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:KDW LV PDWKHPDWLFDO 0RUSKRORJ\"

'XULQJ WKH SDVW WZHQW\�ILYH \HDUV� PDWKHPDWLFDO PRUSKRORJ\ KDV GHYHORSHG XQGHU YDULRXV

IRUPV� )URP WKH VWDUW� LWV IDYRUHG ILHOG RI DSSOLFDWLRQ KDV DOZD\V EHHQ LPDJH DQDO\VLV� LPDJHV

ZHUH ILUVW SURYLGHG E\ PLFURVFRS\ �PDLQO\ ELRORJ\ DQG PHWDOORJUDSK\�� WKHQ� LPDJHV FDPH

IURP DQ HYHU LQFUHDVLQJ YDULHW\ RI ILHOGV DV WKH PHWKRG JDLQHG LQ UHILQHPHQW DQG GLYHUVLILFDWLRQ

�VDWHOOLWH LPDJHU\� VFHQH DQDO\VLV� ����� 7KLV PHWKRGRORJ\ KDV EHHQ FRQVWUXFWHG� VWHS E\ VWHS�

IURP GLIIHUHQW DQG VRPHWLPHV DQFLHQW PDWKHPDWLFDO NQRZOHGJH� LQWHJUDO JHRPHWU\� VHW WKHRU\�

WRSRORJ\� SUREDELOLW\ WKHRU\� JUDSK WKHRU\� HWF� � 7KH FRQFHSWXDO ERG\ WKDW KDV EHFRPH 00

KDV EHHQ VHW XS WKDQNV WR WKH FRPELQHG HIIRUWV RI VHYHUDO UHVHDUFKHUV� DPRQJ ZKRP� *�

0DWKHURQ >0DWKHURQ ��@� -� 6HUUD >6HUUD ��� ��@� VWDQG LQ WKH IRUHIURQW� MRLQHG DIWHUZDUGV E\

WKH UHVHDUFKHUV RI WKH &HQWUH RI 0DWKHPDWLFDO 0RUSKRORJ\ RI )RQWDLQHEOHDX�

7UDQVIRUPDWLRQV DQG PHDVXUHPHQWV

7KH PHWKRGV RI 00 DUH GHVLJQHG WR TXDQWLI\ JHRPHWULF VWUXFWXUHV� 7KH VHW QRWLRQ LV DQ

DSSURSULDWH UHSUHVHQWDWLRQ RI JHRPHWULF VWUXFWXUHV� D SRURXV PHGLXP� IRU LQVWDQFH� LV PDGH RI

WZR FRPSOHPHQWDU\ VHWV� JUDLQV DQG SRUHV� 7KXV� 00 LV ILUVW D VHW GLVFLSOLQH DQG WKH

PDWKHPDWLFDO REMHFWV LW KDQGOHV DUH VHWV� 4XDQWLI\LQJ DQ\ VWUXFWXUH WKHQ FRPHV GRZQ WR

PHDVXULQJ VHWV� %XW PHDVXULQJ PHDQV WUDQVIRUPLQJ� LI RQO\ EHFDXVH WKH REMHFWV XQGHU VWXG\

FDQQRW EH GLUHFWO\ PHDVXUHG� 7KHUHIRUH RQH KDV WR GHILQH WKH REMHFWV RU VWUXFWXUHV WR EH

VWXGLHG� RU LQ RWKHU ZRUGV� RQH KDV WR FRQVWUXFW WKH VHW RQ ZKLFK WKH PHDVXUH ZLOO EH

SHUIRUPHG� 6XFK D FRQVWUXFWLRQ LV REWDLQHG E\ VXFFHVVLYH WUDQVIRUPDWLRQV ZKLFK� IURP WKH

LQLWLDO LPDJH� ZLOO SURJUHVVLYHO\ UHYHDO �DW OHDVW ZH KRSH VR� WKH VHW WR EH PHDVXUHG� 7KHVH

WUDQVIRUPDWLRQV DUH FRPELQDWLRQV RI HOHPHQWDU\ PRUSKRORJLFDO RSHUDWRUV�

7UDQVIRUPDWLRQ FRPSOH[LW\ YHUVXV HDVH RI XVH

$ WH[W LV FRQVWXFWHG ZLWK VHQWHQFHV� WKHPVHOYHV PDGH RI ZRUGV DFFRUGLQJ WR SUHFLVH UXOHV� DQG

WKH ZRUGV WKHPVHOYHV DUH IRUPHG RI OHWWHUV� 6LPLODUO\� WKH LPDJH WUDQVIRUPDWLRQV XVHG LQ 00

FRPELQH VLPSOHU WUDQVIRUPDWLRQV� WKHPVHOYHV GHULYHG IURP HOHPHQWDU\ WUDQVIRUPDWLRQV�8VLQJ

WKH VDPH DQDORJ\� WKH HOHPHQWDU\ WUDQVIRUPDWLRQV DYDLODEOH WR XV DUH UHODWLYHO\ IHZ DV DUH WKH



DOSKDEHW OHWWHUV� 7KLV VPDOO QXPEHU RI WUDQVIRUPDWLRQV GRHV QRW OLPLW KRZHYHU WKH

PRUSKRORJLVWV
 LPDJLQDWLRQ� &RPELQLQJ HOHPHQWDU\ WUDQVIRUPDWLRQV WR GHILQH D QHZ RQH

DOORZV� DV ZULWLQJ GRHV� WR LQWURGXFH QHZ FRQFHSWV ZKLFK WUDQVFHQG WKH LQLWLDO GHILQLWLRQ�

6RPHRQH ZKR SURQRXQFHV WKH ZRUG �ERDW� KDV D SUHFLVH FRQFHSW LQ PLQG �ZKLFK PD\ GHSHQG

RQ WKH FRQWH[W�� $W WKLV VWDJH� WKH IDFW WKDW WKLV ZRUG LV FRPSRVHG RI D GHWHUPLQHG FRPELQDWLRQ

RI WKH OHWWHUV R� E� D DQG W GRHV QRW UHDOO\ PDWWHU� 7KH VSHOOLQJ LV RQO\ WKHUH WR PDNH VXUH SHRSOH

VSHDN RI WKH VDPH WKLQJ� ,Q 00� WKLV SKHQRPHQRQ LV YHU\ FRPPRQO\ REVHUYHG� $

WUDQVIRUPDWLRQ VXFK DV WKH �VNHOHWRQ� LV XVHG DV D SUHFLVH FRQFHSW SUHVHQWLQJ FHUWDLQ SURSHUWLHV

DSW WR DFKLHYH D JLYHQ SXUSRVH� 7KH IDFW WKDW WKH �VNHOHWRQ� FRPELQHV �WKLQQLQJV�� WKHPVHOYHV

FRPSRVHG RI �HURVLRQV� DQG �LQWHUVHFWLRQV�� �HURVLRQV� EHLQJ PDGH RI �VKLIWLQJV� DQG

�LQWHUVHFWLRQV�� LV RI OLWWOH VLJQLILFDQFH�

)URP DOO WKDW KDV EHHQ VDLG LQ WKH SUHFHGLQJ� RQH FRXOG FRQFOXGH WKDW 00 RQO\ DSSOLHV WR

LPDJHV ZLWK WZR FRPSRQHQWV� 7KLV LV QRW WKH FDVH� DV WKH WUDQVIRUPDWLRQV GHILQHG RQ ELQDU\

LPDJHV FDQ EH JHQHUDOL]HG WR JUH\WRQH LPDJHV�
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00 KDV DOZD\V EHHQ GHYHORSHG RQ WZR OHYHOV � D WKHRUHWLFDO OHYHO� ZLWK WKH GHYHORSPHQW RI

QHZ FRQFHSWV� EXW DOVR D SUDFWLFDO OHYHO E\ DSSO\LQJ 00 WR WKH VROYLQJ RI FRQFUHWH SUREOHPV LQ

LPDJH DQDO\VLV� 7KH SUDFWLFDO VWXG\ RI LPDJHV ZDV PDGH SRVVLEOH E\ WKH GHVLJQLQJ RI VSHFLILF

LPDJH DQDO\]HUV DOORZLQJ WR SHUIRUP 00 WUDQVIRUPDWLRQV RQ GLJLWL]HG LPDJHV� $V FRPSXWHUV�

WKHVH LPDJH DQDO\]HUV� KDYH JRQH WKURXJK VHYHUDO JHQHUDWLRQV� PRUH DQG PRUH VRSKLVWLFDWHG DV

HOHFWURQLFV LPSURYHG� )LUVW� WKH\ ZHUH UDWKHU UXGLPHQWDU\ PDFKLQHV RQO\ DEOH WR SHUIRUP RQH

RU WZR HOHPHQWDU\ WUDQVIRUPDWLRQV RQ DQ LPDJH� /DWHU� ZLWK WKH DGGLWLRQ RI LPDJH PHPRULHV�

WUDQVIRUPDWLRQV FRXOG EH LWHUDWHG DOORZLQJ PRUH FRPSOH[ SURFHVVLQJ� 7KH ODWHVW DQDO\]HU

YHUVLRQV FDQ SURFHVV LPDJHV RI LQFUHDVLQJ VL]H ���� [ ��� DQG HYHQ ���� [ ����� DQG YDULHW\

RI WRQH DW LQFUHDVLQJ VSHHGV�

/HDUQLQJ 00 PHDQV WR JHW IDPLOLDU ZLWK HOHPHQWDU\ WUDQVIRUPDWLRQV �DOSKDEHW�� WKHQ OHDUQ

KRZ WR FRPELQH WKHP LQ RUGHU WR REWDLQ PRUH FRPSOH[ WUDQVIRUPDWLRQV �ZRUGV�� DQG ILQDOO\� WR

RUJDQL]H WKHVH WUDQVIRUPDWLRQV WR VROYH D JLYHQ SUREOHP �L�H� OHDUQLQJ JUDPPDU DQG V\QWD[��

$FTXLULQJ WKLV NQRZ�KRZ LV DOPRVW LPSRVVLEOH ZLWKRXW XVLQJ RQH RI WKHVH LPDJH DQDO\]HUV

PHQWLRQHG DERYH�

8QIRUWXQDWHO\� WKHVH PDFKLQHV DUH UDUH DQG RIWHQ YHU\ H[SHQVLYH� 7KHLU XVH LV WKHUHIRUH

UHVHUYHG IRU PRUH SURILW�RULHQWHG WDVNV UDWKHU WKDQ WHDFKLQJ DFWLYLWLHV� 0RUHRYHU WKHLU

LQFUHDVLQJ SHUIRUPDQFHV DQG SURFHVVLQJ VSHHGV GR QRW DOORZ WKH EHJLQQHU LQ 00 WR REVHUYH

WKH GLIIHUHQW VWHSV RI WKH WUDQVIRUPDWLRQV�

,Q YLHZ RI DOO WKLV� ZH WKRXJKW LW QHFHVVDU\ IRU WKH XVHU WR KDYH D SHGDJRJLFDO WRRO QRW WRR

H[SDQVLYH EXW SHUIRUPLQJ HQRXJK QRW WR EH GLVFRXUDJLQJ EHFDXVH RI WZR ORQJ SURFHVVLQJ WLPH�

7KH XVH RI D PLFURFRPSXWHU $33/( ,,� DQG QRZ RI DQ ,%0 3& FRPSDWLEOH DORQJ ZLWK WKH

GHVLJQLQJ RI 0,&520253+ 6RIWZDUH DOORZV� DW OHDVW ZH KRSH VR� WR PHHW WKHVH QHHGV�

0,&520253+ LV PRUH WKDQ D WHDFKLQJ VRIWZDUH WR OHDUQ 00� ,W LV D WUXH ODQJXDJH DOORZLQJ

WR FRQVWUXFW PRUH DQG PRUH FRPSOH[ PRUSKRORJLFDO WUDQVIRUPDWLRQV IURP D OLPLWHG QXPEHU RI

SULPLWLYHV� 7KH ODQJXDJH LV VWUXFWXUHG VR WKDW WKH XVHU FDQ FUHDWH KLV RZQ ZRUGV� DQG FRQVWUXFW

KLV RZQ GLFWLRQDU\� $FFRUGLQJ WR RXU SUHFHGLQJ DQDORJ\� 0,&520253+ SURYLGHV WKH

DOSKDEHW� WKH QRYLFH PRUSKRORJLVW LV WKHQ IUHH WR FRPSRVH ZRUGV DQG QH[W VHQWHQFHV�



0,&520253+ UHOHDVHV

0,&520253+ UXQV RQ DQ\ 3& FRPSDWLEOH FRPSXWHU� 7KHUH H[LVWV W[R YHUVLRQV RI WKLV

VRIWZDUH� D ROG 06'26 YHUVLRQ �)LJXUH�� EXW ZLWK D ORW RI FDSDELOLWLHV DQG D :LQGRZV YHUVLRQ

�)LJXUH �� ZKLFK DOORZV WR KDQGOH LPDJHV RI ODUJHU VL]HV DQG WR GHVLJQ UHDO LPDJH DQDO\VLV

DSSOLFDWLRQV LQ WKH :LQGRZV HQYLURQPHQW�

)LJXUH � � 0,&520253+� 06'26 YHUVLRQ� 0DLQ PHQX �WRS YLHZ� DQG ZRUNLQJ VFUHHQ

�ERWWRP YLHZ��

0,&520253+ FRPHV ZLWK D FRPSOHWH GRFXPHQWDWLRQ PDGH RI WKUHH KDQGERRNV >*UDWLQ 	

%HXFKHU ����@� 7KH UHIHUHQFH PDQXDO GHVFULEHV WKH GLIIHUHQW SDUWV RI WKH VRIWZDUH SDFNDJH

DQG WKH SURJUDPPLQJ ODQJXDJH� 7KH WZR RWKHU ERRNOHWV SUHVHQW D ODUJH VHW RI H[HUFLVHV�

DOJRULWKPV DQG DSSOLFDWLRQV LQ LPDJH DQDO\VLV� PRVW RI WKHP GHULYHG IURP UHDO FDVHV� ,Q WKH



VROXWLRQV KDQGERRN LQ SDUWLFXODU� WKH UHDGHU PD\ IROORZ XS� VWHS E\ VWHS� WKH GLIIHUHQW SKDVHV

RI WKH LPDJH WUHDWPHQW OHDGLQJ WR WKH ILQDO VROXWLRQ�

)LJXUH � � 0,&520253+ :LQGRZV YHUVLRQ

%,%/,2*5$3+<

%HXFKHU 6� � *UDWLQ &� � 0,&520253+� 'RFXPHQWDWLRQ � 5HIHUHQFH 0DQXDO� $SSOLFDWLRQV�

6ROXWLRQV� (FROH GHV 0LQHV GH 3DULV� �����

0DWKHURQ *� � (OpPHQWV SRXU XQH 7KpRULH GHV 0LOLHX[ 3RUHX[� 0DVVRQ� 3DULV� �����

6HUUD -� � ,PDJH $QDO\VLV DQG 0DWKHPDWLFDO 0RUSKRORJ\� $FDGHPLF 3UHVV� /RQGRQ� �����

6HUUD -� (G� � ,PDJH $QDO\VLV DQG 0DWKHPDWLFDO 0RUSKRORJ\� 7KHRUHWLFDO DGYDQFHV� $FDGHPLF

3UHVV� /RQGRQ� �����


