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. N (M
2018). W , P , fi (P 1962),

, -

- , . H
.

T , , . (E -G L 2006;
G V W 2004; N 1997; W L 2020).

A , ff
. W - , -

. I , . A -
, - ff

- , ff ff
, .

A -
,

( . ., , ). A -
- fi (W L 2020),

ff ff
.


- e plici

2.3. W
, .

I gene al acce . W ff -
, ‘ ’, ( 2), fi

p imal acce .
W ( 3) ( 4). W -

- - ( 5), ( 6),
( 7), ( 8). W ( 9).
F , ( 10). W

( 11) .

2 he e

W he e (i). W ? W
( , ; , - (M 1991);

, C ,
), (i). W (Ai ) .

2.1 Han en’ Acce

W (O) ( 6.1)
i ( f (Ci j )) ( 3).

 Han en Acce ibili  (H
1959). W P imalAcce , D alAcce



      .

C L (2019 ), fi
.

Ai =
J∑

j=1
O j f (Ci j ) (1)

 po i i e, .
O , , no ma i e , (N ).
I .
F , ( fi X

, X + Y ), . A
M (2018), 30

, , . D ‘30- ’ (G
S C 2018), , 75%

30 . N , fi
.

2.2 Ac i e and Pa i e Acce

E 1 ac i e acce ibili . I , (
j i), ( i j ), pa i e acce ibili (C
2009; P C 2012), :

A⟲i =
J∑

j=1
O j f (C j i ) (2)

P
, ,

( 6.4)
.

2.3 E plici Acce Fo m la ion

O e plici acce (Ai ,h,z,m,e ,t ,p) H ’ fi E 1,
(O) (i),

(z), (p) ( , , ,
.), (m), (h), (z), -

(e), (t ). W ,
, - , .

Ai ,h,z,m,e ,t ,p =
J∑

j=1
O j ,h,z f (Ci j ,h,m,e ) (3)

2.4 Pe on- eigh ing

P - , fl
. I (G

e al. 2003; W K 1973).
T ,
i ’ , - . B ,  pe on- eigh

.
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T , ,
, (Si ,.). W ,

, -
(T e al. 2016), .

F (Si ,.) (p) .

Si ,. =
P∑

p=1
Si ,p (4)

W - , .

A.,h,z ,m,e ,t ,. =

I∑
i=1

Ai ,h,z,m,e ,t ,pSi ,.

I∑
i=1

Si ,.

(5)

3 Impedance

T , , , , .
I ho m ch (C ) i j

, N ’ L G . L ,
(C L 2019 ; E -G e al. 2016). 

fl :
• A ( f )

, 4.1.
• A (Ci j ) , , .
S - - , -

,
( ( 4)),

( (C L 2019 )) .
T

.  .

3.1 Time Co

I , ,
.  ff . 

(si j ),
ffi ( )  (vi j )

.

ti j =
si j ,ne twor k

vi j
(6)

F ffi ff - - (M -
Gó G í -P 2015); (F e al. 2014; L

C 2010).
T fl , ff , . 

(ti j ,e ,m) - m
(et ) (Et ). F

, - , (L e al. 2013; S e al. 2014). S ,



      .

( ),
ff (B e al. 2011).

ti j ,.,m =
Et∑

et=1
ti j ,et ,m (7)

F , (t ∗i j )
, E 8 (S e al. 2014).

t ∗i j ,.,. =min
m
(ti j ,.,m) (8)

W -
3.2.

3.2 Pe cei ed and E pe ienced Time

 ,  ,
. T

, ,
( , ffi )

( ).
W -

, (Ci j ).
T ‘ ’,

. 
(C L 2019; F e al. 2016; L -R e al. 2016; P e al. 2013;
W e al. 2009). W ,

, . D ff -
ff fl ;

,
(I e al. 2008 ). N , ff

ff , ff . T
, fi 15% 40% (J

P 1996; L e al. 1991; W e al. 2011),
, (J P 1996). I ff

, ff
(ηet ) (et ) (t Pi j ,.) fl -

, -
(C L 2008; T H 2019).

t Pi j ,h,.,m =
Et∑

et=1
ηet ti j ,h,et ,m (9)

R . P ,
ff . H ffi . M . D ff

ff ff . P
(A -Z e al.2012;C e al.2019; S

F 2008; L E -G 2018). W , , ,
- - - ,

, ( ?),
.
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B fi ,
(C e al. 2019). F ,

50% -
100%.  - -

. C ( ) (
GPS)

.  , , -
,

.

3.3 Gene ali ed (In e nal) Co

 ( ( 9))
, ,

. 
3.4, .

 (Ci j ). I
, 30 -

. W , .
F , , 

(I 1971; R Y 1982), (F e al. 2014; M -Gó
G í -P 2015; O  2008), , , , , -

, .  ( )
( ),

. (E -G e al. 2016)
T  . 

(Ci j ,h,m,t$) (w)
. (E -G e al. 2016; G 1974)

Ci j ,h,m,t$ = w · ti j ,.,m (10)

S (Ci j ,h,m,$t ):

Ci j ,h,m,$t =
$i j
w

(11)

H -
( ).

Ci j ,h,m,int =
Eint∑

eint=1
Ci j ,h,m,eint

(12)

 ( 100%)
, ff

(L S 2001). H
, . (B 1965; H

2019)  , .
 , ,

, 4.1.
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3.4 F ll Co

I ,
. S fi ,
, fi

. B , , , , ,
, .

F ’ ,
’ . I , . I ,

(efull), ,
, , ,

. F ,
(C L 2018). F

fi , ( ) 
; ,

ffi ;
.

Ci j ,h,m,. =
Efull∑

efull=1
Ci j ,h,m,efull

(13)

 ( ) ( )
.

O  (
- ), .
I ( , ,
- ) ff . A

( , , , , -
, ).  ff
, (C L 2018).
C ‘ ’

, ,
, ffi .

D ff
.

W ,
. O . 

, , (T L 2018; Z L -
2015).  - . I

, fi ,
ff , fi ff .

4 Ho e A e

I H ’ ( 2.1), ( f ) -
(t ) fi (θ), ff , ,

.
I .
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4.1 The I och one

 i och one, G ame ime . A
, , ,

10 , 20 , .  .
I

( ) (E -G
L 2007).  : -

,
(I 1971; S A 2018). 

. F ‘ - - ’
, - ff,

, , (N 2015).
 ,

, (T
L 2018; Z L 2015). H ’

‘ ’ .  ,
,

.
 ( )

.
T , ( f (Ci j ,h,m,e )) fi .

F , (i), ( j ), - - (h),
(m), (e ; / ),

- .
W

. 
E 14. T ff , (I

e al. 2010; L 1998), , (G 2015;H 1959), ,
(tub ) ,

(tm,z,e ), ’ .

f (Ci j ,h,m,e ) =

(
1 Ci j ,h,m,e < tub
0

(14)

4.2 T a el Time B dge

A
, . 

( ),
(L K 1994; M 1994; Z 1974). 

; (M C 2004),
,

, ( )
; ,

. (G 1974, 1981; T 1981)  - ff
. R

( 45 ) (H e al. 2018; W
e al. 2020, 2019) ( 30 ).
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R M (2001) ,
(M

C 2004). W E 15, tl b tub
. 

(Cl b ), - , (Cub )
- .

f (Ci j ,h,m,e ) =

(
1 tl b <Ci j ,h,m,e < tub
0

(15)

 , -
(B 2009).  -

. 
(O’S e al.

2000).
 ff -
, (M

2018; O L 2015; X e al. 2018). 
, fi . W

( 60 ) ,
, ( 15 )

, - .
I ,  - - , -
, . ., 13 14 ,

, , .  - ff
fi (O L 2015; X e al. 2018). I

(K 1998),
fi , -

.

4.3 Time- eigh ed C m la i e Oppo ni ie

I - ( : , , ,
- )

. D , ,
. W -

, fl .
C , , - (G ), -

, - , - T 1. 
, 

. D ff (G 2015; I
e al. 2008 ), , (G e al. 2003),
ff (G e al. 2003; T e al. 2019).

O . I : Ai ,h,z,m,e ,θ,p
(θ) (t ).

 -
. 

( . . E ’ (e), (e x p) ). (H
W 1971)  .

f (Ci j ,h,m,e ) = e x p(θz,e ,mCi j ,h,m,e ) (16)
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Table 1: I D D F , A (m)

D F f (Ci j )
E e x p(θe ∗Ci j )
G e x p(θg ∗Ci j

2)
L - e x p(θl ∗ l n2Ci j )
E - - e x p(θ(pe) ∗Ci j

0.5)
G Ci j

−2
P Ci j

−1

S Ci j
θs

N D D 1
L (2 ·Cub · (Cub +Ci j )

11)
S θCi j

 (θm,z,e < 0) (m),
(z) (e). P θ = −0.08

. (L K 1995) 
, , T 1.

W Ci j  - , , .
H fl , ,

E 17.

f (Ci j ,h,m,e ) = e x p(θ0+θ1
Æ
Ci j ,h,m,e +θ2Ci j ,h,m,e ) (17)

A ff ,
. (F e al. 2015)  -

ff
; E 18

. (B O 2012)

f (Ci j ,h,m,int ) = e x p(θ(w ·Ci j ,h,m,t ime +Ci j ,h,m,$)) (18)

Ci j ,h,m,int : ( ) i j
Ci j ,h,m,t :
Ci j ,h,m,$:
w : .

5 hen

N hen (h). A
24 . B . F

ff 4:00 .  .
F , - - ( - - - - ).  -

ff 4:00 8:00 . F ffi 4:00,
. I , , 4:00 , /

. W 8:00 ff 8:01 . T ffi ff
fl . T : 8:01,

8:00 , ,
ff . A

(O L 2015; O
M 2019). W , , 2.4.
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S , (Oi ,h) ff - - . S .
J . F , , ,

. P .
 - , -
. E ff -

ff ,
( - - ) (S e al. 2017).

 When . A ’
.  ,

.
 ff ; -

, N D -
M A .

 - ff . W
ff 10.

W ( ) - - (h)
(m) (e) (Ci j ,h,m,e ). W

- - (O j ,h,z) . S
(z) (m) - - (h) :

Ai ,.,z,m,e ,t ,p =
J∑

j=1

H∑
h=1

UhO j ,h,z f (Ci j ,h,m,e ) (19)

h - - , Uh .
W :

H∑
h=1

Uh = 1 (20)

W Uh - - (h). W
- - - (F F 2017).

W ,
; (Uh)

1
1440 . O ,

, 1,
E 20.

T .
A - fl . T

ff (B R
1998); -

(B E -G 2016; F F 2017). T -
(O L 2015).

6 h

E h e a el ( ha i being acce ed) (z)
.  , , 

( 6.4), , .
H , , ,

( , , ). S
fi

fi .  . A
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. F , ffi ,
, hen.

W ( -
, ) ff ’ .

(C e al. 2016)

6.1 M l iple Ac i i ie

 (O j ) fl
. 

. D , ,
(O’K H 2003), , GDP, fi
(B R 1998), (K 1978), (H 2007;
S L 1994), - (V e al. 2012).


, . ., . B , , ff

. A -
, (H e al. 2019) ,

fi (V W e al. 2001).
W ff (B e al. 2013)
:

Ai ,h,.,m,e ,t ,p =
Z∑
z=1

J∑
j=1

Wz,pO j ,h,z f (Ci j ,m,e ) (21)

z , Wz,p -
.

W :
Z∑
z=1

Wz = 1 (22)

6.2 eigh ing Ac i i ie

6.2.1 A eigh ed A e age

A fi Wz (D), - -
, , . (H e al. 2019)

Wz =
Dz

Z∑
z=1

Dz

(23)

W ’ . F ,
,  , -

. S ,
.  fi (p)

. I (
),

. (A e al. 2003)
A , ,

Wz , .



      .

E ample C 3 , 2 , 4
( ) 30 . E ,

p 8 , 1 , 1 ( ’ ), 14
( 1). W ’ ,

. W - -
.

W (Dz) (Oz) :

Dz =

81
1

 ,O.,.z =

32
4

 (24)

 fi (E 21, 22, 23) :� 8
10

�
· (3)+
� 1
10

�
· (2)+
� 1
10

�
· (4) = 3 (25)

D ( 3 6) :� 8
10

�
· (6)+
� 1
10

�
· (2)+
� 1
10

�
· (4) = 5.4 (26)

6.2.2 A Cobb-Do gla app oach

W - ,
.  C -D ,

(D C 1928).
W (O., .):

O., ., .= e x p(W0) ·
Z∏
z=1
(O j ,h,z )

Wz (27)

l n(O., ., .) =W0+
Z∑
z=1

Wz l n(O j ,h,z ) (28)

W ffi E 29 , ,
:

Z∑
z=1

Wz > 1,
Z∑
z=1

Wz = 1,
Z∑
z=1

Wz < 1 (29)

C -D : W0 ffi ,
(Wz ) .

 - - ,
, fl

.

E ample C . U - - ,
, 1.

 fi (E 27) :

O., ., .= 38/10 · 21/10 · 41/10 = 2.96 (30)
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- - ,
.

O., ., .= 68/10 · 21/10 · 41/10 = 5.16 (31)

, ,
. O

, .
S 3 ( 6) , -

2.96 5.16.

6.2.3 Sched le and ime-dependen ac i i eigh

O - , -
. W ,

( . ., ) . S
ff - - . E .

6.2.4 Di c ion

 , , ,
. W ,

, ( , ,
, ) ’ . N ,

( ) . U
( . ., ) ,

( . ., ) .
U ’ z

ff , ffi
. S ( . ., F ) 100%

45 , ( . ., L A ),
45 . W ? W -

,
.

A . B
, . A ,

( ). S , ,
.

S , ( ),
( ’ ).

I , , . 
:  ,

.  , 24 ,
. (L K 2002)

6.3 Dimini hing Re n o Oppo ni ie

I , 4.3,
. B . 

, .
 10 fi , .
T , (O j ) (g ),



      .

, (β1) , β0
:

g (O j ) =β0e x p(β1O j ) (32)

 . (C L 2019 ;
S ff 1960)

6.4 Di co n ing Oppo ni ie d e o Compe i ion

W ,
. W

, . I ,
, . S

1,000,000 30 1,000,000 ff
500,000 , 2,000,000 . 

.
F S (1998),

.  - -
, –

, 2.2.  - ff
- , ;

’ . 
E 35.  ‘

’ , . R
S (1998) :

A⟲
j ,h,wor ke r s ,m,e ,t ,p

=
K∑

k=1

Ok ,h,wor ke r s f (Ck j ,h,m,e ) (33)

W fi :

g (O j ,h, j ob s ) =
O j ,h, j ob s

A⟲
j ,h,wor ke r s ,m,e ,t ,p

(34)

 :

Ai ,h, j/w,m,e ,t ,p =
J∑

j=1
g (O j ,h, j ob s ) f (Ci j ,h,m,e ) (35)

I
, , -

.  ff
, , fi . 

- ,
.

A , -
(G e al.2003;W 1971), (V W

e al. 2001), - fl (L W 2003).
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T A A A T S M A
B 10,000 100,000 9.1% 91,818
A 20,000 100,000 16.7% 86,667

Table 2: I M A P

7 Mode

 ho e a el ( b ha mode) (m)
, , , (

). C .  ff
. F , ff ,

ff .
A ff . S

ff . A ff
. H .

C . W - - ff ,
- - ff , ff . 

, ,
.  ‘R B , B B P ’ .

(B -A B 1999)
D (I e al. 2008 ), 

, ff . D ,
fi ff (W K

1973).

7.1 eigh ing Mode b Sha e (and a pa ado )

A - (Xi j ,m) ff ; (K
1978) E 36:

AX
i ,h,z,.,e ,t ,p =

J∑
j=1

M∑
m=1

Xi j ,mO j ,h,z f (Ci j ,m,e ) (36)

(Xi j ,m) m - i j :

M∑
m=1

Xi j ,m = 1 (37)

I -
, -

. (K 1978)
 E 36 ,

. I T 2, , ,
’ ff , 91,818

86,667.  S ’ P .
H , ’

ff;  ,
fl

. I ( 3.4).



      .

7.2 Mode i h Ma im m Acce ibili (Lo e Co )

A , -
(A∗i ,h,z,.,e ,t ,p) , E 38:

A∗i ,h,z ,.,e ,t ,p =max
m

J∑
j=1

O j ,h,z f (Ci j ,m,e ) (38)

E ,
(O L 2015). B

. U ,
C U S ,

A A A ,
- (M O 2019;O L 2014;O e al. 2014, 2018).

Y U S , 100%. 
’ ,

, . I
.

F ( 3.4) ff . W ,
(Cij,h,m,e), -

(e), ,
. (C L 2018, 2019 ) A

( . ., ), ’
, ’ .

7.3 Modal A ailabili

 . P
. P

. I - -
(A∗∗i ,h,z,.,e ,t ,p). W , E 39

, .

A∗∗i ,h,z,.,e ,t ,p =
M∑

m=1

J∑
j=1

Vi ,mO j ,h,z f (Ci j ,m,e ) (39)

 i ,m (Vi ,m)
0 1 i m .

Vi ,m ∈ (0,1),
M∑

m=1
Vi ,m = 1 (40)

Vi ,au t o =

Vi ,au t o = (= 1−Vi ,au t o)
(41)

W fi “ ”. A

. I - , .
W “ ,”

. A , , U S ,
( ) ,
. I ,
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. W
:

Ci j ,au t o,e =min
m

Ci j ,m,e

Ci j ,au t o,e = min
m ̸=au t oCi j ,m,e

(42)

 , , -
, ( ) , ,
( ) ;

.
 ( 7.1)

, -
. H
. B ,

, .

8 Fo hom

 hom (p) ( 2). A ,
(i) , -

. K (
, . ., )

. I , ,
. W , ,

, , ,
. (M 2016; P 2018; Y e al. 2018)

M ,  .
O , ,

 , fl “ -
” (M 2017), . O ,

ff ff , ff
ff (G e al. 2003; G e al. 2010).  -

ff .
(W K 1973) W - (Ai ,h, j ob sk ,m,e ,k)

( j ob sk) -
.

Ai ,h, j ob sk ,m,e ,t ,k =
J∑

j=1
O j ,h, j ob sk

f (Ci j ,h,m,e ) (43)

W -
k i .

Ai ,h, j ob s ,m,e ,t ,. =

K∑
k=1

Si ,kAi ,h, j ob sk ,m,e ,t ,k

K∑
k=1

Si ,k

(44)



      .

S , - (i)
(k) , .

A.,h, j ob sk ,m,e ,t ,k =

I∑
i=1

Si ,kAi ,h, j ob sk ,m,e ,t ,k

I∑
i=1

Si ,k

(45)

I ( ), -
.

9 Gene ali ing Acce

I , -
, , , , fi

(e) fi (t ). 
5, 6, 7, 8.  :

A∗∗i ,.,.,.,e ,t ,. =

M∑
m=1

J∑
j=1

Z∑
z=1

H∑
h=1

P∑
p=1

E∑
e=1

Si ,pUhWzVi ,m g (O j ,z ,h) f (Ci j ,h,m,e ,t )

P∑
p=1

Si ,p

(46)

O . I
, :

Ai =
J∑

j=1
g (Oj) f (Cij) (47)

I , E 47 H (E 1),
b ld. W O (O) g fl

.
B (Oj),

ff (z), - - (h), (m),
(Cij),

, .
  . H ,

-
,

.

10 Lifec cle Acce

A , ff fl
. W - ,

’ , L , . W
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Ai,Λ. I , ‘ - ’ ,
r , l .

Ai,Λ =
L∑

l=1


 J∑

j=1
O′j,l f (Cij,l)

Λ(r, l )
 (48)

A (Λ) :

Λ(r, l ) =
�
(1+ r )−l
�

(49)

S ,
.  fi ( )

( ) , (
) . A ,

fi .  ff
.

C .  fi fi ,
30 , fi 25-50. C -

- fi - ff ff -
, fi . T ,

,
.

O fi
, , , ,

.

11 Concl ion

P ( ,
) , ,

, .  ,
, - .

I heo , ( , , ), -
- , , ( ) ,

, .  - .
I p ac ice, , ( ) ,

( ), ( fi ),
.

T , -
. B ,

. W
. T

, ,
, . W -

ff
.

U , .
A , ( , , )

, ’ fi . A
( ), , ,



      .

, , ,
( , , fi ).  ,

, ffi . A
fi .

 ,
,

. W
. H ,

, (B -Y e al. 2013; L K
2018; M 1972). A - ‘

’, , (J 1961).
 fi ffi .
A ff , ff , ff - -

- fi . H fi
.

A , , -
. W ,

.
W ,

, .

12 Fo mal De ni ion

W , ,
, fi

.  T 3 . 
, . H ,

. V  fi -
,

.
 ‘.’ ( ) , -

, .
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Table 3: N

V D fi §

β0,β1 S ffi . 6.3
ηe P . e 3.2
θm I m. 4.3
Λ L . 10

Ai ,h,z ,m,e ,t ,p A i , h , z , m,
e p .
∑

j .
2.1

AX
i ,h,z ,.,e ,t ,p

M - . 7.1
A∗i ,.,.,.,e ,t ,p M , , . 7.2
A∗∗i ,.,.,.,e ,t ,p M , , ( )

, (Vi ,m).
7.3

Ai M i . 9
Ai,Λ A . 10
A⟲i P ( ). 2.2
Ai ,h, j/w,m,e ,t ,p A . 6.4
Ci j ,m,e C i j m

e .
3.4

Cij,m M m. 3.4
Dz D z . 6.2
e ,E I , T . 3.4
et ,Et I , T . 3.1
eint ,Eint I , T . 3.3
e f u l l ,E f u l l I , T . 3.4
f (Ci j ,m,e ) I . 2.1
g (O j ) O . 6.3
h,H I - - ( ), . 5
i , I I , . 2
j , J I , . 2
k ,K I , T . 8
l ,L I ( ), T . 10
m,M I , . 7
N  . 2.1
o I .
O j ,z ,h O j z h . 2.1
Oj M . 9
p,P I , . 2.4
r I . 10
si j D . 3.1
Si ,p P i p . 2.4
tub , tl b T , , . 4.1
ti j ,et ,m T i j et m 3
t Pi j ,.,m P . 3.2
tp T p . 3
Uh W h . 5
vi j V ( ). 3.1



      .

C T 3
Vi ,m M i m (0,1). 7.3
w M . 3.3
Wz W z . 6.1
Xi j ,m S m (0,1) (i j ). 7.1
Y M , . 6.1
z,Z I , . 6.1

$ M . 3.3
E T
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