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ABSTRACT

Distributed architectures with fixed-priority scheduling using Dynamic Power Management (DPM) for
CPU optimization are one of the serious concerns in INTEL PXA270. Increasing the number of transistors
and task mapping on chips causes greater energy dissipation and power consumption. This study addresses
the issue of system-level higher CPU energy dissipation during the execution of parallel workloads with
common deadlines by introducing a framework that includes task migration based on DPM and an
Adaptive Deadline First scheduling (A-DF) scheme to properly schedule migratable tasks. The DPM policy
and efficient task allocation and scheduling using A-DF enhance overall throughput and optimize energy
consumption to avoid delays and performance degradation in multiprocessor systems. The proposed model
assigns processors to the ready task set to meet deadline requirements. A full task migration policy is also
integrated to ensure proper task mapping and interprocess linkage among tasks with the same deadlines.
The execution of a task can pause on one CPU and reschedule execution on another to avoid delay and
ensure that the deadline is met. The proposed method shifts the context of the task from running to sleep
and from idle to sleep using an adaptive DPM approach. The proposed scheme showed a promising
reduction in energy dissipation compared to other conventional energy-aware task migration techniques.
Simulations were conducted using a super pipelined microarchitecture Intel XScale PXA270 using
instruction and data cache per core of 32 Kbyte I-cache and 32 Kbyte D-cache on various utilization
factors (u;) of 18% and 20%. The proposed approach consumed 6.3% less energy and achieved 2.1% and
2.4% improvements in terms of accuracy and precision when almost half of the CPU is running, and on a
lower workload consumed 1.04% less energy. The proposed design provided significant improvements in
clock rates of 100, 104, and 116 MHz.
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I.  INTRODUCTION

Multicore processors are rapidly becoming the norm for
embedded real-time systems due to the demand for multimedia
and gaming systems. These processors offer greater
adaptability, providing a substantially more productive
environment for task assignments [1, 2]. This study presents a
novel technique to reduce CPU energy consumption in
multicore frameworks, reducing Worst-Case Execution Time
(WCET) and the absolute energy utilization of the framework
[3, 4]. In [5], dispatching domains were established along with
their representations to maximize processing speed on
multiprocessor platforms. Integration of components within
MPSoCs results in lower energy consumption and power
requirements [6, 7]. The energy consumption of MPSoCs
occurs in many abstractions, from the logic level to the circuit.
An MPSoC is an integrated circuit designed for applications
with specific software and hardware [8]. A scheduling
technique was proposed to assess CPU energy and memory
utilization of a central framework for multimedia applications
based on a Constant Bandwidth Server (CBS) [9, 10]. The
energy-efficient CPU scheduler maps data using the Earliest
Deadline First-Based Window constraint Migration (EDF-
WM) for multiprocessors, in which memory allocation uses
paging calculations called Shared Anonymous Private Pages
(PSAP) [11-12]. In addition, an energy-aware technique is
required for smooth task allocation to increase efficiency and
result in increased CPU clock speed [13, 14].

A. Reference Architecture

Previous advances in CPU technology have offered better
responses and improved execution times [15, 16]. An MPSA-
based technique can optimize scheduling to increase
throughput and meet the processor's mapping requirements
[17]. The dissipation of energy refers to the discharge of energy

from an MPSoC-based embedded system and occurs when the
embedded system utilizes energy for its operation. Shrinking
and increasing electronic transistors and frequency increases
power density, causing many problems such as increased
power consumption and thermal issues as well as higher energy
dissipation [18]. A dvfs scheme can monitor parallel irregular
divide-and-conquer algorithms to improve both performance
and energy efficiency in frequency and voltage regulation [19,
20].

This study introduces a mechanism where the energy
consumption (E,.) of executing a task on an MPSoC mainly by
switching resources, as discussed in [21, 22], is given by:

Cp

Ecc = Pswitching-t = Cefy- /& rl )
Eee = eff-VZ- Co(Vaa = Vens)/- Vaa® 2)

The consumption of dynamic power due to the transistor's
switching can be calculated using [23]:

Py =C* N xVy*f 3
f=MxVy—V)/Vs 4

B. Distributed Multiprocessor Architecture

C;, Vg, N., and the number of state transitions with
frequency f for fixed priority are set, while V; represents the
threshold voltage. L, denotes the logic gates used in the CMOS
chip [24]. The reduction constant is denoted as M as shown in
(4). The accumulative power of the CMOS is:

Po=(C*V’f + Ly* (Vg *M;) )
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Fig. 1. Generalized task migration architecture.

The following are common assumptions used in the
convergence analysis of the FL optimization algorithm [25,
26]. f(x) is B-Lipschitz continuous if there exists § = 0 such
that for all x1,x2 € Rd:

IfFxD) = Fe2)| < Bllxt —x2l (6)

f(x) is L-smooth if it has an L-Lipschitz continuous gradient,
i.e., for all x1,x2 € Rd:

Ave o) —vr a2l < Lllx1 - 2| 7

lve ) —vF )l < Lllxt —x21l (8)

e Strongly Convex Objective Function (SCOF): f(x) is u-
strongly convex if there exists an 4 = 0 such that for all
x1,x2 € Rd, f(x1) = f (x2) + (x1 — x2)TVf (x2) + p.

e Coercive Function (CF): f(x) 1is coercive if
f(x1) = f(x2) + (x1 — x2)TVf(x2) ©)]

(c)

(b) Deadline-aware,

(@)

Fig. 2. Migration
(c) Hybrid hierarchy.

stages:

(a) Fixed priority,

C. Migration in Adaptive Runtime Manager

In [27], a task migration mechanism was proposed to move
an executing task from one host CPU in a distributed
architecture to another. The selection of a task and movement
to the host CPU for a new task and the creation of the task on
that host increase performance, reliability, and processing
speed. However, the lack of on-time task migration can affect
the overall system performance. Most current techniques

improve energy and power management-related problems. The
mapping of ready task allocation to the CPU is another
approach to scheduling. Three main classes of task scheduling
exist: multiprocessor partitioned scheduling, restricted-
migration scheduling, and full-migration scheduling [28, 29].

II.  PROPOSED DECISION FRAMEWORK

The scheduling algorithm applies migration on a task t; € T
when a multiprocessor system allows it. This task starts
execution on one core of the processor and later switches, due
to high utilization, and migrates it to another core.

A. Adaptive-Deadline First (A-DF) for Multiple Cores Based
on Deep Learning

In the proposed deep learning-based A-DF strategy for Intel
distributed architecture, all tasks t; € 7 are allowed to migrate
at any point as per the condition of u; during their execution.
However the t; € T cannot execute in parallel on multiple cores
but can execute on any single core selected from the
configuration at a time. This strategy is more flexible and
increases performance by allowing migration. Figure 3 shows
the full migration of tasks using A-DF. The task set contains a
ready task set that is allocated to the scheduler. The proposed
scheduler monitors the utilization factor and migrates the t;
according to the configurations mentioned in (10), in which ¢;
refers to the continuous integration of a critical deadline of the
current task and t; is a CPU that includes a ready task set.

Crtag
Pol (10)

Equations (11) to (15) show that with an increase in ¢; the
deadline of a current task parameter, such as sleep state and
deep sleep state of ¢, + ay, gradualy increases to unity while
the 7; of the specific CPU architecture that contains a ready
task also enhances with each task execution up to n tasks. ¢;
and q; are the variable running tasks on the CPU that depend
on CPU utilization as shown in (15).

St st CJ:_lal =1 (n
Y., n}/(k,j)i_(:) CO:_:O CO:_:O (12)
Y, m} /() i_ll + CI:_:” + CI:_:” (13)
Y1, () i_z + CS:_:g + CS:_:% (14)
e as)

III. RESULTS AND DISCUSSIONS

In the experimental evaluation, a uniform multiprocessor
was considered using STORM for the multithreaded
application that executes an XML file containing the task
parameters fort; € T:n = 4,n = 10, and n = 17. The period
ranges between [4-25] ms. The task set in Table I onu; = 12
and u; = 20 were evaluated for s; = 1000 ms simulation
duration for the embedded architecture supporting symmetric
as well asymmetric CPU arrangement with m CPUs. Task t; is
allocated and mapped on the CPU cores (4, A4, 4¢ € 1;).
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Fig. 3. Proposed task-migration model based on A-DF.
(0+1) 340
TABLEL  PARAMETERS FOR SYSTEM TIMING 50 = 2 — g+ 22— 04 (17)
REQUIREMENTS (MS) AT u; = 20% FOR TASK SET 7 N = 8 9z(®) 2a® 32
ANDm =1 5@ = 2L _ gaen) 22040 200 (18)
Tasks T p;(ms) r;(ms) d; Pr 2z(D aa®  9z(1)
t 4 4 4 7 aL 0z2+1)  94(2)
2) _ — s(2+1
t 15 10 5 8 8B = =80 = 5 (19)
ts 16 11 16 5 st1 s
ts 15 8 15 6 5@ = L _ s@+1 028D 0a® 20)
ts 4 4 4 7 9z(3) 9a® 9z
te 11 16 5 11 5 = U _ e .az(n+1) ) da™ 91
£ 16 16 5 =50 2a0D " 220 @n
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In (16) to (20), 8™ shows that L current task parameters
with deep sleep state of 3z increases to unity while da™
is the normal ratio of task architecture that contains a ready task
and also enhances with each task execution up to n task. da™
and 0z™ are variables with stable tasks on the multiprocessor
whose utilization is variable according to the task.

az(l+1) aa(l)
3a® 370

D _ 0L _ c@+1
5()_m_5( ). (16)

Tables II and III show training and testing comparisons on
various clock frequencies with state-of-the-art algorithms,
where A-DF achieved more efficient results at a lower u;.
Figures 5 and 6 illustrate the various core configuration states
of the proposed m-core distribution model using a full task
migration policy for t; € T on a MARVEL INTEL PXA-270
embedded MPSoC based on utilization factor (u;).

TABLE II. TRAINING PERFORMANCE ANALYSIS
SVM CNN NBB RNN ANN RF A-DF (Proposed)

Accuracy 90% 85.2% 86.3% 84% 81% 81% 92%
Precision 85.2% 86.3% 82% 90% 85.2% 85.2% 88.2%
Recall 86.2% 87.4% 83.3% 85.2% 86.3% 86.3% 89.3%
F-Measure 88.5% 89.4% 84.5% 88.5% 89.4% 89.4% 87.4%
Specificity 90.5% 90.3% 87.4% 90.5% 90.3% 90.3% 88.3%

Sensitivity 95.7% 91.5% 89.4% 81% 78% 78% 92%
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TABLE III. PERFORMANCE ANALYSIS WITH DIFFERENT ALGORITHMS
Classifier Training Accuracy % Testing Accuracy %
SVM 7522 | 7234 | 89.65 | 79.89 37.78 7792 | 9134 | 8062 | 7323 | 82.19 89.89 89.89
CNN 91.34 80.62 89.65 79.89 87.78 77.92 81.30 80.18 76.71 87.34 84.32 74.32
NBB 8130 | 80.18 | 76.71 | 73.37 70.18 7432 | 70.77 | 89.65 | 7989 | 87.78 | 7792 67.92
RF 70.77 89.65 79.89 65.79 61.87 73.37 72.49 72.08 84.32 81.28 70.21 60.21
RNN 7249 | 7077 | 89.65 | 79.89 37.78 7579 | 7241 | 7201 | 87.92 | 86.84 83.68 73.68
DT 75.79 72.49 72.08 84.32 81.28 61.87 73.37 72.49 72.08 84.32 81.28 65.79
ANN 6064 | 7241 | 7201 | 87.92 3684 | 7337 | 7249 | 7201 | 87.92 | 86.84 83.68 72.01
A-DF 92.16 74.32 85.79 84.32 81.07 84.72 82.19 71.98 80.21 88.92 97.97 87.97
- IV. CONCLUSION
) ST Y -} A full task migration policy based. on Dynamic Power
-~ e w Management (DPM) techniques for efficient task allocation
= i ——Approximation and scheduling is the finest integration to decrease energy
Eo consumption. MARVEL INTEL PXA-270, and PXA-271,
= combined with PXA-250 use system-level DPM that allows
% CPU mode switches according to energy-power requirements.
—g = The proposed model achieved superior results compared to
@ other models because efficient task scheduling and migration
g’ operate as key elements to control energy and power reduction,
i % particularly in multiprocessor designs. There is an increasing
= market demand for applications that use multiple threads. On
utilization factors (u;) of 18% and 20%, the proposed approach
B 20 ol 60 ool @b Gt w0 e consumed 6.3% less energy and provided 2.1% and 2.4%
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Fig. 5. Intra-task fixed mapping on 20% UF using A-DF.
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Fig. 6 Intra-task mapping on 30% UF using A-DF.
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improvements in terms of accuracy and precision. The
proposed design accumulatively provides  significant
improvements on three clock rates of 100, 104, and 116 MHz.
The proposed system-level task migration policy offers
solutions for improper core allocation and inefficient
scheduling of real-time applications with deadline and priority
constraints while minimizing energy dissipation to achieve
better system performance.
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