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� P;c2XAJµ¸�LFNHX#¦�gQU2Y�LFP;S5½2X1YOJQXAd�¤]§�¥HÚG¤�P(R�gQROX1`7¸/
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Í NHP(R=f�gVU6J�LOd;X_L[YOXALOgHYFJQR[U �b  N °:�s¡ Ä�]�Y�º ¡ Ä�^¾U$LOYFP&Ì�ÑQÔ7¸�Z�NHXAYFXTLFNHX Ï YFR�L=SA]2d;gH^9JP(R[LONHX�RO]2YOLOX�` Ï YER�L�SA]2d;gH^9JM]6h
)�]2Y[LONQX�R�]�Y�LFX1`U/D¸
LFNHX�ROX1S_]�JQ`bS_]2d;gH^9J�S_]�J�LEU6P;JQRÊLONHX
YFX � YFX1RFROP&]�J"X1R�LOP;^¾U$LOX\]�JvLFNHX\c$U6d;gHX1R=]2hrLFNHX Ï YERCLTSA]2d;gH^9J �
IKJ¡]�YF`*X1Y¾LO]¹P&d;d;gQRCLFYFU6LOX�LFNHX.^9XALONH]*`HR�WHYFX1ROXAJ�LOX�` P&J�LFNHP(R�SENQU2W*LOX1Y1¸=Z[X.^9]*`*XAdaLONHX
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J*Ì\LFYFU2WHWHP;J � RµP&J °_l Ä °©¨¥°1ÞmS2ß ¸ROXAX¾X � �Q� ËÊYF]*SE½
ZÊX1d&dU6JV` � U:c
P(R �C°1Þ�ÞH° ¸ � WHWDXAJV`*P´Ì7¸�¿
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×6«]´�(VÐ
,�¸®³*»G¸µÉ�¸®½*¾�±%¤�1
Ð2Õ�Ó5(HÒ6×*Ó�+A7�»s,]¸6,]¸6,_¤_)�3�Úµ¬QÕ53u¤6,_¤_Ê
Õ
Ú�ÖQÐ�¤G,]¤£�3�Úµ¬QÕ53�¤G,_¤]Çm*´�)6¤m1


Û�36ÓDÐm²G¸Q¶J)�×u3
Í NHX1P&YrP&JQROWDX1S¯LFP&]�J\P&JV`*P;S1U$LFX1R¥LFNQU$LrLFU6½
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Å P � gHYFX ° i Í P;^�X�ROXAYFP;X1R=]6h?U6JHJ
gQU2drã[U6JQU�`*P(U6JMây�
J*Ì Í YFU2WHWHP;J � R1¸ °_l Ä °©¨¥°1Þ�S6ß
×u3�Ò�Ó�+)5�,ÈÑQÔG1
Ð2Õ�Ó5(HÒ6×*Ó�+�×u3�Ò�Ó�7�«�Ð�×u3�Ú�!,]¸G,_¸6,_¤1Óu«:Ó�32ÕG¤G,]¤£ÕVÐ$Óu«_ÑDÚ�Ó*Õ�7ÆÓ5Ä5Ö�+]¸�1


Ñ¥Õ
Úm´�Û�¥*´¥Ù$ÓG«6Òq´Q¤�1
Ð2Õ�Ó5(HÒ6×*Ó�+�×u3�Ò�Ó�7�«�Ð�×u3�Ú�!,]¸G,_¸6,_¤_)�3�Úm¬*Õ�3u¤6,_¤£×G«1ÖDÐ:Ó~Ç*Ú�(%¤G,]¤_�3�Úq¬QÕ�3�¤6,_¤_Ç**´*)%¤m1


Û�36ÓDÐm²5»�¶J)�×u3
Å ]�Y�d&]�J � LFP&^9X¾R�X1YOP;X1R�LFNHX�SA]2^9WHg*LEU$LFP&]�J.]6hÊLONHX � U2`HU2YFU:��U$Ç Â U6LFRO]2JbX1R�LOP;^9U6LOX�R�^¾U:�eDX1S_]�^9X[f�gHP&LOX�ROd&]$Z�ROP&JVS_X[LONHX1YOX=U6YFX�^9]�YOX[WV]�P&J�LERlU6LlZ�NQP;SEN�LO]5X1R�LOP;^¾U$LOXÊLONQXÊhigQJQS¯LFP&]�J
U6JV`�X�U2SEN�X1R�LOP;^¾U$LFP&]�J\P&J
c2]�d&c�X1R¥^9]2YFX`HU$LEU � IKJ�LONHP(RySAU�R�X]�JHX�^¾U:�TgQROXLFNHX Â.����2 P;J � ¸Ø�q
noz � ~1q
xús2}Dq�t$sHzDq�kD{�t$kD|rjlxlq�x ��kDnoj¥~1� ¸[LOX�SENHJHP(f�gQX ��Í NHX�eQU2ROP(S�P;`HX1UÃP(R9LONHXÙ eQP&JHJQP&J �*Ú ]6h7LFNHX�`HU$LEU\P&JveHP&JVRÊ]2hyd&X1J � LFN�Û �sÜ U2SEN¾]�eQR�X1YOc$U6LOP;]2J9P;R�LONQXAJvYFXAWQd;U�S_X1`9e
�LONQXaeHP;JQS_X1J�LOXAYÊ]6h¥LONQX�S_]�YOYFX1ROWD]2JQ`*P;J � eHP;J"Z�NHP(SEN¾^9X1U6JVRLONVU$LÊX�U2SEN9WD]2P;J�L[P;R�YO]�gHJQ`*X�`LO]wLONHX�WHYFX1SAP;ROP&]�J � P;c2X1J¡e
�ÝÛ �Æ� LC�
WHP(SAU2d�SENH]�P;SAX�hi]2Y0Û¹P;R @ Xm\ ]�Y � ^¾U6Ì=� �£¢7�ªN^9P&JT� �£¢7� ��X*° c�c � IKJ.LFNHX�d(U$LOLOX1Y�S1U2ROX2¸DLONQX�XAÉDX�S¯LOP;c2X9RFU6^9WHd;X�ROP&±1X#Þ
¸7P � X � LONHX�J
gH^�eDXAY
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Å P � gHYFX�Ä�i Í P;^9X5ROXAYFP;X1RÊ]6hµd;] � U6YFP´LFNH^ ]6hrU2JHJ
gQU6dyã[U6JVU2`*P(U6Jbây�
J*Ì Í YFU2WHWHP;J � R1¸ °]l Ä °©¨
°1Þ�S6ß
]6hÊJH]2JHX1^9W*LC��eHP;JQRA¸yhi]2Y\S_]�^�WQg*LFU6LOP;]2J�P(R\U$L�^9]�R�L ° c °2� I£h Â.�a��2 P&J � P(R5JHX1SAX1RFROU2YO��¸
Ü gQR�L�SAU6d;dlLONHX¾f�gQU2J�LFd&XAL\Ö*Õ�(HÕQÐ$Ó�Z�NHP(SEN.NVU2R�LONHX¾RFU6^9X�WQU6YEU6^9X_LFXAYER�U�R�LONHX¾f�gQU6J�LFd&XALÖHÕ�(*)HÕQÐ$Ó �
Â NHP;d&X=LFNHX � U�`HU6YEU:��U6Ç Â U$LER�]�J�higHJQS_LOP;]2J�X1R�LOP;^9U6LOX�P(RR�P;^9WHd;X=LO]\S_]�^�WQg*LOX=P&L�^9U:��R�g*h4ÇhiXAYThiYO]�^úU"ROgHeQR�LFU2J�LFP;U2d7X1R�LOP;^¾U$LOP;]2J�eQP;U�RT`*gHX�LF]¾LONHX\±1XAYF]¾]2YE`*XAY Í U:�
d&]�Y�X_Ì*WQU2JQR�P;]2J �
Í NHX1YOXAhi]2YFX2¸2P&LÊROXAX1^9R�JQU$LFgHYEU6d*LF]�P&JVS_YFX1U2ROX[LONHX�]2YE`*XAY68v]6h¥LONHX�X_Ì*WQU2JQR�P;]2J �rÅ ]�Y�XAÌ*U2^�ÇWHd;X2¸�e
��ROXAd;X1S¯LFP&J � 8 � ° ]2JQX�]2e*LEU6P;JQR?LONQXTd&]*S1U6dHd;P&JQX1U6Y�X1R�LOP;^9U6LO]�YZ�NHP;SEN"SA]2YFYOX�R�WD]2JV`HRLO]�LFNHX�hi]2d;d&]$Z�P;J � Z[XAP � N�LOX�`v^9P;JHP&^9P;±AP(U$LFP&]�JbWQYO]�eHd&X1^
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Å P � gHYFX S i � U2`QU6YEU:��U$Ç Â U$LFRO]2J¾X�RCLFP&^¾U6LOX1R=]2h ���a����°�� ^9X1U2JvhigQJQS¯LFP&]�J�hi]�Y�d&�
J*Ìb`HU$LEUU6JV`�RFSAU6L�LOX1Y�WHd;]6L


^¾U$LFX1`MS_]�JQRCLEU6J�L ? B C � IKJMU9ROP&^9P;d;U2Y�Z[U:�v]2JHX�]2eHLFU6P;JQR[LFNHX�d;]
S1U6dyf�gQU�`*YFU6LOP(S5X1R�LOP;^9U6LO]�YP&h�]2JHX9SENH]
]�ROX1R�8 � Ä �\Í NHX9f�gVU6J�LOd;X_Lª36×
ÖHÕ�(5)HÕHÐ$ÓvU2d&d;]$ZTR�LF]bSA]2^9WHg*LFX�d;]*SAU2drd;P&JQX1U6Y]2Y�d;]*SAU2dyf�gVU2`*YEU$LFP;SahigHJQS_LOP;]2JMX1R�LOP;^¾U$LOX�R�gQROP&J � LFNHX�f�gQU6YOLOP(S5½2X1YOJHX1d � I£LERTR��
J�LFU6Ì"P;R
4&'36×*ÖHÕ�(*)HÕQÐ$Óß+�)�,CÔ'�s,C×à�s,/��5��1


Z�NHX1YOX5LONQX\P&JHWQg*LFRTU2YOX�i
)


�b  N °���¡ Äb^¾U6LOYFP´Ì7¸lP&JÃLFNHX Ï YERCL�SA]2d;gH^9J�LONHX"P;JQ`*X1WVX1JQ`*X1J�L�¸?P&JÃLFNHX"R�X�S_]�JQ`S_]2d;gH^9J�LONHX�`*X1WVX1JQ`*X1J�LTc$U2YOP(U6eHd;X2¸
Ô


ROS1U6d(U6Y�¸reQU2JQ`*Z�P(`
LON�hi]2Y�Z�NHP;SENwP´hTJH]2L � P&c�XAJy¸?LFNHXvYFgHd;X_Ç£]6h4ÇÈLON
gH^�e eVU6JQ`*Z�P(`
LFN
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S_]2^9WHgHLOX1`�e
�"LFNHX�f�gQU6J�LOd;X_L�36×*ÖHÕm(
ÖHÒ�Ó9P;R=gQROX1`y¸
×


P&J�LOX � X1Y1¸$]�YF`*X1Y]6hDWV]�d&�
JH]�^�P(U6d�iy× ��c �
P&X1d;`HRLONHX � U2`HU2YFU:��U$Ç Â U6LFRO]2J\X1R�LOP;^¾U$LF]2Y�¸× � ° �
P;XAd(`HRyd;]*SAU6d2d&P;JHX1U2YyX1R�LOP;^¾U$LFP&]�J � Z�NHP(SEN\P;Rr`*X_hoU2gHd´L � ¸�× � Ä � d;]*SAU6d�f�gQU2`*YEU$LFP;S �P;R[LFNHX\NHP � NHX�RCL�WD]�RFR�P;eHd;X\]2YE`*XAY�¸/
º ¡¹° ¸yc$U2d&gHX�R�]6h[LONHX¾P;JQ`*X1WVX1JQ`*X1J�L�c$U2YOP(U6eHd;X9]2J�Z�NHP(SEN.LF]�S_]2^9WHgHLOX9LONQX¾YOXAÇ
� YFX1RFR�P;]2J¾hi]�Y�Z�NHP(SENbP&h?JH]6L � P&c�XAJy¸
ÌvP(R=gQROX1` �


Í NHX\]�g*LOWHgHLTP;R � P&c�XAJbe��"LONHX


ÑQÔ
�b  N °���¡ Ä9]2Y�º ¡ Ä9^¾U6LOYFP´Ì7¸VLONHX Ï YFR�L5SA]2d;gH^9J�P(RTLFNHX�RO]2YOLOX�` Ï YFR�L5SA]2d;gH^9J]6hs)�]�Y=LONHX�RO]2YOLOX�`./D¸QLONHX�R�X�S_]2JV`bSA]2d;gH^9J�S_]�J�LEU6P;JQR[LONQX�YOX � YFX1RFR�P;]2JbX1R�LOP;^¾U$LFX]2J�LONHX\c$U6d;gHX�R=]6hlLONHX Ï YER�L�SA]2d;gH^9J �
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Estimated first derivative of mean function


1 2 3 4 5
First lag


-5
0


5


Fi
rs


t d
er


iv
at


iv
e


Å P � gHYFX ä i Í YFgHX=U6JQ`�X1R�LOP;^¾U$LOX�` Ï YER�L?`*X1YOP;c$U$LFP&c�X�hi]�YlU � X1JHXAYEU$LFX1`\XAÌ
WD]2JQXAJ�LOP(U6d �a���C°��WHYF]*S_X1RFR


P æèç�é�êAë1éMìTí\î ïñð�òlç�îìTó�îìaôrô?ë¯õ�ì ö çv÷�ìaê_ô ç�øRQ ë_ó�SMìTî
ùüî÷�ìTî


IKJ�¿
gQeQR�X�S¯LFP&]�J °2� S ZÊXaeHYOP;XUTV��`*P(RFS_gQRFR�X�`¾`*P(U � JQ]�R�LOP(SAR?LF]�SENHX1SE½�hi]2Y�LONHX5S_]2YFYFX1S¯L�ROWDX1S¯ÇP Ï SAU6LOP;]2Jv]2hrU�LOP;^�X\ROXAYFP&X�R�^9]*`*X1d ��Í NHX1YOX�ZÊX�hi]2gQJQ`"hi]�Y�LFNHXª3m�´�)¾`HU6LFU�R�XALÊLFNQU$L[LONHXJH]�JHd&P;JHX�U6Y�U2g*LO]�YOX � YFX1RFR�P;c2X5^9]*`*XAdl]6h]2YE`*X1YT]2JHX � Ä � P;Ra]6hLF]�]vd&]$Z�]2YE`*X1Y�LO]vS1U6W*LFgHYFXLONQXad;P&JHX�U6Y�SA]2YFYOX1d;U6LOP;]2J�P&J"LONHX5`HU$LEU �?Å ]2YÊWHYEU2S¯LFP;S1U6dVTVX_Ì*P&eQd&X�LFP&^9X5R�X1YOP;X1R^9]*`*X1d&d;P&J � P´LP(RLONQXAYFX_hi]2YFXTJHX�S_X�RORFU6YF�\LO]�U6d;d&]$Z¹hi]2YÊNHP � NHX1Y�]2YE`*XAY�JH]2JHd;P;JHX1U2YÊU6gHLO]2YFX � YOX�ROROP;c2X[^�]*`*X1d;R
�C°:�¯�wÍ NQXAP;Y�X�RCLFP&^¾U$LFP&]�J¹U2JQ` LFNHX�R�X1d&X�S¯LOP;]2Jw]6h�YFXAd;XAc$U2J�L�d;U � R�Z�P&d;d=eVX�`*P(RFS_gQRFR�X�` P;JLONQP;R�R�X�S¯LOP;]2J �=Í ]vROP&^9WHd;P&hi��JH]2LFU6LOP;]2Jy¸VZÊX�P;J�LOYF]*`*gQS_X�LFNHX�c�X1S_LO]2Y�]2hd;U �2� X�`bc:U2YOP(U6eQd&X�R�9� � � �D¤ ¦$§ �D¤ ¨2§A©1©A©y§ �V¤ ª � � ROgQSEN�LONQU6L �C°�� S1U6JbeVX\Z�YFP&L�LOX1J�U2R


� ���¡  � � � �µ«w¬� � � �K® � ��°_^��
Ä ß







Estimated second derivative of mean function
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Nadaraya-Watson estimate -- ROTATE!
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Local linear estimate -- ROTATE!
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