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A Novel Tabu Search Algorithm for Solving Robust
Multiple Resource-Constrained Project Scheduling
Problem

Rong-Hwa Huang and Tung-Han Yu

Abstract—This research developed an innovative robust
project scheduling strategy for efficiently using slack time to
reduce interference and derivative cost. Robust scheduling is
particularly critical under resource constraints. For an efficient
solution to this complex problem, a novel parallel tabu search
algorithm was then adopted from project scheduling problem
library (PSPLIB). Test results proved that the proposed robust
scheduling strategy is effective for moderating the impacts of
unpredicted events and that the effectiveness and robustness of
the proposed parallel tabu search is superior to that of the
conventional tabu search.

Index Terms—Project scheduling, resource constraint,

robust scheduling, tabu search.

. INTRODUCTION

Resource-constrained project scheduling problem (RCPSP)
is very complex and frequently applied in the field of
manufacturing and optimization. Past literatures of project
scheduling focus on the makespan minimization with
unlimited resources, which is inconsistence to the reality.
With the resource constrained, activities may be forced to
postpone. The sequence of activities, derivative result and
critical paths are very different. Managers must consider
objective factors and resource constraints in order to make
optimal decisions. In practice, however, unexpected factors
are likely to affect project execution. As [1] observed, project
activities are subject to considerable uncertainty that can
cause numerous schedule disruptions and delays. These
disruptions may result from machine breakdowns, material
delays, personnel shortages or changing due dates. Each
project includes multiple activities with complex precedent
relations, and any unpredicted delay at that activity level can
encumber the project by causing late delivery, reduced
customer satisfaction, loss of business goodwill, and missed
market opportunity. Robust scheduling strategy moderates
these potentially enormous losses by effectively and
preventively exploiting resources.

Robust scheduling, also known as proactive scheduling, is
an approach for developing a baseline schedule that
anticipates variability during project execution [2]. Adding
buffers at strategic points makes project execution more
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robust. The underlying concept is that allocating increased
resources to the project reduces delays caused by disruptive
events. [3], however, discussed the recovery problem, i.e., the
problem of efficiently recovering at minimum cost when
disruptions occur. The robust resource-constrained project
scheduling problem can be abbreviated as RRCPSP. As [4]
described, solution-robust project scheduling is a growing
research field. Their research provided multiple heuristics to
include time buffers in the project scheduling and still respect
the due date of the actvites.

Flexible tabu lists memorize the points visited by the
algorithm in order to avoid looping. Tabu search has proven
efficient for solving NP-hard problems and is now widely
used in the field. The resource-constrained project
scheduling problem is equivalent to a
FFC|Mj,reS|Wl'R0bust-W2-CmaX problem, where M; is
the eligibility constraint and res is the resource constraint. [5]
combined tabu search with three particular initial solutions to
solve sequence-dependent group scheduling problem in
flexible flow shop environment. They find that the impact of
different initial solutions is insignificant. Tabu search with
the most time-saving initial solution is sufficed to achieve
excellent result. A tabu search algorithm proposed by [6]
featuring specifically defined moves and structured
neighborhoods is proved efficient solving RCPSP. [7]
develop a novel ant colony optimization based algorithm to
solve no-wait two-stage flow shop scheduling problem and
have satisfactory result.

Most literatures attempted to find optimal solutions in
terms of makespan minimization with  various
meta-heuristics algorithms. The importance of available
slack time and robust scheduling are often underestimated.
Uncertainties in project scheduling may have large impacts
and cannot be overlooked. This research solved three
resource constrained robust project scheduling problems, and
proposed a novel parallel tabu search to achieve balanced
available slack time and makespan to produce robust and
efficient solutions. In the following sections, we will first
define the problem studied in this paper; second, we will
introduces the details and procedures of our proposed parallel
tabu search algorithm; third, data test result and analysis is
summarized; finally, conclusions and some applications are
made.

Il. ROBUST RESOURCE-CONSTRAINED PROJECT
SCHEDULING PROBLEM

The objective of robust resource-constrained project
scheduling problem (RRCPSP) is to obtain a schedule that
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minimizes the cost of unexpected events with the limitation
of restorable resource-constrained, while maintaining an
acceptable level of project completion time. The strategy to
obtain robust project scheduling is using available slack time
to moderate the impact of unexpected events, on the premise
to not increase cost or project completion time pointlessly.
The problem assumes that all activities cannot be
prefabricated and precedence relations are to be obedient.
The actual starting time of each activity is dynamic, and
resource requirements for activities are known and
indivisible.

Available slack is the difference between latest finish time
and the actual finish time for each activity. It allows extensive
project execution time resulting from unexpected disruptions
and increases the available slack for each activity. No extra
resources are required at this stage since available slack could
be created from proper scheduling. The buffer prevents
unexpected delay and the following recovery problem.
Available slack has a decreasing utility on the same activity
in the objective function to prevent stacking of available
slack.

Besides robustness, efficiency is also essential for
minimizing project completion time. Hence a weighted
objective function consists of makespan and available slack
is highly flexible. Under stable circumstances, higher
makespan weight helps managers to finish the project in short
time; while under uncertainty, higher available slack weight
prevent unpredicted events from jeopardizing the whole
project. Three restorable resource constraints considered in
this study are machine hours, labor hours and site hours. At
any time the resources in use do not exceed their limitations.

I1l. PARALLEL TABU SEARCH ALGORITHM

Tabu search has better effectiveness to avoid repeat
solution compares to other heuristics. One of the
disadvantages of tabu search is the tendency to fall into local
optimization. The research proposes a parallel tabu search
(PTS) algorithm to simulate multiple processors. Each
processor randomly generates an initial  solution
simultaneously and begins search in the neighborhoods. It
then moves to the best solution in neighborhood or a solution
that satisfies aspiration criterion. Route is memorized in a
shared tabu list to avoid repeat search across processors.

The procedures of parallel tabu search (PTS) proposed in this

study are described as below.

Step 1: Simulates multiple CPUs and each generates a start
solution S;.

Step 2: Search for best solution Sy, in the neighborhood.

Step 3: Confirm that if Sy is not searched by other CPUs. If
searched, go to Step 8, otherwise go to Step 4.

Step 4: Confirm that if Sy is in tabu list. If yes, go to Step 5,
otherwise go to Step 6.

Step 5: Confirm that if Sy satisfies aspiration criterion. If yes,
go to Step 6, otherwise go to Step 8.

Step 6: Check if Sy is better than the global best solution S”.If
yes, go to Step 7, otherwise go to Step 8.

Step 7: Movement confirmed. Update tabu list and let S,=S

Step 8: Check if it reaches stop criterion. If yes, end project,

else go to Step 1.

*

IV. DATA TEST AND ANALYSIS

A. Test Data

To verify algorithm performance, 30 test data sets for each
experimental combination were drew from PSPLIB for four
project scale of 30, 60, 90, 120 activities and 17 types of
simulated CPUs. There are 30x4x17, of totally 2040
instances tested in our research. Each test data set has a tabu
list length and three recoverable resources labor (R1),
machine hour (R2) and site hour (R3). Table 1 illustrates test
data types. Test program is complied with C++ language and
executed on a 2.21GHz AMD Processor, 1.00GB RAM and

Linux OS PC.
TABLE I: TEST DATA TYPES

Numbers of

work ( n ) R: R, R3 Tabu List
30 20 20 20 6
60 20 20 20 8
90 20 20 20 10
120 30 30 30 12

B. Algorithm Effectiveness

This research choose to simulate 17 types of CPU numbers
1, 5, 10, 15, 20, 25, ..., 80 for PTS. Users can choose any
appropriate number of CPUs for their problems. The robust
project scheduling is given the weight (w;,w,) = (0.5,0.5) to
available slack and project completion time. The makespan
minimization project scheduling is given the weight of (wy,w,)
= (0,1). The weights are also adjustable depending on the
situations project managers meet. A higher weight of
available slacks emphasizes project robustness against
disruptions, while a higher makespan weight provides lean
project schedule. The effect of CPU numbers to optimal
solutions and computation time is listed in Table 2. The
effectiveness measurement is the difference of project
completion times when disruptions occurred between normal
makespan minimization schedule and robust schedule. The
larger the measurement values, the better of the robust
schedule when disruptions occur.

TABLE Il: EFFECTIVENESS TEST RESULTS

n 30 60 90 120

A Exec. Exec. Exec. Exec.
Ofm g;‘[]t Eff.  Time Eff. Time Eff. Time Eff. Time
(sec) (sec) (sec) (sec)

1 9.18 0.78 3299 457 39.57 891 136.95 11.74
5 1528 1.85 51.91 724  60.02 2102 276.09 39.66
10 23.63 245 5202 1063 76.05 39.86 33747 4931
15 30.94 298 5487 1745 8735 5483 33466 71.26
20 2851 355 5743 2191 117.74 76.09 379.95 117.13
25 50.39 384 56.39 2812 89.72 88.64 39499 136.25
30 4779 427 5747 3283 11928 10851 414.32 178.33
35 4996 4.69 5802 3854 11940 12357 402.05 193.26
40 4318 531 5716 4523 11641 137.19 419.74 223.99
45 4515 579 59.18 56.56 113.88 152.96 428.49 265.71
50 53.03 6.09 58.04 64.17 123.89 17424 41222 298.12
55 49.16 724 5740 7325 12044 198.69 41092 326.76
60 5451 7.74 59.16 8477 13753 206,51 398.77 360.48
65 5523 838 5817 9129 13536 223.37 429.72 379.75
70 53.76 947 59.06 9851 139.33 239.95 43296 397.51
75 6221 1152 59.76 106.49 14250 253.31 4151 425.06
80 5296 1353 60.87 113.31 11413 27573 43148 434.77

First, when the number of simulated CPU is 1, classical
tabu search algorithm is used. As found in all 4 types of
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numbers of works, the robust project scheduling is better than
the makespan minimization project scheduling if disruptions
occur. The degree of effectiveness is highlighted as the
project scales grow. Second, the degree of effectiveness
significantly improved with multiple simulated CPUs. The
efficacy of our proposed parallel tabu search (PTS) algorithm
is greatly support by test results.

V. CONCLUSION

This research proposed a parallel tabu search (PTS)
algorithm to solve robust RCPSP. The PTS algorithm
incorporates the parallel neighborhood search in the
algorithm. Each simulated CPU in PTS continues to search
more deeply and widely in the solution space. The stopping
criteria of simulated CPUs include the situations of repeated
solutions to other CPUs and unimproved solutions.
Simulated CPUs cooperatively and competitively search for
better solutions. Inefficient CPUs are eliminated along the
process. This paper proposes a weight perspective in which
practitioners can conveniently adjust the weight base on the
uncertainty of the project.

Most studies of RCPSP focused on minimizing makespan
and cost. While the makespan of each project closely line up
in a tight stream of schedule, the tightness of the schedule is
not appreciated under dynamic or uncertain circumstances.
Any element of unexpected disruptions could vastly change
the progress of the project and worsen up the results. A robust
scheduling strategy is needed to minimize the unpredicted
impact. This research probes the moderating effect of
available slack on unexpected delay in the overall project by
considering RCPSPs and three restorable resources: machine
hours, labor hours and site usage hour. Properly distributing
available slack between activities reduces time delays caused
by precedence activities and is thus increases robustness.
Effective project scheduling is needed not only to complete
the project with minimal makespan and cost, but also to
enhance robustness and to respond to unexpected events
immediately without affecting the overall project. This study
built a mathematical model that considered both available
slack and makespan to avoid unlimitedly extending the
project makespan while at the same time maintaining proper
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robustness. A higher objective value indicates a more robust
schedule. A quite promising application of our proposed
algorithm would be to utilize artificial CPUs of several tabu
search algorithm or other meta-heuristics. This way, our
proposed PTS algorithm can combine the strength of other
meta-heuristics and improve the solution quality further.
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