
The journey of an IP packet is the cornerstone of network engineering. It weaves through multiple
high-value exam domains, including Network Fundamentals, Network Access, and IP Connectivity.
Understanding how routers and switches interact to move data is essential for both the CCNA exam
and real-world troubleshooting.

The CCNA 200-301 is a 120-minute assessment covering six major domains. A rock-solid
understanding of the first three domains (totaling 71% of the exam) is the key to passing.

Domain Weight Key Topics

1.0 Network Fundamentals 20% Routers/Switches/Firewalls,
Topologies (2-tier/3-tier/Spine-Leaf),
Cabling, IPv4/IPv6 Subnetting,
Virtualization.
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2.0 Network Access 26% VLANs, Trunks (802.1Q), CDP/LLDP,
EtherChannel (LACP), Spanning Tree
(PVST+), Wireless Architecture
(WLC/AP).

3.0 IP Connectivity 25% Routing Table interpretation,
Forwarding Decisions
(LPM/AD/Metric), Static Routing,
OSPFv2, FHRP.

4.0 IP Services 10% NAT (Static/Pools), NTP, DHCP, DNS,
SNMP, Syslog, SSH, QoS (PHB),
TFTP/FTP.

5.0 Security Fundamentals 15% Threats/Exploits, Access Control Lists
(ACLs), Layer 2 Security (DHCP
Snooping/DAI), AAA, WPA2/WPA3.

6.0 Automation & Programmability 10% Controller-based networking, Cisco
DNA Center, APIs (REST/CRUD), JSON,
Config Management
(Puppet/Chef/Ansible).

The "Golden Rules" govern every Layer 3 packet movement across a network.

1. IP Addresses Remain Constant: The Source and Destination IP addresses in the packet
header are end-to-end identifiers. They do not change as the packet moves through
routers (unless NAT is applied).

2. MAC Addresses Change at Each Hop: MAC addresses are local, next-hop delivery
instructions. Every router along the path rewrites the Layer 2 frame header.

Switches (Layer 2): Forward frames within a single segment based on the MAC Address
Table. They do not inspect or modify the IP packet inside the frame.
Routers (Layer 3): Act as gatekeepers between networks. They de-encapsulate the frame,
inspect the Destination IP, decrement the TTL, and re-encapsulate the packet into a new
frame for the next hop.

2.0 The Core Principles of Data
Transmission

The Two Golden Rules
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The Address Resolution Protocol (ARP) resolves a known Layer 3 IP address to an unknown Layer 2
MAC address.

1. ARP Request: A broadcast (FFFF.FFFF.FFFF) asking "Who has IP X.X.X.X?"
2. ARP Reply: A unicast message from the target device providing its MAC address.
3. ARP Cache: A local table where mappings are stored temporarily to reduce broadcast

traffic.

Scenario: PC1 (192.168.1.1) sends a packet to PC4 (192.168.4.1).

Logic: PC1 sees that PC4 is on a different subnet. It must send the packet to its Default
Gateway (R1).
Frame 1:

Source IP: 192.168.1.1 | Dest IP: 192.168.4.1
Source MAC: PC1_MAC | Dest MAC: R1_g0/0_MAC

Logic: R1 receives the frame, strips the L2 header, and looks up 192.168.4.1 in its routing
table. It finds the next hop is R2.
Frame 2:

Source IP: 192.168.1.1 | Dest IP: 192.168.4.1
Source MAC: R1_s0/0_MAC | Dest MAC: R2_s0/0_MAC

3.0 ARP: The Bridge Between
Layer 3 and Layer 2
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Logic: R2 de-encapsulates, decrements TTL, and finds the path to the 192.168.4.0/24
network via R4.
Frame 3:

Source IP: 192.168.1.1 | Dest IP: 192.168.4.1
Source MAC: R2_s0/1_MAC | Dest MAC: R4_s0/1_MAC

Logic: R4 sees that 192.168.4.0/24 is a directly connected network. It ARPs for PC4's MAC.
Frame 4:

Source IP: 192.168.1.1 | Dest IP: 192.168.4.1
Source MAC: R4_g0/1_MAC | Dest MAC: PC4_MAC

Command Purpose Key Output

ping <IP> Test L3 connectivity. Successful replies or timeouts.

arp -a Display local ARP cache. IP-to-MAC mappings.

ipconfig /all Show local IP configuration. IP, Mask, Gateway, and MAC (Physical
Addr).

Command Purpose Key Output

show ip arp Display router's ARP table. Mappings of IPs to MACs on connected
segments.

show interface <ID> View detailed stats. MAC address and Burned-In Address
(BIA).

show ip route Inspect routing decisions. Path selection for specific destination
IPs.

Step 4: The Final Delivery (R4 to PC4)
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IP Addresses are for end-to-end delivery.
MAC Addresses are for hop-to-hop delivery.
Routers strip and rebuild Layer 2 frames at every hop.
ARP is the essential glue that allows a device to build a frame when it only knows an IP
address.

6.0 Conclusion: Key Takeaways
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