
        
            
                
            
        

    
	CompTIA Network+ (V9): Exam Study Guide

	 

	Azhar ul Haque Sario

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	Copyright

	 

	Copyright © 2025 by Azhar ul Haque Sario

	 

	All rights reserved. No part of this book may be reproduced in any manner whatsoever without written permission except in the case of brief quotations embodied in critical articles and reviews.

	First Printing, 2025

	 

	Azhar.sario@hotmail.co.uk 

	 

	ORCID: https://orcid.org/0009-0004-8629-830X

	LinkedIn:  https://www.linkedin.com/in/azharulhaquesario/

	 

	Disclaimer: This book is free from AI use. The cover was designed in Canva.

	 

	Copyright Disclaimer: This book is an independently produced educational resource. The author, Azhar ul Haque Sario, is not affiliated with, endorsed by, or sponsored by CompTIA or any other organization mentioned. Any use of the CompTIA Network+ name, trademarks, or other brand names is for nominative fair use purposes only to describe the content and exam objectives. All rights reserved.

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	Contents

	Copyright

	Networking concepts (23%)

	Network implementation (20%)

	Network operations (19%)

	Network security (14%)

	Network troubleshooting (24%)

	About Author

	

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	Networking concepts (23%)

	 

	    Introduction: The Network in 2026

	 

	Welcome to this advanced module on Network Fundamentals and Infrastructure. As we approach 2026, the role of the network engineer has evolved from simple "plumbing"—connecting wires and configuring static routes—to managing dynamic, AI-driven ecosystems. The CompTIA Network+ (N10-009) objectives now demand not just an understanding of how data moves, but how it is secured, optimized, and automated in an era dominated by Agentic AI, Wi-Fi 7, and Zero Trust Architectures.

	 

	In this comprehensive guide, we will deconstruct the two pillars of network theory and practice: the OSI Model (the logic) and Networking Appliances (the muscle). We will treat these not as dusty textbook concepts, but as living frameworks that support the 800G/1.6T Ethernet backbones and private 6GHz wireless networks of today.

	 

	Part I: The OSI Model – A 2026 Perspective

	 

	The Open Systems Interconnection (OSI) model remains the "Lingua Franca" of networking. However, in 2026, we view it through the lens of Observability. When an AI-driven operation fails, we don't just say "the network is down"; we pinpoint the failure to a specific layer to apply automated remediation.

	 

	 

	Layer 1: The Physical Layer

	 

	    Definition: This is the bedrock. It concerns the transmission of raw bit streams over a physical medium. It defines voltages, speed, connector pinouts, and light modulation.

	 

	    The 2026 Context: In 2026, Layer 1 is no longer just about copper (Cat6a/Cat8). It is dominated by Fiber Optics (Single-mode for long haul, Multimode OM5 for data centers) and DAC (Direct Attach Copper) for short, high-speed rack connections. We are seeing the normalization of 800G Ethernet interfaces in core data centers.

	 

	    Key Hardware: Hubs (obsolete), Cabling (Fiber/Copper), Network Interface Cards (NICs), Transceivers (QSFP-DD, OSFP).

	 

	    Troubleshooting Reality: If Layer 1 fails, nothing works. In 2026, "smart cables" with built-in diagnostics help identify breaks.

	 

	        Example: A data center technician notices a CRC error spike on a switch port. Using a digital optical monitoring tool, they identify that a specific transceiver's light level has dropped below the -14dBm threshold due to dust contamination. This is a pure Layer 1 failure.

	 

	Layer 2: The Data Link Layer

	 

	    Definition: Responsible for node-to-node transfer. It packages data into Frames and handles physical addressing (MAC addresses). It also manages error detection via the Frame Check Sequence (FCS).

	 

	 

	 

	    Sub-layers:

	 

	        LLC (Logical Link Control): Flow control and synchronization.

	 

	        MAC (Media Access Control): Hardware addressing.

	 

	    The 2026 Context: Layer 2 is where Wi-Fi 7 (802.11be) shines. The introduction of Multi-Link Operation (MLO) allows devices to send data across multiple bands (2.4, 5, and 6 GHz) simultaneously at Layer 2 to reduce latency.

	 

	    Key Hardware: Switches (L2), Wireless Access Points (WAPs), Bridges.

	 

	    Real-World Scenario: In a high-frequency trading floor, switches use Cut-Through switching at Layer 2 to forward frames before the entire packet is received, shaving off microseconds.

	 

	Layer 3: The Network Layer

	 

	    Definition: The layer of "Routing." It handles logical addressing (IPv4/IPv6) and path determination. It encapsulates Frames into Packets.

	 

	    The 2026 Context: Layer 3 is now heavily virtualized. SD-WAN (Software-Defined Wide Area Network) overlays allow us to route traffic based on "application intent" rather than just IP addresses. IPv6 is no longer optional; it is mandatory for many IoT (Internet of Things) deployments due to address exhaustion.

	 

	 

	 

	 

	    Key Protocols: IP, ICMP, OSPF, BGP (The protocol of the internet).

	 

	    Analogy: If Layer 2 is a local delivery driver knowing your street address, Layer 3 is the global postal service sorting center that knows which country and city to send the package to.

	 

	Layer 4: The Transport Layer

	 

	    Definition: Ensures end-to-end communication and reliability. It segments data into Segments (TCP) or Datagrams (UDP). It handles flow control and windowing.

	 

	    The 2026 Context: The dominance of QUIC (HTTP/3) has blurred Layer 4. While traditionally TCP was king, modern web traffic (YouTube, Netflix, cloud apps) prefers UDP-based protocols (like QUIC) to avoid the "Head-of-Line Blocking" problem.

	 

	    Key Concepts: TCP (Three-way handshake: SYN, SYN-ACK, ACK), UDP (Fire and forget).

	 

	    Security Check: Firewalls often operate heavily here, filtering traffic based on "Ports" (e.g., blocking Port 22 for SSH or allowing Port 443 for HTTPS).

	 

	Layer 5: The Session Layer

	 

	    Definition: Manages the "conversation" between applications. It establishes, maintains, and terminates connections.

	 

	    The 2026 Context: Often overlooked, this layer is critical for RPC (Remote Procedure Calls) used in microservices architecture. When you stream a movie, Layer 5 keeps the audio and video in sync.

	 

	    Protocols: NFS, SMB, SQL, SIP (for VoIP).

	 

	    Example: A Zoom call (SIP/RTP) relies on the Session layer to keep your video stream connected even if your bandwidth fluctuates, managing the "state" of the call.

	 

	Layer 6: The Presentation Layer

	 

	    Definition: The "Translator." It formats data for the application layer. It handles encryption, decryption, compression, and character encoding (ASCII/Unicode).

	 

	    The 2026 Context: This is the home of TLS 1.3 (Transport Layer Security). In a Zero Trust world, all data is encrypted. Layer 6 is responsible for turning that unreadable encrypted code back into visible data for the user.

	 

	    Example: When you send a JPEG image, Layer 6 ensures the receiving device understands it is an image file and not a text document.

	 

	Layer 7: The Application Layer

	 

	    Definition: The layer the user sees. It provides network services to user applications (web browsers, email clients).

	 

	    The 2026 Context: This is where HTTP/3, API calls (REST/GraphQL), and DNS live. In 2026, Layer 7 is the primary target for attackers (DDoS attacks, SQL injection), requiring sophisticated Web Application Firewalls (WAF).

	 

	    Protocols: HTTP, FTP, SMTP, DNS, DHCP, SSH.

	 

	    User Impact: When a user types "www.google.com," they are interacting directly with Layer 7.

	 

	Part II: Networking Appliances – The 2026 Arsenal

	 

	Hardware in 2026 is smarter, faster, and often "software-defined." The days of single-function boxes are fading, replaced by versatile platforms running containerized network functions.

	1. Routers: The Intelligent Gateways

	 

	    Function: Connects different networks (e.g., LAN to WAN) and forwards packets based on Layer 3 IP addresses.

	 

	    2026 Evolution: Modern routers are SD-WAN Edge devices. They don't just route; they sense. They can dynamically steer traffic (e.g., "Send Zoom traffic via MPLS, send YouTube traffic via cheap Broadband") using AI-based path analysis.

	 

	    Key Feature: BGP FlowSpec allows routers to distribute firewall-like rules to stop DDoS attacks at the edge.

	 

	2. Switches: The High-Speed Spine

	 

	    Function: Connect devices within the same network (LAN) using MAC addresses (Layer 2) and increasingly IP routing (Layer 3 switches).

	 

	    2026 Evolution: We now use Spine-and-Leaf architectures in data centers instead of the old 3-tier model. Switches support PoE++ (802.3bt) to power high-energy devices like PTZ cameras and Wi-Fi 7 APs (which require significant wattage).

	 

	    Management: Intent-Based Networking (IBN) allows engineers to configure thousands of switches via a single dashboard (e.g., Cisco DNA Center, Juniper Mist).

	 

	3. Firewalls: The Policy Enforcers

	 

	    Function: Filter traffic based on rules.

	 

	    2026 Evolution: We now rely on NGFW (Next-Generation Firewalls). These perform "Deep Packet Inspection" (DPI) up to Layer 7. They look inside the packet to say, "This is Facebook traffic, but it is the Farmville game, so Block it," versus "This is Facebook Chat, Allow it."

	 

	    Trend: Firewall-as-a-Service (FWaaS) in SASE architectures removes the physical box from branch offices, processing security in the cloud.

	 

	4. IDS/IPS (Intrusion Detection/Prevention Systems)

	 

	    Function:

	 

	        IDS: Watchdog (barks when it sees a thief). Passive monitoring.

	 

	        IPS: Guard Dog (bites the thief). Active blocking.

	 

	    2026 Evolution: These are now NDR (Network Detection and Response) platforms. They use Machine Learning (ML) to learn "normal" baseline traffic. If a printer suddenly starts scanning the database server (an anomaly), the IPS blocks it instantly, even if there is no known virus signature.

	 

	5. Load Balancers (Application Delivery Controllers)

	 

	    Function: Distribute incoming traffic across multiple servers to prevent overload.

	 

	    2026 Evolution: They are now Global Server Load Balancers (GSLB). If a user connects from Tokyo, the load balancer directs them to the Japan data center. If that fails, it instantly redirects to Singapore. They also offload SSL decryption to save server CPU.

	 

	6. Proxies (Forward and Reverse)

	 

	    Function: Act as an intermediary.

	 

	        Forward Proxy: Protects users (e.g., a school web filter).

	 

	        Reverse Proxy: Protects servers (e.g., hiding a web server's real IP).

	 

	    2026 Evolution: Reverse proxies are critical for API Gateways, managing the millions of API calls between microservices in modern apps.

	 

	7. NAS (Network Attached Storage) & SAN (Storage Area Network)

	 

	    NAS: File-level storage (think of a shared folder). Accessible over the network (Ethernet).

	 

	    SAN: Block-level storage (think of a remote hard drive). Accessible via high-speed Fiber Channel or iSCSI.

	 

	    2026 Evolution: NVMe-over-Fabrics (NVMe-oF) is the new standard. It allows storage to run at the speed of memory across the network, eliminating the "lag" associated with older storage protocols.

	 

	 

	 

	 

	 

	 

	 

	8. Wireless Devices (WAPs and Controllers)

	 

	    Function: Provide radio connectivity.

	 

	    2026 Evolution:

	 

	        Wi-Fi 7 (802.11be): Offers speeds up to 46 Gbps. It uses 320 MHz channels in the 6GHz band.

	 

	        Cloud Controllers: Physical wireless controllers are disappearing. Access points now "phone home" to a cloud AI that auto-tunes radio power and channel width to avoid interference.

	 

	Part III: Hypothetical Case Study – "The 2026 Meltdown"

	Scenario: OmniHealth Global (Hybrid Cloud Failure)

	 

	Date: November 14, 2026 Organization: OmniHealth Global, a teledoc provider serving 50 million patients. Infrastructure: Hybrid Cloud. Patient data sits on-premise (Private SAN) for compliance; the AI Diagnostic Engine sits in AWS (Public Cloud). Connectivity is via redundant SD-WAN routers.

	 

	The Incident: At 09:00 AM, doctors reported the AI Diagnostic app was "freezing." At 09:05 AM, the on-premise Data Center IPS triggered 50,000 alerts for "UDP Flood." At 09:10 AM, the entire internal network collapsed. All VoIP phones and medical imaging transfers stopped.

	 

	 

	 

	 

	 

	 

	 

	 

	The Investigation (Root Cause Analysis):

	 

	    Layer 1 Check: Fiber links were active. No physical breaks.

	 

	    Layer 2 Check: Switches showed a "Broadcast Storm." Loop protection (Spanning Tree Protocol) had failed. Why?

	 

	    The Culprit: An IoT thermostat sensor (running on Wi-Fi 7) had been compromised by a botnet. Because the Wi-Fi network was bridged to the main corporate VLAN (a configuration error), the botnet flooded the network with multicast traffic.

	 

	    The Appliance Failure: The Legacy Firewall at the edge was blocking external attacks, but the attack came from inside (East-West traffic). The internal IDS saw the traffic but was configured in "Passive Mode" (IDS, not IPS) to avoid disrupting medical equipment, so it alerted but didn't block.

	 

	    The Routing Failure: The SD-WAN routers tried to offload the massive traffic to the cloud, saturating the internet link and killing the Telehealth video sessions.

	 

	Part IV: Expert Judgment & Analysis

	 

	Advisor: Dr. Aris Thorne, Senior Network Architect, CompTIA Subject Matter Expert.

	 

	Assessment: OmniHealth suffered a catastrophic failure due to a lack of Network Segmentation and Zero Trust principles. They treated their internal network as a "safe zone," which is a fatal mistake in the 2026 threat landscape.

	 

	Recommendations for Remediation (The Fix):

	 

	    Implement Micro-segmentation (Layer 2/3):

	 

	        Action: IoT devices (thermostats) must never sit on the same VLAN as medical data. Create an isolated IoT VLAN with strict Access Control Lists (ACLs) that deny all access to the internal SAN.

	 

	        Rationale: This limits the "blast radius." If a thermostat is hacked, the hacker is trapped in the thermostat VLAN.

	 

	    Upgrade to Active NDR (Network Detection & Response):

	 

	        Action: Switch the IDS to an AI-driven NDR system.

	 

	        Rationale: In 2026, humans cannot react fast enough to a 50,000 packet-per-second flood. An AI system would have detected the anomaly (thermostat talking to a server) and automatically quarantined the device port on the switch within milliseconds.

	 

	    Enforce Zero Trust Network Access (ZTNA):

	 

	        Action: Remove implicit trust. Just because a device is "inside" the building doesn't mean it is safe.

	 

	        Rationale: Every connection request—whether from a doctor's iPad or a thermostat—must be authenticated and authorized continuously.

	 

	    Wi-Fi 7 Optimization:

	 

	        Action: Utilize WPA3-Enterprise security and MLO (Multi-Link Operation) to separate critical medical traffic onto the 6GHz band, leaving the cluttered 2.4GHz band for low-priority IoT sensors.

	 

	Final Verdict: The failure was not technological; it was architectural. The hardware (Wi-Fi 7, SD-WAN) was modern, but the configuration was archaic. In 2026, security is not an appliance; it is a configuration state of the entire network.

	 

	            Module 4: The Nervous System of the Modern Digital World

	 

	Welcome to Module 4. If you have been following our progression through the Network+ (V9) curriculum, you know we have covered physical layers and basic routing. Now, we step into the ether. We are entering the domain where hardware dissolves into code and where the strict rules of communication—protocols—dictate everything from a simple file transfer to the complex orchestration of AI clusters.

	 

	In 2026, the network engineer is no longer just a "plumber" of cables and switches. You are an architect of invisible cities. The cloud is not just "someone else's computer" anymore; it is a complex, multi-layered ecosystem of sovereign clouds, AI-native networks, and zero-trust environments.

	 

	We will break this massive subject into two distinct but interconnected pillars: Cloud Concepts and Ports & Protocols.

	Part 1: Cloud Concepts – Building the Invisible Infrastructure

	 

	In the old days (think 2020), we treated the cloud as a simple storage unit or a virtual server. Today, in 2026, the cloud is a dynamic, living environment. We do not just "deploy" servers; we instantiate entire virtual data centers in seconds using code.

	1.1 The Deployment Models: Where Does the Data Live?

	 

	The decision of where to place your digital assets is the first strategic choice a network architect makes. It is no longer binary.

	 

	    Public Cloud (The Global Utility): Think of the Public Cloud as the electrical grid. You plug in, you pay for what you use, and you share the underlying infrastructure (the power lines) with millions of others. Providers like AWS, Azure, and Google Cloud Platform (GCP) own the hardware. In 2026, the Public Cloud is the default home for AI inference workloads and web applications because of its massive elasticity. You need 10,000 GPUs for an hour to train a model? You go Public.

	 

	        Real-world Example: A startup launches a global video streaming app. They cannot afford to build data centers in 50 countries. Instead, they use a Public Cloud to cache video content in edge locations worldwide.

	 

	    Private Cloud (The Fortified Bunker): This is cloud infrastructure provisioned for exclusive use by a single organization. It can be on-premises (in your own building) or hosted by a third-party service provider. In 2026, Private Clouds are seeing a resurgence due to Data Sovereignty laws. Governments and financial institutions often require data to never leave a specific physical jurisdiction or hardware set. It offers the flexibility of the cloud (virtualization) but with the security of a bank vault.

	 

	        Real-world Example: A defense contractor researching quantum cryptography cannot risk shared hardware vulnerabilities. They build a Private Cloud inside their own Faraday-caged data center.

	 

	    Hybrid Cloud (The Best of Both Worlds): This is the standard enterprise architecture of 2026. It connects Public and Private clouds, allowing data and applications to be shared between them. It provides "burstability." You keep your sensitive customer database in your Private Cloud (security), but when Black Friday hits and traffic spikes 500%, you "burst" the web traffic handling to the Public Cloud.

	 

	        Real-world Example: A hospital keeps patient records on a local Private Cloud (compliance) but sends anonymized X-ray data to a Public Cloud to be analyzed by an AI diagnostic tool.

	 

	    Community Cloud (The Co-op): A collaborative effort where infrastructure is shared between several organizations from a specific community with common concerns (security, compliance, jurisdiction).

	 

	        Real-world Example: Five major universities create a shared cloud to pool their supercomputing resources for climate change research, sharing the costs and the data access.

	 

	1.2 The Service Models: What Are You Buying?

	 

	    SaaS (Software as a Service): You are the passenger. You just use the vehicle. The provider manages everything—networking, storage, OS, and the application itself. You just log in.

	 

	        Examples: Microsoft 365, Salesforce, Gmail.

	 

	        2026 Twist: SaaS applications are now heavily AI-integrated. Your email client does not just send mail; it drafts it for you.

	 

	    PaaS (Platform as a Service): You are the mechanic. The provider gives you the garage, the lifts, and the tools (OS, runtime, middleware), but you bring the car (the application) and the code. Developers love PaaS because they don't have to worry about patching Windows or Linux; they just write code.

	 

	        Examples: Google App Engine, Azure App Service, Heroku.

	 

	    IaaS (Infrastructure as a Service): You are the driver and the mechanic. The provider leases you the chassis (virtual hardware, storage, networking). You install the OS, patch it, secure it, and install the apps. It gives you the most control but the most responsibility.

	 

	        Examples: Amazon EC2, Azure Virtual Machines.

	 

	1.3 The Architecture of Virtualization

	 

	Now we get technical. How do we build these clouds?

	 

	    NFV (Network Function Virtualization): This is the revolution. In the past, if you wanted a firewall, a load balancer, and a router, you bought three heavy metal boxes and screwed them into a rack. NFV replaces that proprietary hardware with software. We take the function of a firewall and run it as a virtual machine (VM) on a standard server.

	 

	        Why it matters in 2026: Agility. If you need a new firewall in Tokyo, you don't ship a box. You click a button, and the software instantiates instantly. Telcos use this extensively for 5G and 6G slicing.

	 

	 

	    VPC (Virtual Private Cloud):

	 

	    Imagine a massive office building (the Public Cloud). A VPC is your specific locked floor. It is a logically isolated section of the cloud where you can launch resources in a virtual network that you define. You pick the IP address range, you create the subnets, and you configure the route tables. It is your private island in the public ocean.

	 

	    Network Security Groups (NSGs): If the VPC is the building, the NSG is the security guard at the door of every room. An NSG acts as a virtual firewall for your instances (VMs). It filters traffic at the protocol and port level.

	 

	        The Golden Rule: By default, NSGs usually deny all inbound traffic and allow all outbound traffic. You must explicitly open ports (like port 443 for web traffic) to let people in.

	 

	        2026 Context: We now use "Micro-segmentation." We don't just put one firewall at the edge; we wrap an NSG around every single server, ensuring that if one is hacked, the attacker is trapped.

	 

	    Cloud Gateways: These are the bridges.

	 

	        Internet Gateway: Allows your VPC to talk to the internet.

	 

	        VPN Gateway: Encrypts traffic between your office and your cloud VPC.

	 

	        Transit Gateway: A central hub that connects many VPCs and on-premises networks. It’s like the Grand Central Station of your cloud network.

	 

	 

	Part 2: Ports and Protocols – The Language of the Network
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