82

exists. Although- inexperienced drivers wére more likely to
follow the advice being given,-they also reported “being less
hkely to purchase such.an information device. This may be
the result of less ‘frequent drivers fecling'that the savings
gained from such a device would not outweigh the’costs be-
cause of their limited driving: Conversely, moré experienced
and miore frequent drivers, perceive a net gain and respond
as more likely to purchase a ‘device although they do not follow
the advice as often. The: ANOVA also revealed that-drivers
will follow advice to take the freeway more readily than advice
to take the side road and that they are quxcker to respond to
freeway advice, indicating that a “route bias’ exists.
Analysis of the route choice decision times of (nvers found
that there was a very rapid drop in the decision times dver
the first 8 of 32+trials and that the times regained relatwely
COnstant over the remaining 24 trials.. This finding and the
fact that avgrage acceptance rates of advice approxrmated the
aceuracy, of the system‘indicate that drivers could sense and
adapt quickly to the level of accuracy being provided by the
system. Average decision times were the greatest for infor-
mation provided .at 75 percent accuracy. This indicates that
subjects wére more readily able to identify the level of ac?
curacy for low lévels as well as high levels but took agreater
amoynt of time to discern the moderate level of accuracy.
The efforts 't develop a model of route choice behavior
that mcorporates the learning pfocesses of drivers had mixed
results. A model was developed that included drivers’ updated
perceptions of route delay and information accuracy, but the
mode! was not significantly-different- from a *model*that ex-
cluded these perceived- attributes. The model includes the
advised route as a vafiable. Because subjécts followed the
advice so readily, the model may simply be predicting” that
subjects will select the*'advised route, therefore predicting
about 79 percent correct, which is equivalent to the average
acceptance rate of advice., More analysis is required using
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realistic information updating‘schemes and to extend the re-
search and modeling effort to a more realistic trafficnetwork
environment.
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Netwo?rk ‘Performance Utider System S
Optimal and User Equilibrium Dynamic .
Assignments: Implications_for Advanced - -

Traveler Informatlor} Systemis " . L
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A comparative assessment was undertaken of network ‘cost and
performance under time-dependent system optlmal {SO) and user

equilibrium (UE) assignment patterns, with particular reference
to the _effectiveness of advanced travelér information Systems
(ATIS) Both SO and UE solutions were fourid using a new
simulfation:basel algorithm for thé time- dependent assignment
problem. Expériments were conducted using & tést hetworkaw:tﬁ

signal-controlled ]unctmns under progressively increasing net-
work loading intensities. A diagnosis of system performance:for
various intensities Qf loading was effected using network-level
traffic descriptors for both SO and UE assignments, The results
affirm the val.ldlty of a meaningful demarcation between 80 and
UE ass:gnments in urban traffic networks and ‘provide ‘useful
insights' for mdctoscopit network-level rtlations,among traffic
descriptors. These results siggest that ATIS information:supply
strategies based on SO-route guidance could considerably out-
perform descriptive.noncooperative information strategies, ess
pecially at moderate to high congestion devels in the network,
The results also 1Ilustrate the nme—dependent nature of the gains
achieved by an SO'assignment vis-a-vis & UE assignment’in a
congested traffic netwark 'y -
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Approaches ingorporating- advances in. communigation tech—
nologies, information processing systems, electmmcs, and aug
tomation, broadly.labeled as intelligent- veh1cle~h1ghway 5Y¥51
tems (IVHS), continue to generate considerable interest for
their potential to alleviate urban and suburban congestion of
traffic systems. Advanced traveler information systems (ATIS)
provide travelers with real-time information on existing traffic
conditions or instructions on route selection from their current
location to their destinations, or both. Successful implemen-
tation of ATIS,-especially at high market peneiration levels,
involves the dynamic assignment of vehicles to Yoptimal’ paths
to reduce overall system user costs. Recently Mahmassani and
Peeta (1) proposed a-heuristic algorithm to solve the system
optimal (SO).dynamic traffic assignment problem for the-ATIS
context, in which a central controller with known or predicted
time-dependent origin-destination (O-D) trip desires over the
horizon of interest solves' for paths to prescribe-to users to
attain, some systemwide objectives. A comprehensive review
and discussion of-dynamic assignment and traffic simulatjon
models for -ATIS-advanced traveler management system
(ATMS) applications.are g1ven by Mahmassani et al 2).

Department of Civil Enginecring, Th‘ét:nvcrs:ty of Texds al Austin,
Austin, Tex. 78712-1076.
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In this’ paper, the performance of a traffic network éfit-
+ploying this solutiont methodology'is analyzed for both SO
and user equilibrium (UE) time-dependent assighments. As
in the static case;,*SO arid UE dynaniic assignments' involve
-similar algbtithatic ‘steps, differing primarily in the specifi-
cation of path travel costs that form, the basis of the;cotre-
sponding assignments. SO dynamic dssignment is accom-
-plished using time-dependent marginal travel times [see:Ghali
<nd Smith (3)], whereas a UE dssignment-is attainéd using
the time-dependent average travel times. The system per-
formarice” uhder the above dsigriment schemes was analyzed
for variGus intensities of network"ldading coverihg the speé-
trum of network states”from uncorngedted fietworks to very
+highly tongested networks. In‘addition, the numerical exs
-periments illustrate the extent"df thie differences between SO
and UE time-dependent:assigiiments in terms of total system
cost at,varying Ievels of network congestion. This-questiorf is
of-furtdamental ‘importance to ATIS operations, with regard
to the relative benefits of normative versusdescriptive infof-
‘mation, supply strategies.- " Tt .

‘Atr SO assignment does not generally represent an equi-
librivm flow paftern becaube some users may be able to obtain
“individual advantages simply by changing rotites, though they
may impose a greater marginal cost 'on tthér users in the
system in the process. Its significance’ to the ATIS context
lie$ in providinga behchmark against which other assignments
or flow patterns’can.be-panged, thereby yielding at upper
bound on the benefits attainable with real-time ‘traffic infot-
mation, A Wardrop UE holds when users cannot improve
their individval costs by unilateral route switching. There is
no empirical evidencesthat-UE conditions hold, in réal net-
works, although the UE solution is considered a reasonable
tand useful construct for the evaluation of long-term capacity
improvements.' Uttder real-time descriptive ATIS information
on network conditions,.a time-dependent UE pattern could
be viewed: as the result of the long-term evolution of the
system, as users somehow learn and adjust under the suppliéd
information. However,:it is not at all clear that such conver-
gence would be attained under inherently dynamic'conditions
(exacerbated by supplying information to users). Thus.if is
not known what the UE solution may‘represent from the
standpoint of ATIS-operation and évaluation. Actual user
behavior and system performance under real-time descriptive
information"may be better or-worse than-the corresponding
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time-dependent UE solution in terms of the overall system
cost. Nevertheless, a time-dependent UE) pattern may be con-
sidered as a useful proxy for a favorable scenario of long-
term network performance urider-rcal -time descriptive .
information. n -

It is known from static network- equilibrium theory -that, « R

SO and UE lead to. 1dent1cai solutions only for situations iny 4 g
which the shortest paths taken'by users simultaneously are
the best paths'from a system viewpoint. Such situations are’ .
observed when networks are relatlvely uncongcsted so”that
link operatmg speeds are unaffectéd by the ﬂows onthe hnks.,..
(lrmrted vehicle interactions). At the othef extteine, under
highly congested conditions, system performance is not likely ™

to be markedly, different under the two assignment schemes
becanse the opportunities for $,0 to syfficiently ameliorate
the traffic sitiation probably would be limited.

For network conditions hetween the two extremes, the
extent of the differences between SO and UE solutions, par-
ticularly in terms of overall system co;t isinot known. This
is very nnportant for-ATIS ‘because if the two solutions are
ot perceptibly different, coordinated-cooperative SO, route
guidance imposed by a central controller may not be-neces-
sary, and descriptive information that is less complicated and
simpler to disseminate to noncooperaung drivers-may be suf-
Jficient. The similarity of the two solutrons ,would have im-
portant implications for the focus that ATIS information sup-
ply strategies-should take, with more attermon directed, to
ways of guiding the system,[toward UE convergence and away
from 'wide fluctuations. However, if SO mdeed holds promrse
for meaningful gains over 'UE, then normative route gmdance
or strategies to induce the system near.its SO should be-pur-
sued. It is also desirable to ascertain network and traffic con-
difions under which- differences’ between-SO and UE are
meaningfui.
¢ .In this paper, overall user cost and-network performance
under time-dependent, SO and UE assignment patterns are
examined in a series of numerical experiments performed on
a test network under various loading levels. The system.per-
formance ,is gauged using average network-level traffic flow
-descriptors, in addition to the standard parameters such as
-average, travel time. The time-dependent nature,of the prob-
‘lem further complicates the already intricate problem of char-
racterizing traffic flow,performance-at the network level that
-was previously addressed oply under steady-state conditions,
as-discussed hereafter. . §

f I

NETWORK TRAFFIC FLOW THEORY

Mahmassani et al. (4,5) generalized-the definitions of speed,
flow, and concentration to the network level and examined
their interrelation in their model of network traffic perfor-
mahce. These concepts are extended to the dynamic case in
the current analysis to characterize the vastly varying network
traffic conditions (especially for medium to high network load-
ing levels) during the peak period. Average-network speed
V (kilorfieters per hour) is obtained.as the ratio of total vehicle
kilometers to total vehicle hours’in the network .over the
1duration of interest. The. average network concentration X
(vehicles per lane kilometers), for the duration of interest, is
the time average of the number of vehicles’per unit lane lengfh

3

TRANSPORTATION RESEARCH. RECORD 1408
Y

in the system. However, the concentration varies dramatically
with time in dynamtc traffic networics Hence, the time-
dependent network concentration is examined by taking
5-min gvgrages of the number}of vehicles per unit lane length
in-the systém. An’ overall'measufe of network cohcentration
K over-thé.duration of the perlod of mterest is obtamed by
taklng the arifhmetic average | bf the 5-min avaerages 'Srmllarly,
time-dependent network ﬂow, mterpreted as the average
number of vehlcles‘])er unit time that | pags through a random

. point alongfthe network, is examined’ by taking 5 min aver-
" ages; an overall measute, of I%etwork_ ovg@.gver the péak

penoc'i is obtained by ta.kmga the ‘simple “aVerage’ of (Shq)
(21)), where g¢; and /,, respectively, denote the 5-min avérage
fiow and the ‘length of Link i, and the summations are taken
over all network links. . & b /
Two fundamental- relationships between. these three net-
work ‘traffic flow variables are investigated'in this study. The
first relates average:network speed (V) and average network
concentration (K): For arferials or ‘single Toadways, a quali-
tative trend of decréasing speed with increasing concentratlon
is'well estabhshed The same general tréfd was observed to
hold at tixe network level in«the simulation experiments of
Mahmassam et al. ( although the complcxtty of network
interactions preclude he analytic denvatron ofsich a relation
dlrectly from the link-level reldtions. The second relationship
analyzed is the basic identity Q@ = Kv. Formally established
for single, roadwgys, it was shown to also hold at the network
Jevel in the previously mentioned steady-state experiments
(5). These gxperiments were performed keepipg the network
contentration level constant for the duration of interest by
treating the network as a closed system. The NETSIM pack
age was used for the study, and vehrcular behavior was gov-
ermed by the comprehenswe mrcroscopxc rules embedded in
NETSIM. The present study .replicates the network traffic
conditions of a rush hour traffic situation. It uses the DY-
NASMART (DYnamic Network Assignment Simulation Model
for-Advanced Road Telematics) simulation-assignment model
developed, at The University of Texas at Auistin for ATIS-
ATMS: apphchtnons The @ =KV identity is expected to hold
only approxnﬁately for time-varying fetwork trdffic flow.

" 4

SOLUTION METHODOLOGY d

Problem Statement '

' .
Consider a traffic network represented by a directed graph
G(N, A)ywhere N is thé set of nodes and A the set of directed
arcs. "A node can represent a trip origin, a destination; or a
Jjunction of physical links. Consider a network-with multiple
origins-and destinations.-The time experienced by a vehicle
to traverse a given link depends on the inferactions taking
place among vehicles in the traffic-stream along this arc. The
ahalysis period of interest, taken here as the peak period, is
discretized into small equal intétvals { = 1, . ..., T. Given a
et of time-dependent O-Dr vehicle trip desires for the entire
dutation of the peak period, expressed as the number of ve-
hicle trips'r, leaving Node i for' Node j in time'slice £; V §; i
ENandt =1, , T, determine a time-dependent assign-
fiient of vehu;,les to network paths and corfesporiding arcs.In
other words, find the number of vehicles. rh that follow path
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k=1, , K, between { and j at time'r, ¥i,.j € N and ¢
=1,. T as well as the assocrated numbers of vehrcles
on each arc 1 € A over time. "As”explained in the prevrohs
section, two ;such a%sngnments are’ coniputed: (a) one that
satisfies UE co_ndltlons that no user can improve actual (ex-
perienced) trjp time by unilaterally changing rqutes and (b)
one that minimizes total travel time (for all Uisers) in the
system over the peak period. The 1nferpretatron of these two
solutions from the standpomt of ATIS effectwe,ness was dis-
cussed in the previous section.

LI -

Sinulation Assignment Solutioq Procedure :

1.
This section descrlbes bneﬂy the algorithm used.to solve for

SO and UE assrgnrnents A detailed description of - «the-s0-..

lution procedure by Mahmassahi and Pebta (1) consists of a
heuristic iterative procedure in which a special-purpose traffic
simulation model is used to represent the traffic interaction’s
in the network and thereby ‘evdlaate the performance of the,
system under a given assignment. As indicated darlier, the
algorithmic steps for UE assignment are vrrtua]ly identical to
those for the SO solution except for the- .Eecrﬁcatlon of the
appropriate arc costs and the resulting path*processing com-
ponent of the methodology. The algorithm is first summarized

for the SO case, followed by a brief désctiption of the mod-«

ification for the UE problem
The use of a traffic simulation model to evaluate the SO
objective function and model! system performance circum-

vents the principal difficulties that have precluded solutions® ™

to realistic formulation of the problem by obvjating the nged
for link performance functions and liik exit-functions .and..
implicitly ensuring that the first-in, first-out property holds
on traffic facilities and that no unintended holding back of
traffic takes place at nodes [see Mahmassani et al. (2) for a
discussion of issues arising in dynamic traffic assignment]. The

algorithm uses the DYNASMART sithiiliition assignmhent

model. DYNASMART has the capability to simulate the
movement of individual vehicles throigh the network; with
path sélectién décisiofs spossible at every.node or*decisiotr
point along:the way to the.destination, as supplied by the user
decision rules‘reflecting driver behaviotin Tesponse-to real-
time information. In this work, vehicular paths.are preas-
signed exogenously to DYNASMATRT, as determined by the
steps of the’ SO or UE. solution algorithms. Thus DYNA--
SMART is used pnmanly as a simulator to replicate the dy-
namics of traffic phenomena in response to a'givén assignment
of vehicles to paths. A detajléd ‘description of the various
capabilities of DYNASMART.is provided by. Mahmassam et
al. (6).

The simulation. results provrde the basrs for a direction-
finding mechdnistn. irf the "search -process embodied in.the
solution algorithm fof this-nohlinear problem.. The experi-
enced vehicular trip .times from tlie current simulation are
used to obtain a deseént direction for the next iteration. The
time-dependent shortest travel time,paths and least marginal
travel time.paths .are obtained using the time-dependent al-
gorithms described by Ziliaskopoulod  and Mahmassani (7):
An elegant aspect of the solution methodology is thatdt aveids®
complete path-entimeration betweén O-D pairs.

a

8

- Figure 1 depicts the solution algorithm for the SO dynamic
traffic assrgnment problem. A brief summary of the approach
is as"follows?

1. Set the iteration counter = 0. Obtain the time-dependent
hiStofical paths (paths obtained from the data base) for each
assrgnment time step over the entire duration for which the
Aassignment 'is sought. : -

2. Assign the O-D desires (which.are known a priori for
‘the entire peak period) fot the'entire duration o the given

I paths and simulate the trafﬁc pattern that results from the
' assignmerit tusing DYNASMART.
3. Conipute the marginal travel times on lirks sing time-
deperident experienced or estimated link travel times and the
« number of vehicles on links obtained as post-simulation data
" (from Stép 2). 1h
4. Usmg a special-purposg, tite-dependent, least-cost péth
algonthm compute the least margmaf time paths for each
0-D pair for each’assign ent time step on the basis of the
marginal travel times obtained in Step 3.
~5. Performr an aIl-or—notfnng"ass:gnrnent of O-D desires to
the, least marginal time paths computed in the previous step.
The result is a set of auxiliary path vehicle numbers for each
O-D pair for gach assignmpnt time step t = 1,- .., 7.
1 /6. Uptate paths and the number of users assigned to those
, +paths. Paths are updated by checking whether the path iden-
... tified in Stepr4 already exists (i.e., has carried vehicles inzat
léast oné prior iteration) for that O-D pair and including it if
” it does not. The update-of the number of vehicles (assignment
v of yehicles to the various.paths currently defined betweed the
O-D pair after the path update) is performed using the method
of Successive averages (MSA), which takes a convex combi-
.~ mation of the currept path and ‘corresponding auxiliary path
-ngmbers Of vehicles for each O-D pair and each time steps
A detailed description of sMSA is provided by Sheffi ind
Powell (8). Note that other convex combination schemes could
be used equally. L
«7: Check-for convetfgence.hising an s-convergence criterion.
8 If the convergence criterion is satisfied, stop the pro-
gram. Otherwise, update thetiteration counter f = I + 1 and
£0 to Step 2'with the updated data on paths and the number

w3

of vehicles assigned to each of those pat_h_sc
4

i

The complexity of the, interactions captured by the simu-
lator when evaluating the objective function generally pre-
cludes the kind of well-behaved properties required to guar-
antee convergence of the algorithm ip all cases. However,
such convergence was achieved in all the experiments re-
ported in this paper and in many,other test networks solved
to date. Also, path margmals are not necessanly global be-
rause they are based on lipk level marginal-travel times. Efs
dorts were made to attain 2 global optrmum where local so-

lutions were. suspected v "

b
Modification To Obtain User Equilibrium Solution

As prev;ous[y discussed, the solution to the, time- dependent
UE prablem is obtained by assigning vehicles to the shortest
average travel _tlme paths instead of the least marginal patl:ls
in the direction-finding step (Step 5). In other words, use the

.
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Ytime-dependent) average travel times~on °links ‘instead of
the marginal travel times in the shortest-path.calculations. In
the above solution procedure, this simplifies Step 3 and mod-
ifies Step 4 as indicated.

a*

T e
EXPERIMENTAL DESIGN AND SETUP

- ] v

Network Configuration and Traffic Characteristics .
The ‘(est network used-in this study, having 50 nodés and 163
links, consists of a freeway with a street network o ‘both
sides, as shown in‘Figure 2. Nodles within the freeiay sectib'_ﬁ
are neither ofigin nor destination nodes. A total of 38 origin
nodés and 38 destination nodes are obtained by excludin
freeway nédes (Nodes 1 through™37 and 44). Freeway nodes
are connected to the street network through entrance dnd exit
ramps. Uhless otherwise indicated in Figure-2, all arcs siowh
sare two directionall All links-aré 0.83 km (0.5 ini) long and
have fwo lanes in each direction, except for the entrance and
exit ramps; which are directed arcs with a single lane. The
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freeway links have a mean free'speed of 91.67 km/hr (55 mph);
and the other links have a méan free speed of 50 km/hr (30
mifh)_. 1h terms of traffic signal characteristics, 25 intersections
have pretimed signal controls, 8 have actuatedsignal controls,
and the remaining 17 iotes have no.signal-control.
] . AR }
4 E S
Experimental Setup o< «- .

The .comparative assessment Of systém’performance for SO
and UE assignments is conducted under various network load-
ing levels, which-generate various levels of.network conges-
tion. The network loading factor is defined-as the ratio of the
total.number of vehicles generated'in the network during the
assignment period to a.given.reférence number (19,403 ve-
hicles over'a 35-min period in.the experiments). Table 1 shows
the various }6ading factofs considered in this stidy and the
correspondirlg number of vehicles generated on the.test net-
work during the' duration of interest (35 min.in all cases). In
addition, it shows the corresponding number.of “tagged.” ve-
hicles ‘(vehicles generated for the 30-min duration -after-the

s
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o
5-min start-up time) for which relevant perfonp‘énoe statistics
are accumulated. The loading facfors rangé from 0.6 (very
low congestion with 11,616 vclﬁcles) to 2.4 (cxtré‘mely high
congestion with 46,674 vehicles). Under each-1dading level,
the UE and SO solutions are obtained, and the resulti‘ﬁg‘time-
dependent link flow patterns are obtained from DYNA-
SMART. The shape of the loading curve for the various'nets,

work loading Jevels emulates real-world-network loading for ™

the peak period, with an initiafly increasing generation rate
until a peak is reached, followed by a decreasing vehicle gen-
eration rate. H

In the present study, a stagt-up.time of 5 min is provided
in DYNASMART for the network to be reasonably occupied,
followed by-a 30-min peak period.generation of traffic (for
which performance statistics are accumulated). Another as-
pect of the experimental setup that, critically influences the
system performance is the spatial distribution of the O-D
demand pattern. The vehicles generated,are about evenly
distributed spatially in terms of both their origins and desti-
nations, except for Nodes 37 and 44, which generate or attract
only about-25 percent of the number of vehicles originating
or destined to a typical O-D node (i.e., Nodes 1 through 36).

e o -

-RESULTS - ;

s T

The results from ‘the various experiments are viewed from
Iwo principal perspectives. First, they form the basis for com-
-parison of system performance, particularly user costs under
UE and-SO assignment scheines -thereby addressing the ques-
tions relevant to ATIS information strategies described in the
introductory Section’ of the paper. Second, they are used to
investigate network-lével traffic flow characteristics and re-
lations using‘network-wide traffic descriptors. This investi-
gation is conducted .primarily for the SO flow pattern. An
additional element of the study.is the time-dependent analysis
of the travel time gains of SO over UE, also of significance
to ATIS operation.

The results provide several key insights from both of the
above perspectives. They manifest a clear qualitative and
quantitative distinction in the Solution provided by the SO-
assignment scheme- as opposed to the time-dependent UE
assignment proceduré-to royte.Vehicles in a general traffic
network. The resulfs also revéal important and robust mac-
roscopic relationships among network-level traffic variables
that parallel those for single roadways.

v

System Performance for SO and UE Assignments

Table 1 reports summary statistics on the system performance
for the SO and UE afsignments for the various loading factors.
As expectecl! at low le_vc_]s of ‘r}egwork loading, when the net-
-work is relatively uncongested,, the average travel times of
-vehicles in the network are relatively close across the various
loading Jevels. As the load is increased, the effects of conges-
tion become more prominent and the average travel times in

© TthHé fetwdrk ificféase attan increasing rate with the loading

factor. At very high loading levels, the marginal effect of
additional demand on system performance is very-high. The
results also indicate that there is only limited variation in the
-average distance traveled by vehicles under the various net-
swork loading levels, implying that;greater congestion and not
longer travel routes is the primary cause of the higher system
trip tinies (the objective function $éeks to minimiize total sys-
‘tem travel time only). Nevertheless, the average travel dis-
tance does Tncrease with”the loading level, reflecting an in-
creasing percentage (although smaill in magnitude) of drivers
assigned to longer travel routes. The average travel distances
under UE for various.network loading levels are smaller than
, the corresponding distances for SO, indicating a smaller per-
-centage of long travel routes under UE. This may be explained
by some utErs being assigned to longer routes to reduce
congestion elsewhere to reduce systemwide travel times.
Figure 3 shows comparatively the average trip times under
various network loads for UE and SO assignments. As dis-
custed above, both curves illustrate the increasing marginal
effects of additional deriand on system trip times. Of more
relevance to the central question “addresSed in this paper,
Figure 3 highlights the difference in the quality of the solutions
.prayided by the two assignment rules for time-dependent net-
work.flows.. This.is further illustrated in Figure 4, which de-
picts=the“percentage improvémerit in average travel time of
SO over UE (as'a fraction of the UE travel time) for the
various average network concentrations corresponding to the
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various levels of network loading. At low loading levels, SO .
and UE provide essentially identical solutions. For loading
factors*0.6 and 0.8, SO shows 1mpr0vement‘sfof 0.3 and 0.5
percent, respectively, over UE. At Such low concentration
levels, average link speeds remain relatively unchanged be-

links become highly congested. Thus, the advantage of an SO
assxgnment relative to UE begins decreasing, as reflected by
. reduced lmprové'ments of 12.4 and 10.7 percent for loading
factorS‘o‘f 2.1 and 2.2, respectively. The gains begin dropping
_-frap;dly beyond ﬂnsa?pomt with hlghcr loading levels even-

cause of limited interactions among vehicles, and the margnal -~ tually yielding ﬂeghglble differences in' the quality,of the so-
travel time on the link is essentially identical to the avefage - lutionpovided by Yhe two schemes.

travel time, -leading to almost identical solutions upder The
two assignment schemes. When network congestxon Increases. -
slightly to loading factors of 1.0 and 1.2, the correkpondmg
SO trip time improvements are 3.0 and 4.5 percent, reshec-
tively, over the UE solution. As the network becomes mod-
erately congested, system Benefits under the SO"dssignment
become more pronounced, with 10.6 and 11.2 percent im- ’
provements over UE for loading factors of 1.4 and 1. 6, re-
spectively. For heavily loaded networks ,very substantjal gﬁms
are obtained, with 15.1 and~19.0 percent xmprovements m
system travel times using SO for loading factors 1.8 and 2. 0

respectively.

As the levels of network loading are increased further, the *
system reaches very high levels of congesnon that near grid- ~ »
lock, and overall network throughput drops, making it in-
creasingly difficult to discharge all vehicles from the system
in a reasonable amount of time. Under these conditions, the’
ability to improve overall conditions by rerotiting certdin ve-
hicles to paths with lower marginal costs dimidishes as all

Fxgure 5.depicts t'hc ctlmulatwe demand generation as a
function”of time undet” the 2.0 loading factor along with the
cumulative discharge curvq.s under the SO and UE assign-
ments. The various points*on the plot are obtained by accu-
mulating the statistics avallﬁble Eor each 5-min interval. The
atea ori the plot between thﬁ‘TWQ, discharge curves represents
the time savings of S5O over UE—in this case about 1,438 hr.
The figure illustrates the time-dependent nature of the ben-
efits generated by SO over UE When the network is in the
tarly stages of loading, (for about the first 20 min), it is not
sufficiently congested to, prddgcc meaningful differences be-
v tween SO and UE- ass:gnments iMost of the savings of SO

are-decrued between 30 and 70 min into the peak period as
“the network is close to peak congestion levels. Beyond 70
", min, there appear to be virtually no significant gains of SO

over UE as the network is again relatively uncongested. Thus
the benefits of route guldance based on SO assignment over

UE routing are not accumulated uniformly over time—rather

they are gained when the network is relatively well congested.
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Figure 6 shows the time savings per v:;.higle,'fo.r_‘ SO over,,
UE as a function of the vehicle’s time of departure under.
various loading factors. To capture thestinfe:dependency of.

el mras

In the figure, 0—5 on the y-axis (start time) refers to all ve-
hicles that start between 0 and 5 min. Vehicles that start during
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_ the first 5 min*do not face congested gonditions, and hence

S0 does not yield savings over UE for these vehicles. Vehicles
+tha, start duging the-interyaly 10515 and 15-20 min accrue
the benefits in a systematic manner,"travel time “savirigs ‘are*t & < Mtime~5avings atsin increasing rate as the loading level in-
accumulated on the basis of the start tifne’ df+the véhiclesi- * . Creas"es.*O’ifqr their trip, these vehicles encounter significant
-congestion thatntiedsés With th¥ loading factor. For vehicles
starting between, 20 and.35 min, ‘the benefits increase with
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network loading af an increasing rate until the. 2.0 loading
factor level and then dip down. This trepd illustrates the pre-
viously discussed tendency of diminished savings for SO under
extremely high-congestion conditions.
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Network Flow Relations 3 f
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The second aspect investigated through thé experimental re/
sults relates to the mdcroscopic netwoik-level traffic theoretic
relationships among network-wide traffic descriptors for dy-
namic traffic networks under consideration, The pertinent
traffic variables and their averages oyer time and space werc
defined in the first section of the paper. As noted, although
mathematical relationships among traffic flow variablés are
reasonably well established for arterials and intersections, the’
intricacies of interactions at the network level.preclyde’dna-, =¥

91

est! Averaging quantitied such as network flow and concen-
tration over the'duration of the peak period are likely to mask
tlhe"time’depcndenc‘y of network performance. For example,
soverall network congentration’is obtained by averaging low
levels of concentration at both ends of the peak period and
high levels in between; as shown in Figure 8, which shows
the fime-depgndent variation of, concentration [normalized by
dividing by a,jam concentration of 96 vehicles per lane-km
(160 vehicles per lané“mile)] over the duration of interést.
Mor€ detailéd investigation of the interrelationships among
§ { i v oo . .

I}emrork-levqla‘t{afﬁc ‘d%sfcnptogrs over time will be reported
elsevhere; = r
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The experiments performed using the simulation-based al-

Iytic derivability of network-wide traffic relationships frop,  gorithm to $olve both the SO and UE versions of the time-

the link-level traffic models. However, the simulation results
extend the previous findings of Mahmassani et al. (4,5) that.
the basic trends captured by the single roadway relationships

dependent traffic assignment problem have provided insights
of critical importance to the design of ATIS information sup-
ply strategies and results of fundamental significance in the

seem to also hold at the network level forthe dynamic cdse. * * context of-netiwotk assignment and network traffic flow the-

The network level speed—concéntrdtioi ‘telafionship for
the SO assignment is shown in Figure 7. Each point on the
plot corresponds to a simulation run for the whole assignment
period under a particular loading level. The figure clearly
illustrates Heéreasing averagé network speed with*héredsihp
network corcéntfation, paralleling-the K-V rélationship for
an individual Toadway. Néfer that the plot’has &-point of int
flection that. corresponids appidxintatély t(')«tl'k}e 128 loading
factor. This qualitative trend has'beeh-observed previcisly ir
the simulatioh experiments of ‘Mahmassani étal. (4) o3
regular test network using the NETSIM package. ~4

An essential element to be noted in the network-level anal-

Ferde b

oriésOf Cotirse, exPerimentdl results from a single-test net-
work preélude définitivegéneralizations; nevertheless, they
offer an illustration of the insights that can be obtained on
the basic constitution of the problems being addressed while
suggesting-directions foi*fuitiire réstarch. THe first main’cén-
clusiofi is‘that-the restlts suggest ‘meanidgful difféfenges in
oveYall systerircoht andl performante betweed tiffie-deperident
80 anid“UE assignifnents. The second maif éonéhision’is that
triftfic hetworks under tinie-dependeiit traffi¢ assighmentpat?
térns contifug to- dperate Within"the envéidpe of-telativel§
sitiple fietworld traffic flow ‘teldtionships that exhibit$irdhy
similaritieg to thé trafficmodels establishéd for inidividualYoad
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