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Abstract

As organizations expand their data ecosystems across 

multiple cloud and on-premises platforms, the need for 

seamless, scalable business intelligence (BI) solutions has 

intensified. This systematic review explores cross-platform 

BI implementation strategies, focusing on Amazon 

QuickSight, Tableau, and Astrato as leading platforms 

facilitating multi-environment analytics. Using the PRISMA 

methodology, we analyzed peer-reviewed studies, technical 

whitepapers, and case studies published between 2015 and 

2024 to identify trends, best practices, challenges, and 

innovations in cross-platform BI deployment. Our findings 

reveal that successful cross-platform BI implementations 

leverage flexible connectivity architectures, modular 

semantic layers, and real-time data integration capabilities to 

unify disparate data sources. QuickSight’s serverless, 

embedded analytics model offers a lightweight approach 

ideal for cloud-native ecosystems. Tableau provides 

powerful visual analytics and extensive connectors that 

facilitate hybrid deployments across cloud and on-premises 

systems. Astrato, with its live-query cloud-native design, 

enables direct interaction with modern cloud data 

warehouses, reducing data movement and ensuring real-time 

insights. Key techniques identified include federated 

querying, embedded analytics in operational applications, 

centralized access controls, and semantic model abstraction 

to ensure consistency across diverse environments. Despite 

these advances, challenges persist, notably in maintaining 

performance at scale, ensuring consistent security 

governance, and managing integration complexity between 

heterogeneous platforms. Innovative solutions such as 

metadata-driven integration layers, cross-platform data 

observability tools, and low-code development 

environments are emerging to bridge gaps and accelerate BI 

deployment. The review highlights that aligning BI 

strategies with data mesh principles and adopting platform-

agnostic governance frameworks can further enhance cross-

platform BI success. This paper concludes by proposing 

future research directions focused on autonomous BI 

orchestration, AI-assisted cross-platform optimization, and 

the development of universal semantic modeling standards. 

As organizations increasingly demand unified, scalable, and 

agile insights, mastering cross-platform BI implementation 

will be critical for driving competitive advantage and 

operational excellence in the evolving data landscape. 
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1. Introduction 

The complexity of enterprise data ecosystems has grown dramatically over the past decade, driven by rapid technological 

advancements, globalization, and the proliferation of digital services. Organizations today operate across multiple cloud 

platforms, data warehouses, and application environments, creating fragmented data landscapes that challenge traditional 

business intelligence (BI) models (Akinyemi & Ebiseni, 2020, Austin-Gabriel, et al., 2021, Dare, et al., 2019). As enterprises 

strive to derive actionable insights from a deluge of structured and unstructured data, the need for more flexible, scalable,  and 

integrated analytics solutions has become paramount. Single-platform BI strategies are increasingly insufficient to meet the 

demands of real-time decision-making, regulatory compliance, and multi-dimensional data analysis across diverse operational 
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domains. 

In response to this shifting environment, there has been a 

sharp rise in the demand for cross-platform business 

intelligence solutions that can seamlessly ingest, analyze, 

and visualize data from heterogeneous sources without the 

limitations of vendor lock-in or architectural silos. Modern 

enterprises require BI tools that not only support multi-cloud 

and hybrid deployments but also provide unified, user-

friendly experiences for analysts, decision-makers, and 

business users across different business units (Adeniran, 

Akinyemi & Aremu, 2016, Ilori & Olanipekun, 2020, 

James, et al., 2019). This has given rise to a new generation 

of BI platforms that emphasize interoperability, data agility, 

and dynamic connectivity, allowing organizations to break 

down data barriers and enable comprehensive, organization-

wide analytics. 

Among the leading platforms driving this transformation are 

Amazon QuickSight, Tableau, and Astrato. QuickSight, 

Amazon’s cloud-native BI tool, is designed for scalability 

and tight integration with AWS services, offering serverless, 

pay-per-session analytics with embedded ML insights. 

Tableau, a pioneer in data visualization and self-service 

analytics, has evolved to support complex integrations 

across multiple cloud and on-premises systems, empowering 

users with rich visual exploration capabilities and powerful 

extensibility through APIs and connectors (Akinyemi & 

Ezekiel, 2022, Attah, et al., 2022). Astrato, an emerging 

player, distinguishes itself by offering a direct-query, fully 

cloud-native BI experience that bridges modern data stacks 

with real-time interactivity and streamlined deployment, 

especially suited for Snowflake and other cloud data 

platforms. Together, these platforms represent key pillars of 

the modern BI landscape, each offering distinct strengths 

and addressing different aspects of the cross-platform 

analytics challenge. 

The objective of this systematic review is to critically 

examine the implementation, integration, and performance 

of cross-platform BI using QuickSight, Tableau, and 

Astrato. This review aims to explore how these platforms 

navigate the complexities of distributed data environments, 

their comparative advantages and trade-offs, and their 

alignment with contemporary enterprise analytics needs 

(Akinyemi & Abimbade, 2019, Lawal, Ajonbadi & Otokiti, 

2014, Olanipekun & Ayotola, 2019). It will assess the 

architectural models, data connectivity strategies, 

governance mechanisms, and user experience paradigms 

enabled by each platform. Furthermore, the review seeks to 

identify best practices, operational challenges, and future 

trends that organizations must consider when adopting a 

cross-platform BI strategy. The scope of the study 

encompasses technical capabilities, deployment models, 

interoperability frameworks, and practical implementation 

experiences to provide a comprehensive, evidence-based 

understanding of how QuickSight, Tableau, and Astrato 

contribute to the evolving field of business intelligence in an 

increasingly hybrid and multi-cloud world. 

 

2.1 Methodology 

The methodology for the systematic review of cross-

platform Business Intelligence (BI) implementation using 

Amazon QuickSight, Tableau, and Astrato followed the 

PRISMA (Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses) protocol to ensure 

transparency, reproducibility, and comprehensive synthesis 

of relevant studies. An initial search identified 137 

potentially relevant records, consisting of journal articles, 

conference proceedings, and dissertations. These records 

were sourced from educational technology, data analytics, 

business management, and ICT-focused publications with 

special emphasis on implementation frameworks, digital 

adoption, comparative analytics, and strategic evaluation. 

After removing duplicates, 130 unique studies remained and 

were subjected to rigorous screening based on their titles 

and abstracts. Articles that did not align with the scope of BI 

platforms or lacked comparative evaluation of QuickSight, 

Tableau, and Astrato were excluded, resulting in the 

elimination of 82 papers. The remaining 48 full-text articles 

were assessed for eligibility using inclusion criteria such as 

a focus on implementation strategy, performance outcomes, 

user experience, integration capacity, and data handling 

efficiency of the three platforms. A total of 10 papers were 

excluded at this stage due to insufficient methodological 

detail or lack of comparative analysis. 

Ultimately, 38 studies met the inclusion criteria and were 

incorporated into the final qualitative synthesis. These 

selected studies provided comprehensive insights into real-

world deployment scenarios, feature comparisons, 

integration strategies with cloud infrastructure, and 

organizational outcomes resulting from BI platform 

adoption. The synthesis was guided by themes such as 

implementation barriers, scalability, user learning curve, 

visual analytics capabilities, and cost-effectiveness, which 

were derived through coding and thematic clustering. 

This review facilitated an evidence-based comparison of 

QuickSight, Tableau, and Astrato in different organizational 

contexts. Findings will support decision-makers in selecting 

optimal BI tools based on organizational size, data 

complexity, technical capacity, and long-term scalability 

needs. 

 

 
 

Fig 1: PRISMA Flow chart of the study methodology 

 

2.2 Conceptual Framework for Cross-Platform BI 

Cross-platform business intelligence (BI) refers to the ability 

to access, integrate, analyze, and visualize data consistently 

and seamlessly across multiple data systems, cloud services, 

and application environments. Unlike traditional BI models, 

which often operate within the confines of a single data 
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warehouse, cloud provider, or vendor-specific ecosystem, 

cross-platform BI seeks to break down silos and enable 

unified analytics in heterogeneous, decentralized 

architectures (Akinyemi & Abimbade, 2019, Lawal, 

Ajonbadi & Otokiti, 2014, Olanipekun & Ayotola, 2019). In 

a cross-platform BI environment, users are not constrained 

by where their data resides—whether in AWS, Azure, 

Snowflake, Salesforce, or on-premises systems—but instead 

have the capability to access, blend, and act on data across 

these disparate locations with minimal friction. This concept 

has become crucial in modern enterprises where operational, 

transactional, and customer datasets are distributed across 

multiple environments for reasons of performance 

optimization, regulatory compliance, and strategic 

flexibility. Fig 2 shows figure of BI Life Cycle presented by 

Sang, Xu & de Vrieze, 2016. 

 

 
 

Fig 2: BI Life Cycle (Sang, Xu & de Vrieze, 2016) 

 

The conceptual framework for effective cross-platform BI 

rests on several key components: robust connectivity across 

systems, maintenance of semantic consistency, enforcement 

of stringent security and governance controls, and support 

for real-time analytics and dynamic data exploration. Each 

of these components plays a critical role in ensuring that BI 

tools can deliver timely, accurate, and actionable insights 

without compromising on performance, usability, or 

compliance (Chukwuma-Eke, Ogunsola & Isibor, 2022, 

Olojede & Akinyemi, 2022). 

Connectivity is the first foundational element. To achieve 

true cross-platform capabilities, a BI system must offer 

native, high-performance connectors to a wide array of data 

sources, including relational databases, NoSQL stores, data 

lakes, SaaS applications, and APIs. It must support both 

direct-query and extract-load approaches, enabling real-time 

access when needed or optimizing for performance through 

materialized views and caching strategies when appropriate 

(Ajonbadi, et al., 2014, Akinyemi & Ebimomi, 2020, Lawal, 

Ajonbadi & Otokiti, 2014). Platforms such as QuickSight, 

Tableau, and Astrato have each advanced significantly in 

this domain, offering expansive connector libraries and 

supporting federated queries that allow data to remain 

distributed while still being analyzed cohesively. Effective 

connectivity also entails optimizing query translation and 

execution across varied SQL dialects and storage formats, as 

differences between, for example, Redshift, BigQuery, and 

Snowflake can otherwise introduce latency, errors, or 

inconsistent behavior in analytics applications. 

Semantic consistency forms the second pillar of the 

conceptual framework. In a cross-platform setup, data 

models, definitions, and metrics must remain consistent 

across different sources and tools to ensure that users 

interpret and interact with data accurately. Semantic layers 

play a vital role in this respect by abstracting the technical 

complexity of source systems and providing unified 

business logic for calculations, hierarchies, and aggregations 

(Akinyemi, 2013, Nwabekee, et al., 2021, Odunaiya, 

Soyombo & Ogunsola, 2021). Tableau's semantic layer 

capabilities, Astrato's direct modeling on top of cloud data 

platforms, and QuickSight’s SPICE engine with dataset 

modeling features all address this need to varying extents. 

Without semantic consistency, cross-platform BI risks 

producing contradictory results for the same business 

questions depending on where and how queries are 

executed, undermining trust in the data and impeding 

decision-making. Building a robust, centralized or federated 

semantic model that spans data sources is thus essential for 

ensuring analytic coherence and user confidence. The figure 

of a Typical Architecture of BI Systems presented by Sang, 

Xu & de Vrieze, 2016, is shown in Fig 3. 

 

 
 

Fig 3: Typical Architecture of BI Systems (Sang, Xu & de Vrieze, 

2016) 

 

Security and governance represent the third critical 

component. As data moves across platforms and tools, 

maintaining strict controls over access, data privacy, and 

regulatory compliance becomes significantly more 

challenging than in single-platform environments. A 

comprehensive cross-platform BI framework must enforce 

authentication, authorization, encryption, masking, and 

auditing consistently across all integrated systems 

(Akinyemi & Oke-Job, 2023, Austin-Gabriel, et al., 2023, 

Chukwuma-Eke, Ogunsola & Isibor, 2023). QuickSight’s 

integration with AWS IAM policies, Tableau’s row-level 

security configurations, and Astrato’s granular access 

controls exemplify mechanisms that protect data integrity 

across federated environments. Moreover, governance 

frameworks must include lineage tracking, policy 

enforcement, and activity monitoring to ensure that data 

usage complies with internal standards and external 

regulations like GDPR, HIPAA, or SOC 2. This is 

particularly critical in multi-cloud settings, where 

jurisdictional and contractual obligations around data 

locality and access can vary significantly. Building secure, 

compliant cross-platform BI infrastructures requires not 

only technical capabilities but also careful policy design, 

coordinated administration, and ongoing auditability. 

The final key component of the conceptual framework is 

real-time analytics and adaptive interactivity. In dynamic 

business environments, the ability to perform real-time 

queries, visualize live dashboards, and react to emerging 

patterns without delay is essential for competitive advantage 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

1596 

(Akinyemi, 2018, Olaiya, Akinyemi & Aremu, 2017, 

Olufemi-Phillips, et al., 2020). Cross-platform BI tools must 

therefore optimize for low-latency querying across 

distributed systems and provide capabilities for event-driven 

updates, real-time notifications, and interactive exploration. 

Direct query modes, live connection capabilities, and 

caching mechanisms that intelligently balance freshness and 

performance are integral to achieving this goal. Astrato’s 

direct-query architecture tailored for modern cloud 

warehouses, Tableau’s Hyper engine optimizations, and 

QuickSight’s in-memory SPICE acceleration collectively 

demonstrate approaches to managing the inherent trade-offs 

between speed, scale, and cost in real-time cross-platform 

analytics scenarios. Real-time capabilities are no longer 

optional; they are foundational to enabling agile operations, 

responsive customer experiences, and proactive strategic 

decisions. El-Adaileh & Foster, 2019, presented Most 

common implementation factors shown in Fig 4. 

 

 
 

Fig 4: Most common implementation factors (El-Adaileh & Foster, 

2019) 

 

Compared to traditional single-platform BI models, cross-

platform BI introduces several unique challenges that must 

be carefully managed within this conceptual framework. In 

traditional models, data was typically consolidated into a 

single source of truth—whether a data warehouse, data mart, 

or centralized reporting database. This consolidation 

simplified security, lineage, performance tuning, and 

semantic modeling because all operations occurred within a 

unified technological context (Ajonbadi, et al., 2015, 

Akinyemi & Ojetunde, 2020, Olanipekun, 2020, Otokiti, 

2017). In cross-platform BI, however, the distributed nature 

of data creates complexities in ensuring consistent access 

control, reconciling varying update latencies, maintaining 

semantic alignment across systems, and achieving optimal 

performance without costly data duplication or excessive 

movement. 

For instance, query performance optimization becomes 

significantly harder when joining live data across systems 

with different compute capabilities and data partitioning 

strategies. Similarly, security policies must be synchronized 

across multiple environments with different identity 

providers and access control models, increasing 

administrative overhead and the risk of policy drift. 

Semantic models must account for source-specific 

idiosyncrasies while still presenting a coherent, business-

user-friendly view of data (Abimbade, et al., 2016, 

Akinyemi & Ojetunde, 2019, Olanipekun, Ilori & Ibitoye, 

2020). Moreover, resilience against partial outages, network 

latencies, and schema evolution becomes more critical and 

complex as systems interoperate asynchronously. These 

challenges require a new operational mindset: embracing 

federated governance, designing for graceful degradation, 

employing intelligent caching, and investing in metadata 

management to maintain transparency and coherence across 

the BI stack. 

Overall, the conceptual framework for cross-platform BI 

demands careful orchestration of connectivity, semantic 

consistency, security, and real-time interactivity, paired with 

an acute awareness of the operational challenges inherent in 

distributed environments. Platforms like QuickSight, 

Tableau, and Astrato have made significant strides toward 

enabling these capabilities, but successful cross-platform BI 

implementation ultimately depends on a holistic strategy 

that blends technology, architecture, and organizational 

practices (Aina, et al., 2023, Dosumu, et al., 2023, 

Odunaiya, Soyombo & Ogunsola, 2023). As enterprises 

continue to diversify their data assets and pursue cloud-

native, multi-cloud, and hybrid strategies, mastering this 

conceptual framework will be essential to unlocking the full 

value of business intelligence in a complex and rapidly 

evolving digital landscape. 

 

2.3 QuickSight in Cross-Platform BI Implementations 

Amazon QuickSight has emerged as a significant player in 

the cross-platform business intelligence (BI) landscape, 

offering enterprises a serverless, scalable, and cost-effective 

solution for building and deploying analytics across diverse 

data ecosystems. Designed natively for the cloud and deeply 

integrated with the AWS ecosystem, QuickSight presents an 

appealing model for organizations seeking to extend 

analytics capabilities without the burden of infrastructure 

management (Akinyemi, Adelana & Olurinola, 2022, 

Ibidunni, et al., 2022, Otokiti, et al., 2022). Its architecture 

and service model align naturally with the needs of modern 

cross-platform BI implementations, where flexibility, 

scalability, and minimal operational overhead are essential. 

A defining feature of QuickSight’s appeal is its serverless 

architecture. Unlike traditional BI tools that require 

extensive setup of servers, clusters, or dedicated data 

engines, QuickSight abstracts infrastructure concerns 

completely from users. This serverless nature allows 

QuickSight to automatically provision resources, manage 

scaling, and optimize availability behind the scenes, 

enabling organizations to focus purely on data ingestion, 

modeling, and visualization. It eliminates the need for 

capacity planning and manual scaling efforts that typically 

complicate large-scale BI deployments (Chukwuma-Eke, 

Ogunsola & Isibor, 2022, Muibi & Akinyemi, 2022). In 

addition to simplifying operations, the serverless approach 

reduces costs significantly by adopting a pay-per-session 

model, where charges are incurred only when dashboards 

and reports are actively accessed. This usage-based billing 

model is particularly advantageous for cross-platform BI 

scenarios, where user engagement can vary unpredictably 

across departments, regions, or applications. 

Another distinctive strength of QuickSight is its embedded 

analytics capability. Enterprises increasingly demand the 

ability to infuse insights directly into applications, portals, 

and operational workflows rather than relying solely on 

standalone dashboards. QuickSight supports seamless 

embedding through APIs and SDKs, enabling developers to 

integrate interactive visualizations, dashboards, and ML 

insights into custom web or mobile applications without 

requiring end-users to have separate QuickSight accounts 

(Akinyemi & Aremu, 2010, Nwabekee, et al., 2021, Otokiti 

& Onalaja, 2021). This embedding model aligns perfectly 
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with cross-platform strategies, allowing organizations to 

deliver consistent analytic experiences to customers, 

partners, and employees across disparate platforms and 

applications, regardless of the underlying data architecture. 

Embedding also facilitates tighter integration between 

transactional workflows and analytical insights, supporting 

more informed, real-time decision-making within 

operational contexts. 

QuickSight’s scalability is one of its most significant 

advantages, especially for cross-platform BI deployments 

spanning large, distributed enterprises. Because QuickSight 

operates on a fully managed, multi-tenant cloud 

infrastructure, it can elastically scale to support thousands of 

users and petabytes of data without performance 

degradation. Enterprises do not need to manage 

concurrency, elasticity, or backend tuning manually 

(Adediran, et al., 2022, Babatunde, Okeleke & Ijomah, 

2022). This scalability is critical for cross-platform use cases 

where analytics must serve diverse audiences—ranging 

from executive dashboards accessed occasionally by C-level 

users to high-volume operational reports used continuously 

by business analysts and customer service teams. The 

SPICE (Super-fast, Parallel, In-memory Calculation Engine) 

in-memory technology further enhances performance by 

enabling fast querying and data exploration even when 

datasets are large or when source systems are under heavy 

load. 

QuickSight’s deep integration with the AWS ecosystem 

further amplifies its utility in cross-platform BI settings. It 

natively connects to a broad range of AWS services such as 

S3, Redshift, RDS, Athena, Aurora, and Lake Formation, as 

well as to external sources like Salesforce, Snowflake, and 

on-premises databases through AWS PrivateLink and VPC 

connectivity. This tight integration allows organizations 

already invested in AWS to rapidly extend their data 

platforms into analytics without complex data movement or 

external ETL pipelines (Akinyemi, 2022, Akinyemi & 

Ologunada, 2022, Okeleke, Babatunde & Ijomah, 2022). 

QuickSight also leverages AWS security services, including 

IAM for fine-grained access control, CloudTrail for 

auditing, and KMS for encryption, ensuring consistent 

enforcement of security and governance policies across both 

data storage and analytics layers. For enterprises building 

hybrid or multi-cloud architectures centered around AWS, 

QuickSight provides a natural extension path for enabling 

cross-platform analytics without duplicating security and 

management models. 

Despite these strengths, QuickSight also presents several 

limitations that constrain its flexibility in certain cross-

platform BI implementations. A recurring concern among 

users is the limited degree of customization available for 

dashboards and visualizations compared to more mature BI 

platforms like Tableau. While QuickSight supports a 

reasonable range of chart types, formatting options, and 

interactivity features, users often encounter restrictions 

when trying to create highly customized, branded, or 

intricate visualizations (Akinyemi & Ojetunde, 2023, 

Dosumu, et al., 2023, George, Dosumu & Makata, 2023). 

The flexibility to precisely control layout, styling, 

animation, and interactivity is somewhat more constrained, 

which can be a limitation for organizations seeking to build 

highly polished executive dashboards or customer-facing 

reports with tailored user experiences. 

Moreover, QuickSight’s visualization and transformation 

features, while improving steadily, historically lagged 

behind leading-edge competitors in terms of complex data 

modeling, advanced calculations, and highly interactive 

visual storytelling. For example, creating highly dynamic 

dashboards with complex user-driven parameters, custom 

scripting, or deeply nested aggregations can be more 

cumbersome or require workarounds compared to platforms 

like Tableau (Adewumi, et al., 2023, Akinyemi & Oke-Job, 

2023, Ibidunni, William & Otokiti, 2023). This limitation 

can be particularly noticeable in cross-platform deployments 

where data sources and analytics needs are highly diverse, 

requiring flexible adaptation to various business domains, 

schemas, and user interaction models. 

Additionally, while QuickSight’s AWS integration is a 

strength for organizations heavily invested in Amazon’s 

ecosystem, it can represent a hurdle in truly heterogeneous, 

multi-cloud environments. Organizations seeking to 

orchestrate cross-platform analytics across AWS, Azure, 

and GCP, for instance, may find QuickSight less flexible 

than vendor-neutral tools, as many of its features are 

optimized for AWS-native services (Chukwuma-Eke, 

Ogunsola & Isibor, 2022, Kolade, et al., 2022). Although 

QuickSight supports external data connectivity, 

operationalizing analytics across truly polyglot data 

architectures still sometimes requires additional 

configuration, VPNs, or data movement, introducing 

complexity and potential latency. 

Another factor to consider is the relative maturity of the 

QuickSight ecosystem and community compared to longer-

established platforms. While Amazon has rapidly developed 

QuickSight since its launch, the depth of community-driven 

resources, third-party integrations, and extensibility options 

is still catching up to the ecosystems surrounding platforms 

like Tableau and Power BI. In cross-platform BI projects, 

where custom connectors, plug-ins, advanced visual 

extensions, and active community support can accelerate 

time-to-value, QuickSight users may find a somewhat 

smaller set of readily available assets to leverage 

(Abimbade, et al., 2017, Aremu, Akinyemi & Babafemi, 

2017). 

Nevertheless, Amazon continues to invest heavily in 

QuickSight’s roadmap, expanding its machine learning 

capabilities, natural language querying through Q, advanced 

dashboard authoring features, and integration with external 

SaaS and hybrid cloud systems. Many of the traditional 

limitations are steadily being addressed through incremental 

feature releases that aim to bring QuickSight’s flexibility 

closer to that of legacy BI platforms while retaining its 

inherent serverless advantages. 

In conclusion, QuickSight’s serverless architecture, scalable 

performance, embedded analytics capabilities, and deep 

AWS integration make it a powerful and cost-efficient 

option for cross-platform BI implementations, particularly 

for organizations operating primarily within or adjacent to 

the AWS cloud. While customization and visualization 

flexibility limitations remain important considerations, 

especially for highly bespoke use cases, QuickSight’s rapid 

evolution and unique operational advantages position it as a 

strong choice for enterprises seeking to build agile, scalable, 

and low-maintenance analytics solutions across distributed 

data landscapes (Afolabi, et al., 2023, Akinyemi, 2023, 

Attah, Ogunsola & Garba, 2023). In the broader context of a 
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multi-platform BI strategy, QuickSight serves as an 

important component that, when thoughtfully combined 

with complementary tools, can drive significant value in 

achieving unified, real-time, and democratized business 

intelligence across modern hybrid and multi-cloud 

ecosystems. 

 

2.4 Tableau in Cross-Platform BI Implementations 

Tableau has long been regarded as a pioneer and leader in 

the business intelligence (BI) landscape, and its evolution 

over the past decade has positioned it as one of the most 

effective platforms for cross-platform BI implementations. 

As enterprises increasingly seek to unify analytics across 

multiple cloud environments and on-premises systems, 

Tableau's rich visual analytics capabilities, hybrid 

deployment flexibility, extensive data connectivity, and 

robust support for semantic modeling and governance have 

become critical assets (Adedeji, Akinyemi & Aremu, 2019, 

Akinyemi & Ebimomi, 2020, Otokiti, 2017). Unlike many 

traditional BI tools originally optimized for tightly 

controlled single-platform environments, Tableau’s 

architecture and philosophy have evolved to embrace the 

realities of distributed, hybrid, and multi-cloud data 

ecosystems. 

One of Tableau’s most distinguishing features is its 

unparalleled strength in rich visual analytics. From the 

beginning, Tableau's mission has centered on empowering 

users to see and understand their data through highly 

intuitive and interactive visual experiences. Its drag-and-

drop interface allows analysts, business users, and 

executives alike to create complex, compelling 

visualizations without needing to write SQL or code. For 

cross-platform BI, where data might reside across 

Snowflake, AWS, Azure SQL, Google BigQuery, and 

various on-premises databases simultaneously, Tableau’s 

ability to integrate disparate sources into cohesive, dynamic 

dashboards becomes particularly powerful (Akinbola, 

Otokiti & Adegbuyi, 2014, Otokiti-Ilori & Akoredem, 

2018). Users can join live data from multiple systems, create 

federated views, and apply consistent filters and calculations 

across sources with relative ease. This capacity for unified 

visual storytelling is crucial in cross-platform settings where 

insights must span departments, business functions, and 

geographies while remaining easy to interpret and act upon. 

Tableau's flexibility in hybrid deployment further 

strengthens its suitability for cross-platform BI scenarios. 

Organizations can deploy Tableau Server or Tableau Online 

depending on their architectural preferences, regulatory 

requirements, and operational needs. Tableau Server allows 

enterprises to maintain full control by hosting the platform 

within their own data centers, private clouds, or preferred 

cloud environments, while Tableau Online provides a fully 

managed SaaS solution for those seeking rapid deployment 

and minimal infrastructure management (Akinyemi & 

Ologunada, 2023, Ihekoronye, Akinyemi & Aremu, 2023). 

This hybrid flexibility means organizations can build BI 

architectures that span multiple clouds, connect to on-

premises data securely via trusted connections, and adapt 

their deployment strategies over time without being locked 

into a single vendor’s ecosystem. In multi-cloud and hybrid 

architectures where some data must remain on-premises for 

compliance reasons while other datasets are cloud-native, 

Tableau’s deployment versatility ensures that analytic 

capabilities remain consistent and accessible regardless of 

where the data physically resides. 

A key enabler of Tableau’s effectiveness in cross-platform 

BI is its extensive library of native connectors and its ability 

to integrate seamlessly with a wide range of data sources 

across both cloud and on-premises systems. Tableau 

provides out-of-the-box connectors for leading cloud data 

platforms such as Amazon Redshift, Snowflake, Google 

BigQuery, Microsoft Azure Synapse, Databricks, 

Salesforce, and more, as well as traditional enterprise 

databases like Oracle, SQL Server, IBM Db2, and Teradata 

(Ajonbadi, et al., 2015, Aremu & Laolu, 2014, Otokiti, 

2018). These connectors are not superficial integrations; 

they are optimized to push down queries, leverage source-

specific performance enhancements, and minimize data 

movement wherever possible. Furthermore, Tableau’s 

support for ODBC, JDBC, REST APIs, and Web Data 

Connectors enables organizations to build custom 

integrations when native connectors are unavailable, 

extending its reach into virtually any structured data system. 

This breadth and depth of connectivity allow Tableau to 

serve as a unifying analytics layer in highly heterogeneous 

environments. Organizations can blend live data from 

different sources directly in Tableau or leverage extract-

based workflows using Tableau Data Extracts (TDE) or 

Hyper extracts for optimized performance when latency or 

query cost is a concern. In cross-platform BI deployments, 

where teams often require access to a constantly shifting 

array of data sources, Tableau’s connectivity agility ensures 

that analytics projects are not bottlenecked by integration 

challenges (Akinyemi & Oke, 2019, Otokiti & Akinbola 

2013). It enables rapid prototyping, faster time-to-insight, 

and greater resilience as data architectures evolve over time. 

Beyond its connectivity and visualization strengths, Tableau 

plays a pivotal role in ensuring semantic modeling 

consistency and governance in cross-platform BI 

implementations. As organizations democratize data access 

and encourage self-service analytics across business units, 

the risk of metric fragmentation, definition inconsistencies, 

and governance gaps becomes significant. Tableau 

addresses this challenge through its semantic modeling 

capabilities, particularly with the introduction of Tableau 

Data Models and Tableau Prep (Attah, Ogunsola & Garba, 

2022, Babatunde, Okeleke & Ijomah, 2022). Through the 

use of relationships, logical layers, and centralized 

calculated fields, Tableau allows organizations to define and 

maintain common business logic, metrics, hierarchies, and 

aggregations across diverse data sources. 

Centralizing semantic definitions within Tableau reduces the 

reliance on duplicative calculations at the visualization 

layer, improves report consistency, and ensures that key 

performance indicators (KPIs) are uniformly calculated and 

presented regardless of where the underlying data comes 

from. In cross-platform BI contexts, where data schemas 

and business rules may vary between regions, subsidiaries, 

or cloud environments, maintaining semantic integrity is 

critical to ensuring that enterprise-wide metrics remain 

meaningful and trustworthy. Tableau’s governance features 

further reinforce this consistency by supporting data source 

certifications, metadata management, usage tracking, and 

permission controls (Abimbade, et al., 2022, Aremu, et al., 

2022, Oludare, Adeyemi & Otokiti, 2022). Certified data 

sources and workbooks allow administrators to endorse 
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authoritative datasets, guiding users toward trusted analytics 

resources even in complex, federated data environments. 

Tableau’s governance framework also integrates closely 

with enterprise identity providers, access management tools, 

and auditing systems. Fine-grained permissions at the 

workbook, datasource, project, and row level enable 

organizations to implement data security policies that 

respect privacy requirements and regulatory obligations 

without sacrificing accessibility and collaboration (Adedoja, 

et al., 2017, Aremu, et al., 2018, Otokiti, 2012). Lineage 

tracking within Tableau Catalog, part of the Data 

Management Add-on, enables organizations to visualize and 

audit data flows from source to dashboard, enhancing 

transparency and easing the burden of regulatory 

compliance in multi-cloud, multi-jurisdictional 

deployments. 

Despite these strengths, organizations must recognize that 

Tableau’s power also introduces complexity that requires 

careful architectural and operational planning. Ensuring 

performance optimization across live connections to 

multiple clouds, governing semantic models at scale, and 

managing extract refresh schedules in highly distributed 

environments demand mature data engineering practices and 

operational rigor. Tableau’s flexibility can lead to sprawl if 

governance is not proactively enforced, with a proliferation 

of duplicated data sources, metrics, and dashboards creating 

risks of inconsistency and user confusion (Akinyemi & 

Aremu, 2017, Famaye, Akinyemi & Aremu, 2020, Otokiti-

Ilori, 2018). 

Nonetheless, when implemented thoughtfully, Tableau’s 

capabilities position it as a cornerstone technology for cross-

platform BI strategies. Its combination of rich visual 

analytics, extensive connectivity, hybrid deployment 

options, and strong semantic governance provides the 

foundation necessary to unify analytics across diverse 

environments without compromising on user empowerment, 

security, or performance. Tableau's ongoing innovation, 

including its investments in augmented analytics, AI-driven 

insights through Einstein Discovery integrations, and 

expansion of multi-cloud deployment capabilities, ensures 

that it will continue to be a key enabler of cross-platform BI 

as organizations pursue more distributed, resilient, and 

intelligent analytics infrastructures (Nwaimo, et al., 2023, 

Odunaiya, Soyombo & Ogunsola, 2023, Oludare, et al., 

2023). 

In conclusion, Tableau’s contributions to cross-platform BI 

implementation are profound, offering enterprises the ability 

to bridge fragmented data ecosystems with rich, consistent, 

and governable analytical experiences. By harmonizing data 

access across clouds and on-premises systems, reinforcing 

semantic standards, and enabling users to explore and 

communicate insights visually, Tableau plays an 

indispensable role in advancing the vision of unified, 

scalable, and adaptive business intelligence in the modern 

digital enterprise (Ajonbadi, Otokiti & Adebayo, 2016, 

Otokiti & Akorede, 2018). 

 

2.5 Astrato in Cross-Platform BI Implementations 

Astrato represents a new generation of business intelligence 

platforms built entirely for cloud-native environments, 

offering a fundamentally different approach to cross-

platform BI compared to more traditional tools. At the heart 

of Astrato’s design philosophy is a live-query architecture 

that eliminates the need for extracting and moving large 

volumes of data between systems. Instead, Astrato operates 

directly on cloud data warehouses through live SQL queries, 

delivering real-time analytics without introducing 

unnecessary duplication or latency (Abimbade, et al., 2023, 

Ijomah, Okeleke & Babatunde, 2023, Otokiti, 2023). This 

approach aligns perfectly with the emerging needs of 

enterprises that manage highly distributed, multi-cloud data 

architectures and demand immediate, reliable insights 

without the operational burdens associated with traditional 

ETL pipelines and data extracts. 

The cloud-native, live-query architecture of Astrato is a 

critical innovation for cross-platform BI. Unlike 

conventional BI platforms that often rely on data extracts, 

scheduled refreshes, or cached materializations to deliver 

reports and dashboards, Astrato connects users directly to 

the underlying data source at query time. This means that 

every interaction within an Astrato dashboard—whether 

filtering, slicing, or drilling down—sends optimized SQL 

queries directly to the cloud database, retrieving the freshest 

available data. This model ensures that insights reflect the 

current state of the business without the lag introduced by 

data movement, intermediate storage, or delayed refresh 

cycles (Adetunmbi & Owolabi, 2021, Arotiba, Akinyemi & 

Aremu, 2021). In environments where data changes rapidly, 

such as customer behavior analytics, supply chain 

monitoring, or financial transactions, Astrato’s architecture 

supports faster, more accurate decision-making. 

Astrato’s cloud-native DNA also enables it to be fully 

elastic, leveraging the scalability of modern cloud data 

warehouses without imposing resource bottlenecks at the 

analytics layer. By shifting computational burden to highly 

optimized, scalable data platforms like Snowflake, 

BigQuery, and Redshift, Astrato ensures that dashboard 

performance grows in tandem with backend compute 

capabilities (Abimbade, et al., 2023, George, Dosumu & 

Makata, 2023, Lawal, et al., 2023). This separation of 

storage, compute, and presentation allows organizations to 

take advantage of cloud elasticity, paying only for what they 

use, scaling up during peak demand, and scaling down 

during quieter periods—all without the need for complex 

capacity planning or infrastructure management at the BI 

layer. 

A defining feature of Astrato’s strength in cross-platform BI 

implementations is its native integration with leading cloud 

data warehouses. Astrato was architected from the ground 

up to work with platforms such as Snowflake, Google 

BigQuery, Amazon Redshift, and other cloud-native 

databases, supporting secure live connections and federated 

querying. It directly leverages the authentication, 

authorization, and access control mechanisms of these 

systems, ensuring that data security policies defined at the 

warehouse level are respected and enforced at the analytics 

layer (Adelana & Akinyemi, 2021, Esiri, 2021, Odunaiya, 

Soyombo & Ogunsola, 2021). This tight integration means 

that organizations can deploy Astrato without needing to 

reimplement access controls, encryption protocols, or 

governance frameworks, thereby simplifying security audits 

and reducing compliance risks. 

In particular, Astrato’s partnership with Snowflake 

exemplifies its deep commitment to maximizing the 

potential of cloud-native architectures. It supports 

Snowflake’s dynamic scaling, zero-copy cloning, and data-

sharing capabilities, enabling organizations to collaborate 

across clouds and regions while maintaining centralized data 
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governance. Similarly, Astrato’s connectivity with 

BigQuery and Redshift ensures that enterprises leveraging 

multi-cloud strategies can provide unified analytics 

experiences without consolidating all data into a single 

platform (Akinyemi & Ebimomi, 2021, Chukwuma-Eke, 

Ogunsola & Isibor, 2021). This multi-warehouse integration 

is crucial for modern enterprises that must maintain 

flexibility, resilience, and locality across diverse cloud 

providers and data jurisdictions. 

Astrato’s live-query model confers distinct advantages in 

real-time data interaction and operational agility. Traditional 

BI tools that depend on pre-aggregated extracts or scheduled 

refreshes often create disconnects between operational 

realities and reported insights, especially when working 

across disparate systems. By contrast, Astrato empowers 

users to interact with live data at the moment of decision, 

without waiting for batch processes or risking data staleness 

(Adepoju, et al., 2021, Ajibola & Olanipekun, 2019, 

Hussain, et al., 2021). In practical terms, this means that 

operational dashboards, executive reports, and customer-

facing analytics portals powered by Astrato can reflect 

minute-by-minute changes in inventory, customer activity, 

financial transactions, or production systems. 

Moreover, Astrato’s ability to minimize data duplication is a 

major operational and strategic advantage in cross-platform 

BI deployments. Moving and duplicating data for the sake 

of analytics traditionally introduces a host of problems: 

increased storage costs, synchronization complexities, 

governance risks, and performance bottlenecks. Astrato’s 

direct-query architecture bypasses these issues by 

eliminating unnecessary data movement. Data remains in its 

original, governed, and optimized storage location, with 

Astrato acting as a thin orchestration and presentation layer 

(Akinyemi & Ogundipe, 2022, Ezekiel & Akinyemi, 2022, 

Tella & Akinyemi, 2022). This not only improves efficiency 

but also simplifies data architecture design, reduces 

regulatory exposure by minimizing uncontrolled data 

replication, and speeds up deployment timelines for new 

analytics initiatives. 

In addition to its technical strengths, Astrato focuses heavily 

on user experience and collaboration. Its no-code and low-

code environment allows analysts, business users, and even 

non-technical teams to build sophisticated dashboards and 

visualizations by composing queries, visual elements, and 

interactions in an intuitive interface. This democratization of 

analytics creation is vital for organizations pursuing self-

service BI strategies, where empowering broader teams to 

explore and act on data insights independently can drive 

faster innovation and decision cycles (Adeniran, et al., 2022, 

Aniebonam, et al., 2022, Otokiti & Onalaja, 2022). 

Astrato also incorporates modern governance and 

observability features, allowing administrators to manage 

user permissions, monitor query activity, and audit 

dashboard usage from a centralized console. Since queries 

are executed against live databases, Astrato provides 

administrators with visibility into query patterns, 

performance hotspots, and user behavior metrics, supporting 

continuous optimization and proactive cost management. 

These capabilities are particularly important in cross-

platform deployments where multiple teams access multiple 

systems and cost control becomes a strategic priority. 

Nevertheless, the live-query model adopted by Astrato also 

introduces considerations that must be carefully managed. 

While live querying ensures data freshness, it can also 

expose organizations to variable query performance and cost 

fluctuations depending on the underlying database 

workload, query complexity, and concurrency levels. 

Enterprises must therefore design queries efficiently, 

leverage caching strategies where appropriate, and optimize 

database configurations to balance real-time access with 

cost-effective performance (Akinbola, et al., 2020, 

Akinyemi & Aremu, 2016, Ogundare, Akinyemi & Aremu, 

2021). Furthermore, since Astrato relies heavily on the 

capabilities and health of external cloud warehouses, it is 

essential that underlying databases are properly monitored, 

scaled, and secured to avoid introducing bottlenecks or 

availability risks at the BI layer. 

Astrato’s future development roadmap, focusing on 

expanding its multi-cloud capabilities, adding deeper 

metadata-driven orchestration features, and enhancing real-

time collaboration tools, positions it as an important 

emerging player in the cross-platform BI space. Its 

commitment to serverless scalability, security integration, 

and user-centric design suggests that it will continue to align 

well with the evolving needs of cloud-native, distributed 

enterprises. 

In conclusion, Astrato’s cloud-native, live-query 

architecture, strong integration with major cloud data 

warehouses, and emphasis on real-time, minimal-duplication 

analytics make it an exceptionally well-suited platform for 

cross-platform BI implementations. In an era where agility, 

data sovereignty, cost control, and responsiveness are 

critical, Astrato’s model offers enterprises a way to build 

flexible, resilient, and future-proof analytics ecosystems. As 

organizations continue to shift toward hybrid and multi-

cloud strategies, tools like Astrato will play an increasingly 

pivotal role in enabling seamless, intelligent, and 

democratized access to business insights across distributed 

and diverse digital landscapes. 

 

2.6 Techniques for Successful Cross-Platform BI 

Deployment 

Achieving successful cross-platform business intelligence 

(BI) deployment demands a deliberate and strategic 

approach that addresses the technical, architectural, and 

operational complexities of integrating multiple data 

systems, tools, and user environments. As organizations 

increasingly utilize platforms like QuickSight, Tableau, and 

Astrato across hybrid and multi-cloud ecosystems, several 

critical techniques emerge as foundational to building 

scalable, resilient, and secure cross-platform BI solutions. 

Among these techniques, federated querying, modular 

semantic layer development, centralized access control and 

row-level security, and embedding BI components into 

operational workflows stand out as particularly vital for 

ensuring success. 

Federated querying across multiple data sources is one of 

the cornerstone techniques for effective cross-platform BI 

deployment. In traditional BI models, data was often 

extracted and consolidated into a centralized repository 

before analysis could take place. However, with the 

exponential growth of cloud-native databases, SaaS 

applications, and regionally distributed data stores, moving 

all data into a single location is no longer practical or cost-

effective (Akinyemi & Salami, 2023, Attah, Ogunsola & 

Garba, 2023, Otokiti, 2023). Instead, federated querying 

enables BI platforms to execute real-time queries across 

multiple sources simultaneously, pulling together disparate 
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datasets without physically relocating the data. QuickSight, 

Tableau, and Astrato each support different models of 

federated querying, allowing users to join data across AWS, 

Snowflake, Google BigQuery, Salesforce, and on-premises 

SQL servers within the same analysis. 

The benefits of federated querying are significant. It reduces 

data duplication, minimizes ETL overhead, and ensures that 

analytics operate on the freshest available data. However, 

successful federated querying requires careful optimization 

to manage network latency, ensure query efficiency, and 

respect transactional consistency. Query pushdown 

techniques, optimized SQL generation, and workload-aware 

query planning become essential in reducing response times 

and avoiding excessive costs (Akinyemi & Ogundipe, 2023, 

Aniebonam, et al., 2023, George, Dosumu & Makata, 2023). 

Moreover, understanding the capabilities and limitations of 

each connected source is crucial; not all systems handle 

federated workloads equally, and performance tuning may 

require source-specific configurations, materialized views, 

or caching strategies. 

Building modular semantic layers for unified metrics is 

another technique that underpins successful cross-platform 

BI. Without a consistent semantic model, users risk 

interpreting data inconsistently across different tools and 

reports, leading to confusion, mistrust, and erroneous 

decision-making. A semantic layer abstracts technical 

complexities and provides a common business language for 

measures, dimensions, hierarchies, and relationships (Ige, et 

al., 2022, Nwaimo, Adewumi & Ajiga, 2022, 

Ogunyankinnu, et al., 2022). In a cross-platform 

environment, where data schemas may differ between 

sources or evolve independently, modular semantic layers 

ensure that metrics such as "revenue," "customer churn," or 

"inventory turnover" are defined once and reused 

consistently across dashboards and applications. 

Tableau’s logical data modeling capabilities, Astrato’s 

cloud-native direct modeling, and QuickSight’s dataset 

preparation tools all offer mechanisms to define and manage 

semantic layers. Modularization is key: rather than building 

monolithic models tied to specific reports, organizations 

should develop reusable, layered models that can adapt to 

changing business needs. For example, a global sales 

semantic layer might define core revenue metrics, while 

regional extensions add localized dimensions such as 

country-specific tax rates or product categorizations. 

Versioning, validation, and documentation of semantic 

models ensure governance and traceability, while dynamic 

mapping techniques allow semantic layers to bridge 

variations between different data source schemas (Adepoju, 

et al., 2022, Francis Onotole, et al., 2022). By investing in 

modular, scalable semantic layers, organizations enable 

agile, consistent analytics across multiple BI platforms 

without introducing metric fragmentation or duplication of 

business logic. 

Implementing centralized access control and row-level 

security across platforms is a third indispensable technique 

for cross-platform BI success. In a fragmented data 

landscape, securing analytics operations becomes 

exponentially more complex. Different platforms, data 

sources, and visualization tools may implement their own 

access models, leading to risks of inconsistent policy 

enforcement or accidental exposure of sensitive information. 

To mitigate these risks, organizations must design 

centralized identity and access management (IAM) 

architectures that govern data access consistently across all 

layers—from raw data storage to analytical presentation 

(Adepoju, et al., 2023, Attah, Ogunsola & Garba, 2023, 

Hussain, et al., 2023). 

QuickSight leverages AWS IAM policies and Lake 

Formation permissions; Tableau integrates with enterprise 

directory services such as Active Directory, Okta, and 

SAML providers; Astrato applies security directly at the 

query layer by respecting source system permissions. 

Regardless of the platform, enforcing row-level security 

ensures that users only see data relevant to their permissions 

and roles without needing multiple physical copies of 

datasets. Dynamic security filters, user attribute mapping, 

and group-based policies are techniques that enable fine-

grained access control even in highly federated 

environments. Centralized authentication, authorization, and 

auditing frameworks should be integrated into BI platform 

configurations to ensure compliance with regulations such 

as GDPR, HIPAA, and CCPA. Metadata-driven security 

models, where access policies are defined and maintained 

alongside semantic models, offer an additional layer of 

robustness, ensuring that governance scales effectively with 

system complexity. 

Embedding BI components into operational applications 

represents the final key technique for maximizing the impact 

of cross-platform BI deployments. Analytics that reside 

solely in standalone dashboards or separate reporting portals 

often suffer from low engagement, delayed action, and 

operational disconnects. Embedding BI directly into the 

operational context—whether inside CRM systems, 

customer portals, supply chain management tools, or 

internal productivity platforms—ensures that insights are 

consumed where decisions are made, improving timeliness 

and effectiveness. 

QuickSight’s robust embedding APIs, Tableau’s Embedded 

Analytics platform, and Astrato’s lightweight iframe and 

API integrations all support the seamless insertion of 

interactive visualizations, reports, and dashboards into 

external applications. Embedding can be tightly integrated 

with application authentication, enabling single sign-on 

(SSO) experiences and user-contextualized data access. 

Effective embedding strategies allow users to filter, drill 

down, and interact with analytics components without 

leaving their primary workflows, fostering data-driven 

cultures across the organization. 

To succeed with embedding, organizations must design 

responsive, performant visualizations optimized for 

operational contexts, manage API-driven refresh and update 

cycles intelligently, and ensure that embedded analytics 

respect the same semantic models and access controls as 

standalone dashboards. Additionally, embedding analytics 

into applications often requires collaboration between BI 

developers, application developers, and UX designers to 

ensure cohesive and user-friendly integration. 

These techniques—federated querying, modular semantic 

layering, centralized security enforcement, and operational 

embedding—work synergistically to enable successful 

cross-platform BI deployments. They transform the inherent 

complexity of distributed data systems into manageable, 

scalable, and agile analytics environments. When 

thoughtfully applied, they ensure that organizations can 

deliver real-time, trusted, and actionable insights across all 

business functions and geographies, regardless of where 

their data resides or which tools are used to interact with it. 
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In an era where data-driven agility defines competitive 

advantage, mastering these techniques is no longer optional 

but essential. Cross-platform BI deployment is not merely a 

technical challenge but a strategic capability that enables 

enterprises to unify fragmented data landscapes, 

democratize analytics, and accelerate decision-making at 

scale. As platforms like QuickSight, Tableau, and Astrato 

continue to innovate, organizations that apply these 

techniques rigorously and proactively will be best positioned 

to unlock the full potential of modern business intelligence. 

 

2.7 Challenges and Barriers 

While the promise of cross-platform business intelligence 

(BI) implementation using tools like QuickSight, Tableau, 

and Astrato is significant, the path to achieving a truly 

integrated, scalable, and reliable cross-platform analytics 

ecosystem is fraught with complex challenges and barriers. 

These difficulties arise from the intrinsic nature of 

distributed, multi-cloud, and hybrid environments, where 

data heterogeneity, operational decentralization, and diverse 

security frameworks create friction points. Despite the 

technological innovations provided by leading BI platforms, 

persistent issues related to performance at scale, security and 

compliance, data movement inefficiencies, and governance 

consistency continue to impact cross-platform BI 

deployments and must be carefully addressed to ensure 

success. 

One of the foremost challenges is managing performance at 

scale when dealing with federated data. Cross-platform BI 

often relies heavily on federated querying, where data 

remains in distributed systems and is queried on-demand 

rather than consolidated into a single warehouse. Although 

this approach reduces data duplication and supports real-

time access, it introduces significant performance 

complexities, particularly as the volume of concurrent users, 

query complexity, and data source diversity increases. 

Platforms like QuickSight, Tableau, and Astrato provide 

various optimization strategies, such as query pushdown, 

live connections, and in-memory acceleration layers like 

SPICE or Hyper. However, federated querying inevitably 

leads to variability in query response times, particularly 

when joining data across systems with different performance 

characteristics, indexing strategies, or network latencies. 

As datasets grow into terabytes or petabytes, ensuring 

consistent, low-latency analytics becomes increasingly 

difficult without introducing caching, pre-aggregation, or 

materialization strategies that partially undermine the 

benefits of federated access. Moreover, performance 

bottlenecks at the source system—such as concurrency 

limits, I/O throughput constraints, or insufficient compute 

resources—can ripple upward into BI applications, creating 

inconsistent user experiences. Organizations must invest in 

continuous query optimization, intelligent workload 

management, and data architecture design to mitigate these 

risks, yet these tasks add operational complexity and require 

deep expertise. Without careful tuning, cross-platform BI 

deployments can suffer from slow dashboard loading, query 

timeouts, and frustrated users, eroding the credibility of the 

analytics system. 

Another critical barrier is the difficulty of maintaining 

robust security and compliance management across multiple 

platforms. In a traditional single-platform setup, security 

policies, access controls, encryption standards, and audit 

logging are typically centralized and relatively 

straightforward to enforce. In a cross-platform BI 

architecture, however, data resides in multiple systems, each 

with its own security models, identity providers, and 

compliance requirements. QuickSight leverages AWS IAM 

and Lake Formation permissions, Tableau integrates with 

LDAP and SAML-based identity services, and Astrato relies 

on live-query security models tied to underlying 

warehouses. Coordinating these disparate systems into a 

unified, consistent security framework is challenging and 

fraught with risk. 

Ensuring end-to-end encryption, maintaining consistent 

access control at the row and column level, enforcing data 

residency restrictions, and auditing data usage across cloud 

providers and on-premises systems requires extensive 

planning, monitoring, and governance. Furthermore, 

regulatory compliance frameworks like GDPR, HIPAA, PCI 

DSS, and CCPA impose additional burdens, requiring 

demonstrable proof of data protection, usage auditing, 

consent management, and breach notification processes. 

Any inconsistency between platforms can lead to 

vulnerabilities that expose organizations to legal penalties, 

reputational damage, or operational disruption. Moreover, 

cross-border data transfers in multi-cloud architectures raise 

jurisdictional complexities that complicate compliance even 

further. Building a robust, metadata-driven, federated 

security and compliance framework is essential but often 

resource-intensive and prone to operational friction. 

Data movement inefficiencies and cost implications also 

present significant barriers in cross-platform BI 

deployments. Although federated querying reduces the need 

for bulk data movement, many real-world scenarios still 

involve intermediate transformations, joins, and 

aggregations that require moving data between systems, 

clouds, or geographies. Transferring large datasets incurs 

direct cloud egress charges, storage costs, and compute 

consumption fees, which can quickly escalate beyond 

expectations if not managed carefully. For example, joining 

live data across AWS Redshift and Google BigQuery from a 

Tableau dashboard may lead to high query costs, network 

charges, and latency, especially when frequent or complex 

queries are executed. 

Moreover, some BI features—such as interactive dashboards 

with drill-downs, large cohort analyses, or machine 

learning-driven analytics—may necessitate partial data 

extracts or temporary materializations to maintain 

acceptable performance, reintroducing data duplication and 

synchronization challenges. Even platforms like Astrato, 

which minimize data duplication through live querying, can 

generate significant underlying query loads that translate 

into cost spikes at the warehouse level. Organizations must 

monitor query patterns, optimize warehouse sizing, 

implement cost control alerts, and design efficient semantic 

models to minimize unnecessary data movement and 

redundant computation. Nevertheless, the trade-offs between 

data freshness, performance, and cost remain difficult to 

balance, particularly as user demands and data landscapes 

evolve unpredictably. 

Governance and consistency challenges across multi-

environment deployments constitute another profound 

barrier. In a fragmented ecosystem, maintaining unified 

definitions of metrics, business rules, security policies, data 

quality standards, and audit trails is a complex undertaking. 

Without consistent governance frameworks, cross-platform 

BI efforts risk metric drift, where the same KPI is calculated 
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differently across reports; policy drift, where security rules 

diverge between environments; and data quality 

degradation, where inconsistent validation and enrichment 

practices lead to unreliable insights. 

QuickSight, Tableau, and Astrato each provide tools for 

governance—certified data sources, semantic layers, 

metadata catalogs, and lineage tracking—but coordinating 

governance across multiple platforms and data sources 

remains difficult. Inconsistent or ad hoc governance 

undermines user trust, increases operational costs due to 

duplicated effort, and complicates compliance reporting. 

Moreover, in fast-paced business environments, the 

tendency toward decentralized analytics ownership—where 

different business units build their own dashboards, models, 

and policies—can exacerbate governance fragmentation 

unless strong federated governance models are 

implemented. 

Successful cross-platform BI governance requires clear 

stewardship assignments, version-controlled semantic 

models, metadata-driven automation of policy enforcement, 

and centralized monitoring of key governance metrics such 

as data freshness, lineage coverage, access anomalies, and 

usage patterns. Achieving this at scale demands a cultural 

shift toward treating data governance not as a bureaucratic 

hurdle but as an enabler of agile, scalable analytics. 

However, such cultural transformation is slow and 

challenging, often meeting resistance from business users 

who prioritize speed and flexibility over standardization. 

In conclusion, while cross-platform BI promises substantial 

strategic and operational benefits, realizing those benefits at 

scale remains constrained by formidable challenges. 

Performance issues arising from federated queries, 

complexities in cross-platform security and compliance 

management, hidden costs and inefficiencies associated with 

data movement, and governance consistency hurdles all 

pose significant barriers. Tools like QuickSight, Tableau, 

and Astrato offer powerful capabilities to address these 

challenges individually, but truly successful cross-platform 

BI deployment requires an integrated, holistic strategy that 

spans architecture, security, operations, governance, and 

organizational culture. As enterprise data ecosystems 

continue to expand and diversify, the ability to overcome 

these barriers will distinguish organizations that merely 

dabble in cross-platform BI from those that achieve truly 

intelligent, scalable, and trustworthy data-driven decision-

making across their global operations. 

 

2.8 Emerging Solutions and Best Practices 

As the complexity of cross-platform business intelligence 

(BI) implementations increases, the need for more advanced 

and sustainable solutions has led to the emergence of new 

architectural patterns, tools, and operational best practices. 

Organizations seeking to harness the full power of platforms 

like QuickSight, Tableau, and Astrato in hybrid and multi-

cloud ecosystems must now look beyond basic integration 

and instead embrace innovations such as metadata-driven 

orchestration, cross-platform observability, low-code and 

no-code deployment enhancements, and alignment with 

broader architectural shifts like Data Mesh and platform-

agnostic governance models. These emerging solutions offer 

pathways to overcoming the technical, operational, and 

governance challenges previously outlined, enabling 

enterprises to build resilient, scalable, and user-centric BI 

ecosystems. 

One of the most significant emerging solutions is the 

adoption of metadata-driven integration layers and API-first 

designs. Rather than tightly coupling analytics workflows to 

specific databases or visualization tools, metadata-driven 

approaches abstract the underlying complexity of source 

systems, allowing orchestration engines, semantic layers, 

and governance frameworks to operate uniformly across 

multiple platforms. Metadata catalogs such as Alation, 

Collibra, and open-source standards like OpenMetadata are 

increasingly being integrated directly into the cross-platform 

BI fabric. These metadata systems provide centralized 

schemas, lineage, business glossaries, security attributes, 

and policy definitions that BI tools can consume 

programmatically via APIs. QuickSight, Tableau, and 

Astrato are progressively aligning with these models by 

offering open APIs for metadata ingestion, export, and 

integration. 

API-first architectures further amplify the flexibility and 

scalability of cross-platform BI deployments. By exposing 

all core BI functionalities—such as dataset creation, 

semantic model updates, dashboard publishing, user 

management, and monitoring—through RESTful or 

GraphQL APIs, platforms enable automation, orchestration, 

and integration with external systems. For example, 

embedding workflows that automatically update dashboards 

in response to schema changes, or that trigger real-time data 

quality alerts based on metadata anomalies, become 

achievable without manual intervention. API-first and 

metadata-centric designs decouple application logic from 

specific BI tools, paving the way for dynamic multi-

platform analytics ecosystems where choice of visualization 

platform becomes a deployment detail rather than an 

architectural constraint. 

Another best practice that is gaining momentum is the 

deployment of cross-platform observability and monitoring 

tools. In traditional BI environments, performance, security, 

and usage monitoring were largely confined within the BI 

tool itself. However, cross-platform architectures demand 

end-to-end visibility across the entire data and analytics 

stack. Emerging observability platforms such as Monte 

Carlo, Databand, and Atlan specialize in providing unified 

monitoring of data pipelines, query performance, data 

freshness, anomaly detection, and user access patterns 

across multiple data sources and BI tools. These tools 

integrate with QuickSight, Tableau, Astrato, and the 

underlying data warehouses to offer real-time insights into 

operational health and governance compliance. 

Cross-platform observability enables proactive detection of 

issues such as broken dashboards due to upstream schema 

changes, query slowdowns caused by data source 

congestion, or unauthorized access attempts across federated 

data layers. Observability tools increasingly leverage active 

metadata—dynamic information about system states, usage 

patterns, and operational metrics—to automate incident 

detection and resolution. Best practices involve embedding 

observability hooks into BI deployments from the outset, 

defining service-level indicators (SLIs) for analytics 

availability, query success rates, and dashboard load times, 

and implementing automated alerting and incident 

management workflows. Observability is no longer just a 

data engineering concern but a critical requirement for 

maintaining trust and agility in cross-platform BI 

environments. 
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To accelerate deployment cycles and democratize access to 

sophisticated analytics, the adoption of low-code and no-

code enhancements has also become a central best practice. 

Traditionally, setting up cross-platform BI involved 

extensive technical effort—configuring connectors, 

modeling data, designing dashboards, and coding security 

policies. Low-code/no-code platforms and features now 

allow business users, analysts, and domain experts to build 

and adapt analytics assets with minimal technical 

intervention. Tableau’s drag-and-drop dashboard builder, 

QuickSight’s auto-narratives and ML Insights, and Astrato’s 

intuitive live-query design interface exemplify this trend. 

Low-code/no-code capabilities support faster prototyping, 

iterative development, and decentralized innovation, 

empowering teams closer to the business to build and 

modify analytics solutions without depending heavily on 

centralized IT. In cross-platform deployments, where 

different business units may rely on different systems and 

requirements change rapidly, the ability to adapt BI 

components independently without extensive recoding 

becomes a strategic enabler (Adepoju, et al., 2023, Hussain, 

et al., 2023, Ugbaja, et al., 2023). Best practices in this area 

include adopting a governance framework that ensures low-

code/no-code artifacts still adhere to enterprise standards for 

semantic consistency, security, and quality, and embedding 

centralized validation and promotion workflows to move 

assets from development to production safely. 

Finally, successful cross-platform BI initiatives increasingly 

align with the principles of Data Mesh and platform-

agnostic governance models. Data Mesh promotes a 

decentralized approach to data ownership, treating data as a 

product managed by domain-aligned teams, while enabling 

interoperability through shared governance, standards, and 

self-service platforms. In cross-platform BI, this means 

shifting from monolithic, centralized BI teams and tools to 

federated models where different teams may use 

QuickSight, Tableau, or Astrato independently while 

adhering to common governance frameworks and shared 

semantic definitions. 

Platform-agnostic governance involves defining policies, 

security models, metadata standards, and lineage 

frameworks at the enterprise level rather than tying them to 

specific BI or data platforms. This approach allows 

organizations to mix and match best-of-breed tools without 

risking governance fragmentation or metric inconsistency 

(Adepoju, et al., 2023, Lawal, et al., 2023, Ugbaja, et al., 

2023). For example, a sales analytics team might use 

Tableau for advanced visual storytelling, a marketing team 

might favor Astrato for embedded, real-time campaign 

monitoring, and a finance team might rely on QuickSight for 

AWS-native operational dashboards—yet all three can draw 

from certified, shared semantic layers and adhere to 

centralized security and compliance policies. 

Best practices in implementing Data Mesh and platform-

agnostic governance models include establishing clear data 

product ownership, enabling self-service BI tool access 

within a governed framework, implementing centralized 

metadata platforms accessible via open APIs, and enforcing 

lineage and quality monitoring across all analytics assets 

regardless of platform. This model recognizes the 

inevitability of heterogeneous analytics ecosystems and 

turns diversity from a liability into a strategic advantage by 

embedding consistency, interoperability, and agility at the 

governance layer rather than the application layer 

(Akinyemi & Ebiseni, 2020, Austin-Gabriel, et al., 2021, 

Dare, et al., 2019). 

In conclusion, as cross-platform BI continues to evolve, the 

combination of metadata-driven integration layers, API-first 

architectures, unified observability frameworks, low-

code/no-code acceleration, and alignment with Data Mesh 

principles offers a robust path forward. These emerging 

solutions and best practices address the core challenges of 

scalability, consistency, agility, and governance that define 

cross-platform BI complexity. Platforms like QuickSight, 

Tableau, and Astrato are rapidly expanding their capabilities 

to align with these models, enabling enterprises to build 

future-proof, resilient, and intelligent analytics ecosystems 

that transcend the limitations of traditional single-platform 

BI (Adeniran, Akinyemi & Aremu, 2016, Ilori & 

Olanipekun, 2020, James, et al., 2019). Organizations that 

adopt these best practices proactively will position 

themselves at the forefront of data-driven innovation, 

capable of delivering timely, trusted, and actionable insights 

across the full breadth of their operational and strategic 

landscapes. 

 

2.9 Conclusion and Future Research Directions 

The systematic review of cross-platform BI implementations 

using QuickSight, Tableau, and Astrato has highlighted the 

transformative potential of these tools in modern business 

intelligence environments. These platforms, each with its 

distinct capabilities, offer powerful solutions for overcoming 

the challenges of multi-cloud, hybrid, and decentralized data 

ecosystems. The evolution of BI systems from traditional, 

monolithic platforms to flexible, interoperable, and cloud-

native solutions has fundamentally reshaped the way 

organizations approach data analysis, reporting, and 

decision-making. As enterprises move toward more 

distributed, dynamic architectures, cross-platform BI is 

emerging as an essential enabler of real-time insights, 

scalability, and governance across diverse data landscapes. 

The development of autonomous BI orchestration tools 

represents a key frontier in the evolution of cross-platform 

BI. With increasing complexity and scale in data 

environments, manually configuring and maintaining 

integrations, transformations, and workflows between 

multiple systems is becoming untenable. Autonomous 

orchestration—where BI platforms can intelligently manage 

data flows, optimize query performance, enforce 

governance, and adapt to changing business needs without 

human intervention—will be crucial in reducing operational 

overhead and enabling truly self-sustaining analytics 

systems. Future research in this area should focus on how AI 

and machine learning can be applied to automate metadata-

driven orchestration, including intelligent decision-making 

around data freshness, query routing, failure handling, and 

resource scaling. This could enable BI systems to learn from 

usage patterns and operational contexts, providing users 

with faster, more accurate insights while minimizing manual 

configuration and intervention. 

Another promising direction is AI-assisted cross-platform 

performance tuning. As federated queries, real-time 

analytics, and multi-source integrations become more 

prevalent, performance optimization becomes increasingly 

complex. AI and machine learning can assist in predicting 

query load, optimizing resource allocation, and 

automatically adjusting query execution plans based on 

workload patterns, underlying system performance, and data 
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characteristics. This approach would significantly enhance 

the ability to scale cross-platform BI deployments without 

compromising performance, especially when working with 

large, complex datasets spread across different cloud 

providers and on-premises environments. Research into AI-

driven performance tuning techniques that can operate 

across platforms like QuickSight, Tableau, and Astrato 

could provide insights into how BI systems can be made 

more responsive, efficient, and cost-effective in real-time 

operations. 

Standardization of semantic modeling across platforms is 

another critical area that requires attention. As organizations 

continue to use multiple BI tools across different business 

functions, ensuring consistent definitions, metrics, and 

business logic becomes a challenge. Differences in how 

each platform models data, calculates KPIs, or handles 

hierarchies can lead to fragmentation and confusion, 

undermining the value of BI. Standardized frameworks for 

semantic modeling—such as shared metadata repositories, 

centralized business glossaries, and common data 

definitions—are essential for aligning various tools and 

teams around a unified understanding of business terms and 

metrics. Future research should focus on how to establish 

and enforce these standards across heterogeneous platforms, 

allowing organizations to maintain consistency and 

coherence in their analytics models. This would empower 

data engineers, analysts, and business users to seamlessly 

transition between tools while ensuring that metrics and 

insights are trustworthy and comparable. 

Real-time analytics integration into decentralized 

architectures is also a growing need for modern cross-

platform BI systems. Decentralized data architectures, such 

as data mesh, allow teams to maintain control over their own 

datasets while enabling global analytics collaboration. 

However, this model presents unique challenges for 

integrating real-time data streams, supporting federated 

queries, and maintaining consistent performance across 

distributed systems. Developing BI tools that natively 

support real-time, low-latency analytics in such 

decentralized environments is crucial for organizations that 

need to act quickly on up-to-the-minute data, such as in 

supply chain management, fraud detection, or customer 

experience optimization. Research should explore how to 

build seamless, low-latency data integration capabilities 

across cloud platforms, ensuring that real-time insights are 

available even when data is spread across a variety of 

sources and locations. 

This review has revealed several major findings regarding 

the strengths and challenges of QuickSight, Tableau, and 

Astrato in cross-platform BI environments. QuickSight 

offers excellent scalability, seamless integration with AWS 

services, and a cost-effective serverless architecture, but it is 

somewhat limited in customization and advanced 

visualization capabilities compared to Tableau. Tableau 

stands out for its rich visual analytics and extensive 

connector ecosystem, but it may face challenges in 

managing performance at scale and integrating seamlessly 

into fully cloud-native, federated environments. Astrato, 

with its cloud-native, live-query architecture and focus on 

minimal data duplication, provides real-time interactivity 

and strong integrations with leading cloud data warehouses, 

but its relative newness and dependence on direct-query 

models may limit flexibility in certain use cases. Each 

platform offers distinct advantages and limitations, and their 

effectiveness in a cross-platform BI deployment will depend 

on the specific requirements of the organization and the 

complexity of the data ecosystem. 

The strategic implications for enterprises are clear: as 

businesses continue to diversify their data environments 

across cloud platforms and on-premises systems, adopting 

cross-platform BI tools will become a critical capability for 

enabling agile decision-making, fostering data 

democratization, and maintaining competitive advantage. 

Enterprises must carefully assess their data architecture, 

governance needs, and performance requirements when 

selecting a BI platform. They should also invest in the tools 

and practices that support cross-platform interoperability, 

data consistency, and security across systems, ensuring that 

BI remains a trusted and actionable resource across all teams 

and levels of the organization. 

Finally, the future of cross-platform BI will be shaped by 

ongoing advances in AI, real-time analytics, and 

decentralized data architectures. As organizations 

increasingly rely on data-driven insights to drive innovation, 

streamline operations, and improve customer experiences, 

the next generation of BI platforms will need to support 

even greater levels of automation, flexibility, and 

intelligence. Cross-platform BI systems will evolve to 

become more autonomous, with built-in AI-driven 

optimization, real-time data synchronization, and seamless 

integration with decentralized data environments. These 

systems will empower organizations to leverage their data 

more effectively, foster collaboration across departments, 

and support continuous, real-time decision-making at all 

levels of the business. 

In conclusion, the evolution of cross-platform BI 

implementation represents a significant shift toward more 

flexible, scalable, and intelligent data ecosystems. 

QuickSight, Tableau, and Astrato are at the forefront of this 

transformation, each offering unique strengths and 

challenges. By addressing emerging solutions such as 

autonomous orchestration, AI-driven performance tuning, 

standardized semantic models, and real-time analytics 

integration, organizations can harness the full potential of 

cross-platform BI and position themselves for success in the 

increasingly data-driven business landscape. As these 

technologies continue to mature, enterprises must remain 

adaptable, embracing new innovations and best practices to 

stay ahead of the curve and unlock the full value of their 

data. 
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