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ABSTRACT

A new hybrid genetic algorithm is generated in this paper, which is based on the simple genetic algorithm. In this
algorithm, some genetic operators such as crossover operator are improved. In the crossover operator, the crossover
method based on threshold and the two-points-crossover method are combined into a new hybrid crossover method. An
example which is Resource-Constrained Project Scheduling Problem (RCPSP) is given, whose activity network, the
execution time and the number of resource required for each activity, selection and crossover operator are also referred.
In addition, there are examples to prove the superior of the new algorithm, which is benefit to speed up the evolution and
get the optimal solution.
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1. INTRODUCTION

Resource-Constrained Project Scheduling Problem (RCPSP) is a kind of broadly applied combinatorial optimization
problem. It requires scheduling the tasks of a project reasonably to achieve the optimal object on the basis of meeting the
resource constraint and the precedence relations. In theory, the problem belongs to NP-hard problems, and many scholars
at home and abroad have proposed varies of optimal method, which can be summed up and divided into the followings:
(1) exact algorithm which can be represented by branch and bound; (2) heuristic algorithm. Heuristic algorithm includes
heuristic algorithm based on priority rules, sample algorithm and intelligent optimization method emerged recent years.
Exact algorithm could find the optimal solution of the problem, but the scale of the problem can not be too big. Heuristic
algorithm is just opposite, which can solve large scale problems in shorter time with stronger capability[1].

Resource-constrained and shortest duration problem means that under the resource constraints, not only the amount
of resources required must meet the requirement of the amount of resource constraints in all time slices, but also the
schedule duration of the project must be the shortest[2]. For example, the given project consists of a set of activities
M={1,2,...,n}, where each of them must be processed without interruption. The activities 1 and n represent the
beginning and end of the project. There are precedence relations between the activities, that is to say, the start time of a
certain job depends on the completion of another job.

Therefore, the jobs can be sorted into a sequence j1j2...jn, where ji represent the number of the activity executed in

the order of i, j; € {1,2,...,n} [3].

Note the precedent job set of ji as P(ji) , and suppose the unit time is day. D(ji) and S(ji) represent the execution time

and the start time of ji respectively. Al represents the executed job set in the day 1. In the whole project, m is the kind
number of the resource. Suppose that the number of resource k required while executing job ji is R(jik), and the total
available number of resource k everyday is bk, then the final object is to find a sequence j1j2...jn, where the total

,,,,,

of the start time and the execution time of the final job.

Thus the mathematical model of such problems can be obtained as follows:

min7(jyj,--.j,) = max {8(j;) + D(j;)} (1)
S.t.
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where the objective function(1) denotes the completion time of the final activity, which is represented by the sum of
start time and execution time; Constraint set (2) stands for that only when the pre-ordered set of j, completed can j,

3)

start; (3) illustrates that the total consumption of resource k£ should not exceed the total amount of it.

2.

Fig.2.

AN EXAMPLE OF RCPSP

A typical example of RCPSP is shown in Fig.1, which includes 8 activities and only one kind of resource whose
number is 7. A circle denotes an activity, or in other words, a job, while an arrowhead denotes the precedence relations
between activities. The execution time and required resource of beginning and end activityl and 8 are 0. In Table 1 the
execution time and the number of required resource of every activity are displayed. A feasible schedule is shown in

A feasible schedule of the example L(1,2,4,3,6,5,7,8) is shown in Fig.2.
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Figure 1. A simple activity-network description.

Table 1. The cost of each task.

activity duration Renewable resource

G0 D)) RGuw)
1 0 0

2 2 3

3 3 5

4 4 4

5 2 2

6 4 2

7 3 7

8 0 0
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Figure 2. A feasible schedule of the Fig.1.

This section introduces the meaning of RCPSP and its mathematical model, in addition, an example is given. The rest
of the paper is organized as follows: Section 2 is the example of RCPSP, and Section 3 is devoted to the description of
the new hybrid genetic algorithm. Finally, the result and conclusion are included in section 4 and 5.

3.  ANEW HYBRID GENETIC ALGORITHM MODIFIED

3.1 Encoding and production of the initial population

Parameters of the problem space can not be disposed directly, so they must be transformed into individuals which are
composed of genes according to certain structures, that is, encoding. In a scheduling list 4 = (i, olysend,, ), if every
activity in A is after its all pre-ordered activities, we call 4 “precedence compatible list”. A feasible solution must be a

precedence compatible list, which is undoubted. In this paper, the “precedence compatible list” form is used to encode.
For example, activity 2 is the pre-ordered activity of activity 1, and in a feasible individual L1, activity 2 must be before

activity 1. In the before-mentioned example, L, = (1,3,2,4,5,6,7,8) is a feasible schedule.

Individuals of the initial population are composed of two parts, where one is generated based on the priority rules,
and the other randomly. Individuals which are based on priority rules usually has a higher fitness, while individuals
generated randomly could ensure the diversity of the individuals of initial population. Therefore, the two kind parts can
be combined so that diversity and high fitness can both be gained, which will accelerate the evolution process.

3.2 Selection operator

Selection operator of maximizing the fitness value is adopted, and the best individual of the previous generation will
be selected to the next generation using the elite-remain strategy. Thus it can be avoid that the optimal individual being
destroyed through crossover and mutation operator, which will be benefit to the spread of excellent individual.

3.3 Crossover operator

In this section, a hybrid crossover method will be produced, which is based on the threshold and the two-points-
crossover method. The hybrid crossover method is superior to the two methods on capability, so in the following we will
introduce it in detail, and an example will be given.

3.3.1 An crossover method based on threshold
Given a threshold £ , and consider one or several activities in a schedule list, if the utilization rate of resources is
greater than or equal to the threshold, the sub-list composed of these activities can be named remaining activity sub-list.
While two individuals generate the individual belongs to the next generation, the remaining activity sub-list will be
remained, and the other activities should be set to the rest position one by one, where the following rules must be obeyed.

e The activity does not belong to any of remaining activity sub-lists;
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e The activity has not been put into 4_;

e The pre-ordered activities of it have been placed in /13 .

e Individuals ﬂf and A, are shown in Fig.3 and Fig.4, which will be used to explain this and the following
crossover operator method. In /1f (1,4,2,6,3,5,7,8) and 4,(1,2,3,4,5,6,7.8) , supposing &£ = 0.8 , the over

striking parts denote in this period the utilizing of the resource exceeds the threshold 4, which are remaining
activity sub-lists. We can gain the result A, = (1,2,4,6,3,5,7,8) through this crossover method.
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Figure 3. A feasible schedule (ﬂ 5 ) of the Fig.1
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Figure 4. A feasible schedule (lm ) of the Fig.1

3.3.2 Two-points crossover method
The two-points crossover method can be described as follows: according to crossover probability P, select two
individuals £} and P, from the current generation randomly, and then generate two random integers #, and 7, , where
1<t,<t, <hn (7 denotes the number of genes in an individual, which is also the number of activities in the project). Two

offspring individuals C, and C, can be generated from P, and P, by the following operators through #, and ¢, .

e Fori=ltot,andi=1t,+1ton, C[i]=F[i].

e For j=1 to n,justify one by one, if P[j]¢& C,,then ¢, :=¢ +1 and C|[t,]:= P[]].

e The same as before, for i =1 to ¢,,and i =1, +1 to n, C,[i]:= B[i].

e For j=1 to n,justify one by one, if B[j]& C,,then ¢, :=¢ +1 and C,[¢,] = B[/j].

3.3.3 A new hybrid crossover method

This method is the combination of the two crossover method before-mentioned. Firstly, the concept of remaining

activity sub-list will be given. Considering of a remaining activity sub-list, if the position of the first activity in the
schedule list is i, then the position of this remaining activity sub-list can be defined as i. In the example before-

mentioned, the position of remaining activity sub-lists in father individual lf (1,4,2,6,3,5,7,8) and mother individual

A,(1,2,3,4,5,6,7,8) are different. Thus in the hybrid crossover method, the fixed phases in two-points crossover must
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be expanded into two remaining activity sub-lists, which can be described by four integers ¢, , ,,?; and ?, . Obviously,
for father individualﬂf, t,=5,t,=6,t="7,t,=7. For mother individualﬂf 4 =4.1,=6,;=T7,t,=T7.
The algorithm can be described as follows:

e According to the crossover method based on threshold, determine the position of remaining activity sub-lists in

the two selected individual, and then mark each remaining activity sub-list using the position of first activity and

last activity of it. In this process, several integers will be produced, which can be defined as ¢,,¢, ....¢,, .

e For each remaining activity sub-list in father individual, after confirming their position in the schedule list, the rest
activities can be put into son individual according to the sequence in mother individual.

e For each remaining activity sub-list in mother individual, after confirming their position in the schedule list, the
rest activities can be put into daughter individual according to the sequence in father individual.

Experimental results show that the before-mentioned result can be gained according to the hybrid crossover method,
and the efficiency is much higher.

3.4 Fitness function

Generally, before determining fitness function of individual, the objective function value of individual is calculated,
and then it is transformed into fitness function value. As the final object of RCPSP is to minimize the total duration, the
initial objective function must be transformed into fitness function that is Monotone decreasing. In this way, the optimal
individual will has the maximal fitness function value, which can be completed as (4):

_ Omax - O(j‘k ) + }/
f(ﬂk) B O _Omin +}/

where A, denotes one of the chromosomes(schedule lists) of current generation, and f( A, ) denotes the fitness

“)

max

function of A, . O(A,) in (4) denotes the initial objective value of schedule list A, , in addition, O_, and
Omin
increment /' is a positive real, which is used to avoid denominator being 0. Furthermore, since the probability of being

selected of excellent individuals is far more than poor individuals in the proportion selecting, and it can make the search
extension become smaller quickly, the increment 7 could make selecting of individual random completely.

respectively represent the maximal and minimal initial objective functional value of current generation. The

4. EXPERIMENTAL RESULTS

For the example of RCPSP before-mentioned, an experiment is done using the new hybrid genetic algorithm. The
relevant parameters of GA are as follows: the population size is 20, and P¢=0.5, Pm=0.01. Iterative number is 50. Results
are shown in Table 2.

It can be seen from the table that on the basis of resource constraints, the optimal makespan is 12 days. As far as the
equilibrium level of resource utilization is concerned, it can be easily concluded from the data obtained, whose visual
representation is the same to Fig.2.

Table 2. Experiment results

1 2 3 45 6 7 8

SchedulingOrder 1 2 4 3 6 5 7 8
Start Time 00 40 7 4 912

End Time 02 7 4 9 9 1212
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5. CONCLUSION

In this paper, the simple genetic algorithm is modified. The method based on priority rules and random methods are

both adopted to generate initial population, which can ensure not only high adaptability but also diversity of individuals;
in addition, a new crossover method is proposed, which is based on two combined crossover methods-crossover based on
threshold and two-point crossover. Furthermore, several examples of RCPSP have been settled using the new hybrid
genetic algorithm. As a result, the new genetic algorithm is superior to simple genetic algorithm not only in evolution
speed but also in the accuracy of answer.
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