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,QVWLWXWH RI WKH &]HFK /DQJXDJH

$FDGHP\ RI 6FLHQFHV RI WKH &]HFK UHSXEOLF
/HWHQVNi �� ��� �� 3UDKD �� &]HFK UHSXEOLF

MDQD�NOLPRYD#II�FXQL�F]
�
,QVWLWXWH RI WKH &]HFK 1DWLRQDO &RUSXV

&KDUOHV 8QLYHUVLW\� )DFXOW\ RI 3KLORVRSK\
QiP� -� 3DODFKD �� ��� �� 3UDKD �� &]HFK UHSXEOLF

MDQ�NRFHN#II�FXQL�F]

$EVWUDFW

7KH DLP RI WKLV SDSHU LV WR GHVFULEH RQH WKH PDLQ PHDQV RI &]HFK ZRUG IRUPDWLRQ � GHULYDWLRQ� 1HZ &]HFK ZRUGV DUH FUHDWHG E\

FRPSRVLWLRQ RU E\ GHULYDWLRQ �E\ XVLQJ SUHIL[HV RU VXIIL[HV��

7KH VXIIL[HV ZKLFK DUH DGGHG WR WKH VWHP DUH XVHG PXFK PRUH IUHTXHQWO\ WKDQ SUHIL[HV VWDQGLQJ EHIRUH WKH VWHP�

7KH PRVW IUHTXHQW VXIIL[HV ZLOO EH FODVVLILHG DFFRUGLQJ WR WKH SDUDGLJPDWLF DQG VHPDQWLF SURSHUWLHV DQG DFFRUGLQJ WR WKH FKDQJHV WKH\

FDXVH LQ WKH VWHP�

7KH UHVHDUFK LV GRQH RQ WKH &]HFK QDWLRQDO FRUSXV �&1&�� WKH IUHTXHQFLHV RI WKH LQYHVWLJDWHG VXIIL[HV LOOXVWUDWH WKHLU SURGXFWLYLW\ LQ

SUHVHQW GD\ &]HFK ODQJXDJH�

7KLV UHVHDUFK LV RI D SDUWLFXODU YDOXH IRU D KLJKO\ LQIOHFWHG ODQJXDJH VXFK DV &]HFK� 3RVVLEOH DSSOLFDWLRQV RI WKLV V\VWHP DUH YDULRXV

1/3 V\VWHPV� H�J� VSHOOLQJ FKHFNHUV DQG PDFKLQH WUDQVODWLRQ V\VWHPV� 7KH UHVXOWV RI WKLV ZRUN VHUYH IRU WKH FRPSXWDWLRQDO SURFHVVLQJ

RI &]HFK ZRUG IRUPDWLRQ DQG LQ IXWXUH IRU WKH FUHDWLRQ RI WKH &]HFK GHULYDWLRQDO GLFWLRQDU\�
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'HULYDWLRQ E\ VXIIL[HV LV WKH PRVW IUHTXHQW ZD\ RI

IRUPDWLRQ QHZ &]HFK ZRUGV� 7KH VXIIL[HV FDQ FDXVH WKH

FKDQJH RI 326 RU JHQGHU RI D QRXQ� 'XULQJ WKH SURFHVV RI

ZRUG IRUPDWLRQ GLIIHUHQW FKDQJHV LQ WKH VWHP �DOWHUQDWLRQV

RI FKDUDFWHUV� DUH FDXVHG E\ WKH VXIIL[HV�

7KH PRVW SURGXFWLYH VXIIL[HV DUH FODVVLILHG DFFRUGLQJ

WR�

��� 3DUDGLJPDWLF SURSHUWLHV

7KH GLIIHUHQW FODVVHV RI VXIIL[HV UHSUHVHQW WKH SDUWV RI

VSHHFK
�
RI WKH EDVLF DQG GHULYHG ZRUGV� 7KH VXIIL[HV

EHORQJLQJ WR WKH 11 FODVV DUH IXUWKHU FODVVLILHG LQWR

GLIIHUHQW FODVVHV DFFRUGLQJ WR WKH JHQGUHV �H�J� WKH

GLPLQXWLYH VXIIL[HV GR QRW FKDQJH WKH JHQGHU RI WKH EDVLF

ZRUG EXW RQ WKH RWKHU KDQG WKHUH DUH VXIIL[HV ZKLFK

FKDQJH WKH PDVFXOLQH JHQGHU RI EDVLF ZRUGV LQWR IHPLQLQH

JHQGHU �H�J� XþLWHO �PDOH WHDFKHU� � XþLWHOND �IHPDOH

�
$ � DGMHFWLYH� 1 � QRXQ� 9 � YHUE� H�J� 91 VXIIL[HV VHUYH IRU WKH

FUHDWLRQ RI QRXQV IURP YHUEV �H�J� �WHO� �þ�� 11 VXIIL[HV VHUYH IRU

WKH FUHDWLRQ RI QRXQV IURP QRXQV �H�J� GLPLQXWLYH VXIIL[HV�� HWF�

WHDFKHU���
7KH OLVW RI 91 VXIIL[HV �VHUYLQJ IRU WKH FUHDWLRQ RI

QRXQV IURP YHUEV��
�WHO �QDPHV RI DJHQWV RI LQWHOOHFWXDO DFWLYLWLHV�� H�J�

�HGLWHO �GLUHFWRU�� FHVWRYDWHO �WUDYHOOHU�� EXGLWHO

�DZDNHQHU�� ãNROLWHO �WXWRU�� SRNUDþRYDWHO �FRQWLQXDWRU��

VE�UDWHO�FROOHFWRU�

IUHTXHQF\ LQ &1&� ������

�þ �QDPHV RI DJHQWV RI SK\VLFDO DFWLYLWLHV�� H�J� �LGLþ

�GULYHU�� WUXEDþ �EXJOHPDQ�� ODPDþ �EUHDNHU�� VD]Hþ

�SULQWHU�� KOtGDþ �ZDWFKHU�

IUHTXHQF\ LQ &1&� ������

�GOR �QDPHV RI PHDQV�� H�J� PêGOR �VRDS�� åUiGOR

�IRRG�� FKRGLGOR�VROH�� VHGDGOR �VHDW�� OHWDGOR �SODQH��

SURVW�UDGOR �VKHHWLQJ�� NORNWDGOR �JDUJOH�

IUHTXHQF\ LQ &1&� ������

�WNR �QDPHV RI PHDQV�� H�J� VOXFKiWNR �UHFHLYHU��

NXNiWNR �VS\ KROH�� SOLYiWNR �VSLWWRRQ�� WUViWNR �SOHFWURQ��

SiUiWNR �WRRWKSLFN�� ãRXSiWNR �VOLGHU�

IUHTXHQF\ LQ &1&� �����

�iN �QDPHV RI PHDQV�� H�J� ãURXERYiN �VFUHZHU�� SLMiN

�EORWFK�� Y�ãiN �VWDQG�

IUHTXHQF\ LQ &1&� ������

�91 VXIIL[HV  '(5,9(' 9(5%6
12816 �11 VXIIL[HV  '(5,9(' 12816

�$1 VXIIL[HV  '(5,9(' $'-(&7,9(6

�99 VXIIL[HV  '(5,9(' 9(5%6
6,03/( 9(5%6 �19 VXIIL[HV  '(5,9(' 12816

�$9 VXIIL[HV  '(5,9(' $'-(&7,9(6

�9$ VXIIL[HV  '(5,9(' 9(5%6
$'-(&7,9(6 �1$ VXIIL[HV  '(5,9(' 12816

�$$ VXIIL[HV  '(5,9(' $'-(&7,9(6

)LJXUH �� 5HODWLRQV EHWZHHQ EDVLF DQG GHULYHG ZRUGV DQG GLIIHUHQW W\SHV RI VXIIL[HV



�LYR� H�J� WRSLYR �IXHO�� VWHOLYR �URXJKDJH�� KQRMLYR

�IHUWLOL]HU�� SRMLYR �ELQGHU�

IUHTXHQF\ LQ &1&� �����

)LJXUH �� )UHTXHQFLHV RI 91 VXIIL[HV LQ &1&

7KH OLVW RI 11 VXIIL[HV

�VHUYLQJ IRU WKH FUHDWLRQ RI QRXQV IURP QRXQV��
�i� �QDPHV RI DJHQWV�� H�J� NRYi� �VPLWK�� PO\Qi�

�PLOOHU�� QiVWURMi� �WRROPDNHU�� U\Ei� �ILVKHUPDQ�

IUHTXHQF\ LQ &1&� ������

�QtN �QDPHV RI DJHQWV�� H�J� ãNROQtN �VFKRRO VHUYDQW��

KUREQtN �JUDYHGLJJHU�� ORGQtN �VDLORU�

IUHTXHQF\ LQ &1&� ������

�LVWD �QDPHV RI DJHQWV�� H�J� WUDNWRULVWD �WUDFWRU GULYHU��

KRXVOLVWD �YLROLQLVW�� NODYtULVWD �SLDQR SOD\HU�

IUHTXHQF\ LQ &1&� ������

�UQD �QDPHV RI ORFDWLRQV�� H�J� FXNUiUQD �VZHHWVKRS��

YLQiUQD �ZLQHURRP�� HOHNWUiUQD �SRZHU SODQW��

FHPHQWiUQD �FHPHQW ZRUNV�� NDYiUQD �FRIIHH KRXVH��

NRQtUQD �VWDEOH�

IUHTXHQF\ LQ &1&� �����

�RYQD� H�J� �QDPHV RI ORFDWLRQV�� H�J� NQLKRYQD

�OLEUDU\�� VWURMRYQD �PDFKLQH URRP�

IUHTXHQF\ LQ &1&� �����

)LJXUH �� )UHTXHQFLHV RI 11 VXIIL[HV LQ &1&

7KH OLVW RI $1 VXIIL[HV

�VHUYLQJ IRU WKH FUHDWLRQ RI QRXQV IURP DGMHFWLYHV��
�RVW �QDPHV RI SURSHUWLHV�� H�J� KORXSRVW �VWXSLGLW\��

VRXGQRVW �MXGLFLRXVQHVV�� S�tPRVW �VWUDLJKWQHVV�� YHOLNRVW

�JUHDWQHVV�

IUHTXHQF\ LQ &1&� ������

�HF� H�J� NUDVDYHF �JRRG ORRNHU�� PLOHQHF �ORYHU�

IUHTXHQF\ LQ &1&� ������

7KH OLVW RI 1$ VXIIL[HV

�VHUYLQJ IRU WKH FUHDWLRQ RI DGMHFWLYHV IURP QRXQV��
�RYê� H�J� MDKRGRYê �VWUDZEHUU\�� MDEONRYê �DSSOH��

WLVNRYê �SULQWLQJ�� OLVWRYê �IROLDU�

IUHTXHQF\ LQ &1&� �������
�QDWê� H�J� G�HYQDWê �OLJQHRXV�� NROHQDWê �NQHH��

UDPHQDWê �VTXDUH VKRXOGHUHG�� GXåQDWê �SXOS\�

IUHTXHQF\ LQ &1&� ����

�RYLWê� H�J� KRXERYLWê �VSRQJ\�� ãODFKRYLWê �VWULQJ\��

G�HYLWê �ZRRG\�� ]HPLWê �HDUWK\�

IUHTXHQF\ LQ &1&� ����

�VNê� H�J� UDMVNê �DPEURVLDO�� KRUVNê �PRXQWDLQ��

FKODSVNê �PDQIXO�

IUHTXHQF\ LQ &1&� �������
�FNê� H�J� RWURFNê �VODYLVK�� VY�WiFNê �ZRUOGO\�� SLMiFNê

�GULQN\�

IUHTXHQF\ LQ &1&� ������

�Qê� H�J� G�HYQê �ZRRG�� VHQQê �KD\�� YRQQê �DURPDWLF�

IUHTXHQF\ LQ &1&� �������

)LJXUH �� )UHTXHQFLHV RI 1$ VXIIL[HV LQ &1&

7KH OLVW RI $$ VXIIL[HV

�VHUYLQJ IRU WKH FUHDWLRQ RI DGMHFWLYHV IURP DGMHFWLYHV��
�HMãt��Mãt� H�J� VY�WOHMãt �OLJKWHU�� GROHMãt �ORZHU��

NUiVQ�Mãt �PRUH SUHWW\�

IUHTXHQF\ LQ &1&� ������

�DYê� H�J� E�ODYê �ZKLWLVK�� PRGUDYê �EOXLVK�� ]HOHQDYê

�JUHHQLVK�

IUHTXHQF\ LQ &1&� �����

�þNê� H�J� PDOLþNê �WLQ\�� PODGLþNê �\RXWKIXO�� VWD�LþNê

�DJHG�� PDORXþNê �WLQ\�

IUHTXHQF\ LQ &1&� ����

�QNê� H�J� PDOLQNê �WLQ\�� SURVWLQNê �YHU\ VLPSOH��

OHKRXOLQNê �IHDWKHU\�� PDORXQNê �WLQ\�� VOD�RXQNê �YHU\

VPDOO�

IUHTXHQF\ LQ &1&� ����

)LJXUH �� )UHTXHQFLHV RI $$ VXIIL[HV LQ &1&

7KH OLVW RI 9$ VXIIL[HV

�VHUYLQJ IRU WKH FUHDWLRQ RI DGMHFWLYHV IURP YHUEV��
�tFt� H�J� KRQtFt SHV �KXQWLQJ GRJ�� YRGtFt �OHDGLQJ��

S�QtFt �IRDPLQJ�

IUHTXHQF\ LQ &1&� ����

�LYê� H�J� YRGLYê �FRQGXFWLQJ�� SHUOLYê �VSDUNOLQJ��

KRUOLYê �]HDORXV�

IUHTXHQF\ LQ &1&� ������

7KH OLVW RI 19 VXIIL[HV

�VHUYLQJ IRU WKH FUHDWLRQ RI YHUEV IURP QRXQV��
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�RYê �QDWê �RYLWê �VNê �FNê �Qê
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�HMãt��Mãt �DYê �þNê �QNê



��W� H�J� ]NUiVQ�W �WXUQ EHDXWLIXO�� Y�G�W �NQRZ�� YLG�W

�VHH�� OHW�W �IO\�

IUHTXHQF\ LQ &1&� ������

�LW� H�J� WU$QLW �WKURQH�� VWUDãLW �IULJKWHQ�� ]WYiUQLW

�H[WHUQDOL]H�� Y\URELW �SURGXFH�

IUHTXHQF\ LQ &1&� ������

�DW� H�J� YQtPDW �SHUFHLYH�� GUEDW �VFUDWFK�� FKRYDW

�UDLVH�� VNiNDW �MXPS�

IUHTXHQF\ LQ &1&� ������

�RYDW� H�J� VWDUWRYDW �VWDUW�� SRFKRGRYDW �PDUFK��

YiOFRYDW �UROO�

IUHTXHQF\ LQ &1&� ���

)LJXUH �� )UHTXHQFLHV RI 19 VXIIL[HV LQ &1&

7KH OLVW RI 99 VXIIL[HV

�VHUYLQJ IRU WKH FUHDWLRQ RI YHUEV IURP YHUEV��
�QRXW� H�J� Y\YLQRXW �GHYHORS�� NRXVQRXW �ELWH�� UêSQRXW

�GLJ�

IUHTXHQF\ LQ &1&� ������

�RXW� H�J� SORXW �VDLO�� MPRXW �WDNH XSRQ RQH WR�� QD]RXW

�SXW RQ�

IUHTXHQF\ LQ &1&� ������

�LW� H�J� Y\URELW �SURGXFH�� XKRGLW �KLW�� ]ORPLW �EUHDN�

IUHTXHQF\ LQ &1&� ������

�DW� H�J� YVWiYDW �JHW XS�� FKRGtYDW �ZDON�� YROiYDW

�FDOO�

IUHTXHQF\ LQ &1&� ������

)LJXUH �� )UHTXHQFLHV RI 99 VXIIL[HV LQ &1&

7KH OLVW RI $9 VXIIL[HV

�VHUYLQJ IRU WKH FUHDWLRQ RI DGMHFWLYHV IURP YHUEV��
�iYDW� H�J� ]PRGUiYDW �WXUQ EOXH�

IUHTXHQF\ LQ &1&� ���

��� $OWHUQDWLRQV

7KH FKDQJHV LQ WKH VWHP FDXVHG E\ WKH VXIIL[HV PD\ EH

RI WKH IROORZLQJ NLQGV�

�D� SDODWDOL]DWLRQ RI ILQDO FRQVRQDQW � H�J�� KiN � KiþHN�

FXNU � FXN�tN

�E� FKDQJH RI TXDOLW\ RI YRFDO �VKRUWHQLQJ� H�J�� åiED �

åDEND� SURORQJDWLRQ H�J�� K�LE � K�tEHN� RU RWKHU FKDQJH�

H�J�� N$O � NROtN� DQG�O � DQGtOHN� EUDPERU � EUDPE$UHN�

�F� DQG FRPELQDWLRQV WKHUHRI � H�J�� UDN � UiþHN� YtWU �

Y�W�tN� EXN � ERXþHN� R�HFK � R�tãHN� NQLKD � NQtåND� G�HYR �

G�tYNR

7KLV FODVVLILFDWLRQ VHUYHV IRU WKH GHILQLWLRQ RI

GHULYDWLRQDO UXOHV ZKLFK IRUP WKH DOJRULWKP RI WKH

SURJUDPPLQJ WRRO SURFHVVLQJ WKH &]HFK GHULYDWLRQ �ERWK

DQDO\VLV RI GHULYHG ZRUGV DQG JHQHUDWLRQ RI QHZ ZRUGV��

([DPSOHV RI GHULYDWLRQ UXOHV IRU FUHDWLRQ RI PDVFXOLQH

GLPLQXWLYHV DUH JLYHQ LQ 7DEOH ��

5XOHV PDVFXOLQH JHQGHU ([DPSOHV

D6 � i6HN � i6HþHN YODV � YOiVHN

i6 � i6HN � i6HþHN MHVW�iE � MHVW�iEHN

H6 � H6tN � H6tþHN G�HS � G�HStN

H6 � t�ê6HN � t�ê6HþHN MHOHQ � MHOtQHN

p6 � H�p6tN � p6tþHN FKOpE � FKOHEtN

�6 � t6HN � t6HþHN PHGY�G � PHGYtGHN

L6 � t6HN � t6HþHN K�LE � K�tEHN

t6 � t6HN � t6HþHN GtO � GtOHN

R6 � R6tN � R6tþHN VWURP � VWURPHN

R6 � $6HN � $6HþHN KURE � KU$EHN

X6 � RX6HN KROXE � KRORXEHN

RX6 � RX6HN � RX6HþHN NORXE � NORXEHN

\6 � \6HN � \6HþHN ]iK\E � ]iK\EHN

ê6 � ê6HN � ê6HþHN VêU � VêUHN

U6 � U6tN � U6tþHN SUG � SUGtN

6O � 6OtN � 6OtþHN ãWU$GO � ãWU$GOtN

6U � 6�tN ]XEU � ]XE�tN

7DEOH �� 'HULYDWLRQ UHODWLRQV IRU PDVFXOLQH GLPLQXWLYHV

��� 6HPDQWLF SURSHUWLHV

7KH VWHP ZHDUV WKH VDPH VHPDQWLF SURSHUWLHV LQ DOO LWV

GHULYDWLYHV� WKH VXIIL[ JLYHV LWV IXQFWLRQ �VHPDQWLF

SURSHUWLHV� WR WKH QHZ ZRUG� ,W LV TXLWH XVXDO WKDW D VXIIL[ LV

EHLQJ XVHG IUHHO\ E\ ZULWHUV DQG VSHDNHUV RI WKH ODQJXDJH�

LI RQH NQRZV WKH PHDQLQJ RI WKH JLYHQ VXIIL[ DGGHG WR D

NQRZQ EDVLF ZRUG� WKH PHDQLQJ RI WKH ZKROH ZRUG FRXOG

EH XQGHUVWRRG HYHQ LI WKLV QHZO\ FUHDWHG ZRUG ZDV QRW

VHHQ EHIRUH�

7KH VXIIL[HV DUH FODVVLILHG LQWR IROORZLQJ FODVVHV

UHJDUGLQJ WKHLU VHPDQWLF SURSHUWLHV �'RNXOLO� ������

�D� FODVV RI VXIIL[HV ZKLFK GR QRW FKDQJH WKH OH[LFDO

PHDQLQJ RI WKH EDVLF ZRUGV �V\QWDFWLF GHULYDWLRQ�� H�J��

� QRXQV �LQ (QJOLVK JUDPPDU JHUXQG� FUHDWHG IURP YHUEV

H[SUHVVLQJ DQ DFWLYLW\ �VSDQt �VOHHSLQJ�� SUDQt �ZDVKLQJ��
FKR]HQt �ZDONLQJ�� QDNXSRYiQt�VKRSSLQJ��

� QRXQV FUHDWHG IURP DGMHFWLYHV H[SUHVVLQJ D SURSHUW\

�U\FKORVW �VSHHG�� ]Y�GDYRVW �FXULRVLW\� GREURWD �JRRGQHVV��
FLWOLYRVW �VHQVLWLYLW\��

�E� FODVV RI VXIIL[HV ZKLFK PRGLI\ WKH OH[LFDO PHDQLQJ RI

EDVLF ZRUGV H�J��
� GLPLQXWLYHV

� QRXQV IRUPLQJ VH[�RSSRVLWHV

�F� FODVV RI VXIIL[HV ZKLFK FKDQJH EDVLFDOO\ WKH OH[LFDO

PHDQLQJ RI EDVLF ZRUGV� H�J��
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� QDPHV RI DJHQWV �XþLWHO �WHDFKHU�� �LGLþ �GULYHU��
NRYi� �VPLWK�� G�OQtN �ZRUNHU��

� QDPHV RI PHDQV �PêGOR �VRDS�� ãURXERYiN
�VFUHZGULYHU��

� QDPHV RI SODFHV �GLYDGOR �WKHDWUH�� NRYiUQD �VPLWK\��
VWXGRYQD �VWXG\LQJ URRP�� ORåQLFH �VOHHSLQJ URRP��

7KH DPELJXLW\ RI VRPH VXIIL[HV �VRPH VXIIL[HV KDYH

GLIIHUHQW VHPDQWLF SURSHUWLHV FRPELQDWLRQ ZLWK YDULRXV

VWHPV� KDV WR EH WDNHQ LQWR DFFRXQW DQG WKH GLIIHUHQW FDVHV

VKRXOG EH SURFHVVHG LQ D GLIIHUHQW ZD\� 7KLV SKHQRPHQRQ

FDQ EH LOOXVWUDWHG E\

�D� WKH VXIIL[ �GOR ZKLFK VHUYHV IRU WKH IRUPDWLRQ RI

�D�� QRXQV RI PHDQV �PêGOR �VRDS��
�D�� QRXQV RI ORFDWLRQV �GLYDGOR �WKHDWUH��
�E� WKH VXIIL[ �ND ZKLFK VHUYHV IRU WKH GHULYDWLRQ RI

�E�� IHPLQLQH QRXQV IURP PDVFXOLQH QRXQV �XþLWHOND
�IHPDOH WHDFKHU��

�E�� IHPLQLQH GLPLQXWLYHV �FKDWND �OLWWOH FRWWDJH��

��
 ������
��
!���

&RUSRUD DUH H[FHOOHQW VRXUFHV RI LQIRUPDWLRQ DERXW WKH

H[LVWHQFH RI GHULYHG ZRUGV DQG DERXW WKH IUHTXHQF\ RI

WKHLU XVH� ,Q WKH FRXUVH RI WKH ZRUN� WKH OHPPDWLVHG DQG

WDJJHG &]HFK 1DWLRQDO &RUSXV �&1&� ZLWK ��� PLOOLRQ

FXUUHQW ZRUGV FRYHULQJ DERXW �� GLIIHUHQW JHQUHV ZDV

XVHG� &1& WKHUHIRUH VHUYHV IRU LOOXVWUDWLQJ WKH SURGXFWLYLW\

RI VXIIL[HV LQ FRQWHPSRUDU\ &]HFK ODQJXDJH�

%DFNRUGHUHG GLFWLRQDULHV �6ODYtþNRYi� ����� SURYLGH

PDWHULDO IRU WKH LQIRUPDWLRQ DERXW VXIIL[HV DQG DERXW WKH

SRVVLEOH DOWHUQDWLRQV LQ VWHP FDXVHG E\ WKHVH VXIIL[HV�
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7KLV UHVHDUFK LV RI D SDUWLFXODU YDOXH IRU D KLJKO\

LQIOHFWHG ODQJXDJH VXFK DV &]HFK� 3RVVLEOH DSSOLFDWLRQV RI

WKLV V\VWHP DUH YDULRXV 1/3 V\VWHPV� H�J� VSHOOLQJ

FKHFNHUV DQG PDFKLQH WUDQVODWLRQ V\VWHPV�

7KH UHVXOWV RI WKLV UHVHDUFK VHUYH IRU WKH GHILQLWLRQ RI

GHULYDWLRQ UHODWLRQV IRUPLQJ WKH EDVLV RI WKH DOJRULWKP RI

WKH SURJUDPPLQJ WRRO ZKLFK LV DEOH WR DQDO\VH GHULYHG

ZRUGV DQG JHQHUDWH QHZ ZRUGV� ,Q IXWXUH WKHVH ILQGLQJV

ZLOO EH XVHG IRU WKH &]HFK GHULYDWLRQDO GLFWLRQDU\

GHILQLQJ WKH PRVW SURGXFWLYH VXIIL[HV� WKHLU SDUDGLJPDWLF

DQG VHPDQWLF SURSHUWLHV�
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7KLV UHVHDUFK ZDV VXSSRUWHG E\ WKH *$&5� *UDQW 1U�
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&1&� KWWS���XFQN�II�FXQL�F]�FQF
ýHUPiN� )�� ����� 6\QWDJPDWLND D SDUDGLJPDWLND WYR�HQt

VORY ,,� 0RUIRORJLH D WYR�HQt VORY� 3UDKD� 8QLYHU]LWD

.DUORYD�

'RNXOLO� 0�� ����� 7YR�HQt VORY Y þHãWLQ�� 3UDKD�

$FDGHPLD�

6ODYtþNRYi� (�� ����� 5HWURJUiGQt PRUIpPDWLFNê VORYQtN
þHãWLQ\� 3UDKD� $FDGHPLD�

6ORYQtN VSLVRYQpKR MD]\ND þHVNpKR ���� ���������� 3UDKD�
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