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7KH�6FKHPH
3URJUDPPLQJ�/DQJXDJH

$ODQ�%RUQLQJ
8QLYHUVLW\�RI�:DVKLQJWRQ��6HDWWOH

&6(������6SULQJ�����
6WROHQ�IURP�*UHJ�%DGURV

�&�������������*UHJ�-��%DGURV�DQG�$ODQ�%RUQLQJ³$OO�5LJKWV�5HVHUYHG

Alan Borning & Greg Badros - CSE 341, Scheme 1

6FKHPH�SKLORVRSK\

³3URJUDPPLQJ�ODQJXDJHV�VKRXOG�EH
GHVLJQHG�QRW�E\�SLOLQJ�IHDWXUH�RQ�WRS
RI�IHDWXUH��EXW�E\�UHPRYLQJ�WKH
ZHDNQHVVHV�DQG�UHVWULFWLRQV�WKDW�PDNH
DGGLWLRQDO�IHDWXUHV�DSSHDU�QHFHVVDU\�´

Alan Borning & Greg Badros - CSE 341, Scheme 2

6FKHPH

❚ 5�56� �5HYLVHG��5HSRUW�RQ�6FKHPH
�5�56�LV�WKH�ROGHU�VWDQGDUG�WKDW�'U��6FKHPH�DQG�*XLOH�XVH�

➪2QO\����SDJHV�GHVFULEH�WKH�ZKROH�ODQJXDJH

❚ 'HVFHQGV�IURP�/LVS�DQG�$OJRO
❚ 6WURQJ�WKHRUHWLFDO�IRXQGDWLRQV
❚ $�IDYRULWH�LQWURGXFWRU\�ODQJXDJH�LQ�TXLWH�D
IHZ�&6�GHSDUWPHQWV

Alan Borning & Greg Badros - CSE 341, Scheme 3

/RFDOO\�DYDLODEOH�YHUVLRQV

❚ 0,7�VFKHPH��RQ�17�PDFKLQHV�DQG
LQVWUXFWLRQDO�XQL[�VHUYHUV

❚ 'U6FKHPH��IURP�5LFH�8QLYHUVLW\�

❚ 6HH�WKH�����ZHE�SDJH�IRU�GLUHFWLRQV�RQ
KRZ�WR�XVH

Alan Borning & Greg Badros - CSE 341, Scheme 4

&�YV��6FKHPH�H[SUHVVLRQV

&
factorial(9)

1 + 2

1 + 3 + 5

(low < x)&&(x < high)

f(g(2,-1), 7)

(6+3)*4
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Alan Borning & Greg Badros - CSE 341, Scheme 5

3UHIL[�YV��LQIL[

❚ ,QIL[����
��������
❙ *URXS�H[SOLFLWO\�WR�RYHUULGH�SUHFHGHQFH
❙ 2SHUDWRU�PXVW�EH�UHSHDWHG�ZKHQ�DSSOLHG�WR
PRUH�WKDQ���DUJXPHQWV

❚ 3UHIL[���
�����������
❙ /RWV�RI�SDUHQWKHVHV�UHTXLUHG
❙ ��������������⇒���

❚ 6DPH�H[HFXWLRQ�RUGHU�
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Alan Borning & Greg Badros - CSE 341, Scheme 6

1HVWHG�H[SUHVVLRQV��
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5HDG�´HYDOX
DWHV�WRµ

Alan Borning & Greg Badros - CSE 341, Scheme 7

1HVWHG�H[SUHVVLRQV��
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Alan Borning & Greg Badros - CSE 341, Scheme 8

1HVWHG�H[SUHVVLRQV��
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¶V��QG�DUJXPHQW
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Alan Borning & Greg Badros - CSE 341, Scheme 9

1HVWHG�H[SUHVVLRQV��
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)LQDOO\��GR�RXWHU�PXOWLSOLFDWLRQ�

Alan Borning & Greg Badros - CSE 341, Scheme 10

1HVWHG�H[SUHVVLRQV��

�
 ������
�����������������

���

0RUDO��&RPSXWH�H[SUHVVLRQV�LQQHUPRVW�ILUVW

Alan Borning & Greg Badros - CSE 341, Scheme 11

(YDOXDWLQJ�DUJXPHQWV

❚ �������
❙ ��⇒��
❙ ��⇒��

6R�ZKROH�H[SUHVVLRQ����������⇒��

❚ ��DQG���DUH�OLWHUDO�QXPEHUV�WKDW�HYDOXDWH
WR�WKHPVHOYHV�
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Alan Borning & Greg Badros - CSE 341, Scheme 12

7\SHV

❚ 1XPEHUV� �����������������������
❚ 6WULQJV� �+HOOR�ZRUOG�
❚ &KDUDFWHUV� �?$����?VSDFH���?QHZOLQH
❚ %RROHDQV� �W������I

�UHSUHVHQW�758(�DQG�)$/6(�

Alan Borning & Greg Badros - CSE 341, Scheme 13

0RUH�W\SHV

❚ 6\PEROV� ����D�OLVW��[���ODPEGD
❚ 3URFHGXUHV� ��SULPLWLYH��!

��SURFHGXUH�IDFWRULDO!
❚ /LVWV� ����VWU���?J�IDFWRULDO���
❚ 9HFWRUV� �����VWU���?J�IDFWRULDO���
❚ 3RUWV�IRU�,�2 ��LQSXW�SRUW!

Alan Borning & Greg Badros - CSE 341, Scheme 14

:KDW·V�LQ�D�V\PERO"

❚ 2SHUDWRUV�DUH�MXVW�SURFHGXUHV�
VR�LGHQWLILHUV�PXVW�DOORZ�WKHP

❚ 9DOLG�FKDUDFWHUV�LQFOXGH
±�����
��������!��A��a��B����������"��������� 

❚ 'LJLWV�QRW�DOORZHG�DW�VWDUW�RI�V\PERO

Alan Borning & Greg Badros - CSE 341, Scheme 15

6RPH�´OLWHUDOVµ
HYDOXDWH�WR�WKHPVHOYHV

❚ 1XPEHUV�����⇒��
❚ 6WULQJV���+HOOR�ZRUOG��⇒��+HOOR�ZRUOG�
❚ &KDUDFWHUV���?J�⇒��?J
❚ %RROHDQV���W�⇒��W
❚ 9HFWRUV����D���������⇒���D��������

Alan Borning & Greg Badros - CSE 341, Scheme 16

6\PEROV�HYDOXDWH�E\
YDULDEOH�ORRNXS

6\PEROV�
[�⇒��
P\OLVW�⇒���VTXLG���FODP���EDUQDFOH��
IDFWRULDO�⇒���SURFHGXUH�IDFWRULDO!
��⇒���SULPLWLYH��!

➨6R�KRZ�GR�ZH�JLYH�YDULDEOHV�D�YDOXH"

Alan Borning & Greg Badros - CSE 341, Scheme 17

GHILQH�VSHFLDO�IRUP

�GHILQH�[���
❚ GHILQH�LV�QRW�D�SURFHGXUH
LW�LV�D�³VSHFLDO�IRUP´�ZKLFK�GRHV�QRW
QHFHVVDULO\�HYDOXDWH�DOO�RI�LWV�DUJXPHQWV

❚ $OORFDWHV�VSDFH��DQG�ELQGV�WKH�V\PERO�[�WR
WKDW�VSDFH�DIWHU�LQLWLDOL]LQJ�LW�WR�WKH�YDOXH�

�[ ELQGLQJ
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Alan Borning & Greg Badros - CSE 341, Scheme 18

/LVWV�HYDOXDWH�E\
SURFHGXUH�DSSOLFDWLRQ


/LVWV�
�IDFWRULDO����⇒���
��������⇒��

��VTXLG�������⇒
(UURU� SURFHGXUH�DSSOLFDWLRQ�

H[SHFWHG�SURFHGXUH��JLYHQ���VTXLG��
DUJXPHQWV�ZHUH�����


([FHSW�VSHFLDO�IRUPV�

Alan Borning & Greg Badros - CSE 341, Scheme 19

6SHFLDO�IRUPV

0XVW�PHPRUL]H�WKHP�
GHILQH ODPEGD OHW��OHW
��OHWUHF
TXRWH TXDVLTXRWH VHW�
LI� FDVH FRQG
EHJLQ GR DQG��RU
OHW�V\QWD[ OHWUHF�V\QWD[ GHOD\
��DQ\�PDFURV��DOVR�PXVW�EH�OHDUQHG�

Alan Borning & Greg Badros - CSE 341, Scheme 20

/LVW�HYDOXDWLRQ

'R�VSHFLDO�IRUP�SURFHVVLQJ
�VXSSUHVV�WKH�DXWRPDWLF
HYDOXDWLRQ�RI�DUJXPHQWV�

'R�VSHFLDO�IRUP�SURFHVVLQJ
�VXSSUHVV�WKH�DXWRPDWLF
HYDOXDWLRQ�RI�DUJXPHQWV�

(YDOXDWH
DOO�HOHPHQWV
RI�WKH�OLVW

(YDOXDWH
DOO�HOHPHQWV
RI�WKH�OLVW

,QYRNH�ILUVW�HOHPHQW�DV�D
SURFHGXUH�RQ�WKH�UHVW�RI

WKH�HOHPHQWV�DV�DUJXPHQWV

,QYRNH�ILUVW�HOHPHQW�DV�D
SURFHGXUH�RQ�WKH�UHVW�RI

WKH�HOHPHQWV�DV�DUJXPHQWV

'RHV�ILUVW�HOHPHQW
QDPH�D�VSHFLDO�IRUP"
'RHV�ILUVW�HOHPHQW

QDPH�D�VSHFLDO�IRUP"

Alan Borning & Greg Badros - CSE 341, Scheme 21

&UHDWLQJ�D�V\PERO·V�YDOXH

❚ 6\PEROV�HYDOXDWH�E\�YDULDEOH�ORRNXS�
IDFWRULDO�⇒���SURFHGXUH�IDFWRULDO!

❚ +RZ�GR�ZH�HQWHU�D�V\PERO�DV�D�YDOXH"
H�J���VXSSRVH�ZH�ZDQW�
[�⇒�RFWRSXV
:KDW�GR�ZH�ZULWH"
�GHILQH�[�������������

Alan Borning & Greg Badros - CSE 341, Scheme 22

6XSSUHVVLQJ�HYDOXDWLRQ

�GHILQH�[�RFWRSXV�
(UURU��UHIHUHQFH�WR�XQGHILQHG�LGHQWLILHU��RFWRSXV
❚ RFWRSXV�LV�HYDOXDWHG
6LQFH�V\PEROV�DUH�HYDOXDWHG�E\�YDULDEOH
ORRNXS�ZH�JHW�WKH�HUURU

❚ %XW�ZH�ZDQW�WKH�V\PERO�RFWRSXV
❚ 6ROXWLRQ��PXVW�VXSSUHVV�WKH�HYDOXDWLRQ
RI�WKH�V\PERO�RFWRSXV

Alan Borning & Greg Badros - CSE 341, Scheme 23

TXRWH�VSHFLDO�IRUP

�GHILQH�[��TXRWH�RFWRSXV��

*HWV�HYDOXDWHG�WR�LQLWLDOL]H�VSDFH�[�LV�ERXQG�WR

�TXRWH�RFWRSXV��⇒�RFWRSXV
%HFDXVH�TXRWH�LV�D�VSHFLDO�IRUP�
RFWRSXV�GRHV�QRW�JHW�HYDOXDWHG�ZKHQ
HYDOXDWLQJ�WKH�OLVW��TXRWH�RFWRSXV��

TXRWH�MXVW�UHWXUQV�LWV�DUJXPHQW�XQ�HYDOXDWHG�
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Alan Borning & Greg Badros - CSE 341, Scheme 24

4XRWLQJ

�TXRWH�RFWRSXV��⇒�RFWRSXV
❚ ¶��LV�VKRUWKDQG�EHFDXVH�TXRWH�LV�VR�XVHIXO
¶RFWRSXV�⇒�RFWRSXV

❚ 6XSSRVH�ZH�ZDQW�D�YDOXH�WKDW�LV�D�OLVW"
��������⇒�(5525����LV�QRW�D�SURFHGXUH�
���������⇒��������

Alan Borning & Greg Badros - CSE 341, Scheme 25

)RUFLQJ�HYDOXDWLRQ�ZLWK�HYDO

����������⇒��
¶����������⇒����������
�HYDO�������������⇒��
❚ HYDO�HYDOXDWHV�LWV�VLQJOH�DUJXPHQW
❚ HYDO�LV�LPSOLFLWO\�FDOOHG�WR�HYDOXDWH�HDFK
H[SUHVVLRQ�\RX�HQWHU�LQWR�WKH�UHSO
�UHDG�HYDO�SULQW�ORRS�

❚ 1RWH��LQ�0,7�6FKHPH��HYDO�WDNHV�D�VHFRQG
DUJXPHQW��WKH�HQYLURQPHQW����6R�LQVWHDG�ZULWH�
��HYDO������������XVHU�LQLWLDO�HQYLURQPHQW�

Alan Borning & Greg Badros - CSE 341, Scheme 26

7KH�/DPEGD�&DOFXOXV

❚ 7\SLFDO�IXQFWLRQ�LQ�PDWKHPDWLFV�
I�[�\�� ��[���\

❚ $ORQ]R�&KXUFK¶V�ODPEGD�FDOFXOXV�OHWV�XV�WDON
DERXW�XQ�QDPHG��DQRQ\PRXV��IXQFWLRQV�

ODPEGD DUELWUDU\�QDPHV
RI�DUJXPHQWV

λ[�\���[���\

H[SUHVVLRQ�WR�FRPSXWH

λD�E���D���E

VDPH�IXQFWLRQ�
Alan Borning & Greg Badros - CSE 341, Scheme 27

&UHDWLQJ�SURFHGXUHV�ZLWK
WKH�ODPEGD�VSHFLDO�IRUP

�ODPEGD��[�\�
����
�����[��\���⇒���SURFHGXUH!

��������⇒���
L�H��
��ODPEGD��[�\� ����
�����[��\����������⇒���

Alan Borning & Greg Badros - CSE 341, Scheme 28

$�PRPHQW�IRU�V\QWD[

��ODPEGD��[�\� ����
�����[��\���������
�>ODPEGD��[�\� ����
�����[��\�@�������
����FDQ�XVH�>�DQG�@�DV�JURXSLQJ�FRQVWUXFWV
����LQ�VRPH�YHUVLRQV�RI�6FKHPH
�����LQFOXGLQJ�'U��6FKHPH�

Alan Borning & Greg Badros - CSE 341, Scheme 29

1DPLQJ�D�SURFHGXUH

❚ 1R�QHZ�UXOH�
�GHILQH��I��>ODPEGD��[�\������
���[��\�@�
�I��������⇒���

❚ 5HPHPEHU�OLVW�HYDOXDWLRQ�UXOH�
ZH�HYDOXDWH�I�E\�GRLQJ�YDULDEOH�ORRNXS�

��SURFHGXUH!I ELQGLQJ
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Alan Borning & Greg Badros - CSE 341, Scheme 30

6KRUWKDQG�IRU
SURFHGXUH�GHILQLWLRQ

�GHILQH��I��>ODPEGD��[�\������
���[��\�@�

�GHILQH��I��[��\�
����� ����
���[��\��

Alan Borning & Greg Badros - CSE 341, Scheme 31

3URFHGXUHV�YV��YDULDEOHV

❚ �GHILQH��I����
I�⇒��
�I��⇒�(5525

❚ �GHILQH��I����
I�⇒���SURFHGXUH�I!
�I��⇒��

3DUHQWKHVHV�DURXQG�QDPH
PDNH�WKLV�WKH�VDPH�DV�

�GHILQH�I��ODPEGD�������

ZKLFK�LV�D�SURFHGXUH�WKDW�
ZKHQ�FDOOHG��UHWXUQV���

3DUHQWKHVHV�DURXQG�QDPH
PDNH�WKLV�WKH�VDPH�DV�

�GHILQH�I��ODPEGD�������

ZKLFK�LV�D�SURFHGXUH�WKDW�
ZKHQ�FDOOHG��UHWXUQV���

Alan Borning & Greg Badros - CSE 341, Scheme 32

&RQGLWLRQDOV�
LI�VSHFLDO�IRUP

�LI��7(67��758(�(;35��)$/6(�(;35�
❚ LI�LV�DQ�H[SUHVVLRQ²HYDOXDWHV�WR�HLWKHU
758(�(;35�RU�)$/6(�(;35�GHSHQGLQJ�RQ
WKH�YDOXH�RI�7(67

❚ �LI��W������⇒��
❚ �LI��!�����������⇒��

Alan Borning & Greg Badros - CSE 341, Scheme 33

&�YV��6FKHPH

LI��RSHUDWRU�  �3/86�
UHWXUQ�DGG�[�\��

HOVH
UHWXUQ�VXEWUDFW�[�\��

�LI �HT"�RSHUDWRU�¶3/86�
�DGG�[�\�
�VXEWUDFW�[�\��

&

6FKHPH

Alan Borning & Greg Badros - CSE 341, Scheme 34

&�YV��6FKHPH

LI��RSHUDWRU�  �3/86�
UHWXUQ�DGG�[�\��

HOVH
UHWXUQ�VXEWUDFW�[�\��

�>LI �HT"�RSHUDWRU�¶3/86�
DGG
VXEWUDFW@
[��\�

&

6FKHPH

5HSHDWHG�DUJXPHQWV

(YDOXDWHV�WR�HLWKHU
��SURFHGXUH�VXEWUDFW!
RU���SURFHGXUH�DGG!

Alan Borning & Greg Badros - CSE 341, Scheme 35

HT"�SURFHGXUH
WHVWV�IRU�LGHQWLW\�HTXDOLW\

❚ �HT"�¶IRR�¶IRR��⇒��W
❚ �HT"�¶IRR�¶EDU��⇒��I

❚ 3URFHGXUHV�HQGLQJ�LQ�"�DUH�SUHGLFDWHV²
WKH\�UHWXUQ�D�ERROHDQ�YDOXH���W�RU��I

❚ 6\PEROV�DUH�RQO\�XVHIXO�DV�LGHQWLILHUV
DQG�IRU�HT"�FRPSDULVRQ�WHVWLQJ
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Alan Borning & Greg Badros - CSE 341, Scheme 36

5HFXUVLRQ

�GHILQH��IDFWRULDO�Q�
�LI �� �Q���
� ��EDVH�FDVH

>
�Q��IDFWRULDO��±�Q����@�� ��LQGXFWLYH�VWHS

3URFHGXUH�LV�FDOOLQJ�LWVHOI

Alan Borning & Greg Badros - CSE 341, Scheme 37

/LQHDU�UHFXUVLYH�SURFHVV

�IDFWRULDO���
�
����IDFWRULDO����
�
����
����IDFWRULDO�����
�
����
����
����IDFWRULDO������
�
����
����
��������
�
����
������
�
�����
��

%DVH�FDVH
KLW�KHUH

H[SDQVLRQ

FR
QW
UD
FWL

RQ

$GDSWHG�IURP�
$EHOVRQ�	�6XVVPDQ��)L J�����

Alan Borning & Greg Badros - CSE 341, Scheme 38

/LVWV�DUH�PDGH�RI�FRQV�FHOOV

❚ /LVWV�DUH�D�UHFXUVLYH�GDWD�VWUXFWXUH�
�D�E�F�G��LV�VKRUWKDQG�IRU�

D E F G

³FRQV´�FHOOV²HDFK�KROGV�D�SDLU�RI�YDOXHV

Alan Borning & Greg Badros - CSE 341, Scheme 39

FRQV�FHOOV�DQG�WKH
FRQV�SURFHGXUH

❚ �FRQV�¶D�¶E��⇒��D���E� D E

FDU
�FRQWHQWV�RI

DGGUHVV�SDUW�RI
UHJLVWHU�

FGU
�FRQWHQWV�RI

GHFUHPHQW�SDUW�RI
UHJLVWHU�

$[LRPV�
�FDU��FRQV�α�β���⇒�α
�FGU��FRQV�α�β���⇒ β

Alan Borning & Greg Badros - CSE 341, Scheme 40

/LVW�V\QWD[�VKRUWKDQG

�GHILQH�[�¶�D�E�F�G��

�FRQV�¶D��FRQV�¶E��FRQV�¶F��FRQV�¶G�¶������

�FDU�[��⇒�D

�FGU�[��⇒��E�F�G������DQRWKHU�OLVW�

D E F G

6SHFLDO�¶���YDOXH

;

Alan Borning & Greg Badros - CSE 341, Scheme 41

FDU��FGU��DQG�IULHQGV

�GHILQH�[�¶�D�E�F�G��
�FDU��FGU�[���⇒�E �FDGU�[��⇒�E
�FDU��FGU��FGU�[����⇒�F �FDGGU�[��⇒�F

$OO�FRPELQDWLRQV�RI�XS�WR�IRXU�D�G
FKDUDFWHUV�DUH�VWDQGDUG��H�J��
FDDDDU��FGGGGU��FGDGDU��FGDU��FDGDGU��HWF�
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Alan Borning & Greg Badros - CSE 341, Scheme 42

1HVWHG�OLVWV

�
 ������������������������

*

+ 2

- 4 6

+ 3 5 7

FDU��
 FDGU��������������� FDGGU�����������

FDDGU���

FGDGU������������

FDGDGU���
FDDGGU���

FDGGDGU���������

Alan Borning & Greg Badros - CSE 341, Scheme 43

'R�QRW�WU\�WKLV�DW�KRPH

�GHILQH��FDGGDGU�D�OLVW�
�FDU��FGGDGU�D�OLVW���

❚ 5HO\�LQVWHDG�RQ�UHFXUVLYH�SURFHVVLQJ�RI
WKH�GDWD�VWUXFWXUH

Alan Borning & Greg Badros - CSE 341, Scheme 44

RXU�OLVW�UHI�SURFHGXUH

�GHILQH��RXU�OLVW�UHI�LWHPV�Q�
�5HWXUQ�HOHPHQW�1�RI�OLVW�,7(06��
�LI�� �Q���
�FDU�LWHPV�
�RXU�OLVW�UHI��FGU�LWHPV�����Q������

Alan Borning & Greg Badros - CSE 341, Scheme 45

RXU�OLVW�UHI�WUDFH
/LQHDU�LWHUDWLYH�SURFHVV

�RXU�OLVW�UHI�
�D�E�F�G����
�RXU�OLVW�UHI�
�E�F�G����
�RXU�OLVW�UHI�
�F�G����
�RXU�OLVW�UHI�
�G����
G

❚ 1R�H[SDQVLRQ�DQG�FRQWUDFWLRQ�

EDVH�FDVH�Q ��
VR�UHWXUQ��FDU�·�G��

Alan Borning & Greg Badros - CSE 341, Scheme 46

&RQWUDVW�WKH
LQGXFWLYH�VWHSV

�
�Q�>IDFWRULDO��±�Q���@�

>RXU�OLVW�UHI��FGU�LWHPV�����Q���@

❚ IDFWRULDO�UHFXUVHV�DQG�WKH�UHVXOW�LV�XVHG�LQ
IXUWKHU�FRPSXWDWLRQ�
�
�Q���

Alan Borning & Greg Badros - CSE 341, Scheme 47

7DLO�UHFXUVLRQ

RXU�OLVW�UHI�LV�³WDLO�UHFXUVLYH´
❚ 5HFXUVLYH�FDOO¶V�UHWXUQ�YDOXH
LV�WKH�ILQDO�UHVXOW

❚ 7KXV��WKH�UHFXUVLRQ�FDQ�EH�UHSODFHG�ZLWK
LWHUDWLRQ��L�H���D�³JRWR´�WKH�WRS�RI�WKH
SURFHGXUH�ZLWK�YDULDEOHV�UH�ERXQG�

❚ 6WDQGDUG�6FKHPH�LPSOHPHQWDWLRQV�DUH
UHTXLUHG�WR�HOLPLQDWH�WDLO�UHFXUVLRQV�
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Alan Borning & Greg Badros - CSE 341, Scheme 48

RXU�OLVW�UHI�WDLO�UHFXUVLRQ

�GHILQH��RXU�OLVW�UHI�LWHPV�Q�
�LI�� �Q���
�FDU�LWHPV�
�RXU�OLVW�UHI��FGU�LWHPV�����Q������

%LQG�Q�WR����Q���%LQG�Q�WR����Q���%LQG�LWHPV
WR��FGU�LWHPV��
%LQG�LWHPV

WR��FGU�LWHPV��

Alan Borning & Greg Badros - CSE 341, Scheme 49

5H�ELQGLQJ�LV�127�DVVLJQPHQW

Q�� �

�Q��

Alan Borning & Greg Badros - CSE 341, Scheme 50

7KLQNLQJ�UHFXUVLYHO\

❚ 'HVFULEH�WKH�DQVZHU²
❙ GR�QRW�ZRUU\�DERXW�KRZ�WR�FRPSXWH�LW�GLUHFWO\
❙ GHFRPSRVH�WKH�SUREOHP�LQWR�D�VLPSOHU�SUREOHP
❙ VWDWH�WKH�LQFUHPHQWDO�VWHS�IURP�WKH�VLPSOHU�SUREOHP�WR
WKH�JHQHUDO�SUREOHP

❚ &RQVLGHU�WKH�EDVH�FDVH�V�²
❙ JHW�DQ�LQWXLWLRQ�XVLQJ�WKH�EDVH�FDVHV
❙ WHVW�VROXWLRQ�RQ�EDVH�FDVHV�WR�HQVXUH�WKH\�JLYH�WKH
ULJKW�DQVZHUV

Alan Borning & Greg Badros - CSE 341, Scheme 51

5HFXUVLRQ�LV�DERXW
EHLQJ�D�VPDUW�DOHFN�

❚ :KDW¶V�WKH�VXP�RI�WKH�ILUVW���LQWHJHUV"
➩����VXP�RI�WKH�ILUVW���LQWHJHUV�

❚ :KDW�LV�WKH�OHQJWK�RI�D�OLVW"
➩����OHQJWK�RI�WKH�UHVW�RI�WKH�OLVW�

Alan Borning & Greg Badros - CSE 341, Scheme 52

5HFXUVLRQ�WHPSODWHV

❚ $XJPHQWLQJ�UHFXUVLRQ��EXLOG�XS�WKH�DQVZHU
ELW�E\�ELW

❚ �&RQGLWLRQDO�DXJPHQWDWLRQ��YDULDQW�RI
DXJPHQWLQJ�UHFXUVLRQ�

❚ 6LPXOWDQHRXV�UHFXUVLRQ�RQ�VHYHUDO�YDULDEOHV
❚ 7DLO�UHFXUVLRQ

Alan Borning & Greg Badros - CSE 341, Scheme 53

$XJPHQWLQJ�UHFXUVLRQ
H[DPSOHV

❚ �DOUHDG\�VDZ�RQH��IDFWRULDO

���GRXEOH�HDFK�QXPEHU�LQ�D�OLVW��PDS�±
���GHILQHG�ODWHU�±�LV�D�FOHDQHU�VROXWLRQ�
�GHILQH��GRXEOH�HDFK�V�

�������LI��QXOO"�V����
���������FRQV��
����FDU�V��
������������������GRXEOH�HDFK��FGU�V�����
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Alan Borning & Greg Badros - CSE 341, Scheme 54

0RUH�DXJXPHQWLQJ
UHFXUVLRQ

���VLPSOH�YHUVLRQ�RI�EXLOW�LQ�DSSHQG�IXQFWLRQ

�GHILQH��P\�DSSHQG�[�\�
�LI��QXOO"�[�
���\
����FRQV��FDU�[���P\�DSSHQG��FGU�[��\����

Alan Borning & Greg Badros - CSE 341, Scheme 55

5HGXFLQJ�IXQFWLRQV

❚ <HW�DQRWKHU�NLQG�RI�DXJXPHQWLQJ
UHFXUVLRQ�±�UHGXFH�D�OLVW�RI�HOHPHQWV�WR�D
VLQJOH�HOHPHQW

���VXP�WKH�HOHPHQWV�RI�D�OLVW
�GHILQH��VXPOLVW�[�
����LI��QXOO"�[���
�����������FDU�[���VXPOLVW��FGU�[�����

Alan Borning & Greg Badros - CSE 341, Scheme 56

7DLO�UHFXUVLYH�YHUVLRQ�RI
IDFWRULDO

�GHILQH��IDFWRULDO�Q�
�IDFW�LWHU�����Q��

�GHILQH��IDFW�LWHU�SURGXFW�FRXQWHU�PD[�FRXQW�
�LI��!�FRXQWHU�PD[�FRXQW�

SURGXFW
>IDFW�LWHU� �
�FRXQWHU�SURGXFW�

���FRXQWHU���
PD[�FRXQW@��

Alan Borning & Greg Badros - CSE 341, Scheme 57

7DLO�UHFXUVLYH�IDFWRULDO
WUDFH

�IDFWRULDO�������SURGXFW��FRXQWHU����PD[
�IDFW�LWHU � � ��
�IDFW�LWHU � � ��
�IDFW�LWHU � � ��
�IDFW�LWHU � � ��
�IDFW�LWHU �� � ��

FRXQWHU�!�PD[��VR�WHUPLQDWH

Alan Borning & Greg Badros - CSE 341, Scheme 58

&RQGLWLRQDO�DXJXPHQWDWLRQ

�GHILQH��SRVLWLYH�QXPEHUV�[�
�FRQG
�����QXOO"�[�����
�����!��FDU�[����
�������FRQV��FDU�[�
����������SRVLWLYH�QXPEHUV��FGU�[����
����HOVH��SRVLWLYH�QXPEHUV��FGU�[�����

�³ILOWHU´�ZLOO�SURYLGH�D�FOHDQHU�VROXWLRQ�

Alan Borning & Greg Badros - CSE 341, Scheme 59

,QVHUWLRQ�VRUW

�GHILQH��LQVHUW�[�V�
����FRQG
��������QXOO"�V���OLVW�[��
����������[��FDU�V����FRQV�[�V��
�������HOVH��FRQV��FDU�V���LQVHUW�[��FGU�V������

��GHILQH��LVRUW�V�
����LI��QXOO"�V����
����LQVHUW��FDU�V���LVRUW��FGU�V�����
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Alan Borning & Greg Badros - CSE 341, Scheme 60

1HVWHG�SURFHGXUH�GHILQHV

�GHILQH��IDFWRULDO�Q�
>GHILQH��LWHU�SURGXFW�FRXQWHU�
�LI �!�FRXQWHU�Q�

SURGXFW
>LWHU �
�FRXQWHU�SURGXFW�

���FRXQWHU���@�@
�LWHU������

Alan Borning & Greg Badros - CSE 341, Scheme 61

)DFWRULQJ�RXW
FRPPRQ�VXE�H[SUHVVLRQV

I�[�\�� �[���[\�����\���\�������[\����\�

D� ���[\
E� ���\
I�[�\�� �[D����\E���DE

Alan Borning & Greg Badros - CSE 341, Scheme 62

OHW�VSHFLDO�IRUP

D� ���[\
E� ���\
I�[�\�� �[D����\E���DE

�GHILQH��I�[�\�
�OHW��>D�������
�[�\��@

>E������\�@�
���>
�[��VTXDUH�D�@�>
�\�E@�>
�D�E@���

OLVW�RI�ELQGLQJV�

H[SUHVVLRQ�WR�HYDOXDWH�DQG�UHWXUQ

Alan Borning & Greg Badros - CSE 341, Scheme 63

6FRSH�LV�YLVLELOLW\

�GHILQH��I�[�\�
�OHW��>D�������
�[�\��@

>E������\�@�
���>
�[��VTXDUH�D�@�>
�\�E@�>
�D�E@���

D�⇒�(5525��D�QRW�YLVLEOH�DW�³WRS�OHYHO´�

6FRSH�RI�D�DQG�E�RQO\�LQ�WKLV�EORFN

Alan Borning & Greg Badros - CSE 341, Scheme 64

OHW�ELQGLQJV�KDSSHQ
LQ�SDUDOOHO

�GHILQH�[�¶D�
�GHILQH�\�¶E�
�OLVW�[�\��⇒��D�E�
�OHW��>[�\@�>\�[@���OLVW�[�\���⇒��E�D�

➪5HPHPEHU��LW�LV�VWLOO�QRW�DVVLJQPHQW²
RQO\�UH�ELQGLQJ

Alan Borning & Greg Badros - CSE 341, Scheme 65

%DG�OHW�ELQGLQJV

�OHW��>[��@�>\����[���@���OLVW�[�\��

➪6R�ZKDW�LI�ZH�GR�ZDQW�\
WR�EH�FRPSXWHG�LQ�WHUPV�RI�["

5HIHUHQFH�WR�XQGHILQHG�LGHQWLILHU
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Alan Borning & Greg Badros - CSE 341, Scheme 66

OHW
�VSHFLDO�IRUP

�OHW
��>[��@�>\����[���@���OLVW�[�\���⇒������

�OHW��>[��@�
�OHW��>\����[���@���OLVW�[�\���

6\QWDFWLF�VXJDU�IRU
QHVWHG�OHWV

Alan Borning & Greg Badros - CSE 341, Scheme 67

0RUH�DERXW�FRQGLWLRQDOV�
FRQG�VSHFLDO�IRUP

�LI�7(67�(;35�758(�(;35�)$/6(�
❚ FRQG�HYDOXWDWHV�WR�(;35�.��ZKHUH�.�LV�WKH
ORZHVW�RI�WKH�7(67�.V�WKDW�HYDOXDWHV�WR��W

�FRQG >7(67���(;35��@
>7(67���(;35��@

>7(67�1�(;35�1@
>HOVH�(/6(�(;35@�����RU�>�W�(/6(�(;35@

Alan Borning & Greg Badros - CSE 341, Scheme 68

FRQG�H[DPSOH

�GHILQH��VLJQ�QXPEHU�
�FRQG >�!�QXPEHU����¶SRVLWLYH@

>���QXPEHU����¶QHJDWLYH@
>HOVH�¶]HUR@�

�VLJQ�����⇒�QHJDWLYH
�VLJQ����⇒�]HUR
�VLJQ�¶D��⇒�(5525�

Alan Borning & Greg Badros - CSE 341, Scheme 69

6KRUW�FLUFXLWLQJ�DQG��RU
VSHFLDO�IRUPV

�DQG��!�������!���������������⇒��I

�RU��!�������!���������������⇒��W

�I��VR�QHYHU�HYDOXDWHV�WKLV

�W��VR�QHYHU�HYDOXDWHV�WKLV

Alan Borning & Greg Badros - CSE 341, Scheme 70

%RROHDQ�YDOXHV�	�DQG��RU

❚ $OO�YDOXHV�H[FHSW��I�DUH�WUHDWHG�DV��W�LQ
FRQGLWLRQDOV

❚ DQG�HYDOXDWHV�WR�WKH�ODVW�YDOXH�LQ�VHTXHQFH
LI�LW�VXFFHHGV��QRW�QHFHVVDULO\��W�
�DQG������������������⇒��

❚ RU�HYDOXDWHV�WR�WKH�ILUVW�WUXH�YDOXH�LQ
VHTXHQFH�LI�LW�VXFFHHGV��QRW�QHFHVVDULO\��W�
�RU��!������¶D����������⇒�D

Alan Borning & Greg Badros - CSE 341, Scheme 71

3URFHGXUHV�DUH
ILUVW�FODVV�YDOXHV

❚ ODPEGD�VSHFLDO�IRUP�UHWXUQV�D�SURFHGXUH
❚ 3URFHGXUHV�FDQ�WDNH�SURFHGXUHV�DV
DUJXPHQWV

❚ 3URFHGXUHV�FDQ�UHWXUQ�SURFHGXUHV

❚ 3URFHGXUHV�DUH�WUHDWHG�QR�GLIIHUHQWO\�IURP
RWKHU�NLQGV�RI�YDOXHV
�H�J���QXPEHUV��OLVWV��VWULQJV��V\PEROV��HWF��
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Alan Borning & Greg Badros - CSE 341, Scheme 72

PDS��D�KLJKHU�RUGHU�IXQFWLRQ

�GHILQH��QHJDWLRQ�[�����[��
�PDS�QHJDWLRQ�¶������������⇒�������������
�PDS���¶��������¶���������⇒��������

�PDS�>ODPEGD��[�����[���@
¶����������⇒������

➪$�KLJKHU�RUGHU�IXQFWLRQ�LV�RQH�WKDW
RSHUDWHV�RQ�RWKHU�IXQFWLRQV

WZR�OLVWV��VR�JLYH�WZR�DUJXPHQWV�WR�HDFK���FDOO

WKH�OLVW�RI�UHWXUQ�YDOXHV

Alan Borning & Greg Badros - CSE 341, Scheme 73

)LOWHU�SURFHGXUH

�ILOWHU�QXPEHU"�¶�D����WHVWLQJ������⇒����

�ILOWHU�>ODPEGD��[���! �[���@
¶���������������⇒��������

�ILOWHU�>ODPEGD��[���! �[���@
¶���������������⇒������

Alan Borning & Greg Badros - CSE 341, Scheme 74

7\SHFKHFNLQJ�SUHGLFDWHV

�QXPEHU"����⇒��W
�VWULQJ"��IRR���⇒��W
�V\PERO"��¶IRR��⇒��W
�SDLU"��FRQV�¶D�¶E���⇒��W
�SDLU"�¶�D�E�F�G�H�I���⇒��W
�SDLU"�¶�����⇒��W
�SDLU"�¶����⇒��I �SDLU"����⇒��I
�QXOO"�¶����⇒��W �QXOO"����⇒��I

$OO�QDPHVHQG�LQ�"

Alan Borning & Greg Badros - CSE 341, Scheme 75

3URFHGXUH�IDFWRULHV

�ILOWHU�>ODPEGD��[���! �[���@
¶���������������⇒��������

�ILOWHU�>ODPEGD��[���! �[���@
¶���������������⇒������

�GHILQH��JUHDWHU�WKDQ�Q""�Q�
�ODPEGD��[���! �[�Q���

Alan Borning & Greg Badros - CSE 341, Scheme 76

%XLOGLQJ�SURFHGXUHV

�GHILQH��JUHDWHU�WKDQ�Q""�Q�
�ODPEGD��[���! �[�Q���

JUHDWHU�WKDQ�Q""�⇒���SURFHGXUH!
�JUHDWHU�WKDQ�Q""����⇒���SURFHGXUH!
��JUHDWHU�WKDQ�Q""�������⇒��W
�GHILQH�JUHDWHU�WKDQ����JUHDWHU�WKDQ�Q""����
�JUHDWHU�WKDQ������⇒��W

$�IDFWRU\
SURFHGXUH

SUHGLFDWH

Alan Borning & Greg Badros - CSE 341, Scheme 77

'U��6FKHPH�*UDSKLFV

�GHILQH�Y��RSHQ�YLHZSRUW�«��
�GHILQH�UHG��PDNH�UJE��������
��GUDZ�SL[HO�Y���PDNH�SRVQ����������UHG�

�GHILQH�GUDZ�RQ�Y��GUDZ�SL[HO�Y��
�GUDZ�RQ�Y��PDNH�SRVQ����������UHG�

5HWXUQV�D�SURFHGXUH�WKDW�LV�VSHFLDOL]HG
IRU�GUDZLQJ�D�SL[HO�RQ�WKH�YLHZSRUW�Y
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Alan Borning & Greg Badros - CSE 341, Scheme 78

ODPEGDV�DQG�FORVXUHV

�GHILQH��JUHDWHU�WKDQ�Q""�Q�
�ODPEGD��[���! �[�Q���

�ODPEGD��[���! �[�Q��
❚ ZKLFK�Q"�/RRNV�OLNH�DQ�XQGHILQHG�UHIHUHQFH�
❚ ODPEGD�³UHPHPEHUV´�WKH�YDOXH�Q�KDG�ZKHQ
WKH�SURFHGXUH�ZDV�FUHDWHG²LW�³FORVHV´�RYHU
LWV�HQYLURQPHQW�DQG�JLYHV�D�³FORVXUH´

Alan Borning & Greg Badros - CSE 341, Scheme 79

ODPEGDV�DQG
WKHLU�HQYLURQPHQWV

�GHILQH��JUHDWHU�WKDQ�Q�E\�N""�Q�N�
�ODPEGD��[���! �[����Q�N����

�JUHDWHU�WKDQ�Q�E\�N""������⇒

λ[��[�! �Q��N
Q�↔��
N�↔��

HQYLURQPHQW

Alan Borning & Greg Badros - CSE 341, Scheme 80

)UHH�YDULDEOHV�DQG
/H[LFDO�6FRSLQJ

�GHILQH��JUHDWHU�WKDQ�Q�E\�N""�Q�N�
�ODPEGD��[���! �[����Q�N����

�GHILQH�SUHG��JUHDWHU�WKDQ�Q�E\�N""������

�OHW��>Q��@�>N��@�
�SUHG�����⇒��I

7KHVH�ELQGLQJV
DUH�XQXVHG

Alan Borning & Greg Badros - CSE 341, Scheme 81

'\QDPLF�6FRSLQJ

�GHILQH��JUHDWHU�WKDQ�Q�E\�N""�Q�N�
�ODPEGD��[���! �[����Q�N����

�GHILQH�SUHG��JUHDWHU�WKDQ�Q�E\�N""������

�OHW��>Q��@�>N��@�
�SUHG�����⇒��W

7KHVH�DUJV
DUH�XQXVHG

Alan Borning & Greg Badros - CSE 341, Scheme 82

/H[LFDO�YV��'\QDPLF�6FRSH

❚ /H[LFDO
❙ )HZHU�VXUSULVHV
❙ (DVLHU�WR�FRPSLOH²DOO�PHQWLRQV
RI�D�YDULDEOH�UHIHU�WR�WKH�VDPH�YDULDEOH

❚ '\QDPLF
❙ +LVWRULFDO�/,63V²FRQVLGHUHG�DQ
LPSOHPHQWDWLRQ�EXJ�E\�0F&DUWK\

❙ &DQ�UHVXOW�LQ�FRQIXVLQJ�³QDPH�FDSWXUH´
�6RPHWLPHV��EXW�UDUHO\��WKLV�LV�ZKDW�\RX�ZDQW�

Alan Borning & Greg Badros - CSE 341, Scheme 83

/H[LFDO�VFRSH
DQG�YDULDEOH�KLGLQJ

�GHILQH�[���
�GLVSOD\�[� ��ZULWHV��
�OHW��>[��KHOOR�@�
�GLVSOD\�[� ��ZULWHV��KHOOR�
�OHW��>[�¶�����@�
�GLVSOD\�[�� ��ZULWHV������

�GLVSOD\�[�� ��ZULWHV��KHOOR��DJDLQ
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Alan Borning & Greg Badros - CSE 341, Scheme 84

:KHQ�WKH�DUJXPHQWV�GRQ·W�ILW

❚ 6XSSRVH�ZH�KDYH�DUJV�⇒���������DQG�ZH
ZDQW�WR�FRPSXWH�WKH�VXP�
���DUJV��⇒�(UURU��H[SHFWV�DUJV�RI�W\SH�QXPEHU

❚ :H�QHHG�D�OLVW�ZLWK���DV�ILUVW�HOHPHQW�
WKHQ�WKH�HOHPHQWV�RI�DUJV�����������

❚ &UHDWH�WKH�OLVW�DQG�HYDOXDWH�LW�
�FRQV���DUJV��⇒����������
�HYDO��FRQV���DUJV���⇒��

Alan Borning & Greg Badros - CSE 341, Scheme 85

$�PRUH�GLUHFW�DSSURDFK�
WKH�DSSO\�SURFHGXUH

�DSSO\���DUJV�

�DSSO\�>ODPEGD��[�\�����[�\�@�¶������

3URFHGXUH $UJXPHQWV�WR�XVH

Alan Borning & Greg Badros - CSE 341, Scheme 86

3URFHGXUH�DULW\

❚ �GHILQH��SURF���¶IRR�
�DULW\�SURF���⇒��

❚ �GHILQH��SURF��DUJ��¶IRR�
�DULW\�SURF���⇒��

❚ �GHILQH��SURFQ���DUJV��¶IRR��
�DULW\�SURFQ��⇒���VWUXFW�DULW\�DW�OHDVW���

❚ �GHILQH��SURF�UHTG��UHTG����UHVW��¶IRR��
�DULW\�SURF��⇒���VWUXFW�DULW\�DW�OHDVW���

Alan Borning & Greg Badros - CSE 341, Scheme 87

5HVW�DUJXPHQWV

�GHILQH��VNLS�ILUVW�LJQRUH���UHVW��UHVW�
�VNLS�ILUVW��������⇒������
�GHILQH��VNLS�ILUVW���DUJV���FGU�DUJV��

�GHILQH�VNLS�ILUVW��ODPEGD����DUJV���FGU�DUJV��
(UURU��&DQ¶W�SXW�³�´�DV�ILUVW�HOHPHQW�LQ�OLVW

�GHILQH�VNLS�ILUVW��ODPEGD�DUJV��FGU�DUJV���

Alan Borning & Greg Badros - CSE 341, Scheme 88

&RQWUROOLQJ�HYDOXDWLRQ
LQVLGH�RI�OLVWV

�GHILQH�D��+HOOR��
¶���D����������⇒����D���������
�OLVW���D����������⇒�����+HOOR����
�OLVW���¶D����������⇒����D���
C���D����������⇒����D���������
C���D�����������⇒����D���
C����D�����������⇒�����+HOOR����

(YDOXDWHG
8QHYDOXDWHG

Alan Borning & Greg Badros - CSE 341, Scheme 89

TXDVLTXRWH�DQG�XQTXRWH

❚ �TXDVLTXRWH��α���⇔�C�α�
2QO\�HYDOXDWH�SDUWV�RI�α�WKDW�DUH
XQTXRWHG

❚ �XQTXRWH�β��⇔��β

�TXDVLTXRWH����D��XQTXRWH����������
�⇒����D���
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Alan Borning & Greg Badros - CSE 341, Scheme 90

)RUFLQJ�DQG�VXSSUHVVLQJ
HYDOXDWLRQ�DUH�IXQGDPHQWDO

❚ 1RW�6FKHPH¶V�IDXOW²
LW�MXVW�JLYHV�\RX�ILQHU�FRQWURO�

❚ &�&���ODFN�VXFK�FRPSOH[LW\�LQ�WKH
JHQHUDO�FDVH�EHFDXVH�WKH\�DUH�PRUH
UHVWULFWHG�ODQJXDJHV

❚ $QDORJRXV�WR�GHUHIHUHQFLQJ�RU�WDNLQJ
DGGUHVV�RI�YDULDEOHV�ZKHQ�GHDOLQJ�ZLWK
SRLQWHUV

Alan Borning & Greg Badros - CSE 341, Scheme 91

&RPSDULVRQV

❚ &�&���
���  �[��		��¶?Q¶�  �FK�

❚ 6FKHPH�
�DQG�� ���[���FKDU "�FK��?QHZOLQH��

❚ 2WKHU�FRPSDULVRQ�SURFHGXUHV�
VWULQJ "
HT" HTY" HTXDO"

Alan Borning & Greg Badros - CSE 341, Scheme 92

HT"��HTY"��HTXDO"

�HT"�¶D�¶D��⇒��W �HT"�¶D�¶E��⇒��I
�HT"������⇒��W �HT"������������������������⇒��I
�HTY"������⇒��W �HTY"������������������������⇒��W
�HT"��IRR���IRR���⇒��I
�HTY"��IRR���IRR���⇒��I
�HTXDO"��IRR���IRR���⇒��W
�HT"��OLVW���������OLVW���������⇒��I
�HTXDO"��OLVW���������OLVW���������⇒��W

Alan Borning & Greg Badros - CSE 341, Scheme 93

0RUH�HT"��HTY"��HTXDO"
�GHILQH�D��IRR��
�HT"�D��IRR���⇒�XQVSHFLILHG��OLNHO\��I�
�HT"�D�D��⇒��W
�HTXDO"�D��IRR���⇒��W
❚ 9DOXHV�FDQ�ORRN�WKH�VDPH�
EXW�EH�GLIIHUHQW�REMHFWV

❚ HT"�WHVWV�IRU�REMHFW�LGHQWLW\�HTXDOLW\
❙ UHWXUQV��W�RQO\�ZKHQ�WKH\�DUH�VDPH�REMHFW
❙ V\PEROV�DUH�³LQWHUQ´HG�WR�PDNH�WKHP�WKH�VDPH

Alan Borning & Greg Badros - CSE 341, Scheme 94

2EMHFWV�YDOXHV�LQ�WKH
6FKHPH�+HDS

D
�������

�������

HT"�⇒��I
HTXDO"�⇒��W�

HT"�⇒��W
HTXDO"�⇒��W�

Alan Borning & Greg Badros - CSE 341, Scheme 95

'R�QRW�XVH�HT"�IRU�QXPEHUV

❚ 6RPH�QXPEHUV�FRPSDUH�HT"�WR
WKHPVHOYHV��RWKHUV�GR�QRW

❚ $QVZHU�GHSHQGV�RQ�KRZ�6FKHPH�VWRUHV
QXPEHUV��LPSOHPHQWDWLRQ�GHSHQGHQW��

�

����������
+H
DS

⇒�����������������
&DQQRW�WHOO�IURP

ORRNLQJ�DW�WKH�SULQWHG
IRUP�RI�WKH�YDOXH
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Alan Borning & Greg Badros - CSE 341, Scheme 96

0DNLQJ�QHZ�OLVWV

�GHILQH�LWHPV�¶������
❚ $OUHDG\�VDZ�KRZ�WR�JHW�D�OLVW�ZLWK�D�QHZ
ILUVW�HOHPHQW�
�FRQV���LWHPV��⇒��������
LWHPV�⇒������ ��LWHPV�LV�XQFKDQJHG

❚ +RZ�FDQ�ZH�JHW��������"
�FRQV�LWHPV����⇒������������ ��ZURQJ�
�DSSHQG�LWHPV����⇒���������� ��FORVHU«
�DSSHQG�LWHPV�¶�����⇒�������� ��<HV�

Alan Borning & Greg Badros - CSE 341, Scheme 97

6KDULQJ�RI�OLVW�VWUXFWXUH

� � �

ORQJHU
LWHPV

�GHILQH�LWHPV�¶������

�GHILQH�ORQJHU��FRQV���LWHPV��

ORQJHU�⇒��������
LWHPV�⇒������ �HT"�LWHPV��FGU�ORQJHU���⇒��W

Alan Borning & Greg Badros - CSE 341, Scheme 98

DSSHQG�PXVW
GXSOLFDWH�WKH�OLVW

� � �

ORQJHU

�GHILQH�LWHPV�¶������
�GHILQH�ORQJHU��DSSHQG�LWHPV�¶�����

� �

LWHPV

Alan Borning & Greg Badros - CSE 341, Scheme 99

/LVW�VXUJHU\

� � �

ORQJHU
LWHPV

�VHW�FGU��LWHPV�¶������

� � �

ORQJHU
LWHPV

��

Alan Borning & Greg Badros - CSE 341, Scheme 100

VHW�FGU��DQG�VHW�FDU�

❚ &KDQJH�ZKDW�D�FRQV�FHOO�FRQWDLQV
❚ 7KH\�VLGH�HIIHFW�WKH�YDOXHV�SDVVHG�LQ�
❚ ([FODPDWLRQ�SRLQW�����WHOOV�\RX�WKDW�DQ
DUJXPHQW�LV�EHLQJ�DOWHUHG

❚ 1RQ�IXQFWLRQDO�IHDWXUH²
XVHIXO�PRVWO\�IRU�HIILFLHQF\

Alan Borning & Greg Badros - CSE 341, Scheme 101

$VVLJQPHQW

�GHILQH�[�¶������
�GHILQH�\�[�
�HT"�[�\��⇒��W
�VHW��[�¶������

[��
\��

� �
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Alan Borning & Greg Badros - CSE 341, Scheme 102

VHW��SURFHGXUH

�GHILQH�[�¶������
�GHILQH�\�[�
�HT"�[�\��⇒��W
�VHW��[�¶������
[�⇒������
\�⇒������

[��
\��

� �

� �

Alan Borning & Greg Badros - CSE 341, Scheme 103

2WKHU�VLGH�HIIHFWV

❚ GLVSOD\�SURFHGXUH
LQSXW�RXWSXW�LQ�JHQHUDO
�GLVSOD\����⇒��XQVSHFLILHG

❚ �GHILQH�[��?$��⇒��XQVSHFLILHG
❚ ��������⇒�5XQ�WLPH�HUURU
❚ �LFRQLI\�ZLQGRZ��JHW�ZLQGRZ��

�⇒��XQVSHFLILHG

Alan Borning & Greg Badros - CSE 341, Scheme 104

6HTXHQFLQJ�DQG
WKH�EHJLQ�VSHFLDO�IRUP

�GHILQH�KZ��ODPEGD���
�GLVSOD\��KHOOR���
�GLVSOD\��ZRUOG����

�KZ��⇒��XQVSHFLILHG���SULQWV��KHOOR�ZRUOG�
�EHJLQ
�GLVSOD\��KHOOR�������IRR���GLVSOD\��ZRUOG��
�ODVW�����⇒��ODVW����SULQWV��KHOOR�ZRUOG�

Alan Borning & Greg Badros - CSE 341, Scheme 105

6LGH�HIIHFWV�DQG�6FZP

❚ 6FZP��WKH�6FKHPH�&RQVWUDLQWV�:LQGRZ
0DQDJHU��UHOLHV�RQ�VLGH�HIIHFWV�WR�GR�PXFK
RI�LWV�ZRUN

❚ �LFRQLI\�ZLQGRZ��JHW�ZLQGRZ��
�IRU�HDFK�LFRQLI\�ZLQGRZ
�OLVW�DOO�ZLQGRZV�>ODPEGD��Z�

�OLVW�DOO�ZLQGRZV���RQO\
�VWULQJ "��ZLQGRZ�FODVV�Z���;7HUP���@��

Alan Borning & Greg Badros - CSE 341, Scheme 106

IRU�HDFK�SURFHGXUH

❚ 6LPLODU�WR�PDS��EXW�GRHV�QRW�UHWXUQ�OLVW�RI
UHWXUQHG�YDOXHV�IURP�WKH�DSSOLFDWLRQV

❚ 7KH�DSSOLFDWLRQV�DUH�RQO\�XVHG�IRU�WKHLU
VLGH�HIIHFWV��H�J�
❙ LFRQLI\LQJ�D�ZLQGRZ
❙ GLVSOD\LQJ�D�VWULQJ

❚ /LNH�EHJLQ��IRU�HDFK�LV�XQQHFHVVDU\�LI
ZULWLQJ�LQ�D�SXUHO\�IXQFWLRQDO�VW\OH

Alan Borning & Greg Badros - CSE 341, Scheme 107

&RPPHQWLQJ�H[DPSOH

����&RGH�E\�*UHJ�-��%DGURV
�GHILQH��IRR���DUJV�
�'HVFULEH�SURFHGXUH�IRR�KHUH��
���WKLV�FRPPHQW�LV�LQGHQWHG�EXW�D�IXOO�OLQH
�IRU�HDFK�GLVSOD\�DUJV�����ZULWH�RXW�DUJV

)LQDO�FORVH�SDUHQWKHVHV�GR
QRW�JR�RQ�VHSDUDWH�OLQHV
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Alan Borning & Greg Badros - CSE 341, Scheme 108

&RPPHQWLQJ�VW\OH

❚ ����FRPPHQWV�IOXVK�OHIW�RQ�RZQ�OLQH
❚ ���FRPPHQWV�LQGHQWHG�RQ�RZQ�OLQH
❚ ��VKRUW�FRPPHQWV�DIWHU�FRGH�VHJPHQW
❚ 8VH�HGLWRU¶V�PRGH�VSHFLILF
LQGHQWDWLRQ�IDFLOLWLHV

❚ 8VH�HGLWRU�WKDW�PDWFKHV
SDUHQWKHVHV�IRU�\RX

Alan Borning & Greg Badros - CSE 341, Scheme 109

0HPRU\�PDQDJHPHQW

❚ 6FKHPH�KDV�QR�GHOHWH
❚ /RWV�RI�QHZ�YDOXHV�JHWWLQJ�FRQVWUXFWHG�RQ
WKH�VFKHPH�KHDS

❚ :KHUH�GR�DOO�WKH�YDOXHV�JR"
❙ �GHILQH�[��+HOOR��
❙ �GHILQH�[��:RUOG��
➩�:KDW�KDSSHQV�WR�WKH�YDOXH��+HOOR�"

Alan Borning & Greg Badros - CSE 341, Scheme 110

6FKHPH�PHPRU\�PRGHO

❚ 3URYLGHV�DQ�DEVWUDFW�PDFKLQH
WKDW�KDV�LQILQLWH�PHPRU\

❚ ,PSOHPHQWDWLRQ�FDQ�FKRRVH�WR�UH�XVH�UHDO
�SK\VLFDO��PHPRU\�ZKHQHYHU�LW�FDQ
ZLWKRXW�EUHDNLQJ�WKH�DEVWUDFWLRQ

❚ 3URFHVV�XVHG��³*DUEDJH�FROOHFWLRQ´
5H�FODLPV�PHPRU\�FRQVXPHG�E\�YDOXHV�WKDW�DUH
QR�ORQJHU�XVDEOH��L�H���WKDW�DUH�JDUEDJH�

Alan Borning & Greg Badros - CSE 341, Scheme 111

$�YLHZ�RI�JDUEDJH

�GHILQH�[��+HOOR��
�GHILQH�[��:RUOG��

+HOOR

:RUOG

[

Alan Borning & Greg Badros - CSE 341, Scheme 112

0DUN�DQG�VZHHS
JDUEDJH�FROOHFWLRQ

6LPSOH�*&�DOJRULWKP�LV�³PDUN�DQG
VZHHS´

❚ IRU�HDFK�WRS�OHYHO�ELQGLQJ
❙ PDUN�WKH�YDOXHV�WKDW�WKH
YDULDEOHV�DUH�ERXQG�WR��DQG

❙ UHFXUVLYHO\�PDUN�WKH�PHPRU\
WKDW�WKRVH�YDOXHV�XVH

❚ UHFODLP�DOO�QRW�PDUNHG�PHPRU\

P
D
UN

V
Z
H
H
S

Alan Borning & Greg Badros - CSE 341, Scheme 113

5HIHUHQFH�FRXQWLQJ

❚ /HW�HDFK�YDOXH�NHHS�WUDFN�RI�KRZ�PDQ\
RWKHU�YDOXHV�RU�ELQGLQJV�SRLQW�DW�LW

❚ :KHQ�UHIHUHQFH�FRXQW�GURSV�WR�]HUR�
UHFODLP�WKDW�YDOXH¶V�VWRUDJH

+HOOR

:RUOG

[ �

�
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Alan Borning & Greg Badros - CSE 341, Scheme 114

5HIHUHQFH�FRXQWLQJ
QHYHU�UHFODLPV�F\FOHV

❚ 1RWKLQJ�LV�ERXQG�WR�WKH�F\FOLF�OLVW�
�D�E�F�D�E�F�D�E�F�«���EXW�FRXQWV
DUH�VWLOO�!��

D E

F

� �

�

Alan Borning & Greg Badros - CSE 341, Scheme 115

0DUN�DQG�VZHHS�YV�
5HIHUHQFH�FRXQWLQJ

❚ 0DUN�DQG�VZHHS�FDQ�WDNH�D�ZKLOH
❙ 6RPHWLPHV�QRWLFHDEOH�SDXVHV�LQ�LQWHUDFWLRQ
❙ 9DULRXV�LPSURYHPHQWV�RQ�WKH�EDVLF�DOJRULWKP�FDQ
KHOS�GUDPDWLFDOO\��LQFOXGLQJ�JHQHUDWLRQ�EDVHG
JDUEDJH�FROOHFWLRQ��LQFUHPHQWDO�JDUEDJH�FROOHFWLRQ�
HWF�

❙ 1R�H[WUD�RYHUKHDG�PDQDJLQJ�UHIHUHQFH�FRXQWV
❚ 5HIHUHQFH�FRXQWLQJ

❙ ,QFUHPHQWDO��VR�QR�QRWLFHDEOH�SDXVHV��EXW�H[WUD
RYHUKHDG�WKURXJKRXW�FRPSXWDWLRQ

❙ &\FOLF�VWUXFWXUHV�DUH�QRW�UHFODLPHG


