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Abstract. A Virtual Local Area Network (VLAN) is a logical subdivision of a physical
network that allows devices to communicate as if they were part of the same network, regardless
of their physical location. VLANs provide numerous benefits including security, better traffic
management, and simplified network administration. By segmenting traffic at Layer 2 of the OSI
model, VLANs help reduce broadcast domains, enhance security, and optimize network
performance. This paper explores the concept of VLANs, how they function, and their benefits
and limitations. It covers VLAN implementation, configuration strategies, and security
considerations. Moreover, the paper highlights the role of VLANs in both enterprise and campus
networks, as well as their use in hybrid cloud infrastructures. The paper concludes by
addressing the limitations of VLANs and the alternatives that have emerged to extend their
functionality in large-scale environments.
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Introduction

The increasing complexity of modern network infrastructures, coupled with the need for
greater security and performance optimization, has led to the widespread adoption of Virtual
Local Area Networks (VLANs). VLANs enable administrators to logically group network
devices, regardless of their physical location, into virtual networks that behave like independent
LANSs. This logical segmentation of network traffic at Layer 2 of the OSI model helps manage
and isolate traffic, improve security, and optimize resource utilization across large enterprise and
campus networks.

VLANSs operate by tagging Ethernet frames with VLAN identifiers (VIDs), allowing
switches to differentiate traffic as it traverses the network. Each VLAN creates a separate
broadcast domain, which ensures that broadcast traffic in one VLAN does not interfere with
traffic in another, thus reducing network congestion and improving efficiency. Moreover,
VLANSs play a crucial role in network security by restricting communication between VLANs
through routers or Layer 3 switches, which can enforce firewall policies and access control lists
(ACLs) to regulate traffic flow.

This paper aims to provide a comprehensive overview of VLANs, covering their

fundamental concepts, implementation strategies, benefits, and challenges. It also examines the
importance of VLANS in contemporary networking environments, particularly in enterprise and
campus networks, and how they facilitate secure communication in cloud computing
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environments. Fmally, we discuss the limitations of VLANs and explore emerging technologies
that address these challenges.

A Virtual Local Area Network (VLAN) is a logical partitioning of a switched network
that groups together devices as if they were on the same physical LAN, even if they are
connected to different switches or switch ports. In practice, a VLAN operates entirely at Layer 2
(Ethernet) of the OSI model. Administrators assign switch ports (or wireless SSIDs) to VLAN:S,
defining a separate broadcast domain for each VLAN. As a result, broadcast and multicast traffic
from one VLAN is contained within that VLAN and does not propagate to others . In effect, a
single physical network infrastructure can carry multiple distinct “virtual” networks: “VLANs
partition a single switched network into a set of overlaid virtual networks” . This avoids the need
to build separate physical networks for each department or function, while still enforcing
isolation. In campus and enterprise environments, VLANs are ubiquitous: for example,
universities often create separate VLANSs for faculty, students, guests, and infrastructure over the
same switches . Each VLAN is associated with its own IP subnetwork, and hosts in different
VLANSs cannot communicate directly by default, as if they were on separate LANS.

A VLAN can span multiple floors or buildings, grouping devices by logical criteria rather
than physical location . For instance, all accounting PCs (shown in green) might be on the same
VLAN across floors, while all engineering PCs (blue) are on another VLAN. Each colored zone
in the figure above represents a different VLAN. Devices on the same VLAN operate as if on the
same local network, even though they connect to different switches or floors.

Each VLAN is identified by a VLAN ID (VID), a number carried in the 802.1Q tag of
Ethernet frames. When a frame is sent from a host into a switch, the switch adds a 32-bit VLAN
tag (per IEEE 802.1Q) between the source MAC address and the EtherType fields . This tag
includes a 12-bit VLAN Identifier (VID). Because the tag is 12 bits, the standard supports up to
4096 VLAN IDs in theory (0—4095), of which 4094 values (1-4094) are usable . The VLAN tag
remains with the frame as it traverses the switch fabric. Each switch port (or wireless SSID) is
configured as an access port in a particular VLAN or as a trunk port carrying multiple VLANS.
When an access port receives an untagged Ethernet frame, the switch assigns it to the port’s
configured VLAN and forwards it only within that VLAN . A trunk port, by contrast, can carry
frames for many VLANS: it expects 802.1Q tags on incoming frames and prepends a tag on
outgoing frames so that the receiving switch knows which VLAN the traffic belongs to .

Switches forward tagged frames only to ports that are members of the same VLAN.
Broadcast, unknown-unicast, and multicast frames are flooded only to the ports of the originating
VLAN . Trunk links between switches carry traffic for all VLANs that span the link; each tagged
frame traversing a trunk is examined at the far end and forwarded only to the correct VLAN
members . Thus, VLANSs “segment” the layer-2 network: each VLAN has its own spanning-tree
instance (per-VLAN STP) or mapped to a common spanning tree, ensuring loop-free topology
within that VLAN . When a frame reaches the destination access port, the switch strips off the

VLAN tag and delivers the original Ethernet frame unmodified.

Routers or Layer-3 switches are needed to route traffic between VLANs. By default, a
switch will not forward packets between VLANS. In a typical design, each VLAN corresponds to
a distinct IP subnet, and a router (often via one physical interface with subinterfaces for each
VLAN, known as ‘“router-on-a-stick”) or a multilayer switch provides inter-VLAN routing.
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Firewalls or ACLs on the router then enforce any policy between VLANSs. For example, a
campus network might allow student-to-student traffic within the student VLAN but require
firewall filtering when a student host attempts to reach the faculty VLAN . In effect, each VLAN
behaves like a separate bridged LAN: as Cisco notes, “every VLAN has an equivalent bridge”
with its own spanning-tree and switching logic .

VLANSs can be static (port-based) or dynamic. In a static VLAN, each switch port is
manually assigned to one VLAN; the switch then automatically tags traffic from that port with
the port’s VLAN ID. In a dynamic VLAN setup, devices are assigned to VLANs based on
attributes like MAC address, authentication, or protocol. Regardless of method, the switch
maintains a mapping of ports (or wireless SSIDs) to VLAN IDs . All traffic entering a VLAN is
tagged internally, so the switch treats each VLAN as a separate data link domain. Importantly, a
switch port can only be a member of one native VLAN (its PVID) on access ports, though voice
VLANS or certain dynamic configurations can permit multiple logical networks on one physical
port .

When a switch receives an untagged frame from an end host, it assigns the frame to the
access VLAN of that port. The switch then forwards the frame according to the MAC address
table, but only to ports in the same VLAN. If the frame must travel to another switch, the trunk
port adds the VLAN tag, and the receiving switch removes or replaces the tag as needed when
forwarding it to its final access port. This tagging process is defined by IEEE 802.1Q. For
example, the two least significant bytes of the tag include the VLAN ID (VID) and priority
(PCP) . The VID field “specifies the VLAN to which the frame belongs,” with values 1-4094
available . (VLAN 0 and 4095 are reserved, and 4095 is used as a wildcard in management.)

Switches also label one VLAN as the native VLAN for each trunk; untagged traffic on
that trunk is assumed to belong to the native VLAN. Other vendors (e.g. Cisco ISL) have
proprietary tagging methods, but 802.1Q is the modern standard. Some advanced switches
support Q-in-Q (802.1ad) stacking of tags, allowing service providers to tunnel customer
VLANS. Spanning Tree can run per-VLAN (PVST or MSTP) so that each VLAN can have an
independent loop-free topology . In practice, network designs often use a single spanning-tree
instance for all VLANs (MSTP or common STP) unless traffic patterns require separate paths.

VLANSs provide several practical benefits in both enterprise and educational networks.
Key advantages include:

o Containment and Performance: VLANs break a large broadcast domain into smaller
ones, so each host processes fewer broadcast and multicast frames . For example, if voice-over-
IP phones are placed in one VLAN and PCs in another, the phones do not see unrelated PC
broadcasts . This reduces unnecessary load on end devices and the network.

e Security and Isolation: By default, devices in one VLAN cannot see or reach devices in
another. This confinement limits the potential attack surface. For instance, critical infrastructure
devices or management interfaces can be isolated on dedicated VLANSs, accessible only by

authorized hosts . An intruder breaking into one VLAN would be “contained to that network”
and could not directly hop to another without a router or misconfiguration . In practice, networks
use firewalls or ACLs to control any inter-VLAN traffic explicitly .

e Administrative Flexibility: VLANs decouple network configuration from physical
cabling. Administrators can reorganize users by reassigning switch ports to different VLANSs,
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without rewiring the office. Devices move locations or floors without changing IP addressing or
network settings: their VLAN membership follows the switch port, not the physical location .
For example, all accounting PCs can remain on VLAN 10 even if they are spread across the
building; similarly, putting all HR computers on VLAN 20 applies a uniform policy to that group
. This logical grouping simplifies applying QoS or security policies by user role or department.

e Resource Utilization: One physical switch can serve multiple VLANs, reducing
hardware needs. VLANs emulate multiple LANs on shared switches, lowering the number of
required routers or isolated switches . As Juniper notes, VLANSs provide “segmentation services
traditionally provided by routers,” which can cut equipment costs . Moreover, VLAN tags
persist on frames, so a host’s network configuration remains valid if it is moved between ports .
This ease of mobility is especially valuable in dynamic environments where users frequently
relocate.

Quality of Service: Traffic on different VLANs can be prioritized independently. For
example, a conference-room VLAN carrying videoconferencing traffic might be given higher
priority (802.1p/CoS) than the general data VLAN, helping guarantee performance of critical
applications .

In summary, VLANs increase scalability and organization of a LAN, improve
performance and security, and allow flexible policy enforcement, all without installing new
cabling or switches.

In modern networks, VL ANs are used ubiquitously to segment traffic by role or function.
In corporate LANSs, typical VLAN uses include isolating different departments (e.g. Finance,
HR, Engineering), separating server or storage networks, and carving out guest and management
networks. For instance, printers and VoIP phones are often placed in their own VLANS, so that
user PCs do not receive printer broadcasts or voice traffic . Similarly, datacenter VLANs might
separate production servers from backup or testing servers, even though all racks share the same
physical switch fabric.

In higher-education campuses, VLANSs are critical for security and manageability. As one
survey notes, campus switches often define VLANSs for faculty/staff, students, guests, and
infrastructure “all on the same physical infrastructure” . Access-control systems (NAC) can
then place a device into the appropriate VLAN based on credentials. Once connected, a device
on the student VLAN “can contact only other devices on the same VLAN” , so student hosts
cannot directly reach faculty or guest networks. Network engineers carry these VLANs across
the campus via trunk links, meaning a switch can have all four VLANS active; devices only hear
the VLAN to which they belong . If cross-VLAN access is required (for example, a professor’s
laptop accessing an HVAC controller on the infrastructure VLAN), that traffic is routed through
firewalls or routers with policies that strictly permit only authorized flows .

Overall, VLANs are a basic building block in network design. They allow a single
physical switch topology to support many logical networks. Because VLAN membership is
software-defined, organizations can quickly restructure or expand their LANs in response to new
requirements (e.g. adding a new department VLAN or moving offices) without installing new
cables. This agility is especially valuable in large, changing networks.

Using VLANSs inherently improves security by segregating traffic. Devices on one VLAN
have no Layer-2 connectivity to other VLANSs unless explicitly routed.
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Administrators can reserve certain VLANs for sensitive equipment (such as server
management, storage networks, or IoT devices) so that even if a vulnerable device is on the
LAN, its traffic remains in a contained segment. As a security primer notes, “By separating
users, VLANs help improve security because users can access only the networks that apply to
their roles” . Even if an attacker gains a foothold on one VLAN, their movement is limited to
that VLAN.

However, VLANSs are not a panacea. A well-known attack called VLAN hopping can
occur if a malicious host is able to inject specially crafted frames or exploit trunk
misconfigurations. In a VLAN-hopping attack, an attacker in one VLAN attempts to send
packets to another VLAN by abusing the 802.1Q tag mechanism . Switches that are not correctly
configured (for example, using default native VLANs or allowing unwanted trunking) may
inadvertently accept such packets. The TechTarget security guide warns that VLAN tagging “can
be used [by hackers] to penetrate and infiltrate other VLANSs” if trunk security is lax . In
practice, mitigating VLAN hopping requires disabling unused ports, setting the native VLAN to
an unused ID, and using port-security or dynamic ARP inspection.

Another caution is that VLAN separation alone is not encryption. The VLAN tag is
simply metadata on the frame; it is visible on the wire and can be changed by any device with
physical access to a trunk. Thus, sensitive data on a VLAN is not protected from eavesdropping
per se — additional encryption (e.g. IPsec) is needed for confidentiality. VLANs should be
viewed as a traffic-management and isolation tool, to be complemented with higher-layer
security controls.

In summary, VLANs “tighten security” by partitioning a network , but they must be
configured carefully. When done properly, VLANs confine untrusted traffic and allow precise
access control. For example, placing IoT devices on a separate VLAN has the security advantage
that “network teams may restrict management access to network gear or IoT devices to specific
VLANs” . Yet network teams must also ensure that VLAN tags cannot be easily forged and that
inter-VLAN firewalls are in place. When an attacker does manage to breach one VLAN, policies
should prevent them from freely navigating to others.

While VLANs are powerful, they have inherent limitations. First, the IEEE 802.1Q
standard uses a 12-bit VLAN ID, so only 4096 VLANs (1-4096) are possible in a single
broadcast domain. In practice, values 0 and 4095 are reserved, leaving 4094 usable VLAN IDs .
For most enterprise networks this is ample, but in large data centers or service-provider networks
hosting many tenants, 4094 segments can be insufficient. As one source notes, “a single network
segment may host tens of thousands of systems and hundreds or thousands of organizations, each
of which may need tens or hundreds of VLANs” . To overcome this scale limit, modern clouds
use overlay networks like VXLAN or NVGRE, which encapsulate VLANs in larger header
fields to support many more isolated networks.

Second, each VLAN can require its own Spanning Tree Protocol (STP) instance. With

many VLANSs, the STP computation and management overhead grows. Indeed, when hundreds
of VLANSs span a campus, the network can struggle to maintain a loop-free topology for each
one . Administrators must carefully plan redundancies: if they remove too many links to simplify
STP, they risk single points of failure; if they keep all links, they may need Multiple STP
(MSTP) or other techniques to limit overhead.
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Other challenges include configuration complexity and troubleshooting. A misassigned
port or missing VLAN on a trunk can cause connectivity failures that are hard to diagnose.
Physically, it can also be confusing to tell at a glance which VLAN a given wall jack or AP
belongs to. As one networking guide warns, poor VLAN planning “makes the overall VLAN
plan overly complicated, brittle and difficult to maintain”

Despite these issues, VLANs remain fundamental. They work in concert with other
technologies: routers (or Layer-3 switches) perform inter-VLAN routing, and firewalls enforce
policies between them. VLANs do neot replace higher-layer segmentation (IP subnets and
firewalls); they augment it by containing traffic at the data-link layer. In many designs, VLANs
correspond one-to-one with IP subnets, but they can also be used to group different protocols or
trust levels within the same subnet if desired.

Newer protocols extend VLAN functionality. For example, Private VLANs (PVLANSs)
allow isolation between ports in the same primary VLAN, useful in environments like shared
hosting. Overlay fabrics (VXLAN, NVGRE) build on the VLAN concept to allow segmentation
in virtualized and multi-tenant cloud infrastructures beyond the 4096 limit. Nonetheless,
understanding basic VLAN operation is essential, since almost every network switch and
enterprise LAN still relies on VLANSs for segmentation.

In large enterprise topologies, VLANs often segment traffic across core routers and
distribution switches. The figure above illustrates a corporate LAN with multiple VLANs
(colored red, green, blue). Each VLAN isolates devices into its own broadcast domain (for
example, management vs. production vs. DMZ). Core routers or multilayer switches then route
between VLANs when needed (e.g. giving servers in the DMZ access to back-end databases
under strict firewall control). Switches connect devices into these VLANs via access or trunk
ports, enforcing the segmentation shown.

Conclusion

Virtual LANs are a cornerstone of modern Ethernet networks. They allow a single
switched network to act as multiple independent LANs, providing flexibility, improved
performance, and enhanced security . In campus and enterprise environments, VLANs enable
logical grouping of devices by role or department, containment of broadcast domains, and
centralized policy control — all without requiring additional cabling. While VLANSs introduce
complexity and have scale limits (necessitating overlay solutions in some cases), they remain an
indispensable tool. As one authority summarizes, a VLAN “partitions a single switched network
into a set of overlaid virtual networks” to meet varying needs . Properly designed and managed,
VLANSs form the basis for secure, organized, and efficient local-area networking in universities
and enterprises alike.
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