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Abstract -- As the technologies shrink, the power dissipated by the communication subsystem, 

namely, the routers, NIs, and links increases. This paper discusses a set of data encoding and consumption 

in links of the NoC. Their application does not require any modification of the routers and link 

architectures. This proposed system is transparent and general with respect to the NoC fabric. Finally the 

area and power efficient encoder and decoder are designed. 

 
Index Terms  –  NoC, Data encoding, Low power, on chip interconnection. 

 

I. INTRODUCTION 

 

Now a day the communication system plays a very important role in our life. Power consumption 

and delay in the interconnection of the elements plays a vital role in the communication system. Reducing 

the interconnection reduces the power levels of the system. The encoding scheme concentrates on 

reducing link power dissipation. For this purpose two categories of encoding techniques can be used. The 

first one reduces the power by self switching activity of individual bus lines. In this bus invert, according 

to M.R.Stan and W.P.Burleson and W.P. Burleson1, gray code according to Sumant Ramprasad et al.2 and 

T0-XOR according to E.Musoll et al.3 have been proposed. 
 

S.E Lee and N. Bagherzadeh4 described, the encoded bits were isolated using shielding wires. 

This technique effectively decreases the coupling switching activity. Although the technique decreases 

the power consumption considerably, it increases the data transfer time. 

 
N. Rajesh e al.5 proposed the power reduction and impact on area is very less. The data encoding 

scheme describes the wormhole switching techniques and work on an end-to-end basis (i.e. flits are 

encoded by the (NI) before they are injected in the network). Also proposed data encoding scheme called 

self and coupling driven bus invert (SCDBI) reduces the switching power by 34.64% without any 

significant degradation in area and performance. 
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The related work for the paper is discussed in section II, In section III, the encoder schemes are 

discussed. Section IV presents the simulation result of the paper. Finally Section V presents the 

conclusion of the paper. 

 

II. RELATED WORK 
 

In existing system, the number of transitions from 0 to 1 for two consecutive flits (the flit that just 

traversed and the one which is about to traverse the link) is counted. If the number is larger than half of 

the link width, inversion will be performed to reduce the number of 0 to 1 transitions when the flit is 

transferred via the link. This technique is only concerned about the self switching without worrying about 

the coupling switching. Generally the coupling capacitance in the state-of-the-art silicon technology is 

considerably larger (e.g., four times) compared with the self- capacitance, and hence, should be 

considered in any scheme proposed for the link power reduction. 

 

This scheme deals with reducing the coupling switching. In this method, a complex encoder 

counts the number of Type I (Table I) transitions with a weighting coefficient of one and the number of 

Type II transitions with the weighting coefficient of two. If the number is larger than half of the link 

width, the inversion will be performed. In addition to the complex encoder, the technique only works on 

the patterns whose full inversion leads to the link power reduction while not considering the patterns 

whose full inversions may lead to higher link power consumption. Therefore, the link power reduction 

achieved through this technique is not as large as it could be. This scheme was also based on the hop-by-

hop technique. The coding technique reduces the coupling switching activity by taking the advantage of 

end-to-end encoding. It is based on lowering the coupling switching activity by eliminating only Type II 

transitions. 

 

II. PROPOSED SYSTEM 
 

In the proposed system an additional decoder is designed for scheme 3 which reduces the 

switching activity of the decoder. 

 

A. Encoder 

 

The general block diagram of the encoder is shown in Figure. 1. In this, input flit is given in W-1 

bit with one bit used for indicating the presence of encoding or not. If the bit is 1 then data is encoded else 

no encoding takes place for the data. 
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                                                 Figure 1: General Circuit Diagram of Encoder 

 

The circuit diagram of an encoder for all the schemes remains the same. The internal block 

diagram of block “ E” in encoder scheme changes according to each scheme. There is a need for different 

block for different type of encodings of the data. 

 

B. Decoder: 
              The general circuit diagram of decoder is shown in fig.2 below 

 

 

 

 

 

 

 

 

 

 

 

                                            Figure 2 : General circuit diagram of Decoder 

 

The circuit diagram of decoder for all the schemes remains same. The internal block diagram of 

block D of decoder circuit changes according to each scheme. In decoders the inverse operation of 

encoder takes place. There is a need of only one block Ty to determine which action has to be taken. The 

tabulation for the type1, type2, type3, and type4 in odd inversion and even inversion is shown in Tables 1 

and 2. 
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                          Table 1: EFFECT OF ODD INVERSION ON CHANGE OF TRANSITION TYPES 

 

                                                                                                                                                                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                           Table 2 : EFFECT OF EVEN INVERSION ON CHANGE OF TRANSITIONS TYPES 

 

 

 

  C SCHEME I: 

 

  In the proposed encoding scheme I, we make use of only odd inversion, the odd 

inversion converts type I and type II transitions to type III and type IV transitions. The scheme compares the 

current data with the previous one to decide whether the odd or no inversion of the current data can give rise to link 

power reduction. 

1)Scheme 1 Encoding Architecture : 
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                                The operating principal of the encoder based on the odd invert condition, the 𝑤𝑡ℎ bit of 

the previously encoded body flit is indicated by inv which defines if (inv=1) it was odd inverted or (inv=0) 

then no inversion takes place. In the encoding logic the  𝑇𝑦 structure takes the two adjacent bits of the input 

flits and sets its output to “1” if any of the transition types is detected. The subsequent stage of the encoder 

is a majority vector which determines total number of transitions and the inversion is performed on odd bits. 

The decoder circuit simply inverts the received flit when the inversion bit is high. 

X0   X1   X2                 𝑋𝑤−2 𝑋𝑤−1                                                                                 𝑋0                         𝑍0 

 

                                                                                                                           𝑋1                                 𝑍1 

                
                      
                                                                                                                                                      𝑋2                               𝑍2 
                      
                           
                               

                               

                                                                                                .. …….               …………. 
 
                                                     
                                                           
 
                                                                                                                                                       𝑋2𝑘−1 …………      𝑍2𝑘−1               
 
 
                                                                   
 
                                                                                                                                                                                         𝑍𝑤−1 
                Y0     Y1    Y2                𝑌𝑊−2  𝑌𝑤−1 

 

                                                      Figure 3 Encoder architecture Scheme I
 
 

D SCHEME II: 

 

In the proposed encoding scheme II, we make use of both odd (as discussed previously) and full 

inversion. The full inversion operation converts Type II transitions to type IV transitions. The scheme 

compares the current data with the previous one to decide whether the odd, full, or no inversion of the 

current data can give rise to the link power reduction. 

 

1) Scheme 2 Encoding Architecture: 

 

The operating principles of this encoder are similar to those of the encoder implementing scheme. 

I. The scheme II encoding architecture, which is based on the odd invert condition and the full invert 

condition, is shown in Fig.4.  The wth bit of the previously encoded body flit is indicated with in which 

defines if it was odd or full inverted (inv-1) or left s it was (inv-0). In this encoder, in addition to the Ty 

block in the Scheme I encoder, we have the T2 and blocks which determine if the inversion based on the 
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transition type T2 and should take place for the link power reduction. The second stage is formed by a set 

of 1s blocks which count the number of 1s in their inputs. 

 

The output of these blocks has the width of log2w. The output of the 1s block determines the 

number of transitions that odd inverting of pair bits leads to the link power reduction. 

 

The middle 1s block identifies the number of transitions whose full inverting of pair bits leads to 

the link power reduction. Finally, the bottom 1s block specifies the number of transitions whose full 

inverting of pair bits leads to the increased link power. Based on the number of 1s for each transition 

type, Module A decides if an odd invert or full invert action should be performed for the power reduction. 

In case no invert action needs to take place, none of the output is set to “1”. Module A can be 

implemented using full-adder and comparator blocks. 

 
 
 
 
 
 

 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

 Figure 4: Encoder architecture Scheme II 

 
2) Scheme 2 decoding Architecture: 

 
The internal block diagram for block D of scheme 2 decoder is showing fig 5 The w bits of the 

incoming (previous) body flit are indicated by Zi (Ri ), i =0,1,...,w−1. The wth bit of the body flit is 

indicated by inv which shows if it was inverted (inv =1) or left as it was (inv =0). For the decoder, we 

only need to have the Ty block to determine which action has been taken place in the encoder 
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                                                          Figure 5 : Decoder architecture of Scheme II 

                                                                                                                                                                              

 
                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

Based on the outputs of these blocks, the majority voter block checks the validity of the inequality 

given by (12). If the output is “0” (“1”) and the inv=1, it means that half (full) inversion of the bits has 

been performed. Using this output and the logical gates, the inversion action is determined. If two 

inversion bits were used, the overhead of the decoder hardware could be substantially reduced. 

 

 

E SCHEME 3: 

 

In the encoding Scheme III, even inversion to Scheme II is added. The reason is that odd inversion 

converts some of type I transitions to type II transitions. As can be observed from table II, if the flit is 

even inverted, the transitions indicated as in the table is converted to type IV/ type III transitions. 

Therefore, the even inversion may reduce the link power dissipation as well. The scheme compares the 

current data with the previous one to decide whether odd, even, full, or no inversion of the current data 

can give rise to link power reduction 

 

I)  Scheme 3 Encoding Architecture: 
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      The operating principles of this encoder are similar to those of the encoders implementing 

Schemes I and II. The proposed encoding architecture, which is based on the even invert condition, and 

the odd invert condition, is shown in fig 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                         Figure 6: Encoder architecture Scheme III 

  The wth bit of the previously encoded body flit is indicated by inv which shows if it was even, 

odd, or full inverted (inv=1) or left as it was (inv=0). The first stage of the encoder determines the 

transition types while the second stage is formed by a set of 1s blocks which count the number of ones in 

their inputs. In the first stage, the Te blocks is added if any of the transition types of T2 or T4∗∗, is 

detected for each pair bits of their inputs. For these transition types, the even invert action yields link 

power reduction. Again, we have four ones blocks to determine the number of detected transitions for 

each Ty, Te, T2, T4∗∗, blocks. The output of the Ones blocks are inputs for Module C. This module 

determines if odd, even, full, or no invert action corresponding to the outputs “10,” “01,” “11,” or “00,” 

respectively, should be performed. Similar to the procedure used to design the decoder for scheme II, the 

decoder for scheme III can be designed. 

 

1) Scheme 3 decoding Architecture :  

 

              The internal block diagram for block D in the generic circuit diagram for scheme 3 is as 

shown fig 6 
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 Figure 7 : Decoding architecture of scheme III 
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  The 𝑤𝑡ℎ bit of the body flit is indicated by inv which shows if it was inverted ( inv 

=1) or left as it was ( inv = 0) i.e. no inversion has taken place. For the decoder, we only need 

to have the Ty block to determine which action has been taken place in the encoder. Based on 

the outputs of these blocks, the majority vector block checks the validity of the inequality. If 

the output is “ 1” ( “0”) and the inv =1, it means that even (odd) inversion of the bits has been 

performed    

 

                           IV SIMULATION RESULTS 

  The below figure shows the RTL schematic of scheme I 

 

    

Figure 7: RTL schematic of scheme I 
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Technology schematic of scheme I 

 
 
 

 
 

                                                                     Figure 8 Technology schematic of scheme 1 

 
The below figure shows simulation output of scheme I 
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                                               Figure 9 Simulation output of scheme I 

The below figure shows the power analyzer output of scheme I 
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The below figure shows the Technology schematic of scheme II 

 
 
 
 
 

 
 

 
                                                                 Figure 12 Technology schematic of scheme II 
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The below figure shows the simulation result of scheme II 

 
 

 

 

 

 

 

 
 

 

Figure 13  : simulation output 
The below figure shows the Power analyzer output 
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Figure 14: Power analyzer output for scheme II 

 

 
 

 

The below figure shows the RTL schematic of scheme III 

 
                                        Figure 15 : RTL schematic of scheme III 

 
 
 

The below figure shows theTechnology schematic of scheme III 
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               Figure 16: Technology schematic of scheme III 

 
 

The below figure shows the simulation output of scheme III 

 

 
 

Figure 17 : SIMULATION OUTPUT FOR SCHEME III 

 
 

https://pen2print.org/index.php/ijr/
https://pen2print.org/index.php/ijr/


 

International Journal of Research 
Available at https://pen2print.org/index.php/ijr/  

   

e-ISSN: 2348-6848 
p-ISSN: 2348-795X 
Volume 05 Issue 22 

November 2018 

 

Available online:  https://pen2print.org/index.php/ijr/  P a g e  | 1045   
   
 

The below figure shows the power analyzer output for scheme III 

 

 

 
 

Figure 18 : Power analyzer output for scheme III 

 

 

 

 

 

 

                                                       V CONCLUSION 

 

       A set of data encoding and decoding schemes have been discussed whose goal is to reduce the 

power consumption in links of the NoC. This proposed system is transparent and general with respect to 

the NoC fabric. The function of encoder and decoder is verified in simulation. Hence, we conclude that 

the encoder and decoder design is power efficient. 
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