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+ȩȒɔȩɯǞɾǞȩȘ ȩǀ ɟƚȀŏɾǞȩȘɯ

4ƚ˙ȘǞɾǞȩȘ �ƚɾ Ú ⊆ �× $ ŏȘƇ ã ⊆ $× ࡏ* ÷Ǖƚ ࡬ǀʕȘżɾǞȩȘŏȀ࡫ żȩȒɔȩɯǞɾǞȩȘ ȩǀ Ú
ŏȘƇ ãࡈ ƇƚȘȩɾƚƇ ųʿ ã ◦ Úࡈ Ǟɯ ɾǕƚ ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘ ųƚɾʶƚƚȘ � ŏȘƇ * ǃǞʲƚȘ ųʿ

ã ◦ Ú = {(ŏ, ż) | ƚʾǞɯɾɯ ų ∈ $ ɯʕżǕ ɾǕŏɾ ŏÚų ŏȘƇ ųãż}.

CʾŏȒɔȀƚࡇ vǀ Ú Ǟɯ ɾǕƚ ɟƚȀŏɾǞȩȘ ǝɫ ŏ ɫǝɫɺƙɛ ȧƿ ŏȘƇ ã Ǟɯ ɾǕƚ ɟƚȀŏɾǞȩȘ ǝɫ ŏ ɑŏɛƙȗɺ
ȧƿࡈ ɾǕƚȘ

ã ◦ Ú Ǟɯ ɾǕƚ ɟƚȀŏɾǞȩȘ ǝɫ ŏȗ ŏʑȗɺ ȧƿࡔ
ã ◦ ã Ǟɯ ɾǕƚ ɟƚȀŏɾǞȩȘ ǝɫ ŏ ǂɛŏȗƆɑŏɛƙȗɺ ȧƿࡏ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߟ áƚȀŏɾǞȩȘɯ ߣߝ ࡕ ߠߡ
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4ǞǃɟŏɔǕ ɟƚɔɟƚɯƚȘɾŏɾǞȩȘ ȩǀ żȩȒɔȩɯǞɾǞȩȘɯ

ŏ

ų

ߝ

ߞ

ߟ

Ú

ߝ

ߞ

ߟ

ʺ

ʻ

ã

ŏ

ų

ʺ

ʻ

ã ◦ Ú

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߟ áƚȀŏɾǞȩȘɯ ߤߝ ࡕ ߠߡ

A ={ a ,b} 13={1/2,3} Cs { qy }

,

g
µ g. ,

R= { ( aid .ca/4,Ca,3),Cbc2D



+ȩȒɔʕɾƚɟ ǀɟǞƚȘƇȀʿ ɟƚɔɟƚɯƚȘɾŏɾǞȩȘ ȩǀ ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘɯࡇ ȒŏɾɟǞżƚɯ

�ȘȩɾǕƚɟ ʶŏʿ ȩǀ ɟƚɔɟƚɯƚȘɾǞȘǃ ŏ ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘ ųƚɾʶƚƚȘ ˙ȘǞɾƚ ɯƚɾɯ ʕɯƚɯ
ŏȘ ŏɟɟŏ ʿࡏ
�ƚɾ � = {ŏߝ, . . . ,ŏȗ}ࡈ $ = {ųߝ, . . . ,ųȑ} ŏȘƇ Ú ⊆ �× ࡏ$
Ħƚ ɟƚɔɟƚɯƚȘɾ Ú ųʿ ŏȘ ŏɟɟŏʿ � ȩǀ ȗ ɟȩʶɯ ŏȘƇ ȑ żȩȀʕȒȘɯࡏ ëʕżǕ ŏȘ ŏɟɟŏʿ
Ǟɯ żŏȀȀƚƇ ŏ ȗ ųʻ ȑ ȑŏɺɛǝʺࡏ
÷Ǖƚ ƚȘɾɟʿ ǞȘ ɟȩʶ ǝ ŏȘƇ żȩȀʕȒȘ Ǳ ȩǀ ɾǕǞɯ ȒŏɾɟǞʾ Ǟɯ ǃǞʲƚȘ ųʿ �(ǝ, Ǳ) ʶǕƚɟƚ

�(ǝ, Ǳ) =
{
î Ǟǀ (ŏǝ,ųǱ) ∈ Ú
] Ǟǀ (ŏǝ,ųǱ) ! Ú

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߟ áƚȀŏɾǞȩȘɯ ߥߝ ࡕ ߠߡ
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CʾŏȒɔȀƚ ߝ

�ƚɾ � = ,ߝ} ,ߟ ,ߡ ࡈ{ߣ $ = ,ߞ} ,ߠ ࡈ{ߢ ŏȘƇ

ý = {(ʺ, ʻ) ∈ �× $ | ʺ+ ʻ = {ߥ

�ɯɯʕȒƚ ŏȘ ƚȘʕȒƚɟŏɾǞȩȘ ŏߝ = ࡈߝ ŏߞ = ࡈߟ ŏߟ = ࡈߡ ŏߠ = ߣ ŏȘƇ ųߝ = ࡈߞ ųߞ = ࡈߠ
ųߟ = ࡏߢ ÷ǕƚȘ � ɟƚɔɟƚɯƚȘɾɯ ýࡈ ʶǕƚɟƚ
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CʾŏȒɔȀƚ ߞ

�ƚɾ � = {ŏ,ų, ż,Ɔ} ŏȘƇ ɯʕɔɔȩɯƚ ɾǕŏɾ Ú ⊆ �× � Ǖŏɯ ɾǕƚ ǀȩȀȀȩʶǞȘǃ ȒŏɾɟǞʾ
ɟƚɔɟƚɯƚȘɾŏɾǞȩȘࡇ
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�Ǟɯɾ ɾǕƚ ȩɟƇƚɟƚƇ ɔŏǞɟɯ ųƚȀȩȘǃǞȘǃ ɾȩ Úࡏ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߟ áƚȀŏɾǞȩȘɯ ߝߞ ࡕ ߠߡ
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CʾŏȒɔȀƚ

÷Ǖƚ ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘ Ú ȩȘ � = ,ߝ} ,ߞ ,ߟ {ߠ Ǖŏɯ ɾǕƚ ǀȩȀȀȩʶǞȘǃ ƇǞǃɟŏɔǕ
ɟƚɔɟƚɯƚȘɾŏɾǞȩȘࡏ
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÷Ǖƚ ȩɟƇƚɟƚƇ ɔŏǞɟɯ Ú =

÷Ǖƚ ȒŏɾɟǞʾ ⎡

⎢⎢⎢⎢⎣
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vȘ ʶȩɟƇɯࡇ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߟ áƚȀŏɾǞȩȘɯ ߞߞ ࡕ ߠߡ

{ ( 4,31
,

( 3,4 ,#df,
Cz , i ) }

I '¥¥¥¥
F E

F FTF

{ ( x , g) |y=xt , XEA
, gets



�ŏɾɟǞżƚɯ ŏȘƇ żȩȒɔȩɯǞɾǞȩȘ

�ȩʶ Ȁƚɾ࢈ɯ ǃȩ ųŏżǺ ŏȘƇ ɯƚƚ Ǖȩʶ ɾǕǞɯ ʶȩɟǺɯ ǀȩɟ ȒŏɾɟǞżƚɯ ɟƚɔɟƚɯƚȘɾǞȘǃ
ɟƚȀŏɾǞȩȘɯ
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÷Ǖƚ ǀȩɟȒŏȀ ƇƚɯżɟǞɔɾǞȩȘ

bǞʲƚȘ ɾʶȩ ȒŏɾɟǞżƚɯ ʶǞɾǕ ƚȘɾɟǞƚɯ ࢆîࢅ ŏȘƇ ࢆ[ࢅ ɟƚɔɟƚɯƚȘɾǞȘǃ ɾǕƚ ɟƚȀŏɾǞȩȘɯ ʶƚ
żŏȘ ǀȩɟȒ ɾǕƚ ȒŏɾɟǞʾ ɟƚɔɟƚɯƚȘɾǞȘǃ ɾǕƚ żȩȒɔȩɯǞɾǞȩȘࡏ ÷ǕǞɯ Ǟɯ żŏȀȀƚƇ ɾǕƚ
ǿȧǂǝżŏǿ ࡬ȧȧǿƙŏȗ$࡫ ȑŏɺɛǝʺ ɑɛȧƆʑżɺࡏ

�ƚɾ � = {ŏߝ, . . . ,ŏȗ}ࡈ $ = {ųߝ, . . . ,ųȑ} ŏȘƇ * = {żߝ, . . . , żɑ}ࡏ

÷Ǖƚ ȀȩǃǞżŏȀ ȒŏɾɟǞʾ � ɟƚɔɟƚɯƚȘɾǞȘǃ Ú Ǟɯ ǃǞʲƚȘ ųʿࡇ

�(ǝ, Ǳ) =
{
î Ǟǀ (ŏǝ,ųǱ) ∈ Ú
] Ǟǀ (ŏǝ,ųǱ) ! Ú

÷Ǖƚ ȀȩǃǞżŏȀ ȒŏɾɟǞʾ � ɟƚɔɟƚɯƚȘɾǞȘǃ ã Ǟɯ ǃǞʲƚȘ ųʿ

�(ǝ, Ǳ) =
{
î Ǟǀ (ųǝ, żǱ) ∈ ã
] Ǟǀ (ųǝ, żǱ) ! ã

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߟ áƚȀŏɾǞȩȘɯ ߠߞ ࡕ ߠߡ



�ŏɾɟǞʾ ɟƚɔɟƚɯƚȘɾŏɾǞȩȘ ȩǀ żȩȒɔȩɯǞɾǞȩȘɯ

÷ǕƚȘ ɾǕƚ ƚȘɾɟǞƚɯ Ó(ǝ, Ǳ) ȩǀ ɾǕƚ ȀȩǃǞżŏȀ ȒŏɾɟǞʾ Ó ɟƚɔɟƚɯƚȘɾǞȘǃ ã◦Ú ŏɟƚ ǃǞʲƚȘ ųʿ

Ó(ǝ, Ǳ) = î Ǟǀ ɾǕƚɟƚ ƚʾǞɯɾɯ ǿ ʶǞɾǕ ߝ ≤ ǿ ≤ ȑ ɯʕżǕ ɾǕŏɾ �(ǝ, ǿ) = î ŏȘƇ
�(ǿ, Ǳ) = îࡏ
Ó(ǝ, Ǳ) = ࡈ[ ȩɾǕƚɟʶǞɯƚࡏ

Ħƚ ʶɟǞɾƚ Ó = ࡏ��

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߟ áƚȀŏɾǞȩȘɯ ߡߞ ࡕ ߠߡ
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÷Ǖƚ ƚʾŏȒɔȀƚ ǀɟȩȒ ųƚǀȩɟƚ

�ƚɾ Ú ųƚ ɾǕƚ ɟƚȀŏɾǞȩȘ ųƚɾʶƚƚȘ � = {ŏ,ų} ŏȘƇ $ = ,ߝ} ,ߞ {ߟ ɟƚɔɟƚɯƚȘɾƚƇ ųʿ
ɾǕƚ ȒŏɾɟǞʾ
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ëǞȒǞȀŏɟȀ ʿࡈ Ȁƚɾ ã ųƚ ɾǕƚ ɟƚȀŏɾǞȩȘ ųƚɾʶƚƚȘ $ ŏȘƇ * = {ʺ, ʻ} ɟƚɔɟƚɯƚȘɾƚƇ ųʿ ɾǕƚ
ȒŏɾɟǞʾ
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CʾŏȒɔȀƚ

÷ǕƚȘ ɾǕƚ ȒŏɾɟǞʾ Ó = �� ɟƚɔɟƚɯƚȘɾǞȘǃ ã ◦ Ú Ǟɯ
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