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CYMJc̄]�
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7Ya�LJX�aN�KN^^N\�
Y\QJXSdN�MJ^J�]^Y\NM�SX�J�
VSXUNM�MJ^J�]^\_L^_\N˺



AN`SNa
ˣ]Y\^SXQ�ͅ�VSXUNM�MJ^J�]^\_L^_\N]ˤ



BY\^SXQ

Ɣ BY\^SXQ�S]�J�ZYaN\O_V�^YYV�OY\�Y\QJXSdSXQ�MJ^J�SX�J�WNJXSXQO_V�OY\WJ^˶

Ɣ CRN\N�J\N�WJXc�MSňN\NX^�WN^RYM]�OY\�]Y\^SXQ�MJ^J˲
ż BNVNL^SYX�BY\^
ż 8X]N\^SYX�BY\^
ż <N\QN]Y\^
ż @_SLU]Y\^
ż 0XM�WJXc�WY\N˱

Ɣ DXMN\]^JXMSXQ�^RN�MSňN\NX^�\_X^SWN]�JXM�^\JMNYň]�YO�^RN�MSňN\NX^�JVQY\S^RW]�
S]�SWZY\^JX^�aRNX�LRYY]SXQ�^RN�\SQR^�^YYV�OY\�^RN�TYK˶





R^^Z]˲̾̾aaa˰^YZ^JV˰LYW̾MN`NVYZN\]̾]Y\^SXQ̐JVQY\S^RW]

https://www.toptal.com/developers/sorting-algorithms


http://www.youtube.com/watch?v=kPRA0W1kECg


0]]SQXWNX^��˲;SXUNM�;S]^�CSZ]

Ɣ FRNX�SWZVNWNX^SXQ�^RN�]Y\^SXQ�JVQY\S^RW�YX�VSXUNM�VS]^]˳�S^�S]�]^\YXQVc�
\NLYWWNXMNM�^Y�SWZVNWNX^�RNVZN\�O_XL^SYX]�OY\�^RN�MS`SMN̾TYSX�LYWZYXNX^]�YO�
^RN�JVQY\S^RW˰
ż 5Y\�[_SLU]Y\^�^RS]�WNJX]�RJ`SXQ�RNVZN\�O_XL^SYX]�OY\�^RN�ZJ\^S^SYX�JXM�LYXLJ^NXJ^N�YZN\J^SYX]�

Ɣ 4`N\c^RSXQ�cY_�a\S^N�]RY_VM�KN�SWZVNWNX^NM�S^N\J^S`NVc˰
ż @_SLUBY\^�S]�SWZVNWNX^NM�\NL_\]S`NVc˳�K_^�cY_̄\N�YXVc�a\S^SXQ�^RN�SXMS`SM_JV�LYWZYXNX^]�
ż 5Y\�\_XBY\^˳�KY^R�^RN�Y`N\JVV�]Y\^�JXM�^RN�SXMS`SM_JV�LYWZYXNX^]�]RY_VM�KN�MYXN�S^N\J^S`NVc˰

Ɣ F\S^N�^N]^]�OY\�cY_\�RNVZN\�O_XL^SYX]�Ŋ\]^˶�CRNX˳�a\S^N�NXM̐^Y̐NXM�^N]^]�OY\�cY_\�
]Y\^SXQ�O_XL^SYX˰�



;SXUNM�3J^J�B^\_L^_\N]

Ɣ ;J]^�aNNU˳�aN�NbZVY\NM�VSXUNM�VS]^]˳�Y_\�Ŋ\]^�NbJWZVN�YO�J�VSXUNM�MJ^J�
]^\_L^_\N˰



;SXUNM�3J^J�B^\_L^_\N]

Ɣ ;J]^�aNNU˳�aN�NbZVY\NM�VSXUNM�VS]^]˳�Y_\�Ŋ\]^�NbJWZVN�YO�J�VSXUNM�MJ^J�
]^\_L^_\N˰
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;SXUNM�3J^J�B^\_L^_\N]

Ɣ ;J]^�aNNU˳�aN�NbZVY\NM�VSXUNM�VS]^]˳�Y_\�Ŋ\]^�NbJWZVN�YO�J�VSXUNM�MJ^J�
]^\_L^_\N˰

Ɣ ;SXUNM�MJ^J�]^\_L^_\N]�J\N�MS]^SXQ_S]RNM�Kc�^RN�OJL^�^RJ^�^RNc�]^Y\NM�MJ^J�SX�J�
MS]^\SK_^NM�WJXXN\˰ �CRS]�WNJX]�^RJ^�^RN�MJ^J�S]�]^Y\NM�JL\Y]]�WJXc�MSňN\NX^�
VYLJ^SYX]�SX�LYWZ_^N\�WNWY\c˰



;SXUNM�3J^J�B^\_L^_\N]

Ɣ ;J]^�aNNU˳�aN�NbZVY\NM�VSXUNM�VS]^]˳�Y_\�Ŋ\]^�NbJWZVN�YO�J�VSXUNM�MJ^J�
]^\_L^_\N˰

Ɣ ;SXUNM�MJ^J�]^\_L^_\N]�J\N�MS]^SXQ_S]RNM�Kc�^RN�OJL^�^RJ^�^RNc�]^Y\NM�MJ^J�SX�J�
MS]^\SK_^NM�WJXXN\˰ �CRS]�WNJX]�^RJ^�^RN�MJ^J�S]�]^Y\NM�JL\Y]]�WJXc�MSňN\NX^�
VYLJ^SYX]�SX�LYWZ_^N\�WNWY\c˰

Ɣ 8X�Y\MN\�^Y�Y\QJXSdN�^RS]�MJ^J˳�aN�RJM�^Y�K_XMVN�MJ^J�JVYXQ]SMN�ZYSX^N\]�SX�^RN�
LYXLNZ^�YO�J�˾XYMN˰˾



;SXUNM�3J^J�B^\_L^_\N]

Ɣ ;J]^�aNNU˳�aN�NbZVY\NM�VSXUNM�VS]^]˳�Y_\�Ŋ\]^�NbJWZVN�YO�J�VSXUNM�MJ^J�
]^\_L^_\N˰

Ɣ ;SXUNM�MJ^J�]^\_L^_\N]�J\N�MS]^SXQ_S]RNM�Kc�^RN�OJL^�^RJ^�^RNc�]^Y\NM�MJ^J�SX�J�
MS]^\SK_^NM�WJXXN\˰ �CRS]�WNJX]�^RJ^�^RN�MJ^J�S]�]^Y\NM�JL\Y]]�WJXc�MSňN\NX^�
VYLJ^SYX]�SX�LYWZ_^N\�WNWY\c˰

Ɣ 8X�Y\MN\�^Y�Y\QJXSdN�^RS]�MJ^J˳�aN�RJM�^Y�K_XMVN�MJ^J�JVYXQ]SMN�ZYSX^N\]�SX�^RN�
LYXLNZ^�YO�J�˾XYMN˰˾

Ɣ D]SXQ�ZYSX^N\]�JVVYa]�_]�^Y�L\NJ^N�VSXU]�^Y�Y^RN\�XYMN]�^Y�SWZY]N�]^\_L^_\N˰



;SXUNM�;S]^�C\JMNYň]

Ɣ B^Y\SXQ�MJ^J�SX�J�MS]^\SK_^NM�˟XYX̐LYX^SQ_Y_]ˠ�WJXXN\�RJM�]YWN�MS]^SXL^�
JM`JX^JQN]�Y`N\�aY\USXQ�aS^R�J\\Jc]˰
ż 8X]N\^SYX̾\NWY`JV�YO�NVNWNX^]�YO�J�VSXUNM�VS]^�aJ]�`N\c�[_SLU�KNLJ_]N�S^�YXVc�

SX`YV`NM�OJ]^�ZYSX^N\�\NaS\SXQ�YZN\J^SYX]˰�FN�XN`N\�RJM�^Y�˾]RSO^˾�NVNWNX^]�Y`N\�^Y�
WJUN�\YYW˰

ż 1NLJ_]N�JVV�^RN�MJ^J�aJ]�]^Y\NM�SX�McXJWSL�WNWY\c˳�NbZJXMSXQ�^RN�]SdN�YO�^RN�
VSXUNM�VS]^�aJ]�`N\c�NJ]c�JXM�XN`N\�\N[_S\NM�JX�NbZNX]S`N�˾\N̐]SdSXQ˾�YZN\J^SYX�^RJ^�
RJM�^Y�LYZc�JVV�^RN�MJ^J˰



;SXUNM�;S]^�C\JMNYň]

Ɣ B^Y\SXQ�MJ^J�SX�J�MS]^\SK_^NM�˟XYX̐LYX^SQ_Y_]ˠ�WJXXN\�RJM�]YWN�MS]^SXL^�
JM`JX^JQN]�Y`N\�aY\USXQ�aS^R�J\\Jc]˰

Ɣ 7YaN`N\˳ �aN�JV]Y�\JX�SX^Y�]YWN�VSWS^J^SYX]�aRNX�S^�LJWN�^Y�aY\USXQ�aS^R�VS]^]˲
ż 3J^J�aJ]�Y\QJXSdNM�SX�J�VSXNJ\�]^\_L^_\N˳�aRSLR�WNJX^�^RN�ZJ^R�^Y�^\J`N\]N�KN^aNNX�

JXc�^aY�XYMN]�˟]ZNLSŊLJVVc�KN^aNNX�^RN�O\YX^�JXM�J�XYMN�VJ^N\�YX�SX�^RN�VS]^ˠ�LY_VM�
QN^�`N\c�VYXQ˰

ż 5SXMSXQ�NVNWNX^]�SX�J�VSXUNM�VS]^�S]�JX���I �YZN\J^SYX˳�aRSLR�LJX�QN^�]VYa�aRNX�aN�
aJX^�^Y�]^Y\N�WJXc�NVNWNX^]˰�



;SXUNM�;S]^�C\JMNYň]

Ɣ B^Y\SXQ�MJ^J�SX�J�MS]^\SK_^NM�˟XYX̐LYX^SQ_Y_]ˠ�WJXXN\�RJM�]YWN�MS]^SXL^�
JM`JX^JQN]�Y`N\�aY\USXQ�aS^R�J\\Jc]˰

Ɣ 7YaN`N\˳ �aN�JV]Y�\JX�SX^Y�]YWN�VSWS^J^SYX]�aRNX�S^�LJWN�^Y�aY\USXQ�aS^R�VS]^]˲
ż 3J^J�aJ]�Y\QJXSdNM�SX�J�VSXNJ\�]^\_L^_\N˳�aRSLR�WNJX^�^RN�ZJ^R�^Y�^\J`N\]N�KN^aNNX�

JXc�^aY�XYMN]�˟]ZNLSŊLJVVc�KN^aNNX�^RN�O\YX^�JXM�J�XYMN�VJ^N\�YX�SX�^RN�VS]^ˠ�LY_VM�
QN^�`N\c�VYXQ˰

ż 5SXMSXQ�NVNWNX^]�SX�J�VSXUNM�VS]^�S]�JX���I �YZN\J^SYX˳�aRSLR�LJX�QN^�]VYa�aRNX�aN�
aJX^�^Y�]^Y\N�WJXc�NVNWNX^]˰�

ż FN�LY_VMX˿^�ONJ]SKVc�a\S^N�\NL_\]S`N�JVQY\S^RW]�^RJ^�^\J`N\]NM�VSXUNM�VS]^]˳�M_N�^Y�
]^JLU�O\JWN�VSWS^]�^RJ^�LJWN�SX^Y�ZVJc�]SXLN�^\J`N\]JV�JVQY\S^RW]�\N[_S\NM�YXN�]^JLU�
O\JWN�ZN\�XYMN˰



;SXUNM�;S]^�C\JMNYň]

Ɣ B^Y\SXQ�MJ^J�SX�J�MS]^\SK_^NM�˟XYX̐LYX^SQ_Y_]ˠ�WJXXN\�RJM�]YWN�MS]^SXL^�
JM`JX^JQN]�Y`N\�aY\USXQ�aS^R�J\\Jc]˰

Ɣ 7YaN`N\˳ �aN�JV]Y�\JX�SX^Y�]YWN�VSWS^J^SYX]�aRNX�S^�LJWN�^Y�aY\USXQ�aS^R�VS]^]˰

Ɣ @_N]^SYX˲�2JX�aN�Y\QJXSdN�MJ^J�SX�J�VSXUNM�MJ^J�]^\_L^_\N�SX�]_LR�J�aJc�^RJ^�
^RN�ZJ^R�KN^aNNX�^RN�˾O\YX^˾�JXM�JXc�NVNWNX^�SX�^RN�]^\_L^_\N�S]�]RY\^�˟KN^^N\�
^RJX���I ˠ�N`NX�SO�^RN\N�J\N�WJXc�NVNWNX^]˺
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:Nc�8MNJ˲�CRN�MS]^JXLN�O\YW�NJLR�NVNWNX^�SX�^RS]�]^\_L^_\N�^Y�^RN�
^YZ�YO�^RN�]^\_L^_\N�S]�]WJVV˳�N`NX�SO�^RN\N�J\N�WJXc�NVNWNX^]˰



:Nc�8MNJ˲�K\JXLRN]



C\NN]
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Ɣ FN˿`N�JV\NJMc�]NNX�^\NN]�KNOY\N�SX�^RS]�LVJ]]˱�MNLS]SYX�^\NN]˶
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Ɣ FN˿`N�JV\NJMc�]NNX�^\NN]�KNOY\N�SX�^RS]�LVJ]]˱�MNLS]SYX�^\NN]˶
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Ɣ FN˿`N�JV\NJMc�]NNX�^\NN]�KNOY\N�SX�^RS]�LVJ]]˱�MNLS]SYX�^\NN]˶



CR\YaKJLU�CR_\]MJc�˟YX�FNMXN]MJcˠ

Ɣ FN˿`N�JV\NJMc�]NNX�^\NN]�KNOY\N�SX�^RS]�LVJ]]˱�MNLS]SYX�^\NN]˶



C\NN]�SX�^RN�FSVM

Ɣ C\NN]�J\N�_]NO_V�SX�Y^RN\�aJc]�KN]SMN]�T_]^�`S]_JVSdSXQ�\NL_\]S`N�KJLU^\JLUSXQ˰�
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C\NN]�SX�^RN�FSVM

Ɣ C\NN]�J\N�_]NO_V�SX�Y^RN\�aJc]�KN]SMN]�T_]^�`S]_JVSdSXQ�\NL_\]S`N�KJLU^\JLUSXQ˰�

Ɣ 1_^˳�S^�S]�XY^�J�LYSXLSMNXLN�^RJ^�aN�Ŋ\]^�]Ja�^RNW�JZZNJ\�SX�LYXT_XL^SYX�aS^R�
\NL_\]SYX˰



C\NN]�SX�^RN�FSVM

Ɣ C\NN]�J\N�_]NO_V�SX�Y^RN\�aJc]�KN]SMN]�T_]^�`S]_JVSdSXQ�\NL_\]S`N�KJLU^\JLUSXQ˰�

Ɣ 1_^˳�S^�S]�XY^�J�LYSXLSMNXLN�^RJ^�aN�Ŋ\]^�]Ja�^RNW�JZZNJ\�SX�LYXT_XL^SYX�aS^R�
\NL_\]SYX˰

Ɣ C\NN]�J\N�SXRN\NX^Vc�MNŊXNM�\NL_\]S`NVc˶
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0�]SXQVN�XYMN�
˟ZJ\NX^ˠ˳�aS^R�dN\Y�Y\�
WY\N�XYX̐NWZ^c�
]_K^\NN]�˟LRSVM\NXˠ

Ÿ



^\NN
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VSXUNM�^Y�dN\Y�Y\�WY\N�XYX̐NWZ^c�

]_K^\NN]˰
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Ɣ 1_SVMSXQ�J�^\NN�S]�`N\c�]SWSVJ\�^Y�^RN�Z\YLN]]�YO�K_SVMSXQ�J�VSXUNM�VS]^˰�

Ɣ FN�L\NJ^N�XNa�XYMN]�YO�^RN�^\NN�Kc�McXJWSLJVVc�JVVYLJ^SXQ�WNWY\c˰

Ɣ FN�SX^NQ\J^N�^RN]N�XNa�XYMN]�SX^Y�^RN�^\NN�Kc�\NaS\SXQ�^RN�G@AO�JXM�MDBCO�
ZYSX^N\]�YO�NbS]^SXQ�XYMN]�SX�^RN�^\NN˰�
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Ɣ >O^NX˳�aN�aSVV�aJX^�^Y�˾MY�]YWN^RSXQ˾�aS^R�NJLR�XYMN�SX�J�^\NN˰�;SUN�VSXUNM�VS]^]˳�
aN�LJX�MY�]Y�Kc�^\J`N\]SXQ�^RN�^\NN˰�FS^R�^RN�K\JXLRSXQ�SX`YV`NM˳�^RS]�S]�J�
]VSQR^Vc�WY\N�SX`YV`NM�Z\YLN]]�^RJX�^\J`N\]SXQ�J�VSXUNM�VS]^˶
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Ɣ >O^NX˳�aN�aSVV�aJX^�^Y�˾MY�]YWN^RSXQ˾�aS^R�NJLR�XYMN�SX�J�^\NN˰�;SUN�VSXUNM�VS]^]˳�
aN�LJX�MY�]Y�Kc�^\J`N\]SXQ�^RN�^\NN˰�FS^R�^RN�K\JXLRSXQ�SX`YV`NM˳�^RS]�S]�J�
]VSQR^Vc�WY\N�SX`YV`NM�Z\YLN]]�^RJX�^\J`N\]SXQ�J�VSXUNM�VS]^˶

Ɣ CRN\N�J\N�^R\NN�WJSX�aJc]�^Y�^\J`N\]N�J�KSXJ\c�^\NN˲
ż ?\N̐Y\MN\�^\J`N\]JV
ż 8X̐Y\MN\�^\J`N\]JV�
ż ?Y]^̐Y\MN\�^\J`N\]JV
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Ɣ >O^NX˳�aN�aSVV�aJX^�^Y�˾MY�]YWN^RSXQ˾�aS^R�NJLR�XYMN�SX�J�^\NN˰�;SUN�VSXUNM�VS]^]˳�
aN�LJX�MY�]Y�Kc�^\J`N\]SXQ�^RN�^\NN˰�FS^R�^RN�K\JXLRSXQ�SX`YV`NM˳�^RS]�S]�J�
]VSQR^Vc�WY\N�SX`YV`NM�Z\YLN]]�^RJX�^\J`N\]SXQ�J�VSXUNM�VS]^˶

Ɣ CRN\N�J\N�^R\NN�WJSX�aJc]�^Y�^\J`N\]N�J�KSXJ\c�^\NN˲
ż ?\N̐Y\MN\�^\J`N\]JV
ż 8X̐Y\MN\�^\J`N\]JV�
ż ?Y]^̐Y\MN\�^\J`N\]JV

Ɣ 3_N�^Y�^RN�\NL_\]S`N�XJ^_\N�YO�^\NN]˳�JVV�YO�^RN]N�JVQY\S^RW]�J\N�WY]^�NJ]SVc�
MNŊXNM�\NL_\]S`NVc˰



?\N̐Y\MN\�C\J`N\]JV

Ɣ CRN�JVQY\S^RW�OY\�J�Z\N̐Y\MN\�^\J`N\]JV�S]�MNŊXNM�J]�OYVVYa]˲
ż ˾3Y�]YWN^RSXQ˾�aS^R�^RN�L_\\NX^�XYMN
ż C\J`N\]N�^RN�VNO^�]_K^\NN
ż C\J`N\]N�^RN�\SQR^�]_K^\NN

Ɣ 5Y\�NbJWZVN�Z_\ZY]N]˳�VN^˿]�RJ`N�Y_\�˾MY�]YWN^RSXQ˾�^Y�KN�Z\SX^SXQ�^RN�
LYX^NX^]�YO�^RN�L_\\NX^�XYMN˳�aRSLR�aSVV�JVVYa�_]�^Y�Z\SX^�^RN�Y`N\JVV�^\NN˰
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Ɣ CRN�JVQY\S^RW�OY\�J�Z\N̐Y\MN\�^\J`N\]JV�S]�MNŊXNM�J]�OYVVYa]˲
ż ˾3Y�]YWN^RSXQ˾�aS^R�^RN�L_\\NX^�XYMN
ż C\J`N\]N�^RN�VNO^�]_K^\NN
ż C\J`N\]N�^RN�\SQR^�]_K^\NN

Ɣ 5Y\�NbJWZVN�Z_\ZY]N]˳�VN^˿]�RJ`N�Y_\�˾MY�]YWN^RSXQ˾�KN�Z\SX^SXQ�^RN�LYX^NX^]�
YO�^RN�L_\\NX^�XYMN˳�aRSLR�aSVV�JVVYa�_]�^Y�Z\SX^�^RN�Y`N\JVV�^\NN˰

Ɣ >_^Z_^˲�KDI@<KKG@�>J>JIPO�=<I<I<�?PMD<I�NOM<R=@MMT�O<MJ



8X̐Y\MN\�C\J`N\]JV

Ɣ CRN�JVQY\S^RW�OY\�JX�SX̐Y\MN\�^\J`N\]JV�S]�MNŊXNM�J]�OYVVYa]˲
ż C\J`N\]N�^RN�VNO^�]_K^\NN
ż ˾3Y�]YWN^RSXQ˾�aS^R�^RN�L_\\NX^�XYMN
ż C\J`N\]N�^RN�\SQR^�]_K^\NN
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8X̐Y\MN\�C\J`N\]JV

Ɣ CRN�JVQY\S^RW�OY\�JX�SX̐Y\MN\�^\J`N\]JV�S]�MNŊXNM�J]�OYVVYa]˲
ż C\J`N\]N�^RN�VNO^�]_K^\NN
ż ˾3Y�]YWN^RSXQ˾�aS^R�^RN�L_\\NX^�XYMN
ż C\J`N\]N�^RN�\SQR^�]_K^\NN

Ɣ >_^Z_^˲�=<I<I<�>J>JIPO�?PMD<I�KDI@<KKG@�NOM<R=@MMT�O<MJ�

Ɣ >K]N\`J^SYX˲�CRN�Y_^Z_^�YO�^RS]�^\J`N\]JV�QS`N]�J]�JVV�^RN�`JV_N]�SX�JVZRJKN^SLJV�
Y\MN\˰ �8]�^RS]�J�LYSXLSMNXLN˺
ż =Y˶�FN˿VV�]NN�aRc�^RS]�aNNU˶



?Y]^̐Y\MN\�C\J`N\]JV

Ɣ CRN�JVQY\S^RW�OY\�J�ZY]^̐Y\MN\�^\J`N\]JV�S]�MNŊXNM�J]�OYVVYa]˲
ż C\J`N\]N�^RN�VNO^�]_K^\NN
ż C\J`N\]N�^RN�\SQR^�]_K^\NN
ż ˾3Y�]YWN^RSXQ˾�aS^R�^RN�L_\\NX^�XYMN
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Ɣ C\NN]�JVVYa�_]�^Y�Y\QJXSdN�SXOY\WJ^SYX�SX�J�VSXUNM�MJ^J�]^\_L^_\N�]_LR�^RJ^�^RN�
MS]^JXLN�^Y�JXc�NVNWNX^�S]�]RY\^˳�N`NX�SO�^RN\N�J\N�WJXc�NVNWNX^]˰

Ɣ C\NN]�Y\QJXSdN�XYMN]�SX�J�RSN\J\LRSLJV�WJXXN\˳ �aRN\N�NJLR�NVNWNX^�LYX^JSX]�
LYXXNL^SYX]�^Y�LRSVM\NX�XYMN]�^RJ^�NbS]^�˾VYaN\˾�SX�^RN�^\NN˰

Ɣ CRN\N�J\N�^R\NN�WJSX�aJc]�^Y�^\J`N\]N�^RN�XYMN]�SX�J�^\NN˳�JXM�NJLR�^cZN�YO�
^\J`N\]JV�`S]S^]�^RN�XYMN]�YO�^RN�^\NN�SX�J�MS]^SXL^Vc�MSňN\NX^�Y\MN\˰ �
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