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Abstract: The network on chip is the key component of the 

achieving the high performance required by the system designed 

on the single chip. The mesh and torus topologies have found 

there places in various system on chips. Still there is an 

exploration for the better topologies, which can help in reducing 

the latency of the packet delivered from one core to another core 

on the chip. In this paper, a new variant of Torus topology has 

been proposed and the performance of the network is being 

evaluated on simulator using various synthetic traffics. On 

comparing the average latency of the cubic torus with other five 

topologies, it has been observed that the cubic torus has the least 

latency in comparison to the other existing topologies. 

 
Index Terms: Topology, Network on Chip, Interconnection 

Networks 

I. INTRODUCTION 

  Network-on-Chips (NoCs) have provided the reliable, fast 

and energy efficient solution for designing the multi core 

architecture and executing there application [1].  However 

there are some challenges while designing the Network on 

chip base architecture. These challenges can be broadly 

classified in to classes  i) the layout on the chip, that is how the 

various intellectual properties are place on chip to form a 

topology  and ii) the routing mechanism and flow control 

mechanism used for communicating the data effectively [2].  

The topologies are the base of the every routing algorithm to 

work, if the topology is unable to support the desired 

resources required for the particular task then it is not possible 

to get the performance, as the routing algorithm is only 

responsible for effective utilization of the underlying 

network. In the earlier version of systems the 2D NoC were 

used and contains the several disadvantages like large amount 

of wire delay that is proportional to the length of wire. The 

length of wire depends upon the number of nodes are 

increasing in the row. Second major issue with the 2D NoC is 

that they have huge amount of heat dissipation[3]. It has 

studied by the various researchers that the amount of heat 

dissipated and wire length are greatly reduced in the case of 

3D NoC[4–6]. The main advantage of using 3 dimensional 

topologies is the availability of 3D integrated chip (IC) and 

combines it with NoC. In 3D IC multiple layers are connected 

to each other using the miniature links in the third dimension. 
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The most popular technique used of vertical connection is, 

Through-Silicon-Vias (TSVs) is the popular used due to it is 

highly energy efficient and high provides high throughput [7]. 

The most popular topologies in the interconnection network 

are mesh/torus connected. This motivated us to design the 

topology from the mesh topology which has been involved 

various super computer configurations like Illiac IV, CM-2, 

Intel Paragon [8], Seitz’s Cosmic Cube[9, 10]. The 

performance of the topology is analyzed using the two types 

of properties in the initial study of the topology the four basic 

physical properties of the topology used to get the estimate of 

the performance in comparison to the popular known 

topologies. The four topological properties that are used in 

the study are: 

1. . Degree: It is the measure of the number of the ports that 

are used to connect the links. In most of the cases, the 

bidirectional channels are used in the topologies to make 

the routing process symmetrical. As bidirectional, channels 

may be considered of degree 1 or degree 2, for the 

simplicity in our paper we have considered it as of degree 2. 

The higher degree of the node implies the complex 

hardware configuration of the router.  

2. Diameter: It is shortest path between the two nodes that are 

located at the maximum geographical distance in the 

topology. Large diameter implies that the packet has to 

spend more time on the communication channel. Therefore, 

the latency of the network will increase. 

3. Bisection width: This describes the number of channel that 

must be removed from the topology such that the topology 

gets divides into two sub topologies that are having equal 

number of nodes but are disconnected from each other. 

Higher the bisection width the are more alternate path at the 

time of congestion. Higher bisection width also induces the 

fault tolerance in the network. 

4. Edge length: It is defined as the length of the channels as 

there are possibility of having long channels just like in 

torus topologies. Nevertheless, this introduces the 

non-uniform delays in the network. Another major 

drawback of long links is that they affects the scalability of 

the network 

Another type of the analysis of the network is based upon the 

simulation of the network using the simulator and gets the 

performance measures on the parameters under 

consideration. The most popular performance measures used 

for the network analysis are: 

1. Throughput: It is the measure of the amount of data 

received at the destination node.  
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2. As in the study of mesh like topologies, there are multiple 

source and destination, so the average of throughput of each 

destination node is computed to get the average throughput 

of the topology. 

3. Latency: It is the overall time required to move from the 

source to destination. Again, as we have multiple number of 

nodes as source and destination, hence the mean value of all 

the latencies is estimated. 

In this paper, we will discuss the details of the popular 

topologies like mesh, torus and there variants in the section 2. 

Section 3, presents the cubic torus topology and the various 

physical properties are discussed. In section 4, the 

comparison of the cubic torus is done with the five other 

topologies. Section 5 discusses the future perspective of 

work.  

II. RELATED WORK 

Most of the NoCs prefers the mesh topology, due to the facts 

the topology is simple to design. It has been identified that the 

topology is based on the tile based architecture[11] which 

states that the area required on the chip by the mesh 

architecture is minimum. 

A. Mesh Topology 

The mesh topology is simple topology. The topology is 

described in the figure 1 below. From the figure, it can be 

observed that in the mesh topology, there are three types of 

nodes. The nodes have the degree with in the range of two to 

four. All the inner nodes are having the degree 4. The outer 

degree nodes have the degree 3 but the corner nodes have the 

degree 2. The diameter of the topology is given by the relation 

2 × (n-1) for n × n topology. The bisection width of the 

topology is n-1.  

 

 
 

Fig 1. Mesh of 3×3 

 

B. Torus Topology 

This topology is formed by the adding the toroidal links on the 

corner nodes horizontally and vertically. The torus topology 

is described in the figure 2. The degree of each node in the 

torus topology is four. The main advantage of having the 

uniform degree and horizontal and vertical links is that it 

makes the topological symmetrical on the perspective of the 

routing algorithm. The bisection width of the topology has 

doubled. The main contain of this topology lies in the point 

that the edge lengths of the torodial links have increased a lot. 

This increase in the edge length effects the scalability of the 

topology. 

 
 

Fig 2. Torus of 3×3 

C. Modified versions of Mesh and Torus Topologies 

The different modifications of mesh topologies that have been 

suggested in past by different researchers with the efforts to 

reduce the diameter and average hop count. The topologies 

like c2 mesh, Cross Bypass (CBP)-Mesh[12], MDMIN, 

D-Mesh, X mesh[13], X mesh[14], X torus[15], xx torus[16] 

all have introduced the diagonal links to the two dimensional 

mesh with the objective to reduce the average internode 

distance. The main advantage of studying the average 

internode distance is that it help in getting the destination 

using the shortest path and consider the overall performance 

of the system, instead  of focusing the reducing the diameter 

which will affect the performance of few new nodes in the 

system. Another idea that have been in the past is to use the 

evolutionary algorithms for exploring the topologies which 

have used the average internode distance for the adding the 

links to the topology.[17] 

III. CUBIC TORUS TOPOLOGY 

The Cubic torus topology is designed on the by adding 

diagonal links to the torus topology.  The idea behind the 

topology is the folding of the diagonal nodes of the torus in 

such a manner that corner nodes are just adjacent to the center 

nodes. The topological representation of the cubic torus is as 

described in the Fig 3 below. The proposed topology has been 

stated for the even number of rows and columns. On the 

analytical analysis of the topology, it can be identified that the 

every node in the topology is going to have the degree 5. The 

bisection width of the topology is not increased in the cubic 

torus as the number of link to be removed to divide the 

topology into 2 equal half is n-1. The diameter of the topology 

has been reduced in comparison to the mesh topology. 
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Fig 3. Cubic Torus Topology 

 

A. Experimental Setup 

The cubic torus topology is designed on the OMNET++ 

[18]Simulator. Test parameters used in the testing of topology 

are described in Table I. The performance of the topology is 

tested and compared with the networks like mesh, c2 mesh 

and DCM topologies[19–23]. 

 

TABLE I: Test Bed Parameters  

Sno Parameter Value 

1 Rows 8 

2 Columns 8 

3 Link 

bandwidth 

1Gbps 

4 Simulation 

time 

2ms 

5 Warm up 

time 

400us 

6 Packet size 1024 bytes 

7 Inter packet 

arrival delays 

(163.84,81.92,54.61, 

40.96,32.77,27.31,23.41, 

20.48,18.20,16.38, 

13.65,11.70,10.24,9. 

1,8.19,6.83, 

5.85,5.12,4.55,4.09)us 

 

The performance of the cubic torus topology is tested on the 

four traffic patterns that are stated below: 

1. Uniform Random Traffic:  

If the data packets are distributed evenly and randomly over 

the nodes of the topology then this type of traffic is called 

uniformly distributed traffic.  

This can be represented by (1) 

 

nrandD ()%  (1) 

 

In (1) the D represents the Destination Address and n is an 

integer stating the total number of nodes in the topology. 

 

2. Bit complement traffic:  

In bit complement traffic, the source node address is used for 

the computation of the destination node address. The 

destination address is computed with the help (2).  In (2) the 

destination address is represented by D. N represents the total 

number of nodes in the topology and S is the id of the source 

node. By id we mean to refer the integer value that represents 

it position in the tile.   

 

SND    (2) 

 

3. Neighborhood traffic: 

The packets are transferred to the nodes adjacent in the 

topology. The neighbours can be of either horizontal, vertical 

or diagonal to the node in the topology. In the current 

scenario, the diagonal neighbours are considered for the 

analysis. As we are having m rows and n columns, the (3) 

represent the formulae, which is used for the computation of 

the destination address and S is the source address from which 

the destination address is computed. 
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4. Tornado traffic: 

In this type of traffic, the packets are send to destination that is 

almost half of the nodes apart from the given node. Again, 

there are possibilities of the various types of neighbours that 

are horizontal, vertical, or diagonal relative to the given node. 

Again, another major problem to this traffic is that addition or 

subtraction of N/2 to the source address may lead to the 

generation of the addresses that are out of the range of the 

node addresses from zero to N-1. Again taking the modulus of 

the generated address with total number of nodes may help us 

to generate the traffic in the given address space. The 

formulation for the packet generation to the destination is 

given by (4). In  (4), n and m represents the number of rows 

and columns in the topology.  
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IV. RESULTS AND DISCUSSION 

The comparison of the performance of the topology is done 

with the five other topologies on four different traffic patterns 

A. Uniform Traffic: 

The performance of the cubic torus is better in the comparison 

to all the topologies. The performance of Dmesh is also 

comparable to the proposed topology. However at very high 

inter packet arrival delay the performance of Cubic torus 

supersseds the performance of DMESH 
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Fig 4. Average latencies of various topologoes on uniform 

traffic 

B. Neighbour Traffic 

From the figure 5 it can be observed that the proposed 

topology is comparable to the DMESH topology. The 

performance of topology is dominated basically of the 

diagonal links. The absence of totodial links has reduced the 

performance of the 2D Mesh topology. As in the study of the 

topology we have considered the diagonal neighbours in 

comparison to the horizontal and vertical neighbours. 

 

 
Fig 5. Average latencies of various topologoes on 

neighbour traffic 

C. Bit Complement 

 

From figure 6 it can be observed MDSEIN topology has 

performed comparable upto the interpacket arrrival delay of 

13.65 μs. However the performance of the Cubic torus is best 

in comparison to the the other topologies. However at the 

higher loads the performance of Cubic Torus has dominated 

in comparison to the performance of MDMSEIN topology. 

 

 
Fig 6. Average latencies of various topologoes on bit 

complement traffic 

D. Tornado traffic 

The Average latency of the packet for the cubic torus 

topology is again better than the existing topologies. However 

the performance of the DMESH topology is comaprable till 

the inter packet arrival delay of the 16.38 μs.  

 

 
Fig 7. Average latencies of various topologoes on tornado 

traffic 

 

V. CONCLUSION 

From the results, it can be perceived that the performance of 

the cubic torus topology is better in comparison to the five 

topologies under discussion. This supports our hypothesis, 

which aims reducing the average internode, distance of the 

topology. Further, the power and reliability study of the 

various topologies and exploration based on this parameter 

will help in making fastest, energy efficient and reliable 

topologies for network on chip. 
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