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VPDOO�ZRUOG�NRHILFLMHQW�NRML�SUHGVWDYOMD�NROLNR�MH�QD�MPDQMH�NRUDND�SRWUHEQR�GD�VH�GR_H�RG�MHGQRJ�GR�ELORNRJ�GUXJRJ�aYRUD�-HGDQ�RG�QDaLQD�]D�JHQHULVDQMH��D�NRML�VPR�L�PLNRULVWLOL��MH�%DUDED^L�$OEHUW��%$��PRGHO��$OEHUW�HWDO���������2YDM�PRGHO�VH�GHILQL^H�QD�VOHGH`L�QDaLQ�NUH`X`L� VH� RG�PDORJ� EURMD� UDQGRP�SRYH]DQLKaYRURYD�Q� VD�YHURYDWQR`RP�SRYH]DQRVWL�SR�� XVYDNRP�NRUDNX�GRGDMHPR�aYRU�VD�P�≤ QR��QRYLKYH]D��NRMH�̀ H�ELWL�SRYH]DQH�VD�aYRURYLPD�NRML�VX�YH`SULVXWQL�X�VLVWHPX��3ULOLNRP�ELUDQMD�VD�NRMLP�VWDULP�aYRURP�̀ H�GD�VHSRYHCH�QRYL�aYRU��SRGUD]XPHYDPR�GD�`H�YHURYDWQR�`D�YH]LYDQMD�3(NL) ]D�WDM�aYRU�L�]DYLVLWL�RG�NRHILFL�MHQDWD�SRYH]DQRVWL NL NDR�X�IRUPXOL�����3(NL) = NL ⁄ ∑M NM ���
3RVOH�W NRUDND�GRELMDPR�PUHCX�VD�1 = W P + QRaYRURYD��7RNRP�YUHPHQD��SRaHWQD�UDQGRP�PUHCDHYROXLUD�X�6FDOH�IUHH�PUHCX��.RG�RYDNR�JHQHULVDQLKPUHCD�GLVWULEXFLMD�EURMD�aYRURYD�RG�QMLKRYRJ�VWHSHQDVH�SRQD^D�NDR�VWHSHQR�RSDGDMX`D�IXQNFLMD�VD�NRHILFL�MHQWRP�γ  ����$OEHUW�HW�DO��������6LPXODFLMD
8�VLPXODFLML�MH�VYDNL�aYRU�X�PUHCL�QXPHULVDQUHGQLP�EURMHP��0UHCD�MH�SUHGVWDYOMHQD�NDR�PDWULFDYHOLaLQH�1 ⋅ 1 JGH�MH�1 EURM�aYRURYD��6YDNR�SROMHVDGUCL�LQIRUPDFLMX�GD�OL�VX�aYRURYL��SRG�UHGQLP�EUR�MHP�NRRUGLQDWD�WRJ�SROMD��SRYH]DQL�LOL�QH��3R^WR�YH]HQLVX�XVPHUHQH��LQIRUPDFLMH�X�SROMLPD�3[L][ M] L�3[M][ L]VX�LGHQWLaQH��=ERJ�WRJD�MH�NRUL^`HQD�WURXJDRQD�PD�WULFD�NRMD�]DX]LPD�GXSOR�PDQMH�PHPRULMH�3ULOLNRP�VWDUWRYDQMD�VLPXODFLMH�JHQHUL^H�VH�UDQ�GRP�PUHCH��SR�X]RUX�QD�%$�PRGHO��YHOLaLQH�L�YHUR�YDWQR`H�SRYH]DQRVWL�SUHPD�XOD]QLP�SRGDFLPD�1DUHGQL�NRUDN�MH�GRGDYDQMH�aYRURYD��WDNR_H�SR�X]R�UX�QD�%$�PRGHO��8�WRNX�VLPXODFLMH�PRJX`H�MHL]UDaXQDWL�VOHGH`H�NDUDNWHULVWLNH�PUHCH����FOXVWHULQJ�NRHILFLMHQW��]D�MHGDQ�aYRU��NRHILFL�MHQW�VH�UDaXQD�WDNR�^WR�VH�]DSL^X�VYL�QMHJRYL�VXVHGL�QH�UDaXQDMX`L�VDP�aYRU��=DWLP�VH�SUHEURMH�VYH�YH]HPH_X�QMLPD�L�WR�VH�SRGHOL�VD�EURMHP�YH]D�SRWSXQRSRYH]DQH�PUHCH��3RVWXSDN�VH�SRQRYL�]D�VYH�aYRURYHL�UH]XOWDW�VH�XVUHGQML��'RELMHQL�EURM�VH�VPDWUD�FOXVWHU�LQJ�NRHILFLMHQWRP�

�� VUHGQMH�UDVWRMDQMH�L]PH_X�GYD�aYRUD��SROX�SUHaQLN�PUHCH��LOL�VPDOO�ZRUOG�NRHILFLMHQW��]D�MHGDQaYRU�RGUHGLPR�QDMNUD`H�SXWHYH�GR�VYLK�RVWDOLK�aYR�URYD��=DWLP�WD�UDVWRMDQMD�XVUHGQMLPR��,VWR�SRVWXSLPRVD�VYLP�aYRURYLPD��6UHGQMH�XGDOMHQRVWL�UDaXQDWH�]DVYH�aYRURYH�SRQRYR�XVUHGQMLPR��'RELMHQR�UDVWRMDQMHSUHGVWDYOMD�VPDOO�ZRUOG�NRHILFLMHQW�PUHCH��1DaLQ�QDNRML�MH�RQ�UDaXQDW�X�RYRM�VLPXODFLML�MH�VOHGH`L�¬ L]EHUH�VH�ELOR�NRML�aYRU�L�QMHJRYD�YUHGQRVW�VHSRVWDYL�QD��¬ VYL�QMHJRYL�VXVHGL�VH�SRVWDYH�QD��¬ UHNXU]LYQR�VH�QD�GDOMH�aYRURYL�REHOHCDYDMX�VD�������… ��GRN�VH�QH�GR_H�GR�NUDMD¬ SULOLNRP�XSLVLYDQMD�LQGHNVD�VYDNRJ�aYRUDEURML�VH�NROLNR�LK�LPD�EURMDaLPD�N���N���N�…¬ ]DWLP�VH�L]UDaXQD�VUHGQMH�UDVWRMDQMH�]D�WDMaYRU� IRUPXORP� �N�⋅����N�⋅����N�⋅����…���N� ��N� ��N� ��…�¬ FHR�SRVWXSDN�VH�SRQRYL�]D�VYH�aYRURYH�L�XV�UHGQML�VH�7DNR_H�MH�PRJX`H�VH�X�WRNX�VLPXODFLMH�X�IDMOLVSL^H�WUHQXWQD�GLVWULEXFLMD�EURMD�aYRURYD�SR�QMLKR�YRP�VWHSHQX�5H]XOWDWL3UYD�LVSLWLYDQD�RVRELQD�MH�ELOD�FOXVWHULQJ�NRHILFL�MHQW��,VSLWLYDOL�VPR�]DYLVQRVW�RG�YHOLaLQH�PUHCH��RG�QRVQR�NDNR�VH�FOXVWHULQJ�NRHILFLMHQW�PHQMD�WRNRPUDVWD�L�HYROXFLMH�PUHCH��6OLND���SULND]XMH�WX�]DYLVQRVW]D�SRaHWQH�YUHGQRVWL�P  ����QR  ����L�SR  �����
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3ULPH`XMH�VH�GD�MH�RYD�]DYLVQRVW�OLQHDUQD�QD�ORJ�ORJ�JUDILNX�L]�aHJD�]DNOMXaXMHPR�GD�MH�]DYLVQRVWVWHSHQD��,]�WRJ�UD]ORJD�VPR�ILWRYDOL�QD�IXQNFLMX��$O�EHUW�L�%DUDEDVL�������I([) = D + E [− F ���9UHGQRVW�NRHILFLMHQWD�D�NRMD�VH�GRELMD�ILWRYDQMHPMH�SULEOLCQD�QXOL�VD�JUH^NRP�QHNROLNR�SXWD�YH`RP�RGVDPH�YUHGQRVWL��,]�WRJD�VPR�]DNOMXaLOL�GD�RYD�]DYLV�QRVW�WHCL�QXOL�NDGD�YHOLaLQD�PUHCH�WHCL�EHVNRQDaQRVWL�0RGLILNRYDOL�VPR�IXQNFLMX�QD�NRMX�VH�ILWXMH�GDWLJUDILN�X I([) = D [− E ���0HQMDOL�VPR�EURM�OLQNRYD�NRML�VH�GRGDMX�SULVYDNRP�GRGDYDQMX�QRGD�L�SRVPDWUDOL�NDNR�VH�PHQ�MDMX�NRHILFLMHQWL�D L�E��7R�VH�PRCH�YLGHWL�QD�VOLNDPD��L���

1D�VOLFL���VH�SULPH`XMH�GD�NRHILFLMHQW�D OLQHDUQRUDVWH��2Q�MH�VNDODU��SD�QMHJRYLP�SRYH`DYDQMHP�GREL�MDPR�VDPR�XYH`DQH�EURMNH�QD�JUDILNX�GDWRP�QD�VOLFL��EH]�]QDaDMQLMLK�SURPHQD�REOLND�VDPH�IXQNFLMH��7R]QDaL�GD�SRYH`DYDQMHP�YUHGQRVWL�XOD]QRJ�SDUDPHWDUDP��PR]HPR�OLQHDUQR�SRYH`DYDWL�L�VDP�FOXVWHULQJNRHILFLMHQW�2EMD^QMHQMH�RYH�RVRELQH�VDVWRML�VH�X�WRPH�^WRSRYH`DYDQMHP�SDUDPHWUD�P��NRML�SUHGVWDYOMD�EURMYH]D�NRMLP�VH�YH]XMX�QRYL�aYRURYL�]D�VWDUH��SRYH`D�

YDPR�L�VUHGQML�EURM�YH]D�SR�aYRUX��.RHILFLMHQW�E QH�PD�XRaOMLYX�]DYLVQRVW��SD�SUHWSRVWDYOMDPR�GD�MH�RQNRQVWDQWDQ�]D�VYDNR�LVSLWDQR�P��2YDM�NRHILFLMHQW�SUH�GVWDYOMD�VWHSHQ�RSDGDQMD��WM��RG�QMHJD�]DYLVL�NRMRPEU]LQRP�̀ H�VH�VPDQMLYDWL�YUHGQRVW�FOXVWHULQJ�NRHILFL�MHQWD��=DNOMXaXMHPR�GD�SDUDPHWDU�P�QH�XWLaH�QD�VDPREOLN�RSDGDMX`H�]DYLVQRVWL�SULND]DQH�QD�VOLFL���

'UXJD�LVSLWLYDQD�RVRELQD�MH�VPDOO�ZRUOG�NRHILFL�MHQW��3RVPDWUDOL�VPR�QMHJRYX�YUHGQRVW�WDNR_H�X�]DY�LVQRVWL�RG�YHOLaLQH�PUHCH��6OLNRP���MH�SUHGVWDYOMHQDWD�]DYLVQRVW�]D�VOHGH`H�SRaHWQH�SDUDPHWUH��P  ���QR  ����L�SR  �����1D�ORJ�OLQ�JUDILNX�VH�SULPH`XMH�OLQHDUQD�]DYLV�QRVW�L]�aHJD�]DNOMXaXMHPR�GD�MH�]DYLVQRVW�ORJDULWDP�VNL�UDVWX`D��)LWRYDOL�VPR�MH�QD�IXQNFLMX��$OEHUW�L%DUDEDVL������� I��[�� �D���E�ORJ[ ���,�X�RYRP�VOXaDMX�QDV�MH�WDNR_H�LQWHUHVRYDOD�]DY�LVQRVW�NRHILFLMHQDWD�ILWD�D L�E RG�SDUDPHWUD�P��7H]DYLVQRVWL�VX�SULND]DQH�QD�JUDILFLPD���L���.RHILFLMHQW�D X�RYRP�VOXaDMX�SUHGVWDYOMD�NROLNDMH�WHRULMVND�YUHGQRVW�VPDOO�ZRUOG�NRHILFLMHQWD�NDGD�ELYHOLaLQD�PUHCH�ELOD�QXOD��7D�YHOLaLQD�QDUDYQR�QHPDUHDOQL�VPLVDR��DOL�MH�]DQLPOMLYR�SULPHWLWL�GD�VH�L�RQDSRQD^D�SULOLaQR�SUDYLOQR�L�GD�OLQHDUQR�RSDGD�VDSRYH`DQMHP�YUHGQRVWL�SDUDPHWUD�P�
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.RHILFLMHQW�E MH�VNDODU�JUDILND�QD�VOLFL����7R�]QD�aL�GD�VX�YUHGQRVWL�OLQHDUQR�]DYLVQH�RG�QMHJD��DOL�GDVDP�REOLN�WRJ�JUDILND�QLMH��.DR�L�NRHILFLMHQW�D�WDNRL�NRHILFLMHQW�E RSDGDMX`D��DOL�VWHSHQD�IXQNFLMD�2EMD^QMHQMH�RYDNYRJ�SRQD^DQMD�RYH�IXQNFLMH�VHVYRGL�QD�LVWR�NDR�L�NRG�FOXVWHULQJ�NRHILFLMHQWD�3RYH`DYDQMHP�SDUDPHWUD�P�VH�SRYH`DYD�VDPD�NRQ�FHQWUDFLMD�YH]D�PH_X�aYRURYLPD��SD�VH�SXW�L]PH_XGYD�aYRUD�VPDQMXMH�

-HGQD�RG�JODYQLK�RVRELQD�VFDOH�IUHH�PUHCD�MH�VWH�SHQR�RSDGDMX`D�]DYLVQRVW�GLVWULEXFLMH�EURMD�aYRURYDRG�QMLKRYRJ�VWHSHQD��6OLND���SUHGVWDYOMD�XSUDYR�WXGLVWULEXFLMX�]D�SDUDPHWUH�P  ����QR  ����L�SR  ����L�Q  �������1D�JUDILNX�VH�SULPH`XMH�RGVWXSDQMH�RG�SUHGYL_H�QH�VWHSHQH�]DYLVQRVWL�]D�YHOLNH�VWHSHQH�aYRUD��7R�VHPRCH�REMDVQLWL�RVWDFLPD�SRaHWQLK�XVORYD��3ULOLNRPJHQHULVDQMD�SRaHWQH�UDQGRP�PUHCH�PL�SRVWDYOMDPR
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RGUH_HQL�EURM�YH]D�L]PH_X�SRaHWQLK�aYRURYD��3ULOL�NRP�GRGDYDQMD�QRYLK�aYRURYD��RYL�SRaHWQL�LPDMXYHOLNX�^DQVX�GD�EXGX�L]DEUDQL�GD�VH�QD�QMLK�SULNDaLQRYL�aYRU��>WR�GDOMH�SRQRYR�SRYH`DYD�̂ DQVX�NRG�QR�YR�GROD]H`LK�aYRURYD��L�WDNR�X�NUXJ��AYRURYL�NRMLGROD]H�VH�SRQD^DMX�NDR�VFDOH�IUHH��DOL�SRaHWQL�QH�=DWR�VPR�LVSLWDOL�NROLNR�QRYLK�aYRURYD�MH�SRWUHEQRGD�VH�GRGD�GD�EL�SRaHWQL�XVORYL�L]JXELOL�]QDaDM�'D�EL�VPR�WR�RGUHGLOL�SRVPDWUDOL�VPR�NROLNL�VHXGHR�aYRURYD�PRCH�VPDWUDWL�VFDOH�IUHH�X�]DYLVQRVWLRG�YHOLaLQH�PUHCH��7R�GLUHNWQR�]QDaL�SUHEURMDYDQMHEURMD�aYRURYD�NRML�LPDMX�VWHSHQ�RGUHGHQH�YUHGQRVWLLOL�YH`L��=ERJ�SUHFL]QRVWL�VLPXODFLMX�VPR�SX^WDOL�VDLVWLP�SDUDPHWULPD�����SXWD�L�SDPWLOL�GLVWULEXFLMH�EUR�MD�aYRURYD�RG�QMLKRYRJ�VWHSHQD�QD�VYDNLK������GR�GDYDQMD�3RVOH�VPR�L]UDaXQDOL�VUHGQMX�YUHGQRVW�]D�VWR�SRQD�YOMDQMD�]D�VYDNX�YHOLaLQX�PUHCH�GR��������9L]XHOQRVPR�RGUHGLOL�JGH�MH�JUDQLFD�VFDOH�IUHH�GHOD�L�SRGHOLOLVD�XNXSQLP�EURMHP�aYRURYD�X�WRP�GHOX��3RVWXSDNVPR�SRQRYLOL�]D�VYH�JUDILNH�RG������GR��������'R�ELMHQD�]DYLVQRVW�MH�GDWD�QD�VOLFL���]D�SDUDPHWUH�P   ����QR  ����L�SR  �����

2YD�]DYLVQRVW�]D�Q  ���WHCL�MHGLQLFL��.DGD�LVWHRYH�UH]XOWDWH�SULNDCHPR�WDNR�^WR�\ RGX]PHPR�RG���L�VWDYLPR�ORJ�ORJ�VNDOX��GRELMDPR�OLQHDUDQX�]DYLV�QRVW��7R�MH�SULND]DQR�QD�VOLFL����2YX�]DYLVQRVW�VPR�ILWRYDOL�QDI��[�� ���¬ �[�D�¬E ���
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