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This paper provides a solution to the driver break scheduling problem that can be integrated into current
solvers for the generalised pick-up and delivery problem (GPDP) with a negligible increase in development
costs. The driver break scheduling problem affects truck drivers who are required to adhere to working time
and/or driving time regulations that oblige them to take mandatory breaks. These regulations are in force in
many countries across the European Union, Great Britain, Australia, New Zealand, and the United States. We
propose a flexible solution strategy that combines routing with driver break scheduling, taking into account
both Regulations (EC)561/2006 and 2002/15/EC within a single day of operation. We deliberately incorporate
driver breaks into the routes generated, with the aim of minimising route duration. The method proposed in
this paper is particularly beneficial for the solvers that have not initially implemented driver break rules but
need to introduce this functionality to accommodate customers, given the critical nature of driver break rules
for effective scheduling. This is a flexible approach because the method proposed here can be applied directly
to any individual route and at any stage of the scheduling process. For instance, it can be used during the
constructive heuristic or the improvement heuristic phases. It is also applicable at the column generation stage
of an exact method after a route has been constructed. This method is particularly beneficial when a human
scheduler wishes to make manual adjustments along a single route, such as adding or removing an order from
the route. Experimental analyses, grounded in two benchmark instances, affirm the efficacy of the proposed
method. Results indicate that the method yields a 6.1% decrease in distance, a 1.7% reduction in duty time, and
a 1.1% decrease in the number of unassigned tasks when contrasted with the standard compliant approach. We
also offer guidance on how to tailor this method for driver break scheduling in accordance with the regulatory
standards of Australia and New Zealand.

1. Introduction Generally, GPDP can be viewed as a routing problem that models
real-world situations where loads need to be transported from multiple
origins to multiple destinations by a fleet of vehicles. Each load has a
transportation volume, a pick up location and a deliver location. Each
vehicle has a capacity, a start location, and an end location. The goal
is to find the best routes for the vehicles to serve all the transporta-

tion requests without splitting any load. The Generalised Pickup and

The General Pickup and Delivery Problem (GPDP) (Savelsbergh and
Sol, 1995) holds significant importance as it represents a complex class
of Vehicle Routing Problems (VRP) that are integral to optimising
logistics and transportation systems. This problem models real-world
scenarios where a fleet of vehicles must pick up and deliver items
between various locations, reflecting the operations of courier services,

freight transport, and ride-sharing. Efficient solutions to GPDP can lead
to substantial reductions in operational costs, improvements in delivery
times, and enhanced customer satisfaction. Moreover, the complexity
and NP-hard nature of GPDP drive research into advanced algorithm
development, which is crucial for businesses looking to improve their
logistics in the face of growing e-commerce demands and the need
for sustainable operations. Solving GPDP effectively has a direct eco-
nomic impact, aids in resource optimisation, and supports technological
advancements in real-time routing and tracking systems.

* Corresponding author.

Delivery Problem with Time Windows (GPDPTW) extends the GPDP by
incorporating additional constraints that limit the time windows within
which pickups and deliveries must occur at each customer site, thereby
further complicating the routing and scheduling challenges faced by
logistics providers.

Drivers working time and break time should follow the driving and
working regulations to ensure road safety. The integration of driver
break scheduling with the GPDPTW holds immense significance in
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the optimisation of logistics and transportation systems. As GPDPTW
models real-world scenarios where fleets of vehicles are tasked with
transporting goods between multiple origins and destinations, it inher-
ently involves the management of driver schedules. Embedding driver
break scheduling within GPDPTW algorithms ensures compliance with
driving regulations, such as the EU Regulation (EC)561/2006 and Di-
rective 2002/15/EC, which mandate working times and break periods
for commercial vehicle drivers. By synchronising driver breaks with
delivery schedules, the risk of driver fatigue and non-compliance with
regulatory requirements is mitigated, thereby enhancing road safety
and operational efficiency.

The provisions defined in both Regulations (EC)561/2006 and Di-
rective 2002/15/EC are considered in this paper. However, due to
the daily-focused nature of our customers’ planning, where routes are
typically planned only for the subsequent day, the paper addresses a
case in which each truck driver’s itinerary is limited to a single day
of operation. Consequently, the focus is solely on scheduling driver
breaks within that day. In other words, the planning does not incorpo-
rate extended rests, such as the 11-h daily rest or the 45-h weekly rest
regulations, which extend beyond the confines of individual working
days.

The Regulation (EC)561/2006, referred to as the driving regulation
in this paper, sets forth standards for driving times and mandatory
rest periods for commercial vehicle drivers, as described in Benus and
Demirci (2020). According to this regulations, for a single day’s plan,
the following constraints should be met:

1. The maximum daily driving time is 9 h.
2. The rest periods could be one of the following:

(a) For every 4.5 h of driving, drivers must take a break of at
least 45 min. This break starts a new 4.5-h driving period.

(b) For every 4.5 h driving, drivers can take either one 45-
min break, or two smaller breaks, one of at least 15 min
followed by another of at least 30 min.

Directive 2002/15/EC (Gibson et al., 2017), referred to as the
duty regulation in this paper, is a legislative act that concerns the
working time for drivers or mobile workers engaged in road transport
activities. In this paper, for the sake of simplification, we use drivers to
represent both drivers and mobile workers, assuming that drivers can
perform not only driving, but also loading/unloading, and maintenance
work. This regulation sets out the maximum working limits on working
time, including driving time, other work-related activities, and on-call
time. Duties of truck drivers include driving vehicles and other work-
related duties such as loading and unloading, vehicle inspections and
maintenance, and any other paid work.

According to this act, for a single day’s plan, the following con-
straints should be met:

1. Drivers cannot work more than 6 h without a break. A break
should be at least 15 min long.

2. Drivers need a 30-min break if they work 6 to 9 h in total.

3. Drivers need a 45-min break if they work more than 9 h in total.

As mentioned, these limits are intended to prevent fatigue and
ensure that drivers have adequate time for rest and recuperation, and
therefore improve road safety and ensure fair competition within the
road transport sector across EU member states.

In this paper, we consider a GPDP in which the service of each
customer must start within a specified time window and all tours must
comply with the driver break regulations. We refer to this problem
as the General Pickup and Delivery Problem with Time Windows and
Driver Break Schedule (GPDPTW-DBS).

This rest of the paper is organised as follows: Section 2 reviews
the related literature, discussing how our work differs from previous
studies after summarising the key findings of existing research in the
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field. Section 3 defines the problem of integrating routing and driver
break scheduling, considering both Regulations (EC)561,/2006 and
2002/15/EC within a single day of operation. Section 4.1.1 presents
the algorithm for generating driver breaks that comply with both regu-
lations. Section 4.1.2 discusses some issues of inefficiency in generating
compliant schedules and proposes a solution method to improve them
in Section 4.1.3. Section 4.2 introduces a solution framework that
integrates driver break scheduling with both local search and large
neighbourhood search approaches. Section 5 reports the computational
results of the proposed methods. Section 6 concludes the study.

2. Literature review

Archetti and Savelsbergh (2009) shows that it is hard to check the
feasibility of a route after adding driver break regulations, let alone
finding the optimal break patterns. Goel (2009) presents a labelling
algorithm for (EC)561/2006 that verifies the feasibility of inserting or
removing individual customers from a route. However, their approach
does not account for the possibility of driver break splits (i.e., dividing
the driver’s break into two separate break periods).

Goel and Irnich (2017) exclusively focuses on the regulations set
forth in (EC)561/2006 and proposes dominant rules for selecting
the optimal routes and strategies within the column generation sub-
problem. Goel (2018) proposes a scheduling approach that focuses
on finding a feasible schedule (break and rest activities) for a given
route. Both Regulation (EC)561/2006 and Directive 2002/15/EC are
considered, with the assumption that a break can only be either 45 min
or 15 min followed by 30 min. Finding a schedule may need to evaluate
many different sequences and durations of driver activities. In one
of the authors’ previous works (Goel, 2009), the driving periods are
scheduled with the longest possible durations, and the off-duty periods
are scheduled with the shortest possible durations required by the
regulation. This study uses heuristics to generate vehicle tours that
comply with some parts of the driver break and rest regulations; it
only considers parts of the rules set by Regulation (EC)561,/2006 and
assumes that break splitting (i.e., a 45-min break split into 15 min
followed by a 30-min period) is not allowed. Prescott-Gagnon et al.
(2010) uses a labelling approach to find feasible partial paths with
breaks and rests on the arcs. A label is a resource vector that shows
the state of the path. The driving time between two customers cannot
exceed 4.5 h, so no breaks are allowed between them. This study does
not model driver activities in detail but only checks if a route is feasible
when a customer is added using a procedure. Although this study
takes into account both Regulation (EC)561/2006 and 2002/15/EC, it
operates under the assumption that only a 45-min break is considered.
The study does not account for the possibility of split breaks or rest
periods that span across different days.

Goel and Irnich (2017) studies a more realistic version of the
VRPTW that considers working-hour constraints. The paper explicitly
models the driver activities and proposes a method to select the best
candidate path without evaluating all possible combinations of driver
activities (such as driving, waiting, breaking, etc.). The paper employs
a parameter-free model for labelling to solve the pricing problem
efficiently using the standard shortest path problems with resource
constraints algorithm and the column generation approach. The same
set of rules from Regulation (EC)561,/2006 considered in Goel (2010)
is applied. This approach is further improved by Tilk and Goel (2020),
which utilises a bidirectional method. Sartori et al. (2022) introduces
the truck driver scheduling problem with interdependent routes and
resolves it by employing the label propagation algorithm. This algo-
rithm is capable of scheduling interdependent routes in compliance
with (EC)561/2006, with the assumption that break splitting is not al-
lowed. The paper discusses potential extensions that would incorporate
Directive 2002/15/EC and permit the splitting of driver breaks.

Some studies have explored the effect of delaying or advancing the
vehicles’ departure time, assuming that having compact duty time leads
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to cost savings. These studies also consider regulation (EC)561,/2006 in
their models (Archetti and Savelsbergh, 2009; Kok et al., 2010).

It can be seen that most of the literature focuses on either the full set
or part of the regulations of (EC)561/2006, with the assumption that
driving constitutes the main activity of drivers and therefore complying
with (EC)561/2006 is sufficient to satisfy 2002/15/EC.

Nonetheless, the option of break split has not been extensively
explored, with the majority of researchers assuming a limited set of
break patterns, such as a single 45-min break or a sequence comprising
a 15-min break period followed by a 30-min break period. The later
presumption is based on the provision of (EC)561,/2006, which allows
for a break to be split into two periods, the first being at least 15 min
and the second at least 30 min.

In practice, however, the scheduling of breaks may exhibit greater
flexibility, and the break patterns should be more varied to adapt to
real-life situation. For instance, if a driver arrives at the customer’s
site 20 min ahead of the designated time window open due to more
favourable traffic conditions than anticipated, this could present an
opportunity to allocate a 15-min break; later on, another 15-min break
period can be assigned due to a similar situation for this driver.
Consider that these two 15-min breaks are allocated within a time
span of 6 h; even though the two 15-min break periods are not con-
sidered a valid break under (EC)561/2006, they satisfy the rule set by
2002/15/EC, which requires a 30-min break if working between 6 and
9 h in total and a driver cannot work for more than 6 h without a break.

In fact, some of those break patterns not considered in the literature
mentioned above could be legitimate and are observed in real-world
practices. For example, consider a route with three break periods:
30 min, 15 min, and 30 min. The first 30-min break period is required
by Regulation (EC)2002/15. Obviously, the first two break periods
(i.e., 30 min and 15 min) are not considered a valid break under
Regulation (EC)561/2006 within the time span covering those breaks,
because according to that regulation, in the case of two short breaks,
one must be at least 15 min, followed by another of at least 30 min.
However, if we move the time span afterward, the last two break
periods (i.e., 15 min and 30 min) would be considered a valid break
by Regulation (EC)561/2006. Therefore, in our study, a sequence of
two short breaks consisting of 30 min and 15 min is allowed.

Furthermore, research on the interplay between driver breaks as
mandated by Regulations (EC)561/2006 and No 2002/15/EC is some-
what limited. In practice, when scheduling breaks in compliance with
both regulations independently, there is a risk of scheduling an exces-
sive number of breaks. This study aims to address this issue by inves-
tigating methods to reduce the overall number and duration of driver
breaks. Additionally, the paper offers strategies for promptly adjusting
planned breaks in response to disruptions, such as the need for longer
breaks or general delays. In response to these changes, reoptimising
the entire delivery plan on a rolling basis could result in widespread
adjustments to all drivers’ schedules, a practice not favoured by drivers
as this may lead to a sense of uncertainty and stress for the drivers.
This paper introduces a solution that efficiently recalibrates only the
remaining breaks for each route as necessary, ensuring compliance
with both regulations (EC)561/2006 and 2002/15/EC. The primary
objective of driver break scheduling is to minimise the frequency
and cumulative duration of breaks while maintaining compliance with
regulatory standards.

The literature review also reveals that many existing studies, such
as Prescott-Gagnon et al. (2010) and Goel and Irnich (2017), employ
forward labelling techniques to evaluate routes. In these studies, labels
are used to represent the various states of a truck driver following
a series of activities, including breaks, rest periods, driving times,
and other work-related activities. These labels are updated after each
activity through the use of a resource extension function (REF). As the
algorithm progresses and nodes are updated (i.e., by extending labels
along a route), the number of alternative labels/variables generated
by the scheduling approach can increase rapidly, requiring additional
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procedures to delete all dominated labels. In contrast, our approach
maintains a constant number of variables as node visits proceed. Similar
to the strategy used in the research by Sartori et al. (2022), our paper
proposes an alternative method that does not require the storage of
activity data at each customer node. Instead, we dynamically update
variables related to driver breaks as the route progresses and schedule
breaks when certain criteria are met.

3. Problem definition

The GPDPTW-DBS is defined in a graph G = (N, A), where N =
PUDUW, and A is the set of arcs connecting pairs of nodes. Let P be
the set of pickup nodes (i.e. locations) , and D be the set of delivery
locations. Let M be the set of vehicles, where each vehicle k € M
has a capacity Q,, a start location k* and an end location k~. Define
Mt = {k*|k € M} as the set of start locations and M~ = (k™ |k € M}
as the set of end locations, such that W = M* u M~. Every arc
(i,j) € A,i,j € N has an associated driving time §; ; to travel from
location i to ;.

A customer request is a pair of nodes (p,d),p € P,d € D, such that
a vehicle has to transport goods from p to d. Every node i € N has an
associated time window [e;, [;], where ¢; is the earliest starting time and
I; is the latest starting time. A vehicle can arrive before ¢; and wait to
start the service, but cannot arrive later than /;. Let ¢; be the demand at
node i, so that for each request (p, d), the demand g, > 0 and g, = —q,,.

A solution to the GPDPTW-DBS is a set R = {r,r,, ... STiRl) of routes
meeting all (or most) requests. Assume route r € R is a sequence
consisting of n visits {0,1,2,3,...,n — 1} and a driver break schedule
B, which is a set containing the start time and duration of required
breaks {(t,.‘j, l,.‘j), (tizj, lizj), o (tl.f‘, ll‘.fl)}. The solution must satisfy all time
windows, ensure that the maximum capacity of the vehicle is never
exceeded, require that each pickup is visited before the corresponding
delivery location, and ensure that both pickup and delivery belong
to the same route. Additionally, the vehicle must start from its start
location and return to its end location.

In this paper, the objective is to find a set of routes to fulfil as much
customer demands as possible (i.e. minimise the number of unassigned
requests) and minimise the cost. The cost is measured by the total duty
time, therefore, the route with » visits is a, — a), where g; indicates the
arrival time of location i.

4. Methodology framework

This section comprises two key subsections, namely, Section 4.1
Generating Break Schedules and 4.2 Generating Full Solutions, which
focus on integrating break schedules into routes. Section 4.2 delves
into the methodology of generating comprehensive solutions encom-
passing vehicle routing and driver break schedules, offering a holistic
perspective on the optimisation process.

4.1. Generating break schedules

This section discusses generating the break schedules complying
with the two regulations, (EC)561,/2006 and 2002/15/EC. The process
of generating general compliant schedules is elucidated, ensuring ad-
herence to both regulations. However, it is noted that such compliant
schedules may lead to inefficient driver break assignments, causing
longer route durations. To address this issue, we propose an advanced
approach to enhance the efficiency of driver breaks and shorten route
durations. Through the presentation of real-world examples, the ineffi-
ciencies inherent in compliant driver break schedules are highlighted,
followed by the introduction of two strategies aimed at generating more
advanced schedules.
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Table 1
Notations used in the problem formulation.

Notation Description

Variables

pstart duty start time.

a; arrival time at location i.

w; wait time at location i.

d, departure time from location i.

s; service time at location i.

8 driving time between locations i and j.

5,’;”“" latest driving time left to trigger a break between locations i and j.

6:]’”’ remaining driving time between locations i and j, i.e., the driving time before reaching location ;.

L; total break time within the leg from i to j.

1 starting time of the mth break; for clarity, we use ‘drive‘ or ‘duty‘ to distinguish the break generated by driving regulation (/[’j‘d"’”")
or duty regulation (l,";‘d“”').

15 length of the m™ break, where m € Z*; similarly, for clarity, we use ‘drive‘ or ‘duty* to distinguish the break generated by driving
regulation (IZ"""”") or duty regulation (I:’;"""y ).

B the set of generated breaks of a route, i.e., B = [(t?/,lf’/),(t,‘j,ll'j), o

LAy accumulated working duration.

Lot accumulated driving duration at location i since last driving reset.

Lbreak accumulated break duration at location i.

Ljpreak the accumulated break since the last driving reset at location i; if L% > 15 min, the next driving break can be reduced to 30 min.
Following this, a new driving period of up to 4.5 h can commence, which will reset the value of Lf’””“‘g to 0.

[ breaklworklst the total break duration until the first threshold for assigning a duty break (i.e., /oreaklworklsty,

[ breaklwork2nd

the total break duration until the second threshold for assigning a duty break (i.e., /Preeklwork2ndy,

Data Constants

[break the minimum duration of a break (set by default to 45 min).
[break|lst the minimum duration of the first part of a break taken in two parts (set by default to 15 min).
[break|2nd

dutyBreak Requirement1

dutyBreak Requirement2

the minimum duration of the second part of a break taken in two parts (set by default to 30 min).

to encapsulate the regulation requiring a driver to take a 30-min break when working between 6 and 9 h in total (set by default to
30 min).

to account for the provision that mandates a 45-min break if working more than 9 h in total (set by default to 45 min).

[breakldrive the maximum driving time without a break (set by default to 270 min).
[breaklworklst the first threshold of assigning a duty break (set by default to 360 min).
[breaklwork2nd the second threshold of assigning a duty break (set by default to 540 min).

4.1.1. Generating general compliant schedules

The route time scheduling algorithm handles the driver break re-
quirements, which updates time-related information such as arrival
time, waiting time, delay, and departure time for each visit in the route.
This section discusses the formulas used in our scheduling algorithm as
well as the logic of assigning driver breaks. All the notations can be
found in Table 1.

Let {0,1,2,3, ..., n— 1} be a route consists of n visits and (i, j) be a
leg in the route. We define the notations of the following variables:

We employ two constants to represent the driver break requirements
as stipulated by the 2002/15/EC directive. To encapsulate the regu-
lation that a driver needs a 30-min break if working between 6 and
9 h in total, we utilise the variable dutyBreak Requirementl to denote
this 30-min minimum break. Additionally, we introduce the constant
dutyBreak Requirement2 to account for the provision that mandates a
45-min break if working more than 9 h in total.

Given the notations defined, the parameters for driving regulations
(i.e., (EC) No 561,/2006) and duty regulations (i.e., 2002/15/EC) are
summarised in Table 1.

The arrival time at visit j depends only on the arrival time of
its predecessor (a; in above example) and waiting time, service time,
driving time and break period occurred between the time range of g;
and a;. Therefore, we can define recursive equations to compute a; of
any visit i

di = a;+w; +s; (€8]

a; =d;+68;+Ly; &)

The flow chart in Fig. 1 summarises the process of generating
required breaks B along a leg (i, ), detailed algorithms are available
in Algorithm 1 for assigning duty breaks, Algorithm 3 for assigning
driving breaks, and Algorithm 4 for assigning both driving and duty
breaks. With the determined arrival time g; at visit i, we proceed to

update the following variables: the departure time d;, the arrival time at
the subsequent visit a;, the time to trigger the next drive break tﬁ'd””"’
and the time to trigger the next duty break tf';ld“’y . If the time required
for a duty break or drive break exceeds the time of arrival at the next
visit a;, then no break is required along this leg. However, if a break is
needed, either a duty break or a driving break is required along this
leg. Arriving break is initiated immediately if the maximum driving
time is reached, while the assignment of a duty break (Please refer
to Algorithm 1 for detailed information) depends on the accumulated
break duration from previous legs up to visit j.

More specifically, for a leg of (i, ;) in the route, as long as 5;’.“’ >
0, we need to generate breaks complying with both regulations and
update time-related relevant variables. The logic of assigning breaks
with the driving regulation (see Algorithm 3) is that: within the leg
from i to j, if there is still driving time remaining, the driving time
to trigger driving break (6{/‘.””’) for initiating a break is adjusted. This
6{}’?’“5’ is calculated as the difference between the maximum allowable
driving time without a break (/’¢eldrive) and the total duration of
driving since the last break (Lf”i”i"g ). Subsequently, we assess whether
the remaining driving time within the current leg is less than the
5{/‘.”“’ . If this condition is met, the duration of driving since the last
break is incremented by the remaining driving time in the current leg
(i.e. 5;;”’ ) and the process of generating driving break is terminated
here. Otherwise, a new driving break is generated. The duration of
the new break is determined by whether the accumulated break time
since the last driving reset (L/*"*%), exceeds or equals 1*"¢®I1s'_ If so, the
duration of the new break is set to /97¢ak|21d; otherwise, it is set to /oreak,
With the creation of a new break, it becomes necessary to update the
aforementioned time-related variables accordingly (denoted as Update
variable values in Fig. 1), as they will be utilised to generate driver
breaks during the subsequent legs.

The detailed logic for assigning duty breaks under 2002/15/EC
is described in Algorithm 1 and 2, with variables updated accord-
ing to Table 3. The pseudo code for assigning driving breaks under
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a; Update variable values

I:n|rlru*r‘ ‘1111|:lr11'v‘
J 1

(€ Yes

m|duty ;m|duty
t! d u y
J 1]

m|duty _
L T >
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ml|drive
;... ‘>

jotij aj

ij

No

Yes

Fig. 1. Flow chart of scheduling breaks.

(EC)561/20086, i.e., for driving breaks, is available in Algorithm 3, with
variables updated according to Table 2. Please consult Algorithm 4
below for the assignment of both duty and driving breaks.

Algorithm 1 Pseudo-code for Assigning a Break for 2002/15/EC, i.e., the
Duty Break
1: if CheckDutyLimitAndAssignBreak(end O f Period,
dutyBreak Requirement1, [77¢ak12nd) then > Algorithm 2
2: endO f Period += duration of the newly generated driver break
: end if
4: CheckDutyLimitAndAssignBreak(endO f Period,
lbreak)

w

dutyBreak Requirement2, > Algorithm 2

Algorithm 2 Pseudo-Code of CheckDutyLimitAndAssignBreak
(endO f Period,dutyBreakT hreshold,break Required)
1: if L,.b’“‘k < breakRequired and """ + dutyBreakT hreshold <
endO f Period then

2: tﬁld“'y = 11" + dutyBreakT hreshold
3: l:;ldmy = break Required — Lf?’e""
4 B=BU{@", 1))
. _ m|duty
5: L;=L; +l’./.
6:  Lbreak < phreak 4 l;".‘d“’y > New duty break
7 L/break - L/break +lm\duty
: i i ij
8: if t;"j‘d"’y < d, then
o d;=d;+ 1
10: else
11: 5latest — tm\duz‘y —d.
: ij ij i
12: L;lriving - Lﬁiriuing + 5;;,1@“
13: 5”‘"/’ — 5"‘iﬁ _ 5late_¥t
: ij ij ij
. __  m|duty m|duty
14: d; = 1 + Il.j
15: end if
16: if L?reak > lbreak\znd and L’{break > lbreak then
3 driving __
17: Lgb ) =0
. rea. —
18: Llbreak = ()
19: end if
20: return true
21: else
22: return false
23: end if

Algorithm 3 Pseudo-code for Assigning a Break for (EC)561/2006, i.e.,
the Driving Break

1: while 5 > 0 do
slatest — jbreak|drive _ Lz.iriving

ij i

»

3 if 5], <5,/ then
driving | __
4 L, += 5{;’.
5 break > Exit the loop
6: end if
7 if L{break > lbreak|lst then
i >
8
9

lm\drivc — lbreak|2nd
ij

: else

10: jmldrive _ break
: i

11: end if

. ml|drive _ latest
120 =g 45

13: B=BuU {(tlf;l_\drive’ l;;\driug)}
14: Ll_j+ — l;;l_ldriue

15: L?reak_,’_ _ [;;ldrive

16 Lok =

17: L;iriuing =0

18: 5:;_ip_ = 5l(/t_ztesr

19: d+= (ﬁf;nest + l;;z_|dn‘ue)

20: end while

> New driver break

Algorithm 4 Pseudo-Code of considering both (EC)561/2006 and

2002/15/EC

1: if Lbr® < breakRequired and r*'“"' + dutyBreakT hreshold < endO f Period
then

2 endOf Period = min(d, + (I*okdrive — L8 g, 4 577

3 Execute Algorithm 1

4: end if

5: Execute Algorithm 3

The flexibility of this method is evident in the pseudo code for
assigning duty or driving breaks (refer to Algorithms 1 and 3). Provided
that the necessary parameters, such as the duty break threshold and the
break requirement, are specified, all relevant values can be updated
iteratively at any stage of the solution process, without making any
prior assumptions about the problem.
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Table 2
Assign breaks according to the driving regulation (EC)561/2006.

Variable  Condition After break
latest _ break|drive _  driving
8, ) li . L
riving trip Jatest riving m
L, 5" <8 L +6;
l’{vj{\drive 5‘{;!;; >= 5,1}um if L’{break >= [break|lst Is\drwe = [break|2nd g]ge l,{;\drfve — Jbreak
mldrive irip  _ slatest latest
i 5,0 >= 61 d; + 6] y
1rip _ clatest _ gmldrive
Ly 5" >=0; Lj+=1;
L’break 5,1;"11 >= 5:7rew L’break + llrj\drwa
driving irip  _ slatest
L; 5" >= 61 0
[ /break 5P = glatest
i 1 1y
1rip rip  _ slatest 1rip latest
5;; 5.0 >=6 5" =6 "
1rip  __ slatest latest m|drive
d; 6 >=06; d; + 57 +1;
Table 3
Assign breaks according to the duty regulation 2002/15/EC.
Variable  Condition After break
gmlduty _ gstart y [breaklworklst o breaklwork2nd
1
mlduty _ [break|2nd . break __ [ break
i i
L‘break _ L[break + ,lnj'\duty
tbreak threak mduty
L - " L ‘:— I
ml|duty __ m|duty
d 1 <=d, d; +1;
5{"“’“ tm\dmy >d Im}l(lmy —d[
Hirivin inlduty ! Ydriving | siatest
ving | y i ates:
L; t”\d > d; L; +6;
trip m|duty 1rip latest
5;; t",r >d; 5,jd -6 i
d, e s g, s g i
L:irivmg L’break >= [break|2nd Anq L[/brezrk >= [break 0
I fbred Lbreak > [breakind Apd [ fbreak s fbreak 0

The algorithms outlined earlier are designed for scheduling driver
breaks in line with the (EC) 561/2006 regulation (refer to Algorithm
3), the 2002/15/EC regulation (refer to Algorithm 1), or both (refer
to Algorithm 4). When implementing both regulations concurrently,
the resulting driver break schedules are termed compliant schedules.
These schedules adhere strictly to the stipulations of both regula-
tions but may not optimise efficiency and could result in additional,
unnecessary breaks. Section 4.1.2 will present several examples to
clarify this issue. To address the issues and enhance the efficiency of
break scheduling—aiming to reduce both the frequency and cumulative
duration of breaks—a more sophisticated method is introduced. This
advanced strategy will be examined in detail in Section 4.1.3.

4.1.2. Issues with compliant schedules

To provide a comprehensive understanding of how the overlapping
regulations impact driver break scheduling, the 13 scenarios depicted in
Fig. 2 are examined to clarify the interaction between the driver break
regulations of (EC)561/2006 and 2002/15/EC. These scenarios show
that resetting driving hours can potentially improve the effectiveness
of driver breaks and decrease the total route duration.

» Scenario 1 (a) The driver takes a break of 30 min after working for
6 h. Then, the driver resumes driving for another 30 min, followed
by another break of 30 min, because of the 4.5 h of driving time
accumulated.

Scenario 1 (b) However, this driver break assignment can be
improved by allocating a 45-min break when the duty time has
been accumulated to 6 h rather than allocating an additional 30-
min break when reaching 4.5 h of driving because the driving
hours have been reset by the 45-min break.

Scenario 2 (a) This scenario is similar to the previous one, but the
driver in the previous scenario completes his journey after 2.5 h
of driving after the first break. In this case, however, the driver
continues to drive for 4 h and 40 min after the first break.
Scenario 2 (b) Allocating 45 min to reset the driving break is no
longer a good idea in this scenario because another break will
be triggered due to reaching 4.5 h driving time. As a result, the
journey will take 12 h and 10 min.
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» Scenario 3 (a) After working for 6 h, a break of 30 min is given.
Then, driving is resumed for 2.5 h more and another break of
15 min is taken, as the duty time has reached 9 h. After one more
hour of driving, another break of 30 min is required, because the
total driving time is 4.5 h.

Scenario 3 (b) This driver breaks assignment can be improved by
allocating a 45-min break when the duty time reaches 6 h. This
journey requires no additional breaks because the 45-min break
reset the driving hours.

Scenario 4 (a) This scenario is similar to the previous one, except
that in the previous scenario, the driver completes the journey
after 2.5 h of driving after the first break. However, after the first
break, the driver continues to drive for 4 h and 40 min.
Scenario 4 (b) Allocating 45 min to reset the driving break is no
longer a good idea in this scenario because another break will
be triggered due to reaching 4.5 h driving time. As a result, the
journey will take 12 h and 10 min.

Scenario 4 (c) However, if we increase the second break in
Scenario 4 (a) from 15 to 30 min, no further driver breaks are
required. As a result, the journey is reduced to 11 h and 40 min.
Scenario 5 (a) The arrival time at the customer site was 2:30, but a
wait of 15 min was required due to the time window constraint.
A break was assigned during the wait. A duty break of 15 min
was given after working for 6 h. After that, driving was resumed
for 45 min, when a driving break was needed because the total
driving time was 4.5 h.

Scenario 5 (b) This driver breaks assignment can be improved
by allocating a 30-min break after 6 h of duty. Because the
accumulated 45 min break reset the driving hours, this journey
requires no additional breaks.

Scenario 6 (a) This scenario is similar to the previous one. But in
this case, the driver continues to drive for 4 h and 40 min after
the second break.

Scenario 6 (b) Allocating 30 min break instead of 15 min to reset
the driving break is no longer a good idea in this scenario because
another break will be triggered due to reaching 4.5 h driving time.
As a result, the journey will take 11 h and 55 min.

4.1.3. Generating advanced schedules

As previously discussed, conforming to both regulations can result
in suboptimal scheduling of drivers’ breaks. Our goal is to minimise the
frequency and total duration of breaks, a strategy informed by customer
feedback, which suggests that regulatory-compliant break schedules
can disrupt drivers’ workflows and may result in unnecessary additional
break periods. According to the study by Sartori et al. (2022), the
researcher showed that a break schedule consisting of no more than two
breaks, each at least 45 min long, is sufficient to meet the regulatory
standards for both maximum continuous driving time and total daily
driving time for truck drivers on single-day trips. Because breaks can be
split into two parts: an initial 15-min break followed by a subsequent
30-min break, if splitting is permitted, scheduling may require up to
four breaks. This would increase the number of potential schedules
per route to O(n*), with n representing the number of visits on the
route. The complexity of scheduling is further complicated by the
inclusion of the working time rules from Directive 2002/15/EC, as
the planned breaks must adhere to either the constraints of Regulation
(EC)561/2006 or those specified in Directive 2002/15/EC. The timing
and duration of breaks have a significant and reciprocal effect on the
compliance requirements of these regulatory frameworks.

To reduce the time complexity of the algorithm, we eliminated
the need for exhaustive enumeration of break schedules on each visit.
Instead, we introduce a method with linear complexity; this method
uses rules to check a few critical points along the route and assigns a
break only when one is necessary to be generated in compliance with
either (EC)561/2006 or 2002/15/EC.
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Scenario 1 (a) 4h 2h 30m | 30m | 30m 2h

Scenario 1 (b) 4h 2h 45m 2h30m

Scenario 2 (a) 4h 2h 30m | 30m | 30m 4h10m

Scenario 2 (b) 4h 2h 45m 4h30m 45m
Scenario 3 (a) 1h 5h 30m 2h30m g 1h 30m

Scenario 3 (b) 1h Sh 45m 3h30m

Scenario 4 (a) 1h Sh 30m 2h30m g 1h 30m| 1hiom
Scenario 4 (b) 1h sh 45m 4h30m asm |5
Scenario 4 (c) 1h Sh 30m 2h30m 30m 2h10m
Scenario 5 (a) 1h30m 1h @ 30m 2h45m & asm [30m| 30m

Scenario 5 (b) 1h30m 1h g 30m 2h45m 30m| 45m |30m

Scenario 6 (a) 1h30m 1h g 30m 2hasm gﬂ 45m  |30m 3h55m

Scenario 6 (b) 1h30m i |&30m 2h45m 30m 4h30m ‘ asm |5

Fig. 2. Example scenarios of compliant schedules.

Upon analysing the scenarios described above, it becomes apparent
that the timing of the reset for driving hours is the primary factor
affecting the suboptimal scheduling of driver breaks. In this context,
‘resetting’ refers to a driver’s capacity to extend their driving period
by an additional 4.5 h, in accordance with (EC)561/2006, after a 45-
min break has been taken. Advancing the timing of the driving hour
reset could potentially improve break scheduling by reducing both
the cumulative duration of breaks and the frequency with which they
are required. This adjustment can be accomplished by prolonging the
break duration when the cumulative break time up to the 6-h work
period of the journey is less than the necessary 45 min required for a
driving break reset (i.e. Lbreaklworklst < jbreaky However, advancing the
reset timing may trigger an additional 45-min break as stipulated by
(EC)561/2006, should the driving requirement extend beyond 4.5 h.
In such instances, it may be necessary to lengthen the break scheduled
after 6 h of duty time to reset the remaining driving hours.

Consequently, in light of the aforementioned, two strategies are
proposed:

+ Strategy 1: When the cumulative break duration reaches the
threshold of 30 min (i.e. /?e@lworklst = 30) for assigning a duty

break, if the number of driver breaks taken is more than zero and
the total break duration of Lbreaklworklst js less than 45 min (which
could be the result of either a single 30-min break or two 15-
min breaks by this point), the dutyBreakRequirement1 should
be adjusted from the standard 30 min to 45 min.

Strategy 2: By the time the total break duration reaches the
second threshold (i.e. [breaklwork2ndy and the number of breaks
exceeds one, the dutyBreakRequirement2 should be increased
from 45 min to 60 min.

The rationale for proposing the strategies is explained below: to
optimise break scheduling, it is imperative to consider two pivotal
thresholds for resetting driving hours. The first of these thresholds is
triggered immediately after [o7¢eklworklst " in accordance with Directive
2002/25/EC. This directive prohibits drivers from working for more
than 6 h without a break and necessitates a mandatory 30-min break
when the total working time extends from 6 to 9 h.

Upon reaching [Preeklworklst - drivers encounter two scenarios that
present opportunities to enhance compliant driver breaks scheduled
by regulations (either 2002/15/EC or (EC)561/2006). This can be
achieved by resetting the available driving hours before scheduling a
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Strategy 1

Compliant Schedule

Strategy 2

Fig. 3. Compliant Schedule and other optimisation strategies.

break, which may consist of either a single 30-min break or two 15-
min breaks. To align with regulatory requirements and optimise break
scheduling, we need a strategy that modifies the break durations. This
involves extending the single 30-min break to 45 min (refer to Scenario
1 and 3 in Fig. 2), or, in the case of two 15-min breaks, increasing the
length of the second break from 15 to 30 min (refer to Scenario 5 in
Fig. 2). This can be achieved by extending dutyBreakRequirementl
from 30 min to 45 min, which will change the break lengths from
(30-min) and (15-min, 15-min) to (45-min) and (15-min, 30-min),
respectively. It is crucial to note that to reset the driving hours, a 45-
min break or a 30-min break following a 15-min break is required (as
opposed to the reverse sequence, as stipulated by (EC)561/2006).
Similarly, there is another critical threshold at /?reaklwork2nd " wwhere
a 45-min break is mandatory if the total working period exceeds
9 h. At this point, drivers encounter three distinct situations that
present opportunities to refine the scheduling of regulatory-compliant
breaks, in accordance with either Directive 2002/15/EC or Regulation
(EC)561/2006. Compliance can be enhanced by resetting driving hours
prior to planning breaks, which may involve a 30-min break followed
by a 15-min break, a 15-min break followed by a 30-min break, or
three 15-min breaks. To align with the regulations and optimise break
scheduling, we propose a strategy that involves extending the final
break by 15 min (an example of this is Scenario 4 in Fig. 2). This
can be achieved by increasing dutyBreakRequirement2 from 45 min
to 60 min, which would change the break schedules from (30-min,
15-min), (15-min, 15-min, 15-min), and (15-min, 30-min) to (30-min,
30-min), (15-min, 15-min, 30-min), and (15-min, 45-min), respectively.
Fig. 3 illustrates the methodology for generating driver break sched-
ules using strategies 1 and 2. Circles represent visits, and squares
represent generated driver breaks. The process initiates with the cre-
ation of a compliant schedule logic. If the number of breaks generated
along the route exceeds one, a new branch is established, and the
first break is modified accordingly, leading to adjustments in the time-
related variables from the preceding node. Likewise, if the compliant
schedule produces more than two breaks, strategy 2 is implemented.
Assume we generated additional driver breaks B from the compliant
schedule using strategy 1 and 2 from the node in the route where time-
related schedules must be revised on wards. B’ dominates B If d’. is less
than a ; (meaning route’ takes less time than route) and route’ and route
are both feasible in terms of the time window of visits along the route.

4.2. Generating full solutions: embed break schedules with routes

Because the basic GPDP is known to be NP-hard, and because adding
driver break scheduling increases complexity, we present a heuristic
solution approach based on local search and large neighbourhood
search in this section. Heuristic methods exhibit strong scalability
and robustness in handling larger instances, yet they often under-
perform when applied to smaller instances. It can be argued that certain
heuristic methods are more accessible for development, maintenance,
and adaptation to new problem requirements such as the driver break
feature discussed in the paper. These reasons may explain why a
significant majority of commercial vehicle routing software packages
prefer heuristic-based methods (Hall and Partyka, 2016).

As previously indicated, the method presented in this paper offers
significant advantages for existing solvers designed for vehicle routing
problems, facilitating the integration of driver break rules with minimal
extra development. This technique serves as a flexible and adaptable
solution that can be utilised across various route generation meth-
ods, including heuristics, column generation, and manually constructed
routes. Consequently, to assess the efficacy of this method, we have
conducted tests based on a heuristic strategy. However, it is important
to note that this method is equally applicable to routes produced by
column generation or those constructed manually.

We implemented the previously mentioned driver break schedul-
ing algorithm on the solution framework derived from Curtois et al.
(2018), Ropke and Pisinger (2006), which is capable of addressing
standard PDP problems. Several publications have explored the appli-
cation of meta-heuristics to specific variant variants of PDP, including
instances like dynamic PDP (Gendreau et al.,, 2006; Ghiani et al.,
2022), PDP with loading plans (Cherkesly et al., 2015) and PDP with
transfers (i.e. transfer of request from one vehicle to another) (Masson
et al., 2013). For more in-depth exploration of this subject, additional
insights are recommended in these survey papers (Battarra et al., 2014;
Berbeglia et al., 2007; Parragh et al., 2008).

The driver break scheduling method, as outlined earlier, can be
employed based on specific needs. It may be triggered during route
modifications or construction to ensure that all operational routes
consistently include driver breaks. Alternatively, it can be applied at
the end of each key phase, such as after a constructive or improvement
heuristic, which can reduce computational time by decreasing the
frequency of break generation and assignment. A third option is to
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activate the method just before the final solution is presented, effec-
tively serving as a repair mechanism that inserts breaks into existing
routes. However, this latter approach does not guarantee feasibility,
as adding breaks might exceed route duration constraints. For the
purposes of this research, we have adopted the first strategy, ensuring
that the method is activated following every neighbourhood function
to maintain consistency in route planning.

The overall structure of the solution framework is given below.
Firstly, a greedy insertion heuristic is used to iteratively build a so-
lution by inserting unassigned customer requests into existing routes.
Followed by that, local search was used to improve the initial solution.
The local search contains 4 neighbourhood functions: (1) Insert: This
operation involves selecting an unassigned customer request and insert-
ing it into an existing route. (2) Move: This operation involves selecting
a customer request that is already assigned to a route and removing it
from that route. The removed request is then evaluated for insertion
into a different route. (3) Swap: This operation involves selecting two
customer requests, each belonging to a different route. The requests are
then swapped, meaning that each request is moved to the other route.
(4) Two-Move: This operation involves selecting three routes and three
customer requests, one from each route. The requests are then moved
in a pairwise fashion: the request from route 1 is moved to route 2, and
the request from route 2 is moved to route 3. The goal of this operation
is to explore more complex route configurations by simultaneously
considering three routes and two requests reassignments.

To further enhance the solution quality, we employed a modified
large neighbourhood component introduced in Shaw (1997) (Curtois
et al.,, 2018). This approach conducts a large neighbourhood search
(LNS) (Pisinger and Ropke, 2019) that integrates mechanisms for both
intensification and diversification. The LNS component used for solv-
ing GPDPTW-DBS draws inspiration from Ropke and Pisinger (2006)
and Curtois et al. (2018).

The algorithm for the LNS implemented in the paper is described
below. At the start, a number of requests are removed from the current
solution using either the Shaw (Shaw, 1998) or Random (Ropke and
Pisinger, 2006; Shaw, 1998) removal heuristic. The number of requests
to be removed is determined by the size of the instance and is randomly
selected within a range of 5% to 50% of the total requests. The Shaw
heuristic removes requests that are related to each other based on
their spatial proximity, while the Random heuristic selects requests
completely at random. The probability of using the Shaw heuristic is
set to 0.6, and the probability of using the Random heuristic is set to
0.4. Next, the removed requests are reinserted back into the remaining
partial solution. The unassigned requests are inserted using the regret
heuristic. The goal of the regret insertion is to prioritise the insertion
of requests that have fewer possible insertion locations, preventing a
situation where there are too many requests and not enough available
positions later on. In this study, the k —regret heuristic is implemented,
where k is a parameter randomly selected from 2, 3, 4, 5, or |R|,
where |R| is the number of routes in the current solution. Finally, the
new solution is accepted using a Late Acceptance Hill Climbing strategy
proposed by Burke and Bykov (2017), with a list size set to 2000. This
process is repeated for a fixed number of iterations 1000, without any
improvement.

We followed the Taguchi design (Roy, 2001) with the parame-
ter values suggested by a previous study Burke and Bykov (2017)
and Curtois et al. (2018) for our experiments. Other optimisation
techniques, such as sensitivity analysis and dynamic adaptation, could
also enhance the performance. However, since our study is not focused
on (meta-)heuristic algorithms, we did not consider them in our scope.

5. Computational experiments and results analysis
To thoroughly evaluate the performance and solution quality of our

proposed methods, we modified well-established benchmark instances
for the PDPTW, as introduced in the works of Li and Lim (2001)
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and Sartori and Buriol (2020). The (Li and Lim, 2001) benchmark
instances stand as highly valuable artificial datasets that have spurred
innovative research within a rigorous and competitive environment.
While these artificial instances have laid the foundation for many
commercial vehicle routing problem solvers, one could argue that
more realistic benchmark instances could lead to even more effective
methods for real-world applications. In contrast, the (Sartori and Buriol,
2020) instances were generated based on realistic locations, providing
a closer representation of actual scenarios encountered in real-world
problem-solving.

Customer location coordinates, customer demand, and depot co-
ordinates are directly extracted from the problem instances. Travel
times between locations, service times at customer sites, and vehicle
capacities have been modified to enable vehicle journeys long enough
to trigger the diverse breaks required by Regulation (EC)561/2006 and
Directive 2002/15/EC. Additionally, vehicle start and end locations
have been modified to include locations other than the depot.

The modification of the original dataset results in a number of
unassigned requests due to the increased travel and duty times intro-
duced in the instance. To minimise the number of unassigned requests,
we assign a high cost to unassigned requests. The total cost of a
route is calculated based on its duty time. In order to evaluate the
performance and impact of integrating driver break scheduling with the
routing problem, we conducted a series of experiments. Our analysis
focused on the runtime efficiency and the quality of the solutions
obtained using two distinct algorithms: the standard/compliant driver
break scheduling algorithm (denoted as ‘Compliant’ in the tables and
figures) and the advanced driver break scheduling algorithm (denoted
as ‘Advanced’ in the tables and figures). In the figures and tables
presented in this section, ‘NoDriverBreak’ refers to the absence of a
driver break scheduling setting, representing the pure routing problem,
and it serves as a baseline for comparing the impact of driver break
scheduling on the routing problem.

To ensure a fair comparison, we stopped the solver for all the
experimental settings when they had converged and reached the same
number of evaluations, which is 10,000. the term “evaluation” here
refers to the evaluation of the objective function’s value after a success-
ful execution of a move by the local search neighbourhood function.
Below, we show a few cases how the successful execution can af-
fect results, we firstly show the result of same moves for all 10000
evaluations: Fig. 4 presents a subset of the results for the instance poa-
n200-7-DBS. Specifically, Fig. 4(a) illustrates the evaluation metrics
applied to all three settings over 10 random seeds. Fig. 4(b) depicts the
total accumulated waiting time, calculated as the difference between
the opening of the time window at the customer site and the arrival
time of the vehicle at the customer site, for this instance. It is observed
that both the standard and advanced driver scheduling algorithms
result in reduced waiting times compared to scenarios without any
driver break scheduling. This reduction is attributable to the strategy
previously discussed, where if a driver arrives at a customer site before
the time window opens, the waiting time can be utilised as a break, thus
not contributing to the overall waiting time. The figure also indicates
that the advanced driver break scheduling algorithm is more effective
in minimising waiting times. Figs. 4(c) and 4(d) further demonstrate
that the advanced algorithm is responsible for fewer and shorter driver
breaks, respectively.

However, a local search move under the same random seed that is
effective in one algorithmic setting might not be accepted by another.
For example, a move that is permissible in the advanced driver break
scheduling algorithm might be infeasible in the compliant driver break
scheduling algorithm due to violation of time window constraints or
exceedance of route duration limits. These differences cause the di-
vergence of the search spaces between the two algorithms, leading to
distinct outcomes after a series of evaluations. This case is illustrated in
Fig. 5, where the same random seed was used but led to divergent re-
sults. Figs. 5(a) and 5(b) show that the advanced algorithm is superior,
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Fig. 4. Results of instance poa-n200-7-DBS.

requiring fewer and shorter driver breaks. Despite this, the compliant
algorithm requires a higher number of vehicles, as seen in Fig. 5(d),
even though both algorithms result in the same number of unassigned
requests, as shown in Fig. 5(c). Figs. 5(e) and 5(f) indicate that, in
general, the advanced algorithm reduces both the total routing distance
and the duty time when compared to the compliant algorithm.

To mitigate the impact of using the same random seed but obtaining
divergent solutions, as illustrated above, we now turn our attention to
comparing the outcomes of integrating the compliant and advanced
driver break scheduling algorithms with the routing problem across
all 10 random seeds and instances. The analysis includes the standard
performance metric for vehicle routing problem research—distance in
kilometres—coupled with a summary of duty time in hours to assess
the impact of various driver break scheduling algorithms. Given the
constraint of a limited number of vehicles in the designed instances to
meet all pickup and delivery requests, a summary of unassigned jobs
is also provided. The summarised results can be found in Table 4. The
data in these figures is aggregated for each instance; for instance, if
a solution for an instance includes 10 routes, each with 2 KM, the
aggregate number of distance would be 20. Each instance was executed
10 times with different random seeds, and the values depicted in the
figures represent the average outcomes of these 10 runs. To save space,
we only included instances where there was a difference between the
compliant and advanced driver break scheduling algorithms thereafter.
The sum and average of all the results are reported on the last two lines
of the table.
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The results show that the advanced scheduling algorithm outper-
forms the compliant approach. The compliant approach tends to have
more distance, duty time, and unassigned count for each instance,
as well as for the sum and average of all instances. On average, the
compliant driver break scheduling algorithm generates 6.1% more dis-
tance, 1.7% more duty time, and 1.1% more unassigned count than the
advanced counterpart. The advanced driver break algorithm produces
better results than the basic one because it creates fewer and shorter
breaks for the drivers. The advanced driver break algorithm performs
better or equal to the compliant one in all the metrics. However, there
is a trade-off between the quality of the results and the computation
time. The advanced driver break algorithm takes about 35% more time
to run than the basic one because it requires more complex calculations.
It should also be noted that the quality of the solution is independent
of scalability. When comparing the benchmark instances with 100 and
200 requests, the instances with 100 requests show an average distance
reduction of 8.03%, a duty time reduction of 1.96%, and a 0.44%
reduction in the unassigned count. Conversely, for the instances with
200 requests, the average distance reduction is 3.97%, the duty time
reduction is 1.43%, and the reduction in the unassigned count is 1.18%.

Figs. 6(a) and 6(b) provide a summary of the comparative analysis
between the compliant and advanced driver break durations, as well
as the count of breaks produced. Again, the results are summarised for
each instance and are based on the average results of 10 different runs.
The figures indicate that the advanced driver scheduling algorithm gen-
erally yields routing plans with reduced break durations for nearly all
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Fig. 5. Results of instance 1c109-DBS.

instances, with the exceptions of 1c203-DBS and 1c206-DBS. However,
in terms of the total number of breaks, these two instances actually
show a decrease in the number of breaks generated.

To illustrate the overall trends and provide a summary of the
comparison between driver break durations and the number of driver
breaks, we have utilised histograms using the same data as in Figs. 6(a)
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and 6(b) to depict the distributional shapes. These histograms are
presented in Figs. 7(a) and 7(b). We have set a wide range for the bins
to enhance the clarity of the distributions. On the histograms, the x-
axis indicates the measured variable, which is either the duration of
breaks in minutes or the number of breaks. The y-axis, on the other
hand, represents the number of occurrences of the data points within
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Comparison of Compliant and Advanced Driver Break Durations by Instance

2500 A

2000 1

1500 A

Break Time In Minutes

1000 A

——— Avg Compliant: 588.8
Avg Advanced: 566.7
Compliant Driver Break
Advanced Driver Break

500

%
@
[=]
e
o
&
Q

Ic101-DBS
Ic102-DBS
Ic103-DBS
Ic104-DBS
Ic105-DBS
Ic107-DBS
Ic108-DBS
Ic109-DBS
Ic203-DBS
Ic204-DBS
Ic205-DBS
c206-DBS
Ic207-DBS
Ic208-DBS

Ir203-DBS

Ir204-DBS

Ir205-DBS

Ir207-DBS
100-6-DBS
1200-3-DBS
1200-5-DBS
1200-6-DBS
1200-7-DBS
1100-3-DBS
1100-4-DBS
1100-5-DBS
1100-6-DBS
1100-7-DBS
1200-4-DBS
100-5-DBS
100-6-DBS
1200-6-DBS
1200-7-DBS

1100-2-DBS
1200-6-DBS

(a) Comparison of Compliant and Advanced Driver Break Duration in Minutes by Instance

Comparison of the Number of Breaks Generated by Compliant and Advanced Algorithms by Instance

140 A

120

100

80 4

Number of Breaks

60 1

——— Avg Compliant: 26.2
—--- Avg Advanced: 24.5
mmm Compliant Driver Break
mmm Advanced Driver Break

20 1

Ic101-DBS
1c102-DBS
Ic103-DBS
Ic104-DBS
lc105-DBS
Ic107-DBS
lc108-DBS
lc109-DBS
lc201-DBS
Ic203-DBS
Ic204-DBS
1c205-DBS
& Ic206-DBS
1c207-DBS
1c208-DBS

(b) Comparison of the Number of

reaks Generated by Compliant and Advanced

Ir211-DBS
1100-2-DBS
100-6-DBS
1200-3-DBS
1200-5-DBS
1200-7-DBS
1100-3-DBS
1100-6-DBS
1100-7-DBS
1200-4-DBS
100-5-DBS
1200-6-DBS
1200-7-DBS

o~ 1200-6-DBS

Algorithms by Instance

Fig. 6. Comparison of distribution of driver breaks.

each bin. The histograms illustrate the results of the compliant break
scheduling algorithm, showing an average break duration of 588.8 min.
This distribution is slightly skewed to the right when compared to that
of the advanced break scheduling algorithm, which has an average
of 566.7 min. This suggests that the compliant algorithm typically
schedules longer breaks than the advanced one. The figure also reveals
that the advanced algorithm tends to decrease drivers’ break durations,
leading to a more concentrated distribution around the mean. This
indicates that the advanced algorithm provides more consistent break
times for drivers. Furthermore, the figure indicates that the mean
break duration for the advanced algorithm is lower than that for the
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compliant algorithm, signifying a reduction in break time. While the
compliant algorithm exhibits a broader range of break times, including
some that are quite extended, the figure suggests that the advanced
algorithm is more efficient and effective at scheduling drivers’ breaks.

6. Conclusion

This paper studies a general pickup and delivery problem with time
windows and driver break requirements, following both (EC)561/2006
and Directive 2002/15/EC. We propose a flexible approach that inte-
grates routing and driver break scheduling. We generate routes with
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Table 4
Comparison of compliant and advanced driver break scheduling.
Distance Duty Unassigned

Instance Compliant Advanced Compliant Advanced Compliant Advanced
1c101-DBS 1469.7 1313.7 90.2 85.9 11.4 11.4
1c102-DBS 1694.1 1474.0 95.7 90.3 6.0 6.0
1c103-DBS 1612.4 1466.9 84.5 76.9 5.1 5.0
1c104-DBS 1642.5 1539.9 65.9 64.8 1.6 1.0
1c105-DBS 1734.8 1555.9 89.9 83.6 10.0 10.0
1c107-DBS 1966.7 1652.8 95.1 89.3 8.0 8.0
1c108-DBS 2027.6 1869.3 87.8 82.0 8.0 8.0
1c109-DBS 2101.9 1853.8 79.4 74.6 4.0 4.0
1c201-DBS 219.7 202.5 11.9 11.7 46.0 46.0
1c203-DBS 880.2 839.8 385 38.5 28.0 28.0
1c204-DBS 1148.0 1107.3 42.3 41.6 16.0 16.0
1c205-DBS 289.0 269.0 23.2 23.0 42.0 42.0
1c206-DBS 193.5 187.0 12.8 12.8 45.0 45.0
1c207-DBS 446.3 371.3 20.8 18.7 41.0 41.0
1c208-DBS 441.0 397.0 23.2 22.2 39.0 39.0
1r201-DBS 1716.7 1623.5 58.2 53.1 7.0 7.0
1r203-DBS 1500.8 1448.8 39.9 38.3 9.0 8.8
1r204-DBS 1520.9 1452.9 35.7 33.9 5.1 4.0
1r205-DBS 1745.7 1600.3 65.8 60.4 4.0 1.7
1r206-DBS 1669.8 1594.5 59.6 57.2 3.3 2.3
1r207-DBS 1576.4 1529.8 55.7 52.3 2.6 2.4
1r209-DBS 1973.9 1875.0 52.1 48.9 0.4 0.0
1r211-DBS 1789.6 1653.6 39.8 36.4 0.0 0.0
bar-n100-2-DBS 593.3 593.3 410.1 409.6 4.0 4.0
bar-n100-6-DBS 890.2 890.2 245.4 245.0 10.2 10.2
bar-n200-3-DBS 1279.7 1266.7 526.5 521.1 38.6 38.3
bar-n200-5-DBS 1375.5 1371.5 433.9 432.6 0.0 0.0
bar-n200-6-DBS 1232.1 1214.7 895.7 885.6 4.3 3.5
bar-n200-7-DBS 674.6 670.1 378.5 374.7 63.0 62.7
ber-n100-3-DBS 541.0 538.7 194.5 194.2 2.0 2.0
ber-n100-4-DBS 461.3 458.6 175.0 174.5 1.0 1.0
ber-n100-5-DBS 729.7 719.8 313.5 311.0 10.1 10.0
ber-n100-6-DBS 131.0 131.0 50.1 49.6 44.0 44.0
ber-n100-7-DBS 170.0 170.0 57.8 57.3 43.0 43.0
ber-n200-4-DBS 1407.3 1399.7 445.7 443.5 0.0 0.0
ber-n200-6-DBS 725.0 725.0 210.6 210.1 74.4 74.4
nyc-n100-5-DBS 744.5 738.7 180.4 178.7 7.2 7.2
nyc-n100-6-DBS 751.0 748.1 183.5 182.6 6.5 6.5
poa-n200-6-DBS 926.4 914.6 338.1 333.0 62.9 62.5
poa-n200-7-DBS 926.0 926.0 344.5 344.0 61.7 61.7
Sum 44919.8 42355.3 6651.6 6543.5 775.4 767.6
Average 1123.0 1058.9 166.3 163.6 19.4 19.2

minimal duration and explicit driver breaks, which can be applied
to many variants of the problem. It provides a solution that quickly
generates viable options in response to disruptions affecting the current
solution, leading to the immediate rescheduling of driver breaks. Addi-
tionally, alongside the compliant approach, we introduce and evaluate
a more advanced method that aims to optimise route duration through
strategic adjustments in the timing for resetting driving hours. We
test and compare our approach using modified real-life and artificial
benchmark instances. The results show that the advanced scheduling
approach outperforms the compliant approach in terms of distance,
duty time, and unassigned count.

The algorithm we proposed for generating driver break schedules is
adaptable and can accommodate the driver break regulations of other
countries, including Australia and New Zealand, within a single day of
operation. While our research and experimentation primarily address
regulations of directive 2002/15/EC and regulation EC 561/2006, we
provide guidance on parameter adjustments for Australia and New
Zealand in Appendix.

We identify directions for future research. Although the current
solution quality satisfies the needs of the GPDP solver with integrated
driver break functionality, it would be advantageous to investigate
the use of this method in conjunction with exact algorithms, such as
column generation, rather than relying solely on heuristic approaches.
Moreover, it would be interesting to examine the effect on solution
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quality when the method is activated exclusively at the end of each
major phase in the solving process, as opposed to its current application
during route modifications or construction. This could provide valuable
insights into the method’s efficiency across different computational
strategies.
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Standard Hours (SH) rules.
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In any period of...

Maximum allowed working time

Minimum break required

51/2h 5 1/4+ h work time
8h 7 1/2 h work time
11h 10 h work time

blocks of 15 min
30 min rest time in blocks of 15 min
60 min rest time in blocks of 15 min

Table 6
Basic Fatigue Management (BFM) rules.

In any period of...

Maximum allowed working time

Minimum break required

6 1/4h 6 h work time
9h 8 1/2 h work time
12 h 11 h work time

blocks of 15 min
30 min rest time in blocks of 15 min
60 min rest time in blocks of 15 min
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:' — -~ Compliant Driver Break Average
:I ——- Advanced Driver Break Average
20 :[ Compliant Driver Break
B Advanced Driver Break
15 4
-
c
3
Q
8]
10 1
5 .
0 , . , [
0 500 1000 1500 2000 2500
Duration of Breaks (in minutes)
(a) Histogram-Distribution of Driver Break Duration in Minutes
Distribution of Number of Driver Breaks
25 A :l — -~ Compliant Driver Break Average
:l —=- Advanced Driver Break Average
:l Compliant Driver Break
20 4 :l B Advanced Driver Break

Count

0 20 40 60 80 100
Number of Breaks

120 140

(b) Histogram-Distribution of Number of Driver breaks

Fig. 7. Comparison of distribution of driver breaks.
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Table 7
Parameters of minutes of service regulations in Aus-
tralia.
Notation SH Minutes BFM Minutes
Jbreak|1st 30 30
[breakl2nd 60 60
[breaklworklst 315 360
[break|work2nd 615 690

Appendix

Australia driver break rules

The Heavy Vehicle National Law (HVNL) and five sets of regulations
are administered by the Australia National Heavy Vehicle Regulator
(NHVR) for heavy vehicles over 4.5 tonnes gross vehicle mass. The
HVNL provides three work and rest options: standard hours, Basic Fa-
tigue Management (BFM), and Advanced Fatigue Management (AFM).
The relevant rules and parameters of minutes of service regulations are
summarised in Tables 5-7.

Standard hours (SH): These are the maximum work hours and the
minimum rest hours allowed by the HVNL. They are designed to ensure
safe driving without additional safety measures. For example, if you
start work at 12:00, you must take at least 15 min of rest before 5:30;
another 15 min before 8:00; and another 30 min before 11:00.

Basic Fatigue Management (BFM): This option requires NHVAS
accreditation and allows for more flexible work and rest hours, such
as working up to 14 h in a 24-h period. For example, if you start work
at 12:00, you must take at least 15 min of rest before 6:15; another
15 min before 9:00; and another 30 min before 12:00.

Advanced Fatigue Management (AFM): This option also requires
NHVAS accreditation and allows for customised work and rest hours,
based on a risk management approach. However, this option is out of
the scope of this study.

New Zealand driver break rules

The following are the summary of the rest rules for New Zealand
heavy vehicle drivers: A driver must take a minimum 30 min break
after working for 5 1/2 h continuously. That is, the maximum work
time before a rest break is 5 1/2 h. A driver must not work for more
than 13 h in any cumulative work day. A cumulative work day is a
period of 24 h that starts when the driver starts work after a continuous
rest time of at least 10 h. The New Zealand break regulation requires
two breaks within 13 h of work time, which can be handled by the
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Table 8

Parameters of minutes of service regulations in New

Zealand.
Notation Minutes
[break1st 30
[break|2nd 60
[break|worklst 330
[break|work2nd 690

algorithm proposed in this paper. The relevant parameters of minutes
of service regulations are summarised in Table 8.

Note that the algorithm does not support more than two duty
breaks. For the Australian regulations, the Standard hour regulation
and BFM regulation suggest three breaks (within 11 h and 12 h respec-
tively), but it is possible to assign only two breaks (instead of three)
and still produce valid solutions using the current implementation of
the algorithm.

Data availability

Data will be made available on request.
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