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Solution to Exercise 68.

� �

// POST: return value is the maximum of i,j and k

� �

// PRE: 0 not contained in {i,...,j}

// POST: return value is the sum 1/i + 1/(i+1) + ... + 1/j

Solution to Exercise 69.
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bool is_even (int i)

{

// POST: return value is true if and only if i is even

return (i % 2 == 0);

}
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double inverse (double x)

{

// PRE: x != 0

// POST: return value is 1/x

return 1.0 / x;

}

double inverse (double x)

{

// POST: return value is 1/x for x !=0, and 0 otherwise

if (x != 0.0)

return 1.0 / x;

else

return 0.0;

}

Solution to Exercise 70.
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Solution to Exercise 71.
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Solution to Exercise 72.
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// Program: fpsys2 .C9

// Provide a graphical representation of floating point numbers:<
;

#include <iostream >=

#include <cmath >>

#include <IFM/window >?<
@<
A

int main ()8B

{8 8

// Input parameters of floating point system8 9

std ::cout << "Draw F(2,p,e_min ,e_max ).\ np =? ";8 :

unsigned int p;8 ;

std ::cin >> p;8 =

std ::cout << "e_min =? ";8 >

int emin;8 ?

std ::cin >> emin;8 @

std ::cout << "e_max =? ";8 A

int emax;9B

std ::cin >> emax;9 8
9 9

// compute the smallest normalized significand 2^(p-1)9 :

unsigned int smin = ( unsigned int )(std ::pow (2.0 , double (p -1)));9 ;

// compute the largest normalized significand (2^p)-19 =

unsigned int smax = 2 * smin - 1;9 >

// compute 2^emin9 ?

double pemin = std ::pow (2.0 , double (emin ));9 @

// compute 2^emax9 A

double pemax = std ::pow (2.0 , double (emax ));:B
: 8

// For each positive number x of the system draw a circle: 9
// with radius x around the window center: :

: ;
// parameters to scale output: =

int cx = ( ifm ::wio .xmax () - ifm :: wio.xmin ()) / 2;: >

int cy = ( ifm ::wio .ymax () - ifm :: wio.ymin ()) / 2;: ?

double scale = cx / ( pemax * smax);: @
: A

// zero;B

ifm ::wio << ifm :: Point(cx , cy);; 8

// loop over all normalized significands; 9

for ( unsigned int i = smin ; i <= smax ; ++i); :

// loop over all exponents; ;

for ( double m = pemin ; m <= pemax ; m *= 2); =

ifm ::wio << ifm :: Circle (cx , cy , int(m * i * scale ));; >
; ?

ifm ::wio. wait_for_mouse_click ();



�� � �� � �� �� 	 
�� � �� �� � � 

; @

return 0;; A

}

Solution to Exercise 73.

, � � '$ � 0$ � % � � � & & * �$ 1� � �

s(x)

� �

x� � � *� �# &+ � � (� � ' � � � # � � � &

'$ � � & � % � �

s(x) <

�

x) � �! � "� �

|s(x) −

�

x|

�6 " � &� �

x − s(x)

�# � � �� ! �� � � � �� $ � & � � � (�

� $ $ �$ � � "# � 0 � (� � "� �

x − s(x)

�

ε

�

x� �# � � � �� � % ' & � � �

s(x)

�

(1 − ε)

�

x

� 1

2

�

x.

� � � � & & � *� � � � �

2s(x)

� �

x,

% � �# �# 0 � � � � *� ! �# � � �� &+ "� �

2*std::sqrt(n)

� # � � � � � � �

std::sqrt(n)

� # �$ � 0$ � % �� )� � � � � � � �

2s(x)

�� �# �� � �$ � '$ � � � # � � � & � �� � 7 � � � � # 0 ' � �# � # " % � � $ � 0 � � # � � � # ! � *� � � (�

�� � " % � � � �� � + � � � % � � � � � �# �$ + )

Solution to Exercise 74.
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// Program: twinprimes.C9

// Count twin primes in 2 ,... ,10000000:<
;

#include <iostream >=

#include <cmath >>
?

bool is_prime ( unsigned int n)@

{A

// POST: return value is true if and only if n is prime8B

if (n < 2) return false ; // 0 and 1 are not prime8 8
8 9

// Computation: test possible divisors d up to sqrt(n)8 :

unsigned int bound = ( unsigned int )( std :: sqrt(n));8 ;

unsigned int d;8 =

for (d = 2; d <= bound && n % d != 0; ++ d);8 >
8 ?

// Output8 @

return d > bound;8 A

}9B
9 8

int main ()9 9

{9 :

// keep primality info for odd i and i+29 ;

bool curr = false ; // i = 19 =

bool next = true; // i = 39 >

int twins = 0; // number of twins9 ?

for (int i = 3; i < 9999999; i += 2) {9 @

curr = next; // i9 A

next = is_prime (i+2); // i+2:B

if ( curr && next ) ++ twins ;: 8

}: 9

std ::cout << "Number of twin primes : " << twins << "\n";

�� �

: :
: ;

return 0;: =

}
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// Program: twinprimes2.C9

// Count twin primes in 2 ,... ,10000000:<
;

#include <iostream >=

#include <algorithm >>
?

int main ()@

{A

// definition and initialization: provides us with8B

// Booleans crossed_out[0],..., crossed_out[9999999]8 8

bool crossed_out [10000000];8 9

std ::fill ( crossed_out , crossed_out + 10000000 , false );8 :
8 ;

// computation of all prime numbers in the range8 =

for ( unsigned int i = 2; i < 10000000; ++ i)8 >

if (! crossed_out [i])8 ?

// cross out all proper multiples of i8 @

for ( unsigned int m = 2*i; m < 10000000; m += i)8 A

crossed_out [m] = true;9B
9 8

// now count twin primes : (i-2, i) = (3 ,5) is first pair9 9

unsigned int twins = 0;9 :

for ( unsigned int i = 5; i < 10000000; i+=2)9 ;

if (! crossed_out [i -2] && ! crossed_out [i])9 =

++ twins;9 >
9 ?

// output9 @

std ::cout << "Number of twin primes : " << twins << "\n";9 A
:B

return 0;: 8

}
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Solution to Exercise 75.

double pow (double b, int e)

{

// PRE: e >= 0 || b != 0.0

// POST: return value is b^e

double result = 1.0;

if (e < 0) {

// b^e = (1/b)^(-e)

b = 1.0/b;

e = -e;

}

// maintain bpow = b^(2^i), initialized for i=0
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for (double bpow = b; e != 0; e /= 2) {

if (e % 2 == 1) result *= bpow;

bpow *= bpow; // square bpow to get b^(2^(i+1))

}

return result;

}

Solution to Exercise 76.
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#include <iostream >9
:

// PRE: i_ptr and j_ptr point to existing objects;

// POST : the values of these two objects are swapped=

void swap (int * i_ptr , int * j_ptr)>

{?

int h = * i_ptr;@

*i_ptr = * j_ptr ;A

*j_ptr = h;8B

}8 8
8 9

int main () {8 :

// input8 ;

std ::cout << "i =? ";8 =

int i; std ::cin >> i;8 >
8 ?

std ::cout << "j =? ";8 @

int j; std ::cin >> j;8 A
9B

// function call9 8

swap(&i , &j);9 9
9 :

// output9 ;

std ::cout << "Values after swapping : i = " << i9 =

<< " , j = " << j << ".\n";9 >
9 ?

return 0;9 @

}

Solution to Exercise 77.
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// Program: sort_array2.C9

// read a sequence of n numbers into an array ,:

// sort them using a function , and output the;

// sorted sequence=

#include <iostream >>

#include <algorithm >?<
@

// PRE: [ first , last) is a valid rangeA

// POST : the elements *p, p in [ first , last) are8B

// in ascending order8 8

void sort (int * first , int * last)8 9

{8 :

// sort array : in round p=first ,... ,last -1 we find8 ;

// the smallest element in the range described by

�� �

8 =

// [p, last ) and interchange it with *p8 >

for (int * p = first ; p != last ; ++p) {8 ?

// find minimum in nonempty range described by [p, last)8 @

int * p_min = p; // pointer to current minimum8 A

int * q = p; // pointer to current element9B

while (++q != last)9 8

if (*q < * p_min ) p_min = q;9 9

// interchange *p with * p_min9 :

std :: iter_swap (p, p_min );9 ;

}9 =

}9 >
9 ?

int main ()9 @

{9 A

// input of n:B

unsigned int n;: 8

std ::cin >> n;: 9
: :

// dynamically allocate array: ;

int * a = new int[n];: =
: >

// read into the array: ?

for (int i=0; i<n; ++i) std ::cin >> a[i];: @
: A

// sort;B

sort (a, a+n);; 8
; 9

// output sorted sequence; :

for (int i=0; i<n; ++i) std :: cout << a[i] << " ";; ;

std ::cout << "\n";; =
; >

// delete array; ?

delete [] a;; @
; A

return 0;=B
= 8

}

Solution to Exercise 78.
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// Prog : perpetual_calendar9

// compute the weekday for any given date >= 01.01.1900 ( Monday ):
;

#include <iostream >=

#include <cassert >>
?

// PRE: year >= 1900@

// POST : return value is true iff year is a leap yearA

// --------------------------------------------------8B

bool is_leap_year ( unsigned int year)8 8

{8 9

assert (year >= 1900);8 :

return year % 4 == 0 && ( year % 100 != 0 || year % 400 == 0);8 ;

}8 =
8 >

// PRE: year >= 1900 , 1 <= month <= 128 ?

// POST : return value is the number of days in month.year8 @

// ------------------------------------------------------8 A

unsigned int days_in_month ( unsigned int month , unsigned int year)9B

{9 8

assert (year >= 1900);9 9

assert (1 <= month && month <= 12);9 :

static unsigned int days [12] =9 ;

{31 , 28 , 31 , 30 , 31 , 30 , 31 , 31 , 30 , 31 , 30 , 31};9 =

return days[month -1] + ( month ==2 && is_leap_year ( year ));9 >

}9 ?
9 @

// POST : return value is true iff day.month.year is9 A

// an existing date >= 01.01.1900:B

// ------------------------------------------------: 8

bool is_date ( unsigned int day , unsigned int month , unsigned int year): 9

{: :

return: ;

year >= 1900 && 1 <= month && month <= 12 &&: =

1 <= day && day <= days_in_month (month , year );: >

}: ?
: @
: A

// PRE: year >= 1900;B

// POST : return value is the number of days in years [1900 , ... , year); 8

// -------------------------------------------------------------------; 9

unsigned int days_up_to_year ( unsigned int year); :

{; ;

assert (year >= 1900);; =

unsigned int d = 0;; >

// the following could be done more efficiently , but why?; ?

for ( unsigned int y = 1900; y < year ; ++y); @

d += 365 + is_leap_year (y);; A

return d;=B

}= 8
= 9

// PRE: year >= 1900 , 1 <= month <= 12= :

// POST : return value is the number of days in= ;

// months [01.1900 , ... , month.year)= =

// -------------------------------------------

�� �

= >

unsigned int days_up_to_month ( unsigned int month , unsigned int year)= ?

{= @

assert (year >= 1900);= A

assert (1 <= month && month <= 12);>B

unsigned int days = days_up_to_year (year ); // before year> 8

for ( unsigned int m = 1; m < month ; ++m) // before month> 9

days += days_in_month (m, year );> :

return days;> ;

}> =
> >

// PRE: is_date (day , month , year)> ?

// POST : return value is the number of days in> @

// [01.01.1900 , ... , day.month.year)> A

// ---------------------------------------?B

unsigned int days_up_to ( unsigned int day , unsigned int month ,? 8

unsigned int year)? 9

{? :

assert ( is_date (day , month , year ));? ;

return days_up_to_month (month , year ) + day - 1;? =

}? >
? ?

// PRE: is_date (day , month , year)? @

// POST : return value is weekday (0 = Monday ,... ,6 = Sunday )? A

// ---------------------------------------------------------@B

unsigned int weekday ( unsigned int day ,@ 8

unsigned int month ,@ 9

unsigned int year)@ :

{@ ;

assert ( is_date (day , month , year ));@ =

return days_up_to (day , month , year ) % 7;@ >

}@ ?
@ @

// PRE: weekday < 7@ A

// POST : writes the name of the weekda to standard outputAB

// (0 = Monday ,... ,6 = Sunday )A 8

// ---------------------------------A 9

void print_weekday ( unsigned int weekday ) {A :

assert ( weekday < 7);A ;

if (weekday == 0) std ::cout << "Monday ";A =

else if ( weekday == 1) std ::cout << "Tuesday ";A >

else if ( weekday == 2) std ::cout << "Wednesday ";A ?

else if ( weekday == 3) std ::cout << "Thursday ";A @

else if ( weekday == 4) std ::cout << "Friday ";A A

else if ( weekday == 5) std ::cout << "Saturday ";8 B B

else std ::cout << "Sunday ";8 B 8

std ::cout << "\n";8 B 9

}8 B :
8 B ;

int main ()8 B =
{8 B >

// input date8 B ?
std ::cout << "Compute weekday of date ( day/month/year ) for\n";8 B @

std ::cout << "day =? ";8 B A

unsigned int day ; std ::cin >> day;8 8B

std ::cout << "month =? ";8 8 8

unsigned int month ; std ::cin >> month;8 8 9

std ::cout << "year =? ";8 8 :

unsigned int year ; std :: cin >> year;8 8 ;
8 8 =

// check date8 8 >

if (! is_date (day , month , year )) {8 8 ?

std :: cout << "Illegal date.\n";8 8 @

return 1;8 8 A

}8 9B
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8 9 8

// output weekday8 9 9

print_weekday ( weekday (day , month , year ));8 9 :
8 9 ;

return 0;8 9 =

}

Solution to Exercise 79.
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#include <iostream >9<
:

// POST : return value is the integer nearest to x; if there are;

// two nearest integers , the one closer to 0 is chosen=

int round ( double x)>

{?

int trunc = int (x); // rounds towards 0 by standard@

double error = x - trunc ; // note: result is exact!A

if ( error > 0.5)8B

// x was positive , and trunc + 1 is nearer8 8

return trunc + 1;8 9

if ( error < -0.5)8 :

// x was negative , and trunc - 1 is nearer8 ;

return trunc - 1;8 =

// | error | <= 0.5, trunc is closest integer8 >

return trunc ;8 ?

}8 @
8 A

int main ()9B

{9 8

for ( double d = -2; d <= 2; d += 0.25)9 9

std :: cout << "closest integer to " << d << " is "9 :

<< round (d) << "\n";9 ;
9 =

return 0;9 >

}
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// Prog : sudoku .C9

// solves sudokus according to simple deduction heuristic (may fail):

#include <cassert >;
#include <iostream >=<

>
// Here is the algorithm: given a partial filling of the 81 cells ,?
// we try to find a row r, a column c, and a number n such that n is@
// the unique candidate to be filled into the empty cell (r,c) in rowA

// r and column c. There are two situations in which this is easy:8B

// 1. all numbers distinct from n already appear in the row , column ,8 8

// or 3x3 box containing the cell (r,c)8 9

// 2. we already know that n cannot appear in the other cells of the8 :

// row , column , or box containing (r,c)8 ;

// To check this , we maintain for every triple (r,c,n) the information8 =

// whether n is still a candidate for cell (r,c). Whenever a cell is filled ,8 >

// we remove the filled number from the candidate list of all other cells8 ?

// in the same row , column , or box.8 @
8 A

// the grid: a 3 x3x3 array of boolean values , one for each triple (r,c,n)9B

// grid[r][c][0] == true iff cell (r,c) not filled yet9 8

// grid[r][c][n] == true for n >0 iff n is still a candidate for cell (r,c)
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9 9

bool grid [9][9][10];9 :
9 ;

// PRE: cell (r,c) is empty , and n >0 is a candidate for (r,c)9 =

// POST : puts n into (r,c); removes n as candidate from all other cells9 >

// of the row , the column , and the box of (r,c); removes all9 ?

// numbers distinct from n as candidates from (r,c)9 @

void update_grid ( unsigned int r, unsigned int c, unsigned int n)9 A

{:B

// assert precondition: 8

assert (grid[r][c][0] && n > 0 && grid[r][c][n]);: 9

// go through row of (r,c): :

for ( unsigned int j=0; j <9; ++j): ;

grid[r][j][n] = false;: =

// go through column of (r,c): >

for ( unsigned int i=0; i <9; ++i): ?

grid[i][c][n] = false;: @

// go through box of (r,c): A

unsigned int lr = r-r%3; // (lr , lc) is the lower left cell of;B

unsigned int lc = c-c%3; // this box; 8

for ( unsigned int i=lr; i<lr +3; ++i); 9

for ( unsigned int j=lc; j<lc +3; ++j); :

grid[i][j][n] = false;; ;

// go through numbers; =

for ( unsigned int m=0; m <10; ++m); >

grid[r][c][m] = false;; ?

// fill cell; @

grid[r][c][n] = true;; A

}=B
= 8

// POST : returns n > 0 if n is the unique candidate for cell (r,c) and= 9

// 0 otherwise= :

int unique_number ( unsigned int r, unsigned int c)= ;

{= =

int n = 0;= >

bool found = false ;= ?

for ( unsigned int m = 1; m <10; ++ m)= @

if ( grid[r][c][m]) {= A

if ( found ) return 0; // we’ve already seen a candidate>B

n = m; // this is the first candidate> 8

found = true;> 9

}> :

return n;> ;

}> =
> >

// PRE: cell (r,c) is empty , and n >0 is a candidate for (r,c)> ?

// POST : returns true if and only if n is not a candidate for any> @

// cell distinct from (r,c) within the same row> A

bool deducible_from_row ( unsigned int r, unsigned int c, unsigned int n)?B

{? 8

// assert preconditions? 9

assert (grid[r][c][0] && n > 0 && grid[r][c][n]);? :

// go through the columns? ;

for (int j=0; j <9; ++j)? =

if (j != c && grid[r][j][n]) return false ; // candidate somewhere else? >

return true;? ?

}? @
? A

// PRE: cell (r,c) is empty , and n >0 is a candidate for (r,c)@B

// POST : returns true if and only if n is not a candidate for any@ 8

// cell distinct from (r,c) within the same column@ 9

bool deducible_from_column ( unsigned int r, unsigned int c, unsigned int n)@ :

{@ ;

// assert preconditions@ =

assert (grid[r][c][0] && n > 0 && grid[r][c][n]);@ >

// go through the rows

� � �

@ ?

for (int i=0; i <9; ++i)@ @

if (i != r && grid[i][c][n]) return false ; // candidate somewhere else@ A

return true;AB

}A 8
A 9

// PRE: cell (r,c) is empty , and n >0 is a candidate for (r,c)A :

// POST : returns true if and only if n is not a candidate for anyA ;

// cell distinct from (r,c) within the same boxA =

bool deducible_from_box ( unsigned int r, unsigned int c, unsigned int n)A >

{A ?

// assert preconditionsA @

assert (grid[r][c][0] && n > 0 && grid[r][c][n]);A A

unsigned int lr = r-r%3; // (lr , lc) is the lower left cell of8 B B

unsigned int lc = c-c%3; // this box8 B 8

// go through the box8 B 9

for (int i=lr; i<lr +3; ++i)8 B :

for ( int j=lc; j<lc +3; ++j)8 B ;

if ( (i != r || j != c) && grid[i][j][n])8 B =

return false ; // candidate somewhere else8 B >

return true;8 B ?

}8 B @
8 B A

// POST : returns true iff (r,c) is empty , n >0 is a candidate for (r,c), and8 8B

// - n is the unique candidate for the cell (r,c), or8 8 8

// - n is deducible as the unique candidate from the row ,8 8 9

// column , or box of (r,c)8 8 :

bool deducible ( unsigned int r, unsigned int c, unsigned int n)8 8 ;

{8 8 =

if ( grid[r][c][0] && n > 0 && grid[r][c][n])8 8 >

return8 8 ?

(n == unique_number (r,c)) || // unique candidate for (r,c) ?8 8 @

deducible_from_row (r, c, n) ||8 8 A

deducible_from_column (r, c, n) ||8 9B

deducible_from_box (r, c, n);8 9 8

return false ;8 9 9

}8 9 :
8 9 ;

// POST : returns true if and only if there is an empty cell (r,c) and a8 9 =

// number n >0 such that n can be deduced to be the number to be8 9 >

// put into (r,c); if the return value is true , the grid is updated8 9 ?

// by filling an empty cell with an accordingly deduced number8 9 @

bool fill_cell ()8 9 A

{8 :B

for ( unsigned int r=0; r <9; ++r)8 : 8

for ( unsigned int c=0; c <9; ++ c)8 : 9

for ( unsigned int n=1; n <10; ++ n)8 : :

if ( deducible (r, c, n)) {8 : ;
update_grid (r, c, n);8 : =
return true;8 : >

}8 : ?
return false ;8 : @

}8 : A
8 ;B

int main ()8 ; 8

{8 ; 9

// set up empty grid8 ; :

for (int r=0; r <9; ++r)8 ; ;

for ( int c=0; c <9; ++c) {8 ; =

for (int n=0; n <10; ++n)8 ; >

grid[r][c][n] = true;8 ; ?

}8 ; @
8 ; A

// input : 9 x 9 numbers in {0 ,.. ,9} rowwise (0 means no number )8 =B

unsigned int filled_cells = 0; // total number of filled cells8 = 8

for (int r=0; r <9; ++r)
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8 = 9

for ( int c=0; c <9; ++c) {8 = :

int n;8 = ;

std ::cin >> n;8 = =

if (n > 0) {8 = >

update_grid (r, c, n);8 = ?

++ filled_cells;8 = @

}8 = A

}8 >B
8 > 8

// main loop8 > 9

while ( fill_cell ()) ++ filled_cells;8 > :
8 > ;

// sudoku is solved if all cells could be filled8 > =

if ( filled_cells == 81)8 > >

std :: cout << "Sudoku is solved :\n";8 > ?

else8 > @

std :: cout << "Could only fill " << filled_cells << " cells :\n";8 > A

// output solution in 3 x 3 blocks (0 means no number deduced);8 ?B

for ( unsigned int lr =0; lr <9; lr +=3) {8 ? 8

for ( unsigned int r=lr; r<lr +3; ++r) {8 ? 9

for ( unsigned int lc =0; lc <9; lc +=3) {8 ? :

for ( unsigned int c=lc; c<lc +3; ++c)8 ? ;

std ::cout << unique_number (r, c) << " "; // blank after number8 ? =

std ::cout << " "; // extra blank after every three columns8 ? >

}8 ? ?

std :: cout << "\n"; // extra line break after every third row8 ? @

}8 ? A

std :: cout << "\n"; // line break after row8 @B

}8 @ 8

}


