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$&%(')%(*+%(,.-0/21435-0%�$&687:9�9�7;1<-0=

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}

>�?2> @BADCFEHG�IJAKGLANMPOPARQSGTCFC5GLAKIUG�VWGLX<A
Y 9Z%(-0,[%�$&687:9\9]7;1<-0=^-0,`_Da[b:9]/<=dcfeKb)6<9]7:gihjb)6<9k*U6<-0,[':%l,Bm(nB=)o:,[,[%l,�pU9�nU/8/4/<-q%�7:g0/
7;g0g0%(68%(6H/r18%l/Ds:b:,ftu%�1<1<%l,[6<%l':%lgq,.*J%(hj6<%l-i1Kvw%(6H35%l,�x

y -0%(68m(nz*+%(':-0,[,d1!9]7;,z3[7;9�-0,d1lp{7:gqg0%
ε |~} %(':%lgq,`m(nz%(,d1<hj%(68,[%(,�x	�4-0%��B%(,U':% V1 :=

{A ∈ V |A ⇒∗

G
ε}
%l,)18aU�;gq1&7:gqg0%!�W7:6<-�7;*[g0%(,LpJ35-0%�/<-0�Ha�7:n5h

ε � *[g0%(-q1<%l,�g07)/</<%(,B=)o:,[,U%(,�x� %(-Tn[,J/2%l6<%l64$&687:9\9]7;1<-0=�-0/2143[7)/
V1 = {A, C}

xP��-q%�/2%
ε |�} %(')gq%l,�p5n[,U3f7;g0g0%���b:68=:b:9 |9�%(,zs:b),z�W7;68-07:*[gq%l,�35-q%�3[b:6<1!a[-q,[hj�[a[68%(,�9��J/</<%(,z':%�/r186<-��Ha[%l,�vw%(6H35%l,�x���%(,[,��W-0,[%

�W7;68-�7;*[g0%�7;g0gq%l6835-0,['d/�,[-0�Had1P,Fn[6Pm(n[9
ε
hj�[aU621�p)9��U/</<%(,�,[%ln[% } %l':%(g0,]%(,U':%�hj�U';1Wvw%(6H35%(,��

∀B → xAy ∧A ∈ V1 ∧ xy 6= ε :
3[-q%�,[%(n[% } %lgq')%(, B → xy

%l-q,[hj�[':%l,�xW�4-0%l/Phj�[a[6<1�m(n
hjb:g0':%l,U35%l6�$&6H7;9�9]7#18-q=

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}

eKn[,�/<-0,U3�35-q%�tu%(1218%(,[68%(')gq%l,�7:,�3[%(6 } %l-qa[%)x y -0%(6<hj�[6�9�nU/8/�hj�[6��r%�35%B�W7;68-07:*[g0%
X ∈ V

35-0%.���dn[-0s#7;g0%(,[ml=Fg07)/</<%]*J%�/r18-q9�9�1�vw%(6H35%l,��j�W7;68-�7;*[g0%(,�3[-q%f/2-��Ha�-0,[%(-0,U7:,U35%(6
7;*Ugq%l-i18%(,.g07)/</<%(,J���

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

[S] = {S}

[B] = {B}

[D] = {D}
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� g0g0%]�W7;68-07:*[gq%l,�3[-q%�-0,�%l-q,U%(6!')%(9�%(-0,U/87;9�%(,����)nU-qs#7;,U%(m(=Fg�7:/8/2%\g0-q%l':%(,LpLaU7:*J%l,�')%(,U7:n35-0%u':g0%(-��Ha[%��[n[,[=d18-qb),�p[n[,U3.=)o:,[,[%l,./<b:9�-q1�m(nf%(-0,[%(6�mlnU/87;9�9�%(,[')%�h�7:/8/21�vw%(6H35%l,�x

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}

eKn[, 9��U/8/2%l,�=)o:,[,U%(, 7;g0gq%B�W7:6<-�7;*Ugq%l,�pw3[-q%B,[-��Had1	/<-0�Ha /<%(g0*U/r1^7:n5h�35%(6 } %l�Had1<%l,¡F%l-i18%4%(,d18aU7;gq1<%l,�p535-q68%(=d1�7;,^35%l,	¡d18%(g0gq%l,^%(-0,[')%l/<%�1<m(1Dvw%(6H35%(,Lp)vwb�/<-q%&7;n5h{3[%(6 } %l�Had1<%l,/<%(-q1<%&��b:68=:b:9�9�%(,Lx Y ,U3.7;g0gq% } %(')%(g0,�p[35-0%�7;n5h{3[%(6 } %��Ha)18%(,f¡F%(-q1<%u,Fn[6�%(-0,[%u�W7;68-07:*[g0%%(,d18aU7;gq1<%l,�p5=:o),[,[%(,.%(*+%(,[h�7;g0g0/lpU35-06<%l=d1�%l68/<%�18m�1�vw%(6H35%(,��

G′′′ = (V, Σ, P ′′′, S)

V = {S, A, B, D}

Σ = {a, b, c}

P ′ = {S → AB|c|cB|a,

A → ab|aAbcaa|aAcca|abcaa|abcca|a|c,

B → c|cB|a}
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• ² n.g�7;,U':% } %(')%(g0,	=F�[68m(%l,

• ³ %(689�-q,J7;g0%u3[n[68�Ha.�W7;6�%l68/<%�18m(%l,
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