
��8QLYHUVLGDGH�)HGHUDO�GH�2XUR�3UHWR���%UD]LO
��8QLYHUVLGDGH�)HGHUDO�GH�0LQDV�*HUDLV���%UD]LO����������
��$HURQDXWLFV�,QVWLWXWH�RI�7HFKQRORJ\���%UD]LO

��3ROLWHFQLFR�GL�7RULQR���,WDO\

0DWKHXV�)��&��%DUURV���&DUORV�+��*��)HUUHLUD�������%UXQR�3HUHLUD�GRV�6DQWRV���
/RXUHQ©R�$��3��-¼QLRU���0DUFR�0HOOLD��DQG�-XVVDUD�0��$OPHLGD�

8QGHUVWDQGLQJ�PRELOLW\�LQ�QHWZRUNV��
$�QRGH�HPEHGGLQJ�DSSURDFK

�VH�-RXIVREXMSREP�;SVOWLST�SR�%-�MR�2IX[SVOW�ERH�(MWXVMFYXIH�7]WXIQW�
1MPER��������-XEP]



iŚþıŇıƔƺ͓ıő͓őČƔƴŚƀń͓

�6RXUFH��KWWSV���ZZZ�XUEDQ�KXE�FRP�SW�EU�VPDUW�PRELOLW\�

8QGHUVWDQGLQJ�WKH�HQWLWLHV�PRELOLW\�SDWWHUQV�SOD\V�D�IXQGDPHQWDO�UROH�LQ�
WKH�GHVLJQ��PDQDJHPHQW��DQG�SHUIRUPDQFH�RI�DSSOLFDWLRQV�DQG�VHUYLFHV



iŚþıŇıƔƺ͓ıő͓őČƔƴŚƀń͓

�

6RXUFH��KWWSV���ZZZ�XUEDQ�KXE�FRP�SW�EU�VPDUW�PRELOLW\�

$GDSWHG�IURP��
KWWSV���RFZ�PLW�HGX�FRXUVHV�FLYLO�DQG�HQYLURQPHQWDO�HQJLQHHULQJ�������LQWURG

XFWLRQ�WR�QHWZRUN�PRGHOV�IDOO������OHFWXUH�QRWHV�0,7�B���)��BOHF��SGI



iŚþıŇıƔƺ͓ıő͓őČƔƴŚƀń͓

�

6RXUFH��KWWSV���ZZZ�XUEDQ�KXE�FRP�SW�EU�VPDUW�PRELOLW\�

$GDSWHG�IURP��
KWWSV���RFZ�PLW�HGX�FRXUVHV�FLYLO�DQG�HQYLURQPHQWDO�HQJLQHHULQJ�������LQWURG

XFWLRQ�WR�QHWZRUN�PRGHOV�IDOO������OHFWXUH�QRWHV�0,7�B���)��BOHF��SGI

0DQ\�VROXWLRQV�ZHUH�SURSRVHG�EDVHG�RQ�WRSRORJLFDO�PHDVXUHV



(DFK�PHDVXUH�SURYLGHV�D�GLVWLQFW�QRWLRQ�RI�LPSRUWDQFH�IRU�D�QRGH�

iŚƔıƳãƔıŚő

�

$GDSWHG�IURP��KWWSV���RFZ�PLW�HGX�FRXUVHV�FLYLO�DQG�HQYLURQPHQWDO�HQJLQHHULQJ�������LQWURGXFWLRQ�WR�QHWZRUN�PRGHOV�IDOO������OHFWXUH�QRWHV�0,7�B���)��BOHF��SGI

+LJKHVW�
EHWZHHQQHVV
FHQWUDOLW\

+LJKHVW�GHJUHH�
FHQWUDOLW\

+LJKHVW�FORVHQHVV�
FHQWUDOLW\

+LJKHVW�
HLJHQYHFWRU
FHQWUDOLW\



(DFK�PHDVXUH�SURYLGHV�D�GLVWLQFW�QRWLRQ�RI�LPSRUWDQFH�IRU�D�QRGH�

iŚƔıƳãƔıŚő

�

$GDSWHG�IURP��KWWSV���RFZ�PLW�HGX�FRXUVHV�FLYLO�DQG�HQYLURQPHQWDO�HQJLQHHULQJ�������LQWURGXFWLRQ�WR�QHWZRUN�PRGHOV�IDOO������OHFWXUH�QRWHV�0,7�B���)��BOHF��SGI

+LJKHVW�
EHWZHHQQHVV
FHQWUDOLW\

+LJKHVW�GHJUHH�
FHQWUDOLW\

+LJKHVW�FORVHQHVV�
FHQWUDOLW\

+LJKHVW�
HLJHQYHFWRU
FHQWUDOLW\

7KH\�FDQQRW�JHQHUDOL]H�WKH�QRGHV
�LPSRUWDQFH�FULWHULD�



3URSRVH�D�QRGH�HPEHGGLQJ�EDVHG�PHWKRGRORJ\�WR�PRGHO�DQG�
DQDO\]H�WKH�PRELOLW\�SDWWHUQ�RYHU�VSDWLDO�DQG�WHPSRUDO�

GLPHQVLRQV

�

tƜƀ͓BŚãŇ͓



3URSRVH�D�QRGH�HPEHGGLQJ�EDVHG�PHWKRGRORJ\�WR�PRGHO�DQG�
DQDO\]H�WKH�PRELOLW\�SDWWHUQ�RYHU�VSDWLDO�DQG�WHPSRUDO�

GLPHQVLRQV

�

tƜƀ͓BŚãŇ͓

)RFXV�LV�WR�FDSWXUH�WKH�QRGHV¶�PRELOLW\�DQG�LPSRUWDQFH�IRU�
FRQQHFWLYLW\�XVLQJ�WKH�QHWZRUN�WRSRORJ\�DQG�LWV�WHPSRUDO�HYROXWLRQ
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1HWZRUN�0RGHO /RZ�GLPHQVLRQDO�
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$ƺőãŏıÿkŚĆČˠÍČÿ

��

)RU�HDFK�������������LW�SHUIRUPV�D�VDPSOLQJ�XVLQJ�D�ELDVHG�UDQGRP�ZDONHU�

6RXUFH��1RGH�YHF��6FDODEOH�)HDWXUH�/HDUQLQJ�IRU�1HWZRUNV��$��*URYHU��-��/HVNRYHF��
$&0�6,*.''�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�.QRZOHGJH�'LVFRYHU\�DQG�'DWD�0LQLQJ��.''��������



$ƺőãŏıÿkŚĆČˠÍČÿ

��

)RU�HDFK�������������LW�SHUIRUPV�D�VDPSOLQJ�XVLQJ�D�ELDVHG�UDQGRP�ZDONHU�

6RXUFH��1RGH�YHF��6FDODEOH�)HDWXUH�/HDUQLQJ�IRU�1HWZRUNV��$��*URYHU��-��/HVNRYHF��
$&0�6,*.''�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�.QRZOHGJH�'LVFRYHU\�DQG�'DWD�0LQLQJ��.''��������



$ƺőãŏıÿkŚĆČˠÍČÿ

��

)RU�HDFK�������������LW�SHUIRUPV�D�VDPSOLQJ�XVLQJ�D�ELDVHG�UDQGRP�ZDONHU�

6RXUFH��1RGH�YHF��6FDODEOH�)HDWXUH�/HDUQLQJ�IRU�1HWZRUNV��$��*URYHU��-��/HVNRYHF��
$&0�6,*.''�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�.QRZOHGJH�'LVFRYHU\�DQG�'DWD�0LQLQJ��.''��������

,QWXLWLRQ��7KH�JUHDWHU�WKH�FR�RFFXUUHQFH�EHWZHHQ�WZR�QRGHV��WKH�FORVHU�WKH\�
DUH�LQ�WKH�QHWZRUN��DQG�WKH�PRUH�LPSRUWDQW�LV�WKH�FRQQHFWLRQ�EHWZHHQ�WKHP

8VH�WKH�FR�RFFXUUHQFHV�WR�SURGXFH�D�VHTXHQFH�RI�WLPH�DOLJQHG�HPEHGGLQJV



$ƺőãŏıÿkŚĆČˠÍČÿ̨͓¯ĬČ͓ƔČŏŽŚƀãŇ͓ČŏþČĆĆıőĥƈ

��

6DPSOLQJ�
3URFHVV

ǻW�



$ƺőãŏıÿkŚĆČˠÍČÿ̨͓¯ĬČ͓ƔČŏŽŚƀãŇ͓ČŏþČĆĆıőĥƈ

��

6DPSOLQJ�
3URFHVV

ǻW� ǻWQ

6DPSOLQJ�
3URFHVV



$ƺőãŏıÿkŚĆČˠÍČÿ̨͓¯ĬČ͓ƔČŏŽŚƀãŇ͓ČŏþČĆĆıőĥƈ

��

6DPSOLQJ�
3URFHVV

ǻW� ǻWQ

6DPSOLQJ�
3URFHVV

$OORZ�WUDFNLQJ�WR�ZKDW�H[WHQW�QRGHV�FKDQJH�WKHLU�FRQQHFWLRQV�RYHU�WLPH�
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1HWZRUN�0RGHO /RZ�GLPHQVLRQDO�
UHSUHVHQWDWLRQ
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3DWWHUQV�([WUDFWLRQ



*ƹƔƀãÿƔıőĥ͓ƔČŏŽŚƀãŇ͓ŏŚþıŇıƔƺ͓ŽãƔƔČƀőƈ

��

&RVLQH�GLVWDQFH��4XDQWLĆHV�WKH�QRGH�FRQQHFWLRQ�FKDQJHV�EHWZHHQ�WZR�
GLVWLQFW�WLPH�ZLQGRZV

Ɣ 9DOXHV�FORVH�WR���LQGLFDWH�WKDW�WKH�QRGH�NHHSV�LWV�FRQQHFWLRQV�WR�WKH�
VDPH�QRGHV�LQ�WKH�WZR�FRPSDUHG�WLPH�ZLQGRZV�ZKLOH���LV�WKH�RSSRVLWH

9HFWRU�QRUP��%\�GHVLJQ��WKH�PRUH�D�QRGH�DSSHDUV�LQ�WKH�VDPSOHG�SDWKV�LQ�
D�JLYHQ�WLPH�ZLQGRZ��WKH�JUHDWHU�LV�WKH�QRUP�RI�LWV�YHFWRU

Ɣ ,QGLFDWHV�WKH�QRGH
V�LPSRUWDQFH�WR�QHWZRUN�FRQQHFWLYLW\



*URXS�5HJXODULW\�0RELOLW\�0RGHO�

Ɣ %DVHG�RQ�WKH�G\QDPLFV�DQG�UHJXODULW\�RI�VRFLDO�PHHWLQJV

ż &RQVLGHUV�F\FOLFDO�DQG�VSRUDGLF�PHHWLQJV

Ɣ *HQHUDWH�V\QWKHWLF�WUDFHV�ZLWK�UHDO�SURSHUWLHV

2XU�GDWDVHW�

Ɣ ����XVHUV�

Ɣ &RYHULQJ�D�SHULRG�RI����GD\V�

Ɣ 'DLO\�WLPH�ZLQGRZV

�ãƈČ͓¢ƔƜĆƺ

��
1XQHV��,YDQ�2���HW�DO���*50��*URXS�UHJXODULW\�PRELOLW\�PRGHO���

3URFHHGLQJV�RI�WKH���WK�$&0�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0RGHOOLQJ��$QDO\VLV�DQG�6LPXODWLRQ�RI�:LUHOHVV�DQG�0RELOH�6\VWHPV�������



Ś͓̄ƴĬãƔ͓ČƹƔČőƔ͓ĆŚ͓őŚĆČƈ͓ÿĬãőĥČ͓ƔĬČıƀ͓ÿŚőőČÿƔıŚőƈ̯

��

1RGHV�ZLWK�GLIIHUHQW�OHYHOV�RI�PRELOLW\



Ś͓̄ƴĬãƔ͓ČƹƔČőƔ͓ĆŚ͓őŚĆČƈ͓ÿĬãőĥČ͓ƔĬČıƀ͓ÿŚőőČÿƔıŚőƈ̯

��

+LJK�&9�LQGLFDWHV�WKDW�WKHVH�FKDQJHV�WHQG�WR�EH�LUUHJXODU



��

&RVLQH�'LVWDQFH����������������ǻW��������
�

ǻWQ

1RGH�SDWWHUQ�ZLWK�WKH�
KLJKHVW�DYJ��FRVLQH�GLVWDQFH

Ś͓̄ƴĬãƔ͓ČƹƔČőƔ͓ĆŚ͓őŚĆČƈ͓ÿĬãőĥČ͓ƔĬČıƀ͓ÿŚőőČÿƔıŚőƈ̯



��

1RGH�SDWWHUQ�ZLWK�WKH�
KLJKHVW�DYJ��FRVLQH�GLVWDQFH

Ś͓̄ƴĬãƔ͓ČƹƔČőƔ͓ĆŚ͓őŚĆČƈ͓ÿĬãőĥČ͓ƔĬČıƀ͓ÿŚőőČÿƔıŚőƈ̯

1RGH�SDWWHUQ�ZLWK�WKH��ORZHVW�
DYJ��FRVLQH�GLVWDQFH



IŚƴ͓ıŏŽŚƀƔãőƔ͓ãƀČ͓ƔĬČ͓ÿŚőőČÿƔıŚőƈ͓ČƈƔãþŇıƈĬČĆ͓þƺ͓ƔĬČŏ̯

��

1RGHV�ZLWK�GLIIHUHQW�OHYHOV�RI�LPSRUWDQFH



IŚƴ͓ıŏŽŚƀƔãőƔ͓ãƀČ͓ƔĬČ͓ÿŚőőČÿƔıŚőƈ͓ČƈƔãþŇıƈĬČĆ͓þƺ͓ƔĬČŏ̯

��

+LJK�YDULDWLRQ�DURXQG�WKH�DYHUDJH�VXJJHVWV�WKDW�QRGHV�KDYH�
WHPSRUDU\�LPSRUWDQFH
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��



IŚƴ͓ıŏŽŚƀƔãőƔ͓ãƀČ͓ƔĬČ͓ÿŚőőČÿƔıŚőƈ͓ČƈƔãþŇıƈĬČĆ͓þƺ͓ƔĬČŏ̯

��

3HULRG�REVHUYHG



IŚƴ͓ıŏŽŚƀƔãőƔ͓ãƀČ͓ƔĬČ͓ÿŚőőČÿƔıŚőƈ͓ČƈƔãþŇıƈĬČĆ͓þƺ͓ƔĬČŏ̯

��

1RGHV��SHRSOH�



IŚƴ͓ıŏŽŚƀƔãőƔ͓ãƀČ͓ƔĬČ͓ÿŚőőČÿƔıŚőƈ͓ČƈƔãþŇıƈĬČĆ͓þƺ͓ƔĬČŏ̯

��
9HFWRU�QRUP�RI�D�QRGH�UHSUHVHQWDWLRQ��QRUPDOL]HG�]�VFRUH�



IŚƴ͓ıŏŽŚƀƔãőƔ͓ãƀČ͓ƔĬČ͓ÿŚőőČÿƔıŚőƈ͓ČƈƔãþŇıƈĬČĆ͓þƺ͓ƔĬČŏ̯

��

'HQGURJUDP�LQGLFDWLQJ�
QRGHV�RI�VLPLODU�

LPSRUWDQFH�LQ�WKH�VDPH�
GD\V



IŚƴ͓ıŏŽŚƀƔãőƔ͓ãƀČ͓ƔĬČ͓ÿŚőőČÿƔıŚőƈ͓ČƈƔãþŇıƈĬČĆ͓þƺ͓ƔĬČŏ̯

��
*URXSV�RI�QRGHV�KDYH�PRPHQWDU\�FRQQHFWLYLW\�LPSRUWDQFH



ÎĬãƔ͓ãþŚƜƔ͓ƔŚŽŚŇŚĥıÿãŇ͓ŏČãƈƜƀČŏČőƔƈ̯

��



ÎĬãƔ͓ãþŚƜƔ͓ƔŚŽŚŇŚĥıÿãŇ͓ŏČãƈƜƀČŏČőƔƈ̯

��

7KH\�VXJJHVW�WKDW�WKH�PRUH�G\QDPLF�D�QRGH�LV��WKH�ORZHU�LWV�FHQWUDOLW\



ÎĬãƔ͓ãþŚƜƔ͓ƔŚŽŚŇŚĥıÿãŇ͓ŏČãƈƜƀČŏČőƔƈ̯

��

&HQWUDOLW\�PHDVXUHPHQWV�DUH�QRW�FDSDEOH�RI�JHQHUDOL]LQJ�WKH�
FRQQHFWLYLW\�LPSRUWDQFH�



�ŚőÿŇƜƈıŚőƈ͓ãőĆ͓AƜƔƜƀČ͓ÎŚƀń

��

2XU�DSSURDFK�RIIHUV�DQ�DOWHUQDWLYH�QRWLRQ�RI�FRQQHFWLYLW\�LPSRUWDQFH�

$OORZ�IRU�WUDFNLQJ�FRQQHFWLYLW\�LPSRUWDQFH�ZKLOH�WKH�FRQQHFWLRQV�LQ�WKH�
QHWZRUN�HYROYH�RYHU�WLPH

6XJJHVW�WKDW�WRSRORJLFDO�QHWZRUN�PHDVXUHV�FRXOG�QRW�JHQHUDOL]H�WKH�
SDWWHUQV�RI�FRQQHFWLYLW\�FDSWXUHG�KHUH



�ŚőÿŇƜƈıŚőƈ͓ãőĆ͓AƜƔƜƀČ͓ÎŚƀń

��

2XU�DSSURDFK�RIIHUV�DQ�DOWHUQDWLYH�QRWLRQ�RI�FRQQHFWLYLW\�LPSRUWDQFH�

$OORZ�IRU�WUDFNLQJ�FRQQHFWLYLW\�LPSRUWDQFH�ZKLOH�WKH�FRQQHFWLRQV�LQ�WKH�
QHWZRUN�HYROYH�RYHU�WLPH

6XJJHVW�WKDW�WRSRORJLFDO�QHWZRUN�PHDVXUHV�FRXOG�QRW�JHQHUDOL]H�WKH�
SDWWHUQV�RI�FRQQHFWLYLW\�FDSWXUHG�KHUH

$V�IXWXUH�ZRUN�

Ɣ ,QFRUSRUDWH�LW�LQWR�VROXWLRQV�IRU�GLVVHPLQDWLRQ�FROOHFWLRQ�RI�LQIRUPDWLRQ�LQ�
PRELOH�QHWZRUNV

ż (YDOXDWH�WKH�SHUIRUPDQFH�RI�VXFK�SURWRFROV�FRPSDULQJ�SXUHO\�
WRSRORJLFDO�PHDVXUHV�WR�WKRVH�SURSRVHG�KHUH



¯Ĭãőńƈ̫
(�PDLO��FKJIHUUHLUD#XIRS�HGX�EU


