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>XWYLKOZH[HV\NQ�CEH�\NHK]EHNFI^VCED_BISTJMLVU1Ha`cbZJMHKO�FIHNJMLKJMOPFI^Id
e OPFIHKOZLNU1LNfhg1B�CE`�CMOZi;H1\NHKJjCjg1BI`cOZikBIHKiM>

HKl
{a1a3a5 . . . a2n−1 | a1a2a3 . . . a2n ∈ L}m l
{a2a1a4a3 . . . a2na2n−1 | a1a2a3 . . . a2n ∈ L}fnlAo<p9qcrts

(L) = {w1w2 | w1w2 ∈ L, w1 u w2 v�wyxyz|{~}��1w }� l����M�
(L) = {x ∈ L |

� `�J��M\N^K]M�h`cO
y 6= ε � `

xy ∈ L}`�lA� {~} (L) = {x ∈ L |
� `�J[�M\N^K]E�I`�On\K]EQK�E` � H�CELK�

x
\KLN�aJMH�`�bZJMH9O�B�Cj�1J

L}B�CMl {~}I{tx (L) = {x ∈ L |
f�OZH�FI^V\NL9OZL

y u xy ∈ L}� l
LR = {x | xR ∈ L}�Vl
{x | xxR ∈ L}

�K>AWYLKOZH���BI�h��Bh� � `|CEHN�MSaCE�1i�FhU1^KBh�1i�CED�J�FIHNJMLKJMOPFI��J�Bn�TJEQNU1D�JRFIH9O�Cj�1i;`�U1^K�IO��
BhCj�1iAFhU1^KBh�1i�fhU1D�BnBI��J�FhU1`cOZB�Cjg1i�D�i�\N]MLNiACj�1JY��JMD�BI� u Cj�1J�CEL � g�FIH9OKCELRBI� � \VUTgM�
]MD � H�\NLK�[\N`�]?OZ���I`�O�QNU1H�CEH�\N`|\N`�]EHKB � ��JMH�BnSTJELNU1HI>
�K>�@�B�CED

k
L � L � LN]M��OZB � QKi v k(a) = 10 u k(b) = 01

>
HKl

L = (a + ba)∗ u k(L) = �m l
L = (10 + 0)∗1∗ u k−1(L) = �fnl
L = {w ∈ {0, 1}∗ |

bZBIL�\VUTg1�ELKik�7FnHKO�=;BhCj�1J
w} u k−1(L) = �

� >a@-JEH�BnSTJELNU1L�FIHNU1`cb�CEH9O#q��?�¡  }h{tx saHNJ[CML�BI� � \NUTg1]ED � ^�CELK�-`�bZJMH9O�\K`¢\K`�]MHKB � ��JML
£   }h{tx sEl|> e ��BhCE`RHVUTfIQK]?OZ� � L¤\NLK��HV\NLVFn]MbZJM`|CEHKO¥HKJ�CEL

L(M) u QV\NLK�
M v \K`¢\K`�]MH1�

B � ��JEL-HK�MCEQ � H1CEL u `cbZJMHKO�q��?�¡  }h{tx s�g�QK�IO > e OPFnHKOZLNU1LVfIg1B�CE`�CELKJ;HNUTfIQK]MOZ� � LI>
¦K>�§�\NL � `�bZ�jCE`¨g�HKJ©CMH1\NL � `�bZ�jCE` v L1 = L2 u Q1\KLN� v

L1 = b∗ + b∗a(b + ab∗a)∗ab∗
FnHKO

L2 = (b∗ab∗a)∗b∗

ªK> £¬«T« l�@-B�CED
M v�­Y®9¯ FIH9O

L = L(M)
> e `cbZ�©CM`�QVCMO

RL

FIH9O
RM

`cbZJEH9O�BI�h��BI`cOZi
OZBnL � �TJMH � bZHKiM>�WY��ikL9O

RL u RM

BI�I`¢C?b � LKJ©CMHKO � `|CEHK�ESaCELN�TiMd
° >�±�HVCEHKBhFI`��T^KB�CE`�q?>³²´>IfI]MH �h� H1CMOPFn��i¨\KLN�7JMH�\NHN]M^NfILN�TJ v

L1 = {w ∈ {a, b}∗ | µ a
BhCj�1J

w 6= µ b
B�CE�1J

w}

L2 = {aibj | i 6= j, i, j ≥ 0}

L3 =
BISTJMLNU1L�Bn� � m LVU1LKBI`cOZ]M��J � `�OZBnLN]M]ELV\V� � ��JM`�iY\NHK]E`�JM�E��BI`cOZi

L4 =
BISTJMLNU1L�`�FI��]E^KBI`�D�J�¶¥� w qc�Tr £ ¶¥� w qc�Tr#s��K· z s w¸w¸{ � }Iw l

L5 =
BISTJMLNU1L�¹¥º�ºY¶�\K]ELNfI]MH �h� ^1CED�J

»K> £¬«T« l e `cbZ�jCE`��I]j�1B�O � L1\KLKOZ��JjCEHKi7CML��E`���]E� � H½¼�p9¾ { r~rt�À¿�s z �9Á�s�QVCMO��GfhU1��BIBnH
{aibj | 1 ≤ i ≤ j}

� `�J[`cbZJEH9O�FIHKJELKJ?OPFhg9>


