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Abstract

To improve the performance of the transportation network operation, traffic assignment
problems require more reliable results. Disregard the solution method, one factor that leads to
more accurate results in traffic assignment problems is considering the link capacity constraints.
In traffic assignment problems, techniques such as the Frank-Wolfe (FW) algorithm has
extensive applications, but not considering link capacity in these methods results in inaccurate
outputs. In every iteration of FW, move direction is obtained by solving the minimum cost flow
problem for the network without considering the capacity constraints, which is named the all or
nothing assignment algorithm. On the contrary, there is another algorithm called the Out of kilter
(OFK) algorithm that solves the traffic assignment problem by minimizing the cost flow problem
in networks with link capacity constraints. In this dissertation, the movement direction of the FW
algorithm is obtained by the OFK algorithm. Therefore, in every iteration, link flows are lower
than or equal to their capacities. In this method, we assume that the network has a circulation
form, meaning that all origins are pure origin, and all destinations are the pure destination.
Moreover, the results of the proposed algorithm for the Hearn and Sioux Falls transportation
networks are presented and compared to the condition that link capacities are considered infinite.

Keywords: Traffic Assignment, Capacity Constraint, Frank-Wolf Algorithm, Out of Kilter
Algorithm
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Algorithm TC ucC RG Iteration
. FW 1803.59 1396.83 10+ 2424

3,

)

—%\ FW-OFK | 1803.03 1396.71 10+ 133
DPF NA 1396.71 10° 56
FW-OFK | 1709.16 1572.27 10+ 3

o DPF NA 1572.27 10 1682

a% ALM 1716.68 1572.36 10 65
IPF 1709.53 1572.31 10® 19
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FW-OFK-FW-OFK-INFINITECAPFW 2,580l aw 31 stol s (slo ol TV Jpix
e S5 e a5 gl CAPACITATED

FW FW-OFK- FW-OFK-
INFINITECAP CAPACITATED

oL byl ok byl ok~ b ,b
9.156 400 9.154 400 7.16 25.90
34.844 400 34.846 400 36.84 36.84
0.00 400 0 400 0.00 25.90
8.660 400 8.653 400 6.66 7.60
0.00 400 0 400 0.00 23.40
19.173 400 19.20 400 20.91 20.91
15.171 400 15.167 400 15.42 23.40
0 400 0 400 0.00 17.11
13.053 400 13.054 400 12.81 17.78
3.619 400 3.625 400 5.60 6.51
0.00 400 0.00 400 0.00 17.78
1.01 400 1.017 400 0.00 4.95
11.043 400 11.039 400 11.81 11.81
0.00 400 0.00 400 0.00 4.96
0.00 400 0.001 400 0.00 4.95
8.166 400 8.169 400 5.16 5.16
0.00 400 0.00 400 0.00 7.84
0.502 400 0.502 400 0.00 23.40
0.00 400 0.00 400 0.00 4.90
3.00 400 3.00 400 2.30 7.84

0.00 400 0.00 400 0.00 5.05

VoY



1.168
0.00
0.002
8.541
0.00
0.00
0.00
3.338
0.00
0.00
1.297
0.00
4.993
0.00
5.171
9.00
0.00
6.500
0.00
3.493
0.00
0.00
0.00
1.496
0.00

400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

1.172
0.003
8.536
0.00
0.00
0.00
3.336
0.00
0.00
0.00
1.300
0.00
5.000
0.00
5.172
8.994
0.00
6.494
0.00
3.50
0.00
0.00
0.00
1.496
0.00

\.

400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

0.00
0.00
1.14
8.17
0.00
0.00
0.00
5.20
0.00
0.00
3.53
0.00
5.50
0.00
5.92
8.50
0.00
6.00
0.00
4.00
0.00
0.00
0.00
1.50
0.00

5.04
10
5.05
13.91
13.91
10
13.51
5.20
4.99
491
10
491
5.50
23.40
5.92
25.90
25.90
6.00
4.88
5.12
4.92
13.51
5.12
14.56
9.99



0.00
0.00
2.004
0.002
0.00
0.00
0.004
0.001
0.00
0.003
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.497
2.503
0.00
0.501
0.00
0.00
0.00
0.00

400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

0.00
0.001
2.004
0.003

0.00

0.00
0.004
0.001

0.00
0.003
0.001

0.00

0.00

0.00

0.00

0.00

0.00

1.50

2.50

0.00
0.480

0.00

0.00

0.00

0.00

\.

400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

0.00
0.00
2.00
0.70
0.00
0.00
0.00
0.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.50
2.00
0.00
0.00
0.00
0.00
0.00
0.00

5.04
4.85
5.23
19.68
4.99
5.23
4.82
23.40
19.68
23.40
14.56
4.82
5.00
23.40
5.00
5.06
5.07
5.05
5.22
4.89
9.59
5.07
5.22

4.92



0.00
0.00
0.00
4.50
1.50

400
400
400
400
400

0.00
0.00
0.00
4.494
1.50

\-

400
400
400
400
400

0.00
0.00
0.00
4.00
1.50

5.07
5.09
4.88
5.08



FW-OFK-FW-OFK-INFINITECAPFW 2,581 s 31 ool ceasy (sl s 4l 3m ~YA Jgir
e S5 e a5 gl CAPACITATED

FW FW-OFK- FW-OFK-
INFINITECAP CAPACITATED
0.0601 0.0601 0.0600
0.0695 0.0694 0.0768
0.0600 0.0600 0.0600
0.1200 0.1190 0.0744
0.0400 0.0400 0.0400
0.0495 0.0495 0.0533
0.0411 0.0412 0.0411
0.0400 0.0400 0.0400
0.0209 0.0209 0.0208
0.0627 0.0627 0.0753
0.0200 0.0200 0.0200
0.0400 0.0400 0.0400
0.0612 0.0611 0.0646
0.0500 0.0500 0.0500
0.0400 0.0400 0.0400
0.0432 0.0432 0.0237
0.030 0.0300 0.0300
0.020 0.0200 0.0200
0.020 0.0200 0.0200
0.0301 0.0301 0.0300
0.1000 0.1000 0.1000

0.0500 0.0500 0.0500

VoV



0.0500
0.1000
0.0306
0.0300
0.0500
0.0600
0.0413
0.0800
0.0600
0.0500
0.0600
0.0466
0.0400
0.0711
0.0300
0.0300
0.0559
0.0400
0.0516
0.0400
0.0600
0.0500
0.0300
0.0300
0.0500

0.0500
0.1000
0.0306
0.0300
0.0500
0.0600
0.0413
0.0800
0.0600
0.0500
0.0600
0.0466
0.0400
0.0711
0.0300
0.0300
0.0559
0.0400
0.0516
0.0400
0.0600
0.0500
0.0300
0.0300
0.0500

VoA

0.0500
0.1000
0.0305
0.0300
0.0500
0.0600
0.0479
0.0800
0.0600
0.0501
0.0600
0.0497
0.0400
0.0791
0.0300
0.0300
0.0516
0.0400
0.0528
0.0400
0.0600
0.0500
0.0300
0.0300
0.0500



0.0400
0.0200
0.0300
0.0800
0.0200
0.0200
0.0200
0.0300
0.0400
0.0300
0.0200
0.0400
0.0400
0.0400
0.0600
0.0500
0.0601
0.0202
0.0300
0.0300
0.0500
0.0200
0.0400
0.0400
0.0400

0.0400
0.0201
0.0300
0.0800
0.0200
0.0200
0.0200
0.0300
0.0400
0.0300
0.0200
0.0400
0.0400
0.0400
0.0600
0.0500
0.0601
0.0202
0.0300
0.0300
0.0500
0.0200
0.0400
0.0400
0.0400

y-Q

0.0400
0.0200
0.0300
0.0800
0.0200
0.0200
0.0200
0.0300
0.0400
0.0300
0.0200
0.0400
0.0400
0.0400
0.0600
0.0500
0.0600
0.0200
0.0300
0.0300
0.0500
0.0200
0.0400
0.0400
0.0400



0.0200
0.0400
0.0332
0.0200

0.0200
0.0400
0.0332
0.0200

K

0.0200
0.0400
0.0320
0.0200



FW-OFK-FW-OFK-INFINITECAPFW 2,580l a3l stol e (slo ol T2 s
i 55 g a5 gl s CAPACITATED

FW FW-OFK- FW-OFK-
INFINITECAP CAPACITATED

oL byl ok byl ok~ b ,b
0.5160 400 0.5131 400 1.3625 25.90
51.0746 400 51.075 400 511200  51.99
8.0006 400 8.0879 400 8.9824 25.90
11.9254 400 11.9252 400 11.8801  11.04
0.0000 400 0.0000 400 0.0000 23.40
27.9559 400 27.9530 400 279747  28.80
22.1186 400 22.1226 400 221452  23.40
0.0000 400 0.0009 400 0.0000 17.11
18.4542 400 18.4546 400 18.3704  19.03
6.0022 400 6.0005 400 6.1048 7.76
6.0005 400 0.0030 400 0.0005 17.78
6.6627 400 6.6631 400 4.9413 4.95
13.7066 400 13.7053 400 13.9588  16.06
0.0000 400 0.0000 400 0.0000 4.96
3.4157 400 3.4168 400 2.0302 4.95
11.6725 400 11.6715 400 11.2911 7.75
0.0000 400 0.0000 400 0.0000 7.84
0.0114 400 0.0112 400 0.4972 23.40
0.0000 400 0.0000 400 0.000 4.90
3.0924 400 3.0892 400 3.5218 7.84

0.0000 400 0.0000 400 0.0000 5.05

RN



3.4945
0.0000
0.9123
0.2943
0.0000
0.0000
0.0005
5.4222
0.0004
0.0000
5.6288
0.0000
4.6978
0.0000
7.8244
12.7943
0.0000
8.7943
0.00
2.6953
0.0028
0.0000
0.0000
1.5033
0.0000

400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

3.4939
0.0000
0.9107
9.2946
0.0000
0.0000
0.0020
5.4249
0.0005
0.00
5.6316
0.0000
4.6914
0.0000
7.8224
12.8002
0.0000
8.8002
0.00
2.6914
0.0000
0.0000
0.0000
1.5044
0.0000

Y

400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

3.4966
0.0000
1.7279
7.8320
0.0004
0.0000
0.0004
5.4741
0.0021
0.0000
6.2445
0.0000
4.2301
0.0000
7.8698
12.7754
0.0000
8.7754
0.0000
2.2304
0.0000
0.0000
0.0000
1.5020
0.0001

5.04
10
5.05
13.91
13.91
10
13.51
6.49
4.99
491
10
491
4.92
23.40
8.46
25.90
25.90
8.55
4.88
5.12
4.92
13.51
5.12
14.56
9.99



0.0032
0.00
3.4977
0.9158
0.00
0.00
0.4981
0.4179
0.00
0.0096
0.00
0.00
0.0013
0.0003
0.00
0.00
0.00
1.9894
3.4140
0.00
1.8074
0.00
0.0001
0.4460
0.0003

400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

0.0008
0.0013
3.4955
0.9212
0.00
0.00
0.4980
0.4219
0.00
0.0108
0.0004
0.0020
0.00
0.0004
0.00
0.0001
0.0005
1.2000
3.3935
0.0001
1.8107
0.0003
0.00
0.0002
0.00

Y

400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

0.0000
0.0005
3.4971
0.9739
0.0000
0.0009
0.4985
0.4754
0.0000
0.4961
0.0001
0.0002
0.0000
0.0003
0.0000
0.0000
0.0000
1.5042
3.8239
0.0000
2.2709
0.0000
0.0000
0.0000
0.0003

5.04
4.85
5.23
19.68
4.99
5.23
4.82
23.40
19.68
23.40
14.56
4.82
5.00
23.40
5.00
5.06
5.07
5.05
5.22
4.89
9.59
5.07
5.22

4.92



0.4474
0.00
0.00

5.9033

2.3909

400
400
400
400
400

0.9171
0.00
0.00

5.8833

2.4169

\RR

400
400
400
400
400

0.9469
0.0000
0.0000
5.8281
2.4473

5.07
5.09
5.71
5.08



FW-OFK-FW-OFK-INFINITECAPFW o2y 5501 dw 3l ouke] Camss sl yiw atsso —F - Jgar
e 55 g a5t I,y CAPACITATED

FW FW-OFK- FW-OFK-
INFINITECAP CAPACITATED
0.0600 0.0600 0.0600
0.176 0.176 0.1766
0.0601 0.0601 0.0601
0.301 0.301 0.2972
0.0400 0.0400 0.0400
0.0828 0.0827 0.0828
0.0448 0.0448 0.0448
0.0400 0.0400 0.0400
0.0235 0.0235 0.0234
0.0801 0.0801 0.0815
0.0200 0.0200 0.0200
0.0597 0.0597 0.0459
0.0764 0.0765 0.0785
0.0500 0.0500 0.0500
0.0414 0.0414 0.0402
0.1167 0.1167 0.1047
0.030 0.0300 0.0300
0.020 0.0200 0.0200
0.020 0.0200 0.0200
0.0301 0.0301 0.0302
0.1000 0.1000 0.1000

0.0517 0.0517 0.0517

ARIA



0.0500
0.1000
0.0309
0.0300
0.0500
0.0600
0.0493
0.0800
0.0600
0.0507
0.0600
0.0451
0.0400
0.1181
0.0303
0.0300
0.0934
0.0400
0.0506
0.0400
0.0600
0.0500
0.0300
0.0300
0.0500

0.0500
0.1000
0.0309
0.0300
0.0500
0.0600
0.0493
0.0800
0.0600
0.0507
0.0600
0.0451
0.0400
0.1180
0.0303
0.0300
0.0936
0.0400
0.0506
0.0400
0.0600
0.0500
0.0300
0.0300
0.0500

V&

0.0500
0.1000
0.0307
0.0300
0.0500
0.0600
0.0497
0.0800
0.0600
0.0511
0.0600
0.0434
0.0400
0.1190
0.0303
0.0300
0.0930
0.0400
0.0503
0.0400
0.0600
0.0500
0.0300
0.0300
0.0500



0.0400
0.0206
0.0300
0.0800
0.0200
0.0200
0.0200
0.0300
0.0400
0.0300
0.0200
0.0400
0.0400
0.0400
0.0600
0.0500
0.0602
0.0205
0.0300
0.0300
0.0500
0.0200
0.0400
0.0400
0.0400

0.0400
0.0206
0.0300
0.0800
0.0200
0.0200
0.0200
0.0300
0.0400
0.0300
0.0200
0.0400
0.0400
0.0400
0.0600
0.0500
0.0602
0.0205
0.0300
0.0300
0.0500
0.0200
0.0400
0.0400
0.0400

VY

0.0400
0.0206
0.0300
0.0800
0.0200
0.0200
0.0200
0.0300
0.0400
0.0300
0.0200
0.0400
0.0400
0.0400
0.0600
0.0500
0.0607
0.0209
0.0300
0.0300
0.0500
0.0200
0.0400
0.0400
0.0400



0.0200
0.0400
0.0396
0.0201

0.0200
0.0400
0.0395
0.0200

YA

0.0200
0.0400
0.0391
0.0200



o o~ W

10
11
12
13
14
15
16
17
18
19
20

e 5 g oS sla oLoF Blasia ) Sy
3T s o
0.06
0.04
0.06
0.05
0.04
0.04
0.04
0.04
0.02
0.06
0.02
0.04
0.05
0.05
0.04
0.02
0.03
0.02
0.02
0.03

14

25.90
36.84
25.90
7.60
23.40
20.91
23.40
17.11
17.78
6.51
17.78
4.95
11.81
4.96
4.95
5.15
7.84
23.40
7.84
4.90



21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

0.1
0.05
0.05

0.1
0.03
0.03
0.05
0.06
0.04
0.08
0.06
0.05
0.06
0.04
0.04
0.06
0.03
0.03
0.04
0.04
0.05
0.04

\Y-.

5.05
5.04
10
5.05
13.91
13.91
10
13.51
5.19
4.99
491
10
491
5.49
23.40
5.92
25.90
25.90
6.00
4.88
5.12
4.92



43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

0.06
0.05
0.03
0.03
0.05
0.04
0.02
0.03
0.08
0.02
0.02
0.02
0.03
0.04
0.03
0.02
0.04
0.04
0.04
0.06
0.05
0.06

AR

13.51
5.12
14.56
9.59
5.04
4.85
5.23
19.68
4.99
5.23
4.82
23.40
19.68
23.40
14.56
4.82
5.00
23.40
5.00
5.06
5.07
5.06



65
66
67
68
69
70
71
72
73
74
75
76

0.02
0.03
0.03
0.05
0.02
0.04
0.04
0.04
0.02
0.04
0.03
0.02

\YY

5.22
4.89
9.59
5.07
5.22

4.92

5.07
5.09
4.88
5.08



(st 5 s oS8 lnaio- s )3 Lol 5 426 FY Jpor

daioflouse 1
2 0.5
3 0.5
4 2.5
5 1.0
6 1.5
7 2.5
8 4.0
9 2.5
10 6.5
11 2.5
12 1.0
13 2.5
14 1.5
15 2.5
16 2.5
17 2.0
18 0.5
19 1.5
20 1.5
21 0.5
22 2.0
23 1.5
24 0.5

\YY



o o~ W

10
11
12
13
14
15
16
17
18
19
20

e 90 Jbgus 4l by laS Blaseine-FY Jsu
N s e
0.06
0.04
0.06
0.05
0.04
0.04
0.04
0.04
0.02
0.06
0.02
0.04
0.05
0.05
0.04
0.02
0.03
0.02
0.02
0.03

\YY

25.90
51.99
25.90
11.04
23.40
28.80
23.40
17.11
19.03
7.76
17.78
4.95
16.06
4.96
4.95
7.75
7.84
23.40
4.89
7.84



21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

0.1
0.05
0.05

0.1
0.03
0.03
0.05
0.06
0.04
0.08
0.06
0.05
0.06
0.04
0.04
0.06
0.03
0.03
0.04
0.04
0.05
0.04

YO

5.05
5.04
10
5.05
13.91
13.91
10
13.51
6.49
4.99
491
10
491
491
23.40
8.64
25.90
25.90
8.55
4.88
5.12
4.92



43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

0.06
0.05
0.03
0.03
0.05
0.04
0.02
0.03
0.08
0.02
0.02
0.02
0.03
0.04
0.03
0.02
0.04
0.04
0.04
0.06
0.05
0.06

\Y#

13.51
5.12
14.56
9.59
5.04
4.85
5.23
19.68
4.99
5.23
4.82
23.40
19.68
23.40
14.56
4.82
5.00
23.40
5.00
5.06
5.07
5.06



65
66
67
68
69
70
71
72
73
74
75
76

0.02
0.03
0.03
0.05
0.02
0.04
0.04
0.04
0.02
0.04
0.03
0.02

\YY

5.22
4.89
9.59
5.07
5.22

4.92

5.07
5.09
4.88
5.08



il 99 JBgm 4 Jl las p3 LolE 5 42,0 FF oo

daioflouse 1
2 0.5
3 0.5
4 2.5
5 1.0
6 1.5
7 2.5
8 4.0
9 2.5
10 6.5
11 2.5
12 1.0
13 2.5
14 1.5
15 2.5
16 2.5
17 2.0
18 0.5
19 1.5
20 1.5
21 0.5
22 2.0
23 1.5
24 0.5

YA



KWY-INIKVON 2
1 0.5
3 0.5
4 1.0
5 0.5
6 2.0
7 1.0
8 2.0
9 1.0
10 3.0
11 1.0
12 0.5
13 1.5
14 0.5
15 0.5
16 2.0
17 1.0
18 0.0
19 0.5
20 0.5
21 0.0
22 0.5
23 0.0
24 0.0

Y4



References

Aashtiani, H.Z. (1976), Solving large-scale network optimization problems by the Out-of-kilter method,
Massachussets Inistitute of Technology.

2. Aashtiani, H.Z. The Multi-Modal Traffic Assignment Problem. Ph.D. Dissertation Thesis, MIT, 1976.
3. Arzeki, Y. and Van Vliet, D. A Full Analytical Implementation of the PARTAN/Frank-Wolfe
Algorithm for Equilibrium Assignment. Transportation Science, 24, 58-62, 1990 131

4. Azimi, G., Asgari, H., Rahimi, A., & Jin, X. (2019). Investigation of heterogeneity in severity analysis
for large truck crashes (No. 19-02748). https://trid.trb.org/view/1658006
https://scholar.google.com/scholar?cluster=14444678103173399465&hl=en&as_sdt=40005

5. Azimi, G., Rahimi, A., Asgari, H., & Jin, X. (2020). Severity analysis for large truck rollover crashes
using a random parameter ordered logit model. Accident Analysis & Prevention, 135, 105355.

6. Bar-Gera H. Origin-Based Algorithms for Transportation Network Modeling, Technical Report #103,
National Institute of Statistical Science. 1999

7. Bar-Gera H., Origin-Based Algorithm for the traffic assignment problem, Transportation Science 36
(4), 2002, pp.398-417.

8. Bar-Gera, H. Origin-based algorithms for transportation network modeling. National Institute of
Statistical Sciences, Research Triangle Park, NC, 1999.

9. Beckman, M.J. and McGuire, C.B. and Winsten , C.B. (1956), Studies in the Economics of
Transportation, Yale University Press, U.S.A.

10. Boyce D. and Jonson B.N. and Eash R.W., The effect on equilibrium trip assignment of different link
congestion function, Transportation Research 15A, 1981, pp.223-232.

11. Chen A. and Lee D. H. and Jayakrishnan R., Path-based algorithms for large-scale traffic equilibrium
problems: a comparison between DSD and GP, Mathematics and Computers in Simulation. 2001.

12. Chen, A. Effects of Flow Update Strategies on the Implementation of the FrankWolfe Algorithm for
the Traffic Assignment Problem. Transportation Research Board Annual Meeting, Washington, DC, 2001
132

13. Chen, A., Jayakrishnan, R. A path based gradient projection algorithm: Effects of equilibration with a
restricted path set under two flow policies, Proceedings of the Transportation Research Board Annual
Meeting,

14. Chen, A,, Lee, D, H., Jayakrishnan, R. and Nie, Y. Path and link based traffic assignment algorithms:
a computational study. Working paper, 2000

15. Chen, A., R. Jayakrishnan, and W.K. Tsai. Faster Frank-Wolfe Traffic Assignment with New Flow
Update Scheme. Journal of Transportation Engineering, Vol. 128, TECHNICAL PAPERS, 2002

16. Correa J.R. and Schulz A.S and Stier-Moses N.E., Selfish Routing in Capacitated Networks,
Mathematics of Operation research 29, No 4, 2004, pp.961-976. 134

17. Deganzo C.F. On the traffic assignment problem with flow dependent cost-I, Transportation research
11, 1977, pp 433-437.



https://trid.trb.org/view/1658006
https://scholar.google.com/scholar?cluster=14444678103173399465&hl=en&as_sdt=40005

18. Deganzo C.F. On the traffic assignment problem with flow dependent cost-11, Transportation research
11, 1977, pp 439-441.

19. Dial, R. B. A Path-Based User-Equilibrium Traffic Assignment Algorithm

20. Emme. http://www.inro.ca/en/products/emme/index.php.

21. Florian, M. and He, Sh. Changing assignment algorithm: the price of better convergence. TRB Annual
Meeting 2010, Washington DC

22. Florian, M. Guelat, J. and Spiess, H. An Efficient Implementation of the PARTAN Variant of Linear
Approximation Method for Network Equilibrium Problem. Networks, 17, 1987, p.p. 319-339.

23. Frank, M. and P. Wolf. An Algorithm for Quadratic Programming, Naval Research Logistics
Quarterly 3(1-2), pp. 95-1 10, 1956.

24. Fukushima, M. A Modified Frank-Wolfe Algorithm for Solving theTraffic Assignment Problem.
Transportation Research, VVol. 18B, 1985, pp.169-177

25. Hearn D.W. and Ribera J., Bounded flow equilibrium problems by penalty methods, In Preceeding of
IEEE International Conference on Circuits and Computers, pp.162-166. 1980.

26. Hearn D.W., Bounding flows in traffic assignment problems, Research Report 80-4 Department of
Industrial and Systems Engineering, University of Florida, Gainesvill, FL. 1980.

27. Hestenes M.R. Multipliers and gradient methods, Journal Of Optimization theories and applications 4
, (1969), pp.303-320.

28. Inouye H., Traffic equilibria and its solution in congested road networks, In: R. Genser, (Ed.),
Proceeding of IFAC Conference on Control in Transportation Systems, 1987,pp.267-272.

29. Khang D.B. and Fujiwara O. (1991), Approximate solutions of capacitated fixrd-charge minimum
cost network flow problems, Networks 21,689-704.

30. Larrsson T. and Patrikkson M., An Augmented Lagrangean Dual Algorithm for Link Capacity Side
Constrained Traffic Assignment Problems, Transportation Research Part B, 1995, 29, pp. 433-455.

31. LeBlanc, L. J., E. K. Morlok, and W. P. Pierskalla. An efficient approach to solving the road network
equilibrium traffic assignment problem. Transportation Research Part E: Logistics and Transportation
Review, Vol.9, No. 3, 1975, pp. 308-318.

32. LeBlanc, L. J., R. V. Helgason, and D. E. Boyce. Improved Efficiency of the Frank-Wolfe Algorithm
for Convex Network Problems. Transportation Science, Vol. 19, 1985,pp. 445-462.

33. Lee, D, H. and Nie, Y. Accelerating Strategies and Computational Studies of the Frank-Wolfe
Algorithm for the Traffic Assignment Problem. TRB Annual Meeting 2001, Washington DC

34. Lemke, C. E. Bimatrix equilibrium points and mathematical programming, Management Science, Vol.
11, No. 7, Series A, pp. 681-689, 1965

35. Marcotte P. and Nguyan S. and Schoeb A., A Strategic Flow Model of Traffic Assignment in Static
Capacitated Networks, Operation Research, 52, 2004, pp. 191-212.



36. Miller S.D. and Payne H.J. and Thompson W.A., An algorithm for traffic assignment on capacity
constrained transportation networks with queues. Paper presented at the Johns Hopkins Conference on
Information Sciences and Systems, The Johns Hopkins University, Baltimore, MD, 24 April. 1975.

37. Minoux, M. (1989). Network synthesis and optimum network design problems: Models, solution
methods, and applications. Networks 19, 313-360.

38. Morowati-Shalilvand S. and Mehri-Tekmeh J., An extended originbased method for solving
capacitated traffic assignment problem, Acta Universitaties Apulensis, No 35, pp.169-186, 2013.

39. Nie Y. and Zhang H.M. and Lee D.H., Models and Algorithms for the Traffic Assignment Problem
with Link Capacity Constraints, Transportation Research 38B, 2004,pp.285-312.

40. Nie, Yu (Marco). A class of bush-based algorithms for the traffic assignment problem. Transportation
Research Part B: Methodological, Volume 44, Issue 1. January 2010, Pages 73-89

41. Patriksson, M. The Traffic Assignment Problem: Models and Methods. Utrecht The Netherlands,
1994.

42. Powell M.J.D. A method for nonlinear constraints in minimization problems, In: Fletcher R., Editor,
Optimization, Academic Press, New York, 1969, PP. 283-298.

43. Prashkar J.N. and Toledo T., A Gradient Projection Algorithm for Side constrained traffic assignment,
EJTIR, 4, 2004,pp.177-193.

44, Rahimi, A. (2017). Incorporating Variable Demand Assignment Into Discrete Network Design
Problem.

45. Rahimi, A., Azimi, G., Asgari, H., & Jin, X. (2019). Clustering approach toward large truck crash
analysis. Transportation research record, 2673(8), 73-85.

46. Sheffi, Y. Urban transportation networks: equilibrium analysis and mathematical programming
methods. Prentice Hall, Englewood Cliffs, N.J., 1985

47. Toobaie, S., Aashtiani H. Z., M. Hamedi, and A. Haghani. Application of a Complementarity
Approach to Large Scale Traffic Equilibrium Problems. TRB Annual Meeting 2010, Washington DC
48. Vanderstraeten-Tilquin G., Problemes de circulation avec touts convexes. Publication 268,
Departement d’biformatique et de recherché operationelle, Universite de Montreal, Montreal. 1977. 133
49. Wardrop, J. G. Some Theoretical Aspects of Road Traffic Research. Proc., Institution of Civil
Engineers, Part 11, 1, pp. 325-378, 1952 Washington, DC, 1998

50. Weintraub, A., C. Ortiz, and J. Gonzales. Accelerating Convergence ofthe Frank-Wolfe Algorithm.
Transportation Research, Vol. 19B, 1985, pp.113-122

51. X. Jin, H. Asgari, M. Lee, A. Rahimi, G. Azimi. Large Truck Crash Analysis for Freight Mobility and
Safety Enhancement in Florida. Florida Department of Transportation (2019).
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bdv29-977-
31-rpt.pdf https://trid.trb.org/view/1679139
https://scholar.google.com/scholar?cluster=18089332597705060961&hl=en&as_sdt=40005

52. Yang H. and Yagar S., Traffic assignment and traffic control in general freeway arterial corridor
system, Transportation Research 28B, pp.463-486, 1987



https://trid.trb.org/view/1679139
https://scholar.google.com/scholar?cluster=18089332597705060961&hl=en&as_sdt=40005

