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3UREOHP�SHUNRODFLMH�NYDGUDWQH�UH^HWNH�SRVPDWUDPR�QD�PRGHOX�^XP�VNRJ�SRCDUD��HQJO��ILUH�IRUHVW PRGHO���>XPD�MH�SUHGVWDYOMHQD�NDR�NYDGUDWQDUH^HWND�YHOLaLQH�Q��JGH�MH�Q�SURPHQOMLY�SDUDPHWDU��8�VYDNRM�`HOLML�UH^HWNHPRCH�ELWL�MHGQR�RG�WUL�VWDQMD��QHPD�GUYR��VWDQMH�$��NRMH�LPD�YUHGQRVW����LPD�GUYR�NRMH�QH�JRUL��VWDQMH�%��NRMH�LPD�YUHGQRVW����L�LPD�GUYR�NRMH�JRUL�VWDQMH�&��NRMH�LPD�YUHGQRVW�����1D�VOHGH`RM�^HPL�MH�GDW�PRGHO�VLVWHPD]DSLVDQ�X�SVHXGR�NRGX�NRML�MH�VOLaDQ�SURJUDPVNRP�MH]LNX�&��

int perkolacija(int n, double gustina)
{

int br_iteracija = 0;

inicijalizuj_resetku(gustina);
zapali(0, 0, n/4, n);
while (!perkolacioni_uslov) {

br_iteracija++;
for (drvo = svako_drvo_koje_gori) {

if (vremenski_limit(drvo)) 
ugasi_drvo(drvo);

else {
zapali(drvo-okolina);

povecaj_vreme_gorenja(drvo);
}

}
}
return(br_iteracija);

} 8�SRaHWQRP�VWDQMX�VLVWHP�VH�LQLFLMDOL]XMH�WDNR�^WR�VH�VYDNRM�`HOLML�GR�GHOL�MHGQR�RG�VWDQMD�$��QH�SRVWRML�GUYR��LOL�%��SRVWRML�GUYR��VD�RGUH_HQRPYHURYDWQR`RP�]D�VWDQMH�%��NRMD�MH�XOD]QL�SDUDPHWDU�]D�VLPXODFLMX��3RWRPVH�]DSDOL�VYR�GUYH`H�X�MHGQRM�aHWYUWLQL�UH^HWNH��WM��]D�VYH�̀ HOLMH�UH^HWNH�NRMHVH�QDOD]H�X�SROMX�SUDYRXJDRQLND�aLMD�VX�WHPHQD�NRRUGLQDWH��������L��Q���Q���D�NRMH�LPDMX�VWDQMH�%��WR�VWDQMH�VH�SURPHQL�X�VWDQMH�&��7DGD�VH�VLVWHPSXVWL�GD�HYROXLUD�VD�VOHGH`LP�SUDYLOLPD�����8�WRNX�MHGQH�LWHUDFLMH�VH�X�RNROLQL�VYDNRJ�]DSDOMHQRJ�GUYHWD�ELUDMHGQR�SROMH��L�XNROLNR�QD�WRP�SROMX�SRVWRML�GUYR�RQR�VH�]DSDOL��WM�ELUD�VH�MHGQD�`HOLMD�L]�0XURYRJ�VXVHGVWYD�`HOLMH�VD�VWDQMHP�&�L�XN�ROLNR�MH�QMHQR�VWDQMH�%�RQR�VH�PHQMD�X�&����6YDND�`HOLMD�UH^HWNH�PRCH�JRUHWL��WM��ELWL�X�VWDQMX�&��QDMYL^H�VHGDPLWHUDFLMD��3RVOH�WRJD�VWDQMH�WH�`HOLMH�MH�$��QH�SRVWRML�GUYR��.DCHPR�GD�UH^HWND��^XPD��SHUNROLUD�NDGD�VH�SRCDU�XJDVLR��WR�MHVWNDGD�QH�SRVWRML�QL�MHGQD�`HOLMD�UH^HWNH�NRMD�LPD�VWDQMH�&��=DGDWDN�UDaXQDU�
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VNH�VLPXODFLMH�MH�GRELWL�]DYLVQRVW�YUHPHQD�SHUNRODFLMH�RG�JXVWLQH�^XPH��WM�YHURYDWQR`H�VWDQMD�%�X�SRaHWQRM�NYDGUDWQRM�UH^HWNL��L�RGUHGLWL�NULWLaQXJXVWLQX�]D�NRMX�EL�^XPD�NRMD�LPD�GLPHQ]LMH�NRMH�WHCH�EHVNRQDaQRVWL�SHUN�ROLUDOD�EHVNRQDaQR�,PSOHPHQWDFLMD
6LPXODWRU�NRML�UHDOL]XMH�LGHMH�L]ORCHQH�X�RYRP�UDGX�QDSLVDQ�MH�X�SUR�JUDPVNRP�MH]LNX�&�L�]RYH�VH�3$53(5��.DR�HOHPHQWL�PH_XSURFHVQHNRPXQLNDFLMH�NRUL^`HQL�VX�VRFNHWL��6LPXODWRU�MH�WDNR�GL]DMQLUDQ�GD QHPDSRWUHEH�]D�LQVWDODFLMRP�GRGDWND�/,18;�RSHUDWLYQRP�VLVWHPX�NRMLRPRJX`DYD�FOXVWHU�FRPSXWLQJ��=D�SRNUHWDQMH�VLPXODFLMH�SRWUHEQD�MH�PUHCD/,18;�UDaXQDUD�NRMD�VH�PRCH�RVWYDULWL�L�SUHNR�,QWHUQHWD��3RUHG�WRJD��LGHMDGLVWULEXWLYQRJ�VHUYHUD�RPRJX`LOD�MH�GD�EURM�UDaXQDUD�X�RNYLUX�NODVWHUD�QHPRUD�ELWL�ILNVDQ��WR�MHVW�VLPXODWRU�VH�DXWRPDWVNL�SULODJR_DYD�EURMX�UDaXQDUDX�NODVWHUX�L�PDNVLPDOQR�NRULVWL�UHVXUVH�VYDNRJ�RG�QMLK��̂ WR�GRSULQRVL�EU]LQLVLPXODFLMH��6LPXODWRU�MH�LPSOHPHQWLUDQ�WDNR�GD�VH�PRCH�SRUWRYDWL�QD�GUXJHSODWIRUPH��WDNR�GD�MH�VLPXODFLMX�PRJX`H�L]YU^DYDWL�L�QD�KHWHURJHQLP�NODV�WHULPD��8OD]QL�SDUDPHWUL�]D�VLPXODWRU�VX�YHOLaLQD�UH^HWNH�L�GDWRWHND�X�NRMRMVH�QDOD]L�VSLVDN�VYLK�UDaXQDUD�X�PUHCL��.RQFHSFLMH�NOLMHQDWD�L�VHUYHUD
6HUYHU�SURJUDP�JHQHUL^H�L�LQLFLMDOL]XMH�UH^HWNX�X�NRMRM�MH�MHGQD�aHWYU�WLQD�]DSDOMHQD��3RWRP�VH�]DSDOMHQD�REODVW�SRGHOL�QD�N SRGUH^HWNL��JGH�MH�NEURM�UDaXQDUD�X�PUHCL��2VWDWDN�UH^HWNH�VH�SRGHOL�QD��N SRGUH^HWNL��6HUYHUUDVSRUHGL�SR�MHGQX�RG�]DSDOMHQLK�N SRGUH^HWNL�VYDNRP�UDaXQDUX�X�PUHCL�.DNR�VH�SRCDU�^LUL��WDNR�VH�QRYH�]DSDOMHQH�SRGUH^HWNH�GRGHOMXMX�QD�SUR�FHVLUDQMH�QDMQHXSRVOHQLMLP�UDaXQDULPD��WDNR�GD�VX�UHVXUVL�PUHCH�PDNVLPDO�QR�L�VNRUR�SRGMHGQDNR�LVNRUL^`HQL��,QIRUPDFLMH�R�VYDNRM�SRGUH^HWNL�VHUYHUaXYD�X�VSHFLMDOQRM�VWUXNWXUL�SRGDWDND�NRML�VH�]RYH�QL]�]RQD��1L]�]RQD�LPD�RQR�OLNR�HOHPHQDWD�NROLNR�LPD�L�SRGUH^HWNL��=D�VYDNX�SRGUH^HWNX�VH�aXYDMX�GXCLQD�^LULQD��VWDQMH�SRGUH^HWNH���������NRRUGLQDWD�SRGUH^HWNH�X�UH^HWNL��VRFNHW NRMLVOXCL�]D�NRPXQLNDFLMX�VD�NOLMHQWRP�L�VSHFLMDOQL�EDIHUL��LPSOHPHQWLUDQL�NDR�UH�GRYL��HQJO��TXHXH���X�NRMLPD�VH�aXYDMX�NRRUGLQDWH�RQLK�`HOLMD�NRMH�`H�ELWLSURVOH_HQH�NOLMHQWX��D�QD�aLMD�VWDQMD�VX�XWLFDOH�VXVHGQH�SRGUH^HWNH��6YDND�SR�GUH^HWND�PRCH�LPDWL�MHGQR�RG�GYD�VWDQMD��JRUL�LOL�QH�JRUL�6HUYHU�UDVSRUH_XMH�SRGUH^HWNH�QD�NOLMHQW�UDaXQDUH��=DWR�RQ�]D�VYDNLUDaXQDU�X�PUHCL�YRGL�HYLGHQFLMX�R�WRPH�NROLNR�SRGUH^HWNL�VH�SURFHVLUD�QDQMHPX�X�VWUXNWXUL�SRGDWDND�NRMD�VH�]RYH�OLVWD�RSWHUH`HQRVWL��1D�MHGQRP�NOLMHQWUDaXQDUX�MH�PRJX`H�SURFHVLUDQMH�YL^H�SRGUH^HWNL�MHU�VH�VLPXODFLMD SHUNRODFLMHMHGQH�SRGUH^HWNH�L]YU^DYD�X�MHGQRM�QLWL��HQJO��WKUHDG��NOLMHQW�SURFHVD��
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.OLMHQW�GHR�VLPXODFLMH�aHND�DVLQKURQX�SRUXNX�]D�SULMHP�NRQHNFLMH�LNDGD�MH�GRELMH�NUHLUD�QRYL�WKUHDG NRML�SUHX]LPD�SRGUH^HWNX�L�SRaLQMH�VDQMHQLP�SURFHVLUDQMHP��3URFHVLUDQMH�VH�YU^L�WDNR�^WR�VH�SRGUH^HWND�RELOD]L`HOLMX�SR�`HOLMX��8NROLNR�`HOLMD�LPD�VWDQMH�%��SRVWRML�GUYR��RQD�PRCHSURPHQLWL�MHGQR�VWDQMH�L]�QMHQH�RNROLQH�L]�%�X�&��GUYR�NRMH�JRUL���3RVOHVHGDP�LWHUDFLMD�X�NRMHP�MH�SRVHGRYDOD�VWDQMH�&��VWDQMH�`HOLMH�VH�PHQMD�XVWDQMH�$��QH�SRVWRML�GUYR���8NROLNR�VH�GHVL�GD�QHNR�VWDQMH�̀ HOLMH�SRGUH^HWNHQD�LYLFL�SURX]URNXMH�PHQMDQMH�VWDQMD�`HOLMH�NRMD�QH�SULSDGD�GDWRM�SR�GUH^HWNL��NRRUGLQDWH�WRJ�SROMD�VH�VWDYOMDMX�X�EDIHU��3RVOH�VYDNH�LWHUDFLMH�WDMEDIHU�VH�^DOMH�VHUYHU�GHOX�VLPXODWRUD�NRML�SUHUDaXQD�GDWH�NRRUGLQDWH�L�^DOMHLK�RGJRYDUDMX`LP�NOLMHQWLPD�VD�QMLKRYLP�QRYLP�VWDQMLPD��7R�]QDaL�GDSRVOH�VYDNH�LWHUDFLMH�VYDNL�WKUHDG X�RNYLUX�NOLMHQWD�SR^DOMH�MHGDQ�EDIHU�VDNRRUGLQDWDPD�`HOLMD�VXVHGQLK�SRGUH^HWNL�L�SULPL�MHGDQ�EDIHU�RG�VHUYHUD�XNRPH�VH�QDOD]H�NRRUGLQDWH�RQLK�̀ HOLMD�SRGUH^HWNH�aLMD�VX�VWDQMD�SURPHQMHQDXWLFDMHP�QHNH�GUXJH�SRGUH^HWNH��1D�WDM�QDaLQ�LWHUDFLMH�VYLK�SRGUH^HWNL�VX®XVNOD_HQH¯��WM��QH�PRCH�SRaHWL�QRYD�LWHUDFLMD�MHGQH�SRGUH^HWNH�XNROLNRQLMH�NRPSOHWLUDQD�LWHUDFLMD�QHNH�GUXJH�SRGUH^HWNH��7DNR�VH�QD�YHRPD�ODNQDaLQ�PRCH�L]UDaXQDWL�EURM�LWHUDFLMD�FHOH�UH^HWNH��.DGD�VH�GHVL�GD�MH�VWDQMH�MHGQH�RG�`HOLMD�QD�LYLFL�QHNH�SRGUH^HWNHX]URNRYDOR�GD�VH�GUXJD�SRGUH^HWND�]DSDOL��VHUYHU�QD�RVQRYX�LQIRUPDFLMD�L]OLVWH�RSWHUH`HQRVWL�ELUD�NOLMHQWD�NRML�MH�QDMPDQMH�RSWHUH`HQ�L�QMHPX�SURVOH�_XMH�SRGUH^HWNX�QD�SURFHVLUDQMH��8�WRNX�SURFHVLUDQMD�SRGUH^HWNH�X�MHGQRPWUHQXWNX�`H�VH�GRJRGLWL�SHUNRODFLMD�LVWH��7DGD��XPHVWR�EDIHUD�VD�NRRUGL�QDWDPD��WKUHDG ^DOMH�WDNR]YDQL�VWRS�NRG�L�YUD`D�FHOX�SRGUH^HWNX�NDR�UH]XO�WDW��MHU�MH�PRJX`H�GD�`H�VH�WD�SRGUH^HWND�X�GDOMHP�WRNX�VLPXODFLMH�RSHW]DSDOLWL��7KUHDG VH�WDGD�XQL^WDYD��D�VHUYHU�VPDQMXMH�YUHGQRVW�NRMD�NDUDN�WHUL^H�RSWHUH`HQRVW�WRJ�NOLMHQWD�6HUYHU�VH�SRVOH�VODQMD�SRaHWQLK�SRGUH^HWNL�YUWL�X�EHVNRQDaQRM�SHWOMLNRMD�VH�PRCH�SUHNLQXWL��ZKLOH�������8�MHGQRM�LWHUDFLML�SHWOMH�RQ�SULPD�EDIHUHVD�NRRUGLQDWDPD�SROMD�RG�VYLK�WKUHDG�RYD�L�NUHLUD�]D�VYDNL�WKUHDG��RGQRVQR]D�VYDNX�]RQX��QRYL�EDIHU�NRML�MH�UH]XOWDW�XVNOD_LYDQMD�LYLFD�SRGUH^HWNL�8VNOD_LYDQMH�VH�YU^L�WDNR�^WR�VH�SUHUDaXQDYDMX�NRRUGLQDWH�`HOLMD��8NROLNRVH�GHVL�GD�VH�`HOLMD�NRMD�PHQMD�VWDQMH�QDOD]L�X�SRGUH^HWNL�NRMD�QH�JRUL��NDR^WR�MH�YH`�UHaHQR�VHUYHU�XVSRVWDYOMD�NRPXQLNDFLMX�VD�NOLMHQWRP�NRML�MH�QDM�PDQMH RSWHUH`HQ�L�QMHPX�VH�SURVOH_XMH�SRGUH^HWND��D�XNROLNR�VH�GHVL�GD�MHXPHVWR�EDIHUD�SULPLR�VWRS�NRG��VHUYHU�SULPD�SRGUH^HWNX�L�YU^L�UHVWDXUDFLMXRULJLQDOQH�UH^HWNH��8�VYDNRM�LWHUDFLML�WH�EHVNRQDaQH�SHWOMH�VHUYHU�XYH`DYDEURMDa��NRML�MH�LQLFLMDOL]RYDQ�QD�QXOX��]D�MHGDQ��.DGD�VH�GHVL�GD�QH�SRVWRMLQL�MHGQD�SRGUH^HWND�NRMD�VH�SURFHVLUD��WD�EHVNRQDaQD�SHWOMD�VH�SUHNLGD��DYUHPH�SHUNRODFLMH�SUHGVWDYOMHQR�MH�YUHGQR^`X�EURMDaD��aLPH�VPR�GRELOLUH]XOWDW�VLPXODFLMH�8�SULORJX����QDOD]L�VH�L]YRUQL�NRG�VHUYHU�GHOD�VLPXODWRUD�3$53(5�GRN�VH�X�SULORJX����QDOD]L�L]YRUQL�NRG�NOLMHQW�GHOD�VLPXODWRUD�3$53(5�
��� • 3(71,A.(�69(6.(��� '(2��,



5H]XOWDWL�VLPXODFLMH'D�ELVPR�LVSLWDOL�NRUHNWQRVW�L�HILNDVQRVW�SDUDOHOL]RYDQH�VLPXODFLMH�LP�SOHPHQWLUDOL�VPR�MHGQRSURFHVRUNX�YHU]LMX�LVWH��1D�VOLFL���GDWD�MH�]DYLVQRVWYUHPHQD�SHUNRODFLMH�RG�JXVWLQH�UH^HWNH�YHOLaLQH����×����NRMD�MH�GRELMHQDMHGQRSURFHVRUNRP�VLPXODFLMRP��GRN�MH�QD�VOLFL���LVWD�]DYLVQRVW�]D�LVWXUH^HWNX�NRMD�MH�GRELMHQD�NRUL^`HQMHP�VLPXODWRUD�3$53(5��
6OLND����=DYLVQRVW�YUHPHQDSHUNRODFLMH�RG�JXVWLQH�]DUH^HWNX����×����GRELMHQDMHGQRSURFHVRUVNRPVLPXODFLMRP�
)LJXUH���'HSHQGHQFH�RI�SHUFRODWLRQWLPH�RQ����×����ODWWLFHGHQVLW\��GHWHUPLQHG�XVLQJWKH�RQH�SURFHVRUVLPXODWLRQ�

6OLND����=DYLVQRVW�YUHPHQDSHUNRODFLMH�RG�JXVWLQH�]DUH^HWNX����×����GRELMHQDVLPXODWRURP�3$53(5�
)LJXUH���'HSHQGHQFH�RI�SHUFRODWLRQWLPH�RQ����×����ODWWLFHGHQVLW\��GHWHUPLQHG�XVLQJWKH�3$53(5�VLPXODWLRQ�
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6D�JUDILND�VH�YLGL�GD�YUHPH�SHUNRODFLMH�NYDGUDWQH�UH^HWNH�UDVWH�GRRGUH_HQH�JXVWLQH��D�GD�SRVOH�WH�JXVWLQH�RSDGD��9UHGQRVW�NULWLaQH�JXVWLQHGRELMHQH�MHGQRSURFHVRUVNRP�YHU]LMRP�VLPXODFLMH�MH�SF  �������GRN�MH�YUHG�QRVW�NULWLaQH�JXVWLQH�GRELMHQH�VLPXODWRURP�3$53(5�SF  �������9UHGQRVWL]D�SF X]HWL�L]�OLWHUDWXUH��1HZPDQ�DQG�=LII�������L]QRVH�SF� �����������aLPH�VH�MR^�MHGQRP�SRWYU_XMH�NRUHNWQRVW�VLPXODWRUD�3$53(5��=DQLPOMLYRMH�GD�VH�QD�RVQRYX�JUDILND�PRCH�XRaLWL�ID]QL�SUHOD]��^WR�RVWDYOMD�SURVWRU�]DGDOMD�LVWUDCLYDQMD��.DGD�GL]DMQLUDPR�L�LPSOHPHQWLUDPR�DOJRULWDP�QD�SDUDOHOQLP�DUKLWHN�WXUDPD��SRWUHEQR�MH�RGUHGLWL�L�HILNDVQRVW�DOJRULWPD��NRQNUHWQH�VLPXODFLMH��.RG�SURVWRUQH�GHNRPSR]LFLMH��®NROLaLQD¯�SRWUHEQH�NRPXQLNDFLMH�MH�JUXERSURSRUFLRQDOQD�NROLaLQL�LQIRUPDFLMD�NRMD�MH�SRWUHEQD�GD�VH�UD]PHQH�VWDQMDQD�LYLFDPD�SRGUH^HWNL��WM��1 ⋅ /G − � �7LJJHPPDQ��������JGH�MH�1 EURMSURFHVRUVNLK�MHGLQLFD��/ YHOLaLQD�UH^HWNH��D�G GLPHQ]LMD�UH^HWNH��X�QD^HPVOXaDMX�G  �����.RPXQLNDFLMD�MH�RVQRYQD�UD]OLND�L]PH_X�VHNYHQFLMDOQH�LSDUDOHOQH�LPSOHPHQWDFLMH�L�XPDQMXMH�HILNDVQRVW�SDUDOHOL]RYDQH�YHU]LMH�6LPXODWRU�3$53(5�MH�WHVWLUDQ�QD�3HWQLaNRM�PUHCL��QD�MHGQRP�L�QD�GYDUDaXQDUD��0HUHQR�MH�YUHPH�L]YU^DYDQMD�SURJUDPD�]D�UH^HWNH�YHOLaLQH���������L������5H]XOWDWL�VX�SULND]DQL�X�WDEHOL���
7DEHOD����5H]XOWDWL�HILNDVQRVWL�SDUDOHOL]RYDQH�VLPXODFLMH9HOLaLQD�UH^HWNH 9UHPH�QD�MHGQRPUDaXQDUX�[V] 9UHPH�QD�GYD�UDaXQDUD�[V]
��� � ��±� ����±������ � ��±� ����±������ ����±��� ����±���

6YDNDNR�GD�QD�RVQRYX�YUHPHQD�L]YU^DYDQMD�VLPXODFLMH�QD�GYD�UDaX�QDUD�QH�PRCHPR�GRQHWL�NRQDaDQ�]DNOMXaDN�R�HILNDVQRVWL�VLPXODFLMH��L�GDVLPXODFLMD�LPD�VYRM�VPLVDR�MHGLQR�DNR�VH�L]YU^DYD�QD�PUHCL�RG�YL^H�UDaX�QDUD��1D�RVQRYX�GRELMHQH�WDEHOH�YLGL�VH�GD�SDUDOHOL]RYDQD�YHU]LMD�VLPXODFLMHSHUNRODFLMH�QD�NYDGUDWQRM�UH^HWNL�X�GYH�GLPHQ]LMH�QLMH�SXQR�HILNDVQLMD�RGVHNYHQFLMDOQH�YHU]LMH��WM��SXQR�SURFHVRUVNRJ�YUHPHQD�VH�WUR^L�QD�NRPXQLNDFLMX�6OLaDQ�UH]XOWDW�GRELR�MH�L�7LJJHPPDQ�X�VYRMRM�SDUDOHOL]RYDQRM�LPSOHPHQ�WDFLML�QD�VXSHU�UDaXQDUX��NRML�MH�SRND]DR�GD�VH�GUDVWLaQD�XEU]DQMD�GRVWLCXWHN�X�NXEQRM�UH^HWNL�L�UH^HWNL�X�aHWLUL�GLPHQ]LMH��0RJX`H�MH�GD�MH�]DRGUH_HQH�YHOLaLQH�UH^HWNH�SDUDOHOL]RYDQD�YHU]LMD�VSRULMD�GR�QHNH�JUDQLFH��DGD�MH�SRVOH�WH�JUDQLFH�EUCD��MHU�EU]LQD�NOLMHQWD�]DYLVL�RG�YHOLaLQH�SR�GUH^HWNH��NRMD�VH�REUD_XMH��$NR�MH�SRGUH^HWND�GRYROMQH�YHOLaLQH�GD�MHSURFHVRUVNR�YUHPH�SRWUHEQR�]D�VDPR�LQVWDQFLUDQMH�LWHUDFLMD�YH`H�RG�YUH�PHQD�NRMH�VH�XWUR^L�QD�NRPXQLNDFLMX��WUHEDOR�EL�RaHNLYDWL�GD�MH�YUHPH
��� • 3(71,A.(�69(6.(��� '(2��,



SRWUHEQR�]D�L]YU^DYDQMH�SDUDOHOL]RYDQH�VLPXODFLMH�PDQMH�RG�YUHPHQDL]YU^DYDQMD�VHNYHQFLMDOQH��3RUHG�WRJD�WUHED�LPDWL�X�YLGX�GD�VX�GRGDWQDXVSRUHQMD�XVORYOMHQD�WLPH�^WR�VYH�LWHUDFLMH�QD�NOLMHQWLPD�PRUDMX�ELWL�VLQ�KURQL]RYDQH��=DNOMXaDN
'RELMHQL�UH]XOWDWL�]D�NULWLaQX�JXVWLQX�VX�X�VNODGX�VD�UH]XOWDWLPD�L]�OL�WHUDWXUH��.RVVL��������^WR�SRND]XMH�GD�PRGHO�L]QHW�X�RYRP�UDGX�NRUHNWQRVLPXOLUD�ILUH�IRUHVW PRGHO��9UHPH�SRWUHEQR�]D�L]YU^DYDQMH�VLPXODFLMH�QDGYD�UDaXQDUD�MH�JUXER�SULEOLCQR�LVWR�YUHPHQX�NRMH�MH�SRWUHEQR�]D�VHNYHQ�FLMDOQX�VLPXODFLMX��^WR�MH�ORJLaQR�MHU�VH�YHOLNL�GHR�SURFHVRUVNRJ�YUHPHQDWUR^L�QD�NRPXQLNDFLMX��2YDM�PHWRG�LPD�VPLVOD�MHGLQR�DNR�VH�SULPHQL�QDYHOLNRP�EURMX�UDaXQDUD�NDGD�VH�RaHNXMH�GD�VH�YUHPH�L]YU^DYDQMD�VLPXODFLMH]QDWQR�VPDQML�$OJRULWDP�UD]YLMHQ�X�RYRP�UDGX�RPRJX`LR�MH�GHFHQWUDOL]DFLMX�FHOHVLPXODFLMH��8]�PLQRUQH�PRGLILNDFLMH�3$53(5�D�L�GRYROMDQ�EURM�UDaXQDUD�UHGD�YHOLaLQH�������PRJX`H�MH�GRELWL�NULWLaQX�JXVWLQX�]D�NYDGUDWQH�UH^HWNHaLMD�YHOLaLQD�SUHYD]LOD]L�YUHGQRVW�DNWXHOQRJ�VYHWVNRJ�UHNRUGD��NRML�VDGD�L]�QRVL�/� ����������0UHCX�RYH�YHOLaLQH�PRJX`H�MH�QDSUDYLWL�X]�SRPR`�,Q�WHUQHWD��6HUYHU�GHR�3$53(5�D�X�VOXaDMX�YHOLaLQD�UH^HWNL�UHGD�/�QLMH�XVWDQMX�GD�QD�NX`QLP�UDaXQDULPD�DORFLUD�WROLNR�PHPRULMH�GD�SDPWL�VWDQMDVYLK�`HOLMD�UH^HWNH��8�VDGD^QMRM�YHU]LML�3$53(5�D��UH^HWND�VH�PHPRUL^H�QDVHUYHUX�L]�UD]ORJD�^WR�MH�QHNH�SRGUH^HWNH�PRJX`H�SRQRYR�®]DSDOLWL¯��3URE�OHP�VH�PRCH�UH^LWL�WDNR�^WR�VHUYHU�QH`H�XRS^WH�aXYDWL�UH^HWNX��QHJR�`H�VHSRGUH^HWNH�LQLFLMDOL]RYDWL�L�aXYDWL�QD�NOLMHQW�UDaXQDULPD��D�VHUYHU�`H�X�VSH�FLMDOQRM�VWUXNWXUL�SRGDWDND�aXYDWL�LQIRUPDFLMH�R�WRPH�JGH�VH�NRMD�SR�GUH^HWND�QDOD]L�L�NRMD�MH�QMHQD�SR]LFLMD�X�UH^HWNL��.DGD�VHUYHU�RGOXaL�GD�MH]D�QHNX�UH^HWNX�EROMH�GD�®PLJULUD¯��RQ�EL�VDPR�LQLFLUDR�WX�RSHUDFLMX�LSURPHQLR�LQIRUPDFLMH�X�VSHFLMDOQRM�VWUXNWXUL�SRGDWDND�R�WRPH�JGH�VH�WDUH^HWND�VDGD�QDOD]L��GRN�EL�NOLMHQWL�REDYOMDOL�WUDQVIHU�SRGDWDND�
=DKYDOQRVW��=DKYDOMXMHP�VH�0DUNX�3HWNRYL`X��9ODGLPLUX�*OLJRURYX�0LOR^X�%RCRYL`X�L�6U_DQX�9HUEL`X��NRML�VX�VYRMLP�SUHGOR]LPD�L�VXJHVWL�MDPD�]QDWQR�GRSULQHOL�L]UDGL�FHORJ�SURMHNWD��3RVHEQX�SRPR`�X�ILQDOL]DFLMLRYRJ�SURMHNWD�SUXCLOD�PL�MH�YR_D�VHPLQDUD�IL]LNH�-HOHQD�*UXML`�

/LWHUDWXUD
+RVKHQ�-��DQG�.RSHOPDQ�5��������3K\V��5HY���%���������.RVVL�������3HUFRODWLRQ�DQG�)RUHVW�)LUHV��'RVWXSQR�QD�KWWS���NRVVL�SK\VLFV�KPF�HGX�FRXUVHV�S����3URMHFW������)LUHV�)RUHVW)LUHV�KWP

=%251,.�5$'29$����� ),=,.$��• ��



1HZPDQ�0��(��-���=LII�5��0��������3K\V��5HY��/HWW�������������FRQG�PDW��������6FKURHGHU�0��������&KDRV��)UDFWDOV�DQG�3RZHU�/DZV��1HZ�<RUN��)UHH�PDQ6WHYHQV�5��������8QL[�1HWZRUN�3URJUDPPLQJ��3UHQWLFH�+DOO7LJJHPPDQ�'��������6LPXODWLRQ�RI�3HUFRODWLRQ�RQ�0DVVLYHO\�SDUDOOHO&RPSXWHU

0LOR^�6DYL`
3$53(5�¬�3DUDOOHOL]HG�6LPXODWRU�RI�3HUFRODWLRQ�RQ�6TXDUH/DWWLFHV

3HUFRODWLRQ�LV�D�WKRURXJKO\�VWXGLHG�PRGHO�LQ�VWDWLVWLFDO�SK\VLFV��$OJR �ULWKPV��ZKLFK�VLPXODWH�SHUFRODWLRQ��ZHUH�LQYHQWHG�IRU�WUDGLWLRQDO�VHTXHQWLDOFRPSXWHUV��DQG�WKH�LPSOHPHQWDWLRQ�RQ�PRGHUQ�SDUDOOHO�DUFKLWHFWXUHV�LV�IDUPRUH�FRPSOLFDWHG��3DUDOOHOL]LQJ�DQ�DOJRULWKP�WKDW�ZRUNV�RQ�UHJXODU�GDWDVWUXFWXUHV�LV�GRQH�ZLWK�GRPDLQ�GHFRPSRVLWLRQ��,Q�WKLV�FDVH��WKH�ODWWLFH�LVFXW�LQWR�VXE�ODWWLFHV�DQG�HDFK�SURFHVVRU�XQLW�LV�DVVLJQHG�RQ�HDFK�VWULS�IRULQYHVWLJDWLRQ�7KH�SULPDU\�DLP�RI�WKLV�SURMHFW�ZDV�WR�FUHDWH�D�GHFHQWUDOL]HG�DQG�HI �ILFLHQW�SDUDOOHO�DOJRULWKP�WKDW�VLPXODWHV�SHUFRODWLRQ�RQ�VTXDUH�ODWWLFHV�LQFRPSXWHU�QHWZRUN�HQYLURQPHQW��7KH�EDVLF�LGHD�LV�WR�LPSOHPHQW�WKH�SURFHVVRI�SHUFRODWLRQ�XVLQJ�GRPDLQ�GHFRPSRVLWLRQ�ZLWK�WKH�FRQFHSW�RI�D�GLVWULEX �WLYH�VHUYHU�WKDW�FRQWDLQV�D�ORDG�EDODQFHU��:H�FRQVLGHUHG�WKH�SUREOHP�RI�SHUFRODWLRQ�RQ�VTXDUH�ODWWLFHV�RQ�WKHILUH�IRUHVW�PRGHO��7KH�IRUHVW�LV�UHSUHVHQWHG�DV�D�PDWUL[��7KH�PDWUL[�LVSRSXODWHG�ZLWK�D�VSHFLILF�GHQVLW\�RI�WUHHV�DQG�WKH�VTXDUH�DUHD�ZLWK�FRRU �GLQDWHV����������Q����Q��LV�VHW�WR�ILUH��7KH�ILUH�LV�VSUHDG�E\�WKH�IROORZLQJUXOHV��ILUH�FDQ�RQO\�EH�VSUHDG�IURP�D�EXUQLQJ�WUHH�WR�RQO\�RQH�RWKHU�WUHH�D�VLQJOH�IODPLQJ�WUHH�FDQQRW�LJQLWH�WZR�QHLJKERUV�DW�RQFH��DQG�IRU�HDFKWUHH�D�EXUQLQJ�OLIHWLPH�RI�VHYHQ�LWHUDWLRQV�LV�DOORZHG��7KH�WDVN�RI�WKH�VLPX �ODWLRQ�LV�WR�GHWHUPLQH�WKH�SHUFRODWLQJ�WKUHVKROG��WKH�FULWLFDO�GHQVLW\��7KH�VLPXODWRU�LPSOHPHQWHG�LQ�WKLV�SURMHFW�LV�FDOOHG�3$53(5��,Q�RUGHUWR�UXQ�WKH�VLPXODWLRQ��ZH�QHHG�D�QHWZRUN�WKDW�LV�PDGH�XS�E\�/,18;�FRP �SXWHUV��7KDW�QHWZRUN�FDQ�EH�UHDOL]HG�RQ�WKH�LQWHUQHW��7KH�ZKROH�LPSOHPHQ �WDWLRQ�ZDV�GRQH�LQ�WKH�&�SURJUDPPLQJ�ODQJXDJH��7KH�VLPXODWRU�LV�UHDOL]HG�E\�LPSOHPHQWLQJ�WZR�SURJUDPV��D�VHUYHUWKDW�H[HFXWHV�RQ�RQH��DQG�D�FOLHQW�WKDW�H[HFXWHV�RQ�DOO�WKH�QRGHV�LQ�WKHQHWZRUN�HQYLURQPHQW��7KH�VHUYHU�GLYLGHV�WKH�ODWWLFH�LQWR�VXE�ODWWLFHV�LQ�GH �SHQGHQFH�RQ�WKH�QXPEHU�RI�FRPSXWHUV�LQ�WKH�QHWZRUN��7KH�FOLHQW�SURJUDP
��� • 3(71,A.(�69(6.(��� '(2��,



VLPXODWHV�WKH�SURFHVV�RI�SHUFRODWLRQ�IRU�D�VXE�ODWWLFH��ZKLFK�LV�VHQW�E\�WKHVHUYHU��7KH�PDLQ�WDVNV�RI�WKH�VHUYHU�LV�WR�GLVWULEXWH�WKH�VWDWH�RI�FHOOV�IURPERUGHUV�IRU�DOO�FOLHQWV�WR�DSSURSULDWH�RQHV��DQG�WR�VFKHGXOH�VXE�ODWWLFHV�WRFOLHQWV�GHSHQGLQJ�RQ�WKH�UHVRXUFH�XVDJH��7KH�FOLHQW�LV�UHDOL]HG�LQ�D�PRGHONQRZQ�DV�7&3�FRQFXUUHQW�VHUYHU��VR�WKDW�RQH�WKUHDG�LV�DOORFDWHG�IRU�HYHU\VXE�ODWWLFH��7KH�VHUYHU�NHHSV�D�VSHFLDO�WDEOH�LQ�RUGHU�WR�ELQG�WKUHDGV�WR�DS�SURSULDWH�FOLHQWV��:KHQ�WKH�VXE�ODWWLFH�VWDUWV�WR�SHUFRODWH��WKH�VHUYHU��XVLQJWKH�LQIRUPDWLRQ�LQ�WKH�WDEOH��GHWHUPLQHV�WR�ZKLFK�FOLHQW�WKH�VXE�ODWWLFH�ZLOOEH�SURFHVVHG�DQG�FRQQHFWV�WR�LW��$IWHU�HYHU\�LWHUDWLRQ��WKH�WKUHDG�VHQGVFHOOV�IURP�ERUGHUV�ZKRVH�VWDWHV�KDYH�EHHQ�FKDQJHG�WR�WKH�VHUYHU��7KH�VHUY�HU�UHFHLYHV�WKH�FHOOV��UHFDOFXODWHV�WKHLU�FRRUGLQDWHV��DQG�VHQGV�QHZ�FHOOV�WRDSSURSULDWH�FOLHQWV��,I�WKH�SURFHVV�RI�FRRUGLQDWH�UHFDOFXODWLRQ�UHVXOWV�LQ�DFHOO�ZKRVH�VXE�ODWWLFH�KDV�QRW�EHHQ�SURFHVVHG��WKH�VHUYHU�VWDUWV�WR�SHUFRODWHWKDW�VXE�ODWWLFH��,I�WKH�VHUYHU�UHFHLYHV�D�VWRS�FRGH�LQVWHDG�RI�FHOOV�IURP�WKHFOLHQW��WKHQ�WKH�VXE�ODWWLFH�KDV�SHUFRODWHG��LWV�WKUHDG�LV�GHVWUR\HG���DQG�WKHVHUYHU�UHIUHVKHV�WKH�WKUHDG�SHU�FOLHQW�WDEOH�8VLQJ�WKH�3$53(5�VLPXODWRU��ZH�GHWHUPLQHG�WKH�YDOXH�RI�WKH�FULWLFDOWKUHVKROG�DQG�ZH�JRW�D�JUDSK�WKDW�VKRZV�WKH�GHSHQGHQFH�RI�SHUFRODWLRQWLPH�RQ�ODWWLFH�GHQVLW\��7KH�YDOXH�RI�WKH�FULWLFDO�WKUHVKROG�SF LV������DQGLV�LQ�DJUHHPHQW�ZLWK�WKH�H[SHFWHG�YDOXH��WKH�YDOXH�IRU�SF�WDNHQ�IURP�OLW�HUDWXUH�LV������������:KHQ�LPSOHPHQWLQJ�DQ�DOJRULWKP�RQ�D�SDUDOOHO�DUFKLWHFWXUH��ZH�ZDQWWR�NQRZ�KRZ�HIILFLHQW�RXU�LPSOHPHQWDWLRQ�LV��:H�WHVWHG�WKH�3$53(5�LQD�WZR�FRPSXWHU�FOXVWHU�DQG�ZH�IRXQG�WKDW�WKH�SDUDOOHO�LPSOHPHQWDWLRQ�LVURXJKO\�DV�IDVW�DV�WKH�VHTXHQWLDO�RQH�7KH�DGYDQWDJH�RI�WKH�FRQFHSW�LPSOHPHQWHG�LQ�WKLV�ZRUN�LV�WKDW�LW�HQ�DEOHV�GHFHQWUDOL]DWLRQ�RI�WKH�VLPXODWLRQ��VR�ZLWK�HQRXJK�FRPSXWHUV�LQ�WKHFOXVWHU�ZH�FDQ�EHDW�WKH�ZRUOG�UHFRUG�IRU�ODWWLFHV�XS�WR�VL]H����������,QWKH�IXWXUH��ZH�VKRXOG�UXQ�3$53(5�LQ�D�QHWZRUN�PDGH�XS�E\�PRUH�FRP�SXWHUV�LQ�RUGHU�WR�GHWHUPLQH�WKH�UHDO�HIILFLHQF\�RI�WKH�DOJRULWKP�DQG�WRFKHFN�LI�WKLV�FRQFHSW�HQDEOHV�UHGXFHG�QHWZRUN�WUDIILF�DQG�D�EHWWHU�XVDJH�RIFOXVWHU�UHVRXUFHV�
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3ULORJ����,]YRUQL�NRG�VHUYHU�GHOD�VLPXODWRUD�3$53(5
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�GHILQH�758(���GHILQH�)$/6(���GHILQH�7&3B3257������GHILQH�1������GHILQH�0$;B&20387(56�����GHILQH�=$3$/-(12���GHILQH�7,0(B/,0,7���
LQW�VXPD>1@>1@�LQW�Y>1@>1@�VWUXFW�UHVXUVBW�^��FKDU�LPHBUDFXQDUD>���@�LQW�EURMBWKUHDGRYD�`�UHVXUV>0$;B&20387(56@�LQW�EURMBUDFXQDUD�LQW�JRULB]RQD� ���VWUXFW�NRUGBW�^LQW�[��\�`�VWUXFW�]RQDBW�^LQW�VWDUW[��VWDUW\�LQW�GX]LQD��VLULQD�LQW�VRFNHW��UHVXUV�LQW�JRUL�LQW�TV�VWUXFW�NRUGBW�TXHXH>��
�1@�`�VWUXFW�]RQDBW�]RQD>0$;B&20387(56�
��@�LQW�EURMB]RQD�
LQW�LQHWBDGGU�FKDU�
QDPH��XQVLJQHG�ORQJ�
LSBDGGU�^ VWUXFW�KRVWHQW�
KRVW�KRVW� JHWKRVWE\DGGU�QDPH��VWUOHQ�QDPH���$)B,1(7��LI���KRVW��^LI����KRVW� �JHWKRVWE\QDPH�QDPH����^��SHUURU��JHWKRVWE\QDPH���UHWXUQ���������`

ÈFRS\�KRVW�KBDGGU���YRLG�
��LSBDGGU��KRVW�KBOHQJWK��UHWXUQ���
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L̀QW�FRQQHFWBWRBFOLHQW�FKDU�
FRPSBQDPH�^ VWUXFW�VRFNDGGUBLQ�VHUYHUBDGGU�LQW�VRFN�XQVLJQHG�ORQJ�LSBDGGU�
VRFN� VRFNHW�$)B,1(7��62&.B675($0�����LI��VRFN�����^SHUURU��VRFNHW���H[LW�����
L̀I����LQHWBDGGU�FRPSBQDPH��	LSBDGGU����^SULQWI��1H�]QDP�]D�KRVW?Q�������H[LW�����
È]HUR��FKDU�
��	VHUYHUBDGGU��VL]HRI�VHUYHUBDGGU���VHUYHUBDGGU�VLQBSRUW� �KWRQV�7&3B3257��VHUYHUBDGGU�VLQBIDPLO\� �$)B,1(7�VHUYHUBDGGU�VLQBDGGU�VBDGGU� �LSBDGGU�LI��FRQQHFW�VRFN���VWUXFW�VRFNDGGU�
��	VHUYHUBDGGU����VL]HRI�VHUYHUBDGGU�������^ SHUURU��FRQQHFW�������H[LW�����`��UHWXUQ�VRFN��

ỲRLG�GLVFRQQHFWBIURPBFOLHQW�LQW�VRFNHW�^ FORVH�VRFNHW��`
LQW�JHQHULVLBGUYR�GRXEOH�YHURYDWQRFD�^ LQW�YHU��KOS�YHU� �YHURYDWQRFD�
�����KOS� ��LQW����GRXEOH��������
�UDQG����5$1'B0$;���������LI��KOS��YHU��� UHWXUQ����HOVH� UHWXUQ����`
YRLG�JHQHULVLBVXPX�GRXEOH�YHURYDWQRFD�^ LQW�L��M�VUDQG�WLPH�18//���IRU��L� ����L��1��L���IRU��M� ����M��1��M���VXPD>L@>M@� �JHQHULVLBGUYR�YHURYDWQRFD��`
LQW�QDMPDQMHBRSWHUHFHQ��^ LQW�L��PLQBWKUHDG��QRGH� ���
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PLQBWKUHDG� �UHVXUV>�@�EURMBWKUHDGRYD�IRU��L� ����L��EURMBUDFXQDUD��L����^LI��PLQBWKUHDG��UHVXUV>L@�EURMBWKUHDGRYD��^QRGH� �L�PLQBWKUHDG� �UHVXUV>L@�EURMBWKUHDGRYD�����`
ÙHWXUQ�QRGH��`

LQW�XBVXPL�LQW�[��LQW�\�^ UHWXUQ�[� ���		�[��1�		�\� �� 		�\ 1��`
YRLG�]DSDOLB]RQX�LQW�LGB]RQH�^ LQW�N��V��L��M��[�

N� �QDMPDQMHBRSWHUHFHQ���]RQD>LGB]RQH@�VRFNHW� �FRQQHFWBWRBFOLHQW�UHVXUV>N@�LPHBUDFX�QDUD��]RQD>LGB]RQH@�JRUL� �758(�UHVXUV>N@�EURMBWKUHDGRYD���]RQD>LGB]RQH@�UHVXUV� �N���V� �VHQG�]RQD>LGB]RQH@�VRFNHW���YRLG
��	]RQD>LGB]RQH@�GX]LQD����VL]HRI�LQW������V� �VHQG�]RQD>LGB]RQH@�VRFNHW���YRLG�
��	]RQD>LGB]RQH@�VLULQD��VL]HRI�LQW������IRU��L� ����L��]RQD>LGB]RQH@�GX]LQD��L����^IRU��M� ����M��]RQD>LGB]RQH@�VLULQD��M����^[� �VXPD>]RQD>LGB]RQH@�VWDUW[���L@>]RQD>LGB]RQH@�VWDUW\���M@�
V� �VHQG�]RQD>LGB]RQH@�VRFNHW��	[��VL]HRI�LQW����������`�`���JRULB]RQD���`

YRLG�XJDVLB]RQX�LQW�LGB]RQH�^ LQW�L��M��U��[��P��Q�U� �UHFY�]RQD>LGB]RQH@�VRFNHW���YRLG�
��	P��VL]HRI�LQW������U� �UHFY�]RQD>LGB]RQH@�VRFNHW���YRLG�
��	Q��VL]HRI�LQW������IRU��L� ����L��P��L���IRU��M� ����M��Q��M����^U� �UHFY�]RQD>LGB]RQH@�VRFNHW���YRLG�
��	[��VL]HRI�LQW������VXPD>]RQD>LGB]RQH@�VWDUW[���L@>]RQD>LGB]RQH@�VWDUW\���M@� �[�`GLVFRQQHFWBIURPBFOLHQW�]RQD>LGB]RQH@�VRFNHW��]RQD>LGB]RQH@�JRUL� �)$/6(�UHVXUV>]RQD>LGB]RQH@�UHVXUV@�EURMBWKUHDGRYD���JRULB]RQD���
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YRLG�VLQKURQL]XMBNRUGLQDWH�LQW�LGB]RQH��LQW�[��LQW�\�^ LQW�VWYDUQRB[��VWYDUQRB\��L��M��LG��
�]RQD�MH�L]JRUHOD�
�LI��[�  ����		�\�  ����^XJDVLB]RQX�LGB]RQH������UHWXUQ�

V̀WYDUQRB[� �]RQD>LGB]RQH@�VWDUW[���[�VWYDUQRB\� �]RQD>LGB]RQH@�VWDUW\���\�LI���XBVXPL�VWYDUQRB[��VWYDUQRB\��UHWXUQ�L� �VWYDUQRB[����1������M� �VWYDUQRB\����1���EURMBUDFXQDUD��LG� L�
�EURMBUDFXQDUD���M��
�]RQD�QH�JRUL�
�LI��]RQD>LG@�JRUL�  �)$/6(��^LI��VXPD>VWYDUQRB[@>VWYDUQRB\@�  ����^VXPD>VWYDUQRB[@>VWYDUQRB\@� �=$3$/-(12�]DSDOLB]RQX�LG��`� UHWXUQ�
]̀RQD>LG@�TXHXH>]RQD>LG@�TV@�[� �VWYDUQRB[����1������]RQD>LG@�TXHXH>]RQD>LG@�TV@�\� �VWYDUQRB\����1���EURMBUDFXQDUD��]RQD>LG@�TV���`

YRLG�VLPXODFLMDBSHUNRODFLMH�GRXEOH�JXVWLQD��LQW�
YUHPH�^ LQW�YUH� ���LQW�L��M��U��TV��[��\��),/(�
IS�
IS� IRSHQ��LQSXW�W[W����U���IVFDQI�IS����G���	EURMBUDFXQDUD��IRU��L� ����L��EURMBUDFXQDUD��L����^IVFDQI�IS����V���UHVXUV>L@�LPHBUDFXQDUD���UHVXUV>L@�EURMBWKUH�DGRYD� ���
ÌFORVH�IS��JHQHULVLBVXPX�JXVWLQD��IRU��L� ����L��1����L���IRU��M� ����M��1��M���LI��VXPD>L@>M@�  ����VXPD>L@>M@� �=$3$/-(12�EURMB]RQD� ���
�EURMBUDFXQDUD�IRU��L� ����L�����L���IRU��M� ����M��EURMBUDFXQDUD��M����^]RQD>L�
�EURMBUDFXQDUD���M@�VWDUW[� �L�
 1�� ��]RQD>L�
�EURMBUDFXQDUD���M@�VWDUW\� �M�
 1�� EURMBUDFXQDUD�]RQD>L�
�EURMBUDFXQDUD���M@�GX]LQD� �1�� ��
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]RQD>L�
�EURMBUDFXQDUD���M@�VLULQD� �1�� EURMBUDFXQDUD�]RQD>L�
�EURMBUDFXQDUD���M@�JRUL� �)$/6(�]RQD>L�
�EURMBUDFXQDUD���M@�VRFNHW� ������ ]RQD>L�
EURMBUDFXQDUD���M@�UHVXUV� ���`IRU��L� ����L�����L���]RQD>L�
�EURMBUDFXQDUD����@�VLULQD�� �1���EURMBUDFXQDUD��IRU��L� ����L��EURMBUDFXQDUD��L����]DSDOLB]RQX�L�����
�GLVWULEXWLYQL�VHUYHU�
���ZKLOH�����^LI��JRULB]RQD�  ���EUHDN���YUH�IRU��L� ����L��EURMB]RQD��L���]RQD>L@�TV� ���IRU��L� ����L��EURMB]RQD��L����^LI��]RQD>L@�JRUL�  �758(��^U� UHFY�]RQD>L@�VRFNHW���YRLG�
��	TV��VL]HRI�LQW������IRU��M  ��� M� TV��M����^U� UHFY�]RQD>L@�VRFNHW���YRLG�
��	[��VL]HRI�LQW������U� �UHFY�]RQD>L@�VRFNHW���YRLG�
��	\��VL]HRI�LQW������VLQKURQL]XMBNRUGLQDWH�L��[��\��``����`IRU��L� ����L��EURMB]RQD��L����^LI��]RQD>L@�JRUL�  �758(��^U� �VHQG�]RQD>L@�VRFNHW���YRLG�
��	]RQD>L@�TV��VL]HRI�LQW����� IRU��M  ��� M� ]RQD>L@�TV��M����^U� VHQG�]RQD>L@�VRFNHW���YRLG�
��	]RQD>L@�TXHXH>M@�[��VL]HRI�LQW������U� VHQG�]RQD>L@�VRFNHW���YRLG�
��	]RQD>L@�TXHXH>M@�\��VL]HRI�LQW������```� `
YUHPH� �YUH����`
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3ULORJ����,]YRUQL�NRG�NOLMHQW�GHOD�VLPXODWRUD�3$53(5
�LQFOXGH���VWGLR�K!�LQFOXGH� �VWGOLE�K!K�LQFOXGH���V\V�W\SHV�K!�LQFOXGH���V\V�VRFNHW�K!�LQFOXGH���QHWLQHW�LQ�K!�LQFOXGH���XQLVWG�K!�LQFOXGH��VWULQJ��K!�LQFOXGH���VLJQDO�K!�LQFOXGH���SWKUHDG�K!�LQFOXGH��IFQWO��K!�LQFOXGH���OLQX[�XQLVWG�K!�LQFOXGH���WLPH�K!
�GHILQH�0$;B&/,�����GHILQH�7&3B3257������GHILQH�1�����GHILQH�=$3$/-(12���GHILQH�7,0(B/,0,7��
LQW�VRFNIG�YRLG�
SHUNRODFLMD�YRLG�
DUJ��
YRLG�VHUYHU�YRLG�^ LQW�DFFHSWBVRFN��FOLOHQ�VWUXFW�VRFNDGGUBLQ�FOLBDGGU��VHUYBDGGU�SWKUHDGBW�FKLOGBWKUHDG�

VRFNIG� �VRFNHW�$)B,1(7��62&.B675($0�����LI��VRFNIG�����^SHUURU��VRFNHW���H[LW�����
P̀HPVHW��FKDU�
��	VHUYBDGGU�����VL]HRI�VHUYBDGGU���VHUYBDGGU�VLQBIDPLO\� �$)B,1(7�VHUYBDGGU�VLQBDGGU�VBDGGU� �KWRQO�,1$''5B$1<��VHUYBDGGU�VLQBSRUW� �KWRQV�7&3B3257��LI��ELQG�VRFNIG���VWUXFW�VRFNDGGU�
��	VHUYBDGGU��VL]HRI�VHUYBDGGU�������^ SHUURU��ELQG���H[LW�����
ÒLVWHQ�VRFNIG��0$;B&/,��ZKLOH�����^FOLOHQ� �VL]HRI�FOLBDGGU��DFFHSWBVRFN� �DFFHSW�VRFNIG���VWUXFW�VRFNDGGU�
��	FOLBDGGU��	FOLOHQ��LI��DFFHSWBVRFN�����^SHUURU��DFFHSW���
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H[LW�����
S̀WKUHDGBFUHDWH�	FKLOGBWKUHDG��18//��	SHUNRODFLMD���YRLG�
��DFFHSWBVRFN��``

YRLG�
SHUNRODFLMD�YRLG�
DUJ�^ LQW�VRFNHW� ��LQW��DUJ�LQW�VXPD>1@>1@��Y>1@>1@��YUH� ���LQW�G[>@� �^����������� �������������`�LQW�G\>@� �^�������������������������`�LQW�EURMBVWDEDOD� ���VWUXFW�NRUGBW�^LQW�[��\�`�TXHXH>��
�1@�LQW�TV��[��\��V��U��L��M��SRV��P��Q�
U� �UHFY�VRFNHW���YRLG�
��	P��VL]HRI�LQW������U� �UHFY�VRFNHW���YRLG�
��	Q��VL]HRI�LQW������IRU��L� ����L��P��L���IRU��M� ����M��Q��M���U� �UHFY�VRFNHW���YRLG�
��	VXPD>L@>M@��VL]HRI�LQW������IRU��L� ����L��P��L���IRU��M� ����M��Q��M����^LI��VXPD>L@>M@�  �=$3$/-(12��^Y>L@>M@� ���EURMBVWDEDOD������� `HOVHY>L@>M@� ���`VUDQG�WLPH�18//����
�HYROXFLMD�VLVWHPD�
�� ZKLOH�����^YUH���LI��EURMBVWDEDOD�  ���EUHDN�����TV� �������IRU��L� ����L��P��L���IRU��M� ����M��Q��M����^LI��VXPD>L@>M@�  �=$3$/-(12��^LI��Y>L@>M@�  �7,0(B/,0,7��^VXPD>L@>M@� ���Y>L@>M@� ����EURMBVWDEDOD���

H̀OVH�^SRV� ��LQW�������
�UDQG������5$1'B0$;���������LI�����L���G[>SRV@�		�L���G[>SRV@��P�		���M���G\>SRV@�		�M���G\>SRV@��Q�^ LI��VXPD>L���G[>SRV@@>M���G\>SRV@@�  ���		Y>L���G[>SRV@@>M���G\>SRV@@�  ���������� ^VXPD>L���G[>SRV@@>M���G\>SRV@@� �=$3$/-(12�
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Y>L���G[>SRV@@>M���G\>SRV@@� ���EURMBVWDEDOD���`
H̀OVH�^TXHXH>TV@�[� �L�� G[>SRV@�TXHXH>TV@�\� �M�� G\>SRV@�TV���`�Y>L@>M@�������� `���``V� �VHQG�VRFNHW���YRLG�
��	TV��VL]HRI�LQW������IRU��L� ����L��TV��L����^V� �VHQG�VRFNHW���YRLG�
��	TXHXH>L@�[��VL]HRI�LQW������V� �VHQG�VRFNHW���YRLG�
��	TXHXH>L@�\��VL]HRI�LQW������

Ù� UHFY�VRFNHW���YRLG�
��	TV��VL]HRI�LQW����������IRU��L  ���L� TV��L����^U� �UHFY�VRFNHW���YRLG�
��	[��VL]HRI�LQW������U� �UHFY�VRFNHW���YRLG�
��	\��VL]HRI�LQW������LI��VXPD>[@>\@�  ����^VXPD>[@>\@� �=$3$/-(12�Y>L@>M@� ���EURMBVWDEDOD���` ``��TV� ���V� �VHQG�VRFNHW���YRLG�
��	TV��VL]HRI�LQW������TV� ���V� �VHQG�VRFNHW���YRLG�
��	TV��VL]HRI�LQW������ V� �VHQG�VRFNHW��YRLG�
��	TV��VL]HRI�LQW������V� �VHQG�VRFNHW���YRLG�
��	P��VL]HRI�LQW������V� �VHQG�VRFNHW���YRLG�
��	Q��VL]HRI�LQW������IRU��L� ����L��P��L���IRU��M� ����M��Q��M���V� �VHQG�VRFNHW���YRLG�
��	VXPD>L@>M@��VL]HRI�LQW������FORVH�VRFNHW��SWKUHDGBH[LW�18//��`
LQW�PDLQ�YRLG�^ VHUYHU���UHWXUQ����`
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