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/

ncl ude <stdi o. h>

ncl ude <mat h. h>

ncl ude <string. h>

nclude <limts>

ncl ude <boost/nmulti _array. hpp>

13: #defi ne DOUBLE 1
14: #define FLOAT 2

15:

16: #i fndef TYPE

17: #define TYPE DOUBLE

18: #endi f

19:

20: #if TYPE == FLOAT

21 # define ELEM TYPE f1 oat

22 # define ELEM PRI NT "% 6f"
23 # define ELEM SCI ENT "% 10e"
24: # define ELEM DUWVP "9%a"

25: #elif TYPE == DOUBLE

26:. # define ELEM TYPE doubl e

27 # define ELEM PRI NT "% 6l f"

28: # define ELEM SCI ENT "% 10l e"

29: # define ELEM DUW "% a"

30: #endif

31:

32: // how many tines do we let the Jacobi Iteration s residual increase (or remain

33: 1/
34: [/

constant) before we consider it to be diverging (or stagnating) and term nate
it?

35: #define DI VERCE_DETECT 15

37: using std::nuneric_linits;

39: typedef boost::multi_array<ELEM TYPE, 2> Matri x;
40: typedef Matrix::array_view2>::type MatrixVi ew,
41: typedef Matrix::extent_gen D nension

42: typedef Matrix::index_gen Indices;

44: enum Mbde {GAUSS, JACCBI}:
45: enum Test Mode { TEST, NOTEST};

47 void usage(char *appnane)

printf("usage: % <file> [<fil e2> <gauss | gauss test | "
"jacobi <tolerance> | jacobi test <tolerance>]\n"

51: "1 file:\n"

53:

Inverts the matrix in the given file.\n"
Raw dunp goes to stdout, hunman-readable info goes to stderr.\n"

54: "2 files:\n"

55: *

58: "\

Sol ves the system given by <filel>x = <file2>\n"

The matrices in filel and file2 nust have the sane nunber of rows.\n"
Raw dunp goes to stdout, human-readable info goes to stderr.\n"
n"

59: "The format of matrix files is as follows:\n"

60: "
61: "

It nust start with two integers, which give the row and col um di nensi ons\ n"
of the matrix.\n"

Then it nust contain the entries of the matrix in row nmgjor order, in any\n"
format recogni zabl e by scanf(%@). This is just about any float format,\n"
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with or without decimal points, with or without scientific notation, but\n"
nost interestingly, it allows raw fl oat representation, where the nunber is\n"
given in hexadecinmal and is the exact nachine representation of the float.\n"
Read the man page for scanf(3) for nore info.\n"
The entries may be separated by any anount of whitespace/new ines.\n",
appnane) ;
exit(1);
/*
* Prints a matrix in human-readabl e form
* Optionally give it a nane to nake the output even prettier
* Prints to stderr
*/
void print(Matrix & m const char *nane = "")
size_t rows = mshape()[0];
size_t cols = mshape()[1];
for (sizet i =0; i <rows; i++) {
for (size_t j = 0; j < cols; j++)
fprintf(stderr, "% (%u, %u):"ELEM PRI NT"\ n",
} name, i, j, nfi][j]);
fprintf(stderr, "\n");
}
/*
* Print a columm vector in human-readable form
* Optionally give it a name to nmake the output even prettier
* Prints to stderr
*/
voi d print_vector(Matrix & v, const char *nane = "")
{
size_t rows = v.shape()[O0];
for (size_t i =0; i <rows; i++) {
fprintf(stderr, "% % u = "ELEM PRINT"\n", nane, i, v[i][O0]);
}
/*
* Dunp a matrix in nachi ne-readabl e form
* Prints to stdout.
*/
voi d dunp(Matrix & m

size t rows
size t cols

= mshape()[0];
= mshape()[1];
printf("%u %u\n", rows, cols);
for (size_t i =0; i <rows; i++) {
for (size_t j =0; j <cols; j++) {
printf(ELEM DUVWP "\ n", nfi]l[jl);
1}
}

/*
* Matrix subtraction.
* Takes n"2 tine.
*/
Matrix & subtract(Matrix &, Matrix &b, unsigned [ong | ong *nops = NULL)
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127: {

128: size t rows = a.shape()[O0];

129: size_t cols = a.shape()[1];

130: unsigned long long n = 0;

131:

132: if (rows !'= b.shape()[0] || cols !'= b.shape()[1]) {
133: printf( );
134: exit(4);

135:

136:

137: D nensi on d;

138: Matrix *r = new Matrix(d[rows][cols]);
139:

140: for (size_t i =0; i <rows; i++) {
141: for (size_t j =0; j <cols; j++) {
142: n++;

143: (*r)0i10j] =afi]lli] - bLil[il;
144: }

145: }

146:

147: if (nops != NULL)

148: *nops = n;

149:

150: return *r;

151: }

152:

153: /*

154: * Ceneral -case matrix nultiply.
155: * Takes n”3 tine.

156: */

157: Matrix & multiply(Matrix &, Matrix &b, unsigned |ong |ong *nops = NULL)
158: {

159: size_t a_rows = a.shape()[0];

160: size_t a _cols = a.shape()[1];

161: size_t b rows = b.shape()[0];

162: size t b _cols = b.shape()[1];

163: unsi gned | ong | ong = 0;

164:

165: if (a_cols !'=b_rows) {

166: printf(

167: a_rows, a_cols, b_rows, b_cols);
168: exit(4);

169: }

170:

171: size_t inner_dim= a_cols;

172:

173: Di nensi on d;

174 Matrix *r = new Matrix(d[a_rows][b_cols]);
175:

176: for (size_t i =0; i < a_rows; i++) {

177: for (size_t j =0; j < b_cols; j++) {
178: (*r)[i10i] = 0;

179: for (size_t k = 0; k <inner_dim k++) {
180: n++;

181: (*r)li10i] += a[i][k] * b[K][j];
182: }

183: }

184: }

185:

186: if (nops != NULL)

187: *nops = n;

188:

189: return *r;
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* This is a special
* di agonal
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*/

Tue Nov 25 01:21:49 2008 4

Matrix & special _multiply(Matrix &, Matrix & u

{

}
/

Matrix & vector_diag nultiply(Matrix &I, Matrix &b

{

*

* This is a special
* di agonal

*

*/

unsigned | ong | ong *nops = NULL)

size_ t d_rows
size t d _cols
size t lu_rows | u. shape()[0];
size t lu_cols | u. shape()[1];
unsigned long long n = 0;

d. shape()[0];
d. shape()[1];

if (d_cols !'=lu_rows) {
printf(

d rows, d cols, lurows, lu_ cols);

exit(4);
}

Di mensi on di m
Matrix *r = new Matrix(dinfd rows][lu_cols]);

for (size_t i =0; i <d_rows; i++) {
for (size_t j =0; j < lu_cols; j++) {
n++;
iEo==17)
(*r)[i1lil = 0;
el se
(*r)0P100] = Pufi][i] * dli][i];
}
if (nops != NULL)
*nops = n;
return *r;

unsi gned |l ong | ong *nops = NULL)

size t d rows
size_t d_cols

d. shape()[0];
d. shape()[1];

size_t b _rows b. shape()[0];
size_t b _cols b. shape()[ 1];
unsigned long long n = 0;
if (d.cols !'= b rows) {
printf(
d_ rows, d_cols, b_rows, b_cols);
exit(4);
if (b_cols '=1) {

printf(

case of matrix multiply where the first is a strictly
matri x and the second is a matri x where the diagonal is all zeroes.
In this case, the operation takes not the usua

n"3 time, but only n™"2 tine.

case of matrix nmultiply where the first is a strictly
matri x and the second is a columm vector
In this case, the operation takes not the usua

n"3 tinme, but only n tine.
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exit(4);
}

Di nensi on di m
Matrix *r = new Matrix(dinfd rows][1]);

for (sizet i =0; i <d.rows; i++) {
n++;
(*r)fi][0] =d[i][i] * b[i][O];
if (nops != NULL)
*nops = n;
return *r;
}
/*

* Conmputes the infinity normof the given nmatrix.
* |.e., the sumof the largest row
* Takse n"2 tine.
*/
ELEM TYPE infinity _norm( Matrix &nm
{
size_t rows
size_t cols

m shape() [ O] ;
m shape() [ 1] ;

ELEM TYPE max = O;

for (sizet i =0; i <rows; i++) {
ELEM TYPE row = O;
for (size_t j =0; j <cols; j++) {

row += nfi][j];

if (fabs(row) > fabs(nmax))
Mmax = row,

}

return max;

~

L R

Performa Jacobi iteration to solve the systemAx = b

tol erance: stops conputing when the residual is below this val ue
iters: stops conputing when this nunber of iterations has been done
nops: optional pointer to store the nunber of operations done

* niters: optional pointer to store the nunber of iterations done
*/

Matrix & jacobi_solve(Matrix & A, Matrix & b,

ELEM TYPE tol erance = 0.0,

unsigned long long iters o,

unsi gned | ong | ong *nops NULL,

unsi gned long long *niters = NULL,

bool verbose = true)

size_t a rows, a cols, b rows, b _cols;
unsigned long long n = 0;

if (iters == 0)
iters = nuneric_linmts<unsigned |ong | ong>::nmax();

a_rows = A shape()[0];
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a_cols = A shape()[1];
b_rows = b.shape()[0];
b_cols = b.shape()[1];

if (a_rows !'= b_rows) {
printf(

a rows, a cols, b rows, b _cols);
exit(3);
}

Di mensi on d;

/'l note that "D' will really nean -D*{-1}, and L and U will be conbi ned

/1 into matrix "LU".

Matrix LU(d[a_rows][a_cols]), D(d[a_rows][a_cols]), nD(d[a_rows][a_cols]);

/1l split Ainto upper, diagonal, and |ower natrices

for (size .t i =0; i <a.rows; i++) {
for (size .t j =0; j <a.cols; j++) {

n++;

it o==j) {
LU[I][]] = 0.0;
Dillj] -1.0/7 Ailljl; /'l negate and invert

} else {
LUiT[j] = ALiT[]]
Diilli] = 0.0;

unsi gned long long n2 = 0;
Matrix M= special _multiply(D, LU, &n2);
n += n2;

Matri x Db
n += n2;

vector _diag_multiply(D, b, &n2);

Matrix *x = new Matrix(d[b_rows][b_cols]);

ELEM TYPE ol d_residual = numeric_limts<ELEM TYPE>:: max();
ELEM TYPE new r esi dual

unsi gned long long i

unsi gned | ong | ong ndiverge = O;

i f (verbose)

fprintf(stderr, , n);
for (i =0; i <iters; i++) {

n2 = 0;

Matrix Mk = nultiply(M *x, &n2);

n += n2;

*x = subtract (M, Db, &n2);

n += n2;

new residual = infinity norm(subtract(multiply(A *x), b));

if (fabs(new residual) <= fabs(tol erance)) {
br eak;
}

if (fabs(new residual) >= fabs(old residual)) {
ndi ver ge++;
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if (verbose) {
fprintf(stderr,

ELEM SCI ENT , 1, ndiverge
fabs(new residual) - fabs(old_residual));
fflush(stderr);

}
i f (ndiverge >= Dl VERGE DETECT) {
i f (verbose)
fprintf(stderr,

)
br eak;
}
} else {
if (verbose) {
fprintf(stderr, ELEM SCI ENT , 1, fabs(new_ residual));
fflush(stderr);
ol d_residual = new residual
ndi verge = 0;
}
}
if (niters !'= NULL)
*niters = i;

if (nops != NULL)

*nops = n;
return *x;
}
/*
* Finds the solution x in the equation Ax = b, via Gaussian Elimnation (using
* only row operations).
*
* Note that while b is traditionally a columm vector, this inplenentation does
* not care what it is, so long as the nunmber of rows match up
*
* So to conpute the inverse of A run it with b as the identity matrix with the
* same nunber of rows as M
*
* Also, if the ULL pointer *nops is not null, it will be set to the nunber of
* operations the process took
*/

Matri x & gaussi an_solve(Matrix & A, Mtrix & b, unsigned |long | ong *nops = NULL)

if (A shape()[0] !'= b.shape()[0]) {
printf(

A.shape()[0], A shape()[1], b.shape()[Oj, b. shape()[1]);
exit(4);
}

size_t dim= A shape()[0];
size t b cols = b.shape()[1];
size_t total _cols = dim+ b_cols;

unsigned long long n = 0;
/1 adjoin the Mwith b

Matrix adj = A
D nmensi on d;
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442: adj.resize(d[dinf[dim+ b_cols]);

443:

444: for (size_t i =0; i <dinm i++) {

445: for (size_t j =0; j < b_cols; j++) {

446: n++;

447: adj[i][dim+j] =Db[i]l[j];

448: }

449: }

450:

451: /'l make upper triangular.

452: for (size_t i =0; i <dim- 1; i++) {

453: ELEM TYPE pivot = adj[i][i];

454; for (sizet j =i +1; ] <dim j++) {

455: ELEM TYPE target = adj[j][i];

456: ELEM TYPE scale = target / pivot;

457: if (target == 0.0)

458: conti nue;

459: /1l subtract (row i tines scale) fromrow |
460: for (size_t k = 0; k <total _cols; k++) {
461: n++;

462: adj[j][k] -= adj[i][k] * scale;

463: }

464; }

465: }

466:

467: /'l make di agonal

468: for (size_t i =dim- 1; i >=1; i--) {

469: ELEM TYPE pivot = adj[i][i];

470: if (pivot == 0)

471: conti nue;

472: for (sizet j =i - 1; j +1>1; j--) {
473: ELEM TYPE target = adj[j][i];

474: ELEM TYPE scale = target / pivot;

475: if (target == 0.0)

476: conti nue;

477 /1l subtract (rowi tines scale) fromrow |
478: for (size_t k = 0; k <total _cols; k++) {
479: n++;

480: adj[jl1[k] -= adj[i][k] * scale;

481; }

482; }

483:

484: /'l divide the rows by the |eading variable
485: if (pivot I'=1.0) {

486: for (size_t k = 0; k <total _cols; k++) {
487: n++;

488: adj[i][k] /= pivot;

4809: }

490: }

491: }

492;

493: /'l divide the first row by the |eading variable
494; if (adj[0][0] !'=1.0 & adj[0][0] != 0.0) {
495: ELEM TYPE scale = adj[0][0];

496: for (size_t k = 0; k <total _cols; k++) {
497: n++;

498: adj[0][k] /= scale;

499; }

500: }

501:

502: /'l copy the right half of the adjoined matrix (the solution) into a new
503: /'l matrix

504: Matrix *r = new Matrix(d[dinj[b_cols]);
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for (size_t i =0; i <dim i++) {
for (size_t j =0; j < b_cols; j++) {
n++;

(*r)[i1[i] = adj[i][dim+ j];

}

if (nops !'= NULL) {
*nops = n;

}

return *r;

Reads a matrix froma file.

The format of the file is as follows:

it must start with two integers, which give the row and col um di nensi ons of
the matrix.

Then it nmust contain the entries of the matrix in row major order, in any
format recogni zabl e by scanf (% ). This is just about any float format, with
or without decinmal points, with or without scientific notation, but nbpst
interestingly, it allows raw fl oat representation, where the nunber is
given in hexadecimal and is the exact nachine representation of the float.
Read the man page for scanf(3) for nore info.

The entries may be separated by any anount of whitespace/ new ines.

rix & read_matrix(char *fil enane)

FILE *i nput = fopen(fil enane, );
if (input == NULL) {
char buf[512];
snprintf(buf, 512, , filenane);
perror (buf);
exit(2);
}

size_t rows, cols;
fscanf (i nput, , &rows, &cols);

Di mensi on d;
Matrix *m = new Matrix(d[rows][cols]);

for (size_t i =0; i <rows; i++) {
for (size_t ] =0; j <cols; j++) {
ELEM TYPE x;
fscanf (i nput, ELEM DUMP, &x);
Cmlilll = x
}

return *m

mai n(int argc, char **argv)

if (argc < 2) {
usage(argv[0]);
} else if (argc == 2) {
/*
* 1 argunent: invert matrix
*/



gauss. cpp Tue Nov 25 01:21:49 2008 10

568:

569: Matrix A = read_nmatrix(argv[1]);

570:

571. /1 make the ldentity Matrix of appropriate size
572: D nensi on d;

573: Matrix | (d[ A shape()[O0]][A shape()[0]]);
574 for (size_t i =0; i < A shape()[0]; i++) {
575: for (sizet j =0; j < A shape()[0]; j++) {
576: if (i ==j)

577: Ifil1ri1 = 1;

578: el se

579: I[i][j] = 0O;

580:

581: }

582:

583: Matri x inv = gaussian_solve(A, |, NULL);
584

585: dunmp(i nv);

586: print(inv);

587:

588: } else {

589: /*

590: * 2 argunents: solve system

591: */

592:

593: Mbde node;

594 Test Mbde t est node;

595: if (argc < 4) {

596: node = GAUSS

597: t est rode = NOTEST

598: } else if (strcnp(argv|3], ) == 0) {
599: node = GAUSS

600: test nrode = NOTEST

601: } else if (strcnp(argv|3], ) == 0) {
602: node = JACOBI

603: t est rode = NOTEST

604 } else if (strcnp(argv|3], ) == 0) {
605: node = GAUSS

606: test node = TEST

607: } else if (strcnp(argv|3], ) == 0) {
608: node = JACOBI

609: test node = TEST

610: } else {

611: fprintf(stderr,

612: );
613: exit(1);

614

615:

616: Matrix A = read_matrix(argv[1]);

617: Matrix b = read_matrix(argv[2]);

618:

619: if (A shape()[0] !'= A shape()[1]) {

620: printf(

621: );

622: exit(3);

623:

624:

625: if (b.shape()[1] '=1) {

626: printf(

627: );

628: exit(3);

629:

630:
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if (A shape()[0] != b.shape()[0]) {
printf(
)

exit(3);

unsi gned | ong | ong nops;
unsigned long |long niters;

D nmensi on d;
Matrix x(d[ A shape()[0]1[1]);

if (nmode == GAUSS) {
X = gaussi an_sol ve(A, b, &nops);
niters = 1;

} else {
ELEM TYPE t ol erance
if (argc < 5)
tol erance = 1. 0e- 10;
el se

sscanf (argv[ 4], ELEM DUWMP, &tol erance);

bool verb = true
if (testnode == TEST)
verb = fal se;
X = jacobi _solve(A, b, tolerance, 0, &nops,

}

[ dunp(Xx);
[lprint_vector(x, "x");

Matrix Ax = multiply(A X);
Matri x sub = subtract(Ax, b);
ELEM TYPE residual = infinity_norm(sub);

&niters,

double C = nops / pow((doubl e) A shape()[0], 3.0);

if (testnmode == NOTEST) {
dunp(x) ;
print_vector (X, );

fprintf(stderr, ELEM SCI ENT

} else {
printf( , nops);
}
}
return O;

/[l vim sts=4 expandtab

verb);

resi dual, nops,

C, nite
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/*

* genmatrix.cpp / Mtrix Generator

* CGaussian Elinination vs Jacobi Method Project, MCS 471 F2008

* by Wlliam R Fraser <wfraser@s. uic.edu> 11/21/2008
*/

#i ncl ude <stdi o. h>

#i ncl ude <stdlib. h>
#i ncl ude <string. h>
#i ncl ude <mat h. h>

#i ncl ude <sys/tine. h>
#include <limts>

CoNogaRrwhE

PR RR e
RwNhERO

using std::numeric_linmts;

=
o T

#defi ne DOUBLE 1
#def i ne FLOAT 2

e
©o0oN

#i f ndef TYPE
#defi ne TYPE DOUBLE
#endi f

N NN NN
RWNERO

#i f TYPE == DOUBLE

# define ELEM TYPE doubl e
# define ELEM DUWP "% a"
#elif TYPE == FLOAT

# define ELEM TYPE f1 oat
# define ELEM DUWP "% a"
#endi f

WWRNNNNN
PQOXONOO

enum Mode {RANDOM DI AGONALLY_DOM NANT, STRI CTLY_DI AGONAL, MANY_ ZERCES};

w w
w N

int main(int argc, char **argv)

{

w W
aRLNROC

Mbde nbde = RANDOM
ELEM TYPE zero_poi nt;

W W W
oo

if (argc < 3) {
printf("usage: % <n> <nk [random | diagonally dom nant | strictly_diago

many_zeroes <zero_density>]\n"
40: "Cenerates a square nxn matri x of random nunbers for use by gauss.\n"
41: "On x86, the nunbers are floats. On AMD64, the nunbers are doubl es.\n"
42: "The nunbers are output in raw float format (see %@ format in printf(3)).\n"
43: "Additionally, the matrix generated is guaranteed to be diagonally dom nant.\n"
44: "The di agonal entries are the sumof the row plus 1.\n"

w
©

na

45: argv[0]);

46: exit(1);

47: } else if (argc >= 4) {

48: if (strcenmp(argv[3], "diagonally domnant") == 0) {
49: node = DI AGONALLY_DOM NANT;

50: } else if (strcenp(argv[3], "strictly diagonal”) == 0) {
51: node = STRI CTLY_DI AGONAL;

52: } else if (strcnp(argv[3], "many zeroes") == 0) {
53: node = MANY_ZERCES

54: if (argc >= 5)

55: sscanf (argv[ 4], ELEM DUMP, &zero_point);
56: el se

57: zero_point = 0.10;

58: }

59: }

60:

61: timeval tv;

62: gettimeof day(&t v, NULL);
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63: srand48(tv.tv_sec);
64
65: size_t n (size_t) atoi(argv[1]);

66: size_t m= (size_t) atoi(argv[2]);

67: printf( , N, m;

68:

69: fprintf(stderr, , o m;

70: switch (node) {

71: case RANDOM

72: fprintf(stderr, );
73: br eak;

74: case DI AGONALLY_DOM NANT:

75: fprintf(stderr, );
76: br eak;

77: case STRICTLY_DI AGONAL:

78: fprintf(stderr, );
79: br eak;

80: case NMANY_ZEROCES:

81: fprintf(stderr,

82: , 100.0 * zero_point);
83: br eak;

84.: }

85:

86: for (size .t i =0; i <n; i++) {

87: ELEM TYPE x;

88: ELEM TYPE row total = 0;

89: ELEM TYPE row nj;

90:

91: for (size_t j =0; j <m j++) {

92: X = (ELEM_TYPE) drand48();

93:

94: if (mode == STRICTLY DIAGONAL && j !=1i) {
95: rofj] = 0.0;

96: conti nue;

97: }

98:

99: if (nmode == MANY _ZERCES && i !'=j) {

100: if (x > (1.0 - zero_point))

101: x = 0.0;

102: }

103:

104: rowfj] = x;

105: row total += x;

106: }

107:

108: /'l diagonal is the sumof the row plus a random anmount
109: if ((nmode == DI AGONALLY_DOM NANT || mpbde == MANY_ZERCES) && i < nm)
110: rofi] = row total;

111:

112: /1 print the row

113: for (size_t j =0; j <m j++) {

114: printf( ELEM DUWP , rowj]);

115: }

116: }

117:

118: return O;

119: }

120:

121: // vim sts=4 expandtab
122:



