New benchmark datasets for the RCMPSP
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1 Introduction

In the resource-constrained project scheduling problem (RCPSP), a set of activities
subject to precedence and resource constraints needs to be scheduled. Many extensions to
the base problem have been developed and analysed (Hartmann and Briskorn 2010). One
of the extensions is the resource-constrained multi-project scheduling problem (RCMPSP)
in which a portfolio of different projects needs to be scheduled. All projects require (a
subset of) the available renewable resource types, but there are no interproject precedence
relations. The problem is to construct a resource feasible schedule in which a (time-related)
objective is minimised. In recent years, the multi-project scheduling problem and its ex-
tensions have received more attention from researchers. However, the developed solution
procedures are not always tested on the same datasets, inhibiting an unbiased comparison
between the algorithms. The objectives of our research are threefold. First, we evaluate
the existing datasets based on the feature space that they occupy. Second, we augment the
generation procedure of Browning and Yassine (2010b) and use it to generate new datasets
that cover a wider range of parameter values. Third, we set up a computational experiment
with two scheduling procedures to analyse the differences between the new and existing
datasets.

2 Existing datasets

In literature there are three publicly available datasets for the RCMPSP: MPSPLIB
(Homberger 2007, Homberger 2012), BY10 (Browning and Yassine 2010b) and RCMP-
SPLIB (Vazquez et. al. 2015). Furthermore, there is the dataset of Wauters et. al. (2016)
for the multi-mode extension of the RCMPSP. Because we address the basic variant, we
will omit the last one from our analysis. To evaluate the datasets, we base ourselves on
three resource-related measures that were designed for the multi-project context (Browning
and Yassine 2010a). The first measure is the Normalised Average Resource Loading Factor
(NARLF), which indicates whether the main part of the total resource demand occurs in
the first or second half of the portfolio duration. We propose a small adaptation to the
way the measure is calculated and name this alternative NARLF’. Second, the Modified
Average Utilisation Factor (MAUF) compares the total resource demand to the total re-
source supply in the critical path schedule and takes the maximum ratio over all resource
types. A higher MAUF means that a resource type is more constrained. The third mea-
sure (03,4 p) calculates the variance of the MAUF values of the different resource types
from the maximum value and exhibits how equally constrained the different resource types
are. Figure 1 shows the two-dimensional feature space plots for all instances of the three
existing datasets.



Fig. 1. The 2-dimensional feature space plots of the existing datasets

NARLF' - UF NARLF' - varUF UF - varUF
o : :
E . % *
5 s i -
Q Y 2 2
4
3 - 1 1
o ; PP TG ST i e g
® B - -8 -m -5 @ [ T T I T TR 1 2 1 i i ®
WARLF MARLF uF
ol a 8
5 L] ] 5
& [} A L
LI 5 5
2 1 2 1 -
- e e i 'l:". —
' 0
b & ] :]‘ ;
a 5 gl n Li
Dt
1, 'Np .
o 4. ot
L] -3 =I5 -0 15 =18 =5 o L] kL]

These plots show us that most of the instances in RCMPSPLIB and MPSPLIB have
a low variance of resource utilisation. Furthermore, we see that BY10 contains a lot of
instances but most of them have a NARLF’ lower than -10. Furthermore, the analysis
of the network topology shows that most of the networks of the constituent projects are
rather parallel. Based on these insights we adapt the generation procedure of Browning and
Yassine (2010b) such that it is able to generate instances over a wider range of parameter
combinations. The major adaptation is that RanGen2 (Vanhoucke et. al. 2008) is used to
generate single-project networks, as it is capable of generating instances over the whole
spectrum from parallel to serial networks. In order to compare the procedure with the
existing sets, we generated instances of 6, 12 and 24 projects over the whole range of
parameter combinations. The plots in Table 2 show that the generator is able to obtain
instances over a broader feature space than the existing datasets. Although the resulting
datasets cover a wider range, we observe dependencies between NARLF’ and the network
structure of the single-projects. As a consequence, the feasible range of NARLF’ values
for an instance depends on the network structure of its constituent projects. We propose
the new datasets 6 60, 12_60 and 24_60, where each instance consists of 6, 12 and 24
projects respectively and each project contains 60 activities.

3 Evaluation using heuristics

In a second study we analyse the differences between the datasets in a computational
experiment using decoupled schedule generation schemes (SGS) and a genetic algorithm
(GA). Decoupled SGS’s are similar to the priority rule based scheduling schemes from
single-project literature. The difference lies in the fact that a single-project SGS selects one
activity from the eligible set at each decision moment, while a decoupled SGS first selects
a project and then selects an eligible activity from that project. In our computational
experiment we tested all combinations of 16 project priority rules and 16 activity priority
rules. Based on the results we come to the following conclusions. First, decoupled SGS’s
outperform single-project SGS’s on all datasets when the objective is the minimisation of



Fig. 2. The 2-dimensional feature space plots of the generator
NARLF' - UF NARLF’ - varUF UF - varUF

Generator (6)

Generator (12)

Generator (24)

average project delay. Second, the choice of project priority rule has a larger impact on the
performance than the choice of activity priority rule. Third, project rules related to the
total resource demand perform better on the existing datasets, while critical path based
rules perform better on the datasets that we propose. This indicates that the new datasets
cover a part of the feature space that is not present in the existing datasets.

As solution procedures for the RCMPSP have advanced beyond priority rules, we ex-
ecute a second computational experiment with a genetic algorithm. We implement four
crossover operators and several mutation operators of Asta et. al. (2016). We let the GA
solve each instance with a time limit of 30 seconds. Figure 3 shows the improvement found
over time, relative to the total improvement after 30 seconds. The graph shows that on
average, the GA quickly finds the largest improvement in the first few seconds for the
datasets BY10, RCMPSPLIB and 6_60. The other datasets prove to be more challenging
for the metaheuristic, as it keeps finding sizeable improvements for a longer time. This
effect is the strongest for the dataset 24_ 60, where the figure suggests that the algorithm
will still find relatively large improvements after 30 seconds. This experiment shows that
MPSPLIB, 12_60 and 24_ 60 are more challenging for more advanced heuristics.

4 Conclusions

We propose new datasets for the RCMPSP that complement the existing sets in two
ways. First, the new datasets contain a wider variety of parameter combinations, leading to
different conclusions about which priority rules perform best. Second, the sets with 12 and
24 projects per instance (in addition to the set MPSPLIB) proved to be more challenging
than the others for the genetic algorithm.

Furthermore, the experiments show that for the RCMPSP, decoupled schedule gen-
erations schemes outperform the traditional single-project scheduling schemes and that
project prioritisation has the largest impact on performnce.



Fig. 3. Improvement profile of GA
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An opportunity for future research is the design of new summary measures for the
RCMPSP that are less dependent upon each other, which would facilitate generation of
instances over the complete feature space.
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