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ABSTRACT 

The scheduling approaches have largely been analyzed so far, but the attention given 

to multi-processor environments and real-time operating system is very less. Mostly all the 

approaches which are optimal are appropriate for the general-purpose operating system 

which cannot accomplish the real-time systems requirements as the RTS is closely 

concerned about the constraints of timing. The correctness of output is extremely affected 

by the deadlines means the output must be generated within a given time-bound. Nowadays, 

the real-time systems are multi-tasking and multiprocessing, so the scheduler plays an 

important role for controlling the functioning into the system. Different researchers had 

designed numerous techniques for real-time task scheduling to meet the varying needs of 

different environments like uniprocessor systems and multiprocessor systems. The selection 

of scheduling approach is an essential task as the output is greatly affected by which 

approach is being used in which environment. Furthermore, existing schedulers designed for 

supporting RTS aren’t absolutely optimal for multiprocessor system. The schedulers 

designed earlier had focused on priority assignment which decides only the execution order 

of a task in the task set.  

Nowadays, we are entering into the era of the high-performance computing, which 

demands for the multi-processor environment. The uniprocessor system and the 

multiprocessor system; both are having their individual requirements and challenges as per 

their architecture. In the multiprocessor system the scheduler has to address both the 

problems like process selection (Priority assignment) as well as processor selection (set 

Processor affinity).All the existing approaches for multi-processor real-time system 

described in literature are divided in two categories; 1)  Global scheduling approach 2) 

Partitioned scheduling approach and they all are application dependent approaches. 

 The concept of affinity is used widely in the non-real-time environment to improve 

the cache performance but not in SRTS. In current era, the concept of APA for scheduling 

real-time tasks in hard real-time systems are used by the few RTOS which can give more 

flexible and generalized scheduler rather than the application based traditional algorithms 

described in literature. The context switching can be reduce and performance of cache may 

be improved by putting restrictions on the migration but it creates very huge effect on other 

parameters which are most essential for the any RTOS that is the overall system 
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schedulability will be degraded and increasing the deadline miss ratio. Meeting the deadline 

for improving the schedulability is the very important aspect in any real-time system. 

The work presented in this research has implemented G-JLFP-APA scheduler for soft 

real-time system which is global approach using processor affinity and full migration with 

job-level-fix-priority approach. This research also presents another P-FP-APA scheduler for 

soft real-time system which is partitioned approach using processor affinity and no migration 

with fix-priority assignment approach. After analyzing the performance of G-JLFP-APA and 

P-FP-APA schedulers to combine the advantages of both the approach; A new scheduling 

approach called PrASWM is implemented which is using affinity concept for processor 

selection and without Flexible Migration Policy along with JLDP. After that by combining 

the flexible migration policy proposed a generalized scheduler PrAMS (multi-processor 

scheduler based on processor affinity) for the soft real-time system which focuses on three 

different  aspects: i) processor allocation which is done using static affinity assignment to 

achieve generalized approach ii) Process selection (priority assignment) which is done using 

JLDP(Job Level Dynamic Priority) to improve the efficiency of algorithm iii)Flexible 

Migration policy which is done by task shifting with priority reprioritization mechanism for 

improving the system’s schedulability and to solve the priority inversion problem. The 

performance measure parameters taken into consideration are Schedulabilty, No. of Context 

Switches, Tardiness, Deadline Miss Ratio and CPU_Utilization. The soft real-time system’s 

overall schedulability is improved by the proposed scheduler (PrAMS) as compared to 

conventional scheduling algorithms, reduces the average deadline miss ratio, reduces the 

tardiness and improves the CPU_Utilization in the multiprocessor system.   
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Chapter 1:  

Introduction 

1.1 Real-Time Systems 

In the past eras, the real-time systems were being used infrequently and limited to 

some specific applications like defense and space. Nowadays in our day-to-day life, 

embedded systems had become an necessary part of our life. As an example, we have 

numerous consumer products like smart phones, smartcards, music players, video 

conferencing applications, routers, video games, digital cameras, microwave ovens, VoIP or 

other electronic devices are rapidly making change in our lives; we are using office products 

like security systems, fax machines, laser printers. Moreover, in hospitals also we are having 

use of real-time systems in the form of medical treatment tools and imaging system. There 

are huge number of real-time system based tools or gadgets we are using indirectly in our 

daily life like base stations in cellular systems, industrial robots, industrial plants automation 

systems [62][92]. Based on one survey it is estimated that 70% of processors among all the 

manufactured worldwide are deployed for real-time applications [46][109].  

 An embedded system is nothing but a group of various components like computer 

hardware, software, electrical and mechanical components put to gather to achieve a specific 

goal on the spot at particular time instant. Because of timing constraint, sometimes they can 

be called RTS also. In all the real-time system the first and foremost requirement is to 

complete the task within a stipulated time, the scheduling is the important mechanism to 

accomplish the requirement and the RTOS helps to real-time system by providing scheduling 

mechanism. So RTOS becomes the foundation of any Embedded Systems. Due to this 

reason, to design an appropriate scheduler is the challenging task for any RTS and the 

scheduling became an important research topic since the beginning of the RTS. 

A RTOS can be defined as, it is one kind of OS that will help to the real-time 

systems by applying scheduling mechanism for getting an exact result within a 

stipulated time slot and this time duration is said the deadline [33]. 
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TABLE 1.1: Differentiation of General OS and Real-time OS [119] 

 General Purpose OS Real-Time OS 

Determinism Non-deterministic Deterministic 

Pre-emptive kernel Not Compulsory Preempt-able  all the  kernel 

operations  

Priority Inversion 

problem 

No such technique is 

present 

Having approaches for 

preventing the priority 

inversion problem 

Scheduling of 

Tasks 

Scheduling based on Task Scheduling  based on Time 

Application Used in desktop PC or 

other general purpose PCs 

Typically used in embedded 

real-time applications 

 

 The TABLE 1.1 presents the differentiation of general purpose OS and a real-time 

OS based on their properties like kernel constraints, priority inversion problem, process 

scheduling, determinism and applications [86][119]. In RTOS the task scheduling is highly 

deterministic. The system can be called the real-time system if it contains at least one task 

which is real-time task. The major distinction between non-real-time job and real-time job is 

that a real-time job is always being distinguished by task’s deadline which tells the system 

that the particular job must complete within a stipulated time. 

 

FIGURE 1.1: Relationship of Embedded system and real-time applications [52] 

 

 There are three different categories of real-time system based on its deadline meeting 

criticality [3][9][91]: 

1) Hard RTS: A system is said a HRTS (hard Real-time system) if the task doesn’t 

produce the output within the particular deadline; due to this the whole system fails and 
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may create some disaster like loss of property or loss of life. Nature of several hard real-

time system is safety-critical. For example, Anti-missile system, Air traffic control, 

Nuclear Power plant control etc.[74][94]. 

2) Firm RTS: A system is said a FRTS (firm Real-time system) if the task doesn’t produce 

the output within the particular deadline then the output is not useful for the system but 

there is nothing like disastrous. It is not safety critical but its zero utility if produced 

after deadline. For example, a video conferencing application, satellite-based 

surveillance applications etc.[49][116]. 

3) Soft RTS: A system is said a SRTS (soft Real-time system) even though the doesn’t 

produce the output within the particular deadline; the output is still useful for the system 

but the utility of a result decreases with time after the deadline. If several tasks miss the 

deadline, then the system performance will be degraded. The example for SRTS are 

multimedia applications, railway reservation system, web browsing, all interactive 

applications etc.[15][47]. 

 

1.2 Features of RTOS 

 

FIGURE 1.2: Features of RTOS [52] [91] 

 Synchronization: 

Synchronization of tasks is the crucial part for the real-time system as we are working 

on multitasking system and resources shared between all the tasks with mutual 
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exclusion. In this, the inter-process communication and synchronization policies are 

compulsory for working in multitasking environment [17] [60] [103].  

 

 Interrupt Handling: 

In RTS, an Interrupt Service Routine (ISR) is very important to handle the interrupts. 

The interrupt latency can be defined as the time interval from interrupt generation to the 

execution of the respective ISR [58].  

 

 Timers and clocks: 

The services related to timers and clocks along with suitable resolution are the important 

part of any RTOS as meeting the deadline is the first requirement of RTS and for that 

the clock and timer facilities with appropriate determination are significant aspects of 

each real-time OS [58] [85].  

 

 Priority Levels for Real-Time Task:  

Every RTOS contains the facility of real-time priority levels so that the jobs can meet 

the deadlines. The priority levels in each RTOS are assigned by the developers and can’t 

be modified by the operating system [63]. 

 

 Fast Task Preemption: 

Whenever higher priority job arrives in the RTS, the CPU must be taken back from the 

lower priority currently running task and it must be assigned to the higher priority task 

for efficient work of the RTS. Always the task with highest priority must be scheduled 

first so that task can meet its deadline which is the requirement of any RTS [39] [58].   

 

 Memory Management: 

The applications which are having gigantic size may be offered the virtual memory in 

real-time operating system [71]. RTOS are not responsible to fulfill only the real-time 

task’s demand but also it has to assist the demands of non-real-time applications like 

browsers, different types of editors, etc. The RTOS are having very small size memory 

which includes only the required functionalities for the applications [93][95][96]. 
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1.3 The Real-Time System Characteristics 

The properties of RTS are as following [12] [81] [87] 

 Timeliness:  

Output can’t be called correct if it is only logically correct but it must be produced 

within predefined time interval. To meet the deadline, there must be some kernel 

mechanism for time management and to handle the task sets with the timing constraints 

which should address its criticality.  

 

 Predictability:  

The system should be capable to guess the afterward effects for every decision taken 

regarding scheduling to accomplish an expected output. For any safety critical 

application, before pushing system into action; all the time constraints must be 

analyzed in advance. If any task can’t provide guarantee of completion before its 

timing limits then the system must be informed this reality in prior as the exception 

handling can be planned by any other substitute activities. 

 

 Efficiency:  

The management of all the allotted resources must be done by the OS very efficiently 

to get a required output as the small devices along with unadorned constraints like 

weight, computational power, space, memory etc. will be embedded in almost all the 

RTS. 

 

 Robustness:  

In the uttermost load conditions, RTS must not fall down so the RTS will be designed 

in such a way that it can manage all the probable workload situations. Overload 

management and adaptation behavior are important characteristics to handle variable 

resource needs and higher load variations in the systems.  

 

 Fault tolerance:  

The critical modules which are critical in the real-time system must be fault tolerant 

as the failure of single component (hardware or software) should not lead to the whole 

system towards the crash. 

 



Introduction 

 

 

6 

 

 Easy to Maintain:  

The structure of a RTS must be modular structure to make the variations in the system 

easier.  

 

1.4 Applications of Real-Time Systems   

Some examples of applications for each area are shown as following [73] [74] [92]. 

 Industrial Applications: The examples are automated Car Assembly plant. 

 

 Medical Applications: The example is a Robot which is used in recovery of Displaced 

Radioactive Material to the patients. 

 

 Peripheral Equipment: Different peripheral equipment which are attached to a 

computer have embedded systems on them. For example, laser printer and the digital 

cameras. 

 

 Automotive and Transportation: The example is the multi-point fuel Injection 

(MPFI) system. Embedded systems are used heavily in transportation. Nowadays, all 

the cars are road worthy and they use an MPFI system because it reduces the pollution. 

The principle idea behind MPFI system is that when a computer controls the exact fuel 

quantity and the time of injection of the fuel, the car will run at maximum efficiency.  

 

 Telecommunication Application: In the telecommunication applications, important 

example is the cellular system (mobile phones). The base stations receive signal from 

the mobile phone and give signal to the mobile phone. They use real-time operating 

systems and handle many tasks at any time. For example, handling SMS messages, 

call establishment, keeping track of billing, hand off to other base stations etc. 

 

 Aerospace: The example is the air traffic controller in the aircraft. Most of the 

aerospace applications are essentially have computers on board, because it reduces the 

interference of the pilot. Sometimes, even without pilot they can fly the aircraft.  

 

 Consumer Electronics: Consumer electronics items like phones, digital cameras, 
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camcorders are embedded RTS.  In defense application, the embedded system is used 

heavily including the wireless sensor networks. 

 

 Internet and Multimedia Applications: The internet is also use various embedded 

systems; the example is the router. In Multimedia applications, such as video 

conferencing, it involves handling the signals, compressing, transmitting, receiving it 

on the other side in real-time. In videoconferencing, there is frame to frame translation, 

so, if the time delay is not proper, it usually results in glitches and we say that video is 

not working properly, so these are also real-time systems. 

 

1.5 Problem Statement 

To design and develop a generalized scheduler for multiprocessor soft RTOS 

using the concept of processor affinity with dynamic priority assignment which can 

increase the overall schedulability, maximize the CPU_Utilization, reduce the 

Tardiness and reduce the Deadline miss ratio using the flexible mechanism for the 

migration which can be implemented with task shifting using priority reprioritization 

mechanism. 

 

1.6 Research Objectives 

The scheduling in real-time systems for multiprocessor environment is the 

important area of research which is still unconquered as real-time applications enforces 

various necessities on scheduler than the general purpose apps. In The RTS, the 

important need is the investigation of scheduling techniques that is used for deciding 

whether the real-time application’s execution time will be confined to meet the timing 

restrictions (deadline). The key objectives of  this research work is that to design the 

generalized multiprocessor scheduler using the concept of processor affinity and to 

provide flexible migration policy with priority reprioritization which optimize  the 

different parameters of the scheduling approach for the multiprocessor soft RTS and  

they are defined as the following: 

 

 Improve the CPU_Utilization:  

FP along with partitioned approach is not able to utilize more % of the offered 

resource. Whereas in some cases the global along with EDF priority approach is 
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capable of utilizing resources up to 100% but it is having very high overheads are 

typically prohibitive [70][78]. The approaches like partitioned and global described in 

literature are application based so to design a processor affinity based generalized 

scheduling algorithm which can provide advantages of both the approaches and 

improve the CPU_Utilization is required.  

 

 Improve the Schedulability:  

The practical study has proved that a huge breach amongst the best suitable 

schedulability condition and presently existing for partitioning P-FP and global G-FP 

scheduling [9] [39] [82]. Also the approaches discussed in literature are application 

based. At the present scenario the affinity concept is used by few RTOS like 

VxWorks,QNX and LynxOS [82]. By keeping the constraints on migration of real-

time tasks in the scheduling approach may improve the performance of the cache, 

balance the load but the main disadvantage of it is that there will be the decrement in 

overall schedulability [35][76]. So a new generalized multiprocessor scheduler based 

on affinity should be designed to improve the overall system schedulability.  

 

 Analysis of Switching Overhead:  

The structural design of cache is having a large effect on the migration cost whether it 

is at the task level or job level. Current investigational applications [45] [111] on multi-

processor environment presented that the migrations expenses, switching overhead 

and run-queue handling are the main issues whenever designing any multiprocessor 

scheduler. Such overheads should be taken into account whenever the research related 

to scheduling approaches and analysis is done. So it should be considered as an 

important parameter and must be analyzed the no. of context switches. 

 

 Reduce Deadline Miss Ratio:  

In all the real-time applications, meeting the deadline is the prime goal [57] [60]. 

However, because of varying workload, meeting the deadline of all the task is difficult 

and changing priority of the applications [57] [81] but more no. of tasks meeting the 

deadline then the deadline miss ratio is low. So, analysis of the deadline miss ratio is 

the important parameter which should be reduced for better system performance.   
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 Reduce Tardiness:  

In the SRTS, if the result is produced after deadline then it has less utilization rather 

than zero like in hard real-time system [50] [108]. The system performance is degraded 

as much as more time is taken by a task after the deadline [50] [87]. So, the tardiness 

is the important parameter to be reduced in soft real-time OS for better system 

performance. 

 

1.7 Research Contributions  

In this research, different types of multiprocessor soft real-time schedulers are 

implemented and compared with different approaches. The details of each Multi-processor 

scheduling approaches are given below: 

 Implementation of P-FP-APA scheduler with Processor Affinity and No 

Migration: The P-FP is the partitioning scheduling approach for processor selection 

in multiprocessor real-time system in that each task is fixed to the particular processor 

with no migration. This conventional approach P-FP mentioned in the literature is 

application based and not implemented using processor affinity in soft real-time 

system. So the first contribution is the implementation of partitioned approach (P-FP-

APA) along with fixed priority algorithm using processor affinity in soft real-time 

system. Here the fixed priority means every jobs of a task will be allotted the equal 

priorities which will be the same as that task’s priority.  

 

 Implementation of G-JLFP-APA scheduler with Processor Affinity and Full 

migration: The G-JLFP (G-EDF) is the global scheduling approach for processor 

selection in multiprocessor real-time system in that any job can be scheduled on any 

available CPU with full migration. This conventional approach G-JLFP mentioned in 

the literature is application based and not implemented using processor affinity in soft 

real-time system. So in this research G-JLFP-APA is the implemented along with JLFP 

(job-level-fixed-priority) approach using processor affinity in soft real-time system. 

Here the JLFP assignment means the different jobs of a same task can be assigned 

dissimilar priority which will not be changed throughout its lifetime.  

 

 Implementation of proposed scheduling approach PrASWM: The PrASWM 
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(Processor Affinity based Scheduler without flexible migration) is the proposed 

scheduling approach in that the attention is given on processor selection policy. The 

PrASWM is using affinity concept for processor selection and migration of a task is 

possible within its affinity as per the conventional migration approach based on its 

priority. In PrASWM, the processor selection policy is combined with JLDP (Job 

Level Dynamic Priority Assignment) priority assignment algorithm which improves 

the results as compared to P-FP-APA and G-JLFP-APA. So, PrASWM is the 

Scheduler with Processor Affinity and without Flexible Migration Policy along with 

JLDP. 

 

 Designed and Implemented Multiprocessor soft real-time scheduler PrAMS 

(Processor Affinity based Multi-processor Scheduler) along with the three 

approaches: 

Any multiprocessor algorithm addresses three different problems as mentioned below: 

i. Processor Selection Policy: In this research the proposed scheduler PrAMS is 

using arbitrary processor affinity concept for processor selection which gives more 

flexible generalized scheduling approach rather than the application based 

conventional approaches. 

ii. Process Selection (priority assignment): In PrAMS for the priority assignment 

JLDP (Job-Level-Dynamic-Priority) is used which is fully dynamic approach. 

Here, in JLDP a task’s jobs will be allocated the various priorities during job’s 

lifetime based on its deadline.  

iii. Flexible Task Migration Policy: Instead of restricted migration, the PrAMS 

provides flexible migration policy by task shifting with the help of priority 

reprioritization mechanism which solves the priority inversion problem, improve 

the overall system’s schedulability, decrease the deadline-miss-ratio, decreases the 

tardiness and maximizes the CPU_Utilization. 

 

1.8 Organization of Thesis 

The next thesis chapters are organized into six chapters as shown below: 

Chapter 2: Literature Review: This chapter includes basic terminologies related to 

scheduling and explores the static and dynamic priority algorithms for uniprocessor and 

multiprocessor algorithms provided by RTOS along with their mechanisms in section 2.1. 
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After that this chapter includes the survey of prior work related to this research in section 

2.2. After that Section 2.3 describes performance measure parameters. Furthermore, after 

the studying all the existing approaches in detail this chapter presents the summary of 

literature review in section 2.4.  

 

Chapter 3: PrASWM a Real-Time Multiprocessor Scheduling Approach: In this 

chapter, the focus is to provide and implement an effective generalized processor affinity 

based processor selection approach PrASWM for multiprocessor soft real-time system 

without using flexible migration policy. Furthermore the comparative analysis is done with 

P-FP-APA and G-JLFP-APA which are also implemented using the processor affinity 

concept.  

 

Chapter 4: A Multiprocessor Scheduler PrAMS for Soft Real-Time systems:  In this 

chapter, the focus is to provide an effective generalized scheduler for SRTS in 

multiprocessor environment which uses static processor affinity assignment for processor 

selection, Priority assignment using JLDP policy along with flexible migration policy using 

priority reprioritization concept. 

 

Chapter 5: LITMUSRT and Experimental Results Analysis: Firstly, this chapter 

introduces a simulator for scheduling algorithm called LITMUSRT. LITMUSRT is the Linux 

extension with the emphasis on scheduling in real-time and synchronization for 

multiprocessor environment. The next sections discusses the task set generation theory and 

experimental setup taken into consideration to take the results. After that the section 5.4 

presents results and comparative analysis of processor affinity based scheduling algorithm 

PrAMS with existing conventional scheduling approaches tested for the 100 task sets of 

random size and more no. of processors along with five parameters that is Tardiness, 

Schedulability, CPU_utilization, No. of context switches and Deadline miss ratio. 

 

Chapter 6: Conclusions and Future Scope: This chapter offers the conclusions observed 

based on the outcomes of this research work. Furthermore, it presents the several ways for 

additional possible research in the future also. 
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Chapter 2:  

Literature Review 

This chapter presents the background theory and prior work done in real-time 

scheduling. Here, the basic theory related to scheduling in real-time is discussed. Afterward, 

the analysis of different types of real-time scheduling approaches for uniprocessor as well 

as for multiprocessor and related schedulability analysis is done which provides the base for 

this research work. Furthermore the prior work done by various researchers and performance 

measure parameters will be discussed. At last the summary of the literature survey along 

with limitations of existing approaches is presented. 

 

2.1 Background Theory 

This section will present the basic theory and various terminologies regarding 

scheduling in real-time system 

2.1.1 Real-Time Task Model  

In any real-time systems, the simultaneous computational events are done for that the 

rightness of result doesn’t depend on logical output only but it also depends on the time at 

which it is produced. The event is said to be tasks and during its life cycle every task can 

have a job sequence .Thus a sequential unit of work is called the job. Time constraints for 

the task is bounded by the deadlines that indicates the task execution must be completed 

before given time. This section presents the real-time task model, definition and assumptions 

that had been taken to perform the analysis. We assume the classical sporadic task model 

followed by the task [37] [92]. Here it is assumed that the real-time system contains n real-

time tasks  T1, T2, . . . , Tn, that forms a taskset 𝛕 =  { 𝐓𝟏, 𝐓𝟐, . . . . . . 𝐓𝐧 }.Every task spawns a 

sequence of  m jobs an instance of task Ti.1, Ti.2, Ti.3, …. Ti.m. 

 

Absolute deadline (dab): The duration between the time instance 0 and  the real instance of 

time where the deadline occurs is called the absolute deadline dab [18]. 

 

Relative deadline (di): Relative deadline di is the time duration between the release time of 

the task to the instant at which the actual deadline occurs [49] [92]. FIGURE 2.1 represents 
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the difference between absolute deadline and relative deadline. 

 

FIGURE 2.1: Absolute Deadline and Relative Deadline [37][49][92] 

 

Arrival time(ta): It is the time instant at which the job comes in the ready to run state due 

to the occurrence of an event/condition [20] [32]. 

Start time(ts): It is the time instant at which the task's first job starts its execution for the 

first time [88] [92]. 

Computation time(tc): It is the duration in which the task require the processor to complete 

the execution of the job without interruption [64] [92]. 

Finish time/Completion time(tf): It is the time instant at which the task produces the output 

[36] [66] [115].  

Response time(tr):It is the duration between task arrivel time to the task completion time:tr 

=  tf - ta [18] [115]. 

Worst-case execution time (Ci):  The worst-case execution time is the maximum 

computation time required amongst all the jobs of task Ti:  Ci = max( Ci,k). It can be 

shortened with WCET [1] [91] [107].  

Lateness(Li): It is the difference between job completion and its deadline: Li  = tf - di. If the 

job finishes execution before its deadline then lateness is negative but when the job finishes 

the execution after the deadline then its lateness is greater than zero and this case is called a 

deadline miss event [17] [92] [100]. 
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Phase for a periodic task (Φi): It is the time from 0 till the occurrence of the first instance 

of the task which is denoted by Φ. Example: The track correction task starts at 200ms, after 

the launch of the rocket, periodically recurs at every 30ms, each instance of the task requires 

a processing time 6ms and its relative deadline is 50ms. So it can be represented by (Φi, pi, 

Ci, di) = (200ms, 30ms, 6ms, 50ms) [80] [94]. 

 

2.1.2 Multiprocessor System Classification  

From the scheduling point of view, the multiprocessor system is categorized into three 

classes [66] [80]: 

i. Heterogeneous Multi-Processor system: The architecture of all processors will be 

different, so the execution rate of the task depends on both the type of processor and 

the task. In addition to that each task cannot be executed on all types of processors [18] 

[80]. 

ii. Homogeneous Multi-Processor system: Here, all the processors have identical 

structure so the execution rate of all tasks will be the equal on all the processors [27] 

[80]. 

iii. Uniform Multi-Processor system: In this environment, the execution rate of the task 

depends on the processor speed only. So the processor of speed 2 can have exactly 

double the rate of a processor of speed 1 [49] [80]. 

 

2.1.3 Classification of Tasks  

i. Periodic Task: The Periodic Task appears after a fixed amount of time duration and 

recurs according to a timer. Majority all the real-time tasks are periodic; Example: 

Temperature sensor sense at fixed interval and give input to the RTOS [83][92]. 

ii. Aperiodic Task: Aperiodic Task is one that recurs at random instance and they are 

having soft deadlines; Example: any interactive commands issued can be handled by 

aperiodic task like keyboard presses, mouse movements etc. [43] [92]. 

iii. Sporadic Task: A sporadic task Recur randomly but they are having hard real-time 

deadlines. An aperiodic task is in many ways similar to Sporadic Task. Two or more 

instances of an aperiodic task might take place at the same time instance; Example: In 

a factory, the task handles the fire conditions [20] [92] [110]. 
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2.1.4 Scheduling in Real-Time Systems 

Majority of real-time systems handle concurrent tasks. Concurrent task are not easily 

handled by linear software design paradigm like super loop. To manage real-time system we 

need to work with environment which provides us concurrent task handling and abstraction 

for development of control system. Operating system has this functionalities to provide 

multitasking and abstraction. Operating system is called hard real-time OS if it can deal with 

the set of tasks which are hard in nature [23] [36] [78]. The real-time system with number of 

resources and all these resources are shared between more than one processes running 

simultaneously for meeting the several objectives.  

To take the decision for running  various tasks on currently available processor in 

which order is called the scheduling technique and the portion of operating system who is 

taking  this decision is said to be a scheduler [6] [19] [67]. The functionalities related to 

scheduling like time-management routines, expectedness of interrupt falls under very 

important features category of real-time operating systems [89] [104]. The fundamental 

design issue in any multi-tasking real-time OS is the scheduling. The scheduling is a decision 

making process that accomplishes the supply of various resources to various tasks during 

their execution based on their demand to achieve necessary outputs [11]. To meet the dead-

line is the important task in any real-time application and RTOS is helping them in meeting 

their deadline with the help of different scheduling policies [4] [113].  

 

2.1.5 Classification of Scheduling Approaches  

Currently, the multi-tasking computer systems are used by us. In the multi-tasking 

system we can execute more than one task simultaneously. There are number of resources in 

our computer system that is either hardware or software. All the currently present tasks into 

the systems will share these resources. Which task will get which resource in which duration 

is the important decision in any computer system [60] [76] [115]. The part of OS which is 

responsible to take decision regarding allocation and De-allocation of resources during its 

execution is called scheduler [25] [78]. Scheduling is the decision making process which 

performs the dissemination of different resources to various tasks as per their requirement. 

So a critical design issue in any operating system is to design an efficient scheduling 

algorithm. The scheduling approaches are designed with aim to balance the load, maximize 

resource utilization, minimize Tardiness, minimize deadline miss ratio, minimize no. of 
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context switches  and maximize schedulability [25] [119]. The scheduling approaches 

designed for real-time systems so far can be categorized into two different classes based on 

the number of processor a real-time system contains. 

 

2.1.5.1 Categorization with User’s Context 

From the user’s point of view the scheduling approaches can be classified as the 

following:  

i. Interactive scheduling approach: 

In this approach the scheduling of the task can be done with interactive mechanisms 

and hence the scheduling approaches using for this is said an iterative scheduling 

algorithm [69][78]. The examples for this approach are SRTN, Round-Robin 

algorithm and lottery scheduling. 

ii. Batch scheduling approach: 

The queue is containing certain similar jobs which is called the batch. In this approach 

the jobs will be scheduled batch-wise. The algorithms used for this approach are said 

the batch scheduling algorithm. The examples of this batch scheduling are the FCFS, 

SJF, and HRN [78]. 

iii. Real-Time scheduling approach: 

In this approach the rightness of the result doesn’t relays only on the logical rightness 

but it must be produced within the predefined time called the deadline. The algorithms 

used for this approach are called the Real-Time scheduling approaches which will 

schedule the Real-Time tasks [25]. The examples of the real-time approaches for 

scheduling are RM (Rate Monotonic), EDF (Earliest Deadline First), DM (Deadline 

Monotonic) and LLF (Least Laxity First) [22][25].  

 

2.1.5.2 Scheduling Location based Classification 

The location based classification can be done like they are scheduled from a 

centralized location or from distributed locations [69]. 

 

i. Centralized  Scheduling approach: 

There is one central system which is responsible to take decisions related to the 

scheduling [63] [69]. The whole distributed system may fail if the central system will 



Literature Review 

 

 

17 

 

go down. In this approach, central system needs to collect latest information from each 

node periodically it causes the communication bottleneck.  

 

ii. Distributed Scheduling approach: 

In this approach, scheduling decisions will be taken by different nodes and for that the 

chaining of different jobs will be maintained into a harmonized workflow. Here, the 

scheduling decision is taken by numerous nodes not by single centralized server only. 

This scheduling approach is useful in non-interactive processes in distributed systems 

[38] [58] [69]. 

 

2.1.5.3 Pre-emption based Categorization 

The Pre-emption based Categorization depending on that either the pre-emption will 

be permitted or not by a specific scheduling approach after assigning processor to a task.  

i. Preemptive Scheduling approach: 

In Preemptive scheduling , A scheduler will be permitted to take back a CPU from the 

task which is in execution if a process with high priority will be arrived or task has 

completed its time slice and algorithms used for this approach are said as pre-emptive 

scheduling algorithms [60] [78]. All the scheduling approaches for real-time systems 

and the RTOS’ kernel are pre-emptive in nature. The examples of preemptive 

scheduling are Round-Robin and the SRTN.  

 

ii. Non-Preemptive Scheduling approach: 

In a Non-Preemptive scheduling approach, the scheduler will not be permitted to take 

processor forcefully back from the running task till either the task will release the CPU 

voluntarily or the task’s execution gets completed [26] [78]. The examples of Non-

preemptive scheduling are the FCFS and SJF. 

 

2.1.6 Real-Time Scheduling in Uniprocessor System  

In a single processor system, all the currently ready-to-run processes can be scheduled 

on a standalone processor one by one in a particular order so that maximum tasks can be 

completed before their deadline. As shown in FIGURE 2.2 the scheduling approaches can 

be divided into two classes: 1) Static approach 2) Dynamic approach. In the first one, the 

task priorities are kept static which is assigned at the time of algorithm designing time 
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whereas in second approach the priorities of the task are allocated during the execution time 

depending on various factors and also it may be altered during its lifetime. Further the 

dynamic scheduling can be divided into two categories fixed priority and dynamic priority. 

The sample for dynamic scheduling along with fixed priority method is the Rate Monotonic 

(RM) and Deadline Monotonic (DM) approach [2] [33] [79] whereas the examples of for the 

dynamic scheduling method with dynamic priority are the Earliest Deadline First (EDF), 

Least Laxity First (LLF) [79] [118]. 

 

FIGURE 2.2: Classification of Scheduling Algorithms 

 

2.1.6.1 Dynamic Real-Time Scheduling Approaches using Fixed Priorities 

i. Rate Monotonic (RM) Algorithm [11] [71] 

For the uniprocessor real-time system the Rate Monotonic (RM) is an optimal fixed 

priority scheduler. It can handle all the processes in the system those are having 

periodicity in nature and the deadline and the period are equal. This algorithm will 

assign the fixed priority to each task based on its rate and the rate of a task is the inverse 

of task’s period. Higher the priority of a task if its rate is higher and lower the priority 

of a task if its rate is lower. For meeting the deadline of a task set with n no. of tasks; 

the required and mandatory condition to this method is as follow [5]: 

 

𝑈 = ∑
𝑐𝑖

𝑝𝑖 

𝑛
𝑖=1   ≤ n (21/𝑛 − 1) 

Where  𝑐𝑖 is the worst-case execution time, pi is the period of a task 

 

ii. Deadline Monotonic (DM) Algorithm [11] [87] 

The important constraint in RM is that it can’t be an optimal approach if for any real-

time task the deadline of a task is not equal to its period. The deadline Monotonic is 
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an optimal algorithm for a single processor system using the static priority. The 

limitation of RM is overcome in DM as deadline monotonic will also schedule all the 

periodic real-time tasks whose deadline does not equal to task’s period. This algorithm 

will assign a fixed priority to a task which is in proportion to task’s relative deadline. 

The RM can be said as the special case of DM where the task’s deadline is equal to its 

period. 

 

2.1.6.2 Dynamic Real-Time Scheduling Approaches using Dynamic Priority 

i. Earliest Deadline First (EDF) Algorithm [87] [118] 

The EDF is an optimal uniprocessor real-time scheduling approach which is using 

dynamic priority. EDF can schedule only those tasks of the system that are periodic in 

nature by taking the absolute deadline into consideration. The process which is having 

the shortest deadline will be assigned the maximum priority and that task will get first 

chance to be scheduled. The necessary condition for task set of n tasks to meet their 

deadline is as follow [94]: 

 

𝑈 = ∑
𝑐𝑖

𝑝𝑖 

𝑛
𝑖=1   ≤ 1 

Where  𝑐𝑖  is the worst-case execution time, pi is the period of a task 

 

ii. Least Laxity First (LLF) Algorithm [13] [87] 

The optimal and efficient approach for the single processor real-time system is the LLF 

which is a dynamic algorithm with dynamic priority. In this method the process would 

be assigned a priority based on the task’s slack time. The task which is having more 

laxity will be assigned lower priority and the small laxity task will have higher priority. 

The Task’s LAXITY can be defined as the difference of  Deadline and Worst-Case 

Run Time. The laxity of a task will represent the time by that the process can delay 

and still run into its deadline. The Laxity is also said as the Slack-Time. Laxity of the 

Task Ti is: 

 

Li =di - Ci 

Where,  

di is a Task deadline for task Ti,  

Ci is worst-case running time for a Task Ti 
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2.1.7 Real-Time Scheduling in Multiprocessor System  

In the multiprocessor system, more than one ready tasks in the system will be 

scheduled on different CPUs simultaneously in a particular order so that the maximum tasks 

can finish their execution within their deadline [96]. So there should be appropriate approach 

for the selection of process and the processor amongst them. Two different issues addressed 

in the Multiprocessor scheduling are as follows [32] [103]: 

1) The Processor selection problem: It represents the task will be executed on which 

processor that is processor selection [32] [95]. 

Processor allocation problem further categories in three classes  

i. No migration: The task is fixed on particular processor and it must complete 

execution on the same processor no further migration will be allowed.  

ii. Task-level migration: Various jobs of the same task would be scheduled on 

different CPUs but every job can only be scheduled on the single processor. 

iii. Job-level migration: The migration of a sole job is permitted and that job is able 

to be scheduled on various processors. 

 

2) The Priority assignment / The Process selection problem: It represents the order of 

execution for particular job of a task with reference to the other jobs of different tasks 

it should be executed. 

Priority assignment problem further can be classified into [32] [113]  

i. Fixed task priority: Every task is having a single static priority which is applicable 

to all the jobs of that task. The example is Rate Monotonic (RM) scheduler  

ii. Fixed job priority: The different jobs of the same process can contain dissimilar 

priority levels but every job is having its single fixed priority. The example is the 

Earliest Deadline First (EDF) scheduler.  

iii. Dynamic priority: A solo job of a process can be allocated different priority levels 

during its life-time. The example is Least Laxity First (LLF) scheduler. 

There are various multiprocessor scheduling algorithms designed by the 

researchers but it can be divided into the two categories [25] [30] [103], any processor 

selection policy can be selected as per our application and it can be combined with any 

appropriate process selection algorithm. There are main two categories of the 

multiprocessor scheduling algorithm as described below: 
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2.1.7.1 Partitioned Scheduling Approach  

In partitioning scheduling, the tasks are partitioned between system processors and 

every task is allocated a fixed CPU on which it can be scheduled. The task cannot be 

executed on any other processor even though it is free but wait for the processor which is 

already fixed for the task. There is no migration is permitted on other processor in partitioned 

approach. This methodology is modest and easy to implement.it is having very less switching 

overhead but it may not provide feasible schedule for the given task set [89] [67]. The 

purpose is that, because of their fixed task allotment and restricted migration, the partitioned 

approach can simplify the problem of multi-processor real-time system into the uniprocessor 

ones [12] [67]. 

 

FIGURE 2.3: Difference between two Multiprocessor Scheduling Approaches [87] 

Advantages of the Partitioned scheduling as compared to global scheduling:  

 If any task exceeds its worst-case execution time then it will affect only those tasks 

that are scheduled on the same processor [76]. 

 In this approach the task executes only on a single processor so there is no cost of 

migration i.e. a task that is running on processor P1 and after some duration if it is pre-

empted and resumed on another processor P2 will have to restore its context on 

processor P2 which will increases the switching overhead [87]. 

 In this approach, a separate run-queue is used per processor instead of a single global 

queue. The overheads of operating a single global queue in the large systems can be 

too much [10] [67]. 

 The important advantage of a partitioned approach is that once the assignment of the 

tasks to processors has been done, there can be applied any uniprocessor real-time 
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scheduling techniques [30]. 

 

2.1.7.2 Global Scheduling Approach  

The migration of the tasks on various processors in their execution duration is allowed 

in global scheduling and any task can be executed on any available processor [42] [67]. The 

global scheduling approach ensures the feasible schedule of a feasible schedule for the given 

task set but gives considerable switching overheads also due to its unrestricted migration 

mechanism [67]. The FIGURE 2.3 represents the architecture difference between partitioned 

approach and the global approach. 

Advantages of the Global scheduling as compared to partitioned scheduling: 

 If any task completes its execution in less than its worst-case execution time than that 

processor becomes free so we can schedule any other task on it who wants to execute 

[26]. 

 If any task exceeds its worst-case execution time then also the lower probability of 

missing the deadline as it can be migrated on another available processor [84]. 

 For open systems, Global scheduling approach is more suitable as there is no 

requirement of running the load balancing / task allocation algorithms at the time of  

task set changes [69] [72]. 

 

2.1.7.3 Clustered Scheduling Approach 

To take the advantages of both the existing approaches a hybrid clustered 

multiprocessor scheduling approach has been designed [39] [44]. The advantage of the 

partitioned approach is that it is having minimum overhead as all the tasks are fixed on a 

specific processor. Whereas, the benefit of the global approach is that it provides more 

optimal schedule due to its migration proficiency. This approach generally creates a clusters 

of processors. All the tasks of a system are assigned to a particular cluster like partitioned 

scheduling and then task is scheduled like global scheduling within  that cluster which is 

already assigned to it [76] [99]. 

 

2.2 Literature Survey  

Now a days, the numerous real-time applications are using multiprocessor systems 

extensively. A semi-partitioned algorithm for multiprocessor soft real-time system for 
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optimizing QoS has been presented by Behnaz Sanati et al. [108] whose aim is to decrease 

the number of misses. A semi partitioned scheduling algorithm is the extension of partitioned 

scheduling approach with allowing migration to very few tasks of  a task set thus it reduces 

the number of context switching. The greedy approach and load balancing two dynamic 

approximation approaches are used in proposed approach with an online semi partitioning 

policy in the soft real-time system with periodic task set. The aim is to reduce deadline miss 

ratio for improving the Quality of Service. 

The GPEDF scheduling approach presented by Li, Q. & Ba, W et. al.[88] for SRT. At 

the time of priority assignment, in some cases the task set wants priority levels beyond the 

capacity of the system. This algorithm GPEDF addressed that issue by allocating the per 

group priority in that the group with the shortest deadline can have the maximum priority 

and it will be scheduled first. It is compared with conventional approaches EDF and the g-

EDF. The outcomes proved that the GPEDF has less number of context switches, the short 

response time, reduced deadline miss ratio with very few priority levels.  

A multi-processor soft real-time Scheduler has been published by Hitham Alhussian 

et al. [3] has published in that complete relaxation given on the fairness rule. In the 

multiprocessor environment, Most of the present real-time scheduling approaches with 

optimal schedulability follow the fairness rule by providing no. of migrations and job pre-

emptions that greatly affects the expectedness of the approach. This approach uses the global 

approach and provides fairness rule relaxation so that the no. of context switches and 

deadline miss ratio can be reduced. 

The hybrid scheduler for weakly hard real-time system for multiprocessor 

environment has been presented by Habibah Ismail et.al.[72] that has less context switching 

overhead. The goal is to increase the global schedulability of a system by giving the hybrid 

approach with an effective assignment of jobs to the processor for taking benefit of both the 

approaches like partitioned and the global scheduling.  

The EDF Scheduling of Uniprocessor Systems along with new pre-emption policy has 

been presented by Jinkyu Lee et. al. [83] for meeting the deadline. EDF is the broadly 

analysed, efficient and simple algorithm for single processor real-time system but the 

downside is extra overhead due to the pre-emption with the existing pre-emption policies. 

This paper presented the new and more effective pre-emption policy which decreases the 
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deadline miss ratio and increases the schedulability of EDF approach up to 7.4%. This policy 

is designed for the Uniprocessor system only. This paper had proved that the proposed 

approach (CP-EDF) is giving extra schedulable task sets as compared to EDF’s currently 

existing pre-emption policies. 

R. Kalpana et. al. [74] has presented DC-gEDF policy for soft real-time system with 

zero context switching over head as it uses the non-pre-emptive policy. In this approach, 

based on task’s domain description and its deadline requirements the clusters of the tasks 

will be created. After that the tasks will be scheduled which belongs to that group. The 

performance analysis is done based on the deadline miss ratio of G-EDF and DC-gEDG. It 

is observed that that the improvement deadline miss ratio using proposed algorithm Domain-

Cluster-gEDF.  

A SRT scheduling algorithm CP-EDF (Controlled Pre-emptive EDF) has been 

presented by Keerthanaa C et. al. [76] in that restricted the number of pre-emptions for 

minimizing the number of context switches. The FP-EDF and Non-Preemptive EDF 

approaches compared with CP-EDF and it is proved that the CP-EDF gives improved results 

than existing two by reducing context switches, deadline miss ratio but it also decreases the 

CPU-Utilization. 

A fault-tolerant mechanism for real-time tasks scheduling in multiprocessor real-time 

system with dynamic approach has been presented by Mohammad H. Mottaghi et. al. [101]. 

The algorithm in this paper is designed to increase the schedulability and to reduce the all 

over execution time of running jobs. The redundancy technique is used in this paper for fault 

tolerant: 1) Redundancy depending on Hardware by keeping the several replicas of a job on 

dissimilar hardware 2) Redundancy depending on Software with rollback recovery. This 

paper has used task utilization to define the criticality of every task. Based on its criticality 

the tasks are divided into two groups; the critical task group and non-critical task group. The 

categories of processes either it is critical or Non-critical will be used for the fault tolerant 

policy selection dynamically at the time of its execution like non-critical tasks will be 

scheduled on a standalone machine and rollback recovery by the check pointing and the 

replicas of critical processes will be kept on the dissimilar processors for improving the 

possibility of task execution before its deadline in case of any fault in the system. 

The schedulability study of Linux scheduler based on APA concept in hard real-time 
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system has been done by A. Gujarati et. al. [67] that mainly focuses on processor selection 

issue not on the process selection. They had formulated that the conventional approaches 

like the global, clustered, and partitioned scheduling can be strictly dominated by the APA-

based scheduling and the paper proved that the processor affinities are advantageous and it 

should be analysed properly. To design the enhanced analysis technique for scheduling using 

APA and strong scheduling approach by providing flexible migration policy can be an 

important area for the research. 

The scheduling of soft real-time sporadic task systems under global EDF on an 

identical multiprocessor has been published by U.M.C. Devi et. al. [51]. In the past research, 

the main focus was on hard real-time systems for global EDF but for the soft real-time 

systems the scenario is different as it tolerates bounded tardiness. The tardiness bounds for 

pre-emptive and non pre-emptive global EDF in the multiprocessor system has been derived 

in this paper. It is proved that global EDF performs better than partitioned EDF for 

multiprocessor-based soft real-time systems. If any task completes a little bit late in soft real-

time system then the result will not likely to be disastrous, but the tardiness must be bounded.  

A SRT scheduler G–EDF-like (GEL) has been presented by Jeremy P. Erickson [56] 

that discover the broader category of G-EDF-like (GEL) schedulers which is having equal 

overhead characteristics to G-EDF. They had shown that the selection of GEL schedulers 

gives the better tardiness than G-EDF. 

In the real-time system, mostly the researchers had focused on priority selection 

algorithms but whenever we are working on multiprocessor environment the processor 

selection issue must be addressed as it creates a huge effect on the system performance. A. 

Gujarati et. al. [68] had designed Processor Affinity based scheduling approach for 

multiprocessor hard Real-Time system which increases the overall schedulability of the 

system and mainly focuses on processor selection problem.  

In the big data era and 5G era, many tasks have higher and higher requirement for the 

latency and data, traditional cloud computing paradigm is gradually unable to handle such 

real-time scenarios with large number of tasks, tremendous data volume and high latency 

requirements. In order to solve these problems, mobile edge computing has become the focus 

of attention. However, although low latency is a major feature of mobile edge computing, 

some real-time tasks still cannot be completed on time due to the limitation of network and 

https://ieeexplore.ieee.org/author/38573301600
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computing resources. To reduce the penalty of tardiness of tasks Xi Chen et. al. [56] had 

proposed a SRT heuristic algorithm based on the urgency of deadline of tasks to reduce the 

loss caused by task timeout. They have taken the mobile edge computing system as a soft 

real-time system and discussed how to assign the task to a server and how to schedule the 

task on the server.  

Shiva Nejati et. al. [102] had analysed the CPU_Utilization limitations and presented 

a framework which is used to maximize the CPU_Utilization. They proposed a novel model 

for investigating the CPU utilization. The CPU_Utilization formulated by them as a 

constraint optimization problem and had given an implementation of their approach using 

optimization tool.  

The problem of multiprogramming scheduling for Uniprocessor in SRTS has been 

studied by C.L. LIU et. al. [90] which shows that for large task sets the CPU_Utilization has 

an upper bound that is as low as 70% in optimum fixed priority scheduler. They concluded 

that the full CPU_utilization could be achieved by dynamic priority assignment based on 

urgency of their current deadlines and also it can be analyzed for multi-processor real-time 

system.  

Davis RI, Burns A et. al. [47] has done the survey for hard real-time schedulers and 

schedulability investigation techniques for homogeneous multi-processor environment 

which studied the key results in the real-time scheduling since the 1960s to 2009. A 

taxonomy of the various scheduling approaches and consideration of different performance 

measure parameters are provided with comparison. A comprehensive survey has been given 

which covers partitioned, global, and hybrid scheduling approaches. The open issues, likely 

research directions and key research challenges are given by the review. 

Baker TP, Baruah SK et. al. [17] has presented the schedulability analysis for 

multiprocessor sporadic task system on identical processors. In this paper the proposed 

approach investigated the related notion of schedulability and a notion that is called 

feasibility and proved that the discrete-time schedules are as powerful as continuous-time 

schedules. 

Anderson JH et. al. [8] has published an EDF based multi-processor scheduler for soft 

real-time systems has been published by which proposed techniques and heuristics for 

reducing the tardiness. As per the information this paper is the first which investigating EDF 
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scheduling in multiprocessor system for the soft real-time system. The esurience of bounded 

tardiness is the important contribution of a novel EDF based strategy. Here, the restricted 

per_task_utilizations but there is no need for restricting the overall utilization. 

Bado B et. al. [15] has presented a semi-partitioning algorithm on n identical 

processors for in parallel soft real-time system using EDF. In this approach a series of phases 

is used to define every periodic task which will be possibly parallelized. The semi-

partitioned technique is used with migrations at native deadlines assigned to every phase. 

They considered the phase parallelism which is extension of the common job parallelism. 

The well-known uni-processor EDF feasibility condition for asynchronous periodic tasks 

has been taken into consideration for deciding the schedulability of a Multi-Thread task. 

The Semi-partitioned scheduling of sporadic task systems on multiprocessors with 

arbitrary deadlines on identical multiprocessor environment has been presented by Kato S, 

Yamasaki N, Ishikawa Y et. al.[75]  in that almost all the tasks will be assigned to particular 

fixed processors except very few tasks that can migrate on any available processor in the 

system. The priority assignment policy is EDF along with less number of context switches. 

Dorin F et. al. [53] has published the semi-partitioning hard real-time scheduler with 

constrained migrations for identical multiprocessor environment which gives feasible 

substitute between the two extremes global approach and partitioned approach for periodic 

tasks. The proposed approach use the idea of semi-partitioning scheduling which provides 

constrained migrations by not allowing jobs to migrate but two distinct jobs of a task are 

being allotted on various processors.  

The EDF scheduling approach for heterogeneous multiprocessor environment 

presented by Funk SH [61]. Mainly this research expands the scheduling for different types 

of systems available for real-time applications. It shows the test cases which proved that the 

tasks are meeting the deadlines whenever scheduled on heterogeneous multiprocessor 

system using EDF scheduling algorithm. He has presented the schedulability tests which 

exists for the Earliest Deadline First (EDF) scheduling algorithm in heterogeneous 

multiprocessor environment along with various migration policies like full migration, No 

migration and restricted migration.  

The feasibility analysis for multi-processor SRT recurrent task systems using specified 

processor affinities has been presented by Baruah SK, Brandenburg BB et. al [91] that raises 
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the question of finding the task system that may be implemented to always meet all 

deadlines, with affinity mask constraints. They proposed an algorithm which derived the 

answer of this question effectively that the runtime is in polynomial. 

Foong A et. al. [69] had done a comprehensive study to show the effect of processor 

affinity on network performance and they demonstrated that affinitization has a substantial 

effect on protocol processing efficiency and with the different affinitization, the performance 

bottleneck of the network receive process can be changed significantly.  

The Optimal virtual cluster-based multiprocessor soft real-time scheduling with 

constrained deadline on multiprocessor platforms has been proposed by Easwaran A, Shin 

I, Lee I et. al [54] which gives more general approach called cluster-based scheduling to take 

advantages of both the conventional approaches partitioned and global scheduling. In the 

proposed algorithm each task instance will be assigned to a specific cluster of CPUs and it 

may migrate inside that cluster. They have given research direction for cluster scheduling 

with the goal of improving the CPU_Utilization bounds. 

A heuristic algorithm based on the earliness of deadline of tasks has been proposed by 

Xi Chen et. al. [41] to decrease the penalty of tardiness of tasks. The mobile edge computing 

system is taken into consideration as a soft real-time system and shows that how the task can 

be assigned and scheduled to a server. The performance measure parameters which 

addressed here are deadlines miss ratio, throughput, and CPU_Utilization and 

Memory_Utilization.  

 

2.3 Performance Measure Parameters  

Performance of multiprocessor real-time scheduler can be measured mostly by 

schedulability and deadline miss ratio and also using the measures like tardiness, no. of 

context switches, CPU_Utilization. Each of them is discussed in the following sections. 

 

2.3.1 Tardiness(ns) 

The Tardiness is defined as “ After the deadline, how long a job has taken to complete 

its work” [50]. In other words, tardiness specifies the time amount for that a task has missed 

its deadline. The tardiness is used to measure the delay in task execution completion before 
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given deadline, so it is very important performance measure parameter for the any SRTS as 

into SRTS the usability of the result depends on the time a particular task has taken after 

deadline. As delay increases it degrades the soft real-time system performance. We can define 

tardiness with respect to Lateness which is completion time minus deadline [41][51]; if lateness 

is positive then it is called tardiness and if lateness is negative then it is called earliness. The 

Tardiness formula is given as following : 

Tardiness(T) = max(0, tf  - di ) 

Where T  ≥ 0 

tf  = A point of  time on which task has completed the execution, 

di = The deadline of the task Ti 

 

2.3.2 CPU_Utilization (%) 

The Utilization of CPU can be defined as “The sum of work load handled by a 

particular processor” [114]. It is used to estimate system performance especially whenever 

task scheduling is concerned. CPU_Utilization depends on the type of computing task 

because some tasks are CPU_Bound which requires almost all the time CPU during its 

execution but I/O_Bound tasks require CPU for less amount of time. Another name of CPU 

time is the processing time which is the time amount taken by the processor for executing 

the task instructions. The clock ticks or milliseconds are used to measures the CPU 

time. CPU_Utilization presents the load on a CPU in the percentage and based on that some 

actions can be taken into the system for increasing the utilization. The CPU_utilization 

formula is given as following: 

 

 U=
𝑅

𝐶
     OR   CPU_Utilization =  

BUSY TIME

(BUSY TIME+IDLE TIME)
× 100 

 

Where U = CPU_Utilization 

R = BUSY TIME (Actual Time taken for processing) 

C = BUSY TIME + IDLE TIME (Total capacity of a processor) 

 

2.3.3 Schedulability(%) 

The important performance measure parameter for HRTS or SRTS is its capability  of 

https://www.eukhost.com/blog/webhosting/what-is-utility-computing/
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finding the feasible schedule for the given task  set if any  such  schedules are in  existance 

[90]. The Schedulability is defined as “ the number of tasks from the task set executed 

sucessfully out of total tasks in a taskset” [8][17]. Here it is considered that the tasks T𝐶𝑆  of 

taskset whose single job has not missed the deadline. In other words it specifies the % 

number of tasks schedulable  with particular scheduler. The schedulability is used to measure 

the success rate of a system so it is very important  performance measure parameter for the 

real-time system. As the schedulability increases it improves the real-time system 

performence. The Schedulability formula is given by following equation: 

Schedulability of a Task set(𝑆τ) =  
T𝐶𝑆 

T𝑡𝑜𝑡𝑎𝑙
× 100 

Where,  

𝑺𝛕 = Schedulability for a taskset τ  

𝐓𝑪𝑺  = The no. of tasks who has completed its execution successfully whose single 

job has not missed the deadline 

𝐓𝒕𝒐𝒕𝒂𝒍 = The total no. of tasks in the taskset 

 

2.3.4 Deadline miss ratio (%) 

The Deadline-miss-ratio can be written as “the ratio between the no. of tasks those 

missed their deadlines to the total no. of tasks entered into the RTS” [82][114]. It is a very 

essential performance measure parameter for any real-time system which specifies the ratio 

of deadline misses to total admitted tasks into the system. The deadline miss ratio shows the 

task’s deadline misses from a given taskset in terms of percentage. The formula for the 

deadline miss ratio is given as follows: 

 

                                                 𝐃 =
𝑻𝒏

(𝑻𝒏+𝑻𝒎)
× 𝟏𝟎𝟎  

Where D=Deadline Miss Ratio  

𝑇𝑛 = The total tasks who had missed the deadlines 

𝑇𝑚= The total tasks who had met their deadlines 

 

2.3.5 Context Switch 

The Context Switch can be defined as “the procedure to store the state of a Task /Job 

for the future so it may be restored and resume the task’s execution later on” [29] [115]. In 

https://en.wikipedia.org/wiki/Execution_(computing)
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other words, when we transfer the CPU control from one Task to the another task it needs to 

save the context (current state information) of the presently executing task and to load the 

context of another ready task. The mechanism to save and restore is called the context switch 

[104]. The main disadvantage of the context switch is that it includes the vast cost to the 

system in terms of CPU time as the system will not perform any fruitful task during the 

context switch. So whatever number of context switch happens into the system using 

particular scheduling approach that should be counted and analyzed the overhead. 

 

2.4 Summary of the Literature Survey  

As per the analysis of the literature review done so far, it is seen that very less or 

negligible work for multi-processor scheduling is done using processor affinity based 

approach in soft real-time environment so with this findings in this research the proposed 

scheduler presented which is affinity based for soft real-time system. 

In last five decades, many scheduling algorithms have been proposed but the main 

focus was uniprocessor scheduling and optimal algorithms exists for uniprocessor real-time 

system so still research scope for the multi-processor scheduling. Multi-processor real-time 

schedulers are important for the applications of this computing era. The research work is 

proposed for multiprocessor scheduling. 

Each existing scheduler has its own pros and cons, but they are trying to improve 

schedulability, reduce the deadline miss ratio, reduce the tardiness, reduce the number of 

context switches but no more focus on CPU_Utilization especially in the real-time 

environment so I have tried to analyse all five performance measure parameters in this 

research. 

Most of the algorithms in literature addressed the issue of process selection/priority 

assignments but very less focused on processor selection direction so in the proposed 

approach the main aim is to select appropriate processor so it will increase the overall 

schedulability. In existing multiprocessor schedulers P-FP and G-JLFP, the priority 

assignment taken into consideration is either fully static or job level fixed priority but it can 

be test with Job-Level-Dynamic priority assignment to improve the schedulability as well as 

CPU_Utilization. The traditional approaches like partitioned and global shown in literature 

are application based but modern RTOS supports the concept of arbitrary processor affinity 

which realizes any of the approach as per our application and it is more flexible and 
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generalized than the existing one so the proposed scheduler uses the affinity concept in this 

research to make it generalized scheduler for SRTS. The existing scheduler provides 

restricted migration which limits the overall system schedulability but this proposed research 

is providing additional flexibility in migration along with APA by task shifting using priority 

reprioritization and dynamic priority assignment which may improve the schedulability, 

improve the cpu_utilization, reduce the deadline- miss-ratio and reduce the tardiness. 
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Chapter 3:  

PrASWM a Real-Time  

Multiprocessor Scheduling Approach 

In this chapter, a new scheduling approach along with JLDP priority assignment, 

processor affinity based processor selection policy and without using flexible migration 

policy is proposed which has been designed and implemented for multiprocessor soft real-

time system. It has been named as PrASWM (processor affinity based scheduler without 

flexible migration).This approach has been designed to provide generalized multiprocessor 

soft real-time scheduling approach with improved overall Schedulability, maximize 

CPU_Utilization, minimize the Deadline miss ratio and minimize the Tardiness. This chapter 

describes the introduction to processor affinity, structure of proposed processor selection 

approach using affinity, the experimental results and comparison between P-FP-APA, G-

EDF-APA and PrASWM for the five performance measure parameters like Deadline Miss 

Ratio, Schedulability, Tardiness, No. of Context Switches and CPU_Utilization.  

 

3.1 Introduction to Affinity 

This section presents the introduction to processor affinity, importance of processor 

affinity, relation between real-time task scheduling and processor affinity and demonstration 

for generality of the affinity.  

 

3.1.1 Arbitrary Processor Affinity 

The processor affinity means an arbitrary set of processors on which we can execute a 

process. It allows us to bind a task to a random subgroup of processors inside the system. 

The example of it is Linux kernel which supports a kernel API called sched_set_affinity () 

that will be used to set the affinity of the task / job with specification that the task/job can be 

scheduled on a CPU that is in task’s processor_affinity. FIGURE 3.1 demonstrates the 

processor affinity of a task Ti which is {P8, P9, P11, P12}; it means that the task Ti can be 

executed on any one of the processor which is free amongst its affinity set but not on any 

other processor out of its affinity. 
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FIGURE 3.1: Illustration of Arbitrary Processor Affinity 

3.1.2 Significance of Processor Affinity 

Generally, to enhance an application’s performance processor affinity is used in 

output-oriented computing [68].  Processor affinity is also useful in realizing the global 

scheduling, partitioning scheduling and clustered scheduling like we can achieve 

partitioning scheduling by setting every task’s affinity to strictly single processor and global 

can be presented by setting affinity to all processor for every task into the system [68]. The 

scheduling point of view this is very interesting feature as the arbitrary processor affinity 

(APA) assignment is possible on a task-by-task basis which will allow to get more flexible 

migration policies and to design a generalized approach rather than that presented in the 

literature [76]. The separation of the RTAs from the non-RTAs is possible using processor 

affinity by allocating them to different CPUs. To reduce the power ingestion and improve 

the performance a task can be executed on particular CPU with the help of processor affinity 

in heterogeneous environment [7] [68]. 

 

3.1.3 Processor Affinity and Task Scheduling in Real-Time Systems 

The contemporary RTOS like Lynux, QNX are using the concept of affinity 

assignment for processor selection instead of conventional methods described in prior 

researches to implement its scheduling approach that provides additional generalized 

techniques in multiprocessor environment. Several such OS had used the processor affinity 

mechanism with constrained migration in HRTS. The processor affinity ( 𝜶𝒌; where𝜶𝒌 ⊆

 𝝅) of any task presents the set of processors on which the job of that task can 
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execute[46][47]. The processor affinity can be changed with the help of the kernel APIs; an 

important example is the Linux kernel that offers sched_get_affinity( ) to reading the affinity 

and sched_set_affinity( ) to set the affinity for the task correspondingly [1] [21] [34] [67]. In 

the research it has been assumed that the affinity of a task won’t be altered throughout task’s 

entire lifecycle. The existing approaches of migration described in literature will be 

presented using affinity concept. By setting the CPU affinity of every tasks to all processors 

the global scheduling approach can be realized and by setting the affinity of every task to a 

one fixed CPU can realize the partitioned approach [22] [46] [67]. The processor selection 

approach based on affinity can be joined with any process selection methodology.  

 

3.1.4 Generalized approach with Processor Affinity based Scheduling 

With the watchful allocation of processor affinity, one can enhance the output, 

simplification of load balancing can be done and also it will be used for isolation of the 

applications from each other. This research focuses on the schedulability profits of APA 

scheduling in contrast to global scheduling and partitioning scheduling. It shows that 

arbitrary processor affinity is a valuable construct from the perception of the scheduling in 

real-time also. 

A constrained-migration model can be represented by the arbitrary processor affinity 

(APA) scheduling which will restrict the migration and scheduling of the task on a random 

processor set. With a suitable assignment of affinity, the job will be either permitted for 

migration between all CPUs similar to global approach, permitted for migration amongst a 

processor’s subgroup similar to clustered or no migration permitted at all similar to the 

partitioning scheduling. If we find feasible schedule for a task set using global approach, 

partitioned approach or clustered approach then it will be also possible to schedule using 

APA scheduling. The Affinity scheduling is able to imitate global, clustered and partitioning 

with appropriate assignment of processor affinity to every task into the system. Conversely, 

The disjoint processor affinity of a task is not necessary requirement using APA scheduling 

like it is required in clustered scheduling, it means that there are two different tasks Ti and 

Tk may have unequal processor affinities αi and αk in such a way that αi  αk = .  

So, there may be the task sets those can be scheduled using affinity implementation 

but not possible to schedule using global, clustered and partitioning approaches. 
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FIGURE 3.2 proves that the global, partitioned, and clustered along with JLFP is 

firmly dominated by the processor affinity with Job-Level-Fixed-Priority scheduling 

approach. Here it is proved that the task set may exist which can be scheduled under APA 

scheduling but it cannot be scheduled under the global approach, partitioned approach or 

clustered approach along with job-level-fixed-priority approach of scheduling. A task set 

shown in FIGURE 3.2 that will be scheduled in two CPUs system. Here the job-level-fixed-

priority approach is taken into consideration to assign the priorities to the tasks and T1 is 

having arrival time 1 whereas the timing of arrival for all other tasks is 0. Here we are trying 

to schedule the given task set on 2 CPUs with global, partitioning and APA scheduling along 

with job level fixed priority. Here the clustered scheduling is not shown separately as with 

two processors if we create cluster of size one then it presents portioning and if we take 

cluster size two then it is global scheduling. 

Applying Global scheduling approach: There is two processor system and tasks T1 

and T2 have densities one and hence to acquire a feasible schedule with no deadline miss; all 

the jobs of tasks T1 and T2 should be assigned the maximum priorities. In addition to that, 

tasks T3 and T4 are having comparatively very small deadline than the worst-case-running-

time of tasks T5, T6, and T7 so the jobs of tasks T3 and T4 should be allocated greater priority 

as per the comparison with the jobs of the T5, T6, and T7. Because of this limitations, either 

jobs of T3 will be allotted the 3rd and jobs of T4 will be allotted the 4th uppermost priority or 

the reverse is also possible. In both the cases, either T3  or T4 whoever is assigned the low 

priority will miss the deadline as demonstrated in FIGURE 3.2 (a)-(b). Therefore, it has been 

demonstrated that it is not possible to schedule the task set under the global scheduling. 

Applying Partitioned scheduling: First and foremost condition to get a feasible 

schedule is that the total task utilization of a partition must be less than or equals to 1. As 

shown in FIGURE 3.2 the task utilizations of T5, T6, and T7 are 0.501, 0.5001, and 0.5 

respectively. So the dividing of the tasks T5, T6, and T7 into two different portion is not 

possible as it causes the total task_utilization greater than 1 in this example for two processor 

system. Therefore it can be demonstrated that it is not possible to schedule a taskset under 

the partitioned scheduling. 

Processor Affinity scheduling approach: The global scheduling failure is suggesting 

that T3 and T4 must be scheduled on different processors and also tasks T1 and T2 should be 

scheduled on separate processor due to their unit densities. This division is not possible with 
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partitioned scheduling as tasks T5, T6, and T7 violates the condition for feasible schedule as 

task utilization is greater than 1. Hence, with the help of  processor affinities as shown in 

FIGURE 3.2 (d), the partition of T1, T2, T3  tasks, T4, T5 and T6   tasks can be done but the T7  

task  will be allowed to migrate and FIGURE 3.2 (c) shows the solution using affinity. Hence 

it is shown in FIGURE 3.2 (c) that using APA scheduling the task set is possible to schedule. 

 

 

FIGURE 3.2: Traditional approaches Vs. the generality of Processor Affinity Scheduling 

 
 

 

 
 

a) Deadline miss of T4  with Global Approach 

 
b) Deadline miss of T3 with Global Approach 

 

 
 

c) Solved with Processor Affinity 

 
d) Processor Affinity Assignment 
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3.2 Structure of Proposed Scheduling Approach without Migration 

Policy: PrASWM  

In this section the structure of G-JLFP-APA, P-FP-APA and proposed scheduling 

approach PrASWM has been shown. The first part describes the pseudo code of   “Affinity 

assignment for G-JLFP-APA, P-FP-APA and PrASWM” and second part describes the 

pseudo code of “Task Priority Assignment for G-JLFP-APA, P-FP-APA and PrASWM”.  

 

3.2.1 Pseudocode for Affinity Assignment  

The Algorithm 3.1 shows the steps for affinity assignment in G-JLFP-APA, P-FP-APA 

and PrASWM. In global approach, the affinity is assigned to all processors means that the 

ready task Tk can be executed on any available processor in set α and hence here full 

migration is allowed as the affinity of each task is all processors in affinity set α.In 

Partitioned approach, the affinity of each task Tk is single fixed processor from the affinity 

set α and hence here migration is not allowed at all. In PrASWM, the affinity of each task is 

assigned that is arbitrary processor affinity rather than all or single processor. Here in this 

research the affinity assignment is kept static. 

 

Algorithm 3.1: Affinity Assignment in different Scheduling Approaches  

BEGIN 

IF the Global_approach THEN 

          Set_Affinity() 

                  Affinity_Assignment_to_All_Processors in α  

                   WHILE task_becomes_ready_execute (TK ) 

         Check For all processor π in α 

  IF any processor π is free THEN 

                                     Schedule Task Tk  on available processor 𝜋𝑖  

                             ELSE IF no free processor in α  THEN 

                                    IF Any Running Task Ti on 𝜋𝑖 with priority < Tk  THEN 

     Preempt Ti from  𝜋𝑖 and schedule Tk on 𝜋𝑖  

                                     ENDIF 

                             ELSE 

                                    TK  has to wait for processor π in α to become free 

                             ENDIF 

                   ENDWHILE 

ENDIF 
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IF the Partitioned_approach THEN 

          Set_Affinity() 

                Affinity_Assignment_Single task_to_Single_Processor(𝜋𝑘) in α  

                WHILE task_becomes_ready_execute (TK ) 

         Check For only single processor π in α which is in affinity of  TK               

IF assigned processor 𝜋𝑘 is free THEN 

                                     Schedule Task Tk  on assigned processor 𝜋𝑘 

                        ELSE IF assigned processor 𝜋𝑘 is not free THEN 

                                    IF Any Task (Ti ) running on 𝜋𝑘with priority < Tk  THEN 

     Preempt Ti from  𝜋𝑘 and schedule Tk on 𝜋𝑘 

                                     ENDIF 

                         ELSE 

                                    TK  has to wait until  processor 𝜋𝑘 in α to become free after executing Ti 

                        ENDIF 

                   ENDWHILE 

ENDIF 

IF the PrASWM_approach THEN 

          Set_Affinity() 

                Affinity_Assignment_to_Arbitrary_Processor_Affinity in α  

                WHILE task_becomes_ready_execute (TK ) 

         Check For processors π in α which are in affinity of task (TK ) 

  IF any processor π amongst the affinity of  TK is free THEN 

                                     Schedule Task Tk  on available processor 𝜋𝑖  

                        ELSE IF processor in affinity of   TK is not free THEN 

                           IF Any Running Task Ti on 𝜋𝑖 which is in affinity of TK with priority < Tk  THEN 

     Preempt Ti from  𝜋𝑖 and schedule Tk on 𝜋𝑖  

                           ENDIF 

                         ELSE 

                                TK  has to wait until any processor π in α which are in affinity of Tk to become free 

                        ENDIF 

                   ENDWHILE 

ENDIF 

END 

 

3.2.2 Pseudocode for Priority Assignment 

The Algorithm 3.2 shows the steps for priority assignment in G-JLFP-APA, P-FP-

APA and PrASWM. In global approach along with JLFP the priority is assigned that means 

the different priority levels can be assigned to the different jobs of Tk task based on its 
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deadline but it remains constant during its execution time. In partitioned approach along with 

FP the priority is assigned that is task-level-fixed-priority means that all the jobs of Tk task 

are assigned the similar priority that is task Tk’s priority and it remains fixed. In PrASWM 

along with JLDP priority is assigned that is job-level-dynamic-priority means that different 

jobs of Tk task will have the dissimilar priorities based on its timing constraints and that will 

be permitted to modify based on task’s deadline throughout its lifetime hence it can be said 

as fully dynamic approach.  

Algorithm 3.2: Priority Assignment in different Scheduling Approaches  

BEGIN 

IF the Partitioned_FP_Approach THEN 

          Set_Task_Level_Fixed _Priority(Task_for_assignmet TK) 

                Priority of the Task Tk  is assigned to all its jobs which remain fixed during its lifetime (no   

migration)      

ENDIF 

IF the Global_JLFP_Approach THEN 

           Set_Job_Level_Fixed_Priority (Task_for_assignmet TK) 

                All the jobs of the Tk  Task is allotted different priority levels based on its deadline but it 

remain fixed during its lifetime (Full migration) 

ENDIF 

IF the PrASWM_approach THEN 

                     Set_Job_Level_Dynamic_Priority (Task_for_assignmet TK) 

                All the jobs of the Tk  Task is allotted different priority levels and it may be changed during 

its lifetime based on the shortest deadline(Migration within Task’s Affinity) 

ENDIF 

END 

 

3.3 Results 

This section presents the experimental setup and the comparative result analysis of 

different scheduling approaches for various cases. 

 

3.3.1 Experimental Setup  

In this research, experiment and result analysis are done for five parameters that is 

deadline miss ratio, tardiness, number of context switches, schedulability analysis and 

CPU_Utilization for multiprocessor real-time system. TABLE 3.1 presents task set 

generation criteria and the value taken into consideration. The SimSo API is used for Task 
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set generation along with “Random Vectors with fixed Sum” algorithm as explained in 

section 5.2.3 [42]. To implement the different schedulers and to perform experiments the 

LITMUSRT simulator has been used [24] [25] [30] [105]; the scheduler analysis is done by 

the Sched_trace APIs of the LITMUS-RT and trace analysis is done using Feather_Trace 

APIs of LITMUS-RT. Lib LITMUS Library used for various APIs [24] [30]. The random 

task periods has been taken in range of (10ms to 100ms) using the log-uniform period 

allocation method [46]. The Affinity assignment is done using arbitrary processor affinity 

with static approach [25] [24] [68]. In this research we have taken constrained deadline that 

is (di < pi ) not taken implicit deadline.  

In this research, the Job-Level-Dynamic Priority assignment along with PrASWM 

approach and for that the DkC priority assignment approach is used as mentioned in section 

5.2.4 [46]. The section 3.3.2 presents the result analysis for various cases in which PrASWM 

compared with existing methods for 100 Task sets with various Task set size (n=4, 8,16, 32, 

64) and the No. of Processors (m=2, 4) up to the 4.  

 

TABLE 3.1: Task Set Generation Criteria and the value taken into consideration 

Criteria Value 

Type of RTS Soft Real-Time System 

Priority Assignment JLDP 

Task set Count 100 

Running time 60 seconds 

Period Range 10ms to 100ms 

Task set Generation Algorithm Random Vectors with fixed Sum algorithm 

No of processors 2,4 

No of Tasks in a task set range (4,8,16,32,64)  

Task Utilization For all Taskset more than 75% of m 

Processor Selection Fixed Affinity Assignment 

Relative Deadline di < pi 

Migration Within its affinity without priority 

reprioritization 

Priority Assignment JLDP 
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3.3.2 PrASWM on 100 Tasksets with different Taskset size  

In this case we have taken results for single taskset which has been tested on no. of 

processors (m=2, 4) and the taskset size (n=4, 8, 16, 32, 64).The taskset size is kept fixed 

which is 2i (where the 1< i < 7, m is no. of processors and n is taskset size).    

There are three different test categories have been selected.  

1. The test has been taken with two Processor and taskset size (n=4, 8, 16, 32, 64). 

2. The test has been taken with four Processor and taskset size (n=4, 8, 16, 32, 64). 

There are five parameters considered for the results.  

 Parameter 1: Average Deadline Miss Ratio should be minimum. 

 Parameter 2: Average Tardiness (ns) should be as low as possible. 

 Parameter 3: Average No. of Context Switches should be minimum. 

 Parameter 4: Average Schedulability (%) should be as high as. 

 Parameter 5: Average CPU_Utilization (%) should be maximum. 

Here, following three different scheduling algorithms have been compared. 

1. P-FP-APA (Partitioned Approach with fixed priority using Affinity ) 

2. G-JLFP-APA (Global Approach with Job-Level-Fixed priority using Affinity ) 

3. Proposed Approach (PrASWM without flexible migration policy) 

All the tests have been taken on LITMUSRT. The details about simulator LITMUSRT 

has been discussed in Chapter 5. 

The results mentioned here is the average of all the tasks of a 100 Tasksets. One 

Taskset contains the no. of tasks with the range (n=4, 8, 16, 32, 64) and many jobs of each 

task can appear within the given duration as per the given period. Task generation detail is 

given in TABLE 3.1.   
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Case-1 PrASWM on the 100 Task sets for Average Deadline Miss Ratio  

1. Average of 100 Tasksets with two Processor and Taskset Size  

(n=4, 8, 16, 32, 64)  

 

TABLE 3.2: Average Deadline Miss Ratio on Two Processors 

Taskset Size 
Algorithms 

P-FP-APA G-JLFP-APA PrASWM 

n=4 0.0068 0.0045 0.0018 

n=8 0.0720 0.0515 0.0351 

n=16 0.3904 0.2165 0.0146 

n=32 0.5902 0.4366 0.2165 

n=64 0.8041 0.5954 0.4437 

 

 

FIGURE 3.3: Average Deadline Miss Ratio on Two Processors 

As shown in FIGURE 3.3, the PrASWM meets the maximum number of deadlines, so 

it has the lowest Deadline miss ratio as compared to all other schedulers. The P-FP-APA 

has missed the maximum no. of deadlines, so it’s deadline miss ratio is high. In this case 

deadline miss happening for all schedulers are greater than four processors (FIGURE3.4). 

One more observation is that the deadline miss ratio is increasing as the no. of tasks increases 

for the same no. of processors. 
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2. Average of 100 Tasksets with Four Processor and Taskset Size  

(n=4, 8, 16, 32, 64). 

 

TABLE 3.3: Average Deadline Miss Ratio on Four Processors 

Taskset Size 
Algorithms 

P-FP-APA G-JLFP-APA PrASWM 

n=4 0.0047 0.0032 0.0009 

n=8 0.0509 0.0265 0.0370 

n=16 0.2632 0.1890 0.0608 

n=32 0.4065 0.3248 0.1822 

n=64 0.6504 0.4068 0.2389 

 

 

FIGURE 3.4: Average Deadline Miss Ratio on Four Processors 

 As shown in FIGURE 3.4, the PrASWM meets the maximum number of deadlines, 

so it has the lowest Deadline miss ratio as compared to all other schedulers. The P-FP-APA 

has missed the maximum no. of deadlines, so its deadline miss ratio is high. In this case 

deadline miss ratio is less for all schedulers than two processors (FIGURE3.3). One more 

observation is that the deadline miss ratio is increasing as the no. of tasks increases for the 

same no. of processors. 
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Case-2 PrASWM on the 100 Task sets for Average Tardiness 

1. Average of 100 Tasksets with two Processor and Taskset Size  

(n=4, 8, 16, 32, 64). 

TABLE 3.4: Average Tardiness on Two Processors 

Taskset Size 
Algorithms 

P-FP-APA G-JLFP-APA PrASWM 

n=4 25.65 21.63 10.85 

n=8 29.56 26.70 17.20 

n=16 34.98 30.66 19.67 

n=32 42.09 34.29 26.54 

n=64 48.61 39.52 31.55 

 

 

FIGURE 3.5: Average Tardiness on Two Processors 

As shown in FIGURE 3.5, the PrASWM gives the less Tardiness as compared to all 

other schedulers, so PrASWM improves all over system performance as the more tardiness 

means time taken after deadline is more and in the soft real-time system the performance 

degradation happens in proportion to the time elapsed after the deadline. It also shows that 

the tardiness is increasing as the no. of tasks in a taskset size is being increased and decreases 

with increase in no. of processor (FIGURE3.6). 
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2. Average of 100 Tasksets with Four Processor and Taskset Size  

(n=4, 8, 16, 32, 64). 

 

TABLE 3.5: Average Tardiness on Four Processors 

Taskset Size 
Algorithms 

P-FP-APA G-JLFP-APA PrASWM 

n=4 22.47 19.51 8.58 

n=8 26.04 24.22 14.53 

n=16 31.78 28.48 17.07 

n=32 39.85 31.63 22.63 

n=64 44.56 37.25 28.45 

 

 

 

FIGURE 3.6: Average Tardiness on Four Processors 

As shown in FIGURE 3.6, in this case also the PrASWM is giving less Tardiness as 

compared to the all other multiprocessor schedulers due to the PrASWM’s dynamic priority 

assignment policy (JLDP) which is making more no. of tasks schedulable and reducing the 

deadline misses. It can be seen that as the taskset size is being increased the tardiness is also 

increasing. 
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Case-3 PrASWM on the 100 Task sets for Average No. of Context Switch 

1. Average of 100 Tasksets with two Processor and Taskset Size  

(n=4, 8, 16, 32, 64). 

 

TABLE 3.6: Average No. of Context Switch on Two Processors 

Taskset 

Size 

Algorithms 

P-FP-APA G-JLFP-APA PrASWM 

n=4 67.25 99.25 92.75 

n=8 98.38 102.13 95.25 

n=16 123.31 145.81 168.81 

n=32 147.34 183.25 205.25 

n=64 177.58 211.45 195.52 

 

 

 

FIGURE 3.7: Average number of Context Switch on Two Processors 

The FIGURE 3.7 shows that in all the cases the PrASWM has taken more no. of 

Context switches as compared to P-FP-APA but it is either less than or the greater than G-

JLFP-APA due to PrASWM’s dynamic priority assignment policy and P-FP-APA has 

almost no migration kind situation as the processors are strictly partitioned for all the tasks 

into the system. Another observation is that the no. of context switches are getting increased 

as the taskset size is increased. 
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2. Average of 100 Tasksets with Four Processor and Taskset Size  

(n=4, 8, 16, 32, 64). 

 

TABLE 3.7: Average No. of Context Switch on Four Processors 

Taskset Size 
Algorithms 

P-FP-APA G-JLFP-APA PrASWM 

n=4 99.25 126.25 119.50 

n=8 112.13 138.25 153.13 

n=16 124.50 163.56 156.38 

n=32 164.19 194.22 213.25 

n=64 180.66 269.02 247.02 

 

 

FIGURE 3.8: Average number of Context Switch on Four Processors 

 

 The FIGURE 3.8 shows that in all the cases the PrASWM and G-JLFP-APA have 

taken more no. of Context switches as compared to P-FP-APA as PrASWM provides job-

level-dynamic priority assignment. Except few cases the PrASWM has taken less no. of 

context switches than G-JLFP-APA. One more thing in this case also the no. of context 

switches increased as the taskset size is increased with the same no. of processors. 
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Case-4 PrASWM on the 100 Tasksets for Average Schedulability 

1. Average of 100 Tasksets with two Processor and Taskset Size  

(n=4, 8, 16, 32, 64). 

 

TABLE 3.8: Average Schedulability on Two Processors 

Taskset Size 
Algorithms 

P-FP-APA G-JLFP-APA PrASWM 

n=4 71.50 81.50 84.00 

n=8 67.13 78.13 82.50 

n=16 64.88 76.56 79.63 

n=32 62.09 73.16 76.06 

n=64 57.48 64.47 72.02 

 

 

 

FIGURE 3.9: Average Schedulability on Two Processors 

 

As shown in FIGURE 3.9, the PrASWM gives the more Schedulability that is more 

no. of tasks can be executed before its deadline as compared to all other multiprocessor 

scheduler due to PrASWM’s fully dynamic priority assignment. It also shows that the 

schedulability is decreasing as the no. of tasks in a taskset size is being increased with the 

same no. of processors but if it is compared with FIGURE 3.10. It can be concluded that the 

schedulability is increasing if no. of processors are increased. 
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2. Average of 100 Tasksets with Four Processor and Taskset Size  

(n=4, 8, 16, 32, 64). 

 

TABLE 3.9: Average Schedulability on Four Processors 

Taskset Size 
Algorithms 

P-FP-APA G-JLFP-APA PrASWM 

n=4 73.50 84.25 86.25 

n=8 68.75 80.88 83.13 

n=16 67.19 78.06 80.31 

n=32 64.03 74.06 78.13 

n=64 60.33 67.89 74.05 

 

 

FIGURE 3.10: Average Schedulability on Four Processors 

 

The FIGURE 3.10 shows that in all the cases the PrASWM increases overall 

Schedulability of the system as compared to all other scheduler as it provides fully dynamic 

priority assignment policy along with affinity based processor selection mechanism and P-

FP-APA has lowest schedulability. One more thing in this case also is the schedulability 

decreased as the taskset size is increased and the schedulability increased with the no. of 

processors are increased. 
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Case-5 PrASWM on the 100 Task sets for Average CPU_Utilization  

1. Average of 100 Tasksets with two Processor and Taskset Size  

(n=4, 8, 16, 32, 64). 

 

TABLE 3.10: Average CPU_Utilization on Two Processors 

Taskset Size 
Algorithms 

P-FP-APA G-JLFP-APA PrASWM 

n=4 51.46 53.96 55.29 

n=8 54.25 59.53 63.11 

n=16 57.33 63.36 64.28 

n=32 61.40 64.32 68.71 

n=64 65.47 71.45 73.77 

 

 

 

FIGURE 3.11: Average CPU_Utilization on Two Processors 

 

 As shown in FIGURE 3.11, the PrASWM gives the more CPU_Utilization that is 

more no. of tasks get executed before its deadline as compared to all other multiprocessor 

scheduler due to PrASWM’s dynamic priority assignment. It also shows that the 

CPU_Utilization is increasing as the no. of tasks in a taskset size is being increased with 

fixed no. of processors but if it is compared with FIGURE 3.12 it can be concluded that the 

CPU_Utilization is decreasing if no. of processor are increased. 
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2. Average of 100 Tasksets with Four Processor and Taskset Size  

(n=4, 8, 16, 32, 64). 

 

TABLE 3.11: Average CPU_Utilization on Four Processors 

Taskset Size 
Algorithms 

P-FP-APA G-JLFP-APA PrASWM 

n=4 48.25 50.22 53.43 

n=8 51.78 56.21 59.59 

n=16 54.34 58.17 61.92 

n=32 57.54 61.98 64.57 

n=64 61.33 65.67 70.64 

 

 

FIGURE 3.12: Average CPU_Utilization on Four Processors 

 

The FIGURE 3.12 shows that in all the cases the PrASWM increases CPU_Utilization 

of the system as compared to all other scheduler as it provides affinity implementation along 

with fully dynamic priority assignment mechanism and P-FP-APA has lowest 

CPU_Utilization. One more thing in this case also is the CPU_Utilization is increased as the 

taskset size is increased and the CPU_Utilization decreased with the no. of processors are 

increased.
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Chapter 4:  

A Multiprocessor Scheduler PrAMS  

for Soft Real-Time Systems 

 

This chapter presents a novel processor affinity based scheduler along with JLDP 

priority assignment approach and flexible migration policy is proposed which has been 

designed and implemented for multiprocessor soft real-time system. It has been named as 

PrAMS (Processor Affinity based Multiprocessor Scheduler). This scheduler has been 

designed to improve overall schedulability, maximize CPU_Utilization, reduce the 

Deadline-miss-ratio and minimize the Tardiness. The Arbitrary processor affinity,  

Illustration of Conventional and Hybrid Migration Approaches, the real-time task migration 

scenarios in real-time system has been demonstrated to understand the problem in existing 

schedulers and requirement to develop this novel scheduler will be explained first and then 

the structure of PrAMS will be discussed in this chapter. 

 

4.1 Arbitrary Processor Affinity and Linux Scheduler 

We can understand the concept of processor affinity to select processor for the task 

with the help of an illustration of Linux Scheduler in multiprocessor environment. To 

accomplish scheduling quickness in priority based scheduling for real-time task the runqueue 

is divided into many number of linked list per priority one list. Each list made up of doubly 

linked list of tasks ready to run with its priority. In multiprocessor environment each 

processor is having its own runqueue. At a time any task may be only on one runqueue. At 

the time of new task arrival, the incoming task is to be inserted into any one processor’s 

runqueue based on its processor affinity and priority number [67] [77]. When task gets 

completed, the task will be removed from the queue and runqueue will be restructured. If 

necessary, the task can be shifted from one CPU runqueue to another CPU runqueue with 

following the strict affinity constraints of a task. Updating the runqueue of any processor 

generates various scheduling cases. 

When any lower priority task awakens on a runqueue that is running higher priority 

task or the lower priority task would be preempted by higher priority task then the scheduler 
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push the lower priority task to another runqueue. The runqueue on which the task is to be 

pushed should have lower priority tasks. 

Whenever any currently running higher priority task completes its execution and lower 

priority task is going to be scheduled, the scheduler examines every processor’s runqueue 

for pulling highest priority task from the other runqueue if any available. To push task on 

different processor’s runqueue or to pull task from other processor’s runqueue must not 

violate the affinity constraints [77]. The jobs are said to be suitable for pushing on the other 

queue if it is not scheduled currently. On the other hand the tasks that has been already 

scheduled cannot be pulled from any runqueue. The task in execution can be removed only 

when the higher priority task arrives. The running task will release its processor either 

voluntarily when execution gets complete or its time quantum is over in time sharing system. 

The load balancing requirements for runqueue is also checked periodically by Linux 

scheduler so maximum CPU Utilization can be achieved. However, Linux scheduler can’t 

be flexible to move higher priority task on another processor for lower priority task which 

could not be executed elsewhere because of its processor affinity constraint; so restricted 

migration mechanism fails to attain higher schedulability. In this research this scenario 

explained in detail and presented novel processor affinity based real-time scheduling 

algorithm with flexible migration policy to overcome these limitations and improve the 

overall schedulability of the real-time system. 

 

4.2 Illustration of Conventional and Hybrid Migration Approaches 

The degree of migration allowed to a task is the key parameter for classifying the 

multiprocessor real-time scheduler. The two excessive ends of this spectrum are the global 

scheduling approach and the portioned approach. In global scheduling, there will be a single 

common queue between all processors and ready to run tasks will be assigned dynamically 

to any available processor according to its priority while in partitioned scheduling, every task 

has assigned fixed processor on which it will be executed without any migrations. The hybrid 

approaches are also designed by the researchers but one of the prominent hybrid approaches 

is clustered scheduling, in this approach the system processors are classified into the separate 

clusters and every task will be assigned to a single cluster and “global” approach will be 

applied inside the cluster. 

 The recent RTOS like VxWorks, LynxOS, QNX, and the real-time extended version 

of the Linux are using the processor affinity concept which is providing more flexible 
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migration and generalized algorithm instead of implementing the traditional methods 

described in the literature. FIGURE 4.1 illustrates the different migration strategies like 

global scheduling is with full Migration policy, partitioned scheduling is with no migration, 

clustered scheduling is with partial migration and the proposed approach with flexible 

migration for which schedulability analysis has been done in this thesis. 

        

         

FIGURE 4.1: Illustration of different migration strategies: 

a) Full Migration policy with Global scheduling b) No migration with Partitioned Scheduling 

c) Partial migration with Clustered Scheduling  d) Proposed Approach for which the schedulability analysis 

is done in this research 

 

4.3 The Task Migration Scenarios for Real-Time Tasks 

The uniprocessor system faces the problem of priority inversion which is the case 

when the tasks with high priority have to wait for the tasks with the lower priority for starting 

its execution. The same situation may occur in multiprocessor system when the low priority 

job Tk holds a processor that is not in the affinity set 𝛼𝑗 of task Tj, but another higher priority 
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task Ti has common processor affinity set 𝛼𝑖 with 𝛼𝑗 and 𝛼𝑘 (i.e., also Tk holds processor 

that is common with Ti, where pi > pj > pk. Let us understand this case with scenarios given 

below. 

 

Case 1:  

In FIGURE 4.1, various migration opportunities have been considered. A RTS with 

three CPUs and taskset of four tasks along with P1 > P2 > P3 > P4 priority order and 

processor affinity sets 𝛼1 = {𝜋1, 𝜋2, 𝜋3}, 𝛼2 = {𝜋2, 𝜋3}, 𝛼3 = {𝜋1}, 𝛼4 = {𝜋2, 𝜋3} are taken 

into consideration. As shown in FIGURE 4.2 (a) at an instance of time where task P3 is 

waiting and tasks P1, P2, P4 are running. Now P3 becomes ready to execute but scheduler 

will not allow run it on 𝜋1 as it is running P1 that is having high priority than the P3.whereas 

the task P4 is being executed on processor 𝜋3 that is in the affinity of P1  task. There may be 

the solution to preempt task P4 as the priority order is P3>P4 and we can shift P1 the higher 

priority task to processor 𝜋3 to schedule task P3 on 𝜋1.One likely solution will be the pulling 

P4 from the 𝜋3 and pushing the P1 (P1>P3) from processor 𝜋1 to processor 𝜋3.  

 

FIGURE 4.2: Problem in Existing approach and proposed solution 

Figures (a)-(c) present’s tasks scheduling states at various point of time along with task's affinity and 

opportunities for shifting of a task. (a) Primary state t0 where P1, P2 and P4 are the already scheduled 

tasks. (b) Possible state in that P3 becomes ready and it can be scheduled on processor 𝝅𝟏 by task 

shifting of P1 on processor  𝝅𝟑. (c) Possible state where task P3 became ready and it is scheduled on 

processor 𝝅𝟏 by shifting P2 on processor 𝝅𝟑 and shifting P1 on processor 𝝅𝟐 

 

This allocation-preemption operation is making possible to execute the P3 on π1 which 

may improve the overall system schedulability as shown in FIGURE 4.2 (b). Another 

possible solution is presented in FIGURE 4.2 (c); here the P1  is assigned to 𝜋2 processor 
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and P2 is assigned to  𝜋3 processor and therefore this approach requires two preemptions 

with two context switches. While the approach shown in FIGURE 4.2 (b) requires one 

context switch only hence that is called the cost effective solution.   

 

Case 2:  

In FIGURE 4.3 (a)-(c),there is one real-time system having a task set which contains 

two tasks P1 and P2 and two processors. The task P1 is having the lower priority than the task 

P2 (P2 > P1). The processors  𝜋1 and 𝜋2 both are in affinity of task P2 that is 𝛼2 = {𝜋1, 𝜋2}; 

whereas only processor  𝜋1 is in affinity of the task P1  which is 𝛼1 = {𝜋1}. Consider 

FIGURE 4.3 (a)-(c) where initially task P1 and P2 both are in waiting state then at another 

time instant P2 becomes ready and scheduled on processor 𝜋1. Now see the FIGURE 4.3 (c) 

where the P1 becomes ready and P2 is already being executed on processor  𝜋1. The Task P1 

will be blocked till task P2 finishes its execution on 𝜋1 as the priority of task P2 higher than 

task P1 and task P1 can be executed only on processor 𝜋1 due to its affinity constraint. 

 

FIGURE 4.3: scheduler state at various point of time with its affinity and current state of execution. 

 (a) Initial state at time t0 when P1 and P2 both are waiting. (b) State at time t1 when P2 becomes ready 

and scheduled on  𝝅𝟏. (c) State at time t2 when task P1 becomes ready but blocked as all the processors 

from its affinity is busy to execute higher priority task. 

 

These two cases illustrates that because of the restrictive migration mechanism of 

conventional APA based scheduling which is failing to obtain more schedulability by not 

preempting the higher priority running task and shifting it on another processor which is 

running lower priority task. The schedulability will be increased by preempting the task with 

low priority and after that the task with high priority will be migrated on the same CPU. To 

find the feasible schedule like which task will be shifted to obtain improved schedulability; 

here the proposed approach is used for checking opportunities of the task migration. 
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4.4 Pseudocode of Proposed Scheduler: PrAMS 

In this section pseudo code of proposed scheduler PrAMS has been shown. The first 

part described the pseudo code of “Check for Priority Inversion problem” and then pseudo 

code of “Task Priority Reprioritization”. 

 

Algorithm 4.1: Check for Priority Inversion Problem 

checking_Priority_Inversion(task_to_be_scheduled Tk) 

 For all π in α 

  If π is free or priority of process on processors < pk  

   Add π to list processors_to_check 

 For each 𝜋𝑖  in 𝛼𝑘  

  Task running on 𝜋𝑖  is Ti  

  If (𝛼𝑗 ∩ 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑜𝑟𝑠_𝑡𝑜_𝑐ℎ𝑒𝑐𝑘 )  ≠  ∅ 

   For all tasks Tj   in (𝛼𝑖 ∩ 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑜𝑟𝑠_𝑡𝑜_𝑐ℎ𝑒𝑐𝑘) 

    Add Tj  & 𝜋𝑖  in list tasks_to_check 

 If tasks_to_check list not empty 

  Target_Processor = lowest priority task processor from list 

                      Target_Task = task running on Target_Processor  

 

Algorithm 4.2: Task Priority Reprioritization 

Scheduling_Backlogged_Task(Target_Task,Target_Processor,task_to_be_scheduled) 

        pseudo_priority = priority of Target_Task + 1 

        pseudo_affinity = Target_Processor 

        𝑝𝑡𝑎𝑠𝑘_𝑡𝑜_𝑏𝑒_𝑠𝑐ℎ𝑒𝑑𝑢𝑙𝑒𝑑 = pseudo_priority 

       𝛼task_to_be_scheduled = Target_Processor 

         schedule(cur_task) 

         Set task pseudo_affinity and pseudo_priority to original 
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The earlier section 4.3 shows the constraints in conventional  APA based scheduling 

approaches. The section 4.4 shows a proposed scheduler using affinity to solve the problem 

exists in conventional scheduler and also improves the overall system schedulability.  

To illustrate the proposed approach, let’s take case-1 into consideration, in which P3 

is ready to execute but the CPU 𝜋1 which falls in P3’s affinity isn’t available and executing 

the higher priority task P1.we can preempt P1 from 𝜋1 only when the priority of task P3 is 

higher than the priority of P1 and that is done by priority reassignment approach. According 

to proposed approach the priority of P3 will be set higher than P1 so it will be preempted and 

P3 will be scheduled on 𝜋1.P1 is ready to run task so it will be scheduled on processor 𝜋3 as 

it is running lowest priority task P4 so it should be preempted. On completion of the push-

pull (migration) operation the task P3 will be set to its original priority. The priority ceiling 

protocol or priority inheritance protocol that swaps the priority of the tasks at the time of 

priority inversion problem so the problem can be solved and higher priority task does not 

have to wait for lower priority task. This solution must ensure the successful execution of all 

higher priority tasks.  

The priority inversion problem may arise when any processor is executing the lower 

priority process (processor 𝜋3  and the task P4 in FIGURE 4.2) with respect to the task which 

is going to be scheduled (P3 in FIGURE 4.2) and it is in the affinity of higher priority task 

(task P1 and Processor 𝜋1 in FIGURE 4.2) so lower priority process blocks the higher priority 

task from owning the resources(processor). For generalization, one can find a processor who 

is executing the lower priority task than the task to be scheduled and to it is in its affinity 

mask which is executing on processors in the affinity of the blocked task. 

First of all the algorithm 4.1 try to check the probability of occurrence for the priority 

inversion problem. If priority inversion problem arise then the priority reassignment is done 

using algorithm 4.2 for increasing the overall schedulability. 

 

Priority Inversion Problem: It appears into the system when the task to be scheduled 

is ready but cannot be executed as the processor in its affinity is running higher priority 

process and the processor which is running lowest priority process is in the affinity of that 

running higher priority process so the task to be scheduled is blocked and lowest priority 

process is running. 

Once priority inversion is found simply algorithm 4.1 approach will identify a 

Target_Processor and a Target_Task and then Target_Task is pushed to the target_processor 
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only by priority reassignment that is increase the priority of task to be scheduled (T3) at 

kernel level. 

The algorithm 4.2 is used for priority reassignments. The priority reassignment allows 

to assimilate solution without altering any kernel API. Another approach allows to change 

processor affinity of the task to be scheduled to Target_Processor so it pulls Target_Task. 

For example, if task to be scheduled has processor affinity {π𝑖, π𝑗 , π𝑘} and tasks on these 

processors are {𝑝𝑖, 𝑝𝑗 , 𝑝𝑘} respectively, where 𝑝𝑖 >  𝑝𝑗 >  𝑝𝑘. Now Target_Task is p𝑗 and 

priority of task to be scheduled is set higher than p𝑗. In that case, instead of preempting 𝑝𝑗 

it preempts 𝑝𝑘. Setting affinity to only π𝑗 it only preempts 𝑝𝑗.In this research the affinity is 

kept fixed not dynamic as it may affect the cache performance.  
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Chapter 5:  
 

LITMUSRT and Experimental Results Analysis 

 

In this chapter, firstly, the architecture of LITMUSRT is shown in section 5.1, after that 

section 5.2 presents the taskset generation theory, the section 5.3 shows the experimental 

setup and result analysis of different test cases for 100 task sets are presented in section 5.4.  

 

5.1 LITMUSRT   

In a real-time operating system, for simulating the various test cases of scheduling 

many simulators are available [25][97-99][105][117]. The wellknown RTOS are 

LITMUSRT, Mark3, rtsim, etc. The LITMUSRT is the extended version of the Linux kernel in 

real-time which focuses on scheduling in real-time and synchronization for multiprocessor 

environment. The LITMUSRT   is providing a valuable experimental platform for the realistic 

research in RTS. The aim of modifying the kernel of Linux is to provide provision for the 

tasks which are sporadic, scheduler plugins and reservation-based scheduling. The 

LITMUSRT is supporting conventional multiprocessor approaches like global scheduling, 

partitioning scheduling, clustered scheduling, and Semi partitioned scheduling [30][88]. The 

LITMUSRT provides such platform so researchers can design their own real-time scheduler 

and it can be deployed on it. LITMUSRT  offers various Kernel APIs which are useful to 

design any new real-time scheduler [26][40]. 

 

5.1.1 Design and Evolution of LITMUSRT 

Initially the launching of LITMUSRT
 was done at Chapel Hill  in University of North 

Carolina under guidance of  James H. Anderson and lateron it had been benefited from the 

numerious researchers by their contributions over the years [40][66]. The main inventor of 

LITMUSRT  was  Bjorn Brandenburg  of the Max Planck Institute of Software Systems (MPI-

SWS) [40]. In 2006, Calandrino et al. has developed the first model of  LITMUSRT  by 

altering the Linux 2.6.9 [40] which was not made public . The first LITMUSRT public version 

based on Linux 2.6.20 is LITMUSRT 2007.1 and it was released in May 2007 [29]. 

LITMUSRT is being constantly maintained by Björn Brandenburg and his team since 2006 

to 2017 [40]. The letest version of LITMUSRT  is 2017.1 which is based on Linux 4.9.3 and 
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it released in May 2017 [40]. LITMUSRT’s implementation is basically extention of  Linux 

with additional new functionality [26].  

 

5.1.2 The LITMUSRT Architecture 

The architecture of LITMUSRT mainly contains four different parts as shown in 

FIGURE 5.1 [26]. These four parts are the core infrastructure, plugins for scheduler, the 

user-space interfaces and the user-space library and tools.  

 

FIGURE 5.1: The LITMUSRT Architecture with four important modules [26] 

  

5.1.2.1 Core Infrastructure of the LITMUSRT 

The scheduling classes are the core infrastructure of the LITMUSRT through which it 

is coupling with the framework of Linux scheduling. In the Linux scheduling hierarchy, the 

LITMUSRT scheduling class will be added with the utmost priority for example, 

first_checked_scheduling_class() which is allowing LITMUSRT to overrule the Linux’s 

usual decision of scheduling [26][30]. The standard scheduling classes of  Linux’s were not 

changed since the LITMUSRT was designed but only the change is made in such a way so 
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the tasks admitted in the LITMUSRT scheduling class are being considered as real-time tasks 

[26][40]. Here, the advantage is that the system will behave same as a usual Linux system 

whenever no real-time task is present. The LITMUSRT scheduling classes themselves don’t 

implement any specific procedure but it points to the presently active scheduler for all the 

scheduling decisions. 

 

5.1.2.2 Scheduler Plugins 

For the development of new scheduler, LITMUSRT is providing a facility of plugin 

interface which will allow to implement new scheduling mechanisms without going in depth 

of Linux kernel. The plugin for scheduler is provided for simplification in development of 

scheduler therefore the investigators who has not Linux expertize can develop the scheduler 

into a RTOS kernel [26][40]. There are few scheduler plugins shown in TABLE 5.1. 

 

TABLE 5.1: The Methods list for LITMUSRT scheduler plugins [26] 
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5.1.2.3 User-Space Interface 

LITMUSRT provides many extra system calls along with some virtual character 

devices. These system calls are classified into different categories based on its functionality 

as shown below [26]: 

1. get and set the sporadic task parameters  like ei, pi, and di and CPU assignment 

2. Controlling jobs of the real-time Tasks  

3. overhead measurement of the system calls 

4. create, lock, and unlock of real-time semaphores 

5. to provide provision for task set releases synchronously 

 

The implementation and purpose of the categories 1-3 are straightforward; here short 

description of the categories 4 and 5 are as following: 

 Real-time semaphores: To enforce the priority ceiling and priority inheritance 

protocols with Blocking-by-suspending needs kernel support. So, every shared 

resource can be molded as entity inside the kernel that will holds current statistics such 

as the maximum assigned priority, unfulfilled requests, etc. All tasks which will share a 

resource should acquire the same location to object inside the same kernel space. A 

design space of the applications so it can be transparent and accessible to all the task 

boundaries that means the separate address space must not prevent sharing of resources 

as LITMUSRT is not putting constraints on it.  

 

 Release of the task set synchronously [26]: The synchronous release of the task set 

means that the first job for every task in that task set will be dispatched at the similar 

point of time. LITMUSRT provides the additional API ts_release( ) for synchronous 

task set release [26][40] and that API will make them possible to hang up till the tasks 

release happens synchronously. Notably, the numerous real-time tasks in waiting state 

are exported using the kernel in the format of a virtual file that will be located inside 

the file system called proc [40]. 

 

 Virtual devices: There are three types of virtual devices provided by the LITMUSRT 

which are located in the proc file system of the Linux; The first one is the TRACE( ) 

device which is to debug the data; second on is the Feather_Trace( ) which is used to 

calculate the system overheads and sched_trace( ) for tracing the scheduling events 
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[26][28][31][40]. In LITMUSRT, Feather-Trace( ) is used for recording the timestamp 

during the execution of the schedulers at different time instances [26][40]. The couples 

of timestamps before and after an event can be recorded and based on that the overhead 

can be calculated by checking the total time taken by an event. By checking this 

overhead, the statistics can be derived like average overhead and maximum overheads. 

Using the sched_trace( ) framework the tracing of whole event will be recorded since 

starting of event to the end of the events for example job statistics like processor on 

which it has been executed, deadline misses, tardiness, job releases, preemptions, job 

completions, etc. [26]. By applying the sched_trace( ) whatever data we can derive are 

not directly understandable to the person so it can be plotted in the form of graph for 

visualization using evince( ) and st_draw( ) of the TRACE( ) and it can be also used 

for finding the scheduling errors automatically [28]. 

 

5.1.2.4 Library and Tools for Userspace 

In LITMUSRT, real-time tasks are like usual processes of the Linux. The libLitmus, a 

library for user-space includes the necessary system APIs and numerous suitable methods 

and macros which is making easy real-time task programming easy. Moreover, there are a 

numerous testing and helping utilities for communicating with the LITMUSRT kernel are 

based on libLitmus and the release_ts( ) tool is the important example of it which will be 

useful in attaining the synchronous release of the set of tasks [26][40]. Additionally, the 

LITMUSRT provides some mechanisms which communicate to trace device and the collected 

data post-processing will be performed [30][40]. With this we conclude our brief overview 

for the LITMUSRT [26]. 

 

5.2 Taskset Generation Theory  

To know the perfect efficiency and effectiveness of any algorithm, there should be a 

remarkable task set as an input. This section describes the Real-Time Task model and basic 

theory for task set generation. 

 

5.2.1 Taskset Model  

In Real time systems taskset is set of n different tasks 𝜏= {𝑇1,𝑇2,…,𝑇𝑛} and each task 

can be characterized by 𝑇𝑖= (𝑐𝑖,𝑑𝑖,𝑝𝑖)  as mentioned in Liu Layland model [89], where  𝑐𝑖  

stands for  the worst_case_execution_time, 𝑑𝑖  stands for the relative deadline, and 𝑝𝑖  is a 
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period of the task. The task can have either implicit deadline of the tasks are same as its 

period (𝑑𝑖 = pi) or explicit deadline (𝑑𝑖 <  ) or any arbitrary deadline [55][68][89]. The 

task_utilization Ui of a task Ti can be defined as   
𝑐𝑖

𝑝𝑖
  and the task set utilization can be defined 

as   𝑈𝜏 = ∑
𝑐𝑖

𝑝𝑖

𝑛
𝑖=1  . 

For generating any real-time task required parameters are WCET(𝑐𝑖 ), period (𝑝𝑖), 

deadline(𝑑𝑖 ) and its priority. 

 

5.2.2 Taskset Utilization for generating tasks 

Consider FIGURE 5.2 showing results of taskset utilization for 4 processor and 7 tasks. 

Task set utilization on X-axis ranges from [0.05, 4] with incremental steps of 0.05. 

Maximum value is 4 as it is maximum achievable value with 4 processors. For each 

utilization point we can generate multiple task sets and each task set needs to be different 

than another [15]. 

 

 

FIGURE 5.2: Understanding the Taskset Utilization for experimental setup [15] 

 

In the further sections, the taskset generation for single taskset with utilization = m has 

been taken into consideration. Similar method can be used to generate any taskset. In each 

taskset we have taken n tasks and total task_utilization of the taskset is m. This requirement 

leads to not only creating n random tasks but also such n random tasks whose sum of 

utilization is m.  
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5.2.3 Generating WCET   

Let us assume the case where utilization value is m in FIGURE 5.2. In this case we 

need to create such tasksets which have n tasks with total utilization equals m. Using R. 

Stafford’s algorithm “Random Vectors with fixed Sum”, we can create vector of n numbers 

having sum m [112]. Each of these n random numbers represent utilization value of one task. 

The utilization of a single task  Ti can be represented as 𝑈𝑖 =  
𝑐𝑖

𝑝𝑖
  . If we have already 

generated random values of period 𝑝𝑖 and the values of 𝑈𝑖. Then one can calculate the value 

of 𝑐𝑖, which are random and not biased. Implementation and explanation of this algorithm 

are available online in provided reference and this algorithm is widely used by researchers 

to generate random values with fixed sum.  

 

5.2.4 Priority Assignment 

The schedulers can assign the priorities to different jobs/ tasks of a task set and it may 

be changed during its execution period. Particularly, various priority allotment mechanisms 

exists in real-time system scheduling are categorized in three classes; 

 

1) Fixed (Static) priority Approach (FP): In the Fixed Priority approach, the algorithm 

will allocates an exclusive priority level for every task and it remains same for all the 

jobs of that task during the whole execution; the examples for this group are the Rate 

Monotonic (RM) [89] and Deadline Monotonic (DM) [11][87].  

 

2) Job-Level Fixed priority Approach (JLFP): In the JLFP approach, the algorithm 

allocates the static priority level to every job but the different jobs of the same task can 

contain different priority levels. An example of this group is the Earliest Deadline First 

(EDF) priority assignment policy [89]. 

 

3) Job-level dynamic priority Approach (JLDP): In the JLDP approach, a job is 

permitted to carry different priorities during its whole execution time (one job is 

having different priority at different time of instance); The example of this group is 

the Least_Laxity_First algorithm [48]. 
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Processor selection with affinity scheduling may be used along with any of the above 

discussed priority allotment mechanism. This research has compared processor affinity 

based scheduler with partitioned and global scheduler along with FP and JLFP policies 

respectively. The proposed Scheduler PrAMS tested with JLDP policy. The comparison 

between P-FP-APA-APA, G-JLFP-APA and PrAMS-JLDP is done for five different 

parameters. 

The Heuristic used for priority assignment is the DkC priority assignment [46][106]. 

Deadline 𝑑𝑖 for each task is random value generated either implicit deadline which is di = pi 

or it is constrained deadline di < pi. Authors suggested using DkC heuristic which 

outperforms all other priority assignment method in terms of generating effective utilization 

values.  

Here DkC means, priority is 𝑑𝑖 – 𝑘*𝑐𝑖, where k is the important variable which is 

calculated depending on the processor numbers in the system and formula for that is shown 

as follows [106]: 

 

𝐾 =  
(2 ∗ 𝑚 − 1) + √(5 ∗ 𝑚2) − (6 ∗ 𝑚) + 1

(2 ∗ 𝑚)
 

 

5.3 Experimental Setup  

In this research, experiment and result analysis is done for five parameters that is 

deadline miss ratio, tardiness, number of context switches, schedulability analysis and 

CPU_Utilization for multiprocessor real-time system. TABLE 5.2 presents task set 

generation criteria and the value taken into consideration. The SimSo API is used for Task 

set generation along with “Random Vectors with fixed Sum” algorithm as explained in 

section 5.2.3 [42]. Taskset size n is taken random within the range (m+1 to 4m). To 

implement the different schedulers and to perform experiments the LITMUSRT simulator has 

been used [24][25][30][105]; the scheduler analysis is done by the Sched_trace APIs of the 

LITMUSRT and trace analysis is done using Feather_Trace APIs of LITMUSRT. Lib 

LITMUS Library used for various APIs [24][30]. The random task periods has been taken 

in range of (10ms to 100ms) using the log-uniform period allocation method [46].  The 

Affinity assignment is static using graph search approach [24][25] [68]. In this research we 

have taken constrained deadline that is (di < pi ) not taken implicit deadline.  
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In this research, the Job-Level-Dynamic Priority assignment along with PrAMS 

approach and for that the DkC priority assignment approach is used as mentioned in section 

5.2.4 [46]. The section 5.4 presents the result analysis for various cases in which PrAMS 

compared with existing methods for 100 Task sets with different Task set size (n = m+1 to 

4m) and the No. of Processors( m=8,12,16).  

 

TABLE 5.2: Task Set Generation Criteria and the value taken into consideration 

Criteria Value 

Type of RTS Soft Real-Time System 

Priority Assignment JLDP 

Task set Count 100 

Running time 60 seconds 

Period Range 10ms to 100ms 

Task set Generation Algorithm Random Vectors with fixed Sum algorithm 

No of processors 8,12,16 

The task set size range (m+1 to 4m) 

Task Utilization For all Taskset more than 75% of m 

Processor Selection Static Affinity Assignment 

Relative Deadline di < pi 

Migration Within its affinity with priority 

reprioritization 

 

5.4 Experimental Results Analysis  

In this section the results for PrAMS on 100 Tasksets with Random Taskset size (n= (m+1 

to 4m)) and more number of Processors (m= 8, 12, 16) along with three different test cases have 

been considered for five different performance measure parameters  which are mentioned 

below: 

 

Case-1: Existing Schedulers and PrAMS with Fixed No. of Processors and Variable 

Tasksetsize (m+1,4m)  

In this case we have kept fix no. of processors (m) and the variable taskset size (n) has 

been taken into consideration. The taskset size is kept random with the range from m+1 to 

4m (where the m is no. of processors and n is taskset size).    
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There are three different test categories have been selected.  

1. The test has been taken with fixed No. of Processors 8 and variable taskset size 

(n=10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32). 

2. The test has been taken with fixed No. of Processors 12 and variable taskset size 

(n=16, 20, 24, 28, 32, 36, 40, 44, 48). 

3. The test has been taken with fixed No. of Processors 16 and variable taskset size 

(n=20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64). 

There are five parameters considered for the results.  

 Parameter 1: Average Deadline Miss Ratio should be minimum. 

 Parameter 2: Average Tardiness (ns) should be as low as possible. 

 Parameter 3: Average No. of Context Switches should be minimum. 

 Parameter 4: Average Schedulability (%) should be as high as. 

 Parameter 5: Average CPU_Utilization (%) should be maximum. 

 

Here, following three different scheduling algorithms have been compared. 

1. P-FP- APA (Partitioned Approach with fixed priority using Affinity ) 

2. G-JLFP-APA (Global Approach with Job-Level-Fixed priority using Affinity) 

3. Proposed Approach (PrAMS along with affinity for processor selection, job level 

dynamic priority for priority assignment and flexible migration policy using priority 

reprioritization) 

All the tests have been taken on LITMUSRT. The details about the simulator 

LITMUSRT has been discussed in section 5.1. 

The results mentioned here is the average of 100 Tasksets. One Taskset can contains 

any no. of tasks with the range m+1 to 4m and many jobs of each task can appear within the 

given duration as per the given period. Here results are shown is the average of 100 tasksets. 

Task generation detail is given in TABLE 5.2. The Detailed results of 100 attempts for each 

case have been mentioned in Annexure-I, Annexure-II and Annexure-III. 
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5.4.1 Average Deadline Miss Ratio (Fixed No. of Processors and Vary 

Taskset size) 

 

1. Average of 100 Tasksets with Fixed no. of Processors 8 and variable Taskset Size 

 

TABLE 5.3: Average Deadline Miss Ratio for 100 Tasksets with 8 Processors 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=10 0.0945 0.0696 0.0226 

m=8, n=12 0.1449 0.1229 0.0847 

m=8, n=14 0.2048 0.1841 0.1447 

m=8, n=16 0.2661 0.2538 0.2160 

m=8, n=18 0.3963 0.3248 0.2872 

m=8, n=20 0.4666 0.4141 0.3663 

m=8, n=22 0.5440 0.4927 0.4357 

m=8, n=24 0.6144 0.5739 0.5238 

m=8, n=26 0.6558 0.5955 0.5359 

m=8, n=28 0.6975 0.6261 0.5862 

m=8, n=30 0.7837 0.7059 0.6754 

m=8, n=32 0.8842 0.7971 0.7762 

 

 

FIGURE 5.3: Average Deadline Miss Ratio with 8 Processors 

 

As shown in FIGURE 5.3, the PrAMS is having minimum Deadline miss ratio as 

compared to all other multiprocessor schedulers, and the P-FP-APA has missed the 

maximum deadlines. It also shows that as taskset size increases the deadline miss ratio is 

also increasing for all the schedulers.
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2. Average of 100 Tasksets with Fixed no. of Processors 12 and variable Taskset Size 

 

TABLE 5.4: Average Deadline Miss Ratio for 100 Tasksets with 12 Processors 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=12, n=16 0.1941 0.0929 0.0468 

m=12, n=20 0.2863 0.2444 0.1476 

m=12, n=24 0.4011 0.3745 0.2876 

m=12, n=28 0.5342 0.4856 0.3823 

m=12, n=32 0.6739 0.6033 0.4866 

m=12, n=36 0.7344 0.6962 0.6245 

m=12, n=40 0.8061 0.7835 0.7160 

 

 

FIGURE 5.4: Average Deadline Miss Ratio with 12 Processors 

 

As shown in FIGURE 5.4, the PrAMS meets the maximum number of deadlines so it 

has the lowest Deadline miss ratio as compared to all other schedulers. The P-FP-APA has 

missed the maximum no. of deadlines so its deadline miss ratio is high. It also shows that as 

taskset size increases the deadline miss ratio is also increasing for fixed no. of processors. 
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3. Average of 100 Tasksets with Fixed no. of Processors 16 and variable Taskset Size 

 

TABLE 5.5: Average Deadline Miss Ratio for 100 Tasksets with 16 Processors 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=16, n=20 0.0873 0.0453 0.0034 

m=16, n=24 0.1427 0.0938 0.0360 

m=16, n=28 0.1963 0.1664 0.0852 

m=16, n=32 0.2841 0.2450 0.1472 

m=16, n=36 0.3723 0.3231 0.2043 

m=16, n=40 0.4548 0.3960 0.2845 

m=16, n=44 0.5330 0.4851 0.3560 

m=16, n=48 0.6143 0.5450 0.4233 

m=16, n=52 0.6835 0.6418 0.5422 

m=16, n=56 0.7172 0.6755 0.6243 

m=16, n=60 0.7339 0.6919 0.6458 

m=16, n=64 0.7580 0.7407 0.7335 

 

 

FIGURE 5.5: Average Deadline Miss Ratio with 16 Processors 

 

As shown in FIGURE 5.5, the PrAMS is giving the result as per the expectation that 

is minimum Deadline miss ratio as compared to all other multiprocessor schedulers and the 

P-FP-APA has the deadlines miss ratio more than G-JLFP-APA and PrAMS both as P-FP-

APA provides fixed priority and processors are strictly partitioned between all the tasks. 

Here also the deadline miss ratio increasing as the no. of tasks in a taskset is being increased. 
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5.4.2 Average Tardiness (Fixed No. of Processors and Vary Taskset size) 

1. Average of 100 Tasksets with Fixed no. of Processors 8 and variable Taskset Size 

TABLE 5.6: Average Tardiness for 100 Tasksets with 8 Processors 

No. of Processors, 

 No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=10 19.51 11.36 8.51 

m=8, n=12 21.49 15.38 10.33 

m=8, n=14 23.53 19.72 13.50 

m=8, n=16 24.45 20.07 14.58 

m=8, n=18 25.49 20.54 15.41 

m=8, n=20 25.89 20.94 15.71 

m=8, n=22 26.19 21.15 15.99 

m=8, n=24 27.05 21.59 16.90 

m=8, n=26 27.46 21.67 17.38 

m=8, n=28 28.32 22.16 18.24 

m=8, n=30 28.57 23.53 18.79 

m=8, n=32 31.38 26.63 21.55 

 

 

FIGURE 5.6: Average Tardiness with 8 Processors 

  

As shown in FIGURE 5.6, the PrAMS is having less Tardiness as compared to other 

schedulers like G-JLFP-APA and the P-FP-APA as the PrAMS’ flexible migration policy 

making more task schedulable and reducing the deadline misses. The P-FP-APA has given 

the maximum tardiness. It can be observed that the tardiness is increasing as the taskset size 

is being increased.  
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2. Average of 100 Tasksets with Fixed no. of Processors 12 and variable Taskset Size 

 

TABLE 5.7: Average Tardiness for 100 Tasksets with 12 Processors 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=12, n=16 15.60 13.59 10.68 

m=12, n=20 22.42 20.43 14.64 

m=12, n=24 26.10 21.32 15.49 

m=12, n=28 27.52 21.86 17.67 

m=12, n=32 29.56 24.56 19.38 

m=12, n=36 32.39 28.34 22.44 

m=12, n=40 32.56 30.61 24.54 

m=12, n=44 34.35 29.53 25.85 

m=12, n=48 36.54 28.44 27.90 

 

 

FIGURE 5.7: Average Tardiness with 12 Processors 

 

As shown in FIGURE 5.7, the PrAMS gives the less Tardiness as compared to all 

other schedulers so PrAMS improves all over system performance as the more tardiness 

means time taken after deadline is more and in the SRTS the performance degradetion 

happens in proportion to the time elased after the deadline. It also shows that the tardiness is 

increasing as the no. of tasks in a taskset size is being increased. 
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3. Average of 100 Tasksets with Fixed no. of Processors 16 and variable Taskset Size 

 

TABLE 5.8: Average Tardiness for 100 Tasksets with 16 Processors 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=16, n=20 14.04 13.08 11.09 

m=16, n=24 16.39 15.27 12.64 

m=16, n=28 19.37 17.44 14.59 

m=16, n=32 21.54 20.33 16.66 

m=16, n=36 23.63 22.38 18.31 

m=16, n=40 26.50 24.81 20.38 

m=16, n=44 28.46 25.53 22.45 

m=16, n=48 31.70 27.46 23.47 

m=16, n=52 34.35 29.54 25.37 

m=16, n=56 34.78 30.33 28.61 

m=16, n=60 35.71 32.15 31.53 

m=16, n=64 38.43 33.73 31.59 

 

 

FIGURE 5.8: Average Tardiness with 16 Processors 

 

As shown in FIGURE 5.8, in this case also the PrAMS is giving less Tardiness as 

compared to the all other multiprocessor schedulers due to the PrAMS’ flexible migration 

policy which is making more no. of tasks schedulable and reducing the deadline misses. It 

can be seen that as the taskset size is being increased the tardiness is also increasing.  



LITMUSRT and Experimental Results Analysis 

 

 

77 

 

5.4.3 Average No. of Context Switches (Fixed No. of Processors and 

Vary Tasksetsize) 

 

1. Average of 100 Tasksets with Fixed no. of Processors 8 and variable Taskset Size 

TABLE 5.9: Average No. of Context Switches for 100 Tasksets with 8 Processors 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=10 59.48 67.56 71.24 

m=8, n=12 71.45 83.53 81.52 

m=8, n=14 83.54 99.23 91.60 

m=8, n=16 87.60 107.73 99.38 

m=8, n=18 91.47 114.16 106.57 

m=8, n=20 93.26 118.38 114.37 

m=8, n=22 96.55 120.38 121.45 

m=8, n=24 98.41 125.61 129.53 

m=8, n=26 106.63 153.18 132.33 

m=8, n=28 113.51 197.81 134.64 

m=8, n=30 143.40 209.59 169.45 

m=8, n=32 165.77 213.77 193.47 

 

 

FIGURE 5.9: Average No. of Context Switches with 8 Processors 

As shown in FIGURE 5.9, In most of the cases, the PrAMS is having less no. of 

Context switches as compared to G-JLFP-APA but always more than P-FP-APA  because 

PrAMS provides flexible migration policy which is increasing no. of context switches. It can 

be observed that in some cases PrAMS is having more no. of context switches than G-JLFP-

APA also.  One more observation is that as the taskset size is being increased the no. of 

context switches are also increasing.  
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2. Average of 100 Tasksets with Fixed no. of Processors 12 and variable Taskset Size 

 

TABLE 5.10: Average No. of Context Switches for 100 Tasksets with 12 Processors 

 

 

FIGURE 5.10: Average No. of Context Switches with 12 Processors 

 

The FIGURE 5.10 shows that in all the cases the PrAMS has taken more no. of 

Context switches as compared to P-FP-APA but in most of the cases it is less than the G-

JLFP-APA   due to PrAMS’ flexible migration policy and P-FP-APA has almost no 

migration kind situation as the processors are strictly partitioned for all the tasks into the 

system. Another conclusion is that the no. of context switches are getting increased as the 

taskset size and the no. of processors are increased. 

  

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=12, n=16 88.73 107.67 123.99 

m=12, n=20 112.32 178.62 156.35 

m=12, n=24 139.74 189.29 167.25 

m=12, n=28 154.52 199.69 180.54 

m=12, n=32 172.58 219.77 203.31 

m=12, n=36 180.45 224.38 231.64 

m=12, n=40 194.25 244.45 268.29 

m=12, n=44 215.77 278.59 279.70 

m=12, n=48 236.62 312.23 289.87 
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3. Average of 100 Tasksets with Fixed no. of Processors 16 and variable Taskset Size 

 

TABLE 5.11: Average No. of Context Switches for 100 Tasksets with 16 Processors 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=16, n=20 118.5 203.54 189.40 

m=16, n=24 145.23 225.21 205.34 

m=16, n=28 165.71 246.63 221.51 

m=16, n=32 200.06 288.53 254.76 

m=16, n=36 234.27 325.45 287.50 

m=16, n=40 244.60 339.26 313.55 

m=16, n=44 253.39 354.22 337.94 

m=16, n=48 263.79 368.23 364.58 

m=16, n=52 272.91 382.59 389.20 

m=16, n=56 297.62 397.92 407.11 

m=16, n=60 321.66 412.43 414.60 

m=16, n=64 346.90 427.85 438.22 

 

 

FIGURE 5.11: Average No. of Context Switches with 16 Processors 

The FIGURE 5.11 shows that in all the cases the PrAMS and G-JLFP-APA have taken 

more no. of Context switches as compared to P-FP-APA as PrAMS provides flexible 

migration by task shifting with the priority reassignment. Except few cases the PrAMS has 

taken less no. of context switches than G-JLFP-APA. One more thing in this case also the 

no. of context switches increased as the taskset size and the no. of processors are increased. 
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5.4.4 Average Schedulability (Fixed No. of Processors and Vary Taskset 

size) 

1. Average of 100 Tasksets with Fixed no. of Processors 8 and variable Taskset Size 

TABLE 5.12: Average Schedulability for 100 Tasksets with 8 Processors 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=10 82.020 86.340 89.622 

m=8, n=12 79.810 83.855 87.382 

m=8, n=14 77.600 81.370 84.685 

m=8, n=16 76.575 80.025 84.446 

m=8, n=18 75.550 78.680 83.340 

m=8, n=20 74.517 77.580 83.200 

m=8, n=22 73.483 76.480 82.407 

m=8, n=24 72.450 75.380 81.457 

m=8, n=26 70.445 73.695 79.679 

m=8, n=28 68.440 72.010 77.629 

m=8, n=30 64.970 68.385 75.452 

m=8, n=32 61.500 64.760 73.525 

 

 

FIGURE 5.12: Average Schedulability with 8 Processors 

 

As shown in FIGURE 5.12, in all the cases, the PrAMS has the more Schedulability 

as compared to P-FP-APA and G-JLFP-APA both which is the main goal of any real-time 

system. For all the cases P-FP-APA has less schedulability. It is also observed that the 

schedulability is decreasing as no. of task in a taskset is increasing with the fixed no. of 

processors. 
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2. Average of 100 Tasksets with Fixed no. of Processors 12 and variable Taskset Size 

 

TABLE 5.13: Average Schedulability for 100 Tasksets with 12 Processors 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=12, n=16 86.54 88.49 93.31 

m=12, n=20 82.44 87.72 89.51 

m=12, n=24 78.50 81.55 86.37 

m=12, n=28 78.45 80.64 84.45 

m=12, n=32 77.66 79.62 82.40 

m=12, n=36 75.45 78.42 80.69 

m=12, n=40 74.78 77.70 78.46 

m=12, n=44 70.67 75.45 77.67 

m=12, n=48 66.64 73.64 75.37 

 

 

FIGURE 5.13: Average Schedulability with 12 Processors 

 

As shown in FIGURE 5.13, the PrAMS gives the more Schedulability that is more 

no. of tasks get executed before its deadline as compared to all other multiprocessor 

scheduler due to PrAMS’ flexible migration policy. It also shows that the schedulability is 

decreasing as the no. of tasks in a taskset size is being increased with fixed no. of processors 

but if it is compared with FIGURE 5.14, it can be concluded that the schedulability is 

increasing if no. of processor are increased. 
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3. Average of 100 Tasksets with Fixed no. of Processors 16 and variable Taskset Size 

 

TABLE 5.14: Average Schedulability for 100 Tasksets with 16 Processors 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=16, n=20 87.400 89.587 94.286 

m=16, n=24 86.599 88.571 92.236 

m=16, n=28 84.312 87.401 91.568 

m=16, n=32 81.657 86.280 89.358 

m=16, n=36 78.645 84.500 87.453 

m=16, n=40 78.483 83.610 86.632 

m=16, n=44 77.552 82.466 85.542 

m=16, n=48 76.676 81.281 84.658 

m=16, n=52 75.416 80.449 83.444 

m=16, n=56 75.232 79.420 82.446 

m=16, n=60 74.500 79.302 81.490 

m=16, n=64 69.480 75.572 77.502 

 

 

FIGURE 5.14: Average Schedulability with 16 Processors 

The FIGURE 5.14 shows that in all the cases the PrAMS increases overall 

Schedulability of the system as compared to all other scheduler as it provides flexible task 

migration policy by priority reprioritization mechanism and P-FP-APA has lowest 

schedulability. One more thing in this case also is the schedulability decreased as the taskset 

size is increased and the schedulability increased with the no. of processors are increased.  
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5.4.5 Average CPU_Utilization (Fixed No. of Processors and Vary 

Taskset size) 

 

1. Average of 100 Tasksets with Fixed no. of Processors 8 and variable Taskset Size 

 

TABLE 5.15: Average CPU_Utilization for 100 Tasksets with 8 Processors 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=10 59.28 64.37 66.32 

m=8, n=12 59.44 64.50 67.39 

m=8, n=14 60.35 65.43 68.32 

m=8, n=16 61.38 67.34 70.39 

m=8, n=18 61.60 69.35 72.30 

m=8, n=20 62.46 70.36 73.29 

m=8, n=22 63.50 70.53 73.43 

m=8, n=24 64.61 71.50 74.25 

m=8, n=26 67.41 73.33 76.45 

m=8, n=28 69.42 75.81 78.54 

m=8, n=30 71.51 77.51 79.34 

m=8, n=32 73.42 79.34 80.46 

 

 

FIGURE 5.15: Average CPU_Utilization with 8 Processors 

As shown in FIGURE 5.15, in all the cases, the PrAMS has the more CPU_Utilization 

as compared to P-FP-APA and G-JLFP-APA both as the PrAMS’  schedulability 

improvement increases overall execution of tasks which utilize the more no. of CPUs. P-FP-

APA is having minimum CPU_Utilization. For all the cases P-FP-APA has less 

schedulability. It is also observed that the CPU_Utilization is increasing as no. of tasks in a 

taskset is increasing with the fixed no. of processors. 
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2. Average of 100 Tasksets with Fixed no. of Processors 12 and variable Taskset Size 

 

TABLE 5.16: Average CPU_Utilization for 100 Tasksets with 12 Processors 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=12, n=16 55.59 62.54 64.52 

m=12, n=20 59.57 63.57 65.54 

m=12, n=24 62.41 65.56 69.49 

m=12, n=28 65.45 66.61 70.42 

m=12, n=32 67.77 68.50 71.87 

m=12, n=36 68.57 70.43 73.64 

m=12, n=40 69.56 73.37 74.40 

m=12, n=44 70.44 74.46 75.78 

m=12, n=48 72.49 76.40 77.45 

 

 

FIGURE 5.16: Average CPU_Utilization with 12 Processors 

 

As shown in FIGURE 5.16, the PrAMS gives the more CPU_Utilization that is more 

no. of tasks get executed before its deadline as compared to all other multiprocessor 

scheduler due to PrAMS’ flexible migration policy. It also shows that the CPU_Utilization 

is increasing as the no. of tasks in a taskset size is being increased with fixed no. of processors 

but if it is compared with FIGURE 5.17 it can be concluded that the CPU_Utilization is 

decreasing if no. of processor are increased. 
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3. Average of 100 Tasksets with Fixed no. of Processors 16 and variable Taskset Size 

TABLE 5.17: Average CPU_Utilization for 100 Tasksets with 16 Processors 

 

 

 

FIGURE 5.17: Average CPU_Utilization with 16 Processors 

 

The FIGURE 5.17 shows that in all the cases, the PrAMS increases CPU_Utilization 

of the system as compared to all other scheduler as it provides flexible task migration policy 

by priority reprioritization mechanism and P-FP-APA has lowest CPU_Utilization. One 

more thing in this case also is the CPU_Utilization is increased as the taskset size is increased 

and the CPU_Utilization decreased with the no. of processors are increased.  

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=16, n=20 51.62 55.56 58.69 

m=16, n=24 53.62 57.18 59.43 

m=16, n=28 55.89 59.36 61.55 

m=16, n=32 56.40 61.34 62.68 

m=16, n=36 58.60 63.40 64.36 

m=16, n=40 59.39 64.51 65.39 

m=16, n=44 61.47 65.60 67.29 

m=16, n=48 62.45 67.56 68.59 

m=16, n=52 64.43 68.53 70.50 

m=16, n=56 65.59 69.32 71.68 

m=16, n=60 66.64 71.61 72.45 

m=16, n=64 69.68 74.43 75.75 
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Case-2:  Existing Schedulers and PrAMS with Variable No. of Processors and Fixed 

Tasksetsize (m+1,4m)  

In this case we have kept variable no. of processors (m) and the fixed taskset size (n) 

has been taken into consideration. The taskset size is kept random with the range from m+1 

to 4m (where the m is no. of processors and n is taskset size).    

There are three different test categories have been selected, each test has been taken with 

1. Variable No. of Processors (m=8, 12, 16) and fixed taskset size (n=20). 

2. Variable No. of Processors (m=8, 12, 16) and fixed taskset size (n=24). 

3. Variable No. of Processors (m=8, 12, 16) and fixed taskset size (n=28). 

4. Variable No. of Processors (m=8, 12, 16) and fixed taskset size (n=32). 

There are five parameters considered for the results.  

 Parameter 1: Average Deadline Miss Ratio should be minimum. 

 Parameter 2: Average Tardiness (ns) should be as low as possible. 

 Parameter 3: Average No. of Context Switches should be minimum. 

 Parameter 4: Average Schedulability (%) should be as high as. 

 Parameter 5: Average CPU_Utilization (%) should be maximum. 

Here, following three different scheduling algorithms have been compared. 

1. P-FP- APA (Partitioned Approach with fixed priority using Affinity) 

2. G-JLFP-APA (Global Approach with Job-Level-Fixed priority using Affinity) 

3. Proposed Approach (PrAMS along with affinity for processor selection, job level 

dynamic priority for priority assignment and flexible migration policy using priority 

reprioritization) 

All the tests have been taken on LITMUSRT. The details about simulator LITMUSRT 

has been discussed in section 5.1. 

The results mentioned here is the average of 100 Tasksets. One Taskset can contains 

any no. of tasks with the range m+1 to 4m and many jobs of each task can appear within the 

given duration as per the given period. Here results are shown is the average of 100 tasksets. 

Task generation detail is given in TABLE 5.2. The Detailed results of 100 attempts for each 

case have been mentioned in Annexure-I, Annexure-II and Annexure-III. 
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5.4.6 Average Deadline Miss Ratio (Vary number of Processors and 

Fixed Taskset size) 

 

1. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16) and  

Taskset Size 20  

 

TABLE 5.18: Average Deadline Miss Ratio for 100 Tasksets with Taskset size 20 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=20 0.4666 0.4141 0.3663 

m=12, n=20 0.2863 0.2444 0.1476 

m=16, n=20 0.0873 0.0453 0.0034 

 

 

 

FIGURE 5.18: Average Deadline Miss Ratio with Taskset size 20 

 

As shown in FIGURE 5.18, the PrAMS has minimum Deadline miss ratio as 

compared to P-FP-APA and G-JLFP-APA and the P-FP-APA has missed the maximum 

deadlines. It also shows that as No. of processors increases, the deadline miss ratio is 

decreasing for all the schedulers.  
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2. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16) and  

Taskset Size 24  

 

TABLE 5.19: Average Deadline Miss Ratio for 100 Tasksets with Taskset size 24 

No. of Processors, 

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=24 0.6144 0.5739 0.5238 

m=12, n=24 0.4011 0.3745 0.2876 

m=16, n=24 0.1427 0.0938 0.0360 

 

 

FIGURE 5.19: Average Deadline Miss Ratio with Taskset size 24 

 

As shown in FIGURE 5.19, the PrAMS meets the maximum number of deadlines so 

it has the lowest Deadline miss ratio as compared to all other schedulers. The P-FP-APA 

has missed the maximum no. of deadlines so its deadline miss ratio is high. It also shows 

that as No. of processors increases, the deadline miss ratio is decreasing for fixed taskset 

size. 
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3. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16) and  

Taskset Size 28 

 

TABLE 5.20: Average Deadline Miss Ratio for 100 Tasksets with Taskset size 28 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=28 0.6975 0.6261 0.5862 

m=12, n=28 0.5342 0.4856 0.3823 

m=16, n=28 0.1963 0.1664 0.0852 

 

 

 

FIGURE 5.20: Average Deadline Miss Ratio with Taskset size 28 

 

As shown in FIGURE 5.20, the PrAMS is giving the results as per the expectation that 

is minimum Deadline miss ratio as compared to all other multiprocessor schedulers and the 

P-FP-APA has the deadlines miss ratio more than G-JLFP-APA and PrAMS both as P-FP-

APA provides fixed priority and processors are strictly partitioned between all the tasks. 

Here also the deadline miss ratio decreases as the No. of processors with fixed taskset size 

is there.  
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4. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16) and Taskset 

Size 32 

 

TABLE 5.21: Average Deadline Miss Ratio for 100 Tasksets with Taskset size 32 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=32 0.8842 0.7971 0.7762 

m=12, n=32 0.6739 0.6033 0.4866 

m=16, n=32 0.2841 0.2450 0.1472 

 

 

FIGURE 5.21: Average Deadline Miss Ratio with Taskset size 32 

 

As shown in FIGURE 5.21, the PrAMS is giving the results as per the expectation that 

is minimum Deadline miss ratio as compared to all other multiprocessor schedulers and the 

P-FP-APA has the deadlines miss ratio more than G-JLFP-APA and PrAMS both as P-FP-

APA provides fixed priority and processors are strictly partitioned between all the tasks. 

Here also the deadline miss ratio decreasing as the No. of processors with fixed taskset size 

is there.  
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5.4.7 Average Tardiness (Vary No. of Processors and Fixed Taskset size) 

 

1. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16) and  

Taskset Size 20  

 

TABLE 5.22: Average Tardiness for 100 Tasksets with Taskset size 20 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=20 25.89 20.94 15.71 

m=12, n=20 22.42 20.43 14.64 

m=16, n=20 14.04 13.08 11.09 

 

 

FIGURE 5.22: Average Tardiness with Taskset size 20 

 

As shown in FIGURE 5.22, the PrAMS is having less Tardiness as compared to other 

schedulers like G-JLFP-APA and the P-FP-APA as the PrAMS’ flexible migration policy 

making more task schedulable and reducing the deadline misses. The P-FP-APA has given 

the maximum tardiness. It can be observed that the tardiness is decreasing as the No. of 

processors are being increased. 
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2. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16)  

and Taskset Size 24 

 

TABLE 5.23: Average Tardiness for 100 Tasksets with Taskset size 24 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=24 27.05 21.59 16.90 

m=12, n=24 26.10 21.32 15.49 

m=16, n=24 16.39 15.27 12.64 

 

 

FIGURE 5.23: Average Tardiness with Taskset size 24 

 

As shown in FIGURE 5.23, the PrAMS gives the less Tardiness as compared to all 

other schedulers so PrAMS improves all over system performance as the more tardiness 

means time taken after deadline is more and in the soft real-time system the performance 

degradation happens in proportion to the time elapsed after the deadline. It also shows that 

the tardiness is decreasing as the no. of processors in a system size is being increased with 

the fixed taskset size. 
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3. Average of 100 Tasksets with Variable number of Processors (m=8,12,16)  

and Taskset Size 28 

 

TABLE 5.24: Average Tardiness for 100 Tasksets with Taskset size 28 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=28 28.32 22.16 18.24 

m=12, n=28 27.52 21.86 17.67 

m=16, n=28 19.37 17.44 14.59 

 

 

FIGURE 5.24: Average Tardiness with Taskset size 28 

 

As shown in FIGURE 5.24, in this case also the PrAMS is giving less Tardiness as 

compared to the all other multiprocessor schedulers due to the PrAMS’ flexible migration 

policy which is making more no. of tasks schedulable and reducing the deadline misses. It 

can be seen that as the No. of processors are being increased the tardiness is reducing. 
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4. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16)  

and Taskset Size 32 

 

TABLE 5.25: Average Tardiness for 100 Tasksets with Taskset size 32 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=32 31.38 26.63 21.55 

m=12, n=32 29.56 24.56 19.38 

m=16, n=32 21.54 20.33 16.66 

 

 

 

FIGURE 5.25: Average Tardiness with Taskset size 32 

 

As shown in FIGURE 5.25, in this case also the PrAMS is giving less Tardiness as 

compared to the all other multiprocessor schedulers due to the PrAMS’ flexible migration 

policy which is making more no. of tasks schedulable and reducing the deadline misses. It 

can be seen that as the No. of processors are being increased the tardiness is reducing. 
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5.4.8 Average No. of Context Switches (Vary No. of Processors and 

Fixed Taskset size 

 

1. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16)  

and Taskset Size 20 

 

TABLE 5.26: Avg. No. of Context Switches for 100 Tasksets with 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=20 93.26 118.38 114.37 

m=12, n=20 112.32 178.62 156.35 

m=16, n=20 118.50 203.54 189.40 

 

 

FIGURE 5.26: Average No. of Context Switches with Taskset size 20 

 

As shown in FIGURE 5.26, in most of the cases, the PrAMS is having less no. of 

Context switches as compared to G-JLFP-APA but always more than P-FP-APA  because 

PrAMS provides flexible migration policy which is increasing no. of context switches. It can 

be observed that in some cases PrAMS is having more no. of context switches than G-JLFP-

APA also.  One more observation is that as the No. of processors is being increased the no. 

of context switches are also increasing for all the schedulers. 
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2. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16)  

and Taskset Size 24 

 

TABLE 5.27: Average No. of Context Switches for 100 Tasksets with Taskset size 24 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=24 98.41 125.61 129.53 

m=12, n=24 143.23 189.29 167.25 

m=16, n=24 145.23 225.21 205.34 

 

 

FIGURE 5.27: Average No. of Context Switches with Taskset size 24 

 

The FIGURE 5.27 shows that in all the cases the PrAMS has taken more no. of 

Context switches as compared to P-FP-APA but in most of the cases it is less than the G-

JLFP-APA   due to PrAMS’ flexible migration policy and P-FP-APA has almost no 

migration kind situation as the processors are strictly partitioned for all the tasks into the 

system. Another conclusion is that the no. of context switches are getting increased as the 

no. of processors and the no. of tasks in a taskset are increased. 
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3. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16)  

and Taskset Size 28 

 

TABLE 5.28: Average No. of Context Switches for 100 Tasksets with Taskset size 28 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=28 113.51 197.81 134.64 

m=12, n=28 154.52 199.69 180.54 

m=16, n=28 165.71 246.63 221.51 

 

 

FIGURE 5.28: Average No. of Context Switches with 28 

 

The FIGURE 5.28 shows that in all the cases the PrAMS and G-JLFP-APA have taken 

more no. of Context switches as compared to P-FP-APA as PrAMS provides flexible 

migration by task shifting with the priority reassignment. Except few cases the PrAMS has 

taken less no. of context switches than G-JLFP-APA.   One more thing in this case also the 

no. of context switches increased as the taskset size and the no. of processors are increased. 
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4. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16)  

and Taskset Size 32 

 

TABLE 5.29: Average No. of Context Switches for 100 Tasksets with Taskset size 32 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=32 165.77 213.77 193.47 

m=12, n=32 172.58 219.77 203.31 

m=16, n=32 200.06 288.53 254.76 

 

 

FIGURE 5.29: Average No. of Context Switches with 32 

 

The FIGURE 5.29 shows that in all the cases the PrAMS and G-JLFP-APA have taken 

more no. of Context switches as compared to P-FP-APA as PrAMS provides flexible 

migration by task shifting with the priority reassignment. Except few cases the PrAMS has 

taken less no. of context switches than G-JLFP-APA. One more thing in this case also the 

no. of context switches increased as the taskset size and the no. of processors are increased. 
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5.4.9 Average Schedulability (Vary No. of Processors and Fixed Taskset 

size) 

 

1. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16)  

and Taskset Size 20 

 

TABLE 5.30: Average Schedulability for 100 Tasksets with Taskset size 20 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=20 74.517 77.580 83.200 

m=12, n=20 82.44 87.72 89.51 

m=16, n=20 87.400 89.587 94.286 

 

 

FIGURE 5.30: Average Schedulability with Taskset size 20 

 

As shown in FIGURE 5.30, in all the cases, the PrAMS has the more Schedulability 

as compared to P-FP-APA and G-JLFP-APA both which is the main goal of any real-time 

system. For all the cases P-FP-APA has less schedulability. It is also observed that the 

schedulability is increasing as no. of processors increasing with the fixed taskset size. 
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2. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16)  

and Taskset Size 24 

 

TABLE 5.31: Average Schedulability for 100 Tasksets with Taskset size 24 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=24 72.450 75.380 81.457 

m=12, n=24 78.50 81.55 86.37 

m=16, n=24 86.599 88.571 92.236 

 

 

FIGURE 5.31: Average Schedulability with Taskset size 24 

 

As shown in FIGURE 5.31, the PrAMS gives the more Schedulability that is more 

no. of tasks get executed before its deadline as compared to all other multiprocessor 

scheduler due to PrAMS’ flexible migration policy. It also shows that the schedulability is 

increasing as the no. of processors is being increased with fixed taskset size but if it is 

compared with FIGURE 5.32 it can be concluded that the schedulability is decreasing if no. 

of tasks in a taskset are increased. 
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3. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16)  

and Taskset Size 28 

 

TABLE 5.32: Average Schedulability for 100 Tasksets with Taskset size 28 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=28 68.440 72.010 77.629 

m=12, n=28 78.45 80.64 84.45 

m=16, n=28 84.312 87.401 91.568 

 

 

FIGURE 5.32: Average Schedulability with Taskset size 28 

 

The FIGURE 5.32 shows that in all the cases the PrAMS increases overall 

Schedulability of the system as compared to all other scheduler as it provides flexible task 

migration policy by priority reprioritization mechanism and P-FP-APA has lowest 

schedulability. One more thing in this case also is the schedulability increased as the no. of 

processors are increased and the schedulability decreased with the no. tasks in a taskset size 

are increased. 
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4. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16)  

and Taskset Size 32 

 

TABLE 5.33: Average Schedulability for 100 Tasksets with Taskset size 32 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=32 61.500 64.760 73.525 

m=12, n=32 77.66 79.62 82.40 

m=16, n=32 81.657 86.280 89.358 

 

 

 

FIGURE 5.33: Average Schedulability with Taskset size 32 

 

The FIGURE 5.33 shows that in all the cases the PrAMS increases overall 

Schedulability of the system as compared to all other scheduler as it provides flexible task 

migration policy by priority reprioritization mechanism and P-FP-APA has lowest 

schedulability. One more thing in this case also is the schedulability increased as the no. of 

processors are increased and the schedulability decreased with the no. tasks in a taskset size 

are increased. 
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5.4.10 Average CPU_Utilization (Vary No. of Processors and Fixed 

Taskset size) 

 

1. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16) and Taskset 

Size 20 

 

TABLE 5.34: Average CPU_Utilization for 100 Tasksets with Taskset size 20 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=20 62.46 70.36 73.29 

m=12, n=20 59.57 63.57 65.54 

m=16, n=20 51.62 55.56 58.69 

 

 

FIGURE 5.34: Average CPU_Utilization with Taskset size 20 

 

As shown in FIGURE 5.34, in all the cases, the PrAMS has the more CPU_Utilization 

as compared to P-FP-APA and G-JLFP-APA both as the PrAMS’ schedulability 

improvement increases overall execution of tasks which utilize the more no. of CPUs. P-FP-

APA is having minimum CPU_Utilization. For all the cases P-FP-APA has less 

schedulability. It is also observed that the CPU_Utilization is decreasing as no. of processors 

in a system is increasing with the fixed no. of tasks in a taskset.  
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2. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16)  

and Taskset Size 24 

 

TABLE 5.35: Average CPU_Utilization for 100 Tasksets with Taskset size 24 

No. of Processors, 

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=24 64.61 71.50 74.25 

m=12, n=24 62.41 65.56 69.49 

m=16, n=24 53.62 57.18 59.43 

 

 

FIGURE 5.35: Average CPU_Utilization with Taskset size 24 

 

As shown in FIGURE 5.35, the PrAMS gives the more CPU_Utilization that is more 

no. of tasks get executed before its deadline as compared to all other multiprocessor 

scheduler due to PrAMS’ flexible migration policy. It also shows that the CPU_Utilization 

is decreasing as the no. of tasks in the no. of processors are being increased with fixed no. 

of taskset size but if it is compared with FIGURE 5.36 it can be concluded that the 

CPU_Utilization is increasing if no. of tasks in a taskset is increased. 
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3. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16)  

and Taskset Size 28 

 

TABLE 5.36: Average CPU_Utilization for 100 Tasksets with Taskset size 28 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=28 69.42 75.81 78.54 

m=12, n=28 65.45 66.61 70.42 

m=16, n=28 55.89 59.36 61.55 

 

 

FIGURE 5.36: Average CPU_Utilization with Taskset size 28 

 

The FIGURE 5.36 shows that in all the cases the PrAMS increases CPU_Utilization 

of the system as compared to all other scheduler as it provides flexible task migration policy 

by priority reprioritization mechanism and P-FP-APA has lowest CPU_Utilization. One 

more thing in this case also is the CPU_Utilization is decreased as the no. of processors are 

increased and the CPU_Utilization increased with the taskset size is increased. 
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4. Average of 100 Tasksets with  Variable no. of Processors (m=8,12,16)  

and Taskset Size 32 

 

TABLE 5.37: Average CPU_Utilization for 100 Tasksets with Taskset size 32 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=32 73.42 79.34 80.46 

m=12, n=32 67.77 68.50 71.87 

m=16, n=32 56.40 61.34 62.68 

 

 

 

FIGURE 5.37: Average CPU_Utilization with Taskset size 32 

 

The figure 5.37 shows that in all the cases the PrAMS increases CPU_Utilization of 

the system as compared to all other scheduler as it provides flexible task migration policy 

by priority reprioritization mechanism and P-FP-APA has lowest CPU_Utilization. One 

more thing in this case also is the CPU_Utilization is decreased as the no. of processors are 

increased and the CPU_Utilization increased with the taskset size is increased. 
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Case-3: Existing Schedulers and PrAMS with No. of Processors and Tasksetsize both 

variable (m+1,4m)  

 

In this case we have kept variable no. of processors (m) and the variable taskset size 

(n) has been taken into consideration. The taskset size is kept random with the range from 

m+1 to 4m (where the m is no. of processors and n is taskset size).    

The test has been taken with variable No. of Processors (m=8, 12, 16) and variable 

taskset size (n=10, 12, 14, 16, 20, 24, 28, 32, 48, 52, 56, 60). 

There are five parameters considered for the results.  

 Parameter 1: Average Deadline Miss Ratio should be minimum. 

 Parameter 2: Average Tardiness (ns) should be as low as possible. 

 Parameter 3: Average No. of Context Switches should be minimum. 

 Parameter 4: Average Schedulability (%) should be as high as. 

 Parameter 5: Average CPU_Utilization (%) should be maximum. 

 

Here, following three different scheduling algorithms have been compared. 

1. P-FP- APA (Partitioned Approach with fixed priority using Affinity) 

2. G-JLFP-APA (Global Approach with Job-Level-Fixed priority using Affinity) 

3. Proposed Approach (PrAMS along with affinity for processor selection, job level 

dynamic priority for priority assignment and flexible migration policy using priority 

reprioritization) 

All the tests have been taken on LITMUSRT  The details about simulator LITMUSRT 

has been discussed in section 5.1. 

The results mentioned here is the average of 100 Tasksets. One Taskset can contains 

any no. of tasks with the range m+1 to 4m and many jobs of each task can appear within the 

given duration as per the given period. Here results are shown is the average of 100 tasksets. 

Task generation detail is given in TABLE 5.2. The Detailed results of 100 attempts for each 

case have been mentioned in Annexure-I, Annexure-II and Annexure-III.  
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5.4.11 Average Deadline Miss Ratio (Variable No. of Processors and 

Taskset size) 

 

Average of 100 Tasksets with variable No. of Processors (m=8, 12, 16) and variable 

taskset size (n=10, 12, 14, 16, 20, 24, 28, 32, 48, 52, 56, 60) 

 

TABLE 5.38: Average Deadline Miss Ratio with variable No. of Processors and Taskset size 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=10 0.0945 0.0696 0.0226 

m=8, n=12 0.1449 0.1229 0.0847 

m=8, n=14 0.2048 0.1841 0.1447 

m=8, n=16 0.2661 0.2538 0.2160 

m=12, n=20 0.2863 0.2444 0.1476 

m=12, n=24 0.4011 0.3745 0.2876 

m=12, n=28 0.5342 0.4856 0.3823 

m=12, n=32 0.6739 0.6033 0.4866 

m=16, n=48 0.6143 0.5450 0.4233 

m=16, n=52 0.6835 0.6418 0.5422 

m=16, n=56 0.7172 0.6755 0.6243 

m=16, n=60 0.7339 0.6919 0.6458 

 

 

FIGURE 5.38: Average Deadline Miss Ratio with variable No. of Processors and Taskset size 
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As shown in below FIGURE 5.38, the PrAMS is giving the result as per the 

expectation that is minimum Deadline miss ratio as compared to all other multiprocessor 

schedulers and the P-FP-APA has the deadlines miss ratio more than G-JLFP-APA and 

PrAMS both as P-FP-APA provides fixed priority and processors are strictly partitioned 

between all the tasks. Here also the deadline miss ratio increasing as the no. of tasks in a 

taskset is being increased with fixed processor but is both are changing than it may depend 

on no. of processors and taskset size. 

 

5.4.12 Average Tardiness (Variable No. of Processors and Taskset 

size) 

 

Average of 100 Tasksets with variable No. of Processors (m=8, 12, 16) and variable 

taskset size (n=10, 12, 14, 16, 20, 24, 28, 32, 48, 52, 56, 60) 

 

TABLE 5.39: Average Tardiness with variable No. of Processors and Taskset size 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=10 19.51 11.36 8.51 

m=8, n=12 21.49 15.38 10.33 

m=8, n=14 23.53 19.72 13.50 

m=8, n=16 24.45 20.07 14.58 

m=12, n=20 22.42 20.43 14.64 

m=12, n=24 26.10 21.32 15.49 

m=12, n=28 27.52 21.86 17.67 

m=12, n=32 29.56 24.56 19.38 

m=16, n=48 31.70 27.46 23.47 

m=16, n=52 34.35 29.54 25.37 

m=16, n=56 34.78 30.33 28.61 

m=16, n=60 35.71 32.15 31.53 
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FIGURE 5.39: Average Tardiness with variable No. of Processors and Taskset size 

 

As shown in FIGURE 5.39, the PrAMS gives the less Tardiness as compared to all 

other schedulers so PrAMS improves all over system performance as the more tardiness 

means time taken after deadline is more and in the soft real-time system the performance 

degradetion happens in proportion to the time elased after the deadline. It also shows that 

the tardiness is increasing as the no. of tasks in a taskset size is being increased. 

Here also the deadline miss ratio increasing as the no. of tasks in a taskset is being 

increased with fixed processor but is both the parameters are variable than it depends on no. 

of processors and taskset size. 
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5.4.13 Average No. of Context Switches (Variable No. of Processors and 

Tasksetsize) 

 

Average of 100 Tasksets with variable No. of Processors (m=8, 12, 16) and variable 

taskset size (n=10, 12, 14, 16, 20, 24, 28, 32, 48, 52, 56, 60) 

 

TABLE 5.40: Average No. of Context Switches with variable No. of Processors and Taskset size 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=10 59.48 67.56 71.24 

m=8, n=12 71.45 83.53 81.52 

m=8, n=14 83.54 99.23 91.60 

m=8, n=16 87.60 107.73 99.38 

m=12, n=20 112.32 178.62 156.35 

m=12, n=24 139.74 189.29 167.25 

m=12, n=28 154.52 199.69 180.54 

m=12, n=32 172.58 219.77 203.31 

m=16, n=48 263.79 368.23 364.58 

m=16, n=52 272.91 382.59 389.20 

m=16, n=56 297.62 397.92 407.11 

m=16, n=60 321.66 412.43 414.60 

 

The FIGURE 5.40 shows that in all the cases the PrAMS has taken more no. of 

Context switches as compared to P-FP-APA but in most of the cases it is less than the G-

JLFP-APA due to PrAMS’ flexible migration policy and P-FP-APA has almost no migration 

kind situation as the processors are strictly partitioned for all the tasks into the system. 

Another conclusion is that the no. of context switches are getting increased in all three cases; 

the taskset size is increased and the no. of processors are fixed or the no. of processors are 

increased or the taskset size and the no. of processors both are increasing. 



LITMUSRT and Experimental Results Analysis 

 

 

112 

 

 

FIGURE 5.40: Average No. of Context Switches with variable No. of Processors and Taskset size 

 

5.4.14 Average Schedulability (Variable No. of Processors and Taskset 

size) 

Average of 100 Tasksets with variable No. of Processors (m=8, 12, 16) and variable 

taskset size (n=10, 12, 14, 16, 20, 24, 28, 32, 48, 52, 56, 60) 

 

TABLE 5.41: Average Schedulability with variable No. of Processors and Taskset size 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=10 82.020 86.340 89.622 

m=8, n=12 79.810 83.855 87.382 

m=8, n=14 77.600 81.370 84.685 

m=8, n=16 76.575 80.025 84.446 

m=12, n=20 82.44 87.72 89.51 

m=12, n=24 78.50 81.55 86.37 

m=12, n=28 78.45 80.64 84.45 

m=12, n=32 77.66 79.62 82.40 

m=16, n=48 76.676 81.281 84.658 

m=16, n=52 75.416 80.449 83.444 

m=16, n=56 75.232 79.420 82.446 

m=16, n=60 74.500 79.302 81.490 
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FIGURE 5.41: Average Schedulability with variable No. of Processors and Taskset size 

 

The FIGURE 5.41 shows that in all the cases the PrAMS increases overall 

Schedulability of the system as compared to all other scheduler as it provides flexible task 

migration policy by priority reprioritization mechanism and P-FP-APA has lowest 

schedulability. One more thing in this case also is the schedulability decreased as the taskset 

size is increased and the schedulability increased with the no. of processors are increased but 

the increase/decrease depends on no. of processors and taskset size if both parameters are 

variable. 

 

5.4.15 Average CPU_Utilization (Variable No. of Processors and 

Taskset size) 

 

Average of 100 Tasksets with variable No. of Processors (m=4, 8, 12, 16) and variable 

taskset size (n=10, 12, 14, 16, 20, 24, 28, 32, 48, 52, 56, 60) 

As shown in FIGURE 5.42, in all the cases, the PrAMS has the more CPU_Utilization 

as compared to P-FP-APA and G-JLFP-APA both as the PrAMS’ schedulability 

improvement increases overall execution of tasks which utilize the more no. of CPUs. P-FP-

APA is having minimum CPU_Utilization. For all the cases P-FP-APA has less 

CPU_Utilization. It is also observed that the CPU_Utilization is increasing as no. of tasks in 
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a taskset is increasing with the fixed no. of processors but if there is variable no. of processors 

and taskset size than result depends on no. of processors and no. of tasks in a taskset. 

 

TABLE 5.42: Average CPU_Utilization with variable No. of Processors and Taskset size 

No. of Processors,  

No. of Tasks 

Algorithms 

P-FP-APA G-JLFP-APA PrAMS 

m=8, n=10 59.28 64.37 66.32 

m=8, n=12 59.44 64.50 67.39 

m=8, n=14 60.35 65.43 68.32 

m=8, n=16 61.38 67.34 70.39 

m=12, n=20 59.57 63.57 65.54 

m=12, n=24 62.41 65.56 69.49 

m=12, n=28 65.45 66.61 70.42 

m=12, n=32 67.77 68.50 71.87 

m=16, n=48 62.45 67.56 68.59 

m=16, n=52 64.43 68.53 70.50 

m=16, n=56 65.59 69.32 71.68 

m=16, n=60 66.64 71.61 72.45 

 

 

FIGURE 5.42: Average CPU_Utilization with variable No. of Processors and Taskset size 
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Chapter 6:  

Conclusion & Future Scope 

 

This chapter describes the summary of the thesis and points out the probable expansion 

for future work. The chapter is separated into two sections. The first section 6.1 concludes 

the thesis by mentioning the major contributions and also the limitations of the system 

proposed while the second section 6.2 presents future directions for further research. 

 

6.1 Conclusion  

The generalized multi-processor real-time scheduler presented in the thesis primarily 

focuses on three different problems. First is the processor selection problem in a 

multiprocessor system which is based on affinity concept and processor affinity is kept static 

in this experiment. The second problem addressed is the process selection that is priority 

assignment for task execution order which is done with Job-Level-Dynamic-Priority (JLDP) 

approach. The third is to provide flexible migration policy with the task shifting by 

reprioritizing the task. This research also addresses the priority inversion problem perfectly 

which is the big problem in any real-time system. The proposed processor affinity based 

scheduler improves overall schedulability of the system by providing the flexible migration 

policy. The proposed scheduler provides consistent and optimum results for different 

performance measure parameters like less deadline miss ratio, less tardiness, Maximum 

CPU_Utilization and improved schedulability as compared to traditional approaches 

discussed in the literature. 

 The processor affinity based scheduling approach PrASWM without flexible 

migration policy has been proposed for multiprocessor real-time system which 

provides consistent and optimum results in all the cases. Scheduling tasks with 

proposed approach with dynamic priority assignment policy improves schedulability 

and CPU_Utilization reduces the deadline miss ratio and tardiness as compared to 

conventional approaches like G-JLFP-APA and P-FP-APA.  

 The processor affinity based scheduler PrAMS along with flexible migration using 

priority reprioritization and dynamic priority assignment has been proposed for 

multiprocessor soft real-time system which provides consistent and optimum results 
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in all the cases. Scheduling tasks with the proposed approach with flexible migration 

and dynamic priority assignment policy improves schedulability and CPU_Utilization 

as compared to existing approaches. Scheduling tasks with proposed approach 

minimize the Deadline miss ratio as well as Tardiness as compared to traditional 

approaches. Proposed approach gives always more no. of context switches than 

partitioned approach but when we compare it with global then in some cases it has less 

no. of context switches than the Global approach and in some cases it is more than 

global approach. 

The common observations for all schedulers based on result analysis are as 

following: 

Parameter Observations for all Schedulers 

Deadline Miss 

Ratio 

i. The deadline miss ratio increases when n-m increases as the 

number of tasks are higher than processors which causes 

misses more frequently.  

ii. The deadline miss ratio decreased if the number of processors 

are increased with the same taskset size that performs better for 

n is lower and m is constant. 

iii. If m increases and n is kept constant then PrAMS’ performance 

is getting improved (ratio gets lower) as we have more choices 

to migrate our tasks. 

 

Tardiness i. The Tardiness increases when n-m increases (more misses as 

tasks are higher than processors and if more no. of misses than 

time elapsed after deadline is more) 

ii. The Tardiness is decreasing if number of processors are 

increased with fixed taskset size (constant n) as we have more 

choices to migrate our tasks and due to that less deadline miss 

appears in the system which reduces the tardiness. 

 

No. of Context 

Switches 

i. The number of context switches increases in both the cases 

either n or m any value increases as  if n increases according to 

priority requirement it needs to shift that's why increases and if 
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m increases it gets more chance to migrate so it should 

increases 

ii. PrAMS always has more no. of context switches than the 

Partitioned approach and in some cases (like more no. of 

processors) it also has more than global approach or almost 

same as global (for less no. of processors).  

iii. In any case partitioned approach has less no. of context 

switches than the global approach and proposed approach.  

 

Schedulability i. Schedulability decreases when n-m increases (more misses as 

tasks are higher than processors and if more no. of misses then 

lower the schedulability) 

ii. The PrAMS performs better in all three cases; a) No. of 

processors fixed and variable taskset size b) No. of processors 

variable and constant taskset size c) Both variable. 

iii. The schedulability is increasing when m increases and n is 

constant as we have more choice to migrate our tasks and fewer 

misses.  

 

CPU_Utilization i. CPU_Utilization increases when n-m increases as more tasks 

will be executed on same no. of processors. 

ii. CPU_Utilization decreases when m increases for constant n as 

the same number of tasks are being executed on more no. of 

processors. 

iii. In all the cases global and PrAMS are having more 

CPU_Utilization than partitioned approach as in partitioned 

approach the task must be executed on predefined processor 

even though other processors free in our system. 

iv. The PrAMS performs better than the global and partitioned 

approach in all the cases as it is possible to schedule more 

number of tasks for execution due to its flexible migration 

policy.   
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6.2 Limitations and Future Scope 

The following section presents the limitations & future scope for this research work. 

 

6.2.1 Limitations 

The major problem faced in implementing the scheduler is the time required to test the 

large number of task sets on more number of processors and the infrastructure to support 

such execution. With existing resources and data structure as per best of my knowledge, 

experiments are performed to achieve better results which are mentioned in the thesis.   

The proposed approach has taken more no. of context switches as compared to 

partitioned approach in all the cases and in some cases it is also greater than the global 

approach due to its flexible migration policy.  

 

6.2.2 Future Scope 

The analysis presented here several areas for future work.  

1. The implementation presented here has used the static processor affinity assignment; 

so one can reform the scheduler which can apply dynamic processor affinity so 

schedulability can be improved.  

2. The proposed approach has taken more no. of context switches as compared to 

partitioned in all the cases and in some cases it is greater than the global also; so one 

can reduce the no. of context switches by careful processor affinity assignment.  

3. Synchronization for sharing the resource is a significant thought in the proposal of a 

scheduling algorithm which supports concurrency and scalability. But, for real-time 

systems, it is essential to consider memory allocation algorithm with the 

synchronization. So one can design a memory allocator which can be integrated with 

PrAMS. 

4. The proposed algorithm is kept limited to the one task shift only, so one can improve 

the schedulability by using multiple task shifts with the help of advanced data 

structure. 
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Detailed Results to find Deadline Miss Ratio 

Case 1.1 

Average Deadlinemiss Ratio for 100 Task Sets with 8 Processors and Tasksetsize=10  

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 0.0921 0.0697 0.0231  51 0.0960 0.0680 0.0237 

2 0.0959 0.0709 0.0247  52 0.0928 0.0715 0.0222 

3 0.0957 0.0680 0.0226  53 0.0934 0.0713 0.0240 

4 0.0934 0.0703 0.0227  54 0.0934 0.0686 0.0202 

5 0.0960 0.0713 0.0240  55 0.0936 0.0687 0.0246 

6 0.0936 0.0687 0.0209  56 0.0951 0.0690 0.0235 

7 0.0953 0.0678 0.0229  57 0.0933 0.0694 0.0221 

8 0.0964 0.0712 0.0208  58 0.0929 0.0718 0.0241 

9 0.0933 0.0700 0.0201  59 0.0926 0.0691 0.0220 

10 0.0936 0.0700 0.0235  60 0.0922 0.0686 0.0210 

11 0.0948 0.0697 0.0233  61 0.0947 0.0689 0.0233 

12 0.0970 0.0682 0.0249  62 0.0932 0.0717 0.0209 

13 0.0925 0.0706 0.0221  63 0.0930 0.0678 0.0233 

14 0.0928 0.0691 0.0216  64 0.0926 0.0684 0.0217 

15 0.0927 0.0717 0.0238  65 0.0962 0.0705 0.0235 

16 0.0924 0.0672 0.0214  66 0.0926 0.0713 0.0200 

17 0.0943 0.0678 0.0226  67 0.0935 0.0688 0.0219 

18 0.0946 0.0702 0.0248  68 0.0966 0.0671 0.0232 

19 0.0932 0.0698 0.0214  69 0.0931 0.0673 0.0218 

20 0.0947 0.0685 0.0200  70 0.0967 0.0698 0.0233 

21 0.0968 0.0712 0.0201  71 0.0952 0.0676 0.0246 

22 0.0954 0.0716 0.0230  72 0.0933 0.0719 0.0202 

23 0.0950 0.0700 0.0207  73 0.0922 0.0696 0.0227 

24 0.0939 0.0711 0.0241  74 0.0954 0.0717 0.0201 

25 0.0943 0.0712 0.0219  75 0.0925 0.0702 0.0220 

26 0.0952 0.0712 0.0245  76 0.0968 0.0685 0.0250 

27 0.0929 0.0680 0.0223  77 0.0958 0.0715 0.0224 

28 0.0927 0.0715 0.0201  78 0.0957 0.0684 0.0201 

29 0.0946 0.0709 0.0223  79 0.0931 0.0688 0.0245 

30 0.0939 0.0681 0.0236  80 0.0959 0.0692 0.0250 

31 0.0924 0.0686 0.0226  81 0.0966 0.0708 0.0238 

32 0.0926 0.0672 0.0233  82 0.0946 0.0704 0.0224 

33 0.0951 0.0703 0.0209  83 0.0921 0.0691 0.0217 

34 0.0954 0.0701 0.0240  84 0.0934 0.0686 0.0224 

35 0.0930 0.0671 0.0250  85 0.0956 0.0700 0.0238 

36 0.0953 0.0701 0.0230  86 0.0944 0.0708 0.0236 

37 0.0958 0.0691 0.0209  87 0.0927 0.0695 0.0206 

38 0.0942 0.0704 0.0203  88 0.0961 0.0687 0.0218 

39 0.0937 0.0680 0.0220  89 0.0929 0.0708 0.0215 

40 0.0961 0.0689 0.0237  90 0.0970 0.0719 0.0249 

41 0.0939 0.0693 0.0234  91 0.0957 0.0698 0.0225 

42 0.0944 0.0671 0.0230  92 0.0964 0.0708 0.0214 

43 0.0936 0.0671 0.0239  93 0.0966 0.0703 0.0243 

44 0.0956 0.0699 0.0235  94 0.0956 0.0712 0.0248 

45 0.0933 0.0714 0.0228  95 0.0944 0.0687 0.0201 

46 0.0962 0.0675 0.0246  96 0.0960 0.0709 0.0216 

47 0.0970 0.0698 0.0239  97 0.0967 0.0720 0.0237 

48 0.0962 0.0675 0.0208  98 0.0961 0.0678 0.0237 

49 0.0959 0.0680 0.0207  99 0.0926 0.0699 0.0215 

50 0.0957 0.0698 0.0248  100 0.0964 0.0685 0.0221 

Avg of 100 

Attempts 
0.0945 0.0696 0.0226      
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Case 1.12 

Average Deadlinemiss Ratio for 100 Task Sets with 8 Processors and Tasksetsize=32  

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 0.9084 0.7824 0.7815  51 0.8744 0.7851 0.7973 

2 0.8700 0.7784 0.7971  52 0.8749 0.8014 0.7764 

3 0.9080 0.7858 0.7782  53 0.8612 0.7717 0.7837 

4 0.8861 0.7914 0.7559  54 0.8749 0.7730 0.7786 

5 0.8661 0.8138 0.7747  55 0.8743 0.8175 0.7560 

6 0.8641 0.7949 0.7733  56 0.8960 0.7915 0.7899 

7 0.8827 0.7969 0.7967  57 0.8749 0.7840 0.7737 

8 0.8861 0.7742 0.7691  58 0.8810 0.7731 0.7636 

9 0.8882 0.7944 0.7527  59 0.9032 0.8154 0.7735 

10 0.8692 0.7911 0.7560  60 0.8831 0.8052 0.7918 

11 0.8649 0.7853 0.7660  61 0.9096 0.7882 0.7678 

12 0.8814 0.7906 0.7779  62 0.9055 0.8035 0.7686 

13 0.8773 0.8165 0.7982  63 0.9040 0.8153 0.7588 

14 0.8693 0.7916 0.7525  64 0.8910 0.7833 0.7523 

15 0.9029 0.8179 0.7779  65 0.8960 0.7896 0.7826 

16 0.9100 0.8178 0.7596  66 0.8646 0.8081 0.7713 

17 0.9036 0.7958 0.7774  67 0.8706 0.8001 0.7871 

18 0.8658 0.8129 0.7773  68 0.8707 0.8015 0.7877 

19 0.8665 0.7710 0.7901  69 0.8650 0.7798 0.7823 

20 0.8981 0.8044 0.7709  70 0.8973 0.7714 0.7865 

21 0.9028 0.7884 0.7737  71 0.8719 0.8014 0.7602 

22 0.9099 0.8133 0.7522  72 0.8861 0.7937 0.7806 

23 0.9077 0.7736 0.7960  73 0.8891 0.7937 0.7985 

24 0.8934 0.8200 0.7926  74 0.8850 0.7956 0.7936 

25 0.8826 0.7965 0.7890  75 0.8893 0.8179 0.7995 

26 0.9000 0.8152 0.7671  76 0.8840 0.7897 0.7663 

27 0.8625 0.8105 0.7905  77 0.9028 0.8146 0.7929 

28 0.8948 0.7957 0.7502  78 0.8742 0.8012 0.7999 

29 0.9001 0.8162 0.7680  79 0.8733 0.8114 0.7888 

30 0.8885 0.8107 0.7980  80 0.9053 0.8006 0.7720 

31 0.8600 0.8000 0.7898  81 0.8635 0.8083 0.7581 

32 0.8998 0.7898 0.7658  82 0.8982 0.7762 0.7520 

33 0.8658 0.8021 0.7902  83 0.8922 0.8163 0.7537 

34 0.8940 0.7718 0.7840  84 0.8908 0.8116 0.7752 

35 0.8638 0.7752 0.7995  85 0.9093 0.8056 0.7837 

36 0.8956 0.7995 0.7669  86 0.8665 0.7863 0.7715 

37 0.8940 0.7950 0.7921  87 0.8916 0.8071 0.7531 

38 0.8738 0.7818 0.7992  88 0.8893 0.7965 0.7901 

39 0.8709 0.8134 0.7884  89 0.9083 0.7975 0.7956 

40 0.8805 0.7979 0.7534  90 0.8917 0.8009 0.7671 

41 0.9066 0.7815 0.7681  91 0.8652 0.8170 0.7623 

42 0.8674 0.8126 0.7806  92 0.8750 0.7858 0.7507 

43 0.8667 0.8139 0.7903  93 0.8803 0.8031 0.7514 

44 0.8668 0.8060 0.7699  94 0.8734 0.7932 0.7757 

45 0.8681 0.7957 0.7973  95 0.8787 0.7767 0.7805 

46 0.8810 0.7952 0.7632  96 0.9072 0.8023 0.7517 

47 0.8810 0.7990 0.7805  97 0.8987 0.7882 0.7992 

48 0.8734 0.8125 0.7591  98 0.8688 0.8067 0.7836 

49 0.8753 0.7715 0.7738  99 0.8793 0.7858 0.7628 

50 0.8846 0.8148 0.7541  100 0.8791 0.7945 0.7901 

Avg of 100 

Attempts 
0.8842 0.7971 0.7762      
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Similarly, Case 1.2 to Case 1.11  

Average Deadlinemiss Ratio for 100 Task Sets with 8 Processors  

and Taskset size = n 

(Detailed Results are available as follow) 

Detailed Results to find Deadline Miss Ratio 

For, All Result, Scan QR Code: 

 

Case No. Taskset size (n) Link 

Case 1.2 12 Click Here 

Case 1.3 14 Click Here 

Case 1.4 16 Click Here 

Case 1.5 18 Click Here 

Case 1.6 20 Click Here 

Case 1.7 22 Click Here 

Case 1.8 24 Click Here 

Case 1.9 26 Click Here 

Case 1.10 28 Click Here 

Case 1.11 30 Click Here 

  

https://drive.google.com/file/d/16xcJToqhiDjD34nlGsGBDzkRu0eshA-_/view?usp=sharing
https://drive.google.com/file/d/1LM-mVNfw_0KjN9Gz3hXDOkwOx8s9Q4HJ/view?usp=sharing
https://drive.google.com/file/d/1H63zOPplukHkYEjJxBo0gKKZKJtmgzjb/view?usp=sharing
https://drive.google.com/file/d/13XswrO7WZ_G5PdMSwg3V_RtTave24qet/view?usp=sharing
https://drive.google.com/file/d/1NPlQ3P90gttvgecAaknBBcO6KSx8YKXa/view?usp=sharing
https://drive.google.com/file/d/1wjHBdtuy1qOMD1Ef5xvtGQb3qVA5uOtD/view?usp=sharing
https://drive.google.com/file/d/113pgJJrh_SydN9y3kVdb39T4mA7Ss5o_/view?usp=sharing
https://drive.google.com/file/d/1un0hmN-QLdgBm079KQ0YgiPfzdm4bIwV/view?usp=sharing
https://drive.google.com/file/d/1p_btApn9L3tmjRtTxLc_X4wIsjvJRR5L/view?usp=sharing
https://drive.google.com/file/d/1FXKIYRLbgVj2NnsYNGjwqU8xBvffFWGg/view?usp=sharing
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Detailed Results to find Average Tardiness 

Case 2.1 

Average Tardiness for 100 Task Sets with 8 Processors and Tasksetsize=10  

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 20.88 11.11 6.96  51 20.19 12.95 8.88 

2 18.46 9.04 8.34  52 21.17 13.75 6.60 

3 18.28 11.27 7.11  53 19.09 12.71 6.02 

4 19.98 9.53 8.38  54 19.25 12.14 10.79 

5 17.51 10.04 6.41  55 18.84 11.16 8.77 

6 17.57 13.62 7.50  56 18.35 10.49 6.53 

7 19.80 11.37 9.41  57 19.46 9.81 10.69 

8 18.68 10.83 6.74  58 18.88 13.73 10.30 

9 19.16 12.09 6.39  59 20.32 10.37 8.57 

10 18.26 10.47 8.38  60 19.39 13.84 10.18 

11 19.96 10.75 10.51  61 18.01 11.03 9.62 

12 17.18 12.32 10.60  62 17.46 13.25 6.08 

13 19.84 10.97 10.35  63 19.02 11.73 10.39 

14 21.38 9.06 9.40  64 18.13 9.66 8.22 

15 18.83 12.45 10.34  65 17.71 13.03 6.85 

16 18.56 11.84 7.41  66 17.46 13.23 8.80 

17 20.91 13.80 9.91  67 20.84 12.31 9.54 

18 21.14 12.96 7.60  68 17.28 10.01 10.82 

19 19.26 13.15 7.45  69 18.18 10.00 8.75 

20 19.26 9.56 8.34  70 20.34 9.17 6.45 

21 19.22 10.90 7.80  71 19.86 13.25 7.33 

22 19.32 9.34 8.50  72 17.02 13.87 7.03 

23 18.71 10.42 9.59  73 19.14 11.31 10.00 

24 19.34 13.80 7.11  74 17.51 9.47 6.97 

25 20.04 9.64 9.74  75 18.99 10.24 8.72 

26 18.10 11.20 8.70  76 21.04 12.69 6.22 

27 17.70 9.75 9.70  77 21.90 10.59 6.36 

28 18.74 13.12 9.54  78 18.47 12.36 7.79 

29 21.41 9.49 8.78  79 20.26 13.25 10.59 

30 19.26 11.75 6.51  80 17.36 13.40 6.59 

31 19.34 12.15 7.15  81 17.67 12.18 9.51 

32 18.69 12.75 7.33  82 17.30 10.74 6.33 

33 21.83 9.48 7.40  83 21.06 10.30 7.33 

34 21.78 9.26 10.59  84 19.86 11.16 9.58 

35 18.51 13.67 6.69  85 20.75 9.54 8.12 

36 20.38 10.75 8.96  86 17.66 9.16 10.57 

37 17.63 11.92 7.25  87 20.94 10.65 8.79 

38 19.64 11.20 10.00  88 20.32 9.70 9.54 

39 21.59 10.45 8.15  89 21.66 11.54 9.25 

40 20.20 13.42 10.78  90 20.00 13.34 6.32 

41 21.49 9.17 7.15  91 21.89 13.96 10.21 

42 21.58 11.53 7.23  92 20.55 12.06 8.91 

43 19.61 11.18 10.77  93 19.15 11.38 10.04 

44 18.07 11.98 7.61  94 21.71 9.66 8.13 

45 17.67 11.77 8.62  95 20.77 11.53 9.48 

46 18.88 10.52 6.07  96 20.39 10.49 10.96 

47 19.68 12.90 8.42  97 20.05 10.51 7.16 

48 20.84 9.10 10.66  98 19.73 10.50 9.90 

49 21.81 12.94 7.39  99 20.17 10.07 10.64 

50 20.18 11.29 8.60  100 21.85 9.29 9.05 

Avg of 100 

Attempts 
19.51 11.36 8.51      
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Case 2.12 

Average Tardiness for 100 Task Sets with 8 Processors and Tasksetsize=32 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 31.36 26.90 17.28  51 30.80 30.38 20.83 

2 30.95 26.77 18.96  52 28.61 25.48 25.57 

3 31.28 30.65 19.70  53 35.19 30.58 25.21 

4 31.35 24.80 21.41  54 28.16 23.36 23.20 

5 28.05 23.44 18.22  55 30.23 25.62 18.03 

6 31.40 26.09 18.86  56 31.93 24.38 19.44 

7 27.99 22.36 17.55  57 31.37 24.76 27.27 

8 29.88 22.13 20.13  58 34.55 23.11 21.60 

9 33.46 23.05 19.06  59 31.54 30.85 21.38 

10 27.96 30.81 21.09  60 30.95 30.83 19.53 

11 30.44 26.14 21.19  61 34.16 30.32 21.48 

12 29.80 25.52 25.19  62 36.22 26.77 25.36 

13 30.61 22.66 25.58  63 28.06 25.63 25.35 

14 30.25 22.74 18.63  64 30.32 30.49 25.50 

15 29.81 22.08 18.91  65 35.49 23.62 24.16 

16 28.23 25.54 21.15  66 32.43 25.21 20.37 

17 27.47 30.29 18.71  67 28.08 24.59 20.05 

18 29.65 24.48 20.64  68 35.64 26.11 19.39 

19 28.98 26.59 19.52  69 30.26 30.55 25.07 

20 28.53 24.79 20.38  70 33.02 26.79 20.87 

21 31.82 23.91 21.63  71 34.13 25.83 19.24 

22 35.77 22.04 18.99  72 32.71 28.70 21.90 

23 29.01 26.81 25.62  73 35.88 25.07 21.48 

24 27.82 26.28 20.95  74 34.78 30.45 25.66 

25 29.84 26.95 25.51  75 28.69 30.65 21.76 

26 34.38 22.45 18.20  76 35.05 26.98 25.16 

27 27.97 26.53 25.76  77 30.56 30.79 22.00 

28 31.88 23.17 20.33  78 27.61 24.78 25.11 

29 31.28 26.36 25.59  79 29.56 30.32 20.68 

30 31.39 22.42 19.43  80 34.77 24.39 17.65 

31 34.67 26.05 18.17  81 32.01 30.32 23.86 

32 27.99 22.31 19.14  82 31.33 25.04 20.66 

33 28.00 22.25 18.41  83 35.48 30.36 23.30 

34 28.70 22.13 21.69  84 31.34 30.97 21.90 

35 29.38 30.86 19.33  85 29.49 26.14 20.27 

36 35.62 22.83 25.05  86 31.57 30.10 18.42 

37 28.38 30.44 20.94  87 33.98 30.16 22.93 

38 30.70 23.17 20.23  88 31.40 25.66 21.46 

39 31.48 22.18 23.50  89 28.17 30.58 25.79 

40 30.07 25.47 22.32  90 35.30 28.63 25.62 

41 35.65 30.33 21.50  91 34.44 30.73 22.72 

42 36.93 26.75 17.95  92 30.91 25.30 21.06 

43 31.86 25.32 18.25  93 28.36 28.38 21.77 

44 30.98 26.89 19.80  94 29.49 24.55 21.47 

45 30.93 30.79 17.85  95 33.17 24.10 25.03 

46 36.59 24.99 20.34  96 31.35 30.67 20.50 

47 29.92 26.72 25.68  97 34.42 26.04 19.38 

48 30.82 25.28 20.17  98 31.29 28.69 21.89 

49 36.34 28.06 23.73  99 29.38 30.37 22.66 

50 30.05 30.97 20.25  100 30.21 30.45 25.89 

Avg of 100 

Attempts 
31.38 26.63 21.55      
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Similarly, Case 2.2 to Case 2.11  

Average Tardiness for 100 Task Sets with 8 Processors  

and Taskset size = n 

(Detailed Results are available as follow) 

Detailed Results to find Average Tardiness 

For, All Result, Scan QR Code:  

 

Case No. Taskset size (n) Link 

Case 2.2 12 Click Here 

Case 2.3 14 Click Here 

Case 2.4 16 Click Here 

Case 2.5 18 Click Here 

Case 2.6 20 Click Here 

Case 2.7 22 Click Here 

Case 2.8 24 Click Here 

Case 2.9 26 Click Here 

Case 2.10 28 Click Here 

Case 2.11 30 Click Here 

https://drive.google.com/file/d/1j5FzwGVRJYIgLeyf7eFSufYjN5mA5ZyO/view?usp=sharing
https://drive.google.com/file/d/16fNBDljlkGzBzYYUWdq2rY6dZDB5sNET/view?usp=sharing
https://drive.google.com/file/d/1L1UfxLVLooXZeV2qJldGxXilUco1VApE/view?usp=sharing
https://drive.google.com/file/d/1IzRBsmfoVjz5m0pOWP02CpkviqGLyW0t/view?usp=sharing
https://drive.google.com/file/d/1tB7wvyP1KMcJGHGK5JC7tqJaru_3X_ug/view?usp=sharing
https://drive.google.com/file/d/1Q_Qz7mvTygyi0Wv4CYGMmxlG9m0dXyts/view?usp=sharing
https://drive.google.com/file/d/1aQvCNLGE9QoFpFidGM6kgb1qDO7q057K/view?usp=sharing
https://drive.google.com/file/d/16Lqm2tKLAUX2FmZXr2LyrkADJxPq0MWo/view?usp=sharing
https://drive.google.com/file/d/1DSskiQTdi5YqJQokPggUnx8STUGZKLIO/view?usp=sharing
https://drive.google.com/file/d/1rgHEtMHKOGpnWA-izf7BLOthflvnY4YJ/view?usp=sharing
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Detailed Results to find Average No. of Context Switch 

Case 3.1 

Average No. of Context Switch for 100 Task Sets with 8 Processors and Tasksetsize=10  

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 57 66 71  51 60 66 73 

2 59 68 70  52 60 66 69 

3 62 69 74  53 58 66 72 

4 58 67 70  54 59 67 72 

5 62 67 70  55 59 70 69 

6 61 69 70  56 59 65 74 

7 58 70 74  57 59 67 71 

8 62 68 70  58 62 70 71 

9 58 70 72  59 61 67 72 

10 60 70 71  60 61 69 74 

11 58 67 69  61 62 70 71 

12 59 70 70  62 58 70 69 

13 60 66 71  63 61 67 73 

14 57 65 69  64 60 67 69 

15 59 69 71  65 60 70 70 

16 60 68 69  66 59 70 71 

17 57 65 73  67 60 67 71 

18 61 66 69  68 60 69 70 

19 61 65 73  69 60 66 73 

20 61 67 71  70 60 66 72 

21 60 69 72  71 59 67 70 

22 59 67 73  72 59 69 71 

23 58 68 72  73 58 66 74 

24 62 65 70  74 60 66 73 

25 61 67 70  75 59 67 72 

26 61 66 70  76 60 65 71 

27 62 66 74  77 57 66 73 

28 58 69 72  78 61 67 71 

29 59 66 73  79 59 65 72 

30 57 70 71  80 58 68 71 

31 59 66 71  81 61 66 73 

32 61 70 72  82 59 67 70 

33 60 67 69  83 61 65 69 

34 59 66 70  84 59 67 70 

35 60 70 70  85 58 66 69 

36 59 68 73  86 61 69 74 

37 59 70 71  87 59 68 71 

38 60 67 71  88 59 69 70 

39 62 69 73  89 57 67 71 

40 59 67 70  90 60 69 70 

41 60 70 72  91 59 67 70 

42 59 68 73  92 58 65 72 

43 60 69 72  93 57 68 72 

44 59 65 69  94 58 65 72 

45 61 69 71  95 58 68 73 

46 59 69 71  96 61 69 71 

47 58 70 71  97 59 68 71 

48 61 70 71  98 57 66 72 

49 57 69 71  99 58 68 72 

50 61 65 70  100 61 69 73 

Avg of 100 

Attempts 
59.48 67.56 71.24      
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Case 3.12 

Average No. of Context Switch for 100 Task Sets with 8 Processors and Tasksetsize=32  

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 168 213 197  51 165 206 192 

2 164 220 194  52 168 201 194 

3 162 206 191  53 169 220 191 

4 166 201 195  54 166 215 194 

5 168 204 196  55 164 205 194 

6 169 218 195  56 169 217 191 

7 165 217 196  57 168 220 192 

8 167 216 196  58 163 214 193 

9 167 204 196  59 163 216 192 

10 165 215 190  60 167 208 193 

11 163 217 193  61 168 204 190 

12 163 212 195  62 162 215 194 

13 164 207 194  63 165 212 192 

14 164 206 190  64 169 220 192 

15 169 208 195  65 164 214 196 

16 164 218 194  66 165 218 192 

17 165 217 197  67 164 212 190 

18 163 220 195  68 163 219 190 

19 162 204 195  69 168 215 197 

20 163 218 197  70 164 216 192 

21 169 208 191  71 168 218 195 

22 168 205 193  72 166 220 196 

23 167 204 193  73 168 220 196 

24 164 204 192  74 165 212 192 

25 166 217 192  75 167 207 197 

26 165 216 197  76 168 218 192 

27 168 220 194  77 165 216 191 

28 165 215 192  78 168 215 192 

29 168 217 196  79 165 214 195 

30 163 212 193  80 166 222 193 

31 164 219 193  81 164 217 194 

32 164 206 194  82 165 214 193 

33 168 208 196  83 168 213 191 

34 164 218 196  84 166 216 195 

35 166 217 194  85 168 215 193 

36 169 216 196  86 163 215 195 

37 166 218 195  87 166 217 192 

38 163 215 194  88 167 216 190 

39 163 217 195  89 164 220 194 

40 165 212 197  90 168 215 193 

41 164 215 194  91 169 217 192 

42 162 206 191  92 165 212 190 

43 164 208 196  93 169 218 195 

44 164 218 197  94 169 213 190 

45 165 212 196  95 167 214 194 

46 168 216 191  96 167 216 192 

47 167 220 196  97 163 209 190 

48 167 214 191  98 164 205 191 

49 167 218 190  99 165 220 192 

50 168 216 194  100 168 218 191 

Avg of 100 

Attempts 
165.77 213.77 193.47      
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Similarly, Case 3.2 to Case 3.11  

Average No. of Context Switch for 100 Task Sets with 8 Processors  

and Taskset size = n 

(Detailed Results are available as follow) 

Detailed Results to find Average No. of Context Switch 

For, All Result, Scan QR Code:  

 

Case No. Taskset size (n) Link 

Case 3.2 12 Click Here 

Case 3.3 14 Click Here 

Case 3.4 16 Click Here 

Case 3.5 18 Click Here 

Case 3.6 20 Click Here 

Case 3.7 22 Click Here 

Case 3.8 24 Click Here 

Case 3.9 26 Click Here 

Case 3.10 28 Click Here 

Case 3.11 30 Click Here 

 

https://drive.google.com/file/d/1jt8arfwu9M1S-APjtQyOvDkHIjW1jhe4/view?usp=sharing
https://drive.google.com/file/d/1j0QB1V8nsD-ud7JZgErKu9F_TImsF7gQ/view?usp=sharing
https://drive.google.com/file/d/1hDrHcnM4iCVOhy10LdgqRwbv0sj2oDVN/view?usp=sharing
https://drive.google.com/file/d/1_52nFydSLzaJBHGZIXlzOoVQ9zHmFH2u/view?usp=sharing
https://drive.google.com/file/d/1_52nFydSLzaJBHGZIXlzOoVQ9zHmFH2u/view?usp=sharing
https://drive.google.com/file/d/1G7Ld0M-2DIZSUEgK1OV5qVfrYZSgKrxI/view?usp=sharing
https://drive.google.com/file/d/176rc6EULPjfj9aIQwATOKdeDRH1FVq8e/view?usp=sharing
https://drive.google.com/file/d/1bYWoUNExD9PjEze5mAGjb-FGDOnaSLjO/view?usp=sharing
https://drive.google.com/file/d/1yeMag7RQln4txsHj_bgAHE6jepNCF1fE/view?usp=sharing
https://drive.google.com/file/d/19yPcZoq3OA0olrYTUa2L_l9YB1B_0I85/view?usp=sharing
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Detailed Results to find Average Schedulability 

Case 4.1 

Average Schedulability for 100 Task Sets with 8 Processors and Tasksetsize=10 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 81.37 86.34 87.68  51 80.52 84.52 91.14 

2 81.66 88.00 88.53  52 84.88 85.46 89.24 

3 80.70 86.57 89.12  53 83.84 84.60 88.93 

4 81.41 84.62 87.26  54 82.76 88.53 88.85 

5 84.44 87.52 90.06  55 79.98 85.98 89.46 

6 80.82 88.91 91.20  56 82.47 84.93 87.27 

7 80.12 87.29 87.28  57 80.85 85.80 89.41 

8 81.86 88.39 90.06  58 80.85 88.08 90.46 

9 84.18 85.45 91.32  59 84.27 88.01 91.58 

10 83.47 85.38 91.36  60 81.63 85.14 89.47 

11 81.27 87.09 91.22  61 80.15 86.19 89.00 

12 84.67 84.95 91.12  62 82.72 84.18 89.20 

13 84.58 88.55 91.24  63 80.01 85.20 90.00 

14 81.25 85.95 89.89  64 83.83 88.88 89.49 

15 82.99 84.55 87.17  65 80.65 86.92 88.63 

16 80.59 85.61 88.22  66 80.14 86.02 91.58 

17 81.69 84.62 87.29  67 80.95 88.42 89.00 

18 81.86 85.49 91.50  68 82.58 85.70 90.41 

19 81.91 86.69 90.36  69 83.08 85.12 91.47 

20 84.89 88.37 88.03  70 83.20 84.93 91.36 

21 81.21 85.62 90.76  71 81.27 86.90 91.85 

22 82.19 85.00 89.89  72 80.06 84.36 90.12 

23 80.12 86.12 90.69  73 82.08 86.59 91.62 

24 81.07 86.67 90.90  74 81.75 85.39 87.50 

25 81.44 87.49 91.46  75 80.83 87.80 88.90 

26 84.42 87.26 89.28  76 83.52 85.89 89.53 

27 80.31 87.80 88.43  77 79.88 84.52 91.82 

28 80.46 85.24 88.07  78 83.67 85.02 88.85 

29 83.39 85.17 88.77  79 80.88 87.52 88.70 

30 84.91 87.35 87.51  80 79.08 87.47 91.13 

31 83.41 87.07 87.11  81 83.18 84.16 88.60 

32 83.80 85.45 87.56  82 82.64 83.98 88.09 

33 80.23 88.86 87.87  83 84.71 86.57 87.08 

34 79.94 86.16 90.71  84 80.48 84.64 91.63 

35 83.43 86.38 89.23  85 80.71 88.58 91.55 

36 83.08 87.42 87.18  86 83.89 85.60 90.36 

37 83.20 87.56 89.07  87 79.25 86.43 88.88 

38 84.95 84.51 87.37  88 84.83 85.20 87.27 

39 79.73 86.94 91.34  89 83.53 87.30 89.85 

40 84.24 87.86 89.22  90 86.94 86.16 90.42 

41 82.38 85.98 88.45  91 79.27 88.84 91.70 

42 84.80 88.63 89.43  92 80.20 87.91 89.20 

43 82.64 88.03 87.99  93 81.20 84.23 91.26 

44 79.99 85.53 91.06  94 82.89 85.29 88.89 

45 82.90 84.60 88.40  95 80.26 86.85 89.95 

46 82.17 88.80 91.48  96 80.87 88.33 91.09 

47 80.55 86.92 90.09  97 80.55 86.17 90.15 

48 81.82 84.12 90.36  98 80.21 84.28 90.93 

49 80.53 85.45 89.63  99 84.18 88.28 91.08 

50 81.09 86.21 87.71  100 79.80 84.88 91.28 

Avg of 100 

Attempts 
82.02 86.34 89.62      
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Case 4.12 

Average Schedulability for 100 Task Sets with 8 Processors and Tasksetsize=32  

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 61.40 64.22 75.53  51 61.04 63.71 71.28 

2 60.57 65.95 72.74  52 63.53 64.03 72.78 

3 60.14 66.32 71.42  53 59.47 63.66 71.17 

4 62.07 66.68 71.80  54 61.71 63.32 74.15 

5 62.46 64.08 74.87  55 59.98 64.85 72.49 

6 63.92 66.98 72.96  56 60.56 66.54 75.64 

7 60.25 64.43 73.17  57 60.67 62.53 73.44 

8 59.89 66.89 75.49  58 60.66 65.39 74.99 

9 63.69 63.92 74.34  59 61.70 62.51 72.63 

10 59.37 63.31 73.52  60 63.24 63.47 75.86 

11 62.76 64.47 71.45  61 63.44 64.09 74.02 

12 60.11 63.59 71.96  62 59.12 66.34 73.13 

13 60.40 65.17 75.75  63 60.49 62.33 74.51 

14 60.02 64.71 72.98  64 60.73 62.58 74.26 

15 61.51 63.55 72.82  65 59.09 65.00 75.79 

16 63.40 64.34 73.77  66 62.60 65.83 73.30 

17 62.21 62.76 72.37  67 59.04 63.26 75.90 

18 63.96 65.69 75.96  68 61.33 66.68 72.13 

19 60.37 62.58 74.76  69 60.53 63.04 71.95 

20 59.31 63.00 74.87  70 59.51 65.55 73.47 

21 59.38 66.15 72.64  71 59.96 65.35 72.59 

22 63.01 62.56 71.13  72 62.92 65.43 73.03 

23 63.66 66.83 75.30  73 63.90 62.56 73.03 

24 61.11 64.77 71.94  74 62.91 66.86 71.04 

25 63.31 64.17 74.05  75 62.98 65.35 72.82 

26 59.66 66.22 71.34  76 63.19 63.98 74.65 

27 62.26 63.01 71.66  77 63.06 66.16 74.52 

28 62.15 62.78 75.09  78 63.33 64.45 71.25 

29 59.80 62.73 73.59  79 61.96 62.45 72.91 

30 61.92 64.31 72.08  80 61.38 65.78 74.78 

31 63.28 66.78 72.61  81 62.58 65.51 74.40 

32 62.03 64.23 73.73  82 60.18 66.46 71.48 

33 62.75 63.95 75.13  83 60.92 66.19 71.32 

34 62.72 65.03 73.67  84 59.88 67.16 75.13 

35 62.09 64.05 71.35  85 60.29 65.57 72.61 

36 63.22 66.90 75.79  86 60.98 65.62 71.77 

37 60.22 63.85 73.08  87 59.41 64.90 74.05 

38 62.31 64.56 75.29  88 62.96 67.86 74.85 

39 61.11 66.31 75.50  89 63.40 64.67 75.59 

40 63.78 62.91 74.41  90 60.63 65.81 74.18 

41 63.57 64.97 73.29  91 63.83 65.77 71.20 

42 60.53 65.40 74.96  92 59.06 66.10 72.52 

43 60.75 66.65 75.81  93 59.85 64.15 71.01 

44 60.17 63.25 72.03  94 63.18 63.58 74.17 

45 62.18 62.65 72.62  95 61.95 64.83 75.63 

46 60.27 62.85 73.16  96 62.88 66.10 75.29 

47 60.40 65.47 71.58  97 63.54 66.09 71.30 

48 61.63 65.92 75.77  98 60.64 64.74 75.00 

49 61.23 62.95 75.59  99 60.77 65.40 71.27 

50 60.63 65.11 74.00  100 60.40 66.75 75.49 

Avg of 100 

Attempts 
61.50 64.76 73.52      
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Similarly, Case 4.2 to Case 4.11  

Average Schedulability for 100 Task Sets with 8 Processors  

and Taskset size = n 

(Detailed Results are available as follow) 

Detailed Results to find Average Schedulability 

For, All Result, Scan QR Code: 

  

Case No. Taskset size (n) Link 

Case 4.2 12 Click Here 

Case 4.3 14 Click Here 

Case 4.4 16 Click Here 

Case 4.5 18 Click Here 

Case 4.6 20 Click Here 

Case 4.7 22 Click Here 

Case 4.8 24 Click Here 

Case 4.9 26 Click Here 

Case 4.10 28 Click Here 

Case 4.11 30 Click Here 

https://drive.google.com/file/d/17Az_iC2wVggpxAgscPv5fMl-hwMIS-zP/view?usp=sharing
https://drive.google.com/file/d/1YC_6CaJ52SkV4-XsNqq6SDqhqnymQkp6/view?usp=sharing
https://drive.google.com/file/d/1_DzSdD9LlYCmBpJYYuFAk0AOqFVexi4y/view?usp=sharing
https://drive.google.com/file/d/1E3AuORE-c2hd5TCupmjyCb6F4J9SLvbw/view?usp=sharing
https://drive.google.com/file/d/1Eo-4IHmvFc2Dvcf7D3MyUU7EwAD6dXoS/view?usp=sharing
https://drive.google.com/file/d/1tPY7HYDqVZtf0k5DC9EwhvRS0T-BoLZG/view?usp=sharing
https://drive.google.com/file/d/1Zy85yx7h-QSQSJOe8QaoVIOkvu6aC3V1/view?usp=sharing
https://drive.google.com/file/d/10TqHpBFIfMvfLx0LBhLg6Svwjaw8FBAO/view?usp=sharing
https://drive.google.com/file/d/1j9aBGvg0YG3ltQIpTmXXeUL262LwiCVl/view?usp=sharing
https://drive.google.com/file/d/1UracWws-o7jtpSauvvpsdVzTOdwLtQ35/view?usp=sharing


Annexure - I 

 

 

143 

 

Detailed Results to find Average CPU_Utilization 

Case 5.1 

Average CPU_Utilization for 100 Task Sets with 8 Processors and Tasksetsize=10 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 58.94 64.39 64.29  51 58.94 65.93 64.97 

2 61.59 66.00 66.64  52 57.80 66.92 65.81 

3 61.49 64.70 64.93  53 61.42 66.28 65.59 

4 61.60 62.11 64.58  54 60.35 65.59 68.86 

5 58.32 66.22 67.11  55 60.69 64.26 65.20 

6 57.78 66.62 64.21  56 59.74 64.79 65.81 

7 58.38 64.13 68.63  57 57.81 65.99 66.65 

8 61.58 64.72 65.32  58 59.00 64.47 67.22 

9 61.31 66.08 68.37  59 59.10 62.52 65.91 

10 59.22 64.33 68.17  60 61.88 63.41 68.25 

11 57.10 63.05 65.45  61 57.54 64.56 67.83 

12 60.82 62.27 66.70  62 57.22 63.08 67.58 

13 57.75 62.00 65.18  63 57.05 62.73 66.22 

14 61.60 62.95 67.22  64 59.02 66.99 67.99 

15 57.80 63.72 65.15  65 57.57 63.34 68.01 

16 60.51 65.91 65.53  66 59.62 65.03 67.21 

17 59.02 66.78 65.28  67 59.68 63.33 64.52 

18 61.59 66.50 67.33  68 58.95 63.99 68.26 

19 60.88 65.53 64.07  69 58.21 65.67 64.13 

20 61.90 62.26 68.60  70 59.54 63.17 67.33 

21 58.21 63.81 67.64  71 59.99 65.73 65.83 

22 61.03 62.54 66.01  72 58.74 63.43 65.42 

23 60.31 66.13 66.64  73 61.50 63.76 67.25 

24 57.84 63.39 66.27  74 60.47 64.24 68.17 

25 58.23 64.61 65.21  75 58.98 62.19 67.68 

26 57.59 64.41 64.50  76 58.06 63.34 64.16 

27 61.77 65.72 65.80  77 57.66 63.95 65.48 

28 59.46 62.47 67.22  78 57.74 63.63 66.49 

29 61.37 64.92 68.51  79 57.94 64.71 64.06 

30 59.94 66.54 67.45  80 57.40 63.75 64.05 

31 59.00 64.89 65.02  81 58.42 66.54 65.72 

32 61.13 63.44 67.69  82 58.21 65.77 66.80 

33 58.66 64.47 64.47  83 59.52 64.48 68.92 

34 57.36 66.28 68.01  84 58.01 63.64 67.72 

35 59.36 64.47 68.46  85 57.65 63.00 65.74 

36 57.35 62.48 64.35  86 58.00 65.84 66.01 

37 57.85 64.01 66.05  87 61.83 62.96 60.07 

38 58.15 65.62 68.04  88 59.25 61.97 66.68 

39 58.49 64.99 67.50  89 57.74 62.73 66.19 

40 58.99 64.73 68.54  90 59.34 63.79 66.51 

41 57.75 66.41 66.89  91 61.54 62.90 66.79 

42 61.67 65.10 64.75  92 58.46 61.64 65.40 

43 61.90 66.00 64.18  93 59.49 64.02 68.69 

44 60.15 66.77 65.03  94 58.43 64.42 65.08 

45 57.60 64.20 64.15  95 60.79 66.98 65.86 

46 61.76 63.23 64.10  96 58.35 63.96 66.51 

47 60.79 64.26 68.98  97 58.32 62.95 67.76 

48 57.75 65.65 67.04  98 58.42 62.16 67.25 

49 59.32 64.28 66.12  99 57.89 64.17 67.80 

50 60.25 63.19 65.90  100 58.35 63.02 65.68 

Avg of 100 

Attempts 
59.28 64.37 66.32      
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Case 5.12 

Average CPU_Utilization for 100 Task Sets with 8 Processors and Tasksetsize=32  

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 75.17 78.36 78.62  51 71.93 81.40 80.57 

2 71.20 79.15 82.27  52 72.00 77.60 79.13 

3 74.03 79.63 78.14  53 71.87 80.41 78.62 

4 73.54 81.95 80.67  54 75.07 78.15 81.86 

5 73.59 77.04 79.58  55 74.50 78.01 78.25 

6 72.57 78.07 80.76  56 75.56 80.95 78.64 

7 71.96 78.97 78.84  57 72.14 77.00 80.74 

8 73.21 78.94 79.02  58 71.66 77.17 78.16 

9 73.34 78.87 78.65  59 71.23 80.14 82.90 

10 73.92 78.36 82.46  60 71.31 81.57 78.74 

11 71.24 80.29 81.29  61 74.48 77.90 80.05 

12 72.19 80.82 80.12  62 71.75 78.85 80.47 

13 74.32 77.36 80.92  63 73.70 79.08 79.78 

14 75.82 77.41 82.87  64 74.71 80.54 78.62 

15 74.61 77.41 79.15  65 71.87 77.86 82.50 

16 72.04 77.71 81.41  66 75.81 81.45 80.52 

17 71.37 77.23 81.86  67 75.99 78.68 80.27 

18 74.02 78.07 78.05  68 71.35 80.80 78.34 

19 71.54 77.72 79.93  69 71.22 77.23 81.12 

20 72.83 77.29 81.95  70 71.10 81.95 81.40 

21 73.85 78.24 82.74  71 75.59 78.95 80.43 

22 71.99 79.76 80.89  72 73.00 77.16 79.28 

23 73.62 81.66 82.03  73 73.22 81.64 80.73 

24 72.55 80.63 80.45  74 73.86 80.52 81.89 

25 73.12 80.03 78.15  75 74.17 81.85 81.18 

26 74.54 78.97 82.63  76 75.46 77.45 81.11 

27 74.23 80.98 81.30  77 71.26 79.12 80.53 

28 73.96 77.23 79.54  78 72.85 81.30 79.68 

29 75.03 80.56 82.65  79 74.69 80.53 82.01 

30 75.10 77.17 78.03  80 74.99 81.86 80.15 

31 75.52 80.69 82.19  81 71.56 77.81 79.21 

32 75.52 80.91 80.15  82 74.43 79.37 79.39 

33 73.33 78.02 79.30  83 71.23 80.34 82.43 

34 72.56 80.71 80.82  84 72.82 80.77 81.73 

35 74.46 80.87 80.13  85 74.42 81.94 80.99 

36 72.91 79.09 78.01  86 73.17 80.58 78.99 

37 75.62 78.45 81.60  87 74.77 79.11 81.50 

38 73.30 80.10 79.70  88 74.06 79.02 82.00 

39 74.00 78.60 82.00  89 75.94 77.17 81.55 

40 72.61 77.38 82.97  90 75.08 81.87 82.44 

41 71.00 78.71 79.55  91 75.15 79.95 80.35 

42 72.48 77.92 78.73  92 74.39 79.60 82.42 

43 75.60 79.51 79.42  93 72.64 80.91 81.30 

44 74.93 79.56 82.33  94 73.97 79.83 81.89 

45 71.85 80.18 78.71  95 75.34 80.56 78.70 

46 75.32 80.59 80.97  96 72.01 80.41 81.30 

47 75.18 77.43 80.20  97 74.13 81.08 78.57 

48 71.25 79.44 82.87  98 71.64 77.61 80.01 

49 72.00 79.56 80.94  99 71.60 79.65 80.20 

50 71.63 77.58 78.10  100 73.47 77.76 79.98 

Avg of 100 

Attempts 
73.42 79.34 80.46      
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Similarly, Case 5.2 to Case 5.11  

Average CPU_Utilization for 100 Task Sets with 8 Processors  

and Taskset size = n 

Detailed Results are available as follow) 

Detailed Results to find Average CPU_Utilization 

For, All Result, Scan QR Code:  

 

Case No. Taskset size (n) Link 

Case 5.2 12 Click Here 

Case 5.3 14 Click Here 

Case 5.4 16 Click Here 

Case 5.5 18 Click Here 

Case 5.6 20 Click Here 

Case 5.7 22 Click Here 

Case 5.8 24 Click Here 

Case 5.9 26 Click Here 

Case 5.10 28 Click Here 

Case 5.11 30 Click Here 

 

https://drive.google.com/file/d/1MxlcCP6XIpkW3vDO_uv0HVyGiQkuXtGx/view?usp=sharing
https://drive.google.com/file/d/1NoNlYf-EzzVhC-F_dOXbLJe8eX9vT8KF/view?usp=sharing
https://drive.google.com/file/d/1WtNsYx8BlqKjDwPdcA2_REAYhHgoequs/view?usp=sharing
https://drive.google.com/file/d/1iZ4IYTNzeFiTbVCGIAQf07Gf2dDglxpN/view?usp=sharing
https://drive.google.com/file/d/1yQH20xhAf85NL6xZPxwYewEdpAmxWM5p/view?usp=sharing
https://drive.google.com/file/d/1nlIiclQyGAYNPBVg0ipga6goK85LELBu/view?usp=sharing
https://drive.google.com/file/d/1QIZcMZ5nG0W9XkQXd31pdWBijQOIRfYG/view?usp=sharing
https://drive.google.com/file/d/1Np4wRmo_kfmAT9q5Jw9OAV4B1-58Bc68/view?usp=sharing
https://drive.google.com/file/d/1NTlkFXqYez_lp_EUxHBl2hWR8fNBQFG3/view?usp=sharing
https://drive.google.com/file/d/1lQnl9cSXoOZw1LVR6lyjOjIxvJlY0Hxb/view?usp=sharing


Annexure - II 

 

 

146 

 

 

 

 

 

Annexure - II 



Annexure - II 

 

 

147 

 

Detailed Results to find Deadline Miss Ratio 

Case 1.1 

Average Deadlinemiss Ratio for 100 Task Sets with 12 Processors and Tasksetsize=16 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 0.2179 0.0946 0.0367  51 0.2140 0.1062 0.0593 

2 0.2051 0.0961 0.0689  52 0.1919 0.0713 0.0541 

3 0.1827 0.0895 0.0349  53 0.1968 0.0873 0.0620 

4 0.1920 0.0801 0.0545  54 0.2086 0.1013 0.0321 

5 0.1947 0.0745 0.0611  55 0.1714 0.0835 0.0603 

6 0.2197 0.0800 0.0550  56 0.2087 0.0745 0.0213 

7 0.1840 0.0931 0.0290  57 0.1892 0.0853 0.0320 

8 0.1738 0.0914 0.0647  58 0.2127 0.1092 0.0315 

9 0.1987 0.0957 0.0658  59 0.1713 0.1031 0.0471 

10 0.1755 0.0716 0.0597  60 0.1930 0.1156 0.0254 

11 0.2087 0.1071 0.0521  61 0.2101 0.0898 0.0645 

12 0.2089 0.1117 0.0384  62 0.1880 0.1019 0.0581 

13 0.1973 0.0798 0.0491  63 0.2042 0.0722 0.0384 

14 0.1922 0.0921 0.0663  64 0.1794 0.0908 0.0242 

15 0.1765 0.0827 0.0451  65 0.2120 0.0930 0.0266 

16 0.1791 0.0969 0.0453  66 0.2127 0.1133 0.0319 

17 0.1910 0.0802 0.0656  67 0.1898 0.0995 0.0631 

18 0.1702 0.0740 0.0332  68 0.1795 0.0705 0.0623 

19 0.2114 0.0828 0.0465  69 0.1702 0.1107 0.0362 

20 0.2152 0.0968 0.0402  70 0.1814 0.0868 0.0327 

21 0.2030 0.1145 0.0627  71 0.2096 0.0752 0.0424 

22 0.1968 0.0729 0.0654  72 0.1931 0.0968 0.0583 

23 0.1990 0.1077 0.0345  73 0.1872 0.0892 0.0564 

24 0.1958 0.0993 0.0455  74 0.2098 0.0810 0.0577 

25 0.2128 0.1193 0.0290  75 0.2044 0.0882 0.0214 

26 0.2125 0.0722 0.0675  76 0.2200 0.0820 0.0472 

27 0.1767 0.0956 0.0635  77 0.1774 0.1193 0.0558 

28 0.1932 0.0751 0.0308  78 0.1742 0.0979 0.0482 

29 0.1883 0.1159 0.0689  79 0.1867 0.0769 0.0360 

30 0.1919 0.0802 0.0359  80 0.1751 0.0845 0.0237 

31 0.1876 0.0767 0.0333  81 0.1978 0.0737 0.0505 

32 0.1874 0.0741 0.0507  82 0.1775 0.1103 0.0240 

33 0.1736 0.1074 0.0403  83 0.1846 0.0821 0.0642 

34 0.1875 0.0806 0.0457  84 0.2058 0.0715 0.0524 

35 0.2047 0.0970 0.0512  85 0.2111 0.1028 0.0236 

36 0.2109 0.0831 0.0522  86 0.1841 0.0801 0.0569 

37 0.1739 0.1002 0.0645  87 0.1848 0.1162 0.0376 

38 0.2019 0.0771 0.0679  88 0.2165 0.0756 0.0309 

39 0.1743 0.0736 0.0405  89 0.2178 0.0872 0.0411 

40 0.1932 0.1045 0.0547  90 0.1967 0.1142 0.0611 

41 0.1852 0.1174 0.0281  91 0.1858 0.0890 0.0698 

42 0.1791 0.1030 0.0657  92 0.1730 0.0774 0.0531 

43 0.1900 0.1169 0.0222  93 0.1816 0.0934 0.0527 

44 0.1787 0.1088 0.0426  94 0.2155 0.0957 0.0486 

45 0.1910 0.1091 0.0354  95 0.1914 0.0734 0.0382 

46 0.2121 0.1054 0.0221  96 0.2107 0.1157 0.0576 

47 0.1814 0.0956 0.0225  97 0.1743 0.1117 0.0470 

48 0.1834 0.0923 0.0607  98 0.1893 0.1150 0.0535 

49 0.2089 0.0847 0.0573  99 0.2133 0.1021 0.0494 

50 0.2172 0.1085 0.0309  100 0.1924 0.1116 0.0514 

Avg of 100 

Attempts 
0.1941 0.0929 0.0468      
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Case 1.9 

Average Deadlinemiss Ratio for 100 Task Sets with 12 Processors and Tasksetsize=48 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 0.8993 0.8575 0.8405  51 0.8790 0.8399 0.8059 

2 0.8900 0.8696 0.8354  52 0.8924 0.8594 0.8329 

3 0.9060 0.8686 0.8005  53 0.9085 0.8335 0.8230 

4 0.8979 0.8454 0.8428  54 0.9169 0.8673 0.8175 

5 0.8887 0.8460 0.8450  55 0.8807 0.8571 0.8387 

6 0.8992 0.8435 0.8344  56 0.9095 0.8608 0.8055 

7 0.9084 0.8419 0.8304  57 0.8896 0.8420 0.8208 

8 0.8940 0.8438 0.8291  58 0.9155 0.8563 0.8129 

9 0.8989 0.8666 0.8298  59 0.8806 0.8318 0.8004 

10 0.8738 0.8624 0.8222  60 0.9147 0.8332 0.8319 

11 0.9197 0.8619 0.8007  61 0.9123 0.8589 0.8136 

12 0.8857 0.8446 0.8255  62 0.8791 0.8333 0.8234 

13 0.8771 0.8660 0.8498  63 0.9178 0.8460 0.8170 

14 0.8737 0.8366 0.8204  64 0.8967 0.8472 0.8090 

15 0.8999 0.8400 0.8050  65 0.8911 0.8728 0.8146 

16 0.9007 0.8445 0.8024  66 0.9015 0.8452 0.8112 

17 0.8708 0.8391 0.8471  67 0.8814 0.8615 0.8263 

18 0.8732 0.8450 0.8245  68 0.9030 0.8626 0.8230 

19 0.9102 0.8500 0.8368  69 0.8846 0.8722 0.8093 

20 0.9009 0.8538 0.8106  70 0.8958 0.8351 0.8496 

21 0.8928 0.8536 0.8049  71 0.9093 0.8727 0.8410 

22 0.9138 0.8530 0.8019  72 0.9008 0.8774 0.8299 

23 0.8719 0.8534 0.8200  73 0.9161 0.8618 0.8317 

24 0.9173 0.8426 0.8282  74 0.9193 0.8599 0.8327 

25 0.9200 0.8550 0.8359  75 0.8976 0.8373 0.8141 

26 0.9054 0.8774 0.8349  76 0.8823 0.8658 0.8179 

27 0.8737 0.8786 0.8283  77 0.9183 0.8673 0.8344 

28 0.8965 0.8798 0.8459  78 0.9006 0.8419 0.8326 

29 0.8752 0.8669 0.8329  79 0.9064 0.8752 0.8498 

30 0.9109 0.8631 0.8207  80 0.8851 0.8623 0.8277 

31 0.8855 0.8786 0.8329  81 0.8923 0.8387 0.8044 

32 0.9012 0.8563 0.8308  82 0.8854 0.8539 0.8115 

33 0.8768 0.8779 0.8227  83 0.8821 0.8390 0.8039 

34 0.9016 0.8433 0.8266  84 0.9163 0.8307 0.8301 

35 0.8724 0.8521 0.8330  85 0.8806 0.8633 0.8222 

36 0.8873 0.8563 0.8420  86 0.9017 0.8624 0.8178 

37 0.8799 0.8795 0.8479  87 0.9069 0.8480 0.8242 

38 0.8728 0.8616 0.8214  88 0.9080 0.8480 0.8167 

39 0.8735 0.8394 0.8296  89 0.9054 0.8595 0.8405 

40 0.8938 0.8730 0.8321  90 0.9043 0.8653 0.8150 

41 0.9047 0.8663 0.8295  91 0.8924 0.8580 0.8391 

42 0.9139 0.8568 0.8275  92 0.9068 0.8378 0.8449 

43 0.8855 0.8567 0.8321  93 0.8885 0.8510 0.8388 

44 0.8729 0.8446 0.8274  94 0.9172 0.8528 0.8349 

45 0.9032 0.8471 0.8450  95 0.9017 0.8717 0.8470 

46 0.9023 0.8631 0.8228  96 0.8712 0.8723 0.8241 

47 0.9078 0.8707 0.8354  97 0.8785 0.8597 0.8038 

48 0.8827 0.8396 0.8310  98 0.9098 0.8322 0.8100 

49 0.8768 0.8501 0.8417  99 0.9117 0.8681 0.8117 

50 0.9000 0.8544 0.8388  100 0.9164 0.8378 0.8337 

Avg of 100 

Attempts 
0.8960 0.8551 0.8261      
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Similarly, Case 1.2 to Case 1.8  

Average Deadlinemiss Ratio for 100 Task Sets with 12 Processors  

and Taskset size = n 

(Detailed Results are available as follow) 

Detailed Results to find Deadline Miss Ratio 

For, All Result, Scan QR Code: 

 

Case No. Taskset size (n) Link 

Case 1.2 20 Click Here 

Case 1.3 24 Click Here 

Case 1.4 28 Click Here 

Case 1.5 32 Click Here 

Case 1.6 36 Click Here 

Case 1.7 40 Click Here 

Case 1.8 44 Click Here 

  

https://drive.google.com/file/d/1qAoEp9BxKgULcmX8zIGb0s42QHvPbE-Q/view?usp=sharing
https://drive.google.com/file/d/14KdcOkFWbdjEGAC94sHyO1ITuE3OsKc6/view?usp=sharing
https://drive.google.com/file/d/1iv8dCv9S9t03noGCJ4jNSUXaO6XLTZlQ/view?usp=sharing
https://drive.google.com/file/d/1SMm_pLaa9EOECr0AkLNBXUAQzXBQ1jfC/view?usp=sharing
https://drive.google.com/file/d/1100OCEuRigzhhjJOsT0nEhqxRp96aqsF/view?usp=sharing
https://drive.google.com/file/d/1CUqPLqrkrKxYdBDIbF09Qo40OPtwGXG9/view?usp=sharing
https://drive.google.com/file/d/1AqKhQ7Qaubg9C2yohUyHoVhRfQcaK56U/view?usp=sharing
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Detailed Results to find Average Tardiness 

Case 2.1 

Average Tardiness for 100 Task Sets with 12 Processors and Tasksetsize=16 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 15.59 13.93 12.67  51 17.48 12.62 11.63 

2 16.28 15.77 10.73  52 14.56 14.66 11.37 

3 14.79 14.20 10.36  53 16.99 15.79 9.34 

4 14.11 14.30 12.62  54 13.31 12.40 10.86 

5 16.03 12.76 10.60  55 14.98 15.94 11.73 

6 17.53 14.18 10.03  56 17.35 15.84 9.52 

7 17.80 13.43 12.39  57 16.18 11.10 11.95 

8 14.39 14.59 11.04  58 16.14 12.44 10.33 

9 17.66 15.93 10.05  59 17.88 11.60 9.64 

10 15.97 13.44 12.31  60 17.94 11.93 10.78 

11 14.69 12.73 10.53  61 15.00 12.51 12.02 

12 16.95 13.84 8.24  62 17.52 12.59 12.85 

13 14.63 13.64 11.33  63 13.88 13.35 10.88 

14 13.23 15.77 11.95  64 16.11 15.32 12.31 

15 15.08 14.73 11.11  65 17.51 11.09 11.72 

16 14.72 12.68 8.40  66 13.35 14.41 9.64 

17 17.31 14.92 9.93  67 15.47 15.94 9.96 

18 13.17 12.61 9.37  68 14.00 11.53 8.50 

19 16.08 14.56 10.59  69 14.86 13.54 12.67 

20 15.91 12.57 12.58  70 16.21 11.89 9.33 

21 17.62 14.95 10.71  71 17.82 15.53 11.12 

22 14.04 13.78 10.35  72 14.13 11.21 11.25 

23 17.20 14.86 8.11  73 16.34 15.86 8.44 

24 13.51 14.23 10.50  74 16.05 13.18 10.86 

25 16.37 15.98 11.97  75 13.54 11.16 11.49 

26 15.47 11.45 11.97  76 16.14 12.53 11.12 

27 13.01 14.08 8.55  77 17.13 11.96 12.22 

28 13.97 14.98 10.62  78 13.62 13.91 10.83 

29 13.90 12.15 9.77  79 15.15 11.52 12.17 

30 14.40 12.03 8.15  80 13.39 15.95 10.28 

31 14.39 15.51 9.92  81 16.41 13.28 8.61 

32 17.17 13.82 8.22  82 14.17 14.05 8.41 

33 17.50 11.91 12.29  83 14.76 12.52 9.84 

34 14.03 13.44 11.81  84 16.92 14.46 8.28 

35 13.64 12.23 10.31  85 13.60 15.78 10.70 

36 14.29 12.30 11.85  86 15.91 15.70 12.54 

37 13.99 14.41 11.83  87 15.44 12.56 10.60 

38 15.84 14.59 9.26  88 13.05 14.79 9.60 

39 14.11 14.65 9.77  89 17.41 12.45 9.41 

40 17.57 15.86 9.18  90 15.62 14.41 9.92 

41 16.63 14.31 10.76  91 17.99 15.00 10.98 

42 13.39 14.26 12.26  92 15.70 11.73 9.01 

43 16.18 12.21 12.17  93 17.62 15.17 11.78 

44 15.24 11.16 12.95  94 14.18 13.88 10.54 

45 16.65 11.63 12.64  95 15.22 13.34 8.11 

46 17.86 14.20 11.43  96 16.82 12.42 11.76 

47 17.57 12.09 12.36  97 16.14 11.90 9.54 

48 16.06 12.84 12.87  98 16.50 13.50 9.35 

49 13.46 13.56 11.44  99 17.70 11.72 8.68 

50 15.54 11.73 12.36  100 16.19 15.09 10.53 

Avg of 100 

Attempts 
15.60 13.59 10.68      
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Case 2.9 

Average Tardiness for 100 Task Sets with 12 Processors and Tasksetsize=48 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 37.54 28.88 26.44  51 37.93 27.90 28.26 

2 37.98 30.34 29.03  52 34.14 28.16 26.33 

3 37.37 26.09 28.90  53 35.23 26.49 27.75 

4 35.88 28.54 26.62  54 37.28 28.51 26.40 

5 36.81 29.84 27.08  55 38.15 26.79 29.70 

6 38.86 29.72 29.34  56 35.26 27.12 27.65 

7 38.84 27.52 27.31  57 34.22 27.87 28.73 

8 37.26 26.44 25.22  58 34.50 29.78 27.02 

9 34.60 28.02 26.51  59 35.67 27.91 27.12 

10 34.35 30.45 28.73  60 37.08 26.33 29.28 

11 36.27 28.66 27.25  61 34.59 29.26 28.93 

12 37.75 30.58 29.87  62 37.64 26.81 27.39 

13 36.79 29.40 28.44  63 36.14 27.96 28.66 

14 36.53 27.57 28.52  64 37.28 29.93 27.97 

15 38.70 28.28 29.42  65 38.07 27.23 29.85 

16 35.20 29.64 29.53  66 37.36 29.45 28.96 

17 38.02 28.27 25.87  67 34.72 29.90 27.08 

18 37.01 30.92 26.28  68 35.22 29.93 29.05 

19 34.46 28.32 27.31  69 37.12 30.92 27.36 

20 37.36 27.84 25.64  70 34.15 26.40 28.50 

21 38.03 27.85 29.35  71 34.87 26.66 28.19 

22 38.65 28.22 27.65  72 36.22 26.85 29.55 

23 36.21 28.56 27.85  73 34.78 27.16 29.39 

24 34.26 28.02 27.69  74 38.81 28.20 28.78 

25 38.67 27.16 26.33  75 37.50 26.02 30.00 

26 37.65 28.99 27.25  76 35.67 27.45 26.42 

27 38.90 26.96 27.66  77 38.06 29.93 28.39 

28 38.79 30.83 28.38  78 35.24 29.21 26.82 

29 37.71 28.99 28.22  79 34.30 29.38 28.78 

30 35.80 30.84 25.82  80 35.64 29.39 28.12 

31 36.98 26.53 25.12  81 35.70 28.75 29.56 

32 37.04 29.68 28.94  82 36.97 29.11 26.83 

33 34.22 28.42 29.62  83 36.20 26.02 28.93 

34 38.41 28.76 28.36  84 36.81 29.67 28.56 

35 37.10 30.94 28.52  85 37.48 26.71 26.56 

36 38.40 27.58 28.97  86 36.29 29.79 29.67 

37 37.12 27.65 26.55  87 35.04 28.47 27.79 

38 35.04 30.33 27.67  88 37.30 30.54 27.90 

39 38.19 26.03 27.34  89 37.29 27.07 27.45 

40 35.21 28.84 26.83  90 35.76 29.54 29.94 

41 35.45 29.90 28.96  91 38.41 30.27 27.09 

42 36.36 28.55 26.09  92 34.36 26.22 26.68 

43 36.66 27.26 29.25  93 37.63 28.98 28.12 

44 34.33 27.36 28.96  94 38.50 27.26 28.96 

45 34.60 29.45 25.78  95 35.10 30.06 29.13 

46 36.34 28.14 25.57  96 37.20 26.22 27.27 

47 38.23 27.27 25.49  97 36.01 28.65 28.31 

48 36.41 28.90 29.01  98 34.87 28.18 25.06 

49 36.24 27.76 26.72  99 36.91 29.42 27.87 

50 38.35 27.85 29.01  100 34.04 29.25 29.70 

Avg of 100 

Attempts 
36.54 28.44 27.90      
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Similarly, Case 2.2 to Case 2.8  

Average Tardiness for 100 Task Sets with 12 Processors  

and Taskset size = n 

(Detailed Results are available as follow) 

Detailed Results to find Average Tardiness 

For, All Result, Scan QR Code:  

 

Case No. Taskset size (n) Link 

Case 2.2 20 Click Here 

Case 2.3 24 Click Here 

Case 2.4 28 Click Here 

Case 2.5 32 Click Here 

Case 2.6 36 Click Here 

Case 2.7 40 Click Here 

Case 2.8 44 Click Here 

https://drive.google.com/file/d/1NqAFesQwCds_d--9A7TTcfaf-JKm79JO/view?usp=sharing
https://drive.google.com/file/d/1P5g493rcZ3S_45wz4snSd3EZ6yh4Ege2/view?usp=sharing
https://drive.google.com/file/d/1iheUTc0VzeH0hkDACmOMoL5XbQl8TRDk/view?usp=sharing
https://drive.google.com/file/d/1O8J7JulYSEANg6QlVKjoHkJrZ2MhADio/view?usp=sharing
https://drive.google.com/file/d/1G6Tnsgo-bCdbdmlGaNo3z1pJmSNHhoTL/view?usp=sharing
https://drive.google.com/file/d/1-tuCAL5ljao3T5sBs4YIENW1Chc-zp9z/view?usp=sharing
https://drive.google.com/file/d/1G73ifaspUxnOQjsytjCc4zu5Ybe38qKJ/view?usp=sharing
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Detailed Results to find Average No. of Context Switch 

Case 3.1 

Average No. of Context Switch for 100 Task Sets with 12 Processors and Tasksetsize=16 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 89 107 122  51 86 111 124 

2 88 110 127  52 88 108 128 

3 91 107 123  53 92 105 125 

4 88 106 124  54 87 107 124 

5 85 108 122  55 87 104 127 

6 89 106 121  56 90 109 125 

7 87 105 125  57 88 106 123 

8 88 107 122  58 86 106 122 

9 90 108 122  59 92 107 125 

10 91 104 125  60 91 110 124 

11 89 109 121  61 87 111 125 

12 88 108 127  62 89 107 122 

13 87 105 125  63 91 110 126 

14 91 109 123  64 91 107 126 

15 86 109 123  65 92 105 124 

16 90 106 123  66 91 108 124 

17 90 110 124  67 92 110 122 

18 90 110 122  68 87 108 127 

19 91 111 124  69 89 108 126 

20 91 108 123  70 86 109 126 

21 85 111 125  71 88 105 126 

22 87 106 123  72 87 105 121 

23 91 104 125  73 89 104 124 

24 91 111 121  74 91 109 123 

25 85 106 123  75 85 109 125 

26 88 109 123  76 90 108 127 

27 90 107 127  77 91 106 122 

28 88 106 124  78 87 104 121 

29 85 107 121  79 88 108 127 

30 87 111 121  80 90 111 124 

31 85 105 123  81 89 109 126 

32 90 109 123  82 86 107 126 

33 86 105 124  83 89 110 125 

34 90 111 126  84 87 104 128 

35 89 110 123  85 90 105 122 

36 91 104 123  86 90 106 123 

37 89 110 121  87 91 109 125 

38 90 107 125  88 87 106 125 

39 92 109 125  89 89 110 121 

40 89 108 121  90 86 104 122 

41 86 108 121  91 91 108 125 

42 90 109 128  92 91 107 121 

43 88 108 122  93 92 106 122 

44 91 110 125  94 89 106 123 

45 87 107 128  95 85 110 124 

46 92 108 122  96 86 108 121 

47 92 105 127  97 85 108 124 

48 86 110 128  98 89 109 124 

49 87 110 127  99 91 109 125 

50 85 108 124  100 91 109 125 

Avg of 100 

Attempts 
88.73 107.67 123.99      
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Case 3.9 

Average No. of Context Switch for 100 Task Sets with 12 Processors and Tasksetsize=48 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 236 313 291  51 236 312 294 

2 234 317 286  52 235 310 290 

3 233 311 293  53 232 311 285 

4 239 310 286  54 233 309 294 

5 240 309 285  55 236 312 292 

6 239 313 287  56 239 317 288 

7 236 312 291  57 239 311 287 

8 241 309 292  58 235 309 289 

9 233 309 286  59 239 315 289 

10 234 313 290  60 238 316 289 

11 238 308 291  61 241 311 294 

12 241 308 292  62 235 310 290 

13 239 317 293  63 233 312 291 

14 240 315 293  64 234 310 287 

15 234 312 290  65 237 317 293 

16 232 313 288  66 240 311 287 

17 239 316 290  67 239 310 291 

18 239 316 288  68 238 315 290 

19 238 311 291  69 234 316 293 

20 239 315 292  70 233 311 291 

21 235 310 291  71 235 311 294 

22 234 311 289  72 238 316 292 

23 233 311 291  73 234 313 288 

24 241 310 291  74 235 309 289 

25 238 312 293  75 233 314 289 

26 241 310 288  76 237 309 287 

27 240 313 291  77 236 316 290 

28 240 316 291  78 240 310 294 

29 235 310 293  79 238 315 286 

30 236 311 288  80 234 312 286 

31 232 308 289  81 239 309 294 

32 234 313 288  82 237 310 292 

33 235 313 293  83 233 312 285 

34 238 312 289  84 238 312 288 

35 235 309 292  85 240 310 293 

36 236 310 287  86 241 310 285 

37 234 314 287  87 239 316 292 

38 236 314 288  88 240 310 291 

39 237 311 291  89 233 313 287 

40 233 316 289  90 239 312 288 

41 238 315 291  91 237 313 293 

42 238 316 294  92 239 311 286 

43 240 315 286  93 237 311 293 

44 234 314 288  94 233 313 285 

45 240 312 294  95 233 315 293 

46 232 311 288  96 236 309 292 

47 236 315 293  97 241 308 292 

48 235 315 285  98 237 313 286 

49 234 315 286  99 237 311 292 

50 236 313 291  100 237 313 291 

Avg of 100 

Attempts 
236.62 312.23 289.87      
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Similarly, Case 3.2 to Case 3.8  

Average No. of Context Switch for 100 Task Sets with 12 Processors  

and Taskset size = n 

(Detailed Results are available as follow) 

Detailed Results to find Average No. of Context Switch 

For, All Result, Scan QR Code:  

 

Case No. Taskset size (n) Link 

Case 3.2 20 Click Here 

Case 3.3 24 Click Here 

Case 3.4 28 Click Here 

Case 3.5 32 Click Here 

Case 3.6 36 Click Here 

Case 3.7 40 Click Here 

Case 3.8 44 Click Here 

 

https://drive.google.com/file/d/1t3KLP6sPyks8mxx1NV7N5ulisJz_EJ4t/view?usp=sharing
https://drive.google.com/file/d/1AMRWQ4X7-s62rwkcvsib_liM3R7DhuOv/view?usp=sharing
https://drive.google.com/file/d/1xEuyHmp58GnHS38YsveROOjP3T9hIlcX/view?usp=sharing
https://drive.google.com/file/d/1MDC7lm9-1ioqwtrXzW9vZx_z8jqaDqvT/view?usp=sharing
https://drive.google.com/file/d/1eYfblR1SXRrJItXjnSN0tXFu2af3hPa8/view?usp=sharing
https://drive.google.com/file/d/1rQCRi_hGT2KRsGTzug24iKdrrxGhmmiw/view?usp=sharing
https://drive.google.com/file/d/1XsaG5kpddiGwIMyKE7mrM-amvgjXKQeQ/view?usp=sharing
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Detailed Results to find Average Schedulability 

Case 4.1 

Average Schedulability for 100 Task Sets with 12 Processors and Tasksetsize=16 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 84.70 86.88 93.05  51 85.39 86.50 91.31 

2 87.63 89.08 95.30  52 88.51 89.80 92.52 

3 85.67 89.05 91.97  53 84.69 89.92 92.54 

4 88.13 89.92 91.99  54 85.96 86.49 91.28 

5 85.54 88.28 91.45  55 86.21 87.48 94.50 

6 87.22 86.51 93.19  56 84.78 90.73 91.42 

7 88.50 87.83 95.02  57 88.01 86.77 95.97 

8 85.01 89.18 93.39  58 85.74 90.11 95.36 

9 88.39 88.26 91.89  59 84.54 86.97 95.93 

10 88.46 87.41 93.42  60 84.81 87.33 92.49 

11 88.08 87.40 94.89  61 88.01 88.02 91.41 

12 87.26 89.16 95.47  62 85.14 88.45 92.15 

13 85.49 90.16 95.80  63 84.42 88.18 95.91 

14 86.60 87.94 94.21  64 88.74 90.50 91.46 

15 86.32 90.50 91.35  65 84.31 90.91 95.48 

16 85.57 87.09 95.68  66 88.94 89.08 92.36 

17 86.15 86.80 92.49  67 85.14 86.60 95.44 

18 85.61 88.75 92.99  68 84.99 89.57 91.81 

19 87.78 88.21 94.46  69 86.74 88.00 92.01 

20 86.12 89.26 94.67  70 85.55 90.04 92.66 

21 84.57 90.39 91.06  71 86.50 86.37 94.98 

22 87.69 87.82 91.47  72 84.35 87.06 92.00 

23 88.22 90.97 93.05  73 84.94 90.21 91.83 

24 87.93 90.17 94.61  74 87.01 89.66 94.29 

25 88.10 87.04 93.20  75 87.54 87.20 92.13 

26 87.31 86.42 92.90  76 85.05 89.07 94.13 

27 88.57 86.69 94.60  77 88.91 88.80 95.49 

28 84.57 88.67 91.36  78 87.38 88.83 91.43 

29 86.09 87.15 94.68  79 87.59 89.07 94.87 

30 86.59 89.32 91.60  80 88.36 88.35 93.87 

31 84.34 87.42 92.88  81 86.18 88.91 92.85 

32 84.26 87.10 91.59  82 88.68 90.29 93.24 

33 85.71 90.87 94.39  83 85.16 88.07 93.89 

34 87.66 86.53 91.99  84 85.21 86.60 95.53 

35 84.72 87.08 95.12  85 88.27 87.83 93.07 

36 85.22 87.43 94.93  86 88.67 90.07 92.73 

37 86.40 90.69 94.39  87 86.52 87.00 94.51 

38 85.49 89.33 91.83  88 85.96 87.10 94.30 

39 88.40 86.65 92.55  89 84.69 88.03 92.82 

40 87.81 88.71 91.65  90 88.54 90.24 94.59 

41 84.67 90.18 93.67  91 85.96 90.37 95.48 

42 84.49 86.84 92.25  92 86.07 88.35 93.05 

43 85.20 86.23 92.60  93 86.95 88.33 91.09 

44 87.39 90.00 94.66  94 85.33 88.12 91.44 

45 88.88 87.64 92.75  95 86.64 88.37 91.91 

46 87.71 87.11 92.03  96 88.89 90.33 95.39 

47 88.03 88.79 91.54  97 85.26 89.41 91.38 

48 86.87 90.53 92.25  98 88.81 89.17 95.18 

49 86.05 88.15 93.84  99 88.26 88.90 93.56 

50 85.12 90.14 95.91  100 87.28 88.20 91.75 

Avg of 100 

Attempts 
86.54 88.49 93.31      
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Case 4.9 

Average Schedulability for 100 Task Sets with 12 Processors and Tasksetsize=48 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 66.76 73.50 76.30  51 64.12 73.32 75.70 

2 66.41 72.69 75.33  52 67.39 73.31 77.78 

3 68.39 74.17 77.85  53 64.85 72.92 74.04 

4 66.11 71.64 73.93  54 68.56 75.17 77.39 

5 65.05 71.71 77.90  55 65.54 75.36 75.43 

6 65.22 75.08 77.13  56 67.72 71.70 74.46 

7 65.82 71.12 77.29  57 64.23 74.06 73.52 

8 66.46 73.37 76.82  58 68.00 73.24 73.86 

9 68.59 72.98 73.35  59 68.42 73.52 74.49 

10 66.10 74.16 74.97  60 64.87 72.08 76.16 

11 66.32 74.41 74.37  61 64.64 72.14 74.49 

12 67.65 75.95 76.47  62 66.48 73.50 73.65 

13 66.64 71.61 75.56  63 64.90 71.37 74.45 

14 67.64 75.79 73.29  64 65.37 71.63 76.16 

15 65.76 72.18 77.36  65 67.73 75.99 77.39 

16 68.65 73.54 73.44  66 66.14 71.63 77.71 

17 68.22 75.08 76.10  67 64.78 74.16 73.69 

18 65.33 74.92 76.12  68 68.50 72.10 73.28 

19 66.62 74.87 74.79  69 68.05 73.31 73.62 

20 68.01 75.41 73.10  70 68.56 75.83 77.55 

21 68.60 73.69 73.83  71 68.87 71.83 73.79 

22 67.75 73.95 77.47  72 67.16 72.36 76.27 

23 65.21 72.65 75.90  73 66.29 74.26 73.36 

24 65.93 71.56 76.02  74 66.68 73.39 76.43 

25 65.30 73.76 73.53  75 66.71 71.23 73.02 

26 67.47 75.57 75.04  76 65.89 72.30 74.10 

27 68.77 71.95 76.18  77 65.06 71.33 77.29 

28 64.74 73.53 74.48  78 64.07 73.75 73.94 

29 64.26 73.69 75.44  79 66.60 73.25 77.38 

30 65.89 75.70 77.41  80 68.97 73.71 76.97 

31 64.99 71.58 75.65  81 65.27 74.95 77.47 

32 66.62 73.80 76.38  82 67.57 73.06 77.32 

33 68.14 75.44 73.42  83 65.23 73.31 73.92 

34 67.24 75.89 76.42  84 66.47 72.35 75.97 

35 68.40 74.03 73.91  85 66.81 74.59 76.98 

36 67.34 72.31 75.83  86 65.93 75.78 76.75 

37 67.88 72.21 75.06  87 68.96 71.64 73.74 

38 68.16 75.29 75.84  88 68.86 75.90 76.45 

39 68.68 75.66 74.34  89 64.17 75.27 73.32 

40 68.91 73.86 77.86  90 65.14 73.54 76.58 

41 64.61 73.87 77.84  91 65.09 74.59 76.02 

42 66.98 74.18 73.47  92 67.63 75.87 73.44 

43 64.23 72.44 74.53  93 66.33 73.88 74.05 

44 68.05 71.76 74.11  94 64.22 74.79 77.83 

45 65.41 72.82 74.18  95 68.24 75.61 75.10 

46 64.80 75.01 75.73  96 67.55 74.23 73.20 

47 64.29 75.80 75.73  97 68.29 71.51 74.35 

48 67.69 74.57 76.80  98 67.62 71.64 74.30 

49 68.15 75.47 74.57  99 69.00 73.57 77.65 

50 66.24 73.26 73.88  100 64.02 74.75 73.07 

Avg of 100 

Attempts 
66.64 73.64 75.37      
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Similarly, Case 4.2 to Case 4.8  

Average Schedulability for 100 Task Sets with 12 Processors  

and Taskset size = n 

(Detailed Results are available as follow) 

Detailed Results to find Average Schedulability 

For, All Result, Scan QR Code: 

  

Case No. Taskset size (n) Link 

Case 4.2 20 Click Here 

Case 4.3 24 Click Here 

Case 4.4 28 Click Here 

Case 4.5 32 Click Here 

Case 4.6 36 Click Here 

Case 4.7 40 Click Here 

Case 4.8 44 Click Here 

https://drive.google.com/file/d/12S--EIehzRtUS13M0ewdTMOBrdqhTaSn/view?usp=sharing
https://drive.google.com/file/d/1VPrs8hp6Cwa4KppViU0DTwZZQs1MV9ci/view?usp=sharing
https://drive.google.com/file/d/1kmetmhcPDS0OnCYXexiZlCkIWRW3x4aX/view?usp=sharing
https://drive.google.com/file/d/1CqbFhimvjHMte0l34lee_7n3ZzCD4NCc/view?usp=sharing
https://drive.google.com/file/d/1W5KkU-HtgGdy0c9ComJMEF4NzlyIEDGE/view?usp=sharing
https://drive.google.com/file/d/1EUC5hRAadIcSjHqdyLJSVhF99OuLbWmB/view?usp=sharing
https://drive.google.com/file/d/12r3O5wOyCvIvLzYjsgsvxYQSfEC6EQ5P/view?usp=sharing
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Detailed Results to find Average CPU_Utilization 

Case 5.1 

Average CPU_Utilization for 100 Task Sets with 12 Processors and Tasksetsize=16 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 56.42 61.65 63.24  51 53.25 60.48 66.90 

2 56.49 61.88 62.82  52 53.53 62.83 66.10 

3 54.04 63.27 64.41  53 54.80 64.42 64.82 

4 53.76 63.03 63.79  54 57.11 64.85 62.48 

5 53.02 61.55 64.19  55 56.62 62.40 66.22 

6 54.10 61.90 64.71  56 53.08 63.77 64.00 

7 56.36 60.22 62.82  57 54.26 62.94 66.38 

8 55.20 64.30 62.05  58 54.51 64.80 66.60 

9 58.00 60.70 62.76  59 57.99 62.35 66.25 

10 56.47 60.86 64.83  60 53.79 64.05 62.59 

11 56.93 63.62 62.91  61 56.06 63.85 63.12 

12 57.57 64.14 65.55  62 57.39 64.98 62.21 

13 55.03 60.30 62.60  63 56.72 60.56 62.60 

14 54.57 63.53 64.22  64 57.09 63.37 63.33 

15 56.83 62.71 63.77  65 56.06 62.94 62.17 

16 56.30 62.20 65.08  66 55.64 60.46 63.09 

17 54.25 60.38 63.64  67 53.03 60.84 62.21 

18 53.80 60.97 62.20  68 55.95 60.37 65.97 

19 53.10 61.39 62.61  69 56.10 61.21 66.73 

20 53.80 60.16 66.29  70 55.96 61.99 66.50 

21 55.71 60.18 65.52  71 56.00 64.86 63.56 

22 57.86 63.89 62.13  72 54.43 64.06 65.79 

23 54.05 61.24 65.61  73 56.54 60.41 64.00 

24 57.12 63.78 66.97  74 56.22 62.48 66.20 

25 57.88 60.85 62.74  75 57.73 61.30 66.08 

26 56.53 61.03 65.72  76 55.02 61.79 66.90 

27 53.40 64.34 66.96  77 56.98 61.11 65.87 

28 57.60 64.66 63.36  78 57.01 62.09 63.63 

29 57.33 63.64 64.54  79 54.15 64.96 65.81 

30 57.36 60.11 62.29  80 56.67 60.49 66.49 

31 53.94 64.62 63.29  81 54.05 61.17 65.48 

32 53.99 62.96 63.20  82 56.18 62.91 65.05 

33 53.30 62.94 65.83  83 57.61 61.81 66.83 

34 54.93 64.37 62.18  84 56.15 61.31 62.18 

35 53.50 62.13 65.68  85 56.63 63.68 64.20 

36 57.11 62.09 63.24  86 54.24 63.42 66.67 

37 53.63 63.47 63.29  87 56.52 64.80 66.09 

38 57.19 63.83 63.28  88 55.08 64.73 66.07 

39 57.83 64.95 66.98  89 55.29 61.16 65.70 

40 53.13 64.16 63.79  90 56.00 60.26 62.87 

41 54.53 62.10 63.63  91 56.40 64.85 64.77 

42 56.21 63.97 66.58  92 56.51 62.20 65.58 

43 54.58 64.49 64.72  93 55.17 60.67 63.25 

44 55.33 60.53 65.05  94 55.58 60.43 66.79 

45 56.43 64.22 66.47  95 53.73 62.76 64.11 

46 53.05 64.84 62.53  96 56.45 63.26 66.00 

47 54.27 60.64 66.18  97 57.50 61.64 65.98 

48 53.50 64.49 63.87  98 56.86 60.96 63.78 

49 57.57 61.46 62.38  99 55.72 63.19 64.91 

50 55.79 62.38 63.71  100 56.99 64.28 64.97 

Avg of 100 

Attempts 
55.59 62.54 64.52      
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Case 5.9 

Average CPU_Utilization for 100 Task Sets with 12 Processors and Tasksetsize=48 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 73.10 74.25 76.45  51 74.01 75.02 75.47 

2 72.86 74.96 78.41  52 71.49 74.12 75.21 

3 73.88 78.96 76.94  53 74.98 74.58 75.68 

4 72.42 76.15 75.46  54 73.10 76.04 79.06 

5 70.54 78.59 77.73  55 70.42 76.10 76.91 

6 71.22 77.57 78.99  56 74.34 74.84 79.06 

7 73.77 74.36 79.11  57 70.53 75.79 78.67 

8 70.52 74.29 78.84  58 73.54 77.85 78.28 

9 72.48 76.92 75.69  59 70.85 74.84 77.57 

10 70.96 74.41 78.60  60 74.63 74.13 77.69 

11 74.33 75.54 75.79  61 71.36 76.90 79.18 

12 70.27 74.17 79.37  62 70.97 78.63 76.31 

13 73.39 76.64 79.95  63 72.85 76.91 78.99 

14 70.46 75.37 75.32  64 71.94 74.59 75.27 

15 70.94 77.57 77.25  65 73.62 78.96 78.81 

16 70.11 75.05 79.55  66 72.91 77.17 77.94 

17 71.25 78.26 78.03  67 71.49 75.44 76.45 

18 72.56 76.07 79.76  68 73.51 76.50 79.56 

19 73.00 76.81 78.86  69 72.85 78.11 77.78 

20 72.10 74.89 76.98  70 70.80 74.91 76.65 

21 73.33 77.49 79.81  71 73.17 75.17 77.11 

22 70.05 78.41 79.08  72 70.36 77.74 75.35 

23 72.79 78.44 76.49  73 70.98 77.16 79.04 

24 70.97 76.32 78.34  74 72.87 76.31 78.31 

25 70.36 77.15 76.52  75 72.83 78.63 76.60 

26 73.94 75.98 75.57  76 71.66 76.56 76.70 

27 70.41 78.34 76.36  77 72.06 77.05 75.05 

28 74.58 75.53 75.99  78 70.33 78.12 76.29 

29 73.14 76.37 79.01  79 72.09 74.16 79.04 

30 72.64 76.14 79.22  80 73.27 78.31 79.10 

31 72.40 74.12 77.86  81 72.89 76.34 76.30 

32 72.74 76.93 79.79  82 72.28 77.20 77.42 

33 74.03 75.66 75.01  83 74.48 76.45 77.11 

34 71.72 76.07 75.37  84 71.75 78.74 77.91 

35 72.59 74.69 75.25  85 74.03 77.79 75.84 

36 73.35 77.26 76.05  86 72.36 77.07 77.62 

37 70.11 76.57 77.32  87 74.40 78.34 75.27 

38 71.79 76.51 78.32  88 71.55 76.27 78.90 

39 72.90 78.74 77.77  89 71.14 77.46 76.23 

40 74.81 77.30 75.22  90 73.44 75.17 79.80 

41 74.76 78.87 79.04  91 71.11 77.89 78.13 

42 71.91 75.14 76.30  92 70.38 74.32 78.84 

43 73.35 75.51 77.82  93 74.37 74.12 77.58 

44 74.40 75.16 78.59  94 71.10 77.09 78.05 

45 74.05 74.98 77.21  95 73.88 75.61 75.92 

46 74.71 77.01 76.36  96 72.67 75.51 75.80 

47 74.45 77.15 78.39  97 74.60 77.60 77.53 

48 73.33 76.47 79.92  98 72.67 74.14 77.58 

49 72.24 77.60 76.41  99 71.55 75.39 77.87 

50 74.48 75.25 75.19  100 71.63 78.84 75.27 

Avg of 100 

Attempts 
72.49 76.40 77.45      
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Similarly, Case 5.2 to Case 5.8  

Average CPU_Utilization for 100 Task Sets with 12 Processors  

and Taskset size = n 

Detailed Results are available as follow) 

Detailed Results to find Average CPU_Utilization 

For, All Result, Scan QR Code:  

 

Case No. Taskset size (n) Link 

Case 5.2 20 Click Here 

Case 5.3 24 Click Here 

Case 5.4 28 Click Here 

Case 5.5 32 Click Here 

Case 5.6 36 Click Here 

Case 5.7 40 Click Here 

Case 5.8 44 Click Here 

 

https://drive.google.com/file/d/1q-_cVttul0BVQvJjAlNgDQ5ZnkPcdL2l/view?usp=sharing
https://drive.google.com/file/d/1BHNJi5qS5Uzavemp_cCDBEH9A3yMpkhY/view?usp=sharing
https://drive.google.com/file/d/1V8UqJqBKh0uS6iL4quUxtBoUlt1ox1Rp/view?usp=sharing
https://drive.google.com/file/d/1IWPwDdNfkJxXzNQjc4M_1m7sOtjR0AkB/view?usp=sharing
https://drive.google.com/file/d/1JfwPJ9rzcuABAilVxImDf8FmYuJNZNAs/view?usp=sharing
https://drive.google.com/file/d/1Zgt7hQot9LFgEuKKozB0qs1JmXG0EC-j/view?usp=sharing
https://drive.google.com/file/d/1OEl-Bmozq3rgdAcIKl0CoWILpqwwpDCJ/view?usp=sharing
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Detailed Results to find Deadline Miss Ratio 

Case 1.1 

Average Deadlinemiss Ratio for 100 Task Sets with 16 Processors and Tasksetsize=20 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 0.0638 0.0675 0.0021  51 0.0790 0.0526 0.0025 

2 0.0915 0.0375 0.0040  52 0.0917 0.0366 0.0027 

3 0.0892 0.0302 0.0060  53 0.1084 0.0305 0.0048 

4 0.0685 0.0211 0.0029  54 0.0948 0.0285 0.0053 

5 0.0695 0.0393 0.0025  55 0.0846 0.0343 0.0016 

6 0.0948 0.0358 0.0059  56 0.0854 0.0436 0.0019 

7 0.0863 0.0352 0.0040  57 0.0861 0.0586 0.0019 

8 0.0780 0.0689 0.0032  58 0.1098 0.0581 0.0054 

9 0.0697 0.0321 0.0043  59 0.1041 0.0477 0.0031 

10 0.1065 0.0445 0.0058  60 0.0972 0.0253 0.0026 

11 0.1071 0.0431 0.0042  61 0.0934 0.0558 0.0026 

12 0.0930 0.0626 0.0021  62 0.1072 0.0561 0.0036 

13 0.0717 0.0423 0.0036  63 0.1098 0.0391 0.0059 

14 0.0963 0.0591 0.0045  64 0.0839 0.0562 0.0022 

15 0.0819 0.0535 0.0018  65 0.0686 0.0635 0.0024 

16 0.0680 0.0417 0.0059  66 0.0691 0.0454 0.0038 

17 0.0632 0.0407 0.0029  67 0.1043 0.0497 0.0025 

18 0.1054 0.0384 0.0031  68 0.0915 0.0284 0.0019 

19 0.0976 0.0333 0.0056  69 0.0730 0.0590 0.0017 

20 0.0668 0.0394 0.0020  70 0.0749 0.0696 0.0025 

21 0.1036 0.0693 0.0037  71 0.1024 0.0328 0.0044 

22 0.0923 0.0631 0.0014  72 0.0706 0.0504 0.0052 

23 0.0885 0.0330 0.0035  73 0.0636 0.0203 0.0022 

24 0.0973 0.0515 0.0020  74 0.0878 0.0215 0.0042 

25 0.0928 0.0499 0.0043  75 0.0661 0.0305 0.0016 

26 0.0832 0.0494 0.0029  76 0.1061 0.0624 0.0019 

27 0.0629 0.0458 0.0038  77 0.0897 0.0434 0.0042 

28 0.0638 0.0295 0.0050  78 0.0606 0.0506 0.0050 

29 0.0968 0.0275 0.0037  79 0.0612 0.0203 0.0058 

30 0.1019 0.0595 0.0019  80 0.0632 0.0284 0.0021 

31 0.1034 0.0281 0.0046  81 0.0803 0.0396 0.0044 

32 0.0827 0.0573 0.0042  82 0.1060 0.0654 0.0018 

33 0.0951 0.0221 0.0019  83 0.0714 0.0474 0.0030 

34 0.0840 0.0471 0.0037  84 0.0804 0.0449 0.0024 

35 0.1044 0.0634 0.0036  85 0.1040 0.0642 0.0025 

36 0.1055 0.0556 0.0014  86 0.0939 0.0457 0.0029 

37 0.0786 0.0622 0.0014  87 0.0849 0.0635 0.0053 

38 0.0915 0.0506 0.0031  88 0.0924 0.0635 0.0057 

39 0.0959 0.0394 0.0025  89 0.0825 0.0252 0.0025 

40 0.0757 0.0518 0.0012  90 0.0822 0.0336 0.0022 

41 0.0886 0.0506 0.0025  91 0.1032 0.0633 0.0035 

42 0.0606 0.0671 0.0051  92 0.0890 0.0269 0.0034 

43 0.0985 0.0615 0.0030  93 0.0914 0.0275 0.0055 

44 0.0775 0.0640 0.0042  94 0.0956 0.0678 0.0055 

45 0.0952 0.0575 0.0050  95 0.1074 0.0460 0.0010 

46 0.0952 0.0350 0.0014  96 0.0979 0.0412 0.0038 

47 0.1062 0.0365 0.0052  97 0.0949 0.0448 0.0059 

48 0.0924 0.0679 0.0021  98 0.0959 0.0455 0.0048 

49 0.0690 0.0386 0.0040  99 0.0629 0.0205 0.0042 

50 0.0688 0.0270 0.0022  100 0.1034 0.0302 0.0025 

Avg of 100 

Attempts 
0.0873 0.0453 0.0034      
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Case 1.12 

Average Deadlinemiss Ratio for 100 Task Sets with 16 Processors and Tasksetsize=64 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 0.7360 0.7098 0.7480  51 0.7481 0.7722 0.7476 

2 0.7316 0.7360 0.7256  52 0.7629 0.7795 0.7444 

3 0.7389 0.7190 0.7338  53 0.7953 0.7378 0.7350 

4 0.7594 0.7437 0.7451  54 0.7492 0.7384 0.7575 

5 0.7541 0.7393 0.7564  55 0.7868 0.7430 0.7585 

6 0.7529 0.7343 0.7376  56 0.7583 0.7780 0.7351 

7 0.7715 0.6954 0.7279  57 0.7518 0.7573 0.7435 

8 0.7453 0.7384 0.7509  58 0.7360 0.7749 0.7536 

9 0.7541 0.7658 0.7373  59 0.7730 0.7653 0.7170 

10 0.7670 0.7190 0.7534  60 0.7666 0.7785 0.7171 

11 0.7416 0.6364 0.7482  61 0.7762 0.7234 0.7309 

12 0.7301 0.7143 0.7124  62 0.7688 0.7509 0.7380 

13 0.7351 0.6806 0.7392  63 0.7778 0.7322 0.7132 

14 0.7591 0.7024 0.7184  64 0.7401 0.7455 0.7126 

15 0.7668 0.7166 0.7337  65 0.7559 0.7238 0.7522 

16 0.7482 0.7458 0.7163  66 0.7768 0.7380 0.7263 

17 0.7660 0.7625 0.7361  67 0.7327 0.7738 0.7351 

18 0.7516 0.7300 0.7161  68 0.7346 0.7304 0.7419 

19 0.7344 0.7385 0.7489  69 0.7542 0.7058 0.7593 

20 0.7620 0.7260 0.7454  70 0.7578 0.7393 0.7426 

21 0.7510 0.7692 0.7534  71 0.7343 0.7344 0.7230 

22 0.7631 0.7009 0.7375  72 0.7733 0.7381 0.7147 

23 0.7616 0.7318 0.7266  73 0.7603 0.7300 0.7290 

24 0.7582 0.7284 0.7463  74 0.7303 0.7510 0.7320 

25 0.7473 0.7406 0.7351  75 0.7492 0.7490 0.7311 

26 0.7664 0.7426 0.7568  76 0.7700 0.7738 0.7460 

27 0.7379 0.7299 0.7286  77 0.7771 0.7703 0.7212 

28 0.7472 0.7644 0.7402  78 0.7497 0.7735 0.7245 

29 0.7402 0.7278 0.7535  79 0.7496 0.7308 0.7219 

30 0.7486 0.7799 0.7470  80 0.7470 0.7587 0.7263 

31 0.7547 0.7546 0.7480  81 0.7362 0.7074 0.7225 

32 0.7650 0.7373 0.7417  82 0.7704 0.7281 0.7482 

33 0.7339 0.7504 0.7426  83 0.7584 0.7214 0.7316 

34 0.7635 0.7593 0.7235  84 0.7426 0.7454 0.7156 

35 0.7561 0.7472 0.7215  85 0.7613 0.7144 0.7393 

36 0.7934 0.7581 0.7184  86 0.7658 0.7347 0.7031 

37 0.7435 0.7455 0.7292  87 0.7740 0.7506 0.7326 

38 0.7534 0.7491 0.7397  88 0.7506 0.7695 0.7310 

39 0.7457 0.7401 0.7048  89 0.7662 0.7402 0.7312 

40 0.7702 0.7685 0.7324  90 0.7463 0.7196 0.7169 

41 0.7687 0.7640 0.7156  91 0.7780 0.7004 0.7166 

42 0.7395 0.7531 0.7290  92 0.7507 0.7327 0.7451 

43 0.7554 0.7471 0.7216  93 0.7764 0.7105 0.7342 

44 0.7840 0.7425 0.7220  94 0.7569 0.7193 0.7106 

45 0.7889 0.7569 0.7379  95 0.7610 0.7366 0.7558 

46 0.7710 0.7687 0.7350  96 0.7697 0.7208 0.7469 

47 0.7509 0.7602 0.7180  97 0.7889 0.7738 0.7361 

48 0.7702 0.7688 0.7176  98 0.7675 0.7519 0.7384 

49 0.7680 0.7719 0.7123  99 0.7971 0.7301 0.7353 

50 0.7676 0.7321 0.7247  100 0.7670 0.7188 0.7318 

Avg of 100 

Attempts 
0.7580 0.7407 0.7335      
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Similarly, Case 1.2 to Case 1.11  

Average Deadlinemiss Ratio for 100 Task Sets with 16 Processors  

and Taskset size = n 

(Detailed Results are available as follow) 

Detailed Results to find Deadline Miss Ratio 

For, All Result, Scan QR Code: 

 

Case No. Taskset size (n) Link 

Case 1.2 24 Click Here 

Case 1.3 28 Click Here 

Case 1.4 32 Click Here 

Case 1.5 36 Click Here 

Case 1.6 40 Click Here 

Case 1.7 44 Click Here 

Case 1.8 48 Click Here 

Case 1.9 52 Click Here 

Case 1.10 56 Click Here 

Case 1.11 60 Click Here 

  

https://drive.google.com/file/d/1qGSIQcTVthCa6IWKuRKPjnX30RADg2Tg/view?usp=sharing
https://drive.google.com/file/d/1KW4Sfu3VtEk0jvj-3ZU5uJQ26AjyFR_B/view?usp=sharing
https://drive.google.com/file/d/18lGGuZ7bl05B1KVLXn0L2x7Sl5Vof0VW/view?usp=sharing
https://drive.google.com/file/d/1yIo3AsQ-70CX93nN2Sdc5kh_xECn7bMf/view?usp=sharing
https://drive.google.com/file/d/1EHVI5JJpc6AQ08xIhJSyPP7dP9RR_Qqz/view?usp=sharing
https://drive.google.com/file/d/1pnOLxmuw6FkFME26Qjaeg6uY8JMEML8k/view?usp=sharing
https://drive.google.com/file/d/1sx4rcH8NI64lSyJsTDT4RHZq81cf1FZN/view?usp=sharing
https://drive.google.com/file/d/1HfDaEZjxM3eUPr1IVsvwY0PN0ZVDTKXx/view?usp=sharing
https://drive.google.com/file/d/1ewnjjGmH4abo7sYQA85UvzM66ZR89QkY/view?usp=sharing
https://drive.google.com/file/d/16silZGr6VWMv6mXpCvk4rgYEgrGN9Z0Y/view?usp=sharing
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Detailed Results to find Average Tardiness 

Case 2.1 

Average Tardiness for 100 Task Sets with 16 Processors and Tasksetsize=20 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 14.89 14.45 9.42  51 13.14 11.24 11.86 

2 15.09 13.19 12.68  52 15.49 13.83 10.35 

3 13.17 13.85 9.81  53 13.99 11.20 11.45 

4 12.53 14.25 12.40  54 14.86 14.30 10.45 

5 12.40 12.99 10.47  55 14.69 12.14 10.54 

6 13.34 11.05 12.70  56 15.46 12.52 11.02 

7 12.47 13.02 12.73  57 14.34 13.77 9.83 

8 15.61 13.90 11.61  58 15.37 14.66 9.66 

9 13.93 13.09 10.18  59 14.72 12.22 10.72 

10 12.16 14.81 11.47  60 15.43 12.15 12.08 

11 12.48 12.43 10.53  61 15.53 14.80 12.71 

12 12.59 12.47 10.36  62 14.86 12.12 11.04 

13 12.35 14.87 11.50  63 15.11 12.18 12.49 

14 12.99 13.77 12.11  64 13.00 13.36 11.35 

15 15.27 12.69 11.10  65 13.79 14.92 12.10 

16 13.31 14.26 10.15  66 13.41 12.63 10.86 

17 15.85 13.55 10.83  67 15.46 13.71 11.16 

18 12.51 14.17 12.22  68 12.79 11.99 9.61 

19 14.28 11.01 11.64  69 15.60 12.75 9.32 

20 12.57 13.86 11.84  70 13.79 14.55 11.75 

21 12.60 13.55 11.64  71 12.18 13.76 12.30 

22 13.65 11.03 11.12  72 12.45 11.27 11.93 

23 13.25 13.84 11.35  73 15.69 11.91 12.11 

24 14.87 11.79 9.60  74 14.84 11.15 12.90 

25 14.45 14.93 9.97  75 12.22 11.42 10.86 

26 12.45 12.63 11.45  76 13.69 13.18 11.57 

27 15.17 12.61 9.64  77 14.28 14.97 9.69 

28 14.36 13.90 11.28  78 12.74 11.21 12.88 

29 15.27 12.16 11.01  79 14.25 14.26 9.16 

30 13.75 14.56 12.94  80 14.43 12.77 9.94 

31 13.23 12.93 10.22  81 12.76 12.99 11.98 

32 16.86 13.76 12.91  82 12.07 13.80 9.44 

33 13.38 14.36 9.37  83 13.13 13.96 12.97 

34 15.96 12.22 12.01  84 15.26 14.43 12.55 

35 15.61 14.96 11.94  85 14.51 14.40 9.45 

36 13.79 14.10 12.73  86 14.14 12.42 12.49 

37 15.56 12.06 11.01  87 13.91 11.69 12.44 

38 12.97 12.79 11.46  88 15.57 13.13 9.89 

39 13.01 13.72 9.18  89 15.61 13.28 12.81 

40 12.55 12.07 11.82  90 15.46 11.44 10.88 

41 13.57 13.84 11.69  91 16.80 14.08 9.35 

42 13.60 13.46 10.69  92 14.81 11.64 9.77 

43 13.10 12.81 10.83  93 14.09 11.35 10.76 

44 12.11 13.36 11.33  94 14.77 12.85 9.94 

45 12.32 13.37 9.69  95 15.77 13.63 11.08 

46 13.12 13.46 9.92  96 13.47 12.48 9.47 

47 13.26 14.18 12.82  97 15.89 11.13 12.82 

48 14.83 11.14 10.35  98 12.99 11.46 9.33 

49 15.62 12.57 9.41  99 14.19 13.02 10.07 

50 14.74 14.98 12.54  100 12.34 12.75 10.52 

Avg of 100 

Attempts 
14.04 13.08 11.09      
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Case 2.12 

Average Tardiness for 100 Task Sets with 16 Processors and Tasksetsize=64 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 37.16 32.49 31.60  51 39.89 35.61 29.50 

2 37.46 32.90 30.84  52 36.23 34.48 29.36 

3 38.70 32.65 32.56  53 38.81 35.54 30.79 

4 39.58 33.93 30.56  54 36.00 32.35 30.67 

5 38.20 34.10 33.58  55 36.67 35.73 30.44 

6 37.04 35.82 33.39  56 40.80 32.92 32.40 

7 37.13 35.70 32.59  57 36.21 31.84 33.29 

8 36.55 34.50 33.82  58 39.08 35.72 30.54 

9 40.14 33.54 32.56  59 38.08 34.94 29.08 

10 36.97 33.87 29.86  60 39.93 35.74 29.79 

11 38.44 32.48 32.05  61 39.41 33.97 33.45 

12 37.88 35.87 32.75  62 36.78 33.02 30.36 

13 38.77 33.53 31.52  63 36.88 33.97 32.87 

14 39.92 34.03 31.10  64 38.84 32.00 33.94 

15 38.66 32.22 33.99  65 39.91 35.06 33.84 

16 36.06 35.50 29.80  66 40.17 34.72 33.23 

17 39.89 34.82 33.71  67 38.99 34.32 33.05 

18 38.16 33.04 31.61  68 36.47 35.95 29.19 

19 41.00 34.71 31.87  69 36.14 33.85 30.83 

20 36.11 34.56 33.01  70 36.99 33.40 30.20 

21 37.82 33.02 33.02  71 40.60 35.66 29.86 

22 39.28 34.57 31.45  72 38.78 33.73 32.02 

23 37.58 35.23 31.76  73 36.02 31.03 29.78 

24 36.97 32.62 30.78  74 37.74 35.25 33.62 

25 40.32 33.52 32.06  75 36.07 32.62 31.19 

26 36.67 32.40 30.80  76 39.09 33.89 33.84 

27 37.61 33.07 30.09  77 36.40 31.73 32.62 

28 37.23 32.58 31.57  78 40.78 31.09 29.37 

29 38.31 34.75 32.98  79 40.44 31.02 32.81 

30 38.17 34.57 32.87  80 40.13 32.93 32.94 

31 36.42 34.37 32.56  81 36.10 32.74 31.32 

32 40.03 35.13 30.35  82 37.43 35.97 33.18 

33 40.66 31.05 30.20  83 38.18 32.25 33.54 

34 39.88 32.48 29.15  84 39.57 32.19 29.91 

35 38.44 31.52 32.48  85 40.45 32.06 31.67 

36 37.42 34.92 33.51  86 39.31 34.62 32.03 

37 39.94 35.68 33.35  87 37.95 35.59 29.73 

38 38.49 35.21 29.12  88 37.15 32.76 29.77 

39 36.25 31.65 30.94  89 38.10 34.67 32.22 

40 40.97 35.56 33.20  90 40.18 32.14 32.55 

41 37.38 31.90 30.49  91 39.52 31.58 32.64 

42 40.28 33.42 32.54  92 40.99 35.22 29.36 

43 36.95 33.50 29.43  93 36.46 34.12 30.67 

44 39.64 31.53 30.47  94 39.29 33.16 31.97 

45 39.05 35.09 30.51  95 36.70 31.03 30.85 

46 40.77 35.69 33.08  96 39.32 35.83 30.84 

47 39.73 31.21 33.17  97 40.72 31.73 33.07 

48 37.57 33.66 29.77  98 39.59 34.13 29.32 

49 38.77 32.65 33.75  99 38.09 35.13 29.99 

50 40.47 34.96 29.46  100 36.34 34.22 32.26 

Avg of 100 

Attempts 
38.43 33.73 31.59      

 



Annexure - III 

 

 

168 

 

Similarly, Case 2.2 to Case 2.11  

Average Tardiness for 100 Task Sets with 16 Processors  

and Taskset size = n 

(Detailed Results are available as follow) 

Detailed Results to find Average Tardiness 

For, All Result, Scan QR Code:  

 

Case No. Taskset size (n) Link 

Case 2.2 24 Click Here 

Case 2.3 28 Click Here 

Case 2.4 32 Click Here 

Case 2.5 36 Click Here 

Case 2.6 40 Click Here 

Case 2.7 44 Click Here 

Case 2.8 48 Click Here 

Case 2.9 52 Click Here 

Case 2.10 56 Click Here 

Case 2.11 60 Click Here 

https://drive.google.com/file/d/1RqYC9JTrShXaJYyuXemdArnK5Q_0r3R3/view?usp=sharing
https://drive.google.com/file/d/1wRc9Rr-iQf_FkbNRPTKYgoMYwGOH8WQY/view?usp=sharing
https://drive.google.com/file/d/1k2UEbGajHcwuAlsMyCVsCI_GsE77_rY2/view?usp=sharing
https://drive.google.com/file/d/1FOAGa8Zxhuf1TCd2BDOYKRJLohVuH4pZ/view?usp=sharing
https://drive.google.com/file/d/1wNGMh9dGrIO6lmXhAb74g0Ws0naBYbsU/view?usp=sharing
https://drive.google.com/file/d/1Lczf0uROFWf6CnM31gNiNWLlI9YwU3Yn/view?usp=sharing
https://drive.google.com/file/d/1prFiqkt3IM7E6xThK2_h6iHoB57rR1ig/view?usp=sharing
https://drive.google.com/file/d/1AgmAgerWYNCDzJUyCZPyInOrtVHGV53Z/view?usp=sharing
https://drive.google.com/file/d/1axUdUIoh0SAOQx1duh_FcxeMH9Og6Jrp/view?usp=sharing
https://drive.google.com/file/d/14VrTHO4zUOJ40LzEfRe4taGF3IikcNIM/view?usp=sharing


Annexure - III 

 

 

169 

 

Detailed Results to find Average No. of Context Switch 

Case 3.1 

Average No. of Context Switch for 100 Task Sets with 16 Processors and Tasksetsize=20 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 117 201 190  51 122 202 190 

2 121 206 192  52 121 201 188 

3 114 199 193  53 115 200 185 

4 117 203 194  54 114 207 186 

5 121 201 188  55 123 208 193 

6 118 206 189  56 114 202 185 

7 118 205 185  57 116 206 186 

8 116 205 189  58 121 205 187 

9 114 206 191  59 119 204 190 

10 118 204 191  60 117 203 189 

11 115 206 191  61 120 202 191 

12 123 202 192  62 118 200 187 

13 122 200 190  63 122 202 188 

14 116 206 190  64 122 207 187 

15 121 199 192  65 116 207 189 

16 115 200 186  66 118 202 187 

17 122 201 191  67 115 202 185 

18 117 205 194  68 115 202 192 

19 121 202 187  69 123 202 188 

20 115 200 190  70 118 199 186 

21 115 204 194  71 115 205 191 

22 121 200 190  72 114 207 186 

23 122 200 187  73 119 201 187 

24 117 208 192  74 118 200 192 

25 123 203 191  75 120 203 190 

26 122 206 190  76 119 200 193 

27 119 202 188  77 119 206 186 

28 120 204 186  78 114 203 190 

29 119 201 190  79 114 204 190 

30 115 206 190  80 121 206 190 

31 119 207 190  81 118 208 189 

32 118 208 193  82 117 206 186 

33 114 206 185  83 119 199 185 

34 123 202 193  84 119 203 187 

35 118 202 189  85 121 205 194 

36 114 207 194  86 119 205 189 

37 114 201 193  87 116 201 191 

38 120 207 192  88 120 207 190 

39 121 205 188  89 115 201 193 

40 117 207 185  90 122 200 188 

41 123 208 186  91 115 202 188 

42 121 205 189  92 118 199 190 

43 123 202 193  93 120 208 193 

44 116 205 190  94 121 199 187 

45 123 207 191  95 121 208 187 

46 123 208 192  96 121 202 187 

47 118 206 187  97 121 205 187 

48 115 203 193  98 120 200 190 

49 121 206 188  99 121 202 186 

50 114 201 191  100 115 202 194 

Avg of 100 

Attempts 
118.50 203.54 189.40      
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Case 3.12 

Average No. of Context Switch for 100 Task Sets with 16 Processors and Tasksetsize=64 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 348 426 438  51 342 424 439 

2 345 426 440  52 351 426 441 

3 351 427 435  53 345 427 434 

4 342 429 439  54 347 427 439 

5 347 431 436  55 342 428 440 

6 346 426 438  56 341 424 434 

7 342 431 434  57 349 428 438 

8 346 425 436  58 344 424 441 

9 349 425 443  59 343 429 443 

10 347 431 435  60 344 425 439 

11 352 432 438  61 345 428 440 

12 349 427 435  62 346 425 438 

13 342 426 438  63 348 427 437 

14 346 431 435  64 351 424 441 

15 351 431 434  65 348 431 442 

16 344 432 439  66 345 432 438 

17 346 424 439  67 351 430 442 

18 350 426 435  68 348 431 438 

19 342 429 435  69 343 432 437 

20 352 424 441  70 344 427 437 

21 346 424 437  71 351 428 439 

22 345 424 435  72 351 432 443 

23 351 428 440  73 349 431 439 

24 348 431 442  74 349 424 435 

25 344 428 439  75 344 430 442 

26 348 428 438  76 350 429 434 

27 348 426 441  77 351 431 437 

28 348 432 441  78 348 429 435 

29 342 428 436  79 349 427 436 

30 350 427 441  80 343 428 442 

31 348 428 442  81 344 425 442 

32 346 428 440  82 349 428 435 

33 349 426 438  83 351 431 442 

34 348 428 440  84 343 431 439 

35 342 426 441  85 351 432 437 

36 349 431 440  86 345 428 437 

37 350 430 440  87 348 430 438 

38 343 427 436  88 345 423 440 

39 347 423 440  89 350 425 439 

40 350 427 438  90 346 425 442 

41 344 429 439  91 346 430 435 

42 346 431 435  92 350 426 438 

43 345 426 439  93 351 424 436 

44 348 430 435  94 348 430 438 

45 349 428 434  95 342 431 436 

46 349 430 440  96 348 427 437 

47 346 432 436  97 347 425 434 

48 348 428 438  98 345 430 440 

49 342 430 442  99 351 425 435 

50 343 424 435  100 349 424 441 

Avg of 100 

Attempts 
346.90 427.85 438.22      
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Similarly, Case 3.2 to Case 3.11  

Average No. of Context Switch for 100 Task Sets with 16 Processors  

and Taskset size = n 

(Detailed Results are available as follow) 

Detailed Results to find Average No. of Context Switch 

For, All Result, Scan QR Code:  

 

Case No. Taskset size (n) Link 

Case 3.2 24 Click Here 

Case 3.3 28 Click Here 

Case 3.4 32 Click Here 

Case 3.5 36 Click Here 

Case 3.6 40 Click Here 

Case 3.7 44 Click Here 

Case 3.8 48 Click Here 

Case 3.9 52 Click Here 

Case 3.10 56 Click Here 

Case 3.11 60 Click Here 

 

https://drive.google.com/file/d/1jP_1aUPUUFWvU3e-tSYa8QjNQkSkYdZX/view?usp=sharing
https://drive.google.com/file/d/1mYYFmpT4hSFNJGZOAQnsF1J0mEUsB-8t/view?usp=sharing
https://drive.google.com/file/d/1eXPVJJdcpPh97EKAymqhkN5knGkEnChg/view?usp=sharing
https://drive.google.com/file/d/1lJ5tGf6ILLyEEdQ0kbNURiIBetlW9w7q/view?usp=sharing
https://drive.google.com/file/d/1ZVeyts5pojtqDpbrjuvs2xDHxFAlldR4/view?usp=sharing
https://drive.google.com/file/d/1Y5TnrafMlFDu-VULgGGlhZ7zTGPr5xcT/view?usp=sharing
https://drive.google.com/file/d/1-o2b4rx-xNQPanE9eU1q8FK89KC-id3v/view?usp=sharing
https://drive.google.com/file/d/1IWxo_2-w_v6lySQInyBms4EGG_9ue6xn/view?usp=sharing
https://drive.google.com/file/d/1rIdJ_8y6aP7MUDD5MI1LpLjxCd00ia8k/view?usp=sharing
https://drive.google.com/file/d/1SfldgPLH-TDKZMU0EFt_a7TVqAgEackO/view?usp=sharing
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Detailed Results to find Average Schedulability 

Case 4.1 

Average Schedulability for 100 Task Sets with 16 Processors and Tasksetsize=20 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 88.04 89.94 96.74  51 89.62 90.77 92.99 

2 89.57 89.10 93.14  52 89.14 89.15 92.91 

3 87.83 88.57 93.21  53 88.65 89.80 93.82 

4 88.45 89.54 92.18  54 89.02 87.57 93.08 

5 89.20 90.86 93.86  55 89.00 90.53 93.02 

6 85.58 89.64 94.37  56 85.52 91.32 94.70 

7 86.28 90.45 94.52  57 89.49 89.42 93.81 

8 88.46 88.91 96.15  58 85.86 90.89 95.20 

9 86.60 90.08 96.75  59 85.43 90.76 94.37 

10 89.69 91.48 92.60  60 90.00 89.64 95.22 

11 85.03 89.50 93.93  61 87.87 87.15 92.59 

12 88.88 91.60 93.23  62 87.29 90.60 96.17 

13 85.67 90.45 93.25  63 86.89 91.15 96.18 

14 89.60 87.61 95.73  64 86.95 88.30 96.42 

15 89.47 88.31 92.92  65 85.79 88.10 96.00 

16 89.51 91.75 95.73  66 88.12 88.09 92.61 

17 87.33 90.68 94.24  67 86.68 87.53 95.45 

18 88.48 89.75 92.93  68 86.89 89.12 94.33 

19 86.68 89.99 94.75  69 86.30 87.27 96.08 

20 86.93 91.20 93.61  70 86.08 89.61 94.31 

21 85.33 90.59 94.16  71 87.64 87.94 92.16 

22 88.62 87.53 92.57  72 85.97 91.94 96.06 

23 87.64 88.63 94.81  73 85.59 88.06 92.45 

24 85.95 87.67 94.44  74 87.68 91.54 95.05 

25 85.31 90.66 94.35  75 87.33 88.08 96.25 

26 89.83 88.76 96.34  76 85.77 87.26 94.88 

27 87.85 88.61 93.32  77 87.20 91.10 94.62 

28 89.17 89.99 94.54  78 85.70 89.76 93.78 

29 88.31 90.71 94.74  79 85.50 90.52 95.74 

30 89.83 90.72 92.07  80 86.09 88.14 96.01 

31 87.00 87.24 94.50  81 86.49 88.40 93.29 

32 88.58 87.08 92.79  82 88.26 91.17 95.85 

33 85.53 89.31 95.68  83 89.29 91.34 94.29 

34 87.13 89.89 96.16  84 85.76 88.92 94.58 

35 89.70 89.44 93.76  85 86.04 90.65 93.85 

36 86.59 91.22 94.63  86 86.41 88.01 95.34 

37 88.29 90.67 92.04  87 89.14 91.96 95.63 

38 85.22 91.89 94.14  88 88.63 89.53 92.78 

39 85.92 88.39 95.53  89 86.19 90.84 92.43 

40 87.36 90.09 92.47  90 89.61 91.50 96.01 

41 87.70 89.78 93.32  91 85.86 90.18 92.17 

42 89.36 88.85 92.71  92 85.79 90.17 94.07 

43 85.30 91.48 94.98  93 88.84 89.43 92.33 

44 89.11 89.14 96.75  94 85.64 90.91 93.31 

45 87.19 88.90 95.72  95 85.73 88.61 96.70 

46 89.88 87.49 94.93  96 86.11 87.45 93.99 

47 87.38 91.15 92.30  97 87.81 89.14 93.28 

48 87.33 87.40 93.55  98 85.82 91.82 96.63 

49 89.78 89.24 92.54  99 86.64 89.96 93.45 

50 85.68 87.61 94.14  100 85.76 88.04 94.50 

Avg of 100 

Attempts 
87.40 89.59 94.29      
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Case 4.12 

Average Schedulability for 100 Task Sets with 16 Processors and Tasksetsize=64 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 67.02 75.44 75.04  51 67.44 74.21 79.67 

2 69.27 75.70 76.05  52 69.83 75.99 78.62 

3 71.10 75.77 75.03  53 68.90 75.64 76.29 

4 70.15 73.29 75.64  54 67.57 76.06 75.58 

5 69.46 73.76 75.69  55 70.80 74.01 76.24 

6 70.07 73.24 75.93  56 70.32 73.36 79.38 

7 71.93 76.23 78.23  57 69.58 74.65 79.73 

8 71.02 73.35 75.52  58 69.78 75.15 77.26 

9 69.21 76.92 77.29  59 71.03 73.83 79.52 

10 71.85 76.40 77.89  60 69.76 73.46 76.55 

11 71.42 76.92 77.43  61 69.93 75.54 77.12 

12 69.16 76.97 76.28  62 69.29 77.95 78.96 

13 68.40 73.59 75.64  63 67.53 76.02 77.56 

14 69.72 75.65 75.71  64 71.62 75.97 76.50 

15 70.42 73.14 75.77  65 68.94 76.44 76.87 

16 69.21 75.08 79.17  66 68.22 74.74 76.53 

17 70.53 73.66 77.67  67 67.05 77.00 79.39 

18 67.15 77.39 75.82  68 68.09 76.87 77.10 

19 67.54 74.93 79.36  69 69.55 75.68 79.98 

20 67.65 77.47 77.32  70 71.99 73.30 77.80 

21 69.70 75.92 78.17  71 69.24 74.19 76.37 

22 70.11 77.31 79.66  72 71.98 77.40 75.97 

23 71.76 75.92 76.12  73 70.68 76.72 75.98 

24 67.92 73.20 76.73  74 67.83 76.56 79.71 

25 69.90 77.72 78.48  75 68.13 75.37 75.41 

26 68.18 75.11 76.57  76 70.30 73.07 75.61 

27 67.75 76.67 76.48  77 70.77 75.52 79.55 

28 69.67 73.19 76.58  78 68.86 75.47 78.66 

29 68.64 73.39 76.58  79 68.58 75.26 78.11 

30 69.62 75.87 76.28  80 69.53 75.82 79.41 

31 67.62 75.24 79.68  81 71.02 74.46 78.42 

32 70.88 74.83 76.98  82 67.15 76.85 78.96 

33 68.16 75.88 75.92  83 70.00 74.22 75.45 

34 69.52 74.31 79.63  84 68.46 76.03 77.42 

35 67.94 77.94 78.47  85 68.76 75.25 76.09 

36 71.87 73.08 76.99  86 71.22 77.16 79.36 

37 69.23 77.85 79.12  87 68.26 76.45 75.10 

38 68.12 77.36 78.67  88 69.35 74.20 78.68 

39 70.94 73.86 79.56  89 67.27 74.98 79.85 

40 71.36 74.08 79.29  90 67.78 77.70 76.81 

41 67.52 76.68 75.20  91 69.47 76.42 78.63 

42 71.55 76.76 78.47  92 70.78 75.04 77.55 

43 67.03 76.71 75.99  93 70.66 75.68 77.82 

44 68.44 77.91 77.67  94 71.21 77.40 78.39 

45 71.14 77.52 79.93  95 67.48 76.16 78.06 

46 71.54 77.94 75.13  96 70.16 76.58 77.26 

47 68.36 76.09 76.58  97 67.01 75.13 78.16 

48 69.70 75.89 75.76  98 68.45 76.89 76.13 

49 71.81 74.68 79.92  99 71.59 74.49 79.23 

50 71.62 75.20 78.62  100 68.92 75.80 79.71 

Avg of 100 

Attempts 
69.48 75.57 77.50      
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Similarly, Case 4.2 to Case 4.11  

Average Schedulability for 100 Task Sets with 16 Processors  

and Taskset size = n 

(Detailed Results are available as follow) 

Detailed Results to find Average Schedulability 

For, All Result, Scan QR Code: 

  

Case No. Taskset size (n) Link 

Case 4.2 24 Click Here 

Case 4.3 28 Click Here 

Case 4.4 32 Click Here 

Case 4.5 36 Click Here 

Case 4.6 40 Click Here 

Case 4.7 44 Click Here 

Case 4.8 48 Click Here 

Case 4.9 52 Click Here 

Case 4.10 56 Click Here 

Case 4.11 60 Click Here 

https://drive.google.com/file/d/1rC9WaBYO_403V_2X0pphfA1c1a88WP-c/view?usp=sharing
https://drive.google.com/file/d/1NEPBYRDuSKQeCev_J2lEyD3xRoeiiHCf/view?usp=sharing
https://drive.google.com/file/d/1ZlrBkOvdzJFWqLiUPyg9MNtPa1Emwha5/view?usp=sharing
https://drive.google.com/file/d/1M5WJV1m66Rj1yltckhR-oFglqmP8Ewzo/view?usp=sharing
https://drive.google.com/file/d/1VzkrmngAJHjdnKI5GM_6TTivZL3Axfvz/view?usp=sharing
https://drive.google.com/file/d/1Ev-KCFxFnrW5dlbPlbzEVS98a5YQlWYV/view?usp=sharing
https://drive.google.com/file/d/1lg_yH0wx1jEJkaMPotHikpfhNtc-Jv2Z/view?usp=sharing
https://drive.google.com/file/d/1CBHfSrlCl-nudY3CdRML09VQ4TD7Tu6L/view?usp=sharing
https://drive.google.com/file/d/1EjhH1btsRLP8MxFMm_pOTLB0gGkVrZ99/view?usp=sharing
https://drive.google.com/file/d/1Px4myL7Y7MfuzYr6rNo2r1ZxE2fyp7Pe/view?usp=sharing
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Detailed Results to find Average CPU_Utilization 

Case 5.1 

Average CPU_Utilization for 100 Task Sets with 16 Processors and Tasksetsize=20 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 49.89 57.42 59.09  51 52.90 53.63 59.02 

2 50.31 56.67 57.07  52 49.29 56.17 56.38 

3 52.83 56.30 58.54  53 53.93 57.57 56.88 

4 53.04 57.38 58.53  54 49.93 56.62 58.48 

5 51.91 55.17 56.60  55 51.95 55.16 56.41 

6 49.20 57.24 57.17  56 49.23 53.30 58.55 

7 52.06 57.35 56.71  57 51.27 55.66 60.96 

8 53.68 56.18 59.85  58 49.98 57.99 60.67 

9 49.42 57.26 60.28  59 51.49 56.16 59.10 

10 50.01 53.97 59.16  60 52.43 53.33 56.36 

11 52.25 54.67 56.65  61 51.01 57.46 58.37 

12 52.19 53.27 56.91  62 52.67 53.51 58.23 

13 51.61 57.70 60.68  63 53.98 56.05 58.72 

14 52.25 56.69 59.19  64 49.90 53.02 56.39 

15 53.12 56.50 58.13  65 50.95 55.21 60.97 

16 49.21 57.21 57.61  66 53.48 54.01 57.65 

17 49.98 55.25 57.23  67 50.22 57.51 59.54 

18 51.22 53.18 60.54  68 51.16 54.53 56.43 

19 53.81 57.28 59.33  69 50.84 54.31 56.52 

20 49.87 53.04 60.11  70 51.65 57.18 60.54 

21 52.54 54.59 57.74  71 49.68 57.26 56.76 

22 49.73 54.11 56.79  72 51.96 53.15 60.18 

23 52.91 56.05 59.96  73 51.70 53.32 56.91 

24 53.66 56.14 59.37  74 52.94 53.41 58.61 

25 50.47 57.57 59.78  75 49.32 56.16 60.01 

26 53.42 53.11 58.46  76 53.72 57.72 57.56 

27 51.13 54.48 59.79  77 51.21 56.96 60.08 

28 53.12 53.89 60.09  78 52.87 56.86 59.64 

29 50.37 54.61 58.05  79 52.67 53.55 59.73 

30 53.35 57.81 57.70  80 50.02 53.30 59.85 

31 53.36 53.91 58.24  81 51.52 57.24 60.51 

32 51.45 56.40 59.89  82 52.29 53.96 60.47 

33 52.32 57.17 60.18  83 52.06 55.45 56.05 

34 51.27 54.18 58.67  84 50.78 55.31 60.01 

35 50.38 53.80 59.47  85 52.31 55.56 56.99 

36 49.91 56.31 56.56  86 51.29 53.47 58.45 

37 52.49 54.91 59.64  87 51.30 56.98 58.55 

38 53.24 56.80 59.45  88 51.07 55.81 58.71 

39 53.75 54.54 60.20  89 50.79 53.66 57.61 

40 50.31 54.30 60.88  90 50.31 54.67 56.00 

41 50.73 54.30 59.11  91 51.47 57.72 58.77 

42 52.66 56.18 60.82  92 53.03 57.49 59.02 

43 53.40 54.56 60.55  93 51.60 55.64 56.65 

44 50.05 54.69 58.23  94 52.54 56.09 57.62 

45 50.79 56.78 58.30  95 51.45 56.13 57.99 

46 52.50 57.53 58.63  96 51.42 54.33 57.27 

47 52.09 54.91 58.23  97 51.68 55.48 60.55 

48 52.37 55.56 58.91  98 49.21 53.91 60.31 

49 51.26 56.93 59.42  99 52.62 57.37 60.42 

50 53.40 56.36 58.91  100 52.72 57.08 60.03 

Avg of 100 

Attempts 
51.62 55.56 58.69      
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Case 5.12 

Average CPU_Utilization for 100 Task Sets with 16 Processors and Tasksetsize=64 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
 

Taskset 

No. P-FP-APA G-JLFP-APA PrAMS 
1 67.08 75.40 77.40  51 71.38 74.78 75.28 

2 68.56 74.97 76.14  52 69.62 73.57 75.97 

3 70.69 75.46 75.74  53 68.81 72.66 77.65 

4 68.85 73.78 74.68  54 69.73 74.87 77.93 

5 71.10 73.44 76.77  55 70.74 73.87 77.96 

6 70.72 74.58 76.38  56 68.71 75.60 76.72 

7 69.47 76.30 73.94  57 71.51 76.51 74.40 

8 70.95 74.61 74.94  58 67.33 73.38 74.66 

9 70.98 76.29 75.81  59 71.25 73.32 74.53 

10 71.10 76.39 75.85  60 68.45 72.34 77.79 

11 71.77 72.55 77.46  61 67.62 76.71 73.54 

12 68.14 72.37 76.82  62 68.74 76.79 74.25 

13 70.89 74.62 73.76  63 71.20 75.77 75.46 

14 70.48 75.24 76.12  64 71.05 74.39 73.83 

15 67.04 75.07 75.29  65 69.67 76.87 76.03 

16 67.72 73.55 76.28  66 70.18 74.65 75.33 

17 69.27 72.72 73.16  67 70.61 76.01 73.28 

18 67.08 75.06 76.56  68 69.59 72.97 75.26 

19 69.48 74.98 73.58  69 71.91 72.47 76.17 

20 67.57 75.82 74.79  70 67.64 72.12 75.76 

21 67.80 75.44 76.93  71 70.12 75.80 73.90 

22 70.63 76.55 77.63  72 70.93 74.69 75.38 

23 67.12 74.20 74.87  73 71.64 72.76 76.74 

24 71.18 74.49 75.74  74 70.76 76.06 73.05 

25 71.64 73.34 76.75  75 69.34 73.31 76.14 

26 71.45 74.47 77.03  76 68.50 75.12 73.29 

27 67.36 76.30 77.53  77 70.66 74.91 77.01 

28 69.88 76.75 76.56  78 71.91 74.56 73.14 

29 69.85 76.84 76.26  79 70.24 72.59 73.23 

30 70.24 74.93 75.93  80 69.09 75.34 77.75 

31 68.36 72.70 74.84  81 71.26 74.37 76.89 

32 68.58 72.01 76.08  82 67.50 72.62 77.58 

33 68.34 74.89 76.64  83 67.59 73.02 76.35 

34 70.88 74.15 75.84  84 68.82 75.69 77.76 

35 68.38 73.64 77.72  85 70.40 74.55 75.15 

36 68.50 74.80 76.36  86 70.40 73.54 77.29 

37 67.55 72.69 76.26  87 69.76 72.53 77.53 

38 70.72 72.19 75.76  88 69.54 75.12 77.84 

39 69.83 72.78 76.50  89 68.43 76.61 77.04 

40 71.90 73.26 74.34  90 71.29 75.72 74.24 

41 71.99 74.24 75.28  91 67.29 73.87 73.26 

42 67.35 75.25 74.91  92 71.07 76.27 73.86 

43 71.29 73.98 76.82  93 67.89 76.76 75.06 

44 71.50 74.43 76.04  94 67.18 72.15 74.02 

45 69.98 72.13 73.19  95 71.48 72.92 74.63 

46 67.24 73.30 77.86  96 71.75 72.73 77.44 

47 71.17 75.82 74.75  97 68.30 73.82 76.22 

48 69.79 74.01 74.52  98 70.24 75.39 76.30 

49 69.59 73.54 77.61  99 70.23 76.61 73.22 

50 69.06 72.80 76.47  100 70.23 74.78 77.31 

Avg of 100 

Attempts 
69.68 74.43 75.75      
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Similarly, Case 5.2 to Case 5.11  

Average CPU_Utilization for 100 Task Sets with 16 Processors  

and Taskset size = n 

Detailed Results are available as follow) 

Detailed Results to find Average CPU_Utilization 

For, All Result, Scan QR Code:  

 

Case No. Taskset size (n) Link 

Case 5.2 24 Click Here 

Case 5.3 28 Click Here 

Case 5.4 32 Click Here 

Case 5.5 36 Click Here 

Case 5.6 40 Click Here 

Case 5.7 44 Click Here 

Case 5.8 48 Click Here 

Case 5.9 52 Click Here 

Case 5.10 56 Click Here 

Case 5.11 60 Click Here 

 

 

 

https://drive.google.com/file/d/1D4jl939ASdY-Vf5jBGPHa6mwet4sv2L_/view?usp=sharing
https://drive.google.com/file/d/1HTZPlBjskPrg-dkLDxNc1hR38_wV_pDu/view?usp=sharing
https://drive.google.com/file/d/1lW6iZKIIRUojqIYpOU2KyMw3GrHUgYUO/view?usp=sharing
https://drive.google.com/file/d/1r8xc1VYBilKvkp_AjrnS-QcU11yS0InI/view?usp=sharing
https://drive.google.com/file/d/18oSA2d3hhni2GKfzVIeqOR7yqS33NcNG/view?usp=sharing
https://drive.google.com/file/d/1-kJ7PceM9eEmyCnWSGl-DOQ5kgjAcQD-/view?usp=sharing
https://drive.google.com/file/d/14hGLD4BiflhDwFiTLfQuiPWE93w0Ljuk/view?usp=sharing
https://drive.google.com/file/d/1V-y7Yaceu6EvR0U8Eh33boTIhEI_B9xR/view?usp=sharing
https://drive.google.com/file/d/1udRJ8Rnm7ubR7Wc3UF6nNMyj1D0DJqoG/view?usp=sharing
https://drive.google.com/file/d/1mgbN30RTpA2xHSYGZCUHxt9zEu5TEkE_/view?usp=sharing
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