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1RWH�WKDW�DOO�WHUPV�LQ�WKH�IUDFWLRQ�PXOWLSO\LQJ� R: LQ������DUHUHDO�QRQHJDWLYH�VFDODUV��7KXV��WKH�RSWLPXP�ZHLJKW�YHFWRU� :� LVD�VFDOHG�YHUVLRQ� F R: RI� R: �� F ��\ �
6XEVWLWXWLQJ� F R: IRU� :� DQG�XVLQJ�����LQ������\LHOGV�
� � � �� � � �� � � �� � �FF FK K � �

R R: :
1RWH�WKDW� F ��\ ��)RU�JLYHQ� R: DQG� �K ��WKH�FRQVWDQW�F PXVWEH�D�VROXWLRQ�RI�

� �� �� �� � �F FK K§ ·� � �  ¨ ¸© ¹(TXDWLRQ������\LHOGV�IRXU�VROXWLRQV�
������� � �� �� �� �F K K r � r �

%HFDXVH�F PXVW�EH� UHDO� DQG�SRVLWLYH�� RQO\� WKH� SRVLWLYH� VLJQ� LVDFFHSWDEOH� RXWVLGH� WKH� VTXDUH� URRWV�� ,Q� DGGLWLRQ�� LW� LV� ZHOONQRZQ� WKDW� �F  LV� WKH� RQO\� RSWLPDO� VROXWLRQ� �WKH� :LHQHUVROXWLRQ��IRU� � �K o � � �J \ \ �� OLQHDU�FDVH���7KLV�HOLPLQDWHVWKH� SRVVLELOLW\� RI� WKH� PLQXV� VLJQ� ZLWKLQ� WKH� VTXDUH� URRW� �WKHPLQXV� VLJQ�ZRXOG� OHDG� WR� D� FRPSOH[�YDOXH� IRU�F DV� � �K o ��7KXV��WKH�RQO\�DOORZDEOH�VROXWLRQ�IRU������LV�
� �� �� �� �F K K � � �

7KH�PLQLPXP�RI�WKH�06(�VXUIDFH�LV�WKHQ�
� �� �� �� �K K � � � � R: :�

)LJ����VKRZV�WKH�HIIHFW�RI�WKH�QRQOLQHDULW\�RQ�WKH�SRVLWLRQLQJ�RIWKH�RSWLPXP�ZHLJKW�YHFWRU�LQ�WKH�GLUHFWLRQ�RI� R: �8VLQJ������LQ�����\LHOGV�DQ�H[SUHVVLRQ�IRU�WKH�PLQLPXP�RI�WKH06(�SHUIRUPDQFH�VXUIDFH�
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)LJ�� �� VKRZV� WKH� H[FHVV�06(� � �H[ 0,1 ][  [ � V �� FDXVHG�E\� WKHQRQOLQHDULW\��UHODWLYH�WR�WKH�OLQHDU�FDVH��IRU�WKH�QRUPDOL]HG�FDVH�7  R R[[: 5 : ��(T�������GHWHUPLQHV�WKH�EHVW�SHUIRUPDQFH�WKDWFDQ�SRVVLEO\�EH�H[SHFWHG�IURP�DQ\�DGDSWLYH�DOJRULWKP�XVHG� WRVROYH�WKH�QRQOLQHDU�HVWLPDWLRQ�SUREOHP�GHSLFWHG�LQ�)LJ����
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)LJXUH�����([FHVV�06(�YHUVXV WKH�GHJUHH�RI�QRQOLQHDULW\�
� $33/,&$7,21�72�$1&�6<67(066HYHUDO�FRQWURO� WHFKQLTXHV�FDQ�EH�XVHG�WR�RSWLPL]H� WKH�ZHLJKWYHFWRU� LQ� WKH� V\VWHP� RI� )LJ�� ��� 2QH� RI� WKHP� LV� WKH� DGDSWLYHV\VWHP�GHSLFWHG�LQ�)LJ�����7KXV��WKH�UHVXOWV�RI�6HFWLRQ���FDQ�EHXVHG� WR� TXDQWLI\� WKH� SHUIRUPDQFH� RI� WKH� /06� DOJRULWKP� LQ� DQRQOLQHDU�$1&� V\VWHP��$� VLPLODU� DSSURDFK� FDQ� EH� XVHG� ZLWKRWKHU� VROXWLRQV� WR� WKH� $1&� SUREOHP� �0DVVDUDQL� HW� DOLL������2VyULR�DQG�1yEUHJD��������$QDO\WLFDO� H[SUHVVLRQV� KDYH� EHHQ� GHULYHG� LQ� &RVWD� HW� DOLL������� IRU� WKH�FRQYHUJHG�PHDQ�ZHLJKW�DQG�06(� IRU� WKH�/06DOJRULWKP� ZLWK� ZKLWH� *DXVVLDQ� LQSXWV� DQG� VORZ� DGDSWDWLRQ�7KHVH� H[SUHVVLRQV� FDQ� EH� H[SDQGHG� WR� WKH� FRUUHODWHG� LQSXWVLJQDO�FDVH�DV� � �^ ` ��OLP � ��Q ( Q Kf of  R: : :

� � � �� ���OLP DUFVHQ �7 ]Q Q[ [ K VKf of
§ ·  � �¨ ¸© ¹R R;;: 5 :

1RWH�WKDW�WKH�FRQYHUJHG�PHDQ�/06�ZHLJKW�YHFWRU� f: LV�DOVRD� VFDOHG� YHUVLRQ� RI� WKH� RSWLPXP� VROXWLRQ� R: IRU� WKH� OLQHDUFDVH��8VLQJ������DQG������LW�LV�HDV\�WR�VKRZ�WKDW�
� � � ��

� � � ��� � � � � �K EK K K Kf
ª º« »  « »� � � � �¬ ¼: : :� �

(TXDWLRQ������VKRZV�WKDW�WKH�/06�DOJRULWKP�SURGXFHV�D�ELDVHGHVWLPDWH�RI�WKH�RSWLPXP�ZHLJKW�YHFWRU� :� ��7KH�PXOWLSOLFDWLYHELDV� E LQ� ����� LV� D� IXQFWLRQ� RI� WKH� V\VWHP©V� GHJUHH� RIQRQOLQHDULW\�8VLQJ������DQG�������WKH�/06�H[FHVV�06(�FDQ�EH�GHWHUPLQHG�
� � � ��� � �
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7KH�PLVDGMXVWPHQW�FDQ�EH�REWDLQHG�QRUPDOL]LQJ������

 /06H[
0,10 [[

1RWH� WKDW� ������ �����DQG� �����KROG�RQO\� IRU� � �K � ��7KH�PHDQZHLJKW� RI� WKH� /06� DOJRULWKP� GRHV� QRW� FRQYHUJH� IRU� � �K t�&RVWD�HW�DOLL��������

)LJXUH�����%ORFN�GLDJUDP�RI�WKH�DGDSWLYH�V\VWHP�
��� 1XPHULFDO�([DPSOH7KLV� VHFWLRQ� SUHVHQWV� VLPSOH� H[DPSOHV� WR� LOOXVWUDWH� WKHDSSOLFDWLRQ�RI�WKH�DQDO\WLFDO�UHVXOWV��&RQVLGHU�WKH�V\VWHP�LQ�)LJ���ZLWK� > @����� ����� 7 R: �� �7  R R: : �� � ���]V � DQG� DXQLW�YDULDQFH� FRUUHODWHG� LQSXW� VLJQDO�� 7KH� HLJHQYDOXH� VSUHDG� PD[ PLQO O ��RI� ;;5 LV�HTXDO�WR����
)LJ�� �� VKRZV� WKH� 06(� VXUIDFH� IRU� WKUHH� GLIIHUHQW� GHJUHHV� RIQRQOLQHDULW\��1RWH� WKH� LQFUHDVLQJ�GHIRUPDWLRQ��ZLWK� LQFUHDVLQJDV\PPHWU\��RI�WKH�06(�VXUIDFH�ZLWK�LQFUHDVLQJ� �K ��7KH�/06DOJRULWKP�GRHV�QRW� FRQYHUJH� IRU� FDVH� �F���1RWLFH� DOVR� WKDW� WKHQRQOLQHDULW\� LQFUHDVHV� WKH� UHJLRQ� RI� VPDOO� JUDGLHQW� LQ� WKHVXUIDFH�
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)LJXUH� �� ��06(�VXUIDFHV�� �D�� � ���KK ��  �� �E�� � ����KK   �� �F�� �KK   �

-1 0 1 2

-0.5

0

0.5

1

1.5

( a )
-1 0 1 2 3

0.5

1

1.5

( b )

-1 0 1 2

-1

0

1

2

3

( c )
-5 0 5

-1

0

1

2

3

( d ))LJXUH�����06(�FRQWRXUV�DQG�ZHLJKW�WUDMHFWRULHV������ R: �{{�� :ff �� uu�� :�� �� ¡¡�� /06� LQLWLDOL]DWLRQ�� 5DJJHG� FXUYHV�ZHLJKW� WUDMHFWRULHV��&RQWLQXRXV� FXUYHV�� 06(�VXUIDFH�� �D�� ���KK ��  ���E��  � ���KK ���F�� � ���KK   DQG��G�� � �KK   �
$VVXPLQJ�)LJ����ZLWK�WKH�VDPH�SDUDPHWHUV�GHVFULEHG�DV�DERYH�)LJ�� �� VKRZV� WKH�06(� VXUIDFH� FRQWRXUV� DQG� WKH� /06�ZHLJKWWUDMHFWRULHV� IRU� UDQGRP� LQLWLDOL]DWLRQ�� ����P  DQG� IRXU

GLIIHUHQW�GHJUHHV�RI�QRQOLQHDULW\��9HFWRUV� R: DQG� :� DUH�DOVRVKRZQ�� 1RWLFH� WKDW� LQ� DOO� FDVHV� R: �� :� DQG� WKH� FRQYHUJHG/06�ZHLJKW� YHFWRU� f: DUH� DOLJQHG�ZLWK� WKH� SRLQW� ������ �WKH/06�ZHLJKWV�FRQYHUJH�DV\PSWRWLFDOO\�WR�WKLV� OLQH�LQ�SORW��G���7KLV� EHKDYLRU� LV� LQ� DFFRUGDQFH� ZLWK� HTXDWLRQV� ����� DQG� �����)LJV�� �D��F� VKRZ� WKH� ZHLJKWV� FRQYHUJHQFH� IRU� � �K � �� )RU� DVPDOO� �K �)LJ���D��WKH�FRQYHUJHG�ZHLJKWV�FORVHO\�DSSURDFK�WKHPLQLPXP�RI�WKH�06(�VXUIDFH��ZKLFK�DOVR� WHQGV� WR� R: ���)LJ��G�VKRZ�WKH�GLYHUJHQFH�RI�WKH�/06�DOJRULWKP�IRU� � �K ! �
)LJV����DQG���VKRZ�WKH�ZHLJKW�ELDV� E �(T��������DQG�WKH�06(PLVDGMXVWPHQW� DV� D� IXQFWLRQ�RI� �K ��$V� � �K o �OLQHDU� FDVH���oE �� :KHQ� � �K o �� E LQFUHDVHV� YHU\� IDVW� DQG� ILQDOO\JURZV�ZLWKRXW�ERXQG�
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)LJV����DQG����VKRZ�WKH�VLPXODWHG�06(�DQG�WKH�EHKDYLRU�RI�WKHILUVW� FRHIILFLHQW� IRU� D� V\VWHP� ZLWK� ��� FRHIILFLHQWV�� ����P  �� ���]V � �� ���� UXQV� DQG� ;;5 HLJHQYDOXH� VSUHDG� HTXDO� WR� ���7KUHH� GLIIHUHQW� GHJUHHV� RI� QRQOLQHDULWLHV� DUH� FRQVLGHUHG� IRUHDFK�ILJXUH��FKRVHQ�LQ�RUGHU�WR�SHUPLW�D�FOHDU�VHSDUDWLRQ�DPRQJFXUYHV��)LJ����VKRZV�WKH�06(�EHKDYLRU�IRU�WKH�/06�DOJRULWKP�UDJJHG�FXUYHV���7KH�PLQLPD�RI�WKH�06(�VXUIDFH��(T��������IRUHDFK�GHJUHH�RI�QRQOLQHDULW\�DUH� VKRZQ�DV� OLQHV�RI� FLUFOHV��7KHGLVWDQFH� EHWZHHQ� HDFK� FXUYH� LQ� VWHDG\�VWDWH� DQG� WKHFRUUHVSRQGLQJ� PLQLPXP� FRQILUP� WKH� GLIIHUHQFH� EHWZHHQ� ����DQG� ������ )LJ�� ��� VKRZV� WKH� EHKDYLRU� RI� WKH� ILUVW� DGDSWLYH
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ZHLJKW� �VLPLODU� EHKDYLRU� ZDV� YHULILHG� IRU� DOO� FRHIILFLHQWV��$JDLQ��WKH�RSWLPXP�VROXWLRQV��(T��������DUH�VKRZQ�DV�OLQHV�RIFLUFOHV��0LVPDWFKHV�EHWZHHQ� VWHDG\�VWDWH�ZHLJKW�EHKDYLRU�DQGRSWLPXP�ZHLJKW� FRQILUP� WKH�ZHLJKW�PLVPDWFK� GHULYHG� LQ�(T������
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)LJXUH� ��� ¤� 6LPXODWHG� EHKDYLRU� RI� WKH� ILUVW� FRHIILFLHQW�UDJJHG�FXUYH��DQG�WKH�RSWLPXP�VROXWLRQ�JLYHQ�E\�(T�������R�R�R����D�� � ������KK   ���E�� � ���KK   ���F�� � ���KK   �
7ZR�LPSRUWDQW�UHVXOWV�FDQ�EH� LQIHUUHG�IURP�)LJ����DQG����� ���WKH� /06� DOJRULWKP� FDQQRW� DFKLHYH� WKH� PLQLPXP� RI� WKHSHUIRUPDQFH� VXUIDFH�� JHQHUDWLQJ� D� ELDVHG� VROXWLRQ�PXOWLSOLFDWLYH� ELDV��� ���� LI� WKH� UHDO� V\VWHP� LV� LQFRUUHFWO\PRGHOHG� DV� D� OLQHDU� V\VWHP�� WKH� HIIHFW� RI� WKH� QRQOLQHDULW\� FDQFDXVH� D� VLJQLILFDQW� RYHUHVWLPDWLRQ� RI� WKH� QRLVH� FDQFHOODWLRQFDSDELOLWLHV� RI� DQ\� DGDSWLYH� DOJRULWKP� EDVHG� RQ� PHDQ� VTXDUHHVWLPDWLRQ�
)LJ�����SUHVHQWV� WKH� IXQFWLRQ� � �J < DQG� WKH�KLVWRJUDPV�IRU� WKHDPSOLWXGH� RI� WKH� QRQOLQHDULW\� LQSXW� �RXWSXW� RI� WKH� DGDSWLYHILOWHU��� 7KH� KLVWRJUDPV� ZHUH� GHWHUPLQHG� IURP� WKH� VLJQDODPSOLWXGHV� IRU� DOO� WKH� ����� LWHUDWLRQV�� DYHUDJHG� RYHU� ��� UXQV����UHDOL]DWLRQV���)LJ�����FOHDUO\�VKRZV�WKDW�LQ�FDVHV��E����F��DQG�G�� WKH� V\VWHP� LV� GULYHQ� LQWR� D� QRQOLQHDU� UHJLRQ� RI� RSHUDWLRQ�7KLV�HPSKDVL]HV�WKH�LPSRUWDQFH�RI�DQDO\WLFDO�PRGHOV� WKDW� WDNHLQWR�FRQVLGHUDWLRQ�WKH�HIIHFW�RI�WKH�VHFRQGDU\�SDWK�QRQOLQHDULW\ZKHQHYHU�LW� LV�SK\VLFDOO\�XQDYRLGDEOH�LQ�SUDFWLFDO�DSSOLFDWLRQVVXFK�DV�DFWLYH�QRLVH�DQG�YLEUDWLRQ�FRQWURO�
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)LJXUH������)XQFWLRQV� � �J << DQG�UHVSHFWLYH�KLVWRJUDPV�RI�WKHRXWSXW�RI� WKH�DGDSWLYH�ILOWHU�REWDLQHG�IURP�VLPXODWLRQ�� �D�� ������KK   ���E�� � ����KK   ���F�� � ���KK   DQG��G�� � ���KK   �
7DEOH� �� FRPSDUHV� WKH� 06(� RI� WKH� FRQYHUJHG� /06� ZLWK� WKHPLQLPXP� 06(� IRU� VHYHUDO� GHJUHHV� RI� QRQOLQHDULW\�� 7KHVHYDOXHV� ZHUH� REWDLQHG� IURP� ����� DQG� ����� DQG� FRQILUPHGWKURXJK� VLPXODWLRQ��7KH� ODVW� FROXPQ� VKRZV� WKH� FRUUHVSRQGLQJ06(�PLVDGMXVWPHQW�7DEOH�����&RPSDULVRQV�EHWZHHQ�FRQYHUJHG�/06�DQGRSWLPXP�VROXWLRQV�

�K (UURU�6XUIDFH /06 0LVDGMXVWPHQW
��� �������G% �������G% ��������� ������G% �������G% ��������� ������G% ������G% ����������� ������G% ������G% ����������� ������G% �����G% ��������� ������G% � ��� �����G% � �

� 6800$5<7KLV� SDSHU� KDV� LQYHVWLJDWHG� WKH� SURSHUWLHV� RI� WKH� SHUIRUPDQFHVXUIDFH� IRU� D� QRQOLQHDU�PHDQ�VTXDUH� HVWLPDWLRQ� RI� D�*DXVVLDQUDQGRP�VHTXHQFH��,W�H[SDQGV�D�SUHYLRXV�VWXG\��JHQHUDOL]LQJ�WKHVWDWLVWLFDO�FKDUDFWHULVWLFV�RI�WKH�LQSXW�VLJQDO��7KH�UHVXOWV�RI�WKLV
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VWXG\� KDYH� GLUHFW� DSSOLFDWLRQ� WR� DFWLYH� QRLVH� DQG� YLEUDWLRQFRQWURO� V\VWHPV� ZKHQ� WKH� WUDQVGXFHUV� DUH� GULYHQ� LQWR� DQRQOLQHDU�EHKDYLRU�DQG�WKH�LQSXW�VLJQDO�LV�FRUUHODWHG��7KH\�FDQEH� XVHG� WR� HYDOXDWH� WKH� SHUIRUPDQFH� RI� VHYHUDO� PHWKRGV� IRUGHWHUPLQLQJ� WKH� RSWLPXP� FRQWUROOHU�� $ GHWHUPLQLVWLFH[SUHVVLRQ�ZDV� GHULYHG� IRU� WKH�06(� VXUIDFH� DV� D� IXQFWLRQ� RIWKH� V\VWHP©V� GHJUHH� RI� QRQOLQHDULW\�� ,W� ZDV� VKRZQ� KRZ� WKHQRQOLQHDULW\�GHIRUPV�WKH�06(�VXUIDFH��7KLV�VXUIDFH�ZDV�VKRZQWR� EH� XQLPRGDO�� DQG� WKH� RSWLPXP� ZHLJKW� YHFWRU� GHWHUPLQHG�)LQDOO\�� DV� DQ�H[DPSOH�� WKH� QHZ� UHVXOWV�ZHUH� XVHG� WR� TXDQWLI\WKH� EHKDYLRU� RI� $1&� V\VWHPV HPSOR\LQJ� WKH� /06� DGDSWLYHDOJRULWKP�� 7KH� 06(� PLVDGMXVWPHQW� ZDV� HYDOXDWHG� DV� DIXQFWLRQ� RI� WKH� GHJUHH� RI� QRQOLQHDULW\�� 7KH� FRQYHUJHG� PHDQZHLJKW�YHFWRU�IRU�WKH�/06�ZDV�VKRZQ�WR�EH�D�VFDOHG�YHUVLRQ�RIWKH�RSWLPXP�ZHLJKW�YHFWRU�
$&.12:/('*0(1767KLV�ZRUN�ZDV�VXSSRUWHG�LQ�SDUW�E\�&$3(6��%UD]LOLDQ�0LQLVWU\RI� (GXFDWLRQ�� XQGHU� *UDQW� 1R�� 3,&'7� ����������� DQG� E\&13T� �%UD]LOLDQ�0LQLVWU\� RI� 6FLHQFH� DQG� 7HFKQRORJ\�� XQGHU*UDQW�1R��������������
5()(5(1&(6$QJHYLQH�� 2�/�� �������� $FWLYH� 6\VWHPV� IRU� DWWHQXDWLRQ� RI1RLVH��,QWHUQDWLRQDO�-RXUQDO�RI�$FWLYH�&RQWURO�������SS�������%HUQKDUG�� 5��� 3�� 'DYLHV�� DQG� 6�� .XUWK�� �������� (IIHFWV� RI1RQOLQHDULWLHV�RQ�6\VWHP�,GHQWLILFDWLRQ�LQ�$FWLYH�1RLVH&RQWURO� 6\VWHPV�� 3URFHHGLQJV� RI� 1RLVH�&RQ� ���3HQQV\OYDQLD��86$��SS����������%HUVKDG�1�-��� -�-�� 6K\QN� DQG� 3�/�� )HLQWXFK� �������� 6WDWLVWLFDO$QDO\VLV� RI� WKH� 6LQJOH� /D\HU� %DFNSURSDJDWLRQ$OJRULWKP�� 3DUW� ,,� ¤� 06(� DQG� &ODVVLILFDWLRQ3HUIRUPDQFH��,(((�7UDQVDFWLRQV�RQ�6LJQDO�3URFHVVLQJ�������SS����������&RVWD�� 0�+��� -�&�0�� %HUPXGH]�� DQG� 1�-�� %HUVKDG� �������6WDWLVWLFDO�$QDO\VLV�RI�WKH�/06�$OJRULWKP�ZLWK�D�=HUR�0HPRU\� 1RQOLQHDULW\� DIWHU� WKH� $GDSWLYH� )LOWHU�3URFHHGLQJV�RI�,&$663�����3KRHQL[��86$�&RVWD��0�+��� -�&�0��%HUPXGH]��DQG�1�-��%HUVKDG���������7KH3HUIRUPDQFH� 6XUIDFH� LQ� 1RQOLQHDU� 0HDQ� 6TXDUH(VWLPDWLRQ�� $SSOLFDWLRQ� WR� WKH� $FWLYH� 1RLVH� &RQWURO3UREOHP� 3URFHHGLQJV� RI� ,&$663� ����� ,VWDPEXO�7XUNH\�)�OOHU��&�5��DQG�)ORWRZ��$�+����������$FWLYH�&RQWURO�RI�6RXQGDQG�9LEUDWLRQ��,(((�&RQWURO�6\VWHPV��'HF���SS�������+DQVHQ��&����������$FWLYH�1RLVH�&RQWURO�¤�)URP�/DERUDWRU\�WR,QGXVWULDO� ,PSOHPHQWDWLRQ�� 3URFHHGLQJV� RI� 1RLVH�&RQ����3HQQV\OYDQLD��86$��SS�������+D\NLQ��6����������$GDSWLYH�)LOWHU�7KHRU\��3UHQWLFH�+DOO��WKLUGHGLWLRQ�.XR��6��DQG�'��0RUJDQ���������$FWLYH�1RLVH�&RQWURO�6\VWHPV�$OJRULWKPV�DQG�'63� ,PSOHPHQWDWLRQV�� -RKQ�:LOH\� DQG6RQV�

0DVVDUDQL�� 3�0��� =LQGHOXN�� 0�� DQG� 7HQHQEDXP�� 5�� �������5HDOL]DomR�([SHULPHQWDO� GH�&RQWUROH�$WLYR� HP�'XWRV�3URFHHGLQJV�RI�;,�(QFRQWUR�GD�6RFLHGDGH�%UDVLOHLUD�GH$F~VWLFD��6mR�3DXOR�2VyULR�� 3�2�� DQG� 1yEUHJD�� 0�9�� �������� &RQWUROH� $WLYR� GH5XtGR� GH� %DQGD� /DUJD� HP� 'XWRV�� 6%$� &RQWUROH� 	$XWRPDomR�������SS��������3DSRXOLV�� $�� �������� 3UREDELOLW\�� 5DQGRP� 9DULDEOHV� DQG6WRFKDVWLF�3URFHVVHV��0F*UDZ�+LOO��WKLUG�HGLWLRQ�5HQ�� :�� DQG� .XPDU�� 3�5�� �������� 6WRFKDVWLF� 3DUDOOHO� 0RGHO$GDSWDWLRQ�� 7KHRU\� DQG� $SSOLFDWLRQV� WR� $FWLYH� 1RLVH&DQFHOOLQJ�� )HHGIRUZDUG� &RQWURO�� ,,5� )LOWHULQJ� DQG,GHQWLILFDWLRQ�� ,(((� 7UDQVDFWLRQV� RQ� $XWRPDWLF&RQWURO��������SS����������6KLQN��-�-��DQG�1�-��%HUVKDG���������6WHDG\�6WDWH�$QDO\VLV�RI�D6LQJOH�/D\HU� 3HUFHSWURQ� %DVHG� RQ� D� 6\VWHP,GHQWLILFDWLRQ� 0RGHO� ZLWK� %LDV� 7HUPV�� ,(((7UDQVDFWLRQV� RQ� &LUFXLWV� DQG� 6\VWHPV�� ������ SS�� ����������
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