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Abstract: The problem of combined vehicle routing and breekeduling com-
prises three subproblems: clustering of customgueasts, routing of vehicles, and
break scheduling. In practice, these subproblemasmally solved in the interac-
tion between planners and drivers. We considec#se that the planner performs
the clustering and the drivers perform the routamgl break scheduling. To ana-
lyze this problem, we embed it into the framewofldistributed decision making
proposed by Schneeweiss (2003). We investigatedifferent degrees of antici-
pation of the drivers’ planning behaviour using paational experiments. The
results indicate that in this application a morecge anticipation function results
in better objective values for both the planner theddrivers.

1 Introduction

In practice, apart from the task of vehicle routamgl scheduling, also the prob-
lem of scheduling breaks and rest periods has taddeessed by planners when
creating vehicle schedules. According to the Euaoplegislation, when creating
vehicle schedules planners have to make sure thatrsi can adhere to the legis-
lation on driving and working hours as laid dowrRaegulation (EC) No 561/2006
and in Directive 2002/15/EC. We call the arisingrpling problem the problem of
combined vehicle routing and break schedulingotprises three subproblems,
namely the clustering of customer requests, théimgwf the vehicles, and the
scheduling of breaks and rest periods (Meyer angfép 2008). A main charac-
teristic of the problem of combined vehicle routiagd break scheduling is that
these planning tasks are usually divided over sévdecision making units
(DMUs), namely planners and drivers. Therefore,gtablem is characterized by
hierarchies in distributed decision making. To gmalthis problem, we apply the
framework for distributed decision making as présdrby Schneeweiss (2003).
The objective of this paper is to investigate tffeats of different degrees of an-



ticipation of the drivers’ planning behaviour bath the planner’s and on the driv-
ers’ objectives.

The paper is structured as follows. Section 2 prissthe European legislation
on driving and working hours in road transportatiSection 3 embeds the prob-
lem of combined vehicle routing and break schedilimio the framework for dis-
tributed decision making. In Section 4, computadloaxperiments illustrate the
effects of different planning approaches by thenpéa. Section 5 summarizes the
main findings and gives some conclusions.

2 EC Legislation on Driving and Working Hours

The European social legislation for drivers in raehsportation mainly com-
prises two legal acts. Regulation (EC) No 561/2G86& down rules on drivers’
driving hours and Directive 2002/15/EC restrictsrikiog hours of persons en-
gaged in road transportation.

EC Regulation No 561/2006 concerns three diffetéme horizons: single
driving periods and daily and weekly driving tim&sgure 1 depicts the relation-
ship between these different time horizons.
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Figure 1: Relation of the different time horizokopfer et al. (2007))

The regulation restricts the driving time in eadlgke driving period to 4.5
hours. Drivers are obliged to take a break of asl&5 minutes after each driving
period. Optionally, this break can be divided itt@ parts of at least 15 minutes
and 30 minutes, respectively. A driving period engdlen a break of sufficient
length has been taken.

The daily driving time is restricted to 9 hours.yer, there is the optional
rule that twice a week, i.e. twice between Mond®0(&am and Sunday 12:00 pm,
the daily driving time may be extended to 10 hoiraily driving times are de-
fined as the accumulated driving time between taitydr between a daily and a
weekly rest period respectively. A daily drivinghe ends when a daily rest period
is taken or a weekly rest period starts. Withinhddirs after the end of a daily or
weekly rest period the next daily rest period nhaste been taken. A regular daily
rest period is defined as a period of at leastdur$in which a driver may freely
dispose of his time. A reduced daily rest period igst period of at least 9 hours.



The regulation provides the option to take up tee¢hreduced daily rest periods
between two weekly rest periods. Moreover, it aiaplitting a regular daily rest
period into two parts of at least 3 hours and Srfionespectively.

The weekly driving time is limited to a maximum8 hours. Additionally, the
maximum driving time of any two consecutive weekssinnot exceed 90 hours.
The weekly driving time is defined as the accunedatriving time during a
week, i.e. between Monday, 0:00 am and Sunday012:@ A weekly rest period
is a recreation period in which a driver may freggcide how to spend his time.
The regular length of a weekly rest period is aste45 hours; the reduced dura-
tion is at least 24 hours. A driver is allowed geuhis optional reduction once in
any two consecutive weeks. Reductions have to bgpeasated by equal exten-
sions of other rest periods of at least 9 hoursrieethe end of the third week fol-
lowing the week considered. A weekly rest periog k@ be started within 144
hours after the end of the previous weekly resibger

EC Regulation No 561/2006 only comprises restnition driving times. As
driving times are considered as working times, theyalso affected by Directive
2002/15/EC, which contains restrictions on weekbrking times and breaks. In
the directive the working time is defined as thedidevoted to all road transport
activities, i.e. driving time, time for loading anchloading, for assisting passen-
gers while boarding and disembarking from the Jehitme spent for cleaning
and technical maintenance, and the time a drivertbawait at the workstation
when the end of the waiting time is not foreseeable directive postulates that
after a working time of no more than 6 hours woskeave to take a break. The to-
tal duration of breaks during working periods db® hours must equal at least 30
minutes. If the daily working time exceeds 9 hoths total break time has to
amount to at least 45 minutes. These break timedeadivided into parts of at
least 15 minutes. Consequently, a break which mietsrequirements of EC
Regulation No 561/2006 also satisfies DirectiveZ0B6/EC.

Furthermore, the directive restricts the weekly kirng time to a maximum of
60 hours. Moreover, an average working time of d8r& per week over a period
of 4 months must not be exceeded. When creatingleefoutes, planners have to
make sure that both driving time restrictions anorking time restrictions for
drivers are satisfied.

3 Combined Vehicle Routing and Break Sched-
uling as a Problem of Distributed Decision
Making

As mentioned before, in combined vehicle routing &neak scheduling three
interconnected planning problems have to be soltlel.clustering of customer
requests, the routing of vehicles, and the planoihbreaks and rest periods for
the drivers. These problems can be solved eithauls&neously or in sequence. In



the case of sequential planning, the possibilitgai¥ing two of the three planning

problems simultaneously remains. However, not efjlugnces are reasonable in
practice since the requirements for breaks andpersbds arise from the duration

of the routes for the drivers. Therefore, the breelkeduling should be performed
last.

Apart from the three interconnected planning protdethere is another factor
that adds to the complexity of combined vehicletirmuand break scheduling:
usually the planning process is divided over two Bylnamely the planner and
the driver. Therefore, the overall problem is ch#rdzed by hierarchical struc-
tures in distributed decision making. These hidngscan be found both in the re-
lationship between schedulers and drivers and énstihucture of the planning
problems to be solved. In the following the framekvof Schneeweiss (2003) is
used to analyze the decision problem.

In this framework for distributed decision makingio DMUs are considered.
In the case of hierarchies in distributed decisiaking, these DMUs are situated
on different levels. The top-level takes its demisfirst and instructs the base-
level with the resulting plans. Subsequently, theedlevel takes its decision based
on the frame set by the top-level's decisions. Hmwewhen performing its plan-
ning, the top-level can try to anticipate the sgjsat planning of the base-level
in order to avoid infeasibilities on the base-lewelif the base-level’'s decisions
also influence the top-level’s objectives. To cdesithe base-level's planning, the
top-level can apply some sort of anticipation fimrct This anticipation function
needs not be a precise representation of the baesésl planning model but can
also be an approximation. In the following two difnt degrees of anticipation
will be suggested for the problem of combined viehiouting and break schedul-
ing.

According to the classification in Schneeweiss @0@he planning situation
between planners and drivers can be describedstsagion with several DMUSs,
in which a conflict-free team situation can be assd. This results in a situation
of organizational hierarchies in distributed demismaking. The encountered in-
formation asymmetry mainly results from the fatttvhen taking their decisions,
drivers have more accurate information about wtteis ipossible to schedule
breaks than the planner has.

In practice usually two different divisions of teebproblems over planners and
drivers are encountered. The clustering of custorequests is typically per-
formed by the planners. Moreover, the break scliegli$ always carried out by
the drivers for two reasons. First, drivers knowthehen they require a break or
rest period. Therefore, leaving this autonomy ® dhiver seems reasonable. Sec-
ond, a planner does not know exactly when it issiids for drivers to take a
break. Drivers cannot stop their vehicles direotiythe highway but require a ser-
vice area. Consequently, in practice this task cbha performed by the planners.
The only task that can possibly be carried out bthiDMUs is the routing. A
rough conceptualization by whom the routing is perfed for vehicle routing
problems (including a central depot) can be maderaing to the characteristics



of the transports. In the case of full truckloaghsports, only one possible route
exists for each vehicle. Therefore, this task nemaisbe considered in the total

planning process of the planner. In less than taaxk transports, the routing is

mainly carried out by the planners. In parcel smsiand other services operating
in a restricted area, the routing is mainly caroed by the driver, especially if the

locations of the customers are very close to e#lobr@nd if the set of customers
is not the same from day to day. For the remaiondlénis paper we concentrate on
this last situation. Figure 2 depicts this divisiohthe tasks between the DMUs

using the framework of distributed decision makirygSchneeweiss (2003).
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Figure 2: Hierarchical planning situation

In distributed decision making, different decisienels are considered. In our
case the planner constitutes the top-level. Hisaihje is to create vehicle sched-
ules using as few vehicles as possible. The placengies out the clustering of the
customer requests. He derives his optimal instustiand advises the drivers
which customers they have to service. When credliegustomer clusters, he has
to make sure that the drivers can service all ecostarequests within their deliv-
ery time windows and can also adhere to the Eurogeaial legislation. There-
fore, the planner has to anticipate the plannirtgalior of the drivers, who consti-
tute the base-level. To accomplish this task, hes @ anticipation function to
take into account the routing and break schedutiwag will be performed by the
drivers subsequently. He does this to avoid crgatifeasible plans with respect
to the base-level’'s behaviour. The base-level veseihe top-level’s instructions
and carries out the routing and break schedulirtbimvthe clusters it is assigned
using some sort of planning model. We assume thett ériver’'s objective is to
minimize the travel distance.

The planner considers the base-level’s planningainosing anticipation func-
tions. These anticipation functions are approxioraiof the expected base-level's
planning model and need not be precise represensatSchneeweiss (2003) dis-



tinguishes between four different degrees of guditton: perfect reactive anticipa-
tion, approximately perfect reactive anticipatiomplicit reactive anticipation,
and non-reactive anticipation. The first three tadte account the base-level's be-
haviour via some sort of anticipation function. N@active anticipation means
that no anticipation function exists but that sogeeeral features of the base-level
may be taken into account in the top-level’s objectunction.

For further analysis we consider only two differefggrees of anticipation.
First, in perfect reactive anticipation the math&oaéd structure of the base-level’s
planning model is completely considered (Schneesv@803)). In combined ve-
hicle routing and break scheduling we model thigasion such that the planner
minimizes the number of vehicles used. Thereby.efach vehicle, he takes into
account the drivers’ task of finding a shortestteoexploiting all optional rules of
the legislation on driving and working hours asatig®ed in Section 2. So when
creating the clusters the planner uses the driy@asining model that tries to find
the minimum travel distance under considerationhef EC social legislation in-
cluding all optional rules. The drivers may stitiprove on these routes and break
schedules, since they only focus on their speoifite and break schedule, while
the planner has to distribute his computational groswer the clustering problem
and several different routing and break scheduimdplems.

Second, in the case of approximately perfect reactnticipation the anticipa-
tion function uses some approximate solution prapeaf the base-level’'s plan-
ning model (Schneeweiss (2003)). In our case theerds planning tasks of rout-
ing and break scheduling are approximated by tlenrmr. Therefore, as an
approximation of the driver’s planning model we asmodel that finds the short-
est travel distance including only the basic raethe EC social legislation. Omit-
ting the complex set of optional rules simplifidee tplanner’'s task. However,
when carrying out the routing and break schedulthg, drivers do use the full
planning model including all optional rules. By iaigating the drivers’ planning
model including only the basic rules of the sodégislation the planner makes
sure that a feasible solution for the whole plagrnmoblem can be found by the
drivers since the application of the optional rulgsthe drivers will cause an
enlargement of the solution space compared to adhéien space considered by
the planner. We assume that the planner also coicates his routes and break
schedules to the drivers, but the drivers do neeha follow these routes and
break schedules, trying to reoptimize the route®iting to their objectives. In a
dynamic planning scenario the driver will also toyadapt the schedules to actual
situations.

In Section 4, we analyze the described scenarits seme computational ex-
periments. Our approach to addressing the planpensislem is to solve a vehicle
routing problem with time windows (VRPTW) and EC&d legislation. Both an-
ticipation functions allow drivers to find feasiblehicle routes and break sched-
ules. However, the effects of the different degmafeanticipation on the objective
functions are investigated at both levels: at telével, i.e., the number of vehi-
cles used, and at the base-level, i.e., the t@eatl distances.



4 Computational Experiments

To solve the customer clustering problem, we apipdydynamic programming
algorithm presented by Kok et al. (2009). This &l is based on the restricted
dynamic programming framework proposed by Gromiehal. (2008) in which
the idea of dynamic programming for the travellsgjesman problem is applied
and the number of states to be expanded in eagh saestricted. To use the dy-
namic programming approach to solve vehicle rougingblems, the giant-tour
representation of vehicle routing solutions progdsg Funke et al. (2005) is used.
The algorithm includes the EC legislation on drévetriving and working hours
as described in Section 2. It applies a local ptspe when scheduling breaks
and rest periods which fits well into the concefplynamic programming. The al-
gorithmic parameters are set such that it firstimizes the number of vehicles
used and second the total distance travelled.

After the customer clusters are generated usinglfoee algorithm, they are
given to the drivers and in these clusters theedsiwcarry out the routing and
break scheduling also using the algorithm by Ko&let2009) where only one ve-
hicle is allowed. Moreover, we assume that the qarcommunicates the routes
and break schedules he establishes to the drivergiriver cannot improve upon
the routes suggested to him in terms of his objedtinction, i.e. if a driver can-
not reduce his travel distance, he follows the pdais advice. To test the scenar-
ios, the Solomon (1987) test problems for the VRPaM used in the adjusted
form proposed by Goel (2009).

Table 1 presents the average numbers of vehicézsfos the different problem
types for the two anticipation functions. The Soteninstances consist of 6 prob-
lem types in which the C-instances have clusteustbener nodes, the R-instances
have randomly located customer nodes, and in thénB@nces the customer
nodes are semi-clustered. The difference betweef-tland 2-instances is that the
demands and distances in the 2-instances are,erag®/ smaller than in the 1-
instances, allowing for longer (and, as a consecgieiewer) vehicle routes. The
results indicate the change in the planner’s ohject.e., the number of vehicles
used, by using the two different anticipation fuiocs.

The results show a strong reduction in the numbegebicle routes (5% on av-
erage) if the perfect anticipation function is udsdthe planner. Therefore, this
case is superior to the case of approximately pedgticipation in terms of the
planners’ objective value.

Table 2 presents the resulting average total traighnces for the vehicle
routes found by the drivers. Again, the perfecicgmation function results in the
best vehicle routes, also in terms of the drivelgéctive. The average total travel
distance over all problem instances is reduced.&%1



Table 1: Planner’s objective

Problem sets Average # of vehicles: | Average # of vehicles:
(# of instances) perfect reactive approximately perfect ref
anticipation active anticipation
C1(9) 10.00 10.22
C2(8) 5.25 6.00
R1 (12) 9.25 9.83
R2 (11) 7.27 7.82
RC1 (8) 9.88 10.25
RC2 (8) 8.25 8.38
All (56) 8.36 8.80

Table 2: Drivers’ objective

Problem sets
(# of instances)

Average travel distance
Perfect reactive

Average travel distance
Approximately perfect

anticipation reactive anticipation
C1(9) 927.23 948.56
C2 (8) 780.59 836.32
R1 (12) 1130.52 1152.03
R2 (11) 1084.17 1091.19
RC1 (8) 1323.96 1291.30
RC2 (8) 1238.99 1257.80
All (56) 1081.89 1097.28

To analyze the impact of the rerouting performedhsydrivers, we determine
the percentage of vehicle routes for which drivéesind better vehicle routes in
terms of travel distances by rerouting. We alse@itheine the average improve-
ment in travel distance for these routes. Tablee3gnts these results.

Table 3: Improvements found by the drivers (reroutng)

Perfect reactive Approximately perfect reac
Problem sets anticipation tive anticipation
(# of instances) % routes Average % routes Average
improved | improvement| improved | improvement
C1(9) 4.44% 0.73% 8.79% 1.14%
C2 (8) 5.00% 0.60% 3.33% 4.93%
R1 (12) 13.20% 2.14% 13.40% 2.08%
R2 (11) 18.26% 0.66% 17.79% 1.78%
RC1 (8) 10.58% 2.79% 16.21% 2.28%
RC2 (8) 5.12% 2.02% 27.27% 1.68%
All (56) 9.94% 1.62% 14.86% 1.89%




The results show that the improvements found bydtheers are significant. In
case of perfect reactive anticipation 9.94% ofringes are improved and the av-
erage improvement of these routes is 1.62%. Theawgments are even larger in
case of approximately perfect reactive anticipatibnis is due to the fact that the
planner does not exploit the optional rules of H&social legislation in this case.
Therefore, using also the optional rules of theiaddegislation, the drivers can
improve the routes even further.

5 Conclusions

We analyzed the problem of combined vehicle routing break scheduling
from a distributed decision making perspective. phablem was embedded into
the framework for distributed decision making pregd by Schneeweiss (2003).
This framework is very suitable for the analysistlif problem from a practical
point of view. We incorporated different degreesaaticipation of the drivers’
planning model into the scheduler’s planning praced Our computational ex-
periments showed that a more accurate anticipatioction results in better vehi-
cle routes and break schedules. This holds botthoplanner’'s and the drivers’
objectives: the perfect reactive anticipation fimctclearly dominates the ap-
proximately perfect anticipation function.
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