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Abstract:

CPU scheduler makes a sequence of "moves" that determines the interleaving of processes to be
allocated by a CPU. Programs use synchronization to prevent "bad moves", but scheduling choices appear to
the program to be non deterministic, the scheduler's moves are dictated by a "scheduling policy ". Different
CPU scheduling algorithms have different properties and may favor one class of processes over another.
Many criteria have been suggested for comparison can make a substantial difference in a determination of the
best algorithm such as CPU utilization, Throughput, turnaround time, waiting time, response time. Because
such a wide variety of scheduling algorithms are available (such as FCFS, SJF, SRT, RR), so we present a
genetic algorithm for minimize the turnaround time and comparison with these algorithms, the results are
good.
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1- Introduction:

CPU scheduling is the basis of multiprogrammed operating systems [1]. By switching the CPU among
processes, the operating system can make the computer more productive. The objective of multiprogramming
is to have some process running at all times, in order to maximize CPU utilization. In a uniprocessor system,
only one process may run at a time, any other processes must wait until the CPU is free and can be
rescheduled. The scheduling is fundamental of operating system function. Typically scheduling problems are
NP Hard problems( in complexity theory, a decision problem is one whose output is "yes" or "no" otherwise
known as a Boolean Value . NP is a set of decision problems, if the answer to an NP problem is "yes" there is
a proof of the answer that can be checked in reasonable or polynomial time, so the problem can described as
NP hard if no polynomial or "fast" algorithm for its solution exits). [2]. It is necessary to find out robust and
flexible solution for real world scheduling problem. Genetic algorithms (GAs) were first proposed by John
Holland in 1960s [3]. The GA is a heuristic search technique that simulates the processes of natural selection
and evolution. GA is a promising global optimization technique [4, 6]. A genetic algorithm has the capability
to find the optimal job sequence which is to be allocated to the CPU. This research proposes a genetic
algorithm based technique to find out the optimal job (process) sequence. We will examine that whether
genetic algorithm based scheduling will maximize the operating system performance. The algorithm starts
with a population which is consists of several solution to the optimization problem. A member of population
is called an individual. a fitness value is associated with each individual. Each solution in the population is
encoded as a string of symbols. These symbols are known as genes and the solution string is called a
chromosomes .Several pair of parents in the population mate to produce offspring by applying the genetic
operator crossover. Selection of parents is done by repeated use of a choice function. A member of individuals
and offsprings are passed to a new generation such that the number of individual in the new population is the
same as old population. A selection function determines which string forms the population in the next
generation. Each serving string undergoes inversion with a specified probability.

2. Problem Description:

In order to schedule the process in a uniprocessor operating system, let us suppose that there are N
processes [1, 2, 3, ....., N] and these processes have their static burst time processed on a single CPU at a
time. The aim is to minimize the time of turnaround of CPU.

2.1 Assumption for process scheduling problem
1- There is a pool of ready processes waiting for the allocation of CPU [1].
2-the job of the proposed scheduler (using genetic algorithm) is to distribute the CPU to different
processes fairly so that performance criteria must be optimize i.e. minimum average turnaround time.
3-turnaround time: from the point of view of a particular process, the important criteria is how long it takes
to execute that process. The interval from the time of submission of a process to the time of completion
is the turnaround time (in milliseconds).

3. The proposed GA-Based Algorithm:

Generally a genetic algorithm consists of five basic components as follows [5, 6]:

1- An encoding method that is a genetic representation (genotype) of solutions to the program.

2- Create an initial population of chromosomes.

3- An evaluation function (fitness), rating solution in terms of their fitness and a selection mechanism.

4- The genetic operators (crossover & inversion) that alter the genetic composition of offspring during
separation.
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5- Values for the parameter of genetic algorithm.

3.1 Genotype

In the GA based algorithms each chromosome corresponds to a solution to the problem. The genetic
representation of the individual is called Genotype. Many Genotypes have been proposed in [3]. In this
research we represent a chromosome with the combination of seven decimal numbers, here sequence of seven
decimal numbers is the number of processes, E.g. (2, 5, 6, 3, 4. 7. 1) sequences of seven processes.

3.2 Initial Population

The genetic algorithm starts with a set of chromosomes called initial population. Most algorithms generate
initial population randomly. in the simulation initial population with size of POPSIZE is generated with
function [4, 8].

3.3 Fitness Function

The main objective of GA is to find an optimal solution, in order to find the optimal solution, a fitness
function must be devised for the problem under consideration i.e., fitness. For a particular chromosome, the
fitness function returns a single numerical fitness, which is supposed to be proportional to the ability of the
individual which that chromosome represent. In this research the minimum average turnaround time is fittest
as compared to other. The fitness individuals have for capability to participate in the reproduction cycle. The

fitness function of a schedule S; is given by (1, 7):
¥, TR )
N ..

(i=1,2,3,...N)

fitness(.S}) =

TRy is the turnaround time of process J;, TR, for J, and so on. N is the total number of processes.
3.4 Selection
The selection process used here is based on spinning the roulette wheel. Which each chromosome in the
population has slot size in population to its fitness. Each time we require an offspring, a simple spin of the
weighted roulette wheel gives a parent chromosome, the probability Pi that a parent Sj is given by (2):

P, = F(S.) e (2)

L POPSIZE "
_;':i F(S_;]

Where F (S;) is the fitness of chromosome S;.

3.5 Crossover

Crossover is generally used to exchange portions between strings. Several crossover operators are
described in the literature [4]. Crossover is not always affected, the invocation of the crossover depends on the
probability of the crossover (pc). Modified crossover operator i.e., (Mcrossover) is an extension of the one
point crossover for permutation problems. A cut position is chosen at random on the first parent
chromosomes. Then an offspring an offspring ( as shown in Fig. 1) is created by appending the second
chromosome to the initial part of the first parent(before the cut point) and eliminating the duplicates.

168



J.Thi-Qar Sci. Vol.3 (3) Aug./2012
.
Parentl: 1 3 4 | 5 7 2 6
Parent2: 1 4 5 7 6 2 3
Offspring 1 3 4 5 7 6 2

Figure 1: Modified Crossover

3.6 Inversion(Muting Process)

Inversion is a process in which the order of two gene position swapped with respect to each other. in
inversion operator i.e., two points are selected along the length of the chromosome, the chromosome is
cut at those points and the end points of the section cut, gets reversed (swapped) . to make it clear, we
consider a chromosome of length 7, where two inverse points are selected randomly ( the points are 2
and 4 denoted by _ character as shown in Fig. 2)

Offspring 2 3 6 1 5 4 7

Offspring 2 1 6 3 b 4 7
Figure 2. inversion (muting)
3.7 Replacement Strategy

When genetic operators( Modified crossover, inversion) are applied on the selected parents S;, S, one
new chromosome is generated. This chromosome is added to the existing population. After that fitter
chromosomes are selected from the new population. This process remain continue until we not get
optimal solution.

3.8 Termination Condition

There are multiple choices for termination condition; max number of generation, algorithm
convergence, equal fitness for fittest chromosomes in respective iteration. In this research we use
algorithm convergence termination algorithm.

4. Skelton of proposed GA- Based Algorithm:
Begin
Initialize population (randomly generated);
Fitness evaluation;
Repeat
Selection (Roulette Wheel Selection)
Modified Crossover;

Fitness Evaluation;
Elitism replacement with filteration;
Until the end condition is satisfied;
Return the fittest solution found;
End.
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Our proposed GA-Based algorithm starts with a generation of individuals. A certain fitness function is
used to evaluate the fitness of each individual. Good individuals survive after selection according to the
fitness of individuals. Then the survived individuals reproduce offspring through crossover and inversion
operators. This process iterates until termination condition is satisfied.

4.1 pseudo-code of GA Based Scheduling
(1) Begin
(2) generate random population of candidate sequence of processes to be allocated to CPU.
(3) evaluate each individual using fitness function (fitness) that minimize turnaround time.
(4) WHILE NOT finished Do
BEGIN /* Produce New generation */
(5) FOR Population_size/2 DO
BEGIN /* reproduction cycle */
(6) select two individual from the old population for mating .
(7) recombine the two individuals by apply modified crossover and inversion Operator to give
offspring.
(8) compute the fitness of offspring and insert the offspring into the new population
END
(9) if population has converged THEN
Finished = TRUE
END
END

5. Experimental Description:

Individual solutions are randomly generated to form an initial population. Successive generations of
reproduction and crossover produce increasing numbers of individuals. The algorithm favors the fittest
individuals, as parents will have more offspring in the next generation. To achieve minimum turnaround time
the fitness function defined here is based on Round Robin (with quantum =2) algorithm. The algorithm was
programmed in visual c++ version 2008.

There are 7 processes which are to be considered. The number of possible sequences are 7!. The total 20
sequence is selected out of 5040 for the 7 processes. Considering the number of processes as 7 and the
crossover point is 2. Let us consider following two individual which are marked as fit to generate next
generation.

31 2 7 4 56 and

1456732
After crossover 3 15 456

This offspring is not a valid sequence because process 7 is not there in new individual and process 5 appears
twice such individual is discarded. So to avoid this type of individual after crossover, we are using the
modified crossover. In the modified crossover we get proper sequence order individual. Let assume two
individual which are marked as fit and use for the next generation.

31 27456ad1l1 456 7 32
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After modified crossover 3 1 4 5 6 7 2

This individual is accepted because there is no repetition of any process in this sequence.

6. Simulation Results:

There are seven processes (1, 2, 3, 4, 5, 6, 7) which requires processing time (burst time) ( 17, 2, 26, 10,
16, 20, 17) . So the sequence of the processes may vary and also we analyze the GA by changing the process
time of different processes as shown in the table 2. We are comparing FCFS (First Come First Service), SJF
(Short Job First), RR (Round Robin) (quantum = 2) and GA, by apply the genetic operator's crossover, fitness
function and inversion, we get the final population, and the process schedule, who have the minimum average

turnaround time.
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Table 1: parameters and strategies used for GA and CPU Scheduling

Parameter/Strategy Setting
Population Size 14
Population tvpe (Generational
Initialization Random
Selection Foulette wheel
Crossover Modified crossover
Muting probability 0.1

Replacement strategy

Keep 80% best

Stopping strategy

No improvement for 30 generation

No. of process to be schedule

7

CPU Scheduling Criteria

Minimum average tumaround time
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Table 2: comparison of results

No. Burst time of process GA | FCF5 | SIF =2
P1 (P2 |P3 |P4 | PS5 |Ps | DY

1 17 2 26 10 16 20 17 194 | 202 192 | 33.7
2 13 g 19 2 40 18 10 181 | 26.7 182 | 332
3 g 2 13 6 35 7 12 132 | 16.8 134 | 234
4 2 25 28 5 32 3 11 222 | 307 222 | 407
5 19 4 19 2 19 2 4 173 | 286 174 | 316
] 20 6 20 3 3 3 4 125 | 302 126 | 226
7 1% 3 1% 13 18 2 3 2472 | 284 242 | 450
g 16 2 13 g 13 2 2 185 [ 202 186 | 337
] 21 2 21 4 32 4 3 160 [ 274 160 | 287
10 g 11 35 4 30 4 3 173 | 236 174 | 31.7
11 o 4 17 3 30 3 4 138 [ 19.0 138 | 244
12 36 10 20 4 20 4 5 2332 | 4553 232 | 433
13 35 30 36 3 39 10 3 232 | 455 232 | 433
14 5 13 12 25 5 5 4 167 | 247 168 | 304
15 10 50 25 4 g 4 4 120 | 50.7 1.0 | 354
16 2 25 28 5 32 6 ] 221 | 307 222 | 407
17 20 25 40 g 36 g 7 373 | 505 375 | 720
18 2 10 13 12 4 2 3 123 180 124 | 216
19 22 40 35 2 38 2 2 384 | 580 384 | 738
20 4 2 25 3 23 3 2 115 | 17.0 116 | 200

Total Avg. tumarcund Time 3074 5815 3075 7106

Total Mean Avg tumaround Time | 1986 2006 1987 3648

7. Conclusion and Future Work:

The simplicity of the methods used supports the assumption that GA's can provide a highly flexible and
user-friendly, near optimal solution to the general process sequence problem. The genetic algorithm performs
well to solve optimization problems. The experiment results clearly show that the proposed approach is able
to find optimized problem. The experiment carried out is efficient to find best sequence. The work can be
extended so that technique can be implemented for other criteria of CPU scheduling to maximize utilization of
computer system.
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