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ABSTRACT This paper presents a VLSI implementation of LFSR for Test pattern with BIST techniques with Naïve, LAT 
and TePLAT algorithms. LFSR 10 is specified by generator polynomial over Galois Field. This paper examines a 

new algorithm called as Term Preserving Look Ahead Transformations (TePLAT). It converts bit serial algorithm to bit parallel algo-
rithm with overhead. For bit parallelism the used technique is Loop Unrolling. LFSR 10is designed on various algorithms such as LAT, 
TePLAT. Hardware of LFSR 10 is implemented on Xilinx Spartan 3E.Simulation tool used for this LFSR 10 is Xilinx ISE simulator and 
this is modeled in Verilog HDL. Mainly bit level parallelism technique is used for speed up the process.
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i. INTRODUCTION
In a Linear feedback shift register (LFSR) is a shift register 
whose input bit must be linear function of its earlier. In LFSR, 
linearly XORing single bits [6]. It is often a shift register input 
data must be driven by exclusive OR of other input bits.

LFSR are used for many applications like encryption, error cor-
rection coding, wireless communications, testing and random 
number generation [2],[3],[7]. A LFSR is formulated by genera-
tor polynomial over Galois field ie GF (2). For an initial condi-
tion, a linear sequence will be formed from the generator poly-
nomial over Galois field. Several LFSR proposed in the literature 
[6]. Implementation of 20 LFSR’s with characteristic polynomial 
degrees varying from 1 to 128forms a reconfigurable LFSR. In 
circuit implementation 128 flip flops that can be implemented 
one of 20 different types of LFSRs. For implementing on LFSR 
some XOR gates must be connected.

The flip flops are clocked for every clock cycle, so that power 
consumption in the serial architecture is high. The flip flops are 
serially connected; the output can be taken from the input of 
next flip flop. LFSR can be configured for a generator polynomial 
over Galois Field; it works like a serial filter. In every clock cycle 
output may be changed, so dynamic power consumption must 
be increased. So a new design is used to modify the LFSR to re-
duce the power consumption.

The vectorised compilation techniques such as loop unrolling and 
bit level parallelism are used to increase speed and reduce power 
consumption. The iteration bound means the inverse theoretical 
maximum throughput an algorithm can achieve. Many LFSR poly-
nomials can be listed on Tables 3.1 and 3.2. Look Ahead Transfor-
mations (LAT) which resolves the difficulty in original LFSR im-
plementation. In LAT, it produces additional operations and that 
it contains may more terms than original LFSR [8].

The evaluation and performance of all algorithms is tested and 
listed in Tables 3.1 and 3.2. Vectorised loop unrolling may be 
implemented in Xilinx Spartan 3E.

LFSR AND GENERATOR POLYNOMIALS
Implementation of LFSR can be done with characteristic poly-
nomial P(x) = 1+C1x+C2x……..+Cix in Fig 1. If there is a connec-
tion exists then Ci=1, otherwise Ci=0. The serial architecture of 
characteristic polynomial P(x) =1+x3+x16 is called as LFSR 10 
shown in Figure 2. In this the LFSR length which denotes flip 
flops as M=16 and number of tap coefficients which may be de-
noted as N=2.

  

Figure 1 Serial LFSR

Figure 2 LFSR-10 with P(x) =1+x2+x16

 
An LFSR is formulated by Its generator polynomial GF(2)

P(x) = 1+pk.xk                   (1)

Where both x and pk € {0,1} and also K is the order of generator 
polynomial p(x). Each generator polynomial forms a liner dif-
ference equation.

y[n] + pk.y[n-k]=0,               (2)

Where y[n] € {0,1},“+” is the logical exclusive-OR operator, “.” 
(Dot) is the logical AND operator. XORing both sides with y[n], 
has given

y[n] = pk.y[n-k]                 (3)

A  LFSR described in equation (4) is termed as fsm of state 
as 1 x K binary vector [y[n-k]……y[n-1]] and illegal state of 
[0,0……….0]. Given the current state, next state can be obtained 
as [y[n-k+1]……….y[n]] will makes as left shifting the binary 
vector corresponds to the current state by 1 bit filling in the 
right most bit.

y [n-K-1] = pk.y[n-k-1]          (4)

For generating LFSR 10,  p0 = p3 = p16 =1, and

all others as zero ie pk = 0.

P(x) =1+x2+x16

The corresponding linear recurrent equation is

y[n]=y[n-3] ^y[n-16]     (5)

TABLE I
Common LFSR polynomials

LFSR Index Generator Polynomial

1 1+x+x3

2 1+x+x4

3 1+x2+x5

4 1+x+x6
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5 1+x4+x5+x6+x7

6 1+x+x5+x6+x8

7 1+x4+x9

8 1+x3+x10

9 1+x3+x4+x7+x12

10 1+x3+x16

III. LOOP UNROLLING
unrolling or loop unfolding is a compiler optimization tech-
nique. It occurs in consecutive iterations into a single iteration 
through the bit level parallelism.

			    

Fig 3 A Loop Unrolled version of LFSR-10
 
Implementation of LFSR produces bit binary values of y[n] as b 
bit register is called as naive LFSR implementation. If bit length 
is 32 or 64, it is tremendous wast because execution speed must 
be less. So most used approach in this case is bit level parallel-
ism termed as loop unrolling.

When LFSR-10 as working as follows

1. for (n = 16; n < Bit Operated; n++){

2. y[n]=  y[n -3] ^ y[n -16];

3. }

At each step. The output y[n] is calculated. The way of express-
ing when the algorithm is unrolled twice.

When LFSR-10 is unrolled two times

1. for (n = 16; n < Bit Operated; n+3){

2. y[n]=  y[n -3] ^ y[n -16];

3. y[n+1]=  y[n -2] ^ y[n -15];

4. y[n+2]=  y[n -3] ^ y[n -14];

5. }

Now, construction of a 3-bit vector form

Y[n:n+2]=  [y[[n]y[n +1] y[n +2]]

When LFSR-10 is unrolled two times, vectorized

1. for (n =16; n < Bit Operated; n = n +3){

2. Y [n : n + 2]= Y [n -3 : n -1] ^ Y [n -16 : n -14];

3. }

There are 3 output bits that are used in loop unrolling such 
that they are computed in single clock cycle. In LFSR 10, 3 fold 
speeds is performed by loop unrolling. So first of all calculate 

y[n], then y[n+1] to y[n+3] must be evaluated.

The inverse number of iterations that are unrolled into itera-
tions simultaneously is called iteration bound. If the iteration 
bound is minimum such that throughput is maximum. In Fig. 
3 iteration bound is 1/3. So the successive iterations that are 
formed are 3. When applying iteration bound, so that no needs 
to apply the loop unrolling.

IV. look Ahead transformations
Look Ahead Transformation (LAT) is used for reducing iteration 
bound. With k* defined equation 3 expressed as

y[n]= y[n- k*]+∑pk.y[n-k]          (6)

Then substitute n = n – k* into (2)

0 = y[n –k*] +∑pm-k
*.y[n-m]           (7)

When substitute (7) into RHS of (6) and XOR as addition, LAT 
must be transformed as linear sequence equation as follows

z[n]=∑qm.z[n-m]                (8)

V. TERM PRESERVING LOOK AHEAD TRANSFORMATION
Look Ahead Transformations is used to reduce iteration bound, 
also computation overhead that may affect the potential perfor-
mance. So alternative LAT is used to solve the problem arises.

A TePLAT of LFSR with generator polynomial over Galois Field 
P(x) is a LFSR with generator polynomial Q(x) = [P(x)] 2, where 
P(x) is given as 

[P(x)] 2 = ∑pkx2k              (9)

TePLAT  is an extension of bit level parallelism, used to produce 
pseudo random bit stream. When TePLAT is applied at generator 
polynomial over Galois Field must be doubled. The on chip stor-
age area or memory is used to store the doubled data. When the 
TePLAT is used m times, such that it is called as mth level TePLAT.

TePLAT LFSR-10, Unrolled, vectorised with overhead

1. lfsr_1 = Y [0]; //initialization, b0 b15 are copied to lfsr1

2. lfsr_2 = Y [1]; // b16 b31 in lfsr2

3. for (n =32; n < Bit Operated; n = n + 6) { //iteration overhead

4. tmp = lfsr 1 ^ (lfsr_2 «10); //arithmetic left shifting

5. tmp = tmp & 0xFC00; // aligning of data

6. lfsr_1 =(lfsr _1  «6)|(lfsr _2 »10); 

7. lfsr_2 =(lfsr_ 2 « 6)|(tmp» 10); 

8.}

Figure 4 TePLAT, Loop Unrolled, Vectorised LFSR 10
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VI. SIMULATION RESULTS
In LFSR hardware was developed to accelerate speed by bit 
level parallelism and was implemented on Xilinx Spartan 3E 
FPGA. In this paper Xilinx ISE simulator is used for simulations. 
In this paper generated LFSR codes with TePLAT for generator 
polynomial and also run the codes on the simulator correspond-
ingly. In simulation bit level parallelism is performed by apply-
ing loop unrolling and also get TePLAT is better than any other 
technique.

Fig 5. Simulation of Loop unrolled vectorised version of 
LFSR 10

Fig 5. Simulation of Loop unrolled TePLAT version of 
LFSR 10
 
VII. CONCLUSIONS AND FUTURE WORKS
In this paper, TePLAT is used to perform bit level parallelism 
of a LFSR on Verilog simulators. The conventional LFSRs are 
similar to that applied loop unrolling technique. When exist-
ing approach is compared such that speed must be increased. 
LAT is used for hardware implementation of LFSR 10. Future 
research will focus on the areas like BIST, Wireless, Parity check 
and channel coding.


