
Australian Journal of Basic and Applied Sciences, 5(12): 792-797, 2011 
ISSN 1991-8178 

 

Corresponding Author: Mahmoud Alilou, Department of Computer, Salmas Branch, Islamic Azad University, Salmas, 
Iran. 
E-mail: M_alilou@iausalmas.ac.ir, Mahmoud.alilou@yahoo.com 

 792 

ACOXY: Combining Ant Colony Optimization and XY Routing Algorithm in  
Networks on Chip 

 

1Mahmoud Alilou, 2Mohammad Ali Jabraeil Jamali, 3Behrooz Talebzadeh,4Maysam Alilou 
 

1Department of Computer, Salmas Branch, Islamic Azad University, Salmas, Iran. 
2Department of Computer, Shabestar Branch, Islamic Azad University, Shabestar, Iran. 

3Department of Computer, Sofian Branch, Islamic Azad University, Sofian, Iran. 
4Sama Technical and Vocational Training College, Khoy Branch, Islamic Azad University, 

Khoy, Iran. 
 

Abstract: In this paper a new routing algorithmwhich is formed by the combination of ant 
colonyoptimization (ACO)and XY routing algorithmwill be introduced. XY algorithm is a fast way to 
transferring data via a specific path between two nodes in the network and the ant colony optimization 
(ACO) algorithm is able to obtain various paths in a longer time concerning the current state of the 
network. ACOXY the proposed method is able to find various paths in order to send data in less time 
and create an appropriate load balancing throughout the network. Amongst the advantages of this 
algorithm is its high toleration for faults and failures ofswitches and the links. 
 
Key words: Network on Chip, Routing, Ant Colony. 

 
INTRODUCTION 

 
Network on Chip (NoC) is a new paradigm to make the interconnections insidea System on Chip (SoC) 

system. By the developments achieved in integrated circuits (IC) manufacturing there have been attempts to 
design vast amounts of network on the chips in order to achieve more efficient and optimized chips. Therefore 
an appropriate routing can be useful on the efficiency of the networks embedded on the chips (Liang, J., 2000). 
Innetworks on chip (NOC), routing is done by concerning different components. For instance, in one NOC 
selecting a short path may be important while in other NOC creating an appropriate traffic load balancing may 
of greater importance.  

A vast number of routing algorithms have been introduced in the field, that all of them have some 
advantages and disadvantages compared to each other (Rantala, V., 2006). These algorithms are often classified 
in two groups.  The first group is the deterministic algorithms which usually have less computation and are able 
to find the next hop in a shorter time. The deterministic algorithms are mostly based on indexes and therefore 
can be used in NOC networks which have predetermined structures.Deterministic algorithms are used inboth 
regular and irregular networks. In congestion free networks deterministicalgorithms are reliable and have low 
latency. These algorithms have low tolerance against the possible faults in the networks and can cause reduction 
throughput and efficiency of the networks. 

The second groupis the adaptive algorithms. These algorithms often need more computationsand in order to 
select the appropriate path they need some information about the current state of the network. The adaptive 
algorithms usually perform the routing at the same time that they are sending the packet and at each hop select 
the next hop according to the current state of the nodes and linkstraffic; therefore there is a possibility of live-
lock occurrence in them. 

In the following sections we will consider these algorithms and by exploring the ACOXY algorithm, we 
will show that the ACOXY maintain their advantages by combining them. 
 
Related Works: 

Routing on NoC is quite similar to routing on any network. A routing algorithmdetermines how the data is 
routed from sender to receiver (Rantala, V., 2006). One of the common networksonchip routing algorithm is XY 
(Dally, W.D. and BR Towles, 2003). This algorithm uses network indexes in order to send the packets in a 
coordinate that the reach to their destination via the shortest possible path. This algorithm works in a way that it 
first sends the packet to its destination in dimension X and when the packet is in the same column as its 
destination node, it is directed to it in +Y or –Y dimensions. In other words XY routing is a dimension order 
routing which routes packets first in x- or horizontaldirection to the correct column and then in y- or vertical 
direction to thereceiver. XY routing suits well on a network using mesh or torus topology. Addressesof the 
routers are their XY-coordinates. XY routing never runs into deadlockor livelock (Dehyadgari, M., 2005). 
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There are some problems in the XY routing. The traffic does notextend regularly over the whole network 
because the algorithm causes the biggestload in the middle of the network. There is a need for algorithms which 
equalizethe traffic load over the whole network. 

The second algorithm which has been compared in this paper is odd-even algorithm (Chiu, G.M., 2000). An 
odd-even routing is an adaptive algorithm used in dynamicallyadaptive and deterministic network on chip 
systems. This algorithm uses two specific laws to send packets; the first law mentions that if a packet reaches an 
even column from east, the next hop cannot be toward north or south. The second law says that if a packet is 
located in an odd column and its previous path was from north or south, its next hop cannot be towards west. In 
other words, the odd-even routing is a deadlock free turn model which prohibitsturns from east to north and 
from east to south at tiles located in even columnsand turns from north to west and south to west at tiles located 
in odd columns. 

Another NOC routing algorithm is the ACO algorithm which initially proposed by Marco Dorigo in 1992 in 
his PhD thesis. This algorithm was inspired from ants' behavior for finding the shortest path from the food 
source to their nest.ACOis a probabilistic technique for solving computational problems which can be reduced 
to finding good paths.They are able to find the shortest path by the material called pheromone (Dorigo, M. and 
T. Stutzle, 2004). According to the fact that despite most of the ants move in the shortest path, some of them 
choose a longer path, we can conclude that there is some probability in this algorithm. Besides we assume that 
ants have a weak memory for remembering the traveled path. Each ant randomly chooses the next switch by 
calculating a random function. ACO is a subclass of swarm intelligence, in fact ACO is an exploratory learning 
method which is used for obtaining estimated solutions in combined optimization problems (Foong, W.K., 
2005). 

 
 
Fig. 1: Example pseudo-code and formulae. 
 

It iteratively constructs a solution for the problem at hand. The intermediate solutions are referred to as 
solution states. At each iteration of the algorithm, each ant moves from a state x to state y, corresponding to a 
more complete intermediate solution Fig. 1. Thus, each ant k computes a set Ak(x) of feasible expansions to its 
current state in each iteration, and moves to one of these in probability. For ant k, the probability k

xyp of moving 

from state x to state y depends on the combination of two values, viz., the attractivenessηxy of the move, as 
computed by some heuristic indicating the a priori desirability of that move and the trail levelτxy of the move, 
indicating how proficient it has been in the past to make that particular move.The trail level represents a 
posteriori indication of the desirability of that move. Trails are updated usually when all ants have completed 
their solution, increasing or decreasing the level of trails corresponding to moves that were part of "good" or 
"bad" solutions, respectively.In general, the kth ant moves from state x to state y with probability 
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Where: τxy is the amount of pheromone deposited for transition from state x to y, 0 ≤ α is a parameter to 

control the influence of τxy, ηxy is the desirability of state transition xy (a priori knowledge, typically 1 / dxy, 
where d is the distance) and β ≤ 1 is a parameter to control the influence of ηxy. 
 
Pheromone Update:  

When all the ants have completed a solution, the trails are updated by (1 )k k k
xy xy xy        

Where: 
k
xy is the amount of pheromone deposited for a state transition xy, ρ is the pheromone evaporation 

coefficient and 
k
xy   is the amount of pheromone deposited, typically given for a TSP problem (with moves 

corresponding to arcs of the graph) by 
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whereLk is the cost of the kth ant's tour (typically length) and Q is a constant.After a brief introduction of these 
algorithms, we will explain ACOXY algorithm, which is formed by the combination of the XY and ACO 
algorithm (Zlochin, M., 2004; Dorigo, M., 1996). 
 
ACOXY Routing Algorithm: 

As mentioned before, the XY algorithm has the ability of leading the package from the source node to the 
destination node via the shortest path. The package transferring is done while there is no need for vast number 
ofcomputations and exchanging routing packets between the routers. The disadvantage of the XY algorithm is 
that a failure occurs in one of the nodes, the others nodes which their path contains the damaged node will not 
be able to send packets; therefore the efficiency of the chip would be interrupted by a node's failure.The method 
suggested in this paper in order to overcome the failure tolerance problem is that every node will send its 
packets using the XY algorithm but in case of a failure or congestion in one of the nodes, ACO algorithm will 
immediately be used in order to send the packets. This is shown in Fig. 2. 

 

 
 
Fig. 2: ACOXY attitude against failure. 
 

By using this method the packets will reach their destinations by skipping the damaged node without delay 
and packet loss, when there is a failure or congestion in one of the nodes. According to the variety of paths in 
ACO algorithm, in cases that the chip supports the broadcast flow control, we can send the packets broadly from 
various paths in order to compensate the wasted time for finding them. 

 
Experiment Results: 

In order to evaluate the proposed algorithm we will consider the following three scenarios. The traffic 
pattern used in the network is shown in Fig.3. 

 

 
 
Fig. 3: Traffic pattern used in the network. 
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Experiment 1: 
In normal conditions, in which there is no failure or fault or over load in the network, deterministic and 

adaptive algorithms shows similar behavior with the difference that adaptive algorithms need to perform more 
computations in order to find the appropriate route. Fig.4 illustrates the experiment performed for Odd-Even, 
XY and ACOXY algorithms in same conditions. This experiment was done in a mesh 8*8 network in which the 
number of virtual channels is 4 and the length of each flit is 64. The length of the packets varies in this 
experiment and a non-uniform traffic pattern similar to Fig.3 is used here. In order to control the flow, the 
wormhole method is used (Duato, J., 1993; Ni, L.M. and P.K. McKinley, 1993). Considering the obtained 
results all of the three algorithms show similar behaviors. 

 

 
 

Fig. 4: Comparing the three routing algorithms using different parameters in similar situations. 
 

Experiment 2: 
In this experiment we will compare the above algorithms while there is a failure in one of the nodes or links 

of the network and there is a heavier load in the network.We assume that five nodes (3,2), (5,3), (2,4), (4,4), 
(3,5) have faced failure in the network and network working with failure range equal to 5/64 in different cycles. 

As one can observe from Fig.5(a), the ACOXY algorithm shows higher throughput compared to other 
algorithms. On the other hand, the Fig.5(b) shows that the delay in packet sent by ACOXY algorithm is higher 
compared to the other two algorithms, and that is due to the time needed for performing vast amounts of 
computation and using the longer paths when faced with damaged node. Fig.5(c) illustrates that the packet loss 
in ACOXY algorithm is lesser that others, since there is a variety of paths in this algorithm. Therefore when 
failure occurs in the path between the source node and destination, the ACOXY is able to explore new paths and 
resume packet transferring. 

 
Experiment 3: 

Load balancingin the network is one of the goals that are usually considered in chip design. As mention 
before, it is obvious that the ACOXY algorithm is able to create a better load balancing than the XY algorithm. 
Fig. 6 shows the number of packets sent in 10000 cycles in an 8*8 mesh network with a uniform distribution. As 
one can observe the ACOXY algorithm is able to create a better load balancingacross the network. 

 
Conclusion: 

The ACOXY algorithm work in a way that when there is no failure or fault in the network and the traffic 
load is lighter, routing is performed by XY algorithm and when there is a failure or congestion in a part of the 
network it switches from the XY algorithm to the ACO algorithm and starts exploring new paths and prevents 
data packet loss. Also when there is a heavy traffic load in the network, it distributes the load throughout the 
network more efficiently, compared to the other algorithms, in order to achieve a more load balancing. 
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Fig. 5:Comparison of three algorithms on criteria such asthroughput, latency and packet delivery. 
 
 

 
Fig. 6: Global traffic load balance comparison in 3 different routing algorithms. 
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