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OwW�t Qy�� Q�ov�oDU�ty �wQ �OW�� xDW�O OwHw R�v �rYi C�Q��eD Qo �
x���Q xmCU� p�Um� Q�N��D QO �oDU�ty Q�Okt QFm �OL 
OwW�t x�Lqt �w�vD u�ty �� R�v u	 Q�ov�oDU�ty
Q�DiQ uwJ Tmar�� 
OyO�t u�Wv �Q Ov�xOW �OH sy R� x�t �� �UwD xm �xt� xt���� GwR u�� ��N C�Ft
�� �ivt x���Q xm Ov�xOW �OH sy R� �p�U ��� x�t � CQwYx� Q�O�kt �CU� �Uwv�U ���� QkD �rYi C�Q��eD


CU� u�DUtR lJwm Q�O�kt p��vO x� OyO�t MQ u�DU��D QO xm q�� Q�O�kt p�Ft ��Q� 
OvQ�O sy
xm �rYi C�Q��eD w OvwQ hPL R� TB� �v�tR �QU QO �oDU�tyOwN X�NWD Q�ov�oDU�ty �rY� hOy
hPL OvwQ xir�wt w K�LYD �rYi C�Q��eD decompose�� 
��D R� xO�iDU� �� Q� R O�m QO 
CU� �
Ov�xOW OQw	Q�


OOQo�t s�UQD ���� pmW QO Q�ov�oDU�ty w �#�� pmW QO �iO�YD xir�wt �QU TBU 
OOQo�t

� data�AirPassengers�

� AP �� AirPassengers

� AP�decom �� decompose�AP	 �multiplicative��

� plot�ts�AP�decom�random���������

� acf�AP�decom�random��������

�rYi C�Q��eD K�LYD w CU� pmW �Uwv�Um �yrk ���Q�t xm OyO�t u�Wv ���� pmW QO Q�ov�oDU�ty
pkDUt CQwYx� �Q x�t xOR�wO ��yxir�wt x� x� RHD �Q� R OUQ�tv CUQO Q�v x� Q��aD u�� 
CU� xOw�v QF�wt �qt�m
July R� �rY� ��yxO�O �QU Q��at h�QLv� xm O�vm�t x�Lqt �OwW s�Hv� �QDW�� �UQQ� Qo � 
Ovm�t OQw	Q�
C�Q��eD K�LYD R� TB Q��at h�QLv� w CU� 
� OvwQ hPL R� TB �Q��at h�QLv� 
CU� �	 Q��Q� June �D
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O�vm xHwD Q� R ��yO�m x� �yQ��at h�QLv� x�U�Lt ��Q� 
CU� �� Q��Q� �rYi

� AP �� AirPassengers

� AP�decom �� decompose�AP	 �multiplicative��

� sd�AP��������

��� ��������

� sd�AP������� � AP�decom�trend��������

��� ��������

� sd�AP�decom�random��������

��� ���������
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AirPassengers �iO�YD xir�wt Q�ov�oDU�ty ����� pmW



swO pYi

x��B �iO�YD ��ypOt

���yQorta ��vt 
OwW�tEL� �OQ�O �Oa� pwYi QO �O�� R OQ� Q�m xm�iO�YD ��ypOt R� ��xQ�B pYi u�� QO
pOt QD	U�vtX�NWD ��Q� �O�OH Q�R�� w Ovvm�t xO�iDU� �r�N �yv	 R� �v�tR ��y�QU xm OOQo�t �iQat

OOQo�t QDK�w w O����t �QDW�� �U� R�v xDWPo ��yEL� R� ��xQ�B u�vJty 
OQ�o�t Q�Qk �UQQ� OQwt

�O�iU xiwv �	�

xtOkt �
�
�


Ovm�t u��� t u�tR QO �Q pOt w xOy�Wt ��yxO�O �QU u�� Cw�iD R� �W�v ���N �pOt l� QO xOv�t�k��
xt �va� �yxOv�t�k�� �QU CQwY u�� QO 
CU� ZwQit pOt �UwD �yt �va� u	 xOW OQw	Q� Q�O�kt w yt �QU


CU� Q� R CQwYx�

xt � yt � �yt

�� White noise

��



�� x�B �iO�YD ��ypOt 
 pYi

Tmavt Q�ov�oDU�ty QO �rYi C�Q��eD �� w OvwQ Ovv�t �v�tR �QU ��yxir�wt xm OW x�Lqt p�k pYi QO
OvW�� xDU�ty O���v �yxOv�t�k�� �QU �t� �OvDUy xDU�ty �v�tR ��y�QU ��awv xm OW xO�O u�vJty 
OwW�t

OOQo�t Q� R h� QaD 	Hwt xO�� u�� 
OyO u�Wv �Q �YNWt �wor� �wv I�y O���v �yv	 Q�ov�oDU�ty �Pr w

h� QaD �
�
�

w�� w�� � � � � wn��yQ�eDt Qo � �Ov� wo ��DWN� xDUUo O�iU xiwv �Q fwt � t � �� �� � � � � ng�v�tR�QU
xH�Dv u�wD�t pqkDU� C�Y�N R� 
OvW�� �� Tv�� Q�w w QiY u�ov��t �� u�Um� 
� RwD ��Q�O w pkDUt sy R�
u�wD�t x�ov	 �Ovm �wQ�B p�tQv p�tDL� �r�oJ 
��D R� �yQ�eDt Qo � 
CU� Cor�wi� wj� �  i �� j xm CiQo


CU� wt � N�� ��� xm CW�O �Uw�o O�iU xiwv �QU

R QO 	R�Ux��W �
�
�

C�kw� ��a� �Q pOt �UwD xOW �R�Ux��W �QU 
OwW�t xO�iDU� �yxO�O ��R�Ux��W ��Q� xDi�� VR�Q� pOt

OOQo R��tDt xOW xOy�Wt ��yxO�O R� �D Ov� wo R�v ��oDN�U ��yxO�O

��Q� u	 R� u�wD�t w O��tv O�H�� xOv�	 ��Q� �Q ���yw� Q�vU Ov�wD�t �p�Ft ��Q� 
CU� �O�it Ov�	Qi �R�Ux��W
rnorm��� p�Ft ��Q� 
O����t u�t�U �� wN� Q�m u�� R QO 
Owtv xO�iDU� pOt ��yQDt�Q�B u�v�t�� xR��


Ovm O�H�� �Q OvDUy OQ�Ov�DU� p�tQv u�Um� 
� RwD ��Q�O xm pkDUt Q�eDt � Ov�wD�t

O�vm xHwD Q� R ��yO�m x� uwvm �

� set�seed���

� w �� rnorm�����

� plot�ts�w	 type 
 �l��

Q�� Qy QO xm �vat u�O� �OW�� u�Um� �R�Ux��W ��QH� Q�� Qy �wQW x�kv xm CU� u	 ��Q� set�seed�� 
��D
��y���D� hrDNt ��y�QH� �� OwW hPL 
��D u�� Qo � �t� 
OOQo�t O�H�� u�Um� OOa � xt�vQ� ��QH�


CU� ��� pmW q�� ��yO�m ��QH� xH�Dv 
OOQo�t pY�L Cw�iDt

Q�ov�oDU�ty w swO x�DQt X�wN �
�
�

Tv�� Q�wwmwD� 
��D ��Q�O �OW�� �� Tv�� Q�w w QiY u�ov��t ��Q�O w xDU�ty�v w fwtgCQwY x��iO�YD Q�eDt Qo �

CU� Q� R

��k� �

���
��
�� k � 

 k �� 

�Q� R
Cov�wt� wt�k� � E��wt � ���wt�k � ���

�� Discrete white noise �� Simulation �� Synthetic
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OwW�t xH�Dv x�ov	 �CU� � � E�wt� � E�wt�k� �  uwJ

E�wt� wt�k� � E�wt�E�wt�k� �

���
��
E�w�

t � � ��
a k � 

�  k �� 

!R� CUDQ��a �oDU�tyOwN 
��D w

�k �
ck
c�

�

���
��
� k � 

 k �� 

x� pta QO �t� OvW�� QiY Q��Q� O��� k ��  ��R� x� xOW �R�Ux��W O�iU xiwv ��yxO�O �oDU�tyOwN 
��D
�vat u�O� u�� w OvwW�t 
k�w u�v�t�� xR�� pN�O �t� �CU�v QiY ��k�kO �yrk Q�O�kt �Q�oxvwtv C�Q��eD Cra
uOt	 uwQ�� �Q�N��D � w � uOw� Q�O�vat K�U x� xHwD �� �DL 
OvQ�Ov QiY �� �Q�O�vat Cw�iD �yv	 xm CU�


O�vm xHwD Q� R p�Ft x� uwvm � 
CU� p�mW� q� R�v �yrk R� OQwt l�

� set�seed���

� acf�rnorm������

OQ�O OwHw �a��D R QO xD�r� 
OQ�O �oORuwQ�� l� � Q�N��D QO xm �CU� ��� pmW q�� ��yO�m ��QH� xH�Dv

CU� ARMAacf�� 
��D u�� 
Ovm�t x�U�Lt �Q�v CQwYx� �Q O�iU xiwv l� rk �oDU�tyOwN 
��D xm


O�vm xHwD Q� R p�Ft x� 
Owtv s�UQD plot�� 
��D �� u�wD�t �Q 
��D u�� pY�L

� wn �� ARMAacf�ar
�	 ma
�	 lag�max
���
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O�iU xiwv �oDU�tyOwN ���D V�tv �
�
 pmW

� plot�wn	 type
h�

QiY Q��Q� Q�O�kt �yQ�N��D Q��U ��Q� w CU� l� Q��Q� k �  QO xm �CU� ��� pmW q�� ��yO�m ��QH� xH�Dv

CU�

��iO�YD uORs�o �	�

xtOkt �
�
�

�Q�o �Qi pOt R� u	 VR�Q� �DL �qwtat 
CU� �iO�YD ��yOvwQ ��Q� ��U�vt VR�Q� ���r�e �iO�YD uORs�o

CU� QD	U�vt ARIMA uwJ

h� QaD �
�
�

!Qo � CU� �iO�YD uORs�o fxtg x�ov	 
CU� �v�tR �QU l� fxtg xm O�vm ZQi

xt � xt�� � wt

�� u�vJty w q�� xrO�at QO xt�� � xt�� � wt�� �v� Ro��H �� 
CU� O�iU xiwv �QU fwtg u	 QO xm
!xm OwW�t xH�Dv ��wQUB �v� Ro��H� VwQ u�� xt�O� w �r�k QO xt�� �v� Ro��H

xt � wt � wt�� � wt�� � � � �
�� Random walk �� Back substitution
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!�Pr 
OwW�t �wQW t � � u�tR R� w CU�v C��yv�� jwi �QU pta QO

xt � w� � w� � � � �� wt

CQwYx� Qortal� u�wD�t u��Q��v� 
OOQo�t p�ta� R�v xO�J�B �v�tR ��y�QU ��ypOt ��Q� wQUB �v� Ro��H

Owtv h� QaD Q� R

�wQUB p�kDv� Qorta �
�
�


CU� Q� R CQwYx� xm B Qorta

B�xt� � xt��

���DQt xOW xDio Qorta Qo � 
Ov� wo R�v Q�N��D Qorta u	 x� OQ�wt R� ��xQ�B QO xm �OwW�t xO�t�v wQUB p�kDv� Qorta
!x�ov	 �OOQo Q�QmD

Bn�xt� � xt�n


OwW�t xDWwv Qorta u�� �� �iO�YD uORs�o uwvm �

xt � B�xt� � wt � ���B�xt � wt � xt � ���B���wt

� �� �B �B� � � � � �wt � xt � wt � wt�� � wt�� � � � �
�� Backward shift operator




� x�B �iO�YD ��ypOt 
 pYi

�iO�YD uORs�o swO x�DQt X�wN �
�
�


CU� Q� R CQwYx� �x �  x� xHwD �� �iO�YD uORs�o Ov�	Qi swO x�DQt X�wN

�k�t� � Cov�xt� xt�k� � Cov

�
tX

i��

wi�
t�kX
j��

wj

	
�
X
i�j

Cov�wi� wj�


CU� Q� R CQwYx� �oDU�tyOwN 	� Q uwvm � 
CU� �DU���v Ov�	Qi u��Q��v� �CU� u�tR R� �a��D Tv�� Q�wwm

�k�t� �
Cov�xt� xt�k�p
Var�xt� Var�xt�k�

�
t��p

t���t� k���
�

�p
� � k�t

l�ORv �k Q�Okt u��Q��v� 
CU� QDmJwm ��x�Lqt p��k CQwYx� t x� C�Uv k Q�Okt p�LQy� nQR� ��yt ��Q�
R� Ov�m �r�N CQwYx� w Ow� Oy�wN C�Ft Q�O�kt ��Q�O �iO�YD uORs�o ��Q� Q�ov�oDU�ty w CU� l� x�


O����t Vy�m l� Q�Okt

	p��iD Qorta �
�
�

xm OW�� �iO�YD uORs�o fxtg �QU Qo � p�Ft ��Q� 
Ovm p�O�D �DU�� �QU x� �Q �DU���v �QU Ov�wD�t Qorta u��
xt� xt�� � wt CQwYx� u	 x���Q xm Ovm�t O�H�� �Q O�iU xiwv �QU fxtg pw� x�DQt p�iD �CU� �DU���v


CU�

OwW�t h� QaD Q� R CQwYx� r �va� p�iD Qorta

rxt � xt � xt��


OOQo u��� wQUB p�kDv� Qorta 	UL Q� Ov�wD�t r u��Q��v� 
CU� rxt � ���B�xt xm O�W�� xDW�O xHwD

CU� Q� R CQwYx� p�iD Qorta QDq�� ��yx�DQt

rn � ���B�n

	R�Ux��W �
�
�


OwW�t Qy�� �yQ�Owtv QO pOt �rY� C��YwYN wCU� O�it �v�tR �QUl� xar��t ��Q� �R�Ux��W ���r�e
xwkr�� u�mt� l� u�wvax� Ov�wD�t pOt �O�O u�Wv OwN R� �Q x��Wt C��YwYN �N� Q�D xO�O xm �Dkw u��Q��v�


OOQo �iQat u	 ��Q�

Ovm �R�Ux��W �Q �iO�YD uORs�o l� Ov�wD�t Q� R ��yO�m

� set�seed���

� x �� w �� rnorm������

	� Di�erence operator



�	�� ��vWwOv�wUwt 



� for �t in ������� x�t� �� x�t � �� � w�t�

� plot�x	 type 
 �l��

uORs�o for xkrL 
OOQo�t �yOQ�Okt x x� ��vt w OyO�t C�Uv w x� �Q O�iU xiwv �QU QwDUO u�rw�
xkrL R� u	 QO xm Owtv O�H�� ���yO�m �� �Q �iO�YD uORs�o �R�Ux��W u�wD�t xD�r� 
Ovm�t O�H�� �Q �iO�YD


OW�� xOWv xO�iDU�

� set�seed��� � so you can reproduce the results

� v �� rnorm������ � v contains ���� iid N��	�� variates

� x �� cumsum�v� � x is a random walk

� plot�x	 type 
 �l��

�QU Q�ov�oDU�ty uOQw	 CUOx� ��Q� 
CU� xOW xO�O u�Wv ��� pmW QO xOW O�H�� �QU �wQ Qy�
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OwW�t xOy�Wt ��� pmW QO xH�DvTBU 
OOQo�t �QH� Q� R QwDUO �p�k ��yxt�vQ� xt�O� QO �xOW �R�Ux��W

� acf�x�


OOQo�t O�iU xiwv ��yxO�O �QU x� p�O�D p�iD l� QO �iO�YD uORs�o �OW x�Lqt �q�k xm Qw�u�ty
�p�iD Qorta p�ta� ��Q� 
CU� jO�Y R�v xOW �R�Ux��W �QU OQwt QO xOW xDio 	r�t xm O�O O��� uwvm �
��� pmW QO xH�Dv TBU 
OwW�t �QH� Q� R QwDUO �Q�N� ��yxt�vQ� xt�O� QO 
CU� OwHwt R QO di��� 
��D


OwW�t xOy�Wt

� acf�di��x��

u�v�t�� xR�� R� �oORuwQ�� OQwt wO 
OwW�tv x�Lqt Q�ov�oDU�ty ��Q� �YNWt �wor� �Q�N� pmW QO
�R�Ux��W �QUCiQ�t Q��Dv� xm Qw�uty u��Q��v� 
CU�v �vDa� p��k � uOw� Q�O�vat K�U QO xm OQ�O OwHw
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Ovm�t �wQ�B �iO�YD uORs�o Ov�	Qi l� R� x xOW

w�UQoQwD� ��ypOt �	�

h� QaD �
�
�

Qo � �Ov� wo AR�p� Q�YDN� x� p x�DQt w�UQoQwD� Ov�	Qi �Q fxtg �v�tR �QU

xt � 	�xt�� � 	�xt�� � � � �� 	pxt�p � wt

p�kDv� Qorta 	UL Q� Q�N� xrO�at Qo � 
OvDUy 	p ��  �� pOt ��yQDt�Q�B 	i w O�iU xiwv fwtg u	 QO xm

Ow� Oy�wN Q� R CQwYx� �OOQo u��� wQUB


p�B�xt � ��� 	�B � 	�B
� � � � � � 	pB

p�xt � wt


O�vm xHwD Q� R C�mv x� uwvm �


OW���t 	� � � u	 QO xm CU� AR��� X�N Cr�L �iO�YD uORs�o 	
w�UQoQwD� u	 x� 	�U u�ty x� w CU� xDWPo ��yu�tR QO �yx x� C�Uv xt uw�UQoQ 
k�w QO pOt u�� 	


Ov� wo

!�� CU� Q��Q� t u�tR QO OQw	Q� 	

�xt � 	�xt�� � 	�xt�� � � � �� 	t�pxt
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OOQo�t OQw	Q� ��N C�a� Qt pk�OL VwQ x� pOt ��yQDt�Q�B 	

w�UQoQwD� QO ���DU���v w ���DU�� �
�
�

QOk Qo � 
OW�� �rDNt �� w �k�kL ��yxW� Q ��Q�O Ov�wD�t xm Ovt�v xYNWt xrO�at �Q 
p�B� �  xrO�at
uORs�o Ov�	Qi QO 
CU� �DU�� Ov�	Qi x�ov	 �OOQo OL�w R� QDW�� 
p�B� ��xrtHOvJ ��yxW� Q s�tD jr�t
u��aD ��Q� Q� R p�Ft Q�yJ x� uwvm � 
CU� �DU���v Ov�	Qi w OwW�t B � � xm CU� 
 � � � B �iO�YD


O�vm xHwD AR Ov�	Qi ���DU���v w ���DU��

B � � Q��Q� �� �
�
B �  xrO�at xW� Q �Q� R �CU� �DU�� xt � �
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