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Abstract : planning and scheduling are two stepping stones for any project as without careful planning and
scheduling of any project, the project is destined to face a lot trouble down the road in completion. And so, planning
and scheduling for any project should be considered vital and given required care. However, scheduling a big project
is no easy feat. Problems of scheduling of such projects are said as resource constrained scheduling problem
(RCPSP). in RCPSP scheduling of the project is carried out considering the one objective function that is to reduce
the make-span and two constraints (1)resource constrains (2)precedence constrains. For solution of such a problem
an algorithm has been generated in this thesis using heuristics. This algorithm solves the RCPSP and tries to obtain
the near optimal solution. A few sample examples have been performed to opt for better priority rule and evaluate the
framework. Also, A case study also has been provided at the end for evaluation of the algorithm.
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Introduction

Project management competence is of the crux in many industries. Indeed, be it a software development project,
a shut-down and maintenance project, an R&D project or any other industrial project: the careful planning, scheduling,
and management of the project is as vital as the project content itself. In this article project scheduling software is
described that is generated as part of M.Tech thesis at B. V. M engineering college, V.V. Nagar. The software framework
mainly focuses on the scheduling part of the project management field. In other words, it is assumed that the project
content has been defined, the different project activities have been identified and precedence relations have been
presented between the activities. Furthermore, it is also assumed that the required quantity of resources for the execution
of every individual activity has been calculated and the activity durations have been estimated. This information, along
with the limited availability of resources, can then be seen as an instance of the resource-constrained project scheduling
problem (RCPSP), and can be solved with one of the many types of scheduling algorithms.

The rest of this article is ordered as follows. In the following section an introduction is given about the basic
RCPSP. The third section then explains on the software features with respect to project scheduling. Finally, the
discussion is ended with some concluding remarks and future scope.

The basic RCPSP

The basic RCPSP includes a project network G(N, A) and a set N of nodes designating the activities of the
project. The activities in the network are subject to self-styled zero-lag finish-start precedence constraints (i,j) € A,
designated by the arcs of the network. The existence of such an arc indicates that a predecessor activity i has to be
completed before activity j can be started. The total of m renewable resource types are assumed, that has a per period
availability of a,, k € K and K ={1, ... , m}. These resource types can be, e.g., men or equipment, and are assumed to be
available continuously in specified limit per time period throughout the whole project make-span. The resources are
renewable in the sense that even if we ‘‘use’’ the resources during a certain time period t, these resource still be available
with full capacity for each and every successive time period t +1, t+2,.... The project activities i € N needs per period
amount ry (where ry is an integer value) of resource type k, k € K. A solution to the RCPSP then comprises of a vector of
start times s;, i € N, in a manner that the resource and precedence constraints are fulfilled, and the project make-span is
reduced.

Mostly in projects, resource constraints will be obligatory and as a result, the optimum schedule will not be
viable. Consequently, project management has to opt for scheduling techniques which yield resource feasible schedules
with (preferably) a minimized project make-span.

The scheduling schemes along with various solution methodologies for the RCPSP described is described below :

. List scheduling algorithms: Provided with a priority list of the project activities, the serial scheduling generation
scheme or the parallel schedule generation scheme can be used to generate a schedule. These constructive
heuristics are very quick when it comes to computation time but can potentially yield schedules with a make-span
in excess of the optimal value.
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. Exact procedures: The dedicated branch-and-bound procedures are considered as the best of the exact procedures
for solving the RCPSP. Yet as the complexity of the problem increases say with the rise in number of activities,
the computational running time of these procedures intensifies hastily. Instances with about 30 activities can be
solved in reasonable time bounds using dedicated branch and bound procedures. Larger instances may take an
excessive amount of time to solve, so that one has to opt to heuristic methods.

e  Metaheuristics: These algorithms perform a broad search in the solution space in order to find a good solution for
the RCPSP. They frequently use priority lists as a subroutine to produce intermediate schedules.

The scheduling software framework

The software framework was written in MATLAB. A GUI for the software has also been provided for the data
insertion.

The framework is generated to solve RCPSPs with the use of heuristics. Serial scheduling scheme was adopted
for scheduling and after comparing different priority rules MIS priority rule was kept as it gave the better performance.
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Analytical results

Four heuristic priority rules were evaluated for different instances for implementation in the framework. These
are:

l. Minimum job slack(MINSLCK)
I1. Greatest Resource Demand(GRD)
I1. Most Immediate Successor (MIS)
V. Select Jobs Randomly(RAN)

Out of these four heuristic priority rules MIS rule performed better than the others and gave optimal schedules
for the instances.

TABLE 1 PRIORITY RULES FOR DIFFERENT INSTANCES

Make-span
(In days)

Priority rule

Instance 1 Instance 2 Instance 3 Instance 4

MINSLCK 38 21 21 71

From the above results it can be inferred that the MIS priority rule provides with near optimum solution. And
based on that MIS rule is adopted for the software framework to achieve optimum project schedules.

A case study

A case study was also considered for the evaluation of the algorithm. The case study was of a residential
building in Vadodra, Gujarat, India. Schedule of which was generated by shakti construction group. The same schedule
was again generated by the Heuristic algorithm and the results were compared.

The primary details of the residential project are given here.

Project duration 510 days
Project total cost [169,76,500.00
Project start time 19/08/2014
Project end time 07/04 /2016

Case study - Results

Different schedules generated with different heuristic priority rules for the above-mentioned projects are shown in the
table below.
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TABLE 2 PRIORITY RULE RESULTS

Make-span
(In days)

Priority rule

GRD 497
RAN 487
MIS 487
MINSLCK 487

It can be said from the above results that the GRD rule gives the least feasible schedule, while the other rules
give near optimum results. However, RAN rule seems to be giving different results each time depending upon the
selection of the activities for scheduling and so it may not be considered as a reliable schedule and the MIS and
MNSLCK rules are given due consideration.

This near optimum result is compared with the original MS. Project generated schedule.MS. Project generates
schedule with a make-span of 482 days but this schedule over allocates resources, however after applying resource
levelling the schedule gets lengthened and gives make-span of 510 days. The comparison results are as shown below.

TABLE 3 CASE STUDY RESULTS

Before resource levelling After resource levelling

Conventional Heuristic Conventional Heuristic
schedule schedule schedule schedule

| Project duration 482 days

| Total renewable resources 14 14 14 14

487 days

487 days 510 days

| Overallocated resources 5 0 0 0

From evaluation of the case study following can be inferred:

(1) The evaluation of the different examples using different heuristic rules suggested that the MIS priority
rule gives the least make-span and provide most optimum schedules. Same results are seen with the
case study schedule evaluated with the same framework as MIS rule seems to give best schedule. Also,
this schedule was compared with original MS project schedule and reduction in make-span by about 23
days or say 4.8% was observed. Not only that but also the resources were allocated while also
maintaining the precedence and resource constrains.

(2) The over allocation of the resources found in the schedule generated with conventional algorithm does
not occur while using heuristics.

(3) It can be said that using MIS priority rule as heuristic for scheduling better feasible schedules can be
obtained. Also, it does not over allocate the resources and thus provide more realistic and feasible
solution while keeping both the constraints.

Summery

Project controlling and monitoring through scheduling is a very daunting task, but it could be eased up by
careful planning and scheduling. Project planning and scheduling are the basic phase of any project and if they are
executed correctly and perfectly the rest of the project breezes through without any trouble such as time and /or
cost overruns.
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In this thesis a framework has been developed for Resource Constrained Project Scheduling Problems (RCPSP)
by Heuristics. This framework generates schedules for the project and provides with the resource allocation for the same.
The framework’s efficiency was evaluated by considering a case study of a project at Baroda, the schedule of which was
compared on both the MS project as well as on RCPSP with heuristics.

The outcomes are shown below.

Table 2 shows make-span of the project for different priority rules.it is apparent from the table that MIS rule
gives consistent better schedules.

Table 3 shows a comparison between the schedules generated by conventional approach and heuristic
approach.it can be seen from it that heuristic approach not only reduces the make-span but also better allocate the
resources. While at first conventional approach makes shorter make-span of the schedule, it also over allocates resources,
on levelling the resource allocation the schedule make-span increases, on the other hand heuristic approach provides a
schedule with shorter make-span and no resource over allocation.

Conclusion

Based on the analytical results and comparative study in summary, it may be concluded that the heuristic
algorithms generated far better results and reduced the project make-span by about 23 days or by 4.8%. Also, the
algorithm allocated the resources of the project while maintaining the resource constrains, it does not over allocate a
single resource and provided with near realistic or say feasible schedule.

It can be said conclusively that heuristics for the RCPSP gives better feasible/optimal schedules and reduce the
make-span of the project while optimally allocating the available resources.

Limitations

The software framework was solved by heuristics. There is possibility of still improving and optimizing the
schedule using better heuristic rules.

The software framework was tested for comparatively small and residential projects, the feasibility of the
software framework for the large and complex commercial projects are remain to be tested.

Future scope
While the thesis presents substantial efforts towards the heuristics for the resource constrained project
scheduling problem, a number of other directions could be further pursued. These include (but are not limited to):

1) In this thesis the schedule was generated with the use of heuristics to solve the RCSPS, however there
are many more heuristics approaches available than the one demonstrated here, which may give better
results. These approaches could be explored as a future study in the field.

2) Thesis concluded that Heuristics give better results than conventional algorithms. Nevertheless, Al
offers numerous algorithms and methodology for solution of RCPSP such as GA algorithm, neural
etworks, tabu search, etc. these methodologies can be explored for the solution of RCPSP.
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