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Executive Summary 
The COGNIFOG project epitomizes a pivotal advance in the integration of AI-driven Edge Cloud 
Continuum with cognitive and fog computing technologies. This document systematically identifies 
potential security threats inherent to the COGNIFOG architecture and formulates strategic 
countermeasures. Our objective extends beyond mere protection; it encompasses reinforcing the 
system’s resilience amidst a progressively sophisticated and volatile cyber threat landscape. 

This analysis is underpinned by an acknowledgment of COGNIFOG's unique architectural attributes: 
its distributed framework, advanced AI capabilities, and the integration of edge and cloud computing. 
These innovative elements, while propelling technological advancement, also introduce distinct 
vulnerabilities. This document adopts a methodical approach to dissect these challenges, aiming to 
enhance the COGNIFOG system's defense mechanisms against current and emergent security threats. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Threat Model  

 

Table of Contents 
Executive Summary ................................................................................................................................. 2 
1. Methodology .................................................................................................................................... 4 
2. System Architecture ......................................................................................................................... 4 

2.1 Architectural Diagrams .......................................................................................................... 5 
2.2 Component Interaction and Threat Analysis of COGNIFOG Architecture ........................... 6 

2.2.1 Component Description ..................................................................................................... 8 
3. Threat Analysis and Mitigation ..................................................................................................... 10 
4. Conclusion ..................................................................................................................................... 21 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Threat Model  

 

1. Methodology  
Our approach to threat modeling for the COGNIFOG project is meticulously crafted, encompassing a 
comprehensive review of the project's infrastructure and operational paradigms. The methodology is 
anchored in the STRIDE framework, which has been customized to align with the specific nuances of 
the COGNIFOG architecture. The process unfolds through several critical stages: 

1. In-Depth Asset Identification: This involves a detailed cataloging of the COGNIFOG system's 
components. Key focus areas include its AI-driven data analytics modules, edge-cloud 
continuum orchestration mechanisms, and the interplay between these elements. 

2. Rigorous Security Boundary Definition: We define and map out the security perimeters 
within the COGNIFOG architecture, acknowledging the complexities arising from its 
distributed and decentralized framework. This stage is crucial in understanding how data flows 
and interactions occur within the system. 

3. Comprehensive System Architecture Analysis: An extensive examination of the 
COGNIFOG architecture is undertaken. This includes a deep dive into its cognitive-fog 
framework, secure continuum management systems, and the underlying mechanisms that 
enable its advanced functionalities. 

Thorough Threat Enumeration and Analysis: Leveraging the adapted STRIDE model, we 
meticulously identify potential threats, focusing on vulnerabilities specific to cognitive computing 
environments. This stage involves a detailed assessment of each identified threat, considering its 
likelihood, potential impact, and the intricacies of how it might exploit the COGNIFOG system's unique 
properties. 

2. System Architecture  
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2.1 Architectural Diagrams 

In the realm of advanced computing architectures, the COGNIFOG platform stands out for its intricate 
integration of cognitive and fog computing. This section delves deep into the COGNIFOG architecture, 
offering a thorough examination of its components and subcomponents. We explore the unique roles 
and functionalities of each element, their interconnections, and the synergies that drive the platform's 
efficiency and security. Through detailed component analysis and comprehensive tables, we aim to 
provide a clear understanding of the COGNIFOG platform's operational dynamics and the complex web 
of interactions that underpin its robust architecture. 

To gain insights into the functional dynamics of the COGNIFOG platform, it's essential to examine the 
interactions between its various subcomponents. The 'Interactions between Subcomponents' table 
presents a clear view of these crucial relationships. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.2 Component Interaction and Threat Analysis of COGNIFOG Architecture 
Table 1: Workflow and Threat Analysis of COGNIFOG Architecture 

Component \ 
Interaction 

KENTYOU AI I2CAT Network 
Slice Manager 

I2CAT Edge 
Gateway 

CEA 
Polygraph 
Monitoring 

EBOS 
Dashboard 

ATOS Continuum 
Orchestrator 

KENTYOU 
SentisNAct Platform 

KENTYOU 
AI  

AI algorithms 
optimizing 
operations 
(Privacy 
Breach) 

Receives network data 
for AI analytics 
(Data Protection) 
 
(Data Integrity 
Issue) 

Gathers edge-
processed data 
for deep 
learning 
(Edge 
Security)  
 

(Data Latency                 
Problem) 

Is monitored 
for 
performance 
and AI health 
 
(Monitoring 
Evasion) 

Provides data 
to support 
decision-
making 
processes 
 
(AI Decision 
Opacity) 

Coordinates with 
orchestration for 
AI-driven services 
 
(Orchestration 
Conflict) 

Integrates AI insights 
for sensor data 
interpretation 
 
(Integration Flaw) 

I2CAT 
Network 
Slice 
Manager  

Supplies data 
slices for AI 
optimization 

Handles dynamic 
network slicing for 
traffic management 
 
(Configuration 
Vulnerability) 

Configures 
RAN based on 
slicing 
requirements 
 
(Access 
Control 
Lapse) 

Monitored for 
network 
efficiency and 
slicing 
effectiveness 
 
(Slice 
Performance 
Blind Spots) 

Network 
configurations 
reflected on 
dashboard 
 
(Visualization 
Mislead) 

Network resource 
orchestration as per 
policy guidelines 
 
(Resource 
Allocation 
Failure) 

Not directly applicable 

I2CAT Edge 
Gateway  

Analyzes data 
before AI 
processing 
 
(Edge AI 
Processing 
Overhead) 

Applies network 
configurations to 
manage data flow 
 
(Network 
Throttling) 

Direct 
communication 
with edge 
devices for 
localized 
processing 

Provides data 
for edge device 
health 
monitoring 
 
(Edge Health 
Monitoring 
Lapse) 

Displays edge 
operational 
status and 
alerts 
 
(Alerting 
Delay) 

Orchestrates 
services at the edge 
level 
 
(Edge-Cloud 
Synchronization 
Fault) 

Communicates with 
sensors and actuates 
based on instructions 
 
(Sensor 
Miscommunication) 
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CEA 
Polygraph 
Monitoring  

AI's health and 
decisions are 
monitored 

Monitors the health 
and efficiency of 
network slices 
 
(Network Slice 
Health Oversight) 

Keeps track of 
edge device 
status and 
alerts 
 
(Edge 
Security 
Oversight) 

Central 
monitoring 
component for 
the entire 
system 
 
(Centralized 
Monitoring 
Risk) 

Reflects all 
monitored 
parameters for 
governance 
 
(Data 
Overload) 

Relays monitoring 
data to assist 
service 
orchestration 
 
(Orchestration 
Misalignment) 

Monitors sensor data 
and device responses 
for anomalies 

EBOS 
Dashboard  

Displays 
outcomes of AI 
analytics 
 
(Interpretation 
Error) 

Shows network slice 
status and 
performance 
(Status 
Misrepresentation) 

Governance 
oversight of 
edge 
operations 

Central hub for 
all monitoring 
data and 
analytics 
 
(Data 
Consolidation 
Error) 

Governance 
central, 
reflecting 
policy 
adherence and 
system status 

Overview of 
service 
orchestration across 
the system 
 
(Orchestrator 
Visibility Issue) 

Not directly applicable 

ATOS 
Continuum 
Orchestrator  

Orchestrates AI 
services 
deployment 
 
(Deployment 
Security Risk) 

Aligns network 
resources with service 
demands 
 
(Resource 
Misconfiguration) 

Manages 
deployment of 
services to 
edge devices 
 
(Edge 
Coordination 
Flaw) 

Uses 
monitoring data 
for informed 
orchestration 

Policies and 
orchestration 
activities 
displayed 
 
(Policy 
Enforcement 
Delay) 

Central orchestrator 
managing various 
components 
 
(Orchestration 
Complexity) 

Orchestrates responses 
to sensor data and 
actions 
 
(Sensor Response 
Delay) 

KENTYOU 
SentisNAct 
Platform  

Receives AI 
insights for 
action on 
devices 
 
(Integration 
Security Gap) 

Not directly 
applicable 

Not directly 
applicable 

Sends sensor 
data for 
system-wide 
monitoring 
 
(Monitoring 
Integration 
Flaw) 

Not directly 
applicable 

Receives 
orchestration 
commands for 
device action 
 
(Command 
Execution Delay) 

Primary platform for 
sensor interaction and 
data collection 
 
(Data Collection 
Error) 



The COGNIFOG system's architecture is characterized by a network of components, each with distinct 
interactions and responsibilities that collectively contribute to the system's operation. The upcoming 
overview aims to clearly outline these interactions concisely. The objective is to facilitate 
comprehension of how the interplay between different components might give rise to certain risks, 
emphasizing the significance of proactive risk management in the system's design and operation. The 
COGNIFOG architecture relies on the seamless collaboration between the Network Slice Manager and 
RAN Controller to efficiently allocate network resources and effectively manage various types of 
traffic. This guarantees that the network capabilities are properly customized to fulfill the diverse 
requirements of different data streams. The Edge Gateway, enhanced with CYSEC ARCA Embedded, 
has a crucial function in preserving the authenticity and protection of data at the network's edge. It acts 
as a vital control point for data entering and exiting the system. The role of CEA XanthOS in continuous 
system health monitoring is to provide essential data to CEA Polygraph Monitoring, which allows for 
a data-driven approach to making operational adjustments. The SentisNAct Platform's ability to 
maintain constant vigilance across the whole system enables smooth integration, enabling immediate 
answers to emerging insights and operational difficulties. The ATOS Continuum Orchestrator and 
Policy Management regulate the complex network of interactions, ensuring that the entire ecosystem 
runs in compliance with set standards and maintains operational excellence. The COGNIFOG system's 
meticulous arrangement of components and processes showcases its all-encompassing strategy for 
overseeing intricate data flows and ensuring security in a constantly changing operating setting. 

Table 1 lists how the different parts of the system work together, along with the risks and safety 
measures that go along with each link, to make sure that the whole system is safe. 

2.2.1 Component Description 
The COGNIFOG platform, a sophisticated integration of cognitive computing and fog computing 
technologies, is designed to offer a seamless and secure computing environment. This detailed overview 
covers the platform's key components and their respective submodules, highlighting their roles, 
functionalities, and contributions to the platform's security. Each component, from Modeling to 
Governance, plays a pivotal role in ensuring the COGNIFOG platform's efficiency, adaptability, and 
resilience against various cyber threats. 

Modeling Components: Fundamental for system adaptability, these components manage data and 
service models, ensuring the integrity and confidentiality of model data. Key subcomponents include: 

• Polygraph Model: Manages data modeling, crucial for the representation and interrelation of 
various data elements, ensuring data consistency and integrity. 

• Application & Infrastructure Model: Handles the interaction between applications and 
infrastructure, vital for efficient deployment and operational management, and optimal 
integration with underlying infrastructure. 

DevOps Components: Critical for deploying and managing service operations, facing security 
challenges in continuous integration and delivery. Subcomponents include: 

• DevOps and Distributed Pipelines: Focuses on CI/CD processes, integral to efficient and secure 
service deployment. 

• Continuum Management: Comprising the Continuum Orchestrator, Monitoring, and Network 
Management Interfaces, it orchestrates operations across the platform, ensuring system health 
and managing network interactions. 

• Security and Privacy Management: Includes modules for network security, Trusted Execution 
Environments, and Cryptographic Services, key for safeguarding the platform's integrity and 
secure data transmission. 

Runtime Components: The core operational part of the architecture, divided into Cloud-Fog Level, 
Edge Level, and Things Level, each dealing with executing services and applications, and necessitating 
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stringent security controls to protect against threats like unauthorized access and data tampering. Key 
subcomponents are: 

• Network Slice Manager (Cloud-Fog Level): Manages network slicing for efficient resource 
allocation. 

• IoT Edge Gateway (Edge Level): Acts as a bridge between IoT devices and the network, 
managing secure data flow. 

• IoT Devices (Things Level): Various devices, each with specific functionalities and protocols. 

Governance Components: Oversee policy enforcement and compliance, with a focus on ensuring 
policy adherence and continuous monitoring for security breaches. They include: 

• Front-End Dashboard: Provides a user interface for system monitoring and management, 
allowing administrators to oversee operations. 

• Multi-Cluster Orchestrator: Coordinates operations across different clusters, ensuring seamless 
integration and efficiency. 

• Policy Manager: Ensures compliance with set policies and regulations, crucial for maintaining 
operational integrity. 

The following Table 2 summarizes these components, their submodules, functionalities, and security 
focus, providing a clear and coherent overview of the COGNIFOG platform's structure and its emphasis 
on security and efficiency. 
 

Tab 2: Overview of COGNIFOG Platform Components and Their Security Focus 

Component Submodules Functionality Security Focus 

Modeling 
Components 

Polygraph Model, 
Application & 
Infrastructure Model 

Data and service 
modeling, system 
adaptability 

Data integrity and 
confidentiality 

DevOps 
Components 

DevOps and Distributed 
Pipelines, Continuum 
Management, Security and 
Privacy Management 

Service deployment and 
operation, CI/CD, 
network management 

Unauthorized access 
prevention, integrity of 
services 

Runtime 
Components 

Cloud-Fog Level (Network 
Slice Manager), Edge Level 
(IoT Edge Gateway), 
Things Level 

Execution of services 
and applications at 
different levels 

Protection against 
unauthorized access, 
data tampering, DoS 
attacks 

Governance 
Components 

Front-End Dashboard, 
Multi-Cluster Orchestrator, 
Policy Manager 

Policy enforcement, 
system monitoring, 
regulatory compliance 

Policy adherence, 
monitoring for security 
breaches and non-
compliance 
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3. Threat Analysis and Mitigation  
STRIDE is a security threat identification approach that specifically classifies the various sorts of threats 
that a system may face. The term STRIDE is an acronym that represents the following security threats: 
Spoofing, Tampering, Repudiation, Information Disclosure, Denial of Service, and Elevation of 
Privilege. It is chosen for its extensive coverage across multiple aspects of security risks, which is 
crucial for comprehending and protecting against potential weaknesses in a system. The model is 
frequently chosen for its efficacy in offering a systematic approach to security analysis, promoting 
comprehensive scrutiny of the potential manifestations of each threat type and the corresponding 
preventive or mitigative measures. The abbreviation STRIDE represents the following security threats: 
Spoofing, Tampering, Repudiation, Information Disclosure, Denial of Service, and Elevation of 
Privilege. 

 

Spoofing 

Identified Threats 

• Impersonation of legitimate users or services 

• Insider uses stolen credentials to access the system. 

• Impersonation of IoT devices using MQTT or CoAP. 

Affected Component  

Edge Gateway, Dashboard, AI Services, INTRA CI/CD Tools 

User authentication mechanisms, IoT device communication interfaces. 

Risk Assessment 
High - Potential unauthorized system access and potential unauthorized 
access by insiders. 

Attack Scenarios 

• Attacker forges identity of Edge Gateway, disrupting IoT operations. 

• Fake admin dashboard login page captures credentials.  

• Spoofed AI service sends malicious commands to IoT devices. 

• An employee uses a colleague’s credentials to access restricted areas of the system. 

• An attacker mimics a CI/CD update server, delivering malicious payloads. 

• An attacker intercepts and injects malicious code during data transmissions. 

• An attacker mimics a legitimate IoT device to send malicious commands or disrupt 
operations. 

Mitigation 
Recommendations 

• Implement multi-factor authentication, utilize PKI, and enforce 
RBAC communications with CI/CD tools encrypted. 
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• Enforce periodic password changes and multi-factor 
authentication. 

• Use mutual authentication and maintain a secure MQTT/CoAP 
server configuration. 

Security Controls • Secure communication with TLS/SSL, user and service 
authentication via certificates, frequent security training.  

• Deploy End Point Detection & Response (EDR) solutions on 
CI/CD servers to detect and respond to signs of spoofing and other 
anomalies. 

• Password management systems and biometric verification. 

• Implement strong authentication mechanisms like certificates for 
device authentication. 

Examples 

• Credential Stuffing Attack (User Authentication System):  
Attackers use breached username-password pairs to gain unauthorized access, potentially 
compromising user data and system controls.  

• API Spoofing (API Gateways): 
Attackers mimic legitimate API endpoints, tricking applications into sending sensitive data 
to malicious destinations.  

• Device Mimicking (IoT Edge Gateway):  
Malicious entities mimic IoT devices, sending false data or commands, leading to 
operational disruptions and data integrity issues. 

• An employee attempts to access the system with credentials found written down at a 
shared workstation. 

• Unauthorized actors alter Uploader script, may lead to the exposure of credentials 
stored in CI/CD environments. 

• Docker Hub Compromise: Attackers can gain control of Docker Hub accounts and 
push malicious images, which can be unknowingly deployed via CI/CD pipelines. 

• An attacker uses a spoofed device ID to publish harmful MQTT messages that alter 
the behavior of other devices in the network. 

 

Tampering 

Identified Threats 

• Unauthorized modification of data or configurations. 

• Malicious alteration of data by authorized insiders. 
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• Unauthorized modification of messages transmitted via MQTT 
or CoAP. 

Affected Component  

• I2CAT Edge Gateway, KENTYOU Data Hub, Network Slice 
Manager, Data storage systems. 

• Message brokers (MQTT), resource servers (CoAP). 

Risk Assessment High - Integrity and reliability of the system could be severely impacted 

Attack Scenarios 

• An attacker exploits weak encryption to alter data from the Edge Gateway, causing IoT 
malfunctions. A rogue insider changes configurations in the Data Hub, leading to data 
corruption. 

• A disgruntled employee modifies financial records. 

• An attacker alters the payload of an MQTT message to falsify sensor readings. 

Mitigation 
Recommendations 

• Strengthen encryption protocols, enforce strict access controls, 
and implement change management procedures. 

• Implement strict version control and role-based access to 
sensitive data edits. 

• Use an encryption algorithm who authenticate the data 
(ciphertext)  

Security Controls • Use end-to-end encryption for data transmission, employ 
hardware security modules for key storage, conduct regular 
security audits. 

• Audit trails and checksum validations for data integrity. 

• Use TLS/SSL for MQTT and DTLS for CoAP to encrypt 
communications. 

Examples 

• Man-in-the-Middle (MitM) Attack (I2CAT Edge Gateway): 
Attackers intercept and modify data between the gateway and IoT devices, leading to false 
information being processed, potentially causing harm or misinformed decisions.  

• Insider Threat (KENTYOU Data Hub):  
A trusted individual maliciously alters data or configurations within the Data Hub, leading 
to widespread data inaccuracies and potential system compromise.  
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• Misconfiguration Attack (Network Slice Manager):  

Incorrect configurations made deliberately by an attacker can cause network disruptions, 
affecting service delivery and data confidentiality. 

• Detection of unauthorized changes to a database by cross-referencing audit logs. 

• A compromised network node modifies CoAP messages, resulting in incorrect actions 
being taken by the IoT system. 

 

Repudiation 

Identified Threats 

• Unauthorized actions and denials 

• Denial of malicious actions performed. 

• Denial of actions, such as sending or receiving commands via 
MQTT or CoAP. 

Affected Component  

• ATOS Continuum Orchestrator, CYSEC KMS, EBOS 
Dashboard, log management systems, Monitoring Tools. 

• Logging mechanisms of MQTT brokers and CoAP servers. 

Risk Assessment Medium, impacts traceability and accountability. 

Attack Scenarios 

• An attacker claims they did not perform an action that they did, such as unauthorized 
system changes. 

• An insider denies performing unauthorized actions detected by monitoring systems. 

• Attackers manipulate logs or delete logs to obscure their actions. 

• An insider falsely denies having sent a critical MQTT command that caused a system 
malfunction. 

Mitigation 
Recommendations 

• Implement secure logging with user action trails and transaction 
digital signatures. 

• Use immutable logs and provide secure administrative access to 
logs. 

• Ensure all actions are traceable with integrity checks. 

• Implement comprehensive logging with non-repudiation 
features. 
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Security Controls • Non-repudiation protocols, immutable logs, digital signature 
validation. 

• Secure audit trails. 

• Blockchain for log integrity, and log access secured with more 
than one form of authentication. 

• Secure log storage with timestamping and signatures. 

Examples 

• Log Tampering (ATOS Continuum Orchestrator):  
An attacker manipulates log entries to obscure unauthorized actions, complicating incident 
response and accountability.  

• Audit Trail Alteration (CYSEC KMS):  
Altering or deleting records in the audit trail to hide unauthorized access or changes in key 
management systems.  

• Action Denial (EBOS Dashboard):  
Users or attackers deny executing actions that are logged in the dashboard, potentially 
hindering accountability and complicating forensic analysis. 

• An employee modifies client data and later denies doing so; however, the digital 
signature attached to the log entry confirms their identity and the exact time of the 
action. 

• Audit trails capture a complete log of all MQTT or CoAP messages sent, preventing 
users from denying their actions. 

 

Information Disclosure 

Identified Threats 

• Unauthorized data access, data breaches, eavesdropping, accidental 
exposure. 

• Leaks of sensitive information by insiders, voluntary or not. 

• Exposure of sensitive data transmitted via MQTT or CoAP. 

• Leakage of cryptographic primitives and sensitive data by attacker 
using side channel attack technics  

Affected 
Component  

Network Slice Manager, IoT Edge Gateway, Data Management and 
Analytics, Communication Channels, User Interface/Front-End Dashboard, 
API Endpoints, Cloud Storage, Internal communication platforms and 
databases, IoT communication channels, KENTYOU AI, CYSEC ARCA 
Trusted OS. 
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Risk Assessment High, could lead to significant data breaches. 

Attack Scenarios 

• Data breaches, unauthorized access. 

• An insider intentionally shares confidential data with external parties. 

• A user inadvertently leaks data through negligence. 

• Vulnerabilities in third-party components. 

• An eavesdropper intercepts unencrypted MQTT messages disclosing sensitive user data. 

• An attacker learns sensitive data (or cryptographic primitives) by measuring the power 
consumption of an IoT or edge device, or by performing a glitch attack. 

Mitigation 
Recommendations 

• Implement robust encryption, stringent access controls, and perform 
regular security audits. 

• Data loss prevention (DLP) technologies and strict data access 
governance. 

• Enforce encryption using TLS/SSL for MQTT and DTLS for CoAP. 

• User training and sensitization 

• Limit physical access to a device or monitor it as best you can. 

Security Controls • Secure Socket Layer (SSL)/Transport Layer Security (TLS) for data 
encryption, network access control, VPNs for secure communication, 
and access control lists. 

• Encryption of sensitive data at rest and in transit, and use of access 
logs to monitor data access. 

• Encrypted communication channels and access controls to limit who 
can subscribe to or publish on certain topics. 

Examples 

• Data Breach (Network Slice Manager):  

o Unauthorized access leading to exposure of network configurations and 
performance metrics. 

o Interception and disclosure of sensitive information about network management 
and operational details. 

• Eavesdropping (IoT Edge Gateway): 

o Leakage of sensitive data transmitted from IoT devices to the network. 
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o Exposure of device configuration details and operational parameters. 

• Data Management and Analytics (Data Breach, System Intrusion): 

o Unauthorized access to stored data analytics results. 

o Compromise of data processing units leading to exposure. 

• Communication Channels (Eavesdropping Attack, Man-in-the-Middle (MitM) 
Attack): 

o Eavesdropping on unsecured communication channels. 

o Interception of data transfers between components. 

• User Interface/Front-End Dashboard (Information Leakage, Unauthorized Access): 

o Accidental or malicious exposure of sensitive information. 

o Unauthorized access to user activity logs and system status reports. 

• API Endpoints (API Key Leakage, Data Leakage): 

o Exposure of API keys through insecure endpoints. 

o Leaks of data through poorly secured or unencrypted communications. 

• Cloud Storage (Cloud Storage Breach, Encryption Failure): 

o Breaches in cloud storage, exposing stored data. 

o Inadequate encryption or security measures. 

• Third-party library Breaches 

• An exploit in a third-party library leads to unauthorized access to sensitive data 
stored within the KENTYOU AI and CYSEC ARCA Trusted OS systems. 

• An alert is triggered when an employee accesses customer data not required for their 
role, as monitored by DLP systems. 

• Encrypted MQTT channels prevent unauthorized access to data, ensuring that 
intercepted messages cannot be read by attackers. 

 

Denial of Service (DoS) 

Identified Threats 

• DDoS attacks, botnet traffic, resource exhaustion, SQL injection.  

• Insider intentionally overloads network resources. 

• Disruption of service by flooding MQTT brokers or CoAP servers 
with requests. 
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Affected Component  

•  Network Infrastructure, IoT Edge Gateway, Edge Computing 
Nodes, IoT Devices, Backend Servers/Data Processing Units, 
Network infrastructure and application servers, DevOps Tools. 

• Network infrastructure supporting IoT protocols. 

Risk Assessment High 

Attack Scenarios 

• Overloading network resources, direct attacks on devices. 

• An insider floods the network with high-volume traffic to disrupt services. 

• System overload from compromised third-party components or DevOps pipeline flooding. 

• An attacker sends a flood of connect requests to an MQTT broker, overwhelming it. 

Mitigation 
Recommendations 

• Redundancy, traffic filtering, resource management. 

• Rate limiting and network monitoring to detect and prevent 
abnormal traffic patterns. 

• Rate limiting, and continuous monitoring of third-party services 

• Implement rate limiting and robust authentication mechanisms to 
filter out illegitimate requests. 

Security Controls • Firewalls, load balancers, DDoS protection mechanisms such as rate 
limiting, IP blacklisting, web application firewalls, anomaly 
detection systems, resource management, and network behavior 
analysis tools. 

• Implementation of advanced network security solutions like traffic 
shaping and priority rules. 

• Use of firewalls and intrusion detection systems to monitor and 
mitigate abnormal traffic patterns. 

Examples 

• Network Interfaces (Denial of Service (DoS) Attack, Port Scanning Attack or Service 
Disruption Attack.): 

o Sustained high-volume traffic causing congestion. 

o Targeted attacks on specific network ports 

• IoT Edge Gateway (Denial of Service (DoS) Attack, Distributed Denial of Service 
(DDoS) Attack): 
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o Overloaded by a flood of requests:  

o Resource exhaustion due to coordinated attacks. 

• Edge Computing Nodes (Distributed Denial of Service (DDoS) Attack, Resource 
Exhaustion Attack ): 

o DDoS attacks leading to service disruption. 

o Resource depletion attacks (memory or CPU consumption). 

• IoT Devices (Targeted IoT Device Attack, Vulnerability Exploitation Attack): 

o Direct attacks on IoT devices. 

o Exploitation of security vulnerabilities. 

• Backend Servers/Data Processing Units (Service Overload Attack, Botnet Attack): 

o Overloading servers with requests. 

o Botnet attacks targeting core computational resources. 

• CD/CD Devops Tools 

o Overwhelming DevOps tools with high traffic volumes, causing system 
unavailability  

• Network traffic monitoring tools automatically throttle the connection speed of an 
account detected sending large amounts of unnecessary requests. 

• Rate limiting on the MQTT broker prevents an overload from excessive connection 
attempts, ensuring service availability. 

 

Elevation of Privilege 

Identified Threats 

• Unauthorized system access, exploitation of system vulnerabilities, 
unauthorized privilege escalation, bypassing security mechanisms.  

• Insider exploits system flaws to gain unauthorized access to 
elevated privileges. 

• Gaining unauthorized access to administrative functions on MQTT 
brokers or CoAP servers. 

Affected Component  

Front-End Dashboard, Security Tools, Backend Systems, API Endpoints, 
System administration tools, Administrative interfaces of IoT 
communication protocols, CYSEC KMS, Runtime Components. 

Risk Assessment High, could lead to full system compromise. 

Attack Scenarios 
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• Exploiting vulnerabilities in the dashboard, security tools, or backend systems; bypassing 
authentication in API endpoints. 

• An insider exploits a vulnerability in application configuration to gain admin rights. 

• Exploiting vulnerabilities in third-party updates to gain elevated system access. 

• An attacker exploits weak credentials to gain administrative access to the MQTT broker. 

Mitigation 
Recommendations 

• Implement role-based access control, conduct regular vulnerability 
assessments, apply the principle of least privilege, and enforce strong 
authentication protocols. 

• Regular system and application vulnerability assessments and use of 
the least privilege principle. 

• Regularly update and patch systems. 

• Enforce strong password policies and multi-factor authentication for 
administrative access. 

Security Controls • Implementing the Principle of Least Privilege and robust access 
control mechanisms. 

• Regular system and software updates, along with patch management. 

• Vulnerability scanning. 

• Strong authentication and authorization protocols. 

• Use of intrusion detection systems for continuous monitoring and 
identifying potential privilege escalation activities. 

• Automated vulnerability scanning tools and strict enforcement of 
access controls. 

• Role-based access control and regular audits of user privileges. 

Examples 

• Network Infrastructure (Traffic Flooding Botnet, Network Capacity DDoS, Botnet 
Attack): 

o Distributed Denial of Service (DDoS) attacks overloading network capacity, causing 
widespread service disruptions. 

o Botnet-driven traffic floods targeting network gateways, leading to network 
paralysis. 

• IoT Edge Gateway (Computational Resource Overload, Software Vulnerability 
Exploitation, DoS via Excessive Requests): 
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o Excessive requests or malicious traffic aimed at the gateway, leading to a system 

crash or severe latency. 

o Exploitation of vulnerabilities in the gateway software, causing system hang-ups or 
shutdowns. 

• Edge Computing Nodes (Network Flooding Attack): 

o Overloading compute resources with intensive tasks, depleting processing 
capabilities. 

o Flooding edge nodes with traffic or requests, disrupting local data processing and 
decision-making. 

• Backend Servers (SQL Injection): 

o Overloading servers with high-volume requests, affecting the platform’s core data 
processing and storage capabilities. 

o SQL injection or other malicious queries overwhelming the database servers. 

• User Interface/Front-End Dashboard (Automated Script Attack): 

o Automated script attacks flooding the dashboard with login requests or form 
submissions. 

o Malicious use of interface functionalities, leading to server overload. 

• API Endpoints (API Abuse/Exploitation): 

o Excessive requests to API endpoints, depleting server resources and causing service 
unavailability. 

o Attacks targeting API rate limits or exploiting unhandled exceptions. 

• Unauthorized Privilege Escalation through Component Vulnerabilities 

o leveraging vulnerabilities in CYSEC KMS updates for unauthorized system access. 

• An automated system flags and revokes unexpected privilege escalations, logging the 
incident for further investigation. 

• An audit trail reveals an unauthorized attempt to access the MQTT broker's 
administrative panel, which is thwarted by multi-factor authentication. 
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4. Conclusion  
This comprehensive threat modeling exercise has delineated a spectrum of vulnerabilities within the 
COGNIFOG system. These vulnerabilities range from distributed computing architecture risks to 
specific threats against its AI and cognitive computing facets. Corresponding to each identified threat, 
this document proposes a suite of tailored mitigation strategies, intricately designed to reinforce the 
COGNIFOG system’s security posture. 

As the COGNIFOG project progresses, continuous refinement and updating of the threat modeling 
process are imperative. Such a dynamic approach is vital for ensuring that the COGNIFOG architecture 
remains robust and secure, adapting to new threats and evolving alongside technological advancements 
and the shifting landscape of cyber threats. This ongoing process of threat assessment and mitigation is 
essential for maintaining the security and operational integrity of the COGNIFOG system in the face of 
an ever-evolving array of cyber challenges. 

 

 

 


