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Abstract                                                                                                                                                                          
This paper discusses performance comparison of IP and MPLS, using OPNET simulator. In this paper 

we first briefly review MPLS history and IP to pro- vide a background for this comparison. We then 

dis- cuss the general issues of IP performance over ATM. We also discuss how MPLS network works 

and the general issues of designing an MPLS network. After that, we did simulation system, using 

OPNET Sim-Ulator to compare the performance of traditional IP network and MPLS network. 
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Introduction 
The ”flow management protocol” was proposed by Ipsilon networks in 1996. The networks ”IP 

switching” technology which was made only to work over ATM did not succeed in the market.                                

A proposal called ”tag switching” was introduces by the Cisco systems. The proposal that was made 

by the Cisco systems was renamed and called ”label switching”. 

The label switching was given to the internet engineering task force (IETF) for comparison. Different 

proposals from other vendors and the consensus protocol development were involved in the work of 

the IETF. The creation of simple high speed switches was one of the main inspirations because for a 

specific length of time it was impossible to forward the IP packets in hardware. The advances in VLSI 

have made such devices possible. The ability to support multiple service models and perform track 

management is the main advantage of MPLS. Another advantage is that the MPLS offers a robust 

recovery frame- work. 

This robust recovery framework goes beyond the protection rings of synchronous optical networking 

(SONET/SDH). Overall performance is concerned, the central components of a network play a small 

part but have nothing to do with the end systems. There are also two technologies used for routing that 

make a difference. These technologies are: IP and MPSL routers1. The IP address is a product of 

computer technology that allows one computer (or any electrical device) to exchange information with 

another computer using the internet. Using the IP address you have the ability to locate and 

differentiate between billions of digital devices that are connected to the internet. MPLS is a highly 

scalable, protocol agnostic, data- carrying mechanism. In the MPLS packet forwarding decisions are 

made according to the content of the label. To remove the dependence on a particular OSI model data 

link layer technology such as ATM’s, frame relay and SONET is one of the important benefits of 

MPLS. MPLS belongs to the packet switched network family1. In the next section we will have brief 

discussion about IP and MPLS networks, defining the operation that used in each type.                                            
 

Internet Protocol (IP) 
IP uses hop-by-hop destination-only forwarding paradigm. In IP network, when forwarding                
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IP packets, each router in the path has to know the packet’s destination IP address in the                             
 

IP routing table and forward it to the next-hop router. 

IP over ATM .The protocol for a Traditional IP over ATM is a well-established standard spelled out in 

RFC 1577 and subsequent documents. Windows 2000 provides implementation of this standard. Layer 

2 topology is dierent some layer 3 topology in the path and link. Layer 2 devices have not related to 

the layer 3 routing information. The virtual circuit in the IP over ATM was established manually. If 

the two topologies overlap the hop and spoke used now easier management. In case layer 2 and 

layer3 overlap topology the result would be single packet distributed with 3 hops in layer 2 but it 

require 7 hops. That's because layer 2 has static information in how to use with layer 3 devices. 

Routers use the routing protocol to distributed routing information among immediately router. In layer 

2 topology when the forwarding to the hub was more ideal, the packet forwarding from the rightmost 

to the leftmost it require hop but it not necessary. The only possible solution to obtain ideal forward 

from the one router to another y using full mesh to virtual circuit but it never used because its 

complex. ATM has been evolved to ensure some solutions to network problems like speed, scalability, 

track engineering and quality of service (QOS) management with different structure to that of ATM. to 

enhanced ATM performance its well-defined structure of description about payload and other packet 

format. On the other hand, ATM solution the problem of poor performance at the time of congestion in 

an efficient manner by used the virtual path establishment and layered architecture approach. Make 

more careful strategies about delay and efficient by available bandwidth, these features are well suited 

for multimedia traffic. 
 

Multiprotocol Label Switching (MPLS) 

Multiprotocol label switching is a mechanism of telecommunication networks that forwards data from 

one network to the next using short paths rather than long paths to avoid complex lookups. MPLS can 

summarize packets of a number of network protocols. It supports access technologies like frame relay, 

DSL and ATM. As we previously mentioned, MPLS data packets are assigned labels. Packet 

forwarding decisions are made solely without examining the packets. MPLS works at a layer that lies 

between layer2 (data link layer) and layer 3 (network layer) therefore it was named layer 2.5 protocol. 

This protocol wad designed to provide a service for both packet-switching clients and circuit-based 

clients. It can also be used to hold different types of traffic like IP packets, SONET, ATM and 

Ethernet frames. A number of different technologies with the same goals such as ATM and frame 

relay were arranged. The weaknesses of the ATM have helped develop the MPLS technologies. Many 

engineers agreed that the ATM should be replaced by a different protocol that provides a service 

for variable length frames. It is said to be that in the future the technologies will be improved and 

MPLS will replace all the technologies.  

MPLS takes place within the signaling protocol bag-gage and cell-switching of ATM. MPLS found 

out that small ATM cells are not needed in the net- works because modern optical networks are so fast 

(40 Gbit/s) that even full length packets do not ac- quire real time queuing delays. Even though the 

traffic management migrated to the MPLS, the IT departments faced some problems including the 

loss of visibility and access in to the MPLS cloud. 
 

MPLS operation 
It works by fixing the packets that contain one or more labels. This is called a label stack. Each 

stack has four entries: 1- A 20-bit label value.                                                                                                                     
 

Al Obeid, et al., 2021, 6 (6) ajmsc.info  

http://ajmsc.org/d/?ckattempt=1


3 
 

African Journal of Medical Sciences                      http://ajmsc.info 

 

A 3-bit Traffic Class field for Quos (quality of service) priority (experimental) and ECN (Explicit 

Congestion Notification).  

A 1-bit bottom of stack ag. If this is set, it signees that the current label is the last in the stack. 4- An 8- 

bit TTL (time to live) field. These MPLS labeled packets are switched into the IP table. When the 

MPLS was produced, the label switching and label lookup were faster than the RIB lookup because 

they cannot take place within the CPU. Label switch routers (LSR) perform routing based only on the 

labels. Label edge routers (LER) are the entry and exit points of the MPLS. These label edge routers 

push the MPLS onto the incoming packet and pop it from the outgoing packet. This operation can 

be formed by the LSR when directly connected to the LER. The label distribution protocol (LDP) is 

used to give out the labels between the LERs and LSRs. Label information is usually exchanged with 

each other in order to build a picture of the network by the LSRs in the MPLS network. The network 

operator establishes the label switched paths (LSP) to create network based IP private networks. Other 

than that they do not depend on a particular layer 2 technology there is not a big divergence between 

LSPs and permanent virtual circuits (PVCs) in ATM. LERs that function as entering or exiting routers 

to the VPN are called provider edge routers. Those devices that only work as transit routers are called 

provider routers. 

The main reason that the transmit routers are more dependent than the entering (ingress) or exiting 

(egress) routers is that the provider router is easier than the provider edge router. When an unlabeled 

packet enters the ingress router, it is passed on to the MPLS tunnel where the router determines the 

forwarding equivalence class the packet should be in. After that, labels are inserted on the new 

packets. Then the packet is passed onto the next hop router. When the MPLS receives the packet, the 

label is examined. Push or pop operation can be formed on the packet based on the contents of its 

label. The routers have the ability to tell which operation is needed according to the topmost label so 

the packet can be processed quickly. The old label is swapped with a new label in the swap operation 

and then forwarded to the path with the new label. On top of the existing label, a new label is pushed 

on to the old one by a push operation. This is called encapsulating process. The label is removed 

from the packet by the pop operation. This process is called decapsulation. If the label was the last on 

the label stack, the packet exits the MPLS tunnel. This is usually performed by the egress router. The 

contents of the label are not examined during these operations. The only label that is examined is the 

topmost label. The packet is forwarded according to the contents on the label which allows protocol 

independent packet forwarding.  
 

Comparison between MPLS and IP 
The IP and its routing protocols work in co-operation with the MPSL. MPSL LPRs provide networks 

with support for traffic engineering. They have the ability to transport layer 3 IP VPNs with address 

spaces. They use pseudo wire emulation edge to edge (PWE3) that has the ability to transport payloads 

(IPv4, IPv6, ATM, Frame Relay, etc.) so they can support layer 2 pseudo wires. The MPLS capable 

devices are also known as LSRs. Using an explicit hop by hop configuration, the paths that the LSR 

knows can be defined. The paths are also routed by the constrained shortest path first (CSPF) 

algorithm. They also avoid a particular IP address. In an IP network, even if the path is blocked, the 

shortest path to the destination is chosen. However, in an IP network with an MPSL traffic engineering 

CSPF routing, the available bandwidth with the shortest path is chosen. MPLS traffic engineering 

depends on the use of TE extensions, either inter- mediate system to intermediate system (IS-IS) or   
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open shortest path first (OSPF) and RSVP. By specifying link attributes, users can define their own 

constraints. The use of MPLS for end users can not be directly visible but can be supposed when 

making a trace route. MPLS nodes are not shown in the path, where IP nodes are shown as hops in the 

path. Therefore when you see that there is hardly another hop between the paths it is probably because 

the network uses MPLS. Traditional IP routing has several problems, from scalability issues to poor 

support of traffic engineering. Because The IP has the layer 3 protocol of choice in most environments 

the routing became more obvious. 
 

Functions 
1- The packet forwarding is based on the content of the label, the packet itself isn't inspected.                                    

2-It also makes the creation of end to end circuits easy by using any protocols2. 
 

Benefits                                                                                                                                                      
1- The traffic management capability allows better reliability and performance.                                                       

2- Compared to the traditional layer 2 VPN, the recovery framework is im- proved.                                                  

3- The creation of IP VPN is based on MPLS model2.  
 

Simulation Model 
OPNET simulator was used to compare between IP and MPLS network. OPNET is a real time 

simulator designed for network design and analysis. Two Configurations were used in this simulation 

model, one for the IP network and the other for the MPLS network. In this simulation system 3 work 

stations have been used in IP network at the sender and 2 work stations at the receiver in addition to 

the 4 routers and 2 switches as showed below. Also 5 work stations, 2 LER and 2 LSR have been used 

in MPLS network at the sender plus 2 work stations and FTP server at the receiver. In each networks 

one type of traffic VOICE has been used on client sides as showed below.  
 

Simulation Result 
IP network: When the VOICE has been sent over the IP network some losses and delays occurred on 

the packets which meant the IP network was not perfect in sending the packets. 

MPLS network: When the VOICE has been sent over this network the entire packets delivered without 

any losses or delays, As showed below.  
 

Conclusion 
This paper reviewed MPLS and IP history to provide a background for this comparison, it discussed 

the general issues of IP performance over ATM, also discussed how MPLS network works and the 

general issues of designing an MPLS network. A simulation system is applied using OPNET simulator 

to compare the performance of traditional IP network and MPLS network, this simulation showed 

using MPLS network in sending packets (VOICE) is much better than using IP network. 
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