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$EVWUDFW��
,Q� WKLV� SDSHU�� DQ� LQWHOOLJHQW� DGMXVWLYH� PHWKRG� IRU�
:I06� LV�SURSRVHG� IRU� WKH�ZRUNIORZ�SURFHVV�� )LUVWO\��
WKH�LQWHOOLJHQW�DGMXVWLYH�SULQFLSOH�LV�LQWURGXFHG�DQG�WKH�
RSHUDWLRQ� IUDPH� RI� WKH� DGMXVWLYH� V\VWHP� LV� VKRZQ��
7KHQ� WKH� DFWLYLW\� LQIRUPDWLRQ� WDEOH� LV� GHVLJQHG� LQ�
GHWDLO�� 6XEVHTXHQWO\�� WKH�PRGLILFDWLRQ� RSHUDWLRQV� DQG�
WKH�UXQQLQJ�FRQWURO�PHWKRG�DUH�GLVFXVVHG�UHVSHFWLYHO\��
7KHVH� UHVHDUFKHV� SOD\� DQ� LPSRUWDQW� UROH� LQ� WKH�
PRGLILFDWLRQ�RI�WKH�ZRUNIORZ�SURFHVV�LQ�:I06��
.H\ZRUGV� :RUNIORZ��:I06��$GMXVWLYH�PHWKRG�
��� ,QWURGXFWLRQ�
:RUNIORZ� WHFKQRORJ\� LV� D�QHZ�KRWVSRW� LQ� WKH� DUHD�RI�
FRPSXWHU�DSSOLFDWLRQ�DIWHU�����V�DQG�LV�ZLGHO\�DSSOLHG�
LQ� PDQ\� LQIRUPDWLRQ� V\VWHP� LQFOXGLQJ� (�6HUYLFH�� (�
EXVLQHVV��DQG�VR�RQ�>����@��$V�ZH�NQRZQ��WKH�ZRUNIORZ�
SURFHVV� FDQ� EH� DGMXVWHG� FRQYHQLHQWO\� LQ� ZRUNIORZ�
PDQDJHPHQW� V\VWHP� IRU� WKH� GHYHORSLQJ� UHTXLUHPHQWV�
>���@�� %XW� WKH� DGMXVWLYH�PHWKRG� RI�:I06� LV� WKH� NH\�
LVVXH� LQ� WKLV� ILHOG� DQG� QRZ� ZH� JLYHV� DQ� LQWHOOLJHQW�
DGMXVWLYH�PHWKRG�LQ�WKLV�SDSHU�LQFOXGLQJ�WKH�HYDOXDWLRQ�
V\VWHP�� WKH� H[SRUW� V\VWHP� DQG� WKH� DGMXVWLYH� V\VWHP��
ZKLFK�DUH�VKRZQ�LQ�)LJXUH����

�

)LJXUH���7KH�,QWHOOLJHQW�DGMXVWLYH�SULQFLSOH�
�
7KH�HYDOXDWLRQ�V\VWHP�UXQV� IRU�HYDOXDWLQJ� WKH�(�

6HUYLFH� 6\VWHP� FRQVWUXFWHG� E\� :I06� LI� QHFHVVDU\��
%DVHG� RQ� WKH� HYDOXDWLRQ� UHVXOWV�� WKH� H[SHUW� V\VWHP�
ILQGV�RXW�WKH�DFWLYLWLHV�QHHGHG�WR�DGMXVW�DQG�WUDQVIHUV�WR�

WKH� DGMXVWLYH� V\VWHP��7KH� DGMXVWLYH� V\VWHP� LV� XVHG� WR�
UHJXODWH�WKH�H[HFXWLYH�ORJLF�RI�(�6HUYLFH�6\VWHP���

,Q� RXU� SUHYLRXV� UHVHDUFK�� WKH� HYDOXDWLRQ� V\VWHP�
KDV�EHHQ�GLVFXVVHG� LQ�GHWDLO�E\�XVLQJ�G\QDPLF�QHXUDO�
QHW� >����@�� 1RZ� WKH� DGMXVWLYH� V\VWHP� LV� RXU� IRFXV� LQ�
WKLV�SDSHU��

,Q� RUGHU� WR� GHVLJQ� WKH� DGMXVWLYH� V\VWHP� WR� DGMXVW�
WKH� DSSOLFDWLRQV�PRGXOHV� LQ� :I06�� RXU� SDSHU� LV�
RUJDQL]HG�DV�IROORZ��7KH�RSHUDWLRQ�IUDPH�LV�VKRZQ�LQ�
WKH� QH[W� VHFWLRQ� DQG� WKH� DFWLYLW\� LQIRUPDWLRQ� WDEOH� LV�
GHVLJQHG� LQ� 6HFWLRQ� ��� 7KHQ� WKH� PRGLILFDWLRQ�
RSHUDWLRQV� DQG� WKH� UXQQLQJ� FRQWURO� PHWKRG� DUH�
GLVFXVVHG� LQ� 6HFWLRQ� �� DQG� 6HFWLRQ� �� UHVSHFWLYHO\��
)LQDOO\��ZH� FRQFOXGH� WKHVH� UHVHDUFKHV�ZLWK� WKH� IXWXUH�
ZRUNV��
��� 7KH�RSHUDWLRQ�IUDPH�
$IWHU� WKH� SURFHVV� UHGHILQLWLRQ�� WKH� ZRUNIORZ� UHODWLYH�
GDWD� PXVW� EH� XSGDWHG� IRU� WKH� QHZ� UHTXLUHPHQWV��
&RUUHVSRQGLQJO\��WKH�ZRUNIORZ�SURFHVV�GDWD�LQFOXGLQJ�
HVWLPDWLRQ�WDEOH�LV�QHHGHG�WR�DGMXVWHG��ZKLFK�UHIHUV�WR�
WKH� H[HFXWLYH� DSSOLFDWLRQV�PRGXOHV�� &HUWDLQO\�� WKH�
ZRUNIORZ�DSSOLFDWLRQ�GDWD�RSHUDWHG�E\�WKH�DSSOLFDWLRQV�
LV�LQGHSHQGHQW�RI�WKH�ZRUNIORZ�UHODWLYH�GDWD�DQG�LVQ¶W�
UHTXLUHG� WR�PRGLI\�H[SHFW� IRU� WKH�PRGLILFDWLRQ�RI� WKH�
DSSOLFDWLRQV�� 7KH� EDVLF� RSHUDWLRQ� IUDPH� LV� VKRZQ� LQ�
)LJXUH����
�

)LJXUH���7KH�DGMXVWLRQ�RSHUDWLRQ�IUDPH��
�
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7DNHQ� DV� DQ� H[DPSOH�� WKH� DGMXVWLYH� PHWKRG� LV�
GLVFXVVHG� LQ� GHWDLO� IRU� WKH� VSHFLDO� DSSOLFDWLRQV�ZKLFK�
RSHUDWH� WKH� VDPH� WDEOH�� )LUVWO\�� WKH� QHFHVVDU\�
LQIRUPDWLRQ� RI� WKRVH� DFWLYLWLHV� LQ� WKH� SURFHVVHV� DUH�
DQDO\]HG� DQG� VDYHG� LQ� D� VSHFLDO� WDEOH�� 7KHQ� WKH�
PRGLILFDWLRQ� RSHUDWLRQV� DUH� IRFXVHG� LQFOXGLQJ� WKH�
DGGLQJ� RSHUDWLRQ�� GHOHWLQJ� RSHUDWLRQ� DQG� WKH� XSGDWH�
RSHUDWLRQ��)LQDOO\��WKH�RSHUDWLRQ�FRQWURO�PHWKRG�EDVHG�
RQ�WKH�DGMXVWLYH�PHWKRG�LV�GLVFXVVHG��
��� $FWLYLW\�,QIRUPDWLRQ�7DEOH�
)LUVWO\�� ZH� PXVW� VDYH� WKH� LQIRUPDWLRQ� RI� WKRVH�
DFWLYLWLHV�� ZKLFK� DUH� OLVWHG� LQ� 7DEOH� ��� )XUWKHUPRUH��
VHYHUDO� LQSXW� SDUDPHWHUV� DQG� RXWSXW� SDUDPHWHUV� DUH�
QHHGHG�IRU�VRPH�DFWLYLWLHV��7KH�FRGHV�RI�WKH�SURFHVVHV�
DQG�WKRVH�DFWLYLWLHV�FDQ�EH�XVHG�LQ�LW��
�
7DEOH���7KH�DFWLYLW\�LQIRUPDWLRQ�

1R�� 3URFHVV� $FWLYLW\�
0RGXOH�RU�
$SSOLFDWLRQ��

,QSXW�RU�
2XWSXW�

3DUD�
PHWHUV� 9DOXH�

�� $� $�� $�� ,QSXW� $S��� $Y���
�� $� $�� $�� 2XWSXW� $S��� $Y���
�� $� $�� $�� 2XWSXW� $S��� $Y���
�� $� $�� $�� ,QSXW� $S��� $Y���
«� «� «� «� «� «� «�
L� %� %�� %�� ,QSXW� %S��� %Y���

L��� %� %�� %�� 2XWSXW� %S��� %Y���
L��� %� %�� %�� ,QSXW� %S��� %Y���
L��� %� %�� %�� 2QSXW� %S��� %Y���
«� «� «� «� «� «� «�

&RPPHQWV���
��� 7KH� ILHOGV� ³SURFHVV´� DQG� ³DFWLYLW\´� FDQ� EH�

UHSODFHG�E\�WKH�FRUUHVSRQGLQJ�FRGHV�RI�SURFHVVHG�DQG�
DFWLYLWLHV� LQ� :I06� IRU� FRQYHQLHQFH�� $V� D� VLPSOH�
VROXWLRQ��WKH�ILUVW�WKUHH�ILHOGV�FDQ�EH�LQWHJUDWHG�DV�RQH�
ILHOG�OLNH�³$��,��´��ZKLFK�GHQRWHV�WKH�WKLUG������LQSXW�
�,��SDUDPHWHU�RI�WKH�VHFRQG������DFWLYLW\�LQ�WKH�SURFHVV�
$��

��� 8VXDOO\�� WKH� ILHOG� ³DSSOLFDWLRQ´� LQFOXGHV� WKH�
DSSOLFDWLRQ¶V� SDWK�� 6RPHWLPHV�� WKH� IXQFWLRQ� LWHPV� DUH�
XVHG� WR� VXEVWLWXWH� IRU� WKH� DSSOLFDWLRQ�� VXFK� DV� PHQX�
LWHP��<RX� FDQ� VDYH� WKLV� DSSOLFDWLRQ� LQIRUPDWLRQ� RQO\�
RQH�WLPH���

���7KH�YDOXH�RI�WKH�ILHOG�³,QSXW�RU�2XWSXW´�FDQ�EH�
DVVLJQHG� WKH� ILUVW� OHWWHU� RI� WKH� ZRUG� ³,QSXW´� DQG�
³2XWSXW´��
��� 7KH�0RGLILFDWLRQ�2SHUDWLRQV�
7KH� EDVLF� PRGLILFDWLRQ� RSHUDWLRQV� RI� ZRUNIORZ�
SURFHVV�LQFOXGHV�DGGLQJ�DFWLYLW\��GHOHWLQJ�DFWLYLW\�DQG�
XSGDWH�DFWLYLW\��ZKLFK�DUH�GHVFULEHG�DV�IROORZ�LQ�WXUQ��

����� $GGLQJ�2SHUDWLRQ�
7KLV� DGGLQJ� RSHUDWLRQ� LV� XVHG� WR� DGG� D� QHZ� DFWLYLW\�
LQWR�WKH�H[LVWLQJ�ZRUNIORZ�SURFHVV��

,Q�)LJXUH����WKH�DFWLYLW\�$S LV�LQVHUWHG�WKH�SURFHVV�$ DW�WKH�SRVLWLRQ�EHWZHHQ�WKH�DFWLYLWLHV�$� L DQG�$� L���,Q� WKH�DFWLYLW\� LQIRUPDWLRQ� WDEOH�� WKH�LQSXW�DQG�RXWSXW�
SDUDPHWHUV� DQG� LWV� YDOXHV� PXVW� EH� LQVHUWHG�� WKHQ� WKH�
RXWSXW�SDUDPHWHUV�DQG�LWV�YDOXHV�RI�$�L�DUH�PRGLILHG�WR�
WKH� LQSXW� SDUDPHWHUV� DQG� LWV� YDOXHV� RI�$�S��WKH� RXWSXW�SDUDPHWHUV� DQG� LWV� YDOXHV� RI� $� S DUH� PRGLILHG� WR� WKH�
LQSXW�SDUDPHWHUV�DQG�LWV�YDOXHV�RI�$�L���

)LJXUH���7KH�DGGLQJ�RSHUDWLRQ�

����� 'HOHWLQJ�2SHUDWLRQ�
7KH� GHOHWLQJ� RSHUDWLRQ� LV� XVHG� WR� GHOHWH� DQ� H[LVWLQJ�
DFWLYLW\�IURP�WKH�ZRUNIORZ�SURFHVV��
�

)LJXUH���7KH�GHOHWH�RSHUDWLRQ�
�

,Q�)LJXUH���� WKH�DFWLYLW\�$� L��� LV�GHOHWHG�IURP�WKH�
SURFHVV� $�� &RUUHVSRQGLQJO\�� WKH� RXWSXW� SDUDPHWHUV�
DQG� WKHVH� YDOXHV� RI� $L DUH� FKDQJHG� WR� WKH� RXWSXW�
SDUDPHWHUV� DQG� WKRVH� YDOXHV� RI� $� L��� LQ� WKH� DFWLYLW\�LQIRUPDWLRQ�WDEOH��

,I�WKH�RUGHU�RI�WKH�DFWLYLWLHV�LV�GHQRWHG�DV�WKH�ILHOG�
³QR´�� WKH� UHJXODWLRQ�RI� ³QR´� LV�QHHGHG�IRU� WKH�FRUUHFW�
UXQQLQJ�RI�WKH�DSSOLFDWLRQV��
����� 8SGDWH�2SHUDWLRQ�
7KH�XSGDWH�RSHUDWLRQ�RSHUDWLRQ�LQFOXGHV��

$�� WKH� PRGLILFDWLRQ� RI� WKH� UHODWLRQV� DPRQJ� WKH�
DFWLYLWLHV���

$ S

$ L���$ L
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%�� WKH�PRGLILFDWLRQ� RI� WKH� QXPEHU�� WKH� W\SH� DQG�
WKH�YDOXH�RI�WKH�SDUDPHWHUV���

,Q� $�W\SH� PRGLILFDWLRQ�� WKH� LQSXW� DQG� RXWSXW�
SDUDPHWHUV� DQG� LWV� YDOXHV� RI� WKH� XSGDWLQJ� DFWLYLWLHV�
PXVW�EH�PRGLILHG�FRUUHVSRQGLQJO\��,W�LV�FOHDUO\�WKDW�WKH�
QXPEHU��WKH�W\SH�DQG�WKH�YDOXHV�RI�WKH�SDUDPHWHUV�ZLOO�
EH�UHJXODWHG�LQ�LW��

,Q� WKH� XSGDWLQJ� DFWLYLW\� RSHUDWLRQ�� VRPH� UHFRUGV�
PD\� EH� DGGHG� LQWR� WKH� DFWLYLW\� LQIRUPDWLRQ� WDEOH� RU�
GHOHWHG�IURP�LW��2I�FRXUVH��WKH�%�W\SH�PRGLILFDWLRQ� LV�
VLPSOHU�WKDQ�WKH�$�W\SH�PRGLILFDWLRQ��

7KH� H[HFXWLYH� YDOLGDWLRQ� RI� WKH� PRGLILHG�
ZRUNIORZ�SURFHVV�LV�GLVFXVVHG�LQ�WKH�SUHYLRXV�UHVHDUFK��
3OHDVH�UHIHU�WR�WKH�SDSHU�>��@��
��� 7KH�5XQQLQJ�&RQWURO�
:KHQ� WKH� DSSOLFDWLRQ� LV� UXQQLQJ�� WKH� UHODWLYH�
LQIRUPDWLRQ�RI�WKH�UXQQLQJ�SURFHVVHV�PXVW�EH�VDYHG�LQ�
WKH�UXQQLQJ�FRQWURO�WDEOH��ZKLFK�LV�OLVWHG�LQ�7DEOH����
7DEOH���WKH�UXQQLQJ�FRQWURO�WDEOH�

,Q�7DEOH����WKH�RXWSXW�SDUDPHWHUV�RI�WKH�DFWLYLWLHV�
DUH� VRUWHG� DQG� KDYH� WKH� VDPH� RUGHU� WR� WKH� DFWLYLW\�
LQIRUPDWLRQ� WDEOH� IRU� WKH� FRQYHQLHQW� FRPSDULVRQ�� ,Q�
:I06�� WKH� VDPH� DSSOLFDWLRQ� PD\� EH� LQVWDQWLDWHG�
VHYHUDO�WLPHV��6R�WKH�SURFHVV�³$´�IROORZV�³��´�ZKLFK�
VKRZV�WKH�LQVWDQWLDWLRQ�RUGLQDO�QXPEHU��

,W� LV� REYLRXV� WKDW� D FRQWURO� PRGXOH� PXVW� EH�
SURJUDPPHG�LQ�HDFK�DSSOLFDWLRQ��IXQFWLRQ��DQG�UXQV�DW�
WKH�EHJLQQLQJ�DQG�HQG�RI�WKH�DSSOLFDWLRQV��

:KHQ�DQ�DSSOLFDWLRQ�DFFRUGLQJ�WR�DQ�DFWLYLW\�UXQV��
WKH� FRQWURO� PRGXOH� LQ� LW� ZLOO� UHDG� WKH� LQSXW�
SDUDPHWHUV� DQG� LWV� YDOXH� RI� WKDW� DFWLYLW\� IURP� WKH�
DFWLYLW\� LQIRUPDWLRQ� WDEOH� DQG� FRPSDUH� WR� WKH� RXWSXW�
SDUDPHWHUV� DQG� LWV� YDOXH� LQ� WKH� UXQQLQJ� FRQWURO� WDEOH�
ILUVWO\�� ,I� WKRVH� LQIRUPDWLRQ� PDWFKHV�� WKH� ZRUNIORZ�
DSSOLFDWLRQ� GDWD� ZLWK� UHVSHFW� WR� WKH� ILHOG� ³UHODWLYH�
UHFRUG´�ZLOO� EH� ORDGHG� IRU� WKH�RSHUDWRU¶V�GLVSRVDO��$W�
WKH� VDPH� WLPH�� WKH� UHFRUGV� UHODWHG� WR� WKH� PDWFK�
LQIRUPDWLRQ�ZLOO�EH�HUDVHG�IURP�WKH�UXQQLQJ�WDEOH��

$IWHU� WKH�GLVSRVDO�� WKH� FRQWURO�PRGXOH�ZLOO� DOVR�
UHDG�WKH�RXWSXW�SDUDPHWHUV�DQG�LWV�YDOXH�RI�WKDW�DFWLYLW\�
IURP�WKH�DFWLYLW\�LQIRUPDWLRQ�WDEOH�DQG�VDYH�WKH�RXWSXW�
SDUDPHWHUV�DQG�LWV�YDOXH�LQWR�WKH�UXQQLQJ�FRQWURO�WDEOH�
ZLWK�WKH�SURFHVV��VXFK�DV�³$��´��

7KH�SUDFWLFDO�SURJUDP�IRU�WKH�DGMXVWLYH� V\VWHP�LV�
LPSOHPHQWHG� DQG� WKH� H[SHULPHQWDO� UHVXOWV� VKRZ� LW� LV�
HIIHFWLYH��

��� &RQFOXVLRQV�
7KLV� SDSHU� JLYHV� DQ� LQWHOOLJHQW� DGMXVWLYH� PHWKRG� IRU�
:I06� ILUVWO\� E\� DQ� H[DPSOH� LQ� ZKLFK� WKH� ZRUNIORZ�
SURFHVV�RSHUDWHV� WKH� VDPH� WDEOH��7KH� QH[W� TXHVWLRQ� LV�
WKH� DGMXVWLYH� PHWKRG� IRU� WKH� ZRUNIORZ� SURFHVV� LQ�
:I06� RSHUDWHV� WKH� GLIIHUHQW� WDEOHV�� LQFOXGLQJ� WKH�
GLIIHUHQFHV� EHWZHHQ� WKH� WZR� FRQGLWLRQV� DQG� WKH�
VROXWLRQ� WR� LW��0D\EH�� WKH�PHWKRG� WR� XQWUHDG� DQG� WKH�
GHVLJQ�PHWKRG�RI�WKH�DSSOLFDWLRQV�DUH�LQYROYHG��
$FNQRZOHGJHPHQW�
7KLV� UHVHDUFK� WKDQNV� WR� WKH� VXSSRUW� RI� WKH� 1DWLRQDO�
1DWXUDO� )XQG� RI� &KLQD� �*UDQW� QR�� ����������� 3ODQ�
3URMHFW� RI� 6FLHQFH� DQG� 7HFKQRORJ\� 'HSDUWPHQW� RI�
=KHMLDQJ�3URYLQFH�LQ�&KLQD��*UDQW�1R������&��������
5HIHUHQFHV�
>�@� :RUNIORZ�0DQDJHPHQW�&RDOLWLRQ��7KH�ZRUNIORZ�

UHIHUHQFH�PRGHO��:)0&�7&��������� %UXVVHOV��
������

>�@� <XVKXQ�)DQ��)XQGDPHQWDOV�RI�ZRUNIORZ�
PDQDJHPHQW�WHFKQRORJ\� 783�	�6SULQJHU��
%HLMLQJ�������LQ�&KLQHVH���

>�@� '�(��0DKOLQJ��1��&UDYHQ��:�%��&URIW��)URP�
RIILFH�DXWRPDWLRQ�WR�LQWHOOLJHQW�ZRUNIORZ�
V\VWHPV��,(((�,QWHOOLJHQW�V\VWHP���������������
SS��������

>�@� &��:HQ]HO��³,QWHJUDWLQJ�LQIRUPDWLRQ�H[WUDFWLRQ�
LQWR�ZRUNIORZ�PDQDJHPHQW�V\VWHPV�´�3URF���WK�
,QWHUQDWLRQDO�:RUNVKRS�RQ�'DWDEDVH�DQG�([SHUW�
6\VWHPV�$SSOLFDWLRQV� SS����������$XJ��������

>�@� 0��6KLNLGD��&��.DGRZDNL��6��.XQLIXML��³7RZDUGV�
D UHDO�ZRUOG�RULHQWHG�ZRUNIORZ�V\VWHP���EDVHG�
RQ�SUDFWLFDO�H[SHULPHQWV�IRU�WKUHH�\HDUV�´�3URF��
�UG�,QWHUQDWLRQDO�&RQIHUHQFH�.QRZOHGJH�%DVHG�
,QWHOOLJHQW�,QIRUPDWLRQ�(QJLQHHULQJ�6\VWHPV� SS��
�������'HF�������

>�@� ;LDRSLQJ�4LX��6WXGLHV�RQ�,QWHOOLJHQW�2IILFH�
,QIRUPDWLRQ�6\VWHP��7KH�'RFWRUDO�'LVVHUWDWLRQ�
RI�6RXWKZHVW�-LDRWRQJ�8QLYHUVLW\�����������LQ�
&KLQHVH��

>�@� <DQJ�;X��'D�5XDQ��.H\XQ�4LQ��-XQ�/LX��/DWWLFH�
YDOXHG�ORJLF��6SULQJHU��������

>�@� ;LDRSLQJ�4LX��+DLPLQJ�/L��<DMXQ�'X��<DQJ�;X��
$GGLQJ�IRUHFDVW�VXSSRUW�WR�ZRUNIORZ�
PDQDJHPHQW�V\VWHP�E\�FODVVLFDO�ORJLF�IRUPXOD�
FRPSXWLQJ��3URF���QG�LQWHUQDWLRQDO�FRQIHUHQFH�RQ�
PDFKLQH�OHDUQLQJ�DQG�F\EHUQHWLFV��;L
DQ�����������
SS������������

>�@� +DLPLQJ�/L��<DQJ�;X��'\QDPLF�QHXUDO�QHWZRUNV�
IRU�ORJLF�IRUPXODH�FRPSXWLQJ��3URFHHGLQJ�RI�7KH�
�WK�LQWHUQDWLRQDO�FRQIHUHQFH�RQ�LQIRUPDWLRQ�

1R� 3URFHVV $FWLYLW\ 3DUDPHWHU 9DOXH 5HODWLYH�UHFRUG�
� $���� $��� $S��� $¶Y��� $QR��� $���� $��� $S��� $¶Y��� $QR��� %���� %�� %S��� %¶Y��� %QR��« « «� «� «� «�
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SURFHVVLQJ��������)XGDQ�8QLYHUVLW\�3UHVV��SS��
������������

>��@� ;LDRSLQJ�4LX��/LQ�0LQ��+DLPLQJ�/L��<DQJ�;X��
&ODVVLFDO�ORJLF�IRUPXOD�FRPSXWLQJ�EDVHG�RQ�
G\QDPLF�QHXUDO�QHWZRUNV��-RXUQDO�RI�:XKDQ�
8QLYHUVLW\�RI�7HFKQRORJ\���������������SS�����
����LQ�&KLQHVH���

>��@� 4LX�;LDRSLQJ��-LDFKHQJ�=KHQJ��<RQJFKXDQ�7DQJ��
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