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1-ܠഎڀݚ

f1, . . . , fs : ଟ߲ࣜ
〈f1 . . . , fs〉: f1, . . . , fs ͔Βੜ͞ΕΔΠσΞϧ i.e.

〈f1 . . . , fs〉 =
{

s∑

i=1

hi fi | hi : ଟ߲ࣜ

}

ΠσΞϧૢ࡞ = 1 ͭҎ্ͷΠσΞϧ͔Β৽͍͠ΠσΞϧΛੜ͢Δૢ࡞

Example

I = 〈x2〉ɼJ = 〈x3, y〉
I + J = 〈x2, y〉
I ∩ J = 〈x3, x2y〉
I : J = 〈x2〉√
I = 〈x〉
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2-ܠഎڀݚ

ΠσΞϧૢ࡞ͷଟ͘άϨϒφʔجఈΛ༻͍ͯ͢ࢉܭΔ͜ͱ͕Ͱ͖Δ

߹௨෦ͷڞ
ଟ߲ࣜ K [X ] = K [x1, . . . , xn] ʹ͓͍ͯɼIɼJ ΛΠσΞϧɼt Λ৽͍͠ม
ͱ͢Δͱɼ

I ∩ J = (I · t + J · (1− t)) ∩ K [X ]

͕ΓཱͭɽΑͬͯɼG ΛϒϩοΫॱং t >> X ʹؔ͢Δ I · t + J · (1− t)
ͷάϨϒφʔجఈͱ͢Δͱɼফڈఆཧ͔Β

I ∩ J = 〈G ∩ K [X ]〉.

Example

I = 〈x2〉ɼJ = 〈x3, y〉ͷ࣌ɼI · t + J · (1− t) = 〈tx2, x3(1− t), y(1− t)〉
ͷࣙॻࣜॱং t < x < t ʹؔ͢Δ؆άϨϒφʔجఈ
G = {x3, x2y , ty − y , tx2} Ͱ͋ΓɼI ∩ J = 〈x3, x2y〉
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ຊڀݚͷత

త 1 ύϥϝʔλΛؚΉΠσΞϧૢ࡞ͷޮతͳΞϧΰϦζϜΛ։ൃ͢Δ

త 2 త 1 ͰߟҊͨ͠ΞϧΰϦζϜΛ෦ͱͯ͠ɼ
ύϥϝʔλΛؚΉΠσΞϧͷ४ૉղͷΞϧΰϦζϜΛ։ൃ͢Δ

ύϥϝʔλΛؚΉΠσΞϧૢ࡞Λ͑ߟΔར

ύϥϝʔλͷͰ߹Λ͚Λͨ͠แׅతͳΠσΞϧૢ͕࡞͔Δ

Example

A = {a}ɿύϥϝʔλɼX = {x , y}ɿओมɼI = 〈x + a〉ɼJ = 〈x2, y〉ͱ
ɼʹ࣌ͨ͠

a = 0 ͳΒɼI ∩ J = 〈x2, xy〉
a &= 0 ͳΒɼI ∩ J = 〈x2(x + a), (x + a)y〉

V (f1, . . . , fs) = {b ∈ Km | f1(b) = · · · = fs(b) = 0} ͱ͢Εɼ

લऀ V (a)ɼऀޙ K \ V (a) ͱͳΔɽ
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ઌڀݚߦ

ઌڀݚߦ

Nabeshima-Tajima Nabeshima, K., Tajima, S. Testing Zero-Dimensionality
of Varieties at a Point. Math.Comput.Sci. 15, 317-331
(2021)

Yokoyama Yokoyama, K. Stability of Parametric Decomposition.
In: Iglesias, A., Takayama, N. (eds) Mathematical
Software - ICMS 2006. ICMS 2006. Lecture Notes in
Computer Science, vol 4151. (2006)

[Nabeshima-Tajima] ʹ͓͍ͯɼAppendix Ͱύϥϝʔλ͖ͷΠσΞϧ
ͱΠσΞϧͷࢉܭΛհ͍ͯ͠Δɽ

[Yokoyama] ʹ͓͍ͯɼύϥϝʔλ͖ͷΠσΞϧͷࠜجΠσΞϧͷࢉܭ
ɼC ʹ͓͚Δύϥϝʔλ४ૉղͷΞϧΰϦζϜʹ͍͍ͭͯͯ͠ߟΔɽ
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ຊൃදͷతͱओ݁Ռ

ຊൃදͷత

͍͔ͭ͘ͷύϥϝʔλ͖ΠσΞϧૢ࡞ͷطͷΞϧΰϦζϜΛհ

༗ཧͷύϥϝʔλ͖ΠσΞϧͷʮࢉܭՄͳ४ૉղʯΛհ

ʢൃදऀ͕৽͘͠ఆٛʣ

ओ݁Ռ

Comprehensive Gröbner System (CGS) Λ༻͍ͯɼ

ʢ࣮ߦՄͳʣύϥϝʔλ४ૉղͷࢉܭΞϧΰϦζϜΛߟҊ

ώϧϕϧτͷطੑఆཧΛ༻͍ͯɼΠσΞϧͷύϥϝʔλʹΛೖ
ߟ͍ͯͭʹͷʢ४ʣૉΠσΞϧੑޙͨ͠

ʢʣҎ্ͷ݁Ռ͜Ε͔Βจͱͯ͠ߘΛ͍ͯ͑ߟΔͨΊɼमਖ਼ͷՄੑ͋Γ
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ͷఆٛ߸ه

K : ମɼK : K ͷดแ

A = {a1, . . . , am}: ύϥϝʔλɼX = {x1, . . . , xn}: ओม

K [A,X ]: ଟ߲ࣜ

a ∈ Km ʹର͠ɼφa : K [A,X ]→ K [X ]: a Λೖ͢Δࣸ૾ i.e.

φa(f (A,X )) = f (a,X )

I ⊂ K [A,X ]: ύϥϝʔλ͖ͷΠσΞϧ

I: K [A,X ] ͷύϥϝʔλ͖ΠσΞϧશମͷू߹

F :
∏r

i=1 I → I: ΠσΞϧૢ࡞

ྫɿF(I ) =
√
IɼF(I , J) = I ∩ JɼF(I , J) = I : J ͳͲ

ʮΠσΞϧૢ࡞Λࢉܭʯ

=

ʮΠσΞϧૢ࡞ͷ݁ՌͷΠσΞϧͷάϨϒφʔجఈʢܥʣΛٻΊΔʯ
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ΠσΞϧૢ࡞ͷྫ

I ͱ J Λ K [A,X ] ͷΠσΞϧͱ͢Δɽ

ΠσΞϧ I + J = {f + g ∈ K [A,X ] | f ∈ I , g ∈ J}

ΠσΞϧੵ IJ = 〈fg ∈ K [A,X ] | f ∈ I , g ∈ J〉

௨෦ڞ I ∩ J = {f ∈ K [A,X ] | f ∈ I ͔ͭ f ∈ J}

ΠσΞϧ I : J = {f ∈ K [A,X ] | fJ ⊂ I}

ΠσΞϧ I : J∞ = {f ∈ K [A,X ] | ∃m, f mJ ⊂ I}

جࠜ
√
I = {f ∈ K [A,X ] | ∃m, f m ∈ I}

equidimensional hull hull(I ) =
⋂

Q∈Q,dimQ=dim I Q. ͜͜Ͱ Q  I ͷ
४ૉղ࠷

IK [A,X ]K [U]× ∩ K [A,X ]: ಠཱू߹ U ʹΑΔ I ͷہॴԽ
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แׅతάϨϒφʔجఈܥ

Definition (แׅతάϨϒφʔجఈܥ. [2]ɼ[1])

F = {f1(A,X ), . . . , fk(A,X )} Λ K [X ,A] ͷ༗ूݶ߹ɼS1, . . . , Sl Λ K
m

ͷ
ׂɼ{G1, . . . ,Gl} Λ K [A,X ] ͷ༗ूݶ߹ͷू߹ͱ͢Δɽ֤ i ʹ͍ͭͯɼ
ҙͷ a ∈ Si ʹରͯ͠ɼφa(Gi ) ͕ΠσΞϧ 〈f1(a,X ), . . . , fk(a,X )〉K [X ] ͷά

ϨϒφʔجఈͰ͋Δͱ͖ɼG = {(S1,G1), . . . , (Sl ,Gl)}  F ͷแׅతάϨ
ϒφʔجఈܥʢComprehensive Gröbner SystemʣͱݺΕΔɽ

Example

A = {a}ɼX = {x , y}ɼF = {ax2 + y , y2} ʹର͠ɼ

G = {(V (a), {y}), (C \ V (a), {ax2 + y , y2})}

 F ͷแׅతάϨϒφʔجఈܥͰ͋Δɽ

[1] .༸༞౻ࠤ แׅతάϨϒφʔجఈ (ܥ) ೖ. ࣜॲཧ. 14 (1)ɼ3-15ɼຊࣜॲཧֶ
ձ (2007).

[2] WeispfenningɼV.: Comprehensive Gröbner bases. J. Symb. Comp. 14 (1)ɼ1-29
(1992). 12 / 28



ΠσΞϧૢ࡞ͷแׅతάϨϒφʔجఈܥ

Definition

F ΛΠσΞϧૢ࡞ɼ(I1, . . . , Ir ) Λ K [A,X ] ͷ r ͷΠσΞϧͷͱ͢Δɽݸ
·ͨɼS1, . . . , Sl Λ K

m
ͷׂɼ{G1, . . . ,Gl} Λ K [A,X ] ͷ༗ूݶ߹ͷू߹

ͱ͢Δɽ֤ i ʹ͍ͭͯɼҙͷ a ∈ Si ʹରͯ͠ɼφa(Gi ) ͕ΠσΞϧ
F(φa(I1), . . . ,φa(Ir )) ͷάϨϒφʔجఈͰ͋Δ࣌ɼ
G = {(S1,G1), . . . , (Sl ,Gl)} Λ (I1, . . . , Ir ) ʹؔ͢Δ F ͷแׅతάϨϒφʔ
Ϳɽݺͱܥఈج

Example

F Λڞ௨෦ͷΠσΞϧૢ࡞ͱ͢Δɽ͢ͳΘͪɼF : I × I → Iɼ
F(I , J) = I ∩ JɽA = {a}ɼX = {x , y}ɼI = 〈x + a〉ɼJ = 〈x2, y〉ͱͨ͠
ɼʹ࣌

a = 0 ͳΒɼφa(I ) ∩ φa(J) = 〈x2, xy〉
a &= 0 ͳΒɼφa(I ) ∩ φa(J) = 〈x2(x + a), (x + a)y〉

ͱͳΓɼG = {(V (a), {x2, xy}, {(C \ V (a), {x2(x + a), (x + a)y})})} ͕
F ͷ (〈x + a〉, 〈x2, y〉) ʹؔ͢ΔแׅతάϨϒφʔجఈܥͱͳΔɽ
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ΠσΞϧૢ࡞ͷแׅతάϨϒφʔجఈܥͷ1-ࢉܭ

ΠσΞϧૢ͕࡞άϨϒφʔجఈΛࢉܭͯͬͰ͖Δ߹ɼแׅతάϨϒ
φʔجఈܥΛࢉܭͯͬͰ͖Δɽ

߹௨෦ͷڞ
K [A,X ] ʹ͓͍ͯɼIɼJ ΛΠσΞϧɼt Λ৽͍͠มͱ͢Δͱɼ

I ∩ J = (I · t + J · (1− t)) ∩ K [X ]

͕ΓཱͭɽΑͬͯɼG = {(S1,G1), . . . , (Sl ,Gl)} ΛϒϩοΫॱং
t >> X >> A ʹؔ͢Δ I · t + J · (1− t) ͷแׅతάϨϒφʔجఈܥͱ͢
Δͱɼ

{(S1,G1 ∩ K [A,X ]), . . . , (Sl ,Gl ∩ K [A,X ])}

 (I , J) ʹؔ͢Δڞ௨෦ͷแׅతάϨϒφʔجఈܥͰ͋Δɽ

14 / 28

ΠσΞϧૢ࡞ͷแׅతάϨϒφʔجఈܥͷ2-ࢉܭ

ΠσΞϧͷ߹
K [A,X ] ʹ͓͍ͯɼI ΛΠσΞϧɼf Λ 0 Ͱͳ͍ଟ߲ࣜͱ͢Δͱɼ

I : 〈f 〉 = (I ∩ 〈f 〉) · f −1

͕ΓཱͭɽΑͬͯɼS0 = {a ∈ K
m | φa(f ) = 0} ͱ͠ɼ

G = {(S1,G1), . . . , (Sl ,Gl)} Λ (I , 〈f 〉) ʹؔ͢Δڞ௨෦ͷแׅతάϨϒ
φʔجఈܥͱ͢Δͱɼ

{(S0, {0}), (S1 \ S0,G1), . . . , (Sl \ S0,Gl)}

 (I , 〈f 〉) ʹؔ͢ΔΠσΞϧͷแׅతάϨϒφʔجఈܥͰ͋Δɽ
J = 〈f1, . . . , fs〉ʹର͠ɼ

I : J = (I : 〈f1〉) ∩ · · · ∩ (I : 〈fs〉)

͕ΓཱͭͨΊɼI : J ͷแׅతάϨϒφʔجఈܥಉ༷ʹࢉܭͰ͖Δɽ
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ඪɿύϥϝʔλΛؚΉΠσΞϧͷ४ૉղΛแׅతʹ͢ࢉܭΔ
IɿK [A,X ] ͷΠσΞϧʢA = {a1, . . . , am}ʣɽ࣍ͷ 2 ͭͷ݅Λຬͨ͢
(A1,Q1), . . . , (Al ,Ql) Λ͢ࢉܭΔɽ

1 A1 ∪ · · · ∪ Al = Km

2 ֤ i ʹର͠ɼҙͷ ai ∈ Ai ʹର͠ɼφa(Qi )  φa(I ) ͷ४ૉΠσΞ
ϧղ

ՄͰ͋ΔͳΒɼA1, . . . ,Al ߏతू߹ʢV (J1) \ V (J2)ʣɽ

Remark

φa : K [A,X ]→ K [X ]  a Λೖ͢Δࣸ૾Ͱɼφa(Qi ) = {φa(Q) | Q ∈ Qi}

Example

I = 〈(ax + 1)y〉 ⊂ K [a, x , y ].

A1 = K 2 \ V (a), Q1 = {〈ax + 1〉, 〈y〉}
A2 = V (a), Q2 = {〈y〉}
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ɿҰൠʹղܾͰ͖ͳ͍ͱࢥΘΕΔ
A1, . . . ,Al Βͳ͍ݶతू߹Ͱॻ͚Δͱߏ͕

Example

I = 〈x2 − a〉 ⊂ Q[a, x ].

A1 = {a ∈ Q | a ਖ਼ͷฏํ }, Q1 = {〈x +
√
a〉, 〈x −

√
a〉}

A2 = {a ∈ Q | a ਖ਼ͷฏํͰͳ͍ }, Q2 = {〈x2 − a〉}

ղܾࡦɿඪ (2) ͷʮҙͷʯͷ݅Λ؇Ίͯʮ࣮ߦՄʯͳղΛ͑ߟΔ
IɿK [A,X ] ͷΠσΞϧɽ࣍ͷ 2 ͭͷ݅Λຬͨ͢ (A1,Q1), . . . , (Al ,Ql) Λ
Δɽ͢ࢉܭ

1 A1 ∪ · · · ∪ Al = Km

2 ֤ i ʹର͠ɼ΄ͱΜͲͷ ai ∈ Ai ʹର͠ɼφa(Qi )  φa(I ) ͷ४ૉΠσ
Ξϧղ

ͷղΛه্⇒= feasible decomposition ͱݺͿ͜ͱʹ͢Δɽ
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Definition (Zariski-feasible decomposition)

IɿK [A,X ] ͷΠσΞϧɽA1, . . . ,Al ⊂ Km, Qi : ΠσΞϧͷ༗ूݶ߹ɽ
(A1,Q1), . . . , (Al ,Ql) ࣍ͷ 2 ͭͷ݅Λຬͨ͢ͱ͖ɼI ͷ Zariski-feasible
decomposition ͱݺͿ͜ͱʹ͢Δɽ

1 A1 ∪ · · · ∪ Al = Km

2 ֤ i ʹର͠ɼAi ͷ Zariski-dense ͳ෦ू߹ Oi ͕ଘͯ͠ࡏɼҙͷ
ai ∈ Oi ʹର͠ɼφa(Qi )  φa(I ) ͷ४ૉΠσΞϧղ

3 A1, . . . ,Al ߏతू߹

Example

I = 〈x2 − a〉 ⊂ Q[a, x ].

A1 = Q, Q1 = {〈x2 − a〉}, O1 = {a ∈ Q | a ਖ਼ͷฏํͰͳ͍ }

Zariski-feasible decomposition ͷଘࡏώϧϕϧτͷطੑఆཧ͔Βอূ͞
ΕΔʢͱࢥΘΕΔʣ
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Theorem (ώϧϕϧτͷطੑఆཧ (1892))

ଟ߲ࣜط f (A,X ) ∈ Q[A,X ] Λطଟ߲ࣜͱ͢Δͱɼ͋Δແݸݶͷ
a ∈ Qr ʹରͯ͠ɼf (a,X ) طଟ߲ࣜͱͳΔɽಛʹɼZariski-dense ͳू
߹ O ⊂ Qr ͷҙͷݩ a ʹର͠ɼf (a,X ) طͱͳΔɽ

Corollary

P: Q[A,X ] ͷૉΠσΞϧɽZariski-dense ͳू߹ O ⊂ Qr ͕ଘͯ͠ࡏɼҙ
ͷݩ a ∈ O ʹର͠ɼφa(P)  K [X ] ͷૉΠσΞϧɽ

Corollary

P: Q[A,X ] ͷ४ૉΠσΞϧɽZariski-dense ͳू߹ O ⊂ Qr ͕ଘͯ͠ࡏɼ
ҙͷݩ a ∈ O ʹର͠ɼφa(P)  K [X ] ͷ४ૉΠσΞϧɽ

แׅతάϨϒφʔجఈܥ (CGS) Λ༻͍ͯ Zariski-feasible decomposition Λ
Δ͑ߟΔ͜ͱΛ͢ࢉܭ
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४ૉղͷఆٛ

Definition

I : ΠσΞϧɽΠσΞϧͷ༗ूݶ߹ {Q1, . . . ,Qs} ࣍ͷ݅Λຬͨ͢ͱ͖ɼ
I ͷ४ૉΠσΞϧղͱݺΕΔɽ

1 ֤ Qi ४ૉΠσΞϧɽ
2 I = Q1 ∩ · · · ∩ Qs

͞Βʹɼ࣍ͷ݅Λຬͨ͢ͱ͖ɼI ͷ࠷४ૉΠσΞϧղͱݺΕΔ

3
√
Q i &=

√
Qj (i &= j)

4
⋂

j $=i Qj &⊂ Qi

=⇒ a Λೖͨ͠ͱ͖ʹɼ্هͷ 4 ͭͷ݅Λຬ͔ͨ֬͢ೝ͢Δ͜ͱ͕ॏཁ
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ͦΕͧΕͷ݅ͷରॲ๏
1 ֤ Qi ४ૉΠσΞϧ =⇒ ώϧϕϧτͷطੑఆཧɽ
2 I = Q1 ∩ · · · ∩ Qs =⇒ ௨෦ʹؔ͢Δڞ CGS

3
√
Q i &=

√
Qj (i &= j) =⇒ แؚؔʹؔ͢Δ CGS

4
⋂

j $=i Qj &⊂ Qi =⇒ แؚؔʹؔ͢Δ CGS

Q Λ I ͷ࠷४ૉղͱ͢Δͱɼφa(Q) ͕ φa(I ) ͷ࠷४ૉղʹͳΔͨ
Ίʹɼ࣍ͷ 4 ͭͷ݅Λຬͨ͞ͳ͚ΕͳΒͳ͍ɽ

1 ֤ φa(Qi ) ४ૉΠσΞϧ
2 φa(I ) = φa(Q1) ∩ · · · ∩ φa(Qs) =⇒ ௨෦ʹؔ͢Δڞ CGS

3
√
φa(Qi ) &=

√
φa(Qj) (i &= j) =⇒ Δؔ͢ʹجࠜ CGS

4
⋂

j $=i φa(Qj) &⊂ φa(Qi ) =⇒ Δؔ͢ʹ௨෦ͱแؚؔڞ CGS

Remark

্ͷ 4 ͭͷ͕݅ͦΕͧΕಠཱʹΓཱͨͳ͍Α͏ͳྫ͕࡞ΕΔ
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௨෦ͱೖڞ

Ұൠʹɼ
φa(I ∩ J) ⊂ φa(I ) ∩ φa(J)

Ͱ͋Δ͕ɼٯͷแؚΓཱͭͱݶΒͳ͍ɽ৽͍͠มΛ t ͱͯ͠ɼΠσ
Ξϧ

F (t) = tI + (1− t)J ⊂ K [t,A,X ]

ͷϒϩοΫॱং t . X >. A ͷάϨϒφʔجఈΛ G (t) ͱ͠ɼG (t) ͷ֤ݩ
ͷ K (A)[t,X ] ʹ͓͚Δઌ಄ͷੵΛ h =

∏
f ∈G(t) lc(f ) ͱ͢Δɽ·ͨɼ

A = Km \ V (h) ͱ͢Δɽ͜ͷͱ͖ɼҙͷݩ a ∈ A ʹର͠ɼ

φa(I ∩ J) = φa(I ) ∩ φa(J)

͕Γཱͭɽ
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Proposition

I : ΠσΞϧɼQ1, . . . ,Qs : I ͷ४ૉղɽ͜ͷͱ͖ɼ͋Δଟ߲ࣜ h &= 0 ͕ଘ
ݩɼҙͷͯ͠ࡏ a ∈ Km \ V (h) ʹର͠ɼ

φa(I ) = φa(Q1) ∩ · · · ∩ φa(Qs).

Proof.

৽͍͠มΛ T = {t1, . . . , ts} ͱͯ͠ɼΠσΞϧ

F (T ) = t1Q1 + t2Q2 + · · ·+ tsQs + 〈t1 + t2 + · · ·+ ts − 1〉 ⊂ K [T ,A,X ]

ͷϒϩοΫॱং T . X . A ͷάϨϒφʔجఈΛ G (T ) ͱ͠ɼG (T ) ͷ֤
ͷݩ K (A)[T ,X ] ʹ͓͚Δઌ಄ͷੵΛ h =

∏
f ∈G(t) lc(f ) ͱ͢Δɽ·

ͨɼA = Km \ V (h) ͱ͢Δɽ͜ͷͱ͖ɼҙͷݩ a ∈ A ʹର͠ɼ

φa(I ) = φa(Q1) ∩ · · · ∩ φa(Qs)

͕Γཱͭɽ
!
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แؚؔͱೖ

Ұൠʹɼ
I &⊂ J =⇒ φa(I ) &⊂ φa(J)

ΓཱͭͱݶΒͳ͍ɽI &⊂ J ͱ͠ɼJ ͷ X . A ʹؔ͢ΔάϨϒφʔج
ఈΛ G ͱ͢ΔɽI = 〈f1, . . . , fm〉ʹର͠ɼfi &∈ J Λຬͨ͢ fi Λ G Ͱׂͬͨ
༨ΓΛ ri ͱ͠ɼ֤ ri ͷ K (A)[T ,X ] ʹ͓͚Δઌ಄ͷੵΛ h =

∏
lc(ri )

ͱ͢Δɽ·ͨɼA = Km \V (h) ͱ͢Δɽ͜ͷͱ͖ɼҙͷݩ a ∈ A ʹର͠ɼ

φa(I ) &⊂ φa(J)

͕Γཱͭɽ

25 / 28

Proposition

I : ΠσΞϧɼ{Q1, . . . ,Qs}: I ͷ४ૉղɽ͜ͷͱ͖ɼ͋Δଟ߲ࣜ h &= 0 ͕
ଘͯ͠ࡏɼҙͷݩ a ∈ Km \ V (h) ʹର͠ɼ

2 φa(I ) = φa(Q1) ∩ · · · ∩ φa(Qs)

3
√
φa(Qi ) &=

√
φa(Qj) (i &= j)

4
⋂

j $=i φa(Qj) &⊂ φa(Qi )

͕Γཱͭɽ·ͨɼKm \ V (h) ͷ͋Δ Zariski-dense ͳू߹ O ͕ଘͯ͠ࡏɼ
ҙͷݩ a ∈ O ⊂ Km \ V (h) ʹର͠ɼ{φa(Q1), . . . ,φa(Qs)}  φa(I ) ͷ࠷
४ૉղͱͳΔɽ

Remark

I + 〈h〉ʹ܁Γฦ͠ద༻͍͚ͯ͠ɼZariski-feasible decomposition ࢉܭ͕
Ͱ͖Δɽ
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ΞϧΰϦζϜ

ೖྗɿΠσΞϧ I ⊂ Q[A,X ]
ग़ྗɿI ͷ Zariski-feasible decomposition

1 J ← I , B← Qm, i ← 1

2 J ͷ࠷४ૉղΛ Qi ͱ͢Δɽi ≥ 2 ͷͱ͖ɼ
B← Qm \ (A1 ∪ · · · ∪ Ai−1) ͱ͢Δɽ

3 Λຬͨ͢ଟ߲ࣜ࣍ h Λࢉܭʀʮҙͷ a ∈ B \ V (h) ʹର͠ɼφa(Qi ) 
φa(J) ʹର͠ɼ࠷४ૉղͷ݅ (2)-(4) Λຬͨ͢ɽʯ
·ͨɼAi ← B \ V (h) ͱ͢Δɽ

4 h ∈ J ͷ߹ʹɼ{(A1,Q1), . . . , (As ,Qs)} Λฦ͢ɽͦ͏Ͱͳ͍߹
ʹɼJ ← J + 〈h〉ɼi ← i + 1 ͱͯ͠ɼ2 ʹΔɽ
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·ͱΊ

·ͱΊ

͍͔ͭ͘ͷύϥϝʔλ͖ͷΠσΞϧૢ࡞ͷΞϧΰϦζϜΛհ

Q ্ͷύϥϝʔλ͖४ૉղΛࢉܭͰ͖ΔൣғͰఆٛ

แׅతάϨϒφʔجఈܥͷཧΛԠ༻ͯ͠ΞϧΰϦζϜΛߟҊ

ͷ՝ࠓ

ύϥϝʔλ४ૉղͷྑ͍Ԡ༻Λ͚ͭݟΔ

࣮ͷൣғͰͷύϥϝʔλ४ૉղΛ͑ߟΔ
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