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Abstract— Many routing architectures and routing algorithms have been developed to alleviate traffic congestion over the network. 

Bidirectional Diagonal Mesh NoC architecture is used to reduce the load distribution across the network by reducing the diameter of the 

network, which ultimately reduces routing cost. Q routing searches least congested path available in the network from source to 

destination. It is highly adaptive and flexible algorithm. Bidirectional Diagonal Mesh topology is combined with modified Q routing, 

which estimates the alternative routes with priority given to diagonal path using Q Table. Significant improvement over the traditional 

Mesh topology is achieved by the proposed approach.  
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1. INTRODUCTION 
As the size of a transistor reduces to submicron level, more transistors will be integrated on a single chip that can be clocked 

faster. According to Moore’s law, the density of a transistor in an integrated circuit would double every 18 to 24 months that 

leading to the implementation of System on chip (SoC). SoC is complex and heterogeneous components such as 

programmable processors, memories, input /output interface, custom hardware, peripherals, external interface IP 

(INTELLECTUAL property) blocks can be in integrated on-chip communication architecture that serves to interconnect 

these components. 

The major problem with SoC is bus-based interconnections used for communicating with different IPs components. All the 

components in the SoC communicate using a single transporting medium, due to this the arbiter allows only one 

communication at a time. As the number of components increases, the performance will degrade due to bandwidth limitation.  

In order to solve this restricted access problem, a full crossbar switch approach is used.  As the number of integrated IPs 

increases, the wiring complexity also increases.  

The hierarchical bus system can be used to solve bandwidth limitation issues in the shared bus system. In this case, a bridge 

is used to connect two bus systems, but here the bridge holds up access when two buses want to communicate with each 

other resulting in the increase of latency.  

A new interconnection architecture which can accommodate a high number of an integrated module is known Network on 

Chip (NoC) can overcome such a problem.  NoC is a predefined network consisting of routers and links connecting them in 

a definite topology This on-chip network should have low latency and a high level of parallelism to support the variety of 

workload. The NoC architecture should have a small diameter, small degree, and large bisection angle width. 

A. NoC Description 

NoC has Network Elements (NE) and Network Interfaces (NI). The packet travels across the Network Elements while the 

Network Interfaces provide an interface with the IP or Resource 
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A NoC is described by Network Topology, Switching mechanism, Routing algorithm, Flow Control Techniques, Buffering   

and Arbitration. Network topology and routing algorithm are important for designing of NoC to study various parameter like 

latency, throughput and power consumption. 

B. Topology 

A tile is formed by core, network interface, and router. Topology means connectivity of the tiles with help of links on the 

chip, which affects bandwidth and latency of network [3]. Due to their grid-type shapes and regular structure Mesh and torus 

are most appropriate for the two-dimensional layout on a chip [2]. A good topology is one which offers less latency (hop 

count), more path diversity, high throughput and can support load balancing [9]. 

Routing algorithm decides the route that a packet should take to reach the destination. The desirable properties of a routing 

algorithm for NoC are high performance, load-balance, deadlock-free and livelock free, fault-tolerant and minimum latency 

[9]. 

 

Figure 1:  2D Mesh Topology 

Figure 1 shows simple Mesh network that is commonly used in NoC because of its simplicity. Mesh topology suffers from 

disadvantages such as high power consumption and increase in latency when the diameter of the network increases. To 

reduce latency, diagonal concept is used which is illustrated in figure no. 2. For a packet to transverse from source to 

destination it requires two hops if horizontal(X) and vertical(Y) approach is used but if the diagonal approach is used then it 

requires only one hop. In diagonal concept, the number of hop count reduces as compared to XY approach. Diagonal links 

lead to less average latency than non-diagonal topology.  The emergence of X-architecture routing technique in chip 

manufacturing has made it possible to add diagonal links to the 2D Mesh network [10]. 

In this paper, we have proposed modified Q routing in combined with the Bidirectional Diagonal Mesh topology for overall 

latency enhancement.  

 

Figure 2:  Diagonal concept 
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Figure 3.  Network architectures:  (a) Bidirectional Diagonal Mesh network (b) Single tile of a Bidirectional Diagonal Mesh network with 

bidirectional channels 

2. ARCHITECTURE SPECIFICATION 
Box in figure 1 represents a node or a tile. In Mesh topology, each tile has five bidirectional ports for communication. Four 

ports that are used to communicate with its neighbour are East (E), West (W), North (N), South(S) and fifth port is used for 

communication with IP core. Each tile is identified by x,y coordinate, and unique integer ID. Figure 3(a) shows 

Bidirectional Diagonal Mesh topology and Figure 3(b) represent a Bidirectional Diagonal Mesh tile that has nine 

bidirectional port for communication. Eight ports are used to communicate with its neighbour tiles namely East(E), 

West(W), North(N), South(S), Northeast(NE), Northwest(NW), Southeast(SE) and Southwest(SW) and ninth port for local 

communication with the core. Each corner tile has three neighbours, the border tile has five neighbours and others have 

eight neighbours. Four diagonal links are added to basic Mesh. Bidirectional Diagonal Mesh has more multiple paths for 

communication as compared to Mesh topology. Multiple paths help in the reduction of latency.  

 

 

3. ARCHITECTURE EVALUATION 
 

Nirgam simulator (a simulator for NoC Interconnect Routing and Application Modelling) is used for evaluation [12]. 

Nirgam is system based discrete event cycle accurate simulator. Nirgam is integrated with Orion for power computation. A 

4 x 4 and 8 x 8 Bidirectional Diagonal Mesh topology is evaluated with modified Q routing algorithm.  

Mesh topology simulation is supported by this simulator. Modification was done to design Bidirectional Diagonal Mesh 

topology and a routing algorithm was developed to support this topology. Latency is decreased by using diagonal paths 

since multiple paths are available for routing. Further this approach was combined with modified Q Routing to reduce the 

latency. Here modified Q routing is an alteration for using diagonal paths.  Traffic pattern for analysis is CBR and fixed. 

Traffic load for analysis is taken as 50%. 

4. ROUTING ALGORITHM 
 
A    Q - Routing 

Q routing algorithm is adaptive estimate based algorithm. Q routing has two steps  

Step 1. The source node sends a packet to the destination node through one of its neighbours. 
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Step 2. The source node receives Q value estimate from its neighbour and updates its Q table. 

Each switch maintains Q table. The decision is made based on the latency values stored in the Q tables. To perform this task 

minimum Q value should be selected and Q tables should be updated. The routing decision is made based on the Q values 

stored in the Q table. The data packet is routed to the destination by the output channel with the lowest latency value. Q 

table is updated after receiving learning packet with the new value [11].  

Each router tries to minimize estimated cost involved in routing while delivering packets to the destination. Any outgoing 

packet can be routed via one of the neighbours by a router. a table of size m x n is maintained in a Q router, m is the number 

of destinations and n is the number of neighbours. A (p,q) entry in this table is the estimated cost of routing a packet to 

destination q via neighbour p[11].  

Updating Estimate Values: Each source(x) router maintains an estimate of the cost involved in sending packets to a given 

destination(d) through each neighbour (y), denoted by Q x(d,y). For routing a packet to the destination, source router sends it 

through neighbour for which Q x(d,y) is minimum. Router y sends its minimum estimated cost Q y(d) back to the router x 

which updates its own cost Q x(d,y).Q-router adapts to congestion by constantly updating of the cost involved in sending a 

packet. Routing packets take the routes at least estimated cost. Adaptively, a router can route to the destination via all its 

neighbour. Thus traffic is distributed much more uniformly in Q-routing. 

Routing Decision: The router sending a packet will choose a neighbour, randomly with a probability ∈ in Greedy approach 

while in all other cases, the neighbour with the minimum cost will be chosen. The routing node will route the packet using 

diagonal routing [11]. 

B Adaption of Q routing for Bidirectional Diagonal Mesh topology 

Q Routing is modified to adapt to the Bidirectional Diagonal Mesh topology. Here priority is given to the diagonal path so 

the hop counts can be reduced. 

For diagonal routing, first compare y coordinate of source and destination. For these, there are three possible outcomes.  

1. y coordinate of destination is greater than source y coordinate 

2.  y coordinate of destination is less than source y coordinate 

3. y coordinate of destination is equal to source y coordinate 

 

Step 1. If destination y coordinate is greater than source y coordinate, then compare x coordinate of source and destination. 

a. Take northeast direction if destination x coordinate is less than source x coordinate. 

b. Take southeast direction if destination x coordinate is greater than source x coordinate. 

c. Take east direction if destination x coordinate is equal to source x coordinate. 

 

Step 2. If destination y coordinate is less than source y coordinate, then compare x coordinate of source and destination. 

a. Take northwest direction if destination x coordinate is less than source x coordinate. 

b. Take southwest direction if destination x coordinate is greater than source x coordinate. 

c. Take west direction if destination x coordinate is equal to source x coordinate. 

 

Step 3. If destination y coordinate is equal to source y coordinate, then compare x coordinate of source and destination. 

a. Take north direction if destination x coordinate is less than source x coordinate. 

b. Take south direction if destination x coordinate is greater than source x coordinate. 

c. If destination x coordinate is equal to source x coordinate, then it is for the core. 
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5. RESULTS 

Simulation is performed on 4 x 4 and 8 x 8 Bidirectional Diagonal Mesh topology using wormhole switching mechanism 

and modified Q routing. Simulation runs for 1000 cycles with warm up of 5 and target for 300 cycles. Latency parameter is 

evaluated per flit basis, per packet basis, overall latency and throughput. Simulated results of Mesh and Bidirectional 

Diagonal Mesh topology with modified Q routing are compared. An algorithm is evaluated with different traffic patterns 

such as CBR and Fixed. Traffic load for simulation is 50%. In Nirgam performance is measured on per channel basis. In plot 

y direction represent north and south direction whereas x direction represents east west direction. Results of Bidirectional 

Diagonal Mesh topology with modified Q Routing are shown in table 1for CBR traffic. Mesh topology uses Q routing 

algorithm and Bidirectional Diagonal Mesh uses modified Q routing. Results from table 1 are compared with table 2 results 

of Mesh topology for CBR traffic. For fixed traffic, the source is 0 node and the destination is ((n x n) -1), where n is the 

number of nodes. Results of Bidirectional Diagonal Mesh topology with modified Q Routing are shown in table 3 for fixed 

traffic. Results from table 3 are compared with table 4 results of Mesh topology for fixed traffic. Overall average latency 

decreases for Bidirectional Diagonal Mesh with modified Q routing as compared to Mesh topology using Q routing under 

both the traffic i.e. CBR and fixed. Performance is increased because less number of nodes is transverse during 

communication. It is observed that results of Bidirectional Diagonal Mesh topology with modified Q routing algorithm are 

better than Mesh Topology using Q routing algorithm in terms of Average latency/channel (in clock cycles/Flit), Average 

latency/ Channel (in clock cycles/Packet) and Overall latency (in clock cycles/Flit) under CBR and fixed traffic pattern. 

Figure 4 shows simulation results for Bidirectional Diagonal Mesh topology of size 8 x 8with modified Q routing. Figure 

4(a) shows latency of flits in y and x direction, Figure 4(b) shows latency for packet in y and x direction and Figure 4(c) 

shows Throughput in Gps is shown for y and x direction. Improvement in the throughput is obtained above 50% load for 

cluster Bidirectional Diagonal Mesh as compare to XY routing algorithm. Figure 4c shows throughput of Q and XY routing 

for Mesh topology at 50% load and Figure 10 show throughput for proposed architecture at 50% load. In figure 4c one 

throughput plots is in y (north –south direction) direction and another plot is for x (east –west direction) direction. 

Performance is measure on channel basis. In 8x8 topology in x (east –west direction) direction there will be total 14 

channels for communication between the routers 7 in positive x direction and 7 in negative x direction. In plot x direction 

represent throughput of 7 channel (tile0 –tile1(positive and negative direction), tile1 –tile2, tile2 –tile3, tile3 –tile4, tile4 –

tile5, tile5 –tile6, tile6 –tile7). In 8 x 8 there are 8 rows of routers, so channel analysis of each row represent is shown on z 

axis (number of routers along y direction) and y axis represents throughput of each channel in x direction. In y direction 

(north –south direction) throughput plot there are channel analysis of 8 columns shown on x axis and z axis represent 

number of channels used for communication in these directions. Throughput of each channel is shown in y direction. 

Throughput is measured in Gps. It is observed from figure 4c that throughput increases of proposed architecture as 

compared to mesh topology using XY and Q routing.  

Table 1: Results of Bidirectional Diagonal Mesh topology with modified Q Routing with CBR traffic 

 

 

 

 

Table 2: Results of Mesh topology with Q Routing with CBR traffic 

Topology 

size 

Average 

latency/ 

Channel 

(in clock 

cycles/Flit) 

Average 

latency/ 

Channel 

(in clock 

cycles/Packet) 

Overall 

latency 

(in clock 

cycles/Flit) 

4 x 4 1.43 4.30 27.71 

8 x 8 1.46 4.39 26.27 
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Topology 

size 

Average 

latency/ 

channel(in 

clock 

cycles/Flit) 

Average 

latency/ 

Channel 

(in clock 

cycles/Packet) 

Overall 

latency 

(in clock 

cycles/Flit) 

4 x 4 1.91 5.75 78.92 

8 x 8 2.46 7.38 101 
 

 

 

Table 3: Results of Diagonal Mesh topology with modified Q routing using FIXED traffic 

Topology 

size 

Average 

latency 

/channel 

(in clock 

cycles/Flit) 

Average 

latency 

/channel 

(in clock 

cycles/Packet) 

Overall 

latency 

(in clock 

cycles/Flit) 

4 x 4 1.47 4.42 29.66 

8 x 8 1.48 4.44 22.6 

 
 

 

Table 4: Results of Mesh topology with Q Routing using FIXED traffic 

Topology 

size 

Average 

latency/ 

channel(in 

clock 

cycles/Flit) 

Average 

latency 

/channel (in 

clock 

cycles/Packet) 

Overall 

latency 

(in 

clock 

cycles/

Flit) 

4 x 4 1.6 5.0 72.13 

8 x 8 2.14 6.44 137.56 

 

 

a. Latency of flit  8x 8 Bidirectional Diagonal Mesh for CBR 
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b. Latency of packet 8x 8 Bidirectional Diagonal Mesh for CBR 

 

 c. Throughput   8x 8 Bidirectional Diagonal Mesh for CBR traffic 

Figure no.4: simulation results for different traffic and Bidirectional Diagonal Mesh topology of size 8 x 8with modified Q routing: a- 

shows latency of flits in y and x direction, b - shows latency for packet in y and x direction and c – shows Throughput in y and x direction 

6. CONCLUSION 

XY is a deterministic routing algorithm which does not depend on the existing status of the network. The path taken by the 

packet from source to destination is fixed in XY routing so overall latency of the packets increases. Q-routing is an adaptive 

routing algorithm. On the basis of the status of the network, Q routing decides the path for the packets.  Q-routing takes into 

account time taken by the packets travelling through busy links as time increases through these links it updates its table. While 

taking the routing decision, Q routing makes use of the neighbouring routers and links to distribute the load and decrease the 

congestion by sending the packet through some other path which has lower Q value than the previously selected path. In Q-

routing router finds new paths with lower Q values due to randomness. Without randomness, the router will keep sending the 

packets to the same link with lower Q values at the time of congestion.  This advantage of Q routing is combined with diagonal 

routing. Here a diagonal route is given priority and it also offers multiple paths for transverse. Overall average latency is 

improved by 58.87% and 83.57% for 4x4 Bidirectional Diagonal Mesh and 8 x8 Bidirectional Diagonal Mesh respectively 

under fixed traffic. Similarly, Overall average latency is improved by 64.89% and 73.99% for 4x4 Bidirectional Diagonal Mesh 

and 8 x8 Bidirectional Diagonal Mesh respectively under CBR traffic. Average latency/channel/packet is improved by 11.6% 

and 31.06% for 4x4 Bidirectional Diagonal Mesh and 8 x8 Bidirectional Diagonal Mesh respectively under fixed traffic. 

Similarly, average latency/channel/packet is improved by 25.22% and 40.51% for 4x4 Bidirectional Diagonal Mesh and 8 x8 

Bidirectional Diagonal Mesh respectively under CBR traffic. Average latency/channel/flit is improved by 8.13% and 30.84% 

for 4x4 Bidirectional Diagonal Mesh and 8x8 Bidirectional Diagonal Mesh respectively under fixed traffic. Similarly, average 

latency/channel/packet is improved by 25.13% and 40.65% for 4x4 Bidirectional Diagonal Mesh and 8x8 Bidirectional 

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 5, Issue 12, December 2018

ISSN NO: 0972-1347

http://ijics.com49



Diagonal Mesh respectively under CBR traffic. Latency is improved when size of Bidirectional Diagonal Mesh topology is 8x8 

and using modified Q routing algorithm. Hence Diagonal topology with modified Q routing outperforms Mesh topology. 
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