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Object subclass: #MethodCombinationContext1

LQVWDQFH9DULDEOH1DPHV��
PHWKRG&RPELQDWLRQ�JHQHULF)XQFWLRQ�DSSOLFDEOH0HWKRGV�DUJXPHQWV�
2
FODVV9DULDEOH1DPHV��

3
SRRO'LFWLRQDULHV��

4
FDWHJRU\��
*HQHULF�)XQFWLRQV
�5

6

0HWKRG&RPELQDWLRQ&RQWH[W�REMHFWV�KRXVH�WKH�SHU�FDOO�G\QDPLF�VWDWH�IRU�*HQHULF)XQFWLRQ�LQYRFDWLRQV�7
7KH\�DUH�FUHDWHG�E\�0HWKRG&RPELQDWLRQ�REMHFWV�ZKHQ�D�*HQHULF)XQFWLRQ�LV�DSSOLHG�VR�WKDW�DGGLWLRQDO8
FRQWH[W�LQIRUPDWLRQ�FDQ�EH�UHFRYHUHG�ZKHQ�&RQWH[W!!FDOO1H[W0HWKRG�RU9
&RQWH[W!!FDOO1H[W0HWKRG:LWK$UJXPHQWV��LV�FDOOHG�10

11
,QVWDQFH�9DULDEOHV�12

13
PHWKRG&RPELQDWLRQ �0HWKRG&RPELQDWLRQ!�7KH�0HWKRG&RPELQDWLRQ�WKDW�FUHDWHG�WKLV14

0HWKRG&RPELQDWLRQ&RQWH[W�15
JHQHULF)XQFWLRQ� �*HQHULF)XQFWLRQ!�7KH�*HQHULF)XQFWLRQ�WKDW�FDOOHG�WKH16

0HWKRG&RPELQDWLRQ�WKDW�FUHDWHG�XV�17
DSSOLFDEOH0HWKRGV �2UGHUHG&ROOHFWLRQ�RI��0XOWL0HWKRG!�7KH�DSSOLFDEOH�0XOWL0HWKRGV18

WKDW�DUH�VWLOO�WR�EH�FDOOHG�19
DUJXPHQWV �$UUD\�RI��2EHFW!�7KH�DUJXPHQWV�ZLWK�ZKLFK�WKH�QH[W20

0XOWL0HWKRG�VKRXOG�EH�FDOOHG�21

�22

23
�0HWKRG&RPELQDWLRQ&RQWH[W�PHWKRGV)RU��
LQVWDQFH�LQLWLDOL]DWLRQ
�24

25
PHWKRG&RPELQDWLRQ��PF�JHQHULF)XQFWLRQ��JI�DSSOLFDEOH0HWKRGV��DP�DUJXPHQWV��DUJV26

�6WDVK�WKH�0HWKRG&RPELQDWLRQ�ZH�ZHUH�FUHDWHG�IRU��WKH�*HQHULF)XQFWLRQ�WKDW�VXPPRQHG�LW��WKH27
DSSOLFDEOH�0XOWL0HWKRGV�WKDW�ZLOO�EH�JULVW�IRU�WKLV�PLOO��DQG�WKH28
DUJXPHQWV�WKH�*HQHULF)XQFWLRQ�ZDV29
FDOOHG�ZLWK��30

31
PHWKRG&RPELQDWLRQ�� �PF�32
JHQHULF)XQFWLRQ�� �JI�33
DSSOLFDEOH0HWKRGV�� �DP�34
DUJXPHQWV�� �DUJV�35
AVHOI���36

37
�0HWKRG&RPELQDWLRQ&RQWH[W�PHWKRGV)RU��
HYDOXDWLRQ
�38

39
DSSO\1H[W:LWK$UJXPHQWV��DUJV40

�$SSO\�WKH�QH[W�DSSOLFDEOH�PHWKRG��,I�ZH�ZHUH�SDVVHG�DQ41
DUJXPHQW�OLVW��XVH�WKRVH�LQVWHDG�RI�WKH�RQHV42
ZH�ZHUH�FUHDWHG�ZLWK��7KLV�ZLOO�KDSSHQ�ZKHQ�FDOO1H[W0HWKRG:LWK$UJXPHQWV��LV43
FDOO1H[W0HWKRG��7KHQ��SLFN�WKH�QH[W�PHWKRG�RII�RI�WKH�OLVW44
RI�DSSOLFDEOH�PHWKRGV��DQG�SUXQH�LW45
RII�WKH�OLVW��)LQDOO\��FDOO�WKH�PHWKRG��DQG�UHWXUQ�LWV�UHVXOW�DV46
RXU�UHVXOW��,I�WKHUH�LV�QR�QH[W�DSSOLFDEOH47
PHWKRG��GHFODUH�GHIHDW��48

49
_�PHWKRG�UHVXOW�_50
DUJV�LV1LO�LI)DOVH��>DUJXPHQWV�� �DUJV@�51
DSSOLFDEOH0HWKRGV�LV(PSW\�LI7UXH��>VHOI�HUURU��
QR�DSSOLFDEOH�PHWKRGV
@�52
PHWKRG�� �DSSOLFDEOH0HWKRGV�ILUVW�53
DSSOLFDEOH0HWKRGV�� �DSSOLFDEOH0HWKRGV�UHVW�54
UHVXOW�� �PHWKRG�YDOXH:LWK5HFHLYHU��DUJXPHQWV�ILUVW�DUJXPHQWV��DUJXPHQWV�UHVW�DV$UUD\�55
7UDQVFULSW�VKRZ��
����DSSO\LQJ�
���PHWKRG�SULQW6WULQJ���
�LQ�0HWKRG&RPELQDWLRQ&RQWH[W
��FU�56
AUHVXOW���57
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1

CompiledMethod variableSubclass: #EffectiveMethod2

LQVWDQFH9DULDEOH1DPHV��

3
FODVV9DULDEOH1DPHV��

4
SRRO'LFWLRQDULHV��

5
FDWHJRU\��
*HQHULF�)XQFWLRQV
�6

(IIHFWLYH0HWKRG�FRPPHQW�7

(IIHFWLYH0HWKRGV�DUH�QRW�FXUUHQWO\�LQ�XVH���
�8

9
10

Object subclass: #MethodCombination11

LQVWDQFH9DULDEOH1DPHV��

12
FODVV9DULDEOH1DPHV��

13
SRRO'LFWLRQDULHV��

14
FDWHJRU\��
*HQHULF�)XQFWLRQV
�15

0HWKRG&RPELQDWLRQ�FRPPHQW�16

0HWKRG&RPELQDWLRQ�REMHFWV�WDNH�D�FROOHFWLRQ�RI�DSSOLFDEOH�PHWKRGV�DQG�DUJXPHQWV��DQG�UXQ�WKHP�LQ17
WKH�PDQQHU�SUHVFULEHG�E\�WKH�TXDOLIHUV�DQG�DUJXPHQW�W\SHV���,Q�&/26��0HWKRG&RPELQDWLRQV��LQ18
FROOXVLRQ�ZLWK�GLVFULPLQDWLQJ�IXQFWLRQV�DQG�WKH�PXOWLPHWKRGV�WKHPVHOYHV��DUH�XVHG�WR�SURGXFH19
RSWLPL]HG�

HIIHFWLYH�PHWKRGV

���+HUH��WKH\�RIWHQ�FRQGXFW�WKH�H[HFXWLRQ�RI�WKH�*HQHULF)XQFWLRQ20
GLUHFWO\���0HWKRG&RPELQDWLRQ�LV�DQ�DEVWUDFW�FODVV�
�21

22
23

�0HWKRG&RPELQDWLRQ�PHWKRGV)RU��
HYDOXDWLRQ
�24
25

DSSO\*HQHULF)XQFWLRQ��JI�ZLWK0HWKRGV��DP�DQG$UJXPHQWV��DUJV26
AVHOI�VXEFODVV5HVSRQVLELOLW\���27

28
29

MethodCombination subclass: #SubStandardMethodCombination30

LQVWDQFH9DULDEOH1DPHV��

31
FODVV9DULDEOH1DPHV��

32
FDWHJRU\��
*HQHULF�)XQFWLRQV
�33

34
35

6XE6WDQGDUG0HWKRG&RPELQDWLRQ�FRPPHQW�36

6XE6WDQGDUG0HWKRG&RPELQDWLRQ�REMHFWV�SURYLGH�UXGLPHQWDU\�VXSSRUW�IRU�%HIRUH��$IWHU��DQG�3ULPDU\37
PHWKRGV��ZLWK�VXSSRUW�IRU�FDOO1H[W0HWKRG���7KH\�XVH�0HWKRG&RPELQDWLRQ&RQWH[W�REMHFWV�WR�SURYLGH38
SULPDU\�FDOO1H[W0HWKRG�VXSSRUW���7KDW�KLHUDUFK\�VKRXOG�EH�IDFWRUHG�WR�SDUDOOHO�WKLV�RQH�
�39

40
41
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�6XE6WDQGDUG0HWKRG&RPELQDWLRQ�PHWKRGV)RU��
HYDOXDWLRQ
�1
2

DSSO\*HQHULF)XQFWLRQ��JI�ZLWK0HWKRGV��DP�DQG$UJXPHQWV��DUJV3
�7KLV�LV�WKH�PHDW�RI�6XE6WDQGDUG0HWKRG&RPELQDWLRQ��)LUVW��VHOHFW�DOO4
WKH��%HIRUH�PHWKRGV�IURP�WKH5
VRUWHG�DSSOLFDEOH�PHWKRGV�OLVW��DQG�H[HFWXH�WKHP�LQ�PRVW�VSHFLIF�WR6
OHDVW�VSHFLILF��PRVW�JHQHUDO�7
RUGHU��7KLV�LV�WKH�ZD\�WKH\�FRPH�RXW�RI�*HQHULF)XQFWLRQ
V�VRUW��1H[W��FUHDWH�D8
0HWKRG&RPELQDWLRQ&RQWH[W�REMHFW�WKDW�ZLOO�KRXVH�WKH�FRQWH[W�LQIRUPDWLRQ�IRU�SULPDU\�PHWKRG9
H[HFXWLRQ��DQG�DVN�LW�WR�VWDUW�WKH�ILUVW�RQH�XS��,I�D�QH[W�PHWKRG�LV�FDOOHG�10
WKH�VWDFN�LV�ZDONHG�E\�FDOO1H[W0HWKRG;[[�LQ�RUGHU�WR�ORFDWH�WKLV�REMHFW��DQG�LW�FRQGXFWV11
WKH�QH[W�LQYRFDWLRQ��2QFH�ZH�KDYH�D�UHVXOW�IURP�WKH�SULPDU\�FKDLQ��VHOHFW�DQG�H[HFXWH12
DOO�WKH��$IWHU�PHWKRGV�LQ�OHDVW�VSHFLIF�WR13
PRVW�VSHFLILF�RUGHU��6LQFH�WKH\�DUH�LQ�WKH�VRUWHG�OLVW14
$Q\�UHVXOWV�IURP��%HIRUH�DQG��$IWHU�PHWKRGV�DUH�GLVFDUGHG�15
DQG�WKH�UHVXOW�IURP�WKH�SULPDU\�FKDLQ16
LV�UHWXUQHG�DV�WKH�UHVXOW�RI�WKLV�*HQHULF)XQFWLRQ�LQYRFDWLRQ��17

18
_�SULPDULHV�Y�EHIRUH�PFF�DIWHU�_19
EHIRUH�� �DP�VHOHFW��>�PHWKRG�_�PHWKRG�TXDOLILHU�  ��%HIRUH@�20
EHIRUH�GR��>�P�_�Y�� �P�YDOXH:LWK5HFHLYHU��DUJV�ILUVW�DUJXPHQWV��DUJV�UHVW�DV$UUD\@�21
SULPDULHV�� �DP�VHOHFW��>�PHWKRG�_�PHWKRG�TXDOLILHU�LV1LO@�22
PFF�� �0HWKRG&RPELQDWLRQ&RQWH[W�QHZ23

PHWKRG&RPELQDWLRQ��VHOI24
JHQHULF)XQFWLRQ��JI25
DSSOLFDEOH0HWKRGV��SULPDULHV26
DUJXPHQWV��DUJV�27

Y�� �PFF�DSSO\1H[W:LWK$UJXPHQWV��QLO�28
DIWHU�� �DP�VHOHFW��>�PHWKRG�_�PHWKRG�TXDOLILHU�  ��$IWHU@�29
DIWHU�UHYHUVH�GR��>�P�_�Y�� �P�YDOXH:LWK5HFHLYHU��DUJV�ILUVW�DUJXPHQWV��DUJV�UHVW�DV$UUD\@�30
7UDQVFULSW�VKRZ��
����DSSO\LQJ�*HQHULF)XQFWLRQ�LQ�0HWKRG&RPELQDWLRQ
��FU�31
AY�32

33
FDOO1H[W0HWKRG34

�,I�\RX�QHHGV�DQ�H[DPSOH�RI�D�PHWKRG�ZKHUH�WUDQVIRUPDWLRQV�WKDW35
ZRXOG�QRUPDOO\�EH�FRQVLGHUHG�DV36
EHKDYLRU�SUHVHUYLQJ�PLJKW�QRW�EH��FRQVLGHU37
�DSSO\*HQHULF)XQFWLRQ�ZLWK0HWKRGV�DQG$UJXPHQWV��LQ38
WKH�SUHVHQFH�RI�WKLV�PHWKRG����39

40
_�DSSO\&RQWH[W�JI�DUJV�SULPDULHV�_41
DSSO\&RQWH[W�� �VHOI�ILUVW&RQWH[W:LWK6HOHFWRU�42

�DSSO\*HQHULF)XQFWLRQ�ZLWK0HWKRGV�DQG$UJXPHQWV��43
JI�� �DSSO\&RQWH[W�WHPS$W����44
DUJV�� �DSSO\&RQWH[W�WHPS$W����45
SULPDULHV�� �DSSO\&RQWH[W�WHPS$W����46
SULPDULHV�VL]H�� ���LI7UXH��>AQLO@�47
VHOI48

DSSO\*HQHULF)XQFWLRQ��JI49
ZLWK0HWKRGV��SULPDULHV�UHVW50
DQG$UJXPHQWV��DUJV�51

52
FDOO1H[W0HWKRG:LWK$UJXPHQWV��DUJXPHQWV53

_�DSSO\&RQWH[W�JI�DUJV�SULPDULHV�_54
DSSO\&RQWH[W�� �WKLV&RQWH[W�ILUVW&RQWH[W:LWK6HOHFWRU�55

�DSSO\*HQHULF)XQFWLRQ�ZLWK0HWKRGV�DQG$UJXPHQWV��56
JI�� �DSSO\&RQWH[W�WHPS$W����57
DUJXPHQWV�LV1LO58

LI7UXH��>DSSO\&RQWH[W�WHPS$W���@59
LI)DOVH��>DUJV�� �DUJXPHQWV@�60

SULPDULHV�� �DSSO\&RQWH[W�WHPS$W����61
SULPDULHV�VL]H�� ���LI7UXH��>AQLO@�62
VHOI63

DSSO\*HQHULF)XQFWLRQ��JI64
ZLWK0HWKRGV��SULPDULHV�UHVW65
DQG$UJXPHQWV��DUJV���66
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1

MethodCombination subclass: #SimpleMethodCombination2

LQVWDQFH9DULDEOH1DPHV��

3
FODVV9DULDEOH1DPHV��

4
SRRO'LFWLRQDULHV��

5
FDWHJRU\��
*HQHULF�)XQFWLRQV
�6

6LPSOH0HWKRG&RPELQDWLRQ�FRPPHQW�7

6LPSOH0HWKRG&RPELQDWLRQ�REMHFWV�VSHFLDOL]H�0HWKRG&RPELQDWLRQ�WR�SURYLGH�D�WULYLDO�VFKHPH�IRU8
0XOWL0HWKRG�VHOHFWLRQ�DQG�H[HFWLRQ��MXVW�H[HFXWH�

HP�DOO�LQ�WKH�RUGHU�LQ�ZKLFK�WKH\�FRPH�XS���,W9
GRHV�QRW�FXUUHQWO\�VXSSRUW�FDOO1H[W0HWKRG��WKRXJK�GHIDXOWV�VKRXOG�EH�IDFWRUHG�LQWR10
0HWKRG&RPELQDWLRQ�IRU�WKLV�VRRQ��
�11

12
13

�6LPSOH0HWKRG&RPELQDWLRQ�PHWKRGV)RU��
HYDOXDWLRQ
�14
15

DSSO\*HQHULF)XQFWLRQ��JI�ZLWK0HWKRGV��DP�DQG$UJXPHQWV��DUJV16
�$Q�RGG�WHVW�RI�WKH�PHWKRG�FRPELQDWLRQ�PHFKDQLVP��WKDW�H[HFXWHV17
DOO�WKH�DSSOLFDEOH�PHWKRGV��DQG�UHWXUQV�WKH�YDOXH�RI�WKH�ODVW�RQH����18

19
_�Y�_20
DP�GR��>�P�_�Y�� �P��YDOXH:LWK5HFHLYHU��DUJV�ILUVW�DUJXPHQWV���DUJV�UHVW��DV$UUD\@�21
7UDQVFULSW�VKRZ��
DSSO\LQJ�JI�LQ�PF
��FU�22
AY���23

24
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CompiledMethod variableSubclass: #MultiMethod1

LQVWDQFH9DULDEOH1DPHV��
VSHFLDOL]HUV�JHQHULF)XQFWLRQ6HOHFWRU�PXOWL0HWKRG6HOHFWRU�TXDOLILHU�
2
FODVV9DULDEOH1DPHV��

3
SRRO'LFWLRQDULHV��

4
FDWHJRU\��
*HQHULF�)XQFWLRQV
�5

0XOWL0HWKRG�FRPPHQW�6

0XOWL0HWKRG�REMHFWV�DUH�OLNH�UHJXODU�PHWKRGV��H[FHSW�WKDW�DQ\�DQG�DOO�RI�WKHLU�DUJXPHQWV�FDQ7
SDUWLFLSDWH�LQ�WKHLU�VHOHFWLRQ��DQG�WKH\�FDQ�EH�TXDOLILHG�DV�EHLQJ�RI�SDUWLFXODU�W\SHV�OLNH��%HIRUH8
RU��$IWHU��WKDW�DUH�WUHDWHG�GLIIHUHQWO\�IURP�QRUPDO��3ULPDU\�PHWKRGV�9

10
7KH�DUH�FXUUHQWO\�GHILQHG�E\�XVLQJ�D�VSHFLDO�W\SH�V\QWD[�LQ�WKH�EURZVHU���)RU�LQVWDQFH�11

12
PRYH7KURXJK��PHGLXP��/DQG!13
���14

15
LQ�FODVV��0DPPDO!�GHILQHV�D�0XOWL0HWKRG�WKH�ILUVW�DUJXPHQW�RI�ZKLFK�LV�VSHFLDOL]HG�RQ��LQ�&/2616
SDUODQFH��0DPPDO��DV�XVXDO��DQG�WKH�VHFRQG�DUJXPHQW�RI�ZKLFK�LV�VSHFLDOL]HG�RQ�FODVV�/DQG���7KH17
GHILQLWLRQ�RI�D�0XOWL0HWKRG�LQ�D�FODVV�IRU�ZKLFK�XQVSHFLDOL]HG�PHWKRG�E\�WKDW�QDPH�H[LVWV18
DXWRPDWLFDOO\�FUHDWHV�D�VWXE�IRU�WKDW�PHWKRG���,I�D�PHWKRG�DOUHDG\�H[LVWV��LW�LV�KLGGHQ�ZKHQ�WKH19
'LVFULPLQDWLQJ0HWKRG�IRU�WKH�FODVV�LV�LQVWDOOHG��ZKLFK�RFFXUV�ZKHQ�D�0XOWL0HWKRG�LV�DFFHSWHG�20

21
2XU�VSHFLDOL]HU�V\QWD[�GHSHQGV�RQ�DQ�H[WHQGHG/DQJXDJH�IODJ�LQ�WKH�3DUVHU!!LQLW6FDQQHU�EHLQJ�WXUQHG22
RQ�23

24
&XUUHQWO\��QR�HIIRUW�LV�PDGH�WR��SURPRWH��H[LVWLQJ�XQVSHFLDOL]HG�PHWKRGV�WR�0XOWL0HWKRGV�ZKHQ�D25
*HQHULF)XQFWLRQ�RQ�WKHLU�VHOHFWRU�LV�HVWDEOLVKHG���7KLV�ZRXOG�EH�D�XVHIXO�WKLQJ�WR�GR��DQG�WKH26
SROLFLHV�DQG�PHFKDQLVPV�IRU�WKLV�DUH�XQGHU�LQYHVWLJDWLRQ���$OVR��'LVFULPLQDWLQJ0HWKRGV�DUH�QRW27
FXUUHQWO\�UHPRYHG�ZKHQ�DOO�WKH�0XOWL0HWKRGV�RQ�D�SDUWLFXODU�ILUVW�DUJXPHQW�FODVV�DUH�UHPRYHG���7KH\28
FDQ�EH�UHPRYHG�

E\�KDQG

��DQG�E\�XVLQJ�WKH�0HWKRG:UDSSHU�XQLQVWDOO�SURWRFRO�29

30
&XUUHQWO\���%HIRUH�DQG��$IWHU�TXDOLILFDWLRQV�FDQ�EH�PDGH�E\�LQFOXGLQJ�WKH�ZRUGV�%HIRUH�RU�$IWHU31
DQ\ZKHUH�LQ�D�PHWKRG�QDPH���7KLV�LV�D�SHFXOLDU��VWRSJDS�PHFKDQLVP�WKDW�ZLOO�EH�UHPRYHG�ZKHQ�D32
EHWWHU�V\QWD[�RU�PHFKDQLVP�IRU�TXDOLILHUV�LV�GHILQHG�33

34
,QVWDQFH�9DULDEOHV�35

36
VSHFLDOL]HUV �2UGHUHG&ROOHFWLRQ!�7KH�6SHFLDOL]HUV��FXUUHQWO\�DOO�&ODVV6SHFLDOL]HUV�37

IRU�WKLV�0XOWL0HWKRG��LQ�OHIW�WR�ULJKW�RUGHU��IRU�QRZ��38
JHQHULF)XQFWLRQ6HOHFWRU��6\PERO!�7KH�QDPH�RI�WKH�*HQHULF)XQFWLRQ�ZH�VSHFLDOL]H�39
PXOWL0HWKRG6HOHFWRU��6\PERO!�7KH�EL]DUUH�VHOHFWRU�XVHG�WR�LGHQWLI\�XV�LQ40

0HWKRG'LFWLRQDULHV��DQG�LQ�WKH�%URZVHU�41
TXDOLILHU �6\PERO!�2QH�RI��%HIRUH���$IWHU��RU�QLO��IRU�SULPDU\�PHWKRGV�42

�$URXQG�ZLOO�IROORZ�VKRUWO\���8VHU�GHILQHG�TXDOLILHUV�ZLOO�EH�RND\�43

�44

45
�0XOWL0HWKRG�PHWKRGV)RU��
UHPRYLQJ
�46

47
UHPRYH)URP*HQHULF)XQFWLRQ48

�'LVHQWDQJOH�XV�IURP�RXU�*HQHULF)XQFWLRQ��,W�LV�LQ�FKDUJH�RI�WKH�'LVFLPLQDWLQJ0HWKRGV�WRR��49
50

VHOI�JHQHULF)XQFWLRQ�UHPRYH��VHOI���51
52
53
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�0XOWL0HWKRG�PHWKRGV)RU��
WHVWLQJ
�1
2

 �DQRWKHU0XOWL0HWKRG3
�6D\�WZR�0XOWL0HWKRGV�DUH�HTXDO�LI�WKH\�DUH�RQ�WKH�VDPH�VHOHFWRU�4
DQG�DOO�WKH�6SHFLDOL]HUV�DUH�HTXDO����5

6
AVHOI�JHQHULF)XQFWLRQ6HOHFWRU� �DQRWKHU0XOWL0HWKRG�JHQHULF)XQFWLRQ6HOHFWRU�DQG��>VHOI7

VSHFLDOL]HUV� �DQRWKHU0XOWL0HWKRG�VSHFLDOL]HUV@�8
9

LV0XOWL0HWKRG10
�,�PRVW�FHUWDLQO\�LV���&RPSLOHG&RGH�GHQLHV�WKLV���(YHU\WKLQJ�HOVH�LV11
DJQRVWLF�RQ�WKH�TXHVWLRQ��12

13
AWUXH�14

15
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1
OHVV7KDQ��UKV�ZLWK$UJXPHQWV��DUJV2

�:H�FRPSDUH�RXU�VSHFLDOL]HU�ZLWK�WKH�ULJKW�DUJXPHQW
V�VSHFLDOL]HUV�RQ�DW�D�WLPH��XVLQJ�WKH3
FRUUHVSRQGLQJ�DUJXPHQW�WR�DUELWUDWH�UHODWLYH�SULRULW\��ZKLFK�LV��ZLOO�EH"�4
UHOHYDQW�ZLWK�PXOWLSOH�LQKHULWDQFH���7KH�RUGHU�PHWKRG�UHWXUQV�DQ�LQWHUYDO�RU5
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HPSW\0HWKRG)RU��VHOHFWRU34

�'LVFULPLQDWLQJ0HWKRG�HPSW\0HWKRG)RU���WR�GR��35
36

_�PHWKRG&RPPHQW�_37
PHWKRG&RPPHQW�� �
����'LVFULPLQDWLQJ0HWKRG�VWXE�PHWKRG�������
�38
A�VHOI�PHWKRG+HDGHU)RU��VHOHFWRU�39

��PHWKRG&RPPHQW���
��AVHOI
�40
41

PHWKRG+HDGHU)RU��VHOHFWRU42
�'LVFULPLQDWLQJ0HWKRG�PHWKRG+HDGHU)RU���VL]H�
VL]H�
�43
�'LVFULPLQDWLQJ0HWKRG�PHWKRG+HDGHU)RU�����
��UKV�
�44
�'LVFULPLQDWLQJ0HWKRG�PHWKRG+HDGHU)RU���WR�GR��
WR��D��GR��D��
�45

46
_�V�_47
VHOHFWRU�QXP$UJV�  ���LI7UXH��>AVHOHFWRU�DV6WULQJ���
�
@�48
VHOHFWRU�LV,QIL[�LI7UXH��>AVHOHFWRU�DV6WULQJ���
�
���
UKV
���
�
@�49
V�� �

�50
���WR��VHOHFWRU�QXP$UJV�51

ZLWK��VHOHFWRU�NH\ZRUGV�GR��>�L��N�_�V�� �V���N���
�D
���L�SULQW6WULQJ���
�
@�52
AV���53
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Object subclass: #Specializer2

LQVWDQFH9DULDEOH1DPHV��

3
FODVV9DULDEOH1DPHV��

4
SRRO'LFWLRQDULHV��

5
FDWHJRU\��
*HQHULF�)XQFWLRQV
�6

6SHFLDOL]HU�FRPPHQW�7

6SHFLDOL]HU�LV�DQ�DEVWUDFW�FODVV�IRU�&/26�VW\OH�DUJXPHQW�VSHFLDOL]HUV���,W�FXUUHQWO\�KRXVHV8
GHIDXOW�GHQLDOV�IRU�WKH�LV;[[�TXHULHV�GHILQHG�LQ�LWV�VXEFODVVHV���7KH�FODVV�VLGH�KRXVHV�VRPH9
GHIDXOW�TXHULHV�
�10

11
12

�6SHFLDOL]HU�PHWKRGV)RU��
WHVWLQJ
�13
14

LV&ODVV6SHFLDOL]HU15
�1R�,
P�QRW�RQH�RI�WKHVH����16

17
AIDOVH�18

19
LV(TXDO6SHFLDOL]HU20

�'HQ\�WKLV�KHULWDJH����21
22

AIDOVH���23
24

���������������������������������������������������������25
26

6SHFLDOL]HU�FODVV27
LQVWDQFH9DULDEOH1DPHV��

�28

29
30

�6SHFLDOL]HU�FODVV�PHWKRGV)RU��
LQVWDQFH�FUHDWLRQ
�31
32

GHIDXOW33
�7KH�GHIDXOW�VSHFLDOL]HU�VKDOO�EH�ZKDWHYHU�&ODVV6SHFLDOL]HU�WKLQNV�D�JRRG�GHIDXOW�LV����34

35
A&ODVV6SHFLDOL]HU�GHIDXOW���36

37
38

Specializer subclass: #EqualSpecializer39

LQVWDQFH9DULDEOH1DPHV��
VSHFLDOL]HU,QVWDQFH�VSHFLDOL]HU%ORFN�
40
FODVV9DULDEOH1DPHV��

41
SRRO'LFWLRQDULHV��

42
FDWHJRU\��
*HQHULF�)XQFWLRQV
�43

(TXDO6SHFLDOL]HU�FRPPHQW�44

(TXDO6SHFLDOL]HUV��ZKHQ�WKH\�DUH�LPSOHPHQWHG��ZKLFK�WKH\�FXUUHQWO\�DUH�QRW��ZLOO�PLPLF�&/26�VW\OH45
SHU�LQVWDQFH�0XOWL0HWKRG�VSHFLDOL]HUV46

47
,QVWDQFH�9DULDEOHV�48

49
VSHFLDOL]HU,QVWDQFH� �2EMHFW! 7KH�YDOXH�WKLV�(4/�VSHFLDOL]HU�PXVW�PDWFK�50
VSHFLDOL]HU%ORFN �%ORFN&ORVXUH!�$�RQH�DUJXPHQW�EORFN�WKDW�UHWXUQV�WUXH�LI�DQ�REMHFW51
PDWFKHV�XV�
�52

53
54

�(TXDO6SHFLDOL]HU�PHWKRGV)RU��
WHVWLQJ
�55
56

 �D6SHFLDOL]HU57
�,I�ZH�DUH�ERWK�(TXDO6SHFLDOL]HUV��DQG�RXU�VSHFLDOL]HU,QVWDQFH58
YDULDEOHV�PDWFK��ZH
UH�VDWLVILHG����59

60
D6SHFLDOL]HU�LV(TXDO6SHFLDOL]HU�LI)DOVH��>AIDOVH@�61
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AVHOI�VSHFLDOL]HU,QVWDQFH� �D6SHFLDOL]HU�VSHFLDOL]HU,QVWDQFH�1
2

LV(TXDO6SHFLDOL]HU3
AWUXH���4
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1
�(TXDO6SHFLDOL]HU�PHWKRGV)RU��
DFFHVVLQJ
�2

3
VSHFLDOL]HU%ORFN4

AVSHFLDOL]HU%ORFN�5
6

VSHFLDOL]HU%ORFN��DQ2EMHFW7
AVSHFLDOL]HU%ORFN�� �DQ2EMHFW�8

9
VSHFLDOL]HU,QVWDQFH10

AVSHFLDOL]HU,QVWDQFH�11
12

VSHFLDOL]HU,QVWDQFH��DQ2EMHFW13
AVSHFLDOL]HU,QVWDQFH�� �DQ2EMHFW���14

���������������������������������������������������������15
16

(TXDO6SHFLDOL]HU�FODVV17
LQVWDQFH9DULDEOH1DPHV��

�18

19
20

�(TXDO6SHFLDOL]HU�FODVV�PHWKRGV)RU��
LQVWDQFH�FUHDWLRQ
�21
22

RQ��D%ORFN23
�6WRUH�WKH�EORFN�ZH�ZHUH�JLYHQ����24

25
_�V�_26
V�� �VXSHU�QHZ�27
V�VSHFLDOL]HU%ORFN��D%ORFN�28
AV���29

30

Specializer subclass: #ClassSpecializer31

LQVWDQFH9DULDEOH1DPHV��
VSHFLDOL]HU&ODVV1DPH�
32
FODVV9DULDEOH1DPHV��

33
SRRO'LFWLRQDULHV��

34
FDWHJRU\��
*HQHULF�)XQFWLRQV
�35

&ODVV6SHFLDOL]HU�FRPPHQW�36

&ODVV6SHFLDOL]HUV�LPSOHPHQW�&/26�VW\OH�0XOWL0HWKRG�DUJXPHQW�VSHFLDOL]HUV���7KH\�VWRUH�WKH�LGHQWLW\37
RI�WKH�FODVV�WKH�VSHFLDOL]HU�PXVW�PDWFK�38

39
,QVWDQFH�9DULDEOHV�40

41
VSHFLDOL]HU&ODVV1DPH��6\PERO!�7KH�QDPH�RI�WKH�&ODVV�ZH�PXVW�PDWFK���6WRULQJ�WKH�QDPH�DYRLGV�IRUZDUG42
UHIHUHQFH�DQG�]RPELH�UHIHUHQFH�SUREOHPV�
�43

44
45

�&ODVV6SHFLDOL]HU�PHWKRGV)RU��
WHVWLQJ
�46
47

 �D6SHFLDOL]HU48
�,I�ZH�DUH�ERWK�&ODVV6SHFLDOL]HUV��DQG�WKH�&ODVVHV�PDWFK��ZH
UH�KDSS\����49

50
D6SHFLDOL]HU�LV&ODVV6SHFLDOL]HU�LI)DOVH��>AIDOVH@�51
AVHOI�VSHFLDOL]HU&ODVV� �D6SHFLDOL]HU�VSHFLDOL]HU&ODVV�52

53
LV&ODVV6SHFLDOL]HU54

AWUXH�55
56

OHVV7KDQ��UKV�ZLWK$UJXPHQW��DUJ57
�:H�GHWHUPLQH�RUGHU�E\�RXU�UHODWLYH�SRVWLRQV�JLYHQ�WKH�&3/�IRU�D��SDUWLFXODU�DUJXPHQW!����58

59
_�FSO�_60
FSO�� �VHOI�FRPSXWH&ODVV3UHFHGHQFH/LVW)RU��DUJ�61
A�FSO�LQGH[2I��VHOI�VSHFLDOL]HU&ODVV1DPH�62

���FSO�LQGH[2I��UKV�VSHFLDOL]HU&ODVV1DPH����63
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�&ODVV6SHFLDOL]HU�PHWKRGV)RU��
SUHFHGHQFH
�1
2

FRPSXWH&ODVV3UHFHGHQFH/LVW)RU��DQ2EMHFW3
�:LWKRXW�PXOWLSOH�LQKHULWDQFH��D�&ODVV�3UHFHGHQFH�/LVW��&3/�LQ�&/26�SDUODQFH��FRPHV4
GRZQ�WR�D�VWUDLJKW�SDWULOLQHDU�FKDLQ�DOO�WKH�ZD\�WR5
QLO��WKH�RQO\�VXSHUFODVV�ZRUWK�KDYLQJ�����6

7
_�FSO�FODVV�_8
FSO�� �2UGHUHG&ROOHFWLRQ�QHZ���� �:KDW�GHSWK�FRYHUV�PRVW�RI�
HP"�9
FODVV�� �DQ2EMHFW�FODVV�10
>FODVV�LV1LO@11

ZKLOH)DOVH�12
>FSO�DGG��FODVV�QDPH�13
FODVV�� �FODVV�VXSHUFODVV@�14

AFSO�15
16

PDWFKHV��DQ2EMHFW17
�,Q�&/26��\RX�VSHFLI\�WKH�SUHFHQGHQFH�RI�\RXU��SHUKDSV�PXOWLSOH��GLUHFW�VXSHUFODVV�HV��18
7KLV�PHDQV�GLIIHUHQW�DUJXPHQWV�PD\�KDYH�D�SDUWLFXODU�FODVV�LQ�GLIIHUHQW�SRVLWLRQV19
LQ�WKHLU�&3/V��ZKLFK�LV�ZK\�WKH\�XVH�&3/V�IRU�WKLV�VWXII��20

21
�<HV��,�NQRZ�WKDW�IRU�VLQJOH�LQKHUWLWDQFH�WKH�FRPPHQWHG�OLQH�RI�FRGH�EHORZ22
UHDOO\�LV�HTXLYDOHQW��EXW�&3/V�PD\�PDWWHU�ODWHU����23
�UHVXOW�� �DQ2EMHFW�LV.LQG2I��VHOI�VSHFLDOL]HU&ODVV��24
_�FSO�UHVXOW�_25
FSO�� �VHOI�FRPSXWH&ODVV3UHFHGHQFH/LVW)RU��DQ2EMHFW�26
UHVXOW�� �FSO�LQFOXGHV��VHOI�VSHFLDOL]HU&ODVV1DPH�27
�7KH�WHPSRUDU\�UHVXOW�OHDYHV�XV�VRPHZKHUH�WR�SXW�WKH�VHOI�KDOW�GXULQJ�WHVWLQJ����28
AUHVXOW���29

30
�&ODVV6SHFLDOL]HU�PHWKRGV)RU��
SULQWLQJ
�31

32
SULQW2Q��D6WUHDP33

�&ODVV6SHFLDOL]HUV�SULQW�DV��-XQN!����34
35

D6WUHDP�QH[W3XW�����36
D6WUHDP�SULQW��VHOI�VSHFLDOL]HU&ODVV�37
D6WUHDP�QH[W3XW���!���38

39
�&ODVV6SHFLDOL]HU�PHWKRGV)RU��
DFFHVVLQJ
�40

41
VSHFLDOL]HU&ODVV42

�'LJ�WKH�DFWXDO�FODVV�IRU�RXU�VSHFLDOL]HU�RXW�RI�6PDOOWDON����43
44

A6PDOOWDON�DW��VHOI�VSHFLDOL]HU&ODVV1DPH�45
46

VSHFLDOL]HU&ODVV��D&ODVV47
�6WRUH�WKH�QDPH��QRW�WKH�FODVV����48

49
VHOI�VSHFLDOL]HU&ODVV1DPH��D&ODVV�QDPH�50

51
VSHFLDOL]HU&ODVV1DPH52

AVSHFLDOL]HU&ODVV1DPH�53
54

VSHFLDOL]HU&ODVV1DPH��D6\PERO55
AVSHFLDOL]HU&ODVV1DPH�� �D6\PERO���56

57
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���������������������������������������������������������1
2

&ODVV6SHFLDOL]HU�FODVV3
LQVWDQFH9DULDEOH1DPHV��

�4

5
6

�&ODVV6SHFLDOL]HU�FODVV�PHWKRGV)RU��
LQVWDQFH�FUHDWLRQ
�7
8

GHIDXOW9
�:H�FRXOG�SUREDEO\�FDFKH�WKLV����10
�2XU�GHIDXOW�LV�2EMHFW��&/26�
7
���QLO�VXSHUFODVV�VKHQDQHJDQV11
ZLOO�SUREDEO\�PHULW�VRPH�WKRXJKW�GRHQ12
WKH�URDG����13

14
AVXSHU�QHZ��VSHFLDOL]HU&ODVV��2EMHFW��\RXUVHOI�15

16
RQ��D&ODVV2U6\PERO17

�&UHDWH�D�&ODVV6SHFLDOL]HU��/HW�FDOOHUV�VHQG�XV�6\PEROV��RU�WKH�UHDO�0F&R\�18
7KLV�PD\�PDNH�D�XVHIXO19
0XOWL0HWKRG�GHPRQVWUDWLRQ�RQH�RI�WKHVH�GD\V����20

21
_�V�_22
V�� �VXSHU�QHZ�23
�D&ODVV2U6\PERO�LV.LQG2I��6\PERO�24

LI7UXH��>V�VSHFLDOL]HU&ODVV1DPH��D&ODVV2U6\PERO@25
LI)DOVH��>V�VSHFLDOL]HU&ODVV��D&ODVV2U6\PERO@�26

AV���27
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1

Object subclass: #GenericFunction2

LQVWDQFH9DULDEOH1DPHV��
VHOHFWRU�PXOWL0HWKRGV�GLVFULPLQDWLQJ0HWKRGV�PHWKRG&RPELQDWLRQ�
3
FODVV9DULDEOH1DPHV��
*HQHULF)XQFWLRQ5HJLVWU\�
4
SRRO'LFWLRQDULHV��

5
FDWHJRU\��
*HQHULF�)XQFWLRQV
�6

*HQHULF)XQFWLRQ�FRPPHQW�7

*HQHULF)XQFWLRQV�LPSOHPHQW�&/26�VW\OH�IDPLOLHV�RI�0XOWL0HWKRGV��ZKHUH�GLVSDWFKLQJ�WDNHV�QRW�RQO\8
WKH�OHIW�KDQG��UHFHLYHU��DUJXPHQW�LQWR�DFFRXQW��EXW�DOO�WKH�RWKHU�DUJXPHQWV�WR�D�PHWKRG�LQYRFDWLRQ9
DV�ZHOO���$�*HQHULF)XQFWLRQ�NQRZV�DOO�WKH�0XOWL0HWKRGV�WKDW�

VSHFLDOL]H

�LW���,W�DOVR�KDV�D10
0HWKRG&RPELQDWLRQ�REMHFW��ZKLFK�GHWHUPLQHV�WKH�PDQQHU�LQ�ZKLFK�DSSOLFDEOH�0XOWL0HWKRGV�DUH11
H[HFXWHG�12

13
,QVWDQFH�9DULDEOHV�14

15
VHOHFWRU �6\PERO! 7KH�VHOHFWRU��RU�RSHUDWRU�WKDW�WKLV�*HQHULF)XQFWLRQ�RYHUVHHV�16
PXOWL0HWKRG��'LFWLRQDU\!�$�PDSSLQJ�IURP�0XOWL0HWKRG�VHOHFWRUV�WR�0XOWL0HWKRGV17
GLVFULPLQDWLQJ0HWKRGV��'LFWLRQDU\!�$�PDSSLQJ�IURP�&ODVV�QDPHV�WR�'LVFULPLQDWLQJ0HWKRGV�18
PHWKRG&RPELQDWLRQ��0HWKRG&RPELQDWLRQ!�7KH�0HWKRG&RPELQDWLRQ�XVHG�IRU�WKLV�*HQHULF)XQFWLRQ�19

20
&ODVV�9DULDEOHV�21

22
*HQHULF)XQFWLRQ5HJLVWU\��'LFWLRQDU\!�$�PDSSLQJ�IURP�HDFK�6\PERO�IRU�ZKLFK�D�*HQHULF)XQFWLRQ�LV23
GHILQHG�WR�WKDW�*HQHULF)XQFWLRQ���7KLV�JOREDO�UHJLVWU\�HQVXUHV�WKDW�RQH�DQG�RQO\�RQH24
*HQHULF)XQFWLRQ�LV�GHILQHG�DW�DQ\�JLYHQ�WLPH�IRU�D�SDUWLFXODU�VHOHFWRU�RSHUDWRU�25

�26

27
�*HQHULF)XQFWLRQ�PHWKRGV)RU��
SULYDWH
�28

29
DOO,PSOHPHQWRUV30

�5HWXUQ�D�6RUWHG&ROOHFWLRQ�RI�DOO�WKH�PHWKRGV�LQ�WKH�V\VWHP�WKDW�LPSOHPHQW�RXU�VHOHFWRU����31
�7KLV�LV�EDVHG�RQ�%URZVHU!!DOO,PSOHPHQWRUV2I���32
��*HQHULF)XQFWLRQ�RQ���DW�SXW���DOO,PSOHPHQWRUV�33

34
_�D&ROOHFWLRQ�_35
D&ROOHFWLRQ�� �2UGHUHG&ROOHFWLRQ�QHZ�36
6PDOOWDON�DOO%HKDYLRUV'R��>�FODVV�_��FODVV�LQFOXGHV6HOHFWRU��VHOHFWRU�37

LI7UXH��>D&ROOHFWLRQ�DGG���FODVV�FRPSLOHG0HWKRG$W��VHOHFWRU�@@�38
AD&ROOHFWLRQ�39

40
DOO,PSOHPHQWRUV2OG41

�5HWXUQ�D�6RUWHG&ROOHFWLRQ�RI�DOO�WKH�PHWKRGV�LQ�WKH�V\VWHP�WKDW�LPSOHPHQW�RXU�VHOHFWRU����42
43

�7KLV�LV�EDVHG�RQ�%URZVHU!!DOO,PSOHPHQWRUV2I���44
��*HQHULF)XQFWLRQ�RQ���DW�SXW���DOO,PSOHPHQWRUV�45

46
_�D&ROOHFWLRQ�_47
D&ROOHFWLRQ�� �6RUWHG&ROOHFWLRQ�QHZ�48
6PDOOWDON�DOO%HKDYLRUV'R��>�FODVV�_��FODVV�LQFOXGHV6HOHFWRU��VHOHFWRU�49

LI7UXH��>D&ROOHFWLRQ�DGG��FODVV�QDPH���
�
���VHOHFWRU@@�50
AD&ROOHFWLRQ���51

52
�*HQHULF)XQFWLRQ�PHWKRGV)RU��
SULQWLQJ
�53

54
SULQW2Q��D6WUHDP55

�:H�PLJKW�XVH�WKH�WHPSRUDU\�IRU�YRZHO�WHVWLQJ�RQH�RI�WKHVH�GD\V����56
57

_�WLWOH�_58
WLWOH�� �VHOI�FODVV�QDPH�59
D6WUHDP�QH[W3XW$OO��WLWOH�60
D6WUHDP�QH[W3XW$OO��
�RQ��
�61
D6WUHDP�SULQW��VHOHFWRU���62

63
64
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�*HQHULF)XQFWLRQ�PHWKRGV)RU��
HYDOXDWLRQ
�1
2

DSSO\��DUJV3
�7R�DSSO\�D�*HQHULF)XQFWLRQ��ILUVW��GHWHUPLQH�WKH�DSSOLFDEOH�PHWKRGV4
�WKRVH�IRU�ZKLFK�WKH�DUJXPHQWV5
VDWLVI\�WKH�VSHFLDOL]HUV���7KHVH�DUH�WKHQ�VRUWHG�LQ�WKH�RUGHU�LQ�ZKLFK6
WKH\�DUH�DSSOLFDEOH��7KHQ��WKH\7
DUH�SDVVHG�WR�WKH�0HWKRG&RPELQDWLRQ��ZKLFK�DFWXDOO\�H[HFXWHV�WKH�PHWKRGV����8

9
_�DP�Y�V�_10
DP�� �VHOI�FRPSXWH$SSOLFDEOH0HWKRGV��DUJV�11
DP�LV(PSW\�LI7UXH��>VHOI�HUURU��
QR�DSSOLFDEOH�PHWKRGV
@�12
V�� �6RUWHG&ROOHFWLRQ�VRUW%ORFN��>�O��U�_�O�OHVV7KDQ��U�ZLWK$UJXPHQWV��DUJV@�13
V�DGG$OO��DP�14
DP�� �V�DV2UGHUHG&ROOHFWLRQ�15
Y�� �VHOI�PHWKRG&RPELQDWLRQ16

DSSO\*HQHULF)XQFWLRQ��VHOI17
ZLWK0HWKRGV��DP18
DQG$UJXPHQWV��DUJV�19

7UDQVFULSW�VKRZ��
DIWHU�PF�DSSO\
��FU�20
AY�21

22
DSSO\5HFHLYHU��UHFHLYHU�ZLWK$UJXPHQWV��DUJV23

�&RQFDWHQWDWH�WKH�UHFHLYHU�DQG�WKH�JLYHQ�DUJXPHQWV�DQG�SDVV�
HP�DOO�WR�DSSO\�����24
��<HV��WKLV�LV�D�SHFXOLDU�LGLRP�IRU�WKLV��EXW�,�IUR]H�WKH�FRGH�IRU�QRZ���25

26
_�D�_27
D�� �2UGHUHG&ROOHFWLRQ�QHZ��DUJV�VL]H�����28
D�DGG��UHFHLYHU�29
D�DGG$OO��DUJV�30
7UDQVFULSW�VKRZ��
DSSO\LQJ�JI
��FU�31
AVHOI�DSSO\��D�32

33
FRPSXWH$SSOLFDEOH0HWKRGV��DUJV34

�5HWXUQ�D�FROOHFWLRQ�RI�DOO�WKH�DSSOLFDEOH�PHWKRGV��UHJDUGOHVV�RI35
TXDOLILHUV��JLYHQ�WKH�FXUUHQW36
DUJXPHQWV����37

38
_�DP�_39
DP�� �PXOWL0HWKRGV�YDOXHV�VHOHFW��>�P�_�P�PDWFKHV��DUJV@�40
ADP���41

42
�*HQHULF)XQFWLRQ�PHWKRGV)RU��
PXOWLPHWKRG�DGG�UHPRYH
�43

44
DGG��D0XOWL0HWKRG45

�3XW�WKLV�0XOWL0HWKRG�LQ�RXU�'LFWLRQDU\�RI�SRWHQWLDOO\�DSSOLFDEOH�PHWKRGV����46
�'R�VRPH�JRDOWHQGLQJ�ILUVW����47

48
VHOI�VHOHFWRU� �D0XOWL0HWKRG�JHQHULF)XQFWLRQ6HOHFWRU�XQTXDOLILHG�LI)DOVH��>VHOI�HUURU��
%DG49

PXOWLPHWKRG�VHOHFWRU
@�50
PXOWL0HWKRGV�DW��D0XOWL0HWKRG�PXOWL0HWKRG6HOHFWRU�SXW��D0XOWL0HWKRG�51
�1RWH�WKDW�WKLV�'0�LVQ
W�LQVWDOOHG�\HW��7KLV�LV�EHFDXVH�ZH�PD\�QRW�KDYH�HQVXUHG�LW�KDV�D52

VHOHFWRU�WR�ZUDS�\HW��53
GLVFULPLQDWLQJ0HWKRGV�DW��D0XOWL0HWKRG�PFODVV�QDPH�LI$EVHQW3XW��>54

'LVFULPLQDWLQJ0HWKRG�RQ��VHOHFWRU�XQTXDOLILHG�LQ&ODVV��D0XOWL0HWKRG�PFODVV@�55
56

UHPRYH��D0XOWL0HWKRG57
�,I�VRPHRQH�LV�WU\LQJ�WR�UHPRYH�0XOWL0HWKRG�IURP�WKH�ZURQJ�*)��FDWFK�
HP�KHUH�58
7HVW�WKH�XQTXDOLILHG59
QDPH�VR�DV�WR�DOORZ�WKH�EHIRUH�DIWHU�TXDOLILHU�JDPELW��60

61
VHOI�VHOHFWRU� �D0XOWL0HWKRG�JHQHULF)XQFWLRQ6HOHFWRU�XQTXDOLILHG�LI)DOVH��>VHOI�HUURU�62


0XOWL0HWKRG�DQG�*HQHULF)XQFWLRQ�VHOHFWRU�PLVPDWFK
@�63
PXOWL0HWKRGV�UHPRYH.H\��D0XOWL0HWKRG�PXOWL0HWKRG6HOHFWRU�LI$EVHQW��>VHOI�HUURU��
%DG64

PXOWLPHWKRG�VHOHFWRU
@�65
�:H�QHHG�WR�UHIHUHQFH�FRXQW�WKHVH��RU�RWKHUZLVH�FRUUHFWO\�PDQDJH�WKHP����66
�GLVFULPLQDWLQJ0HWKRGV�DW��D0XOWL0HWKRG�PFODVV�67
7UDQVFULSW�VKRZ��
���5HPRYLQJ��
���VHOI�SULQW6WULQJ��FU��HQG(QWU\���68



*HQHULF)XQFWLRQV�DQG�)ULHQGV�¥�%ULDQ�)RRWH

����� ����RI���� ��������

�*HQHULF)XQFWLRQ�PHWKRGV)RU��
DFFHVVLQJ�
�1
2

DULW\3
�5HWXUQ�WKH�QXPEHU�RI�DUJXPHQWV�RXU�VHOHFWRU�WDNHV��LQFOXGLQJ�WKH�UHFHLYHU����4

5
AVHOI�QXP$UJV�����6

7
GLVFULPLQDWLQJ0HWKRG)RU��D0XOWL0HWKRG8

�5HWXUQ�WKH�'LVFULPLQDWLQJ0HWKRG�WKDW�FDWFKHV�LQYRFDWLRQV�D�SDUWLFXODU9
0XOWL0HWKRG�RQ�D�SDUWLFXODU10
ILUVW�DUJXPHQW��11

12
AGLVFULPLQDWLQJ0HWKRGV�DW��D0XOWL0HWKRG�PFODVV�QDPH�LI$EVHQW��>QLO@�13

14
GLVFULPLQDWLQJ0HWKRGV15

�5HWXUQ�WKH�GLVFULPLQDWLQJ�PHWKRGV�IRU�WKLV�*HQHULF)XQFWLRQ����16
17

AGLVFULPLQDWLQJ0HWKRGV�18
19

GLVFULPLQDWLQJ0HWKRGV��D&ROOHFWLRQ20
AGLVFULPLQDWLQJ0HWKRGV�� �D&ROOHFWLRQ�21

22
PHWKRG&RPELQDWLRQ23

APHWKRG&RPELQDWLRQ�24
25

PHWKRG&RPELQDWLRQ��D0HWKRG&RPELQDWLRQ26
APHWKRG&RPELQDWLRQ�� �D0HWKRG&RPELQDWLRQ�27

28
PXOWL0HWKRGV29

�5HWXUQ�WKH�PXOWLPHWKRGV�IRU�WKLV�*HQHULF)XQFWLRQ����30
31

APXOWL0HWKRGV�32
33

PXOWL0HWKRGV��D'LFWLRQDU\34
�6WRUH�WKH�PXOWLPHWKRGV�IRU�WKLV�*HQHULF)XQFWLRQ����35

36
APXOWL0HWKRGV�� �D'LFWLRQDU\�37

38
QXP$UJV39

�5HWXUQ�WKH�QXPEHU�RI�DUJXPHQWV�RXU�VHOHFWRU�WDNHV��QRW�LQFOXGLQJ40
WKH�UHFHLYHU���7R�LQFOXGH�WKH�UHFHLYHU��XVH��DULW\����41

42
AVHOHFWRU�QXP$UJV�43

44
VHOHFWRU45

�5HWXUQ�WKH�VHOHFWRU�IRU�WKLV�*HQHULF)XQFWLRQ����46
47

AVHOHFWRU�48
49

VHOHFWRU��D6HOHFWRU50
�5HWXUQ�WKH�5+6�WR�DOORZ�FDVFDGHG�DVVLJPHQWV��51

52
AVHOHFWRU�� �D6HOHFWRU���53

54
�*HQHULF)XQFWLRQ�PHWKRGV)RU��
WHVW
�55

56
WUDVK���57

58



*HQHULF)XQFWLRQV�DQG�)ULHQGV�¥�%ULDQ�)RRWH

����� ����RI���� ��������

�*HQHULF)XQFWLRQ�PHWKRGV)RU��
LQLWLDOL]DWLRQ
�1
2

LQLWLDOL]H3
�6WDUW�ZLWK�WKH�6LPSOH0HWKRG&RPELQDWLRQ�VFKHPH�IRU�QRZ�4
6WDQGDUG�ZLOO�EH�D�EHWWHU�GHIDXOW�RQFH�LW�LV�ZRUNLQJ�FRUUHFWO\����5

6
VHOI�PHWKRG&RPELQDWLRQ��6LPSOH0HWKRG&RPELQDWLRQ�QHZ�7
PXOWL0HWKRGV�� �'LFWLRQDU\�QHZ�����8
VHOI�GLVFULPLQDWLQJ0HWKRGV���'LFWLRQDU\�QHZ��������9

���������������������������������������������������������10
11

*HQHULF)XQFWLRQ�FODVV12
LQVWDQFH9DULDEOH1DPHV��

�13

14
15

�*HQHULF)XQFWLRQ�FODVV�PHWKRGV)RU��
FODVV�LQLWLDOL]DWLRQ
�16
17

LQLWLDOL]H18
�,QLWLDOL]H�WKH�*HQHULF)XQFWLRQ�FODVV�E\�FUHDWLQJ�DQ�HPSW\�UHJLVWU\����19
�*HQHULF)XQFWLRQ�LQLWLDOL]H�20

21
*HQHULF)XQFWLRQ5HJLVWU\�� �,GHQWLW\'LFWLRQDU\�QHZ�������22

23
�*HQHULF)XQFWLRQ�FODVV�PHWKRGV)RU��
DFFHVVLQJ
�24

25
JHQHULF)XQFWLRQV26

�5HWXUQ�WKH�UHJLVWU\����27
�*HQHULF)XQFWLRQ�JHQHULF)XQFWLRQV�28

29
A*HQHULF)XQFWLRQ5HJLVWU\���30

31
�*HQHULF)XQFWLRQ�FODVV�PHWKRGV)RU��
LQVWDQFH�FUHDWLRQ
�32

33
QHZ34

�'RQ
W�DOORZ�XQFRPPLWHG�*)V�WR�EH�PLQWHG����35
36

VHOI�VKRXOG1RW,PSOHPHQW�37
38

QHZ��DQ2EMHFW39
�'RQ
W�DOORZ�XQFRPPLWHG�*)V�WR�EH�PLQWHG�IRU�QRZ����40

41
VHOI�VKRXOG1RW,PSOHPHQW�42

43
RQ��D6HOHFWRU44

�&UHDWH�D�QHZ�*HQHULF)XQFWLRQ�IRU�WKH�LQGLFDWHG�VHOHFWRU����45
�,I�ZH
YH�DOUHDG\�FUHDWHG�D�JHQHULF�IXQFWLRQ�IRU�WKLV�VHOHFWRU��UHWXUQ�LW�46
2WKHUZLVH��FUHDWH�D�QHZ�JHQHULF�IXQFWLRQ�REMHFW��DQG�UHJLVWHU�LW�47
,Q�WKLV�ZD\��ZH�XVH�*HQHULF)XQFWLRQ�FODVV�DV�ERWK�D�*HQHULF)XQFWLRQ�IDFWRU\48
DQG�UHSRVLWRU\����49
�*HQHULF)XQFWLRQ�RQ���DW�SXW��50
�$Q�HPSW\�UHJLVWU\�PHDQV�ZH�KDYHQ
W�EHHQ�LQLWLDOL]HG��RU�VRPHRQH51
LV�XS�WR�PLVFKLHI��,Q�HLWKHU�FDVH��WKH�UHLQLWLDOL]DWLRQ�LV�LQGLFDWHG����52

53
_�VHOHFWRU�_54
*HQHULF)XQFWLRQ5HJLVWU\�LV1LO�LI7UXH��>VHOI�LQLWLDOL]H@�55
VHOHFWRU�� �0XOWL0HWKRG�XQTXDOLILHG6HOHFWRU)RU��D6HOHFWRU�56
A*HQHULF)XQFWLRQ5HJLVWU\�DW��VHOHFWRU57

LI$EVHQW�58
>�,I�D�*)�DOUHDG\�H[LVWV�IRU�WKLV�VHOHFWRU��UHWXUQ�LW��RWKHUZLVH��FUHDWH59

RQH����60
_�JI�_61
JI�� �VXSHU�QHZ�62
JI�LQLWLDOL]H�63
JI�VHOHFWRU��VHOHFWRU�64
*HQHULF)XQFWLRQ5HJLVWU\�DW��VHOHFWRU�SXW��JI�65
JI@���66



*HQHULF)XQFWLRQV�DQG�)ULHQGV�¥�%ULDQ�)RRWH

����� ����RI���� ��������

�*HQHULF)XQFWLRQ�FODVV�PHWKRGV)RU��
WHVWLQJ
�1
2

LV*HQHULF)XQFWLRQ��D6HOHFWRU3
�/HW�WKH�FDOOHU�NQRZ�ZKHWKHU�ZH
YH�JRW�WKLV�VHOHFWRU�LQ�WKH�UHJLVWU\����4
�:H�PLJKW�ZDQW�WR�KLGH�WKH�UHJLVWU\�PHFKDQLVP�EHKLQG�VRPH�SURWRFRO�DW�VRPH�SRLQW����5

6
_�VHOHFWRU�_7
VHOHFWRU�� �0XOWL0HWKRG�XQTXDOLILHG6HOHFWRU)RU��D6HOHFWRU�8
A*HQHULF)XQFWLRQ5HJLVWU\�LQFOXGHV.H\��VHOHFWRU���9

*HQHULF)XQFWLRQ�LQLWLDOL]H�10
11

2EMHFW�VXEFODVV���0HGLXP12
LQVWDQFH9DULDEOH1DPHV��

13
FODVV9DULDEOH1DPHV��

14
SRRO'LFWLRQDULHV��

15
FDWHJRU\��
0XOWL0HWKRG�0HQDJHULH
�16

17



*HQHULF)XQFWLRQV�DQG�)ULHQGV�¥�%ULDQ�)RRWH

����� ����RI���� ��������

1

Medium subclass: #Land2

LQVWDQFH9DULDEOH1DPHV��

3
FODVV9DULDEOH1DPHV��

4
SRRO'LFWLRQDULHV��

5
FDWHJRU\��
0XOWL0HWKRG�0HQDJHULH
�6

7
8

Object subclass: #Animal9

LQVWDQFH9DULDEOH1DPHV��
OHJV�
10
FODVV9DULDEOH1DPHV��

11
SRRO'LFWLRQDULHV��

12
FDWHJRU\��
0XOWL0HWKRG�0HQDJHULH
�13

14
15

�$QLPDO�PHWKRGV)RU��
HWKRORJ\
�16
17

$IWHU0RYH7KURXJK��PHGLXP��0HGLXP!18
��0DPPDO�QHZ��PRYH7KURXJK���:DWHU�QHZ��19
��0RXVH�QHZ��PRYH7KURXJK���/DQG�QHZ��20
��0DPPDO�QHZ��VSHDN�21

22
7UDQVFULSW�VKRZ��
$)7(5��$QLPDO!$IWHU0RYH7KURXJK�0HGLXP!���
��FU��HQG(QWU\�23

24
%HIRUH0RYH7KURXJK��PHGLXP��0HGLXP!25

��0DPPDO�QHZ��PRYH7KURXJK���:DWHU�QHZ��26
��0RXVH�QHZ��PRYH7KURXJK���/DQG�QHZ��27
��0DPPDO�QHZ��VSHDN�28

29
7UDQVFULSW�VKRZ��
%()25(��$QLPDO!%HIRUH0RYH7KURXJK�0HGLXP!���
��FU��HQG(QWU\�30

31
$IWHU0RYH7KURXJK��D������'LVFULPLQDWLQJ0HWKRG�VWXE�PHWKRG���������AVHOI�32

33
%HIRUH0RYH7KURXJK��D������'LVFULPLQDWLQJ0HWKRG�VWXE�PHWKRG���������AVHOI�34

35
LQVWDOOHG'LVFULPLQDWLQJ0HWKRG6RXUFH36

����7KH�PHWKRG�\RX�DUH�ORRNLQJ�DW�LV�DQ�,167$//('�'LVFULPLQDWLQJ0HWKRG�IRU�WKH�FXUUHQW37
VHOHFWRU��,W
V�DFWXDO38

FRGH�LV�KLGGHQ�����39
�'RQ
W�FKDQJH�DQG�DFFHSW�WKLV�FRGH�XQOHVV�\RX�ZDQW�D�PHWKRG�QDPHG40

�LQVWDOOHG'LVFULPLQDWLQJ0HWKRG6RXUFH����41
�7KH�VRXUFH�SRLQWHU�IRU�WKLV�PHWKRG�LV�FRSLHG�WR�WKDW�RI�HDFK�'LVFULPLQDWLQJ0HWKRG�ZKHQ�LW42

LV�LQVWDOOHG����43
44

AVHOI�45
46

VSHDN47
7UDQVFULSW�VKRZ��
,�DP�DQ�DQLPDO
�FU�HQG(QWU\�48
A�����49

50
�$QLPDO�PHWKRGV)RU��
DFFHVVLQJ
�51

52
OHJV53

AOHJV�54
55

OHJV��Q56
AOHJV�� �Q���57



*HQHULF)XQFWLRQV�DQG�)ULHQGV�¥�%ULDQ�)RRWH

����� ����RI���� ��������

1

Animal subclass: #Mammal2

LQVWDQFH9DULDEOH1DPHV��
KDV+DLU�DTXDWLF�
3
FODVV9DULDEOH1DPHV��

4
SRRO'LFWLRQDULHV��

5
FDWHJRU\��
0XOWL0HWKRG�0HQDJHULH
�6

7
8

�0DPPDO�PHWKRGV)RU��
DFFHVVLQJ
�9
10

DTXDWLF11
ADTXDWLF�12

13
DTXDWLF��D%RROHDQ14

AKDV+DLU�� �DTXDWLF�15
16

KDV+DLU17
AKDV+DLU�18

19
KDV+DLU��D%RROHDQ20

AKDV+DLU�� �D%RROHDQ���21
22

�0DPPDO�PHWKRGV)RU��
HWKRORJ\
�23
24

$IWHU0RYH7KURXJK��PHGLXP��0HGLXP!25
��0DPPDO�QHZ��PRYH7KURXJK���:DWHU�QHZ��26
��0RXVH�QHZ��PRYH7KURXJK���/DQG�QHZ��27
��0DPPDO�QHZ��VSHDN�28

29
7UDQVFULSW�VKRZ��
$)7(5��0DPPDO!$IWHU0RYH7KURXJK�0HGLXP!���
��FU��HQG(QWU\�30

31
%HIRUH0RYH7KURXJK��PHGLXP��0HGLXP!32

��0DPPDO�QHZ��PRYH7KURXJK���:DWHU�QHZ��33
��0RXVH�QHZ��PRYH7KURXJK���/DQG�QHZ��34
��0DPPDO�QHZ��VSHDN�35

36
7UDQVFULSW�VKRZ��
%()25(��0DPPDO!%HIRUH0RYH7KURXJK�0HGLXP!���
��FU��HQG(QWU\�37

38
PRYH7KURXJK��PHGLXP��/DQG!39

��0DPPDO�QHZ��PRYH7KURXJK���:DWHU�QHZ��40
��0RXVH�QHZ��PRYH7KURXJK���/DQG�QHZ��41
��0DPPDO�QHZ��VSHDN�42

43
7UDQVFULSW�VKRZ��
0DPPDOV�FDQ�XVXDOO\�PRYH�RYHU�ODQG
��FU��HQG(QWU\�44

45
PRYH7KURXJK��PHGLXP��0HGLXP!46

��0DPPDO�QHZ��PRYH7KURXJK���:DWHU�QHZ��47
��0RXVH�QHZ��PRYH7KURXJK���/DQG�QHZ��48
��0DPPDO�QHZ��VSHDN�49

50
7UDQVFULSW�VKRZ��
0DPPDOV�FDQ�XVXDOO\�PRYH�DGHTXDWHO\�WKURXJK�DQ\�0HGLXP�IRU�DW�OHDVW�EULHI51

SHULRGV�RI�WLPH���
�52
53

$IWHU0RYH7KURXJK��D������'LVFULPLQDWLQJ0HWKRG�VWXE�PHWKRG���������AVHOI�54
55

%HIRUH0RYH7KURXJK��D������'LVFULPLQDWLQJ0HWKRG�VWXE�PHWKRG���������AVHOI�56
57

VSHDN58
7UDQVFULSW�VKRZ��
,�DP�DP�D�0DPPDO
�FU�HQG(QWU\�59
AVXSHU�VSHDN���60



*HQHULF)XQFWLRQV�DQG�)ULHQGV�¥�%ULDQ�)RRWH
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1

Mammal subclass: #Mouse2

LQVWDQFH9DULDEOH1DPHV��
IDYRULWH&KHHVH�
3
FODVV9DULDEOH1DPHV��

4
SRRO'LFWLRQDULHV��

5
FDWHJRU\��
0XOWL0HWKRG�0HQDJHULH
�6

7
8

�0RXVH�PHWKRGV)RU��
DFFHVVLQJ
�9
10

IDYRULWH&KHHVH11
AIDYRULWH&KHHVH�12

13
IDYRULWH&KHHVH��FKHHVH14

AIDYRULWH&KHHVH�� �FKHHVH���15
16

�0RXVH�PHWKRGV)RU��
HWKRORJ\
�17
18

PRYH7KURXJK��PHGLXP��/DQG!19
�*HQHULF)XQFWLRQ�LQLWLDOL]H�20
��0DPPDO�QHZ��PRYH7KURXJK���:DWHU�QHZ��21
��0RXVH�QHZ��PRYH7KURXJK���/DQG�QHZ��22
��0DPPDO�QHZ��VSHDN�23
��*HQHULF)XQFWLRQ�RQ���PRYH7KURXJK���LQVSHFW�24
��*HQHULF)XQFWLRQ�RQ���PRYH7KURXJK���PHWKRG&RPELQDWLRQ��6WDQGDUG0HWKRG&RPELQDWLRQ�QHZ�25
��*HQHULF)XQFWLRQ�RQ���PRYH7KURXJK���PHWKRG&RPELQDWLRQ��6LPSOH0HWKRG&RPELQDWLRQ�QHZ�26
��*HQHULF)XQFWLRQ�RQ���PRYH7KURXJK���PHWKRG&RPELQDWLRQ��6XE6WDQGDUG0HWKRG&RPELQDWLRQ�QHZ�27

28
WKLV&RQWH[W�FDOO1H[W0HWKRG:LWK$UJXPHQWV��QLO�29
7UDQVFULSW�VKRZ��
0LFH�PRYH�TXLWH�ZHOO�RYHU�ODQG
��FU��HQG(QWU\�30

31
LQVWDOOHG'LVFULPLQDWLQJ0HWKRG6RXUFH32

����7KH�PHWKRG�\RX�DUH�ORRNLQJ�DW�LV�DQ�,167$//('�'LVFULPLQDWLQJ0HWKRG�IRU�WKH�FXUUHQW33
VHOHFWRU��,W
V�DFWXDO34

FRGH�LV�KLGGHQ�����35
�'RQ
W�FKDQJH�DQG�DFFHSW�WKLV�FRGH�XQOHVV�\RX�ZDQW�D�PHWKRG�QDPHG36

�LQVWDOOHG'LVFULPLQDWLQJ0HWKRG6RXUFH����37
�7KH�VRXUFH�SRLQWHU�IRU�WKLV�PHWKRG�LV�FRSLHG�WR�WKDW�RI�HDFK�'LVFULPLQDWLQJ0HWKRG�ZKHQ�LW38

LV�LQVWDOOHG����39
40

AVHOI�41
42

VSHDN43
�0RXVH�QHZ�VSHDN�44

45
7UDQVFULSW�VKRZ��
,�DP�DP�D�0RXVH
��FU��HQG(QWU\�46
AVXSHU�VSHDN���47



*HQHULF)XQFWLRQV�DQG�)ULHQGV�¥�%ULDQ�)RRWH

����� ����RI���� ��������

�&RPSLOHU�FODVV�PHWKRGV)RU��
VLPXODWLQJ
�1
2

VLPXODWH$JDLQ��H[SU3
�6LPXODWH�WKH�HYDOXDWLRQ�RI�H[SU�4
ZLWKRXW�IOXVKLQJ�WKH�FDFKH�5
_�PHWKRG�FW[�URRW�GXPP\�_6
PHWKRG�� �&RPSLOHU�FRPSLOH&ODVV��2EMHFW�VHOHFWRU���GR,W�VRXUFH��
GR,W�A�
��H[SU��
�
�7
GXPP\�� �&RPSLOHG0HWKRG�E\WHV������OLWHUDOV������QXP$UJV����QXP7HPSV����PD['HSWK���8

QHHGV)UDPH��WUXH�K\EULG��IDOVH�IRU&RQWH[W��IDOVH�9
GXPP\�PFODVV��2EMHFW�10
URRW�� �0HWKRG&RQWH[W�VHQGHU��QLO�UHFHLYHU��QLO�PHWKRG��GXPP\�DUJXPHQWV������11
FW[�� �0HWKRG&RQWH[W�VHQGHU��URRW�UHFHLYHU��QLO�PHWKRG��PHWKRG�DUJXPHQWV������12
>FW[�� �FW[�LQWHUSUHW1H[W,QVWUXFWLRQ)RU��FW[�13
�FW[�LV.LQG2I��$UUD\��LI7UXH��>FW[�� �FW[�DW���@����%)!�14
FW[�  �URRW@15

ZKLOH)DOVH��>@�16
AFW[�WRS���17

18
�6\PERO�PHWKRGV)RU��
FRQYHUWLQJ
�19

20
XQTXDOLILHG21

�3DVV�WKLV�WR�ZKHUH�LW�GRHVQ
W�UHDOO\�EHORQJ��IRU�QRZ����22
23

A0XOWL0HWKRG�XQTXDOLILHG6HOHFWRU)RU��VHOI���24
25

�6HTXHQFHDEOH&ROOHFWLRQ�PHWKRGV)RU��
FRS\LQJ
�26
27

UHVW28
�7KLV�JRHV�ZHOO�ZLWK�ILUVW�DQG�ODVW����29
�)RU�IUXVWUDWHG�/LVS
HUV�ZKR�PLVV�&'5����30
�����UHVW�����31
������UHVW�����32
��������UHVW������33
����������UHVW��������34
�
EUDW
�UHVW�
UDW
�35

36
VHOI�VL]H�����LI7UXH��>AVHOI�FRS\(PSW\���@�37
AVHOI�FRS\)URP����WR��VHOI�VL]H���38

39
40

�&RQWH[W�PHWKRGV)RU��
VLPXODWLRQ�GHEXJJHU
�41
42

VHQG)ODJ6HW��V43
�6QHDN�D�YDOXH�LQ�IRU�WKLV�IODJ����44

45
6HQG�� �V���46

47



*HQHULF)XQFWLRQV�DQG�)ULHQGV�¥�%ULDQ�)RRWH
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�&RQWH[W�PHWKRGV)RU��
PXOWLPHWKRG�VXSSRUW
�1
2

FDOO1H[W0HWKRG3
�,I�\RX�QHHGV�DQ�H[DPSOH�RI�D�PHWKRG�ZKHUH�WUDQVIRUPDWLRQV�WKDW�ZRXOG4
QRUPDOO\�EH�FRQVLGHUHG�DV5
EHKDYLRU�SUHVHUYLQJ�PLJKW�QRW�EH��FRQVLGHU6
�DSSO\*HQHULF)XQFWLRQ�ZLWK0HWKRGV�DQG$UJXPHQWV��LQ7
WKH�SUHVHQFH�RI�WKLV�PHWKRG����8

9
_�DSSO\&RQWH[W�JI�DP�DUJV�PF�_10
DSSO\&RQWH[W�� �VHOI�ILUVW&RQWH[W:LWK6HOHFWRU�11

�DSSO\*HQHULF)XQFWLRQ�ZLWK0HWKRGV�DQG$UJXPHQWV��12
JI�� �DSSO\&RQWH[W�WHPS$W����13
DP�� �DSSO\&RQWH[W�WHPS$W����14
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