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WDQMD�LQGLYLGXDOQLK�QRVLODFD�QDHOHNWULVDQMD�QD�JUDQLFDPD�3�1�VSR�
MHYD�NRG�SROXSURYRGQLND

F� JHQHUDFLRQR�UHNRPELQDQWQL�^XP�¬�QDVWDMH�X�SROXSURYRGQLaNLP�HOH�
PHQWLPD�IOXNWXDFLMDPD�X�UHNRPELQDFLML�VWUXMQLK�QRVLODFD

G� ��I�¬�IOLNHU�^XP�¬�QDVWDMH�]ERJ�YDULMDFLMD�X�VWUXML�NDWRGH�X�YDNXXP�
VNLP�FHYLPD�LOL�IOXNWXDFLMDPD�QRVLODFD�QDHOHNWULVDQMD�NRML�XOH`X�X
SURYRGQX�]RQX

H� IRWRQVNL�^XP�¬�QDVWDMH�]ERJ�IOXNWXDFLMD�RGQRVQR�NYDQWQH�SULURGH
HOHNWURPDJQHWQLK�WDODVD�NRMLPD�VH�SREX_XMX�IRWRGHWHNWRUVNL�HOH�
PHQWL��0F&OXQH\�������

'LRGD

9DNXXPVND�GLRGD�MH�QDMSURVWLML�HOHNWURQVNL�HOHPHQW�NRMD�VDGUCL�VDPR
GYH�HOHNWURGH��NDWRGX�L�DQRGX��8ORJD�NDWRGH�MH�GD�HPLWXMH�HOHNWURQH��D�DQ�
RGH�GD�LK�SULPD��1D�VOLFL��D�PRCHPR�YLGHWL�SURVWR�NROR�NRMLP�VH�PRCH
XVWDQRYLWL�]DYLVQRVW�DQRGQH�VWUXMH�,D��RG�QDSRQD�8D��NRMD�MH�SULND]DQD�QD

VOLFL��E��5DNRYL`��������3RUHG�YDNXXPVNH�SRVWRML�L�SROXSURYRGQLaND�GLRGD
NRMD�LPD�]QDWQR�VORCHQLMX�VWUXNWXUX�

8SUNRV�SURVWRM�VWUXNWXUL�FHY�GLRGD�LPD�^LURNX�SULPHQX��DOL�L�WX�QHJD�
WLYQX�RVRELQX�GD�LPD�YHOLNL�^XP��0H_XWLP��]ERJ�UHODWLYQR�YHOLNH�YUHGQRVWL
WRJ�^XPD�RQD�VH�PRCH�LVNRULVWLWL�NDR�JHQHUDWRU�VOXaDMQLK�EURMHYD�NRML�QH`H
NRULVWLWL�VRIWYHUVNR�JHQHULVDQMH��YH`�SRGDWNH�GRELMHQH�RaLWDYDQMHP�YUHGQR�
VWL�VWUXMH�GLRGH��W]Y��±KDUGYHUVNR�JHQHULVDQMH±�

'LRGD�NRMD�UDGL�X�SRGUXaMX�]DVL`HQMD��YUHGQRVW�QDSRQD�L]PH_X�����L
����9��D��DQRGQD�VWUXMD�YUOR�VODER�UDVWH��SRQD^D�VH�XQXWDU�YHOLNRJ�IUHNYHQ�
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*UDILN�]DYLVQRVWL
QDSRQD�^XPD�RG
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�����•��3(71,A.(�69(6.(��� '(2��,



FLMVNRJ�SRGUXaMD�NDR�VWUXMQL�L]YRU�^XPD�V�MHGQLP�EHVNRQDaQR�YHOLNLP�XQX�
WUD^QMLP�RWSRURP��5DNRYL`��������8�MHGQRP�UHODWLYQR�XVNRP�IUHNYHQWQRP
SRGUXaMX�NRMH�VH�SRVPDWUD�I���VUHGQMD�YUHGQRVW�NYDGUDWD�VWUXMH�^XPD��RG�
QRVQR�IOXNWXDFLMH�DQRGQH�VWUXMH�SUL�HIHNWX�VDaPH��GDWD�MH�>RWNLMHYRP
�6FKRWWN\��IRUPXORP��
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JGH�MH�T�HOHPHQWDUQR�QDHOHNWULVDQMH�HOHNWURQD��T� ��������¬��&���D�,D�MH
VWUXMD�]DVL`HQMD�NRMD�WHaH�NUR]�GLRGX��=RYNR�&LPODU�������

)XQNFLMH�UDVSRGHOH

3UL�SRVPDWUDQMX�L�DQDOL]L�VOXaDMQLK�SURFHVD�RSUDYGDQR�MH�SUHWSRVWDYLWL
GD�SURPHQOMLYD�;�PRCH�GD�LPD�ELOR�NDNYX�YUHGQRVW��1D�SULPHU��X�MHGQRP
HNVSHULPHQWX�SRVOH�QL]D�PHUHQMD�SURPHQOMLYH�;�GRELMHQH�VX�VOHGH`H�YUHG�

QRVWL�[���[���[���…�[L��NRMLPD�RGJRYDUDMX�YHURYDWQR`H�SRMDYOMLYDQMD�3([�)�
3([�)��3([�)��…�3([L)��8�NRQWLQXLUDQLP�VOXaDMQLP�SURFHVLPD��NDR�^WR�VX
IOXNWXDFLMH�QDSRQD�^XPD��VOXaDMQD�SURPHQOMLYD�;�PRCH�LPDWL�NRQWLQXLUDQL
QL]�VOXaDMQLK�YUHGQRVWL��8�WRP�VOXaDMX�XSRWUHEOMDYD�VH�L]UD]�¬�IXQNFLMD�JX�

VWLQH�UDVSRGHOH�YHURYDWQR`H�S([)�NDR�SUYL�L]YRG�IXQNFLMH�UDVSRGHOH�
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3UHPD�WRPH��YHURYDWQR`D�GD�VOXaDMQD�SURPHQOMLYD�;�X]LPD�YUHGQRVWL
X�QHNRM�RNROLQL�WDaNH�[�MH�SURSRUFLRQDOQD�JXVWLQL�YHURYDWQR`H�X�WDaNL�[
�0HUNOH�L�9DVL`��������)XQNFLMD�JXVWLQH�YHURYDWQR`H�MH�SULND]DQD�QD�VOLFL

���JGH�MH�S([)�MH�IXQNFLMD�JXVWLQH�YHURYDWQR`H��D�S([)�G[�MH�JXVWLQD�YHUR�
YDWQR`H��^UDILUDQD�REODVW�QD�JUDILNX���G[�SUHGVWDYOMD�^LULQX�^UDILUDQH�REODVWL
QD�VOLFL�L�SR�GHILQLFLML�MH�LQILQLWH]LPDOQD�YUHGQRVW��3ULPHQD�IXQNFLMH�JXVWLQH
UDVSRGHOH�GRYRGH�GR�UD]QLK�WLSRYD�UDVSRGHOD��1DMSR]QDWLMH�VX��*DXVRYD
�QRUPDOQD���ELQRPQD��3RDVRQRYD�L�XQLIRUPQD�

*HQHULVDQMH�VOXaDMQLK�EURMHYD

6YL�VRIWYHUVNL�JHQHUDWRUL�SVHXGRVOXaDMQLK�EURMHYD�]DVQRYDQL�VX�QD�L]�
YHVQLP�PDWHPDWLaNLP�DOJRULWPLPD�NRML�VX�SHULRGLaQL�L�VDVWRMH�VH�L]�QL]RYD
NRML�VH�SRQDYOMDMX��.DR�WDNYL�RYL�EURMHYL�VX�SVHXGRVOXaDMQL�WM���RGOLNXMX�VH
L]YHVQRP�VOXaDMQR^`X��DOL�VX�XYHN�X�PDQMRM�LOL�YH`RM�PHUL�SHURLGLaQL�

=D�UD]OLaLWH�SULPHQH�RYLK�EURMHYD�LPDPR�QHNROLNR�NULWHULMXPD�YDOMD�
QRVWL�JHQHUDWRUD�

-HGDQ�RG�]DKWHYD�MH�UD]OLaLWRVW�VHNYHQFL�EURMHYD�NRMH�UDQGRP�JHQHUD�
WRU�JHQHUL^H��7R�]QDaL�GD�ELOR�NRMH�GYH�Q�WRUNH�NRMH�UDQGRP�JHQHUDWRU�JH�
QHUL^H�PRUDMX�ELWL�QH]DYLVQH�MHGQH�RG�GUXJLK��1DUDYQR��RYDM�XVORY�MH
OLPLWLUDQ�NRQDaQR^`X�PHPRULMH�UDaXQDUD��NRG�VRIWYHUVNRJ�JHQHULVDQMD��GRN
NRG�±KDUGYHUVNRJ±�JHQHUDWRUD��NRML�NRULVWL�^XP��WDNYLK�RJUDQLaHQMD�QHPD��

'UXJL�]DKWHY�MH�GD�UDQGRP�JHQHUDWRU�LPD�GRYROMQR�GXJ�SHULRG��LGH�
DOQR�EL�ELOR�NDGD�VH�VHNYHQFD�JHQHUDWRUD�QH�EL�XRS^WH�SRQDYOMDOD��^WR�X
SUDNVL�]QDaL�GD�VH�VHNYHQFD�UDQGRP�JHQHUDWRUD�VPH�SRQRYLWL�VDPR�SRVOH
JHQHULVDQMD�YHRPD�YHOLNRJ�EURMD�UDQGRP�EURMHYD��0RCHPR�X]HWL�GD�MH�RYDM
XVORY�LVSXQMHQ�DNR�MH�SHULRG�GXCL�RG�EURMD�NRUDND�X�VLPXODFLML��QSU��0RQWH
.DUOR��

7UH`L�L�aHWYUWL�NULWHULMXP�VH�RGQRVH�QD�GLVWULEXFLMH�VOXaDMQLK�EURMHYD�L
QMLKRYLK�UD]OLND��1DMaH^`H�VH�NRULVWH�UDQGRP�JHQHUDWRUL�VD�SUHWSRVWDYOMH�

6OLND���
D��)XQNFLMD�JXVWLQH
YHURYDWQR`H

E��.ULYD�*DXVRYH
UDVSRGHOH�
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QRP�UDVSRGHORP�8�������XQLIRUPQD�UDVSRGHOD�QD�LQWHUYDOX�RG���GR����UD�
VSRGHOD�NRMD�]D�VYH�IUHNYHQFLMH�SRMDYOMLYDQMD�QHNH�SURPHQOMLYH�;�GDMH�LVWX
YUHGQRVW��RGQRVQR�JGH�VX�VYH�YUHGQRVWL�SURPHQOMLYH�;�MHGQDNR�YHURYDWQH��
6OLaQRVW�VD�QMRP�MH�XSUDYR�SRPHQXWL�WUH`L�NULWHULMXP��'LVWULEXFLMD�UD]OLND
VOXaDMQLK�EURMHYD�PRUD�LPDWL�REOLN�
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2VLP�RYLK�RVQRYQLK�NULWHULMXPD�YDOMDQRVWL�VYDND�NRQNUHWQD�SULPHQD�PRCH
]DKWHYDWL�L�GRGDWQH��QSU��RGJRYDUDMX`D�UDVSRGHOD�UD]OLNH�UD]OLND��

=D�WHVWLUDQMH�KLSRWH]H�R�UDVSRGHOL�NRULVWL�VH�χ��IXQNFLMD��2QD�SRND]XMH
NROLNR�MH�RGVWXSDQMH�GRELMHQH�IXQNFLMH��RGQRVQR�KLVWRJUDPD�RG�VWYDUQH�UD�
VSRGHOH��2YR�SUDNWLaQR�]QDaL�GD�QHNL�UDQGRP�JHQHUDWRU�PRCHPR�VPDWUDWL
GRYROMQR�GREULP�QD�QLYRX�SRYHUHQMD���−�α�DNR�χ��OHCL�L]PH`X�NYDQWLOD�UD�
VSRGHOH�εα⁄��L�ε�−α⁄���1H�SULPHU�UDQGRP�JHQHUDWRU�PRCHPR�VPDWUDWL�GR�
EULP�QD�QLYRX�SRYHUHQMD�RG�����DNR�χ��OHCL�L]PH_X�NYDQWLOD�UDVSRGHOH
χ�������L�χ��������0HUNOH�L�9DVL`�������

0HWRG

2SLV�NRUL^`HQH�DSDUDWXUH

�� 9DNXXPVND�GLRGD
�� 0XOWLPHWDU�92/7&5$)7�+&����2'%
�� 8QLPHU�YHOLNH�WDaQRVWL�VD�PRJX`QR^`X�SRYH]LYDQMD�QD�UDaXQDU

�)/8.(����
�� 5DaXQDU�3&���';��������0+]�LOL�EUCL��VD���0E�5$0�D�L�,�2�NDU�

WLFRP��SURJUDPRP�)��&20�L�VRIWYHUVNLP�SDNHWLPD�25,*,1�
0$7/$%��67$7,67,&$��%3�L�4%$6,&�

�� 3URWRERDUG
�� 1HNROLNR�RWSRUQLND��RWSRUD�X�UDVSRQX�RG�������WROHUDQFLMH�����
�� 1HNROLNR�SURYRGQLND
�� 3,1�IRWRGLGD�)'��1�WLSD

3RVWXSDN�UDGD�L�QDaLQ�PHUHQMD

.DR�L]YRU�^XPD�X]HWD�YDNXPVND�GLRGD��MHU�MH�SR]QDWR�GD�MH�XSUDYR
NRG�QMH�RGQRV�VLJQDO�^XP�QDMPDQML�

=D�PHUHQMH�MH�VNORSOMHQD�DSDUDWXUD�NDR�QD�VOLFL����D�QD�PHVWX�DPSHU�
PHWUD�ELR�MH�SULNOMXaHQ�XQLPHU��)/8.(������'LRGD�MH�SULNOMXaHQD�QD�L]YRU
QDSRQD�RG�����9��MHU�VH�]D�WX�YUHGQRVW�QDSRQD�YDNXPVND�GLRGD�QDOD]L�X
VWDQMX�]DVL`HQMD�L�GDMH�QDMYH`L�^XP���.DR�L]YRU�MH�NRUL^`HQ�JHQHUDWRU�QD�
SRQD��0HUHQD�MH�DQRGQD�VWUXMD�X�P$�VD�WDaQR^`X�RG��������P$������Q$��
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*UH^ND�MH�WDNR_H�ELOD�����Q$��^WR�MH�VXYL^H�PDOD�YUHGQRVW��X�RGQRVX�QD
L]PHUHQX�YUHGQRVW�QDSRQD��GD�EL�VH�X]HOD�X�UD]PDWUDQMH��9UHGQRVWL�VX�RaL�
WDYDQH�����SXWD�X�VHNXQGL��8]�SRPR`�RGJRYDUDMX`HJ�SURJUDPD�)��&20
YUHGQRVWL�VX�VQLPDQH�X�IDMO��,]YU^HQR�MH�QHNROLNR�VHULMD�RG�SR�������PHUH�
QMD��9UHGQRVWL�VX�]DWLP�SUHQHWH�X�25,*,1�JGH�VX�GDOMH�REUD_LYDQH�

2EUDGD�UH]XOWDWD

1D�VOLFL���GDW�MH�JUDILN�]DYLVQRVWL�DQRGQH�VWUXMH�RG�EURMD�PHUHQMD

1D�VOLFL���SULPH`HQD�MH�]DQLPOMLYD�SRMDYD�RSDGDQMD�L]PHUHQH�YUHG�

QRVWL�VWUXMH�X�WRNX�GXJRJ�YUHPHQVNRJ�LQWHUYDOD��9UHGQRVW�MH�RSDOD�QHNLK
��������]D��VDW�PHUHQMD��8]URN�RYH�SRMDYH�MH�SRYH`DQMX�DQRGQH�GLVLFLSD�
FLMH��RGQRVQR�R�NRQVWDQWQR�]DJUHYDQMX�DQRGH��XVOHG�aHJD�MH�GR^OR�GR�LQ�
WHQ]LYQLMHJ�VXGDUDQMD�HOHNWURQD�NRML�SDGDMX�QD�QMX��=DWR�VH�L�DQRGQD�VWUXMD

YUHPHQRP�VPDQMLYDOD�
9UHGQRVWL�NRMH�aLQH�RYX�NULYX��L�NRMH�VH�VWDOQR�VPDQMXMX��RaLJOHGQR

QHPDMX�*DXVRYX�UDVSRGHOX��NDNYX�EL�WUHEDOR�GD�LPD�VDaPD�^XP���YH`�LP
MH�UDVSRGHOD�SRWSXQR�QHSUDYLOQD��WH�MX�MH�QHPRJX`H�SUHWYRULWL�X�XQLIRUPQX�
NDNYX�LPDMX�VOXaDMQL�EURMHYL��=DWR�QLVX�SRVPDWUDQH�DSVROXWQH�YUHGQRVWL
L]PHUHQH�MDaLQH�VWUXMH��YH`�GLIHUHQFLMH��WM�UD]OLNH�VYDND�GYD�VXVHGQD�aODQD

SRaHWQRJ�QL]D��7DNR�MH�GRELMHQD�*DXVRYD�UDVSRGHOD�NRMD�MH�SRJRGQD�]D

SUHWYDUDQMH�X�XQLIRUPQX��0H_XWLP��RYD�UDVSRGHOD�LPD�LVXYL^H�YHOLNL�χ�

����������WDNR�GD�]DNOMXaXMHPR�GD�IXQNFLMD�LDNR�OLaL��LSDN�QLMH�*DXVRYD�UD�

VSRGHOD��'YD�JODYQD�X]URND�WDNR�YHOLNRJ�χ��VX�

6OLND���
=DYLVQRVW�DQRGQH
VWUXMH�RG�EURMD
PHUHQMD�

)LJXUH���
$QRGH�FXUUHQW�YV�
QXPEHU�RI
PHDVXUHPHQWV�
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���1HXMHGQDaHQ�VLJQDO�X�WRNX�YUHPHQD��^WR�VH�XRaDYD�QD�VOLFL����JGH
PRCHPR�SULPHWLWL�GD�VH�X�SRMHGLQLP�RSVH]LPD�QHNH�YUHGQRVWL�MDYOMDMX�aH�
^`H�QR�X�GUXJLP�

$QDOL]RP�SRGDWDND�VD�SUHWKRGQRJ�JUDILND�GR^OR�VH�GR�]DNOMXaND�GD�MH
VWDQGDUGQD�GHYLMDFLMD�]D�YH`LQX�X]LPDQLK�SRMHGLQDaQLK�RSVHJD�]QDWQR�YH`D
RG�VUHGQMH�VWDQGDUGQH�GHYLMDFLMH�]D�VYLK�������PHUHQMD��^WR�MH�MDVDQ�X]URN

YHOLNRJ�χ��

���6XYL^H�^LURN�LQWHUYDO�GLVNUHWQLK�YUHGQRVWL��^WR�VH�YLGL�QD�VOLFL��D�
NRMD�LQDaH�SUHGVWDYOMD�ILWRYDQL��SR�*DXVX��KLVWRJUDP�UDVSRGHOH�]D�GDWH�YUH�
GQRVWL�GLIHUHQFLMD���

=DWR�MH�SRWUHEQR�L]YU^LWL�VRIWYHUVNX�NRUHNFLMX�UH]XOWDWD�GRELMHQLK�PHU�

HQMHP��2YR�YU^L�SURJUDP�®5DQGRP�JHQHUDWRU¯�QDSLVDQ�X�3DVFDO�X�aLML�VH
VRXUFH�QDOD]L�X�GRGDWNX��3URJUDP�UDGL�SR�VOHGH`HP�SRVWXSNX��QDOD]L�VUHG�
QMX�VWDQGDUGQX�GHYLMDFLMX�]D�VYLK�������GLIHUHQFLMD��]DWLP�QDOD]L�VWDQGDUG�
QX�GHYLMDFLMX�]D�JUXSH�RG�SR����GLIHUHQFLMD�L�VYDNL�HOHPHQDW�SRMHGLQDaQH

JUXSH�PQRCL�VD�NRHILFLMHQWRP�σ�σL�JGH�MH�σL�VWDQGDUGQD�GHYLMDFLMD�L�WH�JUX�
SH��3UL�WRP�VH�QD�VYDNLK�����NRUDND�SURYHUDYD�VUHGQMD�VWDQGDUGQD�GHYL�

MDFLMD�σ��1D�RYDM�QDaLQ�VH�SRVWLCH�XMHGQDaDYDQMH�VWDQGDUGQH�GHYLMDFLMH�L
VYDNH�JUXSH��D�VDPLP�WLP�QHVWDMX�QHSUDYLOQRVW�NRMH�VX�VH�PRJOH�XRaLWL�QD
VOLFL����7DNR_H�GRELMHQ�MH�KLVWRJUDP�UDVSRGHOH�NRML�MH�LPDR�PQRJR�XCL�LQ�

WHUYDO�GLVNUHWQLK�YUHGQRVWL��VOLND��E���]DWR�^WR�VDGD�QHPD�YL^H�VDPR�FHOR�
EURMQLK��YH`�VX�YUHGQRVWL�UHDOQH��^WR�PQRJR�YL^H�RGJRYDUD�L�UHDOQRP
L]JOHGX�VLJQDOD��NRML�MH�SR�SULURGL�DQDORJDQ���=DWR�MH�VDGD�PRJX`H�GRELWL
UDQGRP�JHQHUDWRU�NRML�GDMH�PQRJR�YL^H�UD]OLaLWLK�VOXaDMQLK�EURMHYD�

6OLND���
'LIHUHQFLMDFLMH�X
YUHPHQX�¬�JUDILN
]DYLVQRVWL�GLIHUHQFLMD
RG�EURMD�PHUHQMD�

)LJXUH���
'LIIHUHQFHV�RI�YDOXHV
IURP�WKH�ILJXUH���¬
GLIIHUHQFHV�YV�
QXPEHU�RI
PHDVXUHPHQWV�
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+L�NYDGUDW�GDWRJ�KLVWRJUDPD�MH�PQRJR�PDQML��QHJR�KL�NYDGUDW�KLVWR�
JUDPD�QD�VOLFL��D��=D�JRUQML�KLVWRJUDP�EURM�VWHSHQL�VORERGH�MH������SD�EL

SR�3LUVRQRYRM�VWDWLVWLFL�]D�QLYR�SRYHUHQMD�RG�����QMHJRY�χ��WUHEDOR�GD�OHCL

L]PH_X�NYDQWLOD�UDVSRGHOH�χ�
����� ������L�χ�

����� ��������D�NDNR�MH�χ��]D

GDWL�KLVWRJUDP��������WR�MH�RYDM�XVORY�RaLJOHGQR�LVSXQMHQ��SD�VH�PRCH�VD
GRYROMR�VLJXUQRVWL�]DNOMXaLWL�GD�MH�GDWD�UDVSRGHOD�]DLVWD�*DXVRYD�

'DOMH�MH�SRWUHEQR�*DXVRYX�UDVSRGHOX�SUHWYRULWL�X�XQLIRUPQX��NDNYRJ
VX�REOLND�VOXaDMQL�EURMHYL��2YR�WDNR_H�UDGL�SURJUDP�5DQGRP�JHQHUDWRU��]D
VRXUFH�YLGL�SULORJ�QD�NUDMX�RYRJ�UDGD��QD�VOHGH`L�QDaLQ��SUYR�VH�RGUH_XMH
SUHFL]QRVW�JHQHUDWRUD��XOD]QL�SRGDWDN�Q���WM��NROLNR�̀ H�VH�UD]OLaLWLK�VOXaDMQLK
EURMHYD�X�UDVSRQX�RG���GR���JHQHULVDWL��]DWLP�VH�SRYU^LQD�LVSRG�*DXVRYH
NULYH�QD�VOLFL����GHOL�QD�RGJRYDUDMX`L�EURM�MHGQDNLK�SRYU^LQD�X�]DYLVQRVWL
RG�WRJD�NROLNR�VH�UD]OLaLWLK�VOXaDMQLK�EURMHYD�CHOL�GRELWL��SURJUDP�GR]YR�
OMDYD�RG���GR�������'UXJLP�UHaLPD��SURJUDP�UDaXQD�SR]QDWX�HURU�IXQNFLMX
�LQWHJUDOQD�IXQNFLMD�NRMD�UDaXQD�VXPX�LVSRG�NULYH�IXQNFLMH�GR�QHNH�RGUH�
_HQH�YUHGQRVWL��L�RGUH_XMH�JUDQLFH�]D�LQWHUYDOH�X�NRMH�±XSDGDMX±�XOD]QL�SR�
GDFL��RGQRVQR�GLIHUHQFLMH��1D�RYDM�QDaLQ�VH�*DXVRYD�UDVSRGHOD�SUHVOLNDYD
X�XQLIRUPQX�

�3URJUDP�XaLWDYD�SRGDWNH�GRELMHQH�L]�SURJUDPD�)��&20�L]�XOD]QH
GDWRWHNH��D�VPH^WD�LK�X�L]OD]QX�GDWRWHNX�LOL�LK�SURVOH_XMH�GUXJRP�SURJUD�
PX��X�]DYLVQRVWL�RG�QDPHQH�

1DSRPHQD��$OJRULWDP�SURJUDPD�RPRJX`DYD�SUHWYDUDQMH�L�L]�ELOR�NRMH
GUXJH�UDVSRGHOH�X�XQLIRUPQX��WM��QH]DYLVDQ�MH�RG�REOLND�XOD]QH�UDVSRGHOH�

6OLND����GROH��
+LVWRJUDP�UDVSRGHOH
GLIHUHQFLMD�SUH��D��L
QDNRQ�VRIWYHUVNH
REUDGH��E��

)LJXUH����EHOORZ��
'LVWULEXWLRQ�RI
GLIIHUHQFHV�
D��EHIRUH�VRIWZDUH
DQDO\VLV

E��DIWHU�VRIWZDUH
DQDO\VLV�
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$QDOL]D�GRELMHQLK�SRGDWDND

,]YU^HQD�MH�DQDOL]D�GRELMHQLK�SRGDWDND�]D�VOHGH`H�YUHGQRVWL�XOD]QRJ
Q�������������L������3ULWRP�VX�GRELMHQL�VOHGH`L�UH]XOWDWL��WDEHOD����

7DEHOD����'RELMHQL�U]XOWDWL




Q χ�
����� χ�

����� χ� τ������[V] τ��[PV]

� ���� ���� ���� ��� ����
�� ���� ����� ����� ��� ����
��� ����� ������ ����� ���� ����
��� ������ ������ ������ ����� �����

τ������¬�YUHPH�SRWUHEQR�]D��������LWHUDFLMD
τ��¬�YUHPH�SR�MHGQRM�LWHUDFLML

9LGLPR�GD�MH�X�VYLP�VOXaDMHYLPD�χ��X�RGJRYDUDMX`LP�JUDQLFDPD�]D

QLYR�SRYHUHQMD�RG������WH�MH�RaLJOHGQR�GD�MH�RYDM�UDQGRP�JHQHUDWRU�GR�
YROMQR�GREDU�]D�VYH�YUHGQRVWL�Q�]D�NRMH�UDGL��RG���GR�������+LVWRJUDP
UDVSRGHOH�]D�SRVOHGQML�VOXaDM��NDGD�MH�Q� �����PRCH�VH�YLGHWL�QD�VOLFL���

3RUHG�RYLK�DQDOL]D�L]YH^HQD�MH�L�XSRUHGQD�DQDOL]D�RYRJ�L�SDVNDORYRJ
UDQGRP�JHQHUDWRUD�]D�1� �������YUHGQRVWL�L�Q� �����%URM�VWHSHQL�VORERGH

MH�����SD�LPDPR�YUHGQRVWL�χ�
������ ������L�χ�������� �������®+DUGYHUVNL¯

JHQHUDWRU�LPD�χ�� ��������D�SDVNDORY�JHQHUDWRU�χ�� �����2aLJOHGQR�RED

JHQHUDWRUD�PRCHPR�X]HWL�NDR�GRYROMQR�GREUD�QD�RVQRYX�RYRJ�WHVWD��>WR�VH

6OLND����
+LVWRJUDP�UDVSRGHOH
GRELMHQLK�YUHGQRVWL
SR�IUHNYHQFLMDPD�]D
Q� �����

)LJXUH���
'LVWULEXWLRQ�RI
\LHOGHG�YDOXHV�ZKHQ
QXPEHU�RI
PHDVXUHPHQWV��Q��LV
HTXDO�����
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WLaH�KLVWRJUDPD�UD]OLND�UDQGRP�EURMHYD��WX�MH�UDVSRGHOD�SDVNDORYRJ�JHQHU�
DWRUD�QH^WR�SUDYLOQLMD��DOL�MH�RaLJOHGQR�GD�L�UDVSRGHOD�KDUGYHUVNRJ�JHQHU�
DWRUD�LPD�WUDCHQL�REOLN�

I�(])�=�|��−�]|�8(−����)

QD�RVQRYX�MHGQDaLQH�����
>WR�VH�SHULRGLaQRVWL�WLaH�SDVNDO�JHQHUDWRU�LPD�SHULRG�PDQML�LOL�MHGQDN

�����D�X�NRQNUHWQRP�VOXaDMX�RNR������GRN�MH�SHULRG�±KDUGYHUVNRJ±�JHQHUD�
WRUD�]QDWQR�YH`L��

=DNOMXaDN

1D�NUDMX�PRCHPR�]DNOMXaLWL�GD�JHQHUDWRU�NRML�NRULVWL�VRIWYHUVNL�REUD�
_HQL�^XP�YDNXXPVNH�GLRGH�LPD�XNXSQR�JOHGDQR��QH]QDWQR�OR^LMH�RVRELQH
RG�SDVNDORYRJ�UDQGRP�JHQHUDWRUD��DOL�GD�MH�SRJRGDQLML�]D�NRUL^`HQMH�X�0R�
QWH�.DUOR�VLPXODFLMDPD�]ERJ�YH`HJ�SHULRGD��

/LWHUDWXUD

/XNDWHOD��*��������6WDWLVWLaND�WHRULMD�WHOHNRPXQLNDFLMD�L�LQIRUPDFLMD����
GHR��%HRJUDG��*UD_HYLQVND�NQMLJD�

0F&OXQH\��5��������5DGLRPHWU\�DQG�SKRWRPHWU\��%RVWRQ��$UWHFK�+RXVH�

0HUNOH��0�-���9DVL`��3�0��������9HURYDWQR`D�L�VWDWLVWLND��%HRJUDG��(7)�

5DNRYL`��%��������(OHNWURQLND��,��%HRJUDG��1DXaQD�NQMLJD�

=RYNR�&LPODU��%UDQND��������>XP�X�UDGLRNRPXQLNDFLMDPD��=DJUHE��>NRO�
VND�NQMLJD�

0LOR^�6WDQLVDYOMHYL`

7KH�9DFXXP�'LRGH�1RLVH�DV�WKH�5DQGRP�*HQHUDWRU

$�QRLVH�L�H��VSRQWDQHRXV�FXUUHQW�DQG�YROWDJH�IOXFWXDWLRQ�LQ�HOHFWULFDO
FLUFXLWV�WHQGV�WR�EH�UDQGRP��7KLV�HQDEOHV�QRLVH�WR�EH�XVHG�IRU�JHQHUDWLQJ
UDQGRP�QXPEHUV��$�YDFXXP�GLRGH�ZDV�FKRVHQ�DV�D�QRLVH�VRXUFH�EHFDXVH
LW±V�VLJQDO�WR�QRLVH�UDWLR�LV�WKH�ORZHVW��,Q�RUGHU�WR�UHDFK�VDWXUDWLRQ�OHYHO�
ZKHUH�WKH�QRLVH�LV�WKH�KLJKHVW��GLRGH�ZDV�FRQQHFWHG�WR�����9�'&��)LJXUH
����7KH�DQRGH�FXUUHQW�ZDV�PHDVXUHG�ZLWK�DQ�DFFXUDF\�RI�����Q$��,W�ZDV
VDPSOHG�����WLPHV�SHU�VHFRQG��8VLQJ�WKH�)��&20�VRIWZDUH�SDFNDJH�WKH
GDWD�ZDV�UHFRUGHG�LQ�D�ILOH��7KHUH�KDV�EHHQ�D�IHZ�VHULHV�RI�PHDVXUHV��7KH
GLIIHUHQFHV�EHWZHHQ�WZR�VXFFHVVLYH�PHDVXUHG�YDOXHV�ZHUH�WDNHQ�DV�LQSXW
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GDWD�IRU�WKH�VRIWZDUH�SURFHVVLQJ��$�GLVWULEXWLRQ�VLPLODU�WR�D�*DXVVLDQ�ZDV
REWDLQHG�LQ�WKDW�ZD\��)LJXUH��D��

7KH�DFTXLUHG�GDWD�ZDV�SURFHVVHG�IXUWKHU�WR�UHPRYH�DQ\�XQZDQWHG
SURSHUWLHV�RI�WKH�LQSXW�VLJQDO��7KH�HTXDOL]DWLRQ�RI�WKH�VLJQDO�OHYHO�DQG�QDU�
URZLQJ�RI�WKH�GLVFUHWH�YDOXH�LQWHUYDO�WR�REWDLQ�UHDO�QXPEHU�LQVWHDG�RI
ZKROH�QXPEHU�YDOXHV�ZHUH�DFKLHYHG�E\�HTXDOL]LQJ�WKH�VWDQGDUG�GHYLDWLRQ
GXULQJ�WKH�HQWLUH�GXUDWLRQ�RI�WKH�LQSXW�VLJQDO��7KH�UHVXOWLQJ�*DXVVLDQ�GLV�
WULEXWLRQ��)LJXUH��E��ZDV�WKHQ�FRQYHUWHG�WR�WKH�XQLIRUP�E\�XVLQJ�VRIWZDUH

SURFHGXUH��7KH�REWDLQHG�GDWD�KDYH�EHHQ�DQDO\]HG�E\�3HDUVRQ±V�χ��VWDWLV�

WLFV��$OO�UHVXOWV�ZHUH�ZLWKLQ�WKH�OLPLW�YDOXHV�RI�WKH�GLVWULEXWLRQ�TXLQWLOH�DW
����OHYHO�RI�FRQILGHQFH��DFFRUGLQJ�WR�FULWHULD�RI�XQLIRUPLW\�DQG�GLVWULEX�
WLRQ�RI�GLIIHUHQFHV�RI�VXFFHVVLYH�YDOXHV��7KH�GHVFULEHG�UDQGRP�QXPEHU
JHQHUDWRU�ZDV�VOLJKWO\�OHVV�HIIHFWLYH�WKHQ�DOJRULWKP�XVHG�LQ�WKH�3DVFDO�SUR�
JUDPPLQJ�ODQJXDJH�DFFRUGLQJ�WR�FRPSDUDWLYH�WHVWV��,WV�DGYDQWDJH�RYHU
RQO\�VRIWZDUH�PHWKRG��KRZHYHU��LV�WKH�DELOLW\�WR�JHQHUDWH�PXFK�ORQJHU�VH�
TXHQFHV�RI�SVHXGR�UDQGRP�QXPEHUV��7KLV�PDNHV�LW�HVSHFLDOO\�XVHIXO�LQ
0RQWH�&DUOR�VLPXODWLRQV�ZKHUH�LW�LV�QHFHVVDU\�IRU�WKH�VHTXHQFH�SHULRG�WR
EH�ORQJHU�WKDQ�WKH�QXPEHU�RI�LWHUDWLRQV��
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3ULORJ��VRXUFH�SDVFDO�SURJUDPD�5DQGRP�JHQHUDWRU

program Random_generator;

{$N+}

uses crt;
const stepsigme = 10;
      maxniza = 12200;
      maxstep = 6000;
      maxtacnost = 1000;
      proracun_sigme = 100;
      konstanta = 7.9;
type realniz = array [1..maxniza] of single;
     podelaniz = array [1..maxtacnost] of real;
var niz: realniz;
    podela_niz: podelaniz;
    brojac, i, j, k, l, m, n, count, frekvencija, max:
integer;
    sigma_srednje, srednje, sigma, con: real;
    sigma_pomocno, suma, maxelem, steper: real;
    datotekaI, datotekaO: text;

begin
   clrscr;
   brojac:=0;
   maxelem:=0;
   writeln (’Unesite koliko razlicitih rnd brojeva’);
   write (’(od 2 do 500) zelite da se generise: ’);
   readln (n);
   assign (datotekaI, ’c:\input.txt’);
   assign (datotekaO, ’c:\output.txt’);
   reset (datotekaI);
   rewrite (datotekaO);
   while not eof (datotekaI) do
   begin
      inc (brojac);
      read (datotekaI, niz[brojac]);
      if niz[brojac]=0 then
         niz[brojac]:=niz[brojac-1]/konstanta;
   end;
   for i:=1 to brojac-stepsigme+1 do
   begin
      if ((i mod proracun_sigme)=0) or (i=1) then
      begin
         srednje:=0;
         sigma_pomocno:=0;
         for j:=1 to brojac do
             srednje:=srednje+niz[j];
         for j:=1 to brojac do
             sigma_pomocno:=sigma_po-
mocno+sqr(niz[j]-srednje/brojac);
         sigma_srednje:=sqrt(sigma_pomocno/brojac);
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      end;
      srednje:=0;
      sigma_pomocno:=0;
      for k:=i to i+stepsigme-1 do
          srednje:=srednje+niz[k];
      for l:=i to i+stepsigme-1 do
          sigma_pomocno:=sigma_pomocno+sqr(niz[l]-
srednje/stepsigme);
      sigma:=sqrt(sigma_pomocno/stepsigme);
      for m:=i to i+stepsigme-1 do
          niz[m]:=niz[m]*(sigma_srednje/sigma);
      if abs(niz[i])=maxelem then
maxelem:=abs(niz[i]);
   end;
   suma:=0;
   count:=0;
   steper:=1/n;
   max:=trunc(maxelem+1);
   for i:=1 to n*2*max do
   begin
      frekvencija:=0;
      for j:=1 to brojac do
          if (niz[j]ax+i/n) and
             (niz[j]-max+(i-1)/n) then
             inc(frekvencija);
      suma:=suma+frekvencija/brojac;
      if (suma=steper) and (suma-frekvencija/brojac
) then
      begin
         inc(count);
         if (suma-steper)(steper-suma+frekven-
cija/brojac) then
            podela_niz[count]:=-max+i/n
         else
            podela_niz[count]:=-max+(i-1)/n;
         steper:=(round(steper*n)+1)/n;
      end;
      if steper=1 then
      begin
         i:=n*2*max;
         inc(count);
         podela_niz[count]:=maxelem;
      end;
   end;
   for i:=1 to brojac do
       for j:=1 to count do
           if niz[i]a_niz[j] then
           begin
              writeln (datotekaO, (j-1)/count:8:6);
              j:=count;
           end;
end.
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