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Abstract
This paper presents a review of QoS (Quality of Service) Routing 
algorithms and Load Balancing Techniques in MPLS Networks. 
MPLS has high lightened as the most promising technology for the 
internet to provide the speed and bandwidth guaranteed services. 
It is good to apply MPLS in an internet environment to make it 
efficient and get more customer satisfaction while using internet. 
In this paper focus is on various techniques of Load Balancing 
and QoS Routing, when network resources are insufficient to 
accommodate the offered load then load congestion exists. It 
means that the system is fully occupied and the new incoming 
call undergoes in blocking state.
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I. Introduction
MPLS is a scalable, protocol-independent transport. In an MPLS 
network, labels are assigned to data packets. Packet-forwarding 
decisions are made s on the contents of this label, without the need 
to examine the packet itself. This allows to create circuits across 
any type of transport medium, using any protocol. GMPLS is one 
deployment strategy for the control plane in intelligent optical 
networks to facilitate the automatic establishment and teardown 
of Label Switched Paths (LSPs) based on the network conditions 
(resources and topology). Thus, a dynamically changing virtual 
topology is built up based on the physical topology. The two 
topologies have distinctive differences: the former represents the 
services distribution among different nodes while the latter depicts 
the actual connection relationships among the nodes in the optical 
networks. Most of the research in this area is either focused on 
optimal design of the physical resource or improving the related 
protocols to obtain better network performance. As the previous 
work states, the concept of a pre-configured topology is proposed 
for two reasons:

The poor match between the virtual and physical 1. 
topologies, 
The complexity and difficulty in optimizing routing and path 2. 
establishment process. 

II. Load Balancing Basics
In MPLS, one or more virtual path similar to the Asynchronous 
Transfer Mode (ATM) or Frame Relay is set up which is known as 
Label Switched Path (LSP). Forwarding the packets on the basis 
of label facilitates source routing and QoS [1]. In this paper, we 
survey the work done in load balancing in the network by various 
authors that had the following motivations: 

Reducing Congestion in the network. 1. 
Reducing packet loss and packet delay2. 
Providing QoS parameters like fault tolerance. 3. 
Increasing overall efficiency of the network.4. 

III. Load Balancing Fundamentals 
Central aspect of Traffic Engineering is Load Balancing. The main 
idea is to map the part of the traffic from the heavily loaded paths 
to some lightly loaded paths to avoid congestion in the shortest 
path route and to increase the network utilization and network 
throughput. Approached used for Load Balancing can be broadly 
classified into 
Following types: 

Round Robin forwarding. 1. 
Time dependant approach: Balancing traffic on the basis of 2. 
long time span as per the experience of the traffic. 
Hashing based approaches. 3. 
Routing traffic as per the metrics calculated from the 4. 
traffic.

Per packet round robin scheduling is advantageous only when all 
the paths are of equal cost. Otherwise packet disordering will take 
place which can be interpreted as false congestion signals. This 
would lead in unnecessary degradation in the throughput of the 
network leaving some links unutilized whereas at the same time 
leading to the overutilization of the other links.
QoS Routing is introduced to provide the network with the routing 
algorithms that are able to identify QoS satisfied paths so as to 
accept as many service requests as possible whilst meeting specified 
QoS constraint(s). Metrics such as link bandwidth, delay and 
packet loss are examples of QoS constraints. Usually, bandwidth 
is considered as the main requirement in QoS Routing algorithm 
exploration and other metrics can be converted into bandwidth 
requirements if necessary [9]. There are many QoS Routing 
algorithms proposed till now and most of them are proposed to 
be deployed in MPLS (Multi-Protocol label Switching) networks. 
MPLS QoS Routing algorithms distinguish themselves from 
other QoS Routing algorithms such as WSP (Widest Shortest 
Path protocol) and SWP (Shortest Widest Path protocol) in the 
aspect of taking into consideration the ingress-egress pairs.QoS 
Routing can be classified into two categories according to whether 
it supports restoration: QoS Routing without protection (QSR-NP) 
and with protection (QSR-P). QSR-NP mainly focuses on online 
QoS Routing algorithms without restoration schemes and it will 
be reviewed in this paper.  SWP and WSP are two well-known 
QoS Routing algorithms possessing dual-objectives with different 
priorities: minimizing resource usage (Shortest) and balancing 
load (Widest). SWP gives higher preference to the second target 
whilst WSP tries to use the least amount of network resource. 
The second type of QoS Routing algorithm is primarily aimed 
at minimizing the blocking probability of the service requests 
in MPLS networks. One typical example is the QoS algorithm 
called MI-based (Minimum Interference) Routing, which was first 
proposed by M. Kodialam [9]. The main idea of this algorithm 
is to route the path that interferes as little as possible with those 
paths that may meet the requirements of future service connection 
demands, thus it can achieve a lower request rejection ratio. There 
are several variants based on Kodialam’s algorithms, which are 
classified into the same. Category. E. Calle et al [10-11] give a 
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survey of MI-based routing algorithms, which is recommended 
reading for a detailed description and comparison. Recently, another 
QoS Routing algorithm called the WSS (Widest Shortest path 
Switching) algorithm  is proposed, which calculates the potential 
path after adding a weight to each link according to the number 
of paths that might be routed over it. Besides achieving lower 
blocking probability, WSS has lower computation complexity in 
contrast to MI-based.

IV. Load Balancing Algorithms
In [2] authors analyze MPLS load balancing algorithms like 
(MATE) which distributes the flow on the basis of packet loss 
and packet delay, load distribution in MPLS (LDM) and load 
balancing over widest disjoints paths (LBWDP). Authors also 
introduce Periodic Multi-Step (PEMS) algorithm that adapts the 
offered quality depending on the class of the routed traffic. PEMS 
has three phases. In first phase offline path selection amongst all 
the paths from ingress and egress pair is done; second phase do 
path allocation and the third phase does dynamic adaptation of 
the parameters of the splitting ratio equation depending on the 
network state. 
Traffic splitting can be done with direct hashing in which a traffic 
splitter applies hash function to any combination of five-tuple 
mentioned before and uses that hash value to select the outgoing 
path. It is very simple as no state is needed to be maintained. [3] 
Propose the first ever performance study of direct hashing based 
schemes using real packets from two trunks of the back- bone 
networks. After applying the hash function, the split ratio which 
is only discrete value is fed in to multiple source and destination 
pairs. They conclude that direct hashing when applied to source 
address and destination address leads to highly imbalanced 
networks. On the other hand, computationally complex 16-bit 
CRC (Cyclic Redundant Checksum) based hashing when applied 
on the five-tuple gives excellent load balancing results. They also 
propose that if some adaptation is included with hashing then it 
will improve the load balancing significantly. 
In [4] authors use MPLS to set up multiple virtual paths between 
source to destination called Label switched Path (LSP). These 
paths are similar to virtual paths in ATM. Their load balancing 
mechanism comprises of two functions, splitting function and the 
allocation function. Splitting function first splits the incoming 
traffic in to different bins and then allocation function allocates 
appropriate LSP to the incoming traffic. Paper [4] analyzes three 
algorithms Topology-based Static Load-Balancing Algorithm 
(TSLB), Resource-based Static Load- Balancing Algorithm 
(RSLB) and Dynamic Load-balancing algorithm (DLB). They 
conclude that the DLB balances load better that the previous two 
algorithms. This is obvious since load balancing depending on 
the state of the traffic gives better link utilization and efficiency. 
Dynamic routing decision is classified in to two groups [5]: 
Connection based and Packet based. In Connection based some 
metrics of the connection is devised which effects the whole flow 
whereas in Packet based, routing is different for each incoming 
packet and is therefore easy. In [5] authors propose that load in 
the path is inversely proportional to the delay between source 
and destination Label switched routers (LSR) which are known 
as Ingress and Egress LSR respectively. 
Hash based approach come with the drawback that it leads to the 
packet disorder since packets from a single flow are moved to 
different links. In [6] authors propose mapping between flow and 
physical path by monitoring the queue length of flows. Moreover, 
they take in to consideration the size of the flow for load balancing 

while reassigning the appropriate flow. This is the main idea of 
their model dynamic hashing with flow volume (DHFV). Through 
simulation they have shown that hashing using a 16-bit CRC over 
the five-tuple gives excellent load balancing performance.
Congestion management schemes can be classified into three 
types [7]: 

Response time scale: 1. On the basis of time taken by the 
solution to resolve the congestion. 
Preventive vs. reactive: 2. Preventive policies try to prevent 
congestion by future estimates on the traffic. On the other 
hand, Reactive policies on sensing the congestion, try to 
reduce it. 
Supply side vs. demand side: 3. Supply side policies alter the 
supply of the resources to minimize congestion. 

On the other hand demand side alter the admission of the traffic 
to minimize the congestion. Authors propose, a Dynamic Load 
Balancing Algorithm (DYLBA) which detects the congestion 
when either the load on some network links is dangerously close 
to the link capacity, or when a new LSP demand request cannot 
be satisfied. It then reroutes the traffic on the basis of flow to the 
most promising link. 
In paper [8] authors model each link as M/G/1 processor sharing 
queue. They distribute the traffic on flow basis by finding the 
average delay in each link. Flow basis distribution prevents the 
packet disorder. Paper [9] balances the traffic by a mapping process 
between a flow and a path depending on the metrics of both, the 
path itself and of the traffic to be forwarded. Authors present 
a model called Queue Turing Algorithm (QTA) which at first 
divide the overall traffic into two parts; best effort traffic which 
is a general IP that do not need the QoS and the MPLS traffic 
which need to be forwarded taking into consideration various 
parameters of the links. This algorithm has the same advantages 
as the load balancing algorithm but can serve the QoS traffic well. 
Paper [10] updates this policy of service on the basis of class 
by proposing an algorithm for generating maximum revenue by 
supporting more and more traffic by MPLS load balancing. The 
revenue generated is directly proportional to the number of busy 
connections in LSP. 
In paper [11] authors propose a term Distributed Traffic (DT) 
which is inversely proportional to the delay and square root 
of packet loss on a path. They parallelly run their algorithm 
which calculates the delay and packet loss on all paths between 
a source and destination. They distribute the load on basis of 
the DT calculated. This paper is updated in [12] which propose 
an adaptive load balancing mechanism based on the real-time 
measurement that is able to hold path integrity per flow while 
minimizing congestion. They define a term Traffic Conductance 
(TC) which is calculated similar to DT with slight variations and 
is used to balance the traffic in real time. 
Paper [12] propose an algorithm Parallel-Path-based Balance 
Scheme (PPBS) which at first calculates node disjoint LSPs in 
the network and then it dedicates the suitable LSP to the traffic 
by comparing the bandwidth of that LSP with the bandwidth of 
the flow aggregate. By simulations the authors prove if accurate 
information of the network is available then more traffic can be 
transmitted to the lightly loaded links while leaving the heavily 
loaded links. 
Paper [13] proposes a model DLSP which is constructed by 
dividing the original LSP into number of node disjoint LSP and 
distribute the traffic by fractions on those LSP. In the egress 
node, the packets are assembled in order to prevent them from 
disordering. By simulations the paper proves that this model leads 
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to significant performance gains. 
Paper [12] proposes a Distributed Explicit Partial Rerouting 
(DEPR) scheme for rerouting the traffic from the congested 
network. Since MPLS takes considerable time in rerouting the 
traffic, this algorithm works in the distributed manner where each 
node take part in congestion monitoring around its outgoing links. 
If a link is found congested this algorithm selects appropriate 
alternate link by comparing the link against some threshold so that 
the traffic is again not inserted in another congested link.
Paper [11] proposes a dynamic multipath traffic engineering 
algorithm called LDM (Load Distribution over Multipath). This 
algorithm improves the network utilization as well as the network 
performance as experience by the users. The improvement is gained 
by adaptively splitting traffic load among multiple paths. Authors 
confirm that LDM performs better than hop count-based, as well 
as the traffic load based routing mechanisms by the simulations. 
However, they did not perform any theoretical analysis to point 
out the benefits of multipath routing. But this algorithm can suffer 
from instability because of repeated oscillation.

V. Conclusion
In this paper, a review of the QoS Routing algorithms and 
various mechanisms of load balancing in IP/MPLS networks. It 
also updates the previous proposed methods by various authors 
on fault tolerance in MPLS networks. Recommendations of the 
transmission of traffic of failed LSP (Label Switched Path) by 
one or more failure free LSPs have been made. Load balancing 
helps the network in many folds i.e. to remove congestion, 
minimize packet delay, packet loss, increase network reliability 
and efficiency. The main idea for load balancing is to find the 
optimum path to balance the load by calculating various traffic 
metrics. These mechanisms can be implemented in MPLS traffic 
engineering to support different class of services as per the service 
level agreement.

References
[1] G. Lee, J. Choi (2002),“A Survey of Multipath Routing for 

Traffic Engineering”, [Online] Available: http://www.vega.
icu.ac.kr/~gmlee/research/ 

[2] A. Toguyeni, O. Korbaa,“DiffServ Aware MPLS Traffic 
Engineering for ISP Networks: State of the Art and New 
Trends”, Journal of Telecommunications and Information 
Technology, Vol. 1, 2009, pp. 5-13. 

[3] Z. Cao, Z. Wang, E. Zegura,“Performance of Hash-ing-
Based Schemes for Internet Load Balancing”, Proceedings 
of the 19th Annual Joint Conference on Com-puter and 
Communications Societies, Tel Aviv, 26-30 March 2000, 
pp. 332-341. 

[4] K. Long, Z. Zhang, S. Cheng,“Load Balancing Algorithms in 
MPLS Traffic Engineering”, Proceeding of IEEE International 
Conference on High Performance Switching and Routing, 
Dallas, 29-31 May 2001, pp. 175- 179. 

[5] D. Gao, Y. Shu, S. Liu, O. W. Yang,“Delay-Based Adaptive 
Load Balancing in MPLS Networks”, IEEE International 
Conference on Communications, New York, 28 April-2 May 
2002, pp. 1184-1188. 

[6] J.-Y. Jo, Y. Kim, H. J. Chao, F. Merat,“Internet Traffic Load 
Balancing Using Dynamic Hashing with Flow Volume”, The 
Smithsonian/NASA Astrophysics Data System, Vol. 4865, 
2002, pp. 154-165.

[4] Salbella, R., Hui Zang,“Guest editorial: Traffic engineering 
in optical networks”, Network, IEEE, Vol. 17, Issue 2, pp. 

6 – 7, 2003. 
[5] Jian Li, Pei Zhang, Jie Zhang, Wanyi Gu,“A novel wavelength 

reservation protocol for wavelength-routed optical networks”, 
COIN-NGNCON 2006. pp. 396 - 398, 2006. 

[6] Saradhi, C.V., Kumar, G.S., Luying Zhou, Mohan, G., “A 
fast and efficient segmented signalling protocol for GMPLS/
WDM optical networks”, IEEE International Conference on 
Communications, 2008. ICC ‘08. pp. 5422 – 5426, 2008. 

[7] Lei Wang, Jie Zhang, Guanjun Gao, Yongjun Liu, Xiuzhong 
Chen, Yongli Zhao, Yu Yao, Wanyi Gu,“A collision-aware 
wavelength assignment scheme for GMPLS based WDM 
networks”, IEEE Communications Letters, Vol. 12, Issue 8, 
pp. 593-595, 2008. 

[8] Yongli Zhao, Jie Zhang, Dahai Han, Lei Wang, Xiuzhong 
Chen, Wanyi Gu,“A resource preconfiguration scheme in 
intelligent optical networks”, OFC/NFOEC 2008. pp. 1-3, 
2008. 

[9] Murali Kodialam, T.V. Laksman,“Minimum interference 
routing with applications to MPLS traffic engineering”, IEEE 
INFOCOM 2000, pp. 884-893, 2000. 

[10] Eusebi Calle, Anna Urra, Jose L. Marzo et al,“Minimum 
interference routing with fast protection”, IEEE 
Communications Magazine, pp. 104 -111, 2006. 

[11] Jose L. Marzo, Eusebi Calle, Pere Vila, Anna Urra, 
“Performance evaluation of minimum Interference routing in 
network scenarios with protection requirements”, Computer 
Communication,  pp. 3161-3168, 2007.


