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_a` ��bc��de��f

gihkjmlonmpRqXrsgutsv[n La = {w ∈ {a, b}∗|#a(w) ≤ #b(w) wXx[y aa loz�{}|in~l xe� n~l������ur�{��i� x w} loz�{Br�n~� w ���/r"�j�n~r����u���in x[y n�� w {��u��g/{�n~r�|in xXx {�z�lon��
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� w z y lon�z�n~��� w {��u��g/{�n x |i� xXx n x ��l�r����u���in x[y n x r�n~� w ���/r�n x � w z y r w ts|�g/�X�on~l�{�n x � (ab)∗ + bb∗a +
b(b∗ab)∗ �
�
h�jmlon�pRqXrsgut�v[n Lb = {w ∈ {a, b}∗|#a(w) ≤ #b(w) wXx[y aaa loz�{�|in~l xA� n~l������ur�{��i� x w} loz�{l�r�r�n~� w ���/r"�u��n~��n~lozk�X�	n~r��¡ RvXl����£¢¥¤mn~r�� y n�¦Q��r�� w ��n x {sg/{�lo� x �X�	n~r�� xX§ g/vX� y n~r�¨[�ur�{�zsn~{ §�wXx �iz�z�qXrsgut�v[n x h+�
© l�rª�Kn~{�rsgutsv]{�n x �6�Xr n ∈ « © �ur�{�n~r wn = (aab)n �­¬Bzª��l���{"� b0, b1, . . . , bn−1 /∈ CF (wn) wXx[y
bn, bn+1, . . . ∈ CF (wn) �­¬Bz®zsn~l x]wXx m 6= n ¯ n~{°��g m < n ��j%g xXx loz�{ bm ∈ CF (wm) g/�	n~r
bm ∈ CF (wn) ¯�y �±v1� CF (wm) 6= CF (wn) ��j�lonª¨��ur�{�z�n~{ §�wXx �iz�z�qXrsgutsv[n x CF (wn) z�l x[y g/�ozs��q�g�g/r±¢��n~lozsn%�in~r�z�t�vXlon y n x1¯�wXx[y n�z­z�l x[y�wXx n x[y ��lotsv¡��lon~�on��
t²h�jmlon³pRqXrsgut�v[n Lc = {w ∈ {a, b}∗|#a(w) ��� y 2 = 0} loz�{�r�n~� w ���/r"�
��n~��n~loz"�

´ n~� w ���/r�n~r�� w z y r w ts|H¦�g w z � rsg x z�l�{�lo� x z���rsg/qXv[n x g/�X�in~�on~l�{�n~{Fh+� (b∗(ab∗ab∗)) �

µ
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_a` ��bc��de���

� x y lon�z�n~rc� w �6�]g/�	n���n x[y n x ��l�r y n x �c���i�ur�l�{�vX� w z §�w r­��n~r�n�tsv x]wXx � y n�zc�¡l x l���g/��g w {��u��g/{�n x zmg x �

• �����	��

������� © l�r­n~r�z�{�n~���on x n~l x n � g/�	n~���on3g/���on~r�� w z�{sg x[y z�q�g�g/r�n {z, z′} ��l�{ z 6= z′ �

• �����	��

������� © l�r���g/r�|�lon~r�n x g/���on��kg�g/r�n {z, z′} ��l�{ z ∈ F wXx[y z′ /∈ F �
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��� ��!�"$#&%('*)�+,'*).-�/102%43,)�52)�+(-7698*:<;2-2=?>�%,@9#A).%,'*)CBD>E>�% {z, z′} ;2-75F3G)�52)�+ a ∈ Σ H76�I<57>�+
BD>E>�% {δ(z, a), δ(z′ , a)} IJ).%*).#&'*+K=?>�%,@L#A).%,'(#A+*'NM2OP>�Q&QA+43*>RH257>�-2-S=?>�%,@9#A).%*).-STU#&%V>�;78*: {z, z′} M

{δ(1, a), δ(0, a)} = {2, 1}
{δ(1, b), δ(0, b)} = {3, 5}

{δ(2, a), δ(0, a)} = {2, 1}
{δ(2, b), δ(0, b)} = {3, 5}

{δ(4, a), δ(0, a)} = {1, 1}
{δ(4, b), δ(0, b)} = {0, 5}
⇒ TU#&%K=?>�%,@L#A).%*).- {4, 0}
M
{δ(6, a), δ(0, a)} = {5, 1}
{δ(6, b), δ(0, b)} = {7, 5}
⇒ TU#&%K=?>�%,@L#A).%*).- {6, 0} M

{δ(7, a), δ(0, a)} = {2, 1}
{δ(7, b), δ(0, b)} = {0, 5}
⇒ TU#&%K=?>�%,@L#A).%*).- {7, 0} M

W
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{δ(2, a), δ(1, a)} = {2, 2}
{δ(2, b), δ(1, b)} = {3, 3}

{δ(4, a), δ(1, a)} = {1, 2}
{δ(4, b), δ(1, b)} = {0, 3}
⇒ ��l�rc��g/r�|Rlon~r�n x {4, 1} �

{δ(6, a), δ(1, a)} = {5, 2}
{δ(6, b), δ(1, b)} = {7, 3}
⇒ ��l�rc��g/r�|Rlon~r�n x {6, 1} �

{δ(7, a), δ(1, a)} = {2, 2}
{δ(7, b), δ(1, b)} = {0, 3}
⇒ ��l�rc��g/r�|Rlon~r�n x {7, 1} �

{δ(4, a), δ(2, a)} = {1, 2}
{δ(4, b), δ(2, b)} = {0, 3}
⇒ ��l�rc��g/r�|Rlon~r�n x {4, 2} �

{δ(6, a), δ(2, a)} = {5, 2}
{δ(6, b), δ(2, b)} = {7, 3}
⇒ ��l�rc��g/r�|Rlon~r�n x {6, 2} �

{δ(7, a), δ(2, a)} = {2, 2}
{δ(7, b), δ(2, b)} = {0, 3}
⇒ ��l�rc��g/r�|Rlon~r�n x {7, 2}�
{δ(5, a), δ(3, a)} = {3, 4}
{δ(5, b), δ(3, b)} = {6, 3}
⇒ ��l�rc��g/r�|Rlon~r�n x {5, 3} �

{δ(6, a), δ(4, a)} = {5, 1}
{δ(6, b), δ(4, b)} = {7, 0}
⇒ ��l�rc��g/r�|Rlon~r�n x {6, 4} �

{δ(7, a), δ(4, b)} = {2, 1}
{δ(7, b), δ(4, b)} = {0, 0}

{δ(7, a), δ(6, a)} = {2, 5}
{δ(7, b), δ(6, b)} = {0, 7}

�
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⇒ ��l�rc��g/r�|Rlon~r�n x {6, 7} �

© l�r­�	n~|i�u����n x ���u���in x[y n � g/�	n~���on�� 0
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����� � © l�rZ��lon y n~r�v[�u�on x p�tsvXr�l�{�{ � ¯ �XlozZz�lotsv3|in~l x n�� x[y n~r wXx ��l x³y n~r � g/�	n~���on}��n~vXr�n~r���l��X{"�

{δ(1, a), δ(0, a)} = {2, 1}
{δ(1, b), δ(0, b)} = {3, 5}
⇒ ��l�rc��g/r�|Rlon~r�n x {1, 0} �

{δ(2, a), δ(0, a)} = {2, 1}
{δ(2, b), δ(0, b)} = {3, 5}
⇒ ��l�rc��g/r�|Rlon~r�n x {2, 0} �
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_a` ��bc��de���

¬Bz}�]g/� y l��in~r�z�n­� x zs�/{ § n §�w r�pRqXrsgut�v[n x {�v[n��ur�lon wXx[y g w z y n x �in~r�z�t�vXlon y n x n x � x zs�/{ § n x n x {°��lot�|in~��{�n xz�lotsv wXx {�n~r�z�tsvXlon y ��lot�v[n�pRqXrsgutsv]�	n�z�t�vXr�n~l�� wXx �in x1¯ �i� xTy n x n x z�lot�v¡�Rlon~�on��±n y ��t�v¡g/�ozm��� w l���g/�on x {mn~r���lon+¢z�n x �
� w tsv��	�%��¢¥� w {��u��g/{�n x z�l x[y x]w r�n~l x n³g x[y n~r�n���n�z�t�vXr�n~l�� wXx �iz��Q�ur���r�n~� w ���/r�n~r�pRqXrsgut�v[n x1¯ ��lonl�� ���u���in x[y n x l x n~l x n~� |i� x z�{�r w |�{�l��in x ��n~��n~loz­�in § n~l���{­��n~r y n x z��u���W�
 �ursg w z�z�n~{ §�wXx �[� DEA = NEA��n~v�g w qX{ wXx �[� GKB = DEA = NEA

§ � ����� DEA ⊆ GKB ∧ GKB ⊆ NEA��n~��n~loz"�
DEA ⊆ GKB �
� w n~l x n~� DEA M = (Σ, Q, s, F,∆) ���uz�z�{8z�lot�v ��lon ���u����{en~l x GKB N = (Σ′, V, E, x, y,B)|i� x z�{�r w lon~r�n x1¯
y n~r y lon����on~lot�v[n pRqXrsgut�v[n3n x {�z�t�v[n~l y n~{"�
µ �­j%guz­����qXv�g/�	n~{­�X�on~l��X{ wXx �in~rs� x[y n~r�{"� Σ′ := Σ

� �­¨��Xr�g/���on�� x �u{�n x1¯ z��"��lon%�6�Xrcg/���on
��g x {�n x¡y n�z DEA ��l��X{­n�z­n~l x n x � x �u{�n x l�� GKB �
Qv := Q ¯
Qe := {QAsB |(A, s,B) ∈ ∆} ¯� w�� n~r y n~� �Xrsg w t�v]{%��g x n~l x n x zsn~qKn~rsg/{�n x ¬ x[y | x �u{�n x � (f /∈ Qv ∧ f /∈ Qe) ¯�y g y n~r GKBl�����n~�in x zsg/{ §�§�w � DEA �in x g w n~l x n x ¬ x[yJ§�w z�{sg x[y v�g/{"�
V := Qv ∪ Qe ∪ {f}

� � � ��qX��l § l�{cn~r���l��X{cz�lot�v y := f �
� �­j�n~rmpR{sg/r�{ §�w z�{sg x[y �X�on~l��X{cn~r�v�g/��{�n x � x := s

�
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� �­jmlon
��g x {�n x¡y n�z GKB n~r��in~�Kn x z�lot�v®g w z y n x n x®y n�z DEA ��lon%�Q�u����{"�
V := {(a, b)|∃(A, s,B) ∈ ∆ : (a = A∧b = QAsB)∨(a = QAsB∧b = B)∨(a ∈ F ∧b = y)}
y � v1���Q�Xrªn~l x n���g x {�n��i� x A x gutsv B l�� DEA ��l��X{ n�z�n~l x n x � x �u{�n x QAsB

l�� GKB ¯
§�w zFg/����n x ��l�{ � ��g x {�n x1¯ n~l x nm�i� x A x gut�v QAsB wXx[y n~l x n��i� x QAsB x gutsv B ��� w�� n~r y n~�z�l x[y g/���on � x �u{�n x1¯�y lon�l�� DEA ¬ x[y | x �u{�n x ��g/r�n x1¯ l�� �	�%� ��l�{ y n~� x n w n~l x �in+�6�XvXr�{�n x¬ x[y | x �u{�n x �in~r�� wXx[y n x �

� �­jmlon¡��n�zst�vXr�l£�Q{ wXx �<��guz�lon~r�{ x]wXx g w �m���u���in x[y n~r � y n�n�� © n xXx n�z�l�� DEA n~l x n ��g x {�n®��l��X{ ¯�X� ��� y � ��� (A, s,B) ∈ ∆ ¯/y g xXx �Kn y n w {�n~{ y lon�z ¯�y g � g w � y n~� �k�Wg y �i� x A x gut�v B y guz �Kn~lot�v[n x
s |i� x z w ��lon~r�{���l�r y �kj�lon�z � w�� x]wXx g w tsv�l�� GKB �in�z�t�v[n~v[n x1¯�y �ur�{�g/���on~r y l x �iz�l x n~l x n~�
� x �u{�n x1¯�x lotsv]{�g w �Zn~l x n~r ��g x {�n������ y lon�z §�w n~r�r�n~lotsv[n x � w r y n x g/���on w r�z�qXr�� x ����lot�v[n x ��g x {�n xg w �Q�in�z�q�g/��{�n x�wXx[y ��n~��n~l��ozBn~l x x n w n~r � x �u{�n x n~l x �in+�Q�X��{ ¯ z�� y g � ��g x l x�y lon�z�n~� x n w n x � x �u{�n x
xRwXxey guz �Kn~lotsv[n x s |i� x z w ��lon~r�n x |�g xXx�wXx[y z��u��l�{Bl�����n~r x �Rtsveg w � y n~� �k��g y �i� x A x gutsv B�in x g wey guz �Kn~lot�v[n x s |i� x z w ��lon~r�{"� � x g/���on x � x �u{�n x1¯Ry lon��	n~r�n~l�{�z�l�� DEA �i�ur�v�g x[y n x ��g/r�n x1¯��l�r y x]w r ε �in~�on�zsn x1¯ n~�Kn x zs��l�� x n w n x ¬ x[yJ§�w z�{sg x[y �
∀q ∈ (Qv ∪ {y}) : B(q) := ε
∀q ∈ (V \ (Qv ∪ {y}))∃A,B, s : (A, q) ∈ E ∧ (q,B) ∈ E ∧ (A, s,B) ∈ ∆ ¦ y g zs� y n�� x lon~r�{Fhj%g xXxVy n�� x lon~r�{³��g x � B(q) := s ����g x �	n"gut�vR{�n ¯Zy g � n~l x n~l xX§ n~� x n�z �Kn~lot�v[n x g w z Σ �	n~r�n~l�{�zn~l x © �ur�{­loz�{"�

j�n~rm� w {��u��g/{�loz�{m��n y n~r y n~{�n~r���l x loz�{�loz�tsv ¯	x �RtsvT��l x l���g/� ¯ n�zmloz�{ �±n y ��t�v�n~l x GKB ¢¥� w {��u��g/{ ¯
y n~r����n x z�lot�vR{���lot�v y lon%���on~lot�v[n³pRqXrsgutsv[n3n x {�z�t�v[n~l y n~{ wXx[y ��n~vXr­��g/r x lot�vR{c�in~r���g x ��{"�jmlon�z�n�z���g/r y n~r��on~lot�v]{�n � n~l��W� � x y n~r	��v[�u��z�|R R¢�
�lon~rsg/r�t�vXlonªz�{�n~v[n x y lon8r�n~� w ���/r�n x pRqXrsgutsv[n x �]g xX§
wXx {�n x1¯ n�z�loz�{­g/�oz�� x lot�vR{c�in~r�� wXx[y n~r���lotsv ¯
y g � GKB ¢¥� w {��u��g/{�n x®y lon�zsn wXx {�n~r�z�{�n³pRqXrsgutsvX|R��guzsz�n�n x {±¢z�tsv[n~l y n x ��¤�lot�v]{�z���z�n~���[z�{��in~r�z�{s� x[y ��lotsv¡loz�{ ¯Xy g � z�lon x lot�vR{mg w tsv ��n~vXr­|i� xXx n x �
GKB ⊆ NEA �
� w n~l x n~� GKB N = (Σ′, V, E, x, y,B) ���uz�z�{�z�lot�v®��lonm�Q�u����{­n~l x NEA M = (Σ, Q, s, F,∆) |i� x ¢z�{�r w lon~r�n x1¯[y n~r y lon%���on~lot�v[n³pRqXrsgutsv[n3n x {�z�t�v[n~l y n~{"�

¨��Xr�n~l x n~l xX§ n~� x n�z © �ur�{ w ¯ ��n~�ot�v[n�z%g/�oz � x �u{�n x �Kn�zst�vXr�l£�Q{ wXx �8l�� GKB �i�ur�|i�u���3{ ¯ ���uz�z�{cz�lot�v¡n~l x
DEA |i� x z�{�r w lon~r�n x1¯�y n~r3�in x g w<y lon8pRqXrsgutsv[n Lw = {w} n x {�z�t�v[n~l y n~{"�kjmlon�z�loz�{�l�{�n~rsg/{�l�� ���u����lot�v ¯
yJw r�t�v � x[yJw |�{�lo� x �X�	n~r y lon © �ur�{���� x �in��¨�g/��� n := |w| = 0 � w = ε {�r�l��Rl�g/�
n → n + 1 �
p�n~l a ∈ Σ ¯ u ∈ Σ∗ ¯ w = au y lon��c� x |�g/{�n x g/{�lo� x¡y n~r­�	n~l y n xªwXx[y M = (Σ, G, s, F,∆)n~l x DEA ¯­y n~r y lon pRqXrsgut�v[n {u} n x {�z�t�v[n~l y n~{"��p�n~l%��n~r x n~r¡�X� ��� y � ��� g /∈ G �­j%g xXx loz�{ M ′ :=
(Σ, G ∪ {g}, g, F,∆ ∪ {(g, a, s)}) ���	n x z�lotsv]{���lotsvTn~l x � w {��u��g/{ ¯[y n~r {w} n x {�z�tsv[n~l y n~{"�p��u��l�{�|ug xXx ��g xa§�w �±n y n~� � w z�{sg x[yay n�z GKB n~l x n x DEA |i� x z�{�r w lon~r�n x1¯%y n~r y guzT���on~lot�v[n© �ur�{���lon�z�{���lon y lon�z�n~r � w z�{sg x[y�¯ ��g x |ug xXx y lon � w z�{s� x[y n¡g/�oz��<z�� §�w zsg/�in x yJw r�tsv DEAs n~r�zsn~{±¢
§ n x � � � GKB ��l��X{ªn�zªg/�Kn~r g w t�v ��g x {�n x1¯�y lon�z�n¡��n~r y n x g/�oz ε ¢ ��g x {�n x �X�Kn~r x �u����n x1¯ g w�� n~r±¢
y n~� �3�[zsz�n x pR{sg/r�{±¢ wXx[y ¬ x[yJ§�w z�{s� x[y n x �Rtsv�q�guz�z�n x[y �in~���/vX��{���n~r y n x ��p�n~l |V | = n wXx[y z�l x[y
q1, q2, . . . , gn ∈ V y lon � x �u{�n x y n�z GKB ¢¥� w {��u��g/{�n xawXx[y z�n~lon x ��n~r x n~r Mq1

,Mq2
, . . . ,Mqn

¯
Mqi

= (Σ, Qqi
, sqi

, Fqi
,∆qi

)∀i ∈ {1, . . . , n} y lon y g §�w |i�ur�r�n�z�qK� x[y lon~r�n x[y n x DEAs ¦Q�X� �m� y � �
n
⋂

i=1

Qqi
= ∅ h ¯[y g xXx z�n~{ § {cz�lot�v y n~r ��n�zFg/�3{±¢ NEA M = (Σ, Q, s, F,∆) ��lonm���u����{ §�w zsg/����n x �
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jmlonC� w z�{sg x[y ��n x �in³loz�{ y lon y loz � wXx |R{�n 
 n~r�n~l x l�� wXx � y n~rV� w z�{s� x[y n³g/���on~r DEAs

G :=
n
⋃

i=1

Qqi

jmlon��Tn x �in y n~r�¬ x[yJ§�w z�{s� x[y n8n x {�v��/��{ y lon�¬ x[yJ§�w z�{s� x[y n y n�z�� w {��u��g/{�n x1¯�y n~r §�w � ¬ x[yJ§�w z�{sg x[y
y n�z GKB ¢¥� w {��u��g/{�n x |i�ur�r�n�z�qK� x[y lon~r�{"�
F := {f ∈ G|f ∈ Fqi

∧ qi = y}� x g/�o�u�8loz�{ y n~r3pR{sg/r�{ §�w z�{sg x[yVy n�z NEA ���on~lot�v y n~� pR{sg/r�{ §�w z�{sg x[yHy n�z DEA ¯Ky n~r y n~� pR{sg/r�{ §�w ¢z�{sg x[y y n�z GKB ¢¥��{��u��g/{�n x n x {�z�qXr�lot�vR{"�
s := sqi

¯ qi = x���on~l��Kn x®x �Rtsv y lon��c�	n~r��]� x �in��
∆ :=

(

n
⋃

i=1

∆qi

)

∪ {(A, ε,B)|∃qi, qj ∈ V,∃(qi, qj) ∈ E ∧ A ∈ Fqi
∧ B = sqj

}

��n"gut�vR{�n��
jmlon DEAs v�g/�	n x g/���on ��n~��n~l��oz­�in x g w n~l x n x ¬ x[yJ§�w z�{sg x[y�¯ ��� yJw r�t�v¡l x®y n~rK��rsg��Jloz­��g x ¢t�v[n�z��on~lotsv]{�n~r����Xr y n������Xl��in�z���n~loz�qXlon~�K���uz�z�{�z�lot�v g/�	n~r��uv x n ��r��u�X�on~��n%z��³n~r���n~l�{�n~r x1¯[y g � n�z�l�����n~r
x ��t�ve� wXx |�{�lo� x lon~r�{ ¯ ��n xXx8y lon � x �u{�n x8y n�z GKB x lot�vR{���l�{ © �ur�{�n~r x1¯ z�� x[y n~r x ��l�{�r�n~� w ���/r�n x � w z�¢
y r��[t�|in x �	n�z�tsvXr�l£�6{�n~{����/r�n x � � x y n~� ¨�g/����|i� xXx {�n���g x�y g/rsg w z NEAs �in x n~r�lon~r�n x wXx[y y lon�z�n §�w��l x l���g/�on x DEAs w � ���ur���n x1¯�y lon y g xXx g/�	n~r x lotsv]{ ��n~vXr § ��l x �in x[y ��n~��n~l��oz��in x g w n~l x n x ¬ x[y ¢
§�w z�{sg x[y v�g/�	n x �3�[z�zsn x �X�c�	n~r�l x z��Kn�zs� x[y n~r�n����Xr y n�g w t�v y lon�z�n%¬�r���n~l�{�n~r wXx � y lon%���ut�vR{�l���|in~l�{ y n~r
GKB ¢¥� w {��u��g/{�n x x lotsv]{�n~r�v[�uv[n x��

_a` ��bc��de� &

jmlon%� w zszsg/�in%z�{�l����3{ wXx[y |�g xXx �Q�u���in x[y n~r���guz�zsn x �	n~��lon�z�n x ��n~r y n x �
� =⇒ 	
jmlon�� w zszsg/�in L(M) = Σ∗ �Kn y n w {�n~{ ¯�y g � M g/���on © �ur�{�n~r3g/| § n~qX{�lon~r�{"�1j%g xXx g/| § n~qX{�lon~r�{ M g w tsvg/���on © �ur�{�n~r y n~r�
Z� x �in3v[�Rtsv[z�{�n x z n �
� ⇐= 	

 �ursg w z�z�n~{ §�wXx �[�Zjmn~r%j�¬B� M n~r�|in xXx {³g/���on © �ur�{�n~r%��l�{�
Z� x �in v[��t�v[z�{�n x z n �	¬Bz%zsn~l w n~l x © �ur�{|��on~l x z�{�n~r�
Z� x �in�¦6��l�{

Z� x �in |w| > n h ¯Xy guz x lot�v]{mn~r�|ug xXx {­��l�r y �
¨�g/��� µ ��j%guz © �ur�{}��l�r y�y n�z�v�g/��� x lot�vR{�n~r�|�g xXx { ¯ ��n~l���n�z�l x n~l x n~� � w z�{sg x[y |in~l x ncg x ��n x[y ��g/r�n ´ n~�in~���l��X{"��¬Bz�zsn~lkn~{°��g w = w1aw2 wXx[y ��l�r%�	n�� x[y n xHwXx z x gutsvV�c��g/r��	n~l�{ wXx � �i� x w1

l�� � w z�{sg x[y q
wXx[y n�z­n��Jloz�{�lon~r�{�|in~l x n ´ n~�in~�	�6�Xr a �1¦Q¬Bz���l���{ |w1a| < |w| � h­j%g xXx loz�{ w1a

n~�Kn x �Wg/���oz­n~l x © �ur�{ ¯�y guz
x lot�vR{ g/| § n~qX{�lon~r�{���l�r y �kp�n~l x n�
Z� x �in�loz�{3|��Xr § n~r�g/�oz y lon��i� x w �Zjmlon�z³z�{�n~v]{3l�� © l y n~r�z�qXr w t�v §�w r�¡l x l���g/��l�{s�/{c�i� x w �[���oz�� {�r�l�{�{ y lon�zsn~rc¨�g/��� x lotsv]{�n~l x �
¨�g/��� � ��¤�gut�v�����g/r��Kn~l�{�n x �i� x w �	n�� x[y n x ��l�r wXx z�����������l x n~l x n~� ¬ x[yJ§�w z�{sg x[y ��¦ © l�r�qXrs�uz�n x {�lon~r�n x
x]w r y lon � y n�n ¯	y lon�z%z��u����{�n³�Q�ur���g/�on~r3g w z��in+�Q�XvXr�{���n~r y n x � h�j�n~r%� w {��u��g/{%v�g/{ n � w z�{s� x[y n�����n~l y n~r����g/r��Kn~l�{ wXx �e�i� x w ¯ |w| > n ¯ � w�� n~l x � w z�{sg x[y q y �uqXqKn~��{ yJw r�t�vX��g w ��n x ��n~r y n x1¯ ��l�r­v�g/�	n x g/�oz��n~l x nmp�tsvX�on~l£�Qn��Jj%guz © �ur�{ § n~r��on~�inmz�lot�v8n~{¥��g³l x w = w1w2w3

���u�Kn~l w2 y n x�� n~l��K�Kn § n~lotsv x n ¯Ry n~r y n~rp�t�vX�on~l£��n�n x {�z�qXr�lot�vR{"� © l�r�z�n~{ § n x w′ = w1w3
�Zj�lon�zsn�z © �ur�{ yJw r�tsvX��� w �6{��	n~l y n~r³����g/r��Kn~l�{ wXx �¡�Xloz
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g w � y lon�p�tsvX�on~l£�Qn y lon����on~lotsv[n x � w z�{s� x[y n3��lon w ��p��u��l�{c��l�r y n�z�g w t�v x lotsv]{%g/| § n~qX{�lon~r�{"�K�c���on~r y l x �izloz�{ |w′| < |w| ¯ ��guz y n~r­�®l x l���g/��l�{s�/{��i� x |w| ��l y n~r�z�qXr�lotsv]{"�

�


