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Solution to Exercise 115.

"$#&%('*),+.-
i

'*/�+ 01"2),34-.56'*)87901-;:=<,)1+>7?'*@4)8AB@(5DC�E �GF ".C�@4),HICJA�-;@4),-;@4:
int

"2),5
int& K �

+L"M)�AB-N"2)OCP@4:Q7?0,-R7?0DS?-.-T7UC(VB-./
int

E
int&

"2),5
const int&

EW/9'*),+.-RX2"2H*<,-./Y@4:Z"MH*H[7?0DS?-\-
7UC(VB-./+."2)PA�-�'*),'I7?'="2HI'*].-.5^:*S?@ F 7?0,-�HIX$"MH*<,-

++i
@4:[7_COV�-

int K
A`#&a�: � '*/

int
EM7901-\) �6F ".Cb@4),HICbA�-

int
E2/c'*),+.-�@$7901->S9d�'*/c-$Ee7901-�:=<,)1+>7?'*@4)fS9-\7?<DS?),/Q"�S?-.:=-\S9-.),+.-

7?@P"&7?- F V�@$S?"MS9C�@$A1gh-\+\7LEQ)1" F -.HiCj7901-;H*@(+."2H�+\@$V(Ck@4:l7901-m:=@$S F "2HZV`"eS " F -\7?->S
i K a�: � '*/

int&
E � +L"2)P"2/!AB-.:=@$S?-fAB-R"2)nCo@4:p7?0,-�790,S9-.-f7UC(VB-./ K

+q#&r�->S?-R"eS?-�7901-�V�@4/c7?+\@4)15,'I79'*@4),/ K
// POST: return value is i+1

int foo (int i);

// POST: i has been incremented by 1;

// return value is the new value of i

int foo (int& i);

// POST: i has been incremented by 1 and

// is returned as an lvalue

int& foo (int& i);

// POST: i has been incremented by 1 and

// is returned as a non -modifiable lvalue

const int& foo (int& i);

Solution to Exercise 116.

s
#include <iostream >tu
// POST : the values of i and j are swappedv
void swap (int & i, int & j)w
{x

int h = i;y
i = j;z
j = h;{

}s}|s~s
int main () {s}t

// inputs u
std ::cout << "i =? ";s�v
int i; std ::cin >> i;s}ws}x
std ::cout << "j =? ";s y
int j; std ::cin >> j;s}zs}{
// function callt~|
swap(i, j);tcst~t
// outputt u
std ::cout << "Values after swapping : i = " << i
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t�v
<< " , j = " << j << ".\n";t~wt~x

return 0;t y
}
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#include <iostream >tu
struct Rational {v

int n;w
int d; // INV: d != 0x

};yz
// POST : a has been written to o{
std :: ostream & operator << ( std :: ostream & o, Rational a)s}|
{s~s

return o << a.n << "/" << a.d;s}t
}s us�v
// POST : a has been read from is}w
// PRE: i starts with a rational number of the form "n/d"s}x
std :: istream & operator >> ( std :: istream & i, Rational & a)s y
{s}z

char c; // separating character , e.g. ’/’s}{
return i >> a.n >> c >> a.d;t~|

}tcst~t
// POST : return value is the greatest common divisor of a and bt u
int gcd ( int a, int b)t�v
{
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t~w
if (b == 0) return a;t~x
return gcd(b, a % b); // b != 0t y

}t~zt~{
// POST : return value is the normalization of r

u |
Rational normalize ( const Rational & r)

u s
{

u t
int g = gcd (r.n, r.d);

u~u
Rational result ;

u v
result .n = r.n / g;

u w
result .d = r.d / g;

u x
if ( result .d < 0) {

u y
result .n = - result .n;

u z
result .d = - result .d;

u {
}vU|
return result ;v9s

}vUtv u
int main ()v~v
{vUw

std ::cout << "Rational number r =? ";vUx
Rational r;v y
std ::cin >> r;vUz
std ::cout << "Normalization is " << normalize (r) << ".\n";vU{w~|
return 0;wcs

}

Solution to Exercise 118.

s
#include <iostream >tu
// POST : return value indicates whether the linear equationv
// a * x + b = 0 has a real solution x ; if true isw
// returned , the value s satisfies a * s + b = 0x
bool solve ( double a, double b, double & s)y
{z

// we have a solution if a is nonzero (s = -b/a),{
// or if both a and b are zero ( take s = 0 in this case)s}|
if (a != 0.0) {s~s

s = -b / a;s}t
return true;s u

}s�v
// now we have a == 0.0s}w
if (b == 0.0) {s}x

s = 0.0;s y
return true;s}z

}s}{
return false ;t~|

}tcst~t
int main ()t u
{t�v

std ::cout << "solve a * x + b = 0 for\n";t~w
std ::cout << "a =? ";t~x
double a;t y
std ::cin >> a;t~z
std ::cout << "b =? ";t~{
double b;

u |
std ::cin >> b;

u su t
double s;

u~u
if ( solve (a, b, s))
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u v

std :: cout << "Solution is " << s << ".\n";
u w

else
u x

std :: cout << "Sorry , there is no solution .\n";
u yu z

return 0;
u {

}
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"$#��@4),-$ED/c'*),+.-fA�@$790
a

"M)15
b

+ 01"2),34- K
A`#��@4),-$ED/c'*),+.-fA�@$790

n
"M)15

s
+ 01"2),34- K

+q# � 0,-�X2"MS?'="eAWHI-
bound

+.@4<,H*5 A�-f5,-.+\H="MS?-.5o@4:[7UC(V�-
const int

& H*'*),- � � # K
5W# � 0,-f:=@$S F "MHBV`"eS " F -\7?->S

i
+.@4<,H*5&AB-R5,-.+.H="eS?-.5o@4:[7_COV�-

const unsigned int
& H*'I)1-���# K

-q# � 0,-�X2"MS?'="eAWHI-
t

+.@4<,H*5&A�-�5,-.+.H="eS?-.5P@4:p7_COV�-
const Rational

& H*'*),- �$� # K

Solution to Exercise 120.
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Solution to Exercise 121.

s
// Prog : solve_quadratic_equation .Ct
// computes both ( possibly complex) solutions to a quadratic equation

u
#include <iostream >v
#include <complex >wx
// POST : return value is the number of distinct complex solutionsy
// of the quadratic equation ax ^2 + bx + c = 0. If therez
// are infinitely many solutions (a=b=c=0) , the return
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{
// value is -1. Otherwise , the return value is a number ns}|
// from {0 ,1 ,2} , and the solutions are written to s1 ,..,sns~s
int solve_quadratic_equation (std :: complex <double > a,s}t

std :: complex <double > b,s u
std :: complex <double > c,s�v
std :: complex <double >& s1,s}w
std :: complex <double >& s2)s}x

{s y
if (a == 0.0)s}z

// linear case: bx + c = 0s}{
if (b == 0.0)t~|

// trivial case : c = 0tcs
if (c == 0.0)t~t

return -1; // => infinitely many solutionst u
elset�v

return 0; // => no solutiont~w
else {t~x

// bx + c = 0 , b != 0 => one solutiont y
s1 = -c/b;t~z
return 1;t~{

}
u |

else {
u s

// ax ^2 + bx + c = 0 , a != 0 = > two solutions
u t

std :: complex <double > d = std :: sqrt(b*b -4.0*a*c);
u~u

s1 = (-b + d) / (2.0* a);
u v

s2 = (-b - d) / (2.0* a);
u w

return 2;
u x

}
u y

}
u zu {vU|

int main ()v9s
{vUt

// inputv u
std ::cout << "Solve quadratic equation ax ^2 + bx + c = 0 for\n";v~v
std ::cout << "a =? ";vUw
double a;vUx
std ::cin >> a;v y
std ::cout << "b =? ";vUz
double b;vU{
std ::cin >> b;w~|
std ::cout << "c =? ";wcs
double c;w~t
std ::cin >> c;w uw�v
// computationw~w
std ::complex <double > s1;w~x
std ::complex <double > s2;w yw~z
int n = solve_quadratic_equation (a, b, c, s1 , s2);w~{x~|
// outputxcs
std ::cout << "Number of solutions : " << n << "\n";x~t
std ::cout << "Solutions :\n";x u
if (n > 0) std ::cout << s1 << "\n";x�v
if (n > 1) std ::cout << s2 << "\n";x~wx~x
return 0;x yx~z

}


