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Foreword

Foreword

Research is a process to discover new knowledge, and publishing its results is an integral part of a researcher’s
professional life. The dissemination of research findings is an integral part of the research career in academia, and
aims at sharing results with professionals and academics to stimulate the use of the new findings and the enhancement
of the current results to find further improvements.

Research groups at universities often focus on a small set of academic problems and provide results published in
international papers, book chapters, conference proceedings, professional articles and summary books. While the
members of the research group obviously have a good overview of what has been done in the past, and what are the
promising areas for future researchers, outsiders (other researchers) often don’t see the complete picture of the track
record and the work done at the particular research group.

The purpose of this book is to give an overview of the work done at the Operations Research & Scheduling (OR&S)
group. This research group works at the faculty of Economics and Business Administration of Ghent University
(Belgium), in close collaboration with Vlerick Business School (Belgium), and UCL School of Management of
University College London (UK). The group also maintains collaborations with the Universidade Aberta (Portugal), and
the laboratory of Artificial Intelligence and Decision Support of the Institute for Systems and Computer Engineering -
Technology and Science (INESC TEC, Portugal).

The main research topics of the OR&S group lie in the development of quantitative tools for project management,
machine scheduling and personnel scheduling, but occasionally, the quantitative methodologies have been used in
other areas such as healthcare optimization and management accounting. It has resulted in a number of publications
in international journals, but also in professional articles, book chapters and a number of books. Each individual page
of this book has been devoted to exactly one publication, each time mentioning key data of the publication such as the
keywords, the reference, the abstract and some links to interesting material to obtain the full work.

The main reasons why the work has been collected in this book are threefold. First, the book is intended to provide a
full overview to researchers about the activities and research results obtained at the OR&S group. It is seen as a guide
to find the relevant sources in literature, and hopefully to stimulate the use of the research findings for their own
future research. Regular book updates with new research findings and publications will be provided upon availability.
A second purpose of this book is to have an internal overview of the activities, not only for our own new researchers
to find their way in the research world of OR&S but also out of pride to show what our group has been done in the
past decade(s). Finally, the book is also a way to express my gratitude to the various people who joined (and then left)
the group. These researchers all contributed to this book in one way or another, by working under my supervision, in
good times and in bad times, and by spending their valuable time in a never-ending search towards improved results.
That is, after all, the life of a researcher. It is a search and a discovery of new knowledge, with a lot of failures and
rare moments of success.

Mario Vanhoucke
January, 2016
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Theorems are just guesses made
by scientists
José Coelho

Contract design

Due to the adoption of more and more complex incentive contract structures
for projects, designing the best contract for a specific situation has become
an increasingly daunting task for project owners. Through the combination
of findings from contracting literature with knowledge from the domain of
project management, a quantitative model for the contract design problem
is constructed. The contribution of this research is twofold. First of all, a
comprehensive and quantitative methodology to analyse incentive contract
design is introduced, based on an extensive review of the existing literature.
Secondly, based on this methodology, computational experiments are carried
out, which result in a set of managerial guidelines for incentive contract
design. Our analysis shows that substantial improvements can often be
attained by using contracts which include incentives for cost, duration as
well as scope simultaneously. Moreover, nonlinear and piecewise linear

formulae to calculate the incentive amounts are shown to improve both the

performance and robustness across different projects.
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The payment for sins can be

delayed. But they can’t be avoided.

Shawn Ryan

Leyman, Pieter; Vanhoucke, Mario

Payment models

This manuscript focuses on the single- and multi-mode resource-constrained
project scheduling problem with discounted cash flows (RCPSPDC and
MRCPSPDC) and three payment models. The contribution of the paper is
twofold. First, we extend a new scheduling technique, which moves activities
in order to improve the project net present value. This more general version
is applicable to multiple problem formulations and provides an overarching
framework in which these models can be implemented. The changes in
activity finish times take other activities and the possible changes in the finish
times of these other activities into account, by forming a set of activities which
is subsequently moved in time. The scheduling technique is implemented
within a genetic algorithm metaheuristic and employs two penalty functions,
one for deadline feasibility and one for nonrenewable resource feasibility.
Second, we test the proposed approach on several datasets from literature
and illustrate the added value of each part of the algorithm. The influence of
data parameters on the project net present value is highlighted. The detailed

results provided in this paper can be used as future benchmarks for each of

the six models discussed.
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Logic will get you from A to B.

Imagination will take you

everywhere.

Albert Einstein

Vanhoucke, Mario; Coelho, José

Logical constraints

This paper presents a new solution approach to solve the resource-constrained
project scheduling problem in the presence of three types of logical constraints.
Apart from the traditional AND constraints with minimal time-lags, these
precedences are extended to OR constraints and bidirectional (BI) relations.
These logical constraints extend the set of relations between pairs of activities
and make the RCPSP definition somewhat different from the traditional
RCPSP research topics in literature. It is known that the RCPSP with AND
constraints, and hence its extension to OR and BI constraints, is NP-hard. The
new algorithm consists of a set of network transformation rules that removes
the OR and BI logical constraints to transform them into AND constraints
and hereby extends the set of activities to maintain the original logic. A
satisfiability (SAT) solver is used to guarantee the original precedence logic
and is embedded in a metaheuristic search to resource feasible schedules
that respect both the limited renewable resource availability as well as
the precedence logic. Computational results on two well-known datasets
from literature show that the algorithm can compete with the multi-mode
algorithms from literature when no logical constraints are taken into account.
When the logical constraints are taken into account, the algorithm can report
major reductions in the project makespan for most of the instances within a

reasonable time.

i
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By far the greatest danger of
Artificial Intelligence is that
people conclude too early that
they understand it.

Eliezer Yudkowsky

Wauters, Mathieu; Vanhoucke, Mario

Artificial intelligence

This paper presents five Artificial Intelligence (AI) methods to predict
the final duration of a project. A methodology that involves Monte Carlo
simulation, Principal Component Analysis and cross-validation is proposed
and can be applied by academics and practitioners. The performance of
the AI methods is assessed by means of a large and topologically diverse
dataset and is benchmarked against the best performing Earned Value
Management/Earned Schedule (EVM/ES) methods. The results show that the
Al methods outperform the EVM/ES methods if the training and test sets are
at least similar to one another. Additionally, the AT methods report excellent
early and mid-stage forecasting results. A robustness experiment gradually
increases the discrepancy between the training and test sets and demonstrates

the limitations of the newly proposed Al methods.
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It is a capital mistake to theorize
before one has data.
Arthur Conan Doyle

Big data

In this paper, an overview is given of the project data instances available
in the literature to carry out academic research in the field of integrated
project management and control. This research field aims at integrating
static planning methods and risk analyses with dynamic project control
methodologies using the state-of-the-art knowledge from literature and the
best practices from the professional project management discipline. Various
subtopics of this challenging discipline have been investigated from different
angles, each time using project data available in literature, obtained from
project data generators or based on a sample of empirical case studies. This
paper gives an overall overview of the wide variety of project data that are
available and are used in various research publications. It will be shown
how the combination of artificial data and empirical data leads to improved
knowledge on and deeper insights into the structure and characteristics of
projects useful for academic research and professional use. While the artificial
data can be best used to test novel ideas under a strict design in a controlled
academic environment, empirical data can serve as the necessary validation
step to translate the academic research results into practical ideas, aiming
at narrowing the bridge between the theoretical knowledge and practical
relevance. A summary of the available project data discussed in this paper can

be downloaded from www.projectmanagement. ugent.be/research/data.
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No one undertakes research in
physics with the intention of
winning a prize. It is the joy of
discovering something no one
knew before.

Stephen Hawking

database

Batselier, Jordy; Vanhoucke, Mario

Empirical database

In this paper, a real-life project database is created, outranking the existing
empirical databases from project management literature in both size and
diversity. To ensure the quality of the added project data, a database
construction and evaluation framework based on the so-called project cards
is developed. These project cards incorporate the concepts of dynamic
scheduling and introduce two novel evaluation measures for the authenticity
of project data. Furthermore, an overview of the constructed database leads to
statements on the difference between planned and actual project performance
and on the earned value management (EVM) forecasting accuracy. Moreovet,
the database is publicly available and can thus become the basis for many
future studies related to project management, of which a few are suggested in
this paper. To further support these studies, the database will continuously be

extended utilizing the project cards. Furthermore, the project cards can also

serve didactical purposes.

Do research, create knowledge, feed your talent: A summary of research at Operations Research & Scheduling 11


http://www.projectmanagement.ugent.be/research/data
http://www.projectmanagement.ugent.be/research/data
http://doi.org/10.1016/j.ijproman.2014.09.004
http://doi.org/10.1016/j.ijproman.2014.09.004
http://www.or-as.be/books/rkt

Journal of Construction Engineering and Management 2015

Empirical evaluation of earned value management forecasting
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Batselier, Jordy; Vanhoucke, Mario
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No one has the right to destroy
another person’s belief by
demanding empirical evidence.
Ann Landers

Empirical evaluation

The ability to accurately forecast a project’s final duration and cost is
essential to successful project management. The technique of earned value
management (EVM) is considered to provide an effective methodology for
obtaining such forecasts; however, this has not yet been adequately tested
on empirical data. Therefore, the accuracy of the most commonly used EVM
time and cost forecasting methods is evaluated on a diverse and qualitative
database consisting of 51 real-life projects. As most projects originate from
the construction industry, an explicit focus on these construction projects
is provided. Moreover, the desired real forecasting outcomes based on the
actual project progress data are also supported by a Monte Carlo simulation
study. It is demonstrated that highly accurate time and cost forecasts can
be obtained by applying the EVM methodology. Furthermore, the best
performing forecasting methods for the projects in the considered database

are identified, also taking into account timeliness and the influence of the

project network structure.
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;E:____‘ The results indicate that all three of the considered techniques are relevant.

More concretely, the two EVM extensions exhibit accuracy-enhancing power
for different applications, while EDM(t) performs very similar to the best EVM

methods and shows potential to improve them.
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Custom packs design

A custom pack combines medical disposable items into a single sterile package
that is used for surgical procedures. Although custom packs are gaining
importance in hospitals due to their potential benefits in reducing surgery
setup times, little is known on methodologies to configure them, especially
if the number of medical items, procedure types and surgeons is large. In
this paper, we propose a mathematical programming approach to guide
hospitals in developing or reconfiguring their custom packs. In particular, we
are interested in minimising points of touch, which we define as a measure
for physical contact between staff and medical materials. Starting from an
integer non-linear programming model, we develop both an exact linear
programming (LP) solution approach and an LP-based heuristic. Next, we
also describe a simulated annealing approach to benchmark the mathematical
programming methods. A computational experiment, based on real data of
a medium-sized Belgian hospital, compares the optimised results with the
performance of the hospital’s current configuration settings and indicates
how to improve future usage. Next to this base case, we introduce scenarios
in which we examine to what extent the results are sensitive for waste, i.e.
adding more items to the custom pack than is technically required for some of
the custom pack’s procedures, since this can increase its applicability towards
other procedures. We point at some interesting insights that can be taken up
by the hospital management to guide the configuration and accompanying

negotiation processes.
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Comparing control methods

Recent literature on project management has emphasised the effort which is
spent by the management team during the project control process. Based on
this effort, a functional distinction can be made between a top down and a
bottom up project control approach. A top down control approach refers to
the use of a project control system that generates project based performance
metrics to give a general overview of the project performance. Actions are
triggered based on these general performance metrics, which need further
investigation to detect problems at the activity level. A bottom up project
control system refers to a system in which detailed activity information
needs to be available constantly during the project control process, which
requires more effort. In this research, we propose two new project control
approaches, which combines elements of both top down and bottom up
control. To this end, we integrate the earned value management/earned
schedule (EVM/ES) method with multiple control points inspired by critical
chain/buffer management (CC/BM). We show how the EVM/ES control
approach is complementary with the concept of buffers and how they can
improve the project control process when cleverly combined. These combined
top down approaches overcome some of the drawbacks of traditional EVM/ES
mentioned in the literature, while minimally increasing the effort spent by
the project manager. A large computational experiment is set up to test the

approach against other control procedures within a broad range of simulated

dynamic project progress situations.
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are presented for the calibration procedure and the classification in project
management simulation studies. These were validated using a case study of a

construction company.
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Statistical project control

Different statistical process control (SPC) approaches were proposed over
the years for project management using earned value management/ earned
schedule. A detailed examination of these approaches has led us to express a
need for a unified framework in which to test and compare them. The main
drivers for this need were the lack of a formal definition for a state of control,
the unavailability of a benchmark dataset, the absence of measures to quantify
the SPC performance and the lack of consensus on how to overcome and test
the normality assumption. In this paper, we present such a framework that
combines a classification from empirical data, a known project dataset, a
sound simulation model and two quantitative measures for project control
efficiency. Four SPC approaches from prior literature have been implemented
and an exhaustive experiment was set up to compare and to discuss their

value for the project management practice.
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Multivariate project control

Project monitoring and the related decision to proceed to corrective action
are crucial components of an integrated project management and control
Decision Support System (DSS). Earned Value Management/Earned Schedule
(EVM/ES) is a project control methodology that is typically applied for
top-down project schedule control. However, traditional models do not
correctly account for the multivariate nature of the EVM/ES measurement
system. We therefore propose a multivariate model for EVM/ES, which
implements a Principal Component Analysis (PCA) on a simulated schedule
control reference. During project progress, the real EVM/ES observations
can then be projected onto these principal components. This allows for two
new multivariate schedule control metrics (T2 and SPE) to be calculated,
which can be dynamically monitored on project control charts. Using a
computational experiment, we show that these multivariate schedule control

metrics lead to performance improvements and practical advantages in

comparison with traditional univariate EVM/ES models.
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Cash flow models

In this paper, we discuss the resource-constrained project scheduling problem
with discounted cash flows. We introduce a new schedule construction
technique which moves sets of activities to improve the project net present
value and consists of two steps. In particular, the inclusion of individual
activities into sets, which are then moved together, is crucial in both steps.
The first step groups the activities based on the predecessors and successors
in the project network, and adds these activities to a set based on their
finish time and cash flow. The second step on the contrary does so based
on the neighbouring activities in the schedule, which may but need not
include precedence related activities. The proposed scheduling method is
implemented in a genetic algorithm metaheuristic and we employ a penalty
function to improve the algorithm’s feasibility with respect to a tight deadline.
All steps of the proposed solution methodology are tested in detail and an

extensive computational experiment shows that our results are competitive

with existing work.
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Unrelated machines

We consider the problem of scheduling a number of jobs on a number of
unrelated parallel machines in order to minimize the makespan. We develop
three heuristic approaches, i.e., a genetic algorithm, a tabu search algorithm
and a hybridization of these heuristics with a truncated branch-and-bound
procedure. This hybridization is made in order to accelerate the search
process to near-optimal solutions. The branch-and-bound procedure will
check whether the solutions obtained by the meta-heuristics can be scheduled
within a tight upper bound. We compare the performances of these heuristics
on a standard dataset available in the literature. Moreover, the influence of
the different heuristic parameters is examined as well. The computational
experiments reveal that the hybrid heuristics are able to compete with the

best known results from the literature.
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Resource renting

In this paper, the extended Resource Renting Problem (RRP/extended) is
presented. The RRP/extended is a time-constrained project scheduling
problem, in which the total project cost is minimised. In the RRP/extended,
this total project cost is determined by a number of extra costs, which are
defined in this paper. These costs are based on the costs that are used in the
traditional Resource Renting Problem and the Total Adjustment Cost Problem.
Therefore, the RRP/extended represents a union of these two problems. To
solve the RRP/extended, a scatter search is developed. The building blocks
of this scatter search are specifically designed for the RRP/extended. We
introduce two crossovers and an improvement method. The efficiency of
these building blocks will be shown in the paper. Furthermore, a sensitivity

analysis is presented in which the five costs have diverse values.
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Operating theatre

Hospital resource modelling literature is primarily focussed on productivity
and efficiency measures. In this paper, our focus is on the alignment of
the most valuable revenue factor, the operating room (OR) with the most
valuable cost factor, the staff. When aligning these economic and social
decisions, respectively, into one sustainable model, simulation results justify
the integration of these factors. This research shows that integrating staff
decisions and OR decisions results in better solutions for both entities. A
discrete event simulation approach is used as a performance test to evaluate
an integrated and an iterative model. Experimental analysis show how our
integrated approach can benefit the alignment of the planning of the human
resources as well as the planning of the capacity of the OR based on both
economic related metrics (lead time, overtime, number of patients rejected)

and social related metrics (personnel preferences, aversions, roster quality).
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Multivariate regression

This paper explores the use of multivariate regression methods for project
schedule control, within a statistical project control framework (Colin and
Vanhoucke 2014). These multivariate regression methods monitor the
activity level performance of an ongoing project from the earned value
management/earned schedule (EVM/ES) observations that are made at a high

level of the work breakdown structure (WBS). These estimates can be used to

- calculate the longest path in the project and to produce warning signals for
10.1016/j.omega.2015.07.013

kst it project schedule control. The effort that is spent by the project manager is

thereby reduced, since a drill-down of the WBS is no longer required for every
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presented regression methods.
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papers on project control and EVM, published in the selected journals, are
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. . classified based on a framework consisting of six distinct classes. Third, the
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classification framework indicates current trends and potential areas for
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professionals to the stochastic nature of projects, (ii) enhanced validation of the proposed

future research, which can be summarized as follows: (i) increased attention

methodology using a large historical dataset or a simulation experiment, (iii)
expansion of integrated control models, focusing on time and cost as well as
other factors such as quality and sustainability, and (iv) development and

validation of corrective action procedures.
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If everything seems under control,
you’re not going fast enough.
Mario Andretti

Controlling projects

Vanhoucke, Mario

Project control

Completing a project on time and within budget is not an easy task. Project
monitoring and controlling systems should consist of processes that are
performed to observe project progress in such a way that potential problems
can be identified in a timely manner. When necessary, corrective actions can
be taken to exploit project opportunities or to bring projects in danger back
on track. The requisite is that project performance is observed and measured
regularly to identify deviations from the project baseline schedule. Therefore,
monitoring the progress and performance of projects in progress requires a set
of tools and techniques that should ideally be integrated into a single decision
support system. The understanding of the basic elements and concepts is

a requisite to successfully use and implement the various project control

concepts in an integrated project management and control system.
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If anything is certain, it is that
change is certain. The world we
are planning for today will not
exist in this form tomorrow.
Phil Crosby
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Schedule risk analysis

The purpose of this paper is to give an overview on the existing literature
and recent developments on the research on Schedule Risk Analysis (SRA)
in Project Management (PM) to measure the sensitivity of activities and
resources in the project network. SRA is a technique that relies on Monte-Carlo
simulation runs to analyze the impact of changes in activity durations and
costs on the overall project time and cost objectives. First, the paper gives an
overview of the most commonly known sensitivity metrics from literature that
are widely used by PM software tools to measure the time and cost sensitivity
of activities as well as sensitivity for project resources. Second, the relevance
of these metrics in an integrated project control setting is discussed based on
some recent research studies. Finally, a short discussion on the challenges
for future research is given. All sections in this paper are based on research
studies done in the past for which references will be given throughout the

manuscript.
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Integrated Physician Rostering and Surgery Scheduling Problem (IPSSP)

under different objective functions is made. We integrate three constructive

DOI heuristic types with two corresponding priority rule classes in order to obtain a
10.1057/hs.2014.27 solution for the combined physician rostering and surgery scheduling problem.
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manager to use in every possible condition. The problem type represents the
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structure defines the different demands of the physician roster and the surgery

schedule. It can be shown that for every situation a fitting heuristic can be
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provided. These high-quality decomposition-based constructive heuristics can
also be used in meta-heuristics to generate good solutions. Most importantly,
we have established general recommendations with respect to the use of the

different proposed heuristics in different hospital settings.
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Facts are stubborn, but statistics
are more pliable.
Mark Twain

Control tolerance limits

Project control has been a research topic since decades that attracts both
academics and practitioners. Project control systems indicate the direction of
change in preliminary planning variables compared with actual performance.
In case their current project performance deviates from the planned
performance, a warning is indicated by the system in order to take corrective
actions. Earned value management/earned schedule (EVM/ES) systems have
played a central role in project control, and provide straightforward key
performance metrics that measure the deviations between planned and actual
performance in terms of time and cost. In this paper, a new statistical project
control procedure sets tolerance limits to improve the discriminative power
between progress situations that are either statistically likely or less likely
to occur under the project baseline schedule. In this research, the tolerance
limits are derived from subjective estimates for the activity durations of
the project. Using the existing and commonly known EVM/ES metrics, the
resulting project control charts will have an improved ability to trigger actions
when variation in a project’s progress exceeds certain predefined thresholds A
computational experiment has been set up to test the ability of these statistical
project control charts to discriminate between variations that are either
acceptable or unacceptable in the duration of the individual activities. The
computational experiments compare the use of statistical tolerance limits with
traditional earned value management thresholds and validate their power to

report warning signals when projects tend to deviate significantly from the

i

baseline schedule.
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Knitted fabrics

This paper studies a complex variation of the parallel machine scheduling
(PMS) problem, as encountered at a Belgian producer of knitted fabrics. The
aim is to assign N J jobs to N M unrelated parallel machines, minimising a
weighted combination of job lateness and tardiness. Jobs are assigned specific
release, and due dates and changeover times are sequence dependent. Current
literature is extended by including geographically dispersed production
locations, which influence job due dates and objective function coefficients.
Furthermore, the changeover interference due to limited availability of
technicians is also studied in this paper. The scheduling problem is solved
using a hybrid meta-heuristic, which combines elements from simulated
annealing and genetic algorithms. This hybrid meta-heuristic is capable of
solving real-scale scheduling problems of up to 750 jobs, 75 machines and
10 production locations within reasonable computation time. This hybrid
scheduling procedure is extended with heuristic dispatching rules capable of
reducing the impact of changeover interference by 23% on average compared
to the random scenario, for the case where a single technician is expected to

serve up to 12 machines.

There cannot be a crisis next week.
My schedule is already full.
Henry A. Kissinger
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By denying scientific principles,
one may maintain any paradox.
Galileo Galilei
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Hybrid machine scheduling

This paper presents a hybrid meta-heuristic search procedure to solve the
well-known single machine scheduling problem to minimize the maximum
lateness over all jobs, where precedence relations may exist between some of
the jobs. The hybridization consists of a well-designed balance between the
principles borrowed from an Electromagnetism-like Mechanism algorithm and
the characteristics used in a tabu search procedure. The Electromagnetism-like
Mechanism (EM) algorithm follows a search pattern based on the theory of
physics to simulate attraction and repulsion of solutions in order to move
towards more promising solutions. The well-known tabu search enhances
the performance of a local search method by using memory structures by
prohibiting visited solutions during a certain time of the search process.
The hybridization of both algorithms results in an important trade-off
between intensification and diversification strategies. These strategies will be
discussed in detail. To that purpose, a new set of data instances is used to
compare different elements of the hybrid search procedure and to validate the

performance of the algorithm.
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International peer-reviewed jour- analyze schedules by relaxing both surgery and physician related constraints.
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data you can get, but you still
have to distrust it and use your
own intelligence and judgment.
Alvin Toffler
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The whole purpose of education is
to turn mirrors into windows.
Sydney J. Harris
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Blended learning

In this manuscript, an overview is given of the activities done at the
Operations Research and Scheduling (OR&S) research group of the faculty
of Economics and Business Administration of Ghent University. Unlike the
book published by Vanhoucke (2013) that gives a summary of all academic
and professional activities done in the field of Project Management in
collaboration with the OR&S group, the focus of the current manuscript lies
on academic publications and the integration of these published results in
teaching activities. An overview is given of the publications from the very
beginning till today, and some of the topics that have led to publications are
discussed in somewhat more detail. Moreover, it is shown how the research
results have been used in the classroom to actively involve students in our
research activities. A clear focus is put on Integrated Project Management and
Control, but references to other research areas are also given. This overview
article can be useful to Project Management (PM) students and teachers, as
well as to PM professionals who are interested in the nature of integration

between theory and practice that is captured by academic research and that is

used in our university teaching activities.
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Student learning

Numerous studies have shown that introducing active learning in the
classroom results in a deeper learning experience and a better understanding.

In this paper, it will be shown how Ghent University offers students a range

X of academic possibilities in an active learning environment for a Project
www.journalmodernpm.com

Classification Management course designed for and taught to Business Engineering and Civil
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potential of new learning methods and techniques but rather to illustrate how
the existing mix of Project Management tools and techniques used in the class-
room can lead to an increased student participation and a deeper reflection
about the topics discussed. This paper is potentially interesting to instructors,
professionals as well as students interested in the field of Project Management.
It is an illustration on how a mix of existing Project Management methodolo-
gies used in the classroom helps enhancing student learning and engagement,
stimulating interaction between students and professionals as well as creating

enthusiasm and passion for the Project Management discipline. A passion

, that the students might carry with them during their whole professional career.
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PMI Belgium’s recognition

The yearly award for the best thesis in Project Management as well as
the university contest award for the best group assignment of master’s
students in the Project Management course module at the Faculty of
Economics and Business Administration of Ghent University (Belgium)
are two ways to get young master’s students involved in the professional
PM world. The Belgian chapter of the Project Management Institute
(PMI) wants to collaborate with Ghent University to show the relevance
of their activities to the most promising group of project managers, our
youngsters and future professionals. This collaboration is highly appreciated
by both the professionals and the students, and increases the awareness

of the importance on the Project Management discipline for their future career.
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Scheduling experience

Dynamic project scheduling is a term used to refer to the dynamic nature
of project management. It consists of three dimensions, known as baseline
scheduling, schedule risk analysis and project control (Uyttewaal, 2005;
Vanhoucke, 2012). In previous studies, it has been shown that both the
schedule risk analysis and project control should go hand in hand as useful
tools to measure the project performance of a project in progress and to
improve the project control process and the corrective action decision making
process in case the project is in danger. In an article in the International
Journal of Project Management (Vanhoucke, 2012), the project control
dimension was highlighted based on a comparison between academic results
obtained on fictitious project data and additional tests performed on a set of
real-life data from 8 Belgian companies from various sectors. However, little
or nothing has been said about the first dimension of dynamic scheduling: the
construction of a project baseline schedule. In the current article, a similar
approach to the previously published article will be followed. Based on
the extensive knowledge of the algorithmic developments in the academic
literature and on the past experience of using some of these (adapted)
algorithms in a practical environment, it will be illustrated how and why
research can contribute positively to practice when constructing a project
baseline schedule. In doing so, we believe that the gap between academic
results and practical relevance is bridged, gradually moving the dynamic

project scheduling discipline to a higher level.

T

Do research, create knowledge, feed your talent: A summary of research at Operations Research & Scheduling 46


http://www.journalmodernpm.com
http://www.or-as.be/journals
http://www.or-as.be/journals
http://www.or-as.be/books/rkt

Lecture Notes in Computer Science 2013

An artificial immune system based approach for solving the
nurse re-rostering system

Maenhout, Broos; Vanhoucke, Mario

Tags

artificial immune system;

healthcare scheduling; meta- A tiﬁcial nurs e ro S te rin
heuristic; personnel scheduling; r g
rerostering

Reference

Vanhoucke, M. and Maenhout, B.

(2013). An artificial immune sys- Personnel resources can introduce uncertainty in the operational processes.
tem based approach for solving
the nurse re-rostering problem.
Lecture Notes in Computer Sci-
ence, 7832:97-108

DOI rosters. In this paper, an Artificial Inmune System for the nurse re-rostering

Constructed personnel rosters can be disrupted and render infeasible rosters.

Feasibility has to be restored by adapting the original announced personnel

problem is presented. The proposed algorithm uses problem-specific and

10.1007/978-3-642-37198-1_9 . , , o ,

. . - even roster-specific mechanisms which are inspired on the vertebrate immune
Classification ) o
system. We observe the performance of the different algorithmic components

International peer-reviewed jour-

: and compare the proposed procedure with the existing literature.
nal; Written for researchers

Lecture Notes
= in Computer Science

Click to download

Few great men would have got
past personnel.
Paul Goodman

Do research, create knowledge, feed your talent: A summary of research at Operations Research & Scheduling 47


http://doi.org/10.1007/978-3-642-37198-1_9
http://doi.org/10.1007/978-3-642-37198-1_9
http://www.or-as.be/books/rkt

Lecture Notes in Management Science

2013

Integrated project controls: using operations research
methods to improve the efficiency of project control

Tags

dynamic scheduling; project
management; schedule risk
analysis

Reference

Vanhoucke, M. (2013). Inte-
grated project controls: Using
operations research methods to
improve the efficiency of project
control. In J.S. Yeomans, R. M.
and Nordlander, T., editors, Lec-
ture Notes in Management Sci-
ence, pages 174-175, Lisbon,
Portugal

URL

www.orlabanalytics.ca

Classification

International peer-reviewed jour-
nal; Written for researchers

Lactura Hiotes in
Management Solanas

Click to download

The market controls everything,
but the market has no heart.
Anita Roddick

Vanhoucke, Mario

Efficiency improvement

Baseline scheduling and risk analysis go hand in hand and are crucial
preparatory dimensions to provide information for the project control phase.
One of the central lessons in training sessions to project managers is that
scheduling without any form of risk management makes no sense since it then
boils down to an academic and deterministic optimization exercise without
much real life value. A project schedule is a dynamic instrument that needs to
be adapted when necessary. Project managers have to deal with a continuous
stream of unexpected events and need to take corrective actions to bring
projects back on track or to update the initial estimates and expectations to a
more realistic scenario. In that respect, a dynamic project schedule is the ideal
tool to provide information and to support the corrective actions, and hence,
the project baseline schedule acts as a point-of-reference to support these ac-

tions, rather than a forecast of the future that needs to be followed at all times.
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Priority rules

In this paper, a comparison and validation of various priority rules for the
job shop scheduling problem under different objective functions is made. In
a first computational experiment, 30 priority rules from the literature are
used to schedule job shop problems under two flow time-related and three
tardiness-related objectives. Based on this comparative study, the priority
rules are extended to 13 combined scheduling rules in order to improve the
performance of the currently best-known rules from the literature. Moreover,
the best-performing priority rules on each of these five objective functions are
combined into hybrid priority rules in order to be able to optimise various
objectives at the same time. In a second part of the computational experiment,
the robustness on the relative ranking of the performance quality is checked
for the various priority rules when applied on larger problem instances, on
the extension of multiple machines possibilities per job as well as on the
introduction of sequence-dependent setup times. Moreover, the influence of
dynamic arrivals of jobs has also been investigated to check the robustness on
the relative ranking of the performance quality between static and dynamic
job arrivals. The results of the computational experiments are presented and

critical remarks and future research avenues are suggested.
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Control efficiency

Dynamic scheduling refers to the integration of three important phases
in the life cycle of a project: baseline scheduling, schedule risk analysis
and project control. In this paper, the efficiency of controlling a project is
measured and evaluated using a Monte-Carlo simulation study on fictitious
and empirical project data. In the study, the construction of a project
baseline schedule acts as a point-of-reference for the schedule risk analysis
and project control phases. The sensitivity information obtained by the
schedule risk analyses (SRA) and the earned value management (EVM)
information obtained during project control serve as early warning control
parameters that trigger corrective actions to bring projects back on track
in case of problems. The focus in this paper lies on the time performance
of a project, and not on the prediction and controlling of the project costs.
The contribution of this paper is twofold. First, this paper summarizes the
main conclusions of various experiments performed in a large simulation
study on the efficiency of project control techniques and the ability to trigger
corrective actions in case of project problems. The main purpose of these
simulation experiments is to understand why EVM and/or SRA work so
well in some projects and fail so miserably in others. This study has been
awarded by the International Project Management Association in 2008 on
the IPMA world congress in Rome (Italy). Secondly, the paper compares
the results obtained on fictitious project data with additional tests per-

formed on a set of real-life data from 8 Belgian companies from various sectors.
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RCPSP & SAT

This paper reports on a new solution approach for the well-known multi-
mode resource-constrained project scheduling problem (MRCPSP). This
problem type aims at the selection of a single activity mode from a set of
available modes in order to construct a precedence and a (renewable and
non-renewable) resource feasible project schedule with a minimal makespan.
The problem type is known to be NP-hard and has been solved using various
exact as well as (meta-)heuristic procedures. The new algorithm splits the
problem type into a mode assignment and a single mode project scheduling
step. The mode assignment step is solved by a satisfiability (SAT) problem
solver and returns a feasible mode selection to the project scheduling
step. The project scheduling step is solved using an efficient meta-heuristic
procedure from literature to solve the resource-constrained project scheduling
problem (RCPSP). However, unlike many traditional meta-heuristic methods
in literature to solve the MRCPSP, the new approach executes these two steps
in one run, relying on a single priority list. Straightforward adaptations to the
pure SAT solver by using pseudo boolean non-renewable resource constraints
has led to a high quality solution approach in a reasonable computational
time. Computational results show that the procedure can report similar or
sometimes even better solutions than found by other procedures in literature,

although it often requires a higher CPU time.

The key is not to prioritize what’s
on your schedule, but to schedule
your priorities.
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The personnel scheduler constructs a deterministic personnel roster that
determines the line-of-work for each personnel member. When unex-
pected events disrupt this roster, the feasibility needs to be restored by
constructing a new workable roster. The scheduler must reassign the set
of employees in order to cover the disrupted shift such that the staffing
requirements and the time-related personnel constraints remain satis-
fied. In this paper, we propose an evolutionary meta-heuristic to solve
the nurse rerostering problem. We show that the proposed procedure
performs consistently well under many different circumstances. We test
different optimisation strategies and compare our procedure with the existing

literature on a dataset that is carefully designed in a controlled and varied way.
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Job shop scheduling

This paper presents a genetic algorithm and a scatter search procedure to
solve the well-known job shop scheduling problem. In contrast to the single
population search performed by the genetic algorithm, the scatter search
algorithm splits the population of solutions in a diverse and high-quality
set to exchange information between individuals in a controlled way. The
extension from a single to a dual population, by taking problem specific
characteristics into account, can be seen as a stimulator to add diversity in
the search process. This has a positive influence on the important balance
between intensification and diversification. Computational experiments verify
the benefit of this diversity on the effectiveness of the meta-heuristic search
process. Various algorithmic parameters from literature are embedded in both
procedures and a detailed comparison is made. A set of standard instances is
used to compare the different approaches and the best obtained results are

benchmarked against heuristic solutions found in literature.
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Industrial wheels

In this paper, several methods for job shop scheduling are combined,
adjusted and successfully applied to a real-world scheduling problem at a
Belgian manufacturer producing industrial wheels and castors in rubber. The
procedure is an extension of a hybrid shifting bottleneck procedure with a tabu
search algorithm while incorporating various company specific constraints.
The various extensions to cope with the company specific constraints have a
strong similarity with the complex job shop problem formulation of Mason,
Fowler, and Carlyle (2002). The new procedure is used as a simulation
engine to test the relevance of various scenarios in order to improve the
current planning approach of the company. A detailed computational exper-

iment highlights the main contribution of the novel procedure for the company.
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Project scheduling, risk analysis and project tracking are key parameters to
a project’s success or failure. Research on the relative sensitivity of project
activities during the project scheduling phase as well as research on project
performance measurement during project progress have been published
throughout the academic literature and the popular press. Obviously, the
interest in activity sensitivity information and project performance measure-
ment from both the academics and the practitioners lies in the need to focus a
project manager’s attention on those activities that influence the performance
of the project. When management has knowledge about the current project
performance and has a certain feeling of the relative sensitivity of the various
project activities on the project objective, a better management focus and a
more accurate response during project tracking should positively contribute
to the overall performance of the project. In this article, two alternative
project tracking methods to detect project problems are presented and their
efficiency on the quality of corrective actions to bring the project back on track
is measured and evaluated. A bottom-up and a top-down project tracking
approach within a corrective action framework is applied on a large and
diverse set of fictitious projects that are subject to Monte-Carlo simulations to
simulate fictitious project progress under uncertainty. The top-down tracking
approach relies on earned value management performance metrics, while
the bottom-up tracking mechanism makes use of the well-known schedule
risk analysis method. A computational experiment shows that a top-down
project tracking approach is highly efficient for project networks with a serial
activity structure while a bottom-up approach performs better in a parallel
structured project network. Moreover, it will also be shown that dynamic
thresholds to trigger corrective actions, which gradually increase or decrease
the project manager’s attention along the project progress, outperform the

static thresholds for both tracking approaches.
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Resource scarceness

In the past decades, resource parameters have been introduced in project
scheduling literature to measure the scarceness of resources of a project
instance. In this paper, we incorporate these resource scarceness parameters
in the search process to solve the multi-mode resource constrained project
scheduling problem, in which multiple execution modes are available for
each activity in the project. Therefore, we propose a scatter search algorithm,
which is executed with different improvement methods, each tailored to the
specific characteristics of different renewable and nonrenewable resource
scarceness values. Computational results prove the effectiveness of the

improvement methods and reveal that the procedure is among the best

performing competitive algorithms in the open literature.
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a release time, a processing time and a due date, on a single machine with

the objective of minimizing the maximum lateness. We developed a hybrid

DOI dual-population genetic algorithm and compared its performance with
10.1007/978-3-642-20364-0_2 alternative methods on a new diverse data set. Extensions from a single to a
Classification dual population by taking problem specific characteristics into account can
International peer-reviewed jour- be seen as a stimulator to add diversity in the search process, which has a
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positive influence on the important balance between intensification and diver-
sification. Based on a comprehensive literature study on genetic algorithms

in single machine scheduling, a fair comparison of genetic operators was made.
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timetable satisfying the case-specific time related constraints imposed on the

individual nurse schedules. Personnel rostering in healthcare institutions is a
SCHEDULING highly constrained and difficult problem to solve and is known to be NP-hard.

In this paper, we present an exact branch-and-price algorithm for solving

the nurse scheduling problem incorporating multiple objectives and discuss
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are presented comparing the proposed branching strategies and indicating

the beneficial effect of various principles encouraging computational efficiency.
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The crew scheduling problem in the airline industry is extensively investigated
in the operations research literature since efficient crew employment can
drastically reduce operational costs of airline companies. Given the flight
schedule of an airline company, crew scheduling is the process of assigning all
necessary crew members in such a way that the airline is able to operate all
its flights and constructing a roster line for each employee minimizing the

corresponding overall cost for personnel. In this paper, we present a scatter

nal; Written for researchers search algorithm for the airline crew rostering problem. The objective is to

assign a personalized roster to each crew member minimizing the overall op-
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AL
....... different complementary meta-heuristic crew scheduling combination and

erational costs while ensuring the social quality of the schedule. We combine

improvement principles. Detailed computational experiments in a real-life

problem environment are presented investigating all characteristics of the

procedure. Moreover, we compare the proposed scatter search algorithm with

optimal solutions obtained by an exact branch-and-price procedure and a

Click to download steepest descent variable neighbourhood search.
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Warren Buffett

Vanhoucke, Mario
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The interest in activity sensitivity from both the academics and the prac-
titioners lies in the need to focus a project manager’s attention on those
activities that influence the performance of the project. When management
has a certain feeling of the relative sensitivity of the various parts (activities)
on the project objective, a better management’s focus and a more accurate
response during project tracking should positively contribute to the overall
performance of the project. In the current research manuscript, a simulation
study is performed to measure the ability of four basic sensitivity metrics to
dynamically improve the time performance during project execution. We
measure the use of sensitivity information to guide the corrective action
decision making process to improve a project’s time performance, while
varying the degree of management’s attention. A large amount of simulation
runs are performed on a large set of fictitious project networks generated

under a controlled design.
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schedule generation scheme by introducing a mode improvement procedure.
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Exam case distribution

In this paper, an integer programming (IP) model is presented to assign
MBA and undergraduate students to groups to solve an exam case in an
operations research (O.R.) course. It is assumed that the students have a basic
understanding of mathematical programming and are now ready to build
their first real-life model in class. Thanks to the direct link with the student’s
situation and the immediate repercussion on the exam assignment, students
can quickly understand the problem and are willing to help to define the
problem in class. The example illustrates many O.R.-related issues, such as
the balance between problem complexity and solution quality, and the need
for dynamic rather than static models. Thanks to its simplicity and practicality,
this exercise is an ideal tool to make the often complex domain of O.R. more

accessible.
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paper, we investigate the benefits of integrating nurse-specific characteristics

in the cyclic scheduling approach. Moreover, we analyse to what extent
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. . these characteristics should be incorporated and compare this approach with
Classification

a general and more robust cyclical scheduling approach and the flexible

International peer-reviewed jour-
nal; Written for researchers and
professionals

acyclical rostering of nursing personnel.

Click to download

Good management is the art of
making problems so interesting
and their solutions so constructive
that everyone wants to get to
work and deal with them.

Paul Hawken

Do research, create knowledge, feed your talent: A summary of research at Operations Research & Scheduling 66


http://doi.org/10.1057/jors.2008.131
http://doi.org/10.1057/jors.2008.131
http://www.or-as.be/books/rkt

European Journal of Operational Research 2009

On the characterization and generation of nurse scheduling

Tags

artificial data; data genera-
tor; healthcare scheduling;
nurse scheduling; personnel
scheduling

Reference

Vanhoucke, M. and Maenhout, B.
(2009). On the characterization
and generation of nurse schedul-
ing problem instances. European
Journal of Operational Research,
196:457-467

DOI

10.1016/j.€jor.2008.03.044
Classification

International peer-reviewed jour-
nal; Written for researchers;
Data generator available at www.
projectmanagement.ugent.be

Click to download

In the spirit of science, there really
is no such thing as a failed
experiment. Any test that yields
valid data is a valid test.

Adam Savage

problem instances

Vanhoucke, Mario; Maenhout, Broos
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Due to its complexity and relevance in practice, many different procedures
have been proposed in the operations research literature to solve the
well-known nurse scheduling problem (NSP). The NSP assigns nurses to
shifts per day maximizing the overall quality of the roster while taking
various constraints into account. The often highly case-specific workplace
conditions in hospital departments have resulted in the development of
dedicated (meta-)heuristics to find a workable schedule in an acceptable
time limit. However, in spite of research community posing a growing
need for benchmarking, these procedures lack any base for comparison.
In this paper, we propose a range of complexity indicators which char-
acterize nurse scheduling problem instances, and a problem generator
in order to construct a comparative test framework for various solution
procedures for the NSP. We show that the different complexity indicators
for the NSP presented in this paper predict the computational effort of a
particular NSP instance for a particular solution procedure. Moreover, the
comparison of procedures and good predictions of their performance allow
the a priori selection of the best solution procedure, based on the simple
calculation of the indicators. Hence, with the developed NSP generator those
indicators can facilitate the evaluation of existing and future research tech-

niques. Tests on a simple IP model illustrate the use of the proposed indicators.
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network while a second scheduling stage makes a detailed timetable for
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We report promising computational results and illustrate the flexibility of the

optimization model with respect to the various weights in the multi-objective

function.
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We have tested various parent selection methods based on four crossover

operators taken from literature and present extensive computational results.
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address these issues in this paper. Specifically, we model various aspects, and
degrees, of diversity in the resource consumption patterns to be reflected
by the costing system and find that more diversity in resource consumption
patterns only leads to increased costing system sensitivity to errors for some of
the aspects of diversity studied. We also identify situations in which allocating
Click to download costing system refinement resources to cases characterized by high diversity

in resource consumption patterns is detrimental to improved accuracy.
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Generating networks II

This paper evaluates and compares different network generators to generate
project scheduling problem instances based on indicators measuring the
topological network structure. We review six topological network indicators in
order to describe the detailed structure of a project network. These indicators
were originally developed by [L.V. Tavares, J.A. Ferreira and J.S. Coelho,
The risk of delay of a project in terms of the morphology of its network,
European Journal of Operational Research 119 (1999), 510-537] and have
been modified, or sometimes completely replaced, by alternative indicators
to describe the network topology. The contribution of this paper is twofold.
Firstly, we generate a large amount of different networks with four project
network generators. Our general conclusions are that none of the network
generators are able to capture the complete feasible domain of all networks.
Additionally, each network generator covers its own network-specific domain
and, consequently, contributes to the generation of data sets. Secondly,
we perform computational results on the well-known resource-constrained
project scheduling problem to prove that our indicators are reliable and have

significant, predictive power to serve as complexity indicators.

Maybe stories are just data with a
soul.
Brene Brown
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Better three hours too soon than a
minute too late.

William Shakespeare
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Activity assumptions

The well-known resource-constrained project scheduling problem (RCPSP)
schedules project activities within the precedence and renewable resource
constraints while minimizing the total lead time of the project. The basic
problem description assumes non-pre-emptive activities with fixed durations,
and has been extended to various other assumptions in the literature. In
this paper, we investigate the effect of three activity assumptions on the
total lead time and the total resource utilization of a project. More precisely,
we investigate the influence of variable activity durations under a fixed
work content, the possibility of allowing activity pre-emption and the use of
fast tracking to decrease a project’s duration. We give an overview of the
procedures developed in the literature and present some modifications to an
existing solution approach to cope with our activity assumptions under study.
We present computational results on a generated dataset and evaluate the

impact of all assumptions on the quality of the schedule.
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Decomposed resource
scheduling

In the last few decades, the resource-constrained project-scheduling problem
has become a popular problem type in operations research. However, due to
its strongly NP-hard status, the effectiveness of exact optimisation procedures
is restricted to relatively small instances. In this paper, we present a new
genetic algorithm (GA) for this problem that is able to provide near-optimal
heuristic solutions. This GA procedure has been extended by a so-called
decomposition-based genetic algorithm (DBGA) that iteratively solves
subparts of the project. We present computational experiments on two data
sets. The first benchmark set is used to illustrate the performance of both
the GA and the DBGA. The second set is used to compare the results with
current state-of-the-art heuristics and to show that the procedure is capable of
producing consistently good results for challenging problem instances. We

illustrate that the GA outperforms all state-of-the-art heuristics and that the

DBGA further improves the performance of the GA.
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small amounts of under-costing for a larger number of less expensive products.

ANERICAN ACCOUNTING ASSOCIATIGN

Click to download

We really can’t forecast all that
well, and yet we pretend that we
can, but we really can'’t.

Alan Greenspan

Do research, create knowledge, feed your talent: A summary of research at Operations Research & Scheduling 77


http://doi.org/10.2308/accr.2007.82.4.939
http://doi.org/10.2308/accr.2007.82.4.939
http://www.or-as.be/books/rkt

Journal of Heuristics

2007

An electromagnetic meta-heuristic for the nurse scheduling

Tags

Electromagnetic Meta-heuristic;
health; healthcare scheduling;
meta-heuristic; nurse scheduling

Reference

Maenhout, B. and Vanhoucke,
M. (2007). An electromagnetic
meta-heuristic for the nurse
scheduling problem. Journal of
Heuristics, 13:359-385

DOI

10.1007/510732-007-9013-7
Classification

International peer-reviewed jour-
nal; Written for researchers

HEURISTICS

Click to download

The toughest thing about

managing is knowing your
personnel and what it can give

you under all conditions.

Walter Alston

problem

Maenhout, Broos; Vanhoucke, Mario

Electromagnetic nurse
scheduling

In this paper, we present a novel meta-heuristic technique for the nurse
scheduling problem (NSP). This well-known scheduling problem assigns
nurses to shifts per day maximizing the overall quality of the roster while
taking various constraints into account. The problem is known to be NP-hard.
Due to its complexity and relevance, many algorithms have been developed
to solve practical and often case-specific models of the NSP. The huge
variety of constraints and the several objective function possibilities have
led to exact and meta-heuristic procedures in various guises, and hence
comparison and state-of-the-art reporting of standard results seem to be a
utopian idea. We present a meta-heuristic procedure for the NSP based on the
framework proposed by Birbil and Fang (J. Glob. Opt. 25, 263-282, 2003).
The Electromagnetic (EM) approach is based on the theory of physics, and
simulates attraction and repulsion of sample points in order to move towards
a promising solution. Moreover, we present computational experiments on a
standard benchmark dataset, and solve problem instances under different
assumptions. We show that the proposed procedure performs consistently
well under many different circumstances, and hence, can be considered as

robust against case-specific constraints.
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By three methods we may learn
wisdom: First, by reflection, which
is noblest; Second, by imitation,
which is easiest; and third by
experience, which is the bitterest.
Confucius

Evaluating earned value

In this paper, we extensively review and evaluate earned value (EV)-based
methods to forecast the total project duration. EV systems have been set up to
deal with the complex task of controlling and adjusting the baseline project
schedule during execution, taking into account project scope, timed delivery
and total project budget. Although EV systems have been proven to provide
reliable estimates for the follow-up of cost performance within our project
assumptions, they often fail to predict the total duration of the project. We
present an extensive simulation study where we carefully control the level
of uncertainty in the project, the influence of the project network structure
on the accuracy of the forecasts and the time horizon where the EV-based
measures provide accurate and reliable results. We assume a project setting
where project activities and precedence relations are known in advance
and do not consider fundamentally unforeseeable events and/or unknown
interactions among various actions that might cause entirely unexpected
effects in different project parts. This is the first study that investigates the
potential of a recently developed method, the earned schedule method,
which improves the connection between EV metrics and the project duration

forecasts.
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Qe BB UL ING literature overview of existing procedures for these problem types and discuss
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Westerschelde tunnel

The scheduling of projects has gained increasing attention since the
introduction of PERT and CPM. Both the scheduling literature and the
software scheduling packages rely on (meta-)heuristic and exact procedures
to schedule projects under various assumptions. However, there is still room
for improvement by incorporating specific characteristics into the scheduling
procedures. In this paper we describe the scheduling of a real-life project that
aims at the construction of a tunnel at the Westerschelde in the Netherlands.
In doing so, we show that so-called work continuity is the main issue during
the scheduling phase. No software package, however, is able to incorporate
this requirement in an exact way. We compare different possible schedules

under various assumptions and prove the necessity of this new feature.
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Karl Popper

Electromagnetic search

In the last few decades, several effective algorithms for solving the
resource-constrained project scheduling problem have been proposed.
However, the challenging nature of this problem, summarised in its strongly
NP-hard status, restricts the effectiveness of exact optimisation to relatively
small instances. In this paper, we present a new meta-heuristic for this
problem, able to provide near-optimal heuristic solutions for relatively
large instances. The procedure combines elements from scatter search, a
generic population-based evolutionary search method, and from a recently
introduced heuristic method for the optimisation of unconstrained continuous
functions based on an analogy with electromagnetism theory. We present
computational experiments on standard benchmark datasets, compare
the results with current state-of-the-art heuristics, and show that the
procedure is capable of producing consistently good results for challenging
instances of the resource-constrained project scheduling problem. We also

demonstrate that the algorithm outperforms state-of-the-art existing heuristics.
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q c,,,r:pm,wm problem instances under different assumptions. We show that our procedure
performs consistently well under many different circumstances, and hence,

can be considered as robust against case-specific constraints.
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Comparing earned value

Earned value project management is a well-known management system that
integrates cost, schedule and technical performance. It allows the calculation
of cost and schedule variances and performance indices and forecasts of
project cost and schedule duration. The earned value method provides
early indications of project performance to highlight the need for eventual
corrective action. Earned value management was originally developed for
cost management and has not widely been used for forecasting project
duration. However, recent research trends show an increase of interest to use
performance indicators for predicting total project duration. In this paper, we
give an overview of the state-of-the-art knowledge for this new research trend
to bring clarity in the often confusing terminology. The purpose of this paper
is 3-fold. First, we compare the classic earned value performance indicators
SV and SPI with the newly developed earned schedule performance indicators
SV(t) and SPI(t). Next, we present a generic schedule forecasting formula
applicable in different project situations and compare the three methods from
literature to forecast total project duration. Finally, we illustrate the use of

each method on a simple one activity example project and on real-life project

g

data.
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Work continuity constraints

Repetitive projects involve the repetition of activities along the stages of
the project. Since the resources required to perform these activities move
from one stage to the other, a main objective of scheduling these projects
is to maintain the continuity of work of these resources so as to minimize
the idle time of resources. This requirement, often referred to as work
continuity constraints, involves a tradeoff between total project duration and
the resource idle time. The contribution of this paper is threefold. First, we
provide an extensive literature summary of the topic under study. Although
most research papers deal with the scheduling of construction projects,
we show that this can be extended to many other environments. Second,
we propose an exact search procedure for scheduling repetitive projects
with work continuity constraints. This algorithm iteratively shifts repeating
activities further in time in order to decrease the resource idle time. We have
embedded this recursive search procedure in a horizon-varying algorithm in
order to detect the complete tradeoff profile between resource idle time and
project duration. The procedure has been coded in Visual C++ and has been
validated on a randomly generated problem set. Finally, we illustrate the
concepts on three examples. First, the use of our new algorithm is illustrated
on a small fictive problem example from literature. In a second example, we
show that work continuity constraints involve a tradeoff between total project

duration and the resource idle time. A last example describes the scheduling

of a well-known real-life project that aims at the construction of a tunnel at

the Westerschelde in The Netherlands.
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Quality dependent time slots

In this paper we introduce the concept of quality-dependent time slots in
the project scheduling literature. Quality-dependent time slots refer to
pre-defined time windows where certain activities can be executed under
ideal circumstances (optimal level of quality). Outside these time windows,
there is a loss of quality due to detrimental effects. The purpose is to select
a quality-dependent time slot for each activity, resulting in a minimal loss
of quality. The contribution of this paper is threefold. First, we show that
an R&D project from the bio-technology sector can be transformed to a
resource-constrained project scheduling problem (RCPSP). Secondly, we
propose an exact search procedure for scheduling this project with the
aforementioned quality restrictions. Finally, we test the performance of our

procedure on a randomly generated problem set.
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Project scheduling game

The project scheduling game (PSG) is an IT-supported simulation that
illustrates the complexity of scheduling sequences of activities for real-life
projects. Focusing on PSG as an educational tool, the authors explain how it
supported the realization of a massive water purifcation project at a Belgium
water distribution company, Vlaamse Maatschappij voor Watervoorziening.
In examining this project, the authors used as their basic approach a critical
path method (CPM) network problem; they also analyzed the time and cost
relationship for each activity performed during this project. The authors
additionally explain the different features of PSG as well as the three parts of
the traditional PSG session and the approach for teaching this process and

evaluating the performance of teams that use PSG.
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Time-switch constraints I

Recently, time-switch constraints have been introduced in the literature by
Yang and Chen [Eur. J. Operat. Res. 120 (2000) 603]. Basically, these
constraints impose a specified starting time on the project activities and force
them to be inactive during specified time periods. This type of constraints
have been incorporated into the well-known discrete time/cost trade-off
problem in order to cope with day, night and weekend shifts. In this paper, we
propose a new branch-and-bound algorithm which outperforms the previous
one by Vanhoucke et al. [J. Operat. Res. Soc. 53 (2002) 1]. The procedure
makes use of a lower bound calculation for the discrete time/cost trade-off
problem (without time-switch constraints). The procedure has been coded in
Visual C++, version 6.0 under Windows 2000 and has been validated on a

randomly generated problem set.
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Generating networks

In this paper, we describe RanGen, a random network generator for generating
activity-on-the-node networks and accompanying data for different classes of
project scheduling problems. The objective is to construct random networks
which satisfy preset values of the parameters used to control the hardness of a
problem instance. Both parameters which are related to the network topology
and resource-related parameters are implemented. The network generator
meets the shortcomings of former network generators since it employs a wide
range of different parameters which have been shown to serve as possible
predictors of the hardness of different project scheduling problems. Some of
them have been implemented in former network generators while others have

not.
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Progress payments

In this paper we study the unconstrained project scheduling problem with
discounted cash flows where the net cash flows are assumed to be dependent
on the completion times of the corresponding activities. Cash outflows occur
when an activity is completed whereas cash inflows are incurred as progress
payments at the end of some time period. The objective is to schedule the
activities in order to maximize the net present value of the project subject
to the precedence constraints and a fixed deadline. This paper extends
the ever-growing amount of research concerning the financial aspects in
project scheduling in which cash flows are time-dependent. We introduce
a branch-and-bound algorithm which computes upper bounds by making
piecewise linear overestimations. In doing so, the algorithm transforms the
problem into a weighted earliness-tardiness project scheduling problem. The

algorithm is extended with two new rules in order to reduce the size of the

branch-and-bound tree. Computational results are reported.
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Water production scheduling

The scheduling of activities over time has gained increasing attention with the
development of the critical path method (CPM) and the program evaluation
and review technique (PERT). Since then, a large amount of solution
procedures for a wide range of problem types have been proposed in the
literature. Many of these procedures, however, are not able to solve real-life
problems. In this paper we describe a capacity expansion project at a water
production center (WPC) of the Vlaamse Maatschappij voor Watervoorziening
VMW) in Belgium. This project aims at expanding the production capacity of
pure water. We show that scheduling the project with certain techniques will
improve the financial status of the project. We illustrate this statement with

different schedules.
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Time-switch constraints I

The discrete time/cost trade-off problem assumes the duration of project
activities to be discrete, non-increasing functions of the amount of a single
non-renewable resource. The problem has been studied under three possible
objectives. The so-called deadline problem involves the scheduling of project
activities in order to minimize the total cost of the project while meeting a
given deadline. The budget problem aims at minimizing the project duration
without exceeding a given budget. A third objective involves the generation
of the complete efficient time/cost profile over the set of feasible project
durations. In this paper we describe a solution procedure for the deadline
problem in which three special cases of time-switch constraints are involved.
These constraints impose a specified starting time on the project activities
and force them to be inactive during specified time periods. We propose a
branch-and-bound algorithm and a heuristic procedure which both make use
of a lower bound calculation for the discrete time/cost trade-off problem
(without time-switch constraints). The procedures have been coded in
Visual C++, version 6.0 under Windows 2000 and have been validated on

a randomly generated problem set. We also discuss an illustrative example

based on a real-life situation.
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and searches for sets of activities to shift towards the deadline in order
to increase the npv. The enumeration procedure enumerates all sets of
activities for which such a shift has not been made but could, eventually, have
been advantageous. The procedure has been coded in Visual C++ v.4.0 un-

der Windows NT and has been validated on a randomly generated problem set.
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Earliness/tardiness

In this paper we study the resource-constrained project scheduling problem
with weighted earliness-tardinesss penalty costs. Project activities are assumed
to have a known deterministic due date, a unit earliness as well as a unit
tardiness penalty cost and constant renewable resource requirements. The
objective is to schedule the activities in order to minimize the total weighted
earliness-tardinesss penalty cost of the project subject to the finish-start
precedence constraints and the constant renewable resource availability
constraints. With these features the problem becomes highly attractive in
just-in-time environments. We introduce a depth-first branch-and-bound
algorithm which makes use of extra precedence relations to resolve resource
conflicts and relies on a fast recursive search algorithm for the unconstrained
weighted earliness-tardinesss problem to compute lower bounds. The
procedure has been coded in Visual C++, version 4.0 under Windows NT.

Both the recursive search algorithm and the branch-and-bound procedure

have been validated on a randomly generated problem set.
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Time/cost optimization

We describe a new exact procedure for the discrete time/cost trade-off
problem in deterministic activity-on-the-arc networks of the CPM type,
where the duration of each activity is a discrete, nonincreasing function of
the amount of a single resource (money) committed to it. The objective
is to construct the complete and efficient time/cost profile over the set of
feasible project durations. The procedure uses a horizon-varying approach
based on the iterative optimal solution of the problem of minimising the
sum of the resource use over all activities subject to the activity precedence
constraints and a project deadline. This optimal solution is derived using
a branch-and-bound procedure which computes lower bounds by making
convex piecewise linear underestimations of the discrete time/cost trade-off
curves of the activities to be used as input for an adapted version of the
Fulkerson labelling algorithm for the linear time/cost trade-off problem.
Branching involves the selection of an activity in order to partition its set
of execution modes into two subsets which are used to derive improved
convex piecewise linear underestimations. The procedure has been pro-
grammed in Visual C++ under Windows NT and has been validated using

a factorial experiment on a large set of randomly generated problem instances.
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from university students with or without a strong quantitative background
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(Portugal) in 2015 and details have been published in Vanhoucke and Wauters
(2015).
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Schedule adherence

Ten years after the introduction of the Earned Schedule concept proposed
by Lipke (2003), researchers and practitioners have investigated, validated,
criticized and modified this novel concept and successfully used it in research
simulation studies, software development and practical project control
settings. Only one year later, Lipke (2004) proposed an extension on his
Earned Schedule concept to measure the influence of rework due to the
lack of scheduling adherence on the earned value. His new concept, known
as the p-factor approach, measures the portion of the Earned Value (EV)
accrued in congruence with the baseline schedule, which will be used to
adapt the current EV to a so-called effective EV (EV(e)) taking the risk of
rework into account. Unlike the ES concept, the p-factor approach has up
to now stayed in the background, and little adoption by both researchers
and practitioners has been detected. The aim of this article is to review
this interesting p-factor concept with an artificial project example and to
partially illustrate its strengths and weaknesses based on a research study

using fictitious and empirical project data.
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The biggest risk is not taking any
risk. In a world that changing
really quickly, the only strategy
that is guaranteed to fail is not

taking risks.

Mark Zuckerberg

earned value management
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Risk & earned value

The topic of this paper is dynamic project scheduling to illustrate that project
scheduling is a dynamic process that involves a continuous stream of changes
and is a never ending process to support decisions that need to be made
along the life of the project. The focus of this paper lies on three crucial
dimensions of dynamic scheduling which can be briefly outlined along the
following lines: (i) Baseline scheduling to construct a timetable that provides
a start and end date for each project activity, taking activity relations, resource
constraints and other project characteristics into account, and aiming to reach
a certain scheduling objective, (ii) risk analysis to analyze the strengths and
weaknesses of your project schedule in order to obtain information about
the schedule sensitivity and the possible changes that undoubtedly occur
during project progress and (iii) project control to measure the (time and
cost) performance of a project during its progress and use the information
obtained during the scheduling and risk analysis steps to monitor and update
the project and to take corrective actions in case of problems. The focus of the
current paper is on the importance and crucial role of the baseline scheduling
component for the two other components, and the integration of the schedule

risk and project control component in order to support a better corrective

action decision making when the project is in trouble.
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Adding value

The non-repetitive nature of projects leads to uncertainty that is present
to some degree in every project. Our limited ability to accurately forecast
future values of parameters that are used as input to plan projects affect
every project. Due to uncertainty and the resulting risk, project planning
is in fact a starting point in the project management process that consists
of planning, monitoring and control. Risk management techniques are also
used in project management for the very same reason. Understanding the
dynamic, stochastic nature of projects and the tools and techniques that can
help us cope with this environment is the focus of this paper. In this paper
we discuss some ideas, tools and techniques that may help project managers
cope with uncertainty. We focus our discussion on two new ways to teach
students and practitioners the Earned Value concept, which is discussed in the
PMBOK and is supported by many of the commercial project management
software packages: the Project Team Builder (PTB) and ProTrack’s Assistant.
PTB is a training tool that won the PMI product of the year award for 2008.
ProTrack’s Assistant is an automatic tool added on the ProTrack software tool
that integrates lessons learned from an Earned Value research study awarded

by the IPMA research 2008 award.
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thinking about a thing, you’ll
never get it done.
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Performance management

In this paper, I briefly describe the various topics of a new book that I have
written as a summary of a large research study performed during the past 5
years. The research described in the book deals with the project performance
and control phase of the project life cycle, and the corresponding feedback
loop from control to planning and scheduling to take corrective actions
when necessary (this is known as project tracking or project monitoring).
More precisely, the focus is on a reactive scheduling early warning system
by means of Earned Value Management (EVM) and Schedule Risk Analysis
(SRA). For an overview of EVM, see e.g. Anbari (2003) or Fleming and
Koppelman (2005). For an introduction to SRA, see Hulett (1996). Although
EVM has been set up to follow up both time and cost, the majority of the
research has been focused on the cost aspect. In the book, I focus on the time
dimension which has received relatively less attention in the last decennia.
The aim of the research is to measure the project performance sensitivity
and the forecast accuracy (both in terms of time and cost, but with a focus
on the time dimension) of the existing and newly developed metrics based
on the principles of EVM and SRA. The research question boils down to
the determination of when and in which cases SRA and EVM could lead to

improved project tracking and corrective actions decision making.
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Topological structure

In this third paper about the simulation study to measure the accuracy of three
earned value based forecasting techniques to predict the final project duration,
we elaborate on the influence of the degree of project criticality on the quality
of project duration predictions. Based on simulation results of Vanhoucke and
Vandevoorde (2007) and the network paper of Vanhoucke et al. (2008) we
present an indicator to measure the structure of a project network, defined
by the distribution of activities and the amount of precedence relations, and
show that this measure clearly influences the accuracy of duration forecasting.
Rather than drawing results on a small set of real-life projects, we present
simulation results for a large and diverse set of different project networks
in order to be able to draw general results that hold for a wide variety of

projects in practice.
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Accuracy & criticality

This paper presents new simulation results on the forecast accuracy of earned
value based metrics to predict a project’s final duration. This is the second
paper in a series of papers based on the simulation study initially proposed
by Vanhoucke and Vandevoorde (2007). In a previous manuscript published
in the Measurable News (Vanhoucke and Vandevoorde, 2007), it has been
shown that the earned schedule method outperforms, on average, the more
traditional earned value based methods to predict the final duration of a
project, both for early and late projects. In the current manuscript, the
simulation study is extended to new simulation scenarios that measure the
influence of inaccuracies in the planned duration estimates for critical and

non-critical activities on the accuracy of forecasting methods.

Weather forecast for tonight: dark.
George Carlin
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Forecast accuracy

Earned value systems have been setup to deal with the complex task of
controlling and adjusting the baseline project schedule during execution,
taking into account project scope, timed delivery and total project budget.
Although earned value systems have been proven to provide reliable estimates
for the follow-up of cost performance within certain project assumptions,
it often fails to predict the total duration of the project. In the current
paper, a brief overview and summary is given of a simulation study that
investigates the potential of three earned value based methods to forecast
the final project duration. The study assumes a project setting where project
activities and precedence relations are known in advance and do not consider
fundamentally unforeseeable events and/or unknown interactions among
various actions that might cause entirely unexpected effects in different
project parts. This is the first paper in a sequence of papers that summarizes
the results of the large simulation study initiated by the study of Vanhoucke

and Vandevoorde (2007). Each paper will discuss and highlight another

aspect of the simulation study.
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Logic & scheduling

This chapter reports on a new solution approach for the multi-mode resource-
constrained project scheduling problem (MRCPSP). This problem type aims
at the selection of a single activity mode from a set of available modes
in order to construct a precedence and a (renewable and nonrenewable)
resource-feasible project schedule with a minimal makespan. The problem
type is known to be N P-hard and has been solved using various exact as well
as (meta-)heuristic procedures. The new algorithm splits the problem type
into a mode assignment and a single mode project scheduling step. The mode
assignment step is solved by a satisfiability (SAT) problem solver and returns a
feasible mode selection to the project scheduling step. The project scheduling
step is solved using an efficient meta-heuristic procedure from literature to
solve the resource-constrained project scheduling problem (RCPSP). However,
unlike many traditional meta-heuristic methods in literature to solve the
MRCPSP, the new approach executes these two steps in one run, relying on
a single priority list. Straightforward adaptations to the pure SAT solver by
using pseudo boolean nonrenewable resource constraints has led to a high
quality solution approach in a reasonable computational time. Computational
results show that the procedure can report similar or sometimes even better
solutions than found by other procedures in literature, although it often

requires a higher CPU time.
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Generalized trade-offs

Time-cost tradeoffs have been extensively studied in the literature since the
development of the critical path method. Recently, the discrete version of the
problem formulation has been extended to various practical assumptions, and
solved with both exact and heuristic optimisation procedures, as described
in Vanhoucke and Debels (J Sched 10:311-326, 2007). In this chapter, an
overview is given of four variants of the discrete time-cost tradeoff problem
and a newly developed electromagnetic meta-heuristic (EM) algorithm to
solve these problems is presented. We extend the standard electromagnetic
meta-heuristic with problem specific features and investigate the influence of
various EM parameters on the solution quality. We test the new meta-heuristic

on a benchmark set from the literature and present extensive computational

results.
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Managing cost

In this chapter we look at the management of costs on projects, and in
particular at the use of the Earned Value Management system. Earned Value
Management (EVM) is a methodology used to measure and communicate
the real physical progress of a project and to integrate the three critical
elements of project management (scope, time and cost management). It takes
into account the work completed, the time taken and the costs incurred to
complete the project and it helps to evaluate and control project risks by
measuring project progress in monetary terms. The basic principles and the
use in practice have been comprehensively described in many sources (for an
overview, see Fleming and Koppelman (2005)). Although EVM has been set
up to follow up both time and cost, the majority of the research endeavors and
practical applications have been focused on the cost aspect. It is only recently
that the time dimension has received attention from both practitioners and
academics. This chapter reviews the basic key metrics used in earned value
management, describes their usefulness for measuring both a project’s time
and cost performance and highlights the importance of integrating EVM with

risk management.
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For the things we have to learn
before we can do them, we learn

by doing them.

Aristotle
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Adherence & rework

Earned Value Management (EVM) in project management integrates cost,
schedule and technical performance and allows the calculation of cost and
schedule variances, performance indices and forecasts of project cost and
schedule duration. The earned value method provides early indicators of
project performance to reveal opportunities and/or highlight the need for
eventual corrective actions. The introduction of the earned schedule (ES)
method in 2003 has led to an increasing attention on the forecast accuracy of
EVM to predict a project’s final duration. Previous research has shown that
the ES method outperforms the more traditional predictive metrics for project
duration forecasting. In this paper we critically review and test a novel ES
extension, the p-factor approach, to measure schedule adherence based on
the traditional earned value metrics. A large set of fictitious project networks

has been constructed under a controlled design and performance is measured

by means of Monte Carlo simulations.
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Lost time is never found again.

Benjamin Franklin

Do research, create knowledge, feed your talent: A summary of research at Operations Research & Scheduling

workload

Maenhout, Broos; Vanhoucke, Mario

Crew scheduling

Personnel costs typically are the second largest costs for airline operations
after fuel costs. Since efficient crew employment can drastically reduce
operational costs of airline companies, the crew scheduling problem in the
airline industry has been extensively investigated in the operations research
literature. This problem typically consists of assigning duties to crew members
securing the safety of all flights minimizing the corresponding overall cost
for personnel. Due to the typical size and complexity of the crew rostering
problem, airline companies want to adopt scheduling policies that roster
crew members according to fixed days on and days off patterns. However, as
the distribution of work duties over the planning horizon is typically highly
variable in airline operations, the scheduling according to these fixed work
patterns is seriously hindered. In this chapter, we give an overview of different
measures that help to schedule airline crew under a variable workload using

fixed days on and days off patterns.
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John Naisbitt
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Accuracy determinants

It is well-known that well managed and controlled projects are more
likely to be delivered on time and within budget. The construction of a
(resource-feasible) baseline schedule and the follow-up during execution
are primary contributors to the success or failure of a project. Earned value
management systems have been set up to deal with the complex task of
controlling and adjusting the baseline project schedule during execution.
Although earned value systems have been proven to provide reliable estimates
for the follow-up of cost performance, they often fail to predict the total
duration of the project. In this chapter, results of a large simulation study
to evaluate the forecast accuracy of earned value based predictive metrics
are presented. No detailed mathematical calculations are presented in the
chapter, but instead an overview from a project life cycle point-of-view is

presented. Details can be found at the end of the chapter (key terms and their

definitions) or in the references cited throughout this chapter.
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This book is intended to be the Project Management Knowledge Sourcebook

Vanhoucke, M. (2016). Project

management knowledge center: for students of any Project Management course focusing on the integration

The ted}"ical guide f el baseline i between baseline scheduling, schedule risk analysis and project control.
scheduling, schedule risk analysis
and project control, volume In This integration is known as "Dynamic Scheduling”" or "Integrated Project
Press. Springer .. . .

PSS Management and Control". The book is intended to be a technical guide that
URL

contains a set of +70 articles classified in the three main book themes, and

www.or-as.be/books each article contains links to other relevant articles of the book. The articles
Classification are accompanied with a set of questions to enable the reader to test his/her
book; Written for students and re- knowledge and understanding of the article’s theme, for which the answers
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www.or-as.be/books/pmke

are provided at the end of this book.

Mario Vanhoucke
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Sourcebook
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Knowledge is of two kinds. We
know a subject ourselves, or we
know where we can find
information upon it.

Samuel Johnson
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URL

Project Management. It gives you a look into the endeavors done in the past

ideas of OR-AS and gives you a brief overview of the most important people

who inspired us and the OR-AS products. It tells about work, and the passion
www.or-as.be/books

. . that has led to the results of the hard work. It’s not a scientific book. It isn’t a
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managerial book either. It’s just a story ... about work and passion.
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If you only read the books that
everyone else is reading, you can
only think what everyone else is
thinking.

Haruki Murakami

A

Do research, create knowledge, feed your talent: A summary of research at Operations Research & Scheduling 125


http://www.or-as.be/books
http://www.or-as.be/books
http://www.or-as.be/books
http://www.or-as.be/books/rkt

Taking sound business decisions: From rich data to better solutions 2015

Taking sound business decisions: From rich data to better
solutions
Vanhoucke, Mario

Tags

decision tree analysis; lin- . o .
ear programming; integer D k
programming; simulation e CI S 10 n ma lng

Reference
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and data analytics and is mainly written for M.Sc. and MBA students at

Ghent University, Vlerick Business School and UCL School of Management of

SR/ e University College London. On top of that, the book also contains an overview

Classification of research studies and company applications of data-driven modelling
book; Written for students and technique developed by the Operations Research & Scheduling group,
professionals; Examples available . . ]

at www.or-as.be/books/tsbd which makes the book potentially relevant for researchers and professionals

interested in the new data-driven management approach. The book is free for
download via the OR-AS site and will be updated on a regular basis upon

requests and comments of the readers.
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Whenever you see a successful
business, someone once made a
courageous decision.

Peter Drucker
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Vanhoucke, M. (2014). Integrated
Project Management and Con- This book presents an integrated approach to monitoring projects in progress
trol: First comes the theory, then
the practice. Management for
Professionals. Springer

using Earned Value and Earned Schedule Management combined with Sched-

ule Risk Analysis. Monitoring and controlling projects involves processes for

URL identifying potential problems in a timely manner. When necessary, corrective
www.or-as.be/books actions can be taken to exploit project opportunities or to get faltering projects
Classification back on track. The prerequisite is that project performance is observed and
book; Written for students, re- measured regularly to identify variances from the project baseline schedule.

searchers and professionals o . . . .
P Therefore, monitoring the performance of projects in progress requires a

set of tools and techniques that should ideally be combined into a single

N, integrated system. The book offers a valuable resource for anyone who wants
. ,M/ago\la’i;e'— 7 i
Integrated
Project
Management
and Control

First Comes the Theory,
then the Practice

to understand the theory first and then to use it in practice with software tools.

) Springer

Click to download

Either write something worth
reading or do something worth
writing.

Benjamin Franklin
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Life is inherently risky. There is
only one big risk you should avoid

at all costs, and that is the risk of

doing nothing.
Denis Waitley

Vanhoucke, Mario

Dynamic scheduling

The topic of this book is known as dynamic scheduling, and is used to refer to
three dimensions of project management and scheduling: the construction of
a baseline schedule and the analysis of a project schedule’s risk as preparation
of the project control phase during project progress. First, the construction
of a project baseline schedule is a central theme throughout the various
chapters of the book, and is discussed from a complexity point of view with
and without the presence of project resources. Second, the creation of an
awareness of the weak parts in a baseline schedule is discussed at the end of
the two baseline scheduling parts as schedule risk analysis techniques that
can be applied on top of the baseline schedule. Third, the baseline schedule
and its risk analyses can be used as guidelines during the project control step

where actual deviations can be corrected within the margins of the project’s

time and cost reserves.
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Artificial project data available at
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Improving Project Performance Using
Eamed Value Management
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value management
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Measuring time

Meant to complement rather than compete with the existing books on the
subject, this book deals with the project performance and control phases of
the project life cycle to present a detailed investigation of the project’s time
performance measurement methods and risk analysis techniques in order to
evaluate existing and newly developed methods in terms of their abilities
to improve the corrective actions decision-making process during project
tracking. As readers apply what is learned from the book, EVM practices will
become even more effective in project management and cost engineering.
Individual chapters look at simulation studies in forecast accuracy, schedule
adherence, time sensitivity, activity sensitivity and using top-down or
bottom-up project tracking. The book also offers an actual real-life case study,
a short tutorial on the EVM use in ProTrack, and conclusions on the relative

effectiveness for each technique presented.

The only reason for time is so that
everything doesn’t happen at once.
Albert Einstein
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;Ow, D) eskt}c/)p. Available onﬁgne at project control using ProTrack 2.0. Although ProTrack has fundamentally
www.or-as.be/books changed ever since the release of the book, it is still used as background
URL information on the dynamic scheduling theme. It is interesting to ProTrack
www.or-as.be/books users but also to newcomers interested in the integration between scheduling,
Classification risk analysis and project control.
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A mind needs books as a sword
needs a whetstone, if it is to keep
its edge.

George R.R. Martin
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