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Abstract – The process scheduling, is one of the most important tasks of the operating system. We present in this paper some types of 
scheduling algorithms of CPU. One of the most common scheduling algorithms used by the most operating systems is the Round Robin 
method in which, the ready processes waiting in ready queue, seize the processor for a short period of time known as the quantum (or 
time slice) circularly. But the most important issue in RR algorithm, which highly affects its efficiency. It determines the amount of the 
time quantum. Assigning very small and very large values for this parameter, will lead to performance decrease due to increasing context 
switching overhead, and degradation of the RR method to FCFS algorithm consequently. We will suggest a solution of allocated time 
quantum. 
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I. INTRODUCTION 

Central processing unit (CPU) scheduling is the mechanism by which operating systems (OS) allocate the CPU resources to 
processes. Scheduling is required for multiprogramming, and it is one of the fundamental of OS activities (Aas, 2005). [1] 

The operating system (OS) is the most important program needed for starting up. Managing the tasks each of which are 
performed by one of the management units. The process management, is one of these management units, allocates the processor to 
the processes using several allocating algorithms. The scheduling criterion is to give fairness to each process and to provide 
efficiency in CPU usage. One of the most common algorithms in processor allocation is the Round Robin (RR) algorithm in which, 
the ready processes waiting in ready queue, are dispatched sequentially and allocate the processor for certain period of time known 
as time quantum (q) or time slice. If a process is finished during its time quantum, releases the processor, otherwise the processor 
is pre-empted by the OS and is allocated to the next ready process waiting in front of the ready queue and the current process will 
be moved to the end of the this queue . The value of the quantum parameter is selected in 10-100 milliseconds range [2]. Each value 
will lead to a specific performance and will affect the algorithm's efficiency by affecting the processes' waiting time. In this paper 
we proposed new method to solve problem by allocating time quantum in Round Robin process algorithm to minimize the average 
waiting time of the processes. The content of the paper is organized as the follows: In section 2, previous works. In section 3 basic 
concepts of scheduling. Section 4 presents the scheduling algorithms which is being the main section of this paper. In section 5, we 
described the proposed model, and section 6, covers summary and conclusions. 

II. PREVIOUS WORKS 

The importance of the problem has already raised the attention of the researchers and study in this field still continues. Some 
more important works are listed below:- 

Albielmona [4] did an overall review over many scheduling algorithms. Proportional share scheduling algorithm proposed is 
combining the small overhead of the RR method by protecting the short processes. [5] The capability of re-adjusting the weights 
enables the algorithm to have a more fair behavior. Nieh et al. [6] proposed a new scheduling algorithm known as Virtual Time 
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Round-Robin (VTRR) with complexity of O(1). By combining fair queuing algorithms with the RR scheduling algorithm. Nayak 
et al. [7] developed a new scheduling algorithm called Improved Round Robin (IRR) by dynamically calculating the time quantum 
value in order to decrease the average waiting time of the processes and total number of context switches. Siregar [8] used Genetic 
Algorithm to determine optimum time quantum value in Round Robin CPU scheduling algorithm to minimize the average waiting 
time of the processes. 

III. BASIC CONCEPTS 

The following steps describe these concepts:- 

Utilization: keep the CPU as busy as possible (from 0% to 100%).  

Throughput: number of processes that complete their execution per time unit. 

Waiting time: sum of the periods spent waiting in the ready queue. Turnaround time: amount of time to execute a particular 
process; which is the interval from time of submission of a process to the time of completion.  

Response time:  amount of time it takes from when a request was submitted until the first response is produced. 

 Time quantum: also known as time slice, the amount of time that a process captures the processor.  

Context Switching: Switching the processor from the current process to next ready, includes storing and retrieving the values of 
flags and some important registers.  

Starvation: occurs if a low priority process never runs. 

IV. SCHEDULING ALGORITHMS 

The scheduling algorithms can be divided into two types, preemptive a non- preemptive. 

The first type, allocate the processor to the processes exclusively until completion. While preemptive type, the processor from 
the process at a specific time slice before completion and switch to the next processes. 

1.1 First-Come, First Served (FCFS) 

FCFS is one the non-preemptive; it is the simplest CPU scheduling algorithm. The process that requests the CPU first is allocated 
the CPU first. The average waiting time under FCFS is long. 

Example (1) shows (FCFS) method. 

Table 1. Example for FCFS method 

Proce Burst Time (milliseconds) 
P1 24 
P2 3 
P3 3 

 
Suppose that the processes arrive in the order: P1, P2, P3.   The Gantt chart for the schedule is: 

Waiting time for P = 0; P2 = 24; P3 = 27 Average waiting time: 

 (0 + 24 + 27) / 3 = 17 (milliseconds) 

1.2 Shortest-Job-First Scheduling (SJF)  

Associate with each process the length of its next CPU burst. We use these lengths to schedule the process with the shortest 
time.  

Below are two schemes of (SJF): 

Non-preemptive: once CPU given to the process it cannot be preempted until completes its CPU burst. 
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Preemptive: if a new process arrives with CPU burst length less than remaining time of current executing process, preempt. 
This scheme is known as the Shortest-Remaining-Time-First (SRTF). If two processes have the same length CPU burst, FCFS 
scheduling is used. SJF is optimal gives minimum average waiting time for a given set of processes. Table (2) shows the example 
of 4 processes with the arrival time and them burst time: 

burst time: 
Table 2. Example for preemptive SJF method 

Process Arrival time Burst time 
P1 0 7 
P2 2 4 
P3 5 1 
P4 4 5 

 
Non-preemptive SJF schedule: 

Table 3. shown non-preemptive method 

 
As shown in table (3), the average waiting time (0+6+3+7)/4=4. 

Preemptive SJF schedule: 
Table 4. shown preemptive method 

 
Table (4) shows the average waiting time as (9+1+0+2)/4=3. 

1.3 Round Robin (RR) 

The Round Robin is one the pre-emptive, it is similar to FCFS, but preemption is added to switch between processes. Each 
process gets a small unit of CPU time (time quantum or time slice), usually 10-100 milliseconds. After this time has elapsed, the 
process is preempted and added to the end of the ready queue. After the time slice is expired an interrupt will occur and a context 
switch. 

The following example explain the RR method. 

RR with Time Quantum = 20 

Table 5. Example for RR method 

Proce Burst Time Waiting Time of each Process 
P1 53 0+(77-20)+(121-97)=81 
P2 17 20 
P3 68 37+(97-57)+(134-117)=94 
P4 24 57+(117-77)=97 

 
Table 6. RR method 

 
In table (6) the average Waiting Time calculates as (81+20+94+97) / 4 = 73. 
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1.4 Priority Scheduling 

A priority number (integer) is associated with each process. The CPU is allocated to the process with the highest priority 
(smallest integer ≡ highest priority). SJF is a special case of general priority scheduling, where priority is the predicted next CPU 
burst time. Priorities can be defined either internally or externally: 

   • Internally use of some measurable quantity or quantities to compute the priority of a process. For example, memory 
requirements, number of open files, ratio of average I/O burst to average CPU burst have been used in computing priorities. 

   • Externally priority is set by criteria that are external to the O.S, such as importance of     the process. 

1.5 Multilevel Queue Scheduling 

Ready queue is partitioned into separate queues such as: 

foreground (interactive) 

background (batch) 

Each queue has its own scheduling algorithm: 

foreground – RR 

background – FCFS 

Scheduling must be done between the queues, as listed below: 

Fixed priority scheduling; i.e., serve all from foreground then from background. Possibility of starvation. 

Time slice – each queue gets a certain amount of CPU time which it can schedule amongst its processes 80% to foreground in 
RR; 20% to background in FCFS. 

1.6 Multilevel Feedback Queue Scheduling  

Like multilevel scheduling, a process can move between various queues; aging can be implemented this way. If a process waits 
too long in a lower-priority queue may be moved to a higher-priority queue (this form of aging to prevent starvation). If a process 
uses too much CPU time, it will be moved to lower-priority queues. This leaves I/O bound and interactive processes in the higher-
priority queues. 

The example below has shown this method, as the three queues listed below: 

  Q0   time quantum 8 milliseconds 

  Q1   time quantum 16 milliseconds 

  Q2   FCFS 

A new job enters queue Q0 which is served FCFS. When it gains CPU, job receives 8 milliseconds. If it does not finish in 8 
milliseconds, job is moved to queue Q1. At Q1 job is again served FCFS and receives 16 additional milliseconds. If it still does not 
complete, it is preempted and moved to queue Q2. 

V. THE PROPOSED MODEL 

In this section, we will present and propose new model for optimizing the time quantum value in RR scheduling algorithm. 

In the proposed model, it is assumed that: 

There is n number of ready processes waiting in the ready queue. 

Ready queue is divided into two queues. 

Queue number one is for short processes and allocated time quantum (Q1). 

Queue number two is for long processes and allocated double Time Quantum (Q2). 
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Q2= 2*Q1. 

The following example shows the proposed model: 

Considering that the Proposed Model algorithm for four compute-bound processes. If we have four processes P1 (takes 53 
seconds), P2 (takes 17 seconds), P3 (takes 68 seconds), and P4 (takes 24).  

Table 7. Example for proposed model 

Process Burst Time 

P1 53 

P2 17 

P3 68 

P4 24 

 
Assume Time Quantum =Sum (Burst Time)    / Number of process. 

Time Quantum= (53+17+68+2440≃ 4/) 

TQ1=40, TQ2= 2*40. 

Table 8. the proposed method 

 
Table (8) shows the average Waiting Time for the proposed model as (0+17+41+94) / 4 = 152 / 4=38.  

By combining between RR method and the proposed method we get that the average waiting time diminish in the last method, 
and this decline returns to dividing the queue of ready processes into two queues Q1 for short processes and Q2 for long processes, 
and duplicated time quantum of Q2. 

VI. CONCLUSIONS 

The main goal of the CPU scheduling is distribution of the CPU time among the ready processes, and to give fairness to each 
process. Also, to provide efficiency in CPU usage. In this paper, we proposed new model developed to solve the problem.  By 
allocated time quantum in Round Robin process to minimize the average waiting time of the processes. 
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