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 float x =1.0/333;
 float sum = 0; for (int i1=0; 1<333; ++i) sum+=x;
e cout << sum << '"\n";
« 0.999999
" B AR A E Azt G E R
« shorty =40000;
* inti=1000000;
e cout<<y<<" "<<*Fi<<"\n",
« -25536 -727379968
¢ E2RE, AARBONEARBHAREATENLSR, &NEZ2—HF
R34 AT A HO ot
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char

short

int float long int*

double

CCH AR LA GAEARNRM TREMSF S Folpd B
= ik kSR AWindows F & (Microsoft4 4 %). Linux# 4 (GCC)
= sizeof(X) #4447 X 9 kA (£ ¥) 2t % K £ A
= 3% = L, sizeof(char)==1

o BREMAIRGFGIES, TNMERGF 4 A char. Int #e double
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I/ when you calculate, you must be aware of possible overflow and truncation
// Beware: C++ will not catch such problems for you

void f(char c, short s, int i, long lg, float fps, double fpd)

{

C=1I; Il yes: chars really are very small integers

S=1;

| = 1+1; / what if i was the largest int?

lg = i*1; // beware: a long may not be any larger than an int

/[ and anyway, 1*1 is an int — possibly it already overflowed

fps = fpd;

| = fpd,; /l truncates: e.g. 5.7 ->5

fps =1; // 'you can lose precision (for very large int values)

char ch =0;

for (int 1 =0; 1<500; ++1) { cout << int(ch) << "\t""; ch++; } // try this
}
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void f(int 1)
{
charc=1; Il may throw away information you don’t want to 100se
if (c!=1){
I/ oops! We lost information, figure out what to do
}
/...

USTC AUTO



http:/ /staff.ustc.edu.cn/~zlwang/

P e BN EBFRH T E T, A8 E <cerrno> ¥
errno
= Ha
void f(double negative, double very large)
Il primitive (1974 vintage, pre-C++) but ISO standard error handling

{
errno = 0; // no current errors
sqrt(negative); /[ not a good idea
if (errno) {/*..*/} Il errno!=0 means ‘something went wrong”

if (errno == EDOM)// domain error
cerr << "'sqrt() not defined for negative argument™";
pow(very large,2); // nota good idea
iIf (errno==ERANGE) Il range error
cerr << ""pow("" << very_large << ",2) too large for a double"’;

}
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= N % %2

— A6 (e.g. Matrix<int>v(4) ),
LAR 2 A —H 4B TE 3 1N 9 46 15

— /A 3*4 ¢ 46 # (e.g. Matrix<int>m(3,4) ),
QAR 2 A = SR T
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< Matrix<int>m(3,4);

7| column
7 row
Y
— /AN 3%4 ¢
} bk A =i hE
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® #6_{{1 Bigen

C—fAdT A
int ai[4]; // 1 dimensional array
double ad[3][4]; /[ 2 dimensional array
char ac[3][4][5]; /[ 3 dimensional array
ai[1] =7;

ad[2][3] = 7.2:
ac[2][3][4] = ‘c’;

= RA LA A
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® #6_{{1 TTOR

SR T A B BT R
void f1(int a[3][5]); I/ useful for [3][5] matrices only

= (Can’t read vector with size from input and then call fl
* (unless the size happens to be 3*5)
= Can’t write a recursive/adaptive function

void f2(int [ ][5], int dim1); // 15t dimension can be a variable
void f3(int[ ][ ], int dim1, int dim2); Il error (and wouldn’t work anyway)
void f4(int* m, int dim1, int dim2) // odd, but works

{

for (int i1=0; i<dim1; ++i)
for (int j = 0; j<dim2; ++]) m[i*dim2+j] = 0;
}
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/] on the course site Matrix.h

#include “Matrix.h”

void f(int nl, int n2, int n3)

{
Matrix<double> ad1(nl); I/ default: one dimension
Matrix<int,1> ail(nl);
Matrix<double,2> ad2(n1,n2); // 2 dimensional
Matrix<double,3> ad3(n1,n2,n3); // 3 dimensional
adl(7) =0; // subscript using () — Fortran style
adl[7] = 8§; /l'[ ] also works — C style
ad2(3,4) = 7.5; /I true multidimensional subscripting
ad3(3,4,5) =9.2;

I ™S Sir s AA(), [2thATF %[
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» Matrices 2 E 509 % /2t %
" AR 1A 4E E DA
o FRAGEL KK
= T4x: ()
£ T4 []
RAE: =
1% € & 1& (+=, -=, *=, %=, etc.)
£ 606 4E (e.q., res[i] =a[i]*c+b[2])
= & 42 4% 4& (res = sum of a[i]*b[i])
C HBEENTFLEGOREND
P 4R ER, KALTUY B (BEIEAERA “BHE7)
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I/l compile-time and run-time error checking
void f(int n1, int n2, int n3)
{
Matrix<double> ad1(5); // default: one dimension
Matrix<int> ai(5);
Matrix<double> ad11(7);
Matrix<double,2> ad2(nl); /1 error: length of 2"d dimension missing
Matrix<double,3> ad3(n1,n2,n3);
Matrix<double,3> ad33(n1,n2,n3);
adl1(7) =0; I/l Matrix_error exception; 7 is out of range — run-time
adl = ai; Il error: different element types
adl =ad1l; // Matrix_error exception; different dimensions — run-time
ad2(3) =7.5; [/l error: wrong number of subscripts
ad3 =ad33; // ok: same element type, same dimensions, same lengths

}
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o K A1MEL K FHA (row, column):

Matrix<int> a(3,4); a[1}[2]

a(1,2)

a0l [ 00 | 01 | 02/ 03}
al]: | 10 | 11 | 12 ~13
a[2]: | 20 | 21 | 22 | 23

c BEMBAFLAZLFTOFTLHRE T2 RAT

o0 | 01 | 02 03|10 11 |12 | 13 20 | 21 | 22 | 23
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void init(Matrix<int,2>& a)
/I Initialize each element to a characteristic value

{
for (int 1=0; i<a.diml(); ++i)
for (int j = 0; j<a.dim2(); ++j)
a(i,j) = 10*i+j;
}

void print(const Matrix<int,2>& a)
/I print the elements of a row by row

{
for (int i=0; i<a.dim1(); ++i) {
for (int j = 0; j<a.dim2(); ++j)
cout << a(i,J) << "\t';
cout << "\n";
}
}
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I/ 2D space (e.g. a game board):

enum Piece { none, pawn, knight, queen, king, bishop, rook };
Matrix<Piece,2> board(8,8); I/ a chessboard

Piece init_pos[] = { rook, knight, bishop, queen, king, bishop, knight, rook };

I/ 3D space (e.g. a physics simulation using a Cartesian grid):
int grid_nx; // grid resolution; set at startup

int grid_ny;

int grid_nz;

Matrix<double,3> cube(grid_nx, grid_ny, grid_nz);
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Matrix<int> a(10); /[ means Matrix<int,1> a(10);

a.size(); // number of elements

a.diml(); // number of elements

int* p = a.data(); /] extract data as a pointer to a C-style array
a(i); /1 it" element (Fortran style), but range checked
a[i]; /1 it element (C-style), but range checked
Matrix<int> a2 = a; I/ copy initialization

a=az; /[ copy asssignment

a*=7, // scaling a(i)*=7 for each i (also +=, -=, /=, etc.)
a.apply(f); Il a(i)=f(a(i)) for each element a(i)
a.apply(f,7); Il a(i)=f(a(i),7) for each element a(i)

b =apply(f,a); /[ make a new Matrix with b(i)==f(a(i))

b =apply(f,a,7); // make a new Matrix with b(i)==f(a(i),7)
Matrix<int>a3 =scale_and _add(a,8,a2); /[ fused multiply and add
int r = dot_product(a3,a); /[ dot product

USTC AUTO



http:/ /staff.ustc.edu.cn/~zlwang/

2C Ma;ri)g(\}ery like 1D)

Matrix<int,2> a(10,20);

a.size(); /l number of elements

a.diml(); /[ number of elements in a row

a.dim2(); // number of elements in a column

int* p = a.data(); /[ extract data as a pointer to a C-style array
a(i,)); /1 (i,j) element (Fortran style), but range checked
a[i]; I/ i"" row (C-style), but range checked

a[i][jl; /1 (i,j)" element C-style

Matrix<int> a2 = a; /Il copy initialization

a=az; /] copy asssignment

a*=7, /l scaling (and +=, -=, /=, etc.)

a.apply(f); /Il a(i,j))=f(a(i,j)) for each element a(i,j)
a.apply(f,7); /Il a(i,j)=f(a(i,j),7) for each element a(i,j)
b=apply(f,a); /[ make a new Matrix with b(i,j)==f(a(i,))
b=apply(f,a,7); // make a new Matrix with b(i,j)==f(a(i,j),7)
a.swap_rows(7,9); // swap rows a[7] < a[9]
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Slb I\/Iatr. (v;en; like 1D and 2D) —

Matrix<int,3> a(10,20,30);

a.size(); // number of elements

a.diml(); // number of elements in dimension 1

a.dim2(); // number of elements in dimension 2

a.dim3(); // number of elements in dimension 3

Int* p = a.data(); // extract data as a pointer to a C-style Matrix
a(i,j,k); /1 (i,j,k)" element (Fortran style), but range checked
a[i]; /1 it row (C-style), but range checked
a[il[i1[KI; /1 (i,j,k)" element C-style

Matrix<int> a2 = a; I/ copy initialization

a=az; /[ copy asssignment

a*=7; /l scaling (and +=, -=, /=, etc.)

a.apply(f); Il a(1,j,k)=f(a(i,j)) for each element a(i,j k)
a.apply(f,7); Il a(1,j,k)=f(a(i,j),7) for each element a(i,j,k)
b=apply(f,a); // make a new Matrix with b(i,j,k)==f(a(i,j,k))
b=apply(f,a,7); /[ make a new Matrix with b(i,j,k)==f(a(i,},k),7)

a.swap_rows(7,9); // swap rows a[7] <> a[9]
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' 4% A -Matrix
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= Matrix I/O
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= ) 4] A <cstdlib>

e int rand() /[ a value in [0:RAND_MAX]

« RAND_MAX /I the largest possible value for rand()

 void srand(unsigned); // seed the random number generator
= {% Al

 int rand_int(int max) { return rand()%max; }
 Int rand_int(int min, int max) {return min+rand_int(max-min); }

" e 2 bR BR TR AF (EAALEGHE ) R E2—
NG Bk, E24ALLE

e e.g. boost::random (also C++0x)
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2 H AR AR A B e L <complex> ¢

template<class T> class complex {
T re, im; // a complex is a pair of scalar values, a coordinate pair
public:
complex(const T& r, const T& 1) :re(r), im(i) { }
complex(const T& r) :re(r),im(T() { }

complex() :re(T(), im(T() {}

T real() { returnre; }
T imag() { return im; }

/[ operators: = += -= *= /=
};
/[ operators: + - / * == I=

I/ whatever standard mathematical functions that apply to complex:
Il pow(), abs(), sqrt(), cos(), log(), etc. and also norm() (square of abs())
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I/ use complex<T> exactly like a built-in type, such as double
/I just remember that not all operations are defined for a complex (e.g. <)

typedef complex<double> dcmplx; // sometimes complex<double> gets verbose

void f( demplx z, vector< complex<float> >& vc)

{

demplx z2 = pow(z,2);

dcmplx z3 = z2*9+vc[3];

dcmplx sum = accumulate(vc.begin(), vc.end(), dcmplx);
}
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% A4 <limits> ¢
" st HANEA

* min() I/ smallest value
* max() /I largest value
" z2tiF b AR A

c HEE (B &rnsa)
* e.g. max_exponentl0()
v f<limits.h> Fe <float.h> $
= INT_MAX /[ largest int value
= DBL_MIN // smallest double value
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1 Je i LAY
= 5 o
void f(const vector<int>& vc)
{ o tERa

Il pedestrian (and has a bug):
int smallestl = v[0];
for (inti=1; i<vc.size(); ++i) if (v[iJ<smallestl) smallestl = vJi];

/] better:
int smallest2 = numeric_limits<int>::max();
for (inti = 0; i<vc.size(); ++i) if (v[i]J<smallest2) smallest2 = v][i];

/Il or use standard library:
vector<int>::iterator p = min_element(vc.begin(),vc.end());
// and check for p==vc.end()

}
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¢ http://www-gap.dcs.st-and.ac.uk/~history/
" R ERBFOA, CR-NBGFGR L

s RAME AL ARG

= S AEE$
o fEqn. A3, A—% ‘FEF7

¥ % th & H dh 4

%2 6 # F 9 A

X, #_ Algebra

a45 Analysis

# + Numbers and number theory

JUAT %o 45 41 % Geometry and topology

# % 49 32 % Mathematical physics

# 32 X X% Mathematical astronomy

#BFmE
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