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0RGHOLFD��
/DQJXDJH��/LEUDULHV��7RROV��:RUNVKRS�DQG�(8�3URMHFW

E\

0DUWLQ�2WWHU�DQG�+LOGLQJ�(OPTYLVW

'/5�2EHUSIDIIHQKRIHQ��*HUPDQ\�DQG�'\QDVLP�$%��/XQG��6ZHGHQ

0RGHOLFD�LV�D�QHZ�ODQJXDJH�IRU�FRQYHQLHQW�PRGHOLQJ�RI�SK\VLFDO�V\VWHPV��,Q�WKLV�DUWLFOH�DQ�RYHUYLHZ
DERXW� WKH� ODQJXDJH� IHDWXUHV� LV� JLYHQ�� WKH� RUJDQLVDWLRQ� EHKLQG� WKH� ODQJXDJH� GHYHORSPHQW�� DYDLODEOH
0RGHOLFD�OLEUDULHV�DQG�0RGHOLFD�VLPXODWLRQ�HQYLURQPHQWV��WKH�UHFHQW��ILUVW�ZRUNVKRS�DERXW�0RGHOLFD
DQG� WKH� (8�3URMHFW� 5HDO6LP� WR� HQKDQFH� KDUGZDUH�LQ�WKH�ORRS� VLPXODWLRQ� DQG� GHVLJQ� RSWLPL]DWLRQ
WHFKQLTXHV�RQ�WKH�EDVLV�RI�0RGHOLFD�

���0RGHOLFD���$Q�2YHUYLHZ

0RGHOLFD� LV� D� IUHHO\� DYDLODEOH�� REMHFW�RULHQWHG� ODQJXDJH� IRU� PRGHOLQJ� RI� ODUJH�� FRPSOH[�� DQG
KHWHURJHQHRXV� SK\VLFDO� V\VWHPV�� ,W� LV� VXLWHG� IRU� PXOWL�GRPDLQ� PRGHOLQJ�� IRU� H[DPSOH�� PHFKDWURQLF
PRGHOV�LQ�URERWLFV��DXWRPRWLYH�DQG�DHURVSDFH�DSSOLFDWLRQV�LQYROYLQJ�PHFKDQLFDO��HOHFWULFDO��K\GUDXOLF
DQG� FRQWURO� VXEV\VWHPV�� SURFHVV� RULHQWHG� DSSOLFDWLRQV� DQG� JHQHUDWLRQ� DQG� GLVWULEXWLRQ� RI� HOHFWULF
SRZHU��0RGHOLFD�LV�GHVLJQHG�VXFK�WKDW�LW�FDQ�EH�XWLOL]HG�LQ�D�VLPLOLDU�ZD\�DV�DQ�HQJLQHHU�EXLOGV�D�UHDO
V\VWHP��)LUVW�WU\LQJ�WR�ILQG�VWDQGDUG�FRPSRQHQWV�OLNH�PRWRUV��SXPSV�DQG�YDOYHV�IURP�PDQXIDFWXUHUV

FDWDORJXHV�ZLWK�DSSURSULDWH�VSHFLILFDWLRQV�DQG�LQWHUIDFHV�DQG�RQO\�LI�WKHUH�GRHV�QRW�H[LVW�D�SDUWLFXODU
VXEV\VWHP��D�FRPSRQHQW�PRGHO�ZRXOG�EH�QHZO\�FRQVWUXFWHG�EDVHG�RQ�VWDQGDUGL]HG�LQWHUIDFHV�

0RGHOV� LQ�0RGHOLFD� DUH�PDWKHPDWLFDOO\� GHVFULEHG� E\�GLIIHUHQWLDO�� DOJHEUDLF� DQG�GLVFUHWH� HTXDWLRQV�
1R�SDUWLFXODU�YDULDEOH�QHHGV�WR�EH�VROYHG�IRU�PDQXDOO\��$�0RGHOLFD�WRRO�ZLOO�KDYH�HQRXJK�LQIRUPDWLRQ
WR�GHFLGH�WKDW�DXWRPDWLFDOO\��0RGHOLFD�LV�GHVLJQHG�VXFK�WKDW�DYDLODEOH��VSHFLDOL]HG�DOJRULWKPV�FDQ�EH
XWLOL]HG� WR� HQDEOH� HIILFLHQW�KDQGOLQJ�RI� ODUJH�PRGHOV�KDYLQJ�PRUH� WKDQ�KXQGUHG� WKRXVDQG� HTXDWLRQV�
0RGHOLFD�LV�VXLWHG��DQG�XVHG��IRU�KDUGZDUH�LQ�WKH�ORRS�VLPXODWLRQV�DQG�IRU�HPEHGGHG�FRQWURO�V\VWHPV�

5HXVH� LV� D� NH\� LVVXH� IRU� KDQGOLQJ� FRPSOH[LW\�� 7KHUH� KDYH� EHHQ� VHYHUDO� DWWHPSWV� WR� GHILQH� REMHFW�
RULHQWHG�ODQJXDJHV�IRU�SK\VLFDO�PRGHOLQJ��+RZHYHU��WKH�DELOLW\�WR�UHXVH�DQG�H[FKDQJH�PRGHOV�UHOLHV�RQ
D� VWDQGDUGL]HG� IRUPDW�� ,W� ZDV� WKXV� LPSRUWDQW� WR� EULQJ� WKLV� H[SHUWLVH� WRJHWKHU� WR� XQLI\� FRQFHSWV� DQG
QRWDWLRQV�� 7KH�0RGHOLFD� GHVLJQ� HIIRUW� ZDV� LQLWLDWHG� E\� +LOGLQJ� (OPTYLVW� DQG� VWDUWHG� LQ� 6HSWHPEHU
�����ZLWKLQ�DQ�DFWLRQ�RI�WKH�(635,7�SURMHFW��6LPXODWLRQ�LQ�(XURSH�%DVLF�5HVHDUFK�:RUNLQJ�*URXS
�6L(�:*���� 7KH� ODQJXDJH� KDV� EHHQ� GHVLJQHG� E\� WKH� GHYHORSHUV� RI� WKH� REMHFW�RULHQWHG� PRGHOLQJ
ODQJXDJHV�$OODQ��'\PROD��10)��2EMHFW0DWK��2PROD�� 6,'236��� 6PLOH� XQG� D� QXPEHU� RI�PRGHOLQJ
SUDFWLWLRQHUV�LQ�GLIIHUHQW�GRPDLQV��$IWHU����WKUHH�GD\�PHHWLQJV��GXULQJ�D���\HDU�SHULRG��YHUVLRQ�����RI
WKH�ODQJXDJH�VSHFLILFDWLRQ�ZDV�ILQLVKHG�LQ�'HFHPEHU�������7KLV�LV�WKH�YHUVLRQ�FXUUHQWO\�XVHG�LQ�DFWXDO
DSSOLFDWLRQV�� ,Q�'HFHPEHU�������DQ�XSGDWH�RI� WKH� ODQJXDJH��YHUVLRQ������ZLOO�EH�SXEOLVKHG��'HWDLOHG
LQIRUPDWLRQ�DERXW�0RGHOLFD�FDQ�EH�GRZQORDGHG�IURP�

0RGHOLFD�+RPHSDJH� KWWS���ZZZ�0RGHOLFD�RUJ�

0RGHOLFD�7XWRULDO� KWWS���ZZZ�0RGHOLFD�RUJ�FXUUHQW�0RGHOLFD5DWLRQDOH��QRUHY�SGI

0RGHOLFD�6SHFLILFDWLRQ� KWWS���ZZZ�0RGHOLFD�RUJ�FXUUHQW�0RGHOLFD6SHF��QRUHY�SGI

0RGHOLFD�/LEUDULHV� KWWS���ZZZ�0RGHOLFD�RUJ�OLEUDU\�OLEUDU\�KWPO

,Q� )HEUXDU\� ������ D� QRQ�SURILW�� QRQ�JRYHUQPHQWDO� RUJDQL]DWLRQ� ZDV� IRXQGHG� IRU� WKH� IXUWKHU
GHYHORSPHQW��SURPRWLRQ�DQG�DSSOLFDWLRQ�RI� WKH�0RGHOLFD� ODQJXDJH��7KH�QDPH�RI� WKH�RUJDQLVDWLRQ� LV
�0RGHOLFD� $VVRFLDWLRQ��� 7KH� DVVRFLDWLRQ� KDV� LWV� VHDW� LQ� /LQN|SLQJ�� 6ZHGHQ� DQG� RZQV� DQG
DGPLQLVWUDWHV�LQFRUSRUHDO�ULJKWV�UHODWHG�WR�0RGHOLFD��LQFOXGLQJ�EXW�QRW�OLPLWHG�WR�WUDGHPDUNV��VXFK�DV
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WKH�0RGHOLFD� WUDGHPDUN��� WKH�0RGHOLFD� /DQJXDJH� 6SHFLILFDWLRQ��0RGHOLFD� 6WDQGDUG� /LEUDULHV�� HWF��
ZKLFK� VKRXOG� EH� IUHHO\� DYDLODEOH� IRU� WKH� SURPRWLRQ� RI� LQGXVWULDO� GHYHORSPHQW� DQG� UHVHDUFK�
0HPEHUVKLS�LQ�WKH�DVVRFLDWLRQ�LV�RSHQ�WR�LQGLYLGXDO�SHUVRQV�DQG�WR�RUJDQL]DWLRQV�7KH�FXUUHQW�ERDUG�RI
WKH�0RGHOLFD�$VVRFLDWLRQ�FRQVLVWV�RI�WKH�IROORZLQJ�SHUVRQV�

&KDLUPDQ� 0DUWLQ�2WWHU��'/5�2EHUSIDIIHQKRIHQ��*HUPDQ\
9LFH�&KDLUPDQ� 3HWHU�)ULW]VRQ��/LQN|SLQJ�8QLYHUVLW\��6ZHGHQ
6HFUHWDU\� +LOGLQJ�(OPTYLVW��'\QDVLP�$%��/XQG��6ZHGHQ��IRUPHU�&KDLUPDQ�
7UHDVXUHU 0LFKDHO�7LOOHU��)RUG�0RWRU�&RPSDQ\��'HDUERUQ��8�6�$�

���)HDWXUHV�RI�WKH�0RGHOLFD�/DQJXDJH

0RGHOLFD�VXSSRUWV�ERWK�KLJK�OHYHO�PRGHOLQJ�E\�FRPSRVLWLRQ�DQG�GHWDLOHG�OLEUDU\�FRPSRQHQW�PRGHOLQJ
E\� HTXDWLRQV�� 0RGHOV� RI� VWDQGDUG� FRPSRQHQWV� DUH� W\SLFDOO\� DYDLODEOH� LQ� PRGHO� OLEUDULHV�� 8VLQJ� D
JUDSKLFDO�PRGHO� HGLWRU�� D�PRGHO� FDQ� EH� GHILQHG� E\� GUDZLQJ� D� FRPSRVLWLRQ� GLDJUDP� E\� SRVLWLRQLQJ
LFRQV�WKDW�UHSUHVHQW�WKH�PRGHOV�RI�WKH�FRPSRQHQWV��GUDZLQJ�FRQQHFWLRQV�DQG�JLYLQJ�SDUDPHWHU�YDOXHV
LQ� GLDORJXH� ER[HV�� &RQVWUXFWV� IRU� LQFOXGLQJ� JUDSKLFDO� DQQRWDWLRQV� LQ� 0RGHOLFD� PDNH� LFRQV� DQG
FRPSRVLWLRQ� GLDJUDPV� SRUWDEOH� EHWZHHQ� GLIIHUHQW� WRROV�� 7\SLFDO� FRPSRVLWLRQ� GLDJUDPV� LQ� GLIIHUHQW
GRPDLQV�DUH�VKRZQ�LQ�WKH�ILJXUH�EHORZ�

$Q�H[DPSOH�RI�D�FRPSRVLWLRQ�GLDJUDP�RI�D�VLPSOH�PRWRU�GULYH�V\VWHP�LV�VKRZQ�LQ�WKH�ILJXUH�EHORZ�

7KH�V\VWHP�FDQ�EH�EURNHQ�XS� LQWR�D�VHW�RI�FRQQHFWHG�FRPSRQHQWV��DQ�HOHFWULFDO�PRWRU��D�JHDUER[��D
ORDG�DQG�D�FRQWURO�V\VWHP��7KH�WH[WXDO�UHSUHVHQWDWLRQ�RI�WKLV�0RGHOLFD�PRGHO�LV��JUDSKLFDO�DQQRWDWLRQV
DUH�QRW�VKRZQ��
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PRGHO�0RWRU'ULYH
��3,'��������FRQWUROOHU�
��0RWRU������PRWRU�
��*HDUER[����JHDU����Q �����
��,QHUWLD����LQHUWLD�- ����
HTXDWLRQ
��FRQQHFW�FRQWUROOHU�RXW3RUW��PRWRU�LQ3RUW��
��FRQQHFW�FRQWUROOHU�LQ3RUW���PRWRU�RXW3RUW��
��FRQQHFW�JHDU�IODQJHBD�������PRWRU�IODQJHBE��
��FRQQHFW�JHDU�IODQJHBE�������LQHUWLD�IODQJHBD��
HQG�0RWRU'ULYH�

,W� LV� D� FRPSRVLWH� PRGHO� ZKLFK� VSHFLILHV� WKH� WRSRORJ\� RI� WKH� V\VWHP� WR� EH� PRGHOHG� LQ� WHUPV� RI
FRPSRQHQWV�DQG�FRQQHFWLRQV�EHWZHHQ�WKH�FRPSRQHQWV��7KH�VWDWHPHQW��*HDUER[�JHDU�Q �����


GHFODUHV�D�FRPSRQHQW�JHDU�RI�PRGHO�FODVV�*HDUER[�DQG�VHWV�WKH�YDOXH�RI�WKH�JHDU�UDWLR��Q��WR�����
$�FRPSRQHQW�PRGHO�PD\�EH� D� FRPSRVLWH�PRGHO� WR� VXSSRUW� KLHUDUFKLFDO�PRGHOLQJ��7KH� FRPSRVLWLRQ
GLDJUDP�RI�WKH�PRGHO�FODVV�0RWRU�LV�VKRZQ�LQ�WKH�QH[W�ILJXUH�

7KH�PHDQLQJ� RI� FRQQHFWLRQV�ZLOO� EH� GLVFXVVHG� EHORZ� DV�ZHOO� DV� WKH� GHVFULSWLRQ� RI� EHKDYLRU� RQ� WKH
ORZHVW�OHYHO�XVLQJ�PDWKHPDWLFDO�HTXDWLRQV�

3K\VLFDO�PRGHOLQJ�GHDOV�ZLWK�WKH�VSHFLILFDWLRQ�RI�UHODWLRQV�EHWZHHQ�SK\VLFDO�TXDQWLWLHV��)RU�WKH�GULYH
V\VWHP��TXDQWLWLHV�VXFK�DV�DQJOH�DQG�WRUTXH�DUH�RI�LQWHUHVW��7KHLU�W\SHV�DUH�GHFODUHG�LQ�0RGHOLFD�DV

W\SH�$QJOH�� �5HDO�TXDQWLW\ �$QJOH����XQLW �UDG���GLVSOD\8QLW �GHJ���
W\SH�7RUTXH� �5HDO�TXDQWLW\ �7RUTXH���XQLW �1�P���

ZKHUH�5HDO� LV� D� SUHGHILQHG� W\SH�� ZKLFK� KDV� D� VHW� RI� DWWULEXWHV� VXFK� DV� QDPH� RI� TXDQWLW\�� XQLW� RI
PHDVXUH�� GHIDXOW� GLVSOD\� XQLW� IRU� LQSXW� DQG� RXWSXW��PLQLPXP��PD[LPXP�� QRPLQDO� DQG� LQLWLDO� YDOXH�
7KH�0RGHOLFD�6WDQGDUG�/LEUDU\��ZKLFK� LV� DQ� LQWULQVLF�SDUW� RI�0RGHOLFD�� LQFOXGHV� DERXW� ���� RI� VXFK
W\SH�GHILQLWLRQV�EDVHG�RQ�,62���������

&RQQHFWLRQV� VSHFLI\� LQWHUDFWLRQV� EHWZHHQ� FRPSRQHQWV� DQG� DUH� UHSUHVHQWHG� JUDSKLFDOO\� DV� OLQHV
EHWZHHQ� FRQQHFWRUV�� $� FRQQHFWRU� VKRXOG� FRQWDLQ� DOO� TXDQWLWLHV� QHHGHG� WR� GHVFULEH� WKH� LQWHUDFWLRQ�
9ROWDJH�DQG�FXUUHQW�DUH�QHHGHG�IRU�HOHFWULFDO�FRPSRQHQWV��$QJOH�DQG�WRUTXH�DUH�QHHGHG�IRU�GULYH�WUDLQ
HOHPHQWV�

FRQQHFWRU�3LQ������������FRQQHFWRU�)ODQJH
���9ROWDJH������Y�����������$QJOH�������SKL�
���IORZ�&XUUHQW�L�����������IORZ�7RUTXH�WDX�
HQG�3LQ������������������HQG�)ODQJH�

$�FRQQHFWLRQ��FRQQHFW�3LQ���3LQ����ZLWK�3LQ��DQG�3LQ��RI�FRQQHFWRU�FODVV�3LQ��FRQQHFWV
WKH� WZR�SLQV� VXFK� WKDW� WKH\� IRUP�RQH�QRGH��7KLV� LPSOLHV� WZR�HTXDWLRQV��3LQ��Y� �3LQ��Y� DQG
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3LQ��L� �� 3LQ��L�  � ��� 7KH� ILUVW� HTXDWLRQ� LQGLFDWHV� WKDW� WKH� YROWDJHV� RQ� ERWK� EUDQFKHV
FRQQHFWHG�WRJHWKHU�DUH�WKH�VDPH��DQG�WKH�VHFRQG�FRUUHVSRQGV�WR�.LUFKKRII
V�FXUUHQW�ODZ�VD\LQJ�WKDW�WKH
FXUUHQW�VXPV�WR�]HUR�DW�D�QRGH��6LPLODU�ODZV�DSSO\�WR�PDVV�IORZ�UDWHV�LQ�SLSLQJ�QHWZRUNV�DQG�WR�IRUFHV
DQG�WRUTXHV�LQ�PHFKDQLFDO�V\VWHPV��7KH�VXP�WR�]HUR�HTXDWLRQV�DUH�JHQHUDWHG�ZKHQ�WKH�SUHIL[�IORZ�LV
XVHG�LQ�WKH�FRQQHFWRU�GHFODUDWLRQV��7KH�0RGHOLFD�6WDQGDUG�/LEUDU\�LQFOXGHV�DOVR�FRQQHFWRU�GHILQLWLRQV�

$Q�LPSRUWDQW�IHDWXUH�LQ�RUGHU�WR�EXLOG�UHXVDEOH�GHVFULSWLRQV�LV�WR�GHILQH�DQG�UHXVH�SDUWLDO�PRGHOV�
$�FRPPRQ�SURSHUW\�RI�PDQ\�HOHFWULFDO�FRPSRQHQWV�LV�WKDW�WKH\�KDYH� WZR�SLQV��7KLV�PHDQV� WKDW�LW� LV
XVHIXO�WR�GHILQH�DQ�LQWHUIDFH�PRGHO�FODVV�2QH3RUW��WKDW�KDV�WZR�SLQV��S�DQG�Q��DQG�D�TXDQWLW\��Y��WKDW
GHILQHV�WKH�YROWDJH�GURS�DFURVV�WKH�FRPSRQHQW�

SDUWLDO�PRGHO�2QH3RUW
���3LQ�����S��Q�
���9ROWDJH�Y�
HTXDWLRQ
���Y� �S�Y���Q�Y�
����� �S�L���Q�L�
HQG�2QH3RUW�

7KH� HTXDWLRQV� GHILQH� FRPPRQ� UHODWLRQV� EHWZHHQ� TXDQWLWLHV� RI� D� VLPSOH� HOHFWULFDO� FRPSRQHQW�� 7KH
NH\ZRUG�SDUWLDO� LQGLFDWHV� WKDW� WKH�PRGHO� LV� LQFRPSOHWH� DQG� FDQQRW� EH� LQVWDQWLDWHG�� 7R� EH� XVHIXO�� D
FRQVWLWXWLYH�HTXDWLRQ�PXVW�EH�DGGHG��$�PRGHO�IRU�D�UHVLVWRU�H[WHQGV�2QH3RUW�E\�DGGLQJ�D�SDUDPHWHU
IRU�WKH�UHVLVWDQFH�DQG�2KP
V�ODZ�WR�GHILQH�WKH�EHKDYLRU�

PRGHO�5HVLVWRU��,GHDO�UHVLVWRU�
���H[WHQGV�2QH3RUW�
���SDUDPHWHU�5HVLVWDQFH�5�
HTXDWLRQ
�����5
S�L� �Y�
HQG�5HVLVWRU�

$�VWULQJ�EHWZHHQ�WKH�QDPH�RI�D�FODVV�DQG�LWV�ERG\�LV�WUHDWHG�DV�D�FRPPHQW�DWWULEXWH��7RROV�PD\�GLVSOD\
WKLV� GRFXPHQWDWLRQ� LQ� VSHFLDO� ZD\V�� 7KH� NH\ZRUG� SDUDPHWHU� VSHFLILHV� WKDW� WKH� TXDQWLW\� LV� FRQVWDQW
GXULQJ�D�VLPXODWLRQ�H[SHULPHQW��EXW�FDQ�FKDQJH�YDOXHV�EHWZHHQ�H[SHULPHQWV�

7KH� PRVW� EDVLF� 0RGHOLFD� ODQJXDJH� HOHPHQWV� KDYH� EHHQ� SUHVHQWHG�� 0RGHOLFD� DGGLWLRQDOO\� VXSSRUWV
DUUD\V��XWLOL]LQJ�D�0DWODE� OLNH� V\QWD[��7KH�HOHPHQWV�RI� DUUD\V�PD\�EH�RI� WKH�EDVLF�GDWD� W\SHV� �5HDO�
,QWHJHU��%RROHDQ��6WULQJ��RU�LQ�JHQHUDO�FRPSRQHQW�PRGHOV��7KLV�DOORZV�FRQYHQLHQW�GHVULSWLRQ�RI�VLPSOH
GLVFUHWL]HG� SDUWLDO� GLIIHUHQWLDO� HTXDWLRQV�� $� XQLTXH� IHDWXUH� RI� 0RGHOLFD� LV� WKH� KDQGOLQJ� RI
GLVFRQWLQXRXV�DQG�YDULDEOH� VWUXFWXUH�FRPSRQHQWV� VXFK�DV� UHOD\V�� VZLWFKHV��EHDULQJ� IULFWLRQ�� FOXWFKHV�
EUDNHV�� LPSDFW�� VDPSOHG� GDWD� V\VWHPV�� DXWRPDWLF� JHDUER[HV� HWF�� 0RGHOLFD� KDV� LQWURGXFHG� VSHFLDO
ODQJXDJH� FRQVWUXFWV� DOORZLQJ� D� VLPXODWRU� WR� LQWURGXFH� HIILFLHQW� KDQGOLQJ� RI� HYHQWV� QHHGHG� LQ� VXFK
FDVHV�� 6SHFLDO� GHVLJQ� HPSKDVLV� ZDV� JLYHQ� WR� V\QFKURQL]DWLRQ� DQG� SURSDJDWLRQ� RI� HYHQWV� DQG� WKH
SRVVLELOLW\�WR�ILQG�FRQVLVWHQW�UHVWDUWLQJ�FRQGLWLRQV��)LQDOO\��D�SRZHUIXO�SDFNDJH�FRQFHSW�LV�DYDLODEOH�WR
VWUXFWXUH� ODUJH� PRGHO� OLEUDULHV� DQG� WR� ILQG� D� FRPSRQHQW� LQ� D� ILOH� V\VWHP� JLYLQJ� LWV� KLHUDUFKLFDO
0RGHOLFD�FODVV�QDPH�

���0RGHOLFD�/LEUDULHV
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,Q� RUGHU� WKDW� 0RGHOLFD� LV� XVHIXO� IRU� PRGHO� H[FKDQJH�� LW� LV� LPSRUWDQW� WKDW� OLEUDULHV� RI� WKH� PRVW
FRPPRQO\�XVHG�FRPSRQHQWV�DUH�DYDLODEOH�� UHDG\� WR�XVH��DQG�VKDUDEOH�EHWZHHQ�DSSOLFDWLRQV��)RU� WKLV
UHDVRQ�� WKH� 0RGHOLFD� $VVRFLDWLRQ� GHYHORSV� DQG� PDLQWDLQV� D� JURZLQJ�0RGHOLFD� 6WDQGDUG� /LEUDU\�
)XUWKHUPRUH��RWKHU�SHRSOH�DQG�RUJDQL]DWLRQV�DUH�GHYHORSLQJ�IUHH�DQG�FRPPHUFLDO�0RGHOLFD� OLEUDULHV�
)RU�PRUH�LQIRUPDWLRQ�DQG�HVSHFLDOO\�IRU�GRZQORDGLQJ�WKH�IUHH�OLEUDULHV��VHH
KWWS���ZZZ�0RGHOLFD�RUJ�OLEUDU\�OLEUDU\�KWPO�� &XUUHQWO\�� FRPSRQHQW� OLEUDULHV� DUH� DYDLODEOH� LQ� WKH
IROORZLQJ�GRPDLQV�

�� $ERXW�����W\SH�GHILQLWLRQV��VXFK�DV�$QJOH��9ROWDJH��,QHUWLD�
�� 0DWKHPDWLFDO�IXQFWLRQV�VXFK�DV�VLQ��FRV��OQ
�� &RQWLQXRXV�DQG�GLVFUHWH�LQSXW�RXWSXW�EORFNV��VXFK�DV�WUDQVIHU�IXQFWLRQV��ILOWHUV��VRXUFHV�
�� (OHFWULF�DQG�HOHFWURQLF�FRPSRQHQWV�VXFK�DV�UHVLVWRU��GLRGH��026�DQG�%-7�WUDQVLVWRU�
�� ��GLP��WUDQVODWLRQDO�FRPSRQHQWV�VXFK�DV�PDVV��VSULQJ��VWRS�
�� ��GLP��URWDWLRQDO�FRPSRQHQWV�VXFK�DV�LQHUWLD��JHDUER[��SODQHWDU\�JHDU��EHDULQJ�IULFWLRQ��FOXWFK�
�� ��GLP��PHFKDQLFDO�FRPSRQHQWV�VXFK�DV�MRLQWV��ERGLHV�DQG���GLP��VSULQJV�
�� +\GUDXOLF�FRPSRQHQWV��VXFK�DV�SXPSV��F\OLQGHUV��YDOYHV�
�� 7KHUPR�IOXLG�IORZ�FRPSRQHQWV��VXFK�DV�SLSHV�ZLWK�PXOWL�SKDVH�IORZ��KHDW�H[FKDQJHUV�
�� ��GLP��WKHUPDO�FRPSRQHQWV��VXFK�DV�KHDW�UHVLVWDQFH�DQG�KHDW�FDSDFLWDQFH�
�� 3RZHU�V\VWHP�FRPSRQHQWV�VXFK�DV�JHQHUDWRUV�DQG�OLQHV�
�� 3RZHU�WUDLQ�FRPSRQHQWV�VXFK�DV�GULYHU��HQJLQH��WRUTXH�FRQYHUWHU��DXWRPDWLF�JHDUER[HV�

&RPSRQHQW� OLEUDULHV� DUH� UHDOL]HG� E\� VSHFLDOLVWV� LQ� WKH� UHVSHFWLYH� DUHD�� WDNLQJ� DGYDQWDJH� RI� WKH� QHZ
IHDWXUHV� RI� 0RGHOLFD�� 7KH� 0RGHOLFD� $VVRFLDWLRQ� LV� YHU\� LQWHUHVWHG� LQ� WKH� GHYHORSPHQW� RI� IXUWKHU
OLEUDULHV��,I�\RX�ZRXOG�OLNH�WR�FRQWULEXWH��SOHDVH�FRQWDFW�0DUWLQ�2WWHU��0DUWLQ�2WWHU#GOU�GH��

���0RGHOLFD�6LPXODWLRQ�(QYLURQPHQWV

,Q�RUGHU�WKDW�WKH�0RGHOLFD�ODQJXDJH�DQG�WKH�0RGHOLFD�OLEDULHV�FDQ�EH�XWLOL]HG��D�0RGHOLFD�WUDQVODWRU�LV
QHHGHG� ZKLFK� WUDQVIRUPV� D� 0RGHOLFD� PRGHO� LQWR� D� IRUP� ZKLFK� FDQ� EH� HIILFLHQWO\� VLPXODWHG� LQ� DQ
DSSURSULDWH�VLPXODWLRQ�HQYLURQPHQW��7KH�0RGHOLFD�ODQJXDJH�LWVHOI�LV�D�UHODWLYHO\�VPDOO�ODQJXDJH�VLQFH
WKHUH� LV� RQO\� RQH� EDVLF� VWUXFWXULQJ� XQLW�� D� FODVV�� DQG� DOO� RWKHU� VWUXFWXULQJ� XQLWV�� VXFK� DV� PRGHO�
FRQQHFWRU�� IXQFWLRQ��SDFNDJH�� UHFRUG� DUH� MXVW� VSHFLDOL]DWLRQV�RI� LW��7KHUHIRUH�� LW� LV� VWUDLJKWIRUZDUG� WR
GHYHORS�ZLWK�UHDVRQDEOH�HIIRUW�DQ�DSSURSULDWH�0RGHOLFD�WUDQVODWRU�ZKLFK�UHDGV�D�0RGHOLFD�PRGHO�DQG
WUDQVIRUPV�LW�LQWR�D�VHW�RI�GLIIHUHQWLDO��DOJHEUDLF�DQG�GLVFUHWH�HTXDWLRQV��$�IUHH�0RGHOLFD�SDUVHU�ZKLFK
UHDGV�D�0RGHOLFD�PRGHO�DQG�FRQVWUXFWV�DQ�DEVWUDFW�V\QWD[�WUHH�LV�DYDLODEOH�DW�
KWWS���ZZZ�0RGHOLFD�RUJ�WRROV�SDUVHU�3DUVHU�VKWPO�

+RZHYHU��VROYLQJ�WKLV�LQLWLDO�VHW�RI�HTXDWLRQV�GLUHFWO\�ZLWK�D�QXPHULFDO�PHWKRG�LV�ERWK�XQUHOLDEOH�DQG
YHU\�XQHIILFLHQW��2QH� UHDVRQ� LV� WKDW�PDQ\�0RGHOLFD�PRGHOV�� OLNH� WKH�PHFKDQLFDO�RQHV�� KDYH� D�'$(
LQGH[�RI���RU����L�H���WKH�RYHUDOO�QXPEHU�RI�VWDWHV�RI�WKH�PRGHO�LV�OHVV�WKDQ�WKH�VXP�RI�WKH�VWDWHV�RI�WKH
VXE�FRPSRQHQWV��,Q�VXFK�D�FDVH��HYHU\�GLUHFW�QXPHULFDO�PHWKRG�KDV�WKH�GLIILFXOW\� WKDW� WKH�QXPHULFDO
FRQGLWLRQ�EHFRPHV�ZRUVH��LI�WKH�LQWHJUDWRU�VWHS�VL]H�LV�UHGXFHG�DQG�WKDW�D�VWHS�VL]H�RI�]HUR�OHDGV�WR�D
VLQJXODULW\��$QRWKHU�SUREOHP�LV�WKH�KDQGOLQJ�RI�LGHDOL]HG�HOHPHQWV��VXFK�DV�LGHDO�GLRGHV�RU�&RXORPE
IULFWLRQ��7KHVH�HOHPHQWV�OHDG�WR�PL[HG�V\VWHPV�RI�HTXDWLRQV�KDYLQJ�ERWK�5HDO�DQG�%RROHDQ�XQNQRZQV�
6SHFLDOL]HG�DOJRULWKPV�DUH�QHHGHG�WR�VROYH�VXFK�V\VWHPV�UHOLDEO\�

0RGHOLFD�ZDV�GHVLJQHG�VXFK�WKDW�V\PEROLF�WUDQVIRUPDWLRQ�DOJRULWKPV�FDQ��DQG�KDYH�WR��EH�DSSOLHG�WR
WUDQVIRUP�WKH�RULJLQDO�VHW�RI�HTXDWLRQV�LQWR�D�IRUP�ZKLFK�FDQ�EH�LQWHJUDWHG�ZLWK�VWDQGDUG�PHWKRGV��)RU
H[DPSOH��WKH�DOJRULWKP�RI�3DQWHOLGHV�KDV�WR�EH�DSSOLHG�WR�GLIIHUHQWLDWH�FHUWDLQ�SDUWV�RI�WKH�HTXDWLRQV�LQ
RUGHU�WR�UHGXFH�WKH�LQGH[��5HDOL]DWLRQ�RI�VXFK�WUDQVIRUPDWLRQ�DOJRULWKPV�LV�GLIILFXOW�DQG�UHTXLUHV�D�ORW
RI� NQRZOHGJH� DQG� LPSOHPHQWDWLRQ� ZRUN�� )RU� WKLV� UHDVRQ�� FXUUHQWO\� QR� IUHH� 0RGHOLFD� VLPXODWLRQ
HQYLURQPHQW�LV�DYDLODEOH�



�

+RZHYHU��VLQFH�-XQH�������QHDUO\�WKH�FRPSOHWH�0RGHOLFD�ODQJXDJH�LV�VXSSRUWHG�E\�WKH�PRGHOLQJ�DQG
VLPXODWLRQ� HQYLURQPHQW�'\PROD��'\PROD�� FRPPHUFLDOO\� DYDLODEOH� VLQFH� ������ KDV� QRZ� D�0RGHOLFD
WUDQVODWRU�ZKLFK� LV�DEOH� WR�SHUIRUP�DOO� QHFHVVDU\� V\PEROLF� WUDQVIRUPDWLRQV� IRU� ODUJH� V\VWHPV� �!����
����HTXDWLRQV���&XUUHQWO\��DOO�0RGHOLFD�DSSOLFDWLRQV�DUH�PRGHOHG�DQG�VLPXODWHG�ZLWK�WKLV�HQYLURQPHQW�
$OO�WKH�ILJXUHV�DERYH�DUH�VFUHHQVKRWV�RI�'\PRODV�FRPSRVLWLRQ�GLDJUDP�HGLWRU��$�GHPR�YHUVLRQ�FDQ�EH
GRZQORDGHG�IURP�KWWS���ZZZ�'\QDVLP�VH��)RU�WKH�FRQWURO�FRPPXQLW\�LW�LV�LPSRUWDQW��WKDW�'\PROD�FDQ
JHQHUDWH�6LPXOLQN�6�)XQFWLRQV�RI�D�0RGHOLFD�PRGHO�LQ�&0(;�IRUPDW��7KLV�DOORZV�WR�PRGHO�D�SODQW
YHU\� FRQYHQLHQWO\� ZLWK�0RGHOLFD� �ZKLFK� LV� WHGLRXV� RU� LPSRVVLEOH� LQ� 6LPXOLQN� IRU� ODUJHU� V\VWHPV��
XWLOL]H�LW�DV�RQH�LQSXW�RXWSXW�EORFN�LQ�6,08/,1.��UHDOL]H�FRQWUROOHUV�DQG�ILOWHUV�LQ�6LPXOLQN�DQG�XWLOL]H
DOO�WKH�DQDO\VLV�DQG�GHVLJQ�FDSDELOLWLHV�RI�0DWODE�6LPXOLQN�

���0RGHOLFD�:RUNVKRS
����

2Q� 2FW�� ��� �� ���� ������ WKH� 0RGHOLFD� $VVRFLDWLRQ� RUJDQL]HG�� D� ZRUNVKRS� DW� /XQG� 8QLYHUVLW\�
'HSDUWPHQW�RI�$XWRPDWLF�&RQWURO��/XQG��6ZHGHQ��WR�EULQJ�WRJHWKHU�0RGHOLFD�HQG�XVHUV�ZLWK�0RGHOLFD
ODQJXDJH�GHVLJQHUV��0RGHOLFD��WRRO�YHQGRUV�DQG�0RGHOLFD�OLEUDU\�GHYHORSHUV��)XUWKHUPRUH��D�'\PROD
XVHU
V�JURXS�PHHWLQJ�WRRN�SODFH��7KH�RUJDQL]HUV�ZHUH�YHU\�SOHDVHG�WR�ZHOFRPH����SDUWLFLSDQWV��PRUH
WKDQ�WZLFH�WKH�H[SHFWHG�QXPEHU�

$� �� KRXU� WXWRULDO� RQ� 0RGHOLFD� ZDV� RUJDQL]HG� IRU� ��� SDULFLSDQWV�� 7ZR� URRPV� ZLWK� ��� 3&V� ZHUH
DYDLODEOH�� VR� WKDW� ���� SDUWLFLSDQWV� FRXOG� VROYH� YDULRXV� PRGHOLQJ� WDVNV� �IRU� EHJLQQHUV� DQG� IRU
H[SHULHQFHG�XVHUV��DW�RQH�3&��7KH�WLPH�RI�RQH�KRXU�IRU�WKH��KDQGV�RQ�H[FHUVLVHV��ZDV�D�OLWWOH�ELW�VKRUW�
EXW�WKH�SDUWLFLSDQWV�HQMR\HG�WR�VROYH�HYHQ�TXLWH�HQYROYHG�PRGHOLQJ�WDVNV�VXFK�DV�PRGHOLQJ�RI�D���VKLIW
DXWRPDWLF�JHDUER[�

0RVW� RI� WKH� DERXW� ��� SUHVHQWDWLRQV� KDG� D� KLJK� TXDOLW\� DQG� DQ� LPSUHVVLYH� EUHDGWK� LQ� WKH� ILHOG� RI
PRGHOLQJ� ZLWK� 0RGHOLFD� ZDV� SUHVHQWHG�� VXFK� DV� PRGHOLQJ� RI� HOHFWURQLF� V\VWHPV�� HOHFWULFDO� SRZHU
V\VWHPV�� HOHFWULFDO� PRWRUV�� K\GUDXOLF� V\VWHPV�� WKHUPR�K\GUDXOLF� V\VWHPV�� YHKLFOH� SRZHU� WUDLQV�� IXHO
FHOO� SRZHUHG� GULYH� WUDLQV�� DQG� ��GLP�� YHKLFOH� PHFKDQLFV�� 1HZ� WRROV� KDYH� EHHQ� SUHVHQWHG�� VXFK� DV
0DWK0RGHOLFD�DQG�DQ�RXWORRN�RQ�IXWXUH�GHYHORSPHQWV�KDYH�EHHQ�JLYHQ��VXFK�DV�PRGHOLQJ�RI�SDUWLDO
GLIIHUHQWLDO�HTXDWLRQV�DQG�GLPHQVLRQDO�DQDO\VLV�RI�HTXDWLRQV��$OO�SDSHUV�RI�WKH�ZRUNVKRS�DUH�DYDLODEOH
LQ�SGI�IRUPDW�IRU�GRZQORDG�DW�WKH�0RGHOLFD�KRPH�SDJH�

+LJKOLJKWV� RI� WKH� SUHVHQWDWLRQV� KDYH� EHHQ� DGYDQFHG� DSSOLFDWLRQV� RI� 0RGHOLFD� DQG� '\PROD� LQ
KDUGZDUH�LQ�WKH�ORRS�VLPXODWLRQV�DQG�VLPXODWLRQV�RI�KXJH�0RGHOLFD�PRGHOV�

�� $QWRQ�6FKLHOD�DQG�+DQV�2OVVRQ�SUHVHQWHG�D�QHZ�PHWKRG�FDOOHG��PL[HG�PRGH�LQWHJUDWLRQ��ZKLFK�LV
GHVLJQHG�IRU�UHDO�WLPH�VLPXODWLRQ�RI�0RGHOLFD�PRGHOV�DQG�GHPRQVWUDWHG�WKHLU�PHWKRG�RQOLQH�RQ�D
����0K]� 3&� IRU� WKH� UHDO�WLPH� VLPXODWLRQ� RI� WKH� IXOO�PRGHO� RI� D� URERW�ZLWK� FRQWURO� V\VWHP� ���
VWDWHV��� FRQWDLQLQJ� VWLII� DQG� QRQ�VWLII� HTXDWLRQV� XVLQJ� D� VWHS�VL]H� RI� �� PV�� RQOLQH� WXQLQJ� RI� WKH
GHVLUHG�URERW�SDWKV�DQG�&$'�GDWD�EDVHG�UHDO�WLPH�YLVXDOL]DWLRQ��8VLQJ�DQ�H[SOLFLW�(XOHU�PHWKRG
ZRXOG�KDYH�UHTXLUHG�D�VWHS�VL]H�RI������PV�

�� 0LFKDHO�7LOOHU�SUHVHQWHG�WKH�ELJJHVW�0RGHOLFD�PRGHO�HYHU�VLPXODWHG��WKH�RULJLQDO�PRGHO�KDV����
���� HTXDWLRQV� DQG� DIWHU� V\PEROLF� SURFHVVLQJ� ZLWK� '\PROD� DERXW� ��� ���� QRQWULYLDO� DOJHEUDLF
HTXDWLRQV� DQG� ���� VWDWHV��� 7KLV� LV� WKH� UHVXOW� RI� D� IHDVLELOLW\� VWXG\� DW� )RUG�0RWRU� &RPSDQ\� WR
HYDOXDWH� WKH� SURSHUWLHV� RI� 0RGHOLFD� DQG� '\PROD� IRU� GHWDLOHG� YHKLFOH� PRGHOLQJ� ��'� YHKLFOH
PHFKDQLFV��HQJLQH��DXWRPDWLF�JHDUER[��K\GUDXOLFV�WR�FRQWURO�WKH�JHDUER[��

'XH� WR�WKH�JUHDW�VXFFHVV�RI� WKLV�ZRUNVKRS�LW�ZDV�GHFLGHG� WR� UHSHDW� LW��7KH�GDWH�DQG� ORFDWLRQ�ZLOO�EH
GHFLGHG�RQ�WKH�QH[W�0RGHOLFD�PHHWLQJ�ZKLFK�ZLOO�WDNH�SODFH�RQ�)HE��������������
������������������������������ ����������������������������
��:RUNVKRS�DQG�SURJUDP�FRPPLWWHH�
���3HWHU�)ULW]VRQ��SURJUDP�FKDLU���+LOGLQJ�(OPTYLVW��0DUWLQ�2WWHU��+XEHUWXV�7XPPHVFKHLW��ORFDO�RUJDQL]HU��



�

���(8�3URMHFW�5HDO6LP

,Q�-DQXDU\�������WKH�(8�SURMHFW�5HDO6LP��5HDO�WLPH�6LPXODWLRQ�IRU�'HVLJQ�RI�0XOWL�3K\VLFV�6\VWHPV�
VWDUWHG��ZKHUH�0RGHOLFD�LV�XVHG�DV�D�EDVLV��7KH�SULPDU\�JRDOV�RI�WKLV�SURMHFW�DUH�

�� 7R�GHYHORS�WRROV�IRU�HIILFLHQW�VLPXODWLRQ�RI�FRPSOH[��WLJKWO\�FRXSOHG�PXOWL�SK\VLFV�V\VWHPV��ZLWK
UHDO�WLPH�FRQVWUDLQWV�

�� 7R�UHGXFH�SURGXFW�GHYHORSPHQW�FRVW�DQG�WLPH�E\�GHVLJQ�RSWLPL]DWLRQ�DQG�E\�KDUGZDUH�LQ�WKH�ORRS
VLPXODWLRQ�IRU�DVVHVVPHQW��WUDLQLQJ�DQG�WHVW�DXWRPDWLRQ�SXUSRVHV�

(VSHFLDOO\��WKH�FXUUHQW�WHFKQRORJLFDO�EDVLV�IRU�0RGHOLFD�VKDOO�EH�IXUWKHU�LPSURYHG�

�� 6\PEROLF� WUDQVIRUPDWLRQ� RI� ODUJH� VFDOH� 0RGHOLFD� PRGHOV� �!� ���� ���� HTXDWLRQV�� WR� JHQHUDWH
HIILFLHQW�&�FRGH�IRU�UHDO�WLPH�DSSOLFDWLRQV�

�� 3DUDOOHO�DQG�GLVWULEXWHG�VLPXODWLRQ�WR�HQKDQFH�WKH�SHUIRUPDQFH�RI�KDUGZDUH�LQ�WKH�ORRS�VLPXODWLRQ
DQG�RI�PXOWL�FULWHULD�RSWLPL]DWLRQ�

�� 0XOWL�FULWHULD�RSWLPL]DWLRQ�EDVHG�RQ�GLVWULEXWHG�VLPXODWLRQV�
�� &ORVHO\� LQWHJUDWHG� 0RGHOLFD� PRGHOLQJ� DQG� VLPXODWLRQ� HQYLURQPHQW� ZLWK� LQWHUDFWLYH

H[SHULPHQWDWLRQ��GHVLJQ�RSWLPL]DWLRQ�DQG�YLVXDOL]DWLRQ�

0RUH�LQIRUPDWLRQ�DERXW�WKLV�SURMHFW�LV�DYDLODEOH�XQGHU�KWWS���ZZZ�LGD�OLX�VH�aSHODE�UHDOVLP��

���2XWORRN

$OO� QHFHVVDU\� LQJUHGLHQWV� IRU�PRGHOLQJ� DQG� VLPXODWLRQ� RI� LQGXVWULDO� DSSOLFDWLRQV�ZLWK�0RGHOLFD� DUH
DYDLODEOH��7KH�ODQJXDJH��OLEUDULHV��WRROV�DQG�VXFFHVVIXO�DSSOLFDWLRQV��7KHUHIRUH��LW�FDQ�EH�H[SHFWHG�WKDW
0RGHOLFD�ZLOO�KDYH�D�VLJQLILFDQW�LPSDFW�LQ�WKH�PRGHOLQJ�DQG�VLPXODWLRQ�FRPPXQLW\�LQ�WKH�IXWXUH��7KH
0RGHOLFD�$VVRFLDWLRQ�LV�YHU\�LQWHUHVWHG�WR�IXUWKHU�DGDSW�WKH�0RGHOLFD�ODQJXDJH�WR�WKH�QHHGV�RI�WKH�HQG�
XVHUV�DQG�WR�IXUWKHU�GHYHORS�WKH�0RGHOLFD�OLEUDULHV��,QWHUHVWHG�VLPXODWLRQ�SURIHVVLRQDOV�ZKR�ZRXOG�OLNH
WR� FRQWULEXWH� DUH� HQFRXUDJHG� DQG� LQYLWHG� WR� SDUWLFLSDWH� DW� WKH� GHVLJQ� PHHWLQJV� �VHH� WKH� 0RGHOLFD
KRPHSDJH�IRU�GHWDLOV�ZKHUH�DQG�ZKHQ�GHVLJQ�PHHWLQJV�WDNH�SODFH��


