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Listing 1: common.h

#ifndef _COMMON_H
#define_COMMON_H

#define SUCCESS 0
#defineFAIL 1

typedefunsignedchar BOOL,;
#ifndef TRUE
#define TRUE 1
#endif
#ifndef FALSE
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#define FALSE 0
#endif

#endif

Listing 2: complex.h

#ifndef _COMPLEXH
#define_COMPLEX H

#include " common h"

5%
*x000000000 (struch
*
*/
typedefstruct {
doublereal;///< 0O
doubleimaginary;///< [ O
} complext;

void complexzero(complex xtarget);
void complexprint(complext target);

void complexcopy(complext xsrc, complext xdist);
BOOL complexis_equal(complex a, complext b);
complext complexadd(complex a, complext b);
complext complexsub(complext a, complext b);
complext complexmulti(complext a, complext b);
complext complexscalaradd(complex a, double b);
complext complexscalarsub(complex a, double b);
complext complexscalarmultiicomplext a, double b);
complext complexscalardiv(complext a,double b);

double complexabs2(complex target);
double complexabs(complex target);

#endif

Listing 3: complex.c

#include <stdio.h>
#include <string.h>
#include <stdlib.h>
#include <math.h>
#include <memory.b>

#include " complex . h"

[xx
«00000000000OO
*
x @paramtarget 0 O
*/
void complexzero(complext xtarget)
{
//foooo
}
}

[
«+00000000D000O00D0OC0OO
*
+x @paramtarget 0 O
*/



25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
M
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

void complexprint(complext targetf

//oooo

}
}

5%
+00000000D00000
*
x @paramsrc0 0 00
x @paramdist0 0 0 O
x/
void complexcopy(complext «src, complext xdist){

/0000

}
}

3%
x200000000000000000
*
x@paramal 0000 1
x @paramb 00000 2
*@return0 00000 TRUEDOODDODDODDO FALSH]
*/
BOOL complexis_equal(complex a, complext b){

/0000

}
return TRUE;
}

3%
«x20 0000000000000
*
x@paramal 0000 1
x @paramb 00000 2
*@return0 00000
*/
complext complexadd(complext a, complext b){
complext result;

{

/0000

}

return result;

}

5
x2000 00000000000
*
x@paramal 00 (D0OOOO)
* @paramb 000 (0DOO)
*@return0 00000
*/
complext complexsub(complex a, complext b){
complext result;

{

//foooo

}

return result;

}

3%
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«x200000000000000
E3
* @paramal0 0000 1
x @paramb 00000 2
*@return0 00000
*/
complext complexmulti(complext a, complext b){
complext result;

{

//oooo

return result;

}

[%x
«+JO0000oooooooooog
*
x @parama 0 0 0
* @paramb 0 O
«@return0 00000 (OOO)
*/
complext complexscalaradd(complext a, double b){
complext result;

{

/floooo

return result;

}

[
x0000000000000000
*
* @parama U 00
x* @paramb 0 000
*@returnD 00000 (OOO)
x/
complext complexscalarsub(complex a, double b){
complext result;

{

/o000

return result;

}

[5%
«+JO000000ooog
*
x @parama 0 00
* @paramb 0 O
«@return0 000000 (CODO)
*/
complext complexscalarmulticomplext a, double b){
complext result;

/floooo

}

return result;

}

[
«00000000000
*

* @parama 0 00O
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x @paramb O 0
*@returnd 000000 (OOO)
*/
complext complexscalardiv(complext a, double b){
return complexscalarmulti(a, 1.0/ b);

}

[xx
«00000000 20000000
*
x @paramtarget0 0000000
«*@return0 000 20 (O0O)
*/
double complexabs2(complex target)
return pow(target.real, 2) + pow(target.imaginary, 2);

}

[xx
x0000000000000
*
x @paramtarget0 0000000
x+@returnD 00 (0 O)
*/

double complexabs(complex target)f
return sqrt(complexabs2(target));

}

Listing 4: matrix.h

#ifndef _MATRIX _H
#define __MATRIX _H

#include " common h"
#include " complex . h"

typedefunsignedchar error.codet;

[
«00000000 (struch
*
*/
typedefstruct {
doublexvaluesy///< D0 00000000 OODOOOOOOO
unsignedint rows;///< 0O O
unsignedint columnsy//< 0 [
} matrixt;

void matrix.init(matrix_t «xtarget);

error.codet matrix alloc(matrixt «xtarget,unsignedint rows,unsignedint columns);
error.codet matrix zero(matrixt xtarget);

error.codet matrix free(matrixt xtarget);

inline double xmatrix value(matrixt xtarget,unsignedint row, unsignedint column);
error.codet matrix_print(matrix t target);

BOOL matrixis_square(matrix xtarget);

BOOL matrixis_.symmetric(matrixt xtarget);

error.codet matrix copy(matrixt xsrc, matrixt xdist);

error.codet matrix unit(matrixt «target,unsignedint size);

error.codet matrix transpose(matrix xtarget, matrixt xresult);

error.codet matrix swaprows(matrixt starget,unsignedint row1, unsignedint row2);
error.codet matrix swapcolumns(matrixt «xtarget,unsignedint columnZl,unsignedint column2);
error.codet matrix_inverse(matrixt xtarget, matrixt xresult);

error.codet matrix. add(matrixt xtargetl, matrixt xtarget2, matrixt «xresult);
error.codet matrix sub(matrixt xtargetl, matrixt xtarget2, matrixt xresult);
error.codet matrix multi(matrix_t xtargetl, matrixt xtarget2, matrixt «result);
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error.codet matrix scalarmulti(matrix_t xtarget,double scalar);
error.codet matrix_scalardiv(matrix t «target,double scalar);

[
«00000000 (struch
«+J00000000000
%
*/
typedefstruct {
complext xvaluesy//< 00 000000000000 OOOOO
unsignedint rows;///< O 0
unsignedint columnsy//< 00O
} cmatrixt;

void cmatrix.init(cmatrix_t xtarget);

error.codet cmatrix alloc(cmatrixt xtarget,unsignedint rows,unsignedint columns);
error.codet cmatrix zero(cmatrixt xtarget);

error.codet cmatrix free(cmatrixt xtarget);

inline complext xcmatrix value(cmatrixt xtarget,unsignedint row, unsignedint column);

error.codet cmatrix print(cmatrixt «target);

error.codet matrix_eigen22(
matrix_t xtarget,
unsignedint row, unsignedint column,
complext xeigenvalues);

error.codet matrix_pivot-merge(
matrix_t xtarget,
unsignedint row, unsignedint column,
matrix_t xmergee);

error.codet matrix hessenberg(
matrix t xtarget,
matrix_t xresult,
matrix_t xtransform);

#define EIGEN_VALUE _THRESHOLD 1E-10
error.codet matrix_eigen(

matrix_t xtarget,

complext xeigenvaluesy],

cmatrix t xeigenvectors[]);

#endif /x _MATRIXH =/

Listing 5: matrix.c

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

#include " common h"
#include " complex . h"
#include " matrix . h"

[xx
«matrixt 000000000
*
* @paramtarget0 0 00000
*/
void matrix_init(matrix_t «targety
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}

target->values = NULL;
target->rows = 0;
target->columns = 0;

[xx

«J00000000o0oooono

*

x @paramtarget0 000000

* @paramrows [ [J

x @paramcolumns’ 0

«@return0 000000000 SUCCESS O OOOOOOO
*/

error.codet matrix alloc(matrixt «target,unsignedint rows,unsignedint columns)

}

if (!(target->values = (louble x)malloc(sizeo{double) x rows columns)))
return FAIL;

}

target->rows = rows;

target->columns = columns;

return SUCCESS;

3%

«000000O000OOOOoOoOQO

*

* @paramtarget0 00 0000

*@return0 000000000 SUCCESEODOOOOOOO
*/

error.codet matrix zero(matrixt «targety

}

{

//oooo

return SUCCESS;

%

«+00000000D00C0000000O0

*

x @paramtarget( [J

«@return0 000000000 SUCCESSI O OOOOOOO
*/

error.codet matrix free(matrixt «target)

}

if (target->values)
free(target->values);
target->values = NULL;
target->rows = target->columns = 0;

return SUCCESS;

3%

« 000000000000 O0O000ObO0oooOoDbDobOo
«x(000000iInine00000OOO0OOD

*

x @paramtarget( [J

«@paramrow 000 (DOOCOO0ODOOOOOOOO 1000000000000 O0DONO)
x @paramcolumnO 00 (D00DOO0O OO 00)

*@return0 0000000

*/

inline double xmatrix value(matrixt xtarget,unsignedint row, unsignedint column){

}

return ((target->values) + (rows target->columns) + column);
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[%x
«+J00000000000o0o00
*
x @paramtarget( [J
«@retun0 000000000 SUCCES®IODODOOOOOO
*/
error.codet matrix_print(matrix t xtarget)

{

//foooo

return SUCCESS;
}

3%
+000000000O0C0O00DOCOO
*
*@retun0 0000000000 TRUEDOOOODO FALSE
*/
BOOL matrix.is_square(matrix xtarget)

/0000

}
return TRUE;
}

[
«+J000000000000000
*
*@retun0 0000000000 TRUBEDOOOOO FALSE
*/
BOOL matrixis_symmetric(matrixt xtargety
if !matrix_is_square(target]yeturn FALSE;}

//floooo

}
return TRUE;
}

[
x00000000000
*
x @paramsrc0 000
+x @paramdist0 000 (matrixallocD0 00D 0000000000000 O0O0O0O0OOOOO matrixfreeOOOOO)
«@retun0 000000000 SUCCESEOODOODOOOO
*/
error.codet matrix copy(matrixt xsrc, matrixt «dist){
if (matrix_alloc(dist, sre->rows, sre->columns)jreturn FAIL;}

/0000

}
return SUCCESS;
}

[
+00000000D00O
*
+x @paramtarget0 0 (matrixalloc0 00 0000000000000 0O0O0O0O0OOO0O matrixfreeDOOOO)
x @paramsizeD 0 [0 O000MMO
*@return0 000000000 SUCCES®E OODOOOOOO
*/
error.codet matrix .unit(matrix t xtarget,unsignedint size){
if (matrix_alloc(target, size, size))eturn FAIL;}

{
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}

/0000

}
return SUCCESS;

[xx

«00000000000

*

x @paramtarget0 0 (matrixalloc0 00 0000000000000 0O0O0D0O0ODOOO matrixfreeDODOOO)
* @paramresult0 0 0000

«@retun0 000000000 SUCCESEOODOODOOO

x/

error.codet matrix transpose(matrix xtarget, matrixt xresult)

}

if (matrix_alloc(result, target >columns, target >rows))return FALSE;}

{

/floooo

}
return SUCCESS;

3%

«+000000000

%

* @paramtarget [

x @paramrowl [ 1

* @paramrow2 0 2

«@retun0 000000000 SUCCESE O ODOODOOO
*/

error.codet matrix swaprows(matrixt «target,unsignedint row1, unsignedint row2){

}

if ((rowl >= (target->rows))|| (row2 >= (target->rows))}return FAIL;}

double temp;

unsignedint j;

for(j = 0; j < target->columns; j++)
temp =xmatrix_value(target, rowl, j);
«matrix value(target, rowl, j) *matrix value(target, row2, j);
«matrix value(target, row2, j) = temp;

}

return SUCCESS;

[%x

«JO00ooogoog

*

x @paramtarget [J

* @paramcolumnld 1

x @paramcolumn20 2

+@return0 000000000 SUCCESSE 0 OOOOOOO
x/

error.codet matrix swapcolumns(matrixt xtarget,unsignedint columnl,unsignedint column2)

}

if (column1>= (target->columns))|| (column2>= (target->columns))Yreturn FAIL;}

double temp;

unsignedint i;

for(i=0; i < target->rows; i++)
temp =xmatrix value(target, i, column1l);
«matrix value(target, i, columnl) =smatrix value(target, i, column2);
+«matrix value(target, i, column2) = temp;

}

return SUCCESS;



206

207 [sx

208 x000000O00OO

209 %

210 * @paramtarget0 0 (matrixallocO0 00 0000000000000 O0D0OO0OOOOO matrixfreeO0OOOO)

211 * @paramresult0 00000

212 x@return0 000000000 SUCCESS O ODOOOODO

213/

214 error.codet matrix.inverse(matrixt xtarget, matrixt xresult)

215 if(Imatrix_is_square(target]yeturn FAIL;}

216 if(matrixunit(result, target >rows))return FAIL; }

217

218 /floooo

219}

220  return SUCCESS;

221 }

222

223 [sx

224 x0000000000

225 x

226 * @paramtargetl0d 0 1

227 * @paramtarget20 O 2

228 + @paramresult0 00000 (matrixallocO00 0000000000000 0O0O0OO0DOO0DOOO matrixfreeDOOOO
)

220 x@return0 000000000 SUCCES®IODOODOODOOO

230/

231 error.codet matrix add(matrixt xtargetl, matrixt xtarget2, matrixt xresult)

232 if((targetl->rows |= target2- >rows)

233 || (target:->columns != target2 >columns))
234 return FAIL;

235

236 if(matrix alloc(result, targett >rows, targett>columns)jreturn FAIL;}
237

238 //floooo

239}

240  return SUCCESS;

241 }

242

243 [sx

244 x000D00OO0ODODO

245 %

246 + @paramtargetl0d 0 1

247 x @paramtarget20 O 2

248 + @paramresult0 00000 (matrixalloc00 0000000000000 0OO0O0OO0DOO0DOOOO matrixfreeDOOOO
)

249 x@return0 000000000 SUCCES®IDOODOODOOO

250  */

251 error.codet matrix sub(matrixt xtargetl, matrixt xtarget2, matrixt xresulty

252 if((targetl->rows |= target2- >rows)

253 || (target:->columns != target2 >columns))
254 return FAIL;

255

256 if(matrix-alloc(result, targett >rows, targett>columns)jreturn FAIL;}
257

258 /floooo

259}

260 return SUCCESS;

261 }

262

263 [

264 x0000000000

265 x

266 * @paramtargetl0d 0 1

10



267 * @paramtarget20 O 2

268 + @paramresult0 00000 (matrixallocO0 0 0000000000000 0OO0O0O0ODOO0DOOO matrixfreeDOOOO
)

269 x@return0 000000000 SUCCES®IDOODOODODOO

270/

271 error.codet matrix- multi(matrix t xtargetl, matrixt xtarget2, matrixt xresultf

272 if(target:>columns != target2 >rows)return FAIL;}

273 if(matrix alloc(result, targett >rows, target2 >columns))return FAIL;}

274 {

275 //oooo

276

277 return SUCCESS;

278 }

279

280 [

2810 x00000OOODOOOOO

282 xtargetx=scalar 00000

283 %

284 + @paramtargetd 0 (DODOOOO0OOOOOO)

285 * @paramscalar( 00 0

286 *x@return0 000000000 SUCCESS O ODOOOODO

287 x*/

288 error.codet matrix scalarmulti(matrix t xtarget,double scalar)
289 {

290 /floooo

291

292 return SUCCESS;

293 }

294

295 /s

206 *x00000000000O00

297 =« target/=scalar 0 0000

298  x

299 x @paramtargetdJ 0 (000D O0O0O00DOO00OOOO)

300 * @paramscalard 0O

301 +@return0 000000000 SUCCESSIDOOOOOOO
302/

303 error.codet matrix_scalardiv(matrixt xtarget,double scalar)
304 return matrix scalarmulti(target, 1. / scalar);

305 }

306

307 [sx

308 «cmatrixt(0000000)D000000O0O

309

310 * @paramtargetd 000000

311/

312 void cmatrix.init(cmatrix_t xtarget)

313  target->values = NULL;

314  target->rows = 0;

315  target->columns = 0;

316 }

317

318 [xx

319 «x00(0000000)D0D00O0O0OOOOO0

320 *

321 x @paramtarget0 000000

322 x @paramrows [J

323 * @paramcolumns [

324 «+@return0 000000000 SUCCESSIOOOOOOOO
325

326 error.codet cmatrixalloc(cmatrixt xtarget,unsignedint rows,unsignedint columns)
327 if(!(target->values = (complex «)mallocsizeo{complext) % rows = columns)))
328 return FAIL;

11
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377
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379
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382
383
384
385
386
387
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389
390
391

}

target->rows = rows;
target->columns = columns;
return SUCCESS;

}

3%
«000000Oo00O0O0ooOonO
*
* @paramtarget0 00 0000
«@retun0 000000000 SUCCESEOODOODOOO
*/
error.codet cmatrix zero(cmatrixt xtarget

{

/0000

}
return SUCCESS;
}

[xx
«00 (000000O0)DDODO00O0OO0OOooOOoDOODODOO
*
x @paramtarget [J
*@retun0 000000000 SUCCES®IODOOODOOO
*/
error.codet cmatrix free(cmatrixt xtargetf
if (target->values)
free(target->values);
target->values = NULL;
target->rows = target->columns = 0;

}
return SUCCESS;
}

5%
«00 (0000000)D0D000000000000000000000
«(000000Inine00000O0OOD
*
x @paramtarget( [J
x @paramrow 000 (00O0COO0O0O00O00DODOODO 1000000000000 0000)
x @paramcolumnO 00 (0O0DOO0O OO 00)
*@return0 0000000
*/

inline complext xcmatrix value(cmatrixt xtarget,unsignedint row, unsignedint column){
return ((target->values) + (rows« target->columns) + column);

}

[
«+0000000000OoOooOoO
%
x @paramtarget [J
+@retun0 000000000 SUCCESEIOOOOOOOO
*/
error.codet cmatrix print(cmatrixt xtargety

{

/0000

}
return SUCCESS;
}

3%
*x20 2000 00000000000

*

12



392 x @paramtarget O

393 x @paramrow 0000000000

394 x @paramcolumnd 000000000

395 * @parameigenvaluesD 00 (NULLODOOOOOO malloc0 000000 D0O0O0OOO0OOOODOOOOfree0D0ODO0O)
396 +x@return0 000000000 SUCCESE0ODDOOODODO

397 x/

398 error.codet matrix eigen22(matrixt «target,unsignedint row, unsignedint column, complex xeigenvalues)

399 if(row + 1>= target->rows|| column + 1>= target->columns)return FAIL;}

400 if('eigenvaluesy

401 if (eigenvalues = (complex x)mallocsizeo{complext) x 2)){
402 return FAIL;

403 }

404}

405

406 double a =xmatrix value(target, row, column),

407 b = «xmatrix value(target, row, column + 1),
408 ¢ = xmatrix value(target, row + 1, column),
409 d = «matrix value(target, row + 1, column + 1);
410 double root = pow((a— d), 2) + bx ¢ * 4;

411 if (root >= 0){

412 root = sqrt(root);

413 eigenvalues[0].real = (a + d + root) / 2;

414 eigenvalues[0].imaginary = 0;

415 eigenvalues[1].real = (a + & root) / 2;

416 eigenvalues[1].imaginary = 0;

417 telsg{

418 root = sqrt(rootx —1);

419 eigenvalues[0].real = (a +d)/ 2;

420 eigenvalues[0].imaginary = root / 2;

421 eigenvalues[1].real = (a +d)/ 2;

422 eigenvalues[1].imaginary =-root / 2;

423 }

424

425  return SUCCESS;

426 }

427

428 [¥x

429 x00000DDOOOOOOOOO

430 x00000000O (targetd 00O 0O) += mergee

431 *

432 x @paramtarget( [J

433 x @paramrow 0000000

434 x @paramcolumnO 000000

435 x @parammergee] 0 00O

43 x@return0 000000000 SUCCESSIODOOOOOOO

437 */

438 error.codet matrix_pivot merge(

439 matrix_t xtarget,

440 unsignedint row, unsignedint column,
441 matrix t xmergeej

442 unsignedint i, j;
443 for(i=0; i < mergee->rows; i++)

444 if(row + i < 0){continue;}

445 elseif (row + i >= target->rows) break;}

446 for(j = 0; j < mergee->columns; j++Y

447 if(column + j< 0){continue; }

448 elseif (column + j>= target->columns) break; }
449 xmatrix_value(target, row + i, column + j) +=«mnatrix .value(mergee, i, j));
450 }

451

452 return SUCCESS;

453 }

454

13
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%
«+J000000obooooooooooboboooooooo
%
x @paramtarget0 000000
« @paramresult0 0 0 0000000000000 O0OOOOOOO
x @paramtransform0 0 0 0000000000000 OOO
+@return0 000000000 SUCCESSE 0 OOOOOOO
*/
error.codet matrix hessenberg(
matrix t xtarget,
matrix_t xresult,
matrix_t xtransform)

unsignedint i, j;
if !matrix_is_square(targetyeturn FAIL;}

matrix_copy(target, result);
matrix_unit(transform, target >rows);
for(j = 0; j < target->columns— 2; j++){
doublet, s;
t=0;
for(i=j+1;i < target->rows; i++)
t += pow(xmatrix.value(result, i, j), 2);

s = sqrt(t);
if (xmatrix value(result, j + 1, jx 0){s*=—1;}

{

matrix_t omega, omegé#rans, omeganulti_omegatrans;
matrix_t p, p_result, presultp;
matrix_t transformp;

matrix alloc(&omega, target>rows — (j+1), 1);
for(i = 0; i < omega.rows; i++)
«matrix value(&omega, i, 0) =matrix value(result, j+i+1, j);

}

*matrix value(&omega, 0, 0) +='s;

matrix_ transpose(&omega, &omegeans);
matrixmulti(&omega, &omegarans, &omeganulti_omegatrans);

matrix_unit(&p, target->rows);
matrix_scalardiv(
&omegamulti_omegatrans,
—(t + (xmatrix .value(result, j + 1, j)} s)
)i
matrix_pivot. merge(
&p,
1,
*1,
&omegamulti_omegatrans

)i

matrix multi(&p, result, &p.result);
matrix-multi(&p_result, &p, &p.resultp);

matrix_free(result);
matrix_copy(&p_resultp, result);

matrix multi(transform, &p, &transfornp);

matrix_free(transform);
matrix_copy(&transformp, transform);
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matrix_free(&omega);

matrix free(&omegatrans);

matrix free(&omegamulti_omegatrans);
matrix free(&p);

matrix free(&p_result);
matrix_free(&p-resultp);

matrix free(&transformp);

}
}

/0000
{

BOOL sym = matrixis_.symmetric(target);
for(j = 0; j < target->columns— 2; j++){
for(i=j+ 2;i < target->rows; i++}

s«matrix .value(result, i, j) = 0;
if (sym){ xmatrix value(result, j, i) = O}

}
}

return SUCCESS;

[

«+00000O0000000D00OO0

*

x @paramtarget [J

x @parameigenvaluesD 00000 (ODO0O)

* @parameignevectorsD 00 000 (0D O0DO0O0O0ODO)
«@retun0 000000000 SUCCESEOODOODOOO
*/

error.codet matrix_eigen(

matrix_t xtarget,
complext xeigenvalues],
cmatrixt xeigenvectors[J){

if !matrix_is_square(targetjyeturn FAIL;}

/000 QRO

[+ <00 >
*x0000000000000O000OD0O00O0OoO000OD
«000QROOTIDTOO

*x 0000000000000 DO000ooOoOoa

*/

/00000000000

{
xeigenvalues = (complext x)mallocsizeo{complext) x target->rows);
xeigenvectors = (cmatrix x)mallocsizeo{cmatrixt) x target->rows);

}

/000000
{
/ooooo
double mu_sum, mumulti;
complext p1, p2;
int m;
BOOL first;
matrix_t transform, a, dbackup;

/000
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643

mu_sum = 0; mumulti = 0;
complexzero(&pl);
complexzero(&p2);

m = target->rows,;

first = TRUE;

matrix hessenberg(target, &a, &transform);
matrix_copy(&a, &abackup);

}

while(TRUEX

//m=1orm=2

if(m == 1)
eigenvalues[0} >real =xmatrix value(&a, 0, 0);
eigenvalues[0}>imaginary = 0;

break;

telseif(m == 2){
matrix_eigen22(&a, 0, 0, eigemalues|0]);
break;

}

/ln Op 000 (4.143)

complext p_new([2];
matrix eigen22(&a, m-2, m—2, p.new);
if (first ? (first = FALSE) : TRUE]

if (complexabs(complexub(pnew[0], p1))> complexabs(pnew[0]) / 2}

if (complexabs(complexsub(pnew[1], p2))> complexabs(pnew[1]) / 2)

mu_sum = complexadd(pl, p2).real;
mu_multi = complexmulti(p1, p2).real;
telse(
mu_sum = pnew[1].real 2;
mu_multi = pow(p.new[1].real, 2);
}
telse(

if (complexabs(complexsub(pnew[1], p2))> complexabs(pnew[1]) / 2){

mu_sum = pnew[0].real« 2;
mu_multi = pow(p.new[0].real, 2);
telsg(
mu_sum = complexadd(pnew[0], p.new[1]).real;
mu_multi = complexmulti(p_new[0], p.new[1]).real;

}
¥

}
complexcopy(&p_new[0], &pl), complexcopy(&p-new[1], &p2);

/0O000D000O00DOOOOD

doubleb1l, b2, b3, r;
int i;
for(i=0;i<m—1;i++){
if(i== 0}
bl = pow§matrix value(&a, 0, 0), 2)
— mu_sumsx (xmatrix value(&a, 0, 0))
+ mumulti
+ xmatrix value(&a, 0, 1} xmatrix value(&a, 1, 0);
b2 =xmatrix value(&a, 1, 0)
* ((*matrix.value(&a, 0, 0)) + ¢matrix value(&a, 1, 1)~ mu.sum);
b3 =xmatrix value(&a, 2, 1} (xmatrix value(&a, 1, 0));

telse{
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644 bl =xmatrix value(&a, i, i— 1);

645 b2 =«matrix value(&a, i + 1, i— 1);

646 b3 = (i==m- 2?0 :xmatrixvalue(&a, i + 2, i— 1));
647

648 [xprintf(” m: %d”, m);

649 printf(" bl %f", bl);

650 printf(" b2 %f”, b2);

651 printf(" b3: %f\n", b3);x*/

652

653 r = sqrt(pow(bl, 2) + pow(b2, 2) + pow(b3, 2));

654

655 {

656 matrix t omega, omeg#rans;

657 matrix t omegamulti_omegatrans, omegadransmulti_omega;
658 matrix_t p, pa, pap;

659

660 matrix alloc(&omega, 3, 1);

661 {

662 xmatrix value(&omega, 0, 0) = bl ++ (b1 >=07?1:-1);
663 «matrix value(&omega, 1, 0) = b2;

664 «matrix value(&omega, 2, 0) = b3;

665 }

666 matrix_transpose(&omega, &omegdeans);

667

668 matrix_unit(&p, target->rows);

669 matrix multi(&omega, &omegarans, &omegamulti_omegatrans);
670 matrix multi(&omegatrans, &omega, &omegaansmulti_omega);
671 matrix_scalarmulti(

672 &omegamulti_omegatrans,

673 —2.0 /«*matrix value(&omegaransmulti_omega, 0, 0));
674 matrix_pivot.merge(&p, i, i, &omegamulti_omegatrans);
675

676 matrix- multi(&p, &a, &pa);

677 matrix multi(&pa, &p, &pap);

678

679 matrix free(&a);

680 matrix_copy(&pap, &a);

681

682 matrix free(&omega);

683 matrix_free(&omegatrans);

684 matrix free(&omegamulti_omegatrans);

685 matrix free(&omegatransmulti_omega);

686 matrix_free(&p);

687 matrix free(&pa);

688 matrix_free(&pap);

689 }

690 }

691 }

692

693 /o0ooo

694 {

695 double epsilon = EIGENVALUE _THRESHOLD

696 * (1.

697 + fabs(

698 fabsgmatrix value(&a, m-2, m—2)) < fabsgmatrix value(&a, m-1, m—1))
699 ? xmatrix value(&a, m-2, m-2)

700 : xmatrix value(&a, m-1, m—1)

701 ;

702 [lprintf(” eps %0.2G\n", epsilon;

703 if (fabsgmatrix value(&a, m-1, m—2)) < epsilon)

704 m——;

705 (xeigenvalues)[m].real =xmatrix value(&a, m, m);

706 (xeigenvalues)[m].imaginary = O;
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}elseif (fabsématrix value(&a, m-2, m—3)) < epsilon}
m-—=2;
matrix_eigen22(&a, m, m, &(eigenvalues)[m]));
}
}

/000000000

unsignedint i, j, k;
cmatrixt x;

matrix free(&a);

matrix_copy(&abackup, &a);

cmatrix alloc(&x, target->rows, target >rows);//0 0000 O
cmatrix zero(&x);

for(j=0;j < target->rows; j++}
int n = target->rows;
for(i=0;i < j; i++){
if (complexis_equal(feigenvalues)[j], eigenvalues)[i){ ——n;}
}
cmatrixvalue(&x, ——n, j)—>real = 1,
cmatrixvalue(&x, n, j}->imaginary = 0;
while(n—— > 0){
xcmatrix value(&x, n, j) = complexmulti(
xcmatrixvalue(&x, n+1, j),
complexscalarsub(feigenvalues)[j], xmatrix value(&a, n+1, n+1))
)
for(i = n+2; i < target->rows; i++}
cmatrix value(&x, n, j->real
—= cmatrixvalue(&x, i, j)—>realx (xmatrix value(&a, n+1, i));
cmatrix value(&x, n, j->imaginary
—= cmatrixvalue(&x, i, j)—>imaginaryx (xmatrix value(&a, n+1, i));
}

xcmatrix value(&x, n, j)
= complexscalardiv(
scmatrixvalue(&x, n, j),
xmatrix .value(&a, n+1, n)
);
}
}

/0oooo
for(j = 0; j < x.columns; j++]
cmatrix alloc(&((xeigenvectors)[j]), target >rows, 1);
cmatrix zero(&((xeigenvectors)[jl));
for(i = 0; i < x.rows; i++)
for(k = 0; k < transform.columns; k++)
cmatrix value(&((xeigenvectors)[j]), i, 0)->real
+= cmatrixvalue(&x, k, j)—>real
x (xmatrix.value(&transform, i, k));
cmatrix value(&((xeigenvectors)[j]), i, 0} >imaginary
+= cmatrixvalue(&x, k, j)—>imaginary
x (*matrix value(&transform, i, k));
}
}

/000
double norm = 0;

for(i=0; i < target->rows; i++)
norm += complexabs2¢cmatrix value(&((xeigenvectors)[j]), i, 0));
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}

norm = sqrt(norm);

for(i=0; i < target->rows; i++)
cmatrix value(&((xeigenvectors)[j]), i, 0}->real /= norm;
cmatrix value(&((xeigenvectors)[j]), i, 0} >imaginary /= norm;

}
}
}

cmatrix free(&x);

}

/000000
{
matrix_free(&transform);
matrix free(&a);
matrix free(&abackup);
}
}

return SUCCESS;
}

Listing 6: OptimizedRegulator.c

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

#include " common h"
#include " complex . h"
#include " matrix . h"

#define A_SIZE 3

#defineX_u —0.00643
#defineZ_u —0.0941
#defineM_u —0.000222
#defineX_w 0.0263
#defineZ_w —0.624
#defineM_w —0.00153
#defineM_q —0.668
#defineM _de —2.08
#defineU_0 830
#defineg 32.18
#definec_bar 27.31

#definerho 1E-4
#definethetaO —0.01

void stagel(
unsignedint i;

matrix t a;
complext xa eigenvalues;
cmatrix t xa_eigenvectors;

matrix_alloc(&a, A_SIZE, A SIZE);

xmatrix value(&a, 0, 0) = 1,;
«matrix.value(&a, 0, 1) = 2,;
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xmatrix value(&a, 0, 2) = 2,;

xmatrix value(&a, 1, 0) = 3,;
«matrix value(&a, 1, 1) = 4.,
xmatrix value(&a, 1, 2) = 11.;

«matrix.value(&a, 2,0) = 7.;
xmatrix value(&a, 2, 1) = 3;
xmatrix.value(&a, 2, 2) = 1,;

matrix_eigen(&a, &aeigenvalues, &aeigenvectors);

for(i=0; i < a.rows; i++Y
printf(" eigen_value _[%d] _: ", 1);
complexprint(a_eigenvaluesi]);
printf*\ r\ n");
printf(" eigen_vector _[%d]\ r\n",i);
cmatrix print(&a_eigenvectorsi]);
printf*\ r\ n");
cmatrix free(&a eigenvectorsli]);

}

free(aeigenvalues);
free(aeigenvectors);

matrix free(&a);

}

void stage2(}

matrix_t a, b, c;
matrixtr.1,r2,r3;

matrix_alloc(&a, 4, 4);

matrix zero(&a);

{
xmatrix.value(&a, 0, 0) = Xu;
xmatrix value(&a, 0, 1) = Xw;
xmatrix value(&a, 0, 2) =—g;

xmatrix value(&a, 1, 0) = Zu;
«matrix .value(&a, 1, 1) = Zw;
xmatrix value(&a, 1, 3) = UO;

xmatrix value(&a, 2, 3) = 1;

xmatrix value(&a, 3, 0) = Mu;
xmatrix value(&a, 3, 1) = Mw;
xmatrix.value(&a, 3, 3) = Mq;

}

matrix_alloc(&b, 4, 1);
matrix zero(&b);

xmatrix value(&b, 3, 0) = Mde;

}

matrix_alloc(&c, 1, 4);
matrix_zero(&c);
{
xmatrix value(&c, 0, 1) =—1./U.0;
xmatrix value(&c, 0, 2) = 1;

}
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printf(" \ nA"); matrix_print(&a);
printf(" \ nB" ); matrix_print(&b);
printf(" \ nC"); matrix_print(&c);

matrix alloc(&r_2, 1, 1);
matrix_zero(&r-2);
{

xmatrix.value(&r-2, 0, 0) = rho;

}

matrix alloc(&r_3, 1, 1);
matrix zero(&r_3);
{
xmatrix value(&r_3, 0, 0) = 1;

}
{

matrix_t c_trans, ctransr_3;
matrix_transpose(&c, &drans);

matrix multi(&c_trans, &r.3, &c_transr_3);
matrix multi(&c_transr_3, &c, &r_1);
matrix free(&c_trans);

matrix free(&c._transr_3);

printf("\ nR_1"); matrix_print(&r_1);
printf("\ nR_2"); matrix_print(&r_2);
printf("\ nR_3"); matrix_print(&r_3);

{

matrix_t z;
matrix alloc(&z, a.rows + rl.rows, a.columns 2);
matrix_zero(&z);

/lzODDOO
{
matrix_pivot merge(&z, 0, 0, &a);

}

/lzOOO
{
matrix tr_2.inv;
matrix_t b_trans;
matrix_t b_r_2_inv;
matrix_t b_r_2_inv_b_trans;

matrix.inverse(&r2, &r_2_inv);

matrix transpose(&b, &ltrans);

matrix-multi(&b, &r _2_inv, &b_r_2_inv);
matrixmulti(&b_r_2_inv, &b_trans, &har_2_inv_b_trans);
matrix_scalarmulti(&b _r_2_inv_b_trans,—1);

matrix_pivot merge(&z, 0, a.columns, &b 2_inv_b_trans);
matrix_free(&r_2_inv);
matrix_free(&b_trans);

matrix free(&b._r_2_inv);
matrix free(&b_r_2_inv_b_trans);

}

/lzODOO
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218

matrix_t copy.r-1;
matrix_copy(&r_1, &copy.r_1);
matrix_scalarmulti(&copy._r_1, —1);

matrix_pivot merge(&z, a.rows, 0, &copy_1);

matrix free(&copy.r_1);

}

/lzODOO

{
matrix t a_trans;
matrix_transpose(&a, &drans);
matrix_scalarmulti(&a_trans,—1);

matrix_pivot merge(&z, a.rows, a.columns, &sans);

matrix free(&atrans);

}

printf("\ nz"); matrix_print(&z);

int i;
complext xz_eigenvalues;
cmatrix t xz_eigenvectors;

matrix_eigen(&z, &z eigenvalues, &zeigenvectors);

for(i=0;i < z.rows; i++)
printf(" eigen_value _[%d] _: ", 1);
complexprint(z_eigenvaluesli]);
printf("\ r\ n");
printf(" eigen_vector  _[%d]\ r\n",i);
cmatrix print(&z_eigenvectorsi]);
printf("\ r\ n");
cmatrix free(&z eigenvectorsli]);

}

free(zeigenvalues);
free(zeigenvectors);

}
}

matrix free(&a);
matrix free(&b);
matrix_free(&c);
matrix free(&r_1);
matrix free(&r_2);
matrix free(&r_3);

219 int main(}

220
221
222
223 }

stagel();
stage2();
return O;
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