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Introduction: Rethinking
Network Traffic for the
Modern Enterprise

In the landscape of modern networking,
few technologies have proven as enduring
and transformative as Multiprotocol Label
Switching, commonly known as MPLS.
For decades, organizations have struggled
with the fundamental challenge of moving
data across wide area networks (WANSs)
reliably, quickly, and securely. Traditional
IP routing, while flexible, often introduces
latency, jitter, and complexity—especially
when traffic must traverse multiple hops
across the public internet. This is where
MPLS enters the picture, offering a
sophisticated mechanism that prioritizes
efficiency and predictability.
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data from one network node to the next
based on short path labels rather than
long network addresses. But the real value
lies in how MPLS transforms a traditional
"best-effort" network into a high-
performance, service-oriented
infrastructure. In this article, we will
explore the core concepts, benefits, use
cases, and architecture of MPLS,
providing you with a comprehensive
understanding of why this technology
remains a cornerstone for enterprises,
service providers, and data centers
worldwide.

Understanding the Core
Concept of MPLS

At its heart, MPLS sits between Layer 2
(data link) and Layer 3 (network) of the
OSI model, often described as a "Layer
2.5" protocol. Unlike conventional IP
routing, where every router examines the
destination IP address and consults a
routing table to determine the next hop,
MPLS wuses short, fixed-length labels
appended to packets. These labels contain
all the forwarding information needed,
allowing routers (called Label Switch
Routers or LSRs) to make fast, simple
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forwarding decisions.

This label-based mechanism eliminates the
need for deep packet inspection at every
hop, which reduces processing overhead
and accelerates data transmission. The
labels are assigned at the ingress (entry)
router of the MPLS network, and
subsequent routers simply swap, push, or
pop labels according to a pre-established
path called a Label Switched Path (LSP).
The result is a highly efficient,
predictable, and scalable network that can
handle multiple types of traffic—including
IP, Ethernet, and even legacy
protocols—simultaneously.

How MPLS Differs from
Traditional Routing

To fully appreciate what MPLS is in
networking, it helps to compare it with
conventional IP routing. In a pure IP
network, each router independently
decides where to forward a packet based
on the destination IP address and its local
routing table. This process, known as hop-
by-hop routing, can lead to variable paths,
congestion, and inconsistent performance.
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computationally intensive, especially as
routing tables grow.

MPLS, on the other hand, establishes a
predetermined path (LSP) from the
ingress to the egress router. Once the
path is set, packets follow that exact route
unless a failure or policy change triggers a
new path. This gives network
administrators granular control over
traffic flows—they can steer traffic away
from congested links, enforce service-level
agreements (SLAs), and provide traffic
engineering capabilities that are difficult
to achieve with IP alone. Furthermore,
MPLS can encapsulate packets from
different networking protocols, making it a
true multiprotocol technology as its name
suggests.

Key Components and
Terminology of MPLS

To demystify the technology, let's break
down the essential components that make
up an MPLS network:

e Label Edge Router (LER) - Also
called the ingress or egress router.
The LER sits at the boundary of the
MPLS domain. It adds (pushes) a
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label onto incoming packets and
removes (pops) labels for packets
leaving the MPLS network. The LER
is responsible for classifying traffic
and assigning appropriate labels
based on policies or the packet's
destination.

¢ Label Switch Router (LSR) - These
are the core routers within the MPLS
network. LSRs examine only the
label on incoming packets, perform a
label lookup, swap the label with a
new one, and forward the packet
along the LSP. This label-swapping
action is much faster than IP routing
table lookups.

e Label Switched Path (LSP) - A
unidirectional path between two
LERs through a series of LSRs. The
LSP is established either by a
signaling protocol (like LDP or RSVP-
TE) or through static configuration.
Each LSP has a defined set of labels
that map the route from source to
destination.

e Label Distribution Protocol (LDP)
- A commonly used protocol that
automatically distributes label
bindings among LSRs, enabling them
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¢ RSVP-TE (Resource Reservation
Protocol - Traffic Engineering) -
A more advanced signaling protocol
that allows explicit path routing,
bandwidth reservation, and traffic
engineering capabilities.

Understanding these components clarifies
how MPLS creates a virtual circuit-like
service over a packet-switched network,
combining the flexibility of IP with the
reliability of circuit switching.

The Mechanism of Label
Switching: Step by Step

Let's walk through a typical packet's
journey across an MPLS network to
illustrate the process:

1. Ingress Classification: A packet
arrives at the ingress LER. The
router examines the packet header
(e.g., destination IP, possibly
additional criteria like port or QoS
marking) and determines which
forwarding equivalence class (FEC) it
belongs to. An FEC is a group of
packets that share the same
forwarding treatment.

2. Label Push: The LER pushes a label
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(or a stack of labels) onto the packet.
This label corresponds to the LSP
that leads toward the destination.
The packet now contains the original
data plus a label header.

. Label Switching at Core LSRs:
Each subsequent LSR receives the
packet, looks at the top label, and
checks its Label Information Base
(LIB). It swaps that label with a new
outgoing label and forwards the
packet to the next hop. This simple
swap operation is extremely fast.

. Egress Label Pop: When the packet
reaches the egress LER, the LSR
sees that the next label indicates the
packet should leave the MPLS
domain. It pops (removes) the label
and forwards the packet using
standard IP routing to its final
destination.

This flow can be modified with label
stacking, where multiple labels are used to
implement services like MPLS VPNs or
traffic engineering tunnels. A stack of
labels allows a packet to traverse multiple
MPLS domains or be treated with specific
QoS policies at each level.
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Benefits of MPLS in
Networking

Why do organizations choose MPLS
despite the availability of cheaper
solutions like internet VPNs? The benefits
are numerous and often critical for
business operations:

e Superior Performance and
Reliability: Because MPLS networks
bypass the public internet, they offer
lower latency, reduced jitter, and
less packet loss. This is essential for
real-time applications like VoIP,
video conferencing, and financial
trading platforms.

e Traffic Engineering: Network
operators have fine-grained control
over how traffic flows across the
backbone. They can prioritize critical
data, balance loads, and avoid
congested links, ensuring consistent
application performance.

¢ Quality of Service (QoS): MPLS
supports marking packets with
different classes of service (e.g., low-
latency for voice, best-effort for web
browsing). Routers can then treat
traffic according to these markers,
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upholding SLAs.

e Scalability: MPLS networks can
support thousands of customer VPNs
without requiring a full mesh of
physical or virtual circuits. Service
providers use MPLS to deliver Layer
3 VPNs and Layer 2 VPNs efficiently.

e Security and Segmentation: Since
MPLS traffic does not traverse the
public internet, it inherits a degree of
inherent security. Additionally, MPLS
VPN provide strong logical
separation between different
customer networks.

e Multi-Protocol Support: MPLS is
protocol-agnostic. It can carry IP,
Ethernet, Frame Relay, ATM, and
even non-IP traffic, making it a
versatile backbone for legacy and
modern networks.

Common Use Cases for
MPLS

Enterprise WAN Connectivity

Large enterprises with branches spread
across wide geographic areas often use
WW
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performance WAN that ensures consistent
application performance for ERP, CRM,
and unified communications. MPLS allows
the enterprise to segregate traffic types
(e.g., voice, video, data) with different QoS
priorities, all over a single network link.

Service Provider Networks

Internet service providers (ISPs) and
telecoms rely on MPLS as the backbone of
their infrastructure. MPLS enables them
to offer premium services such as MPLS
Layer 3 VPNs (also known as BGP/MPLS
IP VPNs) and Layer 2 VPNs (like VPLS and
VPWS). Service providers also use MPLS
traffic engineering to optimize their own
core networks and improve reliability.

Data Center Interconnect (DCI)

As organizations deploy multiple data
centers for redundancy and disaster
recovery, MPLS provides a robust solution
for interconnecting them. DCI over MPLS
offers low latency, high bandwidth, and
the ability to carry storage and VM
migration traffic with predictable
performance. Moreover, MPLS can
seamlessly integrate with Software-
Defined Networking (SDN) and overlay
technologies like VXLAN.
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MPLS in SD-WAN Architectures

A common misconception is that SD-WAN
is replacing MPLS. In fact, many SD-WAN
deployments work alongside MPLS. SD-
WAN can intelligently route traffic over
multiple links, including MPLS, broadband
internet, and LTE. This hybrid approach
combines the reliability of MPLS for
critical applications with the cost savings
of internet links for less sensitive traffic.

MPLS vs. Internet VPNs:
A Balanced Perspective

While MPLS offers clear advantages, it
also comes with higher costs compared to
IPsec VPNs over the public internet.
Organizations must weigh the trade-offs.
For businesses with stringent performance
requirements—such as financial services,
healthcare, or global retail—the
investment in MPLS often pays for itself
by ensuring uptime and quality. For small
businesses or less critical applications,
internet VPNs may be sufficient.
Understanding what MPLS is in
networking means recognizing that it is
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Future of MPLS:
Evolution, Not Extinction

With the rise of cloud computing and SD-
WAN, some industry observers have
predicted the decline of MPLS. However,
MPLS continues to evolve. Technologies
like Segment Routing over MPLS (SR-
MPLS) bring the programmability of SDN
to label switching, making MPLS even
more agile. Service providers are also
integrating MPLS with 5G backhaul and
network slicing. Far from becoming
obsolete, MPLS is adapting—gaining new
capabilities while retaining its core
strengths of predictability and
performance.

Conclusion

Multiprotocol Label Switching is far more
than a legacy protocol. It is a mature,
battle-tested technology that provides the
performance, reliability, and control that
mission-critical networks demand.
Understanding what MPLS is in
networking empowers network engineers,
IT leaders, and decision-makers to design
infrastructures that meet the rigorous
demands of today’s digital businesses.
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Whether used as a standalone WAN
technology, a service provider backbone,
or a component within a hybrid SD-WAN
architecture, MPLS remains a vital
element of modern networking.
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