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Abstract - The neuromorphic computing requires a very-large-scale integration system to implement the spiking neural 
network. However, traditional bus topology is not suitable for network interconnection due to its low scalability. To achieve 
scalability, network-on-chip is applied in the neuromorphic computing. The routing algorithms used by the network-on-chip 
affect the networks performance. Unlike the wormhole routing model, which has more than one flit in each packet, the 
packet of the neuromorphic computing only contains one flit. However, performance analysis of different routing algorithms 
completed in previous works is based on packets containing multiple flits. In this paper, the performance of the XY, odd-
even, and dynamically adaptive and deterministic routing algorithms (DYAD)are analyzed for the neuromorphic computing. 

The simulation is carried out on the NIRGAM simulator. 
 

Index Terms - Network-on-chip, neuromorphic computing, XY routing algorithm, odd-even routing algorithm, DYAD 
routing algorithm 

 

I. INTRODUCTION  

 

The human brain has a strong cognitive and learning 

ability. The neuromorphic computing tries to imitate 

the human brain to complete the tasks of image and 

speech recognition. A very-large-scale integration 

(VLSI) system is used by the neuromorphic 

computing to achieve the spiking neural network 

architecture. However,the VLSI system is very 

complex,and the traditional bus topology causes low 

communication speed. The network-on-chip (NoC) 

has been utilized in the VLSI system due to its 
scalability, flexibility and high communication speed 

[1]. The routing algorithms used by the router affect 

the communication performance of the NoC. The 

oblivious and adaptive algorithms are two major 

categories of the routing algorithm [2]. The oblivious 

algorithm does not consider the congestion of the 

network, whereas the adaptive algorithm does, thereby 

selecting the less congested route. XY routing 

algorithm [3], odd-even routing algorithm(OE)[4],and 

DyAD routing algorithm [5] are three classic routing 

algorithms that have been widely used in the NoC to 
route packets. The XY routing algorithm belongs to 

the oblivious algorithm and it is based on the 

dimension order. The OE routing algorithm belongs to 

the adaptive routing algorithm. Comparedwith 

negative-first, west-first, and north-last [6] routing 

algorithms, which only allow certain turns to be taken, 

the OE routing algorithm is more even in nature. The 

DyAD routing algorithmuses both XY and minimal 

OE routing algorithms. Previous works [7][8][9][10] 

have shown the performance comparison of different 

routing algorithms. However, all of them are based on 

the wormhole routing model [11], which is not 
suitable for the neuromorphic computing. In the 

wormhole routing model, each packet contains more 

than one flit. For the neuromorphic computing, the 

information is transmitted through spikes. The spikes 

are discrete events, so each packet contains only one 

flit. The TrueNorth[12] developed by IBM uses spikes 

(packets) that contain the delay time and destination 

address to transfer information. Each spike (packet) 

contains only one flit. In this paper, the performance 

comparison of XY, OE, and DyAD routing algorithms 

with the packets that contain a single flit is carried out 

for the neuromorphic computing. Section Ⅱ 

introduces a basic 2-D mesh NoC architecture. 

Section Ⅲ gives a brief introduction to three classical 
routing algorithms. Section Ⅳ shows the experiment 

results on the performance of three algorithms and 

compares them. Section Ⅴ draws the conclusion. 

 

II. TWO-DIMENSIONAL MESH NOC 

ARCHITECTURE 

 

NoC usually consists of the routers and resources. Fig. 

1 shows a 3×3 two-dimensional mesh architecture of 

NoC. The tile represents the resource and R represents 

the router. Each resource is capable of containing 
many units, for example,the computation unit, storage 

unit, network interface unit [1], etc. For neuromorphic 

computing, the resource is a neuron core, which 

usually contains a storage unit and a neuron unit. The 

storage unit stores the synaptic weight values and the 

neuron unit performs the computation [12]. Each 

neuron core generates spikes (packets) that are 

transmitted to other neuron cores through the router. 

Each spike contains the information of the target 

neuron core address.These spikes are typically sparse, 

but spiking activity may suddenly surge at certain 

periods of the computation stage, depending on the 
neuromorphic architecture and the intended target 

application. The routers of the NoC are used to 
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connect the resources and transmit the data from one 

resource to other resources. Two one-directional buses 
are utilized to connect two routers. Each router mainly 

consists of five ports, five input buffers, an arbiter, 

and a crossbar switch. Five ports represent five 

directions: north, east, south, west, and local. The 

network interface of the resource is connected to the 

router. The input buffer stores the data arriving at the 

input port. The arbiter selects the output port for the 

input data according to the routing algorithm. 

 
Fig.1. 3×3 two-dimensional mesh NoC architecture. 

 

III. CLASSIC ROUTING ALGORITHM 
 

A. XY Routing Algorithm 

The XY routing algorithm is the most widely used 

oblivious algorithm and this routing algorithm can 

prevent deadlock and livelock [13]. During the 

transmission process, the packets occupy the resources 

of the router, and the resources are released only after 

the packets get the resources of the next router. When 

these packets occupy each other's resources, they are 

not able to obtain the new resources of the next router 

and release the resources they have occupied. Once a 
waiting cycle is formed, the deadlock occurs. 

Livelocksurfaces when the packets are unable to reach 

the destination, and this happens in the adaptive and 

nonminimal routing [2].  The XY routing algorithm 

routespackets on the basis ofdimension order. The x-

direction has the highest priority, and the packets will 

only move in the y-direction when the packets reach 

the same x coordinate as the destination address. For 

example, tile 1 in Fig. 1 generates a packet and the 

destination of this packet is tile 9. The packet is first 

transmitted in the x-direction, from tile1 to tile2 and 

then to tile 3. The x coordinate of tile 3 is the same as 
tile 9.Thereafter, the packet is transmitted in the y-

direction, from tile3 to tile6 and finally,arrives at tile 

9.The XY routing algorithm is very easy to implement 

in the router design. However, the routing path of this 

algorithm is fixed once the destination is determined. 

Besides, XY routing algorithm will cause uneven 

distribution of traffic. Hence, it canlead to congestion 

in the middle of the network [2]. Having said that, the 

XY routing algorithm can be readily modified. Many 

new algorithms, such as the pseudo adaptive XY 
routing [13], dynamic XY (DyXY) routing [14], 

location-based aging-resilient Xy-Yx routing 

algorithm (LAXY) [15] are all created based on the 

XY routing algorithm. 

 

B. Odd-Even Routing Algorithm 

The OE algorithm is an adaptive routing algorithm 

where no virtual channel is needed in this algorithm. 

Two rules are used in the OE routing algorithm to 

restrict certain turns to be taken based on the location. 

The OE routing algorithm is deadlock-free. Besides, 

the probability of hot spot traffic occurring in this 
algorithm is reducedtremendously [4].  

 

 
Fig.2. Allowed turns for rule 1 and rule 2. 

 

The position of a router is represented by (x,y). In rule 

1, packets are not allowed to change the direction 

from east to north if the x coordinate is an even 

number.If the x coordinate is an odd number, the 

packets are not allowed to change the direction from 

north to west. As for rule 2, packets are not allowed to 
change the direction from east to south if the x 

coordinate is an even number. If the x coordinate is an 

odd number,the packets are not allowed to change the 

direction from south to west [4]. Fig. 2 shows the 

turns that are allowed for rule 1 and rule 2. The solid 

line represents the allowed turns and the dotted line 

represents the prohibited turns. The north-last, 

negative-first, and west-first routing algorithms 

proposed in [6] are partially adaptive. Each of these 

algorithms prohibits two turns to prevent the deadlock. 

However, these three partially adaptive routing 
algorithms cause unfairness and network congestion. 

Comparing betweenthe three algorithms, the OE 

routing algorithm is more even and is capable of 

achieving higher routing adaptiveness [4]. 

 

C. DyAD Routing Algorithm 

The DyAD algorithm combines the XY and OE 

routing algorithms. The XY routing algorithm is 

applied when the network is not busy, and the 

minimal OE algorithm is engaged if the network is 

congested.  The minimal OE routing algorithm is used 
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to prevent the livelock. The network congestion 

situationdepends on the congestion threshold value. If 
thecorresponding input FIFOoccupation ratio of the 

neighboring router is higher than the congestion 

threshold value, this means the neighboring router is 

in the congestion situation, and the minimal OE 

algorithm should be utilized to avoid the congestion. 

Otherwise, the neighboring router is not congested, 

only XY routing algorithm is required. No virtual 

channel is used in this algorithm [5]. 

The advantage of the XY routing algorithm is that it 

can achieve lower routing latency than the OE 

algorithm,but the XY algorithm canlead to the 

network congestion. The OE routing algorithm can 
reduce network congestion and achieve larger 

throughput than the XY routing algorithm, but it 

results in higher communication latency [5]. Thus, the 

DyAD routing algorithm combines the advantages of 

these two algorithms to achieve greaterrouter 

performance.The DyAD algorithm can achieve the 

same latency as the XY algorithm when the network is 

not in the congestion state. Besides, the DyAD routing 

algorithm can also achieve high throughput. 
Table IParameters of the NIRGAM Simulator 

Parameter Name Value 

Topology  Mesh 

Network Size 3×3 

Routing Algorithms XY, OE, DyAD 

Number of Buffers 16 

Packet Size 4 bytes 

Clock Frequency 1GHz 

Simulation Clock 

Cycles 
20000 

Warm up Cycles 500 

Packets Generation 

Cycles 
1000 

Flit Interval 
CBR: 2 clock cycles 

BUR: 1 clock cycle 

Load Percentage 10%~90% 

Average Burst 

Length 
10  

Average Off Time 4 

 

IV. SIMULATION RESULTS AND 

PERFORMANCE EVALUATION 
 

The NIRGAM simulator [16] is used in this 

experiment to analyze the performance of XY, OE, 

and DyAD routing algorithms. NIRGAM is a 

SystemC based simulator for performance analysis of 

the NoC. In this experiment, each packet only 

consists of one flit. Latency represents the total time 

it takes to deliver the packet from source to 

destination. Throughput is defined asthetotal number 

of flits each router can deliver per cycle.Total 

network power is defined as the total network power 

consumption.The percentage of maximum bandwidth 
usage depends on the value of the load. Constant bit 

rate (CBR) traffic generator and bursty (BUR) traffic 

generator are used to generate the packets. The 

average burst length of BUR traffic generator 
represents the number of packets generated within a 

given time. The average off time represents the time 

interval between the bursts. The experimental setups 

of the NIRGAM simulator are shown in Table Ⅰ. 

Power consumption, latency, and throughput 

comparison of XY, OE, and DyAD algorithms are 

carried out in this experiment. Fig. 3 shows the 

simulation results of the total network power (in 

milliwatts) of XY, OE, and DyAD algorithms. The 

load percentage varies from 10% to 90% in 10% 

interval. In general, when the load percentage is 

lower than 50%, the total network power of these 
three algorithms increases with the increase of the 

load percentage. When the load percentage is greater 

than 50%, the total network power of these 

threealgorithms changes a little as the load percentage 

increases. The OE algorithm consumes higher total 

network power as compared to other two routing 

algorithms. The total network power difference 

between the XY and DyAD routing algorithm is 

small. Compared with the CBR traffic generator, the 

BUR traffic generator consumes less total network 

power. 
Fig. 4 shows the overall average latency per channel 

of XY, OE, and DyAD algorithms. The OE algorithm 

has the highest average latency per channel among the 

three routing algorithms, whilethe DyAD 

algorithmachieves the lowest average latency. For 

these three algorithms, as the loadpercentage 

increases, the average latency per channel does not 

change significantly. Compared to the CBR traffic 

generator,the BURtraffic generator has higher latency 

per channel. 

 
Fig.3. Total network power. 

 
Fig.4. Overall average latency per channel. 
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Fig.5. Overall average latency. 

 
Fig.6. Average throughputper channel. 

 

Fig. 5 shows the overall average latency of XY, OE, 

and DYAD routing algorithms. The OE algorithm has 

the highest average latency among the three 

algorithms. Compared to the BUR traffic generator, 

the CBR traffic generator has lower overall average 

latency. Fig. 6 shows the average throughput per 

channel of XY, OE, and DyAD routing algorithms. In 

general, when the load percentage is lower than 50%, 

the average throughput of these three routing 

algorithms increases with the increase of the load 
percentage. When the load percentage is higher than 

50%, the average throughput of these three routing 

algorithm does not change significantly as the load 

percentage increases. The OE routing algorithm has 

the highest average throughput among the three 

algorithms. The average throughput of DyAD 

algorithm is slightly higher than the XY algorithm. 

The CBR traffic generator has higher average 

throughput as compared to the BUR traffic generator. 

 

CONCLUSION 

 
In this paper, performance evaluation of XY, OE, and 

DYAD routing algorithms is carried out on the 

NIRGAM simulator. In this experiment, each packet 

only contains one flit, which is the same as the 

neuromorphic computing. Thus, these experimental 

results provide a reference for the neuromorphic 

computing when selecting routing algorithms. The 

network size is 3×3 in this experiment. From the 

simulation results, it can be seen that when the load 

percentage is less than 50%, as the load percentage 

increases, the network average throughput and total 
network power increase. When the load percentage is 

greater than 50%, the network average throughput is 

saturated, and the total network power does not 

change significantly. The OE routing algorithm has 

the highest average throughput and total network 

power among the three algorithms. Compared with the 
CBR traffic generator, the BUR traffic generator 

consumes less total network power and has lower 

average throughput. For the network latency, the OE 

routing algorithm has the highest overall average 

latency among the three algorithms. The CBR traffic 

generator has lower overall average latency when 

compared to the BUR traffic generator. 
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