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#qnu\�dá~k\TZ�\
STdkZ�Z %anx��}aX[Z;\Tdaf3b�`GUc`áSen_]aX[Z K STf�U[XcX[~k\�STQin3SeZ�n,]kn_QT^�nxU[`aUc`k^,\TU�Se~kn3SeUcfu`�y;l�dkZ
Sen_]aX[Z�\�daf3bR\g^uf�fIha\��a\Tf_��Z�fxw�b�daU[Vid�]@ZEX[f_`a^;Sef æ U[X[X�nx`kh�\Tf_��Z�fxw�b�daU[Vid�]@ZEX[f_`a^;Sef b n_Vi�
nx`6h�SedaZEU[Q�~ISTU[X[U�SeUcZ8\¥Í(Sef æ U[XcX
nx`kh b nuVi�>y æ UcX[Xqn_`kh b n_Vi��n_QTZ�\T~a}a}@fu\TZ�hÉSTfáSTQin_hIZ(SedaZE�
b�UcSTdafu~IS�STdaZ�~6\�Z�fxw���f_`aZ�o_�IfuQRnx`mo/fxSedaZEQRVEf_����f_`(Z %aVidkn_`a^_ZE�1��Z�haUc~a��y

#qnu\�dásmU[\T~kn_XcU[�EZ8hÛSedaZ/\TU�Se~kn3SeUcfu`áU[`�n�}aX[fxS$n_\$\�daf3b�`áU[`G�6^_~aQeZ�×_y�l�dkZ�U[hIZ8n�U[\�STdknxS
ZEsuZEQeo�}6f�\T\TU[]aXcZ�\Tf_X[~ISTU[f_`�STf;STdaZ�}aQef_]kXcZ��ðb�UcX[Xz}aX[fxS�STf�n�}6fuUc`�S

(x, y)
Uc`,STdkZv}kX[n_`aZ_y&*RZ�QTZ

x
UW\gSTdaZ$^unxU[`(Uc`�~ISeUcX[U�S�o�STdaZ��kQe\�SRU[`khIU[s�UWhI~kn_X VYfu~aXWh�Z
%m}@Z�VYS�w�QTfu�ðSedkn3Sq\Tf_X[~ISTU[f_`�n_`kh

y
U[\

STdkZ�^unxU[`(Uc`�~ISeUcX[U�S�o�STdaZ�\TZ�VEf_`kh�Uc`6hIUcsmUWhI~kn_X VYfu~aX[h,Z %I}@Z�VYS�y


`aZ�}@fu\e\�U[]aX[Z�\Tf_X[~ISeUcfu`/STf+#
n_\Td�� \�Z %anx��}aX[ZvVEf_~aXWh(]6ZvSedkn3S æ U[XcX�^uUcsuZ�\ b n_Vi��STdkZv]@fmf_�

nx`6h�`afxSedaUc`k^�ZEXW\TZ_yR·ÓSv}aXcf_Se\RSTf
(−2, 4)

�@haZE`af_STU[`a^�STd6n3S æ U[XcX�X[fu\TZ�\�S�bgf/~ISeUcX[U�S�o��Ó~a`aUcSe\vnx`kh
b n_Vi�/^�nxU[`k\gw�f_~aQ8yrl�daUW\R\Tf_X[~ISTU[f_`�VEn_`�hIUcQeZ�VYSTX[o/]@Z�Xcfmfu�_Z�h,~a}�U[`,Sinx]aX[Z�×_�k]a~ISRSedaZEQeZ�U[\�`kf
`aZ�Z�h�Sef�QeZ�\�STQeUWV±S æ U[X[X>n_`kh b n_Vi�;Sef$SeQenuhIUc`k^$f_`kXco�fu`aZqf_w�STdaZ�^uf�fIha\�y æ U[X[X�nx`kh b nuVi�;VEf_~aXWh
nxXW\Tf/nx^_QeZEZ�fu`�n�STQin_haZ�XcU[�_Z æ U[XcX�^_U[smUc`k^ b nuVi�/STdkZ�]6fmfu�(n_`kh b nuVi��^uUcsmU[`a^ æ UcX[X�SedaZ$�m`aUcw�Z_y
*RZ�QTZ æ U[XcX6Xcf�\�Z8\�S�bgf�~ISTU[XcUcS�o��1~k`aU�Si\E��]@Z�VEn_~k\TZ�daZRdknu\�STf�^uUcsuZRnpbgnpo�SedaZR]@fmf_�>�un_`kh;daZR^un_Uc`6\
\TUz%z�@]6Z8VEnx~6\�Z�dkZ$^_ZESe\RSTdaZ;�m`aU�w�Zu�6X[Z�npsmU[`a^/daU[�Ùb�U�SedÛnx`�f3suZEQinxX[X�^un_Uc`�f_w)w�f_~aQ8y b n_Vi�,Xcf�\�Z8\
S�bgfk�I]@Z�VEn_~k\TZ�fxw�STdaZ��m`aUcw�Z_�kn_`kh(^un_Uc`k\gw�fu~aQ8�a]6Z8VEn_~k\�Z�f_wKSedaZ�]6fmfu��X[Z�npsmUc`k^;dkUc� b�U�Sed�n_`
f3s_Z�Qen_XcX6^un_Uc`,fxw�S�bgfky)l�daUW\�\�fuXc~ISeUcfu`�bgf_~aXWh�SedaZE`(}aX[fxSgSTf

(4, 2)
y ÎEPR`af_STdaZ�Q�\�fuXc~ISeUcfu`,VEf_~aXWh

]@Z�STdknxS b nuVi��^_U[s_Z�\gZ�s_ZEQeo�STdaU[`a^;STf æ U[XcX1�ab�daUWVid,}kXcf_Se\�Sef
I(22,−6)

y
·Ów æ UcX[X�n_`kh b n_Vi�>� \�}kQTU[��nxQeo���fxSeUcs3n3SeUcfu`�btZ�QTZ�STf��k`6h�n$j|wªn_UcQ�{�STQin_hIZu�kSedaZEo�VYfu~aX[h�^uf

w�f_Qtn�\�fuXc~ISeUcfu`�Uc`
F (6, 6)

y&xaf_QMZ %anx��}aX[Z_� æ U[X[XkVYfu~aX[h�^uUcsuZ b nuVi��STdkZR]6fmfu�@�ub�daU[}��u]6n3S���nx`kh
]@f�%Ûnx`kh b n_Vi��VEf_~aXWh�^uUcsuZ æ UcX[X�STdaZ;}@ZE`�nx`kh�STdaZ;�m`aU�w�Zuy�·|`ÛSedaUW\vV�n_\TZ�SedaZEo�bgf_~aXWh�]@fxSed
^un_Uc`�STdaZ�\enx��Z;n_��f_~a`�S
f_wM~ISeUcX[U�S�ou��b�daUWVidÛUW\�\�U{%zy$l�daZ�S�btf,fxwrSedaZE�Ìbgf_~kX[h�STdaZ�`Û]@Z(×�)
~ISeUcX[U�S�o��Ó~a`aUcSe\�]@ZYSTSTZ�QRfx��Sedknx`�]@ZYw�f_QeZ_y Ï æ ~ISqVEn_`�SedaZEo(hIf�]6ZES�STZ�Q�j

·ÓwrSedaZEo�b�nx`�SeZ�h�Sef,^�nxU[`Gnu\
��~kVid(j�^_X[f_]6nxX�~ISTU[XcUcS�ou{;n_\v}@fu\e\�U[]aX[Z$SedaZEoGVYf_~kX[hÛ^_f,w�f_Q�n
\Tf_X[~ISTU[f_`,Uc`

M(18, 0)
�mb�daUWVid�bgf_~aXWh�Z�s_Z�`�dknpsuZvn;^_X[f_]6nxX>s3nxX[~aZ
f_w

18
~ISeUcX[U�S�o��Ó~a`aUcSe\�y�

`aZ

fxwtSTdaZ8\�Z�bgf_~aXWh�]@Z;STdknxS æ U[X[X)^_U[s_Z�\ b n_Vi�(STdkZ�]6fmf_�>��n_`kh b n_Vi��^uUcsuZ�\ æ UcX[X�STdaZ�}@ZE`�� STf3ou�
nx`6hG�m`aUcw�Z_y(�rQef_]kn_]aX[o b n_Vi��bgf_~aXWhá`afxS�X[U[�_Z�STdkZ�wªn_VYS�STdknxS�daZ/dknu\�STf�^uUcsuZ/npbgnpo�n_XcXMfxw
STdkZ�\TZqUcSTZE��\��anx`kh/`afxSg^unxU[`�n_`�o�SedaUc`k^�w�f_QgdaU[��\�Z�X�w�yr��SeUcX[X¹�mw�Qef_��n�VYf_X[X[Z�V±SeUcsmUW\�S�\�Sinx`kha}6fuUc`�S��
UcS
UW\qVYX[Z�n_QTX[o�n�]@ZYSTSTZ�Qv\Tf_X[~ISTU[f_` �k]@Z�VEn_~k\TZ�U�w æ U[XcXKdkn_\q�;fuQTZ�~6\�Z�w�fuQRSedaZ�UcSTZE��\��kSedaZE`�b�dmo
\Tdaf_~aXWh b nuVi�/}6f�\T\TZ�\e\tSTdaZ��+j

Ð }1�����]�������F�����h���������!�]���"�@������� ��§/�L�$�¢�!�^�/������Ñ��1�L��� � �!� � �����1�u�~�������(�L����£!�������s���c�$�!�
�
�M�aÁF�����¢� � ��L���y���!�
�@��� � ���Y�u�s���"��� ÒZ���^�����9£!�������&�{�!�v��� ÒZ���^���
�1�J���!�����!Ó � �!�����Y�u�s�������¶���f�����s�/�yÔ^�!�F���^� £������g�{�!� � ��u���������(� � �!���!�h§
�Õ!Ö ���L�$� ���F���&�����9�!���^���L�y�����\�����y�s� �~� �&�u�!���L���������L�]�L���9��� §¶�����\���\�L���g���L����� �L�~�&���"�����g� �����9���u�������
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%anx��}aX[Z;Ö t3Ø
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x�Uc^u~aQTZN)[A�smUW\�~6nxX[Uc�8n3STU[f_`,fxw)nx`af_STdaZ�Q�VEn_\TZ

IBill(b, j) b
U[\Rn;��n�%IU[�$~a�

IJack(b, j) j
UW\�n;��n�%IUc��~a�

F (b, j) b + j
U[\gSedaZ���n�%IUc��~a�àn_X[\Tf�\TnxSTUW\�w�omU[`a^

b = j

M(b, j) b + j
U[\�n;��n�%IU[�$~a�

N(b, j) b ∗ j
UW\�n���nu%mU[�$~k�

l�nx]aX[ZY2cA���fu\e\�U[]aX[Z�\�fuXc~ISeUcfu`k\gSTf/n;]kn_QT^�nxU[`aU[`a^$}aQef_]kXcZ��

×



l�daZ�\Tf_X[~ISTU[f_`�\�~k^_^_Z8\�SeZ�h$]�o�#qn_\TdcØ�UW\�s_Z�QTo�U[`�STZ�QTZ8\�SeUc`a^6y ·ÓSMV�nx`;]6Z�w�fu~a`kh�Uc`
N(12, 5)

y
·|`GSTdaUW\�VEnu\�Zu� æ U[X[X�^uUcsuZ�\ b n_Vi�(STdaZ�]@fmf_�>��b�daU[}���]kn_XcX1��nx`6h�SedaZ�]kn3S�nx`6h b n_Vi��^_U[s_Z8\ æ U[XcX
STdkZ�}6Z�`��aSef3o_�kn_`kh,STdaZ$��`kU�w�Zuytl�daUW\�UW\�STdaZ$f_~ISiVYf_��ZN#
n_\Td(Z
%I}6Z8V±Se\��ab�daZ�`�S�btf�UWhIZ�n_XcU[�EZ8h
Qin3STU[f_`6nxX�U[`khIU[smU[hI~6nxXW\R]kn_QT^�nxU[`�y9*RZEQeZ�UcSqUW\
nu\T\T~a��Z�h,STd6n3SqSedaZ$U[`khIU[smU[ha~knxXKb�daf/dknu\R��f_QeZ
}@fxSTZ�`�STUWnxX>STf�]@ZE`kZY�aSRb�U[XcXKnxXW\�f�]@Z
SedaZ�\�STQef_`a^uZEQ�f_`aZ�U[`(STdaZ�]kn_QT^�nxU[`aU[`a^x�Ó}aQefmVEZ�\e\Ey

x�Uc^u~aQeZ-)�\Tdaf3bR\;nx`af_STdaZ�Q$}@fu\e\�U[]aX[Z,]6nxQe^unxU[`aU[`a^x�|\TU�Se~kn3SeUcfu`�n_`kh�Sinx]aX[ZQ2á\�~k�;��n_QTU[�EZ8\
STdkZ$}@fu\e\�U[]aX[Z$\�fuXc~aSTU[f_`k\��@n_`kh(STdkZEU[QvVEQTUcSTZ�QTUWnayRl�daZ8\�Z�VYQeU�SeZEQeU[n/n_QTZ�SedaZ$QeZ�\T~aXcSe\qfxwMhIUc�@Z�QTZ�`�S
}adaU[X[fu\Tf_}adaU[Z�\qnx}a}aX[U[Z�h(STf/STdaZ$\enx��Z�}aQef_]kXcZ��(�@nx`kh(��npo(daZEX[}�STf�\Tdaf3bß\�fu�;Z$fxw�STdaZ�VYf_`a�
VYQeZYSeZ/U[�;}6n_V±S8��STdknxS;VEf_`kVEZE}ISi\$n_\�nx]k\�STQin_VYS�n_\$Uc`6hIUcsmUWhI~kn_XcUW\�SeU[V�nx`kh�VEf_X[XcZ8V±SeUcsmUW\�SeU[V�ZESTdaUWVE\
dknpsuZ
fu`(Z�s_Z�QToIhanpo��Ó}aQTfu]aX[ZE��\rX[Uc�uZvSTQin_hIU[`a^ky

Ù ô�õ-W�8Eï,ñKóYô�õ
Ú ~aZ8\�SeUcfu`�STdaQeZEZtbgnu\ n_}a}aQefun_VidkZ�h�]mo�VYf_`6\�UWhIZEQeU[`a^R]kn_QT^�nxU[`aUc`k^�}aQTfu]aX[ZE��\Ey�l�dkn3SKSTdaZg��n�%IUc�
�$~k��j�`aZES��ÓbtZ8nxXcSTdm{Mf_wknq^uQTfu~a}�fxw6}6Z�f_}aX[ZtUW\K`afxS�`aZ�VEZ�\e\Tn_QTU[X[o
QeZ�nuVidaZ�hz�pb�daZ�`$Z8n_Vid�U[`khIU[smU[hm�
~kn_XISTQeUcZ8\�STf���nu%mU[��Uc��Z�U�Si\rf3b�`;btZ8nxXcSTd�b�n_\)\Tdaf3b�`�]�o;VYfu`k\�UWhIZ�QTU[`a^vSTdaZ
hIUcsmUWhIZY�1STdkZY�|hIf_X[X[n_Q
}aQef_]aX[ZE��y$l�dkZ;hIUW\eVY~k\e\�U[f_`Gbgnu\RSedaZE`áZ %mSeZE`khIZ8h�Sef�\Tdaf3b Sedkn3S�\TUc��U[X[n_Q
}aQeU[`kVYU[}aX[Z�\�nx}a}kXco
w�f_QgSedaZ��;fuQTZ
^_Z�`aZEQinxX6w�f_Qe�$~aXWn3SeUcfu`�f_w ]knxQe^un_Uc`kUc`a^;\�UcST~6n3STU[f_`6\gnu\t\�ST~6hIUcZ8h�]mo b f_da`-#qnu\�d�y

Ú ~aZ8\�SeUcfu`$S�bgf�bgnu\�dknx`khaXcZ8h�dkZEQeZgQin3SedaZEQ)U[`khIU[QeZ�V±SeXco�Uc`;SedaZ�Uc`�SeZEQe}aQTZESenxSTU[f_`;fxwgBDCFEGC�� \
}aQeUc`6VYU[}aXcZ8\�fxw�QTZ8n_\Tf_`aU[`a^k�In_`kh�^uZYSi\��;f�\�S�fu]�smU[f_~k\��I}@fu\e\�U[]aX[o/b�daZE`(Z %an_�;U[`aU[`a^;STdaZ�\TUcST~knx�
STU[f_`6\�b�daZEQeZDBDCFEGC�UW\R\T~a}a}@fu\TZ�h�STf�XcU[Z_y�

`kZv��U[^_d�SRb�nx`�S�STf�}aQef_^_Qinx�>BSCFE"C�Uc`�\T~kVid�n
b�npo�Sedkn3S8�If_~IS�f_w }aQeUc`kVEUc}kXcZu�IU�SRhIfmZ�\T`�� S�XcU[Z_y)Pq\�n�QeZ�\T~aX�S(BDCFEGC�bgf_~kX[hI` � S�]6Z�n�å('IhIZEX[U[n_`
��n_VidaU[`aZvnx`mo��;fuQTZu�u]k~IStSedaUW\tbgf_~kX[h/VEXcZ8nxQeXco;]@Z
fu`�STdaZ��_�i�x«k¥|�3°c�e´x©W ±¥¹ _�a\TU[hIZ
fxw�SedaZq}kdaUcX[fx�
\Tf_}adaUWVEn_X�\�}@Z�VYSTQe~a��y

Ú ~aZ8\�SeUcfu`Ûf_`kZ�UW\�nx`k\TbtZ�QTZ8h�]moÛå('IhIZEX)dkUc��\TZEXcwg��~aUcSTZ�VYX[Z�n_QTX[o_y�·|`ádaUW\�}6f�\�Sedm~a��f_~k\TXco
}a~a]kXcUW\�dkZ�h � ®m©¯°[�p E�e£k®m©ª¨i¬3°Kºt i E¬��p �Ö K Ø�daZ�\�SenxSTZ8\
A

j�·�n_� ~k`khIZEQ�STdkZ�U[�;}kQTZ8\T\TUcfu`�STdknxS(Ö[y[ycy Ø?SedaZ(�rX[nxSTfu`aU[\�STUWV/smU[ZEb�UW\�SedaZ(f_`aX[o
f_`aZ�STZE`6nx]aX[Z_yÉl�dkZEQeZE]mo�·���Z�n_`�STdkZ(smU[ZEb�Sedkn3S���n3SedaZE��n3SeU[V�\�hIZ�\eVYQeUc]@Z�\�n
`af_`I�|\TZE`k\T~knxXkQTZ8nxX[U�S�ou�ub�daUWVid/Z
%mUW\�Se\tUc`khaZE}@ZE`khIZ�`�STX[o�]6f_STd�f_wzSTdaZvn_VYSe\gnx`kh�SedaZ
hIU[\T}@fu\TU�SeUcfu`k\�fxw�STdkZ�d�~k��n_`ÿ��Uc`khÿn_`kh½U[\/f_`aX[oÉ}@ZEQiVYZ�UcsuZ�hz��nx`6h?}kQTfu]knx]aX[o
}6Z�QeVEZEU[s_Z�h�s_Z�QTo/U[`kVEf_��}aX[ZYSTZ�Xcou�I]mo/STdkZ�d�~k��n_`,��U[`khzy {áÖ K Ø

l�daUW\$n_Q�SeU[VEXcZ���npoádknps_Z�daZ�Xc}@Z�h�STfÛ\Tdaf3b���b�d�o�å('IhIZEXt~k\TZ�\�dkU[\$Uc`k\TU[^_d�Se\�nx]@f_~IS�nu%m�
U[f_��n3SeU[V�\Tom\�STZ���\;STf���nx�uZ�\T~kVid¾\�Sin3SeZE��ZE`�Se\�n_]6fu~IS/}adaU[X[fu\Tf_}admo_y¾·Ów�}adaU[Xcf�\�fu}adaU[Z�\;X[Uc�uZ
��fIhIZEQe`Û}@fu\TU�SeUcsmUW\�SeU[V�ZYSedaUWVE\�}aUWVi��~a}�SedaZ�\Tn_��Z;\TZEXcw¯�1QeZYw�Z�QTZ�`kVYZ$STdknxSvUW\�U[`adaZEQeZE`�SvSTf(Xcfu^_UWV
QeZ�n_\Tf_`kUc`a^,nx`khGU�Si\vb�U[hIZ�XcoÛ�;UW\T~a`khIZ�Qe\�STfmfIh�~a`kUcsuZEQi\�Z�fxwthIUW\eVYf_~kQe\TZ_�>SedaZEo�n_X[\Tf(\T~I�>ZEQvSTdkZ
\enx��Z�wªnxSTZGnu\/SedaZGnu%IUcfu��nxSTUWV�\Tom\�STZ���\/Sedkn3S�btZ�QTZáå('mhaZEXW\�fuQTU[^_U[`knxX
f_] � Z8V±Si\�f_w$\�Se~khIo_�
`kn_�;Z�Xco/STdknxS�STdaZ�o,VEn_`a`af_S�]@Z�]@fxSTd�VEf_��}aX[ZYSTZ�n_`kh�VYf_`6\�UW\�SeZE`�S�y

»Úí9Û3í�ì�í�õ-Wtí�ñ
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