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ABSTRACT 

 Inorder to minimize the cost of carrying traffic in a packet 

switched network,the best solution that can be done is link 

state routing with hop by hop forwarding of packets.Optimal 

routing is finding routing assignments that minimize the cost 

of sending traffic through packet switched networks.Link 

State routing protocols do not view networks in terms of 

adjacent routers and hop counts, but they build a 

comprehensive view of the overall network which fully 

describes the all possible routes along with their costs. 
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1.   INTRODUCTION 
Inorder to minimize the cost of carrying traffic in a packet 

switched network, the best solution that can be done is link 

state routing with hop by hop forwarding of packets.Optimal 

routing is finding routing assignments that minimize the cost 

of sending traffic through packets.Routing configuration is 

knowing exact demand values that allows for very efficient 

routings.The traffic demands are dynamic and change on 

multiple time scales.The suggested solution is adaptive and 

optimal.A fixed routing configuration that works well for a 

wide range traffic matrices.Built in robustness to changing or 

unknown conditions is a natural objective of good 

engineering.OSPF/IS_IS are distributed link state routing 

protocols that support packet forwarding by hop by hop are 

dominant intra domain routing solution on the internet. 

Open Shortest Path First is one of the most used intra domain 

internet routing protocol.Traffic flow is made along shortest 

path, it splits the flow at nodes where more outgoing links 

which are on shortest path to the destination.Network operator 

can change the link weight as well as the shortest path routes. 

Physical distances are set proportional to their weights.But the 

goal is to avoid congestion , which means overloading of 

links.The Link State and Hop by Hop algorithms are 

selectedbecause of their simplicity.It is to assign weight to 

links according to the input traffic statistics and flood the link 

weight through the network and forward packet from source 

to destination through the shortest path computed from Link 

weights.The communication network is always growing 

rapidly in complexity and size.The simplicity helped OSPF 

eclipse extend optimal routing techniques which are harder to 

implement. 

OSPF have a disadvantage due to poor resource 

utilization network administrator are forced to overprovision 

their network.Inorder to handle the network traffic. 

  

Finding the optimal link weight for OSPF,if the presence has 

been shown to be NP-Hard[1].The main aim is to eliminate 

tradeoff between optimality and ease of implementation in 

routing . The result is Adaptive Hop By Hop Optimal Link 

State Routing.[2]. 

Adaptive :The algorithm does not require the traffic demand 

matrix as an explicit input inorder to compute link weights. 

Specifically the algorithm seamlessly  recognizes  and adapts 

to changes in the network ,both topology changes and traffic 

variation as inferred from the network state like link flow rate. 

Hop By Hop :Each router based on the destination controls 

only the next hop that a packet takes. 

Link State :Each router receives the state of all the network 

link through periodically flooded link state updates and makes 

routing decisions based on the link states. 

Optimal : The routing algorithm minimizes the cost function 

determined by the network operator.The problem of guiding 

network traffic through routing to minimize a given global 

cost function is called traffic engineering. 

2.   EXISTING SYSTEM 
The following pages consist of the literature survey of the 

project.The overall purpose of this literature review is to 

demonstrate a knowledge of the existing body of research in a 

particular topic area. 

In the paper,The Flow Deviation Method:an approach to store 

and forward communication network design(1973)[3],Two 

problems relevant to the design of a store–and–forward 

communication network are formulated and are recognized to 

be essentially non-linear,unconstrained multicommodity flow 

problems.A “Flow Deviation” method for the solution of 

these non-linear ,unconstrined multicommodity flow problems 

is described which is quite similar to the gradient method for 

functions of continuous variables;Here the concept of gradient 

is replaced by the concept of “shortest route” flow .As in the 

gradient method ,the aplication of successive flow deviations 

leads to local minima.The multi commodity  flow problems 

consist of finding the routes for all commodities which 

minimize a well defined performance function.,such that a set 

of constraints are satisfied. 

The FD algorithm was proposed in the early ARPANET[4] 

[5] days to assist in the design of efficient packet-switched 

topologies. The main attraction of the FD algorithm was its 

simplicity and the ability of intuitive interpretation ofthe 

various optimization steps, which helped the 

networkresearcher develop design techniques closely 
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matchedwith the physical properties of the system. This 

simplicityand yet scientific accuracy made the FD algorithm 

popularin many different domains. The incremental flow 

conceptapplies best to problems with quasi-stationary flows. 

In the paper, A Minimum Delay Routing Algorithm Using 

Distributed Computation(1977),[6]Analgorithm is defined for 

establishing routing tables in the individual nodes of a data 

network. The routing fable at a node i specifies, for each other 

node j ,what fraction of the traffic destined for node jshould 

leave node i oneach thelinks emanating from node i . The 

algorithm is applied independently at each node and 

successively updates the routing table at that node based 

oninformation communicated between adjacent nodes about 

the marginal delay to each destination. For stationary input 

traffic statistics, the average delay per message through the 

network converges, with successive updates of the routing 

tables, to the minimum average delay over all routing 

assignments. The algorithm has the additional property that 

the traffic to each destination is guaranteed tobe loop free at 

each iterationofthe algorithm. In addition, a new global 

convergence theorem for non-continuous iteration algorithms 

is developed. 

The problem of routing assignments has been one of the most 

intensively studied areas in the field of data networks in recent 

years. These routing problems can be roughly classified as 

static routing, quasi-static routing, and dynamic routing. Static 

routing can be typified by the following type of problem. One 

wishes to establish a new data network and makes various 

assumptions about the node locations, the link locations, and 

the capacities of the links. Given the traffic between each 

source and destination, one can calculate thetraffic on each 

link as a function of the routing of the traffic. If one 

approximates the queueing delays on each link as a function 

of the link traffic, one can calculate the expected delay per 

message in the network. The problem then is to choose routes 

in such a way as to minimize expected delay. This is a multi-

commodity flow problem, and the reader is referred to Cantor 

and Gerla [7] for a particularly elegant algorithm and for other 

references. Quasi-static routing problems can be typified by 

the following situation. A data network is in operation, but 

overtime, new source-receiver pairs establish data 

transmission sessions and old sessions are terminated. 

In the paper, Link-State Routing With Hop-by-Hop 

Forwarding Can Achieve Optimal Traffic 

Engineering(2011),[8]This paper settles an open question with 

a positiveanswer: Optimal traffic engineering (or optimal 

multicommodityflow) can be realized using just link-state 

routing protocolswith hop-by-hop forwarding. Today’s typical 

versions of theseprotocols, Open Shortest Path First (OSPF) 

and IntermediateSystem-Intermediate System (IS-IS), split 

traffic evenly overshortest paths based on link weights. 

However, optimizing thelink weights for OSPF/IS-IS to the 

offered traffic is a well-knownNP-hard problem, and even the 

best setting of the weights candeviate significantly from an 

optimal distribution of the traffic. Inthis paper, we propose a 

new link-state routing protocol, PEFT,that splits traffic over 

multiple paths with an exponential penalty on longer paths. 

The new protocol also leadsto a significant reduction in the 

time needed to compute the bestlink weights. Both the 

protocol and the computational methodsare developed in a 

conceptual framework, called Network Entropy. 

3.   PROPOSED SYSTEM 

The goal in this paper is to eliminate this tradeoff between 

optimality and ease of implementation in routing. The result is 

Hop-by-hop Adaptive Link-state Optimal (HALO), a routing 

solution that retains the simplicity of link-state, hop-by-hop 

protocols while iteratively converging to the optimal routing 

assignment. To the best of our knowledge, this is the first 

optimal link-state hop-by-hop routing solution. Not 

surprisingly, there are multiple challenges to overcome when 

designing such a solution. Before getting into them, we define 

the following important recurring terms for ease of exposition. 

Hop-by-hop: Each router, based on the destination address, 

controls only the next hop that apacket takes. 

Adaptive: The algorithm does not require the traffic demand 

matrix as an explicit input in order to compute link weights. 

Specifically, the algorithm seamlessly recognizes and adapts 

to changes in the network, both topology changes and traffic 

variations, as inferred from the network states like link flow 

rates. 

Link-state: Each router receives the state of all the network’s 

links through periodically flooded link-state updates and 

makes routing decisions based on the link states. 

Advantage 

1) Dampen update frequency 

2) Target link-state updates to multicast 

3) Use link-state area hierarchy for topology 

4) Exchange route summaries at area borders 

5) Use Time-stamps Update numbering & counters 

6) Manage partitions using a area hierarchy 

Optimal routing, i.e., finding routing assignments that 

minimize the cost of sending traffic through packet-switched 

networks, has been of fundamental research and practical 

interest since the early 1970s with the advent of 

ARPANET[3] , the predecessor of the Internet. Yet today, we 

find that the different optimal routing algorithms developed 

over the last 40 years are seldom implemented. Instead, 

distributed link-state routing protocols like OSPF/ISIS that 

support hop-by-hop packet forwarding are the dominant 

intradomain routing solutions on the Internet.   

The driving force behind the widespread adoption of link-

state, hop-by-hop algorithms has been their simplicity—the 

main idea is to centrally assign weights to links based on input 

tostatistics, flood the link weights through the network, and 

then locally forward packets to destinations along shortest 

paths computed from the link weights. As our communication 

networks have grown rapidly in size and complexity, this 

simplicity has helped OSPF eclipse extant optimal routing 

techniques that are harder to implement. However, the 

obvious tradeoff has been lost performance. For instance, due 

to the poor resource utilization resulting from OSPF, network 

administrators are forced to overprovision their networks to 

handle peak traffic.As a result, on average, most network links 

run at just 30%–40% utilization. To make matters worse, 

there seems to be no way around this tradeoff. In fact, given 

the offered traffic, finding the optimal link weights for OSPF. 

4.   CONCLUSION 

HALO, the first link-state, hop-by-hop routing algorithm that 

optimally solves the traffic engineering problem for 
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intradomain routing on the Internet.Furthermore, we showed 

that based on feedback from the link-state updates, the 

protocol automatically adapts to input traffic and topology 

changes by adjusting router split ratios. We also provided 

guidelines on implementing HALO by translating the 

theoretical model to a discrete implementation for numerical 

evaluations and then to a physical testbed built onNetFPGA 

boards. Importantly, although they did not satisfy the 

theoretical assumptions about continuous split ratio updates 

and synchronization between the routers, the numerical and 

experimental evaluations backed up our theoretical 

predictions about the performance and adaptivity of HALO. 

In terms of future directions, there are still interesting areas to 

be explored. For instance, the convergence rate of the 

algorithm needs to be analyzed. Another direction involves 

developing the theory behind the performance of algorithm in 

the absence of synchronous link-state updates and executions. 
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