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hU�Q� YH� V�UHo� WDVDUÕPODUÕQGD� |QHPOL� ELU� SUREOHP�� ELUGHQ� oRN� VD\ÕGDNL� NDOLWH�
NDUDNWHULVWL÷LQLQ� �FHYDS� GH÷LúNHQOHULQLQ�� HúDQOÕ� RODUDN� DU]X� HGLOHQ� GH÷HUOHULQL�
VD÷OD\DFDN�IDNW|U�VHYL\HOHULQLQ�VHoLPLGLU��'HUULQJHU�YH�6XLFK��������EX�WLS�SUREOHPOHULQ�
o|]�P�QGH� oHNLFLOLN� IRQNVL\RQX� \DNODúÕPÕQÕ� |QHUPLúWLU�� %X� oDOÕúPDGD� |QFHOLNOH��
'HUULQJHU� YH� 6XLFK� ������¶LQ� |QHUGL÷L� \DNODúÕP� J|]GHQ� JHoLULOPLúWLU�� $\UÕFD� EX�
\DNODúÕP�LOH�ELUOLNWH�NXOODQÕODELOHFHN�IDUNOÕ�ELU�oHNLFLOLN�IRQNVL\RQX�|QHULOPLúWLU��

���*LULú�
hU�Q� YH� V�UHo� WDVDUÕPODUÕQGD� |QHPOL� ELU� SUREOHP�� ELUGHQ� oRN� VD\ÕGDNL�

NDOLWH� NDUDNWHULVWL÷LQLQ� �FHYDS� GH÷LúNHQOHULQLQ�� HúDQOÕ� RODUDN� DU]X� HGLOHQ�
GH÷HUOHULQL�VD÷OD\DFDN�IDNW|U�VHYL\HOHULQLQ�VHoLPLGLU��gUQH÷LQ��ELU�EHWRQ�SDUNH�WDúÕ�
NDOLWHVLQLQ�L\LOHúWLULOPHVL�SUREOHPLQGH�NDOLWH�NDUDNWHULVWLNOHUL��EHWRQ�GD\DQÕPÕ��VX�
HPPH�\�]GHVL��\�]H\�S�U�]O�O�÷��YV��úHNOLQGHGLU��.DOLWH�NDUDNWHULVWLNOHULQLQ�ED÷OÕ�
ROGX÷X� IDNW|UOHU�� DOW� YLEUDV\RQ� VÕFDNOÕ÷Õ���VW� YLEUDV\RQ� VÕFDNOÕ÷Õ�� VWURN� VD\ÕVÕ� YV��
RODUDN� VÕUDODQDELOLU�� %XUDGD� DPDo�� EHWRQ� GD\DQÕPÕQÕ� PDNVLPL]H�� VX� HPPH�
\�]GHVLQL�YH�\�]H\�S�U�]O�O�÷�Q��PLQLPL]H�HGHQ�IDNW|U�VHYL\HOHULQLQ�VHoLPLGLU���

U� DGHW� FHYDS� GH÷LúNHQLQLQ� KHUELULVLQLQ� N� DGHW� IDNW|U� LOH� LOLúNLOL� ROGX÷X�
YDUVD\ÕPÕ�DOWÕQGD��

\ 2"3 � �I 3 �[ 4 ��[5 �}��[ 6 ����H 2"3 ��������X� ������}��1 3 ��������L� ������}��U����������������������
úHNOLQGH� LIDGH� HGLOLU�� %XUDGD� I 3 �� FHYDS� GH÷LúNHQL� \ 3 � LOH� IDNW|UOHU� [ 4 �[5 �}�[ 6 �
DUDVÕQGDNL� IRQNVL\RQHO� LOLúNLGLU�YH�KHU�ELU�\ 3 � LoLQ� IDUNOÕ�\DSÕGD�RODELOLU��+HU�ELU� L�
LoLQ�(�H 2"3 �� ��� JHQHO� YDUVD\ÕPÕ� \DSÕOÕUVD�� RUWDODPD� YH\D�EHNOHQHQ� FHYDSODU� RODQ�
K 3 ¶QLQ�N�DGHW�IDNW|U�LOH�LOLúNLVL��

K 3 � �I 3 �[ 4 ��[5 �}��[ 6 ���������������������L� ������}��U������
ROXU��I 3 �IRQNVL\RQXQD�\DNODúPDN�LoLQ�JHQHOOLNOH�ELU�SROLQRPL\DO�IRQNVL\RQ��ELULQFL�
YH\D� LNLQFL� GHUHFH� ELU� FHYDS� \�]H\L� PRGHOL�� NXOODQÕOÕU�� $UGÕQGDQ� K 3 � \HULQH�
UHJUHV\RQ�WHNQLNOHUL�LOH�HOGH�HGLOHQ�WDKPLQOH\LFLVL�RODQ� �\ 7 �NXOODQÕOÕU��

�gQFH� +DUULQJWRQ� ������� WDUDIÕQGDQ� WDQÕWÕODQ� YH� DUGÕQGDQ� 'HUULQJHU� YH�
6XLFK� ������� WDUDIÕQGDQ� JHOLúWLULOHQ� oHNLFLOLN� �GHVLUDELOLW\�� IRQNVL\RQX�� KHU� ELU�
WDKPLQOHúPLú� FHYDS� GH÷LúNHQL� �\ 7 ¶\Õ�� ELU� oHNLFLOLN� GH÷HUL� G 3 ¶\H� WUDQVIRUPH�
������������������������������ ������������������8 9 : �g÷U��*|U�� ;=<
>+;�> ?�> @�>BA-> AC> DE> F�>+?�G(H�I(H�JLK
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HWPHNWHGLU��%XUDGD�oHNLFLOLN�GH÷HUL���d�G 3 �d���DUDOÕ÷ÕQGDGÕU��6|]�NRQXVX�FHYDEÕQ�
oHNLFLOL÷L� DUWWÕ÷ÕQGD� �FHYDS�� DU]X� HGLOHQ� GH÷HULQH� \DNODúWÕ÷ÕQGD��� NDUúÕOÕN� JHOGL÷L�
oHNLFLOLN�GH÷HUL�G 3 �GH�DUWPDNWDGÕU��$UGÕQGDQ�ELUH\VHO�oHNLFLOLN�GH÷HUOHUL��JHRPHWULN�
RUWDODPD�NXOODQÕODUDN�ELUOHúWLULOHELOLU��'HUULQJHU�YH�6XLFK��������V�������

'� ��G 4 �u�G 5 �u�}�u�G Y � 4%Z
Y ��������������������������������������������������������������������������������
%XUDGD� WHN� ELU� '� GH÷HUL�� ELUOHúLN� FHYDS� VHYL\HOHULQLQ� oHNLFLOL÷LQLQ� JHQHO� ELU�
GH÷HULQL� YHUPHNWHGLU��'�� >���@� DUDOÕ÷ÕQGD� ELU� GH÷HU� DOÕU� YH� NDUDNWHULVWLNOHU� GDKD�
DU]X� HGLOLU� VHYL\HGH� ROGXNODUÕQGD�'¶QLQ� GH÷HUL� DUWDU�� G 3 �  � �� ROGX÷XQGD� �FHYDS�
GH÷LúNHQOHULQGHQ� ELULVL� NDEXO� HGLOHPH]� VHYL\HGH� ROGX÷XQGD��� '�  � �� ROXU�� %X�
\�]GHQ�G 3 ¶OHULQ�JHRPHWULN�RUWDODPDVÕQÕQ�DOÕQPDVÕ�WHUFLK�HGLOPHNWHGLU��

%X� oDOÕúPDGD� |QFHOLNOH� 'HUULQJHU� YH� 6XLFK� ������� WDUDIÕQGDQ� |QHULOHQ�
oHNLFLOLN� IRQNVL\RQODUÕ� J|]GHQ� JHoLULOPLúWLU�� $\UÕFD� ELU� NDOLWH� NDUDNWHULVWL÷LQLQ�
KHGHI� GH÷HULQGHQ� G�ú�N� PLNWDUGDNL� VDSPDODUÕQD� NDUúÕ� ID]OD� GX\DUOÕ� ROPD\DQ��
DQFDN� \�NVHN�PLNWDUGDNL� VDSPDODUÕQD� NDUúÕ� GDKD�GX\DUOÕ� RODQ�ELU�G 3 � IRQNVL\RQX�
|QHULOPLúWLU��

���7HN�7DUDIOÕ�7UDQVIRUPDV\RQODU�
�\ [ ¶QÕQ� G 3 ¶\H� WUDQVIRUPDV\RQX� WHN�WDUDIOÕ� YH� oLIW�WDUDIOÕ� oHNLFLOLN�

WUDQVIRUPDV\RQODUÕ�ROPDN��]HUH�LNL�D\UÕ�úHNLOGH�JHUoHNOHúWLULOHELOLU��'HUULQJHU�YH�
6XLFK�� ������� 7HN�WDUDIOÕ� GXUXP� LoLQ�� �\ [ � DUWWÕ÷ÕQGD� G 3 � GH� DUWPDNWDGÕU� YH� �\ \ �
PDNVLPL]H� HGLOGL÷LQGH� G 3 �  � �� ROPDNWDGÕU�� � �\ \ ¶QÕQ� PLQLPL]DV\RQX� � � �\ \ ¶QÕQ�
PDNVLPL]DV\RQX�LOH�GHQNWLU���'HUULQJHU�YH�6XLFK��������WHN�WDUDIOÕ�GXUXPODU�LoLQ�
úX�WUDQVIRUPDV\RQX�NXOODQPÕúODUGÕU��
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(úLWOLN�����LOH�YHULOHQ�G 3 ¶QLQ�GH÷LúLN�Q�GH÷HUOHUL�LoLQ�JUDIL÷L�ùHNLO���LOH�YHULOPLúWLU��
\ 3 ` �GH÷HUL�� �\ 7 ¶QÕQ�PLQLPXP�NDEXO�HGLOHELOLU�GH÷HULGLU��DOW�WROHUDQV�OLPLWLGLU���

8\JXOD\ÕFÕ�� �\ 7 d�\ 3 ` � �ROGX÷XQGD���U�Q�Q�NDEXO�HGLOHPH]�RODFD÷ÕQÕ�GLNNDWH�DODUDN�
\ 3 ` ¶ÕQ� GH÷HULQL� EHOLUOHU�� �\ 7 d�\ 3 ` � ROGX÷XQGD�G 3 �  � �� YH� E|\OHFH�'�  � �� ROPDNWDGÕU��
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gUQH÷LQ�\ 3 ��ELU�UDG\DW|U�KRUWXPXQXQ�JHULOPH�NXYYHWL�LVH�YH�\ 3 ¶QLQ�\ 3 ` � ������
SVL�DOWÕQGDNL�ELU�GH÷HUL�NDEXO�HGLOHPH]�ELU�GH÷HU�LVH��GL÷HU�FHYDS�GH÷LúNHQOHULQLQ�
oHNLFLOLN�GH÷HUOHUL�QH�NDGDU�\�NVHN�ROXUVD�ROVXQ���U�Q�NDEXO�HGLOHPH]�RODFDNWÕU��

\ e f � GH÷HUL�� �\ 7 ¶QÕQ� HQ� \�NVHN� GH÷HULQL� YHUPHNWHGLU��*HUoHNWH�� EXUDGD� WHN�
WDUDIOÕ� WUDQVIRUPDV\RQX� HOH� DOGÕ÷ÕPÕ]� LoLQ�� �\ 7 ¶QÕQ� HQ� \�NVHN� GH÷HUL� \RNWXU��
%XQXQOD�EHUDEHU��X\JXODPDODUD�EDNÕODFDN�ROXUVD�� �\ 7 �LoLQ�ELU� \ g h �GH÷HUL�VHoLOHELOLU��
%XUDGD� \ i j � GH÷HULQLQ� DúÕOPDVÕ� X\JXOD\ÕFÕODU� DoÕVÕQGDQ� ID]OD� ELU� DQODP� LIDGH�
HWPH\HELOLU��gUQH÷LQ��JHULOPH�NXYYHWL�|UQH÷LQGH�� DúÕOGÕ÷Õ�]DPDQ�KRUWXP�NDOLWHVL�
�]HULQGH� ID]OD� ELU� HWNLVL� ROPD\DQ� ELU� \ k l � GH÷HUL� WHVSLW� HGLOHELOLU�� %|\OHFH� \ k l �
DúÕOGÕ÷ÕQGD�oHNLFLOLN�GH÷HUL���RODUDN�NDOÕU��

�
m*n
o(p q�r�s+tEn+u%p vCp o USw n+u*n
x-q n
x-p p y+p z�{ |�}'~ x-�
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7UDQVIRUPDV\RQGD� NXOODQÕODQ� Q� GH÷HUL� GH� \LQH� X\JXOD\ÕFÕ� WDUDIÕQGDQ�
EHOLUOHQHELOLU�� ùHNLO� �¶H� EDNÕOGÕ÷ÕQGD�� �\ 7 ¶QÕQ� DU]X� HGLOGL÷L� GH÷HUH� oRN� \DNÕQ�
ROPDVÕ� LVWHQL\RUVD�� Q¶LQ� E�\�N� ELU� GH÷HULQLQ� VHoLOPHVL� JHUHNWL÷L� J|U�OPHNWHGLU��
'L÷HU�ELU�GH\LúOH��\ 3 ` ��U�Q�Q�NDEXO�HGLOHELOLU�ROPDVÕ�LoLQ�\HWHUOL�ROVD�ELOH�� �\ 7 ¶QÕQ�
\ 3 ` ¶GDQ� GLNNDWH� GH÷HU� |Oo�GH� E�\�N� ROPDVÕ� GXUXPXQGD�� �U�Q�Q� oHNLFLOLN� GH÷HUL�
E�\�N�|Oo�GH�DUWDU��<LQH�UDG\DW|U�KRUWXPX�|UQH÷LQH�G|QHUVHN��\ 3 ` � ������SVL¶QLQ�
�]HULQGHNL�JHULOPH�NXYYHWL�NDEXO�HGLOHELOLU�ROVD�ELOH�NDOLWH�NDUDNWHULVWL÷L�LoLQ�NDUDU�
YHULFL� NRQXPXQGD� EXOXQDQ� \|QHWLP� ����� SVL¶QLQ� oRN� �]HULQGHNL� GH÷HUOHUL� DU]X�
HGHELOLU��%X�GXUXPGD�Q¶LQ�ROGXNoD�\�NVHN�ELU�GH÷HUL��|UQH÷LQ�Q� ����VHoLOHELOLU��
*|U�OG�÷�� JLEL�� oHNLFLOLN� GHUHFHVL� G 3 �� �\ 7 ¶QÕQ� DUWÕúÕQD� J|UH� GDKD� \DYDú� ELU� KÕ]OD�
DUWPDNWDGÕU��%XQGDQ�GROD\Õ��G 3 ¶\L� YH�'¶\L�PDNVLPL]H�HWPHN� LoLQ�� �\ 7 ��\ 3 ` ¶ÕQ� oRN�
�]HULQGH� ROPDOÕGÕU�� 'L÷HU� WDUDIWDQ�� �\ 7 ¶QÕQ�� \ 3 ` ¶ÕQ� oRN� �]HULQGH� ROPDVÕ� ID]OD� ELU�
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DQODP�LIDGH�HWPL\RUVD�Q¶LQ�N�o�N�ELU�GH÷HUL�EHOLUOHQHELOLU��gUQH÷LQ�Q� ������\ 3 ` ¶ÕQ�
�]HULQGHNL�KHUKDQJL�ELU� �\ 7 GH÷HULQLQ��\ 3 ` ¶ÕQ��]HULQGHNL�GL÷HU�EDúND� �\ 7 ¶ODUOD�KHPHQ�
KHPHQ�D\QÕ�oHNLFLOLN�GHUHFHVLQGH�ROGX÷X�DQODPÕQD�JHOPHNWHGLU��

���dLIW�7DUDIOÕ�7UDQVIRUPDV\RQODU�
dLIW� WDUDIOÕ� WUDQVIRUPDV\RQODU�� FHYDS�GH÷LúNHQL�\ 3 ��KHP�ELU�PLQLPXP�KHP�

GH�ELU�PDNVLPXP�NÕVÕWÕQD�VDKLS�ROGX÷X�GXUXPGD�RUWD\D�oÕNDU��%XUDGD�
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úHNOLQGHNL�ELU�WUDQVIRUPDV\RQ�HOH�DOÕQÕU��%XUDGDNL�GXUXPGD�\ 3 ` �� �\ 7 ¶QÕQ�PLQLPXP�
NDEXO�HGLOHELOLU�GH÷HUL��DOW�WROHUDQV�OLPLWL��YH� \ k l ��\ 3 ¶QÕQ�PDNVLPXP�NDEXO�HGLOHELOLU�
GH÷HULGLU� ��VW� WROHUDQV� OLPLWL��� %X� VÕQÕUODUÕQ� GÕúÕQGDNL� �\ 7 GH÷HUOHUL� �U�Q�� NDEXO�
HGLOHPH]�GXUXPD�JHWLUPHNWHGLU��F 3 � LoLQ�VHoLOHQ�GH÷HU�� �\ 7 �LoLQ�HQ�oRN�DU]X�HGLOHQ�
GH÷HUGLU� �KHGHI� GH÷HUGLU�� YH� \ 3 ` � LOH� \ g h � DUDVÕQGDGÕU�� V� YH� W� GH÷HUOHUL�� WHN� WDUDIOÕ�
WUDQVIRUPDV\RQGDNL�Q�LOH�D\QÕ�URO��R\QDPDNWDGÕU��

ùHNLO��¶GH�W�YH�V¶QLQ�ELU�NDo�GH÷LúLN�GH÷HUL�oL]LOPLúWLU��gUQHN�RODUDN�F 3 ��\ 3 ` �
LOH� \ � � � DUDVÕQGDNL� X]DNOÕ÷ÕQ� LON� �� ��¶OLN� NÕVPÕQGD� VHoLOPLúWLU�� %X� úHNLOH� J|UH��
�\ 7 ¶QÕQ�F 3 ¶\H�oRN�\DNÕQ�ROPDVÕ�LVWHQL\RUVD��V�YH�W¶QLQ�E�\�N�GH÷HUOHUL�VHoLOPHOLGLU��
%X� GXUXPGD� oHNLFLOLN� GHUHFHVL� G 3 �� �\ 7 �� F 3 ¶\H� oRN� \DNÕQ� ROPDGÕNoD�� ID]OD� E�\�N�
ROPD\DFDNWÕU��'L÷HU�WDUDIWDQ�� �\ 7 ¶QÕQ�\ 3 ` �YH� \ � � �DUDVÕQGDNL�E�W�Q�GH÷HUOHUL�KHPHQ�
KHPHQ�D\QÕ�GHUHFHGH�NDEXO�HGLOHELOLU�LVH��V�YH�W¶QLQ�N�o�N�GH÷HUOHUL�VHoLOHELOLU��V�
YH�W¶QLQ���FLYDUÕQGDNL�GH÷HUOHUL��\XNDUÕGD�EDKVHGLOHQ�EX�LNL�DúÕUÕ�GXUXP�DUDVÕQGD�
ELU� X]ODúPD\Õ� WHPVLO� HWPHNWHGLU�� $\UÕFD�� �\ 7 ¶QÕQ� F 3 ¶\H� GR÷UX� KÕ]OD� DUWPDVÕ� DU]X�
HGLOGL÷L�KDOGH�� �\ 7 ¶QÕQ�F 3 ¶QLQ��]HULQGH� DQFDN� \ � � ¶ÕQ�DOWÕQGDNL�KHUKDQJL�ELU�GH÷HUL�
NDEXO�HGLOHELOLU�LVH��V¶QLQ�E�\�N�ELU�GH÷HUL��EXQXQ�\DQÕQGD�W¶QLQ�N�o�N�ELU�GH÷HUL�
VHoLOHELOLU��
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�m*n
o(p q*�.s+tEn+u%p vCp o �c� n � w nBu*n
x-q n
xCp*p y+p zS{ �%}'~ x"�
z(�C� ��x �L�B���*��z%�'s
���%DúND�%LU�dHNLFLOLN�)RQNVL\RQX�
%X� E|O�PGH�� ELU� NDOLWH� NDUDNWHULVWL÷LQLQ� KHGHI� GH÷HULQGHQ� D]� PLNWDUGDNL�

VDSPDODUÕQÕQ� ID]OD� |QHPOL� ROPDGÕ÷Õ�� DQFDN� ID]OD� PLNWDUODUGDNL� VDSPDODUÕQÕQ�
�WROHUDQVODU� GDKLOLQGH� ROVD� ELOH�� LVWHQPHGL÷L� GXUXPODU� V|]� NRQXVX� ROGX÷XQGD�
NXOODQÕODELOHFHN��IDUNOÕ�ELU�oHNLFLOLN�IRQNVL\RQX�|QHULOPLúWLU���

<XNDUÕGD�EDKVHGLOHQ�GXUXPODUGD�NXOODQÕODELOHFHN�ELU�oHNLFLOLN�IRQNVL\RQX��
G D\ D\� � � c � � c

�
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úHNOLQGH�\D]ÕODELOLU��%XUDGD��
c  �
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úHNOLQGHGLU��(úLWOLN����¶GD� \ � � ��VW�WROHUDQV�OLPLWL��\ � � �DOW�WROHUDQV�OLPLWL�YH�F � �KHGHI�
GH÷HUGLU��$\UÕFD�HúLWOLN����¶GDNL�F � �LoLQ��

F \ \� � � �� �
� �

ROGX÷X�� GL÷HU� ELU� GH\LúOH� NDOLWH� NDUDNWHULVWL÷LQLQ� KHGHI� GH÷HULQLQ� WROHUDQV�
OLPLWOHULQLQ�WDP�RUWDVÕQGD�ROGX÷X�YDUVD\ÕOPDNWDGÕU��(úLWOLN����¶WHNL�D�GH÷HUL�LVH�����
YH����E|O�POHUGHNL�Q��V�YH�W�GH÷HUOHULQLQ�VHoLPLQGH�NXOODQÕODQ�NULWHUOHU�J|]|Q�QH�
DOÕQDUDN� EHOLUOHQHELOLU�� D�  � ��� �� YH� ��� GXUXPODUÕ� LoLQ� HOGH� HGLOHQ� oHNLFLOLN�
IRQNVL\RQODUÕ�ùHNLO���LOH�YHULOPLúWLU��%XUDGD� \ � �  ������\ � � � ����YH�F � � ����RODQ�ELU�
GXUXP�HOH�DOÕQPÕúWÕU��
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(úLWOLN����¶WH�|QHULOHQ�oHNLFLOLN�IRQNVL\RQX�LOH�'HUULQJHU�YH�6XLFK�������¶LQ�

HúLWOLN� ���¶WH� |QHUGL÷L� oHNLFLOLN� IRQNVL\RQX� DUDVÕQGDNL� IDUNOÕOÕ÷Õ� J|UHELOPHN� LoLQ�
ùHNLO� �¶H� EDNÕODELOLU�� %XUDGD� \LQH� \ ú û  � ����� \ � � �  � ��� YH� F � �  � ��� ROGX÷X�
YDUVD\ÕOPÕúWÕU�� (úLWOLN� ���� LOH� YHULOHQ� WUDQVIRUPDV\RQXQ� NXOODQÕOGÕ÷Õ� oHNLFLOLN�
IRQNVL\RQXQGD�D� ���RODUDN��HúLWOLN�����LOH�YHULOHQ�WUDQVIRUPDV\RQXQ�NXOODQÕOGÕ÷Õ�
oHNLFLOLN� IRQNVL\RQXQGD� V�  � W�  � �� DOÕQPÕúWÕU�� ùHNLO� �¶WHQ� J|U�OG�÷�� JLEL� ����
WUDQVIRUPDV\RQX�� KHGHI� GH÷HU� F � ¶GHQ� D]� PLNWDUODUGDNL� VDSPDODUD� NDUúÕ� � ����
WUDQVIRUPDV\RQXQD� J|UH� GDKD� GX\DUVÕ]GÕU�� $QFDN� EHOOL� ELU� QRNWDGDQ� VRQUD� ����
WUDQVIRUPDV\RQX�VDSPDODUD�NDUúÕ�����WUDQVIRUPDV\RQXQD�J|UH�GDKD�GX\DUOÕ�ROGX÷X�
LoLQ�GDKD�KÕ]OÕ�D]DOPDNWDGÕU��$\UÕFD�����WUDQVIRUPDV\RQX�WROHUDQV�VÕQÕUODUÕ�GÕúÕQD�
oÕNÕOGÕ÷ÕQGD� WDP� RODUDN� VÕIÕU� GH÷HULQL� DOPDPDNWD�� DQFDN� VÕIÕUD� \DNÕQ� ELU� GH÷HU�
DOPDNWDGÕU��
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úHNOLQGHGLU�� %XUDGDNL� D� VDELWL� \XNDUÕGDNL� DoÕNODPDODU� GLNNDWH� DOÕQDUDN�
EHOLUOHQHELOLU��
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\D]ÕODELOLU�� \ � � �� �\ Ù ¶QÕQ�PDNVLPXP�NDEXO�HGLOHELOLU�GH÷HUL�YH�\ � � �� �\ Ù ¶QÕQ�HQ�G�ú�N�
GH÷HULGLU��EN]�����%|O�P��YH�
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úHNOLQGHGLU��
��gUQHN�8\JXODPD�
'HUULQJHU� YH� 6XLFK� ������� WDUDIÕQGDQ� LQFHOHQHQ� ODVWLN� HQG�VWULVLQGHNL� ELU�

\�]H\�GLúL�ELOHúLPL�SUREOHPLQGH�FHYDS�GH÷LúNHQOHUL��\¶OHU���3,&2�$úÕQPD�øQGHNVL�
�\ � ��� \�]GH� ���� PRG�O� �\ � ��� NRSPD� X]DPDVÕ� �\ � �� YH� VHUWOLN� �\ � �� RODUDN� HOH�
DOÕQPÕúWÕU��&HYDS�GH÷LúNHQOHULQLQ�KHU�ELUL�úX�JLUGL�GH÷LúNHQOHULQH�ED÷OÕGÕU��KLGUDWOÕ�
VLOLV� VHYL\HVL� �[ � ��� VLODQ� NDYUDPD� VHYL\HVL� �[ � �� YH� N�N�UW� VHYL\HVL� �[ � ��� %XUDGD�
DPDo��\ � �YH�\ � ¶\L�PDNVLPL]H�HGHFHN�YH�\ � �YH�\ � ¶��ELU�KHGHI�GH÷HUH�\DNODúWÕUDFDN�
[¶OHULQ� VHYL\HOHULQLQ� VHoLPLGLU�� &HYDS� GH÷LúNHQOHUL� �]HULQGHNL� NÕVÕWODU� DúD÷ÕGDNL�
JLELGLU��
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$\UÕFD� \ ' � YH� \ ( � LoLQ� KHGHI� GH÷HUOHU� 7 ) �  � ���� YH� 7 & �  � ����� úHNOLQGHGLU��
'HUULQJHU�YH�6XLFK��������EX�SUREOHPLQ�o|]�P�QGH�HúLWOLN�����YH�����LOH�YHULOHQ�
WUDQVIRUPDV\RQODUÕ� NXOODQPÕúWÕU� YH� Q�  � V�  � W�  � �� RODUDN� DOPÕúWÕU�� %X� E|O�PGH�
'HUULQJHU� YH� 6XLFK� ������¶GH� VXQXODQ� WDVDUÕP�� YHULOHU� YH� PRGHOOHU� GLNNDWH�
DOÕQPÕúWÕU��8\XPX�\DSÕODQ�PRGHOOHU� LNLQFL�GHUHFH� FHYDS�\�]H\OHUL�ROXS�� DúD÷ÕGD�
YHULOHQ�IRUPGDGÕU��
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%XUDGD� E¶OHU� HQ� N�o�N� NDUHOHU� \|QWHPL� LOH� WDKPLQOHQPLú� NDWVD\ÕODUGÕU�� $\UÕFD�
FHYDS�GH÷LúNHQOHULQGHQ�\��YH�\��LoLQ�HúLWOLN�����LOH�YHULOHQ��\ ' �YH�\ ( �LoLQ�LVH�HúLWOLN�
����LOH�YHULOHQ�WUDQVIRUPDV\RQ�NXOODQÕOPÕúWÕU�YH�W�P�FHYDSODU�LoLQ�D� ���DOÕQDUDN�
SUREOHP�o|]�OP�úW�U��6|]�NRQXVX�GHQH\� WDVDUÕPÕ�ELU�PHUNH]L�ELOHúLN� WDVDUÕPGÕU�
YH� GHQH\�E|OJHVL� N�UHVHOGLU� � [ [ [5 6 6 6 7 6 �� � d ���%X� WDVDUÕPGDQ� HOGH� HGLOHQ� oRN�
FHYDSOÕ� YHULOHU� 7DEOR� �¶GH� YHULOPLúWLU�� +HU� ELU� FHYDS� YHULVL� LoLQ� LNLQFL� GHUHFH�
PRGHOOHULQ� X\XPX� \DSÕOGÕ÷ÕQGD� WDKPLQOHQHQ� NDWVD\ÕODU� YH� FHYDSODUÕQ� VWDQGDUW�
KDWDODUÕ�7DEOR��¶GH�YHULOPLúWLU���

7DEOR����'HQH\�7DVDUÕPÕ�YH�9HULOHU�8:9 8<; 8>= ?"9 ?�; ?@= ?�A
BDC BDC C C�E$F G�E�E H<I�E J�I>K L
C BDC BDC C�F�E MNJ�E HOC�E J�L
BDC C BDC C�C�I MNE�E L�I�E I�I>K L
C C C C�G�M F�F<GNH F�H<E INH�K L
BDC BDC BDC C�ENP H<G�E JNH<E JNF�K L
C BDC C C�P$F C�F>MNG F<I�E J�I
BDC C C C�P$F C�F<I�E HOC�E I<M
C C BDC C�PNG C�E�G�E P<MNE I�E

B�CQK JNP�P E E C�E$F I�I�E L�G�E I�J
CQK J�P�P E E C�L$H C�J�G�E F<J�E I�E

E B�CQK JNP�P E GNJ I�E�E LNF<E J�P
E CQK JNP�P E C�JNP C�LNH<E P<MNE I�L
E E BDCQK J�PNP C�C�J FOC�M$H LNF<E J�L
E E CQK J�PNP C�LNP C�I<M$H F<G�E I:C
E E E C�PNP C�P�E�E P<MNE I�E
E E E C�PNP C�P�E�E P<MNE J<M<K L
E E E C�H�E C�C�H<L H<P�E J<M
E E E C�HNF C�E�G�E H<P�E J<M
E E E C�H�L C�F<J�E P�G�E J�G
E E E C�HNF C�PNH�H P�G�E I�E

.D\QDN��*��'HUULQJHU�YH�5��6XLFK���������
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%X� E|O�PGH� HOH� DOÕQDQ� |UQHN� X\JXODPDGD� RSWLPL]DV\RQ� SUREOHPLQLQ�
o|]�P�� LoLQ� SRS�OHU� ELU� HOHNWURQLN� KHVDS� WDEORVX� \D]ÕOÕPÕ� RODQ� ([FHO� ����
LoHULVLQGHNL� ³6ROYHU´� VHoHQH÷L� NXOODQÕOPÕúWÕU�� 6ROYHU� VHoHQH÷L�� JHQHOOHúWLULOPLú�
LQGLUJHQPLú� JUDG\DQ� �*ø*�� DOJRULWPDVÕQÕ� NXOODQPDNWDGÕU�� *ø*� DOJRULWPDVÕ��
GR÷UXVDO� ROPD\DQ� HúLWOLN� NÕVÕWODUÕ� ROPDVÕ� GXUXPXQGD�� ELU� DPDo� IRQNVL\RQXQX�
RSWLPL]H�HWPHNWHGLU��(úLWVL]OLN�NÕVÕWODUÕQÕQ�ROPDVÕ�GXUXPXQGD� LVH�� DUWÕN� �VXUSOXV��
GH÷LúNHQOHULQ�HNOHQPHVL�LOH�EX�NÕVÕWODU�HúLWOLN�NÕVÕWODUÕQD�G|Q�úW�U�OPHNWHGLU��'HO�
&DVWLOOR�YH�0RQWJRPHU\���������%|\OHFH��EX�\|QWHP�GR÷UXVDO�ROPD\DQ�HúLWVL]OLN�
NÕVÕWODUÕQÕQ� ROPDVÕ� GXUXPXQGD� GD� NXOODQÕODELOPHNWHGLU�� 'HO� &DVWLOOR� YH�
0RQWJRPHU\� ������� *ø*� DOJRULWPDVÕ� LOH� LOJLOL� RODUDN� DúD÷ÕGDNL� KXVXVODUÕ�
YXUJXODPÕúODUGÕU��

����'R÷UXVDO� ROPD\DQ� SURJUDPODPD� �'23�� LOH� LOJLOL� OLWHUDW�UGH� *ø*�
\|QWHPL��ELU� ³SULPDO´�\|QWHP�RODUDN�ELOLQPHNWHGLU��%XQXQ�DQODPÕ��EX�
\|QWHPLQ� RSWLPXP� o|]�P� QRNWDVÕ� LoLQ� NÕVÕWODU� LOH� WDQÕPODQDQ� ROXUOX�
E|OJH� ER\XQFD� DUDPD� \DSPDVÕGÕU�� 2SWLPL]DV\RQ� V�UHVLQFH� KHU� ELU�
QRNWDQÕQ� ROXUOX� ROXS� ROPDGÕ÷Õ� �NÕVÕWODUÕ� VD÷OD\ÕS� VD÷ODPDGÕ÷Õ�� WHVW�
HGLOPHNWHGLU� YH� KHU� ELU� LWHUDV\RQ� VRQXFX� DPDo� IRQNVL\RQXQXQ� GH÷HUL�
L\LOHúWLULOPHNWHGLU�� $UDPD� V�UHFL� ER\XQFD� W�UHWLOHQ� KHU� QRNWD� ROXUOX�
RODFD÷Õ�LoLQ��GXUGXUPD�QRNWDVÕ�GD�ROXUOX�RODFDNWÕU��7�P�SUREOHPOHU�LoLQ�
JOREDO� RSWLPXPXQ� EXOXQPDVÕ� JDUDQWL� DOWÕQD� DOÕQDPDVD� GD�� GXUGXUPD�
QRNWDVÕ�ROXUOXGXU�YH�DPDo�IRQNVL\RQX�LoLQ�EDúODQJÕo�QRNWDVÕQGDQ�GDKD�
L\L�ELU�GH÷HU�HOGH�HGLOLU��$OJRULWPD\Õ�EDúODWPDN�LoLQ�ROXUOX�ELU�EDúODQJÕo�
QRNWDVÕ�JHUHNOLGLU��

����*ø*� DOJRULWPDVÕ�� NXOODQÕODELOHFHN� '23� \|QWHPOHUL� LoHULVLQGH� HQ�
GX\DUVÕ]� �UREXVW�� RODQÕGÕU�� 5HNODLWLV� YG�� ������� GX\DUVÕ]OÕ÷Õ�� |]HO� ELU�
'23� \|QWHPLQLQ� GH÷LúLN� SUREOHPOHUL� o|]PH� \HWHQH÷L� RODUDN�
WDQÕPODPDNWDGÕU��

����øQGLUJHQPLú�JUDG\DQ�WLSL�\|QWHPOHU�
�� %DúODQJÕo�QRNWDVÕ�RSWLPXPGDQ�X]DN��
�� .ÕVÕWODU�\�NVHN�GHUHFHGH�GR÷UXVDO�ROPD\DQ�ELU�\DSÕGD�
ROPDGÕNoD�L\L�oDOÕúPDNWDGÕUODU��

*ø*� DOJRULWPDVÕ� LOH� LOJLOL� GDKD� GHWD\OÕ� ELOJLOHU� 'HO� &DVWLOOR� YH� 0RQWJRPHU\�
��������5HNODLWLV�YG���������YH�%D]DUDD�YG��������¶WH�EXOXQPDNWDGÕU��%X�E|O�PGH�
*ø*� DOJRULWPDVÕ� NXOODQÕOGÕ÷ÕQGD� HQ� \�NVHN� oHNLFLOLN� GH÷HULQL� YHUHQ�NRúXOODU� LVH�
7DEOR��¶GH�YHULOPLúWLU��
�
�
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7DEOR����0RGHO�.DWVD\ÕODUÕ�YH�&HYDSODUÕQ�6WDQGDUW�+DWDODUÕ�
� �.DWVD\ÕODU� �

7HULPOHU� 0RGHO�\ [ � 0RGHO�\\ � 0RGHO�\] � 0RGHO�\̂ �
6DELW� ������� �������� ������� ������
[ [ � ������ ������� ������� ������
[ \ � ������ ������� ������� �����
[ ] � ������ ������� ������� �����
[ [ [ \ � ����� ������ ����� ������
[ [ [ ] � ����� ������ ����� �����
[ \ [ ] � ����� ������� ����� ������
[ [ \ � ������ ������� ����� �����
[ \ \ � ������ �������� ������ �����
[ ] \ � ������ ������� ����� ������
6WDQGDUW��
+DWD�

����� ������� ������ �����

.D\QDN��*��'HUULQJHU�YH�5��6XLFK���������
7DEOR����2SWLPL]DV\RQ�6RQXoODUÕ�

dHNLFLOLN�'H÷HUOHUL� 7DKPLQOHQPLú�&HYDSODU� 2SWLPXP�)DNW|U�VHYL\HOHUL�
G [ � ������� \ [ � ��������� [ [ � ��������
G \ � ������� \ \ � ���������� [ \ � �������
G ] � ������� \ ] � ��������� [ ] � ��������
G ^ � ������� \ ^ � �������� � �

*HQHO�
dHNLFLOLN�'�

������� � � � �

�
��6RQXo�
%X�oDOÕúPDGD�|QHULOHQ�oHNLFLOLN�IRQNVL\RQX��'HUULQJHU�YH�6XLFK�������¶LQ�

|QHUGL÷L� \DNODúÕP� LOH� ELUOLNWH� NXOODQÕODELOHFHN� ELU� \DNODúÕPGÕU�� %X� LNL� \DNODúÕP�
LoLQ� ELUELUOHULQLQ� DOWHUQDWLIL� GH÷LO�� DQFDN� ELUELUOHULQLQ� WDPDPOD\ÕFÕODUÕ� ROGXNODUÕ�
V|\OHQHELOLU�� %XQXQOD� ELUOLNWH� |QHULOHQ� \DNODúÕPÕQ� JHOLúWLULOPHVL� JHUHNPHNWHGLU��
gUQH÷LQ�X\JXOD\ÕFÕ�KDQJL�QRNWDGDQ�|QFH�KHGHI�GH÷HUGHQ�VDSPDODUD�NDUúÕ�GX\DUVÕ]�
ROXQDFD÷ÕQÕ�YH�KDQJL�QRNWDGDQ�VRQUD�KHGHI�GH÷HUGHQ�VDSPDODUD�NDUúÕ�GDKD�GX\DUOÕ�
ROXQDFD÷ÕQÕ� NHQGLVL� EHOLUOHPHN� LVWHGL÷LQGH�� EX� ELOJL\L� GH� V�UHo� RSWLPL]DV\RQX�
SUREOHPLQH� GDKLO� HGHELOHFH÷L� ELU� oHNLFLOLN� IRQNVL\RQXQXQ� JHOLúWLULOPHVL�
JHUHNPHNWHGLU�� %X� WLS� IRQNVL\RQODUÕQ� JHOLúWLULOPHVL� LVH� D\UÕ� ELU� oDOÕúPD� DODQÕ�
RODUDN�|QHULOHELOLU��
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$%675$&7�
$Q� LPSRUWDQW� SUREOHP� LQ� SURGXFW� DQG� SURFHVV� GHVLJQ� LV� WKH� VHOHFWLRQ� RI�

IDFWRU� OHYHOV��ZKLFK� UHVXOW� LQ� D� SURGXFW�ZLWK� D�GHVLUDEOH� FRPELQDWLRQ�RI�TXDOLW\�
FKDUDFWHULVWLFV��'HUULQJHU� DQG�6XLFK� �������KDV�DGGUHVVHG� WKLV�SUREOHP�DQG�KDV�
SUHVHQWHG� D� GHVLUDELOLW\� IXQFWLRQ� DSSURDFK�� ,Q� WKLV� VWXG\�� GHVLUDELOLW\� IXQFWLRQ�
DSSURDFK�KDV�EHHQ�UHZLHYHG�DQG�DQRWKHU�GHVLUDELOLW\�IXQFWLRQ��ZKLFK�FDQ�EH�XVHG�
WRJHWKHU�ZLWK�'HUULQJHU�DQG�6XLFK¶V�DSSURDFK�DUH�SUHVHQWHG��

.$<1$.d$�
%$=$5$$��0�� 6��� 6+(5$/,�� +�� '��� YH� 6+(77<�� &��0�� ��������1RQOLQHDU�

3URJUDPPLQJ��7KHRU\�DQG�$OJRULWKPV�����%DVNÕ��1HZ�<RUN��-RKQ�:LOH\��
'(/� &$67,//2�� (�� YH� 0217*20(5<�� '�� &�� �������� ³1RQOLQHDU�

3URJUDPPLQJ�6ROXWLRQ�WR�WKH�'XDO�5HVSRQVH�3UREOHP�´�-RXUQDO�RI�4XDOLW\�
7HFKQRORJ\���������������

'(55,1*(5��*��YH�68,&+��5����������³6LPXOWDQHRXV�2SWLPL]DWLRQ�RI�6HYHUDO�
5HVSRQVH�9DULDEOHV�´�-RXUQDO�RI�4XDOLW\�7HFKQRORJ\���������������

+$55,1*721��(��&��-U����������³7KH�'HVLUDELOLW\�)XQFWLRQ�´�,QGXVWULDO�4XDOLW\�
&RQWURO���������������

5(./$,7,6�� *�� 9��� 5$9,1'5$1�� $�� YH� 5$*6'(//�� .�� 0�� ��������
(QJLQHHULQJ� 2SWLPL]DWLRQ�� 0HWKRGV� DQG� $SSOLFDWLRQV�� 1HZ� <RUN�� -RKQ�
:LOH\��


