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Improving Efficiency of Commercial
Vehicle Operations Using Real-Time
Information: Potential Uses and

Assignment Strategies

AMELIA C. REGAN, HANI S. MAHMASSANI, AND PATRICK JAILLET

Advances in communication, automatic vehicle location, and geo-
graphic information system technologies have made available several
types of real-time information with benefits for commercial vehicle
operations. Continuous updates on vehicle locations and demands
create considerable potential for developing automated, real-time
dispatching systems. The potential benefits of a diversion strategy in
response to real-time information are explored under idealized condi-
tions, and the technologies that are available for use in commercial vehi-
cle operations and selected results derived from simulation are
described. The results illustrate potential savings from simple diversion
strategies under real-time information and highlight the need for
methodological development to support improved truckload carrier
operations decisions.

Telecommunications and information technologies provide
unprecedented opportunities for using real-time information to
enhance the productivity, performance, and energy efficiency of the
commercial transportation sector. Achieving the benefits of real-
time information requires development of fleet operating strategies,
including vehicle assignment and dispatching rule with increased
flexibility, along with suitable decision support methodologies.
There appears to be virtually no methodology in the literature
intended specifically for truckload or other surface carrier opera-
tions under the kind of real-time information possible with emerg-
ing technologies. The lack of methodological development applies
to both the analysis of carrier operations to evaluate the effective-
ness of real-time information and to actual tools that could be used
by carriers to take advantage of such information. The area of vehi-
cle routing and scheduling, including dynamic vehicle allocation
and load assignment models, has evolved rapidly in the past few
years, both in terms of underlying mathematical basis and actual
commercial software tools (/-3). Although these approaches may
well be adaptable to operations under real-time information avail-
ability, they are currently unable to take full advantage of such
information because their underlying formulations do not recognize
possible decisions that are meaningful only under real-time infor-
mation. One such decision is the possibility to divert in response to
customer demands.

After briefly describing some of the technologies available, this
work identifies and explores potential uses of real-time information
for the efficient management of truckload carrier operations. In
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particular an en route “diversion” strategy in response to unfolding
customer demands is proposed and analyzed. A simulation model
to explore the profitability of such diversion strategies under vari-
ous operational conditions and demand arrival patterns is described
and conditions under which such strategies might be profitable are
derived. Findings suggest that meaningful potential exists for
improving truckload carrier operations. These findings and related
operational issues are discussed.

In truckload operations, carriers typically know only a portion of
the loads that must be moved before the beginning of the day. Typ-
ically 60 percent of a given day’s loads may be accepted on the
same day that they are moved (/). The assignment of an available
driver to a load therefore takes place almost in real time or at least
shortly after the request is received. In addition, the load acceptance
decision made by a carrier must be executed in real time and may
have a significant impact on the carrier’s ability to accept other
loads later in the day or in the days that follow. This research
explores ways to make “good” assignment decisions, and ultimately
load acceptance decisions, that lead to overall cost-effective opera-
tions but rely on local (current) rather than on long-term or fore-
casted information. Although various forecasting methods may be
used to estimate future demands, this information is not reliable in
practice because of the large number of possible origin and desti-
nation combinations and the inherent randomness of the process (/).

INTRODUCTION TO TECHNOLOGIES

Automatic vehicle location (AVL) systems are finding increasing
application in a variety of contexts, including truckload and less
than truckload trucking companies; local delivery and courier ser-
vices; fire, rescue, and police departments; utility companies; secu-
rity companies; public transportation companies; high-value and
hazardous materials shippers; and taxi and limousine services. Not
all applications require the same degree of accuracy. The dispatcher
in a long-distance trucking company will most likely derive the
same benefit from knowing the locations of the company vehicles
to within 50, 1000, or even 10 000 m, whereas a police dispatcher
may need to determine, with certainty, on which streets tracked
vehicles are located.

Although global positioning satellite (GPS) technology is often
perceived as the leading AVL technology, the companies with a
major market share in the long-haul trucking AVL market do not
employ GPS technology in their standard products. One of these
systems uses a group of nationwide specialized mobile radio tow-
ers with optional Loran-C location tracking, and the other uses a
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network-of two geosynchronous satellites to perform tracking and
communication, with Loran-C an optional addition. The 500- to
1000-m accuracy these systems provide is adequate for dispatchers
to estimate which highways the trucks are on. Commercial applica-
tions that require street-level location information could benefit
from increased accuracy. Applications that include navigation,
either on board or at a central location, require more accurate posi-
tion information than 500- to 1000-m estimates, as these do not
ensure street-level accuracy.

In most AVL applications, the position location obtained must be
transmitted to the dispatch center over an available communication
link. Although position estimates and even point-to-point routing
could, with an appropriate microcomputer, be calculated on board
the vehicle, the vehicle’s position must be transmitted back to the
dispatch center for display. Communication links available for this
purpose differ in cost and sophistication. VHF, cellular, or subtitle
link may all be used, with digital cellular becoming more and more
widely available. The link used typically depends on the frequency
of communication and the distance between the dispatch center and
the vehicles. The communication cost of such a system may be high,
with messages costing as much as ten cents per brief packet for
satellite communication systems, about five cents per packet for
transmission over 800 or 900 MHz trunked radio lines, and more for
standard cellular in which rates are determined by the minute rather
than the data packet. If the vehicle locations are ‘polled’ often by
the central dispatcher, these costs add up quickly (4).

This study is most interested in irregular route common carrier
operations. Discussions with operators of trucking companies of
various sizes have made clear that whatever the particular tech-
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nologies chosen, AVL and two-way communication systems will
be necessary for many trucking companies to compete in a market
where the location and magnitude of demands for service are highly
dynamic (5). A 1992 survey performed at the University of Texas
of just under 300 carrier companies pointed out the fact that carri-
ers agree that AVL and two-way communications technologies will
lead to improvements in many aspects of their operations. Figures
1 and 2 share some of their responses about what they perceive as
the potential benefits of these technologies. Although it is clear that
these technologies are beginning to see widespread use, it is equally
clear that the full potential of these technologies will not be realized
until responsive real-time dispatching tools become available.

REAL-TIME ASSIGNMENT STRATEGY:
DIVERSION

Because of the length of some empty moves made to pick up loads,
it is possible that new information on demands to be serviced may
arrive while a driver is en route to a pickup. Assuming that time
windows for movements are flexible, this new demand information
may be used to order demands in such a way as to reduce empty dis-
tances driven. Quasi-continuous dispatcher-to-driver communica-
tion makes it possible to divert a driver en route to a pickup loca-
tion to an alternative load, thereby inducing .a resequencing or
reassignment of the original load. Such diversion strategies are not
generally feasible under current operations because dispatcher-
driver communication takes place at discrete instances only, typi-
cally at a load pickup or delivery point (5).
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FIGURE 1 User assessment of two-way communication and AVL system benefits: Part 1.
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FIGURE 2 User assessment of two-way communication and AVL system benefits:

Part 2.

The relative improvement possible under this strategy depends
on the relative locations of the alternative pickup and delivery
points. Under some distributional assumptions about the locations
of these points, the interest is in the probability that diverting the
driver to a new demand while en route to a previously assigned
pickup will be beneficial. In even the simplest case, it is difficult to
derive this probability analytically because the various cost compo-
nents are not independent. For this reason, these probabilities and
various other performance measures are evaluated through simula-
tion of such diversion strategies over service horizons of varying
lengths, under different arrival stream distributions, and under load
acceptance rules that either require all loads to be serviced or allow
less profitable loads to be rejected. The scenarios examined up to
this point are not intended to exactly replicate actual operating
conditions, but to provide a simplified representation that allows
derivation of basic insights into the potential benefits of real-time
information and the factors that affect these benefits, as well as the
identification and design of strategies that merit examination under
more realistic operating conditions.

Diversion Probabilities Under Simple Assumptions

To begin with the most basic case, while a driver is en route to a
load origin, information about another load (and in this initial case,
only one other load) to be moved becomes available. Answers to the
following questions are desired: What is the probability, given var-
ious diversion decision rules, that the driver will be diverted to serve

the new load first? What is the probability that following such diver-
sion decision rules will result in a reduction of overall distance trav-
eled? And, what is the associated expected reduction in travel?

To clarify, consider in Figure 3, a vehicle that begins at the
center, ¢, of a circle and moves toward the origin of a loaded move-
ment between Points X, and X,, where these points are uniformly
and randomly generated over the area of the circle. Given a diver-
sion point (the point at which another load to be moved becomes
available) some fraction of the distance from the center of the cir-
cle and origin X, the probability is derived that the distance
between the diversion point to a new origin X will be less than the
distance from the diversion point to origin X;. Let o, 0= a = 1
denote the fraction of the distance from the center to X, traveled to
reach the diversion point. The probability that the distance from the

X1

X3

X2
Diversion Point p

enter ¢
X4

FIGURE 3 Diversion example.
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diversion point to the new origin is less than that to the old origin is
given by (I — )?%2), as shown hereafter.

Let B(c, r) denote the circle of center ¢ and radius r, and d(x, y) the
Euclidean distance between points x and y. Consider two random
points in B(c, r), say, X, and X;. For 0 =< o =< 1, let W () be the point
on the segment (¢, X;) such that d [c, W, ()] = a [d (¢, X,)]. Define
the following two random variables Y, = d [W\(«a), X|] and Y, =
d [W, (o), X;], where Y, and Y, represent the distances from the
potential diversion point to the current and potential load origins.

Let Z be the radial distance of W (o) so Z = d [¢, W, (o)], and f,
() be its probability density function:

,
P>1) = [ (h<¥|Z=2f@d

P
= [ e BIW (.70 - 2} £ ) dz M

Because W, () is a random point in B(c, a),

PY,<Y)= f [ — &) Za] Qza?) dz = (1 — a))2 (3]
0

If a myopic strategy of diverting to the new demand origin, X3, is
followed if it is closer to the diversion point than origin X, then
(1 — «)*/2 represents the fraction of loads for which one actually
diverts. This probability [P(Y, < Y,)] is shown graphically as a
function of the diversion point location parameter, o, in Figure 4.
However, under this strategy, even if the diversion decision at point
o = 0 is evaluated, the resulting average savings in terms of reduced
distance traveled while serving the two loads is less than 1 percent,
and diverting at points further downstream actually results in a
slight increase in traveled distance, on average.

A more plausible diversion strategy would also consider the rel-
ative distances between the destination point of the first movement
and the origin point of the next load. In Figure 3 these are given by
d(X,, X3) and d(X,, X,). In this case diversion is chosen if

d(p, X; + d(X,, X)) < d(p, X)) + d(X;, X3) 3
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Analytic derivation of the corresponding diversion probability
under this strategy is no longer straightforward because the respec-
tive distances are not independent. The diversion likelihood and
associated expected benefit are evaluated using a simulation
program under the following underlying assumptions:

e A circular work area with a radius of 1 unit of travel as in
Figure 3,

¢ Uniformly and independently generated demand locations,

¢ Euclidean (straight-line) travel distances, and,

¢ Diversion results compared with a ‘base’ case where demands
are serviced in order of their arrival.

Simulation was used to evaluate the case shown in Figure 3, in
which the vehicle begins at the center of the circle, ¢, and only two
demands are served. A total of 75,000 independent trials were exe-
cuted for each of 10 values of a, the diversion point fraction, that
varied between 0 and 1. When a = 0, that is, resequencing occurs
before departing for the first demand, as should be expected, rese-
quencing occurs in half the cases. The fact that resequencing occurs
in more than 10 percent of the cases when the diversion decision is
evaluated at the origin point of the first load, that is, & = 1, is some-
what counterintuitive and results from the cases in which the loaded
movement of the candidate load takes the vehicle close to the ori-
gin of the original load. Average savings resulting from such a
diversion strategy, in which the demand horizon (the number of
demands served in a single simulation instance) is only two loads,
vary from 7 percent of the total distance traveled if demands are
taken in order with o = 0, down to 1 percent with a = 1. These
results are shown in Figure 4.

This analysis is extended beyond the first diversion decision.
After serving the load selected, the vehicle begins to move toward
the unsatisfied demand. Again, a new demand arises along the way,
creating a new diversion opportunity. With a demand horizon of
100 loaded movements, evaluated sequentially on a pairwise basis,
simulation results indicate overall benefits (of the diversion strat-
egy) in the range of 1.5 to 12.5 percent of overall distance traveled,
depending on the diversion point fraction, relative to the base case
of servicing demands in the order in which they arrive. Figure 5
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FIGURE 4 Probability of diversion when distances to load origins and between two

demand points are considered.
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FIGURE 5 Reduction of travel with diversion strategy as fraction of overall travel with 100

demands served.

shows the overall reduction in travel cost as the diversion point frac-
tion is varied from O to 1. A regression model that assumes an expo-
nential functional form approximates this curve as

Reduction = (0.151)0.111¢ 4

Note that in the simulations the new load is assumed to be known
by the time the vehicle reaches the diversion decision point. If a, the
diversion point fraction, is a uniform random variable taken
between 0 and 1, which would correspond to a scenario in which the
new load may become known at any point along the route between
the vehicle’s last load destination and the next load origin, then the
average reduction in travel is more than 6 percent of the total
distance traveled.

In addition to these average numbers, it is important to gain
insight into the worst-case performance of this strategy. If the ser-
vice horizon is short, say, less than 10 demands served, it is possi-
ble to make one or more diversion decisions that result in an over-
all cost (distance) increase over the demand horizon. However, over
a longer service horizon, diversion outperforms the base case more
than 99 percent of the cases. Figure 6 gives the expected probabil-
ity of overall gain and loss, respectively, along with the associated
magnitudes of the gains and losses over different demand horizons.
Each set of numbers is based on 10,000 simulated realizations of the
corresponding sequence of random demand locations. Of course,
overall gain here corresponds to the sequence, not to individual
diversion decisions. The expected gains (or losses) are given in
terms of fractions of the overall distance traveled under the base
case (no diversions). The reported decreases (and increases) are
conditional values given that the particular sequences experienced
a decrease (or increase) under the diversion rule. The expected over-
all gain (or loss) over a sequence of calls is given by

E[gain]= E[gain| gain > 0] p(gain < 0)
— E[gain| gain < 0] p(gain < 0) 5)

The results in Figure 6 indicate that even with a horizon with as few
as 10 diversion points the probability of overall loss is only 11.6

percent, with a corresponding expected loss of 2.3 percent of the
overall distance under the base case. On the other hand, the 84.5
percent likelihood of gain is accompanied by an expected gain
greater than three times the expected loss (7.1 percent reduction in
overall cost). Note that for the 10-demand case the likelihood of 0
gain (no diversions chosen at all) is about 3.9 percent. The proba-
bility of loss rapidly decreases with the service horizon considered,
to less than 1 percent with 50 demands (accompanied by an insignif-
icant loss of under 1 percent, whereas the corresponding gain is over
6 percent with over 99 percent probability of gain. The fact that the
probability of loss and the expected conditional loss are extremely
small makes the diversion operating strategy appear to be somewhat
of a win-win strategy. The simple diversion criterion of comparing
the relative distances to serve a pair of loads sequentially appears
relatively robust. If it suggests that diversion is profitable diversion
is done, with a very high probability of realizing some meaningful
benefit, and if it does not, the original plan is followed.

To further reduce the likelihood of loss over a finite number of
decisions one can introduce a threshold in the diversion rule,
whereby the local gain is required to exceed some minimum level
to trigger a diversion, as follows:

If

d(p, X3) + d(Xs, X)) < d(p, X)) + d(Xy, X3)
— Tldp, X)) + dX;, X3)] 6

then

divert and serve load X; to X, first,

where

p = current diversion point,
X,, X, = origin and destination locations of current load,
X, X, = origin and destination of newly arrived load, and
T = threshold multiplier. corresponding to the minimum
relative improvement associated with a given diversion.
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Expected conditional gain*

P(Gain)
Expected Gain (Loss) over a sequence of loads * .

10 Demands

0.071

0.116

30 Demands

0.063
0.061 0972

012

0.028

50 Demands
0.062
0.062 0993

70 Demands

0.062
0.062 0.999

0.006
0.001

-

Expected conditional loss

P(Loss)

20 Demands

60 Demands

0.062
0.062 0.997

0.006
0.004 - -

80 Demands

0.062

0.001

as a fraction of base case distance traveled

FIGURE 6 Benefits of diversion (distances to serve both loads considered).

This multiplier was varied from 0 to 0.5 (50 percent in the
present analysis. Results suggest that a threshold value of about 10
percent of the base case cost yields the best performance. How-
ever, although the addition of a threshold for diversions reduces
the risk of bad diversions, any threshold that precludes many
positive diversions results in a reduction of expected benefits.
The addition of the threshold rule for diversion increased the
overall benefits by an amount between 1 and 0.3 percent, depend-
ing on the demand threshold. However, more significantly, the

thresholds cut nearly in half the already low probability of loss in
each case.

In these simulations, the diversion point fraction, «, varied
uniformly between O and 1. The diversion decision was based on an
entire sequence of moves associated with the current and new
demand points. Alternatively, Figure 7 shows the results of a diver-
sion strategy under a strictly myopic or greedy strategy of diverting
to the closest origin point, that is, if d(p, X3) < d(p, X)) then divert
to load X;. :
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Expected conditional gain®

. P(Gain)
Expected Gain (Loss) over a sequence of loads *

10 Demands

0.059
0.026 0.635

0.038
0.285

30 Demands
0.041

- 0.198

50 Demands
0.037
0.030 0.866

14
0.134

70 Demands

0.035
0031/ 0909

0
0.092

Expected conditional loss*®

P(Loss)

20 Demands

0.037

0.285

40 Demands

0.039
0.030 0.836

0.016
0.164

60 Demands

0.036
0.031 0.891

12
0.109

80 Demands

0.034
0.031 0.924

0.010
0.076

* as a fraction of base case distance traveled

FIGURE 7 Benefits of purely greedy diversion strategy.

Two interesting points can be noted about these two sets of results
in Figures 6 and 7. The first is that despite the limited information
employed, that of which origin is closer, the greedy diversion strat-
egy consistently leads to a reduction in overall expected travel over
the demand horizons considered. The second is that by slightly
increasing the amount of information considered, by also consider-
ing the distances that must be traveled empty between the two loads,
the overall benefits double from 3.1 percent of the distance traveled

to 6.2 percent over a demand horizon of 60 points. More impor-
tantly, the risk of overall loss is reduced significantly. For example,
the probability that the diversion strategy will result in an overall
cost increase with 60 demands is reduced from 0.109 (in the greedy -
case) to 0.004 when the distances to the load destinations are also
considered. This is nearly 2 orders of magnitude less. Overall, these
results demonstrate the potential power of reacting to even small
amounts of real-time information on the state of the system.
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EXTENSIONS OF SINGLE-VEHICLE,
TWO-DEMAND CASE

This exploration under highly idealized conditions suggests that
even a simple local diversion strategy is highly likely to result in a
reduction of overall distance traveled. After considering only two
demands at a time, the analysis is extended to consider several
demands in a particular decision to divert and to look at demands
that are uniformly generated in space but arrive according to a
Poisson arrival stream as well as from a uniform distribution. In
addition, operational constraints in which every demand must
be served, and those in which one has the freedom to accept or
reject demands according to the cost of serving them have been
explored (6).

Naturally the performance of a given diversion strategy can be
compared relative to several possible benchmarks or base cases
with differing results. In addition to the base case of serving
demands in the order in which they arrive, an “intelligent base” case
in this analysis, is also considered next.

Poisson Arrival Stream, Optimal Resequencing,
All Demands Accepted

This scenario has the following assumptions:

e Demands are generated from a Poisson arrival stream over
time, ‘

e The rate of arrival is rapid enough that more than one new
demand may arrive while the vehicle is en route to a pick-up, and

e Demands diverted away from or not chosen for diversion are
added to a queue and resequenced optimally with respect to overall
distance traveled before being served.

This diversion strategy is compared with two different base cases.
The first assumes service in the exact order of arrival, as considered
previously, whereas the second, an intelligent base case, assumes
that any demands waiting for service are resequenced optimally at
the completion of each loaded movement. This intelligent base
strategy is applied with optimal resequencing of up to five demands
at a time. This itself results in solutions that are only 1 to 2 percent
higher than those attained under the comparable diversion strategy
in terms of overall travel distance. Under the assumption that all
demands must be served, with demands generated from a Poisson
arrival stream and with an arrival rate rapid enough to produce
diversion opportunities, this intelligent base scenario leads to sav-
ings of more than 12 percent of the base case travel distance, and
the en route diversion strategy tends to improve on the intelligent
base by about 1 to 2 percent.

The dashed lines in Figure 8 show the various distances (costs)
compared when choosing to divert, resequence, or serve the
demands as they arrived in the case where two demands are in the
queue and while the driver is en route to the current demand, origin
X,. The strategy chooses the minimum cost case of the n! alterna-
tive orderings, where n is the number of demands in queue. It is
assumed that z is a small number, say, less than 6, since to enumer-
ate all alternatives for even slightly larger queues would take a pro-
hibitive amount of time. This assumption of short queues makes
sense in the trucking application where drivers typically have one
or two jobs queued at most. Using the notation in Figure 8, when a
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new demand arises the minimum of the following six quantities cor-
responding to all possible service sequences is evaluated:

a: d(p, X)) + d(Xs, X5) + d(Xs, X5)
b: d(p, X)) + d(Xs, Xs5) + d(Xe, X3)
c. d(p, X3) + d(X,, X5) + d(Xe, X))
d: d(p, X5 + d(X4, X)) + d(X,,X5) .

e d(p, Xs) + d(Xe, X)) + d(X,, X3)

frdp, Xs) + d(Xe, X3) + d(Xa, X)) N~

Cases e and f represent a diversion to the new load; Cases ¢ and d
represent diversion to a load already in the queue, one that was pre-
viously found unprofitable to divert to or to place first in the queue
but was resequenced because of the information on the new
demand. Cases a and b represent no-diversion cases, that is, the
vehicle proceeds as before, but the second and third loads may be
resequenced if that is beneficial.

Various extensions of these rules were explored, and it seems that
under the assumption that eventually all demands must be serviced,
a strategy that allows diversion but limits the number of times that
one diverts before some demand is serviced is better than one that
allows diversion whenever it is locally better. If diversion is allowed
whenever it appears (locally) beneficial, under these assumptions
costs may be low early in the service horizon and then considerably
higher at the end.

Investigation of Poisson Arrival Stream,
Optimal Resequencing, Loads Accepted or
Rejected on Basis of Cost to Existing Route

This investigation has a different assumption from the preceding
case with respect to load acceptance, namely, many demands are
generated over time and loads may be accepted or rejected. This
case assumes a rapid arrival rate for new demands. Whenever a new
demand becomes known and space is available in the queue adding
it to the current queue is considered. Rather than inserting the new
demand into the existing route, resequencing the route in light of the
new demand is considered. Because to optimally resequence the
whole route would be computationally expensive (and possibly
infeasible) the marginal cost of adding a demand to one of the first
five slots in the queue is determined. If the additional empty dis-
tance needed to service the first four demands along with the new
demand exceeds a given threshold value the new load is rejected.
Otherwise the load takes an empty slot in the queue. These (up to)
five demands are then resequenced optimally. Under the diversion
strategy the load acceptance or rejection decision is made as soon
as the demand becomes known if the vehicle is moving empty and
as soon as it becomes empty if it is moving loaded. In the intelligent
base case load acceptance decisions are made for all loads that have
become known during the last period of service immediately after
service is complete. These loads are evaluated for acceptance or
rejection using the same logic as that in the diversion case (marginal
cost to add to the first five slots in the queue) in the order in which
they arrived. It was an a priori thought that the diversion strategy
would perform well under these circumstances. However, it appears
that excessive diversion creates a sort of “zig-zag” effect where a
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FIGURE 8 Alternatives with two queued demands and a third arrival: a, no
change in plan; b, no diversion, resequence; ¢, divert to previously considered
demand; d, divert to previously considered demand; e, divert to new demand; f,
divert to new demand. (Dashed lines represent empty movements, and solid
lines, loaded movements.) : :
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vehicle is en route and then diverts and then diverts again. [t appears
that without additional constraints to restrict the amount of diver-
sion a comparable intelligent base case in which the first few queued
demands are optimally resequenced performs better. Table 1 pro-
vides a summary of the results presented in the last few sections.

CONCLUSIONS

Trucking operations consume a vast quantity of economic and
environmental resources. A reduction in overall travel of even a few
percentage points would represent a significant savings to both
suppliers and consumers of trucking services. The U.S. Department
of Transportation estimated that in 1991 motor vehicle fuel pur-
chases accounted for 7.9 percent of common carrier costs or about
$8.7 billion nationally (7). If 10 percent of these vehicles had a 5
percent reduction in fuel consumption, $43.5 million would be
saved each year. In this work we identify and explore potential uses
of real-time information for the efficient management of truckload
carrier operations. Findings suggest that the diversion strategy
examined may result in reduced travel distances and hence
improved efficiency under certain conditions. Such strategies could
become one part of an overall assignment and load acceptance strat-
egy for truckload operations. The exploration of idealized scenarios
suggests that a reduction of overall travel distance of between 5 and
10 percent would not be unreasonable. Although they are not
intended to exactly replicate actual operating conditions, these
scenarios do provide a simplified representation that allows the
extraction of basic insights into the potential benefits of real-time
information, the factors that affect their benefits, and the identifica-
tion and design of strategies that merit examination under more real-
istic operating conditions.

TABLE 1 Summary of Key Results
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Continuing developments include extending this analysis to a
more ‘realistic’ scenario with respect to geographic region studied
and customer demand stream. In addition, a fleet of vehicles rather
than a single truck is examined. As the availability of automa-
tic vehicle location and two-way communication technologies
improves, and as the cost of equipping vehicles with these tech-
nologies decreases, more and more fleets will incorporate these
technologies into their daily operations. Recent interviews with
carrier company executives and fleet managers suggest that they
are eager to incorporate communications technologies and opti-
mization tools into their operations but that much work remains
to be done in terms of developing such tools in a manner that
is responsive to actual operating realities. An additional benefit
of such tools is that they would enable companies to find good
solutions to a complicated multiobjective problem. An addition to
the goal of reducing overall distance driven is that of matching a
driver with the load that best meets his or her needs. Discussions
with industry executives have pointed out that irregular route
truck drivers may stay on the road for more than 3 weeks at a time
before finding an opportunity to pull a load in the direction of
their home base. Flexible assignment strategies would improve
the chances of finding a load that meets the preferences of an
individual driver. A data base management system that would
likely be an adjunct to any computer-based dispatching system
could make the preferences of individual drivers easily accessible.
It is clear that there are many potential uses of new technologies in
commercial vehicle operations in general, and freight carrier
operations in particular. Although technologies are beginning to
see widespread use, it is equally clear that their full potential will
not be realized until responsive real-time dispatching tools become
available.

Scenario

Results

Demands generated a fraction of the way
towards the first demand, 2 demands
evaluated in each simulation.

Demands generated a fraction of the way
towards the current demand, 100 demands
evaluated in each simulation.

Demands generated from a Poisson arrival
stream, all demands served, optimal
resequencing of up to first five demands,
diversion to new or queued demand.

Demands generated from a Poisson arrival
stream, accepted or rejected for service
based upon space in queue and the cost of
providing service given the current queued
demands, optimal resequencing of up to first
five demands, diversion to new or queued
demand.

Savings of 1-7 percent of the base travel
distance depending upon the diversion point
fraction.

Savings of 1.5-12.5 percent of the. base
travel distance depending upon the diversion
point fraction.

Savings of 13-14 percent base case travel
distance when compared to the base base, 1-
2 percent of the intelligent base case travel
distance when compared to the intelligent
base case.

No comparison to the base case, little or no
savings when compared to intelligent base
case because of zig-zag effect.

'Notes; The base case refers to serving the demands in the order in which they arrive. The
intelligent base' refers to the case in which en-route diversion is not allowed, but a short
queue of demands is resequenced optimally prior to the start of new service.
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