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◮ I%-%))>0 &%+ !' %")2 ,":!4 α! = .!4 . . . .4"."
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◮ 999

◮ :% ;%& <#6*&  = %!%! α = ! "!!! . . ."!!! .( ! = ! ! ′=

%>>', "!?*$ $*,@*(!$@+> ><9  ! "! → β! | . . . |β" %#$*,&%$A;">

>4!4$$ 2*B>*,*((+> % #*B*#(- '#6%$= %2< <##*(!>*0<> ! ′ *#*@./*!8

β# = # $!#! . . .$$#$ .( ! ′ = # ! ′′9

◮ :% *B6 &*2$*,2<&"#<( ><$*,@*(!$.(* *(*$.& 53#9 2'($ "!7 &*2

$%#"#C&> '#6%& %#$*,&%$A;"$ %2< <##*(!>*0<> ! 2*B2%,%0$

,.(!./*!= %>>', &*2 2'&0/%$@C> %!$= /'B6 ! 6∈ %(& )= 2<;*#

;%#%2*&&6< *#-!- ><$*,@*(!$.( *(*$.D*& % '()('*+ '#6%&

%#$*,&%$A;"$ ;"#%(!$'$$C> %2< <##*(!>*0*$$9

◮ E!.,$= /% *B6 (!<&$*& &*2 $%#"#C&> <##*(!>*0- %#$*,&%$A;"$=

%>>', *B6 (!<&$*$ ;<((!%2*B6+&> 5F&9 ,-/01-/?*$ /%@$C&>

;.B,*7 .( %! '$$ ;"#%(!$'$$ %#$*,&%$A;% C$"& >4;*$>*!- *#(-
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><*#.BA$<> %! F&9   (/) )*#$.$*#$J 5K*L&A<1$ #"(0 >.(-DD97
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!"#$%%(α) = {! |α ⇒∗ !3 ∈ Σ∗ .( |! | = / ;%B6 (|! | < / .( 3 = λ)}
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  ( )  ! "#$%

 ! (α) ! "#$%&'(!) *+,-.#!'/$ 0+1"2$%(!2$03

 !"#$&'( 40,5060"   ,  ! ⊆ Σ∗ 650+70" 2$ ! ≥ 89 :""-.

  ⊕  ! = { ! ("#) | " ∈   , # ∈  !}.

   
   

 !"##$

!" =

 !"#!

  ( )  ! "#$%

 ! (α) ! "#$%&'(!) *+,-.#!'/$ 0+1"2$%(!2$03

$%&'() ;*   = {λ, (**} 2$  ! = {*, *(*}< *""-.

  ⊕!  ! = {*, *(, (*}9

+,-.,-#/%0)   ⊕  ! '#6=#, 72,0$< '#70+   ⊕  ! ⊆ Σ∗, 9

>-7&??& * ⊕ '@70+0! *$$%-#*!(7 2$ "B66506 #,*%-+C*!)< C-,5

'#6=06 α, β .*

 ! (αβ) =  ! (α)⊕  ! (β).

 $"#!

  ( )  ! "#$%

 ! (α) "#$%&'(!&$*

40,506 α = 1 . . .1!9 D""-. *% 0+1%10" '#*!!

 ! (α) =  ! (1 )⊕ . . .⊕  ! (1!).

>0C&!< 0+0,06=1 $*"  ! (1" ) ! "#$%&'(!*6#< *C-+ 1" ∈ (2 ∪ Σ)9

;* 1" ∈ Σ< *""-.  ! (1" ) = 1" E+=9  ! (α) =0F6(#)G*H9

>0C&! 0+0,06=1  ! (3) ! "#$%&'-+6# '#6=06 3 ∈ 2 .09
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  ( )  ! "#$%
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:78678 K#6=06 3 ∈ 2 .0 *  ! (3) C*+'*%9

+;'0/,<  ! (3) ! #!0.&+G/" * ="(3),= (3), . . . $-.-%*!!*+< *'(,

'#6=06 3 ∈ 2 .0 =" (3) = ="+ (3)9 D""-.  ! (3) = =" (3)9
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H + ,+!, . . . &E$1"*+6(1& 123 +)F")$!+ (%;!'F!4 )F;)$%" !+I& !

&E<1+&1$J #I5%4,

5 6 7
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  ( )  ! "#$%

 ! "#"$!%&' (#)*+',$-&, &(/ (!  !"# $   (%) $& '()*$+%!* (01-/

$")2 344"! &!5/&%) #"&! ( /67",/"!8 0"9:;'<+(=

 !"#$&'( >")?": , ∈ - %& % ≥ @2  //*+

!"  "# (,) =
⋃
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!$ (β) |. ⇒∗ α,β, 7(#($'#?": α, β ∈ (- ∪ Σ)∗A+(

)

.

B"4C, !"  "# (,) (! *#?(: ,"+$':C#'& &!(7(/ !$ A':(/ 4(#$(!(D

($"#?"/ (! ,A, ,(+,(#$(!< $*:0(,E*+$C/ F$':, α,βG ,A, /67",8

+%&!%H8# F7()?'& βAH<#G 7"!",4",8/ #"2

 ,*7CHH'(/H(: ( !"  "# 1"#6#%& 4"#?",, ( +67'0"HH !" A,

4(&!:C#1-/2

 !"#$

  ( )  ! "#$%

 ! CH+C: / ∈ !" (,)=
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$
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  ( )  ! "#$%

 !" (,) 4(#$(!*/ /'&!C$;,C&(2

0$1/) 3)? 2 E :?"#7,(: %& ")? % ≥ @ ")%&! &!C$2

3/)1/) I':0": , ∈ -A+" !" (,)2

456#7 ! !" (,)A, ',"+C#1-/ ( 8 (,),8!(,), . . . &*+*!(,,(#D ($;)

$':0": , ∈ -A+" 8! (,) = 8!+!(,)2 3//*+ !" (,) = 8! (,)2

 &"#$

  ( )  ! "#$%

,'9+!:);/#

F@G >")?": : = JD 8 (.) = {λ} %& $':0": , 6= .A+" #")?":

8 (,) = ∅2

FKG I':0": , ∈ -A+" 8 (,), . . . ,8! (,) $C+ '&$"+,"/2 >")?":

8!+!(,) =8! (,) ∪ {< ∈ Σ∗ | < ∈ !$ (β8! (=))

7(#($"#? = → α,β &!(HC#? "&",%: }.

FLG M( $':0": , ∈ -A+" 8! (,) = 8!+!(,)D (//*+ C##1-:/ $")D

/5#6:H": #")?": : = : + @ %& $":15:/ FKGA+"2

I':0": ,A+( !" (,) = 8! (,)2
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 !"#$%  !"#$% & & ′

 ! '#!()*&'*+ ,!(#'!% -.&/0(#&12

32 ' → (( ′

42 ( ′ → +(( ′

52 ( ′ → λ

62 ( → )) ′

72 ) ′ → ∗)) ′

82 ) ′ → λ

92 ) → (' )

:2 ) → $

;.0,<(=>% %1  ! (* )?!* ,1'@!' * ∈ {' ,( ,( ′,) ,) ′}?A!B

 !"#$

  ( )  ! "#$%

;.0,<(=>% %1  ! (* )?!* ,1'@!' * ∈ {' ,( ,( ′,) ,) ′}?A!B

' ( ( ′ ) ) ′

+! {λ} ∅ ∅ ∅ ∅

+ {λ} {+, λ} {λ} ∅ ∅

+" {λ} {+, λ} {λ} {+, ∗, λ} {+, λ}

+# {), λ} {+, λ} {λ} {+, ∗, λ} {+, λ}

+$ {), λ} {+, ), λ} {), λ} {+, ∗, λ} {+, λ}

+% {), λ} {+, ), λ} {), λ} {+, ∗, ), λ} {+, ), λ}

+& {), λ} {+, ), λ} {), λ} {+, ∗, ), λ} {+, ), λ}

C!D0*  ! (' ) =  ! (( ′) = {), λ}+

 ! (( ) =  ! () ′) = {+, ), λ} E-  ! () ) = {+, ∗, ), λ}B
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  ( )  ! "#$%

F. !AG-!' ""(,) '#!()*&' @!H'I1K=&2

 !"#$&'( L!"#!' , ≥ 3B F.* ,<'@=>%+ D<"# & !AG-!' ""(,)+ D&

*!*-.G(!"!- - ∈ . E-

-→ β,- → γ

%$(M'/M.G -.&/0(#<% !-!*E' *!(=!-$(+ D<"#

 #"(β !"(-)) ∩  #"(γ !"(-)) = ∅,

N&D<( β !"(-) = {β/ | / ∈  !"(-)}BO

P& & !AG-!' ""(,)+ &%%<A ""(,) N/1.<'#I*0- & =!"#.!*/!'OB

$&"#$

  ( )  ! "#$%

F %M)!*%!.G %E* %EA@E-* )1.-"0(=>% ,!"2

N3O P& &@<** !"# & '#!()*&' E- !"# , ≥ 3 -.0, &%%<A

!(@M'*D!*G?!+ D<"# & *!(=!-I*1?! &. !AG-!' ""(,) Q!(*E*!(*R

N4O P<"#&' ,S%M@1% &. !AG-!' ""(,) !(!,.E-R
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  ( )  ! "#$%

 ! "#$%"&   ( ) '"()*)"( "(+,&)*%"-

!"#$%  !" & #$%&"'(')*+!!'),'& &"',-).& /0 '!"  ≥ 1 '!/0( 0(234

'$%#$% !()" 5. & '%60'&   ( )7 #+,$&8'& *)+4

,-(./0%+$1

91: ;2,.00(<&# '!" =,".& , &'3)'%3>&2,>0) 3',"&'# ,'!.,288 #/)

.,)'%&.)?-2@. -.&4

9A: ;2,.00(<&# #/) #+,$&8$(6 , → β /0 , → γ 0(.82,") /0

0(23=,@<# #> . (!" (β!# (,))) ∩ (!" (γ!# (,))) 5.,3.()4

B. '( &'3+%'07 .##=% & &'3 '%60'&   ( )7 )'52) 2,,@<&# 3'!

/0 =<)C<)D *)+4

9E: B. -2,.0()5.)F ,G&.# H@.88 #/) .,)'%&.)?-.GC2%@.7 .##=%

>03/)',@+# 9A:G)4

9I: B. -2,.0()5.)F H@.88 &'3)'%3>&2,>07 .##=% >03/)',@+# 91:G')4

9J: KL@<&# =<)C<)%. !()" @',(/0)4
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  ( )  ! "#$%

23-456 M$&)0+# ',7 5=!" & ′

!"   (1)G'N

O/) =,".& 0(.82,"C2% -.&7 3',"'#&'# 8., =,L.,. <!".&.(D

1: 7 ′ → +77 ′ /0 7 ′ → λD

!" 

(

+ 77 ′ !# (7 ′)
)

= {+} /0

!" 

(

λ!# (7 ′)
)

= !# (7 ′) = { ), λ}4

P'52)
!" 

(

+ 77 ′ !# (7

′)
)

∩ !" 

(

λ!# (7

′)
)

= {+} ∩ { ), λ} = ∅.
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