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Abstract Cloud computing has gained popularity at
a breakneck pace over the last few years. It has rev-
olutionized the way businesses operate by providing
a flexible and scalable infrastructure for their com-
puting needs. Cloud providers offer a range of ser-
vices with a variety of pricing schemes. Cloud pric-
ing schemes are based on functional factors like CPU,
RAM, and storage, combined with different payment
options, such as pay-per-use, subscription-based, and
non-functional aspects, such as scalability and avail-
ability. While cloud pricing can be complicated, it is
critical for businesses to thoroughly assess and com-
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pare pricing policies along with technical requirements
to ensure they design an investment strategy. This paper
evaluates current pricing strategies for laaS, CaaS, and
PaaS cloud services and also focuses on the three lead-
ing cloud providers, Amazon, Microsoft, and Google.
To compare pricing policies between different services
and providers, a hedonic price index is constructed
for each service type based on data collected in 2022.
Using the hedonic price index, a comparative analysis
between them becomes feasible. The results revealed
that providers follow the very same pricing pattern for
laaS and CaaS, with CPU being the main driver of
cloud pricing schemes, whereas PaaS pricing fluctu-
ates among cloud providers.

Keywords Pricing policy models -
Hedonic price index - [aaS - CaaS - PaaS -
Cloud market

1 Introduction

Cloud computing services have expanded significantly
in response to the ever-evolving demands of techno-
logical advancements, offering sophisticated solutions
that cater to a wide range of needs and industries. Cloud
providers are continuously striving to stay at the fore-
front by rapidly expanding their service offerings, each
bringing a unique set of features and innovations to
the table. These range from foundational services like
Infrastructure as a Service (IaaS) and Platform as a Ser-
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vice (PaaS) to more specialized options such as Con-
tainer as a Service (CaaS), offering diverse approaches
to infrastructure and application management.

Each of these cloud services has its own pricing
policies, incorporating different factors affecting the
price of each service. They are provided in the form
of prescribed bundles and combine multiple functional
and non-functional features. This makes it challeng-
ing for customers to select the right services and dis-
cern what they are paying for. Surveys have consis-
tently shown that this lack of clarity is a significant pain
point. The primary challenges for customers, as shown
in [1], include how pricing is accounted for, measured
in the cloud, and spread across the various service lay-
ers. Anodot State of Cloud Cost Report revealed that
50% of cloud-based businesses face challenges in con-
trolling cloud costs, with the complexity of cloud pric-
ing and a lack of visibility driving cloud costs being
the main issues [2]. Similarly, according to [3], only
30% of the organizations surveyed knew exactly where
their cloud budget was going. Last but not least, 96% of
IT decision makers said that cost control is one of the
significant challenges faced when implementing their
cloud strategy [4].

Toward this direction, this paper aims to assess the
contribution of prominent cloud service features to the
service bundle pricing policy and provide a compar-
ative analysis of pricing policies across IaaS, CaaS,
and PaaS cloud service types and the three leading
providers. To enable the comparison, a common func-
tion to describe pricing policies is needed. Based on
the authors’ previous works [5-7], we suggest using
a pricing model based on hedonic principles and con-
structing price indices for IaaS, CaaS, and PaaS ser-
vices across major cloud providers. This hedonic price
index approach is particularly appealing as it allows
for the comparison of common cloud features among
different services.

This study offers a direct contribution to cloud ser-
vice pricing by providing a detailed comparison of
IaaS, CaaS, and PaaS pricing policies as well as an anal-
ysis of pricing strategy variations amongst providers.
This comparison is crucial for decision-makers, as it
sheds light on the pricing policies of the three service
types required for application development. Addition-
ally, it enables users to assess the value proposition of
each cloud service type more comprehensively, consid-
ering not only the absolute pricing but also the relative
cost-effectiveness of individual features. Understand-
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ing the disparity in pricing contributions of features
between cloud service types can guide users in select-
ing the most cost-effective service type and vendor for
their particular workload requirements. This knowl-
edge empowers them to facilitate strategic planning and
budget optimization by highlighting areas where poten-
tial cost savings or efficiency improvements might be
obtained.

The paper is organized as follows: Section 2 summa-
rizes related work. The features of cloud services that
participate in pricing schemes are covered in Section 3.
The way hedonic indices are developed to predict cloud
pricing strategies is briefly discussed in Section 4, while
results are examined in Section 5. A discussion based
on a comparison analysis across service categories and
cloud providers is provided in Section 6. Conclusion
and future work sit in Section 7.

2 Motivation and Related Work

Before introducing the hedonic pricing analysis, it is
necessary to discuss the cloud computing environ-
ment. Following this discussion, related work will be
reviewed, focusing on academic studies concerning
pricing models.

2.1 Cloud Computing Landscape

Understanding the pricing policies of popular cloud
providers necessitates a basic understanding of the
cloud market and the wide range of products available.
This background is critical to determining how these
products are priced and how various pricing strategies
affect customers. Following this examination of the
cloud computing landscape, we will look at relevant
research into various areas of cloud service pricing,
such as economic models, consumer behavior, and the
technology breakthroughs driving these changes.
Cloud computing, defined by the Institute of Stan-
dards and Technology (NIST) [8] and the ITU-T Rec-
ommendation Y.3500 [9] as the on-demand availability
of computer system resources, has revolutionized how
businesses access and utilize technology. This technol-
ogy has significantly transformed the way businesses
utilize and access technology. The primary entities in
this domain are cloud providers, which provide the ser-
vices, and cloud customers, who use the services [10].
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In this constantly evolving environment, cloud
providers provide many service delivery models, each
containing a set of features tailored to meet distinct user
requirements. According to the Institute of Standards
and Technology (NIST) [8], there are three basic cloud
service types, which include Infrastructure as a Service
(IaaS), Platform as a Service (PaaS) and Software as
a Service (SaaS). While the latest targets application
users, the first two are used by application developers
when designing a cloud solution.

e Infrastructure as a Service (IaaS): Provides the fun-
damental building blocks of computing—uvirtual
machines, storage, and networking—enabling con-
sumers to build customized environments while
retaining control over operating systems and appli-
cations.

e Platform as a Service (PaaS): simplifies applica-
tion development by offering a comprehensive plat-
form encompassing infrastructure, operating sys-
tems, middleware, and development tools. This
abstraction empowers developers to focus solely
on building and deploying applications.

According to [11], applications are increasingly
being developed to be cloud-ready, adhering to the
patterns established by the Cloud Native Computing
Foundation (CNCF). Furthermore, cloud applications
typically adopt a microservices architectural pattern,
moving away from the traditional monolithic approach.
Virtualization alone (e.g. IaaS) is insufficient to build
native cloud applications [12]. The implementation of
DevOps principles further facilitates this transforma-
tion. Monolithic applications are typically deployed
on cloud VMs, whereas microservice architectures
are now delivered as containers and run on container
orchestrators like Kubernetes. This led to the increase
use of a new subtype, Container as a Service (CaaS).

Since the National Institute of Standards and Tech-
nologies (NIST) has not been updated the cloud com-
puting definitions since 2011 [13] and cloud technology
has advanced significantly, delivery methodologies and
commercial offerings have evolved.

In ITU-T Y.3500 published in 2014, the acronym
CaaS refers to Communication as a Service, a cloud
service category not widely adopted in cloud service
market. Container as a Service, abbreviated to CaaS
by cloud providers’ industry, typically refers to a cloud
service model that allows users to manage and deploy

containerized applications and services. It includes fea-
tures like orchestration, scaling, and deployment of
containers. In every day practice, taking into account
the number of products available by cloud providers, in
our days the abbreviation CaaS commonly referred to
“Container as a Service” rather than “Communication
as a Service” , though both service categories are valid.
As we acknowledge the importance of aligning our
work with existing recommendations, we would like
to note that “Container as a Service” category may be
classified as a specialized subcategory of ITU-T Y.3500
“Compute as a Service” category, abbreviated to Com-
passS, referring the provision and use of processing
resources needed to deploy and run software.

e Container as a Service (CaaS): leverages con-
tainerization technology for efficient application
deployment and management. Containers offer a
lightweight, portable, and scalable alternative to
virtual machines, optimizing resource utilization.
Although CaaS can be considered a subset of PaaS
due to its specific focus on container manage-
ment, it remains a distinct service from the con-
sumer’s perspective as it addresses unique needs
and use cases. [14] highlights how higher-level
services like Containers-as-a-Service (CaaS) build
upon fundamental layers like Infrastructure-as-a-
Service (IaaS) and offers insights into the tiered
nature of cloud service architectures.

Developers can build an application utilizing either
TaaS, PaaS or CaaS products. Each discrete product,
called service bundle by cloud service providers, con-
sists of a set of specific functional and non-functional
features and billing options and comes at a specific
price. All ad-hear to the same pricing policy in all
providers. The number of features belonging a bun-
dle may be numerous and analytically presented by
providers, but the user of the service bundle has no
knowledge of the way each feature affects the bundle’s
fixed price. It comes as a black box.

Understanding pricing policies is a powerful strate-
gic tool [15]. A transparent pricing strategy not only
builds trust but also positions your business as reliable
and straightforward. In this context, this study under-
lines the importance of comprehending pricing policies
for users of cloud services. It highlights the main fac-
tors that impact cloud price by simplifying the intricate
pricing dynamics of cloud products. It models cloud
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pricing policy, constructs a hedonic price index, and
analyzes the many elements of cloud service bundles in
order to identify the characteristics that have the most
impact on their prices [16]. A hedonic pricing index
facilitates the comprehension of how different char-
acteristics, including both functional features (such as
CPU, RAM, and storage) and non-functional attributes
(such as scalability, availability, and geographic loca-
tion), impact the total price. This approach will enable
us to determine the attributes that have the most price
sensitivity and how alterations in these attributes could
potentially result in price fluctuations [17].

2.2 Related Work

The pricing and cost of cloud services are key concerns
for many scholars. Pricing a service depends heavily on
the cost of production. Therefore, researchers inves-
tigate the cost of cloud services as an initial step in
understanding pricing. For example, in [18] authors
performed an extensive analysis of energy consump-
tion and computational requirements, considering fac-
tors such as CPU cycles, memory usage, and storage
I/O operations to derive the final pricing values. This
comprehensive approach ensures that the cost model
reflects the actual resource usage and efficiency of the
cloud services. Additionally, in [19] authors conducted
a comprehensive assessment of various computational
aspects including energy efficiency, resource utiliza-
tion, and performance metrics to establish the pricing
structure. By evaluating these factors, the study pro-
vides a detailed understanding of how different ele-
ments contribute to the overall cost of cloud services.

In our work we focus on pricing policy exploration
and try to explose the importance cloud providers
assign to cloud service features when building their
pricing policy. We consider this a specific aspect in
cloud pricing research that may help cloud solution
designers when leverage computational aspects against
price in order to build efficient cloud systems. To
explore pricing policies we model them using hedo-
nic models. Furthermore, we target to compare policies
adopted by different providers. Thus in the following
we focus our analysis in a) studies that use the hedonic
model to explore pricing policies and b) studies that
examine services and prices across providers, as there
is no study in the literature focusing on comparing pric-
ing policies across providers.

@ Springer

2.2.1 Hedonic Model: Exploring Pricing Policies

A hedonic index is any price index that uses information
from hedonic regression, which describes how product
price could be explained by the product’s characteris-
tics [16]. It has been widely adopted in several fields,
such as in the telecommunications industry [20,21] and
in the smartphone market [22].

Moreover, the hedonic method has also been used
in cloud environments. In [23], authors proposed two
pricing comparison methods. Initially, hedonic pric-
ing was proposed, and then a new method called Pric-
ing Plan Comparison (PriCo) was introduced. The two
methods were applied to TaaS services derived from
popular providers. Based on the results, Google satis-
fied users that needed very low CPU and high mem-
ory requirements, whereas users that needed high CPU
and low memory requirements preferred Terremark. In
addition, the results revealed that Google’s pricing plan
appeared to be a threat to competitors providers.

The authors in [24] described the IaaS services,
including intrinsic and extrinsic features. Also, time-
dummy variables were integrated into the model, ana-
lyzing historical data for Amazon Web Services (AWS)
cloud instance prices between 2008 and 2017.

The authors of the present work constructed hedo-
nic price indices based on laaS services in [5,6]. The
IaaS services were initially defined by functional fea-
tures, such as CPU, RAM, storage, and operating sys-
tem, in [5], and then non-functional features were also
included in [6], highlighting the importance of QoS fea-
tures in the shaping of the final price. In addition, a price
index based on Container-as-a-Service was constructed
in [7]. CaaS services were described by functional and
non-functional features, and their contribution to the
final price was indicated.

2.2.2 Cloud Provider Comparison: Evaluating
Pricing Policies

In [25], authors compared the prices of three cloud ser-
vice providers — Amazon Web Services, Google, and
Microsoft Azure - in terms of service availability, data
security, operating system, Windows support, free trial,
and locations. The comparison was based on IaaS ser-
vices, and the authors used theoretical literature and an
empirical approach. The literature survey was based on
the analysis of books, journals, documentation, online
studies, etc.
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In addition, a comparative pricing analysis between
popular cloud providers was introduced in [26]. The
authors compared AWS, Azure, Rackspace, HP Cloud,
and IBM providers. The IaaS products were cate-
gorized into small-scale computation, medium-scale
computation, and large-scale computation. For small
and medium-sized computing models, AWS offers
the most competitive pricing options. However, when
it comes to large-scale computing, Azure holds the
advantage. In all scenarios, RackSpace tends to be the
most expensive option. Finally, based on performance,
AWS offers the most cost-effective solutions.

In [27], authors also presented service availabil-
ity and price comparative analysis of cloud providers
(Azure, Amazon, and Oracle). The comparison was
conducted across [aaS services using a broad spectrum
of criteria, encompassing factors such as the range of
services and tools provided by each provider, the plat-
forms with which they were compatible, the languages
they accommodated, their security and scalability mea-
sures, and the capacity for cloud-based data storage.
The authors concluded that there is no way to deter-
mine which provider could be considered the optimal
one. Amazon had a higher SLA (service level agree-
ment) value than other providers, and Oracle seemed
to be the most advantageous choice based on price.

2.3 Contribution

Table 1 summarizes existing work on price policy
exploration for cloud services. The presentation of
existing work is two-fold.

Firstly, it includes efforts to model pricing poli-
cies using price indices based on a diverse number of
functional(e.g CPU) and non-functional features (e.g
Autoscaling) and various datasets, derived from pop-
ular providers. It reveals that the hedonic method has
been utilized in IaaS by several scholars, while in CaaS
type services only the authors of the current work have
examined the pricing policy of the specific service [7].

Secondly, it presents works that explore pricing
policies by conducting comparisons between cloud
providers’ products in terms of price. The related stud-
ies either constructed a price index in a specific cloud
service or made price comparisons among specific
cloud bundles.

Finally, Table 1 includes the current work and its
aim to make its contribution clearer to the reader.

The table, besides the method used and the cloud ser-
vice type that was the focus of each study, also includes
information of the dataset used to conduct it, as the type
and the number of cloud service features used and the
number of different providers and bundles included.

The present study aims to achieve the following con-
tributions:

e Comprehensive comparison of pricing policies:
While previous studies have compared cloud prices,
none of them compared the pricing policies. They
focused on specific and limited bundle compar-
isons, offering particular findings. Therefore, through
a price index, we establish a baseline model cap-
turing the intrinsic value of features within a sin-
gle cloud provider’s pricing structure and then
extend this analysis to other major cloud platforms.
This allows us to systematically compare and con-
trast pricing policies across the different cloud ser-
vices and among various cloud providers, revealing
potential patterns, disparities, and strategic consid-
erations.

e Model PaaS pricing policy: This study pioneers the
development of a hedonic function for PaaS cloud
services, marking a novel contribution to the field.

The findings from this investigation have the poten-
tial to significantly inform the design and development
of a pricing-oriented decision-making tool. Such a tool
would facilitate the optimal selection of cloud services,
catering to the specific needs and financial considera-
tions of users. Thus, this study not only contributes
to the academic discourse by expanding the applica-
tion of hedonic models in the cloud computing context
but also offers practical implications by aiding stake-
holders in making informed decisions regarding cloud
service selection.

3 IaaS, CaaS and PaaS Services

Cloud providers offer each service type as a bun-
dle of characteristics at a specific price. Each bun-
dle is a unique combination of functional and non-
functional features, which collectively determine the
price. Figure 1 illustrates the features of each service
type, [aaS, CaaS, and Paa$, that are included and can
be adjusted within the bundle pricing. The fixed bun-
dle pricing can vary each time, depending on the spe-
cific combination of features selected. This means that
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Table 1 Summary of various authors’ work with respect to the application of the hedonic model and cloud service comparison

Work Method Cloud service type  Feature type  Features (#)  Bundles (#) Providers (#)
El Kihal et al. (2019) [23] Price index IaaS Functional 3 52 4
analysis
Wau et al. (2018) [24] laaS Both 48 199 5
Mitropoulou et al. (2016) [5] TaaS Functional 6 2742 26
Mitropoulou et al. (2017) [6] TaaS Both 17 806 23
Liagkou et al. (2022) [7] CaaS Both 18 640 6
Patel et al. (2022) [25] Simple bun- IaaS Both 10 4 3
dle compari-
son
Bari et al. (2015) [26] TaaS Functional 9 27 3
Rajput et al. (2023) [27] laaS Both 23 4 3
Current work Comparison IaaS/ CaaS/ PaaS Both 11715/ 13 589/ 640/ 806 6
based on price

index analysis

customers have the option to adjust each feature accord-
ing to their specific needs, thereby customizing their
bundle and potentially changing the overall price each
time.

Furthermore, it is critical to keep in mind that all
providers charge network usage fees in addition to the
price of the customer’s cloud bundle. These fees are not
included in Fig. 1 because the primary objective of our
study is to explore the impact of features that are bun-
dled within the price rather than those independently
charged. Network usage fees are based on the amount
of data transmitted and are generally similar across all
services and providers. Consequently, they do not vary
significantly and do not influence the pricing structure
in a way that differentiates providers. Thus, network
usage is not a primary consideration in our compari-
son of cloud service features, which focuses on hidden
costs within the bundled price rather than separately
billed items.

3.1 IaaS

Infrastructure-as-a-Service (IaaS) offers infrastructure
such as virtual machines, storage, and an operating
system. However, users manage and provision hard-
ware and install applications. In exploring in depth
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the IaaS cloud services’ resources, functional and
non-functional features were chosen, offering a better
description of the resource’s functionality [6]. These
features are presented below.

e CPU, defines the number of vCPUs.

e RAM, defines the size of memory in Gigabytes
(GBs).

e Storage, is described by the capacity of a cloud
resource.

e Disk-Type, is the type of storage disk. It refers to
standard or solid-state disk (SSD) type.

e Instance Type, refers to the type of instance the cus-
tomers create so as to run their applications. It indi-
cates if the instance is spot, shared, dedicated, or
isolated.

e Payment Option, describe the potential payment-
based models: nothing upfront, partial amount
upfront, or all amount upfront payment.

e Term length, defines if the cloud user chooses a
usage commitment that leads to discounts.

e Region, indicates the geographical location where
the resources are hosted.

e Regional Redundancy, defines if a resource is
regional or zonal. Regional resources can be used
by any resource in thatregion, while zonal resources
can only be used by other resources in the same
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zone.

e Auto-scaling, ensures that resources are sufficient.
Horizontal scaling refers to adding instances, whereas
vertical auto-scaling refers to adding more or faster
CPUs, memory, etc. to an existing instance.

v
v
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Moreover, cloud virtualization environments need an
operating system to manage the operation of virtual
infrastructure. Cloud users can choose between an unli-
censed and a commercial Linux or Windows-licensed
0OS.
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3.2 CaaS

All the above features describe IaaS services, but the
majority of them are also used by CaaS and PaaS ser-
vices. Container-as-a-Service (CaaS) is one step up
on the spectrum of cloud services. They offer con-
tainer engines and orchestration functionality, mainly
using Kubernetes, running on container hosts that are
grouped into clusters [28]. CaaS providers bundle the
container engine, orchestration tools, and underlying
compute resources into a unified service. The well-
known CaaS solutions that are studied in the current
paper are Amazon Elastic Container Service (ECS)
[29], Google Kubernetes Engine (GKE) [30], and
Microsoft Azure Kubernetes Service (AKS)[31]. The
following features are used to describe containerization
in the cloud.

e Pay per container usage declares if the user is
charged based on the actual container usage capac-
ity instead of the underlying virtual machine capac-
ity.

e Hybrid and multi-cloud support enables users to
provision and manage containerized clusters of
nodes running on multiple cloud providers or on-
premise.

o Cluster management fee is a flat fee for cluster man-
agement, irrespective of cluster size and topology.

e Vendor agnostic declares if the container orchestra-
tion framework is based on the Kubernetes orches-
tration platform or another container orchestration
platform.

3.3 PaaS

Platform-as-a-Service (PaaS) comes after IaaS and
CaaS on the cloud services spectrum. PaaS is a cloud-
based hosting model that focuses on application-level
code deployment. It accesses IaaS resources but also
provides a runtime environment for developers that
they can build upon and use to create customized appli-
cations. Examples of PaaS solutions include AWS Elas-
tic Beanstalk [29], Microsoft Azure Web Apps [31] and
Google App Engine [30]. In the current paper, the three
aforementioned PaaS offerings are studied, which are
described by the following features:

e Container support indicates if the runtime environ-
ment can run container-based applications.

@ Springer

e Scaling to zerois a critical requirement for PaaS ser-
vices. It indicates that when there are no inbound
requests for an application, no instances of the
application are running.

e Certificates determine the type of certificate to
create, either a free certificate without additional
charge from the provider, a standard certificate, or
a wildcard certificate.

e AppService Domain indicates if the user is willing
to buy a service domain and assign DNS names to
the application.

4 Hedonic Price Indices for Cloud Services Pricing

The hedonic pricing method, also referred to as hedo-
nic regression, makes the assumption that a product’s
or service’s price depends on each of its unique char-
acteristics. This method helps to measure how specific
characteristics impact the total cost of a product or ser-
vice [16]. We use the hedonic pricing model in the cloud
to explore how functional and non-functional features,
as indicated in Fig. 1, affect the total price of a particu-
lar service bundle. We construct hedonic price indices
for each type of cloud model (IaaS, CaaS, and PaaS)
and for each of the top three providers to emphasize the
contribution of each entity in shaping the final price.

4.1 Hedonic Function

A hedonic function f(X) is a relation between a num-
ber of the products’ features and the corresponding
prices, as presented in (1).

P = f(Xj) + e(Xj) ey

where P; is the price of a product or service i and X;
is a vector of features related to the specific product or
service, and e is the residual error. The simplest hedonic
function form is linear regression using OLS (Ordinary
Least Square), as presented in (2).

P=bo+ Y biX;+eX) 2
i=1

where b; are the estimated regression coefficients,
describing the relationship between each independent
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variable X; and the dependent variable P, indicating
the prices charged and paid for an increment of one
unit of the corresponding characteristic. However, the
adoption of this form could create substantial errors,
and some cloud features that are denoted as categori-
cal variables cannot be denoted. Therefore, a semi-log
hedonic pricing model, as shown in (3), was chosen
as the most appropriate. Semi-log hedonic models are
often preferred for their ease of estimation. Standard
errors and statistical tests are easily computed [32].

n k
log P =by+ Zb,’.xz‘ + Zaidi + e(X) (3)

i=1 t=1

where log P is the log price of cloud service, x; is the
log-transformed values of the continuous variables, b;
are the estimated regression coefficients of the con-
tinuous variables, d; are the categorical variables, and
8; denote the estimated regression coefficients of the
categorical variables. It is important to mention that
by represents the constant term of the equation, which
accounts for the baseline level of the dependent vari-
able that is not explained by the independent variables
in the model. Equation 3 constitutes the basis of the
pricing model analyzed in this paper.

In the context of a hedonic function, the constant
term bg represents the implicit cost of a hypothetical
good for which all explanatory variables have zero val-
ues. This indicates that by captures the impact on price
of all factors not accounted for by the hedonic model.
These variables could be unobserved product features
or market conditions not captured by the explanatory
variables. In the hedonic literature, like in [33], referred
to as the baseline price. The constant term by can be
used to compare the prices of various products on the
market, even if their explanatory variables have distinct
values.

To make a stable price index, the P-values and vari-
ance inflation factors (VIF) of each input variable are
calculated. This makes sure that each variable has a
clear and distinct relationship with the dependent vari-
able and that the regression model for each variable
is strong and reliable. Although the VIF is a valuable
measure of multicollinearity, they primarily relied on
the P-values to guide their variable inclusion decisions.
In particular, they employed a significance threshold of
0.05 to determine whether each input variable made a

significant contribution to the model, and they elimi-
nated variables that did not meet this criteria. A sta-
ble price index that precisely reflected the relationship
between input features and the dependent variable was
produced, employing both the VIF and P-values in their
analysis.

The variance inflation factor (VIF) is a method for
quantifying multicollinearity, which reduces the preci-
sion of the estimated coefficients and weakens the rigor
of the regression model [34]. It is determined using:

VIF; = —— 4)

where Rl.2 is the coefficient of determination obtained
when X; is regressed on all other input variables in
the model. As a general rule of thumb, a VIF value of
less than 3 is considered to indicate no or low multi-
collinearity, while a VIF value of 4 to 9 indicates mod-
erate multicollinearity. A VIF value of 10 or greater
indicates strong multicollinearity, and it is generally
recommended to remove the corresponding variable
from the model. However, it is important to note that
this rule of thumb is not a hard-and-fast rule, and the
specific threshold for VIF that indicates multicollinear-
ity can vary depending on the specific context and goals
of the analysis.

4.1.1 Incorporation of Categorical Variables

One-Hot Encoding is a common method for incorpo-
rating categorical variables into statistical models. This
requires the creation of dummy variables for each type
within the categorical variable [35]. Each observation
would have a 1 in the column corresponding to its
selected option and Os in the remaining columns. One-
Hot Encoding is a popular technique because it per-
mits the inclusion of categorical variables in regression
models, which typically require numeric input vari-
ables. This method also avoids imposing a linear rela-
tionship between categories, a common presumption
in other encoding techniques such as ordinal encoding
[36]. In this research, we used it to incorporate categor-
ical variables into this study’s regression model. It gen-
erated dummy variables for each categorical variable
and incorporated them into the model as input variables.
At the same time, it enabled us to analyze the impact
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of categorical variables on the outcome variable while
controlling for the possible effects of other variables.

A base case is a reference point or baseline that
is used for comparison or analysis. In the context of
categorical variables with more than two levels, the
base case is the standard against which other levels
are compared. These variables are essential for accu-
rately modeling the relationship between the features of
cloud services and their prices. By incorporating both
functional and non-functional features into the model,
a deeper comprehension of the factors that affect the
pricing of cloud services can be gained. In addition,
by carefully considering the base cases for categori-
cal variables with more than two levels, researchers
can ensure that their model is accurate, reliable, and
reflects the true nature of the relationships between
cloud attribute values and their prices.

4.2 Data collection and data features types

There are numerous cloud service providers offering
the aforementioned cloud service types—IaaSl, CaaS?,
and PaaS®- on the public cloud market. The authors
obtained data manually using the official resources cal-
culator on each service’s website in September 2022.
The providers chosen are Amazon, Microsoft, and
Google, as they are the top three cloud providers and
together obtain almost 65% of the cloud market [37].
These combinations of different features are numer-
ous and consist of each bundle as depicted in Fig. 2.
The IaaS dataset consists of 589 bundles, whereas the
CaaS dataset includes 640 bundles, and finally, the PaaS
dataset contains 806 bundles.

Specifically Fig. 2 illustrates the structural break-
down of a Cloud Service type. The service type is
delineated into multiple bundles, each comprising var-
ious features. For instance, Bundle 1 includes sev-
eral features that cumulatively determine the bundle’s
price per hour. Similarly, other bundles contain differ-
ent combinations of features, each leading to a unique
price per hour. This hierarchical structure showcases
the component-based pricing model inherent in cloud

1 TaaS  dataset https://raw.githubusercontent.com/gfragi/
cloudCasestudy/master/datasets/iaas_data.csv.

2 CaaS dataset https://raw.githubusercontent.com/gfragi/
cloudCasestudy/master/datasets/caas_data.csv.

3 PaaS  dataset  https:/raw.githubusercontent.com/gfragi/
cloudCasestudy/master/datasets/paas_data.csv.
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service offerings, allowing for a detailed analysis of
pricing strategies based on individual features within
each bundle.

These data sets contain information on the var-
ious cloud service bundles offered by each service
provider, including pricing and features. The features
that describe cloud services are functional and non-
functional. The functional features have numerical val-
ues, whereas the non-functional features are denoted by
categorical values. Table 2 summarizes the value set for
each attribute used to create price indices.

4.3 Experimental Flow

The experimental procedure consisted of a sequence of
stages, as depicted in Fig. 3. Details on implementa-
tion and assumptions for calculating a hedonic index
may be found in [7]. The entire set of features was
then subjected to a regression procedure, and the result-
ing coefficients were exported. In addition to expert
domain knowledge, p-values and variance inflation
factor(VIF) were considered to select statistically sig-
nificant values. The coefficients were then used to cal-
culate price indices for each type of technology (IaaS,
PaaS, and CaaX). In addition, price indices were calcu-
lated for each provider, based on a subset of the data,
for each technology type individually. This procedure
ensured that the most influential factors were identified
and that the aggregate impact of each technology type
and provider on the final price index was calculated.

5 Results

This section describes how to construct a price index for
each cloud service type—IaaS, CaaS, and PaaS—and
for each individual provider. Importantly, these price
indices are formulated on a cost-per-hour basis, pro-
viding a standardized framework for comparison across
services and providers. By analyzing the resulting price
indices, we uncover insights into the pricing strategies
employed by providers without the confounding factor
of variable usage times. Cloud service consumers and
decision-makers can leverage these findings to make
informed decisions and optimize their cloud service
expenditures, confident in the comparability of the cost
metrics. 5.3 Hedonic function for PaaS
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Fig. 2 Decomposition of cloud service types in terms of bundles and their features

5.1 TaaS Hedonic Function

In the hedonic pricing model, cloud features serve as

sented by numeric variables and non-functional fea-
tures by categorical variables. The base cases for cat-

egorical variables with more than two levels for laaS

independent variables, with functional features repre- are displayed in Table 3.
Table 2 Functional and non-functional features
Features Type No. Values
Values
CPU (Cores) N 7 2,4,8, 12,16, 20, 32
RAM (GB) N 8 4,8, 16, 32, 48, 64, 128, 160
Storage (GB) N 8 100, 200, 300, 400, 500, 800, 1TB, 2TB
Disk type C 2 Standard, SSD
Operating system C 3 Free OS, Linux licensed, Windows licensed
Instance type C 3 On-Demand, Spot, Dedicated
Cluster management fee C 2 Yes/No
Regional redundancy C 2 Yes/No
Region C 6 Europe, US, South America, Asia, Australia, Africa
Auto-scaling C 2 Horizontal, Vertical
Hybrid/multi-cloud support C 2 Yes/No
Vendor agnostic C 2 Yes/No
Pay per container usage C 2 Yes/No
Term length commitment C 3 0, 1, 3 [years]
Payment option upfront C 3 No, Partially, All
AppService domain C 2 No, Yes
Certificates C 3 No, Standard, WildCard
Container support C 2 Yes, No
Scaling to zero C 2 Yes, No
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The price index based on IaaS services is shown in

(5).

log P = —0.44+0.53 % (logCPU) + 0.19 x (log RAM) + 0.02 % (log Storage)
+0.02 * (log Disk_type) — 0.10 % (log TermLength)

+0.10 * (InstTypepedicated) — 0.07 x (InstT ypespor)

—0.03 % (O SFree) + 0.03 % (OSwin) — 0.01 x (Regionys)

(&)

The analysis of the hedonic function results for IaaS
services reveals that the functional features, such as
CPU and RAM, have the greatest influence on the pric-
ing policy, whereas storage has the least impact. Con-
cerning the non-functional factors, the Spot type lowers
the cost nearly as much as the Dedicated increases it,

' Dataset —»| Regression

T

I SE——

| coefficients
| (A1l features)

7 « P-values
/ \\\\ « VIF
/Statistically + Domain
significant expert

values

!

Providers

Technology | Price Index
Price Index | _ per technology |
Y ~1aas // 1 “Microsoft
2 Paas 2 ~Amazon
3 ~ CaasS 3, Google

Fig. 3 Experimental flow
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when compared to the On demand instances as the base
case. In addition, the Operating System type also affects
the price, with unlicensed (free) and Windows-licensed
operating systems having corresponding and oppos-
ing effects. Moreover, the region is the non-functional
parameter with the least influence on pricing, with the
price being lower when an instance runs on US Region
rather than Europe, which is the reference case. Over-
all, these results imply that the pricing policy for laaS
services is predominantly influenced by functional fea-
tures, with other non-functional features having com-
paratively smaller effects. Regression analysis deter-
mines the statistically significant features based on the
p-value (p < 0.05) and VIF value. Table 4 presents
the statistically significant coefficients of independent
variables within a regression model used to forecast the
pricing of IaaS services from three specific providers:
Google, Amazon, and Microsoft.

The model’s log-transformed price variable is the
dependent variable. When all other independent vari-
ables are equal to zero, the coefficient for the con-
stant term indicates the expected log price. The coef-
ficients for the other independent variables repre-
sent the expected change in log price associated with
an increase of one unit in the corresponding inde-
pendent variable, while all other variables are held
constant.

5.2 Hedonic Function for CaaS

The price index based on CaasS services is shown in (6).
The corresponding base cases for the categorical vari-
ables with more than 2 levels are presented in Table 5.
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Table 3 Base case for Iaa$ Feature Values Appearances
categorical variables
Payment method No upfront 522 Base case
Partial upfront 60 dummy
All upfront 58 dummy
Instance Type On demand 472 Base case
Dedicated 109 dummy
Spot 59 dummy
Operating System Linux 310 Base case
Free 185 dummy
Windows 145 dummy
Region Europe 244 Base case
Asia 164 dummy
[N 146 dummy
South America 29 dummy
Australia dummy
Africa dummy
log P = —0.554+0.61 % logCPU) + 0.11 x (log RAM) + 0.05 * (log Storage)
—0.09 % (log TermLength) + 0.08 * (Cluster Fee) + 0.04 % (Autoscaling)
+0.08 x (Vendor Agnostic) + 0.05 x« (MultiCloudSupp) + 0.08 x (Pay PerCn) (6)

+0.05 * (OSwin) +0.09 % (InstTyppedicared) — 0.04 % (InstTypspor)
—0.02 % (Region asiq) — 0.02 % (Regionys)

According to the aforementioned price index data,
CPU represents the most influential factor in the
provider’s pricing policy, comparable to that of IaaS.
RAM comes next, although it has a significantly
smaller impact on cost than the CPU. The non-
functional CaaS features Cluster fee, Vendor agnos-
tic, and Pay per container are all very close to RAM
and each raise the cost identically. Moreover, the Ded-
icated instance type has nearly the same amount of
weight as the previously stated objects, and its value in
IaaS is essentially the same. In particular, when com-
pared to On demand instances, it raises the cost by
0.9. On the other hand, if the customer purchases spot
instances, the price is reduced by 0.4. Moreover, like
in TaaS, the TermLength is the most significant cost-
cutting element, while the US Region is the least. Fur-
thermore, Storage, Multicloud Support, Autoscaling,

and Windows OS all have the same effect on pricing,
with the latter indicating that Windows containers are
more expensive than Linux containers. Thereby, it is
revealed that the pricing impact of common features
between laaS and CaaS is nearly the same. This is pretty
intriguing since it proves that cloud providers follow the
same pricing pattern for both services in terms of the
common elements. Besides that, it is observed that all
of the CaaS add-on features are statistically significant
and have a noticeable impact on cost.

In addition, Table 6 displays the coefficients that are
statistically significant for the three CaaS providers.
The dependent variable is the price logarithm. All sup-
pliers have a negative coefficient for the constant com-
ponent, indicating that there is a fixed cost associated
with providing the service. In the subsequent section,
researchers use this result to evaluate the baseline price
for the various providers and technologies.
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;I;er)l!eﬁ:anftlztzil;tigsgf}f/icients Features All Google Amazon Microsoft
const —0.44 —0.73 —0.36 —0.55
CPU 0.53 0.52 0.37 0.24
RAM 0.19 0.11 0.31 0.60
Storage 0.02 0.17 —0.03 —0.06
Disk_type 0.02 0.03 0.03 0.02
Term_Length —0.10 —0.03 —0.12 —0.14
OS_Windows 0.03 0.06 0.00 0.01
OS_free —0.03 0.01 0.00 —0.07
Instance_Type_Dedicated 0.10 0.00 0.12 0.02
Instance_Type_spot —0.07 —0.01 —0.07 0.00
Region_US —0.01 —0.13 —0.02 0.02

5.3 Hedonic Function for PaaS

Continuous and categorical variables are used to rep-
resent the components that constitute an application-
type PaaS service, which offers development and
deployment environments for application services [38].
Table 7 indicates the base cases for categorical vari-
ables with more than 2 levels. The price index based
on PaaS services is shown in (7).

to the other two services, with the latter proving that
Windows is more costly than commercial Linux, even
for PaaS. Furthermore, the influence of Region attribute
on PaaS pricing is worth highlighting, demonstrating
that Europe is the cheapest region for hosting PaaS ser-
vices while Australia is the most expensive. Moreover,
Container support and Scaling to zero are two features
that have the least influence on price increases, reflect-
ing the providers’ approach in response to the rise of

log P = —0.16 4+ 0.31 % logCPU) — 0.01 * (log RAM )+

0.05 * (log Storage) — 0.13 x (log TermLength) + 0.05 % (O Swin)

—0.01 x (AppService) + 0.02 x (CnSupport) 4+ 0.08 x (InstTypejsolated)
40.02 % (ScalingZero) — 0.01 x (Autoscaling) — 0.02 x (Cert_stand)
+0.05 % (Africa) + 0.04 x (Asia) 4+ 0.06 x (Australia) + 0.03 % (U S)

)

+0.06 % (S.America)

Table 8 displays the statistically significant values
for the three cloud service companies’ PaaS models:
Google, Amazon, and Microsoft.

The PaaS pricing index results demonstrate once
again that CPU is a significant price element for cloud
costs. In addition, the Term Length commitment repre-
sents the biggest source of cost savings, as is the case
with TaaS and CaaS. Another comparison of PaaS find-
ings with IaaS and CaaS results shows that the Isolated
instance type has a similar weight to the other two ser-
vices and also contributes to the highest cost rise after
CPU.

Together with the aforementioned, the Storage and
Windows OS have the exact same impact with respect
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container-based solutions. Lastly, AppService domain
and Autoscaling are also included, albeit with the low-
est effect, implying that they are standard parts of PaaS
offerings.

6 Comparison Results - Managerial Implications
6.1 Providers Comparison per Cloud Service Type
In this section, we explore the influence of cloud fea-

tures on the shaping of the cloud price. Therefore, we
compare the statistically important functional and non-
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Table 5 Base case for
CaaS categorical variables Feature Values Appearances
Payment Method No upfront 522 Base case
Partial upfront 60 dummy
All upfront 58 dummy
Instance Type On demand 472 Base case
Dedicated 109 dummy
Spot 59 dummy
Operating System Linux 310 Base case
Free 185 dummy
Windows 145 dummy
Region Europe 279 Base case
Asia 172 dummy
[N 155 dummy
South America 34 dummy

functional features of each service rather than the total
number of features as depicted in Fig. 1.

6.1.1 laaS Providers Comparison

Comparing the price index results for the three leading
providers, it is evident that all providers follow a pretty
similar pricing pattern for IaaS services, as presented

in Fig. 4. The associated values are provided in further
detail in Table 4.

Below are the key points of the comparative anal-
ysis. We will first examine the similarities in pricing
policies for TaaS across providers, highlighting the key
aspects that are consistent.

o CPU and RAM are the most essential cost aspects of
TaaS across all providers. This is reasonable consid-

Table 6 Statistically

significant Caa$ coefficients Features All Google Amazon Microsoft
const —0.55 —0.52 -0.22 —0.55
CPU 0.61 0.68 0.53 —0.08
RAM 0.11 0.02 0.19 0.90
Storage 0.05 0.07 0.03 —0.04
Multicloud_Support 0.05 0.01 0.04 —0.03
Pay_per_Container 0.08 0.10 0.00 0.00
Vendor Agnostic 0.08 0.00 —0.01 0.00
Cluster_mgmt_fee 0.08 0.11 —0.21 0.10
Instance_Type_Dedicated 0.09 0.00 0.13 0.06
Instance_Type_Spot —0.04 —0.02 —0.07 0.00
Autoscaling 0.04 0.00 0.00 —-0.23
OS_Windows 0.05 0.04 0.04 0.03
Term_Length —0.09 —0.05 —0.09 —-0.14
Region_Asia —0.02 0.05 —0.07 0.02
Region_US —0.02 —0.03 0.08 0.02

@ Springer



65 Page 16 of 24

Journal of Grid Computing (2024) 22:65

Table 7 Base case for PaaS categorical variables

Feature Values Appearances

Instance Type ~ Shared 466 Base case
Dedicated 244 dummy
Isolated 96 dummy

Certificate No 710 Base case
Wildcard 50 dummy
Standard 46 dummy

Region Europe 162 Base case
Asia 142 dummy
UsS 270 dummy
South America 117 dummy
Australia 79 dummy
Africa 36 dummy

ering that the CPU and memory are two of the most
energy-consuming components of cloud comput-
ing infrastructure [39]. Consequently, energy prices
dictate their costs, rendering them the most expen-
sive components of a cloud service.

e The commitment term has a significant impact on
pricing across all three providers, with Amazon and
Microsoft offering more substantial discounts for
longer-term commitments compared to Google.

e The impact of disk type is also consistent across
Amazon and Google policies, with slight variations
observed in Microsoft’s approach.

Subsequently, we will analyze the variations in pric-
ing strategies among providers, emphasizing the dis-
tinct factors that differentiate them.

e The influence on price for CPU and RAM dif-
fers greatly amongst providers such as Google and
Microsoft, which are diametrically opposed.

e A relatively similar concept applies for the storage
attribute, although at a lower level. This impact mis-
match is driven by variations in data center equip-
ment and locations between providers.

e Instance type has a determinant influence on pric-
ing after CPU and RAM. The dedicated and spot
instance types have a considerably greater influence
on increasing or reducing laaS prices at Amazon
than the other two.
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e The Windows operating system has a greater
impact on pricing at Google, a lesser at Microsoft,
and no effect on Amazon’s pricing strategy.

e In Google, the price decreases significantly when
an instance is operated in the US region com-
pared to Amazon’s instance running in the same
region. Conversely, there is a price increase when
a Microsoft instance is utilized in the US region.

6.1.2 CaaS Providers Comparison

The CaaS comparison between providers is shown in
Fig. 5, whereas the associated values are provided in
further detail in Table 6.

Similar to IaaS, it is clearly demonstrated that all
providers follow the same pattern for CaaS pricing.
CPU and RAM are the two major elements influencing
CaaS pricing, precisely similar to what happens in [aaS.
This is reasonable given that CaaS is built on IaaS’s
underlying compute resources. As a consequence, the
TaaS results influence the CaaS outcome.

Howeyver, there are several similarities and differ-
ences. In terms of similarities, the analysis reveals the
following:

e In Amazon and Google, the CPU significantly
increases the price, while in Microsoft, it leads to a
decrease in price.

e The storage attribute follows a similar concept.
Amazon and Google storage increase prices, whereas
Microsoft leads in decreases. In both IaaS and
CaaS, Google offers storage with an additional
charge, whereas Microsoft includes it as part of the
company’s standard service provision.

o Vendor agnostic and multi-cloud support features
have a nearly identical effect on CaaS pricing for
all providers. These features give enterprises the
agility and flexibility to deploy containers any-
where in the cloud or on-premise infrastructure.
Organisations may therefore future-proof their con-
tainer deployment strategy by avoiding vendor
lock-in and ensuring business continuity in the
event of a cloud provider disaster [40].

e The impact of cluster management fee on price is
roughly the same among providers besides Ama-
zon. This expense is connected with provider
services such as managing and maintaining the



Journal of Grid Computing (2024) 22:65 Page 17 0f24 65

;I;er)l!;csanf?;?;iz?)li?ﬁcients Features All Google Amazon Microsoft
const —0.16 —0.08 -0.02 —-0.07
CPU 0.31 0.21 0.21 0.20
RAM —0.01 0.05 0.01 0.18
Storage 0.05 0.06 0.02 —0.01
Term_Length —0.13 0.00 —0.06 -0.16
OS_Windows 0.05 —-0.02 0.00 0.05
AppService_Domain —0.01 —0.02 —0.01 —0.01
Container_support 0.02 —0.01 0.01 —0.07
Instance_Type_Isolated 0.08 0.00 0.01 0.14
Scaling_to_zero 0.02 0.01 —0.03 0.00
Autoscaling —0.01 0.01 —0.02 0.07
Certificates_Standard —-0.02 0.00 0.00 —0.05
Region_Africa 0.05 0.00 0.01 0.07
Region_Asia 0.04 0.02 0.04 0.06
Region_Australia 0.06 0.05 0.00 0.04
Region_South_America 0.06 0.06 0.10 0.03
Region_US 0.03 0.04 0.05 —0.02

underlying infrastructure required to host contain-

e Dedicated instances result in price increases, whereas

ers. Offering cluster administration at a discount
appears to be Amazon’s strategy, which might bring
down the cost.

The Pay-per-Container remains relatively consis-
tent across providers. However, there is a slight
differentiation observed at Google. It seems that
Google seeks to provide a serverless experience to
its customers by offering this option, so that they
may only pay for the containers they really use.
Autoscaling appears to be a standard service offer-
ing by the company. In Google and Amazon, it does
not affect the pricing policy of CaaS, whereas in
Microsoft, it leads to a notable decrease in pricing.
Moreover, in the TaaS model, Autoscaling had no
impact on pricing as it was not statistically signif-
icant.

Similar to the IaaS model, the Windows operating
system leads to an increase in the final price.

The term length demonstrates a negative coefficient
across the three providers, indicating that the price
of the service decreases as the duration of the con-
tract increases. A similar observation was made in
the IaaS model as well.

spot instances lead to price decreases. The same
trend was observed in laaS, and this is justifiable as
CaaS is constructed upon the underlying compute
resources of laaS.

However, there are distinctions among the providers

in their pricing policies for CaaS.

e At Microsoft, RAM and CPU have opposing

effects. CPU decreases in price, whereas RAM
plays the most determinant role in pricing, lead-
ing to an increase in the final price. In contrast, at
Google and Amazon, CPU and RAM have similar
impacts on pricing.

In Microsoft, prices rise when instances run in the
US and Asiaregions and are more expensive than in
Europe. In Google, prices increase when instances
run in the Asia region but decrease when they run in
the US. Conversely, in Amazon, an instance in the
Asia Region can be cheaper than in the US Region.
Comparing to the Taas model, Google is cheaper in
the US.
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Fig. 4 IaaS providers Comparing IaaS Coefficients
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6.1.3 PaaS Providers Comparison

Figure 6 presents the comparative results between the
three leading cloud providers for PaaS.

We notice that there is a differentiation between
PaaS, and IaaS and CaaS. Except for the CPU, nearly
every other attribute has a different pricing impact
depending on the provider, with Microsoft exhibiting
the most significant discrepancies compared to the oth-
ers. Specifically, the common pricing trends for PaaS
across providers are the following:

e CPU is the primary factor determining PaaS costs
for all three providers, and the effect of CPU
on pricing seems to be a perfect match across
providers. In TaaS and CaaS services, customers are
charged depending on how long an instance remains
allocated, regardless of whether the instance is fully
utilized or not. However, PaaS services are charged
based on how many CPU cycles a customer’s appli-
cation consumes. Thus, it is evident that the more
processing power an application requires, the more
expensive it will be to run on a PaaS platform.

e Across the providers, RAM increases in price; how-
ever, it has far less impact compared to IaaS and
CaaS.
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e AppService Domain contributes to price decreases

across providers.

Term Length factor results in price reduction across
all providers and, particularly for Microsoft, may
influence cost approximately as much as CPU. Sim-
ilar findings were noted in the IaaS and CaaS mod-
els, highlighting the significant role of this feature
in pricing strategies overall.

The operating system consistently results in price
increases across all providers. It is entirely reason-
able that this particular observation was validated
across the three models. However, it is one of the
factors having different pricing impacts between
Microsoft and the other two. In PaaS, the operating
system is managed by the cloud provider. The oper-
ating system chosen determines the infrastructure
required to serve PaaS applications, which might
affect the overall cost. PaaS providers offer a variety
of supported programming languages, frameworks,
and run-time environments, which can limit the
choice of platforms available and exposure pricing.
The Azure platform offers a PaaS service for appli-
cations with a specific focus on the .NET frame-
work [41], which may influence the differential
impact on the final price.
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Fig. 5 CaaS providers
comparison
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e Instance type Isolated contributes to price increases
across providers, particularly Microsoft.

e Certificate is not offered with an additional charge
across all providers, highlighting the importance of
application security.

e AppService domain lowers the PaaS price across
the providers.

Pointing to the variations in PaaS pricing policies
across providers, we emphasize the following:

e Google and Amazon Storage increase the price,
whereas Microsoft stands out with a decrease in
pricing. Microsoft, in three models, considers stor-
age as part of the company’s standard service pro-
vision.

e Auto-scaling increases the price in Google and
Microsoft while decreasing in Amazon. In CaaS,
the three providers offer Autoscaling as the com-
pany’s standard service provision. However, in
PaaS, Google and Amazon offer it with an addi-
tional charge, while Microsoft maintains the same
policy.

e Scaling to zero decreases the price at Amazon and
leads to an increase at Google. Additionally, it has
no impact on Amazon’s policy.

Comparing CaaS Coefficients

Multicloud_Support

Storage

Pay_per_Container

RAM

CPU

const
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Region_US

Region_Asia

Autoscaling
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e Container support is a feature that mainly lowers
PaaS prices in Google and particularly Microsoft,
whereas increasing Amazon prices.

e In terms of region, Platform as a Service (PaaS)
diverges from the other models, as all factors related
to region exhibit statistical significance, specifi-
cally in PaaS. In Amazon and Google, the South
America region offers the greatest increase in price,
while the Microsoft Africa region leads in a greater
price increase.

6.2 Cloud Service Comparison per Service Type

All three cloud service types - IaaS, CaaS, and PaaS
- are described using a core of functional and non-
functional features. In order to explore whether such
common features have the same importance across dif-
ferent categories, a comparison of the three service
models using common and statistically important fea-
tures is performed. The statistically significant features
of each cloud service type are presented in the appro-
priate Tables of Sections 5.1, 5.2, and 5.3, where we
explain how the p-value assists in keeping the features
that genuinely effect the pricing per hour for each hedo-
nic function. To represent the intersection of statisti-
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Fig. 6 PaaS providers
comparison
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cally important features among IaaS, PaaS, and CaaS
price indices, as extracted by the regression analysis, a
Venn diagram was developed as presented in Fig. 7.

Figure 8 demonstrates the comparison between ser-
vice categories for the whole dataset and by provider.
Unlike Microsoft, Amazon and Google follow near-
identical price patterns for the three cloud services,
which fits the overall pricing approach given in Fig. 8a.

Below, we present the influence of the core features
of IaaS services on the pricing of both PaaS and CaaS.
Especially, we emphasize the shared pricing patterns
as follows:

e CPU emerges as the predominant cost factor across
all providers and specifically in Amazon and
Google’s services, while its significance is rela-
tively lower in Microsoft’s offerings. Particularly in
Amazon and Google’s CaaS platforms, CPU plays
the most crucial role in pricing, followed by IaaS
and PaaS. In Microsoft, CPU has a comparable
impact on laaS and PaaS prices and a lower impact
on CaaS.

e RAM plays a critical role across all providers,
with its influence most pronounced in Microsoft’s
pricing strategy. Specifically, RAM significantly
impacts CaaS pricing, followed by IaaS and PaaS.
At Amazon, RAM exerts the greatest influence on

@ Springer
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lTaaS pricing, while its impact on PaaS pricing is
minimal. Meanwhile, at Google, RAM strongly
affects IaaS pricing, with similar impacts on PaaS
and CaaS pricing.

e Storage has a comparable influence on the cost
of cloud models across all providers. However,
Google storage has a greater effect on the price of
IaaS compared to PaaS and CaaS.

e Term length and the operating system Windows
similarly affect pricing across all cloud models and
providers.

Nevertheless, the following distinctions are evident:

e For most providers, the US region doesn’t affect
pricing. However, both Amazon and Google offer
IaaS at a lower cost in the US region compared to
Europe, with a higher rate discrepancy than other
models.

e As previously stated, the constant term signifies the
influence of cloud features that were not explicitly
considered in constructing the price indices on pric-
ing policy. In Google and Amazon, the IaaS service
has the lowest constant among services, while PaaS
seems to have the highest. In Microsoft, IaaS and
CaaS have similar constant terms, whereas in PaaS,
the constant has a higher value. These findings are
reasonable given that IaaS delivers the most fun-
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Fig. 7 Statistically
significant features per
service type

damental and basic level of managed cloud com-
puting services. The higher-level services for CaaS
and PaaS, which offer more advanced features and
functionality, increase the commitment term.

7 Conclusions - Future Work

This work proposes a methodology to assess and com-
pare pricing policies between IaaS, CaaS, and PaaS
cloud service types and their main cloud providers. It
is based on the construction and comparison of hedo-
nic indices to: a) identify the features with a statistically
important impact on the bundle price for each case; and
b) provide a common function to facilitate comparison
between different service categories and providers. The
study’s findings could help decision-makers optimize
their cloud investments and make the most effective
strategic decisions possible.

Based on our findings, all three cloud providers fol-
low approximately the same pricing strategy for IaaS
and CaaS, which reveals that CPU and RAM are by

far the most vital cost factors, whereas the rest have
a cumulative impact on the bundle price. Concerning
PaaS, there is a distinction in pricing patterns between
providers. Although CPU is still the key factor deter-
mining cost, almost every other attribute has a differ-
ential pricing impact depending on the provider, with
Microsoft establishing a distinct pricing policy and hav-
ing the most price variations compared to the other two.
Although not a surprise, it is worth noting that as the
complexity of the service bundle grows, incorporating
additional features, the starting price for the service
also increases.

The study utilized the hedonic price index method-
ology to analyze cloud service pricing, focusing on
workload-specific requirements. This method involves
giving varying weights to important features like CPU
and RAM to analyze in detail how these aspects impact
the cost framework of cloud services. Users can cus-
tomize their assessment of cloud services to match
the requirements of their workloads, enabling them to
make well-informed decisions that cater to the specific
needs of their computing jobs.
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Comparing IaaS, CaaS, and PaaS Coefficients - All Providers
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Fig. 8 Comparing cloud service types using the common features

The paper’s careful approach intentionally deferred
the creation of specific selection guidelines for cloud
services to future research efforts. This choice recog-
nizes the complex process of aligning specific pricing
data with various client needs, requiring a combination
of analytical precision and computing speed.
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Looking ahead, it becomes evident that the integra-
tion of algorithmic decision-making tools, such as deci-
sion trees, holds considerable promise for enhancing
the selection process of cloud services. Such method-
ologies could offer a structured and scalable framework
for navigating the complex interplay between service
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pricing and user requirements, ultimately leading to the
formulation of robust, data-driven guidelines for cloud
service selection.

By providing a baseline for future comparisons of
similar cloud technologies, this study is an impor-
tant asset to the field of cloud computing because it
sheds light on the pricing strategies implemented by
major cloud providers and the factors that affect cloud
costs. Further extensions and future research directions
include the study of pricing for hybrid solutions such as
sovereign clouds or pricing in serverless cloud models
like Function-as-a-Service.
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