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Abstract 

The development and use ofsoftware products depends entirely on people. When many 
people make intellectual contributions to a group activity, individual ability and circumstances 
affect the overall quality, quantity, and schedule. It is not wise to plan time schedules 
manually, because the increasing number of participants will introduce many constraints. 

The authors consider schedule planning for the cooperative development of educational 
materials and curricula an optimum combination problern and introduce solutions through 
the use of genetic algorithms. More specifically, this paper describes a method of schedule 
planning using genetic algorithms, and discusses the effectiveness of this approach. 
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1. INTRODUCTION 

Creating schedules for the development of educational materials and curricula is an old 
and new problern for educational managers. The problems are not as difficult when there 
are relatively few objective curricula and people involved. The complexity increases 
significantly with an increase in curricula and participants. 

One ofthe most important constraints in the development of educational materials and 
curricula is whether or not the developers ofthe curriculum have the necessary skills and 
qualifications to create the required educational materials and curricula. Forthat reason, 
there are relatively few developers of educational materials in comparison with the number 
of courses that need to be developed. 

Since people with specific skills or qualifications are in great demand, schedules for 
developing educational materials and curricula are typically planned to fit their schedules. 
These capable people must often be engaged in many different activities at the same time. 
In such situations, it is important to develop plans that limit the burden on specialized 
people and optimize use of available man power. Forthis purpose it is important to consider 
the development of an advanced planning tool. 
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2. OUTLINE OF A MODEL WITH GENETIC ALGORITHMS 

There are five instructors who teach seven courses related to UNIX. Figure 1 shows an 
example of a curriculum. Figure 2 shows the skilllevel for each participant. Course D is 
new, so the teachers must develop new educational materials for D. Figure 2 also shows the 
procedure for developing the materials, lectures and exercises for class D and the possibility 
of each participant. The process is serial macroscopically, but it may be parallel microscopi­
cally. Themanagers leave the planning of lectures and exercises in the instructor's hands. 
In this model, there is no strict discipline on the order as in the Water Fall Model. Only the 
terminationtime of each process is given as a condition. Ifthe beginning time of each course 
and its instructor's schedule are determined as in Figure 3, which development plan for the 
new dass D is optimum under these constraints ? 
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Figure 3 : Constraints on Schedule 

The best method for solving this problern is to approve adaptation to constraints given 
after successively generating the conceivable combinations. We adapted Genetic Algo­
rithms (GA method) as a kind ofGenerate and Test Method. We use the GA method which 
arose from the Genetic Operators Theory by J. H. Holland in 1975 for an Optimum Search 
Method. 

In the GA method, the combinations of the working process and participants are 
indicated as a character set called a 'chromosome'. Each character corresponds to a 
'gene'. At frrst, we give a random character set as the initial value. 

After the model increases the chromosomes as Oth generation, it repeats the process of 
natural selection. At last, we can get the near optimum solutions at the nth generation. By 
natural selection, the model generates the dominant genetic operation by eross-over 
between the two chromosomes, and by mutation just as with animals and plants. So we 
can quickly get balanced effective solutions. 

The first character set contains the work descriptions (RA, CD, AU, DD, DR, LE, EX, EV) 
and is named chromosome X. This X becomes the basic axis of natural selection in the model. 
We call it the Basic Layer. The second character set (a, c, f, a, e, c, a, e) is named chromosome 
M. Each gene, a, c, ... , e, and gene RA, CD, ... , EVarein an one-to-one correspondence. The 
characters a, b, c, d, e, f indicate instructors. The chromosome M contains the human 
resources. We call it the Middle Layer. The structure of this Middle Layer (length of 
character set) is the sameasthat ofthe Basic Layer (eight digit in this model). We can select 
any character (gene) in the Middle Layer at will. Three instructors can take charge ofthe 
whole eight processes. There is no limit on the number ofparticipants. All instructors in 
charge (namely all qualified people) mtist be put on record beforehand as in Figure 2. This 
is one ofthe constraints. 

Similarly, the character set (wp, wp, wp, ws, wp, ws, ws, wp) indicates the chromosome 
L. wp and ws stand for the word processor and work station used for the work. 

The chromosome L contains non-human resources. We called it the Lower Layer. 
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Figure 4 indicates that instructor 'a' takes charge ofthe detailed design (DD), and that 
instructor 'a' uses the work station for this work. When three instructors take charge ofthe 
same process, the character 'a' changes to 'b', 'd' and 'e', and the variety of chromosome 
increases. Our model is built on three layers. 

The thri!e layers seem tobe limited because of complexity, however there is no restriction 
on the number oflayers. 
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Figure 4 : Concept of GA Model 

The software production model has few significant character sets ofthe Basic Layer. In 
our model, the production process in Figure 2 is basic, to exchange mutually from LE into 
EX is only the significant process. However we allow variation as parallel processing 
between CD and DD, and between LE and EX. On the contrary, there are many 
chromosomes in the Middle Layer and the Lower Layer. Iffive instructors 'a', 'b', 'c', 'd' and 
'e' have the same degree of ability, they can take charge of the whole process. Even if we 
provide the constraints as in Figure 2 in our experiment, we are worried about enormaus 
combinations. The solutions which survive the constraints become candidates for the 
optimum solutions. 

When a combination (chromosome X) of instructors in charge is decided, the total 
necessary days (Y) for thejob depend on each instructor's schedule. If our object is toshorten 
the days, we can ~eplace this problern with the minimum solution problem. 

At first, when we set a combination X0 as the initial value, we can get Y0 • The model 
permits the initial values. Then the model generates X1 by changing the genes in X0, the 
model gets Y,. At last, the model selects the near minimum solutions by repeating this 
operation. We introduced the concept of natural selection as eross-over and mutation 
instead ofthe random number generation method when the model generates the combina-
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tions. So this approach is called the GA method. Our model is named 'DROSOPHILA' 
because of the eight genes. DROSOPHILA is a genus of small flies used in laboratory 
experiments in heredity. 

Figure 5 shows the mechanism of evolution of generation. There are P pieces of parent 
chromosome. DROSOPHILAgenerates C pieces of child by cross-over, and M pieces of child 
by mutation respectively. Then DROSOPHILAgenerates (P+C+M) pieces of chromosome 
as the intermediate generation. Mterwards, DROSOPHILA selects the new P pieces of a 
dominant chromosome as the next generation by the select operation. A dominant 
chromosome means a chromosome with a high survival rate. 

In the case ofthe minimum solution ofY =f(X), a survival rate ofthe chromosomes which 
remain at the next generation is represented by the expression (1-~/Ef,l/(n- 1) 

Figure 6 shows the search mechanism of GA. We can recognize that the candidates of 
the optimum solution boil down with the progress of generation. 
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Figure 6 : Search Mechanism by GA 

3. OUTPUT, EVALUATION AND CONCLUSION 

Xn 

x : chromosome 

Figure 7 and Figure 8 show two samples of desirable schedules for development ofthe 
new course D. 

The release from the complicated desk work by using the planning tool DROSOPHILA 
has great significance. The results went beyond our expectations, and are listed below : 

<D short time selection ofthe desirable solutions 
® dissolution ofthe local solutions by preconception 
® little influence created by fluctuating input data 
@ easy scrap and build 

The GA method is certainly 'Robustness' as Holland has suggested. 
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Figure 7 : Output Image (One Solution) 
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Figure 8 : Output Image (Another Solution) 
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