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Abstract

In this paper, we examine the for-hire truckload trucking industry in the U.S. and
propose a new auction based carier collaboration mechanisn designed to facilitate
economicaly efficdent cooperation among functiondly equivdent smdl and medium
Szed trucking companies based on a post market exchange. An architecture for such a
system is proposed and its economic benefits are examined. Anadyss shows that the
system is a Pareto efficient one in which no participants are harmed and many are better
off. The complex decison problems associated with subcontracting, bidding and bid
sdection in such asystem are investigated.
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I ntroduction

Today more than ever, the economy depends on the efficient movement of goods
and the trucking industry, particularly for-hire truckload trucking, plays an incressngly
important role in U.S. freight transportation. According to the latest data available from
the Bureau of Trangportation Statistics, nearly 70% of U.S. freight by volume and more
than 70% by vaue is moved by truck (BTS, 1997). Since the deregulation of the industry
over twenty years ago, trucking companies have faced fierce competition and very thin
profit margins. A recent Univerdty of Michigan study shows that nearly fifty thousand
cariers went out of business during the years 1980-99 and that typicad operating ratios
(operating expense * 100 / operating revenues) were in the mid to high 90 range (White,
2001).

In such a competitive market, trucking firms, especidly smdl and medium sized
firms, have to respond to the chdlenges of the market with innovative solutions. New
technologies have been applied to trucking industry to reduce operaion costs and
facilitate the exchange of information. However, these new technologies ether require
gonificant invesment capitol or inherently favor large cariers or both.  These
technologies are not dways suitable for the problems faced by smdl and medium sized

caries.

Our paper proposes a framework for an auction based Collaborative Carrier
Network. It is designed excusvely for smal and medium szed cariers and harnesses
the power of globd optimization to deiver economicaly efficent solutions to every
participant in the network. In addition, cariers incur much lower costs than traditiond
negotiation processes. As far as we know, this model has not been proposed to date,
though there are severd companies developing variaions on collaborative logigtics
communities (see for example Nigevo and Leanlogistics). In our paper, we firs review
the current dtate of the trucking indusry, particularly for-hire truckload trucking sector,
and discuss the dructure of exigting trucking contract procurement.  Next we andyze the

problems faced by smal and medium szed cariers and propose an auction based



collaborative carrier network in which a group of smal carriers can conduct post-market
negotiation and hence ggnificantly improve their operdtiond efficiency.  Further we
andyze the bendfits of this sysem and discuss various decison problems including
subcontracting, bid construction and bid sdection.

Trucking Industry Overview

Since its deregulation in 1980s, the commercid trucking industry in the U.S. has
become more dynamic and competitive than ever before.  Shippers, typicdly large
manufacturers and retallers, have increased their transportation requirements due to the
adoption of innovative inventory practices and the increesng use of e-commerce.
Combined with competition created by lower entry bariers to the market, this makes
trucking a highly competitive industry with low profit margins.  Trucking companies are
reponding to this chdlenge by adopting advanced information and communication
technologies and by developing sophigticated routing and scheduling tools  These
innovations improve the efficiencies of fleet operations, in addition, they facilitate the
exchange of information and transactions between shippers and caries and among
cariers themsdves.  Shippers, on the other hand, sometimes with the help of the third
paty logigics providers, are deveoping various procurement methods to discover the
“right” service providers a the “right” price in order to increase their profitability and

improve service levels.

Williamson (1985) defined three basic types of governance dructures used by
buyers and sdlers to ensure the successful exchange of transactions. competitive market
forces, contractuad agreements and adminidrative controls. All of these three types can
be found in the trucking service procurement market(Caplice, 1996).

A spot market, in which a large number of shippers and cariers exchange
additiona loads and excessve capacity, is a type of competitive market force and is used
by amog dl shippers and carriers to some extent. Traditiondly conducted by a broker
through phone, fax and/or truck stop posting, spot markets have moved online during the



past severd years. In the smplest case these are smply bulletin board services in which
shippers and carriers can post and view loads and capacity. Some adopt an online
procurement auction method in which a shipper posts a request for quote for
transportation services and carriers bid for that contract. More sophisticated spot markets
provide advanced search cgpabilities and automatic notification of matching capacity and
loads. Examples of third paty logistics companies providing spot market services
include Transcore Commercid Services (previoudy DAT), NTE (formerly the Nationd
Trangportation Exchange) and Transplaces Spot markets fecilitate the exchange of
information, lower the search and transaction cod, increase convenience, and provide
both shippers and carriers access to larger markets. However, as discussed by Lucking-
Reiley (1999), the Internet auction based procurement method suffers from fraud and
lack of credibility. Since there are virtudly no entry requirements for participants to spot
markets, any shipper or carrier can use these sarvices in a public marketplace.  Hence
shippers ill need additiond efforts to evauate and screen carriers  performance such as
financid dability and service leves. Carriers dso concern with the price-driven property
of spot markets and fear the adverse competition encouraged by spot markets. This has
limited the use of spot markets primarily to excessve demand or capacity and irregular
loads. In addition, the model in which both shippers and carriers can post demand and
capacity only provides matching opportunities and it requires shippers and cariers
conduct post-market negotiations to achieve an agreemet. Song and Regan (2001)
provided a review of the practice of online logigics providers including these spot
markets.

Another extreme is the use of private fleets in which shippers have exclusve and
direct control of operations with al or patid of ownership of equipment and drivers.
Private fleets can be perceived as a form of adminigtrative control governance structure,
Though being the largest segment of the overdl trucking industry, privae flegts typicaly
have less efficient operations than for-hire carriers. Even before deregulaion, when for-
hire fleets were condderably less efficient, empty miles for private fleets were reportedly
fifty percent higher than those of for-hire fleets (ICC, 1977). The focus of this paper is
the for-hire trucking indudtry.



Situated between private fleets and spot markets is the contractua agreement
dructure that is popular in the trucking industry. A contractua agreement takes place
between shippers and cariers and includes a forma document specifying price, contract
length, commitments and pendties. These redionships are dable and are often long-
teem.  Many shippers have a core carier program in which a large shipper forms
partnerships with a few large carriers with an intent both to reduce its carrier base and to
mantan or increese the level of service provided. A few online logistics companies
provide this service to shippers or large carriers, these include but are not limited to: the
“Preferred Trading Partners’ program in Transcore Commercid Services, the “Private
Marketplacg’ in  FreightMatrix and the “Private Trangportation Marketplacg” in
LeanLogidics ~ Traditiondlly shippers follow a carier screening, request-for-quote and
negotiation procedure to form long term contracts with carriers.  In recent years, some are
darting to use auctions to procure transportation services and even more sophisticated
models such as combinatoria auctions are being introduced into trucking contract
procurement market (Ledyard et d., 2002, Elmaghraby and Keskinocak, 2002).
Companies like Manugigtics, Logigtics.com, Caps Logisics and i2 have al acquired or
developed bidding software to aid large shippers to set up auctions or combinatorid
auction based procurement practicee A recent review of the industry, dbeit by the
origind deveopers of such software, makes some compelling arguments in favor of its
increased use (Caplice and Sheffi, 2003). Compared to traditional negotiation methods,
auctions, especidly online auctions and combinatorid auctions, facilitate information
exchange, ggnificantly reduce transaction times and ae able to achieve economic
efficienciesif they are properly designed.

More efficient implementation of traditiona contracting services and web based
contracting can improve transportation service procurement by making processes more
transparent, efficient and cost effective.  However, these methods favor large carriers and
ignore post market problems and opportunities. For example, its often the case that the
carier who loses the first contracting opportunity will later be provided an opportunity to
move the freight anyway because the bidder with the lowest cost is unable to provide
ather the capacity or the service leve required by the shipper. Large cariers, with



national coverage and tens of thousands of power units (tractors), have large and stable
customer bases and ae die to afford investments in advanced technologies and
sophigticated bidding software to improve their operationd efficiencies.  This dso gives
them a better negotiation Stuation in the spot markets. Large companies dso have many
more opportunities than smal ones to optimize their operation and reduce their empty

movements.

While the truckload segment of the indudtry is often viewed as homogeneous, it is
differentiated by sze. Rakowski, Sourthern and Jarrell (1993) suggest that the truckload
trucking industry gppears to be dichotomous with a smdl number of large carriers a one
end and a very large number of smal cariers a the other. These smal cariers act like a
perfectly competitive market — competing amost solely based on price. In fact, in 1998,
more than 70% of trucking companies operéting in the U.S. in 1998 had fewer than saven
trucks (White, 2001). These are either owner operators with one or two trucks or smal
fleets serving a few locd customers around which their service network is centered.
These companies typicaly lack the capacity or capability to be a core carrier and ether
temporarily lease to large carriers or use freight brokers or spot markets to find
cusomers, modly smadl shippers. Huctuating demand often makes their operations less
concentrated and limited access to customers turns them into a pure price taker. As a
result, this group of smdl cariers have a much higher empty miles than large trucking
companies.(Caplice, 1996) A post maket and optimization based collaboration
mechanism between these smdl and medium szed cariers, especidly among those who
have overlapping geographica service coverage, might be able to leverage the power of
globd optimization and improve ther effidencies dgnificantly with rdaivdy smdl

costs.

We propose a framework for an auction based Collaborative Carrier Network. It
is desgned excusdvely for smdl and medium szed cariers and uses globa optimization
and an auction to ddiver economicaly efficent solutions to every paticipant in the
network.



Collaborative Carrier Network

We condder a group of smdl and medium-sized truckload carriers, each
providing equivadent trucking sarvices in terms of qudlity in their locd or regiond aress
which can be geographicdly identica, overlapping or adjacent. Each day when new
demand become available either from spot markets or sub-contracts from large carriers,
these carriers need to examine their current loads and determine the best way to assgn
these new loads to their fleets. For an individud carier, there may be some new loads
that cannot be efficiently integrated into the carrier's operation. For example, a one-way
deivery to an area beyond this carrier’s service region might incur some initid setup cost
in addition to the backhaul empty cost. An option for this carrier would be to collaborate
with its partner trucking companies, which may have the resources to efficiently integrate
these inefficient loads. Alternatively, carriers could dso trade this contract in a spot
market. However, contracting on a spot market can be time-consuming and risks
deterioration of service performance. Managers and dispatchers must make decisions in
a short time period. As a matter of fact, none of these three typicad contract governance
dructures can satidy this particular demand efficiently as the collaborative carier

network we propose.

We propose an auction based Collaborative Carrier Network (CCN) in which a
goup of smdl and medium-sized truckload carriers collaborate based on mutua
agreement on performance and payment, ether through a centrd portd or purdy
operating by themsdves through a CCN platform. Seefigure 1 for example,



Figure 1. Collaborative Carrier Network

Each time a carier obtains a new load, it cals a set of optimization routines to
determine whether this load is efficient or inefficient for its fleet to operate. If it is not
cost-effective, the carrier caculates a reservation price for this load and notifies its peer
cariers in the CCN network for subcontracting. The other carriers use the same
optimization rules to evduate this new load's contribution to therr networks and bid on
the load if it is profitable for them. After they submit bids to the carrier who caled for
the auction, that carrier compares the bids to its reservation price and awards the load to
the lowest bidder if appropriste. If no appropriate bids are placed, it will smply
withdraw from the auction. This process can be completed with a smple dectronic
transaction and incurs relatively little negotiation or transaction cot. Mogt smdl cariers
today have access to the Internet and are equipped with some kind of information and
communication technologies (Golob and Regan, 2002). With a reatively low setup
costs, Internet-based systems can dramaticaly reduce the cost of connectivity between

business partners.

In this network, each carrier can be both a contractor and a sub-contractor in
different auctions. We assume that each carrier will launch & most one auction at a time,
and tha if new loads come in during the previous auction round, they will be smply held
and wait for the next ound. Further, contractors can do a re-evaudtion in bid awarding
sep and determine whether it needs to change its subcontracting decison.  This system
naturdly leads to a set of questions: What benefits do participants gain from this sysem?



How should a carrier make its subcontracting decisons? How should a carier award
bids? What is the best bidding strategy for a sub contractor? We address each of these in
the following sections.

Benefit Analysis

Now assume a carrier has a quas-linear utility function u(v,c). If it is awarded a
contract, its utility is equa to the difference between the payment for this contract v and
its cost to serve this contract c, that is, u=v- c; Othewise its utility is zero. Now
denote x as the amount of the contract that this carrier decides not to subcontract to other
cariers in the CCN and to hold for itsdf. In our system, X is a binary variable and a
contract is ether subcontracted or held. If we denote carrier 1 as the contractor and
carier 2 as the bidder with lowest bid price (the winner), then their expected utility is as
the following, respectively. (The other bidders are not considered since they lose the bid
and gain/ pay nothing in the auction.)

U= (V- G)X+(V;- V,)(1- X)
U, = 03X+ (V, - G,)(1- X)

All carriers are assumed to be rationd. As a result, carrier 2, who is the bidder for

this contract, always submits a bid with aprice v, 2 c,. Carrier 1, who is the contractor,

will accept this bid only if the bidding price is less than its own cost. That is, Xx=0 when

V- C,<V,-V,,l.e, ¢ >V,. Unde such adecison rule, the totd surplus for dl firms can

be maximized according to:

[¢}
max. g u,

:(Ivl' Cl)X+(Vl - Vz)(l' X) +(V2' 2)(1' X)
:(Vl' Cl)X+(Vl - Cz)(l' X)



Note under the above decision rule, the subcontract trade will be accepted by both
patieswhen ¢ >V, 3 c,. Indeed, anytime carrier 2's cost c, is less than carrier 1's cost
C,, the totd surplus in this sysem will be maximized & Vv,- ¢, with a decison to
subcontract, that is, x=0. In summary, under Bertrand competition on bid prices, the
bidder with the lowest cogt will win the auction a an equilibrium bidding price equa to
the second lowest cost. (In a Bertrand modd, firms compete on prices rather than
production quantities, in a Nash equilibrium of the Bertrand modd, dl sdes take place a
a price equa to cost, see MasColdl, Whingon and Green, 1995 for example)
Therefore, the tota surplus is maximized a v, - min{c;}; while in the spot market, the

totd surplusisjust v, - ¢, £v,- min{c,} .

Also note with this alocation scheme, compared to the case in which firms do not
collaborate, dl participants in this network are ether better off or remain same as before.
For those who logt their bids or chose not to bid, their utility did not change. The bidder
who won obvioudy gained a utility of v,- c,® 0 and is better off. The contractor also

increases his profit from v,- ¢ to v, - v,. Hence, it is a Pareto efficient dlocation which
makes some participants better off without making others worse off and maximizes the

totd surplus of trucking firms. As aresult, we have the following lemma

Lemma: The post-market negotiation mechanism, CCN, is a Pareto efficient allocation
when each participating trucking firm is rational and has a quasi-linear utility function,

hence the sum of all participants expected utilities is maximized.

With this win-win property, the collaborative carier network is an attractive
model compared to not sharing information in terms of sysem-wide optimizaion. It is
not unusud to see the need for this post market negotiation, particularly for those smal
cariers whose sarvice is geographicaly centered in a local area but have some loads to
trangport to adjacent areas. However, this sysem involves some complex decisions for
both contractors and subcontractors.
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Sub-Contracting Decisions

Whether a carrier with new loads should subcontract or not is a complex decison
that depends on the carier's capacity, current demand, historicd demand, risk-taking
behavior and anticipation of new service requests. Firgt of dl, a carier has to determine
the optima operaing cost with and without the new loads. This problem is typicdly
modeled as a truckload pickup and ddivery problem that requires the solution of variants
of multiple travding sdesman problems. Here we assume that each carrier has access to
an optimization routine that can caculate the optima routes and cost in reasonable time
or, tha its network is so smdl tha its digpatich managers can develop near optima
solutions quickly. With a smdl or medium szed flegt, these problems should be solved
optimdly in a very short time  These optimization routines are widdy avalable in
commercid software. We define the difference between carriers optima costs by
adding a new load as the margind cost, correspondingly we have margind empty cost
which is the difference between cariers minimum empty costs with and without adding
the new load and we denote a set of loadsas L . Further, we have following notation:

R:  acarier srevenue from the set of new loads which isthe origina contract price;
C: acarierstota optima cost serving any set of loads L ;

LC: acariersdirect cost traversang loaded linksin L ;

EC: acarier’sempty haul cost for repostioning and linking purpose;

MC : acariersmargina cost serving aset of new loads;

MEC : acarrier's marginal empty cost serving a set of new loads;

DLC : acarrier’sdirect codt traversing a set of new loads,

Now a carrier’s optima cost before taking the set of new loads and after serving
those new loads would be the following, respectively:

C,=LC +EC,
C,=LC, +DLC+EC,

1



Note that these conditions dways hold in an optima solution since a truck will

never travel more empty miles than loaded miles:

EC, £LC;
EC, £DLC +LC,

Also note EC, may not be equal © EC,. Now the margind cost to serve this set

of new loadsis

MC = C,- C, =DLC+(EC,- EC,) =DLC+MEC

Without loss of generdity, we assume codts are proportiond to distance, that is, a
fully loaded vehicle will have the same cods as an empty truck traveing the same
digance. Then the following sStuation could occur to this margind cos. (Note this
margina cost can never be less than zero, that is, adding a new load will not reduce a
carrier’ s operating cost.)

1. MC=0
In this Stuation, we have MEC <0 snce DLC is dways pogtive, thet is, adding
a st of new lanes will actuadly complement a carrier's current operation and
reduce the carier's empty hauling cost. That mekes this st of new lanes highly
profitable and the carrier definitely should hold it for itsalf to fulfill it.

2. MC>0
This could lead to fallowing Stuations:
1) MEC=0
In this case, a carier’s empty cost remains same when a new load is assgned
to its fleet. An example would be that the sat of new lanes conssts of a
routing plan by themsdves This is dso highly profitable for cariers and
hence these |oads should be held for carrier itsdlf.



2) MEC>0

3)

An example would be adding a sngle lane without backhaul trip. Since it
does not integrate with carrier’'s network, serving this load would need
additional capacity and incur a higher cost. Hence, this st of loads should be
subcontracted as bng as the bid price is lower than this carrier’s own margind
cos. A carier might have other business rules applied to subcontracting
decisons, for example, a lane criticd to its busness might not be
subcontracted even if it incurs a higher cost. These rules can be incorporated

into carrier’ s decison system.

MEC <O

This dtuaion normaly should be consdered lucratiive and the carier should
not subcontract. For example, in Figure 2, that new lane BC should not be
subcontracted since it complements this carrier’s current lane  AB with a tota
empty cost of CA. However, when multiple new lanes (ddivery routes) are
cdled for auction smultaneoudy, these require careful examindion. In
Figure 3, the new lane BA should be hdd for carier itsdf since it
complements with the current lane AB while the other new lane CB should

be subcontracted since it requires additiond capacity. In a word, when
multiple new lanes are conddered a one time, the routing plan generated by
optimization routines should be examined in detal to exclude those new lanes
with higher codt.

13
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Figure 2 Figure 3

(In the above figures, the solid lines represent current lanes on which a carrier has
current loads to move for pre-committed contracts; the bold lines represent rew lanes on
which the loads are new demands, and the dashed lines represent empty movements
under optima operations.)

In summary, a carier’s subcontracting decison depends not only on its optima
margind cog, but on its optima margind empty cos. When more than one new lane are
conddered smultaneoudy, the optimd routing plan should be examined in detal. In a
more sophisticated case, carriers might dso consder the future demand. For example, a
new lane whose origin and dedination are both within a carier’'s locd service area
should be reserved for the carier itsedf and not subcontracted anyway even if it incurs
higher operation cost according to the above scheme since chance to get a backhaul for
this lane is high. Simply dated, carriers should not subcontract lanes that are criticd to
their core busness.

Bidding and Bid Selection

Carriers who are the contractor and auctioneer should award the bid to the lowest
bidder as long as that bidder's asking price is less than its reservation price. In addition,
its reservation price is equa to the margind cost by adding that new load into its current
network as described in last section. That is, as long as the lowest bid price p, and its

resarvation price ¢=MC satify pg <c, this carier should award the contract to thet

14



bidder. However, this carier could recdculate its optima cost if new demands arive
during the current auction round and may decide to change its subcontracting decison, in
which case it amply awards the new load to no one.

Another issue in bid sdection is the use of combinatorid auctions versus smple
auctions when multiple new lanes are put for bid smultaneoudy. Combinatorid auctions
have received increesng and dgnificant attention in recent years due to their potentia
economic  efficiencies. In such an auction, multiple loads are put out for hid
smultaneoudy and bidders are dlowed to bid on combinaions of loads and to make
conditiond bids. For example, a bidder could say “I want load AB and CD both for a
totd price of $X”. If combinatoria auctions are used in a collaborative carier network,
the bid awarding has to be made by solving a winner determination problem which has
been a hot topic of research in recent years (see for example a recent review by de Vries
and Vohra, 2001). Also as long as the totd bidding price from the optima solution of a
winner determination problem is less than a carrier’s reservation price, these loads should
be awarded to those winners respectively. Though it is computationdly difficult, a
winner determination problem would not be a hurdle in our collaborative carrier network
snce the number of new loads will typicaly be smdl and the resulting problems will be
computationdly tractable.

The carier bidding drategy is essentialy the same problem.  In generd, a carier
as a bidder should adways ask for a price equad to or higher than its margina cos to serve
that new load, and if posshble, should adso add a reasondble profit margin.  That is,
p; 2 MC'+PM where PM isits dedred profit margin. The optima bidding price that a
bidder should sdlect in order to compete with other carriers is determined by the auction
design and its equilibrium solution and is beyond our research scope in this paper. In
addition, if a combinatorial auction is caled by contractors, a complex bid making
decison occurs, tha is, how cariers should condruct their bids. In this case, a bid
congtruction strategy such as those described in Song and Regan (2002) should be used to
deliberate carriers bids.  Smilarly, with a smal number of new loads a a sngle auction,
computationa difficulty should not be a serious problem for bidders.

15



Conclusion

In this paper, we examined the for-hire truckload trucking indudtry in the U.S. and
proposed a new auction based collaborative carrier network to encourage economicaly
ficient collaborations among functiondly equivdent smdl and medium Szed caries
based on a post market exchange. An architecture for such a system was proposed and
economic benefits were examined. Our andyss showed tha this system is a Pareto
effident one in which each participant is ether no worse off or better off. The complex
decison problems associated with subcontracting, bidding and bid sdection were dso
investigated.

The for-hire truckload trucking indugtry in the U.S exhibits a dichotomous
dructure in which a fev mega cariers and thousands of amdl trucking firms operating in
a vey compdtitive market. We find that current procurement methods including spot
markets and long-term contractud agreements are dther of limited efficiency or they
favor large cariers over samdl ones.  Currently, there is a lack of mechanisms to dlow
post-market collaborations between smal and medium szed cariers so as to coordinate
their operations and achieve system-wide optimization and economic efficency. In this
paper, we made an effort to andyze this problem and propose such a sysem in which
gndl and medium szed cariers can exchange their inefficient lanes in a low-cost auction

and balance their networks.

The main purpose of this paper is to examine the feashility of such an auction
based carier collaborative network and its economic benefits to participating trucking
firms. We fully redize that in order to implement such a sysem in the red world, more
delicate congderation should be made regarding many aspects ranging from system
desgn to individud decison rules. Many subtle decison problems ae smplified in this
paper. We expect to examine them in detall in the future. Of particular interest is the
folowing: When transactions between carriers are frequent and posshilities of initiating

multiple auctions increase, how should a collaboraive carrier network coordinate or

16



synchronize these auctions? In addition, we mentioned the use of combinatorid auctions
when multiple lanes are cdled for bid smultaneoudy. For carriers to benefit from such
auctions they must be able to quickly and efficiently separate profitable opportunities
from unprofitable ones.
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