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Online markets for transportation servicesin the form of Internet sites
that dynamically match shipments (shippers' demand) and transporta-
tion capacity (carriers offer) through auction mechanismsar e changing
thetraditional structureof transportation markets. A general framework
for the study of carriers strategiesin atransportation auction market-
place is provided. The unique char acteristics of these marketplaces and
the sources of difficulty in analyzing the performance of these market-
placesunder different carrier bidding strategiesare discussed. A smula-
tion framework isused to explore the complex engineering and economic
processes and issuesthat arisein atransportation marketplace and that
are difficult to explore by using standard analytical or statistical tools.
Someresultsand the overall simulation framework are also discussed.

Itiswell recognized that information and communication technolo-
gies (ICTs) are changing many aspects of the way in which business
is conducted (1). The implications for transportation and logistics
systems structure and operations are continuing to unfold, sometimes
in unpredictable ways. Discussion of these phenomena has mostly
been limited to generalities and speculation, with few attempts to
provide formal models or numerical results.

The changes that ICTs could bring to companies' strategies and
market structures have been examined from abroad perspective. As
early as 1987, Malone et al. predicted that reducing coordination
costs (while holding other factors constant) should increase the pro-
portion of economic activity coordinated by the markets (2). Factors
that favor market or auction systems are the simplicity of the prod-
uct description, the adoption of common standards, and access to
multiple potential suppliersin the marketplace.

Other investigators suggest the opposite, namely, that the wide-
spread availability of ICTswill reduce the number of suppliersand
foster long-term cooperative partnerships (3). These two opposing
viewslead to the market model and to the emergence of hierarchies,
respectively. Intermediate views have also been suggested (4),
whereby organizations gain the benefit of a controlled and known
hierarchy whileretaining an element of market competition. Beyond
changes in market structure, the Internet and especially auctions
have emerged as an effective catalyst that can be used to sell and buy
goods and services through electronic marketplaces. Transaction
time, cost, and effort could be dramatically reduced, creating new
markets and connecting buyers and sellers in ways that were not
previously possible.
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DEFINITION OF AUCTION MARKETPLACES

Many Internet-based sites have emerged to serve the transportation
industry, and they offer awide variety of services. These services
range from load posting boards, cargo matching, and auctionsto the
procurement of transportation equipment, parts, and systems for
logistics and supply chain management (5). The focus of this paper
is on the study of transportation marketplaces that enable the sale of
cargo capacity, mainly on the basis of price, yet that still satisfy cus-
tomer level-of-service demands. The specific focus of the study isthe
reverse auction format, in which shippers post loads and carriers
compete over them (bidding).

McAfeeand McMillan define auctions as market institutions with
an explicit set of rules determining resource allocation and priceson
the basis of bids from the market participants (6). Auctions have
been widely studied by economists, leading to recent advances
in the theoretical understanding of different auction types and
designs (7). Auctions as a device to match supply and demand pro-
vide a powerful mechanism to allocate resources, especially when
thelatter have an uncertain or a nonstandard value.

Transportation auctions are a relatively recent phenomenon,
characterized by rapid change and fast development. This type of
market has not yet reached maturity, asindicated by the significant
number of start-ups, mergers, consolidations, and liquidations that
have taken place in the past couple of years. The interested reader
may find a list of transportation marketplaces in the Journal of
Commer ce (Review and Outlook Millennium Edition, January 18,
2000) and check how many are still operating. Hence, this paper
does not focus on describing a particular existing marketplace but,
rather, builds ageneral framework for the study of auction market-
places. The auctionsoperatein real time, providing transparency in
a many-to-many market. Transaction volumes and prices are
barometers of the market, and their variation should reflect the sta-
tus of demand and supply for agiven level of servicein its multi-
pledimensions: reliability, visibility of the product, speed, and so
forth. Even if auctions are not the most-used procurement tool for
transportation services, they provide a useful and appropriate
framework to

* Gain insight into the drivers of price in a dynamic real-time
market,

* Study and develop real-time yield management strategies,

* Examine the implications of market conditions and carrier
strategies on shippers' levels of service, and

* Monitor system evolution and describe market conditions by
using price and other performance parameters as system indicators.
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However, as detailed below, transportation marketplaces possess
certain characteristics that preclude the direct transferability of the
conclusions and the applicability of modelsdeveloped for other types
of goods and services. Thisunique set of characteristics givesriseto
challenging problem classes that must be formulated and solved to
study the performance and properties of transportation marketplaces,
along with their implications for shippers and carriers.

CHARACTERISTICS OF
TRANSPORTATION AUCTIONS

Two types of assets could be traded in transportation marketplaces:
(a) loads, or demands of shippers, which are “sold” to the lowest
bidder (this would be the case of extra supply looking for scarce
demands), and (b) capacity (i.e., the capacity to move goods that
have certain requirements by agiven modefrom Location A to Loca
tion B), which is sold to the highest bidder. The buyer of such capac-
ity could be a shipper wishing to move aload, a carrier needing the
extra capacity to move contracted loads, or a third party hoping to
make a profit by reselling this capacity.

Auctions are typically used when products have no standard
value (8), as opposed to situations in which a fixed price can be
posted for the products. In the case of transportation services, the
price can be reasonably bounded by (a) what the shipper could pay
in the regular market in an established relationship with a carrier
minus the cost or fees of the auction (upper bound) and (b) what the
carrier must pay for rerouting the vehicle, loading time, unloading
time, and extra compensation for the driver (lower bound).

However, these bounds can be greatly affected by the following
unique characteristics of transportation auctions:

* Thetraded entity isaservice;

* Transportation servicesare perishable, nonstorable commodities;

* Thepenaltiesor costsassociated with late deliveriesor no deliv-
ery might be several times higher than the cost of transportation
per se;

» Demand and supply are geographically dispersed;

* Demand and supply are uncertain over time and space;

* Future fleet use levels are uncertain;

* Thevalue of thetraded item (shipment) may be strongly depen-
dent on the acquisition of other items (e.g., nearby shipments); that
is, thereisagroup effect;

* The value of a shipment is related to the current spatial and
temporal deployments of the fleet; that is, thereis a network effect;
and

* Therearestrong substitution or complementarity effects, depend-
ing on the shipment attributes and the fleet status.

MULTIPLE DISCIPLINARY PERSPECTIVES ON
TRANSPORTATION AUCTION MARKETPLACES

By connecting shippers and carriers nationwide in real time and
increasing the size and scope of the market, transportation market-
places move shippers and carriers closer to ided perfect markets. At
the same time, increased collaboration among shippers or carriers
might be possible by allowing demand bundling or extended service
offers and cost savings. Audience size and scope advantages give
Internet auctionsamagjor rolein theemerging globa economy (9, 10).
However, the same enabling technologies may also facilitate anti-
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competitive behaviors. One danger of standard auctions is the
possibility that buyers or sellers who repeatedly participate in the
same types of auctions could engage in collusive behavior. This
topic has been extensively study in the economics literature,
specifically in the field of industrial organization through game
theoretical models of oligopoly and collusion. General references
include the work of Tirole (11) and Martin (12).

A market environment that has few suppliers and many buyersis
called an“oligopoly.” In such an environment, each buyer takes mar-
ket conditions as given, but each seller isawarethat hisor her actions
have asignificant impact on hisor her rival’s payoffs and vice versa.
Compared with a competitive firm or an uncontested monopoly, the
typical oligopolist faces a considerable, complicated decision prob-
lem, which stems mainly from the strategic interdependency among
competitors (12). Thisinterdependency lendsitself to be modeled by
using game theory. Game theoretical models of oligopoly tend to be
marked by precise treatments of the sequence of moves and specifi-
cations of theinformation that oligopolistsare assumed to have at dif-
ferent times. The distinctive emphasis of these modelsis on thekinds
of equilibriathat could reasonably be expected to persist and on the
beliefs needed to support such equilibria.

In an auction, profits are highly dependent on the quality of the
bidding strategy. Game theoretical modelsof bidding provideimpor-
tant insights, mainly focused on symmetric risk-neutral agents bid-
ding competitively for a unit of an item in a one-shot (one-period)
auction. In atransportation auction marketplace, however, most auc-
tionswill involve oligopolistic sellers (afew carriers) with different
fleet sizes, fleet assignment strategies, and fleet statuses (asymme-
tries) who meet repeatedly and determine their bids strategically in
an effort to exploit market power opportunities.

The repeated interaction among oligopolistic carriers allows the
possibility to learn about strategies, the environment, and competi-
tors. This realistic assumption implies that carriers can analyze the
history of play with different degrees of sophistication and estimate
the possible future consegquences of current actions. Therefore, car-
riers and shippers must be modeled as entities or intelligent agents
that determine their interactions with other agents and with their
environment on the basis of history (experience), learning, expecta-
tions about future consequences of current actions, and evolving
strategies. A good introduction to the subject of learning in games
isprovided by Fudenberg and Levine (13).

Thelearning and repetition establish an expected connectionto a
relatively new branch of economics, agent-based computational
economics (14), which studies the economics of self-organization
and evolution on the basis of the following:

1. Heterogeneous agentsinteract among each other and with the
environment on the basis of their behavior and experience.

2. Agents coevolve and continually adapt their behavior in
response to agent—agent and agent—environment interactions.

3. Agents engage in continual open-ended experimentation with
new rulesof behavior. That is, agentsin the economic world coevolve.

4. Onceinitial conditionsare set, all subsequent eventscan beini-
tiated and driven by agent—agent and agent—environment interactions
without further outside intervention.

Previous work in agent-based computational economics closely
relates to this topic and covers auctions in the electric power mar-
ketplace (15). However, there appears to be no published work of a
fundamental, scholarly, or methodological nature specifically dealing
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with the unique characteristics of theinteraction among shippersand
carriers and the performance of transportation marketplaces.

Clearly, themarket setting will establish therules of the gamethat
will determineanindividual player’ soptimal decision-making strat-
egy. Inthetransportation context, thisincludes not only the player’s
bidding process decisions but also the associated vehicle fleet and
load assignment decisions. A carrier’s bidding decisions must be
directly linked to the actual operational plan under which service
will beprovided. From acarrier’ s standpoint, deciding whether to bid,
assigning agiven truck to aload, or buying capacity on acompetitor’s
fleet at a given price must be integrated in a real-time decision-
making framework for fleet operations.

Advances in ICTs have also affected the ways in which trans-
portation fleets are operated and managed. More quality information
about the current and future status of the fleet and demand can
highly improve the efficiency of fleet operations (16). In adynamic
bidding environment, the quality and accuracy of costing services
arekey inputs needed to ensure the profitability of carrier operations
and can provide a significant competitive edge. The revenue real-
ized for each loaded movement is highly dependent on the avail-
ability and proximity of vehiclesand thedriveto theload at thetime
that it must be moved or serviced. Different approaches to solving
the dynamic vehicle routing problem include stochastic program-
ming (17, 18), variations of the probabilistic traveling salesman
problem (19), and heuristics for real-time applications (20).

As described above, the study of auction marketplaces cuts
across a wide range of disciplines, including industrial organiza-
tion, game theory, learning and cognitive science, experimental
economics, agent-based computational economics, and fleet man-
agement. The encompassing scope of the fields mentioned above
indicatesthe nature of the complexity of the study of transportation
marketplaces, which is the topic of the next section.

COMPLEXITY OF TRANSPORTATION AUCTIONS

Transportation auctions present opportunities to improve the effi-
ciency of the overall transportation system, but they also introduce
a considerable challenge to the participants (shippers and carriers).
More information and data are available for decision making, but
the complexity of the problem increases substantially. Shippersand
carriersmust keep in mind the marginal cost and desired profit from
aparticular transaction. Thisisoften difficult in real-time situations.
Furthermore, thisis increasingly difficult when optimal decision-
making entailsthe solution of NP hard problems (problemsin which
the computational time required to reach an optimal solution grows
exponentially asthe problem sizeincreaseslinearly). The sources of
complexity include

1. Multipleinteracting agentswith multiple conflicting objectives;

2. Uncertainties about a shipment’ s value, the shipper’sreserva
tion price, and the cost of serving the shipment for the carrier; thisis
particularly difficult for carriersif they want to incorporate the effect
of accepting this shipment into the cost of serving future shipments;

3. Feet management complexities (vehiclerouting problems, with
timewindows, penalties, etc.); thisisan NP hard kind of problem, and
for real-world fleet sizes, these problems cannot be solved optimally;

4. Theneed for fast responses; information isreceived and updated
inreal time, and responsesto requests and changesin initial condi-
tionsmust be dealt with beforethe arrival of new requests or changes
intheinitial conditions take place;
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5. Demand; spatial and tempora stochasticities preclude the use
of naive or unsophisticated bidding and fleet management techniques;
and

6. Combinatorial bidding (bidding on bundles), which makesthe
problem even more complicated if it is allowed.

Onlinetransportation marketpl ace characteristics deeply challenge
“traditional” models of equilibrium, decision making, and analysis.
As mentioned earlier, a new cross-disciplinary approach is required
to model and study the problemsthat the online business environment
poses to shippers, carriers, policy makers, and researchers.

SIMULATION MOTIVATION

Given that closed analytical solutionsfor these complex dynamic sys-
tems would require many simplifications that could compromise the
validity of the results, computational experimentsand simulation can
enhance and extend the theoretical investigation of these dynamic
games. Furthermore, simulation enables the computational study of
interactions among market agents by means of controlled and
replicable experiments. It is also possible to explore and systemati-
caly test changes in key market parameter values, for example, the
number of carriers, arrival rates, and auction types, in awide spectrum
of scenarios allowed by the many potential market settings. Table 1
providesacategorized list of parametersthat can be studied in the con-
text of an auction marketplace.

A market simulation framework was therefore devel oped to start
gaining insight into the overall market behavior, its efficiency, and
resulting shipper service levels under different market settings and
when carriers follow different individual strategies in a noncoop-
erative decision environment with various degrees of information
sharing and market settings. An object-oriented discrete-event sim-
ulation code was written to test carrier strategies and study overall
market behavior and performance. The simulation program pro-
vides aframework for studying important questions and a test bed
for defining and investigating bidding and operational strategiesfor
fleet management.

MARKETPLACE AGENTS

The framework accommodates three basic and distinct types of
agents: themarketplace, carriers, and shippers. The marketplace cre-
ates an environment with well-defined rules and settings that allow
the exchange of information and the completion of transactions
between carriers and shippers. Carriers are the sellers of transporta
tion services. Carriers' behaviorsare described by their internal state,
strategy, endowment, and external stimulus (demand stream). Carri-
ers adapt their behaviorsin response to interactions with other carri-
ers and their environment in an attempt to maximize profits or gain
market power. Besides, they act according to the physical feasibility
constraints given by their assignment strategies and pool of awarded
shipments. Past decisions are binding and limit the future actions of
carriers; therefore, behaviora rules are conditioned by the carrier’'s
state, and carriers coadapt their behaviors asthe marketplace evolves
over time. The number of carriers is an important parameter. In an
oligopolistic market (amarket with relatively few carriers), apresent
carrier’ saction may influence competitors’ future behaviorsand sig-
nificantly affect its own future profit. On the other hand, with arela
tively large number of carriers, the actions of an individual carrier
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TABLE 1 Market Settings and Dimensions
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1. Commodities Traded
 Shipments
» Cargo capacity
e Spot/Long-term market
» Swapping/reselling/speculation

2. Decision-Making Process/Bidding Resolution

¢ Centralized
e Decentralized
» Hybrid

3. Information-Sharing Policies
» About competitors' past bids
About competitors' fleet status

Perfect public information

» About competitors' beliefs

About fulfilled shipments or bids processes (resolute shipments)
Number of competitors watching or bidding

About shipments reservation price

About carriers endowments: fleet and crew size

Ex-ante vs. ex-post availability of information

About competitors' fleet management and bidding strategies

4.  Auction Design
* First price sealed bid auction
» Second price sealed bid auction
» English auction
¢ Dutch auction
¢ Double auctions
» Combinatoria auctions

5. Commitment of Players

combinatorial auctions)

» Firm commitment at all times for any submitted bid

 Bidding with given commitment duration

* Bidding isallowed (not allowed) while the results of previous bids are still unknown
* Flexible commitment (shippers-carriers)

 Bid firm for asmall time window conditional bidding (shipment bundling or

6. Modal/Geographic Setting

e TL,LTL services
Ocean, rail, air services
Intermodal

* Arrival rates

Urban, intercity, international freight
Geographic shape, origin-destination areas

Norte: TL = truckload; LTL = less than truckload.

would not significantly alter its future rewards by modifying other
players behaviors.

Each carrier ismodel ed as an autonomous agent with internalized
social norms (market settings or protocol), internally stored bid out-
comes data, stored state information, and internal behavioral rules.
Although each carrier has the same internal structure, trader types
can differ from each other in terms of their specific fleet manage-
ment techniques, beliefs about the shippers or other carriers, and
original endowments (fleet size or initial fleet status). Each carrier
acquiresdifferent stateinformation and evolves different behavioral
rules over time on the basis of its own unique past experiences.

Shippers are buyers of transportation services. Shippers are
developed as agents that generate a stream of shipments and their
corresponding attributes according to predetermined probability dis-
tributions. They are rational agents because they know the exact
value of the reservation price of their shipments as a function of its
attributes (origin—destination, commaodity type, costs incurred when
there is not enough stock or inventory to fulfill a request, time
window, etc.). Furthermore, shippers maximize profits by setting the
right reservation price, the highest price that a shipper iswilling to
pay acarrier for servicing a given shipment. The shipper achievesa

profit (savings) when it pays less than the reservation price. A ratio-
nal shipper rejects transportation services exceeding the reservation
price (the shipper does not incur aloss). Table 2 summarizes the
functions performed by each agent typein the simulation framework.

In this framework, carriers’ beliefs and experiences evolve jointly
over time, and their strategies at a given moment are contingent on
interactions that have occurred in a path-dependent time line. Simi-
larly, the shippers behavior can be affected by the evolution of the
system. However, if alarge population of shippers (apopulation much
larger than the number of carriers) isconsidered, theindividual effect
of a shipper on the system’ s outcome is negligible. The reservation
prices are derived mostly from individual shipper’s characteristics
rather than from strategic or learning considerations.

Figure 1 presentsaschematic overview of how atransportation auc-
tion marketplaceworks. A shipper’ sdecision to post ashipment inthe
auction market initiatesan auction. Eventsinthemarket arethearrival
of shipments, the subsequent bidding process, and bid resolutions. Car-
riers internal eventsaretheassignment, pickup, and delivery of loads.
Carriers repeatedly engage in bidding interactions modeled as non-
cooperative games, fleet assignment decisions, and updates of their
own beliefsto take into account bidding outcomes and service costs.
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TABLE 2 Overview of Agents’ Functions

Agent

Function

1.
2. Bidding processing

Market Agent 3.
4. Track statistics of performance data

Linkage and communication between carriers and shippers

Bid awarding

[N

Carrier

. Gathering, storing, and processing information
2. Updating beliefs

. Estimating expected utilities
. Bidding submission

ouAwW

. Track statistics of performance data

a. about shippers
b. about carriers
¢. about my service costs and fleet management

Fleet management

[N

. Generate stream of arrivals and shipment attributes
Shipper 2.

Track statistics of performance data

A common characteristic among agentsisthat they areall capable
of collecting and processing the performance measures necessary
to evaluate a given marketplace setting. Samples of performance
measures by agent type are provided below.

1. Marketplacelevel: total system welfare, number of inefficient
outcomes (the shipment reservation price is higher than the cost of
serving ashipment; but bids are over the reservation price, and con-
sequently, the shipment is not served), and lost welfare (lost wealth
originated by inefficient outcomes);

2. Shipper: consumer surplus, service time, and percentage of
served |oads; and

3. Carrier: profit, fleet utilization, ratio of theloaded to the empty
distance, empty distance, loaded distance, number of shipmentsin
the carrier’ s system, and market share.

[ Real-Time info | | Shippers | | Marketplace |
Fleet Status New System Carrier Beliefs
Demand Settings
Associated Associated Associated Associated
attributes: attributes: attributes: attributes:
«Accepted «Equipment «Auction type *Reserv. prices
loads required «Information -Competitor's
+Vehicle +Time window available bidding
locations «Location «Competitors «Competitor's costs
etc. «etc. etc. «etc.
AY v T v v
Bidding
Strategy
Bidding —> Updating
Outcomes Beliefs
v
Fleet
Assignment

FIGURE 1 Overview of an auction marketplace (reserv. = reservation).

EXPERIMENTAL DESIGN AND RESULTS

The experimental design considered isintended to provide astarting
point for examining marketplaces. It includes strategic interactions
among carries and uncertainties over time, space, and prices, yet it
keeps the complexity of carriers behaviorsat alow level.

A Vickrey or second-price auction is used. Thisis a one-shot (or
one-period) auction in which each carrier submitsasingle sealed bid
and the shipment is awarded to the carrier with thelowest bid, but the
winning bidder gets paid the second-lowest bid and the other bidders
do not get or pay anything (21). A Vickrey auction guaranteesthat the
shipment will dwaysbe awarded to the carrier with thelowest service
cost for that shipment (assuming that rational carriers that are profit
maximizers bid in each instance, with no look ahead; i.e., thefutureis
ignored), regardless of the beliefs of the participants about the shippers
or about other carriers. Thisisaconsequence of asimple and remark-
able result: the optimal strategy in a Vickrey auction is for each car-
rier to bid hisor her true cost valuefor the shipment. Theintuition and
proof behind thisresult are detailed by Varian (22) and Vickrey (21).

These characteristicsof the Vickrey auction allow asimpleand ele-
gant treatment of carrier strategies, since they render the tracking or
updating of carrier beliefs about the shippers or competitors essen-
tialy irrelevant. It alowsall thisin asimple one-shot sealed-bid auc-
tion, avoiding bid iteration over time. When aVickrey auctionisused,
it is possible to concentrate on the effect that the arrival rate and the
numbers of competing carriers have on market performance without
having to estimate the impact of carrier beliefs or the search for opti-
mal bidding strategies. Thisiswhat makes a Vickrey auction a good
starting point in the study of transportation marketplaces. The focus
ison transportation variables rather than on the learning or rationality
levels of the agents.

For added simplicity in the current implementation, it is assumed
that all carriers are identically implemented (in the simulation).
Furthermore, it is assumed that the carriers’ fleet assignment strate-
gies are asimple heuristic that estimates the cost of serving a ship-
ment with the smallest cost of appending it to the shipment queue of
each carrier’ s truck (but checking for feasibility, service must take
place during the shipment time window).

Other market setting characteristics include

* Geographic area: 1 by 1 unit square areg;
* Shipments origin and destination: =uniformly distributed;
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FIGURE 2 Consumer surplus versus number of carriers.

* Shipment type: truckload movements only;

* Shipmentsreservation price: =uniformly distributed (0.5, 1.0);

* Shipment time window length: four units of time + uniform
(0.0, 4.0);

* Earliest delivery time: arrival time;

* Latest delivery time: arrival time + time window length;

* Truck speed: 1 (unit of distance/unit of time); and

* Fleet size: 10 vehicles (constant) serving the market.

Asstated earlier, these are ssmple and stylized market settings, yet
they provide the necessary features that capture the most important
stochastic elements of the problem: the stochasticities of reservation
prices, origins and destinations, time windows, and competitors’
bids and costs.

The parameters to be varied include (a) the number of carriers
(1, 2, 5, or 10 with fleet sizes of 10, 5, 2, and 1, respectively) and
(b) the Poisson arrival rate [from 8 to 20 shipments per unit of time
(very uncongested to extremely congested conditions)].

RESULTS AND INSIGHTS

Although these numerical results depend on the experimental design
parameters considered, they also provideinitial insight into the per-
formance of these kinds of marketplaces. The results were obtained
from 30 simulationsincluding 10,000 shipments each. As expected,
the number of carriers has an important effect on the consumer sur-
plus of shippers (Figure 2). Clearly, competition affects consumer
surplusat adecreasing rate. When thetotal fleet sizeiskept constant
at 10 vehicles, the consumer surplus (cal culated as the accumul ated
reservation price minusthe price paid to the winning carrier) begins
to taper off at between two and four carriers. Carrier profit decreases
asthe number of carriersincreases, and similar to consumer surplus,
it also tapers off. Consumer surplus and carrier profit even out at
about the same point (two to four carriers), because with aVickrey
auction, carrier profitsand consumer surplus are complementary; in
other words, by holding al parameters constant but varying the
number of carriers, the sum of carriers' profitsand consumer surplus
isaconstant. The consumer surplus for the case of one carrier cor-
respondsto the case in which shippers can set aceiling to the amount
to be paid to the carrier. Thereis obviously a degeneracy problem,
since there is no second bid (to determine what the winner gets

paid). The sum of the consumer surplus and carrier profits must
add up to a known number, but each value cannot be determined
without further assumptions.

The price of bids won remains consistent regardless of the num-
ber of carriers (Figure 3). However, thereis avariation in the price
of bidslost. When more carriers enter the system, on averagefor the
second-lowest-cost carrier, it ismore costly to pick up an additional
shipment, since the fleets are smaller and hence the priceis higher.

Carrier profit will reach a peak near full fleet utilization. This
occursat an arrival rate near 15 for the system being examined (Fig-
ure 4). The number of won bids for the carriers evens out and the
number of infeasible shipments increases exponentialy for arrival
rates higher than 15 (Figure 5).

Figure 6 shows how consumer surplus and general welfare also
taper as the system approaches capacity. The dlight increase in gen-
eral welfareisdueto anincreasein carrier profits; asthe arrival rate
increases, it is easier to find feasible shipments that can be added to
theend of the existing queues of shipmentsfor each truck (Figure 7).
Most of the surplus goes to the carrier, given that the second price
will bevery high or nonexistent. Thisresultsfrom theinfeasibility of
the competitors when the market is under high arrival rates.

Higher insertion costs also explain why empty distance and the
price of the winning bid increase with the arrival rate (Figures 8
and 9, respectively). However, the average loaded distance decreases

0.7
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0.6 Price Lost Bids

0.5 -

0.4

Price

0.3

0.2 o —e . *

0.1

No. of Carriers

FIGURE 3 Average prices of bids (per carrier) versus number of
carriers.



168 Paper No. 03-4370 Transportation Research Record 1854

12

0.8

0.6

0.4

Fleet Utilization

0.2

O T T T T T T T T 1
5 7 9 11 13 15 17 19 21 23

Arrival Rate

FIGURE 4 Average fleet utilization versus arrival rate.
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FIGURE 5 Shipments served versus arrival rate.
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FIGURE 6 Consumer surplus and general welfare versus arrival rate.
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FIGURE 7 Carrier profit versus arrival rate.
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0.23

because there is a higher probability that shipments covering
shorter distanceswill be appended at the end of thetrucks shipment
queues (while maintaining feasibility).

CONCLUSIONS

The complex interaction of shippersand carriersthrough auction mar-
ketplaces (virtual hubs) may alter logistic networks in the medium
term and thewaysinwhichinfrastructure and equipment are used and
operated in the long term. A simulation framework was used to
explorethe complex engineering and economic processesthat arisein
atransportation marketplace, which are difficult to explore by using
standard analytical or statistical tools. Four different levels of analy-
siswere explored: interaction patterns, interaction behaviors, welfare
outcomes, and service levels. This framework blends concepts and
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FIGURE 9 Average price of bids won versus arrival rate.
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tools from fleet management, evolutionary economics, game theory,
and learning and cognitive sciencesin amanner that enables

1. Development of atest bed for the testing, refinement, and exten-
sion of dynamic pricing, bidding, and fleet assignment strategies;

2. Study of the performance and evolution of different market
settings; and

3. Understanding of the connectionsrelating structure, behavior,
and welfare outcomes in markets that comprise boundedly rational
agents who learn imperfectly from the past.
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