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Since April 2007 working hours of truck drivers in the European Union are controlled by regulation (EC)No. 561/2006. According to the new regulation, road transport undertakings must organise the work of
drivers in a way that drivers are able to comply with the regulations and can be made liable for infringements
committed by the drivers. Although of particular importance in long-distance haulage, regulations on working
hours of truck drivers have received very little attention in the scheduling literature. This paper presents a
method for scheduling driving and working hours of truck drivers with respect to regulation (EC) No. 561/2006.
Given a sequence of locations to be visited within specified time windows, the approach is guaranteed to find
a schedule complying with the regulation if such a schedule exists.
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1. Introduction
Driver fatigue is a significant factor in approximately
20% of commercial road transport crashes and one
out of two long haul drivers has fallen asleep while
driving (see European Transport Safety Council 2001).
Under previous legislation in the European Union it
had been legally possible for truck drivers to drive
almost nine hours with a break period of only 15 min-
utes. To improve road safety and working conditions
of drivers, the European Parliament and the Coun-
cil of the European Union have adopted regulation
(EC) No. 561/2006 laying down provisions concern-
ing driving and working hours of drivers in road
transport. This regulation went into force in April
2007 and applies to drivers of vehicles with a total
mass of at least 3.5 tons and vehicles constructed
to carry more than nine persons. According to the
new regulation, road transport undertakings can be
made liable for infringements committed by drivers.
Neglecting regulatory constraints when scheduling
driving and working hours of drivers may lead to
infringements and/or delayed arrival times because
of required breaks and rest periods that have not
been scheduled. Consequently, road transport under-
takings must ensure that truck driver schedules com-
ply with regulation (EC) No. 561/2006.
Scheduling problems for mobile staff in the trans-

portation sector have been studied since the 1960s.
An early survey of airline crew scheduling is pre-
sented by Arabeyre et al. (1969). Kohl and Karisch
(2004) describe typical rules and regulations arising
in airline crew rostering. Traditionally, airline crew

scheduling is performed after a flight timetable has
been constructed and aircrafts have been assigned to
each flight. More recently, several approaches inte-
grating aircraft routing and crew scheduling have
been proposed, e.g., by Cordeau et al. (2001), Mercier,
Cordeau, and Soumis (2005), and Sandhu and
Klabjan (2007). Further approaches regarding simul-
taneous vehicle and driver scheduling are presented
for mass transit systems by Haase, Desaulniers,
and Desrosiers (2001), Valouxis and Housos (2002),
Freling, Huisman, and Wagelmans (2003), Huisman,
Freling, and Wagelmans (2005) and for limousine
rental by Laurent and Hao (2007). Ernst et al. (2004)
provide a comprehensive annotated bibliography on
personnel scheduling that covers crew and driver
scheduling problems for airlines, railways, and mass
transit systems.
Interestingly, scheduling driving and working

hours of truck drivers has attracted very little inter-
est in the literature. Driver scheduling in road freight
transportation differs from airline crew scheduling
and driver scheduling in rail transport or mass tran-
sit systems because it is usually possible to inter-
rupt transportation services to take breaks and rest
periods. Furthermore, time constraints in road freight
transport are usually not as strict, and departure
and arrival times can often be scheduled with some
degree of freedom. Savelsbergh and Sol (1998) con-
sider a dynamic and generalised pickup and delivery
problem in which lunch breaks and night breaks
must be taken within fixed time intervals. Xu et al.
(2003) study a rich pickup and delivery problem and
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present a column generation approach for combined
routing and scheduling. They conjecture that deter-
mining a minimal cost truck driver schedule for a
given sequence of customer locations is NP-hard in
the presence of multiple time windows, restrictions on
drivers’ working hours imposed by the U.S. Depart-
ment of Transportation, as well as different costs
for time spent waiting idle and time spent taking
rest periods. Archetti and Savelsbergh (2009) present
an algorithm for truck driver scheduling problems
in the United States. They prove that their algo-
rithm finds a feasible truck driver schedule in cubic
time, if one exists. The restrictions imposed by the
U.S. Department of Transportation differ significantly
from regulation (EC) No. 561/2006, which requires
that, in addition to daily rest periods in which drivers
can sleep, shorter break periods for recuperation must
be scheduled after a certain amount of driving.
The only approaches known to the author consider-

ing regulation (EC) No. 561/2006 in scheduling driv-
ing and working hours of truck drivers are presented
by Goel (2009) and Kok et al. (2009). Both papers
study a combined vehicle routing and truck driver
scheduling problem with time windows. Goel (2009)
presents two scheduling approaches embedded into
a large neighbourhood search algorithm. The naïve
method is a greedy approach that determines a single
label for each location to be visited. Each label cor-
responds to the driver’s state at the respective loca-
tion. The multilabel method is a breadth-first search
method that iteratively determines multiple labels
corresponding to different possible driver states. Both
approaches only consider a subset of the provisions
imposed by regulation (EC) No. 561/2006. Kok et al.
(2009) present a dynamic programming approach that
extends the naïve method considering provisions of
the regulation ignored in Goel (2009).
The approaches by Goel (2009) and Kok et al. (2009)

have the shortcoming that, for a given tour, they can-
not guarantee finding a schedule complying with the
regulation, if such a schedule does, indeed, exist. This
paper presents a method for scheduling driving and
working hours of truck drivers that is guaranteed to
find a schedule complying with the regulation, if such
a schedule exists.
Being capable of determining whether a given se-

quence of locations can be visited in compliance
with legislatory constraints is of particular importance
for several reasons. Scheduling driving and working
hours of truck drivers is a subproblem of combined
vehicle routing and truck driver scheduling problems
arising in many real-life applications. Many success-
ful approaches for solving rich vehicle routing prob-
lems are local search-based optimisation methods,
which generate a sequence of feasible tours for each

vehicle until a near-optimal solution is found. With-
out a sophisticated method for scheduling driving
and working hours of truck drivers, many tours will
never be considered within the optimisation process
because simple scheduling algorithms fail in finding a
feasible truck driver schedule for the tour. Thus, some
parts of the search space may never be explored. This
may result in reduced overall performance of the opti-
misation process.
Another reason is that many real-life applications

require interaction with human decision makers.
Powell et al. (2002) report experiences on implement-
ing an interactive dispatching system for a truckload
motor carrier. They found that only 60%–80% of all
dispatching decisions made by the software system
were accepted by the human decision maker. In all
other cases dispatching decisions were made manu-
ally. If a scheduling algorithm cannot find a schedule
complying with the regulation although such a sched-
ule exists, experienced human decision makers may
find it easy to manually determine solutions supe-
rior to the solutions determined by the computer sys-
tem. Furthermore, the computer system may fail in
processing manually generated solutions. As a con-
sequence, the scheduling algorithm and potentially
the entire dispatching system may be questioned by
the human decision maker. An interactive dispatch-
ing system that is not fully approved by the human
decision maker will hardly be successful in any oper-
ational setting.
This paper presents a method for scheduling driv-

ing and working hours of truck drivers that is guar-
anteed to find a feasible truck driver schedule for
a given tour, if such a schedule exists. This method
can be embedded into optimisation methods for com-
bined vehicle routing and truck driver scheduling
problems. The remainder of this paper is organised
as follows. Regulation (EC) No. 561/2006 is sum-
marised in §2 and discussed in §3. In §4 a formal
model of the European Union Truck Driver Schedul-
ing Problem (EU-TDSP) is given. Section 5 intro-
duces conditions for pseudofeasibility which relax the
conditions for feasibility presented in §4. This relax-
ation allows us to myopically construct truck driver
schedules without considering future driver activi-
ties and constraints imposed on them. Furthermore,
§5 gives dominance criteria, which help us in reduc-
ing the number of partial schedules that must be
explored to solve the EU-TDSP. Normality condi-
tions are presented that guide us when solving the
EU-TDSP. Section 6 presents a scheduling method
that solves the EU-TDSP by constructing pseudofea-
sible schedules satisfying these normality conditions.
Computational experiments presented in §7 show
that this method significantly outperforms previous
approaches in terms of the number of tours for which
a feasible truck driver schedule can be found.
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2. Regulation (EC) No. 561/2006
Regulation (EC) No. 561/2006 distinguishes between
four driver activities: rest periods, breaks, driving
time, and other work. Rest periods are longer peri-
ods during which a driver may freely dispose of her
or his time. Breaks are short periods exclusively used
for recuperation during which a driver may not carry
out any work. Driving time refers to the time during
which a driver is operating a vehicle and includes any
time during which the vehicle is temporarily station-
ary because of reasons related to driving, e.g., traffic
jams. Other work refers to any work except for driv-
ing and includes time spent for loading or unloading,
cleaning and technical maintenance, customs, etc.
The regulation places constraints on the minimum

duration and frequency in which rest periods must
be taken. A weekly rest period of at least 45 hours
shall start no later than 144 hours after the end of the
previous weekly rest period. Alternatively, a reduced
weekly rest period of at least 24 hours may be taken.
However, before the end of the third calendar week
(i.e., the week starting Monday 0.00 hours and end-
ing Sunday 23.59 hours) after the reduced weekly rest
period has been taken, the reduction shall be com-
pensated by an equivalent period of rest attached to
another rest period of at least nine hours. In any two
consecutive calendar weeks at least two weekly rest
periods must be taken, and the duration of at least
one of them must be of 45 hours or more. Weekly rest
periods falling in two calendar weeks may be counted
in either week but not in both.
Regular daily rest periods of at least 11 hours must

be completed within each period of 24 hours after the
end of the previous daily rest period or weekly rest
period. This regular daily rest period may be replaced
by a reduced daily rest period of at least nine hours.
However, a driver may have at most three reduced
daily rest periods between any two weekly rest peri-
ods. Alternatively, a regular daily rest period may be
replaced by two periods, the first of which must be
a rest period of at least three hours and the second a
rest period of at least nine hours. A daily rest period
may be extended beyond 24 hours after the end of
the previous daily rest period or weekly rest period.
Depending on the amount of extension the rest period
may be interpreted as a weekly rest period.
The accumulated driving time between the end of

a daily or weekly rest period and the beginning of the
next daily or weekly rest period must not exceed nine
hours. However, twice during a calendar week the
daily driving time may be extended up to at most ten
hours. The accumulated working time during a cal-
endar week must not exceed 60 hours. The accumu-
lated driving time during a calendar week must not
exceed 56 hours. The total accumulated driving time
during any two consecutive calendar weeks must not

exceed 90 hours. In any period of four months, the
average working time during a calendar week must
not exceed 48 hours.
A full break is completed after an uninterrupted

break of at least 45 minutes or after a break of at least
30 minutes, which is preceded by a break of at least
15 minutes. A driver may drive for at most 4 12 hours
without taking a rest period or a full break.

3. Discussion
The regulation imposes constraints on driving and
working hours between weekly rest periods and on
driving and working hours ranging across several
weeks. For most real-life operations detailed work
plans for truck drivers are only prepared for a rel-
atively short time frame, e.g., one week. If we only
schedule driving and working hours of truck drivers
focussing on the working period of one week, we
do not need to explicitly consider the provisions of
the regulation for longer time periods. Instead, we
can implicitly consider these regulations by modify-
ing the limits on the amount of driving and working
within the week of concern, which are determined
by the amount of working and driving in the previ-
ous weeks. As most truck drivers take weekly rest
periods on the weekend, we will assume through-
out this paper, that schedules are only generated for
a planning horizon of at most six days (144 hours),
which does not range across the night from Sunday to
Monday. Furthermore, we assume that, at the begin-
ning of the planning horizon, the driver returns from
a weekly rest period. Thus, the accumulated driving
and working time within the planning horizon is lim-
ited to 56 hours and 60 hours, or less, if the maxi-
mum amount of biweekly driving would be otherwise
exceeded. It must be noted, that without the above
assumptions a driver could legally drive for up to
67 hours within a period of six days. This is a result
of an inconsistency of the regulation, which imposes
some constraints on the time period between Monday
0.00 hours and Sunday 23.59 hours, and others on the
period between two consecutive weekly rest periods.
Thus, the weekly limits on the accumulated driving
and working time are not binding if a driver works
from Friday 0.00 hours to Wednesday 23.59 hours.
According to the regulation, break and rest peri-

ods may be taken in two parts. Figure 1 illustrates
how a short break of 15 minutes followed by a break
of 30 minutes can be scheduled to complete a full
break after 4 12 hours of driving. Regulation (EC)
No. 561/2006 does not specify a minimum amount
of driving that shall be conducted before taking the
first part of a break taken in two parts. As the amount
of driving before the first part may be arbitrarily
small, we can conclude that de facto a driver may
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Figure 1 Break Taken in Two Parts
Notes. If a short break of 15 minutes is scheduled after a driving period of duration t ∈ �0 h�4 1

2 h], a break of 30 minutes is sufficient to begin another driving
period of 4 1

2 hours.

take such a short break even before starting to drive.
Analogously, the first part of a rest period taken in
two parts may be scheduled before the driver starts
driving.
The regulation allows extending the daily driving

time from 9 to 10 hours and reducing the length of
a daily rest period from 11 to 9 hours. Although it
may be desirable to maximise the productive time of
the vehicle, making use of the respective provisions
also bears some risks. Schedules in which the daily
driving time is near its limit are very prone to large
delays caused by prolonged handling operations or
traffic congestion. According to European Commis-
sion (2003), every day 7,500 kilometres of European
highways are blocked by traffic jams. Although heavy
traffic can be predicted based on historic traffic flow
data, traffic jams caused by accidents can occur any-
where at any time. If robustness issues are ignored
when generating truck driver schedules, small delays
caused by such traffic jams may result in the need
for an additional daily rest period, and the com-
plete schedule may become void. On the other hand,
if schedules are generated without extending daily
driving times and reducing daily rest periods, a cer-
tain level of robustness is guaranteed for all sched-
ules. Figure 2 shows an example in which a delay of
15 minutes during handling operations and another
delay of one hour because of traffic congestion can be
compensated for by increasing the daily driving time
and reducing the length of a daily rest period. With-
out this compensation a delay of more than 11 hours
would be the result of those delays. To guarantee
a certain level of robustness, we will assume in the
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Figure 2 Extended Daily Driving Times and Reduced Daily Rest Periods May Be Used to Account for Delays

remainder of this paper that daily driving times must
not be extended and daily rest periods must not be
reduced when determining truck driver schedules.

4. The Truck Driver
Scheduling Problem

In this section we describe the truck driver schedul-
ing problem for truck drivers in the European Union.
Let us consider a sequence of locations denoted by
n1�n2� � � � �n� that shall be visited by a truck driver.
At each location n� some stationary work of dura-
tion w� shall be conducted. This work shall begin
within a given time window denoted by T�. The (pos-
itive) driving time required for moving from node n�

to the n�+1 shall be denoted by ����+1. The European
Union truck driver scheduling problem (EU-TDSP) is the
problem of determining whether driving and work-
ing hours of a truck driver can be scheduled in such
a way that all locations are visited within the given
time windows and that regulation (EC) No. 561/2006
is complied with.
To give a formal model of the problem, let us

denote by DRIVE any period during which the driver is
driving; by WORK any period of working time in which
the driver is not driving; by REST any period of rest
after which a daily rest period is completed; by REST1
any period of rest corresponding to the first part of
a daily rest period taken in two parts; by BREAK any
break period after which a full break is completed; by
BREAK1 any period corresponding to the first part of
a break period taken in two parts; and by IDLE any
period in which drivers are neither working nor driv-
ing and that is not regarded as a break or rest period.
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Note that a period denoted by REST may be a regular
rest period of at least 11 hours or the second part
of a daily rest period taken in two parts. Similarly,
a period denoted by BREAK may be a full break of at
least 45 minutes or the second part of a break period
taken in two parts.
A truck driver schedule can be specified by

a sequence of activities to be performed by the
drivers. Let � 	= 
a = �atype� alength
 � atype ∈ 
DRIVE�
WORK, REST� REST1, BREAK, BREAK1, IDLE�, alength > 0�
denote the set of driver activities to be scheduled.
Let ����� be an operator that concatenates differ-
ent activities. Thus, a1 � a2 � � � � � ak denotes a sched-
ule in which for each i ∈ 
1�2� � � � � k − 1� activ-
ity ai+1 is performed immediately after activity ai.
For a given schedule s 	= a1 � a2 � � � � � ak and 1 ≤ i ≤
k, let s1� i 	= a1 � a2 � � � � � ai denote the partial sched-
ule composed of activities a1 to ai. Recall that we
assumed that at the beginning of the planning hori-
zon, the driver returns from a weekly rest period. For
simplicity we will thus only consider schedules s 	=
a1 � a2 � � � � � ak that begin with a rest period, i.e.,
a
type
1 = REST.
Table 1 gives an overview of the parameters

imposed by the regulation. We use the follow-
ing notation for determining whether a schedule
complies with the regulation. For each schedule
s 	= a1 � a2 � � � � � ak with a

type
1 = REST we denote the

completion time by lends , the time of completion of
the last daily rest period by llast_rests , the accumulated
driving time since completion of the last rest period
by l

daily
s , the accumulated driving time since comple-

tion of the last full break or rest period by l
nonstop
s ,

Table 1 Parameters Imposed by Regulation (EC) No. 561/2006

Notation Value Description

t rest 11 hours The minimum duration of a daily rest period
taken en-block

t rest1 3 hours The minimum duration of the first part of a
daily rest period taken in two parts

t rest2 9 hours The minimum duration of the second part of
a daily rest period taken in two parts

tbreak 3
4 hours The minimum duration of a full break taken

en-block
tbreak1 1

4 hour The minimum duration of the first part of a
break taken in two parts

tbreak2 1
2 hour The minimum duration of the second part of

a break taken in two parts
tdaily 9 hours The maximum accumulated driving time

between a daily or weekly rest period and
the next daily or weekly rest period

tnonstop 4 1
2 hours The maximum driving time without a

stationary period representing a rest
period or full break

tday 24 hours The maximum time after the end of the
previous daily or weekly rest period after
which a new daily rest period must be
completed

the minimum time required to complete a new daily
rest period by lrests , and the minimum time required
to complete a new full break by lbreaks . All of these
values can be recursively computed during schedule
generation by

lends1�1
	=a

length
1 and lends�a 	= lends +alength�

llast_rests1�1
	= lends1�1

and llast_rests�a 	=


lends�a if atype=REST�

llast_rests else�

ldailys1�1
	=0 and

ldailys�a 	=




0 if atype=REST�

l
daily
s +alength else if atype=DRIVE�

l
daily
s else�

lnonstops1�1
	=0 and

lnonstops�a 	=




0 if atype∈
REST�REST1�BREAK��
l
nonstop
s +alength else if atype=DRIVE�

l
nonstop
s else�

lrests1�1
	= trest and lrests�a 	=




trest if atype=REST�

trest2 else if atype=REST1�

lrests else�

lbreaks1�1
	= tbreak and

lbreaks�a 	=




tbreak if atype∈
REST�REST1�BREAK��
tbreak2 else if atype=BREAK1�

lbreaks else�

For a given sequence of locations n1�n2� � � � �n� and
a work plan s = a1 � a2 � � � � � ak with a

type
1 = REST, let

us denote by i��
 the index corresponding to the �th
stationary work period; i.e., ai��
 corresponds to the
work performed at location n�. With this notation we
can now give a formal model of the problem.
The European Union truck driver scheduling prob-

lem (EU-TDSP) is the problem of determining for a
given sequence of locations, n1�n2� � � � �n�, whether a
schedule s 	= a1 � a2 � � � � �� ak with a

type
1 = REST exists

that contains exactly � work activities and satisfies
∑

i�1
≤j≤i��


a
type
j =DRIVE

a
length
j = ∑

1≤j≤k

a
type
j =DRIVE

a
length
j � (1)

a
length
i��
 =w� for each � ∈ 
1�2� � � � ���� (2)

lends1� i��
−1 ∈ T� for each � ∈ 
1�2� � � � ���� (3)
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∑
i��
≤j≤i��+1

a
type
j =DRIVE

a
length
j = ��� �+1

for each � ∈ 
1�2� � � � ��− 1�� (4)

ldailys1� i
≤ tdaily for each 1< i≤ k� (5)

lnonstops1� i
≤ tnonstop for each 1< i≤ k� (6)

a
length
i ≥ lbreaks1� i−1 for each 1<i≤k with a

type
i =BREAK� (7)

a
length
i ≥ lrests1� i−1 for each 1<i≤k with a

type
i =REST� (8)

a
length
i ≥ tbreak1

for each 1< i≤ k with a
type
i = BREAK1� (9)

a
length
i ≥ trest1 for each 1<i≤k with a

type
i =REST1� (10)

lends1� i
+ lrests1� i

≤ llast_rests1� i
+ tday

for each 1< i≤ k with a
type
i 
= REST� (11)

Condition (1) demands that all driving is conducted
between the first and the last work activity. Condi-
tion (2) demands that the duration of the �th work
activity matches the specified work duration at loca-
tion n�. Condition (3) demands that each work activ-
ity begins within the corresponding time window.
Condition (4) demands that the accumulated driving
time between two work activities matches the driving
time required to move from one location to the other.
Conditions (5) and (6) demand that the maximum
amount of daily or nonstop driving does not exceed
the limit given by the regulation. Conditions (7) to
(10) demand that each break or rest period has the
minimum duration required by the regulation. Con-
dition (11) demands that a new daily rest period can
be completed within 24 hours since the end of the last
rest period. In the remainder of this paper, we will say
that a schedule s 	= a1 � a2 � � � � � ak with a

type
1 = REST is

feasible if and only if it satisfies conditions (1) to (11).

5. Pseudofeasibility and Normality
An obvious approach in trying to solve the EU-TDSP
is to iteratively append activities to a partial schedule
until a feasible schedule is found. One of the difficul-
ties in solving the EU-TDSP by such an approach is
that it is not clear how to determine the best duration
of rest periods without looking at all future activities
to be scheduled. Obviously, we do not want to sched-
ule unnecessarily long rest periods, because this may
reduce the amount of time available until the end of
one of the time windows. On the other hand, if a
truck arrives at a location before the opening of the
time window, the driver may have to wait idle. This
idle time may unnecessarily increase the amount of
time since completion of the last rest period. As a new

daily rest period must be completed within 24 hours
after the end of the previous rest period, any rest
period should be long enough to avoid unnecessary
idle time.
Kok et al. (2009) tackled this problem by using a

heuristic approach which tries to extend rest peri-
ods in such a way that no idle time at the loca-
tions is required. Whenever a rest period is sched-
uled on a trip from location n� to location n�+1, the
method by Kok et al. (2009) sets the duration of the
rest period to a value that eliminates all idle time
on this trip. Thus, idle time at location n�+1 is only
scheduled when no rest period is scheduled during
the trip from n� to n�+1. A different approach, which
ignores constraint (11) during schedule construction,
is presented by Goel (2009). Achieving compliance
with (11) is attempted by using a repair method in
a postprocessing step. In some cases, however, time
window constraints prevent the repair method from
sufficiently increasing the duration of some of the rest
periods and compliance with condition (11) cannot be
achieved.
In the following, we will see that we can restrict

our search to schedules in which each rest period
appended to a partial schedule s has a duration of
exactly lrests . For this, we relax constraint (11) of the
EU-TDSP in such a way that the repair method pre-
sented by Goel (2009) is guaranteed to succeed. The
repair method extends rest periods and reduces sub-
sequent idle time in such a way that the comple-
tion time of the schedule remains unchanged. For any
work plan s let us denote the accumulated slack time
since completion of the last rest period by lslacks . This
value constrains the amount by which the duration of
the last rest period can be extended without increas-
ing the completion time of the schedule. It can be
recursively computed by

lslacks1�1
	= 0 and

lslacks�a 	=




0 if atype = REST�

lslacks + alength else if atype = IDLE�

lslacks else�

By extending the duration of the last rest period in
the schedule, the start time of some subsequent work
activities may be pushed to a later point in time. Thus,
we need to know the maximum amount by which the
duration of the rest period can be increased without
violating any time windows or exceeding the closing
time of the time window corresponding to the next
working period to be scheduled. Let us denote this
value by l

push
s . Let us furthermore denote by �maxs the

closing time of the time window corresponding to
the next work location to be visited. For every partial
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schedule s, the last rest period in the schedule can be
increased by at most lslacks +�maxs − lends without exceed-
ing the closing time of the next time window. Thus,
l
push
s can be recursively computed by

lpushs1�1
	=�maxs1�1

−lends1�1
and

lpushs�a 	=




�maxs�a −lends�a if atype=REST�

min
lpushs �lslacks +�maxs −lends �

else if atype=WORK�

l
push
s else�

Hence, the maximum amount by which the duration
of the last rest period in schedule s may be extended
without violating time window constraints or increas-
ing the completion time is

lextends 	=min
lslacks � lpushs ��

Now, let us replace condition (11) of the EU-TDSP by
condition

lends1� i
+ lrests1� i

≤ llast_rests1� i
+ lextends1� i

+ tday

for each 1< i≤ k with a
type
i 
= REST� (11’)

and let us say that a schedule s 	= a1 � a2 � � � � � ak with
a
type
1 = REST is pseudofeasible if and only if it satisfies
conditions (1) to (10) and (11’).
As lextends ≥ 0 for any feasible schedule s, we know

that each feasible schedule is pseudofeasible. Figure 3
illustrates the idea behind replacing condition (11)
by condition (11’). The first partial schedule in Fig-
ure 3 shows a situation in which a new rest period
would be required before the opening of the time
window of the next work location. However, it is
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Figure 3 Partial Schedules and the Time When the Next Rest Period Must Be Scheduled w.r.t. Condition (11) or (11’)

not possible to append a new rest period to the
schedule, because the time window of the location
closes before a new rest period can be completed.
The second partial schedule shows a schedule with
lends > llast_rests + tday − lrests and lends ≤ llast_rests + lextends+ tday − lrests . Thus, the schedule violates condition
(11) and satisfies condition (11’). However, we can
achieve compliance with condition (11) because the
duration of the last rest period can be extended by
as much as lextends without violating time windows or
increasing the completion time. At the bottom of Fig-
ure 3, we see that the schedule, which is obtained
by increasing the duration of the last rest period
by lextends (and reducing the duration of subsequent
idle periods), is feasible. As we can similarly trans-
form every pseudofeasible schedule into a feasible
schedule, the EU-TDSP is equivalent to the problem
of determining whether a pseudofeasible schedule
s 	= a1 � a2 � � � � � ak with a

type
1 = REST exists.

The advantage of searching for pseudofeasible
schedules is that we do not need to know the best
duration of rest periods during schedule generation.
Instead, we can start by scheduling rest periods which
are as short as possible. In a postprocessing step, the
duration of these rest periods can be extended to the
required length.
In general, the set of all pseudofeasible schedules is

too large to be enumerated. Let us now define crite-
ria indicating which schedules can safely be ignored
when solving the EU-TDSP.
Definition 1. A schedule s′ dominates another

schedule s′′ if some work plan s̃′ exists such that
s′ � s̃′ � s̃′′ is pseudofeasible for all s̃′′ for which s′′ � s̃′′ is
pseudofeasible.
Thus, if the schedule s′′ is dominated by schedule s′

and a pseudofeasible schedule for tour n1�n2� � � � �n�

exists that begins with the activities in schedule s′′,
then there also exists a pseudofeasible schedule for
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tour n1�n2� � � � �n� that begins with the activities in
schedule s′. Therefore, s′′ is not required for solving
the EU-TDSP. Criteria for dominance are given in the
following two lemmata.

Lemma 1. Let s′� s′′ be pseudofeasible schedules for the
partial tour n1� � � � �n� with 1≤ �< �. Schedule s′ domi-
nates s′′ if

lend
s′ ≤ lend

s′′ � l
daily
s′ ≤ l

daily
s′′ � l

nonstop
s′ ≤ l

nonstop
s′′ �

lbreak
s′ ≤ lbreak

s′′ � lrest
s′ ≤ lrest

s′′ �

llast_rest
s′ + lslack

s′ ≥ llast_rest
s′′ + lslack

s′′ � and

llast_rest
s′ + l

push
s′ ≥ llast_rest

s′′ + l
push
s′′ �

Proof. If lends′ = lends′′ , any activity a that can be
appended to the schedule s′′ without violating con-
straints (1) to (10) and (11’) can be appended to the
schedule s′ without violating constraints (1) to (10)
and (11’). After appending a, the conditions of the
lemma equally hold for s′ � a and s′′ � a. Thus, any
sequence of activities that can be appended to s′′ can
be appended to s′ without violating the conditions
for pseudofeasibility. If lends′ < lends′′ we can set s̃′ 	=
�IDLE� lends′′ − lends′ 
. We have lends′ �s̃′ = lends′′ and the condi-
tions of the lemma hold for s′ � s̃′ and s′′. Thus, any
sequence of activities that can be appended to s′′ can
be appended to s′ � s̃′. �

Lemma 2. Let s′� s′′ pseudofeasible schedules for the
partial tour n1� � � � �n� with 1≤ �< �. Schedule s′ domi-
nates s′′ if

lend
s′ + lrest

s′ + trest1+ tbreak1 ≤ lend
s′′ �

Proof. We can set s̃′ to a combination of activities
of type REST, REST1, BREAK1, and/or IDLE in such a
way that s′ � s̃′ dominates s′′ with respect to the condi-
tions of Lemma 1. �

To be able to efficiently solve the EU-TDSP by
subsequently constructing pseudofeasible schedules
for partial tours n1� � � � �n�, we now define sev-
eral normality conditions. For notational reasons, we
can require that each pseudofeasible schedule s =
a1 � a2 � � � � � ak satisfies the following condition:

for each 1< i≤ k	 a
type
i−1 
= a

type
i � (N1)

If we have a pseudofeasible schedule violating (N1),
we can simply transform the schedule into a pseudo-
feasible schedule satisfying (N1) by merging all sub-
sequent activities of the same type.
We can demand that the duration of each break or

rest period is as short as possible, i.e., that any sched-
ule s = a1 � a2 � � � � � ak satisfy the following:

for each 1< i≤ k with a
type
i = BREAK	

a
length
i = lbreaks1� i−1� (N2)

for each 1< i≤ k with a
type
i = REST	

a
length
i = lrests1� i−1� (N3)

for each 1< i≤ k with a
type
i = BREAK1	

a
length
i = tbreak1� (N4)

and
for each 1< i≤ k with a

type
i = REST1	

a
length
i = trest1� (N5)

Any schedule violating (N2), (N3), (N4), or (N5) can
be transformed by shortening the break or rest period
and inserting an idle period of appropriate length.
The first part of a break or rest is only beneficial if it

reduces the time required to complete a full break or
daily rest period. Therefore, we can require that each
schedule s = a1 � a2 � � � � � ak satisfy the following:

for each 1< i≤ k with a
type
i = BREAK1	

lbreaks1� i−1 > tbreak2� (N6)

and

for each 1< i≤ k with a
type
i = REST1	

lrests1� i−1 > trest2� (N7)

If a pseudofeasible schedule does not satisfy condi-
tion (N6), the short break does not bring any benefit
and can be replaced by an idle period of the same
length. If a pseudofeasible schedule does not satisfy
condition (N7), the short rest does not bring any ben-
efit compared to a break period and can be replaced
by a break period of the same length.
As a break period preceding a rest period or pre-

ceded by a rest period does not bring any benefit,
we can furthermore require that each schedule s =
a1 � a2 � � � � � ak satisfies the following:

for each 1< i≤ k with a
type
i−1 = BREAK	

a
type
i 
∈ 
REST1�REST�� (N8)

and

for each 1< i≤ k with a
type
i−1 ∈ 
REST1�REST�	

a
type
i 
= BREAK� (N9)

If a schedule does not satisfy condition (N8) or (N9),
we can replace the break period by an idle period of
the same length.
Takingbreakor restperiods in twopartsdoesnotgen-

erate any benefit if the first part is taken immediately
before the second part. Thus, we can require that each
schedule s = a1 � a2 � � � � � ak satisfies the following:

for each 1< i≤ k with a
type
i−1 = BREAK1	

a
type
i 
= BREAK� (N10)
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and

for each 1< i≤ k with a
type
i−1 = REST1	

a
type
i 
= REST� (N11)

If a pseudofeasible schedule does not satisfy condition
(N10) or (N11), we can delete the first part of the break
or rest and increase the length of the second part.
As idle activities represent unproductive periods,

they should only be scheduled if they are required
due to an early arrival at a work location. We can
demand that idle periods only be scheduled imme-
diately before work periods, i.e., that each schedule
s = a1 � a2 � � � � � ak satisfy the following:

for each 1< i≤ k with a
type
i−1 = IDLE	

a
type
i = WORK� (N12)

If a pseudofeasible schedule does not satisfy condi-
tion (N12), we can remove the idle activity and insert
it immediately before the next work period.
For any schedule s let us denote by �mins the open-

ing time of the time window corresponding to the
next work location to be visited. We can require that
each idle period be as short as possible, i.e., that each
schedule s = a1 � a2 � � � � � ak satisfy the following:

for each 1< i < k with a
type
i = IDLE	

a
length
i = �mins1� i−1 − lends1� i−1 � (N13)

If a pseudofeasible schedule does not satisfy condition
(N13), we can reduce the length of the idle activity
period and insert an idle period of appropriate length
after the next work period.
Taking break periods in two parts is only beneficial

if this helps us reduce the amount of idle time. We can
demand that activities of type BREAK1 only be sched-
uled before idle periods or work periods, i.e., that
each schedule s = a1 � a2 � � � � � ak satisfy the following:

for each 1< i≤ k with a
type
i = BREAK1	

a
type
i+1 ∈ 
WORK�IDLE�� (N14)

If a pseudofeasible schedule does not satisfy condi-
tion (N14), we can remove the activity of type BREAK1
and insert it immediately before the next break, idle,
or work period. If, after this transformation, the activ-
ity of type BREAK1 is followed by an activity of type
BREAK, we can do the same as in the case when (N10)
is violated.
Eventually, we can require that all driving time be

conducted as early as possible, i.e., that each schedule
s = a1 � a2 � � � � � ak satisfy the following:

for each 1< i < k with a
type
i ∈ 
BREAK�REST1�

and a
type
i+1 = DRIVE	

lnonstops1� i−1 = tnonstop� (N15)

and

for each 1< i < k with a
type
i = REST and a

type
i+1 = DRIVE	

ldailys1� i−1 = tdaily or lnonstops1� i−1 = tnonstop or

lends1� i−1 + lrests1� i−1 = llast_rests1� i−1 + lextends1� i−1 + tday� (N16)

If a pseudofeasible schedule does not satisfy condition
(N15) or (N16), we can move some of the driving time
to just before the break or rest.
All schedules obtained by modifying a schedule as

described above are pseudofeasible and the modified
schedule dominates the original schedule with respect
to the conditions of Lemma 1. Obviously, some of
the modifications may create a violation of another
normality condition. However, by iteratively trans-
forming a pseudofeasible schedule, we can achieve
a pseudofeasible schedule satisfying conditions (N1)
to (N16). We will say that a schedule satisfying (N1)
to (N16) is in normal form. As we can transform any
pseudofeasible schedule into a pseudofeasible sched-
ule in normal form, the EU-TDSP is equivalent to
the problem of determining whether a pseudofea-
sible schedule s 	= a1 � a2 � � � � � ak with a

type
1 = REST

exists that is in normal form.
In the next section we will present a scheduling

method that constructs pseudofeasible schedules in
normal form until the EU-TDSP is solved.

6. Scheduling Method
This section presents a scheduling method that iter-
atively takes a set of pseudofeasible schedules in
normal form for a partial tour n1�n2� � � � �n� and
extends each schedule to construct pseudofeasible
schedules in normal form for tour n1�n2� � � � �n��n�+1.
This process is repeated until the EU-TDSP for tour
n1�n2� � � � �n� is solved.
Because we assume that at the beginning of the

planning horizon, the driver returns from a weekly
rest period, we only consider schedules which begin
with a weekly rest period with a duration of at least
tweekly 	= 45 hours. Then, the scheduling method illus-
trated in Figure 4 is initially invoked with �= 1 and

�1 =
{(
REST�max
tweekly�minT1�

)·�WORK�w1
�(
REST�max
tweekly�minT1−tbreak1�

)·�BREAK1�tbreak1

·�WORK�w1
�

(
REST�max
tweekly�minT1−trest1�

)

·�REST1�trest1
·�WORK�w1
�(
REST�max
tweekly�minT1−trest1−tbreak1�

)

·�REST1�trest1
�BREAK1�tbreak1
·�WORK�w1

}
�

Note that any other pseudofeasible schedule in nor-
mal form for �= 1 is dominated by one of the sched-
ules in �1. Within the scheduling method �s denotes
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� := ��

choose s ∈ � and set � ← � \ {s}

s ← s . (DRIVE , ∆)

� ′ ← � ′ {s . (REST1, t rest1), s . (REST1, t rest1) . (BREAK1, tbreak1)}

[�s = 0]

[else]

[else]

s s{s . (IDLE, minT�+1 – l end) | s ∈ � ′, l end < minT�+1}

l end + w�+1+ l rest ≤ l last_rest + l extend + tday}s s s s

[else]

� ′ = {s . (BREAK , lbreak)}s

[else]

[else]

[else]

l last_rest + l extend + tday – l end – l rest}s s s s

∆ := min{�s, tdaily – ldaily, tnonstop – lnonstop,s s

[∆ > 0]

[else]

s[ldaily < tdaily]

s

l last_rest + l extend + tday}s s

[l rest > t rest2]

[� = ∅]

[lbreak > tbreak2]

[l rest > t rest2]

� ← � {s . (REST, l rest)}s

� ′ = {s, s . (BREAK , lbreak), s . (BREAK , lbreak) . (BREAK1, tbreak1),

s . (REST , l rest), s . (REST, l rest) . (BREAK1, tbreak1),

s . (REST , l rest), s . (REST1, t rest1) . (BREAK1, tbreak1)}
s . (REST , l rest) . (REST1, t rest1),

s

s

s

s

s

s

s

s

⊂

� ′ ← � ′ {s . (BREAK1 , lbreak1)}s⊂

⊂

�″ = {s | s ∈ � ′, l end ∈ T�+1}s ⊂

��+1 ← ��+1 {s . (WORK , w�+1) | s ∈ �″,⊂

� ′ ← � ′  {s . (REST1, t rest1)}⊂

� ← � {s ∈ � ′ | l end + l rest <s s⊂

Figure 4 Scheduling Method

for each partial schedule s the remaining driving time
required to reach the next location n�+1.
Before describing the scheduling method in detail,

let us make the following observation. Because of the
normality conditions (N1), (N12), and (N14) we know
that activities of type BREAK1 or IDLE must only be
scheduled after arrival at the next location; i.e., they
must only be scheduled if �s = 0. Thus, if �s > 0,
we must only schedule activities of type DRIVE, BREAK,
REST1, or REST until the next location is reached.
Because of the normality conditions (N1), (N8), (N9),
and (N10) we know that an activity of type BREAK,
REST1, or REST can only be succeeded by another

activity of type BREAK, REST1, or REST if the first activ-
ity is of type REST and the second is of type REST1.
This activity of type REST1 must be succeeded by an
activity of type DRIVE. This, however, violates condi-
tion (N15). Thus, we can make the observation that if
�s > 0 and the last activity of s is of type BREAK, REST1,
or REST, then the next activity must be of type DRIVE.
The scheduling method starts by choosing a partial

schedule s ∈� . In the beginning of the method � only
contains schedules in ��. Thus, the last activity of
the chosen schedule is of type WORK. Now, the method
determines the minimum of the remaining driving
time to the next location, the available time of driving
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until the maximum daily driving time is reached, the
available time of driving until the maximum nonstop
driving time is reached, and the maximum time until
a new rest period must be scheduled. If this value,
which is denoted by �, is zero, then no driving activ-
ity must be scheduled. Otherwise, � > 0. Assume
that we would continue by scheduling an activity of
type BREAK, REST1, or REST. Then this activity would
have to be succeeded by a driving period. This, how-
ever, would violate condition (N15) or (N16). Thus,
the scheduling method must continue by schedul-
ing an activity of type DRIVE. The duration of this
driving period must be �, because any smaller value
would result in the need for another driving period
which would have to be scheduled after a break
or rest period. This, again, would violate condition
(N15) or (N16).
If �s = 0 at the second junction in the figure, the last

activity of s must be the last driving activity before
reaching location n�+1. The method creates a copy of
the schedule for every combination of break, rest, and
idle periods that can be appended to the schedule s
without violating conditions (N1) to (N14). The work
activity is appended to each of these copies, and each
schedule satisfying condition (11’) is included in the
set ��+1.
If �s > 0 at the second junction in the figure, an

activity of type BREAK, REST1, or REST must be sched-
uled before the next driving period. The method adds
a copy of the schedule, appends an activity of type
REST, and includes it in the set � . If ldailys = tdaily, this
is the only schedule that must be considered. Other-
wise, the method creates another copy of the sched-
ule and appends an activity of type BREAK. If lrests >
trest2, the method creates a third copy of the sched-
ule and appends an activity of type REST1. However,
these two copies are only included in the set � if
lends + lrests < llast_rests + lextends + tday, because otherwise, an
activity of type REST would have to follow the activity
of type BREAK or REST1. This, however, would violate
condition (N8) or (N10).
As long as � 
= �, the method continues by choos-

ing the next partial schedule in the set. The last activ-
ity of this schedule may now be of type WORK, BREAK,
REST1, or REST. The algorithm continues with the same
steps as described above to find all pseudofeasible
schedules in normal form for �+ 1 that can be deter-
mined when starting with the set ��.
If we start with �1 and �= 1, we can solve the EU-

TDSP by repeatedly invoking the scheduling method
and increasing � until � = � or �� = �. Without
removing dominated schedules from ��, the number
of partial schedules generated by such an approach
may grow exponentially. Luckily, we can remove all
dominated schedules from �� each time before we
invoke the scheduling method. Although the number

of nondominated partial schedules may remain very
large, we can solve the EU-TDSP without constructing
unnecessarily many partial schedules.

7. Computational Experiments
Scheduling driving and working hours is of par-
ticular importance for long distance haulage where
drivers do not return home every day. To evaluate
the scheduling method presented in this paper we
generate benchmark instances for a planning horizon
starting on Monday morning and ending on Friday
evening. In the benchmark set each handling activ-
ity requires one hour of working time (i.e., w� = 1
for all 1 ≤ � ≤ �) and the driving time between two
subsequent locations is 4, 8, 12, or 16 hours (i.e.,
����+1 ∈ 
4�8�12�16� for all 1 ≤ � < �). Assuming an
average speed of 75 km/h, this implies that the dis-
tance between two subsequent locations ranges from
300 km to 1,200 km. Each location must be visited on
a specific day between 6.00 h and 13.59 h or between
14.00 h and 21.59 h.
In total, around 15.6 million instances were gener-

ated in which time window constraints could be sat-
isfied if driving and working times were unrestricted.
Only 662,308 of these instances do not exceed the
accumulated weekly driving and working times of
56 and 60 hours, respectively.
We compare various variations of the scheduling

method presented in this paper with the naïve and
multilabel method presented by Goel (2009) and the
method presented by Kok et al. (2009). The method
presented in the previous section can be interpreted
as a breadth-first search (BFS) algorithm. A varia-
tion of the BFS method can be obtained if we do
not schedule any activities of type BREAK1, i.e., if
no split breaks are scheduled. We denote this varia-
tion by NSB-BFS. Three more variations of the NSB-
BFS method have been implemented which perform
an incomplete search; i.e., only the most promising
partial schedules in the set �� are considered when
invoking the scheduling method. For this, the sched-
ules s ∈�� are ordered in a lexicographical way based
on the schedule characteristics

(
lends �−min
tdaily− ldailys � tnonstop− lnonstops � llast_rests

+ lextends + tday− lends − lrests �� lrests

)
�

That is, the schedules are ordered based on their
completion time, the maximum duration of the next
driving period, and the amount required to complete
a rest period. We denote the methods in which only
the first three, four, or five schedules in �� are con-
sidered by NSB-IBFS3, NSB-IBFS4, and NSB-IBFS5.
Table 2 gives an overview of the number of

instances for which a feasible schedule is found by
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Table 2 Results

Algorithm Instances Time �= 3 �= 4 �= 5 �= 6 �= 7 �= 8 �= 9 �= 10 �= 11 �= 12

BFS 43,882 160'17" 100 100 100 100 100 100 100 100 100 100
NSB-BFS 43,797 69'01" 100 100 100 99�80 99�93 99�65 99�92 99�69 99�89 98�48
NSB-IBFS5 40,610 53'34" 100 100 99�21 96�76 93�96 91�84 90�68 89�56 92�22 90�91
NSB-IBFS4 40,022 49'25" 100 100 98�52 95�81 92�86 90�90 89�17 88�16 90�10 92�31
NSB-IBFS3 39,024 46'06" 100 100 98�52 95�28 91�70 88�56 85�93 83�00 81�44 77�27
Multilabel 37,484 17'23" 100 100 95�85 92�33 88�57 86�00 82�90 76�82 65�11 45�45
Kok et al. (2009) 34,520 16'34" 100 100 95�45 91�30 87�06 81�10 71�88 58�20 40�78 15�15
Naïve 33,952 15'35" 100 100 94�27 87�54 81�98 77�34 72�84 66�69 57�22 36�36

Note. The number of instances for which a feasible schedule is found by the method, total computation time required, and percentage of instances for which
a feasible schedule is found is shown above.

the method and total computation time required. Fur-
thermore, Table 2 shows the percentage of instances
with a given length �, for which the approach finds
a feasible schedule with respect to the number of
instances for which a feasible schedule exists. As the
BFS method finds a feasible schedule for a given
instance if such a schedule exists, we can conclude
that for 43,882 instances a feasible schedule exists, and
for the other 618,426 instances which do not exceed
the accumulated weekly driving and working time,
no feasible solution exists for the EU-TDSP. We can
see that the BFS method finds a feasible schedule for
significantly more instances than the methods pre-
sented by Goel (2009) and Kok et al. (2009). How-
ever, the computational effort to solve the EU-TDSP
is much higher than the effort required by the simpler
methods. This increased computational effort results
from the relatively large number of partial sched-
ules that are considered by the BFS algorithm. In our
experiments, up to 230 different nondominated partial
schedules were considered by the BFS algorithm for a
single instance. The NSB-BFS method which does not
schedule any activity of type BREAK1 requires signifi-
cantly lower computation time and only fails to find
a feasible schedule in 85 cases. We can conclude that
taking break periods in two parts does not generate
a big benefit for long distance haulage. NSB-IFBS3,
NSB-IFBS4, or NSB-IFBS5 can be used to reduce com-
putation time at the cost of not finding a feasible
schedule for some of the instances.
It must be noted that we can also use a depth-first

search (DFS) variant of the algorithm outlined above.
In each iteration, this DFS version would use exactly
one of the partial schedules in �� to generate feasi-
ble partial schedules for the tour n1�n2� � � � �n�+1. Such
a DFS algorithm would have the advantage that it
would be able to find a feasible schedule for some of
the “easy” instances in linear time and, thus, just as
quickly as the fast approaches presented in previous
papers. However, the DFS version has the disadvan-
tage that it may consider some partial schedules that
are dominated and removed in the BFS version. Thus,
for “harder” instances, a higher computational effort

may arise for the DFS approach. In computational
experiments we were able to observe this disadvan-
tage and saw that the DFS approach actually requires
slightly more time than the BFS version.
In Table 2 we can see that methods presented in

previous papers succeed in finding a feasible schedule
for a very small percentage of instances with larger
numbers of locations in the tour. To increase prof-
itability, carriers seek to increase the number of tasks
to be performed by each vehicle. For those tours that
are likely to be among the most profitable ones (i.e.,
those having the highest number of locations) the
methods presented in this paper bring the highest
benefit compared to the simpler—yet faster—methods
presented by Goel (2009) and Kok et al. (2009).

8. Conclusions
Scheduling working and driving hours of truck
drivers is a highly complex task in the presence of leg-
islatory constraints. Despite their importance, restric-
tions on drivers’ working hours have attracted very
little interest in the literature. This paper presents
a BFS method and several variations for scheduling
driving and working hours of European truck drivers.
Unlike previous approaches, the BFS approach pre-
sented in this paper is guaranteed to find a feasible
truck driver schedule, if such a schedule exists. Com-
putational experiments demonstrate that previous
approaches succeed in finding a feasible schedules
for less than a half of the instances with the highest
number of locations to be visited. The experiments
furthermore demonstrate that taking break periods
in two parts, i.e., a first part of at least 15 minutes
and a second part of at least 30 minutes, does not
bring a big benefit for long distance haulage. The
NSB-BFS method, which does not consider the pos-
sibility of taking break periods in two parts, can be
used to significantly reduce the computational effort,
compared to the BFS. Further computational gains can
be achieved by performing an incomplete search. The
NSB-IFBS3, NSB-IFBS4, and NSB-IFBS5 approaches
only consider the most promising three, four, or five
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partial schedules in each iteration. However, NSB-
IFBS4, and NSB-IFBS5 still find a feasible schedule for
about 90% of all instances generated.
All methods can be embedded into local search-

based optimisation methods for combined vehicle
routing and truck driver scheduling. Whenever a new
tour for a vehicle is obtained by some neighbourhood
move, the methods can be used to determine whether
the modified tour satisfies time window constraints
and regulation (EC) No. 561/2006. Depending on the
amount of computation time available, the BFS, one
of its variants, or the previous methods presented
by Goel (2009) or Kok et al. (2009) can be applied.
If schedules are prepared on a weekly basis, the entire
weekend may be available for optimisation. The sig-
nificant better performance in terms of number of
instances for which a feasible schedule can be found
by one of the methods presented in this paper, should
be worth the additional computational effort.
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