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The scale required for enterprise-grade lloT is multi-dimensional, essential, and complex. It's not merely 

about connecting a multitude of devices; it's about creating a resilient ecosystem capable of handling 

immense data volumes at high velocity, supporting critical real-time applications, integrating 

seamlessly with existing enterprise systems, and maintaining stringent security and reliability standards 

across diverse deployment environments — be it AWS, Azure, or private cloud infrastructure. But it is 

also essential to deliver all this capability in a way that it is cost efficient to operate long-term at such 

high scale. 

Addressing this multi-dimensional challenge demands a platform meticulously engineered for 

performance and extensibility from its core. Flex, the enterprise-grade lloT platform by 10T83, is 

designed precisely for this purpose. With extensive protocol and connector support, Flex makes it easy 

to securely connect with diverse edge assets, databases, and enterprise software systems. The Flex 

Platform provides a cloud-native architecture built to ingest, process, analyze, secure, and manage that 

data at enterprise scale, providing the robust backbone for all industrial IloT applications, regardless of 

the underlying cloud, or even hybrid cloud, environment. 

Any highly scalable IloT/Al solution that truly handles scale must be centered on scalability at every 

layer, ensuring reliable data flow and secure access from the point data leaves the smart edge. Here 

are the key dimensions of scale that the Flex platform is built to address, detailing how our architecture 

and core services achieve this: 

1. Building the Scalable Data Pipeline: From Edge to Database: 

The Challenge: 

Handling the overwhelming volume, extreme velocity, and diverse formats of data arriving 

continuously from potentially millions of third-party edge devices and reliably transforming it into 

actionable insights while operating across any cloud environment. The complexity lies in managing 

this high-speed, high-volume flow through multiple processing stages without data loss or 

bottlenecks. 

The Flex Platform Approach: 

Flex employs a sophisticated, multi-stage data pipeline designed for maximum throughput, reliability, 

and decoupling, enabling each stage to scale independently. This journey starts at the initial 

connection point and ends with data ready for consumption and storage. 
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Flex Optimizations: 

« Initial Ingestion (The Front Door): Millions of edge devices connect to Flex, often utilizing 

lightweight protocols like MQTT. To handle the massive volume of concurrent incoming 

connections, the platform employs robust Load Balancing at the ingestion front-end. This 

distributes connections efficiently across multiple high-capacity message brokers, such as 

VerneMQ (or the scalable MQTT endpoints provided by cloud services like AWS or Azure loT 

Core Message Broker). These brokers are specifically designed to handle the raw throughput of 

data, while load balancers ensure the connection volume is distributed effectively, providing the 

first layer of scalable ingestion. 

The Enterprise Data Bus & Buffering (Kafka - Stage 1): Data from the initial message broker is 

published into highly scalable Kafka queues. Kafka serves as the durable, high-throughput 

backbone and enterprise data bus for high-velocity streams. This buffering capability is critical 

for scale: it absorbs spikes in ingestion volume that might otherwise overwhelm downstream 

processing services, guarantees data durability even if consumers are temporarily unavailable, 

and fundamentally decouples the ingestion layer from subsequent processing stages. This allows 

components to operate and scale independently, essential for reliability and performance under 

fluctuating loads. 

Scalable Data Processing & Normalization (Spark): Processing services, leveraging 

technologies like Apache Spark, consuming raw data streams from the initial Kafka topics. The 

primary task here is often data normalization - transforming raw, often inconsistent, data from 

diverse edge devices into a clean, standardized, and contextualized format. Normalization at 

scale is critical for ensuring data usability and enabling consistent analytics and applications 

downstream. Spark's multi-worker capabilities are leveraged to perform these complex 

transformations in parallel across distributed compute resources, providing the necessary 

processing power to keep up with data volume and velocity. 
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« Reliable Processed Data Transport (Kafka - Stage 2): After normalization (and potentially 

other initial processing steps) in Spark, the processed data is published back to a different 

Kafka topic. This step is vital: it ensures the now normalized and enriched data is also durable 

and available for multiple downstream services (storage, analytics engines, applications) to 

consume reliably and independently from a single, consistent source. This pattern significantly 

enhances the flexibility and scalability of the entire pipeline. 

Persistent Storage (Database Management Core Service): In the final stage of this pipeline, 

Flex's database management Core Service consumes the normalized and reliable data stream 

from the second Kafka topic. This service handles scalable storage into appropriate databases 

(optimized for time-series data, asset hierarchies, etc.), designed for high-volume writes and 

fast data retrieval for historical analysis and applications. 

Why this Complexity is Necessary for Scale: 

This multi-stage pipeline, while complex in its diagram, is a deliberate and essential design choice 

for enterprise I10T scale. It ensures reliability through buffering and durable messaging (Kafka), 

achieves massive parallel processing (Spark), decouples services for independent scaling and 

resilience, handles data variety through normalization, and guarantees data availability for multiple 

consumers. This architecture allows Flex to handle the immense volume and velocity of industrial 

data while managing its variety, consistently across any cloud environment. 

b
 

Core Platform & Application Scale (Cloud-Native & Elastic for Cost 

Optimization): 

The Challenge: 

Ensuring the 1loT/Al platform's core services, APIs, and the applications built upon it remain highly 

available, responsive, and performant while supporting a large number of concurrent users and 

automated processes accessing massive datasets across different deployment environments, 

without requiring constant over-provisioning of resources. 

The Flex Platform Approach: 

The Flex platform is architected as a resilient, microservices-based application orchestrated and 

managed by Kubernetes. This provides inherent portability across cloud environments and enables 

dynamic scaling of platform components. 

Flex Optimizations: 

Kubernetes managed autoscaling is fundamental to Flex's scalability and cost optimization. It 

continuously monitors the load on different microservices (APIs, middleware services, etc.) and 

automatically scales the number of instances up or down based on real-time demand. This is 

crucial 

loTg3 03



for cost-effectiveness as it ensures only the necessary compute and storage resources are 

consumed at any given time, preventing costly over-provisioning during periods of low activity 

while guaranteeing performance during peak loads, across AWS, Azure, or private clouds. Load 

balancing is also applied at the application layer to efficiently distribute API calls and user 

requests. Scalable middleware services within Flex handle critical, high-volume functions like 

event scheduling, workflow execution, and user management. Features like intuitive dynamic 

dashboard creation and lightning-fast data retrieval are built directly into the Flex platform, 

designed to perform efficiently even when querying massive historical datasets. Data isolation 

mechanisms are a core part of the architecture, supporting multi-tenancy and security 

segmentation at scale without performance degradation. Lower-level network optimizations, 

including TCP Parameter optimization and IP tuning, are applied where possible within the cloud 

environment to enhance overall platform communication efficiency. 

Platform-Driven Device Management Scale: 

The Challenge: 

Remotely managing the configurations, software/firmware updates (OTA), and monitoring the health of 

millions of geographically dispersed OEM or third-party edge devices from the centralized, scalable IIoT/ 

Al control plane. Diverse operational needs require flexible update strategies, and specialized assets need 

custom management logic built on scalable infrastructure. 

The Flex Platform Approach: 

Flex provides robust, scalable platform services for device lifecycle management that operate 

independently of the specific edge hardware vendor, while offering the flexibility to build custom control 

logic. 

Flex Optimizations: 

Flex empowers enterprises to manage configurations, execute commands, and perform software/firmware 

updates (OTA) across millions of diverse edge devices remotely. Managing such scale requires flexibility in 

execution. The Flex platform supports various methods including Scheduled updates for planned 

maintenance windows, Real-Time updates for immediate critical commands, and Batch updates for 

efficiently managing groups of devices. Crucially, the platform provides robust mechanisms to track the 

success or failure status of each update operation across the entire fleet, ensuring reliable management at 

scale. Beyond standardized management tasks, enterprise IloT often involves specialized edge assets with 

unique operational requirements. The Flex platform addresses this by providing a suite of underlying Core 

Services, delivered as independent middleware services, designed to simplify the creation of highly 

customized device management and operational logic at the customer's application layer. Because they 

are independent, these core services act as building blocks that can be scaled precisely as needed when it 

is needed, allowing customers to easily develop 
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specialized capabilities tailored to specific asset types, enabling functionalities such as integrating 

analytics performed on device data, applying custom data transformations, setting up asset- 

specific scheduling, generating specialized reporting, configuring granular alarm and rules 

management, integrating with dashboarding for visualization, and much more. This approach 

ensures that while the platform handles management scale, customers can build the precise logic 

needed for the unique requirements of their diverse edge assets, scaling only the specific logic 

required. 

B
 

Enterprise-Grade Security Scale: 

The Challenge: 

Given the sheer scale of connectors (millions of devices), high-volume data ingestion (petabytes 

daily), large user bases, potential multi-tenancy, and numerous API gateway requests the IloT/Al 

platform must handle, robust security is paramount. Protecting this vast, distributed, and complex 

landscape requires security mechanisms that can scale horizontally without causing performance 

bottlenecks. 

The Flex Platform Approach: 

Security is a core, pervasive layer within Flex, addressed through dedicated, scalable Identity and 

Access Management (IAM) and Authorization services, complementing the secure foundations 

provided by third-party edge hardware. 

Flex Optimizations: 

Flex provides a scalable Identity and Access Management (IAM) Service for authentication and 

identity management, offering APIs that simplify integration with various Identity Providers (IdPs), 

supporting Single Sign-On (SSO) and Social Logins, and adhering to standard protocols (OIDC, 

OAuth 2.0, SAML). This ensures managing user and device identities scales flexibly. 

Complementing IAM, the scalable Authorization Service governs permissions — determining what 

authenticated users or applications can do. It utilizes a robust 3-layer security model for granular 

access control at scale: Request Access Control (RAC) for initial validation at the API gateway, 

Role-Based Access Control (RBAC) for defining permissions based on user roles within 

applications, and Object-level Access Control (OLAC/ACL) for fine-grained permissions on specific 

data objects. This multi-layered approach ensures that security enforcement scales effectively 

with the platform's growth, protecting resources from the point of data entry through application 

access under massive load. 

5. High Availability & Reliability Scale (Resilient with Visibility): 

The Challenge: 

Ensuring the continuous operation and data integrity of the lloT/Al platform under immense load, 

which is paramount in industrial settings where downtime is unacceptable. Operating a complex 

distributed system at scale requires not just redundancy but also deep insight into its state. 
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The Flex Platform Approach: 

The Flex platform is designed with inherent redundancy, automated failover mechanisms, and 

disaster recovery capabilities built into its distributed, Kubernetes-managed architecture, 

deployable across different cloud regions or availability zones. Furthermore, it incorporates 

comprehensive monitoring capabilities. 

Flex Optimizations: 

Leveraging cloud-native patterns orchestrated by Kubernetes, combined with redundant 

configurations for critical components like Kafka and databases, the Flex platform minimizes single 

points of failure and enables automatic recovery from component failures. This provides the 

enterprise-grade reliability and high availability that industrial operations demand, consistently 

delivered across any supported cloud environment (AWS, Azure, or private cloud). Crucially, to 

ensure proactive management and fault avoidance across such a complex, distributed system, the 

Flex platform is designed to gather comprehensive statistics and telemetry on all platform 

elements (including microservices, databases, queues, etc.) as well as the underlying 

infrastructure being utilized (compute, network, storage). This integrated monitoring provides 

operators and DevOps teams with total visibility into the operational state of the entire platform, 

simplifying monitoring, troubleshooting, and proactive fault avoidance at scale by allowing issues 

to be identified and addressed before they impact operations. 

6. Optimizing Total Cost of Ownership (TCO) at Scale 

The Challenge: 

While achieving enterprise-scale IloT is technically challenging, ensuring that the cost to deploy 

and operate doesn't grow disproportionately with the scale is a critical business requirement. 

Uncontrolled costs can undermine the ROI of IloT initiatives. 

The Flex Platform Approach: 

Flex's architecture is deliberately designed not just for technical scale, but for cost-effective scale, 

optimizing the Total Cost of Ownership (TCO) for enterprise deployments. 

Flex Optimizations: 

To deliver “unit-cost” advantages and optimize cost at scale for the broad set of capabilities 

necessary in enterprise-grade lloT systems the entire system must embrace this design for 

efficiency. 
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. Cloud-Native Elasticity & Autoscaling: By being built on Kubernetes with managed 

autoscaling, Flex ensures compute, memory, and network resources automatically adjust to 

meet real-time demand across AWS, Azure, or private clouds. This eliminates the need for 

costly over-provisioning based on theoretical peak loads, ensuring you only pay for the 

resources actually consumed during periods of high activity, and scale down automatically 

when demand is low. 

. Efficient Data Pipeline: The carefully designed multi-stage data pipeline, utilizing technologies 

like Kafka for buffering and decoupling and Spark for efficient parallel processing, minimizes 

the time compute resources are needed for processing tasks. Normalizing data early reduces 

redundant storage requirements. This efficiency translates directly into lower cloud 

infrastructure costs. Kafka's durability also prevents costly data loss and the need for complex 

recovery processes. 

. Microservices & Decoupling: The microservices architecture, where core services are 

delivered as independent middleware, allows individual components to scale independently. 

Instead of having to scale the entire platform, only the specific services experiencing high load 

(e.g., ingestion, a particular processing function, an AP| endpoint, a custom device 

management service) consume more resources, leading to more granular and efficient cost 

scaling. 

. Platform-Driven Device Management: Centralized, remote device management capabilities 

significantly reduce operational costs by minimizing the need for expensive field technician 

visits for routine maintenance, configuration updates, or troubleshooting across a vast fleet of 

devices. The ability to build custom logic using scalable core services reduces the need for 

costly bespoke edge development projects. 

. Cloud Agnosticism: Flex's ability to be deployed on AWS, Azure, or private clouds provides 

enterprises with the flexibility to choose the infrastructure provider that offers the most 

favorable pricing model or leverage existing data center investments, avoiding vendor lock-in 

and optimizing infrastructure spend. 

. Data Isolation: Efficiently handling multiple tenants or internal business units securely on a 

shared platform instance offers significant cost advantages compared to deploying separate, 

isolated instances for each, while maintaining necessary security and performance levels. 

. Reliability as Cost Savings: The high availability and reliability built into Flex minimizes costly 

downtime. In industrial settings, the cost of even brief operational pauses can be immense, far 

outweighing platform infrastructure costs. Flex's resilient architecture directly protects against 

these significant potential losses. 

loTg3 07



Data Lake Isolation for Cloud Agnosticism for 
E Multiple Tenants Cloud Cost MGT 

Cloud-Native Elasticity /7o 
& Autoscaling 

Qi‘@ Efficient Data Pipeline 
Caches & Queues 

Flex 
Optimizations 

Centralized & Efficient Q&P Microservices & Decoupling 
Device Management o'sp Areas of Concern 

This fundamentally different approach to cost becomes a significant advantage at enterprise 

scale. With hyperscaler loT PaaS offerings, you typically pay for the underlying infrastructure and 

incur additional per-use fees for each transaction or operation across a multitude of managed 

software components (e.g., per message routed, per device management command, per rule 

evaluation, per shadow update). While seemingly granular, these numerous per-activity charges 

can accumulate dramatically and unpredictably as the volume and complexity of your lloT 

deployment grow. 

In contrast, with the Flex platform, you primarily pay for the underlying infrastructure needed to 

run the platform components, as the usage of Flex's comprehensive core services and built-in 

capabilities (like data ingestion, processing, device management features, IAM, Authorization) is 

included within the platform license. This means your costs scale predominantly with the required 

capacity of your infrastructure, not with the transaction volume across every distinct software 

feature. This model eliminates the unpredictable "activity tax" of per-use fees, leading to 

significantly lower, more predictable, and more controllable costs at high scale compared to 

solutions where every single interaction with a software service adds to the bill. Flex ensures your 

investment scales predictably with the actual work being done by the infrastructure, delivering 

optimal TCO for even the largest industrial deployments. 

7. The Risks of Insufficient Scale: Why Enterprise lloT Cannot Afford 

“at Scale” Limitations 

While the benefits of enterprise IloT are immense when done right, deploying solutions that cannot 

truly scale across all the necessary dimensions poses significant risks that can jeopardize the 

entire initiative and the enterprise itself. 
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Failure to achieve true multi-dimensional scale in an enterprise lloT deployment can lead 

to severe consequences: 

Data Overload & Lost Insights: The inability to handle the sheer Volume, Velocity, and Variety 

of data at scale means enterprises are quickly overwhelmed. Data pipelines break, valuable 

information is lost, real-time insights become delayed or impossible, and the potential for 

advanced analytics and Al is severely limited. This prevents data-driven decision-making and 

leads to missed opportunities for optimization and predictive maintenance failures. 

Unmanageable Fleet Operations: Failing to scale Device and Connection Management results 

in unmanageable fleets. Devices may struggle to connect reliably, updates become impossible 

or prohibitively complex to deploy fleet-wide, security postures weaken, and operational costs 

skyrocket due to the necessity of manual intervention for tasks that should be automated at 

scale. 

Crumbling Platform & Limited Applications: Limitations in Platform, Application, and User 

Scale directly cripple usability and value delivery. Applications become slow, unstable, or 

unresponsive under load, preventing operators and decision-makers from accessing timely 

information. The platform infrastructure buckles under stress, hindering the development and 

deployment of new lloT applications and severely limiting the overall ROI of the initiative. 

Exposed Security Surface: Inadequate Security Scale transforms the expanding lloT 

landscape into a massive, unmanageable attack surface. Without security mechanisms 

designed for millions of devices and petabytes of data, vulnerabilities become ripe targets, 

leading to data breaches, operational disruptions, severe financial penalties, and irreversible 

damage to brand reputation. Achieving compliance becomes impossible without scalable 

security controls. 

Operational Disruptions & Financial Losses: Insufficient High Availability and Reliability 

directly impacts operations. Downtime in critical industrial processes results in lost production, 

significant revenue loss, potential safety incidents, and environmental hazards. A system that 

isn't designed for continuous operation under load is fundamentally unfit for mission-critical 

enterprise lloT applications. 

Unpredictable and Soaring Costs: Ignoring scale often leads to ballooning and Unpredictable 

Costs. This includes the cost of patching fundamental limitations with inefficient workarounds, 

over-provisioning infrastructure out of necessity rather than elastic efficiency, and the high 

cost of reacting to failures (downtime, security breaches, lost data). These reactive costs 

quickly erode any potential benefits from the lloT deployment. 
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For enterprise IloT to succeed, scale cannot be an afterthought. It must be an inherent capability of 

the platform from the beginning. Solutions that fail to support true multi-dimensional scale are not 

merely inefficient; they are a liability that can undermine operational goals, introduce unacceptable 

risks, and prevent the enterprise from realizing the transformative potential of its connected industrial 

assets. 

Flex: The Scalable, Cost-Effective Foundation for Industrial 

Transformation 

Achieving true enterprise IloT scale is a dynamic, multi-faceted challenge that requires a platform 

meticulously designed not only for performance, reliability, and security but also for cost-effectiveness 

across every dimension. Seamlessly integrating with intelligent third-party edge hardware and 

leveraging a cloud-native architecture powered by sophisticated data pipelines utilizing technologies 

like Kafka and Spark, orchestrated by Kubernetes with managed autoscaling, and incorporating 

comprehensive, scalable IAM and Authorization services, Flex provides that platform. Designed for 

cloud-agnostic deployment on AWS, Azure, or private clouds, Flex is fundamentally capable of handling 

the immense scale and rigorous demands of modern industrial data and operations while ensuring an 

optimized Total Cost of Ownership. 
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