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LEG1

procedure mxinvert (a,n,eps,singular); value n,eps; array a; integer n; real eps; label singular;
begin integer i,j,k,pivi,pivj,p,ri,ci,rk,cj,iless1; real pivot; integer array r,c[1:n];
comment set row and column index vectors;
for i:=1 step 1 until n do rliaile=clild:=i;
comment find initial pivot; pivi: =pivi:i=1; ' bpivot:=af1,1];
for i:=1 step 1 until n do Xfor j:=1 step 1 until n do
if abs(ali, J])>abs(p1vot) then begin pivi:i=i; piviji=f;  pivets=ali,j] end;
comment start reduction;
for i:=1 step 1 until n do
begin ri:=r[pivil; rlpivile=r[il; rl[il:=ri; cit=c[pivjl; clpivjl:=c[il; c[il:=ci; ilessl:=i-1;
if eps > abs(al[ri,ci]) then
begin print punch(3),sameline,digits(3),£21?MATRIX SINGULAR?,££1?i=?,i,££1?PIVOTS FOLLOW?;
for i:=1 step 1 until n do
print punch(3) ,sameline ,digits(3),£21??,r[i],££s47?,c[i];
goto s1ngu1ar

end;
for j:;T-step 1 until iless1,i+1 step 1 until n do
begin cj:=cl[jl; alri,cjl:=alri,cjl/pivot end;
alri,eil:=1,0/pivot;: pivot 1=0;
for k:=1 step 1 until ilessl 1+1 step 1 until n do
begin rk:=r[k]l;
for j:=1 step 1 until ilessl,i+1 step 1 until n do
begin cj:=c[j];-alrk,cjl:=alrk,cjl-alri,cjl*alrk, cil:
if k>i and j>i and abs(alrk,cjl) >abs(pivot) then
begln pivi: _k pivj:=3j; pivot:=alrk, CJ] end conditional

end jloop;
alrk,cil:=-a[ri,cil*a[rk,ci]
end kloop
end iloop aﬁa_;eduction;
comment rearrange rows; mxperm(al j,pl,alk,pl, j,k,r,c,n,p);

comment rearrange columns; mxperm(alp, j1,alp,k], j,k,c,r,n,p)
end mxinvert;



procedure choleski(a,n,fail);
value n; integer n; array a; 1label fail;
begin integer i, j,k,iless1; real aii;
foxr d:=1 step T until n do
L begin ilessl:= i-1;
aii::a[i,i]-sigma(a[i,k]*a[i,k],k,1,iless1);
if aii < 0 then goto fail;
giiz=ali,i):= sqrt(aii):
for j:= i+1 step 1 until n do
alj,il:= (alj,il-sigma(ali,kI*alj,k],k,1,iless1)) /aii

end
end choleski ;

procedure linv(a,n);
value n; integer n; array a;
begin integer i, j,k,ilessl; real aii;
for i:=1 step 1 until n do
begin ilessl:= i-1; giis=ali,il}:
for j:= 1 step 1 until iless] do
ali, jl:= —sigma(a[i,k]*a[k,j],k,j,iless1)/aii;

ali,i}:= 1,0/aii

end
end linv;

procedure mxmult(a,b,c,m,n,p): value m,n,p; integer m,n,p; array a,b,c;
comment c¢[m pl:= alm n] b[n p];
begin integer i, j,k;
for i:= 1 step 1 until m do
for j:= 1 step 1 until p do cli, jl:=sigma(ali,k]*b[k,jl,k,1,n)

endmxmult;




procedure SYMDET(a,n,symdet,fail); value n; integer n; real symdet; array a;

label

begin integer i, j,k,ilessl,ci,ii,cj,ij;
real det,aii,aki,aij;
det._1 0;
for i:=1 step 1 until n do
" begin ilessl:=i- -1; ci:=eli]; ii:=i+ci; aiiz=aliil;

for k:=1 step 1 until ilessl do
begin aki:=alk+ci]; aii:=aii-aki*aki eng;
if aiilG.0 then goto fail;
det'—det*all
aiis —a[11]._sqrt(aii);
for ji=i+1 step 1 until n do

begin cji=c[jl; ij:i=i+ej; aij:=alijl;
for k:=1 step 1 until ilesgl do aij:=aij-alk+cil*al[k+cjl;

alijl: =aij/aii

end j
end i;
symdet : =det

end SYMDET;

procedure SYMSOL(a,b,n); value n; integer n; real array a,b;
begin integer i, j, jlesst,cj; real bi,bj;
for j:=1 step 1 until n do
begin hj:=blj]: Jless1._3—1° csizclijih:
for i:=1 step 1 until jless1l do bj:=bj-ali+cjl*b[il;
b[J]::bJ/a[J+CJ]

end;
for i:=n step -1 until 1 do
begin bi:=b[i];
for j:=i+1 step 1 until n do bi:=bi-ali+c[j11*b[j];
blil:=bi/ali+c[i]]

end

——

end USYMSOL;

fail;

LE24

LE25




procedure SYMDET(a,n,symdet,fail); value n; integer n; real symdet; array a;

begin integer i, j,ki,ii,k1,kiless1,ij,kj;
real det,aii,aki,aij;
dets =110 adis=1s
for i:=1 step 1 until n do
begin aii:=a[ii]; kl:=ii-i+1; kilessl:=ii-1;
for ki:=kl step 1 until kilessl do
begin aki:=alkil; aiit=aii-aki*aki end;
if 2ii<0 then goto fail;
det:=det*aii;
%5;::a 5 41 sqrt(a11)
for ji=ii1 step 1 until n do
begin aij:=alijl; kj: Jrzigj-i+l;
for ki:=kl step 1 until kilessl do
begin aij: a13-a[k1]*a[k3] kj:=kj+1
alijle=aij/aii; djs=ij+J
end;
iis=ii+i+l;
end;
symdet :=det
end SYMDET;

procedure SYMSCL(a,b,n); value n; integer n; array a,b;
begin integer i, j,k,ii; real sum;

ettt
for i:=1 step 1 until n do

begin k:=ii~-1; sum:=bli];

for ji=i-1 step ~1 until 1 do
begin sum:=sum-b[jl*al[k]; k:=k-1 end;
bl[il:=sum/a[ii]; di:=ii+i+]

end forward solution;

ki=ii-1; dii:=zii-n-1;
for i:=n step -1 until 1 do

begln sum:=b[i];

for ji:=i+1 step 1 until n do
begin sum:=sum-b[ jl*al[k]; :=k+j end;
b[il:=sum/af[iil; k:=ii-1; 11::11-i

end back substitution

end SYMSCOL;

label fail;

end;
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procedure vecjacobi(a,s,n,rho); value n,rho; real rho; integer n; array a,s;
comment an adaptation of ACM85 to evaluate the eigenvalues and
eigenvectors of a real symmetric matrix A[1:n,1:n], The upper
triangle of A should be supplied, in vector form, stored by
columns, in a[1:n (n+1) " 2] so that A[i,j] occupies ali+j (j-1) 21.
Alternatively, by symmetry, the lower triangle of A, stored by
rows may occupy a., At exit the eigenvalues occupy a[l1] through
aln], with corresponding eigenvectors in the columns of slilsn; 10l
rho is the precision tolerance as used in ACMB5, which,
in practice, should not be less than the relative machine precision,
On a test matrix of order 20, using a tolerance of 10~6 vecjacobi
proved to be 2.5 times faster than ACM85;
begin integer array c[1:n]; integer i,j,ci,cj,p,q,cp,cq,jlessl,qlessl,ip,iq;
switch ss:=main,maini; :
real fac,aij,thr,norm1,normz,apq,app,aqq,m,mu,lambda,cost,sint,aip,aiq,
sip,siq,sincos,cs45;
boolean ind;
cs845:=1,0/sqrt(2,0);
p:=0;. fac:=0,0;
dor i:=1 step 1 unti] n do
bosin s[i,il:=1,0; clil:=p; piep+i;
for j:=i+1 step 1 until n do sfi,jl:=slj,1]:=0,0;

end;
for j:=2 step 1 until n do
begin cj:=c[jl; jlessl:=j-1;
for i:=1 step 1 until jlessi do
begin aij:=ali+cjl; fac:=fac+2,0%aij*aij end

end;
?E?::normI::sqrt(fac); norm2: =rho*norml/n;
main: thr:=thr/n;
mainl: ind:=false;
for q:=2 step 1 until n do
begin cq:=clql; qless1:;H—1;
for p:=1 step 1 until qlessl do
begin apq:=alp+cql;
if abs(apq) > thr then
begin cp:=c[p]l; ind:= true;
app:=alp+cpl; aqq:=alq+cql; m:=app-aqq;
mu:=abs(m) ; :
if mu<rho then cost:=sint:=cs45
else begin lambda:=sign(m)*apq; mu:=0,5%mu;
fac:=0.5/sqrt(lambda*lambda+mu*mu) ;
cost:=sqrt(U,5+mu*fac) ;
sint:=lambda*fac/cost

end;
for i:=1 step 1 until n do
begin ci:=c[i];
if i < p then begin ip:=i+cp; iq:=i+cq end
85 else begin ip:=p+ci;
iq:=if i>q then qg+ci else i+cq

end; A
aip:=af[ipl; aiq:=aliql;
sip:=sli,pl; siq:=eli,ql;
s[i,pl:=cost*sip+sint*siq;
sf[i,ql:=sint*sip-cost*siq;
alip]:=cost*aip+sint*aiq;
afigl:=sint*aip-cost*aiq

end i;
sincos:=sint*cost; fac:=(apqg+apq)*sincos;
sint:=sint*sint; cost:=cost*cost;
a[p+cp]:=cost*app+sint*aqq+fac;
a[q+cql:=sint*app+cost*aqq-fac;
alp+cql:=0,0 ,
~ end
end

end;
if ind then goto mainl else if thr>norm2 then goto main;
for i:=2 step 1 until n do al[il:=ali+c[i]]

end vecjacobi;




real procedure equipol(xbase,y,arg,n,m,h); value x»base,arg,m,n,h; real xbase,arg,h;

begin integer i,j,mlessl; real jh,fi; array £[0:ml;
if m>n then m:=n; i:=entier((arg-xbase)/h)-m div 2;
Jji= if i<C then 0 else if i4+m>n then n-m else ij
for i:= 0 Btep 1 until m do f[l]._y[1+3]
arg._arg j*h~xbase;
mlessi:=m~1;
for i:=0 step 1 until mlessl do
begln Fis=Flanl igho=h.
foxr j: 1+1 step 1 until m do
begin f[J]::f1+arg*(f[J]-f1)/Jh jh:=jh+h end ;
arg:=arg-h

end;
equipol:=f[m]
end equipol;

real procedure ait(z,f,arg,n); value arg,n; integer n; real arg; array Ziyts
begin integer i,j,nlessl; real fi,zi,u; nlessl:=n-1;
for i:=U step 1 until nlessl do
begin fi:=f[i]; Zi::a[i] ‘u:=zarg-zi;
for j:=i+1 step 1 until n do
f[J]::fl+u*(f[3]—fl)/(Z[J]—Zl)

end'
a1t:=£[n]
end;
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array y;

integer m,n;
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real procedure equidydx(xbase,y,arg,n,m,h,est); value xbase,arg,m,n,h; real xbase,arg,est,h;

begin integer i, j,mlessl; real Jh f1 dlffl 2 BT arraz £, dlff[u ml;
if m>n then m:=n; 1:=entler((arg—xbase)/h)—m div %;
Fi= if 1<0 then U else if i+m>n then n-m else s
for it= 0 step 1 until m do begin flil:=yli+jl; diff[il:=0.0 end;
arg:=arg-j¥h-xbase;
mlessl:=m-1;
for i:=0 step 1 until mlessl do
begin fi:=f[i]; gjh:=h; diffi:=diff[i];
for j:=i+1 step 1 until m do
begin fjifi:=f[jl-fi;

diff[jl:=diffi+(£jfi+arg*(diff[ j1-diffi))/jh;

fLjl:=fi+arg*fjfi/jh; jh:=jh+h
end ;
arg:=arg-h
end;
est:=f[m];
equidydx:=diff[m]
end equidydx;

MTO6

array y;

integer m,n;




