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Abstract
As the Internet evolves into a global communication infrastructure 
and supports many applications like, trading system, online games 
etc. To such a network, survivability is an important requirement 
in that services interrupted by network failures must be recovered. 
Failures in communication networks are common and can result 
in substantial losses. To recovery from link or node failures in 
IP networks, we develop a new technique using colored Trees. 
To reduce the routing-table overhead, hence reduce lookup time, 
the proposed scheme develops a novel multipath routing strategy 
called colored trees. The proposed technique requires two color 
trees, namely red and blue. Two color trees are constructed rooted 
at a drain node .This technique guarantees that the path from any 
node to the drain are link-disjoint or node-disjoint. Depending 
upon the application, the network may use one tree at a time or 
both the trees. The two trees may be employed simultaneously 
to increase instantaneous band width. The use of multiple drains 
is advantageous in congestion reduction; load balancing, fault 
tolerance, security and node – link failure recovery.
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I. Introduction
Multipath routing is the routing technique in which  multiple 
alternative paths are used through a network, to generate  a 
variety of benefits such as fault tolerance, increased bandwidth, 
or improved security. The multiple paths computed might be 
overlapped, edge-disjointed or node-disjointed with each other. 
Multipath routing techniques enable the use of multiple alternative 
paths.These techniques provides better transmission performance 
and fault tolerance.
Routing is the process of selecting best paths in a network. 
Routing is performed for many kinds of networks, including 
the telephone network (circuit switching), electronic data 
networks (such as the Internet), and transportation networks. 
This article is concerned primarily with routing in electronic data 
networks using packet switching technology. In packet switching 
networks, routing directs packet forwarding (the transit of logically 
addressed network packets from their source toward their ultimate 
destination) through intermediate nodes [8]. Techniques developed 
for multipath routing are based on employing multiple trees. When 
multiple routing tables are employed, a packet has to carry in 
its header the routing table to be used for forwarding. When the 
corresponding forwarding edge is not available, the packet needs 
to be dropped. This dropping is forced due to the potential looping 
of packets when transferred from one routing table to another.  
To achieve disjoint multipath routing in IP networks is to use 
color trees concept [6-7]. In this approach two color trees are 
constructed: red and blue. In the proposed technique, every node 
in the network has two neighbors to the drain node. The routing 
table has two entries for every drain node. In this network may 
be viewed as two color trees that are rooted at the drain node. 
When a source wants to transmit the packet to the destination, 

the packet is marked with one of the colors (red or blue). The 
intermediate node forwards a packet to the neighbor based on 
the drain address and color of the packet. The two trees have the 
property that the two paths from a given source to the drain are 
node disjoint or link disjoint [3]. 
By considering every node as a possible drain, the colored trees 
approach may be employed to utilize all possible links. The number 
of routing table entries for a drain in a network of N nodes is 2(N 
−1). The colored tree approach significantly reduces the number 
of routing table entries, hence the lookup time. The goal of this 
paper is to construct and maintain the color trees to recovery 
from link failures and node failures. Figure 1 shows an example 
network with red and blue trees rooted at node A. It is necessary 
and sufficient for a network to be two-edge (vertex) connected 
to compute colored trees such that the paths from a node to the 
root on the two trees are link-disjoint (node-disjoint). The fig. 1 
shows two colored trees rooted at node A.

(a). Red Tree Rooted at A  (b). Blue Tree Rooted at A
Fig. 1: Example Network With Colored Trees Rooted at Node 
A

II. Related Work
The algorithms developed thus far for constructing colored trees 
are based on the “path augmentation” technique. A major limitation 
of the path augmentation technique is that the maintenance of the 
trees is difficult in the presence of failures, as paths are augmented 
in a sequential fashion (maintaining partial ordering of nodes). 
The failure of a node/link may result in invalidating the paths 
for several nodes in a cascading fashion. While the trees may be 
reconstructed entirely after the failure, such a total reconstruction 
of the trees is both unnecessary and results in a high overhead. As 
all algorithms based on path augmentation suffer from the above 
limitation, this paper develops a new technique. This technique 
exploits the relationship between the DFS numbering, low point 
values, and potential required for partial ordering.  Colored trees 
may be constructed using algorithms de-signed for reversing the 
direction of the tree edges. The path augmentation technique 
maintains a global order of nodes based on potential values to 
ensure disjointedness. The steps involved in the path augmentation 
phase for constructing Color trees satisfying the color tree link- 
node disjoint constraints.
Path Augmentation technique for generating Color tress 
1. Initialize R and β to contain the root node d only. Initialize the 
partial order of the nodes to be the empty set. 
2. Find a cycle (d, ν1,..., νk , d). Let νk → νk−1 → ... → ν1 → d be 
the red chain and ν1 → ν2 → ... νk → d be the blue chain. Add 
the blue chain to β and the red chain to R. Update the precedence 
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relation with ν1 < ν2 < ... < νk d. 
3. Stop if β spans all the nodes in G. 
4. Find a path (x, ν1, νk, y) that connects any two distinct nodes 
x and y on β and any k nodes not on β, k ≥ 1, such that x y. Let 
νk → νk−1 → ... → ν1 −→ x be the red chain and ν1 → ν2 → ... → 
νk y be the blue chain. Add the blue chain to β and the red chain 
to R. Update the precedence relation with x <ν1< ν2< ... < νk< y. 
Go to Step 3. 

III. Color Tree Algorithm for Link-Node Failures
The Color Tree algorithm works in three steps:

Distribute DFS numbers• 
Arrange nodes into layers• 
Select red or blue trees • 

A. Distribute DFS Numbers 
The first part is to assign DFS numbers to all the nodes in the 
network and compute the low point value and path for each node. 
Then employ the generalized low point concept. The lowpoint 
value[13] of a node x is defined as the smallest DFS index node 
that may be reached from x by traversing DFS tree edges1 and one 
back edge2. The Generalized Lowpoint Value (GLPV) of a node 
x is the smallest DFS index node that may be reached from x by 
traversing nodes in the increasing order of their DFS indices except 
the last hop. The generalized lowpoint path of a node x is the path 
to the generalized lowpoint value with minimum hop length (or 
cost). The Generalized Lowpoint Neighbor (GLPN) [13] of a node 
x is the neighbor of x in its generalized lowpoint path[13]. The 
fig. 2 shows an example network and DFS numbering. The node 
numbers represent DFS indices and the numbers in the parenthesis 
represent GLPV of a node.

  
(a). Example Network                  (b). DFS Numbers and GLPV
Fig. 2: An Example Network and DFS Numbering

Consider the network shown in fig. 2(a). We will use this network 
to show the working of the entire algorithm. The network in fig. 
2(a) is two-node-connected. The number next to a node in fig. 2(b) 
represents its DFS index and the number in parenthesis denotes 
the GLPV. The solid lines represent the DFS tree edges. In a two-
node-connected network, the GLPV of a node is strictly less than 
the DFS index of its parent. In a two-edge connected network, the 
GLPV of a node is less than or equal to the DFS index of its parent. 
This relationship between DFS indices and GLPVs help identify 
if a network is two-node or two-edge-connected or not. 

B. Distributed Layering
The second phase of the Color Tree algorithm is to arrange the 
nodes into ODD and EVEN layers. To compute the layer for a 
node, we define a term called potential [8], a bound on the GLPV 
of a node to be present in the same layer. For satisfying the CT-ND 
constraint, a node x takes the potential of its parent if its GLPV is 
strictly less than the potential of its parent, otherwise its potential 
is the DFS index of its parent. The potential of a node x, denoted 

by pot(x), is computed as follows for satisfying the Color Tree 
Node – link Disjoint constraint:       

where p(x) is the identifier of the DFS parent of x.
The layer of a node is assigned similar to the potential value as 
below.

where ˜l(p(x)) denotes the negation of the layer of node
p(x). If l(p(x)) = ODD, then ˜l(p(x)) = EVEN and vice versa.
An exception to the above rule is for nodes whose low point values 
are equals 1. All the nodes with low point value equals 1 are placed 
in the layer next to drain node (i.e. EVEN layer).

Fig. 3: Position of Nodes at Different Layers

The fig. 3 shows the layering phase of the network.

B. Selection of Red and Blue Trees 
The third part is to select the red (left) and blue (right) forwarding 
nodes, denoted by lfn and rfn, respectively. Irrespective of how 
the layering of nodes approach is performed, the selection method 
for the left and right forwarding nodes is the same. In the layering 
part, place the drain node at the first layer (ODD). Arrange the 
following nodes in the even layer in the increasing order of their 
DFS values from left node to right node. At the even layer the low 
point path is in the right direction and at the ODD layer it is in the 
left direction. Based on this arrangements, a node has two options 
for its forwarding nodes first is DFS parent node and second is 
generalized lowpoint neighbor (GLPN) node [8] . 
If node μ is in the EVEN layer, then lfn(μ) = p(μ) and rfn(μ) = 
glpn(μ) 
If node μ is in the ODD layer, then  lfn(μ) = glpn(μ) and rfn(μ) 
= p(μ) 
Applying the above rule to the layered tree constructed In fig. 3 
for the link disjoint; the resulting red and Blue trees are shown 
in fig. 4.

(a). Red (Left) Tree                           (b). Blue (Right) Tree 
Fig. 4: Red (Left) and Blue (Right) Trees Obtained from the 
Layered Structure
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The paths from any node to the drain node on the two trees are 
only link disjoint, even if the network is two nodes connected. 
For example, the paths from node 8 to the drain node are, on red 
tree: 8-4-3-2-1 and on blue: 8-7-5-4-1, with a common node 4 
for both the tree.

IV. Experimental Result
The color tree  approach performs significantly better than 
the augmentation approach in terms of increasing number of 
paths offered, reducing the probability of a node-link failure 
disconnecting a node from the destination, and average link 
load. The fig. 5 shows the graph to display the number of packets 
forwarded and dropped with the number of link failed in network. 
Color tree approach reduces network failures.

Fig. 5: Packet Structure

V. Conclusion
The proposed Colored Tree  approach reducing link – node  failures 
of network, utilize all edges in a tree to recover the network 
failures and multipath routing i.e. any path failure from source 
to destination, it will send data from another path in Colored 
Trees. Colored tree approach with red and blue trees technique 
forwards the data in consistent and accurate way and improves 
system performance.
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