Appendix-E

1 –MATLAB Script for Fault Coverage Plot

% Matlab Program to Demonstrate the Fault Coverage relation

%for random input test vectors

%N: number of random i/p test vectors

%lambda: constant for a particular circuit

clear all; close all;

N=input('Number of Applied Random Test Vectors>> ');

lambda=input('lambda for the circuit >> ');

Narray=[1:N]; %array for the number of applied test vectors
FC=(1-exp(-lambda.*log10(Narray))); %raw fault coverage
FC=FC*100; %fault coverage percentage
%plot fault coverage(%) vs. applied test vectors

plot(Narray,FC,'b','LineWidth',2);

str=['FC plot for ', num2str(N), ' random test vectors; with \lambda=', num2str(lambda)];

title(str);

xlabel('Number of Applied Random Test vectors');

ylabel('Fault Coverage (%)');

%axis tight;

grid;

2 –MATLAB Script for 16 bit LFSR

%MATLAB SCRIPT TO PRODUCE A DOFILE STIMULUS FOR A LFSR BIST

%seed is the initial seed, taps are the feedback taps

%the length of LFSR is determined from the # of bits in seed!

%the i/p patterns are produced in hex format for b(7:0) and a(7:0)

clear all;

%seed=input('Enter Seed in binary, will be placed Leftmost Bit -> Q1 ..& Rightmost Bit -> Q16','s');

seed='1000000010000000'; % for first go let be this

%length of LFSR is determined from length of seed!!

%taps=input('Enter TAPS, separated with blanks >> ','s');

taps='16 5 3 2';%For 16 BIT, taps are-> 16,5,3,2 

patternperiod=100; %pattern period in ns default

a=zeros(1,8); %a i/p of mult a(7:0)

b=zeros(1,8); %b i/p of mult

taparray=str2num(taps); %converts the taps given as a string, into











%an array of integer

blank=' '; %required to put between the bits in the string of seed

seedchararray(1:2*length(seed))=blank; %defines a string of blanks,

 














   %twice the length of seed


seedchararray(1:2:end)=seed(1:end);%makes a new string by putting blanks btw.

              

         


   %each binary value -as char- in seed

%the reason we put these blanks is, the str2num converts: 

%'1010' -> 1010 => a single number 

%'1 0 1 0' -> [1 0 1 0] => an array of numbers for the chars separated by blanks

%and we need each char to be stored as a single binary value in an array of int. {1,0}

%with length = length of initial seed string of chars

seedarray=str2num(seedchararray); %converts the char array of binary values separated 









  %by blanks into an array of binary values in int. format

fid=fopen('LFSR16bitstimulus.txt','wt')  %open text file for write

count=fprintf(fid,'\t//Stimulus for 16 bit LFSR, seed=%s\n',seed);  % \t -> tab, \n -> new line

count=fprintf(fid,'//   i/p FORCE(hex) Absolute time'); %\f formfeed %d decimal, %s string

%BEGIN TO PRODUCE PRBS O/Ps:

Q=seedarray; %LFSR o/ps initially seed

for pattern=0:1:2^(length(seed))-2 %for all 2^length-1 PRBS patterns









   %000..00 EXCLUDED!!


%write the current o/ps to stimulus:


% O/P permuting can be done here:


a=Q(9:16);%a(7:0) i/p gets the Q(9:16)


b=Q(1:8);%b(7:0) i/p gets the Q(1:8)


aHEX=bin2hex(a); %convert the binary a(7:0) to hex format for the dofile


bHEX=bin2hex(b); %convert the binary b(7:0) to hex format for the dofile


abstime=pattern*100; %the time the current computed pattern is applied in stimulus


%write the stimulus:

    count=fprintf(fid,'\nFORC a    %s        %d.0 -Abs',aHEX,abstime);

    count=fprintf(fid,'\nFORC b    %s        %d.0 -Abs',bHEX,abstime);


%compute feedback


Din=mod(sum(Q(taparray)),2); %Din is the feedback i/p, from taps


%XOR IS MODULO 2 SUM, SO ABOVE WORKS!!


Q=[Din, Q(1:15)]; %shift once, for next pattern( the shiftregister is clocked)

end;

olduysa0=fclose(fid) %close file

Used FUNCTION bin2hex:

function [HEXstr] = bin2hex(binvec)

%gets the binary number as array of 1s & 0s, 

%makes a string of hex values

%first if the binary # is not in 4*int length, extend with zeros

mod4=mod(length(binvec),4);

if (mod4~=0)


binvec=[zeros(1,(4-mod4)), binvec];

end

HEXstr(1:length(binvec)/4)='X'; %initialize for quickrun

for bits=1:4:length(binvec)


if binvec(bits:bits+3)==[0 0 0 0]



HEXstr((bits+3)/4)='0';


elseif binvec(bits:bits+3)==[0 0 0 1]



HEXstr((bits+3)/4)='1';


elseif binvec(bits:bits+3)==[0 0 1 0]



HEXstr((bits+3)/4)='2';


elseif binvec(bits:bits+3)==[0 0 1 1]



HEXstr((bits+3)/4)='3';


elseif binvec(bits:bits+3)==[0 1 0 0]



HEXstr((bits+3)/4)='4';


elseif binvec(bits:bits+3)==[0 1 0 1]



HEXstr((bits+3)/4)='5';


elseif binvec(bits:bits+3)==[0 1 1 0]



HEXstr((bits+3)/4)='6';


elseif binvec(bits:bits+3)==[0 1 1 1]



HEXstr((bits+3)/4)='7';


elseif binvec(bits:bits+3)==[1 0 0 0]



HEXstr((bits+3)/4)='8';


elseif binvec(bits:bits+3)==[1 0 0 1]



HEXstr((bits+3)/4)='9';


elseif binvec(bits:bits+3)==[1 0 1 0]



HEXstr((bits+3)/4)='A';


elseif binvec(bits:bits+3)==[1 0 1 1]



HEXstr((bits+3)/4)='B';


elseif binvec(bits:bits+3)==[1 1 0 0]



HEXstr((bits+3)/4)='C';


elseif binvec(bits:bits+3)==[1 1 0 1]



HEXstr((bits+3)/4)='D';


elseif binvec(bits:bits+3)==[1 1 1 0]



HEXstr((bits+3)/4)='E';


elseif binvec(bits:bits+3)==[1 1 1 1]



HEXstr((bits+3)/4)='F';


else



error('Incorrect Binary format, func.n bin2hex')


end;

end;

3 –MATLAB Script for 8 bit LFSR

%MATLAB SCRIPT TO PRODUCE A DOFILE STIMULUS FOR A LFSR BIST

%seed is the initial seed, taps are the feedback taps

%the length of LFSR is determined from the # of bits in seed!

%the i/p patterns are produced in hex format for b(7:0) and a(7:0)

%this program makes use of repetitive patterns as described in the paper

%repetition length=k=4 -> 255 test patterns

%therefore, a(7:4)==a(3:0) & b(7:4)==b(3:0) all cycles

clear all; close all;

%seed=input('Enter Seed in binary, will be placed Leftmost Bit -> Q1 ..& Rightmost Bit -> Q16','s');

seed='10110111'; % for first go let be this

%length of LFSR is determined from length of seed!!

%taps=input('Enter TAPS, separated with blanks >> ','s');

taps='8 6 5 1';%For 8 BIT, taps are-> 8,6,5,1 

patternperiod=100; %pattern period in ns default

a=zeros(1,8); %a i/p of mult a(7:0)

b=zeros(1,8); %b i/p of mult

taparray=str2num(taps); %converts the taps given as a string, into







%an array of integer

blank=' '; %required to put between the bits in the string of seed

seedchararray(1:2*length(seed))=blank; %defines a string of blanks,










   %twice the length of seed


seedchararray(1:2:end)=seed(1:end);%makes a new string by putting blanks btw.

                       


   %each binary value -as char- in seed

%the reason we put these blanks is, the str2num converts: 

%'1010' -> 1010 => a single number 

%'1 0 1 0' -> [1 0 1 0] => an array of numbers for the chars separated by blanks

%and we need each char to be stored as a single binary value in an array of int. {1,0}

%with length = length of initial seed string of chars

seedarray=str2num(seedchararray); %converts the char array of binary values separated 









  %by blanks into an array of binary values in int. format

fid=fopen('LFSR8bitstimulus.txt','wt')  %open text file for write

count=fprintf(fid,'\t//Stimulus for multiplier with repetitive i/p patterns') 

count=fprintf(fid,'\t//generated with 8 bit LFSR, seed=%s\n',seed);  % \t -> tab, \n -> new line

count=fprintf(fid,'//   i/p FORCE(hex) Absolute time'); %\f formfeed %d decimal, %s string

%BEGIN TO PRODUCE PRBS O/Ps:

Q=seedarray; %LFSR o/ps initially seed

for pattern=0:1:2^(length(seed))-2 %for all 2^length-1 PRBS patterns









   %000..00 EXCLUDED!!


%write the current o/ps to stimulus:


% O/P permuting can be done here:


a=[Q(5:8), Q(5:8)];%a(7:0) i/p gets the Q(5:8) repeated twice


%(repetition length=4


b=[Q(1:4), Q(1:4)];%b(7:0) i/p gets the Q(1:4) repeated twice


aHEX=bin2hex(a); %convert the binary a(7:0) to hex format for the dofile


bHEX=bin2hex(b); %convert the binary b(7:0) to hex format for the dofile


abstime=pattern*100; %the time the current computed pattern is applied in stimulus


%write the stimulus:

    count=fprintf(fid,'\nFORC a    %s        %d.0 -Abs',aHEX,abstime);

    count=fprintf(fid,'\nFORC b    %s        %d.0 -Abs',bHEX,abstime);


%compute feedback


Din=mod(sum(Q(taparray)),2); %Din is the feedback i/p, from taps


%XOR IS MODULO 2 SUM, SO ABOVE WORKS!!


Q=[Din, Q(1:7)]; %shift once, for next pattern( the shiftregister is clocked)

end;

olduysa0=fclose(fid) %close file

4 –MATLAB Script for 16 bit CA

%MATLAB SCRIPT TO PRODUCE A DOFILE STIMULUS FOR A Cellular Automata BIST

%seed is the initial seed, 

%cells150 are the postions of 150 cells in the Register array

%obviously the rest of the cells are 90 cells!!

%the length of CA is determined from the # of bits in seed!!

%the i/p patterns are produced in hex format for b(7:0) and a(7:0)

clear all;

%seed=input('Enter Seed in binary, will be placed Leftmost Bit -> Q1 ..& Rightmost Bit -> Q16','s');

seed='1101010111010101'; % for first go let be this

%length of CA is determined from length of seed!!

%cells150=input('Enter Positions of 150 cells, separated with blanks >> ','s');

cells150='1 15';%For 16 BIT, taps are-> 16,5,3,2 

patternperiod=100; %pattern period in ns default

a=zeros(1,8); %a i/p of mult a(7:0)

b=zeros(1,8); %b i/p of mult

cells150array=str2num(cells150); %converts the taps given as a string, into









 %an array of integer

blank=' '; %required to put between the bits in the string of seed

seedchararray(1:2*length(seed))=blank; %defines a string of blanks,










   %twice the length of seed


seedchararray(1:2:end)=seed(1:end);%makes a new string by putting blanks btw.

                       


   %each binary value -as char- in seed

%the reason we put these blanks is, the str2num converts: 

%'1010' -> 1010 => a single number 

%'1 0 1 0' -> [1 0 1 0] => an array of numbers for the chars separated by blanks

%and we need each char to be stored as a single binary value in an array of int. {1,0}

%with length = length of initial seed string of chars

seedarray=str2num(seedchararray); %converts the char array of binary values separated 









  %by blanks into an array of binary values in int. format

%CONSTRUCT THE STATE TRANSITION MATRIX, T:

%first make the 1st and -1th diagonal all 1s:

T=diag(ones(1,length(seed)-1),1)+diag(ones(1,length(seed)-1),-1);

%the length of these diagonals is 1 less than the main diag.

%so this will make a length(seed) x length(seed) matrix

%(this is how we make use of seedlength to determine length of CA)

%Now make main diagonal entries 1, for 150 cells:

%%%%%maindiag=diag(T,0); %extracts main diagonal of T

maindiag=zeros(1,length(seed)); %define main diagonal

maindiag(cells150array)=1;

%construct the final matrix:

T=T+diag(maindiag,0); %This T is the state transition matrix

fid=fopen('CA16bitstimulus.txt','wt')  %open text file for write

count=fprintf(fid,'\t//Stimulus for 16 bit CA, seed=%s\n',seed);  % \t -> tab, \n -> new line

count=fprintf(fid,'//   i/p FORCE(hex) Absolute time'); %\f formfeed %d decimal, %s string

%BEGIN TO PRODUCE CA PRBS O/Ps:

Q=seedarray; %CA o/ps initially seed

for pattern=0:1:2^(length(seed))-2 %for all 2^length-1 PRBS patterns









   %000..00 EXCLUDED!!


%write the current o/ps to stimulus:


% O/P permuting can be done here:


a=Q(9:16);%a(7:0) i/p gets the Q(9:16)


b=Q(1:8);%b(7:0) i/p gets the Q(1:8)


aHEX=bin2hex(a); %convert the binary a(7:0) to hex format for the dofile


bHEX=bin2hex(b); %convert the binary b(7:0) to hex format for the dofile


abstime=pattern*100; %the time the current computed pattern is applied in stimulus


%write the stimulus:

    count=fprintf(fid,'\nFORC a    %s        %d.0 -Abs',aHEX,abstime);

    count=fprintf(fid,'\nFORC b    %s        %d.0 -Abs',bHEX,abstime);


%compute next state o/ps:


Q=Q*T; %Hence, now Q might contain values > 1,


%As the XOR operations are in GF(2) i.e. 1+1=0


%take mod(2) of Q values, to make it in GF(2) arithmetic;


Q=mod(Q,2); %this is the final next state!

end;

olduysa0=fclose(fid) %close file

5 –MATLAB Script for 8 bit CA

%MATLAB SCRIPT TO PRODUCE A DOFILE STIMULUS FOR A Cellular Automata BIST

%seed is the initial seed, 

%cells150 are the postions of 150 cells in the Register array

%obviously the rest of the cells are 90 cells!!

%the length of CA is determined from the # of bits in seed!!

%the i/p patterns are produced in hex format for b(7:0) and a(7:0)

clear all;

%seed=input('Enter Seed in binary, will be placed Leftmost Bit -> Q1 ..& Rightmost Bit -> Q16','s');

seed='00000001'; % for first go let be this

%length of CA is determined from length of seed!!

%cells150=input('Enter Positions of 150 cells, separated with blanks >> ','s');

cells150='2 3';%For 16 BIT, taps are-> 16,5,3,2 

patternperiod=100; %pattern period in ns default

a=zeros(1,8); %a i/p of mult a(7:0)

b=zeros(1,8); %b i/p of mult

cells150array=str2num(cells150); %converts the taps given as a string, into









 %an array of integer

blank=' '; %required to put between the bits in the string of seed

seedchararray(1:2*length(seed))=blank; %defines a string of blanks,










   %twice the length of seed


seedchararray(1:2:end)=seed(1:end);%makes a new string by putting blanks btw.

                       


   %each binary value -as char- in seed

%the reason we put these blanks is, the str2num converts: 

%'1010' -> 1010 => a single number 

%'1 0 1 0' -> [1 0 1 0] => an array of numbers for the chars separated by blanks

%and we need each char to be stored as a single binary value in an array of int. {1,0}

%with length = length of initial seed string of chars

seedarray=str2num(seedchararray); %converts the char array of binary values separated 









  %by blanks into an array of binary values in int. format

%CONSTRUCT THE STATE TRANSITION MATRIX, T:

%first make the 1st and -1th diagonal all 1s:

T=diag(ones(1,length(seed)-1),1)+diag(ones(1,length(seed)-1),-1);

%the length of these diagonals is 1 less than the main diag.

%so this will make a length(seed) x length(seed) matrix

%(this is how we make use of seedlength to determine length of CA)

%Now make main diagonal entries 1, for 150 cells:

%%%%%maindiag=diag(T,0); %extracts main diagonal of T

maindiag=zeros(1,length(seed)); %define main diagonal

maindiag(cells150array)=1;

%construct the final matrix:

T=T+diag(maindiag,0); %This T is the state transition matrix

fid=fopen('CA8bitstimulus.txt','wt')  %open text file for write

count=fprintf(fid,'\t//Stimulus for 8 bit CA, seed=%s\n',seed);  % \t -> tab, \n -> new line

count=fprintf(fid,'//   i/p FORCE(hex) Absolute time'); %\f formfeed %d decimal, %s string

%BEGIN TO PRODUCE CA PRBS O/Ps:

Q=seedarray; %CA o/ps initially seed

for pattern=0:1:2^(length(seed))-2 %for all 2^length-1 PRBS patterns









   %000..00 EXCLUDED!!


%write the current o/ps to stimulus:


% O/P permuting can be done here:


a=[Q(5:8), Q(5:8)];%a(7:0) i/p gets the Q(5:8) repeated twice


%(repetition length=4


b=[Q(1:4), Q(1:4)];%b(7:0) i/p gets the Q(1:4) repeated twice


aHEX=bin2hex(a); %convert the binary a(7:0) to hex format for the dofile


bHEX=bin2hex(b); %convert the binary b(7:0) to hex format for the dofile


abstime=pattern*100; %the time the current computed pattern is applied in stimulus


%write the stimulus:

    count=fprintf(fid,'\nFORC a    %s        %d.0 -Abs',aHEX,abstime);

    count=fprintf(fid,'\nFORC b    %s        %d.0 -Abs',bHEX,abstime);


%compute next state o/ps:


Q=Q*T; %Hence, now Q might contain values > 1,


%As the XOR operations are in GF(2) i.e. 1+1=0


%take mod(2) of Q values, to make it in GF(2) arithmetic;


Q=mod(Q,2); %this is the final next state!

end;

olduysa0=fclose(fid) %close file
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