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Abstract

The Workforce Scheduling Problem (WSP) concerns the schedul-
ing of a multi-skilled workforce to geographically dispersed tasks. An
effective solution to the problem is critical to companies’ performance
and success. Organizations are becoming increasingly aware of the im-
portance of enhancing employee empowerment and involvement in de-
cision making. However, traditional approaches implemented to tackle
the WSP neglect this concept, despite the fact that employee efficiency
is crucial to the effectiveness of any workforce scheduling system. The
great benefits promised by empowerment management concepts moti-
vated us to investigate the deployment of empowerment in designing
the workforce scheduling system. This paper proposes a new model
that applies a constraint satisfaction approach in order to incorporate
the empowerment management strategy. A prototype has been devel-
oped and its efficiency has been evaluated.

1 Introduction

The workforce scheduling system is a key supportive decision-making system
used by organizations to effectively manage human resources [1]. The under-
lying problem concerns the allocation of jobs to a workforce in an efficient
manner, whilst satisfying a large number of operational constraints.

The Workforce Scheduling Problem (WSP) involves both job assign-
ments and routing. It generalizes the well-known Resource Allocation Prob-
lem and Vehicle Routing Problem. Several real-life requirements are in-
cluded, such as multi-skilled staff with various working hours, tasks with
different priorities and time-window constraint, route restrictions and mul-
tiple depots.

∗A revised version of this paper is to be presented in MISTA Conference, Dublin,
Ireland, August 2009.
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This problem occurs in a wide range of service companies such as telecom-
munications, utilities and other networks, in which the field service engineer
is a key resource to be managed.

Employees’ efficiency is highly critical to the effectiveness of the sched-
ules produced by the workforce scheduling system. This is because time
is a coordinate in the process. Unless employees are highly motivated and
efficient, they could easily introduce delays which would significantly impact
upon the schedule of subsequent tasks, as well as the overall schedule.

Nevertheless, conventional workforce scheduling systems apply tradi-
tional management techniques which based on the command-and-control
management strategy [2]. These systems, which we refer to as command-
based workforce scheduling systems, isolate employees from the decision-
making, and leave them powerless in this critical system.

Employee empowerment is another management concept, through which
employees are given more control over decisions related to their work. It has
been argued that empowerment has promising benefits for both the organi-
zation and its employees, offering a win-win approach [3] [4] [2]. Thus, more
organizations understand the benefits of enhancing, rather than minimizing,
employees’ contribution, power and control, with the desire to increase pro-
ductivity and quality, as well as enhance employee motivation and retention.

Involving employees in the allocation decision within the workforce schedul-
ing systems could incorporate the great benefits promised by empowerment,
as suggested by Tsang et al [5]. It could also provide another motivation
source for employees, which are normally limited to pay and bonus schemes.

We propose a new model for designing workforce scheduling systems.
The new system, which we refer to as empowerment-based workforce schedul-
ing systems, attempts to implement the empowerment management concept
by deploying a Constraint Satisfaction Approach [6] to provide employees
with a form of involvement in the decision-making.

Whilst we have chosen to examine the model in relation to WSP, it is
believed that this model has the potential to be generalised for use with
other staff-job allocation problems. Moreover, it could be extended to other
variants of personnel resource allocation problems such as timetabling.

This article is organized into seven sections. Command-based (i.e. tra-
ditional) WSP will be described and formulated in section 2. Section 3 will
introduce empowerment as a management concept. We will discuss and for-
mulate the Empowerment-based WSP in section 4. The prototype will be
explained and the experimental results will be discussed in sections 5 and 6.
The conclusion and suggestions for future work will be in section 7.
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2 Command-based WSP

Conventional workforce scheduling systems apply a command-and-control
strategy in managing human resources, where the system assigns jobs to an
employee who has only to accept the decision. The underlying optimization
problem focuses mainly on optimizing the organization’s objective(s). This
focus excludes employees from the decision-making, which could affect the
optimality of the organization’s objective(s).

Problem formulation is a very important step which is often underesti-
mated [7, 8]. Modelling formalizes the problem’s considerations and objec-
tives. Below an attempt to rigorously formulate the Command-based WSP
can be found.

2.1 Problem Formulation

The traditional Workforce Scheduling Problem (command − baseWSP ) is

basically the problem of allocating a set of technicians (resources): R =
{r1, r2, ..., rN}, to a set of tasks: T = {t1, t2, ..., tM}. A task t is described
by a tuple:

< ct, durt, st, [btt, ett], lt >

Where (ct) is a predefined priority which determines its importance to the
company. The higher the value of ct the more important the task will be,
and ct ∈ <. durt is the expected duration a technician requires to finish this
task. Each task requires a technician with a particular skill st ∈ S, where S
is the set of all skills: S = {s1, s2, ..., sK}. A task t must be serviced within
a predefined time window described by [bt, et]. Tasks are geographically
distributed, and the location of a task is denoted by `t.

Each technician r ∈ R is described by the following tuple:

< [brr, err], Sr, `r >

Each technician has a fixed shift hours where the begining and end of the
shift is expressed by [br, er]. Sr denotes the skill(s) a technician has, where
Sr ⊆ S. There is no a single depot for technicians to start from, as they
can start from home or from one of predefined depots. The location of a
technician is denoted by `r.

The travelling time between any two locations (TD`1`2) is calculated as
the Euclidean distance divided by speed (υ).

There are two sets of decision variables in WSP : the allocation variables
X = xij |i = 1, · · · , N ; j = 1, · · · ,M and the service times F = fi|i = 1, · · · ,M .
A variable xij is equal 1 if technician ri is allocated to task tj , and 0 other-
wise; where a variable fi denotes the actual service time of the task ti.

Having decided these variables, a set of routes π = {π1, π2, · · · , πN} are
defined. A route πi is a sequence of tasks (⊆ T ) that are to be visited by
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technician ri; πi = (πi1, · · · , πiσi), 1 ≤ σi ≤ M . We define two functions,
namely first(πi) and last(πi) which denote the first task (πi1) and the last
task (πiσi ; 1 ≤ σi) of the route πi, respectively.

The main objective is to find an assignment of resources to tasks that
maximizes the number of allocated tasks with respect to thier priorities,
while satisfying all assignment and routing constraints. This paper consider
this objective for the WSP . There are other objectives which can be consid-
ered as well, such as minimizing the total traveling distance, and resources’
load balancing.

The command-based Workforce Scheduling Problem can, then, be math-
ematically modeled as follow:

(command− based WSP )

max
∑
r∈R

∑
t∈T

ctxrt (1)

subject to

∑

r∈R

xrt 6 1 ∀t ∈ T (2)

st ∈ Sr ∀xrt = 1, t ∈ T, r ∈ R (3)
btt 6 ft AND ft + durt 6 ett ∀t ∈ T (4)
flast(πr) + durlast(πr) 6 err ∀r ∈ R (5)
ffirst(πr) 6 brr ∀r ∈ R (6)
brr + TD`r`first(πr)

6 fπr1∀r ∈ R (7)
fti + durti + TD`ti`ti+1 6 fti+1 ∀ti ∈ πr, ti 6= last(πr);∀πr ∈ π (8)

The objective function is represented by (1). Constraint (2) impose that
each task is visited at most once. The skill constraint is expressed in equation
(3). The time window constraint of all tasks is assured by (4). (5) and (6)
ensure that all tasks which are assigned to a technician must be within the
technician’s working time. Finally, Equations (7 and 8) ensure route validity
by considering the travelling time between a technician’s base location and
the first task, as well as between subsequent tasks in technician’s route.

3 Empowerment

3.1 What does empowerment actually mean?

Empowerment as a management concept is an elastic term which is loosely
defined and used [9] [2]. Although it has been widespread since the 1980s,
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there is no precise definition of empowerment in the literature. Essentially,
employee empowerment is a management concept through which employees
are given more freedom and flexibility to make decisions related to their
work.

Two conceptions of empowerment are reflected in the literature [4] [2] [10]
[11]. The first approach conceptualizes empowerment as a managerial rela-
tion, and defines this term as the process of enhancing employees’ authority
and control over decisions related to their tasks. From this perspective, em-
powerment is a broad concept which encompasses other management ideas
such as delegation, job enrichment, decentralization of decision making and
participatory management. The second approach, however, emphasizes the
psychological values of empowerment, and refers to empowerment as the
process of enhancing the motivational concept of self-efficacy. Other re-
searchers tend to combine the two approaches, viewing empowerment as
enhancing both employees’ decision power and self-efficacy.

The moralistic theme beneath empowerment language was discussed by
Claydon and Doyle [3]. They ethically examined the two messages com-
prised in the term empowerment, namely the ”soft” message (i.e. enhancing
autonomy and self-discretion) and the ”hard” message (i.e. accountability
and ownership). They argue that empowerment language is found between
the ethical theories of deontology and egoism.

3.2 Benefits of Empowerment

The empowerment literature delivers convincing arguments concerning the
benefits of employee empowerment [12]. Empowerment is seen to be benefi-
cial both for the organization and employees. As Greasley et al (2005) sum-
marizes, the benefits for an organization are the remarkable improvements
in cost control, flexibility, productivity and quality; where the benefits of
empowered employees are enhanced job satisfaction, motivation and orga-
nizational loyalty. These mutual benefits present a win-win scenario which
is considered the main motivation in making a move towards empowerment
[3].

The literature is rich with success stories from organizations that have
embarked on this journey (see for example, [13] [14] [11] [12]). However,
such appealing benefits can not be attained without costs, both in terms of
establishing a new approach to management (involving training costs, costs
of new reward and information systems) and in its operation (involving
issues of integration, consistency and unintended consequences) [9].

3.3 Employee’s Perception of Empowerment

Researchers have predominantly focused on the management perspective
while studying empowerment. However some research has been conducted
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to study the employee perception of empowerment, for instance [2]. Wilkin-
son [9] stated that ”It is taken for granted in much of the prescriptive lit-
erature that employees will welcome and indeed be committed to the new
approach. Indeed there is evidence that workers welcome the removal of
irritants (e.g. close supervision) and welcome the opportunity to address
problems at source as well as the ability to decide work allocation.” Yet it
has been argued that employee’s perception and commitment varies accord-
ing to several factors such as education, experience, skilfulness, and personal
characteristics [10] [14].

3.4 Review of the Empowerment Literature

Most empowerment practices are principally human-centric, in which the
amount of redistributed power, alongside the exercises and effectiveness of
the empowerment strategy depend entirely on the people in the organization,
i.e. managers and employees.

It is possible to say that the contribution of technology to this manage-
ment style is still modest. The main reason behind this is that the empow-
erment practices suggested in the literature focus on enhancing employees’
power and control over task-related decisions, but have not to any great
extent been extended to include decisions made by supportive subsystems,
particularly the task-assignment system.

Efficient extensions to the scope of practices associated to empowerment
to include such decision-support subsystems would, on one hand, create more
opportunities for employees to get involved. On the other hand, it could
be beneficial for those supportive systems to apply new decision-making
strategies that could help improving the service quality.

3.5 Empowerment initiatives in resource scheduling

Before reviewing the models in resource scheduling literature that made an
attempt to apply the empowerment management strategy, it is important to
define what constitutes empowerment in workforce scheduling problems. We
define this as an empowerment-based model should recognize the individuals’
self interest, which is somehow reflected in the final plan.

There have been few attempts to implement the empowerment approach
in computerized decision support systems in general, and workforce schedul-
ing in particular. It has been reported that an online voting system was used
as an empowerment practice, through which employees are given a set of ac-
tivities and allowed to vote online for the activities they most wish to do [13].
Although voting systems are normally designed to support industrial democ-
racy, it can also be considered as a supportive practice to involve workers
in the decision-making process. Nevertheless, this technique is suitable for
the teamwork, rather than the individual, context where democracy could
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be a very practical practice. Moreover, the workforce scheduling problem
usually deals with very short-term, partially dynamic jobs, in which there
is no sufficient time to utilize this technique.

Employees’ preferences are considered in some models which were pro-
posed to solve scheduling problems, see for example [15] [16]. In these mod-
els, employees can express thier preferences by associating weights to a par-
ticular property of tasks such as its requirement. Although one could claim
that employees’ preferences is an empowerment practice, we consider it as a
consideration more than involvement, as employees have no explicit author-
ity or control over the decision making. Furthermore, the scope of preference
is normally limited to a single attribute of the task undertaken, such as its
type or its location, which could weaken employees’ feelings of power and
motivation, and consequently their self-efficacy.

The first explicit initiative that adopted empowerment in solving work-
force scheduling was introduced by Tsang et al [5]. Their approach was
to model the problem’s entities (e.g. manager, engineers, and jobs) with
intelligent agents, each of which has its own interests which are in conflict
with others. This approach formulates the problem as a distributed schedul-
ing problem, allowing each agent to look at its interests, while the manager
agent looks at the company’s interest. Giving engineers the chance to pursue
their interests is claimed to be the empowerment practice in this model.

However, two main reasons make this model more appropriately im-
plemented at the dispatcher’s or probably team leaders’ levels, than the
individuals. Firstly, engineers’ powers to attain their interests are strongly
controlled by the manager agent who generates the weights of engineers’ ob-
jectives. A schedule is generated as a response to the manager’s decision of
the objectives’ weights; hence, engineers can not anticipate their plans. Sec-
ondly, the difficulty of the manager’s optimization problem increases with
the number of agents. Thus, implementing individual agents would impact
upon the manager’s optimality.

In our research, we intend to develop a model that implements the em-
powerment management style. The model focuses on formulating the prob-
lem as to give employees an explicit control over the decision making. The
following section describes our proposed model in detail.

4 Empowerment-based Workforce Scheduling Sys-
tem

Empowerment in practice is a form of employee involvement designed by
management with the purpose of boosting workers’ contribution and com-
mitment to the organization [9]. Applying the empowerment management
approach to workforce scheduling requires designing a flexible, efficient model
that increases employee involvement in the allocation process.
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In order to deploy the empowerment management concept in the work-
force scheduling problem, employees should be involved in the scheduling
process and their control over their work should be increased. This can
be attained by enabling them to express their preferences and submit daily
plans that can be considered in the allocation process.

From the optimization perspective, this involvement would, theoreti-
cally, negatively affect, to various extents, the scheduling optimality with
respect to the organization’s objectives. However, the improvement in ser-
vice quality and productivity which are promised by the empowerment style
motivates the implementation of this management concept.

4.1 Work Plans: The Empowerment Vehicle

A key element in any empowerment-based scheduling system is the repre-
sentation of employee involvement, which defines the employee’s decision
power. In workforce scheduling problems, employees would like to be em-
powered to have decision power allowing them to influence the assignment
of jobs to them. If one thinks about the possible scenarios in which an em-
ployee would use the power, one could categorize these scenarios into three
planning categories:

1. Short-term plan: an employee might want to plan for the next job
e.g. ”I do (not) want to take this particular job due to its requirement
or location”.

2. Long-term plan: an employee might want to plan for a particular
day, e.g. ”I want to finish my shift at a particular area/location, today
I want to be allocated to jobs located in a particular area, or today I
want to do only jobs that are of a particular skill(s)”.

3. Preference: an employee might have preferences he or she would like
to be considered in an everyday plan, e.g. ”I prefer to work in this
area where I usually have family commitments, or I prefer to do jobs
that are of a particular skills”.

This classification of possible scenarios suggests that the representation
of employee involvement in the decision making can be expressed in terms of
work plans. A work plan (WP) is a general term which can encompass most
possible scenarios. It is the vehicle of empowerment in our model, which an
employee can utilise to express his/her preferences.

Naturally all plans can be expressed as a constraint relationship [6].
These constraints will be considered to be satisfied in the scheduling process.
Workforce scheduling problems are very complex, subsequently, the promise
of satisfying all the plans cannot be guaranteed. Thus an employee’s work
plan is a soft constraint which can be violated at an incurred cost. In
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this case the task becomes finding a schedule that satisfies the majority of
constraints, rather than all the constraints.

Associating a cost to each plan allows our model to be cope with sit-
uations where employees may vary in their power. This variance could be
consider as a motivation source for employees, which are normally limited
to pay and bonus schemes.

The empowerment practice introduced above changes the nature of the
problem. The underlying optimization problem is reformulated to look at
not only the organization’s objectives, but also to the employees’ interests.
Thus, the scheduling problem comprises two sub-problems: an optimization
problem that maximizes the organization’s objective, subject to the opera-
tional constraints, and a constraint satisfaction optimization problem that
minimizes the unsatisfied work plans.

4.2 Problem Formulation

Every technician r ∈ R is able to provide a work plan wpr per day. A plan is
basically a constraint (ρ) by which a technician can describe the jobs he/she
wants to undertake. For instance, a technician r might want to be allocated
to jobs of a particular set of skills, or jobs in a particular region. Each plan
is associated with a weight (ω) to determines the incurred cost of failing to
satisfy this plan, in cases where the employees vary in their power over the
decision-making process.

An indicator y is defined for the empowerment-based WSP. The indicator
yr (∀r ∈ R) is equal 1 if the plan ρr is satisfied, and 0 otherwise.

As a result, the change this model will make to the formulation of the
WSP (section 2.1) is the addition of another objective function; thus, the
WSP becomes a bi-objective optimization problem, where the task is not
only to maximize the number of jobs served, but also to satisfy the max-
imum number of technician’s plans. The mathematical formulation of the
empowerment-based WSP will be similar to that of the command-based
WSP, with the addition of the new elements which can be defined as fol-
lows:

wpr = < ρr, ωr > ∀r ∈ R, 0 6 ωr 6 1 (9)

max
∑
r∈R

yrωr (10)
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5 Prototype

For the model outlined above, we have implemented an initial prototype
in which the complexity of the model is slightly reduced. Referring to the
formulation of the empowerment-based WSP, the initial prototype assumes
that all employees are of an equal power (i.e. all plans are of the same
weight). We intend to always examine the tightest scenario, where every
employee has a plan to be considered.

5.1 Plan Generator

A major element in our experiment design is to model employees’ plans.
A plan is a constraint that limits the possible values a variable can take.
Employees toned to be able to describe jobs that they want to be allocated.
There are three main properties that can be used to describe a job, namely
the job’s id, type (i.e. required skill), or location.

Our model is based on these properties, such that each plan uses a prop-
erty to describe the tasks that the corresponding employee wants to do.
When an employee wants to do particular tasks or tasks of a particular
skill(s), the employee just needs to determine the tasks’ id or the skill(s)
codes, respectively. In terms of location, the whole service region of the
WSP is clustered into several areas which can be used by an employee to
limit the jobs that will be allocated to him to particular area(s).

Given the sets of technicians R, tasks T , skills S and areas Areas, and
the number of tasks, on average, a technician can perform on a daily shift
avgtr, the plan generator is outlined as follows:

Plans Generator(R, T, S, Areas, avgtr)
1: for each ri such that 1 6 i 6 N do
2: P ← Random(”id”, ”skill”, ”location”)
3: if P = ”id” then
4: size ← Random(avgtr · · · 2 ∗ avgtr)
5: Dp = Random(d|d ⊆ T, |d| = size)
6: else if P = ”skill” then
7: size ← Random(1 · · ·max(|Sri |, |S|/2))
8: Dp = Random(d|d ⊆ Sri , |d| = size)
9: else if P = ”location” then

10: size ← Random(1 · · · |Areas|/2)
11: Dp = Random(d|d ⊆ Areas, |d| = size)
12: end if
13: end for

The plan of an employee is generated randomly. First, a property will
be chosen randomly, which can take three possible values: ”id”, ”skill” or
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Table 1: The probability distribution used to sample the number of skills
for each technician.
Number of Skills: 1 2 3 4 5 6 7 8 9 10
Probability: 0.02 0.05 0.08 0.15 0.20 0.20 0.15 0.08 0.05 0.02

”location” which makes the plan describes tasks by their identifier, skill
requirement or location, respectively. Accordingly, the size of the domain
values is drawn randomly within a specific range. This range is calculated as
a function of the number of tasks, on average, a technician can perform on
a daily shift for the ”id”, the size of the employee’s set of skills for ”skill” or
the number of areas that construct the whole service region for ”location”.
Finally, a subset of corresponding set to the chosen property is randomly
selected to be the domain values.

5.2 Problem instances

We developed a problem generator which is partially inspired by a real WSP.
Instances are constructed as follows: We measure the duration of a day in
the number of minutes from midnight. A day typically starts at 480 (8:00
am) and ends at 1060 (5:40 pm), i.e. [br, er] = [480, 1060]. We assume that
all technicians have only a full-day shift, to minimize noise.

In a real scenario, a region manages 86 technicians (M = 86), and re-
ceives on average about 260 tasks per day (N ' 260), of which 222 are
appointment (i.e. normal priority, cnp = 10) tasks. For appointment tasks,
we distinguish between a whole day task (which can be done anytime during
the day) a morning task which should be finished by 13:00 o’clock and an
evening tasks which cannot be started before 13:00. In the experiment, we
set the time window of a task, [bt, et], to be (480, 1060) with 0.5 probabil-
ity, (480,780) with 0.25 probability and (780, 1060) with 0.25 probability.
On the other hand, high priority tasks (chp = 20) start differently during
the day, all of which must be served within 180 from the time it starts (i.e
et− bt = 180).

Each task requires a technician with a particular skill. We distinguish
between ten different skills (|S| = K = 10), abbreviated: s1 · · · s10. Each
technician can have one or more skills. In our experiment, the number
of skills that technicians in the workforce have (denoted by µ) follows a
binomial-like distribution as given in Table 1.

The type of skills for both tasks and technicians is sampled uniformly at
random from s1 · · · s10.

The time required to finish a task (durt) varies as a function of the
associated skill. This is modelled as a triangular distribution. However, we
consider in this paper a simple scenario, in which the duration of all tasks,

11



by default, is equal to 95.
We consider a 80 km2 region. The density of tasks over this region is

based on real geographical distribution of houses. We assume that techni-
cians start the working day from home. The location of all tasks as well as
the initial locations of all technicians are chosen uniformly at random from
the region. Travel time (between any two coordinates) is measured as the
Euclidean distance divided by speed (υ). We are particularly interested in
highly constrained travel times and hence we assume that the speed (υ) is
5 km/h.

5.3 Algorithm

The aim of the workforce scheduling algorithm is to find a feasible schedule
of high-quality with respect to the main objective. However, most of the
real-world scheduling problems are combinatorial optimization problem in
which using complete search methods (e.g. branch & bound method) to
find the optimal solution in a reasonable time is not possible. Thus, it is
usually the case that one sacrifices completeness and look for a near-optimal
solution at reasonable time.

Two major approaches which use this strategy have been successfully
applied to workforce scheduling problems, namely metaheuristics [17] such as
Guided Local Search [16], the Genetic Algorithm [18], Simulated Annealing
[19] and Constraint Logic Programming [20, 21]; and rule-based systems [22,
23]. Among these approaches, Guided Local Search obtained the best results
on a benchmark problem [16], which motivates us to study the application
of Guided Local Search to the empowerment-based WSP.

5.3.1 The Basic Local Search

Local Search (LS) is the basis of most heuristic methods including GLS [17].
Follows are the four main components need to be defined to apply LS to the
empowerment-based WSP:

Solution Representation. Each candidate solution, i.e. state, in the
search space is represented by a permutation of M tasks. Such a permuta-
tion specifies the order of tasks to be considered in the scheduling process.
The first task in the permutation is scheduled first, then the second one,
and so on and so forth. Scheduling a particular task follows a determinis-
tic procedure which can be summarized as allocate this task to the nearest
technician with respect to all constraints and employees’ plans.

Neighbourhood Function. The Neighbourhood function is defined as
any new permutation that may be obtained from the current permutation
by a single swap between any two tasks.

12



Cost Function. By using the weighted-sum approach, the cost func-
tion for the empowerment-based WSP will be the aggregation of the two
optimization functions defined in Equations (1) and (11):

f(s) = w1 ∗
∑

r∈R

∑

t∈T

ctxrt + w2 ∗
∑

r∈R

yrωr

The initial solution. The initial solution is generated heuristically
based on three rules:

1. High priority tasks are scheduled first. This rule is very practical since
the objective function takes into consideration the priorities of tasks
(ct).

2. For two tasks ti, tj with the same priority (i.e. cti = ctj ), if the number
of available and qualified engineers for ti is less than that for tj , then
ti is scheduled first, otherwise tj (i.e. Smallest-domain-first, SDF).

3. For two tasks ti, tj with the same priority and domain size, the shorter
in terms of estimated duration durt is scheduled first (i.e. greedy
principle).

5.3.2 Guided Local Search

Guided Local Search (GLS) is a general metaheuristic algorithm for opti-
misation [24]. GLS sets on top of local search with the purpose of escaping
from local minima by using penalty-based approach. The basic idea is to
augment the objective function with penalties, which direct the search away
from local optimum. Thus, GLS uses a function h(s) in the search process
instead of the main objective function, f(s):

h(s) = f(s) + λ
∑

i∈F

pi ∗ Ii

In this formula, s is a candidate solution and λ is a parameter to the
GLS algorithm. F refers to the number of features in s. pi is the penalty
of feature i (each pi is initialized to 0), and Ii is an indicator: Ii(s) = 1 if s
exhibits the feature i; 0 otherwise.

In the empowerment-based WSP, f(s) is an aggregation of two func-
tions with different weights and, thus, two sets of features will be defined.
As minimizing the total unallocated tasks is an objective, the inability to
serve a task is characterized as a feature to be penalized. Thus, the first
set of features F1 has N features, where N is the total number of tasks.
The second objective concerns minimizing unsatisfied employees’ plans and,
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therefore, the second set of features F2 are characterized by the inability to
satisfy plans. There are M features in F2, where M is the total number of
employees.

Each feature is associated with a cost to help GLS choosing features
that have more influence on the cost function in order to penalize them. We
consider the task priority as the cost of features in F1, in order to give high
priority tasks more importance; whereas all features in F2 are of an equal
cost, due to the assumption that all employees have the similar power. pi is
the penalty of feature i (each pi is initialized to 0), and Ii is an indicator:
Ii(s) = 1 if s exhibits feature i; 0 otherwise.

As a result, the augmented objective function h(s) is expressed as follows:

h(s) = w1 ∗ [
∑

r∈R

∑

t∈T

ctxrt + λ1

∑

i∈F1

pi ∗ Ii] + w2 ∗ [
∑

r∈R

yrωr + λ2

∑

i∈F2

pi ∗ Ii]

The weighted-sum method applied to transfer the two objectives functions
into a single function, is also propagated to the corresponding set of features.
We, moreover, defined two parameters of the GLS λ1 and λ2; however, the
empowerment-based WSP was found, through empirical analysis, not to be
sensitive to those parameters.

6 Results and Discussion

In this paper, we aim to examine the new model, in comparison to the
command-based model. This includes examining the cost of different level
of employees’ power over the scheduling decision on the company’s main ob-
jective (i.e. productivity objective), and the ability of this model to provide
an efficient empowerment practice.

To attain this aim, we ran the GLS algorithm on 20 problem instances,
for each of which different sets of weights W were tested, such that W ∈
{(a, 1 − a)|a ∈ {1, 0.8, 0.6, 0.5, 0.4, 0.2, 0}} and a is the weight given to the
productivity objective (Equation 1). At one extreme, a = 1 (i.e. W =
(1, 0)) represents the command-based WSP, since the empowerment objec-
tive (Equation 10) is ignored in the optimization process. And as a de-
creases, the influence of the empowerment objective on the optimization
process should increase.

Since the plans generator is based on a stochastic model, five different
instances of employees’ plans were tested for each weight setting.

For the purpose of this paper, we use the actual cost of each objective
rather than the aggregation of both objectives. We measure, for each weight
setting, the mean of 20 instances, and for each one measure the mean of five
runs with different employees’ plans.

The results are given in Table 2 which describes the mean cost of each
objective for each weight setting. For simplicity, the productivity objective
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Figure 1: The correlation between the empowerment objective and the pro-
ductivity objective.

is normalized. The correlation between the normalized productivity cost and
the empowerment cost is plotted in Fig1, which shows the cost of satisfying
employees’ plans on the company’s main objective.

Table 2: The mean cost of each objective for each weight setting
Weight Setting (Pro,Emp) Productivity Productivity(Normalized) Empowerment
(1,0) 0.94 1 0.17
(0.8,0.2) 0.93 0.99 0.33
(0.6,0.4) 0.9 0.96 0.45
(0.5,0.5) 0.88 0.94 0.5
(0.4,0.6) 0.86 0.91 0.56
(0.2,0.8) 0.83 0.88 0.58
(0,1) 0.74 0.79 0.51

The results reveal the efficiency of this model which shows its ability
to consider the plans from all employees and satisfy 58% of them. This is
achieved at the expense of losing 12% of the productivity objective. The
inability to satisfy all plans is expected and this is due to either the ex-
istence of conflict between multiple plans, in which only one of them can
be satisfied, or to the inability of the optimization algorithm to obtain the
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global optimum solution.
Furthermore, the results encouragingly show that even if the empower-

ment objective is ignored (i.e. the traditional WSP); about 17% of all plans
can be satisfied without any effect on the productivity objective.

Interestedly, when the GLS optimizes only the empowerment objective,
it could not obtain the best cost with respect to this objective. This can be
attributed to the many local minima in the landscape of the empowerment
objective which traps the GLS. To illustrate this, the size of the search space
for the problems used in the experiments is about 260!, the domain of values
for the cost of each of which range from 0 · · · 90. Therefore, introducing an-
other objective to be aggregated with a small weight changes the landscape
and helps the GLS to explore more spaces.

7 Conclusions and Future Work

The Workforce Scheduling Problem (WSP) is a complex combinatorial opti-
mization problem. Employees’ efficiency is very critical to the effectiveness
of any scheduling system; however, conventional formulations of WSPs ex-
clude employees from the decision-making process.

Empowerment is an alternative management concept, through which
employees are given more control over decisions related to their work. En-
hancing employee efficiency is a major benefit promised by empowerment,
which motivates us to incorporate this management theme in designing the
WSP.

The empowerment-based WSP is a new formulation of the WSP, which
implements the empowerment management concept by incorporating ideas
from the constraint satisfaction discipline. This formulation considers the
two constitutions of empowerment in WSPs, namely recognizing individuals
self interest and enhancing individuals’ feeling of empowerment which can
be attained when their plans are reflected in the final schedule.

Based on this new formulation, a prototype has been developed to prove
the concept that the formulation satifies the two constitutions of empower-
ment. A Guided Local Search was proposed to solve the underlying opti-
mization problem in this prototype. Experiments were conducted to analyse
the efficiency of this new approach, in comparison to the traditional formu-
lation. The results showed the efficiency of this model, demonstrated by the
ability of GLS to satisfy about 58% of all employees’ plans at the expense
of sacrificing 12% of the company’s main objective.

The empowerment-based WSP is a constrained multi-objective optimiza-
tion problem in nature. In this study, we rather transformed the problem
to a single objective optimization problem by using the weighted-sum ap-
proach. However, the multi-objective optimization literature is rich with
efficient techniques that can be applied to the empowerment-based WSP.
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We developed a stochastic model to simulate employees’ plans. We in-
tend to investigate other stochastic or heuristic models in order to examine
the robustness of this formulation, alongside any proposed algorithm, in
relation to changes in the employees’ plans.
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