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$QDO\VLV RI 6WDWLFDOO\ 'HWHUPLQDWH 7UXVVHV

,Q WKLV VHFWLRQ� ZH ZLOO GLVFXVV WKH GHWHUPLQDF\� VWDELOLW\� DQG DQDO\VLV RI WKUHH

IRUPV RI VWDWLFDOO\ GHWHUPLQDWH WUXVVHV� VLPSOH� FRPSRXQG� DQG FRPSOH[� ,I WLPH DO�

ORZV� ZH ZLOO DOVR FRQVLGHU VSDFH WUXVVHV�

&RPPRQ 7\SHV 2I 7UXVVHV

$ WUXVV LV D VWUXFWXUH FRPSRVHG RI VOHQGHUPHPEHUV MRLQHG WRJHWKHU DW WKHLU HQG SRLQWV� 3OD�

QDU WUXVVHV OLH LQ D VLQJOH SODQH� 7\SLFDOO\� WKH MRLQW FRQQHFWLRQV DUH IRUPHG E\ EROWLQJ

RU ZHOGLQJ WKH HQG PHPEHUV WRJHWKHU WR D FRPPRQ SODWH� FDOOHG D JXVVHW SODWH�

: 5RRI WUXVVHV �� LQ JHQHUDO� WKH URRI ORDG LV WUDQVPLWWHG WR WKH WUXVV E\ D VH�
ULHV RI SXUOLQV� 7KH URRI WUXVV DORQJ ZLWK LWV VXSSRUWLQJ FROXPQV LV WHUPHG
D EHQW� 7KH VSDFH EHWZHHQ EHQWV LV FDOOHG D ED\�

: %ULGJH WUXVVHV �� WKH ORDG LV WUDQVPLWWHG E\ WKH GHFN WR D VHULHV RI VWULQJHUV
DQG WKHQ WR D VHW RI IORRU EHDPV� 7KH IORRU EHDPV DUH VXSSRUWHG E\ WZR
SDUDOOHO WUXVVHV� 7KH VXSSRUWLQJ WUXVVHV DUH FRQQHFWHG WRS DQG ERWWRP E\
ODWHUDO EUDFLQJ� $GGLWLRQDO VWDELOLW\ PD\ EH SURYLGHG E\ SRUWDO DQG VZD\
EUDFLQJ�

: $VVXPSWLRQV IRU GHVLJQ �� LQ RUGHU WR GHVLJQ ERWK WKH PHPEHUV DQG FRQ�
QHFWLRQV RI D WUXVV� WKH IRUFH LQ HDFK PHPEHU IRU D JLYHQ ORDGLQJ PXVW EH
GHWHUPLQHG� 7ZR LPSRUWDQW DVVXPSWLRQV DUH PDGH LQ WUXVV DQDO\VLV

��� 7UXVV PHPEHUV DUH FRQQHFWHG E\ VPRRWK SLQV� 7KH VWUHVV SURGXFHG
LQ WKHVH HOHPHQWV LV FDOOHG WKH SULPDU\ VWUHVV� 7KH SLQ DVVXPS�
WLRQ LV YDOLG IRU EROWHG RU ZHOGHG FRQQHFWLRQV LI WKH PHPEHUV
DUH FRQFXUUHQW� +RZHYHU� VLQFH WKH FRQQHFWLRQ GRHV SURYLGH
VRPH ULJLGLW\� WKH EHQGLQJ LQWURGXFHG LQ WKHPHPEHUV LV FDOOHG
VHFRQGDU\ VWUHVV� 6HFRQGDU\ VWUHVV DQDO\VLV LV QRW FRPPRQO\
SHUIRUPHG�

��� $OO ORDGLQJ LV DSSOLHG DW WKH MRLQWV RI WKH WUXVV� 6LQFH WKH ZHLJKW RI
HDFK PHPEHUV LV VPDOO FRPSDUHG WR WKH PHPEHU IRUFH� WKH
PHPEHU ZHLJKW LV RIWHQ QHJOHFWHG� +RZHYHU� ZKHQ WKH PHP�
EHU ZHLJKW LV FRQVLGHUHG� LW LV DSSOLHG DW WKH HQG RI HDFKPHP�
EHU�

%HFDXVH RI WKHVH WZRDVVXPSWLRQV� HDFK WUXVVPHPEHU LV D WZR��
IRUFHPHPEHU ZLWK HLWKHU D FRPSUHVVLYH �&� RU D WHQVLOH �7� D[�
LDO IRUFH� ,Q JHQHUDO� FRPSUHVVLRQ PHPEHUV DUH ELJJHU WR KHOS
ZLWK LQVWDELOLW\ GXH WR EXFNOLQJ�

&ODVVLILFDWLRQ 2I &RSODQDU 7UXVVHV

: 6LPSOH WUXVV �� WKH VLPSOHVW IUDPHZRUN WKDW LV ULJLG RU VWDEOH LV D WULDQJOH�
7KHUHIRUH� D VLPSOH WUXVV LV FRQVWUXFWHG VWDUWLQJ ZLWK D EDVLF WULDQJXODU
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HOHPHQW DQG FRQQHFWLQJ WZR PHPEHUV WR IRUP DGGLWLRQDO HOHPHQWV� $V
HDFK DGGLWLRQDO HOHPHQW RI WZR PHPEHUV LV SODFHG RQ WKH D WUXVV� WKH
QXPEHU RI MRLQWV LV LQFUHDVHG E\ RQH�

: &RPSRXQG WUXVV �� LV IRUPHG E\ FRQQHFWLQJ WZR RU PRUH VLPSOH WUXVVHV
WRJHWKHU� 7KLV W\SH RI WUXVV LV RIWHQ XVHG IRU ODUJH VSDQV� 7KHUH DUH WKUHH
ZD\V LQ ZKLFK VLPSOH WUXVVHV PD\ EH FRQQHFWHG WR IRUP D FRPSRXQG
WUXVV�

�� 7UXVVHV PD\ EH FRQQHFWHG E\ D FRPPRQ MRLQW DQG EDU�

�� 7UXVVHV PD\ EH MRLQHG E\ WKUHH EDUV�

�� 7UXVVHVPD\EH MRLQHGZKHUH EDUV RI D ODUJH VLPSOH WUXVV� FDOOHG
WKHPDLQ WUXVV� KDYH EHHQ VXEVWLWXWHG E\ VLPSOH WUXVVHV� FDOOHG
VHFRQGDU\ WUXVVHV�

: &RPSOH[ WUXVV �� LV D WUXVV WKDW FDQQRW EH FODVVLILHG DV EHLQJ HLWKHU VLPSOH
RU FRPSRXQG�

: 'HWHUPLQDF\ �� VLQFH DOO WKH HOHPHQWV RI D WUXVV DUH WZR��IRUFH PHPEHUV�
WKH PRPHQW HTXLOLEULXP LV DXWRPDWLFDOO\ VDWLVILHG� 7KHUHIRUH WKHUH DUH
WZR HTXDWLRQV RI HTXLOLEULXP IRU HDFK MRLQW� M� LQ D WUXVV� ,I U LV WKH QXPEHU
RI UHDFWLRQV DQG E LV WKH QXPEHU RI EDU PHPEHUV LQ WKH WUXVV� GHWHUPLQDF\
LV REWDLQHG E\

E � U ! �M VWDWLFDOO\ LQGHWHUPLQDWH

E � U  �M VWDWLFDOO\ GHWHUPLQDWH

7KH GHJUHH RI LQGHWHUPLQDF\ LV HTXDO WR �E � U� �� �M

: 6WDELOLW\ �� LI E � U � �M� D WUXVV ZLOO EH XQVWDEOH� ZKLFK PHDQV WKH VWUXFWXUH
ZLOO FROODSVH VLQFH WKHUH DUH QRW HQRXJK UHDFWLRQV WR FRQVWUDLQ DOO WKH
MRLQWV� $ WUXVV PD\ DOVR EH XQVWDEOH LI E � U � �M� ,Q WKLV FDVH� VWDELOLW\ ZLOO
EH GHWHUPLQHG E\ LQVSHFWLRQ�

��� ([WHUQDO VWDELOLW\ �� D VWUXFWXUH �WUXVV� LV H[WHUQDOO\ XQVWDEOH LI
LWV UHDFWLRQV DUH FRQFXUUHQW RU SDUDOOHO�

�� ,QWHUQDO VWDELOLW\ �� PD\EH GHWHUPLQHG E\ LQVSHFWLRQRI WKH DU�
UDQJHPHQW RI WUXVV PHPEHUV�

,Q JHQHUDO� D VLPSOH WUXVV ZLOO DOZD\V EH LQWHUQDOO\ VWDEOH� ,I D
WUXVV LVQRW FRQVWUXFWHGHQWLUHO\ RI WULDQJOHV� LWPD\EHXQVWDEOH�
7KH VWDELOLW\ RI D FRPSRXQG WUXVV LV GHWHUPLQHG E\ H[DPLQLQJ
KRZ WKH VLPSOH WUXVVHV DUH FRQQHFWHG�
7KH VWDELOLW\ RI D FRPSOH[ WUXVV FDQ RIWHQ EH GLIILFXOW WR GHWHU�
PLQH E\ LQVSHFWLRQ� ,Q JHQHUDO� WKH VWDELOLW\ RI DQ\ WUXVV PD\
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EH FKHFNHG E\ SHUIRUPLQJ D FRPSOHWH DQDO\VLV RI WKH VWUXFWXUH�
,I D XQLTXH VROXWLRQ FDQ EH IRXQG IRU WKH VHW RI HTXLOLEULXP
HTXDWLRQV� WKHQ WKH WUXVV LV VWDEOH�

E � U � �M XQVWDEOH LI UHDFWLRQV DUH
FRQFXUUHQW RU SDUDOOHO RU D
FROODSVLEOH PHFKDQLVP

E � U � �M XQVWDEOH

7KH 0HWKRG RI -RLQWV

,I D WUXVV LV LQ HTXLOLEULXP� WKHQ HDFKRI LWV MRLQWVPXVW EH LQ HTXLOLEULXP� 7KHUHIRUH�

WKHPHWKRG RI MRLQWV FRQVLVWV RI VDWLVI\LQJ WKH HTXLOLEULXP HTXDWLRQV� S)[  � DQG S)\
 � IRU IRUFHV DFWLQJ RQ HDFK MRLQW� 5HFDOO� WKDW WKH OLQH RI DFWLRQ RI D IRUFH DFWLQJ RQ D

MRLQW LV GHWHUPLQHG E\ WKH JHRPHWU\ RI WKH WUXVV PHPEHU� 7KH OLQH RI DFWLRQ LV IRUPHG

E\ FRQQHFWLQJ WKH WZR HQGV RI HDFK PHPEHU ZLWK D VWUDLJKW OLQH� 6LQFH GLUHFWLRQ RI WKH

IRUFH LV NQRZQ� WKH UHPDLQLQJ XQNQRZQ LV WKH PDJQLWXGH RI WKH IRUFH�

: 3URFHGXUH IRU DQDO\VLV �� WKH IROORZLQJ LV D SURFHGXUH IRU DQDO\]LQJ D
WUXVV XVLQJ WKH PHWKRG RI MRLQWV�

�� )LUVW� LI SRVVLEOH� GHWHUPLQH WKH VXSSRUW UHDFWLRQV IRU WKH HQWLUH
WUXVV�

�� 1H[W� GUDZ WKH IUHH ERG\ GLDJUDP IRU HDFK MRLQW� ,Q JHQHUDO�
DVVXPH DOO WKH IRUFH PHPEHU UHDFWLRQV DUH WHQVLRQ �WKLV LV QRW
D UXOH� KRZHYHU� LW LV KHOSIXO LQ NHHSLQJ WUDFN RI WHQVLRQ DQG
FRPSUHVVLRQ PHPEHUV��

�� :ULWH WKH HTXDWLRQV RI HTXLOLEULXP IRU HDFK MRLQW� S)[  � DQG
S)\  �

�D� ,I SRVVLEOH� EHJLQ VROYLQJ WKH HTXLOLEULXP HTXDWLRQV DW D MRLQW
ZKHUHRQO\ WZRXQNQRZQUHDFWLRQV H[LVW� :RUN\RXUZD\ IURP
MRLQW WR MRLQW� VHOHFWLQJ WKH QHZ MRLQW XVLQJ WKH FULWHULRQ RI WZR
XQNQRZQ UHDFWLRQV�

�E� 6ROYH WKH MRLQW HTXDWLRQV RI HTXLOLEULXP VLPXOWDQHRXVO\� W\SL�
FDOO\ XVLQJ D FRPSXWHU RU DQ DGYDQFHG FDOFXODWRU�
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([DPSOH� &RQVLGHU WKH IROORZLQJ WUXVV�
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7KH IRUFH LQ HDFKPHPEHU LV DVVXPHG WR EH LQ WHQVLRQ �7�� WKHUHIRUH D QHJDWLYH YDO�

XH ZLOO FRUUHVSRQG WR D FRPSUHVVLRQ �&� IRUFH�

)LUVW� GHWHUPLQH WKH VXSSRUW UHDFWLRQV IRU WKH HQWLUH WUXVV�
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=HUR��IRUFH 0HPEHUV

7UXVV DQDO\VLV PD\ EH VLPSOLILHG E\ GHWHUPLQLQJ PHPEHUV ZLWK QR ORDGLQJ RU

]HUR��IRUFH� 7KHVHPHPEHUV PD\ SURYLGH VWDELOLW\ RU EH XVHIXO LI WKH ORDGLQJ FKDQJHV�

=HUR��IRUFH PHPEHUV PD\ EH GHWHUPLQHG E\ LQVSHFWLRQ RI WKH MRLQWV�

: ,I RQO\ WZR PHPEHUV DUH FRQQHFWHG DW D MRLQW DQG WKHUH LV QR H[WHUQDO ORDG
DW WKDW MRLQW� ERWK PHPEHUV DUH ]HUR��IRUFH PHPEHUV�

: 7KH RWKHU FRPPRQ VLWXDWLRQ� LV ZKHQ WKUHH PHPEHUV FRQQHFW DW D MRLQW
ZLWK QR ORDGLQJ DQG WZR RI WKH PHPEHUV DUH FROLQHDU� ,Q WKLV FDVH� WKH HOH�
PHQW RII WKH FROLQHDU PHPEHUV LV D ]HUR��IRUFH PHPEHU�

([DPSOH� &RQVLGHU WKH IROORZLQJ WUXVV�
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7KH 0HWKRG RI 6HFWLRQV

,I WKH IRUFHV LQ RQO\ D IHZ PHPEHUV RI D WUXVV DUH WR EH GHWHUPLQHG� WKH PHWKRG RI

VHFWLRQV LV JHQHUDOO\ WKHPRVW DSSURSULDWH DQDO\VLV SURFHGXUH� 7KHPHWKRG RI VHFWLRQV

FRQVLVWV RI SDVVLQJ DQ LPDJLQDU\ OLQH WKURXJK WKH WUXVV� FXWWLQJ LW LQWR VHFWLRQV� (DFK

LPDJLQDU\ VHFWLRQ PXVW EH LQ HTXLOLEULXP LI WKH HQWLUH WUXVV LV LQ HTXLOLEULXP� 6LQFH

WKHUH DUH WKUHH LQGHSHQGHQW HTXDWLRQV RI HTXLOLEULXP� S0�  �� S)[  �� DQG S)\  � \RX

VKRXOG WU\ WR VHOHFW D VHFWLRQ ZKHUH QR PRUH WKDQ WKUHH PHPEHU IRUFHV DUH XQNQRZQ�

: 3URFHGXUH IRU DQDO\VLV �� WKH IROORZLQJ LV D SURFHGXUH IRU DQDO\]LQJ D
WUXVV XVLQJ WKH PHWKRG RI VHFWLRQV�

�� )LUVW� LI QHFHVVDU\� GHWHUPLQH WKH VXSSRUW UHDFWLRQV IRU WKH HQ�
WLUH WUXVV�

�� 1H[W� PDNH D GHFLVLRQ RQ KRZ WKH WUXVV VKRXOG EH ´FXWµ LQWR
VHFWLRQV DQG GUDZ WKH FRUUHVSRQGLQJ IUHH�ERG\ GLDJUDPV�

�� 7U\ WR DSSO\ WKH WKUHH HTXDWLRQV RI HTXLOLEULXP VXFK WKDW VL�
PXOWDQHRXV VROXWLRQ LV QRW UHTXLUHG� 0RPHQWV VKRXOG EH
VXPPHG DERXW SRLQWV WKDW OLH DW WKH LQWHUVHFWLRQ RI WKH OLQHV RI
DFWLRQ RI WZRXQNQRZQ IRUFHV� VR WKDW WKH UHPDLQLQJ IRUFHPD\
EH GHWHUPLQHG�



6WUXFWXUDO $QDO\VLV , �� 6WDWLFDOO\ 'HWHUPLQDWH 7UXVVHVV 3DJH ��

([DPSOH� &RQVLGHU WKH IROORZLQJ WUXVV�

)LQG WKH IRUFHV LQPHPEHUV+*�+&� DQG %&� &XW WKH WUXVV LQWR VHFWLRQV DQG DSSO\

WKH HTXDWLRQV RI HTXLOLEULXP�
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([DPSOH� &RQVLGHU WKH IROORZLQJ WUXVV�
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([DPSOH� &RQVLGHU WKH IROORZLQJ WUXVV�
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&RPSRXQG 7UXVVHV

,Q JHQHUDO� D FRPSRXQG WUXVV PD\ EH EHVW DQDO\]HG E\ XVLQJ ERWK WKH PHWKRG RI

VHFWLRQV DQG WKH PHWKRG RI MRLQWV�

: 3URFHGXUH IRU DQDO\VLV �� ILUVW GHWHUPLQH WKH W\SH RI FRPSRXQG WUXVV EH�
LQJ DQDO\]HG DQG IROORZ WKH DSSURSULDWH SURFHGXUH�

7\SH � �� )LUVW� GHWHUPLQH WKH H[WHUQDO UHDFWLRQV� 1H[W� XVH WKH
PHWKRG RI VHFWLRQV WRGHWHUPLQH WKH IRUFH LQ WKH EDU FRQQHFWLQJ
WKH WZR VLPSOH WUXVVHV WRJHWKHU� 1H[W� DQDO\]H WKH VLPSOH
WUXVVHV XVLQJ WKH PHWKRG RI MRLQWV�

7\SH � �� )LUVW� GHWHUPLQH WKH H[WHUQDO UHDFWLRQV� 1H[W� XVH WKH
PHWKRG RI VHFWLRQV WR GHWHUPLQH WKH IRUFHV LQ WKH WKUHH EDUV
FRQQHFWLQJ WKH WZR VLPSOH WUXVVHV WRJHWKHU� 1H[W� DQDO\]H WKH
VLPSOH WUXVVHV XVLQJ WKH PHWKRG RI MRLQWV�

7\SH � �� )LUVW� GHWHUPLQH WKH H[WHUQDO UHDFWLRQV� 1H[W� UHSODFH WKH
VHFRQGDU\ WUXVVHV E\ DQ LPDJLQDU\PHPEHU LQ WKH SULPDU\ VWUXF�
WXUH �DOVR DSSO\ WKH ORDG RQ WKH VHFRQGDU\ WUXVV HTXDOO\ WR WKH
MRLQWV RI WKHSULPDU\ WUXVVZKHUH WKH LPDJLQDU\ VHFRQGDU\ V\V�
WHPFRQQHFWV��1H[W� DQDO\]H WKHSULPDU\ WUXVVXVLQJ WKHPHWK�
RG RI MRLQWV� $SSO\ WKH LGHDOL]HGPHPEHU IRUFH RQ WKH VHFRQG�
DU\ V\VWHP DQG VROYH XVLQJ WKH PHWKRG RI MRLQWV�

6SDFH 7UXVVHV

$ VSDFH WUXVV FRQVLVWV RIPHPEHUV MRLQHG WRJHWKHU WR IRUPD VWDEOH WKUHH��GLPHQVLRQ�

DO VWUXFWXUH� 7KH VLPSOHVW HOHPHQW RI D VWDEOH VSDFH WUXVV LV D WHWUDKHGURQ�

: 'HWHUPLQDF\ DQG VWDELOLW\ �� LQ WKUHH�GLPHQVLRQV� WKHUH DUH WKUHH HTXD�
WLRQV RI HTXLOLEULXP DW HDFK MRLQW S)[  �� S)\  �� DQG S)]  �� WKHUHIRUH�

E � U  �M VWDWLFDOO\ GHWHUPLQDWH �� FKHFN
VWDELOLW\

E � U � �M XQVWDEOH WUXVV

E � U ! �M VWDWLFDOO\ LQGHWHUPLQDWH �� FKHFN
VWDELOLW\

: 3URFHGXUH IRU DQDO\VLV �� WKH PHWKRGV DQG VROXWLRQ SURFHGXUHV GLVFXVVHG
IRU VLPSOH DQG FRPSRXQG FRSODQDU WUXVVHV PD\ EH DSSOLHG WR VSDFH
WUXVVHV�


