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Abstract: Network-on-Chip (NoC) an interconnection 

framework is proposed by Numerous number of Intellectual 

Property cores in the nature of System-on-Chip(SoC). 

Communication challenges in a global nature with respect to 

nanoscale technology is provided by NoC. A configuration of 

NoC with its least average traffic in communication, 

consumption of power and area covered in chip is the needed in 

real time applications. Effective routing, mapping the cache 

hierarchy, memory and application mapping are the main 

parameter to increase the efficiency in aNoC. This can be done 

with optimization techniques. With optimization technique, NoC 

can be configured such that the latency, consumption of power, 

and chip area engaged in aNoC are made to be minimal. This 

paper provides a survey of Particle Swarm Optimization (PSO) 

algorithm techniques to optimize NoC routing, Mapping of 

memory and application mapping to provide performance 

improvement.  
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I. INTRODUCTION 

Core elements and IP in a chip are integrated to meet the 

requirements with respect to performance in embedded 

system. The performance and power consumption is directly 

related to the interconnections in the chip. In comparison to 

bus architecture, NoC accommodates larger number of cores 

which is an important advantage in an inter-connection 

architecture. The IPs or cores are connected to on-chip 

routers[1]. NoC is an On-chip integrated network, provides 

the embedded core-based system chips with a set of standard 

for communication. The size and the density in a large scale 

IC, the transmission of dataincreases among processing 

elements in the environment. NoC Routing is the major 

design issue of interconnection networks[2]. The strategy of 

routing is determined by the path followed by each packet 

between the source node and the destination node. The 

communication performance is affected by type ofNoC 

routing. Finding out the best Routing in a NoC environment 

is an NP-Hard Problem, and these complexities makes it less 

possible to solve by a traditional common arithmetic. 

System power consumption, hardware resource 

consumption and latency are drastically affected by NoC 

design. NoC design is a most important step in NoCplatform 

[3].  Application-Specific Network-on-Chip (ASNoC) 

handles the problems in computational resources 

communicationincurrent real time applications. The design 

network in an on-chip in an ASNo Cis optimized to conform 

to the application requirements.  
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Major characteristics of ASNoC based systems 

involvesless cost in communication, less overhead in area 

allocation,low consumption of energy, and high throughput. 

There are many NoC topologies proposed for ASNoC. With 

a survey on various topologies, the mesh topology has 

various advantages over other topology. It is easier to 

implement the mesh topology inside chips. Small and 

equally spaced lengths are maintained between the links. In 

a topology, all the routers are of same type other than the 

routers at the corner and edges. These fabrications are made 

on one layer of metal. Also, most of the techniques in 

application mapping techniques in and NoC isplanned based 

on mesh topology.  

The flow of PSO Algorithm flow is given below [4]:  

1. Initialize the position values and velocity. Binary 

values are assigned for the position value of particles. 

The velocity of the particle is assigned between known 

maximum and minimum.  

2. Calculate the value of fitness for the entire particle in 

the pool. 

3. Evaluatevalue of fitness for particles in swarm to best 

value of fitness, if the value of present fitness is 

smaller than the previous fitness value; update the best 

position with presentparticle position.   

4. Compare the present position of each particle to best 

position of entire group considered, if the value is 

smaller than previous; update the position of group 

best with position of the presentparticle.   

5. Check for satisfaction of convergence rule or on 

reaching the most figures of iteration, make theprocess 

to halt, otherwise loop to step 6.  

6. Velocity of the particle and its position is updated 

based on the best values from previous steps. 

7. Velocity of the particle and its position is updated in 

accordance with the operation of cross-variation.  

8. Loop to step 2. 

This survey manuscript is structured as given below. 

Section 2 presents optimization in routing the data in a NoC 

environment. Section 3 presents the mapping applications to 

the NoC. Section 4 presents optimization in cache. The 

summary of the paper is given in section 4. 

II. NOCROUTING OPTIMIZATION WITH PSO 

ANoC system consists of nodes with resource, 

communication and Resource NetworkInterface (RNI). 

Resource node is used in performing the computational 

tasks contains processors, memory devices, reconfigurable 

devices, input or output devices [5]. Across the network, the 

nodes of the resource are connected in line with the 

communication node.  

 

 



 

Survey on Particle Swarm Optimization Techniques in Network-on-Chip 

57 

Published By: 
Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number: E1869017519 

This can be achieved with the help of RNI.The 

communication tasks are completed by routers which 

allocate all the nodes in the network. 

The position values of eachparticle are initialized. 

Relative positions of source node and destination nodes are 

determined in accordance with the position value of the 

particles in the environment. Particles which move away 

from the direction of shortest path is removed [6]. The 

distance of hop between the nodes of source and destination 

decides the routing information. The binary arrays involved 

for the values of position is also determines by it. Particles 

in the swarm are considered for the validity by computation 

in binary arrays with 0 and 1. The link node of the entire 

network is determined by the particle fitness value.  

The proposed algorithm selects the best routing with 

bandwidth constraint, measurement of the algorithms 

performance. The standard of judgment is based on the 

figures of efficientsteeringsystemwith a set of permanent 

mapping [7]. There is a decrease in the effective mapping 

when number of cores and the traces of communication 

increases. When the application size is larger, PSOwill have 

best outcome in constrained bandwidth and routing.  

III. NOC MAPPING WITH ENERGY- AND 

LATENCY-AWARE 

An IP set includes all the IP cores. IP cores in an IP set 

can be of homogeneous resource or heterogeneous resource. 

An Application Task Graph (ATG) is represented by a 

directed graph. Tasks present in the application is 

represented by the vertex set C, communication relationship 

among the tasks is represented by arc set A [8]. Greedy 

searching is not applicable to NoC mapping since it falls 

under the category of NP-complete problem. Heuristic 

method of searching should be applied for the better output.  

Mapping process involves selection of IP cores and 

assignment of the network tiles. In anNoC environment, the 

possibility of solutions can be represented as β
α
×β!when 

mapping an application with α tasks to a – nodes β. 

Therefore, with the time complexity, directly obtaining the 

best solution is very less.[9].  

The mapping process is consistsof two phases [10]:  

 Estimation on common energy consumption and 

delay is considered for the selection of IP cores with an 

optimum output for an IPs in heterogeneous. 

 Set the total particles, maximum iterations and 

randomly initialize the particles.  

 Calculate fitness of every particle. Initialize the 

personal best solutions in response with the present solution; 

calculate the best solution among the entire particles – 

gBest. 

 With discrete PSO algorithm, updated mapping is 

obtained from IPs to the NoC tiles in accordance with 

accurate delay and parameters of power consumption [11]. 

 Input to the next- second phase is the output of the 

previous - first phase. Perform injection mapping from IPs 

to tiles of the network.  Only one IP is accommodated in a 

network tile in injection mapping. 

 The solution fitness is calculated after the updating 

of each particle and the NoC-IP table is constructed with 

updated new values. With this way, the delay and 

consumption of power can be estimated with highest 

accuracy when the lengths between the tasks are known.  

The population is generated in random at the initial state. 

0.75 is the crossover probability and 0.1 is the mutation 

probability which is practiced in genetic algorithm of single-

point-crossover. Convergence speed is fast with PSO 

algorithm in process of searching. The convergence rate is 

very fast with less iteration and fitness value also converges 

to a small value with view point from number of iterations 

in PSO.In comparison with PSO, mapping with GA makes 

convergence very slow and satisfactory performance [12]. 

By a permanent number of iterations, the performance of 

power and waiting is optimum in comparison with random 

mapping and genetic algorithm.  

IV. OPTIMIZATION OF CACHE HIERARCHY 

Leonid Yavits, Amir Morad, Ran Ginosar focused on 

major three cache configurations types: private single level, 

two-level cache (one private and shared) and three level 

(two private and one shared) cache. Combination of the 

number of levels with private, hybrid or shared can be 

extended via this framework [13].Delay due to data transfer, 

blocking and queuing constitutes the NoC delay. The shared 

rate of cache access, the capacity of network, the core 

number, etc. are the major parameters of congestion, i.e., 

delay of blocking and queuing. 

The objective function is the average of delays in 

memory. These are obtained by the manipulation of the best 

of configurations numbered to three with a diversity of 

resource constraints [14]. Power consumption of the cache 

memory increases with the square root of its area. Traffic in 

a memory off-chip is optimized by reducing the data rate to 

the DRAM. 

The minimal requirement for satisfying the constraint of 

off-chip memory bandwidth is two-level hierarchy, which in 

turn reduces the low access rate to off-chip DRAM. When 

the area size grows, hierarchy with three levels gets its 

optimal with area of ~40. A cache with single level provides 

a feasiblewithminimal solution at ~110. In accordance with 

the above, zero is allocated to the area. When area grows to 

level two then three, the allocation among each level is 

increased in accordance with the configurations and 

constraints [15]. 

The optimal solution is provided in single-level cache 

when the area is low and in a constrained NoC bandwidth. 

When the area grows, the point of optimality point moves 

from level one to the two-level hierarchy and to openly 

shiftingthe third level configuration. Two-level cache moves 

to suboptimal when the area grows further level [16]. 

V. MAPPING OF APPLICATION 

Random creation of first population is made and the 

evaluation of value of fitness for each particle is made in the 

first generation. Initial particle value is take as the pbest i.e., 

each particle’s local best value.  The particle which gives the 

smallest amount communication cost with the fewest fitness 

function is considered as  
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the best among all the particles (gbest) in the first 

generation. Second generation is developed by random 

exchange positions of the coreinside the particle swarm [17]. 

The pbest and gbest are updated if the second generation 

gives better fitness value in comparison with the first 

generation. Swap operations is employed for the 

development of future generations by a series of operations. 

For each and every generation, the pbest and gbest of all the 

particles are updated when it gets a better fitness value than 

the previous generation. [18] 

 Swap operator: Position index is the location of core 

element in a particle. The indexing value ranges from 0 to 

N-1. The positions are swapped for creation of a new 

particle.  

 Swap sequence: combination of swap operators is used 

in swap sequence. A new particle is created by swap 

operators with the sequence of swaps applied in order on the 

particle P. The particle P is identified by swap sequence 

with its pbest and gbest.  

VI. CONCLUSION 

Optimization in routing method helps to achieve efficient, 

deterministic solution, an environment with no deadlocks, 

with least routing paths in the allocation program. The link 

load of system is also balanced. Processing units can be used 

to its potential by re-organizing all the tasks and conveying 

those tasks to dissimilar units of processing. This shows the 

better performance can be achieved and can also resolve 

NoC mapping with respect to energy and latency. The 

optimizationis improved further bythe inclusion ofthe 

impact on cache miss rate due to data sharing. 
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