










• MPLS is derived from the Internet Protocol version 4 (IPv4). Core MPLS technologies 

can be extended to support multiple network protocols, such as the Internet Protocol 
version 6 (IPv6), Internet Packet Exchange (IPX), Appletalk, DECnet, and Connectionless 

Network Protocol (CLNP). MPLS uses label-based forwarding to replace IP forwarding. 
A label is a short connection identifier of fixed length that is meaningful only to a local 

end. 







• MPLS label operations will be introduced in following courses.



• In traditional IP forwarding that uses the longest match algorithm, all packets that 

match the same route belong to the same FEC.

• In MPLS, the most common example of FEC is: Packets whose destination IP addresses 

match the same IP route are considered to belong to the same FEC.



• An LSP is composed of an ingress LSR, an egress LSR, and a variable number of transit 

LSRs. Therefore, an LSP can be considered as an ordered set of these LSRs.

• An LSP must be established before a packet is forwarded; otherwise, the packet fails to 

traverse an MPLS domain.

• LSPs can be established in static or dynamic mode.

• An LSP is a unidirectional path from the start point to the end point. If bidirectional 
data communication is required, an LSP for return traffic needs to be established 

between the two ends.





• The EXP field is defined in early MPLS standards and is an experimental field. Actually, 

this field is mainly used for CoS. To avoid ambiguity, this field is renamed Traffic Class 
in RFC 5462.



• When the upper layer is the MPLS label stack, the Type field in the Ethernet header is 

0x8847, and the Protocol field in the PPP header is 0x8281.



• The label spaces of different LSRs are independent of each other, indicating that each 

router can use the entire label space.







• If the ingress LSRs of packets belonging to the same FEC are different, the LSPs for 

forwarding the packets are different.

• An LSR uses the same way to process packets in the same FEC, regardless of where the 

packets' inbound interfaces are the same.

• An LSP is composed of the forwarding actions of LSRs, and the label forwarding table 

determines the forwarding action. Therefore, establishing a label forwarding table can 
also be considered as establishing an LSP.

• As shown in the figure, the three packets belong to the same FEC, FEC1, because they 
have the same destination. However, as their ingress LSRs are different, the packets are 

forwarded along different LSPs (LSP1, LSP2, and LSP3, respectively). The labels 
assigned by different LSRs to the same FEC can be the same or different, because 

labels are valid only on their local LSRs.



• Control plane:

▫ The control plane is connectionless. It generates and maintains routing and label 
information.

▫ The control plane includes:

▪ Routing information base (RIB): stores static routes, direct routes, and 

routes generated by IP routing protocols. Routes can be selected from the 
RIB to guide packet forwarding.

▪ Label information base (LIB): stores and manages labels statically 
configured and dynamically generated by label switching protocols (such as 

LDP and RSVP).

• Forwarding plane

▫ The forwarding plane, also called the data plane, is connection-oriented. It 
forwards common IP packets and MPLS labeled packets.

▫ The forwarding plane includes:

▪ Forwarding information base (FIB): stores forwarding information that is 

generated based on the routing information extracted from the RIB. The 
forwarding information is used to guide common IP packet forwarding.

▪ Label forwarding information base (LFIB): stores label-based forwarding 
information to guide MPLS labeled packet forwarding.







• Static LSP:

▫ A static LSP is meaningful only to the local node, and the local node cannot be 
aware of the entire LSP.

• Dynamic LSP:

▫ Other label distribution protocols:

▪ Resource Reservation Protocol-Traffic Engineering (RSVP-TE): an extension 
based on RSVP. RSVP-TE is used to establish constraint-based routed LSPs 

(CR-LSPs). Unlike LDP LSPs, CR-LSPs support parameters, such as 
bandwidth reservation requests, bandwidth constraints, link colors, and 

explicit paths.

▪ Multiprotocol Border Gateway Protocol (MP-BGP): an extension based on 

BGP. MP-BGP distributes labels to MPLS VPN routes and inter-AS VPN 
labeled routes.



• Tunnel ID: an ID automatically allocated to a tunnel, providing a unified interface for 

upper-layer applications (such as VPN and route management) that use the tunnel. A 
tunnel ID is 32 bits long and is valid only on the local device. During MPLS forwarding, 

LSRs find matching FIB entries, ILMs, and NHLFEs based on tunnel IDs.



• An ingress LSR searches the FIB table (to learn FTN information) and NHLFE table to 

guide packet forwarding.

• When an IP packet enters an MPLS domain, the ingress searches the FIB to check 

whether the tunnel ID corresponding to the destination IP address is 0x0.

▫ If the tunnel ID is 0x0, the ingress LSR performs IP forwarding for the packet.

▫ If the tunnel ID is not 0x0, the ingress LSR performs MPLS forwarding for the 
packet.



• A transit LSR searches for ILMs and NHLFEs to guide MPLS packet forwarding.



• The egress LSR searches the ILM table to guide MPLS packet forwarding.









• An outgoing label occupies the label space of the downstream LSR, but the label 

distribution mode used by the downstream space is uncertain. As such, the value of an 
outgoing label ranges from 16 to 1048575.

• An incoming label occupies the label space of the current LSR. When a static LSP is 
used, the value of an incoming label ranges from 16 to 1023.
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