
12 

Energy Comparison of Different NOC Routers 

 
Biman Debbarma     S. N. Pradhan  Anupam Jamatia 

 
Abstract— Energy consumption in an SOC is increasing as the 

level of integration is increasing. NOC routers are responsible for 
consuming major part of the energy consumed by the system. This 
paper shows a comparison of energy consumption among different 
routing techniques. 
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I.  Introduction 
In the last decade interconnecting networks on chip have 

become an essential part of the system on chip architecture for 
efficient communication between various IP modules. In [1] it 
was shown that a major part of the energy consumption is due 
the NOC routers. Though the energy consumption depends on 
various factors, we have compared the energy consumption of 
NOC routers among some routing techniques at various packet 
injection rate. 

Rest of the paper is organized as follows: in section II 
various routing techniques are discussed. Section III shows 
some related works in this field. The simulation result is 
shown in section IV. 

II. Various Routing Techniques 

A. XY Routing 
In XY routing [2], packets are first routed in the horizontal 

(X) direction and then in the vertical (Y) direction. This type 
of routing is deterministic and it is deadlock free as well as 
livelock free. Here the XY coordinates of the routers are their 
addresses. The address on the header flit is compared with the 
address of the router. If they match, the flits go to the core of 
the router. If only X coordinate matches it moves to the Y 
direction until it reaches its destination router. It has the 
disadvantage of mid network congestion. 
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B. West First Routing 
In west first routing [3], a turn to the west direction is not 

allowed later i.e. first the movement should be in the west 
direction and after that turns are allowed in north, south and 
east only. The path  may be minimal or non minimal. 

C. Negative First Routing 
Two 90 degrees turn can also be avoided by negative first 

routing [3]. Here, turns towards negative direction i.e. west 
(negative X) and south (negative Y) are taken first and then 
east or north turns are taken depending upon the destination 
address. 

D. Odd Even Routing 
This is a deadlock free algorithm where in even columns 

east to north and east to south turns are not allowed. Similarly 
in odd columns north to west and south to west turns are 
prohibited. Odd Even routing avoids the usage of virtual 
channels which can consume a lot of energy. 

E. DyAD Routing 
DyAD or Dynamically Adaptive and Deterministic routing 

was proposed by Hu et al. in [4]. In this type of routing the 
routing technique may be deterministic (in this case it is XY 
routing) or adaptive (minimal odd even routing) depending 
upon the traffic congestion. This threshold value of traffic 
congestion is dependent upon the user. Two types of routing 
techniques are used because of their advantages at different 
situations. Deterministic routers are easy to implement 
whereas if packet injection rate increases, adaptive routing 
gives better throughput.  

F. Fully Adaptive Routing Algorithm 
Fully adaptive means the path of the flits is not 

predetermined. Depending upon the traffic congestion 
decisions are made in which direction the flits should move. 
This requires the usage of virtual channels. Virtual channels 
are extra buffers which have to be used to avoid congestion in 
a particular router. Flits entering into a router are assigned a 
virtual channel by a VCA (Virtual Channel Arbiter).  SA 
(Switch Allocator) and Crossbar Switch take the flits to the 
destination output port. As the there is no prescribed path for 
the flits, sometimes the flits take lot of time to reach the 
destination even in some cases it may never reach there. 

The following figures show various routing techniques. 
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     Fig. 1: XY Routing                                    Fig.2: West First Routing 
 
 

                      
Fig. 3: Negative First Routing                               Fig.4: VC Router 
   
 

III. Related Work 
Power aware NOC design was first discussed in [5] by 

Patel et al. Low-swing on chip links was discussed in [6] and 
low power link design was considered in [7]. Dynamic voltage 
scaling [8], Power-Herd[9], run-time power gating using look 
ahead [10] etc are discussed in literature. Hale et al discussed 
segment gating for static energy reduction in [11]. Matsutani 
et al. formed slow silent virtual channel to reduce leakage and 
dynamic power [12].  

IV. Simulation Result 

A. Experimental Setup 
We have simulated the energy in Jule for different routing 

algorithms at different packet injection rates (packets/cycle). 
The simulation was done in SystemC based Noxim software. 
Time distribution of traffic was Poisson and traffic generation 
was random. Here an 8X8 mesh type NOC structure was used. 
The packet size was taken to be 8 flits. 

B. Experimental Result 
The experimental results are shown in fig 5. Packet 

injection was varied from 0.005 to 0.5 and the corresponding 
energy readings were observed and plotted. The energy 
readings are of the order of e-05 which is not shown in the 
graph. It can observed from fig. 5 that XY, West first and 
Negative first routing algorithms have almost same energy 
consumption characteristics with increasing packet injection 
rate.  Fully adaptive routing has the least energy consumption 
whereas DyAD routing has the highest energy consumption. 
But at the same time from table I it is seen that DyAD routing 
has higher average throughput compared to some other 
algorithms. 
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Fig. 5: Energy Vs Packet injection rate plot 
 
 

Table I 
sl. no. Routing Algorithm Packet Injection Rate (packet/cycle) 
  0.1 0.3 0.5 
1. XY .013 .013 .013 
2. West First .014 .014 .014 
3. North Last .014 .014 .014 
4. Odd Even .014 .014 .014 
5. DyAD .015 .015 .015 

Average Throughput(flits/cycle/IP) table 
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