Micro-simulation Based Dynamic Traffic
Assignment: The Principle of System Optimization
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Abstract

The need for a methodology to provide time-dependent estimates of traffic
flows and associated performance measures in networks arises in several problem
areas, including Advanced Traffic Management systems (ATMS) and Advanced
Traveler Information systems (ATIS). In order to properly capture dynamic,
real-time flow distribution in an information-based network, the concept of
dynamic traffic assgnment has been proposed to extend traffic assignment
techniques in a dynamic aspect.

Four different approaches, including mathematical formulations, optimal
control theory, variational inequalities, and simulation-based approach, have been
applied in developing Dynamic Traffic Assignment (DTA). Two assignment
principles, namely, system optimization (SO) and user equilibrium (UE), have
been widely accepted and used in transportation planning. The UE rule implies
that at equilibrium no motorist can experience a lower travel time by unilaterally
changing routes; the SO rule implies that the system overal travel time is
minimum.

Within the micro-simulation based DTA procedure, an iterative scheme is
developed to generate time-dependent least marginal cost path based on the
simulation model, DYNASMART. The core of the procedure is DYNASMART,
a simulation-assignment model, and the model allows consideration of individual
trip maker decisions at the origin as well as at each node along the way to the
destination, in addition to describing the dynamics of vehicular traffic flow.

In the procedure, link marginal costs are estimated and utilized within a
time-dependent least marginal shortest-path algorithm. Thus, the estimation of
link marginal cost is an important factor for micro-simulation based DTA.
Different estimation approaches, such as dynamic link performance functions,
gueue-based delay estimation, and numerical estimation, have been developed for
estimating link marginal cost. This research aims at exploring marginal cost
calculations and optimizing the estimation in the micro-simulation based DTA
procedure.

Numerical experiments on a test network are conducted to investigate the
accuracy of link marginal cost. Relationship between time-dependent marginal
travel time and path travel time are compared to obtain further understanding of
marginal cost calculation characteristics of those approaches.

One new model is constructed based on the results of numerical experiments
on the test network. Numerical experiments on an actual network are also
conducted to investigate the accuracy and efficiency of the micro-simulation based
DTA procedure using new marginal cost estimation model.

Keywords. system optimization, Dynamic Traffic Assignment, marginal cost.
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— 1
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D
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DYNASMART
simulation interval 0.1
assignment interval

1999
4.2
1 1 9 2,3,6 S
2 1 9 2,5,6 5
3 1 9 2,5,8 5
4 1 9 4,7,8 S
5 1 9 4,5,8 5
6 1 9 4,5,6 5
7 1 9 2,3,6,5,8 7
8 1 9 2,54,7,8 7
9 1 9 4,7,8,5,6 7
10 1 9 4,5,2,3,6 7
11 1 9 2,3,6,5,4,7,8 9
12 7 3 8,9,6 5
13 7 3 8,5,2 S
14 7 3 4,5,6 5
15 7 3 4,1,2 5
16 7 3 4,52 S
17 7 3 8,5,6 5
18 7 3 8,9,6,5,2 7
19 7 3 8,5,4,1,2 7
20 7 3 4,1,2,5,6 7
21 7 3 4,5,8,9,6 7
22 7 3 8,9,6,5,4,1,2 9
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4.3

1.0 | 4,787 38.8 2.16 0.24 0.91 40.44
2.0 | 9,576 38.8 2.55 0.49 0.96 36.14
3.0 | 14,407 67.6 572 2.54 1.01 16.95
4.0 |19,175 73.6 11.12 4.11 1.02 8.81
12
10
8,
( 6l
4,
) /
2,
0 ‘ ‘
0 1 2 3 4
4.4
4.4
1.0 2.0 3.0 4.0 4.4
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1 9
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4.4

1.0 2.0 3.0 4.0
1 3.45 3.85 4.32 4.82
2 3.45 3.68 4.53 4.36
3 3.43 3.81 4.45 4.63
4 3.50 4.56 8.01 8.17
5 3.54 4.25 6.22 6.19
6 3.49 4.20 6.25 5.88
7 5.28 6.20 7.14 0.44
8 5.29 6.06 8.79 9.18
9 5.38 6.74 11.59 12.28
10 5.52 6.31 8.94 10.62
11 7.09 8.31 10.78 17.00
12 3.77 5.04 7.49 12.20
13 3.54 4.83 6.92 9.53
14 3.68 4.38 5.26 5.89
15 3.59 4.38 5.19 6.50
16 3.64 4.21 5.10 5.75
17 3.65 5.00 6.93 9.58
18 5.47 7.32 10.40 20.22
19 5.44 7.36 10.02 15.74
20 5.39 6.76 7.55 9.50
21 5.40 6.83 9.22 12.23
22 7.59 9.55 14.61 29.95
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45 1.0
DYNASMART-X | c&t@
1 3.31 3.54 99.41 30.34
2 4.90 3.46 6.48 26.82
3 4.90 3.55 8.88 29.27
4 4.87 3.54 6.83 20.15
5 581 3.56 9.13 28.10
6 581 3.47 6.74 25.64
7 6.54 5.36 104.91 68.95
8 7.29 5.40 11.57 35.56
9 8.16 5.28 9.64 33.09
10 7.49 5.31 101.95 39.75
11 8.03 7.22 107.60 75.24
12 4.88 3.62 8.50 31.69
13 571 3.64 96.17 24.66
14 5.02 3.54 7.97 25.99
15 3.37 3.71 102.97 31.70
16 5.08 3.57 98.16 27.21
17 5.66 3.61 5.08 23.45
18 8.17 5.39 101.79 69.07
19 7.34 5.65 105.98 43.39
20 6.58 5.45 15.07 41.07
21 753 5.37 15.70 49.62
22 9.79 7.40 111.60 87.80
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4.6 2.0
DYNASMART-X | e&t@
1 3.39 3.63 18.26 56.85
2 5.01 3.70 15.53 33.10
3 5.19 3.75 19.59 25.14
4 512 7.07 28.72 32.04
5 6.39 4.04 24.70 24.50
6 6.22 3.99 20.64 32.46
7 6.85 5.77 26.89 69.05
8 7.55 9.17 29.66 57.84
9 8.47 9.07 28.49 49.06
10 7.08 5.85 28.05 77.81
11 9.21 11.18 36.96 101.76
12 528 8.21 25.24 27.46
13 5.89 7.43 15.65 67.52
14 5.42 4.62 10.84 29.98
15 3.59 4.07 14.82 71.11
16 555 454 14.35 67.79
17 5.76 7.51 12.14 29.72
18 8.69 10.21 33.31 85.43
19 7.57 9.34 22.18 96.02
20 6.85 6.08 15.99 54.89
21 8.46 7.38 27.76 36.78
22 10.37 12.12 39.84 113.92
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4.7 3.0
DYNASMART-X | e&t@

1 3.34 4.30 17.14 152.84
2 6.00 4.21 7.30 21.41
3 6.35 4.25 7.01 28.50
4 5.24 21.10 25.88 54.62
5 6.86 4.86 17.74 50.24
6 6.51 4.82 18.03 43.16
7 6.99 6.53 21.07 173.15
8 8.65 23.77 22.10 55.47
9 8.64 24.51 28.99 73.02
10 8.54 9.40 31.86 230.75
11 9.30 26.05 36.16 200.12
12 5.40 20.25 15.73 43.01
13 6.24 25.16 11.06 214.60
14 5.60 5.02 17.85 40.05
15 3.56 4.23 3.78 166.11
16 5.97 751 18.19 209.21
17 5.88 22.67 9.06 45.44
18 9.06 24.94 5.49 225.39
19 7.75 25.17 4.96 194.09
20 7.88 6.23 10.29 53.11
21 8.76 5.99 22.12 59.28
22 10.58 25.10 15.73 95.15
( )
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4.8 4.0
DYNASMART-X | e&t@
1 3.63 4.49 11.02 32.06
2 5.43 4.70 10.49 31.68
3 5.20 4.94 10.02 20.47
4 5.41 19.85 24.27 58.49
5 7.03 21.95 15.28 4718
6 7.27 21.70 15.75 49.39
7 6.78 5.84 17.86 50.13
8 8.27 5.70 22.49 60.97
9 8.99 24.01 30.29 96.10
10 9.40 22.75 21.69 67.59
11 9.88 6.56 29.67 83.78
12 5.76 11.46 27.33 67.83
13 6.49 4.04 20.18 85.31
14 6.11 7.37 12.45 44.27
15 3.89 6.71 16.31 46.31
16 6.55 6.16 12.92 45.22
17 6.05 5.25 10.71 84.36
18 10.30 11.35 32.55 84.60
19 8.54 7.51 26.30 107.53
20 7.38 9.18 21.24 62.89
21 9.23 17.94 25.03 68.66
22 11.35 13.47 49.58 127.07
( )
4.2.4
422
45 45
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4.9 1.00

DYNASMART-x| eeté
0 9.02 9.02 9.02 9.02
1 7.46 758 9.62 9.25
2 7.36 7.58 11.02 10.44
3 7.27 7.51 13.06 12.30
4 7.27 7.49 — ~
5 7.40 7.50 — -
6 7.31 7.67 _ —
7 7.29 7.45 — -
3 7.27 7.48 - -
9 7.27 7.48 — -
10 7.26 7.45 — —
11 7.28 7.49 — -
12 7.34 7.38 _ —
13 7.31 7.52 — —
14 7.24 7.48 — Z
15 7.27 7.40 — —
16 7.24 7.40 — —
17 7.28 739 — -
18 7.32 7.38 _ —
19 7.31 7.40 — —
20 7.30 754 - -
21 7.36 7.41 — _
—e— DYNASMART-X —4/1+—Peet a —— —h—

1 4

13

12

11

L
S

10 ii:f/
(

9
8
7
6

1 2 3 4 5 6 7
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5-2 5-3
52
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simulation time

2.75
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2.75

2.75
5.2
12.91 Peet
DYNASMART-X
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Peeta
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DYNASMART-X
Peeta
2.75
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5.1 1.00

DYNASMART-X | Peeta
0 9.02 9.02 9.02
1 7.46 7.58 7.58
2 7.36 7.58 7.59
3 7.27 7.51 7.51
4 1.27 7.49 7.52
5 7.40 7.50 7.51
6 7.31 7.67 7.37
7 7.29 7.45 7.63
8 71.27 7.48 7.48
9 7.27 7.48 7.53
10 7.26 7.45 7.47
11 7.28 7.49 7.42
12 7.34 7.38 7.59
13 7.31 7.52 7.47
14 7.24 7.48 7.58
15 1.27 7.40 7.41
16 7.24 7.40 7.50
17 7.28 7.39 7.47
18 7.32 7.38 7.50
19 7.31 7.40 7.48
20 7.30 7.54 7.53
21 7.36 7.41 7.50
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5.2 2.75

DYNASMART-X | Peeta
0 18.71 18.71 18.71
1 15.75 16.52 16.47
2 16.07 15.79 15.33
3 14.40 20.47 15.22
4 14.96 16.67 16.82
S 14.66 16.86 20.14
6 12.91 17.30 16.18
7 15.98 15.04 14.59
8 15.42 17.05 17.54
9 14.40 16.82 16.59
10 13.56 15.25 16.54
11 15.46 18.45 17.26
12 13.00 17.75 16.57
13 14.93 15.58 14.59
14 14.51 15.37 15.05
15 14.16 19.24 18.97
16 15.24 14.24 17.10
17 15.31 17.94 16.91
18 17.01 16.29 17.18
19 14.25 15.38 16.82
20 15.73 18.86 15.61
21 14.31 17.48 19.66
5.3 2.75
DYNASMART-X Peeta

12.91 14.24 14.59

7.79 7.95 7.76

3.92 4.03 4.05
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5.2 2.75 5.5 5.5

DYNASMART-X 15 1943 Peeta
16 1351
12 15 1885
MSA
55
DYNASMART-X| Fecet@
1 2110 2018 2020
2 2269 2284 2309
3 2159 1820 2155
4 2058 2053 2045
5 1977 1964 1974
6 2010 1867 1887
7 2018 1820 1944
8 1089 1451 1936
9 1087 1886 1936
10 1088 1839 1943
11 1962 1530 1014
12 1959 1905 1885
13 1976 1920 1896
14 1043 1902 1887
15 1943 1590 1885
16 1053 1351 1957
17 1044 2006 1085
18 1960 1976 1943
19 1973 1018 1087
20 2008 1570 1970
21 1977 1908 1960
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5.4.2
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5.6 2.75

DYNASMART-X Peeta
DYNASMART 2542.1 2690.6 2649.1
1211 128.1 126.1
1193.7 367.1 417.6
56.8 17.5 19.9
5421 433.7 429.5
25.8 20.7 20.5
480.3 465.7 470.2
22.9 22.2 22.4
4758.2 30956.1 3966.4
5.7
65.4%
17.4%
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SO
5.5.1
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55.1

4.11
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5.8

5.12
5.8 14.59
16.30 14.12
5.9
5.8 2.75
0 18.71 18.62 18.66
1 16.47 17.75 15.86
2 15.33 17.86 16.08
3 15.22 16.30 15.55
4 16.82 21.24 16.01
5 20.14 19.84 14.90
6 16.18 16.68 14.12
I 14.59 18.11 15.82
8 17.54 17.36 16.59
9 16.59 16.60 16.71
10 16.54 18.02 16.50
11 17.26 19.10 14.71
12 16.57 20.33 20.42
13 14.59 18.18 16.78
14 15.05 19.22 16.45
15 18.97 16.35 14.30
16 17.10 17.19 14.78
17 16.91 18.63 16.68
18 17.18 16.63 15.10
19 16.82 21.81 17.49
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subroutine marginal ()

implicit none
C:********************************************************
C** Thisisaprg to calculate time-dependent marginal, *x
C ** it isthe method developed by Peeta. *x
C** EDITED BY DA, TUNG-LI >
C** Mar. 26, 2002 *x

c:********************************************************

rea M,N

real A,B,1,JJJK,L,PQ,R,T,UW,ZPA PB,RA
real XK (10)

REAL XKA(10)
REAL XKB(10)
REAL XKC(10)
REAL YK(10)
REAL FP(10)

REAL PS

REAL PSUM(10)
REAL S(10)

REAL SA(10)
REAL C(10)

REAL MATA(10,10)

C**********************************************************

C*** VARIABLES WHICH USED TO CALCULATE MARGINAL****
C* ETT: ESTIMATED TRAVEL TIME

C* VOLM: VEHICLESON LINK ON THE CERTAIN TIME.

C* NUM_LINK: NUMBER OF LINKS

C* SLOPE: THE MARGINAL OF THE ADDITIONAL VEHICLE

C* MTT: MARGINAL TRAVEL TIME OF THE CERTAIN LINK

C* AVG_SLP: AVERAGE DERIVATIVE

C* MVG_AVSP: MOVING AVERAGE OF THE DERIVATIVE

C**********************************************************

REAL TTM_MTX(1000,1000)
REAL ETT(0:1000,1000)
INTEGER volm(0:1000,1000)
INTEGER NUM_LINK

REAL TIME(1000)

INTEGER TIM

INTEGER LINK

real v(10)

REAL SLOPE(1000,1000)
REAL DT_MTT(1000,1000)
REAL AVG_SL P(1000,1000)
REAL MVG_AV SP(1000,1000),avg_flow(0:1000,1000)
real tt_slot(0:1000,1000)

real intoo(0:1000)

real freeslot(0:1000)

real diff(0:1000,1000)
INTEGER INTVL

INTEGER SIM_INT

real AVG_VEH(1000,1000)
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INTEGER TMBSS,ST

INTEGER KK,LL,NN,ROW_NUM,MM
real temp

integer sim_tim,int_tmp,avg_int,int

real nebrg_mgn(1000,1000)

integer avfltmp(1000)

REAL MTT

integer li_nu,nu_sim

parameter (li_nu=441)

parameter (nu_sim=1000)

DIMENSION MTT(li_nu,nu_sim,2)
integer nst,na
COMMON /MTT/MTT
COMMON /NST/NST
COMMON /NA/NA
real new_veh(1000,500)
real new_dp(1000,500)
if(nst.gt.1000)then
nst=1000
ese
nst=nst
end if

SIM_TIM=NST
NUM_LINK=NA

C************************************************************

C Read travel time matrix.
C************************************************************
rewind(79)
DO 1018 1=0,sim_tim-1
READ(79,*)TIME(l)
READ(79,'(10f8.3)") (tt_dot(l,J),J=1,NUM_LINK)
1018 CONTINUE
rewind(76)

C**********************************************************************

c* read average flow rate.(fort.76)
C**********************************************************************

read(76,'(20i4)")(avfltmp(i),i=1,num_link)

do 113i=0,sim tim-1
read(76,* )time(i)
read(76,'(10f8.3)") (avg_flow(i,j),j=1,num_link)

113  continue
C**********************************************************************

c* reading volumeon al links.
C**********************************************************************
rewind(31)
DO 1016 1I=0,sim_tim-1
READ(31,*)TIME(l)
READ(31,'(1015)") (volm(1,J),j=1,num_link)
1016 CONTINUE
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C**********************************************************************

c* caculatetravel time.
C**********************************************************************
doi=0,sim_tim-1
doj=1,num link
if (avg_flow(i,j).eq.0) then
avg_flow(i,j)=0.005
end if

ETT(,j)=tt_slot(i,j)+(volm(i,j)/(60* avg_flow(i,j)))

end do
end do
C khkhkkhhhhhhkkkkhhhddhhhhhhhdhkdddhhhdhhhhhhkhhddddddhhhhhkkdxhhddddhhhdhkhxxxx*x%x
C * The number of initial solution is 3, because using t-1, t, t+1. *
C khkkhkkkkkhkkhkkkkhkkhkhkkkhkhkhkhkhkhhkhkkhkhkhkkhkhkhkkhkhkkkhkhkkkhkhkkkhkhkkkhkkkhkhkkkkhkkkkkkkkkkx*%
M=3

C khkkkhhhhhhhkhhkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhddhhhdhdhhhhdddkhkhkhkddhhhhrrrrrrird

C* READ THE XK(TIME INTERVAL) & YK(LINK TRAVEL TIME) OF THE FUNCTION. *

C khkkkhkkhkhkhkhkhkhkkkhkhkhkhkhhhhhhhhhhhhhhhhhhhhhhhhkhkhhhhhhdhhhhrhrkhkhkhkhhhhhhrrxrrrirk

C*
C* WHEN TIM=1, IT MEANS THAT SIMULATION TIME 1S 0.1 IN DYNASMART.
C*
DO 1000 TIM=1,sim_tim-1
DO 1002 LINK=1,NUM_LINK
v(1)=volm(tim-1,link)
v(2)=volm(tim,link)
v(3)=volm(tim+1,link)
if((v(2).eq.v(2)).or.(v(1).eq.v(3)).or.(v(2).eq.v(3))) then
if ((v(1).ne.v(3)).and.(v(2).ne.v(3))) then
do 9001 i=40,sim_tim
if ((volm(i,link).ne.v(2)).and.(volm(i,link).ne.v(3)))then
v(1)=volm(i,link)
XK(0)=v(1)
XK(1)=v(2)
XK(2)=v(3)
YK(0)=ETT(i,LINK)
YK(1)=ETT(TIM,LINK)
YK(2=ETT(TIM+1,LINK)
goto 9999
else
M=3
end if
9001 continue
elseif((v(1).nev(2)).and.(v(2).ne.v(3)))then
do 9002 i=40,sim_tim
if((volm(i,link).ne.v(2)).and.(volm(i,link).ne.v(3)))then

v(1)=volm(i,link)
XK(0)=v(1)

XK(1)=v(2)

XK(2)=v(3)
YK(0)=ETT(i,LINK)
YK(L)=ETT(TIM,LINK)
YK(2)=ETT(TIM+1,LINK)
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goto 9999
else
M=3
end if
9002 continue

elseif((v(1).nev(2)).and.(v(1).ne.v(3))) then
do 9003 i=40,sim_tim
if((volm(i,link).ne.v(1)).and.(volm(i,link).ne.v(2)))then

v(3)=volm(i,link)
XK(0)=v(1)
XK(1)=v(2)
XK(2)=v(3)

YK(0)=ETT(tim-1,LINK)
YK(1)=ETT(TIM,LINK)
YK(2=ETT(i,LINK)
goto 9999

else

M=3

end if

9003 continue
else
do 9004 i=40,sim _tim
if((volm(i,link).ne.v(1)).and.(volm(i-20,link).ne.v(1))
& .and.(volm(i,link).ne.volm(i-20,link))) then

v(1)=volm(i-20,link)
v(3)=volm(,link)

XK (0)=v(1)
XK(1)=v(2)
XK(2)=v(3)

YK(0O)=ETT(tim-1,LINK)
YK(1)=ETT(TIM,LINK)
YK(2)=ETT(i,LINK)
goto 9999

else

M=3

end if

9004 continue
end if
ese

XK (0)=v(1)
XK(1)=v(2)
XK(2)=v(3)

YK(0)=ETT(TIM-1,LINK)

YK(1)=ETT(TIM,LINK)

YK(2)=ETT(TIM+L,LINK)
end if
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C

C MAKE A NEW ARRAY FOR SOURCE XK ARRAY.

C
9999

101

C khkkkhkkhkkhkhhkhkhkkkkhkhkhkhhhhhhhhhhhhkhhhhhhdhhhhhrdkhkhkhkhdhhhhrtxx

DO 101 L=0,M-1
XKA(L)=XK(L)
XKC(L)=XK(L)
CONTINUE

C* THEF(X)

C khkkkkkkhkkhkkkhhkkhhkkhhkhhkkhhkkhhkkhkkhhkkhkkhkhkkhhkkhkkhhkkhkkkhkkkkk,x*x

2001
2000

602

202

204

203

301

902

DO 2000 J=0,M-1
PSUM(J)=1
DO 2001 K=0,M-1
IF(J.NE.K) then
PSUM (J)=(XK (3)-XK (K))* PSUM(J)
END IF
CONTINUE
CONTINUE

DO 602 T=0,M-1
XK(T)=XKA(T)
CONTINUE

DO 103 P=1,M
IF(P .EQ. 1) THEN
DO 202 Q=0,M-2
XKB(Q)=XKA(Q+1)
CONTINUE
GOTO 301

ELSE IF(P .GE. 2) THEN
DO 204 PB=0,P-2
XKB(PB)=XKC(PB)
CONTINUE
IF(P .EQ. M) THEN
GOTO 301
ELSE
RA=P-1
DO 203 R=RA,M-2
XKB(R)=XKC(R+1)

CONTINUE

goto 301

END IF
END IF

$0)=1

SA(0)=1

DO 902 Q=1,M-1
SA(Q)=0
CONTINUE
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DO 401 T=0,M-2

DO 402 U=0,M-2

S(U+1)=(XKB(T)* SA(U))+SA(U+1)
402 CONTINUE

DO 901 L=0,M-1
SA(L)=S(L)

901 CONTINUE

401 CONTINUE

W=M-1
DO 404 Z=1,M IPUT THE OUPUT INTO MATRIX
MATA(PZ)=(Y K (P-1)/PSUM(P-1))* (SA(Z-1))

404 CONTINUE

103 CONTINUE
DO 701 B=1,M

DO 702 A=1,M-1
MATA(A+1,B)=MATA(A,B)+MATA(A+1,B)
702 CONTINUE
701 CONTINUE

C*
C* CALCULATE THE PARTIAL DERIVATIVE FOR EACH LINK ON THE CERTAIN TIME
C*

SLOPE(TIM,LINK)=(2* MATA(3,1)* volm(TIM LINK))+MATA(3,2)
1002 CONTINUE
1000 CONTINUE

C****************************************************************

C* AVERAGING TECHNIQUE
C****************************************************************
C*
C* AVERAGING DERIVATIVE
C*
int_tmp=sim_tim/30
DO 1005 INTVL=1,int_tmp
TMP=INTVL*30
DO 1007 LINK=1,NUM_LINK
DO 1006 SS=TMPTMP-28,-1
SLOPE(SS-1,LINK)=SLOPE(SS,LINK)+SLOPE(SS-1,LINK)
1006 CONTINUE
AVG_SLP(INTVL,LINK)=SLOPE(TMP-29,LINK)/30
1007 CONTINUE
1005 CONTINUE
avg_int=int_tmp/5
DO 1008 INTVL=1,avg_int
TMP=INTVL*5
DO 1009 LINK=1,NUM_LINK
DO 1010 SS=TMRTMP-3,-1
AVG_SLP(SS-1,LINK)=AVG_SLP(SS,LINK)+AVG_SLP(SS-1,LINK)
1010 CONTINUE
MVG_AVSP(INTVL,LINK)=AVG_SLP(TMP-4,LINK)/5
1009 CONTINUE
1008 CONTINUE

93 e-Thesys(90



avg_int=int_tmp/5
doi=1,avg_int
do j=(i*50),(i* 50-49),-1
do link=1,num_link
new_slp(j,link)=mvg_avsp(i,link)

end do

end do

end do
C*
C* AVERAGING NUMBER OF VEHICLES ON THE CERTAIN LINK
C*

DO 1011 INTVL=L,int_tmp
TMP=INTVL*30
DO 1012 LINK=1,NUM_LINK
DO 1013 SSS=TMRTMP-28,-1
VOLM(SS-1,LINK)=VOLM(SS,LINK)+
& VOLM(SS-1,LINK)
1013 CONTINUE
AVG_VEH(INTVL,LINK)=VOLM(TMP-29,LINK)/30
1012 CONTINUE
1011 CONTINUE
doi=l,int_tmp
do j=(i*30),(i* 30-9),-1
do link=1,num_link
new_veh(j,link)=avg_veh(i,link)
end do
end do
end do

C*********************************************************************************

C* ADD THE LAST PART OF DYNASMART-X, THE EFFECT OF THE
C*NEIGHBORING(UPSTREAM) LINKS.
C*********************************************************************************
C* READING SPACE OF FREESLOT(FORT.25) AND NUMBER OF VEHICLES WISH GOING
C* INTO THE CURRENT LINKS(FORT.23) FROM NEIGHBORING LINKS.
c*
rewind(23)
rewind(25)
doi=0,sim_tim-1
read(23,*)
read(23,*)
read(25,*)
read(23,2301) (intoo(a),a=1,num_link)
2301 format(10f8.3)
read(25,2501) (freedot(a),a=1,num_link)
2501 format(10f8.3)
read(23,*)
read(25,*)
do a=1,num _link
if ((intoo(a)-freedot(a)) .gt. 0.0) then
diff(i,@=intoo(a)-freedot(a)
else
diff(i,8)=0.0
endif
end do
end do
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C*
C* CALCULATE MARGINAL COSTS OF EFFECT OF NEIGHBORING LINKS.
c*

dotim=1,sim tim-1

do a=1,num_link

nebrg_mgn(tim,a)=diff(tim,a)* s ope(tim,a)

end do

end do
C-k
C* CALCULATE THE MARGINAL COSTS FOR EACH LINK
C*

DO 1003 TIM=1,sim_tim-1

DO 1004 LINK=1,NUM_LINK
DT_MTT(TIM,LINK)=ETT(TIM,LINK)+
& (NEW_VEH(TIM,LINK)*NEW_SLP(TIM,LINK))
& +NEBRG_MGN(TIM,LINK)
1004 CONTINUE
1003 CONTINUE
1014 CONTINUE
TMP=SIM_TIM-(avg_int*5)

IF(TMPGE.1)THEN
DO TIM=(avg_int*5),SIM_TIM-1
DO LINK=1,NUM_LINK
DT_MTT(TIM,LINK)=ETT(TIM,LINK)+NEBRG_MGN(TIM,LINK)
END DO
END DO
ELSE
TMP=TMP
END IF
C-k
C* CHECK THE MARGINAL COSTS IF GREATER THAN EQUAL TO TEMP 999.0000.
C*
temp=999.0000
DO 1019 TIM=1,int_tmp
DO 1020 LINK=1,NUM_LINK
IF (DT_MTT(TIM,LINK).GT.TEMP)THEN
DT_MTT(TIM,LINK)=TEMP
ELSE IF(DT_MTT(TIM,LINK).LT.0)THEN
DT_MTT(TIM,LINK)=0
ELSE
DT_MTT(TIM,LINK)=DT_MTT(TIM,LINK)
END IF
1020 CONTINUE
1019 CONTINUE
doi=1,nst
doj=1,na
mtt(j,i,1)=dt_mtt(i,j)
mtt(j,i,2)=mtt(j,i,1)
END DO
END DO
return
END
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subroutine Imd()
C****************************************************
c* Thisisaprogram to calculate LMD.

c* Edited by D.T. Li.
C****************************************************
integer k,divid,|

integer volm_row,que_row,tim_int,row_num,num_link

rea delay

real temp

real time(1000),dttime(1000)

integer volm(1000,1000),outflow(1000,1000)

real volg(1000,1000)

real Ink_que(1000,1000),arvl_rt(1000,1000),arvl_cum(1000,1000)

real dptr_cum(1000,1000),slp_arvl(1000,1000),sp_dptr(1000,1000)

real intr_mgn(1000,1000),Imd_mtt(1000,1000)

integer nst,na

common /nst/nst

common /nalna

integer Sim_tim

integer tmp

parameter (li_nu=441)

parameter (nu_sim=1000)

real mtt

dimension mtt(li_nu,nu_sim,2)

common /mtt/mtt

if (nst.gt.1000)then

nst=1000

else

nst=nst

end if
num_link=na
sim_tim=nst
divid=num_link/10
I=num_link-(divid* 10)

C_
c- read the volume matrix. (fort.31)
C-

rewind(31)

k=divid-1

volm_row=1

do 200i=1,sim_tim
read(31,*) time(i)
do 201 j=0,k
read(31,'(1015)") (volm(volm_row,j* 10+n),n=1,10)

201 continue

read(31,'(1015)") (volm(volm_row,divid* 10+m),m=1,1)
volm_row=volm_row+1
200 continue

96 e-Thesys(90 )



C-
c- read the outflow matrix(fort.39)
C-
do 202 i=1,sim_tim
read(39,*) dttime(i)
k=divid-1
do 203 =0,k

read(39,'(1018)") (outflow(i,j* 10+n),n=1,10)
203 continue

read(39,'(1018)") (outflow(i,divid* 10+m),m=1,1)
202  continue

rewind(30)
C-
c- read the volume generation matrix. (fort.30)
C-

k=divid-1

do204i=1,sm tim

read(30,* )time(i)

do 205 j=0,k

read(30,'(10f8.1)") (volg(i,j* 10+n),n=1,10)

205 continue

read(30,'(10f8.1)") (volg(i,divid* 10+m),m=1,I)
204  continue
do 208 tim_int=2,sim_tim
do 209 link=1,num_link
arvl_rt(tim_int,link)= volm(tim_int,link)+outflow(tim_int,link)
&-volm(tim_int-1,link)
209 continue
208 continue

C_
c- cumulative arrival curve
C-

c* initial 0.1 timeinterval cumulative
do 214 link=1,num_link
arvl_cum(1,link)=arvl_rt(1,link)
214 continue

c* after 0.1 timeinterval arrival cumulative
do 212 tim int=2,sm_tim
do 213 link=1,num_link
arvl_cum(tim_int,link)=arvl_rt(tim_int,link)
&+arvl_cum(tim_int-1,link)
213 continue
212 continue

C-

c- cumulative departure curve
C-

c* initial 0.0 minuteinterva

do 215 link=1,num_link

dptr_cum(1,link) = outflow(1,link)
215  continue
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c* after 0.0 timeinterval departure cumulative
do 216 tim int=2,sim_tim
do 217 link= 1,num_link
dptr_cum(tim_int,link)=(outflow(tim_int,link)
&+dptr_cum(tim_int-1,link))
217 continue
216  continue
C****************************Starting margl nal Ca|CU|ati0n*********************************
c
c- calculation of marginal for each assignment time-interval
C-
tmp=sim_tim/10
do 400 tim_int=4,tmp
row_num=tim_int*10
arvl_row=row_num-30
do 401 link=1,num_link
Ink_que(row_num,link)=arvl_cum(row_num,link)
& -dptr_cum(row_num,link)
if (Ink_que(row_num,link).GT.0) then

c* check the slope of arrival and departure curve
slp_arvl(row_num,link)=(arvl_cum(row_num,link)

& -arvl_cum(arvl_row,link))/3
slp_dptr(row_num,link)=(dptr_cum(row_num,link)
& -dptr_cum(arvl_row,link))/3

if (slp_dptr(row_num,link).eq.0) then
slp_dptr(row_num,link)=0.000001
ese
slp_dptr(row_num,link)= slp_dptr(row_num,link)
endif
if (dp_arvi(row_num,link).LT.dlp_dptr(row_num,link))then

c *** gituation (a): the slpoe of arrival > 0 ***
if (sp_arvl(row_num,link).GT.0) then
intr_mgn(row_num,link)=((arvl_cum(arvl_row,link)

& -dptr_cum(arvl_row,link))/(slp_dptr(row_num,link)
& -dp_arvi(row_num,link)))-3
c *** gituation (b): the slope of arrival = 0 ***

eseif(dp_arvli(row_num,link).EQ.O) then
intr_mgn(row_num,link)=((arvl_cum(arvl_row,link)

& -dptr_cum(arvl_row,link))/
& slp_dptr(row_num,link))-3
c *** gituation (c): the slope of arrival < 0 (negative slope) ***
else
intr_mgn(row_num,link)=((arvl_cum(arvl_row,link)
& -dptr_cum(arvl_row,link))/
& (slp_dptr(row_num,link)-slp_arvl(row_num,link)))-3
endif
else
c* calculate"d"

delay=Ink_que(row_num,link)/slp_dptr(row_num,link)
tt=(delay*slp_arvl(row_num,link))/slp_dptr(row_num,link)
intr_mgn(row_num,link)=delay+tt

end if
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401
400

701
700

else
intr_mgn(row_num,link)=0
end if

continue

continue
do 700 i=4,tmp
p=i*10

do 701 j=1,num_link

Imd_mtt(p,j)=intr_mgn(p,j)
continue
continue
doi=4,tmp
p=i*10
doj=1,num_link
if (Imd_mtt(p,j).gt.999.0000)then
Imd_mtt(p,j)=999.000
else
Imd_mtt(p,j)=Imd_mtt(p,j)
end if
end do
end do

doi=1,nst

doj=1,na
if(i.lt.41)then
mtt(j,i,1)=Imd_mtt(j,4)
mtt(j,i,2)=Imd_mtt(j,4)
else
mtt(j,i,1)=Imd_mtt(j,i/10)
mtt(j,i,2)=mtt(j,i,1)
end if
END DO
END DO

return

end
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Peeta

subroutine peeta()
implicit none
c:********************************************************
C** Thisisaprg to calculate marginal cost,
C ** it isthe method developed by Peeta.
C** EDITED BY DA, TUNG-LI
C:********************************************************
real M,N
real A,B,1,JJJK,L.RQ,R,T,UW,ZPA,PB,RA

C*************************************************************

Crxxxx VARIABLES WHICH USED TO CALCULATE MARGINAL***
C* ETT: ESTIMATED TRAVEL TIME
C* VOLM: VEHICLES ON LINK ON THE CERTAIN TIME.
C* NUM_LINK: NUMBER OF LINKS
C* SLOPE: THE MARGINAL OF THE ADDITIONAL VEHICLE
C* MTT: MARGINAL TRAVEL TIME OF THE CERTAIN LINK
C* AVG_SLP: AVERAGE DERIVATIVE
C* MVG_AVSP: MOVING AVERAGE OF THE DERIVATIVE
C*************************************************************

REAL TTM_MTX(1000,1000), ETT(0:1000,1000)

INTEGER volm(0:1000,1000)

INTEGER NUM_LINK, TIM ,LINK

REAL TIME(1000) ,v(10)

REAL SLOPE(1000,1000)

REAL DT_MTT(1000,1000)

REAL AVG_SL P(1000,1000)

REAL MVG_AVSP(1000,1000),avg_flow(0:1000,1000)

real tt_slot(0:1000,1000)

INTEGER INTVL

INTEGER SIM_INT

real AVG_VEH(1000,1000)

INTEGER TMPSS,ST

INTEGER KK,LL,NN,ROW_NUM,MM

real temp

integer sim_tim,int_tmp,avg_int,int,li_nu,nu_sim

integer avfltmp(1000)

REAL MTT

parameter (li_nu=441)

parameter (nu_sim=1000)

DIMENSION MTT(li_nu,nu_sim,2)

integer nst,na

COMMON /MTT/MTT

COMMON /NST/NST

COMMON /NA/NA

real new_veh(1000,500), new_slp(1000,500)

if(nst.gt.1000)then

nst=1000

ese

nst=nst

end if
SIM_TIM=NST
NUM_LINK=NA

100 e-Thesys(90



C************************************************************

C Read travel time matrix.
C************************************************************
rewind(79)
DO 1018 1=0,sim_tim-1
READ(79,*)TIME(l)
READ(79,'(10f8.3)") (tt_dot(l,J),J=1,NUM_LINK)
1018 CONTINUE
rewind(76)

C**********************************************************************

c* read average flow rate.(fort.76)
C**********************************************************************

read(76,'(20i4)")(avfltmp(i),i=1,num_link)

do 113i=0,sim tim-1

read(76,* )time(i)

read(76,'(10f8.3)") (avg_flow(i,j),j=1,num _link)
113  continue
C**********************************************************************

c* reading volumeon al links.
C**********************************************************************
rewind(31)
DO 1016 1I=0,sim_tim-1
READ(31,*)TIME(l)
READ(31,'(1015)") (volm(l,J),j=1,num_link)
1016 CONTINUE

C**********************************************************************

c* calculate travel time.
C**********************************************************************
write(* ,*)'start calculating travel time'
do i=0,sim_tim-1
doj=1,num_link
if (avg_flow(i,j).eq.0) then
avg_flow(i,j)=0.005

end if

ETT(i,j)=tt_slot(i,j)+(volm(i,j)/(60* avg_flow(i,j)))

end do

end do
C:************************************************************************
C * The number of initial solution is 3, because using t-1, t, t+1. *
C:************************************************************************

M=3

C:************************************************************************

C* READ THE XK(TIME INTERVAL) & YK(LINK TRAVEL TIME) OF THE FUNCTION. *
C:************************************************************************
C*
C* WHEN TIM=1, IT MEANS THAT SIMULATION TIME 1S 0.1 IN DYNASMART.
C*

DO 1000 TIM=1,sim_tim-1

DO 1002 LINK=1,NUM_LINK

v(1)=volm(tim-1,link)

v(2)=volm(tim,link)

v(3)=volm(tim+1,link)

if(v(1).eg.v(3))then

doi=0,sim_tim

if(volm(i,link).ne.v(1))then
v(3)=volm(i,link)

101 e-Thesys(90



if ((V(1)-v(3)).eq9.0)then

temp=0.001
slope(tim,link)=(ETT(TIM-1,LINK)-ETT(I,LINK))/temp
go to 1002
else
dope(tim,link)=(ETT(TIM-1,LINK)-ETT(I,LINK))/(v(2)-v(3))
go to 1002
end if
ese
M=M
END IF
end do
else
M=M
end if

1002 CONTINUE
1000 CONTINUE

C****************************************************************

C* AVERAGING TECHNIQUE
Cj***************************************************************
C* AVERAGING DERIVATIVE

int_tmp=sim_tim/30

DO 1005 INTVL=L,int_tmp

TMP=INTVL*30

DO 1007 LINK=1,NUM_LINK

DO 1006 SSS=TMRTMP-8,-1

SLOPE(SS-1,LINK)=SLOPE(SS,LINK)+SLOPE(SS-1,LINK)
1006 CONTINUE

AVG_SLP(INTVL,LINK)=SLOPE(TMP-29,LINK)/30
1007 CONTINUE
1005 CONTINUE

avg_int=int_tmp/5

DO 1008 INTVL=1,avg_int

TMP=INTVL*5

DO 1009 LINK=1,NUM_LINK

DO 1010 SSS=TMRTMP-3,-1

AVG_SLP(SS-1,LINK)=AVG_SLP(SSLINK)+AVG_SLP(SS-1,LINK)
1010 CONTINUE

MVG_AVSP(INTVL,LINK)=AVG_SLP(TMP-4,LINK)/5
1009 CONTINUE
1008 CONTINUE

avg_int=int_tmp/5

doi=1,avg_int

do j=(i*150),(i* 150-149),-1

do link=1,num_link

new_slp(j,link)=mvg_avsp(i,link)

end do

end do

end do
C* AVERAGING NUMBER OF VEHICLES ON THE CERTAIN LINK

DO 1011 INTVL=L,int tmp

TMP=INTVL*30

DO 1012 LINK=1,NUM_LINK

DO 1013 SSS=TMRTMP-28,-1

VOLM(ss-1,LINK)=VOLM(ss,LINK)+

& VOLM(ss-1,LINK)
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1013 CONTINUE
AVG_VEH(INTVL,LINK)=VOLM(TMP-29,LINK)/30

1012 CONTINUE

1011 CONTINUE

doi=l,int_tmp
do j=(i*30),(i* 30-29),-1
do link=1,num_link
new_veh(j,link)=avg_veh(i,link)
end do
end do
end do
C* CALCULATE THE MARGINAL COSTS FOR EACH LINK.
DO 1003 TIM=1,sim_tim-1
DO 1004 LINK=1,NUM_LINK
DT_MTT(TIM,LINK)=ETT(TIM,LINK)+
& (NEW_VEH(TIM,LINK)*NEW_SLP(TIM,LINK))
1004 CONTINUE
1003 CONTINUE
1014 CONTINUE

TMP=SIM_TIM-1-(avg_int*5)
IF(TMP.GE.1)THEN
DO TIM=(avg_int*5),SIM_TIM
DO LINK=1,NUM_LINK
DT_MTT(TIM,LINK)=ETT(TIM,LINK)
END DO
END DO
ELSE
TMP=TMP
END IF
C* CHECK THE MARGINAL COSTS IF GREATER THAN EQUAL TO TEM P 999.0000.
temp=999.0000
DO 1019 TIM=1,int_tmp
DO 1020 LINK=1,NUM_LINK
IF(DT_MTT(TIM,LINK).GT.TEMP)THEN
DT_MTT(TIM,LINK)=TEMP
ELSE IF(DT_MTT(TIM,LINK).LT.0)THEN
DT_MTT(TIM,LINK)=0
ELSE
DT _MTT(TIM,LINK)=DT_MTT(TIM,LINK)
END IF
1020 CONTINUE
1019 CONTINUE
doi=1,nst
doj=1,na
mtt(j,i,1)=dt_mtt(i,j)
mtt(j,i,2)=mtt(j,i,1)
END DO
END DO

return
END
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subroutine wei()

implicit none
C******************** document************************

C****************************************************************************

This program is the method of calculation of marginal

with the wei's method which was edited by dtli.

This program has two parts. Thefirst part, using the velicity

of each timeinterval to calculate the "link" marginal traveling cost.
The second part calculates the intersection delay.

C*****************************************************************************

OO0 000

C
¢ Thefirst part of this program isthe
c calculation of "link" marginal cost.
c

C************ VarlablesdeflnltlOn**************************

C*******************************************************

c Vvelcty :the vdlicity of current time dice

c empty: thisvariable is used reading the first line of each time interval
c time timeinterval (0.1 minute)

¢ num_link: total number of linksin the network

¢ row_num: the velicity matrix's row number,

c each row isthe velicity of all linksin atimeinterval

c link_mgn: marginal cost of each link

c- claim variables
crxxxxxxk yariablesfor the first partx******
real velcity(1000,1000), time(1000), empty(1000)
integer i,j,k,I,m,n,p,q
integer row_num, num_link, divid, clmn
real link_mgn(1000,500)

cr*x**xx%% yariables for the second part*******
integer volm(1000,500), outflow(1000,500), volg(1000,500)
rea arvl_rt(1000,500), Ink_que(1000,500), tt(500,2)
integer volm_row,que_row,tim_int,link ,delay ,arvl_row
real intr_mgn(1000,500) ,arvl_cum(1000,500) ,dptr_cum(1000,500) ,dttime(1000)
real temp
integer tmp
integer sim_tim
real wei_mtt(1000,500),tt_slot(1000,500)
real avg_flow(1000,500),diff_tt(1000,500)
integer int_tmp,tim
integer li_nu,nu_sim
parameter (li_nu=441)
parameter (nu_sim=1000)
integer nst,na
common /nst/nst
common /nalna
real mtt
dimension mtt(li_nu,nu_sim,?)
common /mtt/mtt
real avfltmp(1000)
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if(nst.gt.1000)then
nst=1000

else

nst=nst

end if

num_link=na
sim_tim=nst-1
C**********************************
c- read the volume matrix. (fort.31)
C***********************************
rewind(31)
divid=num_link/10
k=divid-1
[=num_link-(divid* 10)
volm _row=1
do200i=1,sim tim
read(31,*)time(i)
do 201 j=0,k
read(31,'(1015)") (volm(volm_row,j* 10+n),n=1,10)
201 continue
read(31,'(1015)") (volm(volm_row,divid* 10+m),m=1,1)
volm_row=volm_row+1
200  continue
rewind(76)

C**********************************************************************

c* read average flow rate.(fort.76)
C**********************************************************************
k=divid-1
row_num=1
read(76,'(20i4)") (avfltmp(i),i=1,num_link)
do113i=1,sm tim
read(76,*)time(i)
do 114 j=0,k
read(76,'(10f8.3)") (avg_flow(row_num,j* 10+n),n=1,10)
114 continue
read(76,'(10f8.3)") (avg_flow(row_num,divid* 10+m),m=1,I)
row_num=row_num-+1
113  continue
rewind(79)

C**********************************************************************

c* readtravel time of free dot.(fort.79)
C**********************************************************************
DIVID =NUM_LINK/10
K=DIVID-1
L=NUM_LINK-(DIVID*10)
ROW_NUM=1
DO 115I1=1,sim tim
READ(79,*)TIME(l)
DO 116 J=0,K
READ(79,'(10f8.3)") (tt_slot(ROW_NUM,J*10+N),N=1,10)
116 CONTINUE
READ(79,'(10f8.3)") (tt_slot(ROW_NUM,DIVID*10+M),M=1,L)
ROW_NUM=ROW_NUM+1
115 CONTINUE

105 e-Thesys(90



C*****************************************

c-- calculation of "link" marginal cost link_mgn(i,k)
C********************************************
do900i=1,sim_tim
do 901 p=1,num_link
if(avg_flow(i,p).eq.0) then
avg_flow(i,p)=0.001
end if
if(avg_flow(i+1,p).eq.0)then
avg_flow(i+1,p)=0.500
end if
diff_tt(i,p)=(tt_slot(i+1,p)+(volm(i+1,p)/(60* avg_flow(i+1,p))))
&-(tt_slot(i,p)+(volm(i,p)/(60* avg_flow(i,p))))
901 continue
900 continue

do 102 i=1,sim tim
do 103 p=1,num_link
if (volm(i,p).eq.volm(i+1,p)) then
link_mgn(i,p)=diff_tt(i,p)
ese
link_mgn(i,p)=diff_tt(i,p)* volm(i,p)/(volm(i+1,p)-volm(i,p))
end if
103 continue
102  continue

C
¢ The second part of this program isthe

c calculation of "intersection” marginal cost.
C

C***********************************

c- read the outflow matrix(fort.39)
C***********************************
rewind(39)
do 202 i=1,sim tim+1
read(39,*) dttime(i)
k=divid-1
do 203 =0,k

read(39,'(1018)") (outflow(i,j* 10+n),n=1,10)
203 continue

read(39,'(1018)") (outflow(i,divid* 10+m),m=1,1)
202  continue

rewind(30)

C************************************

c- read the volume generation matrix. (fort.30)
C*************************************
k=divid-1
do 204 i=1,sim_tim
read(30,*)time(i)
do 205j=0k
read(30,'(10f8.1)") (volg(i,j* 10+n),n=1,10)
205 continue
read(30,'(10f8.1)") (volg(i,divid* 10+m),m=1,1)
204  continue
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C**************************************************

c- calculation of arrival rate.<arrival=inflow-+volum generation>
C***************************************************
c-  arrival rate(t+1)=volume(t+1)+outflow(t+1)-volume(t)
do 208 tim_int=2,sim_tim
do 209 link=1,num_link
arvl_rt(tim_int,link)= volm(tim_int,link)+outflow(tim_int,link)
&-volm(tim_int-1,link)

209 continue

208 continue

C-

c- cumulative arrival curve
C-

c* initial 0.1 timeinterval cumulative
do 214 link=1,num_link
arvl_cum(1,link)=arvl_rt(1,link)
214 continue
c* after 0.1 timeinterval arrival cumulative
do 212 tim_int=2,sim_tim
do 213 link=1,num_link
arvl_cum(tim_int,link)=arvl_rt(tim_int,link)
& +arvl_cum(tim_int-1,link)
213 continue
212 continue

c- cumulative departure curve
c* initial 0.0 minuteinterva

do 215 link=1,num_link
dptr_cum(1,link) = outflow(1,link)
215  continue

c* after 0.0 timeinterval departure cumulative
do 216 tim_int=2,sim_tim
do 217 link= 1,num_link
dptr_cum(tim_int,link)=(outflow(tim_int,link)
& +dptr_cum(tim_int-1,link))
217 continue
216  continue

C*****************Sarting mal’glna| Calculation*******************************
c
¢- searching the point of that dptr cumulative being equal to arvl cumulative.
C-

doi=1,num_link

doj=1,2

tt(i,j)=0

end do

end do

doi=1,sim_tim

doj=1,num link

intr_mgn(i,j)=0.000

end do

end do
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401
402

400

404
403

701
700

1020
1019

do 400 j=1,num_link

do 401 i=2,sim_tim

if (dptr_cum(i,j).ne.arvl_cum(i,j)) then
tt(j,1)=i-1
go to 402

else

tt(j,1)=tt(j,1)

end if

continue

do k=i,sim_tim

if ((dptr_cum(k,j).eq.arvl_cum(k,j)).and.(dptr_cum(k,j).ne.0))then

tt(j,2)=k

ese

tt(j,2)=tt(j,2)
end if
end do
continue
do 403 j=1,num_link
do404i=1,sim tim
if ((i.1t.tt(j,1)).and.(i.It.tt(j,2))) then
intr_mgn(i,j)=real (0)
elseif(i.eq.tt(j,1))then
intr_mgn(i,j)=(tt(j,2)-i)/10
elseif((i.gt.tt(j,1)).and.(i.It.tt(j,2))) then
intr_mgn(i,j)=(tt(j,2)-i)/10
elseif(i.gett(j,2))then
intr_mgn(i,j)=real (0)
ese
intr_mgn(i,j)=0.000
end if
continue
continue
do 700 i=1,sim tim
do 701 j=1,num_link

wei_mtt(i,j)=link_mgn(i,j)+(volm(i j)*intr_mgn(i,j))

continue
continue
temp=999.0000
DO 1019 TIM=1,sim_tim
DO 1020 LINK=1,NUM_LINK
IF (wei_mtt(TIM,LINK).GT.TEMP)THEN
wei_mtt(TIM,LINK)=TEMP
ELSE if (wei_mtt(TIM,LINK).LT.0)THEN
wei_mtt(TIM,LINK)=0
ELSE
wei_mtt(TIM,LINK)=wei_mtt(TIM,LINK)
END IF
CONTINUE
CONTINUE
doi=1,nst
doj=1,na
mtt(j,i,1)=wei_mtt(i,j)
mtt(j,i,2)=mtt(j,i,1)
END DO
END DO
return
end
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program tdimsp

implicit none
C**********************************************************************
¢ Thisisaprogram to calculate the time-dependent marginal travel time of the al paths
c of the given OD pair.
c EDITED BY DTLI APR. 3,2002

C**********************************************************************

integer i,j,k,l,n,m,temp

integer num_link,divid,row_num

integer path(100,100),0rgn(100),des(100)
integer linkid(100,100),link(100)

integer sim_tim

real avg_flow(0:1000,1000),tt_slot(0:1000,1000)
integer volm(0:1000,1000)

real time(0:1000)

real mgn_Ink(1000,1000)

real trvl_tim(0:1000,1000)

dimension mgn_path(1000,30,30)

real mgn_path

integer en_tim

dimension cum_tim(1000,30,30)

real cum_tim

write(* ,*)'Input number of links.'

read(* ,* )num_link

write(* ,*)'Input length of simulation time.'
read(* ,*)sim_tim

C******************************************************************

c* Read the test path.(testpath.dat)

C******************************************************************
OPEN(UNIT=100,FIL E="testpath.dat',STATUS='OLD")
do 001i=1,12
read(100,'(613)") (path(i,j),j=1,6)

001 continue
do 002 i=13,20
read(100,'(813)") (path(i,j),j=1,8)

002 continue
do 003 i=21,22
read(100,'(1013)") (path(i,j),j=1,10)

003  continue
OPEN(UNIT=101,FILE="linkid.dat',STATUS="OLD")
do 004 i=1,24
read(101,'(315)")link(i),orgn(i),des(i)

004  continue

C******************************************************************

c* identify thelink'si.d. of each path.
C******************************************************************
do 100i=1,12
do101j=14
do 102 k=1,24
if ((path(i,j+1).eq.orgn(k)).and.(path(i,j +2).eg.des(k)))then
linkid(i,j)=link(k)
end if
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102  continue
101  continue
100 continue

do 103i=13,20
do 104 j=1,6
do 105 k=1,24
if ((path(i,j+1).eq.orgn(k)).and.(path(i,j+2).eg.des(k)))then
linkid(i,j)=link(Kk)
end if
105  continue
104  continue
103  continue

do 106 i=21,22
do 107 j=1,8
do 108 k=1,24
if ((path(i,j+1).eq.orgn(k)).and.(path(i,j+2).eg.des(k)))then
linkid(i,j)=link(k)
end if
108  continue
107  continue
106  continue

C*****************************************************************

c* read the marginal cost of each link on certain time.(output.100)
C}****************************************************************
divid=num_link/10
k=divid-1
I=num_link-(divid* 10)
OPEN(UNIT=102,FIL E='output.100',STATUS='0OLD")
temp=sim_tim/10
row_num=1
do 109 i=1,temp-1
read(102,*) time(i)
do 110 =0,k
read(102,'(10f8.4)") (mgn_Ink(row_num,j* 10+n),n=1,10)
110  continue
read(102,'(10f8.4)") (mgn_Ink(row_num,divid* 10+m),m=1,I)
row_num=row_num-+1
109 continue

C********************************************************************

c* read volume on link.(fort.31)
C********************************************************************
OPEN(UNIT=31,FILE="fort.31',STATUS="0OLD")
k=divid-1
row_num=0
do 111 i=0,sim_tim
read(31,*)time(i)
do 112 =0,k
read(31,'(1015)") (volm(row_num,j*10+n),n=1,10)
112 continue
read(31,'(1015)") (volm(row_num,divid* 10+m),m=1,l)
row_num=row_num-+1
111  continue
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C**********************************************************************

c* read average flow rate.(fort.76)
C**********************************************************************
OPEN(UNIT=76,FILE="fort.76',STATUS='OLD")
k=divid-1
row_num=0
do 113i=0,sm_tim
read(76,* )time(i)
do 114 =0,k
read(76,'(10f8.4)") (avg_flow(row_num,j* 10+n),n=1,10)
114 continue
read(76,'(10f8.4)") (avg_flow(row_num,divid* 10+m),m=1,1)
row_num=row_num-+1
113  continue

C**********************************************************************

c* readtravel time of free dot.(fort.79)
C**********************************************************************
DIVID =NUM_LINK/10
K=DIVID-1
L=NUM_LINK-(DIVID*10)
OPEN(UNIT=79,FILE="fort.79',STATUS="OLD")
ROW_NUM=0
DO 1151=0,sim _tim
READ(79,*)TIME(l)
DO 116 J=0,K
READ(79,'(10f8.4)") (tt_slot(ROW_NUM,J* 10+N),N=1,10)
116 CONTINUE
READ(79,'(10f8.4)") (tt_slot(ROW_NUM,DIVID*10+M),M=1,L)
ROW_NUM=ROW_NUM+1
115 CONTINUE

C********************************************************************

c* Calculate the travel time of each link.
C********************************************************************
do 117 i=0,sim tim
do 118 j=1,num _link
trvl_tim(i,j)=tt_slot(i,j)+(volm(i,j)/(60* avg_flow(i,j)))
118  continue
117  continue

C*******************************************************************

c* calculate cumulative travel time of path 1~path 12.
C*******************************************************************
C*

c* calculate cumulative travel time of path 1~path 12.

C*

temp=sim_tim/10
do 900 k=4,temp
do 119i=1,12
cum_tim(k,i,1)=trvl_tim(k* 10,linkid(i,1))
do120j=2,4
cum_tim(k,i,j)=trvl_tim((k* 10+(cum_tim(k,i,j-1))* 10),linkid(i,j))
&+cum_tim(k,i j-1)
120  continue
119  continue
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C*
c* calculate cumulative travel time of path 13~path 20.
C*
do 121i=13,20
cum_tim(k,i,1)=trvl_tim(k* 10,linkid(i,1))
do 122 j=2,6
cum_tim(k,i,j)=trvl_tim((k* 10+(cum_tim(k,i,j-1)* 10)),linkid(i,j))
&+cum_tim(k,i j-1)
122 continue
121 continue

C*
c* calculate cumulative travel time of path 21~path 22.
C*
do 123i=21,22
cum_tim(k,i,1)=trvl_tim(40,linkid(i,1))
do 124 j=2,8
cum_tim(k,i,j)=

&trvl_tim((40+(cum_tim(k,i,j-1)* 10)),linkid(i,j))+cum_tim(k,i,j-1)
124  continue
123  continue
900 continue
C****************************************************************************

c* Begin to calculate marginal cost of each given path.
C****************************************************************************
C*
c* calculate time-dependent margina travel cost of path 1~path 12.
C*

OPEN(UNIT=200,FIL E="pthmgn.out', STATUS="old")

do 901 k=4,temp

do 200i=1,12

mgn_path(k,i,1)=mgn_Ink(k,linkid(i,1))

do 201 j=24

mgn_path(k,i,j)=mgn_Ink(k+(cum_tim(k,i,j-1)/20),linkid(i,j))
201  continue
200  continue

C*
c* calculate time-dependent marginal travel cost of path 13~path 20.
C*

do 202 i=13,20

mgn_path(k,i,1)=mgn_Ink(k,linkid(i,1))

do 203j=2,6

mgn_path(k,i,j)=mgn_Ink(k+(cum_tim(k,i,j-1)/10),linkid(i,j))
203  continue
202 continue

C*
c* calculate time-dependent marginal travel cost of path 21~path 22.
C*

do 204 i=21,22

mgn_path(k,i,1)=mgn_Ink(k,linkid(i,1))

do 205j=2,8

mgn_path(k,i,j)=mgn_Ink(k+(cum_tim(k,i,j-1)/10),linkid(i,j))
205 continue
204  continue
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C*
c* Summation of time-dependent marginal cost of each path.
C*

do 206i=1,12
do 207 j=4,2,-1
mgn_path(k,i,j-1)=mgn_path(k,i,j)+mgn_path(k,i,j-1)
207  continue
206  continue
do 208i=13,20
do 209j=6,2,-1
mgn_path(k,i,j-1)=mgn_path(k,i,j)+mgn_path(k,i,j-1)
209 continue
208 continue
do 210i=21,22
do211=8,2,-1
mgn_path(k,i,j-1)=mgn_path(k,i,j)+mgn_path(k,i,j-1)
211  continue
210 continue

C***************************************************************

c* write output.
C***************************************************************
write(200,*)'time="k
do 301i=1,22
write(200,*) 'path’,i,":',mgn_path(k,i,1)
301 continue
901 continue

end
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