
ARTIFICIAL INTELLIGENCE AND MACHINE 
LEARNING LAB 

R20A0580 

R20A0305 

 

 

 

 

COURSE MATERIAL 
III Year B. Tech II- Semester 

MECHANICAL ENGINEERING 

AY: 2023-24 

 
 
 
 
 

 
 
 
 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 

MALLA REDDY COLLEGE OF ENGINEERING & TECHNOLOGY 

DEPARTMENT OF MECHANICAL ENGINEERING 

(Autonomous Institution-UGC, Govt. of India) 
Secunderabad-500100, Telangana State, India. 

www.mrcet.ac.in 

http://www.mrcet.ac.in/


  





 
 
 

 
 

 
 

 
 

 

 
 

 

 

 
     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     



 
 
 

 
 

 
 

 
 

 

 
 

 

 

 
     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     



ǁǁǁ͘ŵƌĐĞƚ͘ĂĐ͘ŝŶ
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s/^/KE

� dŽ� ĞƐƚĂďůŝƐŚ� Ă� ƉĞĚĞƐƚĂů� ĨŽƌ� ƚŚĞ� ŝŶƚĞŐƌĂů� ŝŶŶŽǀĂƚŝŽŶ͕� ƚĞĂŵ� ƐƉŝƌŝƚ͕� ŽƌŝŐŝŶĂůŝƚǇ� ĂŶĚ�

ĐŽŵƉĞƚĞŶĐĞ�ŝŶ�ƚŚĞ�ƐƚƵĚĞŶƚƐ͕�ĞǆƉŽƐĞ�ƚŚĞŵ�ƚŽ�ĨĂĐĞ�ƚŚĞ�ŐůŽďĂů�ĐŚĂůůĞŶŐĞƐ�ĂŶĚ�ďĞĐŽŵĞ�

ƚĞĐŚŶŽůŽŐǇ�ůĞĂĚĞƌƐ�ŽĨ�/ŶĚŝĂŶ�ǀŝƐŝŽŶ�ŽĨ�ŵŽĚĞƌŶ�ƐŽĐŝĞƚǇ͘

D/^^/KE

� dŽ� ďĞĐŽŵĞ� Ă� ŵŽĚĞů� ŝŶƐƚŝƚƵƚŝŽŶ� ŝŶ� ƚŚĞ� ĨŝĞůĚƐ� ŽĨ� �ŶŐŝŶĞĞƌŝŶŐ͕� dĞĐŚŶŽůŽŐǇ� ĂŶĚ�

DĂŶĂŐĞŵĞŶƚ͘�

� dŽ� ŝŵƉĂƌƚ� ŚŽůŝƐƚŝĐ� ĞĚƵĐĂƚŝŽŶ� ƚŽ� ƚŚĞ� ƐƚƵĚĞŶƚƐ� ƚŽ� ƌĞŶĚĞƌ� ƚŚĞŵ� ĂƐ� ŝŶĚƵƐƚƌǇ� ƌĞĂĚǇ�

ĞŶŐŝŶĞĞƌƐ͘

� dŽ� ĞŶƐƵƌĞ� ƐǇŶĐŚƌŽŶŝǌĂƚŝŽŶ� ŽĨ� DZ��d� ŝĚĞŽůŽŐŝĞƐ� ǁŝƚŚ� ĐŚĂůůĞŶŐŝŶŐ� ĚĞŵĂŶĚƐ� ŽĨ�

/ŶƚĞƌŶĂƚŝŽŶĂů�WŝŽŶĞĞƌŝŶŐ�KƌŐĂŶŝǌĂƚŝŽŶƐ͘

Yh�>/dz�WK>/�z

� dŽ� ŝŵƉůĞŵĞŶƚ�ďĞƐƚ�ƉƌĂĐƚŝĐĞƐ� ŝŶ�dĞĂĐŚŝŶŐ�ĂŶĚ�>ĞĂƌŶŝŶŐ�ƉƌŽĐĞƐƐ�ĨŽƌ�ďŽƚŚ�h'�ĂŶĚ�W'�

ĐŽƵƌƐĞƐ�ŵĞƚŝĐƵůŽƵƐůǇ͘�

� dŽ�ƉƌŽǀŝĚĞ�ƐƚĂƚĞ�ŽĨ�Ăƌƚ�ŝŶĨƌĂƐƚƌƵĐƚƵƌĞ�ĂŶĚ�ĞǆƉĞƌƚŝƐĞ�ƚŽ�ŝŵƉĂƌƚ�ƋƵĂůŝƚǇ�ĞĚƵĐĂƚŝŽŶ͘�

� dŽ� ŐƌŽŽŵ� ƚŚĞ� ƐƚƵĚĞŶƚƐ� ƚŽ� ďĞĐŽŵĞ� ŝŶƚĞůůĞĐƚƵĂůůǇ� ĐƌĞĂƚŝǀĞ� ĂŶĚ� ƉƌŽĨĞƐƐŝŽŶĂůůǇ�

ĐŽŵƉĞƚŝƚŝǀĞ͘

� dŽ�ĐŚĂŶŶĞůŝǌĞ�ƚŚĞ�ĂĐƚŝǀŝƚŝĞƐ�ĂŶĚ�ƚƵŶĞ�ƚŚĞŵ�ŝŶ�ŚĞŝŐŚƚƐ�ŽĨ�ĐŽŵŵŝƚŵĞŶƚ�ĂŶĚ�ƐŝŶĐĞƌŝƚǇ͕�

ƚŚĞ�ƌĞƋƵŝƐŝƚĞƐ�ƚŽ�ĐůĂŝŵ�ƚŚĞ�ŶĞǀĞƌ�Ͳ ĞŶĚŝŶŐ�ůĂĚĚĞƌ�ŽĨ�^h���^^ ǇĞĂƌ�ĂĨƚĞƌ�ǇĞĂƌ͘

&Žƌ�ŵŽƌĞ�ŝŶĨŽƌŵĂƚŝŽŶ͗�ǁǁǁ͘ŵƌĐĞƚ͘ĂĐ͘ŝŶ
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ǁǁǁ͘ŵƌĐĞƚ͘ĂĐ͘ŝŶ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ

9,6,21

7R�EHFRPH�DQ�LQQRYDWLYH�NQRZOHGJH�FHQWHU�LQ�PHFKDQLFDO�HQJLQHHULQJ�WKURXJK�VWDWH�RI�

WKH�DUW� WHDFKLQJ�OHDUQLQJ� DQG� UHVHDUFK� SUDFWLFHV�� SURPRWLQJ� FUHDWLYH� WKLQNLQJ�

SURIHVVLRQDOV�

0,66,21

7KH� 'HSDUWPHQW� RI� 0HFKDQLFDO� (QJLQHHULQJ� LV� GHGLFDWHG� IRU� WUDQVIRUPLQJ� WKH� VWXGHQWV�

LQWR� KLJKO\� FRPSHWHQW� 0HFKDQLFDO� HQJLQHHUV� WR� PHHW� WKH� QHHGV� RI� WKH� LQGXVWU\�� LQ� D�

FKDQJLQJ� DQG� FKDOOHQJLQJ� WHFKQLFDO� HQYLURQPHQW�� E\� VWURQJO\� IRFXVLQJ� LQ� WKH�

IXQGDPHQWDOV�RI�HQJLQHHULQJ�VFLHQFHV�IRU�DFKLHYLQJ�H[FHOOHQW�UHVXOWV�LQ�WKHLU SURIHVVLRQDO�

SXUVXLWV�

4XDOLW\�3ROLF\

9 7R�SXUVXLW�JOREDO�6WDQGDUGV�RI�H[FHOOHQFH�LQ�DOO�RXU�HQGHDYRUV�QDPHO\�WHDFKLQJ��

UHVHDUFK�DQG�FRQWLQXLQJ�HGXFDWLRQ�DQG�WR�UHPDLQ�DFFRXQWDEOH�LQ�RXU�FRUH�DQG�

VXSSRUW� IXQFWLRQV�� WKURXJK� SURFHVVHV� RI� VHOI�HYDOXDWLRQ� DQG� FRQWLQXRXV�

LPSURYHPHQW�

9 7R�FUHDWH�D�PLGVW�RI�H[FHOOHQFH�IRU�LPSDUWLQJ�VWDWH�RI�DUW�HGXFDWLRQ��LQGXVWU\�

RULHQWHG�WUDLQLQJ�UHVHDUFK�LQ�WKH�ILHOG�RI�WHFKQLFDO�HGXFDWLRQ�



D�>>��Z���z��K>>�'��K&��E'/E��Z/E'�Θ d��,EK>K'z
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ǁǁǁ͘ŵƌĐĞƚ͘ĂĐ͘ŝŶ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ

352*5$0�287&20(6

(QJLQHHULQJ�*UDGXDWHV�ZLOO�EH�DEOH�WR�

�� (QJLQHHULQJ� NQRZOHGJH�� $SSO\� WKH� NQRZOHGJH� RI� PDWKHPDWLFV�� VFLHQFH�� HQJLQHHULQJ�

IXQGDPHQWDOV�� DQG� DQ� HQJLQHHULQJ� VSHFLDOL]DWLRQ� WR� WKH� VROXWLRQ� RI� FRPSOH[� HQJLQHHULQJ�

SUREOHPV�

�� 3UREOHP�DQDO\VLV�� ,GHQWLI\�� IRUPXODWH�� UHYLHZ�UHVHDUFK�OLWHUDWXUH��DQG�DQDO\]H�FRPSOH[�

HQJLQHHULQJ SUREOHPV� UHDFKLQJ� VXEVWDQWLDWHG� FRQFOXVLRQV� XVLQJ� ILUVW� SULQFLSOHV� RI�

PDWKHPDWLFV��QDWXUDO�VFLHQFHV��DQG�HQJLQHHULQJ�VFLHQFHV�

�� 'HVLJQ�GHYHORSPHQW�RI�VROXWLRQV��'HVLJQ�VROXWLRQV�IRU�FRPSOH[�HQJLQHHULQJ�SUREOHPV�

DQG� GHVLJQ� V\VWHP� FRPSRQHQWV� RU� SURFHVVHV� WKDW PHHW� WKH� VSHFLILHG� QHHGV� ZLWK�

DSSURSULDWH�FRQVLGHUDWLRQ�IRU�WKH�SXEOLF�KHDOWK�DQG�VDIHW\��DQG�WKH�FXOWXUDO��VRFLHWDO��DQG�

HQYLURQPHQWDO�FRQVLGHUDWLRQV�

�� &RQGXFW� LQYHVWLJDWLRQV� RI� FRPSOH[� SUREOHPV�� 8VH� UHVHDUFK�EDVHG� NQRZOHGJH� DQG�

UHVHDUFK PHWKRGV� LQFOXGLQJ GHVLJQ� RI� H[SHULPHQWV�� DQDO\VLV� DQG� LQWHUSUHWDWLRQ� RI� GDWD��

DQG�V\QWKHVLV�RI�WKH LQIRUPDWLRQ�WR�SURYLGH�YDOLG�FRQFOXVLRQV�

�� 0RGHUQ� WRRO� XVDJH�� &UHDWH�� VHOHFW�� DQG� DSSO\� DSSURSULDWH� WHFKQLTXHV�� UHVRXUFHV�� DQG�

PRGHUQ HQJLQHHULQJ� DQG� ,7� WRROV� LQFOXGLQJ� SUHGLFWLRQ� DQG� PRGHOLQJ� WR� FRPSOH[�

HQJLQHHULQJ�DFWLYLWLHV�ZLWK�DQ XQGHUVWDQGLQJ�RI�WKH�OLPLWDWLRQV�

�� 7KH�HQJLQHHU�DQG�VRFLHW\��$SSO\� UHDVRQLQJ� LQIRUPHG� E\� WKH� FRQWH[WXDO� NQRZOHGJH� WR�

DVVHVV VRFLHWDO�� KHDOWK�� VDIHW\�� OHJDO� DQG� FXOWXUDO� LVVXHV� DQG� WKH� FRQVHTXHQW�

UHVSRQVLELOLWLHV�UHOHYDQW�WR�WKH SURIHVVLRQDO�HQJLQHHULQJ�SUDFWLFH�

�� (QYLURQPHQW�DQG�VXVWDLQDELOLW\��8QGHUVWDQG�WKH�LPSDFW�RI�WKH�SURIHVVLRQDO�HQJLQHHULQJ�

VROXWLRQV�LQ VRFLHWDO�DQG�HQYLURQPHQWDO�FRQWH[WV��DQG�GHPRQVWUDWH�WKH�NQRZOHGJH�RI��DQG�

QHHG�IRU�VXVWDLQDEOH GHYHORSPHQW�

�� (WKLFV��$SSO\�HWKLFDO�SULQFLSOHV�DQG�FRPPLW�WR�SURIHVVLRQDO�HWKLFV�DQG�UHVSRQVLELOLWLHV�DQG�

QRUPV�RI WKH�HQJLQHHULQJ�SUDFWLFH�

�� ,QGLYLGXDO�DQG� WHDPZRUN�� )XQFWLRQ� HIIHFWLYHO\� DV� DQ� LQGLYLGXDO�� DQG� DV� D�PHPEHU� RU�

OHDGHU�LQ�GLYHUVH�WHDPV��DQG LQ�PXOWLGLVFLSOLQDU\�VHWWLQJV�

���&RPPXQLFDWLRQ�� &RPPXQLFDWH� HIIHFWLYHO\� RQ� FRPSOH[� HQJLQHHULQJ� DFWLYLWLHV� ZLWK� WKH�

HQJLQHHULQJ FRPPXQLW\�DQG�ZLWK�VRFLHW\�DW�ODUJH��VXFK�DV��EHLQJ�DEOH�WR�FRPSUHKHQG�DQG�

ZULWH�HIIHFWLYH�UHSRUWV DQG�GHVLJQ�GRFXPHQWDWLRQ��PDNH�HIIHFWLYH�SUHVHQWDWLRQV��DQG�JLYH�

DQG�UHFHLYH�FOHDU�LQVWUXFWLRQV�

���3URMHFW�PDQDJHPHQW�DQG�ILQDQFH��'HPRQVWUDWH�NQRZOHGJH�DQG�XQGHUVWDQGLQJ�RI� WKH�

HQJLQHHULQJ DQG�PDQDJHPHQW�SULQFLSOHV�DQG�DSSO\�WKHVH�WR�RQH¶V�RZQ�ZRUN��DV�D�PHPEHU�

DQG�OHDGHU�LQ�D�WHDP��WR PDQDJH�SURMHFWV�DQG�LQ�PXOWLGLVFLSOLQDU\�HQYLURQPHQWV�
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ǁǁǁ͘ŵƌĐĞƚ͘ĂĐ͘ŝŶ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ

���/LIH�ORQJ� OHDUQLQJ�� 5HFRJQL]H� WKH� QHHG� IRU� DQG� KDYH� WKH� SUHSDUDWLRQ� DQG� DELOLW\� WR�

HQJDJH� LQ LQGHSHQGHQW� DQG� OLIH�ORQJ� OHDUQLQJ� LQ� WKH� EURDGHVW� FRQWH[W� RI� WHFKQRORJLFDO�

FKDQJH�

352*5$0�63(&,),&�287&20(6 �362V�

362�

362�

UHVHDUFK�

362� $ELOLW\� WR� DSSO\� WKH� OHDUQHG� � (QJLQHHULQJ� NQRZOHGJH� IRU� WKH�

'HYHORSPHQW�RI�VRFLHW\�DQG�VHOI�

3URJUDP�(GXFDWLRQDO�2EMHFWLYHV��3(2V�

7KH� 3URJUDP (GXFDWLRQDO� 2EMHFWLYHV� RI� WKH� SURJUDP RIIHUHG� E\� WKH� GHSDUWPHQW� DUH� EURDGO\�

OLVWHG�EHORZ�

3(2���35(3$5$7,21

7R� SURYLGH� VRXQG� IRXQGDWLRQ� LQ� PDWKHPDWLFDO�� VFLHQWLILF� DQG� HQJLQHHULQJ� IXQGDPHQWDOV�

QHFHVVDU\�WR�DQDO\]H��IRUPXODWH�DQG�VROYH�HQJLQHHULQJ�SUREOHPV�

3(2���&25(�&203(7$1&(

7R� SURYLGH� WKRURXJK� NQRZOHGJH� LQ� 0HFKDQLFDO� (QJLQHHULQJ� VXEMHFWV� LQFOXGLQJ� WKHRUHWLFDO�

3(2���,19(17,21��,1129$7,21�$1'�&5($7,9,7<

7R�PDNH�WKH�VWXGHQWV�WR�GHVLJQ��H[SHULPHQW��DQDO\]H��LQWHUSUHW�LQ�WKH�FRUH�ILHOG�ZLWK�WKH�KHOS�RI�

RWKHU�LQWHU�GLVFLSOLQDU\�FRQFHSWV�ZKHUHYHU�DSSOLFDEOH�

3(2���&$5((5�'(9(/230(17

7R�LQFXOFDWH�WKH�KDELW�RI�OLIHORQJ�OHDUQLQJ�IRU�FDUHHU�GHYHORSPHQW�WKURXJK�VXFFHVVIXO�FRPSOHWLRQ�

RI�DGYDQFHG�GHJUHHV��SURIHVVLRQDO�GHYHORSPHQW�FRXUVHV��LQGXVWULDO�WUDLQLQJ�HWF�

$ELOLW\�WR�DQDO\]H��GHVLJQ�DQG�GHYHORS�0DFKLQH�OHDUQLQJ�V\VWHPV�WR�VROYH�WKH

(QJLQHHULQJ�SUREOHPV�E\�LQWHJUDWLQJ��GHVLJQ�DQG�PDQXIDFWXULQJ�'RPDLQV�

$ELOLW\�WR�VXFFHHG�LQ�FRPSHWLWLYH�H[DPLQDWLRQV�RU�WR�SXUVXH�KLJKHU�VWXGLHV�RU

0HFKDQLFDO

NQRZOHGJH�DQG�SUDFWLFDO�WUDLQLQJ�IRU�SUHSDULQJ�$UWLILFLDO�PRGHOV�SHUWDLQLQJ�WR�$XWRPRELOH�(QJLQHHU�

LQJ��(OHPHQW�$QDO\VLV�3URGXFWLRQ�7HFKQRORJ\�0HFKDWURQLFV�HWF��
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3(2���352)(66,21$/,60

7R� LPSDUW� WHFKQLFDO� NQRZOHGJH�� HWKLFDO� YDOXHV� IRU� SURIHVVLRQDO� GHYHORSPHQW� RI� WKH� VWXGHQW� WR�

VROYH� FRPSOH[� SUREOHPV� DQG� WR� ZRUN� LQ�PXOWL�GLVFLSOLQDU\� DPELHQFH�� ZKRVH� VROXWLRQV� OHDG� WR�

VLJQLILFDQW�VRFLHWDO�EHQHILWV��



CODE OF CONDUCT 
 

1. Students should bring lab Manual/Record for every laboratory session and should enter 

the readings/observations in the manual while performing the experiment. 

2.  The group- wise division made in the beginning should be adhered to, and no mix up of 

students among different groups will be permitted later. 

3. The components required pertaining to the experiment should be collected from stores 

in –charge after duly filling in the requisition form. 

4. When the experiment is completed, students should disconnect the setup made by them, 

and should return all the components/instruments taken for the purpose. 

5. Any damage to the apparatus that occurs during the experiment should be brought to the 

notice of lab in-charge, consequently, the cost of repair or new apparatus should be 

brought by the students. 

6. After completion of the experiment, certification of the concerned staff in –charge in 

the observation book is necessary. 

7. Students should be present in the labs for the total scheduled duration. 

8. Students should not carry any food items inside the laboratory. 

9. Use of cell phones and IPODs are forbidden. 

10. Students should not write on or deface any lab desks, computers, or any equipment 

provided to them during the experiment. 

11. Every student should keep his/her work area properly before leaving the laboratory. 



MALLA REDDY COLLEGE OF ENGINEERING & TECHNOLOGY 
(Autonomouslnstitution− UGC,Govt.oflndia) 

www.mrcet.ac.in  

Department of Mechanical Engineering 

 

INDEX 

 

S.NO. NAMEOFTHEEXPERIMENT PAGENOs. 

1 program to implement all set operations 03−04 

2 Implementation of DFS for water jug problem 04−05 

3 Implementation of BFS for tic-tac-toe problem 06−11 

4 8-puzzle problem using best first search 12−18 

5 Program to solve 8 queens problem 19−27 

6 Implementation of Hill-climbing to solve 8- Puzzle 
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9 Implementation of Multiple Regression 36−39 
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LAB OBJECTIVES: 
 
1. Familiarity with the Prolog programming environment.  
2. To introduce students to the basic concepts and techniques of Machine Learning. 
3. To implement classification  and clustering methods. 
4. To become familiar with Dimensionality reduction Techniques. 
5. Learning basic concepts of Prolog through illustrative examples and small exercises  
 &Understanding list data structure in Prolog.  
 
STUDY OF PROLOG; WRITE THE FOLLOWING PROGRAMS USING PROLOG/PYTHON  
 
week-1.       Write a program to implement all set operations(Union, Intersection, Complement etc) 
week-2. Implementation of DFS for water jug problem using PROLOG  
week-3.   Implementation of BFS for tic-tac-toe problem using PROLOG 
week-4.     Solve 8-puzzle problem using best first search  
week-5.   Write a program to solve 8 queens problem  
week-6.       Implementation of Hill-climbing to solve 8- Puzzle Problem   
MACHINE LEARNING 
WEEK-1 
Data Extraction, Wrangling 
1. Loading different types of dataset in Python 
2. Arranging the data 
 
WEEK-2 
Data Visualization 
1. Handling missing values 
2. Plotting the graphs 
 
WEEK-3  
Supervised Learning  
Implementation of Linear Regression 
 
WEEK-4 
Implementation of K-nearest Neighbor  
 
WEEK-5 
Unsupervised Learning 
Implementing K-means Clustering 
 
WEEK-6 
Unsupervised Learning 
Implementing Hierarchical Clustering 
 
LAB OUTCOMES: 
1. Apply various AI search algorithms (uninformed, informed, heuristic, constraint satisfaction,) 

(R20A0580) ARTIFICIAL INTELLIGENCE & MACHINE LEARNING LAB



B. Tech (ME)  R-20 
 

 
Malla Reddy College of Engineering and Technology (MRCET) 

2. Understand the fundamentals of knowledge representation, inference using AI tools.. 
3. Solve the problems using various machine learning techniques 
4. Design application using machine learning techniques  
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6HWV�DQG�6HW�2SHUDWLRQV�LQ�3\WKRQ�

$�VHW�LV�GHILQHG�E\�HQFORVLQJ�DOO�RI�WKH�LWHPV��L�H���HOHPHQWV��LQ�FXUO\�EUDFNHWV�DQG�VHSDUDWLQJ�
WKHP�ZLWK�D�FRPPD�RU�XVLQJ�WKH�EXLOW�LQ�VHW���PHWKRG��,W�FDQ�LQFOXGH�DQ�XQOLPLWHG�QXPEHU�RI�
HOHPHQWV�RI�YDULRXV�FDWHJRULHV��LQWHJHU��IORDW��WXSOH��VWULQJ��HWF���

+RZHYHU��D�VHW�PD\�QRW�FRQWDLQ�PXWDEOH�LWHPV�VXFK�DV�OLVWV��VHWV��RU�GLFWLRQDULHV��(PSW\�VHWV�
FDQ� EH� VOLJKWO\� WULFN\� WR� XVH� LQ� 3\WKRQ�� ,Q� 3\WKRQ�� HPSW\� FXUO\� EUDFHV� UHVXOW� LQ� DQ� HPSW\�
GLFWLRQDU\�� KRZHYHU�� ZH� FDQQRW� XVH� WKHP� WR� LQLWLDOL]H� DQ� HPSW\� VHW�� ,QVWHDG�� ZH� XVH�
WKH�VHW���IXQFWLRQ�ZLWKRXW�DQ\�DUJXPHQWV�WR�FUHDWH�D�VHW�ZLWK�QR�HOHPHQWV��

��3URJUDP�WR�SHUIRUP�GLIIHUHQW�VHW�RSHUDWLRQV�

��DV�ZH�GR�LQ�PDWKHPDWLFV�

��VHWV�DUH�GHILQH�

$� �^�������������`��

%� �^�������������`��

��XQLRQ�

SULQW��8QLRQ�����$�_�%��

��LQWHUVHFWLRQ�

SULQW��,QWHUVHFWLRQ�����$�	�%��

��GLIIHUHQFH�

SULQW��'LIIHUHQFH�����$���%��

��V\PPHWULF�GLIIHUHQFH�

SULQW��6\PPHWULF�GLIIHUHQFH�����$�A�%��

2XWSXW��

�
8QLRQ��
��VHW�>����������������������@���

�
,QWHUVHFWLRQ��
��VHW�>����@���

�
'LIIHUHQFH��
��VHW�>�������@���

�
6\PPHWULF�GLIIHUHQFH��
��VHW�>����������������@���
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,PSOHPHQW�:DWHU�-XJ�SUREOHP�XVLQJ�3\WKRQ�

7KLV�IXQFWLRQ�LV�XVHG�WR�LQLWLDOL]H�WKHGLFWLRQDU\�HOHPHQWV�ZLWK�D�GHIDXOW�YDOXH��

IURP�FROOHFWLRQV�LPSRUW�GHIDXOWGLFW�

��MXJ��DQG�MXJ��FRQWDLQ�WKH�YDOXHIRU�PD[�FDSDFLW\�LQ�UHVSHFWLYH�MXJVDQG�DLP�LV�WKH�DPRXQW�RI�

ZDWHU�WR�EH�PHDVXUHG��

MXJ���MXJ���DLP� ���������

��,QLWLDOL]H�GLFWLRQDU\�ZLWKGHIDXOW�YDOXH�DV�IDOVH��

YLVLWHG� �GHIDXOWGLFW�ODPEGD��)DOVH��

��5HFXUVLYH�IXQFWLRQ�ZKLFK�SULQWV�WKHLQWHUPHGLDWH�VWHSV�WR�UHDFK�WKH�ILQDOVROXWLRQ�DQG�UHWXUQ�

%RROHDQ�YDOXH�7UXH�LI�VROXWLRQ�LV�SRVVLEOH��RWKHUZLVH�)DOVH��DPW��DQG�DPW��DUH�WKH�DPRXQW�RI�

ZDWHU�SUHVHQWLQ�ERWK�MXJV�DW�D�FHUWDLQ�SRLQW�RI�WLPH��

GHI�ZDWHU-XJ6ROYHU�DPW���DPW����

��&KHFNV�IRU�RXU�JRDO�DQGUHWXUQV�WUXH�LI�DFKLHYHG��

� LI��DPW��  �DLP�DQG�DPW��  ����RU��DPW��  �DLP�DQG�DPW��  �����

� � SULQW��DPW���DPW���

� � UHWXUQ�7UXH�

��&KHFNV�LI�ZH�KDYH�DOUHDG\�YLVLWHG�WKHFRPELQDWLRQ�RU�QRW��,I�QRW��WKHQ�LW�SURFHHGV�IXUWKHU��

� LI�YLVLWHG�>�DPW���DPW��@�  �)DOVH��

� � SULQW��DPW���DPW���

��&KDQJHV�WKH�%RROHDQ�YDOXH�RIWKH�FRPELQDWLRQ�DV�LW�LV�YLVLWHG��

� � 9LVLWHG�>�DPW���DPW��@� �7UXH�

��&KHFN�IRU�DOO�WKH���SRVVLELOLWLHV�DQGVHH�LI�D�VROXWLRQ�LV�IRXQG�LQ�DQ\�RQH�RI�WKHP��

� � UHWXUQ��ZDWHU-XJ6ROYHU����DPW���RU�

� � � � ZDWHU-XJ6ROYHU�DPW������RU�
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� � � � ZDWHU-XJ6ROYHU�MXJ���DPW���RU�

� � � � ZDWHU-XJ6ROYHU�DPW���MXJ���RU�

� � � � ZDWHU-XJ6ROYHU�DPW����PLQ�DPW����MXJ��DPW�����

� � � � DPW����PLQ�DPW����MXJ��DPW�����RU�

� � � � ZDWHU-XJ6ROYHU�DPW����PLQ�DPW����MXJ��DPW�����

� � � � DPW����PLQ�DPW����MXJ��DPW������

��5HWXUQ� )DOVH� LI� WKH� FRPELQDWLRQ� LV� DOUHDG\� YLVLWHG� WR� DYRLG� UHSHWLWLRQ� RWKHUZLVHUHFXUVLRQ�

ZLOO�HQWHU�DQ�LQILQLWH�ORRS��

� HOVH��

� � UHWXUQ�)DOVH�

SULQW���6WHSV�����

��&DOO�WKH�IXQFWLRQ�DQG�SDVV�WKH�LQLWLDO�DPRXQW�RI�ZDWHU�SUHVHQW�LQ�ERWK�MXJV��

ZDWHU-XJ6ROYHU�������
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6WHSV���

����

����

����

����
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����

����





'(3$570(17�2)�0(&+$1,&$/�(1*,1((5,1*� 3DJH���

352*5$0���

7LF�7DF�7RH�3URJUDP�XVLQJ�UDQGRP�QXPEHU�LQ�3\WKRQ�

��LPSRUWLQJ�DOO�QHFHVVDU\�OLEUDULHV�

LPSRUW�QXPS\�DV�QS�

LPSRUW�UDQGRP�

IURP�WLPH�LPSRUW�VOHHS�

��&UHDWHV�DQ�HPSW\�ERDUG�

GHI�FUHDWHBERDUG����

� UHWXUQ�QS�DUUD\�>>�������@��

� � � � � >�������@��

� � � � � >�������@@���

��&KHFN�IRU�HPSW\�SODFHV�RQ�ERDUG�

GHI�SRVVLELOLWLHV�ERDUG���

� O� �>@�

� IRU�L�LQ�UDQJH�OHQ�ERDUG����

� � IRU�M�LQ�UDQJH�OHQ�ERDUG����

� � � LI�ERDUG>L@>M@�  ����

� � � � O�DSSHQG��L��M���

� UHWXUQ�O��

��6HOHFW�D�UDQGRP�SODFH�IRU�WKH�SOD\HU�

GHI�UDQGRPBSODFH�ERDUG��SOD\HU���

� VHOHFWLRQ� �SRVVLELOLWLHV�ERDUG��

� FXUUHQWBORF� �UDQGRP�FKRLFH�VHOHFWLRQ��

� ERDUG>FXUUHQWBORF@� �SOD\HU�
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� UHWXUQ�ERDUG��

��&KHFNV�ZKHWKHU�WKH�SOD\HU�KDV�WKUHH�RI�WKHLU�PDUNV�LQ�D�KRUL]RQWDO�URZ�

GHI�URZBZLQ�ERDUG��SOD\HU���

� IRU�[�LQ�UDQJH�OHQ�ERDUG����

� � ZLQ� �7UXH�

� � IRU�\�LQ�UDQJH�OHQ�ERDUG����

� � � LI�ERDUG>[��\@�� �SOD\HU��

� � � � ZLQ� �)DOVH�

� � � � FRQWLQXH�

� � LI�ZLQ�  �7UXH��

� � � UHWXUQ�ZLQ��

� UHWXUQ�ZLQ��

��&KHFNV�ZKHWKHU�WKH�SOD\HU�KDV�WKUHH�RI�WKHLU�PDUNV�LQ�D�YHUWLFDO�URZ�

GHI�FROBZLQ�ERDUG��SOD\HU���

� IRU�[�LQ�UDQJH�OHQ�ERDUG����

� � ZLQ� �7UXH�

� � IRU�\�LQ�UDQJH�OHQ�ERDUG����

� � � LI�ERDUG>\@>[@�� �SOD\HU��

� � � � ZLQ� �)DOVH�

� � � � FRQWLQXH�

� � LI�ZLQ�  �7UXH��

� � � UHWXUQ�ZLQ��

� UHWXUQ�ZLQ��
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��&KHFNV�ZKHWKHU�WKH�SOD\HU�KDV�WKUHH�RI�WKHLU�PDUNV�LQ�D�GLDJRQDO�URZ�

GHI�GLDJBZLQ�ERDUG��SOD\HU���

� ZLQ� �7UXH�

� \� ���

� IRU�[�LQ�UDQJH�OHQ�ERDUG����

� � LI�ERDUG>[��[@�� �SOD\HU��

� � � ZLQ� �)DOVH�

� LI�ZLQ��

� � UHWXUQ�ZLQ�

� ZLQ� �7UXH�

� LI�ZLQ��

� � IRU�[�LQ�UDQJH�OHQ�ERDUG����

� � � \� �OHQ�ERDUG��������[�

� � � LI�ERDUG>[��\@�� �SOD\HU��

� � � � ZLQ� �)DOVH�

� UHWXUQ�ZLQ�

��(YDOXDWHV�ZKHWKHU�WKHUH�LV�D�ZLQQHU�RU�D�WLH�

GHI�HYDOXDWH�ERDUG���

� ZLQQHU� ���

� IRU�SOD\HU�LQ�>����@��

� � LI��URZBZLQ�ERDUG��SOD\HU��RU�

� � � � FROBZLQ�ERDUG��SOD\HU��RU�
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� � � � GLDJBZLQ�ERDUG��SOD\HU����

� � � ZLQQHU� �SOD\HU�

� LI�QS�DOO�ERDUG�� ����DQG�ZLQQHU�  ����

� � ZLQQHU� ����

� UHWXUQ�ZLQQHU�

��0DLQ�IXQFWLRQ�WR�VWDUW�WKH�JDPH�

GHI�SOD\BJDPH����

� ERDUG��ZLQQHU��FRXQWHU� �FUHDWHBERDUG���������

� SULQW�ERDUG��

� VOHHS����

� ZKLOH�ZLQQHU�  ����

� � IRU�SOD\HU�LQ�>����@��

� � � ERDUG� �UDQGRPBSODFH�ERDUG��SOD\HU��

� � � SULQW��%RDUG�DIWHU�����VWU�FRXQWHU������PRYH���

� � � SULQW�ERDUG��

� � � VOHHS����

� � � FRXQWHU�� ���

� � � ZLQQHU� �HYDOXDWH�ERDUG��

� � � LI�ZLQQHU�� ����

� � � � EUHDN�

� UHWXUQ�ZLQQHU��

��'ULYHU�&RGH�

SULQW��:LQQHU�LV������VWU�SOD\BJDPH�����
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>>�����@�

�>�����@�

�>�����@@�

%RDUG�DIWHU���PRYH�

>>�����@�

�>�����@�

�>�����@@�

%RDUG�DIWHU���PRYH�

>>�����@�

�>�����@�

�>�����@@�

%RDUG�DIWHU���PRYH�

>>�����@�

�>�����@�

�>�����@@�

%RDUG�DIWHU���PRYH�

>>�����@�

�>�����@�

�>�����@@�

%RDUG�DIWHU���PRYH�

>>�����@�

�>�����@�

�>�����@@�

%RDUG�DIWHU���PRYH�

>>�����@�

�>�����@�

�>�����@@�

%RDUG�DIWHU���PRYH�

>>�����@�
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�>�����@�

�>�����@@�

%RDUG�DIWHU���PRYH�

>>�����@�

�>�����@�

�>�����@@�

:LQQHU�LV����
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6ROYLQJ���3X]]OH�XVLQJ�%)6�

7KH�VROXWLRQ�DVVXPHV�WKDW�LQVWDQFH�RI�SX]]OH�LV�VROYDEOH�

��,PSRUWLQJ�FRS\�IRU�GHHS�FRS\�IXQFWLRQ�

LPSRUW�FRS\�

��,PSRUWLQJ�WKH�KHDS�IXQFWLRQV�IURP�S\WKRQ�OLEUDU\�IRU�3ULRULW\�4XHXH�

IURP�KHDST�LPSRUW�KHDSSXVK��KHDSSRS�

��7KLV�YDULDEOH�FDQ�EH�FKDQJHG�WR�FKDQJH�WKH�SURJUDP�IURP���SX]]OH�Q ���WR����SX]]OH�Q ���

WR����SX]]OH�Q ������

Q� ���

��ERWWRP��OHIW��WRS��ULJKW�

URZ� �>�������������@�

FRO� �>�������������@�

��$�FODVV�IRU�3ULRULW\�4XHXH�

FODVV�SULRULW\4XHXH�� �

��&RQVWUXFWRU�WR�LQLWLDOL]H�D�3ULRULW\�4XHXH�

� GHI�BBLQLWBB�VHOI���

� � VHOI�KHDS� �>@�

��,QVHUWV�D�QHZ�NH\�
N
�

� GHI�SXVK�VHOI��N���

� � KHDSSXVK�VHOI�KHDS��N��
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��0HWKRG�WR�UHPRYH�PLQLPXP�HOHPHQW�IURP�3ULRULW\�4XHXH�

� GHI�SRS�VHOI���

� � UHWXUQ�KHDSSRS�VHOI�KHDS��

��0HWKRG�WR�NQRZ�LI�WKH�4XHXH�LV�HPSW\�

� GHI�HPSW\�VHOI���

� � LI�QRW�VHOI�KHDS��

� � � UHWXUQ�7UXH�

� � HOVH��

� � � UHWXUQ�)DOVH�

��1RGH�VWUXFWXUH�

FODVV�QRGH��

� GHI�BBLQLWBB�VHOI��SDUHQW��PDW��HPSW\BWLOHBSRV��

� � � � FRVW��OHYHO��� � � � �

��6WRUHV�WKH�SDUHQW�QRGH�RI�WKH�FXUUHQW�QRGH�KHOSV�LQ�WUDFLQJ�SDWK�ZKHQ�WKH�DQVZHU�LV�IRXQG�

� � VHOI�SDUHQW� �SDUHQW�

��6WRUHV�WKH�PDWUL[�

� � VHOI�PDW� �PDW�

��6WRUHV�WKH�SRVLWLRQ�DW�ZKLFK�WKH�HPSW\�VSDFH�WLOH�H[LVWV�LQ�WKH�PDWUL[�

� � VHOI�HPSW\BWLOHBSRV� �HPSW\BWLOHBSRV�

��6WRUHV�WKH�QXPEHU�RI�PLVSODFHG�WLOHV�

� � VHOI�FRVW� �FRVW�

��6WRUHV�WKH�QXPEHU�RI�PRYHV�VR�IDU�
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� � VHOI�OHYHO� �OHYHO�

��7KLV�PHWKRG�LV�GHILQHG�VR�WKDW�WKH�SULRULW\�TXHXH�LV�IRUPHG�EDVHG�RQ�WKH�FRVW�YDULDEOH�RI�WKH�

REMHFWV�

� GHI�BBOWBB�VHOI��Q[W���

� � UHWXUQ�VHOI�FRVW�Q[W�FRVW�

��)XQFWLRQ� WR� FDOFXODWH� WKH� QXPEHU� RI�PLVSODFHG� WLOHV� LH�� QXPEHU� RI� QRQ�EODQN� WLOHV� QRW� LQ�

WKHLU�JRDO�SRVLWLRQ�

GHI�FDOFXODWH&RVW�PDW��ILQDO���!�LQW��

� FRXQW� ���

� IRU�L�LQ�UDQJH�Q���

� � IRU�M�LQ�UDQJH�Q���

� � � LI���PDW>L@>M@��DQG�

� � � � �PDW>L@>M@�� �ILQDO>L@>M@����

� � � � FRXQW�� ��� � � �

� UHWXUQ�FRXQW�

GHI�QHZ1RGH�PDW��HPSW\BWLOHBSRV��QHZBHPSW\BWLOHBSRV��

� � � OHYHO��SDUHQW��ILQDO���!�QRGH�� � �

��&RS\�GDWD�IURP�SDUHQW�PDWUL[�WR�FXUUHQW�PDWUL[�

� QHZBPDW� �FRS\�GHHSFRS\�PDW��

��0RYH�WLOH�E\���SRVLWLRQ�

� [�� �HPSW\BWLOHBSRV>�@�

� \�� �HPSW\BWLOHBSRV>�@�

� [�� �QHZBHPSW\BWLOHBSRV>�@�
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� \�� �QHZBHPSW\BWLOHBSRV>�@�

� QHZBPDW>[�@>\�@��QHZBPDW>[�@>\�@� �QHZBPDW>[�@>\�@��QHZBPDW>[�@>\�@�

��6HW�QXPEHU�RI�PLVSODFHG�WLOHV�

� FRVW� �FDOFXODWH&RVW�QHZBPDW��ILQDO��

� QHZBQRGH� �QRGH�SDUHQW��QHZBPDW��QHZBHPSW\BWLOHBSRV��

� � � � � FRVW��OHYHO��

� UHWXUQ�QHZBQRGH�

��)XQFWLRQ�WR�SULQW�WKH�1�[�1�PDWUL[�

GHI�SULQW0DWUL[�PDW���

� IRU�L�LQ�UDQJH�Q���

� � IRU�M�LQ�UDQJH�Q���

� � � SULQW���G������PDW>L@>M@���HQG� ������ �

� � SULQW���

��)XQFWLRQ�WR�FKHFN�LI��[��\��LV�D�YDOLG�PDWUL[�FRRUGLQDWH�

GHI�LV6DIH�[��\���

� UHWXUQ�[�! ���DQG�[���Q�DQG�\�! ���DQG�\���Q�

��3ULQW�SDWK�IURP�URRW�QRGH�WR�GHVWLQDWLRQ�QRGH�

GHI�SULQW3DWK�URRW���

� LI�URRW�  �1RQH��

� � UHWXUQ�

� SULQW3DWK�URRW�SDUHQW��

� SULQW0DWUL[�URRW�PDW��



'(3$570(17�2)�0(&+$1,&$/�(1*,1((5,1*� 3DJH����

� SULQW���

��)XQFWLRQ�WR�VROYH�1
1�����SX]]OH�DOJRULWKP�XVLQJ�%UDQFK�DQG�%RXQG��HPSW\BWLOHBSRV�LV�WKH�

EODQN�WLOH�SRVLWLRQ�LQ�WKH�LQLWLDO�VWDWH��

GHI�VROYH�LQLWLDO��HPSW\BWLOHBSRV��ILQDO���

��&UHDWH�D�SULRULW\�TXHXH�WR�VWRUH�OLYH�QRGHV�RI�VHDUFK�WUHH�

� ST� �SULRULW\4XHXH���

��&UHDWH�WKH�URRW�QRGH�

� FRVW� �FDOFXODWH&RVW�LQLWLDO��ILQDO��

� URRW� �QRGH�1RQH��LQLWLDO��

� � � � HPSW\BWLOHBSRV��FRVW�����

��$GG�URRW�WR�OLVW�RI�OLYH�QRGHV�

� ST�SXVK�URRW��

��)LQGV�D�OLYH�QRGH�ZLWK�OHDVW�FRVW��DGG�LWV�FKLOGUHQ�WR�OLVW�RI�OLYH�QRGHV�DQG�ILQDOO\�GHOHWHV�LW�

IURP�WKH�OLVW��

� ZKLOH�QRW�ST�HPSW\����

��)LQG�D�OLYH�QRGH�ZLWK�OHDVW�HVWLPDWHG�FRVW�DQG�GHOHWH�LW�IRUP�WKH�OLVW�RI�OLYH�QRGHV�

� � PLQLPXP� �ST�SRS���

��,I�PLQLPXP�LV�WKH�DQVZHU�QRGH�

� � LI�PLQLPXP�FRVW�  ����

��3ULQW�WKH�SDWK�IURP�URRW�WR�GHVWLQDWLRQ��

� � � SULQW3DWK�PLQLPXP��

� � � UHWXUQ�
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��*HQHUDWH�DOO�SRVVLEOH�FKLOGUHQ�

� � IRU�L�LQ�UDQJH�����

� � � QHZBWLOHBSRV� �>�

� � � � PLQLPXP�HPSW\BWLOHBSRV>�@���URZ>L@��

� � � � PLQLPXP�HPSW\BWLOHBSRV>�@���FRO>L@��@�

� � � LI�LV6DIH�QHZBWLOHBSRV>�@��QHZBWLOHBSRV>�@���

��&UHDWH�D�FKLOG�QRGH�

� � � � FKLOG� �QHZ1RGH�PLQLPXP�PDW��

� � � � � � � � PLQLPXP�HPSW\BWLOHBSRV��

� � � � � � � � QHZBWLOHBSRV��

� � � � � � � � PLQLPXP�OHYHO������

� � � � � � � � PLQLPXP��ILQDO���

��$GG�FKLOG�WR�OLVW�RI�OLYH�QRGHV�

� � � � ST�SXVK�FKLOG��

��'ULYHU�&RGH�

��,QLWLDO�FRQILJXUDWLRQ�9DOXH���LV�XVHG�IRU�HPSW\�VSDFH�

LQLWLDO� �>�>���������@��

� � � >���������@��

� � � >���������@�@�
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��6ROYDEOH�)LQDO�FRQILJXUDWLRQ�9DOXH���LV�XVHG�IRU�HPSW\�VSDFH�

ILQDO� �>�>���������@��

� � >���������@��

� � >���������@�@�

��%ODQN�WLOH�FRRUGLQDWHV�LQ�LQLWLDO�FRQILJXUDWLRQ�

HPSW\BWLOHBSRV� �>������@�

��)XQFWLRQ�FDOO�WR�VROYH�WKH�SX]]OH�

VROYH�LQLWLDO��HPSW\BWLOHBSRV��ILQDO��

2XWSXW��

�������

�������

�������

�������

�������

�������

�������

�������

�������

�������

�������
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3URJUDP�WR�VROYH���TXHHQ�SUREOHP�

3\WKRQ�SURJUDP�WR�VROYH�1�4XHHQ3UREOHP�XVLQJ�EDFNWUDFNLQJJOREDO�1�

1� ���

GHI�SULQW6ROXWLRQ�ERDUG���

� IRU�L�LQ�UDQJH�1���

� � IRU�M�LQ�UDQJH�1���

� � � SULQW��ERDUG>L@>M@�HQG 
�
��

� � SULQW���

�� $� XWLOLW\� IXQFWLRQ� WR� FKHFN� LI� D� TXHHQ� FDQ� EH� SODFHG� RQ� ERDUG>URZ@>FRO@�� 1RWH� WKDW� WKLV�

IXQFWLRQ�LV�FDOOHG�ZKHQ��FRO��TXHHQV�DUH�DOUHDG\�SODFHG�LQ�FROXPQV�IURP���WR�FRO�����6R�ZH�

QHHG�WR�FKHFN�RQO\�OHIW�VLGH�IRU�DWWDFNLQJ�TXHHQV�

GHI�LV6DIH�ERDUG��URZ��FRO���

��&KHFN�WKLV�URZ�RQ�OHIW�VLGH�

� IRU�L�LQ�UDQJH�FRO���

� � LI�ERDUG>URZ@>L@�  ����

� � � UHWXUQ�)DOVH�

��&KHFN�XSSHU�GLDJRQDO�RQ�OHIW�VLGH�

� IRU�L��M�LQ�]LS�UDQJH�URZ�����������UDQJH�FRO������������

� � LI�ERDUG>L@>M@�  ����

� � � UHWXUQ�)DOVH�

��&KHFN�ORZHU�GLDJRQDO�RQ�OHIW�VLGH�

� IRU�L��M�LQ�]LS�UDQJH�URZ��1������UDQJH�FRO������������
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� � LI�ERDUG>L@>M@�  ����

� � � UHWXUQ�)DOVH�

� UHWXUQ�7UXH�

GHI�VROYH148WLO�ERDUG��FRO���

� ��EDVH�FDVH��,I�DOO�TXHHQV�DUH�SODFHG�WKHQ�UHWXUQ�WUXH�

� LI�FRO�! �1��

� � UHWXUQ�7UXH�

��&RQVLGHU�WKLV�FROXPQ�DQG�WU\�SODFLQJ�WKLV�TXHHQ�LQ�DOO�URZV�RQH�E\�RQH�

� IRU�L�LQ�UDQJH�1���

� � LI�LV6DIH�ERDUG��L��FRO���

��3ODFH�WKLV�TXHHQ�LQ�ERDUG>L@>FRO@�

� � � ERDUG>L@>FRO@� ���

��UHFXU�WR�SODFH�UHVW�RI�WKH�TXHHQV�

� � � LI�VROYH148WLO�ERDUG��FRO������  �7UXH��

� � � � UHWXUQ�7UXH�

��,I�SODFLQJ�TXHHQ�LQ�ERDUG>L@>FRO�GRHVQ
W�OHDG�WR�D�VROXWLRQ��WKHQ�TXHHQ�IURP�ERDUG>L@>FRO@�

� � � ERDUG>L@>FRO@� ���



'(3$570(17�2)�0(&+$1,&$/�(1*,1((5,1*� 3DJH����

��LI�WKH�TXHHQ�FDQ�QRW�EH�SODFHG�LQ�DQ\�URZ�LQ�WKLV�FROXPQ�FRO�WKHQ�UHWXUQ�IDOVH�

� UHWXUQ�)DOVH�

�� 7KLV� IXQFWLRQ� VROYHV� WKH� 1� 4XHHQ� SUREOHP� XVLQJ� %DFNWUDFNLQJ�� ,W� PDLQO\� XVHV�

VROYH148WLO��� WR� VROYH� WKH� SUREOHP�� ,W� UHWXUQV� IDOVH� LI� TXHHQV� FDQQRW� EH� SODFHG�� RWKHUZLVH�

UHWXUQ�WUXH�DQG�SODFHPHQW�RI�TXHHQV�LQ�WKH�IRUP�RI��V��QRWH�WKDW�WKHUH�PD\�EH�PRUH�WKDQ�RQH�

VROXWLRQV��WKLV�IXQFWLRQ�SULQWV�RQH�RI�WKH�IHDVLEOH�VROXWLRQV��

GHI�VROYH14����

� ERDUG� �>�>����������@��

� � � >����������@��

� � � >����������@��

� � � >����������@�

� � � @�

� LI�VROYH148WLO�ERDUG�����  �)DOVH��

� � SULQW���6ROXWLRQ�GRHV�QRW�H[LVW���

� � UHWXUQ�)DOVH�

� SULQW6ROXWLRQ�ERDUG��

� UHWXUQ�7UXH�

��GULYHU�SURJUDP�WR�WHVW�DERYH�IXQFWLRQ�

VROYH14���
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2XWSXW��

��������

��������

��������

��������

3\WKRQ��LPSOHPHQWDWLRQ�RI�WKH�DERYH�DSSURDFK�

IURP�UDQGRP�LPSRUW�UDQGLQW�

1� ���

�� $� XWLOLW\� IXQFWLRQ� WKDW� FRQILJXUHV� WKH� �'� DUUD\� �ERDUG�� DQG� DUUD\� �VWDWH�� UDQGRPO\� WR�
SURYLGH�D�VWDUWLQJ�SRLQW�IRU�WKH�DOJRULWKP��

GHI�FRQILJXUH5DQGRPO\�ERDUG��VWDWH���

��,WHUDWLQJ�WKURXJK�WKH�FROXPQ�LQGLFHV�

� IRU�L�LQ�UDQJH�1���

��*HWWLQJ�D�UDQGRP�URZ�LQGH[�

� � VWDWH>L@� �UDQGLQW��������������1��

��3ODFLQJ�D�TXHHQ�RQ�WKH�REWDLQHG�SODFH�LQ�FKHVVERDUG��

� � ERDUG>VWDWH>L@@>L@� ����

��$�XWLOLW\�IXQFWLRQ�WKDW�SUYDUV�WKH��'�DUUD\��ERDUG���

GHI�SUYDU%RDUG�ERDUG���

� IRU�L�LQ�UDQJH�1���

� � SULQW�
ERDUG>L@��

��$�XWLOLW\�IXQFWLRQ�WKDW�SUYDUV�WKH�DUUD\��VWDWH���

GHI�SUYDU6WDWH��VWDWH���

� SULQW�
VWDWH��

��$�XWLOLW\�IXQFWLRQ�WKDW�FRPSDUHV�WZR�DUUD\V��VWDWH��DQG�VWDWH��DQG�UHWXUQV�7UXH�LI�HTXDO�DQG�
)DOVH�RWKHUZLVH��
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GHI�FRPSDUH6WDWHV�VWDWH���VWDWH����

� IRU�L�LQ�UDQJH�1���

� � LI��VWDWH�>L@�� �VWDWH�>L@���

� � � UHWXUQ�)DOVH��

� UHWXUQ�7UXH��

��$�XWLOLW\�IXQFWLRQ�WKDW�ILOOV�WKH��'�DUUD\��ERDUG��ZLWK�YDOXHV��YDOXH��

GHI�ILOO�ERDUG��YDOXH���

� IRU�L�LQ�UDQJH�1���

� � IRU�M�LQ�UDQJH�1���

� � � ERDUG>L@>M@� �YDOXH��

��7KLV�IXQFWLRQ�FDOFXODWHV�WKH�REMHFWLYH�YDOXH�RI�WKH�VWDWH�TXHHQV�DWWDFNLQJ�HDFK�RWKHU��XVLQJ�
WKH�ERDUG�E\�WKH�IROORZLQJ�ORJLF��

GHI�FDOFXODWH2EMHFWLYH��ERDUG��VWDWH���

��)RU�HDFK�TXHHQ� LQ�D�FROXPQ��ZH�FKHFN� IRU�RWKHU�TXHHQV�IDOOLQJ� LQ� WKH� OLQH�RI�RXU�FXUUHQW�
TXHHQ�DQG�LI�IRXQG��DQ\��WKHQ�ZH�LQFUHPHQW�WKH�YDULDEOH�DWWDFNLQJ�FRXQW��

��1XPEHU�RI�TXHHQV�DWWDFNLQJ�HDFK�RWKHU��LQLWLDOO\�]HUR��

� DWWDFNLQJ� ����

��9DULDEOHV�WR�LQGH[�D�SDUWLFXODU�URZ�DQG�FROXPQ�RQ�ERDUG��

� IRU�L�LQ�UDQJH�1���

��$W�HDFK�FROXPQ�
L
��WKH�TXHHQ�LV�SODFHG�DW�URZ�
VWDWH>L@
��E\�WKH�GHILQLWLRQ�RI�RXU�VWDWH��

��7R�WKH�OHIW�RI�VDPH�URZ��URZ�UHPDLQV�FRQVWDQW�DQG�FRO�GHFUHDVHV��

� � URZ� �VWDWH>L@�

� � FRO� �L������

� � ZKLOH��FRO�! ���DQG�ERDUG>URZ@>FRO@�� ������

� � � FRO�� ���

� � LI��FRO�! ���DQG�ERDUG>URZ@>FRO@�  ������
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� � � DWWDFNLQJ�� ����

��7R�WKH�ULJKW�RI�VDPH�URZ��URZ�UHPDLQV�FRQVWDQW�DQG�FRO�LQFUHDVHV��

� � URZ� �VWDWH>L@�

� � FRO� �L������

� � ZKLOH��FRO���1�DQG�ERDUG>URZ@>FRO@�� �����

� � � FRO�� ����

� � LI��FRO���1�DQG�ERDUG>URZ@>FRO@�  ������

� � � DWWDFNLQJ�� ����

��'LDJRQDOO\�WR�WKH�OHIW�XS��URZ�DQG�FRO�VLPXOWDQHRXVO\�GHFUHDVH��

� � URZ� �VWDWH>L@�����

� � FRO� �L������

� � ZKLOH��FRO�! ���DQG�URZ�! ���DQG�ERDUG>URZ@>FRO@�� ������

� � � FRO� ����

� � � URZ� ����

� � LI��FRO�! ���DQG�URZ�! ���DQG�ERDUG>URZ@>FRO@�  ������

� � � DWWDFNLQJ� ����

��'LDJRQDOO\�WR�WKH�ULJKW�GRZQ��URZ�DQG�FRO�VLPXOWDQHRXVO\�LQFUHDVH��

� � URZ� �VWDWH>L@�����

� � FRO� �L������

� � ZKLOH��FRO���1�DQG�URZ���1�DQG�ERDUG>URZ@>FRO@�� ������

� � � FRO� ����

� � � URZ� ����

� � LI��FRO���1�DQG�URZ���1�DQG�ERDUG>URZ@>FRO@�  ������

� � � DWWDFNLQJ�� ����

��'LDJRQDOO\�WR�WKH�OHIW�GRZQ��FRO�GHFUHDVHV�DQG�URZ�LQFUHDVHV��
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� � URZ� �VWDWH>L@�����

� � FRO� �L������

� � ZKLOH��FRO�! ���DQG�URZ���1�DQG�ERDUG>URZ@>FRO@�� ������

� � � FRO�� ����

� � � URZ�� ����

� � LI��FRO�! ���DQG�URZ���1�DQG�ERDUG>URZ@>FRO@�  ������

� � � DWWDFNLQJ�� ����

��'LDJRQDOO\�WR�WKH�ULJKW�XS��FRO�LQFUHDVHV�DQG�URZ�GHFUHDVHV��

� � URZ� �VWDWH>L@�����

� � FRO� �L������

� � ZKLOH��FRO���1�DQG�URZ�! ���DQG�ERDUG>URZ@>FRO@�� ������

� � � FRO�� ����

� � � URZ�� ����

� � LI��FRO���1�DQG�URZ�! ���DQG�ERDUG>URZ@>FRO@�  ������

� � � DWWDFNLQJ�� ����

��5HWXUQ�SDLUV��

� UHWXUQ�LQW�DWWDFNLQJ�������

��$�XWLOLW\�IXQFWLRQ�WKDW�JHQHUDWHV�D�ERDUG�FRQILJXUDWLRQ�JLYHQ�WKH�VWDWH��

GHI�JHQHUDWH%RDUG��ERDUG��VWDWH���

� ILOO�ERDUG������

� IRU�L�LQ�UDQJH�1���

� � ERDUG>VWDWH>L@@>L@� ����

��$�XWLOLW\�IXQFWLRQ�WKDW�FRSLHV�FRQWHQWV�RI�VWDWH��WR�VWDWH���

GHI�FRS\6WDWH��VWDWH���VWDWH����

� IRU�L�LQ�UDQJH�1���

� � VWDWH�>L@� �VWDWH�>L@��



'(3$570(17�2)�0(&+$1,&$/�(1*,1((5,1*� 3DJH����

�� 7KLV� IXQFWLRQ� JHWV� WKH� QHLJKERXU� RI� WKH� FXUUHQW� VWDWH� KDYLQJ� WKH� OHDVW� REMHFWLYH� YDOXH�
DPRQJVW�DOO�QHLJKERXUV�DV�ZHOO�DV�WKH�FXUUHQW�VWDWH��

GHI�JHW1HLJKERXU�ERDUG��VWDWH���

��'HFODULQJ�DQG�LQLWLDOL]LQJ�WKH�RSWLPDO�ERDUG�DQG�VWDWH�ZLWK�WKH�FXUUHQW�ERDUG�DQG�WKH�VWDWH�DV�
WKH�VWDUWLQJ�SRLQW��

� RS%RDUG� �>>��IRU�B�LQ�UDQJH�1�@�IRU�B�LQ�UDQJH�1�@�

� RS6WDWH� �>��IRU�B�LQ�UDQJH�1�@�

� FRS\6WDWH�RS6WDWH��VWDWH���

� JHQHUDWH%RDUG�RS%RDUG��RS6WDWH���

��,QLWLDOL]LQJ�WKH�RSWLPDO�REMHFWLYH�YDOXH�

� RS2EMHFWLYH� �FDOFXODWH2EMHFWLYH�RS%RDUG��RS6WDWH���

��'HFODULQJ�DQG�LQLWLDOL]LQJ�WKH�WHPSRUDU\�ERDUG�DQG�VWDWH�IRU�WKH�SXUSRVH�RI�FRPSXWDWLRQ��

� 1HLJKERXU%RDUG� �>>��IRU�B�LQ�UDQJH�1�@�IRU�B�LQ�UDQJH�1�@�

� 1HLJKERXU6WDWH� �>��IRU�B�LQ�UDQJH�1�@�

� FRS\6WDWH�1HLJKERXU6WDWH��VWDWH���

� JHQHUDWH%RDUG�1HLJKERXU%RDUG��1HLJKERXU6WDWH���

��,WHUDWLQJ�WKURXJK�DOO�SRVVLEOH�QHLJKERXUV�RI�WKH�ERDUG��

� IRU�L�LQ�UDQJH�1���

� � IRU�M�LQ�UDQJH�1���

��&RQGLWLRQ�IRU�VNLSSLQJ�WKH�FXUUHQW�VWDWH�

� � � LI��M�� �VWDWH>L@����

��,QLWLDOL]LQJ�WHPSRUDU\�QHLJKERXU�ZLWK�WKH�FXUUHQW�QHLJKERXU��

� � � � 1HLJKERXU6WDWH>L@� �M��
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� � � � 1HLJKERXU%RDUG>1HLJKERXU6WDWH>L@@>L@� ����

� � � � 1HLJKERXU%RDUG>VWDWH>L@@>L@� ����

��&DOFXODWLQJ�WKH�REMHFWLYH�YDOXH�RI�WKH�QHLJKERXU��

� � � � WHPS� �FDOFXODWH2EMHFWLYH��1HLJKERXU%RDUG��1HLJKERXU6WDWH���

�� &RPSDULQJ� WHPSRUDU\� DQG� RSWLPDO� QHLJKERXU� REMHFWLYHV� DQG� LI� WHPSRUDU\� LV� OHVV� WKDQ�
RSWLPDO�WKHQ�XSGDWLQJ�DFFRUGLQJO\��

� � � � LI��WHPS�� �RS2EMHFWLYH����

� � � � � RS2EMHFWLYH� �WHPS��

� � � � � FRS\6WDWH�RS6WDWH��1HLJKERXU6WDWH���

� � � � � JHQHUDWH%RDUG�RS%RDUG��RS6WDWH���

��*RLQJ�EDFN�WR�WKH�RULJLQDO�FRQILJXUDWLRQ�IRU�WKH�QH[W�LWHUDWLRQ��

� � � � 1HLJKERXU%RDUG>1HLJKERXU6WDWH>L@@>L@� ����

� � � � 1HLJKERXU6WDWH>L@� �VWDWH>L@��

� � � � 1HLJKERXU%RDUG>VWDWH>L@@>L@� ���� � �

��&RS\LQJ�WKH�RSWLPDO�ERDUG�DQG�VWDWH�WKXV�IRXQG�WR�WKH�FXUUHQW�ERDUG�DQG��VWDWH�VLQFH�F� ���
GRHVQ
W�DOORZ�UHWXUQLQJ�PXOWLSOH�YDOXHV��

� FRS\6WDWH�VWDWH��RS6WDWH���

� ILOO�ERDUG������

� JHQHUDWH%RDUG�ERDUG��VWDWH���
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,PSOHPHQWDWLRQ�RI�+LOO�FOLPELQJ�WR�VROYH���SX]]OH�SUREOHP�

GHI�KLOO&OLPELQJ�ERDUG��VWDWH���

��'HFODULQJ�DQG�LQLWLDOL]LQJ�WKH�QHLJKERXU�ERDUG�DQG�VWDWH�ZLWK�WKH�FXUUHQW�ERDUG�DQG�WKH�VWDWH�

DV�WKH�VWDUWLQJ�SRLQW��

� QHLJKERXU%RDUG� �>>��IRU�B�LQ�UDQJH�1�@�IRU�B�LQ�UDQJH�1��

� QHLJKERXU6WDWH� �>��IRU�B�LQ�UDQJH�1�@�

� FRS\6WDWH�QHLJKERXU6WDWH��VWDWH���

� JHQHUDWH%RDUG�QHLJKERXU%RDUG��QHLJKERXU6WDWH���

� ZKLOH�7UXH��

��&RS\LQJ� WKH� QHLJKERXU� ERDUG� DQG� VWDWH� WR� WKH� FXUUHQW� ERDUG� DQG� VWDWH�� VLQFH� D� QHLJKERXU�

EHFRPHV�FXUUHQW�DIWHU�WKH�MXPS��

� � FRS\6WDWH�VWDWH��QHLJKERXU6WDWH���

� � JHQHUDWH%RDUG�ERDUG��VWDWH���

��*HWWLQJ�WKH�RSWLPDO�QHLJKERXU�

� � JHW1HLJKERXU�QHLJKERXU%RDUG��QHLJKERXU6WDWH���

� � LI��FRPSDUH6WDWHV�VWDWH��QHLJKERXU6WDWH�����

��,I�QHLJKERXU�DQG�FXUUHQW�DUH�HTXDO�WKHQ�QR�RSWLPDO�QHLJKERXU�H[LVWV�DQG�WKHUHIRUH�RXWSXW�WKH�

UHVXOW�DQG�EUHDN�WKH�ORRS��

� � � SUYDU%RDUG�ERDUG���

� � � EUHDN��

� � HOLI� �FDOFXODWH2EMHFWLYH�ERDUG�� VWDWH��   � FDOFXODWH2EMHFWLYH��

QHLJKERXU%RDUG�QHLJKERXU6WDWH����
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�� ,I� QHLJKERXU� DQG� FXUUHQW� DUHQRW� HTXDO� EXW� WKHLU� REMHFWLYHVDUH� HTXDO� WKHQ� ZH� DUH�

HLWKHUDSSURDFKLQJ�D�VKRXOGHU�RU�DORFDO�RSWLPXP��LQ�DQ\�FDVH�MXPS�WR�D�UDQGRP�QHLJKERXUWR�

HVFDSH�LW��

��5DQGRP�QHLJKERXU�

� � � QHLJKERXU6WDWH>UDQGLQW��������������1@� �UDQGLQW��������������1��

� � � JHQHUDWH%RDUG�QHLJKERXU%RDUG��QHLJKERXU6WDWH���

��'ULYHU�FRGH�

VWDWH� �>�@�
�1�

ERDUG� �>>��IRU�B�LQ�UDQJH�1�@�IRU�B�LQ�UDQJH�1�@�

��*HWWLQJ�D�VWDUWLQJ�SRLQW�E\�UDQGRPO\�FRQILJXULQJ�WKH�ERDUG�

FRQILJXUH5DQGRPO\�ERDUG��VWDWH���

��'R�KLOO�FOLPELQJ�RQ�WKH�ERDUG�REWDLQHG�

KLOO&OLPELQJ�ERDUG��VWDWH���

2XWSXW��

�����������������

�����������������

�����������������

�����������������

������������������

������������������

������������������

�����������������
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,Q�PDFKLQH� OHDUQLQJ��ZH� XVXDOO\� GHDO�ZLWK� GDWDVHWV� WKDW� FRQWDLQ�PXOWLSOH� ODEHOV� LQ� RQH� RU�
PRUH�WKDQ�RQH�FROXPQV��7KHVH�ODEHOV�FDQ�EH�LQ�WKH�IRUP�RI�ZRUGV�RU�QXPEHUV��7R�PDNH�WKH�
GDWD�XQGHUVWDQGDEOH�RU�LQ�KXPDQ

/DEHO�(QFRGLQJ UHIHUV�WR�FRQYHUWLQJ�WKH�ODEHOV�LQWR�D�QXPHULF�IRUP�VR�DV�WR�FRQYHUW�WKHP�
LQWR� WKH�PDFKLQH�UHDGDEOH� IRUP��0DFKLQH� OHDUQLQJ� DOJRULWKPV� FDQ� WKHQ� GHFLGH� LQ�
ZD\� KRZ� WKRVH� ODEHOV� PXVW� EH� RSHUDWHG�� ,W� LV� DQ� LPSRUWDQW� SUH
VWUXFWXUHG�GDWDVHW�LQ�VXSHUYLVHG�OHDUQLQJ�
([DPSOH�
6XSSRVH�ZH�KDYH�D�FROXPQ +HLJKW

$IWHU�DSSO\LQJ�ODEHO�HQFRGLQJ��WKH�+HLJKW�FROXPQ�LV�FRQY

ZKHUH���LV�WKH�ODEHO�IRU�WDOO����LV�WKH�ODEHO�IRU�PHGLXP��DQG���LV�D�ODEHO�IRU�VKRUW�KHLJKW�

:H�DSSO\�/DEHO�(QFRGLQJ RQ�LULV�GDWDVHW�RQ�WKH�WDUJHW�FROXPQ�ZKLFK�LV�6SHFLHV��,W�FRQWDLQV�
WKUHH�VSHFLHV�,ULV�VHWRVD��,ULV�YHUVLFRORU�
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LPSRUW�SDQGDV�DV�SG�
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,Q�PDFKLQH� OHDUQLQJ��ZH� XVXDOO\� GHDO�ZLWK�GDWDVHWV� WKDW� FRQWDLQ�PXOWLSOH� ODEHOV� LQ� RQH� RU�
PRUH�WKDQ�RQH�FROXPQV��7KHVH�ODEHOV�FDQ�EH�LQ�WKH�IRUP�RI�ZRUGV�RU�QXPEHUV��7R�PDNH�WKH�

QGHUVWDQGDEOH�RU�LQ�KXPDQ�UHDGDEOH�IRUP��WKH�WUDLQLQJ�GDWD�LV�RIWHQ�ODEHOOHG�LQ�ZRUGV�

UHIHUV�WR�FRQYHUWLQJ�WKH�ODEHOV�LQWR�D�QXPHULF�IRUP�VR�DV� WR�FRQYHUW�WKHP�
UHDGDEOH� IRUP��0DFKLQH� OHDUQLQJ� DOJRULWKPV� FDQ� WKHQ� GHFLGH� LQ�

ZD\� KRZ� WKRVH� ODEHOV� PXVW� EH� RSHUDWHG�� ,W� LV� DQ� LPSRUWDQW� SUH�SURFHVVLQJ� VWHS� IRU� WKH�
VWUXFWXUHG�GDWDVHW�LQ�VXSHUYLVHG�OHDUQLQJ�

+HLJKW�LQ�VRPH�GDWDVHW���

$IWHU�DSSO\LQJ�ODEHO�HQFRGLQJ��WKH�+HLJKW�FROXPQ�LV�FRQYHUWHG�LQWR���

ZKHUH���LV�WKH�ODEHO�IRU�WDOO����LV�WKH�ODEHO�IRU�PHGLXP��DQG���LV�D�ODEHO�IRU�VKRUW�KHLJKW�

RQ�LULV�GDWDVHW�RQ�WKH�WDUJHW�FROXPQ�ZKLFK�LV�6SHFLHV��,W�FRQWDLQV�
YHUVLFRORU��,ULV�YLUJLQLFD��

3DJH���

,Q�PDFKLQH� OHDUQLQJ��ZH� XVXDOO\� GHDO�ZLWK�GDWDVHWV� WKDW� FRQWDLQ�PXOWLSOH� ODEHOV� LQ� RQH� RU�
PRUH�WKDQ�RQH�FROXPQV��7KHVH�ODEHOV�FDQ�EH�LQ�WKH�IRUP�RI�ZRUGV�RU�QXPEHUV��7R�PDNH�WKH�

UHDGDEOH�IRUP��WKH�WUDLQLQJ�GDWD�LV�RIWHQ�ODEHOOHG�LQ�ZRUGV�

UHIHUV�WR�FRQYHUWLQJ�WKH�ODEHOV�LQWR�D�QXPHULF�IRUP�VR�DV�WR�FRQYHUW�WKHP�
UHDGDEOH� IRUP��0DFKLQH� OHDUQLQJ� DOJRULWKPV� FDQ� WKHQ� GHFLGH� LQ� D� EHWWHU�

SURFHVVLQJ� VWHS� IRU� WKH�

ZKHUH���LV�WKH�ODEHO�IRU�WDOO����LV�WKH�ODEHO�IRU�PHGLXP��DQG���LV�D�ODEHO�IRU�VKRUW�KHLJKW�

RQ�LULV�GDWDVHW�RQ�WKH�WDUJHW�FROXPQ�ZKLFK�LV�6SHFLHV��,W�FRQWDLQV�
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��,PSRUW�GDWDVHW�

GI� �SG�UHDGBFVY�
������GDWD�,ULV�FVY
��

GI>
VSHFLHV
@�XQLTXH���

2XWSXW�
DUUD\�>
,ULV�VHWRVD
��
,ULV�YHUVLFRORU
��
,ULV�YLUJLQLFD
@��GW\SH REMHFW��

$IWHU�DSSO\LQJ�/DEHO�(QFRGLQJ�

��,PSRUW�ODEHO�HQFRGHU�

IURP�VNOHDUQ�LPSRUW�SUHSURFHVVLQJ�

��ODEHOBHQFRGHU�REMHFW�NQRZV�KRZ�WR�XQGHUVWDQG�ZRUG�ODEHOV��

ODEHOBHQFRGHU� �SUHSURFHVVLQJ�/DEHO(QFRGHU���

��(QFRGH�ODEHOV�LQ�FROXPQ�
VSHFLHV
��

GI>
VSHFLHV
@ �ODEHOBHQFRGHU�ILWBWUDQVIRUP�GI>
VSHFLHV
@��

GI>
VSHFLHV
@�XQLTXH���

2XWSXW�
DUUD\�>�������@��GW\SH LQW����

/LPLWDWLRQ�RI�ODEHO�(QFRGLQJ��

/DEHO�HQFRGLQJ�FRQYHUWV�WKH�GDWD�LQ�PDFKLQH�UHDGDEOH�IRUP��EXW�LW�DVVLJQV�D�XQLTXH�QXPEHU�
�VWDUWLQJ�IURP����WR�HDFK�FODVV�RI�GDWD��7KLV�PD\�OHDG�WR�WKH�JHQHUDWLRQ�RI�SULRULW\�LVVXHV�LQ�
WKH�WUDLQLQJ�RI�GDWD�VHWV��$�ODEHO�ZLWK�D�KLJK�YDOXH�PD\�EH�FRQVLGHUHG�WR�KDYH�KLJK�SULRULW\�
WKDQ�D�ODEHO�KDYLQJ�D�ORZHU�YDOXH��
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,PSOHPHQWLQJ�6LPSOH�/LQHDU�5HJUHVVLRQ

6LPSOH� OLQHDU� UHJUHVVLRQ� LV� DQ� DSSURDFK� IRU� SUHGL

,W� LV� DVVXPHG� WKDW� WKH� WZR� YDULDEOHV� DUH� OLQHDUO\� UHODWHG�� +HQFH�� ZH� WU\� WR� ILQG� D� OLQHDU�

IXQFWLRQ� WKDW�SUHGLFWV� WKH� UHVSRQVH� YDOXH�\�� DV�DFFXUDWHO\� DV�SRVVLEOH�DV� D� IXQFWLRQ�RI� WKH�

IHDWXUH��

/HW�XV�FRQVLGHU�D�GDWDVHW�ZKHUH�ZH�KDYH�D�YDOXH�RI�UHVSRQVH�\�IRU�HYHU\�IHDWXUH�[�

)RU�JHQHUDOLW\��ZH�GHILQH��

[�DV�IHDWXUH�YHFWRU��L�H�[� �>[B���[B���«���[BQ@�

\�DV�UHVSRQVH�YHFWRU��L�H�\� �>\B���\B���«���\BQ@

IRU�Q REVHUYDWLRQV��LQ�DERYH�H[DPSOH��Q ����
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,PSOHPHQWLQJ�6LPSOH�/LQHDU�5HJUHVVLRQ

6LPSOH� OLQHDU� UHJUHVVLRQ� LV� DQ� DSSURDFK� IRU� SUHGLFWLQJ� D�UHVSRQVH�XVLQJ� D�VLQJOH

,W� LV� DVVXPHG� WKDW� WKH� WZR� YDULDEOHV� DUH� OLQHDUO\� UHODWHG�� +HQFH�� ZH� WU\� WR� ILQG� D� OLQHDU�

IXQFWLRQ� WKDW�SUHGLFWV� WKH� UHVSRQVH�YDOXH�\��DV�DFFXUDWHO\� DV� SRVVLEOH�DV� D� IXQFWLRQ�RI� WKH�

W�ZKHUH�ZH�KDYH�D�YDOXH�RI�UHVSRQVH�\�IRU�HYHU\�IHDWXUH�[�

��L�H�[� �>[B���[B���«���[BQ@�

��L�H�\� �>\B���\B���«���\BQ@

REVHUYDWLRQV��LQ�DERYH�H[DPSOH��Q �����$�VFDWWHU�SORW�RI�WKH�DERYH�GDWDVHW�ORRNV�OLNH�

3DJH���

VLQJOH� IHDWXUH��

,W� LV� DVVXPHG� WKDW� WKH� WZR� YDULDEOHV� DUH� OLQHDUO\� UHODWHG�� +HQFH�� ZH� WU\� WR� ILQG� D� OLQHDU�

IXQFWLRQ� WKDW�SUHGLFWV� WKH� UHVSRQVH�YDOXH�\�� DV� DFFXUDWHO\� DV�SRVVLEOH�DV� D� IXQFWLRQ� RI� WKH�

W�ZKHUH�ZH�KDYH�D�YDOXH�RI�UHVSRQVH�\�IRU�HYHU\�IHDWXUH�[�

ERYH�GDWDVHW�ORRNV�OLNH��
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1RZ��WKH�WDVN�LV�WR�ILQG�D�OLQH�WKDW�ILWV�EHVW�LQ�WKH�DERYH�VFDWWHU�SORW�VR�WKDW�ZH�FDQ�SUHGLFW�

WKH�UHVSRQVH�IRU�DQ\�QHZ�IHDWXUH�YDOXHV���L�H�D�YDOXH�RI�[�QRW�SUHVHQW�LQ�D�GDWDVHW��

7KLVOLQH�LV�FDOOHG�D�UHJUHVVLRQ�OLQH��

7KH�HTXDWLRQ�RI�UHJUHVVLRQ�OLQH�LV�UHSUHVHQWHG�DV��

+�[L�� �%����%�[L

+HUH����

x K�[BL��UHSUHVHQWV�WKH�SUHGLFWHG�UHVSRQVH�YDOXH�IRU�LWK�REVHUYDWLRQ��

x EB��DQG�EB��DUH�UHJUHVVLRQ�FRHIILFLHQWV�DQG�UHSUHVHQW�\�LQWHUFHSW�DQG�VORSH�RI�

UHJUHVVLRQ�OLQH�UHVSHFWLYHO\��

7R�FUHDWH�RXU�PRGHO��ZH�PXVW�³OHDUQ´�RU�HVWLPDWH�WKH�YDOXHV�RI�UHJUHVVLRQ�FRHIILFLHQWV�EB��

DQG�EB���$QG�RQFH�ZH¶YH�HVWLPDWHG�WKHVH�FRHIILFLHQWV��ZH�FDQ�XVH�WKH�PRGHO�WR�SUHGLFW�

UHVSRQVHV��

,Q�WKLV�DUWLFOH��ZH�DUH�JRLQJ�WR�XVH�WKH�SULQFLSOH�RI��/HDVW�6TXDUHV��

1RZ�FRQVLGHU��

<L� �%����%�[L���(L

(L� �<L���+�[L��
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3\WKRQ�LPSOHPHQWDWLRQ�RI�DERYH�WHFKQLTXH�RQ�RXU�VPDOO�GDWDVHW�

LPSRUW�QXPS\�DV�QS�

LPSRUW�PDWSORWOLE�S\SORW�DV�SOW�

GHI�HVWLPDWHBFRHI�[��\���

��QXPEHU�RI�REVHUYDWLRQV�SRLQWV�

� Q� �QS�VL]H�[��

��PHDQ�RI�[�DQG�\�YHFWRU�

� PB[� �QS�PHDQ�[��

� PB\� �QS�PHDQ�\��

��FDOFXODWLQJ�FURVV�GHYLDWLRQ�DQG�GHYLDWLRQ�DERXW�[�

� 66B[\� �QS�VXP�\
[����Q
PB\
PB[�
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� 66B[[� �QS�VXP�[
[����Q
PB[
PB[�

��FDOFXODWLQJ�UHJUHVVLRQ�FRHIILFLHQWV�

� EB�� �66B[\���66B[[�

� EB�� �PB\���EB�
PB[�

� UHWXUQ��EB���EB���

GHI�SORWBUHJUHVVLRQBOLQH�[��\��E���

��SORWWLQJ�WKH�DFWXDO�SRLQWV�DV�VFDWWHU�SORW�

� SOW�VFDWWHU�[��\��FRORU� ��P���

� � � PDUNHU� ��R���V� �����

��SUHGLFWHG�UHVSRQVH�YHFWRU�

� \BSUHG� �E>�@���E>�@
[�

��SORWWLQJ�WKH�UHJUHVVLRQ�OLQH�

� SOW�SORW�[��\BSUHG��FRORU� ��J���

��SXWWLQJ�ODEHOV�

� SOW�[ODEHO�
[
��

� SOW�\ODEHO�
\
��

��IXQFWLRQ�WR�VKRZ�SORW�

� SOW�VKRZ���

GHI�PDLQ����

��REVHUYDWLRQV���GDWD�

� [� �QS�DUUD\�>����������������������������@��

� \� �QS�DUUD\�>������������������������������@��

��HVWLPDWLQJ�FRHIILFLHQWV�

� E� �HVWLPDWHBFRHI�[��\��

� SULQW��(VWLPDWHG�FRHIILFLHQWV�?QEB�� �^`�?�
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� � ?QEB�� �^`��IRUPDW�E>�@��E>�@��

��SORWWLQJ�UHJUHVVLRQ�OLQH�

SORWBUHJUHVVLRQBOLQH�[��\��E�

LI�BBQDPHBB�  ��BBPDLQBB���

� PDLQ���

287387�

(VWLPDWHG�FRHIILFLHQWV��

EB�� ������������������

EB�� ���������������

$QG�JUDSK�REWDLQHG�ORRNV�OLNH�WKLV�
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QEB�� �^`��IRUPDW�E>�@��E>�@��

SORWBUHJUHVVLRQBOLQH�[��\��E�

$QG�JUDSK�REWDLQHG�ORRNV�OLNH�WKLV�

3DJH���
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0XOWLSOH�OLQHDU�UHJUHVVLRQ�

0XOWLSOH� OLQHDU� UHJUHVVLRQ� DWWHPSWV� WR� PRGHO� WKH� UHODWLRQVKLS� EHWZHHQ�WZR� RU�

PRUHIHDWXUHV�DQG�D�UHVSRQVH�E\�ILWWLQJ�D�OLQHDU�HTXDWLRQ�WR�WKH�REVHUYHG�GDWD�&OHDUO\��LW�LV�

QRWKLQJ� EXW�DQ�H[WHQVLRQ�RI� VLPSOH� OLQHDU� UHJUHVVLRQ�&RQVLGHU�D�GDWDVHW�ZLWK�S�IHDWXUHV�RU�

LQGHSHQGHQW� YDULDEOHV�� DQG� RQH� UHVSRQVH�RU� GHSHQGHQW� YDULDEOH���$OVR�� WKH�

GDWDVHWFRQWDLQV�Q�URZV�REVHUYDWLRQV��

:H�GHILQH�;��IHDWXUH�PDWUL[�� �D�PDWUL[�RI�VL]H�Q�;�S�ZKHUH�[B^LM`�GHQRWHV�WKH�YDOXHV�RI�

MWK�IHDWXUH��IRU��LWK�REVHUYDWLRQ��

6R��

�DQG�

\��UHVSRQVH�YHFWRU�� �D�YHFWRU�RI�VL]H�Q�ZKHUH�\B^L`�GHQRWHV�WKH�YDOXH�RI�UHVSRQVH�IRU�LWK

REVHUYDWLRQ��

7KH�UHJUHVVLRQ�OLQH�IRU�S�IHDWXUHV�LV�UHSUHVHQWHG�DV���

�+�[L�� �%��%�[L��««%S[LS�
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3URJUDP���

3\WKRQ�LPSOHPHQWDWLRQ�RI�PXOWLSOH�OLQHDU�UHJUHVVLRQ�WHFKQLTXHV�RQ�WKH�%RVWRQ�KRXVH�

SULFLQJ�GDWDVHW�XVLQJ�6FLNLW�OHDUQ��

LPSRUW�PDWSORWOLE�S\SORW�DV�SOW�

LPSRUW�QXPS\�DV�QS�

IURP�VNOHDUQ�LPSRUW�GDWDVHWV��OLQHDUBPRGHO��PHWULFV�

��ORDG�WKH�ERVWRQ�GDWDVHW�

ERVWRQ� �GDWDVHWV�ORDGBERVWRQ�UHWXUQB;B\ )DOVH��

��GHILQLQJ�IHDWXUH�PDWUL[�;��DQG�UHVSRQVH�YHFWRU�\��

;� �ERVWRQ�GDWD�

\� �ERVWRQ�WDUJHW�

��VSOLWWLQJ�;�DQG�\�LQWR�WUDLQLQJ�DQG�WHVWLQJ�VHWV�

IURP�VNOHDUQ�PRGHOBVHOHFWLRQ�LPSRUW�WUDLQBWHVWBVSOLW�

;BWUDLQ��;BWHVW��\BWUDLQ��\BWHVW� �WUDLQBWHVWBVSOLW�;��\��WHVWBVL]H �����

� UDQGRPBVWDWH ���

��FUHDWH�OLQHDU�UHJUHVVLRQ�REMHFW�

UHJ� �OLQHDUBPRGHO�/LQHDU5HJUHVVLRQ���

��WUDLQ�WKH�PRGHO�XVLQJ�WKH�WUDLQLQJ�VHWV�

UHJ�ILW�;BWUDLQ��\BWUDLQ��

��UHJUHVVLRQ�FRHIILFLHQWV�
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SULQW�
&RHIILFLHQWV��
��UHJ�FRHIB��

��YDULDQFH�VFRUH����PHDQV�SHUIHFW�SUHGLFWLRQ�

SULQW�
9DULDQFH�VFRUH��^`
�IRUPDW�UHJ�VFRUH�;BWHVW��\BWHVW����

��SORW�IRU�UHVLGXDO�HUURU�

���VHWWLQJ�SORW�VW\OH�

SOW�VW\OH�XVH�
ILYHWKLUW\HLJKW
��

���SORWWLQJ�UHVLGXDO�HUURUV�LQ�WUDLQLQJ�GDWD�

SOW�VFDWWHU�UHJ�SUHGLFW�;BWUDLQ���UHJ�SUHGLFW�;BWUDLQ����\BWUDLQ��

� � � FRORU� ��JUHHQ���V� �����ODEHO� �
7UDLQ�GDWD
��

���SORWWLQJ�UHVLGXDO�HUURUV�LQ�WHVW�GDWD�

SOW�VFDWWHU�UHJ�SUHGLFW�;BWHVW���UHJ�SUHGLFW�;BWHVW����\BWHVW��

� � � FRORU� ��EOXH���V� �����ODEHO� �
7HVW�GDWD
��

���SORWWLQJ�OLQH�IRU�]HUR�UHVLGXDO�HUURU�

SOW�KOLQHV�\� ����[PLQ� ����[PD[� �����OLQHZLGWK� ����

���SORWWLQJ�OHJHQG�

SOW�OHJHQG�ORF� �
XSSHU�ULJKW
��

���SORW�WLWOH�

SOW�WLWOH��5HVLGXDO�HUURUV���

���PHWKRG�FDOO�IRU�VKRZLQJ�WKH�SORW�

SOW�VKRZ���
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&RHIILFLHQWV��

>������������H����������������H

�����������H����������������H����������������H

����������H����������������H�

�����������H���@�

9DULDQFH�VFRUH����������������

5HVLGXDO�(UURU�SORW���
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���������������H����������������H����������������H����

����������H����������������H����������������H����������������H����

����������������H����������������H����

9DULDQFH�VFRUH����������������

3DJH���
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352*5$0���

.�QHDUHVW�QHLJKERU�DOJRULWKP�

7KLV� DOJRULWKP� LV� XVHG� WR� VROYH� WKH� FODVVLILFDWLRQ� PRGHO� SUREOHPV�� .�QHDUHVW�

QHLJKERU�RU�.�11�DOJRULWKP�EDVLFDOO\�FUHDWHV�DQ� LPDJLQDU\�ERXQGDU\�WR�FODVVLI\� WKH�GDWD��

:KHQ�QHZ�GDWD�SRLQWV�FRPH� LQ�� WKH�DOJRULWKP�ZLOO� WU\� WR�SUHGLFW� WKDW� WR� WKH�QHDUHVW�RI� WKH�

ERXQGDU\�OLQH��

7KHUHIRUH�� ODUJHU� N� YDOXH� PHDQV� VPRWKHU� FXUYHV� RI� VHSDUDWLRQ� UHVXOWLQJ� LQ� OHVV�

FRPSOH[PRGHOV��:KHUHDV��VPDOOHU�N�YDOXH�WHQGV�WR�RYHUILW�WKH�GDWD�DQG�UHVXOWLQJ�LQ�FRPSOH[�

PRGHOV��

1RWH��,W¶V� YHU\� LPSRUWDQW� WR� KDYH� WKH� ULJKW�N�YDOXH� ZKHQ� DQDO\VLQJ� WKH� GDWDVHW� WR� DYRLG�

RYHUILWWLQJ�DQG�XQGHUILWWLQJ�RI�WKH�GDWDVHW�8VLQJ�WKH�N�QHDUHVW�QHLJKERU�DOJRULWKP�ZH�ILW�WKH�

KLVWRULFDO�GDWD��RU�WUDLQ�WKH�PRGHO��DQG�SUHGLFW�WKH�IXWXUH��

352*5$0�

��,PSRUW�QHFHVVDU\�PRGXOHV�

IURP�VNOHDUQ�QHLJKERUV�LPSRUW�.1HLJKERUV&ODVVLILHU�

IURP�VNOHDUQ�PRGHOBVHOHFWLRQ�LPSRUW�WUDLQBWHVWBVSOLW�

IURP�VNOHDUQ�GDWDVHWV�LPSRUW�ORDGBLULV�

LPSRUW�QXPS\�DV�QS�

LPSRUW�PDWSORWOLE�S\SORW�DV�SOW�

LULV'DWD� �ORDGBLULV���

��&UHDWH�IHDWXUH�DQG�WDUJHW�DUUD\V�

;� �LULV'DWD�GDWD�

\� �LULV'DWD�WDUJHW�

��6SOLW�LQWR�WUDLQLQJ�DQG�WHVW�VHW�
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;BWUDLQ��;BWHVW��\BWUDLQ��\BWHVW� �WUDLQBWHVWBVSOLW��

� � � ;��\��WHVWBVL]H� ������UDQGRPBVWDWH ����

QHLJKERUV� �QS�DUDQJH�������

WUDLQBDFFXUDF\� �QS�HPSW\�OHQ�QHLJKERUV���

WHVWBDFFXUDF\� �QS�HPSW\�OHQ�QHLJKERUV���

��/RRS�RYHU�.�YDOXHV�

IRU�L��N�LQ�HQXPHUDWH�QHLJKERUV���

� NQQ� �.1HLJKERUV&ODVVLILHU�QBQHLJKERUV N��

� NQQ�ILW�;BWUDLQ��\BWUDLQ��

��&RPSXWH�WUDLQLQJ�DQG�WHVW�GDWD�DFFXUDF\�

� WUDLQBDFFXUDF\>L@� �NQQ�VFRUH�;BWUDLQ��\BWUDLQ��

� WHVWBDFFXUDF\>L@� �NQQ�VFRUH�;BWHVW��\BWHVW��

��*HQHUDWH�SORW�

SOW�SORW�QHLJKERUV��WHVWBDFFXUDF\��ODEHO� �
7HVWLQJ�GDWDVHW�$FFXUDF\
��

SOW�SORW�QHLJKERUV��WUDLQBDFFXUDF\��ODEHO� �
7UDLQLQJ�GDWDVHW�$FFXUDF\
��

SOW�OHJHQG���

SOW�[ODEHO�
QBQHLJKERUV
��
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SOW�\ODEHO�
$FFXUDF\
��

SOW�VKRZ���

2XWSXW�
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,PSOHPHQWLQJ�N

N�PHDQV� FOXVWHULQJ� LV� DQ

VHJPHQW�D�GDWDVHW� LQWR�JURXSV�EDVHG�RQ� WKH�VLP

KDV�LQGHSHQGHQW�YDULDEOHV DQG�QR

6XSSRVH�\RX�KDYH�D�GDWDVHW�RI���GLPHQVLRQDO�VFDODU�DWWULEXWHV�

,I�WKH�SRLQWV�LQ�WKLV�GDWDVHW�EHORQJ�WR�GLVWLQFW�JURXSV�ZLWK�DWWULEXWHV�VLJQLILFDQWO\�YDU\L

EHWZHHQ�JURXSV�EXW�QRW�ZLWKLQ��WKH�SRLQWV�VKRXOG�IRUP�FOXVWHUV�ZKHQ�SORWWHG�
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,PSOHPHQWLQJ�N�PHDQV�FOXVWHULQJ�

PHDQV� FOXVWHULQJ� LV� DQ XQVXSHUYLVHG PDFKLQH� OHDUQLQJ� DOJRULWKP� WKDW� VHHNV� WR�

VHJPHQW�D�GDWDVHW� LQWR�JURXSV�EDVHG�RQ� WKH� VLPLODULW\�RI�GDWDSRLQWV��$Q�XQVXSHUYLVHG�PRGHO�

DQG�QR GHSHQGHQW�YDULDEOHV��

GLPHQVLRQDO�VFDODU�DWWULEXWHV�

,I�WKH�SRLQWV�LQ�WKLV�GDWDVHW�EHORQJ�WR�GLVWLQFW�JURXSV�ZLWK�DWWULEXWHV�VLJQLILFDQWO\�YDU\L

EHWZHHQ�JURXSV�EXW�QRW�ZLWKLQ��WKH�SRLQWV�VKRXOG�IRUP�FOXVWHUV�ZKHQ�SORWWHG�

3DJH���

PDFKLQH� OHDUQLQJ� DOJRULWKP� WKDW� VHHNV� WR�

LODULW\�RI�GDWDSRLQWV��$Q�XQVXSHUYLVHG�PRGHO�

,I�WKH�SRLQWV�LQ�WKLV�GDWDVHW�EHORQJ�WR�GLVWLQFW�JURXSV�ZLWK�DWWULEXWHV�VLJQLILFDQWO\�YDU\LQJ�



'(3$570(17�2)�0(&+$1,&$/�(1*,1((5,1*� 3DJH����

$OJRULWKP�

)RU�D�JLYHQ�GDWDVHW��N� LV� VSHFLILHG� WR�EH� WKH�QXPEHU�RI�GLVWLQFW�JURXSV� WKH�SRLQWV�EHORQJ� WR��

7KHVH�N�FHQWURLGV�DUH�ILUVW�UDQGRPO\�LQLWLDOL]HG��WKHQ�LWHUDWLRQV�DUH�SHUIRUPHG�WR�RSWLPL]H�WKH�

ORFDWLRQV�RI�WKHVH�N�FHQWURLGV�DV�IROORZV��

�� 7KH�GLVWDQFH�IURP�HDFK�SRLQW�WR�HDFK�FHQWURLG�LV�FDOFXODWHG��

�� 3RLQWV�DUH�DVVLJQHG�WR�WKHLU�QHDUHVW�FHQWURLG��

�� &HQWURLGV�DUH�VKLIWHG�WR�EH�WKH�DYHUDJH�YDOXH�RI�WKH�SRLQWV�EHORQJLQJ�WR�LW��,I�WKH�FHQWURLGV�

GLG�QRW�PRYH��WKH�DOJRULWKP�LV�ILQLVKHG��HOVH�UHSHDW��

'DWD�

7R� HYDOXDWH� RXU� DOJRULWKP��ZH¶OO� ILUVW� JHQHUDWH� D� GDWDVHW� RI� JURXSV� LQ� ��GLPHQVLRQDO�

VSDFH��7KH�VNOHDUQ�GDWDVHWV� IXQFWLRQ�PDNHBEOREV�FUHDWHV�JURXSLQJV�RI���GLPHQVLRQDO�QRUPDO�

GLVWULEXWLRQV��DQG�DVVLJQV�D�ODEHO�FRUUHVSRQGLQJ�WR�WKH�JURXS�VDLG�SRLQW�EHORQJV�WR��

LPSRUW�VHDERUQ�DV�VQV�

IURP�VNOHDUQ�GDWDVHWV�LPSRUW�PDNHBEOREV�

LPSRUW�PDWSORWOLE�S\SORW�DV�SOW�

IURP�VNOHDUQ�SUHSURFHVVLQJ�LPSRUW�6WDQGDUG6FDOHUFHQWHUV� ���

;BWUDLQ��WUXHBODEHOV� �PDNHBEOREV�QBVDPSOHV �����FHQWHUV FHQWHUV��UDQGRPBVWDWH ����

;BWUDLQ� �6WDQGDUG6FDOHU���ILWBWUDQVIRUP�;BWUDLQ�VQV�VFDWWHUSORW�[ >;>�@�IRU�;�LQ�;BWUDLQ@��

����������������\ >;>�@�IRU�;�LQ�;BWUDLQ@��

����������������KXH WUXHBODEHOV��

����������������SDOHWWH �GHHS���

����������������OHJHQG 1RQH�

�����������������SOW�[ODEHO��[���

SOW�\ODEHO��\���

SOW�VKRZ���
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RXWSXW�

+HOSHU�)XQFWLRQV�

:H¶OO�QHHG�WR�FDOFXODWH�WKH�GLVWDQFHV�EHWZHHQ�D�SRLQW�DQG�D�GDWDVHW�RI�SRLQWV�PXOWLSOH�

WLPHV�LQ�WKLV�DOJRULWKP��7R�GR�VR��OHWV�GHILQH�D�IXQFWLRQ�WKDW�FDOFXODWHV�(XFOLGHDQ�GLVWDQFHV��

GHI�HXFOLGHDQ�SRLQW��GDWD���

��������

����(XFOLGHDQ�GLVWDQFH�EHWZHHQ�SRLQW�	�GDWD��

����3RLQW�KDV�GLPHQVLRQV��P����GDWD�KDV�GLPHQVLRQV��Q�P���DQG�RXWSXW�ZLOO�EH�RI�VL]H��Q����

��������

����UHWXUQ�QS�VTUW�QS�VXP��SRLQW���GDWD�

���D[LV ����

,PSOHPHQWDWLRQ�

)LUVW��WKH�N�PHDQV�FOXVWHULQJ�DOJRULWKP�LV�LQLWLDOL]HG�ZLWK�D�YDOXH�IRU�N�DQG�D�PD[LPXP�

QXPEHU� RI� LWHUDWLRQV� IRU� ILQGLQJ� WKH� RSWLPDO� FHQWURLG� ORFDWLRQV�� ,I� D� PD[LPXP� QXPEHU� RI�

LWHUDWLRQV�LV�QRW�FRQVLGHUHG�ZKHQ�RSWLPL]LQJ�FHQWURLG�ORFDWLRQV��WKHUH�LV�D�ULVN�RI�UXQQLQJ�DQ�

LQILQLWH�ORRS��

FODVV�.0HDQV�����GHI�BBLQLWBB�VHOI��QBFOXVWHUV ���PD[BLWHU ������

VHOI�QBFOXVWHUV� �QBFOXVWHUV�

VHOI�PD[BLWHU� �PD[BLWHU�
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1RZ�� WKH� EXON� RI� WKH� DOJRULWKP� LV� SHUIRUPHG� ZKHQ� ILWWLQJ� WKH� PRGHO� WR� D� WUDLQLQJ�

GDWDVHW�)LUVW�ZH¶OO� LQLWLDOL]H� WKH�FHQWURLGV� UDQGRPO\� LQ� WKH� GRPDLQ�RI� WKH� WHVW� GDWDVHW��ZLWK�D�

XQLIRUP�GLVWULEXWLRQ��

1RZ�ZH�FDQ�ILQDOO\�GHSOR\�RXU�PRGHO��/HWV�WUDLQ�DQG�WHVW�LW�RQ�RXU�RULJLQDO�GDWDVHW�DQG�

VHH� WKH� UHVXOWV��:H¶OO� NHHS� RXU� RULJLQDO�PHWKRG�RI� SORWWLQJ� RXU� GDWD�� E\� VHSDUDWLQJ� WKH� WUXH�

ODEHOV�E\�FRORU��EXW�QRZ�ZH¶OO�DGGLWLRQDOO\�VHSDUDWH�WKH�SUHGLFWHG�ODEHOV�E\�PDUNHU�VW\OH��WR�VHH�

KRZ�WKH�PRGHO�SHUIRUPV��

NPHDQV� �.0HDQV�QBFOXVWHUV FHQWHUV��

NPHDQV�ILW�;BWUDLQ���9LHZ�UHVXOWV�

FODVVBFHQWHUV��FODVVLILFDWLRQ� �NPHDQV�HYDOXDWH�;BWUDLQ��

VQV�VFDWWHUSORW�[ >;>�@�IRU�;�LQ�;BWUDLQ@��

����������������\ >;>�@�IRU�;�LQ�;BWUDLQ@��

����������������KXH WUXHBODEHOV��

����������������VW\OH FODVVLILFDWLRQ��

����������������SDOHWWH �GHHS���

����������������OHJHQG 1RQH�

������������������

SOW�SORW�>[�IRU�[��B�LQ�NPHDQV�FHQWURLGV@��

���������>\�IRU�B��\�LQ�NPHDQV�FHQWURLGV@��

���������
�
��

PDUNHUVL]H ����

����������SOW�VKRZ���
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,PSOHPHQWLQJ�+LHUDUFKLFDO�FOXVWHULQJ

,Q�GDWD�PLQLQJ�DQG�VWDWLVWLFV��KLHUDUFKLFDO�FOXVWHULQJ�DQDO\VLV� LV�D�PHWKRG�RI�FOXVWHU�

DQDO\VLV� WKDW� VHHNV� WR� EXLOG� D� KLHUDUFK\� RI� FOXVWHUV� L�H�� WUHH�W\SH� VWUXFWXUH� EDVHG� RQ� WKH�

KLHUDUFK\���

%DVLFDOO\��WKHUH�DUH�WZR�W\SHV�RI�KLHUDUFKLFDO�FOXVWHU�DQDO\VLV�VWUDWHJLHV�±

��� $JJORPHUDWLYH� &OXVWHULQJ��$OVR� NQRZQ� DV� ERWWRP�XS� DSSURDFK� RU� KLHUDUFKLFDO�

DJJORPHUDWLYH�FOXVWHULQJ��+$&���$�VWUXFWXUH�WKDW�LV�PRUH�LQIRUPDWLYH�WKDQ�WKH�XQVWUXFWXUHG�

VHW�RI�FOXVWHUV� UHWXUQHG�E\�IODW�FOXVWHULQJ��7KLV�FOXVWHULQJ�DOJRULWKP�GRHV�QRW� UHTXLUH�XV� WR�

SUHVSHFLI\� WKH� QXPEHU� RI� FOXVWHUV�� %RWWRP�XS� DOJRULWKPV� WUHDW� HDFK� GDWD� DV� D� VLQJOHWRQ�

FOXVWHU�DW� WKH�RXWVHW�DQG� WKHQ�VXFFHVVLYHO\�DJJORPHUDWHV�SDLUV�RI�FOXVWHUV�XQWLO�DOO� FOXVWHUV�

KDYH�EHHQ�PHUJHG�LQWR�D�VLQJOH�FOXVWHU�WKDW�FRQWDLQV�DOO�GDWD���

$OJRULWKP�

JLYHQ�D�GDWDVHW��G���G���G�������G1��RI�VL]H�1�

��FRPSXWH�WKH�GLVWDQFH�PDWUL[�

IRU�L ��WR�1��

�����DV�WKH�GLVWDQFH�PDWUL[�LV�V\PPHWULF�DERXW��

�����WKH�SULPDU\�GLDJRQDO�VR�ZH�FRPSXWH�RQO\�ORZHU��

�����SDUW�RI�WKH�SULPDU\�GLDJRQDO��

���IRU�M ��WR�L��

GLVBPDW>L@>M@� �GLVWDQFH>GL��GM@��

HDFK�GDWD�SRLQW�LV�D�VLQJOHWRQ�FOXVWHU�

UHSHDW

���PHUJH�WKH�WZR�FOXVWHU�KDYLQJ�PLQLPXP�GLVWDQFH�

���XSGDWH�WKH�GLVWDQFH�PDWUL[�

XQWLO�RQO\�D�VLQJOH�FOXVWHU�UHPDLQV�
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3\WKRQ�LPSOHPHQWDWLRQ�RI�WKH�DERYH�DOJRULWKP�XVLQJ�WKH�VFLNLW

IURP�VNOHDUQ�FOXVWHU�LPSRUW�$JJORPHUDWLYH&OXVWHULQJ

LPSRUW�QXPS\�DV�QS�

��UDQGRPO\�FKRVHQ�GDWDVHW�

;� �QS�DUUD\�>>����@��>����@��>����@�

>����@��>����@��>����@@�

��KHUH�ZH�QHHG�WR�PHQWLRQ�WKH�QXPEHU�RI�FOXVWHUV

��RWKHUZLVH�WKH�UHVXOW�ZLOO�EH�D�VLQJOH�FOXVWHU

��FRQWDLQLQJ�DOO�WKH�GDWD�

FOXVWHULQJ� �$JJORPHUDWLYH&OXVWHULQJ�QBFOXVWHUV� ����ILW�;�

��SULQW�WKH�FODVV�ODEHOV�

SULQW�FOXVWHULQJ�ODEHOVB��
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3\WKRQ�LPSOHPHQWDWLRQ�RI�WKH�DERYH�DOJRULWKP�XVLQJ�WKH�VFLNLW�OHDUQ�OLEUDU\��

DUQ�FOXVWHU�LPSRUW�$JJORPHUDWLYH&OXVWHULQJ

;� �QS�DUUD\�>>����@��>����@��>����@�

>����@��>����@��>����@@�

��KHUH�ZH�QHHG�WR�PHQWLRQ�WKH�QXPEHU�RI�FOXVWHUV

��RWKHUZLVH�WKH�UHVXOW�ZLOO�EH�D�VLQJOH�FOXVWHU

FOXVWHULQJ� �$JJORPHUDWLYH&OXVWHULQJ�QBFOXVWHUV� ����ILW�;�

3DJH���
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>����������������@�

&RPSXWLQJ�'LVWDQFH�0DWUL[��:KLOH�PHUJLQJ�WZR�FOXVWHUV�ZH�FKHFN�WKH�GLVWDQFH�EHWZHHQ�

WZR� HYHU\�SDLU� RI� FOXVWHUV� DQG�PHUJH� WKH�SDLU�ZLWK� OHDVW� GLVWDQFH�PRVW� VLPLODULW\��%XW� WKH�

TXHVWLRQ� LV� KRZ� LV� WKDW� GLVWDQFH� GHWHUPLQHG�� 7KHUH� DUH� GLIIHUHQW� ZD\V� RI� GHILQLQJ� ,QWHU�

&OXVWHU�GLVWDQFH�VLPLODULW\��6RPH�RI�WKHP�DUH��

���0LQ�'LVWDQFH��)LQG�PLQLPXP�GLVWDQFH�EHWZHHQ�DQ\�WZR�SRLQWV�RI�WKH�FOXVWHU��

���0D[�'LVWDQFH��)LQG�PD[LPXP�GLVWDQFH�EHWZHHQ�DQ\�WZR�SRLQWV�RI�WKH�FOXVWHU��

���*URXS�$YHUDJH��)LQG�DYHUDJH�RI�GLVWDQFH�EHWZHHQ�HYHU\�WZR�SRLQWV�RI�WKH�FOXVWHUV��

���:DUG¶V�0HWKRG��6LPLODULW\�RI�WZR�FOXVWHUV�LV�EDVHG�RQ�WKH�LQFUHDVH�LQ�VTXDUHG�HUURU�ZKHQ�

WZR�FOXVWHUV�DUH�PHUJHG��

)RU�H[DPSOH��LI�ZH�JURXS�D�JLYHQ�GDWD�XVLQJ�GLIIHUHQW�PHWKRG��ZH�PD\�JHW�GLIIHUHQW�UHVXOWV��

���'LYLVLYH�FOXVWHULQJ��$OVR�NQRZQ�DV�D�WRS�GRZQ�DSSURDFK��7KLV�DOJRULWKP�DOVR�GRHV�QRW�

UHTXLUH�WR�SUHVSHFLI\�WKH�QXPEHU�RI�FOXVWHUV��7RS�GRZQ�FOXVWHULQJ�UHTXLUHV�D�PHWKRG�IRU�

VSOLWWLQJ�D�FOXVWHU�WKDW�FRQWDLQV�WKH�ZKROH�GDWD�DQG�SURFHHGV�E\�VSOLWWLQJ�FOXVWHUV�UHFXUVLYHO\�

XQWLO�LQGLYLGXDO�GDWD�KDYH�EHHQ�VSOLW�LQWR�VLQJOHWRQ�FOXVWHUV��

$OJRULWKP��

JLYHQ�D�GDWDVHW��G���G���G�������G1��RI�VL]H�1�

DW�WKH�WRS�ZH�KDYH�DOO�GDWD�LQ�RQH�FOXVWHU�

WKH�FOXVWHU�LV�VSOLW�XVLQJ�D�IODW�FOXVWHULQJ�PHWKRG�HJ��.�0HDQV�HWF�
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UHSHDW

FKRRVH�WKH�EHVW�FOXVWHU�DPRQJ�DOO�WKH�FOXVWHUV�WR�VSOLW

VSOLW�WKDW�FOXVWHU�E\�WKH�IODW�FOXVWHU

XQWLO HDFK�GDWD�LV�LQ�LWV�RZQ�VLQJOHWRQ�FOXVWHU
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FKRRVH�WKH�EHVW�FOXVWHU�DPRQJ�DOO�WKH�FOXVWHUV�WR�VSOLW

VSOLW�WKDW�FOXVWHU�E\�WKH�IODW�FOXVWHULQJ�DOJRULWKP�

HDFK�GDWD�LV�LQ�LWV�RZQ�VLQJOHWRQ�FOXVWHU

3DJH���
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