣜ

F9
2(x) = F9

2(x11, · · · , x99)

Λ͑ߟΔɽe1 := (1, 0, · · · , 0), · · · , e9 := (0, · · · , 0, 1), 0 = (0, · · · , 0), 1 = (1, · · · , 1) ∈ F9
2 ͱ͓͘ɽ֤ ei

ɼಠͷϚεΛຒΊΔ {1, 2, · · · , 9}ͷ iʹ૬͢ΔɽϚε xij ͷॳظʢώϯτʣ͕ k(1 ≤ k ≤ 9)
ͷ߹ɼํఔࣜ xij − ek = 0Ͱ͜ͷ͕݅ද͞ΕΔɽ
ಠύζϧͷҰߦʹ͢Δͱɼύζϧͷϧʔϧ࣍ͷ 37ຊͷϒʔϧํఔࣜͰදͤΔɽ

9∑

i=1

x1i = 1, x1i · x1j = 0(i &= j).

ɹಠύζϧʹ ͷݸɼ9ྻɼ9ߦ9 3 ʷ 3ͷϒϩοΫ͕͋ΔͨΊɼ߹ܭͰ 37 ʷ 27=999ຊͷϒʔϧํ
ఔࣜͰύζϧͷϧʔϧදͤΔɽI ⊂ F9

2(x)Λॳظͱ 999ຊͷϒʔϧଟ߲ࣜʹΑͬͯੜ͞ΕΔΠσΞ
ϧͱ͢Δɽ͜ͷͱ͖ɼI Λ༩͑ΒΕͨಠύζϧͷॳظΠσΞϧͱ͍͏ɽ
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४උ

ఆٛ 7 (̎छྨͷղू߹)

ΠσΞϧ I ⊂ (F2)9(x)ʹରͯ͠

V(I) := {(a11, · · · , a99) | aij ∈ F9
2,ͯ͢ͷ f ∈ I ʹ͍ͭͯ

f(a11, · · · , a99) = 0} ⊂ (F9
2)

81

VS(I) := {(a11, · · · , a99) | aij ∈ {e1, · · · , e9},ͯ͢ͷ f ∈ I ʹ͍ͭͯ

f(a11, · · · , a99) = 0}

ͱఆٛ͢ΔɽV(I)ΠσΞϧ I ͷఆΊΔΞϑΟϯଟ༷ମͰ͋ΓɼҰํɼVS(I)֤ม͕ e1, · · · , e9 ͷ
ΈΛͱͯ͠औΔ͜ͱ͕Ͱ͖Δղू߹Ͱ͋Δɽ͕ͨͬͯ͠ɼI ͕ಠύζϧͷΠσΞϧͷ߹ɼVS(I)ͷ
΄͏Λ༻͍Δɽ
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४උ

ɹҎԼͰɼ؆୯ͷͨΊมͷදهΛ x = (x11, · · · , x99)͔Β x = (x1, · · · , x81)ʹม͠ߋɼϒʔϧଟ߲
ࣜ F9

2(x) = F9
2(x1, · · · , x81)Λ༻͍Δ͜ͱʹ͢Δɽ

ɹ

ఆٛ 8 (খଟ߲ࣜۃ)

I ⊂ F9
2(x)͕ V(I) &= φΛຬͨ͢Α͏ͳΠσΞϧͱ͢Δɽ̍ͭͷม xi ʹରͯ͠ɼΠσΞϧ I ∩ F9

2(xi)
 F9

2(xi)ͷ୯߲ΠσΞϧͰ͋Γɼ࣍ͷΑ͏ʹॻ͚Δɽh(xi) ∈ (F2)9(xi)ʹରͯ͠ɼ

I ∩ (F2)
9(xi) = 〈h(xi)〉.

͜ͷ 1มଟ߲ࣜ h(xi) = axi + b(a, b ∈ F9
2) I ͱ xi ʹΑͬͯҰҙతʹܾ·Γɼม xi ʹର͢Δ I

ͷۃখଟ߲ࣜͱ͍͏ɽ

খଟ߲ࣜɼมۃ xi ͷʹؔ͢ΔॏཁͳใΛ͍ͯͬ࣋ΔʢԼهͷ໋ রʣɽࢀ10
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४උ

ఆٛ 9 (̍มଟ߲ࣜͷྨ)

f(xj) = axj + b ∈ F9
2(a, b ∈ F9

2)Λม xj ͷ 0Ͱͳ͍̍มϒʔϧଟ߲ࣜͱ͢Δɽ
(1)ղଟ߲ࣜ (solution-polynomial)
͋Δ k ʹରͯ͠ɼf = xj + ek ͷܗΛ͍ͯ͠Δ߹ɼղଟ߲ࣜͱݺͿɽ
(2)४ղଟ߲ࣜ (semisolution-polynomial)
a &= 1ɼa · ek &= 0Ͱ͋Δ a ∈ F9

2 ʹରͯ͠ɼf = a ·xj + ek ͷܗΛ͍ͯ͠Δ߹ɼaܕͷ४ղଟ߲ࣜͱݺͿɽ
"a = 8ͷ a ∈ F9

2 ʹରͯ͠ɼf = a · xj ͷܗΛ͍ͯ͠Δ߹ɼbܕͷ४ղଟ߲ࣜͱݺͿɽ͜͜Ͱɼ"a a
ʹؚ·ΕΔ 1ͷͷ͜ͱͰ͋Δɽ͋Δ k ʹରͯ͠ɼa = 1 + ek ͱද͞ΕΔ͜ͱʹҙ͢Δɽ
(a)ܕɼ(b)ܕͱʹɼղଟ߲ࣜ g = xj + ek ɼ͜ͷ४ղଟ߲ࣜ f ʹରԠ͢Δղଟ߲ࣜͱݺΕɼ
Asp(f)Ͱද͢ɽ
(3)ໃ६ଟ߲ࣜ (contradiction-polynomial)
f Λ͍ͯ͠Δ߹ɼfܗͷ͍ͣΕ͔ͷ͕࣍ Λໃ६ଟ߲ࣜͱݺͿɽ
(a) f = b(b ∈ F9

2, b &= 0).
(b) f = xj .
(c) f = axj + b(a &= 0, "b ≥ 2).
(d) f = axj + ek(a &= 0, 1, a · ek = 0).
(4)ذଟ߲ࣜ (branch-polynomial)
f = a · xj (1 ≤ "a ≤ 7)ͷܗΛ͍ͯ͠Δ߹ɼf Λذଟ߲ࣜͱݺͿɽ·ͨɼ"aΛ͜ͷذଟ߲ࣜͷ͞
ͱݺͿɽ
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४උ

খଟ߲͕ࣜͭมͷใΛࣔ͢ɽۃͷ໋ɼ࣍

໋ 10

f Λม xj ʹؔ͢ΔΠσΞϧ I ͷۃখଟ߲ࣜͱ͢Δ.͜ͷͱ͖,͕࣍Γཱͭɿ
(1) ͠ f ͕ղଟ߲ࣜ f(xj) = xj + ek ͳΒ xj + ek = 0ɼͭ·Γ xj = ek ͱͳΔɽ͕ͨͬͯ͠ɼม
xj ͷ k ͱܾ·Δ.
(2) ͠ f ͕ Asp(f) = xj + ek ʹରԠ͢Δ४ղଟ߲ࣜͰ͋Δͱ͖ɼม xj ͷ VS(I)Ͱ ek ͱܾ·
Δɽ͕ͨͬͯ͠,४ղଟ߲ࣜղଟ߲ࣜͰͳ͍͕ɼม xj ͷΛҰҙʹܾఆͰ͖Δɽ
(3) f = axj(1 ≤ "a ≤ 7)Λذଟ߲ࣜͱ͢Δɽ͜ͷͱ͖ɼ
a = 1 + ei1 + · · ·+ eip(1 ≤ i1 < · · · < ip ≤ 9, 2 ≤ p = 9− "a ≤ 8)ͱॻ͘ͱɼํఔࣜ f = 0 VS(I)
Ͱ pݸͷղ ei1 , . . . , eip Λͭ࣋ɽ͕ͨͬͯ͠ɼม xj ͷऔΓಘΔ {ei1, . . . , eip}ͱ͔Δ.
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४උ

ɹ࣍ʹɼҪ্ΞϧΰϦζϜͱ CIIΞϧΰϦζϜΛ࣮͢ߦΔࡍʹॏཁͰ͋ΔɼجຊดแΛఆٛ͢Δɽ

ఆٛ 11 (ຊดแج)

(1) I ⊂ F9
2(x)ΛΠσΞϧͱ͢ΔɽSemiSol(I)Λ I ͷ४ղଟ߲ࣜͷू߹ɼAsp(SemiSol(I))Λ SemiSol(I)

ͷ४ղଟ߲ࣜʹରԠ͢Δղଟ߲ࣜͷू߹ͱ͢Δɽ͜͜Ͱɼ

Ψ0(I) := I + 〈Asp(SemiSol(I))〉

ͱఆٛ͢ΔɽΨ0(I) I ͷ४ղଟ߲ࣜʹରԠ͢Δղଟ߲ࣜΛ I ʹ͚ͯ͢Ճ֦͑ͯு͞ΕͨΠσΞϧ
ʹͳΔɽ
(2) Δɽ͑ߟΛྻͷΑ͏ͳΠσΞϧͷঢ࣍

I ⊂ Ψ0(I) ⊂ (Ψ0)
2(I) ⊂ · · · ⊂ F9

2(x).

F9
2(x)༗ूݶ߹ͳͷͰɼ(Ψ0)m(I) = (Ψ0)m+1(I) = . . . Λຬͨ͢Α͏ͳm͕ଘ͢ࡏΔɽͦͷΑ͏ͳm
ʹରͯ͠, BC(I) := (Ψ0)m(I)ͱఆٛ͠, I ͷجຊดแͱݺͿɽ
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४උ

ఆٛ 12 (େΠσΞϧۃ)

I Λ֤มͷ ͷղଟ߲ࣜʹΑͬͯੜ͞ΕΔΠσΞϧݸ81 I := 〈x1 + ei1 , . . . , x81 + ei81〉ͱ͢Δɽ͜ͷ
ͱ͖ɼI ΛۃେΠσΞϧͱݺͿɽ͠ɼI େΠσΞϧͳΒɼVS(I)ۃ͕ = {ei1 , . . . , ei81}ͱͳΔɽͨ͠
͕ͬͯɼۃେΠσΞϧͯ͢ͷϚεʢมʣͷ͕ܾ·ͬͨɼղ͚ͨܗͷΠσΞϧͰ͋Δɽ

ఆٛ 13 (ຊϥϯΫجຊՄղͱج)

I ⊂ F9
2(x)Λ BC(I)͕ۃେΠσΞϧͰ͋ΔΑ͏ͳΠσΞϧͱ͢Δɽ͜ͷͱ͖, I ΛجຊՄղͳΠσΞϧͱ

Ϳɽ͠ݺ I ͕ಠύζϧͷΠσΞϧͳΒɼI جຊՄղͳύζϧͱ͍͏ɽ·ͨɼI ΛجຊՄղͱ͢Δ
ͱ͖ɼ(Ψ0)m(I)͕ۃେΠσΞϧͱͳΔΑ͏ͳ࠷খͷmΛΠσΞϧ I ͷجຊϥϯΫͱ͍͏ɽI ຊՄղج͕
Ͱͳ͍߹ɼI ͷجຊϥϯΫ∞ͱఆΊΔɽ

ɹ
ɹॳ͔ڃΒதڃϨϕϧͷύζϧجຊՄղͰ͋Δ͜ͱ͕ΒΕ͓ͯΓɼ·ͨɼجຊϥϯΫجຊՄղͳύ
ζϧʹର͢Δқఆͷ༏ΕͨࢦඪͰ͋Δ͜ͱ͕Θ͔͍ͬͯΔɽ
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4 ઓज़ดแͱ s∞-rank

5 ओཁ݁Ռ

6 ݙจߟࢀ
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Ҫ্ΞϧΰϦζϜͱ CIIΞϧΰϦζϜ

Ҫ্ΞϧΰϦζϜ
ਓ͕ؒಠύζϧΛղ͘ͱ͖ɹ
(1) ॳظ (ώϯτ)͔Β࢝ΊͯɼҰҙతʹ͕ܾ·ΔϚεΛͰ͖Δ͚ͩଟ͘ຒΊ͍ͯ͘ɽ͢ΔͱɼҰҙత
ʹϚεΛຒΊΒΕͳ͍ঢ়ଶʹ౸ୡ͢Δɽ͜ͷঢ়ଶͰɼۭ͖Ϛεͯ͢ෳͷΛऔΓ͏Δɽ͜ͷঢ়
ଶΛذͱݺͿ͕ɼֶతʹॳظΠσΞϧͷجຊดแʹ૬͢Δɽ
ɹ
(2) ذͰɼҙͷۭ͖ϚεΛ̍ͭબͿɽྫ͑ɼͦͷۭ͖ϚεͰऔΓಘΔ͕ 3௨ΓͰ 2,4,5ͷ
߹ɼ·ͣ 2ΛೖΕͯ৽ͨʹܾ·ΔϚεΛͯ͢ຒΊ͍ͯ͘ɽ͜ͷͱ͖ɼೖΕ͕ͨղͰͳ͍߹ɼໃ६͕
ͷ࣍Δʢ1-9ͷͲͷೖΒͳ͍Ϛε͕ग़͖ͯͯ͠·͏ͳͲʣͨΊɼ͖ى 4Λ͢ࢼɽೖΕ͕ͨղͰ͋
Δ߹ɼ࠶ͼذʹ౸ୡ͠ɼͦ͜Ͱҙͷۭ͖ϚεΛબͿɽ
ɹ
(3) ͜ͷૢ࡞Λͯ͢ͷϚε͕ͨͩ̍ͭͷͰຒ·Δ·Ͱ܁Γฦ͢ͱɼඞͣղʹ౸ୡ͢Δɽ
ɹ

• ͜ͷΑ͏ͳղ๏ΛτϥΠΞϯυΤϥʔํࣜͱݺͼɼ͜ͷղ๏Λϒʔϧଟ߲ࣜͷΠσΞϧΛ༻͍ͯఆ
ࣜԽͨ͠ΞϧΰϦζϜΛҪ্ΞϧΰϦζϜ [4][10][11]ͱ͍͏ɽ
ˎղʹ౸ୡͨ͠Βऴྃ͢ΔͷͰͳ͘ɼໃ६͢Δ߹ؚͯ͢Ί͔ͯͯ͠ࢉܭΒऴྃ͢Δ͜ͱʹ
͢Δɽ
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• ਤͰද͢͜ͱ͕Ͱ͖ΔɽܗՌҪ্थ݁ߦ࣮
ˎऴʢղ༿·ͨඇղ༿ʣˠ ༿ɼ༿Ҏ֎ͷઅ ˠ ذ
ˎذͰҙͷۭ͖ϚεΛબΜͰྑ͍ͨΊɼҪ্ΞϧΰϦζϜͷ࣮ܦߦ࿏ʹଟͷҟͳΔܦ࿏͕
͋ΓಘΔɽ͕ͨͬͯ͠ɼ̍ͭͷύζϧଟͷҪ্थܗਤΛͪ࣋ಘΔɽ
ɹಠ།ҰͷղΛͭͷͰ֤Ҫ্थܗਤ།Ұͷղ༿Λͪ࣋ɼͦͷଞͷऴશͯඇղ༿ʢໃ६ଟ
߲ࣜΛؚΉΠσΞϧͱରԠʣͰ͋Δɽ

• Ҫ্थܗਤͷେ͖͞ɼʢઅɼ༿ɼਂ͞ͷ࠷େʣͷ̏ͭͰද͢͜ͱ͕Ͱ͖ɼ͜ΕΛҪ্ͱ
Ϳɽݺ
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ਤ 1ɿҪ্थܗਤ (L15)ͷྫ
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Ҫ্ΞϧΰϦζϜͱ CIIΞϧΰϦζϜ

ΞϧΰϦζϜ 14 (Ҫ্ΞϧΰϦζϜ)

ೖྗɿ༩͑ΒΕͨಠύζϧͷॳظΠσΞϧ I0. I0 Ҫ্थܗਤͷϧʔτͰ͋Δɽ
ग़ྗɿղͷσʔλ L. Lͷॳظۭྻͱ͠ɼղ͕͔ͭݟΔͨͼʹղͷσʔλΛ Lʹ֨ೲ͍ͯ͘͠ɽ
(1) ॳظΠσΞϧ I0 ͷجຊดแΛͱΓɼ͜ͷΠσΞϧΛ J :=BC(I)ͱ͢ΔɽJ ɼҪ্थܗਤʹ͓͚Δ
ਂ͞ 1ͷઅͰ͋Δɽ
(2) ͜͜Ͱ 3ͭͷ߹͕͋Δɽ
(a) J ͕ໃ६ଟ߲ࣜΛؚΉ߹ɼLʹԿ֨ೲ͠ͳ͍ɽ͜ͷͱ͖ɼҪ্थܗਤʹ͓͍ͯɼJ ඇղ༿ͱ
ΕΔऴͱͳΔɽݺ
(b) J ͕ໃ६ଟ߲ࣜΛؚ·ͣʹɼۃେΠσΞϧͱͳΔʢJ ͕ ͷղଟ߲ࣜͰੜ͞ΕΔʣ߹ɼLʹݸ81
ղͷσʔλʢ81ݸͷϚεͷʣΛ֨ೲ͢Δɽ͜ͷͱ͖ɼҪ্थܗਤʹ͓͍ͯɼJ ղ༿ͱݺΕΔऴͱ
ͳΔ.
(c) J ͕ඇղ༿Ͱղ༿Ͱͳ͍߹ɼJ ذͱݺΕΔɽ͜ͷͱ͖ɼҙͷۭ͖Ϛε xij Λબͼ,ͦ
ͷऔΓಘΔ͕ ek1 , . . . , ekp ͷ p͋ݸΔͱ͢Δɽ֤ l(1 ≤ l ≤ 9)ʹରͯ͠ɼI := I + 〈xj + ekl〉ͱ࠶ఆٛ
͠ɼ(1)ʹΔ.
(3) ͜ͷૢ࡞Λͯ͢ͷઅ͕ऴʹͳΔ·Ͱ܁Γฦ͢ɽ͜ͷΞϧΰϦζϜ༗ݶճͰऴྃ͠ɼͦͷ݁Ռղ
ͷσʔλ LͱҪ্थܗਤ͕ಘΒΕΔ.
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MDSL(Minimal Depth of Solution Leavesɼղ༿ͷ࠷খਂ͞)
• Ҫ্ΞϧΰϦζϜΛ࣮͢ߦΔͱɼذͰҙͷۭ͖ϚεΛબΜͰྑ͍ͨΊɼଟ͘ͷҪ্थܗਤ͕͋
ΓಘΔɽͦΕΒશͯͷҪ্थܗਤΛ͑ߟɼ֤Ҫ্थܗਤͷղ༿ͷਂ͞ͷ࠷খʢthe Minimum
Depth of Solution LeavesʣΛMDSLͱ͍͏ɽ

• ͷࢯڷ 735ɼΠϯΧϥത࢜ͷ 12ɼλʔϨοΫࢯͷ 634߹ܭ 1381ͷMDSLΛ݁ͨ͠ࢉܭ
Ռɼͯ͢ͷͰMDSL=3ҎԼͱͳͬͨɽ͞Βʹɼࡏݱͷͱ͜ΖMDSL͕ 4Ҏ্ͷύζϧݟ
͔͍ͭͬͯͳ͍ɽ

• MDSL=3Ͱ͋ΔύζϧʹݶΒΕΔ͜ͱ͕Θ͔͍ͬͯΔʢޙͷ૬ؔͷ෦Λࢀরʣɽ

ɹ
ͦ͜Ͱߨԋऀୡ࣍ͷ༧Λఏএ͍ͯ͠Δɽ

MDSL༧ [15],[16]

Ҫ্ΞϧΰϦζϜʢτϥΠΞϯυΤϥʔํࣜʣͰಠΛղ͘ͱ͖ɼ།ҰղΛͭಠύζϧͷղ༿ͷ࠷খ
ͷਂ͞ඞͣ̏ҎԼͰ͋Ζ͏ɽ

͜ΕɼͲΜͳʹ͍͠ύζϧͰذͰ̎ճదͳۭ͖ϚεͱΛબɼඞͣղʹ౸ୡ͢Δͱ͍͏
ͱ͍ͯڧ༧Ͱ͋Δɽ
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CIIΞϧΰϦζϜ

ఆٛ 15 (ཧతҪ্ෆมྔ)

I ⊂ F9
2(x)ΛಠύζϧͷॳظΠσΞϧͱ͢ΔɽҪ্ΞϧΰϦζϜ͔Βੜ͡ΔશͯͷҪ্थܗਤΛྀߟ

͠ɺͦΕΒͷҪ্ͷ࠷খΛΠσΞϧ Iʢ·ͨಠύζϧʣͷཧతҪ্ෆมྔʢVirtual Inoue
InvariantɼVIIʣͱݺͿɽͨͩ͠ɼ2ͭͷҪ্ɼ͔ࠨΒൺֱ͢ΔࣙॻࣜॱংͰେখΛൺֱ͢Δ͜ͱʹ
͢Δɽ

VIIಠͷෆมྔͰ͋Δ͕ɼ࣮ࡍʹҪ্थܗਤͷ͕ଟ͗ͯ͢ࢉܭෆՄ.
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ఆٛ 16 (CIIΞϧΰϦζϜɼࢉܭՄҪ্ෆมྔ (CII))

I ⊂ F9
2(x)ΛಠύζϧͷॳظΠσΞϧͱ͢ΔɽCIIΞϧΰϦζϜͰɼذͰҙͷۭ͖ϚεΛબͿ

ͷͰͳ͘ɼ࣍ͷΑ͏ʹͰ͖Δ͚ͩҪ্थܗਤ͕খ͘͞ͳΓͦ͏ͳมʹߜΓɼͦΕΒͷมͷΈΛબ
Ͱ͖Δ͜ͱʹ͢Δɽ࠷దมߜΓ (A)-(D)·ͨ (0)Λ̍ͭݻఆ͠ɼ֤ذͰࢦఆͨ͠ߜΓํʹΑͬͯ
มΛબͿ͜ͱʹ͢Δɽ͜ͷͱ͖ɼੜ͞ΕΔͯ͢ͷҪ্थܗਤʹ͓͚ΔҪ্ͷ࠷খΛ I ͷࢉܭՄ
Ҫ্ෆมྔʢComputable Inoue InvariantɼCIIʣͱݺͿɽCIIɼذͰͷ࠷దมͷߜΓํʹґଘ͢
Δ͕ɼߜΓํΛܾ̍ͭΊͯ͠·͑ɼཱͳΠσΞϧͷֶతෆมྔͱͳΔɽબΜͩ࠷దมߜΓΛ໌֬
ʹ͢ΔͨΊʹ, CII D, CII CͳͲͱද͢ɽ͜͜ͰɼCII 0 VIIͱಉ͡Ͱ͋ΔɽCIIΞϧΰϦζϜͷ࣮݁ߦ
Ռ CIIथܗਤͰ؆໌ʹද͢͜ͱ͕Ͱ͖Δɽ
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มߜΓͷͨΊͷ 5ͭͷجຊઓज़

(A) ͜ͷذͰذ࠷খͷมʹߜΔɽ
ɹ
(B) ·ͣ AͰۭ͖ϚεΛ͋ͨͬߜͱʹɼͦΕΒͷऔΓಘΔΛೖΕͯͰ͖Δ࣍ͷઅͨͪͰͷذʢͷ
ʣ͕࠷খͷϚεʹߜΔɽͨͩ͠ɼ༿ͷذ 0ͱଋ͢Δɽ
ɹ
(C) B·Ͱ͋ͨͬߜͱʹɼ࣍ͷઅͨͪͰͷۭ͖Ϛεͷݸʢͷʣ͕࠷খͷۭ͖ϚεʹߜΔɽ
ɹ
(D) CͰ͋ͨͬߜͱʹɼ࣍ͷઅͨͪͰͷذ࠷খͷۭ͖Ϛεͷݸʢͷʣ͕࠷খͷۭ͖ϚεʹߜΔɽ
ɹ
(0) ศ্ٓɼذͰશ͘มΛߜΒͣʹɼશͯͷۭ͖ϚεΛબΜͰྑ͍߹ɼCIIΞϧΰϦζϜͷ̍ͭ
ͷ߹ʹؚΊɼ͜ͷ߹ʢ0ʣʢߜΓ͕ͳ͍ͱ͍͏ҙຯʣͱද͢͜ͱʹ͢Δɽ͜ͷ߹ɼຊ࣭తʹҪ
্ΞϧΰϦζϜͱಉ͡Ͱ͋Δɽ

Ұ൪͍ڧ DߜΓͰɼଟ͘ͷ߹ɼ֤ذͰબͰ͖Δมʢۭ͖ϚεʣͷݸΛݸఔ·ͰߜΔ͜
ͱ͕Ͱ͖Δɽ
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ਤ 2ɿCIIथܗਤ (L15)ͷྫ
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ਤ 3ɿCII Dथܗਤ (L15)ΛҪ্थܗਤʹղͯ͠ CII DΛٻΊΔɽ

தɹਐ౻ະདྷɹݩݪ٢ (౦ػిژେֶେֶӃ) ಠύζϧͷֶతқࢦඪͷ૬ؔʹ͍ͭͯ 12݄ 19 (݄) 27 / 44

Ҫ্ΞϧΰϦζϜͱ CIIΞϧΰϦζϜ

ෆมྔ SMYIʢShindou-Mikoshiba-Yoshihara Invariant)

ɹ CII ಠύζϧͷྑ͍қࢦඪͰ͋Δ͜ͱ͕͔͍ͬͯΔ͕ɼʹ͍ͭͯɼ·Εʹɼྔࢉܭ
͕ଟ࣮͔͔͕ؒ࣌͘ʹߦΓ͗ͯ͢ࢉܭͰ͖ͳ͍͜ͱ͕͋Δɽͦ͜ͰɼCIIथܗਤͷେ͖͞Λ͔Δෆ
มྔ SMYI Λ࣍ͷΑ͏ʹఆٛ͢Δɽ

ఆٛ 17 (SMYI(Shindou-Mikoshiba-Yoshihara Invariant))

T Λಠύζϧͷ CIIथܗਤͱ͢Δɽa := T ͷͯ͢ͷઅͷʢ̎छྨͷذʹ͍ͭͯɼ࠷దม
Λ͑ͳ͍ɽʣɼbذΛ͑ɼ௨ৗͷذ := T ͷ༿ͷɼc := T ͷਂ͞ͷ࠷େͱ͠ɼ(a, b, c)ͷ̏ͭ
Λ SMYෆมྔʢུͯ͠ SMYIʣͱఆٛ͢Δɽ

ɹ

• SMYIذͰͷมͷߜΓํʹґଘ͢Δ͕ɼҰมͷߜΓํΛܾΊͯ͠·͑ɼಠʢΠσΞ
ϧʣͷෆมྔͰ͋Δɽ

• ͦ͜Ͱɼ࠷దมߜΓ (D)Λ࠾༻͠ɼ͜ΕΛ SMYIͱͯ͠ڷࢯͷूʢશ෦Ͱ 735ʣΛ༻
ɽͨͬߦΛݧ࣮ͨ͠
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Ҫ্ΞϧΰϦζϜͱ CIIΞϧΰϦζϜ

• SMYIͷཝͷɼઅͷݸͷฏۉΛද͍ͯ͠Δɽ·ͨɼڷϨϕϧͱڷࢯͷׂΓৼͬͨಠ
ͷқϨϕϧͷ͜ͱͰ͋Δɽ

• SMYIɼڷϨϕϧͱ 0.92ͱ͍͏͍ߴਖ਼ͷ૬ؔؔΛͭ͜ͱ͕໌ͨ͠ɽ͜ΕʹΑΓɼSMYI
ಠύζϧͷқͷྑֶ͍తࢦඪͱͯ͠༻Ͱ͖Δ͜ͱ͕͞ূݕΕͨɽ

ද 1ɿSMYIͷڷϨϕϧͱͷ૬ؔ
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ઓज़ดแͱ s∞-rank

࣍

1 ֓ཁ

2 ४උ

3 Ҫ্ΞϧΰϦζϜͱ CIIΞϧΰϦζϜ

4 ઓज़ดแͱ s∞-rank

5 ओཁ݁Ռ

6 ݙจߟࢀ
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ઓज़ดแͱ s∞-rank

ઓज़ดแͷఆٛ

• ॳظΠσΞϧʹ͓͍ͯɼҙͷۭ͖Ϛε xj Λબͼɼ1-9·Ͱͷ ek Λॱʹ͠ࢼɼҰҙతʹܾ·ΔϚ
εΛͯ͢ຒΊ్͍ͯͬͯதͰໃ६͕͖ͨى߹ɼxj ʹ ek ͕ೖΒͳ͍ͱ͍͏ใ͕ಘΒΕΔɽ͜
ͷใΛશ෦ॳظΠσΞϧʹ͚Ճ͔͑ͯΒɼجຊดแΛͱΔૢ࡞Λ͑ߟΔɽɹɹ

• ͜ͷૢ࡞ΛԿΔͱॳظΠσΞϧ͕֦ு͞ΕΔ
ˠ ΠσΞϧͷ֦ு͕Ͱ͖ͳ͘ͳͬͨͱ͖ͷΠσΞϧ = ઓज़ดแ

ɹ
ɹઓज़ดแΛऔΔૢ࡞ɼਓؒͷղ๏ςΫχοΫͷ͍͔ͭ͘ΛؚΉʢXYwing๏ɼXY-chain๏ͳͲʣ[5]ɼ
ඇৗʹྗڧͳಠͷֶతղ๏Ͱ͋Γɼઓज़ดแΛͱͬͯղ͚ͳ͍ύζϧʢઓज़ดแ͕ۃେΠσΞϧʹ
ͳΒͳ͍ύζϧʣʢߨԋऀୡͷΔݶΓʣ͜Ε·Ͱ̏ྫ͔͠ΒΕ͍ͯͳ͔ͬͨɽ
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ઓज़ดแͱ s∞-rank

ఆٛ 18 (ઓज़ดแ)

ɾI ⊂ F9
2(x)ΛΠσΞϧͱ͢Δɽղଟ߲ࣜ xj + ei ͕ rank k ͷളղଟ߲ࣜͱɼΠσΞϧ

Ψk
0(I + 〈xj + ei〉)͕ໃ६ଟ߲ࣜΛؚΉ͜ͱΛ͍͏ɽͨͩ͠ɼk ͦͷΑ͏ͳ࠷খΛҙຯ͢Δɽ

ɾࣗવ k ʹରͯ͠ɼBRk(I) := {eixj | xj + ei ͕ I ͷ rank k ҎԼͷളղଟ߲ࣜ }ͱ͢Δɽ·ͨɼ
Φk(I) := BC(I + 〈BRk(I)〉)ͱఆٛ͢ΔͱɼΠσΞϧͷঢྻ

I ⊂ Φk(I) ⊂ (Φk)
2(I) ⊂ · · ·

͕Ͱ͖ΔɽF9
2(x)༗ूݶ߹Ͱ͋Δ͔Βɼ͋Δࣗવ n͕ଘͯ͠ࡏ

(Φk)n(I) = (Φk)n+1(I) = (Φk)n+2(I) = · · · ͱͳΔɽ͜ͷ nʹ͍ͭͯɼΦ∗
k(I) := (Φk)n(I)ͱఆٛ͠

ͯɼ͜ΕΛ rank k ͷ I ͷઓज़ดแͱ͍͏ɽ
ʹ࣍ k Λಈ͔͢ͱ࣍ͷΠσΞϧͷঢྻ

Φ∗
1(I) ⊂ Φ∗

2(I) ⊂ · · · ⊂ Φ∗
k(I) ⊂ Φ∗

k+1(I) ⊂ · · ·

͕Ͱ͖Δ͕ɼF9
2(x)༗ूݶ߹Ͱ͋Δ͔Βɼ͋Δࣗવ l͕ଘͯ͠ࡏ Φ∗

l (I) = Φ∗
l+1(I) = Φ∗

l+2(I) = · · ·
ͱͳΔɽ͜ͷ lʹ͍ͭͯɼΦ∗

∞(I) := Φ∗
l (I)ͱఆٛͯ͠ɼ͜ΕΛ I ͷઓज़ดแͱ͍͏ɽ
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ઓज़ดแͱ s∞-rank

ఆٛ 19 (s-rank)

I ⊂ F9
2(x)Λઓज़ดแ͕ۃେΠσΞϧʹͳΔʢઓज़ՄղΠσΞϧͱ͍͏ʣΑ͏ͳΠσΞϧͱͯ͠ɼ

Φ∗
k(I) = Φ∗

∞(I)ͱͳΔ࠷খͷ k ΛͱΔɽ͜ͷ k Λ I ͷ s-rankͱ͍͏ɽͨͩ͠,جຊՄղΠσΞϧͷ
s-rank 0ͱ͢Δ.·ͨ, Φ∗

∞(I)͕ۃେΠσΞϧͰͳ͍ͱ͖, s-rank∞ͱ͢Δ.

ɹ
ɹઓज़ดแʢͱ s-rank)Λ࣮͢ࢉܭʹࡍΔʹɼ্هͷఆٛɼঢΛ̎ճऔΔඞཁ͕͋Γɼ·ͨɼঢ
͕Ұ୴ࢭ·ͬͯͦͷޙࢭ·Γଓ͚ΔͱݶΒͳ͍ͨΊɼఆٛ௨Γͷࢉܭ໘ʹͳΔɽͦ͜Ͱɼ
͜ͷൃදͰ࣍ͷઓज़ดแͷఆ͓ٛΑͼ s∞-rank Λ༻͍Δ͜ͱʹ͢Δɽ

தɹਐ౻ະདྷɹݩݪ٢ (౦ػిژେֶେֶӃ) ಠύζϧͷֶతқࢦඪͷ૬ؔʹ͍ͭͯ 12݄ 19 (݄) 33 / 44

ઓज़ดแͱ s∞-rank

ఆٛ 20 (ઓज़ดแͷఆٛ 2ͱ s∞-rank)

I ⊂ F9
2(x)ΛجຊՄղͰͳ͍ΠσΞϧͱ͢Δɽղଟ߲ࣜ xj + ek ͕ളղଟ߲ࣜͱɼΠσΞϧ

BC(I + 〈xj + ek〉)͕ໃ६ଟ߲ࣜΛؚΉ͜ͱΛ͍͏ɽ

BR∞(I) := {ekxj | xj + ek I ͷളղଟ߲ࣜ }

ͱ͢Δɽ͞ΒʹɼΦ∞(I) := BC(I + 〈BR∞(I)〉)ͱ͢Δͱɼ࣍ͷঢྻ

I ⊂ Φ∞(I) ⊂ (Φ∞)2(I) ⊂ · · ·

͕Ͱ͖Δɽ͜ͷঢ͋Δࣗવ nҎޙ҆ఆ͠ɼ(Φ∞)n(I) = (Φ∞)n+1(I) = · · · ͱͳΔɽ͜ͷͱ͖ɼ
Φ∗

∞(I) = (Φ∞)n(I)ʢઓज़ดแʣͱͳΔɽ
·ͨɼ͜ΕΛຬͨ͢࠷খͷ nΛ I ͷ s∞-rankͱ͍͏ɽͨͩ͠ɼجຊՄղΠσΞϧͷ s∞-rank 0ͱ͢
Δɽ·ͨɼઓज़ดแ Φ∗

∞(I)͕ۃେΠσΞϧͰͳ͍ͱ͖ɼs∞-rank∞ͱ͢Δɽ
s∞-rank ͕∞ͷΠσΞϧʹ͍ͭͯɼ্ͷ࠷খͷ n Λঢͷ͞ʢLAC, the Length of Ascending
Chain) ͱݺͿ͜ͱʹ͢Δɽ
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ઓज़ดแͱ s∞-rank

ɹ s-rank ͕∞Ͱ͋Δ͜ͱͱɼs∞-rank ͕∞Ͱ͋Δ͜ͱಉͰ͋Γɼ·ͨɼs-rank ͕༗ݶͷύζϧ
ʹ͍ͭͯɼs∞-rank  s-rank ΑΓগ͕͠খ͘͞ͳΔɽ
ɹ࣍ͷදɼλʔϨοΫࢯͷ 634ʹؚ·ΕΔ s∞-rank͕∞ͷύζϧʢ158ʣʹ͍ͭͯͷɼLACͷܭ
ΓͰݶԋऀୡͷΔߨʹՌͰ͋Δɽͳ͓ɼ͜Ε·Ͱ݁ࢉ s∞-rank=∞Ͱ͋Δύζϧ̏ྫ͔͠ΒΕͯ
͍ͳ͔ͬͨɽ

ද 2ɿλʔϨοΫࢯͷ s∞-rank ∞ͷύζϧͷ͚
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ओཁ݁Ռ

࣍

1 ֓ཁ

2 ४උ

3 Ҫ্ΞϧΰϦζϜͱ CIIΞϧΰϦζϜ

4 ઓज़ดแͱ s∞-rank

5 ओཁ݁Ռ

6 ݙจߟࢀ
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ओཁ݁Ռ

SMYIͱMDSLɼs∞-rankɼLACͷ૬ؔ

• ͷඪ४తͳࢯڷ 735ʹ͍ͭͯɼਓؒͷқͱͯ͠ʮڷϥϯΫʯ͕͍͍ͭͯͨͷͰɼ͜Ε͕
ਓؒͷқͷ҆ͱͳͬͨɽ͞Βʹɼ͜ͷ 735Ͱ CIIΛ͢ࢉܭΔͷʹͦΕ΄Ͳ͔͔͕ؒ࣌Β
ͣɼCIIɼSMYIͱʹڷϥϯΫͱ͍ߴ૬͕ؔ͋ͬͨɽ

• ҰํɼλʔϨοΫࢯͷ 634ʹɼਓؒͷқ͕༩͞Ε͍ͯͳ͍ͨΊɼқͷ҆ͱͳ
Δࢦඪ͕ͳ͍ɽͦ͜Ͱɼͷ߹ɼ͜͜Ͱ SMYIΛқͷ҆ͱͯ͠࠾༻͢Δ͜ͱʹ͢Δɽ
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ओཁ݁Ռ

ʲSMYIΛқͷ҆ͱͯ͠࠾༻͢Δࠜڌʳ

1 CIIΞϧΰϦζϜɼਓؒͷτϥΠΞϯυΤϥʔํࣜͷղ๏Λ͍ͯ͠ΔͨΊɼCIIΞϧΰϦζϜͷ
Ռͷେ͖͞Λ͔Δ݁ߦ࣮ SMYIਓؒͷқʹ͍ۙͱ͑ߟΒΕΔ͜ͱɽ

2 ͷࢯڷ 735ͷͰɼڷϥϯΫͱ SMYI͍ߴ૬͕ؔ͋ͬͨ͜ͱɽ

3 CIIɼSMYIͱʹڷϥϯΫͱ͍ߴਖ਼ͷ૬͕ؔ͋ΓɼͲͪΒқͷ҆ͱͯ͑͠Δ͕ɼCII
ʹ͍͔͔͕ͭͯؒ࣌ʹࢉܭΓ͗͢ΔͨΊɼશ෦͢ࢉܭΔʹແཧ͕͋ΔɽҰํɼSMYI
Ͱ̍ఔͰࢉܭͰ͖Δ͜ͱɽ
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ओཁ݁Ռ

• ͦ͜Ͱɼʹ͍ͭͯɼSMYIΛқͷࢦඪͱ͑ߟɼ࣮ݧͰ
ɹ (1)SMYIͱMDSL
ɹ (2)SMYIͱ s∞-rankʢs∞-rank ༗ݶͷ߹ʣ
ɹ (3)SMYIͱঢͷ͞ʢthe Length of Ascending ChainɼLAC)ʢs∞-rank ແݶͷ߹ʣ
ͷൺֱΛ͍ߦɼ͕໌ͨ͠ͷͰใ͢ࠂΔɽ

• SMYIͷཝͷɼઅͷݸͷฏۉΛද͍ͯ͠Δɽ
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ओཁ݁Ռ

(1) SMYIͱMDSL

• SMYIͱMDSL 0.98ͱ͍͏͍ߴਖ਼ͷ૬ؔؔΛͭ͜ͱ͕໌ͨ͠ɽ͜ΕɼMDSL͕େ͖͍΄
Ͳ SMYIͷେ͖͘ͳΓɼύζϧ͕͘͠ͳΔ͜ͱΛද͍ͯ͠Δɽ

ද 3ɿSMYIͱMDSL
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ओཁ݁Ռ

(2) SMYIͱ s∞-rankʢs∞-rank༗ݶͷ߹ʣ

• s∞-rank͕ 1-5·Ͱͷ߹ɼ0.95ͱ͍͏͍ߴਖ਼ͷ૬ؔؔΛͭ͜ͱ͕໌ͨ͠ɽ͜Εɼ
s∞-rank͕େ͖͍΄Ͳ SMYIͷେ͖͘ͳΓɼύζϧ͕͘͠ͳΔ͜ͱΛද͍ͯ͠Δɽ

• s∞-rank͕ 1-6·Ͱͷ߹ɼs∞-rank=6Ͱ͋Δ͕͔̎͠ͳ͘ͲͪΒ SMYI͕খ͍ͨ͞
Ίɼ૬͕ؔ͘ͳͬͯ͠·͏ɽ

ද 4ɿSMYIͱ s∞-rank
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ओཁ݁Ռ

(3) SMYIͱঢͷ͞ʢLACʣʢs∞-rank ແݶͷ߹ʣ

• SMYIͱ LAC −0.96ͱ͍͏͍ߴෛͷ૬ؔؔΛͭ͜ͱ͕໌ͨ͠ɽ͜ΕɼLAC͕େ͖͍΄Ͳ
SMYIͷখ͘͞ͳΓɼύζϧ͕؆୯ʹͳΔɼ·ͨɼLAC͕খ͍͞΄Ͳ SMYIͷେ͖͘ͳΓɼ
ύζϧ͕͘͠ͳΔ͜ͱΛද͍ͯ͠Δɽ

ද 5ɿSMYIͱ LAC
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ओཁ݁Ռ

• ൃදऀୡɼॳɼs∞-rank ͕༗ݶͷ߹ͱಉ༷ʹɼLAC͕େ͖͍΄Ͳύζϧ͍͠ͷͰͳ
͍͔ͱ͍ͨͯ͑ߟͷͰɼ͜Εͱͯҙ֎ͳ݁ՌͰ͋ͬͨɽ͜ͷΑ͏ʹͳΔ؍తͳཧ༝ͱͯ͠ɼ
ྫ͑ LAC=0ͷ߹ɼઓज़ดแΛͱͬͯશۭ͖͘Ϛε͕ຒ·Βͳ͍ʢΠσΞϧ͕֦ு͞Εͳ
͍ʣͷͰɼઓज़ดแͱ͍͏ྗڧͳղ๏ʹରͯ͠࠷͕ྗ߅େͰ͋Δͱ͑ߟΒΕΔɽΑͬͯɼLAC͕খ
͍͞΄Ͳ͍͠ɼͱ͍͏݁ՌʹͳͬͨͱղऍͰ͖Δɽ

• ͜ͷ݁ՌʹΑΓɼLAC͕ s∞-rank ∞ͷύζϧͷ֊͚ͷྑ͍ࢦඪʹͳΔ͜ͱ͕࣮ݧతʹূݕͰ
͖ͨɽ

• Ҏ্ͷ݁ՌΑΓɼs∞-rank=∞ͷύζϧͰ LAC=0ͷύζϧ͕࠷͍͠ͱ͑ߟΒΕΔɽ͜ͷΫϥε
ͷύζϧॳظΠσΞϧ=ઓज़ดแͱ͍͏ཱͨͬࡍಛΛͪ࣋ɼޙࠓɼֶతͳڀݚΛ͍͖͍ͯͨ͠ɽ
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