
,QWURGXFWLRQ

7KHUH H[LVW FXUUHQWO\ WZR NLQGV RI

PRUSKRORJLFDO WRROV XVHG IRU EXLOGLQJ

VNHOHWRQV� WKH UHVLGXHV RI RSHQLQJV RQ WKH RQH

KDQG� DQG WKH WKLQQLQJ WUDQVIRUPDWLRQV RQ WKH

RWKHU KDQG� ,Q IDFW� WKH IRUPHU DUH GLUHFWO\

GHULYHG IURP WKH GHILQLWLRQ RI WKH VNHOHWRQ RI

D VHW LQ WHUPV RI PD[LPDO EDOOV� 8QIRUWXQDWHO\�

WKH WUDQVIRUPV WKH\ SURYLGH GR QRW H[DFWO\

FRUUHVSRQG WR WKH LQWXLWLYH QRWLRQ RI VNHOHWRQ�

PDLQO\ EHFDXVH WKH\ DUH QRW KRPRWRSLF� 7KH

UHVXOW RI VXFK D VNHOHWRQ WUDQVIRUP LV

JHQHUDOO\ QRW FRQQHFWHG� $OWKRXJK LW LV QRW

SURYHG WKDW WKH VNHOHWRQ RI D FRQQHFWHG VHW

PXVW EH FRQQHFWHG� WKH IXOILOOPHQW RI WKLV

FRQGLWLRQ OHDGV PDQ\ SHRSOH WR WU\ WR ILQG

QHZ DOJRULWKPV IRU D VNHOHWRQL]DWLRQ DEOH WR

SURGXFH FRQQHFWHG VNHOHWRQV� $PRQJ WKHP�

WKH PRUSKRORJLFDO WUDQVIRUPV FDOOHG WKLQQLQJV

DUH ZLGHO\ XVHG� GXH WR WKH IDFW WKDW WKH\ DUH

WKH RQO\ PRUSKRORJLFDO RSHUDWRUV ZKLFK PD\

EH KRPRWRSLF� +RZHYHU� WKHVH VNHOHWRQV DUH

QRW YHU\ KDQG\� WKH\ DUH QRW XQLTXH EHFDXVH

RI WKH PXOWLSOH ZD\V IRU GHILQLQJ WKH WKLQQLQJ

VHTXHQFHV WR EXLOG WKHP� 0RUHRYHU� WKHLU

UHODWLRQVKLS WR WKH QRQ FRQQHFWHG VNHOHWRQ LV

QRW REYLRXV >�@�

7KH DLP RI WKLV SDSHU LV WR EULHIO\

GHVFULEH D PHWKRGRORJ\ IRU EULGJLQJ WKH JDS

EHWZHHQ WKHVH WZR NLQGV RI VNHOHWRQV� :H

VKDOO VHH WKDW WKLV DSSURDFK OHDGV WR WKH

GHILQLWLRQ RI D FRQQHFWHG VNHOHWRQ FRQWDLQLQJ

WKH PD[LPDO EDOOV VNHOHWRQ� :H VKDOO DOVR VHH

WKDW WKLV WHFKQLTXH LV QRW OLQNHG WR WKH

GLPHQVLRQ RI WKH ZRUNLQJ VSDFH� 6R� LW LV

SRVVLEOH WR GHILQH� E\ WKLV PHDQV� �'

VNHOHWRQV� JHRGHVLF VNHOHWRQV RU VNHOHWRQV

IRU IXQFWLRQV�

�

FROM NON CONNECTED TO HOMOTOPIC SKELETONS IN MULTIDIMEN-
SIONAL DIGITAL SPACES

6HUJH %(8&+(5

&HQWUH GH 0RUSKRORJLH 0DWKpPDWLTXH

(FROH GHV 0LQHV GH 3DULV

��� 5XH 6DLQW +RQRUp

����� )217$,1(%/($8 �)UDQFH�

H�PDLO�EHXFKHU#FPP�HQVPS�IU

$EVWUDFW

7KH DLP RI WKLV SDSHU LV WR EULGJH WKH JDS EHWZHHQ WZR FODVVHV RI VNHOHWRQ DOJRULWKPV ZLGHO\ XVHG LQ

0DWKHPDWLFDO 0RUSKRORJ\� WKH VNHOHWRQ E\ PD[LPDO EDOOV RQ WKH RQH KDQG DQG WKH VNHOHWRQ E\ WKLQQLQJV

RQ WKH RWKHU KDQG�

)LUVW� ZH VKRZ WKDW WKH ILUVW W\SH RI VNHOHWRQ� XVXDOO\ UHVXOWLQJ IURP PRUSKRORJLFDO RSHQLQJV DFFRUGLQJ

WR /DQWXpMRXO
V IRUPXOD� FDQ DOVR EH REWDLQHG E\ QRQ KRPRWRSLF WKLQQLQJV� 0RUHRYHU� WKHVH WKLQQLQJV DUH

QRW VHTXHQWLDO EXW EDVHG RQ WKH LQWHUVHFWLRQ RI HOHPHQWDU\ WKLQQLQJV�

,Q WKH VHFRQG VWHS� D UHVWULFWLYH VHOHFWLRQ DPRQJ WKH SUHYLRXV VWUXFWXULQJ HOHPHQWV RI WKRVH ZKLFK

SUHVHUYH KRPRWRS\ OHDGV WR WKH GHILQLWLRQ RI D FRQQHFWHG VNHOHWRQ FRQWDLQLQJ WKH VNHOHWRQ E\ PD[LPDO

EDOOV� 7KLV DOJRULWKP LV JLYHQ LQ WKH �' VSDFH ERWK IRU WKH KH[DJRQDO DQG VTXDUH JULGV� 7KLV VNHOHWRQ

FRPELQHV WKH DGYDQWDJHV RI WKH WZR FODVVHV RI VNHOHWRQV DQG DYRLGV WKH PDLQ GUDZEDFNV LQYROYHG E\ WKH

XVH RI URWDWLQJ WKLQQLQJV IRU EXLOGLQJ FRQQHFWHG VNHOHWRQV�

7KH H[WHQVLRQ RI WKLV GHILQLWLRQ IRU �' VHWV LV GLVFXVVHG LQ WKH WKLUG SDUW�



� 0D[LPDO EDOOV VNHOHWRQ DQG

VNHOHWRQV E\ WKLQQLQJV

$OO WKH QRWLRQV GHVFULEHG KHUH DUH JLYHQ

IRU WKH GLJLWDO FDVH� 0RUHRYHU� WKH ZKROH VHW

RI UHVXOWV KDYH QRW EHHQ WKRURXJKO\

GHPRQVWUDWHG� 7KH UHDGHU ZLOO ILQG FRPSOHWH

SURRIV LQ >���@�

��� 'HILQLWLRQV

����� 0D[LPDO EDOOV VNHOHWRQ

/HW ; EH D GLJLWDO VHW� /HW %�[�L� D EDOO RI

UDGLXV L FHQWHUHG DW SRLQW [ DQG LQFOXGHG LQ ;�

7KLV EDOO LV D PD[LPDO EDOO LI DQG RQO\ LI WKHUH

H[LVWV QR RWKHU EDOO VXFK WKDW%�\� M� B ;

%�[�L� %�\�M��B

7KH VNHOHWRQ 6�;� RI ; LV WKH VHW RI DOO

WKH FHQWHUV RI WKH PD[LPDO EDOOV LQFOXGHG LQ

;�

7KH UHVLGXH 5�;� RI ; LV WKH VHW PDGH RI

WKRVH SRLQWV RI ; ZKLFK GR QRW EHORQJ WR LWV

RSHQLQJ E\ DQ HOHPHQWDU\ EDOO�

5�;�  ; � �;�%
ZKHUH �;�% LV WKH RSHQLQJ RI ; E\ WKH

HOHPHQWDU\ EDOO %�

$FFRUGLQJ WR /DQWXHMRXO
V IRUPXOD� RQH

FDQ VKRZ WKDW WKH VNHOHWRQ LV DOVR WKH VHW RI

DOO WKH UHVLGXHV RI WKH VXFFHVVLYH HURVLRQV RI

;�

6�;� = �
L

�;� L%���;� L%�%

6(;) = �
L
5�;� L%�

)LJXUH �� VNHOHWRQ �E� RI D VHW �D� GHILQHG ZLWK

PD[LPDO EDOOV

$OWKRXJK WKLV VNHOHWRQ KDV LQWHUHVWLQJ

SURSHUWLHV �VXFK DV WKH FDSDELOLW\ RI HQWLUHO\

UHFRQVWUXFW WKH LQLWLDO VHW IURP LWV VHW RI

PD[LPDO EDOOV�� LW GRHV QRW SUHVHUYH WKH

FRQQHFWLYLW\ RI WKH VHW ; �)LJXUH ���

����� 6NHOHWRQV E\ WKLQQLQJV

/HW 7  �7� �7� � EH D WZR�SKDVH

VWUXFWXULQJ HOHPHQW �7� DQG 7� DUH WZR

VWUXFWXULQJ HOHPHQWV ZLWK D FRPPRQ RULJLQ��

$ WKLQQLQJ RI ; E\ 7 LV GHILQHG E\�

; 7 ; � �; 7�
 = 	

ZKHUH�

; 7  �; 7� � �; 7��	 � � �

LV WKH +LW�RU�0LVV WUDQVIRUP�

/HW 7  ^7��7������7Q` EH D IDPLO\ RI

VWUXFWXULQJ HOHPHQWV� 7KH WKLQQLQJ RI D VHW ;

E\ WKH IDPLO\ 7 LV GHILQHG E\�

; 7  ; � �; 7 �
 	

ZKHUH ; 7  �; 7L��	 �
L

	

7KLV GHILQLWLRQ SURGXFHV D WKLQQLQJ ZKLFK

GRHV QRW GHSHQG RQ WKH RUGHU RI XVH RI WKH

YDULRXV 7L�

,W LV QRW KRZHYHU WKLV NLQG RI WKLQQLQJ

ZKLFK LV RUGLQDULO\ XVHG IRU EXLOGLQJ

FRQQHFWHG VNHOHWRQV� EXW VHTXHQWLDO WKLQQLQJV

>�@�

%\ DSSO\LQJ VXFFHVVLYH WKLQQLQJV ZLWK

KRPRWRSLF HOHPHQWV WR D VHW ;�

���; 7D� 7E� ����
 
 


ZKHUH 7D� 7E� DUH VWUXFWXULQJ HOHPHQWV

SUHVHUYLQJ KRPRWRS\� RQH FDQ SURGXFH

KRPRWRSLF WUDQVIRUPV FDOOHG �FRQQHFWHG

VNHOHWRQV��

)LJXUH �� 7KH / VWUXFWXULQJ HOHPHQW

�



7KH FKRLFH RI WKH VHTXHQFHV XVHG OHDGV

WR GLIIHUHQW NLQG RI �VNHOHWRQV�� 7KH PRVW

FODVVLFDO RQ WKH KH[DJRQDO JULG LV WKH

/�VNHOHWRQ REWDLQHG ZLWK WKH VHTXHQFH �/��

/�� ���� /�� ZKHUH WKH /L DUH WKH VXFFHVVLYH

URWDWLRQV RI WKH / VWUXFWXULQJ HOHPHQW �)LJXUH

���

$OWKRXJK WKHVH VNHOHWRQV DUH LQGHHG

FRQQHFWHG �)LJXUH ��� WKH\ DUH QRW XQLTXH�

7KH UHVXOW RI WKH WUDQVIRUPDWLRQ VWURQJO\

GHSHQGV XSRQ WKH RUGHU RI WKH VWUXFWXULQJ

HOHPHQWV LQ WKH VHTXHQFH� 7KH TXDOLW\ RI WKH

UHVXOW DOVR OHDYHV PXFK WR EH GHVLUHG�

)LJXUH �� /�VNHOHWRQ RI WKH SUHYLRXV VHW

� )URP QRQ FRQQHFWHG WR

FRQQHFWHG VNHOHWRQV

��� 0HWKRORJLFDO DSSURDFK

7R EULGJH WKH JDS EHWZHHQ WKHVH WZR

W\SHV RI VNHOHWRQV� ZH IROORZ WKH DSSURDFK

EHORZ�

� :H WU\ WR H[SUHVV WKH PD[LPDO EDOOV VNHOHWRQ

LQ WHUPV RI WKLQQLQJV� 7KHVH WKLQQLQJV ZLOO QRW

XVH D VHTXHQFH RI VWUXFWXULQJ HOHPHQWV EXW D

VLPSOH IDPLO\ �ZLWKRXW RUGHU� RI WKHP LQ

RUGHU WR DYRLG WKH QRQ�XQLTXHQHVV RI WKH

UHVXOW�

� 7KHQ� ZH VRUW WKHVH VWUXFWXULQJ HOHPHQWV WR

HOLPLQDWH WKRVH ZKLFK PD\ EUHDN WKH

FRQQHFWLYLW\�

��� 0D[LPDO EDOOV VNHOHWRQ E\

WKLQQLQJV

6WDUWLQJ IURP WKH IRUPXOD�

6�;�  >�; @�
L
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OHW XV GHILQH�
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2QH FDQ SURYH WKDW WKH IROORZLQJ

LWHUDWLYH WUDQVIRUP�
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ZKHUH %D LV WKH EDOO % WUDQVODWHG LQ GLUHFWLRQ D

DQG /E WKH VWUXFWXULQJ HOHPHQW FRUUHVSRQGLQJ

WR WKH WUDQVODWLRQ RI D SRLQW LQ GLUHFWLRQ E �D

DQG E DUH DOO WKH SRVVLEOH GLUHFWLRQ YHFWRUV

FHQWHUHG DW WKH RULJLQ ZKLFK FDQ EH GHILQHG LQ

WKH HOHPHQWDU\ EDOO %��

)LQDOO\� ZH KDYH�

=Q = =Q−�� �
D�E

(=Q−� 	 7D�E)

7=Q = =Q−� 
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DQG WKH PD[LPDO EDOOV VNHOHWRQ FDQ EH ZULWWHQ�

7 � ���� 7 ����6(;) =
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OLP =Q = (; 
 
 
 


WKDW LV� WKH VXFFHVVLYH LWHUDWLRQV RI XQLRQ

WKLQQLQJV� 4�(�'�

1R DVVXPSWLRQ KDV EHHQ PDGH LQ WKH

SUHYLRXV SURRI FRQFHUQLQJ WKH GLPHQVLRQ RI

WKH ZRUNLQJ VSDFH� 6R� WKLV IRUPXOD KROGV IRU

WKH �' VNHOHWRQ DV ZHOO DV IRU WKH �' RQH�

/HW XV HPSKDVL]H WKH 7 IDPLO\ IRU WKH �'

VNHOHWRQ RQ WKH KH[DJRQDO JULG� 7 LV PDGH RI

WKH IROORZLQJ VWUXFWXULQJ HOHPHQWV �)LJXUH ��

ZLWK DOO WKHLU SRVVLEOH URWDWLRQV �QRWLFH WKH

SRVLWLRQ RI WKH RULJLQ RI WKHVH VWUXFWXULQJ

HOHPHQWV��

�



)LJXUH �� 7KH 7 IDPLO\ RI WKLQQLQJV XVHG IRU

VNHOHWRQL]LQJ

��� )URP WKH QRQ�FRQQHFWHG WR WKH

FRQQHFWHG VNHOHWRQ

7R EXLOG D FRQQHFWHG VNHOHWRQ IURP WKH

SUHYLRXV WKLQQLQJV� WZR PHWKRGV DUH

DYDLODEOH� 7KH ILUVW RQH FRQVLVWV LQ DQDO\]LQJ

WKH YDULRXV VWUXFWXULQJ HOHPHQWV RI WKH 7

IDPLO\ LQ RUGHU WR NHHS RQO\ WKRVH ZKLFK

SUHVHUYH KRPRWRS\� +RZHYHU� WKLV SURFHGXUH

PD\ EH WHGLRXV HVSHFLDOO\ ZKHQ GHDOLQJ ZLWK

WKH �' VSDFH� 7KH VHFRQG PHWKRG LV EDVHG RQ

WKH DQDO\VLV RI ZKDW LV WR EH GRQH WR FRQQHFW

WKH PD[LPDO EDOOV VNHOHWRQ� 7ZR NLQGV RI

FRQQHFWLRQV PXVW EH PDGH�

� WKH FRQQHFWLRQ RI WKH UHVLGXHV REWDLQHG DW

VWHS L ZLWK WKH HURGHG VHW RI VL]H L���

)LJXUH �� 7KH WZR NLQGV RI FRQQHFWLRQV LQ WKH

FRQQHFWHG VNHOHWRQ

� WKH FRQQHFWLRQ RI WKH FRQQHFWHG

FRPSRQHQWV RI WKH HURGHG VHW RI VL]H L���

ZKHQ WKH GLVFRQQHFWLRQ KDSSHQV EHWZHHQ WKH

HURVLRQV RI VL]HV L DQG L��� 7KHVH UHVLGXHV

FRUUHVSRQG LQ IDFW WR WKH FHQWHUV RI

HOHPHQWDU\ EDOOV ZKLFK WRXFK HDFK RWKHU

�)LJXUH ���

)RU SUHVHUYLQJ WKLV VHFRQG NLQG RI

FRQQHFWLRQ� ZH VLPSO\ KDYH WR FKHFN DOO WKH

SRVVLEOH FRQILJXUDWLRQV IRU WZR HOHPHQWDU\

EDOOV WR WRXFK HDFK RWKHU DQG VXSSUHVV WKRVH

ZKLFK PD\ EUHDN WKH FRQQHFWLRQV� )LJXUH �

GLVSOD\V DOO WKHVH FRQILJXUDWLRQV LQ WKH FDVH RI

WKH KH[DJRQDO JULG�

)LJXUH �� 7KH VHFRQG NLQG RI FRQQHFWLRQV RQ WKH

KH[DJRQDO �' JULG

6R� WKH VWUXFWXULQJ HOHPHQWV ZKLFK

SUHVHUYH WKLV VHFRQG NLQG RI FRQQHFWLRQV DUH

WKH IROORZLQJ �)LJXUH ���

)LJXUH �� 6WUXFWXULQJ HOHPHQW SUHVHUYLQJ WKH VHFRQG

NLQG RI FRQQHFWLRQV

7KH ILUVW NLQG RI FRQQHFWLRQV FDQ EH

REWDLQHG E\ DGGLQJ WR WKH UHVLGXHV DW VWHS L

WKH SRLQWV ZKLFK FRQQHFW WKHVH UHVLGXHV DQG

WKH HURGHG VHW DIWHU VWHS L� 'RLQJ VR� ZH

GHILQH D QHZ LWHUDWLYH WUDQVIRUP�

= L+� = (=L � %)�>(5(= L)�%) � = L @

ZLWK =�  ;�

7KLV FDQ EH ZULWWHQ�

= L+� = = L �$
F

�



ZLWK�

$ = �= L�% � �= L � %�
F
� (5F�= L�� %)

7KH LQWHUSUHWDWLRQ RI WKH DERYH HTXDWLRQ

LV WKH IROORZLQJ� =L�� FDQ EH REWDLQHG E\

WKLQQLQJV XVLQJ WKH 7 IDPLO\ RI VWUXFWXULQJ

HOHPHQWV �WZR ILUVW WHUPV RI $� SURYLGHG WKDW

WKHUH LV QR UHVLGXH 5�=L� DGMDFHQW WR WKH RULJLQ

RI WKH VWUXFWXULQJ HOHPHQW �WKLUG WHUP RI $��

� $SSOLFDWLRQ WR �' DQG �'

VNHOHWRQV

��� �' VNHOHWRQ

/HW XV FRPSXWH WKH VWUXFWXULQJ HOHPHQWV

ZKLFK SUHVHUYH WKH FRQQHFWLYLW\ LQ WKH FDVH RI

DQ KH[DJRQDO JULG ZKHQ % LV DQ HOHPHQWDU\

KH[DJRQ� )RU SUHVHUYLQJ WKH FRQQHFWLRQV RI

WKH ILUVW NLQG� WKHVH VWUXFWXULQJ HOHPHQWV PXVW

EH �)LJXUH ���

)LJXUH �� )LUVW JURXS RI VWUXFWXULQJ HOHPHQWV

DQG DOO WKHLU URWDWLRQV DQG V\PPHWULHV� ZKHUH

WKH FRGHG QXPEHUV PHDQ WKDW�

Z ��� WKH SRLQW PXVW EHORQJ WR WKH VHW WR

EH WKLQQHG�

Z � � WKH SRLQW PXVW QRW EH D UHVLGXH�

SRLQW�

Z ��� WKH SRLQW PXVW EHORQJ WR WKH

FRPSOHPHQWDU\ VHW�

%XW� IRU SUHVHUYLQJ WKH VHFRQG NLQG RI

FRQQHFWLRQV� WKH VHFRQG FRQILJXUDWLRQ PXVW

EH VXSSUHVVHG� ,Q IDFW� WKLV FRQILJXUDWLRQ LV

LUUHOHYDQW IRU SUHVHUYLQJ WKH ILUVW NLQG

FRQQHFWLRQV EHFDXVH ZH FDQ HDVLO\ VKRZ WKDW

ZKHQ LW KDSSHQV� WKH ILUVW FRQILJXUDWLRQ DOVR

H[LVWV� )LQDOO\� WKH VWUXFWXULQJ HOHPHQWV XVHG

IRU SURGXFLQJ FRQQHFWHG VNHOHWRQV E\

WKLQQLQJV DUH JLYHQ DW )LJXUH �D �DQG DOO WKHLU

URWDWLRQV��

:KHQ ZH ZRUN RQ D ��FRQQHFWLYLW\

VTXDUH JULG� WKH VDPH DQDO\VLV OHDGV WR WKH

VWUXFWXULQJ HOHPHQWV JLYHQ DW )LJXUH �E�

)LJXUH �� JLYHV DQ H[DPSOH RI VXFK D

FRQQHFWHG VNHOHWRQ� 7KLV VNHOHWRQ FRQWDLQV

WKH PD[LPDO EDOOV VNHOHWRQ�

)LJXUH �� 6WUXFWXULQJ HOHPHQW IRU WKH �' FRQQHFWHG

VNHOHWRQ �KH[DJRQDO JULG �D� DQG VTXDUH JULG �E��

)LJXUH ��� &RQQHFWHG VNHOHWRQ E\ XQLRQ WKLQQLQJV

��� �' VNHOHWRQ

/HW XV GHILQH WKH FRUUHVSRQGLQJ

VWUXFWXULQJ HOHPHQWV LQ WKH FDVH RI D GLJLWDO

�' VSDFH� 7KH HOHPHQWDU\ EDOO LV D

FXERFWDKHGURQ DQG WKH GLJLWDO JULG LV FXELF�

7KH VHFRQG NLQG RI FRQQHFWLRQV FRUUHVSRQG

WR WKH IROORZLQJ WRXFKLQJ FXERFWDKHGURQV

�)LJXUH ����

�



)LJXUH ��� 6HFRQG NLQG RI FRQQHFWLRQV LQ WKH �'

FXELF VSDFH

7R SUHVHUYH WKHVH FRQQH[LRQV� WKH

VWUXFWXULQJ HOHPHQW PXVW EH �)LJXUH ����

)LJXUH ��� 6WUXFWXULQJ HOHPHQW SUHVHUYLQJ WKH VHFRQG

NLQG RI FRQQHFWLRQV LQ WKH �' VNHOHWRQ

)LJXUH ��� 6WUXFWXULQJ HOHPHQW IRU WKH �' FRQQHFWHG

VNHOHWRQ

7KH ILUVW NLQG RI FRQQHFWLRQV DUH

SUHVHUYHG E\ FKHFNLQJ WKDW QR UHVLGXH SRLQW LV

DGMDFHQW WR WKH RULJLQ� )LQDOO\� LW FDQ EH VKRZQ

�DV IRU WKH �' KH[DJRQDO FDVH� WKDW WKH

FRQILJXUDWLRQ JLYHQ DW )LJXUH �� DQG DOO LWV

URWDWLRQV SURGXFH E\ XQLRQ WKLQQLQJV D �'

FRQQHFWHG VNHOHWRQ�

&RQFOXVLRQ

:H KDYH SURYLGHG D JHQHUDO PHWKRGR�

ORJ\ IRU ILQGLQJ WKH FRQILJXUDWLRQV RI

VWUXFWXULQJ HOHPHQWV SURGXFLQJ FRQQHFWHG

VNHOHWRQV E\ WKLQQLQJV�7KHVH VNHOHWRQV DUH

FRQQHFWHG DQG PRUHRYHU� WKH\ FRQWDLQ WKH

PD[LPDO EDOOV VNHOHWRQ� 0DQ\ H[WHQVLRQV RI

WKHVH WUDQVIRUPDWLRQV DUH SRVVLEOH� JHRGHVLF

VNHOHWRQV� VNHOHWRQV IRU IXQFWLRQV DQG VR RQ�

7KH\ DOVR HQDEOH WKH EXLOGLQJ RI ZDWHUVKHGV

ZLWKRXW HUURUV >�@� )LQDOO\� IXUWKHU UHGXFWLRQV

LQ WKH IDPLO\ 7 RI VWUXFWXULQJ HOHPHQWV OHDG WR

WKH GHILQLWLRQ RI QHZ W\SHV RI KRPRWRSLF

WUDQVIRUPDWLRQV FDOOHG �VPRRWKHG VNHOHWRQV�

>�@�

%LEOLRJUDSK\

>�@ %(8&+(5 6� � 6HJPHQWDWLRQ G
LPDJHV HW

PRUSKRORJLH PDWKpPDWLTXH� 'RFWRUDWH

7KHVLV� (1603� �����

>�@ %(8&+(5 6� � 6TXHOHWWHV FRQQH[HV HW

QRQ FRQQH[HV� ,QWHUQDO UHSRUW Q� �����

&00� (1603� 0DUFK �����

>�@ 6(55$ -� � ,PDJH $QDO\VLV DQG

0DWKHPDWLFDO 0RUSKRORJ\� 9RO ,�

$FDGHPLF 3UHVV� /RQGRQ� �����

>�@ /$178(-28/ &� � /D VTXHOHWWLVDWLRQ HW

VRQ DSSOLFDWLRQ DX[ PHVXUHV WRSRORJLTXHV

GHV PRVDwTXHV SRO\FULVWDOOLQHV� 'RFWRUDWH

7KHVLV� (1603� �����
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