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Abstract
In this paper we are introducing an efficient genetic algorithm 
for CPU scheduling. The performance of a system is effect by 
how the processes are scheduled. Firstly ,we are implementing an 
Efficient Genetic Algorithm by using different operator ,Like for 
encoding  real value encoding method  is used and ,roulette wheel 
for selection, uniform crossover  for crossover, interchanging for 
mutation are applied until the  maximum number of population is 
generated .After this we are implementing two more scheduling 
technique such as round robin and multilevel queue for comparing 
the performance of this efficient genetic algorithm. Our main aim 
is to minimizing the average waiting time of processes which are 
going to be executed. 
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I. Introduction
In a multiprogramming system, multiple processes are stored and 
maintained in main memory. Each process is defined by the portion 
of memory that contains the program that is being executed by the 
process (along with its associated data), and by the contents of the 
Central Processing Unit (CPU) registers used by the process. Each 
process also alternates between processor usage and input/output      
(I/O) event occurrences. The latter could be a wait for an I/O to 
be performed or for some other external event to occur.

Fig. 1: I/O Queue Scheduling

A. Process State Transitions 
The state of a process at any given time is comprised of the 
following minimal set: 

Ready: The process could be running, but another process • 
has the CPU; 
Running: The CPU is currently executing the code belonging • 
to this process; 
Blocked: Before the process can run, some external event • 
must occur. 

The external event could be a time-out (discussion of time 
slicing is saved for later on in the report), an interrupt or the I/O 
completion signal. As a process runs (eventually to completion), 
it goes through a series of state transitions Preemptive schemes 
suggest that a running process may be forced to yield the CPU 
by an external event (higher priority process 

arrival, I/O interrupt occurrence placing a blocked process in the 
Ready state, or a periodic clock interrupt).
Selects from among the processes in memory that are ready to 
execute, and allocates the CPU to one of them.CPU scheduling 
decisions may take place when a process:
1.  Switches from running to waiting state
2.  Switches from running to ready state
3.  Switches from waiting to ready
4.  Terminates
Scheduling under 1 and 4 is nonpreemptive.All other scheduling 
is preemptive .

Fig. 2: States of Processes

B. Organization of Paper        
The research work is organised into 7 different parts.The first 
part is about introduction.The second part contains the literature 
review from various studied and relivent research papers.The 
third part contains the problem formulation work. The fourth  part 
contains introduction of genetic algorithm  and two scheduling 
algorithm(round robin,multilevel queue)for comparing the 
performance ,the fifth part contains Experimental results and 
analysis.part  sixth  contains the conclusion and future work.The 
references are given at end.   

II. Literature Survey
In 1989 [25] A strategy for using Genetic Algorithms (GAs) to 
solve NP-complete problems is presented. In 2000 Bryant [4], 
here in this paper compared the results, which come after applying 
many different crossover and mutation operators devised for the 
travelling  salesman problem and it is concluded that operators 
that use heuristic information or a matrix representation of the 
graph give the best results. In 2002 In [15] author presents two 
Concurrent Round-Robin-Based Dispatching Schemes for Clos-
Network Switches. A Cols-network switch architecture is attractive 
because of its scalability. These two schemes are used overcome 
the throughput limitation of the RD scheme. In July2004, [14] 
author has implemented  a new kind of deadlock-frees scheduling 
method based on genetic algorithm and reach ability analysis of 
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timed S3PR nets is proposed to solve the scheduling problems of 
job shop without buffers. In 2006, Omar and all in [13] proposed a 
method of solving job-shop scheduling using GA. They generated 
an initial population randomly including the result obtained by 
some well known priority rules such as shortest processing time 
and longest processing time. In [3] the author implements genetic 
algorithm and then compared the result of this with FCFS, SJF.  
In this paper genetic algorithm is used to find a solution for CPU 
Scheduling. Genetics algorithm is based on the principle of 
genetics and evolution Using efficient encoding, crossover and 
mutation operators we accomplish our objective. The population 
is encoded with the suitable encoding scheme. In 2012 a new 
algorithm in [4] paper for the CPU scheduling is presented using 
FFGA (Fonseca and Fleming’s Genetic Algorithm) multi objective 
optimization. Contrary to the classical algorithms in use, it uses the 
three parameters of CPU burst time; I/O devices service time, and 
priority of process instead of using one parameter of CPU burst 
time. The performance of this algorithm was compared with seven 
classical scheduling algorithms (FCFS, RR (equal, prioritized), 
SJF (pre-emptive, non-pre-emptive, Priority (pre-emptive, non 
pre-emptive)), and the results showed that the performance of 
the proposed method is more optimized than other methods. 
In 2011an author discussed in his paper [5] that Round Robin, 
considered as the most widely adopted CPU scheduling algorithm, 
undergoes severe problems directly related to quantum size. If time 
quantum chosen is too large, the response time of the processes 
is considered too high. On the other hand, if this quantum is too 
small, it increases the overhead of the CPU.

III. Problem Formulation
Many scheduling algorithms have been studied to guarantee 
the time constraints of processes. Scheduling decision of these 
algorithms is usually based on parameters which are assumed to 
be crisp.
We are trying to use a genetic algorithm approach to Processor 
task scheduling in which the different scheduling algorithms are 
compared on the basis of their performance.

CPU utilization – keep the CPU as busy as possible (from • 
0% to 100%).
Throughput –number of processes that complete their • 
execution per time unit.
Turnaround time – amount of time to execute a particular • 
Process.
Waiting time – amount of time a process has been waiting • 
in the ready queue.
Response time – amount of time it takes from when a request • 
was submitted until the first response is produced.

IV. Proposed Work
This paper is about comparing the performance of different 
scheduling algorithms (like round robin, multilevel queue and 
scheduling of these algorithms using genetic approach). For our 
problem, a fitness function is chosen that calculates the fitness 
of each solution. Our aim is to minimize the total waiting time. 
So our fitness function gives a value corresponding to the total 
waiting time.

A. Introduction of Genetic Approach
Encoding space and solution space, or in other words, genotype 
space and phenotype space. Genetic operators (crossover and 
mutation) work on genotype space, while evolution and selection 
work on phenotype space. The selection is the link between 

chromosomes and the performance of decoded solutions. 
The mapping from genotype space to phenotype space has a 
considerable influence on the performance of genetic algorithms. 
The genetic algorithms provide a directed random search in 
complex landscapes.

2. An Efficient Genetic Algorithms
Genetic Algorithms (or simply GAs) are powerful and widely 
applicable stochastic search and optimization methods based on 
the concepts of natural selection and natural evaluation. 
GAs work on a population of individuals represents candidate 
solutions to the optimization problem. These individual are 
consists of a strings (called chromosomes) of genes. GAs are 
applied for those problems which either cannot be formulated in 
exact and accurate mathematical forms and may contain noisy 
or irregular data or it take so much time to solve or it is simply 
impossible to solve by the traditional computational methods.

3. How Genetic Algorithms Work
Genetic algorithm maintains a population of individuals, say P(t), 
for generation t. Each individual represents a potential solution to 
the problem at hand. Each individual is evaluated to give some 
measure of its fitness.

Fig. 3: Genetic Algorithm Work

1. [Start] Generate random population of n chromosomes (suitable 
solutions for the problem)
2. [Fitness] Evaluate the fitness f(x) of each chromosome x in 
the population
3. [New population] Create a new population by repeating 
following steps until the new population is complete

[Selection] Select two parent chromosomes from a population • 
according to their fitness(the better fitness, the bigger chance 
to be selected)
[Crossover] With a crossover probability cross over the • 
parents to form new offspring (children). If no crossover 
was performed, offspring is the exact copy of parents.
[Mutation] With a mutation probability mutate new offspring • 
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at each locus (position in chromosome).
[Accepting] Place new offspring in the new population• 

4. [Replace] Use new generated population for a further run of 
the algorithm
5. [Test] If the end condition is satisfied, stop, and return the best 
solution in current population
6. [Loop] Go to step 2
There are two type of transformation:-

Mutation, which creates new individuals by making changes • 
in a single individual.
Crossover, which creates new individuals by combining parts • 
from two individuals.

The new individuals, called offspring C(t), are then evaluated. A 
new population is formed by selecting the more fit individuals 
from the parent population and offspring population. 

Fig. 4: Life Cycle Model of EFA

4. Encoding
How to encode the solutions of the problem into chromosomes is a 
key issue when using genetic algorithms. One outstanding problem 
associated with encoding is that some individuals correspond to 
infeasible or illegal solutions to a given problem.

(i). Real Number Encoding
Real number encoding is best used for function optimization 
problems. It has been widely confirmed that real number encoding 
perform better than binary encoding for function optimization and 
constrained optimizations problems. 

Fig. 5: Real Number Encoding

5. Genetic Algorithms Operators
There are three basic genetic algorithms operators which are 
selection, crossover and mutation. The two operator’s mutation 
and crossover are work together to explore and exploit the search 
space by creating new variants in the chromosomes. There are 

many empirical studies on a comparison between crossover and 
mutation. It is confirmed that mutation operator play the same 
important role as that of the crossover.

A. Selection
Selection is the process of determining the number of times a 
particular individual is chosen for reproduction and, thus, the 
number of offspring that an individual will produce.

Roulette Wheel Selection
Roulette wheel selection is most common selection method used 
in genetic algorithms for selecting potentially useful individuals 
(solutions) for crossover and mutation. In roulette wheel selection, 
as in all selection methods, possible solutions are assigned fitness 
by the fitness function. This fitness level is used to associate a 
probability of selection with each individual. While candidate 
solutions with a higher fitness will be less likely to be eliminated, 
there is still a chance that they may be.

Fig. 6: Roulette Wheel Method

B. Crossover
One of the unique aspects of the work involving genetic algorithms 
(GAs) is the important role that Crossover (recombination) plays 
in the design and implementation of robust evolutionary systems. 
In most GAs, individuals are represented by fixed-length strings 
and crossover operates on pairs of individuals (parents) to produce 
new strings (offspring) by exchanging segments from the parents’ 
strings. Traditionally, the number of crossover points (which 
determines how many segments are exchanged) has been fixed 
at a very low constant value of 1 or 2. Support for this decision 
came from early work of both a theoretical and empirical nature by 
Holland. In spite of this, other GAs problems were implemented 
using other types of crossover.

Uniform Crossover
Uniform crossover does not use cut-points, but simply uses a 
global parameter to indicate the likelihood that each variable 
should be exchanged between two parents, as shown in figure.

Fig. 7: Uniform crossover
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C. Mutation
Mutation is a common operator used to help preserve diversity 
in the population by finding new points in the search pace to 
evaluate. When a chromosome is chosen for mutation, a random 
change is made to the values of some locations in the chromosome. 
A commonly used method for mutation is called single point 
mutation. Though, a special mutation types used for varies problem 
kinds and encoding methods.

Interchanging 
Two random positions of the string are chosen and the bits 
corresponding to those positions are interchanged. This is shown 
below in fig. 

Fig. 7: Mutation Interchanging

4.2 Round Robin Scheduling
The proposed algorithm RR is pre-emptive in nature. In this 
algorithm all the processes are sorted in ascending order in the 
ready queue. RR scheduling algorithm maintains a small unit of 
time called time quantum or time slice is assigned to each process. 
According to that time quantum processes are executed and if time 
quantum of any process expires before its complete execution, 
it is put at the end of the ready queue and control of the CPU is 
assigned to the next shortest incoming process.
 STEP1. First collect all the list of processes, their burst time, 
arrival time and time quantum. 
STEP2. Arrange processes and their burst time in ascending order 
based on their arrival time. 
STEP3. Repeat 1 and 2 until all process complete their 
execution 

If the current time is equal to arrival time of the ready queue • 
process And if burst time of current process is greater than 
time slice then execute for time slice period else execute for 
burst time period. 
If current time equals to arrival time and burst time equals to • 
zero, then remove the process from the ready queue. 

STEP4.. During above process calculate the waiting time and 
turnaround time of each process. 

Fig. 8: Flow Chart of Round Robin Algorithm

4.3 Multilevel Queue Algorithm
Multi-level queuing is a queue technique with a predefined number 
of levels. Unlike the multi-level queue items gets assigned to 
a particular level at insert (using some predefined algorithm), 
and cannot be moved to another level. Items get removed from 
the queue by removing all items from a level, and then moving 
to the next. If an item is added to a level above, the “fetching” 
restarts from there. Each level of the queue is free to use its own 
scheduling, thus adding greater flexibility than merely having 
multiple levels in a queue.
Consider four queue Q1, Q2, Q3 and Q4, each having large number 
of processes Pi, Pi′, Pi″, Pi″’ (i=1, 2, 3,…….) respectively, waiting 
for processing. Any process can enter to any queue at any time
STEP I: The scheduler picks up a queue with a predefined priority 
and then picks up a process of that queue and allots a quantum 
of time. It remains with CPU until the allotted quantum is over. 
The scheduler starts processing by picking any of the queue with 
initial probabilities-

Pr1, Pr2, Pr3, Pr4 .

STEP II: While a process if remains incomplete within the given 
quantum, the CPU assigns the next quantum to next process of the 
same queue. The incomplete process of the earlier queue moves to 
the next queue and if does not complete in pre-assigned quantum, 
it gets out of the queue. 
STEP III: The job processing with quantum allotment procedure 
in Q1 continues until Q4 is empty.
STEP IV: The scheduler moves to Q2 (when Q1 empty) and 
assigns one quantum to each process in Q2. If a process remains 
incomplete in a given quantum, it shifts to the next queue Q3 and 
similarly to the last queue Q4.
STEP V: When Q1, Q2, Q3 are empty, the scheduler assumes 
processing in Q4 on “First Come First Serve” basis.
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STEP VI: While the scheduler with Q4, if any process appears in 
Q1, the system immediately jumps to Q1 just after completing the 
last quantum in Q4.The same happens with Q2 and Q3 also. A new 
process can enter in any of the four queues and scheduler starts 
processing by picking any of the queue with initial probabilities- 

Pr1, Pr2 ,Pr3 ,Pr4 .

Define Q1 as state 1, Q2 as state 2, Q3 as state 3, Q4 as state4, 
and Q5 as a waiting (rest) state.
In this part An Efficient genetic algorithm has  been proposed for 
solving tnhe problem of CPU scheduling. In this we are using 
round robin ,multilevel queue for comparing the average waiting 
time. The  operator which are used for implementing the genetic 
algorithm such as real value encoding for encoding, Roulette 
wheel method is used for selection, Uniform crossover operator is 
used for crossover, interchange for mutation and the termination 
criteria is reached when the maximum number of population is 
generated. 

V. Results and Analysis
In our research, all chosen MATLAB will be used to for CPU 
scheduling with genetic algorithm and comparing this with round 
robin, multilevel queue. To be consistent with the literature review, 
we are implementing genetic algorithm with different operators and 
comparing it with two different approach of CPU scheduling.

A. Implementation of Genetic Algorithm

1. Output Window EGA

Fig. 9: Output Window of EGA

B. Average Waiting Time of EGA

Fig. 10: Output Graph of EGA

This output  shows that the EGA algorithm is run for five number of 
iteration. The bars show the average waiting time. At each iteration 
we are increasing the number of processes. Then schedule them 
and calculating the average waiting time. In this genetic algorithm 
we are using different type of operator. 
Firstly calculating the fitness function value then applying 
selection operator. Secondly applying the crossover and mutation 
for maximum number of iteration. The  operator which are used for 
implementing the genetic algorithm such as real value encoding for 
encoding, Roulette wheel method is used for selection, Uniform 
crossover operator is used for crossover, interchange for mutation 
and the termination criteria is reached when the maximum number 
of population is generated. 

C. Average Waiting Time Graph of GA, RR, MLQ

                                            
Fig. 12: Graph for Comparison EGA, RR, MLQ

This output shows the comparison of EGA, RR, MLQ .The 
bars show the average waiting time. At each iteration we are 
increasing the number of processes. Then schedule them and 
calculating the average waiting time. The performance of EGA 
is best between these and when the number of processes increases 
the average waiting time is increase. Waiting time optimization/
minimization is the main point of discussion. This paper is based 
on implementing a scheduling based Genetic algorithm concepts 
and making a comparison of it with RR and MLQ scheduling 
algorithms based on the average waiting time of these algorithms 
at different number of iterations.

VI. Conclusion
In this paper we are implementing three algorithms for CPU 
scheduling such as genetic algorithm, round robin algorithm, and 
multilevel queue algorithm .In this we are comparing the result 
of these with each other and found that the performance of the 
genetic is best between these two.
In this implementation the processes are increase by five at every 
time. The new representation has initially been tested on a data to 
evaluate its effectiveness. The simulation results clearly show that 
the proposed approach is able to find optimized solution.
In this we are implementing the multi level queue at two levels. 
At First level the processes are schedule with first come first serve 
and second level with round robin then calculating the average 
waiting time of these two. 

VII. Future Work
This work can be extended in future so that technique can be 
implemented for dynamic scheduling and for similar sequencing 
problem. In this paper we are using real value encoding, roulette 
wheel for selection In future we can implement the genetic 
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algorithm with different operator.
In this we are implementing the multilevel queue with two queues. 
So in future we can increase the number of queues with different 
level of priority. In this at each iteration five numbers of processes 
are increase, so we can change this factor. 
The performance of genetic is best between RR, MLQ, so we can 
compare this with other scheduling algorithm.
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