
International Journal of Transportation Engineering, 
Vol.1/ No.1/ Winter 2013

1 2 3

Received: 20.06.2012          Accepted: 23.11.2012

Abstract:

-

-

Keywords: -



48International Journal of Transportation Engineering, 
Vol.1/ No.1/ Winter 2013

1. Introduction

-

-
-

-

-

-

-

-

-

-

-

-
-

-

-

-

-
-

-
-



International Journal of Transportation Engineering, 
Vol.1/ No.1/ Winter 2013

-

-

-

-

-

L -

-

,2,1)(

1

1

* pfxfdMin
pm

i

p

ii (1)

**
2

*
1

* ,,, mi ffff

 



50International Journal of Transportation Engineering, 
Vol.1/ No.1/ Winter 2013

2

L2

-

2

 

Methods Description 

method 

-
- -

- ,  

Constraint 
method - -

- ,  

method - -
- -

 et al. ,  

Hierarchical 
method 

-
(i-

 

  
 et al. , ,  

Lp norms ‘utopia point’  



51 International Journal of Transportation Engineering, 
Vol.1/ No.1/ Winter 2013

-

-

-

-

1
( , )

2
( , )

3
( , )

i j

i j i j
i j

x

ui j
i j

i j i j i j
i j

M in f x d

M in f t u d

M in f x e x

t

,

( , )

1)        ( , )

k s

o d o d
p

p
o d o d

ij p ij p

o d S p P
o d
p o d

x x o d S

x x i j A

x o d S p P

s t  
  

i

1 2 3w w w                                                        (2) 

1 2 3 1w w w                                                       (3) 

1 2

3

ij ij

ij

ij
od

od

od 

,
o d
ij p

,
o d
ij p

i f i j p

o th e rw is e

( , ) , ( , ) , o do d S i j p p P

-

-

-

-
-

-

1 2 3

1

1 2 3

1 3) o f P

M in Z w F w F w F
s t

i i -

,

, ,

i i u to p ia
i

i n ad ir i u to p ia

f f
F

f f
 



52International Journal of Transportation Engineering, 
Vol.1/ No.1/ Winter 2013

-

i -

i

-

-

( , )

o d o d
p

o d p

o dL x v q Z x xv  

o d
p o d

p

x L
x

( , ) , k so d S p P  

o d
p

L
x

( , ) , k so d S p P  

o d
L

v
o d S  

od
px ( , ) , k so d S p P  

od

1 2 -
-

1 2 3
o d
p

o d o d o d o d
p p px w d w t w e vo dd o d o d o do d   (11)

( , ) , k so d S p P  

1 2 3
od od od od
p p pw d w t w e vodd od t od odod ode vod                     (12)

k so d S p P

o d o d
p

p

x x o d S                         (13)

od
px ( , ) , k so d S p P

,
( , )

o d o d
p ij ij p

i j

d do dd o d ( , ) , k so d S p P

,
( , )

o d o d
p ij ij ij p

i j

t t x k so d S p P

,
( , )

i jo d o d
p ij ij ij ij p

iji j

d e
e e x x

d x
o de

( , ) , k so d S p P

od

od
r

-

1 2 3 1
od od od od
p p p rw d w t w e w dod odd tod odtt e w dw d111

od oddod odd

2 3 ( , )od od
r rw t w e o d S(dw e3 o d S)w t22 ( )od odt odt  

-

2

-

1 2 3

2

1

-

-

2

1

User Equilibrium and System Optimal

-

-

-



53 International Journal of Transportation Engineering, 
Vol.1/ No.1/ Winter 2013

-
-

-

3

1

( , )

( , )

1 3 )

i j

i j i j
i j

x

uij
i j

o f P

M in S O x t

M in U E t u d

s t

-

1 2

( , )

1

( , )

1 3)

i jx

i j u

i j

i j i j
i j

t u d

o f P

M in w w x t

s t

-
-

1 2 1 2
od od od od
p p r rw t w t w t w tod od odt t w tt w t  

-

1 2 1w w  

3

4. Discussion

-

-

-

-
-

5. Numerical Example
-

-



54International Journal of Transportation Engineering, 
Vol.1/ No.1/ Winter 2013

Equilibrium

-

1, 

2 3 -

-
-

-

-

1 2 3, 
-

1, 

2 3

-

i i

i

1

2

3

-

-

2 -

fi  = (f1, f2, f3) = (556578, 
935499, 302125563)  

fi, utopia  = (f1, utopia, f2, utopia, f3, utopia) = (540000, 
825973, 295268666) 

fi, nadir  = (f1, nadir, f2, nadir, f3, nadir) = (577200, 

 

33

22

11

12

xt

xt

xt

xt

xt

 

3

2

1

d

d

d

d

d

 

1 1

2 2

3 3

2

1 3

3 2

e x

e x

e x

e x

e x  

x

x



55 International Journal of Transportation Engineering, 
Vol.1/ No.1/ Winter 2013

1180000, 392098000) 

1

2

3

x
x
x
x
x

3
1

3
2

3

f
f
f

   (21) 

1 3

2

2 -

-

-

-

-

-

point w1 w2 w3 x1 x2 x3 x4 x5 f1 f2 f3 

1   1         
2 1           
3            
4            
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6            

            
8            
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point w1 w2 x1 x2 x3 x4 x5 UE SO 
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