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clk = 0.0;
Initialize();
while (event_list is not empty) do
(time, id, info) = Retrieve_event();
clk = time;
switch (id) do
case 1: Execute El(info);
case 2: Execute E2(info);

end switch
end while

B-21 >3 2 L—Z OO a—

function Increase_period(info)
T +=1;
Vehicles birth();
if (t < n—1) then
Schedule event( (7 + 1)At,
INCREASE_PERIOD, none );
end if
end function

K-22 Increase_period DEHLl=—

function Vehicles birth()
for all rs in R do
for all p in K, do
for all v in @ to F%EJ
next_vehicles[r, s, p].append
( (s s, py (), upz (V) );
end for
next_vehicle[r, s, p] =
next_vehicles[r, s, p]l.pop();
Schedule_event( t;7(0),
VEHICLE_DEPART, (r, s, p) );
end for
end for
end function

X-23 Vehicles_birth O&Ll=—F

LB CH D, ZOBMKIIE info BETZ LN TE .

AMFFED DNL €7 /WIZLL T D 4 FEEEO HROMTFAE
T2 1 (1) Bpfir & 1 DHI°9 Increase_period, (2)HL]
% 1 HHRE SE 5 Vehicle depart, Q)Hl 1 5% U
7 O HR bV X v AT E K S H D
Vehicle arrive link exit, @)V 7 DR MRy 7
D7 — h&BI< Link_exit_open. LIFTIX, Zhbo
FLEFTT L (B-21 @ Execute Eid) O7 /L=
VAL ZHH L TL.

X-22 IZ Increase period D%l — K Th 5. XH

sha.
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XFOHFEX, *IETD2FELZOBRBNESTEERT.
Increase_period (ZIXBMEIZR RN =D, F=F]
X none 1272 > T 5.
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D OD 7 L A&TORPEIZONT, LT O A FA 79
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rs « REpDHEEZ TR LT HY A MTHDH. append 1T
UARDAY v RTHY, 5HEEYEY A NORZEITEA
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(destination) , & (path) , H 3& B %
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ELTEEIND. KIZ, next_vehicles[r,s,p]DIcEA
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KpDHE AT, pop TV A DAY v RTHY, %4
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FEFRITY A PBHERSD. RIS, ZOHFEOHFE
EEGL LCPNTS. ZOBEBOHRERLL(0) &
72%. Vehicle depart (ZIXiBNIAOZetE®HR & LC, Hij
D OD T &R AT,
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XD, gk Move vehicle to next link
BIC k> Tt b, RIZ, next_vehicles[r,s,p]
\ZHIE AR > TO A AL, JEsEO 250 H L,
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function Vehicle_depart((r, s, p))
Move_vehicle to next link
(next_vehicle[r, s, p]l, 7);
if (next_vehicles[r, s, p] is not empty)
then

next_vehicle[r, s, p] =
next_vehicles[r, s, p].pop();
Schedule_event
( next_vehicle[r, s, p].depart_time,
VEHICLE_DEPART, (r, s, p) );
end if
end function

X-24 Vehicle depart @%Efbla— K

function Move_vehicle to next link
(vehicle, i)
if (i != vehicle.destination) then
a = ID of the link on vehicle.path
whose init node is node i;
running_vehicles[a].append(vehicle);
Schedule_event(clk + [,
VEHICLE_ARRIVE_LINK EXIT, a);
else then

r = vehicle.origin;

s = vehicle.destination;

p = vehicle.path;

6 = floor(vehicle.depart_time / At);

if (fy6 > ©.0) then
cpp += vehicle.mass / fj5 *
Travel_cost(vehicle.depart_time,
clk);

else then
cpp = Travel cost
(vehicle.depart_time, clk);

end if

end if
end function

X-25 Move vehicle to next link d&l=— K

function Travel_cost(depart_time,
arrive_time)
if (arrive_time <= t*) then
return a * (arrive_time - depart_time)
+ B * (t* - arrive_time);
else then
return a * (arrive_time - depart_time)
+ y * (arrive_time - t*);
end if
end function

X-26 Travel cost O%ibo— R

Vehicle arrive link exit (2%, 1BAIAY7IE#HRE LT
V> FmazEd. —F, /— RiBNHEEO BT
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function Vehicle arrive link exit(a)
vehicle = running_vehicles[a].pop();
waiting vehicles[a].append(vehicle);
Pass_vehicle_if possible(a);

end function

X-27 Vehicle arrive link exit Of¢Ll=— K

function Pass_vehicle_if possible(a)
if (exit_open[a] == true and
waiting vehicles[a] is not empty) then
vehicle = waiting vehicles[a].pop();
i = ID of the term node of link a;
Move vehicle to next link(vehicle, i);
exit_open[a] = false;
Schedule_event(clk + vehicle.mass/C,,
LINK_EXIT OPEN, a);
end function

K28 Pass_vehicle if possible M&HLl=—

function Link exit open(a)
exit_open[a] = true;
Pass_vehicle if possible(a);
end function

X-29 Link_exit_open MEHLl=— K

function Initialize()
for all rs in R do
for all p in K, do
Initialize next_vehicles[r, s, p];
for all 6§ in @ ton—1 do
Cpyp = 0.0;
end for
end for
end for
for all a in A do
Initialize running_vehicles[a];
Initialize waiting vehicles[a];
exit_open[a] = true;
end for
Initialize event_list;
T =0;
Vehicles birth();
Schedule _event(At, INCREASE_PERIOD,
none);
end function

&30 Initialize M%Ll=— R

WA T L Crs & R ox DB Hays Ofifl % BN,
Xotay Xo(zy Koy &% o() T DA HIZ
REW, D) DMEFRT (RO, 1) 730 55812 b,
TNOIZEZR DN 252, o(DHME—IZEED LT
LTHL) . NlTiRz2FE L Crs HFFoxDEHRHT



H5. HLlE, UTOFIRINES ZLIZLD, yr &k

ETED.

D I«1

2) b LI = N2 5 5)\THETs.

Yz e xgln 7107 - Zioagd)]

H bHlz<0keb SHITHET. 95 TRITNZE, [«
I+1LL, 2ITRES.

9 %5t < wy +317 - Efaxin] =D

60 Yoip <0 (Vji>1D)

REFERENCES

1) Huang, H.-J. and Lam, W. H. K.: Modeling and solving the
dynamic user equilibrium route and departure time choice
problem in network with queues, Transportation Research
Part B, Vol. 36, No. 3, pp. 253-273, 2002.

2) RITAS, 7RMAFE, THKEE, 22K R - HIERE
(7 B R o Bl 1) P 2 A0 4y D SRR+ kG
BB 7w —F, hARFEHmCE D3 (LARFHE
%), Vol. 76, No. 3, pp. 264-281, 2020.

3) Wie, B.-W., Tobin, R. L., Friesz, T. L. and Bernstein, D.:
A discrete time, nested cost operator approach to the dy-
namic network user equilibrium problem, Transportation
Science, Vol. 29, No. 1, pp. 79-92, 1995.

4) Florian, M., Mahut, M. and Tremblay, N.: Application of a
simulation-based dynamic traffic assignment model, Euro-
pean Journal of Operational Research, Vol. 189, No. 3, pp.
1381-1392, 2008.

5) Friesz, T. L., Han, K., Neto, P. A., Meimand, A. and Yao,
T.: Dynamic user equilibrium based on a hydrodynamic
model, Transportation Research Part B: Methodological,
Vol. 47, pp. 102-126, 2013.

6) Han, K, Eve, G. and Friesz, T. L.: Computing dynamic user

7)

8)

9)

10)

11)

12)
13)

14)

15)

16)

5 67 B AFEPMARRS - HRE

equilibria on large-scale networks with software imple-
mentation, Networks and Spatial Economics, Vol. 19, pp.
869-902, 2019.

Szeto, W. Y. and Hong, K. L.: A cell-based simultaneous
route and departure time choice model with elastic demand,
Transportation Research Part B: Methodological, Vol. 38,
No. 7, pp. 593-612, 2004.

Nie, Y. and Zhang, H. M.: Solving the dynamic user opti-
mal assignment problem considering queue spillback, Netz-
works and Spatial Economics, Vol. 10, pp. 49-71, 2010.
Arnott. R.: Departure time and route choice for the morn-
ing commute, Methodological Transportation Research

Part B: Methodological, Vol. 24, No. 3, pp. 209-228, 1990.

Lahkar, R. and Sandholm, W. H.: The projection dynamic
and the geometry of population games, Games and Eco-
nomic Behavior, Vol. 64, No. 2, pp. 565-590, 2008.
Sandholm, W. H., Dokumaci E. and Lahka, R.: The pro-
jection dynamic and the replicator dynamic, Games and
Economic Behavior, Vol. 64, No. 2, pp. 666-683, 2008.
Choi, B. K. and Kang, D.: Modeling and Simulation of Dis-
crete -Event Systems, Wiley, 2013.

BHASAL, FHEER © RGBS R T L5507
Gyt ARACHIRR, 1992.

Gentile. G.: Solving a dynamic user equilibrium model

B

based on splitting rates with gradient projection algorithms,
Transportation Research Part B: Methodological, Vol. 92,
pp. 120-147, 2016.

Transportation Networks for Research Core Team: Trans-
portation Networks for Research, https://github.com/bsta-
bler/TransportationNetworks (A #& % B : 2023-3-3)
Small, K. A.: The scheduling of consumer activities: work
trips, American Economic Review, Vol. 72, No. 3, pp. 467-
79, 1982.

(Reeeived-July1:-2022)
(Aceepted-November 1,2022)

IMPROVED PROJECTION ALGORITHM APPLIED TO DYNAMIC USER
EQUILIBRIUM TRAFFIC ASSIGNMENT WITH DEPARTURE TIME CHOICE

Shunsuke SEGI and Masaki ICHIKAWA

This study proposes a heuristic algorithm applied to dynamic user equilibrium traffic assignment prob-
lems withsimultaneous route/departure time choice. First, we argue that ordinary equilibrium dynamics in
evolutionary game theory cannot find equilibrium of this kind of problems. Then, we propose a new heu-
ristic algorithm than can find a state closer to the equilibrium by improving the extra projection algorithm
(EPA), which is a solution method using equilibrium dynamics. We apply the proposed algorithm to a
dynamic user equilibrium allocation problem in a network with multiple origins and destinations, and con-
firm that a state closer to the equilibrium can be obtained than EPA.



