Part of the Picture: Simulation
Random Number Generators—The Randoml nt Class
The Part of the Picture: Smulation section in Chapter 5 referred to aclass Random nt , which can

be used to conveniently generate random numbers. This source code for this classfollows

ClassRandom nt Documentation File.

Randonl nt . doc docunents Random nt, a pseudo-random i nteger cl ass.

Witten by: Joel C. Adans, Spring, 1993, at Calvin College.
Witten for: C++: An Introduction To Computi ng.
Revi sed: Spring 1997, for C++: An Introduction To Conputing 2e.

*

*

*

*

*

*

* Usage: to generate a...

* nondeterm nistic sequence of 'random nunbers in 0..RAND NMAX:
* Random nt rint1;

* deterministic sequence of 'random nunbers in 0..RAND_NAX
* Random nt rint2(a);

* nondeterm nistic sequence of 'random nunbers in b..c:
* Random nt rint3(b, c);

* determnistic sequence of 'randomi nunbers in b..c:
* Random nt rint2(a, b, c);

*

*

*

*

*

*

*

*

*

*

*

*

Caution: Random nt objects are NOT autononous, but SHARE the ANSI-C
standard random nunber generator rand(). For nost applications,

this will have no effect. However, if a program defines an unseeded
Randomi nt r1, and later defines a seeded Random nt r2, then the
nunber - sequence for rl1 will be 'random prior to the definition

of r2, but deternministic following the definition of r2 (because r2's
re-seedi ng the random nunber generator affects the nunmbers of r1).

C ass Invariant: nyRandomval ue contains a 'random nunber
bet ween myLower Bound and myUpper Bound (i ncl usive).

*******************************************************************/

// *kkkk Random nth R E S S S b S R R S O S R R I S O S S

#i f ndef RANDOM NT
#def i ne RANDOM NT

#i ncl ude <i ostreanp /] ostream

#i ncl ude <cstdlib> /1 srand(), rand(), RAND MAX
#i ncl ude <cassert > /] assert()

#i ncl ude <cti ne> 1 tinme()

usi ng namespace std;

cl ass Randoni nt

publi c: /1 1 NTERFACE:
/1 constructors
Randon nt () ; /1 default val ues
Random nt (int low, int high); /1 bounded
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Randonl nt (i nt seedVal ue); /1 seeded
Randoni nt (i nt seedValue, int low, int high); // seeded & bounded
/1 output:
void print(ostream & out) const; /1 nenber (<< bel ow)
/1l generate next:
Randonl nt generate(); /1 default bounds
Randonl nt generate(int low, int high); /1 new bounds
/1 type-conversion
operator int(); /1 Random nt -t o-i nt
private: /1 PRI VATE SECTI ON:
/1 utility functions
void initialize(int low, int high); /1 unseeded initializer
voi d seededlnitialize(int seedVal ue, /1 seeded initializer
int low, int high);
i nt next Random nt () ; /1 formul a encapsul ati on
i nt myLower Bound, /1 the mninmumrandom val ue
nmy Upper Bound, /1 the maxi nrum random val ue
nmyRandonVal ue; /1 the current random val ue
static bool generatorlnitialized; /1 initialization flag
1
/*********************************************************************
* Initialize a Random nt to a number within default bounds. *
* Postcondition: myLowerBound == 0 && myUpper Bound == RAND MAX && *
* srand() has been seeded (using time()) && *
* nmyRandonVal ue contains a 'randonmi nunber. *

*********************************************************************/

i nl i ne Random nt:: Random nt ()

initialize(0, RAND NAX);
}

/*********************************************************************

* |nitialize a Randonm nt to a nunber within specified bounds. *
* Precondition: 0 <= low & | ow < hi gh. *
* Postcondition: nmyLowerBound == | ow & nyUpper Bound == hi gh && *
* srand() has been seeded (using time()) && *
* nmyRandonVal ue contains a 'randonmi nunber. *

*

kkhkhkkhkhkkhkhkkhkkhkhkkhkhkkhkhkkhkhkkhkhkkhkdhhkdhkhdhkhkhkhkkhkhkkhkhhkdhhkdhkhdkhkkhkhkkhkhkhkhhkddrdhkhrdkhkhkhkkhkhkhkdhhkdhkhkxkhdkhdxk*x /
i nli ne Random nt::Random nt(int [ow, int high)

assert (0 <= | ow);

assert (l ow < high);

initialize(low, high);
/*********************************************************************
* Initialize a Random nt to a nunber within default bounds, *
* using a specified seed val ue. *
* Postcondition: nmyLowerBound == 0 &% nmyUpper Bound == RAND MAX && *
* srand() has been seeded (using seedVal ue) && *
* nmyRandonVal ue contains a 'randonmi nunber. *
*********************************************************************/

i nl i ne Random nt:: Random nt (i nt seedVal ue)
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{

assert (seedVal ue >= 0);
seededlnitialize(seedVal ue, 0, RAND MAX);

}

/*********************************************************************

* |nitialize a Randonm nt to a nunber within specified bounds

* using a specified seed val ue. *
* Precondition: 0 <= low & | ow < hi gh. *
* Postcondition: nyLowerBound == | ow &% nyUpper Bound == hi gh && *
* srand() has been seeded (using seedVal ue) && *
* nmyRandonVal ue contains a 'randonmi nunber. *
R S S O S b S S I S S O S I I O O b b I I S S S S S O O O S S O O

/
i nl i ne Random nt:: Random nt (i nt seedVal ue, int [ow, int high)
{

assert (seedVal ue >= 0);

assert (0 <= |l ow);

assert(low < high);

seededlnitialize(seedVal ue, |ow, high);

/**********************************************************************

* Qut put a Random nt via an ostream (Function Menber). *
* Precondition: out is an ostream *
* Postcondition: nmyRandonVal ue has been inserted into out. *

**********************************************************************/

inline void Random nt:: print(ostream & out) const

out << nyRandonVal ue;
/**********************************************************************
* Qut put a Random nt via an ostream (Non-Functi on Menber). *
* Precondition: out is an ostream *
* randlnt is a Random nt. *
* Postcondition: randlnt.myRandonVal ue has been inserted into out && *
* Ret urnVal ue == out. *

**********************************************************************/

inline ostream & operator<< (ostream & out, const Random nt & randlnt)

randl nt. print(out);
return out;

/*********************************************************************
* Cenerate next random i nteger. *
* Precondition: srand() has been called to seed rand() && *
* nmyLower Bound has been initialized & *
* nmyUpper Bound has been initialized. *
* Postcondition: ReturnVal == a new 'random nunber. *
*********************************************************************/
inline int Random nt:: next Randonl nt ()
return nyLowerBound + rand() % (myUpper Bound - nyLower Bound + 1);

/**********************************************************************

* CGenerate a new 'random nunber within myLowerBound. . nyUpperBound. *
* Postcondition: myRandonVal ue has a new 'random val ue && *
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* Ret urnval ue == nysel f. *

**********************************************************************/

i nl i ne Random nt Random nt:: generate()

nmyRandonVal ue = next Random nt () ;
return *this;

}

/**********************************************************************
* Convert Random nt objects to int objects, where appropriate. *
* Precondition: A Random nt has been used in a context defined *
* for an int, but not for a Random nt. *
* Postcondition: nmyRandonVal ue has been read and returned. *

**********************************************************************/

i nl i ne Random nt::operator int()

{
}

return nyRandonval ue;

#endi f

//******* Random nt . Cpp LR R R I I I T R I I O I

bool Random nt::generatorlnitialized = false; // initialize the flag

/*********************************************************************

* Initialize the data nenbers and seed the random nunber generator *
* using a default value (the clock). *
* Precondition: O <= low & | ow < high. *
* Postcondition: nyLowerBound == | ow && nyUpper Bound == hi gh && *
* srand() has been seeded (using time()) && *
* MyRandonVal ue contains a 'randomi nunber. *
*********************************************************************/
void Randomint::initialize(int low, int high)
{
nyLower Bound = | ow,
myUpper Bound = hi gh;
if (!'generatorlnitialized) /1 call srand() first time only
srand(l ong(tinme(0))); /1 use clock for seed
generatorlnitialized = true;
}
nmyRandonVal ue = next Random nt () ;
}

/*********************************************************************

* |nitialize the data nenbers and seed the random nunmber generator *
* using a specified val ue (seedVal ue). *
* Precondition: O <= low & | ow < high. *
* Postcondition: nyLowerBound == | ow && nyUpper Bound == hi gh && *
* srand() has been seeded (using seedVal) && *
* MyRandonVal ue contains a 'randonmi nunber. *
khkkkhhhkkhkhhkhkkhhhkhkhhhkkhhhkhkhhhkkhhhkhhhhkkhhhhhhhkddhhxhdhhkkdddxhdhdkkddxrkdhdkddxhkdhx*x*x*

/
voi d Random nt::seededlnitialize(int seedValue, int low int high)
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nmyLower Bound = | ow;

myUpper Bound = hi gh;
srand(seedVal ue) ;
generatorinitialized = true;
nyRandonVal ue = next Random nt () ;

/**********************************************************************
* CGenerate a new 'random nunber wthin [ ow . high. *
* Precondition: 0O <= low & | ow < high. *
* Postcondition: myRandonVal ue has a new 'random val ue && *
* Ret urnval ue == nysel f. *

**********************************************************************/
Random nt Random nt::generate(int [ow int high)
{

assert (0 <= |l ow);

assert(low < high);

nmyLower Bound = | ow;

my Upper Bound hi gh;

nmyRandonVal ue = next Random nt () ;

return *this;

ClassRandom nt Header File.

/* Random nt.h decl ares Random nt, pseudo-random i nteger cl ass.

*

* Witten by: Joel C Adans, Spring, 1993, at Calvin Coll ege.

* Witten for: C++: An Introduction To Conputi ng.

* Revised: Spring 1997, for C++: An Introduction To Conputing 2e.
* Revised: Summer 2001, for C++: An Introduction To Computing 3e.
*
*
*
*

See Random nt.doc for class docunentation,
Random nt.cpp for non-trivial operation definitions.

*****************************************************************/

#i f ndef RANDOM NT
#def i ne RANDOM NT

#i ncl ude <i ostreanr
#i ncl ude <cstdlib>
#i ncl ude <cassert >
#i ncl ude <cti me>
usi ng namespace std;

cl ass Randon nt
public:
Random nt () ;
Random nt (int low, int high);
Randoni nt (i nt seedVal ue);
Randonml nt (i nt seedVal ue, int low, int high);

void print(ostream & out) const;
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Randonl nt generate();
Random nt generate(int low, int high);
operator int();

private:
void initialize(int low, int high);
voi d seededlnitialize(int seedValue, int low, int high);
i nt next Random nt () ;

i nt myLower Bound,
nmy Upper Bound,
nyRandonVal ue;

static bool generatorlnitialized;

}1
i nl i ne Random nt: : Random nt ()

initialize(0, RAND NAX);
}

i nl i ne Random nt:: Randomi nt (int |ow, int high)
{

assert (0 <= | ow);

assert (Il ow < high);

initialize(low high);

}

i nl i ne Random nt:: Random nt (i nt seedVal ue)
{
assert (seedVal ue >= 0);
seededlnitialize(seedVal ue, 0, RAND MAX);

}

i nl i ne Random nt:: Random nt (i nt seedVal ue, int [ow, int high)
{

assert (seedVal ue >= 0);

assert(0 <= | ow);

assert (low < high);

seededlnitialize(seedVal ue, |ow, high);

}

inline void Random nt:: print(ostream & out) const

{ out << nyRandonVal ue;

}

i{nl i ne ostream & operator<< (ostream & out, const Randonlnt & randlnt)

randl nt. print(out);
return out;

}

inline int Randonl nt:: next Randonl nt ()

{
return nyLowerBound + rand() % (nyUpperBound - nyLowerBound + 1);

}
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i nl i ne Random nt Random nt:: generate()

myRandonVal ue = next Random nt () ;
return *this;

}

i nl i ne Random nt::operator int()
{ return nyRandonval ue;

}

#endi f

ClassRandom nt Implementation File.

/* Random nt.cpp defines the non-trivial Random nt operations.

Witten by: Joel C. Adanms, Spring, 1993, at Calvin College.
Witten for: C++: An Introduction To Conputi ng.

Revi sed: Spring 1997, for C++: An Introduction To Conputing 2e.
Revi sed: Summer 2001, for C++: An Introduction To Conputing 3e.

See Randonint.h for the class decl aration
Random nt. doc for class docunentati on.

*
*
*
*
*
*
*
******************************************************************/
#i ncl ude "Randoml nt. h"

bool Randomi nt::generatorlnitialized = fal se;

void Randomint::initialize(int low, int high)

{
nmyLower Bound = | ow,
myUpper Bound = hi gh;
if (!'generatorlnitialized) /1 call srand() first time only
srand(l ong(tinme(0))); /1 use clock for seed
generatorlnitialized = true;
}
nmyRandonVal ue = next Random nt () ;
}
voi d Random nt::seededlnitialize(int seedvalue, int low int high)
{
nyLower Bound = | ow,

my Upper Bound hi gh;

srand( seedVal ue) ;
generatorlnitialized = true;
nmyRandonVal ue = next Random nt () ;
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Random nt Random nt::generate(int |ow int high)
{

assert (0 <= |l ow);

assert (l ow < high);

nmyLower Bound = | ow;

nmyUpper Bound = hi gh;

nyRandonVal ue = next Randoml nt () ;

return *this;

Appendix H-8



