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Sorting
‡ ,QSXW�LV�D�OLVW�RI�Q�LWHPV�WKDW�FDQ�EH�FRPSDUHG�
‡ 2XWSXW�LV�DQ�RUGHUHG�OLVW�RI�WKRVH�Q�LWHPV��
‡ )XQGDPHQWDO SUREOHP�WKDW�KDV�UHFHLYHG�D�ORW�RI�DWWHQWLRQ�

RYHU�WKH�\HDUV��
‡ 8VHG�LQ�PDQ\�DSSOLFDWLRQV��
‡ 6FRUHV�RI�GLIIHUHQW DOJRULWKPV�H[LVW��
‡ 7DVN��7R�FRPSDUH DOJRULWKPV

² 2Q�ZKDW�EDVHV"
‡ 7LPH
‡ 6SDFH
‡ 2WKHU
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Sorting Algorithms
‡ 6HOHFWLRQ�6RUW
‡ ,QVHUWLRQ�6RUW
‡ %XEEOH�6RUW
‡ 6KDNHU�6RUW
‡ 6KHOO�6RUW
‡ 0HUJH�6RUW
‡ +HDS�6RUW
‡ 4XLFN�6RUW

‡ %XFNHW�	�5DGL[�6RUW
‡ &RXQWLQJ�6RUW
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Selection Sort

������$IWHU�,WHUDWLRQ��

������$IWHU�,WHUDWLRQ��

������$IWHU�,WHUDWLRQ��

������$IWHU�,WHUDWLRQ��

������$IWHU�,WHUDWLRQ��

������,QLWLDO�6WDWH

������$UUD\�3RVLWLRQ
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Selection Sort
DOJRULWKP�VHOHFWLRQ6RUW��DUUD\�D��LQWHJHU�1�

���JLYHQ�DUUD\�D>���1��@
^

IRU��LQW S� ����S���1��S����
^

&RPSXWH�M��WKH�LQGH[�RI�WKH�VPDOOHVW�LWHP�LQ�D>S��1@�
6ZDS�D>S@�DQG�D>M@�

`
`
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Selection Sort
DOJRULWKP�VHOHFWLRQ6RUW��DUUD\�D��LQWHJHU�1�

���JLYHQ�DUUD\�D>���1��@
^

IRU��LQW S� ����S���1����S����
^�����&RPSXWH�M��WKH�LQGH[�RI�WKH�VPDOOHVW�LWHP�LQ�D>S��1@�

M� �S�
IRU��LQW P� �S����S���1��S���

LI��D>P@���D>M@��WKHQ�M� �P�
���6ZDS�D>S@�DQG�D>M@�

WHPS� �D>S@�� D>S@� �D>M@�����D>M@� WHPS�
`

`
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Figure 8.3
Basic action of insertion sort (the shaded part is sorted)
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Figure 8.4
A closer look at the action of insertion sort (the dark shading indicates the 
sorted area; the light shading is where the new element was placed).
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Insertion Sort
DOJRULWKP�LQVHUWLRQ6RUW��DUUD\�D��LQWHJHU�1�

���JLYHQ�DUUD\�D>���1��@
^

IRU��LQW S� ����S���1��S����
^�����LQVHUW�D>S@�LQ�LWV�ULJKW�ORFDWLRQ

WHPS� �D>S@�
LQW M� �S�

ZKLOH��M�!���		�WHPS���D>M��@�
D>M@� �D>M��@�
M� �M���

D>M@� �WHPS�
`

`
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Figure 8.5
Shellsort after each pass if the increment sequence is {1, 3, 5}
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ShellSort
DOJRULWKP�VKHOOVRUW�DUUD\ D��LQWHJHU�1�

^
IRU��LQW JDS� �D�OHQJWK������JDS�!���

JDS� �JDS�  ���"������LQW����JDS����������
IRU��LQW L� �JDS��L���D�OHQJWK��L�����^

WPS  �D>�L�@�
LQW M� �L�
IRU�M�! �JDS�		�WPS ��D>�M�� JDS�@��

D>�M�@� �D>�M�� JDS�@�
M� �M�� JDS�

D>�M�@� �WPS�
`

`
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Merge Sort
DOJRULWKP�PHUJH6RUW��DUUD\�D��LQWHJHU�OHIW��LQWHJHU�ULJKW��

^
LI��OHIW���ULJKW��
^

LQW FHQWHU� ���OHIW���ULJKW�������
PHUJH6RUW��D��OHIW��FHQWHU���
PHUJH6RUW��D��FHQWHU������ULJKW���
PHUJH��D��OHIW��FHQWHU������ULJKW���

`
`
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Merge in Merge Sort
DOJRULWKP�PHUJH��DUUD\�D��LQWHJHU�OHIW3RV��LQWHJHU�ULJKW3RV��LQWHJHU�ULJKW(QG �

^
LQW OHIW(QG  �ULJKW3RV � ��
LQW WPS3RV  �OHIW3RV�
LQW QXP(OHPHQWV  �ULJKW(QG � OHIW3RV ����
ZKLOH��OHIW3RV � �OHIW(QG 		�ULJKW3RV � �ULJKW(QG �

LI��D>�OHIW3RV @�FRPSDUH7R��D>�ULJKW3RV @��������
WPS$UUD\>�WPS3RV���@� �D>�OHIW3RV���@�

HOVH�����
WPS$UUD\>�WPS3RV���@� �D>�ULJKW3RV���@�

ZKLOH��OHIW3RV � �OHIW(QG ��������&RS\�UHVW�RI�ILUVW�KDOI
WPS$UUD\>�WPS3RV���@� �D>�OHIW3RV���@�

ZKLOH��ULJKW3RV � �ULJKW(QG ������&RS\�UHVW�RI�ULJKW�KDOI
WPS$UUD\>�WPS3RV���@� �D>�ULJKW3RV���@�

IRU��LQW L� ����L���QXP(OHPHQWV��L����ULJKW(QG�� �
D>�ULJKW(QG @� �WPS$UUD\>�ULJKW(QG @�

`
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Figure 8.10   Quicksort
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Figure A  If  6 is used as pivot, the end result after partitioning is as shown in the Figure B.

Figure B  Result after Partitioning

Partition
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Algorithm Invariants

‡ 6HOHFWLRQ�6RUW
‡ LWHUDWLRQ�N��WKH�N�VPDOOHVW�LWHPV�DUH�LQ�FRUUHFW�ORFDWLRQ�

‡ ,QVHUWLRQ�6RUW
‡ LWHUDWLRQ�N��WKH�ILUVW�N�LWHPV�DUH�LQ�VRUWHG�RUGHU�

‡ %XEEOH�6RUW
‡ ,Q�HDFK�SDVV��HYHU\�LWHP�WKDW�GRHV�QRW�KDYH�D�VPDOOHU�LWHP�

DIWHU�LW��LV�PRYHG�DV�IDU�XS�LQ�WKH�OLVW�DV�SRVVLEOH�
‡ ,WHUDWLRQ�N��N�VPDOOHVW�LWHPV�DUH�LQ�WKH�FRUUHFW�ORFDWLRQ�

‡ 6KDNHU�6RUW
‡ ,Q�HDFK�RGG��HYHQ��QXPEHUHG�SDVV��HYHU\�LWHP�WKDW�GRHV�QRW�

KDYH�D�VPDOOHU��ODUJHU��LWHP�DIWHU�LW��LV�PRYHG�DV�IDU�XS�
�GRZQ��LQ�WKH�OLVW�DV�SRVVLEOH�

‡ ,WHUDWLRQ�N��WKH�N���VPDOOHVW�DQG�ODUJHVW�LWHPV�DUH�LQ�WKH�
FRUUHFW�ORFDWLRQ�
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Algorithm Invariants (Cont’d)
‡ 0HUJH��PDQ\�OLVWV�

² ,WHUDWLRQ�N��WKH�N�VPDOOHVW�LWHPV�IURP�WKH�OLVWV�DUH�PHUJHG�

‡ +HDSLI\
² ,WHUDWLRQ�ZLWK�L� �N��6XEWUHHV ZLWK�URRWV�DW�LQGLFHV�N�RU�ODUJHU�

VDWLVI\�WKH�KHDS�SURSHUW\�

‡ +HDS6RUW
² ,WHUDWLRQ�N��/DUJHVW�N�LWHPV�DUH�LQ�WKH�ULJKW�ORFDWLRQ�

‡ 3DUWLWLRQ��WZR�VXEOLVWV�
² ,WHUDWLRQ�N��ZLWK�SRLQWHUV�DW�L�DQG�M���LWHPV�LQ�ORFDWLRQV�>���,@�

�ORFDWLRQV�>L����M@��DUH�DW�OHDVW�DV�VPDOO��ODUJH��DV�WKH�SLYRW�
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Sorting Algorithms
‡ 1XPEHU�RI�&RPSDULVRQV
‡ 1XPEHU�RI�'DWD�0RYHPHQWV
‡ $GGLWLRQDO�6SDFH�5HTXLUHPHQWV
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Sorting Algorithms
‡ 6HOHFWLRQ�6RUW
‡ ,QVHUWLRQ�6RUW
‡ %XEEOH�6RUW
‡ 6KDNHU�6RUW

‡ 0HUJH�6RUW
‡ +HDS�6RUW
‡ 4XLFN�6RUW

‡ %XFNHW�	�5DGL[�6RUW
‡ &RXQWLQJ�6RUW
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Animation Demos
KWWS���ZZZ�FVH�XWD�HGX�aKROGHU�FRXUVHV�FVH�����OHFWXUHV�DSSOHWV�VRUW��KHDSVRUW�KWPO

KWWS���FJ�VFV�FDUOHWRQ�FD�aPRULQ�PLVF�VRUWDOJ�
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DOJRULWKP�4XLFN6RUW�DUUD\D��LQWHJHU�S��LQWHJHU�U�
^����LI��S���U��WKHQ

T� � 3DUWLWLRQ�D��S��U�
4XLFN6RUW�D��S��T���
4XLFN6RUW�D��T����U�

`

DOJRULWKP�3DUWLWLRQ�DUUD\�$��LQWHJHU�S��LQWHJHU�U�
^�[� �D>U@

L� �S��
IRU�M� �S�WR�U���GR�

LI�D>M@�� �[��WKHQ�
L��
H[FKDQJH�D>L@��D>M@�

H[FKDQJH�D>L��@��D>U@�
UHWXUQ�L��
`

Page 146, CLRS
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Problems to think about (while waiting!)
‡ &DQ���HOHPHQWV�EH�VRUWHG�XVLQJ���FRPSDULVRQV"
‡ +RZ�WR�DUUDQJH�D�WHQQLV�WRXUQDPHQW�LQ�RUGHU�WR�ILQG�WKH�

WRXUQDPHQW�FKDPSLRQ ZLWK�WKH�OHDVW�QXPEHU�RI�PDWFKHV"�
+RZ�PDQ\�WHQQLV�PDWFKHV�DUH�QHHGHG"

‡ +RZ�PDQ\�WHQQLV�PDWFKHV�QHHG�WR�EH�DUUDQJHG�LQ�RUGHU�WR�
ILQG�WKH�VHFRQG�EHVW�SOD\HU LQ�WKH�FKDPSLRQVKLS"�

‡ +RZ�PXFK�VSDFH�LV�QHHGHG�WR�ILQG�WKH�VHFRQG�ODUJHVW�YDOXH�
LQ�D�VHW�RI�Q�QXPEHUV"

‡ +RZ�WR�ILQG�WKH�FDQGLGDWH�ZLWK�WKH�PDMRULW\�YRWHV"
‡ «


