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Abstract— This paper mainly focuses on reducing the consumption of energy by the power dissipated links of a network-
on-chip (NoC - Network on Chip) which starts to compete with the power dissipated by the other elements of the 
communication subsystem like the routers and the network interfaces (NIs). It provides a set of data encoding and decoding 
schemes aimed at reducing the power dissipated by the links of a NoC. The proposed schemes are general and transparent 
with respect to the underlying NoC Architectures. The paper provides few techniques to overcome the power dissipation by 
self switching activity and coupling switching activity. The proposed schemes has been implemented on Xilinx FPGA of     
Spartan-6 Family and it shows that 51% of power dissipation and 14% of energy consumption is saved and 15% area 
overhead in the NI is achieved without affecting the performance. 
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I. INTRODUCTION 
 
As a result of shrink in technology faster and more 
power efficient gates can be seen. Due to this the 
power dissipation range increases from 50% to 65% - 
80%. The power dissipation mainly occurs in 
interconnects in current processors. The growth in 
technology provides the ability of instancing more 
and more cores in a single silicon die, which causes 
the scalability issues due to the need of making more 
efficient and reliable communication between the 
number of  cores. This provide the real problem that 
has to be solved. NoC is considered as the most 
viable way to tackle with the scalability and 
variability issues. 
 
Due to the shrink in technology in some cases the on-
chip communication issues are more relevant than the 
computation related issues. The on-chip 
communication provides changes in cost, 
performance, power dissipation, energy consumption, 
reliability. etc. In this paper, few techniques are 
considered to reduce the power dissipated by   the 
network links. NoC is a communication subsystem on 
chip between IP cores on SoC. NoC technology uses 
networking theory and methods for providing notable 
improvements in interconnections in      on-chip 
communications.  
 
II. RELATED WORKS 
 
Many works have been proposed dealing with the 
power dissipation in on-chip communication on 
different components of the interconnection networks 
(like routers, links and NIs). The main aim is to 
reduce the power dissipation by the links. Works 
have been done in the field of area of link power 
reduction. In this techniques like shielding [2], 
increasing line to line spacing [3], repeater insertion 

[4], etc. are used.  These techniques increase the chip 
area. The encoding scheme is another method which 
concentrates on reducing link power dissipation. The 
two categories of encoding techniques can be 
observed. The first techniques concentrate on 
reducing the power due to self switching activity of 
individual bus lines while ignoring the coupling 
switching activity. In this bus invert [5], INC-XOR 
[6], gray code [7], T0-XOR [8] have been proposed. 
 
In the above techniques encoding schemes are not 
suitable,  as coupling capacitances contributes major 
part of total interconnect capacitance. Due to this 
large part of power consumption is due to coupling 
switching activity. The works in the secondary 
category concentrates on coupling switching activity. 
Many works are proposed in that one concentrates on 
providing the control lines for reducing switching 
activity [9], other provides less control lines but the 
decoding logic is complex [10]. The technique 
proposed in [11] describes the odd and even inversion 
transitions where 39% of the power consumption is 
reduced in coupling switching activity. In another 
encoding scheme hop by hop approach have been 
applied where it consists of complex encoder and the 
technique is applicable only for full inversion [12]. 
 
In this paper, two encoding and decoding schemes are 
proposed. And these are discussed as follows. 
 
III. PROPOSED ENCODING AND DECODING 
SCHEMES 
 
The overall view of the work is considering an 
encoding and decoding schemes where the 
calculations are done before encoding and after 
decoding to obtain the reduction in power dissipation, 
energy consumption according to the requirements 
without disturbing the overall performance. Fig 1. 
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Fig 1: Top Level Block Diagram 

 
In this proposed schemes, four type of transitions are 
considered. Type 1, Type 2, Type 3 and Type 4 with 
a weighing coefficient of 1, 2, 3 and 4 respectively. If 
the weighing coefficient is more than linking width, 
the inversion will be performed. In this paper odd 
inversion, even inversion, full inversion and no 
inversion conditions are seen. The transition table of 
odd inversion and even inversion is as shown in the 
Table 1. 
 
A. Scheme I 
In scheme I, Type 1 transitions are converted into 
Type 3 and 4 transitions. And Type 2 transitions are 
converted into Type 4 where the odd inversion and 
full inversion are observed. 
 

TABLE 1 
Transition based on Odd Inversion  

 
 

The main aim is to reduce the power dissipation at the 
interconnects. Let's consider the dynamic power 
dissipated by the interconnects and drivers is 
 
P = [T0→1 (Cs + Cl ) + TcCc] V2

ddFck 
 
where, T0→1 is the number of 0 to 1 transitions in the 
bus in two consecutive transmissions, Tc is the 
number of correlated switching between physically 
adjacent lines, Cs is the substrate capacitance, Cl is 
the load capacitance, Cc is the coupling capacitance, 
Vdd is the supply voltage, and Fck is the clock 
frequency. A Type 1 transition occurs when one of 
the lines switches when the other remains unchanged 
and Type 2 transition occurs when one line switches 
from low to high while the other makes transition 
from high to low.  

A Type 3 transition occur when both lines switch 
simultaneously and Type 4 transition occurs when 
both lines do not change. Therefore 

Tc = K1T1 + K2T2 + K3T3 + K4T4 
where Ti = average number of Type i transition. 
Ki =  corresponding weight 
K1 = 1, K2 = 2, K3 = K4 = 0. T 
 
Neglecting Cl and substituting Tc 

P ∝ T0→1Cs + (T1 + 2T2)Cc 
The dynamic power on the link is  

P’∝ T’0→1+ K1T’1+ K2T’2+ K3T’3+ K4T’4Cc 
where T’ 0→1, T’1, T’2, T’3, and T’4, are the self-
transition activity and the coupling transition activity 
of Types 1, 2, 3, and 4, respectively. Table 1 shows 
the odd inversion transition activity. The first bit is 
the value of the generic ith line of the link i.e., t-1 
whereas the second bit represents the value of its (i + 
1)th line i.e., at t. 
   As Table 1 shows, if the flit is odd inverted, Types 
2, 3, and 4 transitions convert to Type 1 transitions. 
In the case of Type 1 transitions, the inversion leads 
to one of Types 2, 3, or Type 4 transitions. In 
particular, the transitions indicated as T1∗ , T1∗∗ , and 
T1∗∗∗in the table convert to Types 2, 3, and 4 
transitions, respectively. Also 

T’0→1= T0→0(odd) +T0→1(even) 
where odd/even refers to odd/even lines.  
By the  use of approximated odd invert condition 
reduces the effectiveness of the encoding scheme due 
to the error induced by the approximation but it 
simplifies the hardware implementation of encoder. 
Thus by the odd invert is used to the flit before 
transmission to reduce the link power dissipation. 
Now, defining the encoder block 
Tx = T3 + T4 + T1∗∗∗    and 
Ty = T2 + T1 – T1∗∗∗ 

Ty>Tx 
   The proposed encoding architecture is shown in 
Fig. 2. In this consider a link width of w bits. If no 
encoding is used, the body flits are grouped in w bits 
by the NI and are transmitted via the link, where one 
bit of the link is used for the inversion bit, which 
indicates if the flit traversing the link has been 
inverted or not. The encoding logic E is responsible 
for deciding if the inversion should take place and 
performing the inversion if needed or not. The 
generic block diagram shown in Fig. 2(a) is the same 
for all two encoding schemes proposed. The internal 
block is as shown in Fig. 2(b) 
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Fig 2: Encoder Architecture Scheme I (a)Circuit Diagram  (b) 

Internal view of Encoder Block (E) 
 
The Ty block is implemented using a simple circuit 
which consists of the T2 and T4** blocks which 
shows if the inversion based on the transition types 
T2 and T4** should be taken place for the link power 
reduction. The second stage is formed by a set of 1s 
blocks which count the number of 1s in the inputs 
which has the width of log2W. The output of the top 
1s block determines the number of transitions of the 
odd inverting of pair bits and the middle 1s block 
identifies the number of transitions whose full 
inverting of pair bits. Both leads to the link power 
reduction. Based on the number of 1s for each 
transition type, Module A decides if an odd invert or 
full invert action, in this the corresponding output 
signal will become "1" if no inversion. Module A can 
be implemented by using full-adder and comparator 
blocks.  

 
Fig 3  Decoder architecture Scheme 1. 

(a) Circuit diagram.  

 
(b) Internal view of the decoder block (D). 

 
Let's consider P, Pl, and Pll the power dissipated by 
the link when the flit is transmitted with no inversion, 
odd inversion, and full inversion, respectively. The 

odd inversion leads to power reduction when Pl < Pll 
and P1 < P. The power Pll is given by  

Pll ∝ T1 + 2T4** 
The condition for odd inversion is 

2 (T2 − T4**)< 2Ty − w + 1 Ty >(w − 1)/2  
 
The condition for the full inversion is considered 
from Pll < P and Pll< Pl. The inequality Pll < P is 
satisfied when  

T2 > T4** 
 

B.  Scheme II 
TABLE 2 

Transition based on Even Inversion 

 
 
 In the proposed encoding Scheme II addition of even 
inversion to Scheme II. The reason is that odd 
inversion converts some of Type 1 (T1***) 
transitions to Type 2 transitions. In Table 2, if the flit 
is even inverted, the transitions indicated as 
T1**/T1***in the table are converted to Type 4/Type 
3 transitions. The scheme compares the present data 
with the previous one to decide whether odd, even, 
full, or no inversion of the current data can give rise 
to the link power reduction. Let's consider with Pl, 
Pll, and Plll the power dissipated by the link when the 
flit is transmitted with no inversion, odd inversion, 
full inversion, and even inversion, respectively. 
Similar to the analysis given for Scheme I which is 
defined as 

Tr = T3 + T4 + T1* 
and 

Te = T2 + T1 − T2* 

 
Fig 3  Encoder architecture Scheme II. 
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The even inversion leads to power reduction when Plll 

< P, Plll< Pl, and Plll< Pll. The full inversion leads to 
power reduction when Pll < P, Plll < Pl, and Plll < Pll. 
The condition for the odd inversion is obtained from 
Pl< P, Pl < Pll, and Pl < Plll.  When none of the 
conditions are satisfied. No inversion will be 
performed. The operating principles is similar to that 
of the encoders implementing Schemes I. It consists 
of four blocks in which three blocks are similar to 
Scheme I. Only Te block is different which performs 
Even inversion. 
 
IV. RESULTS 
 

TABLE III 

 
 
Table III: Experimental Results 
 
CONCLUSION 
 
In this paper the by using a set of encoding 
techniques i.e., Scheme I (odd and even inversion) 
and Scheme II (odd, even and full inversion) 
reduction in power dissipation is obtained of about 
51%, energy consumption reduction 14% and area 
overhead of about 15% when converted to other 
techniques. The experiments have been conducted in 
Xilinx ISE 14.7, simulation in verilog and the output 
is observed on Spartan 6 FPGA. 
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