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Abstract

In modern transportation systems, the potential for further decreasing
the costs of fulfilling customer requests is severely limited while market
competition is constantly reducing revenues. However, increased com-
petitiveness through cost reductions can be achieved if freight carriers
cooperate in order to balance their request portfolios. Participation in
such coalitions can benefit the entire coalition, as well as each participant
individually, thus reinforcing the market position of the partners. The
work presented in this paper uniquely combines features of routing and
scheduling problems and of cooperative game theory. In the first part, the
profit margins resulting from horizontal cooperation among freight carri-
ers are analyzed. It is assumed that the structure of customer requests
corresponds to that of a pickup and delivery problem with time windows
for each freight carrier. In the second part, the possibilities of sharing
these profit margins fairly among the partners are discussed. The Shap-
ley value can be used to determine a fair allocation. Numerical results for
real-life and artificial instances are presented.
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1 Introduction

With increasing globalization of the economy, large international logistics service
providers are more competitive than small companies due to their extensive
market power structure. A solution for medium- and small-sized carriers lies
in establishing coalitions in order to extend their resource portfolios and to
reinforce their market position (Krajewska and Kopfer, 2006). Collaboration
among freight carriers can be a powerful approach when it is used to improve
operational planning. By cooperating shippers can reduce their “hidden costs”
(Ergun et al., 2007), partly due to higher utilization of their less-than-truckload
loading and asset repositioning capabilities.

The purpose of cooperation is to find an equilibrium between the required and
available transportation resources of the coalition partners by interchanging
their customer requests (Kopfer and Pankratz, 1999). Thus, in the collabora-
tive planning process resources are directly connected, and relevant data are
exchanged in order to create a common and mutually agreed plan (Kilger and
Reuter, 2002). In supply chain management, horizontal cooperation occurs
at the same echelon of the distribution system (e.g., between two shippers),
whereas vertical cooperation applies to different echelons (e.g., a manufacturer
and a shipper). The additional profit generated through the collaboration pro-
cess is split among the coalition members according to predetermined rules. To
ensure the long-term functioning of collaboration structures among independent
freight carriers, positive incentives for the partners should be generated in the
collaboration process. In other words, an appropriate profit sharing scheme
should guarantee a financial advantage for each freight carrier individually. The
features to be included in the profit sharing scheme depend on the distribution
of power among freight carriers, on their level of interdependency and willing-
ness to make compromises, and on the market within which the freight carriers
operate.

We have analysed a medium-sized freight forwarding company using its own
vehicles and subcontractors for its operations in several regions of Germany.
The company consists of several autonomous profit centres which operate as
independent freight carriers and have enterpreneurial responsibility towards the
headquarters. Thus, the profit centres treat each other like any other competitor
on the market, i.e., they do not normally cooperate. Each of them possesses its
own vehicle fleet and makes use of subcontractors hired on a long-term basis. An
analysis has shown that a high percentage of truck movements within the profit
centres are empty. Moreover, some subcontractors accept orders from several
profit centres and bundle these orders themselves, thus achieving substantial
cost reductions. Collaboration with other profit centres could substantially re-
duce the number of empty truck movements and would allow profitable bundling
of requests forwarded to subcontractors, as the tariffs are non-linear with re-
spect to the weight of a bundle and distance driven.



The aim of this paper is to show the advantage of collaboration in terms of
incremental profit. The paper adopts the formalism of cooperative games to
share the profits of collaboration. Section 2 presents an overview of the exist-
ing concepts relating to horizontal cooperation. Section 3 briefly describes the
routing problem faced by the partners in a coalition. In Section 4 some profit
sharing approaches are introduced. Section 5 contains computational results
showing the benefits of cooperation. Finally, Section 6 provides conclusions and
a recommendation for future research.

2 Literature review

Developments in telecommunications and information technology have created
many opportunities to increase cooperation among the entities operating in lo-
gistics chains. This has led to the realization that suppliers, consumers and
even competitors can be potential collaboration partners in logistics (Ergun et
al., 2007). Vertical cooperation, involving suppliers, manufacturers, distribution
centers, customers and logistics service providers has been the topic of exten-
sive academic research (Cruijssen et al., 2005). This research mainly focuses
on identifying potential benefits (Gentry, 1993), critical success factors (Tate,
1996), and partner selection criteria (Carter and Jennings, 2002; Schonsleben,
2000). Formal logistics models for vertical collaboration have enabled perfor-
mance improvements for an entire supply chain (Slats et al., 1995), covering
the analysis of bottlenecks and the quality of customer service. Furthermore,
models have been developed to predict costs and their apportionment when ex-
isting logistics chains are adapted to new products and markets (Slats et al.,
1995) or when new cooperative logistics networks are designed (Matsubayashi
et al., 2005; Fernandez et al., 2004; Krus and Bronisz, 2000). Widely discussed
issues include specific types of vertical collaboration such as cooperation models
between manufacturers and retailers (Slikker et al., 2005; Yue et al., 2004; Li et
al., 2002; Jorgensen et al., 2003; Huang and Li, 2001), or effective cooperation
mechanisms for inventory decisions (Fu and Piplani, 2004; Baganha and Cohen,
1998).

In comparison, the literature on horizontal cooperation in logistics (i.e., among
competitors) is still at an early stage (Cruijssen et al., 2005). Only a few models
of horizontal cooperation have been developed. All assume an equal distribution
of power and similar market positions for each of the freight carriers and focus
on short-term planning.

Cruijssen and Salomon (2004) analyse the effect of collaboration for an en-
tire coalition and show, using a case study, that cost savings may range from
5 to 15% and can be even higher. Ergun et al. (2007) focus on minimizing
execution costs for a coalition of freight forwarders. They assume that the goal
of collaborating shippers is to identify a set of routes that can be submitted to
a carrier as a bundle, instead of as individual requests, in the hope that this will



result in more favourable rates. Reduced rates can be achieved when covering
the routes in the bundle, and this involves little or no asset repositioning. Thus,
given a set of requests to serve, it is possible to identify common tours to cover
all requests and minimize asset repositioning costs. This shipper collaboration
problem is considered as a constrained variant of the lane covering problem de-
fined by Cruijssen and Salomon (2004) which is similar to the cycle covering
problem. Using a greedy heuristic as well as set partitioning, sets of cycles are
generated that show significant cost reduction in asset repositioning.

Further studies introduce the sharing of collaboration profit among freight car-
riers. Schonsleben and Hieber (2004) propose apportioning the gains uniformly
among the participants. This idea is also included in the approach of Schon-
berger (2005). However, this author proposes a loss sharing, not a profit sharing
model. The main assumption is that it is always unprofitable to use outside car-
riers at spot market prices, as the cost associated with each request is higher
than the corresponding costs for self-fulfilment. Thus, a central entity assigns
these unprofitable requests and their bundles in line with the principle of mini-
mizing the negative sum of avoided carrier costs. The costs arising from the use
of an external forwarder are distributed uniformly among the partners. Each
request that has been assigned to one partner is shifted from the offering to the
serving partner together with the entire corresponding revenues. The offering
freight carrier receives no payment for the shifting of the request. Such a profit
sharing concept is not sustainable as it fails to preserve the interests of individ-
ual partners.

In Gomber and Schmidt (1997) profit sharing models based on multi-agent auc-
tions are proposed. These models vary according to the features of the requests.
If a single request forwarding is concerned, the Vickrey auction is used as a
dominant strategy (de Vries and Vohra, 2003). In order to maximize the prob-
ability of obtaining the request, each freight carrier quotes the minimal price
for the request that still generates a profit. When a request generates losses, it
is assumed that the participants can offer negative bids. The Vickrey auction
functions for negative prices in the same way as for the positive prices. The
bidder is paid for the acceptance of the request the amount of the second best
bidder price, hence generating profit. The payment comes from the offering
freight carrier who has acquired the request. The mechanism of combinatorial
auction, called matrix auction is proposed for bundles of requests (de Vries and
Vohra, 2003). In principle, it is also based on the Vickrey auction. Each of the
m freight carriers offers bids (positive or negative) for all 2™ — 1 combinations
of n requests. In order to find the optimal allocation of the requests, a matrix
with 2™ — 1 columns and n rows is constructed, and only one matrix element
can be chosen from each column. The chosen bundles must contain all requests
offered to the coalition and must be disjunctive.

Krajewska and Kopfer (2006) propose a collaboration model concept based on
operations research game theory and combinatorial auctions. In the prepro-



cessing phase each freight carrier specifies its lowest fulfillment costs, called
self-fulfillment costs, for each acquired request offered to the partners. Each
partner then defines bundles of requests it can and wishes to fulfill, and eval-
uates the fulfillment cost of such bundles and of each individual request from
each bundle taken separately, thus constructing several one-element bundles.
The profit optimization phase generates an assignment of requests to the col-
laborating partners in such a way that the execution cost for the entire coali-
tion is minimized. Hence, as the price paid by the customers remains constant,
the maximal total profit for the fulfillment of all offered requests is achieved.
The lowest serving costs are determined by solving an integer program called
the combinatorial auction problem (de Vries and Vohra, 2003). In the profit
sharing phase the profit resulting from the fulfillment of requests within the
collaboration process is divided among the freight carriers in the coalition. For
each request, the offering freight carrier holds the payment from the customer
and pays the amount of potential self-fulfillment costs to the coalition. For each
bundle, the serving freight carrier receives the transfer price for request exe-
cution, which corresponds to the sum of the lowest potential (self-) fulfillment
costs of all single requests from the bundle. The residual profit from the bun-
dle, which is the difference between the payment of the offering enterprise and
the transfer price, is then divided among the coalition members according to
so called “collaboration advantage indices”. The allocation corresponds to the
benefit that each freight carrier brings to the coalition.

In Krajewska and Kopfer (2006), the allocation of the profit generated by a
coalition is determined by exchanging some of the partners’ requests through
a matrix auction. The authors present a profit sharing model based on the
exchange of single bundles, i.e., the profit is shared for each bundle separately.
This model creates an incentive for each partner to share as many bundles as
possible. Our approach is different. We solve the routing problems of the coali-
tion partners, and of possible coalitions in which the partners merge all their
requests. The total profit is shared between the partners on the basis of their
overall contribution to the coalition and not on the basis of single bundles. In
addition to new concepts for profit sharing, this paper presents computational
results on the profit that can result from coalitions, and on how to share it fairly.

3 The routing problem

Whether the freight carriers cooperate or not, the problem faced by them is
to optimally serve a set of pickup and delivery requests with time windows
(PDPTW) on which a rich literature exists (see, e.g., Cordeau et al., 2007). In
a non-cooperative environment, the set of requests is partitioned between ship-
pers, and each shipper solves a single-depot PDPTW. If shippers cooperate by
merging all their requests, the problem is to solve a unique multi-depot PDPTW
over the entire customer set, yielding potential savings over the first scenario.



The multi-depot PDPTW is formally defined over a directed graph G = (V, A),
where V is the vertex set and A is the arc set. The vertex set is partitioned
into V.= {R, PU, D}, where R is the set of depots, PU is the set of pickup
locations and D is the set of delivery locations. For each pickup location
i € PU(i =1,...,n) there is a corresponding delivery location n + ¢ € D. Each
request ¢ has a weight ¢;, a service time d; and a time window [e;,[;]. When
a request is picked up, the vehicle load increases by ¢; and it decreases by ¢;
when it is delivered. A set of identical vehicles of capacity @) are available and
each is based at one of the depots. The distance-dependent travel cost between
vertices ¢ and j of V' is ¢;; and the corresponding travel time is ¢;;. The multi-
depot PDPTW consists of determining a set of vehicle routes whose total cost
is minimized, and such that all requests are served within their time windows,
the vehicle capacity is never exceeded, and each vehicle starts and ends its trip
at its depot.

Because the PDPTW is NP-hard, it is usually solved by means of a heuris-
tic. Here we use the heuristic proposed by Ropke and Pisinger (2006) which
is probably the best available and can be applied to instances involving one or
several depots. The method is a local search method which moves from the cur-
rent solution to another solution in its neighbourhood. The heuristic is based
on the large neighbourhood search heuristic proposed by Shaw (1998). A move
in the neighbourhood is defined by the removal of up to 100 requests and a
subsequent reinsertion of these requests. Several removal and insertion heuris-
tics are defined and the choice of heuristic at a given iteration is randomized.
More precisely, the algorithm applies three removal heuristics (Shaw’s removal
procedure, random removal, worst removal), as well as some insertion heuristics
(greedy, and several types of regret-based insertions). The insertion heuristics
use the true value of f to evaluate the quality of a solution, or a perturbed
value f + ¢, where € is a randomly generated noise. During the search, the algo-
rithm maintains a score 1; which measures how well heuristic j has performed
in previous iterations. At a given iteration, it applies a roulette wheel selection
principle, i.e., it selects heuristic j with probability ;/ > ;. Because of this

feature, the authors call their multi-depot PDPTW heuri;tic an adaptive large
neighbourhood search heuristic. This heuristic uses a simulated annealing based
acceptance rule for neighbour selection and runs for a preset number of itera-
tions. The heuristic has been intensively tested on benchmark instances and
has proved to be superior to other algorithms. It applies without modifications
to our problem.

To illustrate the potential of collaboration, consider the case of two shippers
who have to serve the requests shown in Figure la. If each carrier operates
independently, sets of routes are generated which are presented in Figures 1b
and 1c. The set of routes obtained under collaboration are shown in Figure 1d.
A numerical solution for this instance is given in Table 1. In this particular
example, cooperation between the two carriers yields a 10% reduction in the



number of vehicles and a 12.46% reduction in routing cost.
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Figure 1: Solution for a coalition of carriers 1 and 2.

Carrier # Requests Cost # Vehicles Cost reduction
1 50 5603.73 10
2 50 4156.86 10

coalition 100 8543.88 18 12.46%

Table 1: Numerical solution for a coalition of carriers 1 and 2

4 Profit sharing

Cooperative game theory offers a natural paradigm to deal with cost (or profit)
sharing problems. To define a cooperative game, two ingredients are needed: a
set P = {1, ...,p} of players (here the carriers) and a characteristic function v(.S)
which assigns to each possible coalition of players S (S C P) a numerical value



to be interpreted as a measure of its power (payoff, strength). The characteristic
function must satisfy the following two conditions:

v(@) = 0,
v(SUT) > v(S)+v(T), VS, TCP SNT=A0.

The first property is a convention by which a void coalition has a zero value,
and the second one, called superadditivity, states that when two coalitions join
force, they can achieve at least the same payoff as when acting separately. A
vector x = (1, ..., %p) is an imputation if it satisfies

x; >v({i}),Vie P

Z:z:i =o(P).

An imputation is a vector of players’ outcomes. Its definition refers to individ-
ual and group rationality. Individual rationality means that a player will not
accept an outcome which is not at least equal to what he could obtain by acting
alone as measured by his characteristic function value. Group rationality states
that the total cooperative gain, when the grand coalition forms, is fully shared.
From a negotiation perspective, the set of imputations (denoted X) can be seen
as the set of feasible agreements. This set is seldom a singleton and there-
fore one needs other properties to predict the final issue of the game. This is
precisely the objective pursued by the different solution concepts of cooperative
games. The set of solutions include the kernel, the bargaining set, the stable set,
the core, the Shapley value and the nucleolus (see, e.g., Osborne and Rubinstein
(1994) or Ordeshook (1986) for an introduction to these concepts). A solution is
a sharing mechanism based typically on a series of axioms which correspond to
some desirable properties (e.g., fairness, stability). The solutions of a coopera-
tive game can therefore be contrasted in terms of these properties, and also in
terms of whether they select a unique imputation or not. We shall retain here
the Shapley value as the mechanism to share the dividend of cooperation among
the different participant carriers. This solution selects a single imputation, a
p-vector denoted ¢ (v) = (¢1 (v),...,¢, (v)), satisfying three axioms: fairness
(similar players are treated equally), efficiency (3-7_; ¢; (v) = v(P)) and linear-
ity (a rather technical axiom needed to obtain uniqueness). The Shapley value
is defined by

p—s)(s—1)! . .
o) =S P gy s\ (i), vieP,
; p!
S3i
where s denotes the number of players in coalition S. The factor v(S) —
v (S\ {i}) corresponds to the marginal contribution of player ¢ to coalition S.
Thus, the Shapley value allocates to each player the weighted sum of his con-
tributions.

The main reasons for choosing the Shapley value are the following:



Uniqueness By selecting only one imputation, this solution is reassuring psy-
chologically for the players in that no hypothetically better deal could
have been overlooked. Hence, the Shapley value leaves no room for the
players to regret the adopted allocation, and close the door to what could
be an endless bargaining process.

Ease of implementation The Shapley value shares with the nucleolus the
property of being one-point solutions, i.e., each selects a single imputa-
tion. The Shapley value has however a huge advantage over the nucleolus
in terms of implementation . Indeed, the Shapley value is nothing but
a “formula” which is easy to implement. In contrast, finding the nucleo-
lus requires solving a sequence of linear programs. Most probably, this
explains why the Shapley value has been used in literaly hundred of appli-
cations of cooperative games in many areas of economics and management,
science.

Fairness This property is typically claimed by all parties involved in a sharing
problem. We believe that a solution which is, or perceived as, unfair has
a great potential of being rejected by some of the players.

One potential problem with the Shapley value is that it may not lie in the
core of the cooperative game!. The core is the set of imputations which are
undominated. This confers to the core a stability property: there exists no
coalition that can pretend to offer a better deal to its members. A drawback
is that the core can be empty or contain a large number of imputations. In
the former case, the players must adopt another solution concept to share the
dividend of their cooperation, and in the latter they will still need to negotiate
to choose one imputation in the core to be implemented. It is well known that

for an imputation to be in the core it must satisfy
> x> 0(8),VSC P,
€S

The above condition is somehow a generalization of the concept of individual
rationality to group (coalition) rationality.

In the next section we will use the Shapley value as a mean to allocate the
total cost among the cooperating partners. We will also check the non-emptiness
of the core and eventually whether the Shapley value belongs to it.

IThe nucleolus belongs to the core whenever the latter is nonempty. If the game is convex,
that is
v(SUT)+v(SNT) >v(S)+v(T), VS, T C P,

then it is well known that the core is non-empty and the Shapley value corresponds to the
center of gravity of the core.



5 Computational results

To our knowledge, no test instances are available in the literature for the col-
laboration problem studied in this paper. We have generated three artificial
instances and one instance based on real data.

Based on the existing PDPTW instances of Li and Lim (2001), we have gener-
ated three instances (T1, T2 and T3) for five carriers. Each carrier possesses
one depot. The vehicle fleet is unlimited and homogenous for all carriers. The
instances are different with regard to the number of requests that each carrier
has to fulfill. For each instance all 31 possible coalitions, consisting of one, two,
three, four and five carriers, are assumed.

We have also tested our approach on real-life data sets provided by Stute GmbH,
a German freight forwarder operating mainly in northern Germany, between the
Niedersachsen province and the Main area. The company consists of 19 profit
centres, each using between five and 15 of its own vehicles and up to ten different
subcontractors. We have used the data of the Bremen, Schwerte and Neuwied
profit centres which are not only the largest, but also the most likely to engage
in horizontal cooperation. Figure 2 shows the 19 profit centres in Germany. The
three profit centres used in our test instance are marked with black circles while
the rest of the profit centres are shown in grey. The number of requests from
customers fluctuates daily, but due to the possibility of hiring subcontractors in
the short term, the fleet size is always sufficient.

On all instances, for the coalition with one carrier, the PDPTW is solved as if
this carrier operated independently and fulfilled the request without assistance.
The multi-depot PDPTW is then solved for each coalition using the vehicles of
all partners in the coalition. Fulfillment costs for each solution were calculated.

Turning now to the cost sharing problem, we first define the characteristic func-
tion values as follows:

v(S) =Y c({i}) — ¢(S), forall SC P,
€S

that is the cost saving realized by the players in the coalition. In this manner,
the data are transformed into payoffs instead of costs. Tables 2 to 5 present
the results for the instances used in our tests. In these tables, we define

Net cost = cost — savings (Shapley value),

Cost ratio = (cost — savings)/cost .

These numerical results give rise to the following comments. First, in all in-
stances, the cost reduction is significant. Indeed, the cost ratio can be as low
as 0.68 and the highest observed value is 0.84. Although there are some varia-
tions between the different instances, the cost ratios are of the same magnitude.

10



Figure 2: Location of profit centres in Stute GmbH

These results show clearly that it is indeed worth pooling resources to serve cus-
tomer requests. Second, the real case involves three carriers and 257 requests.
The grand coalition needs 38 vehicles to serve these requests. The level of the
cost ratio is lower in this case than in the simulated instances, which is proba-
bly due to the lower number of players and request types occurring in the real
case. In this instance a large number of requests either have their pickup or
delivery location at the depot of the player to which they are assigned, while
the corresponding delivery or pickup is an arbitrary location. These requests
are usually best served by the vehicles originating at the depot in question and
consequently fewer requests are exchanged between players, leaving less room
for improvement. Still, player 1 saves almost 20% and the other two players
around 10% each, which is far from being negligible and rather higher than the
savings reported in Cruijssen and Salomon (2004). Third, in all simulated in-
stances, as well as in the real case, the core of the cooperative game is non-empty
and the Shapley value belongs to the core. Therefore, in addition to providing
a fair solution of the sharing problem, this solution is stable (no coalition can
do better than the Shapley allocation).
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Carriers in Shapley Net Cost

coalition # Requests # Vehicles Cost value cost  ratio

1 50 10  5603.7 1461.6 4142.1 0.74

2 50 10 4156.9 1104.7 3052.1 0.73

3 50 10 45984 1421.5 3177.0 0.69

4 50 10 5406.9 1124.3 4282.5 0.79

5 50 8  5236.9 963.5 42734 0.82
12 100 18  8543.9
13 100 16 8433.8
14 100 18  9836.6
15 100 16 9490.3
23 100 18  7780.0
24 100 19  8934.1
25 100 16 83624
34 100 16 84884
35 100 18  9004.5
45 100 18 10028.2
123 150 25 11588.4
124 150 25 12394.6
125 150 24 12338.1
134 150 23  12485.4
135 150 24  12671.6
145 150 25 13827.4
234 150 25 11281.1
235 150 24 11879.7
245 150 25 13205.6
345 150 24 12910.1
1234 200 33 152384
1235 200 31 15262.8
1245 200 32 16587.3
1345 200 30 16573.2
2345 200 30 15427.8
12345 250 39 18927.1

Table 2: Results for instance T1
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Carriers in Shapley Net Cost

coalition # Requests # Vehicles Cost value cost  ratio

1 100 13 7468.5 1711.1 57574  0.77

2 100 14 6390.7 1954.9 4435.8 0.69

3 100 15 72759 1752.2 5523.7 0.76

4 100 13 7518.7 1265.1 6253.6 0.83

5 100 14 72029 1168.1 6034.8 0.84
12 200 25 11638.8
13 200 24 12825.7
14 200 25 14236.7
15 200 25 13031.4
23 200 26 11785.7
24 200 28 12884.1
25 200 25 12053.0
34 200 25 13050.3
35 200 28 13771.7
45 200 27 14649.1
123 300 36 16910.3
124 300 38 17847.8
125 300 36 17034.7
134 300 36 18807.9
135 300 37 18543.9
145 300 36 19763.9
234 300 36 16989.8
235 300 38 17681.8
245 300 37 18489.2
345 300 38 19450.2
1234 400 47 22731.6
1235 400 48 22738.7
1245 400 48 23298.3
1345 400 49 24597.4
2345 400 48 22830.9
12345 500 60 28005.3

Table 3: Results for instance T2
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Carriers in Shapley Net Cost

coalition # Requests # Vehicles Cost value cost  ratio

1 50 10  5603.7 1534.6 4069.2 0.73

2 75 14 5890.6 1902.7 39879 0.68

3 100 15 72759 1492.8 5783.1 0.79

4 50 10  5406.9 1120.1 4286.8 0.79

5 75 12 6492.2 1175.6 5316.6  0.82
12 125 21 9346.6
13 150 23 11223.9
14 100 18  9836.6
15 125 19 10383.1
23 175 26 11144.1
24 125 23 10537.1
25 150 22 10138.8
34 150 21 11012.8
35 175 26 13066.1
45 125 21 11217.6
123 225 33 147745
124 175 28 13179.9
125 200 29 13971.3
134 200 28 14984.3
135 225 32  16446.3
145 175 28 15181.5
234 225 31 14628.7
235 250 36 16335.2
245 200 31 15125.6
345 225 32 16768.8
1234 275 38 18775.3
1235 300 43  19755.4
1245 250 38 18276.5
1345 275 39 20337.8
2345 300 41  19774.6
12345 350 47  23443.5

Table 4: Results for instance T3
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Carriers in Shapley Net Cost
coalition # Requests # Vehicles Cost value cost ratio
1 61 13 16512.6 3087.17 13425.4 0.81
2 96 11 17876.0 1898.97 15977.0 0.89
3 100 28 38585.4 3426.97 351584 0.91
12 157 24 31961.6
13 161 36 49615.0
23 196 32 53354.8
123 257 38 64560.9

Table 5: Results for the real case

6 Conclusions

Collaborative freight carrier planning is clearly of high practical significance.
However, the literature on the distribution of both costs and savings arising from
horizontal cooperation is scarce. Cooperative game theory provides a promis-
ing framework for analysis. Cooperating companies in the automotive industry
(Cachon and Lariviere, 1999), retail (Sayman et al., 2002), telecommunications
(van den Nouweland et al., 1996), aviation (Adler, 2001), and health care (Ford
et al., 2004) have already benefited from game theoretical methods that ob-
jectively take into account each player’s impact within a cooperating group
and produce compromise allocations that distribute the benefits of cooperation
based on clear-cut fairness properties (Cruijssen et al., 2005). We propose a
similar approach for the logistics sector to help freight carriers understand how
to share costs and savings. We have demonstrated that collaboration can yield
a considerable cost decrease and that efficient profit allocation is possible by
using cooperative game theory. However, as opposed to maritime shipping and
air transportation, where the concept of alliances between competing companies
is quite common, the truck transportation industry has not yet adopted hori-
zontal cooperation on a large scale (Vos et al., 2003).
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