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Abstract  

Real-time systems have been employed in many devices, such as automobiles, airplanes, and 

telephone networks. In these systems, there is a need for higher performance to handle 

more and more complex tasks, which single core processors cannot satisfy because of the 

infeasibility of further increasing processor speeds. Consequently, the interest turned to 

multicore systems in which the performance is improved using more number of 

cores/processors. 

 

Traditionally, research in real-time scheduling has focused on the two principal approaches 

of preemptive and non-preemptive scheduling. Preemptive scheduling typically imply 

prohibitively high preemption related overheads and non-preemptive scheduling can 

increase blocking on higher priority tasks, leading to unschedulability. Therefore, limited 

preemptive scheduling, in which preemptions are restricted using various mechanisms was 

proposed. However, scheduling real-time tasks limited preemptively complicates the 

scheduling problem on multiprocessors, unlike in the case of uniprocessors, because of the 

possibility of preempting any of the running lower priority tasks. Here, the scheduler can 

wait to preempt the lowest priority running task, referred to as Adaptive Deferred 

Scheduling (ADS), or preempt the first among the lower priority tasks that finishes executing 

a non-preemptive region, referred to as Regular Deferred Scheduling (RDS). 

 

In this thesis, we perform an empirical comparison of RDS and ADS using synthetically 

generated tasksets. For this we use well established methods for task generation along with 

a simulation tool that we developed. We 1) investigated the number of preemptions under 

RDS and ADS, as well as compared it against the number of preemptions under a fully 

preemptive scheduler 2) compared RDS, ADS and fully preemptive and non-preemptive 

scheduling using schedulability ratio by varying different task parameters. 

 

We found that the number of preemptions in ADS, at runtime, is significantly lower than in 

the case of RDS. This is because, by postponing preemptions to a later point in time, the 

possibility of altogether avoiding preemptions increases. This happens because preemptions 

are allowed at the Fixed Preemption Point (FPP) of any running tasks under RDS, while only 

at the FPP of the lowest priority running tasks under ADS. In terms of schedulability, our 

experiments showed that tasksets have a higher chance to be schedulable under RDS than 

ADS in general. However, in some cases, the performance of ADS is better than RDS because 

of the priority inversion occurring after the start of task executions under RDS. 
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1. Introduction 

Real-time systems plays an important role in our daily life, they have been employed in 

many areas, such as automobiles, airplanes and communication networks. In a real-time 

system event occurrences are mapped to a set of real-time tasks. The real time scheduling 

algorithms decide when and where tasks run. We say the task sets are schedulable when all 

the timing constrains are satisfied, e.g., all deadlines are met. The performance of scheduling 

algorithm can affect the schedulability of the tasksets [21] directly. So real-time scheduling 

algorithms is an important research area. 

Liu and Layland [13] analyzed Rate Monotonic (RM) scheduling in 1973, which is a typical 

real time scheduling algorithm, and they derived tests to determine if task sets are 

schedulable using RM. Many real-time scheduling algorithms are based on Liu and Layland’s 

task model. Unicore real time scheduling algorithms are classified in a variety of ways [22]. 

They can be classified into static and dynamic scheduling, hard and soft real-time scheduling 

depending on the real-time requirement, preemptive scheduling and non-preemptive 

scheduling depending on whether preemptions are allowed. In rate monotonic (RM) 

scheduling, tasks’ priorities are set offline and will not change during the run-time. In 

Earliest-Deadline-First (EDF), the task which has the earliest absolute deadline will be 

assigned the highest priority. While, the priorities of tasks are assigned according to their 

idle time dynamically in Least-Laxity-First (LLF)[23]. In preemptively scheduled systems, a 

higher priority task can preempt a lower priority executing task as soon as it is released. 

However, under non-preemptive scheduling, the higher priority task needs to wait for the 

lower priority one to finish its execution. 

Nowadays, there is a need for higher performance processors to handle more and more 

complex tasks. But singer core processors cannot satisfy the demand because of the power 

consumption and memory related problems. So silicon venders have integrated more and 

more cores on one single chip. This is mainly because they can achieve high performance 

with low consumption. Consequently, research in real-time systems is beginning to address 

the challenges posed by multicore systems. 

 

When considering multicore systems the scheduling problem becomes complicated, for 

example, there is a need to allocate the tasks to processors in addition to determining when 

it can execute. The traditional programming techniques such as C or C++ are augmented by 

new software systems such as Cilk [11] .Cilk is designed for multithreaded parallel 

programming based on ANSI C for shared memory systems. The software and hardware in 

multiprocessor systems gives rise to new challenges in understanding the performance and 

timeliness properties [9]. 

 

Most of the results for unicore scheduling algorithms do not extend to multiprocessor. RM is 

an optimal Fixed Priority Scheduling (FPS) algorithm on unicore processors. But Dhall[14] 

showed that Global Rate Monotonic (G-RM) is not an optimal FPS algorithm on 
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multiprocessor. A task set with total utilization just bigger than 1 can be unschedulable on 

multiprocessor systems, while, that taskset is schedulable on uniprocessor. This is called 

”Dhall’s effect”.  

 

Moreover, fully preemptive scheduling imply higher preemption and migration related 

overheads that may cause unpredictable increase in task Worst Case Execution Times 

(WCETs). Limited preemptive scheduling is a viable alternative between fully preemptive and 

non-preemptive scheduling (NPS). They are superior to the non-preemptive and fully 

preemptive scheduling algorithms under fixed priority scheduling (FPS) on a single processor 

[10]. The research goal of this work is to investigate the effectiveness of limited-preemptive 

scheduling of real-time tasks on multiprocessors over fully preemptive and fully 

non-preemptive scheduling. 

 

On multiprocessors, limited-preemptive scheduling can give rise to many choices regarding 

which lower priority task to preempt. On one hand, the scheduler can preempt only the 

lowest priority task, when it becomes preemptible, while on the other hand, the scheduler 

can preempt any lower priority task that becomes preemptible. 

 

This is the first attempt at better understanding how choice of the preempted task affects 

schedulability in multiprocessor systems under limited-preemptive scheduling using fixed 

preemption points. The results of experiments will be useful for the multiprocessor system 

designers to choose different preemption algorithms in different situations.  

 

The remainder of this document is organized as follow: Section 2 gives the background of 

multicore global fixed priority scheduling. In section 3, we introduces two multiprocessor 

limited preemptive scheduling used in this work. Section 4 presents the research 

methodology. The design of the experiment is introduced in section 5 and results and 

analysis in section 6. Finally, section 7 is for conclusions and future work. 
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2. Background 

The adoption of multiprocessor systems brings new challenges in understanding the 

performance of multiprocessors systems in the context of applications that require real-time 

performance. 

2.1 Multi-core systems 

As the demand for high-performance processors increase, single-core processors cannot 

satisfy the need because of memory and the power consumption related problems [5]. The 

memory speeds have not kept up with the increasing processor speeds. Power consumption 

is also becoming a problem when the clock frequency becomes higher. The performance of a 

CMOS-based processor is related to its clock frequency f directly, and the dynamic power 

consumption P can be computed with the formula: 

𝑃 = 𝛼𝑉𝑓 

We can see that the power consumption increases significantly when the clock frequency 

becomes greater. 

 

In recent years, the chip manufacturers have focused much more on increasing the number 

of the cores per chip than increasing the processor speeds. Several cores are integrated into 

one chip. Multiprocessor systems-on-chip (MPSoCs) are broadly classified into three types 

[6], which are symmetric shared-memory, asymmetric and message-passing MPSoCs. The 

architecture of asymmetric MPSoCs which has two processors is shown in Figure 2.1. Each 

processor has local memory and external I/O interface such as UART, which are connected 

by a local bus. The local memory can be accessed by the other processors through a global 

bus. 

 

 

Figure 2.1 the architecture of asymmetric MPSoCs 

 

In this thesis, we assume identical multiprocessors in which all the processors are same, i.e. 

all the processors have the same clock frequency, same cache memory, moreover , all the 

local memory cache can be accessed by other processors. 
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2.2 Real-time System Model 

Real-time systems react to external events, perform computation based on them, and 

deliver an answer within a specified time interval. Based on this, we can say in general that 

events control the execution of software. 

 

2.2.1 Task Model 

A task model is an abstract model which is comprised of the type of the task, the interaction 

with other tasks, timing constrains, the order of execution for the tasks and the type of 

communication between tasks etc. The parameters of tasks can be dynamic, for example the 

priority of the task changes according to the deadline under Early Deadline First (EDF) 

scheduling.  

 

Periodic task models with fixed parameters are the focus of this research. The parameters of 

a task 𝜏𝑖  considered in this thesis are listed as follows:  

 Period: Period specifies how often a task repeats its execution. In this work, the 

period is used to compute the release time of the task instances. The period of 𝜏𝑖 is 

denoted using Ti . 

 Deadline: Deadline is the latest time point by which a task has to finish its execution 

for the task set to be schedulable. The deadline of the task is set relatively to its 

release time in the experiments. The deadline of 𝜏𝑖 is denoted using Di. 

 Compute time: It is the time that the task needs to execute without any preemptions. 

The compute time of 𝜏𝑖 is denoted using Ci. 

 Utilization: It shows how much compute time account for the period. The compute 

time of 𝜏𝑖 is denoted using Ui. It can be computed through the formula Ui=Ci/Ti.  

 Priority: The priorities of tasks are positive integer numbers and the higher values 

mean higher priority. The priority of tasks of 𝜏𝑖 is denoted using P(𝜏𝑖). 

 Release time: It is the time that task is released. In this work, the task instances are 

released at the beginning of each period. So the release time of the jth instance of 

task 𝜏𝑖 can be computed with the formula R(i,j) = (j-1)*Ti. 

 

The task 𝜏𝑖 can be described as 𝜏𝑖 = {𝐶𝑖, 𝐷𝑖, 𝑇𝑖}. Here, 𝐶𝑖 𝐷𝑖 , 𝑇𝑖 refer to compute time, 

deadline and period respectively. Table 2.1 shows different task parameters.  

 
Table 2.1 Example Task set 

Task Execution time Period Deadline 

τ1 1 5 2 

τ2 1 5 3 

τ3 3 5 4 

 

2.2.2 Critical instant  

A critical instant [19] for any tasks on uniprocessor is the instant at which all the higher 
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priority tasks are released simultaneously and that task will has the largest response time. If 

the response time of the task is greater than its deadline, we can say this task misses the 

deadline. It is one of the most used concept when analyzing the uniprocessor scheduling.  

 

Under multiprocessor scheduling, the critical instant does not result in the worst-case 

response time (WCRT) in global scheduling [20]. The reasons are: 

 the WCRT for multiprocessors under G-RM is not the obtained when all the tasks are 

released at the same time. 

 the as-soon-as-possible release pattern may not result in WCRT necessarily. 

 

In this work, we consider the critical instant in our experiments to limit all the potentially 

possibilities, allowing us to concentrate on specific aspects. In the following, we describe 

some results in multiprocessor scheduling. 

2.3 Multiprocessor real-time scheduling 

Traditionally, multiprocessor real-time scheduling can be categorized into global and 

partitioned scheduling according to how the scheduler assign the tasks [7]. In global 

scheduling, all the tasks are put in one priority-ordered queue which is shared by all the 

processors, and the global scheduler decide to execute the highest priority task in the queue. 

In other words, a task can run on any processor and can be resumed on another processors 

after preemption. In contrast, in partitioned one, each task is assigned to one processor and 

all instances of a task must execute on the same processor. Partitioned scheme reduces the 

multicore scheduling problem to many unicore ones. However, how to pack the tasks to 

processors is the major bottle neck in this case since it is similar to the bin-packing problem. 

 

Multiprocessor real-time scheduling can broadly be classified depending on whether or not 

preemptions are allowed during the run-time. Preemption is completely forbidden in 

non-preemptive scheduling, which means the running task cannot be interrupted by any 

higher priority tasks. On the other hand, in preemptive scheduling, higher priority tasks can 

preempt the lower priority running tasks. 

 

The multiprocessor scheduling also can be differentiated to three categories by the priority 

scheme, fixed task priorities, fixed job priority and dynamic priorities scheduling [18]. In fixed 

task priority scheduling, the priorities of the tasks are assigned before run-time and fixed 

during all the run-time. For example, Rate Monotonic (RM) is a fixed task priority scheduling 

algorithm, the priorities are set according to the periods and all the instances of a task have 

the same priority under RM. In fixed job priority scheduling, the jobs of a task may have 

different priorities. But each job has fixed priority, the priorities of the jobs depend on 

current situation such as EDF. While, under dynamic priority scheduling, a single job may be 

assigned as different priorities at different times. LLF scheduling is a typical dynamic priority 

scheduling.  

 

In this thesis we focus on global FP scheduling. Therefore, we discuss global FP scheduling in 
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the following. 

2.4 Multiprocessor global FP scheduling 

In this work, we focus on two multiprocessor global fixed priority scheduling algorithms 

(G-FPS), namely global preemptive FPS (G-P-FPS) and global non-preemptive FPS (G-NP-FPS). 

Under G-FPS, the instances of a task may run on different processor, and all the tasks 

‘priorities are assigned offline. Moreover, all the tasks instances have the same priority 

during the run-time. The only difference is that preemption is only allowed in G-P-FPS. Figure 

2.2 shows the G-FPS processor platform. 

 

Figure 2.2 G-FPS on 3 processors platform  

 

All the tasks are put in the tasks queue, which is sorted by the priority (from high to low). 

Each time unit, the scheduler check if all the processors are empty. If empty, the highest 

priority task in the queue is put in the processor, if not, then scheduling the task according to 

the scheduling algorithms. 

 

We compare G-P-FPS and G-NP-FPS with Global Limited-Preemptive Fixed Priority 

Scheduling under eager and lazy preemption approaches described in section 3.2. 

 

2.5 Related work 

RM is the optimal scheduling algorithm on uniprocessor, but ”Dhall’s effect” showed 

traditional priority assignment does work well on multiprocessors. Many researchers try to 

solve ”Dhall’s effect”.Andersson et al.[15] gave a utilization bound for G-RM , called Rate 

Monotonic with Utilization Separation (RM-US).It allows the task whose utilization is greater 

than a specified value has the highest priority and the maximum utilization bounder is about 

0.41m(m is the number of the processors) .  

 

Some researchers try to find algorithms of assigning the priority of tasks suitable for the 

multicore systems. Robert I. Davis and Alan Burns [16] proved that the optimal priority 

assignment (OPA) algorithm devised by Audsley [17] can be applied to the multiprocessor 

case under Global FPS. OPA can work well for tasks with arbitrary deadlines and 

asynchronous task sets. They proved that the priority assignment policies affect the overall 

performance significantly by using three heuristic priority assignment policies. 

Task List

τ1 τ2 … τn-1 τn

Processor1 Processor2 Processor3
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A schedulability test in real-time operating system (RTOS) is limited when a taskset includes 

large number of tasks or has a large system utilization. A simulator tool is designed. De Vroey 

et al. [12] described a language for defining hard real-time scheduling algorithms and a 

simulating tool for such kind of system. But there are many limitations. Only one taskset 

with either periodic or aperiodic tasks are allowed. 

 

Manacero et al. proposed introduced RTSIM[26], a real-time scheduling simulator tool 

writen by C++. The primly purpose is as a teaching tool, but now its code is released as open 

source. Jakovljevic et al.[27] focused their researching interests on applying JAVA in the 

development of simulator. They made Java an alternative choice for simulating real-time 

scheduling by giving a critical overview of modifications.  

 

Arnoldo etc.[25] introduce a research tool called Realtss to simulate the real-time scheduling 

algorithms in RTOS, which can be used to evaluate the new real-time scheduling polices and 

compare the performance of different scheduling polices. The tool is fully integrated with 

graphic application Kiwi, which can displays the execution trace. But it is not available for 

multiprocessor platform. So in paper [24], they rewrite the RealtssMP to support the 

multiprocessor scheduling algorithms.  In Realtss and RealtssMP , simulation language is 

not limited, a new scheduling algorithm can be added as a module. 

 

Some metrics are chose to evaluate the performance. Enrico Bini and Giorgio C. Buttazzo [11] 

compared three metrics, Breakdown utilization, Utilization upper bound and OD: Optimality 

Degree to evaluate the effectiveness of RM scheduling. 
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3. Limited preemptive scheduling 

Under fixed priority systems, preemptive and non–preemptive scheduling algorithms have 

advantages and disadvantages when taking both predictability and efficiency into 

consideration, and limited preemptive scheduling is a viable alternative between fully 

preemptive and non-preemptive scheduling (NPS). 

3.1 Preemptive and non-preemptive Fixed Priority paradigms 

Under NPS, higher priority tasks are blocked due to the non-preemptive execution of lower 

priority tasks. If the execution time of lower priority tasks is very high, it can lead to 

un-schedulability. But preemptive scheduling (PS) is impossible or prohibitively expensive in 

many situations such as I/O scheduling or communication [3], where the overheads 

associated with preemptions are high. The high priority task can miss the deadline easily 

under NPS. 

 

Under G-P-FPS, operating systems can allocate the processor to the incoming tasks requiring 

urgent service immediately because of preemption. But the runtime overheads due to the 

pre-fetch mechanisms and cash misses caused by preemptions increases. At each 

preemption, more than four types of costs need to be taken into consideration [4]: 

scheduling cost, pipeline cost, cache-related cost and bus-related cost. The runtime 

overheads due to preemption can cause the deadline miss, which is shown in Figure 3.1.Task 

τ1refers to the low priority task and Task τ2 the high priority task. Task τ1 misses the 

deadline because of the preemption overheads. 

  

Figure 3.1 Deadline miss due to the overheads caused by preemption 

3.2 Limiting preemptions on multiprocessor systems 

Many limited preemption (LP) models were proposed as an alternative the two extreme 

cases of fully preemptive and non-preemptive scheduling. Under limited preemptive 

scheduling, preemptions may be disabled for certain intervals of time during the execution 

of lower priority tasks. One of the limited preemption approaches proposed in the literature 

[4] is Fixed Preemption Points (FPP). In this model, a task is divided into several sub-jobs 

which are denoted using Bj and preemption is only allowed at predefined locations inside 

the task code, called preemption points. If a higher priority task arrives between two 

Overheads

τ 1

τ 2
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preemption points of the running task, preemption is postponed until the next preemption 

point. The focus of this thesis is the FPP model because prior research has shown that it 

enables: 

 efficient estimation of Worst Case Execution Time (WCET) 

 simplifies preemption overhead accounting  

 schedulability improvement. 

 

In this work, two scheduling policies based on FPP model are taken into consideration, which 

are Regular Deferred Scheduling (RDS) and Adaptive Deferred Scheduling (ADS). In Regular 

Deferred Scheduling (RDS) policy, if a high priority task is released, preempts the first task 

that finishes executing a non-preemptive region (NPR), and not necessarily the lowest 

priority task. As is shown in Figure 3.2, Task τ1refers to the low priority task, τ2 the middle 

priority task and τ3 the high priority task. Task τ2 is preempted by τ3 under RDS. To our 

knowledge no further research has been done on the RDS scheduling policy under FPS on 

multiprocessors.  

 

Figure 3.2 Regular Deferred Scheduling  

 

The scheduler waits for the lowest priority task to become pre-emptible, i.e., to finish 

executing the current non-preemptive region if a high priority task is released in Adaptive 

Deferred Scheduling (ADS) policy. That is to say, a task can only be preempted if it has the 

lowest priority among all tasks currently executing in the system. As is shown in Figure 3.3, 

Task τ1refers to the low priority task, τ2 the middle priority task and τ3  the high priority 

task. Task τ1 is preempted under ADS.   

Processor 1

τ 1

Preemption points

Processor 2

τ 3

τ 2



14 
 

 

Figure 3.3 Adaptive Deferred Scheduling  

3.3 Extend system model 

Refer to previous system model. In that system model, we assume each task is composed of 

several non-preemptive regions. The relationship between compute time Ci and sub-jobs Bj is 
that𝐶𝑖 = ∑ 𝐵𝑗. 

 

Suppose a situation that, a high priority arrives when a low priority task is executing its NPR. 

In this case, high priority task is blocked by the low priority task for some time units.  

 

The tasks are under non-preemptive scheduling when executing the NPR. As a result, the 

existence of NPR may improve the schedulability of low priority task, as in the case of 

uniprocessors [8]. Moreover, the number of preemptions is reduced, and the run-time 

overheads related is smaller compared with fully global preemptive scheduling. 

 

 

 

 

 

 

 

 

 

 

 

Processor 1

τ 3

τ 1

Processor 2

τ 2

Preemption points
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4. Research Methodology 

In this section, the research methodology this work follows is introduced and the 

high-level design of the experiments is described. The deductive method [2] used in this 

research work is described in Figure 4.1 and the main steps are as follows: 

1. Identify the research problem and define the research goal. The study of the current 

state-of-the-art (SOTA) literature related to the topic is included in this activity. 

2. Divide the research problem into smaller and easily manageable problems. 

3. Refine the smaller problems to research settings and define further research guiding 

challenges. 

 Study the SOTA based on guiding challenges and propose a feasible solution.  

 Implement a prototype or provide mathematical proofs/analysis and present the 

research results. 

 Illustrate the research results by experiments. 

 

Figure 4.1 Deductive Method of Research 

 

In the first phrase, the research goal was identified by studying the SOTA. The goal is to 

compare limited-preemptive FPS with respect to fully preemptive and non-preemptive FPS 

using synthetically generated task sets on a multiprocessing platform. 

 

In the second phrase, we divided the goal into two parts: designing the simulator tool and 

performance experiments. Afterwards, we divide the research problem into smaller ones. In 

the last phrase, we proposed solutions for every small problems and implemented them. To 

close the circle, the research results are validated by using special cases. The third phrase 

was repeated again and again until all the problems are solved. 
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5. Design of the Experiment 

In order to assess the relative performance of the four global multiprocessor fixed priority 

scheduling algorithms, we conducted a series of experiments. We were specifically 

interested in:  

 The number of preemptions that occurs in the schedule at runtime 

 Schedulability of real-time tasksets 

5.1 Experimental Setup 

In the following section, we describe the experimental setup that we used in our 

investigation. 

 

5.1.1 Task generator  

 

The task generator is one of the keys to implement the experiments. A task set is generated 

randomly depending on the following input parameters: 

 U: the total utilization of a taskset 

 N: the number of tasks per taskset 

 T: the maximum period of the task 

 

The algorithm used to generate the task set should be unbiased and ideally and allow task 

sets to be generated according to the specified settings. In that way, the task set parameter 

which affects the priority assignment can be found by only varying that parameter. In our 

investigation, we used the UUniFast–Discard [1] algorithm to generate a set of n periodic 

tasks with total utilization U (which maybe be greater than 1) in this work because it is 

unbiased and ideally. The steps are as follows: 

1. Select a number Uti+1 at random from a uniform distribution over range [0, Uti] and 

the utilization of task τ𝑖 Ui = U - Uti. If Ui > 1, then all the task utilization produced so 

far are discarded and restarts to generate the first task again. 

2. The algorithm completes if all the n valid utilization values are generated. 

 

The task sets produced by UUnifast –Discard are distributed uniformly and the task 

utilizations sum to U. On multicore platform, the sufficient and necessary condition for the 

feasibility of periodic tasksets with implicit deadline is that U cannot be greater than the 

number of processors. 

 

After that , the execution time C is generated as a random integer uniformly distributed in 

the interval [40, 500] for each task, and its period T is computed as T=C/U. The relative 

deadline D is generated as a random integer uniformly distributed in the range [C + 0.5*(T - 

C), T]. 
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5.1.2 Priority Assignment 

 

In this work, Deadline Monotonic algorithm is used to set the priority of the tasks. In DM, the 

priorities assigned to tasks are inversely proportional to the length of the deadline. Thus, the 

shorter the relative deadline, the higher the priority. For example, the order of the priority of 

the task set in table 2.1 are: P (τ1) > P (τ2) > P (τ3) under DM scheduling. 

 

5.1.3 Simulation tool 

 

A simulator tool for an m processors platform is designed and implemented to compare the 

efficiency of the different paradigms. The simulator tool comprises of: 

 Task generator: The tool can generate task sets with the specified parameters, 

number of tasks n and the total utilization U. 

 Global-Preemptive Fixed Priority Scheduling (g-P-FPS) simulator. 

 Global-Non-preemptive Fixed Priority Scheduling (g-NP-FPS) simulator. 

 RDS under g-LP-FPS simulator 

 ADS under g-LP-FPS simulator  

5.2  Design of simulator 

The design of simulator is shown in Figure 5.1.  

 

 
Figure 5.1 Prototype design of simulator 

 

There are three link lists in the system. TASK_LIST is created to put all the generated tasks 

which are sorted by the release time. When the system time is equal to the release time of 

the task, that task will be removed from TASK_LIST to RELEASE_LIST which is sorted by the 

priorities. When the task running on the processor finishes executing, it will be put in the 

FINISH_LIST. The movements of the tasks between PROCESSOR and RELEASE_LIST are 

different among different scheduling policies. The flowchart of implementation simulator is 

shown in Figure 5.2: 
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Figure 5.2 The flowchart of implementation simulator 

5.3 Overview of the Experiments 

After finishing the implementation of the tool, a series of schedulablity experiments with 

runtime overheads are carried out to evaluate the performance of four algorithms. There are 

several factor which can affect the results of the experiments, which are the number of tasks 

per task set, the number of processors, the total utilization per task set and the length of 

non-preemptive region. To access the schedulability trends, we only change one of the 

factors during each experiment to observe how this factor affects the results .The 

experiments should include: 

 Vary the number of tasks per task set  

 Vary the total utilizations  

 Vary number of processors  

 Vary the length of non-preemptive region  

The metric for the performance evaluation of the different algorithms is the schedulability 

ratio and the number of preemptions. Higher schedulable ratio means the task set has a 

higher chance to be schedulable. The lesser the number of preemptions, the better the 

scheduling algorithm because of the reduced preemption related overheads.  

 

 

 

 

 



19 
 

6. Experimental Results: Comparison of ADS and RDS 

In this section, we present the main contributions of this thesis. Theoretically, under the 

assumption of zero overheads, G-P-FPS has the highest schedulable ratio among all the four 

algorithms and G-NP-FPS, the lowest. Because preemptions may happen on every time units 

and never happen under G-NP-FPS. Moreover, RDS-FPS has a higher chance to be 

schedulable than ADS-FPS, because preemptions are only allowed on the processors which 

are running the lowest priority task. In contrast, the number of preemptions under G-P-FPS 

is greater than RDS-FPS, followed by ADS-FPS. The number of preemptions are denoted 

using P, and the schedulable ratio using R. 

6.1 Parameters for task generation 

The choosing of parameters plays an import roles in the overall performance. In this section, 

we list the parameters for the tasks generation as follows: 

 number of processors: 8 

 number of tasksets: 30 

 number of tasks per task set: 30 

 number of instances per task : 200 

 total utilization : 0.6*number of processors 

 tasks’maximum period: 500 

 tasks’minmum period: 1 

 length of NPR : 3 

 

In our experiments, we varied the 1) total utilization, 2) the number of tasks per taskset, 

3) number of processors, and 3) the length of the non-preemptive regions. In the 

following, we describe each of them in detail. 

6.2  Total utilization 

In this section, experiments have been carried out to see how the total utilization of the 

tasksets affect the performance of algorithms. The total utilization varies from 1 to 8, the 

other parameters are same as the set in section 6.1. The number of preemptions and the 

schedulable ratio and are shown in Figure 6.1 and Figure 6.2 respectively. 

 

Figure 6.1 shows the changing of number of preemptions when increasing the total 

utilization. The order of the values are: P (G-P-FPS) > P (RDS-FPS) > P (ADS-FPS). That is 

because preemptions are allowed at every time units of every processor in G-P-FPS and at 

FPP of every processor in RDS-FPS. For ADS-FPS, preemptions are only allowed at the FPP of 

the tasks which are the lowest priority among all the running tasks at the moment. The 

number of preemptions are around 0 when U < 3, and begins to increase slightly when 

3<U<5. While, all the values increase dramatically after U = 5, that is because higher 

utilization means larger computation times if the periods are constant, which means there 

are more chances for preemption. When U belongs to [4,6] , the number of preemptions of 

RDS is smaller than that of ADS. The reason is that we only use 30 tasksets during this 
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experiments, which is a little small. We tried to use 50 tasksets, the number of preemptions 

of RDS is bigger than of ADS. 

  

Figure 6.1 The number of preemptions for increasing total utilization for 8 processors  

 

Figure 6.2 Schedulability ratio for increasing total utilization for 8 processors 

 

In the Figure 6.2, the schedulable ratios of G-NP-FPS is the lowest and G-P-FPS the highest, 

however assuming zero preemption related overheads. In G-NP-FPS, the ratio decreases at 

the beginning, i.e. when U = 1. While, G-P-FPS begins to drop at U=3, G-P-FPS at U=3 and the 

other algorithms at U=4. All the algorithms become un-schedulable after U = 7.Moreover, 

the schedulablility ratios of all the four scheduling polices decrease when increasing the total 
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utilization. In general, the schedulable ratios of RDS is higher than ADS, But in some cases, 

some schedulable ratios of ADS is greater than RDS, for example, when the total utilization is 

around 6. That is mainly caused by the priority inversion problem. Figure 6.3 and 6.4 

illustrates the execution trace of these cases.  

 
Figure 6.3 Special cases under RDS scheduling 

 

 

 Figure 6.4 Special cases under ADS scheduling 

 

Task τ1refers to the middle priority task, τ2 the low priority task and τ3  the high priority 

task. Task τ1 and τ2are running on the processor 1 and processor 2 respectively. In RDS, 

the high priority task will preempt the task with the nearest FPP, in this case, which is in the 

taskτ1. So τ1is preempted by τ3and misses the deadline at last. In ADS, the high priority 

task will preempt the FPP in the lowest priority running task. In this case, it is τ2 . So  τ2 is 

preempted by τ3  under ADS. However, the relative deadline of low priority task is long, so 

it does not miss the deadline. As a result, in this case, the taskset is schedulable under ADS 

but not under RDS. 

Processor 1

τ 3

τ 1

Processor 2

τ 2

Preemption points

Processor 1

τ 1

Processor 2

τ 3

τ 2
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Overall, the results experiments varying total utilization on 8 processor platform are similar 

with that on single processor.   

6.3 Number of tasks per taskset 

In this section, we want to see how the number of tasks per taskset affect the performance 

of algorithms. The number of tasks varies from 10 to 30, the other parameters are same as 

the set in section 6.1. The number of preemptions is depicted in Figure 6.5. 

 

Figure 6.5 the number of preemptions for increasing number of tasks per taskset for 8 processors  

 

As is shown in the Figure 6.5, the number of preemptions of four algorithms rises evenly 

with the increasing number of tasks per taskset, but that of G-P-FPS grows more quickly than 

other algorithms. The preemptions under RDS and ADS are similar, but RDS has a little more 

than other in general. 

6.4 Number of processors 

In order to test how the number of processors affect the performance of scheduling polices, 

some experiments have been conducted. The number of processors vary from 2 to 16, the 

other parameters are same as the set in section 6.1. Figure 6.6 shows the number of 

preemptions. 

 

Figure 6.6 shows that the preemptions decrease with the number of processors. The 

decrease rate of G-P-FPS are the highest, and that of ADS-FPS is the lowest. The difference is 

very small among four algorithms when there are 16 processors in the system. This is 

because, there are more processors and hence there is a greater chance to avoid 

preemptions. The above observation coupled with the fact that ADS allows preemption of 



23 
 

only the lowest priority task makes it ideal for large processing platforms. 

 

Figure 6.6 The number of preemptions for increasing number of processors that is 60% utilized  

6.5 The length of NPR  

From the perspective of the effect of the length of NPR on the overall performance, the 

following experiments have been carried out. The absolute length of NPR varies from 1 to 

20, the other parameters are the same as the set in section 6.1. The results including 

number of preemptions is shown in Figure 6.7. 

 

Figure 6.7 illustrates that all the number of preemptions of RDS are greater than ADS, 

moreover, both of the number of preemptions decreases along with the length of NPR and 

the fluctuation is small. The fluctuation is because of the fact that we had to limit the 

experiments to a few tasks sets. However, the trend remains the same because of the fact 

that under RDS, tasks can be preempted even after it starts its execution. 

 

The number of preemptions of RDS rises dramatically and then drops when the length of 

NPR ranges in [2, 4]. Here, we list an example to explain this phenomenon, which is shown in 

figure 6.8. Assume that there are four tasks in the systems and the order of priority of tasks 

are P (τ4) > P (τ1) > P (τ2) > P (τ3). Task τ1 is released at t = 0, τ2 at t = 3, τ3 at t= 5. When 

τ4 is released at t = 8, the other three tasks are running on the processors. After released, 

τ4 check the nearest FPP in the lower priority tasks which is in τ1 at t = 10. So τ4 preempt 

τ1 and τ1 is put in task list under RDS at t = 10. In RDS, τ1 preempt τ2 and τ2 is put in 

the task list when t = 13 and τ2 preempt τ3 when t = 15. As a result, there are three 

preemptions in this case. However, in RDS, preemptions are only allowed at the FPP of the 

lowest priority running task, so τ4 preempt τ3 when t = 15. In other words, there are only 

one preemption in this case. There are more FPPs if the length of NPR is shorter, which 
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means there are more chances for this case appearing. That is why the number of 

preemptions of RDS rises dramatically and that of ADS is not when the length of NPR ranges 

in [2, 4].  

 

Figure 6.7 The number of preemptions for increasing NPRs  

 

Figure 6.8 Special case that the number of preemptions of RDS rises dramatically  
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7. Conclusion 

Through the experiments above, we can conclude that: 

• In general, G-P-FPS has the highest schedulable ratio, RDS-FPS the second, 

followed by ADS-FPS, which is a little higher than G-NP-FPS. However, all 

experiments were carried out assuming zero preemption overheads. 

• The number of preemptions under ADS-FPS is the lowest among RDS-FPS and 

G-P-FPS. This is because under ADS, since the preemption is delayed more all 

the higher priority tasks released before the actual preemption executes in 

priority order.  

• When the length of NPR increases, the number of preemptions decrease 

under RDS and ADS. 

• The performance of ADS is superior to RDS in some cases and in many other 

cases RDS performs better than ADS demonstrating the incomparability of 

ADS and RDS. 

 

There are some limitations for the results depicted in this work. The number of tasksets 

generated is small, however, it is anyways not possible to be exhaustive. Moreover, the 

presented work is only an empirical comparison, and therefore demonstrates only trends. 

Nevertheless, we have made some interesting conclusions, especially with respect to the 

number of preemptions at runtime.  

 

Our potential further work directions are listed as follows: 

• A huge number of experiments should be repeated with the same 

parameters to get a more exact result. 

• The experiments in which the overheads associated with preemptions are 

not equal to 0 may be carried out.  
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Schemes for Scheduling Rate Monotonic Tasks on a Multiprocessor, Real-Time Systems, 

1998. Proceedings. 10th Euromicro Workshop on. 

 

[8] Robert I.Davis , Alan Burns etc. Global and Partitioned Multiprocessor Fixed Priority 

Scheduling with Deferred Pre- emption . ACM Transactions on Embedded Computing 

Systems (TECS). Volume 14 Issue 3, May 2015. 

 

[9] Bogdan Marius Tudor* and Yong Meng Teo , Towards Modelling Parallelism and Energy 

Performance of Multicore Systems, 2012 IEEE 26th International Parallel and Distributed 

Processing Symposium Workshops & PhD Forum. 

 

[10] Jos´e Marinho etc. Limited Pre-emptive Global Fixed Task Priority, 2013 IEEE 34th 

Real-Time Systems Symposium. 

 

[11] Cilk-5.2 Reference Manual. Available on the Internet from 

http://supertech.lcs.mit.edu/cilk 

 

[12]Stephane de Vroey, Joel Goossens, and Christian Hernalsteen. A generic simulator of 

real-time scheduling algorithms. In Proceedings of the 29th Annual Simulation 

Symposium, pages 242-249, New Orlean, LA, April 1996. 

 

http://supertech.lcs.mit.edu/cilk


27 
 

[13]C. L. Liu and J. W. Layland, “Scheduling Algorithms for Multiprogramming in a Hard  

Real-Time Environment,” Journal of the ACM, vol. 20, no. 1, pp. 46–61, 1973. 

 

[14] S. K. Dhall and C. L. Liu, “On a Real-Time Scheduling Problem,” Operations Research, vol.  

26, no. 1, pp. 127–140, 1978. 

 

[15]B. Andersson, S. Baruah, and J. Jonssony, “Static-priority scheduling on multiprocessors,”  

in Proceedings of the 22th IEEE Real-Time Systems Symposium, Dec. 2001, pp. 193–202. 

 

[16] Robert I. Davis and Alan Burns, Priority Assignment for Global Fixed Priority Pre-emptive 

Scheduling in Multiprocessor Real-Time Systems , Real-Time Systems Symposium, 2009, 

RTSS 2009. 30th IEEE, pp. 398 – 409, 1-4 Dec. 2009. 

 

[17] N.C. Audsley, “On priority assignment in fixed priority scheduling”, Information 

Processing Letters, 79(1): 39-44, May 2001. 

 

[18] J. Carpenter, S. Funk, P. Holman, A. Srinivasan, J. Anderson, and S. Baruah. A 

Categorization of Real-Time Multiprocessor Scheduling Problems and Algorithms. 2004. 

 

[19]C. L. Liu and J. W. Layland. Scheduling algorithms for multiprogramming in a 

hard-real-time environment. In Journal of the ACM, 1973. 

 

[20] Nan Guan and Wang Yi, Fixed-Priority Multiprocessor Scheduling:Critical Instant, 

Response Time and Utilization Bound, 2012 IEEE 26th International Parallel and 

Distributed Processing Symposium Workshops & PhD Forum, pp. 2470 - 2473 , 21-25 

May 2012. 

 

[21] C. Liu, 1. Layland, "Scheduling algorithms for multiprogramming in real-time 

environment," Journal of ACM, 1973, 20(1), pp.46-61 

 

[22] Li Jie, The Research of Scheduling Algorithms in Real-time System, 201O International 

Conference on Computer and Communication Technologies in Agriculture Engineering, 

pp. 333-336,12-13 June 2010 

 

[23] S.-H. O. S.-M. Yang, "A modified least-laxity-first scheduling algorithm for real-time 

tasks," Real-Time Computing Systems and Applications, Proceedings, Fifth International 

Conference, 1998, 10 (6), pp. 31-36 

 

[24] Arnoldo Díaz-Ramírez, Dulce K. Orduño , Pedro Mejía-Alvarez, A Multiprocessor 

Real-Time Scheduling Simulation Tool , Electrical Communications and Computers 

(CONIELECOMP), 2012 22nd International Conference on ,pp.157-161, 27-29 Feb. 2012. 

 

http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5368115
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5368115
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6184562
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6184562


28 
 

[25]Arnoldo Diaz-Ramirez, Ruben Batista, and Oskardie Castro. Realtss: a real-time 

scheduling simulator. In Proceedings of the 4th IEEE International Conference on 

Electrical and Electronics Engineering, pages 165–168, Mexico City, Sep 2007. 

 

[26]Eleardo Manacero, Marcelo B. Miola, and Viviane A. Nabuco. Teaching real-time with a 

scheduler simulator. In Proceedings of 31st ASEE/IEEE Frontiers in Education Conference, 

pages 15-19, Reno, NV, October 2001. 

 

[27]G. Jakovljevic, Z. Rakamaric, and D. Babic. Java simulator of real-time scheduling 

algorithms. In Proceedings of the 24th International Conference on Information 

Technology Interfaces, volume 1, pages 411-416, Cavtat, Croatia, June 2002. 

 

 


