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ABSTRACT 

Energy optimization is one of the critical design concerns for multiprocessor systems. 

With the advancement of technology the performance management of the central 

processing unit (CPU) is changing. Power densities and thermal effects are quickly 

increasing due to shrinking of chip size and increase in deployment of per inch on-chip 

transistors causing to increase in energy dissipation and is a serious design issue in multi-

core embedded technologies. Increasing the life span and efficiency by reducing energy 

utilization has become a critical chip design challenge for multiprocessor systems on 

chips (MPSoCs). This research addresses the issue of energy-aware task scheduling & 

high energy utilization problem in (MPSoC) by introducing an optimal energy-aware 

earliest deadline first scheduling (EA-EDF) based on the dynamic power management 

(DPM) technique using task migration to enhance the performance and efficiency in 

multiprocessor system-on-chip while reducing the energy consumption using DPM low 

power mode. Meeting the time constraints of application dissipates higher energy for high 

performance while on other hand switching MPSoC to a lower state for reducing the 

consumption of energy that causes a delay in execution and performance degradation. In 

our proposed technique schedulers allocate resources to the task so that their deadlines are 

guaranteed. Efficient task scheduling and selection of core for migration of task by 

considering (DPM) policy prevents the system from reaching its maximum energy 

utilization. DPM mechanism reduces the consumption of energy by switching the CPU 

state according to the utilization factor. Due to high task execution the utilization factor 

(    on-chip reaches the maximum allowable threshold that dissipates more energy. The 

proposed approach migrates such tasks to the core that are least used or consumes less 

power and energy by distributing the load on other cores to lower the energy and optimize 

the duration of idle and sleep times across multiple CPUs. The performance of the 

proposed EA-EDF algorithm using wide set of experiments, reported excellent significant 

improved results when compared to other current techniques, the efficacy of the proposed 

methodology reduces the energy consumption by 4.3%,4.7%, 5.3%,5.9% and 6.3% on 

(    of 6%, 36 % & 50 % at various operating frequencies (624 MHz, 520 MHz, 416,312 

MHz,208 MHz,104 MHz) when particularly in comparison to other conventional energy-

aware methods for MPSoCs. Tasks are running and accurately scheduled to make an 

energy-efficient processor system model by controlling and managing the effects of high 

utilization on-chip and optimizing the overall energy consumption of MPSoC.
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

Multiprocessor Systems-on-Chips (MPSoCs) are increasingly in demand and used in 

multicore embedded systems. MPSoC consists of multiple processors and all the 

components are on the same chip consume low energy and required less power because of 

the tightly integrated architecture [1]. The consumption of MPSoC occurs in many 

abstractions from the logic level to the circuit. It’s an integrated circuit and is designed for 

application with specific special software and hardware. In recent years the demand for 

the (MPSoC) has grown exponentially from consumer devices (e.g., Mobile desktops and 

notebooks) to embedded sectors with high-performance computing systems [2]. MPSoC 

is widely deployed in high-performance systems for real-time response and specific 

embedded systems based on ARM Cortex-A7, A15 and high-performance MARVEL 

INTEL PXA-270, 250 multi-processor [3]. The authors in [4] introduced a technique that 

reduces resistance and energy because lack of concentration can affect the reliability and 

life span of the chip as well as overall systems performance. Due to the high processing 

of tasks temperature on the chip increases. Various mechanisms are used to reduce the 

thermal effects due to high heat and decrease the performance of the system because high 

heat causes the chip to be damaged [5]. A central processing unit is working as the main 

processing unit for performing the instructions read and write operation. CPU unit is 

placed in all the modern embedded systems [6]. The processing unit needs to be updated 

with time using integer linear programming (ILP) if the CPU has a higher processing 

speed it can manage critical tasks efficiently at short intervals of time. Advancement in 

the processing unit makes our system run heavy tasks but it can have some issues e.g. 

dimension, cost, energy, power utilization, performance, reliability and processing speed. 

Switching of the task is the major issue with the evolvement of the processor [7]. 

Introduced simulated annealing based (       ) optimization strategies for reducing the 

energy and solving the system-level low power design problems [8].   

The authors in [9] proposed dynamic thermal management (DTM) based energy 

optimization technique for the MPSoC platform with dynamic voltage and frequency 

scaling (DVFS) enabled homogeneous processors. These are one of the most reliable 

techniques to reduce and stabilize the temperature of the multi-core system. In a multi-
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core system, an exponential decrease in the temperature also reduces power utilization. 

The authors in [10] introduced efficient homogeneous multiprocessing often known as 

symmetric multiprocessing (SMP) for identical processors that share a single main 

memory for process execution. The authors in [11] introduced dynamic thermal 

management (DTM) based technique that efficiently manages the thermal responses of a 

processing system. Many techniques are combined to manage temperature and thermal 

responses including DVFS, DPM and dynamic voltage scaling (DVS). These techniques 

are very useful but they cause some reliability and performance issues. They are mostly 

used to resolve on-chip power dissipation problems.  

The authors in [12] introduce an efficient task migration policy that moves an executing 

task from one host CPU in a distributed architecture to another system to another. The 

selection of task and movement to the host CPU for a new task and the creation of the 

task on that host increases the performance, reliability and processing speed. The lack of 

task migration on time can affect the overall system performance. The authors in [13]  

The temperature on chip increases for which various mechanisms are used to reduce the 

thermal effects due to high heat and increase the performance of the system because high 

heat causes the chip to be damaged.  

There are a few more techniques recently introduced for managing voltage, frequency 

and power i.e. (DTM, DVFS, DPM) and integrated DVS. The effect of thermal cycles 

and temperature gradients are not considered in integrated dynamic voltage and 

frequency scaling that increases the reliability and performance of the system. Fetch 

toggling and clock gating is a hardware technique used to increase the chip temperature 

because these hardware techniques don’t consider appropriate information [14]. 

Introduces a technique that improves the performance and reliability of a multi-core 

processor by checking the impact of power consumption of a multi-core processor and 

dynamically checking the frequency and voltage. This approach is also used to predict 

the thermal variation on each core [15]. The proposed method gives a 54.3% 

improvement in results and 61% improvement in energy delay as compared to the 

conventional multi-processor using the best speed fit the earliest deadline first EDF 

technique that chooses the suitable processor when the task is allocated for execution and 

the proposed technique doesn’t consider the fastest core.  

The performance and reliability of the chip are improved than that of the global earliest 

deadline first algorithm that considers the priority of the task while executing. Migration 
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of tasks can occur at any time with different speed processors and tasks were assigned 

based on deadlines those tasks that can have an early deadline can have higher priority 

[16]. In [17] proposed a last-level cache (LLC) technique is used to reduce the heat that 

produces high leakage power. This technique is used to increase the performance and 

reliability of the system. The effect due to high temperature on chip causes various 

thermal issues due to high heat on chip the cooling cost also increases. When the 

temperature of the chip reduces to 4℃ a simultaneous 52% maximum savings in cache 

leakage occurs. 

In [18] introduce a dynamic voltage and frequency scaling DVFS-based technique for a 

single level CPU that comprises scaling of the large unit to scaling of any single logic 

block on critical mode. The DVFS technique reduces          as well as         but it’s 

also dependent on the supplied voltage     as well. The authors in [19] measure the total 

energy consumption of the MPSoC using the DVFS technique as shown below in 

Equations 1.1 and 1.2 respectively. 

                          (1.1) 

Reducing the energy among each CPU core also reduces the communication energy 

represented as     bits are given as follows. 

           {

                  
            

                  
            

   

    (1.2) 

Whereas    represents the energy dissipation per bit in the transmitter circuit,      and 

     are the amplification energy. In [20] proposed an advanced DVFS technique that is 

used to improve performance and consider the imbalance issue of workload on various 

cores of a processor and dynamically set the workload on the core equally for this an 

irregular parallel divide-and-conquer algorithms is used that reduces 31% of energy 

consumption at 400MHz [21]. A decrease in the chip size of a multi-core processor 

certainly increases the electronic element transistor on a chip more rapidly than before. 

The chip can require more energy due to which a gradual increase in power density is 

observed that affects the reliability of a multi-core processor [22]. High power density 

also causes many thermal issues as an increase in temperature these thermal issues can 

disturb the performance of the system. It’s better to decrease the temperature of the 
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processor by removing such a task that produces heat. The chip can have a stable 

temperature and reduces the cost required for the cooling of the chip. While the cost of 

cooling can be gradually increasing when hot tasks are executed and intense heat 

produces on-chip [23]. The authors in [24] proposed that the power usage in the chip can 

be efficiently managed by using the power management technique PMT. This technique 

is used to reduce the power consumption of a chip because all the cores that are not 

running are turned off due to which the performance of the system increases by 

decreasing the overall chip temperature the power consumption is also decreased. In [25] 

elaborates the effects of gradual increase in the system on chip SoC transistors that 

increases the dissipation of power and energy. As Moore’s empirical law states that the 

transistors on the chip doubles after every eight months as shown in Figure 1.1 the 

transistors on the chip doubles after every eight months. 

                      

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. 1 Rapid increase stated in Moore’s empirical law of transistors on SoC [26]. 

That increases the on-chip power densities for such a reason DPM and dynamic 

frequency scaling (DFS) techniques are introduced to reduce the transition rate and 
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•
  

 

  •

•

•  
 

 

 

 

 
 

1971 1980 1990 1998 2000 2010 2016 

 

 

 

•
  

8008 
8085 

8086 
68000 

80286 

80486 

  
  

•

Z80 

6809 Motorola 

8088 

80186 

•

  •
• •

••
••

•

SPARC M7 

 

AMD K5 
Pentium III 

Pentium 

AMD K6 
Pentium 4 

AMD K8 

AMD K10 
Core i7 

8 Core Power7 
•

•

•

•Atom 

Apple A8X 
22 core Xeon 

10 core Xeon 

Dual core Itanium 2 

Every two year the number of the 

transistor in an integrated circuit doubles 

2021 

N
o
 o

f 
T

ra
n

si
st

o
r 

80386 



Introduction 

6 

 

method when the transition occurs from a high power state to a low power state these 

transitions can disturb the processor performance. 

1.2 Background 

Embedded systems are designed to combine hardware and software. The software can 

insert into hardware that is used for a specific function. They are in different shapes and 

dimensions. It has various applications on a larger scale in networking and nuclear 

powerhouses to small MP3 and MP4 player printers, automobiles, cameras mobile 

handsets [28].  A power (PMU) and energy management unit (EMU) is integrated into a 

system together that is widely used for managing the DVFS & DPM-based MPSoC 

device. It is located on a common IC. Figure 1.2 illustrates a block diagram of an 

MPSoC along with an exemplary PMU/EMU based on the DPM technique. 

 

 

 

 

 

 

 

 

Figure 1. 2 Block diagram of PMU/EMU based Embedded System [28]  

Software is already built in for all applications in embedded systems. Applications can 

be operated and run without human interference. The most frequently used embedded 

systems are laptops and cellular phones. These devices have less memory and smaller 

data storage mechanism. Embedded systems often have limited memory, due to 

improvements in the internet of things IoTs, embedded systems become more difficult 

[29]. Now a day’s systems are getting advanced and they are characterized as they have 

real-time necessities to operate efficiently. The authors in [30] introduce a genetic 

algorithm (GA) for task migration that is an important concern in modern MPSoC-based 

embedded systems to reduce the consumption of energy. In such embedded machines the 

performance of the system does not consider those results that come at the end of the 
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which the required results can be achieved such a kind of system is generally recognized 

as a real-time system. The authors in [31] introduce the various layers of embedded 

systems These systems are usually linked to such applications that need to have a smooth 

operation for all the applications that required reliability and cannot afford any erroneous 

results in such real-time systems all the deadlines meet at an accurate time and no 

chances for the system to miss its deadline. 

 

 

 

 

  

 

 

 

 

 

 

 

 

  

 

Figure 1. 3 Various layers of an embedded system [31] 
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known as soft real-time systems [33]. The performance of the system can be slightly 

disturbed and can affect the total performance of the system. Such systems can be used 

in the networking of cellular systems. Once the deadline of the task arrives firm real-time 

systems can afford a delay of a few seconds like a server of the network [34]. The below 

section elaborates the real-time system. 

1.3 Real-time systems 

In a real-time system instance                  contains the time-constrained jobs. 

Each task      consists of                    where the release time of a task is 

denoted as   , while     is the worst-case execution time, and the deadline is denoted as 

  . Period and priority are represented as (      . A task at the instance       activate at 

t if      and   cannot be executed at      units by time   . A usual real-time system 

can behave as a hybrid and sometimes it behaves as a hard real-time for which all the 

deadlines can meet according to their parameters [35]. Hard, soft, and firm are those 

real-time systems that are commonly used everywhere and are linked with a 

conventional multi-core system. These are further categorized into few other types like 

the interactive real-time that gives a response to a user while the application is in 

running mode these types of embedded devices depend on time so the user can expect 

the response of the system well on time [36]. Users can have a better system speed and 

have a continuous process and have very less chances of missing a deadline such 

systems have almost the same characteristics as soft real-time systems [37]. Devices that 

are in the real-time embedded system category have a larger number of common 

characteristics. Real-time systems have characteristics like embedded while embedded 

systems usually have characteristics like real-time on a larger level [38]. In [39] 

introduced a type of event in which the release time assigned to all the tasks of an 

application is either the same or random depending upon the application. Figure 1.4 

illustrates a real-time embedded system. 

 

 

 

 

 

Figure 1. 4 Illustrates a real-time embedded system [40] 
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In [41] introduce real-time embedded system RTES are systems for which it is necessary 

to execute the set of jobs allocated to it firmly within the pre-set limit restrictions. It 

guarantees that all time-critical tasks are handled within time called a real-time system 

with hard deadlines. These tasks trust deeply on computational analysis and data plays 

an important role in the achievement of the specific task to avoid scheduling issues all 

the resources that are distributed try to meet the time constraints for the task not to miss 

any deadlines [42]. Figure 1.5 illustrates a real-time system that works with synchronous 

and asynchronous events.   

 

 

 

 

 

 

 

 

Figure 1. 5 Behavior of real-time systems with same & random release time [43]  

1.4 Energy Aware Multiprocessor System-on-Chips (MPSoCs) 

Today’s energy-efficient and high-performance systems are developed using 

multiprocessor systems. A silicon chip that contains many independent and connected 

processors is known as MPSoC. These processors work together and share information 

during the execution of programs [44]. An MPSoC consist of a single chip system that 

combines all the functions of an electronic system, including memory, specialized logic, 

instruction-set processors, and digital signal processing operations. I/O units [45]. The 

MPSoC has given the area of embedded systems a new direction including contemporary 

MPSoC designs with multi-core capabilities, Graphics Processing Units (GPU), (3G, 4G, 

WiFi, and 4G LTE) [46]. Embedded multiprocessors are deployed in applications like 

vehicles, airplanes, robots, and High-performance computing systems [47]. Automation 

and manufacturing and unmanned aerial vehicle (UAVs). IOTs and nuclear power plants 

[48,49] as shown in Figure 1.6 the increase in demands for more complex applications 

has resulted in modern embedded systems being driven by multiprocessor architectures. 
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Moreover, due to the increase in demand multiprocessor architectures such as (MPSoC) 

have received attention due to their high performance and low power requirements [50].  

 

 

 

 

 

 

 

 

Figure 1. 6 Marvel Intel PXA270 MPSoC in embedded system applications [50] 

Based on MPSoC communication, designs and the processors inside each MPSoC 

system it's divided into three categories as shown in Figure 1.7 [51]. 

 

 

 

 

 

 

 

 

Figure 1. 7 Multi-Processor System on Chip Classification 
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1.4.1.1 Homogeneous MPSoCs 

Homogeneous processors are those multi-core architectures in which several cores with 

the same characteristics are integrated on a single chip e.g. processors with the same 

characteristics of multi-cores use two or four core processors [52, 53]. There are a few 

issues in homogeneous processors. Wastage of resources has occurred when a task is 

divided parallel that reducing the performance and reliability of the system. The authors 

in [54, 55] introduced symmetric multiprocessing based on homogeneous MPSoC in 

which the same instruction set architecture (ISA) is used. The authors in [56] introduce 

various homogeneous MPSoCs that are efficient platforms for computing applications 

where performance and the communication ratio are higher than these homogeneous. 

MPSoC includes Intel PXA270 PXA250, Cortex-A53 processors and TILE-Mx100TM 

Cortex-A53 processors. 

1.4.1.2 Symmetric Multi-Processing 

In symmetric multiprocessing real load sharing can be occurred when all the processors 

in a multi-core system are the same. There are two ways for load sharing between two 

processors. Every individual processor can have a separate queue for task set and 

processes follow and enter into the nearest direct ready queue. For all the processors 

there is a single ready queue for the process [57]. The authors in [58] illustrate that all 

the processors are sharing the same main memory and are peers to one another all the 

processors are performing their specific tasks as shown in Figure 1.8. 

 

 

 

 

 

 

 

 Figure 1. 8 Shared memory-based symmetric multi-processing [58]  

The next process can be executed from a similar spot. Every Individual processor is a 

peer to another processor and a single processor can execute all the periodic tasks 

appearing one after other in an operating environment. 
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1.4.1.3 Heterogeneous MPSoCs 

The authors in [59] proposed energy-efficient multi-core architectures that use a different 

kinds of cores in a processor. The performance, reliability and throughput of the system 

increase due to low power dissipation in heterogeneous MPSoCs. Single independent 

instruction or either task can be executed at a time. A Dual-core can execute two 

independent instructions and a quad-core can execute four autonomous programs at a 

time and an octa-core processor can execute eight independent instructions/tasks at a 

time. This MPSoC contains multiple processing elements. It can either works as 

functional or performance asymmetric multiprocessing [60].  

1.4.1.4 Asymmetric Multi-Processing 

In asymmetric multiprocessing, there is a specialized way for the process of a task set in 

a multi-core system. There is a single processor for a system data structure. For the 

input/output of the system, there is a single processor in the system [61]. Asymmetric 

multiprocessing is a very easy way the sharing load using the processor master and slave 

technique. Slave processors can have specified jobs to perform or either they are waiting 

for the instructions coming from a master processor to perform the specific task allocated 

by the master processor [62]. In [63] introduces design constraints of an MPSoC when 

memory is not shared and every processor has its specified task and memory resource 

allocated by the master processor as shown in Figure 1.9. 

 

 

 

 

 

 

 

 

Figure 1. 9 Asymmetric multi-processing when Memory is not shared [63] 
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communication is used for high performance and energy efficiency by reducing 

communication congestion. 

 Voltage Frequency Islands-based MPSoCs 1.4.3

In [65] introduces voltage frequency island (VFI) to network-on-chip (NoC) is an 

important element in chip multiprocessors (CMPs) that support communication between 

various cores. In VFI the tiles are partitioned into islands that are optimized with their 

frequency, threshold and supply voltage. The authors in [66] proposed a VFI-based 

mechanism for reducing the power consumption and enhanced complexity of the 

MPSoC that increases when the number of VFI’s is increased. 

1.5 Dissipation in Multiprocessor system on chip (MPSoC)  

The dissipation of energy refers to the discharge of energy from MPSoC based embedded 

system. The dissipation of energy occurs when the embedded system utilizes energy for 

its operation and functioning. The most demanding and widespread electronic digital 

circuit technology is complementary metal-oxide semiconductor CMOS whose 

dissipation of peak power occurs when the transistor changes its state. Modern MPSoCs 

are based on CMOS chips. In UMA switching frequency regulates how often the switches 

occur. Double-edge-triggered flip-flops can be utilized to minimize dynamic power for 

MPSOC technology. An embedded device’s power consumption is categorized as 

          and         [67].  

The authors in [68] introduce a static power mechanism in which the dissipation of 

power occurs when the circuit is not changing states due to leakage current. The short 

circuit power is utilized when both positive channel metal-oxide-semiconductor (PMOS) 

and negative channel metal-oxide-semiconductor (NMOS) are switched on for a short 

period unless the path between supply voltage is directed with the ground. Various low-

power states are introduced to address such issues, by reducing the dissipation of power 

when the CPU is not executing any task [69]. 

The authors in [70] calculate the accumulative power of a CPU that is the sum of the 

          because of switching the         occurs due to leakage of power. The primary 

factor in CMOS circuits is dynamic power dissipation that occurs because of transistor 

switching.           can be calculated using below mentioned Equations. 
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(1.3) 

                  
   

(1.4) 

                 
              3                                                           (1.5) 

Load capacitance is denoted as      ,     is the number of circuit transitions while 

supplied voltage is denoted as V which is equivalent to switching voltage. f is the clock 

frequency while    represents the threshold voltage.   is a constant and a reduction in 

supply voltage is represented as     as shown in Equation 1.4.    is the total number of 

logic gates in the CMOS circuit. The total power of the CMOS circuit that plays an 

important role in modern multiprocessors as illustrated in Equation 1.5. In [71] introduce 

a technique that measures the clock cycle of the CPU         represents the length of the 

cycle of the clock for the execution of an assigned task using a specific speed/voltage 

level that can be expressed in Equation 1.6. 

            *   /        (1.6) 

Where    represents the technology-dependent constant,      shows the processor's 

average logic depth using the critical path. The authors in [72] proposed a technique that 

calculates the threshold using     in Equation 1.7. 

                  (1.7) 

Most of the embedded computing circuits aim to give a maximum performance while 

using minimum power. In [73] proposed a mechanism for unmanaged thermal control as 

many problems occur due to increase in temperature and energy density e.g. hotspot 

appears due to high temperature on-chip thermal stabilization process is used to manage 

the power. The authors in [74] introduce that a decrease in the chip size of a multi-core 

processor certainly increases the number of transistors on a chip more rapidly than 

before. The chip can require more energy due to which a gradual increase in power 

density is observed that affects the reliability of a multi-core processor.  

The authors in [75] introduces a mechanism that measures the higher energy dissipation 

and increases temperature on chip which increases the resistance eventually causing 

lower possible speed and hotspots that cause the permanent failure of the device as 

shown in Figure. 1.10 
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Figure 1. 10 High utilization effects on System on Chip (SOC) [75] 

The authors in [76] introduce a technique that increases the life span of the chip by 

reducing the consumption of power in multiprocessors-based systems. 

Current MPSoC can switch its state when not required to low-power states when the 

execution of the task is suspended the feature improves the performance and considers 

the load balancing issue in multi-cores of a processor. 

 Energy/Power in Multiprocessor system on chip  1.5.1

Energy and power are used alternatively but both are different from each other in physical 

values while power is the rate of energy consumption [77]. The energy required for 

MPSoC to execute a task is shown in Equation 1.8. 

                                                                   
(1.8) 

   represents the energy, R is a constant factor,   denotes the total no of the CPU clock 

cycle and    denotes the clock period. The authors in [78] measure the average power is 

using Equation 1.9. 

                                                                  
(1.9) 

   represents the amount of average power,     denotes the supply voltage and I 

represent the current.  

The authors in [79, 80] proposed an LC-Earliest deadline first-based scheduling 

algorithm when the CPU is not working and is in an idle state then the maximum 

duration can be computed using   so that    with the earliest arrival    when another 

task with the nearest deadlines is executed that the     can be delayed using. 

∑
  
   

  
     

   
  

 

             

                                                      (1.10) 
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While another task    with higher priority arrive with the earliest deadline before the end 

of the execution task   then the length of the idle interval is denoted as    and max time 

duration for the idle period is represented as    can be measured using Equation 1.11. 

∑
  
   

  
     
   

 
     
   

 

 

                 

  (1.11) 

The techniques for low power scheduling of DPM are applied to fixed or varying task 

sets on both the single and multicore embedded systems [81]. In [82] introduce a DPM-

based technique that calculates the breakeven time as shown in Equation 1.12 represents 

the parameter    known as the break-even time.    refers to the minimum duration of 

idle interval provided to schedule and utilizes the sleep state    efficiently.      is the 

sum of the duration to complete the state transition and the duration of idle time that is 

required to find a way to reduce the shifting energy [83].  

          
          

      
                                                                                            (1.12) 

The below Equation 1.13 determines the          break-even time. 

                 
              

             
                                                           (1.13) 

The authors in [84] introduce a mechanism for short circuit power that is utilized when 

both PMOS and NMOS are on for a short period. Equation 1.14 represents the transition 

of the state    and its power dissipation in running and the idle state a    and      

                                                                                
(1.14) 

In Equation 1.15 (   ) breakeven time measures the length of the idle state of the CPU to 

optimize power.  

    (
        
     

)                                                      (1.15) 

During the running state of an application, a selective shut-down of the system 

components occur that are in the idle state increases the performance [85]. CPU starts to 

transition the energy required for the state transition from sleep to idle and from idle to  

running is represented as    and its power dissipation at state 1 is denoted as    and at 

state 2 its    . High-performance delay due to state transition that must be less than     as 

shown in Equation 1.16. 
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        [(
       

     
)    ]                                                       (1.16) 

In [86] introduce a technique for energy reduction using an operating system level is 

implemented to optimize power and energy mainly by switching resources. Figure 1.11 

illustrates the behavior of MPSoC. On the left side, the MPSoC is running while on the 

other hand, the device is in an idle state. The energy consumption on both ends is equal 

because of the break-even time in DPM-based techniques. 

 

 

 

 

 

Figure 1. 11 Task mapping in the system on chip working/ idle state  

1.5.1.1 Dynamic Voltage Scaling (DVS) 

The authors in [87] CPU can function at a lower supply voltage when utilized at a lower 

frequency. A linear reduction mechanism is developed that can be measures the power 

consumption at the cost of a linear slowing in processor frequency as shown in Equation 

1.17. 

             (1.17) 

  stands for power spent A for activity factor, or the percentage of the circuit that is 

switching,    for capacitance,   for supply voltage, and   clock frequency. 

The authors in [88] proposed a predictive dynamic thermal management for 

multiprocessor gradients that affect and imbalance the high peak temperature due to 

higher energy dissipation. The increase in cooling cost due to high temperature also 

affects the performance and reliability of the system to avoid these performance-related 

issues power management and thermal management. In [89] introduces the utilization 

bound   that is a function of 
 

       
  scheduling of   tasks on    identical CPUs. If 

     then the CPU will be allocated to the task set while in case    .   than   

utilization bound for P-EDF on the CPU is considered as: 

           /    (1.18) 

Power 
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P-EDF-based utilization bound for identical MPSoC. First fit decreasing (FFD), best fit 

(BF) and random fit (RF) are widely used for assigning tasks to CPU and it's observed 

that all have same utilization bound. Propose a novel dynamic power management 

scheme for adaptive pipelined MPSoCs, and utilization bound that is suitable for 

multimedia applications that finds the least number of processors that are required to 

schedule   task with      [90] as shown below in Equation 1.19, 1.20 and 1.21: 

  {
 

      
 

 
               (1.19) 

 

  {
 

      
 

 
               (1.20) 

 

  {
           

 
                 (1.21) 

1.6 Motivation 

The high demand for performance and complexity in the design of MPSoC has increased 

the dissipation of energy. Recent studies have shown that the increase in energy and 

power consumption of multi-processor reaches linearly with the performance. Due to the 

high performance of embedded computing systems, the energy dissipation increases the 

overall on-chip temperatures, which affects the life span of the chip. These reliability and 

performance design concerns have put a special emphasis on low-power design. The 

emphasis and the demand for the energy-aware low-power design mainly in battery-

powered portable systems due to portability and user convenience increases. To combat 

the high energy dissipation an energy-aware scheduling-based task migration policy to 

improve the reliability and user convenience using the low-power dynamic power 

management (DPM) technique for switching is introduced in this research.  

1.7 Problem Definition 

The most critical concerns in multi-core embedded systems are the performance and life 

span of the chip. The task scheduling and switching of jobs from one core to another are 

one of the major issues in today's MPSoC. High energy consumption due to higher task 

utilization and improper task   ) scheduling is the most critical concern in MPSoC that 

reduces the overall performance, reliability and life span of the chip. High energy 

utilization increases the on-chip temperature which reduces the life span of the chip. It 
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also affects the reliability (hotspots, thermal cycles) as well as lowers the speed. 

Improper task   ) scheduling increases the risk of tasks missing their deadlines, 

particularly in embedded systems that cause multiple performance and reliability issues. 

The key design difficulty in a task migration-based system is an accurate forecast of the 

processor’s energy (   , least used core, utilization factor      and the workload   that 

needs to be relocated on an individual CPU.  

1.8 Research Objectives 

This thesis aims to reduce the consumption of energy from multiprocessors. To fulfill 

this aim, the following research objectives have been formalized:  

The first objective of this research is to improve task scheduling by introducing an 

efficient task migration policy based on utilization factors using CPU core configurations 

for the mapping of tasks. 

The second objective of this research is to improve the life span of the chip by optimizing 

the energy by proposing an optimal Energy-Aware EA-EDF scheduling based on DPM 

that balances the task load using intelligent core switching and task migration technique.  

1.9 Main Contributions of the Thesis 

The contributions of this thesis are well accomplished and summarized as follows: 

1. Proposed a migration strategy for task migration technique for multiprocessor as 

discussed in (Chapter 3).  

2. Core configurations for intelligent core switching and task migration are 

introduced. We have addressed the tasks that have no such restrictions to migrate 

to the core with less utilization. 

3. Proposed an efficient energy-aware scheduling technique based on dynamic 

power management (DPM) for CPU switchnig that considers periodic task sets 

with implicit deadlines and arbitrary response times. 

4. The proposed system has very efficiently reduced the consumption of energy 

using DPM based EA-EDF as discussed in (Chapter 4) and its complete 

evaluation experimental setup and improved results are discussed in (Chapter 5).  
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1.10 Used Environment 

This complete model is simulated in a simulation tool for a real-time 

multiprocessor (STORM) using the hardware and software architecture of MARVEL 

INTEL PXA-270 MPSoC environment using ECLIPSE NEON on a research 

workstation with Intel UHD Graphics Xe 32EU-4300CU, 16GB RAM, 64-bit operating 

system, and 2.50 GHz Processor. The proposed model is effectively simulated.  

1.11 Structure of Dissertation  

In the 1
st
 chapter, introduces the related work a detailed review of the previous work is 

carried out. Energy dissipation, background, objectives, and contributions to MPSoC are 

elaborated as well.  

In the 2
nd

 chapter, the related literature work is explained, and a detailed review of the 

previous work is carried out. The key feature and limitations of the previous work are 

summarized in tabular form. Various latest trends and different MPSoC-based power 

management system techniques are also deeply analyzed and key factors are elaborated 

as well. Methods used for the optimization of energy are reviewed critically for better 

understanding. The latest articles related to hardware and software-based energy 

optimization techniques mainly DPM, scheduling, DVFS, OS level, Compiler level and 

DTM are summarized.  

The 3rd chapter of this thesis is based on the framework used for the migration of tasks 

to the cores.  A workload model and a novel core switching model based on task 

migration that is further validated by the full task migration strategy for workload in the 

second part. The third part is about task utilization. The fourth part validates the task 

migration policy that integrated into the proposed EA-EDF based on the DPM strategy. 

In the 4th chapter, an optimal DPM based energy-aware task scheduling mechanism is 

proposed based on the same full task migration policy of Chapter 3 is adopted. Similarly, 

this contribution is also further validated by the proposed system model in the next part. 

The core selection is also utilized using EA-EDF algorithms. An Energy/power model is 

formulated mathematically for energy optimization in the proposed energy-aware 

strategy including the core configurations and the algorithm is also introduced.  
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In the 5th chapter, the validation of the proposed model using the testing/experimental 

setup and simulation results and discussion. The last two sections are about the model 

validation of multiprocessors on the various proposed configuration in chapter 4.  

In the 6th chapter, a discussion of the conclusion is drawn from this research, and its 

extension as future work is proposed. 

 



Literature Review 

 

11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 2 

LITERATURE REVIEW 



Literature Review 

12 

 

CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction 

A variety of research in the field of energy and power-aware multiprocessor real-time 

scheduling and its related work is extensively discussed in detail. Various energy 

optimization methods used in MPSoCs are critically reviewed. We have also reviewed 

some of the previous fundamental research on task migration policy in a real-time 

multiprocessor environment and various research issues are described that are associated 

with the higher dissipation of energy. 

2.2 Related Works 

In [91] introduce an efficient energy dissipation strategy. Shrinkage of chip and certainly 

increasing the electronic element transistor on a chip the frequency and power densities 

are gradually increasing that causing many problems like power consumption and 

thermal issue as well as higher dissipation of energy. In [92] efficient multi-core systems 

are introduced but due to the increase in energy thermal issues arise that are the major 

problems. The authors in [93] introduce migration policies including the electro-

migration process and dielectric breakdown process electro-migration process to reduce 

the effects of the increase in temperature on the chip and achieve a normal working 

condition [94]. Task scheduling and task allocation are facing issues during the 

migration of tasks to balance and manage power on multiprocessor systems [95]. In [96] 

introduced a dynamic technique for reducing the energy as well as thermal upsurge on 

each core. This energy aware mechanism for scheduling various tasks by considering 

their utilization for allocation of the task to a scheduler and various frequency and 

voltage levels based on the utilization factor of a task based on the EDF scheduling 

algorithm. The authors in [97] proposed an energy and thermal control technique that 

reduces errors by around 1.63% and considers hotspots by accurately measuring the 

temperature of the core. The below section describe the taxonomy for energy and power 

for an embedded system is shown below in Figure 2.1. We have divided a set of 

hierarchical categories of energy optimization techniques of MPSoCs into two main 

categories software-based techniques and hardware-based techniques.  
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Figure 2. 1 Energy/Power optimization techniques in embedded MPSoCs 

The hardware base energy reduction techniques are applied directly on the hardware chip 

that is not dependent on the system-level application as well as the operating system 
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(OS). Dynamic power management (DPM) and low power dynamic voltage scaling 

(DVS) are some of the wide used hardware-based energy optimizations techniques used 

in MPSoC [98]. Hardware-based techniques are implemented initially when the chip is in 

the developmental stages of manufacturing and designing. Moreover, the VLSI technique 

is widely used as a hardware-based technique for optimizing the energy and power of the 

different circuits using different levels specifically on the following levels i.e. logic, 

software, behavioral, system, and architectural level [99].  

Hardware-based techniques are implemented on the system level in MPSoC. The 

software-based energy and power reduction schemes are implemented at the consumer 

level and the consumption of energy is reduced using the software. Instruction reordering 

and energy-efficient code are widely used software-based energy optimization techniques. 

Energy optimization using the software-based methods includes instruction level, 

operating system (OS) level and compiler level implementation. 

 Instruction Level 2.2.1

The authors in [100] introduce an instruction-level energy/power optimization technique. 

The instruction level analysis is used to assign a defined energy budget to any ready task. 

 Compiler level 2.2.2

The authors in [101] introduce a compiler-level mechanism that considers the behavior of 

an application during execution and determines the no of instructions being executed, 

order as well as type and has an impact on the reduction of energy consumption. Various 

sub techniques that are widely used to reduce the consumption of energy and power are as 

follows: 

2.2.2.1 Memory Latency Optimization 

The authors in [102] introduce a latency hiding technique that is used for the latency 

optimizations at the compiler level that modifies the memory layout and program access 

pattern operating system (OS) level. 

2.2.2.2 Pointer related optimization 

The implementation of pointer-related optimization is based on a software-level 

approach. The technique is also used in hardware as pointer synthesis [103].  

2.2.2.3 Pad memory optimization 

The authors in [104] introduce pad memory as high-speed on-chip memory and are 

widely used to reduce the consumption of energy during run time. 
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2.2.2.4 Instruction rescheduling 

The authors in [105] proposed rescheduling of instruction is one of the highly used 

compiler-level energy and power reduction technique that is used to enhance the 

performance as well as also removes the pipeline stalls that causes a delay in processing. 

 Operating system (OS) level 2.2.3

Task-based energy and power management (TBEPM) or operating system (OS) based 

energy and power optimization are one of the widely used operating system level (OS) 

based optimization techniques that utilize the operating system according to the 

requirement and demand of tasks relates to OS processes [106]. The OS level 

optimization technique is implemented on dynamic power management (DPM), CPU 

clock, scheduling algorithms, Input-output (I/O) and speed management [107]. The 

authors in [108] proposed a technique that is used for the smooth transition of one process 

of OS to other processes. The authors in [109] introduce a thread motion technique that 

was presented to improve the well-known DVFS. Two levels of V-F domains are required 

to increase the performance to use a small program. An improved thread motion 

mechanism that allows applications to migrate the task to the cores with higher or lower 

voltage and frequency settings. Thread motion is used to swap two running applications 

between cores one at a higher V-F setting and one when the core is stalled for I/O activity  

 Dynamic Power Management  2.2.4

The authors in [110] introduce the system-level dynamic power management (DPM) 

technique that reduces the consumption of energy by switching system components 

when they are not using any resources or in an idle state. Due to advancements in 

computational embedded devices and increasing multi-task execution, the dissipation of 

energy becomes the captious design constraint of system-on-chip (SoCs) over the past 

decade as it limits the performance, reliability and battery life.  

The authors in [111] introduce an efficient policy that keeps both reliability and 

performance while considering power degradation within allowed limits. Designs of 

these policies are considered to be an active and burning research topic in the field of 

MPSoC while designing embedded systems few challenges occur such as size, cost, 

power consumption and reliability. In [112] describes that DPM mainly deals with the 

development of policies that analyze the run-time behavior of the MPSoC system. The 

authors in [113] proposed a mechanism for the fundamental problem in the 
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implementation of DPM techniques is the non-uniform workload during the execution of 

the task. To solve this problem DPM uses a predictive algorithm that predicts the future 

workload by using different predictive models.  

The below-mentioned section covers several system-level DPM approaches to save 

energy. Energy is directly affected by temperature when task load increases from the 

threshold value temperature also increase DPM allows MPSoCs to minimize power and 

energy consumption by optimizing the dynamic power. A decrease in the frequency 

saves a considerable amount of power but causes performance degradation in the 

multiprocessor [114]. The authors in [115] introduce a DPM-based energy-saving 

technique for reducing the dissipation of energy by keeping the idle mode of the CPU to 

a sleep state (low-power) whenever the CPU is not in use. Table 2.1 shows various 

modes of power consumption for embedded multiprocessor that is widely used and 

adaptive to DPM and DVS-based policies. 

Table 2. 1 A comparison of DPM-based Intel Embedded MPSoCs 

Work CPU Frequency Active Power System Bus Idle Power Current 

[115] PXA-270 624 MHz 925 Mw 208 MHz 260 mW 770 mA 

[115] PXA-270 520 MHz 747 Mw 208 MHz 222 mW 630 mA 

[116] PXA-250 208 MHz 279 mW 208 MHz 555 mW 150 mA 

[117] PXA-250 520 MHz 747 Mw 208 MHz 483 mW 150 mA 

[117] PXA-270 416 MHz 570 Mw 208 MHz 186 mW 500 mA 

[117] PXA-270 312 MHz 390 mW 208 MHz 154 mW 380 mA 

[118] PXA-270 312 MHz 375 Mw 104 MHz 109 mW 260 mA 

 

DPM is a design technology that reconfigures the whole computing system dynamically 

in such a way that requested services can be provided with the minimum number of active 

CPUs with suitable performance levels. Dynamic power management (DPM) for energy 

optimization in MPSoCs can be distinguished by the level at which they are applied as 

hardware base (HW-DPM) and software base (SW-DPM) schemes.  

Hardware base DPM techniques depends upon different HW components and selectively 

turns off the idle CPU or switch the state of some CPU, between active and idle to save 

energy and can be categorized as dynamic system component deactivation (DSCD) and 

dynamic system performance scaling (DSPS). DSCD is further classified as partial 

dynamic system component deactivation, complete dynamic system component 

deactivation (CDSCD). (HW-DPM) based predictive, stochastic and timeout policies are 

summarized while on other hand DSPS is classified as DVFS, and resource throttling.  
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Figure 2. 2 Taxonomy for DPM based high level energy management techniques  

In contrast, the SW-DPM techniques can be used to utilize the interface according to 

selected hardware based DPM policies. 
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component to sleep mode from the running state into power-saving modes and brings 
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active, idle state, sleep states, and the power-off state are all possible power-saving states. 
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On average, all sleep stages utilize less energy than the active idle state. The amount of 

power dissipated by different sleep phases is proportional to the depth of sleep, i.e., the 

deeper the component sleeps, the less power is dissipated, but the longer it takes to wake 

it up. It's worth remembering that separate components can have distinct power states, 

and switching between them costs time and energy. The authors in [120] further classify 

DSCD partial dynamic system component deactivation in which clock gating of parts of 

an electronic component are considered while complete dynamic system component 

deactivation (CDSCD) can completely disable the components when CPU is inactive.  

2.2.4.2 DPM based Predictive Technique 

The authors in [121] introduce a technique that measures the length of the next idle 

period of the processor and efficiently reduces the consumption of energy. The decision 

can be quickly made when the processor is in sleep mode and this policy doesn’t predict 

the length greater than or less than the break-even period (   ).   

Introduced an exponential average scheme that predicts the next idle period by 

considering an exponential average of the actual lengths of the previous idle period and 

the predicted one and reduces the higher utilization task that ultimately reduces the 

energy power dissipation for this an adaptive learning method is used to measure and 

encode the period of idle state. Predictive techniques get fail when the system scheduled 

load is changing rapidly or if there is no history for the past execution of a task. 

Prediction schemes can handle multiple power states [122]. The authors in [123] 

introduce another DPM based predication technique that works on the principle of 

calculating the length of the previous sequence of a user request that is known as a 

session. If the user is switching or shutting down the system the session length is reduced 

by using the adjustment factor the same factor is used to increase and handle the request 

from a user [124]. The authors in [125] proposed an energy aware prediction model that 

is working based on the sequence of shutdown commands for the system that is issued 

only when the system is idle for a long duration of time the session is predicted for the 

next task. This scheme predicts the future task/job load by creating a link between the 

current running workload and the previous load and predicts the load for future 

execution [126]. The authors in [127] proposed a predictive DPM technique that 

develops some relation between the past events of workload and future events by using 

the past and current information of workload events as timely predictions of task 

minimizes consumption of energy as well as power. 
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2.2.4.3 DPM based Stochastic Techniques 

The authors in [128] proposed a DPM-based stochastic model that works for device 

power states that changes and measure the request arrival as stochastic processes. 

Minimizing delays and power dissipation is considered a stochastic optimization 

problem in modern MPSoCs. The proposed policy works on the basis of Markov process 

model that defines the system states. Markov model increases power saving by 

considering the performance. This policy considers various states of the MPSoC system 

that are deep sleep, sleep, standby, and running and idle.  

The authors in [129] proposed a stochastic policy based on DPM for reducing the 

consumption of energy by measuring the idle intervals before the changing of state from 

higher to the lower energy state and task load considering the earliest deadlines and 

managed the performance using least no of cores. The authors in [130] proposed a 

Markov model based on stochastic control approach using DPM contains service 

provider, a power manager, service requester and cost metrics that supports in reducing 

the overall consumption of power and energy and enhances the performance. 

2.2.4.4 DPM based Time Out Techniques 

The authors in [131] proposed timeout technique based on DPM that change the state of 

the system into an idle state for running state when no task is executing on the system 

that period is equal to break-even time. The proposed policy is dependent on workload 

and these policies can improve safety by simply increasing the timeout values in this way 

the trade-off between safety and efficiency can be made by changing timeout values.  

The authors in [132] proposed a DPM based predictive shutdown schemes that are based 

on a nonlinear regression using the history and threshold. The scheme is aggressive it 

shut down the system as soon as the system is idle the technique of predictive wakeup 

which considers the performance limitation which is paid on each wakeup. The main 

disadvantage of this scheme is that prediction must be accurate and energy and power 

wastage during the waiting period in case the prediction is wrong then the total 

consumption of power is greater than the energy optimized.  

2.2.4.5 DPM based Dynamic System Performance Scaling (DSPS) 

The authors in [133] proposed an energy aware DPM based hardware dynamic system 

performance scaling technique that is used in power-scalable components to dynamically 

alter CPU usage based on hardware. In DSPS the energy consumption is equal to the 
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product of CPU average power consumption and execution time. The authors in [134] 

proposed an efficient DSPS technique that dynamically increases the performance by 

changing its operating voltage and working frequency using DVFS and resources 

throttling mechanism that adjusts the CPU, GPU power, and energy consumption.  

2.2.4.6 Software based Dynamic Power Management Technique (SW-DPM) 

Hardware based DPM solutions are sophisticated. Its implementation and modification is 

very difficult. Therefore, the demand for software based solution based on DPM is widely 

used in modern MPSoCs. The authors in [135] proposed an advanced energy 

management (AEM) software based mechanism that uses input/output system (BIOS) 

level implementation for energy reduction.  

The authors in [136] proposed an ACPI based offline DPM technique that is implemented 

on the operating system (OS) for configuration of CPU for low energy consumption mode 

in MPSoC. There are various offline and online algorithms that are associated with 

dynamic power management scheme. In offline scheduling algorithms, all assessments 

relating to scheduling are concluded before systems start execution. In this class of 

algorithms, time limits, period, tasks release time, WCET, AET and the order for 

execution of tasks are already known offline scheduling is generally used in a periodic 

style e.g. offline scheduling algorithms consist of table-driven scheduling and cyclic 

scheduling usually atmospheric applications are dependent on offline scheduling 

algorithms [137].  

The authors in [138] proposed a dynamic technique for MPSoC that is used to control the 

gradual increase in on-chip energy and power consumption using offline algorithm by 

decreasing the running operations. This section summarized various offline algorithms 

that allow tasks to schedule and migrate by reducing the energy of the MPSoC by 

considering A-periodic and periodic task as shown in Table 2.2.  

Table 2. 2 A comparison of related work of Offline DPM Approaches 

Work Algorithm Speed Set Periodicity Dynamic Slack Scheduler  

[136] 
HSCTB1  

Continuous A-per No 
Earliest 

Deadline First 

[136] 
HSCTB2  

Discrete A-per Implicit 
Earliest 

Deadline First 

[137] 
RHS  

Discrete Per Implicit 
Rate 

Monotonic 

[137] 
ES-RHS  

Continuous Per Implicit 
Rate 

Monotonic 
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The authors in [138] introduce an online scheduling mechanism in which the judgment 

process occurs at runtime irrespective of the work that yet needs execution. Scheduling 

decisions are very responsive to active jobs that are accessible at run time in distinction 

to the situation of offline scheduling algorithms. In [139] proposed online scheduling 

algorithm that considers those jobs whose performance is not known earlier. Their 

processing times are nameless and start working when the jobs are in a row. They turn 

into known only at the achievement of a job. Online algorithms are also designated as 

dynamic priority (DP) algorithms. The highlights of the related online DPM work are 

summarized in Table 2.3. The section summarized various online dynamic power 

management based algorithms that allow tasks to schedule and migrate while efficiently 

optimizing the consumption of energy.  

Table 2. 3 A comparison of related work of Online DPM Approaches 

Work Algorithm Speed Set Periodicity Dynamic Slack Scheduler  
[138] HSCTB1 Continuous  A-per No EDF 

[139] LC-EDF Continuous Per Implicit 
Earliest Deadline 

First 
[139] LC-DP Discrete Per Implicit Rate Monotonic 

[141] ERTH Discrete Sporadic Explicit 
Earliest Deadline 

First 

The authors in [142] introduce an efficient energy and power management technique 

known that dynamically adjusts the state of CPU that by decreasing the supply voltage to 

provide the required speed to the CPU to complete the task without missing any 

deadline. In [143] introduce a technique particularly useful for the memory-bound 

workload. This technique guarantee that all tasks will meet their deadlines requires some 

critical information about tasks such as release time, deadline, workload, and period and 

is a good way to save energy on the CPU. The computing burden on most 

microprocessor systems varies over time. It is preferable to run the CPU at the lowest 

frequency possible while maintaining the required performance level [144].  

The authors in [145] proposed that due to the development of the chip size is decreasing 

and the number of transistors on a chip is gradually increasing and the dimensions of the 

chip are getting smaller than before. The increased temperature on the chip affects the 

reliability and performance of the Circuit that is used in the embedded device. In [146] 

introduces various hardware-based methods for power and thermal aware energy-

efficient scheduling and its observed that dynamic thermal aware energy efficient 

scheduling is more efficient than fan thermal packaging because it is more reliable and 

lower in cost than fan thermal packaging. In [147] introduces an energy management 
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technique is used to move the chip to lower power consumption mode to reduce power 

densities. In [148] proposed a mechanism for multithreading applications that have 

different temperatures on chip because different applications perform their execution 

differently depending on their processing requirements. Some application needs more 

intense CPU processing because they create more heat on the chip as compared to those 

applications that don’t need intense processing. The authors in [149] introduce a 

technique that is used to decrease the energy and power consumption of the chip by 

turning off all the cores that are in an idle state. This technique doesn’t consider spatial 

gradients and reduces average power utilization and temperature on the chip by keeping 

the idle cores to be turned off when they are not in use. The below Table 2.4 highlights 

the related work that can be used as hybrid technique with DPM are as follow.  

Table 2. 4 A comparison of related work of hybrid techniques used with DPM 

Work Algorithm Speed Set Periodicity Scheduler  

[150] Online DVS Continuous A-per Earliest Deadline First 

[151] ZMu Discrete Per Earliest Deadline First 

[152] Online DVFS Discrete A-per Rate Monotonic 

[153] Energy-saving  LSP   Continuous Sporadic Earliest Deadline First 

[154] BSDVS Discrete Per EDF/RM 

[155] BSDVF Continuous Per Earliest Deadline First 

2.3 Efficient Task Mapping & Scheduling 

Due to advancement in embedded technology periodic activities shows more 

computational demand in a multi-core system these activities are categorized as periodic 

task set is continuously executing on definite rates with non-elastic deadlines, A-

periodic task have very elastic deadlines and the sometime aperiodic task doesn’t have 

any deadlines and sporadic task set usually have very hard deadlines and least arrival 

duration of a job in a task model that is already known by the processor [156].  The 

authors in [157] introduce a task migration mechanism that is used to move an executing 

task from one host CPU in a distributed architecture to another CPU. The selection of 

task and movement to the host CPU for a new task and the creation of the task on that 

host increase the performance, reliability and processing speed. Mapping and scheduling 

of tasks are one of the key design challenges in modern embedded systems this problem 

is to properly schedule tasks with the least consumption of energy while considering all 

the constraints. A schedule is considered proper if the deadline constraints are met. The 

authors in [158] introduce a mechanism that schedules a process generated by the 
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compiler to be loaded statically into the CPU or integrated as energy-aware into the real-

time OS. Scheduling of tasks on a multiprocessor architecture is challenging as 

compared to scheduling on architectures with a single processor because a 

multiprocessor requires extra efforts for mapping tasks to the available processor. 

Moreover, deadline and precedence parameters the performance in case of improper task 

mapping [159]. The authors in [160] elaborate that the set of tasks belongs to the ready 

task set with implicit deadline parameters arriving on the CPU and each task required to 

be mapped to a processor but due to poor mapping of tasks it may lead to improper and 

infeasible schedule that affects the potential and increasing the energy consumption.  

Table 2.5 illustrates the comparative analysis of the proposed EA-EDF with current 

techniques as shown below. 

Table 2. 5 Comparative analysis of existing DPM based efficient scheduling  

Work Approach Contribution Limitation 

[161] ERTH 

Support discrete speed set and 

sporadic in nature used for soft 

real time systems 

No task migration using A-

periodic task 

[162] 

 

 

HSCTB1 

The paper present an earliest 

deadline first scheduling based 

technique that used continuous 

speed set and efficiently schedule 

the task with earliest deadline 

Supports task migration but 

the technique is only used 

in EDF scheduler and can 

be utilized for A-periodic 

task set only. 

[163] 

 

 

RT-DPM 

The paper present a DPM based 

scheme that reduces the 

dissipation of energy and 

efficiently schedule and supports 

restricted task migration for 

sporadic task set of hard real time 

applications 

The technique follows 

implicit deadlines but no 

task migration for periodic 

task set 

[164] 

 

 

EA-DVFS 

Support energy aware dynamic 

adjustment of frequency at run 

time sporadic in nature mostly 

used for software base 

implementation of efficient task 

mapping  

Limitation at real time 

migration of task using A-

periodic and preemptive 

task arrived at same 

interval. 

[139] 

 

 

HSCTB1 

This DPM based online 

scheduling technique supports 

task migration using A-periodic 

task 

Don’t allow CPU allocates 

resources in preemptive 

environment also misses 

the deadline arrived at same 

time interval 

[140] LC-EDF The paper presents an EDF based Difficulty to implement for 
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scheduling mechanism using 

dynamic power management 

techniques supports task 

migration using periodic task 

aperiodic and sporadic task 

set in real time system 

because of energy overhead 

[140] LC-DP 

Key growth in energy savings and 

adapts dynamic power 

management techniques 

effectively 

No task migration using A-

periodic task 

[141] LC-DP 

The proposed strategy reduces 

consumption of energy and power 

and supports migration of task for 

independent periodic task set 

No task migration using 

sporadic task 

[165] 

 

 

GEDF 

This article focuses on 

maximizing the mapping of task 

by conserving the energy 

utilization in the multiprocessor 

and supports task migration for 

periodic task set 

No task migration using 

periodic as well as 

preemptive task 

[166] 

 

TBP 

Introduces a threshold based 

priority scheduling for MPSoCs 

that efficiently maps the A-

periodic task set 

No task migration using 

periodic and sporadic task 

[167] 

 

 

 

PDTM 

The paper presents a predictive 

thermal aware task migration 

mechanism for reducing the on 

chip temperature by efficiently 

moving the task with higher 

utilization of periodic and 

sporadic task set. 

Implementation in real time 

systems are difficult due to  

[168] 

 

Partitioned 

migration 

This article focuses on efficient 

scheduling mechanism for 

mapping of ready task and  

statically assign the task to the 

CPU 

No migration in case of 

uniprocessor architecture at 

system design time. Only 

low utilization processes 

specifically for one CPU. 

[169] 

 

 

Full 

migration 

The paper presents an efficient 

scheduling mechanism that is less 

restrictive and widely used for 

multiprocessor scheduling. 

Execution of the task can halt on 

one CPU and reschedule the 

execution on a different processor.  

Causes delay and when not 

utilized with EDF. Job-level 

parallelism is restricted 

because tasks cannot execute 

parallel on two or more 

different CPU cores.  

 

[170] 

Restricted 

migration 

Proposed a restricted scheduling 

technique that migrates tasks 

between CPUs, each arrived task 

can execute on only one CPU core 

at a time.  

In case the task required 

another core to complete the 

task the technique fails to 

migrate the executing task to 

the available CPU.  
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Scheduling algorithms are used to reduce the consumption of energy of the embedded 

system input-output (I/O). Low energy device schedulers and optimal device schedulers 

are widely used in MPSoC-based devices [166]. Therefore, an energy-aware efficient 

scheduling algorithm is needed to map each task to a processor in such a way that the 

entire task guarantees to meet the deadlines and also ensures a feasible schedule for the 

task. The priority characteristics of real time efficient task scheduling are discussed 

below: 

 Static Priority Scheduling 2.3.1

The authors in [171] introduce a priority scheduling mechanism in which all the tasks 

can change their priority at run time. They have static priorities set prior before the 

execution of job. In priority scheduling task can take decision of scheduling when the 

tasks are ready for execution. The structure for all temporal tasks is fixed and the 

scheduler can satisfy mutual exclusion and precedence e.g. round robin, offline and 

clock driven.  

 Dynamic Priority Scheduling 2.3.2

The authors in [172] introduces in this type of scheduling algorithm tasks have dynamic 

priority. Various priority stages can be allotted to the same task. Dynamic priority 

scheduling (DPS) is based on those task set that are in ready queue and mapping can be 

done at run time. In DPS scheduler requires computational resource parameters. Tasks 

with different jobs once move in running state cannot change its priorities. This means 

that once a job is set it is mandatory to complete its priority until the other scheduling 

event happens e.g. earliest deadline first and rate monotonic.  

2.3.2.1 Earliest Deadline First (EDF) Algorithm 

The jobs using EDF scheduling can have dynamic priorities. Scheduler can select those 

tasks that are in ready queue whose deadlines are coming next and very useful for 

multicore platforms. The utilization factor of the process is less than is approximately 

equal to 1 [173]. 

The authors in [174] introduces EDF in hard real time systems for scheduling of jobs that 

are preempt able and can attain 100% utilization for a central processing unit.  Using 

EDF scheduling technique the utilization of central processing unit improves because of 

implication of dynamic priority. The priority of selecting each task depends on the fixed 

deadlines.  
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Table 2. 6 Comparative Analysis of various related energy management scheme in 

MPSoCs 

Work Technique Key Contribution  Limitations 

[175] 

A-

Symmetric 

cores 

 

The asymmetric core aims to 

consider the big core for scalar 

program execution and a smaller 

core for parallel execution. Key 

growth in energy/power savings and 

adapts effectively to a wide range of 

software. 

Less no cores are defined at 

design time that’s why it’s 

not cost-effective for the 

run-time task load. The data 

locality issue during the 

task migration affects the 

overall task scheduling. 

[176] 

Thread 

Motion 

 

Proposed a thread migration scheme 

that allows migration of threads 

between cores is possible due to 

nearly two voltage/frequency 

domains quick switching between 

various voltage frequency settings. 

Task migration is improper 

and the algorithm is not 

efficient in terms of energy 

and power saving. 

 

[177] 

Speculation 

Control 

 

This speculation control scheme 

minimizes speculation to reduce 

energy consumption. Evaluating 

hybrid compatible techniques to get 

even greater performance and 

energy efficiency.  

When used individually. it 

saves relatively little energy  

  

 

[178] 
DPM 

 

The techniques of scheduling are 

controlling the performance and 

power levels of digital circuits and 

systems. Putting idle processors in a 

low-power state. DPM is a certain 

type of energy management 

technique. The performance of 

circuit’s digital system is improved 

when power monitor to control the 

CPU modes during transitions to 

minimize the consumption of 

energy and power in MPSoC. 

 

Don’t allow processors to 

function at adaptable 

voltage and frequency 

levels. Threshold utilization 

of CPU levels for parallel 

loads is not properly 

mapped. 

[178] DVFS 

This paper presents a DVFS-based 

technique to adjust the voltage and 

frequency to meet the performance 

and throughput. Reduction in 

voltage/frequency and energy level 

while reducing or limiting the 

performance impact. Energy and 

power saving is very effective with 

minimum performance loss and are 

simple to apply on a large scale. 

The granularity cost of 

DVFS increases with long 

duration between power 

states 
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[179] 

Variable 

Size 

 

A comprehensive overview of the 

switching MPSoC resources as 

needed to conserve energy. It’s easy 

to apply and can combine with other 

hybrid techniques. 

Parallel loads affect the 

instructions due to improper 

core switching.   

 

[179] 

Core 

Fusion 

 

The core fusion scheme is used to 

calculate the fewer cores that run 

parallel instructions and can be 

dynamically fused into a large core.  

Easy to execute the overall process.  

Difficult to map cores in 

pipeline architecture. 

[180] 

SJF, RM 

Scheduling 

algorithms 

 

Used to reduce the dissipation of 

energy of the embedded device. 

scheduling algorithms are used for 

optimization in low energy device. 

Average waiting time and 

turn-around time is often 

quite long 

 

[181] 

Operating 

system 

(OS) level. 

 

Reduction of energy and power 

using the operating system is 

defined as task-based management 

scheme. TBM utilizes the present 

information in the OS for managing 

energy and power.  

Division of task load on the 

CPU causes the instruction 

execution delay. 

 

[181] DTM 

Proposed a DTM technique for 

reducing the heat and thermal  

gradients in MPSoCs. 

Difficult to implement in 

real-time systems. 

[182] 

symmetry-

Aware 

 

Allocate threads to cores to 

optimize performance. The benefit 

of executing on a fast vs slow CPU 

core is determined by the type of 

program being executed. 

The algorithm is not 

efficient in terms of power 

savings when the parallel 

load is implemented. 

Proposed 

EA-EDF 

The proposed scheme is based on 

an EA-EDF scheduling mechanism 

based on DPM using task migration 

to reduce the energy consumption 

of the MPSoC. The state of the core 

switching mechanism is based on 

DPM that switches that sleep state 

to idle and idle to run when 

required. The proposed method also 

uses the full task migration policy 

when the utilization reaches its 

threshold to migrate the task to the 

core that is not in use. DPM moves 

the remaining cores that are not in 

use to the sleep state to ensure a 

significant reduction in energy and 

power consumption and guarantees 

Delay in scheduling when a 

task with the same deadline 

and priority arrive together 

and utilization of the entire 

cores in the configuration 

reaches its threshold. 
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the scheduling of tasks by meeting 

their deadlines.  

2.4 Summary    

This chapter has presented a variety of research in the field of energy and power-aware 

multiprocessor real-time scheduling. Energy-aware scheduling is a rich area of research 

we have touched and critically reviewed many interesting fields of multiprocessor 

scheduling to analyze the computational abilities of multiprocessor systems on a chip. 

Moreover, various research issues are described that are associated with energy/ power 

dissipation and various characterization techniques for MPSoC-based embedded systems, 

initially various thermal approaches are discussed in detail. Various system-level 

characterization techniques for energy reduction mechanisms are discussed including, 

Dynamic power management (DPM), hardware base (HW-DPM) and software base (SW-

DPM) including (DSCD) partial dynamic system component deactivation, complete 

dynamic system component deactivation and dynamic system performance scaling. 

Various hardware based-DPM techniques including predictive, stochastic, timeout 

policies, resource throttling, DVFS are summarized. Scheduling algorithms based on 

online and offline DPM have thoroughly discussed these techniques were chosen because 

these are the existing techniques and are related to the research presented in this thesis. In 

the end, a detailed conclusive comparative analysis of related work on energy/power 

management techniques in MPSoCs is reviewed in detail. The next chapters present an 

improved task migration policy for accurate task scheduling in multiprocessors under full 

task migration strategy and core configuration based on the proposed EA-EDF scheduling 

algorithm. 
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CHAPTER 3 

AN IMPROVED TASK MIGRATION & CORE 

CONFIGURATION SELECTION TECHNIQUE 

3.1 Introduction 

We have explored an efficient full task migration policy that is integrated into the 

proposed EA-EDF scheduling technique using a core configurations model for a uniform 

multiprocessor platform based on utilization factor. Therefore in this chapter, we 

proposed an improved full task migration policy that migrates the task to avoid improper 

scheduling and consumes less energy by improving the scheduling of tasks that 

guarantees the entire task meets its deadline.  Moreover, the complete framework for the 

task switching approach employed using full migration for MPSoCs is introduced. 

3.2 Task Migration policy 

Task migration is a mechanism that is used to move an executing task from one host CPU 

in a distributed architecture to another CPU. The selection of task and movement to the 

host CPU for a new task and the creation of the task on that host increase the 

performance, reliability and processing speed. The lack of task migration on time can 

affect the overall system performance [183]. Most of the current techniques improve 

energy and power management-related problems. These approaches have various research 

gaps including improper task migration as well as delay in migration and complexity 

because of high energy dissipation [30, 85, 153, 154] improper core switching and task 

scheduling [146,150], and lack of accurate prediction for task utilization and limitation of 

missing deadlines [149, 151] and no mapping for core configurations [145].  

The mapping of ready task allocation to CPU is another approach of scheduling there are 

three main classes of task scheduling in multiprocessor partitioned scheduling, restricted-

migration scheduling, and full-migration scheduling. 

3.2.1 Partitioned Migration Scheduling 

The authors in [184] introduce a partitioned migration scheduling technique, in which 

each ready task is mapped to a single processor m at system-design time. Statically 

assignment of the task to the CPU is preferable for the uniprocessor schedule as 

illustrated in Figure 3.1.  
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Figure 3. 1 Scheduling of tasks using partitioned Migration [184]  

3.2.2 Full Migration Scheduling 

The authors in [185] introduce full migration scheduling as the least restrictive technique 

widely used in multiprocessor scheduling. In this technique the execution of the task can 

halt on one CPU and reschedule the execution on a different processor to avoid delay and 

meet the deadline. Job-level parallelism is restricted because tasks cannot execute parallel 

on two or more different CPU cores.  

Each arrived task is placed into a priority queue. The scheduler can have the option to 

decide what task requires execution on each CPU at the current time interval as shown in 

Figure 3.2. 

 

         

                          

 

 

 

 

 

Figure 3. 2 Scheduling of tasks using Full Migration [186] 

3.2.2 Restricted Migration Scheduling 

The authors in [187] introduce a restricted migration scheduling that migrates tasks 

between CPUs, each arrived task can execute on only one CPU core at a time.  The 

authors in [188] introduced an online migrations policy, but the arrivals of the task are not 
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prioritized. In restricted migration, a scheduler can adapt two levels. Generated tasks are 

placed on the global priority queue.  A scheduling algorithm that is mainly used for 

uniprocessor to schedule that assigned task to CPU as shown in Figure 3.3. 

 

 

 

         

                          

 

 

 

 

 

 

Figure 3. 3 Scheduling of tasks using Restricted Migration [189] 

The first concern of existing models is that reducing energy consumption using any 

suitable task migration policy and switching approaches for the periodic task is not 

properly employed. The second concern is that the various energy and power 

management models that exist have their drawbacks under diverse conditions as 

demonstrated in Table 2.6. Our proposed EA-EDF scheduling technique using task 

migration improves the performance by reducing the consumption of energy and the 

utilization factor. We investigated that some researchers have worked on a DVFS 

partitioned, restricted task migration-based core selection approach for reducing the 

scheduling of tasks. In this research work, we presented a novel energy-aware low-power 

scheduling technique based on DPM for multiprocessors that considers periodic task sets 

with implicit deadlines and arbitrary response times in which various configurations for 

intelligent core switching and task migration are introduced. We have addressed the tasks 

that have no such restrictions to migrate tasks using full migration to the core with less 

utilization. The proposed system has very efficiently reduced the consumption of energy 

using EA-EDF. 

In this regard, we proposed an energy-aware policy followed by task migration for 

optimization of energy and power using the DPM policy. This model not only migrates 
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task using the full migration technique but also provide the base for the EA-EDF 

scheduler to improve performance by reducing the consumption of energy and power. 

3.3 Proposed Framework for Task Migration  

In this section the proposed framework is used for the migration of tasks to avoid delay 

and guarantees all the ready task      schedule to a processor without missing their 

deadline for this framework for migration of task. Task migration is a technique used for 

proper scheduling of tasks that effectively works with DPM to reduce the consumption 

of energy while improving performance. Power and energy optimization on multi-core 

systems are developed to address MPSoC dissipation concerns. The influence of tasks 

may be recognized when looking for the best solution task factors can be examined as 

tasks have an impact on each other. An energy-aware EDF algorithm based on DPM 

suing task migration policy that optimizes energy while considering different 

configurations for migration of load is proposed in this research work. Normally, task 

schedules on each core are independent.  

3.3.1 Proposed Workload Models  

Throughout this dissertation, the real-time task     is denoted by a five-tuple. Each task 

     consists of                     where the interval as release of the task    represents 

the time at which the      is in the ready queue, while    is the worst-case execution 

time, the deadline is denoted as    and     represents the time when the      scheduling 

request arrives while    represent the priority of the task. The task    arrive at the 

   release time when initially the system switched on and start execution for    for the 

time           referred as the time interval     Whereas              0, 1, 2, 3, …,    

while considering           as              . Task      is considered in the 

execution state if                and    is currently unfinished. We represent an R-T 

instance,                    as a set of collection of periodic task   assuming the task 

order according to their arrival time (i.e, for                             

      Represents an R-T instance for each task     in instance        . A task    in   

instance considering same deadline and release time interval. The    execution of 

   cannot exceed the    execution of   . Therefore,                            if 

        :                ,       (         . An optimal scheduling algorithm proposed in 

chapter 4 guarantees all task      to meet their deadlines and enhances the performance 
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of MPSoC. Figure 3.4 illustrates the EA-EDF schedule the instance                         

containing the periodic task                      ,      represents the first task of    

with deadline       with higher priority than      while      represents the first task of    

with deadline       having higher priority than       also considering     has  lower 

priority of      . 

 

Figure 3. 4 Scheduling of tasks using EA-EDF 

Table 3. 1 Symbolic representation of various parameters in multiprocessors 

Symbols Description 

   Schedule of processor 

   Denotes processor 

  Denotes the no of cores 

      Total no of CPU in   

      Speed of     processor 

      The average processing power of the processor 

       The average processing power of the     processor 

              Represents the processor executing                

           Represents the   processor in idle state denoted by   

           Represents the   processor in sleep state denoted by   

   Represents the core or processor   configuration  by   

 

3.3.2 Workload Utilization 

In the proposed model an effective characterization of the R-T workload for periodic task 

set  , the total    system utilization is measured using Equation 3.2. 
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                  ∑
  
   

 

 

   

   (3.2) 

Considering the utilization     all the tasks in   will guarantee to meet all their deadlines. 

For migration of tasks the maximum utilization and total utilization are considered 

because periodic tasks are categorized based on   . The task    switches its core at 

maximum utilization that is measured using                      {      while the 

total utilization is required to maintain the execution of the multiprocessor            

∑
  

   
  

     . We combined all the tasks set into the same class and represented as 

                    any    in the task set                       will meet its deadline 

and all the task    complete its execution on or before the deadline if scheduled using the 

EA-EDF scheduling algorithm. If system-utilization (     then all the task   are 

feasible and ready to schedule on an   -processor platform. EA-EDF gives a proper valid 

schedule of tasks on the      instance,                      and schedules it properly 

without missing any deadline on the hardware architecture of a multiprocessor Intel PXA-

270.  

Definition: The most critical concerns in multi-core embedded systems are the 

performance and life span of the chip. The task scheduling and switching of jobs from 

one core to another are one of the major issues in today's MPSoC. Improper task   ) 

scheduling increases the risk of tasks missing their deadlines, particularly in embedded 

systems that cause multiple performance and reliability issues. Considering two uniform 

multiprocessors denoted by    and    and a R-T system instance,                       

as a set of periodic task  , let’s assume the total speed of the multi-processor    =        

and         are the schedules of instance                                      and    

with speed       and       on the multiprocessor    and    using proposed energy-aware 

scheduling guarantees the full migration of task   according to the core configuration 

when the workload      exceed the threshold utilization factor   . All the requirements 

of      is required for measuring the energy and power of MPSoC for this purpose the 

utilization of task    is required for the migration of   . 

The proposed system model is denoted as   {                     },       is a task 

belongs to the ready task set  ,   represent any      instance,                      and 

  [            ] having  -processor and time      then    
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 {                     } indicates that the      is executing on a       of    at time 

    perfectly. The k utilization of task      i is denoted as    
  

  
 .  

The above function   determines that all the      performed by scheduling algorithm 

EA-EDF on a given    or on    instance I                   . 

 

 (                    )  {
                                                   

           
 

(3.3) 

For calculating the amount of work done (W) on all      of                       to 

determine the energy                      ,                 ,  

Suppose    is a task belongs to the ready task set   represents any      instance, 

                     and                  having  -processor using full migration 

technique that uses the earliest deadline first (EDF) scheduling algorithm for mapping 

and scheduling of periodic task set on a multicore CPU. The technique reduce and 

stabilize the energy as well as temperature of the multi-core system.                 , 

Below Equation 3.4 and 3.5 represents the total (      ) energy optimized using EA-

EDF on task   of all      instance   when       .  

 {                  } ∑     
 

   
∫  {                        }
 

 
 (3.4) 

 

                  ∑                   
 

     
 (3.5) 

3.3.3 Proposed Full Task Migration Strategy for the workload Model  

Scheduling algorithm applies migration of task      when multiprocessor system allows 

A      migrates if it starts running on one core of the CPU and later switches due to 

high utilization of task and migrates the task to the other core.  

This dissertation considers the full migration strategy in which all the task      are 

allowed to migrate at any point as per the condition of   implemented in the proposed 

EA-EDF during their execution. However the      cannot execute parallel on multiple 

cores, it can execute on any single core selected from the core configuration at a time. 

This strategy is the most flexible and increases performance by allowing migration. 

Figure 3.5 illustrate the full migration of task using EA-EDF. Task set contains a ready 

task set that is allocated to the scheduler, the proposed scheduler monitors the utilization 

factor and migrates the    according to the configurations. 
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Figure 3. 5 Scheduling with full migration using EA-EDF 

Considering two uniform multiprocessors denoted by    and    and a real-time (R-T) 

MPSoC system instance,                       as a set of periodic task  , let’s assume 

the total speed of the multi-processor    =        and         are the schedules of instance 

                                     and    with speed       and       on the 

multiprocessor     and    using proposed energy-aware scheduling guarantees the full 

migration of task   according to the core configuration when the workload      exceed 

the threshold utilization factor   . All the requirements of      is required for measuring 

the energy and power of MPSoC for this purpose the utilization of task    is required for 

the migration of    . For all task      with the earliest deadline gets higher priority to be 

scheduled using this full migration strategy. It also determines where the task      

execute in the processor. Moreover, it is observed that processor works faster when    has 

earliest deadlines.  

Consider a task mainly periodic here                                 represents the 

first task of    , the speed of the multiprocessor is                         , and 

processor is represented as                         having  -processor the value is 

 =[2,1] and  3         . The peaks of the rectangle below the figure represent the 

processor speed                   . When a task      executes on    , the corresponding 

peak of the rectangle is higher when it run on schedule of processor     the total area of a 

rectangle shows the requirement of execution. 
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Figure 3. 6 Task Scheduling for  = [2, 1] with full migration using EA-EDF 

Definition: Considering two uniform multiprocessors denoted by   and    and a (R-T) 

system instance,                   let                 represents the schedule of instance 

             on    and    respectively when the workload increases the tasks migrate to 

the core in the selected core configuration that is the least used then for instance   and 

time instant  . Consider a tasks set      (          ) and sort ready task queue     .  

The migration of tasks occurs instantly when     max allowable workload. We have 

used a work function for MPSoC to elaborate the total average work done by all the tasks 

  of instance   over-scheduled time intervals    . The system work function is 

represented as                                migrates tasks on the core when     

threshold workload without any delay by meeting all the deadlines if it satisfies: 

                               (3.6) 

Let's assume the parameters (                  of tasks      be a task in    instance 

            at counter time    set the power parameter                         

              of INTEL PXA-270 (LEAT) multiprocessor. consider a task      with 

the earliest arrival is ready for allocation to core configuration               If      

<max allowed  load than the work function is represented as: 

                     <                         (3.7) 

Equation 3.7 states that initial      max allowable workload (T). Considering the 

utilization for the whole instant I  as      )   I  to calculate the overall response is 

shown in Equation 3.8.  

                   <                    (3.8) 
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Proof:     If       then the work done on    for instant, I will increase as the arrival of 

the new task    increases the overall utilization of the selected configuration If      

≥max allowed  load,     is the peak task load period.  

                   ≥                   (3.9) 

Therefore, the completion of I              of RT instance schedule in       at the 

interval [        is greater than the schedule        during the same time interval. In 

processor schedule        the task    is active during the entire interval [        so at least 

two processors will be in running during that time interval and the remaining will be in an 

idle state  

              ….+       (3.10) 

If    schedules on     at [        and    is already at its threshold utilization than using 

the proposed task migration framework strategy the arrival of any new task      

schedules and starts executing on the next available processor or core in the selected core 

configuration               that is in the least use according to the    therefore it can be 

expressed as: 

                   ≤           * (     )  (3.11) 

Task    can schedule and starts executing when the    reaches its threshold If      ≥ max 

allowed    load enables the   migration using the proposed EA-EDF. A minimum of one 

processor in the core configuration               must be in an idle state to schedule 

the task. In case all the processor      of   are busy then the task    has to wait till the 

availability of one processor. Therefore    is guaranteed to be scheduled without missing 

its deadline for the set of unit time intervals (∑   
      
    .  

Moreover in the    WCET,    executes on the idle or slowest processor. When a task 

     are executing some job on        therefore Select the core configuration       as 

per the      requirement of arrived     , either least used      :  

                    ∑       

      

   

  (3.12) 

Schedule of a task Tasks set   (          )   belonging to   is equal to ∑     
    
        

during the interval (     ) the full migration (F-M) Schedule migratable            is 

shown in Equation 3.13.  
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∑        

      

   

                  (3.13) 

Combining Equations 3.4, 3.7, and 3.8 gives Equation 3.14 which shows at the instant I 

with a high task load instantly schedule on       CPU core at the speed of     the 

processor requires the switching of processor’s            state to            in core 

configuration      Switching      from            to            to achieve optimal 

utilization of the core as the instant (∑     
    
          is high utilization task than 

    ) must be less than the load for proper scheduling of tasks. 

∑     

       

   

                       (3.14) 

Multiplying both sides by       gives: 

              =                      
            

     
} 

 

(3.15) 

          the average processing power of the     processor that is executing some task 

at maximum utilization of the core configuration is shown below in Equation 3.16. 

                
            

      
     

            

       
 (3.16) 

 

    
            

      
 (3.17) 

Cancelation of the average power       when the full migration (F-M) schedules the 

migratable task                at the schedule of the processor                     

the average processing power of the     processor gives: 

          
            

      
=                 (3.18) 

 

∑                 

       

   

 (3.19) 

<                             (3.20) 
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Adding Equations 3.8 and 3.10 shows the avg processing p of the MPSoC decrease by 

adopting the task migration policy considering           as shown in Equation 3.21. 

∑    (     )  

     

   

∑                  

       

   

  

 

(                              

(3.21) 

Combining the sum ∑ of Equation 3.21  

  (     )  ∑                   

      

     

 (3.22) 

 

                               (3.23) 

Select the          core resources in              for the migratable task      

          at the schedule of the processor    to least used suitable    to achieve energy 

efficient   execution cancelation of                      : 

      ∑    (     )   

      

   

                             (3.24) 

Let’s combine both the LHS the equation becomes: 

    ∑    (     )     

    

   

                           (3.25) 

let’s substitute equation 3.6               ….+        in the above equation gives 

    ∑    (     )         

    

   

                           (3.26) 

                                      (3.27) 

By dividing the equation by         the equation becomes: 

                
 
                               

  
 
     

 (3.28) 

Cancelation of     proves that the workload efficiently migrates and guarantees the 

meeting of the deadline using the proposed migration framework ultimately reducing the 

consumption of energy by switching the cores to low power mode when the core is not 

running task                 
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                                 (3.29) 

Based on the above equation its confirmed that using unrestricted full migration permits 

all the tasks to migrate among processors in the configuration if required. Moreover, our 

energy-aware proposed EA-EDF scheduling algorithm discussed in chapter 4 supports a 

full migration technique.  

The proposed framework migrates tasks to the core when     threshold workload 

without any delay by meeting all the deadlines and satisfying the average work done by 

all the tasks   of instance   over schedule time intervals   : Section 3.2.4 elaborates 

on various stages of core configurations using the proposed task scheduling paradigm.  

Table 3. 2 Symbolic representation of various parameters used in task migration scheme  

Symbols Description 

  Denotes processor 

   Total no of CPU in   

     ,       Denotes the earliest deadline, late deadline 

     ,            Fixed priority task  

     ,      Migratable task 

 

Definition: Considering uniform multiprocessor denoted by   ,    and    and a (R-T) 

system instance,                       as a set of periodic task  , the schedules of 

instance                                      and    having fixed task       

represented as        and       on the multiprocessor P={          . All the 

requirements of      is required for measuring the energy and power of MPSoC for this 

purpose the    of    task is required for the migration of task    using proposed energy-

aware scheduling with task full migration of task   guarantees the scheduling of      on 

the core configuration when the workload      exceed the threshold utilization factor   . 

If      ≥ max allowed threshold   load value than the selection of task migration not only 

reduces consumption of energy also enhances the CPU performance by switching the 

states of CPU from                    .  

The schematic illustration of EA-EDF with task migration during the execution phase 

ensures that migrating tasks                 never miss their deadlines are shown in figure 
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3.7. Task      with high priority     considered on priority for migration as compared 

to tasks with lower priority   .   

 

 

 

 

 

 

 

 

   

 

 

                            

Figure 3. 7 Representation of proposed full task Migration scheme during execution  

Full task migration is integrated into the proposed EA-EDF scheduling algorithm that is 

responsible to schedule tasks on configurations depending on the on-task workload 

utilization factor      on the cores. Selection of core uses the average number of tasks 

that are in running mode when tasks are in running condition the    remains constant but 

due to an increase in tasks the    of the multi-core processor is increasing.  

All the tasks are permitted to migrate among available and least used processors. The 

below section elaborates the flow chart of the proposed task migration strategy that is 

integrated into the proposed scheduling mechanism. 

3.3.4 Proposed Task Migration Frame Work & Stages of Core 

Configurations      based on     . 
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       Figure 3. 8 Flowchart of the proposed framework 
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If      ≥ max allowed threshold   load value than the selection of task migration not 

only decreasing the consumption of energy but also enhances the performance by 

avoiding the task delay during execution in the core configuration      as per the      

requirement of arrived     ,                                      power setting of 

INTEL PXA-270 processor states labeled as LEAT processor according to the standard 

frequency 624MHZMove the selected       from           to            state to avoid 

delays and threshold workload value which is already set to reduce delays and migration 

cost and if a core reaches a threshold value will shift the workload to that core which is 

in less use are in sleep mode using full migration (F-M) strategy that migrates and 

schedule the ready queue tasks      into the selected core configuration      without 

missing the      and save energy as well as reduce power consumption. In the next step, 

a CPU is allocated to perform energy-efficient execution as per the EA-EDF Scheduling 

policy to reduce the consumption of energy and power. 

In case If         max allowed threshold (T) without opting for any   migration policy 

doesn’t schedule efficiently. Moreover not optimizing any energy and power that causes 

a delay in execution and misses the implicit              ∑
  

   

 

   
            

represents the WCET worst-case execution and     denotes the period, the researcher 

considers the hardware architecture of the octa-core INTEL PXA-270 (LEAT) 

multiprocessor. The octa-core processor can execute multiple tasks at a time each task on 

an individual core if the processor is executing some task is represented as       

                 denotes the sleep state of processor   . In the proposed system the 

migration of tasks depends on the utilization factor of MPSoC.  

This section describes eight core configurations      of the INTEL PXA-270 (LEAT) 

multiprocessor to run different tasks and the least used core    have the highest priority 

to be selected first.  Task migration ensures that tasks must meet their deadlines and the 

EA- EDF design ensures smooth execution of the task. Following are the various stages 

proposed for ensuring the task migration in the proposed (EA-EDF) scheduling 

algorithm as introduced in chapter 4. Table 3.3 show the various stages for core 

configurations required for the selection of CPUs. 
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Table 3. 3 Various proposed stages for core configurations  

Scheduling 

Model 
Stages      Formulations 

Scheduling 

Paradigm 

 State of Core 

      

 

EA-EDF-

based 

 

   

        ∑
  
   

 

 

   

    

         +1 

  : (  ) or (   ) 

 ( 3), or (  ), 

  (   , or    ), 

(   , or (  ). 

Full Migration 
    
    

 

 

EA-EDF-

based 

 

 

   

        ∑
  
   

 

 

   

 

      
 
   

        

  : (  ,   ),  

(  ,   ),  

( 3,   ),  

(  ,   ). 

Full Migration 
    
    

 

EA-EDF-

based 

 

   
        ∑

  
   

 

 

   

 

        

            

 3: (  ,   ,  3), 

(     ,    ,  

      ,   ). 

Full Migration 

    
    

 

EA-EDF-

based 

 

   
        ∑

  
   

 

 

   

        

            

  : (  ,   ,  3,   ),  

(  ,..,   ) 

Full Migration 

    
    

 

EA-EDF-

based 

 

   
        ∑

  
   

 

 

   

        

            

  : (  ,  3,   ,      ), 

(  ,   ,   ,   ,   ) 

Full Migration 
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EA-EDF-

based 

 

   
        ∑

  
   

 

 

   

        

            

  : (  ,   , 3,   ,  ,  ), 

  : (    ,  3,   ,      ) 

  : (    ,  3,   ,      ) 

Full Migration 

    
    

 

EA-EDF-

based 

 

   
        ∑

  
   

 

 

   

 

          

            

  : (  ,  ,   ) 

Full Migration 

    
    

 

EA-EDF-

based 

 

   

 

        ∑
  
   

 

 

   

 

      

            

  : (  ,   ,    ) 

Full Migration 

    
    

3.4 Summary 

This chapter has explored the full task migration policy based on the EA-EDF 

scheduling test for a uniform multiprocessor platform associated with the utilization 

factor to improve the scheduling of task and guarantees that the entire task meets its 

deadline. Framework for task switching approach that is employed using full migration 

for multiprocessor system on a chip.  

A method for workload utilization is also developed and various task mappings are 

introduced to check the missing deadlines are evaluated using a proposed scheduling 

algorithm. Therefore this chapter proposed a full task migration policy that can be used 

to schedule real-time instants and consumes less energy and forces the system to migrate 

the task and ensure that all the task deadlines will be met.  

The shortcomings of previous studies are addressed by opting a proper task scheduling 

and migration scheme. The significance and implementation of the various stages of core 

configurations are illustrated in chapter 4 section 4.3.5. 
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CHAPTER 4 

AN OPTIMAL DPM BASED ENERGY-AWARE-EARLIEST 

DEADLINE FIRST (EA-EDF) SCHEDULING 

4.1 Introduction 

This chapter contains a detailed overview of the proposed research methodology and 

components used in the evaluation that is adapted to propose an energy-efficient DPM-

based scheduling algorithm (EA-EDF) to increase the performance of the system by 

reducing the energy dissipation using suitable abilities of the DPM policy and proposed 

full task migration policy as introduced in chapter 3.  

4.2 Problem Statement 

The most critical concerns in multi-core embedded systems are the performance and life 

span of the chip. The task scheduling and switching of jobs from one core to another are 

one of the major issues in today's MPSoC. High Energy consumption due to higher task 

utilization and improper task   ) scheduling is the most critical concern in MPSoC that 

reduces the overall performance, reliability and life span of the chip. High energy 

utilization increases the on-chip temperature which reduces the life span of the chip. It 

also affects the reliability (hotspots, thermal cycles) as well as lowers the speed. 

Improper task   ) scheduling increases the risk of tasks missing their deadlines, 

particularly in embedded systems that cause multiple performance and reliability issues. 

The key design difficulty in a task migration-based system is an accurate forecast of the 

processor’s energy (E), least used core, utilization factor      and the workload   that 

needs to be relocated on an individual CPU.  

The objective is to decrease the energy consumption of the CPU using energy-aware 

scheduling for       over  -processor                 to complete before the 

deadline by adopting the suitable task migration for switching to reduce the consumption 

of energy because in multiprocessor systems task switching across various cores is a 

prevalent problem because the destination target core may be in sleep mode there may be 

a delay while moving tasks from one core to another. Our major goal is to design a 

strategy to minimize the overall CPU’s energy           while the constraints timing 

interval especially the deadline of all the task       of applications are guaranteed using 
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the efficient scheduling mechanism based on task migration. Task migration is a 

technique used for proper scheduling of tasks that effectively works with DPM to reduce 

the consumption of energy while improving performance. Energy optimization on multi-

core systems is developed to address MPSoC dissipation concerns. The influence of 

tasks may be recognized when looking for the best solution task factors can be examined 

as tasks have an impact on each other. An energy-aware EDF algorithm based on DPM 

using a task migration policy that optimizes energy while considering different 

configurations for migration of load is proposed in this research work. Normally, task 

schedules on each core are independent.  

4.3 Proposed Framework  

This section describes the complete framework of proposed EA-EDF techniques and 

framework parameters. We have proposed EA-EDF an optimal algorithm for the high 

energy dissipation of multiprocessor scheduling problems. Since the power consumption 

Pi(s)/s is increasing at each cycle for every task       in a given periodic task set, the 

CPU executes each task    of the task set    at some speed    . For this, we have proposed 

EA-EDF an energy-efficient earliest deadline first scheduling algorithm based on the 

DPM technique using a task migration policy that guarantees to reduce the consumption 

of energy by meeting all the deadlines by monitoring the utilization factor (   . An 

energy-efficient policy for various configurations of cores to predict the power and 

energy profiles using both hardware & software architecture of the Intel PXA-270 

(LEAT) MPSoC. Scheduling technique based on task migration reduces energy and 

produces energy-efficient results according to the utilization factor (  ). The proposed 

model uses an EA.EDF scheduler for energy and power optimization and is 

independently demonstrated to be the best-performing technique. Considering a 

multiprocessor architecture with   cores with                 having a periodic 

task set                  as a set of periodic task  , over      processors where many 

tasks   have a common deadline   and are ready at time 0. Each task       is linked 

with CPU requirement that is approximately equal to the energy and power consumption 

function        and CPU-cycles    at the given CPU speed. Each task      consists of 

                     where the release time or activation period of the task    it's the time 

when the      scheduling request arrives, represents the time at which the      is in 

the ready queue, while     is the worst-case execution time,    represents the period and 
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the deadline is denoted as   .    represents the priority.  The proposed policy operates 

with a set of parameters and generates effective outcomes for the given workload while 

also optimizing the chip's lifespan and improving QoS by lowering energy consumption. 

The task set generator provides randomized task sets under a ready task queue that are 

being used to generate workloads under various constraints as well as the number of 

CPU cores specified by the user in extensible markup language (XML) based on the 

application given to STORM as an input. EA-EDF the scheduler can also have a set of 

prepared tasks that are scheduled according to the scheduling policy by considering 

suitable migration of task policy that produces energy and power profiles on the 

individual cores according to the given set of parameters in XML.  

A periodic task set            3             and a utilization factor that is non-

increasing is represented as: 

                           (4.1) 

         
  

  
 consider    ∑    

                            Let   is a combined 

set of CPU with         &                 , capacities                      

 ,   can be scheduled on the uniform MPSoC that meets all the deadlines    

                                    Overall utilization factor:    
  

  
        =        

,          and n periodic task             3               scheduled on a CPU the total 

   is defined as: 

   ∑
  

   

 

   
 ≤ 1 (4.2) 

           a set of   =      ,        ;       n periodic task         3      with random 

deadlines scheduled on a CPU,  Load ( ) = max {  }. 

The system model is useful for attaining better performance and reliability we are 

considering an octa-core model for this research. The proposed scheduling technique 

calculates the utilization of task that starts execution and separate them into a 

configuration of two, three and 8-cores based on their   . The proposed scheduling 

algorithm is suitable for multi-core and single-core MPSoC platforms.  

A maximum allowable    value is set for all the cores of the processor by considering 

different states of the processor running, idle, sleep, and transition from sleep to idle, idle 

state to running state and sleep to running, The researcher defines a configuration (     
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depending on the    of the core. When the task load is based on    of the processor 

reaches near to threshold, maximum allowed     for a core to be in running state. The 

tasks start migrating to the core that is physically distant from the core with high    for 

attaining better performance and avoiding delay in the execution process the 

configuration        selected for the tasks that reach the threshold and need to migrate 

from sleep mode and prior shifted to idle mode.  

These physically distant cores are arranged in the same configuration because of lower 

utilization    effects e.g. Core1 and core7 are far from each other as compared to core1 

and core2 because they are very close to each other. So in such a manner cores are 

selected in a configuration to reduce energy consumption and thermal effects. The 

proposed scheduler can choose the configuration    based on    and task load.  Thermal 

cycles decrease when the number of processors in the running state is decreasing in a 

configuration due to this idle interval also decreased.  

4.3.1 Proposed System Model 

The system model mentioned below in Figure 4.1 gives a comprehensive description of 

the elements that will be involved in conducting experiments. The major components 

include a task producer, simulator, Core configurations and scheduling algorithm, where 

the user can create random task sets in xml.txt file that contains different criteria and 

parameters that include (                 . These parameters in the XML file are used as 

input for the simulation tool e.g., activation time, worst case execution time (WCET), 

period, deadline, priority, Best case execution time (BCET), and task set generator 

containing random task sets under different constraints according to the no of cores set 

by the user in XML.  

The utilization is represented as   and   denotes the total no of the task in the ready task 

set. The proposed scheduling algorithm works for all real-time jobs in a running state 

using the system model represented in Figure 4.1 allowing all new tasks in the ready 

state to the scheduling phase and execute on time. The proposed EA-EDF algorithm the 

scheduling technique improves the chip's overall working performance. When the tasks 

are ready to run the proposed scheduler verifies that the tasks are compatible with the 

scheduler and maps to cores based on the utilization factor (  ). In the proposed system 

model dynamic fixed priorities are assigned to the entire n periodic task   

                    with deadline    is equal to    . 
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Figure 4. 1 Functional Overview of the proposed MPSoC System Model 

The proposed system model is based on a comprehensive task scheduling mechanism 

based on Dynamic power management (DPM) using task migration to reduce the energy 
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consumption of the MPSoC. The state of the core switching mechanism is based on 

DPM that switches that sleep state to idle and idle to run if required. The proposed 

method also uses the full task migration policy when the utilization reaches its threshold 

to migrate the task to the core that is not in use. DPM moves the remaining cores that are 

not in use to the sleep state to ensure a significant reduction in energy and power 

consumption and guarantees the scheduling of tasks by meeting their deadlines.  

A simulator STORM simulation tool for real-time multiprocessor scheduling can have a 

set of ready tasks and simulate the input file according to the scheduling policy by 

considering task migration and task balancing according to the configuration policy for 

cores that are developed in the proposed algorithm produces the power profiles of the 

individual core according to the given set of parameters in XML. The Input XML file can 

have all the information about the complete simulation duration for the execution of 

experiments, hardware resources that are required according to the load, architecture for 

task set and scheduling algorithm. Simulations are considered using OCTA CORE 

INTEL PXA-270 (LEAT) multiprocessor which is preferable because the processor has 

an intelligent power-saving mechanism. INTEL PXA-270 (LEAT) multiprocessor can 

consume power according to the states there are various states run/idle/sleep. In the 

running state, the processor consumed some active power when the tasks are executing. 

925mW power is consumed during running states. The processor behaves idle for all the 

remaining cores that are not running are supposed to have idle power. In idle state few 

parameters are in operating because the system clock is performing some jobs but they 

can be immobilizing. 260mW power is consumed during an idle state. The switching 

time essential from sleep/standby mode to move to run state is almost the same. When 

the processor is in sleep/standby mode then there are no peripherals that consume power 

due to operating and the system clock is also not functional so the power consumption is 

very low. 1.7224mW power is consumed during standby mode. 0.1630mW power is 

consumed during sleep mode and 0.1014mW power is consumed during deep sleep 

mode. 

4.3.2 Dynamic Power Management Implementation for EA-EDF Scheduling 

DPM is used with various developmental policies of MPSoC in modern embedded 

system. These policies analyze the response of the system in run time to reduce the 

overall energy and dissipation of power in MPSoC. During the running state of an 

application, a selective shift to deep sleep state of the CPU occur that increases the 
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performance. In embedded systems normally all the system components work in 

different operating modes because different modes spend different amounts of energy 

and take different times to return to their normal mode and reduce the total CPU power 

usage. DPM uses multiple CPU modes sleep (idle) and active (running) to efficiently 

reduce the dissipation of energy. It is feasible to improve total system energy 

consumption by wisely utilizing these states including low-power state when the system 

is inactive and turning down the resources during their periods of inactivity. In the 

proposed system model INTEL PXA270 CPU is considered for the implementation of 

low power states mainly known as DPM mode. The proposed EA-EDF multiprocessor 

scheduling algorithm considers the DPM policy to reduce the consumption of energy and 

takes actions based on dynamic activities in the CPU. The CPU can turn off certain 

sections mainly the Idle cores of the CPU to a sleep state represented by           in 

the proposed system model when the CPU    ,    ,   =1 when C     is executing 

the instructions (         the utilization is under the provided limit in the core 

configurations at   =1- 9%, then the rest of the seven cores maintain their sleep state. 

The objective of using DPM in this research is to switch the    cores of Intel PXA270 

MPSoC                 to a power mode that consumes less energy when the cores 

are idle and return to full power mode when the periodic task                       

arrive and requires to be scheduled. 

The state of the core switching mechanism in this research is based on DPM that 

switches that sleep state to idle and idle to run if required. Table 4.1 represents various 

power consumption states of Intel PXA-270, PXA250 and Transmeta Crusoe by 

considering various states of CPU sleep represented as          , running denoted as 

        and the idle state as        . Table 4. 1 Power consumption of various 

MPSoC using DPM 

MPSoC Parameter Value MPSoC Parameter Value 

PXA-270    550mW PXA-250    180µw 

PXA-270   925 mW PXA-250   280 mW 

PXA-270   260 mW PXA-250   555 mW 

Transmeta 

Crusoe 
  80µw Transmeta 

Crusoe 
  276 mW 
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At time      is the time between two continuous task arrivals that is represented by 

(           ) where as        . ā is an action of task migration that occurs at   . 

Modeling of discrete-time and various MPSoC states               ,        and the arrival 

request occurs due to free memory.  

The proposed EA-EDF scheduling based on the DPM switches context state of the CPU 

processor to low-power state inactive state for as long as possible until all variable tasks 

completes by meeting their deadlines and utilization    of the task, load reaches its 

threshold. Therefore, a significant amount of reduction in energy dissipation is observed. 

Suppose the probability      distribution function is f(          ) of an incident I  

                 as a set of collection of periodic task   arrive before the end of the task 

     whereas            3             when the action ā is selected in the MPSoC 

system having state     having  -processor   [            ]  

P(           ,   ) represents the probability       of the proposed EA-EDF system when 

the transition of state occurs at that time the state of the processor is considered as      

when the action ā is selected in the MPSoC system having state     having  -processor 

  [            ]   K(          ) is the probability       that the system transition to 

state j occurs when action     for migration of task is chosen in the system having state 

  . Y(        is the expected duration of time in the CPU state    when the action ā is 

selected in the MPSoC system having state     having  -processor     [            ]  

Therefore:  

K(          ) ∫                               
  

   
   (4.3) 

Y(          ∑                              
 
         

  (4.4) 

 

The energy dissipation and performance degradation cost of (         occurs when an 

action    of the task, switching is taken at the state   . 

     (       )   (       )  ∫            

 

 

 (4.5) 

∑ ∫                                       
 

 

 

           

 (4.6) 
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When an action     of a task, switching occurs at the state    the fixed cost 

      (       )      (                ) represents the reduced cost of energy    . 

For solving the constraint of energy optimization and increase in performance the solution  

to the proposed scheduling policy is defined below in Equation 4.7 

   ∑ ∑                  (       )  (       )

     

 

        

 (4.7) 

 

The above Equation 4.7 show that the probability of ensuring minimum energy 

consumption by switching the states of CPU when there is no action from   on the core 

of CPU is not executing any task under  (       ) the EA-EDF reduces the consumption 

of energy and also increases the life span of the chip. 

DPM is an effective method for the optimization of energy and to achieve high 

performance we have implemented it using core configurations and a task migration 

policy followed by the utilization factor    of the task load  : when the m core of Intel 

PXA270 MPSoC                component is not working, it will switch the 

processor to an inactive state its state into the idle a lower energy state to reduce the 

consumption of energy. Also decrease the power consumption of the chip by turning off 

all the cores that are in an idle state.  

This technique doesn’t consider spatial gradients and reduces average power utilization 

and temperature on the chip by keeping the idle cores to be turned off when they are not 

in use.  

Table 4.2 elaborates the flow chart of the CPU’s transition using DPM in case the state of 

CPU is           then selection of relevant suitable configuration occurs and continue 

normal execution without making any change in the configuration while on other hand in 

case the state of the CPU is idle then select the suitable configuration and starts transition 

from processor in       to processor in      for proper execution and scheduling. The no of 

running processor in greater than the accumulative utilization factor then the Transition 

of unused idle processor occurs from       -          that results in reduction of energy and 

power consumption 
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Table 4. 2 Implementation of DPM for EA-EDF 

Algorithm 1: DPM Implementation for EA-EDF  

Input:     ,       ,         , ready  all,   size task parameters, energy and 

power (E&P) profiles, state of task, m denotes processor 

  ready—Ready task Set 

  —Utilization factor 

  size —Size of the task set, Pall— Set of total no of CPU, Psleep—CPU to be in 

sleep mode 

Generation of Tasks set      (                 of Tasks      

 activation 

While EA-EDF 

if (m state      is running in the Selected Configuration) then continue normal    

execution No change in configuration 

 if   

                 (m state is idle in the selected configuration) then  

       (Transition of state       -      )  

else if   

                       then  

           Transition of of unused idle state       -         

           Reduced E&P Consumption 

end  

return   .Finish(), CPU sleep,      optimized 
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Figure 4. 2 Flow chart for CPU State transition using DPM  
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4.3.3 Energy/Power Model for EA-EDF Scheduling  

This section elaborates on the power mode we consider that multiprocessor with   cores 

                having a periodic task set            3             cores in an 

MPSoC can support DPM. The energy model calculates the dynamic consumption and 

static power in CMOS circuits. Equation 4.8 illustrates the dynamic power consumption 

         of the core in the CMOS circuit on       voltage frequency level represented 

by:  

              
                                       (4.8) 

Where     is the required supply voltage, while the frequency component is represented 

as f  while      shows the switching capacitance Vths is the threshold voltage and R  is a 

constant [190]. The length of the cycle is denoted as        is given as: 

        
      

          
  (4.9) 

DPM reduces the consumption of dynamic power elements. Sub-threshold leakage is the 

major contributor to leakage that can enhance significantly with adaptive body biasing.  

                          (4.10) 

The threshold voltage       , sub-threshold current         ) that occurs due to the 

contribution of static power consumption and cycle time        are considered a function 

of the     and      Where  ,       and      are technology constants. The processor 

power model follows a suitable core configuration. Specifically, the C-states contain one 

active and rest as low power state (sleep) and deep sleep states. The p-states contain 

active states and mainly differ in power, energy consumption and operating frequency. 

In the MPSoC  circuit, the number of devices is denoted as     Sub-threshold leakage 

(     ) contains (   ) as reverse bias junction current is expressed below in Equation 

4.11. 

                                (4.11) 

Whereas       is measured using 
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       3  
                  (4.12) 

Equation 4.13 represents the consumption of energy over a period [      ] can be 

calculated using: 

  ∫          
   

    

                                             (4.13) 

The consumption of energy over workload   that requires to be scheduled on a processor 

with a speed    is integral as shown in Equation 4.14.  

                   
                                                           (4.14) 

Energy consumption of cores of the MPSoC is represented as static power and dynamic 

power. As long as the CPU is in on state static power is consumed while dynamic power 

is consumed during computation times as shown in Equation 4.15. 

∫                                  

    

 

                                                     (4.15) 

The authors in [191] proposed a technique that calculates an inherent power     that is 

required for keeping the processor in on state, is related to idle power the total power 

dissipation given by: 

                                                                              (4.16) 

         depicts the various parameters like charging and discharging of the output 

capacitance while the chip is working and is concerned to the switching α and    load 

capacitance V represents the voltage and f defines frequency as mentioned below in Eq. 

(4.17). 

             
                                                                                  (4.17) 

Static power was approximately negligible in earlier processors: For n no of transistors 

the parameter that is considered design-dependent is represented as        , while       

is defined as technology-dependent          parameter.  

The dynamic energy per cycle    and the leakage energy per cycle is defined in 

Equation 4.18 and Equation 4.19 respectively.  



  An Optimal DPM Based Energy-Aware-Earliest Deadline First (EA-EDF) Scheduling 

 

63 

 

                   
                                                                                         (4.18) 

                                                                                     (4.19) 

Whereas the delay/cycle    . Energy needs to keep the system in an ON state per cycle 

is represented as              increases with an increase in lower frequencies are 

equal to the total energy consumption per cycle as defined in Equation 4.20. 

                                                                          (4.20) 

Let’s consider switching the overhead of the multiprocessor architecture with   cores 

with                 having a periodic task set                  of the 

multiprocessor architecture with   cores indicates the duration of minimum time in 

which the CPU                 should stay in a sleep state. At a specific time 

interval when the CPU is considering sleep state that duration is smaller than     when 

the state of the processor switches for energy optimization therefore     can be defined 

as follows: 

DPM is a design technology that reconfigures the whole computing system dynamically 

in such a way that requested services can be provided with the minimum number of 

active CPUs with suitable performance levels.  

          
          

      
                                                                                            (4.21) 

The authors in [192] introduce break even time as shown in Equation 4.21 represents the 

parameter    known as the break-even time.    refers to the minimum duration of idle 

period that is provided to schedule and utilizes the state named as sleep state    

efficiently.      is the sum of the total required time to finish the state transition and the 

duration of idle time that is required to find a way to reduce the shifting energy. The 

below Equation 4.22 determines the          break-even time. 

                 
              

             
                                                           (4.22) 

 

                 shows the idle and sleep power and                

The short circuit power is utilized when both PMOS and NMOS are on for a short period. 

Equation 4.23 represents the transition of the state    and its power dissipation in running 

and the idle state as    and    . 
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(4.23) 

In Equation 4.24 (   ) breakeven time measures the length of the idle state of the CPU to 

optimize power.  

    (
        
     

)                                                      (4.24) 

During the running state of an application, a selective shut-down of the system 

components occur that are in the idle state increases the performance. When the CPU 

starts to transition the accumulative energy required for the transition of state from sleep 

to idle and from idle to  running is represented as    and its power dissipation at state 1 is 

denoted as    and at state 2 its    . For high-performance delay due to the state, the 

transition must be less than     as shown in Equation 4.25: 

        [(
        
     

)    ]                                                       (4.25) 

      is the total energy consumption represented as: 

                                     +              (4.26) 

Whereas         is the consumption of energy when the task   is executing on   core of 

the processor while          is the consumption of energy when the core   of the 

multiprocessor is in idle mode           represents the sleep state of the core. 

              is the energy consumption on   core of the processor due to the overhead 

of state transition. When          <     in such a situation the core will be in an idle 

state and the consumption of energy on the core will be higher due to this the core will 

not enter into a sleep state. 

               .      (4.27) 

The energy consumed during       , when                 is calculated using: 

      =       .       (4.28) 

The major goal of proposed energy-aware EDF and DPM is to reduce energy 

consumption by considering the CPU switching.  

Generally, in MPSoC consumption of energy gives a higher hierarchical view of energy 

saving so it is obvious to measure the energy. However, the impact of the EA-EDF 

scheduling algorithm and the workload is investigated on different components of the 
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hardware mainly the CPU because it’s a major energy-consuming component. The 

energy consumption of the CPU decreases with an increase in sampling periods of a 

system with tasks                     by reducing the workload that results in 

energy optimization when energy-aware EDF is employed on the energy consumption 

function of CPU h1 and h2 as shown below in Figure 4.4. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. 3 Normalized CPU energy consumption using the proposed EA.EDF 

Scheduling Model  

4.3.4 Proposed EA-EDF Scheduling Algorithm  

For selection core      the counter is used in the algorithm to calculate how many 

times a configuration is selected that helps to avoid the repetitions of the same 

configuration    again and again. When a core   is not in use its counter value is zero for 

the entire configuration. If the number of the counter is minimum then the configuration 

can attain the highest priority of repetition.  

Once a      is selected its counter for the running duration increases unless it reaches 

the threshold utilization and tasks start migrated to other    with least   . The below 

section elaborates the scheduling algorithm and the flow chart. 
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Table 4. 3 Proposed EA-EDF Algorithm with Task Migration 

Proposed Algorithm 2: EA-EDF Algorithm with Task Migration 

Input: Pall, Psleep,  all,   size Task mappings, Energy and power profiles, 

migration of task, 

  size —Size of the task set, Pall— Set of total no of CPU, Psleep—CPU to be in 

sleep mode 

 — Configurations of Core selection,  

   L1—Threshold max_ allowed load of processor, L2—Max load  on running 

core,  

   Lcurrent— Measure the current load of the processor according to the 

Utilization factor   

  ready—Ready task Set 

Ci —Counter 1= Count time for core selection, 

   —Utilization factor 

Configk —Avalible_core configurations in Dual Core System 

Config RC   —Core configurations in running state 

Config   — Selection of next core processor   

For                        

if  

        (Selected Configuration with Max_   < threshold ɥi ) 

Lcurrent < L2; then 

No change in configuration_Continue the normal execution 

else if   

           Lcurrent = L2; (Max_ ɥi configuration==Max_task_allowed) 

          No change in P selection_Continue the normal execution  

For            do 

   = get utilization factor    for all         

  if       Config   (selection of new_Core config ≤ Number_core config_select) 

then 

            Transition of state from Psleep to Pidle 

else if   

    Lcurrent (Current threhold_task load of_Config== L1 Max threshold _load 

on_running    

        core) 

  Switching of   to _ Config  ; 

ConfigRC     (no of core config executing= Config   (Next processor_ config)  

end if 

until   is not Ǿ 

return CPU selected,   migration 
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Figure 4. 4 Flowchart of execution for the proposed energy-aware scheduling  
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Figure 4.5 illustrates various steps operations and decisions that are required to execute a 

process in a sequence on the scheduler in the proposed technique for the octa-core 

INTEL PXA-270 (LEAT) multiprocessor. The flow chart consists of 12 steps the first 

step is to divide the applications into tasks and calculate the no of Tasks      

(          ) as video decoder application consists of 8 periodic tasks. The second step is 

to determine the parameters (                 of tasks      i.e start time, worst-case 

execution time, period, deadline and priority. The third and fourth step determines the 

total no of configuration    ,               and defining the no of core in 

configuration     based on      which requires a core reaching to threshold   load value. 

Calculate the utilization factor based on parameters                of the task set. 

If      ≥ max allowed threshold   load value if we keep using that core serious thermal 

effects arise which includes thermal hotspots or permanent deformation of chip, in that 

case, select the core configuration      as per the      requirement of arrived     , 

either least used    ). Move the selected       from           to            state to avoid 

delays and threshold workload value which is already set to reduce delays and migration 

cost and if a core reaches a threshold value will shift the workload to that core which is 

in less use are in sleep mode using full migration (F-M) strategy that migrates and 

schedules the ready queue tasks      into the selected core configuration      without 

missing the      and we will save energy as well as reduce power consumption. In the 

next step, a CPU is allocated to perform energy-efficient execution as per the EA-EDF 

Scheduling policy. 

If      < max allowed threshold   load value then select the resources for each task 

     to perform normal execution but with the arrival of new     3    then calculate 

the      requirement of arrived      if      ≥ max allowed  load then start the above 

process move the selected       from           to            state and if a core reaches a 

threshold value will shift the workload to that core that is in less use are in sleep mode 

using full migration (F-M) strategy that migrates and schedule the ready queue tasks 

     into the selected core configuration      without missing the     . Once the 

workload is migrated to the core that has the least load the scheduler starts performing 

the execution of the job. We have considered the configuration of the core      based on 

the utilization factor    ). In each configuration, we will consider those cores which are 

away from each other to reduce thermal gradients effects and save energy as well as 

reduce the power consumption using the proposed EA-EDF scheduling policy in which 
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the system with multi-core architecture keeps the cores in a running mode according to 

utilization factor   ) and remaining cores must be placed in sleep mode to optimize 

energy. `  

4.3.5 Proposed Core Configurations       

In proposed EA-EDF scheduling, core selection and switching of   jobs on various cores 

configurations are based on the utilization factor (  ). All the hardware and software 

parameters are used from Marvell's X-Scale technology based on the Intel PXA270 

multiprocessor. The amount of tasks in the running state requires a suitable task 

migration policy that defines the criteria for scheduling of         on the core. Selection 

of core depends on various tasks that are in running mode when tasks are in running state 

the utilization factor remains constant but due to an increase in the number of tasks the 

utilization factor of the multi-core processor increases as discussed in the system and 

task model. When tasks are running the    remains constant but as the number of tasks 

increases due to the concurrent processing of tasks on the multi-core processor    rapidly 

increases. For reducing energy and power consumption optimal energy-efficient core 

configurations are defined for proper core switching and load balancing using task 

migration based on this policy. 

The processor in a configuration that is running is represented as    having some 

operating frequency    and the acceptable task load to avoid maximum    value known 

as the threshold value is represented as   . The octa-core processor can execute eight 

tasks at a time each task on an individual core if the processor is executing some task is 

represented as                         denotes when the processor is in a sleep state.  

                       . Core configurations are represented as    few 

configurations are used for the execution of jobs based on utilization factor as follow. 

The configurations of m cores are defined for the various ranges of utilization    using 

energy-aware EDF scheduling algorithm is mentioned below:  

4.3.5.1 Configuration      for Utilization Factor       1% - 9% 

When the    is from 1% to 9% then 1 core is in on state and seven cores are in sleep 

mode and there will be only one configuration in which no core is shared  

        ∑
  
   

 

   

         (4.29) 
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1cores *1Configuration=1 

  =  1% - 9%,    ,    ,   =1 

  : (Core1) or (Core2) or (Core3) or (Core4) or (Core5) or (Core6) or (Core7) or 

(Core8). 

One core is in running state and the rest of the seven cores are in sleep mode, the tasks 

can schedule either one core configuration {(1), (2), (3), (4),(5),(6),(7),(8)} 

4.3.5.2 Configuration       for Utilization Factor      9.1%-18%  

Therefore two cores are in running state and the rest of the six cores remain in sleep 

mode, tasks can schedule on any of the two core configurations {(1,2),(3,4),(5,6),(7,8)} 

        ∑
  
   

 

   

           (4.30) 

When the    is from 9.1%to18% then 2 cores are in on state and six cores are in sleep 

mode and there will be only one configuration in which no core is shared.                                 

                                               2cores *1Configuration=2 

  =  9.1% - 18%,        ,   =1 

Shared Cores=0 

  : (Core1, Core2). 

4.3.5.3 Configuration       for Utilization Factor      18.1%-27%  

Therefore three cores are in running state and the rest of the five cores remain in sleep 

mode, tasks can schedule on any of the core configurations {(1,2,3,),(4,5,6,),(1,7,8)} 

        ∑
  
   

 

  3

            (4.31) 

When the    is from 18%to27% then 3 cores are in on state and five cores are in sleep 

mode then there will be two configurations in which four cores are shared. 

3cores *1Configuration=3 

  =  18.1% - 27% ,        ,  3=1 

               3  Core1, Core2, Core3. 

4.3.5.4 Configuration       for Utilization Factor      27.1%-36%  

Therefore four cores are in running state and the rest of the four cores remain in sleep 

mode, tasks can schedule on any of the configurations of core set {(1, 2, 3, 4), (5,6,7,8)} 
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        ∑
  
   

 

   

            (4.32) 

When the    is from 27%to36% then 4 cores are in running state and four cores are in 

sleep mode then there will be a total of two configurations used and no core is shared. 

4cores *1Configuration=4 

  =   24% - 36%,        ,   =1 

Shared Cores=0 

  : (Core1, Core3, Core 5, Core 7). 

4.3.5.5 Configuration       for Utilization Factor      36.1.%-45%  

Therefore five cores are in running state and the rest of the three cores remain in sleep 

mode, tasks can schedule on any of the core configurations {(1, 2, 3,4,5), (4,5,6,7,8) } 

        ∑
  
   

 

   

            (4.33) 

When the    is from           then 5 cores are in on state and three cores are in 

sleep mode then there will be a total of two configurations used in which four cores are 

shared. 

                                                   5cores *2Configuration=10 

  =   36% - 45%,        ,   =2 

Shared Cores=2 

  : (Core1, Core3, Core 5, Core 7, Core 8). 

  : (Core2, Core4, Core 6, Core 8, Core 1). 

4.3.5.6 Configuration       for Utilization Factor      45.1%-54% 

Therefore six cores are running and the rest of the two cores remain in sleep mode. 

        ∑
  
   

 

   

             (4.34) 

When the    is from 45.1%to54% then 6 cores are in on state and two cores are in sleep 

mode then there will be a total of two configurations used in which five cores are shared.                    

                                                 6cores *2Configuration=12 

  =   45% - 54%,        ,   =1, shared cores=5 
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  : (Core1, Core3, Core 4, Core 5, Core 7, Core 8). 

  : (Core1, Core2, Core 3, Core 4, Core 5, Core 7). 

4.3.5.7 Configuration       for Utilization Factor      54.1%-62.5% 

When the    is from 54.1% to 62.5% then 7 cores are in on state and two cores are in 

sleep mode then there will be a total of two configurations used in which five cores are 

shared. Therefore seven cores are running and the rest of the two cores have remained in 

sleep mode. 

        ∑
  
   

 

   

                (4.35) 

                                              7cores *2configuration=14 

  =  54.1% to 63%,        ,   =1, Shared Cores=6 

  : (Core1, Core2, Core3, Core 4, Core 5, Core 6, Core 7) 

  : (Core1, Core2, Core 3, Core 4, Core 5, Core 7, Core 8) 

4.3.5.8 Configuration       for Utilization Factor      >62.5% 

When the utilization factor is greater than 62.5% then all 8 cores are in on state.  

        ∑
  
   

 

   

        (4.36) 

8cores *1Configuration=8, shared cores=0 

  =   > 62.5%,        ,   =1 

  : (Core1, Core2, Core3, Core 4, Core 5, Core 6, Core 7, Core 8). 

The authors in [193] proposed demand bound (     is applied with response time to 

ensure that cores are enough    to meet their deadlines (   . The demand bound 

function (DB) gives computation time for    to complete the operation within a time 

interval [      ] as shown in Equation 4.37. 

                                           (4.37) 

Equation 4.38 represents the demand bound for n periodic task set 

                    with a constrained deadline     =     . 

            ∑           

 

   

          (4.38) 

                                  (4.39) 
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4.3.6 Proposed Task Set 

Considering   =1000ms using proposed EA.EDF scheduling technique contains the 

hardware and software architecture of the INTEL PXA270 multiprocessor having 

synthetic task set.    represents the no of CPU in the hardware architecture of the octa-

core Intel PXA270 MPSoC with a total no of 8 tightly coupled CPU cores that are 

represented as multiprocessor architecture with   cores with           3            

having a total of 2 tasks      are required for   =6% Each task      consists of a 

periodic task set TASKS      represented as           and its parameters for 

       3    as a set of periodic task  , over      processors are as follows: 

Table 4. 4Parameter of task set n = 2 

 

 

 

Intel PXA-270 processor's power model is used for each core in the test scenarios 

because the Intel-PXA270 offers seven power states. We tested the behavior of our 

proposed method by running all tasks   till the arrival of the worst-case execution time 

(WCET). For this, we created a task set and stored the data in an XML input file. The 

task set's size ranges from 5 to14 tasks with each task's period falling within [0.15ms, 

14ms] as indicated. We executed the task set mentioned in Table 4.5 on the Intel-

PXA270 MPSoC processing platforms. The XML input contains, starts time, 

WCET, period, priority, deadline, hardware architecture, number of cores and proposed 

EAEDF scheduling mechanism. The proposed scheduling algorithm using task migration 

ability is implemented on homogeneous multi-core architecture that has more than one 

core and shares the same architecture and microarchitecture integrated on a single chip.  

Table 4. 5 Parameter of task set n = 14 

Tasks                                

   6  0  10 12  1 

   7  0  11 12  1 

Tasks  1  2  3  4  5  6  7  8  9  10  11  12  13 

Period  0.1 9 6 13 9 6 8 10 7 10 12 13 14 

Deadline 10 9 6 8 9 8 6 7 6 7 10 5 11 

WCET 5 3 2 6 5 4 5 4 5 4 5 4 4 

Priority 1 2 3 4 5 4 4 3 7 3 10 11 5 

Arrival 0 0 0 2 3 4 2 3 0 3 0 5 6 
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4.4 Evaluation Requirements 

This section describes the complete evaluation requirements for the proposed framework 

using the proposed EA-EDF Algorithm. 

4.4.1 INTEL PXA-270 (LEAT) Multiprocessor  

Simulations were completed using INTEL PXA-270 (LEAT) multiprocessor which is 

preferable because the processor has an intelligent power-saving mechanism. PXA-270 

processor can consume power according to the states there are various states 

run/idle/sleep. In the running state, the processor consumed some active power when the 

tasks are executing. 925mW power is consumed during running states. The processor 

behaves idle for all the remaining cores that are not running are supposed to have idle 

power. In idle state few parameters are in operating because the system clock is 

performing some jobs but they can be immobilized. 260 mW power is consumed during 

an idle state. The switching time essential from sleep/standby mode to move to run state 

is almost the same. When the processor is in sleep/standby mode then there are no 

peripherals that consume power due to operating and the system clock is also not 

functional so the power consumption is very low. 0.001724W power is consumed during 

standby mode. 0.00163w power is consumed during sleep mode and 0.001014W power 

is consumed during deep sleep mode. Table 4.6 Power consumption specification of 

Intel PXA-270 MPSoC at various frequencies. 

Table 4. 6 Power consumption specification of Intel PXA-270 MPSoC at various 

frequencies [193] 

Frequency Active Power System Bus Idle Power Current 

624 MHz 925 mW 208 MHz 260 mW 770 mA 

520 MHz 747 mW 208 MHz 222 mW 630 mA 

416 MHz 570 mW 208 MHz 186 mW 500 mA  

312 MHz 390 mW 208 MHz 154 mW 380 mA 

208 MHz 279 mW 208 MHz 129 mW 150 mA 

104 MHz 116 mW 104 MHz 64 mW 110 mA 
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4.4.2 Integration of Proposed EA-EDF Models in multiprocessor scheduling 

simulation tool 

For estimations energy at the system level requires the integration of EA-EDF in the 

energy/power estimation simulator to achieve the estimation and measurement of the 

overhead of energy in embedded MPSoC. In this research, the energy targets the design 

of MPSoC-based embedded systems including hardware components as well as a 

software components. Energy-aware EA-EDF model is developed in chapter 4 and will 

be integrated into a simulation tool.  

4.4.3 STORM  

To simulate the execution state of an application and implementation of proposed policy 

(EA-EDF) for proper execution using task migration to calculate the energy overhead 

using dynamic power management (DPM) based low power scheduling policies, we use a 

simulation tool for real-time multiprocessor scheduling (STORM) is software that is 

based on java [194].  STORM implements various scheduling techniques on MPSoC-

based architecture on both homogeneous and heterogeneous CPUs. The main 

functionality of the STORM simulator is used to generate the energy consumption 

profiles, and evaluating of performance of hardware and application platforms. STORM 

runs on various portable devices and is very flexible for the reason that users can program 

and insert new components to this (freeware software under creative commons license) 

java-based software by using a well-defined structured API(S). The simulator contains the 

architecture of embedded multicore processor design i.e. (MARVEL INTEL PXA-270, 

250) as well as the memory architecture. This simulator supports various low 

energy/power consumption techniques, particularly dynamic power management (DPM) 

and dynamic voltage scaling (DVFS) and executes any fixed input parameters of the 

application or either executes input parameters provided by the user at any specific instant 

of time. This java based application is used to execute the proposed scheduling algorithm 

for all the cores every single time instant. Figure 4.5 illustrates the platform of the 

simulation tool.  The parameters for hardware and software architecture are simulated 

through the XML file. The simulation of configuration parameters and scheduling policy 

is also provided in an XML file so the user can easily evaluate the response of efficiency, 

tasks, timing and performance through simulation results that are saved in files are either 

monitored through diagrams. Figure 4.6 illustrates the overview of the STORM simulator 

and operating procedure. 
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Figure 4. 5 Simulation platform for real-time scheduling of multi-processor [194] 

 

 

 

 

         

 

 

   

Figure 4. 6 Overview of STORM simulators input/output file system and operating 

procedure [194] 
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4.4.4 The Architecture of the STORM simulator 

The architecture of STORM is based on three major entities put together about a 

simulation kernel. 

4.4.4.1 Software Entity 

Tasks and data are software entities for which the simulation is performed. The set of 

tasks is represented as   ,   ,  3 and   ,   represents the data for   processor. 

4.4.4.2 Hardware Entity 

Tasks and data are software entities for which the simulation is performed. The set of 

tasks is represented as task set   for the software architecture of the task 

        3              and   ,    represents the data for the processor   

             are the system’s hardware entities. 

4.5 System Timing Requirements using proposed EA-EDF Scheduler   

The measurements of parameters for hardware and software architecture are simulated 

through an XML file in the STORM. For             considering the duration 

feature <SIMULATION duration="1000"> parameters and precision measured in 

milliseconds for the task set   for the software architecture of the task 

        3              for various configurations proposed in section 4.34.    represents 

the duration of simulation as   =1000ms for a functional execution in milliseconds. 

<SCHED> attribute illustrates the proposed (EA-EDF) full preemptive scheduler that is 

used for simulation is represented as: 

 <SCHEDclassName="EA.EDF" quantum="10"></SCHED>.  

The proposed model contains the hardware and software architecture of the INTEL 

PXA270 multiprocessor. (    represents the no of CPU in the hardware architecture of 

the octa-core Intel PXA270 MPSoC with a total no of 8 tightly coupled CPU cores that 

are represented as  multiprocessor architecture with   cores with 

                       having tasks     . The CPUs part gives information about 

hardware architecture. The CPU attribute contains a specific Id that is used to represent 

the simulation kernel and a className used to consider the appropriate library for the 

proposed system model: Each <TASK> set entity      is a set of periodic tasks    , with 

no activation memory, no abort on missed deadlines and is represented as   

            over      processors. Ids are assigned to all 8 core that contains individual 
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tasks and relevant parameter information. Each task       is linked with the scheduling 

requirements (                   ). The activation date, release, or best case execution 

time (BCET) of the task     represents the time at which the 

             3              is in the ready queue, while    is the period and    is the 

worst-case execution time (WCET),    represents the priority of execution for each  , the 

deadline is represented as   .  

DATAS represents a set of task instance that are sent through software from one another  

 

Figure 4. 7 XML  Parameters for System Timing Requirements Input for Proposed EA-

EDF Scheduling Algorithm XML Input File 

Task set for system timing requirements (ms), at   =6% for task set n=2   

  considering   =1000ms using proposed EA.EDF scheduling technique contains the 

hardware and software architecture of the INTEL PXA270 multiprocessor.    

represents the no of CPU in the hardware architecture of the octa-core Intel PXA270 

MPSoC with a total no of 8 tightly coupled CPU cores that are represented as  

multiprocessor architecture with   cores with           3         having a total of 

2 tasks      are required for   =6% can schedule on a core configuration       ) 
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having    . Each task      consists of a periodic task set TASKS      represented 

as           and its parameters for         as a set of periodic task  , over      

processors as shown in Table 4.7. 

Table 4. 7 Parameters for system timing requirements (ms), at   =6% for task set n=2 

    

 

Task set for system timing requirements (ms), at   =10% for task set   n=4       

considering   =1000 ms using proposed EA.EDF scheduling technique for 

multiprocessor architecture with   cores of processor           3           and a 

total of 4 tasks      are required for   =10% can schedule on a core configuration 

(     ). Each task      consists of a periodic task set TASKS      represented as 

          3     as a set of periodic task  ,         3     over      processors as shown 

in Table 4.8. 

Table 4. 8 Parameters for system timing requirements (ms), at   =10% for task set   

n=4     

 

Task set for system timing requirements (ms), at   =20% for task set   n=6       

Considering   =1000 ms using proposed EA.EDF scheduling technique for 

multiprocessor architecture with   cores with           3           and a total of 

n=6 tasks      are required for   =20% can schedule on a core configuration ( 3  

  ). Each task      consists of a periodic task set TASKS      represented as 

                and its parameters for              as shown in Table 4.9. 

 

Tasks                                Tasks                                

   6  0  10 12  1    7  0  11 12  1 

Tasks                                Tasks                                

   4  4 4 2  7    16 11 16 2 5 

   15  10  15 2  8    15 8 15 3 6 
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Table 4. 9 Parameters for system timing requirements (ms), at   =20% for task set   

n=6     

 

Task set for system timing requirements (ms), at   =31% for task set   n=10      

considering   =1000ms using proposed EA.EDF scheduling technique for 

multiprocessor architecture with   cores with           3           and a total of 

n=10 tasks      are required for   =31% can schedule on a core configuration (   

  ). Each task      consists of a periodic task set TASKS      represented as 

                 and its parameters for                as shown in Table 4.10. 

Table 4. 10 Parameters for system timing requirements (ms), at   =31% for task set   

n=10     

 

Table 4. 11 Parameters for system timing requirements (ms), at   =38% for task set   

n=13     

Task set for system timing requirements (ms), at   =38% for task set   n=13      

considering   =1000ms using proposed EA.EDF scheduling technique for 

Tasks                                Tasks                                

   10 0 10 1 1    15 0 40 1 8 

   9 2 4 2 6    17 2 20 1 5 

   4 4 20 1 7    22 4 20 2 10 

Tasks                                Tasks                                

   10 0 10 1 1    6 4 6 2 5 

   9 2 4 2 6    9 2 9 1 1 

   4 4 20 1 7    4 4 4 2 6 

   15 0 40 1 8    15 0 15 1 7 

   17 2 20 2 5     19 2 17 1 10 

Tasks                                Tasks                                

   10 0 10 4 1    4 4 4 2 6 

   9 0 9 1 2    15 0 15 1 7 

   6 0 6 2 3     19 2 17 1 10 

   10 0 10 1 4     17 4 22 2 1 

   9 2 9 3 5     22 0 23 1 5 

   6 4 6 2 5     25 2 25 1 10 

   9 2 9 1 1       
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multiprocessor architecture with   cores with                 and a total of n=13 

tasks      are required for   =38% can schedule on a core configuration (     ). 

Each task      consists of a periodic task set TASKS      represented as   

        3       and its parameters for             3  as shown in Table 4.11. 

Task set for system timing requirements (ms), at   =50% for task set   n=17   

  considering   =1000ms using proposed EA.EDF scheduling technique for 

multiprocessor architecture with   cores with               and a total of n=17 

tasks      are required for   =50% can schedule on a core configuration (     ). 

Each task      consists of a periodic task set TASKS      represented as   

        3        and its parameters for                as shown in Table 4.12. 

Table 4. 12 Parameters for system timing requirements (ms), at   =50% for task set   

n=17     

 

Task set for system timing requirements (ms), at   =55% for task set   n=19      

considering   =1000 ms using proposed EA.EDF scheduling technique for 

multiprocessor architecture with   cores with           3           and a total of 

n=19 tasks      are required for   =55% can schedule on a core configuration (   

  ). Each task      consists of a periodic task set TASKS      represented as 

          3        and its parameters for                as shown in Table 4.13. 

Table 4. 13 Parameters for system timing requirements (ms), at   =55% for task set   

n=19     

Tasks                                Tasks                                

   10 0 10 4 1     19 2 17 1 10 

   9 0 9 3 2     17 4 22 2 1 

   6 0 6 2 3     22 0 23 1 5 

   10 0 10 5 4     25 2 25 1 10 

   9 2 9 3 5     6 4 6 2 5 

   6 4 6 2 5     9 2 9 1 1 

   9 2 9 3 1     4 4 4 2 6 

   4 4 4 2 6     15 0 15 1 7 

Tasks                                Tasks                                

   10 0 10 4 1     17 4 22 2 1 

   9 0 9 3 2     22 0 23 1 5 
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Task set for system timing requirements (ms), at   =62.5% for task set   n=24   

  considering   =1000ms using proposed EA.EDF scheduling technique for 

multiprocessor architecture with   cores with                  and a total of n=24 

tasks      are required for   =62.5% can schedule on a core configuration (     ). 

Each task      consists of a periodic task set TASKS      represented as   

                and its parameters for                as shown in Table 4.14. 

Table 4. 14 Parameters for system timing requirements (ms), at   =62.5% for task set 

(   n=24     

 

Task set for system timing requirements (ms), at   >62.5% for task set   n=27      

considering   =1000ms using proposed EA.EDF scheduling technique for 

multiprocessor architecture with   cores with                 and a total of n=27 

tasks      are required for   >62.5%. Each task      consists of a periodic task set 

TASKS      represented as                  and its parameters for                

as shown in Table 4.15. 

   6 0 6 2 3     25 2 25 1 10 

   10 0 10 5 4     6 4 6 2 5 

   9 2 9 3 5     9 2 9 1 1 

   6 4 6 2 5     4 4 4 2 6 

   9 2 9 3 1     15 0 15 1 7 

   4 4 4 2 6     19 2 17 1 10 

   15 0 15 1 7     17 4 22 2 1 

    19 2 17 1 10       

Tasks                                Tasks                                

   10 0 10 4 1     25 2 25 1 10 

   9 0 9 3 2     6 4 6 2 5 

   6 0 6 2 3     9 2 9 1 1 

   10 0 10 5 4     4 4 4 2 6 

   9 2 9 3 5     15 0 15 1 7 

   6 4 6 2 5     19 2 17 1 10 

   9 2 9 3 1     17 4 22 2 1 

   4 4 4 2 6     15 0 15 1 7 

   15 0 15 1 7     19 2 17 1 10 

    19 2 17 1 10     17 4 22 2 1 

    17 4 22 2 1     6 4 6 2 5 

    22 0 23 1 5     9 2 9 1 1 
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Table 4. 15 Parameters for system timing requirements (ms), at   >62.5% for task set   

n=27     

4.6  H.264 Multimedia decoder Application  

This section describes the implementation of our energy-aware proposed framework 

represented in the Figure 4.1 using the proposed EA-EDF algorithm on H.264 

multimedia decoder application. We have implemented the EA-EDF energy optimization 

method at the functional level. There are various parameters but the design is explored 

using the no of processors (CPUs) and operating frequency. The aim of considering this 

application is to explore the contribution of proposed scheduling mechanism. Moreover, 

for embedded systems, H.264 decoding application is a promising standard considering 

high quality, compression, resolution and flexible coding. H.264 multimedia decoder 

application is a high-quality video compression algorithm consisting of several slices and 

various frames that are divided into 7 main periodic tasks characterization. Task set 

consist of various ready task that includes new frames that is derived from the 

application layer of the network. The application layer decomposes each task into 

multiple slices as frame 1, and frame 2. The processing task decodes the following slices 

slice 1(quantization), slice 2(entropy), and slice 3(inverse transformation). Figure 4.8 

illustrates the overview of the slice version of the H.264 decoder application introduced 

by authors in [195] in a frame that contains 3 slices and each slice is further divided into 

4 independent subtasks that are executing the frames of the slice in parallel. On the 

arrival of the new frame, the subtask sequentially accesses the buffer of input data but 

Tasks                                Tasks                                

   10 0 10 4 1     9 2 9 1 1 

   9 0 9 3 2     4 4 4 2 6 

   6 0 6 2 3     15 0 15 1 7 

   10 0 10 5 4     19 2 17 1 10 

   9 2 9 3 5     17 4 22 2 1 

   6 4 6 2 5     15 0 15 1 7 

   9 2 9 3 1     19 2 17 1 10 

   4 4 4 2 6     17 4 22 2 1 

   15 0 15 1 7     6 4 6 2 5 

    19 2 17 1 10     9 2 9 1 1 

    17 4 22 2 1     4 4 4 2 6 

    22 0 23 1 5     15 0 15 1 7 

    25 2 25 1 10     19 2 17 1 10 

    6 4 6 2 5       
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frames have temporal dependencies due to this the execution of the newly arrived frame 

is not possible until the current running frame has completed its execution and properly 

decoded. So for smooth execution, it is required for the CPU to synchronize the entire 

task using TASK-SYNC before executing the new frame. Simulation shows that the 

target architecture consists of uniform processor                for      

supporting dynamic power management (DPM) mechanism reduces the total energy 

consumption of the CPU using energy-aware scheduling.                                                                
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Figure 4. 8 Overview of Block diagram for H.264 Video decoder slices version [195] 

For a task            3             ,      labeled as frame 1,2,3 is characterized by 

the following parameters                      where the release time or activation period of 

the task    it's the time when the      scheduling request arrives, represents the time at 

which the      is in the ready queue, while     is the worst-case execution time, 

   represents the period and the deadline is denoted as   .    represents the priority. In 

this simulation, we have considered the slice version of the H.264 video decoder 

application developed by the authors in [160]. Table 4.9 represents the seven periodic 

tasks            3              used in the H.264 application. The parameters of these 
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task sets are evaluated at the maximum operating frequency of MARVEL INTEL 

PXA270 MPSoC (i.e., 624-MHz). 

Task set for system timing requirements of H.264 is evaluated on simulation duration 

  =1000 ms using proposed EA.EDF scheduling technique for multiprocessor 

architecture with     cores with                  and a total of n=7 tasks      

required resources to schedule on a core configuration (     ). Each task      consists 

of a periodic task set TASKS      represented as           3        and its 

parameters                  for               are as follows:  

Table 4. 16 H.264 video decoder application parameters for system timing requirements 

(ms), for the task set   n=7      at 624-MHz 

 

The simulation results of the H.264 video decoder application using the proposed EA-

EDF scheduling technique are evaluated and discussed in chapter 5, section 5.48. 

4.7 Summary  

In this chapter, the first section elaborates on the problem statement and contains a 

detailed overview of the proposed research methodology. A system model is developed 

for (EA-EDF) scheduling as well as energy and power model for the proposed model is 

elaborated in detail. A dynamic power management policy that selectively changes the 

states of the CPU is introduced. Proposed a method for core configurations and various 

system timing requirements based on the utilization factor is introduced. The proposed 

algorithm and its flowchart and various components used in the evaluation are adapted to 

evaluate the proposed energy-efficient scheduling algorithm based on DPM (EA-EDF) 

to increase the performance of the system by reducing the energy dissipation using 

suitable abilities of the proposed task migration policy. The next chapters present the 

Tasks   Period         Activation 

       
Deadline    Worst case 

execution  

        

Priority    

   19 0 19 1 1 

   5 0 5 2 1 

   66 0 66 42 1 

   66 1 66 42 1 

   66 2 66 42 1 

   66 3 66 42 1 

   66 66 66 2 1 
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experimental model and simulation results for the proposed DPM based energy-aware 

efficient task scheduling for MPSoC and illustrated a variety of comparative results on 

various utilization factor   = 6%, 10%, 20%, 31%, 45%, 55%, 62.5% and    > 62.5% 

(63%) at various operating frequencies 624MHz, 520MHz, 416 MHz, 312 MHz and 208 

MHz and compared to previously deployed energy optimization techniques for MPSoCs.
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CHAPTER 5 

EXPERIMENTAL MODEL & SIMULATION RESULTS 

FOR OPTIMAL DPM-BASED (EA-EDF) SCHEDULING 

5.1 Introduction 

This chapter illustrates the experimental techniques and contains a complete explanation 

of the experimental model mechanism used in the research work. 

5.2 Experimental Setup  

The proposed EA-EDF algorithm is based on java language compiled in Neon Eclipse 

that executes the storm.jar file.  The proposed algorithms schedule the predefined set of 

parameters given in XML input files provided to the simulator STORM as input to 

schedule the task set using EA-EDF. STORM gives energy and power profiles these 

profiles are then plotted by creating a utilization graph in MatLab that shows the 

difference between the proposed EA-EDF, and other globally renowned techniques 

concerning utilization factors.  The below figure illustrates the complete experimental 

setup of the research design that is based on dynamic power management and a 

comprehensive approach of a full task migration technique that considers an application 

by dividing it into various no of tasks according to the parameter. Storm can execute 

input parameters provided by the application using Extensible Markup Language 

(XML). The features of the task set include the (                 application architecture, 

start time, worst-case execution time, period, priority, and deadline, hardware 

architecture no of cores of INTEL PXA-270, simulation duration     and proposed EA-

EDF scheduling algorithm is added in XML. 

Definition: Consider INTEL PXA-270 multiprocessor with 8-cores and the current 2 

processors are running the n=3 task under    17% but suddenly with the arrival of a new 

task n=6,       the    increases to its threshold and suddenly migration of task occurs at 

  =18.1% the scheduler schedule and migrate the      to the coolest core that is in 

sleep mode and is prior shifted to idle mode before the migration of the task using the 

proposed EA.EDF scheduling technique for multiprocessor architecture with  =8 cores 

                 and a total of n=6 tasks      are required for   =18.1% can 

schedule on a core configuration ( 3    ). Each task      consists of a periodic task 
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set TASKS      represented as                  and its parameters for             

as in input to the simulator in Table 5.1 

Table 5. 1 Task set parameters 

The above parameter is imported in the XML file and then given to the simulator using 

the HW and SW libraries of the multiprocessor on STORM where the energy-aware 

scheduling policy based on DPM using task migration policy is already implemented on 

Eclipse JAVA Neon 64bit using the storm jar file the simulator produces various energy 

and power efficient profiles according to the load and utilization factor (  ), CPU load 

curves, CPU memory consumption, CPU energy consumption for individual cores using 

both hardware & software architecture of the processor model INTEL PXA-270 (LEAT) 

for all types of hardware configurations already mentioned in the XML file as input to 

the simulator is executed using multicore processors. The proposed system model asses 

the reliability using the below-mentioned experimental approach in Figure 5.1.  

 

 

 

 

 

 

 

 

 

 

 

Figure 5. 1 Experimental Setup for energy-efficient task scheduling [194] 
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Table 5. 2 Sequence of simulation  

 

 

Proposed Algorithm  

 

Step 1: 

Calculate and measure the no of tasks      (          )  and adjust 

the simulation parameters  hardware architecture of Marvel X-Scale 

Intel PXA-270 MPSoC no of cores and application (                 of 

the tasks (    ). , 

 

Step 2: 

Generate configurations               and the no of CPUs (cores) in 

each configuration     based on    ). 

 

Step 3: 

Power Setting of INTEL PXA-270 multiprocessor and its states 

according to the frequency                                    . 

 

Step 4: 

Compute                   ∑
  

   
  

      for the different cores for 

the workload assessments using Equation 3.2  

 

Step 5: 

Compute      If (    ≥max allowed   load then adopt the full task 

migration policy for scheduling and migration of tasks. If(Max    

configuration < Threhold    ) then continue the normal execution. 

 

Step 6: 

Select the core configuration      as per the      requirement of 

arrived     , either least used      & switch      from           to 

            next_selcted Core config     ≤ Core configuration_select 

than move the CPU from                    . 

 

Step 7: 

Using the full migration (F-M) Strategy migrate and schedule the ready 

queue of tasks      into the selected core configuration      without 

missing their deadlines     using proposed EA-EDF. 

 

Step 8: 

Select the          core resources in              for migratable tasks 

i.e     to least used suitable    to achieve energy efficient   execution. 

 

Step
9: 

Measurement of the energy-efficient profiles, on various     and     

                                               as 

well as reduced power consumption and load plots using the proposed 

energy-aware EA-EDF algorithm. 
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The simulation model is useful for attaining better performance and reliability for these 

various configurations      are used that are depending on the    of the core. DPM for 

low power mode and a task migration policy is introduced. When the utilization of the 

processor reaches near to threshold. The tasks start migrating to the core that is 

physically distant or to the core configuration      that is least used and low 

consumption and temperature for attaining better performance by avoiding the delay in 

the execution process. The selection of core configuration       is based on the state of 

the core.  Due to high   load on the CPU tasks      that reaches the threshold needs to 

be scheduled and migrated to the coolest core that is in sleep mode and is prior shifted to 

idle mode before the migration of the task. The proposed scheduling technique calculates 

the energy and power and switches the   tasks on the core based on their utilization 

factor. The    of the core is increasing once it is selected for the migrated tasks      

due to this frequent increase in the utilization    switching of core maintains the overall 

execution. When the    value of the currently executing core is high than a core      

with the least task   load is selected for execution and all the other cores will remain in 

sleep mode. In this research, the researcher performed experiments on the INTEL PXA-

270 multiprocessor labeled as a LEAT processor using the proposed EA.EDF_P_ 

Scheduler. The above Table 5.2 represents the sequence of simulations used in the 

experimental technique. 

5.3 Simulation Results 

To evaluate the performance and functionalities of EA-EDF various findings based on 

simulations and measurements are conducted using STORM. The STORM simulator can 

allocate and schedule      according to various parameters                 considered to 

allow more low consumption states for reducing the consumption of energy and power 

DPM is applied during idle intervals of the CPU using the proposed EA-EDF scheduler. 

STORM is used to perform the experimental valuation of a multiprocessor system and 

illustrate the importance due to advancements in semiconductor technology that increases 

the power density of a multiprocessor with the increase in demand for R-T applications 

based on complex circuitry. STORM receives ready tasks      (          )  from the 

XML input file as shown in the system model proposed in section 4.3.1 and schedules it 

on the hardware architecture of Marvel X-Scale Intel PXA-270 MPSoC by considering 

the suitable core configuration      with low-power DPM capabilities.     are chosen 

based on    whereas the power model for all cores is the same using the Intel PXA-270 
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processor's power model is used for each core in the evaluation because it's one of the 

prominent embedded MPSoC, Intel-PXA270 offers multiple power states. We tested the 

behavior of the proposed EA-EDF method by running all tasks   till the arrival of the 

worst-case execution time (WCET). For this, we created a task set and stored the 

parameters data in an XML. The task set's size ranges from [1 to 37] tasks with each 

task's period falling within [0.15ms, 30ms] as indicated in the task set parameter for 

various    proposed in section 4.5. We executed all the task sets mentioned in section 4.5 

using Intel-PXA270 MPSoC processing platforms. Table 5.3 represents various power 

consumption states of Intel PXA-270 over multiple operating frequencies respectively by 

considering various states of running, idle, and sleep and also represents the current of the 

Intel PXA-270 MPSoC. All hardware characteristics from the Intel-PXA270 processor 

are employed in our experiments using the proposed EA-EDF policy and achieve better 

performance, reduction in energy power consumption and minimized delays during the 

execution process. The proposed EA-EDF migrates tasks to a core that is physically away 

from the core with the highest power consumption and utilization.  

5.3.1 Simulation Metrics  

The description of the various metrics used for simulation is mentioned in Table 5.3. 

Table 5. 3 Parameters of the experimental system 

Metric system  Values 

Simulation Duration     1000 ms  

Total no task        n 2,4,5,10,13,17,19,24,27 

Total no processor   8 

         duration   ,    

Failure to miss   deadlines No 

Task abortion No 

CPU INTEL PXA-270 MPSoC 

   6,10,20,31,38,55,62.5 and >62.5 

Scheduler EA-EDF 

Distribution of  task's period falling within  [0.15ms, 50ms] 
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This section presents the experimental evaluation of our improved energy-efficient 

scheduling algorithm for the reduction of energy consumption. The proposed energy 

aware-EDF-based scheduler gives improved results and more energy optimization as 

compared to previous techniques. The Intel PXA-270 MPSoC is used to measure CPU 

energy usage. According to the proposed algorithm, the job with the earliest scheduling 

deadline is prioritized When the periodic task set is examined the strategy works well 

that’s why the context switch is valuable. Considering the same experimental 

characteristics such as deadlines and consumption. The simulation indicates that the 

STORM simulator performance criteria are equivalent to the real platform values. Below 

tables represents the comparison of experimental results of energy consumption at 

various   = 6%, 10%, 20%, 31%, 45%, 55%, 62.5% and    ≥ 62.5% when all the cores 

are running.  

5.3.2 Energy Consumption using EA-EDF at 624 MHz, 520 MHz, 416 MHz, 312 

MHz, 208MHz, and 104 MHz,  

Table 5.4 represents the energy consumption on   cores CPU using the proposed EA-

EDF at various workloads   = 6%, 10%, 20%, 31%, 45%, 55%, 62.5% and    > 62.5% 

when all the cores are in running condition by considering a multiprocessor with   cores 

                having a periodic task set            3             in an MPSoC 

using DPM that allows more low consumption states for reducing the consumption of 

energy and power. As DPM is applied during idle intervals of the CPU using the 

proposed EA-EDF scheduler. At 624 MHz Intel PXA270 multiprocessor consumes 

0.925 W in active mode and 0.26 W in idle mode. It is also observed from the CPU load 

curve that high task utilization increases the power densities, energy dissipation and 

increasing the resistance in MPSoC that causes to reduce the performance as the idle 

interval is reduced and the running interval is increased. 

Table 5. 4 Energy consumption at different    on Intel PXA-270 MPSoC at 624 MHz 

Utilization   % Task (                             Proposed EA-EDF 

    = 6 2 1 7 0.93 J 

   = 10 4 2 6 0.97 J 

    = 20 14 3 5 1.12 J 
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The energy consumption using EA-EDF by considering a multiprocessor with   cores 

                having a periodic task set            3             in an MPSoC 

at various workloads   = 6%, 10%, 20%, 31%, 45%, 55%, 62.5% and    > 62.5% when 

all the cores are in running condition. As DPM is applied that enhances the state and idle 

intervals of the CPU by switching using the proposed EA-EDF scheduler. At 520 MHz 

Intel PXA270 multiprocessor consumes 0.747 W in active mode and 0.222 W in idle 

mode. The simulation results in Table 5.5 show that the proposed EA-EDF is more 

energy efficient and reduced energy consumption at 520 MHz when the least no tasks 

are scheduled due to which less no of processing cores are executing the task and more 

cores remain in sleep or idle state that causes the processor to consume less energy at   = 

6%,  C         =1 and C            =7 consumes very minimal energy while 

consuming high energy at           C         =8 and C            =0. 

Table 5. 5 Energy consumption at different    on Intel PXA-270 MPSoC at 520 MHz 

 

The above results show a substantial reduction in the energy consumption by lowering 

   = 31 16 4 4 1.71 J 

   = 38 19 5 3 2.86 J 

   = 50 24 6 2 3.86 J 

   = 62.5 26 7 1 4.19 J 

    62.5 27 8 0 8.60 J 

Utilization   % Task (                             Proposed EA-EDF 

    = 6 2 1 7 0.57 J 

   = 10 4 2 6 0.75 J 

    = 20 14 3 5 1.02 J 

   = 31 16 4 4 2.31 J 

   = 38 19 5 3 3.05 J 

   = 50 24 6 2 3.89 J 

   = 62.5 26 7 1 4.20 J 

    62.5 27 8 0 8.10 J 



          Experimental Model and Simulation Results 

 

95 

 

the frequency from 624-520MHz gives greater gain due to increases in the task load the 

utilization factor increases that increase the no of active processors m in running state α 

simultaneously reduces the idle period ϒ that leads to a delay in execution due multiple 

ready task instructions against limited no of  CPU processing capacity. By reducing the 

frequency a nonlinear decrease in energy consumption ultimately reduces the overall 

energy dissipation using the EA-EDF scheduler. 

The energy consumption using EA-EDF by considering a multiprocessor with   cores 

                having a periodic task set            3             in an MPSoC 

at various workloads. As DPM is applied that enhances the low power state and idle 

intervals of the CPU using the proposed EA-EDF scheduler. At 416 MHz Intel PXA270 

multiprocessor consumes 0.57 W in active mode and 0.186 W in idle mode. The 

simulation results in Table 5.6 show that the proposed EA-EDF is more energy efficient 

and reduced energy consumption at 416 MHz The below results show a substantial 

reduction in the energy consumption by lowering the frequency and proper scheduling of 

tasks meeting all the deadlines at 416MHz By reducing the frequency from 520-416MHz 

a nonlinear decrease in energy consumption occurs ultimately achieving a prominent 

reduction in the overall energy dissipation using EA-EDF scheduler. 

Table 5. 6 Energy consumption at different    on Intel PXA-270 MPSoC at 416 MHz 

The energy consumption using EA-EDF by considering a multiprocessor with   cores 

                having a periodic task set            3             in an MPSoC 

at various workloads. As DPM is applied that enhances the state and idle intervals of the 

Utilization   % Task (                             Proposed EA-EDF 

    = 6 2 1 7 0.47 J 

   = 10 4 2 6 0.55 J 

    = 20 14 3 5 0.98 J 

   = 31 16 4 4 1.37 J 

   = 38 19 5 3 2.15 J 

   = 50 24 6 2 2.80 J 

   = 62.5 26 7 1 3.20 J 

    62.5 27 8 0 7.10 J 
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CPU by switching of the CPU using the proposed EA-EDF scheduler. At 312 MHz Intel 

PXA270 multiprocessor consumes 0.39 W in active mode and 0.154 W in idle mode. 

The simulation results in Table 5.7 show that the proposed EA-EDF is more energy 

efficient and reduced energy consumption at 312 MHz. The below results show a 

substantial reduction in the energy consumption by lowering the frequency and proper 

scheduling of tasks meeting all the deadlines at 312 MHz By reducing the frequency 

from 416-312 MHz a nonlinear decrease in energy consumption occurs ultimately 

achieving a prominent reduction in the overall energy dissipation using EA-EDF 

scheduler. 

Table 5. 7 Energy consumption at different    on Intel PXA-270 MPSoC at 312 MHz 

 

Tables 5.8 and 5.9 represent the energy consumption using EA-EDF by considering a 

multiprocessor with   cores                 having a periodic task set    

        3             in an MPSoC and supporting DPM at various workloads   = 6%, 

10%, 20%, 31%, 45%, 55%, 62.5% and    ≥ 63%  when all the cores are in running 

condition It is also observed from the CPU load curve that high task utilization increases 

the power densities, energy dissipation and increasing the resistance in MPSoC that 

causes to reduce the performance. As DPM is applied that enhances the low power state 

and idle intervals of the CPU using the proposed EA-EDF scheduler. At 208 MHz Intel 

PXA270 multiprocessor consumes 0.51 W in active mode and 0.279 W in idle mode.  

The simulation results in Tables 5.8 & 5.9 show that the proposed EA-EDF is more 

Utilization   % Task (                             Proposed EA-EDF 

    = 6 2 1 7 0.28 J 

   = 10 4 2 6 0.45 J 

    = 20 14 3 5 0.92 J 

   = 31 16 4 4 1.24 J 

   = 38 19 5 3 2.15 J 

   = 50 24 6 2 2.91 J 

   = 62.5 26 7 1 3.90 J 

    62.5 27 8 0 3.10 J 
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energy efficient and reduced energy consumption at 208 & 104 MHz at 104 MHz Intel 

PXA270 multiprocessor consumes 0.116 W in active mode and 0.064W in idle mode.  

The below results show a substantial reduction in the energy consumption by lowering 

the frequency and proper scheduling of tasks meeting all the deadlines at 208 & 104 

MHz by reducing the frequency from 312MHz to 208MHz & from 208MHz to 104 a 

nonlinear decrease in energy consumption occurs ultimately achieving a prominent 

reduction in the overall energy dissipation using EA-EDF scheduler. 

Table 5. 8 Energy consumption at different    on Intel PXA-270 MPSoC at 208 MHz 

 

Table 5. 9 Energy consumption at different    on Intel PXA-270 MPSoC at 104 MHz 

Utilization   % Task (                             Proposed EA-EDF 

    = 6 2 1 7 0.25 J 

   = 10 4 2 6 0.35 J 

    = 20 14 3 5 0.62 J 

   = 31 16 4 4 0.9 J 

   = 38 19 5 3 1.55 J 

   = 50 24 6 2 2.1 J 

   = 62.5 26 7 1 2.70 J 

    62.5 27 8 0 2.95 J 

Utilization   % Task (                             Proposed EA-EDF 

    = 6 2 1 7 0.22 J 

   = 10 4 2 6 0.31 J 

    = 20 14 3 5 0.6 J 

   = 31 16 4 4 0.81 J 

   = 38 19 5 3 1.35 J 

   = 50 24 6 2 1.92 J 

   = 62.5 26 7 1 2.40 J 
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The simulation results in tables 5.8 & 5.9 show that the proposed EA-EDF is more 

energy efficient and a reduction in energy consumption occurs in Intel PXA-270 MPSoC 

at 208 and 104 MHz at lower     and frequency consumes very minimal energy while 

consuming high energy at           C         =8 and C            =0. 

5.3.3 Comparison of Energy Consumption using EA-EDF at 624 MHZ Energy 

Consumption using EA-EDF at 624 MHz, 520 MHz, 416 MHz, 312 MHz, 

208MHz, and 104 MHz,  

Tables 5.10 represents the comparison of simulation results conducted on simulation 

duration   =1000 ms using proposed EA.EDF at various workloads   = 6%, 10%, 20%, 

31%, 45%, 55%, 62.5% and    >62.5 63%  considering the HW parameter of Intel 

PXA270 multiprocessor with     cores                 having a periodic task 

set            3             in an MPSoC and supporting DPM and show that the 

proposed EA-EDF is more energy efficient and prioritized the job with the earliest 

scheduling deadline and a significant reduction in energy consumption occurs at lower 

utilization and gives 4.7%  more energy efficient results as compared to GEDF, RT-

DPM, TBP, PDTM on 624MHz in terms of energy.  

Table 5. 10 Comparative analysis of energy consumption on various schedulers at 624 

MHz 

    62.5 27 8 0 2.65 J 

Utilization 

  % 

Task (   Proposed 

EA-EDF 

Energy 

GEDF 

Energy 

PDTM 

Energy 

Uniform 

RT-DPM 

Energy 

TBP 

    = 6 1 0.93 J 1.41 J 1.18 J 0.86 J 1.25 J 

   = 10 3 0.97 J 1.81 J 2.02 J 1.27 J 1.87 J 

    = 20 15 1.12 J 2.73 J 1.99 J 1.98 J 3.21 J 

   = 31 16 1.71 J 3.2 J 3.91 J 3.52 J 3.79 J 

   = 38 19 2.86 J 6.12 J 4.37 J 4.12 J 4.88 J 

   = 50 24 3.86 J 7.23 J 6.32 J 6.44 J 5.21 J 

   = 62.5 26 4.19 J 8.26 J 6.38 J 5.76 J 6.96 J 

    62.5 28 8.6 J 8.63 J 8.79 J 8.83 J 9.12 J 
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Tables 5.11 represents the comparison of simulation results conducted on simulation 

duration   =1000 ms using proposed EA.EDF at various workloads   = 6%, 10%, 20%, 

31%, 45%, 55%, 62.5% and    >62.5%  considering the HW parameter of Intel PXA270 

multiprocessor with     cores                 having a periodic task set 

           3             in an MPSoC and supporting DPM and show that the 

proposed EA-EDF is more energy efficient and prioritized the job with the earliest 

scheduling deadline and a significant reduction in energy consumption occurs at lower 

utilization and gives 4.3% more energy efficient results as compared to GEDF and gives 

much improved results in comparison with RT-DPM, TBP, PDTM on 520MHz in terms 

of energy at higher   .  

Table 5. 11 Comparative analysis of energy consumption on various schedulers at 520 

MHz 

Tables 5.12 represents the comparison of simulation results conducted on simulation 

duration   =1000 ms using proposed EA.EDF at various workloads   = 6%, 10%, 20%, 

31%, 45%, 55%, 62.5% and    > 62.5%  considering the HW parameter of Intel 

PXA270 multiprocessor with     cores                 having a periodic task 

set            3             in an MPSoC and supporting DPM and show that the 

proposed EA-EDF is more energy efficient and prioritized the job with the earliest 

scheduling deadline and a significant reduction in energy consumption occurs at lower 

utilization and gives 5.3% more energy efficient results as compared to GEDF,RT-DPM 

Utilization 

  % 

Task (   Proposed 

EA-EDF 

Energy 

GEDF 

Energy 

PDTM 

Energy 

Uniform 

RT-DPM 

Energy 

TBP 

    = 6 1 0.57 J 2.41 J 0.66 J 2.51 J 2.88 J 

   = 10 3 0.75 J 3.81 J 3.97 J 4.87 J 3.02 J 

    = 20 14 1.02 J 5.73 J 5.41 J 5.21 J 4.77 J 

   = 31 16 2.31 J 6.12 J 6.89 J 6.79 J 6.22 J 

   = 38 19 3.05 J 6.72 J 5.2 J 7.88 J 7.13 J  

   = 50 24 3.89 J 7.23 J 7.44 J 9.21 J 7.72 J 

   = 62.5 26 4.20 J 8.17J 8.76 J 10.96 J 8.38 J 

    62.5 27 8.10 J 8.34 J 9.38 J 11.12 J 9.43 J 
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,TBP, PDTM on 416MHz in terms of energy at higher   .  

Table 5. 12 Comparative analysis of energy consumption on various schedulers at 416 

MHz 

Tables 5.13 represents the comparison of simulation results conducted on simulation 

duration   =1000 ms using proposed EA.EDF at various workloads   = 6%, 10%, 20%, 

31%, 45%, 55%, 62.5% and    > 62.5%. Considering the HW parameter of Intel 

PXA270 multiprocessor with     cores                 having a periodic task 

set            3             in an MPSoC and supporting DPM and show that the 

proposed EA-EDF is more energy efficient and prioritized the job with the earliest 

scheduling deadline and a significant reduction in energy consumption occurs at lower 

utilization and gives 5.9% more energy efficient results as compared to GEDF, RT-

DPM, TBP, PDTM on 312MHz in terms of energy at higher   .  

Table 5. 13 Comparative analysis of energy consumption on various schedulers at 312 

MHz 

Utilization 

  % 

Task (   Proposed 

EA-EDF 

Energy 

GEDF 

Energy 

PDTM 

Energy 

Uniform 

RT-DPM 

Energy 

TBP 

    = 6 1 0.47 J 2.34 J 0.16 J 1.51 J 1.88 J 

   = 10 3 0.55 J 3.41 J 2.97 J 2.7 J 2.02 J 

    = 20 14 0.98 J 4.53 J 3.41 J 5.21 J 2.77 J 

   = 31 16 1.37 J 5.2 J 4.89 J 5.79 J 3.22 J 

   = 38 19 2.15 J 6.72 J 4.2 J 5.88 J 3.9 J  

   = 50 24 2.80 J 6.23 J 5.44 J 7.21 J 4.72 J 

   = 62.5 26 3.20 J 7.17J 7.76 J 7.96 J 5.38 J 

    62.5 27 7.10 J 8.34 J 8.38 J 10.12 J 5.43 J 

Utilization 

  % 

Task (   Proposed 

EA-EDF 

Energy 

GEDF 

Energy 

PDTM 

Energy 

Uniform 

RT-DPM 

Energy 

TBP 

    = 6 1 0.28 J 1.5 J 0.16 J 1.51 J 0.88 J 

   = 10 3 0.45 J 1.61 J 1.97 J 2.47 J 1.12 J 
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Tables 5.14 represents the comparison of simulation results conducted on simulation 

duration   =1000 ms using proposed EA.EDF at various workloads considering the HW 

parameter of Intel PXA270 multiprocessor with     cores                 

having a periodic task set            3             in an MPSoC and supporting 

DPM and show that the proposed EA-EDF is more energy efficient and prioritized the 

job with the earliest scheduling deadline and a significant reduction in energy 

consumption occurs at lower utilization and gives 6.7% more energy efficient results on 

208MHz and 7.3% on 104MHz as compared to GEDF, RT-DPM, TBP, PDTM on 

208MHz in terms of energy at higher   .  

 

Table 5. 14 Comparative analysis of energy consumption on various schedulers at 208 

MHz 

 

    = 20 14 0.92 J 3.53 J 2.41 J 2.51 J 1.37 J 

   = 31 16 1.24 J 4.2 J 2.89 J 2.75 J 2.22 J 

   = 38 19 2.15 J 4.72 J 3.2 J 3.5 J 2.4 J 

   = 50 24 2.91 J 5.23 J 7.44 J 4.11 J 3.72 J 

   = 62.5 26 3.90 J 5.77J 7.76 J 5.6 J 4.38 J 

    62.5 27 3.10 J 8.34 J 6.38 J 10.12 J 9.43 J 

Utilization 

  % 

Task (   Proposed 

EA-EDF 

Energy 

GEDF 

Energy 

PDTM 

Energy 

Uniform 

RT-DPM 

Energy 

TBP 

    = 6 1 0.25 J 0.35 J 0.16 J 0.51 J 0.88 J 

   = 10 3 0.35 J 1.21 J 1.17 J 1.47 J 2.12 J 

    = 20 14 0.62 J 1.53 J 1.41 J 3.51 J 1.37 J 

   = 31 16 0.9 J 3.2 J 1.89 J 6.75 J 3.22 J 

   = 38 19 1.55 J 2.72 J 3.2 J 5.5 J 3.4 J  

   = 50 24 2.1 J 4.23 J 4.44 J 6.11 J 4.72 J 

   = 62.5 26 2.70 J 4.77J 6.76 J 6.6 J 5.38 J 

    62.5 27 2.95 J 6.34 J 7.38 J 7.12 J 5.43 J 
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Table 5. 15 Comparative analysis of energy consumption on various schedulers at 104 

MHz 

 

 

Figure 5. 2  Comparison of energy consumption   = 7%, at 624 MHz 

Figure 5.2 represent the comparison of simulation conducted on simulation duration 

  =1000 ms using proposed EA.EDF at various workloads   = 7% considering the 

hardware HW parameter of Intel PXA270 multiprocessor along with the software SW 

parameters defined in XML after running the simulation STORM gives energy 

consumption profiles on an individual core that are plotted in the above figure with 

Utilization 

  % 

Task (   Proposed 

EA-EDF 

Energy 

GEDF 

Energy 

PDTM 

Energy 

Uniform 

RT-DPM 

Energy 

TBP 

    = 6 1 0.22 J 0.15 J 0.56 J 1.51 J 0.18 J 

   = 10 3 0.31 J 1.21 J 1.57 J 1.7 J 1.12 J 

    = 20 14 0.6 J 3.53 J 1.51 J 2.51 J 2.37 J 

   = 31 16 0.81 J 3.2 J 1.59 J 2.75 J 3.22 J 

   = 38 19 1.35 J 4.72 J 2.2 J 2.95 J 3.54 J  

   = 50 24 1.92 J 5.4 J 3.44 J 4.11 J 4.72 J 

   = 62.5 26 2.40 J 5.57J 4.76 J 4.6 J 4.98 J 

    62.5 27 2.65 J 5.74 J 6.38 J 4.9 J 7.43 J 
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    cores                having a periodic task set            3     in an 

MPSoC.  

X-axis is representing the time frame while Y-axis denotes the total dynamic energy 

consumption of our approach and other benchmarks in joules and supporting. Overall 

reduction in consumption of energy using EA-EDF occurs when the tasks are properly 

migrated to the least used core according to the variation in change in    utilization. Due 

to avaibilbilty of low power processor in the core configurations for proper task mapping 

significant reduction in energy consumption occurs.  

 

Figure 5. 3 Comparison of energy consumption   = 14% at 624 MHz 

Figure 5.3 represent the comparison of simulation conducted on simulation duration 

  =1000 ms using proposed EA.EDF at various workloads   = 14% with     cores 

               having a periodic task set            3           total of 3 cores 

are enough to schedule the task in an MPSoC. X-axis is representing the time frame 

while Y-axis denotes the total dynamic energy consumption of our approach and other 

benchmarks in joules and supporting.  

Overall reduction in consumption of energy using EA-EDF occurs when the tasks are 

properly migrated to the least used core according to the variation in change in 

   utilization. Due to avaibilbilty of low power processor in the core configurations for 

proper task mapping substantial reduction in the energy consumption occurs as 

compared to other conventional techniques.  
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Figure 5. 4 Comparison of energy consumption         at 624 MHz 

Figure 5.4 represent the comparison of simulation conducted on simulation duration 

  =1000 ms using proposed EA.EDF at various workloads   = 24% with     cores 

               having a periodic task set            3          . A total of 4 

cores are enough to schedule the task in an MPSoC. The X-axis is representing the time 

frame while Y-axis denotes the total energy consumption of our approach and other 

benchmarks in joules and supporting. Overall reduction in consumption of energy using 

EA-EDF occurs when the tasks are properly migrated to the least used core according to 

the variation in change in    utilization.  

 

Figure 5. 5 Comparison of energy consumption     31 % at 624 MHz 
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Due to the availability of low-power processors in the core configurations for proper task 

mapping, substantial reduction in the energy consumption occurs as compared to other 

conventional techniques. Figure 5.5 represent the comparison of simulation conducted 

on simulation duration   =1000 ms using proposed EA.EDF at various workloads   = 

31% with     cores                having a periodic task set 

           3           total of 5 cores is enough to schedule the task in an MPSoC. 

The X-axis is representing the time frame while Y-axis denotes the total energy 

consumption of our approach and other benchmarks in joules and supporting 

Figure 5. 6 Comparison of energy consumption on     =6 & 20% at 624, 520, 416 MHz 

Figure 5. 7 Comparison of energy consumption on     = 31% 50%,at 624, 520, 416 MHz 
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Overall reduction in consumption of energy using EA-EDF occurs when the tasks are 

properly migrated to the least used core according to the variation in change in 

   utilization. Due to the availability of low-power processors in the core configurations 

for proper task mapping, substantial reduction in the energy consumption occurs as 

compared to other conventional techniques. Figure 5.6, and 5.7 represents the 

comparison of energy consumption using the proposed EA-EDF and the consumption of 

other conventional techniques G-EDF, PDTM U-RT-DPM, and TBP are evaluated at 

624 MHz, 520 MHz and 416 MHz operating frequency. Each horizontal axis is 

representing the utilization factor that is increasing gradually with the arrival of the new 

task     ;  

Each vertical axis represents the total consumption of energy. It is observed that with the 

increase in the number of tasks the overall utilization on chip increases due to efficient 

task migration and DPM-enabled policy. Due to the availability of low-power processors 

in the core configurations for proper task mapping significant reduction in energy 

consumption occurs. These graphs shows that with the decrease in operating frequency 

the energy reduction is significant on lower frequencies but some time low frequencies 

disturbs the performance that’s why most of the INTEL PXA270 MPSoCs based 

embedded devices are operating at higher frequency standard at 624 MHz.   

 

Figure 5. 8 Proposed EA-EDF Energy Consumption Comparison with G-EDF, PDTM 

U-RT-DPM, TBP at 624MHz  
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Figure 5.8 represents the energy efficiency of Intel PXA-270 MPSoC using the proposed 

EA-EDF and is further investigated with 4 other conventional techniques G-EDF, PDTM 

U-RT-DPM, and TBP at 624MHz.  

Each horizontal X-axis is representing the utilization factor that is increasing gradually 

with the arrival of the new task     ; Each vertical Y-axis denotes the total energy 

consumption of our approach and other benchmarks in joules. It is observed that with the 

gradual increase in the accumulative number of tasks the overall utilization of chips 

increases due to efficient task migration and DPM-enabled policy.  

Overall reduction in consumption of energy using EA-EDF occurs when the task is 

properly migrated to the least used core according to the variation in change in 

   utilization at    31% of the application consume 2.86j and an increase in    50 it 

consumes 3.86j. These energy values optimize 4.3J and 3.37J.  

Due to the availability of low-power processors in the core configurations for proper task 

mapping, a significant reduction in energy consumption occurs. With the gradual 

increase in the accumulative number of tasks the overall utilization on chip increases due 

to efficient task migration and DPM-enabled policy. The impact of state switching and 

the low-power state and task mapping shows that the task migration feature guarantees 

the proper mapping of task while on the other hand (DPM) guarantees the lowest 

consumption of energy by managing the idle state to reduce the consumption.  

Switching of CPU to low-power mode and task mapping shows that the task migration 

feature guarantees the proper task mapping while on the other hand (DPM) guarantees 

the lowest consumption of energy by managing the idle state to reduce the consumption.  

Relatively EA-EDF reduces the consumption of energy using the Marvel INTEL PXA-

270MPSoC platform containing multiple idle processors at lower utilization. Due to the 

availability of low-power processors in the core configurations for proper task mapping, 

substantial reduction in the energy consumption occurs as compared to other 

conventional techniques 
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Figure 5. 9 Proposed EA-EDF Energy Consumption Comparison with G-EDF, PDTM 

U-RT-DPM, TBP at 520MHz 

Figure 5.9 represents the energy efficiency of Intel PXA-270 MPSoC using the proposed 

EA-EDF and is further investigated with 4 other conventional techniques G-EDF, PDTM 

U-RT-DPM, and TBP at 520MHz. Each horizontal X-axis is representing the utilization 

factor that is increasing gradually with the arrival of the new task     ; Each vertical Y-

axis denotes the total dynamic energy consumption of our approach and other 

benchmarks in joules. It is observed that with the increase in the number of tasks the 

overall utilization on chip increases due to efficient task migration and DPM-enabled 

policy. Switching of CPU to low-power mode and task mapping shows that the task 

migration feature guarantees the proper task mapping while on the other hand (DPM) 

guarantees the lowest consumption of energy by managing the idle state to reduce the 

consumption.  

Overall reduction in consumption of energy using EA-EDF occurs when the task is 

properly migrated to the least used core according to the variation in change in 

   utilization at    31% of the application consume 2.31j and an increase in    50 it 

consumes 3.89j. These energy values optimize 4.58J and 4.7J. Due to the availability of 

low-power processors in the core configurations for proper task mapping significant 

0

2

4

6

8

10

12

Utilization
ui 6%

Utilization
ui 10%

Utilization
ui 20%

Utilization
ui 31%

Utilization
ui  38%

Utilization
ui  50%

Utilization
ui 62.5%

Utilization
ui  >62.5%

(63%)

Utilization Factor 

EA-EDF

GEDF

PDTM

Uniform RT-
DPM
TBP

En
e

rg
y 

C
o

n
su

m
p

ti
o

n
 



          Experimental Model and Simulation Results 

 

109 

 

reduction in energy consumption occurs. Relatively EA-EDF reduces the consumption of 

energy using the Marvel INTEL PXA-270MPSoC platform containing multiple idle 

processors at lower utilization. 

Figure 5. 10 Proposed EA-EDF Energy Consumption Comparison with G-EDF, PDTM 

U-RT-DPM, TBP at 416MHz 

Figure 5.10 represents the energy efficiency of Intel PXA-270 MPSoC using the 

proposed EA-EDF and is further investigated with 4 other conventional techniques G-

EDF, PDTM U-RT-DPM, and TBP at 416MHz. Each horizontal X-axis is representing 

the utilization factor that is increasing gradually with the arrival of the new task     ; 

Each vertical Y-axis denotes the total dynamic energy consumption of our approach and 

other benchmarks in joules. It is observed that with the increase in the number of tasks 

the overall utilization on chip increases due to efficient task migration and DPM-enabled 

policy.  

The impact of the low-power state and task mapping shows that the task migration 

feature was supposed to guarantee the proper task mapping while on the other hand 

dynamic power management (DPM) guarantees the lowest consumption of energy by 

managing the idle state to reduce the consumption. Overall reduction in consumption of 

energy using EA-EDF occurs when the task is properly migrated to the least used core 
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according to the variation in change in    utilization at    31% of the application 

consume 1.37j and an increase in    50% it consumes 2.8j. These energy values optimize 

4.23J and 5.3J. Due to the availability of low-power processors in the core 

configurations for proper task mapping significant reduction in energy consumption 

occurs. Relatively EA-EDF reduces the consumption of energy using the Marvel INTEL 

PXA-270MPSoC platform containing multiple idle processors at lower utilization. 

5.4 Energy/Power Consumption & Task Scheduling using EA-EDF  

The below section represents the consumption of power on various cores of MPSoCs 

using EA-EDF at                                                with 

an increasing number of tasks   at various configurations proposed in chapter 4; section 

4.3.4. 

5.4.1 Simulation Results at         ,     

Using core configuration         =1000 ms with quantum value ="10"we are evaluating 

the results on         using proposed EA-EDF.  

        ∑
  

   

 

   
     ,            =1,               =7 (5.1) 

         Period="6" activation Date="0" deadline="10" WCET="12" priority="1" 

When the        then as per the proposed configuration       only one core is in 

running state and the rest of the seven cores in an octa-core processor are in sleep mode. 

Below results illustrates that the entire tasks   are scheduled on core 1 without missing 

their deadlines on      . 

Figure 5.11 represents the exact simulation trace of a core configuration having one CPU 

core with a time interval 0-50 ms. As shown below in figure 5.13 all the task are properly 

scheduled on the single core and doesn’t lead to violating the deadline for the execution 

of the ready tasks from the task set       using core configuration policy. 

For validation of the simulation results using the EA-EDF scheduler the parameters for 

time in (ms) in the simulator are displayed in (X-axis) units of 50 ms each      is 

displayed using different colors.    activated simultaneously at time interval t= 0.      

starts to schedule on  =1 CPU and the task        with earliest    deadlines are ready to 

be executed first on     CPUs. As only one core is enough for the task load as its 

utilization is below 9% so there is no need to migrate the task or selection of other core 

configuration. 
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.  

Figure 5. 11  Gantt diagram scheduling of task on core 1 during simulation under 

   =6%  

   Represents the activation,   shows the completion and  shows 

the blocking and unblocking of a task      ) and the number inside the circle shows the 

current status of block/unblock counter at    =6%.  

 Represents the release and deadline      of a  periodic task        

 

Figure 5. 12  CPU Power Consumption on core 1 under    =6% at 624 MHz 

When (   ≤                          ) then only one core configuration containing 

one CPU that meets the scheduling and    requirement of arrived task load      ). 

Figure 5.12 represents the electrical power consumption for Intel PXA- 270 

multiprocessor architecture with  =8 cores        under    =6% at 624 MHz the 

m(s) 
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consumption of cores    }              0.925 W in running. At   =6% CPU    is 

completely occupied and not idle            at a single interval ensures no need for 

migration the                executing the tasks and all the remaining cores are  in 

          or idle state that causes the processor to reduce accumulative consumption of 

energy by keeping             sleep mode using core configuration     . 

 

Figure 5. 13  CPU load on core 1 under    =6% at 624 MHz 

5.4.2 Simulation Results at                 

Using core configuration        =1000 ms we are evaluating the results on          

using proposed EA-EDF.  

        ∑
  

   

 

   
       ,            =2,               =6 (5.2) 

When the         then as per the proposed configuration      only two cores are in 

running state and the rest of the six cores in an octa-core processor are in sleep mode. 

Below results illustrates that the entire tasks   are scheduled on (core 1) and (core 2) 

without missing their deadlines on       .  

Figure 5.14 represents the exact simulation trace of a core configuration having two CPU 

cores with the time interval 0-50 ms. All the task are properly scheduled on the two cores 

of the multiprocessor and doesn’t lead to violating the deadline for the execution of the 

ready tasks from the task set       using the proposed core configuration policy. Gantt 

chart represents the arrival, activation, blocking, deadline, release and scheduling of 

different tasks     . For validation of the simulation results using the EA-EDF scheduler 

the parameters for time in (ms) in the simulator are displayed in (X-axis) units of 50 ms 

each      is displayed using different colors (blue color represents the ready task of 

  and red color represents the ready task of   ). At CPU core 1 task       is activated 

m(s) 
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and scheduled on the CPU    at time interval t= 0. The task       is running and 

properly scheduled and is terminated at time instant t= 2 due to integration of dynamic 

power management DPM policy the CPU remains idle from time interval t= 2 ms to t= 4 

ms. Another task           queue       is activated and scheduled on the CPU    at 

time interval t= 4 ms till its absolute deadline on t= 14 ms.  

At instant t=15 the ready task       activated is still not terminated at time interval 16 

ms and gets interrupted by another task       as shown in CPU core 1 thus at that stage 

configuration with CPU core 2 is moved from idle to running and opting task migration 

policy to move the task      to  =2 core in the configuration that is not in use and 

simultaneously the task           with earliest    deadlines are executed on     

CPUs to avoid missing deadlines. Simulation results show that core configuration with 

more than one CPU supports to achieve the required quality of service and performance 

as these systems are based on energy consumption results in design exploration. 

 

 

 

Figure 5. 14  Gantt Chart of ready task set to be scheduled on core 1, core 2 core 1& 

core 2 during simulation under    =10% at 624 MHz 
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Figure 5. 15  CPU Power Consumption on core {       at   =10% at 624 MHz 

When (   ≥                          ) then the task migration policy selects a 

suitable core configuration that meets the scheduling and    requirement of migratable 

task load      ) and prior shifting the next core from           to            in the core 

configuration     .  

Figure 5.15 represents the electrical power consumption for Intel PXA- 270 

multiprocessor architecture with  =8 cores           CPU under    =10% at 624 MHz 

the consumption of cores       }              0.925 W in  running and consumption 

of             0.26 W in idle mode.  

At CPU    it's visible that DPM shifts the core to a lower consumption state. The increase 

in the low power            idle duration at core 2 because EA-EDF uses task migration 

that schedules a task on the core in such an efficient way that less no of processing cores 

are in                executing the task and more cores remain in           or idle 

state that causes the processor to decrease the consumption of energy by keeping 

            sleep mode using core configuration    . 

m(s) 

m(s) 
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Figure 5. 16  CPU load on core 1 under    =10% at 624 MHz 

5.4.3 Simulation Results at                  

Using core configuration    3   =1000 ms we are evaluating the results on          

using proposed EA-EDF.  

        ∑
  

   

 

   
       ,            =3,               =5 (5.3) 

When the         then as per the proposed configuration    3 only three cores are in 

running state and the rest of the five cores remain in sleep mode. Below results illustrates 

that the entire tasks   are scheduled on (core 1), (core 2) and (core 2) without missing 

their deadlines on       .  

m(s) 

m(s) 
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Figure 5. 17  Gantt Chart of ready task set to be scheduled on core 1, core 2 & core 3 

under    =20% at 624 MHz 

Figures 5.17 represent the arrival, activation, blocking, deadline, release and scheduling 

of different tasks      using the gantt chart that requires a CPU to schedule.  Figure 

5.18 The exact simulation trace of a core configuration having three CPU cores with the 

time interval 0-50 ms. All the task are properly scheduled on the two cores of the 
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multiprocessor and doesn’t lead to violating the deadline for the execution of the ready 

tasks from the task set       using the proposed core configuration policy.  

 

Figure 5. 18  Scheduling of tasks using the EA-EDF technique for 3-processor 

configuration under    =20% 

Gantt chart represents the arrival, activation, blocking, deadline, release and scheduling 

of different tasks     . For validation of the simulation results using the EA-EDF 

scheduler the parameters for time in (ms) in the simulator are displayed in (X-axis) units 

of 50 ms each      is displayed using different colors (blue color represents the ready 

task of   and the red color represents the ready task of    while the green color 

represents the ready task of  3).At CPU core 1 task       is activated and scheduled on 

the CPU    at time interval t= 0. The task       is running and properly scheduled and 

is terminated at time instant t= 1 due to integration of dynamic power management DPM 

policy the CPU remains idle from time interval t= 1 ms to t= 2 ms. Another task 

          queue       is activated and scheduled on CPU    at time interval t= 2 ms 

till its absolute deadline on t= 3ms due to dynamic power management DPM policy the 

CPU remains idle from time interval t= 3 ms to t= 4 ms. At time instant t=4 the ready 
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task     3 activated and terminated at time instant 5 ms and the scheduling continues 

but at interval t= 20 ms       is running on CPU core 1 and another task       and 

    3 arrived at the same time frame as thus at that stage configuration with CPU core 

2 and core 3 is moved from idle to running and opting task migration policy to move the 

task       to  =2 core and     3 to  =3 core in the configuration that is not in use 

and simultaneously the task            3    with earliest    deadlines are executed on 

      and 3 CPUs to avoid missing deadlines.  

Simulation results show that core configuration with more than two CPUs satisfied the 

required quality of service QoS and performance as these systems are based on energy 

consumption results in design exploration. 

 

Figure 5. 19  CPU Power Consumption on core        3 under    =20% at 624 MHz  

 

When (   ≥                          ) then the task migration policy selects a 

suitable core configuration that meets the scheduling and    requirement of migratable 

m(s) 

m(s) 
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task load      ) and prior shifting the next core from           to            in the core 

configuration    3. Figure 5.19 represents the electrical power consumption for Intel PXA- 

270 multiprocessor architecture with  =8 cores           3  under    =20% at 624 

MHz the consumption of              0.925 W in running and consumption of 

            0.26 W in idle mode. At CPU core      3  it's visible that DPM shifts the core 

to a lower energy, power consumption state   ). The increase in the low power            

idle duration at      3  is because EA-EDF uses task migration that schedules a task on 

the core in such an efficient way that less no of processing cores are in                

executing the task and more cores remain in           or idle state that causes the CPU to 

decrease the total energy consumption by keeping             sleep mode using core 

configuration   3.  

 

Figure 5. 20  CPU load on core 1, 2 & 3 under    =20% at 624 MHz 

Figure 5.20 represents the CPU load shows the scheduling tasks on various cores. The 

higher peak of the curve shows that multiple tasks      requires the CPU time to 

m(s) 
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schedule without missing their    increases the utilization    . The fall of the curve shows 

that DPM enhances the idle duration to maintain a low power mode that results in lower 

energy consumption using EA-EDF. 

5.4.4 Simulation Results at                  

Using core configuration        =1000 ms we are evaluating the results on          

using proposed EA-EDF.  

        ∑
  

   

 

   
       ,            =4,               =4 (5.4) 

 

Figure 5. 21 Scheduling of tasks using the EA-EDF technique for 4-processor 

configuration 
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When the         then as per the proposed configuration 4 only four cores are in 

running state and the rest of the four cores in sleep mode. Below results illustrates that 

the entire tasks   are scheduled on (CPU core 1, CPU core 2, CPU core 3 and CPU core 

4) without missing their deadlines on       . 

Figures 5.21 The exact simulation trace of core configuration having four CPU core with 

the time interval 0-50 ms. All the task are properly scheduled on the two cores of the 

multiprocessor and doesn’t lead to violate the deadline for execution of the ready tasks 

from task set       using proposed core configuration policy.  

Gantt chart represents the arrival, activation, blocking, deadline, release and scheduling 

of different tasks     . For validation of the simulation results using EA-EDF scheduler 

the parameters for time in (ms) in the simulator is displayed in (X-axis) units of 50 ms 

each      is displayed using different colors (blue colour represents the ready task of 

  and red colour represents the ready task of    while green colour represents the ready 

task of  3).  

At CPU core 1 task       is activated and scheduled on CPU    at time interval t= 0. 

The task       is running and properly scheduled and is terminated at time instant t= 1 

due to integration of dynamic power management DPM policy the CPU remains idle 

from time interval t= 1 ms to t= 2 ms. Another task           queue       is activated 

and scheduled on CPU    at time interval t= 2 ms till its absolute deadline on t= 3ms 

due to dynamic power management DPM policy the CPU remains idle from time 

interval t= 3 ms to t= 4 ms.  

At time instant t=4 the ready task     3 activated and terminated at time instant 5 ms 

and the scheduling continues but at interval t= 20 ms       is running on CPU core 1 

and another task             and     3 arrived at the same time frame as thus at that 

stage configuration with CPU core 2, core 3, core 4 is moved from idle to running and 

opting task migration policy to move the task       to  =2 core,       to  =4 core 

and     3 to  =3 in the configuration that is not in use and simultaneously the task 

           3    with earliest    deadlines are executed on       and 3 CPUs to 

avoid missing deadlines.  

Simulation results shows that core configuration with more than three CPU satisfied the 

required quality of service QoS and performance as these systems are based on energy 

consumption results in design exploration. 
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Figure 5. 22  Gantt Chart of ready task set to be scheduled on core 1, 2, 3 and 4 under 

   =28% at 624 MHz 

Figures 5.22 represent the arrival, activation, blocking, deadline, release and scheduling 

of different tasks      using Gantt chart that requires a CPU to schedule.   
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Figure 5. 23  CPU Power Consumption on        3    under    =31% at 624 MHz 

When (   ≥                         3) then the task migration policy selects a 

suitable core configuration that meets the scheduling and    requirement of migratable 

task load      ) and prior shifting the next core from           to            in the core 

configuration    .  

Figure 5.23 represents the electrical power consumption of Intel PXA- 270 

multiprocessor architecture with   cores           3     under    =31% at 624 MHz 

the consumption of cores         3                  0.925 W in running and 

consumption of             0.26 W in idle mode. At CPU cores         3      it's visible 

that DPM shifts all the core to a lower power consumption state   ) by increasing the 

low power            idle duration at core      3  is because EA-EDF uses task 

migration that schedules a task on the core in such an efficient way that less no of 

m(s) m(s) 

m(s) 
m(s) 
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processing cores are in                executing the task and more cores remain in 

          or idle state that causes the CPU cores to educe accumulative consumption of 

energy by keeping             sleep mode using core configuration     . 

 

Figure 5. 24  CPU load on core 1, core 2, core 3 & core 4 under    =31% at 624 MHz 

Figure 5.24 represents the CPU load shows the scheduling tasks on various cores. The 

higher peak of the curve shows that multiple tasks      requires the CPU time to 

schedule without missing their    increases the utilization    . The fall of the curve 

shows that DPM enhances the idle duration to maintain a low power mode that results in 

lower energy consumption using EA-EDF. 

5.4.5 Simulation Results at                  

Using core configuration        =1000 ms we are evaluating the results on          

using proposed EA-EDF.  

        ∑
  

   

 

   
       ,            =5,               =3 (5.5) 

m(s) 

m(s) m(s) 

m(s) 
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Figure 5. 25 Scheduling of tasks using the EA-EDF technique for 5-processor 

configuration under    =38% at 624 MHz 

When the        then as per the proposed configuration 5 only five cores are in 

running state and the rest of the three cores in an octa-core processor are in sleep mode. 

Below results illustrates that the entire tasks   are scheduled on processor (core m=1, 
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core 2, core 3, core 4 and CPU core 5) without missing their deadlines on       .  

Figures 5.25 represent the exact simulation trace of core configuration having five CPU 

core with the time interval 0-50 ms. All the task are properly scheduled on the two cores 

of the multiprocessor and doesn’t lead to violate the deadline for execution of the ready 

tasks from the task set       using the proposed core configuration policy. Gantt chart 

represents the arrival, activation, blocking, deadline, release and scheduling of different 

tasks     .  

For validation of the simulation results using EA-EDF scheduler the parameters for time 

in (ms) in the simulator is displayed in (X-axis) units of 50 ms each      is displayed 

using different colors (blue color represents the ready task of   and the red color 

represents the ready task of    while the green color represents the ready task of  3 and 

so on). At CPU core 1 task     3 is activated and scheduled on the CPU    at time 

interval t= 0. The task     3 is running and properly scheduled on CPU Core 2. 

Another task           queue       is activated and scheduled on the CPU    at time 

interval t= 0 ms till its absolute deadline on t= 4ms on CPU core 3 because of task 

migration and core selection policy all the task arriving at interval t= 0 is scheduled 

properly without missing their deadlines and once the scheduled task is executed on the 

core will remain in idle mode due to dynamic power management DPM policy the CPU 

core 1 remains idle from time interval t= 4 ms to t= 4 ms. CPU core 2 is moved to idle at 

time intervals t= 2 ms to t= 3 ms. CPU core 3 is moved to idle at time intervals t=6 ms to 

t= 10 ms. CPU core 4 is moved to idle at time interval t=2 ms to t= 11 ms. CPU core 5 is 

moved to idle at time interval t=0 ms to t= 20 ms, from t=21 ms to t= 40 ms and from 

t=41 ms to t= 50 ms. Task            ,     3,       and       arrived at the 

same time frame time interval t=20 ms as thus at that stage configuration with CPU core 

m=2, core m=3, core m=4 and core m=5 is moved from idle to running and opting task 

migration policy to move the task       to  =2 core,       to  =4 core,       to 

 =3 and     3 to  =3 in the configuration that is not in use and simultaneously the 

task            3       with earliest    deadlines are executed on      ,3,4 and 5 

CPUs to avoid missing deadlines. Simulation results show that core configuration with 

more than four CPUs satisfied the required quality of service QoS and performance as 

these systems are based on energy consumption results in design exploration. Figures 

5.26 represent the arrival, activation, blocking, deadline, release and scheduling of 

different tasks      using gantt chart that requires a CPU to schedule.   
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Figure 5. 26  Gantt charts for scheduling of tasks on core        3      during 

simulation under    =38%  
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Figure 5. 27  CPU Power Consumption on core            under    =38% at 624MHz 

Figure 5.27 represents the electrical power consumption for PXA- 270 multiprocessor 

architecture with   cores           3        under    =31% at 624 MHz. When (   

≥                          ) then the task migration policy selects a suitable core 

configuration that meets the scheduling and    requirement of migratable task load 

     ) and prior shifting the next core from           to            in the core 

configuration    . The consumption of cores {1,2,3,4}              0.925 W in  

running and consumption of             0.26 W in idle mode. At CPU cores 

        3        it's visible that DPM shifts all the core to a lower power consumption 

state   ) by increasing the low power            idle duration specifically at core 

     3       is because EA-EDF uses task migration that schedules a task on the cores 

efficiently and guarantees to meet the deadlines                executing the task and 

fewer cores remain in           or idle state that causes the processor to reduce 

accumulative consumption of energy by keeping             sleep mode using core 

configuration     . Figure 5.28 represents the CPU load shows the scheduling tasks on 

m(s) 
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various cores. The higher peak of the curve shows that multiple tasks      requires the 

CPU time to schedule without missing their    increases the utilization    . The fall of 

the curve shows that DPM enhances the idle duration to maintain a low power mode that 

results in lower energy consumption using EA-EDF. 

 

.  

 

Figure 5. 28  CPU load on core 1, 2, 3, 4 and 5 under    =38% at 624 MHz 

m(s) 
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5.4.6 Simulation Results at                  

Using core configuration        =1000 ms we are evaluating the results on          

using proposed EA-EDF.  

        ∑
  

   

 

   
       ,            =6,               =2 (5.6) 

When the         then as per the proposed configuration 6 only six cores are in 

running state and the rest of the two cores are in sleep mode. Below results illustrates 

that the entire tasks   are scheduled on (CPU core 1, CPU core 2, CPU core 3, CPU core 

4, CPU core 5  and CPU core 6) without missing their deadlines on       . 
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Figure 5. 29  Scheduling of tasks using the EA-EDF technique for 6-processor 

configuration under    =50% at 624 MHz 
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Figures 5.29 represent the exact simulation trace of a core configuration having six 

CPUs core with the time interval 0-50 ms. All the task are properly scheduled on the two 

cores of the multiprocessor and doesn’t lead to violate the deadline for the execution of 

the ready tasks from the task set       using the proposed core configuration policy. 

Gantt chart represents the arrival, activation, blocking, deadline, release and scheduling 

of different tasks     . For validation of the simulation results using the EA-EDF 

scheduler the parameters for time in (ms) in the simulator are displayed in (X-axis) units 

of 50 ms each      is displayed using different colors (blue color represents the ready 

task of   and the red color represents the ready task of    while the green color 

represents the ready task of  3 and so on). At CPU core 1 task     3 is activated and 

scheduled on the CPU    at time interval t= 0 till t= 2. The task     3 is running and 

properly scheduled on CPU Core 1.  

Another task           queue       is activated and scheduled on the CPU    at time 

interval t= 0 ms till its absolute deadline on t= 3ms.     3 is activated and scheduled on 

the CPU  3 at time interval t= 0 ms to t= 4 ms ,       is activated and scheduled on 

the CPU    at time interval t= 0 ms to t= 5 ms and       is activated and scheduled on 

the CPU    at time interval t= 2 ms to t= 5 ms because of task migration and core 

selection policy all the task arriving at interval t= 0 is scheduled properly without 

missing their deadlines and once the scheduled task is executed on the core will remain 

in idle mode due to dynamic power management DPM policy the CPU core 1 remains 

idle from time interval t= 4 ms to t= 5 ms.  

CPU core 2 is moved to idle at time intervals t= 3 ms to t= 4 ms. CPU core 3 is moved to 

idle at time intervals t=4 ms to t= 10 ms. CPU core 4 is moved to idle at time interval t=2 

ms to t= 11 ms. CPU core 5 is moved to idle at time interval t=0 ms to t= 2 ms, from t=5 

ms to t= 11. CPU core 6 is moved to idle at time interval t=0 ms to t= 11 ms, from t=14 

ms to t= 50. Simultaneously the task                    with earliest    deadlines are 

executed on      ,3,4,5 and 6 CPUs to avoid missing deadlines.  

Simulation results show that core configuration with more than five CPUs satisfied the 

required quality of service QoS and performance as these systems are based on energy 

consumption results in design exploration. Figure 5.30 represent the arrival, activation, 

blocking, deadline, release and scheduling of different tasks      using gantt chart that 

requires a CPU to schedule.   
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Figure 5. 30 Gantt charts for scheduling of tasks during simulation under    =50% 
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Figure 5. 31 CPU Power Consumption on core            under    =50% at 624 MHz 

Figure 5.31 represents the electrical power consumption for PXA- 270 multiprocessor 

architecture with   cores           3          . When (   

≥                          ) then the task migration policy selects a suitable core 

configuration that meets the scheduling and    requirement of migratable task load 

     ) and prior shifting the next core from           to            in the core 

configuration    . the consumption of cores {       3           }              0.925 

W in  running and consumption of             0.26 W in idle mode.  

At CPU cores   3           it's visible that DPM shifts the core to a lower power 

consumption state   ) by increasing the low power            idle duration specifically at 



          Experimental Model and Simulation Results 

 

135 

 

core   3           is because EA-EDF uses task migration that schedules a task on the 

core in such an efficient way that less no of processing cores but due to an increase in 

task load the increase in energy slightly increases as compared to the      the 

               more cores are required to execute the task     still processor reduces 

the overall energy consumption by keeping             sleep mode using core 

configuration     .  

 

Figure 5. 32  CPU load on the core              under    =50% at 624 MHz 

Figure 5.32 represents the CPU load shows the scheduling tasks on various cores. The 

higher peak of the curve shows that multiple tasks      requires the CPU time to 

schedule without missing their    increases the utilization    . The fall of the curve 

m(s) m(s) 

m(s) m(s) 

m(s) m(s) 
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shows that DPM enhances the idle duration to maintain a low power mode that results in 

lower energy consumption using EA-EDF. 

5.4.7 Simulation Results at                    

Using core configuration        =1000 ms we are evaluating the results on          

using proposed EA-EDF.  

        ∑
  

   

 

   
       ,            =7,               =1 (5.7) 

When the         then as per       only 7 cores are in running state and one of the 

cores is in sleep mode. Figures 5.33 represents the arrival, activation, blocking, deadline, 

release and scheduling of different tasks      using Gantt chart. To validate the 

simulation results of the EA-EDF scheduler for this the parameters for time in (ms) in 

the simulator that is displayed in (X-axis) units of 50 ms each      is displayed using 

different colors.    activated on CPU    ,    3 and    simultaneously at time interval 

t= 0 due to high task load.      starts migration between the different        the queue 

to have always   CPUs and the task                  with the earliest    deadlines 

are ready to be executed on     CPUs.  

 

Figure 5. 33  Scheduling of task on core 1, 2, 3 and 4 under    =55% at 624 MHz 
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Figure 5. 34  Scheduling of tasks using the EA-EDF technique for 7-processor 

configuration under    =55% at 624 MHz 

Figures 5.34 represent the exact simulation trace of core configuration having seven 

CPUs core with the time interval 0-50 ms. All the task are properly scheduled on the two 

cores of the multiprocessor and doesn’t lead to violate the deadline for the execution of 

the ready tasks from the task set       using the proposed core configuration policy. 

Gantt chart represents the arrival, activation, blocking, deadline, release and scheduling 

of different tasks     . For validation of the simulation results using the EA-EDF 

scheduler the parameters for time in (ms) in the simulator are displayed in (X-axis) units 

of 50 ms each      is displayed using different colors (blue color represents the ready 

task of   and the red color represents the ready task of    while the green color 

represents the ready task of  3 and so on). At CPU core 1 task     3 is activated and 

scheduled on the CPU    at time interval t= 0 till t= 2. The task     3 is running and 

properly scheduled on CPU Core 1. Another task           queue       is activated 

and scheduled on the CPU    at time interval t= 0 ms till its absolute deadline on t= 

4ms.       is activated and scheduled on the CPU  3 at time interval t= 0 ms to t= 4 

ms ,       is activated and scheduled on the CPU    at time interval t= 0 ms to t= 5 

ms and the second set of       is activated and scheduled on the CPU    at time 

interval t= 0 ms to t= 5 ms because of task migration and core selection policy all the 
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task arriving at interval t= 2 is scheduled properly without missing their deadlines on 

CPU    and a task is migrated to the CPU    at time interval t=4ms  to t=6 ms once the 

scheduled task is executed on the core will remain in idle mode due to dynamic power 

management DPM policy the CPU cores remain idle when no task is scheduled. 

Simultaneously the task            3                    with earliest    deadlines are 

executed on      ,3,4,5,6 and 7 CPUs to avoid missing deadlines.  

Simulation results show that core configuration with more than six CPUs satisfied the 

required quality of service QoS and performance as these systems are based on energy 

consumption results in design exploration. Figures 5.35 and 5.36 represent the arrival, 

activation, blocking, deadline, release and scheduling of different tasks      using gantt 

chart that requires a CPU to schedule.   

 

Figure 5. 35  Gantt charts for scheduling of tasks        3 during simulation under 

   =55% 
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Figure 5. 36  Gantt charts for scheduling of tasks           during simulation under 

   =55% 
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Figure 5. 37  CPU Power Consumption on core              under    =55% at 624 

MHz 

When (   ≥                          ) then the task migration policy selects a 

suitable core configuration that meets the scheduling and    requirement of migratable 

m(s) 

m(s) m(s) 

m(s) m(s) 

m(s) m(s) 
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task load      ) and prior shifting the next core from           to            in the core 

configuration    . Figure 5.37 represents the electrical power consumption for PXA- 270 

multiprocessor architecture with   cores                    under    =55% at 624 

MHz the consumption of cores {            .              0.925 W in  running and 

consumption of             0.26 W in idle mode. At CPU cores         it's visible that 

DPM shifts all the core to a lower power consumption state   ) by increasing the low 

power            idle duration specifically at core         is because EA-EDF uses task 

migration that schedules a task on the core                executing the task and 

more cores remain in             state that causes the processor to increase 

consumption of energy by keeping less no of             sleep mode using core 

configuration     .  

 

Figure 5. 38  CPU load on the core               under    =55% at 624 MHz 

m(s) 

m(s) 

m(s) 

m(s) 

m(s) m(s) 
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Figure 5.38 represents the CPU load shows the scheduling tasks on various cores. The 

higher peak of the curve shows that multiple tasks      requires the CPU time to 

schedule without missing their    increases the utilization    . The fall of the curve 

shows that DPM enhances the idle duration to maintain a low power mode that results in 

lower energy consumption using EA-EDF. 

5.4.8 Simulation Results at                

Using configuration        =1000ms we are evaluating the results on            using 

proposed EA-EDF.  

        ∑
  

   

 

   
         ,            =8,               =0 (5.8) 

When the           than as per the proposed configuration 8 all the cores are in 

running state in an octa-core processor. Below results illustrates that the entire tasks   are 

scheduled on various cores without missing their deadlines on         .  
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Figure 5. 39 Gantt charts for scheduling of tasks during simulation under    > 62.5% 
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Figure 5. 40 Scheduling of tasks using the EA-EDF technique for 8-processor 

configuration (              )    =62.5% at 624 MHz 
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Figure 5. 41  Scheduling of tasks using the EA-EDF technique for 8-processor 

configuration ( 3      )    =62.5% at 624 MHz 

Figures 5.39 and Figures 5.40 represent the arrival, activation, blocking, deadline, 

release and scheduling of different tasks      using gantt chart that requires a CPU to 

schedule.   

Figures 5.41 represent the exact simulation trace of a core configuration having seven 

CPUs core with the time interval 0-50 ms. All the task are properly scheduled on the two 

cores of the multiprocessor and doesn’t lead to violate the deadline for the execution of 

the ready tasks from the task set       using the proposed core configuration policy. 

Gantt chart represents the arrival, activation, blocking, deadline, release and scheduling 
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of different tasks     . For validation of the simulation results using the EA-EDF 

scheduler the parameters for time in (ms) in the simulator are displayed in (X-axis) units 

of 50 ms each      is displayed using different colors (blue color represents the ready 

task of   and the red color represents the ready task of    while the green color 

represents the ready task of  3 and so on).  

At CPU core 1 task     3 is activated and scheduled on the CPU    at time interval t= 

0 till t= 2. The task     3 is running and properly scheduled on CPU Core 1. Another 

task           queue       is activated and scheduled on the CPU    at time interval 

t= 0 ms till its absolute deadline on t= 3ms.       is activated and scheduled on the 

CPU    at time interval t= 0 ms to t= 5 ms ,       is activated and scheduled on the 

CPU    at time interval t= 0 ms to t= 5 ms and the second set of       is activated and 

scheduled on the CPU  3 at time interval t= 0 ms to t= 5 ms because of task migration 

and core selection policy all the task arriving at interval t= 2 to t=5 is scheduled properly 

without missing their deadlines on CPU    and a task is migrated to the CPU    at time 

interval t=2ms  to t=5 ms, and a task is migrated to the CPU    at time interval t=4ms  

to t=6 ms once the scheduled task is executed on the core will remain in idle mode due to 

dynamic power management DPM policy the CPU cores remain idle when no task is 

scheduled. Simultaneously the task                    with earliest    deadlines are 

executed on      ,3,4,5,6,7 and 8 CPUs to avoid missing deadlines. the task    

             62.5% task with the earliest    deadlines are ready to be executed on 

    CPUs and behave similar to the other global techniques. Simulation results show 

that core configuration with more than seven CPUs satisfied the required quality of 

service QoS and performance as these systems are based on energy consumption results 

in design exploration. 

When (   >                          ) then the task migration policy selects a 

suitable core configuration that meets the scheduling and    requirement of migratable 

task load      ) and prior shifting the next core from           to            in the core 

configuration    . Figure 5.42 represents the electrical power consumption for PXA- 270 

multiprocessor architecture with   cores                 under    >62.5% at 624 

MHz the consumption of cores {                          0.925 W in running and 

consumption of             0.26 W in idle mode.   
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Figure 5. 42  CPU Power Consumption on core                 under    >62.5% 

at 624 MHz 

At CPU cores         it's visible that all the task are meeting their deadlines and properly 

scheduled and DPM tries to shift the core to a lower energy and power dissipation mode 

but the   ) idle duration is very minimal and EA-EDF behaves similar to the G-EDF 

because all the core                are executing the task and no cores remain in 

           state that causes the processor to increase the consumption of energy like other 

techniques.  
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Figure 5. 43  CPU load on the core              under    >62.5% at 624 MHz 

While Figure 5.43 represents the CPU load on various cores that are scheduling the task. 

The higher peak of the curve shows that multiple tasks      requires the CPU time to 

schedule without missing their    increases the utilization    . Each core has a variable 

load increasing with an increase in utilization and decreasing as DPM enabled the idle 

duration for low power mode.  

m(s) m(s) 

m(s) m(s) 
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The fall of the curve shows that DPM enhances the idle duration to maintain a low power 

mode that results in lowering the energy consumption using EA-EDF.  

5.4.9 Simulation Results H.264 video decoder application  

H.264 video decoder application is evaluated on simulation duration   =1000 ms using 

proposed EA.EDF scheduling technique for multiprocessor architecture with     cores 

with                 and a total of n=7 tasks      required resources to schedule on 

a core configuration (     ).  

Each task      consists of a periodic task set TASKS      represented as   

        3        and its parameters                 for               are defined in 

chapter 4: section 4.6.1 

From simulation results, it is observed that only 5 cores are enough to execute all the 7 

tasks of the H.264 multimedia decoder application by using core in the configuration     . 

  

        ∑
  

   

 

   
            ,            =5,               =3 (5.9) 

 

Figure 5. 44 shows the real-time simulation of 5 running & 3 idle processor 

Based on the simulation results as shown in Figure 5.46 it is estimated that MPSoC with 5 

running processors in the core configuration     is more suitable to schedule all 7 tasks of 

the H.264 multimedia decoder application.  

Figures 5.45 represent the arrival, activation, blocking, deadline, release and scheduling 

of different tasks      using the gantt chart that requires a CPU to schedule.   
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Figure 5. 45 Scheduling of H.264 multimedia decoder application task set using 

proposed EA-EDF technique at 624 MHz 
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Figures 5.46 represent the simulation trace of a core configuration having five cores with 

a time interval 0-50 ms. All the task are properly scheduled on five cores of the 

multiprocessor and doesn’t lead to violating the deadline for the execution of the ready 

tasks from the task set       using the proposed core configuration policy.  

The vertical Y-axis represents the schedules and time interval through the STORM is 

displayed in (X-axis) units of 50 ms each      is displayed using different colors, the 

light blue color represents the ready task of   , the dark blue color represents the ready 

task of   , light red color represents the ready task of    , dark red color represents the 

ready task of     and green color represents the ready task of  3       etc.  

At CPU core 1 new frame task       is activated and scheduled on the CPU    at time 

interval t= 0 till t= 2. The task       is running and properly scheduled on CPU Core 1 

until its deadline at t= 2. Another task               is activated and scheduled on the 

CPU    at time interval t= 0 ms till its absolute deadline on t= 44 ms. 

       is activated and scheduled on the CPU    at time interval t= 0 ms to t= 1 ms, 

      (new frame) is activated and scheduled on the CPU    at time interval t= 1 ms to 

t= 43 ms. Another task of     3 is activated and scheduled on the CPU  3 at time 

interval t= 0 ms to t= 45 ms another new frame task       arrive at the same time 

interval t=2 schedule on    because of task migration and core selection policy, all the 

task arriving at interval t= 2 to t= 45 ms is scheduled properly without missing their 

deadlines on the CPU    because CPU  3 is already occupied with the task in the same 

time frame. 

Similarly some new frames of task       arrive at interval t= 5 to t= 7 till 20 ms and 

      arrive at t=19 to t=20 and t=37 to t=38 but at that time all the four CPUs         

 3        are completely occupied so the task migration policy starts migrating these 

new frames to the core    and the rest of the 3 cores including (          in the 

system remains idle or in sleep mode, due to DPM policy, the CPU cores remain idle 

when no task is scheduled.  

Simulation results show that task            3       with earliest    deadlines are 

executed on      ,3,4, and 5 CPUs to guarantee meeting deadlines. Core 

configuration with more than five CPUs satisfied the required quality of service QoS and 

performance as these systems are based on energy consumption results in design 

exploration.  
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Figure 5. 46 Scheduling of H.264 multimedia decoder application tasks using the EA-

EDF on configuration based o at 624 MHz 

Figure 5.47 represents the electrical power consumption for INTEL PXA-270 

multiprocessor architecture with   cores           3        under H.264 

multimedia decoder application at 624 MHz. When (   

≥                          ) then the task migration policy selects a suitable core 

configuration that meets the scheduling and    requirement of migratable task load 

     ) and prior shifting to the next core from           to            in the core 
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configuration     the consumption of cores {1,2,3,4,5}              0.925 W in  

running and consumption of             0.26 W in idle mode. Due to task migration 

schedules a task on the cores efficiently and guarantees to meet the deadlines 

               executing the task and fewer cores remain in           or idle state 

that causes the multiprocessor to conserve the total energy consumption by keeping 

            sleep mode using core configuration     .  

 

Figure 5. 47 Power consumption of CPU using H.264 multimedia decoder application 

at 624 MHz 

Figure 5.48 shows the CPU load of using the H.264 multimedia decoder application at 

624 MHz that illustrates the scheduling of tasks on various cores. The higher peak of the 

curve shows that multiple tasks      requires the CPU time to schedule without 

missing their    increases the utilization    . The fall of the curve shows that DPM 

 

m(s) 
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enhances the idle duration to maintain a low power mode that results in lower energy 

consumption using EA-EDF.  

 

Figure 5. 48 CPU load using H.264 multimedia decoder application at 624 MHz 

5.5  Performance Analysis of EA-EDF at 624MHz, 520MHz, 416MHz 

To evaluate the performance and improvements of EA-EDF on various operating 

frequencies in comparison with other conventional techniques are evaluated using 

STORM is discussed in this section. 

In Figure 5.49 the analysis compares the performance of our proposed approach EA-

EDF using Intel PXA-270 MPSoC in terms of total dynamic energy dissipation for a 

different ready task set at various    utilization factors with other conventional 

techniques G-EDF, PDTM U-RT-DPM, TBP at 624MHz. The X-axis is representing the 

proposed EA-EDF    utilization factor in comparison to other heuristic techniques 

increasing with the arrival of a new task     ; Y-axis is representing the improvement 

% due to efficient task migration and DPM-enabled policy improving the performance 

by reducing energy dissipation.  DPM is more convenient when tasks      increases, 

m(s) m(s) 

m(s) m(s) 
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the task starts migration and the shorter slack time intervals are optimized and move to 

an idle state due to the DPM approach once the heuristic starts executing the average 

energy is computed by considering that the release time of the task is its first arrival and 

each processor m with running states need to be allocated. The Simulation results show 

the max improvement%. The average and the min improvement% of our proposed 

approach compared to the GEDF approach are 4.3%, 2.25% and 0.48%, respectively. 

Proposed EA-EDF gives max improvement at    =38%) on m=5 running processor, 

while on average improvement occurs at    =50%) on m=6 running processor and the 

least improvement occurs at    =6%) on m=1 running the processor in an 8-processor 

platform. So we can generally state that when the    utilization factor is higher due to a 

higher number of task execution making the dynamic power management technique 

more effective that's why we can see a significant improvement at    =38%) the overall 

improvement is 4.3%, 1.27%, 0.26% and 1.02% on (  =50%) 3.37%, 1.46%, 0.58% and 

0.35% in comparison with G-EDF, PDTM U-RT-DPM, TBP utilization. 

 

Figure 5. 49 Performance Comparison with Conventional methods at 624MHZ 

In Figure 5.50 the analysis compares the performance of our proposed approach EA-EDF 

using Intel PXA-270 MPSoC in terms of total dynamic energy dissipation for the 

different ready task sets at various    utilization factors with other conventional 

techniques G-EDF, PDTM U-RT-DPM, TBP at 520 MHz. The X-axis is representing the 
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proposed EA-EDF    utilization factor in comparison to other heuristic techniques 

increasing with the arrival of a new task     ; Y-axis is representing the improvement % 

due to efficient task migration and DPM-enabled policy improving the performance by 

reducing energy dissipation.  DPM is more convenient when tasks      increases, the 

task starts migration and the shorter slack time intervals are optimized and move to an 

idle state due to the DPM approach once the heuristic starts executing the average energy 

is computed by considering that the release time of the task is its first arrival and each 

processor m with running states need to be allocated. The Simulation results show the 

max improvement%. The average and the min improvement% of our proposed approach 

compared to the GEDF approach are 4.71%, 3.81% and 0.09%, respectively.  

Proposed EA-EDF gives max improvement at    =38%) on m=5 running processor, 

while on average improvement occurs at    =50%) on m=6 running processor and the 

least improvement occurs at    =6%) on m=1 running the processor in an 8-processor 

platform. So we can generally state that when the    utilization factor is higher due to the 

higher number of task execution making the dynamic power management technique more 

effective that why we can see a significant improvement at    =38%) the overall 

improvement is 3.67%, 2.15%, 4.7%, and 4.08% on (  =50%) 3.34%, 3.55%, 4.7% and 

3.83% in comparison with G-EDF, PDTM U-RT-DPM, TBP utilization. 

 

Figure 5. 50 Performance Comparison with Conventional methods at 520MHz 
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In Figure 5.51 the analysis compares the performance of our proposed approach EA-EDF 

using Intel PXA-270 MPSoC in terms of total dynamic energy dissipation for the 

different ready task sets at various    utilization factors with other conventional 

techniques G-EDF, PDTM U-RT-DPM, TBP at 416MHz. The X-axis is representing the 

proposed EA-EDF    utilization factor in comparison to other heuristic techniques 

increasing with the arrival of a new task     ; Y-axis is representing the improvement % 

due to efficient task migration and DPM-enabled policy improving the performance by 

reducing energy dissipation.  DPM is more convenient when tasks      increases, the 

task starts migration and the shorter slack time intervals are optimized and move to an 

idle state due to the DPM approach once the heuristic starts executing the average energy 

is computed by considering that the release time of the task is its first arrival and each 

processor m with running states need to be allocated. The simulation results show the 

max improvement%.  

 

Figure 5. 51 Performance Comparison with Conventional methods at 416MHZ 

The average and the min improvement% of our proposed approach compared to the 

GEDF approach are 5.3%, 4.42% and 1.04%, respectively. Proposed EA-EDF gives max 

improvement at    =50%) on m=6 running processor, while on average improvement 

occurs at    =38%) on m=5 running processor and the least improvement occurs at 

   =6%) on m=1 running the processor in an 8-processor platform.  
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effective that why we can see a significant improvement at    =50%) the overall 

improvement is 3.43%, 2.64%, 4.41% and 5.3% on (  =38%) 4.57%, 2.05%, 3.73% and 

3.73% in comparison with G-EDF, PDTM U-RT-DPM, TBP utilization. 

5.6 Summary  

In this chapter, we have addressed efficient task scheduling and reduction of energy 

consumption using simulation of the proposed EA-EDF scheme section. The first section 

elaborates the complete experimental setup and its metrics. Various simulations are 

conducted using the proposed system model and its timing requirements based on the 

utilization factor are evaluated and illustrated a variety of comparative results the 

proposed technique gives more efficient results by optimizing 4.3, 4.7, 5.3, 5.9 and 6.3% 

reduction energy on various utilization factor   = 6%, 10%, 20%, 31%, 45%, 55%, 

62.5% and    > 62.5% (63%) at various operating frequencies 624MHz, 520MHz, 416 

MHz, 312 MHz and 208 MHz and compared to previously deployed energy optimization 

techniques for MPSoCs. The energy for individual core configurations is calculated and 

then the overall performance is measured the results depict that the proposed technique 

gives more efficient results. The comparison of our proposed EA-EDF with previous 

existing solutions allowed us to add our proposed contribution.  

The proposed algorithm and the system model is evaluated and implemented in STORM, 

by adding the power consumption on various operating frequency of all modes of the 

Intel PXA270 MPSoC and its states transitions from sleep to idle and idle to running. 

Moreover, to take advantage of EA-EDF proposed model in this thesis developed 

various simulations based on the HW and SW parameters with particular variations in 

the no of tasks  , the utilization factor   , worst case execution     time ratio to evaluate 

the reliability of the proposed algorithms. The proposed scheduler efficiently schedules 

tasks   and shifts migratable tasks to the least used core to dynamically minimize 

available energy. Experimental evaluation shows that our technique significantly 

outperforms the two state-of-the-art approaches the GEDF approach and the U-RT DPM 

approach. 
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CHAPTER 6 

CONCLUSIONS AND FUTURE RECOMMENDATIONS 

The final chapter summarizes the contributions made in this thesis and a descriptive 

overview of the whole research work and the adopted mechanism to propose an energy-

aware scheduling technique using the task migration approach to reduce the energy and 

increase the performance of the system moreover discuss various open problems for 

future work. 

6.1 Conclusion 

The consumption of energy is one of the critical multiprocessor design considerations for 

multicore embedded systems. Energy-aware system increases the overall lifespan of the 

system, particularly for systems handling multithreaded applications. Moreover, Energy-

aware scheduling schemes reduce the operating cost and also reduce thermal heat 

dissipation, thereby increasing the reliability of the system. Dynamic power management 

techniques (DPM) based on efficient scheduling with task migration (DPM) is one of the 

efficient mechanisms used for reducing energy consumption. Now a day’s Modern 

embedded processors i.e MARVEL INTEL PXA-270 and PXA-250, as well as the 

communication subsystems, are equipped with DPM. DPM mechanism aims to reduce 

the consumption of energy by switching the CPU state according to the demands using 

the energy-power model for enabling the DPM approach. Real-time (R-T) embedded 

applications impose various constraints like deadline, period, worst case execution, best 

case execution, and priority. Embedded application observes severe consequences when 

the deadlines of a task are not met. In this thesis, we investigated the critical problems of 

improper task scheduling for application tasks with precedence and deadline constraints 

and higher energy dissipation. 

In the first part of the thesis, various scheduling-based energy and power management 

strategies are discussed and critically reviewed and analyze the scheduling and 

computational abilities of multiprocessor systems on chip. Explored various energy-

aware scheduling approaches and mapping of applications to reduce the high utilization 

on chip because currently high utilization    causes high energy consumption that causes 

delay and various performance degradation and high on-chip temperature issues.   
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In the 2nd part proposed a framework for task migration and various stages of core 

configurations for intelligent core switching and task migration are introduced      is 

based on      to meet the deadline of the task. Moreover, we have addressed tasks that 

have no such restrictions to migrate to the core with less utilization. We have developed 

an accurate energy optimization-based task migration policy that will be used to 

calculate the load of the destination core. The selection of cores is based on various 

configurations       have been proposed in terms of energy efficiency and utilization 

factor that enables a processor to reduce power and energy consumption by adopting a 

suitable task migration policy. 

The 3
rd

 part proposed an efficient energy-aware low-power scheduling technique based 

on DPM for multiprocessors that helps to attain lower energy consumption and reduces 

the peak utilization on MPSoC by meeting the implicit deadlines of periodic task sets 

    . We have used a multiprocessor platform that illustrates the importance of dealing 

with a variation of utilization guarantees the schedule of   within the time for real-time 

systems. Due to advancements in semiconductor technology the power densities of 

multiprocessors are increasing with the increase in demand for the embedded system 

based on complex circuitry. The exponential increase in the utilization of a 

multiprocessor increases the power density also increases the dissipation of energy and 

affects the reliability and performance of the chip. The proposed system model improves 

performance by reducing energy consumption by introducing low-power DPM that can 

efficiently increase the idle duration and optimize power to improve the reliability of a 

chip. The proposed algorithm schedules more tasks without missing any deadline by 

considering the hardware architecture of Intel PXA-270 MPSoC in the STORM 

simulator to control and manage the high    effects on the chip and also manage the 

energy consumption of MPSoC. To resolve these issues simulation tool for real-time 

multiprocessor is used to validate the energy-aware scheduling algorithm and perform 

scheduling by considering various cores configuration proposed in chapter 4. 

The above-mentioned case is the main summary of the proposed system. The proposed 

system has been evaluated using STORM to minimize overall energy consumption. The 

chapter has presented the proposed energy model and equations to design an energy-

aware DPM-based task scheduling technique using migration for achieving high-

performance using EA-EDF. Chapter 05 contains the results. An increase in power 

utilization reduces the life span of the chip and has become an integral chip design issue 
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for the battery-operated multiprocessor system. The objective is to increase the 

performance of the multi-core systems by gradually decreasing the power and energy 

consumption. We have proposed the EA-EDF algorithm that enables load balancing task 

migration and allows processes to run on various cores at various times as decided by the 

scheduler using periodic task sets with implicit deadlines on multiprocessor platforms. 

6.2 Future Recommendations 

Although a lot of developments are made in the area of energy-aware task scheduling 

based on dynamic power management (DPM) and dynamic voltage and frequency scaling 

(DVFS) but scope of the study can be enhanced by filling the gap of several open issues 

in MPSoCs that needs to be considered and resolved in our future research. Reduce the 

total consumption of energy for multi-rate A-periodic, sporadic dependent tasks for NoC-

based heterogeneous MPSoC using the task-level pipelining with DPM. Proper online 

task scheduling for NoC-based MPSoCs will be consider in our future research on the 

current problem of reducing the dynamic energy consumption for dependent tasks with 

deadline constraints for NoC-based combined homogeneous and heterogeneous MPSoCs 

that include energy-efficient online scheduling. Another industrial gap associatd to the 

current research is to develop an efficient task scheduling model for heterogeneous 

MPSoC using voltage frequency islands (VFI) based on restricted task migration. 

Moreover, to integrate dynamic power management (DPM) with dynamic voltage and 

frequency scaling (DVFS) to develop a hybrid model that can be used for m=16 core 

GPU-based multiprocessor platforms. Apart from this the proposed technique gives more 

efficient results by optimizing 4.3, 4.7, 5.3, 5.9 and 6.3% reduction energy on various   = 

6%, 10%, 20%, 31%, 45%, 55%, 62.5% and    > 62.5% at 624MHz, 520MHz, 416 MHz, 

312 MHz and 208 MHz operating frequency but a combined DPM-DVFS-based hybrid 

multiprocessing approach can be used for scheduling-based energy optimization 

techniques. However, the key design challenge is how optimally DPM and DVFS 

integrate to minimize the consumption of energy. 
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