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K�k�O℄.�-'f0�w#�px���W���V.���tf$`� “t�!N����Y<;V%���D2k��9~�!N�Dbd|aV~fnj�l��U~J<&0�Y"�ÆhK2�ihL=�” -'wsD��-g�R&3Dbd)oMq)���Y3�
1 “q��=gB�9”'x#s���Vpt�)K�k�p��pGUDbd -'� 1975 !4�y�:U0!� (The Monthly of Mathematics Association of America) �<;Vt2<Cno�k� “p?~<fA�8” �W�/oV “0�” (Chaos) �Y"��wVQf%Us30�)K�k
�EQ(�4%Us�0�'9�<' .3k�R�KU)&_�;�#Q~}<'Vt�:4�Æ#Q��;�#Qi��}�=�:UR*S5 (H. Poincaré)4
ba1)� “~a�`” �zUC$4 (Newton) 1)�JD��p3i�e\��[M�;�#Q`�!�i�y�p�ClU, (Massachusetts Institute of Technology) J9Uf0��# · ohr (Edward N. Lorenz) �~fY��Y�JD6LL&��bJ'$�3_4��`��x<'VZ?bJ'$�G&LM�BH_�S
 “! <�” �A�!�iy�>X�4}U (Princeton University) ��Uf0lE^ · v (Robert M. May) 4� “m=��	J” (Logistic Model) Sα(x) = αx(1 − x) 6
��m��:R8&��a�<'�O: αj} 4 ��C!�RW {Sn

α(x)} _8�$ST2�4L=%U
�&�#�0��:U&�4Dbd -'�y�k�j�19��
1972!�ohrz�J9'R	J�D2k��FVy�qE9}U:U��_aKU���:U
S�-'f0�T�B"
�Dbd�|�� 1973 !~0�tb#���Dbd6�-'��p*��-'3T>� “�tf�2=`K�” �Lf2=z4-'o�jX{�p'��T���{S��Qp��1�T�F�.��8JGQ�Dbd|g�S�VLf�6jV��D - -'&C�{�:s R �Cj�MS�� f �tfp?�~���By4 a, �� f(a) = b, f(b) = c, f(c) = a, Cj a 6= b 6= c �< (I) 3r�RQ: n, f �tp?� n ��� (II) y4 R �tfG&:�?� S, ��3Cjr�Q�

x 6= y, :W |fn(x)− fn(y)| t&�t-N� 0 ��:W��Qf:Wt&G.-N� 0 �sx3 f �rtp?� p � S jrt� x �:W |fn(p) − fn(x)| �t-N�tR:��:W��T~��C�����G-'��r�JhV��}R-K��y�:U0!���G�C)v-�C�&W���
M�G'�s?!Sn��8�}U�-Kk��6=i�{�K�X��C�t�U�+�"(��I�&{n-�:U0!���&��"Dbds��JD�D��
�L2�C�4T��)9V^e_}t!�
1973 - 1974 !&qE9}U:U���:U� “^2!” �4Lt!E�xH?+o[

“��:U” LfZ"E�nj�UK6;hb�4�0��tfH?�T~[6V>X�4}U�vf0hbtp�4C��tb�hbj�TbVm=��	J�!��O:v:�}8&�C)KMX$6$T2�'9��24�Cp(�27jqQ_&LL���TS;a���-'f|v�hb��4FT�H7���Dbd��\V_}t!��2z
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�D	-'&C��ChT"�T"V�C�o���}�d��?s&s&C}}p(VT�y��-'v7W-6�JBF�Dbd�“~q�X�L2�C�” �C4QH?�X�|a�~f0�)�y�:U0!�j1�?!�4 1975 ! 12 0K��t?��
“p?~<fA�8” t���tt4:U�bd��xV “0�”�Y"�~|:4 1964!�GL:UR�&N�6 (A. N. Sharkovsky)S�VgD	-'&C�tJJk�t��o���_�D	-'&CV�;JJMÆ(�i!V0��*g^P�0�)K�kz�i�e\��[M{��sV��p��lMX�G&'RM�i�kL�W�&�&:Us��CUs)�8t:�5���nok�Vt�l^ 2005!�Uz)��V 9005t�

2 �iL39GCk (Ergodic Theory)&z�G-M)K�kt5kLMg
�t|:UJT�&?R.k�CJ��w=U�}#�:��t�Æ�MU%�4�C�����l%Uj���C�wkL�C�n��L� �-h[�9GCk�tfnok`&z�G-M����3MSG8R.�y4�LL�`�Lt�`��o�.��&�4='d (Lebesgue)&8:+W (BS
� L1- +W) ��Ql=��	/% (Frobenius-Perron) L� P �G8�.:�y4M LL�`�3"0�)K�k�Ll�G8R.hjV0��4C.+Wj�YeJH�? 7# (Entropy)�D_>'N℄: (Lyapunov Exponents)Ll�no:UY"�R.z�
1960 !�)&�y�X�VU�njA9�:URÆh4C�y�:U�`?� (A

Collection of Mathematical Problems) j3"LL&�4�	bW [0, 1] ��G-M��
S : [0, 1] → [0, 1] S3��Ql=��	/%L��G8�.:_jVtm:[D=�T_bW [0, 1] %J� n f�bW 0 = x0 < x1 < · · · < xn−1 < xn = 1 �\ Ii = [xi−1, xi] �� i f�bW� i = 1, 2, . . . , n �l�T&�Vtf n× n k�GV�O Pn = [pij ], C (i, j)-(I� pij = m(Ii ∩ S−1(Ij))/m(Ii), m �='dR.� pij R&V� i f�bW Ii j4�� S #)���� j f�bW Ij j�=��-I�ÆhD=4�LL�O Pn z�^P[
1 �GV�^P8R vn ?_C�B&���{ vn �JR��:[�.��w�%J�u3Y:: fn �t�.:�s�.: fn &"aQl=��	/%L� P �}EG8�.:�3"Lt6"Ye2=�:[D=�-NM�Æh_jVT�y�K2�{ P�G8�.:�<� n a��℄}�� fn _a� P �tfG8�.: f∗ �

1973 !�A9%U,,"oJ{ (Andrzej Lasota)  -'4'za�
Ql=��	/%L�G8�.y4M�`�t2��Mk�jp�VÆh4C�:U�`?�j_j�tf�`�{ S : [0, 1] → [0, 1] �tf�s “Y�” ��� (Iwu3-M��355���) �C�:�3[G:� 1 �<3��Ql=��	/%L�&My4G8�.:$���oJ{�-'S�Vw#�y4M&C�{ S : [0, 1] → [0, 1] �tu3;tMS&����SC�:�3[V#js}" 1 �<3��Ql=��	/%L�y4G8�.:�SxtfG8�.:���s8T:�Lf&CS��z[&��-'<'�tfz��s8T: C4t�bW��,eV8TVWz��G���3"h&���
S ��-'G��&t��y4tRY: b ���3S��s8T: f ���w#�oJ
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{	-'G��
1∨
0

Pf ≤
2

infx∈[0,1] |S′(x)|

1∨
0

f + b

∫ 1

0

|f(x)|dx.�Dbd-��8�oJ{	-'&C�S����z�[���s8T:�Y"{�z��s8T:RW��H (E. Helly) &C4S�ÆhD=-NM��F����?VG3"w��oJ{	-'bW����ÆhK2��aJ�Tq���V3Æh:[D=�
�/%T&�V3��bW [0, 1] %J 0 = x0 < x1 < · · · < xn−1 < xn = 1 ��℄�B�L� Qn �LfL� Qn _xt&8: f �a4xt�bW Ii = [xi−1, xi] �d[�
f 4 Ii ��9�[�u3Y::� Qn G~�_ L1- +WnÆ�u3Y::�+W���Uw (Galerkin) nÆL��q&"e8JG8�q:&N (Markov) L��{_ Qn  Ql=��	/%L� P T�aE�L� Pn = QnP �< Pn ,e4u3Y::gaS�a��+W ∆n �4C:��.:6�#��O;!L�ÆhD=j&���fO7�O Pn �1�#tmS8�H;:G)�&C�DbdXjS�3xtf�l: n, Pn �tG8�.: fn �St{�oJ{	-'G�� �H&C�3oJ{	-'bW����TS�VÆhK2�SÆhD=V��}EG8�.RW fn v L1- B:P-N�Ql=��	/%L��tfG8�.: f∗ �;�5!6�G8R.�LLza�9GCk�G-MJ�j�tf1/JT� 2003 !4�}H`��I����v�Olr ��:U}.{� 2007 !_4y"GA"�L��`v}.�+� V�R.z�}.$`�4D S�z���ÆhD=�Ct�LLG8R.��)j�DbdL2<;� 1976!y��,}k2a� (Journal of Approximation

Theory) �k�aV2G&��)�����CVt�sx�T�S�A2qG<VT�U�"��C��K - j�%U,:U �k%U
,p�, - 4 1996 !S�3"^o	A`�6 (P. Góra - A. Boyarsky)^����ÆhD=�-NM�
3 (�jiM>U��:w=3G-MCJ��p+U���H;:G)�&C� n�1_ Dn �s��~$�� g : Dn → Dn 2�G)��s&C�tf4SS�&��S=�{ g �G)��<31_ Dn �rt� x �\ f(x) �� g(x) � x �-0eZ� _�Vd��}U� x 4_���� f(x) = x �Ll~��tf�1_�C5s Sn−1 �S4 Sn−1 �������~$���9w=U`K~�L&G&���

1973 !��Dbd4+fy�qE9}U:U� odf0�
�* “G-MD�:[p” �f�H;:G)�&C�6"y�w=UR�� (Morris W. Hirsh) �<;�
1963 !�w�S���tfD��2=4T�
j�'�Nl4���S�j{T� g �G)���<3w�&�� f �_���� y, f−1({y}) Le~$-�m&,�U2l.,� g �G)�?�jf�k�j�>�{\ F �~$�� g : Dn → Dn �S�G)��a�G+?��<H�w��S=�A2�~&&� n �_K Dn\F � n − 1 �_�
Sn−1 j�tf~$�� f : Dn\F → Sn−1 ���Jw=��� (A. Sard)&C&U�3D S��_���� y, y & f �R<[��9 y 4 f #��9 f−1({y}) �F�� y �t�
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_K�Bte~$-�Le-�[t/G�3-�_��f�qG�4Dn\F jg^�y2&a8� g �G)�?�w��:[,}Le-���LLj g �tfG)��4 od�-'Q	f0�uF#�Dbd��VLt�.A2�:[�'�4j#6�~f0�W��TD xb+ U;LLjF�W_��33x�LL7|d���&�n9A�LL7sj���t!`'!	R�����DbdH9G
�VeGB�NXR�Xz�3x�3Xz�33x�vtf�OLL�|xÆuI�[x*�X��tb�T���<'LL7zz3jtD|	`���R&anLLj�H;:G)��TanV�tfgE�H;:G)�L=��V�Li�qhjV'�ihL=�H��v��ihL=:4�#Q��!���
��C&GL:UR���% (D. Davi-

denko) �x.��Y�JDi[�`6:[`pihD�w�~oLLtfG-M�� f : Rn → Rn �Y��~&_tfY� x0 �zU�9?�� f0 : Rn → Rn�4w> f0(x) = x − x0)  f ih�B&�ih�� H(x, t) = (1 − t)f0(x) + tf(x) �CjO: 0 ≤ t ≤ 1 �nk�ihL=�A2&T� H �Y�? H−1({0}) &;!a-
(x(t), t) ⊂ Rn × [0, 1], 0 ≤ t ≤ 1 �s-Mj x0  f �tfY� x∗ �{3���
H(x(t), t) ≡ 0 `z� t ��:�~���&{:[`p����%Y�JDi[�`� x′(t) = −Hx(x(t), t)−1Ht(x(t), t), x(0) = x0. � t = 0 F:[8J� t = 1 ���&��
f �tfY� x∗ �l9�LtD=��|�4��4t�Z.#ih-Gt&��&� x � t ��[:� od	D	-'ihD=��MA2&�_o�"S 0 &��
H(x, t) �R<[�<����&C��:&C�~$ih-2&y4��:8R x  O8R t ���i���	�U~�&+�-Z. s �:�Ll��k-z� t &M
“�y”, 1� “'R - ;R”(Predictor - Corrector) �:[.0�~���sih-9��p�L&'�px:U��C&�Jw=�4LL:UZ"j�no����e�&� od	D	-'z�H;:G)��LL�?G&G���/tX,�~|T~��GU�:4 1967 !�y�pa}U (Yale University) �IUf0��N (H.

Scarf) 4
:R�IU�_`ptf�I	J�����`�o�`p&�4 n �:��pK��tfMS�� f �G)��`�i�H;:G)�&C�Ll�G)�y4���NN�VS
��p~e<JD=�1���:Uj��F� (E. Sperner) �C�jOteJ-6}E f �G)��v9�LVtm�p<JG)�L=�4A�!��sL=)t�a`pG-MD���pG)�L=�aVo<t��
Z"� 1974 !��4y�'5Æ�}U (Clemson University) �L��tv�OG)�L=}.��.2� od
- D - -'�ED=��JB_oVQDH75mT~R.$`Lt9)pF�o��Rw��N4C.�k�?�G)�L=�C���R�jS8� “3~o5 .K9f�'5Æ�.�V\p�DVm4� od - D - -'z�LLMS��G)���C�T~_jV�tf6"�Jw=A2 - 9G&~�{�Y���GQ - �LLD=” �Nl�pG)�L=�
�Nza℄K�{ od - D - -'D=�i���'�ihew=
vlDI�Æ�4Gi�Z"�i<^�wx�Dbd  od�-'t&�N#s�)ps�G-M�`ih=:[LL�o�p�?S3sno�Z"�jV�}�q)�
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4 66 !l<\q�A�!�_jLLH;:G)��ihD=�bx�DbdtX4`p55��kihL=LtZ"DU��w	�p55�D��i&.��e9S�Yj'4��%U���`�1w>�bJ.�`�7A.�`���i�Lm�`qj'40�Ck�
j�wohr
���0�'9�D�Y�JD��&Y�X$��&C�/55�D��p�3�� n f8:� n f55�D���C� j f55��k� dj , <�:D�jv��-� (Bézout) &ChjsD�S�tJT:p�:�tf�s d1d2 · · · dn, _V�3��WD��-�:��4�}5:Z.#�s�s+}��OtJp�f:�C�JI���:^P[�`�3�� n×n�O A �^P[�`�;t55��kV-�:� 2n, �
A �5z� n f^P[��}L=!6��ihL=6p55�D� “S�”tJp�
�FV�}�|��M x = (x1, x2, . . . , xn) �t n (T�U8R� 1979 !��> - 5d�: (C. B. Garcia - W.

I. Zangwill) 3p n ( n f55�D� P (x) = (p1(x), p2(x), . . . , pn(x)) = 0 /%^Jih
H : Cn × [0, 1] → Cn, H(x, t) = (1 − t)Q(x) + tP (x) �LE Q(x) = (q1(x), q2(x), . . . , qn(x))�xfJR qj : Cn → C & qj(x1, x2, . . . , xn) = x

dj+1
j − 1, Cj dj & pj �k:�T~S�V�{ 0 & H �R<[�< P (x) = 0 �xtftJp+&ihD H(x, t) = 0 �tf.��p- x(t) � t = 1 ��l��no�&�- x(t) �G�y-o�Ll`pY�JDi[�` x′(t) = −Hx(x(t), t)−1Ht(x(t), t), x(0) = x0, Cj x0 & Q(x) = 0 �p�~�&{4:[�,} x(t), �s&Fj P (x) = 0 �S�tJp�,}[��-�&CU�

P (x) = 0 �5� d = d1d2 · · ·dn ftJp�9 Q(x) = 0 i� d′ = (d1 + 1)(d2 + 1) · · · (dn + 1)fp��s��V"SF� P (x) = 0 �S�tJp�~2Pf,} d′ e- x(t) �Ll4 t → 1 ��Q5-+,��℄+fV�jOL=-&f�}�:I�ihL=LL55�D�S�tJp�t}��&U&?L&��s&4?L7I�i�`p3��Gii�e\�itY�JD��V'O�8�> - 5d�:ih=�h+�pN� (S. N. Chow) ��5^ - )y^ (J. Mallet-Paret) {�-'u	Vtfih
H(x, t) = (1− t)Q(x)+ tP (x)+ t(1− t)R(x), Cj qj(x) = x

dj

j −bj � rj(x) =
∑n

i=1 aijx
dj

i , j =

1, . . . , n �T~S��kVR.�Y�?�x�3D S�� (a, b) ∈ Cn2

× Cn, �OihD H(x, t) = 0 �S� d ep-��&_ P (x) = 0 �S�tJpFj6���!�i�Dbd}}X|Vih���r;�TS��3"i�55�D� qj(x) =

ajx
dj

j − bj = 0, j = 1, 2, . . . , n, 3D S�� (a, b) ∈ Cn × Cn, �OihD H(x, t) =

(1 − t)Q(x) + tP (x) = 0 � d ep-tl&{F� P (x) = 0 �S�tJp�v��!����DbdPSZR`ptJp�:}}:"C-�:�55�D��Ll�D�)_�/Q (Deficient) D��{�ih=`pLm55�D��v t = 0��~2P�O d e-�4 t → 1 ��}5:�-+,��℄+fV�_��:�--N��s;a<}�:I�
6



3":[�:j�noq&�YZ�/Q55��k - �O^P[�`�Dbd T���K~�U�~_jV�ihA2`p}J�OS�^P[�_tf^P[�zU3}�`��ik�O D  S`�O A ih�B&�ih�O H(t) = (1 − t)D + tA �l�v
t = 0 j<:[�O H(t) �^P[�^P8R-�9� t = 1 ��� A �^P[ ^P8R�T�C��B"�D�Æ (Noah Rhee) �tf_LtA24LL7��'�s�T℄�T�j�U�D��D0(�?k\�w �+P�w��|tI|�LtL=A2 :[�'�T~an�<AV���3_�O�t���O�{�}J�4�O^P[LL�ihL=�B��$dC&?L&��%�z��fmCI�3Q5}�	�:^P[�`�ihL=��6� QR Jp�:�R�3"t��/Q55�D��r;tf��ihL=v7�i�55��k��<Td�L&��G~55�D� P (x) = 0�xtftJp�6��i�55�D�Q(x) =

0 �fpj<�ih-�kno�&~��~&���ih-� t → 1 �a"�℄��C2�r;& Q(x)  P (x) �il:��4�℄+m�Y��};�!6�Dbd Rp: (T. Sauer) �-'{�T�U�}%��DH�^[��p1��:D��Ck�D=�%�<�jTd Q(x) �t=LV�<�D=�wO7b8ih=� Cheater ih=�}�!6��"E8�Y (D. N. Bernshtein) &C����6"pf:��L:�5�aih=(1V$�4Cj�S
��0�a8� (Mixed Volume) VLLbzno�Dbd T�f�'4�U�~zd�t�W\pw��Ea��C1Z&ZT}?�m��9j��:[J�.QS���Z2Æ8Mk� [4] �455�D�:[pZ"�Dbd�1�CZ�pVtV_��
5  �7D\p�{dG�&�Dbd~�!64U7s��.q)�i&4 a�D ���(G1��>m�{PC*jd���T4WzY#}U-*%��q�h� “��” �TkVUra:�WNtx�4a%1)�q&t_��T?rY#}U8_;22Z�;�_22*���T 1969 !Ry�qE9}Um-B"U	��;!���T�[��6u℄G���Tvl�Y�n�b 1974 !|aV�2U7k�?d�B"U	�/r��`fH?�<'X\	^{ 220 − 160 �z�T� 1976 ! 5 0 4 v��Z{�!�D-�����xp~t�xt�:��)G!3~A�W���T�
l�}�&4>!�|a�� T8<8����.�����Z�rJ}UkL�8��t		.>{Cf0��>9℄j��l�p8� 1980! 1 0 29 v�Dbd/tj1*�.7�l9�(g<�VÆ4�G{��9`l� 1981 ! 7 0 15 vTan�j1VT.�ZÆ�{{�tf�6xY�4LV��~!��T�au℄'��#TG��l9��GZ� 1984! 20 21 v�Dbd<�jL���gJp0�?� 4 0 26 v�V�X|)r^�}.7�4V��A��!�T�a)L9��N�}.7���Jp��:.7iulG1�l9�Dbd^s7.~y�7�4s:!�<AVihew`p^P[�`�55�D��noCk�D=�?-kVt0vj�}XjE6�B"
��ksVx�4s?WTkVD x!-Wzh�no��Whb�k� 1985 ! 6 0b 7 0/.E�V��}��S}U j�%U,
S�hjV{Zz�0�)K�k�ihL=��`hb�?
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��dTj1}
��3�_:UiY����_?�|Gw�K�
1993! 1 0 25v�Dbd4�Z�rJ}Ub*��aql[�G'9/
Fu��u�N1��)rX|�}�C��T{<CVq��K �-�G"B�VA>�l9�v 1992 !FT���[�um�"9V�:�ju�u�+w��=Fj>���6MU&&E�wzmgS�F���l�4 1995 ! 5 0 30 v)Vtt}.7_<g�J	b��4V����`!W�T�a�.6*9��l9|x*#Q�t!� 5 0 2 v�T��Vtt&E�w�.7�V�uANG�2nT��v 2003 !℄�F��T}!6U�1)"ka�xbo��tMpf3IL;
E�a�.-{N�&��Q5�&&��4s�i_R4��V�� 2003 ! 6 0�Dbd3t7#>
��5� 6 0 24 vu�3TF6)rX|��}|LV���hT mC��NT�F6X|zdxV�fTU�4�f�D�!j�DbdZ?71A>��}m-�l9T4��jgK6B�{>{�}����tttB�>
�bx�Tgp��}.7z��t��Jp�.7<GLC:�g+&�	����T&tf4��j`q;� “ >*C>�℄” �p�:r	txVP��K�l<�G"f'OtR2��4�X��(�#�jV�t_�
l��TY3T�
�~>�{T~4U��
j#�2��_o2�T&>l'O>m��}2��tR2���t9pV�R&��Lm[p����~|Xbxvvl>mU�DbdtX4v�W1��y��R�l%U6w.
{#^<5V�l�	�l�	�

6 iWWÆDbdD�!wtv��b{�hUX.�TYs��T�anVkV�7-'f0Ll�����CG;=|�U��&Ve�TYY3T�U�>��F?Gu��9&Mu��pC�?Gno��_�`&f=n�jMno�TYP�T3�`�"=_G�&-<p5VeVtJk��#��tJk&��&;�anVb�tJk�tf�`�}p�p�GV�?G;!:p�qp�GV�}p�A$�`�b�qG�"p��`�b�� “:	tx$��?$Ve����GWfFK” �&T$�U�~��f�TqY>-5�U�t&o�\��Cp��C&�:U�tU�p�M�;���m=�&w����T?�I>�tf�O�Lf��u.�"Wf�C�U�-M�:�};U�+.S��l9U�O�S�;�D���&�u�C�����&�uvGi�e.6"Lf�`���_.���2G��o��Dbd4Wz��}U�S{3j�^�f%j>9y4�℄�fUÆ�a.�?Æ7m��T?b�Ll�y$�t	:U
�4CB"
d$,�,,��f0o$VS�^2�;�'N (A. Tychonoff) &C�Qfy?�b8q&y��Vi`f0mVS�t��;�'N&C�r�f:y?Vb8q&y����VM�S��xtf"m9GU>lS�kY��Qfy?�ZK�DbdV��3U�CM�&�G`M(�OS�T��FU��L�:U℄k��Gv
�+G.�MT3xtf$`K�6*o`�Go~b “ǫ − δ” !f��zz&m=�obA2�b “basic idea” �To`U�4h!S�tf
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�hT$`�v: (S. Smale)�U�?WS (J. Renegar) ('�y�#�:}U (Cornell University) f0) �k� “z�u3-Mb�L=9�ZK�T2MCk” ��T��t�'7& “�o��a+���uqG(” ���L�U��J�}��F��96`U�[[}f0��l “�uqG(” �R���3�&tf
“�uqG(” �:UR�L	U�(�V�u&
:U��u&b:U�R��Dbd,^�
D=�b*|7�TG~2��Z�rJ}U�njf0a�njfUa�qÆ4VTt0�t0�
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