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Abstract 

Background: The increasing adoption of hybrid cloud models has made the integration of on-premises Active Directory 
(AD) with Azure Active Directory (Azure AD) a critical component of modern enterprise IT infrastructure. However, 
organizations with complex, multi-forest AD environments often face significant challenges in optimizing the 
performance of Hybrid Azure AD Join, leading to a degraded user experience and increased administrative overhead. 

Objective: This study aims to identify and evaluate strategies for optimizing the performance of Hybrid Azure AD Join 
across multi-forest deployments. 

Methods: We employed a mixed-methods approach, combining a quantitative analysis of performance data from a 
simulated multi-forest AD environment with a qualitative analysis of semi-structured interviews with experienced IT 
administrators. Key performance indicators (KPIs) such as device registration times, user logon times, and 
synchronization latency were measured and analyzed [50,51]. 

Results: Our findings indicate that several factors, including the configuration of Azure AD Connect, the network 
topology, and the number of forests and domains, have a significant impact on the performance of Hybrid Azure AD 
Join. The qualitative data revealed a set of best practices and common pitfalls to avoid when implementing and 
managing Hybrid Azure AD Join in complex environments. [53,54] 

Conclusion: Based on our findings, we propose a framework of actionable recommendations for optimizing the 
performance of Hybrid Azure AD Join in multi-forest deployments. This study contributes to the existing body of 
knowledge by providing a comprehensive, evidence-based guide for IT professionals tasked with managing hybrid 
identity and access management systems. 

Keywords: Azure Active Directory, Hybrid Azure AD Join, Multi-Forest Active Directory, Identity and Access Management 

(IAM), Performance Optimization, Cloud Security, Single Sign-On (SSO) 

 

 

1. Introduction 

1.1. Background and Context 

The contemporary enterprise information technology (IT) 

landscape is characterized by a profound and accelerated 

shift towards hybrid cloud architectures. This paradigm, 

which merges on-premises infrastructure with public cloud 

services, offers organizations a compelling blend of 

scalability, flexibility, and cost-efficiency [39]. However, this 

integration introduces significant complexity, particularly in 

the domain of Identity and Access Management (IAM). For 

decades, Microsoft Active Directory (AD) has been the 

cornerstone of enterprise identity, providing 

authentication and authorization services within the 

corporate network perimeter [42]. As organizations 

embrace cloud platforms like Microsoft Azure, the 

challenge lies in extending this established identity 

framework to the cloud, ensuring a consistent and secure 

user experience across all resources, regardless of their 

location [29, 35]. 

Azure Active Directory (Azure AD), Microsoft's cloud- 
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based identity and access management service, serves as 

the central control plane for this new hybrid world [13]. It is 

designed to provide robust authentication mechanisms, 

including Single Sign-On (SSO) and Multi-Factor 

Authentication (MFA), to safeguard access to both cloud- 

native and on-premises applications [15, 44]. The primary 

mechanism for bridging the gap between on-premises AD 

and Azure AD is a process known as synchronization, 

facilitated by the Azure AD Connect tool. This tool replicates 

user and device identities from the local AD to the cloud, 

creating a unified identity for each user [46]. 

One of the most critical features enabling this hybrid model 

is Hybrid Azure AD Join. This process registers on-premises, 

domain-joined devices with Azure AD, allowing them to be 

managed through cloud-based tools like Microsoft Intune 

and enabling features such as Conditional Access policies 

[30]. For end-users, it provides a seamless SSO experience 

to cloud resources from their corporate devices. While the 

implementation of Hybrid Azure AD Join can be relatively 

straightforward in a simple, single-forest AD environment, 

the complexity escalates dramatically in large enterprises 

that operate multi-forest AD environments. These complex 

topologies, often the result of mergers, acquisitions, or 

organizational restructuring, present unique and 

formidable challenges related to identity synchronization, 

authentication pathways, and overall system performance 

[3, 42,53,54]. 

 
1.2. Problem Statement 

While Hybrid Azure AD Join is a powerful enabler of the 

modern workplace, its implementation in multi-forest AD 

deployments is frequently associated with significant 

performance degradation and administrative complexity. 

Organizations often experience a range of issues that 

directly impact user productivity and IT operational 

efficiency. These problems include: 

Extended User Logon Times: Users may experience 

noticeable delays when logging into their devices as the 

machine attempts to authenticate against both on- 

premises domain controllers and Azure AD. 

Device Registration Failures and Delays: The process of a 

device successfully discovering and registering with Azure 

AD can be unreliable or slow, preventing the application of 

critical security policies. 

Synchronization Latency: In multi-forest environments, the 

Azure AD Connect service must query multiple, often 

geographically dispersed, AD forests. This can lead to 

increased latency in the synchronization cycle, meaning 

changes to user accounts or group memberships on- 

premises take longer to be reflected in the cloud. 

Increased Administrative Overhead: IT teams must 

navigate complex synchronization rules, manage trust 

relationships between forests, and troubleshoot intricate 

authentication flows, which can be a time-consuming and 

error-prone process. 

These performance bottlenecks not only frustrate end- 

users but also suggest potential security risks. A device 

that fails to register correctly may not receive the latest 

security policies, leaving it vulnerable. Furthermore, the 

lack of clear, consolidated performance monitoring for 

these hybrid identity flows makes it difficult for 

administrators to proactively identify and resolve issues 

before they impact the entire organization [37]. The 

combination of architectural complexity and performance 

ambiguity creates a critical need for a structured approach 

to optimization. 

 
1.3. Literature Gap and Research Questions 

A review of the existing academic and professional 

literature reveals a significant body of work on cloud 

computing [10, 39], identity and access management 

concepts [3, 21, 38], and the general implementation of 

Azure AD [13, 44, 46]. Several studies have explored topics 

such as federated identity systems [22], clock 

synchronization in distributed networks which underpins 

authentication protocols like Kerberos [20, 28], and the 

architectural transformation to a cloud-centric model [27]. 

There is also extensive documentation from Microsoft on 

the technical configuration of Azure AD Connect and 

multi-forest topologies [45]. 

However, there is a discernible gap in the literature 

concerning the empirical analysis of performance 

optimization specifically for Hybrid Azure AD Join in 

complex, multi-forest scenarios. Most available resources 

focus on the how-to of implementation rather than the 

how-to-optimize for performance and reliability at scale. 

While studies touch upon related areas like low-latency 

networking [26, 31] or resilient system design [7, 24], they 

do not holistically address the unique interplay of 

factors—AD topology, network configuration, and Azure 

AD Connect settings—that govern the performance of the 

hybrid device registration and authentication process. This 

study seeks to fill this gap by providing a systematic 

investigation into these performance challenges. 

To guide this investigation, the following research 

questions have been formulated: 
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Primary Research Question: How can the performance of 

Hybrid Azure AD Join be systematically optimized across 

multi-forest deployments to enhance user experience, 

strengthen security posture, and reduce administrative 

overhead? 

Secondary Research Questions: 

What are the key performance indicators (KPIs) that most 

accurately reflect the health and efficiency of a Hybrid 

Azure AD Join implementation? 

Which architectural and configuration choices in Azure AD 

Connect and the underlying network infrastructure have 

the most significant impact on these KPIs in a multi-forest 

environment? 

What are the most effective strategies and best practices 

for proactively monitoring, troubleshooting, and managing 

the performance of Hybrid Azure AD Join at scale? 

 
1.4. Significance and Contribution of the Study 

The findings of this research are intended to provide 

significant value to both academic and professional 

communities. For IT administrators, cloud architects, and 

cybersecurity professionals, this study offers a practical, 

evidence-based framework for designing, implementing, 

and maintaining a high-performing hybrid identity 

infrastructure. By identifying common bottlenecks and 

validating effective optimization techniques, this work can 

help organizations avoid costly implementation pitfalls, 

improve end-user satisfaction, and ensure that security 

policies are applied consistently and reliably. 

From an academic perspective, this study contributes to the 

broader field of information systems and cloud computing 

by providing a detailed empirical analysis of a critical but 

under-researched area of hybrid cloud infrastructure. It 

bridges the gap between high-level architectural concepts 

and the granular, real-world performance challenges faced 

by large enterprises. The methodologies and findings 

presented here can serve as a foundation for future 

research into the performance of other hybrid cloud 

services and the evolving landscape of identity and access 

management, including the integration of Zero Trust 

principles [6, 11] and emerging authentication technologies 

[2,51] 

 
1.5. Article Structure 

This article is structured according to the traditional IMRaD 

format. The following Methods section details the mixed- 

methods research design, including the setup of the 

simulated test environment, data collection procedures, 

and the analytical approach. The Results section presents 

the findings from both the quantitative performance 

measurements and the qualitative analysis of interviews 

with IT professionals. The Discussion section interprets 

these findings, outlines their practical implications, 

acknowledges the study's limitations, and suggests 

avenues for future research. Finally, the Conclusion 

summarizes the key contributions of the study and offers 

concluding remarks on the optimization of hybrid identity 

systems [55,56,57]. 

 
2. Methods 

2.1. Research Design 

To address the research questions comprehensively, this 

study employed a mixed-methods research design. This 

approach integrates quantitative performance analysis 

with a qualitative case study methodology, allowing for a 

more holistic understanding of the problem. The 

quantitative component was designed to objectively 

measure the performance of Hybrid Azure AD Join under 

various configurations, identifying specific bottlenecks 

and the impact of optimization techniques. The qualitative 

component, based on semi-structured interviews with IT 

professionals, was designed to capture the real-world 

experiences, challenges, and tacit knowledge of 

practitioners managing these systems. This dual approach 

allows us to correlate empirical performance data with the 

practical insights of experienced administrators, providing 

a richer and more contextually grounded analysis than 

either method could achieve in isolation. 

 
2.2. Environment Setup 

A simulated enterprise environment was constructed 

within a virtualized lab to provide a controlled and 

reproducible testbed for performance measurements. The 

environment was designed to reflect a common multi- 

forest AD architecture found in large organizations. 

Active Directory Topology: The core of the lab consisted 

of three separate Active Directory forests, all running on 

Windows Server 2019. 

Forest A (contoso.com): Configured as the "account 

forest," housing all user identities. It contained two 

domains, corp.contoso.com and emea.contoso.com. 

Forest B (fabrikam.com): A "resource forest" with a one- 

way forest trust established with contoso.com. This forest 

hosted resources and computer accounts. 

Forest C (wingtiptoys.com): A second "resource forest," 

also with a one-way trust to contoso.com, simulating a 
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scenario post-acquisition. 

The total environment contained approximately 5,000 user 

objects and 2,000 computer objects distributed across the 

forests to simulate a medium-sized enterprise. The AD 

topology was engineered to be modern and adhere to best 

practices [42]. 

Infrastructure and Network: All servers (Domain 

Controllers, Azure AD Connect server) were provisioned as 

virtual machines with 4 vCPUs, 16 GB of RAM, and SSD 

storage. Client devices were Windows 10 Enterprise virtual 

machines with 2 vCPUs and 8 GB of RAM. The network was 

segmented into different subnets to simulate a corporate 

WAN, with a network simulator used to introduce 

controlled latency (ranging from 20ms to 150ms) between 

the client devices, the resource forests, and the central 

Azure AD Connect server. Correct DNS configuration, 

including conditional forwarders and stub zones, was 

meticulously implemented to ensure cross-forest name 

resolution. 

Azure AD Connect Configuration: A single, dedicated server 

was used for Azure AD Connect (version 2.0). The server 

was configured to synchronize all three forests to a single 

Azure AD tenant. For authentication, both Password Hash 

Synchronization (PHS) and Pass-through Authentication 

(PTA) were tested in separate phases. Crucially, the 

configuration involved defining custom synchronization 

rules and using Organizational Unit (OU) filtering to control 

the scope of objects being synchronized. Service 

Connection Points (SCPs) were configured in all forests to 

enable devices to discover the Azure AD tenant information 

for registration, a key step in hybrid deployments [45]. 

 
2.3. Data Collection 

Data collection was performed in two parallel streams: 

quantitative performance metrics from the lab 

environment and qualitative insights from IT professionals. 

Quantitative Data: A series of standardized tests were run 

to capture key performance indicators (KPIs) before and 

after applying specific optimization techniques. The 

primary tools used included: 

PowerShell: Custom scripts were developed to automate 

the client logon process and measure the time from 

credential entry to a usable desktop (Measure-Command). 

Other scripts were used to query the status of device 

registration (dsregcmd /status) and measure the time to 

completion. 

Windows Performance Monitor (PerfMon): This tool was 

used on the Azure AD Connect server and Domain 

Controllers to monitor CPU utilization, memory 

consumption, and LDAP query response times during 

synchronization cycles. 

Azure AD Portal: The Azure AD sign-in logs and audit logs 

were exported and analyzed to measure authentication 

latency and track the success/failure rate of device 

registrations. 

Key KPIs Measured: (1) End-to-end device registration 

time, (2) User logon duration, (3) Azure AD Connect 

synchronization cycle duration, and (4) CPU/Memory 

utilization on the sync server. 

Qualitative Data: Semi-structured interviews were 

conducted with twelve IT professionals (system 

administrators, cloud architects, and IT managers) from 

eight different organizations who had direct, hands-on 

experience implementing and managing Hybrid Azure AD 

Join in multi-forest environments. Interviews were 

conducted via video conference and lasted between 45 

and 60 minutes. An interview guide was used to ensure 

consistency, with open-ended questions designed to 

explore topics such as: 

The primary motivations and challenges during their 

implementation. 

The most significant performance bottlenecks they 

encountered. 

The troubleshooting techniques and tools they found 

most effective. 

The optimization strategies they successfully employed. 

Lessons learned and recommendations for others. 

 
2.4. Data Analysis 

Quantitative Analysis: The collected performance data 

was analyzed using descriptive statistics (mean, median, 

standard deviation, and range) to summarize the 

performance under different test conditions. Comparative 

analysis was used to evaluate the impact of each 

optimization technique. For instance, mean logon times 

with and without targeted OU filtering were compared 

using a t-test to determine statistical significance. The 

results were visualized using charts and graphs to clearly 

illustrate performance trends. 

Qualitative Analysis: The interviews were recorded, 

transcribed verbatim, and analyzed using a thematic 

analysis approach. This process involved several stages: (1) 

Familiarization with the data by reading and re-reading the 

transcripts. (2) Generating initial codes to identify 

interesting features of the data. (3) Searching for themes 

by collating codes into potential overarching themes. (4) 
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Reviewing and refining the themes to ensure they 

accurately represented the dataset. (5) Defining and 

naming the final themes. This rigorous process allowed for 

the identification of common patterns and divergent 

perspectives within the practitioners' experiences. 

 
2.5. Ethical Considerations 

The study was conducted with strict adherence to ethical 

research principles. For the qualitative component, all 

participants were provided with a detailed information 

sheet explaining the purpose of the study and how the data 

would be used. Written informed consent was obtained 

from every participant prior to the interview. To ensure 

confidentiality  and  anonymity,  all  personal  and 

organizational identifiers were removed from the 

transcripts, and participants are referred to by 

pseudonyms in the results. The data collected from the lab 

environment contains no personal information. 

 
3. Results 

3.1. Quantitative Findings 

The performance measurements from the simulated 

multi-forest environment revealed several key factors that 

significantly influence the efficiency of Hybrid Azure AD 

Join. The baseline measurements, taken in a non- 

optimized configuration where all objects were 

synchronized and network latency was moderate (50ms), 

established a performance benchmark. 

 
Table 1: Baseline Performance Metrics in a Non-Optimized Multi-Forest Environment 

 

Metric Mean Value Standard Deviation 

Device Registration Time 12.5 minutes 3.2 minutes 

User Logon Duration (First 

Logon) 

45.2 seconds 8.9 seconds 

User Logon Duration 

(Subsequent) 

18.6 seconds 4.1 seconds 

AAD Connect Sync Cycle 

Duration 

28.4 minutes 1.5 minutes 

AAD Connect Server CPU 

Utilization 

65% (During Sync) 12% 

 

The data clearly shows that in a baseline state, performance 

can be suboptimal, with synchronization cycles 

approaching the default 30-minute schedule and initial user 

logons taking a considerable amount of time. The 

subsequent experiments focused on isolating variables and 

measuring the impact of specific optimization techniques. 

Impact of Network Latency: One of the most significant 

factors identified was the network latency between the 

Azure AD Connect server and the domain controllers in the 

remote resource forests. As indicated by our analysis, 

there is a strong positive correlation between network 

latency and the duration of the synchronization cycle. 
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Figure 1: Correlation between Network Latency and AAD Connect Sync Cycle Duration 

 

[A line graph is presented here, titled "Figure 1: Correlation 

between Network Latency and AAD Connect Sync Cycle 

Duration." The x-axis, labeled "Network Latency (ms)," 

shows points at 20, 50, 100, and 150. The y-axis, labeled 

"Sync Cycle Duration (minutes)," shows corresponding data 

points for sync duration. A trend line is drawn through the 

points, illustrating a clear and strong positive linear 

relationship: as latency increases, the sync cycle takes 

proportionally longer.] 

When latency was increased to 150ms, simulating a 

connection to a geographically distant forest over a slow 

WAN link, the sync cycle duration more than doubled, 

exceeding the default 30-minute interval and leading to 

overlapping sync processes. 

Impact of Synchronization Scope Filtering: The second 

major optimization involved implementing granular OU 

filtering in the Azure AD Connect configuration. The 

baseline test synchronized all user and computer objects 

from all three forests. In the optimized test, the sync scope 

was limited to only the OUs containing active users and 

the specific devices intended for Hybrid Join. The results, 

shown in Table 2, were dramatic. 

 
Table 2: Performance Comparison Before and After Sync Scope Filtering (50ms Latency) 

 

Metric Baseline (All Objects) Optimized (Filtered 

OUs) 

Performance 

Improvement 

AAD Connect Sync 

Cycle Duration 

28.4 minutes 7.1 minutes 75% reduction 

AAD Connect Server 

CPU Utilization 

65% (During Sync) 22% (During Sync) 66% reduction 

 

Filtering the synchronization scope not only drastically 

reduced the sync cycle duration but also significantly 

lowered the processing overhead on the Azure AD 

Connect server. This allows for more frequent 
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synchronization, ensuring changes are propagated to the 

cloud much faster. 

Impact of SCP Configuration: Device registration time was 

found to be highly dependent on the correct configuration 

of the Service Connection Point (SCP). In an initial test 

where the SCP was only configured in the primary account 

forest (contoso.com), devices in the resource forests 

(fabrikam.com, wingtiptoys.com) took significantly longer 

to register. They had to fall back to a DNS-based discovery 

method, which was less efficient. After configuring the SCP 

in all three forests, the mean device registration time 

decreased by over 60%, from 12.5 minutes to 4.8 minutes. 

 
3.2. Qualitative Findings 

The thematic analysis of the twelve interviews with IT 

professionals yielded four primary themes that encapsulate 

the real-world challenges and successful strategies 

associated with managing Hybrid Azure AD Join in multi- 

forest environments. 

Theme 1: "A Labyrinth of Configuration": The Perceived 

Complexity of AAD Connect 

A universal sentiment among participants was the sheer 

complexity of configuring and managing Azure AD Connect 

in a multi-forest topology. Many described the initial setup 

as a "daunting" and "error-prone" process. One cloud 

architect stated, "The documentation tells you it's possible, 

but it doesn't prepare you for the intricacies of attribute 

flow and precedence rules across forests. We spent weeks 

troubleshooting why an attribute from one forest was 

incorrectly overwriting another." Participants frequently 

cited the custom synchronization rules as a major source of 

difficulty, requiring a deep understanding of the tool that 

goes far beyond a standard installation. 

Theme 2: "It's Always DNS": The Primacy of Foundational 

Infrastructure 

An overwhelming majority of interviewees emphasized that 

the root cause of many performance and reliability issues 

was not Azure AD itself, but foundational on-premises 

infrastructure, particularly DNS and network connectivity. 

An IT manager commented, "We wasted days blaming 

Microsoft and the Hybrid Join process. The problem turned 

out to be a misconfigured conditional forwarder that was 

causing intermittent name resolution failures to one of our 

resource forests. It’s always DNS." This theme highlights a 

critical disconnect where teams sometimes focus on the 

new cloud technology without ensuring the health and 

proper configuration of the underlying legacy systems upon 

which it depends. Low bandwidth and high latency between 

sites were also frequently cited as primary contributors to 

slow synchronization and authentication. 

Theme 3: "Flying Blind": The Challenge of End-to-End 

Monitoring 

Participants consistently expressed frustration with the 

lack of a single, unified tool for monitoring the end-to-end 

health of the Hybrid Join process. An administrator noted, 

"I have the Azure AD Connect Health dashboard, I have 

Windows event logs on the clients, I have performance 

counters on the server, and I have Azure AD sign-in logs. 

But nothing ties it all together. When a user says 'my login 

is slow,' it’s a massive manual effort to trace the entire 

authentication chain and find the bottleneck." This lack of 

holistic visibility forces administrators into a reactive, 

rather than proactive, posture, making troubleshooting a 

time-consuming forensic exercise. 

Theme 4: "Start Small, Filter Aggressively": The Value of 

Phased Rollouts and Strict Scoping 

When asked about successful strategies, the most 

common recommendations were to use a phased rollout 

approach and to be extremely aggressive with OU filtering. 

A senior system engineer advised, "Don't try to boil the 

ocean. Start with a small pilot group of users and devices 

from a single OU. Get it working perfectly for them, 

document everything, and then expand slowly. This saved 

us from a massive failure." Another participant echoed the 

importance of scoping: "Our initial impulse was to sync 

everything to be safe. It was a disaster. The sync server 

was constantly pegged, and the cycles never finished. We 

scaled back to only the OUs that absolutely needed to be 

in the cloud, and performance improved tenfold 

overnight." This theme underscores the importance of 

deliberate, incremental implementation and resisting the 

temptation to over-synchronize. 

 
3.3. Synthesis of Findings 

The quantitative and qualitative findings of this study are 

highly complementary and mutually reinforcing. The 

quantitative data provides empirical validation for the 

experiences described by the interview participants. For 

example, the measured 75% reduction in sync cycle 

duration achieved through OU filtering (Table 2) directly 

corresponds to the qualitative theme of "Filter 

Aggressively." Similarly, the strong correlation between 

network latency and sync duration (Figure 1) provides 

hard data to support the administrators' assertions that 

foundational network performance is a primary 

bottleneck ("It's Always DNS"). The difficulties in device 
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registration measured when the SCP was misconfigured 

align with the broader theme of configuration complexity 

("A Labyrinth of Configuration"). The collective evidence 

strongly suggests that the performance of Hybrid Azure AD 

Join in multi-forest environments is less a function of the 

cloud service itself and more a direct result of meticulous 

on-premises configuration, infrastructure health, and 

strategic implementation planning [53,54]. 

 
4. Discussion 

4.1. Interpretation of Findings 

The results of this study suggest that optimizing Hybrid 

Azure AD Join in a multi-forest environment is a multi- 

faceted challenge that extends far beyond the Azure portal. 

The findings collectively point to a central thesis: the 

performance and reliability of this critical hybrid identity 

bridge are fundamentally governed by the health of the on- 

premises Active Directory and network infrastructure, and 

the precision of the Azure AD Connect configuration. The 

cloud-side components of Azure AD were found to be highly 

performant and scalable; the bottlenecks consistently 

emerged at the intersection of the on-premises world and 

the synchronization service that connects it to the cloud. 

Our interpretation of the significant impact of network 

latency and sync scope filtering is that Azure AD Connect, 

while robust, is not a "magic bullet" that can overcome 

foundational architectural deficiencies. It is a data-moving 

engine that is highly sensitive to the efficiency of its data 

sources. Each object and attribute it must process, and 

every millisecond of latency in its queries to remote domain 

controllers, contributes to a cumulative performance cost. 

The administrative struggles reported in the interviews 

(Theme 1) are symptomatic of this reality. The tool's 

flexibility and power necessitate a high degree of technical 

expertise to wield effectively, especially when overriding 

default "express" settings for complex topologies like those 

seen in multi-forest deployments [42, 45]. 

The qualitative theme "It's Always DNS" is particularly 

telling. It reflects a classic pattern in IT where new, complex 

systems expose pre-existing weaknesses in foundational 

services. In the context of Hybrid Azure AD Join, the process 

relies on a seamless chain of service discovery and 

communication—from the client discovering the SCP, to the 

sync server querying multiple forests, to the device 

authenticating against Azure AD. A single weak link in this 

chain, such as slow or unreliable name resolution, can cause 

cascading failures or performance degradation that is 

difficult to diagnose, aligning with the "Flying Blind" theme. 

This lack of integrated, end-to-end monitoring is a 

significant product gap and a major source of operational 

friction for administrators. 

 
4.2. Implications for Practice 

The findings of this research translate into several 

actionable recommendations for organizations 

implementing or optimizing Hybrid Azure AD Join in multi- 

forest environments. These are not merely technical 

settings but strategic approaches to managing hybrid 

identity. 

Prioritize an Infrastructure Health Assessment: Before 

embarking on a Hybrid Azure AD Join project, 

organizations must conduct a thorough health check of 

their on-premises Active Directory forests. This should 

include validating AD replication, ensuring DNS is 

functioning correctly across all trusts, and analyzing 

network latency and bandwidth between all domain 

controllers and the proposed location for the Azure AD 

Connect server. Correcting underlying issues here is a 

prerequisite for success. 

Adopt a "Least-Privilege" Approach to Synchronization: 

The principle of least privilege should be extended to 

object synchronization. Instead of syncing entire forests, 

administrators must meticulously plan and implement 

OU-based filtering. Sync only the users, groups, and 

devices that require a hybrid identity. This "opt-in" model, 

as opposed to an "opt-out" model, drastically reduces the 

load on the sync server, shortens sync cycles, and 

simplifies troubleshooting, as validated by our 

quantitative results. 

Strategic Placement of Azure AD Connect Servers: The 

Azure AD Connect server should not be an afterthought. It 

is a Tier 0 asset. It should be placed in a network location 

that has low-latency, reliable connectivity to domain 

controllers in all synchronizing forests. For globally 

distributed organizations, this may even warrant 

considering a more complex controller placement strategy 

[47], although a single, well-placed server is often 

sufficient and simpler to manage. 

Implement a Phased and Monitored Rollout: 

Organizations should resist a "big bang" approach. A pilot- 

based rollout, starting with a small, technically savvy 

group of users, is crucial. This allows the IT team to identify 

and resolve unforeseen issues in a controlled manner. 

Throughout the pilot and subsequent phases, a clear 

monitoring plan should be in place, capturing the KPIs 

identified in this study (logon time, registration success, 
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etc.) to objectively measure the impact and ensure a 

positive user experience. 

Invest in Automation and Custom Tooling: Given the 

identified gaps in end-to-end monitoring, organizations 

should invest in developing custom PowerShell scripts or 

utilizing third-party tools to automate the health checking 

of the entire authentication and registration chain. This 

proactive monitoring is essential for moving from a reactive 

to a proactive management posture, improving system 

reliability in line with established best practices [7, 24]. 

 
4.3. Limitations of the Study 

While this study provides valuable insights, it is important 

to acknowledge its limitations. First, the quantitative 

analysis was conducted in a simulated lab environment. 

Although designed to be realistic, it cannot replicate the 

infinite variability and "messiness" of all real-world 

production environments, which may have unique legacy 

configurations, third-party software integrations, or 

different network characteristics. The specific performance 

numbers reported should be seen as indicative rather than 

absolute benchmarks. 

Second, the qualitative data was drawn from a relatively 

small sample of twelve participants. While their 

experiences provided rich, consistent themes, they may not 

be representative of all organizations. A larger, more 

diverse sample could reveal additional challenges or 

alternative optimization strategies. 

Finally, this study focused primarily on the performance 

aspects of the initial join and ongoing synchronization. It did 

not delve deeply into other related areas, such as the 

performance implications of specific Conditional Access 

policies or the user experience with passwordless 

authentication methods in a hybrid-joined state. 

 
4.4. Recontextualizing Hybrid Join Performance within the 

Zero Trust Paradigm 

The optimization of Hybrid Azure AD Join, as detailed in this 

study, is often framed in terms of operational efficiency and 

user experience. While these are critical business drivers, 

viewing the performance metrics solely through this lens 

overlooks a more profound implication: the role of the 

hybrid-joined device as a foundational element in modern, 

identity-centric security architectures, specifically those 

aligned with the Zero Trust model. The transition from a 

traditional, perimeter-based security posture to a Zero 

Trust framework fundamentally alters the meaning and 

importance  of  device  identity  and  health,  thereby 

recontextualizing our findings from a simple matter of 

speed to a critical enabler of security efficacy. 

 
4.4.1. From Implicit Trust to Explicit Verification: The Zero 

Trust Mandat 

Traditional enterprise security was built upon a "castle- 

and-moat" philosophy. Resources were inside the trusted 

corporate network (the castle), and threats were outside. 

A device connected to this network, authenticated by an 

on-premises Active Directory domain controller, was 

granted a significant degree of implicit trust [42]. Hybrid 

Azure AD Join, in its simplest form, extends a shade of this 

trust to the cloud. However, the Zero Trust model 

aggressively dismantles this paradigm. Coined from the 

principle of "never trust, always verify," Zero Trust 

operates on the assumption that a breach is inevitable or 

has already occurred. Consequently, no user or device is 

trusted by default, regardless of its location or network 

[11]. Every access request must be explicitly verified based 

on a dynamic assessment of multiple data points, 

including user identity, device health, location, and the 

sensitivity of the requested resource [1, 6]. 

In this model, the hybrid-joined device ceases to be a 

merely "managed" asset and becomes a primary source of 

signals for risk assessment. Its status—whether it is 

compliant with corporate policy, encrypted, free of 

malware, and up-to-date—is no longer a static attribute 

checked at login. It is a dynamic state that must be 

continuously evaluated to inform real-time access 

decisions. This is where the performance of the underlying 

hybrid infrastructure becomes paramount. The speed and 

reliability of device registration, state synchronization, and 

authentication are directly proportional to an 

organization's ability to implement a true Zero Trust 

strategy. 

 
4.4.2. Performance Bottlenecks as Security Gaps: The 

Concept of "State Latency" 

Our quantitative findings revealed that in a non-optimized 

multi-forest environment, the Azure AD Connect 

synchronization cycle could take nearly 30 minutes (Table 

1), and device registration could take over 12 minutes. 

When viewed through a security lens, this is not merely a 

performance issue; it is a critical security vulnerability we 

term "state latency." 

Consider a scenario where a device on the corporate 

network becomes compromised. An endpoint detection 

and response (EDR) system identifies the threat and flags 
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the device as non-compliant. In a hybrid environment, this 

compliance state change must be communicated from the 

on-premises management tool (like Microsoft Endpoint 

Configuration Manager) or a cloud tool (like Microsoft 

Intune) to Azure AD. This updated state is then used by 

Azure AD Conditional Access policies to block the 

compromised device from accessing sensitive cloud 

applications [30]. 

The total time taken for this entire process to complete— 

from detection to enforcement—is the state latency. If the 

Azure AD Connect synchronization cycle is the bottleneck, 

as our data shows it often is, there exists a window of 

vulnerability. For the duration of that 28.4-minute sync 

cycle, the compromised device, while known to be 

unhealthy by the EDR tool, is still considered "compliant" by 

Azure AD. During this window, an attacker could 

successfully exfiltrate data from cloud applications because 

the central policy engine is operating on stale information. 

Our optimization techniques, which reduced the sync cycle 

duration to just over 7 minutes through aggressive filtering 

(Table 2), directly translate to a 75% reduction in this 

window of vulnerability. This demonstrates that 

performance optimization is not just about making logins 

faster for users; it is a fundamental practice in risk 

reduction. An organization cannot claim to "always verify" 

if its verification data is up to 30 minutes old. The pursuit of 

ultra-low latency, a concept often discussed in the context 

of network services [31], is equally applicable to identity 

synchronization in a Zero Trust world. The goal must be to 

minimize state latency to as close to real-time as possible, a 

principle echoed in the design of modern protection 

systems [4]. 

 
4.4.3. The Friction Between Legacy Architecture and Zero 

Trust Principle 

The qualitative findings, particularly the themes of "A 

Labyrinth of Configuration" and "It's Always DNS," highlight 

a deep-seated friction between the architectural realities of 

multi-forest Active Directory and the core tenets of Zero 

Trust. Active Directory was designed for a high-trust, 

perimeter-secured world. Its reliance on complex trust 

relationships, domain-local security groups, and protocols 

like Kerberos and NTLM, while robust for their time, create 

dependencies that can be challenging to secure in a 

perimeter-less model [42]. 

Hybrid Azure AD Join is the technological bridge designed 

to span this architectural chasm, but the bridge itself rests 

on these legacy foundations. When an administrator 

struggles with cross-forest name resolution or complex 

attribute flow rules, they are grappling with the 

impedance mismatch between two security philosophies. 

The Zero Trust model advocates for simplifying and 

centralizing the identity control plane [11]. However, a 

multi-forest hybrid environment is inherently 

decentralized and complex. The Azure AD Connect server 

becomes a critical, high-value target because it is the 

consolidation point for all this complexity. A compromise 

of this single server could have devastating consequences 

for the entire identity fabric. 

Furthermore, the "assume breach" principle of Zero Trust 

requires organizations to build resilient systems that can 

withstand the failure or compromise of individual 

components [7, 24]. The dependencies of Hybrid Join on 

on-premises domain controllers for certain authentication 

flows (e.g., in a Pass-through Authentication scenario) can 

create single points of failure. If a WAN link to a remote 

resource forest goes down, not only does synchronization 

suffer (as shown in our quantitative data), but users and 

devices from that forest may be unable to acquire the 

necessary authentication tokens to access cloud 

resources, even if their direct internet connection is 

healthy. This reliance on on-premises components for 

cloud access runs counter to the goal of building a 

resilient, cloud-first architecture. 

 
4.4.4. Hybrid Join as a Transitional State on the Zero Trust 

Journey 

Given these challenges, it is crucial for organizations to 

view Hybrid Azure AD Join not as a final destination, but as 

a critical and necessary transitional phase on a longer 

journey toward a more mature Zero Trust posture. It 

provides an indispensable pathway for legacy devices to 

participate in modern identity and security controls, such 

as Conditional Access and MFA [15, 44]. For the vast 

majority of large enterprises, a "flash cut" to a fully cloud- 

native endpoint model is simply not feasible due to legacy 

applications, GPO dependencies, and other deeply 

integrated on-premises services. 

Therefore, the optimization strategies detailed in this 

study are the tools that make this transition phase 

manageable, secure, and efficient. By meticulously 

managing the synchronization scope, ensuring 

foundational infrastructure health, and strategically 

configuring the hybrid environment, organizations can 

successfully leverage Hybrid Join to immediately improve 

their  security  posture.  They  can  enforce  strong 



FECSIT, (2025) 

11 https://irjernet.com/index.php/fecsit 

 

 

authentication and device compliance policies on their 

existing fleet of domain-joined machines, effectively 

extending the security perimeter to every device. 

However, the long-term strategic goal should be a gradual 

migration towards a fully Azure AD Joined model for 

endpoints where possible. Azure AD Joined devices are 

registered directly with Azure AD without an on-premises 

AD dependency. This model represents a purer 

implementation of Zero Trust principles for endpoints. 

Device identity, state, and management are all cloud- 

native, eliminating the entire category of problems related 

to multi-forest complexity, synchronization latency, and on- 

premises infrastructure dependencies discussed in this 

paper. This cloud-native approach simplifies the 

architecture, significantly reduces the attack surface, and 

allows for more agile and direct management via cloud 

tools, better aligning with the broader trends of IT 

transformation [27, 35]. 

In conclusion, the performance of Hybrid Azure AD Join is 

inextricably linked to an organization's Zero Trust 

ambitions. The bottlenecks and latencies identified are not 

mere inconveniences; they are security gaps that 

undermine the principle of continuous, real-time 

verification. By implementing the optimization strategies 

outlined, organizations can shrink these gaps, making their 

transitional hybrid state more secure. Simultaneously, they 

must recognize that this optimization effort is in service of 

a larger goal: the eventual move towards a simpler, more 

secure, and truly cloud-native identity and endpoint 

management model. The journey from on-premises AD to a 

Zero Trust future is a marathon, and Hybrid Azure AD Join, 

when properly optimized, is the most critical and effective 

leg of that race. 

 
4.5. Avenues for Future Researc 

The findings and limitations of this study open up several 

promising avenues for future research. 

Performance Benchmarking at Scale: Future studies could 

aim to collect and analyze performance data from a large 

number of real-world production environments. This would 

allow for the development of more robust performance 

benchmarks and the use of predictive analytics [25] to 

identify configurations that are likely to lead to poor 

performance. 

AI and AIOps for Hybrid Identity Management: There is 

significant potential for applying Artificial Intelligence (AI) 

and machine learning to the problem of monitoring and 

managing hybrid identity systems [14]. Future research 

could explore the development of AIOps platforms that 

can ingest telemetry from on-premises AD, Azure AD 

Connect, and Azure AD to automatically detect anomalies, 

predict performance degradation, and even suggest 

remedial actions. 

Comparative Analysis of Identity Models: A comparative 

performance analysis of Hybrid Azure AD Join versus a full 

"Azure AD Joined" model (for devices that are not domain- 

joined) in different organizational contexts could provide 

valuable guidance for enterprises planning their future 

client management strategy. This would help 

organizations make data-driven decisions about the best 

path forward for their device fleet. 

 
5. Conclusio 

5.1. Summary of Key Findings 

This study investigated the performance challenges of 

Hybrid Azure AD Join in complex, multi-forest Active 

Directory environments. Through a mixed-methods 

approach, we identified several critical factors that govern 

the efficiency, reliability, and security of these hybrid 

identity systems. Our quantitative analysis demonstrated 

that network latency between sites and the scope of 

object synchronization are primary predictors of 

performance, with unfiltered synchronization leading to 

excessive processing times and resource utilization. Our 

qualitative findings reinforced this, revealing that IT 

professionals consistently struggle with configuration 

complexity, foundational infrastructure weaknesses, and a 

lack of end-to-end monitoring, forcing them into a reactive 

troubleshooting posture. The synthesis of these findings 

points to an overarching conclusion: successful 

optimization hinges on meticulous planning, a healthy on- 

premises foundation, and a disciplined, minimalist 

approach to synchronization. 

 
5.2. Contribution to the Field 

This research contributes a practical, evidence-based 

framework to the under-researched area of hybrid 

identity performance optimization. It moves beyond 

standard implementation guides to provide a nuanced 

analysis of the architectural and operational factors that 

dictate success in complex enterprise environments. 

Furthermore, by framing performance metrics within the 

context of the Zero Trust security model, this paper 

highlights the critical link between operational efficiency 

and security efficacy, defining the concept of "state 

latency" as a tangible security risk. The recommendations 
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provided offer actionable guidance for practitioners to 

improve user experience, reduce administrative burden, 

and, most importantly, strengthen their organization's 

security posture during the critical transition to a modern, 

cloud-centric identity platform. 

 
5.3. Concluding Remarks 

The journey to the cloud is not a simple migration of data 

and services; it is a fundamental re-architecting of identity, 

the very foundation of enterprise IT. Hybrid Azure AD Join 

serves as an essential bridge on this journey, connecting the 

legacy of on-premises Active Directory to the future of 

cloud-native identity. However, a bridge is only as strong as 

its foundations. As organizations navigate this transition, 

they must not mistake the bridge for the destination. By 

focusing on the optimization strategies outlined—ensuring 

infrastructure health, limiting complexity, and monitoring 

diligently—they can ensure the journey is smooth and 

secure, ultimately paving the way for a future state that is 

simpler, more resilient, and built for the security challenges 

of the modern era. 
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