
,6(7/� $ 3URJUDPPLQJ /DQJXDJH IRU /HDUQLQJ 0DWKHPDWLFV

(G 'XELQVN\

3XUGXH 8QLYHUVLW\

,Q KRQRU RI -DFN 6FKZDUW] RQ KLV ��WK ELUWKGD\�

� +LVWRULFDO ,QWURGXFWLRQ

,W ZDV EDFN LQ ����� DW D IXQFWLRQDO DQDO\VLV FRQIHUHQFH DW WKH ,QGLDQ ,QVWLWXWH RI 7HFKQRORJ\

LQ .DQSXU� ,QGLD WKDW , nUVW KHDUG DERXW 6(7/ IURP -DFN 6FKZDUW]� ,W VRXQGHG IDVFLQDWLQJ�

EXW , ZDV QRW PRYHG WR ORRN LQWR LW DQ\ IXUWKHU XQWLO D GR]HQ \HDUV ODWHU ZKHQ -DFN ZDV KHOSLQJ

PH JHW VWDUWHG ZLWK D WUDLQLQJ SURJUDP IRU PDWKHPDWLFLDQV ZKR ZDQWHG WR OHDUQ KRZ WR WHDFK

FRPSXWHU VFLHQFH �WKH ,)5,&6 SURMHFW�� , ZDQWHG WR nQG RXW PRUH DERXW 6(7/ DQG KH JDYH PH

D FRS\ RI DQ LQWHUQDO� XQSXEOLVKHG UHSRUW RQ WKH ODQJXDJH� ,Q WKDW UHSRUW , QRWHG WKH IROORZLQJ

VHQWHQFH�

7KH >PDWKHPDWLFDO@ NQRZOHGJH DVVXPHG >IRU SURJUDPPLQJ LQ 6(7/@ LV URXJKO\ HTXLY�

DOHQW WR WKDW ZKLFK ZRXOG EH DFTXLUHG LQ D IUHVKPDQ�OHYHO FRXUVH LQ 'LVFUHWH 0DWKH�

PDWLFV�

:KDW VWUXFN PH DERXW WKDW VHQWHQFH LV WKH PLVPDWFK EHWZHHQ WKH UHDOO\ ODUJH QXPEHU RI

SHRSOH ZKR DUH ZLOOLQJ DQG DEOH WR OHDUQ WR SURJUDP� HYHQ LQ D FRPSOLFDWHG ODQJXDJH� DQG WKH

PXFK VPDOOHU JURXS ZKR DUH VXFFHVVIXO DW DVVLPLODWLQJ HYHQ WKH PRVW HOHPHQWDU\ FRQFHSWV LQ

GLVFUHWH PDWKHPDWLFV� -DFN ZDV UHIHUULQJ WR WKLQJV OLNH VHWV� VHTXHQFHV� IXQFWLRQV �DV DOJRULWKPV

RU VHWV RI RUGHUHG SDLUV�� SURSRVLWLRQDO DQG SUHGLFDWH ORJLF� 7KHVH DUH DOO WRSLFV WKDW D VXFFHVVIXO

6(7/ SURJUDPPHU NQRZV� 7KH\ DUH DOVR FRQFHSWV ZKLFK JLYH PXFK WURXEOH WR VWXGHQWV LQ

PDWKHPDWLFV FRXUVHV�

7KH SRLQW LV QRW WULYLDO� EHFDXVH LW ZDV -DFN
V LQWHQWLRQ WR EDVH D SURJUDPPLQJ ODQJXDJH RQ

IXQGHPHQWDO FRQFHSWV RI PDWKHPDWLFV� +H IHOW WKDW LI RQH EDVHG WKH GHVLJQ RI D ODQJXDJH RQ

nQLWH VHWV DQG IXQFWLRQV RQ WKHP LQ D PDQQHU WKDW ZDV WUXH WR WKH PDWKHPDWLFV LQYROYHG� WKHQ

WKH ODQJXDJH ZRXOG GHYHORS LQWR VRPHWKLQJ WKDW FRXOG H[SUHVV WKH PRVW FRPSOH[ PDWKHPDWLFDO

UHODWLRQVKLSV LQ D PDQQHU WKDW DGGHG OLWWOH RU QR GLpFXOW\ WR ZKDW ZDV DOUHDG\ FRQWDLQHG LQ WKH

PDWKHPDWLFV� $V ZH ZLOO VHH� KH ZDV QRW RQO\ ULJKW DERXW WKDW �DV ZLWQHVV WKH DFFRPSOLVKPHQWV

RI 6(7/�� EXW KH DOVR SURGXFHG D XQLTXH DQG SRWHQWLDOO\ HmHFWLYH SHGDJRJLFDO WRRO�

$ ODQJXDJH FRQVWUXFWHG RQ D PDWKHPDWLFDO IRXQGDWLRQ LV VXUH WR EH D SRZHUIXO SUREOHP VROYLQJ

WRRO _ IRU WKRVH ZKR FDQ KDQGOH WKH PDWKHPDWLFV� :KDW� , ZRQGHUHG LQ ����� DERXW WKH RWKHUV"

,I 6(7/ SURJUDPPHUV QHHG WR EH UHDVRQDEO\ IDFLOH LQ ZRUNLQJ ZLWK FRPSOH[ PDWKHPDWLFV� GRHV

WKDW QRW UHVWULFW DFFHVV WR WKLV EHDXWLIXO DQG H[SUHVVLYH SURJUDPPLQJ ODQJXDJH"

1RW DV PXFK DV \RX ZRXOG WKLQN� $V , REVHUYHG WKH ZRUOG RI FRPSXWHU VFLHQFH LQ WKH ����V� LW

VHHPHG WR PH WKDW WKHUH ZHUH TXLWH D IHZ SHRSOH ZKR FRXOG XVH SURJUDPPLQJ IHDWXUHV EDVHG RQ

GHVLJQ SULQFLSOHV RI ZKLFK WKH\ ZHUH QRW QHFHVVDULO\ DZDUH� 6XSSRVH WKHVH SURJUDPPHUV WULHG WR

SD\ DWWHQWLRQ WR WKH GHVLJQ SULQFLSOHV" 2U ZHUH WKH\ OHDUQLQJ WKLQJV ZLWKRXW H[SOLFLWO\ IRFXVVLQJ

RQ WKHVH SULQFLSOHV" , ZRQGHUHG LI 3DVFDO SURJUDPPHUV JRW EHWWHU DW XVLQJ WKH SUREOHP VROYLQJ

PHWKRG RI ?GLYLGH DQG FRQTXHU�� LI 3URORJ SURJUDPPHUV EHFDPH JRRG DW ORJLF� RU LI IXQFWLRQDO
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SURJUDPPHUV GHHSHQHG WKHLU XQGHUVWDQGLQJ RI FRPSRVLWLRQ RI IXQFWLRQV� :KHWKHU RU QRW WKLV

KDSSHQHG VSRQWDQHRXVO\� VXSSRVH LQVWUXFWLRQ LQ PDWKHPDWLFV PDGH XVH RI WKH PDWKHPDWLFDO

IRXQGDWLRQV RI D SURJUDPPLQJ ODQJXDJH" ,W RFFXUHG WR PH WKDW RQH FRXOG UHYHUVH -DFN
V SRLQW�

2QH FRXOG VHW VWXGHQWV WKH WDVN RI OHDUQLQJ WR SURJUDP LQ 6(7/ DQG WKHQ VHH LI LW ZDV DQ\ HDVLHU

IRU WKHP WR OHDUQ DERXW WKH DOJHEUD RI VHWV� H[LVWHQWLDO DQG XQLYHUVDO TXDQWLnFDWLRQ� DQG WKH

FRQVWUXFWLRQ DQG PDQLSXODWLRQ RI IXQFWLRQV�

, GHFLGHG WR SXUVXH WKLV WKRXJKW DQG WKH UHVXOW KDV EHHQ YHU\ JUDWLI\LQJ� , WKLQN LW LV IDLU WR

VD\ WKDW WKHUH LV WRGD\� LQ WKH nHOG RI SRVW�VHFRQGDU\ PDWKHPDWLFV� D FROOHFWLRQ RI LQGLYLGXDOV�

D QXPEHU RI SURMHFWV DQG D ERG\ RI SXEOLVKHG ZRUN LQYROYHG ZLWK KDYLQJ VWXGHQWV OHDUQ PDWKH�

PDWLFV E\ ZULWLQJ SURJUDPV LQ ZKDW KDV EHHQ FRPH WR EH NQRZQ DV D PDWKHPDWLFDO SURJUDPPLQJ

ODQJXDJH� 6LQFH -DFN 6FKZDUW]
 nUVW REVHUYDWLRQ RI WKH UHODWLRQVKLS EHWZHHQ 6(7/ DQG VRPH LP�

SRUWDQW WRSLFV LQ PDWKHPDWLFV� WKHUH KDV GHYHORSHG� LQ WKH ODVW �� \HDUV� DQ HGXFDWLRQDO YDULDQW

RI 6(7/� FDOOHG ,6(7/� UHVHDUFK SDSHUV LQ XQGHUJUDGXDWH PDWKHPDWLFV HGXFDWLRQ� WH[WERRNV�

FRXUVH GHYHORSPHQW� 16) JUDQWV� D QHWZRUN RI ,6(7/ XVHUV� DQG D QHWZRUN RI IDFXOW\ LPSOH�

PHQWLQJ FRXUVHV EDVHG RQ ,6(7/� ,6(7/ KDV EHFRPH D ZHOO NQRZQ ODQJXDJH LQ PDWKHPDWLFV

HGXFDWLRQ FLUFOHV LQ WKH 86 DQG DEURDG�

8VLQJ 6(7/ WR KHOS VWXGHQW OHDUQ PDWKHPDWLFV

, EHJDQ LQ ���� ZLWK 6(7/ LQ D FRXUVH RQ GLVFUHWH PDWKHPDWLFV� $V WLPH ZHQW RQ� WKHUH ZHUH

GHYHORSPHQWV� ERWK LQ WKH ODQJXDJH LWVHOI DQG LQ LGHDV RQ KRZ WR XVH LW� JHQHUDWHG E\ D JURZLQJ

QXPEHU RI VWXGHQWV DQG IDFXOW\ ZKR ZHUH WU\LQJ VRPHWKLQJ GLmHUHQW LQ PDWKHPDWLFV HGXFDWLRQ�

/HDUQLQJ PDWKHPDWLFV E\ OHDUQLQJ 6(7/ V\QWD[

)URP WKH EHJLQQLQJ� LW VHHPHG WKDW MXVW OHDUQLQJ 6(7/ V\QWD[ KHOSHG VWXGHQWV GHYHORS PDWK�

HPDWLFDO FRQFHSWV� $W D YHU\ HOHPHQWDU\ OHYHO VWXGHQWV ZURWH FRGH WKDW SHUIRUPHG RSHUDWLRQV

RQ LQWHJHUV� oRDWLQJ SRLQW QXPEHUV DQG ERROHDQ YDOXHV� 7KLV VHHPHG WR PDNH WKHP PRUH FRP�

IRUWDEOH ZLWK WKH JHQHUDO QRWLRQ RI RSHUDWLRQV RQ PDWKHPDWLFDO REMHFWV DQG QHZ RSHUDWLRQV� IRU

H[DPSOH PRGXODU DULWKPHWLF� FDPH IDLUO\ HDVLO\�

$ OLWWOH PRUH VRSKLVWLFDWHG� WKH 6(7/ V\QWD[ IRU VHWV DQG WXSOHV RI QXPEHUV DQG WKH GLmHUHQW

SURSHUWLHV RI WKHVH REMHFWV KHOSHG VWXGHQWV WKLQN DERXW PRUH WKDQ RQH QXPEHU DW D WLPH DQG

WKH GLmHUHQW ZD\V LQ ZKLFK FROOHFWLRQV RI QXPEHUV FRXOG EH VWUXFWXUHG�

/HDUQLQJ WKH V\QWD[ IRU SURFHGXUHV LQ 6(7/ �DQG ODWHU� IXQFV LQ ,6(7/� DQG XVLQJ WKHVH

SURJUDPPLQJ VWUXFWXUHV WR UHSUHVHQW VSHFLnF IXQFWLRQV YLVLEO\ HQULFKHQHG VWXGHQWV
 UHSHUWRLUHV

RI H[DPSOHV RI IXQFWLRQV� �6HH %UHLGHQEDFK� 'XELQVN\� +DZNV� DQG 1LFKROV� ���� IRU VRPH

GHWDLOV�� 0RYLQJ RYHU WR �nQLWH� VHWV RI RUGHUHG SDLUV DQG OHDUQLQJ WKH V\QWD[ IRU HYDOXDWLQJ D

IXQFWLRQ _ ZKLFK LV LGHQWLFDO WR WKH V\QWD[ IRU IXQFWLRQV GHnQHG DV SURFHGXUHV _ OHG WR VWXGHQWV

EHJLQQLQJ WR GHYHORS XQGHUVWDQGLQJV RI IXQFWLRQV WKDW ZHQW EH\RQG ZKDW PRVW SHRSOH VHH ZKHQ

WHDFKLQJ WKHVH WRSLFV�

7KH HmHFW ZDV VWULNLQJ DQG LW OHG WKRVH RI XV ZKR ZHUH REVHUYLQJ LW WR ZRQGHU DERXW WKH

PHFKDQLVP E\ ZKLFK VWXGHQW OHDUQLQJ DSSHDUHG WR EH LPSURYLQJ�

�



0DNLQJ WKH DEVWUDFW PRUH FRQFUHWH

2XU nUVW WKRXJKWV ZHUH WKDW VWXGHQWV KDG D ORW RI WURXEOH ZLWK PDWKHPDWLFDO LGHDV WKDW ZHUH

DEVWUDFW LQ WKH VHQVH WKDW WKH\ ZHUH QRW WLHG WR ZKDW ZH FDQ DFFHVV WKURXJK RXU VHQVHV� ,I \RX

ZULWH GRZQ D VHW IRUPHU VXFK DV WKH IROORZLQJ�

I[ � [ � I�� �� � � � � ���JM���\ � I�� �� � � � � [b �J � [ PRG \  ��J

D PDWKHPDWLFLDQ ZLOO PHQWDOO\ FRQYHUW WKH V\PEROV WR D VWUXFWXUHG FROOHFWLRQ RI PDWKHPDWLFDO

REMHFWV DQG UHODWLRQV WR FRQFOXGH WKDW WKLV H[SUHVVLRQ FDOFXODWHV WKH VHW RI SULPHV OHVV WKDQ

���� %HJLQQLQJ VWXGHQWV ZLOO QRW nQG WKDW VR HDV\ DQG ZLOO WUHDW WKH H[SUHVVLRQ DV D VRPHZKDW

P\VWHULRXV FROOHFWLRQ RI V\PEROV� 7KLV VHHPV WR EH WKH FDVH HYHQ IRU VWXGHQWV ZKR NQRZ ZKDW

WKH V\PEROV UHSUHVHQW LQGLYLGXDOO\ DQG XQGHUVWDQG HDFK UHODWLRQVKLS�

7KH WURXEOH VHHPV WR EH WKDW WKLV H[SUHVVLRQ LV DEVWUDFW LQ WKH WKH VHQVH RI QRW EHLQJ WLHG WR

FRQFUHWH NQRZOHGJH RI WKH VWXGHQW� :H REVHUYH WKDW WKH VLWXDWLRQ LV PXFK LPSURYHG LI VWXGHQWV

DUH DVNHG WR UHSUHVHQW WKH VDPH VHW LQ ,6(7/ V\QWD[� ,W ORRNV OLNH WKLV�

I[ � [ LQ I������J _ �QRW H[LVWV \ LQ I�����[��J _ [ �PRG \  ��J

7KH IDFW WKDW WKLV V\QWD[ LV VR FORVH WR WKH PDWKHPDWLFDO QRWDWLRQ QRW RQO\ PDNHV WKH LQ�

VWUXFWRU KDSS\� EXW DOVR PLQLPL]HV WKH SURJUDPPLQJ RYHUKHDG IRU VWXGHQWV�

,W VHHPV WKDW ZULWLQJ DQG UXQQLQJ VXFK H[SUHVVLRQV KHOSV VWXGHQWV XQGHUVWDQG WKH PDWKHPDW�

LFV LQ WKDW LW EHFRPHV PRUH FRQFUHWH LQ WKH VWXGHQWV
 PLQG� 7KDW LV� WKH VWXGHQW FDQ LPDJLQH

ZKDW LV JRLQJ RQ LQVLGH WKH FRPSXWHU DV D VWDWHPHQW VXFK DV WKLV LV SURFHVVHG DQG RIWHQ� ZKDW

LV JRLQJ RQ LQVLGH WKH FRPSXWHU FDQ EH GHVFULEHG LQ ZD\V WKDW DUH FORVH WR ZKDW ZH ZRXOG OLNH

WR EH JRLQJ RQ LQVLGH WKH PLQGV RI RXU VWXGHQWV�

%XW WKHUH LV PRUH WR LW WKDQ WKDW DQG ZH KDYH WULHG WR LQFUHDVH RXU XQGHUVWDQGLQJ RI ZKDW

JRHV RQ LQ SHRSOH
V PLQGV ZKHQ WKH\ OHDUQ PDWKHPDWLFV RU ZKHQ WKH\ WU\ EXW GR QRW VXFFHHG

LQ OHDUQLQJ� :H KDYH EHHQ GRLQJ WKLV� QRW MXVW WR VDWLVI\ RXU FXULRVLW\ DERXW ZK\ 6(7/ �DQG

,6(7/� DUH VR KHOSIXO IRU VWXGHQWV WU\LQJ WR OHDUQ PDWKHPDWLFV� :H DOVR EHOLHYH WKDW WKH PRUH ZH

OHDUQ DERXW WKLV PHFKDQLVP� WKH PRUH SRZHUIXO NLQGV RI LQVWUXFWLRQ FDQ EH GHVLJQHG WR IDFLOLWDWH

LW�

0HQWDO FRQVWUXFWLRQV WR OHDUQ PDWKHPDWLFV

,Q SDUDOOHO ZLWK WKH GHYHORSPHQW RI ZD\V RI XVLQJ SURJUDPPLQJ WR KHOS VWXGHQWV OHDUQ PDWK�

HPDWLFV� ZH KDYH EHHQ ZRUNLQJ RQ D WKHRU\ RI OHDUQLQJ ZKLFK LQIRUPV DOO RI RXU SHGDJRJLFDO

VWUDWHJLHV� :H ZLOO VD\ D OLWWOH PRUH DERXW WKLV WKHRU\ ODWHU LQ WKH SDSHU EXW� EDVLFDOO\� LW KDV

OHG XV WR VWXG\ VSHFLnF PHQWDO FRQVWUXFWLRQV WKDW FDQ EH XVHIXO LQ OHDUQLQJ PDWKHPDWLFV� 7KH

DSSOLFDWLRQ RI WKLV WKHRU\ FRQVLVWV RI GHVLJQLQJ LQVWUXFWLRQ VR DV WR IRVWHU VWXGHQWV
 PDNLQJ WKVH

FRQVWUXFWLRQV� 2IWHQ WKHVH FRQVWUXFWLRQV FDQ EH IRVWHUHG E\ ZULWLQJ FRPSXWHU FRGH�

7KXV� LI ZH ZLVK VWXGHQWV WR WKLQN RI IXQFWLRQV DV LQSXW�RXWSXW SURFHVVHV� WKHQ ZULWLQJ D

FRPSXWHU SURJUDP WR LPSOHPHQW IXQFWLRQV FDQ KDYH D VDOXWRU\ HmHFW� &RQVLGHU� IRU H[DPSOH�

WKH FODVVLFDO FDOFXOXV SUREOHP FRQFHUQHG ZLWK WDNLQJ D UHFWDQJOH RI OHQJWK O DQG ZLGWK Z DQG

FXWWLQJ RXW HTXDO VTXDUHV IURP HDFK FRUQHU WR PDNH D ER[� 7KH XVXDO SUREOHP LV WR PD[LPL]H WKH

YROXPH� +RZHYHU� IRU PDQ\ VWXGHQWV� WKH GLpFXOW\ LV WR VHH� LQ WKLV VWDWLF VLWXDWLRQ� D IXQFWLRQ
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ZKLFK WUDQVIRUPV WKH VLGH V RI WKH FKRVHQ VTXDUH WR D YROXPH 9 � 3LFWXUHV PLJKW KHOS ZLWK WKLV

EXW RXU WKHRU\ SUHGLFWV WKDW VWXGHQWV
 DELOLW\ WR WKLQN LQ WHUPV RI VXFK D IXQFWLRQ LV JUHDWO\

HQKDQFHG LI WKH\ DUH DVNHG WR ZULWH D FRPSXWHU SURJUDP ZKLFK DFFHSWV V DQG UHWXUQV 9 � 6XFK

D SURJUDP LV YHU\ VLPSOH� RI FRXUVH�

9 � IXQF�V��

UHWXUQ V�O��V��Z��V��

HQG�

:H nQG WKDW VWXGHQWV DUH KHOSHG HYHQ LQ VXFK HOHPHQWDU\ FDVHV� EXW WKH UHDO SD\Rm FRPHV LQ

VLWXDWLRQV VXFK DV SLHFH�ZLVH FRQWLQXRXV IXQFWLRQV DQG IXQFWLRQV GHnQHG E\ LQWHJUDOV�

2IWHQ LQ PDWKHPDWLFV� LW LV QHFHVVDU\ WR WKLQN DERXW D IXQFWLRQ DV DQ REMHFW ZKLFK FDQ EH

PDQLSXODWHG� 7KLV REMHFW LQWHUSUHWDWLRQ FDQ EH YHU\ GLpFXOW IRU VWXGHQWV DQG ZH ZLOO GLVFXVV

LQ VRPH GHWDLO EHORZ KRZ D SURJUDPPLQJ ODQJXDJH FDQ EH XVHG WR KHOS VWXGHQWV GHYHORS WKH

DELOLW\ WR LQWHUSUHW IXQFWLRQV DV REMHFWV� )RU QRZ� FRQVLGHU WKH IROORZLQJ H[DPSOH RI D IXQF LQ

,6(7/ ZKLFK DFFHSWV DQ\ FRPSXWHU UHSUHVHQWDWLRQ RI D IXQFWLRQ I DQG UHWXUQV D IXQFWLRQ ZKLFK

DSSUR[LPDWHV LWV GHULYDWLYH�

GI � IXQF�I��

UHWXUQ IXQF�[��

UHWXUQ �I�[� ��������� � I�[������������

HQG�

HQG�

:H VKDOO GLVFXVV IXUWKHU LQ WKH VHTXHO KRZ ZULWLQJ SURJUDPV VXFK DV WKLV RQH FDQ KHOS VWXGHQWV

GHYHORS WKH DELOLW\ WR WR WKLQN RI IXQFWLRQV DV REMHFWV�

,6(7/ YV� SURJUDPPLQJ

$OO RI WKH SURJUDPPLQJ H[DPSOHV ZH JLYH LQ WKLV SDSHU DUH LQ ,6(7/� $V GHVFULEHG EHORZ�

RXU HGXFDWLRQDO DFWLYLWLHV EHJDQ ZLWK 6(7/ DQG RXU ZRUN OHG WR WKH GHYHORSPHQW RI ,6(7/�

:LWKLQ WKH ZRUOG RI PDWKHPDWLFV HGXFDWLRQ� VRPH SHRSOH WKLQN RI WKRVH RI XV LQYROYHG ZLWK

WKHVH SURMHFWV DV ?,6(7/ SHRSOH�� 7KLV LV QRW VWULFWO\ DFFXUDWH� 7KHUH DUH FHUWDLQ IHDWXUHV

D SURJUDPPLQJ ODQJXDJH PXVW KDYH LQ RUGHU WR EH FRQVLGHUHG D PDWKHPDWLFDO SURJUDPPLQJ

ODQJXDJH� 2XU SRVLWLRQ LV WKDW DQ\ ODQJXDJH ZKLFK HQMR\V WKH IROORZLQJ SURSHUWLHV LV� PRUH RU

OHVV� D PDWKHPDWLFDO SURJUDPPLQJ ODQJXDJH�

q 7KH V\QWD[ LV UHDVRQDEO\ FORVH WR RQH RU DQRWKHU VWDQGDUG PDWKHPDWLFDO QRWDWLRQ V\VWHP�

,W VKRXOG EH SRVVLEOH WR ZULWH FRGH VR WKDW LWHPV QRW QHFHVVDU\ WR WKH PDWKHPDWLFV LQYROYHG

RFFXU RQO\ UDUHO\�

q &HUWDLQ PDWKHPDWLFDO IHDWXUHV DUH VXSSRUWHG WRJHWKHU ZLWK WKHLU XVXDO PDWKHPDWLFDO SURS�

HUWLHV� 7KLV LQFOXGHV nQLWH VHWV DQG nQLWH VHTXHQFHV ZLWK HOHPHQWV IURP DQ\ GDWD W\SHV

�LQFOXGLQJ WKHPVHOYHV�� ORJLFDO FRQQHFWLYHV DQG TXDQWLnHUV� IXQFWLRQV DV SURFHGXUHV DQG DV

VHWV RI RUGHUHG SDLUV� UHODWLRQV DV VHWV RI RUGHUHG SDLUV�

q $OO GDWD W\SHV DUH nUVW FODVV REMHFWV LQ WKH VHQVH WKDW WKH\ FDQ DSSHDU LQ DQ\ H[SUHVVLRQ

SURYLGHG WKDW LW PDNHV PDWKHPDWLFDO VHQVH� ,Q SDUWLFXODU� VHWV DQG VHTXHQFHV FDQ FRQWDLQ

HOHPHQWV RI GLmHUHQW GDWD W\SHV DQG SURFHGXUHV FDQ EH LQSXWV DQG RXWSXWV WR SURFHGXUHV�
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,6(7/ KDV DOO RI WKHVH IHDWXUHV WR D YHU\ KLJK GHJUHH DQG , GRQ
W NQRZ RI DQ\ RWKHU ODQJXDJH

WKDW GRHV VR QHDUO\ DV ZHOO� 6(7/ RI FRXUVH FRPHV FORVHVW� EXW LQ 6(7/� SURFHGXUHV DUH QRW nUVW

FODVV REMHFWV� 7KH FRPSXWHU DOJHEUD V\VWHP 0$3/( KDV D SURJUDPPLQJ ODQJXDJH FRPSRQHQW

ZKLFK� LQ UHFHQW YHUVLRQV� KDV DFTXLUHG VRPH RI WKHVH IHDWXUHV DQG D VLJQLnFDQW DPRXQW RI ZKDW

LV GRQH ZLWK ,6(7/ FDQ EH GRQH ZLWK 0$3/( 9� , KDYH QR GRXEW WKDW WKLV DPRXQW ZLOO LQFUHDVH

ZLWK IXWXUH HQKDQFHPHQWV RI 0$3/(�

7KH PDLQ SRLQW WR EH PDGH LV WKDW WKH LGHDV H[SUHVVHG LQ WKLV SDSHU FDQ EH LPSOHPHQWHG

ZLWK DQ\ PDWKHPDWLFDO SURJUDPPLQJ ODQJXDJH� ,W LV RQO\ D WHPSRUDU\ IDFW WKDW ,6(7/ LV WKH

FORVHVW WR RXU LGHDO DQG KHQFH IRU WKH WLPH EHLQJ� DOPRVW DOO RI WKH H[DPSOHV DUH LQ ,6(7/�

%XW LW LV RXU LQWHQWLRQ WKDW WKH LGHDV LQYROYHG VKRXOG WUDQVFHQG DQ\ SDUWLFXODU SURJUDPPLQJ

ODQJXDJH� 2XU GHEW WR -DFN 6FKZDUW] LV WKDW KH SURGXFHG WKH nUVW H[DPSOH _ 6(7/ _ ZKLFK

VXSSRUWHG HGXFDWLRQDO ZRUN WKDW KDV OHG DQG ZLOO OHDG WR FRQWLQXHG GHYHORSPHQW RI PDWKHPDWLFDO

SURJUDPPLQJ ODQJXDJHV�

2YHUYLHZ RI WKH PRYHPHQW

+HUH LV D YHU\ URXJK FKURQRORJ\ RI WKH GHYHORSPHQW RI WKH PRYHPHQW WR XVH ,6(7/ LQ PDWKH�

PDWLFV HGXFDWLRQ�

���������� )LUVW VWHSV RI XVLQJ 6(7/ LQIRUPDOO\ LQ LQGLYLGXDO FRXUVHV LQ GLVFUHWH PDWKHPDWLFV

DQG DEVWUDFW DOJHEUD DW &ODUNVRQ 8QLYHUVLW\�

�������� 'LVFXVVLRQV ZLWK *DU\ /HYLQ ZKR GHYHORSHG ,6(7/ YHUVLRQ ����

����� )LUVW ZRUNLQJ YHUVLRQ� ,6(7/ ��� XVHG LQ GLVFUHWH PDWK DQG DEVWUDFW DOJHEUD FRXUVHV DW

%HUNHOH\ DQG &ODUNVRQ�

���� )LUVW ,6(7/�EDVHG WH[WERRN� /HDUQLQJ 'LVFUHWH 0DWKHPDWLFV ZLWK ,6(7/� ZULWWHQ E\

1DQF\ %D[WHU� (G 'XELQVN\ DQG *DU\ /HYLQ� SXEOLVKHG E\ 6SULQJHU�9HUODJ�

����� )LUVW 16) JUDQW UHFHLYHG IRU UHVHDUFK DQG GHYHORSPHQW RI DQ ,6(7/�EDVHG FRXUVH LQ

&DOFXOXV� 7KLV SURMHFW KDV UHFHLYHG FRQWLQXLQJ DQG VXEVWDQWLDO VXSSRUW IURP 16) DQG LV

FXUUHQWO\ IXQGHG WKURXJK �����

����� &RPSOHWLRQ E\ *DU\ /HYLQ RI ,6(7/ YHUVLRQ ��� ZLWK LQWHUDFWLYH HGLWLQJ� IRUPDWWHG

SULQWLQJ DQG WKH UHPRYDO RI PDQ\ HUURUV LQ HDUOLHU YHUVLRQV�

���� %HJLQQLQJ WKUHH�\HDU 16) IXQGLQJ IRU UHVHDUFK DQG GHYHORSPHQW RI DQ ,6(7/�EDVHG FRXUVH

LQ $EVWUDFW $OJHEUD�

���� 3XEOLFDWLRQ RI DQ ,6(7/�EDVHG WH[WERRN� &DOFXOXV� &RQFHSWV� DQG &RPSXWHUV E\ (G 'X�

ELQVN\ DQG .HLWK 6FKZLQJHQGRUI� SXEOLVKHG E\ :HVW (GXFDWLRQDO 3XEOLVKLQJ�

����� )LUVW VXPPHU ZRUNVKRS ��� GD\V� IRU IDFXOW\ WR OHDUQ KRZ WR XVH ,6(7/�EDVHG DSSURDFK

WR WHDFKLQJ FDOFXOXV� 7KHVH ZRUNVKRSV KDYH FRQWLQXHG HYHU\ VXPPHU VLQFH DQG DUH IXQGHG

WKURXJK �����

���� 3XEOLFDWLRQ RI DQ ,6(7/ XVHU
V PDQXDO ,6(7/� $ /DQJXDJH IRU /HDUQLQJ 0DWKHPDWLFV E\

-HQQLH 'DXWHUPDQQ� SXEOLVKHG E\ :HVW (GXFDWLRQDO 3XEOLVKLQJ�

�



���� 3XEOLFDWLRQ RI DQ ,6(7/�EDVHG WH[WERRN� /HDUQLQJ $EVWUDFW $OJHEUD ZLWK ,6(7/� ZULWWHQ

E\ (G 'XELQVN\ DQG 8UL /HURQ� SXEOLVKHG E\ 6SULQJHU�9HUODJ�

����� )LUVW VXPPHU ZRUNVKRS ��� GD\V� IRU IDFXOW\ WR OHDUQ KRZ WR XVH ,6(7/�EDVHG DSSURDFK

WR WHDFKLQJ DEVWUDFW DOJHEUD� 7KLV ZRUNVKRS LV VFKHGXOHG WR UXQ DJDLQ LQ �����

1HWZRUNV KDYH EHHQ VHW XS IRU ,6(7/ XVHUV� LPSOHPHQWHUV RI WKH FDOFXOXV FRXUVH DQG LPSOH�

PHQWHUV RI WKH DEVWUDFW DOJHEUD FRXUVH� $V RI HDUO\ ���� LW LV HVWLPDWHG WKDW PRUH WKDQ ���

WHDFKHUV LQ RYHU �� FROOHJHV �DQG D IHZ KLJK VFKRROV� WKURXJKRXW WKH ZRUOG DUH XVLQJ ,6(7/ LQ

RQH RU PRUH PDWKHPDWLFV FRXUVHV� LQYROYLQJ D IHZ WKRXVDQG VWXGHQWV�

,W LV IDLU WR VD\ WKDW LQ WKLV ���\HDU SHULRG� ,6(7/ KDV EHFRPH DQ HVWDEOLVKHG IHDWXUH RI

XQGHUJUDGXDWH PDWKHPDWLFV HGXFDWLRQ� ,W KDV QRW EHFRPH ZKDW RQH PLJKW FDOO ?ZLGHVSUHDG�� EXW

LW LV NQRZQ DQG UHVSHFWHG� HVSHFLDOO\ DPRQJ WKRVH ZKR DUH HQJDJHG LQ SRVWVHFRQGDU\ FXUULFXOXP

UHIRUP LQ PDWKHPDWLFV�

6(7/ DQG ,6(7/

:KHQ SHRSOH nUVW ZRUNHG ZLWK 6(7/� WKH HPSKDVLV ZDV RQ H[SUHVVLYH SRZHU DQG IXQFWLRQDOLW\�

7KH PRVW LPSRUWDQW JRDO ZDV WKDW YHU\ FRPSOH[ SURJUDPV FRXOG EH ZULWWHQ UHODWLYHO\ TXLFNO\

DQG HDVLO\� HVVHQWLDOO\ E\ VWDWLQJ WKH UHTXLUHG UHODWLRQVKLSV LQ PDWKHPDWLFDO ODQJXDJH� ,W ZDV

VXJJHVWHG WKDW WKH SDUDGLJP XQGHU ZKLFK 6(7/ ZRUNHG ZDV WKDW WKH ?VWDWHPHQW RI WKH SUREOHP

LV WKH SURJUDP�� 7KHUH ZDV OHVV FRQFHUQ ZLWK VSHHG DQG RQH KHDUG LW VDLG DERXW D FRPSOH[ 6(7/

SURJUDP WKDW� ?,I LW PRYHV� LW
V IDVW HQRXJK�� /DWHU� WKHUH ZDV VRPH FRQFHUQ ZLWK HpFLHQF\ DQG

WKH 'DWD 5HSUHVHQWDWLRQDO 6XEODQJXDJH �'XELQVN\� )UHXGHQEHUJHU� 6FKRQEHUJ� DQG 6FKZDUW]�

����� ZDV GHVLJQHG WR KHOS PDNH SURJUDPV ZULWWHQ LQ 6(7/ UXQ IDVWHU DQG PRUH HpFLHQWO\�

7KH LQLWLDO UHDFWLRQV RI VWXGHQWV ZKR XVHG 6(7/ LQ WKH nUVW FRXUVHV ZDV WKDW LW KHOSHG

FRQVLGHUDEO\� %XW WKHUH ZHUH SURSHUWLHV RI 6(7/ WKDW PDGH LW FOHDU WKDW LWV XVH LQ HGXFDWLRQ IRU

EHJLQQLQJ PDWKHPDWLFV FRXUVHV ZRXOG EH KLJKO\ OLPLWHG� ,QGHHG� LW ZDV WKH HDUO\ LQGLFDWLRQV RI

WKH HGXFDWLRQDO SRWHQWLDO RI VXFK D ODQJXDJH WKDW SURYLGHG WKH LPSHWXV IRU GHVLJQLQJ D YDULDWLRQ

RI 6(7/ IRFXVVHG RQ HGXFDWLRQDO XVHV�

7KH PDLQ SUREOHPDWLF IHDWXUHV RI 6(7/ LQ ���� ZHUH�

q 6(7/ LV YHU\ ODUJH DQG LV QRW XVHDEOH RQ WKH VPDOO SHUVRQDO FRPSXWHUV MXVW EHJLQQLQJ WR

EHFRPH SRSXODU LQ DFDGHPLD�

q 6(7/ LV VORZ�

q 6(7/ LV D FRPSLOHG ODQJXDJH DQG LW ZDV QHFHVVDU\ WR RSHUDWH LQ EDWFK PRGH�

q 6(7/ KDV PDQ\ FRPSOH[ IHDWXUHV WKDW DUH QRW HVVHQWLDO IRU HGXFDWLRQDO SXUSRVHV�

q )XQFWLRQV DUH QRW nUVW FODVV REMHFWV LQ 6(7/�

,Q VXPPHU ����� , EHJDQ FRQYHUVDWLRQV ZLWK *DU\ /HYLQ DERXW WKH SRVVLELOLW\ RI GHYHORSLQJ

DQ LQWHUDFWLYH YHUVLRQ RI 6(7/ WKDW ZRXOG HOLPLQDWH WKHVH SUREOHPV DQG EH PRUH DSSURSULDWH

IRU HGXFDWLRQDO XVHV� 'LVFXVVLRQV FRQWLQXHG WKURXJKRXW WKH )DOO DQG E\ -DQXDU\� ���� ZH KDG

DJUHHG RQ VSHFLnFDWLRQV DQG *DU\ EHJDQ WR ZRUN RQ ZKDW ZRXOG EHFRPH �ZLWK WKH DJUHHPHQW

RI -DFN 6FKZDUW]� ,6(7/� %\ $SULO� ���� /HYLQ KDG SURGXFHG D YHUVLRQ ZKLFK UDQ EXW ZLWK
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D PXOWLWXGH RI HUURUV DQG MXVW EHIRUH WKH VHPHVWHU HQGHG LW KDG SURFHHGHG IDU HQRXJK WKDW ,

FRXOG VKRZ LW WR P\ GLVFUHWH PDWKHPDWLFV FODVV ZKHUH WKH VWXGHQWV KDG EHHQ XVLQJ 6(7/� %\

)DOO RI ����� ,6(7/ YHUVLRQ ��� ZDV VXpFLHQWO\ VWDEOH WKDW , FRXOG XVH LW LQ FRXUVHV RQ GLVFUHWH

PDWKHPDWLFV DQG DEVWUDFW DOJHEUD�

)ROORZLQJ DUH WKH PDLQ IHDWXUHV RI ,6(7/ WKDW GLVWLQJXLVK LW IURP 6(7/�

q $OWKRXJK PRVW RI WKH V\QWD[ LV LGHQWLFDO WR 6(7/� VRPH IHDWXUHV RI 6(7/ DUH QRW LPSOH�

PHQWHG LQ ,6(7/�

q ,6(7/ LV LQWHUDFWLYH DQG UHVSRQVH LV TXLFN�

q ,6(7/ UXQV RQ 3&V XQGHU 06�'26� 0DFLQWRVK DQG 681 :RUNVWDWLRQV�

q ,6(7/ LV XQGHU ���. VR WKDW LW GRHV QRW UHTXLUH YHU\ ODUJH FRPSXWHUV�

q ,Q ,6(7/� IXQFWLRQV DUH nUVW FODVV REMHFWV�

,W LV ZRUWK QRWLQJ WKDW DOWKRXJK *DU\ /HYLQ UHWDLQV RZQHUVKLS RI ,6(7/� LW LV DYDLODEOH IUHH

WR DQ\RQH ZKR UHTXHVWV LW� $ GLVN LV GLVWULEXWHG ZLWK WKH VHYHUDO WH[WERRNV DQG PDQXDOV WKDW

KDYH EHHQ SXEOLVKHG� &RSLHV FDQ EH REWDLQHG� IRU H[DPSOH� IURP WKH DXWKRU�

� /HDUQLQJ 7KHRU\ DQG ,6(7/

%HIRUH GLVFXVVLQJ RXU WKHRU\ RI OHDUQLQJ ZH PXVW nUVW GHVFULEH D SDUDGLJP IRU FRPELQLQJ WKLV

WKHRU\ ZLWK HPSLULFDO LQYHVWLJDWLRQV DQG GHYHORSPHQW RI LQVWUXFWLRQDO DSSURDFKHV� 7KHQ ZH

ZLOO GLVFXVV WKH WKHRU\ LQ VRPHZKDW JHQHUDO WHUPV� )LQDOO\� LQ GHVFULELQJ WKH QDWXUH RI PHQWDO

FRQVWUXFWLRQV LQYROYHG ZH ZLOO WU\ WR LQGLFDWH KRZ WKH WKHRU\ nWV ZLWK OHDUQLQJ PDWKHPWLFV�

$ SDUDGLJP IRU UHVHDUFK DQG FXUULFXOXP GHYHORSHQW

7KH SDUDGLJP ZKLFK LV XVHG LQ RXU LQYHVWLJDWLRQV LV D UHSHDWHG WUDYHUVDO RI D FLUFOH RI DFWLYLWLHV

WKDW FDQ EH LOOXVWUDWHG DV LQ )LJXUH ��

)LJXUH �� 3DUDGLJP IRU UHVHDUFK DQG FXUULFXOXP GHYHORSPHQW

,QYHVWLJDWLRQ RI D SDUWLFXODU WRSLF EHJLQV ZLWK D WKHRUHWLFDO DQDO\VLV EDVHG RQ D JHQHUDO WKH�

RU\ RI OHDUQLQJ �ZKLFK , ZLOO GLVFXVV LQ WKH QH[W SDUDJUDSK�� WKH UHVHDUFKHUV
 RZQ NQRZOHGJH RI

WKH PDWKHPDWLFV LQYROYHG� DQG DQ\ LQIRUPDO REVHUYDWLRQV RI VWXGHQWV� IRU H[DPSOH� LQ WHDFKLQJ
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WKH PDWHULDO LQ D WUDGLWLRQDO ZD\� 7KH SXUSRVH RI WKLV DQDO\VLV LV WR SURSRVH� LQ D SUHOLPLQDU\

DQG WHQWDWLYH PDQQHU� D JHQHWLF GHFRPSRVLWLRQ RI WKH FRQFHSW LQ TXHVWLRQ� 7KDW DPRXQWV WR

VXJJHVWLQJ VSHFLnF PHQWDO FRQVWUXFWLRQV ZKLFK D VWXGHQW FDQ PDNH LQ RUGHU WR OHDUQ WKH FRQ�

FHSW� 7KH QH[W VWHS LV WR GHVLJQ DQG LPSOHPHQW LQVWUXFWLRQ DLPHG DW JHWWLQJ VWXGHQWV WR PDNH

WKH SURSRVHG PHQWDO FRQVWUXFWLRQV� $V WKH VWXGHQWV DUH H[SHULHQFLQJ WKLV LQVWUXFWLRQ� GDWD LV

FROOHFWHG LQ VHYHUDO GLmHUHQW ZD\V� XVLQJ ERWK TXDQWLWDWLYH DQG TXDOLWDWLYH PHWKRGV RI JDWKHULQJ

LQIRUPDWLRQ�

7KH nQDO VWHS LQ WKH WUDYHUVDO LV WR FRRUGLQDWH WKH HPSLULFDO GDWD REWDLQHG ZLWK WKH WKHRUHWLFDO

DQDO\VLV� 7KLV PHDQV� RQ RQH KDQG� WKDW WKH WKHRUHWLFDO DQDO\VLV VXJJHVWV TXHVWLRQV WR DVN RI WKH

GDWD� WR ZLW� GRHV LW DSSHDU WKDW WKH SURSRVHG PHQWDO FRQVWUXFWLRQV ZHUH PDGH E\ VWXGHQWV"

)RFXVLQJ WKH DQDO\VLV RI GDWD LQ WKLV ZD\ FDQ KHOS WKH UHVHDUFKHU GHDO ZLWK D KXJH DPRXQW RI

LQIRUPDWLRQ PHDQLQJIXOO\� EXW IDU IURP H[KDXVWLYHO\� ,QGHHG ZH KDYH YHU\ RIWHQ XVHG WKH VDPH

GDWD PRUH WKDQ RQFH LQ VWXGLHV GLmHUHQWLDWHG E\ WKH TXHVWLRQV WR ZKLFK D WKHRUHWLFDO DQDO\VLV

SRLQWV XV�

2Q WKH RWKHU KDQG� LW VRPHWLPHV RFFXUV WKDW WKH PHQWDO FRQVWUXFWLRQV VWXGHQWV DSSHDU WR EH

PDNLQJ DUH GLmHUHQW IURP ZKDW KDV EHHQ SURSRVHG� 2QH SRVVLEOH UHDFWLRQ WR WKLV LV WR UHFRQVLGHU

RQH RU PRUH DVSHFWV RI WKH WKHRUHWLFDO DQDO\VLV�

7R VXPPDUL]H� WKH WKHRUHWLFDO DQDO\VLV GULYHV WKH LQVWUXFWLRQ ZKLFK FUHDWHV WKH GDWD� 7KH

WKHRUHWLFDO DQDO\VLV GLUHFWV WKH DQDO\VLV RI GDWD DQG LV VLPXOWDQHRXVO\ VXEMHFW WR UHYLVLRQ DV D

UHVXOW RI WKLV GDWD DQDO\VLV� 7KLV FLUFOH RI DFWLYLW\ LV WKHQ UHSHDWHG ZLWK WKH �SRVVLEO\ QHZ�

WKHRUHWLFDO DQDO\VLV� ,W LV UHSHDWHG DV RIWHQ DV DSSHDUV QHFHVVDU\ WR XQGHUVWDQG WKH HSLVWHPRORJ\

RI WKH SDUWLFXODU WRSLF�

,I WKLQJV ZRUN SURSHUO\� WKHQ OHDUQLQJ VKRXOG LPSURYH LQ D QDWXUDO ZD\ DV UHVXOW RI LQVWUXFWLRQ

WKDW UHODWHV WR KRZ WKH VWXGHQWV FDQ OHDUQ WKH FRQFHSW RU FRQFHSWV�

,Q WKH UHPDLQLQJ SDUDJUDSKV RI WKLV VHFWLRQ , ZLOO VNHWFK WKH JHQHUDO WKHRU\ LQ LWV SUHVHQW

VWDJH RI GHYHORSPHQW DQG GHVFULEH WKH QDWXUH RI PHQWDO FRQVWUXFWLRQV WKDW WKH WKHRU\ SURSRVHV

DORQJ ZLWK VRPH H[DPSOHV�

0DWKHPDWLFDO NQRZOHGJH DQG LWV DFTXLVLWLRQ

2XU WKHRU\ EHJLQV ZLWK D VWDWHPHQW RI ZKDW LW PHDQV WR OHDUQ DQG NQRZ VRPHWKLQJ LQ PDWKH�

PDWLFV�

$Q LQGLYLGXDO
V PDWKHPDWLFDO NQRZOHGJH LV KHU RU KLV WHQGHQF\ WR UHVSRQG WR PDWKH�

PDWLFDO SUREOHP VLWXDWLRQV E\ UHoHFWLQJ RQ WKHP LQ D VRFLDO FRQWH[W DQG FRQVWUXFWLQJ

RU UHFRQVWUXFWLQJ PDWKHPDWLFDO DFWLRQV� SURFHVVHV DQG REMHFWV DQG RUJDQL]LQJ WKHVH LQ

VFKHPDV WR XVH LQ GHDOLQJ ZLWK WKH VLWXDWLRQV�

7KHUH LV� LQ WKLV VWDWHPHQW� UHIHUHQFHV WR D QXPEHU RI DVSHFWV RI OHDUQLQJ DQG NQRZLQJ� )RU

RQH WKLQJ� WKH VWDWHPHQW DFNQRZOHJHV WKDW ZKDW D SHUVRQ NQRZV DQG LV FDSDEOH RI GRLQJ LV QRW

QHFHVVDULO\ DYDLODEOH WR KHU RU KLP DW D JLYHQ PRPHQW DQG LQ D JLYHQ VLWXDWLRQ� $OO RI XV ZKR

KDYH WDXJKW �RU VWXGLHG� DUH IDPLOLDU ZLWK WKH SKHQRPHQRQ RI D VWXGHQW PLVVLQJ D TXHVWLRQ

FRPSOHWHO\ RQ DQ H[DP DQG WKHQ UHDOO\ NQRZLQJ WKH DQVZHU ULJKW DIWHU� ZLWKRXW ORRNLQJ LW XS�

$ UHODWHG SKHQRPHQRQ LV WR EH XQDEOH WR GHDO ZLWK D PDWKHPDWLFDO VLWXDWLRQ EXW� DIWHU WKH

VOLJKWHVW VXJJHVWLRQ IURP D FROOHDJXH RU WHDFKHU� LW DOO FRPHV UXQQLQJ EDFN WR \RXU FRQVFLRXVQHVV�
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7KXV� LQ WKH SUREOHP RI NQRZLQJ� WKHUH DUH WZR LVVXHV� OHDUQLQJ D FRQFHSW DQG DFFHVVLQJ LW ZKHQ

QHHGHG�

5HoHFWLRQ LV DQ LPSRUWDQW SDUW RI ERWK OHDUQLQJ DQG NQRZLQJ� 0DWKHPDWLFV LQ SDUWLFXODU

LV IXOO RI WHFKQLTXHV DQG DOJRULWKPV WR XVH LQ GHDOLQJ ZLWK VLWXDWLRQV� 0DQ\ SHRSOH FDQ OHDUQ

WKHVH TXLWH ZHOO DQG XVH WKHP WR GR WKLQJV LQ PDWKHPDWLFV� %XW XQGHUVWDQGLQJ PDWKHPDWLFV

JRHV EH\RQG WKH DELOLW\ WR SHUIRUP FDOFXODWLRQV� QR PDWWHU KRZ VRSKLVWLFDWHG� ,W LV QHFHVVDU\

WR EH DZDUH RI KRZ WKHVH SURFHGXUHV JR� WR JHW D IHHO IRU WKH UHVXOW ZLWKRXW DFWXDOO\ SHUIRUPLQJ

DOO WKH FDOFXODWLRQV� WR EH DEOH WR ZRUN ZLWK YDULDWLRQV RI D VLQJOH DOJRULWKP DQG WR XQGHUVWDQG

UHODWLRQVKLSV DPRQJ DOJRULWKPV�

,W LV D FRQWURYHUVLDO SRLQW� EXW WKLV WKHRU\ WDNHV WKH SRVLWLRQ WKDW UHoHFWLRQ LV EHVW SHUIRUPHG

LQ D VRFLDO FRQWH[W� 7KHUH LV HYLGHQFH LQ WKH OLWHUDWXUH �9LGDNRYLF� ����� IRU WKH YDOXH WR VWXGHQWV

RI VRFLDO LQWHUDFWLRQ DQG WKHUH LV DOVR WKH FXOWXUDO IDFW WKDW DOPRVW DOO UHVHDUFK PDWKHPDWLFLDQV

IHHO YHU\ VWURQJO\ WKH QHHG IRU LQWHUDFWLRQV ZLWK FROOHDJXHV EHIRUH� GXULQJ� DQG DIWHU FUHDWLYH

ZRUN LQ PDWKHPDWLFV�

7KLV WKHRU\ DVVHUWV WKDW ?SRVVHVVLQJ� NQRZOHGJH FRQVLVWV LQ D WHQGHQF\ WR PDNH PHQWDO FRQ�

VWUXFWLRQV WKDW DUH XVHG LQ GHDOLQJ ZLWK D SUREOHP VLWXDWLRQ� 2IWHQ WKH FRQVWUXFWLRQ DPRXQWV WR

UHFRQVWUXFWLQJ �RU UHPHPEHULQJ� VRPHWKLQJ SUHYLRXVO\ EXLOW VR DV WR UHSHDW D SUHYLRXV PHWKRG�

%XW SURJUHVV LQ WKH GHYHORSPHQW RI PDWKHPDWLFDO NQRZOHGJH FRPHV IURP PDNLQJ D UHFRQVWUXF�

WLRQ LQ D VLWXDWLRQ VLPLODU WR� EXW GLmHUHQW LQ LPSRUWDQW ZD\V IURP� D SUREOHP SUHYLRXVO\ GHDOW

ZLWK� 7KHQ WKH UHFRQVWUXFWLRQ LV QRW H[DFWO\ WKH VDPH DV ZKDW H[LVWHG SUHYLRXVO\� DQG PD\ LQ

IDFW FRQWDLQ RQH RU PRUH DGYDQFHV WR D PRUH VRSKLVWLFDWHG OHYHO� 7KLV ZKROH QRWLRQ LV UHODWHG WR

WKH ZHOO NQRZQ 3LDJHWLDQ GLFKRWRP\ RI DVVLPLODWLRQ DQG DFFRPRGDWLRQ� �3LDJHW� �����

)LQDOO\� WKH TXHVWLRQ DULVHV RI ZKDW LV FRQVWUXFWHG� RU ZKDW LV WKH QDWXUH RI WKH FRQVWUXFWLRQV

DQG WKH ZD\V LQ ZKLFK WKH\ DUH PDGH" ,W LV ZKHQ ZH WDON DERXW WKLV WKDW RXU WKHRUHWLFDO SHUVSHF�

WLYH� ZKLFK PD\ DSSHDU DSSOLFDEOH WR DQ\ VXEMHFW ZKDWVRHYHU� EHFRPHV VSHFLnF WR PDWKHPDWLFV�

:H ZLOO GHDO ZLWK WKLV TXHVWLRQ LQ WKH QH[W SDUDJUDSK�

0HQWDO FRQVWUXFWLRQV IRU OHDUQLQJ PDWKHPDWLFV

$V LQGLFDWHG LQ )LJXUH �� XQGHUVWDQGLQJ D PDWKHPDWLFDO FRQFHSW EHJLQV ZLWK PDQLSXODWLQJ

SUHYLRXVO\ FRQVWUXFWHG PHQWDO RU SK\VLFDO REMHFWV WR IRUP DFWLRQV� DFWLRQV DUH WKHQ LQWHULRUL]HG

WR IRUP SURFHVVHV ZKLFK DUH WKHQ HQFDSVXODWHG WR IRUP REMHFWV� 2EMHFWV FDQ EH GH�HQFDSVXODWHG

EDFN WR WKH SURFHVVHV IURP ZKLFK WKH\ ZHUH IRUPHG� )LQDOO\� SURFHVVHV DQG REMHFWV FDQ EH

RUJDQL]HG LQ VFKHPDV�

$FWLRQ� $ WUDQVIRUPDWLRQ LV FRQVLGHUHG WR EH DQ DFWLRQ ZKHQ LW LV D UHDFWLRQ WR VWLPXOL ZKLFK

WKH VXEMHFW SHUFHLYHV DV H[WHUQDO� 7KLV PHDQV WKDW WKH LQGLYLGXDO UHTXLUHV FRPSOHWH DQG

XQGHUVWDQGDEOH LQVWUXFWLRQV JLYLQJ SUHFLVH GHWDLOV RQ VWHSV WR WDNH LQ FRQQHFWLRQ ZLWK WKH

FRQFHSW�

)RU H[DPSOH� D VWXGHQW ZKR LV XQDEOH WR LQWHUSUHW D VLWXDWLRQ DV D IXQFWLRQ XQOHVV KH RU

VKH LV JLYHQ D �VLQJOH� IRUPXOD IRU FRPSXWLQJ YDOXHV LV UHVWULFWHG WR DQ DFWLRQ FRQFHSW RI

IXQFWLRQ� ,Q VXFK D FDVH� WKH VWXGHQW LV XQDEOH WR GR YHU\ PXFK ZLWK WKLV IXQFWLRQ H[FHSW

WR HYDOXDWH LW DW VSHFLnF SRLQWV DQG WR PDQLSXODWH WKH IRUPXOD� )RU H[DPSOH� IXQFWLRQV

ZLWK VSOLW GRPDLQV� LQYHUVHV RI IXQFWLRQV� FRPSRVLWLRQ RI IXQFWLRQV� VHWV RI IXQFWLRQV DQG
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)LJXUH �� &RQVWUXFWLRQV IRU PDWKHPDWLFDO NQRZOHGJH

WKH QRWLRQ WKDW WKH GHULYDWLYH RI D IXQWLRQ LV D IXQFWLRQ� RU WKH VROXWLRQ RI D GLmHUHQWLDO

HTXDWLRQ LV D IXQFWLRQ DUH DOO VRXUFHV RI JUHDW GLpFXOW\ IRU VWXGHQWV�

$QRWKHU H[DPSOH RI DQ DFWLRQ FRQFHSWLRQ FRPHV IURP WKH QRWLRQ RI D �OHIW RU ULJKW� FRVHW RI

D JURXS LQ DEVWUDFW DOJHEUD� &RQVLGHU� IRU H[DPSOH� WKH PRGXODU JURXS >=������@ _ WKDW

LV� WKH LQWHJHUV I�� �� � � � � � ��J ZLWK WKH RSHUDWLRQ RI DGGLWLRQ PRG �� _ DQG WKH VXEJURXS

+  I�� �� �� ��� ��J RI PXOWLSOHV RI �� ,W LV QRW YHU\ GLpFXOW IRU VWXGHQWV WR ZRUN ZLWK D

FRVHW VXFK DV ��+  I�� �� ��� ��� ��J EHFDXVH LW LV IRUPHG HLWKHU E\ D OLVWLQJ RI WKH HOHPHQWV

DFFRUGLQJ WR VRPH UXOH �?EHJLQ ZLWK � DQG DGG ��� RU DQ H[SOLFLW FRQGLWLRQ VXFK DV� ?WKH

UHPDLQGHU RQ GLYLVLRQ E\ � LV ��� 7KLV LV DQ DFWLRQ FRQFHSWLRQ� 6RPHWKLQJ PRUH LV UHTXLUHG

WR ZRUN ZLWK FRVHWV LQ D JURXS VXFK DV 6Q� WKH JURXS RI DOO SHUPXWDWLRQV RQ Q REMHFWV ZKHUH

VLPSOH IRUPXODV DUH QRW DYDLODEOH� (YHQ LQ WKH PRUH HOHPHQWDU\ VLWXDWLRQ RI =Q VWXGHQWV

ZLOO KDYH GLpFXOW\ LQ UHDVRQLQJ DERXW FRVHWV �VXFK DV FRXQWLQJ WKHP� FRPSDULQJ WKHP� HWF��

$FFRUGLQJ WR WKLV WKHRU\� DOO RI WKHVH GLpFXOWLHV DUH UHODWHG WR VWXGHQWV
 LQDELOLW\ WR LQWHUL�

RUL]H WKHVH DFWLRQV WR SURFHVVHV� RU HQFDSVXODWH WKH SURFHVVHV WR REMHFWV�

$OWKRXJK DQ DFWLRQ FRQFHSWLRQ LV YHU\ OLPLWHG� LW LV DQ LPSRUWDQW SDUW RI WKH EHJLQQLQJ RI

XQGHUVWDQGLQJ D FRQFHSW� 7KHUHIRUH� LQVWUXFWLRQ VKRXOG EHJLQ ZLWK DFWLYLWLHV GHVLJQHG WR

KHOS VWXGHQWV FRQVWUXFW DFWLRQV�

3URFHVV� :KHQ DQ LQGLYLGXDO UHoHFWV RQ DQ DFWLRQ VFKHPH DQG LQWHULRUL]HV LW WKHQ WKH DFWLRQ

FDQ EHFRPH SHUFHLYHG DV D SDUW RI WKH LQGLYLGXDO DQG KH RU VKH FDQ HVWDEOLVK FRQWURO RYHU

LW�

,Q WKH FDVH RI IXQFWLRQV� D SURFHVV FRQFHSWLRQ DOORZV WKH VXEMHFW WR WKLQN RI D IXQFWLRQ

DV UHFHLYLQJ RQH RU PRUH LQSXWV� RU YDOXHV RI LQGHSHQGHQW YDULDEOHV� SHUIRUPLQJ RQH RU

PRUH RSHUDWLRQV RQ WKH LQSXWV DQG UHWXUQLQJ WKH UHVXOWV DV RXWSXWV RU YDOXHV RI GHSHQGHQW

YDULDEOHV� ,Q WKLV FRQFHSWLRQ LW LV QRW QHFHVVDU\ WR H[SOLFLWO\ SHUIRUP WKH RSHUDWLRQV� LW LV

HQRXJK WR LPDJLQH WKHP LQ JUHDWHU RU OHVV GHWDLO�

7KXV� ZLWK D SURFHVV FRQFHSWLRQ RI IXQFWLRQ� DQ LQGLYLGXDO FDQ FRPSRVH WZR RU PRUH SUR�

FHVVHV WR FRQVWUXFW WKH FRPSRVLWLRQ� RU UHYHUVH WKH SURFHVV WR REWDLQ LQYHUVH IXQFWLRQV�

2EMHFW� :KHQ DQ LQGLYLGXDO UHoHFWV RQ RSHUDWLRQV DSSOLHG WR D SDUWLFXODU SURFHVV� EHFRPHV

DZDUH RI WKH SURFHVV DV D WRWDOLW\� UHDOL]HV WKDW WUDQVIRUPDWLRQV �ZKHWKHU WKH\ EH DFWLRQV

��



RU SURFHVVHV� FDQ DFW RQ LW� DQG LV DEOH WR DFWXDOO\ FRQVWUXFW VXFK WUDQVIRUPDWLRQV� WKHQ KH

RU VKH LV WKLQNLQJ RI WKLV SURFHVV DV DQ REMHFW�

,Q WKH FRXUVH RI SHUIRUPLQJ DQ DFWLRQ RU SURFHVV RQ DQ REMHFW� LW LV RIWHQ QHFHVVDU\ WR GH�

HQFDSVXODWH WKH REMHFW EDFN WR WKH SURFHVV IURP ZKLFK LW FDPH LQ RUGHU WR XVH LWV SURSHUWLHV

LQ PDQLSXODWLQJ LW�

)RU H[DPSOH� JLYHQ DQ HOHPHQW [ DQG D VXEJURXS + RI D JURXS *� LI DQ LQGLYLGXDO WKLQNV

JHQHUDOO\ RI WKH �OHIW� FRVHW RI [ PRGXOR + DV D SURFHVV RI RSHUDWLQJ ZLWK [ RQ HDFK

HOHPHQW RI +� WKHQ WKLV SURFHVV FDQ EH HQFDSVXODWHG WR DQ REMHFW [+� 7KHQ DFWLRQV RQ

FRVHWV RI +� VXFK DV FRXQWLQJ WKHLU QXPEHU� FRPSDULQJ WKHLU FDUGLQDOLW\� DQG FKHFNLQJ WKHLU

LQWHUVHFWLRQV FDQ PDNH VHQVH WR WKH LQGLYLGXDO� 7KLQNLQJ DERXW WKH SUREOHP RI LQYHVWLJDWLQJ

VXFK SURSHUWLHV LQYROYHV WKH LQWHUSUHWDWLRQ RI FRVHWV DV REMHFWV ZKHUHDV WKH DFWXDO nQGLQJ

RXW UHTXLUHV WKDW WKHVH REMHFWV EH GH�HQFDSVXODWHG LQ WKH LQYLGXDO
V PLQG VR DV WR PDNH

XVH RI WKH SURSHUWLHV RI WKH SURFHVVHV IURP ZKLFK WKHVH REMHFWV FDPH �FHUWDLQ NLQGV RI VHW

IRUPDWLRQ LQ WKLV FDVH��

,W LV HDV\ WR VHH KRZ HQFDSVXODWLRQ RI SURFHVVHV DQG GH�HQFDSVXODWLQJ WKHP EDFN WR REMHFWV

DULVHV ZKHQ RQH LV WKLQNLQJ DERXW PDQLSXODWLRQV RI IXQFWLRQV VXFK DV DGGLQJ� PXOWLSO\LQJ�

RU MXVW IRUPLQJ VHWV RI IXQFWLRQV�

,Q JHQHUDO� HQFDSVXODWLQJ SURFHVVHV WR EHFRPH REMHFWV LV FRQVLGHUHG WR EH H[WUHPHO\ GLpFXOW

�6IDUG� ����� DQG QRW YHU\ PDQ\ SHGDJRJLFDO VWUDWHJLHV KDYH EHHQ HmHFWLYH LQ KHOSLQJ

VWXGHQWV GR WKLV LQ VLWXDWLRQV VXFK DV IXQFWLRQV RU FRVHWV� $ SDUW RI WKH UHDVRQ LV WKDW

WKHUH LV YHU\ OLWWOH LQ RXU H[SHULHQFH WKDW FRUUHVSRQGV WR SHUIRUPLQJ DFWLRQV RQ ZKDW DUH

LQWHUSUHWHG DV SURFHVVHV�

6FKHPD� 2QFH FRQVWUXFWHG� REMHFWV DQG SURFFHVVHV FDQ EH LQWHUFRQQHFWHG LQ YDULRXV ZD\V� IRU

H[DPSOH� WZR RU PRUH SURFHVVHV PD\ EH FRRUGLQDWHG E\ OLQNLQJ WKHP WKURXJK FRPSRVLWLRQ

RU LQ RWKHU ZD\V� SURFHVVHV DQG REMHFWV DUH UHODWHG E\ YLUWXH RI WKH IDFW WKDW WKH IRUPHU

DFWV RQ WKH ODWWHU� $ FROOHFWLRQ RI SURFHVVHV DQG REMHFWV FDQ EH RUJDQL]HG LQ D VWUXFWXUHG

PDQQHU WR IRUP D VFKHPD� 6KHPDV WKHPVHOYHV FDQ EH WUHDWHG DV REMHFWV DQG LQFOXGHG LQ

WKH RUJDQL]DWLRQ RI ?KLJKHU OHYHO� VFKHPDV�

)RU H[DPSOH� VHWV DQG ELQDU\ RSHUDWLRQV DUH OLQNHG WR IRUP SDLUV ZKLFK PD\ RU PD\ QRW

VDWLVI\ FHUWDLQ SURSHUWLHV� $OO RI WKLV FDQ EH RUJDQL]HG WR FRQVWUXFW WKH VFKHPD IRU JURXS�

*URXSV DQG ULQJV DQG RWKHU VXFK PDWKHPDWLFDO REMHFWV PLJKW EH RUJDQL]HG LQ D VFKHPD

FDOOHG DOJHEUDLF VWUXFWXUHV�

� ([DPSOHV RI ,6(7/ LQ PDWKHPDWLFV HGXFDWLRQ

:H ZLOO RUJDQL]H RXU H[DPSOHV DURXQG WKH WKUHH NLQGV RI PHQWDO FRQVWUXFWLRQV GHVFULEHG LQ WKH

SUHYLRXV VHFWLRQ� DFWLRQV� SURFHVVHV DQG REMHFWV� $W WKH VDPH WLPH� ZH ZLOO WU\ WR LQGLFDWH�

LQ WKHVH H[DPSOHV� VRPH RI WKH IHDWXUHV RI IXOO LQVWUXFWLRQDO WUHDWPHQWV RI YDULRXV WRSLFV LQ

XQGHUJUDGXDWH PDWKHPDWLFV� 7KHVH ZLOO LQFOXGH PDWKHPDWLFDO LQGXFWLRQ� SUHGLFDWH FDOFXOXV� WKH

IXQGHPHQWDO WKHRUHP RI FDOFXOXV� VHTXHQFHV DQG VHULHV� ELQDU\ RSHUDWLRQV� FRVHWV DQG TXRWLHQW

JURXSV�

��



$W WKH HQG RI WKLV VHFWLRQ ZH ZLOO JLYH D YHU\ EULHI GHVFULSWLRQ RI KRZ WKH ZRUN ZLWK ,6(7/ LV

LQWHJUDWHG LQWR D VWDQGDUG XQGHUJUDGXDWH PDWKHPDWLFV FRXUVH� :H GR WKLV WKURXJK D SHGDJRJLFDO

VWUXFWXUH FDOOHG WKH $&( 7HDFKLQJ &\FOH�

3URJUDPPLQJ WR PDNH PHQWDO FRQVWUXFWLRQV

1RWH WKDW DFWLRQV UHTXLUH REMHFWV� REMHFWV UHTXLUH SURFHVVHV� DQG SURFHVVHV UHTXLUH DFWLRQV VR

WKHUH LV D FHUWDLQ FLUFXODULW\ RU VSLUDO DVSHFW WR WKHVH FRQVLGHUDWLRQV�

$FWLRQV

)ROORZLQJ LV D VHW RI ,6(7/ LQVWUXFWLRQV DV WKH\ ZRXOG DSSHDU RQ WKH VFUHHQ IROORZHG E\ WKH

FRPSXWHU
V UHVSRQVH� ,W LV WDNHQ IURP WKH nUVW SDJHV RI WKH WH[WERRN XVHG LQ WKH FDOFXOXV SURMHFW�

�'XELQVN\� 6FKZLQJHQGRUI� DQG 0DWKHZV� ������ 7KH ! V\PERO LV WKH ,6(7/ SURPSW DQG OLQHV

ZKLFK EHJLQ ZLWK WKLV V\PERO RU !!� ZKLFK LQGLFDWHV LQFRPSOHWH LQSXW� DUH HQWHUHG E\ WKH XVHU�

/LQHV ZLWKRXW WKHVH SURPSWV DUH ZKDW WKH FRPSXWHU SULQWV RQ WKH VFUHHQ�
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! OHQJWK � OHQJWK � U�L���

! HQG�

! OHQJWK � VTUW�OHQJWK��

! OHQJWK�

�������H�����

6WXGHQWV DUH DVNHG WR GR WKHVH H[HUFLVHV IRU WKH SXUSRVH RI EHFRPLQJ IDPLOLDU ZLWK WKH V\QWD[

RI ,6(7/� EXW DW WKH VDPH WLPH� WKHUH DUH VHYHUDO PDWKHPDWLFDO FRQFHSWV ZKLFK WKH\ KDYH DQ

RSSRUWXQLW\ WR FRQVWUXFW DW WKH DFWLRQ OHYHO� )RU H[DPSOH� WKHUH DUH VLPSOH SURSRVLWLRQV� WKH

��



IRUPDWLRQ RI SDLUV DQG WULSOHV RI QXPEHUV DQG WKH DFWLRQ RI SLFNLQJ RXW DQ LQGH[HG WHUP RI D

JLYHQ VHTXHQFH� $OVR WKH FRQFHSW RI GRW SURGXFW DSSHDUV DV DQ DFWLRQ� )LQDOO\� WKH DOJRULWKP

IRU FRPSXWLQJ WKH OHQJWK RI D YHFWRU LQ WKUHH GLPHQVLRQV DSSHDUV DV DQ DFWLRQ EHFDXVH WKH

FDOFXODWLRQ LV H[SOLFLW DQG LV DSSOLHG WR D VLQJOH YHFWRU�

)ROORZLQJ DUH VRPH H[DPSOHV IURP WKH nUVW SDJHV RXU WH[WERRN IRU DQ $EVWUDFW $OJHEUD FRXUVH

�'XELQVN\ DQG /HURQ� ������ 6WXGHQWV DUH DVNHG WR JXHVV ZKDW ZLOO KDSSHQ ZKHQ WKLV FRGH LV

UXQ� UXQ LW� DQG WKHQ H[SODLQ GLVFUHSDQFLHV EHWZHHQ WKHLU SUHGLFWLRQV DQG WKH UHVXOWV�

! $ � �$EVWUDFW $OJHEUD��

! $����

�$��

! $���� $����

�W��

� ��

! $����� $���� $�����

�O��

�D��

�$��

! LV VWULQJ�$�� LV VWULQJ�$�����

WUXH�

WUXH�

! $  $�����

IDOVH�

! % � �$%675$&7�� & � �$%� � �675$&7��

! %  &�

WUXH�
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WUXH�
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! �� � �� LPSO ��  � ����
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! LI �[ � \� PRG �  � WKHQ

! DQV � �$GGLWLYH ,QYHUVHV���

! HQG�

! DQV�

+HUH ZH KDYH VLPSOH VWULQJ RSHUDWLRQV ZKLFK WKH VWXGHQWV FDQ XQGHUVWDQG DV DFWLRQV� HOH�

PHQWDU\ RSHUDWLRQV RQ SURSRVLWLRQV� WHVWV DQG FKRLFHV DPRQJ DOWHUQDWLYHV EDVHG RQ PRGXODU

��



DULWKPHWLF� DQG PRUH VWULQJ RSHUDWLRQV� 7KH IDFW WKDW HYHU\WKLQJ LV YHU\ H[SOLFLW DQG WLHG WR

VLQJOH H[DPSOHV PDNHV LW OLNHO\ WKDW VWXGHQWV ZLOO FRQVWUXFW WKHLU XQGHUVWDQGLQJV RI WKHVH YDULRXV

DFWLYLWLHV DV DFWLRQV� $OWKRXJK DFWLRQV DUH WKH PRVW SULPLWLYH NLQG RI PHQWDO FRQVWUXFWLRQV� WKH

FRPSXWHU DOORZV VWXGHQWV WR FRQVWUXFW WKHP LQ PRUH DGYDQFHG PDWKHPDWLFDO VLWXDWLRQV WKDQ LV

SRVVLEOH ZLWK SHQFLO DQG SDSHU�

3URFHVVHV

&RQVLGHU QRZ WKH IROORZLQJ OLVW RI SDLUV *� RS RI VHWV DQG RSHUDWLRQV�

�� * LV =�� �WKH LQWHJHUV PRG ��� DQG RS LV D�� �DGGLWLRQ PRG ����

�� * LV =�� �WKH LQWHJHUV PRG ��� DQG RS LV P�� �PXOWLSOLFDWLRQ PRG ����

�� * LV �=�� �WKH HYHQ LQWHJHUV PRG ��� DQG RS LV P���

�� * LV =�� � I�J DQG RS LV P���

�� * LV =� �WKH LQWHJHUV PRG �� DQG RS LV P� �PXOWLSOLFDWLRQ PRG ���

�� * LV =� � I�J DQG RS LV P��

�� * LV 6� �WKH VHW RI SHUPXWDWLRQV RI I�� �� �J� DQG RS LV FRPSRVLWLRQ RI SHUPXWDWLRQV�

,QLWLDOO\� VWXGHQWV DUH DVNHG PHUHO\ WR H[SUHVV WKHP LQ ,6(7/� :ULWLQJ VXFK FRGH KHOSV WKH

VWXGHQWV WR FRQVWUXFW WKH LGHD RI D ELQDU\ RSHUDWLRQ DV DQ DFWLRQ� DOWKRXJK� LQ RUGHU WR PDNH

VHQVH RI WKH SUREOHP� HDFK LQGLYLGXDO VHW DQG RSHUDWLRQ PXVW EH VHHQ DV D SURFHVV ZKLFK KDV

EHHQ HQFDSVXODWHG DV DQ REMHFW�

,Q RXU DEVWUDFW DOJHEUD FRXUVH WKH VWXGHQW PHHWV WKLV OLVW MXVW DIWHU KDYLQJ ZULWWHQ VRPH VKRUW

SURJUDPV WR FKHFN YDULRXV RSHUDWLRQV VXFK DV FORVXUH� $SSO\LQJ WKHVH SURJUDPV WR WKH LQGLYLGXDO

SDLUV DQG WKLQNLQJ DERXW ZKDW ,6(7/ GRHV� IRU H[DPSOH� LQ UXQQLQJ WKH FRGH

LV FORVHG�6��� $����

ZKHUH WKH IROORZLQJ ,6(7/ GHnQLWLRQV KDYH EHHQ PDGH SUHYLRXVO\�

=�� � ������

D�� � _ [�\ �! �[�\� PRG ��_�

LV FORVHG � IXQF�6�RS��

UHWXUQ IRUDOO [�\ LQ 6 _ [ �RS \ LQ 6�

HQG�

DQG WKLQNLQJ DERXW ZKDW WKH FRPSXWHU LV GRLQJ ZKHQ UXQQLQJ WKLV FRGH� KHOSV WKH VWXGHQW PRYH

IURP DFWLRQ WR SURFHVV�

��



7KH VWXGHQW ZULWHV OLWWOH SURJUDPV OLNH WKLV IRU HDFK RI WKH VWDQGDUG SURSHUWLHV RI ELQDU\

RSHUDWLRQV DQG DSSOLHV WKHP WR ORQJ OLVWV RI H[DPSOHV� ,Q WKLV ZD\� HDFK RI WKHVH SURSHUWLHV LV

FRQVWUXFWHG E\ WKH VWXGHQW DV D SURFHVV LQ KHU RU KLV PLQG� ,W LV D SURFHVV DQG QRW MXVW DQ DFWLRQ

EHFDXVH LW LV QRW VSHFLnF FRGH DSSOLFDEOH WR MXVW RQH H[DPSOH� EXW UDWKHU D FRPSXWHU IXQFWLRQ

�FDOOHG IXQF LQ ,6(7/� WKDW FDQ WDNH DQ DUELWUDU\ VHW DQG ELQDU\ RSHUDWLRQ DV LQSXW DQG UHWXUQ

WKH WUXWK YDOXH RI WKH DVVHUWLRQ WKDW WKH ELQDU\ RSHUDWLRQ SRVVHVVHV WKH SURSHUW\�

7KLV FDQ EH GRQH IRU PRUH DGYDQFHG LGHDV DV ZHOO� )RU H[DPSOH� WKH VWXGHQW PLJKW ZULWH

WKH IROORZLQJ FRGH LQ GHDOLQJ ZLWK FRVHWV RI D VXEJURXS RI 6� WKH JURXS RI SHUPXWDWLRQV RI IRXU

REMHFWV�

6� � I>D�E�F�G@ � D�E�F�G LQ >����@ _ �ID�E�F�GJ  �J�

RS � IXQF�S�T�� UHWXUQ >S�T�L�� � L LQ >����@@�

+ � I>�������@� >�������� >�������@� >�������@J�

[ � >�������@�

[+ � I[ �RS \ _ \ LQ +J�
[+�

+[ � I\ �RS [ _ \ LQ +J�
+[�

[+  +[�

7KH UHVXOW RI UXQQLQJ WKLV FRGH LV WR GLVSOD\ WKH OHIW DQG ULJKW FRVHWV RI [ PRG + DQG WKH

WUXWK YDOXH RI WKH SURSRVLWLRQ WKDW WKHVH WZR VHWV DUH HTXDO� $JDLQ� ZULWLQJ DQG UXQQLQJ WKLV

FRGH KHOSV VWXGHQWV XQGHUVWDQG FRVHWV DV SURFHVVHV RI PXOWLSO\LQJ D VLQJOH HOHPHQW E\ HYHU\

HOHPHQW RI D JLYHQ VHW� EHFDXVH WKH FRPSXWHU ZRUN KDV JRWWHQ WKHP WR PDNH IRUPDWLRQ RI D FRVHW

D PHQWDO SURFHVV WKDW H[LVWV LQ WKHLU PLQGV�

7KH PHWKRG LV DSSOLFDEOH D ZLGH YDULHW\ RI PDWKHPDWLFDO VLWXDWLRQV� )RU H[DPSOH� LQ FDOFXOXV�

VWXGHQWV RYHUFRPH WKHLU UHVLVWDQFH WR SLHFH�ZLVH GHnQHG IXQFWLRQV ZKHQ WKH\ ZULWH SURJUDPV LQ

ZKLFK WKH GHnQLWLRQ LV LPSOHPHQWHG WKURXJK WKH VLPSOH XVH RI D FRQGLWLRQDO�

I � IXQF�[��

LI [ � � WKHQ UHWXUQ ��[��

HOVH UHWXUQ [�� � ����

HQG�

HQG�

:RUNLQJ ZLWK SRLQWZLVH VXPV� SURGXFWV DQG HYHQ FRPSRVLWLRQV RI VXFK IXQFWLRQV KHOSV VWX�

GHQWV FRQVWUXFW D SURFHVV FRQFHSWLRQ RI IXQFWLRQ� 5HVHDUFK VXJJHVWV WKDW WKLV FDQ PDNH D GLmHU�

HQFH �%UHLGHQEDFK HW DO� ������

)LQDOO\ ZH PLJKW PHQWLRQ WKH H[DPSOH RI SURSRVLWLRQ�YDOXHG IXQFWLRQ RI WKH SRVLWLYH LQWHJHUV�

2XU UHVHDUFK VXJJHVWV WKDW RQH RI WKH GLpFXOWLHV VWXGHQWV KDYH ZLWK SURRI E\ LQGXFWLRQ LV DW WKH

YHU\ EHJLQQLQJ� $ VWXGHQW LV IDFHG ZLWK D SUREOHP� VKRZ WKDW D FHUWDLQ VWDWHPHQW LQYROYLQJ DQ

DUELWUDU\ LQWHJHU LV WUXH IRU DOO �VXpFLHQWO\ ODUJH� YDOXHV RI WKH LQWHJHU� 7KLV NLQG RI SUREOHP

LV YHU\ QHZ DQG GLmHUHQW IRU PRVW VWXGHQWV� ,W UHDOO\ LV D �PHQWDO� IXQFWLRQ ZKLFK DFFHSWV D

SRVLWLYH LQWHJHU DQG SOXJV LW LQWR WKH VWDWHPHQW WR REWDLQ D SURSRVLWLRQ ZKLFK PD\ EH WUXH RU

��



IDOVH _ DQG WKH DQVZHU FRXOG EH GLmHUHQW IRU GLmHUHQW YDOXHV RI Q� 2QFH DJDLQ� H[SUHVVLQJ WKLV

SUREOHP DV DQ ,6(7/ IXQF LV D ELJ KHOS IRU VWXGHQWV LQ nJXULQJ RXW KRZ WR EHJLQ�

6XSSRVH� IRU H[DPSOH� WKDW WKH SUREOHP LV WR GHWHUPLQH LI D JDPEOLQJ FDVLQR ZLWK RQO\ ����

DQG ���� FKLSV FDQ KRQRU DQ\ DPRXQW RI PRQH\ ZLWKLQ WKH QHDUHVW ����� :H HQFRXUDJH VWXGHQWV

WR EHJLQ WKHLU LQYHVWLJDWLRQ E\ ZULWLQJ D FRPSXWHU SURJUDP WKDW DFFHSWV D SRVLWLYH LQWHJHU DQG

UHWXUQV D ERROHDQ YDOXH� )ROORZLQJ LV RQH VROXWLRQ WKH\ JHQHUDOO\ FRPH XS ZLWK LQ RXU HOHPHQWDU\

GLVFUHWH PDWKHPDWLFV FRXUVH�

3 � IXQF�Q��

LI LV LQWHJHU�Q�

DQG Q ! �

DQG H[LVWV [�\ LQ >���Q��@ _ �[ � �\  Q�

WKHQ UHWXUQ WUXH�

HOVH UHXUQ IDOVH�

HQG�

HQG�

2EMHFWV

2EMHFWV DUH REWDLQHG E\ HQFDSVXODWLRQ RI SURFHVVHV DQG DQ LQGLYLGXDO LV OLNHO\ WR GR WKLV ZKHQ

KH RU VKH UHoHFWV RQ D VLWXDWLRQ LQ ZKLFK LW LV QHFHVVDU\ WR DSSO\ DQ DFWLRQ WR D G\QDPLF

SURFHVV� 7KLV SUHVHQWV D GLpFXOW\ EHFDXVH WKH DFWLRQ FDQQRW EH DSSOLHG WR WKH SURFHVV XQWLO

DIWHU WKH SURFHVV KDV EHHQ HQFDSVXODWHG WR DQ REMHFW� ,Q IDFW� PHQWDO FRQVWUXFWLRQV GR QRW VHHP

WR RFFXU LQ VLPSOH ORJLFDO VHTXHQFHV DQG VR LW FDQ KDSSHQ WKDW WKH QHHG WR FUHDWH DQ REMHFW

�LQ RUGHU WR DSSO\ DQ DFWLRQ WR D SURFHVV�� WKH HQFDSVXODWLRQ RI D SURFHVV WR IRUP WKH REMHFW�

DQG WKH DSSOLFDWLRQ RI DQ DFWLRQ WR WKDW REMHFW �ZKLFK ZDV WKH VRXUFH RI WKH QHHG� DOO KDSSHQ

WRJHWKHU� LQLWLDOO\ LQ VRPH DPRUSKRXV FRPELQDWLRQ ZLWK D JUDGXDO GLmHUHQWLDWLRQ� UHRUJDQL]DWLRQ

DQG LQWHJUDWLRQ FXOPLQDWLQJ LQ WKH FOHDU DSSOLFDWLRQ RI WKH DFWLRQ WR WKH REMHFW�

*HWWLQJ VWXGHQWV WR GR DOO RI WKLV LV DQRWKHU PDWWHU DQG WKHUH DUH YHU\ IHZ HmHFWLYH SHGDJRJLFDO

PHWKRGV KHUH� $V ZH KDYH LQGLFDWHG� RQH VXFK PHWKRG LV WR SXW VWXGHQWV LQ VLWXDWLRQV ZKHUH

D SUREOHP LV VROYHG RU D WDVN LV SHUIRUPHG E\ ZULWLQJ SURJUDPV LQ ZKLFK WKH SURFHVVHV WR EH

HQFDSVXODWHG DUH LQSXWV DQG�RU RXWSXWV WR WKH SURJUDPV�

)RU H[DPSOH� IRUPLQJ D SDLU ZKRVH FRPSRQHQWV DUH D VHW DQG D ELQDU\ RSHUDWLRQ UHTXLUHV WKDW

WKHVH FRPSRQHQWV EH LQWHUSUHWHG DV REMHFWV� :KHQ WKH VWXGHQW JRHV RQ WR ZULWH D SURJUDP �VXFK

DV LV FORVHG� ZKLFK DFFHSWV VXFK D SDLU� FKHFNV D FHUWDLQ SURSHUW\ IRU WKDW SDLU DQG UHWXUQV

WUXH RU IDOVH� WKHQ WKH SDLU LV EHLQJ WUHDWHG DV DQ REMHFW WR ZKLFK WKH SURFHVV FRQQHFWHG ZLWK

WKH SURSHUW\ LV DSSOLHG� 7KLV OHDGV WR WKH PHQWDO DFW RI HQFDSVXODWLQJ WKH ELQDU\ SDLU LQWR DQ

REMHFW� ,Q WKH FRXUVH RI WKLQNLQJ DERXW WKH SURFHVV FRQQHFWHG ZLWK WKH SURSHUW\ �H�J�� LQ ZULWLQJ

WKH SURJUDP�� WKLV REMHFW LV GH�HQFDSVXODWHG EDFN LQWR D VHW DQG D ELQDU\ RSHUDWLRQ� HDFK RI

ZKLFK PXVW LQ WXUQ EH GH�HQFDSVXODWHG EDFN WR WKH SURFHVVHV IURP ZKLFK WKH\ FDPH�

$ PRUH FRPSOLFDWHG VLWXDWLRQ FRQFHUQV WKH VWDWXV RI FRVHWV� nUVW DV SURFHVVHV �GLVFXVVHG DERYH�

DQG WKHQ DV REMHFWV� 7KLV LV LPSRUWDQW IRU PDQ\ VLWXDWLRQV LQ WKH VWXGHQW
V nUVW VWXGLHV RI JURXS

WKHRU\� &RXQWLQJ FRVHWV� FRPSDULQJ WKHLU FDUGLQDOLWLHV� WKLQNLQJ DERXW WKHLU LQWHUVHFWLRQV DUH

HVVHQWLDO FRPSRQHQWV RI /DJUDQJH
V WKHRUHP DQG DOO RI WKHVH PDWKHPDWLFDO DFWLYLWLHV UHTXLUH WKDW

FRVHWV EH LQWHUSHUHWHG DV REMHFWV� 7KLV LV GLpFXOW IRU VWXGHQWV DQG HYHQ PRUH GLpFXOW LV WKH LGHD

RI GHnQLQJ D ELQDU\ RSHUDWLRQ RQ FRVHWV�

��



2XU SHGDJRJLFDO VWUDWHJ\ IRU KHOSLQJ VWXGHQWV RYHUFRPH WKH GLpFXOW\ RI HQFDSVXODWLQJ FRVHWV

LQWR REMHFWV LV WR DVN WKHP WR ZULWH D SURJUDP WKDW DFFHSWV D ELQDU\ RSHUDWLRQ SDLU >*�R@ DQG

UHWXUQV D IXQFWLRQ RR RI WZR YDULDEOHV� 7KHVH WZR YDULDEOHV FDQ KDYH YDOXHV ZKLFK DUH DQ\ RI

WKH IRXU FRPELQDWLRQV LQ ZKLFK HDFK YDULDEOH LV HLWKHU DQ HOHPHQW RI * RU D VXEVHW RI *� ,I ERWK

DUH HOHPHQWV� WKHQ [ �RR \ LV WKH RUGLQDU\ JURXS RSHUDWLRQ� ,I RQH LV D VXEVHW DQG WKH RWKHU LV

DQ HOHPHQW WKHQ [ �RR \ LV WKH SURGXFW RI WKH HOHPHQW ZLWK DOO HOHPHQWV RI WKH VXEVHW� ,I ERWK

DUH VXEVHWV WKHQ [ �RR \ LV WKH VHW RI DOO SURGXFWV RI WZR JURXS HOHPHQWV� WKH nUVW WDNHQ IURP

[ DQG WKH VHFRQG IURP \�

7KH VROXWLRQ WR WKLV SUREOHP LV VRPHWKLQJ OLNH�

35 � IXQF*�R��

UHWXUQ IXQF�[�\��

LI [ LQ * DQG \ LQ * WKHQ UHWXUQ [ �R \�

HOVHLI [ LQ * DQG \ VXEVHW * WKHQ UHWXUQ I[ �R E�E LQ \J�
HOVHLI [ VXEVHW * DQG \ LQ * WKHQ UHWXUQ ID �R \�D LQ [J�
HOVHLI [ VXEVHW * DQG \ VXEVHW * WKHQ UHWXUQ ID �R E�D LQ [� E LQ \J�
HQG�

HQG�

HQG�

RR � 35I6�� RJ�

ZKHUH WKH ODVW OLQH DSSOLHV 35 WR WKH JURXS RI SHUPXWDWLRQV RI IRXU REMHFWV�

6WXGHQWV nQG WKLV SUREOHP YHU\ GLpFXOW DOWKRXJK WKH UHDGHU ZLOO QRWLFH WKDW WKH GHVLUHG

SURJUDP LV QRW YHU\ ORQJ RU VXEWOH� $V IDU DV ZH FDQ WHOO� IURP DQDO\]LQJ WKH SUREOHP DQG

WDONLQJ WR VWXGHQWV� WKHLU GLpFXOW\ VHHPV WR EH WKDW WKH ZKROH WKLQJ PDNHV QR VHQVH WR WKHP�

:H WKLQN WKDW LV EHFDXVH WKH\ DUH QRW XQGHUVWDQGLQJ WKDW VXEVHWV RI * FDQ EH REMHFWV� 7KH\

VWUXJJOH ZLWK WKH SUREOHP� XVXDOO\ IRU DERXW D ZHHN �ZKLOH GRLQJ RWKHU WKLQJV� LQ RXU DEVWUDFW

DOJHEUD FRXUVH DQG PRVW RI WKHP HYHQWXDOO\ VXFFHHG ZLWK PRUH RU OHVV KHOS IURP LQVWUXFWRUV�

:KHQ LW LV RYHU� ZH KDYH IRXQG WKDW XQGHUVWDQGLQJ /DJUDQJH
V WKHRUHP DQG TXRWLHQW JURXSV

EHFRPHV D UHDVRQDEOH H[SHFWDWLRQ IRU VWXGHQWV�

7ZR H[WUHPHO\ LPSRUWDQW H[DPSOHV RI FRQVWUXFWLRQ RI REMHFWV RFFXU LQ &DOFXOXV LQ FRQQHFWLRQ

ZLWK GHULYDWLYHV DQG LQWHJUDOV� 2XU UHVHDUFK VXJJHVWV WKDW� DOWKRXJK LW LV YHU\ VLPSOH IRU PDWKH�

PDWLFLDQV� WKH LGHD WKDW WKH GHULYDWLYH RI D IXQFWLRQ LV D IXQFWLRQ LV QRW LPPHGLDWH IRU VWXGHQWV�

:ULWLQJ D SURJUDP OLNH WKH IROORZLQJ� ZKLFK DFFHSWV D IXQFWLRQ DQG UHWXUQV DQ DSSUR[LPDWLRQ WR

LWV GHULYDWLYH DSSHDUV WR KHOS�

GI � IXQF�I��

UHWXUQ IXQF�[��

UHWXUQ �I�[ � �������� � I�[�����������

HQG�

HQG�

,QWHJUDWLRQ LV PRUH GLpFXOW� 7KH LGHD RI GHnQLQJ D IXQFWLRQ E\ XVLQJ WKH GHnQLWH LQWHJUDO

ZLWK RQH OLPLW RI LQWHJUDWLRQ n[HG DQG WKH RWKHU DOORZHG WR YDU\ LV D PDMRU VWXPEOLQJ EORFN IRU

FDOFXOXV VWXGHQWV� ,Q RXU WUHDWPHQW RI LQWHJUDWLRQ� VWXGHQWV KDYH ZULWWHQ D SURJUDP FDOOHG 5LHP

ZKLFK DFFHSWV D IXQFWLRQ DQG D SDLU RI QXPEHUV DQG FRPSXWHV DQ DSSUR[LDWLRQ WR WKH LQWHJUDO RI

WKH IXQFWLRQ RYHU WKH LQWHUYDO GHWHUPLQHG E\ WKH SRLQWV� 7KH VWXGHQWV DUH WKHQ DVNHG WR ZULWH

WKH IROORZLQJ SURJUDP�

��



,QW � IXQF�I�D�E��

UHWXUQ IXQF�[��

LI D � [ DQG [ � E WKHQ UHWXUQ 5LHP�I�D�[��

HQG�

HQG�

8VLQJ WKLV SURJUDP� VWXGHQWV DUH DEOH WR FRQVWUXFW DQG VWXG\ DSSUR[LPDWLRQV WR WKH ORJDULWKP

IXQFWLRQ DQG LQYHUVH WULJRQRPHWULF IXQFWLRQV�

,Q RXU WUHDWPHQW RI PDWKHPDWLFDO LQGXFWLRQ� VWXGHQWV OHDUQ WR WUHDW SURSRVLWLRQV DV REMHFWV

DQG DW WKH VDPH GHYHORS DQ XQGHUVWDQGLQJ RI WKH ?LPSOLFDWLRQ IURP Q WR Q � �� DV WKH REMHFW

ZKRVH WUXWK YDOXH DV Q YDULHV LV WR EH FRQVLGHUHG� 7KH PDLQ WRRO WKDW ZH XVH LV WR KDYH WKHP ZULWH

DQG DSSO\ WKH IROORZLQJ SURJUDP ZKLFK DFFHSWV D IXQFWLRQ ZKRVH GRPDLQ LV WKH SRVLWLYH LQWHJHUV

DQG ZKRVH UDQJH LV WKH WZR HOHPHQW VHW IWUXH�IDOVHJ� 7KLV SURJUDP UHWXUQV WKH FRUUHVSRQGLQJ

LPSOLFDWLRQ YDOXHG IXQFWLRQ� �7KH V\PERO � UHIHUV WR D FRPPHQW DQG DQ\WKLQJ DIWHU WKLV V\PERO

RQ WKH OLQH LQ ZKLFK LW DSSHDUV LV LJQRUHG E\ ,6(7/�

LPSOIQ � IXQF�3�� � 3 LV D SURSRVLWLRQ�YDOXHG IXQFWLRQ�

UHWXUQ IXQF�Q��

UHWXUQ 3�Q� LPSO 3�Q����

HQG�

HQG�

6FKHPDV

2XU XVH RI ,6(7/ WR KHOS VWXGHQWV IRUP VFKHPDV WR RUJDQL]H FROOHFWLRQV RI SURFHVVHV� REMHFWV�

DQG RWKHU VFKHPDV LV DW WKH WLPH RI WKLV ZULWLQJ� VRPHZKDW DG KRF� 5RXJKO\ VSHDNLQJ� ZH DVN

VWXGHQWV WR ZULWH D VHW RI FRPSXWHU SURJUDPV WKDW LPSOHPHQWV D PDWKHPDWLFDO FRQFHSW DQG WKHQ

WR DSSO\ WKHLU FRGH WR VSHFLnF VLWXDWLRQV�

)RU H[DPSOH� RYHU D SHULRG RI WLPH� VWXGHQWV ZLOO ZULWH WKH IROORZLQJ SURJUDPV WR FKHFN WKDW D

VXEVHW LV D VXEJURXS DQG WKDW LW LV QRUPDO� 7KHQ WKH\ ZULWH D SURJUDP WR FRQVWUXFW WKH TXRWLHQW

JURXS RI D JURXS PRG D QRUPDO VXEJURXS� 7KHLU SURJUDPV PLJKW ORRN OLNH WKH IROORZLQJ�

��



VXEJUS � IXQF�*� RS�� +� RS���

UHWXUQ JURXS�*�RS�� DQG JURXS�+�RS��

DQG �+ VXEVHW *� DQG

IRUDOO [��\� LQ *� [��\� LQ + _

�[� �RS \��  �[� �RS� \���

HQG�

QRUPDO � IXQF�*� RS�� +� RS���

RR � 35�RS��*��

UHWXUQ VXEJUS�*� RS�� +� RS�� DQG

IRUDOO J LQ * _ J �RR +  + �RR J�

HQG�

TXRWLHQW � IXQF�*� RS�� +� RS���

RR � 35�RS��*��

LI QRUPDO �*� RS�� +� RS�� WKHQ

UHWXUQ >IJ �RR + � J LQ *J� RR@�

HQG�

HQG�

7KHQ� WKH IROORZLQJ FRGH ZLOO FRQVWUXFW WKH TXRWLHQW RI D SDUWLFXODU QRUPDO VXEJURXS RI 6��

�5HFDOO IURP DERYH WKH GHnQLWLRQV RI 6�� RS� +��

6� � I>D�E�F�G@ � D�E�F�G LQ >����@ _ �ID�E�F�GJ  �J�

RS � IXQF�S�T�� UHWXUQ >S�T�L�� � L LQ >����@@�

+ � I>�������@� >�������� >�������@� >�������@J�

VXEJUS�6��RS�+�RS��

>�������@ �3U�RS� +�

>�������@ �3U�RS� +  + �3U�RS� >�������@�

QRUPDO�6�� RS� +� RS��

6�PRG+ � TXRWLHQW�6�� RS� +� RS��

6�PRG+�

7KH VFKHPD IRU WKH )XQGHPHQWDO 7KHRUHP RI FDOFXOXV UHTXLUHV PXFK OHVV FRGH EXW LW LV

FRQVLGHUDEO\ PRUH FRPSOLFDWHG� +DYLQJ ZULWWHQ WKH WZR IXQFV GI WR DSSUR[LPDWH WKH GHULYDWLYH

DQG ,QW WR DSSUR[LPDWH WKH LQWHJUDO �VHH DERYH�� VWXGHQWV DUH DVNHG WR ZULWH FRGH WKDW ZLOO nUVW

GR RQH DQG WKHQ WKH RWKHU� LQ ERWK RUGHUV� 7KLV SUREOHP JLYHV WKH VWXGHQWV FRQVLGHUDEOH GLpFXOW\

��



DQG WKH\ VWUXJJOH ZLWK LW IRU D ORQJ WLPH� :H IHHO WKDW WKLV LV D XVHIXO VWUXJJOH EHFDXVH LW KDV

WR GR ZLWK WKHLU DELOLW\ WR LQWHUSUHW IXQFWLRQV DV REMHFWV� WR GHYHORS SURFHVVHV FRUUHVSRQGLQJ WR

GLmHUHQWLDWLRQ DQG LQWHJUDWLRQ� DQG WR SXW LW DOO WRJHWKHU LQ ZKDW LV HVVHQWLDOO\ D VWDWHPHQW RI

WKH )XQGHPHQWDO 7KHRUHP�

7KH DFWXDO FRGH WR VROYH WKLV SUREOHP LV YHU\ VKRUW�

GI�,QW�I�D�E���

,QW�GI�I��D�E��

:H DVN VWXGHQWV WR DSSO\ WKHLU FRGH WR D VSHFLIF IXQFWLRQ DQG WR FRQVWUXFW D WDEOH ZLWK

IRXU FROXPQV� YDOXHV RI WKH LQGHSHQGHQW YDULDEOH� FRUUHVSRQGLQJ YDOXHV RI I� DQG FRUUHVSRQGLQJ

YDOXHV RI WKH DERYH WZR OLQHV RI FRGH� :KHQ WKH H[DPSOH LV D IXQFWLRQ WKDW GRHV QRW YDQLVK DW

D� WKHQ WKH VHFRQG DQG WKLUG FROXPQV DUH LGHQWLFDO� EXW WKH IRXUWK LV GLmHUHQW� 7KH VWXGHQWV

VHH WKH SRLQW ULJKW DZD\ _ DOO WKUHH FROXPQV DUH VXSSRVHG WR EH WKH VDPH� EXW WKH\ IHHO WKH\

KDYH PDGH DQ HUURU LQ FRQQHFWLRQ ZLWK WKH ODVW FROXPQ� $IWHU VRPH LQYHVWLJDWLRQ� WKH\ WHQG WR

GLVFRYHU RQ WKHLU RZQ WKH LGHD RI WKH ?FRQVWDQW RI LQWHJUDWLRQ��

6RPHWLPHV ZH GRQ
W DVN VWXGHQWV WR ZULWH FRGH EXW UDWKHU WR LQYHVWLJDWH FRGH ZKLFK ZH SUR�

YLGH� :H GR WKLV LQ VLWXDWLRQV ZKHUH WKH SDUWLFXODU FRGH LQYROYHV PRUH LQ WKH ZD\ RI SURJUDPPLQJ

LVVXHV WKDQ PDWKHPDWLFDO LVVXHV 7KLV LV WKH FDVH IRU FRGH ZKLFK VLPXODWHV WKH RSHUDWLRQ RI LQ�

GXFWLRQ� :H JLYH WKHP WKH IROORZLQJ FRGH ZKLFK PDNHV XVH RI WKH IXQF LPSOIQ ZKLFK WKH\ KDYH

ZULWWHQ �VHH DERYH� DQG LV DSSOLHG WR D SURSRVLWLRQ YDOXHG IXQFWLRQ 3� 7KH nUVW IHZ OLQHV nQG D

VWDUWLQJ SRLQW DQG WKH UHVW RI WKH FRGH UXQV WKURXJK WKH LQGXFWLRQ VWHSV� ,I WKH SURSRVLWLRQ GRHV

KROG IURP WKH VHOHFWHG VWDUWLQJ SRLQW RQ� WKHQ WKH FRGH ZLOO UXQ IRUHYHU�

VWDUW � ��

ZKLOH 3�VWDUW�  IDOVH GR

VWDUW � VWDUW � ��

HQG�

/ � >@�

/�VWDUW� � WUXH�

ZKLOH /�Q�  WUXH DQG LPSOIQ�3��Q�  WUXH GR

/�Q��� � WUXH�

Q � Q���

SULQW �7KH SURSRVLWLRQ 3 LV WUXH IRU Q  �� Q�

HQG� SULQW �3 LV QRW SURYHQ IRU Q  �� Q���

7KH $&( 7HDFKLQJ &\FOH

:H KDYH IRXQG WKDW RXU ZD\ RI KDYLQJ VWXGHQWV ZRUN ZLWK FRPSXWHUV UHTXLUHV D GLmHUHQW VWUXF�

WXUH IRU WKH FRXUVH� :H KDYH GHYHORSHG D VWDQGDUG VWUXFWXUH FDOOHG WKH $&( 7HDFKLQJ &\FOH�

,Q WKLV GHVLJQ� WKH FRXUVH LV EURNHQ XS LQWR VHFWLRQV� HDFK RI ZKLFK UXQV IRU RQH ZHHN� 'XULQJ

WKH ZHHN� WKH FODVV PHHWV RQ VRPH GD\V LQ WKH FRPSXWHU ODE DQG RQ RWKHU GD\V LQ D UHJXODU

FODVVURRP LQ ZKLFK WKHUH DUH QR FRPSXWHUV� +RPHZRUN LV FRPSOHWHG RXWVLGH RI FODVV� 8VXDOO\�

ZH KDYH WKH VWXGHQWV ZRUNLQJ LQ FRRSHUDWLYH JURXSV LQ DOO RI WKHVH DFWLYLWLHV�

)ROORZLQJ LV D GHVFULSWLRQ RI WKH WKUHH FRPSRQHQWV RI WKLV VWUXFWXUH ZLWK VRPH LQGLFDWLRQV RI

WKH SHGDJRJLFDO JRDOV RI HDFK FRPSRQHQW�

��



$FWLYLWLHV�

&ODVV PHHWV LQ D FRPSXWHU ODE ZKHUH VWXGHQWV ZRUN LQ WHDPV RQ FRPSXWHU WDVNV GHVLJQHG

WR IRVWHU VSHFLnF PHQWDO FRQVWUXFWLRQV VXJJHVWHG E\ UHVHDUFK� 7KH ODE DVVLJQPHQWV DUH

JHQHUDOO\ WRR ORQJ WR nQLVK GXULQJ WKH VFKHGXOHG ODE DQG VWXGHQWV DUH H[SHFWHG WR FRPH WR

WKH ODE ZKHQ LW LV RSHQ RU ZRUN RQ WKHLU SHUVRQDO FRPSXWHUV� RU XVH RWKHU ODEV WR FRPSOHWH

WKH DVVLJQPHQW�

&ODVV�

&ODVV PHHWV LQ D FODVVURRP ZKHUH VWXGHQWV DJDLQ ZRUN LQ WHDPV WR SHUIRUP SDSHU DQG

SHQFLO WDVNV EDVHG RQ WKH FRPSXWHU DFWLYLWLHV LQ WKH ODE� 7KH LQVWUXFWRU OHDGV LQWHU�JURXS

GLVFXVVLRQ GHVLJQHG WR JLYH VWXGHQWV DQ RSSRUWXQLW\ WR UHoHFW RQ WKH FDOFXODWLRQV WKH\ KDYH

EHHQ ZRUNLQJ RQ� 2Q RFFDVLRQ� WKH LQVWUXFWRU ZLOO SURYLGH GHnQLWLRQV� H[SODQDWLRQV DQG

RYHUYLHZV WR WLH WRJHWKHU ZKDW WKH VWXGHQWV KDYH EHHQ WKLQNLQJ DERXW�

([HUFLVHV�

5HODWLYHO\ WUDGLWLRQDO H[HUFLVHV DUH DVVLJQHG IRU VWXGHQWV WR ZRUN RQ LQ WHDPV� 7KHVH DUH

H[SHFWHG WR EH FRPSOHWHG RXWVLGH RI FODVV DQG ODE DQG WKH\ UHSUHVHQW KRPHZRUN WKDW LV LQ

DGGLWLRQ WR WKH ODE DVVLJQPHQWV� 7KH SXUSRVH RI WKH H[HUFLVHV LV IRU VWXGHQWV WR UHLQIRUFH

WKH LGHDV WKH\ KDYH FRQVWUXFWHG� WR XVH WKH PDWKHPDWLFV WKH\ WKH\ KDYH OHDUQHG DQG� RQ

RFFDVLRQ� WR EHJLQ WKLQNLQJ DERXW VLWXDWLRQV WKDW ZLOO EH VWXGLHG ODWHU�

� &RQFOXVLRQ

:H KDYH WULHG WR VKRZ KRZ -DFN 6FKZDUW]
V RULJLQDO LGHD IRU� DQG GHYHORSPHQW RI� D SURJUDPPLQJ

ODQJXDJH EDVHG RQ PDWKHPDWLFV� WKDW LV HDV\ WR SURJUDP LQ� DQG LV XVHIXO IRU VROYLQJ PDMRU

SUREOHPV LQ FRPSXWHU VFLHQFH� OHG WR D YDULDWLRQ WKDW SURYLGHV DQ HGXFDWLRQDO WRRO RI FULWLFDO

YDOXH LQ RQH DSSURDFK WR GHVLJQLQJ LQVWUXFWLRQ WKDW UHODWHV WR RXU XQGHUVWDQGLQJ RI KRZ SHRSOH

FDQ OHDUQ PDWKHPDWLFDO FRQFHSWV� 7KH YDULHW\ RI PDWKHPDWLFDO VLWXDWLRQV LQ ZKLFK WKLV DSSURDFK

FDQ EH XVHG LV LQGLFDWHG LQ WKH H[DPSOHV ZH KDYH JLYHQ IURP DEVWUDFW DOJHEUD� FDOFXOXV DQG

PDWKHPDWLFDO LQGXFWLRQ� 5HVXOWV RI XVLQJ WKLV SHGDJRJLFDO VWUDWHJ\ FDQ EH IRXQG LQ WKH OLWHUDWXUH�

7KH GDWD VXJJHVWV WKDW WKLV FDQ EH D YHU\ SRZHUIXO ZD\ RI KHOSLQJ VWXGHQWV OHDUQ PDWKHPDWLFDO

FRQFHSWV�

7KHUH DUH FRQWLQXLQJ HmRUWV LQ WKH EDVLF UHVHDUFK LQWR OHDUQLQJ WKDW LV GLVFXVVHG LQ WKLV SDSHU

DQG WKH GHYHORSPHQW RI FRUUHVSRQGLQJ SHGDJRJ\ XVLQJ ,6(7/� 7KH XVH RI ,6(7/ LV nUPO\

HVWDEOLVKHG LQ PDWKHPDWLFV HGXFDWLRQ DQG ZH FDQ KRSH WKDW DW WKH QH[W IHVWFKULmW LQ KRQRU RI

-DFN 6FKZDUW] ZH FDQ UHSRUW RQ ZLGHVSUHDG DFFHSWDQFH RI WKLV PHWKRG�

��



5()(5(1&(6

'� %UHLGHQEDFK� (� 'XELQVN\� -� +DZNV� DQG '� 1LFKROV� 'HYHORSPHQW RI WKH SURFHVV FRQFHS�

WLRQ RI IXQFWLRQ� (GXFDWLRQDO 6WXGLHV LQ 0DWKHPDWLFV� �� ������� ��������

(� 'XELQVN\� 6� )UHXGHQEHUJHU� (� 6FKRQEHUJ� DQG -�7� 6FKZDUW]� 5HXVDELOLW\ RI GHVLJQ IRU

ODUJH VRIWZDUH V\VWHPV� $Q H[SHULPHQW ZLWK WKH ,6(7/ RSWLPL]HU� LQ 6RIWZDUH 5HXVDELOLW\ ,�

�7� %LJJHUVWDm DQG $� 3HUOLV� HGV��� 1HZ <RUN�$&0 3UHVV� $GGLVRQ�:HVOH\� ����� SS� ��������

(� 'XELQVN\ DQG 8� /HURQ� /HDUQLQJ $EVWUDFW $OJHEUD ZLWK ,6(7/� 1HZ <RUN�6SULQJHU�

9HUODJ� �����

(� 'XELQVN\� .� (� 6FKZLQJHQGRUI� DQG '� 0� 0DWKHZV� &DOFXOXV� &RQFHSWV DQG &RP�

SXWHUV� �QG HGLWLRQ� 1HZ <RUN�0F*UDZ�+LOO� �����

-� 3LDJHW� 7KH SULQFLSOHV RI *HQHWLF (SLVWHPRORJ\ �:� 0D\V WUDQV�� /RQGRQ� 5RXW�

OHGJH	 .HJDQ 3DXO� ����� �2ULJLQDO SXEOLVKHG ������

$� 6IDUG� 7ZR FRQFHSWLRQV RI PDWKHPDWLFDO QRWLRQV� RSHUDWLRQDO DQG VWUXFWXUDO� 3URFHHGLQJV

RI WKH ��WK $QQXDO &RQIHUHQFH RI WKH ,QWHUQDWLRQDO *URXS IRU WKH 3V\FKRORJ\ RI 0DWKHPDWLFV

(GXFDWLRQ� �$� %RUEtDV� HG�� 0RQWUHDO� ������ ��������

'� 9LGDNRYLF� 'LmHUHQFHV EHWZHHQ JURXS DQG LQGLYLGXDO SURFHVVHV RI FRQVWUXFWLRQ RI WKH FRQ�

FHSW RI LQYHUVH IXQFWLRQ� XQSXEOLVKHG GRFWRUDO GLVVHUWDWLRQ� 3XUGXH 8QLYHUVLW\� �����

��


