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Ɣ 8X�^RS]�VNL^_\N˳�aN˿\N�QYSXQ�^Y�JX]aN\�^RN�OYVVYaSXQ�[_N]^SYX]˲�
ż FRJ^�J\N�]YWN�]^\J^NQSN]�aN�LY_VM�_]N˺
ż 7Ya�MY�^RY]N�]^\J^NQSN]�LYWZJ\N˺
ż 8]�^RN\N�J�̀KN]^́�]^\J^NQc˺



https://www.toptal.com/developers/sorting-algorithms
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>_\�Ŋ\]^�]Y\^˲�BNVNL^SYX�]Y\^

�ēőƘƞƏēƷƄŗƦķƑưͯéƕƈƞƱôïͯƅƶͯEôƌŗƋͯ·ƠĎƚÙƯſ

uĎôƖƈͯƢƩôĮƈƑƱőͯ
ÙŊƈͯƦƑͯƱĎôͯƕƌƤĎƗͯ
ŇƏÙƠƈͯįƬƚ͏

uĎôͯƕƈƪƞēįƌƑƤͯ
ôĨƈƐƢƫŗƖͯÙƯƈͯƦįͯƑķͯ
ŇÙƕƱƌéƲƏÙƯͯƒŊƇƢƯ͏



>_\�Ŋ\]^�]Y\^˲�BNVNL^SYX�]Y\^

�ēőƘƞƏēƷƄŗƦķƑưͯéƕƈƞƱôïͯƅƶͯEôƌŗƋͯ·ƠĎƚÙƯſ



>_\�Ŋ\]^�]Y\^˲�BNVNL^SYX�]Y\^

�ēőƘƞƏēƷƄŗƦķƑưͯéƕƈƞƱôïͯƅƶͯEôƌŗƋͯ·ƠĎƚÙƯſ



>_\�Ŋ\]^�]Y\^˲�BNVNL^SYX�]Y\^

�ēőƘƞƏēƷƄŗƦķƑưͯéƕƈƞƱôïͯƅƶͯEôƌŗƋͯ·ƠĎƚÙƯſ

uĎôͯƖƪƄĨƏƢưŗͯôƏƈƪƢįƗͯ
ķąͯƗƥƈͯŊƢƐÙƌƫƦįƊͯ
ôĨƈƐƢƫŗƖͯƤķƈőͯƞƗͯƱĎôͯ
ąƕķƫŗͯƒƉͯƱĎƢͯ
ŊôƐƄƦƫēįƊͯƈƩƢĮôƑƱő͏



>_\�Ŋ\]^�]Y\^˲�BNVNL^SYX�]Y\^

�ēőƘƞƏēƷƄŗƦķƑưͯéƕƈƞƱôïͯƅƶͯEôƌŗƋͯ·ƠĎƚÙƯſ



>_\�Ŋ\]^�]Y\^˲�BNVNL^SYX�]Y\^

�ēőƘƞƏēƷƄŗƦķƑưͯéƕƈƞƱôïͯƅƶͯEôƌŗƋͯ·ƠĎƚÙƯſ

uĎôƖƈͯƢƩôĮƈƑƱőͯ
ÙŊƈͯƦƑͯƱĎôͯƕƌƤĎƗͯ
ŇƏÙƠƈͯįƬƚ͏



BNVNL^SYX�]Y\^�JVQY\S^RW

Ɣ 5SXM�^RN�]WJVVN]^�NVNWNX^�JXM�WY`N�S^�^Y�^RN�Ŋ\]^�ZY]S^SYX˰

Ɣ 5SXM�^RN�]WJVVN]^�NVNWNX^�YO�aRJ^̄]�VNO^�JXM�WY`N�S^�^Y�^RN�]NLYXM�ZY]S^SYX˰

Ɣ 5SXM�^RN�]WJVVN]^�NVNWNX^�YO�aRJ^̄]�VNO^�JXM�WY`N�S^�^Y�^RN�^RS\M�ZY]S^SYX˰

Ɣ 5SXM�^RN�]WJVVN]^�NVNWNX^�YO�aRJ^̄]�VNO^�JXM�WY`N�S^�^Y�^RN�OY_\^R�ZY]S^SYX˰

Ɣ ˟N^L˰ˠ
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0XJVcdSXQ�]NVNL^SYX�]Y\^

Ɣ 7Ya�W_LR�aY\U�MY�aN�MY�OY\�]NVNL^SYX�]Y\^˺



0XJVcdSXQ�]NVNL^SYX�]Y\^

Ɣ 7Ya�W_LR�aY\U�MY�aN�MY�OY\�]NVNL^SYX�]Y\^˺
ż CY�ŊXM�^RN�]WJVVN]^�`JV_N˳�aN�XNNM�^Y�VYYU�J^�JVV�Q�NVNWNX^]˰



0XJVcdSXQ�]NVNL^SYX�]Y\^

Ɣ 7Ya�W_LR�aY\U�MY�aN�MY�OY\�]NVNL^SYX�]Y\^˺
ż CY�ŊXM�^RN�]WJVVN]^�`JV_N˳�aN�XNNM�^Y�VYYU�J^�JVV�Q�NVNWNX^]˰
ż CY�ŊXM�^RN�]NLYXM̐]WJVVN]^�`JV_N˳�aN�XNNM�^Y�VYYU�J^�Q�°���NVNWNX^]˰



0XJVcdSXQ�]NVNL^SYX�]Y\^

Ɣ 7Ya�W_LR�aY\U�MY�aN�MY�OY\�]NVNL^SYX�]Y\^˺
ż CY�ŊXM�^RN�]WJVVN]^�`JV_N˳�aN�XNNM�^Y�VYYU�J^�JVV�Q�NVNWNX^]˰
ż CY�ŊXM�^RN�]NLYXM̐]WJVVN]^�`JV_N˳�aN�XNNM�^Y�VYYU�J^�Q�°���NVNWNX^]˰
ż CY�ŊXM�^RN�^RS\M̐]WJVVN]^�`JV_N˳�aN�XNNM�^Y�VYYU�J^�Q�°���NVNWNX^]˰



0XJVcdSXQ�]NVNL^SYX�]Y\^

Ɣ 7Ya�W_LR�aY\U�MY�aN�MY�OY\�]NVNL^SYX�]Y\^˺
ż CY�ŊXM�^RN�]WJVVN]^�`JV_N˳�aN�XNNM�^Y�VYYU�J^�JVV�Q�NVNWNX^]˰
ż CY�ŊXM�^RN�]NLYXM̐]WJVVN]^�`JV_N˳�aN�XNNM�^Y�VYYU�J^�Q�°���NVNWNX^]˰
ż CY�ŊXM�^RN�^RS\M̐]WJVVN]^�`JV_N˳�aN�XNNM�^Y�VYYU�J^�Q�°���NVNWNX^]˰
ż CRS]�Z\YLN]]�LYX^SX_N]�_X^SV�aN�RJ`N�OY_XM�N`N\c�VJ]^�˾]WJVVN]^�NVNWNX^˾�

O\YW�^RN�Y\SQSXJV�LYVVNL^SYX˰



0XJVcdSXQ�]NVNL^SYX�]Y\^

Ɣ 7Ya�W_LR�aY\U�MY�aN�MY�OY\�]NVNL^SYX�]Y\^˺
ż CY�ŊXM�^RN�]WJVVN]^�`JV_N˳�aN�XNNM�^Y�VYYU�J^�JVV�Q�NVNWNX^]˰
ż CY�ŊXM�^RN�]NLYXM̐]WJVVN]^�`JV_N˳�aN�XNNM�^Y�VYYU�J^�Q�°���NVNWNX^]˰
ż CY�ŊXM�^RN�^RS\M̐]WJVVN]^�`JV_N˳�aN�XNNM�^Y�VYYU�J^�Q�°���NVNWNX^]˰
ż CRS]�Z\YLN]]�LYX^SX_N]�_X^SV�aN�RJ`N�OY_XM�N`N\c�VJ]^�˾]WJVVN]^�NVNWNX^˾�

O\YW�^RN�Y\SQSXJV�LYVVNL^SYX˰

Ɣ CRS]˳�^RN�^Y^JV�JWY_X^�YO�aY\U�aN�RJ`N�^Y�MY�S]�S]�Q����Q�°�������Q�°����
��ª����



CRN�LYWZVNbS^c�YO�]NVNL^SYX�]Y\^

Ɣ CRN\N�S]�J�WJ^RNWJ^SLJV�OY\W_VJ�^RJ^�^NVV]�_]�

Q����Q������������������ ��Q���Q��������



CRN�LYWZVNbS^c�YO�]NVNL^SYX�]Y\^

Ɣ CRN\N�S]�J�WJ^RNWJ^SLJV�OY\W_VJ�^RJ^�^NVV]�_]�

Q����Q������������������ ��Q���Q��������

Ɣ CR_]˳�^RN�Y`N\JVV�LYWZVNbS^c�YO�]NVNL^SYX�]Y\^�LJX�KN�]SWZVSŊNM�J]�OYVVYa]˲
ż CY^JV�aY\U� �2��Q���Q���������

��������



CRN�LYWZVNbS^c�YO�]NVNL^SYX�]Y\^

Ɣ CRN\N�S]�J�WJ^RNWJ^SLJV�OY\W_VJ�^RJ^�^NVV]�_]�

Q����Q������������������ ��Q���Q��������

Ɣ CR_]˳�^RN�Y`N\JVV�LYWZVNbS^c�YO�]NVNL^SYX�]Y\^�LJX�KN�]SWZVSŊNM�J]�OYVVYa]˲
ż CY^JV�aY\U� �2��Q���Q���������

�������� �2�Q���Q����

�������

�ēĆ͟UͯēĆƑƒƯƢőͯƆķƫőƗƄƫŗͯƉƞƠŗķƕư



CRN�LYWZVNbS^c�YO�]NVNL^SYX�]Y\^

Ɣ CRN\N�S]�J�WJ^RNWJ^SLJV�OY\W_VJ�^RJ^�^NVV]�_]�

Q����Q������������������ ��Q���Q��������

Ɣ CR_]˳�^RN�Y`N\JVV�LYWZVNbS^c�YO�]NVNL^SYX�]Y\^�LJX�KN�]SWZVSŊNM�J]�OYVVYa]˲
ż CY^JV�aY\U� �2��Q���Q���������

�������� �2�Q���Q����

�������� �2�Q����Q�

�ēĆ͟UͯēĆƑƒƯƢőͯƆķƫőƗƄƫŗͯƉƞƠŗķƕư



CRN�LYWZVNbS^c�YO�]NVNL^SYX�]Y\^

Ɣ CRN\N�S]�J�WJ^RNWJ^SLJV�OY\W_VJ�^RJ^�^NVV]�_]�

Q����Q������������������ ��Q���Q��������

Ɣ CR_]˳�^RN�Y`N\JVV�LYWZVNbS^c�YO�]NVNL^SYX�]Y\^�LJX�KN�]SWZVSŊNM�J]�OYVVYa]˲
ż CY^JV�aY\U� �2��Q���Q���������

�������� �2�Q���Q����

�������� �2�Q����Q�

�������� �2�Q��

�ēĆ͟UͯēĆƑƒƯƢőͯƆķƫőƗƄƫŗͯƉƞƠŗķƕư

�ēĆ͟UͯēĆƑƒƯƢőͯƏķƴ͟ķŊƇƈƯͯŗƢƕƪő



BNVNL^SYX�]Y\^�^JUNJaJc]

Ɣ BNVNL^SYX�]Y\^�aY\U]�Kc�˾]NVNL^SXQ˾�^RN�]WJVVN]^�\NWJSXSXQ�
NVNWNX^�SX�^RN�VS]^�JXM�Z_^^SXQ�S^�SX�^RN�O\YX^�YO�JVV�\NWJSXSXQ�
NVNWNX^]˰

Ɣ BNVNL^SYX�]Y\^�S]�JX�2�Q���JVQY\S^RW˰

Ɣ 2JX�aN�MY�KN^^N\˺
ż HN]˶



8X]N\^SYX�BY\^
˟1YX_]�2YX^NX^˳�XY^�LY`N\NM�SX�VS`N�
VNL^_\Nˠ



8X]N\^SYX�]Y\^



8X]N\^SYX�]Y\^
�ķįƖƌơƢŊôƇͯƄƩƬįô͊ͯŗƋôͯƟĨƘƢͯ
ēŗƈƐͯƦưͯŗƕēƳƌƞĨƏƶͯēįͯƖƒƯŗƢƇͯ
ķŊƇƈƯͯèƢƆÙƘưƢͯēŗͯƌƖͯƬƫĨƜͯ
ķįƈͯƦƗôƪ͏



8X]N\^SYX�]Y\^ uĎôͯƌƗƢƪőͯēƑͯƤŊƄƜͯƞƯôͯƌįͯ
įķͯƓƄƯŗƦƆśƩƄŊͯƬƕơôŊͯ
͛śįƖƒƯŗƢƇ͜͏



8X]N\^SYX�]Y\^ 5įƖôƯŗͯƗƥƈͯŹƢƏƩķųͯƈƏƢƪôįƗͯ
ēįƗƒͯƱĎƢͯƖôƮƘƢįƆôͯƱĎƄƗͯ
ēįƆƩƘïƢƖͯƱĎôͯƅƩƘƢͯôĨƈƐƢƫŗ͏



8X]N\^SYX�]Y\^



8X]N\^SYX�]Y\^



8X]N\^SYX�]Y\^ uĎôͯƅƩƘƢͯôĨƈƐƢƫŗƖͯ
ÙŊƈͯƖƬƯŗôƇ͌



8X]N\^SYX�]Y\^ 5įƖôƯŗͯƗƥƈͯŹƢƏƩķųͯ
ēŗƈƐͯƦƫŗķͯƗƥƈͯèƏƲôͯ
őôƔƘƢƫéô͊ͯĮÙƎƌƫĆͯ
ŗƋôͯưƈŉƲôƑƠƈͯƬįôͯ
ôĨƈƐƢƫŗͯƏķƫĆƈƕ͏



8X]N\^SYX�]Y\^



8X]N\^SYX�]Y\^



8X]N\^SYX�]Y\^



8X]N\^SYX�]Y\^



8X]N\^SYX�]Y\^

uĎôͯƅƩƘƢͯôĨƈƐƢƫŗƖͯ
ÙŊƈͯƖƬƯŗôƇ͌



8X]N\^SYX�]Y\^

5įƖôƯŗͯƗƥƈͯŹƢƏƩķųͯƌƗƢƪͯ
ēįƗƒͯƱĎƢͯƅƩśƈͯ
őôƔƘƢƫéô͊ͯĮÙƎƌƫĆͯƗƥƢͯ
őôƔƘƢƫéôͯƒƑƢͯôƩƈĮƢƑƱͯ
ĨķƑƤƈŊ͏



8X]N\^SYX�]Y\^



8X]N\^SYX�]Y\^



8X]N\^SYX�]Y\^



8X]N\^SYX�]Y\^



8X]N\^SYX�]Y\^



8X]N\^SYX�]Y\^



8X]N\^SYX�]Y\^

uĎôͯƅƩƘƢͯôĨƈƐƢƫŗƖͯ
ÙŊƈͯƖƬƯŗôƇ͌



8X]N\^SYX�]Y\^

5įƖôƯŗͯƗƥƈͯŹƢƏƩķųͯƌƗƢƪͯ
ēįƗƒͯƱĎƢͯƅƩśƈͯ
őôƔƘƢƫéô͊ͯĮÙƎƌƫĆͯƗƥƢͯ
őôƔƘƢƫéôͯƒƑƢͯôƩƈĮƢƑƱͯ
ĨķƑƤƈŊ͏



8X]N\^SYX�]Y\^



8X]N\^SYX�]Y\^



8X]N\^SYX�]Y\^

uĎôͯƅƩƘƢͯôĨƈƐƢƫŗƖͯ
ÙŊƈͯƖƬƯŗôƇ͌



8X]N\^SYX�]Y\^�JVQY\S^RW

Ɣ ANZNJ^NMVc�SX]N\^�JX�NVNWNX^�SX^Y�J�]Y\^NM�]N[_NXLN�J^�^RN�O\YX^�YO�^RN�J\\Jc˰

Ɣ CY�SX]N\^�JX�NVNWNX^˳�]aJZ�S^�KJLUaJ\M]�_X^SV�NS^RN\˲
ż ˟�ˠ�S^̄]�KSQQN\�^RJX�^RN�NVNWNX^�KNOY\N�S^˳�Y\
ż ˟	ˠ�S^̄]�J^�^RN�O\YX^�YO�^RN�J\\Jc˰



8X]N\^SYX�]Y\^�LYMN
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CRN�LYWZVNbS^c�YO�SX]N\^SYX�]Y\^

Ɣ 8X�^RN�aY\]^�LJ]N�˟^RN�J\\Jc�S]�SX�\N`N\]N�]Y\^NM�Y\MN\ˠ˳�SX]N\^SYX�]Y\^�^JUN]�^SWN�
>˟X	ˠ˰
ż CRN�JXJVc]S]�OY\�^RS]�S]�]SWSVJ\�^Y�]NVNL^SYX�]Y\^˶

Ɣ 8X�^RN�KN]^�LJ]N�˟^RN�J\\Jc�S]�JV\NJMc�]Y\^NMˠ˳�SX]N\^SYX�^JUN]�^SWN�>˟Xˠ�KNLJ_]N�
cY_�YXVc�S^N\J^N�^R\Y_QR�YXLN�^Y�LRNLU�NJLR�NVNWNX^˰
ż BNVNL^SYX�]Y\^˳�RYaN`N\˳ �S]�JVaJc]�>˟X	ˠ�KNLJ_]N�cY_�JVaJc]�RJ`N�^Y�]NJ\LR�^RN�\NWJSXMN\�YO�

^RN�VS]^�^Y�Q_J\JX^NN�^RJ^�cY_̄\N�ŊXMSXQ�^RN�WSXSW_W�J^�NJLR�]^NZ˰

Ɣ 5_X�OJL^˲�8X]N\^SYX�]Y\^SXQ�JX�J\\Jc�YO�\JXMYW�`JV_N]�^JUN]˳�YX�J`N\JQN˳�>˟X	ˠ�
^SWN˰
ż CRS]�S]�KNcYXM�^RN�]LYZN�YO�^RN�LVJ]]�̓�^JUN�2B����SO�cY_̄\N�SX^N\N]^NM�SX�VNJ\XSXQ�WY\N˶



7Ya�LJX�aN�MN]SQX�KN^^N\˳ �
WY\N�NŎLSNX^�]Y\^SXQ�

JVQY\S^RW]˺



3S`SMN̐JXM̐2YX[_N\



<Y^S`J^SXQ�3S`SMN̐JXM̐2YX[_N\

Ɣ BY�OJ\˳ �aN˿`N�]NNX�2�1���]Y\^SXQ�JVQY\S^RW]˰�7Ya�LJX�aN�]^J\^�^Y�MY�KN^^N\˺



<Y^S`J^SXQ�3S`SMN̐JXM̐2YX[_N\

Ɣ BY�OJ\˳ �aN˿`N�]NNX�2�1���]Y\^SXQ�JVQY\S^RW]˰�7Ya�LJX�aN�]^J\^�^Y�MY�KN^^N\˺

Ɣ 0]]_WN�^RJ^�S^�^JUN]�W�]NLYXM]�^Y�\_X�]NVNL^SYX�]Y\^�YX�^RN�OYVVYaSXQ�J\\Jc˲



<Y^S`J^SXQ�3S`SMN̐JXM̐2YX[_N\

Ɣ BY�OJ\˳ �aN˿`N�]NNX�2�1���]Y\^SXQ�JVQY\S^RW]˰�7Ya�LJX�aN�]^J\^�^Y�MY�KN^^N\˺

Ɣ 0]]_WN�^RJ^�S^�^JUN]�W�]NLYXM]�^Y�\_X�]NVNL^SYX�]Y\^�YX�^RN�OYVVYaSXQ�J\\Jc˲

Ɣ ?YVV˲�0ZZ\YbSWJ^NVc�RYa�WJXc�]NLYXM]�aSVV�S^�^JUN�^Y�\_X�]NVNL^SYX�]Y\^�YX�NJLR�
YO�^RN�OYVVYaSXQ�J\\Jc]˺��ZYVVN ˰̀LYW̾L]��KZYVV





<Y^S`J^SXQ�3S`SMN̐JXM̐2YX[_N\

Ɣ BY�OJ\˳ �aN˿`N�]NNX�2�1���]Y\^SXQ�JVQY\S^RW]˰�7Ya�LJX�aN�]^J\^�^Y�MY�KN^^N\˺

Ɣ 0]]_WN�^RJ^�S^�^JUN]�W�]NLYXM]�^Y�\_X�SX]N\^SYX�]Y\^�YX�^RN�OYVVYaSXQ�J\\Jc˲

Ɣ ?YVV˲�0ZZ\YbSWJ^NVc�RYa�WJXc�]NLYXM]�aSVV�S^�^JUN�^Y�\_X�]NVNL^SYX�]Y\^�YX�NJLR�
YO�^RN�OYVVYaSXQ�J\\Jc]˺

�įƖƴôŊ͉ͯ�ÙéƋͯƄƯŊƞƜͯ
őƋķƘƩïͯƬƑƩŹͯƗÙƨƈͯƞèķƘƗͯ
ŗ̡͕ͯőôƆƒƫïƖͯƱƬͯőķƕƱ͏



<Y^S`J^SXQ�3S`SMN̐JXM̐2YX[_N\

Ɣ <JSX�SX]SQR^˲
ż BY\^SXQ�1�NVNWNX^]�MS\NL^Vc�^JUN]�^Y^JV�^SWN�W
ż BY\^SXQ�^aY�]N^]�YO�1���NVNWNX^]�˟^Y^JV�YO�1�NVNWNX^]ˠ�^JUN]�O�¿�Ï�O�¿�͌�W��
ż FN�QY^�J�]ZNNM_Z�T_]^�Kc�]Y\^SXQ�]WJVVN\�]N^]�YO�NVNWNX^]�J^�J�^SWN˶



<Y^S`J^SXQ�3S`SMN̐JXM̐2YX[_N\

Ɣ <JSX�SX]SQR^˲
ż BY\^SXQ�1�NVNWNX^]�MS\NL^Vc�^JUN]�^Y^JV�^SWN�W
ż BY\^SXQ�^aY�]N^]�YO�1���NVNWNX^]�˟^Y^JV�YO�1�NVNWNX^]ˠ�^JUN]�^Y^JV�^SWN�W��
ż FN�QY^�J�]ZNNM_Z�T_]^�Kc�]Y\^SXQ�]WJVVN\�]N^]�YO�NVNWNX^]�J^�J�^SWN˶

Ɣ CRN�WJSX�SMNJ�KNRSXM�MS`SMN̐JXM̐LYX[_N\�JVQY\S^RW]�^JUN]�JM`JX^JQN�YO�^RS]˰�
;N^˿]�MN]SQX�JVQY\S^RW]�^RJ^�K\NJU�_Z�J�Z\YKVNW�SX^Y�WJXc�]WJVVN\�Z\YKVNW]�
^RJ^�LJX�KN�]YV`NM�SX�ZJ\JVVNV˶



6NXN\JV�3S`SMN̐JXM̐2YX[_N\�0ZZ\YJLR

Ɣ >_\�QNXN\JV�JZZ\YJLR�aRNX�MN]SQXSXQ�J�MS`SMN̐JXM̐LYX[_N\�JVQY\S^RW�S]�^Y�
MNLSMN�RYa�^Y�WJUN�^RN�Z\YKVNW�]WJVVN\�JXM�RYa�^Y�_XSOc�^RN�\N]_V^]�YO�^RN]N�
]YV`NM˳�]WJVVN\�Z\YKVNW]˰



6NXN\JV�3S`SMN̐JXM̐2YX[_N\�0ZZ\YJLR

Ɣ >_\�QNXN\JV�JZZ\YJLR�aRNX�MN]SQXSXQ�J�MS`SMN̐JXM̐LYX[_N\�JVQY\S^RW�S]�^Y�
MNLSMN�RYa�^Y�WJUN�^RN�Z\YKVNW�]WJVVN\�JXM�RYa�^Y�_XSOc�^RN�\N]_V^]�YO�^RN]N�
]YV`NM˳�]WJVVN\�Z\YKVNW]˰

Ɣ 1Y^R�]Y\^SXQ�JVQY\S^RW]�aN�NbZVY\N�^YMJc�aSVV�RJ`N�KY^R�YO�^RN]N�LYWZYXNX^]˲
ż 3S`SMN�B^NZ

Ŷ <JUN�^RN�Z\YKVNW�]WJVVN\�Kc�]ZVS^^SXQ�_Z�^RN�SXZ_^�VS]^
ż 9YSX�B^NZ

Ŷ DXSOc�^RN�XNaVc�]Y\^NM�]_KVS]^]�^Y�K_SVM�_Z�^RN�Y`N\JVV�]Y\^NM�\N]_V^



6NXN\JV�3S`SMN̐JXM̐2YX[_N\�0ZZ\YJLR

Ɣ >_\�QNXN\JV�JZZ\YJLR�aRNX�MN]SQXSXQ�J�MS`SMN̐JXM̐LYX[_N\�JVQY\S^RW�S]�^Y�
MNLSMN�RYa�^Y�WJUN�^RN�Z\YKVNW�]WJVVN\�JXM�RYa�^Y�_XSOc�^RN�\N]_V^]�YO�^RN]N�
]YV`NM˳�]WJVVN\�Z\YKVNW]˰

Ɣ 1Y^R�]Y\^SXQ�JVQY\S^RW]�aN�NbZVY\N�^YMJc�aSVV�RJ`N�KY^R�YO�^RN]N�LYWZYXNX^]˲
ż 3S`SMN�B^NZ

Ŷ <JUN�^RN�Z\YKVNW�]WJVVN\�Kc�]ZVS^^SXQ�_Z�^RN�SXZ_^�VS]^
ż 9YSX�B^NZ

Ŷ DXSOc�^RN�XNaVc�]Y\^NM�]_KVS]^]�^Y�K_SVM�_Z�^RN�Y`N\JVV�]Y\^NM�\N]_V^

Ɣ 3S`SMN̐JXM̐2YX[_N\�S]�J�\SZN�^SWN�^Y�\N^_\X�^Y�\NL_\]SYX˶



<N\QN�BY\^



<N\QN�BY\^

0�\NL_\]S`N�]Y\^SXQ�JVQY\S^RW˶

Ɣ 1J]N�2J]N˲
ż 0X�NWZ^c�Y\�]SXQVN̐NVNWNX^�VS]^�S]�JV\NJMc�]Y\^NM˰

Ɣ ANL_\]S`N�]^NZ˲
ż 1\NJU�^RN�VS]^�SX�RJVO�JXM�\NL_\]S`NVc�]Y\^�NJLR�ZJ\^˰�˟NJ]c�MS`SMNˠ
ż D]N�WN\QN�^Y�LYWKSXN�^RNW�KJLU�SX^Y�J�]SXQVN�]Y\^NM�VS]^�˟RJ\M�TYSXˠ
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7KH�.H\�,QVLJKW��0HUJH



7KH�.H\�,QVLJKW��0HUJH

�ÙéƋͯưŗƈƓͯƪƞĤôƖͯƄͯưƦįƊƩôͯ
éķƐƭƄŊƦƖķƫͯƄįƇͯƯƢïśƆƈưͯŗƋƢͯ
įśƐƟƈŊͯƬƉͯôƩƈĮƢƑƱőͯƅƶͯķįƈ͏ͯ5ąͯ
ŗƋôƯƈͯƞŊôͯƑͯƱƒŗƞƏͯôƩƈĮƢƑƱő͊ͯŗƋēưͯ
ÙĨƊƒƯƦŗƋƪͯŊśƑưͯƌįͯƗƦƪôͯU͛į͜͏



CRN�:Nc�8X]SQR^˲�<N\QN

Ɣ CRN�WN\QN�JVQY\S^RW�^JUN]�SX�^aY�]Y\^NM�VS]^]�JXM�LYWKSXN]�^RNW�SX^Y�J�]SXQVN�
]Y\^NM�VS]^˰

Ɣ FRSVN�KY^R�VS]^]�J\N�XYXNWZ^c˳�LYWZJ\N�^RNS\�Ŋ\]^�NVNWNX^]˰�ANWY`N�^RN�
]WJVVN\�NVNWNX^�JXM�JZZNXM�S^�^Y�^RN�Y_^Z_^˰

Ɣ >XLN�YXN�VS]^�S]�NWZ^c˳�JMM�JVV�NVNWNX^]�O\YW�^RN�Y^RN\�VS]^�^Y�^RN�Y_^Z_^˰�

















<N\QN�BY\^

0�\NL_\]S`N�]Y\^SXQ�JVQY\S^RW˶

Ɣ 1J]N�2J]N˲
ż 0X�NWZ^c�Y\�]SXQVN̐NVNWNX^�VS]^�S]�JV\NJMc�]Y\^NM˰

Ɣ ANL_\]S`N�]^NZ˲
ż 1\NJU�^RN�VS]^�SX�RJVO�JXM�\NL_\]S`NVc�]Y\^�NJLR�ZJ\^˰�˟NJ]c�MS`SMNˠ
ż D]N�WN\QN�^Y�LYWKSXN�^RNW�KJLU�SX^Y�J�]SXQVN�]Y\^NM�VS]^�˟RJ\M�TYSXˠ



<N\QN�BY\^�̓�;N^˿]�VYYU�
J^�^RN�LYMN˶
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0XXY_XLNWNX^]



0XXY_XLNWNX^]

Ɣ 0]]SQXWNX^�
�Q\JMN]�]RY_VM�KN�Y_^˶�AN`S]SYX]�J\N�M_N�^RS]�5\SMJc�J^���˲���ZW˰�
Ɣ 0]]SQXWNX^���Q\JLN�ZN\SYM�NXM]�^YMJc�J^���˲��ZW�?C˰ �
Ɣ 0]]SQXWNX^���S]�\NVNJ]NM˶�0VV�JKY_^�VSXUNM�VS]^]˰�

ż H407�7Y_\]�aSVV�KN�^YMJc�J^��ZW�SX�7NaVN^^���
˰�
Ɣ ;NL^_\N�^RS]�CR_\]MJc�aSVV�KN�YZNX�Z\YTNL^�aY\U�^SWN˶

ż 9NXXc�JXM�8�aSVV�KN�RJ`SXQ�YZNX�>7�SX�=E8380�SO�cY_�RJ`N�[_N]^SYX]˰
ż FN̄VV�JV]Y�]N^�_Z�J\NJ]�SX�^RN�VNL^_\N�RJVV�aRN\N�cY_�LJX�MS]L_]]�Z\YTNL^]�Kc�^YZSL�]Y�cY_�LJX�

QN^�ONNMKJLU�JXM�SMNJ]�O\YW�cY_\�LVJ]]WJ^N]˰

ż 0^^NXMJXLN�S]�YZ^SYXJV˰

Ɣ CRN�MNJMVSXN�^Y�LRJXQN�cY_\�Q\JMSXQ�KJ]S]�Y\�aS^RM\Ja�S]�^RS]�5\SMJc˳�9_Vc�	��J^�
�ZW˰
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7Ya�OJ]^�S]�^RS]�]Y\^SXQ�JVQY\S^RW˺
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0XJVcdSXQ�<N\QN]Y\^˲�2JX�aN�MY�KN^^N\˺

Ɣ <N\QN]Y\^�\_X]�SX�^SWN�>˟X�VYQ�Xˠ˳�aRSLR�S]�OJ]^N\�^RJX�]NVNL^SYX�]Y\^̄]�>˟X	ˠ˰
ż 2JX�aN�MY�KN^^N\�^RJX�^RS]˺
ż ;N^˿]�NbZVY\N�YXN�WY\N�MS`SMN̐JXM̐LYX[_N\�]Y\^˶



0�@_SLU�7S]^Y\SLJV�0]SMN



0�@_SLU�7S]^Y\SLJV�0]SMN

Ɣ <N\QN]Y\^�aJ]�YXN�YO�^RN�Ŋ\]^�JVQY\S^RW]�MN`NVYZNM�OY\�LYWZ_^N\]�J]�aN�
UXYa�^RNW�^YMJc˰

Ɣ 8^�aJ]�SX`NX^NM�Kc�9YRX�`YX�=N_WJXX�SX������˟˶ˠ�J]�J�aJc�YO�`JVSMJ^SXQ�^RN�
MN]SQX�YO�^RN�Ŋ\]^�̀WYMN\X́�˟]^Y\NM̐Z\YQ\JWˠ�LYWZ_^N\˰

Ɣ FJX^�^Y�VNJ\X�WY\N�JKY_^�aRJ^�RN�MSM˺�2RNLU�Y_^�^RS]�J\^SLVN�Kc�B^JXOY\M̄]�`N\c�
YaX�3YXJVM�:X_^R˰

https://fermatslibrary.com/s/von-neumanns-first-computer-program


@_SLU]Y\^



@_SLU]Y\^�0VQY\S^RW

�˰ ?J\^S^SYX�^RN�NVNWNX^]�SX^Y�^R\NN�LJ^NQY\SN]�KJ]NM�YX�J�LRY]NX�ZS`Y^�NVNWNX^˲
ż 4VNWNX^]�]WJVVN\�^RJX�^RN�ZS`Y^
ż 4VNWNX^]�N[_JV�^Y�^RN�ZS`Y^
ż 4VNWNX^]�VJ\QN\�^RJX�^RN�ZS`Y^



@_SLU]Y\^�0VQY\S^RW

�˰ ?J\^S^SYX�^RN�NVNWNX^]�SX^Y�^R\NN�LJ^NQY\SN]�KJ]NM�YX�J�LRY]NX�ZS`Y^�NVNWNX^˲
ż 4VNWNX^]�]WJVVN\�^RJX�^RN�ZS`Y^
ż 4VNWNX^]�N[_JV�^Y�^RN�ZS`Y^
ż 4VNWNX^]�VJ\QN\�^RJX�^RN�ZS`Y^

UśŊͯïēƙƌơƢͯőƗôƭͯ͛ĎÙƕơͯïƌƙƦơô͌͜



@_SLU]Y\^�0VQY\S^RW

�˰ ?J\^S^SYX�^RN�NVNWNX^]�SX^Y�^R\NN�LJ^NQY\SN]�KJ]NM�YX�J�LRY]NX�ZS`Y^�NVNWNX^˲
ż 4VNWNX^]�]WJVVN\�^RJX�^RN�ZS`Y^
ż 4VNWNX^]�N[_JV�^Y�^RN�ZS`Y^
ż 4VNWNX^]�VJ\QN\�^RJX�^RN�ZS`Y^

	˰ ANL_\]S`NVc�]Y\^�^RN�^aY�ZJ\^S^SYX]�^RJ^�J\N�XY^�N[_JV�^Y�^RN�ZS`Y^�˟]WJVVN\�JXM�
VJ\QN\�NVNWNX^]ˠ˰
ż =Ya�Y_\�]WJVVN\�NVNWNX^]�J\N�SX�]Y\^NM�Y\MN\˳ �JXM�Y_\�VJ\QN\�NVNWNX^]�J\N�JV]Y�SX�

]Y\^NM�Y\MN\˶



@_SLU]Y\^�0VQY\S^RW

�˰ ?J\^S^SYX�^RN�NVNWNX^]�SX^Y�^R\NN�LJ^NQY\SN]�KJ]NM�YX�J�LRY]NX�ZS`Y^�NVNWNX^˲
ż 4VNWNX^]�]WJVVN\�^RJX�^RN�ZS`Y^
ż 4VNWNX^]�N[_JV�^Y�^RN�ZS`Y^
ż 4VNWNX^]�VJ\QN\�^RJX�^RN�ZS`Y^

	˰ ANL_\]S`NVc�]Y\^�^RN�^aY�ZJ\^S^SYX]�^RJ^�J\N�XY^�N[_JV�^Y�^RN�ZS`Y^�˟]WJVVN\�JXM�
VJ\QN\�NVNWNX^]ˠ˰
ż =Ya�Y_\�]WJVVN\�NVNWNX^]�J\N�SX�]Y\^NM�Y\MN\˳ �JXM�Y_\�VJ\QN\�NVNWNX^]�J\N�JV]Y�SX�

]Y\^NM�Y\MN\˶


˰ 2YXLJ^NXJ^N�^RN�^R\NN�XYa̐]Y\^NM�ZJ\^S^SYX]�^YQN^RN\˰



@_SLU]Y\^�0VQY\S^RW

�˰ ?J\^S^SYX�^RN�NVNWNX^]�SX^Y�^R\NN�LJ^NQY\SN]�KJ]NM�YX�J�LRY]NX�ZS`Y^�NVNWNX^˲
ż 4VNWNX^]�]WJVVN\�^RJX�^RN�ZS`Y^
ż 4VNWNX^]�N[_JV�^Y�^RN�ZS`Y^
ż 4VNWNX^]�VJ\QN\�^RJX�^RN�ZS`Y^

	˰ ANL_\]S`NVc�]Y\^�^RN�^aY�ZJ\^S^SYX]�^RJ^�J\N�XY^�N[_JV�^Y�^RN�ZS`Y^�˟]WJVVN\�JXM�
VJ\QN\�NVNWNX^]ˠ˰
ż =Ya�Y_\�]WJVVN\�NVNWNX^]�J\N�SX�]Y\^NM�Y\MN\˳ �JXM�Y_\�VJ\QN\�NVNWNX^]�J\N�JV]Y�SX�

]Y\^NM�Y\MN\˶


˰ 2YXLJ^NXJ^N�^RN�^R\NN�XYa̐]Y\^NM�ZJ\^S^SYX]�^YQN^RN\˰ UśŊͯġķƌƑͯőƗôƭ͌ͯ
͛ôƄőƜͯƧƬēį͜



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�ĎķƒƖƢͯƱĎôͯƻƕưŗͯôƏƈƪƢįƗͯÙưͯŗƋƈͯƭƦŲķƗ͏



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

eÙŊƗƌƱƦķįͯƈƏƢƪôįƗưͯƌįƗƬͯưĮÙƏƩƈŊͯƗƥƞį͊ͯ
ôŉƘƞƏͯƱķ͊ͯÙįƇͯƤŊƈƞƗôƯͯŗƋƄƫͯŗƋƢͯƭēŲƒƗ͏



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
 �� ��



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
 �� ��

hôéƘƕưƦŲôƏƶͯőƒƕƱͯŗƋƢͯưĮÙƏƩƈŊͯƓƞƯŗēƗƌƬƫͯ
ąķƕͯŇēƙƒƱ̡̞ͯ͌



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
 �� ��

�ĎķƒƖƢͯƱĎôͯƻƕưŗͯôƏƈƪƢįƗͯÙưͯŗƋƈͯƭƦŲķƗ͏



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
 �� ��

eÙŊƗƌƱƦķįͯƈƏƢƪôįƗưͯƌįƗƬͯưĮÙƏƩƈŊͯƗƥƞį͊ͯ
ôŉƘƞƏͯƱķ͊ͯÙįƇͯƤŊƈƞƗôƯͯŗƋƄƫͯŗƋƢͯƭēŲƒƗ͏



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
 �� ��

�
��



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
 �� ��

�
��

hôéƘƕưƦŲôƏƶͯőƒƕƱͯŗƋƢͯưĮÙƏƩƈŊͯ
ŇÙƕƱƌŗƦķƑͯƣƒŊͯŇēƙƒƱ̞̟ͯ͌



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
 �� ��

�
��

UįƏƶͯķįƈͯƢƏôƪƈįƗͯưƬͯųôͫŊôͯƇƒƫƢ͌



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
 �� ��

�
��

hôéƘƕưƦŲôƏƶͯőƒƕƱͯŗƋƢͯƩÙŊƊƈƯͯ
ŇÙƕƱƌŗƦķƑͯƣƒŊͯŇēƙƒƱ̞̟ͯ͌



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
 �� ��

�
��

UįƏƶͯķįƈͯƢƏôƪƈįƗͯưƬͯųôͫŊôͯƇƒƫƢ͌



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
 �� ��

�
��
NķųͯƚƈͯƠƞįͯƆķƫéƄƗƢƫÙŗƈͯƖƪƞĨƏôƯͯ
ŗƋÙƫ͊ͯôŉƘƞƏͯƱķ͊ͯÙįƇͯƤŊƈƞƗôƯͯŗƋƄƫͯ

ąķƕͯƱĎƈͯŇēƙƒƱ̞̟ͯ͏



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
 �� ��

�
��
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�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
 �� ��

�
��

�� �
�	

hôéƘƕưƦŲôƏƶͯőƒƕƱͯŗƋƢͯƩÙŊƊƈƯͯ
ŇÙƕƱƌŗƦķƑͯƣƒŊͯŇēƙƒƱ̡̞ͯ͌



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
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��
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�	

�ĎķƒƖƢͯƱĎôͯƻƕưŗͯôƏƈƪƢįƗͯÙưͯŗƋƈͯ
ŇēƙƒƱ͏



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
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�	

eÙŊƗƌƱƦķįͯƈƏƢƪôįƗưͯƌįƗƬͯưĮÙƏƩƈŊͯ
ŗƋÙƫ͊ͯôŉƘƞƏͯƱķ͊ͯÙįƇͯƤŊƈƞƗôƯͯŗƋƄƫͯ

ŗƋôͯƭƌŲƬƗ͏



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
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hôéƘƕưƦŲôƏƶͯőƒƕƱͯŗƋƢͯưĮÙƏƩƈŊͯ
ŇÙƕƱƌŗƦķƑͯƣƒŊͯŇēƙƒƱ̞̣ͯ͌



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
 �� ��
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UįƏƶͯķįƈͯƢƏôƪƈįƗͯưƬͯųôͫŊôͯƇƒƫƢ͌



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲
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hôéƘƕưƦŲôƏƶͯőƒƕƱͯŗƋƢͯƩÙŊƊƈƯͯ
ŇÙƕƱƌŗƦķƑͯƣƒŊͯŇēƙƒƱ̞̣ͯ͌



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
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NķͯƈĨƢƐôƫŗƖͯƌƫͯŗƋƞƱͯŇÙƕƱƌŗƦķƑͯưƒͯ
ųôͫŊôͯƇƒƫƢ͌



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲
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 �� ��
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NķųͯƚƈͯƠƞįͯƆķƫéƄƗƢƫÙŗƈͯƖƪƞĨƏôƯͯ
ŗƋÙƫ͊ͯôŉƘƞƏͯƱķ͊ͯÙįƇͯƤŊƈƞƗôƯͯŗƋƄƫͯ

ąķƕͯƱĎƈͯŇēƙƒƱ̞̣ͯ͏



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲
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�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
 �� ��
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NķųͯƚƈͯƠƞįͯƆķƫéƄƗƢƫÙŗƈͯƖƪƞĨƏôƯͯ
ŗƋÙƫ͊ͯôŉƘƞƏͯƱķ͊ͯÙįƇͯƤŊƈƞƗôƯͯŗƋƄƫͯ

ąķƕͯƱĎƈͯŇēƙƒƱ̡̞ͯ͏ͯ
͛ŗƋôͯƒƯƦĆēƑƄƩͯŇƦƙķƱ͌͜



�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲
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�� �	 � �
 �� ��8XZ_^�YO�_X]Y\^NM�NVNWNX^]˲

�	 ��
 �� ��

�
��

�� �
�	

��

�� ��� BY\^NM˶



@_SLU]Y\^�0VQY\S^RW

�˰ ?J\^S^SYX�^RN�NVNWNX^]�SX^Y�^R\NN�LJ^NQY\SN]�KJ]NM�YX�J�LRY]NX�ZS`Y^�NVNWNX^˲
ż 4VNWNX^]�]WJVVN\�^RJX�^RN�ZS`Y^
ż 4VNWNX^]�N[_JV�^Y�^RN�ZS`Y^
ż 4VNWNX^]�VJ\QN\�^RJX�^RN�ZS`Y^

	˰ ANL_\]S`NVc�]Y\^�^RN�^aY�ZJ\^S^SYX]�^RJ^�J\N�XY^�N[_JV�^Y�^RN�ZS`Y^�˟]WJVVN\�JXM�
VJ\QN\�NVNWNX^]ˠ˰
ż =Ya�Y_\�]WJVVN\�NVNWNX^]�J\N�SX�]Y\^NM�Y\MN\˳ �JXM�Y_\�VJ\QN\�NVNWNX^]�J\N�JV]Y�SX�

]Y\^NM�Y\MN\˶


˰ 2YXLJ^NXJ^N�^RN�^R\NN�XYa̐]Y\^NM�ZJ\^S^SYX]�^YQN^RN\˰



@_SLU]Y\^�?]N_MYLYMN
1*$��,0$�&�*-/͘� �/*-Ї$)/Ј̝�1 �͙͜
����͢͞���'$./�2$/#�̞�*-�̟� ' ( )/.�$.��'- ��4�.*-/ ���4�� !$)$/$*)̨�͢͞
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�����͢�̟͙� ' ( )/.�' ..�/#�)�/# �+$1*/
�����͢�̠͙� ' ( )/.� ,0�'�/*�/# �+$1*/
�����͢�̡͙� ' ( )/.�"- �/ -�/#�)�/# �+$1*/
����͢͞
����� !$) �/#-  � (+/4�'$./.̪�' ..̩� ,0�'̩�"- �/ -
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����+�-/$/$*)͘1 �̩�' ..̩� ,0�'̩�"- �/ -̩�+$1*/͙
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����,0$�&�*-/͘"- �/ -͙
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@_SLU]Y\^�CJUNJaJc]

Ɣ >_\�̀MS`SMŃ�]^NZ�͌�ZJ\^S^SYXSXQ�NVNWNX^]�KJ]NM�YX�J�ZS`Y^

Ɣ >_\�\NL_\]S`N�LJVV�LYWN]�SX�KN^aNNX�MS`SMSXQ�JXM�TYSXSXQ
ż 1J]N�LJ]N˲�>XN�NVNWNX^�Y\�XY�NVNWNX^]�^Y�]Y\^˶

Ɣ >_\�̀TYSX́�]^NZ�͌�LYWKSXSXQ�^RN�]Y\^NM�ZJ\^S^SYX]

Ɣ DXVSUN�SX�WN\QN�]Y\^�aRN\N�WY]^�YO�^RN�]Y\^SXQ�aY\U�RJZZNX]�SX�^RN�̀TYSX́�]^NZ˳�
Y_\�]Y\^SXQ�aY\U�YLL_\]�Z\SWJ\SVc�J^�^RN�̀MS`SMŃ�]^NZ�OY\�[_SLU]Y\^�˟aRNX�aN�
]Y\^�NVNWNX^]�SX^Y�ZJ\^S^SYX]ˠ˰



@_SLU]Y\^�4ŎLSNXLc�0XJVc]S]

Ɣ BSWSVJ\�^Y�<N\QN�BY\^˳�@_SLU]Y\^�JV]Y�RJ]�2�1�ORJ�1��\_X^SWN�SX�^RN�J`N\JQN�
LJ]N˰
ż FS^R�QYYM�LRYSLN�YO�ZS`Y^˳�aN�]ZVS^�^RN�SXS^SJV�VS]^�SX^Y�\Y_QRVc�^aY�N[_JVVc̐]SdNM�ZJ\^]�N`N\c�^SWN˰�
ż CR_]˳�aN�\NJLR�J�MNZ^R�YO�JKY_^�ORJ�1�]ZVS^�YZN\J^SYX]�KNOY\N�\NJLRSXQ�^RN�KJ]N�LJ]N˰
ż 0^�NJLR�VN`NV˳�aN�MY�2�Q��aY\U�^Y�ZJ\^S^SYX�JXM�LYXLJ^NXJ^N˰



@_SLU]Y\^�4ŎLSNXLc�0XJVc]S]

Ɣ BSWSVJ\�^Y�<N\QN�BY\^˳�@_SLU]Y\^�JV]Y�RJ]�2�1�ORJ�1��\_X^SWN�SX�^RN�J`N\JQN�
LJ]N˰
ż FS^R�QYYM�LRYSLN�YO�ZS`Y^˳�aN�]ZVS^�^RN�SXS^SJV�VS]^�SX^Y�\Y_QRVc�^aY�N[_JVVc̐]SdNM�ZJ\^]�N`N\c�^SWN˰�
ż CR_]˳�aN�\NJLR�J�MNZ^R�YO�JKY_^�ORJ�1�]ZVS^�YZN\J^SYX]�KNOY\N�\NJLRSXQ�^RN�KJ]N�LJ]N˰
ż 0^�NJLR�VN`NV˳�aN�MY�2�Q��aY\U�^Y�ZJ\^S^SYX�JXM�LYXLJ^NXJ^N˰

Ɣ 7YaN`N\˳ �@_SLU]Y\^�ZN\OY\WJXLN�LJX�MNQ\JMN�^Y�2�1���aS^R�ZYY\�LRYSLN�YO�
ZS`Y^˶
ż 2YWN�^JVU�^Y�_]�JO^N\�LVJ]]�SO�cY_˿\N�SX^N\N]^NM�SX�aRc˶



CRN�;SWS^�3YN]�4bS]^

Ɣ CRN\N�S]�J�O_XMJWNX^JV�VSWS^�YX�^RN�NŎLSNXLc�YO�LYWZJ\S]YX̐KJ]NM�]Y\^SXQ�
JVQY\S^RW]˰



@_SLU]Y\^�4ŎLSNXLc�0XJVc]S]

Ɣ BSWSVJ\�^Y�<N\QN�BY\^˳�@_SLU]Y\^�JV]Y�RJ]�2�1�ORJ�1��\_X^SWN�SX�^RN�J`N\JQN�
LJ]N˰
ż FS^R�QYYM�LRYSLN�YO�ZS`Y^˳�aN�]ZVS^�^RN�SXS^SJV�VS]^�SX^Y�\Y_QRVc�^aY�N[_JVVc̐]SdNM�ZJ\^]�N`N\c�^SWN˰�
ż CR_]˳�aN�\NJLR�J�MNZ^R�YO�JKY_^�ORJ�1�]ZVS^�YZN\J^SYX]�KNOY\N�\NJLRSXQ�^RN�KJ]N�LJ]N˰
ż 0^�NJLR�VN`NV˳�aN�MY�2�Q��aY\U�^Y�ZJ\^S^SYX�JXM�LYXLJ^NXJ^N˰

Ɣ 7YaN`N\˳ �@_SLU]Y\^�ZN\OY\WJXLN�LJX�MNQ\JMN�^Y�2�1���aS^R�ZYY\�LRYSLN�YO�
ZS`Y^˶
ż 2YWN�^JVU�^Y�_]�JO^N\�LVJ]]�SO�cY_˿\N�SX^N\N]^NM�SX�aRc˶

Ɣ CRN�_V^SWJ^N�[_N]^SYX˲�2JX�aN�MY�KN^^N\˺
ż 5\YW�J�]ZJLN�NŎLSNXLc�ZN\]ZNL^S`N˳�cN]˳�^RN\N�J\N�`N\]SYX]�YO�@_SLU]Y\^�^RJ^�MYX˿^�\N[_S\N�

WJUSXQ�WJXc�LYZSN]�YO�^RN�VS]^�˟SX̐ZVJLN�@_SLU]Y\^ˠ˰�1_^�O\YW�J�\_X^SWN�NŎLSNXLc�ZN\]ZNL^S`N˰˰˰



CRN�;SWS^�3YN]�4bS]^

Ɣ CRN\N�S]�J�O_XMJWNX^JV�VSWS^�YX�^RN�NŎLSNXLc�YO�LYWZJ\S]YX̐KJ]NM�]Y\^SXQ�
JVQY\S^RW]˰

Ɣ HY_�LJX�Z\Y`N�^RJ^�S^�S]�XY^�ZY]]SKVN�^Y�Q_J\JX^NN�J�VS]^�RJ]�KNNX�]Y\^NM�_XVN]]�
cY_�RJ`N�MYXN�J^�WSXSW_W�2�1�ORJ�1��LYWZJ\S]YX]˰
ż CJUN�2B���^Y�VNJ\X�RYa�^Y�a\S^N�^RS]�Z\YYO˶



CRN�;SWS^�3YN]�4bS]^

Ɣ CRN\N�S]�J�O_XMJWNX^JV�VSWS^�YX�^RN�NŎLSNXLc�YO�LYWZJ\S]YX̐KJ]NM�]Y\^SXQ�
JVQY\S^RW]˰

Ɣ HY_�LJX�Z\Y`N�^RJ^�S^�S]�XY^�ZY]]SKVN�^Y�Q_J\JX^NN�J�VS]^�RJ]�KNNX�]Y\^NM�_XVN]]�
cY_�RJ`N�MYXN�J^�WSXSW_W�2�1�ORJ�1��LYWZJ\S]YX]˰
ż CJUN�2B���^Y�VNJ\X�RYa�^Y�a\S^N�^RS]�Z\YYO˶

Ɣ CR_]˳�aN�LJX˿^�MY�KN^^N\�˟SX�1SQ̐>�^N\W]�J^�VNJ]^ˠ�^RJX�<N\QN�BY\^�JXM�
@_SLU]Y\^˶
ż CJUN�2B���^Y�VNJ\X�JKY_^�RYa�^RN\N�J\N�JL^_JVVc�LVN`N\�XYX̐LYWZJ\S]YX̐KJ]NM�]Y\^SXQ�

JVQY\S^RW]�^RJ^�J\N�JKVN�^Y�K\NJU�^RS]�VSWS^˰



5SXJV�0M`SLN



0]]SQXWNX^��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]



0]]SQXWNX^��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 CRN]N�RNVZN\�O_XL^SYX]�]RY_VM�KN�SWZVNWNX^NM�S^N\J^S`NVc˳�K_^�^RN�Y`N\JVV�
]Y\^SXQ�JVQY\S^RW]�S^]NVO�YZN\J^N]�\NL_\]S`NVc˰�<SXM�^RN�MS]^SXL^SYX˶



0]]SQXWNX^��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 CRN]N�RNVZN\�O_XL^SYX]�]RY_VM�KN�SWZVNWNX^NM�S^N\J^S`NVc˳�K_^�^RN�Y`N\JVV�
]Y\^SXQ�JVQY\S^RW]�S^]NVO�YZN\J^N]�\NL_\]S`NVc˰�<SXM�^RN�MS]^SXL^SYX˶

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˰�



B_WWJ\c



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

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




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˶



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


FRJ^̄]�XNb^˺



`NL^Y\]�ͅ�Q\SM]

����]^JLU]�ͅ�[_N_N]

����]N^]�ͅ�WJZ]

>KTNL^̐>\SNX^NM�
?\YQ\JWWSXQ

JVQY\S^RWSL�
JXJVc]S]^N]^SXQ

\NL_\]S`N�
Z\YKVNW̐]YV`SXQ

AYJMWJZ

Gēąƈͯƞƽôƕͯ�·̞̝̣�͌

2ͅͅ�KJ]SL]

3SJQXY]^SL

\NJV̐aY\VM�
JVQY\S^RW]

2Y\N�
CYYV]

D]N\̾LVSNX^
������J\\Jc]

������McXJWSL�WNWY\c����
��������WJXJQNWNX^

VSXUNM�MJ^J�]^\_L^_\N]

8WZVNWNX^J^SYX



C\NN]˶


