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ABSTRACT Article information:
Energy e�ciency and thermal management are critical challenges in vir-
tualized cloud data centers, particularly for optimizing parallel workloads.
Dynamic Voltage and Frequency Scaling (DVFS) is widely used to balance
power consumption and computational performance. This study proposes
an Adaptive Threshold Per-Core DVFS Governor that dynamically ad-
justs CPU core frequencies based on per-core utilization, improving energy
e�ciency and workload performance. The proposed algorithm is evalu-
ated using Charm++ parallel workloads and is benchmarked against ex-
isting Linux governors, including the Conservative, OnDemand, and Per-
formance governors. Experimental results demonstrate that the proposed
approach achieves superior energy e�ciency per Giga-instructions com-
pared to the Conservative and OnDemand governors while maintaining
performance levels comparable to the Performance governor. Furthermore,
the proposed method reduces average CPU temperature by approximately
5% (2.5◦C lower) compared to the Performance governor, contributing to
enhanced thermal management in cloud computing environments. These
�ndings highlight the potential of the adaptive per-core DVFS mechanism
for improving energy e�ciency and performance in virtualized data centers.
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1. INTRODUCTION

Currently, most data center infrastructures are
based on cloud technology. Cloud data centers gen-
erally feature a huge number of resources on either
heterogeneous or homogeneous physical clusters. Vir-
tualization technology is the key to helping break the
limitations of both physical cluster types. Virtual
machines can be allocated to all physical machines
in clusters through the virtualization layer, which
is called a hypervisor in Infrastructure as a Service
(IaaS) cloud standard model. The IaaS model is a
dynamic consolidation of virtual machines. There
have been many research issues concerning improving
energy e�ciency and resource utilization in data cen-
ters [1] The energy e�ciency techniques in IaaS cloud
platforms along with dynamic management can be
grouped into two levels, including the hardware level
(physical machines) and the software level (virtual-
ization). The hardware level focuses on the Central
Processor Unit (CPU) and the link state adaptation
of network communication. The software level fo-

cuses on virtual machines for hardware consolidation
and resource allocation. Research topics for virtual-
ization and virtual machines include scheduling tech-
niques like Bin-Packing, Evolutionary Genetic Algo-
rithm (GA), and Natural Inspired Algorithms (NIA).
These algorithms applied the most popular meth-
ods to allocate and provision for virtual machines
to achieve the required optimization and energy ef-
�ciency.

Dynamic Voltage Frequency Scaling (DVFS) is
supported by modern processors, as this technique is
now common to adjust the frequency and the voltage
on each CPU core. For example, the DVFS scheme
[2] helped limit the processor's temperature and the
DVFS schedulers [3],[4] bene�ted in virtualized cloud
data centers. Previous DVFS models [5],[6],[7] stud-
ied various types of parallel workloads that challenge
reducing the average energy consumption.

However, previous works did not address dynamic
workloads nor provided a dynamic DVFS threshold
for controlling CPU frequency at the Linux kernel
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level. This paper investigates dynamic frequency
scaling on each active CPU core, aiming to optimize
both the CPU frequency and utilization thresholds to
reduce energy consumption while maintaining perfor-
mance comparable to that of the Performance gover-
nor, and better than the default OnDemand governor
and other alternative governors in terms of energy
efficiency. This approach helps prevent overheating
and balances performance with utilization. The pa-
per proposes an Adaptive Threshold Per-core DVFS
governor based on the Linux governor, which will be
tested using parallel workloads on physical machines.

The paper is organized as follows: Section 2 re-
views related work. Section 3 presents the static per-
core DVFS design, which leads to a more optimized
adaptive threshold per-core DVFS. Section 4 provides
background on DVFS and virtualization. Section 5
describes the experimental setup and parallel work-
loads. Section 6 discusses the experimental results,
including comparisons of average temperatures and
energy consumption. Finally, Section 7 concludes
with a summary of the proposed algorithm’s perfor-
mance and potential future work.

2. BACKGROUND

This section provides some background related to
power consumption models and Linux’s DVFS gover-
nors. Firstly, it introduces the DVFS and illustrates
the OnDemand and Conservative governors, which
are deployed in the Linux kernel version 2.6.9 and
later. Finally, it describes the virtualization technol-
ogy in our testing system architecture.

2.1 Dynamic voltage frequency scaling

Dynamic voltage frequency scaling (DVFS) [8][9]
can help create flexibility in the CPU power capabil-
ity by changing its frequency. This algorithm has de-
fault policies that can be implemented with the Linux
kernel called “Governor.” The DVFS governors in-
clude OnDemand, Conservative, and UserSpace on
Intel Xeon [10][11].

The CPU Frequency Scaling (CPUFreq) is im-
plemented along with the Linux kernel to con-
trol the CPU’s frequency, which works like a de-
vice driver. The cpufreq file in the Linux ker-
nel facilitates the viewing and editing of the fre-
quency for each CPU core located at the path
“/sys/devices/system/cpu/cpux.” There are various
“governor” policies for CPUFreq that cater to dif-
ferent performance requirements. The governor in
our testing system architecture works for Intel Xeon
Quad-cores E5630 and features five types, including
Performance, PowerSave, Conservative, OnDemand,
and User-level. The power consumption model of
CMOS logic gates can be formulated as shown in
Equation (1) [8].

Pwork = CfV 2 + Pidle (1)

where Pwork represents active power consumption.
The term C is the capacitance of the gate, which
affects the energy required for switching, while V
is the applied voltage, with power consumption in-
creasing quadratically with V . The clock frequency
f controls the rate of switching, and higher frequen-
cies lead to greater power usage. Pidle accounts for
the static power consumed when the system is idle,
primarily from leakage currents. Additionally, the
relationship between frequency and voltage is linear,
f ∝ V and Pidle also include energy consumption
from other server components. Optimizing both dy-
namic and idle power is essential for enhancing energy
efficiency, especially in low-power, high-performance
systems.

2.2 Governors in the Linux kernel

The Linux kernel offers various CPU frequency
scaling governors [10] to balance power efficiency and
performance. The Performance governor maintains
the CPU at its highest frequency within the defined
minimum and maximum frequency limits to ensure
optimal performance. In contrast, the Powersave
governor operates the CPU at the lowest frequency
within the same range to prioritize energy savings.
The Userspace governor enables users or programs
with root privileges to manually set the CPU fre-
quency via the sysfs interface. Meanwhile, the On-
Demand governor adjusts the CPU frequency dynam-
ically based on system load, with frequency changes
triggered by the scheduler’s load estimation mecha-
nism. These governors allow the system to manage
CPU performance and power consumption according
to varying workload demands.

2.3 OnDemand governor

The OnDemand governor [9][10] of the Linux ker-
nel version 2.6.9 or later can be described as shown in
Algorithm 1. This governor can change the frequency
inside the kernel with little overhead and determine
the optimized frequency corresponding to the CPU
utilization.

Algorithm 1 is the original OnDemand algorithm.
It includes the policy on how to increase and decrease
the frequency. If the current CPU utilization is more
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than the UP THRESHOLD setup point, the new
frequency of the current core will be increased to the
maximum available frequency, and this process is re-
peated every X millisecond. If the current CPU uti-
lization is lower than the DOWN THRESHOLD
setup point, the new frequency of the current core
will be decreased by 20% and this process is repeated
every Y millisecond.

In addition, the Linux kernels older than version
2.6.9 have only classical governors, including Per-
formance and PowerSave. The Performance model
maintains the highest possible frequency of CPU and
the PowerSave model maintains the lowest possible
frequency of CPU.

2.4 Conservative governor

The Conservative governor [10] in Linux adjusts
the CPU frequency based on system load, similar to
the OnDemand governor, but does so more gradually.
It increases or decreases the CPU speed in smaller
steps, making it more energy-efficient and suitable
for battery-powered devices. While OnDemand re-
sponds quickly to load changes, Conservative pro-
vides smoother scaling, balancing power consumption
and performance. The OnDemand governor is the
default in many Linux distributions, but users can
switch to Conservative for better power management
on portable devices.

2.5 Virtualization

Virtualization technology [8][13][14] is widely used
in the cloud data centers. It deploys software for
various OSes and builds virtual hardware for some
appliance servers. Hypervisor is a software layer in
the Linux kernel that can provide several execution
environments. Virtual Machines (VMs) with multi-
ple guest OSes are built over this layer. This solu-
tion is not only provided by commercial software but
also by open-source software. For example, the pop-
ular open-source software includes KVM, Xen, and
VMware free ESXi. These are bare-metal hypervi-
sors. Thus, their instance machine is called a virtual
machine which runs a guest OS. Meanwhile, OpenVZ
and Docker are the popular alternative hypervisors
that use a container-based virtualization platform.
Therefore, their instance machine is called a con-
tainer.

This paper investigates the KVM hypervisor.
KVM is a classic and native hypervisor working on
the Redhat and Debian OSes running on physical
servers. Also, it is the most popular virtualization
technology [8], like Xen and VMware, exploited in the
virtualized cloud data center. Moreover, it supports
the perf−kvm which is a VM self-performance mon-
itor tool similar to Linux’s perf for a physical ma-
chine. The KVM kernel supports both 32-bit and 64-
bit QEMU native performance. In addition, it does

not only run multiple VMs on various guest OSes,
but it also supports Virtual Shell (virsh) commands.

3. RELATED WORKS

Nowadays, most data centers are concerned about
and committed to the energy efficiency scheme.
Cloud data centers usually apply several approaches
together to optimize the power consumption for phys-
ical machines. The taxonomy of energy-efficient cloud
data centers [8] divides such power management tech-
niques into static and dynamic policies. Dynamic
power management is one of the most popular re-
search topics. In 2005, the power reduction in mi-
croprocessor techniques only focused on the hard-
ware level and the first generation of Dynamic Volt-
age Scaling. Moreover, AMD virtualization (AMD-
V) and Intel virtualization (VT-x) are the first gen-
eration of x86 hardware virtualization. Most virtu-
alization data centers voluntarily employ their own
alternative data center architectures. Consequen-
tially, this raised more energy efficiency research top-
ics. Also, the hypervisor-based system is a new layer
situated between the kernel and hardware levels in
virtualization technology. The energy management
prototypes over the hypervisor level [15][16] were in-
vestigated and compared between a host-level sub-
system and a guest-level energy management with-
out DVFS support in 2007. In 2005, the hardware
level [15] with Dynamic Voltage Scaling (DVS) was
the starting point for the microprocessor-supported
type. However, the energy-aware scheduling frame-
work [4] focused on controlling the physical machines
with the bin-packing technique. Moreover, Mobile
Cloud Computing (MCC) and Vehicular Networking
(VN) [3] focused on the edge of network devices with
the new cloud-fog architecture. The cool virtualiza-
tion data center with DVFS [2] used a limiting proces-
sor temperatures scheme on a case study of 32 nodes
(128 cores) on Intel Xeon processors. However, the
longer execution time was the trade-off for saving en-
ergy and cooling.

Table 1 compares related works and summarizes
their methodologies and contributions, emphasizing
the applications of the DVFS technique for power re-
duction across both physical machines and simulation
tools.

Table 1: Comparison of Related Works on DVFS
and Linux Governor.
Comparison with Current Work Related Works
DVFS only, without Linux governor. [5], [7], [18]
DVFS only in simulation [6], [8]
DVFS and Linux governor across all [15], [18], [20], [21]
CPUs.
Per-core DVFS for CPU: DVFS [17], [10], [12], [22],
programming with Linux governor. [23], [24]

Acun et al. [17] highlighted the importance of op-
timizing interval time to reduce energy consumption
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Fig.1: Energy consumption for each Per-core DVFS threshold compared with the standard governors, in-
cluding Conservative, OnDemand, and Performance.

and CPU utilization. Building on this, we propose
the Adaptive Threshold Per-Core (ATP) governor,
derived from the OnDemand governor’s frequency-
switching mechanism. Integrated with virtualization
technology, ATP enhances workload management,
optimizes energy consumption, and mitigates power-
performance trade-offs observed in Krzywda et al.
[18]. Based on the Dynamic Voltage and Frequency
Scaling (DVFS) approach in Edge Computing- Based
Microservices (ECM) proposed by Zouhir et al. [24],
ATP is designed for latency-sensitive applications like
Virtual Reality/Augmented Reality (VR/AR) and
Internet of Things (IoT), dynamically adjusting CPU
frequency based on real-time core utilization and
eliminating the need for predefined control modes.

4. PROPOSED METHODOLOGY

Our proposed algorithms are different from several
fundamental techniques in that they aim to handle
naturally dynamic workloads with a dynamic thresh-
old of DVFS for controlling the CPU frequency in the
Linux kernel layer. Currently, most processors sup-
port the Advanced Configuration and Power Interface
(ACPI) of which the P-state, the coprocessor Power
Management (PM), concerns the CPU frequency scal-
ing, which is called “acpi-cpufreq” We propose two al-
gorithms to modify the OnDemand governor concept.
The first algorithm is called “Per-core DVFS” which
offers a static CPU utilization threshold. The second
algorithm or “Adaptive threshold per-core DVFS” of-
fers a dynamic CPU utilization threshold that ad-
dresses the CPU resources allocated to the workload.

4.1 Per-core DVFS

Algorithm 2 uses a static threshold to increase and
decrease the CPUFreq on each CPU core. We pro-
pose a static DVFS approach. We provide only one
threshold, which is different from the OnDemand gov-
ernor. Our DVFS algorithm uses the original idea of

the OnDemand governor for increasing and decreas-
ing the frequency of each CPU core. The goal of
increasing the frequency is to provide the maximum
available frequency per core to support a new increas-
ing workload.

Workload overload can affect the CPU tempera-
ture. If we elevate only one higher step from the cur-
rent frequency, then the new workload may still be
overloaded, which may still increase the CPU tem-
perature. According to the Intel Xeon feature, the
decreasing frequency method performs just one lower
step from the current frequency, which does not ex-
actly equal 20% as appeared in the original algorithm.
We cannot immediately step the frequency down to
the minimum because the next workload may spike
up again, causing the CPU to overload as well as in-
creasing the temperature.

In Algorithm 2, the per-core DVFS focuses on a
single static threshold value. The condition in Line
8 is to compare the CPU utilization with a static
threshold. If the CPU utilization is more than the
threshold, then it will increase the CPU frequency to
the maximum available frequency. The upper step is
to increase the CPU frequency to the maximum avail-
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able frequency because the design aims to prevent
overheating (temperature rising) from the overload
state. Moreover, in case of lowering the CPU utiliza-
tion, it is to decrease the CPU frequency for one step.
In this case, Intel Xeon Quad-cores E5630 has eight
available frequencies, including 0.6 GHz, 1.73 GHz,
1.87 GHz, 2.00 GHz, 2.13 GHz, 2.27 GHz, 2.40 GHz,
and 2.54 GHz.

4.2 Adaptive threshold per-core DVFS

The concept of per-core Dynamic Voltage and Fre-
quency Scaling (DVFS) serves as the foundation for
our proposed adaptive threshold per-core DVFS tech-
nique. Fig. 1 depicts the energy consumption out-
comes corresponding to each threshold step in the
per-core DVFS scheme. These measurements were
obtained using the Power Indicator, which interfaces
with the apcupsd service for APC UPS units. Data
for energy consumption at each threshold step was re-
trieved through the apcaccess command. The thresh-
olds range from 10% to 90% of the CPU utilization
and the gap between each step is 10%. We compare
the per-core DVFS on each threshold with the stan-
dard governor policies, including Conservative, On-
Demand, and Performance.

Figure 1 presents the energy consumption for the
per-core DVFS threshold using a bar graph. The
first three bars on the left represent the standard
Linux governors: the Conservative governor, which
has the highest energy consumption at approximately
606.14 kJoules; the OnDemand governor, consuming
around 535.65 kJoules; and the Performance gover-
nor, which consumes the least energy at about 470.87
kJoules. The remaining bars represent different per-
core DVFS configurations, allowing direct compari-
son with the standard governors.

Our adaptive threshold per-core DVFS consumes
energy higher than the other standard governors if
the DVFS threshold is lower than 45% of CPU utiliza-
tion. It consumes energy lower than the OnDemand
governor when the DVFS threshold is more than 55%
of CPU utilization. It approaches the amount of the
Performance governor when the DVFS threshold is
more than 85% of CPU utilization but with the trade-
off for its performance and efficiency.

Consecutively, we select the CPU utilization range
for the per-core DVFS thresholds in between 45% to
85% as the base for our new algorithm. For usage effi-
ciency, the minimum threshold should be higher than
45% and the maximum threshold should be lower
than 85%.

Equation 2 shows our calculation for the adaptive
CPU utilization threshold and Algorithm 3 presents
the related policy derived from Algorithm 2 to control
the DVFS and specify the suitable frequency accord-
ing to Figure 1. Lines 8-9 are added in Algorithm 3
to do so.

TCPU = TMin + UCPU × (TMax − TMin) (2)

where TCPU is the new CPU per-core threshold,
TMin is the minimum threshold of the user space
(45%), TMax is the maximum threshold of the user
space (85%), and UCPU is the CPU utilization aver-
age determined by Equation 3.

UCPU = 100% −
∑n

1 CPUidle

n
(3)

where n is the core number and CPUidle is the CPU
idle time for each core.

Algorithm 3 is our proposed DVFS algorithm. It
uses the per-core average utilization from the previ-
ous utilization. Also, the new CPU per-core thresh-
old can be derived from Equation 2 as the per-core
average utilization in Equation 3 in Lines 8-9. Con-
sequently, Algorithm 3 is called “Adaptive Threshold
Per-core DVFS or ATP DVFS” and is to be com-
pared with the default governors including Perfor-
mance, OnDemand and Conservative on Intel Xeon
Quad-cores E5630 as illustrated in the Experimental
Methodology section.

Fig.2: The research system architecture.
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Fig.3: Energy consumption and CPU utilization with different sampling times.

Fig.4: Parallel workload behaviors on different types of workloads.

5. EXPERIMENTAL SETUP

In order to evaluate the energy efficiency of our
proposed algorithms, the per-core DVFS, and the
adaptive threshold per-core DVFS, we tested them
on the physical rack server with Intel Xeon Quad-
cores E5630 2.53GHz, RAM 8 GB, SATA 500 GB,
and Gigabit Ethernet. The Power Indicator was the
apcupsd service, which is a UPS control system for
APC UPS with the RJ45 to USB console cable, ap-
plying the apcaccess command, described in the sys-
tem architecture subsection. In our experiment, the
workload characteristics were parallel workloads of
Fine-grained Communication with Topological Rout-
ing and Aggregation of Messages called Stream-All-
to-All benchmark from the Charm++ Parallel Pro-
gramming Laboratory [25]. This workload is to be
described in the parallel workload subsection.

5.1 System architecture

The target server features Intel Xeon Quad-cores
with enabled virtual technology. The quad cores used
the same CPU governor, and in the background pro-
cesses, our DVFS algorithms were running along with
the Charm++ parallel workload. In Figure 2, our
DVFS algorithm is called an “Optimizer” as it re-
ceives the current frequency and utilization of each
core and controls the new frequency of each core.

Figure 2 describes the software in our testing sys-
tem environment running the CentOS 7 64 bits, KVM
hypervisor, and apcupsd daemon. The Optimizer
agent controls the physical layer directly according
to each CPU core.

To understand how the proposed DVFS algorithms
work, the CPU utilization and energy consumption at

each interval are collected and shown in Figure 2. We
are interested in the intervals of more than 100 mil-
liseconds which have the CPU utilization lower than
2% and the idle power consumption lower than 174
Joules. These are acceptable costs for the algorithms’
overhead.

Figure 3 illustrates the highest idle power con-
sumption, which occurred during a 5-millisecond in-
terval, reaching 181 Joules and over 24% CPU uti-
lization. The frequency and utilization of each CPU
core were monitored at specific sampling intervals us-
ing Python’s psutil library, a cross-platform and free
software tool for retrieving system utilization data.
It is important to note that shorter loops or check in-
tervals contribute to higher energy consumption and
CPU usage. More frequent checks increase the CPU’s
active processing time, preventing it from entering
low-power states and thus leading to higher overall
power consumption. For our scenario, we selected a
100-millisecond interval to balance performance and
power efficiency.

5.2 Parallel workloads

The parallel workloads in our experiment were set
up on Charm++, which is a C++-language-based
parallel programming system. Charm++ has been
designed for HPC programming and supporting pro-
cessor virtualization. The proposed and designed pro-
gram runs on the testing environment, including four
virtual CPU cores, 8 GB RAM, 100 GB virtual SCSI,
and 1 Gigabit Ethernet. There are three levels of
testing parallel and continuous workloads according
to the number of involved CPU cores: two execut-
ing cores (Type-1 workload), three executing cores
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(Type-2 workload), and four executing cores (Type-
3 workload). These workloads apply the topological
virtual network routing called the Topological Rout-
ing and Aggregation of Messages (TRAM). Also, the
parallel workloads can be divided into two patterns:
branches and instructions [19].

In addition, the branch pattern, or the branch
tracer, is an execution path recorder tool that is sup-
ported by modern processors and is available for Pen-
tium 4, Xeon, and Intel processors [20]. It is called
the “HW-based branch tracer” [20]. Figure 4 reveals
the behavior of such parallel workloads in terms of
instructions and branches. In the experiment, paral-
lel workloads consist of the three behaviors (Type-1,
Type-2, and Type-3).

Figure 4 illustrates the parallel workloads, includ-
ing Type-1, Type-2, and Type-3 workloads. Among
them, the Type-3 workload has the largest prob-
lem size, containing 15,172.72 Giga-instructions and
2,881.02 branches. The Type-2 workload is approx-
imately half the size of the Type-3 workload, with
8,959.61 Giga-instructions and 1,704.61 branches.
Meanwhile, the Type-1 workload has the smallest
problem size, accounting for only one-third of the
Type-3 workload, with 4,716.95 Giga-instructions
and 908.41 branches. Figures 5 to 7 present the aver-
age CPU usage percentage for each parallel workload,
highlighting their respective workload characteristics.

There are three levels of testing parallel and con-
tinuous workloads based on the number of CPU cores
involved: two executing cores (Type-1 workload),
three executing cores (Type-2 workload), and four
executing cores (Type-3 workload). Figures 5-7 show
the CPU usage for each workload type. Despite the
increasing workload sizes, CPU usage remains rela-
tively stable across all types. Specifically, Figure 5
illustrates the CPU usage for the Type-1 workload
with two executing cores, Figure 6 shows the usage for
the Type-2 workload with three executing cores, and
Figure 7 presents the usage for the Type-3 workload
with four executing cores. In all cases, Charm++ effi-
ciently balances the load across the cores, preventing
any single core from becoming overloaded and ensur-
ing consistent CPU utilization, even when the number
of cores and workload size increases.

Fig.5: The CPU usage of the Type-1 Workload.

Figure 5 illustrates the Type-1 workload, where
the average CPU usage is approximately 34%. This
parallel workload runs on only two cores, alternating

between them across the four virtual CPU cores of
the testbed virtual machine, representing small and
randomized workloads.

Fig.6: The CPU usage of the Type-2 Workload.

Figure 6 illustrates the Type-2 workload, where
the average CPU core usage is approximately 49%.
This parallel workload runs on three cores of the
testbed virtual machine, which has four virtual CPU
cores, representing an unbalanced, medium-sized
workload.

Fig.7: The CPU usage of the Type-3 Workload.

Figure 7 illustrates the Type-3 workload, where
the average CPU usage is approximately 69%. This
parallel workload runs on four cores of the testbed
virtual machine, representing a balanced and large
workload.

6. EXPERIMENTAL RESULTS AND DIS-
CUSSION

In order to validate our proposed DVFS algorithm,
ATP DVFS, we have set up three parallel workload
scenarios from the mash streamer prototype which
simulates fine-grained messages with virtual topolo-
gies, including four-core, three-core, and two-core
parallel workloads.

The experimental results show the differences in
the CPU core temperatures on the three types of par-
allel workloads. Section 6.1 shows the policy effects
on the environment and Section 6.2 illustrates the
energy consumption versus the performance in the
Joules energy efficiency per Giga- instructions (109)
and the counter for accessed branches in Mega (106)
times per second.

6.1 Thermal performance

This section presents the thermal performance in
the parallel workload execution process with differ-
ent governors. In addition, the CPU core frequency
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Fig.8: The average CPU temperatures when applying different governor policies.

Fig.9: The average energy consumption in Joules per Giga-instructions (109) when applying different gov-
ernor policies.

Fig.10: The average accessed branches per second and when applying different governor policies.

control techniques have more different control param-
eters, including the temperature [2], Service Level
Agreements (SLA) [5], [7] and the deadline of the
parallel task [6]. In this experiment, we focus on the
temperature of the CPU core and show the average
CPU core temperature results of the power manage-
ment policies in Figure 8. The Performance governor,
using the highest CPU frequency on each core, gains
the highest CPU temperature than the other gov-
ernors, including the OnDemand, and Conservative
governors. The Adaptive DVFS, the proposed algo-
rithm, can keep a lower CPU temperature in some
workloads.

Figure 8 does not only show the average CPU tem-

peratures during the execution time but also presents
the maximum and minimum CPU temperatures on
each governor policy. The average CPU temperature
during the execution time applying different gover-
nor policies is illustrated in Figure 8. It shows the
comparison of thermal performance on each power
management policy applying three parallel workload
types. In the Type-1 workload, the Conservative
governor’s temperature was lower than the others at
35.57 ◦C. Also, ATP DVFS performed similarly to
the Performance governor at 41.30 ◦C. In the Type-
2 workload, the OnDemand governor shows the best
thermal performance at 41.34 ◦C and the ATP DVFS
temperature was lower than that of the Performance
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governor at 43.50 ◦C with an unbalanced workload
and medium workload.

The Performance governor’s temperature was
higher than that of the ATP DVFS which is close
to 3◦C. The Type-3 workload had a similar aver-
age temperature to those of Conservative and On-
Demand. Also, the Performance governor still gained
the highest temperature compared to the other stan-
dard governors and ATP DVFS. ATP DVFS’s aver-
age temperature was lower than 2.29 ◦C. The thermal
performance of the three load types is only presented
in terms of temperature rather than energy consump-
tion. Other performance factors are presented in the
next section.

6.2 Performance and energy consumption

This part illustrates other performances in terms
of energy consumption and execution time. The main
goal of the proposed power management policy is to
reduce the energy consumption demonstrated on the
Charm++ parallel workload. The average energy
consumption results are determined from the total
energy consumption in Joules divided by the num-
ber of instructions. The performance results are kept
in the output file of the perf-kvm tool [26]. Which
runs on the host machine. Moreover, Figure 9 shows
energy consumption by Joules per Giga-instructions
on a virtual machine. Figure 10 shows the execution
performance by the access branch rate per second. In
addition, both figures represent the execution perfor-
mance with the different parallel workload types.

Figure 9 illustrates the three groups of parallel
workloads, including Type-1, Type-2, and Type-3.
The y-axis shows the average total energy consump-
tion in Joules. These energy consumptions are di-
vided by the number of total instructions during their
execution time. For the Type-1 workload, the Perfor-
mance governor gained the best energy consumption
performance at 75.74 Joules per Giga-instructions.
ATP DVFS was second at 79.06 Joules per Giga-
instructions. The third one was OnDemand at 84.29
Joules per Giga-instructions and Conservative con-
sumed at 92.85 Joules per Giga-instructions. More-
over, the Type-2 workload results gained the best en-
ergy consumption performance for the Performance
governor at 57.48 Joules per Giga-instructions and it
had quite similar energy consumption performance to
ATP DVFS at 57.88 Joules per Giga-instructions. On
the other hand, the Conservative governor consumed
59.56 Joules per Giga-instructions which was lower
than that of the OnDemand governor at 61.64 Joules
per Giga-instructions.

The Type-3 workload consumed quite similar en-
ergy to those of the Performance governor at 44.92
Joules per Giga-instructions and ATP DVFS at 44.81
Joules per Giga-instructions.

Figure 10 shows the access branch performance for
the same parallel workload types which represents the

event control of CPU cores with different governor
policies. The access event control performance of the
CPU applying different governor policies is illustrated
in Figure 10. The Type-1 workload gained the highest
access branch rate for the Performance governor at
130.98 Million branches per second. The second was
ATP DVFS at 125.43 Million branches per second.
The third is OnDemand at 115.28 Million branches
per second and the last one is Conservative at 103.84
Million branches per second.

The Type-2 workload is a medium parallel work-
load and it gained the highest branch rate with the
Performance governor at 176.35 Million branches per
second which is quite like that of ATP DVFS at
175.65 Million branches per second. The OnDemand
governor was the last one at 162.86 Million branches
per second and the Conservative governor was the
third at 168.70 Million branches per second.

The Type-3 workload was the highest balanced
parallel workload. It had both best access branch
rates performance with the Performance governor at
232.05 Million branches per second and ATP DVFS
at 232.97 Million branches per second. The third was
Conservative at 232.05 Million branches per second
and OnDemand was the last one at 218.86 Million
branches per second.

Both parallel workloads, Type 2 and Type 3, had
quite similar access branch rates in between those of
Performance and ATP DVFS but only for the Type-
1 workload, ATP DVFS’ branch rate was lower than
that of Performance governor. The Conservative gov-
ernor gained better access branch rate performance
than those of the OnDemand in the Type-2 and Type-
3 workloads. However, the Type-1 workload was the
only parallel workload type that had Conservative’s
access branch rate lower than the OnDemand’s.

6.3 Discussion

The paper presents ATP Dynamic Voltage and
Frequency Scaling (DVFS) as an energy-efficient pol-
icy that utilizes dynamic per-core CPU threshold
management. Unlike traditional static threshold poli-
cies, such as those used by the OnDemand governor,
ATP DVFS is based on a user-space threshold range
of 45% to 85%, as outlined in Algorithm 3. This
dynamic approach aims to optimize both energy con-
sumption and thermal performance, positioning ATP
DVFS as a promising candidate for green governors
that balance energy efficiency, temperature control,
and system performance.

The performance evaluation in this paper focuses
on two main aspects: thermal performance and en-
ergy consumption. These key performance measures
are applied to parallel workloads from the Charm++
parallel programming framework, using TRAM work-
loads. The workloads tested include the following
scenarios: Type-1 (2 execution cores, random, small),
Type-2 (3 execution cores, unbalanced, medium), and
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Type-3 (4 execution cores, balanced, large).
The thermal results show that ATP DVFS behaves

similarly to the Performance governor for the Type-
1 workload. However, for the Type-2 and Type-3
workloads, ATP DVFS produced better thermal re-
sults than the Performance governor, though it was
still higher than other default governors such as On-
Demand and Conservative.

ATP DVFS demonstrates significant contributions
to both energy efficiency and temperature reduction,
making it a strong candidate for integration into
green governors. For the Type-1 workload, ATP
DVFS achieved an energy efficiency of 79.06 Joules
per Giga-instructions, outperforming the OnDemand
governor (84.29 Joules per Giga-instructions). Addi-
tionally, ATP DVFS attained a higher branch access
rate compared to OnDemand (10.15 million branches
per second) and the Conservative governor (21.59 mil-
lion branches per second). For the Type-2 and Type-3
workloads, ATP DVFS showed performance and en-
ergy efficiency comparable to the Performance gov-
ernor, while maintaining a higher branch access rate
than both OnDemand and Conservative governors.
Moreover, ATP DVFS led to an average CPU tem-
perature reduction of approximately 5%, or 2.5◦C.

These results highlight that ATP DVFS does not
only offer energy savings compared to default power-
saving governors but also performs similarly to the
Performance governor. It provides a balanced ap-
proach to energy efficiency, temperature manage-
ment, and performance. Unlike the green governor
approach in [10], which focuses on CPUs with varying
idle power consumption, ATP DVFS ensures consis-
tent power consumption across all frequencies, par-
ticularly for Intel Xeon processors. This further sup-
ports its potential for efficient virtual machine work-
load management.

7. CONCLUSION

This work investigates DVFS (Dynamic Voltage
and Frequency Scaling) policies and proposes a new
algorithm based on the Linux governor. It does not
only achieve superior performance and energy effi-
ciency per Giga-instructions compared to the Con-
servative and OnDemand governors but also main-
tains performance levels close to those of the Per-
formance governor. The algorithm dynamically ad-
justs the DVFS threshold at the Linux kernel layer
and optimizes the frequency of each active CPU core,
ensuring an efficient balance between performance,
resource utilization, and energy consumption. This
study presents a real-time control mechanism and
evaluates the algorithm using virtualization technol-
ogy on physical servers running Charm++ parallel
workloads. The adaptive set point, or threshold, is
determined based on CPU core utilization.

Experimental results show that the proposed al-
gorithm outperforms both the OnDemand and Con-

servative governors across all parallel workload types.
However, for Type-1 workloads, where average CPU
usage is below 40% (small parallel workloads), its
performance is slightly lower than that of the Per-
formance governor. Nonetheless, for medium and
large parallel workloads, the proposed DVFS algo-
rithm maintains lower thermal levels than the Per-
formance governor. This demonstrates its effective-
ness in handling heavy parallel workloads, keeping
performance close to the Performance governor while
reducing CPU temperature.

The per-core adaptive threshold DVFS maintains
lower CPU temperatures than the default Linux gov-
ernors (OnDemand and Conservative) when parallel
workloads exceed 50%. Moreover, its energy con-
sumption per instruction is comparable to that of
the Performance governor and more efficient than the
OnDemand and Conservative governors in virtualized
environments.

The proposed DVFS algorithm is beneficial for vir-
tual machines running on a hypervisor and utilizing
virtualization technology. Future research should ex-
plore its deployment and effectiveness in cloud con-
tainer architectures.
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