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X�Y[Z]\,^O_a`cbedgfIh be\@ikjml
D FmJn89?I4 oEFp:q:=4 r=s ^@`ut;ikbeY�\vtuYw^ d0t�x tu`zy \,^]{
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• � beh ^7fI�ky �v�vtuY h ^�d,be`cj ��^@� �v��bedvtuY�i�tN\gf ��^@�v�v`zy�i�tc^@\
y �0�v\vd�y \vYwb�j

• � �gb�h ^�dgbm`Tj�be`cbeY�i�tc^@\ �v��^@�v`cbeh

• � ^@h ��y ��t�jk^@\ �gt�y j�tuh �v`�y�i�tc^@\ ^ �*� s-� �¢¡v£ � y \vd ¡¥¤ x

• � �gb F¦6§R,89?I<�89¨g<Q© Ymy¦j�b�jªi��vd�«
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Ò Ó � ÔÖÕ
× Ø��Ù�ÖÚ Û Ü,Õe× Ú Ý � �ßÞà× �À×âá �ãÞßÝ �
Ôä× �Q��~ ×äÜ å �À�çæ

•
s �ªbedvtNY�i�tu\gf i��,b �L��i��v��b ��^@�v�v`�y�i�tc^@\ y �v�v\vd¥y \vYwb

Nt+1�Ð�ª^@h i��,b�Y��v�è��bm\@ié^@�,jkbe�Q�Cy�i�t�^@\
Nt ê

• ë j���y `u`W« � ^@\,b i���tcb�j ik^ �v��bmd0tuY�i i��,b JLFp:=< 4íì 89?í>�Jî<wF�ï�<
Yt+1 = log

(

Nt+1
Nt

) tu\gjèikb�y d ^ �
Nt+1

• Yt+1
Yey \ dgbm��be\vd ��^@�étu\gjèi[y \vYwb�^@\ðl

•
i��,b Y��v�è�ªbe\@i���^@�v�v`�y�i�tc^@\

Nt

•
b�ñ,^7fpbe\,^@�,j Y�`utuh y�i�tuY ��^@��Y�tu\�fpj

X1t,X2t, . . . Xmtr ��y tu\��îy `u` � ikbmh �òbe��y�i��v��b � b�i�Ym{ ê
•

¤ be`ut�y �v`�b �ò^@�0�v`�y�i�tc^@\ y �v�v\vd¥y \vYwb
j$�v��bedvtuY�i�t�^@\ `cbOy d ik^
dgb
j�t�fI\vtu\�f �v�ª^@��be� b�ñv�v`c^@t;i[y�i�tc^@\ �ò^@`utuY�tcb�j
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ô Ýéõ	�ãÞ ö��2Ú ×âá Õ�Ý Ô Ó �ÙÞ Ú × ö �a�Ùõ

• � �gb x y `;i����,j�t�y \ rÐ÷ { h ^�d,be` rªøOù7ú7û {�l

Nt+1 = λNt ⇒ yt+1 = ln

(

Nt+1

Nt

)

= a (a > 0)

� �gb ��^@�v�v`�y�i�tc^@\ fI�ª^O_"i��,j y¦j
Nq = λqN0 ê � �gb be\�ü

�gtu�ª^@\0h be\@i tcj j��v�v��^Cjkbed i�^ �0�ª^O�,tudgb bOy Y�� tu\vdvtW�,tudv��y `
_atWi�� i��,b j[y h b ��b�jk^@�v�èYwb�j r�B@<�?eïw8�:9ýpþq89?íBp<�R¢<
?IBp<
?I>�< { � ��bwü
f]y �èdv`cb�j�jé^ �ÿi��,b��ò^@�v�v`zy�i�tc^@\ j�t��
b ê

• � �gb ¤ tuY[Z be� r�� {�h ^�dgbm` rªømú��íû { rªBp<�?mïw8;:9ý@þQB@<�R¢<�?íBp<�?I>�< {�l

yt+1 = ln

(

Nt+1

Nt

)

= a + bNt (a > 0, b < 0)

� be�òbe\vdvtN\gf ^@\ i��,b���y �ky h bwi�be��j�j�bwi�i�tu\gfpj � t;i�Yey \ ��bOy Y��
i��,b�jªi�y �v`�b b��]�0tu`utu�v�ètu�vh

N = −a/b
� ^@��h tuh tuY�Z `utuh t;i

Y�«,Y�`cb�j"^@�"Y[��y¦^Cj ê
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• � �gb ¤ tuY[Z bm��h ^�d,be`�Yey \ �òb�b�ñ�ikbm\0d,bed tu\vY�`u�vd0tu\gf�Yw^O�Cy ��tWü
y�ikb�jml

ln

(

Nt+1

Nt

)

= a+ bNt + cX1t (a > 0, b < 0)
r=¤�£ {

ln

(

Nt+1

Nt

)

= a+bNt+cX1t+dX2t (a > 0, b < 0)
r ¤�£ª£ {

X2\�y `c^7fp^@�,j�`;« � _�bâ^@��i[y tu\ h ^�d,be`cj ¤�£ª£ª£�� ¤�£
� bwi�Y ê
•

¤ beh y �èZ¢l tN\ �v�ky Y�i�tuYwb � _�b y ��b Yw^@\,j�tudgbm�ètu\gf `utN\,bOy � ��b�ü
fI��b�jkj�^@�ªj

• � \,b �,j���y `u`;« be\vd,j �v� _at;i�� y �v��^íy d j��0t;i�b ^ � d,beh ^Hü
fI�ky �v�vtNYâh ^�d,be`cj ê�� ^O_ ik^ Y[�,^]^Cjkb�y h ^@\gf i��,beh �
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Ò Ó � Ú × ö��Ö� õ¢�Ö�À�ßÞ	~��Ù× � ÔÖÕe× Ø �À�2Ú �¦~ Ó �
Ú Ý�Þ Ó �(�é� �À��ÝÖÕ]���Q�"á Ôä× �Q��~ ×äÜ å �Ù�	æ �

• � �gb��v\vZí\,^O_ i��è�,b�jª«�jèikbeh

y = g(x) + ε �����
t�j�j��v�v��^Cjkbed

•
ik^ �ªbeYwbet;�@béy \ tu\v�v��i��@beY�ik^@�

x
� _at;i�� �v��^@��y �vtN`ut;iQ« dvtcj�ü

i���tu�0��i�t�^@\
P (x)

•
y \vd ik^ ��b�i��v�è\ y \ ^@��i��v��i

y
� y Y
Yw^@�èdvtu\gf i�^

P (y|x) ê
• � ^ i�� P (x)

y \0d
P (y|x)

y ��b��0\vZ]\,^O_a\ ê
• � ^ i�y�i�tc^@\ �ªbeh y �èZ¢l

P (x, y) = P (x)P (y|x)

•
X ��\vt;ikb \��vh �òbe�

q
^ � ^@�,j�be�(�Cy�i�tc^@\,j

(xi,yi), i =
1, . . . , q

tcjäy��Cy tu`zy �v`cb
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• " baYw^@\,j�tudgbm�-y�jkbwi�^ � Yey \vdvtud¥y�i�bÖy �v�v��^eñvtuh y�i�tu\�fâ�L�v\0Y�ü
i�tc^@\,j

fj(x, θ) ê
• � �gb�^@��i�tuh y `�y �v�v��^eñvtuh y�i�tu\gf��L�v\0Y�i�tc^@\ j��,^@�0`ud tu\ �0��tu\]ü

Y�tu�0`cb�h tN\vtuh t��
b2i��gb Jn8 ï$# ì&% ?I>O:n8A4C?CF¦6 l

Rj(θ) =

∫

(y − fj(x, θ))2dP (x, y)

_a�vtuY[� tcj��v\vZ]\g^�_a\ �òbeYey �,jkb
P (x, y)

tcj��v\vZ]\,^O_a\ ê

• " ��y�iÖYmy \ ��b h bOy¦j��v��bed tcj2tu\,jèikbOy d i��,b <�VäR,8AJL8Ë>�F¦6 Jn8 ï$#
r i���y tu\0tu\gf be����^@��{�l

Rj(θ)emp =
1

q

q
∑

i=1

(yi − fj(xi, θ))
2
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•
£ � j y�i�ikbeh ��i i�^ b�jèi�tuh y�ikb i��,b �v\0Z]\,^O_a\ �ètcj�Z �L�v\0Y�ü
i�tc^@\�y `ð�òbe\�y `ut+�OtN\gf i��gb beh �0tu��tNYmy ` �ètcj�Z ê ��^@�Öy �L�v\0Y�i�tc^@\
fj

��y��,tu\gf
dj

�L��b�b ��y �ky h bwikbm��j � d,be\,^ i�tN\gf
pj = dj/q

�
i��,b$��tcj�Z t�j�b�jªi�tuh y�i�bed y¦jml

ERj(θ) = Rj(θ)emp r (pj)

_a�,be��b
r(p)

tcjéi��,b ��bm\¥y `ut���y�i�t�^@\ �L�v\vY�i�tc^@\ ê

•
� s-� r X2Z¦y tuZ b-, jä�ÿtu\�y ` s ��bedvtuY�i�t�^@\ � ����^@� �ðømúpù/. {�l

ERFPE
j (θ) = Rj(θ)emp

[

(1+pj)

(1−pj)

]

•
¡v£ � rî¡ Y��@_�y �Qi0� £ \��±^@��h y�i�tc^@\ � ��tWi�be�ètc^@\ � ømúpù û21 y Z¦y
� £ � � y Z¦y ¡ � {

ERSIC
j (θ) = Rj(θ)emp[1 + ln(q)

2 pj(1 − pj)
−1]
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• � �gbm��b tcj y _atudgb jkbwi ^ � £ � j tu\ `ut;ikbe��y�i��v��b � ^@��i�y tu\gbmd
�0\vd,be��dvt54 be�ªbe\@i��@«,�ò^ i��,b�jkb�j ê6� ^O_ bw�@bm� � y `u` ^ ��i��,beh l

•
y ��b h ^ i�tW�Cy�i�bed �@« y¦jè«,h ��i�^ i�tuY y �(fI�vh be\@ikj r

q →
∞ 7 {

•
y¦jkj��vh b i��,b `utu\,bOy �èt;iQ« ^ ��i��,b y �v�v��^eñvtuh y�i�tu\gf �L�v\0Y�ü
i�tc^@\,j

•
y \vd i���y�i

g(x)
tcj�Yw^@\@i[y tu\,bed tN\ i��,b jkbwi"^ �çy �0�v�ª^eñvtËü

h y�i�tu\gf �L�v\0Y�i�tc^@\,j ê
• � �gb�« y ��b i��,be�ªbw��^@��b ^ �¸i�be\ �,j�bed ^@��i�j�tud,b ^ �ài��,betu�2Yw^@\�ü

jªi�tWi���i�t;�@b y¦jkj��0h ��i�tc^@\,j ê
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�>= Ý Ô ���?
$Û @BACAEDF�

•
¡v¤ x tcj$y h ^�d,be` jkbe`cbeY�i�tc^@\ y �0�v�ª^íy Y[� ^ �àfI��bOy�i2fpbe\,be�Qü
y `Nt;iQ«El
•

i��,b d�y�i[y¦jkbwi�t�j2y¦j�j��vh bmd i�^ �òb�^ �G�ò\0t;i�b�j�t��
b
q
1

•
\,^ ��y �Qi�tuY��v`�y � �ªb��]�vtN�ªbeh be\@ikj2^@\ \,^@tcj�b � �v��^@��y �vtN`ut;iQ«
dvtcjªi��ètu�v��i�tc^@\gj � bwi�Y ê 1

•
\,^ �ªb��]�gb
jªié��^@�"`utN\,bOy ��t;iq« ê

•
��^@� �v��y Y�i�tuYey ` �ªb�fI��b�jkj�t�^@\ �v��^@�v`cbeh j � i��,b ��^@`u`�^�_éü
tN\gf ��^@�v\vd �,^@`Nd,j _at;i�� �v��^@��y �vtN`ut;iQ« (

1 − 1√
q

)

r � �,be�èZ¦y¦jkj�ZC« bwiÖy ` ê � ømúCúCú {�l

Rj(θ) ≤ Rj(θ)emp



1 −

√

pj − pj ln pj +
ln(q)

2q





−1

+

_a�gbm��b
pj

tcjad,bH�ò\,bed y¦j
hj/q ê

• " ��y�iI,Sj
h
�
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• hj

tcjéi��,b � � üqd0tuh be\,j�t�^@\ ^ ��i��gb y �v�v��^eñvtuh y�i�tu\gf �L�v\vY[ü
i�tc^@\

fj ê
•

£ i Yw^@\,jªi�t;i���ikb�j y \ tu\vd,b�ñ ^ � Yw^@h �v`cb�ñvtWiQ« �±^@� y fIt;�@be\
�Ð�v\vY�i�t�^@\ 1 j�b
b rL� y �v\vtuZ ��ømúCú7û {â��^@� y �èt�fp^@�ª^@�gj d,bH�ò\vtWü
i�tc^@\ ê

•
£ \ i��,b `utu\,bOy �ÖYey¦j�b � t;i�Yw^@����b�j���^@\vd,j�ik^ i��,b \��vh �òbe�é^ �
�Ð�ªb�b��¥y ��y h bwikbe�ªj ê

•
£ \ i��,b \,^@\ `utu\gb�y � Yey¦jkb � t;i Yey \ �òb b�jªi�tuh y�i�bed �@«
i��,b y `�fp^@��tWi��vh j �v��^@�ò^Cj�bmd tN\ � y �v\vtNZ r�ømúCú�� { y \vd
� �gbm�èZ¦y¦jkj�Zp« rNMO.P.P. { ê

•
¡ b
b r � ^@�ky \vtíy \vd Q$y�i�ik^ �/MO.P.-R {T��^@��y \ y�ièi�beh ��iði�^ab
jªi�tËü
h y�i�bçi��gb � � üqd0tuh be\,j�t�^@\â^ �,i��,bßY�^@h h ^@\,b�jèi \,^@\v`Ntu\,bOy �
beYw^@`c^7fItuYey ` h ^�d,be`cj ê

•
£ \ i��,bäi�y `NZ � _ bâ_atN`u`ðdgb�y `TS��,jªié_at;i�� `utu\,bOy �"h ^�d,be`cj ê
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Ò Ó � �Ùö���Ý × Ü ~ Ó � Þà× Ú Ô�ÝÖÕI�ÙõT× � Ø �	~pæ �-�2�
�W( õ Ý �"ö 9 	 �

• � �gb�tud,bOygl
•

j�tNh �v`�y�ikb jèik^�Yey¦jèi�tuY��¥y `u`;« r t ê b ê � _atWi�� \,^@t�jkb�{ d0t+4 be�qü
be\@i d,beh ^7fI�ky �v�vtuY h ^�d,be`cj � �0\vd,be� y _atud,b �Cy ��tcbwiq«
^ �ç��y ��y h b�i��ètuYÖjkbwi�i�tu\gfpj 1

•
^@\ bOy Y[� \,^@t�jè« j�tuh �v`�y�i�tc^@\ � tud,be\@i�t;�¸« y �v�ª^íy d jkbwia^ �
h ^�dgbm`�j 1

•
Y[�,^]^Cjkb ^@\,b Yey \vd0tud�y�ikb2�gt�y � s*���ò¡¥£ � �ò¡¥¤ x 1

•
bw�Cy `u��y�ikbâi��,b�fpbe\,be��y `Nt���y�i�tc^@\ ^ ��i��gb Y��,^Cj�be\ h ^�d,be`cj
^@\ i�b�jªi�tu\�f j�b�i 1

•
��bm��bOy�i*i��,b��v��^�Ywbmd0�v�ªb�i�^ Yw^@`u`cbeY�i�y�jªi�y�i�tcjªi�tNYmy `N`;« j�t;f ü
\vt+��Yey \@i�d�y�i[y¦jkbwi

•
¤ beh y �èZ¢l�_ b h �,jªiéj�bwiOl

{

y = ln(
Nt+1
Nt

)

x = [Nt, X1t, . . . , Xkt]
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•
x ^�dgbm`�jay �ªbâjèik^�Y��¥y¦jèi�tuYey `u`;« j�tuh �0`�y�i�bed yKj

Nt+1 = Nt exp(a + bNt + cX1t + dX2t + nZt)

_a�,be��b
Zt

tcjÖy " �FX .,�uøZY ê
• � be�òbe\vdvtN\gf ^@\ i��,b j�tNh �v`�y�ikbmd h ^�dgbm`�j �

b, c, d
Yey \ ��b

j�bwiéi�^ . ê
•

��^@� bOy Y[� dvt+45bm��be\@i ïw89V %H6UFp:n8A4C? ï�<O:Q:î89?H[]\^RO.P. dvt+45bm��be\@i
j�tuh �v`�y�i�tc^@\,j�y �ªb$�òbe�Q��^@��h bmd

•
úP_ r`Mba>cdaI�TaI� {-j�tuh �v`�y�i�tc^@\ jkbwièi�tN\gfpj ��^@�"h ^�d,be` ¤ l

• N0 = [100;−a/b]
�
a = [.5; 1; 1.5]

�
b = −0.01

�
n = [.05; .1; .25; .5]

�
q = [10; 20; 50; 100]

1

•
X j�tuh tu`�y �2�Cy ��tcbwiq« ^ ��j�tuh �v`�y�i�tc^@\ j�bwi�i�tu\gfpj�tcj �,jkbed ��^@�
i��,b$�ªbeh y tu\0tu\gf h ^�dgbm`�j ê
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ø ê ��be�(��^@�èh RO.P.
q−

jªi�be�,j ïw8AV % 6GFp:î894C?mï �,j�tu\gf i��,b Y��v����be\@i
j�bwi�i�tu\gf 1

M ê 8ABp<
?�:î8+fI>�Fp:î894C? ^ � Yey \vdvtNd�y�i�b�j r x ��¤ �é¤�£è�é¤�£ª£��B� ghg�gji� g�k {-�,t�y `utu\,bOy �ml ¡n1
c ê d0tcj�Yey �èd d,be\,j�t;iq«íüqdgbm��be\vd,be\@i�h ^�d,be`cj�_atWi��

b̂ < 0
1

� ê V 4�Bp<�6@ï�<�69<
>O:n8A4C? y Y�Yw^@��dvtN\gf i�^ � s-� �¢¡¥£ � y \vd ¡¥¤ x 1
R ê [¢<�?@<�JLF¦698poHFp:î894C? F�ïªï�<èïèï�V <�?�: l
r yp{ Yw^@h �v��ikbéjªi�^�Y[��y¦jªi�tuY[��y `u`W« MO. i�tuh b�j

Nq+1
y \0d i��gbm\

yq+1r �ò{ �,j�b i��gb Y��g^Cjkbe\ h ^�d,be`cjaik^ d,bwikbm�èh tu\0tcjèi�tuYey `u`;« Yw^@h ü
�v��ikb

ŷq+1r Ym{ Yw^@h �v��ikb i��gb be����^@� jªi�y�i�tcjèi�tuYwj ��^@� bOy Y[� Y
�èt;ikbe��tc^@\
r
20 • 500 = 10, 000

j�y h �v`cb�j�{
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XafCfI��b�f]y�i�bed �òbe�èYwbm\@i[yKfpb�j�^ �çYw^@����beY�i��ªbeYw^7fI\vt;i�tc^@\ðl
s0tvu wyx{z| } }hx }~x�x | } }~x }hx�x�N�!� ���!� �?�N� ����� �!�`� ���!� ����� �?�N�

wy}�|| } }hx }hx�x����� ����� ����� �!���

•
¡v¤ x Yw^@����beY�i�`;« j�bm`�bmY�ikjÖbOy Y�� h ^�d,be` _at;i�� i��gb �vt;fI�,b�jèi
�Ð�ªb��]�,be\vY�«

• � ^ i�� ¡¥£ � y \vd � s*� fpbm\gbm�ky `u`;« ikbe\vd � _a�,be\ �ny tu`utu\gf � ik^
^O�@be�è��y ��y h b�ikbe��t+�ebed h ^�d,be`cj

• � \ i��,b Yw^@\@i��ky �Q« ¡v¤ x ikbm\0d,j � _a�,be\ �îy tu`utu\�f � ik^ ik^]^
j�tuh �v`�b$h ^�d,be`cj ê
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q

x y `Wi����,j�t�y \ h ^�dgbm`
� s-� ¡v£ � ¡v¤ x

qø�. _PM-� RO.b� �����MO. ùO_-� _7ûb� �]���RO. û,øI� û,øI� úCú-�
ø�.P. û-M-� û-_-� ø�.P.b�

¤ tNY�Z be�"h ^�dgbm`
� s-� ¡v£ � ¡v¤ x

qø�. M���� cj��� �����MO. �íûb� RO.b� �����RO. _7ûb� RPM-� úpùP�
ø�.P. ù ûb� R���� úCú-�

• � \ j��,^@�Qi�j d¥y�i�y¦j�b�ikj �é¡v¤ x Y
`�b�y �è`;« ^@��i��òbe�Q��^@�èh j i��,b
i��ky dvt;i�tc^@\�y ` y¦jè«gh ��ik^ i�tuYey `5Y��èt;ikbm�èt�y

•
¡ �vY�� y �ò\0dvtu\gf t�j Yw^@\T�ò�èh bed ��^@� ������i��,b j�tuh �0`�y�i�bed
h ^�d,be`cj
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�ÿt�fI�v��b ø l � ^eñ y \vd _a�0tcj�Z be��j��v`c^ ikj"^ � �v��bedvtuY�i�tc^@\ ��t�j�Z

•
¡v¤ x y Y[�vtcbw�@b�j�tu\ bw�@be�(« Yey¦jkb i��,b `�^�_ b�jèi���tcj�Z ^@\ bOy Y��
h ^�d,be`

• � �gbâf]y � _atu`u`ðtu\vY��ªbOy¦j�bâ^@\ h �v`;i�tWü jªi�be� �0�ªbedvtNY�i�tc^@\,j
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•
s ^@�v�v`�y�i�tc^@\ ^ � i��,b Qâ��y \ s y �ky dvtcjk^ � y�i�tc^@\�y ` s y �èZ
r=£ i�y `;«v{

• � �v\@i�tN\gf \g^ i y `N`c^O_�bed � `�y ��fpb �0�ªbed�y�ik^@�ªjây �,jkbe\@i ê s ^@�]ü
�0`�y�i�t�^@\ d�«g\�y h tuYwj Yey \ �òb b�ñv�v`�y tN\,bed �,tzy d,be\,j�tWiQ«íü
dgbm��be\vd,be\vYwb$y \vd Y�`utuh y�ikb ��^@�èY�tu\gfpj
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• � be\,j��,jkb�j y \vd h bwi�b�^@��^@`c^7f7« ^O�@be� ømúP_O. ü MO.P.P. r�ç y Yw^@��ü
j�^@\ b�iay ` ê �T� Yw^@`c^7f7« ��MO.P.j� {

•
¡ \,^O_ d,be��i�� y¦j i��,b h ^Cjèi j�t;fI\vt+�òYey \@i Y
`Ntuh y�ikb d0��t;�@be�
r�ç y Y�^@�gjk^@\ bwi2y ` ê �ò� Yw^@`c^7f7« ��MO.P.j� {
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• � �gb�« Yw^@\,j�tud,be� y¦j �ò^Cj�j�tu�v`�b ��b�fI��b�jkj�tc^@\ �Cy ��tzy �v`cb�j
Nt

�
Lt = ln(Nt)

� i��gb�j�\g^�_ d,be��i��
St

� i��,bé�v��^�dv�vY�ikj
StLty \0d

StNt ê
• � « Y���^Cjkjªü Y��gbmY[Z]tu\�f�dvt54 be�ªbe\@iàjªi�y�i�tcjèi�tuYey `�ikb�jèikj � i��,bw« j�b�ü

`�bmY�iéi��,bâi��v��b�j��,^@`ud h ^�d,be`Ll

y = a +

{

c1St + d1NtSt

t;�
St < S

c2St + d2NtSt

t;�
St > S

_a�gbm��b
S = µ(St) + .5σ(St) = 154

Y�h
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•
£ d,be\@i�t+�òYey�i�tc^@\ ^ � y `u`ai��,b h ^�d,be`cj Yw^@\,j�tud,be��bed tu\ i��,b
�0�ªbw�,tc^@�gj���y ��bm� � �ò^ i�� `utu\,bOy � r \,^ i��ªbe�ò^@�Qikbmd �gbm��b�{*y \vd
_atWi�� i��v�ªb�j��,^@`ud ê
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a �ü ù~û ö?ú�� 	?ù
� ø��
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• 3 46587�9 øOù :<;>=?= 7�9@7�A,BC7D5 EGF ç�; AH4JI = 4JF 7HB ; 9 ê KML AH4J9@4!N!OQPMO.P.j�SR

TVU1W XZY\[]W XS^_XZYa`ZbcWed1f]ghYjilkmghiZY\`�n_opW qmrJsQWtbcWvu�Wxw@`ygzW X{b}|~XZY1u�X{�c�ln�q��ln �Gk�gzWxX{bGT �LU



��� � ��� � � �G��� ����� � ������� ��� �����
� � ��� ��� � �¡�¢�

£ 46587�9¥¤ (yt − ŷt)
2

√

(Nt − N̂t)2¦D§ ¨�©ª©>«­¬ «�®¦D¬ ¨�©ª©>«S¯ «�®¦°¯ ¨�©ª©�¬ª± «­¬¦�² ¨�©ª©�¬�« «S¯

• ³%7�3 ; ³µ´·¶ N̂t+1 = Nt exp(ŷt+1)

• ¸¥¹º¹¼»%½¿¾ AH4JF6À¡³Á3 = B1Â87 ³ ; FÃ´­EGFÄN 4ÆÅÈÇ�É £ PÊ9@7 ; 5ÃEGFÄN BCËA
Â8Ë­Ë = 7�Ì Ë6587�9 ¦D§Ä¨

TVU1W XZY\[]W XS^_XZYa`ZbcWed1f]ghYjilkmghiZY\`�n_opW qmrJsQWtbcWvu�Wxw@`ygzW X{b}|~XZY1u�X{�c�ln�q��ln �Gk�gzWxX{bGT �]Í
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• Ü�ÂÄÝD³%ÝÞE = F8Ë ß ; ³�B1EGA�àÃ9 ; ³ ³pÝ ;>= ËJF Å�ËJ³ a Â ;âá EGFÄN ; àÃFÃEäã­à8ÝÝ = B.EGÌ ; BåÝ ¨çæ Ýºè1Â8Ý�é êGéJè1³pËSëÃàÃìHÝ Ì Ë6ëÄÝDímî�ïÚÂÄÝD³%Ý a ê@îÚÝ�î%»è1êGÌ ð�èCÝ�ë è_ïÚêäìñÝ ¨

• òóÝ�é8Ý�³CðÆí8ß¡Ý�³�Å�ËJ³µÌ ðÆéÃìHÝ�îÒêäÌ ßÃ³%Ë á Ý�Ì Ý�éJè�ô�îåêzõ Ì Ë6ë8Ý�í@îöËJà6èËÆÅö÷ êGÌ ßÃ³%Ë á ÝÐè1Â8Ý�êG³øÇÃÉ £ îåìHËJ³pÝ R

ù�ú�û�ü%ý�þ ÿ%ú������ Nt Lt St NtSt LtSt

� ú�� 	�

���� � � � � � �����������
��� � � � � � �����������

⇒ ��� � � � � �! "�!#$�&%
⇒ �'% ( ( ( � �! "�!#$�')
⇒ ��) ( ( ( � �! "�!#*#��
⇒

�+� � � � , ���-�.���/�
⇒ 0 � � � � , ���-�.���/�
⇒ 0 � � � � , ���-�.���/�
0 � � � � �����1� 0 ,
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£ Ë6ë8Ý�í¥¤ (yt − ŷt)
2

√

(Nt − N̂t)2±ª¬ ¨�©ª©>«ª« «­±±�¯ ¨�©ª©>«­§ «­±±!² ¨�©ª©>«­§ «¡¦

• ¸¥¹º¹ ìHËJé6À¡³ÁÌ îD¶
• è1Â8Ý êGÌ ßÃ³%Ë á ÝDÌ ÝDéJèÚË á Ý�³Úè1Â8Ý ßÃ³%Ý á ê@ËJà8îåíae ìHËJé8îåêGë8Ý�³%ÝDëÌ Ë6ëÄÝDímî
• è1Â¡ð�è é8Ë fQ³%Ý�ð�è ëÃêag�ÝD³%Ý�éÃìHÝ�î ðÆ³µê@îCÝ Å]³pËJÌ Ì Ë6ë8Ý�í@î ±ª¬ih±�¯jh�±!²

• kÈÝDé ìñÝ ïÈÝ À é¡ðÆíGíGe ì
Â8Ë­ËªîCÝ�Ì Ë6ë8Ý�í ±ª¬ihml Ý�îµè ðÆì�ìñËJ³µëÃêGéjfóèCËÇÃÉ £
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• ¹óàÃ³ Ý,õÃß¡ÝD³µêGÌ Ý�éJèCîÈîåÂ8Ë°ï è1Â¡ð�èÚÇ�É £ ³pÝ�ìHË�fQéÃêL�âÝ�îøðÆíäíÔè1Â8ÝìHËJé8îåêGë8Ý�³%ÝDë Ì Ë6ë8Ý�í@î¢ïÚê�è1Â ÂÃêLfQÂ8Ý�³öÅ]³%Ý�ã­à8Ý�éÃì1e è.Â�ðÆé l ËÆè.Â����� ðÆéÃë Ç�� ½ àÃéÃëÄÝD³ ßÃ³CðÆì è1êGì�ðÆíGíae ðÆíGíçè1Â8Ý îåêGÌ àÃíyð�è1ê@ËJéîÁÝHèÁè1êGéif�î ¨

•   îµè1³pÝ�éif!è1Â ËÆÅ ÇÃÉ £ ê@î ê�èCî ß¡Ý�³�Å�ËJ³µÌ ðÆéÃìHÝ ËJé î1Ì ðÆíäíë�ð�è,ð>îÁÝñèCî¼ðÆéÃë ¨G¨G¨

• è1Â8Ý ðÆì,ÂÃêmÝ á Ý�Ì Ý�éJè ËÆÅ?í@Ë°ï ÝD³ ßÃ³pÝ�ëÃêäì è1ê@ËJé Ý�³µ³pËJ³%î êGé ËJà6èp»ËÆÅÛ» î
ðÆÌ ßÃí@Ý á ðÆíGêGë¡ð�è1ê@ËJé
• �{é è1Â8Ý ³pÝ »_ðÆé¡ðÆíae8ê@î¼ËÆÅ¡ óíGß êGé8Ý ê l Ý,õ ì�ð>îÁÝ îpè.à ëje h ï Ý ðÆë ëîÁËJÌ Ý¼Å]à ³�è1Â8Ý�³ ìDðÆé ëÃêGë¡ð�èCÝóÌ Ë6ëÄÝDímî h ðÆì
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