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OZET
Birinci Boliimde; Lie cebri kavrami agiklanmig ve Lie cebirlerine
bir érnek verilmistir.

Ikinci Bolimde; Lie ¢arpimi agiklanmig ve Lie garpim yapan bir
program hazirlanmstir. ki  dmekle program g¢alistilmis ve giktilar
program sonrasinda verilmisgtir.

Uglincit Boliimde; Abelian Lie cebiri tammlanmus , bir Lie cebiri-
nin abelianhigim test eden program iki Smekle gosterilmistir.

Dordiincti Bolumde; Lineer Lie cebirleri agiklanmis ve verilen bir
Lie cebir elemammin hangi Lineer Lie cebirine ait oldugunu bulan
programlar érneklerle verilmistir.

Besinci Boltimde; Yap: sabitleri anlatilmig verilen bir say1 kiime-
sinin bir Lie cebiri olusturup olusgturmadigimi test eden bir program
orneklerle verilmistir.

Altinc1 Bolimde; Lineer Lie cebirlerinin tirevi agiklanmis ve veri-
len bir lineer operatériin tiirev operatoérit olup olmadifini test eden bir
program orneklerle birlikte verilmigtir.

Yedinci Bolumde; Bir Lie cebirinin elemanlarinin adjointi tanim-
lanmigtir Elemanlann  adjoint matrisini bulan program hazrlanmis ve
ormek verilmigtir.

Sekizinci Boliimde; Killing Formunun ne oldugu ve 6nemi anlatil-
migtir. Simplektik Lie cebirinin Killing Formunu bulan program
hazirlanmigtir.
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LIE CEBRI KAVRAMI

Lie cebirleri vektor uzaylarnnin lineer transformasyonlan olarak hem
degisme hem de birlesme 6zellifi olmayan bir operasyonla birlikte ortaya
cikmaktadirlar. Boyle bir sistemi soyle tarif edebiliriz.

Tanim: F cismi tzerindeki L vektor uzayi ve
LxL—L

(x,y)—>[x,y] x ve y nin komiitatorii diye adlandirilan bu operasyon
asagidaki aksiyomlart sagliyorsa bu vektor uzayma F cismi lizerinde bir
Lie cebri denir.

L,: Komiitat6r operasyonu bilineerdir.

L»: VxeL i¢in [x,x]=0 dur.
1_133[x:[ygz]]"’[y,[z’x]]'*'[Z’[XaY]]:O (X,y,ZEL)
Ugtincii aksiyom Jacoby esitligi diye adlandinlir.
Eger [x+y,x+y] tizerinde L, ve L; yi uygularsak
[x+y,x+y]=0 dir.(L, den dolay1)
[xx+y]+[y.x+y]=[x.x]+[x,y]+[y.x]+[y,y]=0
[x,x]=0 ve [y,y]=0 (L. den dolay1)

oyleyse  [x,y]+[y,x]=0 olmalidir. Buradan

[xy]= -[y.x].......L»
Eger char F#2 ise L,” L, yerine gegebilir.

Lie Cebirlerine Bir Ornek

gl(n,F) ,F cismi tizerindeki nxn boyutlu matrislerin kiimesi olsun.
Komuiitatér operasyonumuz da

[X,Y]=XY-YX (XY matris ¢arpimi) olsun.gl(n,F) bir Lie cebridir.S6yle
ki
Li[aiAtarAs,B]=ai[A),B]+a:[As B]
[A,b1B;+byBa]=bi[A,B1]+b2[A,Bs)
al,az,bl,bzeR Al,Ag,A,Bl,Bz,Begl(n,F)
[a1A1+agAz,B]?(a1A1+a2A2)B-B(a1A1+a2A2)
=a;A,B+a,A,B-Ba;A;-BaA,
=a;AB-a;BA;+aA;B-a;,BA,
=a; [A1 ,B]+a2 [Ag,B]
[A,biB+b,B]=A(b1B1+b,B>)-(b1B1+b.B:)A
=Ab;B;+Ab,B>-b;B;A-b,B-A
=h,AB;-b;B;A+b,AB,-b,B-A
=bi[A,Bi]+b2[A,B:]



[X,Y]=XY-YX operasyonu bilineerdi
L2’:[X3Y]= -[Y’X]
Sol taraftan [X,Y]= XY-YX
Sag taraftan -[Y,X]= -(YX-XY)
=-YX+XY
=XY-YX
Lj:Jacoby esitligi
[X,[Y,Z]]+[Y,[Z,X]]+[Z,[X,Y]]=0 dur.
XY ZNHYL[ZX)HZ X Y=[X,YZ-2Y ]+ Y,[ZX-XZ) +[Z,XY-YX]
=X(YZ-ZY)-(YZ-ZY)X+Y(ZX-XZ)(ZX-XZ)Y+Z(XY-YX)-(XY-YX)Z
=XYZ-XZY-YZXAZYX+YZX-YXZ-ZXY+XZY+ZXY-ZY X-
XYZ+YXZ=0

Gorildign gibi [X,Y]=XY-YX operasyonu altinda, gl(n,F) bir Lie
cebiridir.
Alt Lie Cebiri

Tanmim: KL Lie cebirinin bir alt uzay: olsun.Eger x,yeK iken
[x,y]eK oluyorsa K alt uzay: L nin bir alt Lie cebiri olur.
Yani tanimlanan operasyon alt uzay i¢inde kapali kaliyorsa alt
uzay bir alt Lie cebiri hakine gelir.
Agiktir ki L nin stfirdan farkli her elemanmin dogurdugu alt uzay
bir boyutlu alt Lie cebri meydana getirmektedir.

Lie Carpimi

gl(n,F) F cismi tizerinde nxn boyutlu matrislerin kiimesiydi.gl(n,F) bir
vektor uzayidir Bu vektdr uzayinin bazi da

{ej:1 <i<n,1<j<n} dir.
[eij.em]=eij.em-em.eij
e;j.eu=ey egerj=k
ej.en=0 eger jzk
eij.em=8jk.eu
dp=1 egerj=k
8jk=0 egerj¢k
[ei,e1] = ejj.€x~€u.€j;

= djk.€i1-Oli. €k
Bu yontemle baz elemanlan arasindaki Lie ¢arpimlanini kolayca

hesaplayabiliriz.



F cismi tizerinde 2 boyutlu matrislerin kiimesi olan gl(2,F) ele
ala hm
gl2,F) = c d| abec,dekF}

N 0 (R ¢

[811,61')] = 811 617-851 S 1. ep-O Ci1TEnn
[e1.en] =0
[eu,eol] = 510 611"5]1 € = 0. €= -1. [~ ) Rl = 3 P

Bu sekilde baz elemanlani arasindaki biitiin Lie ¢arpimlarim
pratik olarak hesaplayabiliriz.

Verilen iki matrisin Lie ¢arpimlarimi hesaplamak eger boyut
buytikse zor olmaktadir.Bu durumda bu hesabi yapacak bir program
hazirlayalim.

Lie-pro.cpp
#include<stdio.h>
#include<math.h>
#include<stdlib.h>
void init_matrix(float **x,int k);
void display(float **x,int k);
float **matrix(int nrl,int nrh,int ncl,int nch);
void mult(float **z float **x,float **y);
void subt(float **z float **x float **y);
int n;
main()
f{loat ¥¥g ¥kh ¥k ] k) kkg
printf("This is LIE PRODUCT PROGRAMME\n");
printf("Enter dimension of your matrix\n");
scanf("%d",&n);
a=matrix(1,n,1,n);
b=matrix(1,n,1,n);
ml=matrix(1,n,1,n);
m2=matrix(1,n,1,n);
s=matrix(1,n,1,n);
printf("Enter your first matrix\n");
init_matrix(a,n);
printf("First matrix is\n");
display(a,n);



printf("Enter your second matrix\n");
init_matrix(b,n);

printf("Second matrix is\n");

display(b,n),

printf("Multiplication first and second matrix\n");
mult(m1,a,b);

display(m1,n);

printf("Multiplication second and first martix\n");
mult(m2,b,a);

display(m2,n);

subt(s,m1,m2);

printf("LIE PRODUCT IS\n");

display(s,n);

return 0;

}

void init_matrix(float **x,int k)

{ floatr;

int i,j;

for(i=1;i<=k;i++)

for(j=1;j<=kj++)

{printf("Enter the coefficent x[%d][%d]\n",i,j);
scanf("%f",&n);x[i]{j]=r;

}

}

void display(float **x,int k)

{

int i,j;

for(i=1;i<=k;i++)

{forG=1j<=k;j++)

{printf("%\t" x[1][j]);

}

printﬂn\n");

}

} :

float **matrix(int nrl,int nrh,int ncl,int nch)

{

int i;

float **m,;

/*allocate pointers to rows*/

m=(float **)malloc((unsigned)(nrh-nrl+1)*sizeof(float *));
if(!m) printf{("allocation failure 1 in matrix()")



m-=nrl;

/*allocate rows and set pointers to them*/
for(i=nrl;i<=nrh;i++){

m[i]=(float *)malloc((unsigned)(nch-ncl+1)*sizeof(float));
if(!m][i]) printf("allocation failure 2 in matrix()");
m[i]-=ncl;

}

/*return pointer to array of pointers to rows*/

return m;

}
void mult(float **z float **x float **y)

{

int 1,j,k;
for(i=1;i<=n;i++)
for(j=1;j<=n;j++)
z[1][j]=0;
for(i=1;i<=n;i++)
for(j=1;j<=n;j++)
for(k=1;k<=n;k++)
i[i]U]+=X[i][k]*y[k][i];

void subt(float **z float **x float **y)
Lo

int ij;

for(i=1;i<=n;i++)

for(j=1;j<=njj++)

z[i][j]=0;

for(i=1;i<=n;i++)

for(j=1;j<=n;j++)

f[i][.i]=x{i][i]-y{i][j];

Programmizin ¢iktism bir dosya igine yazlacak sekilde
programimizi biraz degistirelim.

Flie-pro.cpp
#include<stdio.h>
#include<math.h>
#include<stdlib.h>
void init_matrix(float **x,int k);
void display(float **x,int k);
float **matrix(int nrl,int nrh,int ncl,int nch);



void mult(float **z, float **x float **y);
void subt(float **z float **x float **y);

int n;

FILE *fp;

main()

{
if((fp=fopen("Flie-pro","wb"))==NULL){
printf("can not open file\n");

exit(1);

iloat *¥q ¥¥h ¥¥] *¥¥m) **g
fprintf(fp,"This is LIE PRODUCT PROGRAMMEn");
printf("Enter dimension of your matrix\n");
scanf("%d",&n);

a=matrix(1,n,1,n);

b=matrix(1,n,1,n);

ml=matrix(1,n,1,n);

m2=matrix(1,n,1,n);

s=matrix(1,n,1,n); |

printf("Enter your first matrix\n");
init_matrix(a,n);

fprintf(fp,"First matrix is\n");

display(a,n);

printf("Enter your second rnatn'x\n");
init_matrix(b,n);

fprintf(fp,"Second matrix 1s\n")
display(b,n);

fprintf(fp,"Multiplication first and second matrix\n");
mult(ml,a,b);

display(m1,n);

fprintf(fp,"Multiplication second and first martix\n");
mult(m2,b,a);

display(m2,n);

subt(s,m1,m?2);

fprintf(fp,"LIE PRODUCT IS\n");
display(s,n);

fclose(fp);

return 0;

}

void init_matrix(float **x,int k)

{ float r;



int ij;

for(i=1;i<=k;i++)

for(j=1;<=k;j++)

{printf("Enter the coefficent x[%d]}[%d]\n",i,j);
scanf("%f",&r);x[i][j]=T;

}

}

void display(float **x,int k)

{

int i,j;

for(i=1;i<=k;i++)

{

fprintf(fp,"\r");

{forG=1;j<=kyj++)

fprintf(fp,"%f ",x[i]{j]);

}

fprintf(fp,"\n");

}

}

float **matrix(int nrl,int nrh,int ncl,int nch)

{

int i;

float **m;

/*allocate pointers to rows*/

m=(float **)malloc((unsigned)(nrh-nrl+1)*sizeof(float *));
if(!m) printf("allocation failure 1 in matrix()");
m-=nrl;

/*allocate rows and set pointers to them*/
for(i=nrl;i<=nrh;i++){

m[i]=(float *)malloc((unsigned)(nch-ncl+1)*sizeof(float));
if(!m[i]) printf("allocation failure 2 in matrix()");
m[i}-=ncl;

}

/*return pointer to array of pointers to rows*/
return m;

}

void mult(float **z float **x,float **y)

{



int i,j,k;
for(i=1;i<=n;i++)
for(j=1;j<=n;j++)
z[i][j]=0;
for(i=1;i<=n;i++)
for(j=1;j<=n;j++)
for(k=1;k<=n;k++)
J}'Z[il[j]+=X[i][k]"‘Y[k]U];
void subt(float **z float **x,float **y)
{

int i,j;
for(i=1;i<=n;i++)
for(j=1;j<=n;j++)
2[i][j]=0;
for(i=1;i<=n;i++)
for(j=1;j<=ny++)

§[i][i]=X[i]Li]-y[i]U];
Ornek 1:
3 boyutlu iki matrisi ele alahm ve Lie ¢arpimlarini hesaplayalim.
1 1 2 0 1 0 3
A=13 4 1 B=l1 -2 0
-1 0 2 3 1 4

This is LIE PRODUCT PROGRAMME
First matrix is

1.000000 2.000000 0.000000
3.000000 4.000000 1.000000

-1.000000 0.000000 2.000000



Second matrix is

1.000000 0.000000 3.000000
1.000000 -2.000000 0.000000
3.000000 1.000000 4.000000
Multiplication first and second matrix
3.000000 -4.000000 3.000000
10.000000 -7.000000 13.000000
5.000000 2.000000 5.000000
Multiplication second and first martix
-2.000000 2.000000 6.000000
-5.000000 -6.000000 -2.000000
2.000000 10.000000 9.000000

LIE PRODUCT IS

5.000000 -6.000000 -3.000000
15.000000 -1.000000 15.000000

3.000000 -8.000000 -4.000000
Ornek 2:

9

4x4 boyutlu iki matrisin Lie ¢arpimini yaptifimizda ise su ¢iktiyl

aliyoruz.



This is LIE PRODUCT PROGRAMME

First matrix is

1.000000 2.000000 6.000000 -8.000000
7.000000 5.000000 4.000000 -7.000000
5.000000 6.000000 7.000000 -66.000000

-4.000000 3.000000 2.000000 4.000000

Second matrix is

12.000000 4.000000 6.000000 8.000000
0.000000 9.000000 8.000000 7.000000
6.000000 5.000000 4.000000 5.000000

6.000000 78.000000 3.000000 4.000000

Multiplication first and second matrix

0.000000 -572.000000 22.000000 20.000000
66.000000 -453.000000 77.000000 83.000000
-294.000000 -5039.000000 -92.000000 -147.000000

-12.000000 333.000000 20.000000 15.000000

10



11

Multiplication second and first martix

38.000000 104.000000 146.000000 -488.000000
75.000000 114.000000 106.000000 -563.000000
41.000000 76.000000 94.000000 -327.000000

551.000000 432.000000 377.000000 -776.000000
LIE PRODUCT IS

-38.000000 -676.000000 -124.000000 508.000000
-9.000000 -567.000000 -29.000000 646.000000
-335.000000 -5115.000000 -186.000000 180.000000

-563.000000 -99.000000 -357.000000 791.000000

Abelian Lie Cebiri

Tamim:F cismi (zerindeki her vektér uzayi[x,y]=0 Vx,yeV
operasyonuyla bir Lie cebiridir.Boyle Lie cebirlerine abelian Lie cebiri
denir.

Verilen bir Lie cebrinin abelian olup olmadigimi anlamak igin
tanima goére Lie cebrinin her elemanim birbiriyle ¢arpmak gerekmektedir.

Lie cebrinin her elemam1 baz elemanlannin bir lineer
kombinasyonudur. O halde bir Lie cebirinin abelian olup olmadigimi
anlamak i¢in yalmzca baz elemanlarim birbiriyle ¢arpmak ve sonucu
degerlendirmek yeterli olacaktir. Eger biitiin ¢arpimlar 0 oluyorsa Lie cebiri
abeliandir.

Baz elemanlarim: indeksleyip birbiriyle -¢arpimlarini yapan ve
sonucun 0 olup olmadigimi kontrol eden bir program,Lie cebrinin
abelyanhigini test edecektir.



Abelian.cpp

#include<stdio.h>

#include<math.h>

#include<stdlib.h>

void init_matrix(float **x,int k);

void display(float **x,int k);

float **matrix(int nrl,int nrh,int ncl,int nch);
void mult(float **z float **x,float **y);
void subt(float **zfloat **x,float **y);

int n,ldim;

main()

{

int 1,j,k,w;

float **b[100], **1[100][100] **m1[100][100];
printf{"Enter dimension of lie algebra\n");
scanf("%d",&ldim);

printf("Enter dimension of base elements as matrices\n"),

scanf("%d",&n);
for(i=1;i<=1dim;i++)

b[i]=matrix(1,n,1,n);

}

for(i=1;i<=ldim;i++)
for(j=1;j<=Idim;j++)

{

{

I[i][j]=matrix(1,n,1,n);
m1[i][j]=matrix(1,n,1,n);
)

J

for(i=1;i<=ldim;i++)

{

printf("Enter the base element b[%d]\n",1);
init_matrix(b[i],n);
display(b[i],n);

}

for(i=1;i<=ldim;i++)
for(j=1;j<=ldim;j++)

12



{

{

mult(m1[i}{j].b[i],b[D);

}

}

for(i=1;1<=ldim;i++)
for(j=1;j<=ldim;j++)
{printf("Lie product of 1[%d][%d]\n",i.j);
{

subt(1[i][j],m 1 [i][j] ml[l][l])
C}hSplay(l[ll[l] n);
printf("\n\n");

}

for(i=1;i<=ldim;i++)
for(j=1;j<=ldim;j++)
for(k=1;k<=ldim;k++)
for(w=1,w<=ldim;w++)
Hf([i] 51k} [w]!=0.000000)

{

printf("It is not an ABELIAN LIE ALGEBRA\n");

return 0;

}

printf("It is an ABELIAN LIE ALGEBRA\n");

return O;

}

void init_matrix(float **x,int k)
{ floatr;

int 1,j;

for(i=1;1<=k;i++)
for(j=1j<=k;j++)

{printf("Enter the coefficent x[%d][%d]\n",1,j);

scanf("%f",&r);x[i][j]=T;
}

void display(float **x,int k)

inti,j;
for(i=1;i<=k;i++)

13



{for(j=1;<=k;j++)

{printf("%\t" x[1][i]);

}

printf("\n");

}

}

float **matrix(int nrl,int nrh,int ncl,int nch)

{

int i;

float **m;

/*allocate pointers to rows*/

m=(float **)malloc((unsigned)(nrh-nri+1)*sizeof(float *));
if(!m) printf("allocation failure 1 in matrix()");
m-=nrl;

/*allocate rows and set pointers to them*/
for(i=nrl;i<=nrh;i++){

m[i}=(float *)malloc((unsigned)(nch-ncl+1)*sizeof(float));
if(!m[i]) printf("allocation failure 2 in matrix()");
m[i]-=ncl;

}

/*return pointer to array of pointers to rows*/
return m;

}

void mult(float **z float **x,float **y)
{

int1,j,k;

for(i=1;i<=n;i++)

for(j=1;j<=nj++)

z[1][j]=0;

for(i=1;i<=n;i++)

for(j=1;j<=n;j++)

for(k=1:k<=n;k++)

i[i][j]+=X[il [k]*y[k]GL;

void subt(float **z float **x float **y)
{

int 1,);

for(i=1;i<=n;i++)

for(G=1;j<=n;j++)

z[i][j]=0;

for(i=1;i<=n;i++)

14
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for(j=1;j<=n;j++)

z[i][]=x[i]G1-ylibls }

Bu programm ¢iktisin1 dosyalayalim ve iki ¢rekle programi
caligtiralim.

Fabelian.cpp
#include<stdio.h>
#include<math.h>
#include<stdlib.h>
void init_matrix(float **x,int k);
void display(float **x,int k);
float **matrix(int nrl,int nrh,int nclint nch);
void mult(float **z float **x,float **y);
void subt(float **z float **x,float **y);
int n,ldim,;
FILE *fp;
main()
{
if((fp=fopen("Fabelian","wb")y==NULL){
printf("can not open file\n");
exit(1);
}
int i,j,k,w;
float **b[100],**1[100][100],**m1[100][100];
printf("Enter dimension of lie algebra\n");
scanf("%d",&1dim);
printf("Enter dimension of base elements as matrices\n"),
scanf("%d",&n);,
for(i=1;i<=ldim;i++)
{
b[i]=matrix(1,n,1,n);
}
for(i=1;i<=ldim;i++)
for(j=1;j<=ldim;j++)
{
{
I[i][j}=matrix(1,n,1,n);
m1[i]{j]=matrix(1,n,1,n);



}

}

for(i=1;i<=ldim;i++)

{

printf("Enter the base element b[%d]\n",1);
init_matrix(b[i},n);

display(b[i},n);

}

for(i=1;i<=ldim;i++)
for(j=1;j<=ldim;j++)
{

{
mult(m1[i][j],b[i],bG]);
}

}

for(i=1;i<=Idim;i++)
for(j=1;j<=Idim;j++)
{fprintf (fp,"Lie product of 1[%d][%d]\n",i,j);
{
subt(1[i] G, m1[i]j],m1[j][i]);
c}hsplay(l[llm,n);

printf( "\n\Il");

}

for(i=1;i<=ldim;i++)
for(j=1;j<=ldim;j++)
for(k=1;k<=ldim;k++)
for(w=1;w<=ldim;w-++)
if(1{1} (3] [k][w]!=0.000000)

{

fprintf(fp,"It is not an ABELIAN LIE ALGEBRAW");
return O;

}

fprintf(fp."1t is an ABFLIAN LIE ALGEBRAWn");
retum 0,

}

void init_matrix(float **x,int k)
{ float r;

int ij;

for(i=1;i<=k;i++)
for(i=1;j<=kj++)

16
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{printf("Enter the coefficent x[%d][%d]\n" i,});
scanf("%f", &r);x[i][j}=T;

}

}

float **matrix(int nrl,int nrh,int ncl,int nch)

{

int i;

float **m,;

/*allocate pointers to rows*/

m=(float **)malloc((un51gned)(nrh-nr1+1)*smeof(ﬂoat )R
if(!m) printf("allocation fallure 1 in matrix()");

m-=nrl;

/*allocate rows and set pointers to them*/
for(i=nrl;i<=nrh;i++){

m[i]=(float *)malloc((unsigned)(nch-ncl+1)*sizeof(float));
if(!m[i]) printf("allocation failure 2 in matrix()");
m{[i]-=ncl; .

}

/*return pointer to array of pointers to rows*/

return m;

}

void mult(float **z float **x float **y)
{

int i,j,k;

for(i=1;i<=n;i++)

for(j=1;j<=n;j++)

z[i][j]=0;

for(i=1;i<=n;i++)

for(j=1;j<=n;j++)

for(k=1;k<=n;k++)

§[i]Li]+=x[i] [k]*y[k](];

void subt(float **z float **x float **y)
{

int 1,j;

for(i=1;i<=n;i++)

for(j=1;j<=n;j++)

z[1][j]=0;

for(i=1;i<=n;i++)

for(j=1,<=n;j++)

z[i]G}=x[i][]-y (1061}
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Ornek 1:
Bir Lie cebirinin baz elemanlanni girelim ve programmmz ¢aligtiralim.

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000

1.000000 0.000000 0.000000

0.000000 0.000000 0.000000
0.000000 1.000000 0.000000

0.000000 0.000000 0.000000

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 1.000000
Lie product of 1[1][1]

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
Lie product of 1[1][2]

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000

0.000000 0.000000 0.000000



Lie product of 1[1][3]

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
Lie product of 1[2][1]

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
Lie product of 1[2][2]

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
Lie product of 1[2][3]

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
Lie product of 1{3][1]

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000

Lie product of 1{3]{2]
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0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
Lie product of 1[3][3]

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000

Itis an ABELIAN LIE ALGEBRA.

Ornek 2:
Bir Lie cebirinin baz elemanlarim girelim ve programimiz: ¢aligtiralim.

1.000000 0.000000 0.000000
0.000000 -1.000000 0.000000

0.000000 0.000000 0.000000

1.000000 0.000000 0.000000
0.000000 1.000000 0.000000

1.000000 0.000000 0.000000



1.000000 0.000000 1.000000
1.000000 0.000000 1.000000

-1.000000 0.000000 1.000000

-1.000000 0.000000 0.000000
0.000000 1.000000 0.000000

0.000000 0.000000 0.000000

Lie product of 1[1][1]

0.000000 0.000000 0.000000

0.000000 0.000000 0.000000

0.000000 0.000000 0.000000

Lie product of 1[1][2]

0.000000 0.000000 0.000000

0.000000 0.000000 0.000000

-1.000000 0.000000 0.000000
Lie product of 1[1][3]

0.000000 0.000000 1.000000

-2.000000 0.000000 -1.000000

1.000000 0.000000 0.000000

Lie product of 1[1][4]
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0.000000 0.000000 0.000000
0.000000 0.000000 0.000000

0.000000 0.000000 0.000000

Lie product of 1[2][1]

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
1.000000 0.000000 0.000000
Lie product of 1[2][2]

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
Lie product of 1[2][3]

-1.000000 0.000000 1.000000
-1.000000 0.000000 1.000000
1.000000 0.000000 1.000000
Lie product of 1[2][4]

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000

~1.000000 0.000000 0.000000
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Lie product of 1[3][1]

0.000000 0.000000 -1.000000
2.000000 0.000000 1.000000
-1.000000 0.000000 0.000000
Lie product of 1[3][2]

1.000000 0.000000 -1.000000
1.000000 0.006000 -1.000000

-1.000000 0.000000 -1.000000

Lie product of 1{3][3]
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
Lie product of 1[3][4]
0.000000 0.000000 1.000000
-2.000000 0.000000 -1.000000
1.000000 0.000000 0.000000
Lie product of 1[4][1]
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000

0.000000 0.000000 0.000000

23



24

Lie product of 1[4][2]
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
1.000000 0.000000 0.000000
Lie product of 1[4][3]
0.000000 0.000000 -1.000000
2.000000 0.000000 1.000000
-1.000000 0.000000 0.000000
Lie product of 1[4][4]
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
It is not an ABELIAN LIE ALGEBRA
Lineer Lie Cebirleri
V, F, cismi izerinde n boyutlu bir vektér uzayr olsun.End V ile
boyutu n’ olan V-V ye bitin lineer transformasyonlarn kimesini

gosterelim.End V lineer operatér toplami ve kompozisyonu altinda bir
halka olusturur.

[xy]=xy-yx  xyeEndV

Bu operasyonla End V F cismi {izerinde bir Lie cebiri haline
gelir.

End V yerine Genel Lie Cebirler anlamma gelen gl(V) yi
kullanacagiz.Lie cebiri gl(V) nin her alt Lie cebirine Lineer Lie Cebiri
denir.Lineer Lie cebirleri klasik cebirler diye adlandinlan dort boliime
ayrilirlar. A;,B,,C; ve D, diye gosterilirler.
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A;:Ozel Lineer Cebir

dimV = +1 ve sl(/+1,F) izi 0 olan endomorfizmalann ktimesi
olsun.

Tr(xy) = Tr(yx) ve
Tr(xty) = Tr(x)+Tr(y) oldugundan sl(/+1,F) gl(V) nin alt
cebiridir Hatta sl(/+1,F) boyutu en fazla (J+1)*-1 oldugundan gl(V) nin 6z
alt cebiridir.
Standart baz = {e; eger i#j,h = ej-eimiv1 1<i</,15j</ toplam
olarak /+(/+1)*-(J+1) = I(}+2) elemandan olugmaktadr.
Oyleyse DimA, = /(/+2) dir.
A={T:T e gl(+1,F) TrT=0}

B, Tek Boyutlu Ortogonal Cebir

dimV = 2/+1 olsun.f de yozlasmamis simetrik bilineer form
olsun.Bu formun matrisi

1 0 0

S=10 0 I] dir.
0 L, 0

fx(v),w) = -flv,x(W)) esitligini saglayan V nin biitin

endemorfizmalarina tek boyutlu ortogonal cebir denir.
Bdyle bir endomorfizmanin nasil olmasi gerektiginin analizini

su sekilde yapabiliriz.
a b b
x={¢cg M N| = x'S= -8x
c; P Q :

aeF )b 1x/ boyutlu matris

ba Ix/ boyutlu matris
¢ /x1 boyutlu matris
¢ /x1 boyutlu matris

M,N,P,Q /xJ boyutlu matris
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a ¢ & 0 O a ¢ o
XS={b M P |0 0 I} = b P M
bZt Nt Qt 0 II 0 b2t Qt Nt
1 0 O a b b a b by
Sx= -10 0 I ¢ M N |= -|c P Q
' 0 L 0 c. P Q ¢t M N

a ¢ C " [a b b _
blt P M = -G P Q <
b Q' N' et M N

P=-P, N=-N , ¢2=-bl, Q=-M , a=0 , cl=b2

Sonug olarak tek boyutlu bir ortogonal cebir asagidaki gibi
ifade edilebilir.

0 b b c2 =-by, P'=-P, ¢,' =-b,,
Q(.?.I"i"l,F) =l ¢, M N . N = -Nt, Q — -Mt
¢ P Q a=0

Ci:Simplektik Lie Cebiri

DimV =2 / olsun.
0 I
S =|-I; 0 |matrisiyle V iizerinde yozlasmamis skew-simetrik
bir form tanimlarsak .
f(x(v),w)= -f(v,x(w)) esitligini saglayan endomorfizinalar
simplektik Lie cebirini olusturur.Yine bdyle bir endomorfizmanin nasil
olmast gerektiginin analizini yapalim.
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N |
x= @ Q] - MN,P,Q € gl(/,F)

Sx= -x'S

o] [M N Plfo 1

*I) 0 ....P Q = - N Q _:I[ 0

P Q -P M) P=P'Q=-M
M - =.| Q" N| < N=N

Baz={ej~¢m1 +1 1<i</} U {ej-€uj 1+ 1<i%j</} bazdaki eleman sayist /-]
dir. Yani dim sp(2/,F) = -1 dir.

DI:Cift Boyutlu Ortogonal Cebir

dimV=2/ olsun.f yozlagmamig simetrik bilineer form olsun.

S= 11 0 X= Q
f(ix(v),W)= - f(v,x(W))

Simdi bu endomorfizmanin nasil olmasi gerektiginin analizini
yapalim.

x'S= -Sx

' P 0 I I; N
Mool [vo-f o] e
P M P'=PQ'=-M
Q' NY =- & N=-N

Baz: {e;sij: 1<i</ ,155<] j>1}U{ei vy 1<i<),155< 3>11U
{€11-€1+1 1+1,€22-€ 142142 -Cu-€2n1,Ci5~€i+, i+ 1 1#j}

AimQQLF) =( P-1)/2+P-1)/2+P = (2I-1)

Verilen bir matrisin hangi Lie cebirine ait oldugunu hesaplamak,
bu hesab: elle yapmak ,matrisin boyutu biyilkse ,zaman alir.Oncelikle
boyutu 4 olan bir matrisin hangi lie cebirine ait oldugunu bulan bir
program hazirlayalim.
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Cift.cpp
#include<stdio.h>
#include<stdlib.h>
#include<math.h>
#define DIM 4
#define 1 DIM/2
void init_matrix(float **x);
void display(float **x,int k);
void trans(float **x,float **y,int m,int n);
void ntrans(float **x,float **y,int m,int n);
void part_m(float **x,float **y,int k,int t);
float trace(float **x);
float **matrix(int nrl,int nrh,int ncl,int nch);
int compare(float **x,float **y,int m,int n);
int 1,j;
main()
{
float sum;
float **ap,**mp, **np,**qp,**1p, **t1p, **t2p, **t3p,**t4dp,**t5p;
ap=matrix(1,DIM,1,DIM);,
mp=matrix(1,},1,1);
np=matrix(1,1,1,1);
gp=matrix(1,1,1,1);
rp=matrix(1,1,1,1);
t1p=matrix(1,1,1,);
2p=matrix(1,1,1,1);
t3p=matrix(1,l,1,1);
t4p=matrix(1,},1,1);
tSp=matrix(1,1,1,1);
init_matrix(ap);
display(ap,DIM);
sum=trace(ap);
while(sum!=0)
{
printf("YOUR MATRIX IS NOT IN ANY ALGEBRAS\n");
return O;

}

printf(" YOUR MATRIX IS IN SPECIAL LINEAR ALGEBRAWn");
part_m(mp,ap,0,0); |

printf("MATRIX M IS\n");

display(mp,l);
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part_m(np,ap,0,1);

printf("MATRIX N IS\n");

display(np,l);

part_m(qp,ap,1,0);

printf("MATRIX Q IS\n");

display(qp,1);

part_m(rp,ap,L1);

printf("MATRIX R IS\n");

display(rp,1);

ntrans(t1p,mp,Ll);

printf("NEGATIVE TRANSPOSE OF MATRIX M IS\n");
display(tlp,l);

ntrans(t2p,np,LD);

printf("NEGATIVE TRANSPOSE OF MATRIX N IS\n");
display(t2p,l);

ntrans(t3p,qp,l,));

printf("NEGATIVE TRANSPOSE OF MATRIX Q IS\n");
display(t3p,});

trans(t4p,np,1,1);

printf("TRANSPOSE OF MATRIX N IS\n");
display(t4p,l);

trans(t5p,qp,L,D);

printf("TRANSPOSE OF MATRIX Q IS\n");
display(t5p,1);

while (compare(qp,t3p,1,1)==1 && compare(np,t2p,l,1)==1/
&& compare(rp,tlp,L1)==1)

{printf("IT IS ALSO IN EVEN DIMENTIONAL ORTHOGONAL
ALGEBRAW");

return 0;}

while (compare(np,t4p,l,1)==1 && compare(qp,t5p,L,1)=1/
&& compare(rp,tlp,l,l)==1)

{printf("IT IS ALSO IN SYMPLECTIC ALGEBRAn"™);

return 0;}

return O;

}

void init_matrix(float **x)

{ float r;

for(i=1;i<=DIM;i++)

for(j=1;j<=DIM;j++)



{printf("Enter the coefficent x[%d]}{%d]\n",1,j);
scanf("%f",&r):x[i][j}=T;

}

b

void ntrans(float **y float **x,int m,int n)

{

for(i=1;i<=m;i++)

for(j=1;j<=n;j++)

i’[ﬂU]‘-XU][il;

int compare(float **x,float **y,int m,int n)
{

for(i=1;i<=m;i++)
for(j=1;)<=n;j++)

if (x[i]0]'=yliIbDh

return O;

return 1;

}

void display(float **x,int k)
{

for(i=1;i<=k;i++)
{for(i=1j<=kj++)
{printf("%f\t" x[i][;]);

}

print.f("\n");

}

}

void trans(float **y float **x,int m,int n)
{for(i=1;i<=m;i++)
for(j=1,j<=n;j++)

{y[ilp =010

}

}

float trace(float **x)
{float sum=0;
for(i=1;i<=DIM;i++)
for(j=1;j<=DIM;j++)
{if(i==j) sum+=x(i][j];

printf("The trace is %f",sum);
return sum;

30
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}

float **matrix(int nrl,int nrh,int ncl,int nch)

{

int i;

float **m,

/*allocate pointers to rows*/

m=(float **)malloc((unsigned)(nrh-nrl+1)*sizeof(float*));
if('m) printf("allocation failure 1 in matrix()");
m-=nrl;

/*allocate rows and set pointers to them*/
for(i=nrl;i<=nrh;i++){

m[i]=(float *)malloc((unsigned)(nch-ncl+1)*sizeof{float));
if(!m(1]) printf("allocation failure 2 in matrix()");
m[i]-=ncl;

}

/*return pointer to array of pointers to rows*/
return m; '

3

void part_m(float **x, float **y,int t,int k)

{

for(i=1;i<=l;i++)

for(j=1;j<=l;j++)

>}<[i]Li]=y[t+i][k+jl;

Programimmzin ¢iktisini dosyalayalim ve programimizi yeniden
yazalim.

Fift.cpp
#include<stdio.h>
#include<stdlib.h>
#include<math.h>
#define DIM 4
#define | DIM/2
void init_matrix(float ¥*x),
void display(float **x,int k);
void trans(float **x,float ¥*y,int m,int n);
void ntrans(float **x,float **y,int m,int n);
void part_m(float **x,float **y,int k,int t),
float trace(float **x);
float **matrix(int nrl,int nrh,int ncl,int nch);
int compare(float **x float **y,int m,int n);
int 1,j;
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FILE *fp;

main()

{
if((fp=fopen("Cift","wb"))==NULL){
printf{""can not open file\n");
exit(1);

}

float sum;

float **ap,**mp,**np,**qp,**rp,**t1p,**t2p,**t3p,**t4p,**tSp;
ap—matrix(1,DIM,1,DIM);
mp=matrix(1,1,1,1);
np=matrix(1,],1,1);
qp=matrix(1,},1,1);
rp=matrix(1,1,1,1);
t1p=matrix(1,1,1,1);
t2p=matrix(1,},1,1);
t3p=matrix(1,l,1,1);
t4p=matrix(1,1,1,1);
tSp=matrix(1,1,1,1);
init_matrix(ap);
display(ap,DIM);
sum=trace(ap),

while(sum!=0)

{

ibtmtf(fp,"\r'|);

fprintf(fp," YOUR MATRIX IS NOT IN ANY ALGEBRAS\n");
return O;

}

f[)rintf(fp"l\rﬂ);

fprintf(fp," YOUR MATRIX IS IN SPECIAL LINEAR ALGEBRA\n");
part_m(mp,ap,0,0);
fprintf(fp,"MATRIX M IS\n");
display(mp,l);
part_m(np,ap,0,1);
fprintf(fp,"MATRIX N IS\n"),
display(np,l);
part_m(qp,ap,],0);
fprintf(fp,"MATRIX Q IS\n"),
display(gp.,l);
part_m(rp,ap,L.1);
fprintf(fp,"MATRIX R IS\n");
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display(rp,1);

ntrans(t1p,mp,L,));

fprintf(fp,"NEGATIVE TRANSPOSE OF MATRIX M IS\n");
display(t1p,l);

ntrans(t2p,np,l,1);

fprintf{fp,"NEGATIVE TRANSPOSE OF MATRIX N IS\n");
display(t2p,});

ntrans(t3p,qp,l,D);

fprintf(fp,"NEGATIVE TRANSPOSE OF MATRIX Q IS\n");
display(t3p,1);

trans(t4p,np,L1);

fprintf(fp,"TRANSPOSE OF MATRIX N IS\n");
display(t4p,);

trans(tSp,qp.l.));

fprintf(fp,"TRANSPOSE OF MATRIX Q IS\n");
display(t5p,l);

while (compare(qp,t3p,l,l)==1 && compare(np,t2p,l,)==1/
&& compare(rp,tip,L1)=1)

{

fprintf(fp,"\r");

fprintf(fp,"IT IS ALSO IN EVEN DIMENTIONAL ORTHOGONAL
ALGEBRA\n");

return 0;}

while (compare(np,t4p,L,1)=1 && compare(qp,t5p,l,))==1/
&& compare(rp,t1p,,))==1)

{

fprintf(fp,"\r");

fprintf(fp,"IT IS ALSO IN SYMPLECTIC ALGEBRA\n");
return 0;}

return O;

} |

void init_matrix(float **x)

{ float r;

for(i=1;i<=DIM;i++)

for(j=1;j<=DIM;j++)

{printf("Enter the coefficent x[%d][%d]\n",i,j);
scanf("%f",&r);x[i][j]=T;

}

}

void ntrans(float **y,float **x,int m,int n)

{



for(i=1;i<=m;i++)
for(j=1;j<=n;j++)
)}’[i]U]=-XU][i];

int compare(float **x,float **y,int m,int n)
{

for(i=1;i<=m;i++)
for(=1j<=n;j++)

if (x[1][]'=y[i]iD

return O;

return 1;

}

void display(float **x,int k)
{

int 1,j;

for(i=1;1<=k;i++)

{

mrintf(fl),"\r");
{for(=1;<=k;j++)
fprintf(fp,"%f "x[i][j]);

h

fprintf(fp,"\n");

}

} |
void trans(float **y,float **x,int m,int n)
{for(i=1;i<=m;i++)
for(=1;j<=n;j++)
(YRGB,

}

}

float-trace(float **x)

{float sum=0;

for(i=1;i<=DIM;i++)

for(j=1;j<=DIM;j++)

(=) su-=x{{0}

printf("The trace is %f",sum);

return sum;

}

float **matrix(int nrl,int nrh,int ncl,int nch)

{

34
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int i;

float **m;

/*allocate pointers to rows*/

m=(float **)malloc((unsigned)(nrh-nrl+1)*sizeof(float*));
if(!m) printf{"allocation failure 1 in matrix()");

m-=nrl;

/*allocate rows and set pointers to them*/
for(i=nrl;i<=nrh;i++){

m[i]=(float *)malloc((unsigned)(nch-ncl+1)*sizeof(float));
if(!m[i]) printf("allocation failure 2 in matrix()");
m[i]-=ncl;

}

/*return pointer to array of pointers to rows*/
return m;

}

void part_m(float **x,float **y,int t,int k)
{

for(i=1;1<=l;i++)

for(j=1;j<=l;j++)

x[i]]=y[t+i][k+]];

}
Ornekl:
4x4 boyutlu bir matrisle programimizi ¢aligtiralim.

1.000000 2.000000 0.000000 3.000000
-1.000000 3.000000 3.000000 0.000000
1.000000 2.000000 -1.000000 1.000000

2.000000 1.000000 -2.000000 -3.000000

YOUR MATRIX IS IN SPECIAL LINEAR ALGEBRA

MATRIX M IS

1.000000 2.000000

-1.000000 3.000000



MATRIXNIS

0.000000 3.000000
3.000000 0.000000

MATRIX QIS

1.000000 2.000000
2.000000 1.000000

MATRIX R IS

-1.000000 1.000000
-2.000000 -3.000000

NEGATIVE TRANSPOSE OF MATRIX M IS

-1.000000 1.000000
-2.000000 -3.000000

NEGATIVE TRANSPOSE OF MATRIX N IS

-0.000000 -3.000000

~-3.000000 -0.000000
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NEGATIVE TRANSPOSE OF MATRIX Q IS

-1.000000 -2.000000
-2.000000 -1.000000

TRANSPOSE OF MATRIX N IS

0.000000 3.000000
3.000000 0.000000

TRANSPOSE OF MATRIX Q IS

1.000000 2.000000
2.000000 1.000000
IT IS ALSO IN SYMPLECTIC ALGEBRA

Ornek 2:
Boyutu 4x4 olan bagka bir matrisi ele alalim.

5.000000 7.000000 6.000000 3.000000

2.000000 -5.000000 3.000000 2.000000

0.000000 9.000000 0.000000 2.000000

4.000000 6.000000 5.000000 0.000000

YOUR MATRIX IS IN SPECIAL LINEAR ALGEBRA
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MATRIX M IS

5.000000 7.000000
2.000000 -5.000000

MATRIX N IS

6.000000 3.000000
3.000000 2.000000

MATRIX QIS

0.000000 9.000000

4.000000 6.000000

MATRIX R IS
0.000000 2.000000
5.000000 0.000000

NEGATIVE TRANSPOSE OF MATRIX M IS

-5.000000 -2.000000

-7.000000 5.000000
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NEGATIVE TRANSPOSE OF MATRIX N IS

~-6.000000 -3.000000
~-3.000000 -2.000000

NEGATIVE TRANSPOSE OF MATRIX Q IS

-0.000000 -4.000000

-9.000000 -6.000000

TRANSPOSE OF MATRIX N IS

6.000000 3.000000
3.000000 2.000000

TRANSPOSE OF MATRIX Q IS

0.000000 4.000000

9.000000 6.000000
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Simdi boyutu tek sayr olan matrisler izerinde duralim.Bu
matrislerin hangi Lie cebirine ait oldufunu hesaplayan bir program

hazirlayalim.
Tek.cpp
#include<stdio.h>
#include<stdlib.h>
#include<math.h>
#define DIM 5
#define | (DIM-1)/2
void init_matrix(float **x);
void display(float **x,int k,int t);
void trans(float **x float **y,int m,int n);
void ntrans(float **x,float **y,int m,int n);
void part1(float **x,float **y,int k,int t),
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void part2(float **x,float **y,int k,int t);

void part_m2(float **x,float **y,int k,int t,int z int u);
float trace(float **x);

float ¥*matrix(int nrl,int nrh,int ncl,int nch);

int compare(float **x,float **y,int m,int n);

int i,j;

main()

{

float sum;

float **ap,**b1p,**b2p,**c1p,**c2p,**mp,**np,**qp, **1p,**t1p,**t2p;
float **t3p,**t4p,**tSp;
ap=matrix(1,DIM,1,DIM);

mp=matrix(1,l,1,1);

np=matrix(1,},1,1);

qp=matrix(1,1,1,1);

rp=matrix(1,1,1,1);

blp=matrix(1,1,1,]);

b2p=matrix(1,1,1,]);

clp=matrix(1,1,1,1);

c2p=matrix(1,1,1,1);

tlp=matrix(1,1,1,1);

t2p=matrix(1,l,1,1);

t3p=matrix(1,1,1,1);

t4dp=matrix(1,],1,1);

tSp=matrix(1,1,1,});

printf("FIRST COEFFICENT MUST BE=0\n");
init_matrix(ap);

display(ap,DIM,DIM);

sum=trace(ap);

while(sum!=0)

{
printf("YOUR MATRIX IS NOT IN ANY ALGEBRAS\n");
return 0;

}
~ partl(blp,ap,1,0); ‘
printf("MATRIX B1 IS\n");
display(blp,1,}); :
partl(b2p,ap,1,1);
printf("MATRIX B2 IS\n");
display(b2p,1,);
part2(clp,ap,1,0);
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printf("MATRIX C1 IS\n");

display(clp,L,1);

part2(c2p,ap,1,1);

printf("MATRIX C2 IS\n");

display(c2p,l,1);

part_m2(mp,ap,1,0,1,0),

printf("MATRIX M IS\n");

display(mp,L,1);

part_m2(np,ap,1,0,1,1);

printf("MATRIX N IS\n");

display(np,L)); '

part_m2(gp,ap,1,1,1,0);

prntf("MATRIX Q IS\n");

display(qp,LD);

part_m2(rp,ap,l,1,1,1);

printf("MATRIX R 1S\n");

display(rp,L,1);

ntrans(tlp,clp,,1);

printf("NEGATIVE TRANSPOSE OF MATRIX C1 IS\n");
display(tlp,1,]);

ntrans(t2p,c2p,1,1);

printf("NEGATIVE TRANSPOSE OF MATRIX C2 IS\n");
display(t2p,1,1);

ntrans(t3p,qp.l.1);

printf("NEGATIVE TRANSPOSE OF MATRIX Q IS\n");
display(t3p,L1);

ntrans(t4p,np,l,1);

printf("NEGATIVE TRANSPOSE OF MATRIX N IS\n");
display(t4p,L1);

ntrans(tSp,mp,l,1);

printf("NEGATIVE TRANSPOSE OF MATRIX M IS\n");
display(t5p,L));

while (compare(b2p,tlp,l,1)==1 && compare(blp,t2p,},1)==1/
&&compare(qp,t3p,l,))=1&& compare(np,t4p,l,1)==1/
&& compare(rp,t5p,L1)==1)

{printf("IT IS IN ODD DIMENTIONAL ORTHOGONAL
ALGEBRA\n");

return 0;}

printf("NOT IN ODD DIMENTIONAL ORTHOGONAL ALGEBRA\n");
return 0;

}




void init_matrix(float **x)

{ float r;

for(i=1;i<=DIM;i++)
for(j=1;j<=DIM;j++)

{printf("Enter the coefficent x[%d][%d]\n",i,j);
scanf("%f",&r);x[i][j]=T;

}

}

void ntrans(float **y,float **x,int m,int n)
{

for(i=1;i<=m;i++)

for(j=1;j<=n;j++)

{[i][i]=-><[i] [i];

int compare(float **x float **y,int m,int n)
{

for(i=1;i<=m;i++)

for(j=1;j<=n;j++)

if (x[1][j]*=y[i]G])

return O;

return 1,

void display(float **x,int k,int t)
{

for(i=1;i<=k;i++)
{for(=1,j<=t;j++)
{printf("%\t" x[1][j]);

}

printf(’l\n");

}

}

void trans(float **y,float **x,int m,int n)
{for(i=1;i<=m;i++)
for(j=1;j<=n;j++)
§Y[i][i]=x[i][i];

)

float trace(float **x)
{float sum=0;
for(i=1;1<=DIM;i++)
for(j=1,j<=DIM;j++)

42
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§if(i=j) sum+=x[i][j];
printf("The trace is %f",sum);
return sum;
}
float **matrix(int nrl,int nrh,int ncl,int nch)
{
int 1;
float **m;
/*allocate pointers to rows*/
=(float **)malloc((unsigned)(nrh-nri+1)*sizeof(float*));
if(!m) printf{("allocation failure 1 in matrix()");
m-=nrl;
/*allocate rows and set pointers to them*/
for(i=nrl;i<=nrh;i++){
m[i]=(float *)malloc((unsigned)(nch-ncl+1)*sizeof(float));
if('m[i]) printf("allocation failure 2 in matrix()");
m[1}-=ncl;
}
/*return pointer to array of pointers to rows*/
return m;
}
void part_m2(float **x,float **y,int t,int k,int z,int u)
{
for(i=1;i<=l;i++)
for(j=1;j<=lj++)
x[1][]=yli+t+k][j+ztu];
}
void partl(float **x,float **y,int k,int t)
{i=];
for(G=1;j<=1;j++)
>}<[i]U]=y[i]U+k+t];
void part2(float **x,float **y,int k,int t)
=1
for(i=1;i<=l;i++)
x[i]G]=y[i+k+t]10];

} .
Programimizin ¢iktisim dosyalayacak sekilde programi biraz
degistirelim. '
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Ftek.cpp
#include<stdio.h>
#include<stdlib.h>
#include<math.h>
#define DIM 5
#define | (DIM-1)/2
void init_matrix(float **x);
void display(float **x,int k,int t);
void trans(float **x,float **y,int m,int n);
void ntrans(float **x,float **y,int m,int n);
void partl(float **x float **y,int k,int t);
void part2(float **x,float **y,int k,int t);
void part_m?2(float **x,float **y,int k,int t,int z,int u);
float trace(float **x);
float **matrix(int nrl,int nrh,int ncl,int nch);
int compare(float **x float **y,int m,int n);
int 1,);
FILE *fp;
main()
{
if((fp=fopen("Ftek","wb"))==NULL){
printf("can not open file\n"),
exit(1);
}
float sum;
float **ap,**b1p,**b2p,**c1p,**c2p,**mp,**np,**qp, **p,**t1p,**t2p;
float **t3p,**t4p,**tSp;
ap=matrix(1,DIM,1,DIM);
mp=matrix(1,1,1,1);
np=matrix(1,1,1,1);
qp=matrix(1,1,1,1);
rp=matrix(1,1,1,);
blp=matrix(1,1,1,1);
b2p=matrix(1,1,1,1);
clp=matrix(1,],1,1);
c2p=matrix(1,1,1,1);
t1p=matrix(1,l,1,1);



t2p=matrix(1,},1,1);

t3p=matrix(1,],1,1);

t4p=matrix(1,1,1,1);

tSp=matrix(1,1,1,1);

printf("FIRST COEFFICENT MUST BE=0\n");
init_matrix(ap);

display(ap,DIM,DIM);

sum=trace(ap);

while(sum!=0)

{

fprintf(fp,"YOUR MATRIX IS NOT IN ANY ALGEBRAS\n");
return 0;

}

partl(blp,ap,1,0);
fprintf(fp,"MATRIX B1 IS\n");
display(blp,L,l);
part1(b2p,ap,l,1);
fprintf(fp,"MATRIX B2 IS\n");
display(b2p,1,D);
part2(clp,ap,1,0);
fprintf(fp,"MATRIX C1 IS\n"),
display(clp,l,1);
part2(c2p,ap,l,1);
fprintf(fp,"MATRIX C2 IS\n");
display(c2p,l,1);
part_m2(mp,ap,1,0,1,0);
fprintf(fp,"MATRIX M IS\n");
display(mp,l,1);
part_m2(np,ap,1,0,1,1);
fprintf(fp,"MATRIX N IS\n");
display(np,L));
part_m2(qgp,ap,l,1,1,0);
fprintf(fp,"MATRIX Q IS\n");
display(qp,L1);
part_m2(rp,ap,l,1,1,1);
fprintf(fp,"MATRIX R 1S\n");
display(rp,L));
ntrans(tlp,cip,l,1);
fprintf(fp,"NEGATIVE TRANSPOSE OF MATRIX C1 IS\n");
display(tlp,1,l);
ntrans(t2p,c2p,l,1);



fprintf(fp,"NEGATIVE TRANSPOSE OF MATRIX C2 IS\n"),
display(t2p,1,1);

ntrans(t3p,qp,l,1);

fprintf{fp,"NEGATIVE TRANSPOSE OF MATRIX Q IS\n");
display(t3p,L,1); '

ntrans(t4p,np,l,1);

fprintf{fp,"NEGATIVE TRANSPOSE OF MATRIX N IS\n"),
display(t4p,Ll);

ntrans(tSp,mp,l,1);

fprintf(fp,"NEGATIVE TRANSPOSE OF MATRIX M IS\n");
display(t5p,l,1);

while (compare(b2p,tlp,l,1)==1 && compare(blp,t2p,l,1)=1/
&&compare(qp,t3p,L,1)==1&& compare(np,t4p,l,)==1/

&& compare(rp,tSp,l,1)==1)

{fprintf(fp,"IT IS IN ODD DIMENTIONAL ORTHOGONAL
ALGEBRAn");

return 0;}

fprintf(fp,"NOT IN ODD DIMENTIONAL ORTHOGONAL
ALGEBRA\n");

return 0;

}

void init_matrix(float **x)

{ floatr;

for(i=1;i<=DIM;i++)

for(=1;j<=DIM;j++)

{printf("Enter the coefficent x[%d][%d]\n",i,j);
scanf{"%f",&r).x[i][j]=T;

}

}

void ntrans(float **y float **x,int m,int n)

{

for(i=1;i<=m;i++)

for(j=1;<=n;j++)

)}'[i][i]=-x{i][i];

int compare(float **x,float **y,int m,int n)
{

for(i=1;i<=m;i++)
for(j=1;j<=n;j++)

if (x[i][1'=y[i}0])

return O;



return 1;

}

void display(float **x,int k,int t)
{

int i,j;

for(i=1;i<=k;i++)

{

fprintf(fp,"\r");
{for(=1;<=t;j++)
fprintf{fp,"%f "x[i][]);

}

ﬁ)rintf(fp’ll\nll);

}

}

void trans(float **y,float **x,int m,int n)
{for(i=1;i<=m;i++)
for(j=1;j<=n;j++)
1{y[i][i]=x[i][i];

s

}

float trace(float **x)
{float sum=0;
for(i=1;i<=DIM;i++)
for(j=1;)<=DIM;j++)
{if(i==3) sum-+=x[i][j];
}
printf("The trace is %f",sum);
return sum;
}
float **matrix(int nrl,int nrh,int ncl,int nch)
{
int i;
float **m,;
/*allocate pointers to rows*/
=(float **)malloc((unsigned)(nrh-nrl+1)*sizeof(float*));
if(!m) printf("allocation failure 1 in matrix()");
m-=nrl;
{*allocate rows and set pointers to them*/
for(i=nrl;i<=nrh;i++){
m(i]=(float *)malloc((unsigned)(nch-ncl+1)*sizeof(float));
if(!m[i]) printf("allocation failure 2 in matrix()");

47
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m(i]-=ncl;

}

/*return pointer to array of pointers to rows*/
retum m;

}

void part_m?2(float **x,float **y,int t,int k,int z,int u)
{

for(i=1;i<=1;it++)

for(=1;j<=Lj++)
x[1][1=y[i+ttk][j+z+u];

}

void partl(float **x, float **y,int k,int t)
{I=1;

for(j=1;j<=l;j++)

>}¢[ilﬁl=y[i][j+k+t];

void part2(float **x,float **y,int k,int t)
u=L ‘
for(i=1;i<=];i++)

x[1] 1=y [i+k+t](j];

Ornek 1: .
Programimiz yanhzca 5x5 boyutlu matris i¢in gegerlidir.Boyutu 5x5
olan bir matrisi ele alip program ¢alistirirsak su ¢iktiyr
alinz.
0.000000 1.000000 2.000000 3.000000 4.000000
-3.000000 0.000000 1.000000 0.000000 4.000000
-4.000000 1.000000 0.000000 4.000000 0.000000
-1.000000 0.000000 3.000000 0.000000 2.000000
-2.000000 3.000000 0.000000 2.000000 0.000000

MATRIX B1 IS

1.000000 2.000000
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MATRIX B2 IS

3.000000 4.000000

MATRIX C1 IS

-3.000000
-4.000000

MATRIX C2 IS

-1.000000

-2.000000

MATRIX M IS

0.000000 1.000000
1.000000 0.000000

MATRIX N IS

0.000000 4.000000
4.000000 0.000000

MATRIX Q IS
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0.000000 3.000000
3.000000 0.000000

MATRIX R IS

0.000000 2.000000
2.000000 0.000000

NEGATIVE TRANSPOSE OF MATRIX C1 IS

3.000000 0.000000

NEGATIVE TRANSPOSE OF MATRIX C2 IS

1.000000 0.000000

NEGATIVE TRANSPOSE OF MATRIX Q IS

-0.000000 -3.000000
-3.000000 -0.000000

NEGATIVE TRANSPOSE OF MATRIX N IS

-0.000000 -4.000000

~4.000000 -0.000000
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NEGATIVE TRANSPOSE OF MATRIX M IS

-0.000000 -1.000000
-1.000000 -0.000000

NOT IN ODD DIMENTIONAL ORTHOGONAL ALGEBRA
Ornek 2:
Baska bir matrisi ele alalim.

0.000000 9.000000 8.000000 7.000000 6.000000
5.000000 8.000000 90.000000 9.000000 8.000000
7.000000 6.000000 5.000000 4.000000 7.000000
5.000000 5.000000 9.000000 9.000000 9.000000
9.000000 9.000000 9.000000 $.000000 9.000000
YOUR MATRIX IS NOT IN ANY ALGEBRAS

Tek.cpp ve Cift.cpp programlarini birlestirelim.Boyutu tek sayi
veya ¢ift say1 olan matrislerin hangi Lie cebrine ait oldugunu bulan bir
program hazirlayahm.Bu yeni program her boyuttaki matris i¢in hesap
yapabilmektedir.

Yeni.cpp

#include<stdio.h>

#include<stdlib.h>

#include<math.h>

void init_matrix(float **x,int k);

void display(float **x,int k,int t);

void trans(float **x,float **y,int m,int n);

void ntrans(float **x,float **y,int m,int n);

void part1(float **x,float **y,int k,int t,int 1);
void part2(float **x float **y,int k,int t,int 1);
void part_m1(float **x,float **y,int k,int t,int 1);
void part_m2(float **x float **y,int k,int t,int z,int u,int 1);
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float trace(float **x,int k);

void even_case(void);

void odd_case(void);

float **matrix(int nrl,int nrh,int ncl,int nch);

int compare(float **x,float **y,int m,int n);

int 1,j;

main()

{

printf("CLASSICAL ALGEBRAS made by Serpil KARAGOZ\n"),
printf("This is a program to find that whether a given matrix belongs\n");
printf("to the one of the following algebras or not\n"),

printf("An SPECIAL LINEAR ALGEBRAn");

printf("Bn ODD DIMENSIONAL ORTHAGONAL LIE ALGEBRA\n");
printf("Cn SYMPLECTIC ALGEBRA\n");

printf("Dn EVEN DIMENSIONAL ORTHAGONAL LIE ALGEBRA\n");
printf{"1. EVEN DIMENSIONAL MATRIX\n"),

printf("2.0DD DIMENSIONAL MATRIX\n");

printf("ENTER YOUR COHICE 1 OR 2\n");

char ch;

ch=getchar();

switch(ch){

case 'l":

even_case();

break;

case 2"

odd_case();

break;

default:

printf("NO OPTION SELECTED/M");

}

return O;

void even_case(void)

{

int DIM1;

int 11;

float sum;

float **alp,**mlp,**nlp,**qlp,*¥*rlp,**t1p,**t2p,**t3p,**t4p,**t5p;
printf("ENTER DIMENSION OF YOUR MATRIX\n"),
scanf("%d",&DIM1);

if(DIM1%2!=0)



33

printf("YOUR DIMENSION IS NOT EVENWn");

else{

11=(DIM1/2);

alp=matrix(1,DIM1,1,DIM1),

mlp=matrix(1,11,1,11);

nlp=matrix(1,11,1,11);

qlp=matrix(1,11,1,11);

rlp=matrix(1,11,1,11);

t1p=matrix(1,11,1,11);

t2p=matrix(1,11,1,11);

t3p=matrix(1,11,1,11);

t4p=matrix(1,11,1,11);

tSp=matrix(1,11,1,11);

printf("PLEASE ENTER YOUR MATRIX\n");
init_matrix(alp,DIM1);

display(alp,DIM1,DIM1);

sum=trace(alp,DIM1);

if(sum!=0)

{

printf("YOUR MATRIX IS NOT IN ANY ALGEBRASW");
printf("ENTER A MATRIX WHOUSE TRACE IS 0\n");
}

else printf(" YOUR MATRIX IS IN SPECIAL LINEAR ALGEBRA\n");
part_ml(mlp,alp,0,0,11);

printf("MATRIX M IS\n");

display(m1p,11,11);

part ml(nlp,alp,0,11,11);

printf("MATRIX N IS\n");

display(nlp,i1,11);

part ml(qlp,alp,l1,0,11);

printf("MATRIX Q IS\n");

display(qlp,l1,11);

part_ml(rlp,alp,l1,11,11);

prntf("MATRIX R IS\n");

display(rlp,l1,11);

ntrans(t1p,mlp,11,11);

printf("NEGATIVE TRANSPOSE OF MATRIX M IS\n")
display(tlp,11,11);

ntrans(t2p,nlp,l1,11); |

printf("NEGATIVE TRANSPOSE OF MATRIX N IS\n");
display(t2p,11,11);
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ntrans(t3p,qlp,11,11);

printf("NEGATIVE TRANSPOSE OF MATRIX Q IS\n");
display(t3p,11,11);

trans(t4p,nlp,l1,11);

printf("TRANSPOSE OF MATRIX N IS\n");
display(t4p,11,11);

trans(t5p,qlp,li1,11);

printf("TRANSPOSE OF MATRIX Q IS\n");
display(t5p,11,11);

if (compare(q1p,t3p,11,11)=1 && compare(nlp,t2p,11,11)==
&& compare(rlp,tip,11,11)==1)

{printf("Q=negative Q transpose\n"),

printf("N=negative N transpose\n");

printf("R=negative M transpose SO\n");

printf("IT IS ALSO IN EVEN DIMENSIONAL ORTHOGONAL
ALGEBRA\n"),

else if (compare(nlp,t4p,l1,11)==1 && compare(qlp,tSp,i1,11)==
&& compare(rlp,tlp,l1,11)==1)

{printf("N=N transpose \n");

printf("Q=Q transpose \n");

printf("R=negative M transpose SO\n");

printf("IT IS ALSO IN SYMPLECTIC ALGEBRAWn");

¥

else printf("BUT IT IS NOT IN SYMPLECTIC ALGEBRA\n");
}

}

void odd_case(void)

{

int DIM2;

int 12;

float sum,;

float **a2p,**b1p,**b2p,**clp,**c2p,**m2p,**n2p,**q2p,**r2p;
float **t6p,**t7p,**t8p,**t9p,**t10p;

printf"ENTER DIMENSION OF YOUR MATRIX\n");
scanf("%d",&DIM2);

if(DIM2%2=0)

printf("YOUR DIMENSION IS NOT ODDWn");

else{

12=((DIM2-1)/2);

a2p=matrix(1,DIM2,1,DIM?2),
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m2p=matrix(1,12,1,12);
n2p=matrix(1,12,1,12);
g2p=matrix(1,12,1,12);
r2p=matrix(1,12,1,12);
blp=matrix(1,1,1,12);
b2p=matrix(1,1,1,12);
clp=matrix(1,12,1,1);
c2p=matrix(1,12,1,1);
tép=matrix(1,12,1,1);
t7p=matrix(1,12,1,1);
t8p=matrix(1,12,1,12);
t9p=matrix(1,12,1,12);
t10p=matrix(1,12,1,12);
printf("PLEASE ENTER YOUR MATRIX\n");
printf("FIRST COEFFICENT MUST BE=0\n");
init_matrix(a2p,DIM2);
display(a2p,DIM2,DIM?2);
sum=trace(a2p,DIM2);
if(sum!=0)

{ f
printf("YOUR MATRIX IS NOT IN ANY ALGEBRAS\n");
printf("ENTER A MATRIX WHOUSE TRACE 0\n");
}

partl(blp,a2p,1,0,12);

printf(" MATRIX B1 IS\n");
display(blp,1,12);
partl(b2p,a2p,12,1,12);
printf("MATRIX B2 IS\n");
display(b2p,1,12);
part2(c1p,a2p,1,0,12);
printf("MATRIX C1 IS\n");
display(clp,12,1);
part2(c2p,a2p,12,1,12);
printf("MATRIX C2 IS\n"),
display(c2p,12,1);
part_m2(m2p,a2p,1,0,1,0,12);
printf("MATRIX M IS\n");
display(m2p,12,12);

part_ m2(n2p,a2p,1,0,12,1,12);
printf("MATRIX N IS\n");
display(n2p,12,12);
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part_m2(q2p,a2p,12,1,1,0,12);

printf("MATRIX Q IS\n");

display(q2p,12,12);

part_m2(r2p,a2p,12,1,12,1,12);

printf("MATRIX R IS\n");

display(r2p,12,12);

ntrans(tép,clp,1,12);

printf("NEGATIVE TRANSPOSE OF MATRIX C1 IS\n");
display(t6p,1,12);

ntrans(t7p,c2p,1,12); A

printf("NEGATIVE TRANSPOSE OF MATRIX C2 IS\n");
display(t7p,1,12);

ntrans(t8p,q2p,12,12);

printf("NEGATIVE TRANSPOSE OF MATRIX Q IS\n");
display(t8p,12,12);

ntrans(t9p,n2p,12,12);

printf("NEGATIVE TRANSPOSE OF MATRIX N IS\n");
display(t9p,12,12); '

ntrans(t10p,m2p,I2,12);

printf("NEGATIVE TRANSPOSE OF MATRIX M IS\n");
display(t10p,12,12);

if (compare(b2p,t6p,1,12)==1 && compare(blp,t7p,1,12)==1 &&/
compare(q2p,t8p,12,12)==1/

&& compare(n2p,t9p,12,12)==1 && compare(r2p,t10p,12,12)==1)
{

printf("B2=negative C1 transpose \n");

printf("B1=negative C2 transpose \n");

printf("Q=negative Q transpose \n");

printf("N=negative N transpose \n");

printf("R=negative M transpose \n");

printf("IT IS ALSO IN ODD DIMENSIONALL ORTHOGONAL
ALGEBRAW");

}

else

{

printf("IT IS NOT IN ODD DIMENSIONAL ORTHOGONAL
ALGEBRA\n");

}

}
}

void init_matrix(float **x,int k)



{ float r;

for(i=1;i<=k;i++)

for(j=1;j<=k;j++)

{printf("Enter the coefficent x[%d][%d]\n",i,));
scanf("%f",&r);x[i][j]=T;

}

}

void ntrans(float **y,float **x,int m,int n)
{

for(i=1;i<=m;i++)

for(j=1;j<=n;j++)

3}/[i][i]=-1*><[i][i];

int compare(float **x,float **y,int m,int n)
{

for(i=1;1<=m;i++)

for(j=1;j<=nyj++)

if (x[i]0]'=y[il0D

return O;

return 1;

}

void display(float **x,int k,int t)

{

for(i=1;i<=k;i++)

{for=1j<=tj++)

{printf("%A\t" x[1][j]);

}

priIltf("\n");

)

f

void trans(float **y,float **x,int m,int n)
{for(i=1;i<=m;i++)

for(j=1;j<=n;j++)

YOI =xDGEL

}

}

float trace(float **x,int k)
{float sum=0; :
for(i=1;i<=k;i++)
for(j=1j<=k;j++)

{if(i==j) sum+=x[1][j];
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}
printf("The trace is %f",sum);

return sum;

1
S

float **matrix(int nrl,int nrh,int ncl,int nch)

L

int i;

float **m,;

/*allocate pointers to rows*/

m=(float **)malloc((unsigned)(nrh-nrl+1)*sizeof(float *));
if(!m) printf("allocation failure 1 in matrix()");
m-=nrl;

/*allocate rows and set pointers to them¥*/
for(i=nrl;i<=nrh;i++){

m[i]=(float *)malloc((unsigned)(nch-ncl+1)*sizeof(float));
if(!m][i]) printf("allocation failure 2 in matrix()");
m{i]-=ncl;

}

/*return pointer to array of pointers to rows*/
return m;

}

void part_mi(float **x,float **y,int t,int k int 1)
{

for(i=1;i<=l;i++)

for(j=1;j<=l;j++)

?[i]U]W[Hi] [k+j];

void part_m2(float **x,float **y,int t,int k,int z,int u,int 1)
{

for(i=1;i<=l;i++)

for(j=1j<=lj++)

x[1}i}ylittrk][j+z+u];

}

void partl(float **x float ¥*y,int k,int t,int 1)
{1=1;

for(=1;j<=lj++)

>;[i]U]=Y[i]U+k+t];

void part2(float **x,float **y,int k,int t,int 1)
=1

for(i=1;1<=l;1++)
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>}<[i][j]=y[i+k+t][j];

Yine programimizin ¢giktisini dosyalayalim ve programi

calistiralim.

Fyeni.cpp
#include<stdio.h>
#include<stdlib.h>
#include<math.h>
void init_matrix(float **x,int k);
void display(float **x,int k,int t);
void trans(float **x,float **y,int m,int n);
void ntrans(float **x,float **y,int m,int n);
void part1(float **x,float **y,int k,int t,int 1);
void part2(float **x,float **y,int k,int t,int 1);
void part_m1(float **x,float **y,int k,int t,int I);
void part_m?2(float **x,float **y,int Kk,int t,int z,int u,int 1);
float trace(float **x,int k),
void even_case(void);
void odd_case(void);
float **matrix(int nrl,int nrh,int ncl,int nch);
int compare(float **x, float **y,int m,int n);
int i,j; :
FILE *fp;
main()
{
if((fp=fopen("Yeni","wb"))==NULL){
printf("can not open file\n");
exit(1);

}

printf("CLASSICAL ALGEBRAS made by Serpil KARAGOZ\n");
printf("This is a program to find that whether a given matrix belongs\n");
printf("to the one of the following algebras or not\n"),

printf("An SPECIAL LINEAR ALGEBRAn");

printf("Bn ODD DIMENSIONAL ORTHAGONAL LIE ALGEBRAn");
printf("Cn SYMPLECTIC ALGEBRA\n");

printf("Dn EVEN DIMENSIONAL ORTHAGONAL LIE ALGEBRA\n");
printf("1. EVEN DIMENSIONAL MATRIX\n");

printf("2.0DD DIMENSIONAL MATRIX\n");

printf("ENTER YOUR COHICE 1 OR 2\n");

char ch;

ch=getchar();
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switch(ch){

case '1":

even_case();

break;

case 2"

odd_case();

break;

default:

printf("NO OPTION SELECTED/M");
i

return 0;

}

void even_case(void)

{

int DIM1;

int11;

float sum,;

float **alp,**mlp,**nlp,**qlp,**rip,**t1p,¥*t2p,**t3p,**t4p,**t5p;
printf("ENTER DIMENSION OF YOUR MATRIX\n");
scanf("%d",&DIM1);

if(DIM1%2!=0)

printf("YOUR DIMENSION IS NOT EVENw");
else{

NN=(DIM1/2);

alp=matrix(1,DIM1,1,DIM1);
mlp=matrix(1,11,1,11);

nlp=matrix(1,11,1,11);

qlp=matrix(1,11,1,11);

rlp=matrix(1,11,1,11);

t1p=matrix(1,11,1,11);

t2p=matrix(1,11,1,11);

t3p=matrix(1,11,1,11);

t4p=matrix(1,11,1,11);

tSp=matrix(1,11,1,11);

printf("PLEASE ENTER YOUR MATRIX\n");
init_matrix(alp,DIM1);
display(alp,DIM1,DIM1);
sum=trace(alp,DIM1);

if(sum!=0)

{

fprintf(fp,"YOUR MATRIX IS NOT IN ANY ALGEBRAS\n");
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printf("ENTER A MATRIX WHOUSE TRACE IS 0\n");

}

else fprintf(fp," YOUR MATRIX IS IN SPECIAL LINEAR
ALGEBRA\n");

part ml(mlp,alp,0,0,11);

fprintf(fp,"MATRIX M IS\n");

display(m1p,11,11);

part_ml(nlp,alp,0,11,11);

fprintf(fp,"MATRIX N IS\n");

display(nlp,l1,11);

part ml(qlp,alp,l1,0,11);

fprintf(fp,"MATRIX Q IS\n");

display(qlp,11,11);

part_ml(rlp,alp,l1,11,11);

fprintf(fp,"MATRIX R IS\n");

display(rlp,l1,11);

ntrans(tlp,mip,l1,11);

fprintf(fp,"NEGATIVE TRANSPOSE OF MATRIX M IS\n");
display(tlp,11,11);

ntrans(t2p,nlp,i1,11);

fprintf(fp,"NEGATIVE TRANSPOSE OF MATRIX N IS\n");
display(t2p,i1,11);

ntrans(t3p,qlp,11,11);

fprintf(fp,"NEGATIVE TRANSPOSE OF MATRIX Q IS\n");
display(t3p,11,11);

trans(t4p,nlip,l1,11);

fprintf(fp,"TRANSPOSE OF MATRIX N IS\n");
display(t4p,11,11);

trans(t5p,qlp,i1,11);

fprintf(fp,"TRANSPOSE OF MATRIX Q IS\n");
display(t5p,11,11);

if (compare(qlp,t3p,l1,11)==1 && compare(nlp,t2p,l1,11)==1
&& compare(rip,tip,li,ll)==1)

{fprintf{fp,"Q=negative Q transpose\n");
fprintf(fp,"N=negative N transpose\n");
fprintf(fp,"R=negative M transpose SO\n");

fprintf(fp,"IT IS ALSO IN EVEN DIMEMSIONAL ORTHOGONAL
ALGEBRA\n"),

}

else if (compare(nlp,t4p,i1,11)=1 && compare(qlp,t5p,i1,11)==1/
&& compare(rlp,tlp,l1,11)==1)

‘
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{fprintf(fp,"N=N transpose \n");
fprintf(fp,"Q=Q transpose \n");
fprintf(fp,"R=negative M transpose SO\n");
fprintf(fp,"IT IS ALSO IN SYMPLECTIC ALGEBRA\n");
}

else fprintf(fp,"BUT IT IS NOT IN SYMPLECTIC ALGEBRAn");
}

}

void odd_case(void)

{

int DIM2;

int 12;

float sum,;

float **a2p,**blp,**b2p,**clp,**c2p,**m2p,**n2p,**q2p,**12p;
float **t6p,**t7p,**t8p,**t9p,**t10p;
printf("ENTER DIMENSION OF YOUR MATRIX\n");
scanf("%d",&DIM2);

if(DIM2%2==0)

printf("YOUR DIMENSION IS NOT ODD\n");
else{

12=((DIM2-1)/2);
a2p=matrix(1,DIM2,1,DIM2);
m2p=matrix(1,12,1,12);

n2p=matrix(1,12,1,12);

g2p=matrix(1,12,1,12);

r2p=matrix(1,12,1,12);

blp=matrix(1,1,1,12);

b2p=matrix(1,1,1,12);

¢lp=matrix(1,12,1,1);

c2p=matrix(1,12,1,1);

tép=matrix(1,12,1,1);

t7p=matrix(1,12,1,1);

t8p=matrix(1,12,1,12);

t9p=matrix(1,12,1,12);

t10p=matrix(1,12,1,12);

printf("PLEASE ENTER YOUR MATRIX\n"),
printf("FIRST COEFFICENT MUST BE=0\n");
init_matrix(a2p,DIM?2);

display(a2p,DIM2, DIM2);
sum=trace(a2p,DIM2);

if(sum!=0)




{
fprintf(fp,"YOUR MATRIX IS NOT IN ANY ALGEBRAS\n");

printf("ENTER A MATRIX WHOUSE TRACE 0\n");
}
partl(blp,a2p,1,0,12);
fprintf(fp," MATRIX B1 IS\n");
display(blp,1,12);
partl(b2p,a2p,12,1,12);
fprintf(fp,"MATRIX B2 IS\n");
display(b2p,1,12);
part2(clp,a2p,1,0,12);
fprintf(fp,"MATRIX C1 IS\n");
display(clp,l12,1);
part2(c2p,a2p,12,1,12); |
fprintf(fp,"MATRIX C2 IS\n");
display(c2p,12,1);
part_m2(m2p,a2p,1,0,1,0,12);
fprintf(fp,"MATRIX M IS\n");
display(m2p,12,12);
part_ m2(n2p,a2p,1,0,12,1,12);
fprintf(fp,"MATRIX N IS\n");
display(n2p,12,12); ,
part m2(q2p,a2p,12,1,1,0,12);
fprintf(fp,"MATRIX Q IS\n");
display(q2p,12,12);
part_m2(r2p,a2p,12,1,12,1,12);
fprintf(fp,"MATRIX R IS\n");
display(r2p,12,12);
ntrans(tép,clp,1,12);
fprintf{fp,"NEGATIVE TRANSPOSE OF MATRIX C1 IS\n");
display(t6p,1,12);
ntrans(t7p,c2p,1,12);
fprintf(fp,"NEGATIVE TRANSPOSE OF MATRIX C2 IS\n");
display(t7p,1,12);
ntrans(t8p,q2p,12,12);
fprintf(fp,"NEGATIVE TRANSPOSE OF MATRIX Q IS\n");
display(t8p,12,12);
ntrans(t9p,n2p,12,12);
fprintf(fp,"NEGATIVE TRANSPOSE OF MATRIX N IS\n");
display(t9p,12,12);
ntrans(t10p,m2p,12,12);
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fprintf(fp,"NEGATIVE TRANSPOSE OF MATRIX M IS\n"),
display(t10p,12,12);

if (compare(b2p,t6p,1,12)==1 && compare(blp,t7p,1,12)=1 &&/
compare(q2p,t8p,12,12)==1/

&& compare(n2p,t9p,12,12)==1 && compare(r2p,t10p,12,12)==1)
{

fprintf(fp,"B2=negative C1 transpose \n");

fprintf(fp,"B1=negative C2 transpose \n");

fprintf(fp,"Q=negative Q transpose \n");

fprintf(fp,"N=negative N transpose \n");

fprintf(fp,"R=negative M transpose \n");

fprintf(fp,"IT IS ALSO IN ODD DIMENSIONAL ORTHOGONAL

ALGEBRA\n");

}
else
{
fprintf(fp,"IT IS NOT IN ODD DIMENSIONAL ORTHOGONAL
ALGEBRAWn");

}

}

}
void init_matrix(float **x,int k)

{ floatr;
for(i=1;i<=k;i++)
for(j=1;j<=k;j++)

{printf("Enter the coefficent x{%d][%d]\n"i,j);
scanf("%f",&r);x[i][j]=r;

)

}
void ntrans(float **y float **x,int m,int n)

{
for(i=1;i<=m;i++)
for(j=1;j<=nyt++)

{[i][j]=-1*XU][i];
int compare(float **x float **y,int m,int n)

{ \
for(i=1;i<=m;i++)
for(=1;j<=n;j++)
if (x[i]G]=y[16D
return 0;



return 1,

}

void display(float **x,int k,int t)
{

int i,j;

for(i=1;1<=k;i++)

{

fprl'ntf‘(fp’ﬂ\r");
{for(=1j<=tj++)
fprintf(fp,"%f " x[i][j]);

}

fI)rintf(fp,"\Il");

}

}

void trans(float **y float **x,int m,int n)
{for(i=1;i<=m;it++)
forG=1,j<=nyj++)
{y[i1h)=xD]ll;

}

}

float trace(float **x,int k)
{float sum=0,
for(i=1;i<=k;i++)
for(j=1;j<=k;j++)

iif(i=j) sum+=x[i][j};
printf("The trace is %f",sum);

return sum;

I}
s

float **matrix(int nrl,int nrh,int ncl,int nch)

L

int i;

float **m,

/*allocate pointers to rows*/

m=(float **)malloc((unsigned)(nrh-nrl+1)*sizeof(float *));
if('m) printf("allocation failure 1 in matrix()");

m-=nrl;

/*allocate rows and set pointers to them*/
for(i=nrl;i<=nrh;i++){

m[i]=(float *)malloc((unsigned)(nch-ncl+1)*sizeof(float));
if(!m[i]) printf("allocation failure 2 in matrix()");
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mfi]-=ncl;
}

/*return pointer to array of pointers to rows*/
return m;

}

void part_m](float **x float **y,int t,int k,int 1)
{

for(i=1;1<=l;i++)

for(j=1;<=l;j++)

>}<[i]U]=Y[t+i][k+j];

void part_m?2(float **x,float **y,int t,int k,int z,int u,int 1)
{

for(i=1;1<=];i++)

for(j=1;)<=1j++)

x[i]pl=y[i+tt+k][+ztu];

i

void partl(float **x float **y,int k,int t,int 1)

{i=1;

for(=1;j<=l;j++)

>}<[i]U]=y [h+k+t];

vgid part2(float **x float **y,int k,int t,int 1)
f{'g)-r—:(Ll I<=L1++)
x[i}[l=yli+k+][];}

Ornekl:

Boyutu 5x5 olan bir matrisi ele alalim.
0.000000 -2.000000 -1.000000 -3.000000 -4.000000
3.000000 -1.000000 0.000000 0.000000 0.000000
4.000000 -2.000000 1.000000 0.000000 0.000000
2.000000 0.000000 0.000000 1.000000 2.000000

1.000000 0.000000 0.000000 0.000000 -1.000000
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MATRIX B1 IS
-2.000000 -1.000000
MATRIX B2 IS
-3.000000 -4.000000
MATRIX C1 IS
3.000000

4.000000

MATRIX C2 IS
2.000000

1.000000

MATRIX M IS

-1.000000 0.000000
-2.000000 1.000000

MATRIX N IS

0.000000 0.000000
0.000000 0.000000

MATRIX Q IS

0.000000 0.000000

0.000000 0.000000
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MATRIX R IS

1.000000 2.000000
0.000000 -1.000000

NEGATIVE TRANSPOSE OF MATRIX C1 IS
-3.000000 -4.000000

NEGATIVE TRANSPOSE OF MATRIX C2 IS

-2.000000 -1.000000

NEGATIVE TRANSPOSE OF MATRIX Q IS

-0.000000 -0.000000
-0.000000 -0.000000

NEGATIVE TRANSPOSE OF MATRIX N IS

-0.000000 -0.000000
-0.000000 -0.000000

NEGATIVE TRANSPOSE OF MATRIX M IS

1.000000 2.000000

-0.000000 -1.000000
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B2=negative C1 transpose

Bl=negative C2 transpose

Q=negative Q transpose '

N=negative N transpose

R=negative M transpose

IT IS ALSO IN ODD DIMENSIONAL ORTHOGONAL ALGEBRA

Ornek 2:
6x6 boyutlu bir matrisi programa girelim.

1.000000 3.000000 2.000000 0.000000 0.000000 0.000000
-1.000000 4.000000 5.000000 0.000000 0.000000 0.000000
2.000000 3.000000 4.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 -1.000000 1.000000 -2.000000
0.000000 0.000000 0.000000 -3.000000 -4.000000 -3.000000
0.000000 0.000000 0.000000 -2.000000 -5.000000 -4.000000
YOUR MATRIX IS IN SPECIAL LINEAR ALGEBRA

MATRIX M IS

1.000000 3.000000 2.000000
-1.000000 4.000000 5.000000

2.000000 3.000000 4.000000
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MATRIX N IS

0.000000 0.000000 0.000000

0.000000 0.000000 0.000000

0.000000 0.000000 0.000000
MATRIX Q IS

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000

MATRIX R IS

-1.000000 1.000000 -2.000000
-3.000000 -4.000000 -3.000000
-2.000000 -5.000000 -4.000000

NEGATIVE TRANSPOSE OF MATRIX M IS

-1.000000 1.000000 -2.000000
-3.000000 -4.000000 -3.000000

-2.000000 -5.000000 -4.000000
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NEGATIVE TRANSPOSE OF MATRIX N IS

-0.000000 -0.000000 -0.000000
-0.000000 -0.000000 -0.000000

-0.000000 -0.000000 -0.000000
NEGATIVE TRANSPOSE OF MATRIX Q IS

-0.000000 -0.000000 -0.000000
-0.000000 -0.000000 -0.000000
-0.000000 -0.000000 -0.000000

TRANSPOSE OF MATRIX N IS

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000

TRANSPOSE OF MATRIX Q IS

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
Q=negative Q transpose

N=negative N transpose
R=negative M transpose SO
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IT IS ALSO IN EVEN DIMENSIONAL ORTHOGONAL ALGEBRA
Yap: Sabitleri
L sonlu boyutlu bir Lie cebiri olsun ve baz1 da
{e1,€2,€3....€,} olsun.

[lZlaiei,Z Pjej 1= ??ﬁaﬁbj[ei,eﬂ
= = =)=

n
[ei.e] = LZ_Clijkek

{ci* : 1<ign, 1gj<n , 1<k<n} kiimesinin elemanlarina yapi
sabitleri denir.

Teorem:Yap: sabitleri kiimesinin elemanlan agagidaki sartlar
saglar.
Dei*=0 VI<ig<n, 1<j<n, 1<k<n
2)ci¥=-¢* V1<i<n, 1< <n, 1<k<n
3)Z(ci e + ¢tk + e ig ') =0
Verilen sabitlerin yap1 sabitleri olup olmadigmi bu teoremden
yararlanarak bulabiliriz.Bu {i¢ sartin verilen sabitlerce saglandiim test
edersek elimizdeki sabitlerin yapi sabitleri olup olmadigim ve sonug olarak
da bir Lie cebirini olusturup olusturmadigini anlayabiliriz. Asagidaki prog-
ram verilen sabitlerin yapi sabitleri olup olmadigini test ediyor.
Sabit.cpp #include<stdio.h>
#include<math.h>
#include<stdlib.h>
nt i,j,k,Lm,N;
float c[10][10][10],top;
main()
{
printf("Enter the dimension of the lie algebra\n");
scanf("%d",&N);
for(i=1;i<=N;i++)
for(j=1j<=N;++)
for(k=1;k<=N;k++)
{
printf("Enter your constants ¢[%d][%d][%d]\n",i,j,k);
scanf("%f",&c[i][j]1[k]);
}
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for(i=1;i<=N;i++)

for(k=1;k<=N;k++)

{

if(c[i}{i}[k]!=0.000000)

{printf("It is not the set of structure constants\n");
return O;

}

}

for(i=1;1<=N;i++)

for(j=1;j<=Nyj++)

for(k=1;k<=N;k++)

{

if(cli][j1ik]+c[j1[i][k]!=0.000000)

{printf("It is not the set of structure constants\n");
return 0;

}

]

$

for(]=1;1<=N;l++)

for(m=1;m<=N;m++)

for(i=1;i<=N;i++)

for(j=1;j<=Ny++)

{ top=0.000000;

for(k=1;k<=N;k++)

§ top+=c[i] (] (k] *c[k][1][m]+c[] {1 [k]*c[k][i][m]+c{1}[i][k]*c[k] ] [m];

if( top!=0.000000)

{

printf("It is not-the set of structure constants\n");
return 0;

}

}
printf("It is the set of structure constants\n");

return 0;
}

Programmizin ¢iktisin1 dosyalayalim ve programi tekrar
yazahm.
Fsabit.cpp

#include<stdio.h>
#include<math.h>
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#include<stdlib.h>

int i,j,k,1,m,N;

float ¢[10][10]{10],top;

FILE *fp;

main()

{

if((fp=fopen("Sabit","wb"))==NULL){
printf("can not open file\n");

exit(1);

}

printf("Enter the dimension of the lie algebra\n"),
scanf("%d",&N);
for(i=1;i<=N;i++)
for(j=1,j<=N;j++)
for(k=1;k<=N;k++)

{
printf("Enter your constants ¢[%d][%d][%d]\n",i,j,k);
scanf("%f",&c[i]j1[kD);

}
for(i=1;i<=N;i++)
for(k=1;k<=N;k++)

{
if(c[i}[i][k]!=0.000000)

{
fprintf{(fp,"It is not the set of structure constants\n");
return O,

}

}

for(1=1;i<=N;i++)

for(=1j<=Nj++)

for(k=1;k<=N;k++)

{

if(c[i][j1k]+c31{i][k]!=0.000000)

{fprintf(fp,"It is not the set of structure constants\n"),
return 0;

}

}

for(l=1;l<=N;1++)
for(m=1;m<=N;m++)
for(i=1;i<=N;i++)
for(j=1j<=Nyj++)
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{ 10p=0.000000;
for(k=1;k<=N;k++)

§ top+=c[{] ] (k]*c[KIM[m}+c[ {1 k]*e(k] [l m]+c[lli] k) *e{k] {1 m];
1 top!=0.000000)

{

fprintf(fp,"It is not the set of structure constants\n");

return O;

}

}
fprintf(fp,"It is the set of structure constants\n");

return 0;

}

Ornek 1:
Asagdaki sabitlerin i¢ boyutlu bir Lie cebir olusturup olusturmadigm
test edersek |
$={0,0,0,0,2,0,0,0,-2,0-2,0,0,0,0,1,0,0,0,0,2.-1,0,0,0,0,0}
Su ¢iktiy1 alinz.
It is the set of structure constants

Ornek 2:

S ={1,2,4,0,8,9,0,7,6,1,1,-1,1,4,2,2,0,0,0,0,3,3,3,4,5,6,7}

Programa bu sabitleri girersek su ¢iktiy1 aliyoruz

It is not the set of structure constant

Semisimple Lie Cebirinin Tiirevi

Teorem :Semisimple Lie cebirinin her bir tiirevine i¢tiirev(INNER)
dir.

Lemma:L bir Lie cebiri olsun.(Der L = Turevlerin kiimesi) Der L,
End(L) nin bir Lie cebiridir.

Tamm: Lineer operatdr 3:L—L bir titrevdir. Eger
8([x,y]) = [8(x),y] + [x,8(y)] ise
Bu tamimdan yola ¢ikarak verilen bir lineer operatoriin tiirev
(derivasyon) olup olmadifini test eden bir program yapabiliriz.
Tilirev.cpp
#include<stdio.h>

#include<math.h>
#include<stdlib.h>
void init_matrix(float **x,int k);
void display(float **x,int k);
float **matrix(int nrl,int nrh,int ncl,int nch);
void mult(float **z float **x,float **y,int w);
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void add(float **z float **x,float **y);

void subt(float **z float **x float **y);

void donusum1(float ¥*X, float **x);

void donusum?2(float **y,float **Y);

void display1(float **y);

void mult1(float **z float **x,float **y);

int dim,ldim,i,j;

main()

f{loat **lp,**a,**A,**b,**B,’**ll,**l2,**sl,**SOL,**ml,**m2,**32;
float **m3,**m4, **s3 **sag **S1,**Al,**al , **B1,**b1,**SAG;
printf("This is a test of whether a given linear operator is a derivation or
not\n");

printf("Enter dimension of the lie algebra\n");
scanf("%d",&ldim);

printf("Enter the dimension of the elements of the lie algebra\n"),
scanf("%d",&dim);

printf("Enter the operator\n"),

al=matrix(1,dim,1,dim);

bl=matrix(1,dim,1,dim);

Al=matrix(1,ldim,1,1);

Bl=matrix(1,ldim,1,1);

S1=matrix(1,ldim,1,1);

Ip=matrix(1,ldim,1,ldim);

a=matrix(1,dim,1,dim);

b=matrix(1,dim,1,dim);

11=matrix(1,dim,1,dim);

12=matrix(1,dim,1,dim);

s1=matrix(1,dim,1,dim);

SOL=matrix(1,dim,1,1);

ml=matrix(1,dim,1,dim);

m2=matrix(1,dim,1,dim);

s2=matrix(1,dim,1,dim);

m3=matrix(1,dim,1,dim);,

m4=matrix(1,dim,1,dim);

s3=matrix(1,dim,1,dim);

sag=matrix(1,dim,1,dim);

A=matrix(1,ldim,1,1);

B=matrix(1,ldim,1,1);

SAG=matrix(1,ldim,1,1);

init_matrix(lp,ldim);



display(lp,ldim);

printf("Enter two elements of the Lie Algebra\n");
init_matrix(a,dim);
display(a,dim);
donusum1(A,a);
init_matrix(b,dim);
display(b,dim);
donusum1(B,b);
mult(11,a,b,dim);
mult(12,b,a,dim);
subt(s1,11,12);
donusum1(S1,s1);
multl(SOL,Ip,S1);
display1(SOL);
multl(Al,lp,A);
donusum?2(al,Al);
mult(m1,al,b,dim);
mult(m2,b,al,dim);
subt(s2,m1,m2);
multl(B1,lp,B);
donusum2(b1,B1);
mult(m3,a,bl,dim);
mult(m4,b1,a,dim);
subt(s3,m3,m4);
add(sag,s2,s3);
donusum1(SAG,sag);
for(i=1;i<=1dim;i++)
{
if(SOL[i][1]'=SAGI[i][1])
{

printf("The linear operator is not a derivation\n");
return O;

}
}

printf("The linear operator is a derivation\n");
return 0;

}

void init_matrix(float **x,int k)

{ float r;

int 1,j;

for(i=1;1<=k;i++)



for(j=1;j<=k;j++)
{printf("Enter the coefficent x[%d][%d]\n",i,j);
scanf("%f",&n):x[i][j]=T;

}

}

void display(float **x,int k)
{

int ij;

for(i=1;1<=k;i1++)
{for(j=1j<=k;j++)
{printf("%f\t" x[i][i]);

}

printf("\n");

}

}

float **matrix(int nrl,int nrh,int ncl,int nch)

{

int i;

float **m;

/*allocate pointers to rows*/

m=(float **)malloc((unsigned)(nrh-nrl+1)*sizeof(float *));
if(!m) printf("allocation failure 1 in matrix()");

m-=nrl;

/*allocate rows and set pointers to them*/
for(i=nrl;i<=nrh;i++){

m{i]=(float *)malloc((unsigned)(nch-ncl+1)*sizeof(float));
if(!m[i]) printf("allocation failure 2 in matrix()");
m(i]-=ncl;

]
5

[*return pointer to array of pointers to rows*/
return m;

}

void mult(float **z float **x,float **y,int w)
{

int 1,),k;

for(i=1;i<=w;i++)

for(j=1;j<=w;j++)

z[i][j]=0.000000;

for(i=1;i<=w;i++)

for(j=1;j<=wj++)

for(k=1;k<=w;k++)
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i[i][i]+=><[i][k]*Y[k][i];

void multl(float **z float **x,float **y)
{

intij,k;

for(i=1;i<=ldim;i++)

for(j=1 j<=ldim;j++)
z[i][3]=0.000000;
for(i=1;i<=1dim;i++)
for(k=1;k<=ldim;k++)
z[i][1]+=x[i][k]*y[k][1];

}

void add(float **z float **x,float **y)
{

int 1,j;

for(1=1;i<=dim;i++)
for(j=1;j<=dim;j++)
z[i][j]=0.000000;
for(i=1;i<=dim;i++)
for(j=1;j<=dimj++)
f[i][j]ﬂ[i][jlw[i][i];

void subt(float **z float **x float **y)
{

nt 1,j;

for(i=1;i<=dim;i++)
for(j=1;j<=dim;j++)
2[i][j]=0.000000;
for(i=1;i<=dim;i++)
for(j=1;j<=dim;j++)
i[i][j]‘:x{i][i]-y[i][i];

void donusum1(float **X, float **x)

{intr,s;

for(r=1;r<=dim-1;r++)

for(s=1;s<=dim;s++)

{X[(@-1)*dim+s){1]=x[r][s];}
for(s=1;s<=dim;s++)
{X[(dim-1)*dim+s}[1]=x[r][s];}
printf("\n");

display1(X);
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}

void donusum?2(float **y, float **Y)
{
int 1,s,k;
for(r=1;r<=dim-1;r++)
for(s=1;s<=dim;s++)
{y[r][s]=Y[(r-1)*dim+s][1];}
for(s=1;s<=dim;s++) |
{y[r][s]=Y[(dim-1)*dim+s][1];}
printf("\n"); |
y[dim)[dim]=0.000000,
for(k=1;k<=dim-1;k++)
§Y[diml[dim]+=Y[k] [k}
void display1(float **y)
{
int i;
for(i=1;i<=1dim;i++)
printf("%f\n", y[i][1]);

}
Programin ¢iktisini dosyalayalim. Yeni programimiz asagidaki
gibi olacaktir.
Ftirev.cpp
#include<stdio.h>
#include<math.h>
#include<stdlib.h>
void init_matrix(float **x,int k);
void display(float **x,int k);
float **matrix(int nrl,int nrh,int ncl,int nch);
void mult(float **z float **x float **y,int w);
void add(float **z float **x,float **y);
void subt(float **z float **x float **y);
void donusum!(float **X float **x);
void donusum2(float **y, float **Y);
void display1(float **y);
void multl(float **z float **x,float **y);
int dim,ldim,1,j;
FILE *fp;
main()

{
if((fp=fopen("T Orev","wb"))=NULL){
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printf("can not open file\n"),

exit(1);

Eloat ¥H[p g ¥R A ¥¥D KRR ¥¥]] ¥H]D *4g] **SOL **+m **m2, **s2;
float **m3,**m4,**s3,**sag **S1 **Al **al **B1,**b] **SAG;
printf("This is a test of whether a given linear operator is a derivation or
not\n");

printf("Enter dimension of the lie algebra\n");
scanf("%d",&ldim);

printf("Enter the dimension of the elements of the lie algebra\n");
scanf("%d",&dim);

printf("Enter the operator\n");

al=matrix(1,dim,1,dim);

bl=matrix(1,dim,1,dim);

Al=matrix(1,ldim,1,1);

Bl=matrix(1,ldim,1,1);

S1=matrix(1,ldim,1,1);

Ip=matrix(1,ldim,1,ldim);

a=matrix(1,dim,1,dim);

b=matrix(1,dim,1,dim);

11=matrix(1,dim,1,dim);

12=matrix(1,dim,1,dim);

sl=matrix(1,dim,1,dim);

SOL=matrix(1,dim,1,1);

m1=matrix(1,dim,1,dim);

m2=matrix(1,dim,1,dim);

s2=matrix(1,dim,1,dim);

m3=matrix(1,dim,1,dim);

m4=matrix(1,dim,1,dim);

s3=matrix(1,dim,1,dim);

sag=matrix(1,dim,1,dim);

A=matrix(1,1dim,1,1);

B=matrix(1,ldim,1,1);

SAG=matrix(1,ldim,1,1);

init_matrix(lp,ldim);

display(lp,ldim);

printf("Enter two elements of the Lie Algebra\n");
init_matrix(a,dim);

display(a,dim);

donusum1(A,a);

init_matrix(b,dim);



display(b,dim);
donusum1(B,b);
mult(11,a,b,dim);
mult(12,b,a,dim);
subt(s1,11,12);
donusum1(S1,sl);
multI(SOL,1p,S1);
display1(SOL);
multl(Al,lp,A);
donusum2(al,Al);
mult(ml,al,b,dim);
mult(m?2,b,al,dim);
subt(s2,m1,m2),
mult1(B1,lp,B);
donusum2(b1,B1);,
mult(m3,a,bl,dim);
mult(m4,b1,a,dim);
subt(s3,m3,m4);,
add(sag,s2,s3);
donusum1(SAG,sag);
for(i=1;i<=ldim;i++)

{

1
if(SOL[i][1]'=SAGTi][1])
{

fprintf(fp,"The linear operator is not a derivation\n");
return O;

}
}

fprintf(fp,"The linear operator is a derivation\n");
return O,

}

void init_matrix(float **x,int k)

{ floatr;

int i,j;

for(i=1;1<=k;i++)

for(j=1j<=k;j++)

{printf("Enter the coefficent x[%d][%d]\n",1,});
scanf("%f",&r);x[i][j]=T;

}

}
void display(float **x,int k)
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int ij; V

for(i=1;i<=k;i++)

{

ﬁ)rintf(fl),"\r");

{for(G=1j<=kj++)

fprintf(fp,"%f "x[i][j]);

}

fprintf(fp,"\n");

}

}

float **matrix(int nrl,int nrh,int ncl,int nch)

{

int i;

float **m,;

/*allocate pointers to rows*/

m=(float **)malloc((unsigned)(nrh-nrl+1)*sizeof(float *));
if(!m) printf("allocation failure 1 in matrix()");

m-=nrl; /

/*allocate rows and set pointers to them*/
for(i=nrl;i<=nrh;i++){ ,

m[i]=(float *)malloc((unsigned)(nch-ncl+1)*sizeof(float));
if(!m[i]) printf("allocation failure 2 in matrix()");
m[i]-=ncl;

!
s

/*return pointer to array of pointers to rows*/
return m; *

}

void mult(float **z float **x,float **y,int w)
{

int 1,),k;

for(i=1;i<=w;i++)

for(j=1;j<=w;j++)

z[i][j]=0.000000;

for(i=1;i<=w;i++)

for(j=1j<=w;j++)

for(k=1;k<=w;k++)

i[i][i]+=><[i] [k1*y[k]G1;
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void multl(float **z float **x float **y)
{

int 1,j,k;

for(i=1;i<=ldim;i++)
for(j=1;j<=ldim;j++)

z[i][j]=0.000000;

for(i=1;i<=ldim;i++)
for(k=1;k<=ldim;k++)

i[i][1]+=><[i] (k]*y[KkI[1];

void add(float **z float **x,float **y)
{

int 1,j;

for(i=1;i<=dim;i++)
for(j=1;j<=dim;j++)
z[1][j]=0.000000;
for(i=1;i<=dim;i++)
for(j=1;j<=dim;j++)
z[1][j1=x[1D]+y(ill];

void subt(float **z,float **x,float **y)

{

int ij;

for(i=1;i<=dim;i++)

for(j=1;j<=dim;j++)

z[1][]=0.000000;

for(i=1;i<=dim;1++)

for(j=1;j<=dim;j++)

f[i][j]‘:x{i][j]-y[i][j];

void donusum1(float **X float **x)

{intr,s;

for(r=1;r<=dim-1;r++)

for(s=1;s<=dim;s++)

{X[(r-1)*dim+s][1]=x[r][s];}
for(s=1;s<=dim;s++) |
{X[(dim-1)*dim+s][1]=x[r][s];}
printt‘("\nll);

display1(X);

}

void donusum2(float **y,float **Y)
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{
int r,s,k;
for(r=1;r<=dim-1;r++)
for(s=1;s<=dim;s++)
(y[rlls]=Y[(-1)*dim+s][1];}
for(s=1;s<=dim;s++)
{y[r][s]=Y[(dim-1)*dim-+s][1];}
prinrf(n\nn ),
y[dim][dim]=0.000000;
for(k=1;k<=dim-1;k++)
§Y[dim][dim]+=>'[k][k];}
void display1(float **y)
i{nt 1
for(i=1;i<=ldim;i++)
I;ﬁntf("%f\n",)’[i][ll);
Ornekl:

0.000000 -1.000000 0.000000
0.000000 -4.000000 0.000000

2.000000 0.000000 4.000000

-2,000000 0.000000

1.000000 2.000000

0.000000 0.000000
1.000000 0.000000
The linear operator is not a derivation
L nin Elemanlarimin Adjointi

F Cebiri derken basit olarak F iizerinde bir vektdr uzay: ve
bilineer bir operasyonu kasdediyoruz.Derivasyonu daha Once
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tanimlamistik. Eger xeL , y—[x,y] L nin bir endomorfismasiysa , L Lie
cebiri bir F cebiri oldugundan belirli derivasyonlar dogal olarak ortaya
¢ikar.Biz bu derivasyonu adx ile gosterecegiz.Ashinda adx eDerL.
L—DerL
x—»adx bagmtist Lnin adjoint temsili diye adlandinlr.
ad:L—gl(L) bir monomorfizmadir. Yani her basit Lie cebiri , daha
once tizerinde durdugumuz , bir lineer Lie cebirine izomorfiktir.
L, Lie cebirinin her bir elemaninin adjointini hesaplamak verilen
Lie cebrinin bazina goére degisik hesaplama gerektirmektedir.
Ozel lineer Lie cebirini ele alahm.
Aesl(n, F)
B={b[1],b[2],...., b[ldim]}

1dim )
[bLi] . BT] = TB*b[K]

ldim
A= 2;1(31 b[i]

ldim
[A., BLT] = [Ze: bl , bE1)

1dim
= 2 [bli] , bl

\dim 1dim
“BZenn
idim
Ty= Z?iBin

1.yol:Bj* ler elle hesaplamp bilgisayara girilir.
2.yol:Gaussjordan metoduyla B;" ler hesaplanir.

Gaussjordan metoduyla deklem sistemi ¢6zen bir programa
thtiyacimiz olacaktur.

Gaussjo.cpp
#include<stdio.h>
#include<math.h>
#include<stdlib.h>
#define SWAP(a,b){float temp=(a);(a)=(b);(b)=temp;}
#define dim 3
#define num 1



void gaussjo(float **a,int n,float **b,int m);
void free ivector(int *v,int nl,int nh);
int *ivector(int n1,int nh);
void nrerror(char error_text[]);
void display1(float **y);
void init1(float **b);
void init(float **A);
void display(float **A);
float **matrix(int nrl,int nrh,int ncl,int nch);
main()
{
float **p’**q;
p=matrix(1,dim,1,dim);
q=matrix(1,dim,1,num);
init(p);
printf("\n\n");
nit1(q);
display(p);
printf("\n\n");
display1(q);
printf("\n\n");
gaussjo(p,dim,g,num);
display(p);
printf("\n\n");
display1(q);
return 0;
}
void init(float ¥*A)
{
float r;
int 1,j;
for(i=1;i<=dim;i++)
for(j=1 j<=dim;j++)
{printf("Enter the coefficent x[%d][%d]\n",i,j);
scanf("%f",&r);Ali][j]=T;
I})rintf(n\nn);}
void init1(float **B)
{
int ij;
float r;
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for(j=1;j<=num;j++)

{

for(i=1;i1<=dim;i++)

{ printf("Enter the coefficent B[%d][%d]\n",i,});
scanf("%f",&r);B[i][j]=T;}

printf("\n");

}

}

void display(float **A)

{

int 1,j;

for(i=1;i<=dim;i++)

{for(j=1;j<=dim;j++)

{printf("%f\t",A[i][j]);

}

printf("\n");

}

}

void display1(float **y)

{

int i,j;

for(i=1;i<=dim;i++)

{for(j=1;j<=num;j++)

§printf("%f\t",Y[i][j]);

printf(*\n");

}

}

float **matrix(int nrl,int nrh,int ncl,int nch)

{

int i;

float **m;

/*allocate pointers to rows*/

m=(float **)malloc((unsigned)(nrh-nrl+1)*sizeof(float *));
if('m) printf("allocation failure 1 in matrix()");
m-=nrl;

/*allocate rows and set pointers to them*/
for(i=nrl;i<=nrh;i++){

m[i]=(float *)malloc((unsigned)(nch-ncl+1)*sizeof{(float));
if('m[i]) printf{("allocation failure 2 in matrix()");
m{i]-=ncl;
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/*return pointer to array of pointers to rows*/
return m;

}

void free_ivector(int *v,int nl,int nh)
{

free((char*)(v-+nl)),

}

void gaussjo(float **a,int n,float **b,int m)
{int *indxc,*indxr,*ipiv;

int i,icol,irow,j,k,L1i;

float big,dum,piviny;
indxc=ivector(l,n);
indxr=ivector(1,n);
ipiv=ivector(1,n); [
for(j=1;j<=n;j++) ipiv[j]=0;
for(i=1;i<=n;i++) ‘

{

big=0.0;

for(j=1j<=n;++)

if(ipiv[j]'=1)

for(k=1k<=n;k++)

{

if(ipivik]==0)

{
if(fabs(a[j][k])>=big)
{

big=fabs(a[j][k]);

Irow=j;

icol=k;

}

}

else if(ipiv[k]}>1) nrerror("GAUSSJ:Singular matrix-1");
}

++(1piv[icol]);

/*indxc[i]=the column of ith pivot element */
/*indxr[i]=the row in which that pivot element was originally located*/
if(irow!=icol)

{

for(I=1;1<=n;l++) SWAP(a[irow]{1],a[icol][1])
for(I=1;1<=m;l++) SWAP(b[irow][1],b[icol]{l])
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}

/*divide the pivot row by the pivot element located at irow and icol*/
indxr{i]=irow;

indxc[i]=icol;

if(a[icol][icol}==0.0) nrerror("GAUSSJ:Singular matrix-2");
pivinv=1.0/a[icol][icol];

a[icol][icol]=1.0;

for(]1=1;l<=n;l++)

a[icol][1]¥=pivinv;

for(l=1;l<=m;l++) b[icol][l]*=pivinv;

for(ll=1;ll<=n;ll++)

if(ll1=icol)

{
dum=a[ll][icol];

a[ll][icol]=0.0;
for(I=1;1<=n;l++) a[ll][l]-—a[lcol][ 1*dum,;
for(1=1;1<=m;l++)
b[ll][1]-=b[icol][1}]*dum;
}

}
for(I=n;>=1;1--)

{

if(indxr[1]!=indxc[l])

for(k=1;k<=n;k++)
SWAP(a[k][indxr[1]],a[k][indxc[1]]);

}

free_ivector(ipiv,1,n);

free_ivector(indxr,1,n);

free_ivector(indxc,1,n);

}

void nrerror(char error_text[])
{fprintf(stderr,"Numerical Recipes run-time error....\n");
fprintf(stderr,"%s\n" error_text);
fprintf(stderr,"....now exiting to system...\n");
exit(0);

}

int *ivector(int nl,int nh)

/*allocation an int vector with range [nl........ nh]*/
{int *v;
v=(int¥*)malloc((unsigned)(nh-nl+1)*sizeof(int));
if('v)nrerror("allocation failure in vector()"),
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return v-nl;
}
Bu programi kullanabilecegimiz bir denklem sistemi kuralim.,
1dim
Zlb[i] [k][l}c; = A[k]{1]
a idim

[A . bOIEK]N = 2.T;; bl k(1]

1.denklem k=1 I=1
2.denklem k=1 1=2

n.denklem k=1 I=n
n+1 denklem k=2 I=1

n+n.denklem k=2 l=n

Bilinmeyen sayisi n*-1
Denklem say1s1  n’-1

Simdi bu denklem sistemini ¢dzerek verilen bir matrisin adjointini
hesaplayan programi yazalim.

Ad.cpp

#include<stdio.h>
#include<math.h>
#include<stdlib.h>
#define SWAP(a,b){float temp=(a);(a)=(b);(b)=temp;}
void gaussjo(float **a,int n float **b,int m);
void free_ivector(int *v,int nl,int nh);
int *ivector(int nl,int nh);
void nrerror(char error_text[]);
void display1(float **y);
void init_matrix(float **x,int k);
void display(float **x,int k);
float **matrix(int nrl,int nrh,int ncl,int nch);



void mult(float **z float **x,float **y);
void subt(float **z float **x float **y);
int dim,ldim;

main()

Lo

int i,j,r,s;

float
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*¥b[100],**a,**sol,**sag,**son[100],**ad,**1[100]{100],**m1[100]{100],

**p;**q[100];

printf("Enter dimension of the lie algebra\n");

scanf("%d",&ldim);

printf("Enter dimension of base elements as matrCJces\n");

scanf("%d",&dim);
ldim=dim*dim-1;
a=matrix(1,dim,1,dim);
sol=matrix(1,dim,1,dim);
sag=matrix(1,dim,1,dim);
ad=matrix(1,ldim,1,ldim);
p=matrix(1,ldim,1,ldim);
for(j=1;j<=ldim;j++)

{

q[j]=matrix(1,1dim,1,1);

}
for(i=1;i<=ldim;i++)

{
b[i]=matrix(1,dim,1,dim),
son[i]=matrix(1,dim,1,dim);

}

for(i=1;i<=ldim;i++)

for(j=1 j<=ldim;j++)

{

{

1[i][j]=matrix(1,dim,1,dim);
m1[i][j}=matrix(1,dim,1,dim);
}

}

for(i=1;i<=ldim;i++)

{

printf("Enter the base element b[%d]\n",1);
init_matrix(b[i],dim);
display(b[i],dim);
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}

for(i=1;i<=1dim;i++)
for(j=1;j<=ldim;j++)

{

{
mult(m1[i][j1,b[i},b[D);
)

}

for(i=1;i<=ldim;i++)
for(j=1;j<=ldim;j++)
{printf("Lie product of 1[%d][%d]\n",i,j);

{
subt(1[i][i],m1[i][j],m1[]{i]);
?isplay(l[i]U],dim); |
printf{("\n\n");
}
printf("fCind Ong the adjoint of a given element of the Lie algebra\n ");
printf("Enter the element of the Lie Algebra as a matrix\n");
init_matrix(a,dim);
display(a,dim);
for(j=1;j<=1dim;j++)
{
mult(sol,a,b[j]);
mult(sag,b[j],a);
subt(son[j] ,sol,sag);
display(son[j],dim);
for(r=1;r<=dim-1;r++)
for(s=1;s<=dim;s++)
{q[i][(r-1)*dim+s][1]=son[j][r][s];}
for(s=1;s<=dim-1;s++)
{q(j][(dim-1)*dim+s][1]=son[j][r][s];}
printf(n\nn);
;ﬁsplayl(q[j]);
printf("Enter the coordinates of base elements except (n,n)th
coordinate\n");
init_matrix(p,ldim);
for(j=1;j<=ldim;j++)
{
gaussjo(p,ldim,q[j],1);



printf("The inverse of the coefficient matrix\n");
display(p,ldim);

printf("\n\n");

display1(q[j]);

for(i=1;i<=ldim;i++)

{

ad[i][1=q(1li][1];

}

}

printf("The adjoint of the given matrix A\n");
display(ad,ldim);

return O;

}

void init_matrix(float **x,int k)
{

float r;

int 1,j;

for(i=1;i<=k;i++)
for(=1;j<=k;j++)
{printf("Enter the coefficent x[%d][%d]\n",i,j);
scanf("%f",&r):x[i][j]=T;

}

}

void display(float **x,int k)

{

int 1,j;

for(i=1;i<=k;i++)
{for(=1j<=kj++)
{printf("%f\t" x[1][5]);

}

printf("\n");

!

} . . 0

float **matrix(int nrl,int nrh,int ncl,int nch)
{ .

int 1;

float **m;

[*allocate pointers to rows*/

m=(float **)malloc((unsigned)(nrh-nrl+1)*sizeof(float *));

if(!m) printf("allocation failure 1 in matrix()"),
m-=nrl; ,
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/*allocate rows and set pointers to them*/
for(i=nrl;i<=nrh;i++){

m[i]=(float *)malloc((unsigned)(nch-ncl+1)*sizeof(float)); -
if{!m[i]) printf("allocation failure 2 in matrix()");
m[i]-=ncl;

}

/*return pointer to array of pointers to rows¥/
return m;

}

void free_ivector(int *v,int nl,int nh)

{

free((char*)(v+nl));

}

void gaussjo(float **a,int n,float **b,int m)
{int *indxc,*indxr, *ipiv;

int i,icol,irow,j,k,L11;

float big,dum,piviny;

indxc=ivector(1,n);

indxr=ivector(1,n);

ipiv=ivector(l,n);

for(j=1;j<=n;j++) ipiv[j]=0;
for(i=1;i<=n;i++)

{

big=0.0;

for(j=1j<=ny++)

if(ipiv[j]!=1)

for(k=1;k<=n;k++)

{

if(ipiv[k]==0)

{

if(fabs(a[j][k])>=big)

{

big=fabs(a[j][k]);

irow=j;

icol=k;

|
else if(ipiv[k]>1) nrerror("GAUSS/J:Singular matrix-1");
}

++(ipiv[icol]);
/*indxc[i]=the column of ith pivot element */
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/*indxr{i]=the row in which that pivot element was originally located*/
if(irow!=icol)

{

for(I=1;l<=n;l++) SWAP(a[irow][1],a[icol][l])

for(1=1;1<=m;l++) SWAP(b[irow][l},b[icol][l])

}

/*divide the pivot row by the pivot element located at irow and icol*/
indxr[i]=irow;

indxc{iJ=icol;

if(aficol][icol]==0.0) nrerror("GAUSSJ:Singular matrix-2");
pivinv=1.0/a[icol][icol];

aficol][icol]=1.0;

for(l=1;l<=n;l++)

a[icol][l]*=pivinv;

for(I=1;l<=m;l++) b[icol][l1]*=pivinv;

for(ll=1;ll<=n;ll++)

if(l'=icol)

{

dum=a[ll][icol];

a[ll][icol]=0.0;

for(1=1;l<=n;l++) a[ll][l]-=a[icol][l]*dum;
for(I=1;l<=m;l++)
b[l1}[1]-=b[icol][1]*dum,;

}

for(l=n;1>=1;]--)

{

if(indxr[1]'=indxc(1})

for(k=1;k<=n;k++)

?WAP(a[k] [indxr{1]].a[k][indxc[1]1);
free_ivector(ipiv,1,n);
free_ivector(indxr,1,n),
free_ivector(indxc,1,n);

}

void nrerror(char error_text[])
{fprintf(stderr,"Numerical Recipes run-time error....\n");
fprintf(stderr,"%s\n" ,error_text);
fprintf{stderr,"....now exiting to system...\n");
exit(0);

}



int *ivector(int nl,int nh)

/*allocation an int vector with range [nl........ nh]*/
{int *v,
v=(int*)malloc((unsigned)(nh-nl+1)*sizeof(int));
if(!'v)nrerror("allocation failure in vector()"),
return v-nl;

} |

void mult(float **z,float **x,float **y)
{

int i,j,k;

for(i=1;i<=dim;i++)
for(j=1;j<=dim;j++)

z[i][j]=0;

for(i=1;i<=dim;i++)
for(j=1;j<=dimj++)
for(k=1;k<=dim;k++)

i[i]U]+=X[i] (k]*y[k][];

void subt(float **z float **x float **y)
{

nt i,j;

for(i=1;i<=dim;i++)
for(j=1;j<=dim;j++)

z[i][j]=0;

for(i=1;i<=dim;i++)
for(j=1;j<=dim;j++)
J}Z[i]D']=X[i][i]-y{i][i];

void display1(float **y)

{

int i;

for(i=1;i<=ldim;i++)

{

for(j=1;<=1;j++)

printf("%f\t" y[i][]);

printf("\n");

)

}

Programin ¢iktisini dosyalim ve programi yeniden yazahm,
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Fad.cpp
#include<stdio.h>
#include<math.h>
#include<stdlib.h>
#define SWAP(a,b){float temp=(a);(a)=(b);(b)=temp;}
void gaussjo(float **a,int n,float **b,int m);
void free_ivector(int *v,int nl,int nh);
int *ivector(int nl,int nh);
void nrerror(char error_text[]);
void display1(float **y);
void init_matrix(float **x,int k),
void display(float **x,int k); '
float **matrix(int nrl,int nrh,int ncl,int nch);
void mult(float **z float **x, float **y);
void subt(float **z, float **x float **y);
int dim,ldim;
FILE *fp;
main()
{
inti,j,r,s;
float**b[100],**a,**s0l,**sag,**son[100],**ad,**1[100][100],**m1[100][
100],**p,**q[100];
if((fp=fopen("ad","wb"))==NULL){
printf("can not open file\n");
exit(1);
}
printf("Enter dimension of the lie algebra\n");
scanf("%d",&ldim);
printf("Enter dimension of base elements as matrCJces\n");
scanf("%d",&dim);
ldim=dim*dim-1;
a=matrix(1,dim,1,dim);
sol=matrix(1,dim, 1,dim);
sag=matrix(1,dim,1,dim);
ad=matrix(1,ldim,1,1dim);
p=matrix(1,ldim,1,ldim);
for(=1;j<=ldim;j++)
{
q[j]=matrix(1,ldim,1,1);

}
for(i=1;1<=ldim;i++)



{

b[i]=matrix(1,dim,1,dim);
son[i]=matrix(1,dim,1,dim);

}

for(i=1;i<=ldim;i++)
for(j=1;j<=ldim;j++)

{

{

I[1}[j]=matrix(1,dim,1,dim);
m1[i][j}=matrix(1,dim,1,dim);

1
5

}

for(i=1;i<=1dim;i++)

{

printf("Enter the base element b[%d]\n",i);
init_matrix(b[i],dim);

display(b[i],dim);

}

for(i=1;i<=ldim;i++)
for(j=1;j<=ldim;j++)

{

{
mult(m1[i][j],b[i],b[i]);
1

I

!
it

for(i=1;i<=ldim;i++)
for(j=1;j<=ldim;j++)
{fprintf(fp,"Lie product of 1{%d][%d]\n",i,j);
{
subt(1[i](j],m1[i}{j],m 1 [j}{i]);
display(1[i][j],dim);
}
printf("\rl\n");
} |
fprintf(fp,"finding the adjoint of a given element of the Lie algebra\n ");
fprintf(fp,"Enter the element of the Lie Algebra as a matrix\n");
init_matrix(a,dim);
display(a,dim);
for(j=1y<=ldim++)
{
mult(sol,a,b[j]);
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mult(sag,b[j],a);
subt(son[j] ,sol,sag);
display(son[j],dim);
for(r=1;r<=dim-1;r++)
for(s=1;s<=dim;s++)
{qb][(r-1)*dim+s][1]=son[j]{r][s];}
for(s=1;s<=dim-1;s++)
{qf][(dim-1)*dim+s][1}=son[j][r][s];}
printf("\n");
gﬁsnlayl(qU]);
i
printf("Enter the coordinates of base elements except (n,n)th
coordinate\n"),
init_matrix(p,idim);
for(j=1;j<=ldim;j++)

{

gaussjo(p,ldim,q[j],1);

printf("The inverse of the coefficient matrix\n");
display(p,ldim);

printf("\n\n"),

display1(q[j}]);

for(i=1;1<=Idim;i++)

{

?d[i][j]=qﬁl[i][1];

§

}
fprintf(fp,"The adjoint of the given matrix A\n");

display(ad,ldim),

return 0

}

void init_matrix(float **x,int k)
{

floatr;

int ij;

for(i=1;i<=k;i++)
for(j=1;j<=k;j++)
{printf("Enter the coefficent x[%d]{%d]\n",1,});
scanf("%f",&r);x[i][j]=T;

}

}
void display(float **x,int k)



{

int i,j;
for(i=1;i1<=k;i++)

{

fprintf(fp,"\r");
{for=1;j<=kyj++)
fprintf(fp,"%f "x[i][i]);

}

fprintf(fp,"\n");

}

}

float **matrix(int nrl,int nrh,int ncl,int nch)

{

int i;

float **m;

/*allocate pointers to rows*/

m=(float **)malloc((unsigned)(nrh-nrl+1)*sizeof(float *));
if(!m) printf("allocation failure 1 in matrix()");

m-=nrl;

/*allocate rows and set pointers to them*/
for(i=nrl;i<=nrh;i++){

m[i]=(float *)malloc((unsigned)(nch-ncl+1)*sizeof(float));
if(!m[i}) printf("allocation failure 2 in matrix()");
m[i]-=ncl;

}

/*return pointer to array of pointers to rows*/

return m;

void free_ivector(int *v,int nl,int nh)
{

free((char*)(v+nl));

}

void gaussjo(float **a,int n,float **b,int m)
{int *indxc,*indxr,*ipiv;

int i,icol,irow j,k,L1;

float big,dum,pivinv;
indxc=ivector(1,n);
indxr=ivector(1,n);
ipiv=ivector(1,n);

for(j=1;j<=nj++) ipiv[j]=0;
for(i=1;i<=n;i++)

101



102

{

big=0.0;
for(j=1;j<=n;j++)
if(ipiv[j]!=1)
for(k=1;k<=n;k++)
{

i\f(ipiv[k]—————O)

{
if(fabs(a[j][k])>=big)
{

big=fabs(a[j}[k]);
irow=j;

icol=k;

}

]
I

else if(ipiv[k]>1) nrerror("GAUSSJ:Singular matrix-1");

}

++(ipiv[icol]);

/*indxc(i]=the column of ith pivot element */

/*indxr{i]=the row in which that pivot element was originally located*/
if(irow!=icol)

{

for(I=1;1<=n;l++) SWAP(a[irow][1],a[icol][l])
for(I=1;1<=m;l++) SWAP(b[irow][1],b[icol][1])

1

s

/*divide the pivot row by the pivot element located at irow and icol*/
indxr[i]=irow;

indxc(i]=icol; ‘

if(a[icol][icol]==0.0) nrerror("GAUSSJ:Singular matrix-2"),
pivinv=1.0/aficol][icol];,

a[icol][icol]=1.0;

for(I=1;1<=n;l++)

a[icol][l]*=pivinv;

for(I=1;l<=m;l++) b[icol][l]*=pivinv,

for(ll=1;ll<=n;ll++)

if(ll!=icol)

{

dum=a][ll][icol];

a[ll}[icol]=0.0;

for(I=1;l<=n;l++) a[ll][1]-=a[icol][1]*dum,;
for(I=1;l<=m;l++)
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b[li][1]-=bicol][1]*dum:;
}

for(I=n;1>=1;l--)

{

ilf(indxr[l]!=indxc[l])
for(k=1;k<=n;k++)
SWAP(a[k][indxr[l]},a[k][indxc[1]]);
}

free_ivector(ipiv,1,n);

free ivector(indxr,1,n);

free _ivector(indxc,1,n);

}

void nrerror(char error_text[})
{fprintf(stderr,"Numerical Recipes run-time error....\n");
fprintf(stderr,"%s\n" ,error_text);
fprintf(stderr,"....now exiting to system...\n");
exit(0);

}

int *ivector(int nl,int nh)

/*allocation an int vector with range [nl........ nh]*/
{int *v;
v=(int*)malloc((unsigned)(nh-nl+1)*sizeof(int));
if('v)nrerror("allocation failure in vector()");

return v-nl;

1
|

void mult(float **z float **x float **y)
{

int 1,j,k;

for(i=1;i<=dim;i++)
for(j=1;j<=dim;j++)

2[i][j]=0;

for(i=1;i<=dim;i++)
for(j=1;j<=dimj++)
for(k=1;k<=dim;k++)
i[i]U]+=X[i][k]*Y[k][i];

void subt(float **z float **x,float **y)
L

int 1,j;

for(i=1;i<=dim;i++)



for(j=1,j<=dim;j++)
z[i][j]=0;

for(i=1;i<=dim;i++)
for(j=1<=dim;j++)
z[i][j}=x[i](]-y[10];

1

}
void display1(float **y)

{

int 1,j;
for(i=1;i<=1dim;i++)
{

for(=1,j<=1;j++)

fprintf(fp,"%\t", y[i](j]);

?printf(fp,"\n");

'
Ornek 1;

1.000000 0.000000
0.000000 -1.000000

0.000000 1.000000
0.000000 0.000000

0.000000 0.000000
1.000000 0.000000
Lie product of 1[1][1]

0.000000 0.000000
0.000000 0.000000
Lie product of 1[1][2]

0.000000 2.000000
0.000000 0.000000
Lie product of 1[1][3]

0.000000 0.000000
-2.000000 0.000000
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Lie product of 1[2][1]

0.000000 -2.000000
0.000000 0.000000
Lie product of 1[2][2]

0.000000 0.000000
0.000000 0.000000
Lie product of I[2][3]

1.000000 0.000000
0.000000 -1.000000
Lie product of 1[{3][1]

0.000000 0.000000
2.000000 0.000000
Lie product of 1[3][2]

-1.000000 0.000000
0.000000 1.000000
Lie product of 1{3][3]

0.000000 0.000000
0.000000 0.000000

finding the adjoint of a given element of the Lie algebra
Enter the element of the Lie Algebra as a matrix

-2.000000 0.000000
1.000000 2.000000

0.000000 0.000000
2.000000 0.000000
0.000000
0.000000
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2.000000

-1.000000 -4.000000

0.000000

-1.000000
-4.000000

0.000000

0.000000
4.000000
0.000000
0.000000
4.000000

1.000000
0.000000
0.000000
0.000000
0.000000
2.000000

1.000000
0.000000
0.000000

-1.000000
-4.000000

0.000000

1.000000
0.000000
0.000000
0.000000
0.000000
4.000000

1.000000

0.000000
0.000000

0.000000
1.000000
0.000000

0.000000
1.000000
0.000000

0.000000
1.000000
0.000000

0.000000
0.000000
1.000000

0.000000
0.000000
1.000000

0.000000
0.000000
1.000000
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0.000000
4.000000

The adjoint of the given matrix A

0.000000 -1.000000 0.000000
0.000000 -4.000000 0.000000
2.000000 0.000000 4.000000

Killing Formu
L bir Lie cebiri olsun.x,yeL ise K(x,y)=Tr(adx ady) L uizerindeki bir
simetrik bilineer form olarak tarif edilir ve Killing Formu olarak
adlandiniir.
Bu formun hesaplanma31 ile bir Lie ceblrmm semi simple olup ol-
madif test edilebilir.
Teorem:L bir Lie cebiri olsun.Eger L semi smple ise Killing formu
yozlasmamistir. Bunun terside dogrudur.
Biliyoruz ki K(x,y) ancak ve ancak det(K(ei , ¢;)) # 0 ise yozlag-
manmustir.( {€,€>,€3,.....€n} L Lie cebirinin bazidir.)
Simdi bu matrisi hesaplayacak bir program hazirlayahm.
Kmat.cpp
#include<stdio.h>
#include<math.h>
#include<stdlib.h>
#define SWAP(a,b){float temp=(a);(a)=(b);(b)=temp;}
void gaussjo(float **a,int n,float **b,int m);
void free_ivector(int *v,int nl,int nh);
int *ivector(int n1,int nh);
void nrerror(char error_text[]);
void display1(float **y);
void init_matrix(float **x,int k);
void display(float **x,int k);
float **matrix(int nrl,int nrh,int ncl,int nch);
void mult(float **z,float **x float **y,int w),
void subt(float **z float **x,float *¥*y);
int dim,ldim;
float trace(float **x,int k),
main()

{
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int 1,j,r,8,k,C;
float **b[100],**son[100][100],**admul[100][100]\
,¥*ad[100],**m1[100][100],**p,**killing,**q[100][100];
printf("Enter dimension of base elements as matrJces\n");
scanf("%d",&dim);
ldim=dim*dim-1;
for(i=1;i<=ldim;i++)
{
ad[i]=matrix(1,ldim,1,ldim);
}
p=matrix(1,ldim,1,ldim);
killing=matrix(1,ldim,1,1dim);
for(k=1;k<=ldim;k++)
for(j=1;j<=Idim;j++)
{
{
q[k]{j]=matrix(1,ldim,1,1);
}
}
for(i=1;i<=ldim;i++)
for(k=1;k<=ldim;k++)
{
{
b[i]=matrix(1,dim,1,dim);
son[i][k]=matrix(1,dim, 1,dim);
m1[i][k]=matrix(1,dim,1,dim);
}
}
for(i=1;i<=ldim;i++)
for(k=1;k<=ldim;k++)
%
admul[ij(k]=matrix(1,Idim,1,Idim),
} .
}
for(i=1;i<=ldim;i++)
{
printf("Enter the base element b[%d]\n",i);
init_matrix(b[i],dim);
display(b[i],dim}),
}



for(i=1;i<=ldim;i++)
for(=1;j<=ldim;j++)
{

{

mult(m1[i]{j],b[i],b[j],dim);

}

}

for(i=1;i<=ldim;i++)

for(j=1;j<=ldimj++)

{printf("Lie product : son[%d]}[%d]\n",i,j);
{

subt(son[i][jl,m1{i][],m1[]{i]);
display(son[i][j],dim);

}
printf("\n\n");
}
printf{("f0ndOng the adjoint of basOs elements\
of the Lie algebra\n ");
for(k=1;k<=ldim;k++)
for(j=1;j<=Idim;j++)
{{
/*mult(sol,bk],b[j],dim);
mult(sag,b[j],b[k],dim);
subt(son[k][j] ,sol,sag);
display(son[k]([j].dim);*/
for(r=1;r<=dim-1;r++)
for(s=1;s<=dim;s++)
{q[k](j]{(r-1)*dim+s]{1]=son[k]{j][r]{s];}
for(s=1;s<=dim-1;st++)
{q[k](j]{(dim~1)*dim+s][1]}=son[k][j}{r][s]:}
printf("\n");
?isr)layl(q[k][i]);
}

printf("Enter the coordinates of base elements\
except (n,n)th coordinate\n");
init_matrix(p,ldim);

for(k=1;k<=ldim;k++)

for(j=1;j<=Idim;j++)

{
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{
gaussjo(p,ldim,q[Kk][j],1);
printf("The inverse of the coefficient matrix\n");
display(p,ldim);
printf("\n\n");
display1(q[k](i]);
}
}
for(k=1;k<=ldim;k++)
for(j=1;j<=ldim;j++)
for(i=1;i<=ldim;i++)
{
{
{
'c}ld[k][i][i]—"-q[k][i][i][l];
%
for(k=1;k<=ldimk++)
{
printf("The adjoint of the base element b[%d]\n" k);
display(ad[k],ldim);
printf("\n\n");
¥
for(k=1;k<=ldim;k++)
for(c=1;c<=ldim;c++)
{
mult(admul[k][c],ad[k],ad[c],ldim);
killingfk][¢c]=trace(admul{k]}[c],ldim);
}

display(killing,Idim);
return O;

} '
void init_matrix(float **x,int k)

{ ,

float r;

int i,j;

for(i=1;i<=k;i++)

for(j=1;<=kj++)

{printf("Enter the coefficent x[%d][%d]\n",i,});
scanf("%f",&n);x[i][j]=T;
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}

}

void display(float **x,int k)

{

int 1,j;

for(i=1;i<=k;i++)

{for(j=1<=kjj++)

{printf("%f\t" x(1]{j]);

}

printf("\n");

}

}

float **matrix(int nrl,int nrh,int ncl,int nch)

{

int i;

float **m;
- /*allocate pointers to rows*/

m=(float **)malloc((unsigned)(nrh—nrl+1)*sizeof(ﬂoat )R
if(!m) printf("allocation fallure 1 in matrix()");
m-=nrl;

/*allocate rows and set pomters to them*/
for(i=nrl;i<=nrh;i++){

m[i]=(float *)malloc((unsngned)(nch-ncl+1)*smeof(ﬂoat))
if('m[i]) printf("allocation failure 2 in matrix()");
m[i]-=ncl;

}

/*retum pointer to array of pomters to rows*/
return m;

void free_ivector(int *v,int nl,int nh)
{

free((char*)(v+nl));

}

void gaussjo(float **a,int n, float **b,int m)
{int *indxc,*indxr,*ipiv;

int i,icol,irow,j,k,LlI;

float big,dum,pivinv;

indxc=ivector(1,n);

indxr=ivector(1,n);

ipiv=ivector(1,n);

for(=1;j<=nyj++) ipiv[j]=0;
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for(i=1;i<=n;i++)

{

big=0.0;
for(G=1;j<=n;j++)
if(ipiv[j}!=1)
for(k=1;k<=n;k++)
{

if(ipiv(k]==0)

{

i{f(fabS(a[i]ﬂd)>=big)
big=fabs(alj][K]);
irow=j;

icol=k;

}

}
else if{ipiv[k]>1) nrerror("GAUSSJ:Singular matrix-1");
} 1

++(ipiv[icol]);

/*indxc[i]=the column of ith pivot element */
/*indxr{i]=the row in which that pivot element\
was originally located*/

if(irow!=icol)

{

for(l=1;l<=n;1++) SWAP(a[irow][1],a[icol][l])
for(l=1;1<=m;l++) SWAP(b[irow][1],b[icol][1])
}

/*divide the pivot row by the pivot element\
located at irow and icol*/

indxr[i}=irow;

indxc[i]=icol;

if(aficol][icol]==0.0) nrerror("GAUSSJ:Singular matrix-2");
pivinv=1.0/a[icol][icol];

aficol][icol}=1.0;

for(I=1;1<=n;l++)

aficol][l]*=pivinv;

for(1=1;1<=m;l++) b[icol][1}*=pivinv;
for(ll=1;ll<=n;ll++)

if(1l'=icol)

{

dum=a{lii]{icol];
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a[ll][icol}=0.0;

for(1=1;1<=n;l++) a[ll]{1]-=a[icol][I]*dum;
for(l=1;1<=m;l++)

b[U][1]-=b[icol][1]*dum,;

}

}

for(I=n;1>=1;]--)

{

if(indxr[1}!=indxc[1])

for(k=1;k<=n;k++)

}SWAP(a[k] [indxr(1]],a[k][indxc[1]]);
free_ivector(ipiv,1,n);

free_ivector(indxr,1,n);

free_ivector(indxc,1,n);

}

void nrerror(char error_text[])
{fprintf(stderr,"Numerical Recipes run-time error....\n");
fprintf{stderr,"%s\n",error_text);
fprintf(stderr,"....now exiting to system...\n");
exit(0);

}

int *ivector(int nl,int nh)

/*allocation an int vector with range [nl........ nh]*/
{int *v;
v=(int*)malloc((unsigned)(nh-nl+1)*sizeof(int));
if(!v)nrerror("allocation failure in vector()");
retum v-nl;

}

void mult(float *¥z float **x,float **y,int w)
{

nt 1,),k;

for(i=1;i<=w;i++)

forg=1;j<=w;j++)

z[1][j]=0;

for(i=1;i<=w;i++)

for(j=1;j<=wj++)

for(k=1:k<=w;k++)

§MM*WMRPﬂHm;

void subt(float **z,float **x float **y)
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{

int 1j;
for(i=1;i<=dim;i++)
for(j=1;j<=dimj++)
z[i](j1=0;
for(i=1;i<=dim;i++)
for(g=1;j<=dim;j++)
f}l[i][i]=X[i]D]-y[i]U];

void display1(float **y)
{ :
int i,j; f
for(i=1;i<=1dim;i++)

{

for(=1;j<=1;j++)
printf("%f\t",yi][i);
printf("\n");

h

}

float trace(float **x,int k)
{int i;

float sum=0;
for(i=1;i<=k;i++)

{ sum+=x[i][i];}

return sum;

}
Programmmizin ¢iktisini dosyalayacak sekilde programimizi yeniden
yazalim.
Fkmat.cpp

#include<stdio.h>

#include<math.h>

#include<stdlib.h>

#define SWAP(a,b){float temp=(a);(a)=(b);(b)=temp;}
void gaussjo(float **a,int n,float **b,int m);
void free_ivector(int *v,int nl,int nh);

int *ivector(int nl,int nh);

void nrerror(char error_text[]);

void display1(float **y);

void init_matrix(float **x,int k);

void display(float *#*x,int k);
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float **matrix(int nrl,int nrh,int ncl,int nch);
void mult(float **z float **x,float **y,int w);
void subt(float **z float **x,float **y),
int dim,ldim;
float trace(float **x,int k);
FILE *fp;
main()
{
intij,r,s.k,c;
float
**b[100],**son[100]{100],**admul[100}[100]},**ad[100],**m1[100]{100],
**p **killing,**q[100][100];
if((fp=fopen("kmat","wb")==NULL){
printf("can not open file\n");
exit(1);
}
printf("Enter dimension of base elements as matrJces\n");
scanf("%d",&dim);
Idim=dim*dim-1;
for(i=1;i<=1dim;i++)
{
ad[i]=matrix(1,ldim,1,ldim);
}
p=matrix(1,ldim,1,ldim);
killing=matrix(1,ldim,1,ldim);
for(k=1;k<=ldim;k++)
for(j=1 j<=Idim;j++)
{
{
qlk][j]=matrix(1,ldim,1,1);

}

}
for(i=1;1<=ldim;i++)
for(k=1;k<=ldim;k-++)
{
{
b[i]=matrix(1,dim,1,dim);
son[i}[k]=matrix(1,dim,1,dim);
m1{i]{k]=matrix(1,dim,1,dim),
}
}




for(i=1;i<=ldim;i++)
for(k=1;k<=ldim;k++)

{

{
admul[i}[k]=matrix(1,ldim,1,!dim);
}

}

for(i=1;i<=ldim;i++) |

{ I
printf("Enter the base element b{%d]\n",i);
init_matrix(b[i],dim);
display(b[i],dim),

}

for(i=1;i<=ldim;i++)
for(j=1;j<=ldim;j++)

{

{ -
mult(m1[i][j],b[i],b[j],dim);

}

}

for(i=1;i<=ldim;i++)
for(j=1j<=ldim;j++)

{printf("Lie product : son[%d][%d]\n",ij);
{

subt(son[i][j],m1{i]j],m1[][i]);
display(son[i][j],dim);

}
prmﬁ("\n\n");
}

printf("fOndOng the adjoint of basOs elements\

of the Lie algebra\n ");
for(k=1;k<=ldim;k++)
for(j=1;j<=1dim;j++)

{

{ :
/*mult(sol,b[k],b[j],dim);
mult(sag,b[j],b[k],dim);
subt(son[k][j] ,sol,sag);

display(son[k][j],dim);*/

for(r=1;r<=dim-1;r++)
for(s=1;s<=dim;s++)
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{a[k][][(r-1)*dim+s][1]=son[Kk][j][r][s];}
for(s=1;s<=dim-1;s++)
{q[k][][(dim-1)*dim+s][1]=son[k][j}[r][s];}
prmtf("\n"); .

?iSplayl(QIk][i]);

}

printf("Enter the coordinates of base elements\
except (n,n)th coordinate\n");
init_matrix(p,ldim);

for(k=1;k<=ldim;k++)

for(j=1;j<=ldim;j++)

{

{

gaussjo(p,ldim,q[k][j].1);

fprintf(fp,"The inverse of the coefficient matrix\n");
display(p,ldim);

printf("\n\n");

d}i3p1ay1(q[k][j]);

}
for(k=1;k<=ldim;k++)
for(=1;j<=ldim;j++)
for(i=1;i<=ldim;i++)

{

{

{
?d[k][i][i]=Q[k][i][i][1];

)

for(k=1;k<=ldim;k++)

{

fprintf(fp,"The adjoint of the base element b[%d]\n" k);
display(ad[k],1dim);

printf("\n\n");

}

for(k=1;k<=ldim;k++)
for(c=1;c<=ldim;c++)

{
mult(admul[k}{c],ad[k],ad[c],Idim);



killing[k][c]=trace(admul[k][c],ldim);
}

fprintf(fp,"Killing Form is\n");
display(killing,1dim);

return 0;

}

void init_matrix(float **x,int k)

{

float r;

int i,j;

for(i=1;i<=k;i++)

for(j=1;j<=k;j++) k
{printf("Enter the coefficent x[%d}[%d]\n",i,});
scanf("%f",&r);x[i][j]=T;

} !

}

void display(float **x,int k)

{

int i,j;

for(i=1;i<=k;i++)

{

fpﬁntf(fp, "\r").’
{for(=1;j<=k;j++)

| 1}°Printf(fp,"%f "x[16D;
f‘brintf(fp,"\n");

s

}

float **matrix(int nrl,int nrh,int ncl,int nch)

{

int i;

float **m,

/*allocate pointers to rows*/

m=(float **)malloc((unsigned)(nrh-nrl+1)*sizeof(float *));
if(!m) printf("allocation failure 1 in matrix()");

m-=nrl;

/*allocate rows and set pointers to them*/
for(i=nrl;i<=nrh;i++){

m{i]=(float *)malloc((unsigned)(nch-ncl+1)*sizeof(float));
if(!m[i]) printf("allocation failure 2 in matrix()");
m[i]-=ncl;
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}

/*return pointer to array of pointers to rows*/
return m;

void free_ivector(int *v,int nl,int nh)
{ ,
free((char*)(v+nl));

} !

void gaussjo(float **a,int n,float **b,int m)
{int *indxc,*indxr,*ipiv;

int i,icol,irow,j,k,L11;

float big,dum,pivinv;
indxc=ivector(1l,n);
indxr=ivector(1,n);
ipiv=ivector(1,n);

for(j=1;j<=n;j++) ipiv[j]=0;
for(i=1;i<=n;i++)

{

big=0.0;

for(j=1;j<=n;j++)

if(ipiv[j]!=1)

for(k=1;k<=n;k++)

{

i{f(ipiv[k]=0)
i{f(fabs(a[j][k])>=big)
big=fabs(alj)[k));
irow=j;

icol=k;

}

}
else if(ipiv[k]>1) nrerror("GAUSSJ: Singular matrix-1"),

++(ipiv[icol]);
/*indxc[i]=the column of ith pivot element */

/*indxr[i]=the row in which that pivot element\

was originally located*/

if(irow!=icol)

{ .
for(I=1;l<=n;l++) SWAP(a[irow][l],a[icol][l})
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for(l=1;l<=m;l++) SWAP(b[irow][1],b[icol][1])

\ ‘

/*divide the pivot row by the pivot element\
located at irow and icol*/

indxr[i}=irow;

indxc([i}=icol;

if(a[icol][icol]==0.0) nrerror("GAUSSJ:Singular matrix-2");
pivinv=1.0/a[icol][icol];

a[icol][icol}=1.0;

for(l=1;l<=n;l++)

a[icol][l]*=pivinv;

for(l=1;l<=m;l++) b[icol][l]*=pivinv;

for(ll=1;ll<=n;ll++)

if(ll!=icol)

{

dum=a[ll][icol];

a[ll][icol]=0.0;

for(l=1;l<=n;l++) a[ll][1]-=a[icol][l]*dum,;
for(I=1;l<=m;l++)

b{lij{1]-=b[icol][l]*dum;

}

}

for(l=n;I>=1;1--)

{

if(indxr([1}!=indxc{l])

for(k=1;k<=n;k++)
?WAP(a[k][inder]],a[k][indxc{lll);
free_ivector(ipiv,1,n);

free_ivector(indxr,1,n);

free_ivector(indxc,1,n);

}

void nrerror(char error_text[])
{fprintf(stderr,"Numerical Recipes run-time error....\n");
fprintf(stderr,"%s\n" error_text);
fprintf(stderr,"....now exiting to system...\n");
exit(0);

;

int *ivector(int nl,int nh)

/*allocation an int vector with range [nl........ nh]*/
{int *v; ‘
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v=(int*)malloc((unsigned)(nh-nl+1)*sizeof{int));
if(!v)nrerror("allocation failure in vector()");
return v-nl;

void mult(float **z float **x,float **y,int w)
{

int i,j,k;

for(i=1;i<=w;i++)

for(j=1j<=w;j++)

z[i][j1=0;

for(i=1;i<=w;i++)

for(j=1;j<=w;j++)

for(k=1;k<=w;k++)

z[i][i+=x[1][k]*y[k]];

void subt(float **z float **x float **y)
{

int ij;

for(i=1;i<=dim;i++)
for(j=1;j<=dim;j++)

z[i](5]=0;

for(i=1;i<=dim;i++)
for(j=1;j<=dim;j++)
i[i][.i]-'—'X[i]U]-Y[i][i];

void display1(float **y)
{

int ij;
for(i=1;i<=ldim;i++)

{

for(j=1;j<=1;j++)
printf("%f\t",y[i1[j]);
printf("\n");

}

}
float trace(float **x,int k)

{int 1;

float sum=0;
for(i=1;i<=k;i++)

{ sum+=x[i][i];} |
return sum,;



Ornek 1:

0.000000
0.000000

1.000000
0.000000

0.000000
1.000000

0.000000
0.000000
0.000000

0.000000
0.000000
0.000000

0.000000
0.000000
0.000000

0.000000
0.000000

1.000000
0.000000

0.000000
-1.000000

0.000000
0.000000

0.000000
0.000000
-2.000000

0.000000
0.000000
-1.000000

2.000000
0.000000
0.000000

0.000000
0.000000

-2.000000 0.000000

0.000000
0.000000
0.000000

2.000000

0.000000
0.000000

The inverse of the coefﬁment matrix

0.000000 1.000000 0.000000

0.000000
1.000000
0.000000

0.000000

0.000000
0.000000
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1.000000 0.000000 0.000000
0.000000 0.000000 1.000000
The inverse of the coefficient matrix

0.000000 1.000000 0.000000
1.000000 0.000000 0.000000
0.000000 0.000000 1.000000
The inverse of the coefficient matrix

0.000000 1.000000 0.000000
1.000000 0.000000 0.000000
0.000000 0.000000 1.000000
The inverse of the coefficient matrix

0.000000 1.000000 0.000000
1.000000 0.000000 0.000000
0.000000 0.000000 1.000000
The inverse of the coefficient matrix

0.000000 1.000000 0.000000
1.000000 0.000000 0.000000
0.000000 0.000000 1.000000
The inverse of the coefficient matrix

0.000000 1.000000 0.000000
1.000000 0.000000 0.000000
0.000000 0.000000 1.000000
The inverse of the coefficient matrix

0.000000 1.000000 0.000000
1.000000 0.000000 0.000000
0.000000 0.000000 1.000000
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The inverse of the coefficient matrix

0.000000 1.000000 0.000000

1.000000 0.000000 0.000000
0.000000 0.000000 1.000000

The inverse of the coefficient matrix

0.000000 1.000000 0.000000
1.000000 0.000000 0.000000
0.000000 0.000000 1.000000
The adjoint of the base element b[1]

0.000000 -2.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
The adjoint of the base element b[2]

2.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 0.000000 -2.000000
The adjoint of the base element b[3]

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
0.000000 2.000000 0.000000
Killing Form is :

0.000000 0.000000 0.000000
0.000000 8.000000 0.000000
0.000000 0.000000 0.000000
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