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Abstract--On-chip communication has a deep impact not 

only on the performance of progressive system-on-chip 

(SOC) but also on area required and power consumed by it. 

When reduced number of N-chip length from orthogonal 

spreading codes is assigned to the processing elements that 

shares the interconnect, medium sharing is enabled in 

CDMA’s code space. In this project, increasing the count of 

usable spreading codes results in the improved capacity of 

CDMA network-on-chip (NoC) crossbars. Thus it takes the 

Overloaded CDMA Interconnect (OCI) to the advanced 

level. Nature-inspired algorithms are becoming popular 

among researchers since they are flexible and less 

complicated in nature. Analysis of meta heuristic algorithms 

is based on their diversity and adaptation. Further it also 

depends on features such as exploration and exploitation, 

attractions and diffusion mechanisms. Hunting nature of 

grey wolves and their social structure have motivated in the 

creation of new algorithm named as Grey Wolf Optimizer 

(GWO), which is very successful in solving real mechanical 

and optical engineering  problem, here apply a GWO for 

reducing interconnection complexity  as a problem solving 

method. MATLAB and Xilinx tool has been used to evaluate 

results. 

Keywords— Network on chip (NoC), Code Division Multiple 

access (CDMA) Crossbar, Grey Wolf Optimizer (GWO). 
 

I. INTRODUCTION 

System on Chip (SoC) is too complicated to utilize a 

conventional gradable bus or crossbar interconnects. The 

communication problem in system on chip is solved by a good 

scalable and highly designed structured Network on chip. This 

NoC approach has been proved, as one of the best technique 

for efficient utilization of inter-changing the data among 

different nodes on integrated chip. The main advantage of 

NoC is scalability and flexibility. 

The NoC paper [6] based multi core platform 

enabling the analysis of stochastic interaction among 

biological components and characterization of their 

computation and communication loads. Here, the throughput 

is improved over a regular mesh based NoC. The bus 

contention problem [7] is overcome by a CDMA technique in 

that paper. 

The medium access is enabled simultaneously by the  

code space through a medium sharing technique called code 

division multiple access(CDMA).The advantage of CDMA are 

reduction in power consumption as well as system complexity 

and fixed communication latency. The data transfer latency 

changes largely in a point to point connection [2] and that is 

eliminated with the help of CDMA technique, where 

throughput and its latency is increased. 

 In the physical layer of Network on Chip, the basic 

building block is Crossbar. It is a shared communication 

medium, where resource sharing technique like Time Division 

Multiple Access (TDMA), Space Division Multiple Access 

(SDMA) is adopted for packet exchange. A new Crossbar 

switch [1] structure is proposed with adaptive bandwidth 

control, it incorporates efficiently various IP with different 
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requirements. Under various traffic scenarios, the throughput 

speed is twice that of conventional switch. 

 The channel   which is shared by the users is boosted 

with the help of increasing the usable spreading code counts, 

and a medium access technique called Overloaded CDMA is 

used in wireless communication. The interconnection capacity 

is increased by this concept and it can be applied to on chip 

interconnect. Based on the characteristic and requirements 

level the on chip interconnect is different from wireless 

communication. 

The spreading consists of input data multiplied by 

pseudo noise(PN) sequence [14] the bit rate is higher than bit 

rate of data. At the time of redundancy adding to the system 

the data rate is increased. The spreading factor defines the 

ratio of PN sequence bit rate to data bit rate. The resultant 

waveform is widespread, timing structure is flexible and has 

balanced phase. At the receiver side the received signal 

spreading is removed by multiplying same PN code. 

The communication performance in NoC is enhanced 

by a dynamic distributed routing algorithm [11].The 

bandwidth is effectively increased by bidirectional channel 

which is self reconfigurable and during run time, the 

intermediate nodes are bypassed by hub routers. In the level of 

macroscopic, the performance is maximized and cost of 

energy is minimized based on traffic condition function which 

is localized. The performance is improved by EVC channel 

and hub routers. 

II. RELATED WORKS 

A novel architecture design [5] allows sharing the 

research coding among network users through the use of 

dynamic assignment of spreading code. A parallel structure is 

adopted and reduced the latency of data transmission. It 

significantly achieved lower data packet latency compared to 

conventional and packet switched NoC. Dynamic code 

assignment leads to large reduction in area, cost and power 

consumption. 

  

The network congestion is avoided[4]by Network 

Coding(NC) based NoC architecture with two algorithm of a 

Corridor routing algorithm(CRA) and Adaptive Flit 

Dropping(AFD) for improving the system throughput. In that 

paper, the hardware cost is minimal compared to significantly 

high network throughput and reduced network latency. The 

scheme provided the mitigated congestion, branch blocking 

and dead lock at run time to avoid network congestion. 

  

The bus contention problem [8] can be overcome by 

using bus sharing strategy CDMA. The codes that share the 

same CDMA bus is increased in multiprocessor SoC by 

concept of overloaded CDMA. Resource utilization and power 

consumption is improved. The identifiable cross correlation 

waveform are caused by adding other codes. Detecting the 

accurate codes is a difficult task for the decoder. 

In CDMA channel, a pair of each transmit-receive is 

assigned a unique bipolar spreading code and the data is 

spreaded from all transmitters and is summed in an additive 

communication channel. In classical CDMA system the 

spreading code is orthogonal-cross correlation between 

orthogonal code is “0”, which enables the receiver CDMA to 

properly decode the received sum via a correlator decoder. 

Classical CDMA system uses the Walsh-Hadamard 

orthogonal codes to enable medium sharing. 

A new standard basis based encoding/decoding 

method [3] leveraged the performance and cost of CDMA 

NoC in area, power and network throughput. In transmitter 

module, source data from different sender are separately 

encoded with an orthogonal code of standard basis and mixed 

together by XOR operation and transmitted in the 

communication channel, and these sequence of chips is 

retrieved by taking the AND operation in receiver module. 

The standard basis performance decreased the latency and 

increased the throughput. 

The hierarchical parallel genetic algorithm [9] is 

implemented on a multi core SoC and thus a new NoC is 

proposed. The master processor uses the fixed bandwidth and 

the slave processor core utilization is lower which affects the 

speedup. The speedup is improved as well as requirement of 

hardware is reduced by multiplexing system called Dynamic 

injection bandwidth multiplexing and Time division island 

multiplexing. The protein folding prediction problem is solved 

by this approach. 

There are three important issues in CDMA system. 

First issue is channel capacity, while second problem is power 

control finally optimum codes. In the cases of binary and non 

binary [13], errorless transmission is achieved by considering 

the optimum overloaded codes where there is no presence of 

noise. Due to growing demand and reduced bandwidth, issues 

have been raised in delivering enough service to the 

subscribers growing in larger numbers and their problem is 

solved by overloaded CDMA. 

The NoC performance is significantly affected by 

routing algorithm. The source routing [12] has the 

disadvantage of header size is large and results utilization of 
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bandwidth is lower. But it is made strong platform for smaller 

sizes and mesh topologies. The deadlock free routing 

algorithm is selected first from routing algorithm set on the 

basis of traffic pattern and it work out the static path 

efficiently. Here, the computed path is restricted by this 

approach and it has minimized length.  

The parallel bus is interfaced [13] by the technique 

called CDMA, where it has higher tolerance in noise and 

power consumption is lower when compared to conventional 

parallel bus. It has tolerant in variation of timing, when the 

signal is transferred among the buses but the amplitude of the 

signal on a bus is small. 

The string of compression, welded beam and design 

of pressure vessel [15] are the three classical problem in the 

design of engineering and it is solved by this algorithm called 

GWO and applicable to problem with search space which is 

unknown. It has high performance on unconstrained as well as 

constrained problems. GWO [16] solved the problem in 

convex economic load dispatch. It minimizes the cost of 

generation while fulfilling the constraints. 

III. GREY WOLF OPTIMIZER 

Grey Wolf Optimizer (GWO) is meta heuristic 

algorithm mainly motivated by grey wolves. Leadership 

hierarchy of grey wolves and their hunting tactics are 

mimicked by this algorithm. In order to simulate their 

hierarchical leadership, four different of grey wolves are 

employed. They are alpha, beta, delta, and omega. 

Additionally, major three steps are involved for 

implementation which are hunting and searching for prey, 

followed by encircling and attacking prey. 

 

Grey wolf also known as Canis lupus is a belonging 

of Canidae family. They are noted as apex predators, which 

mean that they are at the top of the food chain. 

  

„Alpha‟ is the name provided to male and female 

leaders. Decision making is the main responsibility of alphas. 

While beta is second level in the grey wolves hierarchy mainly 

assists the alpha in decision-making or other pack activities. 

They are called as subordinate wolves. Third level is delta that 

has to summit to alpha and beta. Omega is known as the 

lowest ranking grey wolf which plays the scapegoat role and 

summits to all the other wolves that are dominant.  

 

Hunting of grey wolf is classified into three phases. 

 

a) Tracking, chasing, and approaching the prey 

b) Pursuing, encircling, and harassing the prey until it 

stops moving 

c) Attack towards the prey 

 

1. Social hierarchy 

Alpha (α) is considered as the fittest solution in 

designing GWO that models the wolves‟ social hierarchy 

mathematically. While beta (β) is second and delta (δ) is the 

third fittest solution. The remaining candidate solutions are 

considered to be omega (ɷ). α, β, and δ guides the hunting 

(also known as optimization) in the GWO algorithm. These 

three wolves are followed by omega. 

 

2. Encircling prey 

During the hunting process, prey is encircled by grey wolves 

as mentioned. Encircling behaviour is mathematically 

modelled by the proposed equations as follows. 

              

Where the current iteration is denoted by t. Coefficient vectors 

are A and C.  Xp, the position vector of the prey, and it also 

shows the of position vector of a grey wolf. 

Equations for calculating the vectors A and C are as follows 

 

Where the value of „a‟ vector is   linearly reduced from 2 to 0 

during the course of iteration and r1, r2 are arbitrary vectors. 

 

3. Hunting 

Recognizing the prey‟s location and then encircling 

them is the main ability of grey wolves. The hunt is usually 

guided by the alpha. Hunting involves occasional participance 

of the beta and delta. However there is no idea of optimum 

(prey) location in the search space. 

 For simulating the grey wolves‟ hunting behaviour 

mathematically, alpha (best candidate solution) beta, and delta 

are supposed to have better knowledge about the prey‟s 

potential location. Thus the first three best solutions are saved 

up to obtained so far and the other search agents are obliged 

(including the omegas) for updating their positions based on 

the best search agent‟s position.  
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Fig 1: Grey wolf hunting behaviour 

 

 

4. Attaching prey 

When prey stops moving, grey wolves attacks them 

and finishes the hunt. The value of A is decreased for 

mathematically model the approaching of prey . It is 

noted that decreasing is done in fluctuation range by a vector. 

Here, A is a considered as random value that has the interval 

[-a, a] and a is reduced from 2 to 0over the iteration course. 

Between its current position and the prey‟s position. Search 

agent‟s position can be in any place when random values 

come in the interval of [-1, 1]. 

5. Search for prey (exploration) 

  

Position of the alpha, beta, and delta is considered for 

searching by grey wolves. Diverging of grey wolves happens 

during the searching of prey and they all converge together 

during the attack of prey. Random values greater than 1 or less 

than -1 is used for modelling the divergence mathematically, 

thus obliging the search agent for diverging from the prey. 

Hence exploration is emphasized and results in allowing the 

GWO algorithm to global search.  

 

 

 

A.MOTIVATION 

In existing method, an Overloaded CDMA concept to 

is applied to NoC and advanced an OCI crossbar architecture 

for increasing the capacity of CDMA‟s router. And the 

number of users here is three, has separate orthogonal codes 

and two overloaded CDMA interconnect codes are 

transmitted. 

   

The work proposes that an addition of two more users 

along with three users so totally five users have separate 

orthogonal codes and are transmitted in the channel. The 

encoding and decoding process take place and reach the 

destinate processing elements, with the help of device 

utilization summary in Xilinx software. The proposed work 

has reduced the number of slices and LUT when compared to 

the existing method. 

   

The work includes a Grey wolf optimizer is 

introduced in CDMA crossbar design to reduce the 

interconnection complexity and to get the optimized result. 

The complexity here defines the longest path from source 

node to destination node and this path is reduced by this 

optimizer, giving the best or most effective path. The Grey 

wolf optimizer has the hierarchy of alpha, beta and delta are 

called search agents. It has some maximum iteration lower 

bound and upper bound.  

 

At first, initialize the alpha, beta and delta position, 

then it fixes the maximum number of iteration the search 

agents go ahead the search space boundaries and the objective 

function for each agent is calculated and the position is 

updated. Finally the alpha value is obtained since it is in the 

position of the best search agent of first. Here the fitness 

function is called as optimization. The objective function 

which gives the optimal value best is found by Grey Wolf 

Optimizer. 

 

B.GWO ROUTER ARCHITECTURE 

In this work, a GWO has been deployed in CDMA 

crossbar of the router. The complexity in longest path from 

source to destination node path is reduced by using this 

optimizer. It gives the most effective path. 
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Fig 2: GWO in Router 

 

IV.RESULT AND DISCUSSION 

The following simulation result shows the encoding 

and decoding of three orthogonal codes and two OCI codes. 

 

Fig 3: Transmission of data 

The above simulation shows that, data 0 and data 1 

are the Overloaded CDMA Interconnect (OCI) and data2,3,4 

are the users where they transmit the data. 

 

Fig 4: Spreading code of length N=8 

 

 

       Fig 5: Encoded output of transmitted code  

From sum0 to sum7 are the sum output of transmitted 

orthogonal codes and OCI codes. 

 

Fig 6: Decoded output of transmitted code 

 The above simulation shows that decoded 1, 2 are 

decoded by XOR operation with LSB of sum output. And the 

other user‟s codes are decoded with the operation of 

accumulators.  

Thus the synthesis report based on the design gives 

the utilization of slices and LUT‟s. The comparison table 

shows that the number of slices and LUT has been reduced in 

proposed method of five users than existing method of three 

users. 

 

 

Parameter 

 

Existing method 

 

Proposed method 

 

Slices 

 

5 

 

2 

 

LUT 

 

9 

 

3 
 

Table 1: Comparison table between existing and proposed 

work. 

In the objective space, the x axis denotes the number 

of iteration and the y axis shows the best score or best optimal 

value obtained so far. 
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Fig 7: 2D version of unimodal function 

V. CONCLUSION 

Capacity of channel is increased in overloaded 

CDMA when non orthogonal codes are used to overload the 

communication channel. Overloaded CDMA Interconnect 

based Network On Chip‟s superiority have been demonstrated 

by results evaluated in terms of space occupied and 

complexity. Algorithm used here for optimization is based on 

the grey wolves. Social hierarchy among wolves and their 

behaviour of hunting prey are mimicked in the proposed 

method. Grey wolf optimization algorithm have been 

exploited and shown on the results obtained on the unimodal 

function.  
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