FTAR B R 48-BP AP W ZAR AL KL SO FHERHTI
iWk e

TR ZR0E 2= &k
feFEm: f&
R IR E SR

Pl RN PR 8 R R SOR A NAE TR S Z I S N ST REATHE M BCR, BRC
e AEM G NS, ASCAE e NSk ORI S 1 AOE b s R o A N FBIF Je il ) =2
SR A AR AR A S DL 77 b 9



-

WwH: BETEEES-BP HEMERANE] S02 HEFUNARIRE

BRI R e i) A KA — A B VAU AR S REFE  E HAE DU S AR RS
AT, S — IR TR S R 46-BP #h 22 45 ) ZhaS T U7 2. Il 1
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[ A S AR AP, RAAEF4% (nonnegative garrote, NNG) k(T T AR Rk FE, ¥
RHU AT EAEVE N BP #HZE 4% (back-propagation neural network) HI%i A, 37 7 NNG-BP
PRE LR o RAZAR 5 SR AR ) BP PHE M2 BEAT X B, 45 R B NNG-BP #2: f 45
R 25 v TR A 2 o ASHIE T T ST RO SRR IR, W DO IR A - B ik
i RS S
RER: RO A BB AR BP M4 NNG-BP %] R4t

To solve the problem of high energy consumption in existing in wet limestone-gypsum
desulfurization process and dynamic prediction model, a dynamic prediction method for SO
con-centration was proposed based on nonnegative garrote and back-propagation neural network.
2676 sets of field data were obtained on the spot in July 2018. In view of the industrial process
modeling objects generally have strong nonlinear and the variables are relevant and coupled, this
paper adopted nonnegative garrote (NNG) method for variable selection. NNG-BP model was
established based on the selected optimal variable set as model input. In addition, combining NNG
method with back-propagation neural network, the NNG-BP model was constituted. Comparing
NNG-BP model with the back-propagation neural network model without the variable
selection.The results show that the NNG-BP neural network model improves the prediction
accuracy of the model significantly. The model and results can be used as reference for the
optimization of limestone-gypsum desulfurization system.
Keywords: wet limestone-gypsum desulfurization, variable selection, BP networks, NNG-BP
control system
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4.2.1 WAL E I gRFE L

>>  clear all;
load('A.mat');
corrcoef(A);
if ~isempty(varargin) && isnumeric(varargin{1})
y = varargin{1};
varargin(1) = [];
% Convert two inputs to equivalent single input.
if numel(x)~=numel(y)
error(message('MATLAB:corrcoef: X Ymismatch'));
end
x = [x() YOI,
elseif ~ismatrix(x)
error(message('MATLAB:corrcoef: InputDim'));
end

% Quickly dispose of most common case.
if nargout<=1 && isempty(varargin)

r = correl(x);

return;
end

if ~isreal(x) && nargout>1
error(message('MATLAB:corrcoef: ComplexInputs'));
end



% Deal with empty inputs
[n,m] = size(X);
if isempty(x)
ifn<=1
% Zero observations with m variables results in an m x m NaN,
% unless m == 0 where we return a scalar NaN by convention.
% Note, an empty row vector is treated as zero observations with
% one variable, consistent with treatment of non-empty row vectors.
r = NaN(max(m,1), class(x));
else
% n > 1 observations with no variables returns an empty matrix of
% correlations.
r = ones(0, class(x));
end
p=rnrlo=rrup=r;
return;
end
% Treat all vectors like column vectors.
if isvector(x)
x =x(:);
[~, m] = size(x);
end
% Process parameter name/value inputs.
[alpha,userows,emsg] = getparams(varargin{:});
if ~isempty(emsg)
error(message(emsg));
end
% Compute correlations.
t = isnan(x);
removemissing = any(t(:));
if isequal(userows, 'all') || ~removemissing
[r, n] = correl(x);
elseif isequal(userows, 'complete')
% Remove observations with missing values.
x = X(~any(t,2),:);
[r, n] = correl(x);
else
% Compute correlation for each pair.
r = zeros(m,class(x));
n = zeros(m,class(x));
jk=1:2;
forj=1:m
jk(1) =j;




for k=1:j-1

jk(2) =k;

tik = ~any(t(:,jk),2);

n(j,k) = sum(tjk);

if n(j,k)<=1
r(j,k) = NaN;

else
17k = correl(x(tjk,jk));
r(j,k) = 17k(1,2);

end
end
tj = ~t(2,));
n(j.j) = sum(tj);
if n(j,j)<=1
r(j,j) = NaN;
else
1(j,)) = correl(x(t.)));
end

end
r=r+ tril(r,-1)";
n=n + tril(n,-1)";

% Compute p-value if requested.
if nargout>=2

% Operate on half of symmetric matrix.
lowerhalf = (tril(ones(m),-1)>0);
rv = r(lowerhalf);
if length(n)>1
nv = n(lowerhalf);
else
nv=n;
end
% Tstat = +/-Inf and p = 0 if abs(r) == 1, NaN if r == NaN.
Tstat =rv .* sqrt((nv-2) ./ (1 - rv."2));
p = zeros(m,class(x));
p(lowerhalf) = 2*tpvalue(-abs(Tstat),nv-2);
p=p +p' + diag(diag(r)); % Preserve NaNs on diag.
% Compute confidence bound if requested.
if nargout>=3
% Confidence bounds are degenerate if abs(r) = 1, NaN if r = NaN.
z= 0.5 * log((1+rv)./(1-1v));
zalpha = NaN(size(nv),class(x));
if any(nv>3)
zalpha(nv>3) = (-erfinv(alpha - 1)) .* sqrt(2) ./ sqrt(nv(nv>3)-3);




end
rlo = zeros(m,class(x));
rlo(lowerhalf) = tanh(z-zalpha);
rlo = rlo + rlo' + diag(diag(r)); % Preserve NaNs on diag.
rup = zeros(m,class(x));
rup(lowerhalf) = tanh(z+zalpha);
rup = rup + rup' + diag(diag(r)); % Preserve NaNs on diag.
end
end
function [r,n] = correl(x)
%CORREL Compute correlation matrix without error checking.
[n,m] = size(X);
r = cov(x);
d = sqrt(diag(r)); % sqrt first to avoid under/overflow
r=r./d./d;%r=r./d*d,
% Fix up possible round-off problems, while preserving NaN: put exact 1 on the
% diagonal, and limit off-diag to [-1,1].
r=(r+1")/2;
t = find(abs(r) > 1); r(t) = r(t)./abs(1(t));
r(1:m+1:end) = sign(diag(r));
function p = tpvalue(x,v)
%TPVALUE Compute p-value for t statistic.
normcutoff = 1e7;
if length(x)~=1 && length(v)=—=1
v = repmat(v,size(x));
end
% Initialize P.
p = NaN(size(x));
nans = (isnan(x) | ~(0<v)); % v == NaN ==> (0<v) == false
% First compute F(-[x|).
%
% Cauchy distribution. See Devroye pages 29 and 450.
cauchy = (v==1);
p(cauchy) = .5 + atan(x(cauchy))/pi;
% Normal Approximation.
normal = (v > normcutoff);
p(normal) = 0.5 * erfc(-x(normal) ./ sqrt(2));
% See Abramowitz and Stegun, formulas 26.5.27 and 26.7.1.
gen = ~(cauchy | normal | nans);
p(gen) = betainc(v(gen) ./ (v(gen) + x(gen).”2), v(gen)/2, 0.5)/2;
% Adjust for x>0. Right now p<0.5, so this is numerically safe.
reflect = gen & (x > 0);
p(reflect) = 1 - p(reflect);
% Make the result exact for the median.



p(x =0 & ~nans) =0.5;
function [alpha,userows,estruc] = getparams(varargin)
%GETPARAMS Process input parameters for CORRCOEF.

alpha = 0.05;
userows = 'all';
estruc = [];
while ~isempty(varargin)
if length(varargin)==
estruc = (‘MATLAB:corrcoef:unmatchedPVPair");
return
end

pname = varargin{1};

if ~ischar(pname)
estruc = (‘MATLAB:corrcoef:invalidArgName');
return

end

pval = varargin{2};

j = find(strcmp(pname, {'alpha' 'rows'}));

if isempty(j)
estruc = (‘MATLAB:corrcoef:invalidArgName');
return
end
if j==1
alpha = pval;
else
userows = pval;
end
varargin(1:2) =[];
end

% Check for valid inputs.

if ~isnumeric(alpha) || ~isscalar(alpha) || alpha<=0 || alpha>=1
estruc = (‘MATLAB:corrcoef:invalidAlpha');
return

end

oktypes = {'all' 'complete' 'pairwise'};

if isempty(userows) || ~ischar(userows)

1=

else

1 = strempi(userows, oktypes);
end
if ~any(i)

estruc = (‘MATLAB:corrcoef:invalidRowChoice');
return
end




userows = oktypes{i};
b=find(abs(ans(:,53))>0.3);
[m,n]=size(b);

newd=[];

c=[A(b)];

4.2.2NNG-BP [JZRFE I

>>  clear all;
load('x.mat")
load('y.mat')
function [s,shrcf,pmse]=NNGMain(x,y)
[m,p]=size(x);
m1=floor(m*0.5);
x1=x(1:ml,:);
yl=y(I:ml);
x2=x(ml:m,:);
y2=y(ml:m);
[net,rmse]=newtrain(x1,yl);
[n,p]=size(x1);
nfolds= 5;
s=linspace(1,10,20);
press=zeros(length(s),1);
b=[];
for i=1:length(s)
press(i)=newnng_kcv(x1,yl,s(i),net);
end
[a,b]=min(press);
s=s(b);
[beta, shrcf ,nnet]=nng_ann(x1,y1,s,net)
yb=sim(nnet,x2');
e=y2-yb';
rmse=mse(¢);
corrcoef(y2,yb);
plot (y2);
hold;
plot(yb,'r');

function [x1,y1,x2,y2]=datadiv(x,y)
[n,p]=size(x);
ind=[];
fori=1:n
ind=[ind i];
end
m=floor(n/5);




testx=(4*m+1:5*m);
x2=x(testx,:);
y2=y(ind(testx),:);

Newx=x;
newx(4*m+1:5*m,:)=[];
newy=y;
newy(4*m+1:5*m,:)=[];

x1=newx;
yl=newy;

function [net,rmse]=newtrain(X,y)
[x1,yl,x2,y2]=datadiv(x,y);
rmse=100;

hiddennode=5;

net = newff(x1',y1',hiddennode);
net=train(net,x1',y1');
yb=sim(net,x2');

e=y2-yb';

rmse=mse(e);

for i=1:5

nnet = newff(x1',yl',hiddennode);
nnet=train(nnet,x1',y1');

yb=sim(nnet,x2");
e=y2-yb';

newrmse=mse(e);
if newrmse<rmse
rmse=newrmse;
net=nnet;
end
end

function amse=newnng_kcv(x,y,s,net)
[n,p]=size(x);
ind=[];
amse=0;
nfolds=5;
fori=1:n
ind=[ind i];




end
m=floor(n/nfolds);

for i=1:nfolds %for i=1:nfolds  nfolds =5

newx=x;
newy=y;
vx=newx((i-1)*m+1:1*m,:);
vy=newy((i-1)*m+1:1*m,:);
newx((i-1)*m+1:1*m,:)=[];
newy((i-1)*m+1:1*m,:)=[];
[beta,shrct ,nnet]=nng_ann(newx,newy,s,net);
yb=sim(nnet,vx");
perror(i)=mse(vy-yb');
end
amse= mean(perror);
a=find(abs(shrcf)>1e-5)
t=size(a,l);
BIC=2*t+n*log(amse/n);
amse=amse+BIC;
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