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3RQWLI��FLD 8QLYHUVLGDGH &DW�ROLFD GR 5LR GH -DQHLUR� 'HSDUWDPHQWR GH (QJHQKDULD 0HFADQLFD

5XD 0DUTXAHV GH 6aDR 9LFHQWH� ��� � ��������� � 5LR GH -DQHLUR � %UDVLO

)HUQDQGR $� 5RFKLQKD

8QLYHUVLGDGH )HGHUDO GR 5LR GH -DQHLUR� 'HSDUWDPHQWR GH (QJHQKDULD 0HFADQLFD

&�3�� ������ &(3 ��������� � 5LR GH -DQHLUR � %UDVLO

5XEHQV 6DPSDLR

3RQWLI��FLD 8QLYHUVLGDGH &DW�ROLFD GR 5LR GH -DQHLUR� 'HSDUWDPHQWR GH (QJHQKDULD 0HFADQLFD

5XD 0DUTXAHV GH 6aDR 9LFHQWH� ��� � ��������� � 5LR GH -DQHLUR � %UDVLO

$EVWUDFW� (YDOXDWLRQ RI WKH VHQVLWLYLW\ WR SDUDPHWHU YDULDWLRQV VKRXOG EH D EDVLF DVSHFW

LQ WKH VWXG\ RI PHFKDQLFDO V\VWHPV� ,Q D FRPSOH[ V\VWHP ZKRVH G\QDPLFDO EHKDYLRU LV

JRYHUQHG E\ VHYHUDO SDUDPHWHUV LW LV LPSRUWDQW WR NQRZ ZKLFK RQHV DUH WKH PRVW LPSRUWDQWV

LI ZH FDQ FKDQJH RQO\ D IHZ SDUDPHWHUV� ,Q WKLV ZRUN ZH VWXG\ D SDVVLYH YLEUDWLRQ LVRODWLRQ

V\VWHP ZKRVH H�FDF\ LV PHDVXUHG E\ WKH WUDQVPLWWHG SRZHU WR WKH EDVH RI WKH V\VWHP� 7KH

SDVVLYH V\VWHP LV FRPSRVHG RI WZR LVRODWRUV DQG D ULJLG RU �H[LEOH EDVH� WKH H[FLWDWLRQ FDQ

KDYH DQ\ GLUHFWLRQ� :H XVH D VXEVWUXFWXULQJ WHFKQLTXH WR DQDO\]H WKH V\VWHP� :H KDYH

VKRZQ WKDW WKH FRQ�JXUDWLRQ �SODFH RI LVRODWRUV� IRU H[DPSOH� DQG WKH W\SH RI H[FLWDWLRQ

DUH YHU\ LPSRUWDQW LQ WKH GHVLJQ� DQG ZLWKRXW WKH WRRO RI VHQVLWLYLW\ DQDO\VLV ZRXOG EH YHU\

GL�FXOW WR GHWHUPLQH ZKLFK SDUDPHWHUV WR PRGLI\� :H KDYH DOVR VWXGLHG WKH LQ�XHQFH RI

VRPH SDUDPHWHUV� OLNH PDVV� VWL�QHVV� LVRODWRUV VORSH� HWF�

.H\ZRUGV� 9LEUDWLRQ LVRODWLRQ� 9LEUDWRU\ SRZHU� 6HQVLWLYLW\ DQDO\VLV�

�� ,1752'8&7,21

7KH VHQVLWLYLW\ RI D G\QDPLF V\VWHP UHODWHG WR LWV SDUDPHWHU YDULDWLRQV VKRXOG EH

D EDVLF DVSHFW LQ LWV DQDO\VLV� 7KH SUREOHP RI VHQVLWLYLW\ DULVHV LQ WKH HQJLQHHULQJ �HOG

ZKHQ PDWKHPDWLFDO PRGHOV DUH XVHG ZLWK DQDO\VLV DQG V\QWKHVLV SXUSRVHV� :LWK WKH DLP

WR JHW D XQLTXH IRUPXODWLRQ RI WKH SUREOHP� WKH PDWKHPDWLFDO PRGHO JHQHUDOO\ LV DVVXPHG

DV H[DFW� EXW LW GRHV QRW KDSSHQ LQ IDFW EHFDXVH WKHUH LV DOZD\V D GLVFUHSDQF\ EHWZHHQ

WKH PRGHO DQG WKH UHDO V\VWHP�

7KH PDWKHPDWLFDO PRGHO FRXOG EH YHU\ SRRU LI WKHUH LV D FRQVLGHUDEOH GHYLDWLRQ



EHWZHHQ WKH PRGHO DQG WKH UHDO V\VWHP SDUDPHWHUV� ZKHQ WKH VROXWLRQ LV YHU\ VHQVLWLYH WR

WKLV SDUDPHWHUV� 7KHUHIRUH� LW VKRXOG EH SDUW RI WKH PRGHOOLQJ WR NQRZ WKH SDUDPHWHUV

VHQVLWLYLW\ EHIRUHKDQG WR LWV LPSOHPHQWDWLRQ� RU WR UHGXFH WKHP LQ D V\VWHPDWLF PDQQHU

LI LW LV QHFHVVDU\� 7KLV IDFW LV VWLOO PRUH LPSRUWDQW ZKHQ LW LV GRQH D RSWLPL]DWLRQ SURFHVV

EHFDXVH LW PD[LPL]HV RU PLQLPL]HV D SHUIRUPDQFH LQGH[ RI D PRGHO IRU D VSHFL�F VHW RI

SDUDPHWHUV� VR WKH VROXWLRQ ZLOO EH VWURQJO\ GHSHQGHQW RI WKHP�

,Q WKH DQDO\VLV DQG FRPSDULVRQ RI WKH VHQVLWLYLW\� LW LV GHVLUDEOH WR KDYH D GH�QLWLRQ

LQGHSHQGHQW RI WKH LQSXW VLJQDO IRUP� LQ RWKHU ZRUGV LW PXVW EH GH�QHG LQ IXQFWLRQ RI

WKH VWUXFWXUH RI WKH V\VWHP LQVWHDG RI LQSXW VLJQDOV� 7KLV ODVW FRQGLWLRQ LV WUXH IRU WKH

GH�QLWLRQV LQ WKH IUHTXHQF\ GRPDLQ� 7KHUH DUH VHYHUDO GH�QLWLRQV IUHTXHQWO\ XVHG� DQG

WKH PRVW WUDGLWLRQDOO\ DUH �)UDQN� ������ %RGH� +RURZLW] DQG 3HUNLQV�&UX] VHQVLWLYLW\

IXQFWLRQV�

$Q LQWHUHVWLQJ DSSOLFDWLRQ RI WKH VHQVLWLYLW\ WKHRU\ DULVHV ZKHQ LW LV QHFHVVDU\ WR

PRGLI\ D PHFKDQLFDO V\VWHP LQ RUGHU WR LPSURYH D JLYHQ SHUIRUPDQFH LQGH[ �1DOHFN] 	

:LFKHU� ������ )RU D FRPSOH[ V\VWHP� LW LV GL�FXOW WR HYDOXDWH WKH YDULDWLRQ H�HFW RI HDFK

SDUDPHWHU� LQ WKLV FDVHV WKH VHQVLWLYLW\ PHWKRG DSSHDUV DV D YDOXDEOH WRRO�

�� %$6,& &21&(376 $1' '(),1,7,216

���� 0RELOLW\ DQG LPSHGDQFH IRUPXODWLRQ

&RQVLGHULQJ ?)LJ� ��� LW ZLOO EH GHGXFHG WKH H[SUHVVLRQV XVHG LQ WKLV ZRUN D PREL�

OLW\ �VRXUFH DQG EDVH� DQG LPSHGDQFH �LVRODWRUV� PDWUL[ IRUPXODWLRQ �%LVKRS 	 -RKQVRQ�
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)LJXUH �� 3RZHU FDOFXODWLRQ

���� %RGH VHQVLWLYLW\ IXQFWLRQV

,Q JHQHUDO� WKH PDWUL[ FRPSRQHQWV RI WKH VHQVLWLYLW\ :V DUH FRPSOH[ IXQFWLRQV GH�

SHQGHQW RQ WKH IUHTXHQF\ �� 7KLV IXQFWLRQV GHVFULEH WKH LQ�XHQFH RI DQ\ SDUDPHWHU RQ

WKH V\VWHP G\QDPLF SURSHUWLHV FKDUDFWHUL]HG E\ D WUDQVIHU PDWUL[ *�

%HLQJ ZV�N�O� DQG JN�O WKH �N� O� FRPSRQHQWV RI WKH PDWULFHV:V DQG *� :KHUH ZV�N�O�  
#JN�O

#DV
� EHLQJ DV D SDUDPHWHU V\VWHP�

7KH PDLQ LGHD LV� LI WKH PDJQLWXGH RI WKH VHQVLWLYLW\ LV KLJK� WKHQ WKH FKDQJH SURGXFHG

E\ WKH UHODWHG SDUDPHWHU ZLOO EH KLJK WRR� ,Q WKLV FDVH DV WKH PDWUL[ * LV WKH SRZHU

WUDQVPLWWHG WR WKH EDVH� DOO WKH FRPSRQHQWV RI WKH * DQG :V PDWULFHV ZLOO EH UHDO�

7KH ORJDULWKPLF VHQVLWLYLW\ IXQFWLRQV RU %RGH IXQFWLRQV ZLOO EH XVHG LQ WKLV ZRUN�

WKH\ ZLOO EH GH�QHG LQ WKLV ZD\�

6V�N�O�  
#OQ�JN�O�

#OQ�DV�
 

#JN�O

JN�O

#DV
DV

 ZV�N�O�

DV

JN�O
����

�� ,62/$7,21 02'(/6

���� 0RGHO ZLWK D ULJLG EDVH DQG WZR �H[LEOH LVRODWRUV

7KH �UVW V\VWHP DQDO\]HG LQ WKLV ZRUN FRQVLGHUV WKH VRXUFH DQG WKH EDVH DV ULJLG

ERGLHV XQGHU D PXOWL�GLUHFWLRQDO H[FLWDWLRQ �FRPSRVHG E\ D KRUL]RQWDO DQG D YHUWLFDO IRUFHV�

DQG E\ D PRPHQW� DFWLQJ RQ WKH VRXUFH� 7KH VRXUFH DQG EDVH DUH MRLQHG E\ WZR �H[LEOH

LVRODWRUV� ZKLFK KDYH EHHQ PRGHOHG DV D FRPELQDWLRQ RI D EDU SOXV DQ (XOHU�%HUQRXOOL

EHDP�

,Q WKLV V\VWHP KDV EHHQ FRQVLGHUHG WKH IROORZLQJ SDUDPHWHUV WR FDOFXODWH WKH VHQ�

VLWLYLWLHV� WKH VRXUFH PDVV PI � WKH VRXUFH LQHUWLD PRPHQW ,[JI � WKH LVRODWRUV ORVV IDFWRU

�L� WKH LVRODWRUV HODVWLFLW\ PRGXOXV (UL� WKH LVRODWRUV OHQJWK /L� WKH LVRODWRUV DUHD $L� WKH

EDVH PDVV PE� WKH EDVH LQHUWLD PRPHQW ,[JE� WKH EDVH VSULQJV ORVV IDFWRU �E� WKH EDVH

VSULQJV OHQJWK /E� WKH EDVH VSULQJV HODVWLFLW\ PRGXOXV (UE� WKH LVRODWRUV ORFDWLRQ 'I DQG

WKH LVRODWRUV VORSH ��

7KH DEVFLVH RI WKH �JXUHV ZLOO YDU\ LQ D IUHTXHQF\ UDQJH IURP � WR ���� +]� 7KH �UVW

WKUHH UHVRQDQFHV �ORFDWHG QHDU �� +]� DUH GXH WR WKH VRXUFH VXVSHQVLRQ� DQG WKH QH[W WZR

WR WKH EDVH VXVSHQVLRQ �RYHU ��� +]�� %HWZHHQ WKLV WZR UHJLRQV LW LV ORFDWHG WKH LVRODWLRQ

]RQH� ZKHUH WKH H[FLWDWLRQ IRUFH VKRXOG DFW�

,W ZLOO EH FDOFXODWHG WKH VHQVLWLYLW\ RI WKH SRZHU WUDQVPLWWHG �WKH GHULYDWLYHV ZLOO EH

FDOFXODWHG QXPHULFDOO\ ZLWK UHVSHFW WR HDFK SDUDPHWHU�� 7KH VHQVLWLYLW\ ZLOO EH VKRZHG LQ
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)LJXUH �� ,VRODWLRQ PRGHO ZLWK ULJLG EDVH

D ORJDULWKPLF VFDOH DQG LQ DEVROXWH YDOXH �LI WKH\ FRUUHVSRQG WR QHJDWLYH YDOXHV ZH LGHQWLI\

WKHP E\ GDVKHG OLQHV��

7KH EDVLF DLP LV WR UHGXFH WKH SRZHU WUDQVPLWWHG WR WKH EDVH� 3RVLWLYH YDOXHV PHDQ

WKDW DQ LQFUHDVH RQ WKH SDUDPHWHU FRQVLGHUHG SURGXFHV DQ LQFUHDVH LQ WKH SRZHU WUDQVPLW�

WHG� 0HDQZKLOH QHJDWLYH YDOXHV RI WKH VHQVLWLYLW\ PHDQ WKDW DQ LQFUHDVH RQ WKH SDUDPHWHU

SURGXFHV D GLPLQXWLRQ LQ WKH SRZHU WUDQVPLWWHG�

7KHUHIRUH� WKH SURFHGXUH ZLOO EH� LGHQWLI\ WKH SDUDPHWHUV ZLWK WKH ELJJHVW VHQVLWLYLW\

�LQ YDOXH DEVROXWH�� DQG WKHQ VHH WKH VHQVLWLYLW\ VLJQ� ZKLFK ZLOO LQGLFDWH ZKHWKHU WKLV

SDUDPHWHU PXVW EH LQFUHDVHG RU GLPLQLVKHG�

&RQVLGHULQJ WKH PXOWL�GLUHFWLRQDO KDUPRQLF H[FLWDWLRQ )\  �� )]  �� 7[  � �?)LJ�

���� LW FDQ EH QRWHG WKDW WKH VRXUFH PDVV PI KDV D JUHDW LQ�XHQFH LQ WKH �UVW WZR VRXUFH

VXVSHQVLRQ UHVRQDQFHV� EXW DIWHUZDUGV LW GLPLQLVKHV� 7KH VRXUFH LQHUWLD PRPHQW ,[JI LV

LPSRUWDQW RQO\ QHDU WKH WKLUG VXVSHQVLRQ UHVRQDQFH� 7KH LVRODWRU ORVV IDFWRU �L LQ�XHQFH

LV VPDOOHU WKDQ WKH RQH RI WKH RWKHU SDUDPHWHUV� EHLQJ UHODWLYHO\ ELJ DQG QHJDWLYH LQ WKH

VXVSHQVLRQ UHVRQDQFHV� DIWHUZDUGV SRVLWLYH DQG VPDOO LQ WKH LVRODWLRQ ]RQH� DQG �QDOO\

ELJ LQ WKH LVRODWRU �H[LEOH UHVRQDQFHV� 7KH LVRODWRUV HODVWLFLW\ PRGXOXV (UL KDV UDWKHU

VHQVLWLYLW\ LQ WKH WKUHH VXVSHQVLRQ UHVRQDQFHV� LQ WKH LVRODWLRQ ]RQH� DQG LQ WKH LVRODWRU

�H[LEOH UHVRQDQFHV WRR� WKLV VHQVLWLYLW\ KDV D SRVLWLYH YDOXH� VR LW PXVW EH GLPLQLVKHG�

EXW WKLV DOPRVW DOZD\V KDV SUDFWLFDO OLPLWDWLRQV EHFDXVH LW SURGXFHV D VHULRXV VWDELOLW\

SUREOHP�

,Q ?)LJ� �� LW LV VHHQ WKH VPDOO DQG DOPRVW FRQVWDQW LQ�XHQFH RI WKH EDVH VSULQJV ORVV

IDFWRU �E� 7KH LQ�XHQFH RI WKH HODVWLFLW\ PRGXOXV RI WKH EDVH VSULQJV (UE LV LPSRUWDQW LQ

WKH EDVH UHVRQDQFHV� 7KH LVRODWRU ORFDWLRQ 'I VKRZV DSSUHFLDWH LQ�XHQFH LQ DOO FRQVLGHUHG

IUHTXHQFLHV ZLWK H[FHSWLRQ RI WKRVH ZKLFK DUH FORVH WR WKH EDVH VXVSHQVLRQ UHVRQDQFHV�

PRUHRYHU LW LV SRVVLEOH WR VHH WKDW WKLV SDUDPHWHU LV LPSRUWDQW QHDU WKH �UVW DQG WKLUG



VRXUFH VXVSHQVLRQ UHVRQDQFHV� 7KH LVRODWRUV VORSH � VKRZ D JUHDW VHQVLWLYLW\ QHDU WKH WKUHH

VRXUFH VXVSHQVLRQ UHVRQDQFHV� EXW LW KDV D IDOO LQ WKH �UVW EDVH VXVSHQVLRQ UHVRQDQFH�
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)LJXUH �� 6HQVLWLYLW\ XQGHU H[FLWDWLRQ� )\  �� )]  �� 7[  �

���� 0RGHO ZLWK D �H[LEOH EDVH DQG WZR �H[LEOH LVRODWRUV

$ VLPLODU DQDO\VLV DV WKH RQH FDUULHG RXW IRU WKH V\VWHP ZLWK ULJLG EDVH ZLOO EH

GRQH IRU D V\VWHP ZLWK D �H[LEOH EDVH �?)LJ� ���� VLQFH ZH KDYH DV REMHFWLYH WR FRPSDUH

WKH SDUDPHWHUV LQ�XHQFH� 7KH QHZ EDVH SURSHUWLHV ZHUH FKRVHQ WR REWDLQ WKH �UVW EDVH

UHVRQDQFH QHDU WR ��� +]�

,Q ?)LJ� �� LW LV VKRZQ WKDW WKH VRXUFH PDVV PI KDV D VLPLODU LQ�XHQFH DV LQ WKH ULJLG

PRGHO� H[FHSWLQJ D IDOO LQ WKH ������ +] IUHTXHQF\ UDQJH� 7KH VRXUFH LQHUWLD PRPHQW ,[JI �

WKH LVRODWRU ORVV IDFWRU �L DQG WKH HODVWLFLW\ PRGXOXV RI WKH LVRODWRUV (UL VKRZ D VLPLODU

EHKDYLRU WR �UVW PRGHO WRR�

,Q ?)LJ� �� LW LV VKRZHG WKDW WKH WUDQVYHUVDO DUHD RI WKH EDVH $E LV LPSRUWDQW RQO\

DIWHU WKH �UVW EDVH UHVRQDQFH ORFDWHG DW ��� +]� 7KH HODVWLFLW\ PRGXOXV RI WKH EDVH (UE LV

LPSRUWDQW LQ WKH VHFRQG VXVSHQVLRQ UHVRQDQFH DQG LQ WKH �H[LEOH UHVRQDQFHV� 7KH LVRODWRU

ORFDWLRQ 'I KDV D JUHDW VHQVLWLYLW\ LQ WKH VXVSHQVLRQ UHVRQDQFHV DQG LQ WKH LVRODWLRQ ]RQH
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)LJXUH �� ,VRODWLRQ PRGHO ZLWK �H[LEOH EDVH

�EHIRUH ��� +]�� )LQDOO\� WKH LQ�XHQFH RI WKH LVRODWRU LQFOLQDWLRQ DQJOH � LV VLPLODU WR WKH

SUHYLRXV SDUDPHWHU� EXW ZLWK VPDOOHU PDJQLWXGH�

7KH LVRODWLRQ ]RQH LV JHQHUDOO\ EHWZHHQ � DQG ��� +]� DQG LW LV FRQVLGHUHG UHJLRQ

RI LQWHUHVW LQ SURMHFWV RI LVRODWLRQ V\VWHPV �,QPDQ� ������ ,Q WKLV H[DPSOH� LW ZLOO EH

FDOFXODWHG WKH VHQVLWLYLW\ LQ WKLV ]RQH� WKHUHIRUH WKH �UVW WKLQJ WKDW ZLOO EH PDGH LV WR

FKRRVH D IUHTXHQF\ UDQJH ZKHUH WKHUH LV QR ELJ YDULDWLRQ RI WKH VHQVLWLYLW\� DV LW LV WKH FDVH

IDU RI WKH UHVRQDQFHV�

,Q WKH IROORZLQJ �JXUHV ZH KDYH FDOFXODWHG �� VHQVLWLYLWLHV LQ WKH ����� +] LVRODWLRQ

UDQJH� DIWHUZDUG LW ZDV FDOFXODWHG WKH PHDQ RI WKH DEVROXWH YDORU RI WKHP� ,W ZLOO EH

VKRZQ WKH LQ�XHQFH RI H[FLWDWLRQ IRUFH IRU WKH PHDQ VHQVLWLYLW\�

,Q ?)LJ� �� WKH H[FLWDWLRQ LV KDUPRQLF DQG PXOWL�GLUHFWLRQDO )\  �� )]  �� 7[  ��

LW LV QRWHG WKH JUHDW LQ�XHQFH RI WKH EDVH OHQJWK /E JHW LWV PD[LPXP YDOXH DW ��� +]� 7KH

SUREOHP LV WKDW LQ PDQ\ SUDFWLFDO DSSOLFDWLRQV LW LV QRW SRVVLEOH WR FKDQJH WKLV SDUDPHWHU

GXH WR H[WHUQDO UHVWULFWLRQV� 2WKHU SDUDPHWHUV WKDW VKRZ WKHLU LPSRUWDQFH LQ WKLV UHJLRQ

DUH� WKH LVRODWRUV OHQJWK /L� WKH LQHUWLD PRPHQW RI WKH VRXUFH ,[JI DQG HODVWLFLW\ PRGXOXV

RI WKH LVRODWRUV (UL� 7KH LVRODWRU ORFDWLRQ 'I LV LPSRUWDQW WRR� EXW QRW LQ WKH VDPH OHYHO

WKDQ ZKHQ WKH EDVH ZDV ULJLG�

,Q WKH ?)LJ� �� WKH H[FLWDWLRQ LV D XQLWDU\ IRUFH YHUWLFDO )]  �� WKH EDVH OHQJWK /E

LV DJDLQ PRUH LPSRUWDQW WKDQ WKH RWKHU SDUDPHWHUV�

,Q ?)LJ� ��� ZKHQ WKH H[FLWDWLRQ LV D XQLWDU\ PRPHQW 7[  �� LW LV VKRZHG WKH

LPSRUWDQFH RI WKH LVRODWRU OHQJWK /L DQG RI WKH EDVH OHQJWK /E� KHUH WKH LVRODWRU ORFDWLRQ

'I KDV D JUHDW VHQVLWLYLW\ WRR�

)LQDOO\� IRXU RI WKH PRVW LPSRUWDQW SDUDPHWHUV ZHUH FKRVHQ� WKH EDVH OHQJWK ZDV

H[FOXGHG EHFDXVH ZH VXSSRVHG WKDW LW ZDV QRW IHDVLEOH WR EH PRGL�HG� 7KH\ DUH� ,[JI �

(UL� /L� 'I � 7KH UHVXOWV DUH VKRZHG LQ WKH ?)LJ� ���� IRU WKH RULJLQDO V\VWHP DQG IRU

YDULDWLRQV RI � � DQG � � LQ HDFK SDUDPHWHU�
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7KH VHQVLWLYLW\ DQDO\VLV ZDV VKRZQ WR EH DQ LPSRUWDQW WRRO LQ WKH PRGL�FDWLRQ SURFHVV

RI WKH SDUDPHWHUV LQ WKH LVRODWLRQ V\VWHPV DQDO\]HG LQ WKLV ZRUN� ,W FDQ EH XVHG IRU WKH

FKRLFH RI SDUDPHWHUV WKDW KDYH WKH JUHDWHVW LQ�XHQFH HLWKHU DW D VSHFL�F IUHTXHQF\ RU LQ

D IUHTXHQF\ UDQJH�

,Q JHQHUDO� LW LV QRW HDV\ WR FKRRVH WKH SDUDPHWHUV WKDW DOORZ XV WR GLPLQLVK WKH SRZHU

WUDQVPLWWHG ZLWKRXW GRLQJ DQ DQDO\VLV OLNH WKLV EHFDXVH WKH LQ�XHQFH RI HDFK SDUDPHWHU

GHSHQGV VWURQJO\ RQ WKH SDUWLFXODU V\VWHP FRQ�JXUDWLRQ DQG RQ WKH H[FLWDWLRQ�

,W ZDV VKRZHG WKDW IRU WKH VDPH FRQ�JXUDWLRQ D SDUDPHWHU FRXOG EH LPSRUWDQW IRU D

W\SH RI H[FLWDWLRQ DQG QRW IRU RWKHU RQH�

5()(5(1&(6

%LVKRS� 5� (� '� DQG -RKQVRQ� '� &�� ����� 7KH 0HFKDQLFV RI 9LEUDWLRQ� &DPEULGJH

8QLYHUVLW\ 3UHVV�

&RURQDGR� 0� $�� ����� (QHUJ\ SURSDJDWLRQ LQ YLEUDWLRQ LVRODWLRQ V\VWHPV �LQ 3RU�

WXJXHVH�� 0�6F� 7KHVLV� 3RQWLI��FLD 8QLYHUVLGDGH &DW�ROLFD GR 5LR GH -DQHLUR� 5LR

GH -DQHLUR� %UDVLO� KWWS���ZZZ�PHF�SXF�ULR�EU�SURI�UVDPSDLR�UVDPSDLR�KWPO

)UDQN� 3� 0�� ����� ,QWURGXFWLRQ WR 6HQVLWLYLW\ 7KHRU\� $FDGHPLF 3UHVV�

*DUGRQLR� 3�� (OOLRWW 6� -� DQG 3LQQLQJWRQ 5� -�� ����� $FWLYH LVRODWLRQ RI VWUXFWXUDO YLEUD�

WLRQ RQ D PXOWLSOH�GHJUHH�RI�IUHHGRP V\VWHP� 3DUW ,� 7KH G\QDPLFV RI WKH V\VWHP�

-RXUQDO RI 6RXQG DQG 9LEUDWLRQ ������� SS� ������

,QPDQ� '� -�� ����� (QJLQHHULQJ 9LEUDWLRQ� 3UHQWLFH�+DOO ,QF�

1DOHF]� $� *� DQG :LFKHU -�� ����� 'HVLJQ VHQVLWLYLW\ DQDO\VLV RI PHFKDQLFDO V\VWHPV LQ

IUHTXHQF\ GRPDLQ� -RXUQDO RI 6RXQG DQG 9LEUDWLRQ ������ SS� ��������


