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Research on the leaf-removal algorithm of
a class of unbalanced Boolean equations

Abstract:

Nowadays, numerical estimation to the NP questions and description to phase
transition system has become one of the most popular questions in the field of current
computer science and artificial intelligence. We chose one part from this which is
named random limitation satisfiability to research and we focused on questions
related to Boolean equations. Boolean equations referred to equation groups defined
on Z; field. The paper focused on a certain type of unbalanced equations in which the
linear part is three times larger than the nonlinear part. Via the method of leaf-removal
algorithm, we obtained the floor estimation of the satisfiability threshold of the
original problem by numerical experiments on large scale of instances with different
parameter values. Our result not only gives out the threshold estimation of certain
type equation groups, but may be widely used in searches for roots of other types of

constraint satisfaction problems as well.

Key words:

unbalanced Boolean equations, leaf-removal algorithm, satisfiability, threshold
estimation
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LF procedure
Llag=0; i=0;
while (Flag==0)
switch T(i) and mark each leaf variable;
if (the set of equations satisfying the leaf-removal condition A(i) is not empty)
delete equations in A(i);
i++;
else
Flag=1;
end
end
CB procedure
1=0;n=0;
if(7,(m) 1is empty)

++n;
i++;

if(7,(m) 1is not empty)

i++;

return i;

end
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% the program to compute the satisfiability of MAS
pnum=1;
for p=0.2:0.1:0.2
% the ratio of the number of equations part2 non-linear equations
N=10000; % the number of variables
gmaxnum=10; % the number of instances
alphanum=1;
for M=5780:10:5790
ALPHA (pnum,alphanum)=M/N;
GM=M;
interqnum=0;
for qnum=1:1:qmaxnum
M=GM;
M2=round(p*M); % judge the number of part2
MI1=M-M2; % the number of partl
MAT=zeros(M,3);
% generate the matrix of equations
fori=1:1:M
for j=1:1:3
pos=unidrnd(N);
if >=2)
for t=1:1:100
if (pos=—=MAT(,j-1))
pos=unidrnd(N);
else
break;
end
end
end
MAT(,j)=pos;
end
end
% SO=MAT;
% the process of leaf removal algorithm
markleaf=1;
while (markleaf>0)
MARKLIN=zeros(1,N);
MARKNLIN=zeros(1,N);
DYNS=zeros(1,N);
DYNN=zeros(1,N);
% identify the leaf variable in linear case
fori=1:1:M1
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for j=1:1:3
intermark=MAT(i,j);
MARKLIN(1,intermark)=MARKLIN(1,intermark)+1;
end
end
% identify the leaf variables in the linear posotion of part2
for i=(M1+1):1:M
intermark=MAT(i,1);
MARKLIN(1,intermark)=MARKLIN(1,intermark)+1;
end
% identify the variables in the non-linear posotion of part2
for i=(M1+1):1:M
intermark=MAT(i,2);
MARKNLIN(1,intermark)=MARKNLIN(1,intermark)+1;
intermark=MAT(i,3);
MARKNLIN(1,intermark)=MARKNLIN(1,intermark)+1;
end
% verify the real linear leaf
dnums=1;
for t=1:1:N
if (MARKLIN(t)==1)
if (MARKNLIN(t)==0)
DYNS(dnums)=t;
dnums=dnums+1;
end
end
end
% verify the real non-linear leaf
dnumn=1;
for t=1:1:N
if (MARKNLIN(t)==1)
if (MARKLIN(t)==0)
DYNN(dnumn)=t;
dnumn=dnumn-+1;
end
end
end
% leaf removal
marksen=0;
fori=1:1:M1
for j=1:1:3
interver=MAT(i,j);
for k=1:1:(dnums-1)
if (DYNS(k)==interver)
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interjud=1;
break
else
interjud=0;
end
end
if (interjud==1)
break

end
end
if (interjud==1)
marksen=marksen+1;
else
if i==1)
if (marksen==1)
% MAT(1,:) is null
end
else
for j=1:1:3
% reconstruct the matrix
MAT(i-marksen,j)=MAT(i,j);
end
end
end
end
funM1=M1,;
M1=MI-marksen;
for i=(funM1+1):1:M
interver=MAT(,1);
for k=1:1:(dnums-1)
if (DYNS(k)==interver)
itu=1;
break
else
1tu=0;
end
end
if (itu==1)
marksen=marksen+1;
else
internp1=MAT(i,2);
internp2=MAT(1,3);
for j=1:1:(dnumn-1)
if (DYNN(j)==internp1)
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for k=1:1:(dnumn-1)
if (DYNN(k)==internp2)
itunp=1;
break
else
itunp=0;
end
end
if (itunp==1)
break
end
else
itunp=0;
end
end
if (itunp==1)
merksen=marksen+1;

else
for j=1:1:3
% reconstruct the matrix
MAT(i-marksen,j)=MAT(i,j);
end
end
end
end
M=M-marksen;
M2=M-MI;
if (marksen==0)
markleaf=0;
end
end
Yo------ end the process of leaf removal algorithm
if (M==0)

else

intergnum=interqnum-+0;

qnum;

procenum=0;
MARKSUM=MARKLIN+MARKNLIN;
for i=1:1:N

if (MARKSUM(i)>0)

end
end
qnum;

procenum=procenum-+1;

10
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interqgnum=intergnum-+(procenum/N);

end

end
PROCE(pnum,alphanum)=interqnum/qmaxnum;
alphanum=alphanum+1;

end

pnum=pnum-+1

end

11
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B3R 2:  CeTmimEm varias )
% The program to graph the numerical calculation result of Leaf-Removal
fori=1:1:261

Xlable(i)=LFMAT(1,i);

Ylable(i)=LFMAT(4,1);

end
plot(Xlable,Ylable,'-ks','LineWidth',1.5,'MarkerEdgeColor','r', MarkerFaceColor','g',’

MarkerSize',10)
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