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Abstract— Parallel execution of multiple tasks in a multi-core processor causes excessive power consumption that invariably
reduces the overall system reliability and the performance. The optimization of power consumption thus is becoming the area of
research in processor design. The multi-core processor divides a complex task into several individual and data independent
threads and enables the execution of them in parallel. The Operating System that runs on the processor divides the tasks into
threads and schedules them for execution in parallel among the processor-cores by considering the processor-core utilization and
power consumption per task. This research work presents the overview and the analysis of various power aware task scheduling
polices in a homogenous multi-core processor environment. The simulation results show that the power aware task scheduling
polices result in 18% reduction in energy when compared to that of power agnostic task scheduling algorithms.

Keywords— Multi-core processor, intra-core task scheduling, power aware, task migration.

I.  INTRODUCTION

The task scheduling algorithms [1] in a homogeneous
multi-core processor schedules a pool of ready tasks for
execution among one of the processor cores [2,3]. The task
scheduling algorithms in a multi-core processor are broadly
classified as i) intra-core task scheduling and ii) inter-core
task stealing. The intra-core task scheduling policies move
a task that is waiting for some resources from the running
state of a processor-core into its wait state and another task
from ready state of the same core into its running state. The
resource allocation and task scheduling in a multi-core
processor is a NP-hard problem and hence heuristic
approaches and stochastic based approaches like Genetic
algorithm, ABC algorithms, that have the capability of
providing optimal solutions for these problems are
preferred. Though these approaches are not capable of
giving the exact solution, they can find a set of optimum
solutions through energy function. Each member of the
solution set is called chromosome (gene) and is determined
after a number of iterations called generations.

The inter-core task stealing (migration) is achieved through
Operating Systems (OS) functionality that steals a ready
task from one core’s queue to another core’s queue
whenever the victim core has higher workload than other
cores [7]. Though there has been many literatures on intra-
core scheduling on a single core processor, the inter-core
task migration in a multi-core processor environment still

provides the potential area for research. These algorithms
are aimed to minimize the task execution time, to minimize
the processor's power consumption and maximize the
resource utilization. These algorithms consider task
execution time, average task queue size and average task
waiting time as metrics for their performance and
capability.

The technology miniaturization has provided the designers
a platform for the design of multi-core processors. The
number of cores (Processing Elements) in the latest
processor ranges from 8 or 16 in a general purpose
computing platform and even up to 1000s in graphical
processing processors. The demand for increased
component density in these highly parallel computing
multi-core processors has increased the issues of excessive
power consumption for power hungry hand-held devices.
These processor's capability can be effectively utilized by
efficient task scheduling and task stealing algorithms. The
task migration [5] and context switching increases the
power consumption per task and the latest research is
focusing on minimizing the processor power in the latest
SoC technology.

The power aware test scheduling algorithms has the
following objectives i) lowering the overall processor’s
power consumption within the allowable power level, ii)
supporting hot-spot elimination, and 3) balancing the power
consumption across processors [4]. Achieving these goals
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without the processor performance being affected

drastically is the challenge in these algorithms.

This paper is being organized as follows: An Overview of
Task Scheduling is presented in Section 2. Section 3
describes the task scheduling mechanism in a multi-core
environment. An experimental setup and results are
presented in Section 4. Finally, the conclusion of this paper
is presented in Section 5.

II. TASKSCHEDULING AND RELATED WORK

A process (task) is a small piece of program that is ready
for execution. A task that is ready for execution can be in
one of five states: New, Running, Blocked, Ready and
Terminated. The state diagram shown in Figure 1 illustrates
the different states a task can have and the transition from
one state to another depending upon the various input
conditions. In multi-core processor environment, several
tasks that are ready for execution are stored in the
processor memory. A task from the memory enters into the
running state if all the resources are available for the
execution of the task. A task in the running state shall be
transferred into waiting state if the task is waiting for some
resources or 1/0O events. whenever a task is moved back
from the running state, the OS brings a task from the queue
of ready state into the running state. This functionality of
OS optimizes the performance of the processor by keeping
itself engaged and preventing it from entering into the idle
state. Minimizing the task execution time and task waiting
period are the primary objectives of the task scheduler in a
multi-programming environment. Time slice, Task Eviction
and Task Switching are the activities to be effectively
performed by the task scheduler for minimizing the service
time as well as waiting time and maximizing the processor
utilization.

Amimed Compieced
New \ Terminated
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Ready Running
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Waiting

Fig. 1: State diagram of a Task

Task scheduling algorithms are broadly classified into
i) Non-premptive task scheduling and ii) Premptive task
scheduling. In non-preemptive task scheduling, a task from
a running state is removed from the processor only after its
completion or if the task is waiting for any kind of 1/0
event to occur. These scheduling polices primarily include
First Come First Serve (FCFS), Shortest Job First (SJF) and
Highest response Ratio Next (HRRN) polices. In pre-
emptive task scheduling, a task in the running state will be
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transferred into the ready state whenever a high priority
task arrives for execution. The preemptive task scheduling
polices include Shortest Remaining Time First (SRTF),
Round Robin (RR) and Round Robin with Priority (RRP).

I1l.  POWER AWARE TASK SCHEDULING
ALGORITHMS

The multi-core processor has the ability of selecting a task
from the processor's Ready Queue and scheduling them for
execution in one of the cores. Test matching refers to the
process of assigning the processor-core to the newly arrived
task that matches its parameters with the tasks of the core.

Task migration (Task Stealing) is the process of moving a
task from the ready queue of one core to that of another
core. This task migration has an objective of balancing the
work-load among the processor cores and optimizing the
CPU resources. Initially, all the tasks are scheduled to
different cores on ad-hoc basis. Later, when it is detected
that a task has been scheduled to a core which is extremely
loaded and the task is being delayed, then the OS migrates
the task to another core which is having the least workload.
Thus the task stealing process has become essential for
balancing the workload among the cores. The OS must
facilitate each processor with Local Knowledge (each
processor has the information about its own status) and
Global Knowledge (each processor must be aware of the
status of every other processor) for a proper task stealing.

The additional important performance metrics for
measuring the performances of a task scheduling algorithms
in a multi-core processor are Average Core Ultilization,
Throughput, Remaining Utilization of an individual
processor core and most importantly the power
consumption of the task. This paper emphasizes the power
aware task scheduling algorithms that schedules a task
among the cores based on its power consumption level. The
power aware task scheduling algorithms [6] are briefly
discussed in the following section.

A. Power Aware Task Scheduling Algorithms

The power aware task scheduling algorithms consider the
Energy Delay Product (EDP) as the minimizing function for
task scheduling decision. The EDP is expressed as EDP=s
x P where P represents the power consumption of the task
per tick on the processor in which the task is assigned for
execution and 's' denotes the Service Time of the Task. A
task that exceeds the threshold EDP value on a processor
core is blocked for further execution on that core and
rescheduled for execution on another processor core.

The following power aware task scheduling algorithms are
discussed and analyzed in this paper.

Power Aware Round Robin (pRR)

The Round Robin scheme schedules the ready tasks among
the available processor cores for their execution on Round
Robin strategy. The pRR algorithm evicts a task from the
running state of the assigned core at every time slice once
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the power consumption level exceeds the predefined
threshold value.

Power Aware Shortest Remaining Time First (pSRTF)
The shortest Remaining Time First (SRTF) is the task
scheduling policy a task with the shortest amount of time
remaining until completion, is scheduled for execution. The
pSRTF algorithm selects a task with the minimum EDP for
execution on the available processor core.

Highest EDP Cost function Next (HECN)

The power agnostic version of this scheduling policy uses
HRRN (Highest Response Ration Next) to determine the
priority of a task for its execution using heuristic approach.
Since, the EDP metric considers both the power
consumption and the service time, a task scheduling policy
called as HECN identifies a highest priority task using EDP
based Cost function.

EDP = s2xP
HECN [w + EDF]
© T EDP

where 'w' is the waiting time of a task,
'z' iz the service time of a task

and 'P'is the power consumption per tick of a task.

IV. EXPERIMENTAL SETUP AND RESULTS

The simulation environment for task scheduling in this
work is established by taking the following task resources:
a multi-core CPU, a group of processors, task Queue and a
set of tasks as shown in Figure 2.

The simulation experiment is conducted in Intel i-3 quad-
core processor in Linux platform. Tasks are created
dynamically and scheduled for execution on a given
processor core using Intra-core Task Scheduling discussed
in section 2. The performance of these polices under Power
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Aware and Power Agnostics schemes are measured in terms
of Energy Consumed, Turnaround time and EDP.

The processor parameters considered for simulation include
Number of cores

Processor power consumption per tick

Slice time (in ticks)

Threshold for starvation/loaded status
Workload size

Stealing policy

The task parameters used for simulation include
Task arrival rate

Task power consumption per tick

Task service time

Blocking probability

Unblocking probability

mPoo0 o

Po0 o

The simulation process progresses on a tick basis. The
flowchart shown in Figure 3 illustrates the simulation
process.
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Figure 2: Components of a simulator
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Figure 3: Task simulation Flowchart
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In a multi-core environment, the intra-core task scheduling
policy schedules the ready tasks for execution among the cores
whereas the inter-core task migration (task stealing) policy
moves the ready tasks among the cores. The simulation results
as shown in figure 4 shows that the HRRN policy gives the
best improvement in terms of Turnaround time and energy
consumed. In the simulation results, PAG and PAW denote
power agnostic and power aware versions of inter-core task
stealing polices respectively. The PAG scheme utilizes HRRN
policy whereas the PAW version of inter-core task stealing
uses HECN policy. The PAW_NoSteal and PAG_NoSteal
policy indicate Power aware and power agnostic versions of
intra-core task scheduling.

The simulation results presented in figure 5 shows the
performances of various task scheduling/stealing polices in
terms of variance of Energy Consumption (in Joules). From
the results it can be concluded that the task stealing policy
provides almost 18% reduction in the variance of energy
consumption compared to that of NoSteal policy. The PAW
policies provide a little improvement in terms of energy
consumption than the PAG polices. It is also shown that
PAW_MaxMin_HECN_Task policy provides the best
performance among other polices.
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Figure 5: Performance comparison for various PAW and PAG
task scheduling polices
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V. CONCLUSION

The growing demand for low-power hand-held devices
requires efficient power management at the OS level using
power aware intra-core and inter-core task scheduling polices.
To achieve this goal, three intra-core task scheduling policies,
RR, SRTF and HRRN has been discussed and their
performances have been evaluated. In this paper, the power
characteristics of various variants of power aware (PAW) and
power agnostic (PAG) intra-core task scheduling and inter-
core task stealing polices have been evaluated and presented in
Figure 4.
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Figure 4: Performance comparison for Intra-core task

scheduling polices
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