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Abstract
The most important criteria to be optimized for the patterns 
generated for built in self test (BIST) maximizing the fault 
coverage and minimizing the test run time. For an linear 
feedback shift register (LFSR) based BIST, it is dependent on 
the characteristic polynomial and initial state (seed) selected 
for the purpose. In this paper modified genetic algorithm is used 
to search polynomial-seed pair that produces optimum pattern 
for a given circuit. The experiments performed on ISCAS ’85 
benchmark circuits could determine a polynomial-seed pair 
that has fault coverage above 95% using minimum number 
of vectors possible.
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I. Introduction
Given the growing complexity of the semiconductor chips 
design, their testability is at stake. To deal with the cost and 
storage requirements, various design for testability (DFT) 
techniques have come into existence where testing modules 
are embedded into the circuit. The on-chip test generation and 
test application by means of built-in-self-test (BIST) is one of 
the preferred approaches. BIST simplifies and reduces cost of 
the overall test by means of internal pattern generation and 
output analyzer that also speeds up the process [1].
 BIST has test generation hardware and control unit to sequence 
the desired pattern to the circuit under test (CUT). Test pattern 
generation function is usually carried out by a linear feedback 
shift register (LFSR) circuit [1]. It is a pseudo random sequence 
generator, which is a simple shift register structure. The major 
factors in deciding the quality of any pattern generator are fault 
coverage (fc) and test run time [1]. Test run time is quantified by 
the number of patterns (n). This depends on the characteristic 
polynomial that describes the selected LFSR and the initial 
state (seed) loaded to its registers.
On a previous successful attempt, all the patterns needed for 
a particular circuit were arranged in certain order to derive 
polynomial-seed pair that produces them [2]. Another simpler 
approach was using genetic algorithm (GA) to search the 
optimum polynomial-seed pair [3,4].  Genetic algorithm is a 
powerful search algorithm used to solve hard optimization 
problems by simulating natural evolution over populations of 
candidate solutions.
In order to achieve an optimum LFSR architecture for BIST, the 
polynomial-seed pair is to be selected perfectly. For the same 
purpose, a modified genetic algorithm (MGA) [5], which searches 
widely in less time, has been proposed in this paper. 
In this paper, modified genetic algorithm is used to decide on 
the optimum structure and initial seed of LFSR to maximize 
fault coverage and minimize the number of vectors. A modified 
version of genetic algorithm, which differs from the original 
one during the genetic operators [3] is made use of to achieve 
the goal. The modified GA is discussed in detail in a later 

section.
The remaining sections are organized as follows. The 
background required to understand the current work is 
introduced in Sections II and III. Section IV describes the 
methodology adapted for finding the optimum LFSR design. 
Section V gives implementation and achieved results. Finally, 
Section VI concludes the paper.

II. Linear Feedback Shift Register (LFSR)
An LFSR is a finite state machine that goes through n cycles 
before repeating the sequence. It is structurally a shift register 
with specific tap taken out and xor-ed with nth flip-flop and 
fed back to itself. It can be represented either as a binary 
polynomial, P(x), or transition matrix (T). The transition matrix 
decides the next state of the LFSR depending on its current 
state. For an internal LFSR with characteristic equation, [1]
P(x) = 1+ c1 x + c2 x

2 +…. cm-1 x
m-1 + xm    (1)

where ci = {0,1} for 1≤ i ≤ m,  

Fig. 1: An LFSR having Characteristic Polynomial, 
                    P( ) = 

Fig. 1 gives an example LFSR and its corresponding characteristic 
polynomial. The transition matrix for the same is given as:

Transition matrix, T =    

           

III. Genetic Algorithm (GA)
Genetic algorithm is a type of evolutionary programming 
that uses the idea of representing variables as ‘individuals’ 
and certain ‘operators’ for effecting their value change over 
time. It is a search technique to find approximate solutions to 
optimization and search problems. This approach defines the 
feasible solution space for the algorithm and offers advantages 
to several optimization problems which include simplicity, 
robustness and flexibility. 
Possible solution to the problem is called an individual and 
individuals of a generation constitute population. The initial 
population is a potential solution set. The first set of population 
is usually generated randomly. Each chromosome in the 
population will be evaluated by a defined fitness function. The 
better chromosomes will return higher values in this process. 
The form of the fitness function depends on the application. The 
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genetic algorithm iterates for a given number of generations to 
make the population evolve. Every iteration executes the steps, 
selection, reproduction, evaluation, replacement.
The iteration continues until the stopping condition is reached. 
It includes maximum number of iterations or no change in 
fitness for a few consecutive generations.

A. Modified Genetic Algorithm 
Looking at the various parameters used in this paper, the 
difference between Standard GA and Modified GA can be seen 
only at the crossover and mutation processes or the Genetic 
Operations. The changes that are made to the operations 
are described below in detail. The genetic operations are 
to generate some new chromosomes (offspring) from their 
parents after the selection process. They include the crossover 
and the mutation operations [5].
Crossover operation produces four chromosomes according to 
the mechanism described in [5]. Among the four chromosomes 
thus produced, the one with highest fitness value is selected 
as offspring of the crossover operation. If the crossover 
operation can provide a good offspring, a higher fitness value 
can be reached in less iteration. The chosen chromosome 
then undergoes mutation, also described by [5]. By using this 
method, the potential offspring spreads over the domain [5].

IV. LFSR Design Using Modified GA
The modified GA helps in evolving best possible structure for 
the LFSR and find its seed and attempts to choose the best 
polynomial-seed pair (individual), whose length is dependent 
on the number of inputs of the CUT. Fitness for the selection 
process is fixed as fault coverage (fc) value and number of 
test patterns (n). Iterations (generations) of individuals can be 
simulated using an automatic test pattern generator (ATPG) 
tool. 
The evolution process then goes through the process of 
selection, crossover and mutation as discussed for the modified 
GA. The sequence of execution is described in Fig. 2. The fitness 
function is determined as the maximum fc and minimum n that 
the new individual can achieve for the given CUT.  cr and mr are 
decided as 0.5 and 0.1 for the comparison process of simple 
and the proposed GA. Since in each iteration, more number 
of individuals are produced from crossover and mutation 
operations, modified GA can cover more polynomial-seed pair 
than used with the standard GA.
For the modified GA approach, mutation is made as follows for 
all our calculations: 
m1 =     len/2        ; if even
             (len/2)+1     ; if odd 
m2 =   all even bits 
m3 =   complement all bits

Inputs: max_fc, min_patterns, cr, mr
1 Initialize the variables. e.g.: max_fc = 0.9, 

min_patterns = 20, cr = 0.5, mr = 0.1, f1ag=1, 
flag0=10

2 for i =1 to itr do
3 generate a random poly-seed pair for given 

circuit.
4 for j = 1 to itr1
5 find  
6 save poly-seed pair in set pop
7 end for      
8 selection of the parents with highest fc among 

pop
9 if flag>=1
10 crossover => c1,c2, c3, c4
11 evaluate ofsg=max(fc(c1,c2, c3, c4)); flag –
12 else flag =1
13 end if 
14 if flag0==1
15 mutation (ofsg) => m1,m2,m3 
16 evaluate ofsg=max(fc(m1,m2,m3))
17 flag0=10
18 else flag0 --
19 end if
20 if i > 10,  set min_patterns= min_patterns+5
21 end for

Fig. 2: Pseudo code for LFSR Design using Modified GA

V. Implementation And Results
The experiments were carried out on ISCAS’85 benchmark 
circuits using C implementation for the Modified GA part, using 
atalanta-M-2.0 version as the fault simulator. Table 1 gives a 
comparison between performance of simple GA and modified 
GA over a standard set of parameters given in Table 2. Weight 
w, is the weight used in crossover [5]. These values are used 
to plot the convergence plot in Fig. 3 for two of the circuits. 
The plots thus indicate the advantage of using modified GA 
for this application.
Over the generations, the best fit individuals improve towards 
the optimum value. Some of them are listed and compare. The 
experiment was repeated for varying values of cr, mr, population 
size and the best suited for the given combinational circuits is 
selected. Final polynomial and seed selected for each of the 
circuit thus is given as Table IV.

Table 1. The Comparison between standard GA and Modified 
GA on given benchmark circuits

CKT Standard GA Modified GA
Fault 
Coverage
(FC)

No. of 
Vectors
(n)

Fault 
Coverage
(FC)

No. of 
Vectors
(n)

C432 94 180 96 100
C499 90 180 95 120
C880 92 190 97 200
C1355 89 230 94 210
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Table 2. Common Parameters used for Standard GA and 
Modified GA

Max_Iteration 50 Crossover rate (cr) 0.5

Population Size 50 Crossover 
probability (cp)

0.09

Weight (w) 0.5 Mutation rate (mr) 0.1

Crossover type Multipoint Mutation 
probability (mp)

0.4

Fig. 3. Performance comparison for c499 and c880

VI. Conclusion
Modified GA is found to be a better method for the purpose of 
finding optimum design for LFSR. It  is found to be better than the 
original GA in terms of number of iterations to obtain optimum 
individual and vastness of search space. Proper crossover and 
mutation parameters are selected by experimentation. In the 
given method, n is fixed for a circuit throughout the experiment. 
If it is varied after certain iterations using correction logic, a 
wider possibility of solution could be considered.
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