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7RSLF�0���*HRPHWU\�
�
'HILQLWLRQV�

Ɣ 3RLQWV�� ��D�VLQJXODU�SRVLWLRQ��ZKLFK�FDQ�EH�GHILQHG�LQ�YDULRXV�ZD\V�LQFOXGLQJ�E\�
FRRUGLQDWHV�RQ�D�JULG�RU�E\�WKH�LQWHUVHFWLRQ�SRLQW�RI�WZR�OLQHV�

Ɣ /LQHV�� ��DQ�LQILQLWHO\�ORQJ�RQH�GLPHQVLRQDO�ILJXUH�
Ɣ /LQH�VHJPHQWV�� ��DQ�LQILQLWHO\�ORQJ�RQH�GLPHQVLRQDO�ILJXUH�
Ɣ 9HUWLFHV�� ��D�FRUQHU��IRU�IODW�VKDSHV��LW�LV�ZKHUH�WKH�HGJHV�PHHW�DQG�IRU�FRQHV��

S\UDPLGV�HWF��DOO�FRUQHUV��LQFOXGLQJ�WKH�SRLQW�DW�WKH�WRS��DUH�FDOOHG�YHUWLFHV�
Ɣ (GJHV�� �W�KH�VLGH�RI�D�SRO\JRQ�RU�SRO\KHGURQ�
Ɣ 3ODQHV�� �IODW�VXUIDFHV�
Ɣ 3DUDOOHO�OLQHV�� �O �LQHV�ZKLFK�DUH�DOZD\V�WKH�VDPH�SHUSHQGLFXODU�GLVWDQFH�DSDUW���

WKHVH�OLQHV�DUH�LQGLFDWHG�E\�DUURZV�
Ɣ 3HUSHQGLFXODU�OLQHV�� �O �LQHV�WKDW�DUH�DW�ULJKW�DQJOHV�WR�HDFK�RWKHU���ZKHQ�WKH�OLQHV�

LQWHUVHFW��WKH�ULJKW�DQJOH�EHWZHHQ�WKH�OLQHV�LV�JHQHUDOO\�VKRZQ�
Ɣ 5LJKW�DQJOHV�� ������
Ɣ 6XEWHQGHG�DQJOHV�� �D �Q�DQJOH�VXEWHQGHG�E\�DQ�DUF��OLQH�VHJPHQW�HWF��LV�RQH�ZKRVH�

WZR�UD\V�SDVV�WKURXJK�WKH�HQGSRLQWV�RI�WKH�DUF��OLQH�VHJPHQW�HWF�
Ɣ 3RO\JRQV�� ��FORVHG�SODQH�VKDSHV�ZLWK���RU�PRUH�VWUDLJKW�VLGHV�
Ɣ 5HJXODU�SRO\JRQV�� ��SRO\JRQV�ZLWK�DOO�LWV�VLGHV�HTXDO�DQG�DOO�LWV�DQJOHV�HTXDO�
Ɣ 5RWDWLRQDO�V\PPHWU\�� �WKH�QXPEHU�RI�WLPHV�WKH�VKDSH�ILWV�H[DFWO\�LQWR�LWV�RXWOLQH�

ZKHQ�WXUQHG�
�
*HRPHWU\� �
�
%DVLF�5XOHV� �

Ɣ $QJOHV�LQ�D��WULDQJOH��DGG�XS�WR������
Ɣ $QJOHV�RQ�D��VWUDLJKW�OLQH��DGG�XS�WR������
Ɣ $QJOHV�LQ�D��TXDGULODWHUDO��DGG�XS�WR������
Ɣ $QJOHV��DURXQG�D�SRLQW��DGG�XS�WR������
Ɣ ([WHULRU��DQJOH�RI�D�WULDQJOH� �VXP�RI�RSSRVLWH�

LQWHULRU�DQJOHV�RI�D�WULDQJOH��
Ɣ ,VRVFHOHV ��WULDQJOHV�KDYH���HTXDO�VLGHV�DQG�KHQFH���HTXDO�DQJOHV� �

�
�
3DUDOOHO�OLQHV�

Ɣ $OWHUQDWH�DQJOHV��DUH�
HTXDO��

Ɣ &RUUHVSRQGLQJ�
DQJOHV��DUH�HTXDO�

Ɣ $OOLHG���DOVR�FDOOHG�
LQWHULRU���DQJOHV��DGG�
XS�WR������
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3DUDOOHORJUDPV��
Ɣ 1HLJKERXULQJ��DQJOHV�DGG�XS�WR������
Ɣ 2SSRVLWH��DQJOHV�DUH�HTXDO��

�
�
�
�
�
7ULDQJOHV�
�
7\SHV�RI�WULDQJOHV�
$��VFDOHQH�WULDQJOH��LV�D�WULDQJOH�ZKHUH�QRQH�RI�WKH�VLGHV��DQG�WKHUHIRUH�
QRQH�RI�WKH�DQJOHV��DUH�HTXDO���
�
�
$Q ��LVRVFHOHV�WULDQJOH��KDV�WZR�VLGHV�ZKLFK�DUH�WKH�VDPH�DQG�RQH�WKDW�LV�
GLIIHUHQW��7KLV�PHDQV�WKDW�WKHUH�DUH�WZR�HTXDO�DQJOHV�DQG�RQH�WKDW�LV�
GLIIHUHQW��7KLV�FDQ�PDNH�FDOFXODWLRQV�HDV\��DV�ZH�NQRZ�WKDW�WKH�DQJOHV�LQ�
D�WULDQJOH�DGG�XS�WR�������VR�ZH�RQO\�QHHG�WR�FDOFXODWH�WKH�RQH�GLIIHUHQW�
DQJOH��
�
�
,Q�DQ� �HTXLODWHUDO�WULDQJOH��DOO�WKUHH�VLGHV��DQG�WKHUHIRUH�DOO�WKUHH�DQJOHV��DUH�
WKH�VDPH��$V�ZH�NQRZ�WKDW�WKH�DQJOHV�LQ�D�WULDQJOH�DGG�XS�WR�������VR�WKLV�
PHDQV�WKDW�LQ�DQ�HTXLODWHUDO�WULDQJOH�DOO�DQJOHV�PXVW�DGG�XS�WR����� �� ����· �
�
�
&RQJUXHQFH�FULWHULD�
&RQJUXHQFH�PHDQV�WKDW�WKH�VKDSHV�DUH�WKH�VDPH�VL]H�DQG�WKH�VDPH�VKDSH��7KHUH�DUH�IRXU�
ZD\V�RI�GHWHUPLQLQJ�ZKHWKHU�WZR�WULDQJOHV�DUH�FRQJUXHQW���
�
�
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6LPLODULW\�
,Q�¨$%&�DQG�¨345��LI�҆%$& ҆435��҆$%& ҆345  �
7KHUHIRUH��¨$%&�DQG�¨345�DUH�VLPLODU�
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�
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�
�
�
,Q�¨$%&�DQG�¨345��LI� ��ZKHQ �LV�D�FRQVWDQW$%

34  %&
45  &$

53  N N �
7KHUHIRUH��¨$%&�DQG�¨345�DUH�VLPLODU�
�
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�
�
�
�
�

�
�
�
4XDGULODWHUDOV�
�
6TXDUH�

Ɣ ��SDLUV�RI�SDUDOOHO�VLGHV�
Ɣ $OO�VLGHV�DUH�HTXDO�DQG�DOO�LQWHULRU�DQJOHV�DUH�����
Ɣ ��OLQHV�RI�V\PPHWU\�DQG�RUGHU�RI�URWDWLRQDO�V\PPHWU\�LV���

�
5HFWDQJOH�

Ɣ ��SDLUV�RI�SDUDOOHO�VLGHV�
Ɣ 2SSRVLWH�VLGHV�DUH�HTXDO�OHQJWKV�
Ɣ $OO�LQWHULRU�DQJOHV�DUH�����
Ɣ ��OLQHV�RI�V\PPHWU\�DQG�RUGHU�RI�URWDWLRQDO�V\PPHWU\�LV���

�
3DUDOOHORJUDP�

Ɣ ��SDLUV�RI�SDUDOOHO�VLGHV�
Ɣ 2SSRVLWH�VLGHV�DUH�HTXDO�OHQJWKV�
Ɣ 2SSRVLWH�DQJOHV�DUH�HTXDO��
Ɣ $GMDFHQW�DQJOHV�DUH�VXSSOHPHQWDU\�
Ɣ ��OLQHV�RI�V\PPHWU\�DQG�RUGHU�RI�URWDWLRQDO�V\PPHWU\�LV��� �
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7UDSH]LXP��
Ɣ 2QH�SDLU�RI�SDUDOOHO�VLGHV�
Ɣ 8VXDOO\�QR�OLQHV�RI�V\PPHWU\�

�
�
.LWH� �

Ɣ ��SDLUV�RI�HTXDO�VLGH�
Ɣ 2QH�SDLU�RI�RSSRVLWH�DQJOHV�ZKLFK�DUH�HTXDO�
Ɣ ��OLQH�RI�V\PPHWU\�
Ɣ 7KH�GLDJRQDOV�LQWHUVHFW�DW�ULJKW�DQJOHV�

�
�
5KRPEXV�

Ɣ $OO�IRXU�VLGHV�DUH�HTXDO�
Ɣ ��SDLUV�RI�SDUDOOHO�VLGHV�
Ɣ 2QH�SDLU�RI�RSSRVLWH�DQJOHV�ZKLFK�DUH�HTXDO�
Ɣ ��OLQHV�RI�V\PPHWU\�DQG�URWDWLRQDO�V\PPHWU\�RI���
Ɣ 7KH�GLDJRQDOV�LQWHUVHFW�DW�ULJKW�DQJOHV�

�
�
3RO\JRQV�
�
([WHUQDO�DQJOHV��

Ɣ 6XP�RI�H[WHULRU�DQJOHV� ����� �
Ɣ ([WHULRU�DQJOH� Q

���� �
�
�
�
�
,QWHULRU�DQJOHV� �

Ɣ ,QWHULRU�DQJOH� ����� H[WHULRU�DQJOH í ��
Ɣ 6XP�RI�LQWHULRU�DQJOHV� Q � ��� � í � î � �

�
,I�\RX�VSOLW�WKH�SRO\JRQ�LQWR�WULDQJOHV��\RX�FDQ�VHH�ZK\�ZH�
PXOWLSO\�E\��������

Ɣ ,Q�D�TXDGULODWHUDO�ZLWK���VLGHV��\RX�FDQ�IRUP�WZR�
WULDQJOHV��HDFK�PDGH�XS�RI��������

Ɣ ,Q�D�SHQWDJRQ����VLGHV��\RX�FDQ�IRUP�WKUHH�WULDQJOHV��
�
�
�
� �
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&LUFOH�JHRPHWU\��
�
7HUPV�WR�NQRZ��

Ɣ 7KH��UDGLXV��LV�WKH�OHQJWK�IURP�WKH�FHQWUH�RI�WKH�FLUFOH�WR�WKH�FLUFXPIHUHQFH��
Ɣ 7KH��GLDPHWHU��LV�WKH�OHQJWK�RI�D�VWUDLJKW�OLQH�IURP�WZR�SRLQWV�HLWKHU�HQG�RI�WKH�

FLUFXPIHUHQFH��ZKLFK�JRHV�WKURXJK�WKH�FHQWUH��
Ɣ 7KH��FLUFXPIHUHQFH��LV�WKH�GLVWDQFH�DURXQG�WKH�RXWOLQH�RI�WKH�FLUFOH��
Ɣ 7KH��WDQJHQW��LV�D�OLQH�ZKLFK�WRXFKHV�WKH�FLUFOH�EXW�GRHV�QRW�FXW�WKURXJK�LW��

�
�
�
�
�
�
�
�
�
�
�
�
$��FKRUG��LV�D��OLQH�VHJPHQW ��MRLQLQJ�WZR�GLVWLQFW�SRLQWV�RQ�WKH�FLUFXPIHUHQFH��,W�GLYLGHV�D�FLUFOH�
LQWR�WZR�VHJPHQWV��

Ɣ 7KH��PDMRU�VHJPHQW��UHIHUV�WR�WKH�ODUJHU�VHJPHQW��
Ɣ 7KH��PDMRU�DUF��UHIHUV�WR�WKH�FLUFXPIHUHQFH�RI�WKH�PDMRU�VHJPHQW��
Ɣ 7KH��PLQRU�VHJPHQW��UHIHUV�WR�WKH�VPDOOHU�VHJPHQW��
Ɣ 7KH��PLQRU�DUF��UHIHUV�WR�WKH�FLUFXPIHUHQFH�RI�WKH�PLQRU�VHJPHQW���

�
�

Ɣ ;<�LV�D�FKRUG�RI�WKH�FLUFOH�
Ɣ ;$<�LV�WKH�PLQRU�DUF�
Ɣ ;%<�LV�WKH�PDMRU�DUF��
Ɣ 5HJLRQ�ERXQGHG�E\�WKH�FKRUG�;<�DQG�WKH�PLQRU�DUF�;$<�LV�WKH�PLQRU�VHJPHQW��
Ɣ 5HJLRQ�ERXQGHG�E\�WKH�PDMRU�DUF�;%<�DQG�WKH�FKRUG�;<�LV�WKH�PDMRU�VHJPHQW�
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3URSHUWLHV�RI�D�FLUFOH� �
Ɣ $QJOH�VXEWHQGHG�DW�WKH�FHQWUH�LV�WZLFH�WKH�DQJOH�VXEWHQGHG�DW�WKH�FLUFXPIHUHQFH���

�
Ɣ $QJOH�LQ�D��VHPLFLUFOH��LV�����

ż :H�FDQ�SURYH�WKDW�҆$&%�LV�D�ULJKW�DQJOH�E\�VSOLWWLQJ�WKH�WULDQJOH�LQWR�WZR�
VPDOOHU�WULDQJOHV��DV�RQ�WKH�ULJKW��

ż 2$ 2& 2%�DV�WKH\�DUH�DOO�WKH�UDGLXV�
ż 7KHUHIRUH��ZH�KDYH�FUHDWHG�WZR�LVRVFHOHV�WULDQJOHV�
ż :H�FDQ�QRZ�VHH�WKDW�WKH�DQJOH�WKDW�ZDV�DW�&�LV�QRZ��[�\��
ż :H�NQRZ�WKDW�DQJOHV�LQ�D�WULDQJOH�PXVW�DGG�XS�WR�������VR�WKHUHIRUH�

[��[�\��\� �������ZKLFK�VLPSOLILHV�WR��[��\� �������WKHUHIRUH���[�\� �����
ż 7KLV�PHDQV�WKDW�[�\� �����

�
�
�
�
�
�
�
�
�

Ɣ $��WDQJHQW��WR�D�FLUFOH�LV�SHUSHQGLFXODU�WR�WKH�UDGLXV�
GUDZQ�WR�WKH�SRLQW�RI�FRQWDFW��

ż $%�LV�D�WDQJHQW�DQG�;�LV�WKH�SRLQW�RI�FRQWDFW��
�
�
�
�

Ɣ ��UDGLL�FDQ�EH�MRLQHG�WR�IRUP�DQ��LVRVFHOHV�WULDQJOH��
ż ҆�2$% ҆2%$�EHFDXVH�WKH\�DUH�ERWK�EDVH�DQJOHV �

RI�DQ�LVRVFHOHV�WULDQJOH�
�
�
�

Ɣ 7KH��SHUSHQGLFXODU�ELVHFWRU�RI�D�FKRUG��SDVVHV�WKURXJK�WKH�
FHQWUH�RI�D�FLUFOH�

ż $V�ZH�VDZ�LQ�WKH�ODVW�SURSHUW\��WKH�WZR�UDGLL�MRLQHG�WR�
IRUP�DQ�LVRVFHOHV�WULDQJOH�

ż 7KHUHIRUH��D�OLQH�GUDZQ�IURP�FHQWUH�ELVHFWV�WKH�FKRUG�
$%�DW�PLGSRLQW�'��PHDQLQJ�WKDW�$' $%�

ż 7KLV�PHDQV�WKDW�2'�LV�SHUSHQGLFXODU�WR�$%�
�

Ɣ $QJOHV�LQ�WKH��VDPH�VHJPHQW��DUH�HTXDO�
�

�
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7UDQVIRUPDWLRQV��
�
'HVFULELQJ�WUDQVIRUPDWLRQV��

Ɣ 7KH�UDWLR�RI�WKH�DUHDV�RI�WZR�VLPLODU�ILJXUHV�LV�HTXDO�WR�WKH�VTXDUH�RI�WKH�UDWLR�RI�DQ\�
WZR�FRUUHVSRQGLQJ�OHQJWKV�RI�WKH�ILJXUHV��

ż ,I� DQG� GHQRWH�WKH�DUHDV�RI�WZR�VLPLODU�ILJXUHV��DQG� DQG� GHQRWH�WKHLU$� $� O� O� �
FRUUHVSRQGLQJ�OHQJWKV �э $�

$�  � O�
O� � �

Ɣ 7KH�UDWLR�RI�WKH�YROXPHV�RI�WZR�VLPLODU�ILJXUHV�LV�HTXDO�WR�WKH�FXEH�RI�WKH�UDWLR�RI�DQ\�
WZR�FRUUHVSRQGLQJ�OHQJWKV�RI�WKH�ILJXUHV��

ż ,I� DQG� GHQRWH�WKH�DUHDV�RI�WZR�VLPLODU�ILJXUHV��DQG� DQG� GHQRWH9 � 9 � O� O� �
WKHLU�FRUUHVSRQGLQJ�OHQJWKV �э 9 �

9 �  � O�
O� � �

�
7UDQVODWLRQ��

Ɣ 7UDQVODWH�E\�F�XQLWV�DORQJ�WKH�\�D[LV�[�\  I � F э �
�
)RU�H[DPSOH��JLYHQ� ��GUDZ�\  N[ \  N[ � � �
�
�
7KH�HQWLUH�JUDSK�LV�WUDQVODWHG�E\���XQLW�DORQJ�WKH�
\�D[LV��
7KH�\�LQWHUFHSW�VKLIWV�XS�E\���XQLW�DQG�WKH�
DV\PSWRWH�DOVR�VKLIWV�XS�IURP�\ ��WR�\ ���
�

Ɣ 7UDQVODWH�E\� F�XQLWV�DORQJ�[ �\  I � F э í �
WKH�[�D[LV�

�
�
�
([DPSOH��JLYHQ� ��GUDZ�\  N[ \  N[�� �
�
7KH�HQWLUH�JUDSK�LV�WUDQVODWHG�E\� XQLW�DORQJ�WKHí � �
[�D[LV���
7KH�\�LQWHUFHSW�FKDQJHV�WR�N��ZKHQ�[ ���\ N� �
$QG�\ ��ZKHQ� OHW�[�� ��[ N[��  � э í � �
�
�
�
�
�
�
� �
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6FDOH��
�

6FDOH�E\�D�IDFWRU�RI�N�DORQJ�WKH�\�D[LV�[�\  N î I э �

([DPSOH��JLYHQ� ��GUDZ� �LQ�[�\  V VLQ��[�\  � �
�
�
7KH�HQWLUH�JUDSK�LV�VFDOHG�E\�D�IDFWRU�RI���DORQJ�WKH�
\�D[LV��$W�HDFK�YDOXH�RI�[��WKH�YDOXH�RI�\�LV�WULSOHG��
7KH�UDQJH�WKHQ�FKDQJHV�IURP����WR��� ���WR���э ��
�
�
�

6FDOH�E\�D�IDFWRU�RI� �DORQJ�WKH�N[�\  I э N
� �

[�D[LV��

�
)RU�H[DPSOH��JLYHQ� �LQ�[�\  V �
GUDZ� �LQ���[�\  V �
�
7KH�HQWLUH�JUDSK�LV�VFDOHG�E\�D�
IDFWRU�RI� DORQJ�WKH�[�D[LV��$W�

� �
HDFK�YDOXH�RI�\��WKH�YDOXH�RI�[�LV�
KDOYHG��$�FRPSOHWH�VLQH�ZDYH�
WKHQ�UXQV�IURP�[�YDOXHV�RI�� WR� �
�����LQVWHDG�RI�� WR������� ��
�
�
5HIOHFWLRQ���
�

5HIOHFW�LQ�WKH�[�D[LV�[�\  � í I э �

�
([DPSOH��JLYHQ� ��GUDZ� �\  N[ \  � í N[ �
�
7KH�HQWLUH�JUDSK�LV�UHIOHFWHG�LQ�WKH�[�D[LV��$W�HDFK�YDOXH�RI�[��
WKH�YDOXH�RI�\�KDV�WKH�VDPH�PDJQLWXGH�EXW�VZLWFKHV�VLJQV�L�H��
ZKHQ�[ ���\ ����LQVWHDG�RI�\ �����
�
�
�
�
�
�
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� 5HIOHFW�LQ�WKH�\�D[LV�í �\  I [ э ��

�
([DPSOH��JLYHQ� ��GUDZ� �\  N[ N\  � í[ �
�
7KH�HQWLUH�JUDSK�LV�UHIOHFWHG�LQ�WKH�\�D[LV��$W�HDFK�
YDOXH�RI�\��WKH�YDOXH�RI�[�KDV�WKH�VDPH�PDJQLWXGH�
EXW�VZLWFKHV�VLJQV�L�H��ZKHQ�\ N��[ ����LQVWHDG�RI�
[ �����
�
�
�
�
�
6XPPDU\�RI�WUDQVIRUPDWLRQV��
�

�[�\  I � F � 7UDQVODWH�E\�F�XQLWV�DORQJ�WKH�
\�D[LV�

�[�\  N î I � 6FDOH�E\�D�IDFWRU�RI�N�DORQJ�WKH�
\�D[LV�

�[ �\  I � F � 7UDQVODWH�E\� F�XQLWV�DORQJ�WKHí �
[�D[LV��

�N[�\  I � 6FDOH�E\�D�IDFWRU�RI� DORQJ�WKHN
� �

[�D[LV��

�[�\  � í I � 5HIOHFW�LQ�WKH�[�D[LV��

�í �\  I [ � 5HIOHFW�LQ�WKH�\�D[LV��
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$UHD�
�
&LUFOH��

Ɣ 6HFWRU��LV�D�SDUW�RI�D�FLUFOH�HQFORVHG�E\�DQ\�WZR�UDGLL�RI�D�FLUFOH�DQG�DQ�DUF��
Ɣ 0LQRU�VHFWRU��LV�WKH�VKDGHG�UHJLRQ�HQFORVHG�E\�WKH�UDGLL�2$��2%�DQG�WKH�PLQRU�DUF�

$%�
Ɣ 0DMRU�VHFWRU��LV�WKH�UHJLRQ�HQFORVHG�E\�WKH�UDGLL�2$��2%�DQG�WKH�PDMRU�DUF�$'%��

�
�
�
�
�
�
�
�
�
�
�

Ɣ $UHD�RI�FLUFOH� U ʌ � �
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