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7KLV SDSHU OLVWV HLJKW GHVLJQ FULWHULD WKDW PXVW EH PHW LI ZH DUH WR SURYLGH

VXFFHVVIXO FRPSXWHU VXSSRUW IRU HGXFDWLRQ LQ DOJHEUD� WULJ� DQG FDOFXOXV� ,W DOVR

GHVFULEHV0DWKSHUW� D SLHFH RI VRIWZDUH WKDW ZDV EXLOW ZLWK WKHVH FULWHULD LQ PLQG�

7KH GHVFULSWLRQ JLYHQ KHUH LV LQWHQGHG IRU GHVLJQHUV RI RWKHU VRIWZDUH� IRU GH�

VLJQHUV RI QHZ WHDFKLQJ PDWHULDOV DQG FXUULFXOD XWLOL]LQJ PDWKHPDWLFDO VRIWZDUH�

DQG IRU SURIHVVRUV LQWHUHVWHG LQ XVLQJ VXFK VRIWZDUH� 7KH GHVLJQ SULQFLSOHV LQ

TXHVWLRQ LQYROYH ERWK WKH XVHU LQWHUIDFH DQG WKH LQWHUQDO RSHUDWLRQ RI WKH VRIW�

ZDUH� )RU H[DPSOH� WKUHH LPSRUWDQW SULQFLSOHV DUH FRJQLWLYH nGHOLW\� WKH JODVV

ER[ SULQFLSOH� DQG WKH FRUUHFWQHVV SULQFLSOH� $IWHU DQ RYHUYLHZ RI GHVLJQ SULQFL�

SOHV� ZH GLVFXVV WKH GHVLJQ RI 0DWKSHUW LQ WKH OLJKW RI WKHVH SULQFLSOHV� VKRZLQJ

KRZ WKH PDLQ OLQHV RI WKH GHVLJQ ZHUH GHWHUPLQHG E\ WKHVH SULQFLSOHV��

� 3XUSRVHV RI VRIWZDUH IRU PDWKHPDWLFV HGX�

FDWLRQ

7KH nUVW VWHS LQ SURSHU VRIWZDUH GHVLJQ LV D FOHDU VWDWHPHQW RI WKH SXUSRVH RI

WKH VRIWZDUH� +HUH� IRU H[DPSOH� LV D VWDWHPHQW RI SXUSRVH IRU 0DWKSHUW �

0DWKSHUW LV LQWHQGHG WR UHSODFH SDSHU�DQG�SHQFLO KRPHZRUN LQ DOJHEUD� WULJ�

DQG FDOFXOXV� UHWDLQLQJ FRPSDWLELOLW\ ZLWK WKH H[LVWLQJ FXUULFXOXP ZKLOH DW WKH

VDPH WLPH VXSSRUWLQJ LQQRYDWLYH FXUULFXOXP FKDQJHV� WR SURYLGH HDV\�WR�XVH

�7KH VFRSH RI WKLV SDSHU LV VWULFWO\ OLPLWHG WR DQ H[SRVLWLRQ RI WKH GHVLJQ SULQFLSOHV DQG

WKHLU DSSOLFDWLRQ WR 0DWKSHUW� , VKDOO QRW DWWHPSW WR UHYLHZ SURMHFWV RWKHU WKDQ 0DWKSHUW LQ

WKH OLJKW RI WKHVH GHVLJQ SULQFLSOHV�
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FRPSXWHU JUDSKLFV IRU FODVVURRP GHPRQVWUDWLRQV LQ WKRVH VXEMHFWV� DV ZHOO DV
IRU KRPH VWXG\� WR UHSODFH RU VXSSOHPHQW FKDON�DQG�EODFNERDUG LQ WKH FODVVURRP
IRU V\PEROLF SUREOHPV DV ZHOO DV JUDSKV� 0DWKSHUW LV QRW LQWHQGHG WR UHSODFH
WHDFKHUV RU ERRNV� LW LV QRW H[SOLFLWO\ WXWRULDO� ,W LV D ?FRPSXWHUL]HG HQYLURQPHQW
IRU VROYLQJ SUREOHPV�� ,W FDQ EH XVHG E\ VWXGHQWV RI DOO DJHV DQG OHYHOV ZKR DUH
SUHSDUHG WR OHDUQ WKH VXEMHFW PDWWHU�

0RVW H[SHULPHQWV WR GDWH ZLWK XVLQJ VRIWZDUH LQ FDOFXOXV LQVWUXFWLRQ KDYH
XVHG JHQHUDO�SXUSRVH V\PEROLF SURJUDPV VXFK DV 0DSOH RU 0DWKHPDWLFD� 7KHVH
SURJUDPV ZHUH QRW GHYHORSHG VSHFLnFDOO\ IRU HGXFDWLRQ� DQG LW LV WKHUHIRUH VPDOO
ZRQGHU WKDW WKHLU FDSDELOLWLHV DUH QRW HQWLUHO\ PDWFKHG WR WKH QHHGV RI VWXGHQWV�

, ZLOO VKRZ LQ WKLV SDSHU� DPRQJ RWKHU WKLQJV� WKDW LI ZH VWDUW ZLWK DQ HGX�

FDWLRQDO SXUSRVH� DQG HQXQFLDWH VRPH VLPSOH GHVLJQ SULQFLSOHV WKDW PRUH RU OHVV
REYLRXVO\ IROORZ IURP WKDW SXUSRVH� WKHVH SULQFLSOHV KDYH UDPLnFDWLRQV WKDW UXQ
WKURXJK WR WKH FRPSXWDWLRQDO FRUH RI VXFK D V\VWHP� VR WKDW LW LV LPSRVVLEOH WR
DFKLHYH LGHDO UHVXOWV E\ WDFNLQJ RQ VRPH DGGLWLRQDO ?LQWHUIDFH� IHDWXUHV WR D SUH�
YLRXVO\ H[LVWLQJ FRPSXWDWLRQ V\VWHP� 7R SXW WKH PDWWHU DQRWKHU ZD\� LW LV QRW
SRVVLEOH HQWLUHO\ WR VHSDUDWH ?LQWHUIDFH� FRQVLGHUDWLRQV IURP ?NHUQHO� FRQVLGHU�
DWLRQV� 6XFK D VHSDUDWLRQ PLJKW EH SRVVLEOH �WR IDFLOLWDWH UXQQLQJ RQ GLmHUHQW
SODWIRUPV�� EXW RQO\ LI WKH NHUQHO LWVHOI KDV EHHQ GHVLJQHG ZLWK HGXFDWLRQ LQ
PLQG�

7KH PRVW VHULRXV DQG WKRURXJK DWWHPSW WR EXLOG DQ HGXFDWLRQDO V\VWHP EDVHG
RQ SUH�H[LVWLQJ V\PEROLF FRPSXWDWLRQ VRIWZDUH LV GHVFULEHG LQ >��@� 7KH nUVW
SDUDJUDSK RI WKLV SDSHU VD\V ?ZH ZLOO GHPRQVWUDWH KRZ VSHFLnF IHDWXUHV FRPPRQ
WR V\PEROLF FRPSXWDWLRQ SURJUDPV GLPLQLVK WKHLU SHGDJRJLFDO HmHFWLYHQHVV��
1HYHUWKHOHVV� WKH\ VD\ ?7KH UHDVRQ WR DGRSW DQ H[LVWLQJ SDFNDJH UDWKHU WKDQ
GHYHORS RQHV RZQ LV WKH UHFRJQLWLRQ WKDW SURJUDPV OLNH 0DSOH DQG 0DWKHPDWLFD
UHSUHVHQW PDVVLYH SURJUDPPLQJ HmRUWV WKDW GR QRW QHHG WR EH UHSHDWHG�� 7KH\
LGHQWLI\ PDQ\ RI WKH VDPH SUREOHPV ZLWK FRPSXWDWLRQ V\VWHPV WKDW DUH GLVFXVVHG
LQ WKLV SDSHU� ,Q RUGHU WR RYHUFRPH WKH SUREOHP RI LQFRUUHFW LQIHUHQFHV� WKH\
GHYHORSHG D VHSDUDWH ?GHULYDWLRQ V\VWHP� RI ?VHPDQWLF PDFKLQHU\�� ZKLFK UXQV
EHWZHHQ 0DSOH DQG WKHLU XVHU LQWHUIDFH� $OVR� D JRRG GHDO RI SURJUDPPLQJ
LQ WKH 0DSOH ODQJXDJH ZDV QHFHVVDU\ WR SURGXFH VWXGHQW�VL]HG VWHSV� UDWKHU
WKDQ P\VWLI\LQJ DQVZHUV� $ PRUH GHWDLOHG FRPSDULVLRQ RI WKHLU V\VWHP ZLWK
0DWKSHUW LV EH\RQG WKH VFRSH RI WKLV SDSHU� 7KHLU ZRUN GRHV QRW FRQVWLWXWH D
FRXQWHUH[DPSOH WR WKH FODLP LQ WKH WH[W� EXW UDWKHU DGGLWLRQDO VXSSRUW� UDWKHU
WKDQ ?WDFNLQJ RQ� DQ LQWHUIDFH WR 0DSOH� LW ZDV IRXQG QHFHVVDU\ WR SHUIRUP
PDQ\ SHUVRQ�\HDUV RI V\VWHP GHYHORSPHQW LQ ERWK & DQG 0DSOH WR REWDLQ D
XVDEOH V\VWHP�

$OWKRXJK 0DWKSHUW LV QRW GHVLJQHG WR UHSODFH WHDFKHUV DQG ERRNV� WKHUH LV
D GHPDQG IRU VWDQG�DORQH VRIWZDUH WKDW ZRXOG DOORZ D VWXGHQW WR ZRUN DORQH�
LQGHSHQGHQW RI WHDFKHUV DQG ERRNV� 7KHUHIRUH 0DWKSHUW KDV EHHQ GHVLJQHG LQ
VXFK D ZD\ WKDW LW FDQ ODWHU EH LQFRUSRUDWHG LQ RU XVHG E\ V\VWHPV ZKLFK DUH

H[SOLFLWO\ WXWRULDO� 7KLV SRLQW ZLOO EH WDNHQ XS LQ WKH ODVW VHFWLRQ RI WKLV SDSHU�
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� 'HVLJQ SULQFLSOHV

,Q WKLV VHFWLRQ , SUHVHQW DQG GLVFXVV HLJKW IXQGDPHQWDO GHVLJQ SULQFLSOHV WKDW
JXLGHG WKH GHVLJQ RI 0DWKSHUW�

��� &RJQLWLYH nGHOLW\

:H FDOO PDWKHPDWLFDO VRIWZDUH FRJQLWLYHO\ IDLWKIXO LI LW VDWLVnHV WKH IROORZLQJ FUL�
WHULRQ� :KHQ JHQHUDWLQJ VROXWLRQV� DV RSSRVHG WR VXSSRUWLQJ VWXGHQW�JHQHUDWHG
VROXWLRQV� WKH VRIWZDUH VROYHV SUREOHPV DV WKH VWXGHQW VKRXOG� 7KLV PHDQV WKDW
LW WDNHV WKH VDPH VWHSV DV WKH VWXGHQW VKRXOG WDNH� LQ D FRUUHFW RUGHU� 2I FRXUVH�
WKHUH PD\ EH VHYHUDO DFFHSWDEOH ?VROXWLRQ SDWKV�� DOO RI ZKLFK ZLOO EH DFFHSWHG LI
WKH VWXGHQW WDNHV WKHP� EXW WKH RQH ZKLFK WKH FRPSXWHU JHQHUDWHV LI UHTXHVWHG
WR GR VR PXVW EH H[HPSODU\ LQ HYHU\ UHVSHFW� ,Q SDUWLFXODU� KLJK�SRZHUHG DO�
JRULWKPV EDVHG RQ DGYDQFHG PHWKRGV DUH SUREOHPDWLF� 0RVW PRGHUQ FRPSXWHU
DOJHEUD V\VWHPV XVH VXFK DGYDQFHG PHWKRGV IRU IXQGDPHQWDO RSHUDWLRQV VXFK DV
IDFWRULQJ SRO\QRPLDOV� VROYLQJ HTXDWLRQV� DQG FRPSXWLQJ LQWHJUDOV� :KDW LV D
VWXGHQW WR WKLQN ZKHQ VKH DVNV IRU D IDFWRUL]DWLRQ RI [��[�� DQG UHFHLYHV WKH
DQVZHU �[� � [� ���[� b [� � ��"
6KH ZLOO KDYH QR LGHD KRZ VXFK D IDFWRUL]DWLRQ FDQ EH REWDLQHG� HYHQ WKRXJK

WKH UHVXOW FDQ EH YHULnHG E\ PXOWLSO\LQJ RXW� )RU D VWXGHQW ZKR KDV PDVWHUHG
HOHPHQWDU\ DOJHEUD� LW PLJKW EH TXLWH D YDOXDEOH DLG WR JHQXLQH PDWKHPDWL�
FDO H[SORUDWLRQ WR KDYH VXFK DQ ?RUDFOH� DYDLODEOH� %XW� WKH FRPSXWHU QHHGV
WR SUHVHQW HOHPHQWDU\ VROXWLRQV WR HOHPHQWDU\ SUREOHPV ZKHQ WKH VWXGHQW LV
OHDUQLQJ HOHPHQWDU\ PHWKRGV� DQG LW QHHGV WR QRW SUHVHQW DQVZHUV DFKLHYHG E\
PHWKRGV WKDW WKH VWXGHQW FDQQRW XQGHUVWDQG�

��� *ODVV ER[

7KLV PHDQV WKDW \RX FDQ VHH KRZ WKH FRPSXWHU VROYHV WKH SUREOHP� 7KH SUR�
JUDP SUHVHQWV� RU DOORZV WKH VWXGHQW WR FRQVWUXFW� VWHS�E\�VWHS VROXWLRQV� QRW
MXVW DQVZHUV� 7KLV LV D YHU\ LPSRUWDQW SRLQW� DQG RIWHQ PLVXQGHUVWRRG� ,W LV
FRPSDUDWLYHO\ HDV\ IRU D SURJUDP WR JHW WKH RQH�OLQH DQVZHU WR D SUREOHP� ,W LV
PRUH GLpFXOW WR JHQHUDWH D PXOWL�OLQH VROXWLRQ ZLWK XQGHUVWDQGDEOH VWHSV� :KHQ
FRPELQHG ZLWK WKH UHTXLUHPHQW WKDW WKH VWHSV EH FRJQLWLYHO\ IDLWKIXO� WKLV WXUQHG
RXW WR EH QRW RQO\ WKH PRVW LPSRUWDQW EXW DOVR WKH PRVW GLpFXOW FULWHULRQ WR
VDWLVI\� 7KH JODVV�ER[ FULWHULRQ UHTXLUHV LW WR EH DSSDUHQW KRZ HDFK VWHS ZDV
REWDLQHG� LQ SUDFWLFH WKLV PHDQV DFFRPSDQ\LQJ HDFK VWHS ZLWK D ?MXVWLnFDWLRQ��
)LJXUH � H[KLELWV D VDPSOH VWHS�E\�VWHS VROXWLRQ� FDSWXUHG IURP D 0DWKSHUW

VFUHHQ�
7KH VLPSOHVW FRPSXWHU DOJRULWKPV DOPRVW QHYHU JHQHUDWH FRJQLWLYHO\ IDLWKIXO

VROXWLRQV� ,Q DSSOLFDWLRQV ZKHUH RQO\ WKH DQVZHU LV RI LQWHUHVW� DQG QRW WKH
VWHSV E\ ZKLFK LW ZDV REWDLQHG� WKLV GRHVQ
W PDWWHU� %XW LQ EXLOGLQJ VRIWZDUH
IRU PDWKHPDWLFV HGXFDWLRQ� LW LV FUXFLDO� ?+XPDQ� VROXWLRQV YDU\ JUHDWO\ ZLWK
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)LJXUH �� $ VDPSOH VWHS�E\�VWHS VROXWLRQ�

WKH IHDWXUHV RI HDFK SDUWLFXODU SUREOHP� GHOLFDWHO\ DGMXVWLQJ WKH FKRLFH DQG
RUGHU RI RSHUDWLRQV WR EH DSSOLHG VR WKDW WKH UHVXOWLQJ VROXWLRQ LV HFRQRPLFDO
DQG EHDXWLIXO� 6RIWZDUH IRU PDWKHPDWLFV HGXFDWLRQ ZLOO DOVR KDYH WR JHQHUDWH
HFRQRPLFDO DQG EHDXWLIXO VROXWLRQV�
,Q SUDFWLFH WKH DELOLW\ RI PRGHUQ DOJRULWKPV WR VROYH SUREOHPV WKH VWXGHQW

FDQQRW VROYH LV QRW DV ODUJH DQ REVWDFOH WR WKH XVH RI H[LVWLQJ FRPSXWHU�DOJHEUD
V\VWHPV DV LV WKH LQDELOLW\ WR EUHDN WKH FRPSXWDWLRQ LQWR FRPSUHKHQVLEOH VWHSV�
(YHQ ZKHQ D VROXWLRQ FDQ EH REWDLQHG E\ HOHPHQWDU\ PHDQV� LW LV LPSRUWDQW WR
EUHDN LW LQWR VWHSV� )RU H[DPSOH� WKH IROORZLQJ IDFWRUL]DWLRQ RI [��� b � FDQ EH
REWDLQHG E\ D IDLUO\ VKRUW VHULHV RI HOHPHQWDU\ VWHSV� \HW FDQ EH RYHUZKHOPLQJ
LI SUHVHQWHG DOO DW RQFH�

�[b ���[� � [� � [� � [����[�� � [�� � [�� � [� ���

�[� ����b [� [� b [� � [����b [� � [�� b [�� � [���

�� � [���[� b [� � [� b [� � ���[�� b [�� � [�� b [�� ���

%XW LI WKH FRPSXWDWLRQ V\VWHP GRHV QRW LQWHUQDOO\ IDFWRU WKH SRO\QRPLDO E\
D VHULHV RI HOHPHQWDU\ VWHSV� EXW LQVWHDG E\ D KLJK�SRZHUHG PHWKRG VXFK DV
%HUOHNDPS
V DOJRULWKP� WKHUH LV QR KRSH RI JHWWLQJ LW WR JHQHUDWH WKH UHTXLUHG
VHULHV RI HOHPHQWDU\ VWHSV�

�



��� &XVWRPL]HG WR WKH OHYHO RI WKH XVHU

&RJQLWLYH nGHOLW\ GHPDQGV WKDW WKH VRIWZDUH JHQHUDWH VROXWLRQV WKDW ZLOO EH H[�
HPSODU\ IRU WKH VWXGHQW� %XW VWXGHQWV DW GLmHUHQW OHYHOV QHHG GLmHUHQW VROXWLRQV�
$ EHJLQQLQJ DOJHEUD VWXGHQW QHHGV D nYH�OLQH VROXWLRQ WR WKH FRPPRQ GHQRP�

LQDWRU SUREOHP � [�� \� $ FDOFXOXV VWXGHQW HYDOXDWLQJ D FRPSOLFDWHG LQWHJUDO
GRHV QRW ZDQW WR VHH nYH OLQHV GHYRWHG WR � [ � � \  �[ � \� [\� ,W IROORZV
WKDW WKH SURJUDP PXVW FRQWDLQ VRPH� DOEHLW UXGLPHQWDU\� UHSUHVHQWDWLRQV RI LWV
XVHU
V NQRZOHGJH� 7KLV UHSUHVHQWDWLRQ PXVW EH VXpFLHQW WR HQDEOH WKH JHQHU�
DWLRQ RI VROXWLRQV ZLWK PDQ\ VPDOO VWHSV RU IHZ� SRZHUIXO VWHSV� GHSHQGLQJ RQ
WKH UHTXLUHPHQWV RI WKH LQGLYLGXDO VWXGHQW�
,W LV DSSDUHQWO\ VLPSOHU WR DOORZ WKH XVHU WR FUHDWH ORQJ �?nQH�JUDLQHG��

RU VKRUW �?FRDUVH�JUDLQHG�� VROXWLRQV� WKDQ WR UHTXLUH WKH FRPSXWHU WR GR LW�
$W OHDVW D ?XVHU PRGHO� ZRXOG QRW EH UHTXLUHG� %XW WKHUH DUH VWLOO VRPH GLI�
nFXOWLHV HYHQ ZLWK XVHU�JHQHUDWHG VROXWLRQV� 1DPHO\� WKLV UHTXLUHPHQW PHDQV
WKDW WKH SURJUDP PXVW KDYH D YDULHG DUVHQDO RI PDWKHPDWLFDO RSHUDWLRQV� ,Q
RUGHU WR DOORZ WKH FUHDWLRQ RI nQH�JUDLQHG VROXWLRQV� ZH QHHG VRPH YHU\ ZHDN
V\PEROLF RSHUDWLRQV� 0DWKSHUW FDQ JHQHUDWH D nYH�RU�VL[ OLQH VROXWLRQ WR WKH
FRPPRQ�GHQRPLQDWRU SUREOHP � [ � � \� ,W FDQ DOVR JHQHUDWH D RQH�OLQH VR�
OXWLRQ� )LJXUH � VKRZV WKH nYH�OLQH VROXWLRQ DV LW FDQ DSSHDU RQ 0DWKSHUW
V
VFUHHQ�

)LJXUH �� $ VROXWLRQ ZLWK PDQ\ VPDOO VWHSV
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0DWKHPDWLFD� 0DFV\PD� DQG 0DSOH FDQ RQO\ JHQHUDWH WKH RQH�OLQH VROXWLRQ�
ZKLFK LV XVHOHVV IRU OHDUQLQJ FRPPRQ GHQRPLQDWRUV� 7KHVH JHQHUDO�SXUSRVH
SURJUDPV QHHG RQO\ RQH VLPSOH RSHUDWLRQ IRU WDNLQJ FRPPRQ GHQRPLQDWRUV�
7R PHHW WKH UHTXLUHPHQW RI JHQHUDWLQJ nQH�JUDLQHG VROXWLRQV� 0DWKSHUW QHHGV
VHYHUDO GLmHUHQW RSHUDWLRQV� IRU XVH DW GLmHUHQW PDWKHPDWLFDO OHYHOV� :KLOH
FUHDWLQJ \RXU VROXWLRQ� \RX FDQ WDNH ELJ VWHSV RU OLWWOH RQHV� DV \RXU DELOLW\ DQG
WHPSHUDPHQW GLFWDWH�
%XFKEHUJHU >�@ SURSRVHV D ?ZKLWH ER[�EODFN ER[� PRGHO IRU V\PEROLF FRPSX�

WDWLRQ VRIWZDUH LQ HGXFDWLRQ� $ ?EODFN ER[� FRUUHVSRQGV WR D RQH�VWHS VROXWLRQ�
D ?ZKLWH ER[� WR D IXOO\ GHWDLOHG VROXWLRQ� %XFKEHUJHU
V ?ZKLWH ER[HV� DUH WKH
VDPH DV P\ ?JODVV ER[HV�� %XW KLV GLVFXVVLRQ FRQVLGHUV WKH UHODWLRQVKLS EHWZHHQ
WKH JODVV ER[ UHTXLUHPHQW DQG WKH UHTXLUHPHQW WKDW VROXWLRQV EH FXVWRPL]HG WR
WKH XVHU� $Q LQWHUPHGLDWH FDVH� ZKHUH WKH VROXWLRQ LV LQ VHYHUDO VWHSV EXW QRW DW
WKH nQHVW OHYHO RI GHWDLO� FRXOG EH DQDO\]HG LQ %XFKEHUJHU
V WHUPV DV D ZKLWH ER[
DW WKH WRS OHYHO� LQ ZKLFK VXERUGLQDWH VWHSV DUH WUHDWHG DV EODFN ER[HV� )RU H[DP�
SOH� ZKHQ LQWHJUDWLQJ UDWLRQDO IXQFWLRQV� SDUWLDO�IUDFWLRQ GHFRPSRVLWLRQ FDQ EH
WUHDWHG DV D EODFN ER[� 0DWKSHUW VXSSRUWV WKLV SDUDGLJP IXOO\� DOORZLQJ WKH XVHU
FRPSOHWH oH[LELOLW\ WR FXVWRPL]H WKH OHYHO RI GHWDLO GHVLUHG LQ WKH VROXWLRQV� ,W LV
D GHOLJKW� ZKHQ ZRUNLQJ RXW D VWHS�E\�VWHS VROXWLRQ WR DQ LQWHJUDWLRQ SUREOHP�
WR MXVW SXVK D EXWWRQ WR JHW D SDUWLDO�IUDFWLRQ GHFRPSRVLWLRQ� )LJXUH � VKRZV
WKH EHJLQQLQJ RI D VROXWLRQ WR DQ LQWHJUDWLRQ SUREOHP� LQ ZKLFK WZR FRPSOLFDWHG
DOJHEUDLF VWHSV DUH WDNHQ DW D VLQJOH PRXVH FOLFN�

��� &RUUHFWQHVV

<RX FDQQRW SHUIRUP D PDWKHPDWLFDOO\ LQFRUUHFW RSHUDWLRQ RU GHULYH D IDOVH UHVXOW
ZLWK 0DWKSHUW� ,W LV QRW DV ZLGHO\ NQRZQ DV LW VKRXOG EH WKDW PRVW V\VWHPV LQ
XVH QRZDGD\V GR QRW KDYH WKLV SURSHUW\� , VKDOO WKHUHIRUH JLYH VRPH H[DPSOHV�
,Q 0DFV\PD� ZH FDQ VHW D  �� DQG WKHQ GLYLGH ERWK VLGHV E\ D XVLQJ WKH

FRPPDQG ��D� 7KLV ZLOO UHVXOW LQ � �� EHFDXVH DFFRUGLQJ WR 0DFV\PD� D D  �
DQG � D  �� 7KLV H[DPSOH FDQ EH FDUULHG RXW LQ 0DWKHPDWLFD� WRR� EXW \RX
PXVW nUVW WHOO LW WKDW GLYLGLQJ DQ HTXDWLRQ PHDQV WR GLYLGH ERWK VLGHV� 7KH
FDXVH RI WKH HUURU LV LJQRULQJ WKH VLGH FRQGLWLRQ D� � RQ WKH UXOH D D  ��

+HUH
V DQRWKHU H[DPSOH� LI ) ��[�  I�[� WKHQ
5
E

D
I�[�G[  ) �E� b ) �D��

$SSO\ WKLV UXOH ZLWK I�[�  � [ DQG ) �[�  b� [� WR JHW 5 �
b�
�� [�G[  ��

7KH FDXVH RI WKH HUURU LV LJQRULQJ WKH VLGH FRQGLWLRQ WKDW I PXVW EH FRQWLQXRXV
RQ >D� E@� 7KLV LV D VWDQGDUG KRPHZRUN SUREOHP LQ &DOFXOXV ��
:KHQ WKHVH H[DPSOHV DUH SUHVHQWHG� WKH VXJJHVWLRQ LV VRPHWLPHV PDGH WKDW

WKHVH DUH VLPSO\ ?OLWWOH EXJV� WKDW FDQ EH HDVLO\ UHPRYHG� 7KLV LV D PLVFRQFHS�
WLRQ� 7KH URRW FDXVH RI WKHVH SUREOHPV LV WKDW PDWKHPDWLFDO RSHUDWLRQV JHQHU�
DOO\ KDYH ?VLGH FRQGLWLRQV� ZKLFK DUH ORJLFDO SURSRVLWLRQV� )RU H[DPSOH� WKH VLGH
FRQGLWLRQ RQ WKH RSHUDWLRQ D D  � LV D � �� :KHQ ZH PDNH D PDWKHPDWLFDO
FDOFXODWLRQ� HDFK OLQH LV DFWXDOO\ GHSHQGHQW RQ D FHUWDLQ OLVW RI DVVXPSWLRQV�
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)LJXUH �� $ VROXWLRQ ZLWK VRPH VWHSV XVLQJ SRZHUIXO RSHUDWLRQV

6RPH VWHSV� IRU H[DPSOH UHSODFLQJ
S
[\ E\

S
[
S
\� DGG QHZ DVVXPSWLRQV WR WKLV

OLVW� �,Q WKLV FDVH� WKH QHZ DVVXPSWLRQV DUH � � [ DQG � � \�� :KHQ ZH GR
PDWKHPDWLFV E\ KDQG� ZH XVXDOO\ GR QRW ZULWH WKH DVVXPSWLRQV GRZQ H[SOLFLWO\�
EXW VRPHWLPHV ZH PDNH D QRWH RI DGGLWLRQV WR WKH OLVW� DQG PDLQWDLQLQJ WKH OLVW
FRUUHFWO\ LV YLWDO� DV WKH DERYH H[DPSOHV VKRZ� 0RUHRYHU� LW LV QRW SRVVLEOH WR
UHVWULFW WKH FRPSOH[LW\ RI WKHVH DVVXPSWLRQV� 'HQRPLQDWRUV PXVW QRW EH ]HUR�
EXW GHQRPLQDWRUV FDQ EH FRPSOLFDWHG� VR WKH ]HUR�VHWV RI IXQFWLRQV JHW LQYROYHG�
7KHVH RIWHQ GHSHQG RQ WKH GRPDLQV RI RWKHU IXQFWLRQV� VR ZH QHHG WR EH DEOH WR
FDOFXODWH GRPDLQV� 'RPDLQV� IRU H[DPSOH RI

S
X�[�� ZLOO GHSHQG RQ WKH VLJQ RI

X LQ D QHLJKERUKRRG� 7KLV NLQG RI TXHVWLRQ FDQ LQ WXUQ GHSHQG RQ ZKHWKHU IXQF�
WLRQV DUH PRQRWRQH LQFUHDVLQJ RU GHFUHDVLQJ� WKLQJV JHW DUELWUDULO\ FRPSOLFDWHG�
7KH VLGH FRQGLWLRQ IRU HYDOXDWLQJ GHnQLWH LQWHJUDOV DOUHDG\ LQYROYHV FRQWLQXLW\
RI WKH LQWHJUDQG RQ DQ LQWHUYDO� 7KHVH FRPSOH[LWLHV VKRZ WKDW WKH FRUUHFWQHVV
SULQFLSOH FDQQRW EH ?DGGHG RQ� WR D V\VWHP WKDW ZDV QRW GHVLJQHG IURP WKH
VWDUW WR VXSSRUW WKH PDLQWHQDQFH RI D OLVW RI DVVXPSWLRQV GXULQJ D FDOFXODWLRQ�
7KH FRUUHFWQHVV SULQFLSOH DSSOLHV WR JUDSKV DV ZHOO DV WR V\PEROLF VROXWLRQV�

:KHQ JUDSKV KDYH VLQJXODULWLHV� PRVW FRPPHUFLDO JUDSKLQJ VRIWZDUH JHWV PRVW
RI WKHP ZURQJ� *UDSKV DUH PDGH E\ FRQQHFWLQJ D nQLWH VHW RI SRLQWV� 7KHVH
SRLQWV ZLOO SUREDEO\ QRW KLW WKH VLQJXODULWLHV H[DFWO\� VR WKH JUDSK PD\ QRW HYHQ
JR Rm�VFUHHQ DW D VLQJXODULW\� 0RUHRYHU� WKHUH LV RIWHQ D YHUWLFDO OLQH ZKHUH WKH
VLQJXODULW\ EHORQJV� 7KLV DULVHV EHFDXVH WKH VRIWZDUH MXVW FRQQHFWV RQH SRLQW
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WR WKH QH[W� DQG ?NQRZV� QRWKLQJ DERXW VLQJXODULWLHV� 0DWKSHUW DYRLGV WKHVH

SLWIDOOV� E\ PHDQV WKDW ZLOO EH H[SODLQHG LQ 6HFWLRQ �� )LJXUH � VKRZV D JUDSK RI

WDQ[ PDGH E\ 0DWKSHUW� DQG D JUDSK PDGH E\ SXUHO\ QXPHULFDO FRPSXWDWLRQ�

DV DOO RWKHU VRIWZDUH , KDYH VHHQ GRHV LW��

0DWKSHUW JUDSK RI WDQ[ WDQ[ JUDSKHG E\ RWKHU VRIWZDUH

)LJXUH �� &RUUHFW YV� LQFRUUHFW JUDSKV ZLWK VLQJXODULWLHV

1RZ WKDW ,
YH H[SODLQHG WKH GLpFXOW\ RI VDWLVI\LQJ WKH FRUUHFWQHVV SULQFLSOH�

OHW PH DOVR HPSKDVL]H LWV LPSRUWDQFH� $OWKRXJK WKLV SDSHU GHDOV ZLWK HGX�

FDWLRQDO VRIWZDUH� , nQG LW GLVFRQFHUWLQJ WR WKLQN RI o\LQJ RQ SODQHV ZKRVH MHW

HQJLQHV RU oLJKW�FRQWURO V\VWHPV ZHUH GHVLJQHG XVLQJ PDWKHPDWLFDO VRIWZDUH WKDW

FDQ GHULYH �  � LQ WZR VWHSV� ,I WKHUH DUH WZR�OLQH FRQWUDGLFWLRQV� WKHUH PD\

DOVR EH PRUH VXEWOH HUURUV WKDW GR QRW VWDQG RXW� 1RW HYHU\ ZURQJ DQVZHU ZLOO

EH REYLRXV� HYHQ WR DQ H[SHULHQFHG HQJLQHHU� +RZHYHU� OHW XV UHVWULFW WKH GLVFXV�

VLRQ WR HGXFDWLRQ� (UURUV WKDW DUH REYLRXV WR DQ HQJLQHHU PD\ QRW EH REYLRXV

WR D VWXGHQW� ,I WKH VRIWZDUH GUDZV JUDSKV ZLWK YHUWLFDO OLQHV DW VLQJXODULWLHV�

IRU H[DPSOH� VWXGHQWV PD\ EH HDVLO\ FRQIXVHG�

��� 8VHU LV LQ FRQWURO

7KH XVHU GHFLGHV ZKDW VWHSV VKRXOG EH WDNHQ� DQG WKH FRPSXWHU WDNHV WKHP�

$V LQ ZRUG�SURFHVVLQJ� WKH FRPSXWHU WDNHV RYHU WKH PRUH ?FOHULFDO� SDUW� 7KH

SULQFLSOH WKDW WKH XVHU VKRXOG GLUHFW WKH VROXWLRQ UHTXLUHV HLWKHU D FRPPDQG�

GULYHQ RU PRXVH�GULYHQ LQWHUIDFH� 7KH SULQFLSOH RI HDVH RI XVH GLFWDWHV D PRXVH�

GULYHQ LQWHUIDFH� :KHQ 0DWKSHUW RSHUDWHV WKLV ZD\� LW LV VDLG WR EH LQ PHQX

PRGH� 7KH XVHU VHOHFWV DQ H[SUHVVLRQ RQ WKH VFUHHQ� 7KLV VHOHFWLRQ EULQJV XS

D PHQX RI RSHUDWLRQV� 7KH XVHU WKHQ VHOHFWV DQ RSHUDWLRQ� 7KHVH RSHUDWLRQV

WUDQVIRUP WKH FXUUHQW OLQH DQG JHQHUDWH WKH QH[W OLQH� ,Q WKLV ZD\ D PXOWL�OLQH

�6RPH JUDSKLQJ FDOFXODWRUV WUDS WDQ [ DV D VSHFLDO FDVH DQG JHW LW ULJKW� EXW WKH\ GRQ
W JHW

WDQ[� ULJKW� RU HYHQ VLPSOH UDWLRQDO IXQFWLRQV�
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VROXWLRQ LV EXLOW XS� (DUOLHU YHUVLRQV GLG QRW KDYH WKH FDSDELOLW\ WR VHOHFW DQ
H[SUHVVLRQ IURP WKH VFUHHQ� DQG D PRUH H[WHQVLYH V\VWHP RI PHQXV ZDV XVHG WR
VHOHFW WKH RSHUDWLRQ� KHQFH WKH QDPH PHQX PRGH�
7KH SULQFLSOH WKDW WKH FRPSXWHU FDQ KHOS \RX RXW ZKHQ \RX DUH VWXFN UHTXLUHV

WKHUH WR EH DQ DXWRPDWLF PRGH� RU DXWR PRGH� LQ ZKLFK WKH SURJUDP FDQ LWVHOI
JHQHUDWH D VROXWLRQ� 7KH XVHU FDQ VZLWFK EHWZHHQ WKHVH WZR PRGHV DW ZLOO�
(DFK WLPH , GHPRQVWUDWH 0DWKSHUW� DQG SURIHVVRUV VHH WKH SURJUDP JHQ�

HUDWLQJ VWHS�E\�VWHS VROXWLRQV WR KRPHZRUN SUREOHPV� VRPH RI WKHP HQYLVLRQ
VWXGHQWV VLPSO\ KDYLQJ 0DWKSHUW GR WKH KRPHZRUN IRU WKHP ZKLOH WKH\ DUH
RXW ZDWFKLQJ %HDYLV DQG %XWWKHDG� DQG , KDYH PDQ\ WLPHV KHDUG WKH TXHVWLRQ
ZKHWKHU WKHUH LV D ZD\ WR GHQ\ WKH VWXGHQWV DFFHVV WR DXWR PRGH� ,QGHHG� WKH
IHDU WKDW VWXGHQWV ZLOO OHDUQ OLWWOH E\ ZDWFKLQJ WKH FRPSXWHU JHQHUDWH DQVZHUV
PD\ EH UHOHYDQW LI WKH\ DUH XVLQJ VRIWZDUH WKDW JHQHUDWHV RQO\ DQVZHUV� DQG JHQ�
HUDWHV WKRVH DQVZHUV E\ LQFRPSUHKHQVLEOH PHWKRGV� 7KH FRPSXWHU WKHQ EHFRPHV
DQ RUDFOH� DQG RQH ZKR TXHVWLRQV DQ RUDFOH KDV QR FRQWURO�
,Q SUDFWLFH� VWXGHQWV VHOGRP PLVXVH DXWR PRGH� 7KH\ VHHP WR WDNH SOHDVXUH

LQ nQGLQJ DQG DSSO\LQJ WKH FRUUHFW RSHUDWLRQV� 7KH IDFW WKDW WKH FRPSXWHU
FDUULHV RXW WKH PHFKDQLFV RI WKH DSSOLFDWLRQ� VR WKDW \RX FDQ
W ORVH D PLQXV VLJQ
RU IRUJHW WR FRS\ D WHUP� RU LQFRUUHFWO\ DSSO\ DQ RSHUDWLRQ� LQFUHDVHV WKH XVHU
V
FRQWURO RYHU WKH GHYHORSLQJ VROXWLRQ�

��� 7KH FRPSXWHU FDQ WDNH RYHU LI WKH XVHU LV ORVW

$ JRRG V\PEROLF FRPSXWDWLRQ SURJUDP IRU HGXFDWLRQ VKRXOG EH DEOH WR VROYH
�XSRQ UHTXHVW� DOO WKH �V\PEROLF RU JUDSKLFDO� SUREOHPV FRPPRQO\ JLYHQ LQ
DOJHEUD� WULJ� DQG nUVW�VHPHVWHU FDOFXOXV� 7KLV LV D YHU\ VWURQJ UHTXLUHPHQW� LQ
YLHZ RI WKH IDFW WKDW ZKDW LV UHTXLUHG LV QRW MXVW WKH DQVZHU� EXW DQ HFRQRPLFDO�
EHDXWLIXO� DQG FRJQLWLYHO\ IDLWKIXO VWHS�E\�VWHS VROXWLRQ� WDLORUHG WR WKH OHYHO RI
WKH VWXGHQW�
(YHQ LI ZH RQO\ ZDQWHG DQVZHUV� KRZHYHU� LW LV LPSRUWDQW WR QRWH WKDW WKH

UHVWULFWLRQ WR SUREOHPV FRPPRQO\ JLYHQ LQ FRXUVHV LV YLWDO� 7KHUH DUH WHFKQLFDO
UHVXOWV VKRZLQJ WKDW LW LV LPSRVVLEOH WR ZULWH SURJUDPV WR VROYH DQ\ JLYHQ SURE�
OHP RI WKH W\SHV VWXGLHG LQ WKHVH FRXUVHV� )RU H[DPSOH� 5LFKDUGVRQ >��@ VKRZHG
WKDW LW LV LPSRVVLEOH WR ZULWH D SURJUDP WKDW ZLOO WDNH DV LQSXW D JLYHQ LGHQWLW\
I�[�  J�[� LQ RQH UHDO YDULDEOH� DQG GHWHUPLQH ZKHWKHU RU QRW WKDW LGHQWLW\
LV YDOLG� ZKHUH I DQG J DUH EXLOW XS IURP H[SRQHQWLDOV� ORJV� DQG WULJ IXQFWLRQV
XVLQJ WKH DULWKPHWLF RSHUDWLRQV�� 1HYHUWKHOHVV� ZH GR LPSOLFLWO\ WHDFK PHWKRGV�
QRW MXVW D FROOHFWLRQ RI VSHFLnF H[DPSOHV� DQG WKH UHTXLUHPHQW LV VLPSO\ WKDW
WKH SURJUDP PXVW HPERG\ DOO WKH PHWKRGV ZH WHDFK�

�7KDW LV� WKHUH LV QR GHFLVLRQ DOJRULWKP IRU WKLV FODVV RI LGHQWLWLHV� 1RUPDOO\ LQ WULJRQRPHWU\�

WKH WULJ IXQFWLRQV DUH QRW QHVWHG� DQG WKH DUJXPHQWV RI WKH WULJ IXQFWLRQV DUH OLQHDU� 7KHUH

LV URRP IRU PRUH FDUHIXO ZRUN� QDUURZLQJ WKH JDS EHWZHHQ WKH ODUJH FODVVHV RI LGHQWLWLHV IRU

ZKLFK WKHUH LV SURYDEO\ QR GHFLVLRQ DOJRULWKP� DQG WKH VPDOO FODVVHV IRU ZKLFK ZH DFWXDOO\

SRVVHVV D GHFLVLRQ DOJRULWKP� 7KH ?ERXQGDU\� LV DW SUHVHQW ODUJHO\ XQH[SORUHG�
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7KH DELOLW\ RI WKH V\VWHP WR JHQHUDWH DQ ?LGHDO� VROXWLRQ FDQ EH SXW WR JRRG
SHGDJRJLFDO XVH WR DVVLVW D VWXGHQW ZKR LV KDYLQJ GLpFXOW\� 6HYHUDO VXFK IHDWXUHV
DUH LQFOXGHG LQ WKH GHVLJQ RI 0DWKSHUW� EXW DV WKHVH DUH QRW IXQGDPHQWDO GHVLJQ
SULQFLSOHV� WKH\ ZLOO QRW EH GLVFXVVHG LQ WKLV VHFWLRQ�

3UREOHPV RIWHQ FDQ EH VROYHG LQ PRUH WKDQ RQH ZD\� IRU ZKLFK WKH MDUJRQ LV
?PXOWLSOH VROXWLRQ SDWKV�� 2I FRXUVH WKH DELOLW\ RI WKH FRPSXWHU WR JHQHUDWH D
VLQJOH ?LGHDO� VROXWLRQ GRHV QRW FRQWUDGLFW LWV DELOLW\ WR VXSSRUW PXOWLSOH VROXWLRQ
SDWKV LQ PHQX PRGH� %XW LW DFWXDOO\ RmHUV JRRG VXSSRUW IRU PXOWLSOH VROXWLRQ
SDWKV LQ DXWR PRGH WRR� $OWKRXJK WKH V\VWHP JHQHUDWHV IRU HDFK SUREOHP D
XQLTXH ?LGHDO� VROXWLRQ� LW KDV WR EH DEOH WR GR WKDW IURP DQ\ SRLQW� 7KH XVHU
FRXOG WDNH RQH RU VHYHUDO VWHSV� DQG WKH FRPSXWHU PXVW EH DEOH WR nQLVK XS
WKH SUREOHP IURP WKHUH� 8VXDOO\ WKH FRPSXWHU FDQ EH VHQW GRZQ D SDUWLFXODU
?VROXWLRQ SDWK� LQ D IHZ PDQXDOO\�GLUHFWHG VWHSV� DIWHU ZKLFK LW ZLOO nQLVK WKH
VROXWLRQ DORQJ WKH GHVLUHG OLQHV�

6RPHWLPHV WKH QHFHVVLW\ RI VROYLQJ D SUREOHP E\ WULDO DQG HUURU LV EURXJKW XS
LQ WKLV FRQQHFWLRQ� 0DWKSHUW FDQ FDUU\ RXW VXFK D VHDUFK� DV ZKHQ VHDUFKLQJ IRU
WKH IDFWRUV RI D TXDGUDWLF SRO\QRPLDO� :KHQ WKLV VXEMHFW LV nUVW EHLQJ OHDUQHG�
WKH DWWHPSWHG IDFWRUL]DWLRQV DUH VKRZQ WR WKH VWXGHQW� 7KHUH LV D PRUH H[WHQVLYH
GLVFXVVLRQ RI WULDO�DQG�HUURU LQ 6HFWLRQ ����

��� (DVH RI XVH

7KH V\VWHP PXVW EH ($6< 72 86(� 7KLV SRLQW KDV EHHQ HPSKDVL]HG RYHU
DQG RYHU E\ HYHU\RQH ZKR KDV FRQVLGHUHG WKH XVH RI FRPSXWHUV LQ PDWKHPDWLFV
HGXFDWLRQ� 6WXGHQWV DUH OLNHO\ WR EH SRRU W\SLVWV DQG PD\ EH DIUDLG RI FRPSXWHUV�
0DQ\ RI WKHP DUH DOVR DIUDLG RI PDWKHPDWLFV� ,W LV HVVHQWLDO WKDW WKH VWXGHQWV
IHHO WKH FRPSXWHU LV D KHOS� QRW MXVW DQRWKHU KXUGOH� 5HSRUWV , KDYH VHHQ RI
PDQ\ H[SHULPHQWV ZLWK FRPSXWHU�DVVLVWHG FDOFXOXV LQVWUXFWLRQ VKRZ WKDW RIWHQ
WKH VWXGHQWV GR IHHO WKH FRPSXWHU DGGV WR WKHLU GLpFXOWLHV� UDWKHU WKDQ KHOSV�
7KH GD\ KDV QRW \HW DUULYHG ZKHQ PDQ\ VWXGHQWV EX\ PDWKHPDWLFDO VRIWZDUH
WKDW LV QRW UHTXLUHG� EHFDXVH WKH\ WKLQN LW ZLOO KHOS WKHP OHDUQ�

(DVH RI XVH LV RIWHQ FRQVLGHUHG WR EH DQ ?LQWHUIDFH LVVXH�� EXW , GRQ
W EH�
OLHYH WKDW D ZHOO�GHVLJQHG SURJUDP IRU HGXFDWLRQ FDQ UHDOO\ EH VHSDUDWHG LQWR
DQ ?LQWHUIDFH� DQG D ?NHUQHO� RSHUDWLQJ FRPSOHWHO\ LQGHSHQGHQWO\� 7DNH WKH
JHQHUDWLRQ RI VWHS�E\�VWHS VROXWLRQV� IRU H[DPSOH^LV WKDW DQ LQWHUIDFH TXHVWLRQ"
,I \RX WDNH WKH QDUURZ LQWHUSUHWDWLRQ� LW LV QRW� 2QO\ WKH PHDQV E\ ZKLFK WKH
XVHU FRPPDQGV WKH VWHSV WR EH WDNHQ� DQG WKH PHDQV E\ ZKLFK WKH UHVXOWV DUH
GLVSOD\HG RU SULQWHG� DUH LQWHUIDFH TXHVWLRQV� %XW RQ WKLV QDUURZ FRQVWUXFWLRQ
RI WKH WHUP ?LQWHUIDFH�� WKH TXHVWLRQ RI HDVH RI XVH FXWV PXFK GHHSHU WKDQ WKH
PHUH LQWHUIDFH� (DVH RI XVH PHDQV WKDW LW LV HDV\ IRU WKH XVHU WR DFFRPSOLVK D
JLYHQ SXUSRVH� :KHWKHU WKH SXUSRVH FDQ EH DFFRPSOLVKHG HDVLO\� RU DW DOO� PD\
ZHOO GHSHQG RQ WKH FDSDELOLWLHV RI WKH SURJUDP DV ZHOO DV RQ WKH GHVLJQ RI WKH
PHQXV DQG GLDORJ ER[HV DQG ZKLFK EXWWRQV FDQ EH FOLFNHG ZKHQ�

$ FULWLFDO PRPHQW IRU ?HDVH RI XVH� FRPHV ZKHQ WKH XVHU LV ?VWXFN�� WKDW
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LV� GRHV QRW NQRZ KRZ WR SURFHHG� ,I WKH V\VWHP KDV WKH FDSDELOLW\ WR VROYH
WKH SUREOHP� LW FDQ EH YLHZHG DV DQ ?LQWHUIDFH LVVXH�� KRZ WR XVH WKDW LQWHUQDO

FDSDELOLW\ WR EHVW DGYDQWDJH WR KHOS D VWXGHQW ZKR LV VWXFN� :KHWKHU RQH KDV
WKH SURJUDP VLPSO\ H[KLELW WKH QH[W VWHS� VKRZ WKH QH[W PHQX FKRLFH� RU JLYH
D KLQW LQ (QJOLVK �RU )UHQFK IRU WKDW PDWWHU�� LV D TXHVWLRQ RI LQWHUIDFH GHVLJQ�
LQ P\ YLHZ� , ZRXOG QRW OLPLW WKH WHUP ?LQWHUIDFH� WR PHDQ ZKHUH \RX KDYH WR
FOLFN RU ZKDW \RX KDYH WR W\SH WR FDXVH WKHVH WKLQJV WR KDSSHQ�

1HYHUWKHOHVV� TXHVWLRQV RI LQWHUIDFH GHVLJQ HYHQ LQ WKH QDUURZ VHQVH DUH RI
VRPH LPSRUWDQFH� , ZLOO FRQVLGHU VRPH RI WKHP LQ 6HFWLRQ ��

��� 8VDEOH ZLWK VWDQGDUG FXUULFXOXP

(YHQ LI WKH SURIHVVRU LVQ
W XVLQJ LW� DQG NQRZV QRWKLQJ DERXW LW� LW VKRXOG EH
XVDEOH E\ WKH VWXGHQW� 7KLV FULWHULRQ LV SHUKDSV PRUH FRQWURYHUVLDO WKDQ P\
RWKHU FULWHULD� %XW , KDYH DOZD\V EHOLHYHG WKDW VHULRXV FXUULFXOXP FKDQJH ZLOO
EH GULYHQ E\ VWXGHQW XVH RI VRIWZDUH� UDWKHU WKDQ WKH RWKHU ZD\ DURXQG� $IWHU D
GHFDGH RI ZHOO�IXQGHG LQLWLDWLYHV WR EULQJ WHFKQRORJ\ LQWR WKH FDOFXOXV FODVVURRP�
PRVW FODVVHV DW PRVW XQLYHUVLWLHV� DQG DOO FODVVHV DW PDQ\ OHDGLQJ XQLYHUVLWLHV�
DUH VWLOO WDXJKW ZLWKRXW VRIWZDUH DVVLVWDQFH� DQG ZLWK D VXEVWDQWLDOO\ XQFKDQJHG
FXUULFXOXP�

$QVZHU�RQO\ SURJUDPV VXFK DV 0DWKHPDWLFD DQG 0DSOH DUH KDUG WR XVH ZLWK
WKH VWDQGDUG FXUULFXOXP LQ PDWKHPDWLFV� ZKLFK HPSKDVL]HV VWHS�E\�VWHS VROX�
WLRQV� 7KLV KDV OHG VRPH SHRSOH WR FDOO IRU D QHZ FXUULFXOXP� LQ ZKLFK VWXGHQWV
ZRXOG QRW OHDUQ WKH WUDGLWLRQDO VWHS�E\�VWHS VROXWLRQ PHWKRGV� 0HWKRGV RI LQ�
WHJUDWLRQ LQ SDUWLFXODU KDYH VXmHUHG D EDG SUHVV� 7KHUH LV WDON RI HPSKDVL]LQJ
FRQFHSWV LQVWHDG RI WHFKQLTXHV� 2I FRXUVH� QRERG\ LV DJDLQVW WHDFKLQJ PDWK�
HPDWLFDO FRQFHSWV^LW
V OLNH PRWKHUKRRG DQG DSSOH SLH� %XW WKHUH LV D VHULRXV
TXHVWLRQ ZKHWKHU LW PDNHV VHQVH WR WHDFK FRQFHSWV ZLWKRXW WHFKQLTXHV�

*LYHQ WKH IDFW WKDW DQVZHU�RQO\ VRIWZDUH FDQ
W VXSSRUW WKH SUHVHQW FXUULFX�
OXP� WKH IDFXOW\ KDV EHHQ OHIW ZLWK WKH FKRLFH� VWLFN ZLWK WKH ROG FXUULFXOXP
�DQG QR VRIWZDUH�� RU WDNH D ELJ OHDS� FKDQJLQJ ERWK ZKDW LV WDXJKW DQG KRZ
LW LV WDXJKW DW WKH VDPH WLPH� &KDQJH ZLOO EH HDVLHU LI WKH\ FDQ FKDQJH JUDGX�
DOO\� DGGLQJ VRIWZDUH VXSSRUW WR WKH H[LVWLQJ FXUULFXOXP� DQG WKHQ DGMXVWLQJ WKH
FXUULFXOXP ODWHU DV UHTXLUHG�

� &RJQLWLYH nGHOLW\ DQG JODVV ER[ LQ 0DWKSHUW �

RSHUDWLRQV DQG SHGDJRJ\

7KH DFKLHYHPHQW RI FRJQLWLYH nGHOLW\ LQ 0DWKSHUW GHSHQGV RQ WKH LPSOHPHQ�
WDWLRQ RI ?RSHUDWLRQV� WKDW FRUUHVSRQG WR LGHQWLnDEOH ?VWHSV RI FRPSXWDWLRQ�
WDNHQ E\ D VWXGHQW LQ WKH FRXUVH RI VROYLQJ D SUREOHP� 7KHVH RSHUDWLRQV FDQ
WKHQ EH LQYRNHG E\ QDPH RU IRUPXOD IURP D PHQX �LQ YDULRXV ZD\V� RU DSSOLHG
E\ WKH SURJUDP LWVHOI ZKHQ JHQHUDWLQJ DQ H[HPSODU\ VROXWLRQ� ,W LV HVVHQWLDO
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WKDW WKH EDVLF VWHSV RI WKH VROXWLRQ FRUUHVSRQG WR ZKDW WKH KXPDQ SHUFHLYHV DV
?RSHUDWLRQV��

��� 'HVLJQ RI WKH RSHUDWLRQV

7KH FRJQLWLYH nGHOLW\ SULQFLSOH UHTXLUHV D FDUHIXO DQG GHWDLOHG DQDO\VLV RI WKH
VXEMHFW PDWWHU� WR GHWHUPLQH WKH FRUUHFW FKRLFH RI RSHUDWLRQV� 7KHUH DUH VRPH
��� PHQXV RI XS WR VL[WHHQ RSHUDWLRQV HDFK� VR WKHUH DUH DERXW D WKRXVDQG GLmHU�
HQW RSHUDWLRQV WKDW 0DWKSHUW FDQ SHUIRUP �QRW FRXQWLQJ JUDSKLFDO RSHUDWLRQV��
, EHOLHYH WKDW WKHVH RSHUDWLRQV SHUPLW WKH VROXWLRQ RI DOO �QRQ�ZRUG� SUREOHPV
QRUPDOO\ WDXJKW LQ DOJHEUD� WULJ� DQG FDOFXOXV� ,Q PDQ\ FDVHV LW ZDV D QRQ�WULYLDO
WDVN WR FRQVWUXFW WKH DSSURSULDWH VHW RI RSHUDWLRQV� WKRXJK LQ VRPH FDVHV LW ZDV
QRW GLpFXOW IRU DQ H[SHULHQFHG WHDFKHU�

��� 5HZULWH UXOHV� PDWFKLQJ� DQG SHGDJRJ\

$ UHZULWH UXOH LV D RQH�GLUHFWLRQDO HTXDWLRQ� VXFK DV D�E�F�  DE�DF� %\ VD\LQJ
LW LV RQH�GLUHFWLRQDO� , PHDQ WKDW \RX FDQ XVH LW WR UHZULWH D�E � F� DV DE � DF�
EXW QRW WKH UHYHUVH� $ UHZULWH UXOH LV DSSOLHG E\ XVLQJ D SURFHVV RI PDWFKLQJ WR
VHH WKDW VRPH FRPSOLFDWHG H[SUHVVLRQ ?KDV WKH IRUP RI� WKH OHIW KDQG VLGH� )RU
H[DPSOH� ZH FDQ XVH WKH UXOH MXVW PHQWLRQHG WR UHZULWH [

��[ � �� DV [� � [
��

3XULVWV ZLOO QRWH WKDW , KDYH XVHG VRPH RWKHU ODZV RI DOJHEUD DQG DULWKPHWLF DV
ZHOO�
$OWKRXJK UHZULWH�UXOH WHFKQRORJ\ DW nUVW VLJKW DSSHDUV DWWUDFWLYH� PDQ\ RI

WKH RSHUDWLRQV FDQQRW EH H[SUHVVHG LQ UHZULWH�UXOH IRUP� EHFDXVH WKH\ WDNH DQ
DUELWUDU\ QXPEHU RI DUJXPHQWV DQG EHFDXVH RWKHU DUJXPHQWV FDQ FRPH LQ EH�
WZHHQ� &RQVLGHU FROOHFW SRZHUV� IRU H[DPSOH� ZKLFK LV UHODWHG WR WKH UHZULWH UXOH

[
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Q�P� EXW DSSOLHV WR D[
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�
F[� 7KH ODVW [ KDV WR EH FROOHFWHG HYHQ

WKRXJK LW GRHVQ
W KDYH DQ H[SOLFLW H[SRQHQW� 7KH RWKHU [
V KDYH WR EH FROOHFWHG

HYHQ WKRXJK WKH\ DUH VHSDUDWHG DQG WKHUH DUH PRUH WKDQ WZR RI WKHP� 0RUHRYHU�

WKHUH DUH IXUWKHU GLpFXOWLHV ZLWK UHZULWH UXOHV LQ WKH SUHVHQFH RI DVVRFLDWLYLW\

DQG FRPPXWDWLYLW\��

�5HDGHUV ZLWK WUDLQLQJ LQ WKH UHOHYDQW EUDQFKHV RI ORJLF RU FRPSXWHU VFLHQFH ZLOO EH DZDUH
WKDW WKHUH LV D YDVW OLWHUDWXUH RQ UHZULWLQJ WHFKQLTXHV� 7KLV WHFKQLFDO IRRWQRWH LV GLUHFWHG WR
VXFK SHRSOH �WKHUH ZDV RQH DPRQJ WKH UHIHUHHV�� 2QH RI WKH JHQHUDO DLPV RI WKLV UHVHDUFK
LV WR SURYLGH LPSURYHG PDWFKLQJ �WHFKQLFDOO\� XQLnFDWLRQ� DOJRULWKPV ZKLFK ZLOO LQFRUSRUDWH
DOJHEUDLF ODZV LQWR WKH PDWFKLQJ VWHS� VR WKDW IRU H[DPSOH DE�F VKRXOG PDWFK F�ED� $OWKRXJK
WKHUH DUH EHDXWLIXO DOJRULWKPV DQG WKHRUHPV DERXW WKRVH DOJRULWKPV� LW VKRXOG EH QRWHG WKDW
WKH EHVW RI WKH FURS ZLOO VWLOO QRW KDQGOH WKH UHZULWLQJ RI [��[��� DV [��[� � 5HDGHUV ZLVKLQJ
WR H[SORUH WKHVH DOJRULWKPV ZLOO nQG DQ LQLWLDO GLVFXVVLRQ DQG IXUWKHU UHIHUHQFHV LQ >�@�
7KLV ERG\ RI WKHRU\ KDV QRW IRXQG DSSOLFDWLRQ LQ 0DWKSHUW� DQG QRW EHFDXVH WKH DXWKRU ZDV

LJQRUDQW RI WKH WKHRU\� 1HYHUWKHOHVV 0DWKSHUW VXFFHVVIXOO\ KDQGOHV PDWFKLQJ� )RU H[DPSOH� LW
LV DEOH WR DSSO\ WKH UXOH FRV� [� VLQ�[  � LQ WKH FRQWH[W �� �VLQ� �[b�[\��FRV��[� %XW LI
WKH VHFRQG �[ LV PDGH [�� 0DWKSHUW ZLOO PLVV WKH PDWFK XQWLO WKH RSHUDWLRQ 2UGHU IDFWRUV LV
DSSOLHG� 1RWH� KRZHYHU� WKDW DVVRFLDWLYH�FRPPXWDWLYH XQLnFDWLRQ ZLOO PLVV WKH PDWFK LQ WKH
nUVW H[DPSOH XQWLO WKH � LV IDFWRUHG RXW�
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7KHVH REVHUYDWLRQV KDYH LPSOLFDWLRQV RI LQWHUHVW WR ERWK SURJUDPPHUV DQG
HGXFDWRUV� 7KH LPSOLFDWLRQ IRU WKH SURJUDPPHU LV VLPSO\ WKDW UHZULWH�UXOH WHFK�
QRORJ\ LVQ
W HQRXJK� HDFK RSHUDWLRQ KDV WR EH LPSOHPHQWHG DV D IXQFWLRQ LQ WKH
SURJUDPPLQJ ODQJXDJH�

7KH LPSOLFDWLRQ IRU HGXFDWRUV LV PRUH IDU�UHDFKLQJ� WKRXJK OHVV REYLRXV�
0DQ\ RI WKH GLpFXOWLHV �?EXJV�� WKDW , KDYH REVHUYHG LQ VWXGHQW VROXWLRQV �RU
IDLOXUHV WR JHQHUDWH VROXWLRQV� FDQ EH DWWULEXWHG WR IDLOXUHV LQ WKH VWXGHQW
V
PDWFKLQJ DOJRULWKP�� -XVW WR JLYH RQH H[DPSOH� FRQVLGHU XVLQJ WKH �UHYHUVH�
GLVWULEXWLYH ODZ DE�DF  D�E�F� WR UHZULWH [��[����[�� DV �[�����[����
(YHQ LI WKH GLpFXOW\ DERXW JURXSLQJ WKH nUVW [ � � VR DV WR PDWFK D WR [ � �
LV RYHUFRPH� WKHUH LV VWLOO WKH SUREOHP WKDW F LV � KHUH� VR OLWHUDO PDWFKLQJ ZRQ
W
VXpFH� 7KH PDWFKLQJ SURFHGXUH LWVHOI KDV WR LQFRUSRUDWH VRPH RWKHU DOJHEUDLF
ODZV IRU WKLV WR ZRUN ULJKW� $QRWKHU� XQUHODWHG GLpFXOW\ DSSDUHQW LQ WKLV VDPH
H[DPSOH RFFXUV WKH nUVW WLPH VWXGHQWV KDYH WR PDWFK RQH RI WKH OHWWHUV LQ D
SDWWHUQ WR D VXP� LQVWHDG RI WR MXVW D PRQRPLDO� 1HDUO\ HYHU\ VWXGHQW IDLOV WKH
nUVW WLPH WKLV LV DVNHG� <HW PDQ\ WH[WERRNV , KDYH H[DPLQHG IDLO WR JLYH DQ
LOOXVWUDWLYH H[DPSOH� 7KH nUVW VXFK SUREOHP RFFXUV LQ WKH KRPHZRUN DVVLJQ�
PHQW� ZKHUH LW LV JXDUDQWHHG WR EH IUXVWUDWLQJ� 0DQ\ D FDVH RI ?PDWK SKRELD�
EHJLQV ZLWK H[DPSOHV OLNH WKLV� LQ ZKLFK D KRPHZRUN SUREOHP LV DVNHG ZKLFK
LQ VRPH VHQVH ?IROORZV IURP� WKH SULQFLSOHV LQ WKH WH[W� EXW LQYROYHV VRPH QHZ
WZLVW� ZKLFK WKH FRPSXWHU VFLHQWLVW FDQ GHVFULEH SUHFLVHO\ LQ WHUPV RI H[WUD FRGH
UHTXLUHG IRU WKH PDWFKLQJ DOJRULWKP��

��� 2UGHU RI RSHUDWLRQV

,W LV LQWHUHVWLQJ� ERWK IRU WKH FRPSXWHU VFLHQWLVW DQG WKH HGXFDWRU� WR FRQVLGHU
WKH SUREOHP RI ZKLFK UXOH WR DSSO\ ZKHQ� )LUVW RI DOO� RQH VKRXOG REVHUYH WKDW
PDQ\ UXOHV DUH LQYHUVHV� IRU H[DPSOH ORJ DE  ORJ D� ORJ E FDQ EH XVHG LQ HLWKHU
GLUHFWLRQ� DQG LQGHHG PXVW VRPHWLPHV EH XVHG LQ RQH GLUHFWLRQ� DQG VRPHWLPHV
LQ WKH RWKHU GLUHFWLRQ� 6RPHWLPHV ZH PXVW IDFWRU� VRPHWLPHV ZH PXVW PXOWLSO\
RXW�
7KH VLPSOHVW FRQWURO PHFKDQLVP ZRXOG EH FRQWH[W�IUHH� LQ WKH VHQVH WKDW WKH

GHFLVLRQ DV WR ZKLFK RSHUDWLRQ WR SHUIRUP FRXOG EH PDGH ORFDOO\� )RU H[DPSOH�
WKH GHFLVLRQ ZKHWKHU WR SXW D VXP RI IUDFWLRQV RYHU D FRPPRQ GHQRPLQDWRU
ZRXOG KDYH WR EH PDGH ZLWKRXW UHJDUG IRU WKH FRQWH[W LQ ZKLFK WKH VXP RI
IUDFWLRQV RFFXUV� ,Q SUDFWLFH� WKHUH DUH WZR VHSDUDWH IDFWRUV LQoXHQFLQJ VXFK
GHFLVLRQV WKDW DUH QRW GLUHFWO\ DYDLODEOH LQ WKLV PHWKRG� )LUVW� LW PDWWHUV ZKDW
NLQG RI SUREOHP ZH DUH VROYLQJ� )RU H[DPSOH� LI WKH SUREOHP W\SH �WKH JRDO RI
WKH SUREOHP� LV FRPPRQ GHQRPLQDWRUV� REYLRXVO\ ZH ZDQW WR XVH FRPPRQ GH�
QRPLQDWRUV UHJDUGOHVV� ,I WKH SUREOHP W\SH LV SDUWLDO IUDFWLRQV� HTXDOO\ REYLRXVO\

�7KH ?EXJJ\ WKHRU\ RI OHDUQLQJ� ZDV nUVW SURPXOJDWHG E\ -� 6� %URZQ DQG 5� %XUWRQ� VHH
IRU H[DPSOH >��@�

�, DP FHUWDLQO\ QRW WKH nUVW WR REVHUYH WKDW VWXGHQW HUURUV DUH VRPHWLPHV DWWULEXWDEOH WR
IDXOW\ PDWFKLQJ� 6HH IRU H[DPSOH >��@ DQG >��@�
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LW ZRXOG QRW EH D JRRG LGHD� 6HFRQG� WKH FRQWH[W RI WKH WHUP EHLQJ VLPSOLnHG
�LQ WKH VHQVH RI WKH FXUUHQW OLQH LQ ZKLFK LW LV HPEHGGHG� PDWWHUV� IRU H[DPSOH�
ZH QHYHU ZDQW WR XVH FRPPRQ GHQRPLQDWRUV LQVLGH DQ XQHYDOXDWHG GHULYDWLYH�
,W ORRNV VLOO\ WR XVH FRPPRQ GHQRPLQDWRUV LQVLGH D GHULYDWLYH� OLNH WKLV�
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IROORZHG E\ D ORQJ FRPSXWDWLRQ XVLQJ WKH TXRWLHQW UXOH� WKH ?FRUUHFW� VROXWLRQ
GLmHUHQWLDWHV WHUP�E\�WHUP� ZLWKRXW XVLQJ FRPPRQ GHQRPLQDWRUV� 7KHUH DUH
PDQ\ LQVWDQFHV RI VXFK FRQWH[WXDO GHSHQGHQFLHV�

$GMXVWLQJ 0DWKSHUW
V SUREOHP�VROYLQJ DOJRULWKP WR WDNH WKHVH FRQWH[WXDO
GHPDQGV LQWR DFFRXQW KDV DFFRXQWHG IRU PXFK RI WKH ZRUN RQ WKH DOJRULWKP�
1RQH RI WKLV ZRXOG EH QHFHVVDU\ LQ DQ DQVZHU�RQO\ SURJUDP� 2Q WKH RWKHU
KDQG� D JUHDW GHDO RI nQH�WXQLQJ LV UHTXLUHG WR FDXVH WKH DOJRULWKP WR XVH WKH
ULJKW RSHUDWLRQV LQ WKH ULJKW RUGHU WR SURGXFH WKH ULJKW VWHS�E\�VWHS VROXWLRQV�
'XULQJ WKH SURFHVV RI GHYHORSLQJ 0DWKSHUW� , REVHUYHG PDQ\ ORRSV DQG LQnQLWH
UHJUHVVHV JHQHUDWHG E\ PHWD�UXOHV WKDW FRQoLFW LQ D JLYHQ VLWXDWLRQ� (DFK WLPH
, KDG WR PRGLI\ WKH PHWD�UXOHV ZKLFK ORRNHG JRRG EHIRUH� DGGLQJ RU FKDQJLQJ
WKH FRQGLWLRQV XQGHU ZKLFK FHUWDLQ PDWKHPDWLFDO RSHUDWLRQV VKRXOG EH DSSOLHG�

/RRSV� $QRWKHU FRPSOLFDWLRQ� LQ DGGLWLRQ WR FRQWH[WXDO GHSHQGHQFLHV� LV WKH
SRVVLELOLW\ WKDW GLmHUHQW RSHUDWLRQV WDNHQ LQ FRPELQDWLRQ FDQ FDXVH ORRSV� )RU
H[DPSOH� \RX FDQ IDFWRU DQG WKHQ H[SDQG D SRO\QRPLDO� VR DXWR PRGH PXVW QHYHU
DFWLYDWH ERWK RSHUDWLRQV� RU D ORRS ZLOO UHVXOW� 7KHUH LV QRWKLQJ OLNH D IRUPDO
SURRI WKDW WKH FXUUHQW V\VWHP LV DOZD\V WHUPLQDWLQJ� VXFK D SURRI ZRXOG EH
H[WUHPHO\ FRPSOLFDWHG DQG SUREDEO\ FRXOG RQO\ EH FDUULHG RXW ZLWK PHFKDQLFDO
DVVLVWDQFH� ,QGHHG� LW PD\ ZHOO QRW HYHQ EH WKH FDVH^WKHUH PD\ ZHOO EH ORRSV WKDW
KDYHQ
W EHHQ REVHUYHG� &HUWDLQO\ , KDYH REVHUYHG PDQ\ XQDQWLFLSDWHG ORRSV LQ
WKH SURFHVV RI GHYHORSPHQW DQG WHVWLQJ�

,Q RUGHU WR JXDUG DJDLQVW XQDQWLFLSDWHG ORRSV LQ DXWRPRGH� 0DWKSHUW LQFRU�
SRUDWHV DXWRPDWLF ORRS GHWHFWLRQ� LW ZLOO QHYHU JR LQWR DQ LQnQLWH UHJUHVV� EXW
ZLOO GHWHFW WKDW LW LV DERXW WR HQWHU D ORRS� (DUO\ YHUVLRQV ZRXOG WKHQ GHOLYHU D
UXHIXO PHVVDJH� , VHHP WR EH VWXFN LQ D ORRS� <RX
G EHWWHU WDNH RYHU� 7KH SUHVHQW
YHUVLRQ GRHV VRPHWKLQJ PRUH OLNH ZKDW D SHUVRQ ZRXOG GR� LW MXVW GRHVQ
W XVH
WKH RSHUDWLRQ WKDW ZRXOG FDXVH D UHSHDWHG OLQH� EXW ORRNV IRU VRPHWKLQJ HOVH WR
GR�

$YRLGLQJ /RRSV LQ (TXDWLRQ 6ROYLQJ� 7KH DYRLGDQFH RI ORRSV LV SDUWLFXODUO\
FULWLFDO LQ HTXDWLRQ VROYLQJ� 7KH GLpFXOW\ LV WKDW YDULRXV DOJHEUDLF ODZV KDYH
WR EH DSSOLHG LQ RQH GLUHFWLRQ IRU VRPH HTXDWLRQV� DQG LQ WKH UHYHUVH GLUHFWLRQ
IRU RWKHU HTXDWLRQV� VR WKDW DW nUVW VLJKW LW VHHPV LPSRVVLEOH WR DYRLG ORRSV DQG
VWLOO VROYH DOO HTXDWLRQV� +HUH , KDYH KDG VRPH KHOS IURP $ODQ %XQG\
V WKHRU\
RI HTXDWLRQ�VROYLQJ >�@� +LV JHQHUDO WKHRU\ KDG WR EH LQWHJUDWHG ZLWK VSHFLDO�
SXUSRVH VROYHUV IRU OLQHDU HTXDWLRQV DQG QRQ�OLQHDU SRO\QRPLDOV� EXW KLV LGHDV
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RI ?DWWUDFWLRQ� DQG ?FROOHFWLRQ� JXLGHG WKH ZD\ DXWR PRGH VHOHFWV RSHUDWLRQV
DFFRUGLQJ WR WKH IRUP RI WKH HTXDWLRQ�

��� 3HGDJRJLFDO LPSOLFDWLRQV

2QFH DOJHEUD� WULJ� DQG FDOFXOXV KDYH EHHQ FRGLnHG LQWR D VHW RI DERXW D WKRXVDQG
UXOHV� FDQ ZH VD\� LI \RX NQRZ WKH UXOHV� \RX NQRZ WKH PDWKHPDWLFV" 7KLV LV WUXH
WR WKH H[WHQW WKDW DOO WKH V\PEROLF SUREOHPV LQ WKH ERRNV FDQ EH VROYHG XVLQJ
WKRVH UXOHV� %XW LW RYHUORRNV WKH IDFW WKDW \RX PXVW QRW RQO\ NQRZ WKH UXOHV�
\RX PXVW NQRZ ZKLFK UXOH WR DSSO\ ZKHQ� 7KLV LV UHDOO\ PXFK WKH PRUH GLpFXOW
WKLQJ WR NQRZ� 0DWKSHUW KDV VHYHUDO WKRXVDQG OLQHV RI ZKDW DPRXQW WR UXOHV IRU

XVLQJ WKH UXOHV� 7KHVH UXOHV DUH LQWHUQDO WR WKH SURJUDP� UDWKHU WKDQ YLVLEOH WR
WKH XVHU� DQG JRYHUQ WKH PDFKLQHU\ RI WKH DXWRPRGH VROXWLRQ�JHQHUDWRU� 7KH
SURFHVV RI GHYHORSLQJ DQG nQH�WXQLQJ WKHVH PHWD�UXOHV WRRN PXFK PRUH WLPH
WKDQ WKH LPSOHPHQWDWLRQ RI LQGLYLGXDO RSHUDWLRQV IRU FRPSXWDWLRQ� ZKLFK ZDV
FRPSDUDWLYHO\ VLPSOH�

<HW� ZKHQ ZH ORRN DW WH[WERRNV DQG FRXUVH RXWOLQHV� PRVW RI ZKDW VWXGHQWV
DUH WDXJKW LV KRZ WR H[HFXWH WKH UXOHV RQH RU WZR DW D WLPH� (DFK VHFWLRQ
SUHVHQWV DQRWKHU IHZ UXOHV� DQG H[HUFLVHV ZKLFK DUH VROYHG XVLQJ WKRVH UXOHV�
7KH VWXGHQW VWXGLHV DOJHEUD WKLV ZD\� DQG WKHQ OHDUQV WULJ D IHZ UXOHV DW D WLPH�
:KHQ WKH VWXGHQW FRPHV WR WULJ LGHQWLWLHV� IRU WKH nUVW WLPH D YDULHW\ RI GLmHUHQW
UXOHV LV UHTXLUHG� $ GHWDLOHG DQDO\VLV E\ $� /DXULQJVRQ UHYHDOHG �� RSHUDWLRQV
UHTXLUHG WR VROYH D FHUWDLQ VHW RI LGHQWLWLHV� ZKLOH FRUUHVSRQGLQJ VHWV RQ RWKHU
WRSLFV UHTXLUHG DW PRVW �� RSHUDWLRQV� 3UREDEO\ WKH QRWRULRXV GLpFXOW\ RI WKLV
VXEMHFW LV PDLQO\ DWWULEXWDEOH WR WKLV IHDWXUH� 7KHUH LV OLWWOH RU QR GLVFXVVLRQ LQ
WH[WERRNV DERXW VWUDWHJ\ IRU WULJ LGHQWLWLHV� )RU H[DPSOH� WKHUH DUH WKUHH UXOHV
IRU H[SDQGLQJ FRV �[� DQG VXFFHVV LV RIWHQ GHSHQGHQW RQ FKRRVLQJ WKH ULJKW RQH�
EXW WH[WERRNV GR QRW HYHQ GLVFXVV WKH LVVXH�

6ROYLQJ HTXDWLRQV LV DQRWKHU DUHD LQ ZKLFK VWUDWHJ\ LV FUXFLDO� EXW VHOGRP
H[SOLFLWO\ GLVFXVVHG� +HUH LV D SODFH ZKHUH WKH FRQWULEXWLRQV RI FRPSXWHU VFLHQFH
VKRXOG EH DOORZHG WR ?WULFNOH GRZQ� WR WH[WERRNV� %XQG\
V LGHDV RI DWWUDFWLRQ
DQG FROOHFWLRQ DUH VLPSOH DQG VWUDLJKWIRUZDUG DQG FDQ HDVLO\ EH H[SODLQHG WR
DOJHEUD VWXGHQWV� , DP UHVLVWLQJ WKH WHPSWDWLRQ WR SURYH WKLV SRLQW E\ H[SODLQLQJ
WKHP KHUH DQG QRZ� EXW VHH >�@� 7KHVH LGHDV EULQJ RUGHU WR WKH RWKHUZLVH
P\VWHULRXV EXVLQHVV RI VROYLQJ HTXDWLRQV� UHGXFLQJ ZKDW DSSHDUV WR EH DQ DUW WR
D VFLHQFH� 'RQ
W ZULWH DQRWKHU DOJHEUD WH[WERRN ZLWKRXW UHDGLQJ %XQG\�

7KHQ WKH VWXGHQW JRHV LQWR FDOFXOXV� ZKHUH KH RU VKH LV UHTXLUHG WR ?VLP�
SOLI\� H[SUHVVLRQV LQ RUGHU WR VROYH FDOFXOXV SUREOHPV� 2QH VHPHVWHU , NHSW
VWDWLVWLFV RQ H[DP HUURUV� (LJKW\ SHUFHQW RI H[DP HUURUV LQ nUVW�VHPHVWHU FDO�
FXOXV ZHUH DFWXDOO\ HUURUV LQ DOJHEUD RU WULJ WKDW WKHRUHWLFDOO\ ZHUH SUHUHTXLVLWH
WR WKH FRXUVH� 7KHVH HUURUV ZHUH VRPHWLPHV GXH WR IDLOXUHV LQ WKH PDWFKLQJ DO�
JRULWKP� VRPHWLPHV WR LQFRUUHFW PHPRU\ RI D UXOH SDWWHUQ� EXW RIWHQ VLPSO\ WR
QRW UHFRJQL]LQJ ZKLFK UXOHV ZRXOG GR WKH UHTXLUHG MRE� 7KDW ZDV QHYHU WDXJKW�
WKH ?ERUQ PDWKHPDWLFLDQV� SLFN LW XS VRPHKRZ� E\ RVPRVLV�
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7KH DERYH UHPDUNV VKRXOG EH FDUHIXOO\ FRQVLGHUHG QRW RQO\ E\ GHVLJQHUV RI
VXFK VRIWZDUH� EXW HVSHFLDOO\ E\ WH[WERRN DXWKRUV� FRXUVH GHVLJQHUV� DQG WHDFK�
HUV� 1R ZRQGHU VWXGHQWV DUH FRQIXVHG� WKH FRQWURO DSSDUDWXV LV PRUH FRPSOH[
WKDQ WKH UXOHV EHLQJ FRQWUROOHG� EXW LV QHYHU H[SOLFLWO\ GLVFXVVHG� 7H[WERRNV
VKRXOG FRQWDLQ H[SOLFLW GLVFXVVLRQV RI WKHVH PDWWHUV� DV ZHOO DV FDUHIXOO\ FKRVHQ
H[DPSOHV DQG H[HUFLVHV WR LOOXVWUDWH WKH FRUUHFW FKRLFH RI RSHUDWLRQV DFFRUGLQJ
WR WKH JRDO DQG WKH FRQWH[W� 0RVW LPSRUWDQW� WKH\ VKRXOG FRQWDLQ PDQ\ PRUH
VHFWLRQV DQG H[DPSOHV LQ ZKLFK D PL[HG EDJ RI GLmHUHQW UXOHV QHHG WR EH DSSOLHG�

2QH LQWHUHVWLQJ TXHVWLRQ LV WKLV� KRZ PXFK GRHV PDWKHPDWLFV GHSHQG RQ
WULDO�DQG�HUURU VHDUFK" 0\ H[SHULHQFH LQ GHYHORSLQJ WKH DXWR PRGH DOJRULWKP
RI 0DWKSHUW OHDGV WR WKH FRQFOXVLRQ WKDW VHDUFK LV XVHG LQ HOHPHQWDU\ PDWKH�
PDWLFV LQ RQO\ D IHZ SODFHV� VHDUFKLQJ IRU WKH IDFWRUV RI D TXDGUDWLF SRO\QRPLDO�
VHDUFKLQJ IRU D OLQHDU IDFWRU RI D KLJKHU�GHJUHH SRO\QRPLDO� DQG VHDUFKLQJ IRU D
JRRG JURXSLQJ RI WKH IDFWRUV LQ IDFWRU�E\�JURXSLQJ� ,Q FDOFXOXV ZH PLJKW DGG�
VHDUFKLQJ IRU D VXEVWLWXWLRQ LQ LQWHJUDWLRQ E\ VXEVWLWXWLRQ� DQG VHDUFKLQJ IRU D
FKRLFH RI SDUWV LQ LQWHJUDWLRQ E\ SDUWV� $OO RWKHU SUREOHPV� LQFOXGLQJ WKH FKRLFH
RI ZKLFK UXOH WR XVH RQ FRV �[� FDQ EH VROYHG ZLWKRXW VHDUFKLQJ��

2QH RI WKH UHIHUHHV UDLVHG WKH SRVVLELOLW\ WKDW 0DWKSHUW FRXOG WHDFK RU JLYH
DFFHVV WR LWV LQWHUQDO PHWD�UXOHV� 7KLV VXJJHVWLRQ KDV WZR DQVZHUV� 7KH VKRUW
DQVZHU LV WKDW 0DWKSHUW LV QRW GHVLJQHG WR EH H[SOLFLWO\ WXWRULDO �VHH 6HFWLRQ ���
,W ZRXOG DOPRVW FHUWDLQO\ EH D JRRG LGHD WR JLYH PRUH LQVWUXFWLRQ LQ SUREOHP�
VROYLQJ VWUDWHJ\� SRVVLEO\ DLGHG E\ PRUH H[SOLFLW ?UXOHV RI WKXPE� VXJJHVWHG
E\ WKH LQWHUQDO 0DWKSHUW PHWD�UXOHV� +RZHYHU� LW LV QRW ZLWKLQ WKH VFRSH RI
WKH VWDWHPHQW RI SXUSRVH RI 0DWKSHUW JLYHQ LQ 6HFWLRQ �� 7KH ORQJ DQVZHU LV
PRUH LQWHUHVWLQJ� DQG EHDUV RQ GHHS LVVXHV LQ DUWLnFLDO LQWHOOLJHQFH DQG FRJQLWLYH
VFLHQFH� 1DPHO\� LW LV QRW DW DOO FOHDU WKDW KXPDQ PDWKHPDWLFLDQV UHDOO\ RSHUDWH
LQ WKLV ZD\� XVLQJ D FROOHFWLRQ RI PHWD�UXOHV� 0D\EH WKHUH LV SODQQLQJ DQG JRDO�
VHHNLQJ DW D GHHSHU OHYHO� PD\EH WKHUH LV ?XQGHUVWDQGLQJ�� &KHVV SURJUDPV
RSHUDWH E\ UXOHV DQG FDOFXODWLRQV� EXW SHUKDSV JUDQG PDVWHUV GR QRW� (YHQ LI WKLV
LV WUXH� VWXGHQWV RI FKHVV GR VWXG\ UXOHV� 7KLV LVVXH KDV FDXVHG PRUH DUJXPHQWV
WKDQ DQ\ RWKHU LQ WKH SKLORVRSKLFDO IRXQGDWLRQV RI DUWLnFLDO LQWHOOLJHQFH�

� &XVWRPL]LQJ WKH VROXWLRQ LQ 0DWKSHUW

,Q 6HFWLRQ � ZH KDYH JLYHQ DQ H[DPSOH WR LOOXVWUDWH WKH IDFW WKDW 0DWKSHUW FDQ
JHQHUDWH VROXWLRQV ZLWK PDQ\ VPDOO VWHSV� RU VROXWLRQV ZLWK IHZ EXW SRZHUIXO
VWHSV� 7KLV VHFWLRQ ZLOO GLVFXVV KRZ WKLV LV DFKLHYHG�

)LUVW RI DOO� ZKHQ WKH XVHU LV FRQWUROOLQJ WKH VWHSV RI WKH VROXWLRQ� WKH XVHU
FDQ FKRRVH WKH RSHUDWLRQ� DQG VR LW ZLOO VXpFH LI WKHUH LV D FKRLFH RI WKH SRZHUIXO
RU WKH ZHDN RSHUDWLRQ� :KHQ WKH XVHU KDV VHOHFWHG D VXP FRQWDLQLQJ D IUDFWLRQ

�1LFDXG HW� DO� >��@ GHVFULEH D V\VWHP WKDW KHOSV VWXGHQWV OHDUQ WR VROYH IDFWRUL]DWLRQ
SUREOHPV E\ WHDFKLQJ WKHP WR VHDUFK IRU D VROXWLRQ� EDFNWUDFNLQJ DW IDLOXUH� 7KH H[DPSOHV
JLYHQ LQ WKH SDSHU DUH LQ WKH WRSLF NQRZQ LQ $OJHEUD , DV ?IDFWRU E\ JURXSLQJ��
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RU IUDFWLRQV� WKH PHQX RI DYDLODEOH RSHUDWLRQV ZLOO SURYLGH PRUH WKDQ RQH FKRLFH�
)RU WKH EHJLQQLQJ DOJHEUD VWXGHQW �WKDW LV� LI WKH SUREOHP ZDV HQWHUHG XQGHU
DQ HOHPHQWDU\ WRSLF�� WKLV OLVW ZLOO LQFOXGH )LQG FRPPRQ GHQRPLQDWRU� 7KLV ZLOO
VLPSO\ PXOWLSO\ ERWK IUDFWLRQV E\ DQ DSSURSULDWH IDFWRU F F� DV LQ WKH nUVW VWHS
LQ )LJXUH �� ,I WKH XVHU WKRURXJKO\ XQGHUVWDQGV FRPPRQ GHQRPLQDWRUV DQG EDVLF
DOJHEUD� IRU H[DPSOH D VHFRQG�VHPHVWHU FDOFXOXV VWXGHQW� WKH RSHUDWLRQ &RPPRQ

GHQRPLQDWRU DQG VLPSOLI\ QXPHUDWRU ZLOO GR HYHU\WKLQJ� IRU H[DPSOH�
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$ VWXGHQW VWLOO ZDQWLQJ WR VHH PRUH GHWDLO FDQ nUVW H[SOLFLWO\ IDFWRU WKH GH�
QRPLQDWRU� DQG WKHQ XVH &RPPRQ 'HQRPLQDWRU� DQG nQDOO\ 6LPSOLI\� WR JHW D
WKUHH�VWHS VROXWLRQ�

&XVWRPL]HG VROXWLRQV OLNH WKLV DUH HDV\ IRU 0DWKSHUW WR SURYLGH LQ PHQX
PRGH� EHFDXVH WKH V\PEROLF FRPSXWDWLRQ HQJLQH ZDV GHYHORSHG LQ DFFRUGDQFH
ZLWK WKH GHVLJQ SULQFLSOH RI FRJQLWLYH nGHOLW\� $QRWKHU SURMHFW ZKRVH SURJUHVV ,
KDYH IROORZHG� ZDV RULJLQDOO\ EDVHG RQ WKH LGHD RI SXWWLQJ D VWHS�E\�VWHS LQWHUIDFH
RQ 5('8&(� $IWHU WKH LPSOHPHQWDWLRQ KDG SURJUHVVHG IRU VRPH WLPH� LW ZDV
QRWLFHG WKDW WKH VWHSV ZHUH RIWHQ WRR ODUJH DQG FRQIXVLQJ� 1RWH WKDW WKLV LV
D FRPSOHWHO\ GLmHUHQW FODVV RI GLpFXOWLHV IURP WKH ORJLFDO SUREOHPV GLVFXVVHG
LQ FRQQHFWLRQ ZLWK WKH FRUUHFWQHVV SULQFLSOH� 2QFH RQH VWDUWV GRZQ WKH URDG
RI LPSOHPHQWLQJ VLPSOHU RSHUDWLRQV LQ WHUPV RI PRUH FRPSOH[ RQHV� XVLQJ D
SURJUDPPDEOH &$ V\VWHP VXFK DV 5('8&( RU 0DWKHPDWLFD� ZKDW JXDUDQWHH
LV WKHUH WKDW WKH SURFHVV ZLOO EH VLPSOHU WKDQ LPSOHPHQWLQJ DQ HGXFDWLRQDO &$
V\VWHP IURP VFUDWFK" $QG HYHQ LI LW WXUQHG RXW WR EH� RQH ZRXOG VWLOO KDYH WKH
ORJLFDO GLpFXOWLHV�

0DWKSHUW LV GHVLJQHG QRW RQO\ WR SHUPLW WKH XVHU WR SURGXFH GLmHUHQW VROX�
WLRQV WR WKH VDPH SUREOHP� EXW DOVR WR GR VR LWVHOI ZKHQ UXQQLQJ LQ DXWR PRGH�
,I D FRPPRQ GHQRPLQDWRU LV UHTXLUHG WR VROYH DQ LQWHJUDO� LW VKRXOG EH GRQH LQ
RQH VWHS IRU D FDOFXOXV VWXGHQW� EXW IRU D EHJLQQLQJ DOJHEUD VWXGHQW� DXWRPRGH
VKRXOG SURGXFH WKH ORQJ VROXWLRQ WR � [�� \� +RZ LV WKLV WR EH DFFRPSOLVKHG"

,Q RUGHU WR VXSSRUW WKH JHQHUDWLRQ RI GLmHUHQW VROXWLRQV WR WKH VDPH SUREOHP�
0DWKSHUWPDLQWDLQV DQ LQWHUQDO PRGHO RI LWV XVHU� 7KLV PRGHO KDV EHHQ GLVFXVVHG
LQ VRPH GHWDLO >�@� IRU WKLV SDSHU LW ZLOO VXpFH WR NQRZ WKDW WKH PRGHO FRQVLVWV
HVVHQWLDOO\ LQ ODEHOOLQJ HDFK RI WKH DSSUR[LPDWHO\ RQH WKRXVDQG RSHUDWLRQV DV
HLWKHU XQNQRZQ� OHDUQLQJ� NQRZQ� RU ZHOO NQRZQ� ,QLWLDOL]LQJ WKH PRGHO FRQVLVWV
LQ DVVLJQLQJ WKHVH ODEHOV�

([SHULHQFH VLQFH ���� KDV WDXJKW DQ LPSRUWDQW OHVVRQ� 7KH RULJLQDO LQWHQ�
WLRQ� LQVSLUHG E\ WKH ?EXJJ\ PRGHO RI OHDUQLQJ� >��@ ZDV WKDW WKH XVHU PRGHO
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VKRXOG PRGHO D SDUWLFXODU LQGLYLGXDO� 7KLV PRGHO ZDV WR EH LQLWLDOL]HG E\ D
GLDJQRVWLF WHVW SURJUDP� DQG WKH PRGHO ZDV HYHQ PDGH XVHU�HGLWDEOH LQ HDUO\
YHUVLRQV RI 0DWKSHUW� +RZHYHU� H[SHULHQFH VRRQ VKRZHG WKDW LW LV HDV\ WR JHW
DQ ?RXW�RI�EDODQFH� XVHU PRGHO� ZKLFK ZLOO FDXVH VWUDQJH�ORRNLQJ VROXWLRQV� LQ
ZKLFK WKHUH PD\ EH VHYHUDO WLQ\ VWHSV DQG VXGGHQO\ D P\VWHULRXV ODUJH VWHS�
,QGHHG� UHoHFWLRQ VKRZV WKDW ZH GRQ
W DFWXDOO\ ZDQW WR PRGHO WKH UHDO VWXGHQW�
EXW UDWKHU VRPH nFWLRQDO LGHDO VWXGHQW DW WKH DSSURSULDWH OHYHO IRU WKH VXEMHFW� VR
WKDW WKH DXWR�PRGH VROXWLRQV DUH LGHDO VROXWLRQV� UDWKHU WKDQ RQHV ZKLFK PLJKW
EH JHQHUDWHG E\ RXU �EXJJ\� UHDO VWXGHQW��

7KH HQG UHVXOW RI WKHVH FRQVLGHUDWLRQV LV WKDW WKH XVHU PRGHO KDV EHFRPH
LQYLVLEOH WR WKH XVHU� :KHQ WKH XVHU nUVW HQWHUV 0DWKSHUW� KH RU VKH FKRRVHV
IURP D PHQX ZKDW WKH ?WRSLF� RI WKH VHVVLRQ ZLOO EH� 7KHVH WRSLF FKRLFHV DUH
LQWHQGHG WR HQFRPSDVV DERXW RQH GD\
V OHVVRQ HDFK �FRUUHVSRQGLQJ WR RQH VHFWLRQ
RI D WH[WERRN�� 7KH XVHU PRGHO LV DXWRPDWLFDOO\ LQLWLDOL]HG EDVHG RQ WKH FKRLFH
RI WRSLF� 7KLV XVHU PRGHO ZLOO SURGXFH VROXWLRQV DW WKH OHYHO RI GHWDLO JHQHUDOO\
DSSURSULDWH IRU D FODVV RQ WKDW WRSLF� WKH VROXWLRQV ZLOO QRW XVH RSHUDWLRQV WKDW
DUH XQNQRZQ �XQOHVV WKH SUREOHP FDQ
W EH GRQH ZLWKRXW WKHP�� 7KXV /
+ARSLWDO
V
UXOH ZLOO QRW EH XVHG �LQ DXWR PRGH� RQ OLP[���VLQ[� [

� ZKHQ /
+ARSLWDO
V UXOH
ZRQ
W EH WDXJKW XQWLO QH[W ZHHN� EXW QH[W ZHHN� ZKHQ WKH WRSLF LV /
+ARSLWDO
V
UXOH� LW ZLOO EH XVHG�

,Q VKRUW� LW VXpFHV WR FXVWRPL]H WKH VROXWLRQ WR WKH OHYHO RI WKH LQGLYLGXDO
VWXGHQW� ,W GRHVQ
W UHDOO\ QHHG WR EH FXVWRPL]HG WR WKH LQGLYLGXDO VWXGHQW�

� 7KH FRUUHFWQHVV SULQFLSOH LQ 0DWKSHUW

1HFHVVLW\ RI D WKHRUHP�SURYHU� +DYLQJ HVWDEOLVKHG WKH GLpFXOW\ DQG LPSRUWDQFH
RI WKH FRUUHFWQHVV SULQFLSOH� OHW PH UHPDUN RQ ZKDW LW WRRN WR EXLOG D V\VWHP
WKDW VDWLVnHV LW� 0DWKSHUW LQFRUSRUDWHV D QRQ�WULYLDO WKHRUHP�SURYHU �DERXW ����
OLQHV RI & LQ WKH FXUUHQW LPSOHPHQWDWLRQ� DERXW WHQ SHUFHQW RI WKH WRWDO FRGH��
7KLV SURYHU LV D SLHFH RI ZRUN WKDW FDQ VWDQG RQ LWV RZQ DV D FRQWULEXWLRQ WR
WKH EUDQFK RI FRPSXWHU VFLHQFH NQRZQ DV DXWRPDWHG GHGXFWLRQ�� 7KHUH DUH
IHZ RWKHU SURJUDPV FRPELQLQJ VRPH V\PEROLF FRPSXWDWLRQ FDSDELOLWLHV ZLWK
ORJLFDO GHGXFWLRQ FDSDELOLWLHV� ZH PD\ PHQWLRQ :X
V ZRUN RQ JHRPHWU\ >��@ DQG
$QDO\WLFD >��@ LQ WKLV FRQQHFWLRQ� 'HVFULSWLRQV RI WKH 0DWKSHUW SURYHU FDQ EH
IRXQG LQ >�@ DQG >�@� DQG D GLVFXVVLRQ RI VRPH ODWHU DGGLWLRQV LV LQ >�@�

/RJLF LV LQ WKH EDFNJURXQG� $OWKRXJK D FRUUHFW KDQGOLQJ RI ORJLFDO PDWWHUV
LV HVVHQWLDO IRU FRUUHFWQHVV� ZH UDUHO\ DVN VWXGHQWV WR FRQVLGHU ORJLFDO PDWWHUV

�$ WHDP ZRUNLQJ RQ WKH $3/86,; SURMHFW KDV GHYHORSHG D SURJUDP >��@� >��@ ZKLFK GL�
DJQRVHV D VWXGHQW
V NQRZOHGJH LQ D OLPLWHG VXE�GRPDLQ RI DOJHEUD� EDVHG RQ VRPH WZHQW\ RU
WKLUW\ WUDQVIRUPDWLRQ UXOHV LQ SRO\QRPLDO DULWKPHWLF� 7KLV ZRUN UHSUHVHQWV WKH VWDWH RI WKH
DUW LQ GLDJQRVLQJ DQG PRGHOOLQJ LQGLYLGXDO VWXGHQWV LQ WKH VXEMHFW RI PDWKHPDWLFV�

�, KDYH UHFHQWO\ ZULWWHQ DQRWKHU SURJUDP FDOOHG :HLHUVWUDVV� EDVHG RQ WKH 0DWKSHUW SURYHU�
ZKLFK KDV DXWRPDWLFDOO\ JHQHUDWHG DQ HSVLORQ�GHOWD SURRI RI WKH FRQWLQXLW\ RI [�� SUHYLRXV
SURJUDPV FRXOG GR WKLV RQO\ IRU OLQHDU IXQFWLRQV�
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H[SOLFLWO\� 7KH FRJQLWLYH�nGHOLW\ SULQFLSOH WKHQ UHTXLUHV WKDW WKH ORJLFDO ZRUN
SHUIRUPHG E\ WKH VRIWZDUH UHPDLQ PRVWO\ LQYLVLEOH� 7KH JODVV�ER[ SULQFLSOH�
KRZHYHU� UHTXLUHV WKDW LW EH YLVLEOH RQ GHPDQG� (DFK �YLVLEOH� OLQH RI WKH VR�
OXWLRQ KDV DVVRFLDWHG ZLWK LW D OLVW RI DVVXPSWLRQV RQ ZKLFK LW GHSHQGV� )RU
H[DPSOH� LI \RX HQWHU � [ � � \ DV WKH SUREOHP� WKLV ZLOO GHSHQG RQ WKH �LP�
SOLFLW� DVVXPSWLRQV [� � DQG \� �� 0DWKSHUWPDNHV WKHVH DVVXPSWLRQV H[SOLFLW�
EXW GRHV QRW GLVSOD\ WKHP XQOHVV \RX UHTXHVW LW�

2QH RI UHIHUHHV TXHVWLRQHG WKLV SRLQW RI WKH GHVLJQ� VD\LQJ WKDW RQH RI WKH
PDLQ SRLQWV RI XQGHUJUDGXDWH PDWKHPDWLFDO HGXFDWLRQ LV WUDLQLQJ LQ ORJLFDO
WKLQNLQJ� DQG WKDW WKHUHIRUH DWWHQWLRQ VKRXOG EH IRFXVVHG RQ WKH ORJLFDO DVSHFWV
RI WKH VWHSV� 3HUVRQDOO\� , WKLQN WKLV LV D YDOLG SRLQW GHVHUYLQJ RI FRQVLGHUDWLRQ
E\ WHDFKHUV DQG WH[WERRN DXWKRUV� ,QGHHG WKH 9LHZ $VVXPSWLRQV RSWLRQ LQ 0DWK�

SHUW FDQ FHUWDLQO\ EH XVHG WR H[SRVH WKH ORJLFDO XQGHUSLQQLQJV� VR WKH WHDFKHU
FRXOG VLPSO\ LQVWUXFW WKH VWXGHQW WR PDNH XVH RI LW� 0RUHRYHU� RQ WKRVH RFFD�
VLRQV ZKHQ 0DWKSHUW UHIXVHV WR H[HFXWH DQ RSHUDWLRQ EHFDXVH LWV VLGH FRQGLWLRQV
FDQQRW EH VDWLVnHG� WKH XVHU
V DWWHQWLRQ ZLOO EH IRUFLEO\ GUDZQ WR WKH ORJLFDO
DVSHFW RI WKH VLWXDWLRQ� %XW WKH GHVLJQ SULQFLSOH RI VXSSRUWLQJ WKH H[LVWLQJ FXU�
ULFXOXP WRRN SUHFHGHQFH LQ WKLV FDVH �DV ZHOO DV VRPH RWKHUV� RYHU WKH GHVLUH WR
?LPSURYH� WKH H[LVWLQJ FXUULFXOXP DFFRUGLQJ WR P\ RZQ OLJKWV�

&RUUHFWQHVV RI *UDSKV� $V GLVFXVVHG LQ 6HFWLRQ �� D SXUHO\ QXPHULFDO DS�
SURDFK WR JUDSKLQJ OHDGV WR LQFRUUHFW JUDSKV ZKHQ WKH IXQFWLRQ EHLQJ JUDSKHG
KDV MXPSV RU VLQJXODULWLHV� *UDSKV DUH PDGH E\ FRQQHFWLQJ D nQLWH VHW RI SRLQWV�
,I WKHVH SRLQWV DUH FKRVHQ VLPSO\ E\ SDUWLWLRQLQJ WKH [�D[LV� WKH SRLQWV ZLOO SURE�
DEO\ QRW KLW WKH VLQJXODULWLHV H[DFWO\� VR WKH JUDSK PD\ QRW HYHQ JR Rm�VFUHHQ DW
D VLQJXODULW\� 0RUHRYHU� WKHUH LV RIWHQ D YHUWLFDO OLQH ZKHUH WKH VLQJXODULW\ EH�
ORQJV� 7KLV DULVHV EHFDXVH WKH VRIWZDUH MXVW FRQQHFWV RQH SRLQW WR WKH QH[W� DQG
?NQRZV� QRWKLQJ DERXW VLQJXODULWLHV� 6LPLODUO\� MXPSV ZLOO EH GUDZQ DV VKRUW
QHDUO\�YHUWLFDO OLQHV� 7KHUH LV DQRWKHU FODVV RI IXQFWLRQ WKDW LV RIWHQ LQFRUUHFWO\
JUDSKHG� WKRVH ZLWK PDQ\ PD[LPD DQG PLQLPD FORVH WRJHWKHU� 7ZR FRPPRQ
H[DPSOHV ZRXOG EH VLQ���[� DQG VLQ�� [�� :KDW KDSSHQV WR D SXUHO\ QXPHUL�
FDO JUDSKHU LV WKDW ZKHQ WKH SHDNV DUH VKDUS� D PD[LPXP ZLOO RFFXU EHWZHHQ
WZR SORWWHG SRLQWV� DQG WKH OLQH VHJPHQW FRQQHFWLQJ WKH SRLQWV ZLOO VLPSO\ FXW
DFURVV� JRLQJ QRZKHUH QHDU WKH WUXH PD[LPXP� (YHQ DQ ?DGDSWLYH VWHS VL]H�
DOJRULWKP VXFK DV LV XVHG E\ 0DWKHPDWLFD ZLOO QRW KHOS� EHFDXVH WKH QXPHULFDO
FOXHV WKDW WKH VWHS�VL]HU ORRNV IRU RFFXU RQO\ QHDU WKH SHDN� DQG WKH\ DUH VNLSSHG
WRR� 0DWWHUV DUH PDGH ZRUVH E\ WKH IDFW WKDW WKHVH HUURUV VRPHWLPHV SURGXFH
KLJKO\ V\PPHWULF SDWWHUQV� H�J� LQ WKH FDVH RI VLQ D[ IRU D EHWZHHQ �� DQG ���
,W
V DQ LQWHUHVWLQJ SX]]OH WR H[SODLQ WKH SDWWHUQV� EXW WKH\ EHDU QR UHODWLRQ WR
WKH WUXH JUDSK� DQG PD\ ZHOO FRQIXVH D VWXGHQW�

0DWKSHUW VROYHV WKHVH GLpFXOWLHV E\ PDNLQJ XVH RI LWV V\PEROLF FRPSXWDWLRQ
HQJLQH ERWK ZKLOH SUHSDULQJ WR JUDSK DQG GXULQJ WKH DFWXDO JUDSKLQJ� /HW
XV FRQVLGHU WKH SUREOHP RI VKDUS PD[LPD nUVW� )LUVW RI DOO� EHIRUH JUDSKLQJ
0DWKSHUW FRPSXWHV WKH V\PEROLF GHULYDWLYH RI WKH IXQFWLRQ WR EH JUDSKHG� DQG
WKHQ DV LW JUDSKV� LW QXPHULFDOO\ HYDOXDWHV WKH GHULYDWLYH DV ZHOO DV WKH IXQFWLRQ�

��



,I WKH GHULYDWLYH FKDQJHV VLJQ IURP RQH SORWWHG SRLQW WR WKH QH[W� 0DWKSHUW XVHV
D QXPHULFDO HTXDWLRQ�VROYLQJ PHWKRG WR nQG D ]HUR RI WKH GHULYDWLYH EHWZHHQ
WKH WZR SRLQWV� DQG PDNHV VXUH WR SORW D SRLQW DW WKDW [�FRRUGLQDWH DV ZHOO DV
WKH RULJLQDO WZR� ,Q WKLV ZD\ LW HQVXUHV KLWWLQJ WKH PD[LPXP� 2I FRXUVH� LI WKH
JUDSK KDV PD[LPD FORVHU WRJHWKHU WKDQ RQH SL[HO� VRPH LQDFFXUDFLHV DUH JRLQJ WR
UHVXOW DQ\ZD\� $IWHU DOO� WKHUH LV QR KRSH RI GUDZLQJ D SHUIHFW JUDSK RI VLQ�� [�
RQ D VFUHHQ ZLWK D nQLWH QXPEHU RI SL[HOV� %XW ZKDW ZH FDQ DFKLHYH LV D FOHDU
SLFWXUH RI WKH HQYHORSH RI WKH JUDSK�

7XUQLQJ WR WKH SUREOHPV RI VLQJXODULWLHV DQG MXPSV� 0DWKSHUW DSSHDOV WR WKH
V\PEROLF FRGH XVHG E\ WKH WKHRUHP�SURYHU �QRW WKH RSHUDWLRQV DFFHVVLEOH WR WKH
XVHU� WR FDOFXODWH WKH VLQJXODULWLHV �LI DQ\� EHIRUH PDNLQJ WKH JUDSK� ,W WKHQ
WDNHV FDUH WR GUDZ WKH JUDSK FRUUHFWO\ DW WKH VLQJXODULWLHV� QRZ WKDW LW ?NQRZV�
ZKHUH WKH\ DUH� )RU H[DPSOH� LW FDOFXODWHV WKDW WKH VLQJXODULWLHV RI WDQ [ DUH DW
��Q���{ �� DQG WKHQ ZKHQ JUDSKLQJ WDQ[ RYHU D VSHFLnF LQWHUYDO D � [ � E� LW
FDOFXODWHV WKH UHOHYDQW YDOXHV RI Q DQG GUDZV WKH JUDSK FRUUHFWO\�

,Q GLpFXOW FDVHV WKH SURJUDP PD\ IDLO WR nQG D IRUPXOD IRU WKH VLQJXODULWLHV�
(YHQ LI LW GRHV nQG D IRUPXOD IRU WKH VLQJXODULWLHV� LI WKDW IRUPXOD LQYROYHV DQ
LQWHJHU SDUDPHWHU DV LQ WKH DERYH H[DPSOH� LW PD\ EH WRR GLpFXOW WR nQG WKH VHW
RI UHOHYDQW YDOXHV RI Q� 7KDW VHW PD\ QRW HYHQ EH nQLWH� )RU H[DPSOH� WDQ�� [�
LV WRR KDUG� %XW� 0DWKSHUW DW OHDVW JUDSKV DOO UDWLRQDO IXQFWLRQV FRUUHFWO\� DQG
, KRSH LW JUDSKV DOO IXQFWLRQV WKDW ZRXOG DULVH LQ D FDOFXOXV FRXUVH FRUUHFWO\�

,W LV HDV\ WR DGDSW WKH UHVXOW RI 5LFKDUGVRQ >��@ WR VKRZ WKDW WKH SUREOHP
RI FRPSXWLQJ WKH VLQJXODULWLHV RI D JLYHQ HOHPHQWDU\ IXQFWLRQ LV QRW UHFXUVLYHO\
VROYDEOH� 1R PDWWHU KRZ RQH LPSURYHV WKH DOJRULWKP� WKHUH ZLOO DOZD\V EH
IXQFWLRQV ZKRVH VLQJXODULWLHV DUH QRW FDOFXODWHG� +RZHYHU� LQ VXFK D FDVH WKH
XVHU ZLOO JHW D ZDUQLQJ WKDW 0DWKSHUW FRXOG QRW FDOFXODWH WKH VLQJXODULWLHV� DQG
WKH JUDSK PD\ EH LQFRUUHFW�

$QRWKHU DSSURDFK WR WKHVH SUREOHPV� ?KRQHVW SORWWLQJ�� LV UHSRUWHG RQ LQ
>�@� >�@� ?+RQHVW SORWWLQJ� UHIHUV WR WKH XVH RI LQWHUYDO DULWKPHWLF LQ FDOFXODWLQJ
WKH JUDSK YDOXHV� 7KDW LV� DOO DULWKPHWLF LV GRQH FDUU\LQJ DORQJ XSSHU DQG ORZHU
ERXQGV� ,Q SODFHV ZKHUH WKH SRVVLEOH HUURU LV VLJQLnFDQW� WKH JUDSK OLQH JHWV
WKLFNHU� ,Q EDG H[DPSOHV� VXFK DV VLQ�[� [ QHDU WKH RULJLQ� LW EHFRPHV D UHJLRQ
LQVWHDG RI D OLQH� EXW DW OHDVW WKH FRUUHFW JUDSK LV NQRZQ WR OLH LQ WKH VKDGHG
UHJLRQ� +RQHVW SORWWLQJ ZDV GHVFULEHG \HDUV DJR LQ >��@ DQG LV XVHG LQ $YLW]XU
V
*UDSKLQJ &DOFXODWRU �ZKLFK LV GLVWULEXWHG ZLWK WKH 3RZHU 0DFLQWRVK FRPSXWHU��

7KH &RUUHFWQHVV 3ULQFLSOH DQG 3HGDJRJ\� , IRXQG LQ WKH ZULWLQJV RI 0DULD
0RQWHVVRUL� WKH ,WDOLDQ HGXFDWRU� D SULQFLSOH WKDW LV KLJKO\ UHOHYDQW��� 0RQWHV�
VRUL GHPDQGHG WKDW HGXFDWLRQDO PDWHULDOV VDWLVI\ WKH SULQFLSOH VKH FDOOHG ?FRQ�
WURO RI HUURU�� 7KLV PHDQV WKDW WKH PDWHULDOV VKRXOG EH ?VHOI�FRUUHFWLQJ�� WKH
PDWHULDOV WKHPVHOYHV PXVW LQIRUP WKH VWXGHQW� ZLWKRXW WKH LQWHUFHVVLRQ RI WKH
WHDFKHU� ZKHQ WKH DFWLYLW\ KDV EHHQ FRPSOHWHG VXFFHVVIXOO\� 0RQWHVVRUL KDG LQ
PLQG SK\VLFDO PDWHULDOV IRU SUHVFKRRO DQG HOHPHQWDU\ VFKRRO FKLOGUHQ� )RU H[�

��6HH &KDSWHU �� RI 0RQWHVVRUL >����@�
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DPSOH� VXSSRVH WKH WDVN LV WR VRUW WHQ ZRRGHQ GRZHOV E\ OHQJWK� &RQWURO RI
HUURU FDQ EH SURYLGHG E\ PDNLQJ WKH URGV RI GLmHUHQW GLDPHWHUV� DQG UHTXLULQJ
WKH VRUWLQJ WR EH GRQH E\ LQVHUWLQJ WKH URGV LQ KROHV� <RX FDQ
W SXW D URG LQ D
WRR�VPDOO KROH� <RX FDQ� RI FRXUVH� SXW D URG LQ D WRR�ODUJH KROH� EXW LI \RX GR�
\RX
OO KDYH VRPH URGV OHIW RYHU WKDW ZRQ
W nW DQ\ZKHUH� 7KHUH LV RQO\ RQH ZD\
WR nW DOO WKH URGV LQ D KROH� DQG WKDW
V WKH FRUUHFW ZD\�

0DWKSHUW SURYLGHV FRQWURO RI HUURU E\ PHDQV RI WKH FRUUHFWQHVV SULQFLSOH�
<RX VLPSO\ FDQ
W WDNH D PDWKHPDWLFDOO\ LQFRUUHFW VWHS� <RX FDQ� RI FRXUVH� WDNH
D PDWKHPDWLFDOO\ FRUUHFW EXW LUUHOHYDQW VWHS� \RX FDQ IDFWRU D SRO\QRPLDO DQG
WKHQ PXOWLSO\ RXW WKH IDFWRUV DJDLQ� <RX FDQ JR RQ UHSHDWLQJ WKRVH VWHSV DOO GD\
ORQJ LI \RX OLNH� EXW \RX FDQ
W PDNH D PLVWDNH ZKHQ PXOWLSO\LQJ RXW WKH IDFWRUV�
:KHQ WKH SUREOHP LV nQLVKHG� 0DWKSHUW ZLOO WHOO \RX 7KDW
V WKH DQVZHU�

� 8VLQJ WKH FRPSXWHU
V SRZHU ZKHQ WKH XVHU

LV VWXFN

2QH RI WKH GHVLJQ SULQFLSOHV LQ 6HFWLRQ � UHTXLUHG WKDW WKH FRPSXWHU VKRXOG EH
DEOH WR WDNH RYHU RQ UHTXHVW �SUHVXPDEO\� WKDW PHDQV ZKHQ WKH XVHU LV ORVW��
7KHUH DUH� KRZHYHU� D QXPEHU RI LQWHUPHGLDWH DQG SHGDJRJLFDOO\ LQWHUHVWLQJ
VWDWHV WKH XVHU FDQ EH LQ EHVLGHV ?SURFHHGLQJ FRPSHWHQWO\� DQG ?ORVW�� 7KHUH
LV� IRU H[DPSOH� WKH VWDWH ?QRZ ZKDW"�� LQ ZKLFK WKH XVHU KDV EHHQ SURFHHGLQJ
FRPSHWHQWO\� DQG LV JHQHUDOO\ FRPSHWHQW ZLWK WKLV WRSLF� EXW GRHV QRW VHH LP�
PHGLDWHO\ ZKDW WR GR QH[W� (YHQ WKH VWDWH ?ORVW� FDQ EH GLYLGHG LQWR ?ORVW DQG
JLYHQ XS� DQG ?ORVW� EXW KRSLQJ WR UHFRYHU��

+RZ FDQ ZH EHVW XVH WKH SRZHU RI WKH FRPSXWHU WR VROYH WKH SUREOHPV�
ZKHQ WKH XVHU LV LQ WKHVH YDULRXV VWDWHV RI FRQIXVLRQ" 7KLV VHFWLRQ ZLOO H[SODLQ
KRZ WKH FXUUHQW YHUVLRQ RI 0DWKSHUW XVHV LWV DXWR PRGH FDSDELOLWLHV LQ GLmHUHQW
VLWXDWLRQV�

)LUVW RI DOO� WKH XVHU ZKR LV ?ORVW DQG JLYHQ XS� FDQ VLPSO\ FOLFN WKH $XWR )LQ�

LVK EXWWRQ WR OHW WKH FRPSXWHU nQLVK WKH VROXWLRQ� 3UHVXPDEO\ WKH ORVW VWXGHQW
WKHQ VWXGLHV WKH VROXWLRQ� LQ RUGHU WR GR EHWWHU QH[W WLPH�

7KH XVHU ZKR LV ?ORVW� EXW KRSLQJ WR UHFRYHU� FDQ FOLFN $XWR 6WHS� 7KLV
FDXVHV 0DWKSHUW WR JHQHUDWH MXVW RQH �PRUH� VWHS RI WKH VROXWLRQ� 5HSHDWHG
FOLFNLQJ RQ $XWR 6WHS ZLOO WKXV GXSOLFDWH� RQH VWHS DW D WLPH� WKH HmHFW RI $XWR
)LQLVK� %XW SHUKDSV WKH VWXGHQW FDQ UHDOL]H KLV KRSH RI UHFRYHU\ DIWHU VHHLQJ RQH
RU WZR VWHSV� DQG FRQWLQXH WKH VROXWLRQ KLPVHOI�

+LQW JHQHUDWLRQ� $ PRUH LQWHUHVWLQJ FDVH LV WKH XVHU LQ WKH VWDWH ?1RZ
ZKDW"�� ZKR GRHV QRW TXLWH IHHO ORVW� EXW FDQ
W TXLWH nJXUH RXW ZKDW WR GR
HLWKHU� 7KLV XVHU FRXOG RI FRXUVH FOLFN $XWR 6WHS� EXW PD\ EH UHOXFWDQW WR
?DGPLW GHIHDW� E\ VR GRLQJ� 0DWKSHUW SURYLGHV DQRWKHU DOWHUQDWLYH� WKH +LQW

EXWWRQ� :KHQ WKH XVHU SUHVVHV +LQW� 0DWKSHUW LQWHUQDOO\ JHQHUDWHV RQH PRUH
VROXWLRQ VWHS� EXW GRHV QRW VKRZ LW� ,QVWHDG� KDYLQJ GHWHUPLQHG ZKDW RSHUDWLRQ
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LW ZRXOG XVH� LW ORRNV XS DQ DSSURSULDWH QDWXUDO�ODQJXDJH KLQW LQ D SUH�VWRUHG
WDEOH RI KLQWV� 7KHVH KLQWV DUH GHVLJQHG WR VRXQG OLNH ZKDW D WHDFKHU ZRXOG VD\
LQ WKH VLWXDWLRQ� 7KH\ DUH FRQYHUVDWLRQDOO\ SKUDVHG� FRQWDLQLQJ IRUPXODV RQO\
ZKHQ QHFHVVDU\� EXW WKH\ DUH GHVLJQHG WR HQDEOH WKH VWXGHQW WR H[WUDFW WKH PHQX
FKRLFH ZKLFK VKRXOG EH PDGH WR LQYRNH WKH VXJJHVWHG RSHUDWLRQ� RU DW OHDVW WKH
WHUP WR VHOHFW WR SURFHHG XVLQJ WKH 7HUP 6HOHFWLRQ ,QWHUIDFH�

(UURU $QDO\VLV� $OWKRXJK \RX FDQ
W FDUU\ RXW DQ LQFRUUHFW VWHS LQ 0DWKSHUW�
\RX FDQ WU\ WR GR VR� E\ PDNLQJ DQ LQDSSURSULDWH PHQX FKRLFH� 2I FRXUVH� WKH
RSHUDWLRQ PD\ EH DSSOLFDEOH HYHQ WKRXJK LQ VRPH VHQVH LQDSSURSULDWH� LQ ZKLFK
FDVH 0DWKSHUW� LQ DFFRUGDQFH ZLWK LWV SULQFLSOHV� ZLOO OHW \RX WDNH WKDW VWHS� %XW
\RX PD\ KDYH FKRVHQ DQ LQDSSOLFDEOH RSHUDWLRQ� LQ ZKLFK FDVH 0DWKSHUW PXVW
UHIXVH \RXU UHTXHVW� ,W LV GHVLUDEOH WKDW LQ WKLV VLWXDWLRQ WKH PRVW LQIRUPDWLYH
HUURU PHVVDJH SRVVLEOH VKRXOG EH VXSSOLHG� 2I FRXUVH� VRPH YHU\ FRPPRQ HUURUV
FDQ EH WUDSSHG LQGLYLGXDOO\� DQG DSSURSULDWH PHVVDJHV FDQ EH VWRUHG LQ WKH
SURJUDP� +RZHYHU� ZLWK RYHU D WKRXVDQG RSHUDWLRQV� WKHUH DUH D PLOOLRQ SRVVLEOH
SDLUV RI WKH IRUP �FRUUHFW RSHUDWLRQ� FKRVHQ RSHUDWLRQ�� 6R VRPH DWWHPSW DW
G\QDPLF HUURU�PHVVDJH JHQHUDWLRQ LV LPSHUDWLYH� )RU H[DPSOH� VRPH HUURUV DUH
VLPSO\ GXH WR RPLWWLQJ D QHFHVVDU\ SUHOLPLQDU\ VWHS� 0DWKSHUW ZLOO FDWFK PDQ\
RI WKHVH HUURUV� 7KH PHWKRG LV WKLV� ZKHQ DQ RSHUDWLRQ LV LQDSSOLFDEOH� 0DWKSHUW

LQWHUQDOO\ WDNHV IRXU VWHSV RI WKH DXWRPRGH VROXWLRQ VWDUWLQJ IURP WKH FXUUHQW
OLQH� ,I WKH XVHU
V RSHUDWLRQ LV XVHG LQ RQH RI WKHVH IRXU VWHSV� LW LV D JRRG EHW
WKDW WKH XVHU LV ?RQ WKH ULJKW WUDFN�� DQG D KHOSIXO PHVVDJH FDQ EH JHQHUDWHG
LQIRUPLQJ WKH XVHU ZKDW SUHSDUDWRU\ VWHS KDV WR EH GRQH nUVW� 2I FRXUVH� HUURUV
WKDW DUH ?QRW LQ WKH EDOOSDUN� ZLOO VWLOO KDYH WR JHQHUDWH VRPH XQLQIRUPDWLYH
PHVVDJH VXFK DV 6RUU\� WKDW RSHUDWLRQ FDQ
W EH DSSOLHG KHUH�

� 7UDGLWLRQDO LQWHUIDFH LVVXHV� HDVH RI XVH

,Q WKLV SDSHU , KDYH IRFXVVHG DWWHQWLRQ RQ WKH ZD\ LQ ZKLFK WKH LQWHUIDFH DQG
?NHUQHO� RU FRPSXWDWLRQDO HQJLQH RI D JRRG V\PEROLF FRPSXWDWLRQ SURJUDP IRU
HGXFDWLRQ DUH QHFHVVDULO\ LQWHUUHODWHG� 1HYHUWKHOHVV� WKHUH DUH D QXPEHU RI LV�
VXHV� PRVWO\ FRQQHFWHG ZLWK P\ GHVLJQ SULQFLSOH (DVH RI 8VH� WKDW DUH WUDGLWLRQDO
?LQWHUIDFH LVVXHV��

��� 6RXUFH RI SUREOHPV

$OWKRXJK 0DWKSHUW FDQ VROYH SUREOHPV JLYHQ E\ WKH XVHU �LQVWHDG RI RQO\ SUH�
VWRUHG SUREOHPV�� , IRXQG ZKHQ RXU VWXGHQW ODERUDWRU\ RSHQHG WKDW QRERG\
DFWXDOO\ ZDQWV WR W\SH SUREOHPV LQ� %RWK VWXGHQWV DQG SURIHVVRUV ZDQW WR nQG
WKH SUREOHPV DOUHDG\ LQ D SUREOHP nOH UHDG\ WR FDOO XS� 0RUHRYHU� LI XVLQJ
WKH SURJUDP LQ FRQQHFWLRQ ZLWK D FODVV� WKH\ ZDQW WR nQG WKH H[DFW SUREOHPV
WKDW KDYH EHHQ DVVLJQHG LQ FODVV� QRW WKH SUREOHPV FKRVHQ E\ WKH DXWKRU RI
0DWKSHUW� 7KLV LV LPSRUWDQW EHFDXVH LW SHUPLWV SURIHVVRUV WR PDNH WKH XVH RI
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0DWKSHUW RSWLRQDO� 7KLV SUREOHP KDV EHHQ VROYHG� LQ D ZD\ WKDW JHWV DSSURSULDWH
SUREOHPV WR WKH VWXGHQW ZLWKRXW HYHQ UHTXLULQJ nOH QDPHV WR EH NQRZQ RU W\SHG�
ZKLOH VWLOO DOORZLQJ IXOO oH[LELOLW\ WR HLWKHU VWXGHQW RU SURIHVVRU WR FXVWRPL]H WKH
SUREOHP nOHV DV GHVLUHG�

:KHQ D VWXGHQW LQVWDOOV KHU QHZ FRS\ RI 0DWKSHUW� VKH ZLOO FKRRVH KHU WH[W�
ERRN IURP DPRQJ WKH VXSSRUWHG WH[WERRNV� DQG WKH SUREOHP nOHV IRU WKDW WH[W�
ERRN ZLOO EH LQFOXGHG LQ WKH LQVWDOODWLRQ� LQ DGGLWLRQ WR WKH SUREOHP nOHV GHYHO�
RSHG DQG GLVWULEXWHG ZLWK0DWKSHUW��� 1HYHUWKHOHVV� WKH SURJUDP KDV WR VXSSRUW
HQWHULQJ DQ HQWLUHO\ QHZ SUREOHP RI \RXU RZQ FKRLFH� $W SUHVHQW WKLV PHDQV W\S�
LQJ WKLQJV OLNH [A��\A� ZKHQ \RX PHDQ [��\�� 7KHUH LV WKXV D ?RQH�GLPHQVLRQDO
QRWDWLRQ� IRU W\SLQJ LQ PDWKHPDWLFV� GLmHUHQW IURP WKH ?WZR�GLPHQVLRQDO QR�
WDWLRQ� XVHG LQ ERRNV DQG IRU RQ�VFUHHQ GLVSOD\� 6RPH RWKHU SURJUDPV RmHU
?HTXDWLRQ HGLWRUV�� FOLFN�DQG�GUDJ LQWHUIDFHV� XVLQJ SDOHWWHV RI V\PEROV� WKDW
DOORZ XVHUV WR EXLOG XS IRUPXODV GLUHFWO\ LQ WZR�GLPHQVLRQDO QRWDWLRQ� 7KH FRQ�
VWUXFWLRQ DQG GHVLUDELOLW\ RI VXFK LQWHUIDFHV LV WRGD\ D ZLGHO\�GLVFXVVHG LVVXH� WR
ZKLFK , KDYH OLWWOH WR FRQWULEXWH� :KDW OLWWOH , KDYH LV VLPSO\ WKLV REVHUYDWLRQ�
ZKLOH DQ HQJLQHHU LV OLNHO\ WR EULQJ KHU RZQ SUREOHP� D VWXGHQW LV OLNHO\ WR ZDQW
WR VROYH WKH KRPHZRUN SUREOHPV� ,I WKH\ DUH DOUHDG\ RQ GLVN� QRERG\ ZLOO KDYH
WR W\SH �RU FOLFN DQG GUDJ� WR JHW WKH SUREOHPV HQWHUHG� )LJXUH � VKRZV ZKDW LW
ORRNV OLNH WR VHH WKH SUREOHPV VWRUHG RQ GLVN� <RX FDQ SUHVV 1H[W RU 3UHYLRXV WR
SHUXVH WKH DYDLODEOH SUREOHPV�

��� 6HOHFWLRQ RI RSHUDWLRQV

7KHUH DUH RYHU D WKRXVDQG RSHUDWLRQV LQ 0DWKSHUW� (YHQ ZLWK D PHQX�GULYHQ
LQWHUIDFH� LI DOO WKRXVDQG RSHUDWLRQV ZHUH DOZD\V DYDLODEOH� LW ZRXOG EH FRQIXVLQJ
WR WU\ WR nQG WKH RQH \RX QHHG� 7KHUH LV WKHUHIRUH D VHULRXV ?LQWHUIDFH SUREOHP�
LQ HQDEOLQJ WKH XVHU WR nQG DQ DSSURSULDWH RSHUDWLRQ DQG FDXVH LW WR EH XVHG�
,W VHHPV XVHIXO WR GLVWLQJXLVK KHUH EHWZHHQ WKH XVHU ZKR NQRZV ZKDW VKH ZDQWV

WR GR� DQG WKH XVHU ZKR GRHV QRW� /HW XV FRQVLGHU WKH XVHU ZKR NQRZV ZKDW
VKH ZDQWV WR GR� E\ ZKLFK , PHDQ WKDW VKH NQRZV ZKLFK RSHUDWLRQ VKH ZDQWV
WR DSSO\� 7KLV LV QRW WKH VDPH DV NQRZLQJ WKH QDPH E\ ZKLFK WKLV RSHUDWLRQ
LV NQRZQ RQ D PHQX� ZKDW LV PHDQW LV WKDW VKH FRXOG HDVLO\ ZULWH RXW WKH QH[W
VWHS XVLQJ SHQFLO DQG SDSHU� XQOHVV WKH FRPSXWDWLRQV DUH WRR LQWULFDWH WR GR E\
KDQG�

,Q SDUWLFXODU VXFK D XVHU ZLOO NQRZ ZKLFK VXE�H[SUHVVLRQ VKH ZDQWV WR ZRUN
RQ� 0DWKSHUW SHUPLWV KHU WR VHOHFW WKLV H[SUHVVLRQ E\ XVLQJ WKH PRXVH WR HQFORVH
LW LQ D UHFWDQJOH� :KHQ VKH PDNHV WKLV VHOHFWLRQ� WKH HQFORVLQJ UHFWDQJOH JHWV D
FRORUHG EDFNJURXQG� MXVW DV ZKHQ \RX VHOHFW WH[W LQ D ZRUG SURFHVVRU� DQG D VKRUW
PHQX RI RSHUDWLRQV FRPHV XS� VRPHWLPHV FRQWDLQLQJ RQO\ RQH RSHUDWLRQ� EXW
VRPHWLPHV FRQWDLQLQJ WKUHH RU HYHQ WHQ RSHUDWLRQV� 7KH OLVWHG RSHUDWLRQV LQFOXGH

��$V RI 0DUFK ����� RQO\ WZR WH[WERRNV DUH VXSSRUWHG� DQG ZH DUH LQ WKH SURFHVV RI REWDLQLQJ

SHUPLVVLRQ IURP SXEOLVKHUV WR VXSSRUW PRUH�
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)LJXUH �� *HWWLQJ D SUREOHP ZLWKRXW W\SLQJ

HYHU\WKLQJ \RX FRXOG GR WR WKH VHOHFWHG WHUP� DQG WKH LQFOXGH DOVR HYHU\WKLQJ
\RX FRXOG GR ZLWK WKH VHOHFWHG WHUP� VXFK DV WUDQVIHU LW WR WKH RWKHU VLGH RI WKH
HTXDWLRQ� 7KLV 7HUP 6HOHFWLRQ ,QWHUIDFH DOORZV WKH XVHU ZKR NQRZV ZKDW VKH
ZDQWV WR GR WR JHW WKH QH[W OLQH RQ WKH VFUHHQ DV TXLFNO\ DV SRVVLEOH� ZLWK D
PLQLPXP RI PHQX�VHDUFKLQJ� )LJXUH � VKRZV KRZ WKH VHOHFWHG WHUP DSSHDUV RQ
WKH VFUHHQ� 7KH VHOHFWHG WHUP LV KLJKOLJKWHG �WKH GHIDXOW FRORU LV OLJKW \HOORZ�
EXW DOO FRORUV FDQ EH FKDQJHG E\ WKH XVHU� DQG RI FRXUVH WKH LOOXVWUDWLRQ KHUH
LV PRQRFKURPH�� 7KH PHQX RI SRVVLEOH RSHUDWLRQV VKRXOG DSSHDU DW WKH ULJKW
RI WKH VHOHFWHG HTXDWLRQ� EXW WKH LPDJH�FDSWXULQJ VRIWZDUH XVHG WR PDNH WKH
LOOXVWUDWLRQV SURYHG LQFDSDEOH RI KDQGOLQJ D ?oRDWLQJ PHQX�� 7KHUHIRUH WKH
PHQX KDV MXVW EHHQ W\SHVHW� UDWKHU WKDQ FDSWXUHG IURP WKH VFUHHQ�
7KH WHUP VHOHFWLRQ LQWHUIDFH SURYLGHV DQ HOHJDQW VROXWLRQ WR WKH RSHUDWRU

VHOHFWLRQ SUREOHP IRU WKH XVHU ZKR NQRZV ZKDW VKH ZDQWV WR GR� 1RZ FRQVLGHU
WKH XVHU ZKR GRHV QRW NQRZ ZKDW VKH ZDQWV WR GR� 7KLV XVHU KDV VHYHUDO RSWLRQV�
DPRQJ WKHP $XWR 6WHS DQG +LQW� ZKLFK KDYH DOUHDG\ EHHQ GLVFXVVHG� 7KHUH LV
D JRRG FKDQFH WKDW WKH XVH RI +LQW PD\ FRQYHUW WKLV XVHU LQWR RQH ZKR FDQ
SURnWDEO\ XVH WKH 7HUP 6HOHFWLRQ ,QWHUIDFH� ,I WKH XVHU GRHVQ
W IHHO ORVW HQRXJK
WR SUHVV +LQW� WKHUH LV DQ LQWHUPHGLDWH RSWLRQ� JR EURZVLQJ LQ WKH PHQXV RI
RSHUDWLRQV� %HIRUH WKH LPSOHPHQWDWLRQ RI WKH 7HUP 6HOHFWLRQ ,QWHUIDFH� DOO XVHUV
KDG WR GR WKLV WR WDNH WKH QH[W VWHS LQ PHQX PRGH� 7KLV EURZVLQJ LV QRW
TXLWH VR GLpFXOW DV LW PLJKW VHHP� DV PHDVXUHV DUH WDNHQ WR FXW WKH QXPEHU
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)LJXUH �� 6HOHFWLQJ D WHUP WR ZRUN RQ

VXEWUDFW IURP ERWK VLGHV

GLYLGH ERWK VLGHV

FROOHFW DOO h WHUPV LQ D VXP

FDQFHO h WHUPV

ZULWH LW DV D SRO\QRPLDO LQ "

DGG IUDFWLRQV D Eh E F  �Dh E� F
FRPPRQ GHQRPLQDWRU

FRPPRQ GHQRP DQG VLPSOLI\ QXPHUDWRU

)LJXUH �� 7KH PHQX EURXJKW XS E\ WKH VHOHFWHG WHUP LQ WKH SUHYLRXV )LJXUH�
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RI PHQXV RI RSHUDWLRQV WKDW FDQ EH EURZVHG WR D PLQLPXP� /XFNLO\� LQ DQ\
JLYHQ PDWKHPDWLFDO VLWXDWLRQ� PRVW RI WKH RSHUDWLRQV DUH LUUHOHYDQW� 1RUPDOO\�
DOO WKH RSHUDWLRQV \RX PLJKW QHHG ZLOO nW RQ IHZHU WKDQ �� PHQXV RI DW PRVW ��
RSHUDWLRQV HDFK� VR \RX QHHG RQO\ RQH PHQX ZLWK HQWULHV OLNH )UDFWLRQV� 6TXDUH
5RRWV� DQG ,QWHJUDWLRQ E\ 6XEVWLWXWLRQ� HDFK RI WKRVH KDV DQ DVVRFLDWHG SRS�XS
PHQX OLVWLQJ WKH RSHUDWLRQV WKHPVHOYHV� 2I FRXUVH� WKLV PHQX RI �� PHQXV PXVW
EH G\QDPLFDOO\ FRPSXWHG IURP WKH SUREOHP W\SH DQG WKH FXUUHQW OLQH RI WKH
FRPSXWDWLRQ^LW FDQ FKDQJH DIWHU HDFK QHZ OLQH� )RU H[DPSOH� ZKHQ WKH ODVW
LQWHJUDO VLJQ LV JRQH� QR PRUH LQWHJUDWLRQ PHQXV ZLOO DSSHDU�
7KH 7HUP 6HOHFWLRQ ,QWHUIDFH LV TXLWH QHZ� DQG DOO ODERUDWRU\ H[SHULHQFH

ZLWK 0DWKSHUW ZDV EDVHG RQ WKH PHQX�EURZVLQJ LQWHUIDFH� 7ZR IDFWV HPHUJHG�
��� ,W LV IHDVLEOH WR XVH WKLV LQWHUIDFH� LQGHHG VWXGHQWV TXLFNO\ GHYHORS WKH VNLOO
RI nQGLQJ WKH RSHUDWLRQ WKH\ ZDQW� 1HYHUWKHOHVV� ��� 1RERG\ UHDOO\ OLNHV GRLQJ
VR� DOWKRXJK WKH\ GR OLNH VHHLQJ WKH VROXWLRQ GHYHORS DV D UHVXOW� ,Q RWKHU ZRUGV�
WKH PHQX�EURZVLQJ LV D SV\FKRORJLFDO ?FRVW� WR EH ZHLJKHG DJDLQVW WKH ?EHQHnW�
RI UHVXOWV REWDLQHG� 7KH 7HUP 6HOHFWLRQ ,QWHUIDFH� RQ WKH RWKHU KDQG� LV IXQ WR
XVH�
,QFLGHQWDOO\� PXOWLSOH VHOHFWLRQV DUH DOORZHG� IRU H[DPSOH RQH FDQ PRYH VHY�

HUDO GLmHUHQW WHUPV WR WKH RWKHU VLGH� RU RQH FDQ DSSO\ WKH VDPH RSHUDWLRQ WR
WZR GLmHUHQW VXEH[SUHVVLRQV DW WKH VDPH VWHS�

��� $UJXPHQWV RI RSHUDWLRQV

6RPH RSHUDWLRQV UHTXLUH DQ DUJXPHQW� WKDW LV� DQ DGGLWLRQDO WHUP WR EH VXSSOLHG
E\ WKH XVHU� )RU H[DPSOH� WKH RSHUDWLRQ DGG WR ERWK VLGHV� XVHG LQ VROYLQJ
HTXDWLRQV� ,I WKH XVHU FKRRVHV WKLV RSHUDWLRQ LQ WKH ROG PHQX�EURZVLQJ LQWHUIDFH�
D SRSXS ZLQGRZ ZLOO DSSHDU IRU GDWD HQWU\� DQG VKH ZRXOG EH SURPSWHG $GG

ZKDW WR ERWK VLGHV" $IWHU VKH HQWHUV D WHUP �DQG LW LV FKHFNHG DQG DFFHSWHG
DV D VXLWDEOH UHVSRQVH IRU WKDW SDUWLFXODU RSHUDWLRQ�� WKHQ WKH SRSXS ZLQGRZ
ZLOO GLVDSSHDU DQG VKH FDQ FRQWLQXH� ,Q DXWR PRGH� LI DQ RSHUDWLRQ UHTXLUHV DQ
DUJXPHQW LW PXVW EH DXWRPDWLFDOO\ VHOHFWHG�
7KH 7HUP 6HOHFWLRQ ,QWHUIDFH LPSURYHV WKLV PDUNHGO\� WR PXOWLSO\ DQ HTXD�

WLRQ E\ VRPHWKLQJ� MXVW VHOHFW WKDW VRPHWKLQJ LQ WKH YLVLEOH HTXDWLRQ� DQG WKHQ
FKRRVH 0XOWLSO\ ERWK VLGHV IURP WKH UHVXOWLQJ VKRUW PHQX� 7KLV ZRUNV nQH DV
ORQJ DV WKH GHVLUHG DUJXPHQW LV YLVLEOH VRPHZKHUH WR EH VHOHFWHG� ,Q VRPH FDVHV
PXOWLSOH VHOHFWLRQ FDQ EH XVHG WRR� DV LQ WKH FDVH RI PXOWLSO\LQJ DQ HTXDWLRQ E\
�� EHFDXVH LW KDV GHQRPLQDWRUV RI � DQG � LQ GLmHUHQW SODFHV� MXVW VHOHFW ERWK
WKH � DQG WKH �� %XW LI IRU VRPH UHDVRQ \RX ZDQW WR PXOWLSO\ WKH HTXDWLRQ E\
�� ZKHQ QR �� RFFXUV� \RX ZLOO KDYH WR GR WKDW WKH ROG ZD\� E\ VHOHFWLQJ WKH
ZKROH HTXDWLRQ� WKHQ FKRRVLQJ 0XOWLSO\ ERWK VLGHV� DQG WKHQ W\SLQJ LQ �� ZKHQ
SURPSWHG�
7KH QHFHVVLW\ RI HQWHULQJ DUJXPHQWV IRU RSHUDWLRQV PHDQV WKDW WKH SUREOHPV

RI RQH�GLPHQVLRQDO YHUVXV WZR�GLPHQVLRQDO QRWDWLRQ FDQ
W EH VZHSW XQGHU WKH
FDUSHW HQWLUHO\ E\ SURYLGLQJ SUREOHPV RQ�GLVN� )RUWXQDWHO\� WKH DUJXPHQWV WR
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RSHUDWLRQV DUH W\SLFDOO\ TXLWH VKRUW DQG VLPSOH� 0RUHRYHU� WKH\ RIWHQ �SHUKDSV
DOPRVW DOZD\V� DUH H[SUHVVLRQV FXUUHQWO\ YLVLEOH RQ WKH VFUHHQ� DQG VR WKH 7HUP
6HOHFWLRQ ,QWHUIDFH FDQ EH XVHG� 7KH UHPDLQLQJ FDVHV ZKHQ VRPHERG\ KDV WR
W\SH LQ DQ DUJXPHQW VKRXOG EH YHU\ UDUH� , DP XQDEOH WR JLYH DQ H[DPSOH�

��� -XVWLnFDWLRQV

7KH RSHUDWLRQV PXVW UHWXUQ QRW RQO\ WKH UHVXOW RI WKH FDOFXODWLRQ� EXW DOVR D
MXVWLnFDWLRQ IRU GLVSOD\ DV WKH ?UHDVRQ� IRU WKH VWHS� $Q LQWHUHVWLQJ DQG VXEWOH
LQWHUIDFH TXHVWLRQ DULVHV KHUH� 2Q WKH RQH KDQG� WKHVH ?MXVWLnFDWLRQV� PXVW
ORRN ULJKW ZKHQ SULQWHG LQ D VROXWLRQ� DV D UHDVRQ IRU D VWHS� 2Q WKH RWKHU
KDQG� WKH\ VKRXOG DOVR FRUUHVSRQG WR ZKDW LV ZULWWHQ RQ WKH PHQX WR LQYRNH WKH
FRUUHVSRQGLQJ RSHUDWLRQ� VR WKDW LI RQH KDV D 0DWKSHUW VROXWLRQ LQ KDQG� RQH
FRXOG LQ SULQFLSOH GXSOLFDWH LW� )RU H[DPSOH� LI WKH VWXGHQW WDNHV RQH VWHS LQ
DXWR PRGH� LW VKRXOG EH DSSDUHQW KRZ WKDW VWHS FRXOG KDYH EHHQ WDNHQ LQ PHQX
PRGH� 7KHVH FULWHULD ZHUH QRW DOZD\V HDV\ WR EDODQFH� )RU H[DPSOH� )DFWRU
RXW KLJKHVW SRZHU PLJKW RFFXU RQ D PHQX� DQG RQH PLJKW ZDQW WKH MXVWLnFDWLRQ
WR EH DE � DF  D�E � F�� %XW WKLV MXVWLnFDWLRQ ZRQ
W OHDG WKH XVHU WR )DFWRU

RXW KLJKHVW SRZHU� &DUHIXO DWWHQWLRQ WR ERWK GHVLGHUDWD ZKLOH PDNLQJ XS WKH
MXVWLnFDWLRQV ZDV QHFHVVDU\� DQG SHUKDSV WKH EHVW EDODQFH KDV QRW DOZD\V EHHQ
VWUXFN� :LWK WKH LQWURGXFWLRQ RI WKH 7HUP 6HOHFWLRQ ,QWHUIDFH� WKLV KDV EHFRPH
D OHVV LPSRUWDQW LVVXH� DV WKH QHFHVVLW\ WR EURZVH WKH PHQXV KDV GLPLQLVKHG
FRQVLGHUDEO\�

��� ,QWHUIDFH WR WKH JUDSKHU

0DWKSHUW FDQ PDNH HYHU\ NLQG RI WZR�GLPHQVLRQDO JUDSK� ,W FDQ PDNH RUGLQDU\
JUDSKV RI D IXQFWLRQ \  I�[�� LW FDQ JUDSK WZR IXQFWLRQV DW RQFH �RQ WKH VDPH
D[HV RU RQ GLmHUHQW D[HV�� LW FDQ PDNH SRODU RU SDUDPHWULF SORWV� ,W FDQ JUDSK
QRW RQO\ IXQFWLRQV EXW DUELWUDU\ UHODWLRQV I�[� \�  �� ,W FDQ DOVR VKRZ \RX WKH
FRPSOH[ URRWV RI D SRO\QRPLDO� RU VROYH DQ RUGLQDU\ GLmHUHQWLDO HTXDWLRQ�
,W LV RQH WKLQJ WR PDNH D JUDSKHU DQG DQRWKHU WKLQJ WR PDNH D JUDSKHU WKDW

LV XVDEOH IRU FODVVURRP GHPRQVWUDWLRQV DQG LQGHSHQGHQW XVH E\ VWXGHQWV� <RX
PXVW EH DEOH WR JHW WKH JUDSK \RX ZDQW TXLFNO\� <RX PXVW EH DEOH WR VKRZ
WKH HmHFW RI FKDQJLQJ D SDUDPHWHU TXLFNO\� ZLWKRXW KDYLQJ WR JR WKURXJK DQ
HODERUDWH GDWD�HQWU\ V\VWHP nUVW� )RU H[DPSOH� ZH ZDQW WR GUDZ D VHULHV RI
JUDSKV RI \  [� b D[ IRU D  �� �� ���� � � �� DQG WKHQ D  �� ��b��b�� � � ��
<RX PXVW EH DEOH WR ?]RRP XS� WR D ODUJHU SRUWLRQ RI WKH JUDSK RU ?]RRP

GRZQ� �PLFURVFRSH VW\OH� DW ZLOO� ZLWKRXW GDWD HQWU\ DQG ZDLWLQJ� <RX VKRXOG
EH DEOH WR FKDQJH HYHU\ GHWDLO RI WKH JUDSK
V DSSHDUDQFH �OLQH ZLGWK� FRORUV�
HWF�� \HW QRW EH GLVWUDFWHG E\ VFUHHQIXOV RI VXFK LQIRUPDWLRQ ZKHQ \RX GRQ
W
ZDQW WR FKDQJH WKHVH WKLQJV�
6RPH XVHUV UHSRUWHG WR PH WKDW WKH\ nQG LW LPSRUWDQW WR EH DEOH WR SXW D

JULG RYHU WKH JUDSK DQG UHPRYH LW DW ZLOO� 3HRSOH ZDQW WR EH DEOH WR PDNH WKH
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WLFNV RQ WKH [�D[LV RFFXU DW PXOWLSOHV RI { ZKHQ WKH\ DUH JUDSKLQJ WULJ IXQFWLRQV�
7KH DELOLW\ WR FKDQJH SDUDPHWHUV DQG D[LV UDQJHV TXLFNO\ LV YLWDO WR HGX�

FDWLRQ� )RU H[DPSOH� JLYHQ D JUDSKHU WKDW FDQ SORW WKH FRPSOH[ URRWV RI D
SRO\QRPLDO� LI \RX FDQ FKDQJH SDUDPHWHUV UDSLGO\ \RX FDQ GR WKH IROORZLQJ�
VKRZ KRZ WKH URRWV RI [� b E[ � � PRYH ZKHQ E LV FKDQJHG� DW D VSHHG IDVW
HQRXJK WKDW WKH PRYHPHQW DSSHDUV WR EH DQLPDWHG� �7KH\ PRYH DURXQG WKH
XQLW FLUFOH� WKURXJK D ELIXUFDWLRQ ZKHUH WKH\ PHHW DW [  �� WKHQ VSUHDG RXW LQ
RSSRVLWH GLUHFWLRQV RQ WKH [�D[LV�� 2QH FDQ DOVR PDNH Q D SDUDPHWHU DQG VHH
KRZ WKH URRWV RI [Q b � GHSHQG RQ Q�
6PDOO GHWDLOV RI DQ LQWHUIDFH RIWHQ PDNH D GLmHUHQFH WR WKH ?ORRN DQG IHHO�

RI VRIWZDUH� $Q H[DPSOH WKDW FRPHV WR PLQG LV WKH TXHVWLRQ RI SXWWLQJ WLWOHV
RQ JUDSKV� 3HRSOH ZDQW WKH WLWOH RI WKH JUDSK WR XVH QRUPDO �WZR�GLPHQVLRQDO�
PDWKHPDWLFDO QRWDWLRQ� 7KDW PHDQV LW ZRQ
W nW LQWR D RQH�OLQH WLWOH EDU DQG
VKRXOG EH SODFHG RQ WKH JUDSK LWVHOI� %XW WKHQ� WKH XVHU PXVW EH DEOH WR PRYH
WKH WLWOH �ZLWK WKH PRXVH� WR WKH ORFDWLRQ ZKHUH LW ?ORRNV EHVW�� 7KLV ZLOO YDU\
IURP JUDSK WR JUDSK� 0RUHRYHU� LI WZR JUDSKV DUH EHLQJ GUDZQ RQ WKH VDPH
D[HV� WKH WZR WLWOHV QHHG WR EH LQGHSHQGHQWO\ PRYDEOH� VR WKH\ FDQ EH SODFHG
QHDU WKH FRUUHVSRQGLQJ FXUYHV�
*LYHQ WKH DERYH UHTXLUHPHQWV� ZKDW LV WKH FRUUHFW LQWHUIDFH GHVLJQ" 2QH

ZDQWV WR SURYLGH WRROV WR DFFRPSOLVK WKH DERYH WDVNV� LQ VXFK D ZD\ WKDW XVHUV
ZLOO VHH DQG XVH WKH WRROV� EXW ZLWKRXW FOXWWHULQJ XS WKH VFUHHQ� DQG DGKHULQJ
WR WKH GHVLJQ SULQFLSOH RI HDVH RI XVH� 6LQFH WKHUH DUH VR PDQ\ WKLQJV \RX FDQ
GR WR FKDQJH \RXU JUDSK� LW
V QRW HDV\ WR SURYLGH D FRPSOHWH VHW RI WRROV IRU
DFFRPSOLVKLQJ DOO WKRVH WKLQJV HDVLO\ ZLWKRXW RYHUZKHOPLQJ WKH XVHU ZLWK WRR
PDQ\ FRQIXVLQJ LFRQV� EXWWRQV� DQG PHQXV� 0DWKSHUW WULHV WR SURYLGH D VPDOO
QXPEHU RI WKH PRVW FRPPRQO\�XVHG WRROV LQ D YLVLEOH IRUP DV D *UDSK 7RRO%DU�
RFFXS\LQJ D QDUURZ YHUWLFDO VWULS WR WKH OHIW RI HDFK JUDSK� 7KH UHVW RI WKH WRROV
DUH DFFHVVHG YLD PHQXV� 8VLQJ WKH 7RRO%DU� \RX FDQ ]RRP LQ RU RXW DQG FKDQJH
SDUDPHWHU YDOXHV ZLWK D VLQJOH FOLFN�
2QH LQWHUHVWLQJ LVVXH LQ WKH GHVLJQ RI D JUDSKHU LQWHUIDFH LV ZKHWKHU WKH

JUDSK VKRXOG EH LQVWDQWO\ XSGDWHG ZKHQ D FKDQJH LV VSHFLnHG� RU ZKHWKHU WKH
XVHU VKRXOG EH DEOH WR VSHFLI\ VHYHUDO FKDQJHV EHIRUH UHGUDZLQJ� 7KH LQFUHDV�
LQJ VSHHG RI FRPSXWHUV WKDW UXQ 0DWKSHUW KDV ZHLJKHG LQ IDYRU RI LQVWDQW UH�
GUDZ� IRU H[DPSOH ZKHQ D ]RRP EXWWRQ RU SDUDPHWHU�LQFUHPHQW EXWWRQ KDV EHHQ
SUHVVHG� $YLW]XU
V *UDSKLQJ &DOFXODWRU �VHH $YLW]XU >����@� VHWV D KLJK VWDQ�
GDUG IRU D JUDSKHU LQWHUIDFH� DQG WKH 3RZHU 0DFLQWRVK RQ ZKLFK LW UXQV FHUWDLQO\
KDV HQRXJK VSHHG WR PDNH LQVWDQW UHGUDZ DWWUDFWLYH� %XW WKHUH DUH D IHZ FLU�
FXPVWDQFHV ZKHUH LQVWDQW UHGUDZ LV DZNZDUG� QDPHO\ ZKHQ WKH UHGUDZ LV QRW
DFWXDOO\ LQVWDQW� EXW WDNHV WRR ORQJ� )RU H[DPSOH� ORRNLQJ DW WKH SDUWLDO VXPV RI
D VHULHV ZLWK WKH QXPEHU RI WHUPV DV D SDUDPHWHU� \RX ZLOO QRW ZDQW WR FKDQJH
WKH QXPEHU RI WHUPV IURP � WR �� E\ LQFUHPHQWV RI � LI \RX KDYH WR ZDLW IRU
HDFK JUDSK DORQJ WKH ZD\ WR EH GUDZQ� �6XFK D IRUPXOD FDQ
W EH HQWHUHG LQ WKH
*UDSKLQJ &DOFXODWRU�� $QRWKHU H[DPSOH LV D FRQWRXU SORW� ,Q PRVW VLWXDWLRQV�
KRZHYHU� LQVWDQW UHGUDZ LV SUHIHUDEOH� VR WKH FDVHV PHQWLRQHG KDYH WR EH KDQGOHG
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DV ZHOO DV SRVVLEOH E\ RWKHU IHDWXUHV RI LQWHUIDFH GHVLJQ� VXFK DV HDVLO\ DFFHVV WR
GLDORJ ER[HV IRU FKDQJLQJ WKH SDUDPHWHU YDOXH E\ ODUJH DPRXQWV� DQG D EXWWRQ
WR LQWHUUXSW D VORZ GUDZLQJ�

� ,QWHUIDFHV DQG SHGDJRJ\

7KH GHYHORSPHQW RI VRIWZDUH IRU V\PEROLF FRPSXWDWLRQ KDV DOUHDG\ FDXVHG VXE�
VWDQWLDO GHEDWH DERXW WKH PDWKHPDWLFV FXUULFXOXP DQG SHGDJRJ\� 7KH GHYHO�
RSPHQW RI HGXFDWLRQ�VSHFLnF VRIWZDUH IRU FRPSXWDWLRQV DQG JUDSKV ZLOO KDYH
IXUWKHU HmHFWV�
+HUH LV D VLQJOH H[DPSOH RI ZKDW FDQ EH GRQH� :KHQ WHDFKLQJ &DOFXOXV ,,

XVLQJ 0DWKSHUW� RQH GD\ , LQWURGXFHG H[SRQHQWLDO IXQFWLRQV \  D
[ JUDSKLFDOO\�

OHWWLQJ WKHP FKDQJH WKH SDUDPHWHU D� , DVNHG HDFK VWXGHQW WR nQG WKH YDOXH
RI D ZKLFK JLYHV WKH JUDSK VORSH � DV LW FURVVHV WKH \�D[LV� 7KH\ KDG WR UHDG
WKH QXPHULFDO YDOXH RI WKH VORSH �ZKLFK LV HDV\ ZLWK 0DWKSHUW�� DQG DGMXVW WKH
YDOXH RI D DFFRUGLQJO\� ,Q WKLV ZD\ WKH\ HDFK VRRQ DUULYHG DW YDOXH RI H DFFXUDWH
WR VHYHUDO GHFLPDO SODFHV� 7KHQ ZH XVHG WKH JUDSKLFDO 2'( VROYHU WR ORRN
DW WKH VROXWLRQV RI \�  \� DQG VDZ WKHLU VLPLODU VKDSH� :H WKHQ FDOFXODWHG
WKH GHULYDWLYH RI H[ V\PEROLFDOO\� XVLQJ WKH GHnQLWLRQ RI WKH GHULYDWLYH DV D
OLPLW� )LQDOO\ WKH\ ZHUH JLYHQ D nOH RI KRPHZRUN SUREOHPV RQ GLmHUHQWLDWLRQ RI
IXQFWLRQV LQYROYLQJ H[SRQHQWLDOV�
, SURPLVHG DW WKH EHJLQQLQJ RI WKH SDSHU WR UHWXUQ WR WKH LVVXH RI VRIWZDUH

WKDW ZRXOG QRW RQO\ UHSODFH SHQFLO DQG SDSHU� EXW DOVR WHDFKHUV DQG ERRNV�
2QH SUHOLPLQDU\ VWHS LQ WKLV GLUHFWLRQ LV DmRUGHG E\ WKH 0LFURVRIW :LQGRZV
WHFKQRORJ\ NQRZQ DV 2/( �2EMHFW /LQNLQJ DQG (PEHGGLQJ� >�@� DQG E\ WKH
FRPSHWLQJ $SSOH WHFKQRORJ\ 2SHQ'RF� 7KLV PHDQV WKDW GRFXPHQWV FUHDWHG E\
RQH VRIWZDUH DSSOLFDWLRQ �VXFK DV D VSUHDGVKHHW RU 0DWKSHUW� FDQ EH HPEHGGHG
LQ D GRFXPHQW FUHDWHG E\ DQRWKHU DSSOLFDWLRQ �VXFK DV D ZRUG SURFHVVRU�� ,Q
SUDFWLFH LW ZRUNV OLNH WKLV� <RX ZULWH D SDJH RI D WH[WERRN LQ \RXU IDYRULWH
ZRUG SURFHVVRU H[SODLQLQJ WKH H[SRQHQWLDO IXQFWLRQ \  D

[� <RX PDNH D JUDSK
RI LW LQ 0DWKSHUW DQG SDVWH WKDW LQWR \RXU GRFXPHQW XVLQJ WRROV WKDW WRGD\
FRPH ZLWK :LQGRZV� <RX LQFOXGH LQVWUXFWLRQV IRU WKH VWXGHQW WR FOLFN RQ WKH
JUDSK DQG nQG WKH YDOXH RI D WKDW PDNHV WKH VORSH EH � ZKHUH LW FURVVHV WKH
\�D[LV� 7KH VWXGHQW UHDGLQJ \RXU GRFXPHQW FOLFNV RQ WKH JUDSK� DQG 0DWKSHUW

VWDUWV XS RQ WKDW GRFXPHQW� :KHQ WKH VWXGHQW KDV FRPSOHWHG WKH H[HUFLVH�
VKH H[LWV 0DWKSHUW DQG LV EDFN LQ \RXU WH[WERRN� UHDG\ IRU WKH QH[W SDUW RI
WKH H[HUFLVH� DV GHVFULEHG DERYH� 2/( WHFKQRORJ\ PHDQV WKDW DQ\RQH ZKR FDQ
ZULWH WH[WERRNV FDQ DOVR ZULWH WHDFKLQJ PDWHULDOV WKDW LQFRUSRUDWH V\PEROLF
FRPSXWDWLRQ VRIWZDUH� 3XEOLVKHUV DUH QRZDGD\V EXV\ SXWWLQJ H[LVWLQJ WH[WERRNV
RQ &'�520� ZLWK K\SHUWH[W OLQNV IURP VXEMHFW WR VXEMHFW� ,Q WKH IXWXUH� VXFK
&'�520 EDVHG WH[WV ZLOO DOVR KDYH OLYH OLQNV WR V\PEROLF FRPSXWDWLRQ VRIWZDUH�
5HFHQWO\ WKHUH KDV EHHQ D ZDYH RI VSHFXODWLRQ WKDW LQVWHDG RI &'�520� WKH EDVH
IRU K\SHUWH[W HGXFDWLRQDO PDWHULDO VKRXOG EH WKH :RUOG :LGH :HE�
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6RIWZDUH WR UHSODFH WHDFKHUV DQG ERRNV ZLOO FHUWDLQO\ EH ?PXOWLPHGLD�� PHDQ�
LQJ LW ZLOO LQFRUSRUDWH VRXQG DQG YLGHR� 7KHVH IHDWXUHV ZLOO KDYH WR EH LQFRUSR�
UDWHG ZLWK IXOO UHVSHFW WR WKH SULQFLSOH WKDW WKH XVHU LV LQ FRQWURO� 6XFK VRIWZDUH
ZLOO QRW FRQVLVW RI YLGHRWDSHG ���PLQXWH OHFWXUHV� ,W ZLOO KDYH OLYH OLQNV WR VKRUW
YLGHR SUHVHQWDWLRQV� ZKLFK PLJKW EH HLWKHU OHFWXUH�VW\OH �EXW OLPLWHG WR RQH VKRUW
WRSLF�� RU YLGHRV GHVLJQHG WR VKRZ WKH DSSOLFDWLRQV RI PDWKHPDWLFV� 0D\EH \RX
FRXOG FOLFN RQ WKH GRXEOH�DQJOH IRUPXODV IRU WULJRQRPHWU\ DQG JHW D YLGHR OHF�
WXUH GHULYLQJ WKHP� DQG FOLFN DJDLQ DQG JHW D YLGHR VKRZLQJ KRZ WKH\ DUH XVHG
WR GHVLJQ DLUSODQH ZLQJV RU HQJLQHV� $ FOLFN LQ WKH ULJKW SODFH PLJKW EULQJ \RX
D VKRUW KLVWRU\ RI WKRVH IRUPXODV� ZLWK ELRJUDSKLFDO GHWDLOV LI GHVLUHG�
, KDYH UHIHUUHG DERYH WR WKH FXUULFXODU UHIRUPLVWV ZKR ZRXOG KDYH XV HP�

SKDVL]H FRQFHSWV LQVWHDG RI WHFKQLTXHV� , WKLQN WKLV DUJXPHQW ZLOO IDGH DZD\
ZLWK WKH LQWURGXFWLRQ RI VRIWZDUH WKDW LV FDSDEOH RI FDUU\LQJ RXW VWHS�E\�VWHS
VROXWLRQV� WKXV VXSSRUWLQJ LQVWUXFWLRQ LQ PDWKHPDWLFDO WHFKQLTXHV� :RXOG \RX
OLNH D PHFKDQLF ZRUNLQJ RQ \RXU FDU ZKR KDV EHHQ WUDLQHG LQ WKH FRQFHSWV RI
HQJLQH GHVLJQ" :HOO� RI FRXUVH� EXW VKH KDG EHWWHU DOVR NQRZ KRZ WR VHUYLFH
WKH FDU� 6LPLODUO\� ZH ZDQW WKH HQJLQHHUV ZKR GHVLJQ MHW SODQHV WR KDYH D WKRU�
RXJK EDFNJURXQG LQ PDWKHPDWLFDO WHFKQLTXHV� DV ZHOO DV FRQFHSWV� , GRQ
W WKLQN
WKHUH LV D FRQWURYHUV\ KHUH� , EHOLHYH WKH GHYHORSPHQW RI VRIWZDUH PHHWLQJ WKH
GHVLJQ FULWHULD VHW IRUWK LQ WKLV SDSHU ZLOO HQDEOH WKH WHDFKLQJ RI ERWK WHFKQLTXHV
DQG FRQFHSWV� LQ DQ LQWHJUDWHG FXUULFXOXP WKDW KDV \HW WR EH GHYHORSHG� %RWK
WKH GHVLJQ DQG WKH GHOLYHU\ RI WKLV FXUULFXOXP ZLOO EH SURIRXQGO\ LQoXHQFHG E\
WHFKQRORJ\�

� 8VH DQG DYDLODELOLW\ RI 0DWKSHUW

'HYHORSPHQW RI 0DWKSHUW EHJDQ LQ ����� E\ ���� , ZDV XVLQJ LW WR WHDFK FODVVHV
DW 6DQ -RVH 6WDWH 8QLYHUVLW\� EXW WKH VWXGHQWV KDG QR DFFHVV� LW ZDV XVHG RQO\ IRU
FODVVURRP GHPRQVWUDWLRQV� ,Q ���� , ZDV DZDUGHG DQ ,/, JUDQW IURP 16) WR RSHQ
D VWXGHQW PDWKHPDWLFV OHDUQLQJ ODE DW 6DQ -RVH 6WDWH� DQG WDXJKW WZR VHPHVWHUV
RI FDOFXOXV WR VWXGHQWV LQ WKDW ODE XVLQJ0DWKSHUW� 6HYHUDO RWKHU IDFXOW\ PHPEHUV
DOVR XVHG 0DWKSHUW IRU D IHZ FODVVHV LQ WKDW ODERUDWRU\� %\ ���� WKH FDOFXODWLRQ
HQJLQH RI 0DWKSHUW ZDV QHDUO\ nQLVKHG� EXW WKH LQWHUIDFH �'26� ZDV nYH \HDUV
RXW RI GDWH� 7KHUHIRUH DQ LQWHUIDFH ZDV GHYHORSHG XVLQJ 0LFURVRIW :LQGRZV ���
LQ �������� $V RI WKLV ZULWLQJ �6HSWHPEHU ������ 0DWKSHUW LV SURMHFWHG WR UHDFK
WKH PDUNHW LQ HDUO\ �����

5HIHUHQFHV

>�@ $YLW]XU� 5�� 'LUHFW PDQLSXODWLRQ LQ D PDWKHPDWLFV XVHU LQWHUIDFH� WKLV YRO�
XPH�
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>�@ $YLW]XU� 5�� %DFKPDQQ� 2�� DQG .DMOHU� 1�� )URP KRQHVW WR LQWHOOLJHQW
SORWWLQJ� 3URFHHGLQJV RI WKH $&0 ,QWHUQDWLRQDO 6\PSRVLXP RQ 6\PEROLF
DQG $OJHEUDLF &RPSXWDWLRQ �,6$$& ���� -XO\ ����� 0RQWUHDO� &DQDGD�
$&0 3UHVV�

>�@ %HHVRQ� 0�� /RJLF DQG FRPSXWDWLRQ LQ 0DWKSHUW� DQ H[SHUW V\VWHP IRU
OHDUQLQJ PDWKHPDWLFV� LQ� .DOWRIHQ� (�� DQG :DWW� 6� 0�� &RPSXWHUV DQG
0DWKHPDWLFV� SS� �������� 6SULQJHU�9HUODJ �������

>�@ %HHVRQ� 0�� 0DWKSHUW� D FRPSXWHUL]HG HQYLURQPHQW IRU OHDUQLQJ DOJHEUD�
WULJ� DQG FDOFXOXV� -� $UWLnFLDO ,QWHOOLJHQFH DQG (GXFDWLRQ � ������� SS�
�����

>�@ %HHVRQ� 0�� 0DWKSHUW � &RPSXWHU VXSSRUW IRU OHDUQLQJ DOJHEUD� WULJRQRP�
HWU\� DQG FDOFXOXV� LQ� $� 9RURQNRY �HG���/RJLF 3URJUDPPLQJ DQG $XWR�
PDWHG 5HDVRQLQJ� /HFWXUH 1RWHV LQ &RPSXWHU 6FLHQFH ���� 6SULQJHU�9HUODJ
�������

>�@ %HHVRQ� 0�� 8VLQJ QRQVWDQGDUG DQDO\VLV WR FKHFN WKH FRUUHFWQHVV RI FRP�
SXWDWLRQV� WR DSSHDU LQ ,QWHUQDWLRQDO -RXUQDO RI )RXQGDWLRQV RI &RPSXWHU
6FLHQFH

>�@ %URFNVFKPLGW� .UDLJ� ,QVLGH 2/( �� 0LFURVRIW 3UHVV� 5HGPRQG� :DVKLQJ�
WRQ �������

>�@ %XFKEHUJHU� %�� 6KRXOG VWXGHQWV OHDUQ LQWHJUDWLRQ UXOHV"� $&0 6,*6$0
%XOOHWLQ �� ������ SS� ������

>�@ %XQG\� $ODQ� 7KH &RPSXWHU 0RGHOOLQJ RI 0DWKHPDWLFDO 5HDVRQLQJ� $FD�
GHPLF 3UHVV� /RQGRQ �������

>��@ %XUWRQ� 5� 5�� 'LDJQRVLQJ EXJV LQ D VLPSOH SURFHGXUDO VNLOO� LQ '� +� 6OHH�
PDQ DQG -� 6� %URZQ �HGV��� ,QWHOOLJHQW 7XWRULQJ 6\VWHPV SS� �������� /RQ�
GRQ� $FDGHPLF 3UHVV �������

>��@ &ODUNH� (�� DQG =KDR� ;�� $QDO\WLFD^DQ H[SHULPHQW LQ FRPELQLQJ WKHR�
UHP SURYLQJ DQG V\PEROLF PDQLSXODWLRQ� 7HFKQLFDO 5HSRUW &08�&6�����
�� 6FKRRO RI &RPSXWHU 6FLHQFH� &DUQHJLH 0HOORQ 8QLYHUVLW\� 3LWWVEXUJK 3$
������

>��@ )DWHPDQ� 5�� +RQHV SORWWLQJ� JOREDO H[WUHPD� DQG LQWHUYDO DULWKPHWLF� LQ
3� 6� :DQJ �HG��� 3URFHHGLQJV RI WKH $&0 ,QWHUQDWLRQDO 6\PSRVLXP RQ
6\PEROLF DQG $OJHEUDLF &RPSXWDWLRQ �,6$$& ���� -XO\ ����� %HUNHOH\�
86$� SS� �������� $&0 3UHVV�

>��@ 0RQWHVVRUL� 0DULD� 7KH $EVRUEHQW 0LQG� +ROW� 5LQHKDUW� DQG :LQVWRQ�
1HZ <RUN ������� 7UDQVODWLRQ RI WKH ,WDOLDQ RULJLQDO SXEOLVKHG LQ �����
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>��@ 1JX\HQ�;XDQ� )�� 1LFDXG� -� )�� *HOLV� -� 0�� DQG -RO\� )�� $XWRPDWLF GLDJ�
QRVLV RI WKH VWXGHQW
V NQRZOHGJH VWDWH LQ WKH OHDUQLQJ RI DOJHEUDLF SUREOHP
VROYLQJ� 3URF� $UWLnFLDO ,QWHOOLJHQFH LQ (GXFDWLRQ� (GLQEXUJK �������

>��@ 1LFDXG� -� )� HW� DO�� $3/86,;� D OHDUQLQJ HQYLURQPHQW IRU DFTXLULQJ SURE�
OHP VROYLQJ DELOLWLHV� 3URF� &2*1,7,9$ 
��� 0DGULG �������

>��@ 1LFDXG� -� )�� *HOLV� -� 0�� 6DLGL� 0�� $ IUDPHZRUN IRU OHDUQLQJ SRO\QRPLDO
IDFWRULQJ ZLWK QHZ WHFKQRORJLHV� ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHUV LQ
(GXFDWLRQ ��� 7DLZDQ �������

>��@ 5DYDJOLD� 5�� $OSHU� 7�� 5R]HQIHOG� 0�� DQG 6XSSHV� 3�� 6XFFHVVIXO SHGD�
JRJLFDO DSSOLFDWLRQV RI V\PEROLF FRPSXWDWLRQ� WKLV YROXPH�

>��@ 5LFKDUGVRQ� '�� 6RPH XQVROYDEOH SUREOHPV LQYROYLQJ HOHPHQWDU\ IXQFWLRQV
RI D UHDO YDULDEOH� -� 6\PEROLF /RJLF �� ������ ��������

>��@ :X :HQ�7VXQ� %DVLF SULQFLSOHV RI PHFKDQLFDO WKHRUHP�SURYLQJ LQ HOHPHQ�
WDU\ JHRPHWULHV� -� $XWRP� 5HDV� � ������ ��������
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