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Abstract 
 
High-performance signal processing applications is computational intensive, 
complex and large amount of data has to be processed at every instance. Now 
these complex algorithms combined with real-time requirements requires that 
we perform tasks parallel and this should be done within specified time 
constraints. Therefore high computational system like multicore system is 
needed to fulfill these requirements, now problem lies in scheduling these real 
time tasks in multicore system. 

In this thesis we have studied and compared the different scheduling algorithms 
available in multicore platform along with hierarchical memory architecture. The 
scheduling algorithms taken into consideration are broadly classified into 
partition, global and hybrid scheduling methods. After studying these algorithms, 
we have evaluated the performance by comparing their schedulability using 
tasks from the HPEC benchmark suite for radar signal processing applications. 
The first part in this simulation is carried without taking into consideration the 
system architecture and the overheads that can be incurred along with the task 
execution times. From these simulations we have learned that PD2 scheduling 
algorithm outperforms all other scheduling algorithms. 

Apart from the comparison described above, we have proposed a new algorithm 
based on the PD2 scheduling algorithm which called Hybrid PD2, such that it 
efficiently uses shared cache in hierarchical shared cache multicore platform. We 
have compared the Hybrid PD2 algorithm along with other scheduling 
algorithms, by simulating them on hierarchal cache multicore platform (PEDF, 
GEDF, and PD2) and on hierarchal shared cache multicore platform (HEDF, 
HPD2) with four randomly generated task sets.  

We compare the algorithms based on schedulability which in turn is calculated 
from minimum number of processors required by each of these different 
algorithms while trying to schedule the same task set feasibly. The second part of 
the simulation is carried out by taking into consideration the overhead costs that 
have to be added to the task execution times. 

We have shown that Hybrid PD2 algorithm running on hierarchical shared cache 
architecture performs better than the PD2 algorithm running on hierarchical 
cache architecture. The results have shown that the GEDF performs better in a 
hierarchal cache platform and HEDF on a hierarchal shared cache platform. 
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1 Introduction 

Nowadays, multicore platforms are widely used in various high performance 
demanding applications, due to the limitations of the single core platforms. 
Multicore platform offers various benefits, such as higher system performance, 
parallelization, energy efficiency and fault tolerance. As multicore systems 
continue to scale, more and more complex and intensive tasks can be performed 
in real time.  
 

1.1 Application and Technology Area 

Advanced signal processing applications such as Multi-mode radar signal 
processing and base band signal processing needs high computational power, 
complex algorithms in order to process the data in real time. These Signal 
processing applications which requires intense computation and simultaneous 
processing of large amount of data in real time can make use of large scale 
multicore platform, because it’s getting increasingly difficult to accommodate 
those applications in a single core platform. Actually there are many multicore 
DSP systems in market today [28], these multicore platforms comes with 
different memory organization like hierarchal level cache architecture, 
hierarchal level shared cache architecture, 2d mesh architecture ...etc. Figure 3.5 
shows hierarchal architecture with four level shared cache. These high 
performance applications which are difficult to be scheduled, requires efficient 
utilization of the available resources to meet the real time requirement. 

1.2 Problem Statement 

A real-time task can be scheduled on a multicore platform, using various 
algorithms, such as PEDF, GEDF and PD2. Each algorithm has its own advantage 
and disadvantage; it’s described in Section 3.The choice of the right algorithm is 
necessary for meeting the real time requirements of the applications with limited 
resources. Moreover, for all algorithms there is an overhead associated with it, 
which increases the actual cost of execution of the tasks.  These overheads fall 
into three main categories, cache related overhead, and context switching and 
scheduling overhead. These overheads are explained in detail in section 4.3.3 
and they have to be taken into consideration, if we have to find the right 
scheduler for scheduling our tasks in an effective manner.   

Allocating high performance signal processing tasks have to be done intelligently 
in order to use the maximum available system utilization. Global scheduling 
algorithms, like GEDF and PD2, achieve better system utilization when compared 
to partition algorithms, but they incur high overhead costs. So, the main problem 
is to find a scheduling algorithm which achieves better system utilization and the 
overhead which it incurs can be tolerated.  

One solution has been proposed in this paper [20], in which they use an 
hierarchal shared cache based architecture, and they propose an architecture 
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specific algorithm which is a combination of both PEDF and GEDF scheduling 
approach and it is known as HEDF (Hybrid EDF), which is explained in sec. 3.3, 
which utilizes the grouping of cores that share a common cache, to its advantage, 
which is found in hierarchical shared cache multicore platform.  

1.3 Approach Chosen to Solve the Problem 

In this thesis we study and analyze the different scheduling approaches (PEDF, 
GEDF, PD2, HEDF and HPD2) used to allocate and schedule real time task in 
multicore platform. We have divided this thesis into two main categories; first 
we study the different scheduling algorithms PEDF, GEDF, PD2 and HEDF, then in 
order to evaluate its performance under signal processing we compare each 
algorithm by their schedulability which is calculated by the minimum required 
number of processors (RNP) to schedule the signal processing task set under a 
general multicore platform considering negligible overhead. For this simulation 
purpose we are using STORM simulator. In second part,  we purpose a new 
algorithm based up on HEDF algorithm and PD2 algorithm for hierarchical 
shared cache based system which we call as HPD2, and then we analyze the 
performance of this and others algorithms by comparing their schedulability by 
scheduling a randomly generated task set on hierarchical cache based multicore 
platform by using PEDF, PD2, GEDF algorithms and on hierarchical shared cache 
based multicore platform by using HEDF, HPD2 algorithms, here in order to 
determine more realistic performance , we consider here that overhead 
associated with the algorithms is not negligible and we try to calculate the 
overhead in average case scenario. Overhead is the extra time incurred on every 
job of task by the scheduling algorithm, in addition to its worst case execution 
time. To calculate overhead we simulate basic hierarchical memory based 
architecture in SESC, then assuming the task WSS as 32 kb, we find cache related 
overhead and context switching overhead, for that task in that simulated 
architecture and in a simulated scenario. Scheduling overhead is calculated from 
average invocation of scheduling algorithm throughout the simulation, we 
explain in more detail in section 4.3.3.3. Then we inflate the worst case execution 
time of every job in that task set according to methods described in [19][11], 
then we schedule these inflated task sets in STORM simulator, to find the RNP of 
each algorithm. Then we compare the results that we have got in the simulation. 

1.4 Thesis Goals and Expected Results: 

First we intend to implement the different scheduling algorithms in STORM 
simulator and find the minimum number of processors required for scheduling 
the radar signal processing task set for evaluation. Then in second part we follow 
the same procedure except that we use different task sets and we will also inflate 
the execution cost of the task with the overhead cost, which is found using. From 
the results obtained we plot a comparison as to which of these algorithms 
performance best for high processing demanding applications on a multicore 
platform. 
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Organization: In Chapter 2 we have gone through the background study done 
with respect to real time systems and scheduling. In Chapter 3, we describe the 
various Scheduling approaches that we studied. In Section 4.1 we present the 
simulation model that we used to analyze the performance of the scheduling 
approaches PEDF, GEDF, PD2 and HDEF by calculating their schedulability using 
minimum required number of processor for scheduling the task set based upon 
signal processing. Then in Section 4.3, we first introduce modified PD2 algorithm 
(HPD2) in section 4.3.1, then in section 4.3.3 ,we describe in detail how we 
calculate the RNP with overhead for scheduling algorithm used in non-hierarchal 
memory platform(PEDF,GEDF,PD2) and for algorithm in hierarchal memory 
platform (HEDF,HPD2). In Section 5 we compare the results obtained and in 
section 6 we conclude.      
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2 Background 

The main aim of this thesis is to study different scheduling methods for 
scheduling high performance signal processing applications on multi core 
platforms. Radars which has the ability to search and track an object ,image an 
area ,guiding a missile or an anti-missile, base band radio stations, sonar’s, 
Multiple in Multiple out radars(MIMO),SAR radars are some examples of 
equipment’s where an high performing signal processing unit is needed. 

2.1 Real time Signal Processing 

Important basic signal processing tasks which are needed for accurate 
measurements of targets are band pass sampling, fast analog to digital 
conversion, beam forming, pulse integration, pulse compression, implementation 
of  fast Fourier transform techniques, Doppler processing, model based spectrum 
estimation, adaptive filtering techniques, spatial resolution, pattern recognition 
etc.. 

One example of a high performance demanding equipment is radar, where the 
radar transmits a beam of microwave signal and waits for its reflection. 
Depending on the reception of reflected microwaves, the target is identified and 
its angle and distance are measured. An important problem in detecting the 
target is eliminating the interference and noise from the signal, which will result 
in fault detection. Basic workings of a radar signal processor are conditioning of 
the signal, imaging, detection and post processing. The main goal of signal 
conditioning is to increase the signal to interference ratio, and for these purpose 
methods like beam forming, pulse compression, Doppler processing are used 
[23]. Unlike traditional radars, MIMO radars have multiple transmitting and 
receiving antennas and then all the signals are processed together. This property 
of MIMO radars increases the demand for the signal processing capability.  The 
main advantage of MIMO radars is that, it can detect targets and its angle more 
accurately, and it reduces the minimum detectable velocity of objects 
[21].Synthetic Aperture Radar (SAR) produces images of high resolution of the 
target area and an important part in implementing it is performing titled matrix 
additions [22].These high performance radars increase the demand of processor 
performance even more. 

Chin-Fu Kuo, Tei-Wei Kuo  and Cheng Chang have studied about the real time 
signal  processing of phased array radars and have  implemented and compared 
three level EDF-based scheduling algorithm and FIFO  scheduling algorithm on 
multi processors and proven that priority based EDF scheduling algorithm  
performs better than general FIFO  algorithm in scheduling time critical real time 
tasks. Other studies related to this field focus on multi core hardware and cache 
systems. Micheal D.McCool has studied about the radar signal processing on 
Graphics Processing Units (GPUs) like NVIDIA GeForce 8800GTXand has 
concluded that GPUs outperform general CPUs when processing computationally 
intense applications [24].     
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In first part of thesis we concentrate on scheduling these high performance-
demanding signal processing applications on multi-core platforms. 

2.2 Real Time Systems 

A real time system is characterized by its ability to process data and produce 
output satisfying the real time constraint. Here real time constraint means that 
the system must provide accurate output within a specified time limit, if not it 
may have to undergo undesirable consequences. Examples of which are 
telecommunication systems (mobile phones), banking transactions (ATM 
machines, online banking), automobiles (anti-brake systems in car, air bags) 
.Depending on the criticality of the timing constraint real time systems are 
divided into two types, 

• Hard real time systems – These are in general time critical systems which 
have got a very low or zero tolerance rate, which means tasks are not allowed to 
miss their deadline. 

• Soft real time systems – These systems can tolerate tasks missing their 
deadlines to an extent, but there is generally a bound for this also. In cases where 
too many tasks have missed their deadlines then the systems quality is degraded 
to such a level that it can become useless. 

For example we could say the internal operations of a jet aircraft control systems 
is hard real time because any failure in reacting to tasks in the system within the 
deadline can lead to disastrous results which not only affects the jet aircraft but 
can also risk the life of the people in it and in the surroundings. Whereas a soft 
real time system can be compared to viewing a video on the Internet where a 
certain level of delay can be tolerated by the user, if this is going to continue for a 
long period of time then the user loses interest, this is obviously a loss for the 
provider of the particular service. In a broader sense it is what these systems as a 
whole do, or the particular application it is used for that decides whether they 
are hard or soft real time systems. An example could be a radar system which is 
considered as a hard real time system in military applications, but a soft real time 
system when it comes to basic weather mapping. 

To match the growing needs of high performance demanding applications, 
continuous research is needed for improving its efficiency and reliability. The 
main factors that decide the reliability and efficiency of such systems are 
processors within the system, the memory usage in the system and the way in 
which these processors are programmed to process the tasks assigned to them, 
taking into consideration various parameters of that tasks like period, deadline 
etc... 

2.3 Real Time Scheduling 

Scheduling is the process of telling which task should be executed on a particular 
processor during a specific time interval. In extension this task is given access to 
all the resources that it requires such as memory, I/O devices and locked 
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variables. The main reason for scheduling is to improve the performance of the 
system as whole. By this we mean that we use the available resources in the 
system in an organized manner in order to get the best possible outcome for 
every task that the system has to perform. When we see a more concentrated 
view, what we require is that all tasks finish their execution within their 
deadlines. 

The term task that we often mention generally represents a piece of code that 
must be executed in order to accomplish a particular process in the real time 
application. These tasks generate requests for execution time units in a recursive 
manner. Every such request is called as an instance of a task or a job of a task. 
These jobs have a deadline within which the execution requirement has to be 
met. And based on the recursive nature of the tasks, they can be differentiated 
into periodic, aperiodic and sporadic tasks. In periodic tasks the inter-arrival 
time of the jobs or the period is equal, whereas in sporadic tasks the period is not 
equal but have minimum inter-arrival time limit, whereas in aperiodic tasks the 
period is not equal and they don’t have any inter-arrival time limit. 

These tasks have a set of parameters that are of interest for us in terms of 
scheduling, and they are: 

 C, the worst case execution time of a job. 

 T, the period of a job, which is only applicable to periodic tasks. 

 D, the relative deadline of a job. 

 r, release time of the first job of a task. 

Certain other parameters which are also of importance are the absolute deadline 
(d) of a job which is the sum of the relative deadline (D) and release time (R) of 
the particular job.  Then another is the response time of a job, this is the time 
taken for a job to complete its execution once it has been released. Finally in 
some cases tasks are given weights (w) in order to denote its importance when 
compared to other tasks.  

Example 2.1 A task set consisting of 3 tasks A, B and C is considered in which 
parameters of A are C = 4, T = 10, D = 10, r = 0, those of task B are C = 3, T = 9, D = 
9, r = 2 and task C are C = 2, T = 6, D = 6, r = 4. All timing parameters have unit as 
milliseconds (ms). The scheduling method we have used is Earliest Deadline 
First (EDF) with pre-emption, in which the absolute deadline of a job is 
considered when deciding which job, should be scheduled at a particular time 
interval. The term pre-emption means that a lower priority task execution can be 
interrupted by another higher priority task if it arrives in the same time interval. 
In the figure 1.1 we shall represent a schedule of these tasks on a uniprocessor. 

In figure 1.1 the symbol ‘a’ and ‘e’ denotes the arrival and completion of the 
execution of a job respectively. We can see that even though the first job of the 
task B is released at 2ms it does not start its execution until 6ms and its response 
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time is 7ms. The reason is that the job of task B has a lower priority than both the 
jobs of task A and C. This priority was derived from the absolute deadline value 
of the jobs of the tasks. It can also be seen that at time interval 22ms the schedule 
of the job of task B is interrupted by job of task C which is again due to the fact 
that at that time instant job of task C has an absolute deadline value lower than 
that of the job of task B. The final event that we should consider in the above 
example is the activation of the job of task C at 34ms. This job misses its absolute 
deadline of 40ms and executes until 41ms. 

2.4 Task Model 

In this section we will see the task model that has been used in this thesis. Some 
of the parameters of a task set are described wherever necessary in the report 
and are not included in this model. This is more or less a general model that will 
be used. Some properties of the tasks are, 

i. All tasks are periodic in nature. 

ii. Every job is expected to execute for its whole worst case execution time. 

iii. In this, all tasks are generally independent of each other.  

iv. Since we consider system as a soft real time system, we do not require 
every job to complete its execution within its deadline or occurrence of its 
next activation but tardiness should be bounded. 
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Figure 2.1 Example task set scheduled on a uniprocessor 

2.5 Multi-core Systems 

Due to the increase in the demand for high performance systems in day-to-day 
life, major companies have started to produce many core systems. It has been the 
main field of research for corporations such as Intel since the beginning of 
2001.For better performing systems it is no longer sufficient to increase the 
clock as it brings other consequences along with it, like overheating and 
increased power consumption. With the amount of increase in reliability, 



 

10 

 

performance, resources and fault-tolerance that multi-core systems provide, it is 
definitely the main area of interest for many as to how to improve and optimize 
this system according to the application needs. Hence there are many factors that 
have to be considered in such a research of which energy efficiency and 
performance are the main goals. In future it will mostly be energy efficiency that 
is of more concern, since systems will more or less outgrow the performance 
rate. 

A multi-core system consists of a single die with two or more CPU cores. Each 
core functions in a similar way to a single core system. They will have their own 
memory cache and also a common memory cache. Hence it is possible for us to 
run processes parallel in a more literal manner. But one main concern is from the 
programmers view. Programmers still are used to writing programs that are 
serial in nature and the advantages of a multi-core system cannot be fully utilized 
if programmers do not start using parallelism in their programs.  

2.6 Scheduling in Multi-core Systems 

Uniprocessor scheduling is something that has been investigated and researched 
upon for decades. Multi-core scheduling has also reached a stage where there are 
enough investigations and research that have taken place and papers published. 
The research in this field is going on more rapidly than ever since these systems 
have become a more prominent part in the commercial market. The main 
interest in multi-core systems when compared to uniprocessor systems is the 
allocation of tasks to the respective processors and also how these tasks are 
handled between the processors. Handling of tasks by processors can refer to 
whether task or job migrations between processors are allowed, and how task 
dependencies and memory sharing is handled. It is definitely a complex process 
to understand scheduling in multi-core systems since there are a lot of 
parameters such as memory cache usage and overheads to be taken into 
consideration.  

Since there is more than one processor available, we should decide how the tasks 
are handled by each processor and which tasks are assigned to which processor. 
The other thing is whether these task allocations are static or dynamic. If 
dynamic up to which level is it dynamic? i.e. at the task level or the job level. 
Hence the main objective of the scheduling algorithm should be allocated to the 
available resources to the arriving tasks in the best possible manner, which in 
turn improves the performance of the system. The term system denotes the main 
processing unit which includes memory buffers, computational units and 
communication links. We can divide the main tasks of the scheduling algorithm 
as below, 

i. The priority of the arrived task. 

ii. Decide whether to allow job or task migration between processors in the 
case of a multi-processor system.  
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In figure 2.2 we can see how the example 2.1 task set is scheduled with no task 
missing its deadline. This of course is the main advantage of a multicore system 
where we have more resources to provide for a task, depending on the type 
scheduling we are using. Another advantage is that the number of context 
switches is decreased. Context switch is the process where the processor stops 
the execution of a job, stores its present state and then loads the new pre-
empting job into its present address space. The job that was pre-empted is later 
restored to the point until it was executed previously and continues execution 
when it is possible to schedule that particular job.  This process of context 
switching takes up a lot of resources in the processor and hence even though 
context switches are useful in utilizing the available processors efficiently, we 
need to keep them at an optimal level. 

Some of the scheduling methods that are available for multi-core systems are 
partition, global and hybrid scheduling. It should be understood that these 
scheduling methods will combine with some of the uniprocessor scheduling 
methods in order to perform the above mentioned tasks.  
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Figure 2.2 Example task set scheduled on a multicore system 

The task set we have taken is from a radar signal processing system using the 
HPEC benchmark suite. It should be understood that our intention is not to 
investigate using task set representing the logical operation of a radar system 
but to use the high processing requirements of the tasks in such a system.  
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The rest of this report is organized as follows, in chapter 2 we will be looking at 
the above mentioned scheduling strategies for multi-core systems i.e. Partition, 
Global and Hybrid scheduling methods respectively. The main focus of these 
chapters is to give an idea about the different scheduling algorithms present in 
these methods. In the final chapter we have implemented few of these algorithms 
and simulated the results for performance measures. The final chapter is 
completely dedicated to the analysis of these scheduling methods and the results 
obtained. 
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3 Multiprocessor Scheduling Algorithms 

In this chapter we will explain the main approaches in multiprocessor scheduling 
and some of the algorithms which we have considered to simulate. 

3.1 Partitioned Scheduling 

This can be considered as one of the most primitive methods of scheduling in a 
multi-processor environment. It can also in some ways be related to the Rate 
Monotonic (RM) uniprocessor scheduling algorithm.  

In this method, depending on the number of available processors, we assign a 
task or a group of tasks to a single processor. Every instant of the task i.e. job is 
executed only in that particular processor. In other words task/job migration is 
not allowed. Hence obviously there is no consideration for overhead or delay due 
to communication between processors.  

By all means partitioned scheduling is a static approach similar to RM. This 
approach creates an environment where each processor is scheduled 
independently; this in turn denotes that any occurrence related to schedule that 
takes place in one processor will not affect another processors function. Of 
course this can change when we consider a broader aspect where buffers for 
some common resources might be shared. In a partitioned scheduling method 
each processor is assigned a separate queue as shown in figure 2.1, where jobs of 
the tasks assigned are placed in the queue depending on the uniprocessor 
scheduling algorithm that is in use. Hence here you can realize the fact that 
multi-core scheduling algorithms do not work alone as such, but in a sense use 
another uniprocessor algorithm to do the main scheduling. 

 

Figure 3.1 Partitioned Scheduling approach 

Now the next question is how we are going to assign these tasks to a particular 
processor. There are few things about the partitioned scheduling algorithm that 
we should take into account; one is that it is not a work conserving scheduling 
method. This means that a processor can be in an idle state even though there 
are jobs present in other queues waiting execution, since migration is not 
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allowed. The next is that we need to have complete knowledge about the system, 
in relation with what type of tasks that will be generated, which includes its 
period, execution time and deadline. There is also the consideration whether the 
processors used is homogeneous or heterogeneous. If it is the latter then we 
should be careful to assign corresponding tasks for which that type of processor 
is built. 

Finally we come to the main concern in partitioned scheduling algorithm, which 
is deciding as to how we will divide the tasks among the available processors. 
This factor has an exponential growth and its complexity is considered to be NP 
hard in the strong sense, hence some polynomial time heuristics are used to 
overcome this problem. But these heuristics only provide a better solution and 
not the optimal one. We discuss briefly about some of these heuristics. 

We will explain some of these heuristics used in combination with Rate 
Monotonic scheduling algorithm. These include Rate Monotonic Next-Fit 
(RMNFS) and Rate Monotonic First-Fit scheduling algorithms (RMFFS), which 
were proposed in [2]. In RMNFS we first sort the tasks in ascending order of their 
periods and then use a feasibility test to assign the task to a processor. The 
feasibility condition that is used in this algorithm to assign a task to the 
processor is, 

   ⁄   
 {

 

[       ⁄ ]  
}     (1) 

where    is the sum of the utilizations of all tasks assigned to processor k and m 
being the number of tasks assigned to the processor k. If the above condition is 
met the new task is assigned to the same processor, or else we increment the 
processor index and assign the task to the new processor. We keep incrementing 
the processors if the feasibility is not satisfied for a new task and only check the 
last used processor for the feasibility condition. By this what we do is that any 
other active processor which might be able to accept this task is left out of the 
equation. 

In RMFFS this is overcome by checking the feasibility in all active processors that 
were assigned tasks previously. This in turn increases the complexity of the 
algorithm which includes the extra memory required to keep track of all the 
active processors and also the time factor to implement this algorithm. In [3] we 
see an upgrade to RMFFS called Rate Monotonic Best-Fit scheduling (RMBFS) 
algorithm. In this tasks are assigned to the processor with the least left 
utilization which can be feasibly scheduled under the RM algorithm. The next 
algorithm described in [4] is Rate Monotonic Small Tasks (RMST) and Rate 
Monotonic General Tasks (RMGT). RMST was developed considering tasks with a 
small load factor. The RMST algorithm is as follows, 

i. Arrange the task set τ1, τ2… τn in the ascending order of their Si value and 
set Sn+1 = S1+1, where S is defined as, 

Si = log2 Ti - ⌊ log2 Ti⌋  (2) 
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Set processor index k= 0. 

ii. Set i=1 and processor index k = k+1.  

iii. Assign task τi to kth processor, hence Uk = Ui. Set S = Si and increment i. 

iv. Set βk = Si – S. Assign task τi to processor k and set Uk = Uk + Ui and keep 
continuing if the following step is satisfied for every iteration, 

Uk + Ui ≤ max {ln2, 1- βk ln2}  (3) 

Else go back to step 2 and continue. 

v. Continue until i ≤ k and then set βk = Sn+1 – S. 

In RMGT we divide the tasks into two groups. The first group consists of tasks 
with the utilization less than 1/3 and these tasks are allocated using the RMST 
algorithm. The second consists of tasks with utilization greater than 1/3 and 
these are allocated using the first-fit (FF) heuristic but are not sorted using the 
FF heuristic. The positive outcome from this method is that each processor is 
assigned at most 2 tasks.  

The last algorithm we are going to discuss is the First-Fit Decreasing Utilization 
(FFDU) algorithm introduced in [5]. In this algorithm tasks are sorted in a 
descending order with respect to their utilizations and then assigned to 
processors based on the following algorithm. 

i. Sort the tasks as mentioned above. Set i = 1 and k = 1. 

ii. Then allocate the task τi to the kth processor. Set Uk = Ui and increment i. 

iii. The next task is assigned to the same processor if it along with the already 
assigned tasks to the same processor satisfies the following feasibility 
condition, 

      
 

∏ (    )
   
   

⁄      (4) 

iv. Else increment k and continue with step ii. 

The worst case performance bound of the above mentioned algorithms can be 
summarized in the following table, 

 

 

 Upper bound Lower bound 

RMNF 2.67 2.40 
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RMFF 2.33 2.00 

RMBF 2.33 - 

RMST 2.00 - 

RMGT 1.75 - 

FFDU 2.00 - 

Table 3.1 Worst case performance bounds 

The above mentioned algorithms are static. There are also some dynamic 
algorithms present such as Refined RMFF and RMBF as introduced in [7]. Similar 
algorithms exist for EDF such as EDF-Next fit and EDF-First fit. We will not be 
going into the details of these algorithms and the reader can get a good idea of it 
from [6]. 

The problem that occurs when tasks assigned to processors are not allowed to 
migrate is what happens when this processor fails. It is definitely an important 
criterion in real time systems; hence we need a fault tolerant mechanism such as 
those analyzed in [8]. This paper has results on the above mentioned algorithms 
and which are best for fault tolerant and non-fault tolerant systems.  

Hence the main consideration in partitioning scheduling algorithms is the 
number of processors used and how the tasks are allocated among these 
processors. The obvious concerns are the power efficiency, load balancing among 
processors and the final efficiency of the system. To be more precise on which 
partition method we chose will depend on the heuristic and the uniprocessor 
scheduling method used by the particular method. The heuristic method selected 
depends on our requirement as to whether we require lesser number of 
processors and also the amount of load we permit on each processor. So the final 
decision on choosing the partitioning method over the other available methods 
(for example Global and Hybrid) depends on the trade-off between lower 
migration overheads and efficiency in processor allocation. 

3.2 Global Scheduling 

In this approach there will be a single global queue of ready tasks, from which 
jobs will be dispatched to the available processing unit for execution at runtime. 
At any point in time when the scheduler has to dispatch a job to a processor, the 
jobs in the queue will be prioritized according to the scheduling policy employed 
and the highest priority job will be dispatched first. The job will hold the allotted 
processor until it finishes its execution or until it is being pre-empted by the 
scheduler to execute a higher priority job. In the case of pre-emption the job after 
being pre-empted will be added to the global queue and then it will be scheduled. 
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This method of scheduling real time task sets on multi-processors, avoids an idle 
processor in the presence of a ready task which is waiting in the queue. The 
workload among all the processors will be same and hence there is no need to 
run any separate load balancing algorithm. Example architecture of the global 
scheduling algorithm is shown in figure 2.3. 

  

Figure 3.2 Global Scheduling approach 

The cost of pre-emption, context switching and task migration are important 
aspects which should be taken into consideration while selecting a global 
scheduling algorithm.  

The main advantages of global scheduling method are 

 It increases the average processor utilization of the system and resulting 
in a work conserving system, where there is no idle processor when 
there is a task waiting for execution in the queue. 

 It is a dynamic scheduling algorithm, highly suitable when there is no 
knowledge about the task system, and tries to meet the real time 
requirement of it. 

 Task level migration and job level migration helps in solving the bin 
packing problem efficiently. 

 For soft real time task sets the, global scheduling algorithm is better 
according to Aaron Block, James H. Anderson, as it increases the mean 
case performance and accuracy [9]. 

This a better approach in comparison to partition approaches with respect to 
average response time [10].For scheduling task sets on a system with more than 
m tasks and each task having utilization more than ½, global scheduling 
approach is better [10].After evaluating the performance measures of global 
scheduling and partition scheduling for randomly generated task set Theodore 
P.Baker has come to this conclusion. Likewise he has shown some of the 
disadvantages of global scheduling with respect to partition scheduling in his 
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paper and we have discussed about it. There are some aspects of global 
scheduling algorithm which have to be considered before implementing it in 
actual systems. These problems of global scheduling algorithm can make it less 
efficient. 

Some problems of the global scheduling methods are the scheduling overhead, 
task pre-emption cost. Scheduling overhead is the time required to save the pre-
empted or the new task in the ready queue and dispatching the highest priority 
task to the processor, and it will be high for global scheduling approach as every 
time a scheduling decision has to be taken, the entire system has to be taken into 
account. Especially for quantum based scheduling algorithms, explained later in 
this section, the scheduling overhead will be high as the scheduling decisions are 
made at the end of every quantum [11]. 

When the suspended job of a task has to resume in a different processor the cost 
to transfer the data from its cache to the other processors cache may high [10]. 
Hence the frequent pre-emptions and migrations is a big problem when we 
consider the implementation of global scheduling algorithm and then we have to 
consider their cost when we try to implement them. 

To the present the most optimal global scheduling algorithm is proportionate-
fair algorithm [12]. The following section contains a brief explanation of GEDF, 
Rate monotonic, PD2 scheduling algorithms and in the later part of the paper we 
simulate GEDF algorithm and PD2 algorithm and compare its performance for 
different task sets with increasing utilization.  

3.2.1 GEDF 

Under this algorithm the job of a task with an earlier deadline on the time scale is 
given high priority. For any given set of task systems and a scheduling algorithm 
a schedulability analysis is one which checks whether the tasks can be executed 
before its deadline. For Global Earliest Deadline First  scheduling algorithm, 
Goosens, Funk and Baruah proposed a schedulability analysis for tasks with 
deadline equal to its period   [13], 

∑
  

  
    (  –   ) 

       (5) 

where      {
  

  
             }. An example task set with 5 tasks is scheduled 

on a multiprocessor system with 3 processors is shown below, 
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Figure 3.3 GEDF example 

T.P.Baker has also proven a schedulability test for rate monotonic scheduling 
algorithm in [14]. Periodic tasks with deadline equal to its period can be 
scheduled on m ≥ 2 processor systems if it satisfies. 

 

∑
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where          {
  

  
             }. 

3.2.2 PD2  

PD2 is the most efficient algorithm for scheduling periodic tasks [15], among the 
algorithms proposed for Pfair scheduling. The term proportionate fair or Pfair in 
context with real-time task scheduling means that, the tasks are fairly distributed 
among the available processing unit for execution. Here the tasks are explicitly 
required to execute at a constant rate. No job of a task is allocated its full 
processor execution unit at once. Instead each job is divided into subtasks of 
equal length and the processor time is allocated to them in quanta. A processor 
time is divided into discrete time units called quanta and a scheduling decision is 
taken every time during the beginning of a quanta. Hence we should assign an 
optimal quanta length because a low quanta value will result in frequent 
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invocation of the scheduling algorithm causing high scheduling overhead and 
also a high quanta value can result in the processor remaining idle unnecessarily. 
For example let us consider a processor with a quanta value of 5 and containing 
two tasks with execution times 2 and 6. Let us consider that the processor 
schedules the task with execution time 2 first, then the remaining 3 units of time 
will be wasted and no scheduling decision will be taken until the beginning of the 
next quanta. In the following explanation we consider the quanta to be 1 unit of 
time for our own convenience. Here we are using PD2 scheduling algorithm and 
a detailed description of it is given in the following paragraphs.  

The main criteria of Pfair scheduling algorithms, i.e. the tasks should run at a 
constant rate for all jobs across the system, is achieved by assigning weight T.w 
to tasks. 

     
   

   
  (7) 

Where T.c is the processor time needed for execution and T.p is the period. 

A task is a light task if its weight is less than 0.5 and a heavy task if its weight is 
greater than 0.5.This weight of the task defines the rate at which it is executed 
across the system. It is not necessary that a task will be executed for the whole of 
its T.w during every quanta, its rate of execution will be as close as it is possible 
to its weight and it may cause a small lag.  This lag that the task is subjected to is 
overcome to an extent in a Pfair schedule. This lag is defined as [16] 

Lag (T, t) = fluid (T, 0, t) – received (T, 0, t)   (8) 

Fluid (T, t1, t2) is the amount of time which the task T should have received 
during the interval t1, t2 and received denotes the amount of time which it 
actually received. For a Pfair algorithm this lag should be [17] 

(             (   )<1)  (9) 

An algorithm is proportionately fair, only when the difference between the 
allocation which it should have received according to fluid schedule and the 
actual allocation which it has received is between -1 to +1. 

A task set of periodic tasks is Pfair feasible on m processors if  

∑
    

           (10) 

Where m is the number of processors in the system. 

Basically in PD2 algorithm every job of a task is divided into equal length 
subtasks, and they have their own release time and deadline associated with it. 
And these release time and deadline of the subtasks are called pseudo release 
time r.Ti and pseudo deadline d.Ti of a subtask and they constitute their 
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corresponding window [8], [9], within which the subtask of a job have to be 
executed. 

       ⌊
   

   
⌋  (11) 

      ⌈
 

   
⌉  (12) 

Here i denotes the ith subtask of a job of task T, where i => 1.Let us consider the 
example in the figure 3.3, which consists of 2 periodic tasks T1 (7,10) and 
T2(3,10) . Taking the length of each subtask to be 1,the first job of task T1 has 
seven subtasks with pseudo release times [0,1,2,4,5,7,8] and pseudo deadlines 
[2,3,5,6,8,9,10] respectively. And these pseudo release times and pseudo 
deadlines of the first job of task constitutes its windows 
(0,2),(1,3),(2,5),(4,6),(5,8),(7,9),(8,10) within which each subtask must execute. 
Similarly first subtask of task T2 has three subtasks with pseudo release times [0, 
3, 6] and pseudo deadlines [4,7, 10] respectively. And its windows are (0, 3), (2, 
7), (6, 10). 

PD2 prioritizes the subtasks based on their pseudo deadline. A subtask with 
lesser pseudo deadline is given priority over the other. This is expressed in the 
equation below 

           (  ) < d (  )  (13) 

(                                            ) 

When subtasks with same pseudo deadline have to be prioritized PD2 algorithm 
uses 2 tie breaking rules 

The first of which is the bit value associated with each subtask. Bit value of a 
subtask is 1, when the window of the subtask overlaps with the window of the 
next subtask of the same job of a task; else the bit value is 0.And bit value is 0 for 
the last subtask of a job. Subtask with bit value 1 is given priority over subtask 
with bit value 0. 

b (  ) ={
            (  )   (    ) 

           (  )   (    )    
  (14) 

              (  ) > b (  )  (15) 

Simply saying, a subtask with overlapping window is given priority over subtask 
with non-overlapping window [12]. 

Now suppose when 2 subtasks are tied with same pseudo deadline and same bit 
value, then we consider the weight of the subtasks. A task is light task when its 
weight is less than 0.5 and heavy when its weight is greater than 0.5. 
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Case 1: 

When a subtask of a heavy task is tied with a subtask of a light task, then the 
subtask of the heavy task is given priority over the subtask of the light task, 
because light task can be easily scheduled than the heavy task. 

Case 2: 

When 2 subtasks of light tasks are tied then the tie is broken arbitrarily. This is 
because for light tasks the group deadline is zero [18]. 

Case 3: 

When 2 subtasks of heavy tasks are tied then we calculate their group deadline 
value and give priority to subtask with longer group deadline. Because generally 
subtasks of heavy tasks have window length 2 or 3 .Scheduling a subtask of it in 
the last slot of its window causes the other subsequent following subtasks to be 
scheduled in the last slot of its window. Group deadline value is one where a 
cascading like this ends. Hence it is better to avoid longer cascading of subtasks 
and so we give priority to subtasks with longer group deadline. For example 
consider the task T1 in figure, scheduling the 5th subtask in its lost slot of its 
window causes its subsequent subtasks to be scheduled in the lost slot of its 
window. 

The group deadline D(Ti) of a subtask is given by [19] 

 (  )   ⌈
⌈
 

   
⌉  

     
⌉  ⌈

 (  )  

     
⌉  (16) 

           (  ) > D (  ).  (17) 

If the group deadline of the subtasks is also equal we break the tie arbitrarily.  

The main disadvantage of pfair scheduling is its complexity in implementing and 
the high scheduling overhead it incurs due to frequent task pre-emption and 
migration. The another aspect of PD2 algorithm which may cause processor 
staying ideal, is   when a subtask finishes its execution in the first slot of its 
window  and if there is no other task in the system, the remaining slots  in the 
first window will be wasted  because in PD2 algorithm a subtask can start only at 
the beginning of is window, it cannot start before the beginning of its window 
even if the previous subtask of the same task finished its execution and the 
processor time slot is wasted[mixed er-Pfair].   
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Figure 3.4 PD2 algorithm example. 

3.3 Hybrid EDF 

This scheduling algorithm was developed for soft real time systems having 
hierarchical shared cache (i.e. a group of processor in a system sharing a 
common cache). This hierarchical shared cache may likely exist in many core 
platforms in order to avoid cache contention. An example of this hierarchical 
based scheduling is shown in figure 3.5. This approach is a combination of both 
the partition and the global scheduling approach. The Hybrid approach 
considered here is based upon the Earliest Deadline First scheduling policy. In 
this Scheduling approach, there are three steps;  

i Dividing the system into clusters of cores,  
ii Allocation of tasks to these clusters by partition based allocation 

algorithm   
iii Scheduling of tasks within a cluster using a GEDF algorithm.  

 
HEDF is the combination of both partition and GEDF approaches.  
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Fig 3.5 Many core system with four level of hierarchical shared cache 

The system is partitioned such that the processors that are sharing a common 
cache a grouped into one cluster. The number of processors in a cluster is the 
cluster size. Since a single cache is shared by cores in a cluster, the migration cost 
within a cluster is time taken to access the shared cache. As we are using cluster 
instead of a single core we are reducing the bin pack limitation. By adjusting the 
cluster size in accordance with the given task set, we can either lower migration 
cost or improve bin-packing. Ideal cluster size depends on both maximum task 
utilization and task set size. If the task utilization is high we can have a large 
cluster size to improve bin-packing and if the task utilization is low then we can 
have lower cluster size in order to minimize the migration cost. There is an 
admission control mechanism in a approach which decides what tasks are going 
to be allowed into system in-order to get schedule and also provides mechanism 
to feasibly allocate tasks to a processor or group of processor such that each task 
allocated must execute without missing its deadline or its deadline is bounded in 
some cases especially for soft real times system. 

Each task is allocated to cluster as the same way as the P-EDF approach but here 
instead of assigning a task to a single core, here we assign task to a cluster of 
cores. So there is a task queue for every cluster and a task assigned to a cluster 
cannot migrate to another cluster. A scheduling algorithm is used in every 
cluster, GEDF in this case and an allocation algorithm is used to allocate tasks to 
the clusters. Allocation problem is similar to bin packing problem, here allocating 
maximum number of tasks to a minimum number of clusters such that all tasks 
allocated can be feasibly scheduled without missing its deadline or its deadline is 
bounded like in this case. Here the capacity of the clusters is  given by its 
utilization bound,  and weight of task is its utilization ,total weight of task in a 
cluster should not exceeds cluster weight i.e. its utilization bound, utilization 
bound determines the feasibility of the schedule. Here a feasible system 
(utilization of the system is not bounded) is considered, therefore total 
utilization of all the tasks allocated to a cluster must be less or equal to number 
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of processor in that cluster (we make use of total utilization available in the 
system), for this system it has been proved that the deadline tardiness is 
bounded for GEDF [26 25], which is enough for most soft real time system.  We 
used well known heuristic algorithms like first fit, best fit etc... to allocated task 
no a cluster. Each cluster has its own queue and the task gets executed on that 
particular cluster only i.e. task cannot migrate to another cluster. 

We use GEDF to schedule tasks within a cluster. Cluster queue contains the ready 
tasks which are shared by all processors in the clusters. At any time the m 
number of highest priority task will run on m number of processor in a cluster. In 
global all instance of a task will not run on one processor, if an instance of a task 
finishes execution then the task will return to cluster queue, where the next 
instance may get schedule on any processor sharing that queue, migration is 
allowed, but this happen only within a cluster, higher priority task pre-empt 
lower tasks this happens only within cluster, pre-empted task goes back to 
queue, it also can possibly get schedule on any processor within a cluster. 
Because of migration and pre-emption, there are overheads associated with it, 
migration overhead pre-emption overhead and context switching overhead. 
Context switching overhead is time it takes a processor to switch from one task 
to another. 

 

Fig 3.6 Outline of HEDF algorithm 

Consider an example of task set {four tasks of execution cost of 4 and period of 5, 
three tasks of execution cost of 1 and period of 10 and one task with execution 
cost of 4 and period of 15}, this task set have to be schedule on four core 
processor where core 1 and 2 shares a common cache (cluster 1) and processor 
3 and 4 shares another common cache (cluster 2).All three approach is used 
(PEDF, GEDF and  HEDF to schedule) to see the difference between them. In 
partition it is worth noting that the task with execution cost of 4 and period of 15 
cannot be schedule because the total utilization 4/5 + 4/15 > 1, but in both GEDF 
and HEDF it is schedulable. The schedule of above eight tasks using partition and 
GEDF is shown in figure 2.7. In both GEDF and HEDF task may miss deadline 
because of migration, in GEDF task may migrate from one cluster to another, this 
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may lead to higher migration cost therefore a task may not be schedulable or the 
tardiness bound of a task may increase, but in HEDF task only migrate within 
cluster, so less migration cost and above problem is less likely to occur than 
hybrid EDF. 

 

Figure 3.7 (a) GEDF (b) HEDF schedule of an above task set. 

Benefits of hybrid is that it exploits the available cache , because migration take 
place only within the shared cache which reduce the overhead associated with it, 
and cache contention is also less, hybrid reduces the limitation of both partition 
and GEDF by reducing bin packing limitation in partition EDF and lowering the 
overhead cost of GEDF. The cluster size can be chosen according to the task set, it 
has shown that the HEDF of cluster size four [3.3] performs well in all task set 
utilization because  of lower scheduling cost and lower migration cost and 
cluster size of four is good enough to reduce bin-packing limitation. 
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3.4 Proposed Algorithm - Hybrid PD2 

Here we propose a new scheduling algorithm for scheduling real time task on 
multi core systems with hierarchical shared cache, in this thesis we call this 
algorithm as Hybrid PD2. 

It is a scheduling approach where the tasks are fairly distributed with in cluster 
of cores. At first the available cores are divided into clusters with shared cache, 
like hybrid EDF, and the tasks are allocated to it. Then the tasks are scheduled 
within the cluster according to the Pfair scheduling algorithm implemented. Here 
we are implementing PD2 algorithm which is described in detail in section [3.2]. 

The tasks are allocated to the processors according to the first fit allocation 
scheme. In the first fit allocation scheme clusters are filled with tasks to their 
maximum capacity, which is decided by the scheduling scheme employed, and 
when one cluster when one cluster when one cluster is chosen. Every time when 
a new task has to be allocated, all the non-empty clusters are checked, according 
to their indexes, for allocation. Only when no non empty cluster can 
accommodate the new task a new cluster is chosen. In other words, every time a 
task has to be allocated all the non-empty clusters are checked before allocating 
it to a new cluster. 

The maximum capacity for a cluster according to PD2 scheduling algorithm is 
that the weight of the sum of the tasks assigned to a cluster should be less than 
the number of processors, section [3.3.2].    
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4 Simulation Model 

4.1 Simulation of Signal Processing Task Set 

This section describes the first part of simulation model that we used to simulate 
scheduling of the task set generated according to HPEC benchmark for some 
signal processing application on a multicore platform with the help of STORM 
stimulator, in order to find schedulability of each algorithm. 

4.2 STORM  

In our simulation experiments we use a simulation tool called STORM to 
implement the different scheduling algorithms and obtain the necessary 
performance measures. STORM is the abbreviation for “Simulation Tool for Real 
time Multiprocessor scheduling”. It is an open source tool created by Real time 
systems group from the Irccyn laboratory France. It is written in java and 
compiled to produce a jar file. This makes it a platform independent tool. The 
java APIs available in it makes it easy for writing new scheduling algorithms. 
There are 2 versions of it as of now, and we are using the 2nd version of it, which 
is Storm 3.2.  The hardware and the software parameters are given via an xml 
input file and simulation results are displayed through Gantt diagrams and we 
can also print the output. Interaction with the simulator is done through a 
console window. The figure below shows the general architecture of a STORM 
simulator. 

 

 

Figure 4.1 STORM simulator architecture 
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We can add new attributes to tasks or processors through the input file, which 
makes this simulator possible to do partition scheduling and PD2, which is the 
main advantage of this tool. For running a basic built in scheduler, firstly we have 
to mention the time duration for which the simulation has to run, and it is given 
in slots. The duration of each slot can be mentioned by the “Precision” attribute 
in milliseconds, by default the duration of each slot is 1 millisecond. We have to 
mention the scheduling algorithm used number of processors and number of 
tasks with the required parameters has to be mentioned in the xml input file. 
New scheduling algorithms should be written in java and should be compiled 
with the storm simulator using the command “javac –cp storm-3-2.jar 
newScheduler.java” in the command prompt. Both the scheduling algorithm and 
the simulator have to be in the same folder while compiling. 

 

 

Figure 4.2 An example of the input *.xml file given to storm. 

Here we ask the simulator to simulate for 500 slots, we use PD2 scheduling 
algorithm, and it’s a user written scheduling algorithm and we are giving 3 
processors and 4 tasks to simulate. Each processor and task has to be given a 
name and an id number. The last attribute of the tasks, subtask is a user defined 
attribute used to store the current subtask of the task. 

4.2.1 Task Model 

The task sets that we have used in these simulation experiments are generated 
as follows for the task index i = 1, 2, …, 200, 

i. The period Ti of a task is taken from a uniform distribution with values 

between 300 ≤ Ti ≤ 800. The periods are maintained constant for all task sets. 

ii. The WCET Ci of a task in a task set is a direct representation of the maximum 

utilization considered in the experiment. The maximum utilization µ varies 
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from [0.4, 0.5, …, 0.9]. Since we consider high performance signal processing 

applications, these tasks in most cases have high utilization values. For 

example we have used the HPEC Benchmark Suite, in which certain signal 

processing specific task such as Constant False Alarm Rate, Corner Turn, 

Time Domain Finite Impulse Response (TDIFR) and Frequency Domain FIR 

are found to have high utilization requirements. So in order to test the worst 

case condition, we have used the WCET of each task to be equal to the 

maximum utilization factor µ.  

iii. All tasks are periodic in nature with their periods equal to their deadlines. We 

also assume that all tasks arrive at the same instant with no offset interval 

between tasks. 

4.3 Simulation of Random Task Set 

Here we describe second part of stimulation model that we used to compare the 
schedulability of different scheduling algorithms including the one we proposed 
using random task set. Here we generate random task sets, calculate 
approximate overhead head cost associate with each scheduling algorithms and 
architecture. We use the same simulator STORM as before in section 4.2 and 
SESC to simulate the architecture. 

4.3.1 Task model 

In order to compare the algorithms we generate a four different randomly 
generated task set, 

As follow, 
i. The period Ti of a task is taken from a uniform distribution with values 

between 10 ≤ Ti ≤ 100. The periods are maintained constant for all task sets. 

ii. The WCET Ci of a task in a task set is a direct representation of the maximum 

utilization considered in the experiment. The maximum utilization µ varies 

from ranges for each task set [.1 .9], [.1 .5], [.3 .7], [.5 .9] respectively. So in 

order to test the worst case condition, we have used the WCET of each task to 

be equal to the maximum utilization factor µ.  

iii. All tasks are periodic in nature with their periods equal to their deadlines. We 

also assume that all tasks arrive at the same instant with no offset interval 

between tasks. 

4.3.2 Calculating Overhead 

We follow the methods and formula described in these papers [11] [19] to 
account for overheads and inflate the execution cost of a task. To inflate the 
execution cost of task, we need to know its overhead cost, cache related cost 
(Preemption & Migration), context switching and scheduling overhead.  We need 
not take overhead for every task in the task set, if we take overhead for a single 
task assuming predefined WSS and average case scenario, then it’s sufficient for 
all task in the task set because we consider all task in set is of same predefined 
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32kb WSS and for average case scenario, we will get same result for all task. But 
here unlike the methods described in papers we try simulate an average case 
scenario due to the fact that memory hierarchy will not be needed in worst case 
since caches will be full, in the sense there will no data available in the cache, 
every time we data have to load from memory. 

To calculate overhead associated with each algorithms, we first simulate a 
hierarchical shared cache for HEDF, HPD2 and hierarchical cache for EDF, PEDF, 
PD2 based hardware architecture, then we simulated a scenario in which a 
preemption or migration occurs in the simulated hardware system, from which 
we can get per preemption or migration cost, which can be used to inflate the 
execution cost of the task. We will see this process step by step. 

In order to get the realistic overhead we simulated a simple hierarchical 
architecture using SESC simulator. The simulated architecture is shown in the 
figure 4.3. Simulated architecture consists of an eight core which each having 
separate L1 cache, two L2 caches where one L2 cache is shared by four cores and 
a main memory which is shared by the two L2 caches. We assumed the task WSS 
(working set size) to be 32Kb per quantum, we assume this since a task cannot 
write large amount of data within a quantum. As we need only average cost not 
worst case cost, we think is WSS of 32K is sufficient , in worst case scenario if 
WSS is large enough that it cannot lift into cache , then every time we need to 
load from memory and cache hierarchy is not needed. 

4.3.2.1 Pre-emption Cost & Migration Cost (Cache related overhead) 

Preemption cost is delay occurred due to the fact resuming task form same 
processor needs to reload the data into the cache. Here we consider the average 
case scenario, means if a task get preempted and resume after a certain amount 
of time, then we assume that the within that time interval some of its WSS data is 
still left in the cache but in worst case situation, it might not be case, a task has 
load its entire WSS form the memory every time, also we assume that each 
processor does not always write the data simultaneously. We varied the time of 
preemption and migration (preemption period) in quanta to calculate the cost 
corresponding to that time the task get preempted or migrated, we assume that 
the if a task get preempted or migrated more than five quanta then, its cost is 
equal to that of cost when task get preempted or migrated exactly for five quanta 
[20] since there will be no WS data of the task will be left in the cache. 

 Actual cost is measured as follows, first the WS of the task is loaded into the 
cache, then the task gets preempted, and some other data gets loaded into cache 
at same rate per quanta for some amount of time which we assume as 
preemption period, which we will vary to get cost for different periods, and 
finally we sequentially write the WS of the task , resuming in same processor 
after preemption or resuming in different processor simulating migration or 
resuming in different processor but within same cluster  as in hybrid. We then 
minus this time with the time it took to write the same data if no preemption or 
migration occurred. If the preemption period is less we note that cost is less due 
to fact that only small amount of task WS is evicted out of cache. In case of 
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migration every time a task has to reload the data into cache, which resemble the 
worst case situation of preemption for every preemption period and there can be 
a additional overhead involved in migration due cache invalidation, if task 
resume on another processor and reloads its data, but its data is still there in 
previous processor, then previous data must be invalidated, which may result in 
additional overhead. As we have found out cost for periods one to five, now it’s 
time to find the average cost due to preemption and migration, for specified task 
set and algorithm. Using the task set we generated before we simulated this task 
set using different algorithm until the 104 in STROM simulator, to obtain the 
frequency distribution with respect to length of preemption experienced by a 
task. As said before preemption experienced greater than five quanta length is 
assumed to be equal to five. Then these distribution was combined into one 
distribution, to form an average weighted preemption and migration cost. [20] 

 

Task Set GEDF HEDF PEDF PD2 HPD2 

[.1 .9] 67 52 66 66 9 

[.1 .5] 67 48 65 65 30 

[.3 .7] 67  50 67 66 12 

[.5 .9] 67 55  NA 67 3 

Table 4.1 Average preemption/migration cost, WSS 32k, cost in microseconds, 
NA due to less number of preemption/migration. 

4.3.3.2 Context-Switching Overhead 

To measure the context switching overhead we measured the time it took to 
switch to one task to another task for that particular processor, but we observed 
the time difference is negligible, therefore we assumed that the all context 
switching overhead is of 1 microsecond. 

4.3.3.3   Scheduling Overhead 

Scheduling overhead was calculated as follows, the task set generated was 
scheduled using different algorithms in SESC simulator until 104 in storm 
simulator in order to determine average execution cost per invocation of the 
scheduler. Note that due to limitation we could not perform it on actual 
simulated hardware, but however we believe that won’t make a big difference. 
The table 4.2 shows the results obtained. Since each processor has its own 
scheduler, the scheduling cost is less in P-EDF, and it does not increase if number 
of processor increases. In hybrid algorithm since each cluster has its own 
scheduler, its cost is also relatively low when compared to global and PD2 
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approach. In global and PD2 there is only single scheduler, hence the scheduling 
cost increases as the number of processor increases. [11] 

 

Task Set GEDF HEDF PEDF PD2 HPD2 

[.1 .9] 21 2.1 1 238 131 

[.1 .5] 15 2.5 1 175 136 

[.3 .7] 21 2.2 1 222 135 

[.5 .9] 26 2 1s 297 139 

 

Table 4.2 Scheduling overhead costs, cost in microseconds 
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5 Results 

5.1 Signal Processing Task sets 

In this thesis we compare the schedulability of algorithms by calculating 
minimum required number of processors it takes to schedule the task set 
feasibly. We have simulated seven algorithms on the whole from the three 
scheduling disciplines partition, global and hybrid.  

In figure 5.1 we see the simulation for a task set with utilization 40%. All the 
partitioned scheduling algorithms use the same number of processors in such a 
condition. We can see that the global and hybrid scheduling algorithms use a 
smaller number of processors as the number of tasks increases. Between these 
the GEDF algorithm consumes more processors than PD2and hybrid for a task 
set within the range of 140 tasks but beyond that the three algorithms use almost 
the same number of processors.  
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Figure 5.1 Number of processors used for tasks with 40% utilization 

In figure 5.2 and 5.3 we see the simulation results for utilization ranges 50% and 
60% respectively. The three partitioned scheduling algorithms FFDU, RMFF and 
RMNF uses a higher number of processors than the other algorithms for both 
ranges, whereas EDFF uses a fewer number of processors then its counterparts 
and the same number of processors as the global and hybrid scheduling 
algorithms when U = 50%. When U = 60 % all partition algorithms use same 
number of processors. Between global and hybrid we can tell that global 
performs better than hybrid as we can see PD2clearly uses a smaller number of 
processors than hybrid and GEDF performs better  than hybrid when the number 
of tasks increases. 

 

Figure 5.2 Number of processors used for tasks with 50% utilization 

For utilization ranges 70% and 80% all partitioned scheduling algorithms use 
the same number of processors and also clearly more when compared to hybrid 
and global scheduling disciplines. Again PD2performs better than hybrid for a 
utilization range of 70%, whereas when the task index increases hybrid performs 
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better than GEDF. When the utilization increases to 80% GEDF uses the same 
number of processors as partitioned scheduling discipline to schedule the tasks 
and hybrid performs better than PD2when the task index increases. 

Finally in figure 5.6 we see the simulation results for U = 90%. In this condition 
all scheduling algorithms except the PD2 perform the same. PD2 clearly uses a 
smaller number of processors and hence is the better scheduling algorithm. 

From the simulation results we have seen that the partitioned scheduling 
algorithms for all utilization ranges considered use higher number of processors. 
This is obviously because of the fact that partitioned scheduling discipline does 
not allow migration of tasks between processors. Hence this results in tasks 
being allocated to a particular processor and waiting to be executed even if there 
are execution space available in other processors. The only exception is that the 
EDF-FF algorithm performs better than its counterparts FFDU, RMFF and RMNF 
when the utilization is equal to 50% because these three algorithms use the Rate 
Monotonic scheduling rule and do not allow 100% utilization of the processor, 
whereas Earliest Deadline First allows full utilization of the processors and 
hence the better performance in this case. 
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Figure 5.3 Number of processors used for tasks with 60% utilization 
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Figure 5.4 Number of processors used for tasks with 70% utilization 

The global scheduling algorithms GEDF and PD2 perform almost similar to the 
Hybrid scheduling algorithm for utilization ≤ 50%. PD2 performs the best among 
these three algorithms since in all utilization ranges it uses lesser number of 
processors except for U=80%, where hybrid uses a little fewer number of 
processors than PD2. GEDF uses lesser number of processors than Hybrid for 
higher task index when the utilization is 60% and 70%. For the rest GEDF joins 
the partitioned scheduling algorithms in number of processors used.  

Finally in figure 5.7 we have shown the results for some of the important 
algorithms from the above results on a mixed task set in order to prove that the 
algorithms behave the same in both uniform and mixed task sets. The overall 
utilization for this mixed task set is 60%. 
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Figure 5.5 Number of processors used for tasks with 80% utilization 

From figure 5.7 it can be clearly seen that the PD2 algorithm performs best 
amongst the four algorithms followed by hybrid, GEDF and FFDU algorithms. The 
other partition scheduling algorithms have not been plotted since they perform 
the same as FFDU. 
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Figure 5.6 Number of processors used for tasks with 90% utilization 
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Figure 5.7 Number of processors used for a mixed task set with 60% utilization 

5.2 Random Task Sets 

Before computing schedulability for comparison, we first inflated the execution 
time of the task using the methods described in [19] [11].Inflated Execution time 
of task can of non- integral upon adding overheads. Since PD2 algorithms 
requires that task execution cost should be integral, we just round the non- 
integral execution values, which lead to additional overhead in PD2 algorithms. 

Instead of worst case cache related cost used by this method, we use an average 
case cache cost, and then we calculate the RNP for each algorithm, this is shown 
in the table 5.1. From the figure we can note that PD2 algorithms requires large 
number of processors because of their high overhead cost and rounding of 
required on non-integral execution cost, but the proposed HPD2 always 
performs better that of PD2 because of reduce cache related overhead cost and 
scheduling cost. For task set with many low utilization task PEDF does well as we 
see for [.1 .5] and [.3 .7], but task set with many high utilization task, the PEDF 
requires large number of processor due to bin packing limitations, but worst is 
the [.5 .9] task set , where almost every task requires a single processor. HEDF 
performs better than PEDF, PD2 and HEDF algorithms because of their lower 
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overhead costs, but due to the limitation of bin packing because cluster size is 
just four it requires large processor than GEDF. If task utilization is low, then 
HEDF would have done better than that of GEDF.GEDF performs well than other 
algorithms because of no bin packing issues and of lower overhead cost than PD2 
algorithms. Note cluster size also matter in hybrid algorithms, if the size is of 
larger length then there is a reduction in bin packing issue, but there will slightly 
increase in overhead cost.  

 

 

 

 

 

 

 

Table 5.1 RNP 

Algo .1-.5 .1-.9 .3-.7 .5-.9 

GEDF 31 53 46 69 

HEDF 32 56 48 72 

PEDF 32 63 51 99 

PD2 41 71 63 93 

HPD2 40 64 60 88 
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6 Conclusion 

In this thesis, we have discussed about 3 types of scheduling approaches for 
scheduling radar signal processing tasks, which are generally heavy tasks, on 
multi core platform with examples, and discussed about their pros and cons by 
comparing their ability to efficiently schedule task. We had done the simulation 
in two parts, first by using the storm simulator and assuming that the overhead 
incurred is negligible. From this we learn that global and hybrid approaches 
perform better when compared to partition approaches, where a task can 
execute on only one processor, as they handle the bin packing problem 
efficiently. And among the global and hybrid scheduling algorithms, PD2 
scheduling algorithm performs better as its rate of execution is equal to its 
weight and then comes HEDF and then GEDF. 

In section 3.4 we propose a new scheduling algorithm for hierarchical shared 
cache based platform such that migration is only allowed within the cluster that 
shares a common cache. Because of this there is a reduction in overhead cost and 
scheduler cost and we have shown in the comparison that HPD2 performs better 
than PD2 algorithm running on hierarchical cache system. We have also 
compared other algorithms to compare the performance, and we have seen that 
if the task utilization is high, GEDF performs well than other algorithms because 
there are no bin packing issues involved.  

More research can be done using various cache architecture and implementing 
Hybrid algorithms, to measure the performance, cluster size also can be varied to 
find when the algorithm perform better and also can be research with other task 
set with various task utilizations. 

These algorithms can be implemented in actual hardware to get more realistic 
overheads and different schedulability bound can be used to investigate the 
percentage of deadline miss ratio.  
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