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Comparison Between Ordinary Method and Robust Method 
to estimate the Parameters of the Bivariate Mixed Model, 

ARMA(1,1) 
ABSTRACT 

A condensed study was done to compare between the 
ordinary estimators. In particular the maximum likelihood 
estimator and the robust estimator, to estimate the parameters of 
the bivariate mixed model of order one, namely BARMA(1,1). 

Simulation experiments were done for varieties of 
BARMA(1,1), using small, moderate and large sample sizes, 
where some new results were obtained. MAPE was used as a
statistical criterion for comparison. 
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∑Ψ=
∞
=

−0s stst ay ……………………. (2) 
%� +�	�� +* sΨ�"
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 �I
)�  ����� ��
 Bj������
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�
�,� �4���
��:
)BI(....)BBI)(BI( 12211 Θ−=+Ψ+Ψ+Φ−

*�
)( 11

1j
11j1j Θ−ΦΦ=ΨΦ=Ψ −− , j> 1 …………. (3) 

�����
�� ��%� ���/ �%N �/�)� "��1 $%�
��� +�/
�| I –Θ1 B|=0 $��# 
������ ��&�� 034 �	
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(� �� :3�,� ����� ;)� ���6
�� +
����� �4���
 >�:�6� +/

� �
/ :
E [yt (yt – y' t-1 Φ'1)] = E [ (y' t-k (a' t - a' t-1 Θ'1)] 

 +�� -�"�:
E[yt (a' t-1 θ1)] = E [(Φ1 yt-1+ a t - Θ1 a t-1)( a' t-1 Θ'1)] 
= Φ 1∑ Θ'1 - Θ1∑ Θ'1 ……. (4) 

;)�  ��� �%/��3��
 �
 :
Γ (0) – Γ '(1) ∑ = ∑ - (Φ 1 - Θ1) ∑ Θ1 0 k=0 
Γ(1) - Γ(0) Φ'1 = -∑ Θ'1 0 k=1 
Γ (k) – Γ '(k-1) Φ'1= 0 0 k > 2 ………… (5) 
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


≥ΦΓ
=Θ∑−ΦΓ
=Θ∑Θ−Φ−∑+∑Γ

=Γ
2k,1)-(k
1k,(0)
0k,)()1(

)k(
'1

1'1

�	�
)���	 $���  ������	 ������	BARMA(1,1):
(I-Φ1B)yt = (I-Θ1B)εt

C
�:




θθ
θθ=Θ

2221
121110




φφ
φφ=Φ

2221
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Tt11 2

1||n2
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t11 ),(S

3&��6��� .(#�� +� 89���� +
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��� >4� ;)� =�� ���
 :
εt = yt-Φ1yt-1+Θ1εt-1 
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� �-�,� +�/
,� ����:
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ε
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


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


φφ
φφ=


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−
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1t,2
1t,1
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t1Tt1 2
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��� >4� ;)� :
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1||2

nttanconsnL 11 Φ∑∑ −−= −l …………… (10) 
+� 89��� 

εε T
t

n

t
tS ∑Φ

=

=
1

1)(

��
�,� ��
���� 3&��6��� .(#�� �� +� ���
:
εt=yt-Φ1yt-1 
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��
�� 3&��' ()�#
�� $%�
��� +� �
/BARMA(0,1) ���# ���� �#,� �� 
E,�� 34 �
���� ������ +
 0%��
�,� ��
��� >4� ;)� $%�
��� ����/ +/

:





ε
ε





θθ
θθ−



ε
ε




=



−
−

1t,2
1t,1
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)(Str2
1||n2

nttanconsnL 11 θ∑−∑−= −ll …………. (12) 
C
� 

∑
=

=
n

t
ttS

2

1
1)( εεθ

+� ,�εtE�
��'� E,�� +
������ +� B)�#
 �I��
 =���� %���
����� =��� ����
 
�
�,�:

εt=yt+Θ1 εt-1 
��
���	 ��
����� ������	 ����*� �
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� .+N
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 3��%��� �����R�  
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� ��
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 ;)�  ���)� ��� <��N ��
��R�
;��R� ������ .3� �����6
�� +* %Nyt=xt+vt�
��
 +
�%��
� A�
  �R� +��
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(
��� ����6��Innovation Outliers (IO) A
 vt=0) (0xt��
@  ��
��� 
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�(Possibly non-Gaussian  �4�9
�� ����6�� $%�
� 3��'��� Additive 
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possibly quite large small fraction +
	�� +
 �Xt�
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�( 0B
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� �����M������
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�� Q&��# �I� 3���� �9���
 +�/� 
+
�%��
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Method.
������S� ��
��� ����:
 ;)�  �����  /�6
 ����! C��
�� �%� 34

 �
���� <���� +
 3��%�� 0���  
����� �* ����6)� �
�
	��  !"!�� ;�� ��!�.
�
�
	��  !"!�� ��
)�
 �
�:�� ��
�� ������N T���1N ���4 0	


� 39�:
 =�.4

 ��!��
 �
��
��N $%�
�� ����6��� �'�)
�� �
�
	��  !"!��.
�
���� �
��
��R� $%�
��� �@�
� ����� <�!�� ( Martin, 1980) =��.4

 ���� ����� �
�	�N ���
 �(
!��� ����6�� +

��� ����
�� $%�
 0��&
I� ��I�/

 3����
 ����6�� ;)� ����� �
:
:� ����
� 0�
)
� ��'* �1� 0��
 ����@ ����6�� ��)! +�

�
�,�  �/6R� ��* A��
:

  ��  �R������4 +��/� +* �� ����6�� C� �����I'-أ��
�� ��)!��

 ��
��� �����
 +
 3:��
��� ���� �(���
 0.����� ���'�! Initial Jump 
3&����R� 3&����� �
����� B��� 3���.


  ��'��3-ب��
�� ��)!�� 0�
�/�� .(#�� ����6� B��
 0����
 ��1 �%���
 ��)�#
 <��!R 0 
�!��� .(#  �'
*.


  ��'��C-ج��
�� ��)!�� 0"�� ��)!�� ��% O���R� ��)�#
 ����6��� B��

 �����
 �
:� ��)!�  ��
 ��
��� .3�4 ���:�� ;�N ���
 �1 O���� �%��

 
�!��� �)
!� ���#�!N.
��:� �

 0��!��
 $%�
�� >:��� +* +/

 K"�* �)
��
�� ��)!�� O���* +.4 0

��
(
��� �����6�� $%��
� A
 =
)�  ����� +/

 ��)!�� +
  �R� O����4
Innovation Outlier.IO) (04�� �����6
�� �
1 ���/ �% ����� �
1 ���!

�
)
��� (Zch , 1979) 0�*
)13(……….. xt∧yi =



���������������
��
����� �
��
��,� ����:
�� +
� ����:… ]8[

��(#* A
	�� +N�(IO) �-���
 0B��(R�  
:' 0�����6�� $%�
� +.4 %&���
 3(
��� $%�
���� ;
!
(IO) 0A
	��  �'
�t��#U C�)
 3�
�( A
	�� �* 

(G) +* C
� :
G (p , σ1 , σ2) = (1-p) N (0, σ2

1) + pN ((0, σ2
2)
+� C
��σ2

2 > σ2
1�

1 +��p���� ��
�� +�/� .

�
1 ���/ �%N 2�#* �������( εt )(�6 >:�� ?
�R� ��9�9�� ( iid ) �
��
)� 
 '�
�
�� A
	���� �% 3&��6���( G )��
:�� �
)�
� ��� (!��
� ( σ )�
1 +.4 

&��6��� �
��
�� ;
!� 3Innovation .� 3���'�� ��)�!�� O�� ;�� ��!���� �
*
 C��'�� 0�&"
�� $%�
��� +.4 0��
�

���� �* �4��9
�� �����6�� $%�
�� B��


Additive outlier (AO) %�+�:
Yt = Xt + Vt ……………… (14) 

%� Vt+�  :�!
 =�
	�� 3&��6� �
��
 Xt����� =�
	���)+��/� �
����p
�
�!� ��
�� (��

P( Vt = 0 ) = 1-γ
�
�
	��  !"!��  :� 34 ������� ���'� �1� �%� 02�
 +�γ+
� �
 >:��
 

( 0.25, 0.01 ) (Stochinger and  Duter , 1987)  +��/
 +� +�/

 ��
/
 A
	��Vt�()�#
 �
�
�( 

CND ( p , σ3 ) = (1-γ) δ0 + γN ( p , σ2
3 ) ……….. (15) 

%� �
6� δ0 ��
�� A
	���� ;�N Degenerated  	�/�
 ���� =�)�/ 	/��� �%�� 
 :'��.

='��� +/

 ����6�� +
 O���� �%� +� 0�
�":�!R� �
9�4 �(:!� �%N +�� Vt

��
  �R ����6�� +
 O���� �%� ;�� ��6* �1�1972) Fox(0+
��� T��1N %�

����6�� +0��� �I'��� ��� (:4 ����6
�� 34 �'5� 3��� �)� 3�� �4�V��%�&��� 

�
(
��� �* �����
�� ����6���) �R� O���� (� �)�� �
�
� �����6
�� 34 �'5� 3��
����4�V� 3��
�

���� �* �4�9
�� ����6��� )3��'�� O����(0���% ;)� ��"��
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* �I!�� ��!�� 34 ����6�� O�� �
���� +
����1 0;���
  �R�
 ����6�� ����6
�� +�/� �%�� $%�
��� ��
�#N �' +
� +
�%�
�)� Q���� ��/4 ;)�

 �4�(� �'/* =
4 0�
'.� 2�
 +� B6/�� ���4 .
I�� �
��� $%�
��� ��
�#�� 3��'���
 �I� �:�"�� �����6
�� 34 ����6�� ����6
�� .

$�
�+��	 ���+�	 
�,�&����	 ����� �-�
:

3:
:��� A1��)� �
):� �� =
�6� �
)
� ��/��
�� ��� 0 ��,� >�( ���� ���
� �*
 =��% $%�
��� �� ��-��� ��% %#� +�� $%�
� �� ��-� �* +
 0?�� +� E����#�
 E�
9�
� �I����� <��
 �
&���,� ��
�-����  /�6
�� K%� 0;�� +
'����� A4� �



 ;)� �I�
��� ���
� ��I�
 �
&��6��� ���
��� +
 ��� <�! �' �
�
��� ���
��
 
�"/6
�� K%�  '
� ;)'
��  �)��� ;��  �����.

%I� 3!�!,� B�I�� >
:��� E�
�!� �%�����/��
�� $%�
� X
� �:4 C���� :
� �����
 ()�#
�� $%�
��� ��
)�
 �
�:�� ��
����� �
��
��,� >&��(�� 3&���' ����
��
�� 

BARMA(1,1) <������ +
.
.:$%�
��� ��
)�
 �
�:� ?��� ����
��� �
��� �)��
BARMA (1,1):

Φ(B) yt = Θ(B)εt
t1T y)B()B( φΘ=ε −

t11''tt't y)B()B()B()B(y φθθφ=εε −−

�����
�� +
 +� %� >�:�6� �� ��
#,�)t'tεε(()�#
�� $%�
��� ��
)�
 ;�� ��!����
)φ,θ(������I����:
 ;��  �.

=��
�� +� %� εt���
��
�� 3&��' E�
�
�( O	��
 
εt ~ N2 
















10
01,0

0

�:$%�
��� 34 ���
��
�� ��� �
��� �� %� $%�
��� ��
)�
 �
���m=2  
�� :�/��� �
)��1� �
���:�!,� >:�� �
9���4� ��
)�
 �
��� <!��

 �)
/6���)��
����� (�
�,� :
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



−=Θ


 −

=Φ





−

−
=Θ




−
−

=Φ





−

−
=Θ




−
−

=Φ





−
−

=Θ



−

−−
=Φ




 −
=Θ



−

−
=Φ





=Θ




=Φ





=Θ




=Φ




 −
=Θ



−=Φ




 −
=Θ


 −

=Φ





−
−

=Θ


 −
=Φ





−
−

=Θ



−

−
=Φ





−−

−
=Θ




=Φ





−=Θ




−
−

=Φ

5.06.0
4.08.0,.......,7.02.0

1.09.0

8.02.0
2.08.0,......,8.02.0

2.08.0

8.06.0
6.08.0,.........,8.06.0

6.08.0

3.05.0
1.02.0,........,4.05.0

6.08.0

5.02.0
1.03.0,.......,2.03.0

4.06.0

7.02.0
2.05.0,......,7.02.0

1.09.0

5.02.0
1.03.0,......,2.03.0

4.06.0

6.02.0
2.06.0,.....,6.02.0

2.08.0

8.03.0
4.08.0,......,8.02.0

6.08.0

2.05.0
1.02.0,........,6.05.0

6.08.0

2.06.0
6.02.0,.......,2.02.0

1.08.0

8.03.0
3.06.0,.......,2.01.0

1.08.0

6.05.0
4.06.0,.........,6.02.0

2.08.0

�:��
��� ��� �
���(n) 3� ���
�)� ����� �'"' �
��� �� %� ( 100 , 50 , 25 ) 
���
��
�� 3&��' ()�#
�� $%�
��� ��
)�
 �
�:� ��� ;)� �
��
��,� +
�:
�(�� >4�

 ��!�� ����6�� ���1� ��� ��
�����10%(!��
� �:)(
�� �

:�� ��
��N ���
��� ��(#R� �
�!MAPE +
  94* �
��
��,� �:
�(�� ���/ %� >&��(�� A

�� 

����6�� ���1N  �1 ��
���� �:
�(�� 0��!�� ����6�� ���1N ���� 34 �
*10%
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����)25(.)�-��)0�������2005(��!����� ;�� ���
��50�100 (.

��+������	 
i.,� ��:
 +�4 E��
�� ��
��� ��� +�/ ���� 34 ��-�,� +�/
 ���
���� ���
�
 

�
�!��� ��(#,� (!��
)MAPE (��!��  9�
�� ��:
�� ��87.5%���� 34 
������1� � 34 ����6�� � ��� ��
���� �:
�(�� �1��� +
 ����6�� ��� ��!���
%95.

ii.��
��� ��� +�/ ���� 34
E�(!��,� ��:
 +�4 ��-�,� +�/
 ���
�
 ���
����
 �
�!��� ��(#,� (!��
)MAPE (��!��  9�
�� ��:
�� ��95%����� 34

 ������1� � 34 ����6�� � ��� ��
���� �:
�(�� �1��� +
 ����6�� ��� ��!���
%93.

iii.��
��� ��� +�/ ���� 34�
�/ ,� ��:
 +�4 E� �-�,� +�/
 ���
�
 ��
����
��
 �
�!��� ��(#,� (!)MAPE (��!��  9�
�� ��:
�� ��97%����� 34 
����4��� � 34 ����6�� � ��� ��
���� �:
�(�� �1��� +
 ����6�� ��� ��!���
%97.
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��+�	(1)
������	 �
����	 /����	 ����� 0
1 �
�
MAPE����� ����*��BARMA(1,1),�����	��
*�	 0+� ��&
 �����(25)

ا+*()'& ا+*()'&/.- 012
BestRobustMLBestRobustMLQRSTUVا XTRQY

Z[TVتا]^_`^_V X[aاQUbcا+*456(3ا ر72
RO
RO
RO
RO
RO
RO
RO
RO

0.000306387
0.000000200
0.000000200
0.000000200
0.000773866
0.000180200
0.000144200
0.000153082

0.00050000
0.00200000
0.00200000
0.00533333
0.00173600
0.00269300
0.00231680
0.00246200

ML
RO
ML
RO
ML
ML
ML
ML

0.0794192
0.0020000
0.0020000
0.0020000
7.7386600
1.8020000
1.4420000
1.5308200

0.00191551
0.00245530
0.00165431
0.00221439
0.00174262
0.00276808
0.00237627
0.002181996.0

5.0
4.0

6.0
6.0

2.0
2.0

8.0

22

21

12

22

21

12

11

11

−=
=
=

=
−=

=
−=

=

θ
θ
θ
θ
φ
φ
φ
φ

1

RO
RO
RO
RO
ML
RO
RO
RO

0.00027991
0.00000020
0.00000020
0.00000020
0.00974395
0.00018770
0.00015020
0.000033175

0.0005000
0.0020000
0.0020000
0.0053333
0.0017360
0.0026930
0.0023168
0.0024620

ML
RO
RO
RO
ML
ML
ML
ML

0.0816621
0.0020000
0.0020000
0.0020000
98.3582000
1.8020000
1.8420000
0.3077610

0.001942910
0.002479630
0.001736420
0.002167800
0.001761250
0.002716140
0.002328190
0.0021321908.0

3.0
3.0

6.0
2.0
1.0
1.0
8.0

22

21

12

11

22

21

12

11

−=
−=

=
−=

=
=
=
=

θ
θ
θ
θ
φ
φ
φ
φ

2
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ا+*()'& ا+*()'&/.- 012
BestRobustMLBestRobustMLQRSTUVا XTRQY

Z[TVتا]^_`^_V X[aاQUbcا+*456(3ا ر72

RO
RO
RO
RO
ML
RO
RO
RO

0.000074563
0.000000200
0.000000200
0.000000200
0.008203560
0.000187700
0.000150200
0.000904132

0.00050000
0.00200000
0.00200000
0.00533333
0.00570565
0.00921596
0.00244678
0.00547731

ML
RO
ML
RO
ML
ML
ML
ML

0.8367640
0.0020000
0.0020000
0.0020000
81.9702000
1.802000
1.442000
8.945280

0.00191844
0.00249507
0.00179517
0.00212376
0.00178199
0.00273501
0.00238797
0.002150552.0

6.0
6.0

2.0
2.0

2.0
1.0

8.0

22

21

12

11

22

21

12

11

=
−=

=
−=

=
−=
−=

=

θ
θ
θ
θ
φ
φ
φ
φ

3

RO
RO
RO
RO
RO
RO
RO
RO

0.000235597
0.000000200
0.000000200
0.000000200
0.001541920
0.000187700
0.000150200
0.000133549

0.00166667
0.10666770
0.00666770
0.10666770
0.00200000
0.00533333
0.00269300
0.00246200

ML
RO
ML
RO
ML
ML
ML
ML

0.0823780
0.0020000
0.0020000
0.0020000
15.4597000
1.8020000
1.4420000
1.2216700

0.00195391
0.00273353
0.00172039
0.00224935
0.00177402
0.00272224
0.00235209
0.002155102.0

5.0
1.0

2.0
6.0
5.0

6.0
8.0

22

21

12

11

22

21

12

11

=
−=

=
−=

=
=

−=
=

θ
θ
θ
θ
φ
φ
φ
φ

4
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ا+*()'& ا+*()'&/.- 012
BestRobustMLBestRobustMLQRSTUVا XTRQY

Z[TVتا]^_`^_V X[aاQUbcا+*456(3ا ر72

RO
RO
RO
RO
ML
RO
RO
RO

0.000310016
0.000000200
0.000000200
0.000000200
0.004970960
0.000187700
0.000150200
0.000018466

0.00050000
0.00020000
0.00020000
0.00533330
0.00213891
0.00239570
0.00183331
0.00226380

ML
RO
ML
RO
ML
ML
ML
ML

0.0811064
0.0020000
0.0020000
0.0020000
49.6713000
1.802000
1.442000
0.236148

0.00195735
0.00236050
0.00179132
0.00219714
0.00172990
0.00271187
0.00232818
0.002105348.0

3.0
4.0

8.0
8.0

2.0
6.0

8.0

22

21

12

11

22

21

12

11

=
=
=

−=
−=

=
−=

=

θ
θ
θ
θ
φ
φ
φ
φ

5

RO
RO
RO
RO
RO
RO
RO
RO

0.000391503
0.000000200
0.000000200
0.000000200
0.000155020
0.000187700
0.000150200
0.000057406

0.0005000
0.0020000
0.0020000
0.0005333
0.0017360
0.0026930
0.0023168
0.0024620

ML
RO
ML
RO
ML
ML
ML
ML

0.0818381
0.0020000
0.0020000
0.0020000
1.5479300
1.8020000
1.4420000
0.4944350

0.00194614
0.00253378
0.00152255
0.00222693
0.00180898
0.00268366
0.00239610
0.002164086.0

2.0
2.0
6.0
6.0

2.0
2.0
8.0

22

21

12

22

21

12

11

11

=
=
=

−=
=

−=
=
=

θ
θ
θ
θ
φ
φ
φ
φ

6
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ا+*()'& ا+*()'&/.- 012
BestRobustMLBestRobustMLQRSTUVا XTRQY

Z[TVتا]^_`^_V X[aاQUbcا+*456(3ا ر72
RO
RO
RO
RO
ML
RO
RO
RO

0.000000670
0.001691860
0.000947070
0.000054450
0.002040110
0.000488670
0.000488670
0.000018926

0.00022222
0.00200000
0.00200000
0.00085714
0.00168320
0.00338600
0.00279200
0.00160400

ML
ML
ML
ML
ML
ML
ML
ML

0.0277795
18.2857000
9.33511000
0.18340000
19.47450000
48.74230000
48.74230000
0.246852000

0.00182011
0.00175529
0.00158952
0.00156523
0.00185794
0.00418934
0.00276094
0.001964395.0

2.0
1.0
3.0
2.0
3.0
4.0
6.0

22
21
12
11
22
21
12
11

=θ
=θ
=θ
=θ
=φ
=φ
=φ
=φ

7

RO
RO
RO

ROM
L

RO
RO
RO

0.000000067
0.001691860
0.000947570
0.000054450
0.002040110
0.000488670
0.000488670
0.000018926

0.00022222
0.00200000
0.00200000
0.00085714
0.00168320
0.00338600
0.00279200
0.00160400

ML
ML
ML
ML
ML
ML
ML
ML

0.0277795
18.2857000
9.3351100
0.1834000
19.4745000
48.7423000
48.7423000
0.2468520

0.001969780
0.000704745
0.001634340
0.001809310
0.001753060
0.003484420
0.003125470
0.0018407507.0

2.0
2.0
5.0
7.0
2.0
1.0
9.0

22

21

12

11

22

21

12

11

=
=
=
=
=
=
=
=

θ
θ
θ
θ
φ
φ
φ
φ

8
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ا+*()'& ا+*()'&/.- 012
BestRobustMLBestRobustMLQRSTUVا XTRQY

Z[TVتا]^_`^_V X[aاQUbcا+*456(3ا ر72

RO
RO
RO
RO
RO
RO
RO
RO

0.00026086
0.00193030
0.00178275
0.000133702
0.000166585
0.000836564
0.000418380
0.000344756

0.00133333
0.00200000
0.00200000
0.00800000
0.00165187
0.00484763
0.00147781
0.00249695

ML
ML
ML
ML
ML
ML
ML
ML

0.07494880
12.14130010
18.20250000
2.67203000
1.66585000
8.36564000
4.18382000
34.47560000

0.00183650
0.00226427
0.00226835
0.00153823
0.00218242
0.00440359
0.00271048
0.001984225.0

2.0
1.0

3.0
2.0

3.0
4.0
6.0

22

21

12

11

22

21

12

11

=
=
=

−=
=

−=
=
=

θ
θ
θ
θ
φ
φ
φ
φ

9

RO
RO
RO
RO
RO
RO
RO
RO

0.000572389
0.000209329
0.000679715
0.000266666
0.000870834
0.000161169
0.000304720
0.004069800

0.00450000
0.00200000
0.00200000
0.00300000
0.01199520
0.01001520
0.00759807
0.00600506

ML
ML
ML
ML
ML
ML
ML
ML

0.4701300
1.9932900
5.2971500
1.0726100
8.7182500
1.4358000
0.2895600
39.608400

0.00216153
0.00220332
0.00218370
0.00180604
0.00223749
0.00441582
0.00168816
0.002032843.0

5.0
1.0

2.0
4.0

5.0
6.0
8.0

22

21

12

11

22

21

12

11

=
−=

=
−=

=
−=
−=
−=

θ
θ
θ
θ
φ
φ
φ
φ

10
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ا+*()'& ا+*()'&/.- 012
BestRobustMLBestRobustMLQRSTUVا XTRQY

Z[TVتا]^_`^_V X[aاQUbcا+*456(3ا ر72

RO
RO
RO
RO
RO
RO
RO
RO

0.00095766
0.00007830
0.000143004
0.000329157
0.000021845
0.000141910
0.000144191
0.000844106

0.0045000
0.0020000
0.0020000
0.0045000
0.0021980
0.0024620
0.0022640
0.0023465

ML
ML
ML
ML
ML
ML
ML
ML

0.275581
0.950183
1.336290
6.274660
0.205902
1.372900
1.372900
8.237870

0.00200798
0.00188508
0.00190857
0.00209497
0.00217061
0.00249157
0.00225630
0.002092078.0

6.0
6.0
8.0

8.0
6.0
6.0

8.0

22

21

12

22

21

12

11

11

−=
=
=

−=
−=

=
=

−=

θ
θ
θ
θ
φ
φ
φ
φ

11

RO
RO
RO
RO
RO
RO
RO
RO

0.000300210
0.001050310
0.000735616
0.000017863
0.000478334
0.001067310
0.001607310
0.000067775

0.0045000
0.0020000
0.0020000
0.0045000
0.0021980
0.0033860
0.0027920
0.0023465

ML
ML
ML
ML
ML
ML
ML
ML

0.0507938
12.0031000
7.4499100
0.3514030
4.7931400
14.4777000
14.4777000
0.3059830

0.00206821
0.00162002
0.00164455
0.00211576
0.00220751
0.00360058
0.00293582
0.002095408.0

2.0
2.0

8.0
8.0

2.0
2.0

8.0

22
21
12
11
22
21
12
11

−=θ
=θ
=θ

−=θ
−=φ

=φ
=φ

−=φ

12
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ا+*()'& ا+*()'&/.- 012
BestRobustMLBestRobustMLQRSTUVا XTRQY

Z[TVتا]^_`^_V X[aاQUbcا+*456(3ا ر72

RO
RO
RO
RO
RO
RO
RO
RO

0.000179170
0.001099760
0.000444691
0.000020147
0.000070287
0.000184471
0.000123048
0.000482457

0.004222220
0.002000000
0.002000000
0.000857143
0.001802000
0.002693000
0.002264000
0.002554400

ML
ML
ML
ML
ML
ML
ML
ML

0.0503912
6.3309000
2.7594100
0.3486920
0.6476790
1.7994800
1.2003200
4.7930100

0.00207900
0.00103921
0.00203168
0.00187348
0.00179222
0.00280789
0.00231321
0.002197965.0

6.0
4.0
8.0
7.0
2.0
1.0

9.0

22

21

12

11

22

21

12

11

−=
=
=
=
=
=
=

−=

θ
θ
θ
θ
φ
φ
φ
φ

13

Y��
�� ��
��� ��� +�/ ���� 34 �
��'�� ������� 34)n=25(��!�� �1��� �-�,� +�/
,� �:
�( +�487.5%C
�)���  �1 ��
)�
�� �
1 �4�/��.�:
�(�� +� �
/
��!��� C
�)��� ��� >&��(��  / ;)� �1��� ��
����%95
�!��� ��(#,� (!��
 ��
�
 ���#�!� �� >&��(�� A

� 34��:)(
�� �.



19[ �����������������2005)8(��א�
�א������
��מ�א����������א�
[

1-���� 0����������
) .2005" .( ��
����� �
��
��,� ����:
�� +
� ����:

$%�
���
���� <���� +
 �
&��'�� �()�#
�� �
�
	��  !"!�� "0K����/� ����(� 0

�)� �
)/9�
���� ���!���� � ��
�� ��
�� 0��
.
2-��,���� 0 �
���  ���
)2004 .("3��%�� �����,� $%�
� 34 +
���� �
�:���

 ;��,� ������ +
".�
�!��
 ���!� ���6�
 �
@ ����!���� ���)� ��
)/ 0
 ��
�� ��
�� 0��
9�
����.

3- Martin ,R.D. , (1980) , “ Robust Estimation of Autoregressive 
Models “ , Indirection in Time Series , eds , D.R. Brillinger & 
G.C.Tiao , Hayward , C.A. : Institute of Mathmatical 
Statistics . 

4- Fox , A.J. , (1973) ," Outliers In Time Series" , J.R. Statistics 
Soc. B. 34 , 350-363 . 

5- Stochinger , N. & Duter , R. , (1987) ," Robust Time Series 
Analysis A survey ", Supplement To The J. Kybernetika .   

6- Zch , J.E. , (1979) ," Efficiency Robustness Of Generalized 
M-Estimates For Auto regression & Their Use In 
Determining Outlier ", Ph.D. Dissertation Univ. Washington , 
seatle , U.S.A.   

 


