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Abstract - Access and Identity Management (IAM) federations are an important area for protecting organizational resources
and permitting seamless access across multiple domains. Still, modern IAM implementations are typically faced with challenges
like inconsistent authentication schemes, fragmented access control, and cross-domain interoperability. These challenges
highlight the gap in the research on securing, operationalizing, and the comfort level of IAM federation systems in hybrid and
cloud environments. This paper will provide a fully-fledged discussion of IAM federation, including its tools, techniques, and
applications in present-day organizations. The study of ten leading IAM tools and protocols, such as Single Sign-On (SSO),
Multifactor Authentication (MFA), Privileged Access Management (PAM), SAML, OAuth, and OpenID Connect, will comprise
a part of the research undertaken on a qualitative comparative review methodology. They are evaluated based on the strength
of security, interoperability, compliance with regulations (GDPR, HIPAA, FERPA), and usability. The results show that SAML
and OAuth protocols give better assurance of security, while SSO and PAM are better in usability and governance efficiencies.
The paper is helpful because it provides a simple model of federated IAM definition, illustrating both the technical advantages
and drawbacks that are present today. It also argues about the ethical and data compliance implications, indicating where the
future enterprise system federation models of Al should be developed.

Keywords - Identity and Access Management (IAM), IAM Federation, Security Protocols, Single Sign-On (SSO), Multifactor
Authentication (MFA).

across systems [3]. Therefore, several issues have emerged,
including redundant identity stores, conflicting authentication
policies, and greater vulnerability to data breaches [12].
Previous  studies have evaluated specific [AM
implementations such as Single Sign-On (SSO) and
Multifactor Authentication (MFA); however, an overall

1. Introduction

In an era of digital interconnectivity, secure and effective
systems for user identity and access to resources in
organizations must exist. Identity and Access Management
(IAM) is all of the policies, technology, and processes that
ensure individuals are entitled to access designated resources

for a legitimate purpose and at an appropriate time [1].
Components of IAM include, but are not limited to,
authentication, authorization, user lifecycle management, and
regulatory compliance. Federation in IAM refers to the
application of those principles, including authentication and
authorization, to multiple organizations or domains, allowing
users to access resources in other systems with only one
trusted authentication method [2].Companies are transitioning
to hybrid cloud and multi-domain ecosystems as they continue
to push forward digital transformation initiatives [9]. While
this is the case, virtually all existing deployments of Identity
and Access Management (IAM) systems are siloed in nature
and provide little to no value or support for interoperability

comparative assessment of federated IAM implementations,
given the current state of scale, data compliance, and cross-
domain operability, is lacking [ 10]. The lack of research points
to the need for a unified investigation of a federated IAM
implementation and how it would improve security and
experience for the end wuser (identity).This paper is
unparalleled in that it provides a comprehensive analysis of
the federated TAM protocols and tools, such as Security
Assertion Markup Language (SAML), OAuth, OpenlD
Connect (OIDC), Privileged Access Management (PAM), and
others. In the paper, these technologies are evaluated in a
distinctive approach that evaluates their interoperability,
compliance with data protection law, and security
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performance [4]. This research integrates contemporary
literature and technology, and provides a systematic
understanding of the role IAM federation plays in enhancing
security posture in organizations, enabling control of identity
management, and supporting compliance with rules and
regulations in multi-organizational environments [11].

These are the main goals of the proposed study:

This article will introduce the IAM Federation by
discussing this framework's idea, advantages, and use in
streamlining authentication and authorization for users
across many domains.

To assess the protocols and tools for IAM federation:
Evaluate OpenID Connect, OAuth, SAML, and other
technologies and protocols used in identity and access
management federation.

To examine IAM Federation Methods: Investigate the
several methods for setting up federated identity
connections, including trust frameworks, federation
servers, and identity brokers.

When evaluating Security Considerations, examine the
possible risks of cross-domain access, SSO, and other
security issues with the IAM federation and provide
solutions to these problems.

To examine Regulatory Compliance: Within multi-
organization settings, analyze the function of IAM
federation in ensuring adherence to data protection
regulations like GDPR, HIPAA, and FERPA.

1.1. Contribution

This paper discusses an overview of the identity and
access management federation. First, it shows how the IAM
federation will work in different organizational environments.
Secondly, it explores that many tools and techniques are used
in IAM to control and manage access for authorized accounts
and applications. This paper also explains the related works
and finds how IAM worked in various roles in different
organizations. SSO, MFA, PAM, SAML, OAuth, OpenlD
Connect, etc., are some critical TAM tools and techniques that
are mainly focused on in this study [20]. The article provides
a solution to single sign-on and cross-domain access risks.
This work includes information about common trust
frameworks in the IAM federation, such as SAML, OpenID
Connect, OAuth, etc [6].

2. Literature Review

Identity and Access Management (IAM) is a dynamic
subject that is at the heart of providing secure digital access
both inside and outside the organization [5]. The history of
IAM has been that of evolution as basic credential-based
systems have evolved into all-encompassing models that
incorporate authentication, authorization, compliance, and
lifecycle management. In a federation environment, IAM
facilitates the establishment of trust between a number of
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organizations so that users can be authenticated in one place
and be able to access a number of systems without any security
threats [15]. The literature has shown an increasing role of
IAM federations in facilitating digital transformation, hybrid
cloud, and cross-domain interoperability.

Initial researches on IAM were centered on centralized
authorization and authentication. These systems were
effective in a single organization, but in most cases, they
lacked scalability and cross-domain interoperability when
applied to other areas [7]. Other research also suggested
federated IAM designs that allowed identity data sharing
securely via standards like SAML, OAuth, and OpenID
Connect [21]. These frameworks were more adaptable, but
organizations encountered many challenges of compliance,
policy management, and real-time threat detection [6].

The most recent innovations from 2023 to 2025 have
dramatically expanded IAM capabilities due to the
incorporation of Zero Trust principles and Al. Zero-trust-
based IAM architectures have replaced perimeter-based
models of security by rebuilding verifications at all potential
access points [16]. These frameworks also allow dynamic
access controls, live policy controls, and enhanced resistance
to identity-based attacks [27]. Studies have shown that IAM
in zero trust architecture enhanced identity assurance by more
than 30 percent, reduced credential theft, and improved
auditability of distributed systems [24]. These represent the
paradigm shift of traditional access control to context-aware
dynamic authentication [25].

Similarly, Al-powered IAM systems have become an
effective tool to handle intricate and large-scale identity
environments. Login patterns, anomaly detection, and
automating access provisioning are now being undertaken
using machine learning algorithms and behavioral analytics
[26, 30]. IAM solutions based on Al can detect unusual
behavior, neutralize the threat of insiders, and decrease the
number of administrative activities through the automation of
identity governance operations. They can also enhance the
accuracy of authentication and increase compliance by
dynamically enforcing policy rules. The intersection of [AM
and Al means that the identity management systems will be
changed significantly in terms of self-learning, predictive, and
risk-sensitive [28].

The other significant subject in literature is the regulation
and data governance in the IAM federations. With the
exchange of identity information between the organizations
and between the platforms, it is necessary to guarantee that the
organizations comply with data protection laws, including
GDPR, HIPAA, and FERPA. Current IAM applications are
aligned to the application, with compliance-related features
regarding implemented audit trails with security standards,
encryption specifications, and access control mechanisms
[33]. Scholars have also noted that federated IAM systems
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make it easy to manage authentication, yet some of the

benefits are accountability and transparency in data
management from an enterprise perspective [14]. A
compliance-based design would align the identity

management processes with organizational policies, and,
where applicable, with laws at the international level
[21].Concerns have also been raised regarding cloud-based
IAM in the recent past. As enterprises transition towards
hybrid and multi-cloud approaches, federation in identity
management denotes that the federated identity will have
consistent security policies across all systems [13].

Research demonstrates that the use of IAM federations in
cloud environments will enhance interactions among different
service offerings, such as SaaS, PaaS, and laaS, while
reducing administration processes and providing consistent
user permissions across each offering [18]. However, there
have been concerns about the overall integration among
systems and the ideal balance between enhancing usability and
ensuring security measures are implemented.Even recent
developments in research highlight, at the same time, the
ethics and privacy implications of federated IAM systems.
With the rise of shared identity services, privacy-preserving,
and data minimization, strategic authentication has become so
important [23]. Various proposals for encryption,
pseudonymization, and anonymization have been developed
to protect sensitive identity data while maintaining usability
and compliance [29]. Furthermore, continuous surveillance
and sophisticated identity governance in the federated
ecosystem are considered critical stages toward reducing
illegitimate access and data breaches [34]. Overall, the
literature suggests that IAM is on a distinct trajectory and
evolution, and IAM systems today are progressing to
intelligent, federated, and compliance systems. Also, Zero
Trust, Al-driven automation, and compliance regulation are
arguably part of the current state of the art in identity
management. Nevertheless, there are still loopholes in
ensuring that IAM standards interoperate with each other and
in the creation of coherent frameworks that can easily
interconnect security, compliance, and user experience.
Information on how to overcome these limitations will offer a
solid basis for the way IAM federation will proceed to be more
resilient and ethical in operations and governance.

3. Research Methodology

Figure 1 displays the Conceptual Framework of IAM
Federation Evaluation that will show the way the given study
is organized. It includes four layers: the Input Layer that relies
on the literature and frameworks like SAML, OAuth, OIDC,
and GDPR; the Evaluation Criteria layer, which outlines such
parameters as security, scalability, interoperability, and
compliance; the IAM Federation Tools layer, which includes
such technologies as SSO, MFA, PAM, SAML, OAuth, and
OpenID Connect; and the Output Layer which provides a
summary of the comparative results, which are best practices,
performance gaps, and key findings.
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Fig. 1 Conceptual framework of IAM federation evaluation

The framework provides a good top-down view of how
IAM federation tools were researched and investigated.

3.1. Research Approach

The research is framed in a qualitative and comparative
research methodology to explore the tools and techniques that
can be implemented in an IAM federation. The evaluation
aims to understand how different IAM frameworks facilitate
authentication, authorization, and compliance within a
federated environment. The research is a model review and
analysis of secondary data to investigate the strengths and
weaknesses of the selected IAM tools, as well as the potential
for integration.

3.2. Data Set

The article is based on secondary data collected from
academic  journals, technical reports, framework
documentation, and compliance guidelines. Among the
important materials are standard recommendations, which
include SAML, OAuth, and OpenlD Connect, as well as
identity and access management guidelines from significant
providers such as Azure, AWS, and Okta. The compliance
features were also examined through relevant governing
compliance frameworks, including GDPR, HIPAA, and
FERPA.

3.3. Evaluation Criteria

Al TAM tools and protocols were evaluated based on five
criteria: security, scalability, interoperability, preparation for
compliance, and user experience. These criteria are used to
evaluate the suitability of each framework with regard to
identity management, data protection, and cross-domain
consistency in federated systems.
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3.4. Tools Reviewed

The text outlines six distinct cybersecurity measures,
including Single Sign-On (SSO) methodology, Multifactor
Authentication (MFA) safeguarding technique, Privilege
Access Administration (PAM) regulatory framework,
Security Assertions Markup Language (SAML), OAuth
standardization process, and OpenlD Connect identity
verification scheme [17]. Among these options, they were
chosen because of their widespread use and relevance in both
enterprise-level and cloud-based identity management
solutions [22]. Their analysis was conducted according to
authentication —methods, integration capacities, and
preparedness for regulations.

3.5. Analytical Overview

A focused analysis was conducted to define each
mechanism's performance based on each of the selected
criteria. The comparison demonstrated that SAML, OAuth,
and OpenID Connect are more interoperable and more readily
prepared for compliance, in contrast to MFA and PAM, which
are efficient security mechanisms. The findings have been
used to suggest reasoning to make a more cohesive view of
the role of IAM federation to improve security, aid in
streamlining access control and management mechanisms for
the protection of data in multi-organization contexts.

4. Role of IAM Federation

Organization Environments

IAM plays vital roles in multi-organization environments,
such as identity and access management functions in
improving cyber security awareness, [AM applications in
hybrid cloud environments, and the IAM integration with
zero-trust security structures. Implementing the IAM system
is essential to improving cybersecurity awareness in all
organizations. Organizations should develop proper protocols
and rules for user authentication and access control by
introducing IAM solutions, because it is significant for
educating staff about security practices. IAM supports
protecting confidential credentials and allows workers to
actively protect the organization's digital resources by
developing an accountability culture where users can
recognize their responsibilities and rights concerning access.

in Multi-

The zero-trust model's key tenets, by IAM integration,
were "never trust, always verify". It requires continuing
authentication of user identities and permissions, besides their
area in dealings with the organization's network system.
Implementing IAM was vital for controlling identities and
access through varied platforms, especially as organizations
highly approve of hybrid cloud environments. IAM solution
permits organizations to integrate identity governance through
a devised environment, confirming reliable enforcement of
access policies and even managing user identities [25]. [AM
solutions identified the new solution to the security problems
through many workers linked to the corporate center from
various places and devices. It confirms remote access safety
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in a highly robust manner by implementing adaptive
authentication patterns from multiple relevant elements,
including device, location, and usage habits. IAM plays an
integral part in safeguarding against insider threats. Insider
threats, such as contractors, workers, and other agents, are
hazardous to enterprise security. IAM federation supports
those block-like openings by strong access controls observing
the least privilege principle, and it allows workers to access
only data when related to their task. The IAM Federation
guarantees adherence to data privacy laws through its
involvement in identity management processes. The 1AM
federation facilitates verifying adherence to data privacy laws,
such as FERPA, GDPR, and HIPAA, through unified identity
administration, transparent logs of activities, and precise
permission settings [27].

The IAM solution has encountered numerous privacy
hazards related to data storage, collection, and management of
user identities. Many identity management federation systems
necessitate additional sensitive data for authentication
purposes. Adhering to laws like GDPR, CCPA, HIPAA, and
FERPA ensures compliance due to their mandates for
safeguarding personal info and monitoring usage practices.
IAM federation helps with specific regulations like GDPR by
data minimization and Data Subject Access Requests
(DSARs) [26]. IAM federation simplifies the authentication
and control of critical data related to separate users, who
permit efficient responses to DSARs. Data minimization is
supported by applying granular access controls depending on
user characteristics, and IAM will certify that only the official
user gets permission to access essential data. The 1AM
federation supports Protected Health Information (PHI) and
compliance reporting in HIPAA. IAM federation provides
substantial access control to PHI because it only allows strong
access controls against unauthorized usage. It will certify that
only authorized healthcare users can use patient credentials.
Complete audit trails inside the IAM system will permit
healthcare associations to establish devotion to HIPAA data
privacy needs [29]. For FERPA, IAM will support parental
access controls and student data protection. IAM federations
set access to student qualifications reports depending on their
roles, such as administrators and teachers, to confirm their
data privacy. IAM federations are essential in preserving data
protection compliance by offering centralized devices for
controlling individual user identities. It also applies granular
access controls and handles complete audit trails. It also makes
things simple for important components for organizations in
managing critical data under regulatory compliance, such as
FERPA, HIPAA, and GDPR. Within an Identity and Access
Management (IAM) framework, the federated entity manages
interactions between Identity Providers (IDPs), which
authenticate users, and Service Providers (SPs), which grant
access rights based on these authentications. A credential-
based authentication service enables authenticated individuals
to gain entry into various software programs via their unique
identifiers. A third-party entity acts as a bridge connecting an
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authentication authority to a service vendor. Additionally, it
specifies how users identify themselves and determines
varying degrees of system access according to the trust
agreements made between them. In the IAM federation, the
federation server is responsible for creating the protocols and
rules for wuser authentication in various applications.
Generally, federation servers do not directly work in user
authentication, but they confirm whether the procedure is safe.

In a standardized federation, the identity brokers support
business value to the Relying Parties (the RPs) and Identity
Providers (IdPs). RPs and IdPs are only required to integrate
with the identity broker once. The RP value is easy once it
connects with the identity broker and obtains many categories
of credentials. An identity broker regulates the proper access
for users depending on their application and identity, where
they wish to access. When evaluating IAM’s security
considerations, Single sign-on and cross-domain access have
some problems in implementation [22]. Generally,
implementing SSO and cross-domain access has several key
possible dangers, such as leading to a single point of failure,
an elevated attack surface, credential theft, and improper
session management. It is also dangerous when they always
depend on third-party providers, as this can lead to cross-
domain vulnerabilities and privacy concerns. These are the
key dangers of single sign-on and cross-domain access in the
IAM federation. The main problem among these is the single
point of failure. If the single sign-on system is compromised
or even experiences an outage, the User will lose all the access
linked to applications. It will cause severe trouble for
operations. When unauthorized users get access from a
specific user, they can access all applications associated with
that User [6]. Strong authentication methods and regular
security audits are better solutions to overcome this problem,
which occurs in cross-domain access and SSO.

Implementing multifactor authentication will help users
add extra protection when logging in to the SSO application.
If hackers get one credential from users, they need to get more
access, so it is difficult for them to access other users'
accounts. Then, organizations should frequently monitor user
actions in their applications because it will alert users when
another unauthorized user tries to access their applications.

4.1. Tools and Techniques of Identity and Access
Management
4.1.1. Single Sign-On (SSO)

Single Sign-On is a key tool used in identity and access
management. SSO allows users to log in to numerous
applications with a single login. This tool makes it simple to
manage multiple passwords and accounts. It creates
authentication for a user, including access permissions and
user credentials, and allows the User to access all allowable
applications. After allowing access to one application, all
other applications permit that User. To access the
authenticated one application. This verification is reusable for
other legalized applications without getting a username and
password [6]. The purpose of using SSO is to improve
security and communication during user verification and
access permission confirmation, and it also helps in the
reduction  of  management  costs. Accessibility,
implementation, functionality, confidentiality, expandability,
interoperability, integrity, and upkeep define single sign-on
features. The Single Sign-On system relies on an Identity
Provider for authentication, followed by a Service Provider's
validation of credentials via Assertions. A directory service
houses authentication credentials for users. An entity
responsible for providing Services (S), which requires user
verification when accessed through an interface. The assertion
represents the data conveyed by the Identity Provider (IdP) to
the Service Provider (SP).

Table 1. MFA approaches, advantages, and disadvantages

MFA Methods Advantages Disadvantages Applications
Biometric nghly secure, Unique physical Raises privacy concerns, Healthcare and finance
traits, complex to take off cannot reset
Smart card link knowledge-based and Need a card reader and a Bankine and sovernment
physical security comfortable chair & & )
Passwordless D;crease passwor'd risk, Trusts in secure device Technology and banking
increase convenience management

According to Figure 2, users can initiate an inquiry by
requesting access to a separate online site via the intermediary
service provided through their internet browsing tool. When
users are not authenticated, the system directs them to an
authentication server via their internet-connected device's
default web interface. Subsequently, verification of the user’s
data takes place, followed by their redirection to an
authentication service. Subsequently, the individual
encounters a login screen where they input their identifying
information for access purposes. When the authentication
process verifies the user’s credentials, it triggers the service

provider to redirect the user to the reverse proxy along with
their identifying data. RP will obtain the persistent identifiers
information from the REMOTE-User setting variable and
chart the user credentials for third-party websites in the
reverse proxy database. Reverse proxy automatically logs on
the User's behalf depending on the extracted wuser
identification information. The 3PW web content is sent to the
User when the User is authenticated. The main advantage of
using SSO is that availability will be high, and integrity will
decrease as it depends on the security solutions. Implementing
single sign-on technology can help users improve productivity
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by not having them validate every application separately. It is
easy to adapt SSO for new applications or new software
programming. Using the SSO feature, organizations expect
high safety to build faith in their clients. They are safely

enabling users and introducing diverse user authentication,

such as biometrics and passwords [7]. They also used hardware
tokens such as certificates, smart cards, digital signatures, and
network standards such as SAML and Kerberos [31]. The
major disadvantage is that applying SSO in the company may

provide intruders a chance to reach all servers and
applications in the network. Whenever the company resolves
to use Single Sign-On, it has to face the main challenges of
combining numerous systems, especially in security and

architecture. When establishing, implementing, and
maintaining Single Sign-On, the organization faces
infrastructure, security, and user access challenges. In

infrastructure, during execution, it is extended beyond what is
expected to set up SSO.

i Reverse Proxy DB
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Network

Internal
Network

2
@ v Third-Party
. Service Reverse website
Provider Proxy (3PW)
iz O (SP) (RP
[ Jo—
- Bﬁ\ Identity
@ Provider
-
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Fig. 2 Single sign-on architecture

4.1.2. Multifactor Authentication (MFA)

The multifactor authentication function enhances security
by requiring multiple forms of verification for accessing
online assets. Users must input additional information beyond
their login credentials to access application features.
Enhancing security further through this approach involves
requiring additional authentication methods such as biometric
scans, SMS codes delivered to mobile devices, or physical
access keys. The term "multi-factor" is derived because it
incorporates multiple forms of verification. There are
typically four primary types of authentication techniques
categorized as follows: those based on knowledge ("what you
know") such as passwords or PINs; physical possessions
("what you possess"), exemplified by cards or tokens;
biometrics ("who you are"), including features like
fingerprints or speech analysis; and behavioral patterns ("how
you act").

Among various methods, such as biometrics, smart cards
paired with PINs, and non-password-based systems, these
three stand out as leading options for enabling multi-factor
verification due to their emphasis on enhancing security in
critical situations. Multi-factor authentication plays a crucial
role in safeguarding cloud services, IoT systems, vital
networks, and secure online connections. Several prominent
cloud service providers, such as Microsoft Azure, Google
Cloud Platform, and AWS, integrate multi-factor
authentication into their safeguarding mechanisms to ensure
secure access for legitimate clients exclusively. In remote
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access security, MFA addresses the risk of unsecured
networks by certifying that access to complex company
resources is allowed only after verifying numerous
authentication steps [10]. Table 1 includes the methods of
MFA and their advantages, disadvantages, and applications.
Biometric, smart card, and passwordless are three methods of
MFA. Biometrics have high security and are highly used in
healthcare and finance applications [8]. The smart card has
physical security, but it is less convenient. Passwordless has
reduced the danger of passwords and is highly used in banking
and other technologies.

Figure 3 displays a dataflow diagram of multifactor
authentication. Firstly, the client side loads fingerprint images
into the system using an interface operator. The features are
encoded and sent to the server. When these features are
reached at a server in encoded form, the server has that and
sends One Time Passwords (OTP) from the OTP generator.
OTP generator is generally considered a function set on the
server machine. The time-coordinated OTP is sent to the
authorized phone number. Then, the User's mobile phone
automatically receives OTP, which is likened to server-made
OTP on the server side [11]. If OTP is confirmed, the server
will request the User’s iris. The server confirms the iris image
through a network that stores the iris pattern in its database.
Getting original data so quickly is impossible is impossible is
impossible because the iris image is already stored in the
encrypted pattern. So, even if an intruder gets hash codes
through the database, verification can be positive.
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Fig. 3 Dataflow diagram of MFA

If both the fingerprint hash code and the iris image are
matched, the User is verified as an authorized user. In short,
the authentication is only successful when the fingerprint hash
code, OTP, and iris images are matched. If someone’s iris
images or fingerprint hash code has no matches, then the User
is recognized as unauthorized. If OTP has no matches, then
the User is blocked by the authentication process. There are
numerous benefits to multifactor authentication in terms of
identity and access management. The most important benefit
is securing identity and access management. Because MFA
requires users to provide more than one form of verification,
like passwords, it is even more difficult for hackers to breach
their accounts. MFA significantly reduces the risk associated
with using weak passwords. There is also a high degree of
flexibility with the authentication methods, and there are
fewer risks of identity theft. The principal downside to MFA
is that it has added difficulty to the login process. It involves
users having to recall and interact with multiple forms of
authentication verification, which can be frustrating and
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require excessive amounts of time. Applying MFA may
require some cost because of buying hardware tokens, training
staff on new security protocols, and software licenses. It often
trusts external aspects like internet connectivity to obtain
authentication codes. This support may be delayed in areas
with weak connections. Multifactor authentication has high

challenges in usability, security, integration, privacy,
probabilistic  behavior, and robustness [13]. User
inconvenience is common in MFA because of extra

verification steps.

4.1.3. Privileged Access Management

Privileged Access Management (PAM) is the
cybersecurity strategy that guards essential data and systems
from unauthorized users. It uses a combination of persons,
procedures, and technology to observe and control privileged
accounts. Nowadays, organizations are handling many
cybersecurity challenges and legal disturbances that users
pose. Privileged Access Management will assist in difficult
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times and is recognized as a security support for controlling
illegal activity and accessing data [15]. PAM shows the
complete technology, rules, and operations mainly designed to
protect authorized accounts. PAM plays an essential role in
access management. PAM also supports organizations in
defending their significant assets and decreasing the danger of

data breaches. PAM works through authentication,
authorization, and auditing.
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Fig. 4 Working architecture of PAM

Figure 4 shows the working architecture of PAM. PAM
servers can be connected to single or multiple virtual
computers. All computers should be recognized as nodes. A
single-node system is generally straightforward and fast.
However, many organizations will plan to use multiple nodes
for the server connection to improve convenience, develop
performance, and provide high security. The job engine is the
blthathat executes background processes, such as creating or
resetting words. Accumulating many job engines improves the
speed of tasks because all of them are performed
simultaneously. The session manager is basically the jump
server gateway. It shows distant computer screens in the User's
browser. The server may include many session managers. Each
session manager should manage frequent sessions. RDBMS is
one of the blocks that help supply all internal system data.
[15]. The server will cover only one RDBMS node. The server
is equipped with an internal database connected to one of the
nodes, which contains a job engine or Application GUI.
People should install a privileged access management node in
an isolated network to offer access to resources in the isolated
network. One node in the network will assist all resources it
can use within this network. The isolated node will connect
via its internal database and then be arranged to serve as an
isolated node. It does not want to link to the same database
because the core PAM node is connected in this deployment
scenario, which means that the back-end database of the key
PAM node is not available to the isolated node from within its
network. After that, the session manager helps to offer isolated
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access to a particular network, and then the node desires to
connect to the session manager for a remote network through
the PAM proprietary protocol.

The session manager traffic among the isolated nodes and
the central node is protected by certificates swapped between
the nodes. PAM has a great advantage in the IAM federation
because it can improve security by managing access to
authorized applications. It also develops visibility into
privileged user action, improves compliance with regulations,
and qualifies inside threats. PAM severely controls privileged
accounts, so it lessens unauthorized access and cyberattacks.
PAM has high operational efficiency and automatic password
management [16]. PAM also has disadvantages, such as the
complexity of implementing PAM. Because it needs careful
scheduling, it is combined with the existing IT infrastructure
and operator training. Another advantage is that it will be high
cost because, based on the size and complexity of the
organization, the robust PAM cost will be significant,
including maintenance and licensing fees. Executing
privileged access management significantly decreases the risk
of cyber-attacks and improves compliance. Organizations will
face many issues in complexity, compliance requirements,
scalability, integration with legacy systems, and security risks.
It has problems such as hard-coded credentials, decentralized
credential management, and forgotten accounts.

4.2. Security Assertion Markup Language (SAML)

The Security Assertion Markup Language (SAML)
stands as the predominant method for establishing identity
verification across organizational boundaries. This universal
login system enables access across multiple programs through
a shared credential. This system utilizes XML to ensure
compatibility among providers of services and those
managing identities. SAML works will depend on the
response or request of the service provider. One side requests
specific individuality data, and the other side's identity
provider replies with the data so that the User can be verified
and authenticated in the end. It provides many benefits, such
as: it improves security by integrating authentication and
developing a user experience with the single sign-on. It also
helps streamline identity management and improve
compatibility with various applications due to its open
standard nature [17]. SAML can support organizations by
reducing their administrative burden. It has a high advantage
in decreasing password fatigue. It can develop complete
security by trusting a dedicated identity provider to handle user
identifications. Even though it has several benefits, its key
disadvantage is that it does not permit a federation to form
dynamically to allow service provisioning in real-time. SAML
has challenges in implementing and has struggled with
troubleshooting because of its verbose nature. It has a
debugging difficulty that troubleshooting a problem with
SAML will be difficult because of its intricate connection
between SPs and IdPs when dealing with several providers.
Figure 5 presents an illustration of the Single Authentication



Raja Viswanathan et al. /IJETT, 73(11), 173-192, 2025

Message-Layer protocol for user identity verification. An
intermediary organization works in conjunction with another
entity to create a secure means for exchanging information
efficiently between them. To establish communication with
their designated host, this cloud solution necessitates an

SAML token. Therefore, this cloud service grants user access
via an authentication gate hosted by some other organization.
An identity provider authenticates the cloud-user entity, which
subsequently provides validated data through its services [18].
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Fig. 5 SAML authentication

The cloud consumer redirects to their direct connection to
the cloud and provides a resource request connecting to it, and
the authentication token is acquired. Then, the cloud provider
undoes the request containing the token and verifies its
accuracy. Lastly, the cloud provider associates with the cloud
consumer, informing them how and where to use the requested
resources. The cloud consumer will send access to the
resources of other cloud providers, trusting that an identity
provider without further authentication works.
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4.3. OAuth

OAuth is also known as Open Authentication, an open
standard protocol that permits users to allow third-party
applications to access their credentials without sharing
passwords. The OAuth protocol is highly used in the IAM
federation. It is highly used in mobile, desktop applications,
and on the web [19]. OAuth has become the most widely used
protocol because of its swift and high implementation in the
industry [20]. The OAuth protocol is primarily designed to
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provide a secure transport layer and approval layer for HTTP-
based services. It provides many significant access
management supports to users, businesses, and developers by
protecting login data from unauthorized and restrictive access
to other important information. It works when a person signs in
on one platform and that platform requests an authorization
token from another platform. The platform issues an
authorization token to enable the User access to resources. The
OAuth framework offers notable advantages over traditional
authentication methods. It facilitates enhanced integration

Authorization Request

opportunities across applications. It has improved security and
developed a user experience [19]. OAuth has decreased
development effort and easy access to cancellation.

It also has disadvantages; it has difficulty implementing
and always depends on a third-party service. If a third-party
service offers OAuth operational experience issues, it will
influence user access to applications that trust it. It will provide
additional network requests, which can affect performance in
many situations.
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Fig. 6 Interaction between the four roles of the OAuth protocol flow

Figure 6 illustrates how the four functions within the
OAuth protocol sequence interrelate. OAuth handles the
scenario where trusted external entities can access users'
authentic information securely. It delineates the functions of
being a resource server, an authenticated user, and a data
holder. The client submits an authorization request. The
request can either go straight to the resource holder or pass via
an intermediary such as the authentication service. Upon
receiving an authorization token, the user signifies their
agreement for access. Upon confirming the validity of the
authentication token, the application transmits this
information to the authorization endpoint. The authentication
service checks the identity of the requester before granting
access. Should approval be granted, the authentication service
shall generate an access credential. Following the request for
resources by the client, it subsequently obtains an access
token, which is validated through authentication procedures
on the resource server. When the token proves useful, it assists
in completing the action requested by the system.

4.4. OpenlID Connect

OpenID Connect is a way to check if someone is allowed
to use different programs with just one login. It is also used in
Identity and Access Management (IAM) federation. It is the
most common Single Sign-On method that helps confirm a
user's identity. Companies such as Amazon, Microsoft,
Google, and PayPal utilize OpenID Connect. It helps with
managing user identities, improves security, makes it easier to
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handle user accounts, and helps track how things work step by
step. OIDC will develop security by confirming user identity
details and offering confirmation. It will also streamline the
IAM workflow by making things easier to verify and address
security breaches. It has advantages in providing high-quality
performance and creating a better user experience. It provides a
whole homogeneous setup and makes friendly authentication.
Even though it has many advantages, it also has
disadvantages, such as a single point of failure, danger, and
dependency on a third-party IDP. It has difficulty with
maintenance and setup. OIDC implementation contains
intricate outlines and continuing management of identity
providers, mainly when it is handled with many applications
and trust relationships. OIDC.

Figure 7 shows the OpenlID Connect implicit flow. OIDC
generally has some setup, in which the identity provider will
register the RP (Relying party) and offer a set of URIs
known as redirect URIs [23]. RP will send the ID tokens. The
RP provides extra details like the name and ID. The IdP shows
the user for login. As shown in Figure 6, the user needs to use
their browser, which starts the process by asking for access to
the RP. They choose the identity provider they want to use.
Then, the RP sends the user's browser to the identity provider
and asks for the client ID and a new time as part of the request.
The user's browser then goes back to the identity provider and
passes those details along. The IdP takes the information from
the browser and asks the user to confirm they want to access
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the RP using the client ID. The user clicks the confirm button,
and the IdP sends back an ID token. The RP gets this ID token
from the browser and checks if the signature on it is valid. It
compares the signature with the client ID. If they match, the
RP accepts the user and lets them log in successfully.

4.5. Attribute-Based Access Control (ABAC)

In TAM federation, attribute-based access control is
defined as a system that is used to manage user access to
resources based on dynamic attributes related to the resources,
the environment, and the User. The ABAC method enables
fine-grained authorization beyond simple RBAC by assessing
multiple attributes to regulate access rights and relying on
predefined roles.

This method is especially helpful while integrating the
exterior identity providers, which will transfer user qualities
by SAML assertion and allow flexible access control
depending on particular user identities, such as location, job
title, and department.

The ABAC method has several benefits in IAM
federation [24]. It has improved high security, flexibility, and
decreased administrative overhead. Among multiple
attributes, this method provides granular access control and
reduces unauthorized access. ABAC will easily adapt to
access policies by adjusting business needs through changing
attribute standards, without requiring the creation of new
roles.
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ABAC has dynamic access control, fine-grained
permissions, scalability, and attributes from an identity
provider. In IAM federation, ABAC methods have both
advantages and disadvantages. ABAC has a disadvantage in
that implementing and controlling ABAC will be difficult and
requires a high level of consciousness of attributes and their
connections, which generally leads to configuration mistakes
[30]. It has auditing challenges because ABAC has a dynamic
nature, which will require access control to depend on auditing,
attributes, and tracking user activities, which will be difficult.
It has many implementation challenges because it helps
various protocol flows and expresses different SP types.

Figure 8 is a dataflow diagram that represents an attribute-
based access control method. There is increasing interest in
implementing an attribute-based access control design for data
privacy. The ABAC model is intended to offer greater control
over data access, ensuring it is more accurate and secure.
Figure 7 highlights that each user's attributes, such as name,
address, mobile number, age, time, and location, determine
their access to system resources. This model aims to manage
user attributes to provide more informative and reliable access
to data. It is intended to offer greater control over data access,
ensuring it is more accurate and secure. This model will
provide permission to the User after fine-grained through the
server repository and make a decision about whether the User
will permit, deny, not applicable, or indeterminate. The

attributes of ABAC are divided by object,
environment, and subject.

action,

4.6. Kerberos

Kerberos is the secure authentication protocol that is
mainly used in Identity and Access Management (IAM)
federation [32]. It permits users to use multiple services
through various domains by using a single login. Kerberos
protocol mainly offers single sign-on functionality by applying
the encoded tickets that are issued by the KDC, the central key
distribution center. This protocol will remove the necessity of
repeatedly entering the user credentials to access all services.

In recent days, many organizations have adopted the
Kerberos protocol, including versions four and five. In the
IAM federation, the Kerberos protocol consists of three
components, which are the client, the key distribution center,
and the server [31]. Kerberos is generally defined as a ticket-
based system intended to provide strong authentication for
server and client applications through the use of secret key
cryptography. The client looks at the ticket and uses it to get
more tickets for accessing the network service. The main parts
needed for the Kerberos protocol in IAM federation are the
workstation, client, key distribution center, and credential
cache. It has an advantage in IAM federation by improving
highly secure authentication. Users will accept the Ticket-
Granting Ticket (TGT) from the KDC after primary
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verification, which allows them to send requests to service
tickets for definite services without entering their password
again. It developed security, centralized management, and an
easier user experience. It is difficult to implement, and it relies

AS REQ

on a synchronized time limit between the server and client.
Kerberos is good for authentication in a single login, but it is
also difficult to establish a reliable connection between client
and server.

AS_REP

TGS _REQ

TGS_REP

Fig. 9 Kerberos protocol working

Figure 9 illustrates the functioning of the Kerberos
authentication mechanism. Referencing the illustration
provided, initially, the user requests authorization services
from the verification center before obtaining an access token.
Subsequently, the verification center verifies an individual’s
credentials against its records before granting access tokens.
When the customer receives the support request, they have
access to services via the application server. Kerberos
terminology refers to the Ticket Granting Service acting as
TGS for tickets, clients functioning as C, applications on
servers represented by Ap, client IPs indicated by Ip-lists,
authenticators serving as AS, and applications also known as
AP. The repository holds crucial data for clients. Client types
its client ID and password, then sends a request for a
workstation about service, and converts its private key. Then,
the work workstation passes the information to an
authentication server and sends the request for a ticket-
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granting ticket. The authentication server interprets the client
request by directing the user to the user key in its database if
a match is found. The workstation will decode the received
message using its key, obtain a session key and TGT, and save
them in the credential storage. Next, when the operator wants
to access the workstation, the client application constructs an
authenticator to make a request for ticket TGS, which includes
the client's information.

The client application demands a server for service
involving the received ticker and authenticator. Next, the
service validates the request by interpreting the session key. It
confirms whether the authenticator and ticket match or not,
and then grants permission to the service if a match is found.
In the end, mutual authentication is mandatory. The server
should send a reply with the help of a server authentication
message.
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4.7. System for Cross-domain Identity Management (SCIM)

SCIM is the provisioning protocol that is highly used in
IAM federation [33]. It is the automated process of generating,
updating, and deleting user accounts within the identity and
access management federation. This process of generating,
updating, and removing is completed by the system of the
cross-domain identity management protocol. It permits the
unified synchronization of user data between the IdP and the
IAM system. This protocol also handles user access between
various applications inside the federated environment. SCIM
uses the homogeneous REST API to connect user data between
the identity and access management and identity provider
systems by confirming compatibility between different
platforms. In IAM federation, SCIM has benefits by
improving efficiency. Automatic user provisioning will help

Enterprise User

RE

decrease the administrative overhead. It also helps in
increasing security. SCIM confirms the exact user access by
mechanically updating account data when changes happen in
the IdP. IT has benefits in scalability. It supports a large
measure of user management between various applications.
SCIM  works through configuration, mapping, and
synchronization. SCIM protocol in IAM federation has some
disadvantages, including filtering and attribute limitations.
SCIM REST API will be vulnerable to attacks that occur due
to unauthorized access to systems, applications, and data.
Another disadvantage is that if SCIM solutions are
implemented poorly, then it will affect the app to overflow with
requests, and it will bring the system down. SCIM handling is not
common, and the experience of using SCIM will change
greatly from vendor to vendor.

*1d, externalld, meta

Others....

Fig. 10 SCIM model

Figure 10 shows the system for the cross-domain identity
management model. The SCIM protocol generally practices a
tree model to express what attributes are required in a
resource. This model shows that the resources have a child-
parent relationship in Figure 9. SCIM protocol not only
regulates the allowance to make the resources, but it also
explains how to get all the qualities from parent resources. The
root node is known as resources, and it is kept inside the
common attributes. The common attributes are resource name,
and the complex attributes are id, extra id, and meta [34]. The
ID is the single identifier provided by the service provider to
resources for tracking purposes. It cannot be null and has
unique characteristics. The external ID is one of the identifiers
that specifies the resources are in the client system. Meta is the
last common attribute and resource Type; location and version
are its sub-attributes. The service provider maintained this
metadata for all the resources. As per the diagram, resources
are divided into User, group, and others. If all the credentials
match, then the service provider gave access for the
applications.

4.8. WS Federation

In TAM federation, WS federation is defined as the
standardized protocol that is used to qualify single sign-on
between various security domains by permitting users to
validate with one identity provider and access many different
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applications without reentering passwords or other
credentials. The main focus of WS federation is to simplify
the federated service development by cross-domain
connection and controlling federated services by reclaiming
the WS trust security token service model and protocol. Many
types of federated services, such as authorization,
authentication, and attributes, are improved by the difference in
the base security token service. It has high benefits in IAM
federation because WS federation works as a device for
transferring identity data between trust domains through safe
communication. It is the main technology for executing
federated verification inside the IAM system, especially for
web applications. WS federation provides a path for STS
(Security Token Services) in one domain to offer
authentication permits to an STS in another trusted domain. It
allows wusers to wuse the application across various
organizations through a single set of credentials. WS
federation influences other web services standards, such as
WS-Trust and WS-Security, to protect the transfer of identity
data by SOAP messages. It has advantages by helping both
passive and active clients, and a unified combination with
Microsoft applications. It gave a strong security mechanism
because of its XML nature protocol. The main disadvantage
of WS Federation is its dependence on a third-party provider,
limited flexibility, and difficulty in application and
configuration.
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Figure 11 shows how WS Federation works. The Security
Token Services (STS) are defined as the basic service that
exchanges the security tokens by using a common set of
messages and models. As per the figure, the employee will
send the WS trust request to the STS. Then the STS verifies
the user access and exchanges the security token using the
basic model.

The STS was to rise and clarify the ticket and manage
security tokens. It works as the trusted third party that is created
between the web service provider and the requester. WS-Trust
frequently exchanges the tokens and supports building trust
relations by applications, permitting them to request, renew,
issue, and clarify security tokens for authentication services.
The SHOP web service sends a request to WS-Trust, and WS-
Trust responds by returning the token after verification.

This process is exchanging the tokens for authentication,
and in the end, it claims the token after verifying each party’s
identity. Table 2 shows that Single Sign-On (SSO) is more
usable as the user can use the same set of credentials to gain
access to numerous platforms, and on the other hand, it also
has a risk of a single point of failure in the event of an attack.
This may be addressed with Multifactor Authentication
(MFA), which is more secure but may be inconvenient
because of extra interactions during the process of logging in.
OAuth is very scalable, and most third-party access is done
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without sharing credentials, but it is complicated to use by
users, particularly in the handling of the authorization tokens.
Privileged Access Management (PAM) plays an essential role
in the control of access to sensitive data, especially in the
regulated sectors, but it is expensive and complicated to
maintain. SAML is highly secure in terms of enterprise-level
SSO, but it is less scalable compared to OpenID Connect,
which is more scalable and easier to set up, especially in the
cloud. Nevertheless, OpenID Connect is also based on third-
party identity providers, which poses a vulnerability in the
event that such providers are attacked.

4.9. Ethical Implications

Although IAM tools are associated with important
advantages in terms of security and convenience, they also
pose important ethical issues. Privacy of users is one of the
foremost factors for IAM systems, since these systems are
often concerned with sensitive identity data. Organizations
must take steps to validate that they are using sufficient data
protection in their operations and limit the amount of personal
data they collect from users to try to mitigate privacy
concerns. The governance of data is another major issue, due
to the increasingly strict data regulations emerging, including
GDPR and HIPAA requirements. IAM systems must allow
organizations to be in compliance with these regulations to
ensure that sensitive data is secured and users manage access
to resources safely.
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Table 2. Comparative analysis of IAM tools

Tool Security Usability Scalability Compliance
High — Reduces password Very High — One . o GDPR, HIPAA, apd
> . . . . High — Easily integrates FERPA are compliant
SSO fatigue, but risks a single credential for multiple . ; .
. . L with multiple apps. with proper
point of failure. applications. . .
implementation.
Very.ngh — Adds Moderate — Can be High — Compatible with High — Ensures
multiple layers of . . . 4 :
MFA .o inconvenient for users a variety of compliance with data
authentication for . . . )
. due to additional steps. | authentication methods. protection regulations.
enhanced security.
High — Provides delegated Moderate — Slightly Very High — Widely Compliant with GDPR
OAuth access without exposing complex for end users adopted across when used properly for
credentials. to fully understand. platforms. consent and data access.
Very High — Restricts and | Moderate — Complex to | Moderate — Suitable for . .
. - . . N . Ensures compliance with
monitors privileged implement, high organizations with . L
PAM .o . . . . internal policies, HIPAA
accounts, reducing insider administrative extensive privileged
for healthcare.
threats. overhead. accounts.
High — Strong securit Moderate - Often MOd:“(r)erlthjceBerS:sZulted Very High — Supports
SAML g & y requires specific . Tpr GDPR and other
assertions and protocols. ) environments with fewer . .
configurations. . compliance regulations.
applications.
. . High — Reduces
OpenID High — Integrates with complexity and High — Scalable for large Supports G DPR and
OAuth for user . o FERPA with adequate
Connect _ improves the user distributed systems. )
authentication. . privacy safeguards.
experience.

5. Experimental Results and Analysis
5.1. Overview of Evaluation

For comparing functionality of some of the most popular
Identity and Access Management (IAM) federation methods,
six of the most commonly used ones such as Single Sign-On
(SSO), Multifactor Authentication (MFA), OAuth, Privileged
Access Management (PAM), Security Assertion Markup
Language (SAML), and OpenID Connect were compared on
four criteria: Security, Usability, Scalability, and Compliance.

a combination of
drawing upon

The assessment framework is
qualitative and quantitative approaches,

secondary evidence from peer-reviewed research, standards
documentation (e.g., SAML, OAuth, OpenID Connect,
GDPR, HIPAA), and industry case studies. Each tool was
examined for its capacity to provide secure, compliant, and
interoperable identity management in federated contexts.

5.2. Quantitative Evaluation and Results

Table 3 shows the comparative percentage scores of each
IAM tool for the four evaluation criteria. The Overall Score is
a straightforward arithmetic mean of the four criteria, which
represents the overall performance and usability of the tool in
federated IAM environments.

Table 3. Comparative evaluation of IAM tools

Tool Security (%) | Usability (%) | Scalability (%) | Compliance (%) | Recalculated Overall (%)
SSO 90 95 85 92 90.5
MFA 95 75 90 94 88.5
OAuth 85 80 95 90 87.5
PAM 98 70 80 95 85.75
SAML 92 78 80 98 87.0
OpenlID Connect 90 88 93 94 91.25

Six IAM mechanisms, SSO, MFA, OAuth, PAM, SAML,
and OpenID Connect, are depicted on the four performance
criteria of security, usability, scalability, and compliance in
Figure 12 and depict the unique strengths and tradeoffs of
each. Figure 13 represents the recalculated scores of overall
efficiency, best for OpenlD Connect and SSO, based on

balanced efficiency and interoperability. Figure 14 illustrates
the correlation among the factors of evaluation, demonstrating
positive correlations between security and compliance and
negative correlations between scalability and compliance,
which overall demonstrate how enhancements in one feature
may affect others in federated IAM systems.
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Fig. 14 Correlation matrix between IAM evaluation criteria
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5.3. Analysis and Interpretation

The outcomes show that Single Sign-On (SSO) and
OpenID Connect have the highest overall ratings (90.5% and
91.25%, respectively) because they provide the optimal
tradeoff between usability, scalability, and regulatory
compliance. Privileged Access Management (PAM) gets the
highest security ranking (98%) but worse overall performance
ratings because it gets lower usability (70%) and scalability
(80%) ratings. MFA is very secure (95%) but less convenient
because it involves more authentication steps. OAuth is very
scalable (95%) and interoperable, but it relies on third-party
services, which may not be reliable in the long term. SAML is
secure and compliant, but less scalable because it has a
verbose XML format. Correlation analysis determines
Security and Compliance to be positively correlated (r = 0.62),
demonstrating that stricter security controls have a tendency
to result in favorable regulatory compliance. Compliance and
Scalability are moderately negatively correlated (r = —0.71),
demonstrating that high mechanisms of compliance
sometimes tend to decrease flexibility and performance in
large systems. Generally, the review determines that OpenID
Connect and SSO are the most evenly balanced solutions for
federated spaces, while PAM and MFA are best suited for
high-security or regulated industries.

5.4. Implications for IAM Federation

The comparative review is indicative of the necessity for
hybrid IAM architectures that marry usability, scalability, and
security in Zero-Trust paradigms. The combination of Al-
based adaptive authentication, blockchain-protected audit
trails, and context-aware access controls further supports the
robustness and transparency of federated identity systems.
The findings offer evidence-based grounds for organizations
to choose [AM frameworks that are commensurate with their
business size, compliance requirements, and risk levels.

5.5. Directory-Based IAM Solution Comparison Overview
Apart from federated identity protocols such as SAML,
OAuth, and OpenID Connect, enterprise identity management
also heavily relies on directory-based platforms, including
Microsoft Active Directory (AD), OpenLDAP, and Azure
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Active Directory (AAD). These environments are the
underlying storehouses of user credentials, access policies,
and authentication processes. Active Directory (AD) offers
authentication and policy management within Windows
environments via centralized access, including support for
integrating secure access via Kerberos and LDAP.
OpenLDAP is an open-source, highly customizable option
that allows federation via external identity brokers, but
requires greater administrative expertise. Azure Active
Directory (AAD) extends directory services into the cloud
with native support for OAuth 2.0, OpenlD Connect, and
SAML, and it is straightforward to set up hybrid and cloud-
based IAM installations. In short, AD is the choice for
traditional enterprise environments, OpenLDAP is better
suited for open and customizable environments, and AAD
offers an extensible and wunified solution for hybrid
environments.

6. Conclusion

This article illustrates the strengths and weaknesses of
various IAM solutions: SSO, MFA, OAuth, PAM, SAML, and
OpenID Connect. All the tools are strong to considerably
strong in providing additional security and user experience
functionalities, yet they have tradeoffs, especially in terms of
user experience and security measures. SSO and MFA are
particularly strong in compliance, while OAuth and OpenID
Connect's strengths lie in scalability, particularly for cloud-
based applications, but there are still scalability issues,
complexity of foundations, identity providers in the cloud, and
the separation of enterprise applications.

PAM is absolutely required in the high-security space, yet
it is expensive and operationally complex. The article suggests
that, in the end, developers need to improve the user
experience in MFA by minimizing friction, utilizing Artificial
Intelligence for real-time threat detection, and leveraging
blockchain technology, which would enhance data privacy
and transparency in federated Identity Access Management.
New Zero Trust forms and adaptive access control can provide
a more dynamic and resilient IAM that is more suited to the
new digital age.
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