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ABSTRACT

Project management decisions are made at the strategic, the tactical and the oper-
ational level. These decision levels are unarguably interrelated. Uncertainty in
project management is primarily dealt with at an operational level by detecting
operational risks and deciding on how to respond to them such that the tactical
objectives can be met. We stress some major issues regarding the topics of risk
management and robust project scheduling and discuss their consequences on
more tactical and strategic decisions.
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I. INTRODUCTION

Project management involves the planning, scheduling and control of
project activities to achieve performance, cost and time objectives for
a given scope of work while using resources efficiently and effectively.
Numerous examples of projects can be cited including amongst others
constructing a bridge, designing a new plane, relocating a factory,
developing software, etc.

Traditionally, theoretical approaches have mainly focused on the
scheduling phase assuming a static and deterministic environment.
However, in practice, project-driven organizations also need to con-
sider whether or not such a project should even be considered for exe-
cution. Furthermore, they will not know perfectly in advance how the
project will be executed in case it is accepted. Because work is often
subcontracted or executed by resources that are not exclusively
reserved for the current project, uncertainty has to be taken into
account in order to prevent incurring costs due to the need for
increased subcontractor flexibility and due to the propagation of dis-
turbances throughout the project network with a negative impact on
project milestone completion times. Uncertainty stems from incom-
plete information and from unforeseeable events. Frequently cited
sources of disruptions are activity duration extensions, resource break-
downs, changes to the project content, etc.

Decision making for project management can be subdivided into three
levels with varying objectives and time horizons (Leus et al. (2007)).
The strategic level is concerned with long-term decisions made by top
level management. Strategic decisions in project management include,
but are not limited to, the selection of projects with major strategic
importance, major capital investments and project financing. On the
tactical level, decisions are made regarding project acceptance. This
means that due dates need to be negotiated with the client and resources
are to be allocated to individual projects using capacity planning in
order to be able to quote tight and reliable due-dates. Finally, the sched-
uling decisions are made at the operational level. This involves the allo-
cation of specific resource units to project activities and the scheduling
of those activities in time together with reacting to schedule changes
when needed. An overview of these decision levels is given in Figure 1.

This paper examines project management decisions at both the tac-
tical and the operational level. We focus on the interdependencies
between these obviously related decision levels. At every decision level,
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project management is subject to uncertainty. Nevertheless, it is possi-
ble to mitigate this uncertainty by risk management; this is the topic of
the next section. The tactical decision level, discussed in Section III,
strongly relies on the outcome of the risk analysis. The provided infor-
mation allows the project portfolio management team to make an order
acceptance and capacity planning decision, so that a reliable due date
can be quoted to the customer. During the following phase, described
in Section IV, the operational project management team is made respon-
sible for the execution of the project and the realization of the project
objectives. Since uncertainty during the execution can be considered as
a certainty for each project, robust project scheduling techniques are
applied. In Section V, we conclude the paper with some conclusions.

II. RISK MANAGEMENT

Project management is subject to uncertainty for both tactical and
operational decision making. Uncertainty in a project typically stems
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FIGURE 1
Levels of decision making in project management
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from risks, i.e. uncertain events that occur with a certain probability.
Project management should find a way to manage these risks. The
current decision level determines the level of detail of the risk man-
agement approach. At the tactical level, a rough-cut risk management
approach that does not require detailed information about neither the
project nor the details of the actual risks, is needed. At that point, pro-
ject management should recognize that the project is subject to risks
and that the resulting uncertainty can influence the workload and/or
the performance measures of the project. These risks might eventually
influence the tactical accept/reject decision.

Risk management on the operational level can become far more
detailed by looking at a scope of potential risks for each project activ-
ity. Figure 2 represents (operational) risk management as an iterative
process.

The phases of this iterative risk management process largely coin-
cide with the phases described in PMBOK, the Project Management
Body of Knowledge (PMI (2000)).

First, the potential operational risks need to be detected. Existing
checklists of possible risks for several tasks might substantially help
in this matter. Such checklists (for examples we refer to Schatteman
et al. (2006)) are stored in the risk management database, the heart of
the risk management process. Risk detection additionally occurs by
interviewing project managers or other experts to gain educated infor-
mation about their experiences in similar projects.
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FIGURE 2
Risk management as an iterative process
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Subsequently, detected risks have to be properly analyzed in order
to know how to respond to them. Risk analysis is very challenging,
because it needs to be straightforward as well as fast to be accepted
by project management. We refer to Chapman and Ward (2003) and
Schatteman et al. (2006) for quantitative risk analysis methods that
both rely on best and worst case estimates of the detected risks.

Once the risks have been detected and analyzed, the organization has
to decide on how to address these risks. Based on Chapter 11 of the
PMBOK (PMI (2000)), we distinguish several ways of tackling risks
and express what their occurrence would signify for project manage-
ment:

• Risk reduction “The risk reduces”
• Risk transfer “It’s no longer my risk”
• Risk treatment “I know exactly how to respond to the risk”
• Risk acceptance “I can live with this risk”
• Risk anticipation “This risk is planned for”

The work described in Section IV.A anticipates risks by incorpo-
rating safety in the project schedule. Such a proactive approach always
needs to be accompanied by a reactive risk treatment approach (see
Section IV.B) that decides on how to react to infeasibilities caused by
the actual occurrence of certain risks. Other risks response measures
are beyond the scope of this paper. We assume that the observed risks
are residual risks after that risks have already been reduced and pos-
sibly transferred.

III. PROJECT PORTFOLIO SELECTION

Project portfolio management takes place at the tactical decision-
making level. It involves the order-acceptance and capacity-planning
problem facing multi-project organizations upon project arrival. In
practice, companies tend to accept all project proposals with a posi-
tive net present value (NPV) and to plan them on a first-come-first-
served (FCFS) basis, without consideration of tactical risks or poten-
tial benefits from future arrivals. Moreover, the effect on the planning
of the already accepted projects is usually not contemplated. Since
this often results in suboptimal decisions with regard to the resource
allocation, the violation of due dates, profit, etc., it is essential that
project selection and planning be integrated (Zijm 2000). For this
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reason, we simultaneously examine the order-acceptance and capac-
ity-planning decision. Order acceptance refers to the accept/reject deci-
sion a company needs to make upon project arrival; both the imme-
diate reward and the available capacity for future arriving projects are
affected by it. Capacity planning determines the planning of the pro-
jects and as a result, their payout time, which, to a great extent, deter-
mines the reinvestment revenues. Our tactical decision model aims to
maximize the expected profits from accepted projects with limited
renewable resources (see, for instance Demeulemeester and Herroe-
len (2002)). At the time of project completion, the company receives
a pay-off which can be reinvested at a specified interest rate. We
assume that the company has forecasts for the main features of the
incoming projects.

Most of the existing literature on project portfolio management
deals with static models (Wheelwright and Clark (1992), Lewis and
Slotnick (2002), Gademann and Schutten (2005), Kolisch and
Meyer (2006)). Here, the project portfolio is typically determined at
the beginning of the planning horizon, after consideration of a set of
executable projects. Although intermediate action is sometimes con-
sidered, these models are primarily suitable for internal project selec-
tion. By internal projects, we refer to projects that have been proposed
by internal customers, such as internal R&D (Research and Develop-
ment) or NPD (New Product Development) projects. As a conse-
quence, the static approach is less realistic when dealing with projects
proposed by external customers since these, in general, arise dynam-
ically to the organization and require a response without delay. The
work on decision-making in such a dynamic context, is relatively
scarce, although there has been a growing interest in recent years
(Loch and Kavadias (2002), Perry and Hartman (2004), Ebben et al.
(2005)). For a more elaborate survey of the literature on both static and
dynamic problems, we refer to Herbots et al. (2006).

At the tactical level, the stream of incoming order arrivals is the
main source of uncertainty. When a company has to make an
accept/reject decision, it has at its disposal only rudimentary infor-
mation about the project in question and forecasts of the main char-
acteristics of the future incoming projects (e.g. based on sales-force
polling). The main characteristics of project proposal j are its pay-
off yj, a positive workload pj and a deadline Ëdj. The pay-off yj, may
also be interpreted as a Request for Quotation (RFQ); this is an invi-
tation for suppliers, through a bidding process, to bid on a specific
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product or service. Price is the main or only factor in selecting the
successful bidder. In what follows, we use the terms ‘order’ and ‘pro-
ject’ to refer either to an RFQ or to a request for execution of an order
at a given price. The pay-off of a work order, denoted as yj, is gener-
ated immediately when the work is completed. We assume that all
these revenues can be reinvested at a fixed interest rate i∞∞≥∞∞0.

In our model, both the project workload pj and the capacity are
expressed in discrete units (e.g. man-hours); a single unit of a pro-
ject’s work content is referred to as a work package. It is standard
practice for project management to structure the work content into
small manageable elements as a result of the development of a work
break down structure (WBS). A WBS is a product-oriented family-
tree subdivision of the hardware, services and data required for project
realization, which provides a common framework for breaking
the work down into work packages, thus providing a greater proba-
bility that every major and minor activity will be accounted for
(Kerzner (1997)). We express the aggregated workload of project j as
a number pj of work packages. Since an accepted order can only be
executed between its release time rj and the project’s deadline Ëdj, orders
for which the deadline cannot be met must be rejected.

We discretize the planning horizon into T periods or time buckets
(e.g. weeks or months) and make the simplifying, albeit realistic
assumption that the interarrival times between project proposals fol-
low an exponential distribution, with arrival rate l. We denote the
stream of arriving offers as w1,∞∞w2,∞…,wN∞; it was explained earlier that
the main characteristics of project proposal j are its pay-off yj, a pos-
itive workload pj and a deadline Ëdj. From a given positive maximal
time lag lj allowed for realizing the project, one can easily derive the
deadline by adding the stage’s release time rj to the lead time: Ëdj∞∞=∞∞rj∞∞+∞∞lj.
A project belongs to order type q when its characteristics have the val-
ues pq, yq and lq, wich represent the order type’s workload, pay-off and
maximum time lag, respectively. A decision needs to be made regard-
ing project proposal w1, and estimates about the characteristics of the
stream of future order arrivals are captured as follows. Each wj∞(pj,∞∞yj,∞∞lj)
is assumed to be an independent realization of a random variable W.
The probability that wj,∞∞j∞∞=∞∞2,∞…,∞N, will take on the value (pq,∞∞yq,∞∞lq) is
given by Pr[q].

As we mentioned before, the characteristics of a project proposal
wj∞(pj,∞∞yj,∞∞Ëdj) are not unambiguously declared. In this regard, we employ
risk management techniques to define a number of scenarios sj that
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serve as inputs to our tactical decision model. A scenario consists of
a workload p�j and pay-off y�j adopted for the involved risk (see Sec-
tion II). In general, the amount of risk a scenario manages for is pos-
itively related to the workload p�j, which is a result of the increased
built-in security. On the other hand, the adopted pay-off y�j will most
likely be higher for low-risk scenarios. So in summary, more security
implies a higher project workload (worst-case estimation of the work-
load, inclusion of buffers,…) and will result in a higher pay-off (less
costs incurred by the side effects schedule infeasibility).
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FIGURE 3
Capacity profile with two capacity units in every period

Our tactical decision-making procedure considers only the bottle-
neck resource of the company. Since the amount of available capacity
units is the result of a long-term strategic decision, we assume that it
cannot be revised within the problem horizon considered in our plan-
ning framework. The actual utilization of capacity does not give rise
to incremental costs. We count the available capacity units in every
time period by means of a capacity profile, visualized in Figure 3. The
shaded capacity units have already been allocated.

Each scenario sj needs to be translated into an order plan, to enable
the tactical decision model to make a decision; this process is referred
to as capacity planning. An order plan uj is an allocation of capacity
units to the different work packages of a project; it is feasible if the
total workload of the project is covered and if all work packages are
planned between the stage’s release time and the project’s deadline.
In case the company rejects the offer, no capacity is reserved and no
further action is taken until the next project arrival. This rejection deci-
sion cannot be withdrawn. Acceptance of the project is always asso-
ciated with the choice for a specific order plan. From this order plan,
we are able to derive the project completion time tj, which serves as
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a deadline d for operational project scheduling. Figure 4 provides a
schematic representation of project management at the tactical and
operational level. A full description of the solution procedures of the
tactical decision model is provided in Herbots et al. (2007). The most
adequate methods make use of approximate dynamic programming
techniques to trade off the benefits of the different order plans and, as
a consequence, scenarios against each other.

IV. ROBUST PROJECT SCHEDULING

Once the tactical project decisions have been made, project manage-
ment is primarily concerned with operational project management of
the accepted projects in the project portfolio. On this level, budget,
scope and project due date have already been decided and project
management needs to plan such that these tactical objectives are
achieved.

Uncertainty during execution can be considered as a certainty for
each project. Activities might take longer than expected, new activi-
ties might suddenly occur, machines might break down, etc. Achiev-
ing the project objectives might become tricky in such a stochastic
project environment.

Recent research in project scheduling focuses on the robustness of
a project schedule, i.e. its insensitivity to uncertainty. Sörensen (2001)
introduces two types of robustness. Quality robustness aims to
preserve the quality of the solution. In other words, the value of the
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FIGURE 4
Project management at the tactical and operational level
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objective function is not allowed to slump under uncertainty. For pro-
ject scheduling, quality robustness is basically equivalent to achieving
the project deadline under a broad number of potential scenarios. Solu-
tion robustness aims to limit changes in the solution itself. A project
schedule acts as a baseline for visualizing the project and is a starting
point for both internal and external communication and organization.
Once such a project schedule has been constructed, it is not only its
objectives (f.i. due date) that should be achieved, but also its structure
that should be preserved as good as possible. Completely reorganiz-
ing a project in order to improve its makespan results in constant rene-
gotiating of subcontractor contracts, intermediate delivery dates, etc.
Solution robustness or stability gains importance as an objective func-
tion for project schedules.

A. Proactive robust project scheduling

The aim of the proactive scheduling phase is to generate a feasible
baseline schedule S0 using statistical information regarding uncertainty
in order to anticipate disruptions. The result is a robust schedule that
is insensitive to small disruptions during project execution.

A project can be depicted as a digraph G(N,A) using the activity-
on-the-node-representation in which the activities are represented by
means of nodes and in which the zero lag finish-start precedence rela-
tions between those activities are represented by means of arcs. Each
activity i∞∞(i∞∞∈∞∞N) has a duration di, a resource usage rik of a renewable
resource type k with a per-period availability equal to ak and an insta-
bility weight wi.

A feasible schedule has to satisfy three sets of constraint:

1. The precedence constraints: sj∞∞≥∞∞si∞∞+∞∞di ∀(i,∞j)∞∞∈∞∞A state that when-
ever an arc exists between activities i and j, activity j cannot start
before activity i is completed.

2. The resource constraints: imply that there can-

not exist a time period t and a resource type k for which the sum
of the resource requirements of the activities active during time
period t∞∞(St) exceeds the per-period availability ak of resource
type k.

3. The deadline constraint sn∞∞≤∞∞d states that the dummy end activity
n (with a duration and resource usage equal to 0) should be com-
pleted before the project deadline.

r a k tik k
i St

≤ ∀
∈
∑  ,
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In deterministic scheduling it is assumed that all these parameters
are fixed and no uncertainty exists regarding their values. The aim of
the Resource-Constrained Project Scheduling Problem (RCPSP), for
instance, is to find a schedule minimizing the project makespan sn

satisfying the first and second set of constraints. However, in real life
situations, a project manager will be faced with uncertain activity dura-
tions, unexpected resource breakdowns, variable activity work con-
tent, project network changes and bad weather conditions. In this
paper, we consider the first two of these possibilities.

In order to be able to cope with these uncertainties, proactive
approaches are required that allow the project manager to construct a
feasible schedule that is able to absorb the disruptions caused by these
sources of uncertainty. The objective we want to minimize is
the weighted sum of the absolute deviations between planned and 

realized activity starting times: The activity weights wi

represent the marginal cost of starting activity i one period later than
planned and the realized activity starting times si depend on the
planned starting times as determined by the baseline schedule S0, on
the disruptions encountered during project execution and on the reac-
tive strategy used to react to those disruptions. A solution approach

based on the direct evaluation of the objective function

will not be an option. Indeed, as noted by Elmaghraby (2005): “any
approach that aspires to confront uncertainty head-on is computation-
ally overwhelming”. Therefore, other solution approaches need to be
sought. In this section, we solely focus on the construction of the base-
line schedule.

Lambrechts et al. (2007b) developed an approach for generating
robust project schedules in case no statistical information is available
regarding sources of uncertainty. This approach uses the concept of
free slack introduced by Al-Fawzan and Haouari (2005). Nevertheless,
information regarding the nature of potential disruptions allows the
creation of a schedule that is better protected against those disrup-
tions. In the remainder of this section, we assume that some informa-
tion regarding disruption probabilities is available.

We consider a three-phase proactive approach. In the first phase, an
initial, feasible schedule is constructed. This pre-schedule can be con-
structed using either an optimal or a suboptimal approach for solving
the deterministic RCPSP or an approach that schedules activities

w E s si i i
i N

−( )
∈
∑ 0

w E s si i i
i N

−( )
∈
∑ 0 .
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having a major impact on the instability objective function as early as
possible in time. The latter procedure is called largest cumulative
instability weight first scheduling and it is extensively covered in Lam-
brechts et al. (2007a). Note that the construction of the initial sched-
ule implies the use deterministic single-point estimates for di and ak.
For the durations we suggest the use of the expected value, for the
resource availabilities two choices are possible. Either, we temporar-
ily ignore the possibility of resource breakdowns and the resulting
lower availabilities during certain time periods and consequently use
ak. Or we use a lower availability than the theoretical maximum avail-
ability ak for planning the project, implying the reservation of addi-
tional resource units to cope with unexpected outages. The latter
approach is called resource buffering and is covered by Lambrechts et
al. (2007a). The authors propose to use the expected availability that
is obtained by calculating the steady-state probability distribution of
the availabilities using renewal theory. In case it is not possible to gen-
erate a resource and/or deadline feasible schedule using this buffered
availability, the availability is iteratively increased until the resulting
schedule becomes feasible.

After this initial schedule construction phase, resource allocations
will be fixed in order to facilitate the insertion of explicit idle time in
the final phase. This implies that specific resource units of each
resource type k are allocated to each activity i in order to execute that
activity. The resource allocation step comes down to finding a resource
flow network that describes the routing of resource units across the
activities constituting the project network.

The concept of a resource flow network was introduced by Artigues
and Roubellat (2000). The structure of the problem is similar to that
of a network flow problem insofar that a set of ak resource units needs
to be transferred throughout the network so that the flow into and out
off each activity is equal to that activity’s resource usage. The source,
or dummy start activity, has a demand equal to zero and a supply equal
to ak whereas the sink, the dummy end activity, has a demand equal
to ak and a supply equal to zero. In case we add the arcs R corre-
sponding to a non-zero flow for an arbitrary solution of the resource
flow network problem, to the original network G(N,A), we reduce the
problem from resource-constrained project scheduling to resource-
unconstrained project scheduling because the flow decisions imply
scheduling decisions for activities that cannot be executed in parallel
due to precedence relations implied by shared bottleneck resources.
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Leus (2003) and Leus and Herroelen (2004) present a branch-and-
bound approach that optimally solves the problem of finding a
resource flow network minimizing the expected stability costs given
an initial baseline schedule for the case of a single renewable resource
type and exponential activity duration disruption lengths. Deblaere et
al. (2007) consider the same problem in case of multiple resource
types. The authors calculate lower bounds on stability and introduce
three integer programming based heuristics. Furthermore, the effective
and efficient Myopic Activity Based Optimization (MABO) heuristic
is introduced. MABO checks for each activity whether or not suffi-
cient resource units are released by that activity’s predecessors in order
to fulfill its resource requirements. If not, extra predecessors are added
in such a way that the expected instability cost is minimized.

The final phase involves the insertion of explicit idle time into a
given project schedule in order to prevent the propagation of disrup-
tions throughout the network.

Van de Vonder (2006) and Van de Vonder et al. (2006, 2007, 2007a,
2007b) developed a number of exact and heuristic time buffering pro-
cedures for the stochastic activity duration case. In all of these
approaches an initial schedule, together with its accompanying
resource allocation, is iteratively buffered in order to minimize the
expected stability costs. The Starting Time Criticality (STC) heuristic
turned out to be very effective and time efficient. This heuristic
exploits information regarding the probability distribution of the activ-
ity durations and the instability weights of the activities. The STC-
value of activity i is calculated as the product of the instability weight
of i and the probability that i cannot be started at its planned starting
time determined by S0. This probability can easily be calculated in
case it is assumed that only one activity at a time is disturbed and in
case all of the considered activity’s predecessors start at their originally
planned starting times. Activities are then buffered in such a way that
the activity with the largest STC-value is buffered first in case this
does not violate the deadline constraint and in case this gives rise to
a schedule with a lower approximated instability cost. If no more activ-
ity can be found the procedure terminates. An alternative approach, for
the stochastic resource availability case, was developed by Lambrechts
et al. [2007d]. The authors analytically calculate the expected duration
increase an activity experiences due to the repeated breakdown and
repair of the resource units used to execute that activity in case
resource allocations are fixed. Two surrogate robustness measures are
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presented that use this information to estimate the expected impact of
resource uncertainty on total project instability. In Figure 5 a schematic
overview of our proactive schedule generation procedure is given.

B. Robust reactive project scheduling

When a disruption occurs, it can happen that the schedule becomes
infeasible despite our proactive planning efforts. We then have to rely
on some reactive scheduling policy in order to repair the broken sched-
ule, preferably in such a way that the schedule stability cost is mini-
mized. So when the schedule breaks due to an unexpected resource
breakdown or an activity duration increase, we want to construct a
revised schedule S´ from the original baseline schedule S0 taking into
account the new information about activity durations or resource avail-
abilities, such that the weighted sum of the start time deviations

is minimized.

Van de Vonder et al. (2007) propose a number of reactive schedul-
ing procedures for the case of activity duration uncertainty. First, the
option of priority list scheduling is explored, since list scheduling

w s si i i
i N

′ −( )
∈
∑ 0
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FIGURE 5
Three phase proactive approach
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generally yields very efficient scheduling procedures. The authors pro-
pose a robust serial schedule generation scheme (SGS) and a robust
parallel schedule generation scheme. The robust serial SGS is a mod-
ification of the original serial SGS. It iteratively schedules the next
unscheduled activity i in the priority list as close as possible to its
baseline starting time while respecting the resource and the prece-
dence constraints. The procedure considers possible values for the
activity starting times in the following order: 

The robust parallel SGS is a modification of the original parallel
SGS. It iterates over decision times t, scheduling at every decision
time as many unscheduled activities as possible, again respecting
resource and precedence constraints. The order in which activities are
considered is dictated by the priority list. The only difference with the
ordinary parallel SGS is that at every decision time t only activities
with a baseline starting time are considered.

These schedule generation schemes are used in a basic sampling
approach, where the four SGSs (ordinary serial, ordinary parallel, robust
serial and robust parallel) are combined with a number of priority lists
(static as well as dynamic) in order to yield up to 4*L different sched-
ules, with L being the number of priority lists used. The schedule that
obtains the best performance with respect to the stability objective can
then be retained. Some interesting priority rules are EBST (earliest
baseline starting time), LST (latest starting time), LW (largest activity
weight), etc. The authors further refine their sampling approach using
so-called time window sampling, in which only scheduling decisions
about activities starting relatively close to the current decision time (i.e.,
the time period in which the disruption occurred) are taken into account.
Indeed, it would be naïve to assume that the use of one single priority
list would be the best choice also for future disruptions.

Next to these list-based heuristics, the authors correctly identify the
reactive scheduling problem as a special case of the Resource Con-
strained Project Scheduling Problem with Earliness and Tardiness
Costs (RCPSP-WET). Since optimal procedures for solving this prob-
lem are prohibitively time-consuming, the authors develop an Iterated
Local Search procedure which outperforms both sampling approaches,
at the cost of larger computation times.

Lambrechts et al. (2007c) consider the case of reactive scheduling
in the presence of uncertainty with respect to the availability of
renewable resources. If the availability of a renewable resource sud-
denly decreases (e.g. because of a machine breakdown), the execution

s ti
0 ≤

s s si i i
0 0 01 1, , ,− + …′si

si
0 ,
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of some of the activities in progress at the time of the disruption may
no longer be possible. The authors consider the preempt-repeat case
where interrupted activities must be started anew.

As a first reactive scheduling procedure, an optimal algorithm is
proposed. The algorithm identifies all so-called minimal preemption
alternatives: these are subsets of the set of activities in progress at the
time of the disruption, and they are chosen in such a way that post-
poning the execution of these subsets of activities is sufficient to
restore the feasibility of the schedule. The subsets are minimal in
the sense that no proper subset of a preemption alternative is also a
preemption alternative. For each of these preemption alternatives, a
slightly modified version of the branch-and-bound procedure by Van-
houcke et al. (2001) for solving the RCPSP-WET (cfr. supra) is exe-
cuted, finally yielding a revised schedule that is optimal with respect
to the schedule stability cost. The authors report on computational
results obtained on a set of 30-activity instances.

For solving larger instances, this optimal procedure is no longer suit-
able, and thus heuristic alternatives were developed. A tabu search pro-
cedure based on priority list scheduling is presented yielding very
encouraging results. Moreover, in some cases the optimal algorithm is
outperformed by the heuristic procedure, because generating a (tight)
optimal schedule is in some cases not the best thing to do with possi-
ble future disruptions in mind. This observation encouraged the authors
to come up with a reactive procedure that not only tries to generate a
schedule that does not deviate too much from the baseline schedule, but
also has some built-in safety for absorbing future disruptions. A sur-
rogate measure of schedule robustness is proposed, and integrated in
the tabu search procedure so as to form a multi-objective criterion that
attempts to strike a balance between schedule stability and schedule
robustness. The authors showed in a computational experiment that this
bi-objective function effectively results in less frequent rescheduling
passes during the execution of the project. The project manager has
thus the opportunity to limit the number of rescheduling actions, which
is particularly useful when the costs of rescheduling are high.

V. CONCLUSIONS

In this article, we have stressed the importance of risk management
in the project management process. We have pointed out that risk
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management has a crucial role at the tactical as well as at the opera-
tional level of project management decision making.

At the tactical level, a rough-cut risk management step is required,
yielding a number of high-level execution scenarios for a given pro-
ject, each scenario having a different degree of risk anticipation. Every
scenario comes with a trade-off between work content (influencing
the degree of freedom for risk anticipation) and pay-off (costs can be
incurred due to infeasibilities caused by non-anticipated risks). These
scenarios can serve as input to a solution procedure for the tactical
decision model. The solution procedure can either completely reject
the project, or accept the project selecting the most profitable execu-
tion scenario.

After the tactical accept/reject decision has been made, the opera-
tional project management team is responsible for ensuring that the
projected pay-off can be obtained while executing the project within
the time and resource constraints imposed at the tactical decision level.
We have shown that at this point, another step of risk management is
required, but now on a more fine-grained level. We have focused on
two types of risks, namely activity duration variability and resource
breakdowns. For both types of risks, proactive planning procedures
have been proposed that attempt to construct project schedules that
remain feasible even when activity or resource disruptions occur. We
have complemented these proactive planning procedures with a num-
ber of reactive scheduling policies for repairing the project schedule
should infeasibility still occur.
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