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 Dynamic Voltage and Frequency Scaling (DVFS) is a successful method to 

save energy in multi-core systems. However, if heterogeneous tasks having 

varying number of computations and time requirements are given to different 

cores, it is a big challenge to run those tasks on time with minimum energy 

consumption. If these tasks are not scheduled correctly, they can result in 

higher energy consumption, loss of resources, and compromised system 

performance. To overcome the aforementioned challenges, a task scheduling 

framework for multicore processor systems with DVFS is proposed in this 

work. The proposed architecture is based on an Adaptive DVFS control along 

with a central scheduling mechanism. First, tasks are analyzed as they are 

received to determine the time constraints and resources needed. The DVFS 

mechanism dynamically modifies the operating voltage and frequency of the 

processing cores depending on the processor configuration in order to provide 

energy efficient execution. The proposed scheduling strategy then distributes 

the tasks to the appropriate processor cores for efficient execution. The 

scheduling problem is modeled as an optimization problem which minimizes 

the total amount of energy used while meeting a task's deadlines. Moreover, 

the proposed approach consumes less queuing delay, which enhances the 

scheduling efficiency and reduces the execution latency. Experimental and 

comparative analysis results show that the proposed framework has higher 

energy efficiency and task scheduling effectiveness than the previous ones. 
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1. INTRODUCTION 

High performance computing (HPC) systems featuring multicore processors are now a critical part of today's real-

time, data-intensive applications. However, due to growing computational requirements, more power consumption 

is required, leading to increased cooling expenses, battery life and system reliability [1]. These problems are being 

solved by runtime power management aspects like Dynamic Power Management (DPM) and Dynamic Voltage 

and Frequency Scaling (DVFS) in modern computing platforms. However, DPM slows down or turns off idle 

components to save power [2] and DVFS dynamically lowers the voltage and frequency of the processor to save 

power [3]. In general, DPM is used for peripheral devices while DVFS is widely used in multicore processors and 

CMOS-based systems. 
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The main thrust of this work is directed towards the development of DVFS enabled scheduling in multicore 

systems. There are two main types of DVFS approaches: intra-task and inter-task scheduling. Intra-task DVFS 

involves voltage and frequency tuning during the execution of a single task, while inter-task DVFS is scheduling 

across multiple tasks [4]. The advent of heterogeneous multicore architecture has made efficient energy 

management more difficult. Current methods are not suitable for dynamic systems with variable workloads, and 

are too time consuming to analyze offline [5]. 

Recently, the combination of task scheduling, mapping, migration, and load balancing with DVFS has garnered 

great interest in both energy efficiency and Quality of Service (QoS) improvements. But current options have a 

number of drawbacks. Most of the scheduling methods used today are based on sub-optimal global or partition-

based scheduling, and cannot ensure real time execution of tasks. Some of the methods involve reducing energy 

consumption by turning off multiple cores, but under heavy workloads this is not effective. Furthermore, most of 

the current models take only periodic tasks into account and are not able to adequately process sporadic tasks with 

unpredictable arrival times and deadlines [12]. To overcome these drawbacks, researchers have combined DVFS 

with task allocation and adjustment strategies [4] – the problem of optimization is highly nonlinear and very 

complex. 

In recent times, many models have been proposed in the literature for energy-aware scheduling of multicores. 

Digalwar et al. [11] presented the Leakage Aware Multi-Core Scheduler (LAMCS) for scheduling mixed tasks 

with deadline constraints. Other machine learning-based task allocation and scheduling optimization techniques 

include reinforcement learning [7] and linear regression [8] as well as deep Q-learning [9] [10]. 

Despite the increased energy efficiency of the multicore computing paradigm, strong scheduling frameworks are 

still needed for dynamic and sporadic workloads. The existing approaches are not always applicable in high 

workload scenarios. In this work we propose a dynamic workload scheduling framework for heterogeneous 

multicore systems that is compatible with DVFS. The model proposed aims to reduce the total energy consumption 

by choosing the best processing cores based on task demands. Using an energy efficiency and task-handling 

capability, a linear programming formulation and a greedy core-selection mechanism are proposed. 

Multicore systems have a number of task scheduling/power management schemes that support DVFS. Kumbhare 

et al. [2] discussed the problem of underutilization in HPC systems and suggested a new dynamic power 

management model to provide a better productivity and job completion rate. Qin et al. [4] talked about the DVFS 

scheduling techniques, including intra-task and inter-task scheduling techniques, based on path-based analysis 

and ILP optimization. 

There are thermal dissipation problems in multicore architecture, as noted by Kumar et al. [13] and energy-

efficient scheduling using DVFS and workload classification. For dynamic workloads, Basireddy et al. [5] 

proposed adaptive task mapping technique for DVFS without the need of offline analysis. Digalwar et al. [11] 

used threshold-based core shutdown and scheduling with DVFS to reduce energy consumption (both static and 

dynamic). 

Zand et al. [14] presented a genetic algorithm-based static and dynamic scheduling approaches. Hajiamini et al. 

[15] presented a per-core DVFS scheduling based on dynamic programming with an optimization criterion of 

Energy-Delay Product (EDP) and the Viterbi algorithm. Choi et al. [16] used DPM and DVFS in an energy 

optimization scheme. Liu et al. [17] studied cost-aware task scheduling in multicore embedded systems, and Bao 

et al. [18] proposed a lightweight runtime DVFS scheme by using the power-profiling approach. 

Reddy et al. [19] proposed to deal with runtime resource management issues of the heterogeneous multicore 

systems via the thread-to-core mapping for these systems. Likewise, Jeevitha et al. [20] suggested a hybrid 

scheduling model that integrates the concept of shortest job first and round robin scheduling in energy efficient 

cloud computing environment. 

3. PROPOSED MODEL 

The proposed DVFS-enabled scheduling framework for heterogeneous multicore processor systems is presented 

in this section. Current scheduling methods are not efficient to deal with the dynamic and sporadic demands with 

high loads. In order to solve the above problem, the proposed model takes into account task arrival time, execution 

time, deadlines and processor energy utilization for energy-aware scheduling. 

 

3.1 Task Model  

Let's take an example of a heterogeneous multicore system which has multiple processing cores. A set of incoming 

tasks is denoted as 𝑇 = {𝑇1, 𝑇2, … , 𝑇𝑚}, is a distributed system of tasks across available cores with a best-fit 

heuristic approach. The tasks are assumed to be sporadic and independent in nature. 

 

Each task set 𝑇𝑘 has several periodic tasks; it is represented as: 

𝒯𝑘 = {𝑡1,𝑘(𝑝1,𝑘, 𝑤1,𝑘)𝑡2,𝑘(𝑝2,𝑘, 𝑤2,𝑘), … . , 𝑡𝑛,𝑘(𝑝𝑛,𝑘 , 𝑤𝑛,𝑘)} 
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where 𝑝𝑖,𝑘  and 𝑤𝑖,𝑘 denote the execution period and worst-case execution time of task 𝑡𝑖,𝑘, respectively. The 

utilization of a task set is computed as: 

𝑈𝑘 = ∑
𝑤𝑖,𝑘

𝑝𝑖,𝑘 

𝑛

𝑖=1

 

The hyperperiod of the task set is the Least Common Multiple (LCM) of all task periods, use this to synchronize 

periodic tasks: 

ℎ𝑦𝑝(𝒯𝑘) = 𝐿𝐶𝑀(𝑝1,𝑘, 𝑝2,𝑘, … , 𝑝𝑛,𝑘) 

 

3.2 Power Model 

The proposed framework is based on a DVFS approximation of power consumption of a heterogeneous multicore 

processor. Dynamic power consumption of CMOS processor is dependent on operating voltage, clock frequency 

and given as: 

𝑃𝑑𝑝 = 𝑐. 𝑓. 𝑉2 

where 𝑐 is the capacitance, 𝑓 is the processor frequency, and 𝑉 is the operating voltage. The leakage power due 

to sub-threshold leakage current is given as: 

𝑃𝑙𝑝 = 𝑉. 𝐼𝑠𝑢𝑏𝑛 

To perform the task at voltage 𝑉𝑛 and frequency 𝑓𝑛, the total energy consumed is the sum of all the energies: 

𝐸𝑛 = 𝜌𝑉𝑛𝜏𝑛 + 𝜆𝑓𝑛𝜏𝑛𝑉𝑛
2 

where 𝜏𝑛 is execution time, while 𝜌 and 𝜆 represent leakage and dynamic power coefficients, respectively. To 

calculate total system energy, the sum of all the active processing cores' energy consumption is taken. 

 

3.3 Proposed Scheduling Framework 

The proposed scheduling architecture comprises of a centralized scheduler and a number of heterogeneous 

processors labeled as 𝑆𝑗, where 1 ≤ 𝑗 ≤ 𝑀. Tasks are queued initially according to First-Come-First-Served 

(FCFS) strategy. The incoming tasks are queued on initially at according to First-Come-First-Served (FCFS) 

strategy. The scheduler determines the load of the queues, the load of the processors, and the deadlines of the tasks 

before assigning them to appropriate cores 

 

Assume that 𝑥𝑖,𝑗 represents the number of tasks of type 𝑖 assigned to processor 𝑗. The energy of all processors is 

summed as: 

𝐸 = ∑ ∑ 𝜇𝑖,𝑗 ∗ 𝑃𝑖,𝑗 ∗ 𝑥𝑖,𝑗

𝑀

𝑗=1

𝑉

𝑖=1

 

The goal of the proposed optimization model is to minimize the total energy consumption and meet a set of task 

deadline constraints. The optimization problem can be stated as follows: 

min 𝐸 

subject to: 

∑ 𝑥𝑖,𝑗

𝑀

𝑗=1

= 𝑛𝑖 , 𝑥𝑖,𝑗 ≤ 𝐵𝑖,𝑗 − 𝑤𝑖,𝑗 

where 𝐵𝑖,𝑗  represents the number of tries, and 𝑤𝑖,𝑗 denotes the time in the processor queue. 

Processing delay and queuing delay are both taken into account in calculating the average response time of the 

system. If there are no tasks in the queue and the processor load is low, the tasks are scheduled directly to the 

available processors, reducing both scheduling latency and energy overhead. 

Lastly, the proposed framework will use a greedy core-selection strategy. The processing cores are classified based 

on their energy efficiency and task-handling abilities. Tasks are distributed to the core with the highest availability 

of energy until the energy is fully consumed. This way, completing tasks becomes more efficient, faster, and 

consumes less power in heterogeneous multicore systems. 
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Fig.1.Scheduling architecture  

 

4. RESULTS AND DISCUSSION 

This section includes discussions for the experimental results obtained by the suggested approach and compared 

the performance with the existing schemes. The proposed approach is tested on cloud data center where 

heterogenous clusters are present. The virtual machines are considered as the multiple cores which are having 

different configurations. Similarly, the main operating system is considered as physical machine in which all 

virtual machines are allocated. These physical machine are configured as given below.  

 

Table. 1. Physical machine configuration parameters 

Physical Machine CPU Min. Power Max. Power 

1 16 210 300 

2 52 420 600 

3 40 350 500 

 

For the evaluation of the proposed scheduling approach, we have taken the following performance measurement 

metrices: Waiting time, Energy consumption, Total power on time and Total running time.  

• Waiting time: It is a time elapsed during which the job is waiting in the queue due to the other jobs 

running on all avilable cores.  

• Energy consumption: it is a measurement of total energy consumption for specific job to accomblish the 

task. The overall energy consumption of machine is obtained by summing up the energy consumption by 

each job.  

We have considered a set of tasks which have the total number of tasks as 50, 100, 200, 400 and 800. These tasks 

are assigned to processors (VMs). First of all, we measure the perforamnce in terms of waiting time for the task 

before scheduling it to any core. Below given figure 2 shows the performance of proposed appraoch in terms of 

waiting time.  
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Fig.2. Waiting time comparision  

 

This experiment we got that the current schemes have more scheduling time, so that waiting time increases. The 

results of proposed approach are compared with the existing technique as described in [20]. These techniques 

have an average waiting time of 224s, 257.4s, 176s, 274s, 289s and 150s for SJF, SRFQ, SRVQ, RR and Proposed 

Approach respectively. The traditional scheduling models (SJF, round robin) do not consider the energy 

consumption status, the resource requirements and deadlines of the cores. Due to these issues, the average waiting 

time of these techniques increase. Similarly, the improved schemes (SRFQ, SRVQ and TSRR) enhance the 

performance of these techniques, but in high workload scenarios, these techniques are not able to provide 

satisfactory results. Whereas the proposed approach is able to handle the dynamic and high workload scenarios. 

The major impact of the increase in waiting time is on the energy consumption. So, we measure the energy used 

for each technique and compare the energy used for the technique obtained, with the existing techniques as shown 

in figure-3 below. 

 

 
Fig.3. Energy consumption performance  

 

This experiment resulted in an average energy consumption of 95kwh, 109kwh, 87kwh, 111kwh, 129kwh and 

75.6kwh for SJF, SRFQ, SRVQ, RR, TSRR and Proposed Approach, respectively. The increasing number of tasks 

leads to increase in energy consumption. Furthermore, the longer the wait time, the longer the switch on time of 

the core which consumes more energy. This experiment demonstrates the efficiency with which this approach 

works in scheduling the jobs.   
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Further, we extend the experimental analysis and measured the energy consumption performance for varied 

number of tasks and processor. The obtained normalized energy consumption performance is compared with the 

existing techniques as mentioned in [21]. In this experiment, number of tasks as 10, 20, 40, 80, 100, and 200 for 

varied number of processors as 3, 6, 9 and 12. The obtained performance for these experiments is depicted in 

below given figure 4 and 5 for varied tasks and processors 

.  

 
Fig.4. Energy saving performance for varied number of task (12 processors)  

 

The total energy saving percentage for various number of tasks are compared in the above given figure. As the 

number of tasks are increasing, the energy consumption rate also increases. This case illustrates a great 

improvement in performance for greater number of tasks. The average energy saving percentage for the task set 

given is calculated as 11.33, 12.18, and 13.22 for the NCM, Improved NCM and Proposed Approach, respectively. 

Likewise, the experiment is extended for different number of processors for 200 tasks. Below given figure 5 

depicts the performance of energy saving this experiment.  

 

 
Fig.5. energy saving performance for varied processors (200 tasks) 

 

In this experiment we changed the number of processor and calculated the energy saving performance of 200 

tasks. The average results of the experiment are 11.62 for NCM, 14.05 for Improved NCM and 14.46 for Proposed 

Approach. More cores lead to better dynamic energy saving ratio. 
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5. CONCLUSION 

The present need for high computing system has become very high and consuming energy is a matter of concern 

which adversely affects the performance of the computing system. To alleviate this problem of too much energy 

use, several schemes have been developed. In this work, we are interested in reducing the energy usage of multiple 

cores with heterogeneous DVFS. We present an optimization function to select the best core based on their energy 

efficiency and applied a greedy selection mechanism which considers the deadline constraints, highest 

computation capacity and energy efficiency to select the best solution for task processing. An extensive simulation 

is carried out which shows a significant improvement in the performance in DVFS enabled high performance 

computing data centers.  
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