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#include "mat.hh" Al =
#i::zlt:zle "T:|'|_|:|-'I.I'|I'|" g++ E/\jﬁﬁ Flb&ﬂﬂ/%\

#include =iomanip=

namespace std; cpl@area:~/mat$ g++ -I. -L. mkmat.cc -1lmat -o mkmat
int mainf) mkmat.cc: In function ‘int main()’:
1 Jouble V18] mkmat.cc:10: error: ‘sizxe t’ was not declared in this scope
RankR rng(7) mkmat.cc:10: error: expected ‘;’ before ‘i’
(size t 1 = 0: i = 16; 1 ++) v[i] = 2 * rng,| MKmat.cc:10: error: ‘i’ was not declared in this scope
Matrix mi4, 4, vl; make: *** [mkmat] Error 1
cout == "det{'n" ==m == ") = " == m.det(] == '} 1 . t
Matrix cim.inversel)]; cp @area'~/ma $
cout == "inverse 1s " == ¢ == '‘n':
0; cpl@area:~/mat$ g++ -I. -L. mkmat.cc -lmat -o mkmat

mat.hh: In function ‘int main() ’:

mat.hh:9: error: ‘double* Matrix::vals’ is private
mkmat.cc:12: error: within this context

make: *** [mkmat] Error 1

cpl@area:~/mat$

"mtest.cc" 15L, 333C 1.1 All

GNU nano 2.2.4 File: mtest.cc Modified
- Matrix::det()
atrix:.ae
g e
l._|5i|'|-;| namespace std; { Eﬁ%-ﬂzﬁﬁﬂ’ﬁ/#’:
(et assert(n_row == n_col);
double v[16]: if (n_row == 1) return vals[0];
RanMR rng(7); — N
(size t 1 = @) 1 = 16; 1 ++) v[1i] = 2 ¥ rng.unifg . det = O’
Matrix mid, 4, v); sign = 1;
cout == = M == == m.deti] == '""‘n'; — N .
Matrix cim.inversel)); fOI'( r= 05 r<n_rQW,r++) {
cout << << c << '\n’; /[ Laplace expansion
return ©; .

} det +=sign * elem(r, 0) * submat(r, 0).det();
std::cerr << "in det(), *this =" << * this << "\n";
sign = - sign;

: } ,
[ Read 15 lines | . IR Sy ATl = |

E Get Help g8 WriteOut g Read File g Prev Page gid Cut Te return det, )EH Stdcerr I$EU ﬁl&j&ﬁa l:l:lzL/m\

Exit g Justify gl Where Is g Mext Page gl UnCut }




AR T -g” 3EIH
cpl@area:~$ g++ -g bug.cc N |§ f I:'
cpl@area:~$ gdb /a out ‘j:‘ ﬁﬁ
[ snipped ] U bug.cc
Reading symbols from /home/cpl/a.out...done. #include <iostream>
(gdb) break main 2 E R, trans(int n)
Breakpoint 1 at 0x8048718: file bug.cc, line 12. (jb b k t {
(gdb) run (g ) reak trans if (N % 2) returnn * 3 + 1;
Starting program: /home/cpl/a.out (gdb) break bug.cc:15 returnn / 2;
Breakpoint 1, main () at bug.cc:12 } in()
12 cout << "input a number: "; { maitn
(gdb) next N )
13 cin >> n: A ‘ ﬂu%ﬁgﬁ 2%&15 using namespace std;
(gdb) > ZTEEELEES  (gdb) print n n
input a number: 10 ) cout << "input a number: ";
14 while (n != 1) { (gdb) display n cin >> n;
(gdb) while (n!=1) {
15 cout << '\t' << n; cout << '\t' << n;
(gdb) n = trans(n);
16 = trans(n); }
(gdb) "\
14 while (n !'= 1) { COFt<<0}\n,
(gdb) B return Uj
15 cout << '\t' << n; Eﬂﬁﬁiﬂﬁj‘ }
(gdb) — — Vi)
16 = trans(n); next: T F—17 (REAEKI)

+5L 4 (YA N,
{gdb) while (n 1= 1) { step: #IT N —15% (FHEAK)
. . == /
(gdb) continue : AEEIT
15 cout << '"\t' << n;
(gdb)
16 n = trans(n);
i hile ( ) {
14 while (n !'=1
(g g I
égg?in322;inue Breakpoint 2, trans (n=10) at bug.cc:4
o 3 o * o
10 5 16 8 4 1 4 if (n % 2) return n 3+ 1;

Program exited normally.

(gdb) q
cpl@area:~$

(gdb) backtrace

#0 trans (n=10) at bug.cc:4

#1 0x08048772 in main () at bug.cc:16
(gdb)

I B



// mat.hh
#ifndef MAT HH

#include <iostream>

#define MAT_HH . % ;‘Iﬁg E @ %

class Matrix

{

public:

5

size_t n—roi’_"? #include "mat.hh"
filgiitlél;c\(z)ais; using namespace std;

int main()
Matrix(); // default constructor { invert.cc
Matrix(size t nr, size_t nc); Matrix m;
Matrix(const Matrix & m); // copy constructor cin >> m;
Matrix(size t nr, size t nc, double const * v); cout << m.inverse() << \n":
~Matrix(); // destructor i ’
double & elem(size tri, size tci);// element access return 0;
double elem(size tri, size t ci) const;// retrieval }

// overloading operators

Matrix operator+(const Matrix & m) const;
Matrix operator-(const Matrix & m) const;
Matrix operator*(const Matrix & m) const;
Matrix operator*(double v) const;

Matrix & operator=(const Matrix & m);

// making unit Matrix

static Matrix unit(size t sz);

// input/output

void stream_in(std::istream & i);

void stream_out(std::ostream & 0) const;

/[ additional operation

Matrix submat(size tr, size tc) const;
double det() const;

Matrix transpose() const;

Matrix inverse() const;

/| external overloads

Matrix operator*(double v, const Matrix & m);
std::istream & operator>>(std::istream & s, Matrix & m);
std::ostream & operator<<(std::ostream & o, const Matrix & m);
#endif

| L]

e 2

#include "mat.hh"
#include "ran_nr.hh"
#include <iomanip>

using namespace std; mtest.cc
int main()
{
double v[16];
RanNR rng(7);
for (size_ti=0;1<16;1++) v[i] = 2 * rng.uniform() - 1;
Matrix m(4, 4, v);

cout << "det(\n" <<m << ") =" <<m.det() << "'\n";
Matrix c(m.inverse());

cout << "Inverse is " << ¢ << '\n’;

return O;

}
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SEE ST 4— \ Matrix Matrix::submat( r, c)
BT 72t {
Matrix::det() Matrix m(n_row - 1, n_col - 1);
for ( s=1;s<n_row;s ++) for ( d=1;d<n_col;d ++) {
assert(n_row ==n_col); m.elem(s-1,d-1)=elem(s<=r?s-1:s,d<=c?d-1:d);
if (n_row == 1) return vals[0]; }
det = 0; return m;
sign = 1; }

for ( r=0;r<n_row;r ++) {

// Laplace expansion

det += sign * elem(r, 0) * submat(r, 0).det();

sign = - sign;
}

return det;

i A e

R — S R

Matrix Matrix::inverse()

{

d = det();
assert(d);
Matrix m(n_row, n_col);
for (
sign=(r+c¢c)%2?-1:1;

m.elem(r, ¢) = sign * submat(r, c).det() / d;

}

return m.transpose();

Matrix Matrix::transpose()

{
Matrix m(n_col, n_row);
for ( r=0;r<n_row;r ++) for (
m.elem(c, r) = elem(r, c);
}
return m;
}

c=0;c<n_col;c++){

r=0;r<n_row;r ++) for (

c=0;c<n_col;c++){




// mat.cc

#include <mat.hh>

#include <iomanip>

#include < cassert>

Matrix::Matrix() : n_row(0), n_col(0), vals(0) {}

Matrix::Matrix(size t nr, size t nc) :
n_row(nr), n_col(nc)

{
if (n_row * n_col) vals = new double[n_row * n_coll;
else vals = 0;

}

Matrix::Matrix(const Matrix & m) : // copy constructor
n_row(m.n_row), n_col(m.n_col)

{
if (m.vals) {
assert(n_row * n_col);
vals = new double[n_row * n_col];
for (size ti= n_row * n_col; i --;) vals[i] = m.vals[i];
}
else vals = 0;
}

Matrix::Matrix(size t nr, size t nc, double const *v) :
n_row(nr), n_col(nc)

{
if (n_row * n_col) {
vals = new double[n_row * n_col];
for (size ti= n_row * n_col; i--;) vals[i] = v[i];
}
else vals = 0;
}
Matrix::~ Matrix()
{
if (vals) delete [] vals;
}

double & Matrix::elem(size t ri, size t ci) // element access
{
if (ri>= n_row || ci>= n_col) throw;
return vals[ri * n_col + ci];
}
double Matrix::elem(size_t ri, size_t ci) const // retrieval
{
if (ri>= n_row || ci>= n_col) throw;
return vals[ri * n_col + cil;
}
Matrix Matrix::operator+ (const Matrix & m) const
{
if (n_col!'= m.n_col ||n_row != m.n_row) throw;
Matrix r = * this;
for (size ti= n_row * n_col; i--;) r.vals[i] + = m.vals[i];
return r;

Matrix Matrix::operator-(const Matrix & m) const

{

}

if (n_col !'= m.n_col ||n_row != m.n_row) throw;
Matrix r = * this;

for (size ti= n_row * n_col; i --;) r.vals[i] -= m.vals[il;
return r;

Matrix Matrix::operator*(const Matrix & m) const

{

}

if (n_col '= m.n_row) throw;
Matrix r(n_row, m.n_col);
for (size_ti= 0;1i< n_row; i+ +) for (size_tj= 0;j< m.n_col;j++){
double v = 0;
for (size tk= 0;k< n_col; k++)
v += vals[i * n_col + k] * m.vals[k * n_col + jl;
r.vals[i *r.n_col + j] = v;
}

return r;

Matrix Matrix::operator*(double v) const

{

}

Matrix r = * this;
for (size_ti= n_row * n_col; i --;) r.vals[i] *= v;
return r;

Matrix & Matrix::operator= (const Matrix & m)

{

}

if (vals) delete [] vals;
N_row = m.n_row;
n_col = m.n_col;
if (size t sz = n_row * n_col) {
vals = new double [sz];
for (size ti= sz;1i--;) vals[i] = m.vals[i];
}

else vals = 0;

Matrix Matrix::unit(size t sz)

{

Matrix mm(sz + 1, sz + 1);
Matrix m(sz, sz);
for (size ti= 0;i< sz;i++)
for (size_ tj= 0;j< sz;j++)melem(@, j) = (1==j?1:0);
return m;



void Matrix:stream_in(std::istream & s) double Matrix:det() const

{ {
std::string n assert(n_row == n_col);
S>> n; if (n_row == 1) returnvals[0];
if (n!= "(Matrix") throw; doubledet = 0;
size_tnr; intsign= 1;
size_tnc; for (size_tr= 0;r< n_row,r++) {
s$>> nr>> nc; /] Laplace expansion
double* v= 0; det+ = sign* elem(r, 0) * submat(r, 0).det();
if (nr * nc) { sign= -sign
v = newdouble [nr * nc];
for (size_ti= 0;i< nr*nc;i++)s>> vli]; returndet;
} }
$>>
if (n!= "Matrix)") { Matrix Matrix:transpose) const
if (v) delete[] v; {
throw; Matrix m(n_col, n_row);
} for (size_tr= 0;r< n_row; r++) for (size_tc= 0;c< n_col;c++) {
if (vals) delete[] vals; m.elem(c, r) = elem(r, c);
N_row = nr; }
n_col = nc; returnm;
vals = v; }
}
Matrix Matrix:inversd) const
{
void Matrix:stream_out(std::ostream & o) const doubled = det();
{ assert(d);
0 << "(Matrix"<< n_row<< '""<<n_.col<< '\n; Matrix m(n_row, n_col);
for (size_tri= 0;ri< n_row;ri++) { for (size_tr= 0;r< n_row;r + +) for (size_.tc= 0;c< n_col;c++){
double* row = vals+ ri* n_col; intsign= (r+ ¢)%2?-1:1;
for (size tci= 0;ci< n_colci++){ m.elem(r, ¢) = sign* submat(r, c).det() / d;
0 << std::setw(16) < < row[cil; }
} returnm.transpose);
0 << '\n }
}
0 < < "Matrix)" Matrixoperator®(doublev, const Matrix & m)
} {
returnm * v;
}
Matrix Matrix:submat(size tr, size_tc) const
{ std::sistream & operator> > (std::istream& s, Matrix& m)
Matrix m(n_row-1, n_col-1); {
for (size_ts= 1;s< n_row; s + +) for (size_td= 1;d < n_col;d + +) m.stream_in(s);
{ returns;
m.elem(s-1,d-1) = elem(s<=r?s-1:s,d<=c?d-1:d); }
}
returnim; std::ostream & operator< < (std::ostream & o, const Matrix & m)
} {

m.stream_ouft(o);
returno;



FEF BRI/ ARSI

cpl@area:~/mat$ ./mkmat<<<l

(Matrix 4 4
0.943497 -0.177621 0.271653 -0.0365508
0.418603 -0.405261 -0.0643052 0.0249313
-0.780158 0.557913 0.972258 0.606967
0.0592293 -0.0255439 0.58889 -0.388066
Matrix) . -
cpl@area:~/mat$ { Matrix::stream_out(std::ostream & 0)
Matrix::stream_in(std::istream & s) 0 <<"(Matrix " <<n_row <<''<<n_col <<'\n;
{ B for ( ri=0;ri<n_row;ri++) {
std::string n; *row = vals + ri * n_col;
s >> n: for ( ci=0;ci<n_col;ci++){
if (n != "(Matrix") throw; 0 << std::setw(16) << row[ci];
. }
b
S>> nr >> nc; }
*y = 0; 0 << "Matrix)";
if (nr *nc) { }
V = new [nr * nc];
for ( i=0;i<nr*nc;i++)s>>vl[il; A — . N
} ORI EE ZE well-defined A% =
S >>n;
if (n I= "Matrix)") { F LR ASCII
if (v) delete [] v; o
throw; TERLEC.
}f 19) del Is ostream file("filename", ostream::binary);
if (vals) delete [] vals; file.write(& var, sizeof(var));
N_row = nr;
n_col = nc; istream file("filename", istream::binary);
\ vals = v; file.read(& var, sizeof(var));




{EBENE A DRI

header files (.h .hh .H): HAES, @882 ER, EHES, inline KX
program files (.cpp .cc .C): BNIUAEF, EHBEES

| 4% compile |
object files (.0) : {& program files 4wz T AFE 2
| E4E link |
executables : AT & F 2| A0FE S AE Al S8 F B = main() BT BUTHE R

2TV library (@ .so) : FEFREERIES “ar” KEH (5 manar)

ar r libsome.a filel.o file2.0 file3.0
27 FE U libsome

c++ -I. -L. prog.cc -Isome -0 exec

(N ESE

S [FIBY
c++ -I. -L. prog.cc filel.o file2.o file3.0 -0 exec




- D "
iV a: Makefile
all: RETA
CXXFLAGS := -1 < fE1Y target>: < M%) prerequisite>
LDFLAGS :=-L.

LDLIBS := -Imat
libmat.a: mat.o

< g4 command1>
< 74 command2>
* % % ST /AL tab FIoTEATE

arr $@ $A
PHONY: clean makefile Bh8
EXECS :=

EXECS += mtest
EXECS += mkmat
EXECS += invert
EXECS += multip

< %% variable> ;= < F& >

< %% variable> += < & >

R  $(< 8% variable>)
$< ¥ variable>

all: $(EXECS) Joes 'J_“g‘ﬁ“%rge :
$(EXECS): | libmat.a $<: first prerequisite

clean: g .

rm -f libmat.a *.0 *~ $(EXECS) all prerequisite

GNU make #Y implicit rules
file.cc —file.o
$(CXX) -c $(CXXFLAGS) file.cc
prog.cc — exec
$(CXX) $(CXXFLAGS) $(LDFLAGS) prog.cc $(LDLIBS) -0 exec

K % % A AT BASH B, /8L “ss” AUkE “s o



]

i

Sand

+5LH 4=/
cpl@area:~$ cp -r /usr/local/src/mat . :\Iﬁ 4 I E
cpl@area:~$ cd mat =

cpl@area:~/mat$ 1s -1

total 36

-rw-r--r-- 1 cpl cpl 117 2011-05-02 02:51 invert.cc pAd = == \
-rw-r--r-- 1 cpl cpl 239 2011-05-02 02:51 Makefile JEL;%\ C:F)1 ESE;}* 4Eﬂ;ﬂ§%ﬁ?{§éiiII§L‘
-rw-r--r-- 1 cpl cpl 4293 2011-05-02 02:51 mat.cc E /usr/local/src/mat Eﬁ%?}j&‘
-rw-r--r-- 1 cpl cpl 1143 2011-05-02 02:51 mat.hh N

-rw-r--r-- 1 cpl cpl 258 2011-05-02 02:51 mkmat.cc §§Uj§§5§;

-rw-r--r-- 1 cpl cpl 333 2011-05-02 02:51 mtest.cc

-rw-r--r-- 1 cpl cpl 136 2011-05-02 02:51 multip.cc

-rw-r--r-- 1 cpl cpl 897 2011-05-02 02:51 ran nr.hh
cpl@area:~/mat$ make

g++ -I: -c -0 mat.o mat.cc

o creating libnas.a mkmat : # A random seed , 7’4 random matrix
Sl Mt mat o et invert: @A matrix , E4 inverse matrix

g++ -I. -L. invert.cc -lmat -o invert multip : 3BAME matrix , 4 product matrix

g++ -I. -L. multip.cc -lmat -o multip
cpl@area:~/mat$ ./mkmat <<<l1

(Matrix 4 4
0.943497 -0.177621 0.271653 -0.0365508
0.418603 -0.405261 -0.0643052 0.0249313
-0.780158 0.557913 0.972258 0.606967
0.0592293 -0.0255439 0.58889 -0.388066
Matrix)
cplEarea:~/mat$ ./mkmat <<<1|./invert
(Matrix 4 4
1.29139 -0.757259 -0.158043 -0.417474
1.33383 -3.28427 -0.198221 -0.646662
0.10404 0.623501 0.525008 0.851413
0.267183 1.04677 0.785625 -1.30601
Matrix)
cpl@area:~/mat$ (./mkmat <<<1|./invert;./mkmat <<<1)|./multip
(Matrix 4 4
1 -7.73741e-07 8.24163e-07 -2.09216e-07
1.69002e-06 0.999999 -1.78004e-07 2.5577e-07
2.2172e-07 5.21723e-08 1 3.87273e-08
1.73442e-06 -1.37915e-06 2.27164e-06 0.999998
Matrix)

cpl@area:~/mat$
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