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_a` ��bc��de��f

gBhihkjml
L
jmlon[j%prqsn]t�j+uJtwvQx�jmlyj�zR{Xxk|s}�~[j��

|r�
�T�s���oly}�~Xprjmlot����
��jm~�|/�X{Xt��XnX�[�

La = L ∩ LR lyh�t�nXly}�~Rtcprqsn]t�j+uJtwvQx�jmlW���jm��jmlyh"�	��nXn�|/~X��j��
La

lyh�t�prqsn]t�j+uJtwvQx�jmlW�K�%|/nXn����/x�j����%�c��zR{Xxk|s}�~[j��Xn]t�jmx�z�}k~XnXlot�t3|/�X�rj�h�}�~X�yq�hkh�jmn1�
� n�|s}�~T�Xjmxi�c�JvQ�]|/�	jmn[h�t�jm�o�o�XnX� lyh�ti¡Hprqsn]t�j+uJtwv6x�jml ⇒SatzV LR prqsn]t�j+uJtwvQx�jml>�����yh�q����/x�j L ∩ LR = Laprqsn]t�j+uJtwvQx�jmlW�
¢£ly�Xjmx�h�{Xx��[}�~¥¤��Xx�zJ|/t�¤r� ¦Bqsx��W� ⇒ La

lyh�t�nXly}k~]tcprqsnRt�j+u�twvQx�jmlW�
�T�s���oly}�~Xprjmlot�§J�
¢£lox��rjm�Kjmn¨jmlon�©�jm�rjmn]�	jmlyh�{Xlyjm�ª|/n1�
z�jml

L = {ac, bl, al | c, l ∈ « }
⇒ LR = {al, bl, ac | c, l ∈ N}
⇒ La = L ∩ LR = {al, bl, al | l ∈ N} � La

lyh�t�prjmlon[j%prqsn]t�j+uJtwv6x�jmlyj�zR{Xxk|s}�~[j��
��lyj�h�p�|/nXn¬� |/n­�rjmn�|/�[hkqH��lot �Xjm�¯®��X��{XlonX���yjm��� |<¤"jmlo�rjmn1°B��lyj±��loxelon­�Xjmx ¦Bqsx��yj�h��XnX�<�rjm¤"jmlo��t
~�|/�	jmn1°[�[|sh�h

Labc = {anbncn | n ∈ « } nXly}k~]tcprqsnRt�j+u�twvQx�jmlZlyh�t"�
�
�
�T�s���oly}�~Xprjmlot����
��jm~�|/�X{Xt��XnX�[�

Lb = L · LR lyh�tijmlon[j²prqsn]t�j+uJtwv6x�jmlyj�zR{Xxk|s}k~[j����jm��jmlyh"����|s}k~¨�Xjmxc���Jv6�]|/�	jmn[h�t�jm�o�o�XnX��lyh�ti¡<jmlon[j%prqsn]t�j+uJtwvQx�jmlyj�zR{Xxk|s}�~[j
⇒SatzV LR lyh�t�prqsn]t�j+u�v6x�jml ⇒SatzV L · LR = Lb

lyh�tiprqsnRt�j+u�twvQx�jmlW�
�T�s���oly}�~Xprjmlot�§J�
gBhihkjml

G = (V, T, S, P )
jmlon[j�©�xk|/��� |/t�lop³��lot

L(G) = LgBhihkjml
GR = (V, T, SR, P R)

jmlon[j�©�xk|/��� |/t�lopevQ´Xx
LR ���j+µ[nXlyjmx�j%n[jm�[j�©�xk|/��� |/t�lop

Gb = (V ∪ {Sb}, T, Sb, P b)
°X��qs�Kjml

P b = P ∪ P R ∪ {Sb → SSR} ��%|/nXn¶lyh�t
Lb(G

b) = L · LR � � ��lyj�h�lyh�ti�rjmn�|/�[jmxi¤��¶�	jm��x�´Xn[�Xjmn1�·�
}¸�
��jm~�|/�X{Xt��XnX�[�KzR{Xxk|s}k~[j

Lc = {wwR | w ∈ L
�Xn[�¶¡Vlyh�t�prqsn]t�j+uJtwv6x�jml } lyh�t�nXly}�~Rtcprqsn]t�j+uJtwvQx�jmlW�¢£lox��rjm�Kjmn¨jmlon�©�jm�rjmn]�	jmlyh�{Xlyjm�ª|/n1�[g¹hih�jml

L = {w = a2nbn | w ∈ L, n ∈ « } ��%|/nXn¶lyh�t
Lc = {a2nb2na2n | n ∈ N} ����lyj�hkj3zR{Xxk|s}�~[j²lyh�t�nXly}�~]t�prqsn]t�j+uJtwv6x�jmlW���lyj�h��	jm��jmlyh�te� |/n­�rjmn�|/�[h�q � ®��X��{XlonX���yjm��� |r� ��lyj¶��loxelon­�Xjmx ¦Bqsx��yj�h��XnX�<�rjm¤"jmlo��te~�|/�Kjmn1°��[|sh�h

Labc = {anbncn | n ∈ « } nXly}k~]tcprqsnRt�j+u�twvQx�jml1lyh�t"�

_a` ��bc��de�»º

¼
�¶¤"jmlo�rjmn¶lyh�t"°X�[|sh�hi�Jlyj%x�jm���X�½�/x�jmnTzR{Xxk|s}k~[jmn¥�rjmn�|/�¥�Jlyj�x�j�}�~]t�h��olon[j"|/x�jmn¾zR{Xxk|s}k~[jmnTh�lon[���
��j�qs��|s}�~Rt��XnX�[�ªgBh%hkjml

G = (T,N, S,R)
jmlon[j�x�j�}�~Rt�h��olon[j"|/x�j±©�xk|/��� |/t�lopK�1¢HjmnXn

S =⇒∗

G α
°��[|/nXn

lyh�t
α = xB

qR�Xjmx
α = x

��lot
x ∈ T ∗, B ∈ N

�

�
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����¢£lox ��qs�o�yjmnA¤"jmlo�rjmn1°��[|sh�h�vQ´Xx���j��Xj±x�j�}k~]t�h��olon[j"|/x�jH©�xk|/��� |/t�lop­jmlonA��gB� j+uJlyh�t�lyjmx�t"°��Xjmx �Jlyj
���yjmly}k~[j�zR{Xxk|s}�~[j�|/pR¤"jm{Xt�lyjmx�t"��¼
����j��Xjmxc�rjm�rjm�	jmn[jmn¾©�xk|/��� |/t�lop

G = (T,N, S,R)
ps|/nXn¥� |/n

jmlon[jmn¥��gB�
M = (Q,Σ, s, F,∆)

��lyj%vQqs�o��t�prqsn[h�t�x��Xlyjmx�jmn1�

• F = {f} � lyjmx��	jml�lyh�t f jmlon±¤��[hk�/t�¤��oly}�~[j�h%z��R���Kqs�W�
• Q := N ∪ F

����´Xx���j��Xj�hi��ly}�~Rt�t�jmx���lon�|/�ª��lo�Xtij�hijmlon[jmn�¼
�[h�tk|/n[�±lon¨� �
• Σ := T

�
	rj��Xj�h��Zjmx���lon�|/����lox��³¤��¨jmlon[jm� z����3�	qs�ª|/�[hi�Xjm� �c�o{X~�|/�	jmt"�
• s := S

�
zRtk|/x�t�h
���3�	qs�1��lox��±¤��¥zRtk|/x�t�¤��[h�tk|/n[���
• ��´Xx���j��Xj��cjm�rjm�1�Xjmx���qsx�� A→ aB

lyh�t
(A, a,B) ∈ ∆

�
• ��´Xx���j��Xj��cjm�rjm�1�Xjmx���qsx�� A→ a ∈ R

lyh�t
(A, a, f) ∈ ∆

� � ��lyj�hi��lo�otc|/�[}k~¶vQ´Xx
a = ε
�·�

g¹hZh�jml
w ∈ L(G)

�¸�%|/nXn3j+uJlyh�t�lyjmx�tZjmlon[j¹�c�X�yjmlot��XnX�rhwv qs�o�rj�°¸�Jlyj
w
jmx�¤"jm�X��t"�¸��lyj�h�jmxª�c�X�yjmlot��XnX�rhwv qs� �

�rj�jmn]t�h�{Xx�ly}�~]t¹lon�n�|/t�´Xx��oly}k~[jmx�¢Hjmlyh�j�jmlon�® vW|s��lo�����Kjmx��]|/nX�rh���xk|/{X~[jmn��rqsn
M
° �Xjmx�lo� zRtk|/x�t�¤��J�

h�tk|/n[�
s
�	jm��lonXn]t��Xn[�±lo� g�n[�J¤��[h�tk|/n[�

f
jmn[�Xjmt"�
��j"|s}k~]t�j

A→ aB ∈ R⇐⇒ (A, a,B) ∈ ∆
�

�%|/��lot���lox��
w
�rqsn

M
|/pR¤"jm{Xt�lyjmx�t"����lyj�h�j±��jm~�|/�X{Xt��XnX�Vlyh�t�¤���v qsx�� |/��¤��¬�	jm��jmlyh�jmn1°¹jmt ��|

�J�Xx�}k~�� n[�J�XpRt�lyqsn¨´X�Kjmxi�Jlyj²¡ª�/nX�rj²�Xjmxc���X�yjmlot��XnX�rhwvQqs�o�rjmn1�
��jmx h�q�prqsn[h�t�x��Xlyjmx�t�j��c�Xt�qs� |/tB|/p�¤"jm{Xt�lyjmx�t��Jlyj�zR{Xxk|s}k~[j

L(G)
�sgBh���lo�ot |/�yh�qX��	rj��Xj�x�j�}�~Rt�h��olon[j"|/x�j

zR{Xxk|s}k~[j²lyh�tijmlon[j²x�jm���X�½�/x�j�zR{Xxk|s}�~[j��
§J�ig¹h²h�jml

L
jmlon[j�x�jm���X�½�/x�jezR{Xxk|s}k~[j��1¢£lox%¤"jmlo�rjmn1°1j�h%��lo�Xt²jmlon[j�x�j�}k~]t�h��olon[j"|/x�j±©�xk|/��� |/t�lop

G =
(T,N, S,R)

°ª�Jlyj
L
jmx�¤"jm�X��t"����h�t

L = {ε} °ª�[|/nXnHlyh�t3�Jlyje��jm~�|/�X{Xt��XnX�¨p��½|/x"�ZgBh�h�jml¹|/�yh�q¶lo�v qs�o�rjmn[�Xjmn
L 6= {ε} �1�%|/nXn<j+uJlyh�t�lyjmx�t3jmlonVjmn[�J�oly}k~[jmx����Xt�qs� |/t M = (Q,Σ, s, F,∆)

qs~Xn[j
ε
�

���	jmx��]�/nX�rj%��lot
L(M) = L

�J¢£lox�prqsn[h�t�x��Xlyjmx�jmn
G
��lyj�vQqs�o��t"�

• N := Q
��	rj��Xjmx�¼
�[h�tk|/n[�±��lox��±¤��¨jmlon[jm� �cly}k~]t�t�jmx���lon�|/�yh
���3�	qs�W�

• T := Σ
�
	rj��Xj�h�z����3�	qs�ª|/�[hi�Xjm� ���o{X~�|/�Kjmtc��lox��±¤��¶jmlon[jm���ªjmx���lon�|/�W�

• S := s
�[��jmx�zRtk|/x�t�¤��[h�tk|/n[�¶��lox��¶¤��X� zRtk|/x�t�h
���3�	qs�W�

• R = {A→ aB | (A, a,B) ∈ ∆} ∪ {A→ a | (A, a,B) ∈ ∆, B ∈ F}.
��lyjeh�q¶�Xj+µ[nXlyjmx�t�j±©�xk|/��� |/t�lop¾lyh�t²x�j�}k~]t�h��olon[j"|/x"°�|/�o�yj���jm�rjm�onV~�|/�	jmnV�Jlyje|/nX�rjm�rjm�	jmn[j��[qsx��¶�
¢HjmnXn

M
jmlon ¢Hqsx�t

w
|/pR¤"jm{Xt�lyjmx�t"°��[|/nXn ��lo�Xt�j�h�jmlon[jmn¬® vW|s�<lo�����Kjmx��]|/nX�rh���xk|/{X~[jmn��rqs�

zRtk|/x�t�¤��[h�tk|/n[�
s
¤��¥jmlon[jm��g�n[�J¤��[h�tk|/n[���K��lyj�h�jm� jmnRt�h�{Xx�ly}�~Rt²jmlon[j��[qs�o�rj��rqsn¥���X�yjmlot��XnX�rjmn�lon

�Xjmx�©�xk|/��� |/t�lopK°��Jlyj
w
jmx�¤"jm�X�rjmn1�1��lyj�h%lyh�t��rjmn�|/�[jmx3¤��¾�	jm��jmlyhkjmn1°�jmt ��|¨�J�Xx�}�~ � n[�J�Xp�t��Xlyqsn

´X�	jmxc�Jlyj%¡Z�/nX�rj��Xj�hi® vW|s�Xj�h"�
��lyj�h�j�©�xk|/��� |/t�lopTjmx�¤"jm�X��t

L(M)
�	���yh�q ��lo�ot"�!	rj��Xj�x�jm���X�½�/x�j�zR{Xxk|s}�~[j�lyh�t�jmlon[j�x�j�}�~Rt�h��olon[j"|/x�j

zR{Xxk|s}k~[j��

_a` ��bc��de�#"

�Zjmlo��|J�·�

§
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®�x�lonX¤�lo{Xlyjm�o�yj ���Xj�j��[¢£loxc�	jmn]�Xt�¤"jmn�~Xlyjmx�jmlon[j �1�Xx�lonX�s� ��|sh�}�~Xlon[j��Jlyj�n[jm�KjmnT�Xjm� g�lonX�]|/�	jm��|/n[�Tn[qR}k~
¤���jmlK�cx��	jmlot�h����/n[�Xjmx�n]�Xt�¤�t"����� � jmxk|/�[h�¤��Jµ[n[�Xjmn³qs� x

jmlon[j�����|s�Jxk|/t�¤¸|/~X�
lyh�t"°]h��[}�~Rt¹� |/nejmlon[j�¼	|/~X�
n
vQ´Xx��Jlyj���lo�ot"�

n ∗ n = x
� � nV�Xn[hkjmx�jm� ��|/�o��h�t�jm~]t

ax |/�Jvc�Xjm� gBlonX�]|/�Kjm��|/n[� �Xn[�V�Xjmx�¡1j�h�jmprqs{Jvh�t�jm~Rt�|/�a�olonXprjmn�g�n[�Xj��Xj�h g�lonX�]|/�	jm��qsx�t�j�h"�����Jv
�[|sh�jmx�h�t�j���x��Kjmlot�h���|/n[����lox����[|/nXn
an �rj�hk}�~Xx�lyjm�	jmn1����Jv��[|shc¤���jmlot�j��cx��	jmlot�h���|/n[�±��lox��¨n]�Xn��wj��Xjmx�nJ�Wt�j3���[}�~[h�tk|/�	j3�Xj�h�g�lonX�]|/�	jm��qsx�t�j�h�prqs{Xlyjmx�t"�	zRt�jm~Rt

n�|s}�~¥�c��|/x��	jmlot�jmn¶�Xj�hig�lonX�]|/�	jm��|/n[�Xj�h�|/�Jv �Xjmn¨�cx��	jmlot�h����/n[�Xjmx�n¶�[|sh�hkjm�o�Kj�°Xh�q�~�|/�	jmn±��lox��Xn[h�jmx
an�rj+vQ�Xn[�Xjmn±�Xn[�

x
lyh�t�jmlon[j�����|s�Jxk|/t�¤¸|/~X�W� ��lyj��1�Xx�lonX�s� ��|sh�}�~Xlon[j3�rjm~]ti�[|/nXn±lon±jmlon[jmn¨|/pR¤"jm{Xt�lyjmx�jmn[�Xjmn

g�n[�J¤��[h�tk|/n[���
¢V|sh�lyh�t�¤��±�	j"|s}�~Rt�jmn�� ������h�t��[|sh��yjmt�¤�t�j�prqs{Xlyjmx�t�j

a
nXly}�~]t��[|sh��yjmt�¤�t�j

a
�Xjmxig�lonX�]|/�	j�°[���w~1�[|/�Jv �Xjm�

g�lonX�]|/�	jm��|/n[�±h�t�jm~[jmn8n[qR}k~e�
a �
h���lot

m < n
h�q�ps|/nXn

x
nXly}�~]t��]|/nX¤�¤¸|/~X�olo���J�Xx�}k~

n
�rjmt�jmlo�ot���jmx��Xjmn

�Xn[�³h�qs��lot�ps|/nXn
x
nXly}�~Rt

n2
h�jmlon1� � n³�Jlyj�h�jm� ��|/�o�	��jmx��Xjmn¨�Jlyj��	jmly�Xjmn±�cx��	jmlot�h����/n[�Xjmx��rjm�y��h�}�~Rt��Xn[�

n
lonXpRx�jm��jmnRt�lyjmx�t"�
§J�	¢£lox��

an |/�Jv���x��	jmlot�h���|/n[�¬���½�/nX�rjmx�|/�yh ax °����w~1�Z|/�Jv��cx��	jmlot�h���|/n[�V§±��lox���prjmlon a
prqs{Xlyjmx�t"°Zh�q

��lox��¶jmn[�J��´X�ot�lo�enXly}�~]t�|/pR¤"jm{Xt�lyjmx�t"°��[|
x
prjmlon[j	����|s�Jxk|/t�¤¸|/~X��h�jmlon±ps|/nXn1�

zRp�lo¤�¤"j²�Xj�h����Kjmx��]|/nX�rh��Jl½|/��xk|/����h¸�

Q5 Q4

QneinQ3

Q2

Q1Q0

Q6

Qja

a auf AB1

a auf AB2

EB->
AB1-> bis,_, AB1 <-

AB1,_,

Rest EB AB2 leer

AB2 nicht leer

Kein Rest EB

Ausgangslage

AB2 löschen
AB1 ans Endea auf AB1

AB1=AB2??

Gleichheit

Ungleichheit

Anfang von
AB1 und EB

EB = Eingabeband
AB = Arbeitsband
,_, = blank

�[qsx�� |/�yj���j+µ[nXlot�lyqsn��Xjmx��1�Xx�lonX���T|sh�}k~Xlon[j��
M = (Q,Σ,Γ, s, F,∆)

��lot
Q = (Q0, . . . , Q6, qja, qnein),Σ =

(B, a)
� � lyjmx��Kjml1h�t�jm~Rt B v6´Xxijmlon¥���½|/nXp	�

Γ = (a)s = Q0F = qja∆ ⊂ (Q× Σ× Γ2)× (Q×KEB × (ΓAB1,ΓAB2)× (KAB1,KAB2))¢£lox�n[jm~X��jmnT|/n1°X�Jlyj��Z�Xx�lonX�e��|sh�}�~Xlon[j²h�t�jm~]t�|/� ��nJvW|/nX� |/�»�olonXprjmn¨g�n[�Xj²�Xjmx�g�lonX�]|/�Kj��






���������	��

�����	������������������

��� �"! #%$�&%'
(�)+*�,�-	.�)/-1032�46587	9	:<;
=/4>:	=/?
@A=/4B.�4>9	C	D�.�4>=/)FEHG�*JI�2�9K9	=/L
M�NJL+7K9	CJLFO�*J)+LFP�I	?Q2RCTS/7VU�7
,WCX2�YZ=/9[Y	?Q2]\+\3^

∆ = (Q0, a, B,B) −→ (Q1, ↓, a, ε, ↓, ↓)
(Q1, a, a,B) −→ (Q1,→, ε, ε,→, ↓)
(Q1, a, B,B) −→ (Q2,←, ε, a,←,→)

(Q2, a, a,B) −→ (Q2, ↓, ε, ε,←, ↓)
(Q2, a, B,B) −→ (Q1, ↓, ε, ε,→, ↓)
(Q1, B, a,B) −→ (Q3,←, ε, ε, ↓,←)

(Q3, a, a,B) −→ (qnein)

(Q3, a, a, a) −→ (Q4,←, ε, B, ↓,←)

(Q4, a, a, a) −→ (Q4,←, ε, B, ↓,←)

(Q4, a, a,B) −→ (Q4, ↓, ε, ε,→, ↓)
(Q4, a, B,B) −→ (Q5,←, a, ε,←, ↓)
(Q5, B, a,B) −→ (Q5, ↓, ε, ε,←, ↓)
(Q5, B,B,B) −→ (Q1,→, ε, ε,→, ↓)
(Q1, B,B,B) −→ (Q6, ↓, ε, ε,←,←)

(Q6, B, a, a) −→ (Q6, ↓, ε, B,←,←)

(Q6, B,B,B) −→ (Qja)

(Q6, B, a,B) −→ (Q4,←, ε, ε,→, ↓)
(Q6, B,B, a) −→ (Q4,←, ε, B,→,←)

�Zjmlo�Z�
�
gBhihkjml

Lp = {an | n ∈ « �Xn[� n
lyh�tijmlon[j²®�x�lo��¤¸|/~X� } �

���Xj�j��
��lyj �1�Xx�lonX�s� ��|sh�}�~Xlon[j�h�qs�o�Jn�|s}�~[jmlon�|/n[�XjmxB{Xx�´Jv jmn1°sqs�

n
�J�Xx�}�~

2, 3, . . . , n−1
t�jmlo�o��|/x lyh�t"� � gBh �rjmn]´X��t

�Xlyh b√nc ¤��¶t�j�h�t�jmn
�+�
�
|/�o�yh n �J�Xx�}k~¥jmlon[h��Jlyj�h�jmx i t�jmlo�o��|/xclyh�t"°X�rjm~Rt��Jlyj��T|shk}�~Xlon[j²lon¥�Xjmn�¼
�[h�tk|/n[�
�
n[jmlon��%´X�Kjmx��Xn[�±~��/�ot"°�vW|/�o�yhih�lyj�n�|s}k~¥|/�o�yjmn �Zj�h�t�h�prjmlon[jmn �Zjmlo�yjmx�|/�[hwµ[n[�Jlo���rjm� |s}�~Rtc~�|/t"°J�Xn[�±�	jmlo�
�Zj�h�t"°�qs�¬h�lyj

i
n[qR}k~X� |/��lon[}mx�jm��jmn]t�lyjmx�jmn£�3�[h�h�v j�h�t�h�t�jm�o�ot"°��[|��Hh�lyj8�	jmx�jmlot�h |/�Jv �ªjmlo�o��|/x�prjmlote�J�Xx�}k~

n− 1
�rjmt�j�h�t�jmti~�|/t"°X�rjm~Rt�h�lyj�lon¶�Xjmn�¼
�[h�tk|/n[�

�
��|���´X�	jmx��Xn[�±~��/�ot"�

�%|/¤��¶�	jmn[�st�lo��tch�lyj�v qs�o�rjmn[�Xj��Zjmlo�o� |sh�}k~Xlon[jmn1�

• ��� � ���lyj�h�jmx��ªjmlo�½|/�Xt�qs� |/t h�}�~Xx�jmlo�Xt
aa#
|/�Jv��[|sh���x��Kjmlot�h���|/n[� �Xn[� �½�sh�h�t��Xjmn g�lonX�]|/�Kjmprqs{Jv²|/�Jv

��nJvW|/nX� h�t�jm~[jmn1�X��lyj����Kjmx��]�/nX�rj²hkjm~[jmn±��lyj�vQqs�o��t�|/�[h"�
δ(INIT, ε, ε) → (INIT1, N, a,R) δ(INIT1, ε, ε) → (INIT2, N, a,R) δ(INIT2, ε, ε) →
(INIT3, N,#, R)

¢Hqs�Kjml1��lot�g�x�x�jmly}�~[jmnT�Xj�h�¼
�[h�tk|/n[�Xj�h
� INIT3

�%�Xjmxi���Xt�qs� |/t�v jmx�t�lo��lyh�t"�

�
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• � �����%���lyj�h�jmx��Zjmlo�½|/�Xt�qs� |/t±�	jm��jm��t³�XjmnA��x��Kjmlot�h�prqs{Jv²¤��Xx�´[}�pA|/�Jv3�[|sh8jmx�h�t�j¥|J°��Xjmx8gBlonX�]|/�Kjmprqs{Jv
�X�yjmlo�Xtih�t�jm~[jmn1�R¦Bqsx�xk|/�[hkh�jmt�¤��XnX��vQ´Xx��Jlyj�h�jmn �ªjmlo�½|/�Xt�qs� |/tilyh�t"°J�[|����Xjmx��cx��	jmlot�h�prqs{Jv�h�ly}�~³nXly}�~Rt
|/�[hkh�jmx�~�|/�o���Xj�h��	jmx�jmlot�h1�	j�h�}k~Xx�lyjm�Kjmn[jmn���|/n[�Xj�hZ�Kj+µ[n[�Xjmt"� ��lyj �c�	jmx��]�/nX�rj¹hkjm~[jmn²��lyj v qs�o��tª|/�[h"�
δ(RCKA, ε, a)→ (RCKA1, N, a, L) δ(RCKA, ε,#)→ (RCKA1, N,#, L) δ(RCKA, ε, b̄)→
(RCKA2, N, b̄, R) δ(RCKA1, ε, a)→ (RCKA1, N, a, L) δ(RCKA1, ε, b̄)→ (RCKA2, N, b̄, R)
δ(RCKA2, ε, a) → (RCKA3, N, a,N) δ(RCKA2, ε, b̄) → (RCKA2, N, b̄, R)

¢Hqs�	jmlZ��lot
gBx�x�jmly}�~[jmn<�Xj�h3¼
�[h�tk|/n[�Xj�h

� RCKA3

���Xjmx²���Xt�qs� |/t�vQjmx�t�lo�³lyh�t"�!� � ��jmlot�jmx�jmnH��jmx��Xj�ly}k~HjmlonJ�
� |/���Jlyj±z�}�~Xx�jmlo�R��jmlyh�j � �����%� � |r���rjmx���jmn[�Xjmn1°��Jlyj8�	j��Xjm�Xt�jmn�h�qs�o�W°ª�[|��T�	jml�g�x�x�jmly}k~[jmn¬�Xj�h
¼
�[h�tk|/n[�Xj�h

� RCKA3

�%lonT¼
�[h�tk|/n[�¨|�´X�	jmx��rjm�]|/nX�rjmn¨��jmx��Xjmn¥h�qs�o�W�

• � �����%g��lyj�h�jmx��Zjmlo�½|/�Xt�qs� |/t±�	jm��jm��t³�XjmnAg�lonX�]|/�	jmprqs{Jv�¤��Xx�´[}kpA|/�Jv²�[|shejmx�h�t�j¥|J°��Xjmxe��x��Kjmlot�h�prqs{Jv
�X�yjmlo�Xt�h�t�jm~[jmn��ª|/�[}k~<~Xlyjmx3lyh�t²¦Bqsx�xk|/�[h�h�jmt�¤��XnX�[°��[|��¥�Xjmx�g�lonX�]|/�	jmprqs{JvinXly}�~]t�|/�[h�h�jmx�~�|/�o� �Xj�h
�	j�h�}k~Xx�lyjm�Kjmn[jmnT��|/n[�Xj�hch�t�jm~]t"�
δ(RCKE, a, ε) → (RCKA,L, ε,N) δ(RCKE, b̄, ε) → (RCKE1, R, ε,N)

¢Hqs�	jml%��lot
gBx�x�jmly}�~[jmn��Xj�h�¼
�[h�tk|/n[�Xj�h

� RCKE1

�²�Xjmxc���Xt�qs� |/t�vQjmx�t�lo��lyh�t"�

• �������lyj�h�jmx �ªjmlo�½|/�Xt�qs� |/t�lon[}mx�jm��jmn]t�lyjmx�tc�Jlyj���nX¤¸|/~X�K�Xjmx
a
|/�Jvª�Xjm� ��x��Kjmlot�h���|/n[�8�Xn[� �rjmx�h�}�~Xlyjm�Xt

�[|sh��8�[��jmlZ�Jlyj�h�jm�»���Xt�qs� |/ti�3�[h�h��Xjmxc��x��Kjmlot�h�prqs{Jv�h�ly}k~¥|/nJv �/nX���oly}k~¶lon¨�Xjmn
a
�Kj+µ[n[�Xjmn1�

δ(INC, ε, a) → (INC,N, a,R) δ(INC, ε,#) → (INC1, N, a,R) δ(INC1, ε, a)→ (INC2, N,#, N)¢Hqs�	jml1��lotcgBx�x�jmly}�~[jmn¥�Xj�h�¼
�[h�tk|/n[�Xj�h
� INC2

�%�Xjmxc���Xt�qs� |/t�v jmx�t�lo��lyh�t"�

• ��g�z ���lyj�h�jmx����Xt�qs� |/t�t�j�h�t�jmt"°
qs���Jlyj���nX¤¸|/~X� �Xjmx
a
|/�Jv¹�Xjm���cx��	jmlot�h���|/n[� � lo� vQqs�o�rjmn[�Xjmn

i
�rjmnJ�

n�|/nRtF���	jmx�jmlot�h²��x�� �rjmx�lyh�t�|/�yh²�Jlyj � �/� vQt�j��Xjmx3��nX¤¸|/~X���Xjmx a
|/�Jv��Xjm� g�lonX�]|/�	jm��|/n[��� � lyjmx�¤����´[h�h�jmn¶�	jmly�Xj²���s{JvQj²h�ly}�~¥|/�Jv��Xjm� ��jm��jmlo�yhijmx�h�t�jmn

a
�	j+µ[n[�Xjmn1�

δ(TEST, a, a) → (TEST1, R, a,N) δ(TEST, a,#) → (TEST3, N,#, L) δ(TEST, b̄, a)→
(TEST2, L, a,N) δ(TEST, b̄,#)→ (TEST3, L,#, L) δ(TEST1, a, a)→ (TEST,R, a,R)
δ(TEST1, b̄, a) → (TEST2, L, a,N)

¢Hqs�Kjml���lot�gBx�x�jmly}�~[jmn��Xj�h�¼
�[h�tk|/n[�Xj�h
� TEST2

� �Xjmx
�ªj�h�t3�	j�h�tk�/t�lo��t²��lox���°Z��lot

� TEST3

���rjmx���qsxwv jmn<��lox���� � � ��jmlot�jmx�jmnV��jmx��Xj ly}k~<�Jlyjez�}k~Xx�jmlo�J�
��jmlyh�j���g�z � � |J° �
� �rjmx���jmn[�Xjmn1°
��qs�	jmlZ��lot�|��Jlyj�zR{Xx��XnX��� |/x�prj3�rjm��jmlonRt�lyh�t"°X�Jlyj%�Kjml

i > bn
2
c�rjmx���jmn[�Xjmt���lox���°[��lot��¨�Jlyj3zR{Xx��XnX��� |/x�prj²vQ´Xxi�Xjmn¶�rjm�rjmnRt�jmlo�olo�rjmn ��|/�o�W�

• � � ¦��lyj�h�jmx �ªjmlo�½|/�Xt�qs� |/t�t�j�h�t�jmtB�Jlyj��Zjmlo�o��|/x�prjmlot �rqsn
n
� �Jlyj���nX¤¸|/~X���Xjmx

a
|/�Jv	�Xjm� g�lonX�]|/�Kjm��|/n[���

�J�Xx�}k~
i
� �Jlyj���nX¤¸|/~X�B�Xjmx

a
|/�Jv��Xjm� �cx��	jmlot�h���|/n[���+�	¦Bqsx�xk|/�[h�hkjmt�¤��XnX�¶lyh�t"°��[|��±�	jmly�Xj��c�s{Jv j

h�ly}�~¥|/�Jv��Xjm� jmx�h�t�jmn
a
�Kj+µ[n[�Xjmn1�

δ(DIV, a, a) → (DIV,R, a,R) δ(DIV, a,#) → (RCKA(DIV ), N,#, L) δ(DIV, b̄, a) →
(DIV1, L, a,N) δ(DIV, b̄,#) → (DIV2, L,#, L)

¢Hqs�	jml3�[|sh¶g�x�x�jmly}k~[jmn �Xj�hT¼
�[h�tk|/n[�Xj�h
� DIV1

�
n
nXly}�~Rt��J�Xx�}k~

i
t�jmlo�o��|/x�lyh�t"°
�Kjml g�x�x�jmly}k~[jmnH�Xj�h�¼
�[h�tk|/n[�Xj�h

� DIV2

���Jlyj��ªjmlo�o��|/x�prjmlot
�rqsx��olyjm��t"�
� � ¦ � |J° �
����jmlon]t"�
h�{Xx�lonX�rj%¤��¨|J°X��jmnXn

n
�J�Xx�~[}

i
t�jmlo�o��|/x"°X¤��¨�¶h�qsn[h�t"�

��lyj � |/�X{Xt�� |shk}�~Xlon[j�h�jmt�¤�tih�ly}�~¨n]�Xn¶��lyj�v qs�o��t�¤��[hk|/����jmn1�ª����� � � �

�



���������	��

�����	������������������

��� �"! #%$�&%'
(�)+*�,�-	.�)/-1032�46587	9	:<;
=/4>:	=/?
@A=/4B.�4>9	C	D�.�4>=/)FEHG�*JI�2�9K9	=/L
M�NJL+7K9	CJLFO�*J)+LFP�I	?Q2RCTS/7VU�7
,WCX2�YZ=/9[Y	?Q2]\+\3^

§J��� �����%�

 �X� � ¦ � �"§J° �R�
�[��� �����%�
� ��� �����%g
� �������
����� �����%�
� ����g�z � � � 
 °��r�
�J��� �����%�
���J� � �����%g
�����X�rjm~[j%¤�� 

�"§J�Xn±lyh�t�prjmlon[j3®�x�lo��¤¸|/~X�W°Kz ����®
� 
 �Xn±lyh�ti®Bx�lo��¤¸|/~X�W°Kz ����®

_a` ��bc��de� &

gBh�lyh�t
Lp = {an | n ∈ « , n

lyh�t�prjmlon[j²®�x�lo��¤¸|/~X� } �XgBhcj+uJlyh�t�lyjmx�tc|/�yh�q�jmlon[j�¼	|/~X� k ∈ « °X�Jlyj n t�jmlo�ot"�
���Xj�j¾� |/n n[jm~X��j<�Jlyj ��� �rqsn ���Jv6�]|/�	j ���1°cjmx�hkjmt�¤"j<|/�	jmx � � � � �J�Xx�}�~ vQqs�o�rjmn[�Xj �Zjmlo�o� |sh�}k~Xl �
n[j��

δ(INIT, ε, ε) → (INIT,N, a,R) δ(INIT, ε, ε) → (INIT1, N, a,R) δ(INIT1, ε, ε) →
(INIT2, N,#, N)
¢Hqs�	jml1n]�Xn¨�[|shcg�n[�Xj²�Xjmxc��|sh�}�~Xlon[j3�J�Xx�}�~¥gBx�x�jmly}�~[jmn¥�Xj�h�¼
�[h�tk|/n[�Xj�h

� INIT2

�%h�lo��n�|/�olyh�lyjmx�ti��lox����
��lyj ���Xj�jB�[|/~Xlon]t�jmx�lyh�t"°"�[|����Jlyj�h�j �����Xjmn��ªjmlo�yjmxªjmx�xk�/tZ�Xn[���Jlox�jmpRtZ��lotª�Jlyj�h�jm� lon�z�}�~Xx�lot�t 
 v j�h�t�h�t�jm�o�ot"°
�[|���n±nXly}k~]tc{Xx�lo� lyh�t²�

�


