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T�UWVYX[Z]\_^=`a\_\bZdcfegZdeh^Oidj*\k\?Z]\ml?Vnjfe3opo_cq`WeaX[VnrkidZdeWVsUWcutvo_UWVw\kUWZyxzomx{rkc*l|X[Z]\k^OrkVOokVCokc
^=c*e3okZde3`acf`a\�}�~�\�Vne3o_j�Zdi]\Nj@e�`WlJ��Vnr�c�x�okr�j��a\�okU�juoN`a\k`aj�idiy�w�fcC`WeWeWcfokZ]^=VnX����W`[oNo_Uajuo
lmj���c[^O^njf\kZyc*eaj�idiy�m\keaj����y�d�

���b� �������W�b���������q�������h���3���b���[ ��¢¡£�������W�k���������¥¤�¦��
§¢emj�e���VniyVnl?VOe3o_jfrk��okr_Vnjuo_l?VOe3o��fc*`ptSZdidiaUaj�¨*V�o_Uajuoª©«j���\bc*iy`[o_VOid�W¬	^=cfe3o_Zye�`Wc*`a\�}�~�\�j�r_V
X[VOaeWVnXC���mo_UWV�x«jf^=oSokUaj�o

P [a < X ≤ b] = FX (b) − FX (a) =

∫ b

a

fX (x) dx

x{cfr�j�\b`aZ®o�j��WidVNx{`Wea^=okZdcfe
fX

©zo_UWV�¯kX[VOe�\bZyo°�*±Ncfx
X
¬²�S³�cfokVNo_Uajuo�okUWZ]\�l?V´j�ea\�o_Uajuo�okUWV

^OX[x
FX

U�jf\�o_c���VCµu¶ ·�¸O¹k¸Oºa»¼¶«½f¾O¿y¸C©{V=ÀW^OVO�[o´�a�.c*\_\bZd�Wid�f��j�o�jpaeWZyokV�e3`al��.VOr�cfx	�.cfZde3o_\�¬²�
T�U�`a\n�[ZyeÁ�fVneWVOr�j�i¼�

fX (x) =
dFX (x)

dx³�cfokVSo_Uajuo�Zyo�Z]\��.c*\_\bZd�WidV�okcAtSr_Z®o_VA©{c*rn�*��VOobokVnr�\_j�Z]X!�*XWV=aeWV�¬	l?cfeWcfokc*eWVSZye�^=r_Vnjf\kZdeW�
x{`Wea^=okZdcfea\AokUaj�oJj�r_VmeWcfoJX[ZyÂ.VnrkVne*o_Zdjf�WidV,juoJjs^Ocf`We3o�j��WidV�X[VOe�\bV,\kV=oJc�xS¨uj�id`WVn\AÃ�\b`�^�U
x{`Wea^=okZdcfea\�X[cCeWcfo�r_Vnjfiyid�sj�idiycutLx{c*rNj,X[Vnea\bZyo°�sx{`We�^²okZdcfe���ÄÅx«j�l?cf`a\p©«j*X[¨uj�ea^OVnXa¬�VOÀ3Ã
j�l?�WidV�Z]\�jAx{`aea^²o_Zyc*e�okU�juo�Zd\�Zdea^=r_Vnj*\bZdeW��c*eWid�?j�o�o_UWVª��c*Zye3o_\�o_Uajuo�x{cfr_lÆokUWV�\bo_j�e�XWj�r�X
Ç j�e3o_cfr�\kV=o�ÃSeWc�oªVnjf\k�Cokc@¨3Z]\k`aj�idZyÈnVf���W`[o�Vnj*\bZdid�CX[VOaeWV´XYZde�jfXW¨�jfea^=V´Xsr_Vnj�i<j�eajfiy�[\kZd\
okVOÀ�ok�.c3c*É[\O�

T�UWVNr_Vn\bokr_Zd^=okZdcfe�o_c�j��a\kcfid`[o_VOid�,^=c*e*o_Zye�`Wc*`a\�©«j*^n¬�}�~�\�l?V´j�ea\�o_Uajuo�t�V�V=À[��V´^²o

P [X ∈ (a − ε, a + ε)] ' C (a) ε

Z¼� V*�y�3okU�juo�okUWVª�Wr_cf�ajf�WZdiyZyo°�?c�x�x«jfiyidZyea�JZde@jp\blmjfiyi.Zye3o_VOr_¨�jfi!j�r_cf`WeaX,j�¨uj�id`WV�Zd\n�[l?cfr_V�cfr
idVn\_\O�W�arkc*��c*rbo_Zyc*eaj�i.okc?o_UWVNidVOeW�fokUsc�x<okUaVNZye3okVnrk¨ujfi!Ã�okUaVA^=cfe�\°o�j�e3o�^=c*`WidX@�.V�X[ZyÂ.VnrkVne*o
x{r_cflÊ¨uj�id`WV�okc�¨uj�id`WVf�<§Ëo�Zd\�jfid\kc�j�idlpc3\°o�Zdl?�WiyZdVnXC©{t�V�t�c*e�Ì o	�*c�Zde3okcªokUaV��eWV�okV´^�UWeWZ]^Oj�i
�.cfZde*o²¬�okUaj�oJo_UWVsX[VOea\kZyo°�Íx{`Wea^²o_Zyc*eg\kUWc*`WidX(�.VC^Ocfe3okZde�`Wcf`a\n��VOÀ[^OVO�[o´���.c*\_\bZd�Wid�f��j�o?j
aeWZyokV�e�`WlJ��VnrSc�x��.cfZde3o_\n��T�UWV�Zd\_\b`aVªUaVOr_VªZ]\�okUaj�o

fX

Z]\�\k`W�W�.c*\kVnX,okc?�.V�Zye3okVn�fr�j��WidVf�
j�e�XÁVO¨fVneCokUWc*`W�fUsZyo�Z]\�eWcfo�\bokr_Zd^=okid�@eWV´^=V´\k\_j�r_�mx{cfrªj?x{`Wea^=okZdcfeso_c��.V�^=c*e*o_Zye�`Wc*`a\n�aZde
cfr�X[Vnr�o_c?��VA}SZdVOlmjfeWeÁZye3okVn�fr�j��WidVf��Zyo�\b`arkV�UWVniy�a\nÎ

Ï



���ÑÐ ÒÓ�k�3Ô�Õa !�[ Ö�h×�×�ÕW��ØS�kÙ1���W�b�����ÍÚS��ÕÖ�������W�k���������¥¤�¦��
Û `W�a��c3\bV�t�V�Uaj�¨*V�jA}�~

X
okUaj�o<¯¢o�j�É*Vn\�jfiyi���c3\k\kZy�aiyV�r_VnjfiW¨uj�id`WVn\°±²�3jfeaX?tSZd\kU?okcJ\°o_`aX[�

Zyo�tSZ®o_U@o_UWV�okc�c*id\�t�VNj�idrkV´jfX[�mUaj�¨*Vf�
ÄÜeaj�ok`Wr�j�i�Vnj*\b�h\°o_VO�Ót�cf`aidXh�.Vwo_cqo_jfÉfVso_UWVwr�j�ea�fVYcfx

X
��j�eaXÝ^O`[oÁZ®oC`W�ÓZde

\kl?jfiyiSZde3okVnrk¨uj�i]\n��\kj��
. . . , (xn−1, xn] , (xn, xn+1] , . . .

©{�.VOr_Uajf�a\O����Vn�fZdeWeWZdeW�ÍtSZ®o_Ugj
�WZd�A\bVnl?Z®ÃËZyeWaeWZyokVSZde*o_VOr_¨uj�i

(−∞, x1]
�*jfeaX?^=idc*\kVStSZ®o_U�j�eWcfokUWVnr�cfeWV*�

(xN ,∞]
¬=�	T�UaVOe��

jf\_\k`Wl?ZyeW�ªVnj*^�U�Zde3okVOr_¨uj�i�Z]\�\bUWc*rbo�VneWcf`W�*U��ut�V�^nj�e�okUWZdeWÉ�cfx
X
Uaj�¨�ZyeW��j��a�Wrkc�À[ZdlmjuokVniy�

j�^Ocfea\bo_jfe*o�¨ujfiy`WVJZyesZyop©Ñ\bZdea^OVAokUaVJX[ZyÂ.VnrkVnea^=V´\
xk − xk−1

jfrkVA\k`W�W�.c*\kVnXCo_c���VJ¨fVnrk�
\kl?jfiyi¼��t�V?^=c*`Wi]XsokUaZyeWÉÁo_Uajuo�x{c*rªjfiyi

ω
\k`a^�UYo_Uajuo

xk−1 < X (ω) ≤ xk

��o_jfÉ3ZdeW����\_j��f�
X (ω) = xk−1+xk

2

t�cf`Wi]X�^nj�`a\kV�jAeaVO�fidZd�fZd�WiyV�VOr_rkc*r�¬=�fidZyÉ*V
Xk

Zde
(xk, xk+1]

�[jfeaXm`a\kVf�
Zdea\°o_Vnj*X,cfx

X
��o_UWVAX[Z]\k^OrkVOokVN}�~

XN

�aX[V=�eWVnXC���

XN (ω) = Xk

tSUWVne
X (ω) ∈ (xk, xk+1]

Ä�idi�`a\b`�j�i�^Oj�i]^=`aidj�okZdcfea\�t�V�Uaj�¨fV�X[cfeWV�cfepX[Zd\_^=r_V=o_V�}�~�\�^Ocf`Wi]XNo_UWVOeJ��V�okr�j�ea\bx{VOr_r_VnX
okcm^Ocfe3okZde�`Wcf`a\S}�~�\O�[���Þ©{UWc*��VOx{`Wiyid�@^Ocfe�¨fVnrk�*VOe3o�¬�iyZdl?Z®o�cf�.VOr�juokZdcfe�\O�

T�UWV�¯b�fidZ®o�^�U�±�Zde@o_UWZ]\S�Wr_cf�fr�j�l�Z]\�okU�juo�t�Vªt�cf`aidX@��VNt�cfr_É�Zyea�JtSZyokU

P [XN = Xk] = P [xk < X ≤ Xk+1]

j�e�X!�	x{cfr?\b`Wßm^OZyVne3okid�qVOi]j��.cfr�juokV@}�~�\n�	okUWVCrkZd�fU3opUaj�eaX(\bZ]X[VC^Oj�e&��VC¨fVnrk�Þokr_Z]^�É3��okc
VO¨ujfiy`aj�okV*�<§¢eÁ�ajfrbo_Zd^O`Wi]j�r´�3Zyo�Z]\SeWc�oSc*�3¨�Zdcf`a\�o_Uajuo�t�VN^=cf`aidX!�Wx{cfrSZdea\°o�j�ea^OVf�W^Ocfl?�W`[o_V

EX = lim
N→∞

EXN = lim
∑

k

XkP [xk < X ≤ xk+1]

©«jfeaXJZyepx«jf^=on��Zde?�fVneWVOr�j�i¼��okUWZ]\	idZyl?Zyo�t�c*`WidXJeWcfo�^Ocfr_rkV´\b�.cfe�XNokcNj�}SZdVOlmj�eaeJZde3okVO�*r_jfiÑÎà¬²�
á `WrSr_Vn\bokr_Zd^=okZdcfe�o_cmjf^�}�~�\SjfiyidcutÓ`a\�o_cm^=cfe�\bZ]X[VOr�c*eWiy��okUWVN^Oj*\bV�tSUWVne,o_UWVOr_V�Zd\Sj

eWZ]^=Vªx{`Wea^=okZdcfe
fX

�a\k`a^�U,o_Uajuo

P [xk < X ≤ xk+1] =

∫ xk+1

xk

fX (x) dx

ZdeCtSUaZd^�UÁ^Oj*\bV

lim
∑

k

XkP [xk < X ≤ xk+1] = lim
∑

k

Xk

∫ xk+1

xk

fX (x) dx

tSUWZ]^�U��Wjuxzo_VOrSc*�a\bVnrk¨�ZdeW�JokUaj�o
xk < Xk < xk+1

�ajfeaX�o_Uajuo
fX

Zd\SUacf�.V=x{`Widiy�C^=c*e*o_Zye�`[Ã
cf`�\O�[tSZdiyi���VNZde,x«j*^²o�V´â*`�j�i�okc

∫

xfX (x) dx

j�e�X�o_UWZd\�tSZyidi��.VAjJr_Zd�fU3obx{`Wi�XWV=aeWZyokZdcfeCx{c*r
EX

�
ã,ä�å¥æWç´èéT�UaV@^Oj�¨*Vnj�oª¯°VOÀW^=VO�Won���.c*\_\bZd�Wid�f��juo?jsaeWZyokVCe�`Wl��.VOrpc�x��.cfZde3o_\°±�Zd\�okUWVnrkV

\kZdlp�aiy�mo_cpjfiyidcuthx{cfrSX[Vnea\kZ®o_ZyV´\�o_Uajuo�jfrkVªX[Zd\_^=c*e3okZde3`acf`a\n���W`[o�\b`�^�U�okU�juo�t�V�^Ojfe
V´jf\kZyid�w^Ocfl?�W`[o_VJo_UWVOZdr�jfe*o_Z®Ã¢X[VnrkZd¨ujuokZd¨fV?j�e���t�j��f�!���Y�Wr_VnjfÉ3ZdeW�C`W�ÞokUWV�XWcflmj�Zde
cfx<Zde3okVn�fr�juokZdcfe@Zyes\k`W�WZde3okVOr_¨uj�i]\�tSUWVOr_V

f
Z]\S^=c*e*o_Zye�`Wc*`a\n�

ê



ã,ä�å¥æWç´èéT�UaVOr_VAZd\�eWcC\b�.Vn^OZdjfi�X[Zyß�^=`Wiyo°�ÁZyew^Ocfea\kZ]X[VOr_Zyea�,j�i]\bc�¯bl?Z®À[V´X3±�}�~�\n�.tSUac*\kV
XWZd\bokr_Zy�a`[okZdcfeCZd\Sjpl?ZyÀ,c�x	X[Zd\_^=r_V=o_VªjfeaXC^=cfe3o_Zye�`Wc*`a\O��ÄÖo°���WZ]^Oj�i�VOÀ[jfl?�WiyV�Z]\�okUWV
idZyx{V=okZdl?VJcfx�jmlmj�e�`[x«jf^=ok`Wr_VnXÁ�arkc[X[`a^=on�S§Ëo�U�jf\�jmaeWZyokV��arkc*�aj��WZdidZ®o°�*��\_j��

p0

��cfx
�.VOZdeW�së á Ä��!ZÑ� Vf�Jokcs^=c*l?Vp�a`[oNc�x�o_UWV?x«jf^=okc*rk�sZdeÞj@eWc*e�t�cfr_É�ZyeW�C^=c*eaX[ZyokZdcfe��
á o_UWVOr_tSZ]\bV*�!Z®oNtSZdiyi	Uaj�¨*VJjC^=VOrko_jfZye��Wr_cf�ajf�WZyidZyo°�

fX (x) dx
cfx�x«j�ZdidZyeW�C�.V=o°t�VOVOe

o_Zyl?V´\
x
j�eaX

x + dx
��§Ëo_\�XWZd\bokr_Zy�a`[okZdcfeCt�c*`Wi]X�o_UWVOesidc�cfÉmidZyÉ*V

P [X = 0] = p0

P [0 < a < t ≤ b] =

∫ b

a

fX (t) dt

tSZyokU
p0 +

∫ ∞

0

fX (t) dt = 1

ì KLRSí�:�7NM£D&KLB

á eWV�^Ocfl?l?VOe3o�jf��c*`[o	¯{î°cfZde3okid�pX[Z]\bokr_Zy�W`WokVnX,}�~�\°±SZ]\�Zye�c*r_XWVOr´� Û `W�a��c3\bV�t�V�jfrkV�Zye3okVnrbÃ
Vn\bokV´X,ZdeCo°t�cm}�~�\O�

X, Y
�ajfeaX,okUaj�oSokUWVn�@j�r_VªeWc�o�ZdeaX[Vn��VneaX[VOe3o´�

T�UWV��.Vn\bo�t�j��AokcA�Wr_c[^=VnVnXJZd\	o_c�^=c*ea\kZdX[Vnr	okUWVS��j�Zdr�jf\�j?ïu¸�ð=»¢ñu¹�òAó���o_j�É�ZdeW�N¨uj�id`WVn\
Zde

R
2
��ô�Vnea^=V*�[t�VNtSZdiyi!�.VA^=c*ea\kZdX[VnrkZdeW�?VO¨*VOe3o_\�cfx�o_UWV�x{cfr_l

Z = (X, Y ) ∈ A

tSUWVnrkV
A
Z]\�j,©{r_Vnj*\bc*eaj��aiyV�¬�\b`a�a\bVOo�cfx

R
2
��Ä�\�Zde�o_UWV�^Ojf\kV�cfx�j�\kZdeW�fidV�}�~���t�Vªt�cf`Wi]X

idZyl?Zyo�cf`ar_\kVOid¨fV´\�okcmo_UWVJjf�a\kcfid`[okVniy�Á^=c*e*o_Zye�`Wc*`a\�^njf\kVf�.ZÑ� Vf�d��tSUaVOeso_UWVOr_VAZ]\�jmx{`aea^²o_Zyc*e
fX,Y (x, y)

\k`a^�U@okUaj�o

P [(X, Y ) ∈ A] =

∫ ∫

A

fX,Y (x, y) dxdy
© Ï ¬

³�cfokVso_Uajuomx{c*r,X[cf`a�WiyV¥©Ñj�eaX���tSZyokUÝc*��¨3Zdcf`�\?V=À�okVnea\bZdcfe�\O��okr_Zy�aiyV*��â3`aj*X[r_`W�WidVf�d�y�d� ¬
Zde*o_VO�*r_jfid\�t�V�eWVnVnX!�3eWcfo�cfeaiy�peWZ]^=V

f
\n�*�a`[o�jfid\kcNeWZ]^=V

A
\OÎ	§¢emx«j*^²on�3t�V�^=c*`WidX?�arkc*�aj��Wid�

cfeaiy�ÞX[Vnjfi�tSZ®o_U&X[c*l?jfZye�\
A
okU�juoJjfrkVA¯beWcfr_lmj�i�tSZyokUqr_Vn\k��V´^²oAc*eWVmc�x�okUaV,juÀ[Vn\°±Á©Ñjf\

�fc*`@idVnjfrkeaVnXCZyeÁlJ`Wi®o_Z®ÃË¨uj�r_Zdjf�WidVA^Oj�i]^=`aiy`a\�¬²� á x	^Ocf`Wr�\kVf��okUaZd\�Zd\�o_rk`aVAcfeWid�,�.Vn^nj�`a\kV�t�V
j�r_V�r_Vn\bokr_Zd^=okV´X?okc?}SZdVOlmj�eWe,Zye3okVn�fr�juo_Zyc*e��<Ä�xzokVnr�jJ^=c*`Wr_\kV�Zde@j*X[¨uj�ea^OVnXmr_Vnjfi�jfeaj�id�[\bZ]\O�
j�e�X@õ�VO�.Vn\k�f`WVNZde3okVO�*r_j�okZdcfe���l?c*\bo�c�x<okUaVNrkV´\°o_rkZ]^²o_Zyc*ea\�©«j�e�XCjfiyi�okUWVN`Weaeajuo_`Wr_jfi!cfeWV´\_¬
tSZdiyi!x«jfiyi!���mo_UWVNt�j���\kZ]X[Vf�

T�UWVNZde*o_VO�*r_jfi.Zdeq© Ï ¬�Zd\�cfxzokVOesjfid\kcJtSr_ZyobokVne
∫ ∞

−∞

∫ ∞

−∞

1A (x, y) fX,Y (x, y) dxdy

tSUWVnrkV
1A

Z]\�o_UWV�ZdeaX[Z]^Oj�okcfr�x{`Wea^²o_Zyc*esc�x	okUaV�\bVOo
A
� Û `a�W��c3\bV�eWcut�o_Uajuo

A
Zd\�jA¯°r_Vn^=obÃ

j�ea�fidV²±²�3Z¼� Vf�
A = [a, b] × [c, d]

�a\kcpokUaj�o�© Ï ¬�^nj�eÁ�.VNtSrkZyobo_VOeÁjf\
∫ b

a

∫ d

c

fX,Y (x, y) dxdy

ö



©zo_UWV�^Oj*\bV�tSUWVne
A
Zd\�jfeN¯bZde[aeWZyokVSr_Vn^=o_j�ea�fidV²±²�uZÑ� Vf�<cfeWV�c*r�lpc*rkV�cfx.Zyo_\�¨*VOrkokVOÀ�V´\<Zd\

±∞Z]\�o_rkV´juo_VnXYZde�okUWV?\kjfl?VJt�j��W¬²� Û `�^�U�j�e�Zye3o_VO�fr�j�i<Z]\Nj�ewV´\k\kVOe3o_Zdjfiyid�sX[cf`W�aiyVpZye3o_VO�fr�j�i
j�e�X!��tSZyokU¥\kcfl?V?rkV´\°o_rkZ]^²o_Zyc*ea\n��t�cf`Wi]Xw�.V,^Ocfl?�W`[o_VnXÞZyeÞo°t�cY\°o_VO�a\n÷Nar�\bon��^Ocfl?�W`[o_Vf�
\_j��f�

g (y) =

∫ b

a

fX,Y (x, y) dx

j�e�X�o_UWVOe
∫ d

c

g (y) dy

§¢e&o_UWVCV=À�okr_VOl?VOid�¥\k��V´^=Z]j�i�^Ojf\kVCtSUWVOe
fX (x, y) = f1 (x) f2 (y)

��UWcut�VO¨*VOr´�<okUWV
Zde*o_VO�*r_jfi.t�cf`aidX@�Wr_Vnj�É,`W�Cj*\

∫ b

a

f1 (x) dx ·

∫ d

c

f2 (y) dy = P [a ≤ X ≤ b] P [c ≤ Y ≤ d]

§Ëx	okUWZ]\�Z]\So_UWV�^njf\kV�x{cfr�jfiyi�rkV´^²o_jfeW�fidVn\n�[o_UWVNo°t�cm¨�jfrkZ]j��aiyV´\
X, Y

©{okUWVp^=c*lp�.cfeaVOe3o_\Scfx
cf`arS¨fVn^=okc*r�¨ujfrkZ]j��WidV

Z
¬Sj�r_Vª^nj�idiyV´X�©Ñjf\��*cf`Ct�c*`WidX@V=À[�.Vn^=o�¬ª¶zº.µ*¸Ëøa¸Oº.µf¸Oºa»¼�

³�cfokZ]^=VYo_UajuoCZ®oCZd\@eWcfo@VOeacf`W�*Uhx{cfr@okUWVh½uº.½�¿úùu»¼¶«ð?û=ñu¹²üýc�xNo_UWVC¯{î°cfZde3oCX[Vnea\kZ®o°�*±
fX,Y

okc?�.VNZyeC�Wr_c[X[`a^²o�x{c*rklÁ��T�UWV��Wr_c[X[`a^²oSlJ`a\°oSUWc*idXCcu¨*VOr�rkV´^²o_jfeW�fidVn\n�	Ä�x«j�l?cf`a\
^=c*`We3okVnrkVOÀ[jfl?�WiyV�©{��j�eWVScfx.\bok`aX[Vne3o_\�cfx.�Wr_cf��j��WZdiyZyo°�AVn¨fVOr_��tSUWVOr_V´¬�Z]\<okUWV	î°c*Zye3o�X[Vnea\bZyo°�

f (x, y) =

{

2 0 ≤ x ≤ y ≤ 1
0

VOi]\bVntSUWVOr_V
³�cutN�

P [0 ≤ X ≤ 1, 0 ≤ Y ≤ 1] =

∫ 1

0

∫ 1

0

f (x, y) dxdy =

=

∫ 1

0

∫ 1

0

10≤x≤y≤1 (x, y) dxdy =

∫ 1

0

dy

∫ y

0

2dx =

[

2y2

2

]1

0

= 1

jf\�Zyo�\kUWcf`Wi]X!�[�W`Wo
∫ 1

0

∫ 1

0

2dxdy =

∫ 1

0

dy

∫ 1

0

2dy = 2

§²� Vf�d�*o_UWVªo°t�cJ¨uj�r_Zdjf�WiyV´\
X, Y

j�r_V�º.ñ�»�ZdeaX[Vn��VneaX[VOe3o�juoSj�idi¼�	T�UaZd\�^Ojfe,�.V�`WeaX[Vnr_\bokc�c[X
���Y\bc*l?Vpr_V=þ�Vn^²o_Zyc*e�÷ª�fZd¨fVOewokUWVm\bokr_`a^²o_`Wr_Vpcfx�o_UWVmX[VOea\kZyo°�f��t�V?É3eacutÊokUaj�oA^=VOrko_jfZyeaiy�
X ≤ Y

��\bc?É�eWcutSidVnX[�*V�cfx�o_UWVN¨uj�id`WVNc�x°�W\_j��f�
Y
�W�fZd¨fV´\��aiyVne*o°�@c�x<Zye[x{c*rklmj�okZdcfeÁj��.cf`[o

X
�
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Ç cfe�X[Z®o_Zyc*eWZdeW�qZd\Nî°`a\°oCj�eÝVn\_\kVOe3okZ]j�i�o_c3c*i�Zdegokr_Vnjuo_Zyea�¥^=cfe3o_Zye�`Wc*`a\�}�~�\,jf\mZyo,Z]\mx{cfr
X[Z]\k^OrkVOokV�cfeaVn\n�<ô�cut�Vn¨fVOr´��okUaZyeW�3\��.Vn^=c*l?VSrkV´j�idiy�No_Vn^�UWeaZd^nj�idiy��^�U�j�idiyVneW�fZdeW��Z®x!t�V�okr_�Aokc
ÉfVnVO�JokUWVSlmj�À�Zdl�`al8�.c*\_\bZd�WidVS�fVOeaVOr�j�idZ®o°�*��§¢e?x«jf^=on�f�arkc*��Vnr�X[V=aeaZ®o_Zyc*epcfx�^OcfeaXWZ®o_Zyc*eWZyea�
r_Vnâ3`WZdrkV´\�\kcfl?VN\kVOr_Zyc*`a\�rkV´j�i�j�e�j�id��\kZ]\O�

�





X[VOaeWVnXÁj*\�okUWV�¯k^=cfe�X[Z®o_Zyc*eaj�i�XWVOea\kZ®o°�,c�x
X
�[�fZd¨fVne

Y = y
�

³�cfokV�okU�juo�Zde@o_UWVN\b�.Vn^OZdjfi�^Oj*\bVªc�x	ZdeaX[VO�.VOe�X[VOe3o�}�~�\n�

fX,Y (x, y) = fX (x) fY (y)

j�e�X
fX|Y (x|y) = fX (x)

tSUWZ]^�U@Z]\S¨*VOr_�ml�`a^�UCiyZdÉfV�o_UWVA\kZyl?Zdidjfr�\bo_j�okVnlpVne3oSx{cfr�X[Z]\k^OrkVOokVN}�~�\n�
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