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0HWRGD�]D�RGUH_LYDQMH�DVNRUELQVNH�NLVHOLQH�NRMX�SURSLVXMH�)DUPDNR�
SHMD��3K��-XJ��9��MH�GLUHNWQD�MRGLPHWULMVND�WLWUDFLMD�X]�VNURE�NDR�LQGLNDWRU�
2QD�VH�]DVQLYD�QD�UHGXNFLML�MRGD�DVNRUELQVNRP�NLVHOLQRP�SUHPD�MHGQDaLQL�

5DQLMD�LVSLWLYDQMD��0LOXWLQRYL`��9XORYL`�������SROD]QLND�SURJUDPD
KHPLMH�X�,VWUDCLYDaNRM�VWDQLFL�3HWQLFD�SRND]DOD�VX�GD�VH�]D�RGUH_LYDQMH
DVNRUELQVNH�NLVHOLQH�PRCH�SULPHQMLYDWL�L�MHGQRVWDYQD�DFLGR�ED]QD�WLWUDFLMD
]DVQRYDQD�QD�VOHGH`RM�UHDNFLML��

,VSLWLYDQMHP�MH�XWYU_HQR�GD�QHPD�VWDWLVWLaNL�]QDaDMQH�UD]OLNH�L]PH_X
UH]XOWDWD�GRELMHQLK�PHWRGRP�DFLGR�ED]QH�WLWUDFLMH�L�PHWRGRP�NRMX�SUR�
SLVXMH�)DUPDNRSHMD��6�GUXJH�VWUDQH��X�SRPHQXWRP�UDGX�QLMH�MDVQR�QD]�
QDaHQR� NRMD� MH� NRQFHQWUDFLMD� NRUL^`HQRJ� DFLGR�ED]QRJ� LQGLNDWRUD
�IHQROIWDOHLQD���D�NDR�JODYQL�QHGRVWDWDN�QDYRGL�VH�VODER�L]UDCHQD�]DYU^QD
WDaND�WLWUDFLMH��0H_XWLP��PHWRGD�DFLGR�ED]QH�WLWUDFLMH�MH�RNR����SXWD�MHIW�
LQLMD�RG�GLUHNWQH�MRGLPHWULMH��VWRJD�MH�RG�LQWHUHVD�QDVWDYLWL�UD]YRM�RYH�PH�
WRGH��0LOXWLQRYL`��9XORYL`�������

6OLND����
5DVSRGHOD�UD]OLaLWLKREOLND�DVNRUELQVNHNLVHOLQH�X�]DYLVQRVWL
RG�S+�YUHGQRVWL
)LJXUH���
'LVWULEXWLRQ�RI
GLIIHUHQW�DVFRUELF�DFLGIRUPV�GHSHQGHQW�IURPWKH�S+�YDOXH
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&LOM�RYRJ�UDGD�ELOR�MH�UD]YLMDQMH�DOWHUQDWLYQLK�PHWRGD�]D�NYDQWLWDWLYQR
RGUH_LYDQMH�DVNRUELQVNH�NLVHOLQH�]DVQRYDQLK�QD�DFLGR�ED]QRM�WLWUDFLML�

2SLV�DQDOL]LUDQLK�PHWRGD
2SWLPL]DFLMD�PHWRGD�X�RYRP�UDGX�VDVWRMDOD�VH�X�SURQDODCHQMX

RGJRYDUDMX`HJ�LQGLNDWRUD�aLMD�VH�SURPHQD�ERMH�GH^DYD�QD�LQWHUYDOX�S+�NRML
REXKYDWD�S+�YUHGQRVW�WHRULMVNH�HNYLYDOHQWQH�WDaNH�WLWUDFLMH�LOL�MH�X�EOL]LQL
S+�YUHGQRVWL�WHRULMVNH�HNYLYDOHQWQH�WDaNH�WLWUDFLMH��L�NRML�RPRJX`DYD�XMHG�
QR�L�ODN^H�RSDCDQMH�SURPHQH�ERMH��7DNR_H�VX�DQDOL]LUDQH�L�HOHNWURKHPLMVNH
PHWRGH�GD�EL�VH�L�QMLKRYD�SUHFL]QRVW�XSRUHGLOD�VD�VWDQGDUGQRP�PHWRGRP�

8�HNVSHULPHQWDOQRP�GHOX�UDGD�XSRUH_LYDQH�VX�VOHGH`H�PHWRGH�]D
NYDQWLWDWLYQR�RGUH_LYDQMH�DVNRUELQVNH�NLVHOLQH�

¬ GLUHNWQD�MRGLPHWULMVND�WLWUDFLMD��3K��-XJ��9��
¬ DFLGR�ED]QD�WLWUDFLMD�QDWULMXP�KLGURNVLGRP�X]�������PDVHQL�

IHQROIWDOHLQ�NDR�LQGLNDWRU
¬ DFLGR�ED]QD�WLWUDFLMD�QDWULMXP�KLGURNVLGRP�X]�����PDVHQL�

IHQROIWDOHLQ�NDR�LQGLNDWRU�
¬ DFLGR�ED]QD�WLWUDFLMD�QDWULMXP�KLGURNVLGRP�X]�������Z�Y�WL�

PROSODYR�NDR�LQGLNDWRU
¬ DFLGR�ED]QD�WLWUDFLMD�QDWULMXP�KLGURNVLGRP�X]������Z�Y�EURPWL�

PROSODYR�NDR�LQGLNDWRU
¬ NRQGXNWRPHWULMVND�WLWUDFLMD�QDWULMXP�KLGURNVLGRP��SUD`HQMH�WLWUDFLMH

MH�YU^HQR�VD�S+�(&�7'6�PHWURP��+,�������+DQQD�,QVWUXPHQWV�
¬ S+�PHWULMVND�WLWUDFLMD�QDWULMXP�KLGURNVLGRP��SUD`HQMH�WLWUDFLMH��MH

YU^HQR�VD�S+�(&�7'6�PHWURP��+,�������+DQQD�,QVWUXPHQWV�
$FLGR�ED]QH�WLWUDFLMH�XUD_HQH�VX�QD�VOHGH`L�QDaLQ�
2GPHUHQR�MH�����J�X]RUND�DVNRUELQVNH�NLVHOLQH��0HUFN��S�D���L

UDVWYRUHQR�X����FP��GHVWLORYDQH�YRGH��8�UDVWYRU�VX�GRGDWH�GYH�NDSL
RGJRYDUDMX`HJ� LQGLNDWRUD�� D� ]DWLP� MH� UDVWYRU� WLWURYDQ�VWDQGDUGQLP
UDVWYRURP�QDWULMXP�KLGURNVLGD���������PROGP¬���GR�SURPHQH�ERMH�

(OHNWURKHPLMVNH�PHWRGH��NRQGXNWRPHWULMD�L�S+�PHWULMD��XUD_HQH�VX
QD�VOHGH`L�QDaLQ�

2GPHUHQR�MH�����J�X]RUND�DVNRUELQVNH�NLVHOLQH�L�UDVWYRUHQR�X����FP�
GHVWLORYDQH�YRGH��=DWLP�MH�UDVWYRU�WLWURYDQ�VWDQGDUGQLP�UDVWYRURP�QDWUL�
MXP�KLGURNVLGD��D�X�]DYLVQRVWL�RG�PHWRGH�PHUHQL�VX�VSHFLILaQD�SUR�
YRGOMLYRVW�LOL�S+�YUHGQRVW�UDVWYRUD�

6YDNRP�RG�SRPHQXWLK�PHWRGD�RGUH_LYDQD�MH�PDVD�DVNRUELQVNH
NLVHOLQH�X�GHVHW�X]RUDND�

0DVH�DVNRUELQVNH�NLVHOLQH�RGUH_HQH�X�X]RUNX�SULPHQRP�SRPHQXWLK
PHWRGD�SUHUDaXQDWH�VX�QD�SURFHQWQL�VDGUCDM�DVNRUELQVNH�NLVHOLQH�X�X]RUNX�

7UHED�QDSRPHQXWL�GD�MH�UDVWYRU�MRGD�NRUL^`HQ�SUL�MRGLPHWULMVNRP
RGUH_LYDQMX�DVNRUELQVNH�NLVHOLQH�SR�3K��-XJ��9�VWDQGDUGL]RYDQ�VWDQG�
DUGQLP�UDVWYRURP�1D�6�2���D�QH�UDVWYRURP�$V�2���5DVWYRU�1D�6�2��MH
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VWDQGDUGL]RYDQ�UDVWYRURP�.�&U�2��NDR�SULPDUQLP�VWDQGDUGRP��6DYL`�L
6DYL`�������

5H]XOWDWL�L�GLVNXVLMD
5H]XOWDWL�GRELMHQL�VYLP�DQDOL]LUDQLP�PHWRGDPD�]D�NYDQWLWDWLYQR

RGUH_LYDQMH�VDGUCDMD�YLWDPLQD�&�X�aLVWRP�X]RUNX�DVNRUELQVNH�NLVHOLQH�GDWL
VX�X�WDEHOL����

7DEHOD����3URFHQWQL�VDGUCDM�YLWDPLQD�&�X�X]RUNX�
-RG $ONDOLPHWULMD .RQG S+

�����II �����II �����WS �����EWS
µ���� ����� ����� ����� ����� ����� ���� �����
σ��� ���� ���� ���� ���� ���� ��� ���
V���� ���� ���� ���� ���� ���� ���� ����
II�¬�IHQROIWDOHLQ��WS��WLPROSODYR��EWS�¬�EURPWLPROSODYR��.RQG�¬�NRQGXNWRPHWULMD��S+�¬S+�PHWULMD
µ�¬�VUHGQMD�YUHGQRVW�RGUH_HQRJ�SURFHQWQRJ�VDGUCDMD�X�X]RUNX��σ�¬�VWDQGDUGQDGHYLMDFLMD��V�¬�VWDQGDUGQD�JUH^ND

�
,]�GRELMHQLK�UH]XOWDWD�PRCH�VH�]DNOMXaLWL�GD�VX�VYH�PHWRGH�DFLGR�

ED]QH�WLWUDFLMH�SUHFL]QLMH�RG�GLUHNWQH�MRGLPHWULMH��NRMD�VSDGD�X�JUXSX�RN�
VLGR�UHGXNFLRQLK�WLWUDFLMD���GRN�MH�SRVOHGQMD�SUHFL]QLMD�RG�REH�LVSLWLYDQH
HOHNWURKHPLMVNH�PHWRGH�]D�RGUH_LYDQMH�]DYU^QH�WDaNH�WLWUDFLMH��'DNOH�
VYDND�RG�PHWRGD�DFLGR�ED]QH�WLWUDFLMH�X]�LQGLNDWRU��DONDOLPHWULMVNLK�PHWRGD�
LPD�PDQMX�VWDQGDUGQX�GHYLMDFLMX�L�PDQMX�VWDQGDUGQX�JUH^NX�VUHGQMH�YUHGQRVWL�

6OLND���.RQGXNWRPHWULMVND�LS+�PHWULMVND
WLWUDFLRQD�NULYD�]DWLWUDFLMX�DVNRUELQVNHNLVHOLQH�UDVWYRURP1D2+

)LJXUH��&RQGXFWRPHWULF�DQG
S+�PHWULF�WLWUDWLRQFXUYHV�IRU�DVFRUELFDFLG�WLWUDWLRQ�ZLWK
VRGLXP�K\GUR[LGHVROXWLRQ
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QD�RVQRYX�aHJD�EL�VH�PRJOR�]DNOMXaLWL�GD�VX�VYH�aHWLUL�PHWRGH�VNRUR�MHG�
QDNR�XSRWUHEOMLYH�]D�RYDNYX�YUVWX�RGUH_LYDQMD��0H_XWLP��SRWUHEQR�MH�L
UD]PDWUDQMH� NRUHNWQRVWL� SULPHQH� RYLK�PHWRGD� VD� KHPLMVNRJ� DVSHNWD�

9H`D�SUHFL]QRVW�WLWUDFLMH�X]�WLPROSODYR�L�EURPWLPROSODYR�PRCH�VH�RE�
MDVQLWL�WLPH�^WR�VX�RQL�]D�UD]OLNX�RG�IHQROIWDOHLQD�GYRERMQL�LQGLNDWRUL��VD
SUHOD]RP�ERMH�L]�CXWH�X�SODYX�NRML�VH�PQRJR�ODN^H�RSDCD�RG�SUHOD]D
IHQROIWDOHLQD��/R^L�UH]XOWDWL�HOHNWURKHPLMVNLK�PHWRGD�PRJX�VH�REMDVQLWL
QHSUDYLOQLP�IXQNFLRQLVDQMHP�PHUQLK�XUH_DMD�L�PDORP�UH]ROXFLMRP�

1D�RVQRYX�YUHGQRVWL�S.��L�S.��DVNRUELQVNH�NLVHOLQH�PRCH�VH�SRND]DWL
GD�MH�HNYLYDOHQWQD�WDaND�DFLGR�ED]QH�WLWUDFLMH�DVNRUELQVNH�NLVHOLQH�MDNRP
ED]RP�QD�S+� �������6DYL`�L�6DYL`��������1D�RVQRYX�RYRJD�PRCH�VH�RE�
MDVQLWL�RGVWXSDQMH�UH]XOWDWD�WLWUDFLMH�SUL������IHQROIWDOHLQRP�aLML�VH�SUHOD]
ERMH�GH^DYD�X�LQWHUYDOX�S+����������,]�L]QHVHQRJ�VOHGL�GD�VH�X�RYRP
VOXaDMX�MDYOMD�]DNDVQHOD�]DYU^QD�WDaND��.DNR�ERMD�UDVWYRUD�MHGQRERMQRJ�LQ�
GLNDWRUD�]DYLVL�VDPR�RG�NRQFHQWUDFLMH�RERMHQRJ�REOLND�LQGLNDWRUD��VOHGL�GD
`H�VH�SUL�YH`LP�NRQFHQWUDFLMDPD�IHQROIWDOHLQD�SURPHQD�ERMH�UDQLMH�XRaLWL�
^WR�VH�YLGL�QD�VOLFL���

=D�UD]OLNX�RG�MHGQRERMQLK�LQGLNDWRUD��ERMD�UDVWYRUD�GYRERMQLK�LQGLND�
WRUD�]DYLVL�RG�RGQRVD�NRQFHQWUDFLMD�NLVHORJ�L�ED]QRJ�REOLND��,]�WRJ�UD]ORJD
SRYH`DQMHP�XNXSQH�NRQFHQWUDFLMH�GYRERMQRJ�LQGLNDWRUD�GRELMD�VH�VDPR�LQ�
WHQ]LYQLMD�ERMD�UDVWYRUD��2YR�REMD^QMDYD�RGVWXSDQMH�UH]XOWDWD�WLWUDFLMH�X]�WL�
PROSODYR�aLML�VH�LQWHUYDO�SURPHQH�ERMH�QDOD]L�X�RSVHJX�S+���������SD�VH�
NDR�L�X�VOXaDMX������IHQROIWDOHLQD��MDYOMD�]DNDVQHOD�]DYU^QD�WDaND�L�RYD�PH�
WRGD�MH�RSWHUH`HQD�YH`RP�VLVWHPDWVNRP�JUH^NRP��6�GUXJH�VWUDQH��EURPWL�
PROSODYR�LPD�LQWHUYDO�SURPHQH�ERMH�X�RSVHJX�S+�RG�����GR�����SD�VH�X

6OLND����
5DVSRGHOD�NLVHORJ�LED]QRJ�REOLND������L�����IHQROIWDOHLQD�X
UDVWYRUX��SURPHQDERMH�MH�QD�VWUPRPGHOX�NULYLK�
)LJXUH���
'LVWULEXWLRQ�RI�DFLGDQG�EDVH
SKHQROSKWKDOHLQHIRUPV�LQ�WKH�VROXWLRQ�
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RYRP�VOXaDMX�MDYOMD�SUHXUDQMHQD�]DYU^QD�WDaND�WLWUDFLMH��0H_XWLP��NDNR�VH
SUHOD]�ERMH�MDYOMD�QD�X]OD]QRP�GHOX�WLWUDFLRQH�NULYH��D�VDPD�WHKQLND
WLWUDFLMH�X]�GYRERMQL�LQGLNDWRU�]DKWHYD�GD�VH�SUHOD]�ERMH�L]YU^L�X�SRW�
SXQRVWL��PRJX`H�MH�REMDVQLWL�GREUR�VODJDQMH�DFLGR�ED]QH�WLWLUDFLMH�X]
EURPWLPROSODYR�NDR�LQGLNDWRU�L�VWDQGDUGQH�PHWRGH�

=DNOMXaDN
,]�UH]XOWDWD�SURL]LOD]L�GD�VH�PRJX�SUHGORCLWL�GYH�DOWHUQDWLYQH�PHWRGH

]D�NYDQWLWDWLYQR�RGUH_LYDQMH�DVNRUELQVNH�NLVHOLQH�L�WR��DFLGR�ED]QD�WLWUDFLMD
QDWULMXP�KLGURNVLGRP�X]����IHQROIWDOHLQ�L�DFLGR�ED]QD�WLWUDFLMD�QDWULMXP�
KLGURNVLGRP�X]�EURPWLPROSODYR�NDR�LQGLNDWRU��0H_XWLP��]D�aLVWH�X]RUNH
DVNRUELQVNH�NLVHOLQH�DFLGR�ED]QD�WLWUDFLMD�EL�VH�PRJOD�SRND]DWL�NDR�EROMD
PHWRGD�RG�VWDQGDUGQH�MHU�VH�DVNRUELQVND�NLVHOLQD�X�UDVWYRUX�YUOR�EU]R�RN�
VLGXMH�YD]GX^QLP�NLVHRQLNRP��SD�VH�RNVLGRYDQL�GHR�X]RUND�QH�PRCH
RGUHGLWL�VWDQGDUGQRP�MRGLPHWULMVNRP�PHWRGRP��6�GUXJH�VWUDQH��GHKLGUR�
DVNRUELQVND�NLVHOLQD�LPD�S.� ������.ULVV��.XEDURYD�������^WR�]QDaL�GD�MH
MDaD�RG�DVNRUELQVNH�NLVHOLQH�L�DFLGR�ED]QRP�WLWUDFLMRP�RGUH_XMHPR�LK�X
VPH^L��.DR�PRJX`QRVW�]D�GDOMD�LVWUDCLYDQMD�SUHGODCH�VH�SURYHUD�SRVOHGQMHJ
WYU_HQMD�L�GDOMH�LVSLWLYDQMH�PRJX`QRVWL�RGUH_LYDQMD�]DYU^QH�WDaNH�WLWUDFLMH
HOHNWURKHPLMVNLP�PHWRGDPD��NRQGXNWRPHWULMD��S+�PHWULMD�L�SRWHQFLRPHWULMD��

=DKYDOQRVW��3RVHEQX�]DKYDOQRVW�GXJXMHPR�,JRUX�3D^WLMX��QD^HP�PHQ�
WRUX�L�POD_HP�VDUDGQLNX�QD�VHPLQDULPD�KHPLMH��]D�YHOLNX�SRPR`�SUL�L]UDGL
SURMHNWD�L�VWDWLVWLaNRM�REUDGL�UH]XOWDWD��7DNR_H�VH�]DKYDOMXMHPR�GU�'HQLVX
#LOLQX�NRML�MH�SUDWLR�UDG�VYLK�SROD]QLND�L�XND]LYDR�XQDSUHG�QD�PRJX`H
SURSXVWH�SUL�L]UDGL�SURMHNDWD��

/LWHUDWXUD
$^SHUEHUJ�6��������NRQGXNWRPHWULMD��8�/DERUDWRUMVNL�SULUXaQLN��HG��,�)LOLSRYL`�L�3��6DELRQFHOOR���=DJUHE��7HKQLaND�NQMLJD
*X\WRQ�$��+DOO�-��������0HGLFLQVND�IL]LRORJLMD��%HRJUDG��6DYUHPHQD�DG�PLQLVWUDFLMD
.ULVV�(���.XUEDWRYD�*��������=K��1HRUJ��.KLP�����������������
0LOXWLQRYL`�0���9XORYL`�%���������3RUH_HQMH�NLVHOLQVNR�ED]QH�WLWUDFLMH�VDMRGLPHWULMVNLP�PHWRGDPD�]D�RGUH_LYDQMH�YLWDPLQD�&��3HWQLaNH�VYHVNH��������
0LUQLN�0��������3RWHQFLRPHWULMVND�RGUH_LYDQMD��8�/DERUDWRUMVNLSULUXaQLN���HG��,��)LOLSRYL`�L�3��6DELRQFHOOR���=DJUHE��7HKQLaND�NQMLJD
3K��-XJ��9�������-XJRVORYHQVND�IDUPDNRSHMD�������9�L]GDQMH��SULODJR_HQLSUHYRG�(YURSVNH�IDUPDNRSHMH���%HRJUDG��6DYUHPHQD�DGPLQLVWUDFLMD
6DYL`�-���6DYL`�0��������2VQRYL�DQDOLWLaNH�KHPLMH��.ODVLaQH�PHWRGH��,,,L]GDQMH��6DUDMHYR��6YMHWORVW
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,YDQD�9XNaHYL`�DQG�#HOMNR�-DQL`LMHYL`
1HZ�$VSHFWV�RI�$SSO\LQJ�$FLG�EDVH�7LWUDWLRQV�IRU�$VFRUELF
$FLG�'HWHUPLQDWLRQ

7KH�SXUSRVH�RI�WKLV�SDSHU�ZDV�WR�GHYHORSH�DOWHUQDWLYH�PHWKRGV�IRU
TXDQWLWDWLYH�GHWHUPLQDWLRQ�RI�DVFRUELF�DFLG�EDVHG�RQ�DFLG�EDVH�WLWUDWLRQV��,Q
WKH�SDSHU�VWDQGDUG�LRGLPHWULF�WLWUDWLRQ�ZDV�FRPSDUHG�ZLWK�WKH�IROORZLQJ
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