
0RGHOLQJ�RI�JODVV�FRUURVLRQ�±�LPSURYHPHQW�RI�WKH�

FRQVWLWXWLRQDO�PRGHO�

8��'DKOPDQQ�DQG�5��&RQUDGW�
5:7+�$DFKHQ��,QVWLWXWH�RI�0LQHUDO�(QJLQHHULQJ��'HSDUWPHQW�IRU�*ODVV�DQG�&HUDPLF�&RPSRVLWHV��

0DXHUVWUDVVH����������$DFKHQ��*HUPDQ\�
�

$�PRGHO� EDVHG� RQ� WKH� FRQVWLWXWLRQDO� UHODWLRQV�ZLWKLQ� WKH� UHVSHFWLYH� FU\VWDOOLQH� UHIHUHQFH� V\VWHPV� RI�

JODVVHV��RQ�WKHLU�*LEEV�HQHUJ\�RI�K\GUDWLRQ��DQG�RQ�WKH�S+�GHSHQGHQW�VXUIDFH�FRYHUDJH�RI�6L2��KDV�EHHQ�

XVHG�ZLWK� VXFFHVV� WR� SUHGLFW� WKH� FKHPLFDO� GXUDELOLW\� RI� GLIIHUHQW� JODVV� FRPSRVLWLRQV� LQ� YDULRXV� DTXHRXV�

H[SRVXUH� VFHQDULRV�� ,Q� WKH� SUHVHQW� SDSHU�� WKH�PRGHO� LV� LPSURYHG� LQ� WKUHH� DUHDV�� )LUVWO\�� WKH� WHPSHUDWXUH�

GHSHQGHQFH�RI�DOO�TXDQWLWLHV�XVHG�LV�UHYLVHG�LQ�D�WKHUPRG\QDPLFDOO\�FRQVLVWHQW�ZD\��6HFRQGO\��WKH�VXUIDFH�

HTXLOLEULXP�HVWDEOLVKHG� LQVWDQWDQHRXVO\� DW� DQ� H[SRVHG�JODVV� VXUIDFH� LV� LQYHVWLJDWHG�� ,W� LV� WKLV� HTXLOLEULXP�

ZKLFK�DOORZV�WR�FRQYHUW�S+�DQG�FRPSRVLWLRQ�GHSHQGHQW�JODVV�VWDELOLWLHV��DV�UHIOHFWHG�E\�*LEEV�HQHUJLHV�RI�
K\GUDWLRQ�� LQWR� S+� GHSHQGHQW� GLVVROXWLRQ� UDWHV�� 7KH� FRQFHSW� RI� VXUIDFH� FRYHUDJH� LV� H[WHQGHG� WR�

PXOWLFRPSRQHQW�VXUIDFHV�E\�XVLQJ�WKH�FRQFHSW�RI�SRLQW�RI�]HUR�FKDUJH��)LQDOO\��WKH�FRQVWLWXWLRQ�RI�K\GUDWHG�

VXE�VXUIDFH� OD\HUV� LV� LQYHVWLJDWHG�� 7KHLU� VWRLFKLRPHWULHV� DUH� SUHGLFWHG� E\� WKH� SKDVH� GLDJUDPV� RI�

FRUUHVSRQGLQJ�VLOLFDWH�+�2�V\VWHPV��ZKLFK�DUH�FRQVWUXFWHG�IURP�VFDWWHUHG�OLWHUDWXUH�GDWD��$OO�FRQFOXVLRQV�

DUH�VXEVWDQWLDWHG�E\�H[SHULPHQWDO�UHVXOWV��

7KH�FRQFHSW�RI�WKH�FRQVWLWXWLRQDO�FRPSRXQGV�

7KH� FRQFHSW� RI� FRQVWLWXWLRQDO� FRPSRXQGV� DV� D� FU\VWDOOLQH� UHIHUHQFH� VWDWH� ZDV� ILUVWO\�
DSSOLHG� WR� H[SODLQ� WKH� VWUXFWXUH� RI� JODVVHV�� EXW� WXUQ� RXW� WR� EH� XVHIXO� WR� SUHGLFW� JODVV�
FRUURVLRQ��WRR���)RU�WKLV�SXUSRVH��WKH�WKHUPRG\QDPLF�VWDWH�RI�WKH�JODVV�LV�FDOFXODWHG�E\�WKH�
*LEEV�HQHUJ\�RI�IRUPDWLRQ�∆*JO�RI�LWV�FRPSRXQGV�N�UHIHUULQJ�WR�WKH�FU\VWDOOLQH�UHIHUHQFH�VWDWH�
E\�WKH�YLWULILFDWLRQ�HQHUJ\�*YLW��7KH�VHFRQG�TXDQWLW\�LV�WKH�*LEEV�HQHUJ\�RI�IRUPDWLRQ�RI�WKH�
DTXHRXV� V\VWHP� IURP� WKH� R[LGHV� �LQ� SRUWLRQV� DV� FRQWDLQHG� LQ� WKH� JODVV�� DQG� WKH� LQLWLDOO\�
XQDOWHUHG�VROXWLRQ��7KH�GLIIHUHQFH�EHWZHHQ�WKH�*LEEV�HQHUJ\�RI�IRUPDWLRQ�RI�WKH�JODVV�∆*JO�

DQG� WKH� *LEEV� HQHUJ\� RI� WKH� GLVVROYHG� DTXHRXV� VSHFLHV� ∆*DT� LV� FDOOHG� *LEEV� HQHUJ\� RI�
K\GUDWLRQ�∆*K\GU�ZKLFK�LV�DQ�LQGLFDWRU�IRU�WKH�WKHUPRG\QDPLF�IRUFH�RI�FRUURVLRQ�WHQGHQF\���
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ZKHUH� [�GHQRWHV� WKH�PRODU� IUDFWLRQ� �IRU� FDOFXODWLRQ�GHWDLOV� VHH� ����'LVVROXWLRQ� UDWHV� FDQ�EH�
FDOFXODWHG�E\�WKH�HTXDWLRQ�RI�WKH�PLQHUDO�GLVVROXWLRQ�E\�$DUJDUG�DQG�+HOJHVRQ���H[WHQGHG�E\�

WKH�VXUIDFH�FRYHUDJH�Θ�E\�LRQV�RI�WKH�DTXHRXV�VROXWLRQ��IRU�GHWDLOV�VHH�����
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,Q�HT�� ����0� LV� WKH�PRODU�ZHLJKW�� U� WKH� UDWH���� LV�D� WUDQVLWLRQ�FRHIILFLHQW��DQG�Θ� WKH�VXUIDFH�
FRYHUDJH�� ,Q�RUGHU� WR� LPSURYH� WKH�H[LVWLQJ�PRGHO�RI� WKH� FRQVWLWXWLRQDO� FRPSRXQGV�� LW�ZDV�
DSSOLHG�WR�PDWHULDOV�ZLWK�H[RWLF�FRPSRVLWLRQV��H�J��WKH�SKRVSKDWH�JODVV�.*��DQG�WKH�SDUWLDO�
FU\VWDOOLQH� =(52'85

�� *ODVV� FRPSRVLWLRQV� RI� DOXPRERURVLOLFDWH� JODVVHV� LQ� WKH� V\VWHP�

1D�2�$O�2��%�2��6L2��ZHUH�DOVR�LQYHVWLJDWHG��7KH�UHVXOWV�RI�WKH�PRGHO��ILJXUH��D�WR�F��DUH�LQ�
JRRG� DJUHHPHQW�ZLWK� WKH� H[SHULPHQWDO� GDWD�� HYHQ� IRU� WKH� QRQ�VLOLFDWH� JODVV� DQG� WKH� SDUWLDO�
FU\VWDOOLQH�PDWHULDO��

�



7HPSHUDWXUH�GHSHQGHQFH�RI�JODVV�GLVVROXWLRQ�

)RU�FDOFXODWLQJ�WKH�WHPSHUDWXUH�GHSHQGHQFH��VXIILFLHQW�WDEXODWHG�WKHUPRG\QDPLF�GDWD�RI�
VROLG�SKDVHV�DUH�DYDLODEOH��,Q�FRQWUDVW�WR�WKH�VROLG�VWDWH��*LEEV�IUHH�HQHUJLHV�RI�IRUPDWLRQ�RI�
WKH� DTXHRXV� LRQV� DV� D� IXQFWLRQ� RI� WHPSHUDWXUH� D� UDUH��7KHUHIRUH� WKH� FRQFHSW� RI�&ULVV� DQG�
&REEOH��EDVHG�RQ� WKH� FRUUHVSRQGHQFH�SULQFLSOH�RI� HQWURSLHV�ZDV� LQWURGXFHG� LQ� WKH�PRGHO��
7KH�HQWURS\�RI�D�VXEVWDQFH�FRUUHVSRQGV�WR�SURSHUWLHV�OLNH�LRQ�FKDUJH�]��UDGLXV�RI�WKH�LRQ�ULRQ��

LWV�PDVV�P���LWV�GLHOHFWULF�FRQVWDQW�ε��DQG�WKH�WHPSHUDWXUH�7��

����������� 7PU]I6 LRQ7 ε= � �� ����

.QRZLQJ� WKH� FRUUHVSRQGHQFHV� IRU� WKH� LQGLYLGXDO� LRQV�� LW� LV� SRVVLEOH� WR� FDOFXODWH� D�
WHPSHUDWXUH�GHSHQGHQF\�E\�D�OLQHDU�LQWHUSRODWLRQ��7KH�WHPSHUDWXUH�����&�DQG�WKH�LRQL]DWLRQ�
HQHUJ\�RI�WKH�K\GURJHQ�DWRP�DUH�XVHG�DV�WKH�UHIHUHQFH�VWDWH��&ULVV�DQG�&REEOH�VXEGLYLGHG�DOO�
LRQV�LQ�IRXU�FODVVLILFDWLRQV�IROORZLQJ�WKH�UHODWLRQ�

�� ����
57FF7 67E7D6 ⋅+= � �� ����

��ZKHUH� 6� GHQRWH� WKH� HQWURS\�� D� DQG� E� WHPSHUDWXUH� FRHIILFLHQWV� GHSHQGLQJ� RQ� WKH� LRQ�
FODVVLILFDWLRQ��DQG�7U�WKH�UHIHUHQFH�VWDWH��IRU�FDOFXODWLRQ�GHWDLOV�VHH�

�
���%\�WKLV�SURFHHGLQJ��WKH�

FDOFXODWLRQ�RI�IUHH�HQHUJLHV�RI�DTXHRXV�VSHFLHV�DW�VSHFLILF�WHPSHUDWXUHV�DUH�DVVHVVHG��5HVXOWV�
RI� WKH� FDOFXODWLRQ� RI� WKH� VROXELOLW\� RI� 6L2�� LQ� ZDWHU� DQG� LQ� VRGLXP� FRQWDLQLQJ� ZDWHU� DUH�
SUHVHQWHG� LQ�ILJXUHV��D�DQG�E��,Q�ERWK�ILJXUHV�WKH�VWDELOLW\�RI�6L2��VKRZ�D�JRRG�DJUHHPHQW�
ZLWK� WKH� H[SHULPHQWDO� GDWD�� ,Q� VRGLXP� FRQWDLQLQJ� VROXWLRQV� WKH� VXUIDFH� FRYHUDJH� KDV� D�
VLJQLILFDQW�LPSDFW�RQ�WKH�6L2��VROXELOLW\�IROORZLQJ�HT�������

� � � � �� ��
���

�

��

���

���

���

���

���

V
WD
E
LOL
W\

�

�

�∆
*

K
\
G
U�
>N
-
�S
H
U�
�
�
�
�J
�J
OD
V
V
@

S+�YDOXH

��

��

��

��

�

�

�O
R
J
�U
��
�U
�L
Q
�P
J
ÂF
P

��
ÂG

��
�
�

� � � � � �� �� ��
����

����

����

����

����

����

����

���

���

OR
J
�U
��
��
U�
LQ
�P
J
ÂF
P

��
ÂG

��
�

S+�YDOXH

�

�

�

�
1�$�%�6�JODVV

�FDOFXODWHG�UDWH

�',1�,62�WHVW

OR
J
�T
��
T
�L
Q
�P
J
ÂF
P

��
�

� � � � � �� �� ��
��

��

��

��

��

�

�����

JODVV\�SKDVH

FU\VWDOO�SKDVH

OR
J
�U
��
�U
�L
Q
�P
J
ÂF
P

��
ÂG

��
�
�

S+�YDOXH

F��

E��D��



)LJ����&RPSDULVRQ�EHWZHHQ�FDOFXODWHG�FRUURVLRQ�SURSHUWLHV�DQG�H[SHULPHQWDO�GDWD��D��DOXPRERURVLOLFDWH�JODVV�
YHUVXV�',1�,62�WHVWV��E��FDOFXODWHG�IUHH�HQHUJLHV�RI�K\GUDWLRQ�RI�WKH�SKRVSKDWH�JODVV�.*���YHUVXV�

H[SHULPHQWDO�GLVVROXWLRQ�UDWHV��F��FDOFXODWHG�DQG�H[SHULPHQWDO�GLVVROXWLRQ�UDWHV�RI�=(52'85�
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ZLWK�F�GHQRWLQJ�WKH�FRQFHQWUDWLRQ��<�WKH�VSHFLHV�+���2+��DQG�1D���)RU�WKH�VRGLXP�DGVRUSWLRQ�
FRHIILFLHQW�N1D�� ����Ã�����ZDV�XVHG��6LQFH�WKH�VROXELOLW\�RI�6L2�� LV�VWURQJO\�GHSHQGHQW�RQ� WKH�
VRGLXP�DGVRUSWLRQ��PRUH� WHVWV�RQ� WKH� DGVRUSWLRQ�EHKDYLRU�RI�PHWDO� LRQV�RQ� JODVV� VXUIDFHV�
KDYH�WR�EH�FRQGXFWHG��

�)LJ����7HPSHUDWXUH�GHSHQGHQFH�RI�WKH�6L2��VROXELOLW\�

,QWHUDFWLRQ�DW�WKH�ZDWHU�JODVV�LQWHUIDFH�

%DXFNH��LQYHVWLJDWHG�WKH�JODVV�S+�HOHFWURGH�DQG�FRQFOXGHG�WKDW�WKHUH�LV�D�YHU\�IDVW�LQLWLDO�
SURFHVV��ZKHUH�HOHFWURFKHPLFDO� UHDFWLRQV�DUH� HTXLOLEUDWHG��7KLV�EDVLF� LGHD� LV� LQFOXGHG� LQ�HT��

����E\�WKH�VXUIDFH�FRYHUDJH�Θ�ZKLFK�FDQ�EH�GHVFULEHG�E\�HT������IRU�DOO�DTXHRXV�VSHFLHV��7KH�
PDLQ� FKDUDFWHULVWLF� IXQFWLRQ� RI� WKH� VXUIDFH� FRYHUDJH� LV� WKH� SRLQW� RI� ]HUR� FKDUJH�� )RU� DOO�
VXEVWUDWHV�H[SRVHG� WR�ZDWHU�DW�D� VSHFLILF�S+�YDOXH�� WKH�FRQFHQWUDWLRQ�RI�DGVRUEHG�SRVLWLYH�
LRQV�HTXDOV�WKH�DGVRUEHG�QHJDWLYH�LRQV��WKLV�S+�YDOXH�LV�FDOOHG�SRLQW�RI�]HUR�FKDUJH��S+3=&���
.QRZLQJ�WKH�S+3=&�WKH�VXUIDFH�FRYHUDJH�RI�JODVVHV�FDQ�EH�HDV\�HVWLPDWHG��

)RU�WKH�SUHGLFWLRQ�RI�S+3=&�RI�PXOWLFRPSRQHQW�R[LGH�FRPSRVLWLRQV��WKH�FRQFHSW�RI�

6YHUMHQVN\��ZDV�DGDSWHG�WR�JODVVHV��7KH�S+3=&�LV�FDOFXODWHG�E\�WKH�GLHOHFWULF�FRQVWDQW�ε�RI�WKH�
JODVV�DQG�WKH�PHDQ�FRUUHFWHG�3DXOLQJ�ERQG�VWUHQJWK��V&�U0�2+��E\�
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ZKHUH�V&�GHQRWHV�WKH�UDWLR�EHWZHHQ�WKH�FKDUJH�DQG�WKH�FRRUGLQDWLRQ�QXPEHU�RI�WKH�PHWDO�LRQ�
DQG�U0�2+�GHQRWHV�WKH�ERQG�OHQJWK�RI�WKH�PHWDO�LRQ�WR�K\GUR[LG�JURXS��(VSHFLDOO\�IRU�EDVDOW�
JODVVHV� RU� JODVVHV� ZLWK� KLJK� EDVLFLW\� WKH� LQIOXHQFH� RI� S+3=&� RQ� WKH� JODVV� FRUURVLRQ� LV�

VLJQLILFDQW�� )LJ� �D� VKRZV� WKH� FDOFXODWLRQ� RI� WKH� VXUIDFH� FRYHUDJH� Θ� IRU� GLIIHUHQW� JODVV�
FRPSRVLWLRQV��Θ�LV�SURSRUWLRQDO�WR�WKH�FRQFHQWUDWLRQ�RI�+��DQG�2+��DQG�LV�DVVXPHG�WR�UHDFK�
WKH� FRQFHQWUDWLRQ� RI� D� SXUH� 6L2�� VXUIDFH� DW� WKH� S+3=&�� 7KH� LPPRELOL]DWLRQ� RI� DGVRUEHG�
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�ZLWKRXW�VXUIDFH�FRYHUDJH
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VSHFLHV� DW� WKH� S+3=&� LV� KLJK�� $V� D� FRQVHTXHQFH�� WKH� WHUP�Θ� LQ� HT�� ���� LV� H[WHQGHG� E\� WKH�
UHYHUVH�IXQFWLRQ�RI�WKH�/HQQDUG�-RQHV�SRWHQWLDO��
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)LJ���D�VKRZV�WKDW�RQO\�WKH�EDVDOW�JODVV�UHDFKHV�D�FRPSOHWH�VXUIDFH�FRYHUDJH�ZLWK�+��DW�ORZ�
S+��([SORLWLQJ�WKH�SUHGLFWLRQ�RI�S+3=&�WKH�FRUURVLRQ�SURSHUWLHV�RI�WZR�GLIIHUHQW�JODVVHV�DUH�
FDOFXODWHG�DQG�GLVSOD\HG�LQ�ILJ���E��
7KH�FDOFXODWHG�UHVXOWV�VKRZ�WKH�VDPH�SDWWHUQ�DV�WKH�H[SHULPHQWDO�GDWD��+RZHYHU��GHYLDWLRQV�
RI�VRPH�GDWD�SRLQWV�DUH�JLYHQ��7KXV�� LQ�RUGHU�WR� LPSURYH�WKH�SUHGLFWLRQ�FRQFHSW�RI� S+3=&��

PRUH� H[SHULPHQWDO� WHVWV� RQ� WKH� ζ�SRWHQWLDO� KDYH� WR� EH� FRQGXFWHG� DQG� FRPSDUHG� WR� WKH�
HIIHFWV�RI�JODVV�FRUURVLRQ��6LQFH�WKH�HOHFWURFKHPLFDO�HTXLOLEULD�DUH�DGMXVWHG�YHU\�TXLFNO\�DQG�

FDXVH�JODVV�FRUURVLRQ��WKH�WHVWV�RQ�ζ�SRWHQWLDOV�KDYH�WR�EH�FRQGXFWHG�YHU\�FDUHIXOO\��

)LJ�����6XUIDFH�FRYHUDJH�RI�GLIIHUHQW�JODVV�FRPSRVLWLRQV��D��DQG�FDOFXODWHG�DQG�H[SHULPHQWDO�GLVVROXWLRQ�UDWHV�RI�
WZR�GLIIHUHQW�JODVVHV��E��

&RQVWLWXWLRQ�RI�WKH�VXE�VXUIDFH�OD\HU�

'XULQJ� WKH� JODVV� FRUURVLRQ� SURFHVV�� DQ� DOWHUHG� VXE�VXUIDFH� ]RQH� �WHUPHG� JHO� OD\HU�� LV�
IRUPHG�LQ�PRVW�FDVHV��ZKLFK�LV�D�FRQVHTXHQFH�RI�LQFRQJUXHQW�GLVVROXWLRQ��7KLV�VXE�VXUIDFH�
]RQH�FRQWDLQV�FRQVLGHUDEOH�DPRXQWV�RI�ZDWHU��$FFRUGLQJ�WR�WKH�PRGHO�RI�WKH�FRQVWLWXWLRQDO�
FRPSRXQGV�� WKH� JHO� OD\HU� PD\� KDYH� D� FU\VWDOOLQH� UHIHUHQFH� GLIIHUHQW� IURP� WKH� EXON� JODVV��
5RJJHQGRUI��ZKR� LQYHVWLJDWHG�ZDWHU� JODVVHV� IRXQG� WKDW�PRGHOLQJ� WKH� FRUURVLRQ� SURSHUWLHV�
ZLWK� FRQVWLWXWLRQDO� FRPSRXQGV� RI� WKH� EXON� JODVV� ZDV� QRW� VXFFHVVIXO�� 7KH� DXWKRUV� RI� WKH�
SUHVHQW�VWXG\�FDPH�WR�WKH�FRQFOXVLRQ�WKDW�WKLV�NLQG�RI�GLIILFXOW\�ZLOO�RFFXU�LQ�DOO�FDVHV�ZKHUH�
WKH� DPRXQW� RI� ZDWHU� LQFRUSRUDWHG� LQ� WKH� JODVV� PDWUL[� VKLIWV� D� JODVV� WRZDUGV� D� FU\VWDOOLQH�
UHIHUHQFH�VWDWH�GHILQLWHO\�GLIIHUHQW�IURP�WKH�EXON��)RU�WKH�VDNH�RI�FODULW\��7KLV�KDV�QRWKLQJ�WR�
GR�ZLWK�WKH�JUDGXDO�FRPSRVLWLRQ�FKDQJHV�EURXJKW�DERXW�E\�GLIIXVLRQ��ZKLFK�LV�D�VHFRQGDU\�
SURFHVV� UXQQLQJ�EHWZHHQ� WKH�*LEEV�HQHUJ\�QLYHDXV� �EHWWHU�� FKHPLFDO�SRWHQWLDO��RI� WKH�EXON�
DQG�RI�WKH�YHU\�JODVV�VXUIDFH���5DWKHU��WKLV�UHIHUV�WR�D�VKLIW�RI�WKH�QLYHDXV�RI�WKH�EXON�WRZDUGV�
D� GLIIHUHQW� VWDWH�� ,Q� RUGHU� WR� GHPRQVWUDWH� WKH� LGHD�� D� SKDVH� GLDJUDP� +�2�1D�6L2�� ZDV�
GHYHORSHG�DIWHU�ILJ�������WR������IURP�����7KH�FRPSOH[�SKDVH�UHODWLRQV�DUH�LOOXVWUDWHG�LQ�ILJ�
�D�� )ROORZLQJ� WKLV� SKDVH� GLDJUDP� D� FRUURGHG� ELQDU\� VRGLXP� VLOLFDWH� JODVV� VKRXOG� KDYH� DQ�
DOWHUDWHG�VXUIDFH�OD\HU�UHIOHFWLQJ�WKH�VHTXHQFH�RI�VRGLXP�K\GUDWH�VLOLFDWH�IURP�GU\�16�WR�16+���
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,Q�ILJ���E�H[SHULPHQWDO�GDWD�RI�6PHWV�DQG�/RPPHQ���DUH�HYDOXDWHG�ZLWK�UHVSHFW�WR�WKH�UHVXOWV�
RI� WKH� SKDVHGLDJUDP� LQ� ILJ�� �D�� 7KH� OLQHDU� UHJUHVVLRQV� RI� WKH� VRGLXP� VXUIDFH� FRQWHQW�
�DQDO\]HG� E\� 6,0�� VKRZ� NLQNV� DW� WKH� WKHRUHWLFDO� SKDVH� ERXQGDULHV� ZKLFK� LV� LQ� JRRG�
DJUHHPHQW�ZLWK�WKH�DERYH�SUHGLFWLRQ��
7KLV�FRQFHSW�DOVR�RSHQV�WKH�GRRU�WR�GHVFULELQJ�WKH�FRPSRVLWLRQ�RI�WKH�VXE�VXUIDFH�OD\HUV��
7R�LPSURYH�WKH�FRQFHSW�RI�VXUIDFH�FRQVWLWXWLRQ�IRU�WKH�PDVV�JODVVHV�WKH�DFFHVV�WR�SKDVH�
GLDJUDPV�RI�WKH�W\SH�+�2�&D2�0J2�$O�2��6L2���1D�2�$O�2��%�2��6L2���DQG�+�2�.�2�3E2�6L2��LV�
QHFHVVDU\��%RZHUV�HW�DO����FDOFXODWHG�D�ZLGH�UDQJH�RI�DFWLYLW\�GLDJUDPV�RI�PLQHUDO�VROXWLRQV��
)RU�DSSOLFDWLRQ�RI�WKHVH�GLDJUDPV�WKH�GDWD�FROOHFWHG�LQ�FRUURVLRQ�H[SHULPHQWV�VKRXOG�
FRPSULVH�PRUH�GHWDLOV��,Q�VSHFLILF��VROXWLRQ�DQDO\VLV�LV�QHHGHG�WR�FRUUHODWH�WKH�GLDJUDPV�ZLWK�
WKH�VXUIDFH�FRQVWLWXWLRQ��

)LJ����7KH�V\VWHP�1D�2�6L2��+�2��
D��WKH�GHYHORSHG�SKDVHGLDJUDP�DIWHU����E��WKH�H[SHULPHQWDO�HYLGHQFH�RI�WKH�GHYHORSHG�SKDVHGLDJUDP��FORVHG�
OLQHV��OLQHDU�UHJUHVVLRQ�RI�WKH�VXUIDFH�FRPSRVLWLRQ��GDVKHG�OLQHV��WKHRUHWLFDO�SKDVH�ERXQGDU\�DFFRUGLQJ�WR�D���
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��&RQUDGW��5���5RJJHQGRUI��+���2VWHUWDJ��5���&RPPLVVLRQ�RI�WKH�(XURSHDQ�&RPPXQLWLHV��(85�
������(1���������
��&RQUDGW��5��DQG�*HDVHH��3���%HU��%XQVHQJHV��3K\V��&KHP�������S��������������������
��&RQUDGW��5���LQ�$QDO\VLV�RI�WKH�FRPSRVLWLRQ�DQG�VWUXFWXUH��HGLWHG�E\�%DFK��+���.UDXVH�'���6SULQJHU�
9HUODJ��%HUOLQ���������
��$DJDDUG��3��DQG�+HOJHVRQ��+�&���$P��-��RI�6FLHQFH������S������������������
��&ULVV��&�0��DQG�&REEOH��-�:���-��$P��&KHP��6RF������S��������������������
��'DKOPDQQ��8���SK��'��WKHVLV�5:7+�$DFKHQ��$ERXW�WKH�PRGHOLQJ�RI�WKH�FKHPLFDO�GXUDELOLW\�
RI�R[LGH�JODVVHV���������
��%DXFNH��)�*�.���3K\V��&KHP��*ODVVHV�����S������������������
��6YHUMHQVN\��'�$���*HRFKLP��HW�&RVPRFKLP��$FWD�����S��������������������
��5RJJHQGRUI��+��&RQIHUHQFH�RI�WKH�*HUPDQ�6RFLHW\�RI�*ODVV�7HFKQRORJ\��8OP���������S���������
���3KDVH�(TXLOLEULD�'LDJUDPV�'DWDEDVH��7KH�$PHULFDQ�&HUDPLF�6RFLHW\��:HVWHUYLOOH�
2+������������������9HUVLRQ������&'�5RP����
���6PHWV��%�0�-��DQG�/RPPHQ��7�3�$���3K\V��&KHP��*ODVVHV�����S����������������
���%RZHUV��7�6���-DFNVRQ��.�-���+HOJHVRQ��+�&���LQ�(TXLOLEULXP�DFWLYLW\�GLDJUDPV�IRU�FRH[LVWLQJ�
PLQHUDOV�DQG�DTXHRXV�VROXWLRQV�DW�SUHVVXUHV�DQG�WHPSHUDWXUHV�WR���NE�DQG������&��6SULQJHU�9HUODJ��
%HUOLQ���������
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