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((a1, . . . , aM+1), (aQ, aW ))

�É[_\ S �>\ P�U B�F�\�A �3�
((a1, . . . , aM), aW )

� B W�U ?T\<�>\ N>P BDA S E W � IGN E��>Ef;>�TAD\ S � IGP \ S�I [V\ P E N>S BD�>\�[_\�� � �
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σ:V → Q ⊂ X = P(E)B S,I �>Ef;>�>AC\ P EGF�\�[ �
E = ⊕OP1(ai)
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a0 = 0 ≤ a1 ≤ . . . ≤ aM+1
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σ
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WQ = W ∩Q

�

Q ∼ mLX + aQR, W ∼ 2lLX + 2aWR,

aQ, aW ∈ Z+
�
R
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πX :X → P1 �  �?>\�[V\ IGS LX ∈
PicX

B S�U ?T\ P A IGS_S E W<U ?>\ UZI ; U EfADE ` B P�I A S ?T\ IOW E W<U ?>\ W BD�T[ IOU BDE N
X/P1

5 ��EG[ P Ef]Ø� IGP�U_N \ SVS
E W<N E U±IOU BCE N>S B N�U ?>\ S \ U

(a1, . . . , aM+1)
 �\� �[_B U \��>EG  N E N A ��N E N�M0/ \�[_EØ\ NTU [_BC\ S�� B W�U ?T\�[_\

I [_\ IGNT�3� E U ?>\�[V �B S \^ �\^ �[_B U \
(0)

5�1Ë\�[V\�B S$U ?>\�ADB SVU E W!W¡I ]ØBCADBD\ S×U ? IOU  �\�[_\�\ K�P AD;>�>\�� W [VEf]
P E N>S BD�>\�[ IOU BDE N B N � e � ¤�� n

1. ((0), (1, 0));
2. ((0), (0, 1));
3. ((0), (0, 0));
4. ((1), (1, 0));
5. ((1), (0, 0));
6. ((1, 1), (1, 0));
7. ((1, 1), (0, 0)).g \ S BC�>\ S�� B N � e �Ñ¤��$U ?>\ W EfACADEG �B N>`1W¡I ]�BDACBD\ S E W F I [_BC\ U BC\ S  �B U ? I �T\ N>P BDA�E W �>Ef;>�TAD\ S � IGP \ S

 �\�[_\�\ K�P AC;>�>\�� W [VEf] P E N>S BC�>\�[ IOU BCE N n
1∗. ((0), 1);
2∗. ((0), 0);
3∗. ((1), 0);
4∗. ((1, 1), 0).

QRN ��\ P 5 e E W×U ?>B S � I �>\�[w �\{�>[_EOF�\{�TBD[ ILU BDE N�I A S ;>�T\�[_[VB ` BC�>B UV� E W×` \ N \�[ I A�F I [_BD\ U BC\ S B N�U ?>\
W¡I ]ØBCADBD\ S

6, 7
IGN �

4∗
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1 − 3, 5
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1∗ − 3∗
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��U ? IOU B S��>U ?T\Ef�T\�[ ILU BDE N E W ] I =�B N>`{U ?>\

\ WyW \ P�U BCF�\ I A ` \��>[ I B PØP���P AC\
Z = (D1 ◦ D2)

E WËP Ef�>BC]Ø\ N>S BCE N)¤��  �?T\�[_\
D1, D2 ∈ Σ

I [V\
` \ N \�[ I A��TBCF�B S Ef[ S 5Ál IOU ;>[ I ADA �3�ÁI ACA P E N>S}U [_; P�U BCE N>S B N F�EfACF�\�� B NJU ?>\ �@; I �>[ IOU B P ]Ø\ U ?>EG� I [_\
�@; I �>[ IOU B P B NÊU ?>\w� I [ I ]Ø\ U \�[ S E W	U ?>\ SV��SVU \�]
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�¡\O5 ` 5 U ?>\
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Σ
E N IÊP \�[ U±I B NJW BC�>\�[

F = Ft = π−1(t)
E W<U ?>\ W BC�>\�[ S � IGP \

V/P1
5 QÈU B SËP AD\ I [ U ? IOU U ?T\�>[VB N>P BD� I A P Ef]��>; U±IOU BCE N>S E W�U ?>\,ACB N \ I [X]�\ U ?TEf� I [V\ACB N \ I [XB N

U ?>\�� I [ I ]Ø\ U \�[ S E W�U ?T\ S}��SVU \�]
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�É�>\ ` [_\�\ S�� ]�;>A U BD�>ACB P B U BC\ S�� \ U±P 5 � 5 � ?>\�ADB N \ I [,]Ø\ U ?>Ef�
  IOS W Ef[ U ?>\ W BC[ S}U U BD]�\ S ; P�P \ S_SVW ;TADA �1I �T�>ADBC\���B N � d � 5 QÈU±S BD�T\ I�P Ef;>AC�1�T\BCADAD; SVU [ IOU \��*B N�U ?>\
W EGADADEO �B N>`   IL� 5
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F
B S �Gxy�txD£t~L¢�x¡�G�����

���G�Á~L��xo���G� � Ef[ S_IOU B SVW BD\ SwU ?T\ P E N �TB U BCE N �
C
� �É[_\ S �>\ P�U B�F�\�A �3� B S �Gxy�txD£t~L¢�x¡�G�����*�D~������G�Á~L��xo���G� �

EG[ S_IOU B SVW BD\ SXU ?>\ P E N �>B U BDE N �
L
��� � B W�W Ef[ IGNT� \ WyW \ P�U BCF�\�TBCF�B S Ef[

D ∈ | − nKF |
�
n ≥ 1

��U ?T\
� I BD[

(F,
1

n
D)

� e��
? IGSÙP�IGN E N B P¬I A �É[_\ S �>\ P�U B�F�\�A �3� ADE `P�IGN E N B P¬I A � S B N>` ;>A I [_B U BD\ S 5 QÈWÅU ?>\ � I BC[ � e�� ? IGS×P¬IGN E N B P�I A
S B N>` ;>A I [VB U BD\ S�W Ef[ I�` \ N \�[ I A:�>BCF�B S Ef[

D ∈ Σ ⊂ |−nKF |
E WÂIONT� v�~L�L�a|��D��ACB N \ I [ SV��S}U \�]

Σ
�

U ?>\ N  �\ S±IO�JU ? IOU
F
S±IOU B S}W BD\ S^U ?>\ P E N �>B U BDE N E W v�~L�L�a|��D�Ø���G�Á~L��xo��x���� � Ef[ U ?>\ P E N �>B U BDE N

�
M

� 5
� \ U

V/P1
�T\ I � IGN E W BD�>\�[ S � IGP \ �

Σ ⊂ | − nKV + lF |
I ]ØEGF I �TAD\^ACB N \ I [ S}��S}U \�]ÔE N

V
�  �?>B P ?ÒB S^N E U ] I �>\ W [_EG] U ?>\{�>\ NTP BDA�E WkW BD�>\�[ S E W×U ?T\{�>[_E � \ P�U BDE N

π
�ÁU ? ILU B S��

n ≥ 1
5

4 S_S ;>]Ø\ U ? IOUØU ?>\1ADE ` � I BC[
(V, 1

n
Σ)

B S�N E UÊP�IGN E N B P¬I A ��U ? ILU B S��×W EG[ S Ef]Ø\1\ K�P \�� U BCE N�I A
�TBCF�B S Ef[

E ⊂ Ṽ
�  �?>\�[V\

ϕ: Ṽ → V
B S*I S \ �@;>\ N>P \ÏE W �>ACEG  ;>� S���U ?>\Òl Ef\ U ?>\�[ M � IGN E

B N \ �@; I ADB UV�
νE(Σ) > na(E)B SXS±IOU B S}W BD\��Á5T4 SVS ;>]�\ U ? ILUXU ?>\ P \ NTU [V\
B = ϕ(E) ⊂ V

ADBC\ S B N*S Ef]�\ W BD�>\�[
F = Ft

IGN ��B S
E W$P Ef�>BD]�\ NTS BDE N

≥ 3
E N

V
� U ?>B S�P¬IGS \�B SwU ?T\�? I [_�>\ SVU E N \{B NÒI ADA�� I [ U B P ;>A I [w�>[VEf�>AD\�] S � 5

��B N>P \ U ?T\JADB N \ I [ S}��SVU \�]
Σ
B S ]�EGF I �>AC\ � B U_S [V\ SVU [_B P�U BCE N

ΣF = Σ | F
B SØI N E N�M \�]Ø� UV�

ACB N \ I [ S}��SVU \�] �É �?>B P ?%] IO� ? I F�\ W B K \�� P EG]Ø�>E N \ NTU_S � 5�4 P�P Ef[V�>B N>`�U E U ?>\*B N F�\�[ S BDE N E W
I � � ; N>P�U BDE N � 
 ���>U ?>\�ACE ` � I BC[

(F,
1

n
ΣF )
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F
S_IOU B SVWy�

U ?>\ P E N �>B U BCE N �
L
� � U ?>\ ]ØEG[_\ S E �<U ?T\ P E N �>B U BDE N �

C
��� 5×lËEO Ô �\ ` \ UÊI P E NTU [ I �TB P�U BDE N

\ K�P AD;T�>B N>`{U ?>\�] ILK BC] I A S B N>` ;>A I [_B U_�
E
5

� ?>B S B S<U ?>\ ` \ N \�[ I A:Ef; U ACB N \XE WÁU ?T\ SVP ?>\�]Ø\ E W2U ?>\ ADB N \ I [<]�\ U ?>Ef�Å5 QRN Ef[V�>\�[ U E�[_\ I ADB / \
B U¬� E N \ N \�\�� SØU E �>\ I �>AC\ U E �>[_EGF�\ U ?>\ P E N �>B U BDE N �

L
� �  �?>B P ? B N ]�E S}UØP�IGS \ S B S F�\�[ �

? I [_�Å5 � ?>\ËE N A � = N EO  N   IO��U E�>E8B U   IGSÙS ?>EO  N B N � d � 5 QÈU [V\ �@;>BD[V\ S \ S_S \ NTU B I ACA ��S}U [_E N>` \�[
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Ẽ

U [ IGNTS F�\�[ S±I ACA � ILU�U ?>\��>EfB NTU±S
b ∈ L

IGN �
L ∩ E+ ��U ?T\ P ;>[VF�\ S CL

IGN �
RLB NTU \�[ S \ P�U � U [ ION>S F�\�[ S±I ACA � � U ?T\ [V;>AD\�� S ;>[ W¡IGP \

EL

ILU*U ?>\Ò�>EfB NTU±S
xC = CL ∩ EL

IGN �
xR = RL ∩ EL

�  �?>B P ? �TE N E U ADBC\,E N�U ?>\{\ K�P \�� U BDE N�I A S \ P�U BCE N
EL ∩ EL � [_\ S �>\ P�U BCF�\�A � 5

��B N�I ACA �3� AD\ U
DL ⊂ ΠL

�>\ U ?>\ SVU [_B P�UXU [ IGN>S}W Ef[_] E W�U ?>\��>BCF�B S Ef[
D
5 � \ ` \ U

DE = (DL ◦ EL) ∼ µL(−EL|EL
) + (µo − µa)f,

S B N>P \ � Ef��F�BCEf; S A �3�
(ψL ◦ ψ

+)∗E|EL
∼ −f, ψ∗

LE
+|EL

∼ f.
��[_Ef] U ?>\ W Ef[V] E W�U ?>\ N EG[_] I A S ?T\ IOW � etd � EG[ W [_Ef] U ?>\�[_\�A IOU BDE N

(E − E+ − EL)|EL
∼ s

� S B N>P \
EL ∼ E − E+ − EL

�  �\EG� UZI B NÊU ? ILU

−EL|EL
∼ s+ 2f,

S E U ? IOU  �\ ` \ U W B N�I ACA �
DE ∼ µLs+ (2µL + µo − µa)f.

� e 
 �
¤ d



1 EG �\�F�\�[ ��U ?>\ P ;>[VF�\
DE ⊂ EL

B S \ WyW \ P�U BCF�\ �:IGN �1]�Ef[_\�EGF�\�[ �

multxC
DE ≥ µC , multxR

DE ≥ µR.
� e¿c �

� [VB U \��>EG  N
DE = A∗ + αCAC + αRAR,

� e � �
 �?T\�[_\

AC

�¡[V\ S �>\ P�U BCF�\�A �3�
AR

� B S�U ?T\ W BD�>\�[�E W�U ?>\$[V;>AD\�� S ;>[ W¡IGP \
EL

�GP E NTUZI B N B N>` U ?>\��>EGB NTU
xC

�¡[V\ S �>\ P�U BCF�\�A �3�
xR

� �:ION � U ?>\ P ;>[}F�\
A∗

B S \ WyW \ P�U B�F�\ IGN �1�>EG\ S�N E U�P E NTUZI B N
AC

Ef[
ARIOSËI{P Ef]Ø�TE N \ N�U 5 � �TF�BDEf; S A �3�

A∗ ∼ µLs+ α∗f, �?T\�[_\
α∗ ∈ Z+

5
� ���� � � � � � � s��  ¬~L���D~ � xy�����Z£���xyv����R�^s�~L���L£

multxC
A∗ + multxR

A∗ ≤ min(α∗, 2µL).
� e b �

" � ��� � � ��B N>P \
AC

B SXN E UwI{P Ef]Ø�TE N \ N�U E W�U ?>\ P ;>[}F�\
A∗
�  �\ ` \ U

multxC
A∗ ≤ (A∗ ·AC)xC

≤ (A∗ ·AC) = µL,
� e � �

ION � S BD]�BDA I [_A ��W Ef[
xR

5 ��;T[ U ?T\�[_]�Ef[V\ � B W
S
B S×IGN BD[_[V\��>; P BD�TAD\ P Ef]��>E N \ NTU E WÁU ?>\ P ;>[VF�\

A∗
�

P E NTU±I B N B N>`IOU AC\ IGS}U E N \^E WÅU ?>\w�>EGB NTU_S
xC , xR

��U ?>\ N
S
B SÙN E U$U ?T\w\ K�P \�� U BDE N�I A S \ P�U BDE N E W

U ?>\ S ;>[ W¡IGP \
EL

� S B N>P \
xC , xR 6∈ EL ∩ EL � 5 � ?>\�[_\ W Ef[_\ �

S ∼ βs+ δf,

 �?T\�[_\
δ ≥ 2β

�  �?T\ N>P \ IGS I �TEGF�\�B N � e � �  �\ ` \ U

multxC
S ≤ β ≤

δ

2ION � S BD]�BDA I [_A �8W Ef[
xR

�>S E U ? IOU

multxC
S + multxR

S ≤ δ.

� ?TB S �>[_EOF�\ S � \�]Ø] I�¤ 5 c 5
��I =@B N>` B N�U E IGP�P Ef; NTU�I ACA U ?>\8\ SVU BC] ILU \ S � e 
 M e b � IGN � U ?>\ W¡IOP�UwU ? IOU

xC 6∈ AR
IGN �

xR 6∈ AC

� �*P E NTSVU [V; P�U BDE NÁ�  �\ ` \ U

2µL + µo − µa ≥ µC + µR,

IOS  �\ P A I BC]Ø\��Å5>9<[_EGE W E W�� \�]�] I�¤ 5 
�B SXP Ef]��>AD\ U \O5
� \ U ; S�P Ef]Ø\{� IGP = U E U ?>\��>[VEfE W E W�� \�]Ø] I�¤ 5 d 5 � \ U ; S �>[VEGF�\ W BD[ S}U�U ?>\�B N \ �@; I ACB UV�

� efe�� W Ef[
i ≥ 1

5 � \ U
Γ−

i ⊂ ∆i−1�T\ I{` \�[_]ÕE W�I�S ]�EfE U ? P ;>[}F�\ �:S±IOU B SVWy� B N>`{U ?>\ W EfACADEG �B N>`,P E N �>B U BDE N>S n
�ÉB �

xi−1 ∈ Γ−
i

�

�ÉBDB � U ?>\ SVU [_B P�UXU [ IGN>S}W Ef[_]
Γi ⊂ ∆i

E W�U ?>\ P ;>[}F�\
Γ−

i

P E N�UZI B N>S�U ?>\��>EGB NTU
xi

�

¤ 




�ÉBDBDB � U ?>\ SVU [VB P�UXU [ ION>SVW Ef[V]
Γ+

i ⊂ ∆i+1

E W!U ?>\ P ;>[VF�\
Γi

P E NTU±I B N>S�U ?>\��>EfB NTU
xi+1

5
��; P ? I{` \�[_]Õ\ K B SVU_S \ KTIGP�U A � �T\ P¬I ; S \ U ?>\ ` [ I �>?

Ei ← Ei+1 ← Ei+2

B SÊI P ? I B N 5$l EG  AD\ U
Π−

i ⊃ Γ−
i

�>\ I ` \ N \�[ I A U ?>[V\�\ M �>BD]�\ NTS BDE N�I A ` \�[_] IOU�U ?>\J�>EGB NTU
xi−1

5 � �TF�BDEG; S A �2�@U ?T\ SVU [_B P�U$U [ IGNTSVW Ef[V] Πi ⊂ ∆i

E WÂU ?>\ ` \�[V]
Π−

i

P E NTUZI B N>SÙU ?>\w�TEfB NTU
xi

�
 �?T\�[_\ IGS�� B N B U±S�U ;T[ NÅ� B U_SS}U [_B P�U�U [ IGN>SVW EG[_]

Π+
i

E N
∆i+1

P E NTUZI B N>S�U ?>\Ø�>EfB NTU
xi+1

5 � \
�T\ N E U \ U ?>\��>A IGN \

Πi ∩ Ei ⊂ ∆i� � U ?>\ SV� ]��>EfA
EΠ

5$��B N>P \
EΠ

P E NTUZI B N>S�U ?>\JF�\�[ U \ K E W�U ?>\ �@; I �>[ IOU B P1P E N \
Y +

i

�kU ?>\
B NTU \�[ S \ P�U BDE N

EΠ ∩ Y
+
i

B S{I � I BC[8E W �>B S}U B N>P�U ACB N \ S � IOS_S B N>` U ?>[VEf; ` ? U ?>\*�>EfB NTU
xi

5k��\ U
L∗

i ⊂ EΠ ∩ Y
+
i

U EØ�T\�E N \�E W�U ?>\ S \ U  �EØACB N \ S��
Li ⊂ ∆i+1

B U±S�SVU [_B P�UXU [ IGN>SVW EG[_]ÕE N
∆i+1

5
� \ U

Ri ⊂ Π+
i

�>\ U ?T\XADB N \�B N
Ei+1

∼= PN ��� EfB N B NT`wU ?>\X�TEfB NTU_S xi+1

IGN �
Li∩Ei+1

5 ��B N�I ADA �3�
B WÁU ?>\ ` \�[_]

Π−
i

B S×S ; WyW B P BD\ NTU A �8` \ N \�[ I A �aU ?T\ NØU ?>\ P ;>[}F�\
Y +

i−1∩Π−
i

IOUkU ?>\Ë�>EfB N�U
xi−1

? IGS
I � I BD[XE W �>[ ION>P ?>\ S  �B U ?��>B SVU B N>P�UXU±IGN>` \ NTU �>BC[_\ P�U BCE N>S��TS E U ? IOUXU ?>\ P ;>[}F�\

Ci = Πi ∩ Yi−1 ⊂ Ei
i−1

B NTU \�[ S \ P�U_S
Ei

U [ ION>S F�\�[ S±I ACA ��ILU×U  �E,�>B SVU B N>P�U �>EfB N�U±S 5 � \ U
ai ∈ Ci∩Ei

�>\ U ? ILU E N \X �?>B P ?
ACBD\ S E N1U ?>\8ACB N \

L∗
i

�¡[V\ P¬I ADA U ? IOU
Yi−1 ∩ Ei

B S U ?>\,� IGS \,E W�U ?T\ �@; I �>[ IOU B P,P E N \
Y +

i

�ÁIGN �
Πi∩Ei

B S×I �>A IGN \ �aP E NTU±I B N B N>` B U_S F�\�[ U \ K � 5�lËEO Ö �\ I �>�>A �U ?>\ AD\�]Ø] I  �B U ?
xi−1

�
xi

�
Li

�
Ri

�
Ci

B NTSVU \ I ��E W
o
�
a
�
L
�
R
�
C
� [_\ S �>\ P�U B�F�\�A � 5 � ?>B S BC]Ø]�\��TB IOU \�A � BC]Ø�TADBD\ SÙU ?>\�\ S}U BD] IOU \

� efe�� W Ef[
i ≥ 1

5
��EG[

i = 0
U ?>\ S B U ; IOU BDE N B S×P Ef]��>AD\ U \�A ��S BC]ØBCA I [� �B U ? U ?>\^E N A � \ KTP \�� U BDE N n U ?T\�[_\wB S×N E

P ;>[VF�\
Ci
�>S E U ? IOUXU ?>\�B N \ ��; I ADB U_� E W�� \�]�] I�¤ 5 
�B S ; S \��JB NÊU ?>\ U [V; N>P¬ILU \�� W Ef[_] n

2µL ≥ µa + µR − µo,

 �?T\�[_\
o ∈ Π

B S�I{` \�[V]ÕE W�I�N E N�M �>\ ` \ N \�[ ILU \��@; I �>[ IOU B P�S B NT` ;>A I [_B UV�3�

µo =
1

2
multoD,

IOS B N*U ?>\��>[VEfE W E W�� \�]Ø] I�¤ 5 e 5 � ?>B S P Ef]��>AD\ U \ S�U ?>\��>[_EGE W E W�� \�]�] I�¤ 5 d 5

� �  *� �����*������� ���! *
�
 ���	� 
 �(� ����%(�)��� � �)� ����& � � ��� �	�(��% 
 �'�!��� � ����%(�	� ��� 
���&��!� � � � \ U

V/P1
�>\ I � IGN E

W BC�>\�[ S � IGP \ �:S±IOU B S}Wy� B N>`8U ?T\ W EGADADEO �B N>`{IOS_S ;T]Ø� U BDE NTS n
�ÉB �

V
B S�I�S ]�EfE U ?��>[VE � \ P�U B�F�\�F I [VBD\ UV�  �B U ? U ?>\�9<B P¬I [_� ` [_Ef;T�

PicV = ZKV ⊕ ZF
�

 �?T\�[_\
F
B S�U ?>\ P A IGS_S E W�I8W BD�>\�[XE W!U ?>\��>[VE � \ P�U BDE N

π:V → P1 �
�ÉBDB � \�F�\�[ ��W BD�>\�[

Ft = π−1(t)
�
t ∈ P1 � B SÙI � W¡IGP�U Ef[VB I A � F I [_BC\ UV� E W �>BD]�\ NTS BDE N

dimFt ≥
4
�  �B U ? �:IOU ]�E SVU��>N E N�M �>\ ` \ N \�[ IOU \���; I �>[ ILU B P�S B N>` ;>A I [VB U BD\ S��TION �1]�Ef[V\�EGF�\�[ �

A1Ft = ZHt, A
2Ft = ZH2

t ,

¤ c



 �?T\�[_\
Ht = −KFt

= (−KV · Ft)
B S�U ?>\ I ]��>AD\ IONTU B P¬IGN E N B P�I AÁ�>B�F�B S EG[ �

�ÉBDBDB � ILU \ IGP ?��>EfB N�U
x ∈ V

U ?>\ W EfACADEG �B N>` ADE P�I A P E N �>B U BDE N �
LR

� ?TEfAD� S nTB W
x ∈ F = FtB S8I S ]�EfE U ? �>EfB N�U E WXU ?>\ W BC�>\�[ �!U ?>\ NÏW Ef[,\�F�\�[ � \ WyW \ P�U B�F�\Ê�>BCF�B S Ef[

D ∈ | − nKF |
IGN �

\�F�\�[ � ? � �>\�[_�>A IGN \
B ⊂ E

B NÏU ?>\�\ K�P \�� U BCE N�I A×�>BCF�B S Ef[
E ⊂ F̃

E W$U ?>\Ø�>ADEG  ;>� E W�U ?>\
�TEfB NTU

x
E N

F
U ?T\ W EGADADEO �B N>` B N \ �@; I ADB UV� B SXS±IOU B S}W BD\��Án

multxD + multB D̃ ≤ 2n,
� e � �

 �?T\�[_\
D̃ ⊂ F̃

B SØU ?>\ S}U [_B P�UØU [ ION>SVW Ef[V] E W�U ?>\1�>BCF�B S Ef[
D
5 QÈW

x ∈ F
B SÊI ��; I �>[ ILU B P

S B N>` ;>A I [VB UV�2��U ?>\ N W Ef[Ø\�F�\�[ � \ WyW \ P�U BCF�\J�>B�F�B S EG[
D ∈ | − nKF |

IGN �Ö\�F�\�[ � ? � �T\�[_�TA IGN \
S \ P�U BDE N

B
E WÅU ?>\ N E N�MRS B N>` ;>A I [ �@; I �>[VB P

E ⊂ F̃
�aU ?T\Ë\ KTP \�� U BDE N>I A2�TBCF�B S Ef[kE WÁU ?>\w�>ACEG Ö;T�

E W�U ?>\��>EfB N�U
x
E N

F
�TU ?>\ W EfACADEG �B N>` B N \ �@; I ACB UV� B SXS±IOU B SVW BC\��Ån

multxD + 2 multB D̃ ≤ 4n,
� ¤G¥ �

 �?T\�[_\
D̃ ⊂ F̃

B S�U ?>\ SVU [VB P�UXU [ ION>SVW Ef[V] E W!U ?T\��TBCF�B S Ef[
D
5

" � � �����-� � ����%  ���	� ��~L¢w�G� �8v�~L�L�a|��D� ��xy�Á���G¢�£��t£��R��v
Σ ⊂ |−nKV + lF | �

x��És
n ≥ 1�ys����D~���pÁ�Gxy¢

(V, 1
n
Σ)

xD£^���G�Á~L��xo���G��������pÁ�G¢ �¡xo��q����G¢ �	x  
l ∈ Z+

� �És���� �ys����txy¢ �¡q>�G�3�G�3�������qT�G�
�ys�¢¬�Z£Zs�~L���L£8~� 8���G�Á~L��xo���G�Â�a� ��q��Á���¡xo~L�Ï�t~Lxy�Á��x¡�����

cvirt(Σ) = c(Σ) = n.

" � ��� � � 4 S_S ;>]Ø\ U ?>\ P E N F�\�[ S \Gn U ?>\�� I BD[
(V, 1

n
Σ)

B S N E UËP¬IGN E N B P�I Ao5 QRN E U ?>\�[Ë �Ef[V� S��
U ?>\�ACB N \ I [ SV��SVU \�]

Σ
? IOS<I ] ILK BD] I A S B N>` ;>A I [_B U_�

E ⊂ Ṽ
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