
/HFWXUH�����4XLFNVRUW��0HUJHVRUW

�

7ZR�*UHDW�6RUWLQJ�$OJRULWKPV

7ZR�JUHDW�VRUWLQJ�DOJRULWKPV�
■ )XOO�VFLHQWLILF�XQGHUVWDQGLQJ�RI�WKHLU�SURSHUWLHV�KDV�HQDEOHG�XV WR
■ KDPPHU�WKHP�LQWR�SUDFWLFDO�V\VWHP�VRUWV�
■ 2FFXSLHV�D�SURPLQHQW�SODFH�LQ�ZRUOG
V�FRPSXWDWLRQDO�LQIUDVWUXFWXUH�

² GDWDEDVH�VHDUFK
² FRPSXWDWLRQDO�JHRPHWU\
² ILQGLQJ�UHSHWLWLRQ�LQ�'1$�VHTXHQFHV
² %XUURZV�:KHHOHU�WUDQVIRUP

0HUJHVRUW�
■ -DYD�V\VWHP�VRUW�

4XLFNVRUW�
■ 8QL[�V\VWHP�VRUW�
■ &�VWDQGDUG�OLEUDU\�IXQFWLRQ�LV�HYHQ�QDPHG�TVRUW���

�

(VWLPDWLQJ�WKH�5XQQLQJ�7LPH

7RWDO�UXQQLQJ�WLPH�LV�VXP�RI�FRVW��IUHTXHQF\�IRU�DOO�RI�WKH�EDVLF�RSV�
■ &RVW�GHSHQGV�RQ�PDFKLQH��FRPSLOHU�
■ )UHTXHQF\�GHSHQGV�RQ�DOJRULWKP��LQSXW�

)RU�VRUWLQJ�
■ $�� ����UHFXUVLYH�FDOOV�
■ %�� ����H[FKDQJHV�
■ &�� ����FRPSDULVRQV�
■ &RVW�RQ�D�W\SLFDO�PDFKLQH� ���$�����%����&�

'RQDOG�.QXWK

�

$Q�HDVLHU�DOWHUQDWLYH�
�L����$QDO\]H�DV\PSWRWLF�JURZWK�DV�D�IXQFWLRQ�RI�LQSXW�VL]H�1�
�LL���)RU�PHGLXP�1��UXQ�DQG�PHDVXUH�WLPH�
�LLL��)RU�ODUJH�1��XVH��L��DQG��LL��WR�SUHGLFW�WLPH�

$V\PSWRWLF�JURZWK�UDWHV�
■ (VWLPDWH�DV�D�IXQFWLRQ�RI�LQSXW�VL]H�1�

² 1���1�ORJ�1���1����1�����1���1�
■ ,JQRUH�ORZHU�RUGHU�WHUPV�DQG�OHDGLQJ�FRHIILFLHQWV�

² ([����1�������1�� ������LV�DV\PSWRWLFDOO\�SURSRUWLRQDO�WR�1�

,QVHUWLRQ�VRUW�LV�TXDGUDWLF���2Q�DUL]RQD����VHFRQG�IRU�1� ��������
■ +RZ�ORQJ�IRU�1� ��������" ����VHFRQGV������WLPHV�DV�ORQJ��
■ 1� ���PLOOLRQ" �����KRXUV��DQRWKHU�IDFWRU�RI������
■ 1� ���ELOOLRQ" ����\HDUV��DQRWKHU�IDFWRU�RI������
■ 1� ���WULOOLRQ"

(VWLPDWLQJ�WKH�5XQQLQJ�7LPH
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2UGHUV�RI�0DJQLWXGH
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����LQ���GHFDGH

,PSHULDO
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��IW���\HDU
����LQ���GD\
����IW���KRXU
��IW���PLQXWH
����PL���KRXU
����PL���KRXU

&RQWLQHQWDO�GULIW

([DPSOH

+DLU�JURZLQJ
*ODFLHU
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$QW
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6HFRQGV
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��VHFRQG

(TXLYDOHQW

����PLQXWHV
���PLQXWHV
����KRXUV
����GD\V
����ZHHNV
����PRQWKV
����\HDUV

����GHFDGHV
����FHQWXULHV

IRUHYHU

���� DJH�RI
XQLYHUVH

��� WKRXVDQG
��� PLOOLRQ
��� ELOOLRQ

�����

�� ���VHFRQGV

3RZHUV
RI��

�

Θ����2����DQG�Ω�� QRWDWLRQ�

■ Θ�1���PHDQV�^�1�����1���1������1�������1���������`
² LJQRUH�ORZHU�RUGHU�WHUPV�DQG�OHDGLQJ�FRHIILFLHQWV

■ 2�1���PHDQV�^�1�����1���1������1�������1��1��������1��������`
² Θ�1���DQG�IDVWHU
² XVH�IRU�XSSHU�ERXQGV

■ Ω�1���PHDQV�^�1�����1���1������1�������1���1������1���������`
² Θ�1���DQG�VORZHU
² XVH�IRU�ORZHU�ERXQGV

%LJ�2K�1RWDWLRQ

�

0HUJHVRUW

0HUJHVRUW���GLYLGH�DQG�FRQTXHU�
■ 'LYLGH�DUUD\�LQWR�WZR�KDOYHV�

A L G O R I T H M S

GLYLGHA L G O R I T H M S

-RQ�YRQ�1HXPDQQ�������
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0HUJHVRUW

0HUJHVRUW���GLYLGH�DQG�FRQTXHU�
■ 'LYLGH�DUUD\�LQWR�WZR�KDOYHV�
■ 5HFXUVLYHO\�VRUW�HDFK�KDOI�

VRUW

A L G O R I T H M S

GLYLGHA L G O R I T H M S

A G L O R H I M S T

��

0HUJHVRUW

0HUJHVRUW���GLYLGH�DQG�FRQTXHU�
■ 'LYLGH�DUUD\�LQWR�WZR�KDOYHV�
■ 5HFXUVLYHO\�VRUW�HDFK�KDOI�
■ 0HUJH�WZR�KDOYHV�WR�PDNH�VRUWHG�ZKROH�

PHUJH

VRUW

A L G O R I T H M S

GLYLGHA L G O R I T H M S

A G L O R H I M S T

A G H I L M O R S T

��

0HUJHVRUW�$QDO\VLV

+RZ�ORQJ�GRHV�PHUJHVRUW�WDNH"
■ %RWWOHQHFN� �PHUJLQJ��DQG�FRS\LQJ��

² PHUJLQJ�WZR�ILOHV�RI�VL]H�1���UHTXLUHV�1�FRPSDULVRQV
■ 7�1�� �FRPSDULVRQV�WR�PHUJHVRUW�1�HOHPHQWV�

² WR�PDNH�DQDO\VLV�FOHDQHU��DVVXPH�1�LV�D�SRZHU�RI��

&ODLP� 7�1�� �1�ORJ
�
1�

■ 1RWH���VDPH�QXPEHU�RI�FRPSDULVRQV�IRU�$1<�ILOH�
² HYHQ�DOUHDG\�VRUWHG

■ :H
OO�JLYH�VHYHUDO�SURRIV�WR�LOOXVWUDWH�VWDQGDUG�WHFKQLTXHV�
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3URRI�E\�7HOHVFRSLQJ

&ODLP� 7�1�� �1�ORJ
�
1��ZKHQ�1�LV�D�SRZHU�RI����

3URRI����)RU�1�!���

{






+
=

= otherwise)2/(2

1  if0
)T(

merginghalves both sorting

NNT

N
N

43421

N

NN
NNT

N
NT

N
NT

N
NT

N
NT

N

2

log

log

11
/

)/(

11
4/

)4/(

1
2/

)2/(

1
)2/(2)(

2

=

+++=

++=

+=

+=

43421
L

L

��

0DWKHPDWLFDO�,QGXFWLRQ

0DWKHPDWLFDO�LQGXFWLRQ�
■ 3RZHUIXO�DQG�JHQHUDO�SURRI�WHFKQLTXH�LQ�GLVFUHWH�PDWKHPDWLFV�
■ 7R�SURYH�D�WKHRUHP�WUXH�IRU�DOO�LQWHJHUV�N�≥ ��

² %DVH�FDVH���SURYH�LW�WR�EH�WUXH�IRU�1� ���
² ,QGXFWLRQ�K\SRWKHVLV���DVVXPLQJ�LW�LV�WUXH�IRU�DUELWUDU\�1
² ,QGXFWLRQ�VWHS��VKRZ�LW�LV�WUXH�IRU�1����

&ODLP� ������������������������1�� ��1�1����������IRU�DOO�1�≥ ��
3URRI�� �E\�PDWKHPDWLFDO�LQGXFWLRQ�

■ %DVH�FDVH��1� ����
² ��� �������������

■ ,QGXFWLRQ�K\SRWKHVLV���DVVXPH���������������������1�� ��1�1����� �
■ ,QGXFWLRQ�VWHS�������������������1���1����  ��������������������1����1��

 ���1��1�����������1��
 ����1����1�������

��

3URRI�E\�,QGXFWLRQ

&ODLP� 7�1�� �1�ORJ
�
1��DVVXPLQJ�1�LV�D�SRZHU�RI����

3URRI� �E\�LQGXFWLRQ�RQ�1�
■ %DVH�FDVH���1� ���
■ ,QGXFWLYH�K\SRWKHVLV���7�1�� ��1�ORJ

�
1�

■ *RDO���VKRZ�WKDW�7��1�� ���1�ORJ
�
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3URRI�E\�,QGXFWLRQ

:KDW�LI�1�LV�QRW�D�SRZHU�RI��"

■ 7�1��VDWLVILHV�IROORZLQJ�UHFXUUHQFH�

&ODLP� 7�1���≤ 1 ORJ
��1�

3URRI� 6HH�VXSSOHPHQWDO�VOLGHV�
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&RPSXWDWLRQDO�&RPSOH[LW\

)UDPHZRUN�WR�VWXG\�HIILFLHQF\�RI�DOJRULWKPV����([DPSOH� �VRUWLQJ�

■ 0$&+,1(�02'(/� �FRXQW�IXQGDPHQWDO�RSHUDWLRQV�
² FRXQW�QXPEHU�RI�FRPSDULVRQV

■ 833(5�%281'�� �DOJRULWKP�WR�VROYH�WKH�SUREOHP��ZRUVW�FDVH��
² 1�ORJ

�
1�IURP�PHUJHVRUW

■ /2:(5�%281'� �SURRI�WKDW�QR�DOJRULWKP�FDQ�GR�EHWWHU�
² 1�ORJ

�
1�� 1�ORJ

�
H

■ 237,0$/�$/*25,7+0����ORZHU�ERXQG�a�XSSHU�ERXQG�
² PHUJHVRUW

��

'HFLVLRQ�7UHH
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&RPSDULVRQ�%DVHG�6RUWLQJ�/RZHU�%RXQG

7KHRUHP� $Q\�FRPSDULVRQ�EDVHG�VRUWLQJ�DOJRULWKP�PXVW�XVH
Ω�1�ORJ

�
1��FRPSDULVRQV�

3URRI� :RUVW�FDVH�GLFWDWHG�E\�WUHH�KHLJKW�K�
■ 1��GLIIHUHQW�RUGHULQJV�
■ 2QH��RU�PRUH��OHDYHV�FRUUHVSRQGLQJ�WR�HDFK�RUGHULQJ�
■ %LQDU\�WUHH�ZLWK�1��OHDYHV�PXVW�KDYH�KHLJKW

)RRG�IRU�WKRXJKW� :KDW�LI�ZH�GRQ
W�XVH�FRPSDULVRQV"
! 6WD\�WXQHG�IRU�UDGL[�VRUW�
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V�IRUPXOD
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6RUWLQJ�$QDO\VLV�6XPPDU\

5XQQLQJ�WLPH�HVWLPDWHV�
■ +RPH�SF�H[HFXWHV���� FRPSDULVRQV�VHFRQG�
■ 6XSHUFRPSXWHU�H[HFXWHV����� FRPSDULVRQV�VHFRQG�

/HVVRQ��� JRRG�DOJRULWKPV�DUH�EHWWHU�WKDQ�VXSHUFRPSXWHUV�

+RZ�GRHV�TXLFNVRUW�ILW�LQWR�WKH�SLFWXUH"

FRPSXWHU

KRPH

VXSHU

WKRXVDQG

LQVWDQW

LQVWDQW

PLOOLRQ

����KRXUV

��VHFRQG

ELOOLRQ

����\HDUV

����ZHHNV

,QVHUWLRQ�6RUW��1��

WKRXVDQG

LQVWDQW

LQVWDQW

PLOOLRQ

��VHF

LQVWDQW

ELOOLRQ

���PLQ

LQVWDQW

0HUJHVRUW��1�ORJ�1�
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4XLFNVRUW

4XLFNVRUW�
■ 3DUWLWLRQ�DUUD\�VR�WKDW�

² VRPH�SDUWLWLRQLQJ�HOHPHQW�a[m] LV�LQ�LWV�ILQDO�SRVLWLRQ
² QR�ODUJHU�HOHPHQW�WR�WKH�OHIW�RI�m
² QR�VPDOOHU�HOHPHQW�WR�WKH�ULJKW�RI�m

SDUWLWLRQLQJ�
HOHPHQW

SDUWLWLRQHG�DUUD\

≤ / ≥ /

Q U I C K S O R T I S C O O L

I C K I C OQ U S O R T S OL

&��$��5��+RDUH

��

4XLFNVRUW

4XLFNVRUW�
■ 3DUWLWLRQ�DUUD\�VR�WKDW�

² VRPH�SDUWLWLRQLQJ�HOHPHQW�a[m] LV�LQ�LWV�ILQDO�SRVLWLRQ
² QR�ODUJHU�HOHPHQW�WR�WKH�OHIW�RI�m
² QR�VPDOOHU�HOHPHQW�WR�WKH�ULJKW�RI�m

■ 6RUW�HDFK��KDOI��UHFXUVLYHO\�

6RUW�HDFK��KDOI��

Q U I C K S O R T I S C O O L

I C K I C OQ U S O R T S OL

SDUWLWLRQLQJ�
HOHPHQW

C C I I K UO O O Q R S S T

��

4XLFNVRUW���:RUVW�&DVH

1XPEHU�RI�FRPSDULVRQV�LQ�ZRUVW�FDVH�LV�TXDGUDWLF�
■ 1����1�������1����������������� ��1�1�����

:RUVW�FDVH�LQSXWV�
■ $OUHDG\�VRUWHG�
■ 5HYHUVH�VRUWHG�
■ $OO�HTXDO����6WD\�WXQHG��

)L[�
■ 3LFN�SDUWLWLRQLQJ�HOHPHQW�DW�UDQGRP�
■ *XDUDQWHHV�JRRG�SHUIRUPDQFH�

��

4XLFNVRUW���$YHUDJH�&DVH

3UHFRQGLWLRQ���ILOH�LV�UDQGRPO\�VKXIIOHG�EHIRUHKDQG�
■ 2U��SDUWLWLRQ�RQ�5$1'20�HOHPHQW�

([SHFWHG�QXPEHU�RI�FRPSDULVRQV�
■ 5RXJKO\���1�OQ 1�≈ �����1�ORJ

�
1�

² VHH�QH[W�VOLGH�IRU�SURRI
■ ����PRUH�WKDQ�PHUJHVRUW�EXW�IDVWHU�LQ�SUDFWLFH�

² ORZHU�FRVW�RI�RWKHU�KLJK�IUHTXHQF\�LQVWUXFWLRQV
■ :RUVW�FDVH�VWLOO�SURSRUWLRQDO�WR�1��

² PRUH�OLNHO\�WKDW�PDFKLQH�VWUXFN�E\�OLJKWQLQJ
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4XLFNVRUW���$YHUDJH�&DVH

7KHRUHP� 7KH�DYHUDJH�QXPEHU�RI�FRPSDULVRQV�&
1
WR�TXLFNVRUW�D�

UDQGRP�ILOH�RI�1�HOHPHQWV�LV�DERXW��1�OQ 1�

7KH�SUHFLVH�UHFXUUHQFH�VDWLVILHV�&
�
 �&

�
 ���DQG�IRU�1�≥ ��

0XOWLSO\�ERWK�VLGHV�E\�1�DQG�VXEWUDFW�WKH�VDPH�IRUPXOD�IRU�1���
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4XLFNVRUW���$YHUDJH�&DVH

'LYLGH�ERWK�VLGHV�E\�1�1����WR�\LHOG�D�WHOHVFRSLQJ�VXP�
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4XLFNVRUW���,PSURYHPHQWV

0HGLDQ�RI�VDPSOH�
■ %HVW�FKRLFH�RI�SDUWLWLRQLQJ�HOHPHQW� �PHGLDQ�
■ (VWLPDWH�WUXH�PHGLDQ�E\�WDNLQJ�PHGLDQ�RI�VDPSOH�
■ 1XPEHU�RI�FRPSDULVRQV�FORVH�WR�1�ORJ

�
1�

■ )(:(5�ODUJH�ILOHV�
■ 6OLJKWO\�PRUH�H[FKDQJHV��RYHUKHDG�

,QVHUWLRQ�VRUW�VPDOO�ILOHV�
■ (YHQ�TXLFNVRUW�KDV�WRR�PXFK�RYHUKHDG�IRU�WLQ\�ILOHV�
■ &DQ�GHOD\�LQVHUWLRQ�VRUW�XQWLO�HQG�

'HDOLQJ�ZLWK�HTXDO�NH\V���6WD\�WXQHG�IRU���ZD\�SDUWLWLRQLQJ�

2SWLPL]H�SDUDPHWHUV�
■ 0HGLDQ�RI���HOHPHQWV�
■ &XWRII�WR�LQVHUWLRQ�VRUW�IRU������HOHPHQWV�

��

6RUWLQJ�$QDO\VLV�6XPPDU\

5XQQLQJ�WLPH�HVWLPDWHV�
■ +RPH�SF�H[HFXWHV���� FRPSDULVRQV�VHFRQG�
■ 6XSHUFRPSXWHU�H[HFXWHV����� FRPSDULVRQV�VHFRQG�

/HVVRQ��� JRRG�DOJRULWKPV�DUH�EHWWHU�WKDQ�VXSHUFRPSXWHUV�
/HVVRQ��� JUHDW�DOJRULWKPV�DUH�EHWWHU�WKDQ�JRRG�RQHV�

FRPSXWHU

KRPH

VXSHU

WKRXVDQG

LQVWDQW

LQVWDQW

PLOOLRQ

����KRXUV

��VHFRQG

ELOOLRQ

����\HDUV

����ZHHNV

,QVHUWLRQ�6RUW��1��

WKRXVDQG

LQVWDQW

LQVWDQW

PLOOLRQ

��VHF

LQVWDQW

ELOOLRQ

���PLQ

LQVWDQW

0HUJHVRUW��1�ORJ�1�

WKRXVDQG

LQVWDQW

LQVWDQW

PLOOLRQ

����VHF

LQVWDQW

ELOOLRQ

��PLQ

LQVWDQW

4XLFNVRUW��1�ORJ�1�


