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132,46587:9*;<4&=#>�?A@CBEDGF8H�I † JLK ;MF�N.2POQ;MF�DG2R7S9AN�;UTMV�F ‡ J132,4G5WHX@Y?39AFZT
[\F]?*^<DGF�> † JS_ 2.?�`aF]bc`�;Md.? K F87:;U?�@CBEF]4&e�F�Bf?AgY?�V�F]> ‡
† hjilk,mon!p/moqrils]p�t&uCi�vSwxilsYylwzmf{+uCij|zm&v
tfq}kC~Cp/mfylwx�fs�i���s]p�il|�w��ailsYylwzmr�(n!p!w��,ylwzmo|

‡ hjilk,mon!p/moqrils]p�t#uCi��-tfp/�osCwxyGm� sCw���iln�{!wxuYmfuQuCi���n/mos,mfuYm� |zmo��s,mon!p�i6��uCi�y�{�mow�� ~C��nG��i�{

� �S�E���a�3�Z�

��sQp! Cwx{$¡
tfn!¢£¡
i
mokCkC|�wxi�uW{�il��iln/mo|3sYil~Cn�to¤¦¥U~C����§£qrt]uZ¤
il|x{+p�t#p! Yi�kCn�tf¨C|xilq©to¥
mow�n!¨�tfn!sYi�k�tf|�|xils�¥¦tfn�i�yGmf{!p!w�sC�Y�ªL« k�iln!w�qrils]p/mo|jn�i�{!~C|�p�{¬{! Yt6¡­m®��n�iGmop£mfuC�fmos]p/mo�ai�to¥
p! Yi:sYil~Cn�to¤¦¥M~C����§
qrt]uCil|x{Lmo��mow�sY{!pLyl|zmf{�{!wxyGmo|Z{!p/mop!wx{!p!wxyGmo|
qrilp! Yt]uC{G¯Zmo|�p! Ytf~C�� &p! Yiln�i�wx{c{�p!w�|�|Yn�t]tfq°¥¦tfn�w�q}kCn�tE�ai±¤
qrils]pG�³² Fa´3µ�2,BoV�4�¶ k�tf|�|xils·y�tfsYy�ils]p!n/mop!wxtfs�¯:sYil~Cn�to¤
¥M~C����§�¯¸p!w�qri¹{�iln!wxi�{G¯¸¥Utfn�i�yGmf{�p!w�sC�Y�

º »o¼ ���a½�¾S¿:�Z�aÀ�½ ¼

Á tfn/ilyGmf{�p!w�sC�r¥U~Cp!~Cn�i
mow�n!¨�tfn�sYi¹k�tf|�|xils�y�tfsYy�ils]p!n/mop!wxtfsY{
wx{�~CsYuCilsCwzmo¨C|�§Qto¥:m\ Cw��� Ww�q}k�tfn!p/mosYy�i
¨�i�yGmo~Y{�i�to¥Lw�p�{
qri�u¸wxyGmo|�¯oils]�Zw�n�tfsCqrils]p/mo|Zmos,u�¨Cwxtf|xtf��wxyGmo|]i±Â3i�ylp�{G�AÃ- ,i
ilq}wx{�{!wxtfs#to¥�k�tf|�|xils#uCilk�ilsYuC{Stfs¬mj¡$wxuCi�n/mosC�ai(to¥�¥�mfy±¤
p�tfn�{¬w�sYyl|�~Yu¸w�sC�·p�ilq}k�iln/mop!~Cn�i�¯� ]~Cq}wxu¸w�p�§a¯(¡�w�s,uÄilp�y��
mosYuR{�tWp! Cwx{�wx{�mQ Cw��� C|�§Py/ ,mftfp!wxyÅmosYuPp! ]~Y{� ,mon�uRp�t
qrt]uCil|�kCn�tf¨C|xilqQ�
�(kCkC|�wxyGmop!wxtfsÆto¥�yl|zmf{�{�wxyGmo|Åqrilp! Yt]uC{·p�tÇp! Cwx{·kCn�tf¨¸¤
|xilqÈ ,mf{r§Zwxil|xuCi�u·n�i�{�~C|�p�{rsYtfp&ils]p!w�n�il|�§·{�mop!wx{É¥¦mfylp�tfn!§��Ê t]uCil|x{S¨,mf{�i�u&tfsÅËZto¥Mp-v
tfq}kY~Cp!w�sC��p�i�y/ CsCwxÌ�~Yi�{S ,mG��i
kCn�t6�ai�uP{!~Yy�y�i�{�{É¥U~C|�w�sÍm¬sZ~Cq�¨�iln�to¥- ,mon�u³kCn�tf¨C|xilqr{G�
ËZtW¡
i#uCi�ylwxuCi�uRp�tWp�i�{!p�u¸w�Â3iln�ils]p�qrt]uCil|x{
¥Un�tfqÎp! Cwx{
mon�iGmQtfsPp! Cwx{
kCn�tf¨C|xilqQ�£��s³k,mon!p!wxyl~C|zmonG¯L¡
ir ,mG�ai&{�i±¤
|xi�ylp�i�u£u¸w�Â3iln�ils]p-qrt]uCil|x{-¡$ Cwxy/ Qy�tfq�¨Cw�sYi Á ~C����§£Ë]§Z{!¤
p�ilqr{(mosYuQÏ�il~Cn/mo|*Ë]§¸{!p�ilqr{G�
��s¹p! Cwx{�k,mok�ilnG¯o¡
icuCi�{�yln!w�¨�icp! YiSmokCkC|�wxy�mop�w�tfs\to¥¸sYil~Cn/mo|
mosYu³sYil~Cn�to¤¦¥U~C����§®qrt]uCil|x{�p�tQp! Yirk�tf|�|xilsÍy�tfsYy�ils]p!n/mE¤
p!wxtfs}kCn�i�u¸wxylp!wxtfsrkCn�tf¨C|xilq�mosYu}y�tfq}k,mon�i$p! Yilw�n�k�ilnÉ¥UtfnÉ¤
q&mosYy�i�¡$w�p! Wyl|zmf{�{�wxy�mo|�qrilp! Yt]uC{6�

Ð Ñ ½AÒ�Ò�Ó ¼ �¸½ ¼ �¸Ó ¼ ���a����À�½ ¼ ¾c�����

Ã- Yij{!p!~Yu¸§#¡-mf{$yGmon!n!wxi�uÅtf~Cp$tfsQuYmow�|�§¬mfiln�tf¨Cwxtf|xtf��wxy6mo|
uYmop/m(tf¨Cp/mow�sYi�u�tE�ailn�il|xil��ils�§aiGmon�{6¯6¥Mn�tfqÕÔGÖ�Ö�×�p�t+×�Ø�Ø�Ù
w�sYyl|�~Y{!w��ai�¯ow�s
p! YiSylw�p�§�to¥���n/mos,mfuYm�Ú�ËZtf~Cp! Yiln!srË]k,mow�s.Û±�Ü ilsYy�i�¯jmon�tf~CsYuÞÝ�Ø�Ø�ØÍuYmop/mRk�tfw�s]p/{£¡
iln�i®mG��mow�|zmo¨C|xi��ß sC|�§³à-áxâ�ã�ä
åZæ!ç�èCã�â�ã&éc�Zk�tf|�|xils£�fmo|�~Yi�{
¡
iln�ijy�tfsY{!wxuZ¤
iln�i�u3�êÃ- Cwx{&{!k�i�ylwxi�{rwx{&tfsYiQto¥jp! YiÅqrt�{!p#mo|�|xiln!�ailsCwxy
w�s·p! YiQ��¨�iln!wzmosêë*ilsCw�sY{!~C|zm¸¯$mosYu· ,mf{#m���iln!§Í{!p�n�tfsC�
{�iGmf{�tfs,mo|�w�p�§��:vS Yt]t�{!w�sC� � ~Y{!p
tfsYi�p�§Zk�i�to¥Ak�tf|�|xils£kCn�to¤
u¸~Yy�i�{jm}|xi�{�{(sYtfwx{!§QuYmop/mf{�ilpG¯.¨�i�yGmo~Y{�i
p! Yi
kC YilsYtf|xtf�f¤
wxyGmo|�¨�il ,mG�Zwxtf~CnQwx{Qy�tfsY{!wx{!p�ils]pG�ì��símfuCu¸w�p!wxtfs�¯jp! Yiln�i
mon�i�{�tfqri¹{!p/mop!wx{!p!wxyGmo|A{!p!~Yu¸wxi�{+mo¨�tf~Cp�p! Cwx{�uYmop/mf{�ilpG¯Y{�t
qrtfn�i�w�s¸¥Utfn!q&mop!wxtfsWwx{+mG�fmow�|zmo¨C|xi�¥Utfn$qrt]uCil|�|�w�sC�Y�
Ã�tr¨�ilp!p�iln(qrt]uCil|�p! Yi¹p!w�qri�{�iln!wxi�{+{�tfqri¹kCn�ilkCn�t]y�i�{�{É¤
w�sC�Qto¥$uYmop/m£wx{�sYi�y�i�{�{/mon!§��}�
i�{�w�uYil{
to¥
n�i�{�yGmo|�w�sC�Wp! Yi
uYmop/mf{�ilpSw�s]p�t
p! Yi�w�s]p�iln!��mo| [0, 1] ¯]{!k�i�ylwzmo|�y/ ,mon/mfylp�iln!wx{É¤p!wxy�{(to¥Lp! ,i¹uYmop/mr{!~C���ai�{�p�{�p! ,mop�¥M~Cn!p! Yiln(p!n/mosY{!¥Utfn!q&mE¤
p!wxtfsY{¹y�tf~C|xu®¨�i\~Y{�i�u3�\��s®k,mon!p!wxyl~C|zmonG¯A Cw��� ³�fmon!wzmosYy�i
wx{
sYtfn!q&mo|�|�§®p/mfy/¢Z|xi�uP~Y{!w�sC��mÅ|xtf��mon!w�p! Cq}wxy¬p!n/mosY{É¥¦tfnÉ¤
q&mop!wxtfs��
Ï+tfp�¡$w�p! Y{�p/mosYu¸w�sC�Y¯rw�s°p! Cwx{PyGmf{�i�¯rmÄ|�w�sYiGmonP|xtf�f¤�|�w�¢ai
p!n/mosY{É¥¦tfn!q&mop!wxtfs&¡-mf{c~Y{�i�u}w�sY{!p�iGmfu3¯a¥¦tf|�|�tE¡$w�sC�¹p! Yi�w�s¸¤
p�iln!�fmo|x{�~Y{�i�u\¨]§�p! Yi$i « k�iln!p�{�¡$ YilsruYi�mo|�w�sC�¹¡$w�p! rp! Cwx{
uYmop/mf{�ilp�ÚM|xt6¡¹¯aqri�u¸w�~Cq%mosYu} Cw��� #y�tfsYy�ils]p!n/mop!wxtfs�¯¸uCi±¤
�YsYi�uî¨]§ïp! Yi8p! Cn�i�{! Ytf|xuC{Qð�ØRmosYuÞ×�Ø�Ø grains/m3 Û±�Á w��Y�
Ô&{� Yt6¡�{
p! Cwx{�p!n/mosY{!¥Utfn!q&mop!wxtfs���Ã- Cwx{�p!n/mosY{É¥¦tfnÉ¤
q&mop!wxtfsQwx{$tfn!wxils]p�i�uQp�t\p! Yijw�s]p�iln!kCn�ilp/mop!wxtfs�to¥*p! Yi�i�{É¤
p!w�q&mop!wxtfsêiln!n�tfn�{rtfsïi�mfy/ êto¥+p! Yi£w�s]p�iln!��mo|x{}~Y{�i�uñ¨]§
kCn/mfylp!w�p!wxtfsYiln�{\ÚMw��òi��¸¥¦tfn�kC~C¨C|�wx{! Cw�sC�r¥¦tfn�i�yGmf{!p�{(tfsQ�ails¸¤
iln/mo|�qri�u¸wzmaÛ±¯,mosYuÅ ,mf{�sYt}tfp! Yiln � ~Y{!p!w��,yGmop!wxtfs��
ë�n�ilkCn�t]y�i�{�{�i�uìuYmop/mX{�iln!wxi�{ñ¡-mf{·u¸w��ZwxuCi�uÕw�s]p�tXpó¡
t
��n�tf~CkY{Gô³uYmop/mf{/ilp£�©y�tfq}kCn!wx{/i�uîp! ,iW§�iGmon�{ ÔGÖ�Ö�×Pp�t
×�Ø�Ø�×¸¯8¨�tfp! Æw�sYyl|�~YuCi�u3¯³mosYuì¡-mf{ê~Y{/i�uõ¥Utfnêp!n/mow�s¸¤
w�sC�]öE¨C~Cw�|xu¸w�sC�Äp! Yi³qrt]uCil|x{6÷rmosYuíu,mop/mf{�ilp8�j¯�¡$ Cwxy/ 
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Á w���~Cn�i&Ô�ô:Ë¸moq}kC|xi�u8×�Ø�Ø�Ù}uYmop/m¸¯C|�w�sYiGmon(p!n/mosY{É¥¦tfn!q&mop!wxtfs�mokCkC|�wxi�uÅp�t}w�p(mosYuÅn�i�{!~C|�p!w�sC�¬×�Ø�Ø�Ù}uYmop/m¸�

y�tfq}kCn!wx{�i�uêtfsC|�§ï×�Ø�Ø�Ù³uYmop/m¸¯
¡$mf{r~Y{�i�u·p�t³p�i�{!prp! Yi
qrt]uCil|�{6øCk�ilnÉ¥Utfn!q&mosYy�i��
Ã�t mokCkC|�§ p! YiùËZto¥Mpúv
tfq}kC~Cp!w�sC� qrt]uCil|x{G¯û¡
i
 ,mG�aiüp�týn�i�{! ,mok�iüp! Yi�uYmop/mf{�ilpþw�sZp�tÿmìy�tfq}k,mop!w�¤
¨C|xiì{!p!n!~Yylp!~Cn�i�ô m©{�ilpüto¥Þw�sCkC~CpÉ¤�tf~Cp!kC~Cp���i�ylp�tfn�{
[xt−1, xt−2, xt−3, · · · , xt−k; xt]

� Ã- Yiþs]~Cq�¨�ilnÞto¥
w�sCkC~Cp�{Í¥Utfn·iGmfy/ %k�tfw�s]p·wx{ñtf¨Cp/mow�sYi�u%p! Cn�tf~C�� õp! Yi
�
t « ¤��ailsC¢Zw�sY{Xmos,mo|�§¸{!wx{G� �(¥Up�iln p! Cwx{Xmos,mo|�§¸{!wx{G¯Íw�p
¡-mf{&yl|xiGmon&p! .mop&p! YiWtfkCp!w�q�~Cq ARMA qrt]uCil|+¡-mf{
ARMA(2, 0) mosYu®{�t¬w�pj ,mfu p�¡
t AR y�tfq}k�tfsYils]p�{G�Ã- Cwx{L{�~C���ai�{!p�i�u�p! ,mopL¡
i-{� Ytf~C|xu\y/ Yt�{�i k = 2 � Ü ilsYy�itf~Cn$��i�ylp�tfn�{�¡
iln�i¹to¥*p! Yij¥¦tfn!q [xt−1, xt−2; xt]

�

� � ½ ¼ �fÀ�¾:ÓY�aÓ,¾��î½�¾:Ó,Ò��

Ã�t\p�i�{!p�p! Yi¹mokCkY|�wxyGmo¨Cw�|�w�pó§QmosYuÅk�ilnÉ¥¦tfn!q&mosYy�i
to¥*sYil~¸¤
n/mo|cmosYu sYil~Cn�to¤¦¥U~C����§�qrilp! Yt]uC{¹tfs®p! Cwx{�kCn�tf¨C|xilq ¡
i
 ,mG�ai}{/il|xi�ylp�i�u®p! Yi�¥¦tf|�|xt6¡$w�sC�Qqrt]uCil|x{Gô Ê ~C|�p!w�|zmG§�iln�i�u
ë*iln�y�ilkCp!n�tfsíÚ Ê é�ë
Û±¯*��uYmokCp!w���i¬Ï+il~Cn�to¤ Á ~C����§R��sC¥UilnÉ¤
ilsYy�iÍË]§¸{!p�ilq ÚU�+Ï Á �ÉËCÛ±¯ Ü §]¨Cn!wxuíÏ�il~Cn�to¤ Á ~C����§ ��s¸¤
¥Uiln�ilsYy�iWË]§Z{�p�ilq Ú Ü § Á �!ËCÛ±÷��jilsYiln/mo|�w��Gi�u��+il��n�i�{�{!wxtfs
Ï+il~Cn/mo|£Ï+ilp�¡-tfn!¢ÆÚ����(Ï�ÏjÛ±¯�mosYu�Ï ªcÁ ë	� ß�
 ��Ã�t
y�tfq}k,mon�i£p! YilqQ¯c¡
i¬ ,m6�aiÅmo|x{�t {�il|xi�ylp�i�uñp�¡
t to¥+p! Yi
qrt�{!p:k�tfkC~C|zmon
yl|zmf{/{!wxyGmo|.{!p/mop!wx{�p!wxyGmo|,qrilp! Yt]uC{$mokCkC|�wxi�u
p�t p!w�qriê{�iln!wxi�{Pqrt]uCil|�|�w�sC�YôÕ���$¤ Ê � qrt]uCil|x{ÍmosYuÜ tf|�pÉ¤�
Äw�s]p�iln�{ ªL« k�tfsYils]p!wzmo|�Ë]qrt]tfp! Cw�sC�Y����s\p! Cwx{�{�i�y±¤
p!wxtfs�¯]m�¨Cn!wxi±¥�uCi�{/yln!w�kCp!wxtfs&to¥3iGmfy/ }qrt]uCil|Ywx{�kCn�t6�ZwxuCi�u3�
� I�� _ TM@C4G4E;M`a@YT���DG@¸D6;M4�D6;M`a@YT$Hþ23V�FZTM4
� I��,I�� =����/HX=ÎHþ23V*F]TM4
Ã- Yiüqrt�{!pþk�tfkC~C|zmonÇyl|zmf{�{Xto¥ï|�w�sYiGmonþp!w�qriÕ{�iln!wxi�{
qrt]uCil|�{�y�tfsY{!wx{�p�{�to¥
mo~Cp/tfn�il��n�i�{�{!w���i�qrt6�Zw�sC�QmG�ailn/mo�ai
ÚU��� Ê ��Û-qrt]uCil|x{G¯�w�sYyl|�~Yu¸w�sC�£kC~Cn�il|�§8mo~Cp�tfn�il��n�i�{�{!w���i
qrt]uCil|�{êÚU����Û8mosYuÇkC~Cn�il|�§þqrt6�Zw�sC�f¤�mG�ailn/mo�aiíÚ Ê �jÛ
qrt]uCil|�{cmf{L{!k�i�ylwzmo|CyGmf{�i�{���Ô����*��� Ê �ñqrt]uCil|x{cmon�i:¥Un�i±¤

Ì]~Yils]p!|�§£~Y{/i�uÅp�trqrt]uCil|�|�w�sYiGmon�u¸§]s,moq}wxy�{!p!n!~Yylp!~Cn�i�{G¯
p�tWuYi±kYw�ylp�|�w�sYiGmon�n�il|zmop!wxtfsY{! Cw�kY{\moqrtfsC�8|zmo���ai�uP��mon!w�¤
mo¨C|xi�{6¯�mosYuWp�t#{/i±n��ai�mf{(��il Cwxyl|xi�{(¥¦tfn+|�w�sYiGmon+¥Utfn�i�yGmf{!pÉ¤
w�sC�Y�
�+sRãfå���çfæ�â��fæ�â� ! #"%$oâ'&rç)(�âláLto¥ctfn�uCiln p ≥ 1 wx{(uCi±�YsYi�umf{

Xt = b1Xt−1 + . . . + bpXt−p + εt
ÚÉÔ6Û

¡$ ,i±n/i {εt} ∼ N(0, σ2) ¯-~Y{!~,mo|�|�§ï¢]sYt6¡$sÞmf{+*-,."���â/ ç0"1 Gâl� Á tfn�p! Cwx{�qrt]uCil|�¡
iL¡�n!w�p�i {Xt} ∼ AR(p) ¯omosYup! ,i�p!w�qrij{�iln!wxi�{ {Xt}
�ailsYiln/mop�i�u¬¥Un�tfq%p! Cwx{
qrt]uCil|3wx{

yGmo|�|xi�uQp! Yi AR(p) kCn�t]y�i�{/{G�
Ê t]uCil|�ÚÉÔ6Û�n�ilkCn�i�{/ils]p�{cp! Yi$yl~Cn!n�ils]pS{!p/mop�i Xt

p! Cn/tf~C�� 
w�p�{}w�q}qri�u¸wzmop�i p k,mf{!p}��mo|�~Yi�{ Xt−1, . . . , Xt−p

w�sêm
|�w�sYiGmon}n�il��n�i�{�{!wxtfsÍ¥¦tfn!qQ�®��p�i « kC|�wxylw�p!|�§R{�k�i�ylw��,i�{�p! ,i
n�il|zmop!wxtfsY{� Cw�kÕ¨�ilp�¡
i�ilsÕp! ,iîyl~Cn!n�ils]pÍ�fmo|�~YiÞmosYuüw�p�{
k,mf{�p��fmo|�~Yi�{G�:Ã- Yi�qrt]uCil|Awx{(iGmf{!§¬p�t}w�q}kC|xilqrils]p�mosYu
p! ,i±n/i�¥¦tfn�i(wx{
mon!��~,mo¨C|�§rp! Yi(qrt�{!p:k�tfkC~C|zmon
p!w�qri+{�iln!wxi�{
qrt]uCil|Aw�sÅkCn�mfy±p�w�y�i��
�2&rç0$3" / ��ã0$oâ±æ!ã3��â�è�æ!ç)4�â# # �to¥�tfn�uCiln q ≥ 1 wx{LuCi±�YsYi�umf{

Xt = εt + a1εt−1 + . . . + aqεt−q,
Ú¦×aÛ

¡$ ,i±n/i {εt} ∼ N(0, σ2) ¯$tfsYy�i�mo��mow�sî¡$ Cw�p�iWsYtfwx{�i��
Pi¹sYtfp�i
p! Cwx{(qrt]uCil|Lmf{ MA(q) ¯.mosYuWw�p+i « kCn�i�{�{�i�{�mp!w�qri#{�iln!wxi�{�mf{�m£qrt6�Zw�sC��mG��iln/mo�ai&to¥(m£¡$ Cw�p�irsYtfwx{/i
kCn/t�y�i�{/{G�
Ã- ,i
y�tfn!n�il|zmop!wxtfs8¨�ilp�¡-ilils Xt

mosYu Xt−h
wx{

u¸~,i-p�tjp! Yi-¥¦mfylp�p! ,mopcp! Yil§�q&mG§�uCilk�ilsYu&tfs}p! Yi${�moqri
εt−j
øò{G�

Ã- ,i:���ÍmosYu Ê �ñyl|zmf{�{�i�{AyGmos�¨�iL¥U~Cn!p! Yiln�ilsC|zmon!�ai�u�p�t
qrt]uCil|�qrtfn�i�y�tfq}kC|�wxyGmop�i�u�u¸§]s,moq}wxy�{+to¥�p!w�qri�{�iln!wxi�{G�
v
tfq�¨Cw�sCw�sC�}���ÞmosYu Ê �Ä¥¦tfn!qr{Sp�tf�ailp! Yiln-§Zwxil|xuC{Sp! ,i
k�tfkC~Y|xmon#mo~Cp�tfn�il��n�i�{�{!w���i£qrt6�Zw�sC�³mG��iln/mo�ai³ÚU��� Ê �jÛ
qrt]uCil|�uCi±�YsYi�u8mf{

Xt = b1Xt−1+. . .+bpXt−p+εt+a1εt−1+. . .+aqεt−q,Ú¦ÙaÛ
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Á w���~Cn/i ×¸ôPhji�y�tfq}k�t�{!w�p!wxtfs to¥
p! Yi�{�iln!wxi�{¬w�s]p�tñ{�iGmE¤
{�tfs,mo|Amos,u£p!n�ilsYuWy�tfq}k�tfsYils]p�{G�

¡$ Yiln�i {εt} ∼ N(0, σ2) ¯ p, q ≥ 0 mon�i\w�s]p�il�ailn�{�mosYu
(p, q) wx{(yGmo|�|xi�uQp! Yi¹tfn�uCiln(to¥Lp! Yijqrt]uCil|��
��� Ê �Rqrt]uCil|x{Lmon�i:tfsYi:to¥Cp! Yi:qrt�{!p�¥Un�i�Ì�~Yils]p!|�§�~Y{�i�u
¥¦moq}w�|�wxi�{+to¥�k,mon/moqrilp!n!wxy
qrt]uCil|x{(w�sWp!w�qri
{�iln!wxi�{+mos,mo|�¤
§Z{!wx{6��Ã- Cwx{�w�{cu¸~Yi-p�t�p! Yilw�n65,i « w�¨Cw�|�w�p�§�w�s&mokCkCn�t « w�q&mopÉ¤
w�sC�}q&mosZ§£{!p/mop!wxtfs,mon!§£kCn�t]y�i�{�{�i�{G�

� I��,I17 8Q2.T<D9�;:ÿ;U?�DGF]BE4=<�>�bc2.?�F]?�D6;M@YT
�@?³232,D3A�;U?�N

Ã- Yi:uCil��il|xtfkCqrils]p*to¥Cp!w�qriS{�iln!wxi�{Aqrt]uCil|x{A¨�il��~Cs�¡$w�p! 
m&qrt]uCil|�|�w�sC�Q{!p!n/mop�il��§8yGmo|�|xi�u³vS|zmf{�{!wxyGmo|�Ã-w�qri}ËZiln!wxi�{
h�i�y�tfq}k�t�{�w�p!wxtfsB�DCE����Ã- Cwx{�mokCkCn�tamfy/ ®y�tfsY{!wx{!p�{jto¥SuCi±¤
{�yln!w�¨Cw�sC�¬p! Yi�¨�il ,mG�Zwxtf~Cn�to¥cp� Yi�p!w�qri�{�iln!wxi�{�p! Cn�tf~C�� 
w�p�{¹sYtfs¸¤�tf¨Y{�iln!��mo¨C|xi#y�tfq}k�tfsYils]p�{Gô�ÃAn�ilsYuÄÚ Tt

Û±¯LËZiGmE¤
{�tfs,mo|�w�p�§ïÚ St

Û±¯�vS§Zyl|xi8Ú Ct
Û¹mosYuF�+mos,uCtfqÎë*iln!p!~Cn!¨,mE¤

p!wxtfs#Ú εt
Û±��Ã- Cwx{�wx{�{! Yt6¡$s
tfs Á w��Y�6×¸����p3wx{3sYtfp�k�t�{/{!w�¨C|xi

p�t8tf¨Y{�iln!��i&p� Yi&p!n�ilsYuñto¥+mQp!w�qri¬{/iln!wxi�{G¯*¨C~Cp�w�p�yGmos
¨�i�mon!��~Yi�uWp! ,mop+w�p(wx{(|�w�sYiGmonG¯.sYtfsC|�w�sYiGmonjtfn+i « k�tfsYils¸¤
p!wzmo|��*��s�p! Yi-{/moqri
¡-mG§a¯�w�p*q&mG§
¨�i-yl|xiGmon�p! ,mopLw�s}{�tfqri
{!k�i�ylw��,y�k�iln!wxt]uC{�to¥�p!w�qri�¯¸p! Yi���mo|�~Yi�{-to¥�p! Yijp!w�qrij{�i±¤
n!wxi�{}mon�i# Cw��� Yiln}tfn\|xt6¡
iln\¡$w�p! ·m8y�iln!p/mow�sïuCil��n�i�i£to¥
n�il��~C|zmon!w�p�§a�
ªL« k�tfsYils]p�wxmo|LË]qrt]tfp! Cw�sC�rp�i�y/ CsCwxÌ]~Yi�{$kCn�t6�ZwxuCi¹m�¡-m6§
¥Utfn
kCn�i�u¸wxylp!w�sC�\¥U~Cp!~Cn�i+p!w�qrij{�iln!wxi�{
�fmo|�~Yi�{
¨Z§r¡
ilw��� ]pÉ¤
w�sC�8p! Yi&w�s�5Y~YilsYy�i¬to¥�k,mf{!p�tf¨Y{�iln!�fmop!wxtfsY{6�QÃ- Yil§Rmon�i
mo|x{�tR{�tfqrilp!w�qri�{£yGmo|�|xi�uÄ{�il|�¥<¤�mfuYmokCp!w���i8qrilp! Yt]uC{¬¨�i±¤
yGmo~Y{�i-tfsYy�i
p! Yi
k,mon/moqrilp�iln�{:mon�i$il{�p!w�q&mop�i�u3¯�p! YiS¥¦tfn�i±¤
yGmf{!p�{WyGmos ¨�i³~Ck�uYmop�i�uþmop8iGmfy/  sYil¡Îtf¨Y{�iln!��mop!wxtfs��Ü tf|�pÉ¤�
Äw�s]p�iln�{
qrilp! Yt]u#p!n!wxi�{Sp�t�i « kCn�i�{�{Sp! Yi(p!w�qri�{�i±¤
n!wxi�{�mf{�mosÍmfuCu¸w�p!w��ai&tfn
q�~C|�p!w�kC|�wxyGmop!w��ai¬y�tfq�¨Cw�s,mop!wxtfs

to¥*w�p�{(yltfq}k�tfs,i±sZp�{Gô

Xt = µt + Tt + St + εt−q,
ÚMÝ]Û

¡$ Yiln�i µt
wx{-p! Yi�i « k�tfsYils]p!wzmo|�|�§£¡
ilw��� ]p�i�uWmG�ailn/mo�ai¹to¥

p! Yijk.mf{!p$��mo|�~Yi�{�to¥Lp! Yi¹{�iln!wxi�{G¯

µt = αXt + α(1 − α)µt−1,
Ú¦ðaÛ

mosYu Tt
¯ St
mon�i¹i�{!p!w�q&mop�i�u£¥Un�tfqìp! Yi�uYmop/m¸�

� I17 HX9*T<D6;MTM@�´.F]BEF]VHG+F]BE`�F�b�D�Bo2.?JIÉHÇ7	GLK
Ã- Yi Ê é�ë*¯�p!n/mow�sYi�uX¨]§ p! Yiñ{!p/mosYuYmon�uX¨,mfy/¢ZkCn�tfk,mE¤
��mop!wxtfsïmo|��atfn!w�p! Cq wx{�p! ,i#qrt�{!p�¡$wxuCil|�§R~Y{�i�uRsYil~Cn/mo|
sYilp�¡
tfn!¢8mokCkYn�tamfy/ 8¥¦tfn�y�tfq}kC|xi « q&mokCkCw�sC�a{�¥Utfn!q}w�sC�
¨�ilp�¡
i�ils®w�sCkC~Cp¹mosYu®tf~Cp!kC~CpG¯AmosYu�w�p�{�q&mop! ,i±q&mop�w�y6mo|
kCn�tfk�iln!p!wxi�{�¥¦tfn�sYtfs¸¤�|�w�sYiGmon\¥M~CsYylp!wxtfsïmokCkCn�t « w�q&mop!wxtfs
mon�ij¡-i±|�|�¤�uCt]yl~Cqri�s]p�i�uM��×E���
� I � N F]?�F�Bo@YTO�#F]N,BEF]4G46;M2�?êOÅFZ9ABo@YT
OÅF�D/µ�2,BEP34
Ã- Yi�¨,mf{�wxyS���+Ï+ÏR¡-mf{�kC~C¨C|�wx{! Yi�u
w�s#ÔGÖ�Ö¸Ôc¨]§jhjtfs,mo|xuÁ �AË]k�i�y/ ]p��RQ3�Smf{
mos³i « p�ilsY{!wxtfsPto¥
 Cwx{�ëcn�tf¨,mo¨Cw�|�wx{!p!wxy
Ï+il~Cn/mo|3Ï+ilp�¡
tfn�¢8ÚUëcÏ�Ï�Û±�Z��pSp/mo¢�i�{$mfu¸�fmos]p/mo�aijto¥�p! Yi
y�tfsYy�ilkCpLp! ,mop*��w���ils}m�¢ZsYt6¡$s � tfw�s]pLy�tfs]p!w�s]~Ytf~Y{LkCn�tf¨¸¤
mo¨Cw�|�w�p�§\uCilsY{!w�p�§�¥M~CsYylp!wxtfs f(x, y) to¥3m���i�ylp�tfn�w�sCkC~Cp xmosYuÅm\{�yGmo|zmon�tf~Cp!kC~Cp y ¯¸p! Yi�i « k�i�ylp�i�uÅ�fmo|�~Yi y ��w���ils
X
yGmosñ¨�i£y�tfq}kC~Cp�i�u·¨]§Ri�{!p!w�q&mop!w�sC�®p! Yi � tfw�s]p�k�uZ¥

~Y{!w�sC�rp! Yi�ë�mon!�GilsWi�{�p!w�q&mop�tfnG�
Ã- Yi¹y�tfn�i����(Ï�Ïíi�Ì]~,mop!wxtfsQwx{

ŷ(x) =

∑n
i=1 yi · h

(

δ(x,xi)
σ

)

∑n
i=1 h

(

δ(x,xi)
σ

)

ÚTSaÛ

Ë]k�i�y/ ]p
uCi�{!w���sYi�u&p! Yi�¨,mf{�wxy����+Ï+Ïî~Y{!w�sC� ª ~Yyl|�wxuCiGmos
qrilp!n!wxyj¥¦tfn δ mosYuÅp! Yi
�¹mo~Y{�{!wzmosÅ¢�iln!sYil|3¥Utfn h �
� IVU e�9�>a>�´��¬9*TMFQ[\@C4GF]V2��´�4�DGFW?³4=X�2,BZY
;�?³F

��F]Bo;MF�4&=¬?A@YT<´�46;M4
Ã- Yi Á ~C����§+�(~C|xi��$mf{�i�u®ËZ§Z{!p�ilqÈÚ Á �+��ËCÛ�wx{�m&k�tfk¸¤
~C|zmon(y�tfq}kC~Cp!w�sC�&¥Mn/moqril¡
tfn!¢£¨,mf{/i�uQtfsQp! Yi¹y�tfsYy�ilkCp�{
to¥ Á ~C����§RËZilp�Ã- Yi�tfn!§a¯�¥M~C����§F[]\_^9`ba+ä	cûn!~Y|�i�{6¯LmosYu
¥M~C����§¬n�iGmf{�tfsCw�sC�+��Ö¸¯YðE������p$ ,mf{-¥¦tf~CsYuQ{!~Yy�y�i�{�{É¥U~C|Amok¸¤
kC|�wxyGmop!wxtfsY{Sw�s£m�¡$wxuCi(��mon!wxilp�§rto¥3�,il|�uY{G¯]{�~Yy/ ¬mf{
mo~Cp�to¤
q&mop!wxy}y�tfs]p!n�tf|�¯AuYmop/mÅyl|zmf{�{!w��,yGmop!wxtfs�¯AuCi�ylwx{�w�tfsRmos,mo|�§]¤
{!wx{G¯�i « k�iln!p
{!§¸{!p�ilqr{G¯3n�tf¨�tfp!wxy�{G¯Ak,mop!p�iln!s³n�i�y�tf��sCw�p!wxtfs
mosYu£¥Utfn�i�yGmf{!p!w�sC�Y¯Yp�t\s,moqri�m�¥¦il¡¹�
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� IVU�I�� =}V�@Cb�D6;1d�F�OÅFZ9ABo2e��eA9A>�>�´Bf�?gX�F�BoF]?�`aF
��´�4�DGFh?

�$uYmokCp!w���iQÏ+il~Cn�to¤ Á ~C����§·��s¸¥Uiln�ilsYy�i8Ë]§¸{!p�ilqr{i��Ùj�+mon�i
mê{!k�i�ylwzmo|k5.mG��tf~Cn�to¥ Á ~C����§l��~C|xiR�$mf{�i�uÇË]§¸{!p�ilqr{
Ú Á �+��ËCÛ$¡$w�p! ®mos®mfu,mokCp/mop!wxtfs kCn�t]y�i�u¸~Cn�i\¡$ Cwxy/ ®mo~¸¤
p�tfq&mop!wxyGmo|�|�§îp!~CsYi�{#w�p�{#k,mon/moqrilp�iln�{6�X��p#~Y{�i�{¬Ã(ËWm�¤
p�§]k�i�n!~C|xi�{�to¥Lp! Yij¥Utfn!q

��¥ x1
wx{ A mosYu x2

wx{ B p! Yils p(x1, x2)
Ú�Q�Û

¡$ Cwxy/ Qmon�i+p!n/mow�sYi�u£¨]§#m� ]§]¨Cn!wxu¬|xiGmon!sCw�sC�&mo|��atfn!w�p! CqQ�
Ã- Yi-mos]p�i�y�i�uCils]p�k,mon/moqrilp�iln�{cmon�iSp!n/mow�sYi�u�¨]§�m(��n/mfu¸w�¤
ils]p�uCi�{�y�ils]p��fmon!wzmos]p�¡$ Cw�|xi:p! Yi:y�tfsY{�i�Ì]~Yils]p�|�w�s,i�mon�k,mE¤
n/moqrilp�iln�{-mon�i(p!n/mow�sYi�u#¨]§}p! Yi(|xiGmf{!p
{�Ì]~,mon�i�{:qrilp! Yt]u3�
� IVU�I17 8Å´bn*Bf;<VîOÅFZ9ABo2e��eA9�>a>�´Bf�?gX�F�BoF]?�`aF

��´�4�DGFh? I]8£´Ae�fj�oK
�+{+p! Yi���Ï Á �!Ë£qrt]uCil|�uCi�{�yln!w�¨�i�u®mo¨�t6��if¯ Ü § Á �!Ëp� Ýq�
wx{³m Á �(��ËXmosYu mîsYil~Cn/mo|}sYilpó¡
tfn!¢�����p®ilq}kC|xt6§Z{Ê moqruYmosCw�¤�p�§Zk�i�¥M~C����§¬n!~C|xi�{(to¥*p! Yij¥¦tfn!q

��¥ x1
wx{ A mosYu x2

wx{ B p! Yils y wx{ C ÚTCaÛ
¡$ Cwxy/ Ämon�iQp!~CsYi�uïw�sÄm p�¡
to¤�{!p/mo�ai�mo|��atfn!w�p! CqQ�ÞÃ- Yi
�Yn�{!p�{!p/mo�ai�uCiGmo|x{�¡$w�p! �{�p!n!~Yylp!~Cn�i�|xiGmon!sCw�sC�ÅmosYuW� « i�{
p! Yi�s]~Cq�¨�iln+mosYuÅy�tfs¸�Y��~Cn/mop!wxtfs8to¥A¥U~C����§#n!~C|xi�{G��Ã- Yi
{�i�y�tfsYuñ{!p/mo�ai�¯�¨,mf{�i�uñtfsñ��n/mfu¸wxils]pruCi�{�y�ils]prmf{�¡
il|�|�¯
�YsYi±¤�p!~CsYi�{(p! Yi¹k,mon/moqrilp�iln�{�to¥�p! Yi¹{�§Z{!p�ilqìp�tr¨�ilp!p�iln
qrt]uCil|�p! Yi�p!n/mow�sCw�sC�#uYmop/m}{!~CkCkC|�wxi�uÅp�t}w�pG�
� IVU�I � OQF]9�BE2e��eA9�>a>�´ïeA9�?�`�D6;M2.?

=#b�b*Bo2W>A;%?P@¸D6;M2.?lI!Or<je�Gs�ZtkuiK
Ï ªcÁ ë	� ß�
 �DSE�Swx{\m Ê moqruYmosCw�¤�p�§Zk�i Á �(��Ë ¡$w�p! ·m
sYil~Cn/mo|,{!p!n�~Yylp!~Cn�i(mf{cp! Yi�tfsYi$~Y{�i�u}¨]§\��Ï Á �!Ë�tfn Ü §]¤Á �!Ë�����p�wx{cyl|xt�{/il|�§\n�il|zmop�i�urp�t¹Ï ªcÁ v
éA�jËCËrmosYurÏ ªcÁ ¤
v ß Ï�¯�mosYurmf{�¡
il|�|Yw�p� ,mf{Sm�p�¡
to¤�{!p/mo�ai$|xiGmon!sCw�sC��mo|��ato¤
n!w�p! CqQ¯A¡$ Cwxy/ ®� « i�{�p! ,ir{!p!n!~Yylp!~Cn�irto¥-p! Yi Á �+�$Ë tfs
w�p�{(�Yn�{!pj{!p/mo�ai�mosYu8p! Yils8�YsYi±¤�p!~YsYi�{�p! Yi�k,mon/moqrilp�iln�{
to¥�p! Yi�{!§¸{!p�ilq°�Zwzm�mj Yil~Cn!wx{!p!wxy�kCn�t]y�i�u¸~Cn�i(w�sY{!kCw�n�i�urw�s
p! Yij��n/mfu¸wxils]p+uCi�{�y�ils]p�qrilp! ,t�u��
v wyx6z ÓY��À{�ÄÓ ¼ ���£� ¼ ¾°�aÓ,�f¿:Ò����

Ã�t£p�i�{!p�p! Yi}k�ilnÉ¥¦tfn!q&mosYy�irto¥-p! Yi}qrt�uYi±|x{
uYil{/yln!w�¨�i�u
w�sÅp! Yi�kCn/i±�Zwxtf~Y{({�i�ylp!wxtfs�¯Y¡
i¹uCil��il|xtfk�i�uWmosYuWyGmon!n!wxi�u
tf~Cp�mos\ilq}kCw�n!wxyGmo|Y{!p!~Yu¸§�� Á tfn*p! Cwx{L{�p!~Yu¸§¹¡
iS~Y{�i�u�p! Yi
uYmop/m(uCi�{�yln!w�¨�i�u�w�s�{�i�ylp!wxtfs}×¸¯Ep!n/mos,{É¥Utfn!qri�u\mfy�y�tfn�u¸w�sC�
p�t\p! Yi�kCwxi�y�il¡$wx{�i¹|�w�sYiGmon$¥U~CsYylp!wxtfsW{! Yt6¡$sQw�s Á w��Y��Ô��

Ã*mo¨Y|�i+Ô�ô ª�« k�iln!w�qrils]p/mo|Zn�i�{!~C|�p�{A~Y{�w�sC�+yl|zmf{�{!wxyGmo|]Ã-w�qri
ËZiln!wxi�{�qrilp! Yt]uC{:mosYu&ËZto¥Up:v
tfq}kC~Cp!w�sC�¹qrilp! Yt]uC{ct6��iln
p! ,ijp!n/mosY{!¥Utfn!qri�uQp�i�{!p!w�sC�&uYmop/m¸�
Ê ilp! Yt]u RMSE Ã- Yilw�|�øò{ U | k.mon/moqr{G�s,mow���i Ø¸��Ø�Ö¸Ô)C Ø¸��Ù�×�Ù�Ù Ù
��� Ê �\Ú¦×¸¯�ØaÛ Ø¸��ÔGØ�×�Ö Ø¸��ÙqS�×�ð ÙÜ tf|�p�
Äw�s]p�iln�{ Ø¸��Ô�ÔGØ�× Ø¸��ÙqCqC¸Ô ÙÊ é�ë Ø¸��Ø�Ö¸Ô)C Ø¸��Ù�×�ÙoÝ
�}�(Ï�Ï Ø¸��ØqC�Ö�ð Ø¸��Ù¸ÔGð�Ù ÔÜ § Á �!Ë Ø¸��Ø�Ö¸ÔG× Ø¸��Ù�×¸Ô�Ô
Ï ªcÁ ë	� ß�
 Ø¸��ØqC�Ö�ð Ø¸��Ù�×�ÖqS Ù�×
��Ï Á �!Ë Ø¸��ØqCqC�× Ø¸��Ù�ÙqC¸Ô Ý�ð

Ã- ,iê{!p!~YuC§Ç¡-mf{Ry�tfq}k�t�{�i�u�¨]§Çp�¡
tþi « k�iln!w�qrils]p�{6�
Ã- ,ic�Yn�{!pLtfsYi
mow�qri�u\mopLi�{!p/mo¨C|�wx{! Cw�sC��p! Yi
t6��iln/mo|�|]k�ilnÉ¤
¥¦tfn!q&mosYy�i�to¥�p! Yi${�il|xi�ylp�i�u\qrt]uCil|x{cw�s}tfsYi±¤�{�p�ilk¸¤�mo YiGmfu
¥¦tfn�i�yGmf{!p�{G�cÃ- ]~Y{$¡
ij¨C~Cw�|�p(m�qrt]uCil|Ato¥LiGmfy/ Åp�§Zk�ij~Y{É¤
w�sC�RuYmop/mf{�ilp#�Æp�t³p!~CsYiÅw�p�{rk,mon�moqri±p/i±n/{G�ÄÃ- Yilsêw�p�{
¥¦tfn�i�yGmf{!p!w�sC�Qmfy�yl~Cn/mfyl§W¡-mf{jil�fmo|�~,mop�i�u�¨Z§ÅqriGmf{�~Cn!w�sC�
p! ,i��+t]tfp Ê iGmos#ËZÌ]~,mon�i�u ª n!n�tfn(Ú�� Ê Ë ª Û�to¥�p! Yi
kCn�i±¤
u¸wxylp!wxtfsY{+tfsWuYmop/mf{�ilp(�j�e� Ê Ë ª wx{�uYi��,sYi�uWmf{

RMSE =

√

1

N

N
∑

(ŷ − y)2 Ú¦ÖaÛ

��{!wxuCiQ¥Un�tfq~� Ê Ë ª ¯:¡
i8yGmo|xyl~C|zmop�i�uÄp! Yi�Ã- Yilw�|�øò{ U{�p/mop!wx{!p!wxy�mf{:¡
il|�|�¯]w�s#tfn�uCilnSp�t
 ,mG��i+m�qriGmf{�~Cn�i(¡$ Cwxy/ 
wx{({�yGmo|xi±¤¦¥Mn�i�i��:Ã- Yilw�|�øò{ U {!p/mop�w�{�p!wxyjwx{�uCi±�Ys,ilu8mf{

U =

√

1/N
∑

i(yi − ŷi)2

1/N
∑

i y
2
i

ÚÉÔGØaÛ

mosYu&w�p:sYtfp:¨�tf~CsYuCi�u&¨Z§\�Giln�t�mosYu&tfsYi���éAmon!�ai(��mo|�~Yi�{
w�sYu¸wxyGmop�i�m\k�t]tfn$¥Utfn�i�yGmf{�p!w�sC�rk�ilnÉ¥Utfn!q&mos,yli��
Ã- ,i���mo|�~Yi�{jto¥Sp! Yi�k,mon/moqrilp�iln�{¹to¥:p! Yi�qrt]uCil|x{j¡
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tfq}kC~Cp!w�sC�
mokCkCn�tamfy/ 
qrtfn�i\{!~Yy�y�i�{�{!¥M~C|*p! ,mos�p! Yi\y±|zmf{/{!wxyGmo|LtfsYi�w�s��ailsYiln/mo|��

EUSFLAT - LFA 2005

1328



 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 100  120  140  160  180  200

Expected values
ANFIS prediction

Á w���~Cn�i
Ù¸ô:×�Ø�Ø�Ù\��mo|�~Yi�{(mosYuQ��Ï Á �!Ë�ø]¥¦tfn�i�yGmf{!p�{G�

���(Ï�Ï tf¨Cp�mow�s,iluÅ¨�i±p�p�iln-n�i�{!~C|�p�{-w�s£p! Cwx{-yGmf{�i�kCn�tf¨,mE¤
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{!~YuCuCilsÍn!wx{�i�{}mosYuP¥�mo|�|x{G� Ï+tfp�¡$w�p! Y{�p/mosYu¸w�sC�Y¯Sm8yl|xt�{�i
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yl~Cn/mfyl§&to¥Ap! Yi�tfsYi±¤�{!p�ilk¸¤�mo YiGmfu¬¥Utfn�i�yGmf{�p�{Sw�s¬p�iln!qr{-to¥
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p! ,mop#p! YiPÔ�ÔW§aiGmon�{&p! ,mop¬y�tfs¸¥¦tfn!q)p! YiQp!n/mow�sCw�sC�ñ{�ilp
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