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PREDICTIVE AND DYNAMIC USER OPTIMAL
TRAFFIC ASSIGNMENT AS A TIME-DELAY
OPTIMAL CONTROL PROBLEM

Hiroshi MATSUI* and Hiep Tuan DAM**

This paper presents a look at dynamic user optimal traffic assignment as a time-delay
optimal control problem. The approach proposed here allows us to develop a model
for solving the predictive and dynamic user optimal assignment problem which is cap-
able for considering both time-delay effects in the dynamic of link traffic flow and the

information providing process to travelers.
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1. INTRODUCTION

It is well-known that dynamic traffic assignment
is a very complex problem in travel demand
analysis because it involves numerous factors to be
considered and because of its large scale dimen-
sion. Generally, there have been three approaches
for solving the dynamic traffic assignment problem:

(1) computer simulation approach™®.

(ii) mathematical programming approach™.

(iii) optimal control theoretic approach””'.

Among them, -the optimal control theoretic
approach looks likely most promising because it
allows to develop the models capable of solving the
dynamic traffic assignment problem in a very
general form. However, it is only recent when this
approach has become available in the travel
demand research world. Regardless of the well-
known approaches, almost every existing model
represents the dynamics of link flow as the
difference between link’s entering and exit flows in
the same time period. The link’s exit flow is usually
considered as a function of link’s traffic volume
during the same time period and this assumption is
acceptable if the link flow is supposed to be
homogenous in space. In an urban congested
network, as many unexpected phenomena may
happen, the above assumption on the link’s. exit
flow may be questionable. Thus it seems more
realistic to consider that link’s exit flow depends on
link’s traffic volume at some previous time and it
naturally leads to the time-delay differential
equation for describing such a system. Use of this
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time-delay is also a way to ensure a more realistic
exit function that preserves the first-in-first-out
(FIFO) queue discipline. Because at a time instant,
cars can exit from a link only when they exist at the
endpoint of that link and naturally they must be
present on the link at some previous time. We call
this delay as time-delay of system dynamic.

Another time-delay factor could be recognized if
we look more strictly at the mechanism of how
travelers can receive traffic information for making
decision on a traffic network. Until now, all
existing dynamic traffic assignment models accept
the assumption that travelers can get the informa-
tion about the current state of the traffic network
without time delay. This assumption, for example,
is clearly stated by Papargeorgious” and Wie et
all”. But even on up-to-date technology level,
providing information without time delay is not
realistic and in practice, travelers can get only the
information about the traffic situation at some
previous time because of the time-delay effect.
When traffic information service is not available,
travelers must estimate the current state of the
traffic network by themselves and in most cases,
they are likely to use their own experiences for that
purpose. This situation can be understood as the
case when the time delay for acquiring current
traffic information is very large.

By the time horizon, there are three kinds of
information involving traveler behaviors in their
decision making process'™, that is : historical,
current and predictive information about network
states. If there is a driver information system, the
most desirable purpose of this information system
would be to provide all kinds of above-mentioned
information to travelers. Anyway, as mentioned by
Ben-Akiva ef al.'”, only the historical and current
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information are most likely to be provided and
travelers have to estimate the predictive informa-
tion themselves. Because of the time delay effect of
providing information process to travelers, the
current information about network traffic becomes
a historical one when it is available to travelers.
Thus, it is more realistic to accept that travelers
first. will have to update this information in the
hope that they can get the true picture of current
network traffic and then use this updated informa-
tion for estimating predictive information. There
are some various simulation methods for modelling
travelers response (see 11), 12), and 13)) but such
an aspect of the problem is still not intensively
discussed although the need for studying the time
delay effects of information providing process to
travelers is mentioned™.

There is a distinction between two kinds of
assumptions about the traveler’s route choice
behavior, which is clearly defined by
Papargeorgious”. The first which is called as the
reactive user optimal problem is the case when
travelers use current traffic conditions in order to
estimate the cost criterion for making decision. The
second which is called as the predictive user
optimal problem is the case when travelers use the
future traffic conditions for that purpose. Thus by
this context, in the predictive user optimal
problem, travelers have to predict the future traffic
network condition even if they can get information
about the current traffic network condition without
time delay.

In this paper, a dynamic traffic assignment model
corresponding to the predictive user optimal
problem will be formulated. The necessary opti-
mum condition of this model will be also estab-
lished. Furthermore, the economical interpretation
of the optimum condition will be investigated
concerning to the traveler’s route choice behavior.
At the end, for illustration purpose, one simple
example will be presented.

2. MODEL. FORMULATION AND
OPTIMUM CONDITION

In this section, the predictive and dynamic user
optimal traffic assignment is formulated. Here we
use the following dynamic generalization of
Wadrop’s user equilibrium principle :
Definition 1. If, at each instant in time, for
each pair of network nodes and for network users
with same destination, the instantancous expected
unit travel costs for all the paths that are being used
are identical and equal to the minimal  instan-
taneous expected unit path cost, the corresponding
time-varying flow pattern is said to be user optimal.
If the instantaneous expected unit travel cost for all

+Blg link i,

gme !

time 't+Al,
4 S
time t fink
Fig.2.1 Scheme for explaining traveler behavior at node
k, time £
(4t; : prediction time interval for link i)

the used paths depends on some future network
states which are predicted by network users, the
corresponding time-varying pattern is said to be
predictive user optimal.

Like the definition by Wie et al.”, the above
definition does not require equilibration of unit
path travel cost actually experienced by drivers, it
only requires equilibration of some instantaneous
measures of unit travel cost for all the used paths.
Anyway, the above definition is stronger than the
definition by Wie et al.” in the sense that it requires
the equilibration between any pair of network
nodes, not only between origin-destination pairs
and thus the instantaneous path unit cost is updated
in the sequel using the predicted states of faced
paths when travelers are moving downstream arcs
of network to desired destination. The switch from
use of one path to another at any time is allowable
in the above definition.

The model is formulated for a directed multiple
O-D traffic network with time-varying demand
rates using the below notations :

N : set of network nodes.

L : set of network links.

R : set of network origins.

S : set of network destinations.

Oy : set of links whose head node is node k.
I, : set of links whose tail node is node k.
{, : initial time of network dynamic.

T : terminal time of network dynamic.

h : time-delay of system dynamic.

#+A4t; : future time whose traffic network condi-
tion of link 7 (i € Ox) would be predicted
at time ¢ by travelers.

The A¢; (prediction time interval) is supposed to
be chosen by travelers when they are at node & (i €
Oy), time ¢ and thus they would face a decision
making problem for selecting one of faced links as
next travel option as shown in Fig.2.1.

For that purpose they predict state of faced link ¢ (¢
€ Oy) at a supposed time ¢+ A#; with a hope that
the real link situation would be similar to this
predicted state as much as possible when they enter
that link. Af; is assumed to be prespecified for a
link 7. This time value can be defined easily in
relation with network configuration and concrete

[
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form of prediction function.
hy: : time-delay of acquiring information for link ¢
by travelers.
qrs (1) : traffic demand rate at node k to destina-
tion s at time ¢ (supposed to be prespeci-
fied).
x5 (£) : amount of traffic on link ¢ with destination
s at time &. »
xh (¢+ At;) : amount of traffic on link 7 with
destination s at time ¢+ Af pre-
dicted by travelers at time £.
u;5(¢) : traffic volume entering link ¢ with destina-
tion s at time £ u;s(¢) is assumed to be
piecewise continuous function.
f5(#) : prediction function, which is supposed to
be unconsciously used by travelers for
predicting the future traffic network condi-
tion by using the current traffic network
condition, that is, x5 ((+A8) =f2 [z ()]
where x7; (¢ )is the estimated current traffic
state of link 7. This prediction function is
assumed to be nonnegative, continuous
and differentiable.
fis(t) : estimation function, which is supposed to
be unconsciously used by ftravelers for
estimating the current traffic network
condition by using the past traffic network
condition at tk,; before, that is, x5 ()=
f&lxis (¢—h,) 1. This estimation function is
assumed to be nonnegative, continuous
and differentiable.
gis () : exit flow function from link 7 at time £. This
function is assumed to be nonnegative,
continuous, differentiable and depends on
Zis (t_hz) ) that iS, Gis (t) :g[xis (t_hz)] -
c; (x? (t+ At)) : travel unit cost on link 7. This
function is assumed to be convex,
and separable function of x/ (#+
At:), where x? (t+ At;)is the
total predicted amount of traffic
on link ¢ at time /+A4¢;, that is,
& (AR =2k AL
By using the above notation,’the predictive and
dynamic user optimal traffic assignment model is
formulated as follows :
Find the values of control variables u;s(¢), (€
L,s € S ) which make the following objective
function to be minimal :

_ T (aberaw -
]“,Ziftofo ¢, (w ) dwdt — min! (1)
subjecting to :

ii?ié_t(t)_zu;s(l‘)—yis[x,-s(t—hx)] .......... (2)
Viel, V.seS

iezl:kgis [xis (t""hz)] '—iEZOkuig (t) +ka (t) =0

........................................... (3)
0 K¢RK¢S
@ (£)=1>0 ~“KeR
<0 KeS VkeN
Zis (B) = Lois (F), = hp S fyevvvvevrvennnenee (4)
VieL VseS
Wis($) =0, i () Z0 vevvrvvmvvvnniiiinrinnn (5)
VieL Vs€S

The control variable u; (¢) plays the role of
traveler’s decision and link traffic x;s(¢) is state
variable in our model. The control feed-back law is
defined by the fact that travelers use acquired
traffic information for making travel decision and
their decision in turn will affect network dynamic.

Here we take the assumption that the prediction
process of future traffic volume by travelers for
their decision making will consist of two stages and
is described by the following equations :

x;;(t—l—Ati): 1§[x,es(t)] ....................... (6)
where x7; (¢) is the estimated current amount of
traffic which is supposed to be updated by travelers
using the following equation :

xfs(t):ﬁi[xis(t—hm)] ....................... (7)

Estimation and prediction functions are the tools
for planner to model travelers’ behavior in their
decision making process. The forms of these
functions could be designed according to concrete
situation as discussed in™.

Use of two-stage estimation for describing
traveler behaviors allows us to study the impacts of
traffic information to traveler behaviors in more
detail corresponding to the forms of functions used
for modelling their behaviors at each stage. The
forms of prediction function (6) and estimation
function (7) are not crucial for applying Pontryagin
principle to our model with the exception they
make the objective function discontinuous.

The objective function (1) is intended to
represent the sum of individual separate travel cost
and it is a natural dynamic generalization of
Beckmann type objective function'” for static user
equilibrium case. Although there is not an obvious
economical interpretation of this function, it is
widely accepted as an adequate criterion for
dynamic user optimal traffic assignment models
where a traveler is supposed to choose travel
option independently in order to minimize the
individual travel cost. In our case, the link cost is
the travel cost for the future time ¢+ A¢; which is
predicted by the equation (6). In our framework,

]
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we follows traveler behaviors at each network node
for every time instant #{, and the generalized
Beckmann type objective function (1) is used for
describing the predictive feature of traveler
behaviors corresponding to the scheme on Fig.2.1.
Furthermore, by Theorem 2, we can show that the
optimal solution of this objective function is user
predictive optimal corresponding to Definition 1
with the instantaneous path unit cost defined by
Lagrange multipliers. Note that in our model,
traveler’s behavior is explained using this instan-
taneous cost measure. Constraints (3) are node
conservation conditions. The initial and nonnega-
tive conditions of control variables and state
variables are given by the constraints (4) and (5).
The prediction equation (6) is intended to describe
how travelers will predict the future amount of
traffic on links for their decision making by using
the current network traffic situations. If the
information of current traffic is available, generally
with some time-delay %,;, travelers will use first the
equation (7) for estimating the current amount of
traffic prior to using equation (6) for predicting the
future amount of traffic. The initial states X (¢)
and xf;; (¢) must be applied for the interval from ¢
—hy to % and from {—h,; to t, respectively to
ensure the x;:(¢) and x;(¢) available at time f,.

The model formulated above has another
advantage that it can include the reactive user
optimal problem in its special case putting h,=h,;
=0, (t+ At) =xf(¢) and xf (¢+ At) =235 (¢t —
hs:) that is, when there is no time delay and the
traveler will consider that the future traffic network
condition is the same as the current one for his/her
decision making process.

The necessary optimum COndlthIl can be stated
in Theorem 1.

Theorem 1 :

The necessary condition for the model (1), (2),
(3), (4), (5) and (6) to have an optimal solution is :

dis(t) _|atb—c H=<t<T—h,
dt a  T—h<t<T
Ais(T)=0,Vi€L,Vs€Sm-een (8)
where

2Pt At)
—d(‘/;'u ci(w)dw)

a= 7 () R (8.2)
‘b=/{is(t+hx)%m..u ............. (8.b)
Czﬂks(t-l-hz)dg"—S(xﬁt)—)..x ............... (8.¢)

d-ris (t )

and

O lflzls(t)>[lks(t)
()= 0<uis (1) Sule™ (1) if Ais (8) = s ()
u?;ax(t) 1f/zzs(t)</lks(t)
........................................... (9)
where

u{‘slax(t):qu(t)+t§.rgls[x(t_hz)] """" (9’)

Proof :
The Hamiltonian H for the system without node
conservation constraints ( 3) is given as follows :

.Z‘ (t+dn)

H=2 ci(w)dw+
+i§3§51i3 (t) (uts(t) —dis [xts(t_hx)])
........................... SRSIRRNN ¢ (1) I

and the Lagrangean function L within the node
conservation constraints is :

.Z=H+k§1:vs§$#ks (t) (%:kgis [xis (t_hz)] -
igkuis(t)_i_qks(t)) .................. (]_1)

where, A;5 () is a costate vector and ;s (¢) are the
Lagrange multipliers corresponding to node con-
servation constraints (3 ).

By applying the Pontryagin Maximum Principle
extended for time-delay system™® we can get such
a costate equation system as :

dl}:s(t) Vx,»s(t)L(. )— Vx,-de(.z-)'hth
dt L<t<T—h,
Vz,s(t)L(. ), T—h,<i<T

where we put xisa=zis (—hy).

For k€ N and i€ I, the equation (12) will have
the same form of the equation ( 8 ). Furthefmore,
we need to show the validity of the condition (9).
The derivatives of Lagrangean function L with
respect to control variables #;s () can be given as :

2L 8) ()

VEEN,VIE O eeeeerereoenns (13)

If the optimal solution happens at a stationary
point, the following equations must be satisfied :

/lis(t):ﬂks(t)
VEeEN, Vi€ Oy

Obviously, in this case the Pontryagin Maximum
Principle doesn’t give us any useful information for
finding optimal control variables. Therefore, we
must apply the Pontryagin Maximum Principle
directly to the Lagrangean function. First, let us
rewrite the Lagrangean function L as a function of
control variables u;;(¢) :

L
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Z(uis (t))
=f*+l§S§S]is(t) UN¢ —gisLxis (t— 1)

+ ké\lsgsﬂks (t) (%:kg,«s [z (t— 1))

—igkuis(t)-Fqu(t))
where
xf<t+4t4) .
f*=§ . ¢i(w)dw

and f* is fixed at time ¢ with respect to control
variables u;s(¢).

Because Iis(¢) and xh (¢+At) are fixed with
respect to control variables and the Lagrangean
function is a separate function of u;s(#) and node
k, we can further rewrite L as : ’

I:(u,»s(t))=k§v5§[_,ks(uis(t))+F* """" (15)
with
Lis (uis (£)) ZiEZD:k (Ais () = pres (£ )5 (8)
......................................... --(16)

where F* is a component which is fixed over
planning horizon T with respect to control
variables ;. Thus we have only to take the
expression (16) into consideration.

The Pontryagin Maximum Principle for time-
delay system™® requires the Lagrangean function L
to be minimal with respect to control variables and
it follows at the same time that the value of
expression (16) also must be minimal for every link
¢ (i€ Ox) whose head node is k (k€ N).

We consider three cases :

-In case of A;5(#) = (t), the expression (16) has
zero value and it means that the Lagrangean
function does not depend on the control variables
(i.e insensitive to control variables). Thus we don’t
know how to choose the value of #;s(¢). This case
is called as a singular case in optimal control theory
and needs the other criterion than Pontryagin’s.
-In case of A;5(#) >pus(¢), the expression (16) is
minimal if and only if control variables are at their
lower bound (u;(f)=0).

-Incase of A;s(¢#)<pus(£), the expression (16) is
minimal only and only if the control variables are at
their upper bound. Considering the node conserva-
tion constraint (3), it is the case when :

uis(t) Zka(t) +i§kgis [-rts(t—hz)]

Vi€ O
Because the minimization of expression (16) with
respect to control variables subjecting to constraint
( 3) for node k is a linear programming problem, it
is not difficult to show that there is at most only one
link 7 from node k& with u;(¢) >0 and with A;(¢)
< Uks (t ) .

Thus, the necessary condition for the problem
(1), @), 3), @), (5) and (6) to have an optimal
solution is found.

From Theorem 1, we can make immediately
some useful discussion :

-The model formulated above has a bang-bang type
control because the Lagrangean function is linear
with respect to control variables #;5 (). Anyway,
one thing should be noted that the bang-bang type
could happen only for the inflow with the same
destination. The total link inflow, in npature, is not
bang-bang type control.

-The necessary optimum condition must be satis-
fied at each time over the planning horizon T.
-If in the equation (8), we replace x4 (t+A4%) by
Z;s () and put hy; =0, Theorem 1 will be reduced
to the reactive user optimal case with time-delay 4,
of system dynamic. Furthermore if we put =0,
the theorem will be reduced to the reactive user
optimal case without system time-delay which is
until now the main topic of the existing dynamic
traffic assignment models.

3. ECONOMICAL
TION

In this section, we will show that the solution of
probilem (1), (2), (3), (4), (5) and (6) will give a
time-varying flow pattern which is predictive user
optimal by Definition 1. First, we will define an
instantaneous path unit cost measure @ . (¢) for
travelers using path 6 at time ¢ to destination s as
follows : .

@Z1_k2(t)= Z (X,s(t)+p¢s(t)) """"" (17)

ey k2
where L5142 is the set of links on path p from node
k1 to node k2. A;s(¢) is a costate variable which is
calibrated by equation ( 8). pis(#) is a penalty cost
for unused link ¢ at time ¢ and defined as :

0 if wis(¢)>0

Now, we are ready to show the validity of following
theorem :

Theorem 2:

If the optimal solution of the problem (1), (2),
(3), (4), (5) and (6) exists, and there is no
singular node (i.e no node with A;5(¢) =u; (1)),
this optimal solution is predictive user optimal
corresponding to Definition 1 with respect to the
instantaneous path unit cost measure (17).

Proof :

Let us consider a path between two network
nodes k1 and k2. By the Theorem 1, if the path
fully used at time (i.e every link on the path has
#;s (1)>0, then the instantaneous cost measure

INTERPRETA-

pis(t)=

— ]
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Fig.3.1 Network for explaining traveler route choice
behavior.

(17) for the path at time ¢ becomes :
Plrie= ‘j“ Ais(t)

€Ly k2
i€0k

and we have (by Theorem 1 ):
¢Zmz(t)< ; s (E)

€Ly k2
i€0k

or in other words, the instantaneous unit cost
measure (17) for the path is bounded above and
thus has a finite value. If the path not used (i.e
there is some path’s links with u;(¢)=0), the
instantaneous cost measure (17) for the path is
infinite because the penalty cost p;s (¢) for unused
link ¢ on this path is infinite. In consequence, the
instantaneous path unit cost of the latter case must
be larger then the first case (while all links of path
are used). If there is no singular node in the
network, only one path between nodes k1 and k2
has finite instantaneous unit cost measure due to
bang-bang type control property and thus the
instantaneous path unit cost measure is minimal.
Furthermore, the instantaneous path unit cost
measure (17) is estimated by costate equation ( 8 )
and clearly depends on x? (¢+At;)’s which are
predicted by travelers. Consequently, the solution
of problem (1), (2), (3), (4), (5) and (6) is
predictive user optimal corresponding to Definition
1 and the validity of Theorem 2 is proved.

It would be useful to show the nature of
Theorem 2 in a simple single OD network as given
in Fig.3.1. The network consists of 5 nodes where
7 is an origin, s is a destination.

Suppose that at time f,, a traveler is at origin #
and thus he can choose one of the following paths
for travelling :1-6, 1-5-7, 2-3-6, 2-4-7 and 2-3-5-7,
and suppose that the instantaneous path unit cost
of path 2-3-5-7 is minimal. Thus, the Theorem 2
said that he will choose this path as a next travel
option. Suppose he arrives at node 2 at certain time
instant £;. At this time instant, he can choose one of
3 available paths for travelling : 4-7, 3-6 and 3-5-7.
Suppose at that time, the instantaneous unit cost
measure (17) for path 3-6 is minimal, he will choose
this path for travelling and arrives at node 1 at time
instant #,. Suppose at that time, between two
available paths :6 and 5-7, the path 5-7 has minimal

instantaneous unit path cost. By Theorem 2, he will
choose path 5-7 and travel by this path to
destination s. Thus, the mechanism which governs
traveler route choice behavior in our model is as
follows : travelers always choose the path with
minimal instantaneous path unit cost measure (17)
from faced available paths. For that purpose, at
every network node, travelers must update the
information about current network traffic and use
this information to update their knowledge about
the future instantaneous unit cost of available faced
paths. Clearly, travelers can switch to any available
path at any time depending on the instantaneous
path unit cost measures of faced paths at the time
when they must make a decision for selecting travel
option.

The penalty cost p;(#) is introduced here only
for showing the fact that in the optimal solution, if
some link of a path is not used, the instantaneous
cost measure can be considered as infinite. The use
of this penalty cost allows us to treat the
instantaneous path unit cost measure in an unified
manner regardless of the fact that the path is fully
used or not used.

Here, we also again make a discussion that for
travelers with the same destination, the inflow for a
link is of bang-bang type put the total link inflow is
not a bang-bang type control. We are still unable
for studying more the case when there is a singular
node in the petwork but we think that the above
mechanism is reasonable for understanding travel-
er route choice strategy.

4. CALCULATION METHOD

From Theorem 1 we can see that if we know how
to estimate the value g4 (#), then the solution of
the model can be found relatively easily by using
the condition (9). It is well-known®® that mini-
mization of the Lagrangean function with respect
to control variables is equal to maximization of that
with respect to dual variables :

minL (s (£),2% (1), 28 (1)) =

is(t)

max minl—,(u,-s(t),ﬂ,-s (t),uks(t)) =

A (Bt s(H) w5

Etse}?)zi(u?;(t),liks(t),ﬂks(t))
where, pf (8),2%(),n% (¢) are optimal values of
wis (8,205 () ,pis (£).

This property allows us to develop efficient
algorithm to solve the model not directly as
minimization but maximization of Lagranean
function as the dual problem. The algorithm can be
briefly described as follows :

Step 0 : assume initial values of pf (¢),uf (¢)
over the planning horizon T.

[
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Step 1 : solve the state equation (2) to obtain x;¥
(¢) and estimate x3” (¢+ At,) by the func-
tions (6) and (7).
Step 2 : solve the costate equation (8) to obtain an
estimated A% (¢).
Step 3 : update p%(¢) by the gradient-type itera-
tion:
wits (1) =5 (8) Had* (Aps (1))
VkeN,seS
where, _
a @ step size
d*(.) : a function of error
The error terms Ay (¢) are calculated as :

Aﬂks (t) :75"91'3 [xi*s (t_hz)] _l_g"u;’; (t)+4ks (t)

e, e (20)

Step 4 : use the rule (9.) of Theorem 1 to choose

new uk (t). If A% (t)=u} (), choose

uf (t) as a random value of interval

[1O,u5*(¢)] where uf3*™* (¢) is calculated

by formula (9”). The random value can be

easily generated by the standard library of

many computer programming languages.

This case can be considered as a stochastic
assignment step.

Step 5: If wu¥ (t)does not change, stop the

iteration process. Other wise go back to

Step 1 with new estimated s (£) ,u% ().

The idea of this iteration process is well-known
as a trial-and-error approach® for solving the
optimal control. Anyway, without Theorem 1, it
would be very difficult to solve the above model for
a large scale system.

At Step 3 any type of gradient algorithms can be
used but the conjugate gradient method” is
preferable in this case because of it’s efficiency and
computer memory saving. By the conjugate
gradient method, the update direction d* (. ) in
Step 3 is calculated as follows :

@ (Agras (1)) = Dty () +Ed (L (1)) -+ (21)
where

d(Aps(8)) : direction of previous iteration.
Apis « error terms of previous iteration.
and :

. [t () (Bute()at
[ e (0 (Bgues (4
5. EXAMPLE

For illustration purpose, the above model is
applied for a network shown in Fig.5.1. The
network consists of 7 nodes and 10 directed links.
The nodes 1 and 5 are origins, and the nodes 4 and
7 are destinations. There are 4 O-D pairs between

Iink 1

Fig.5.1 Network for an example.

to 17
8

1

demand: 1 to 4
= 385 %8 3 s 3856838

demand:

S to 1

demand: 5 to {4
S ¥BBEE AR .

demand:
23

82 46 818121416 182027 724 762030 32 34 36 38 €2 62 6 98 48 53
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Fig.5.2 Demand rates at origin nodes

these nodes and the corresponding demand rates
are supposed to be prespecified as input data for
the problem and are graphically shown in Fig.5.2.

The time delays h; and h,; are supposed to be the
same, that is, i;=/h,;=h and the model is applied
for 4 cases : h=0,h=1,h=2, and h=23 with 50 time

]
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Fig.5.4 Results for the case A=3.
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instants and with prediction time interval A#;=1.
The prediction function is assumed to have the
form :xf (t+A4t) =x&(t) and the estimation func-
tion is x4 (¢)=x;s(t—hy). The form of the exit
function is assumed to be : gis(¢) =0.2x;5 (1—h,).
Thus the case when A=0 will correspond to the
reactive user optimal case without time-delay
effects. The link travel unit cost function is
supposed to be : ¢;[x! (t+At)]1=3z? (t+At).

The computation was carried out with the NEC
PC-H 98S computer using Microsoft Quick BASIC
as a programming language and the computation
time is about 10 min. for one case. Because of
space limitation, only the total link volumes and
inflows of link 1, 6, and 3 are presented on Fig.5.3
and Fig.5.4, analyzed oaly for the cases with A/=0
and 2=3. These links represent typical network
situations, that is : link 1 is a link whose head node
is origin, link 2 is an intermediate link and link 3 is
the last link of a path between a O-D pair. From the
computation results shown in Fig.5.3 and Fig.5.4
we can find some characteristics as follows :

Near the origins (link 1 or link 4, for example),
the total link volumes and inflows seem to vibrate
most. This can be explained by the fact that on the
links near the origin, traffic with various destina-
tions are still not mixed so well and as the traffic
moves downstream, they mix up and make link
volumes and inflows more stable.

For the case with no time-delay (2=0), the total
link volumes and inflows seem to vibrate most. The
vibration decreases both in amplitude and frequen-
cy when the time-delay becomes larger. Note that
the inflow is interpreted as travelers’ decision in
our model. Thus, this fact gives us the reason to
think that traffic assignment is sensitive to time-
delay effect and the aggressiveness of travelers for
changing a travel option also strongly depends on
this effect, that is, the less is time-delay for
acquiring current traffic network information, the
more they are aggressive to find the better travel
option as they think.

6. CONCLUSION

It is still early to make any definitive conclusion
about the approach solving such a complex
problem as the predictive and dynamic user
optimal traffic assignment problem but through our
research, the following statemenis may be
appeared at least.

(1) Predictive user optimal behavior is an
important aspect of dynamic traffic assignment
which deserves to research more intensively,
especially for urban congested network, where a
distinction between predictive and reactive user
optimal behavior is obvious. ‘

(2) Time-delay effects, both in system dyna-
mics and information acquisition by travelers are
the important and specific features of dynamic
traffic assignment. They must be considered as
much as possible if urban travel demand analysis
especially for predictive user optimal case because
it often (although not always) explains the reason
why travelers have to predict the future traffic
network condition for choosing a travel option.

(3) The model developed in this paper is given
in relatively general form. It covers many impor-
tant phenomena in dynamic traffic assignment such
as an information impact, an interaction between
the link traffic volumes and it has an adequate
economical meaning for describing the traveler’s
behavior in route choice process. It can also solve
the reactive user optimal problem as a special case.

(4) The model, using time-delay factors A%,
as parameters, can give analyst a set of solutions
dependent on the values of these time delays. By
comparing with some observed network character-
istics, we can choose the most suitable solution
matching the real network situation.

(5) Because traffic assignment is sensitive to
time-delay of providing information to network
users and, of course, also to the quality of
information, the value of time-delay can be used as
a policy-making tool for controlling an urban traffic
network system. For example, when traffic jam
occurs on an urban congested network, the travel
cost is likely to jump up to a very large value
drastically. Thus in order to keep link volumes and
inflows at a desirable level to avoid undesirable
phenomena, the planner may use the time-delay
effect of providing current traffic information to
network users as a powerful tool. The model
proposed here seems to be very useful in this case.

(6) The research of predictive and dynamic
user optimal traffic assignment is still at the
beginning stage. There are many problems requir-
ing further investigations both from theoretic and
practical points of view. The most obvious point is
to research on the prediction mechanism which
traveler will use for predicting future network
condition. This problem seems to be very complex
because it involves many unknown factors concern-
ing traveler’s behavior. The natural generalization
of the model is to consider the value of time-delay
as a variable both for time dimension and network
configuration. Furthermore, the multiple time-
delay (i.c. there is a sequence of time-delay factors
for every kind of time-delay effects) and the
stochastic time-delay effects should be researched.
The effectiveness of the calculation method
proposed in this paper also needs considerable
efforts to improve, especially for a large scale

1
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.

network. From a methodological point of view, use ‘

of the Maximum Principle is not only approach for
solving the abovementioned problems. It is our
feeling that Bellman Dynamic Programming Princi-
ple may play an important role for many cases.
Nevertheless, the successful solution method for
these problems is big challenge for travel demand

analysis.
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