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1 äæå
ç�èÞéÞêMëlìÙí,î,ïÞð

, ñÞò,óÞôÙõÞö,÷ÚøÆùÚú . û\ü , ý,þÚÿ����������
	���
��������� ë���� ������� , �� �!�"����$#&% ë�'�(�)�*�+Ùê�,�- . 
�.�/*ýÚþ�	&��"�02143�56�7�849 !�"�����:���;�<>= , ?�@ÞùÐú��� �!�"����$#&% ë�'�(�A�B�C�DÞé,ê�6�Eæë�F�GH4I�J�K
.L�M �� �!>"�����N�O�#P%�Q�R>S ëPT>U�V�W�X>Y , Z�[�\ K�] #P%�Q�R ë�^$_�`�a ,'�b�M �> �!�">����#�% ë�c�d � , e&\�!�"�f D�g
h , "ji ë&k�l�m ��n ` ( f D�o�p�ghÐë 5 (4q ,
W�r !�"����
#�% ë 5 (�s V�W .D�t�u�v�w !�"�x ë ��� '�(>A�B , Z�[�y b�z�{�|�} ��n�~���� D������ ö .

v !�"

�� K =�� � ë�z�{�|�} ��n�~�� ç =>� ë&�Úî����Úî ,

D�T�UMë =>�&�>� ë Q�R V�W , �m�W�r>�P� =�������� U [1, 2, 3, 4, 5] 1 ^�_�z�{�|�} ��n�~�� ë��,î���� .
�P� =������

� UJë���T�^�_P`�a���c���9�v�c ö�x ë =��&����:�� r � ,
c�d������

[6, 7, 8]. � � , 

���$#&%�Q�R�S � ,

v !�"�
�� K =P� � ë&z�{�|�} ��n�~�� +�����K =P� ����� !�" ë&z{�|�} ��n�~���5 6 , e&

���Px + ��5 �Úî���� . �,ü ��T�^
_�`�a ÷��21 t
u #�%�Q�R
S � ëP����� ö�
>�>��x ë � 6�� . Bedrick and Tsai [9]

�
Lütkepohl [10] ù$	�� ( ö ��¡¢

(VAR) � U 1 t$u ÷¤£�=������ � ����� ö�� ë � 6�� . : K�¥ ,
V O�#P%�Q�R ë s VW

, Zhu et al. [11] ù�	�#&% ( öj�&¡ ¢ (NAR) � U , ¦ Zhu and Pan [12] ù�	 c�§ #&% (
ö���¡ ¢ (GNAR) � U , ¨�©�ª ��� =>�&�>��

���Px ë&«�¬ . � � , 
�Z�[�­>®�< ë Q�R

∗ ¯±°�²´³�µ 2021-03-04 ¶ ¯�²´³ :2021-05-11·±¸±¹Pº
: H3I±»±¼¾½À¿\�ÂÁÄÃ�ÅÄÆ (JAT200630).ÇÄÈÄÉ�Ê
: ~ÌËÄÍ (1996–), Î , >3?±Ï&Ð , Ñ¾Ò:P*QÔÓ , Õ�Ö7P*QW�B~ : 5±×38:9 .Ø4Ù ÇÄÈ
: Ú�Û (1981–), Ü , H3I1@BA , Ý±¼�Þ , Õ�Ö7P*QW�B~ : 5±×38:9 .
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S � , !�" ë Q,ö ,
+ e�=�������� UMë�ã Q�ä�å M�æ ZÚö , ûBü�ç�è p y b VAR, NAR éê

GNAR � UÛê�ë>ì û�í�Q ã Q�î�å ��ï ó ë&ã Q�ðPñ>ò�¨ ë�ó å�ô�õ .

ûBü , Z�[>öP:¤� NAR � U�÷ ù�	�5 (�s x ë ú ã =>�&�>� ë 0 � ��¡ ¢ � U ¨ ^
_
��� '�(�A�B 
�=�� � ����x ë��,î���� . 
�í�Q�ø�ù ë�`�a x , ú M�û�ü�ý�þ�a , ��î$ÿ��
`1– ������1Ä©��>�
	�í�Q ã Q ë�H I . : K�¥ , Q����
� ë&V������ ­,ù$	 ë ø�ù `�a 
�5� æ Z>����5���� ë
�Ðì . Z�[���î�®�< C��  �!�"�#�% ë �> ���"�~���Q�R�S ,

c���c�d
�
� M�C��  ��� ë ��� '�(�)�*�� å ë
�! "�"�� , 1¾3�� M�C��  � �" ë ��� '�(�)�*��üJë$#
%
& ��' ë&v =P�����
(
) , *
+��\÷�£�,.- ë ��� '�(�A�B 

=�� � �>��x ë��î����

,
÷ ù�/���0�1�����2�3¤1Ä3
4�©���� )�*Jë�5 ù r�6 .

Z�[ ë�7�8�9
: ?>� . 
�; ý
8 � , <>=�� VAR � U 3�? |�@���w
A�÷ ù¤	�5 (�s xë ú ã =�������� U . 
�;
B 8 � ,
r�& � 5 (�s x ë ú ã =�������� U ë í�Q�ø�ù `�a ,

÷
9�C�8 í�Q ë ýÐþ�:>�
D�E . 
�;GF 8 � ,

9 Z�[Úù�	 ë 5 (�s x ë ú ã =>�&�>��� UMë í
Q�ø�ù `�a :����
��H�I ,

÷Ùð +�? V�� . 
�;�J 8 � ,
'�b ­Þù$	 ë�`�a�c�d�C
�  �!�"$#

% ë �� K��"�~���Q�R�S . ;
L 8�9
M [�:��
N V�� D
E .

2 OQPQRTS�U
Z 8�V
W <�= NAR � U 3�?�í�Q ë ©�ª , X L ü�ÿ!YP	�Z�[Úù�	 ë 5 (�s x ë ú ã =

������� U ,
û�Z D
E�? |�@���w�A .

2.1 []\�^�_�`�aKb>c
d�e
f
g #�% ë 5 (�s V�W � g>h ë Q,ö D d, h J�D #�%�å ü .

g
Y = {Yi,t : i = 1, . . . , d; t =

1, . . . , T}
D 5 (�s x ë =������ , ? � Yi,t ∈ R

1
D

t =�i M�g>h i ® ë�o
j�U������ ö .
g

Y·,t = (Y1,t, . . . , Yd,t)
>, Y = (Y·,1, . . . ,Y·,T ). A = (aij)d×d

D 5 (�s ë � p�k]l . Zhu et al.

[11] 
,ù$	 ë NAR � U�m
n � , o�p���#�% ë s V�W�q
r , e ����� ö�
�=�� � ���&x���5� 6��
,
+ e&
$=>�Px Yi,t

ê>��s�g
h 
 ��K =�� ë������ ö�� Yi,t−1 ��5 � 6�� , 

���
x Yi,t

ê�� ��� g>h 
 ��K =�� ë��P��� ö
� Yj,t−1, j ∈ {j : aij = 1} ��5 � 6�� . û\ü ,
�

��� ö J ��5�?�� ë ��¡ ¢�6�¬ :

Yi,t = β0 + β1Yi,t−1 + β2n
−1
i

d∑

j=1

aijYj,t−1 + εi,t, (2.1)

? � , β0, β1, β2

D�t ø�í�Q , ni =
∑d

j=1 aij

D�g>h
i
ë 	 � , {εi,t : i = 1, . . . , d; t = 1, . . . , T}D�K�¬ ��u & ëÛç�v]w�x � . � � , 
 Zhu et al. [11]
ë

NAR � U�m�n � , y�z�� g�h ®��
=�� ëP����� ö
��
��>��x � ��� g�h ®�
 ��K =P� ë � 6���� � £ ë . { � 
�Z�[�o�p ëC��  �!�"$#&% ë �� ���"�~���Q�R�S � , ü m�n ÷��¤1 t�u�v�w !�"Mû.|�<���}�~.�T�
��������]�$����� ~
�������
�]~$�
� . �$� , ���>���.�]~
�
��� , � (2.1) �K������� , ���� �
¡T¢�£ �]~K¤��
¥�¦�§>¨!©

Yi,t = β0 + β1Yi,t−1 +

d∑

j=1

aijηjYj,t−1 + εi,t, (2.2)
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ÌTÍ
, Î (2.1) � ��~$Ï , (2.2)

Í�Ð�Ñ
Ò>Ó�Ô�Õ�Ö�×�Ø � Ö ~
Ù�Ú�Û�Ü η = (η1, . . . , ηd)
> Ý dÞ�ß�à�á Ü ¢ Ø .

2.2 âKã�ä�å�æ
ç §!¨ ~ ¡è¢�£ Í , é Ò]Ó�ê Ü d ëKì , í Y Ï!î�ï]¤>�.¥>¦ . é Ì�ð�ñ
ò�ó � , í�ô

¥�¦ ~�õ�ö���÷��>ø
¤���~.ù
ú�û�ü�� × . Ý�ý
þ�ÿ�� , � Λmax(M) Ý���� M ~���	�
�§
~
����
 , Ml,· Î M·,m ��� Ý���� M ~�� l �
Î�� m ¦ , M−l,· Î M·,−m ��� Ý���� M��� � l ��Î ��� � m ¦����]~�� ��� . � diag(v) Ý ¢ Ø v

Í ~�� ¡ � Ø���� ~$�� � ,

vec(·) Ý���� ~�!�¦�"�#�$�� , Id
Ý d %�&�' ��� , Jl×m

Ý l ×m % � Ø�( Ý 1 ~ ��� . �
H = diag(η), W = β1Id + AH.¡T¢�£ �]~K¤��
¥�¦�§�¨ (2.2) ) ç+*�,�-�.�ò�ó�/ ~�0 ��1�2�3�4 Ý

Λmax(W) = Λmax(β1Id + AH) < 1, (2.3)

Ì�/ ~ � � Ý :

Y·,t = β0 (Id −W)
−1

Jd×1 +

∞∑

j=0

W
j
εt−j , (2.4)

ÌèÍ
, εt = (ε1,t, . . . , εd,t)

>. � � | , é εi,t 5�6 � ��7�8�9�:+;�<���7 , = εi,t ∼ N (0, σ2),-�.�ò�ó�/�>�? ;�<���7 , @�
 µ A�B ý � ��� Σ ��� Ý :

µ = β0 (Id −W)
−1

Jd×1 = β0 (Id − β1Id −AH)
−1

Jd×1,

vec (Σ) = σ2 (Id×d −W⊗W)
−1

vec (Id) .

� ,�C , é
|β1|+

d∑

j=1

|ηj | < 1, (2.5)

í ¡�¢
£ � ~�¤��$¥�¦�§>¨ (2.2) ) ç�*�,�-�.
ò
ó�/ , D (2.5) Ý (2.2) ) ç�*�,�-�.
ò
ó/ ~�0 ��3�4 .

��E , � ��F �
��÷�ù�G�H ¡�¢
£ � ~JI Þ ¤��
¥�¦ ~ ò
ó � 3�4 , = ¡T¢�£ Í ,
Ò>Ó�ê

Ü d K�� 8�L � Ø T , M�N�O�@�P 8�Q�R ~�S � . T�U�ì�V ¡�¢
£ � ~WI Þ ¤��.¥>¦ ~ ò�ó
�]©YX {Y·,t ∈ R

d
} Ï d→∞ ¤�~ d

Þ ¤��
¥�¦ .

ì�V Ω =
{
Ω ∈ R

∞ :
∑∞

i=1 |ωi| <∞
}
,
ÌTÍ

Ω = (ωi ∈ R
1 : 1 ≤ i ≤ ∞)

>
∈ R

∞. � 8�Z[
Ω ∈ Ω, X Ωd = (ω1, · · · , ωd)

>
∈ R

d Ï�\+]>~ d
Þ ¢ Ø

. é Y·,t

ð
ñ�^ ¦ 3�4 : ∀Ω ∈ Ω,

(i) Y ω
t = limd→∞ Ω

>
d Y·,t _�`�1�a ) ç ,

(ii) {Y ω
t } Ï

-�.�ò�ó ~ ,

(iii) Y·,t b ¡�¡�c ~ , % � , = max
1≤i≤∞

E |Yit| <∞,

í�D Y·,t b ¡ -�.�ò�ó � .
ç �!ì�V ^ ,

ò�ó � 3�4�dfe�g�h ^�i�j+k � : é Λmax(W) =

Λmax(β1Id + AH) < 1, í (2.4) Ý , % � ¡lc ~ ¡�¢
£ �T~WI Þ ¤��.¥>¦�§!¨ (2.2) ~ *�,-�.�ò�ó�/
.

3 monqpor
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��w�x�y ¡�¢
£ �T~�I Þ ¤��.¥>¦�§!¨ (2.2) ~ á Ü à ö ý�z . g�8 ç���{�|�}�~ ���
~�� |���~���� Ü���� Í ,

Ò!ÓKê Ü d K�� 8���� ¤��W��Ü T , =$§>¨ á ÜT~ Þ Ü�K+� 8�L
� Ø , �$����� ; í�� ý�z ��� á Ü à ö .

3.1 �������
ç I Þ ¤>�.¥>¦T~J�+� ^ , � ����� ���+��N��+������Ü�� `1- �+��� , �+� ; í�� à

ö . b���h ^ ,

(β̂, η̂) ∈ arg min
β∈R2,η∈Rd

Q(β, η), (3.1)

ÌTÍ

Q(β, η) =

d∑

i=1

T∑

t=2

(
Yi,t − β0 − β1Yi,t−1 −

d∑

j=1

aijηjYj,t−1

)2

+ λ |η|1 , (3.2)

β = (β0, β1)
>
∈ R

2, M λ > 0 Ý�� w á Ü , | · |r
ÿ�� ¢ Ø ~ `r- ��Ü , 1 ≤ r ≤ ∞. ���� ��¡ j

(3.1) ~ Karush–Kuh–Tucker 3�4 , d¢e ��� h ^�£ � :

∂Q(β̂, η̂)

∂β
= 2

T∑

t=2

X>
·,t−1X·,t−1β̂ − 2

T∑

t=2

X>
·,t−1

(
Y·,t −AĤY·,t−1

)
= 0, (3.3)

∂Q(β̂, η̂)

∂η
= −2

T∑

t=2

diag(Y·,t)A
>(Y·,t−1 −X·,tβ̂ −AĤY·,t−1) + λsign(η̂) = 0, (3.4)

ÌTÍ
Xi,t = (1, Yi,t)

T
, X·,t = (X1,t, · · · ,Xd,t)

>
, M Ĥ = diag(η̂). g¤8 (3.1)

Í ~¢¥ 9 �.Ü
Ï¦ ��Ü ,
���

(3.3) A (3.4)
Í ~J§
Û , � � ��� ��¨�©�ª ~ ý ��«�¬�­ 9 ^�® $ z e�¯  ��¡ j ~
��  / . � Πθ,m(v) = (v1, . . . , vm−1, 0, vm+1, . . . , vd)

T Ý�° � ç ¢ Ø v = (v1, . . . , vd)
T

�]~�±�²�$�� . � � $ z ~ ©�ª���³ h ^ :

3.2 ´�µ�¶�·�¸�¹�º
ç I Þ §!¨ Í , � w á Ü�~W����»�¼¢½
§!¨ á Ü�~�¾�¿ � , ��� h�À ��Á�Ï ,�ê�Â�Ã�Ä

2 ~
Å�w . ��w�� 8 ¡T¢�£ ��I Þ ¤��$¥�¦ ~ á Ü à ö Í
Æ�Ç �]~ � w á Ü λ ~$� �¤��Á ýz ���ÉÈ¤Ê�Î�Ë�Ì .
,�Í �+Î , K- Ï ��Ð�Ñ�Ò z A hold-out

��Ð�Ñ�Ò z Ï�Ó�Ô�� Ã�Õ ~���Á� w á Ü ~ ý�z . a � , � 8 � ��� � ~ ¡T¢�£ �]~WI Þ ¤��$¥�¦�§�¨��+Î , Ö�×
û�ü]~
Ø 4
Î�Ö�ÙT~JØ 4 ¡ § , ����Ú�Û Ò ��Ü ��Ü�� ç ¤>�WÝ
¥>��Ï�' 8�Þ�ß Ü��+Ö�×�~ , à ç ��Sá ^

K- Ï ��Ð�Ñ�Ò �+â�� 8 � � ~ � w á Ü���Á . H 8 hold-out
��Ð�Ñ�Ò z , ã�Ï F Ü��

�����]¤��JÝ�¥ ��ä Ý Þ�ß ��A ��Ü ��Ó ê ��� . a � , å�æ ~ hold-out
��Ð�Ñ�Ò z � 8��

Ü � ~���Á b ¡ ��ç�ì�� , è ��� ç ��Ü �
��é � â�ê
� ñ . Ý ½�ë >�ì�í � ñ , � ��� �Éî¢ Ù � ��Ð�Ñ�Ò z , =�!>¤��
��� ��ä ,
F ô�ï]~
Ü�� °
Ý ��Ü � , ð F ��Ù]~
� ¡ ¤W�T~$Ü

� ��ñ � Þ�ß � Í .
Ì Î hold-out

��Ð�Ñ�Ò ~�ò ��h ^ £ � � :
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Algorithm 1 ó+ôoõ�ö (3.1) ÷Wø�ù+ú+ûfü
Require: k = 0, η̂(0) =

(
η̂1

(0), · · · η̂d
(0)
)>

, tol = 10−2.

(i) ý (3.3) þ+ÿ������ β̂
(k)

= (β̂
(k)
0 , β̂

(k)
1 )> ÷�� :

β̂
(k)

=

(
T∑

t=2

X>

·,t−1X·,t−1

)−1 T∑

t=2

X>

·,t−1

(
Y·,t −Adiag

(
η̂(k)

)
Y·,t−1

)
;

(ii) ����	�

G̃

(k)
= A·,jYj,−T�

(
Y·,−T − β̂

(k)
0 JN×(T−1) − β̂

(k)
1 Y·,−T −Adiag

{
Π0,j

(
η̂(k)

)}
Y·,−T

)
;

��

� ��	�
�÷ Hadamard ��� ;

(iii) �������
G(k) = J1×dG̃

(k)
J(T−1)×1;

(iv)

for j = 1, . . . , p do

ý (3.4) þ+ÿ������ η̂(k+1) =
(
η̂

(k+1)
1 , · · · , η̂

(k+1)
d

)> ÷�� :

if
∣∣G(k)

∣∣ < λ/2, then

η̂
(k+1)
j = 0;

else

η̂
(k+1)
j =

{
G(k) − λsign

(
G(k)

)
/2
}

/{|Yj,−T |
2
2|A·,j|

2
2};

end if

end for

(v)

if

∣∣∣η̂(k+1) − η̂(k)
∣∣∣
∞

< tol, then

stop;

else

k ← k + 1,

return to (i);

end if

Output

η̂ = η̂(k+1) � β̂ = β̂
(k)

;

return η̂ � β̂.
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(a) hold-out ������� (b) ������ !�������
"

1

é�Ü���� ¡ T ï , í F ü � T − 1
ê ���
~ Þ�ß ��A ��Ü � ��ä , h £ (b) � � .

ì L# d¢e Û Ò ��Ü � ~K¤���Ý�¥ ç Þ�ß ����×%$ , &('�)�½ ��ä���Ü �>¤�~$��ç�ì�� . �$� ,
ç

� � ~�§%* Í,+ � î
¢ Ù � ��Ð�Ñ�Ò z � � w á Ü�������Á .F ¤��
¥�¦�Ü�����! £ (b) ý�z ��� T −1 - ��ä , «�¬���� (3.2), � β̂
(m)

(λ) , η̂
(m)

(λ)
Ý � m - ��ä (m = 1, . . . , T − 1) ¯ / ~ á Ü à ö�
 .

k �.��Ð�Ñ�Ò � � ~.ì�V h ^ :

CV (λ) =
1

T − 1

T−1∑

m=1

L(m)
(
β̂

(m)
(λ) , η̂

(m)
(λ)
)

,

ÌTÍ
L(m) (·) Ý � m - ��ä ~
�����.Ü

L(m)
(
β̂

(m)
(λ) , η̂

(m)
(λ)
)

=

d∑

i=1

∑

t=m+1

(Yi,t−β̂
(m)
0 (λ)−β̂

(m)
1 (λ) Yi,t−1−

d∑

j=1

aij η̂
(m)
j (λ) Yj,t−1)

2.

� ����� ¯/. CV (λ) ~
����
 Ó e ��� � w á Ü λ ~�� . 
 .

4 021 r43
��w�� ¡�¢
£ � ~�I Þ ¤>�.¥>¦�§!¨��>��§�*�5 Ñ , � 8(6 à � �T� ý�z87 5���� . 9

� 2.2 w Í � � 7 0 ��1�2�3�4 (2.3) A�0 ��3�4 (2.5), d »�¼
ü � ¤��$¥�¦�Ü�� 7 ò
ó � .

��� �
� (2.3) A (2.5)
� 6 ¤ , d = 50, 100 A 200 e Ç T = 30, 100, 150 A 200 ¤ á Ü 7à ö , §�*�-�Ü�:�ì Ý 500 - . «/; 7=<�� Í?>�@ ½ ηj = 0 7 à ö�
 η̂j , A���� NA ÿ�� ô

ηj Q z à ö .
+ � î
¢ Ù � ¤��
¥�¦ ��Ð�Ñ�Ò z � . λ Ý 0.01.

ÿ 1, ÿ 2, ÿ 3 ��� Ï ç (2.3)
� 6 ¤ , d = 50, 100 A 200 ¤ á Ü β A η 7 à ö�
 .

ç
�.� ��� d � × 7 3�4 ^ , ø�B!¤��$¥�¦ T 7?C � ,

à ö�
 7 9�: �/D�E/D+� .
ç ¤��$¥�¦

T
Ð � 7 3�4 ^ , øFB d 7GC � ,

á Ü η 7 Þ Ü�H�ø�Ö C � , I�J h � , � � 7 à ö ý�z/K aÿ%L2MON .
ÿ 4, ÿ 5, ÿ 6 ��� Ï ç (2.5)

� 6 ¤ , d = 50, 100 A 200 ¤ á Ü β A η 7 à ö�
 ,
?

Í d¢e ���QP(R�«�Ì , �(S/T � .
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5 U�VXWZY\[�]\^8_
��w F � � � � � 7
ý�z Ö � 8��/` �.� 7 � |���~���� Ü���� (https://www.nature.c

om/articles/s41597-019-0060-3). ô�Ü����/a/b ��{�| ���]�$� 7 d=5943 3 }�~ , � ��� Ý
2015 c 6 d 1

î
08:00–10:00, 12:00–14:00, 17:00–19:00, 21:00–23:00 e ê � ��¤�����f!g 3}�~ 7Gh�i ò @��%j ��� , g ê ¤��J� Í e Ó �%k Ý ,�ê ¤>���%l , = T = 60.

F � �
�T�7 ¡�¢
£ � 7 I Þ ¤��$¥�¦�§>¨ ��� Ö � 8 ��{�| ��� �.� 7 e ê �T��¤��J� , e,mon ��{| ���]�$� ç ¤�� e Ç ���.� 7 × �/p%q .r%s T�U�� . ��{�| 7Ft%u òFv%wyx ~Zz�{ �>� �%` , h £ 2 � � . e }�~ 4 Ý%| , ãç e ê ¤���� 7 ��� ò @ ��� 7 à ö���Ü ��� Ý :

Ŷ4t = 12.588+0.594Ŷ4(t−1)−0.004Ŷ5(t−1)−0.086Ŷ7(t−1)−0.090Ŷ10(t−1), t ∈ (08 : 00, 10 : 00) ,

Ŷ4t = 14.552+0.595Ŷ4(t−1)−0.075Ŷ5(t−1)−0.116Ŷ7(t−1) +0.058Ŷ10(t−1), t ∈ (12 : 00, 14 : 00) ,

Ŷ4t = 11.427+0.607Ŷ4(t−1)−0.017Ŷ5(t−1)−0.069Ŷ7(t−1)−0.078Ŷ10(t−1), t ∈ (17 : 00, 19 : 00) ,

Ŷ4t = 13.641+0.596Ŷ4(t−1)−0.024Ŷ5(t−1)−0.081Ŷ7(t−1)−0.013Ŷ10(t−1), t ∈ (21 : 00, 23 : 00) .
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Ŷ16t = 12.588 + 0.594Ŷ16(t−1) − 0.044Ŷ12(t−1) + 0.099Ŷ13(t−1), t ∈ (08 : 00, 10 : 00) ,

Ŷ16t = 14.552 + 0.595Ŷ16(t−1) + 0.070Ŷ12(t−1) − 0.002Ŷ13(t−1), t ∈ (12 : 00, 14 : 00) ,

Ŷ16t = 11.427 + 0.607Ŷ16(t−1) + 0.017Ŷ12(t−1) − 0.009Ŷ13(t−1), t ∈ (17 : 00, 19 : 00) ,
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HIGH-DIMENSIONAL TIME SERIES MODEL ON DIRECTED

GRAPH AND ITS APPLICATION IN TRAFFIC NETWORK

XIANG Qiao-yi1 , QI Hui2

(1. School of Mathematics and Statistics, Wuhan University, Wuhan 430072, China)

(2. Institue of Information Engineering, Sanming University, Sanming 365004, China)

Abstract: In this paper, we study the variation of the average speed of urban road vehicles

in time and space. Based on the characteristics of road traffic network structure, the higher

dimensions on the directed graph are proposed. By introducing `1–penalty term, the regularized

least squares parameter estimation method is established, and the selection method of adjusting

parameters in this process is studied. The method is applied to the urban link speed data set

of Chengdu road network. The temporal and spatial variation rules of transportation efficiency

in downtown and remote suburbs of Chengdu are obtained. This study can provide effective

statistical suggestions for relieving traffic jams and alleviating traffic pressure.

Keywords: network data; average vehicle speed; high dimensions; transportation
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�
1 � (2.3) �^��� , d = 50 ���^� β � η ���"���

T = 30 T = 100 T = 150 T = 200 �¡ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦
β1 = 1 1.052 0.032 1.050 0.017 1.050 0.014 1.050 0.012

β2 = 0.2 0.201 0.006 0.202 0.003 0.202 0.003 0.202 0.002

η1 = 1 0.977 0.137 0.974 0.070 0.976 0.058 0.974 0.050

η2 = 6 5.962 0.142 5.966 0.069 5.965 0.056 5.965 0.050

η16 = 3 NA NA NA NA NA NA NA NA

η22 = 5 4.972 0.189 4.972 0.091 4.971 0.077 4.971 0.067

η40 = 2 1.974 0.086 1.967 0.046 1.966 0.037 1.966 0.032

η42 = 0.8 0.797 0.007 0.796 0.004 0.796 0.003 0.796 0.003

η49 = 3 2.990 0.022 2.986 0.013 2.986 0.011 2.987 0.009
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�
2 � (2.3) �^��� , d = 100 ���^� β � η ���"���

T = 30 T = 100 T = 150 T = 200 �¡ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦
β1 = 1 1.049 0.031 1.045 0.017 1.045 0.014 1.045 0.012

β1 = 0.2 0.199 0.002 0.199 0.001 0.200 0.001 0.200 0.001

η1 = 1 0.979 0.106 0.982 0.053 0.983 0.045 0.983 0.040

η2 = 6 5.981 0.081 5.983 0.043 5.983 0.035 5.984 0.031

η16 = 3 2.989 0.173 2.995 0.088 2.994 0.071 2.995 0.058

η22 = 5 4.985 0.083 4.984 0.042 4.985 0.033 4.986 0.030

η40 = 2 1.992 0.073 1.990 0.038 1.990 0.032 1.989 0.027

η42 = 0.8 0.780 0.128 0.779 0.062 0.779 0.052 0.778 0.046

η49 = 3 2.986 0.175 2.985 0.096 2.987 0.072 2.989 0.062

η52 = 1 0.993 0.101 0.992 0.050 0.990 0.040 0.991 0.034

η64 = 9 9.003 0.022 9.004 0.011 9.003 0.008 9.003 0.007

η68 = 4 3.999 0.015 3.999 0.007 3.998 0.006 3.998 0.005

η71 = 1 0.981 0.141 0.985 0.075 0.985 0.060 0.985 0.054

η75 = 6 5.982 0.189 5.990 0.091 5.989 0.070 5.991 0.061

η79 = 2 1.983 0.087 1.985 0.045 1.985 0.035 1.984 0.030

η82 = 3 2.993 0.047 2.995 0.024 2.995 0.020 2.994 0.017

η90 = 0.9 0.892 0.050 0.894 0.026 0.894 0.022 0.892 0.019

η97 = 7 6.994 0.089 6.992 0.048 6.991 0.037 6.991 0.032

η100 = 2 1.997 0.022 1.998 0.010 1.998 0.009 1.998 0.008
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�
3 � (2.3) �^��� , d = 200 ���^� β � η ���"���

T = 30 T = 100 T = 150 T = 200 �¡ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦
β1 = 1 1.049 0.022 1.048 0.012 1.049 0.010 1.048 0.008

β2 = 0.2 0.200 0.001 0.200 0.001 0.200 0.0004 0.200 0.0004

η1 = 1 0.981 0.066 0.982 0.035 0.981 0.029 0.982 0.024

η2 = 6 NA NA NA NA NA NA NA NA

η16 = 3 2.999 0.017 2.998 0.008 2.998 0.007 2.998 0.006

η22 = 5 4.989 0.087 4.993 0.044 4.992 0.036 4.993 0.031

η40 = 2 1.993 0.157 1.984 0.077 1.983 0.062 1.981 0.055

η42 = 0.8 0.770 0.105 0.765 0.055 0.766 0.045 0.766 0.037

η49 = 3 2.990 0.095 2.993 0.048 2.992 0.039 2.992 0.033

η52 = 1 0.980 0.081 0.981 0.041 0.980 0.034 0.980 0.028

η64 = 9 8.993 0.034 8.990 0.018 8.990 0.015 8.990 0.013

η68 = 4 3.997 0.006 3.996 0.003 3.996 0.003 3.996 0.002

η71 = 1 0.987 0.074 0.989 0.038 0.989 0.031 0.989 0.027

η75 = 6 5.976 0.144 5.981 0.078 5.979 0.061 5.979 0.052

η79 = 2 2.019 0.153 2.027 0.084 2.023 0.067 2.025 0.059

η82 = 3 2.979 0.077 2.981 0.041 2.980 0.034 2.980 0.030

η90 = 0.9 0.891 0.057 0.890 0.031 0.890 0.026 0.889 0.023

η97 = 7 NA NA NA NA NA NA NA NA

η100 = 2 1.996 0.028 1.996 0.014 1.996 0.011 1.997 0.009

η111 = 4 3.991 0.113 3.982 0.059 3.982 0.049 3.981 0.041

η118 = 1 0.987 0.088 0.983 0.047 0.984 0.038 0.984 0.033

η125 = 2 1.993 0.017 1.994 0.009 1.994 0.007 1.994 0.006

η132 = 8 NA NA NA NA NA NA NA NA

η139 = 5 4.974 0.124 4.969 0.068 4.969 0.054 4.972 0.048

η141 = 3 2.978 0.067 2.979 0.036 2.980 0.027 2.980 0.023

η144 = 1 0.977 0.076 0.978 0.037 0.978 0.030 0.979 0.027

η145 = 4 3.998 0.004 3.997 0.003 3.997 0.002 3.997 0.002

η160 = 3 2.991 0.033 2.992 0.017 2.992 0.014 2.992 0.012

η163 = 7 6.968 0.119 6.974 0.061 6.975 0.048 6.975 0.043

η167 = 0.7 NA NA NA NA NA NA NA NA

η172 = 1 0.983 0.111 0.982 0.057 0.983 0.046 0.983 0.040

η176 = 2 NA NA NA NA NA NA NA NA

η181 = 5 4.980 0.085 4.977 0.046 4.978 0.037 4.977 0.032

η183 = 1 0.988 0.087 0.985 0.042 0.985 0.034 0.985 0.030

η191 = 6 NA NA NA NA NA NA NA NA

η194 = 2 1.986 0.106 1.980 0.059 1.984 0.047 1.983 0.041

η199 = 1 1.007 0.053 1.010 0.029 1.009 0.024 1.009 0.022
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�
4 � (2.5) �^��� , d = 50 ���^� β � η ���"���

T = 30 T = 100 T = 150 T = 200 �¡ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦
β1 = 1 1.096 0.125 1.071 0.073 1.065 0.062 1.063 0.055

β2 = 0.2 0.169 0.026 0.187 0.013 0.189 0.011 0.190 0.009

η1 = 0.1 0.098 0.031 0.096 0.016 0.097 0.013 0.097 0.011

η2 = 0.06 0.055 0.029 0.057 0.014 0.057 0.011 0.057 0.010

η16 = 0.03 0.030 0.023 0.029 0.012 0.028 0.010 0.028 0.008

η22 = 0.05 0.050 0.028 0.049 0.014 0.049 0.011 0.049 0.009

η40 = 0.2 0.198 0.025 0.196 0.013 0.195 0.011 0.196 0.009

η42 = 0.08 0.077 0.031 0.077 0.014 0.077 0.012 0.077 0.010

η49 = 0.03 0.028 0.032 0.028 0.017 0.028 0.014 0.028 0.012

�
5 � (2.5) �^��� , d = 100 ���^� β � η ���"���

T = 30 T = 100 T = 150 T = 200 �¡ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦
β1 = 1 1.083 0.116 1.065 0.077 1.073 0.066 1.072 0.057

β2 = 0.2 0.169 0.018 0.186 0.010 0.190 0.008 0.191 0.007

η1 = 0.01 0.009 0.022 0.008 0.011 0.009 0.009 0.009 0.007

η2 = 0.06 0.059 0.024 0.059 0.012 0.059 0.010 0.059 0.008

η16 = 0.03 0.030 0.018 0.029 0.009 0.029 0.008 0.029 0.006

η22 = 0.05 0.048 0.022 0.048 0.010 0.049 0.008 0.049 0.007

η40 = 0.02 0.020 0.021 0.020 0.010 0.020 0.008 0.020 0.007

η42 = 0.08 0.079 0.024 0.078 0.012 0.079 0.010 0.078 0.009

η49 = 0.03 0.031 0.020 0.029 0.009 0.029 0.008 0.029 0.007

η52 = 0.01 0.009 0.023 0.009 0.011 0.009 0.009 0.009 0.008

η64 = 0.09 0.091 0.019 0.089 0.009 0.088 0.008 0.088 0.007

η68 = 0.04 0.041 0.019 0.040 0.010 0.039 0.008 0.039 0.007

η71 = 0.01 0.008 0.026 0.010 0.013 0.010 0.010 0.010 0.009

η75 = 0.06 0.060 0.022 0.058 0.012 0.058 0.009 0.058 0.008

η79 = 0.02 0.019 0.022 0.020 0.011 0.019 0.009 0.019 0.008

η82 = 0.03 0.030 0.021 0.029 0.010 0.028 0.008 0.028 0.007

η90 = 0.09 0.089 0.024 0.089 0.012 0.088 0.010 0.088 0.009

η97 = 0.07 0.070 0.025 0.068 0.012 0.067 0.010 0.067 0.009

η100 = 0.02 0.019 0.023 0.018 0.010 0.019 0.009 0.019 0.008
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�
6 � (2.5) �^��� , d = 200 ���^� β � η ���"���

T = 30 T = 100 T = 150 T = 200 �¡ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦ ¢
£
¡ ¤
¥[¦
β1 = 1 1.200 0.173 1.089 0.112 1.069 0.099 0.986 0.091

β2 = 0.2 0.172 0.013 0.189 0.007 0.191 0.006 0.191 0.005

η1 = 0.01 0.011 0.015 0.010 0.008 0.009 0.006 0.009 0.005

η2 = 0.06 0.062 0.017 0.060 0.008 0.059 0.007 0.058 0.006

η16 = 0.03 0.032 0.017 0.030 0.008 0.029 0.007 0.028 0.006

η22 = 0.05 0.051 0.017 0.050 0.008 0.049 0.006 0.048 0.005

η40 = 0.02 0.019 0.016 0.019 0.008 0.019 0.006 0.020 0.005

η49 = 0.03 0.030 0.016 0.029 0.008 0.029 0.006 0.029 0.005

η52 = 0.01 0.009 0.015 0.010 0.008 0.010 0.006 0.010 0.005

η68 = 0.04 0.039 0.016 0.039 0.008 0.039 0.006 0.039 0.005

η71 = 0.01 0.011 0.017 0.010 0.008 0.010 0.006 0.010 0.005

η75 = 0.06 0.060 0.014 0.059 0.007 0.059 0.006 0.059 0.005

η82 = 0.03 0.031 0.017 0.029 0.008 0.029 0.006 0.029 0.005

η100 = 0.02 0.019 0.016 0.019 0.008 0.020 0.006 0.020 0.005

η111 = 0.04 0.039 0.015 0.039 0.007 0.039 0.006 0.039 0.005

η118 = 0.01 0.004 0.018 0.009 0.009 0.008 0.007 0.011 0.006

η125 = 0.02 0.016 0.019 0.019 0.009 0.019 0.007 0.020 0.006

η139 = 0.05 0.046 0.017 0.048 0.008 0.049 0.006 0.050 0.005

η141 = 0.03 0.027 0.016 0.029 0.008 0.029 0.006 0.030 0.005

η160 = 0.03 0.029 0.018 0.029 0.008 0.030 0.007 0.031 0.006

η163 = 0.07 0.068 0.018 0.068 0.008 0.070 0.007 0.071 0.006

η172 = 0.01 0.009 0.016 0.009 0.007 0.010 0.006 0.011 0.005

η176 = 0.02 0.017 0.017 0.018 0.008 0.019 0.006 0.020 0.005

η181 = 0.05 0.050 0.017 0.049 0.008 0.050 0.007 0.051 0.006

η191 = 0.06 0.062 0.017 0.059 0.009 0.060 0.007 0.059 0.006

η194 = 0.02 0.019 0.022 0.018 0.009 0.020 0.007 0.021 0.006

η199 = 0.01 0.009 0.017 0.009 0.008 0.010 0.007 0.010 0.006


