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�%���%wG�%�W��x ����{�wP���*�|{��&����y�x �|}����%y�x wG����x�wG}�x��
L ∈ L2 ⇒

[

∃n

N
:
(

∀z

L |z| ≥ n :
(

∃z = uvwxy ∧ |vx| ≥ 1 ∧ |vwx| ≤ n :
(

∀i ≥ 0 :
(

uviwxiy ∈ L
))))]

����y���x �`x wG�%��{��
z�wGx����&�&��y�{��6�:}�wP��wG����z�x�}�~
�|���|wP�%����x ����{�}�� z�wGx�w¡���c�%y�{��|���%x&�?�%�£¢ �c¢�x wG��x ��� z%{�}¤x�}
}�wG���`�%w¡���&�t�|��x wG�%x�y�x ���|�G¥�y�x§¦��%y�{����%x¤�|{��|z�x �P���

[

∀n

N
:
(

∃z

L |z| ≥ n :
(

∀z = uvwxy ∧ |vx| ≥ 1 ∨ |vwx| ≤ n :
(

∃i ≥ 0 :
(

uviwxiy /∈ L
))))]

⇒ L /∈ L2
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n
��xo«�w¡}°��wPx�y��
x�wP�

z ∈ L
��wP�

z ≥ n
���6x�w|z�x �/¬­¯%y�{��P�Gx�±Ex y��Gx ���|�%��x��

z = uvwxy
��wP�

|vx| ≥ 1
�%�6z

|vwx| ≤ n
x8}�x wG�

i
�&wP�%���%�Ex w�z%x �

uviwxiy
�%w¡���:��wG�

L
�GwGx ���8²|³¤{��%�
w¡}°�

L ´ x�wP�|x ´ ���:��x «���¬­y�x wGx�¦��|y�{&���%x�²

µ�¶�µ ·�¸6¹tº�»�¼¾½t»�¸À¿�Á�¸%Â�Ã|Ä�»
M1 =

{

albmcn|l, n, m ∈ N ∧ l < n < m
}

Å �¡}§x�y�}���x8}*�Ex �|x �%�%x�w¡���cz�wPxW¦�Æ:���6�&�Px�wG�Çz%x yÈ³*xoÉ|�%wP��wG���cÊ&���
M1

�%�
��z%{���wP� ´ x�wP�%x���x�y���x����|}�x �G�%�%�&x �
��wË�Èz�x��%x �Çz�x�}*~
�%���%wG�%��� x�����{ÇÌ­~�² �
²ÎÍ*Ê���y ´ �&����x�� ²?±?�|z�x �¾��x y�z�x�wG���Çz�wPx�}����%y�x�wP����x w¡}�x'x wG����x �%wG�
¥��6z�x y�� �

M1 =
{

akbk+m+lck+m|k, m, l ∈ N
}

±E�%�ÐÏ�x ��x w¡}È��¥��%�Gx�w¡���Ñz%{�}'Ò��&y��
z = anbn+2cn+1 ²�³�wGx�}�x�}'x y�¬­¯%�P�P��z�wGxDÏ�x8z�wP�|���%�%�

|z| ≥ n
²HÒ�x���x��

z�x�y�����y�y�{��|}�}�xo��¢ �%�|�
|uvw| ≤ n ´ {��%�Dx�wP� ´ ��� ´ xo��x8} uvw
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��Ó }����Gx w¡���%¢ x�wË��wP��x��&���|{��P��x�� �
}����|z�x�y��D���%y���{�«�wP��{��^Ô�z%{ÕÊ��&� ²�¦����|{��GzWwG���D���%y�¢ ��x w^z�x y�Ï��|���|}���{��6x�� ´ �&�'�%wG�|{���wG���%x��W{���¬Ö{&}�}�x��|�|zD}�wGx
wG��¨©�%y�x�y�v�¥���É|� ´ x wP�tÊ�x�y�¥��|z�x�y�x&��x y���wG����x�}tx �:�°��x8z�x yt¬­¯%y
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Ì­x�wP��Ï��|���6}°��{��ExÈz�x y*x wG��x �:���Pw¡���
�|¥���É6��x y
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M2 =
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albmcn|l, n, m ∈ N ∧ l > n > m
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M2 =
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ak+l+mbkck+m|k, m, l ∈ N
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ß à/á`â'j$ã�ä�å�æ|ç1â§è�j$u'éoêJâ§è�j

ë x �&x �Ex �
w¡}°�tz�wGx ë y�{�����{���w ´
G = (V, Σ, P, S)

V = {S, A, B, C, D}

Σ = {a, b, c}

P = {S → AB,

A → ab|aAbcDa|C,

B → c|cB|D,

C → A|D|ε,

D → a|c}

Þ�¶�µ ì�¼�í�º�» ¸6¼t»�¼ïîdð�¼ïñ=»^í�í�»�¼t¸|» ò
»�ó�¼
ôt�õx wG�%x ë y�{�����{J��w ´ wG�÷ö��%����} ´ ÆYøt��y���{��P¬­��y��ù�%y�wP�|��x �;¢ � ´ ×��%�%x�� ���'�6}�}�}�wPx�{��G}�{��P�Gx y�x y�}���x�}�Ê&���
��xo����x��%y�x���x��P�`�6x ¬­y�x�wË�t��x y�z�x�� ²
vtwGx y�¢ ���Ex ��wG�%�:����{���z|{���wP�:�8��{��G�Px

ε úüû x ��x��P��¢ ��x �:��¬­x�y��%x�� ²�³*wPxtý�x��%��x
V1 := {A ∈ V |A ⇒∗

G
ε}

x �:���|¥��Ë�
{��G�Gx��
{�y�w¡{��%�Gx � ��z�wGx¤}�w¡���W{���¬

ε
Å �%�Gx wP��x �`�¡{�}�}�x�� ´ ×��|�%x � ²�Ï�x w?�%�|}�x y�x y ë y�{�����{���w ´ wG}���z|{�}

V1 = {A, C}
²

³*wPx8}�x
ε úüû x����Gx � �:�%�|z`{��G�Gx*���&y ´ ������x �þÊ&���þ�
{�y�w¡{��%�Gx �`z�wGx¤z��&y����%wG��¬­¯%�%y�x �`�'¯|}�}�x �W�&x�}���y�wG���|x �þ��x y�z�x ��²

ÒÇx �%�Dx wG�%x��
{�y�w¡{��%�Gx�{��P�Gx y�z�wG�%�&}��|wG���:�����%y�¢ �|�
ε
¬­¯%�|y��8�&��¯|}�}�x �W�%x �%x û x �&x �G�þx �|��xo¬­¯|���d��x y�z�x ���

∀B →

Ô



xAy ∧A ∈ V1 ∧ xy 6= ε :
z�wGx*�|x �%x û x �G��x��

B → xy
x�wP��¬­¯|��x ��²�³*wGx�}d¬­¯%�%y���¢���¬­���G��x��|z�x y ë y�{�����{J��w ´ G′

G′ = (V, Σ, P ′, S)

V = {S, A, B, C, D}

Σ = {a, b, c}

P ′ = {S → AB|B,

A → ab|aAbcDa|abcDa|C,

B → c|cB|D,

C → A|D,

D → a|c}

øt�|�'}�wG�|zÈz%wPx���xo����x �%y�x �&�Px��È{��Èz�x�y û x�wP�|x�²ÕvtwGx y�¬­¯%yH���|}�}^¬­¯%y6ÿ°x�z�x��
{�y�wG{��%�Gx
X ∈ V

z%wPx����&�|wPÊJ{��Gx �|¢ ´ �G{&}�}�x�Ex�}���wG���'�t��x�y�z%x �cÌ­�
{�y�w¡{��%�Gx �
z�wGxÈ}�w¡���DwG�%x�wP�|{��|z�x�yt{��%�Gx wP��x��`�¡{�}�}�x �6Ío�

[A] = [C] = {A, C}

[S] = {S}

[B] = {B}

[D] = {D}

Å �G�Gx��
{�y�w¡{��|�Px���z�wGx�wG��x wG�%x y���x���x wG�|}�{���x �����:�%wGÊJ{��%x�¢ ´ �¡{�}�}�x��PwGx �&x � �Õ�|{��6x����&x �|{��'z�wGx��&�Px�wG���|x�®|�%� ´ ��wG��� ��%�|z ´ ×��%�%x��`}�����wP��¢ �
x wG�%x y�¢��|}�{�����x �%�&xo¬Ö{�}�}�����x y�z�x ��²

G′′ = (V, Σ, P ′′, S)

V = {S, A, B, D}

Σ = {a, b, c}

P ′ = {S → AB|B,

A → ab|aAbcDa|abcDa|D,

B → c|cB|D,

D → a|c}

Ï�x w�{��G�Gx � û x���x��P� �^z�wGx�{���¬dz�x�y�y�x8���&��x ��¦�x wP��x��:�|y*x�wP�%x��
{�y�w¡{��%�Gx'x��&���|{��P��x�� � ´ {��%��z%wPx8}�x�z�wGy�x ´ ��x y�}�xo��¢ �
��x y�z�x � ²%³*wGx�}�¬­¯%�|y��t¢�� �

G′′′ = (V, Σ, P ′′′, S)

V = {S, A, B, D}

Σ = {a, b, c}

P ′ = {S → AB|cB|a|c,

A → ab|aAbcDa|abcDa|a|c,

B → cB|a|c,

D → a|c}

Þ�¶@Þ �ÇÄ�ð��	��
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��=ð
¸�� Â�ó������°» ¸��*¼tò
Å �¡}¤x y�}°��x�}¤��wGy�z�¬­¯%y�ÿ°x�z�x8}§ª�x�y���wG�|{��B�?x wG�%x��|x �%x��
{�y�wG{��%�Gx�{��%��x��Px�����²E¨©�c{��G�Px���~
y���z�� ´ ��wG���%x�����wGy�z����%�
{��%¬�z�x�y û x����:��x � ¦�x wP��x�x�wP� ªHx y���wG�|{��tz��%y���� z%wPx
¢ �|��x �|×�y�wP�&xD�
{�y�w¡{��%�Gx
x y�}�x ��¢ ������x �%� x�}��|wG���:�W{��G�Gx w ú�%x�����y ´ �&���È��²�±E�6z�x �£��¯|}�}�x����%����� Å �%�Gx wP���|�%��x��ÇÊ&����x �:��}��%y�x����%x��|z�x ���
{�y�wG{��%�Gx�ÝDªHx y���wG�|{��P�|{&{�y�x �

Û



x wG�%�&xo¬­¯%������x y�z�x�� ²%³�wGx�}�}�wGx �:��wP���
y���x �|�%wG}�}���wGx�¬­���G���t{��|}��

G(4) =
(

V (4), Σ, P (4), S
)

V (4) = {S, A, B, D, Va, Vb, Vc}

Σ = {a, b, c}

P (4) = {S → AB|VcB|a|c,

A → VaVb|VaAVbVcDVa|VaVbVcDVa|a|c,

B → VcB|a|c,

D → a|c,

Va → a,

Vb → b,

Vc → c}

³*x y��Gxo��¢o��x'�%�|z�{��|}����%wGx���x��|z�x'¦����|y�wP����x��:��¬­x y��:�*{��G�GxÈ¢ ���¡{��|��x � û x���x��P� �6wP�6z�x �£¦�wGxÈwG����x �%y�x y�x û x �&x �G�
{��%¬­��x �|y������%x��W��x y�z�x � ²|¦����6{��Ex ��{��G�Px�y�x����:��x��
¦�x wP��x �
��{J«�wG��{���Ô��
{�y�wG{��%�Gx � ²

G(5) =
(

V (5), Σ, P (5), S
)

V (5) = {S, A, B, D, Va, Vb, Vc, X1, X2, X3, X4, X5, X6, X7}

Σ = {a, b, c}

P (5) = {S → AB|VcB|a|c,

A → VaVb|VaX1|VaX5|a|c,

B → VcB|a|c,

D → a|c,

Va → a,

Vb → b,

Vc → c,

X1 → AX2,

X2 → VbX3,

X3 → VcX4,

X4 → DVa,

X5 → VbX6,

X6 → VcX7,

X7 → DVa}

ÒÇx �%�þ��{��þ��wP�G�B� ´ {��|�þ��{��þ�%wGx y��%�����þ���Gx w¡���%x Å �%�Gx wP���%�%�:}�}���y�¥��|��x��&z�wPx¤z��%y����Wz%{&}d{��%¬­�%y�x8���þz�x y û x �&x �G�

Ü



x �:��}°��{��|z�x��`}�wG�|z^�%¢��|}�{�����x���¬Ö{�}�}�x � �

G(6) =
(

V (6), Σ, P (6), S
)

V (5) = {S, A, B, D, Va, Vb, Vc, X1, X2, X3, X4}

Σ = {a, b, c}

P (5) = {S → AB|VcB|a|c,

A → VaVb|VaX1|VaX2|a|c,

B → VcB|a|c,

D → a|c,

Va → a,

Vb → b,

Vc → c,

X1 → AX2,

X2 → VbX3,

X3 → VcX4,

X4 → DVa}
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Ú ²
V1 = ∅

Ô%²
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