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 Abstract: 
This paper includes the scientific method to develop a deeper understanding of CPU schedulers; explain and understand the 

sometimes erratic behavior of CPU schedulers. Scheduling is a decision making process which deals with the allocation of 
resources to tasks over given time periods. Scheduling means how the processes can be assigned on the available CPU. It is a key 

feature in multitasking, multiprocessing and real-time operating system design. Scheduling is done by scheduler and dispatcher. A 

scheduler is a person or machine that organizes or maintains schedules. A dispatcher is a module which gives control of CPU to the 

process selected by the scheduler. Scheduling problem involves jobs that must schedule on machines subject to certain constraints 

to optimize some objective functions. There are number of CPU scheduling algorithms available, but it is very difficult task to 

decide which one is better. This paper discusses the design and implementation of gravitational search algorithm (GSA) based 

CPU task scheduling algorithm. The results are compared with the genetic algorithm (GA) in terms of execution time. Each task is 

taking a fixed time in execution and total time available for all tasks is also fixed. GSA algorithm optimizes and prioritizes the 

tasks to complete them with less delay and earliness. 
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1. Introduction 
Scheduling is the process by which processes are given access 

to system resources. The need for a scheduling algorithm arises 

from the requirement of fast computer systems to perform 

multitasking and multiplexing. Scheduling is a fundamental 

operating system function that determines which process run, 

when there are multiple run able processes[1]. For making the 

decision of scheduling next task for CPU, scheduler runs 

scheduling algorithm. The performance of system varies very 

much witch scheduling algorithm used. The kernel of operating 

system divides the CPU time among different queues 
depending on its requirement of I/O and CPU[2]. 

 

 

1.1 The various CPU scheduling algorithms are: 

 FCFS (First Come, First Serve) CPU Scheduling: - In this 

scheduling the process that request the CPU first is 

allocated to CPU first. 

 SJF (Shortest Job First) CPU Scheduling: - In this 

scheduling the process with the shortest CPU burst time is 

allocated to CPU first. 

 Priority Scheduling: - In this scheduling the process with 
high priority is allocated to CPU first. 

 Round Robin Scheduling: - RR scheduling is used in 

timesharing systems. It is same as FCFS scheduling with 

pre-emption is added to switch between processes. A static 

Time Quantum (TQ) is used in this CPU Scheduling [3]. 

 Multilevel queue scheduling: In this the ready queue is 

partitioned into several separate queue. The processes are 

permanently assigned to one queue generally based on 

some property of the process such as memory size, process 

priority or process type. Each queue has its own scheduling 

algorithm [4]. 
 

1.2 Some of the criteria include 

(i)Fairness(ii)CPUutilization(iii)Throughput(iv)Turnaround 

time(v)Waiting time(vi)Response time 

It is desirable to maximize CPU utilization and throughput, to 

minimize turnaround time, waiting time and response time and 

to avoid starvation of any process[4]. 

 

2. Related work 

CPU scheduling algorithms are existing like FCFS,SJF,SRTF, 

Priority Scheduling, RR Round Robin Scheduling, MLQ and 

MLFQ. MLFQ may be one of most potential strategies, for 
CPU scheduling .It is further extension of multi-level queue 

scheduling algorithm while multilevel queue scheduling is 

results of combination of basic scheduling algorithms such as 

FCFS and RR scheduling algorithm[5]. Genetic Algorithms are 

powerful and widely applicable stochastic search and 

optimization methods based on the concepts of natural selection 

and natural evaluation[6] 

The problem is to assign a set of n processes to a single 

processor keeping earliness and tardiness penalties into 

consideration. 

a) The scheduling problem is basically and assignment problem 
in which there is a set of N processes [P1, P2,  P3….Pn] with  

processing time of process Pi being ti, i = 1,2,…,n to a single 

processor. 

b) Assumption is made that all processes are ready to be 

processed at the same time and have a common fixed time by 

which the processes should be finished (deadline).  

c) The processing time of each process, time ti is known and 

there are no sub-operations in a process, i.e., one process does 

one task only. 

d) If processe Pi gets finished before the deadline, its earliness 

is denoted by 

                                                   2.1 
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where     is the process Pi’s completion time and ‘l’is the 

deadline by which the process should get complete. And also 

                                                  2.2 
Each process Pi, if completes before or after the deadline incurs 

with their own unit earliness penalty, εi and unit tardiness 

penalty, τi. 

e) The problem known as restricted due date (deadline) 

assumes that the total processing time of the process is greater 

than the deadline. A deadline is referred as unrestrictive. 

f) The restrictive deadline is NP-Hard even with εi = τi = 

1(Hall et. al. 1991). 

The mathematical formulation of solving this NP hard problem 

is given as 

                                            
 
                       

2.3 

Here    and    are earliness and tardiness penalty cost.  

Three processes with their execution time are shown in table 

2.1. 

Table 2.1: Example of three process with their execution time 

Process Execution time 

P1 4 

P2 6 

P3 8 

 

There are 6 orders for 3 processes: S1= [P1 P2 P3], S2= [P1 

P3P2], S3 = [P2 P1 P3], S4 = [P2 P3P1], S5= [P3 P2 P1], S6= 

[P3 P1 P2][7]. 

3. Proposed work 

The algorithm is comprised of collection of searcher agents that 

interact with each other through the gravity force. The agents 

are considered as objects and their performance is measured by 
their masses. The gravity force causes a global movement 

where all objects move towards other objects with heavier 

masses. The slow movement of heavier masses guarantees the 

exploitation step of the algorithm and corresponds to good 

solutions. The masses are actually obeying the law of gravity as 

shown in Equation (3.1) and the law of motion in Equation 

(3.2). 

 

F = G (M1M2 / R2)                     3.1 

a = F/M (2)                                  3.2 

 
G is gravitational constant, M1 and M2 are the mass of the first 

and second objects and R is the distance between the two 

objects. F, is  force and  M is mass. 

In GSA, the agent has four parameters which are position, 

inertial mass, active gravitational mass, and passive 

gravitational mass.  

 

The steps of GSA are as follows: 

Step 1: Agents initialization: 

The positions of the N number of agents are initialized 

randomly. 

     
    

       
                                                

  
   represents the positions of the ith agent in the dth 

dimension, while n is the space dimension. 

Step 2: Fitness evolution and best fitness computation: 

For minimization or maximization problems 

Minimization problems: 

 

           
         

                                                 

            
         

                                                 

Maximization problems: 

           
         

                                                 

            
         

                                                 

fit j(t) represents the fitness value of the jth agent at iteration t, 

best(t) and worst(t)represents the best and worst fitness at 

iteration t. 

Step 3: Gravitational constant (G) computation: 

Gravitational constant G is computed at iteration t 

        
                                     . 

G0 and   are initialized at the beginning and will be reduced 

with time to control the search accuracy. T is the total number 

of iterations. 

Step 4: Masses of the agents’ calculation: 

Gravitational and inertia masses for each agent are calculated at 

iteration t. 

 

Mai = Mpi = Mii = Mi, i = l, 2, .... ,N. (3.12) 

       
               

                
 

       
     

      
 
   

 

 

Mai and Mpi are the active and passive gravitational masses 

respectively, while Mii is the inertia mass of the ith agent. 

Step 5: Accelerations of agents’ calculation: 

Acceleration of the ith agents at iteration t is computed. 

  
       

                            (3.9) 

  
    is the total force acting on ith agent calculated as: 

  
              

                              (3.10) 

Kbest is the set of first K agents with the best fitness value and 

biggest mass. Kbest will decrease linearly with time and at the 

end there will be only one agent applying force to the others. 

   
     can be computed as: 

   
                   

      

      
       

    

   
                        

   
     is the force acting on agent i from agent j at dth 

dimension and tth iteration. Rij(t) is the Euclidian distance 

between two agents i and j at iteration t. G(t) is the computed 

gravitational constant at the same iteration while   is a small 

constant. 

Step 6: Velocity and positions of agents: 

Velocity and the position of the agents at next iteration (t+1) 

are computed based on the following equations: 

  
               

       
                                                

  
         

         
                                        

Step 7: Repeat steps 2 to 6 

 

3.2 Comparison result GA and GSA 

In our GSA algorithm we have plotted the best fitness function 

value in each iterations and compared with GA algorithm 

fitness function value. The graph is shown in figure 3.2.1. 
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Figure 3.2.1: fitness function value plotting with iterations 

GSA is more efficient than GA. 

 
Figure 3.2.2: cumulative sum of 20 processes tuned by GSA 

and GA 

 
Figure 3.2.3.: earliness factor plot for GSA and GA. 

 
Figure 3.2.4: total cost function plot for GSA and GA tuned 

execution sequences 

 

4. Conclusion 

Applying the scientific method to CPU task scheduling has 
improved the performance of distributed applications and 

created a deeper understanding of the tradeoffs inherent in 

multiprocessor scheduling. We here studied various CPU task 

scheduling algorithm and analyzed their drawbacks. Genetic 

algorithm is quite old optimization technique and latest 

gravitational search algorithm is better than GA in terms of 

convergence. The target is to minimize the cost function  and 

total cost comes out to be very less in case of GSA than GA. 

An improvement is achieved by GSA for the same number of 

processes with same execution time assigned to finish the task. 

GSA performs better than GA and giving a less waiting time to 

tasks using the optimal earliness and tardiness factor. 
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