Two-Phase Genetic Algorithm ( TGA )

Where does it come from?

This project is based on the following paper:

H. Ueda, D. Ouchi, K. Takahashi, and T. Miyahara,A Co-evolving Timeslot/Room Assignment Genetic Algorithm Technique for University Timetabling, Third International Conference, PATAT 2000 Konstanz, Germany, August 16-18, 2000, Selected Papers

http://link.springer.de/link/service/series/0558/bibs/2079/20790048.htm
What is TGA?  

Basically, TGA means GA is applied in two phases to find out solutions of a problem.  

The problem is regarded as two different sub problems.  Solutions to the sub problems form part of the complete solution of the original problem.

To solve the problem by GA, solutions of the sub problems are modeled as two different types of chromosomes.  In each phase, GA is applied on a population of chromosomes of a certain type.  Afterwards, cost value of each individual is calculated.  

Solutions to sub problems are combined to form a complete solution.  Fitness value of the combination is calculated.  When a complete solution has the predefined fitness value, a preferred solution to the problem is found.  Otherwise, TGA is applied to the new generation until a preferred solution is found.

	Normal GA
	Two Phase GA

	solution is modeled as a chromosome
	solution is divided into two parts, each part has its own chromosome model

	To generate next generation, GA is applied once
	To generate next generation, GA is applied twice

	Single function to determine the fitness of a solution
	Multiple functions are used to determine the fitness of a solution

	poorer performance on timetabling
	better performance ( from the result of the paper by H. Ueda ) on timetabling


How TGA is applied to course scheduling?

In the course scheduling problem, it is regarded as two sub problems:

· class scheduling

· room allocation

It is assumed that there are one or more classes in a school.  Each class takes one ore more courses.  Class scheduling means schedule the courses for each class.

The other problem is to allocate room for each course, i.e. room allocation.

TGA is applied as follows:

Initialization

1. First of all, a population of class scheduling chromosome C and room allocation chromosome R are generated randomly.  

2. Costs for each individual of the population are calculated. 

First Phase GA

3.  Next generation of C type chromosomes are generated by GA.  It includes:

· Selection: The best group of C type chromosomes is reserved ( elitism ) and the remaining C type chromosomes are paired up.  

· Reproduction

· Crossover and Mutation

· Next Generation

4. Scheduling costs for C type chromosomes are calculated 

Second Phase GA

5. Next generation of R type chromosomes are generated by GA.  It includes:

· Selection: The best group of R type chromosomes is reserved ( elitism ) and the remaining R type chromosomes are paired up

· Reproduction

· Crossover and Mutation

· Next Generation

6. Room Allocation costs for R type chromosomes are calculated

Fitness value calculation

7. Pair up the two types of chromosomes to form a complete solution <C, R>

8. Room Clashing Cost for each <C, R> pair is calculated

9. Class cost for each C is calculated.  

10. Class cost is converted to fitness value

11. If a C with predefined fitness value appears, the whole process stops.  Otherwise, repeat step 3 – 14
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What are the chromosomes?

 In our case, the two types of chromosomes are:

· class scheduling  chromosome







· room allocation chromosome





Class Scheduling Chromosome contains the classes of a school and the timetable of each class.  The timetable is a series of periods which shows the time of each subject the class to be studied.  For example, if there are 12 classes in a school, then the class chromosome has 12 timetables.  Each timetables shows various number of courses as each class studies different number of subjects.  Class Scheduling Chromosome can be represented as an array as shown below:

String ClassSchedulingChromosome[no_of_class][no_of_period]

For instance, if class N studies course B with course ID=1 at period three, then 

ClassSchedulingChromosome[N][B]=1.

Room Allocation Chromosome is much simpler.  It contains a list of of subjects hold by a school and the room assigned to each subject.  It can be represented as any array as shown below:

String RoomAllocationChromosome[no_of_course]

For example, if course B with course ID=4 is assigned with room R with room ID=3, then

RoomAllocationChromosome[4] = 3.

How chromosomes are selected?

There are many ways to select chromosomes.  It is not needed that all the remaining chromosomes are paired up.  It is possible that some chromosomes are used for reproduction more than once.

In this project, chromosomes are divided into four groups, according to their cost.  The best half is group 1, with a probability to be chosen = ½.  The next ¼ is group 2, with a probability to be chosen = ¼.  The next 1/8 is group 3 and the remaining 1/8 is group 4, both with a selection probability = 1/8.

The algorithm is as follows:

//select a pair

for (j=0; j<2; j++)

{

int selection[j] = random(1 ~ 1000);

if (selection[j]>500)
//higher probability for best case to be selected


{


selection[j] = random(0 ~ class_population)/4);


}


else if (501>selection[j]>250)


{

selection[j] = random((class_population)/4+1) ~ class_population)/2);


}


else if (251>selection[j]>125)


{

selection[j] = random((class_population)/2+1) ~ class_population)/4*3);

}


else if (126>selection[j]>0)


{

selection[j] = random((class_population)/4*3+1) ~ class_population);


}

}

How chromosomes are crossover and mutated?

A pair of class scheduling chromosomes are crossovered with their class timetable.  The crossover point is determined by randomly.  For example, chromosome A may exchange its class timetable from class 10 to class 13 with that of chromosome B.  The algorithm is as follows:

//class crossover

for (j=0; j<class_crossover_rate; j++)

{

temp_class_chromosome[i][j] = class_chromosome[selection[1]][j];

temp_class_chromosome[i+1][j] = class_chromosome[selection[0]][j];

}

for (j=class_crossover_rate; j<no_of_class; j++)

{

temp_class_chromosome[i][j] = class_chromosome[selection[0]][j];

temp_class_chromosome[i+1][j] = class_chromosome[selection[1]][j];

}
Room allocation chromosomes are crossovered with the rooms assigned to a subject.  The algorithm is more or less the same as that of class scheduling chromosome.

For mutation of class scheduling chromosome, the time of a course is moved randomly to another period.  The algorithm is as follows:

//class mutation

// mutation is done on each individual of a pair of chormosome

for(m=0;m<2;m++)

{

int no_of_mutation = Random no ( 0 - no_of_course/2 * no_of_class * mutation_rate )

for(x=0;x<no_of_mutation;x++)


{



// select a class for course mutation



int random_class_index = Random no (0 - no_of_class);



// select a subject at a certain period



int random_period1;



do



{




random_period1 = Random no(0-no_of_period);

}until(temp_class_chromosome[i+m][random_class_index][random_period1] is assigned a courseID);



// select a subject at another period



int random_period2;



do



{




random_period2 = Random no(0-no_of_period);

}until

(temp_class_chromosome[i+m][random_class_index][random_period2] is assigned a courseID && random_period1 <> random_period2

//exchange subject Time



String tempCourseID;

tempCourseID = temp_class_chromosome[i][random_class_index][random_period1];

temp_class_chromosome[i+m][random_class_index][random_period1] 

= temp_class_chromosome[i+m][random_class_index][random_period2];


temp_class_chromosome[i+m][random_class_index][random_period2]=tempSubjectID;



}
}

Mutation of room Allocation chromosome is more or less the same.
How to calculate the costs?

After the next generation of chromosomes is available, the cost of the newly generated chromosomes, which represents how good it is, is calculated.  After two phases, the following costs are generated for each individual of the population of the chromosomes:

· scheduling cost

· room allocation cost

Scheduling cost

Scheduling cost represents the value of a class scheduling chromosome.  The higher the cost, the worse the chromosome.  

Scheduling cost = ((no of period occupied by multi-class course i   - 1) 
 

As it is assumed that any course occupies only one period, and multi-class course, although it is multi-class, it occupies only one period.  Occupying more than one period is not preferred.   Here’s an example:

	
	Period 1


	Period 2
	Period 3
	Period 4

	Class 1
	Subject 1


	
	Subject 2
	

	Class 2
	
	Subject 1


	
	Subject 4

	Class 3
	
	Subject 3
	Subject 1


	


As shown above, subject 1 is a multi-class course, which is studied by Class 1, Class 2 and Class 3.  However, it occupies 3 periods.  Therefore, its scheduling cost is (3 – 1) = 2.  It means the course occupies 2 more periods than expected.  A preferred schedule is as shown below:

	
	Period 1


	Period 2
	Period 3
	Period 4

	Class 1
	Subject 1


	
	Subject 2
	

	Class 2
	Subject 1
	
	
	Subject 4

	Class 3
	Subject 1
	Subject 3
	
	


The three courses attend the same lesson at the same time.

min(scheduling cost) = 0.  

It may occurs when all course occupies 1 period only.  

max(scheduling cost) = ( {no of class in multi-class course(i)}

It occurs when a period is assigned to a class when it studies a multi-class course.

Room Allocation Cost

Room Allocation Cost = 

No of different rooms assigned to courses 

 * max(the no of times a room is assigned to a subject)

It is preferred that fewer rooms are used to save resources.  On the other hand, it is preferred that room is not often used in order to prevent resource aging.  For example, there are 10 courses in a school and 10 rooms are available.  It is assumed that each course can be held in any type of room.  To save resources and let more room available, a single room can be assigned to all the courses.  On the other hand, in order to prevent a room is over used and depreciate quickly, each course can also be assigned a unique room.  

Both cases should be concerned for room allocation.  Therefore, the two values are used to decide how good a room allocation chromosome is and the room allocation cost is a multiple of the two value.

There are something to notice:

· maximum no of rooms used =  no of subject. 

· maximum no of times a room is used = no of subject

· room allocation cost would not be 0 because at least one room is assigned.

How to calculate class fitness?

Class fitness represents how good a class schedule chromosome C is when combining with  a population of room allocation chromosome R.  The higher the value, the better the chromosome.   

Class fitness = Max(Class Cost) – Class Cost of the chromosome 

Class Cost = Scheduling Cost of the chromosome + min(Room Allocation Cost of all <C,R> pair) + min(Room Clashing Cost of all <C,R> pair) – min(possible Room Allocation Cost).

Room Clashing Cost = no of times of a room appear in a period for more than one times, for all <C,R> pair 

When C and R are combined, it is likely that two courses which are assigned with the same room occur at the same time.  This is a violation to the assumption that no room is used at the same time.  Therefore, room clashing cost is calculated to indicate the goodness of C.

In addition, as Room Allocation Cost would not be 0 ( refer to the section Room Allocation Cost ), it is hard to determine when a class cost is minimum.  Therefore, class cost includes the deduction of minimum possible room allocation cost to make its minimum value equals to 0.

However, in our project,

Class Cost = Scheduling Cost of the chromosome C + min(Room Clashing Cost of all <C,R> pair)

It is because the calculation of minimum possible room allocation cost is not supported by our program.  Therefore, the class cost is calculated as the original paper mentioned.

Differences between this project and the original paper

There are three main differences between this project and the original paper.

	This Project


	Original Paper

	concern room allocation cost


	does not concern room allocation cost

	have repair done on class scheduling, but may be a different method compared with the original paper.  The original paper does not mention its repair method in detail


	have repair done on class scheduling chromosome

	assumes that each course occupy only one period


	allows courses to occupy more than one period


Advantages of this project

· It provides a tool to perform TGA with random criteria generation, GA parameters tuning and have results shown
· It proves that TGA does work 

· It concerns room allocation cost
Limitation of this project

· As each course occupy only period, the complexity of the problem is simpler than the real one
· There is no comparison between normal GA and TGA in this project.  The objective of this project is to prove TGA can produce satisfactory solution and to implement a tool to perform TGA
· As room allocation chromosome generation does not concern even distribution of room allocation, it is likely that 
Programming concern which leads to modification to the original TGA

In the original paper, how rooms are allocated is not mentioned.  Therefore, in the early stage of this project, random room allocation scheme is used.  However, it finds that TGA does not work under such situation.  The so-called best 4 class scheduling chromosome seems not the best.  The class cost of the best 4  class scheduling chromosome keeps increasing and decreasing.  

It is believed that the reason it happens is that bad room assignments occurs when using random room allocation scheme.  The scheme may have room allocation which does not favour to the class scheduling chromosome with lowest scheduling costs and produces a high room clashing value.  On the other hand, bad class scheduling chromosome may generate a lower room clashing value and the class fitness is therefore lower than that of good class scheduling chromosome.  

In order to prevent such situation, it is believed that some other room allocation scheme should be applied.  However, due to time limit, such scheme is not studied.

Instead, this project selects N/2 class scheduling chromosomes with best class fitness and another N/2 class scheduling chromosomes with lowest class cost.  It ensures that class scheduling chromosomes with few multi-class course violation are kept and would not be kicked out due to high room clashing value.  

Such a scheme has shown that it works by generating class scheduling chromosomes with lower class cost and higher class fitness.
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