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Vehicle refueling with limited resources ∗

Murat Fırat † C.A.J. Hurkens ‡ Gerhard J. Woeginger §

Abstract

This paper deals with a vehicle refueling problem in which the vehicle travels on a fixed
route of successive stations. There are upper bounds for the available fuel amounts at
stations and in each piece of the travel tank capacity may vary. Fuel prices vary from one
station to another and the main goal is to complete the route with least cost. This problem
corresponds to non-stationary inventory-capacitated lot sizing problem. We propose an
O(n log n) time algorithm for this vehicle refueling problem.

1 Introduction

In our vehicle refueling problem, there is a fixed route on which a series of fuel stations are
located. Various amounts of fuel are needed between successive stations. At the stations, limited
amounts of fuel can be bought with varying prices. The capacity of the fuel tank may also vary
between adjacent fuel stations. The main goal is to reach the final destination with cheapest
cost of fuel. The vehicle refueling problem corresponds to an inventory-capacitated lot-sizing
problem with zero setup costs, zero inventory holding costs, linear cost functions for production,
and non-stationery inventory capacity. The movements of the vehicle between adjacent stations
correspond to stages in time and the fuel is the commodity in demand for each stage. The
fuel available at stations corresponds to production capacities and the fuel carried in the tank
corresponds to keeping some commodity stock for later demands.

Lin et al. (2007) studied a special case of our problem in which the tank level is fixed (i.e.
stationary inventory level) and fuel at stations is unlimited. The authors proposed a linear time
greedy algorithm. In the algorithm, the tank is filled at a station if the fuel price is cheapest in
its neighborhood, otherwise refueling is done in necessary amounts to reach cheaper stations.

This paper is organized as follows. Section 2 describes the main ingradients of the vehicle
refueling problem. In section 3, we metion two algorithms to solve the vehicle refueling problem.
First one is the min-cost flow algorithm and the second one is “vehicle refueling algorithm”. Some
more notation is introduced in Section 4 for the optimality analysis of our algorithm. Finally,
in Section 5 we prove the optimality of our algorithm.
∗This research is supported by France Telecom/TUE Research agreement No.4̇6145963.
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2 Problem Description and Notation

In our problem, a vehicle makes a route visiting several cities in a fixed order, from city 1
to city n. In each city, there is a fuel station. We are given the set S = {1, . . . , n} including
the fuel stations of all cities. We assume that the vehicle starts its travel with an initial fuel
u0 in city 1. The distances between cities, or stations, are specified in terms of the necessary
fuel amounts. We are given di and Ti denoting respectively the distance and the vehicle tank
capacity between stations i and i + 1 for i = 1, . . . , n − 1. At the station i, the fuel price is
pi ≥ 0 and the upper bound for fuel amount is Ui. In our analysis, without loss of generality, all
ties in fuel prices are broken by station indices in the way that the earlier station has the lower
price. Let us call this convention tie-free fuel prices. Obviously, we are not interested in pn
and Un, hence we will exclude the index n from the set S. Let X be a solution to our problem
which specifies the refueling amount xi at station i. The value of the solution X, denoted by
f(X), is defined as f(X) =

∑n−1
i=1 xipi. The objective of the vehicle refueling problem is to find

a solution with smallest solution value.

3 Optimal vehicle refueling

3.1 Vehicle refueling with unlimited resources

The vehicle refueling problem with a fixed tank capacity T being less than or equal to Ui for
all i can be solved in linear time by a greedy algorithm of Lin et al. (2007).

3.2 Solving vehicle refueling problem via min-cost flow algorithm

The problem with general arbitrary tank capacities and arbitrary fuel upper bounds can be
solved optimally using a min-cost flow algorithm in time O(n2 log(

∑
i di) log(npmax))) (Ahuja

et al. 1993). Note that this running time is not strongly polynomial because of the logarithm
terms. In this paper, we give an O(n log n)-time algorithm solving the general vehicle refueling
problem optimally.

3.3 Vehicle refueling algorithm

In our algorithm, the main idea is to keep the maximum amount of cheapest encountered
fuel in the tank tentatively. It is assumed that the fuel from every station is kept separately in
the tank. Whenever the vehicle arrives at a station, then refueling is done in the following way:
First, all available fuel from the current station is considered. Second, if the fuel amount left in
the tank from earlier stations plus the fuel amount from current station is more than the tank
capacity, then the excess fuel is removed starting with the most expensive one. Having removed
the excess, the distance to the next station is traveled with the cheapest fuel in the tank. The
refueling decision is repeated at every station until the vehicle arrives at the destination. Finally
all fuel in the tank is removed when the vehicle is at the destination.

Table 1 shows the parameters and the variables used in the algorithm. Note that we assume
all parameters to be integers. This is convenient for our notation but is not strictly necessary
for the algorithm.In the algorithm, if the subset of stations L is stored in binary heaps, then
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Table 1: Sets, indices, parameters, and variables
Sets S set of stations, S = {1, . . . , n− 1}
Indices i, j, k, l station index, i, j, k, l ∈ S
Parameters pi ∈ R+, fuel price at station

Ui ∈ Z+, upper bound for fuel amount at station
Ti ∈ Z+,tank capacity between stations i and i+ 1
di ∈ Z+,distance between stations i and i+ 1

Variables ai currently available fuel amount from i ∈ S, initialized as min{Ui, Ti}
xi amount of purchased fuel from station i

inserting a station by respecting price order can be done in O(log n). The running time of the
algorithm is O(n log n) , since it runs through all stations.

Algorithm 1: Refueling Algorithm
Initialization
a0 ← u0;
L← {0};
for j = 1 to n-1 do
xj ← 0;
aj ← min{Uj , Tj};

end for
i← 1;

MAIN LOOP
while i < n do
L← L ∪ {i};
RemoveExcess(L, Ti);
Purchase(L, di);
i← i+ 1;

end while

RemoveExcess(L,T)
aT ←

∑
i∈L ai;

while aT > T do
k ←MostExpensive(L);
if ak > aT − T then
ak ← ak − (aT − T );

else
L← L \ {k};

end if
aT ←

∑
i∈L ai;

end while

Purchase(L,d)
p = d;
while p > 0 and L 6= ∅ do
k ← Cheapest(L);
if ak > p then
ak ← ak − p;
xk ← xk + p;
p← 0;

else
p← p− ak;
xk ← xk + ak;
L← L \ {k};

end if
end while
if p > 0 then
OUTPUT : Infeasibility!

end if

4 Some more Notation for the analysis

4.1 Notation in general

The distance between the start point of the route and the station i is denoted by d1−i for
all i ∈ S and is found by d1−i =

∑
j<i dj . Similarly, di−k =

∑k−1
j=i dj , for i ≤ j, denotes the

distance between stations i and k.

Definition 1 A point on the route at which the vehicle has integral cumulative fuel consumption
is called a “checkpoint”. The set of all checkpoints is C = {1, . . . , d1−n − 1}.

Note that the start point route, the end point of the route, and all fuel stations are at the
checkpoints, since the distances, tank capacities, and upper bounds for fuel amounts are positive
integers.
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Definition 2 The distance between two consecutive checkpoints, say d and d+1, is called “dis-
tance unit” d. In a distance unit, the vehicle consumes one unit amount of fuel, this is one liter
in our problem. The set of all distance units is D = {1, . . . , d1−n − 1}.

Fuel amount in the tank after arrival: The fuel amount in the tank when the vehicle arrives
at station i is denoted by α(i). For example, we have α(1) = u0 at the first station. In our
analysis, the fuel amounts from different stations will be handled seperately in the tank. So if
a subscript is used, for example α<pj (i) or α=pj (i), this will tell us the amount of the fuel in
the tank with price less than pj or equal to pj for respective examples. In any solution of the
vehicle refueling problem, the relation between α values of stations is given in (1).

α(i) = α(j) +

i−1∑
k=j

xk − dj−i (1)

Note that, in our analysis of the refueling algorithm, the tentatively carried fuel will also be
considered, therefore in the next section we will specify the corresponding relation in the next
subsection.

Throughout all our analysis, X will denote the solution of the vehicle refueling with refueling
amounts xi and X ′ will denote any solution with refueling amounts x′i for all i ∈ S. Note that
a refueling at station i ∈ S cannot be greater than min{Ui, Ti}.

4.2 Notation for the solutions of refueling algorithm

In the refueling algorithm, some fuel is removed as excess, if at a station the total amount
of fuel under consideration is more than the tank capacity.

The refueling algorithm first removes the fuel with highest price in the tank. If the whole
amount of the most expensive fuel is removed and if there is still some excess, then the second
most expensive is considered to be removed. This continues until all excess is removed. The
information of how much fuel from a certain station is removed at a later station is provided by
the removal function.

Excess removal function: Let us define r : S × S 7→ Z. The function value r(i, j) for any
i ∈ S and j ≤ i denotes the amount of fuel from station j removed at station i. For j > i, we
define r(i, j) = 0.

For the simplicity in notation let r(i,≤ i) =
∑i

j=1 r(i, j), r(< k, i) =
∑k−1

j=i r(j, i), and
r(S, j)=

∑
s∈S r(s, j).

The total removal amount of fuel at station i is given in (2).

r(i,≤ i) = (α(i) + min{Ui, Ti} − Ti)+ (2)

The refueling amounts of the refueling algorithm in terms of removals and available fuel
amounts are given in (3). Note that the composition of the removed fuel is determined by
choosing the most expensive one first.

xj = min{Uj , Tj} − r(≥ j, j) (3)

Next, for the analysis of the refueling algorithm, we give the relation between α values with
fuel removals in (4). Instead of refueling amounts in (1), differences between maximum available
fuel amount and removed fuel amount is in the equation.
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α(i) = α(j) +
i−1∑
k=j

(min{Uk, Tk} − r(< i, k))− dj−i (4)

Observation 3 Let i, j ∈ S such that j ≤ i and pi < pj. If at station i some fuel is removed
as excess, then the vehicle leaves station i with full tank and all fuel in the tank has price less
than or equal to pk for any k with r(i, k) > 0.

Proposition 4 (Last removal property)
Let i ∈ S be a station such that for j ∈ S, if r(i, j) > 0, then we have r(> i, j) = 0 and let

j = min{k ∈ S|r(i, k) > 0}. One has the following relation:

dj−i + Ti = α(j) +

i∑
k=j

xk (5)

Proof. First of all, the total amount of fuel removal at station i is expressed as follows:

r(i,≤ i) = α(i) + min{Ui, Ti} − Ti (6)

Note that α(i) can be written in terms of α(j) and partially consumed fuel amounts using
the relation in (4). So we obtain the following equality:

r(i,≤ i) = α(j) +
i−1∑
k=j

(min{Uk, Tk} − r(< i, k))− dj−i +min{Ui, Ti} − Ti (7)

Moreover r(i,≤ i) = r(i,≥ j) due to definition of j. It is also true that r(≤ i, k) = r(≥ k, k)
for all k ≤ i, since removals at station i are last removals. Finally, we get the desired equation
as in (8) by rearranging the equation is (7).

dj−i + Ti = α(j) +

i∑
k=j

(min{Uk, Tk} − r(≥ k, k)) = α(j) +

i∑
k=j

xk (8)

�

4.3 The allocation algorithm

The allocation algorithm takes any solution as input and generates an allocation of unit fuel
amounts, liters in our case, to distance units. to the refueling algorithm, the allocation algorithm
assumes that every liter of fuel is kept in vehicle tank without getting mixed each other. At
every checkpoint, the cheapest liter of fuel (in the tank) is chosen to travel until next checkpoint.
The allocation algorithm is the same type algorithm as the refueling algorithm. However, they
differ in input type, the former one takes refueling amounts whereas the latter one considers all
available fuel and removes as excess whenever necessary. In both algorithms the cheapest fuel
has the highest priority and is either purchased or allocated first. Finally, when the allocation
algorithm terminates, all fuel liters used for traveling the route are allocated to distance units
one by one.
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Algorithm 2: Allocation Algorithm ¸

Initialization
a0 ← u0 (initial fuel);
L← {0};
for j = 1 to n− 1 do
aj ← xj ;
for k = 1 to xj do
δ(j, k)← −1;

end for
end for
i← 1;

MAIN LOOP
while i < n do
L← L ∪ {i};
d← 1;
while d ≤ di do

Allocate(L, d, i);
d← d+ 1;

end while
i← i+ 1;

end while

Allocate(L,d,i)
d = d0−i + d− 1;
k ← Cheapest(L);
ak ← ak − 1;
δ(k, xk − ak)← d;
π(d)← pk;
if ak = 0 then
L← L \ {k};

end if

A solution X is given as input with refueling values xi for all i ∈ S and the allocation
algorithm delivers two function values corresponding to that solution. These functions are
“distance unit function” and “fuel price function”.

Distance unit function: Let δ : S×Z+ → D. The function value δ(i, j), for some i ∈ S and
j ∈ {1, . . . , xi}, is the distance unit traveled with the jth liter of fuel purchased from station i.

Fuel price function: Let π : D → Z. The function value π(d) for any d ∈ D is the price of
the fuel with which the distance unit d is traveled. By definition, it follows that π(δ(i, j)) = pi
for some i ∈ S and 1 ≤ j ≤ xi.

In the allocation algorithm, cheaper fuel has higher priority in allocating fuel amounts to
distance units. Due to this property, we have the following observations about some cases and
their effects in function values of π and δ.

Observation 5 (Increase in π) If pi = π(d − 1) < π(d) for distance unit d ∈ D and station
i ∈ S, one has d− 1 = δ(i, xi).

Observation 6 (Cheapest fuel first) The allocation algorithm first assigns the cheapest fuel in
the tank. Hence successive π values are non-decreasing, unless the vehicle arrives at a cheap
station. Let l = max{s ∈ S|r(s, i) > 0}. The following ineaqulity implies that as long as fuel
from station i is in the tank, the fuel consumption cannot be more expensive than pi:

π(d◦) ≤ pi, d1−i ≤ d◦ ≤ max{δ(i, xi), d1−l} (9)

Observation 7 (Late start and delaying stations)
Let i ∈ S with xi > 0 and let S∗(X, i) = {s ∈ S|d1−i < d1−s < δ(i, 1), ps ≤ pi}.And one has

the following relations:

α<pi(i) +
∑

k∈S∗(i)

xk = δ(i, 1)− d1−i (10)

π(d◦) < pi, d1−i ≤ d◦ < δ(i, 1) (11)

Definition 8 S∗(X, i) in Observation 7 is called the set of delaying stations of station i in
solution X.
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Observation 9 (Inner stations) This observation is only for the solutions of the refueling algo-
rithm. Let i, j ∈ S, j < i, and pi < pj. If some fuel from station j exists in the tank at distance
unit d1−i, then the refueling xi is maximum such that xi = Ui < Ti. Station i is called “inner
station” of station j.

5 Correctness of Refueling Algorithm

Our main result is that X consumes cheaper or equal price fuel in every distance unit com-
pared to solution X ′. The optimality of the refueling algorithm follows this result immediately.

Lemma 10 In every distance unit of the route, the price of the fuel consumed by X is less than
or equal to the price of the fuel consumed by X ′. So π(d) ≤ π′(d), for all d ∈ D.

Proof. The proof is by induction on the distance units. For d=1, we have π(1) = 0 if u0 > 0
and π(1) = p1 otherwise. So π(1) ≤ π′(1) is satisfied both cases.

Let d ∈ D and d > 1. By assuming π(d◦) ≤ π′(d◦) for d◦ ≤ d− 1, we suppose π′(d) < π(d)
to the contrary .

Let d − 1 = δ(i, h), for some i ∈ S and 1 ≤ h ≤ xi, and d = δ(j, l) = δ′(k,m) , for some
j, k ∈ S and 1 ≤ l ≤ xj , 1 ≤ m ≤ x′k. Then we have the following inequalities:

pi = π(d− 1) ≤ π′(d− 1) ≤ π′(d) = pk < π(d) = pj (12)

Among above inequalities, the leftmost one is due to the induction hypothesis, the middle
one is due to cheapest first rule, and the rightmost one is what we supposed to the contrary.

Note that, the increase π(d− 1) < π(d) in (12) results in h = xi by Observation 5.
Now let us define S0 = {s ∈ S|d1−k < d1−s < d, ps ≤ pk}. Next, the total fuel purchase

of X ′ after station k until distance unit d is given in (13). Note that using this fuel amount
solution X ′ travels from station k to the ditance unit d.

α′≤pk(k) +
∑
t∈S0

x′t + x′k (13)

Let us define S2 = (S0 \ S∗(X ′, i)) ∪ {k}. Now let us consider the late start of solution X ′

of fuel from station k (Observation 7). By induction hypothesis, X also uses fuel cheaper than
pk. This implies the following inequality:

α′<pk(k) +
∑

t∈S∗(X′,k)

x′t ≤ α<pk(k) +
∑

t∈S∗(X′,k)

xt (14)

Case: Maximum fuel consumption in S2.
For this case, one has the following relations that lead to a contradiction.

d ≤ d1−k + α′<pk(k) +
∑

t∈S∗(X′,k) x
′
t +

∑
t∈S2

x′t
≤ d1−k + α<pk(k) +

∑
t∈S∗(X′,k) xt +

∑
t∈S2

min{Ut, Tt}
= d-1

7



Note that, above, the first inequality is due to fact that X ′ reaches at least d with the fuel
purchase in the right side. The second inequality is due to the relation in (14) and maximum
fuel consumption of X in S2. Last equality tells us that X reaches distance unit d− 1 using the
previous fuel purchase.

Case: Partial fuel consumption in S2.
First of all, let S3 = {s ∈ S2|xs < min{Us, Ts}}. Assume that there exists a station s ∈ S3

for which s > j is true. Due to the relations ps < pj and d1−j < d1−s < d = δ(j, l), Observation
9 implies that xs = Us. This contradicts the fact s ∈ S3. So for all s ∈ S3, we have s < j.

Note that r(≥ s, s) > 0 for every s ∈ S3 by definition. Assume that there exists a removal
r(t, s) > 0 for s ∈ S3 and t > j. In the refueling algortihm the most expensive fuel is removed
first. Removal r(t, s) cannot be at a station z such that d1−j < d1−z < d = δ(j, l), otherwise
fuel j would have been finished first. So all removals from S3 are at an earlier station than j
and there must be a last removal station.

Let r(κ, s) be the last fuel removal from S3 and let S>κ = {s ∈ S0|s > κ}. We have shown
that κ < j. Note that xt = min{Ut, Tt} for all t ∈ S>κ. By last removal property, in Proposition
4, for station ρ = min{s ∈ S|r(κ, s) > 0} we have α(ρ) +

∑κ
t=ρ xt = dρ−κ + Tκ. We also know

that π(d◦) ≤ pρ(≤ pk) for d1−ρ ≤ d◦ ≤ d1−κ by (9).

d ≤ d1−k + α′<pk(k) +
∑

t∈S0
x′t + x′k

= d1−ρ + dρ−κ + α′≤pk(κ) +
∑

t∈S>κ x
′
t

≤ d1−ρ + dρ−κ + Tκ +
∑

t∈S>κ min{Ut, Tt}
= d1−ρ + α(ρ) +

∑κ
t=ρ xt +

∑
t∈S>κ min{Ut, Tt}

= d1−ρ + α(ρ) +
∑κ

t=ρ xt +
∑

t∈S>κ xt

= d1−k + α<pk(k) +
∑

t∈S0
xt

= d-1

The above contradiction completes the proof.�

References

Ravindra K. Ahuja, Thomas L. Magnanti, and James Orlin, 1993, , Network Flows:Theory,
Algorithms, and Applications, Prentice Hall.

S.H. Lin, R. Gertsch and J.R. Russell, 2007, “A linear-time algorithm for finding optimal vehicle
refueling policies", Operations Research Letters, Vol. 35, pp. 290-296.

S.F. Love, 1973, “Bounded production and inventory models with piecewise concave costs",
Management Science, Vol. 20, pp. 313-318.

8



Working Papers Beta 2009 - 2011 
 
 
 
nr.  Year  Title                                                                Author(s) 

343 

 

342 

 

 

 

341 

 

 

339 

 

 

 

338 

 

 

335 

 

 

334 

 

 

333 

 

 

332 

 

 

331 

 

 

330 

 

 

329 

 

328 

 

 

 

327 

2011 

 

2011 

 

 

 

2011 

 

 

2010 

 

 

 

2010 

 

 

2010 

 

 

2010 

 

 

2010 

 

 

2010 

 

 

2010 

 

 

2010 

 

 

2010 

 

2010 

 

 

 

2010 

Vehicle refueling with limited resources 

 

Optimal Inventory Policies with Non-stationary 
Supply Disruptions and Advance Supply 
Information 

 

Redundancy Optimization for Critical 
Components in High-Availability Capital Goods 

 

Analysis of a two-echelon inventory system with 
two supply modes 

 

 

 

Analysis of the dial-a-ride problem of Hunsaker 
and Savelsbergh 

 

Attaining stability in multi-skill workforce 
scheduling 

 

Flexible Heuristics Miner (FHM) 

 

An exact approach for relating recovering 
surgical patient workload to the master surgical 
schedule 

 

Efficiency evaluation for pooling resources in 
health care 

 

The Effect of Workload Constraints in 
Mathematical Programming Models for 
Production Planning 

 

Using pipeline information in a multi-echelon 
spare parts inventory system 

 

Reducing costs of repairable spare parts supply 
systems via dynamic scheduling 

 

Identification of Employment Concentration and 
Specialization Areas: Theory and Application 

 

 

A combinatorial approach to multi-skill workforce 
scheduling 

Murat Firat, C.A.J. Hurkens, Gerhard J. 
Woeginger 

 

Bilge Atasoy, Refik Güllü, TarkanTan 

 

 

Kurtulus Baris Öner, Alan Scheller-Wolf 

Geert-Jan van Houtum 

 

Joachim Arts, Gudrun Kiesmüller 

 

 

 

Murat Firat, Gerhard J. Woeginger 

 

 

Murat Firat, Cor Hurkens 

 

 

A.J.M.M. Weijters, J.T.S. Ribeiro 

 

P.T. Vanberkel, R.J. Boucherie, E.W. 
Hans, J.L. Hurink, W.A.M. van Lent, W.H. 
van Harten 

 

Peter T. Vanberkel, Richard J. Boucherie, 
Erwin W. Hans, Johann L. Hurink, Nelly 
Litvak 

 

M.M. Jansen, A.G. de Kok, I.J.B.F. Adan 

 

 

Christian Howard, Ingrid Reijnen, Johan 
Marklund, Tarkan Tan 

 

H.G.H. Tiemessen, G.J. van Houtum 

 

 

F.P. van den Heuvel, P.W. de Langen, 
K.H. van Donselaar, J.C. Fransoo 

 

 

Murat Firat, Cor Hurkens 



 

 

 

326 

 

 

 

325 

 

 

324 

 

 

323 

 

 

 

322 

 

 

321 

 

 

320 

 

 

319 

 

 

318 

 

 

317 

 

 

316 

 

 

315 

 

314 

 

 

313 

 

 

 

2010 

 

 

 

2010 

 

 

2010 

 

 

2010 

 

 

 

2010 

 

 

2010 

 

 

2010 

 

 

2010 

 

 

2010 

 

 

2010 

 

 

2010 

 

 

2010 

 

2010 

 

 

2010 

 

 

 

Stability in multi-skill workforce scheduling 

 

 

Maintenance spare parts planning and control: A 
framework for control and agenda for future 
research 

 

 

Near-optimal heuristics to set base stock levels 
in a two-echelon distribution network 

 

Inventory reduction in spare part networks by 
selective throughput time reduction 

 

 

The selective use of emergency shipments for 
service-contract differentiation 

 

 

Heuristics for Multi-Item Two-Echelon Spare 
Parts Inventory Control Problem with Batch 
Ordering in the Central Warehouse 

 

Preventing or escaping the suppression 
mechanism: intervention conditions 

 

Hospital admission planning to optimize major 
resources utilization under uncertainty 

 

Minimal Protocol Adaptors for Interacting 
Services 

 

Teaching Retail Operations in  Business and 

Engineering Schools 

 

Design for Availability: Creating Value for 
Manufacturers and Customers 

 

Transforming Process Models: executable 
rewrite rules versus a formalized Java program 

 

Getting trapped in the suppression of 
exploration: A simulation model  

 

A Dynamic Programming Approach to Multi-
Objective Time-Dependent Capacitated Single 
Vehicle Routing Problems with Time Windows 

 

 

Murat Firat, Cor Hurkens, Alexandre 
Laugier 

 

M.A. Driessen, J.J. Arts, G.J. v. Houtum, 
W.D. Rustenburg, B. Huisman 

 

 

 

R.J.I. Basten, G.J. van Houtum 

 

 

M.C. van der Heijden, E.M. Alvarez, 
J.M.J. Schutten 

 

 

E.M. Alvarez, M.C. van der Heijden, W.H. 
Zijm 

 

 

B. Walrave, K. v. Oorschot, A.G.L. 
Romme 

 

 

Nico Dellaert, Jully Jeunet. 

 

 

R. Seguel, R. Eshuis, P. Grefen. 

 

Tom Van Woensel, Marshall L. Fisher, 

Jan C. Fransoo. 

 

Lydie P.M. Smets, Geert-Jan van 
Houtum, Fred Langerak. 

 

Pieter van Gorp, Rik Eshuis. 

 

 

Bob Walrave, Kim E. van Oorschot, A. 
Georges L. Romme 

 

S. Dabia, T. van Woensel, A.G. de Kok 

 

 

 



 

2010 

312 2010 
Tales of a So(u)rcerer: Optimal Sourcing 
Decisions Under Alternative Capacitated 
Suppliers and General Cost Structures 

Osman Alp, Tarkan Tan 

311 2010 
In-store replenishment procedures for perishable 
inventory in a retail environment with handling 
costs and storage constraints  

R.A.C.M. Broekmeulen, C.H.M. Bakx 

310 2010 
The state of the art of innovation-driven business 
models in the financial services industry 

E. Lüftenegger, S. Angelov, E. van der 
Linden, P. Grefen 

309 2010 
Design of Complex Architectures Using a Three 
Dimension Approach: the CrossWork Case 

R. Seguel, P. Grefen, R. Eshuis 

308 2010 
Effect of carbon emission regulations on 
transport mode selection in supply chains  

K.M.R. Hoen, T. Tan, J.C. Fransoo, G.J. 
van Houtum 

307 2010 
Interaction between intelligent agent strategies 
for real-time transportation planning  

Martijn Mes, Matthieu van der Heijden, 
Peter Schuur 

306 2010 Internal Slackening Scoring Methods  

Marco Slikker, Peter Borm, René van den 
Brink 

305 2010 
Vehicle Routing with Traffic Congestion and 
Drivers' Driving and Working Rules  

A.L. Kok, E.W. Hans, J.M.J. Schutten, 
W.H.M. Zijm 

304 2010 
Practical extensions to the level of repair 
analysis  

R.J.I. Basten, M.C. van der Heijden, 
J.M.J. Schutten 

303 2010 
Ocean Container Transport: An Underestimated 
and Critical Link in Global Supply Chain 
Performance 

Jan C. Fransoo, Chung-Yee Lee 

302 2010 
Capacity reservation and utilization for a 
manufacturer with uncertain capacity and 
demand 

Y. Boulaksil; J.C. Fransoo; T. Tan 

300 2009 Spare parts inventory pooling games 

F.J.P. Karsten; M. Slikker; G.J. van 
Houtum 

299 2009 
Capacity flexibility allocation in an outsourced 
supply chain with reservation  

Y. Boulaksil, M. Grunow, J.C. Fransoo 

 

298 

 

2010 

 

An optimal approach for the joint problem of level 
of repair analysis and spare parts stocking 

 

R.J.I. Basten, M.C. van der Heijden, 
J.M.J. Schutten 

297 2009 
Responding to the Lehman Wave: Sales 
Forecasting and Supply Management during the 
Credit Crisis  

Robert Peels, Maximiliano Udenio, Jan C. 
Fransoo, Marcel Wolfs, Tom Hendrikx 

296 2009 
An exact approach for relating recovering 
surgical patient workload to the master surgical 
schedule  

Peter T. Vanberkel, Richard J. Boucherie, 
Erwin W. Hans, Johann L. Hurink, 
Wineke A.M. van Lent, Wim H. van 
Harten 

 

295 

 

2009 

 

An iterative method for the simultaneous 
optimization of repair decisions and spare parts 
stocks 

 

R.J.I. Basten, M.C. van der Heijden, 
J.M.J. Schutten 

294 2009 Fujaba hits the Wall(-e) 

Pieter van Gorp, Ruben Jubeh, Bernhard 
Grusie, Anne Keller 



293 2009 
Implementation of a Healthcare Process in Four 
Different Workflow Systems 

R.S. Mans, W.M.P. van der Aalst, N.C. 
Russell, P.J.M. Bakker 

292 2009 
Business Process Model Repositories - 
Framework and Survey 

Zhiqiang Yan, Remco Dijkman, Paul 
Grefen 

291 2009 
Efficient Optimization of the Dual-Index Policy 
Using Markov Chains  

Joachim Arts, Marcel van Vuuren, 
Gudrun Kiesmuller 

290 2009 
Hierarchical Knowledge-Gradient for Sequential 
Sampling  

Martijn R.K. Mes; Warren B. Powell; 
Peter I. Frazier 

289 2009 
Analyzing combined vehicle routing and break 
scheduling from a distributed decision making 
perspective  

C.M. Meyer; A.L. Kok; H. Kopfer; J.M.J. 
Schutten 

288 2009 
Anticipation of lead time performance in Supply 
Chain Operations Planning  

Michiel Jansen; Ton G. de Kok; Jan C. 
Fransoo 

287 2009 
Inventory Models with Lateral Transshipments: A 
Review 

Colin Paterson; Gudrun Kiesmuller; Ruud 
Teunter; Kevin Glazebrook 

286 2009 
Efficiency evaluation for pooling resources in 
health care  

P.T. Vanberkel; R.J. Boucherie; E.W. 
Hans; J.L. Hurink; N. Litvak 

285 2009 
A Survey of Health Care Models that Encompass 
Multiple Departments 

P.T. Vanberkel; R.J. Boucherie; E.W. 
Hans; J.L. Hurink; N. Litvak 

284 2009 
Supporting Process Control in Business 
Collaborations  

S. Angelov; K. Vidyasankar; J. Vonk; P. 
Grefen 

283 2009 Inventory Control with Partial Batch Ordering  O. Alp; W.T. Huh; T. Tan 

282 2009 
Translating Safe Petri Nets to Statecharts in a 
Structure-Preserving Way 

R. Eshuis 

281 2009 
The link between product data model and 
process model  

J.J.C.L. Vogelaar; H.A. Reijers 

280 2009 
Inventory planning for spare parts networks with 
delivery time requirements  

I.C. Reijnen; T. Tan; G.J. van Houtum 

279 2009 
Co-Evolution of Demand and Supply under 
Competition  

B. Vermeulen; A.G. de Kok 

 

 

278 

 

 

 

277 

 

 

2010 

 

 

 

2009 

 

Toward Meso-level Product-Market Network 
Indices for Strategic Product Selection and 
(Re)Design Guidelines over the Product Life-
Cycle 

 

An Efficient Method to Construct Minimal 
Protocol Adaptors 

B. Vermeulen, A.G. de Kok 

 

 

 

R. Seguel, R. Eshuis, P. Grefen 

276 2009 
Coordinating Supply Chains: a Bilevel 
Programming Approach  

Ton G. de Kok, Gabriella Muratore 

275 2009 
Inventory redistribution for fashion products 
under demand parameter update  

G.P. Kiesmuller, S. Minner 

274 2009 
Comparing Markov chains: Combining 
aggregation and precedence relations applied to 
sets of states  

A. Busic, I.M.H. Vliegen, A. Scheller-Wolf 

273 2009 
Separate tools or tool kits: an exploratory study 
of engineers' preferences  

I.M.H. Vliegen, P.A.M. Kleingeld, G.J. van 
Houtum 



 

272 

 

2009 

 

An Exact Solution Procedure for Multi-Item Two-
Echelon Spare Parts Inventory Control Problem 
with Batch Ordering 

 

Engin Topan, Z. Pelin Bayindir, Tarkan 
Tan 

271 2009 
Distributed Decision Making in Combined 
Vehicle Routing and Break Scheduling  

C.M. Meyer, H. Kopfer, A.L. Kok, M. 
Schutten 

270 2009 
Dynamic Programming Algorithm for the Vehicle 
Routing Problem with Time Windows and EC 
Social Legislation  

A.L. Kok, C.M. Meyer, H. Kopfer, J.M.J. 
Schutten 

269 2009 
Similarity of Business Process Models: Metics 
and Evaluation  

Remco Dijkman, Marlon Dumas, 
Boudewijn van Dongen, Reina Kaarik, 
Jan Mendling 

267 2009 
Vehicle routing under time-dependent travel 
times: the impact of congestion avoidance  

A.L. Kok, E.W. Hans, J.M.J. Schutten 

266 2009 
Restricted dynamic programming: a flexible 
framework for solving realistic VRPs  

J. Gromicho; J.J. van Hoorn; A.L. Kok; 
J.M.J. Schutten;  

 
 
 
Working Papers published before 2009 see: http://beta.ieis.tue.nl 
 


	Voorblad WP 343
	Beta_wp343
	Introduction
	Problem Description and Notation
	Optimal vehicle refueling 
	Vehicle refueling with unlimited resources
	Solving vehicle refueling problem via min-cost flow algorithm
	Vehicle refueling algorithm

	Some more Notation for the analysis
	Notation in general
	Notation for the solutions of refueling algorithm
	The allocation algorithm

	Correctness of Refueling Algorithm

	Working Papers Beta

