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Solution to Exercise 108.
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// Prog : Tribool.Cp
// imp ,ements three -valued logicqr
#include <iostream >s
#include <cassert >t u
struct Tribool {v

// INV : value in {0 , 1 , 2}w
// 0 = false , 1 = unknown , 2 = trueoyx
unsigned int value ;ozo

};oypoyq
// PRE: val in {0, 1 , 2}o{r
// POST : return value is a Tribool with the corresponding valueoys
Tribool tribool ( unsigned int val)oyt
{o u

assert (val <= 2);oyv
Tribool result ;oyw
result .value = val ;pzx
return result ;pAo

}pzppzq
// POST : returns x AND yp*r
Tribool operator && ( Tribool x, Tribool y)pzs
{pzt

Tribool result ;p u
if (x.value < y.value )pzv

result .value = x.value ;pzw
elseqzx

result .value = y.value ;qAo
return result ;qzp

}qzqq*r
// POST : returns x OR yqzs
Tribool operator || ( Tribool x, Tribool y)qzt
{q u

Tribool result ;qzv
if (x.value > y.value )qzw

result .value = x.value ;r\x
elser
o

result .value = y.value ;r\p
return result ;r\q

}rzrr\s
// POST : Tribool value is written to std:: coutr\t
void print ( Tribool x)r u
{r\v

if (x.value == 0) std :: cout << "false ";r\w
else if (x.value == 1) std :: cout << "unknown ";szx
else std :: cout << "true ";sAo

}szpszq
int main ()s*r
{
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szs
// print 3 x 3 truth table for ANDszt
for (int x_val = 0; x_val < 3; ++ x_val ) {s u

Tribool x = tribool ( x_val );szv
for ( int y_val = 0; y_val < 3; ++ y_val ) {szw

Tribool y = tribool (y_val );tzx
print (x && y);tAo

}tzp
std :: cout << "\n";tzq

}t*r
std ::cout << "\n";tzstzt
// print 3 x 3 truth table for ORt u
for (int x_val = 0; x_val < 3; ++ x_val ) {tzv

Tribool x = tribool ( x_val );tzw
for ( int y_val = 0; y_val < 3; ++ y_val ) {

u x
Tribool y = tribool (y_val );

u o
print (x || y);

u p
}

u q
std :: cout << "\n";

u r
}

u s
std ::cout << "\n";

u tuzuu v
return 0;

u w
}
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#include <iostream >pq
struct Z_7 {r

// INV : value in {0 , 1 , 2 , 3 , 4 , 5 , 6}s
unsigned int value ;t

};
u
v

// POST : return value is the sum of a and bw
Z_7 operator + ( Z_7 a, Z_7 b)oyx
{ozo

Z_7 result ;oyp
result .value = (a.value + b.value ) % 7;oyq
return result ;o{r

}oysoyt
// POST : return value is the difference of a and bo u
Z_7 operator - ( Z_7 a, Z_7 b)oyv
{oyw

Z_7 result ;pzx
result .value = (7 + a.value - b.value ) % 7;pAo
return result ;
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pzp
}pzqp*r
int main ()pzs
{pzt

Z_7 a;p u
Z_7 b;pzvpzw
// print table for additionqzx
for ( unsigned int a_val = 0; a_val < 7; ++ a_val ) {qAo

for ( unsigned int b_val = 0; b_val < 7; ++ b_val ) {qzp
a.value = a_val;qzq
b.value = b_val;q*r
std :: cout << (a + b).value << " ";qzs

}qzt
std :: cout << "\n";q u

}qzv
std ::cout << "\n";qzwr\x
// print table for subtractionr
o
for ( unsigned int a_val = 0; a_val < 7; ++ a_val ) {r\p

for ( unsigned int b_val = 0; b_val < 7; ++ b_val ) {r\q
a.value = a_val;rzr
b.value = b_val;r\s
std :: cout << (a - b).value << " ";r\t

}r u
std :: cout << "\n";r\v

}r\w
std ::cout << "\n";szxsAo
return 0;szp

}
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// Program: rational.Cp
// Define and use operations on rational numbers.qr
#include <iostream >st
// the new type Rational

u
struct Rational {v

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

};ozooyp
// POST : return value is the sum of a and boyq
Rational operator + ( Rational a, Rational b)o{r
{oys

Rational result ;oyt
result .n = a.n * b.d + a.d * b.n;o u
result .d = a.d * b.d;oyv
return result ;oyw

}pzxpAo
// POST : return value is the difference of a and bpzp
Rational operator - ( Rational a, Rational b)pzq
{p*r

Rational result ;pzs
result .n = a.n * b.d - a.d * b.n;pzt
result .d = a.d * b.d;p u
return result ;
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pzv
}pzwqzx
// POST : return value is the product of a and bqAo
Rational operator * ( Rational a, Rational b)qzp
{qzq

Rational result ;q*r
result .n = a.n * b.n;qzs
result .d = a.d * b.d;qzt
return result ;q u

}qzvqzw
// POST : return value is the quotient of a and br\x
// PRE: b != 0r
o
Rational operator / ( Rational a, Rational b)r\p
{r\q

Rational result ;rzr
result .n = a.n * b.d;r\s
result .d = a.d * b.n;r\t
return result ;r u

}r\vr\w
// POST : return value is true if and only if a == bszx
bool operator == ( Rational a, Rational b)sAo
{szp

return a.n * b.d == a.d * b.n;szq
}s*rszs
// POST : return value is true if and only if a != bszt
bool operator != ( Rational a, Rational b)s u
{szv

return !(a == b);szw
}tzxtAo
// POST : return value is true if and only if a < btzp
bool operator < ( Rational a, Rational b)tzq
{t*r

// here we have to watch out for signstzs
if (a.d > 0 && b.d > 0 || a.d < 0 && b.d < 0)tzt

// no sign reversal in multplying by a.d and b.dt u
return a.n * b.d < a.d * b.n;tzv

elsetzw
// sign reversal

u x
return a.n * b.d > a.d * b.n;

u o
}

u pu q
// POST : return value is true if and only if a <= b

u r
bool operator <= ( Rational a, Rational b)

u s
{

u t
return a < b || a == b;

uzu
}

u vu w
// POST : return value is true if and only if a > bvzx
bool operator > ( Rational a, Rational b)vAo
{vzp

return b < a;vzq
}v*rvzs
// POST : return value is true if and only if a >= bvzt
bool operator >= ( Rational a, Rational b)v u
{vzv

return a > b || a == b;vzw
}wzxwAowzp
// POST : a has been written to o
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wzq
std :: ostream & operator << ( std :: ostream & o, Rational a)w*r
{wzs

return o << a.n << "/" << a.d;wzt
}w uwzv
// POST : a has been read from iwzw
// PRE: i starts with a rational number of the form "n/d"oyxzx
std :: istream & operator >> ( std :: istream & i, Rational & a)oyxAo
{oyxzp

char c; // separating character , e.g. ’/’oyxzq
return i >> a.n >> c >> a.d;oyx*r

}oyxzsoyxzt
int main ()oyx u
{oyxzv

// inputoyxzw
std ::cout << "Rational number r:\n";ozoyx
Rational r;ozozo
std ::cin >> r;ozoypozoyq
std ::cout << "Rational number s:\n";ozo{r
Rational s;ozoys
std ::cin >> s;ozoytozo u
// test the operationsozoyv
std ::cout << "Sum is " << r + s << ".\n";ozoyw
std ::cout << "Difference is " << r - s << ".\n";oypzx
std ::cout << "Product is " << r * s << ".\n";oypAo
std ::cout << "Quotient is " << r / s << ".\n";oypzp
std ::cout << "r == s? " << (r == s) << ".\n";oypzq
std ::cout << "r != s? " << (r != s) << ".\n";oyp*r
std ::cout << "r < s? " << (r < s) << ".\n";oypzs
std ::cout << "r <= s? " << (r <= s) << ".\n";oypzt
std ::cout << "r > s? " << (r > s) << ".\n";oyp u
std ::cout << "r >= s? " << (r >= s) << ".\n";oypzvoypzw
return 0;oyqzx

}
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#include <iostream >pq
struct extended_int {r

unsigned int u; // the absolute values
bool n; // the sign ( true means negative)t

};
u
v

// POST : return value is the sum of a and bw
// || a > b || a <= boyx
// =====================================ozo
// (a ,+)+(b ,+) || (a+b,+)oyp
// (a ,+)+(b , -) || (a-b ,+) || (b-a,-)oyq
// (a, -)+(b ,+) || (a-b,-) || (b-a ,+)o{r
// (a, -)+(b , -) || (a+b,-)oys
extended_int operator + ( extended_int a, extended_int b)oyt
{o u

extended_int result ;
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oyv
if (a.n == b.n) {oyw

result .u = a.u + b.u;pzx
result .n = a.n;pAo

}pzp
elsepzq

if (a.u > b.u) {p*r
result .u = a.u - b.u;pzs
result .n = a.n;pzt

}p u
else {pzv

result .u = b.u - a.u;pzw
result .n = b.n;qzx

}qAo
return result ;qzp

}qzqq*r
// POST : return value is -aqzs
extended_int operator - ( extended_int a)qzt
{q u

a.n = !a.n;qzv
return a;qzw

}r\xr
o
// POST : return value is the difference of a and br\p
extended_int operator - ( extended_int a, extended_int b)r\q
{rzr

return a + (-b);r\s
}r\tr u
// POST : return value is the product of a and br\v
extended_int operator * ( extended_int a, extended_int b)r\w
{szx

extended_int result ;sAo
result .u = a.u * b.u;szp
result .n = (a.n || b.n) && !(a.n && b.n); // XORszq
return result ;s*r

}szsszt
// POST : a has been written to os u
std :: ostream & operator << ( std :: ostream & o, extended_int a)szv
{szw

if (a.n) o << "-";tzx
return o << a.u;tAo

}tzptzq
// POST : a has been set to it*r
void set ( extended_int& a, int i)tzs
{tzt

if (i < 0) {t u
a.u = -i; a.n = true;tzv

} else {tzw
a.u = i; a.n = false;

u x
}

u o
}

u pu q
// now test it

u r
int main () {

u s
extended_int x;

u t
extended_int y;

uzu
for (int i = -1; i < 2; ++i)

u v
for ( int j = -1; j < 2; ++j) {

u w
// set x to ivzx
set (x, i);vAo
set (y, j);vzp
std :: cout << "x = " << x << ", y = " << y << "\n";
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vzq
std :: cout << " x + y = " << x + y << "\n";v*r
std :: cout << " x - y = " << x - y << "\n";vzs
std :: cout << " x * y = " << x * y << "\n";vzt

}v u
return 0;vzv

}
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Solution to Exercise 114.

o
// Prog : geometry.Cp
// defines basic 3d geometry operations on points ( rotations ,q
// projections), and uses them to rotate a cuber s
#include <IFM/window >t
#include <iostream >

u
#include <cmath >vw
// 2d pointsoyx
// ---------ozo
struct point2 {oyp

double x;oyq
double y;o{r

};oysoyt
// 3d pointso u
// ---------oyv
struct point3 {oyw

double x;pzx
double y;pAo
double z;pzp

};pzqp*r
// rotationspzs
// ---------pzt
// POST : return value is p rotated around the x-axis by alpha ( radians)p u
point3 rotate_x ( point3 p, double alpha)pzv
{pzw

point3 r;qzx
double cosa = std ::cos(alpha );qAo
double sina = std ::sin(alpha );
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qzp
r.x = p.x;qzq
r.y = cosa * p.y - sina * p.z;q*r
r.z = sina * p.y + cosa * p.z;qzs
return r;qzt

}q uqzv
// POST : return value is p rotated around the y-axis by alpha ( radians)qzw
point3 rotate_y ( point3 p, double alpha)r\x
{r
o

point3 r;r\p
double cosa = std ::cos(alpha );r\q
double sina = std ::sin(alpha );rzr
r.x = sina * p.z + cosa * p.x;r\s
r.y = p.y;r\t
r.z = cosa * p.z - sina * p.x;r u
return r;r\v

}r\wszx
// POST : return value is p rotated around the z-axis by alpha ( radians)sAo
point3 rotate_z ( point3 p, double alpha)szp
{szq

point3 r;s*r
double cosa = std ::cos(alpha );szs
double sina = std ::sin(alpha );szt
r.x = cosa * p.x - sina * p.y;s u
r.y = sina * p.x + cosa * p.y;szv
r.z = p.z;szw
return r;tzx

}tAotzp
// projectiontzq
// ----------t*r
// PRE: v.z != p.ztzs
// POST : return value is projection of p onto the plane z = 0 ,tzt
// with respect to view point vt u
point2 project ( point3 p, point3 v)tzv
{tzw

double t = p.z / (v.z - p.z);
u x

point2 r;
u o

r.x = p.x - t * (v.x - p.x);
u p

r.y = p.y - t * (v.y - p.y);
u q

return r;
u r

}
u su t

// line drawing
uzu

// ------------
u v

// POST : draws a line from the projection of p to the projection
u w

// of q with respect to viewpoint v, and with offset ovzx
void draw_line (ifm :: Wstream w, point3 p, point3 q, point3 v, point2 o)vAo
{vzp

point2 p2 = project (p, v);vzq
point2 q2 = project (q, v);v*r
w << ifm :: Linevzs

(int (p2.x+o.x), int (p2.y+o.y), int(q2.x+o.x), int(q2.y+o.y));vzt
}v uvzv
int main ()vzw
{wzx

// construct a cubewAo
point3 cube [8];wzp
int size = 200;wzq
int i = 0;w*r
for ( double x=-size /2; x <= size /2; x += size)wzs

for ( double y=-size /2; y <= size /2; y += size)wzt
for ( double z=-size /2; z <= size /2; z += size ) {
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w u
cube[i].x = x;wzv
cube[i].y = y;wzw
cube[i].z = z;oyxzx
++i;oyxAo

}oyxzpoyxzq
// open windowoyx*r
ifm :: Wstream w ("Rotate cube: press x, y, z or q to quit");oyxzsoyxzt
// drawing loopoyx u
double alpha = 0.1; // rotation angleoyxzv
point3 v; // viewpointoyxzw
v.x = 200;ozoyx
v.y = 200;ozozo
v.z = 1000;ozoyp
point2 o; // offsetozoyq
o.x = 250;ozo{r
o.y = 250;ozoys
for (;;) {ozoyt

// draw all the 12 dube edgesozo u
w.clear ();ozoyv
draw_line (w, cube [0], cube [1], v, o);ozoyw
draw_line (w, cube [0], cube [2], v, o);oypzx
draw_line (w, cube [0], cube [4], v, o);oypAo
draw_line (w, cube [1], cube [3], v, o);oypzp
draw_line (w, cube [1], cube [5], v, o);oypzq
draw_line (w, cube [2], cube [3], v, o);oyp*r
draw_line (w, cube [2], cube [6], v, o);oypzs
draw_line (w, cube [3], cube [7], v, o);oypzt
draw_line (w, cube [4], cube [5], v, o);oyp u
draw_line (w, cube [4], cube [6], v, o);oypzv
draw_line (w, cube [5], cube [7], v, o);oypzw
draw_line (w, cube [6], cube [7], v, o);oyqzx
w << ifm :: flush;oyqAooyqzp
// wait for keystrokeoyqzq
int key = w.get_key ();oyq*r
// we assume ASCII encodingoyqzs
switch ( key ) {oyqzt
case ’x’:oyq u

for (int i=0; i <8; ++i)oyqzv
cube[i] = rotate_x ( cube[i], alpha );oyqzw

break ;o{r\x
case ’y’:o{r
o

for (int i=0; i <8; ++i)o{r\p
cube[i] = rotate_y ( cube[i], alpha );o{r\q

break ;o{rzr
case ’z’:o{r\s

for (int i=0; i <8; ++i)o{r\t
cube[i] = rotate_z ( cube[i], alpha );o{r u

break ;o{r\v
case ’q’:o{r\w

return 0;oyszx
break ;oysAo

default :oyszp
break ; // do nothingoyszq

}oys*r
}oyszsoyszt
return 0;oys uoyszv

}


