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C:\
1
2
3
a
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

// Commutator.cpp (c) Sunday, October 20, 2024

// by James Pate Williams, Jr., BA, BS, MSWE, PhD

// Exercise 1.2 in "Modern Quantum Chemistry

// Intrduction to Advanced Electronic Structure Theory" (c)
// 1996 by Attila Szabo and Neil S. Ostlund

#include <complex.h>
#include <stdio.h>
#include <stdlib.h>
#include <fstream>
#include <iomanip>
#include <iostream>
using namespace std;

void SystemError(const char error_message[])

{

}

cerr << error_message << endl;
exit(-1);

long double** allocate_real _matrix(

{

}

int 1r, int ur, int lc, int uc)
/* Allocates a real matrix of range [lr..ur][lc..uc]. */

int i;
long double** p;
p = (long double**)malloc((unsigned)(ur - 1r + 1) * sizeof(long double*));

if (!p) SystemError("Failure in allocate_real matrix().");
p-=1r;

for (i = 1r; i <= ur; i++) {
p[i] = (long double*)malloc((unsigned)(uc - lc + 1) * sizeof(long

double));
if (!p[i]) SystemError("Failure in allocate_real_matrix().");
p[i] -= lc;
}
return p;

long double* allocate_real vector(int 1, int u)

{

/* Allocates a real vector of range [l..u]. */
long double* p;
p = (long double*)malloc((unsigned)(u - 1 + 1) * sizeof(long double));

if (!p) SystemError("Failure in allocate_real vector().");
return p - 1;
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52
53
54
55
56
57
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101
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_Lcomplex** allocate_complex_matrix(
int 1r, int ur, int lc, int uc)

{
/* Allocates a complex matrix of range [lr..ur][lc..uc]. */
int i;
_Lcomplex** p;
p = (_Lcomplex**)malloc((unsigned)(ur - 1r + 1) * sizeof( Lcomplex*));
if (!p) SystemError("Failure in allocate_real matrix().");
p-=1r;
for (i = 1r; i <= ur; i++) {
p[i] = (_Lcomplex*)malloc((unsigned)(uc - lc + 1) * sizeof(_Lcomplex));
if (!p[i]) SystemError("Failure in allocate_real_matrix().");
p[i] -= lc;
}
return p;
}

void free_real_matrix(long double** m, int 1r, int ur, int 1lc)

{
/* Frees a real matrix of range [1lr..ur][lc..uc]. */

int i;

for (i = ur; i >= 1r; i--) free((char*)(m[i] + 1lc));
free((char*)(m + 1r));

}

void free_real_vector(long double* v, int 1)

{ /* Frees a real vector of range [1l..u]. */
free((char*)(v + 1));

}

void free_complex_matrix(_Lcomplex** m, int 1r, int ur, int lc)

{

/* Frees a complex matrix of range [lr..ur][lc..uc]. */
int i;

for (i = ur; i >= 1r; i--) free((char*)(m[i] + 1lc));
free((char*)(m + 1r));
}

void MatMul(
long double** A,
long double** B,
long double** C,
int m, int n, int p)
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105
106
107
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150
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154
155

{
/7 (mxn)(nxp)=(mxp)
for (int i = 1; i <= m; i++)
{
for (int j = 1; j <= n; j++)
{
double sum = 0.0;
for (int k = 1; k <= n; k++)
sum += A[i][k] * B[k][]]1;
C[i][3] = sum;
}
}
}

void MatAdd(
long double** A,
long double** B,
long double** C,
int m, int n, int s)

{ // (mxn)-(mxn)=(mxn)
for (int i = 1; i <= m; i++)
{ for (int j = 1; j <= n; j++)
CLi1[31 = A[L103] - s * B[il[31;
) }

void Commutator(
long double** A,
long double** B,
long double** C,

int n)
{
// (mxn)(nxm) - (nxm)(mxn) = (mxm) - (nxn)
// therefore the matrices must be square (m=n)
long double** AB = allocate_real matrix(1, n, 1, n);
long double** BA = allocate_real matrix(1, n, 1, n);
MatMul(A, B, AB, n, n, n);
MatMul(B, A, BA, n, n, n);
MatAdd(AB, BA, C, n, n, -1);
}

void AntiCommutator(
long double** A,
long double** B,
long double** C,
int n)
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156 {

157 // (mxn)(nxm) - (nxm)(mxn) = (mxm) - (nxn)
158 // therefore the matrices must be square (m=n)
159 long double** AB = allocate_real matrix(1, n, 1, n);
160 long double** BA = allocate_real matrix(1, n, 1, n);
161 MatMul(A, B, AB, n, n, n);

162 MatMul(B, A, BA, n, n, n);

163 MatAdd(AB, BA, C, n, n, 1);

164 }

165

166 void Adjoint(

167 _Lcomplex** cA,

168 _Lcomplex** cB,

169 int n, int m)

170 {

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

172 {

173 for (int j = 1; j <= m; j++)

174 cB[JI[1] = conj(cA[i][3]1);
175 }

176 }

177

178 _Lcomplex cTrace(_Lcomplex** M, int n)
179 {

180 _Lcomplex trace = _LCbuild(@, 9);

181

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

183 {

184 trace._Val[@] += M[i][i]._Vval[e];
185 trace._Val[1l] += M[i][i]._Val[1];
186 }

187

188 return trace;

189 }

190

191 void cMatMul(

192 _Lcomplex** cA,

193 _Lcomplex** cB,

194 _Lcomplex** cC,

195 int n, int m, int p)

196 {

197 // (nxm)(mxp)=(nxp)

198

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

200 {

201 for (int j = 1; j <= p; j++)

202 {

203 _Lcomplex csum = { };

204

205 for (int k = 1; k <= m; k++)
206 {

207 _Lcomplex product =
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208 _LCmulcc(cA[i][k], cBLkI[ID);
209 csum._Val[@] += product._Val[eo];
210 csum._Val[1] += product. Val[1l];
211 }

212

213 cC[i][j]._Vval[@] = csum._Val[e@];

214 cC[i][j]-_Vval[1] = csum._Val[1l];

215 }

216 }

217 }

218

219 void PrintMatrix(

220 const char title[], long double** M, int m, int n,
221 ostream& ofile)

222 {

223 char line[128] = { };

224 int cchMax = 127;

225 ofile << title << endl << endl;

226

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

228 {

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

230 {

231 sprintf_s(line, "%+4.0Lf ", M[i][j]);
232 ofile << line;

233 }

234

235 ofile << endl;

236 }

237

238 ofile << endl;

239 }

240

241 void cPrintMatrix(

242 const char title[], _Lcomplex ** M, int m, int n,
243 ostream& ofile)

244 {

245 char line[128] = { };

246 int cchMax = 127;

247 ofile << title << endl << endl;

248

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

250 {

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

252 {

253 sprintf_s(line, "%+13.6Lf ", M[i][j]._Val[e]);
254 ofile << line;

255 sprintf_s(line, "%+13.6Lf ", M[i][j]._Val[1]);
256 ofile << line << endl;

257 }

258

259 ofile << endl;
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260 }

261

262 ofile << endl;

263 }

264

265 _Lcomplex** CreateComplexMatrix(

266 int n, int m)

267 {

268 _Lcomplex** C = allocate_complex_matrix(1, n, 1, m);
269

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

271 {

272 for (int j = 1; j <= m; j++)

273 {

274 long double real = rand() % 10;
275 long double imag = rand() % 10;
276 C[i][j] = _LCbuild(real, imag);
277 }

278 }

279

280 return C;

281 }

282

283 _Lcomplex** CreateUnitaryMatrix()

284 {

285 long double pi = 4.0 * atanl(1.9);

286 _Lcomplex** U = allocate_complex_matrix(1, 2, 1, 2);
287 U[1][1] = _LCbuild(1.8 / sqrtl(2.0), 0.0);
288 U[1][2] = _LCbuild(®@.8, -1.0 / sqrtl(2.0));
289 U[2][1] = _LCbuild(1.8 / sqrtl(2.0), 0.0);
290 U[2][2] = _LCbuild(®@.08, 1.0 / sqrtl(2.0));
291 return U;

292}

293

294 void Inverse2x2(long double** A, long double** AT)
295 {

296 long double det = A[1][1] * A[2][2] - A[1][2] * A[2][1];
297

298 AI[1][1] = +A[2][2];

299 AI[2][2] = +A[1][1];

300 AI[1][2] = -A[1][2];

301 AI[2][1] = -A[2][1];

302

303 for (int i = 1; i <= 2; i++)

304 for (int j = 1; j <= 2; j++)

305 AL[1][J] = A[1][]] / det;

306 }

307

308 int main()

309 {

310 intm=2, n=3, p=4;

311 long double A33[4][4] = {
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allocate_real_matrix(1, n, 1, n);
allocate_real_matrix(1, n, 1, n);
allocate_real_matrix(1, n, 1, n);
allocate_real_matrix(1, n, 1, n);
allocate_real_matrix(1, 2, 1, 2);
allocate_real_matrix(1, 2, 1, 2);

long double** DE = allocate_real matrix(1, 2, 1, 2);
long double** ED = allocate_real matrix(1, 2, 1, 2);
long double** DI = allocate_real matrix(1, 2, 1, 2);
long double** EI = allocate_real matrix(1, 2, 1, 2);

long double** DEI = allocate_real matrix(1, 2, 1, 2);
long double** DIEI = allocate_real matrix(1, 2, 1, 2);

unsigned int s

_Lcomplex**
_Lcomplex**
_Lcomplex**
_Lcomplex**
_Lcomplex**
_Lcomplex**

_Lcomplex**
_Lcomplex**
_Lcomplex**
_Lcomplex**
_Lcomplex**
_Lcomplex**
_Lcomplex**

rand() % 25 + 1;

cA = CreateComplexMatrix(n, m);
cB = CreateComplexMatrix(m, p);
cU = CreateUnitaryMatrix();

cOmega = CreateComplexMatrix(n, n);

cAj = allocate_complex_matrix(1, m, 1, n);
cBj = allocate_complex_matrix(1, p, 1, m);
cUj = allocate_complex_matrix(1, 2, 1, 2);
cAB = allocate_complex_matrix(1, n, 1, p);
cABj = allocate_complex_matrix(1, p, 1, n);

cBjAj = allocate_complex_matrix(1, p, 1, n);
cUjOmega = allocate_complex_matrix(1l, 2, 1, 2);
cUjOmegal = allocate_complex_matrix(1, 2, 1, 2);
cUUj = allocate_complex_matrix(1, 2, 1, 2);

ofstream ofile;

ofile.open(

srand(s);

"CommumtatorResults.txt",
ofstream:

:ate | ostream::trunc);
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for (int i = 1; i <= n; i++)
for (int j = 1; j <= n; j++)
A[i][3] = A33[1i][]];

for (int i = 1; i <= n; i++)
for (int j = 1; j <= n; j++)
B[i][J] = B33[1i][j];

PrintMatrix("Matrix A:", A, n, n, ofile);
PrintMatrix("Matrix B:", B, n, n, ofile);
Commutator(A, B, AB, n);
PrintMatrix(

"Commutator:", AB, n, n, ofile);
AntiCommutator(A, B, AB, n);
PrintMatrix(

"Anti-commutator:", AB, n, n, ofile);
cMatMul(cA, cB, cAB, n, m, p);
Adjoint(cA, cAj, n, m);
Adjoint(cB, cBj, m, p);
Adjoint(cAB, cABj, n, p);
cMatMul(cBj, cAj, cBjAj, p, m, n);
cPrintMatrix("Matrix A:", cA, n, m, ofile);
cPrintMatrix("Matrix B:", cB, m, p, ofile);
cPrintMatrix("Matrix AB:", cAB, n, p, ofile);
cPrintMatrix("Matrix A-Adjoint:", cAj, m, n, ofile);
cPrintMatrix("Matrix B-Adjoint:", cBj, p, m, ofile);
cPrintMatrix("Matrix AB-Adjoint:", cABj, p, n, ofile);

cPrintMatrix("Matrix B-Adjoint A-Adjoint:", cBjAj, p, n, ofile);

bool equal = true;

for (int i = 1; equal && i <= n; i++)

{
for (int j = 1; equal && j <= m; j++)
{
bool ereal = fabsl(cABj[i][j]._Val[e] -
cBjAj[i][j]._Vval[@]) < 1.ee-10;
bool eimag = fabsl(cABj[i][j]._Val[1] -
cBjAj[i][j]._Vval[1]) < 1.0e-10;
equal = ereal && eimag;
}
}
if (equal)
ofile << "Complex adjoints are equal” << endl << endl;
else

ofile << "Complex adjoints are not equal" << endl << endl

ofile << "Example 1.8\n\n";

cU = CreateUnitaryMatrix();

Adjoint(cU, cUj, 2, 2);

cMatMul(cUj, cOmega, cUjOmega, 2, 2, 2);
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416 cMatMul(cU, cUj, cuuj, 2, 2, 2);

417 cMatMul(cUjOmega, cU, cUjOmegaU, 2, 2, 2);

418 cPrintMatrix("Matrix U:", cU, 2, 2, ofile);

419 cPrintMatrix("Matrix U-Adjoint:", cUj, 2, 2, ofile);
420 cPrintMatrix("Matrix U U-Adjoint:", cUUj, 2, 2, ofile);
421 cPrintMatrix("Matrix Omega:", cOmega, 2, 2, ofile);
422 cPrintMatrix("Matrix U-Adjoint Omega U:", cUjOmegaU, 2, 2, ofile);
423

424 ofile << "Trace Omega.Real ="

425 ofile << cTrace(cOmega, 2). Val[@] << endl;

426 ofile << "Trace Omega.Imag ="

427 ofile << cTrace(cOmega, 2). Val[l] << endl;

428 ofile << "Trace U-a Omega U.Real =";

429 ofile << cTrace(cUjOmegaU, 2). Val[@] << endl;

430 ofile << "Trace U-a Omega U.Imag = ";

431 ofile << cTrace(cUjOmegaU, 2). Val[l] << endl;

432 ofile << endl;

433

434 for (int i = 1; i <= 2; i++)

435 for (int j = 1; j <= 2; j++)

436 D[i][3] = D22[i][]];

437

438 for (int i = 1; i <= 2; i++)

439 for (int j = 1; j <= 2; j++)

440 E[1]1[]] = E22[i][]];

441

442 Inverse2x2(D, DI);

443 Inverse2x2(E, EI);

444 MatMul(D, E, DE, 2, 2, 2);

445 Inverse2x2(DE, DEI);

446 MatMul(DI, EI, DIEI, 2, 2, 2);

447

448 ofile << "Exercise 1.4 b.\n\n";

449 PrintMatrix("Matrix D:", D, 2, 2, ofile);

450 PrintMatrix("Matrix E:", E, 2, 2, ofile);

451 PrintMatrix("Matrix D-Inverse:", DI, 2, 2, ofile);
452 PrintMatrix("Matrix E-Inverse:", EI, 2, 2, ofile);
453 PrintMatrix("Matrix D-Inverse Times E-Inverse:",
454 DIEI, 2, 2, ofile);

455 PrintMatrix("Matrix DE-Inverse:", DEI, 2, 2, ofile);
456

457 ofile.close();

458

459 free_real_matrix(A, 1, n, 1);

460 free_real_matrix(B, 1, n, 1);

461 free_real_matrix(AB, 1, n, 1);

462 free_real_matrix(BA, 1, n, 1);

463 free_real_matrix(D, 1, 2, 1);

464 free_real_matrix(E, 1, 2, 1);

465 free_real_matrix(DE, 1, 2, 1);

466 free_real_matrix(ED, 1, 2, 1);

467 free_real_matrix(DI, 1, 2, 1);
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469
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476
477
478
479
480
481
482
483 }

free_real_matrix(EI, 1, 2, 1);
free_real_matrix(DEI, 1, 2, 1);
free_real_matrix(DIEI, 1, 2, 1);
free_complex_matrix(cA, 1, n, 1);
free_complex_matrix(cB, 1, m, 1);
free_complex_matrix(cAj, 1, m, 1);
free_complex_matrix(cBj, 1, p, 1);
free_complex_matrix(cUj, 1, 2, 1);
free_complex_matrix(cAB, 1, n, 1);
free_complex_matrix(cABj, 1, m, 1);
free_complex_matrix(cBjAj, 1, m, 1);
free_complex_matrix(cUUj, 1, 2, 1);
free_complex_matrix(cOmega, 1, 2, 1);
free_complex_matrix(cUjOmega, 1, 2, 1);
free_complex_matrix(cUjOmegau, 1, 2, 1);



