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Abstract Managing multiple projects is a complex task. It
involves the integration of varieties of resources and
schedules. The researchers have proposed many tools and
techniques for single project scheduling. Mathematical
programming and heuristics are limited in application. In
recent years non-traditional techniques are attempted for
scheduling. This paper proposes the use of a heuristic and a
genetic algorithm for scheduling a multi-project environ-
ment with an objective to minimize the makespan of the
projects. The proposed method is validated with numerical
examples and is found competent.

Keywords Genetic algorithm . Heuristic . Multiproject
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1 Introduction

New product development, variety product manufacturing,
maintenance of systems, infrastructure constructions are
few vital areas of multiproject environment. In a multi
project environment problem a number of projects must
concurrently share limited resources with in the equivalent
precedence constraints. Each activity in a project must be
performed in a particular mode with specified duration and
resource requirements. Most of the techniques developed
in the past favored scheduling a single project or multi-
project represented as a single project [1]. Mathematical
techniques for scheduling project activities with constraints
are extremely cumbersome [2] and become seldom
possible for multiproject. Efficient and effective scheduling
for multiproject environment needs attention.

1.1 Heuristics in project scheduling

Heuristic refers to a particular approach to decision-making
that is rapidly growing in application and importance [3].
Heuristic procedures and scheduling rules are aimed at the
development of good solutions [4]. Researchers have con-
tributed many such heuristics for project scheduling [5–
10]. The heuristic approaches are discussed in the recent
survey by Kolisch and Drexl [11], in which extensive
experiments are carried out on a set of 536 test problems
[12] and four different heuristic methods [13, 14], and are
compared with the optimal solutions and are found to be a
viable solution, but very inconsistent.

1.2 Genetic algorithm in scheduling

The ideas involved in genetic algorithms (GAs) were
originally developed by Holland [15] and described in
greater detail by Goldberg [16]. Genetic algorithms are
search techniques for global optimization in a complex
search space. As the name suggests, they employ the
concepts of natural selection and genetics. Using past in-
formation they direct the search such that the expected
performance will be improved. Although genetic algorithms
have already been applied to a wide range of different
problem domains, only a few approaches have tried to apply
them to scheduling problems until now and, moreover, most
of them have been restricted to job shop, flow shop
scheduling problems [17, 18] or production scheduling
problems [19]. Portmann [20] has presented a detailed
survey on GA’s in the area of scheduling with analyses of the
effects of various operators like encoding, crossover, and
mutation. Maso and Ching [21] proposed a genetic
algorithm for a multi-mode multi-resource constrained
scheduling problem but with an assumption of non-pre-
emptiveness. Leu and Yang [22] proposed a GA based
multicriteria optimal model for construction scheduling.
Hegazy [23] proposed a genetic algorithm in optimization of
resource allocation and leveling. Latter Reddy et al. [24]
proposed a genetic algorithm approach to multi-mode multi-
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resource constrained project scheduling with pre-emption
and decision nodes. Most of the researchers have mentioned
single project scheduling with resource constraints using
heuristic and non-traditional techniques. Attention is needed
for scheduling multiproject with resource constraints using
non-traditional techniques.

2 Problem definition

The problem consists of the number of projects P.

– Each project consists of N activities; activities are
labeled form 1 to N, with activity N being the unique
terminal job without successors.

– Activity i may be performed in any one mode j =1.
Each job will have a specific mode and must be
finished without changing mode.

– Scheduling activity i in mode j takes dij time units
(duration).

– Activity i cannot start unless all of its predecessors
have been completed.

– Activity preemption is not allowable.
– There are K kinds of the resources, where resource k is

available in quantity Qk per period. Scheduling activity
i in mode j use qijk resources units per period from
resource K.

3 Proposed methodology

The proposed methodology for multiproject scheduling is
given in Fig. 1. The details of the genetic coding,
evaluation, crossover and mutation for the proposed
algorithm are as follows.

Start

Read the no of projects, precedence

relationship, starting and ending nodes,

duration and resource requirement.

Sort the strings in ascending order based

upon the objective function

Crossover with probability

less than 0.8

Evaluate the string using the heuristic

approach

Select the size of Initial population

Project repetition

violated?

Double point Mutation with

probability less than 0.05

Is Fitness value

obtained?

Stop

Yes

No

No

Yes

Fig. 1 Proposed genetic algo-
rithm for multiproject scheduling

Genotype

Phenotype

2 1 4 5 3

1 2 3 4 5

Fig. 2 Genetic coding for the proposed methodology
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Genetic coding The scheme of the coding of string is given
in Fig. 2. Each chromosome or string denotes a project
sequence or scheduling order for resource allocation. In
the example shown the second project is prioritized first,
first project second, fourth project third, and so on.

Initial population The strings are generated randomly up
to the desired number, which is enough to get an optimum

solution. The population size is set as twice the number of
projects under study or the minimum of 20 whichever is

Start with day 1 of project

Set D = 1

Select list of jobs that can begin on day D

Select jobs in the increasing order of slack

Schedule job x. Reduce resource available

Stop schedule is completed

Set x = 1

Are resources

available?

Are there jobs

remaining?

Jobs for day D

been scheduled?

Increase day D by 1

Go to next job

Postpone job x until

resource available

Y

N

N

N

Y

Y

Fig. 3 Proposed heuristic for
scheduling multi project

Parent 1

Parent 2

Offspring 1

Offspring 2

1 3 2 5 4

2 1 3 4 5

1 3 2 4 5

2 1 3 5 4

Fig. 4 Crossover operations for proposed GA

Parent

Offspring

2 1 3 5 4

2 1 4 5 3

Fig. 5 Mutation operation for proposed GA

Table 1 Details of the nodes and the activities for all projects P1,
P2, P3, P4 & P5

Project Total nodes Total activities

P1 6 10
P2 9 11
P3 10 12
P4 5 6
P5 8 10
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maximum. In this way a random and diverse generation of
schedules can be produced up to the size of initial
population.

Fitness function Fitness function is the driving force of the
Darwinian natural selection and, likewise, of GAs. The
accuracy of the fitness function with respect to the ap-
plication is crucial for the quality of the results produced
by the GA. The fitness function for the proposed GA is the
make span of all projects which must be minimum.

Evaluation Evaluation is the process of evaluating the
string in order to obtain the objective value. The eval-
uation procedure is developed as heuristic as given in
Fig. 3. The steps involved are, initially set the day as one
and select all the activities in the projects to be done in that
particular day. Allocate the available resources as per the
rank in the chromosome. If the resources are not available
to perform some activities then postpone those activities.
Suppose the same resource is required to perform two
activities in a project then give preference to less slack
activity. After the end of the first day, increase the day to

next day and perform the same until completion of all
activities of all projects.

Crossover Crossover is the process of generating new
strings with new characters from the available parent
strings. The details of the crossover operation are shown in
Fig. 4. In this present approach each string in the
reproduction population is subjected to crossover operation
with a specified probability. The scheme of the crossover
operator is depicted as follows: Select two good parent
strings randomly. Choose a crossover point for parents
randomly. Conduct the cross over such that the offspring
will have the representation of all the projects.

MutationMutation is a process of randomly modifying the
string with a probability. This helps to protect the loss of
some good solution than the obtained one from cross over.
The mutation process is explained in Fig. 5. Select the
string to perform mutation and then set the mutation site
for interchanging the genes to get new child.

After performing the mutation the strings are evaluated
and are arranged in ascending order to select the best
string. Finally from all the strings select the string, which
is having the optimum solution. Then subject this op-
timum sequence to obtain the desired schedule that will be
the optimum multi project schedule.
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Fig.7 Precedence network diagram of project–P2
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Fig. 6 Precedence network diagram of project–P1
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Fig. 8 Precedence network di-
agram of project–P3
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Fig. 9 Precedence network diagram of project–P4
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Fig. 10 Precedence network diagram of project–P5
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PROJECT - 5 PROJECT - 2 PROJECT - 4 PROJECT - 3 PROJECT - 1
----------- ----------- ----------- ----------- -----------

DAY 1-> 1 2 * * * * 1 2 3 * * * * * * * * 1 * * * * * * * * * 1 2 * * * * * * * * * * 1 2 3 * * * * * * *
DAY 2-> 1 2 * * * * 1 2 * * * * 7 * * * * 1 * * * * * * * * * 1 * * 4 5 * * * * * * * 1 * ** * * * * * *
DAY 3-> 1 2 * * * * * * * 4 5 6 7 * * * * 1 * * * * * * * * * 1 2 * * * * * * * * * * 1 * * * * * * * * *
DAY 4-> * 2 3 4 * * * * * * 5 6 7 * * * * 1 * * * * * * * * * * * * * 5 * * * * * * * * 2 * * * * * * * *
DAY 5-> * 2 3 4 * * * * * * 5 6 * * * * * * * * * * * * * * * * * 3 * 5 * * * * * * * * 2 * * * * * * * *
DAY 6-> * 2 * 4 * * * * * 4 * 6 * * * * * 1 2 3 * * * * * * * * * * * 5 6 * * * * * * 1 2 3 * * * * * * *
DAY 7-> * 2 * 4 * * * * * 4 5 6 * * 9 * * * * 3 * * * * * * * * * * * 5 * * * * * * * * 2 * * * * * * * *
DAY 8-> * * * 4 5 * * * 3 4 5 * * * * 10 * * * * * * 6 7 * * * * * * * 5 * 7 8 * * * * * 2 * * * * * * * *
DAY 9-> * * * * 5 * * * * 4 5 * * * * * * * * * 4 5 6 7 * * * 1 * * * 5 * * * * * * * * 2 * 4 5 * * * * *
DAY 10-> * * * * 5 * * * * * 5 * * * * * * * * * * * 6 7 * * * * * * * * * * * * * * * * 2 * * 5 * * * * *
DAY 11-> * * * * 5 * * * * * 5 * * 8 * * * 1 * * * * * 7 * 9 * * * * * * * * * * * * 12 1 * * * 5 * * * * *
DAY 12-> * * * * * 6 * * 3 * 5 * * * 9 10 11 1 * * * * * 7 * * * * * * * * * * * 9 * * 12 * * * * 5 * * * * *
DAY 13-> * * * * * 6 * * * * 5 * * * 9 10 11 1 2 * 4 5 * 7 8 * * * * * * * * * * * * * 12 * * * * 5 6 7 8 * *
DAY 14-> * * * * * * * * * * 5 * * * * 10 11 * 2 * * * * 7 * * 10 * * * * * * * * * * * 12 * * * * 5 * * 8 * *
DAY 15-> * * * * * * * * * * * * * 8 * 10 * 1 2 * * * * * 8 * * * * * * * * * * * * * 12 * * * * 5 * * 8 * *
DAY 16-> * * * * * * * * * * * * * 8 * * * 1 * * * 5 * * 8 * * * * * * * 6 7 8 * 10 * 12 * * 3 * 5 * * 8 * 10
DAY 17-> * * * * * * * * * * * * * 8 * * * 1 * * 4 * * 7 8 * * 1 * * * * * 7 8 * 10 * 12 1 * * 4 5 * 7 8 * *
DAY 18-> * * * * * * * * * * * * * 8 * * * 1 2 * 4 * * 7 8 * 10 1 * * * * * * * * * 11 * * * * * 5 * * 8 * *
DAY 19-> * * * * * * * * * * * * * 8 * * * 1 * * 4 * * 7 * * * 1 * * * * * * * 9 * * * * * * * 5 * * 8 9 *
DAY 20-> * * * * * * * * * * * * * * * * * * * * 4 * * 7 * 9 * 1 * * * * * 7 8 * * * * * * * * 5 6 * 8 9 10
DAY 21-> * * * * * * * * * * * * * * * * * * * * * 5 * 7 * 9 * * * * * * * * * * * * * * * 3 * 5 6 * 8 9 *
DAY 22-> * * * * * * * * * * * * * * * * * * * * * * * 7 * 9 10 * * * * * 6 * * * * * * * * 3 * 5 6 7 8 9 *
DAY 23-> * * * * * * * * * * * * * * * * * * 2 * * * * * * * * * * * * * * * * * * * * 1 * 3 * * * * * 9 *
DAY 24-> * * * * * * * * * * * * * * * * * * 2 * * * * * * * * * * * * * 6 7 8 9 * 11 * 1 * 3 * * * * * 9 *
DAY 25-> * * * * * * * * * * * * * * * * * * 2 * * * * * * * * * * * * * * 7 8 * * 11 * * * 3 * * * * * 9 *
DAY 26-> * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 7 8 * * 11 * * * 3 * * * * * * *
DAY 27-> * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 6 7 8 * * 11 * * * 3 * * * * * * *
DAY 28-> * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 6 * 8 * * 11 * 1 * 3 * * * * * * 10
DAY 29-> * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 6 * 8 * * * * * * 3 4 * * 7 * * 10
DAY 30-> * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 6 * 8 * * * * * * 3 * * * * * * 10
DAY 31-> * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 6 * 8 * * * * * * * * * * * * * 10
DAY 32-> * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

THE MAXIMUM TIME REQUIRED TO SCHEDULE ALL THE 5 PROJECTS WITH RESOURCE CONSTRAINT IS= 31 days

Fig. 11 A multiproject schedule generated by the proposed method

Table 4 Details of activity,
duration and resources used for
Project–P4

Activity 1–2 1–3 1–4 2–6 3–5 3–7 4–5 5–9 6–8 7–8 8–9

Duration 2 2 1 4 8 5 3 5 2 4 3
Resource 8 9 2 5 7 6 4 2 3 5 6

Table 3 Details of activity,
duration and resources used for
Project – P2

Activity 1–2 2–3 2–4 3–5 3–6 4–6 4–7 5–8 6–8 7–8

Duration 5 3 2 4 1 3 6 4 2 1
Resource 3 2 4 5 2 4 6 8 2 5

Table 5 Details of activity,
duration and resources used for
project–P4

Activity 1–2 1–3 2–4 3–4 3–5 4–9 5–6 5–7 6–8 7–8 8–10 9–10

Duration 4 1 1 1 6 5 4 8 1 2 5 7
Resource 7 8 4 1 9 2 7 5 3 1 6 10

Table 6 Details of activity,
duration and resources used for
project–P5

Activity 1–2 1–3 2–4 2–5 3–4 4–5

Duration 3 7 2 5 4 2
Resource 5 2 7 3 2 8

Table 2 Details of activity,
duration and resources used for
project–P1

Activity 1–2 1–3 1–5 2–3 2–4 3–4 3–5 3–6 4–6 5–6

Duration 8 7 9 4 10 3 5 10 7 4
Resource 6 8 3 5 1 10 2 9 4 7
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4 Numerical example

A case study from an engineering industry is given below.
The manger has to schedule five projects concurrently
namely P1, P2, P3, P4, & P5 with 10, 12, 11, 6, & 10
activities as shown in Table 1. Figs. 6, 7, 8, 9, and 10
describes the network of projects and Tables 2, 3, 4, 5, and
6 gives the details about the activities, duration and
resource required for performing each activity of all projects.
The total number of resources available in the organization
is 10 and one in each variety. With these data the manager
has to schedule the problem in an effective way and with less
effort. Details of nodes and activities for all projects P1, P2,
P3, P4, & P5 are given in Table 1. The schedule by the
proposed method is given in Fig. 11. The comparison of the
proposed algorithm with other heuristics approach is given
in Fig. 12. The proposed GA approach is better than the
Heuristic approach with four different priority rules.

5 Conclusion

This paper proposes the use of a heuristic and a genetic
algorithm for scheduling a multi-project environment with
an objective to minimize the makespan of the projects.
Most of the techniques developed in the past favored
scheduling a single project or multiproject represented as a
single project. Mathematical techniques for scheduling
project activities with constraints are extremely cumber-
some and become seldom possible for multiproject.
Heuristic procedures and scheduling rules are aimed at
the development of good solutions but inconsistent so non-
traditional techniques need attention. Hence a genetic
algorithm with a heuristic approach has been proposed to
solve the multi project-scheduling problem with resource
constraints and the use of genetic algorithm with a heuristic
proves to be simple and efficient.
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