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Introduction

Random numbers are useful in avariety of applications. The Boost Random Number Library (Boost.Random for short) provides a
variety of generators and distributions to produce random numbers having useful properties, such as uniform distribution.

You should read the concepts documentation for an introduction and the definition of the basic concepts. For a quick start, it may
be sufficient to have alook at random_demao.cpp.

For avery quick start, here's an example:

boost: :random : nt 19937 rng; /'l produces randomess out of thin air
/'l see pseudo-random nunber generators
boost::random :uniform.int_distribution<> six(1,6);
/1 distribution that naps to 1..6
/'l see random nunber distributions
int x = six(rng); /1 simulate rolling a die
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Tutorial

Generating integers in arange

For the source of this example see die.cpp. First we include the headers we need for nt 19937 and uni f or m_ i nt _di stri buti on.

#i ncl ude <boost/random nmersenne_tw ster. hpp>
#i ncl ude <boost/random uni form.int_distribution. hpp>

We use nt 19937 with the default seed as a source of randomness. The numbers produced will be the same every time the program
isrun. One common method to change thisisto seed with the current time (st d: : ti me( 0) defined in ctime).

boost:: random : nt 19937 gen;

@ Note
We are using aglobal generator object here. Thisisimportant because we don't want to create anew pseudo-random
number generator at every call

Now we can define afunction that simulates an ordinary six-sided die.

int roll_die() {
@boost: :random :uniform.int_distribution<> dist(1, 6);

@return dist(gen);
}

© nt 19937 produces integers in the range [O, 232—1]. However, we want numbers in the range [1, 6]. The distribution uni -
form.int_distribution performsthistransformation.

o Warning
Contrary to common C++ usage uni f or m_i nt _di st ri buti on does not take a half-open range. Instead it
takes a closed range. Given the parameters 1 and 6, uni f or m_i nt _di st ri buti on can produce any of the
valuesl, 2, 3, 4,5, or 6.

® A distribution isafunction object. We generate arandom number by calling di st with the generator.
Generating integers with different probabilities
For the source of this example see weighted_die.cpp.

#i ncl ude <boost/random nersenne_tw ster. hpp>
#i ncl ude <boost/random di screte_di stribution. hpp>

boost : : nt 19937 gen;

Thistime, instead of afair die, the probability of rolling alis50% (!). The other five faces are all equally likely.

di screte_di stributi onworksnicely here by allowing usto assign weights to each of the possible outcomes.

render
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Tip
If your compiler supportsstd: :initializer_|ist,youcaninitidizedi screte_di stributi on directly with
the weights.

doubl e probabilities[] = {
0.5, 0.1, 0.1, 0.1, 0.1, 0.1

}

boost: : random : di screte_distributi on<> dist(probabilities);
Now define afunction that simulates rolling this die.

int roll_weighted die() {
Oreturn dist(gen) + 1;
}

© Add1tomakesurethat the result isin the range[1,6] instead of [0,5].

Generating a random password

For the source of this example see password.cpp.

This example demonstrates generating a random 8 character password.

#i ncl ude <boost/random random devi ce. hpp>
#i ncl ude <boost/random uni form.int_distribution. hpp>

int min() {
Ostd: :string chars(

"abcdef ghi j kl mopqgr st uvwxyz"

" ABCDEFGHI JKLMNOPQRSTUWWKYZ"

"1234567890"

" @& ()"

e = {13V ] \ <2,
@boost: : random : random devi ce rng;
©boost : :random :uni form.int _distribution<> index _dist(0, chars.size() - 1);
for(int i =0; i <8; ++i) {

std::cout << chars[index_dist(rng)];

}

std::cout << std::endl;

O Wefirst define the characters that we're going to alow. Thisis pretty much just the characters on a standard keyboard.
® Weuserandom devi ce asasource of entropy, since we want passwords that are not predictable.
©® Finally we select 8 random characters from the string and print them to cout.
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Reference

Concepts

Introduction

Random numbers are required in a number of different problem domains, such as
» numerics (simulation, Monte-Carlo integration)

» games (non-deterministic enemy behavior)

* security (key generation)

* testing (random coverage in white-box tests)

The Boost Random Number Generator Library provides a framework for random number generators with well-defined properties
so that the generators can be used in the demanding numerics and security domains. For a general introduction to random numbers
in numerics, see

"Numerical Recipesin C: The art of scientific computing”, William H. Press, Saul A. Teukolsky, William A.
Vetterling, Brian P. Flannery, 2nd ed., 1992, pp. 274-328

Depending on the requirements of the problem domain, different variations of random number generators are appropriate:
* non-deterministic random number generator

* pseudo-random number generator

* quasi-random number generator

All variations have some properties in common, the concepts (in the STL sense) is called UniformRandomNumberGenerator. This
concept will be defined in a subsequent section.

The goalsfor thislibrary are the following:
« alow easy integration of third-party random-number generators
* provide easy-to-use front-end classes which model popular distributions

* provide maximum efficiency

Uniform Random Number Generator

A uniform random number generator provides a sequence of random numbers uniformly distributed on a given range. The range
can be compile-time fixed or available (only) after run-time construction of the object.

The tight lower bound of some (finite) set Sis the (unique) member | in S, so that for all vin S, | <= v holds. Likewise, the tight
upper bound of some (finite) set Sisthe (unique) member uin S, so that for al vin S, v <= u holds.

In the following table, X denotes a number generator class returning objects of type T, and v is a const value of X.
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Table 1. UniformRandomNumber Gener ator requirements

expression return type pre/post-condition

X :result_type T std::nuneric_|imts<T> :is_spe-
cializedistrue, T isLessThanCom-
parable

u. operator()() T -

v. min() T tight lower bound on the set of all values

returned by operator(). The return
value of this function shall not change
during the lifetime of the object.

v. max() T ifstd: :nunmeric_limts<T> :is_in-
t eger , tight upper bound on the set of all
values returned by oper at or (), other-
wise, the smallest representable number
larger than the tight upper bound on the
set of al valuesreturned by oper at or () .
In any case, the return value of this func-
tion shall not change during the lifetime
of the object.

The member functions mi n, max, and oper at or () shall have amortized constant time complexity.

S Note
For integer generators (i.e. integer T), the generated values x fulfill m n() <= x <= max(), for non-integer gen-
erators (i.e. non-integer T), the generated values x fulfill mi n() <= x < max().

Rationale: The range description with min and max serves two purposes. First, it allows scaling of the values to
some canonical range, such as [0..1). Second, it describes the significant bits of the values, which may be relevant
for further processing.

Therangeisaclosed interval [min,max] for integers, because the underlying type may not be able to represent the
half-open interval [min,max+1). It is a half-open interval [min, max) for non-integers, because this is much more
practical for borderline cases of continuous distributions.

@ Note
The UniformRandomNumberGenerator concept does not require oper at or () (1 ong) and thusit does not fulfill
theRandorm\unber Gener at or (std:25.2.11 [lib.alg.random.shuffl€]) requirements. Usether andom nunber _gen-
er at or adapter for that.

Rationale: oper at or () (1 ong) isnot provided, because mapping the output of some generator with integer range
to adifferent integer range is not trivial.

Non-deterministic Uniform Random Number Generator

A non-deterministic uniform random number generator is a UniformRandomNumberGenerator that is based on some stochastic
process. Thus, it provides a sequence of truly-random numbers. Examples for such processes are nuclear decay, noise of a Zehner
diode, tunneling of quantum particles, rolling adie, drawing from an urn, and tossing a coin. Depending on the environment, inter-
arrival times of network packets or keyboard events may be close approximations of stochastic processes.
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Theclassr andom devi ce isamodel for a non-deterministic random number generator.

@ Note
Thistype of random-number generator is useful for security applications, whereit isimportant to prevent an outside
attacker from guessing the numbers and thus obtaining your encryption or authentication key. Thus, models of this
concept should be cautious not to leak any information, to the extent possible by the environment. For example, it
might be advisable to explicitly clear any temporary storage as soon asit is no longer needed.

Pseudo-Random Number Generator

A pseudo-random number generator is a UniformRandomNumberGenerator which provides a deterministic sequence of pseudo-
random numbers, based on somealgorithm and internal state. Li near congruenti al andi nversi ve congruenti al generators
are examples of such pseudo-random number generators. Often, these generators are very sensitive to their parameters. In order to
prevent wrong implementations from being used, an external testsuite should check that the generated sequence and the validation
value provided do indeed match.

Donald E. Knuth gives an extensive overview on pseudo-random number generation in hisbook "TheArt of Computer Programming,
Vol. 2, 3rd edition, Addison-Wesley, 1997". The descriptions for the specific generators contain additional references.

! I Note
Because the state of a pseudo-random number generator is necessarily finite, the sequence of numbers returned by
the generator will loop eventually.

In addition to the UniformRandomNumberGenerator regquirements, a pseudo-random number generator has some additional require-
ments. In the following table, X denotes a pseudo-random number generator class, u isavaue of X, i isavalue of integral type, s
isavalue of atype which models SeedSeq, andj avalue of typeunsi gned | ong | ong.

Table 2. PseudoRandomNumber Gener ator requirements

expression return type pre/post-condition

X() - creates a generator with a default seed.

X(i) - creates a generator seeding it with thein-
teger i .

X(s) - creates a generator setting itsinitial state
from the SeedSeq s.

u.seed(...) voi d setsthe current stateto beidentical to the

state that would be created by the corres-
ponding constructor.

u. di scard(j) voi d Advances the generator by j steps as if
byj cdlstou().

Classes which model a pseudo-random number generator shall also model EqualityComparable, i.e. implement oper at or ==. Two
pseudo-random number generators are defined to be equivalent if they both return an identical sequence of numbers starting from a
given state.

Classes which model a pseudo-random number generator shall also model the Streamabl e concept, i.e. implement oper at or << and
oper at or >>, oper at or << writesall current state of the pseudo-random number generator to thegiven ost r eamso that oper at or >>
can restore the state at alater time. The state shall be written in a platform-independent manner, but it is assumed that the| ocal es
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used for writing and reading be the same. The pseudo-random number generator with the restored state and the original at the just-
written state shall be equivalent.

Classeswhich model apseudo-random number generator should also model the CopyConstructible and A ssignable concepts. However,
note that the sequences of the original and the copy are strongly correlated (in fact, they areidentical), which may make them unsuitable
for some problem domains. Thus, copying pseudo-random number generatorsis discouraged; they should aways be passed by (non-
const) reference.

The classesr and48, mi nst d_r and, and nt 19937 are models for a pseudo-random number generator.

S Note
Thistype of random-number generator isuseful for numerics, games and testing. The non-zero arguments construct-
or(s) and the seed() member function(s) allow for a user-provided state to be installed in the generator. Thisis
useful for debugging Monte-Carlo algorithms and analyzing particul ar test scenarios. The Streamable concept allows
to savelrestore the state of the generator, for example to re-run atest suite at alater time.

Seed Sequence

A SeedSeq represents a sequence of values that can be used to set the initial state of a PseudoRandomNumberGenerator. i and j
are RandomA ccesslterators whose val ue_t ype isan unsigned integer type with at least 32 bits.

Table 3. SeedSeq requirements

expression return type pre/post-condition complexity
s.generate(i, j) void stores 32-bit values to all the Ofj - i)
elements in the iterator range
defined by i andj

The classseed_seq and every UniformRandomNumberGenerator provided by the library are models of SeedSeq.

Random Distribution

A random distribution produces random numbers distributed according to some distribution, given uniformly distributed random
values as input. In the following table, X denotes a random distribution class returning objects of type T, u isavalue of X, x and y
are (possibly const) values of X, P isthe par am t ype of the distribution, p isavalue of P, and e is an Ivalue of an arbitrary type
that meets the requirements of a UniformRandomNumberGenerator, returning val ues of type U.
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Table 4. Random distribution requirements (in addition to CopyConstructible, and Assignable)

expression
X :result_type

X:: param_type

X(p)

u.reset ()

u(e)

u(e, p)

X. param()

X. par an( p)

X. mn()

X. max()

X ==

return type

T

P

voi d

void

bool

bool

pre/post-condition

A typethat storesthe paramet-
ers of the distribution, but not
any of the state used to gener-
ate random variates.
param type provides the
same set of constructors and
accessors as the distribution.

Initializes a distribution from
its parameters

subsequent uses of u do not
depend on values produced by
any engine prior to invoking
reset.

the sequence of numbers re-
turned by successive invoca-
tionswith the same object e is
randomly distributed with the
probability density function of
the distribution

Equivalent to X(p)(e), but may
use a different (and presum-
ably moreefficient) implement-
ation

Returns the parameters of the
distribution

Setsthe parameters of thedis-
tribution

returns the minimum value of
the distribution

returns the maximum val ue of
the distribution

Indicates whether the two dis-
tributions  will  produce
identical sequences of random
variatesif given equa generat-
ors

H(x == y)

complexity
compile-time

compile-time

O(size of state)

constant

amortized constant number of
invocations of e

amortized constant number of
invocations of e + O(size of
state)

O(size of state)

O(size of state)

constant

constant

O(size of state)

O(size of state)
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expression return type pre/post-condition complexity
0s << X std:: ostream& writesatextual representation  O(size of state)
for the parametersand addition-

al internal dataof the distribu-
tion x to os. post: The
os. fmt f | ags andfill charac-
ter are unchanged.

is >> u std::istream& restores the parameters and O(Size of state)
additional internal data of the
distributionu. pre:i s provides
a textual representation that
was previously written by op-
erat or <<post: Thei s. f nt -
f 1 ags are unchanged.

Additional requirements: The sequence of numbers produced by repeated invocations of x( e) does not change whether or not os
<< x isinvoked between any of the invocations x( e) . If atextual representation is written using os << x and that representation
is restored into the same or a different object y of the sametypeusingis >> vy, repeated invocations of y(e) produce the same
seguence of random numbers as would repeated invocations of x( e) .

Generators

Thislibrary provides severa pseudo-random number generators. The quality of a pseudo random number generator crucially depends
on both the algorithm and its parameters. Thislibrary implements the algorithms as class templates with template val ue parameters,
hiddeninnamespace boost : : r andom Any particular choice of parametersisrepresented asthe appropriately speciaizingt ypedef

innamespace boost.

Pseudo-random number generators should not be constructed (initialized) frequently during program execution, for two reasons.
First, initialization requires full initialization of the internal state of the generator. Thus, generators with alot of internal state (see
below) are costly to initialize. Second, initialization always requires some value used as a "seed" for the generated sequence. It is
usually difficult to obtain several good seed values. For example, one method to obtain a seed is to determine the current time at the
highest resolution available, e.g. microseconds or nanoseconds. When the pseudo-random number generator isinitialized again with
the then-current time as the seed, it islikely that thisis at a near-constant (non-random) distance from the time given as the seed for
first initialization. The distance could even be zero if the resolution of the clock islow, thusthe generator re-iterates the same sequence
of random numbers. For some applications, thisisinappropriate.

Note that al pseudo-random number generators described below are CopyConstructible and Assignable. Copying or assigning a
generator will copy al itsinternal state, so the original and the copy will generate the identical sequence of random numbers. Often,
such behavior is not wanted. In particular, beware of the algorithms from the standard library such asst d: : gener at e. They take
afunctor argument by value, thereby invoking the copy constructor when called.

The following table gives an overview of some characteristics of the generators. The cycle length is arough estimate of the quality
of the generator; the approximate relative speed is a performance measure, higher numbers mean faster random number generation.
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Tableb5. generators

gener ator

m nstd_randO
m nstd_rand
rand48
ecuyer 1988
knuth_b
kreutzer 1986
taus88

hel | ekal ek1995

nt 11213b

nt 19937

nt 19937_64

| agged_fibon-
acci 607

| agged_fibon-
acci 1279

| agged_fibon-
acci 2281

| agged _fibon-
acci 3217

| agged_fibon-
acci 4423

| agged_fibon-
acci 9689

| agged_fibon-
acci 19937

| agged_fi bon-
acci 23209

length of cycle

23Lo

23

88

231

211213 4

19987_¢

219937_1

932000

967000

9120000

170000

9230000

9510000

1050000

1200000

approx. memory re-
quirements

si zeof (int32_t)
si zeof (int32_t)
si zeof (uint64_t)
2*sj zeof (int32_t)
257*si zeof (ui nt 32_t)
98*si zeof (ui nt 32_t)
3*si zeof (Ui nt 32_t)

sizeof (int32_t)

352*si zeof (ui nt 32_t)

625*si zeof (ui nt 32_t)

312*si zeof (uint 64 _t)

607*si zeof (doubl e)

1279*si zeof (doubl e)

2281*si zeof (doubl e)

3217*si zeof (doubl e)

4423* si zeof (doubl e)

9689* si zeof (doubl e)

19937+ si zeof (doubl €)

23209*si zeof (doubl €)

approx. speed com-
pared to fastest

16%
16%
64%
7%
12%
37%
100%

2%

100%

93%

38%

59%

59%

61%

62%

59%

61%

59%

61%

comment

good uniform distribu-
tion in several dimen-
sions

good uniform distribu-
tionin upto 350 dimen-
sions

good uniform distribu-
tioninupto 623 dimen-
sions

good uniform distribu-
tioninupto 311 dimen-
sions

11
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generator length of cycle approx. memory re- approx. speed com- comment
quirements pared to fastest

| agged_fibon- ~22300000 44497+ si zeof (doubl )  59% -
acci 44497

ranl ux3 ~10t"t 24*si zeof (i nt) 5% -
ranl ux4 ~10t" 24*sj zeof (i nt) 3% -
ranl ux64_3 ~10t"t 24*si zeof (int64_t) 5% -
ranl ux64_4 ~10'" 24*si zeof (int64_t) 3% -
ranl ux3_01 ~10t" 24*sj zeof (fl oat) 5% -
ranl ux4_01 ~10t"t 24*si zeof (float) 3% -
ranl ux64_3 01 ~10t"t 24*si zeof (doubl e) 5% -
ranl ux64_4_01 ~10t"t 24*si zeof (doubl e) 3% -
ranl ux24 ~10t" 24*si zeof (uint32_t) 5% -
ranl ux48 ~10t"t 12*si zeof (uint64_t) 3% -

Asobservablefrom thetable, thereis generally aquality/performance/memory trade-off to be decided upon when choosing arandom-
number generator. The multitude of generators provided in this library allows the application programmer to optimize the trade-off
with regard to his application domain. Additionally, employing several fundamentally different random number generators for a
given application of Monte Carlo simulation will improve the confidence in the results.

If the names of the generators don't ring any bell and you have no idea which generator to use, it is reasonable to employ nt 19937
for astart: It isfast and has acceptable quality.

S Note
These random number generators are not intended for use in applications where non-deterministic random numbers
arerequired. Seer andom devi ce for achoice of (hopefully) non-deterministic random number generators.

Distributions

In addition to the random number generators, thislibrary provides distribution functions which map one distribution (often auniform
distribution provided by some generator) to another.

Usually, there are several possible implementations of any given mapping. Often, there is a choice between using more space, more
invocations of the underlying source of random numbers, or more time-consuming arithmetic such as trigonometric functions. This
interface description does not mandate any specific implementation. However, implementations which cannot reach certain values
of the specified distribution or otherwise do not converge statistically to it are not acceptable.

12
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Table 6. Uniform Distributions

distribution

uni formsmal |'i nt

uni formint _distribution

uni form 01

uni formreal _distribution

Table 7. Bernoulli Distributions

distribution

bernoul I'i _di stribution

bi nom al _di stribution

geonetric_distribution

negati ve_bi nom al _di stribution

explanation

discrete uniform distribution on a small
set of integers (much smaller than the
range of the underlying generator)

discrete uniform distribution on a set of
integers; the underlying generator may be
called several times to gather enough
randomness for the output

continuous uniform distribution on the
range[0,1); important basisfor other dis-
tributions

continuous uniform distribution on some
range [min, max) of real numbers

explanation

Bernoulli experiment: discrete boolean
valued distribution with configurable
probability

counts outcomes of repeated Bernoulli
experiments

measures distance between outcomes of
repeated Bernoulli experiments

Countsthe number of failures of repeated
Bernoulli experiments required to get
some constant number of successes.

example

drawing from an urn

drawing from an urn

for therange [0, 2pi): randomly dropping
astick and measuring itsangle in radians
(assuming the angleis uniformly distrib-
uted)

example

tossing a coin (p=0.5)

tossing a coin 20 times and counting how
many front sides are shown

throwing adie several timesand counting
the number of triesuntil a"6" appearsfor
thefirst time

flipping a coin and counting the number
of headsthat show up beforewe get 3 tails

13
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Table 8. Poisson Distributions

distribution

poi sson_di stri bution

exponenti al _di stribution

ganme_di st ri bution

wei bul | _di stribution
extrenme_val ue_distribution
beta_di stribution

| apl ace_di stribution

Table 9. Normal Distributions

distribution

normal _distribution

| ognormal _di stribution

chi _squared_distribution
cauchy_di stri bution
fisher_f_distribution

student _t _distribution

Table 10. Sampling Distributions

distribution

di screte_distribution

pi ecewi se_constant _di stribution

pi ecewi se_linear_distribution

explanation

poisson distribution

exponential distribution

gammadistribution
weibull distribution
extreme value distribution
beta distribution

laplace distribution

explanation

counts outcomes of (infinitely) repeated
Bernoulli experiments

lognormal distribution (sometimes used
in simulations)

chi-squared distribution
Cauchy distribution
Fisher F distribution

Student t distribution

explanation

discrete distribution with specific probab-
ilities

example

counting the number of alpha particles
emitted by radioactive matter in a fixed
period of time

measuring the inter-arrival time of alpha
particles emitted by radioactive matter

example

tossing a coin 10000 times and counting
how many front sides are shown

measuring the job completion time of an
assembly line worker

example

rolling an unfair die
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Boost.Random

Table 11. Miscellaneous Distributions

distribution explanation example
triangle_distribution triangle distribution -
uni f orm on_sphere uniform distribution on a unit sphere of choosing a random point on Earth (as-
arbitrary dimension sumed to be a sphere) where to spend the
next vacations
Headers

Header <boost/random/additive_combine.hpp>

nanespace boost {
namespace random {
t enpl at e<t ypenane M.CGL, typenane MLC&> cl ass additive_conbi ne_engi ne
t ypedef additive_conbi ne_engi ne< |inear_congruential _enOd
gine< uint32_t, 40014, 0, 2147483563 >, linear_congruential _enO
gi ne< uint32_t, 40692, 0, 2147483399 >> ecuyer 1988
}
}

Class template additive_combine_engine

boost::random::additive_combine_engine
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Synopsis

/'l 1n header: <boost/randonf additive_conbi ne. hpp>

t enpl at e<t ypenane M.CGL, typenane M.C&>
cl ass additive_conbi ne_engi ne {

publi c:
/'l types
t ypedef M.CGL first_base;
t ypedef M.CQXR2 second_base;

typedef M.CGL::result_type result_type;

/'l construct/copy/ destruct
addi ti ve_conbi ne_engi ne() ;
explicit additive_conbine_engine(result_type);
t enpl at e<t ypenane SeedSeq> explicit additive_conbi ne_engi ne( SeedSeq &) ;
addi ti ve_conbi ne_engi ne(typenane M.CGL: : resul t _type,
typename MLCRX2::result_type);
tenpl at e<typenane |t> additive_conbine_engine(lt & 1t);

/1 public static functions
static result_type mn();
static result_type max();

/1 public nmenber functions

voi d seed();

voi d seed(result_type);

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq &) ;

voi d seed(typenane M.CGL::result_type, typenane MLCX::result_type);
tenpl ate<typenane It> void seed(It & It);

result_type operator()();

tenpl at e<typenane Iter> void generate(lter, lter);

voi d di scard(boost: :uintmax_t);

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const additive_conbi ne_engine &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &,
const additive_conbi ne_engine &);
friend bool operator==(const additive_conbi ne_engi ne &,
const additive_conbi ne_engine &);
friend bool operator!=(const additive_conbi ne_engine &,
const additive_conbi ne_engi ne &);

/1 public data nenbers
static const bool has_fixed_range;

Description

An instantiation of class template addi ti ve_conbi ne_engi ne models a pseudo-random number generator . It combines two
multiplicative linear_congruential_engine number generators, i.e. those with ¢ = 0. It isdescribed in

"Efficient and Portable Combined Random Number Generators®, Pierre L'Ecuyer, Communications of the ACM,
Vol. 31, No. 6, June 1988, pp. 742-749, 774
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The template parameters MLCG1 and MLCG2 shall denote two different linear_congruential_engine number generators, each with
¢ = 0. Each invocation returns a random number X(n) := (MLCG1(n) - MLCG2(n)) mod (m1 - 1), where m1 denotes the modulus
of MLCGL.

addi ti ve_conbi ne_engi ne public construct/copy/destruct

L addi ti ve_conbi ne_engi ne() ;

Constructs an addi t i ve_conbi ne_engi ne using the default constructors of the two base generators.
explicit additive_conbi ne_engine(result_type seed);
Constructsan addi t i ve_conbi ne_engi ne, using seed as the constructor argument for both base generators.
3.

t enpl at e<t ypenane SeedSeq> explicit additive_conbi ne_engi ne( SeedSeq & seq);

Constructs an addi t i ve_conbi ne_engi ne, using seq as the constructor argument for both base generators.

O Warning
The semantics of thisfunction areliableto change. A seed_seq isdesigned to generate al the seedsin one shot,
but this seeds the two base engines independantly and probably ends up giving the same sequence to both.

4. addi ti ve_conbi ne_engi ne(typenanme M.CGL: :result_type seedl,

typename MLCRX2: :result_type seed2);

Constructs an addi t i ve_conbi ne_engi ne, using seed1 and seed?2 as the constructor argument to the first and second base
generators, respectively.

tenpl at e<typenane It> additive_conbine_engine(lt & first, It last);

Contructs an addi ti ve_conbi ne_engi ne with values from the range defined by the input iterators first and last. first will be
modified to point to the element after the last one used.

Throws: st d: : i nval i d_ar gument if theinput range istoo small.
Exception Safety: Basic
addi ti ve_conbi ne_engi ne public static functions
static result_type min();
Returns the smallest value that the generator can produce
2.

static result_type nmax();

Returns the largest value that the generator can produce

addi ti ve_conbi ne_engi ne public member functions

voi d seed();
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Seedsan addi ti ve_conbi ne_engi ne using the default seeds of the two base generators.
voi d seed(result_type seed);

Seedsan addi ti ve_conbi ne_engi ne, using seed as the seed for both base generators.
t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq & seq);

Seedsan addi ti ve_conbi ne_engi ne, using seq to seed both base generators.

See the warning on the corresponding constructor.

voi d seed(typename M.CGL: :result_type seedl,
typename MLCRX2: :result_type seed2);

Seedsanaddi ti ve_conbi ne generator, using seed1 and seed?2 asthe seedsto thefirst and second base generators, respectively.
tenpl ate<typenane It> void seed(It & first, It last);

Seeds an addi ti ve_conbi ne_engi ne with values from the range defined by the input iterators first and last. first will be
modified to point to the element after the last one used.

Throws: st d: : i nval i d_ar gunment if theinput range istoo small.

Exception Safety: Basic
result_type operator()();
Returns the next value of the generator.
tenpl at e<typenane Iter> void generate(lter first, Iter last);

Fills arange with random values

8. voi d di scard(boost::uintmax_t z);

Advances the state of the generator by z.

addi ti ve_conbi ne_engi ne friend functions

tenpl at e<typenane CharT, typename Traits>
friend std::basic_ostrean< CharT, Traits > &
oper ator<<(std::basic_ostream< CharT, Traits > & os,
const additive_conbine_engine & r);

Writes the state of an addi ti ve_combi ne_engi ne to ast d: : ost ream The textual representation of an addi ti ve_com
bi ne_engi ne isthe textua representation of the first base generator followed by the textual representation of the second base
generator.

2. tenpl at e<typenane CharT, typenanme Traits>

friend std::basic_istreanc CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const additive_conbine_engine & r);
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Reads the state of an addi ti ve_conbi ne_engi ne fromastd: :i stream

friend bool operator==(const additive_conbi ne_engi ne & X,
const additive_conbi ne_engine & y);

Returns: trueiff thetwo addi ti ve_conbi ne_engi nes will produce the same sequence of values.

friend bool operator!=(const additive_conbine_engine & I hs,
const addi tive_conbi ne_engine & rhs);

Returns: trueiff thetwo addi t i ve_conbi ne_engi nes will produce different sequences of values.

Type definition ecuyer1988

ecuyer1988
Synopsis
/'l In header: <boost/randonf additive_conbi ne. hpp>

t ypedef additive_conbi ne_engi ne< |inear_congruential _engi ne< uint32_t, 40014, 0, 2147483563 >, |in0O
ear _congruenti al _engi ne< uint32_t, 40692, 0, 2147483399 >> ecuyer 1988;

Description
The specialization ecuyer1988 was suggested in

"Efficient and Portable Combined Random Number Generators', Pierre L'Ecuyer, Communications of the ACM,
Vol. 31, No. 6, June 1988, pp. 742-749, 774

Header <boost/random/bernoulli_distribution.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenane Real Type = doubl e> cl ass bernoul i _distribution;

}
}

Class template bernoulli_distribution

boost::random::bernoulli_distribution
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Synopsis

/'l 1n header: <boost/randoni bernoul |i_distribution.hpp>

t enpl at e<t ypenane Real Type = doubl e>
class bernoul I'i _distribution {
publi c:

/'l types

typedef int input_type

typedef bool result_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef bernoul l'i _distribution distribution_type;

/'l construct/copy/ destruct
explicit paramtype(Real Type = 0.5)

/1 public nmenber functions
Real Type p() const;

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit bernoulli_distribution(const Real Type & = 0.5)
explicit bernoulli_distribution(const paramtype &)

/1 public nmenber functions
Real Type p() const;
bool min() const;
bool mex() const;
param_type param ) const;
voi d param const paramtype &)
voi d reset ()
t enpl at e<t ypenane Engi ne> bool operator()(Engine & const
t enpl at e<t ypenane Engi ne>
bool operator()(Engine & const paramtype & const

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const bernoul I'i _distribution &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &

20

render

Y httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Random

const bernoulli_distribution &);
friend bool operator==(const bernoulli _distribution &,
const bernoulli_distribution &);
friend bool operator!=(const bernoulli _distribution &,
const bernoul li_distribution &);
b
Description

Instantiations of classtemplate bernoulli_distribution model arandom distribution . Such arandom distribution produces bool values
distributed with probabilities P(true) = p and P(false) = 1-p. p isthe parameter of the distribution.

bernoul 1'i _di stribution public construct/copy/destruct
explicit bernoulli_distribution(const Real Type & p = 0.5);

Constructsaber noul |'i _di stri buti on object. p isthe parameter of the distribution.

Requires; 0<=p<=1
explicit bernoulli _distribution(const paramtype & param;

Constructsber noul |'i _di stri buti on from its parameters

bernoul I'i _di stribution public member functions

Real Type p() const;

Returns: The"p" parameter of the distribution.
bool min() const;

Returns the smallest value that the distribution can produce.
bool max() const;

Returns the largest value that the distribution can produce.
param type param) const;

Returns the parameters of the distribution.
voi d param const paramtype & param ;

Sets the parameters of the distribution.
void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.
t enpl at e<t ypenane Engi ne> bool operator()(Engine & eng) const;

Returns: arandom variate distributed according to the ber noul |'i _di stri bution.
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t enpl at e<t ypenane Engi ne>
bool operator()(Engine & eng, const paramtype & paran) const;

Returns: arandom variate distributed according to the ber noul i _di stri buti on with parameters specified by param.
bernoul I'i _di stribution friend functions

L t enpl at e<t ypenane CharT, typenane Traits>

friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostrean< CharT, Traits > & os,
const bernoulli _distribution & bd);

Writes the parameters of the distribution to ast d: : ost r eam

2. tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const bernoulli_distribution & bd);
Reads the parameters of the distribution fromastd: : i stream
8. friend bool operator==(const bernoulli_distribution & |hs,
const bernoulli _distribution & rhs);

Returns true iff the two distributions will produce identical sequences of values given equal generators.

friend bool operator!=(const bernoulli _distribution & |hs,
const bernoulli_distribution & rhs);

Returns true iff the two distributions will produce different sequences of values given equal generators.

Class param_type

boost::random::bernoulli_distribution::param_type
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Synopsis

/'l 1n header: <boost/randoni bernoul |i_distribution.hpp>

cl ass paramtype {
public:
/'l types
typedef bernoul li _distribution distribution_type;

/'l construct/copy/ destruct
explicit paramtype(Real Type = 0.5);

/1 public nmenber functions
Real Type p() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &);
friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

Description

par am t ype public construct/copy/destruct
explicit paramtype(Real Type p = 0.5);

Constructs the parameters of the distribution.
Requires; 0<=p<=1

par am t ype public member functions
Real Type p() const;

Returns the p parameter of the distribution.

par am t ype friend functions

tenpl at e<typenane CharT, typename Traits>
friend std::basic_ostrean< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const paramtype & param ;

Writes the parameters to a std::ostream.

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istreanc CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const paramtype & param;
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Reads the parameters from a std::istream.

friend bool operator==(const paramtype & | hs, const paramtype & rhs)
Returnstrue if the two sets of parameters are equal.

friend bool operator!=(const paramtype & |hs, const paramtype & rhs)
Returnstrue if the two sets of parameters are different.

Header <boost/random/beta_distribution.hpp>

namespace boost {
namespace random {
tenpl at e<t ypenane Real Type = doubl e> class beta_distribution
}
}

Class template beta_distribution

boost::random::beta_distribution
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Synopsis

/'l 1n header: <boost/randoni beta_distribution. hpp>

t enpl at e<t ypenane Real Type = doubl e>
class beta_distribution {
publi c:

/'l types

t ypedef Real Type result_type

t ypedef Real Type input_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef beta_distribution distribution_type

/'l construct/copy/ destruct
explicit paramtype(Real Type = 1.0, Real Type = 1.0);

/1 public nmenber functions
Real Type al pha() const;
Real Type beta() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit beta_distribution(Real Type = 1.0, Real Type = 1.0);
explicit beta_distribution(const paramtype &);

/1 public nmenber functions
t enpl at e<t ypenane URNG> Real Type operator()(URNG & const
t enpl at e<t ypenane URNG>
Real Type operator()(URNG & const paramtype &) const
Real Type al pha() const;
Real Type beta() const;
Real Type min() const;
Real Type max() const;
param_type param ) const;
voi d param const paramtype &)
voi d reset ()

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const beta_distribution &) ;
tenpl at e<typenane CharT, typenanme Traits>
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friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &,
const beta_distribution &) ;
friend bool operator==(const beta_distribution & const beta_distribution &) ;
friend bool operator!=(const beta_distribution & const beta_distribution &) ;

b

Description

The beta distribution is a real-valued distribution which produces valuesin the range [0, 1]. It has two parameters, apha and beta.

I
lthas 7 =~ Blaf)

bet a_di stri buti on public construct/copy/destruct
explicit beta_distribution(Real Type al pha = 1.0, Real Type beta = 1.0);

Constructsan bet a_di st ri but i on fromits"apha" and "beta' parameters.

Requires: alpha> 0, beta> 0
explicit beta_distribution(const paramtype & param;

Constructs an bet a_di st ri but i on from its parameters.

bet a_di stri buti on public member functions
t enpl at e<t ypenane URNG> Real Type operator()(URNG & urng) const;
Returns a random variate distributed according to the beta distribution.

t enpl at e<t ypenane URNG>
Real Type operator()(URNG & urng, const paramtype & param const;

Returns arandom variate distributed accordint to the beta distribution with parameters specified by par am
Real Type al pha() const;
Returnsthe "alpha' parameter of the distribution.
Real Type beta() const;
Returnsthe "beta' parameter of the distribution.
Real Type min() const;
Returns the smallest value that the distribution can produce.
Real Type max() const;

Returns the largest value that the distribution can produce.
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param type param) const;
Returns the parameters of the distribution.

voi d param const paramtype & param ;
Sets the parameters of the distribution.

void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.

bet a_di stribution friend functions

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_ostrean< CharT, Traits > &
oper at or<<(std::basic_ostream< CharT, Traits > & os,
const beta distribution & wd);

Writesanbet a_di stri buti ontoastd::ostream

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const beta_distribution & wd);

Readsan bet a_di stri butionfromastd::istream

friend bool operator==(const beta_distribution & |hs,
const beta_distribution & rhs);

Returnstrueif the two instances of bet a_di st ri but i on will return identical sequences of values given equal generators.

friend bool operator!=(const beta_distribution & I|hs,
const beta_distribution & rhs);

Returnstrue if the two instances of bet a_di stri but i on will return different sequences of values given equal generators.

Class param_type

boost::random::beta_distribution::param_type
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Synopsis

/'l 1n header: <boost/randoni beta_distribution. hpp>

cl ass paramtype {
public:
/'l types
typedef beta_distribution distribution_type;

/'l construct/copy/ destruct

explicit paramtype(Real Type = 1.0, Real Type = 1.0);

/1 public nmenber functions

Real Type al pha() const;

Real Type beta() const;

/1 friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &);

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &);

friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

Description

par am t ype public construct/copy/destruct
explicit paramtype(Real Type al pha = 1.0, Real Type beta = 1.0);

Constructs apar am t ype from the "apha’ and "beta' parameters of the distribution.
Requires: alpha> 0, beta> 0

par am t ype public member functions
Real Type al pha() const;
Returnsthe "alpha" parameter of the distribtuion.
Real Type beta() const;

Returns the "beta' parameter of the distribution.

par am t ype friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const paramtype & param;

Writesaparam type toast d: : ost ream
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tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is
const paramtype & param;

Readsaparam t ype fromastd: : i st ream

friend bool operator==(const paramtype & | hs, const paramtype & rhs)
Returnstrue if the two sets of parameters are the same.

friend bool operator!=(const paramtype & |l hs, const paramtype & rhs)

Returns true if the two sets of parameters are the different.

Header <boost/random/binomial_distribution.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenanme IntType = int, typenane Real Type = doubl e>
class binom al _distribution

Class template binomial_distribution

boost::random::binomial_distribution
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Synopsis

/'l In header: <boost/randoni bi noni al _di stribution. hpp>

tenpl at e<typenane IntType = int, typenane Real Type = doubl e>
class binomial _distribution {
publi c:

/'l types

typedef IntType result_type

t ypedef Real Type input_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef binom al _distribution distribution_type

/'l construct/copy/ destruct
explicit paramtype(lntType = 1, Real Type = 0.5)

/1 public nmenber functions
Int Type t() const
Real Type p() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit binom al _distribution(IlntType = 1, Real Type = 0.5)
explicit binom al _distribution(const paramtype &)

/1 public nmenber functions

t enpl at e<t ypenane URNG> | nt Type operator()(URNG & const;

tenpl at e<t ypenane URNG> | nt Type operator()(URNG & const paramtype &) const;
Int Type t() const

Real Type p() const;

I nt Type min() const

I nt Type nmax() const

param_type param ) const;

voi d param const paramtype &)

voi d reset ()

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const binom al _distribution &) ;
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
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operator>>(std::basic_istream< CharT, Traits > & binomal _distribution &);
friend bool operator==(const binom al _distribution &
const binom al _distribution &) ;
friend bool operator!=(const binom al _distribution &
const binom al _distribution &) ;

Description

The binomial distribution is an integer valued distribution with two parameters, t and p. The values of the distribution are within
therange [0,t].

P(k) = (;)ph:l i

Thedistribution function is
The algorithm used isthe BTRD algorithm described in

"The generation of binomia random variates', Wolfgang Hormann, Journal of Statistical Computation and Simu-
lation, Volume 46, Issue 1 & 2 April 1993, pages 101 - 110

b

nom al _di stri buti on public construct/copy/destruct
explicit binomal _distribution(IntTypet = 1, Real Type p = 0.5);

Construct abi nomi al _di stri buti on object.t and p are the parameters of the distribution.

Requires: t>=0&& 0<=p<=1
explicit binom al _distribution(const paramtype & param;

Construct an bi noni al _di st ri buti on object from the parameters.

bi

nomni al _di stri bution public member functions
t enpl at e<t ypenane URNG> | nt Type operator () (URNG & urng) const;
Returns a random variate distributed according to the binomial distribution.

t enpl at e<t ypenane URNG>
I nt Type operator()(URNG & urng, const paramtype & param const;

Returns arandom variate distributed according to the binomial distribution with parameters specified by par am
I nt Type t() const;

Returnsthet parameter of the distribution.
Real Type p() const;

Returns the p parameter of the distribution.
I nt Type nmin() const;

Returns the smallest value that the distribution can produce.
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I nt Type max() const;
Returns the largest value that the distribution can produce.
param type param ) const;
Returns the parameters of the distribution.
voi d paranmconst paramtype & param;
Sets parameters of the distribution.
void reset();

Effects. Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.

bi nom al _di stribution friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const binom al _distribution & bd);

Writes the parameters of the distribution to ast d: : ost r eam

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
bi nom al _distribution & bd);

Reads the parameters of the distribution fromast d: : i stream

friend bool operator==(const binom al _distribution & |hs,
const binom al _distribution & rhs);

Returnstrue if the two distributions will produce the same sequence of values, given equal generators.

friend bool operator!=(const binom al_distribution & |hs,
const binonial _distribution & rhs);

Returnstrue if the two distributions could produce different sequences of values, given equal generators.

Class param_type

boost::random::binomial_distribution::param_type

32

render
httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Random

Synopsis

/'l In header: <boost/randoni bi noni al _di stribution. hpp>

cl ass paramtype {
public:
/'l types
typedef binom al _distribution distribution_type;

/'l construct/copy/ destruct

explicit paramtype(lntType = 1, Real Type = 0.5);

/1 public nmenber functions

Int Type t() const;

Real Type p() const;

/1 friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &);

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & paramtype &) ;

friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

Description

par am t ype public construct/copy/destruct
explicit paramtype(IntType t = 1, Real Type p = 0.5);

Construct apar am t ype object. t and p are the parameters of the distribution.
Requires: t>=0&& O0<=p<=1

par am t ype public member functions
Int Type t() const;
Returnsthet parameter of the distribution.
Real Type p() const;

Returnsthe p parameter of the distribution.

par am t ype friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const paramtype & param;

Writes the parameters of the distribution to ast d: : ost r eam

33

render

s httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Random

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is, paramtype & param;

Reads the parameters of the distribution fromast d: : i stream

friend bool operator==(const paramtype & | hs, const paramtype & rhs)

Returnstrue if the parameters have the same values.

friend bool operator!=(const paramtype & |l hs, const paramtype & rhs)
Returns true if the parameters have different values.

Header <boost/random/cauchy_distribution.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenane Real Type = doubl e> cl ass cauchy_di stri bution

}
}

Class template cauchy_distribution

boost::random::cauchy_distribution
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Synopsis

/'l 1n header: <boost/randonf cauchy_di stri bution. hpp>

t enpl at e<t ypenane Real Type = doubl e>
cl ass cauchy_distribution {
publi c:

/'l types

t ypedef Real Type input_type

t ypedef Real Type result_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef cauchy_distribution distribution_type

/'l construct/copy/ destruct
explicit paramtype(Real Type = 0.0, Real Type = 1.0)

/1 public nmenber functions
Real Type nedi an() const;
Real Type sigma() const;
Real Type a() const;

Real Type b() const;

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istreanc< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit cauchy_distribution(Real Type = 0.0, Real Type = 1.0);
explicit cauchy_distribution(const paramtype &) ;

/1 public nmenber functions
Real Type medi an() const;
Real Type sigma() const;
Real Type a() const;
Real Type b() const;
Real Type min() const;
Real Type max() const;
param_type param ) const;
voi d param const paramtype &)
voi d reset ()
t enpl at e<t ypenane Engi ne> result_type operator () (Engine &
t enpl at e<t ypenane Engi ne>
result _type operator()(Engine & const paramtype &)

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const cauchy_distribution &);
tenpl at e<typenane CharT, typenane Traits>
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friend std::basic_istream< CharT, Traits > &

operator>>(std::basic_istream< CharT, Traits >

const cauchy_distribution &);
friend bool operator==(const

const

friend bool operator!=(const

Description

const

cauchy_di stribution
cauchy_di stribution
cauchy_di stribution
cauchy_di stribution

&) ;

&) ;

The cauchy distribution is a continuous distribution with two parameters, median and sigma.

o

Ithas 79 = T T @ —mp)

cauchy_di stri buti on public construct/copy/destruct

explicit cauchy_distribution(Real Type nedian = 0.0, Real Type sigma = 1.0);

Constructsacauchy_di stri but i on with the paramters medi an and si gma.

explicit cauchy_distribution(const paramtype & param;

Constructsacauchy_di stri buti on from it's parameters.

cauchy_di stri buti on public member functions

Real Type medi an() const;

Returns: the "median" parameter of the distribution

Real Type sigma() const;

Returns: the "sigma" parameter of the distribution

Real Type a() const;

Returns: the "median" parameter of the distribution

Real Type b() const;

Returns: the "sigma' parameter of the distribution

Real Type min() const;

Returns the smallest value that the distribution can produce.

Real Type max() const;

Returns the largest value that the distribution can produce.

param type param)

const ;
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voi d param const paramtype & param ;

void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.
t enpl at e<t ypenane Engi ne> result_type operator()(Engine & eng);

Returns: A random variate distributed according to the cauchy distribution.

L t enpl at e<t ypenane Engi ne>

result_type operator()(Engine & eng, const paramtype & param;

Returns: A random variate distributed according to the cauchy distribution with parameters specified by param.

cauchy_di stri bution friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const cauchy_distribution & cd);

Writesthe distribution to ast d: : ost r eam

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const cauchy_distribution & cd);

Reads the distribution from ast d: : i st ream

friend bool operator==(const cauchy_distribution & |hs,
const cauchy_distribution & rhs);

Returnstrue if the two distributions will produce identical sequences of values, given equal generators.

friend bool operator!=(const cauchy_distribution & |hs,
const cauchy_distribution & rhs);

Returnstrue if the two distributions may produce different sequences of values, given equal generators.

Class param_type

boost::random::cauchy_distribution::param_type
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Synopsis

/'l 1n header: <boost/randonf cauchy_di stri bution. hpp>

cl ass paramtype {
public:
/'l types
t ypedef cauchy_distribution distribution_type;

/'l construct/copy/ destruct

explicit paramtype(Real Type = 0.0, Real Type = 1.0)

/1 public nmenber functions

Real Type medi an() const;

Real Type sigma() const;

Real Type a() const;

Real Type b() const;

/'l friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)

friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

Description

par am t ype public construct/copy/destruct
explicit paramtype(Real Type nedian = 0.0, Real Type sigma = 1.0)

Constructs the parameters of the cauchy distribution.

par am t ype public member functions

Real Type medi an() const;

Returns the median of the distribution.
Real Type sigma() const;

Returns the sigma parameter of the distribution.
Real Type a() const;

Returns the median of the distribution.
Real Type b() const;

Returns the sigma parameter of the distribution.
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par am t ype friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostrean< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & o0s,
const paramtype & param;

Writes the parameters to a std::ostream.

2. t enpl at e<t ypenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istreanx CharT, Traits > & is,
const paramtype & param;
Reads the parameters from a std::istream.
3.

friend bool operator==(const paramtype & |l hs, const paramtype & rhs);

Returnstrue if the two sets of parameters are equal.
friend bool operator!=(const paramtype & | hs, const paramtype & rhs);

Returnstrue if the two sets of parameters are different.

Header <boost/random/chi_squared_distribution.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenane Real Type = doubl e> cl ass chi _squared_di stri buti on;

}
}

Class template chi_squared_distribution

boost::random::chi_squared_distribution
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Synopsis

/'l 1n header: <boost/randoni chi_squared_distribution. hpp>

t enpl at e<t ypenane Real Type = doubl e>
class chi _squared_distribution {
publi c:

/'l types

t ypedef Real Type result_type

t ypedef Real Type input_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef chi _squared_distribution distribution_type

/'l construct/copy/ destruct
explicit paramtype(Real Type = 1)

/1 public nmenber functions
Real Type n() const;

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit chi_squared_distribution(Real Type = 1);
explicit chi_squared_distribution(const paramtype &);

/1 public nmenber functions
t enpl at e<t ypenane URNG> Real Type operator () (URNG &)
t enpl at e<t ypenane URNG>
Real Type operator()(URNG & const paramtype &) const
Real Type n() const;
Real Type min() const;
Real Type max() const;
param_type param ) const;
voi d param const paramtype &)
voi d reset ()

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const chi _squared_distribution &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &
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chi _squared_distribution &);

friend bool operator==(const chi_squared_distribution
const chi _squared_distribution
friend bool operator!=(const chi_squared_distribution
const chi _squared_distribution

Description

_.L.[ﬁ,l'ﬂ]—lg—:,in

Pty = ———
The distribution functionis " Tz

chi _squar ed_di stri buti on public construct/copy/destruct

explicit chi_squared_distribution(Real Type n =

The chi squared distribution is areal valued distribution with one parameter, n. The distribution produces values > 0.

Construct achi _squar ed_di st ri buti on object. n isthe parameter of the distribution.

Requires: t>=0&& 0<=p<=1

explicit chi_squared_distribution(const paramtype & param ;

Construct anchi _squar ed_di st ri but i on object from the parameters.

chi _squared_di stri buti on public member functions

t enpl at e<t ypenane URNG> Real Type operator()(URNG & urng);

Returns a random variate distributed according to the chi squared distribution.

t enpl at e<t ypenane URNG>

Real Type operator()(URNG & urng, const paramtype & param const;

Returns arandom variate distributed according to the chi squared distribution with parameters specified by par am

Real Type n() const;

Returns the n parameter of the distribution.
Real Type min() const;

Returns the smallest value that the distribution can produce.
Real Type max() const;

Returns the largest value that the distribution can produce.
param type param ) const;

Returns the parameters of the distribution.
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voi d param const paramtype & param ;
Sets parameters of the distribution.

void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.
chi _squared_di stribution friend functions

L tenpl at e<typenane CharT, typenanme Traits>

friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const chi _squared_distribution & c2d);

Writes the parameters of the distributionto ast d: : ost r eam

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
chi _squared_distribution & c2d);

Reads the parameters of the distribution from ast d: : i stream

friend bool operator==(const chi_squared_distribution & |Ihs,
const chi _squared_distribution & rhs);

Returnstrue if the two distributions will produce the same sequence of values, given equal generators.

friend bool operator!=(const chi_squared_distribution & |hs,
const chi _squared_distribution & rhs);

Returnstrue if the two distributions could produce different sequences of values, given equal generators.

Class param_type

boost::random::chi_squared_distribution::param_type
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Synopsis

/'l 1n header: <boost/randoni chi_squared_distribution. hpp>

cl ass paramtype {
public:
/'l types
typedef chi _squared_distribution distribution_type

/'l construct/copy/ destruct
explicit paramtype(Real Type = 1)

/1 public nmenber functions
Real Type n() const;
/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

Description
par am t ype public construct/copy/destruct
explicit paramtype(Real Type n = 1)
Construct apar am t ype object. n isthe parameter of the distribution.
Requires: t>=0&& O0<=p<=1

par am t ype public member functions
Real Type n() const;

Returns the n parameter of the distribution.

par am t ype friend functions

tenpl at e<typenane CharT, typename Traits>
friend std::basic_ostrean< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os
const paramtype & param

Writes the parameters of the distribution to ast d: : ost r eam

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is, paramtype & param;

Reads the parameters of the distribution fromastd: : i stream
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friend bool operator==(const paramtype & |lhs, const paramtype & rhs);
Returnstrue if the parameters have the same values.

friend bool operator!=(const paramtype & | hs, const paramtype & rhs);
Returnstrue if the parameters have different values.

Header <boost/random/discard_block.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenane Uni f or mRandonNunber Generator, std::size_t p,
std::size_t r>
cl ass di scard_bl ock_engi ne;

Class template discard_block_engine

boost::random::discard_block_engine
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Synopsis

/'l In header: <boost/randoni di scard_bl ock. hpp>

t enpl at e<t ypenanme Uni f or nRandomNunber Generator, std::size_t p, std::size_t r>
cl ass di scard_bl ock_engi ne {

publi c:
/'l types
t ypedef Unifor mRandomNunber Gener at or base_t ype;
typedef base_type::result_type result_type;

/'l construct/copy/ destruct

di scard_bl ock_engi ne();

explicit discard_bl ock_engi ne(const base_type &) ;

explicit discard_bl ock_engi ne(base_type &&);

explicit discard_bl ock_engi ne(seed_type);

t enpl at e<t ypenane SeedSeq> explicit discard_bl ock_engi ne( SeedSeq &);
tenpl at e<typenane |t> discard_bl ock_engine(lt & 1It);

/1 public nmenber functions

voi d seed();

voi d seed(seed_type);

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq &) ;
tenpl ate<typenane It> void seed(It & It);

const base_type & base() const;

result_type operator()();

voi d di scard(boost: :uintmax_t);

t enpl at e<typenanme It> void generate(lt, It);

/1 public static functions
static result_type mn();
static result_type max();

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const di scard_bl ock_engine &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & discard_bl ock_engine &) ;
friend bool operator==(const discard_bl ock_engi ne &,
const di scard_bl ock_engine &);
friend bool operator!=(const discard_bl ock_engine &,
const di scard_bl ock_engine &);

/1 public data nenbers

static const std::size_t block_size;
static const std::size_t used_bl ock;
static const bool has_fixed_range;
static const std::size_t total _bl ock;
static const std::size_t returned_bl ock;

Description

Theclasstemplatediscard block_engineisamodel of pseudo-random number generator . It modifies another generator by discarding
parts of its output. Out of every block of p results, thefirst r will be returned and the rest discarded.

Requires: O<p<=r
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di

scard_bl ock_engi ne public construct/copy/destruct
di scard_bl ock_engi ne();
Uses the default seed for the base generator.
explicit discard_bl ock_engi ne(const base_type & rng);
Constructs anew di scar d_bl ock_engi ne with a copy of rng.
explicit discard_bl ock_engi ne(base_type && rng);
Constructsanew di scar d_bl ock_engi ne with rng.
explicit discard_bl ock_engi ne(seed_type val ue);
Createsanew di scar d_bl ock_engi ne and seeds the underlying generator with val ue
tenpl at e<t ypenane SeedSeq> explicit discard_bl ock_engi ne(SeedSeq & seq);
Createsanew di scar d_bl ock_engi ne and seeds the underlying generator with seq
tenpl at e<typenane It> discard_bl ock_engine(lt & first, It last);

Createsanew di scar d_bl ock_engi ne and seeds the underlying generator with first and last.

d

scard_bl ock_engi ne public member functions

voi d seed();
default seeds the underlying generator.

voi d seed(seed_type s);
Seeds the underlying generator with s.

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq & seq);
Seeds the underlying generator with seq.

tenpl at e<typenane It> void seed(lt & first, It last);
Seeds the underlying generator with first and last.

const base_type & base() const;
Returns the underlying engine.

result_type operator()();
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Returns the next value of the generator.

7 voi d di scard(boost::uintmax_t z);

8. tenpl ate<typenane It> void generate(lt first, It last);

di scar d_bl ock_engi ne public static functions
static result_type mn();
Returns the smallest value that the generator can produce. Thisis the same as the minimum of the underlying generator.
static result_type nmax();

Returns the largest value that the generator can produce. Thisis the same as the maximum of the underlying generator.

di scard_bl ock_engi ne friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const discard_bl ock_engine & s);

Writesadi scard_bl ock_engi ne toast d: : ostream

tenpl at e<t ypenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
di scard_bl ock_engine & s);

Readsadi scard_bl ock_engi ne fromastd: :istream

friend bool operator==(const discard_bl ock_engine & x,
const discard_bl ock_engine & vy);

Returnstrue if the two generators will produce identical sequences.

friend bool operator!=(const discard_bl ock_engine & x,
const discard_bl ock_engine & vy);

Returnstrue if the two generators will produce different sequences.

Header <boost/random/discrete_distribution.hpp>

nanmespace boost {
namespace random {
tenpl at e<typenane I ntType = int, typenane Wei ght Type = doubl e>
cl ass discrete_distribution;

47

render

httpo://www.renderx.com/


../../../../boost/random/discrete_distribution.hpp
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.Random

Class template discrete_distribution

boost::random::discrete_distribution
Synopsis

/'l In header: <boost/randoni discrete_distribution. hpp>

tenpl at e<typenane I ntType = int, typenane Wei ght Type = doubl e>
class discrete_distribution {
public:

/'l types

typedef Wei ght Type i nput _type;

typedef IntType result_type;

/'l menber cl asses/structs/unions

cl ass paramtype {
public:
/'l types
typedef discrete_distribution distribution_type;

/1 construct/copy/ destruct

paramtype();

tenpl at e<typenane |ter> paramtype(lter, lter);

param type(const std::initializer_list< WightType > &;

t enpl at e<t ypenane Range> explicit paramtype(const Range &);

t enpl at e<t ypenane Func> param type(std::size_t, double, double, Func);

/1 public nmenber functions
std::vector< Wi ght Type > probabilities() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &);
friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

I

/1 construct/copy/destruct
di screte_distribution();
tenpl ate<typenane Iter> discrete_distribution(lter, lter);
di screte_distribution(std::initializer_list< WightType >);
tenpl at e<t ypenane Range> explicit discrete_distribution(const Range &);
t enpl at e<t ypenane Func>
di screte_distribution(std::size_t, double, double, Func);
explicit discrete_distribution(const paramtype &);

/1 public nmenber functions

t enpl at e<t ypenane URNG> | nt Type operat or (
t enpl at e<t ypenane URNG> | nt Type operator(
result_type mn() const;

result_type nmax() const;

std::vector< Wi ght Type > probabilities() const;
param type paramnm() const;

voi d paramconst paramtype &);

void reset();

(URNG &) const;

)
) (URNG &, const paramtype &) const;
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/'l friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const discrete_distribution &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &
const discrete_distribution &)
friend bool operator==(const discrete_distribution &
const discrete_distribution &)
friend bool operator!=(const discrete_distribution &
const discrete_distribution &)

Description

Theclassdi screte_di stri buti on modelsarandom distribution . It producesintegersin the range [0, n) with the probability of
producing each value is specified by the parameters of the distribution.

di screte_distribution public construct/copy/destruct

di screte_distribution();

Createsanew di scret e_di st ri buti on object that has #{0) =1 and p{dé >0) =0,
2. tenpl ate<typenane Iter> discrete_distribution(lter first, Iter |ast)

Congtructsadi scret e_di stri buti onfromaniterator range. Iffi r st ==1 ast , equivalent to the default constructor. Otherwise,
the values of the range represent weights for the possible values of the distribution.

di screte_distribution(std::initializer_|list< WightType > w);

Constructs adi screte_di stributionfromastd::initializer_list.Iftheinitializer_|list isempty, equivaent
to the default constructor. Otherwise, the values of thei ni ti al i zer _I i st represent weights for the possible values of the dis-
tribution. For example, given the distribution

di screte_distribution<> dist{1, 4, 5};
The probability of a0 is 1/10, the probability of alis 2/5, the probability of a2 is1/2, and no other values are possible.
tenpl at e<t ypenane Range> explicit discrete_distribution(const Range & range)

Congtructsadi scret e_di stri buti on from aBoost.Range range. If the range is empty, equivalent to the default constructor.
Otherwise, the values of the range represent weights for the possible values of the distribution.

t enpl at e<t ypenane Func>
discrete distribution(std::size t nw double xmn, double xmax, Func fw);

Congtructsadi scr et e_di st ri but i on that approximatesafunction. If nw iszero, equivalent to the default constructor. Otherwise,

the range of the distribution is [0, nw), and the weights are found by calling fw with values evenly distributed between xmin + /2
and xmax — §/2 where ¢ = {(xmax — xmin)/ow
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explicit discrete_distribution(const paramtype & param;

Constructsadi scret e_di stri buti on from its parameters.

d

screte_di stribution public member functions
t enpl at e<t ypenanme URNG> | nt Type operator () (URNG & urng) const;
Returns a value distributed according to the parameters of the di scret e_di stri buti on.

t enpl at e<t ypenane URNG>
I nt Type operator()(URNG & urng, const paramtype & param const;

Returns a value distributed according to the parameters specified by param.
result_type mn() const;
Returns the smallest value that the distribution can produce.
result_type nmax() const;
Returns the largest value that the distribution can produce.
std::vector< Wi ght Type > probabilities() const;
Returns a vector containing the probabilities of each value of the distribution. For example, given

di screte_distribution<> dist = { 1, 4, 5 };
std::vector<double> p = dist.param);

the vector, p will contain {0.1, 0.4, 0.5}.

If Wi ght Type isintegral, then the weights will be returned unchanged.
param type param ) const;
Returns the parameters of the distribution.
voi d param const paramtype & param ;
Sets the parameters of the distribution.
void reset();
Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.

di screte_distribution friend functions

L tenpl at e<typenane CharT, typenanme Traits>

friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const discrete_distribution & dd);
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Writes adistributionto ast d: : ostream

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const discrete_distribution & dd);

Reads adistribution from ast d: : i stream

friend bool operator==(const discrete_distribution & |hs,
const discrete _distribution & rhs);

Returnstrue if the two distributions will return the same sequence of values, when passed equal generators.

4. friend bool operator!=(const discrete_distribution & |hs,

const discrete_distribution & rhs);

Returnstrue if the two distributions may return different sequences of values, when passed equal generators.

Class param_type

boost::random::discrete_distribution::param_type
Synopsis

/'l 1In header: <boost/randoni discrete_distribution.hpp>

cl ass paramtype {
publi c:
/'l types
typedef discrete_distribution distribution_type;

/1l construct/copy/ destruct

param type();

tenpl at e<typenane |ter> paramtype(lter, Iter);

param type(const std::initializer_list< WightType > &);

t enpl at e<t ypenane Range> explicit paramtype(const Range &);

t enpl at e<t ypenane Func> paramtype(std::size_t, double, double, Func);

/1 public nmenber functions
std::vector< Wi ght Type > probabilities() const;

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &);
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &);
friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);
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Description

par am t ype public construct/copy/destruct

param type();

Constructs apar am t ype object, representing a distribution with #{0} =1 and p{klk > 0) =0,
tenpl at e<typenane Iter> paramtype(lter first, Iter last);

If first ==1ast, equivalent to the default constructor. Otherwise, the values of the range represent weights for the possible
values of the distribution.

param type(const std::initializer_list< WightType > & w);

If wl.size() == 0, equivalent to the default constructor. Otherwise, the values of thei ni ti al i zer _| i st represent weights for
the possible values of the distribution.

t enpl at e<t ypenane Range> explicit paramtype(const Range & range);

If the range is empty, equivalent to the default constructor. Otherwise, the elements of the range represent weights for the possible
values of the distribution.

. t enpl at e<t ypenane Func>

param type(std::size_t nw, double xmn, double xmax, Func fw);

If nw is zero, equivalent to the default constructor. Otherwise, the range of the distribution is [0, nw), and the weights are found
by calling fw with values evenly distributed between xmin +3/2 gnd xmax — /2 where § = (xmax — xmin)/ow

par am t ype public member functions

L std::vector< Wi ght Type > probabilities() const;

Returns a vector containing the probabilities of each possible value of the distribution.
par am t ype friend functions

L t enpl at e<t ypenane CharT, typenane Traits>

friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostreanx< CharT, Traits > & os,
const paramtype & param;

Writes the parametersto ast d: : ost ream

2. tenpl at e<typenane CharT, typenanme Traits>

friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const paramtype & param;

Reads the parametersfromast d: : i st ream

friend bool operator==(const paramtype & |l hs, const paramtype & rhs);
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Returnstrue if the two sets of parameters are the same.
friend bool operator!=(const paramtype & | hs, const paramtype & rhs);

Returnstrue if the two sets of parameters are different.

Header <boost/random/exponential _distribution.hpp>

nanmespace boost {
namespace random {
t enpl at e<t ypenane Real Type = doubl e> cl ass exponenti al _di stribution;

}
}

Class template exponential_distribution

boost::random::exponential _distribution
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Synopsis

/'l 1n header: <boost/randonf exponential _distribution. hpp>

t enpl at e<t ypenane Real Type = doubl e>
cl ass exponential _distribution {
publi c:

/'l types

t ypedef Real Type input_type

t ypedef Real Type result_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
t ypedef exponential _distribution distribution_type;

/'l construct/copy/ destruct
param type( Real Type = 1.0)

/1 public nmenber functions
Real Type | anbda() const;

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit exponential _distribution(Real Type = 1.0);
explicit exponential _distribution(const paramtype &);

/1 public nmenber functions
Real Type | anbda() const;
Real Type min() const;
Real Type max() const;
param_type param ) const;
voi d param const paramtype &)
voi d reset ()
t enpl at e<t ypenane Engi ne> result_type operator()(Engine & const;
t enpl at e<t ypenane Engi ne>
result _type operator()(Engine & const paramtype & const;

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const exponential _distribution &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &
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const exponential _distribution &) ;
friend bool operator==(const exponential _distribution &,
const exponential _distribution &) ;
friend bool operator!=(const exponential _distribution &,
const exponential _distribution &) ;

Description

The exponentia distribution isamodel of random distribution with a single parameter |lambda.
It has P(z) = ™

exponenti al _di stribution public construct/copy/destruct
explicit exponential _distribution(Real Type |lanbda = 1.0);

Constructs an exponent i al _di st ri buti on with agiven lambda.

Requires: lambda > 0
explicit exponential _distribution(const paramtype & param ;

Constructs an exponent i al _di st ri but i on from its parameters

exponenti al _di stributi on public member functions

Real Type | anmbda() const;

Returns the lambda parameter of the distribution.
Real Type min() const;

Returns the smallest value that the distribution can produce.
Real Type max() const;

Returns the largest value that the distribution can produce.
param type param ) const;

Returns the parameters of the distribution.
voi d param const paramtype & param ;

Sets the parameters of the distribution.
void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.

t enpl at e<t ypenane Engi ne> result_type operator()(Engine & eng) const;
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Returns a random variate distributed according to the exponential distribution.

t enpl at e<t ypenanme Engi ne>
result _type operator()(Engine & eng, const paramtype & param const;

Returns a random variate distributed according to the exponential distribution with parameters specified by param.

exponenti al _distribution friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const exponential _distribution & ed);

Writes the distribution to a std::ostream.

tenpl at e<t ypenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const exponential _distribution & ed);

Reads the distribution from a std::istream.

friend bool operator==(const exponential _distribution & Ihs,
const exponential _distribution & rhs);

Returns true iff the two distributions will produce identical sequences of values given equal generators.

friend bool operator!=(const exponential _distribution & I|hs,
const exponential _distribution & rhs);

Returnstrue iff the two distributions will produce different sequences of values given equal generators.

Class param_type

boost::random::exponential _distribution::param_type
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Synopsis

/'l 1n header: <boost/randonf exponential _distribution. hpp>

cl ass paramtype {
public:
/'l types
t ypedef exponential _distribution distribution_type;

/'l construct/copy/ destruct
param type( Real Type = 1.0)

/1 public nmenber functions
Real Type | anbda() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

Description

par am t ype public construct/copy/destruct
param type( Real Type | anbda = 1.0)

Constructs parameters with a given lambda.
Requires: lambda > 0

par am t ype public member functions
Real Type | anbda() const;

Returns the lambda parameter of the distribution.

par am t ype friend functions

tenpl at e<typenane CharT, typename Traits>
friend std::basic_ostrean< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os
const paramtype & param

Writes the parametersto ast d: : ost ream

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istreanc CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is
const paramtype & param;

57

render
> httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Random

Reads the parametersfromast d: : i st ream

friend bool operator==(const paramtype & | hs, const paramtype & rhs)
Returnstrue if the two sets of parameters are equal.

friend bool operator!=(const paramtype & |hs, const paramtype & rhs)
Returnstrue if the two sets of parameters are different.

Header <boost/random/extreme_value_distribution.hpp>

namespace boost {
namespace random {
tenpl at e<t ypenane Real Type = doubl e> cl ass extrene_val ue_di stri bution
}
}

Class template extreme_value_distribution

boost::random::extreme_value_distribution
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Synopsis

/'l 1n header: <boost/randonf extreme_val ue_di stribution. hpp>

t enpl at e<t ypenane Real Type = doubl e>
cl ass extrene_val ue_distribution {
publi c:

/'l types

t ypedef Real Type result_type

t ypedef Real Type input_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef extreme_val ue_distribution distribution_type;

/'l construct/copy/ destruct
explicit paramtype(Real Type = 1.0, Real Type = 1.0);

/1 public nmenber functions
Real Type a() const;
Real Type b() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit extrenme_val ue_distribution(Real Type = 1.0, Real Type = 1.0);
explicit extreme_val ue_distribution(const paramtype &)

/1 public nmenber functions
t enpl at e<t ypenane URNG> Real Type operator()(URNG & const
t enpl at e<t ypenane URNG>
Real Type operator()(URNG & const paramtype &) const
Real Type a() const;
Real Type b() const;
Real Type min() const;
Real Type max() const;
param_type param ) const;
voi d param const paramtype &)
voi d reset ()

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const extrenme_value_distribution &)
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &
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const extrene_val ue_distribution &);
friend bool operator==(const extrene_val ue_distribution &,
const extrenme_val ue_distribution &);
friend bool operator!=(const extrene_val ue_distribution &,
const extrenme_val ue_distribution &);

Description

The extreme value distribution is areal valued distribution with two parameters aand b.

L s 278
-_ tsl €
It has P = 3¢ .
extreme_val ue_di stri buti on public construct/copy/destruct

explicit extreme_val ue_distribution(Real Type a = 1.0, Real Type b = 1.0);

Constructsan ext reme_val ue_di stri buti on fromits"a' and "b" parameters.

Requires: b>0
explicit extreme_val ue_distribution(const paramtype & param;

Constructs an ext r eme_val ue_di st ri but i on from its parameters.

extreme_val ue_di stri bution public member functions
t enpl at e<t ypenane URNG> Real Type operator()(URNG & urng) const;

Returns arandom variate distributed according to the ext r ene_val ue_di stri buti on.

2. t enpl at e<t ypenane URNG>
Real Type operator()(URNG & urng, const paramtype & param const;
Returns arandom variate distributed accordint to the extreme value distribution with parameters specified by par am
3. :
Real Type a() const;
Returnsthe "a" parameter of the distribution.
4. _
Real Type b() const;
Returnsthe "b" parameter of the distribution.
5. . _
Real Type min() const;
Returns the smallest value that the distribution can produce.
6.

Real Type max() const;

Returns the largest value that the distribution can produce.
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param type param) const;
Returns the parameters of the distribution.

voi d param const paramtype & param ;
Sets the parameters of the distribution.

void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.

extreme_val ue_di stri bution friend functions

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_ostrean< CharT, Traits > &
oper at or<<(std::basic_ostream< CharT, Traits > & os,
const extrenme_val ue_distribution & wd);

Writesanext reme_val ue_di stributiontoastd:: ostream

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const extrene_val ue_distribution & wd);

Readsan ext renme_val ue_di stributionfromastd::istream

friend bool operator==(const extrene_val ue_distribution & |hs,
const extreme_val ue_distribution & rhs);

Returns true if the two instances of ext rene_val ue_di stri buti on will return identical sequences of values given egqual
generators.

friend bool operator!=(const extrene_val ue_distribution & |hs,
const extrene_value_distribution & rhs);

Returns true if the two instances of extreme_val ue_di stri buti on will return different sequences of values given equal
generators.

Class param_type

boost::random::extreme _value distribution::param_type
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Synopsis

/'l 1n header: <boost/randonf extreme_val ue_di stribution. hpp>

cl ass paramtype {
public:
/'l types
typedef extreme_val ue_distribution distribution_type;

/'l construct/copy/ destruct

explicit paramtype(Real Type = 1.0, Real Type = 1.0);

/1 public nmenber functions

Real Type a() const;

Real Type b() const;

/1 friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)

friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

Description

par am t ype public construct/copy/destruct
explicit paramtype(Real Type a = 1.0, Real Type b = 1.0)

Constructs apar am t ype from the"a" and "b" parameters of the distribution.
Requires: b>0

par am t ype public member functions
Real Type a() const;
Returnsthe "a' parameter of the distribtuion.
Real Type b() const;

Returnsthe "b" parameter of the distribution.

par am t ype friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os
const paramtype & param;

Writesaparam type toast d: : ost ream
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tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is
const paramtype & param;

Readsaparam t ype fromastd: : i st ream

friend bool operator==(const paramtype & | hs, const paramtype & rhs)
Returnstrue if the two sets of parameters are the same.

friend bool operator!=(const paramtype & |l hs, const paramtype & rhs)

Returns true if the two sets of parameters are the different.

Header <boost/random/fisher_f_distribution.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenane Real Type = doubl e> class fisher_f_distribution
}
}

Class template fisher_f_distribution

boost::random::fisher_f_distribution
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Synopsis

/'l In header: <boost/randoni fisher_f_distribution.hpp>

t enpl at e<t ypenane Real Type = doubl e>
class fisher_f _distribution {
publi c:

/'l types

t ypedef Real Type result_type

t ypedef Real Type input_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef fisher_f _distribution distribution_type

/'l construct/copy/ destruct
explicit paramtype(Real Type = 1.0, Real Type = 1.0);

/1 public nmenber functions
Real Type m() const;
Real Type n() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit fisher_f _distribution(Real Type = 1.0, Real Type = 1.0)
explicit fisher_f _distribution(const paramtype &)

/1 public nmenber functions
t enpl at e<t ypenane URNG> Real Type operator () (URNG &)
t enpl at e<t ypenane URNG>
Real Type operator()(URNG & const paramtype &) const
Real Type m() const;
Real Type n() const;
Real Type min() const;
Real Type max() const;
param_type param ) const;
voi d param const paramtype &)
voi d reset ()

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const fisher_f_distribution &);
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &
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const fisher_f _distribution &) ;
friend bool operator==(const fisher_f _distribution &
const fisher_f _distribution &) ;
friend bool operator!=(const fisher_f _distribution &
const fisher_f _distribution &) ;

Description

The Fisher F distribution isareal valued distribution with two parameters m and n.

o JUmAn)/2) emam/2 (o mapy —iminy2
It has ®°) = Tm/2Tns2) () (1+ 22}

fisher_f_distribution public construct/copy/destruct
explicit fisher_f _distribution(Real Type m= 1.0, Real Type n = 1.0);

Constructsafi sher _f _distributionfromits"m" and"n" parameters.

Requires; m>0andn>0
explicit fisher_f_distribution(const paramtype & param ;

Constructsan fi sher _f _di stri buti on fromits parameters.

fisher _f_distribution public member functions
t enpl at e<t ypenane URNG> Real Type operator () (URNG & urng);
Returns arandom variate distributed according to the F distribution.

t enpl at e<t ypenane URNG>
Real Type operator()(URNG & urng, const paramtype & param const;

Returns arandom variate distributed according to the F distribution with parameters specified by par am
Real Type m() const;
Returns the "m" parameter of the distribution.
Real Type n() const;
Returnsthe "n" parameter of the distribution.
Real Type min() const;
Returns the smallest value that the distribution can produce.
Real Type max() const;

Returns the largest value that the distribution can produce.
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param type param) const;
Returns the parameters of the distribution.

voi d param const paramtype & param ;
Sets the parameters of the distribution.

void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.

fisher _f_distributionfriend functions

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_ostrean< CharT, Traits > &
oper at or<<(std::basic_ostream< CharT, Traits > & os,
const fisher f distribution & fd);

Writesanfisher f _distributiontoastd::ostream

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const fisher_f _distribution & fd);

Readsanfisher f _distributionfromastd::istream

friend bool operator==(const fisher_f_distribution & |hs,
const fisher_f _distribution & rhs);

Returnstrueif thetwo instancesof fi sher _f _di st ri buti on will return identical sequences of values given equal generators.

friend bool operator!=(const fisher_f _distribution & |hs,
const fisher _f _distribution & rhs);

Returnstrueif thetwo instancesof fi sher _f _di stri buti on will return different sequences of values given equal generators.

Class param_type

boost::random::fisher_f_distribution::param_type
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Synopsis

/'l In header: <boost/randoni fisher_f_distribution.hpp>

cl ass paramtype {
public:
/'l types
typedef fisher_f _distribution distribution_type;

/'l construct/copy/ destruct

explicit paramtype(Real Type = 1.0, Real Type = 1.0);

/1 public nmenber functions

Real Type m() const;

Real Type n() const;

/1 friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)

friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

Description

par am t ype public construct/copy/destruct
explicit paramtype(Real Type m= 1.0, Real Type n = 1.0);

Constructs apar am t ype from the"m" and "n" parameters of the distribution.
Requires: m>0andn>0

par am t ype public member functions
Real Type m() const;
Returnsthe "m" parameter of the distribtuion.
Real Type n() const;

Returnsthe "n" parameter of the distribution.

par am t ype friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const paramtype & param;

Writesaparam type toast d: : ost ream
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tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is
const paramtype & param;

Readsaparam t ype fromastd: : i st ream

friend bool operator==(const paramtype & | hs, const paramtype & rhs)
Returnstrue if the two sets of parameters are the same.

friend bool operator!=(const paramtype & |l hs, const paramtype & rhs)

Returns true if the two sets of parameters are the different.

Header <boost/random/gamma_distribution.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenane Real Type = doubl e> cl ass gamma_di stri bution
}
}

Class template gamma_distribution

boost::random::gamma_distribution
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Synopsis

/'l In header: <boost/randonl ganma_di stri bution. hpp>

t enpl at e<t ypenane Real Type = doubl e>
class gamma_distribution {
publi c:

/'l types

t ypedef Real Type input_type

t ypedef Real Type result_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
t ypedef gamma_distribution distribution_type;

/'l construct/copy/ destruct
param type(const Real Type & = 1.0, const Real Type & = 1.0);

/1 public nmenber functions
Real Type al pha() const;
Real Type beta() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct

explicit gamma_distribution(const result_type &
const result_type &

explicit gama_distribution(const paramtype &);

/1 public nmenber functions
Real Type al pha() const;
Real Type beta() const;
Real Type min() const;
Real Type max() const;
param_type param ) const;
voi d param const paramtype &)
voi d reset ()
t enpl at e<t ypenane Engi ne> result_type operator () (Engine &)
t enpl at e<t ypenane URNG>
Real Type operator()(URNG & const paramtype &) const

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const gamu_di stribution &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istreanc< CharT, Traits > &
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operator>>(std::basic_istream< CharT, Traits > & gamma_distribution &);
friend bool operator==(const gamme_di stribution &,
const gamua_di stribution &);
friend bool operator!=(const gamme_di stribution &,
const gamua_di stribution &);

Description

The gamma distribution is a continuous distribution with two parameters alpha and beta. It produces values > 0.
—x/8
=yt
It has #) FeT{a),

ganme_di st ri bution public construct/copy/destruct

explicit gamma_distribution(const result_type & alpha = 1.0,
const result_type & beta = 1.0);

Createsanew gamma_di st ri but i on with parameters "apha’ and "beta".

Requires: alpha> 0 && beta>0
explicit gamra_di stribution(const paramtype & param;

Constructsaganma_di st ri but i on from its parameters.

gama_di stri bution public member functions
Real Type al pha() const;
Returns the "alpha" paramter of the distribution.
Real Type beta() const;
Returnsthe "beta’ parameter of the distribution.
Real Type min() const;
Returns the smallest value that the distribution can produce.

Real Type max() const;

param_type param ) const;
Returns the parameters of the distribution.
voi d param(const paramtype & param ;

Sets the parameters of the distribution.
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void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.
t enpl at e<t ypenane Engi ne> result_type operator()(Engine & eng);

Returns a random variate distributed according to the gamma distribution.

t enpl at e<t ypenane URNG>
Real Type operator()(URNG & urng, const paramtype & param const;

gamma_di stri bution friend functions

t enpl at e<t ypenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostrean< CharT, Traits > & os,
const ganmme_di stribution & gd);

Writesagamma_di stributiontoastd:: ostream

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
ganme_di stribution & gd);

Readsaganma_di stri bution fromastd: :istream

friend bool operator==(const gamre_di stribution & | hs,
const gamma_di stribution & rhs);

Returnstrue if the two distributions will produce identical sequences of random variates given equal generators.

friend bool operator!=(const ganmme_distribution & | hs,
const gamua_distribution & rhs);

Returnstrue if the two distributions can produce different sequences of random variates, given equal generators.

Class param_type

boost::random::gamma._distribution::param_type
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Synopsis

/'l In header: <boost/randonl ganma_di stri bution. hpp>

cl ass paramtype {
public:
/'l types
t ypedef gamma_di stribution distribution_type;

/'l construct/copy/ destruct
param type(const Real Type & = 1.0, const Real Type & = 1.0);

/1 public nmenber functions

Real Type al pha() const;

Real Type beta() const;

/1 friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &);

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & paramtype &) ;

friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

Description

par am t ype public construct/copy/destruct
param type(const Real Type & al pha = 1.0, const Real Type & beta = 1.0);

Constructs apar am t ype object from the "alpha’ and "beta" parameters.
Requires: alpha> 0 && beta>0

par am t ype public member functions
Real Type al pha() const;
Returnsthe "alpha' parameter of the distribution.
Real Type beta() const;

Returns the "beta' parameter of the distribution.

par am t ype friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const paramtype & param;

Writes the parametersto ast d: : ost ream
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tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is, paramtype & param;

Reads the parametersfromast d: : i stream
friend bool operator==(const paramtype & | hs, const paramtype & rhs)

Returnstrue if the two sets of parameters are the same.

friend bool operator!=(const paramtype & |l hs, const paramtype & rhs)

Returnstrue if the two sets fo parameters are different.
Header <boost/random/geometric_distribution.hpp>

namespace boost {
namespace random {

t enpl at e<t ypenane IntType = int, typenane Real Type = doubl e>
cl ass geonetric_distribution;

Class template geometric_distribution

boost::random::geometric_distribution
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Synopsis

/'l 1In header: <boost/randoni geonetric_distribution. hpp>

tenpl at e<typenane IntType = int, typenane Real Type = doubl e>
cl ass geonetric_distribution {
publi c:

/'l types

t ypedef Real Type input_type

typedef IntType result_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef geonetric_distribution distribution_type;

/'l construct/copy/ destruct
explicit paramtype(Real Type = 0.5)

/1 public nmenber functions
Real Type p() const;

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit geonetric_distribution(const Real Type & = 0.5);
explicit geonetric_distribution(const paramtype &)

/1 public nmenber functions
Real Type p() const;
I nt Type min() const
I nt Type nmax() const
param_type param ) const;
voi d param const paramtype &)
voi d reset ()
t enpl at e<t ypenane Engi ne> result_type operator()(Engine & const;
t enpl at e<t ypenane Engi ne>
result _type operator()(Engine & const paramtype & const;

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const geonetric_distribution &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &
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const geonetric_distribution &);
friend bool operator==(const geonetric_distribution &,
const geonetric_distribution &);
friend bool operator!=(const geonetric_distribution &,
const geonetric_distribution &);

Description

Aninstantiation of theclasstemplategeonet ri c_di st ri but i on modelsarandom distribution . Thedistribution produces positive
integers which are the number of bernoulli trials with probability p required to get one that fails.

For the geometric distribution, #{8} =2{1—g)'

O Warning
This distribution has been updated to match the C++ standard. Its behavior has changed from the original
boost::geometric_distribution. A backwards compatible wrapper is provided in namespace boost.

geonetric_distribution public construct/copy/destruct
explicit geonetric_distribution(const Real Type & p = 0.5);

Contructsanew geornet ri c_di stri buti on with the paramter p.

Requires: 0<p<1
explicit geonetric_distribution(const paramtype & param;

Constructsanew geonet ri c_di st ri buti on from its parameters.

geonetric_di stribution public member functions
Real Type p() const;
Returns: the distribution parameter p
I nt Type nmin() const;
Returns the smallest value that the distribution can produce.
I nt Type max() const;
Returns the largest value that the distribution can produce.
param type param) const;
Returns the parameters of the distribution.
5.

voi d paramconst paramtype & param ;

Sets the parameters of the distribution.
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void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.
t enpl at e<t ypenane Engi ne> result_type operator()(Engine & eng) const;

Returns a random variate distributed according to the georet ri ¢_di stri buti on.

8. t enpl at e<t ypenane Engi ne>

result_type operator()(Engine & eng, const paramtype & param const;

Returns arandom variate distributed according to the geometric distribution with parameters specified by param.

geomet ri c_di stribution friend functions

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_ostrean< CharT, Traits > &
oper ator<<(std::basic_ostream< CharT, Traits > & os,
const geonetric_distribution & gd);

Writes the distribution to ast d: : ost ream

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const geonetric_distribution & gd);

Reads the distribution from ast d: : i st r eam

friend bool operator==(const geonetric_distribution & |hs,
const geonetric_distribution & rhs);

Returnstrueif the two distributions will produce identical sequences of values given equal generators.

friend bool operator!=(const geonetric_distribution & |hs,
const geonetric_distribution & rhs);

Returnstrue if the two distributions may produce different sequences of values given equal generators.

Class param_type

boost::random::geometric_distribution::param_type
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Synopsis

/'l 1In header: <boost/randoni geonetric_distribution. hpp>

cl ass paramtype {
public:
/'l types
typedef geonetric_distribution distribution_type;

/'l construct/copy/ destruct
explicit paramtype(Real Type = 0.5);

/1 public nmenber functions
Real Type p() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &);
friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

Description

par am t ype public construct/copy/destruct
explicit paramtype(Real Type p = 0.5);

Constructs the parameters with p.

par am t ype public member functions
Real Type p() const;

Returns the p parameter of the distribution.

par am t ype friend functions

t enpl at e<t ypenanme CharT, typenanme Traits>
friend std::basic_ostrean< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const paramtype & param;

Writes the parameters to a std::ostream.

2. t enpl at e<t ypenane CharT, typenanme Traits>

friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istreanx CharT, Traits > & is,
const paramtype & param;

Reads the parameters from a std::istream.
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friend bool operator==(const paramtype & |lhs, const paramtype & rhs);
Returnstrue if the two sets of parameters are equal.

friend bool operator!=(const paramtype & | hs, const paramtype & rhs);
Returnstrue if the two sets of parameters are different.

Header <boost/random/independent_bits.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenanme Engi ne, std::size_t w, typenane U ntType>
cl ass i ndependent _bits_engi ne;

Class template independent_bits_engine

boost::random::independent_bits engine
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Synopsis

/'l 1n header: <boost/randoniindependent_bits. hpp>

t enpl at e<t ypenane Engi ne, std::size_t w, typenane U ntType>
cl ass i ndependent _bits_engine {
publi c:

/'l types

t ypedef Engi ne base_type;

typedef Ul nt Type result_type;

/'l construct/copy/ destruct

i ndependent _bits_engine();

explicit independent_bits_engine(result_type);

t enpl at e<t ypenane SeedSeq> explicit independent_bits_engi ne( SeedSeq &) ;
i ndependent _bi ts_engi ne(const base_type &) ;

tenpl at e<typenane |t> independent_bits_engine(lt & 1t);

/1 public static functions
static result_type mn();
static result_type max();

/1 public nmenber functions

voi d seed();

voi d seed(result_type);

tenpl at e<t ypenane SeedSeq> voi d seed(SeedSeq &) ;
tenpl ate<typenane It> void seed(It & It);
result_type operator()();

tenpl at e<typenane Iter> void generate(lter, lter);
voi d di scard(boost::uintmax_t);

const base_type & base() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const independent _bits_engine &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &,
const independent _bits_engine &);
friend bool operator==(const independent_bits_engi ne &,
const independent _bits_engine &);
friend bool operator!=(const independent_bits_engi ne &,
const independent _bits_engine &);

/1 public data nenbers
static const bool has_fixed_range;

Description

An instantiation of class templatei ndependent _bi t s_engi ne model a pseudo-random number generator . It generates random
numbers distributed between [0, 2*w) by combining one or more invocations of the base engine.

Requires: 0 < w <= std::numeric_limits<UIntType>::digits

i ndependent _bi ts_engi ne public construct/copy/destruct

i ndependent _bits_engi ne();
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Constructs ani ndependent _bi ts_engi ne using the default constructor of the base generator.
explicit independent_bits_engine(result_type seed);
Constructsani ndependent _bi t s_engi ne, using seed as the constructor argument for both base generators.
t enpl at e<t ypenane SeedSeq> explicit independent_bits_engi ne( SeedSeq & seq);
Constructs ani ndependent _bi t s_engi ne, using seq as the constructor argument for the base generator.
i ndependent _bi ts_engi ne(const base_type & base_arg);
Constructsani ndependent _bi t s_engi ne by copying base.
tenpl at e<typenane It> i ndependent_bits_engine(lt & first, It last);

Contructs an i ndependent _bi t s_engi ne with values from the range defined by the input iterators first and last. first will be
modified to point to the element after the last one used.

Throws: st d: : i nval i d_ar gunment if theinput range istoo small.
Exception Safety: Basic

i ndependent _bi t s_engi ne public static functions

L static result_type mn();
Returns the smallest value that the generator can produce.

static result_type max();

Returns the largest value that the generator can produce.

i ndependent _bi ts_engi ne public member functions
voi d seed();
Seedsani ndependent _bi t s_engi ne using the default seed of the base generator.
voi d seed(result_type seed);
Seedsani ndependent _bi t s_engi ne, using seed as the seed for the base generator.
3. t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq & seq);
Seedsani ndependent _bi t s_engi ne, using seq to seed the base generator.

tenpl at e<typenane It> void seed(lt & first, It last);

Seeds an i ndependent _bi t s_engi ne with values from the range defined by the input iterators first and last. first will be
modified to point to the element after the last one used.
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Throws: st d: : i nval i d_ar gunment if theinput range istoo small.
Exception Safety: Basic
5. .
result_type operator()();
Returns the next value of the generator.
t enpl at e<typenanme Iter> void generate(lter first, Iter last);
Fills arange with random values
£ voi d discard(boost::uintmax_t z);

Advances the state of the generator by z.

const base_type & base() const;

i ndependent _bi t s_engi ne friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostrean< CharT, Traits > & os,
const independent_bits_engine & r);

Writes the textual representation if the generator to a st d: : ost r eam The textual representation of the engine is the textual
representation of the base engine.

2 tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const independent_bits_engine & r);
Reads the state of ani ndependent _bi ts_engi ne fromastd: :i stream
3. friend bool operator==(const independent_bits_engine & x,
const independent_bits_engine & vy);
Returns: trueiff thetwo i ndependent _bi t s_engi nes will produce the same sequence of values.
4,

friend bool operator!=(const independent_bits_engine & | hs,
const independent _bits_engine & rhs);

Returns: trueiff thetwo i ndependent _bi t s_engi nes will produce different sequences of values.
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Header <boost/random/inversive_congruential.hpp>

namespace boost {
namespace random {
tenpl at e<t ypenane | nt Type, IntType a, IntType b, |ntType p>
cl ass inversive_congruential _engine
t ypedef inversive_congruential _end
gine< uint32_t, 9102, 2147483647-36884165, 2147483647 > hell ekal ek1995
}
}

Class template inversive_congruential_engine

boost::random::inversive_congruential_engine
Synopsis

/'l In header: <boost/randoniinversive_congruential.hpp>

tenpl at e<typenane | ntType, IntType a, IntType b, |ntType p>
cl ass inversive_congruential _engine {
public:

/'l types

typedef IntType result_type;

/'l construct/copy/ destruct

i nver si ve_congruential _engi ne();

explicit inversive_congruential _engine(lntType);

t enpl at e<t ypenane SeedSeq> explicit inversive_congruential _engi ne(SeedSeq &) ;
tenpl at e<typenane |t> inversive_congruential _engine(lt & It);

/1 public static functions
static result_type mn();
static result_type max();

/1 public nmenber functions

voi d seed();

voi d seed( | nt Type);

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq &) ;
tenpl at e<typenane It> void seed(It & It);

I nt Type operator()();

tenpl at e<typenane Iter> void generate(lter, lter);
voi d di scard(boost::uintmax_t);

/'l friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const inversive_congruential _engine &);
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istrean< CharT, Traits > &,
const inversive_congruential _engine &);
friend bool operator==(const inversive_congruential _engine &,
const inversive_congruential _engi ne &);
friend bool operator!=(const inversive_congruential _engine &,
const inversive_congruential _engi ne &);

/1 public data nenbers
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static const bool has_fixed_range;
static const result_type nmultiplier;
static const result_type increnent;
static const result_type nodul us;
static const |IntType default_seed;

Description

Instantiations of classtemplatei nver si ve_congr uenti al _engi ne model apseudo-random number generator . It usestheinversive
congruential agorithm (ICG) described in

"Inversive pseudorandom number generators: concepts, results and links', Peter Hellekalek, In: "Proceedings of

the 1995 Winter Simulation Conference”, C. Alexopoulos, K. Kang, W.R. Lilegdon, and D. Goldsman (editors),

1995, pp. 255-262. ftp://random.mat.sbg.ac.at/pub/data/wsc95.ps
The output sequence is defined by x(n+1) = (a*inv(x(n)) - b) (mod p), where x(0), a, b, and the prime number p are parameters of
the generator. The expression inv(k) denotes the multiplicative inverse of k in the field of integer numbers modulo p, with inv(0) :=
0.

The template parameter IntType shall denote a signed integral type large enough to hold p; a, b, and p are the parameters of the
generators. The template parameter val is the validation value checked by validation.

S Note
The implementation currently uses the Euclidian Algorithm to compute the multiplicative inverse. Therefore, the
inversive generators are about 10-20 times slower than the others (see section"performance"). However, the paper
talks of only 3x slowdown, so the Euclidian Algorithm is probably not optimal for calculating the multiplicative

inverse.

i nversive_congruenti al _engi ne public construct/copy/destruct
i nversi ve_congruential _engine();
Constructsani nver si ve_congr uent i al _engi ne, seeding it with the default seed.
explicit inversive_congruential _engine(lntType x0);
Constructsani nver si ve_congruenti al _engi ne, seeding it with x0.

t enpl at e<t ypenanme SeedSeq>
explicit inversive_congruential _engi ne(SeedSeq & seq);

Constructsani nver si ve_congr uenti al _engi ne, seeding it with values produced by acall to seq. generat e() .
t enpl at e<typenane It> inversive_congruential _engine(lt & first, It last);

Constructs an i nver si ve_congr uenti al _engi ne, seeds it with values taken from the itrator range [first, last), and adjusts
first to point to the element after the last one used. If there are not enough elements, throws st d: : i nval i d_ar gunment .

first and last must be input iterators.
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i nversive_congruential _engi ne public static functions

static result_type mn();

2. static result_type nmax();

i nversive_congruenti al _engi ne public member functions
voi d seed();
Calls seed(default_seed)
voi d seed( Il nt Type xO0);

If ¢ mod mis zero and X0 mod mis zero, changes the current value of the generator to 1. Otherwise, changesit to xO mod m. If
ciszero, distinct seedsin the range [1,m) will leave the generator in distinct states. If ¢ isnot zero, the rangeis[0,m).

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq & seq);
Seedsani nver si ve_congr uenti al _engi ne using values from a SeedSeq.
tenpl ate<typenane It> void seed(lIt & first, It last);

seedsani nver si ve_congr uenti al _engi ne with values taken from the itrator range [first, last) and adjustsfi r st to point
to the element after the last one used. If there are not enough elements, throwsst d: : i nval i d_ar gunent .

first andl ast must beinput iterators.

I nt Type operator()();
Returns the next output of the generator.

t enpl at e<typenanme Iter> void generate(lter first, Iter last);
Fills arange with random values

voi d di scard(boost::uintmax_t z);

Advances the state of the generator by z.

i nversi ve_congruenti al _engi ne friend functions

tenpl at e<t ypenane CharT, typenanme Traits>
friend std::basic_ostreanx< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const inversive_congruential _engine & X);

Writes the textual representation of the generator to ast d: : ost r eam
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tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is
const inversive_congruential _engine & x)

Reads the textual representation of the generator fromast d: : i stream

friend bool operator==(const inversive_congruential _engine & x,
const inversive_congruential _engine & vy);

Returnstrue if the two generators will produce identical sequences of outputs.

friend bool operator!=(const inversive_congruential _engine & | hs
const inversive_congruential _engine & rhs)

Returns true if the two generators will produce different sequences of outputs.

Type definition hellekalek1995
hellekalek1995

Synopsis
/'l I'n header: <boost/randoniinversive_congruential . hpp>

t ypedef inversive_congruential _enOd
gine< uint32_t, 9102, 2147483647-36884165, 2147483647 > hel | ekal ek1995

Description
The specialization hellekal ek1995 was suggested in

"Inversive pseudorandom number generators: concepts, results and links', Peter Hellekalek, In: "Proceedings of
the 1995 Winter Simulation Conference”, C. Alexopoulos, K. Kang, W.R. Lilegdon, and D. Goldsman (editors),
1995, pp. 255-262. ftp://random.mat.sbg.ac.at/pub/data/wsc95.ps

Header <boost/random/lagged_fibonacci.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenane Real Type, int w, unsigned int p, unsigned int g>
cl ass | agged_fibonacci _01_engi ne;
tenpl at e<typenane U nt Type, int w, unsigned int p, unsigned int g>
cl ass | agged_fi bonacci _engi ne
t ypedef | agged_fi bonacci_01_engi ne< double, 48, 607, 273 > |agged_fibonacci 607
t ypedef | agged_fi bonacci _01 engi ne< double, 48, 1279, 418 > | agged_fi bonacci 1279;
t ypedef | agged_fi bonacci _01 engi ne< double, 48, 2281, 1252 > | agged_fi bonacci 2281
t ypedef | agged_fi bonacci _01_engi ne< doubl e, 48, 3217, 576 > |agged_fibonacci 3217
t ypedef | agged_fi bonacci _01 engi ne< doubl e, 48, 4423, 2098 > | agged_fi bonacci 4423
t ypedef | agged_fi bonacci _01 engi ne< double, 48, 9689, 5502 > | agged_fi bonacci 9689
t ypedef | agged_fi bonacci _01_engi ne< doubl e, 48, 19937, 9842 > | agged_fi bonacci 19937
t ypedef | agged_fi bonacci _01_engi ne< double, 48, 23209, 13470 > | agged_fibonacci 23209
t ypedef | agged_fi bonacci _01_engi ne< doubl e, 48, 44497, 21034 > | agged_fi bonacci 44497

85

render

> httpo://www.renderx.com/


ftp://random.mat.sbg.ac.at/pub/data/wsc95.ps
../../../../boost/random/lagged_fibonacci.hpp
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Random

Class template lagged_fibonacci_01_engine

boost::random::lagged_fibonacci_01_engine
Synopsis

/1 I'n header: <boost/randoni | agged_fi bonacci . hpp>

tenpl at e<typenane Real Type, int w, unsigned int p, unsigned int g>
cl ass | agged_fi bonacci _01_engi ne {
public:

/'l types

typedef Real Type result_type;

/1 construct/copy/ destruct

| agged_fi bonacci _01_engi ne();

explicit |agged_fibonacci_ 01 engine(uint32_t);

t enpl at e<t ypenane SeedSeq> explicit |agged fibonacci _01_engi ne( SeedSeq &) ;
tenpl at e<typenane |t> | agged_fibonacci _01 _engine(lt & 1It);

/1 public nmenber functions

voi d seed();

voi d seed(boost::uint32_t);

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq &) ;
tenpl ate<typenane It> void seed(It & It);
result_type operator()();

tenpl ate<typenane Iter> void generate(lter, Iter);
voi d di scard(boost::uintmax_t);

/1 public static functions
static result_type mn();
static result_type nmax();

/'l friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostreanm< CharT, Traits > &,
const | agged_fibonacci _01_engi ne &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istreamx CharT, Traits > &,
const | agged_fibonacci _01_engi ne &);
friend bool operator==(const |agged_fibonacci_01_engine &,
const | agged_fibonacci _01_engi ne &);
friend bool operator!=(const |agged_fibonacci_01_engine &,
const | agged_fibonacci _01_engi ne &);

/1 public data nenbers

static const bool has_fixed_range;

static const int word_size;

static const unsigned int |ong_lag;

static const unsigned int short_| ag;
static const boost::uint32_t default_seed,

Description

Instantiations of classtemplate| agged_fi bonacci _01 model a pseudo-random number generator . It uses alagged Fibonacci al-
gorithm with two lags p and q, evaluated in floating-point arithmetic: x(i) = x(i-p) + x(i-g) (mod 1) with p > g. See

"Uniform random number generatorsfor supercomputers’, Richard Brent, Proc. of Fifth Australian Supercomputer
Conference, Melbourne, Dec. 1992, pp. 704-706.
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S Note
The quality of the generator crucially depends on the choice of the parameters. User code should employ one of the
sensibly parameterized generators such as lagged_fibonacci607 instead.

The generator requires considerable amounts of memory for the storage of its state array. For example, lagged_fibonacci607 requires
about 4856 bytes and lagged_fibonacci44497 requires about 350 KBytes.

| agged_fi bonacci _01_engi ne public construct/copy/destruct
| agged_fi bonacci _01_engi ne();
Constructsal agged_fi bonacci _01 generator and callsseed() .
explicit |agged_fibonacci_01_engi ne(uint32_t val ue);
Constructsal agged_f i bonacci _01 generator and callsseed( val ue) .
3. tenpl at e<t ypenane SeedSeq> explicit |agged_fibonacci _01_engi ne( SeedSeq & seq);

Constructsal agged_fi bonacci _01 generator and callsseed( gen) .

t enpl at e<typenane It> | agged_fi bonacci _01_engine(lt & first, It last);

| agged_fi bonacci _01_engi ne public member functions
voi d seed();
Calls seed(default_seed).
voi d seed(boost::uint32_t value);

Constructsani nst d_r and0 generator with the constructor parameter value and calls seed with it. Distinct seedsin therange[1,
2147483647) will produce generators with different states. Other seeds will be equivalent to some seed within this range. See
| i near _congruenti al _engi ne for details.

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq & seq);
Seedsthis| agged_fi bonacci _01_engi ne using values produced by seq. gener at e.
tenpl at e<typenane It> void seed(lIt & first, It last);

Seeds this| agged_f i bonacci _01_engi ne using values from the iterator range [first, last). If there are not enough elements
intherange, throwsst d: : i nval i d_ar gunment .

result_type operator()();
Returns the next value of the generator.

tenpl at e<typenane Iter> void generate(lter first, Iter last);
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Fills arange with random values
7 voi d di scard(boost::uintmax_t z);

Advances the state of the generator by z.

| agged_fi bonacci _01_engi ne public static functions
static result_type mn();
Returns the smallest value that the generator can produce.
static result_type nmax();

Returns the upper bound of the generators outputs.

| agged_fi bonacci _01_engi ne friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const | agged_fibonacci _01_engine & f);

Writes the textual representation of the generator to ast d: : ost r eam

tenpl at e<typenane CharT, typename Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const | agged_fibonacci_01_engine & f);

Reads the textual representation of the generator fromast d: : i st ream

friend bool operator==(const |agged_fibonacci_01_engine & x_,
const | agged_fibonacci _01_engine & y_);

Returnstrue if the two generators will produce identical sequences of outputs.

friend bool operator!=(const |agged_fibonacci_01_engine & | hs,
const | agged_fibonacci_01_engine & rhs);

Returnstrue if the two generators will produce different sequences of outputs.

Class template lagged_fibonacci_engine

boost::random::lagged_fibonacci_engine
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Synopsis

/'l 1n header: <boost/randoni | agged_fi bonacci. hpp>

tenpl at e<typenane Ul nt Type, int w, unsigned int p, unsigned int g>
cl ass | agged_fi bonacci _engi ne {
publi c:

/'l types

typedef Ul ntType result_type;

/'l construct/copy/ destruct

| agged_fi bonacci _engi ne();

explicit | agged_fibonacci_engi ne(U ntType);

t enpl at e<t ypenane SeedSeq> explicit |agged_fibonacci _engi ne(SeedSeq &) ;
tenpl at e<typenane |t> | agged_fibonacci _engine(lt & 1t);

/1 public static functions
static result_type mn();
static result_type max();

/1 public nmenber functions

voi d seed();

voi d seed( Ul nt Type) ;

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq &) ;
tenpl ate<typenane It> void seed(It & It);
result_type operator()();

tenpl at e<typenane Iter> void generate(lter, lter);
voi d di scard(boost: :uintmax_t);

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const | agged_fibonacci_engine &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &,
const | agged_fibonacci_engine &);
friend bool operator==(const |agged_fibonacci_engine &,
const | agged_fibonacci_engine &);
friend bool operator!=(const |agged_fibonacci_engine &,
const | agged_fibonacci_engine &);

/1 public data nenbers

static const bool has_fixed_range;
static const int word_size;

static const unsigned int long_|ag;

static const unsigned int short_|ag;
static const U ntType default_seed;

Description

Instantiations of class template lagged fibonacci_engine model a pseudo-random number generator . It uses alagged Fibonacci al-
gorithm with two lags p and q: x(i) = x(i-p) + x(i-g) (mod 2") with p > q.

| agged_fi bonacci _engi ne public construct/copy/destruct
| agged_fi bonacci _engi ne();

Createsanew | agged_fi bonacci _engi ne and callsseed().
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explicit | agged_fibonacci_engi ne(U nt Type val ue);
Createsanew | agged_fi bonacci _engi ne and callsseed(val ue) .
t enpl at e<t ypenane SeedSeq> explicit |agged_fibonacci_engi ne( SeedSeq & seq);
Createsanew | agged_fi bonacci _engi ne and callsseed(seq) .
4.

tenpl at e<typenane |It> | agged_fi bonacci _engine(lt & first, It last);

Createsanew | agged_fi bonacci _engi ne and callsseed(first, |ast).

| agged_fi bonacci _engi ne public static functions
static result_type mn();
Returns the smallest value that the generator can produce.
static result_type nmax();

Returns the largest value that the generator can produce.

| agged_fi bonacci _engi ne public member functions

voi d seed();

Cdlsseed(def aul t _seed).
voi d seed( Ul nt Type val ue);

Sets the state of the generator to values produced by ani nst d_r andO generator.
t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq & seq);

Sets the state of the generator using values produced by seg.
tenpl ate<typenane It> void seed(lIt & first, It last);

Sets the state of the generator to values from the iterator range [first, last). If there are not enough elements in the range [first,
last) throws st d: : i nval i d_ar gunent .

result_type operator()();
Returns the next value of the generator.

tenpl ate<typenane Iter> void generate(lter first, Iter last);
Fills arange with random values

voi d di scard(boost::uintmax_t z);
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Advances the state of the generator by z.

| agged_fi bonacci _engi ne friend functions

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_ostrean< CharT, Traits > &
oper ator<<(std::basic_ostream< CharT, Traits > & o0s
const | agged_fibonacci_engine & f);

Writes the textual representation of the generator to ast d: : ostream

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istreanc CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const | agged_fibonacci _engine & f);

Reads the textual representation of the generator fromast d: : i stream

friend bool operator==(const |agged_fibonacci_engine & x_,
const | agged_fibonacci_engine &vy_);

Returnstrue if the two generators will produce identical sequences of outputs.

friend bool operator!=(const |agged fibonacci_engine & | hs,
const | agged_fibonacci _engine & rhs);

Returnstrue if the two generators will produce different sequences of outputs.

Type definition lagged_fibonacci607
lagged_fibonacci607

Synopsis
/1 I'n header: <boost/randoni | agged_fi bonacci. hpp>

typedef | agged_fibonacci 01 engi ne< double, 48, 607, 273 > | agged_fi bonacci 607;

Description
The specializations lagged_fibonacci607 ... lagged_fibonacci44497 use well tested lags.
See

"On the Periods of Generalized Fibonacci Recurrences’, Richard P. Brent Computer Sciences Laboratory Australian
National University, December 1992

The lags used here can be found in

"Uniform random number generatorsfor supercomputers’, Richard Brent, Proc. of Fifth Australian Supercomputer
Conference, Melbourne, Dec. 1992, pp. 704-706.
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Type definition lagged_fibonaccil279

lagged_fibonacci1279
Synopsis
/'l 1n header: <boost/randoni | agged_fi bonacci . hpp>

t ypedef | agged_fibonacci _01 engi ne< double, 48, 1279, 418 > | agged_fi bonacci 1279;

Description
The specializations lagged fibonacci607 ... lagged fibonacci44497 use well tested lags.
See

"On the Periods of Generalized Fibonacci Recurrences’, Richard P. Brent Computer Sciences Laboratory Australian
National University, December 1992

The lags used here can be found in
"Uniform random number generatorsfor supercomputers’, Richard Brent, Proc. of Fifth Australian Supercomputer
Conference, Melbourne, Dec. 1992, pp. 704-706.

Type definition lagged_fibonacci2281

lagged fibonacci2281

Synopsis
/'l In header: <boost/randoni | agged_fi bonacci . hpp>

t ypedef | agged_fi bonacci_01_engi ne< doubl e, 48, 2281, 1252 > | agged_fi bonacci 2281,

Description
The specializations lagged fibonacci607 ... lagged fibonacci44497 use well tested lags.
See

"On the Periods of Generalized Fibonacci Recurrences’, Richard P. Brent Computer Sciences L aboratory Australian
National University, December 1992

The lags used here can be found in
"Uniform random number generatorsfor supercomputers’, Richard Brent, Proc. of Fifth Australian Supercomputer
Conference, Melbourne, Dec. 1992, pp. 704-706.

Type definition lagged_fibonacci3217

lagged fibonacci3217
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Synopsis
/'l 1n header: <boost/randoni | agged_fi bonacci. hpp>

t ypedef | agged_fibonacci 01 _engi ne< double, 48, 3217, 576 > |agged_fibonacci 3217

Description
The specializations lagged fibonacci607 ... lagged fibonacci44497 use well tested lags.
See

"On the Periods of Generalized Fibonacci Recurrences’, Richard P. Brent Computer Sciences Laboratory Australian
National University, December 1992

The lags used here can be found in

"Uniform random number generatorsfor supercomputers’, Richard Brent, Proc. of Fifth Australian Supercomputer
Conference, Melbourne, Dec. 1992, pp. 704-706.

Type definition lagged_fibonacci4423

lagged_fibonacci4423
Synopsis
/'l In header: <boost/randoni | agged_fi bonacci . hpp>

t ypedef |agged_fibonacci _01_engi ne< doubl e, 48, 4423, 2098 > | agged_fi bonacci 4423

Description
The specializations lagged fibonacci607 ... lagged fibonacci44497 use well tested lags.
See

"On the Periods of Generalized Fibonacci Recurrences’, Richard P. Brent Computer Sciences Laboratory Australian
National University, December 1992

The lags used here can be found in

"Uniform random number generatorsfor supercomputers’, Richard Brent, Proc. of Fifth Australian Supercomputer
Conference, Melbourne, Dec. 1992, pp. 704-706.

Type definition lagged_fibonacci9689

lagged fibonacci9689
Synopsis
/'l In header: <boost/randoni | agged_fi bonacci. hpp>

t ypedef | agged_fi bonacci_01_engi ne< doubl e, 48, 9689, 5502 > | agged_fi bonacci 9689
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Description
The specializations lagged fibonacci607 ... lagged fibonacci44497 use well tested lags.
See

"On the Periods of Generalized Fibonacci Recurrences’, Richard P. Brent Computer Sciences Laboratory Australian
National University, December 1992

The lags used here can be found in
"Uniform random number generatorsfor supercomputers’, Richard Brent, Proc. of Fifth Australian Supercomputer
Conference, Melbourne, Dec. 1992, pp. 704-706.

Type definition lagged_fibonacci19937

lagged fibonacci19937

Synopsis
/'l In header: <boost/randoni | agged_fi bonacci. hpp>

t ypedef | agged_fi bonacci _01_engi ne< doubl e, 48, 19937, 9842 > | agged_fi bonacci 19937

Description
The specializations lagged fibonacci607 ... lagged fibonacci44497 use well tested lags.
See

"On the Periods of Generalized Fibonacci Recurrences’, Richard P. Brent Computer Sciences L aboratory Australian
National University, December 1992

The lags used here can be found in

"Uniform random number generatorsfor supercomputers’, Richard Brent, Proc. of Fifth Australian Supercomputer
Conference, Melbourne, Dec. 1992, pp. 704-706.

Type definition lagged_fibonacci23209

lagged_fibonacci23209
Synopsis
/'l In header: <boost/randoni | agged_fi bonacci. hpp>
t ypedef | agged_fibonacci _01_engi ne< double, 48, 23209, 13470 > | agged_fi bonacci 23209;

Description
The specializations lagged_fibonacci607 ... lagged fibonacci44497 use well tested lags.

See
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"On the Periods of Generalized Fibonacci Recurrences’, Richard P. Brent Computer Sciences Laboratory Australian
National University, December 1992

The lags used here can be found in
"Uniform random number generatorsfor supercomputers’, Richard Brent, Proc. of Fifth Australian Supercomputer
Conference, Melbourne, Dec. 1992, pp. 704-706.

Type definition lagged_fibonacci44497

lagged fibonacci44497
Synopsis
/'l In header: <boost/randoni | agged_fi bonacci. hpp>

t ypedef | agged_fi bonacci _01_engi ne< doubl e, 48, 44497, 21034 > | agged_fi bonacci 44497

Description
The specializations lagged fibonacci607 ... lagged fibonacci44497 use well tested lags.
See

"On the Periods of Generalized Fibonacci Recurrences’, Richard P. Brent Computer Sciences L aboratory Australian
National University, December 1992

The lags used here can be found in

"Uniform random number generatorsfor supercomputers’, Richard Brent, Proc. of Fifth Australian Supercomputer
Conference, Melbourne, Dec. 1992, pp. 704-706.

Header <boost/random/laplace_distribution.hpp>

nanespace boost {
namespace random {
tenpl at e<t ypenane Real Type = doubl e> cl ass | apl ace_di stribution;
}
}

Class template laplace_distribution

boost::random::laplace distribution
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Synopsis

/'l In header: <boost/randoni| apl ace_di stribution. hpp>
t enpl at e<t ypenane Real Type = doubl e>
class laplace_distribution {
publi c:

/'l types

t ypedef Real Type result_type

t ypedef Real Type input_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef |aplace_distribution distribution_type;

/'l construct/copy/ destruct
explicit paramtype(Real Type = 0.0, Real Type = 1.0)

/1 public nmenber functions
Real Type nmean() const;
Real Type beta() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit laplace_distribution(Real Type = 0.0, Real Type = 1.0)
explicit laplace_distribution(const paramtype &)

/1 public nmenber functions
t enpl at e<t ypenane URNG> Real Type operator()(URNG & const
t enpl at e<t ypenane URNG>
Real Type operator()(URNG & const paramtype &) const
Real Type nmean() const;
Real Type beta() const;
Real Type min() const;
Real Type max() const;
param_type param ) const;
voi d param const paramtype &)
voi d reset ()

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const | aplace_distribution &
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &
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const | aplace_distribution &) ;
friend bool operator==(const |aplace_distribution &,
const | aplace_distribution &) ;
friend bool operator!=(const |aplace_distribution &,
const | aplace_distribution &) ;

Description
The laplace distribution is areal-valued distribution with two parameters, mean and beta.

e~ B

Ithas 9= "8
| apl ace_di stribution public construct/copy/destruct
explicit |aplace_distribution(Real Type mean = 0.0, Real Type beta = 1.0);
Constructsan | apl ace_di stri buti on fromits"mean" and "beta' parameters.

explicit laplace_distribution(const paramtype & param ;

Constructsan | apl ace_di st ri buti on from its parameters.

| apl ace_di stri bution public member functions
t enpl at e<t ypenane URNG> Real Type operator()(URNG & urng) const;

Returns a random variate distributed according to the laplace distribution.

2. t enpl at e<t ypenane URNG>
Real Type operator()(URNG & urng, const paramtype & param const;
Returns arandom variate distributed accordint to the laplace distribution with parameters specified by par am
3. _
Real Type nmean() const;
Returns the "mean" parameter of the distribution.
4. _
Real Type beta() const;
Returns the "beta" parameter of the distribution.
5. : :
Real Type min() const;
Returns the smallest value that the distribution can produce.
6.

Real Type max() const;
Returns the largest value that the distribution can produce.

param_type param) const;
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Returns the parameters of the distribution.

voi d param const paramtype & param ;
Sets the parameters of the distribution.

void reset()

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.

| apl ace_di stribution friend functions

tenpl at e<t ypenane CharT, typenanme Traits>
friend std::basic_ostrean< CharT, Traits > &
oper ator<<(std::basic_ostream< CharT, Traits > & os
const | aplace_distribution & wd);

Writesan | apl ace_di stri butiontoastd:: ostream

2. tenpl at e<typenane CharT, typenane Traits>

friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is
const | aplace_distribution & wd);

Readsan| apl ace_di stributionfromastd::istream

friend bool operator==(const |aplace_distribution & |hs
const | aplace_distribution & rhs)

Returnstrueif the two instances of | apl ace_di st ri buti on will return identical sequences of values given equal generators.

friend bool operator!=(const |aplace_distribution & |hs
const | aplace_distribution & rhs)

Returnstrueif the two instances of | apl ace_di st ri buti on will return different sequences of values given equal generators.

Class param_type

boost::random::laplace distribution::param_type
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Synopsis

/'l In header: <boost/randoni| apl ace_di stribution. hpp>

cl ass paramtype {
public:
/'l types
typedef |aplace_distribution distribution_type;

/'l construct/copy/ destruct

explicit paramtype(Real Type = 0.0, Real Type = 1.0);

/1 public nmenber functions

Real Type nmean() const;

Real Type beta() const;

/1 friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &);

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &);

friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

Description

par am t ype public construct/copy/destruct
explicit paramtype(Real Type nean = 0.0, Real Type beta = 1.0);

Constructs apar am t ype from the "mean"” and "beta’' parameters of the distribution.

par am t ype public member functions
Real Type nmean() const;
Returns the "mean" parameter of the distribtuion.
Real Type beta() const;

Returnsthe "beta' parameter of the distribution.
par am t ype friend functions

L t enpl at e<t ypenane CharT, typenane Traits>

friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostreanx< CharT, Traits > & os,
const paramtype & param;

Writesaparam t ype toast d: : ost ream
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tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is
const paramtype & param;

Readsaparam t ype fromastd: : i st ream

friend bool operator==(const paramtype & | hs, const paramtype & rhs)
Returnstrue if the two sets of parameters are the same.

friend bool operator!=(const paramtype & |l hs, const paramtype & rhs)

Returns true if the two sets of parameters are the different.

Header <boost/random/linear_congruential.hpp>

namespace boost {
namespace random {
tenpl at e<t ypenanme I ntType, IntType a, IntType c, IntType m
class |inear_congruential _engine;
cl ass rand48s;
typedef |inear_congruential _engine< uint32_t, 16807, 0, 2147483647 > m nstd_rand0
typedef |inear_congruential _engine< uint32_t, 48271, 0, 2147483647 > minstd_rand
}
}

Class template linear_congruential_engine

boost::random::linear_congruential_engine
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Synopsis

/'l 1n header: <boost/randoni|inear_congruential.hpp>

tenpl at e<typenane I ntType, IntType a, IntType ¢, |ntType e
class |inear_congruential _engine {
publi c:

/'l types

typedef IntType result_type;

/'l construct/copy/ destruct

I i near _congruential _engine();

explicit linear_congruential _engine(lntType);

t enpl at e<t ypenanme SeedSeq> explicit |inear_congruential _engi ne(SeedSeq &);
tenpl ate<typenane It> |inear_congruential _engine(lt & 1It);

/1 public nmenber functions

voi d seed();

voi d seed( | nt Type);

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq &) ;
tenpl ate<typenane It> void seed(It & It);

I nt Type operator()();

tenpl at e<typenane Iter> void generate(lter, lter);
voi d di scard(boost: :uintmax_t);

/1 public static functions
static result_type mn();
static result_type max();

/'l friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const |inear_congruential _engine &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &,
| i near _congruenti al _engi ne &);

/1 public data nenbers

static const bool has_fixed_range;
static const IntType nultiplier;
static const |ntType increnent;
static const |ntType nodul us;
static const |IntType default_seed;

Description

Instantiations of classtemplate linear_congruential_engine model a pseudo-random number generator . Linear congruential pseudo-
random number generators are described in:

"Mathematical methods in large-scale computing units’, D. H. Lehmer, Proc. 2nd Symposium on Large-Scale
Digital Calculating Machines, Harvard University Press, 1951, pp. 141-146

L et x(n) denote the sequence of numbers returned by some pseudo-random number generator. Then for the linear congruential gen-
erator, x(n+1) := (a* x(n) + ¢) mod m. Parameters for the generator are x(0), a ¢, m. The template parameter IntType shall denote
an integral type. It must be large enough to hold values a, ¢, and m. The template parameters a and ¢ must be smaller than m.

Note: The quality of the generator crucialy depends on the choice of the parameters. User code should use one of the sensibly
parameterized generators such as minstd_rand instead.
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near _congruenti al _engi ne public construct/copy/destruct
I i near _congruential _engine();
Constructsal i near _congr uenti al _engi ne, using the default seed
explicit linear_congruential _engine(lntType xO0);
Constructsal i near _congruenti al _engi ne, seeding it with x0.
t enpl at e<t ypenane SeedSeq> explicit |inear_congruential _engi ne(SeedSeq & seq);
Constructsal i near _congr uenti al _engi ne, seeding it with values produced by acall to seq. generat e().
tenpl at e<typenane It> |inear_congruential _engine(lt & first, It last);

Constructsal i near _congr uenti al _engi ne and seeds it with values taken from the itrator range [first, last) and adjusts first
to point to the element after the last one used. If there are not enough elements, throwsst d: : i nval i d_ar gunent .

first and last must be input iterators.

near _congruenti al _engi ne public member functions
voi d seed();

Calls seed(default_seed)
voi d seed( Il nt Type x0);

If ¢ mod mis zero and X0 mod m is zero, changes the current value of the generator to 1. Otherwise, changesit to xO mod m. If
ciszero, distinct seedsin the range [1,m) will leave the generator in distinct states. If ¢ isnot zero, the rangeis[0,m).

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq & seq);
Seedsal i near _congruenti al _engi ne using values from a SeedSeq.
tenpl ate<typenane It> void seed(It & first, It last);

seedsal i near _congruenti al _engi ne with values taken from the itrator range [first, last) and adjustsf i r st to point to the
element after the last one used. If there are not enough elements, throws st d: : i nval i d_ar gunent .

first andl ast must beinput iterators.
I nt Type operator()();
Returns the next value of thel i near _congr uenti al _engi ne.
t enpl at e<typenanme Iter> void generate(lter first, Iter last);

Fills arange with random values
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£ voi d di scard(boost::uintmax_t z);
Advances the state of the generator by z.
| i near _congruenti al _engi ne public static functions
1 . . ]
static result_type mn();
Returns the smallest value that thel i near _congr uenti al _engi ne can produce.
2. . _
static result_type nmax();
Returnsthe largest value that the | i near _congr uenti al _engi ne can produce.
| i near _congruenti al _engi ne friend functions
1

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const |inear_congruential _engine & |cg);

Writesal i near _congruential _engi netoastd:: ostream

tenpl at e<t ypenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
| i near _congruential _engine & |cg);

Readsal i near _congruenti al _engi ne fromastd: :istream

Class rand48

boost::random::rand48
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Synopsis
/'l 1n header: <boost/randoni|inear_congruential.hpp>

cl ass rand48 {
publi c:
/'l types
typedef boost::uint32_t result_type;

/'l construct/copy/ destruct

rand48() ;

explicit rand48(result_type);

tenpl at e<t ypenane SeedSeq> explicit rand48(SeedSeq &);
tenpl ate<typenane It> rand48(It & |It);

/1 public static functions
static uint32_t nmin();
static uint32_t nax();

/1 public nmenber functions

voi d seed();

voi d seed(result_type);

tenpl ate<typenane It> void seed(It & It);

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq &) ;
uint32_t operator()();

voi d di scard(boost: :uintmax_t);

tenpl at e<typenane Iter> void generate(lter, lter);

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostrean< CharT, Traits > & const rand48 &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istrean< CharT, Traits > & rand48 &);
friend bool operator==(const rand48 & const rand48 &);
friend bool operator!=(const rand48 & const rand48 &);

/1 public data nenbers
static const bool has_fixed_range;

Description

Class r and48 models a pseudo-random number generator . It uses the linear congruential algorithm with the parameters a =
Ox5DEECEGED, ¢ = 0xB, m = 2**48. It deliversidentical resultsto thel r and48() function available on some systems (assuming
Icong48 has not been called).

It isonly available on systems where ui nt 64_t is provided as an integral type, so that for example static in-class constants and/or
enum definitions with large ui nt 64_t numbers work.

rand48 public construct/copy/destruct
rand48() ;
Seeds the generator with the default seed.

explicit rand48(result_type x0);
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Constructs ar and48 generator with x(0) := (x0 << 16) | 0x330e.
t enpl at e<t ypenane SeedSeq> explicit rand48(SeedSeq & seq);
Seeds the generator with values produced by seq. generat e() .
4,

tenpl ate<typenane It> rand48(It & first, It last);

Seeds the generator using values from an iterator range, and updates first to point one past the last value consumed.

rand48 public static functions
static uint32_t mn();
Returns the smallest value that the generator can produce
static uint32_t max();

Returns the largest value that the generator can produce

rand48 public member functions

voi d seed();

Seeds the generator with the default seed.
voi d seed(result_type x0);

Changes the current value x(n) of the generator to (x0 << 16) | 0x330e.
tenpl at e<typenane It> void seed(lt & first, It last);

Seeds the generator using values from an iterator range, and updates first to point one past the last value consumed.
t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq & seq);

Seeds the generator with values produced by seq. generat e() .
uint32_t operator()();

Returns the next value of the generator.
voi d di scard(boost::uintmax_t z);

Advances the state of the generator by z.
t enpl at e<typenanme Iter> void generate(lter first, lter last);

Fills arange with random values
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r and48 friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostrean< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & o0s, const rand48 & r);

Writesar and48 toast d: : ostream

2. t enpl at e<t ypenane CharT, typenane Traits>

friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istreanx CharT, Traits > & is, rand48 & r);

Readsar and48 fromastd: :i stream

3. friend bool operator==(const rand48 & x, const rand48 & y);

Returnstrue if the two generators will produce identical sequences of values.
friend bool operator!=(const rand48 & x, const rand48 & y);
Returnstrue if the two generators will produce different sequences of values.
Type definition minstd_randO
minstd_randO
Synopsis
/'l I'n header: <boost/randoni|inear_congruential . hpp>

typedef |inear_congruential _engine< uint32_t, 16807, 0, 2147483647 > m nstd_randO;

Description
The specialization minstd_rand0 was originally suggested in

A pseudo-random number generator for the System/360, PA. Lewis, A.S. Goodman, JM. Miller, IBM Systems
Journal, Vol. 8, No. 2, 1969, pp. 136-146

It is examined more closely together with minstd_rand in
"Random Number Generators. Good onesare hard to find", Stephen K. Park and Keith W. Miller, Communications
of the ACM, Vol. 31, No. 10, October 1988, pp. 1192-1201

Type definition minstd_rand

minstd_rand
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Synopsis
/'l 1n header: <boost/randoni|inear_congruential.hpp>

typedef |inear_congruential _engine< uint32_t, 48271, 0, 2147483647 > m nstd_rand

Description
The specialization minstd_rand was suggested in

"Random Number Generators: Good onesare hard to find", Stephen K. Park and Keith W. Miller, Communications
of the ACM, Vol. 31, No. 10, October 1988, pp. 1192-1201

Header <boost/random/linear_feedback_shift.npp>

namespace boost {
namespace random {
tenpl at e<typenane U ntType, int w, int k, int g, int s>
cl ass |inear_feedback_shift_engine;

Class template linear_feedback_shift_engine

boost::random::linear_feedback shift_engine
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Synopsis

/'l In header: <boost/randoni|inear_feedback_shift.hpp>

tenpl at e<typenane U ntType, int w, int k, int g, int s>
class |inear_feedback_shift_engine {
publi c:

/'l types

typedef Ul ntType result_type;

/'l construct/copy/ destruct

I i near _feedback_shift_engine();

explicit linear_feedback_shift_engi ne(U nt Type);

t enpl at e<t ypenanme SeedSeq> explicit |inear_feedback_shift_engi ne(SeedSeq &) ;
tenpl ate<typenane It> |inear_feedback_shift_engine(lt & It);

/1 public static functions
static result_type mn();
static result_type max();

/1 public nmenber functions

voi d seed();

voi d seed( Ul nt Type) ;

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq &) ;
tenpl ate<typenane It> void seed(It & It);
result_type operator()();

tenpl at e<typenane Iter> void generate(lter, lter);
voi d di scard(boost: :uintmax_t);

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const |inear_feedback_shift_engine &) ;
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &,
const |inear_feedback_shift_engine &) ;
friend bool operator==(const |inear_feedback_shift_engine &,
const |inear_feedback_shift_engine &) ;
friend bool operator!=(const |inear_feedback_shift_engine &,
const |inear_feedback_shift_engine &) ;

/1 public data nenbers

static const bool has_fixed_range;
static const int word_size;

static const int exponentl;

static const int exponent?2;

static const int step_size;

static const U ntType default_seed;

Description
Instatiations of | i near _f eedback_shi ft model apseudo-random number generator . It was originally proposed in

"Random numbers generated by linear recurrence modulo two.", Tausworthe, R. C.(1965), Mathematics of Com-
putation 19, 201-209.
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near _feedback_shi ft_engi ne public construct/copy/destruct
I i near _f eedback_shi ft_engine();
Constructsal i near _f eedback_shi ft _engi ne, using the default seed.
explicit linear_feedback_shift_engi ne(U nt Type sO);
Constructsal i near _f eedback_shi ft _engi ne, seeding it with sO.

t enpl at e<t ypenane SeedSeq>
explicit linear_feedback_shift_engi ne( SeedSeq & seq);

Constructsal i near _f eedback_shi ft _engi ne, seeding it with seq.
tenpl at e<typenane It> |inear_feedback_shift_engine(lt & first, It last);

Constructsal i near _f eedback_shi ft _engi ne, seeding it with values from the range [first, last).

near _f eedback_shi ft_engi ne public static functions
static result_type min();

Returns the smallest value that the generator can produce.
static result_type max();

Returns the largest value that the generator can produce.

near _f eedback_shi ft _engi ne public member functions
voi d seed();

Seedsal i near _f eedback_shi ft _engi ne with the default seed.
voi d seed( Ul nt Type sO0);

Seedsal i near feedback_shift_engi ne withso0.
t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq & seq);

Seedsal i near _f eedback_shi ft _engi ne with values produced by seq. generat e() .
tenpl ate<typenane It> void seed(It & first, It last);

Seedsal i near _f eedback_shi ft _engi ne with values from the range [first, last).
result_type operator()();

Returns the next value of the generator.
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tenpl ate<typenane Iter> void generate(lter first, Iter last);

Fills arange with random values

’. voi d di scard(boost::uintmax_t z);

Advances the state of the generator by z.
|'i near _f eedback_shi ft _engi ne friend functions

L tenpl at e<typenane CharT, typenanme Traits>

friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const |inear_feedback_shift_engine & x);

Writes the textual representation of the generator to ast d: : ost r eam

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const |inear_feedback_shift_engine & x);

Reads the textual representation of the generator from ast d: : i st ream

friend bool operator==(const |inear_feedback_shift_engi ne & x,
const |inear_feedback_shift_engine & vy);

Returnstrue if the two generators will produce identical sequences of outputs.

friend bool operator!=(const |inear_feedback_shift_engine & |Ihs,
const |inear_feedback_shift_engine & rhs);

Returnstrue if the two generators will produce different sequences of outputs.

Header <boost/random/lognormal_distribution.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenanme Real Type = doubl e> cl ass | ognormal _di stribution;

}
}

Class template lognormal_distribution

boost::random::lognormal _distribution
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Synopsis

/'l 1n header: <boost/randoni | ognornal _distribution. hpp>

t enpl at e<t ypenane Real Type = doubl e>
cl ass lognornal _distribution {

publi c:
/'l types
t ypedef nornal _distribution< Real Type >::input_type input_type;
t ypedef Real Type result_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef | ognormal _distribution distribution_type;

/'l construct/copy/ destruct
explicit paramtype(Real Type = 0.0, Real Type = 1.0)

/1 public nmenber functions
Real Type m() const;
Real Type s() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit lognormal _distribution(Real Type = 0.0, Real Type = 1.0)
explicit l|ognormal _distribution(const paramtype &)

/1 public nmenber functions
Real Type m() const;
Real Type s() const;
Real Type min() const;
Real Type max() const;
param_type param ) const;
voi d param const paramtype &)
voi d reset ()
t enpl at e<t ypenane Engi ne> result_type operator () (Engine &)
t enpl at e<t ypenane Engi ne>
result _type operator()(Engine & const paramtype &)

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const | ognornal _distribution &)
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &
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const | ognornal _distribution &);
friend bool operator==(const |ognornal _distribution &,
const | ognornal _distribution &);
friend bool operator!=(const |ognornal _distribution &,
const | ognornal _distribution &);

Description

Instantiations of class template lognormal_distribution model a random distribution . Such a distribution produces random numbers

— oy —ruyd

oL elemm?
with wa) = zsv'2_ire forx > 0.

O Warning
This distribution has been updated to match the C++ standard. Its behavior has changed from the original
boost::lognormal_distribution. A backwards compatible version is provided in namespace boost.

| ognor mal _di stri bution public construct/copy/destruct
explicit lognormal _distribution(Real Type m= 0.0, Real Type s = 1.0);
Constructsal ognor mal _di stri buti on. mand s are the parameters of the distribution.
explicit |ognormal _distribution(const paramtype & param ;

Constructsal ognor mal _di st ri but i on from its parameters.

| ognor mal _di stri bution public member functions

Real Type m() const;

Returns the m parameter of the distribution.
Real Type s() const;

Returns the s parameter of the distribution.
Real Type min() const;

Returns the smallest value that the distribution can produce.
Real Type max() const;

Returns the largest value that the distribution can produce.
param type param) const;

Returns the parameters of the distribution.

voi d param const paramtype & param ;
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Sets the parameters of the distribution.
void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.

8. t enpl at e<t ypenanme Engi ne> result_type operator()(Engine & eng);

Returns arandom variate distributed according to the lognormal distribution.

9. t enpl at e<t ypenane Engi ne>

result _type operator()(Engine & eng, const paramtype & param;

Returns arandom variate distributed according to the lognormal distribution with parameters specified by param.

| ognor mal _di stribution friend functions

L tenpl at e<typenane CharT, typenane Traits>

friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const lognornal _distribution & I1d);

Writes the distribution to ast d: : ost r eam

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const | ognormal _distribution & |d);

Reads the distribution from ast d: : i stream

friend bool operator==(const |ognormal _distribution & | hs,
const | ognormal _distribution & rhs);

Returnstrue if the two distributions will produce identical sequences of values given equal generators.

4. friend bool operator!=(const |ognormal _distribution & |hs,

const |l ognornal _distribution & rhs);

Returnstrueif the two distributions may produce different sequences of values given equal generators.

Class param_type

boost::random::lognormal _distribution::param_type
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Synopsis

/'l 1n header: <boost/randoni | ognornal _distribution. hpp>

cl ass paramtype {
public:
/'l types
typedef | ognormal _distribution distribution_type;

/'l construct/copy/ destruct

explicit paramtype(Real Type = 0.0, Real Type = 1.0)

/1 public nmenber functions

Real Type m() const;

Real Type s() const;

/1 friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)

friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

Description

par am t ype public construct/copy/destruct
explicit paramtype(Real Type m= 0.0, Real Type s = 1.0)

Constructs the parameters of al ognor nmal _di stri buti on.

par am t ype public member functions
Real Type m() const;
Returns the "m" parameter of the distribution.
Real Type s() const;

Returnsthe"s" parameter of the distribution.
par am t ype friend functions

L t enpl at e<t ypenane CharT, typenane Traits>

friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostreanx< CharT, Traits > & os
const paramtype & param;

Writes the parameters to a std::ostream.
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tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const paramtype & param;

Reads the parameters from a std::istream.

friend bool operator==(const paramtype & |lhs, const paramtype & rhs);
Returnstrue if the two sets of parameters are equal.

friend bool operator!=(const paramtype & |lhs, const paramtype & rhs);

Returnstrue if the two sets of parameters are different.

Header <boost/random/mersenne_twister.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenane Ul nt Type, std::size_ t w, std::size_t n, std::size_t m
std::size_t r, UntType a, std::size_t u, U ntType d,
std::size_t s, UntType b, std::size_t t, U ntType c,
std::size_t |, UntType f>
cl ass nersenne_tw ster_engine;
typedef nersenne_tw ster_enl
gine<uint32t, 32, 351, 175, 19, Oxccab8ee7, 11, Oxffffffff, 7, Ox31b6ab00, 15, Oxffe50000, 17, 1812433253 > ni 11213b;
typedef nersenne_twi ster_enl
gine<uint32t, 32, 624, 397, 31, 0x9908b0df, 11, Oxffffffff, 7, 0x9d2c5680, 15, Oxefc60000, 18, 1812433253 > nt 19937;
typedef nersenne_tw ster_enl
gresuneéit, 64 32 15 3, OB 503190 |, 2D OCHEEEEEETal |, 17, 076 TfeckBI000U |, 37, O4ff 7eee000000000l |, 43 63313B32336/BI06 | > riioesy 64
}
}

Class template mersenne_twister_engine

boost::random::mersenne_twister_engine

115

httpo://www.renderx.com/


../../../../boost/random/mersenne_twister.hpp
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.Random

Synopsis

/1

I n header: <boost/random nmersenne_tw ster. hpp>

tenpl at e<typenane Ul nt Type, std::size_t w, std::size_t n,
std::size_t r, UntType a, std::size_t u, UntType d, std::size_t s,

cl

U nt Type b, std::size_t t, UntType c, std::size_

ass nersenne_tw ster_engine {

public:

/'l types
typedef Ul nt Type result_type;

/'l construct/copy/ destruct

ner senne_twi ster_engine();

explicit nersenne_twi ster_engi ne(U ntType);

tenpl at e<typenane |t> nersenne_tw ster_engine(lt & 1t);

std::size_t m

t I, UntType f>

tenpl at e<t ypenane SeedSeq> explicit nersenne_tw ster_engi ne( SeedSeq &) ;

/1 public nmenber functions

voi d seed();

voi d seed( Ul nt Type) ;

t enpl at e<t ypenane SeeqSeq> voi d seed(SeeqSeq &) ;
tenpl ate<typenane It> void seed(It & It);
result_type operator()();

tenpl at e<typenane Iter> void generate(lter, lter);
voi d di scard(boost::uintmax_t);

/1 public static functions
static result_type mn();
static result_type max();

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const mersenne_tw ster_engine &);
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &,
mer senne_t wi st er_engi ne &);
friend bool operator==(const nersenne_tw ster_engi ne &,
const mersenne_tw ster_engine &);
friend bool operator!=(const nersenne_tw ster_engi ne &,
const mersenne_tw ster_engine &);

/1 public data nenbers
static const std::size_t word_size;

stati
stati

const Ul nt Type paraneter_a;
const std::size_t output_u;

static const std::size_t state_size;
static const std::size_t shift_size;
static const std::size_t mask_bits;
static const U ntType xor_mask;
static const std::size_t tenpering_u;
static const U ntType tenpering_d;
static const std::size_t tenpering_s;
static const U ntType tenpering_b;
static const std::size_t tenpering_t;
static const U ntType tenpering_c;
static const std::size_t tenpering_|;
static const UntType initialization_nultiplier;
static const U ntType default_seed;

c

c
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static const std::size_t output_s;
static const U ntType output_b;
static const std::size_t output_t;
static const U ntType output_c;
static const std::size_t output_I;
static const bool has_fixed_range;

Description

Instantiations of classtemplate mersenne_twister_engine model a pseudo-random number generator . It uses the algorithm described
in

"Mersenne Twister: A 623-dimensionally equidistributed uniform pseudo-random number generator”, Makoto

Matsumoto and Takuji Nishimura, ACM Transactions on Modeling and Computer Simulation: Special Issue on
Uniform Random Number Generation, Vol. 8, No. 1, January 1998, pp. 3-30.

E Note
The boost variant has been implemented from scratch and does not derive from or use mt19937.c provided on the
above WWW site. However, it was verified that both produce identical output.

The seeding from an integer was changed in April 2005 to address a weakness.

The quality of the generator crucially depends on the choice of the parameters. User code should employ one of the sensibly para-
meterized generators such as mt19937 instead.

The generator requires considerable amounts of memory for the storage of its state array. For example, mt11213b requires about
1408 bytes and mt19937 requires about 2496 bytes.

mer senne_t wi st er _engi ne public construct/copy/destruct
1. . . )
mersenne_t w ster_engine();
Constructsaner senne_t wi st er _engi ne and calsseed() .
explicit nersenne_twi ster_engi ne(U nt Type val ue);

Constructsanmer senne_t wi st er _engi ne and callsseed(val ue) .

tenpl at e<typenane It> nersenne_tw ster_engine(lt & first, It last);

t enpl at e<t ypenane SeedSeq> explicit nersenne_tw ster_engi ne( SeedSeq & seq);

Constructsamer senne_t wi st er _engi ne and callsseed( gen) .

S Note
The copy constructor will always be preferred over the templated constructor.
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mer senne_t wi st er _engi ne public member functions
voi d seed();
Cdlsseed(def aul t _seed).
voi d seed( U nt Type val ue);

Sets the state x(0) to v mod 2w. Then, iteratively, sets x(i) to (i + f * (x(i-1) xor (x(i-1) rshift w-2))) mod 2" fori =1 .. n-1. x(n)
isthefirst value to be returned by operator().

t enpl at e<t ypenane SeeqSeq> voi d seed(SeeqSeq & seq);
Seedsaner senne_t wi st er _engi ne using values produced by seq.generate().
tenpl at e<typenane It> void seed(lt & first, It last);
Sets the state of the generator using values from an iterator range.
result_type operator()();
Produces the next value of the generator.
tenpl at e<typenane Iter> void generate(lter first, Iter last);
Fills arange with random values
voi d di scard(boost::uintmax_t z);
Advances the state of the generator by z steps. Equivalent to

for(unsigned long long i = 0; i < z;, ++i) {
gen();
}

mer senne_tw st er _engi ne public static functions
static result_type mn();
Returns the smallest value that the generator can produce.
static result_type max();

Returns the largest value that the generator can produce.

nersenne_t wi st er _engi ne friend functions

tenpl at e<t ypenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const mersenne_tw ster_engine & mt);
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Writesanmer senne_t wi st er _engi netoastd: : ostream

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
nmersenne_tw ster_engine & m);

Readsaner senne_twi st er _engi ne fromastd: :istream

friend bool operator==(const nersenne_twi ster_engine & x_,
const mersenne_tw ster_engine & y_);

Returnstrueif the two generators are in the same state, and will thus produce identical sequences.

4. friend bool operator!=(const nersenne_tw ster_engine & x_,

const mersenne_tw ster_engine & y_);

Returnstrue if the two generators are in different states.

Type definition mt11213b

mt11213b
Synopsis
/'l 1n header: <boost/randonf mersenne_tw ster. hpp>

typedef nersenne_twi ster_enl
gine<uint32t, 32, 351, 175, 19, Oxccab8ee7, 11, Oxffffffff, 7, Ox31b6ab00, 15, Oxffe50000, 17, 1812433253 > nt11213b;

Description
The specializations mt11213b and mt19937 are from
"Mersenne Twister: A 623-dimensionally equidistributed uniform pseudo-random number generator”, Makoto

Matsumoto and Takuji Nishimura, ACM Transactions on Modeling and Computer Simulation; Special Issue on
Uniform Random Number Generation, Vol. 8, No. 1, January 1998, pp. 3-30.

Type definition mt19937

mt19937
Synopsis
/1 I'n header: <boost/randonl nersenne_twi ster. hpp>

t ypedef nersenne_twi ster_enl
gine<uint32t, 32, 624, 397, 31, 0x9908h0df, 11, Oxffffffff, 7, Ox9d2c5680, 15, Oxefc60000, 18, 1812433253 > ni 19937,

Description

The specializations mt11213b and mt19937 are from
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"Mersenne Twister: A 623-dimensionally equidistributed uniform pseudo-random number generator”, Makoto
Matsumoto and Takuji Nishimura, ACM Transactions on Modeling and Computer Simulation; Special Issue on
Uniform Random Number Generation, Vol. 8, No. 1, January 1998, pp. 3-30.

Header <boost/random/negative_binomial_distribution.hpp>

nanespace boost {
namespace random {
tenpl at e<typenane IntType = int, typenane Real Type = doubl e>
cl ass negative_binom al _distribution;

Class template negative_binomial_distribution

boost::random::negative_binomial _distribution
Synopsis

/'l In header: <boost/randon negative_binom al _di stribution. hpp>

tenpl at e<typenane IntType = int, typenane Real Type = doubl e>
cl ass negative_binom al _distribution {
publi c:

/'l types

typedef IntType result_type

t ypedef Real Type input_type

/1 menber classes/structs/unions

cl ass paramtype {
public:
/'l types
t ypedef negative_bi nom al _distribution distribution_type;

/'l construct/copy/ destruct
explicit paramtype(IlntType = 1, Real Type = 0.5);

/1 public menber functions
I nt Type k() const
Real Type p() const;

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostreanx< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

b

/'l construct/copy/ destruct
explicit negative_binom al _distribution(lntType = 1, Real Type = 0.5);
explicit negative_binom al _distribution(const paramtype &);

/1 public menber functions
t enpl at e<t ypenane URNG> | nt Type operator () (URNG & const;
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tenpl at e<t ypenane URNG> | nt Type operator()(URNG & const paramtype &) const;
I nt Type k() const;
Real Type p() const;
Int Type nmin() const;
I nt Type max() const;
param type paramnm() const;
voi d param const paramtype &);
void reset();
/'l friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const negative_binom al _distribution &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &,
negati ve_bi nom al _distribution &);
friend bool operator==(const negative_binom al _distribution &,
const negative_binom al _distribution &);
friend bool operator!=(const negative_binom al _distribution &,
const negative_binom al _distribution &);

Description

The negative binomial distribution is an integer valued distribution with two parameters, k and p. The distribution produces non-
negative values.

P@) = ("*j‘l)p*(l =

Thedistribution function is
This implementation uses a gamma-poisson mixture.

negat i ve_bi nomi al _di stri bution public construct/copy/destruct
explicit negative_binom al _distribution(lntType k = 1, Real Type p = 0.5);

Construct anegat i ve_bi noni al _di st ri buti on object. k and p are the parameters of the distribution.

Requires. k >=0&& 0<=p<=1
explicit negative_binomni al _distribution(const paramtype & param;

Construct an negat i ve_bi nomi al _di stri buti on object from the parameters.
negat i ve_bi nomi al _di stribution public member functions

L t enpl at e<t ypenane URNG> | nt Type operator()(URNG & urng) const;
Returns a random variate distributed according to the negative binomial distribution.

t enpl at e<t ypenane URNG>
I nt Type operator()(URNG & urng, const paramtype & param const;

Returns arandom variate distributed according to the negative binomial distribution with parameters specified by par am
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I nt Type k() const;
Returnsthe k parameter of the distribution.
Real Type p() const;
Returnsthe p parameter of the distribution.
I nt Type nmin() const;
Returns the smallest value that the distribution can produce.
I nt Type nmax() const;
Returns the largest value that the distribution can produce.
param type param ) const;
Returns the parameters of the distribution.
voi d param const paramtype & param ;
Sets parameters of the distribution.
void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.

negat i ve_bi nomi al _di stribution friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostrean< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & o0s,
const negative_binom al _distribution & bd);

Writes the parameters of the distributionto ast d: : ost ream

2. tenpl at e<typenane CharT, typename Traits>

friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
negati ve_bi nom al _di stribution & bd);

Reads the parameters of the distribution from ast d: : i stream

3. friend bool operator==(const negative_binomn al _distribution & I|hs,

const negative_binom al _distribution & rhs);
Returnstrue if the two distributions will produce the same sequence of values, given equal generators.

friend bool operator!=(const negative_binom al _distribution & Ihs,
const negative_binom al _distribution & rhs);
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Returnstrue if the two distributions could produce different sequences of values, given equal generators.

Class param_type

boost::random::negative_binomial_distribution::param_type
Synopsis

/1 I'n header: <boost/randoni negative_bi nom al _distribution. hpp>

cl ass paramtype {
public:
/'l types
t ypedef negative_binom al _distribution distribution_type;

/1 construct/copy/destruct

explicit paramtype(lntType = 1, Real Type = 0.5)

/1 public nmenber functions

I nt Type k() const

Real Type p() const;

/'l friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostreamx CharT, Traits > & const paramtype &)

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istreamx CharT, Traits > & paramtype &)

friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

Description

par am t ype public construct/copy/destruct
explicit paramtype(IntType k = 1, Real Type p = 0.5);

Construct apar am t ype object. k and p are the parameters of the distribution.
Requires: k >=0&& O0<=p<=1
par am t ype public member functions

L I nt Type k() const

Returnsthe k parameter of the distribution.
2. :
Real Type p() const;

Returns the p parameter of the distribution.
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par am t ype friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostrean< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & o0s,
const paramtype & param;

Writes the parameters of the distributionto ast d: : ostream

2. t enpl at e<t ypenane CharT, typenanme Traits>

friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istrean<k CharT, Traits > & is, paramtype & param;

Reads the parameters of the distribution from ast d: : i stream

3. friend bool operator==(const paramtype & |lhs, const paramtype & rhs);

Returnstrue if the parameters have the same values.

friend bool operator!=(const paramtype & | hs, const paramtype & rhs);

Returnstrue if the parameters have different values.

Header <boost/random/normal_distribution.hpp>

namespace boost {

namespace random {
t enpl at e<t ypenane Real Type = doubl e> cl ass normal _distri bution;

}
}

Class template normal_distribution

boost::random::normal_distribution
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Synopsis

/'l 1n header: <boost/randon nornal _distribution. hpp>

t enpl at e<t ypenane Real Type = doubl e>
class normal _distribution {
publi c:

/'l types

t ypedef Real Type input_type

t ypedef Real Type result_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef nornal _distribution distribution_type

/'l construct/copy/ destruct
explicit paramtype(Real Type = 0.0, Real Type = 1.0)

/1 public nmenber functions
Real Type nmean() const;
Real Type sigma() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit nornmal _distribution(const Real Type & = 0.0, const Real Type & = 1.0)
explicit nornmal _distribution(const paramtype &)

/1 public nmenber functions

Real Type nmean() const;

Real Type sigma() const;

Real Type min() const;

Real Type max() const;

param_type param ) const;

voi d param const paramtype &)

voi d reset ()

t enpl at e<t ypenane Engi ne> result_type operator () (Engine &)
tenpl at e<t ypenane URNG> result _type operator()(URNG & const paramtype &)

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const nornal _distribution &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &
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const nornal _distribution &);
friend bool operator==(const nornal _distribution &,
const nornal _distribution &);
friend bool operator!=(const nornal _distribution &,
const nornal _distribution &);

Description

Instantiations of class template normal_distribution model a random distribution . Such a distribution produces random numbers x

R S~ L
distributed with probability density function #z) = T , where mean and sigma are the parameters of the distribution.
nor nal _di stri bution public construct/copy/destruct

explicit normal _distribution(const Real Type & mean = 0.0,
const Real Type & sigma = 1.0);

Constructsanor mal _di st ri but i on object. mean and si grma are the parameters for the distribution.

Requires. sigma>=0
explicit normal _distribution(const paramtype & param;

Constructsanor mal _di st ri buti on object from its parameters.

nor mal _di stri buti on public member functions

Real Type nmean() const;

Returns the mean of the distribution.
Real Type sigma() const;

Returns the standard deviation of the distribution.
Real Type min() const;

Returns the smallest value that the distribution can produce.
Real Type max() const;

Returns the largest value that the distribution can produce.
param type param) const;

Returns the parameters of the distribution.
voi d param const paramtype & param ;

Sets the parameters of the distribution.
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void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.
t enpl at e<t ypenane Engi ne> result_type operator()(Engine & eng);

Returns anormal variate.

9. t enpl at e<t ypenane URNG>

result_type operator()(URNG & urng, const paramtype & param;

Returns anormal variate with parameters specified by par am

nor nal _di stri bution friend functions

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_ostrean< CharT, Traits > &
oper ator<<(std::basic_ostream< CharT, Traits > & os,
const normal _distribution & nd);

Writesanormal _di stributiontoastd::ostream

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const nornal _distribution & nd);

Readsanor mal _di stributionfromastd::istream

friend bool operator==(const normal _distribution & |hs,
const normal _distribution & rhs);

Returnstrueif the two instances of nor mal _di st ri but i on will return identical sequences of values given equal generators.

friend bool operator!=(const normal _distribution & |hs,
const nornal _distribution & rhs);

Returnstrue if the two instances of nor mal _di st ri buti on will return different sequences of values given equal generators.

Class param_type

boost::random::normal_distribution::param_type
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Synopsis

/'l 1n header: <boost/randon nornal _distribution. hpp>

cl ass paramtype {
public:
/'l types
typedef nornal _distribution distribution_type;

/'l construct/copy/ destruct

explicit paramtype(Real Type = 0.0, Real Type = 1.0)

/1 public nmenber functions

Real Type nmean() const;

Real Type sigma() const;

/1 friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)

friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

Description

par am t ype public construct/copy/destruct
explicit paramtype(Real Type nean = 0.0, Real Type sigma = 1.0);

Constructs apar am t ype with agiven mean and standard deviation.
Requires: sigma>=0

par am t ype public member functions
Real Type nean() const;
Returns the mean of the distribution.
Real Type sigma() const;

Returns the standand deviation of the distribution.

par am t ype friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const paramtype & param;

Writesaparam type toast d: : ost ream
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tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is
const paramtype & param;

Readsaparam t ype fromastd: : i st ream
friend bool operator==(const paramtype & | hs, const paramtype & rhs)
Returnstrue if the two sets of parameters are the same.
friend bool operator!=(const paramtype & |l hs, const paramtype & rhs)
Returns true if the two sets of parameters are the different.
Header <boost/random/piecewise_constant_distribution.hpp>

namespace boost {
namespace random {

t enpl at e<t ypenane Real Type = doubl e, typenane Wi ght Type = doubl e>
cl ass piecew se_constant_distribution

Class template piecewise_constant_distribution

boost::random::piecewise_constant_distribution
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Synopsis

/'l 1n header: <boost/randoni pi ecewi se_constant _di stribution. hpp>

t enpl at e<t ypenane Real Type = doubl e, typenane Wi ght Type = doubl e>
cl ass pi ecewi se_constant _distribution {
publi c:

/'l types

typedef std::size_t input_type;

t ypedef Real Type result_type;

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
t ypedef piecew se_constant _distribution distribution_type;

/'l construct/copy/ destruct

param type();

t enpl at e<typenanme Interval lter, typenane Wightlter>
paramtype(lntervallter, Intervallter, Wightlter);

tenpl at e<typenane T, typenanme F>
param type(const std::initializer_list< T > & F);

t enpl at e<t ypenane | nterval Range, typenane Wi ght Range>
param type(const Interval Range & const Wi ght Range &);

tenpl at e<typenane F> paramtype(std::size_t, Real Type, Real Type, F);

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &);
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &);
friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

/1 public nmenber functions
std::vector< Real Type > interval s() const;
std::vector< Real Type > densities() const;

}

/'l construct/copy/ destruct
pi ecewi se_constant _di stribution();
tenpl at e<typenanme Interval lter, typenane Wightlter>

pi ecewi se_constant _distribution(Intervallter, Intervallter, Wightlter);
tenpl at e<typenane T, typenanme F>

pi ecewi se_constant _distribution(std::initializer_list< T > F);
t enpl at e<t ypenane | nterval sRange, typenane Wi ght sRange>

pi ecewi se_constant _di stribution(const I|nterval sRange &,

const Wi ght sRange &) ;

t enpl at e<t ypenane F>

pi ecewi se_constant _distribution(std::size_t, Real Type, Real Type, F);
explicit piecew se_constant _distribution(const paramtype &);

/1 public nmenber functions
t enpl at e<t ypenane URNG> Real Type operator()(URNG & const;
t enpl at e<t ypenane URNG>

Real Type operator()(URNG & const paramtype &) const;
result_type mn() const;
result _type nmax() const;
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std::vector< Real Type > densities() const;
std::vector< Real Type > interval s() const;
param type paramnm() const;

voi d param const paramtype &);

void reset();

/'l friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const piecew se_constant _distribution &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &,
const piecewi se_constant _distribution &);
friend bool operator==(const piecew se_constant_distribution &
const piecew se_constant _distribution &);
friend bool operator!=(const piecew se_constant_distribution &
const piecew se_constant _distribution &);

Description
Theclasspi ecewi se_const ant _di stri buti on modelsarandom distribution .

pi ecewi se_const ant _di stri buti on public construct/copy/destruct

pi ecewi se_constant _di stribution();
Createsanew pi ecewi se_const ant _di stri buti on withasingleinterval, [0, 1).

tenpl at e<typenane Intervallter, typename Weightlter>
pi ecewi se_constant _distribution(Intervallter first_interval,
Interval lter last_interval,
Weightlter first_weight);

Constructsapi ecewi se_const ant _di stri buti on fromtwoiterator ranges containing theinterval boundariesand theinterval
weights. If there are less than two boundaries, then this is equivalent to the default constructor and creates a single interval, [0,
1).

The values of theinterval boundaries must be strictly increasing, and the number of weights must be one less than the number of
interval boundaries. If there are extra weights, they are ignored.

For example,

double intervals[] ={ 0.0, 1.0, 4.0 };
doubl e weights[] ={ 1.0, 1.0 };
pi ecewi se_constant _di stri bution<> dist(
& nterval s[0], & nterval s[0] + 3, &weights[0]);

The distribution has a 50% chance of producing a value between 0 and 1 and a 50% chance of producing a value between 1 and
4.

tenpl at e<typenane T, typenanme F>
pi ecewi se_constant _distribution(std::initializer_list< T >il, Ff);

Constructs a pi ecewi se_constant _di stri buti on from an initializer_list containing the interval boundaries and a unary
function specifying the weights. Each weight is determined by calling the function at the midpoint of the corresponding interval.
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If theinitializer_list containsless than two elements, thisis equivalent to the default constructor and the distribution will produce
values uniformly distributed in the range [0, 1).

t enpl at e<t ypenane | nterval sRange, typenane Wi ght sRange>
pi ecewi se_constant _di stribution(const Interval sRange & intervals_arg,
const Wi ght sRange & wei ghts_arg);

Constructsapi ecewi se_const ant _di st ri but i on from Boost.Range ranges holding theinterval boundariesand theweights.
If there are less than two interval boundaries, thisis equivalent to the default constructor and the distribution will produce values
uniformly distributed in the range [0, 1). The number of weights must be one less than the number of interval boundaries.

t enpl at e<t ypenane F>
pi ecewi se_constant _di stribution(std::size_t nw, Real Type xmn,
Real Type xmax, F f);

Constructsapi ecew se_const ant _di st ri but i on that approximatesafunction. Therange of the distribution is[xmin, xmax).
Thisrangeis divided into nw equally sized intervals and the weights are found by calling the unary function f on the midpoints
of theintervals.

explicit piecew se_constant_distribution(const paramtype & param ;

Constructsapi ecewi se_const ant _di st ri buti on fromits parameters.

pi ecewi se_const ant _di stri buti on public member functions
t enpl at e<t ypenane URNG> Real Type operator()(URNG & urng) const;

Returns a value distributed according to the parameters of the piecewist_constant_distribution.

t enpl at e<t ypenanme URNG>
Real Type operator () (URNG & urng, const paramtype & param const;

Returns a value distributed according to the parameters specified by param.
result_type mn() const;

Returns the smallest value that the distribution can produce.
result_type max() const;

Returns the largest value that the distribution can produce.
std::vector< Real Type > densities() const;

Returns a vector containing the probability density over each interval.
std::vector< Real Type > interval s() const;

Returns a vector containing the interval boundaries.

param type param ) const;
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Returns the parameters of the distribution.

voi d param const paramtype & param ;
Sets the parameters of the distribution.

void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.

pi ecewi se_const ant _di stri bution friend functions

tenpl at e<t ypenane CharT, typenanme Traits>
friend std::basic_ostrean< CharT, Traits > &
oper ator<<(std::basic_ostream< CharT, Traits > & os,
const piecew se_constant _distribution & pcd);

Writesadistribution to ast d: : ost r eam

2. tenpl at e<typenane CharT, typenane Traits>

friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const piecew se_constant _distribution & pcd);

Reads adistribution fromast d: : i stream

friend bool operator==(const piecew se_constant_distribution & I|hs,
const piecewi se_constant _distribution & rhs);

Returnstrue if the two distributions will return the same sequence of values, when passed equal generators.

friend bool operator!=(const piecew se_constant_distribution & I|hs,
const piecew se_constant_distribution & rhs);

Returnstrue if the two distributions may return different sequences of values, when passed equal generators.

Class param_type

boost::random::piecewise_constant_distribution::param_type
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Synopsis

/'l 1n header: <boost/randoni pi ecewi se_constant _di stribution. hpp>

cl ass paramtype {
public:
/'l types
t ypedef piecew se_constant _distribution distribution_type;

/'l construct/copy/ destruct

paramtype();

tenpl at e<typenanme Interval lter, typenane Wightlter>
paramtype(lntervallter, Intervallter, Wightlter);

tenpl at e<typenane T, typenanme F>
param type(const std::initializer_list< T > & F);

t enpl at e<t ypenane | nterval Range, typenane Wi ght Range>
param type(const Interval Range & const Wi ght Range &);

tenpl at e<typenane F> paramtype(std::size_t, Real Type, Real Type, F);

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &);
friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

/1 public nmenber functions

std::vector< Real Type > interval s() const;
std::vector< Real Type > densities() const;

Description

par am t ype public construct/copy/destruct
param type();
Constructs apar am t ype object, representing a distribution that produces values uniformly distributed in the range [0, 1).

t enpl at e<typenanme Interval lter, typenane Wightlter>
param type(lnterval lter intervals_first, Intervallter intervals_|ast,
Weightlter weight first);

Constructs apar am t ype object from two iterator ranges containing the interval boundaries and the interval weights. If there
are less than two boundaries, then thisis equivalent to the default constructor and creates asingle interval, [0, 1).

The values of the interval boundaries must be strictly increasing, and the number of weights must be one less than the number of
interval boundaries. If there are extra weights, they are ignored.

3. tenpl at e<typenane T, typenane F>

param type(const std::initializer_list< T > & il, Ff);
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Constructs apar am t ype object from an initializer_list containing the interval boundaries and a unary function specifying the
weights. Each weight is determined by calling the function at the midpoint of the corresponding interval.

If theinitializer_list containslessthan two elements, thisis equivalent to the default constructor and the distribution will produce
values uniformly distributed in the range [0, 1).

tenpl at e<t ypenane | nterval Range, typenane Wi ght Range>
param type(const Interval Range & intervals_arg,
const Wei ght Range & weights_arg);

Constructsapar am t ype object from Boost.Range ranges holding the interval boundaries and the weights. If there are lessthan
two interval boundaries, thisis equivalent to the default constructor and the distribution will produce values uniformly distributed
in therange [0, 1). The number of weights must be one less than the number of interval boundaries.

t enpl at e<t ypenane F>
param type(std::size_t nw, Real Type xmn, Real Type xmax, F f);

Constructs the parameters for a distribution that approximates a function. The range of the distribution is [xmin, xmax). This
rangeisdivided into nw equally sized intervals and the weights are found by calling the unary function f on the midpoints of the
intervals.

par am t ype friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostreanm< CharT, Traits > & os,
const paramtype & param ;

Writesthe parametersto ast d: : ost ream

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const paramtype & param ;

Reads the parametersfromast d: : i st ream

friend bool operator==(const paramtype & | hs, const paramtype & rhs);
Returnstrue if the two sets of parameters are the same.

friend bool operator!=(const paramtype & |lhs, const paramtype & rhs);

Returnstrue if the two sets of parameters are different.

par am t ype public member functions

std::vector< Real Type > interval s() const;
Returns a vector containing the interval boundaries.
std::vector< Real Type > densities() const;

Returns a vector containing the probability densities over all the intervals of the distribution.
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Header <boost/random/piecewise_linear_distribution.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenane Real Type = doubl e> cl ass piecew se_linear_distribution
}
}

Class template piecewise_linear_distribution

boost::random::piecewise linear_distribution
Synopsis

/'l In header: <boost/randoni pi ecewi se_|inear_distribution. hpp>

t enpl at e<t ypenane Real Type = doubl e>
cl ass piecew se_linear_distribution {
publi c:

/'l types

typedef std::size_t input_type

t ypedef Real Type result_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef piecew se_linear_distribution distribution_type

/'l construct/copy/ destruct
param type();
tenpl at e<typenane Intervallter, typenanme Weightlter>
paramtype(lntervallter, Intervallter, Wightlter);
tenpl at e<typenane T, typenane F>
param type(const std::initializer_list< T > & F)
t enpl at e<t ypenane | nterval Range, typenane Wi ght Range>
param type(const Interval Range & const Wi ght Range &)
tenpl at e<typenane F> paramtype(std::size_t, Real Type, Real Type, F)

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

/1 public nmenber functions
std::vector< Real Type > interval s() const;
std::vector< Real Type > densities() const;

};

/'l construct/copy/ destruct
pi ecewi se_linear_distribution();
tenpl at e<typenane Intervallter, typename Weightlter>
pi ecewi se_linear_distribution(lntervallter, Intervallter, Wightlter)
tenpl at e<typenane T, typenane F>
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pi ecewi se_linear_distribution(std::initializer_list< T > F);
t enpl at e<t ypenane | nterval sRange, typenane Wi ght sRange>
pi ecewi se_linear_distribution(const Interval sRange &,
const Wei ght sRange &);
t enpl at e<t ypenane F>
pi ecewi se_linear_distribution(std::size_t, Real Type, Real Type, F);
explicit piecew se_linear_distribution(const paramtype &);

/1 public nmenber functions
t enpl at e<t ypenane URNG> Real Type operator()(URNG & const;
t enpl at e<t ypenane URNG>
Real Type operator()(URNG & const paramtype &) const;
result_type mn() const;
result_type nmax() const;
std::vector< Real Type > densities() const;
std::vector< Real Type > interval s() const;
param type paramnm() const;
voi d param const paramtype &);
void reset();

/'l friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const piecew se_linear_distribution &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &,
const piecew se_linear_distribution &);
friend bool operator==(const piecew se_linear_distribution &,
const piecew se_linear_distribution &);
friend bool operator!=(const piecew se_linear_distribution &,
const piecew se_linear_distribution &);

I

Description
Theclasspi ecewi se_| i near _di stri buti on modesarandom distribution .

pi ecewi se_l i near _di stribution public construct/copy/destruct
pi ecewi se_linear_distribution();
Createsanew pi ecewi se_| i near _di st ri buti on that produces values uniformly distributed in the range [0, 1).

tenpl at e<typenane Interval lter, typename Weightlter>
pi ecewi se_linear_distribution(lntervallter first_interval,
Interval lter last _interval,
Weightlter first_weight);

Constructsapi ecewi se_| i near _di st ri buti on from two iterator ranges containing the interval boundaries and the weights
at the boundaries. If there are fewer than two boundaries, then thisis equivalent to the default constructor and creates adistribution
that produces values uniformly distributed in the range [0, 1).

Thevalues of theinterval boundaries must be strictly increasing, and the number of weights must be equal to the number of interval
boundaries. If there are extra weights, they are ignored.

For example,
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p

double intervals[] ={ 0.0, 1.0, 2.0 };
doubl e weights[] ={ 0.0, 1.0, 0.0 };
pi ecewi se_constant _di stribution<> dist(
& nterval s[0], & ntervals[0] + 3, &weights[0]);

produces a triangle distribution.

tenpl at e<typenane T, typenanme F>
pi ecewi se_linear_distribution(std::initializer_list< T >1il, Ff);

Congtructsapi ecewi se_| i near _di stri buti onfromaninitializer_list containing theinterval boundariesand aunary function
specifying the weights. Each weight is determined by calling the function at the corresponding interval boundary.

If theinitializer_list containsfewer than two elements, thisis equivalent to the default constructor and the distribution will produce
values uniformly distributed in the range [0, 1).

t enpl at e<t ypenane | nterval sRange, typenane Wi ght sRange>
pi ecewi se_linear_distribution(const Interval sRange & interval s_arg,
const Wi ght sRange & wei ghts_arg);

Constructs api ecewi se_| i near _di stri buti on from Boost.Range ranges holding the interval boundaries and the weights.
If there are fewer than two interval boundaries, thisis equivalent to the default constructor and the distribution will produce values
uniformly distributed in the range [0, 1). The number of weights must be equal to the number of interval boundaries.

t enpl at e<t ypenane F>
pi ecewi se_linear_distribution(std::size_t nw, Real Type xmn, Real Type xnmax,
Ff);

Constructsapi ecewi se_| i near _di stri but i on that approximates afunction. The range of the distribution is [xmin, xmax).
This range is divided into nw equally sized intervals and the weights are found by calling the unary function f on the interval
boundaries.

explicit piecew se_linear_distribution(const paramtype & param;

Constructsapi ecewi se_| i near _di stri buti on from its parameters.

ecew se_| i near _di stribution public member functions
t enpl at e<t ypename URNG> Real Type operator () (URNG & urng) const;
Returns a value distributed according to the parameters of the pi ecewi se_| i near _di stri buti on.

t enpl at e<t ypenane URNG>
Real Type operator() (URNG & urng, const paramtype & param const;

Returns a value distributed according to the parameters specified by param.
result_type mn() const;
Returns the smallest value that the distribution can produce.

result _type nmax() const;
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Returns the largest value that the distribution can produce.
std::vector< Real Type > densities() const;
Returns a vector containing the probability densities at the interval boundaries.
std::vector< Real Type > interval s() const;
Returns a vector containing the interval boundaries.
param_type param ) const;
Returns the parameters of the distribution.
voi d paramconst paramtype & param ;
Sets the parameters of the distribution.
void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.

pi ecewi se_| i near _di stribution friend functions

t enpl at e<t ypenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostrean< CharT, Traits > & os,
const piecew se_linear_distribution & pld);

Writesadistributionto ast d: : ost r eam

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const piecew se_linear_distribution & pld);

Reads adistribution from astd: : i stream

friend bool operator==(const piecew se_linear_distribution & |hs,
const piecew se_linear_distribution & rhs);

Returnstrue if the two distributions will return the same sequence of values, when passed equal generators.

friend bool operator!=(const piecew se_linear_distribution & I|hs,
const piecewi se_linear_distribution & rhs);

Returnstrue if the two distributions may return different sequences of values, when passed equal generators.

Class param_type

boost::random::piecewise_linear_distribution::param_type
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Synopsis

/'l 1n header: <boost/randoni pi ecewi se_|inear_distribution. hpp>

cl ass paramtype {
public:
/'l types
typedef piecew se_linear_distribution distribution_type;

/'l construct/copy/ destruct

paramtype();

tenpl at e<typenanme Interval lter, typenane Wightlter>
paramtype(lntervallter, Intervallter, Wightlter);

tenpl at e<typenane T, typenanme F>
param type(const std::initializer_list< T > & F);

t enpl at e<t ypenane | nterval Range, typenane Wi ght Range>
param type(const Interval Range & const Wi ght Range &);

tenpl at e<typenane F> paramtype(std::size_t, Real Type, Real Type, F);

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &);
friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

/1 public nmenber functions

std::vector< Real Type > interval s() const;
std::vector< Real Type > densities() const;

Description

par am t ype public construct/copy/destruct
param type();
Constructs apar am t ype object, representing a distribution that produces values uniformly distributed in the range [0, 1).

t enpl at e<typenanme Interval lter, typenane Wightlter>
param type(lnterval lter intervals_first, Intervallter intervals_|ast,
Weightlter weight first);

Constructs a par am t ype object from two iterator ranges containing the interval boundaries and weights at the boundaries. If
there are fewer than two boundaries, then this is equivalent to the default constructor and the distribution will produce values
uniformly distributed in the range [0, 1).

The values of the interval boundaries must be strictly increasing, and the number of weights must be the same as the number of
interval boundaries. If there are extra weights, they are ignored.

tenpl at e<typenane T, typenanme F>
param type(const std::initializer_list< T > & il, Ff);
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Constructs apar am t ype object from an initializer_list containing the interval boundaries and a unary function specifying the
weights at the boundaries. Each weight is determined by calling the function at the corresponding point.

If theinitializer_list containsfewer than two elements, thisis equivalent to the default constructor and the distribution will produce
values uniformly distributed in the range [0, 1).

tenpl at e<t ypenane | nterval Range, typenane Wi ght Range>
param type(const Interval Range & intervals_arg,
const Wei ght Range & weights_arg);

Constructs apar am t ype object from Boost.Range ranges holding the interval boundaries and the weights at the boundaries. If
there are fewer than two interval boundaries, thisis eguivalent to the default constructor and the distribution will produce values
uniformly distributed in the range [0, 1). The number of weights must be equal to the number of interval boundaries.

t enpl at e<t ypenane F>
param type(std::size_t nw, Real Type xmn, Real Type xmax, F f);

Constructs the parameters for a distribution that approximates a function. The range of the distribution is [xmin, xmax). This
range is divided into nw equally sized intervals and the weights are found by calling the unary function f on the boundaries of
theintervals.

par am t ype friend functions

1.

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostreanm< CharT, Traits > & os,
const paramtype & param ;

Writesthe parametersto ast d: : ost ream

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const paramtype & param ;

Reads the parametersfromast d: : i st ream

friend bool operator==(const paramtype & | hs, const paramtype & rhs);
Returnstrue if the two sets of parameters are the same.

friend bool operator!=(const paramtype & |lhs, const paramtype & rhs);

Returnstrue if the two sets of parameters are different.

par am t ype public member functions

1.

2.

std::vector< Real Type > interval s() const;
Returns a vector containing the interval boundaries.
std::vector< Real Type > densities() const;

Returns a vector containing the probability densities at al the interval boundaries.
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Header <boost/random/poisson_distribution.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenane | nt Type = int
cl ass poi sson_distribution;

Class template poisson_distribution

boost::random::poisson_distribution

Synopsis

/'l 1In header: <boost/randoni poi sson_di stribution. hpp>

tenpl at e<typenane IntType = int, typenane Real Type =

cl ass poi sson_distribution {
publi c:
/'l types
typedef IntType result_type
t ypedef Real Type input_type;

/'l menber cl asses/structs/unions
cl ass paramtype {

publi c:
/'l types

t ypedef poisson_distribution distribution_type;

/'l construct/copy/ destruct

explicit paramtype(Real Type = 1)

/1 public nmenber functions
Real Type mean() const;

/1 friend functions
t enpl at e<t ypenane CharT, typenane

Traits>

friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits >

t enpl at e<t ypenane CharT, typenane

Traits>

friend std::basic_istream< CharT, Traits > &

operator>>(std::basic_istrean< CharT, Traits >
friend bool operator==(const paramtype & const
friend bool operator!=(const paramtype & const

};

/'l construct/copy/ destruct

explicit poisson_distribution(Real Type = 1)

explicit poisson_distribution(const

/1 public nmenber functions

paramtype &)

t enpl at e<t ypenane URNG> | nt Type operator () (URNG &)
tenpl at e<t ypenane URNG> | nt Type operator () (URNG &

Real Type nmean() const;

I nt Type min() const

I nt Type max() const

param_type param ) const;

voi d paran{const paramtype &)

typenanme Real Type = doubl e>

doubl e>

& const paramtype &)

& paramtype &)
paramtype &)
paramtype &)

const ;
const paramtype &) const;
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void reset();
/'l friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const poisson_distribution &) ;
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & poisson_distribution &);
friend bool operator==(const poisson_distribution &,
const poisson_distribution &) ;
friend bool operator!=(const poisson_distribution &,
const poisson_distribution &) ;

Description

An instantiation of the class template poi sson_di st ri buti on isamodel of random distribution . The poisson distribution has

#li) = =
Thisimplementation is based on the PTRD algorithm described

"The transformed rejection method for generating Poisson random variables', Wolfgang Hormann, Insurance:
Mathematics and Economics Volume 12, Issue 1, February 1993, Pages 39-45

poi sson_di stri bution public construct/copy/destruct
1

explicit poisson_distribution(Real Type nmean = 1);

Constructsapoi sson_di st ri but i on with the parameter mean.

Requires: mean >0
explicit poisson_distribution(const paramtype & param;

Construct an poi sson_di st ri but i on object from the parameters.

poi sson_di stri bution public member functions
tenpl at e<t ypenane URNG> | nt Type operator () (URNG & urng) const;
Returns arandom variate distributed according to the poisson distribution.

t enpl at e<t ypenane URNG>
I nt Type operator()(URNG & urng, const paramtype & paranm const;

Returns a random variate distributed according to the poisson distribution with parameters specified by param.
Real Type mean() const;
Returns the "mean" parameter of the distribution.

Int Type nmin() const;
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Returns the smallest value that the distribution can produce.
I nt Type nmax() const;

Returns the largest value that the distribution can produce.
param type param) const;

Returns the parameters of the distribution.

£ voi d param const paramtype & param ;

Sets parameters of the distribution.

. void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.

poi sson_di stri bution friend functions

t enpl at e<t ypenane CharT, typenanme Traits>
friend std::basic_ostrean< CharT, Traits > &
oper ator<<(std::basic_ostream< CharT, Traits > & os,
const poisson_distribution & pd);

Writes the parameters of the distributionto ast d: : ostr eam

2. t enpl at e<t ypenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istrean<x CharT, Traits > & is,
poi sson_di stribution & pd);
Reads the parameters of the distribution from ast d: : i stream
3.

friend bool operator==(const poisson_distribution & I|hs,
const poi sson_distribution & rhs);

Returnstrue if the two distributions will produce the same sequence of values, given equal generators.

friend bool operator!=(const poisson_distribution & I|hs,
const poisson_distribution & rhs);

Returnstrue if the two distributions could produce different sequences of values, given equal generators.

Class param_type

boost::random::poisson_distribution::param_type
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Synopsis

/'l In header: <boost/randoni poi sson_di stribution. hpp>

cl ass paramtype {
public:
/'l types
t ypedef poisson_distribution distribution_type;

/'l construct/copy/ destruct
explicit paramtype(Real Type

1);

/1 public nmenber functions
Real Type nmean() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

Description

par am t ype public construct/copy/destruct
explicit paramtype(Real Type nean = 1)

Construct apar am t ype object with the parameter "mean”
Requires: mean >0

par am t ype public member functions

Real Type nean() const;

par am t ype friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os
const paramtype & param;

Writes the parameters of the distribution to ast d: : ost r eam

t enpl at e<t ypenanme CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is, paramtype & param;

Reads the parameters of the distribution fromastd: : i stream
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friend bool operator==(const paramtype & |lhs, const paramtype & rhs);
Returnstrue if the parameters have the same values.
friend bool operator!=(const paramtype & | hs, const paramtype & rhs);

Returnstrue if the parameters have different values.

Header <boost/random/random_device.hpp>

namespace boost {
namespace random {
cl ass random devi ce;

}
}

Class random_device

boost::random::random_device
Synopsis
/'l 1In header: <boost/randonfrandom devi ce. hpp>

cl ass random devi ce : private noncopyabl e {
public:

/'l types

typedef unsigned int result_type;

/1l construct/copy/ destruct

random devi ce() ;

explicit random devi ce(const std::string &);
~random devi ce();

/1 public static functions
static result_type mn();
static result_type max();

/1 public nmenber functions

doubl e entropy() const;

unsi gned int operator()();

tenpl at e<typenane Iter> void generate(lter, lter);

/1 public data nenbers
static const bool has_fixed_range;

Description

Classrandom_device models a non-deterministic random number generator . It uses one or more implementation-defined stochastic
processes to generate a sequence of uniformly distributed non-deterministic random numbers. For those environments where a non-
deterministic random number generator is not available, class random_device must not be implemented. See

"Randomness Recommendationsfor Security"”, D. Eastlake, S. Crocker, J. Schiller, Network Working Group, RFC
1750, December 1994
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for further discussions.

@ Note
Some operating systems abstract the computer hardware enough to make it difficult to non-intrusively monitor
stochastic processes. However, severa do provide aspecial devicefor exactly thispurpose. It seemsto beimpossible
to emulate the functionality using Standard C++ only, so users should be aware that this class may not be available
on al platforms.

Implementation Note for Linux

On the Linux operating system, token is interpreted as a filesystem path. It is assumed that this path denotes an operating system
pseudo-device which generates a stream of non-deterministic random numbers. The pseudo-device should never signal an error or
end-of-file. Otherwise, st d: : i os_base: : fai | ure isthrown. By default, random_device uses the /dev/urandom pseudo-device
to retrieve the random numbers. Another option would be to specify the /dev/random pseudo-device, which blocks on reads if the
entropy pool has no more random bits available.

Implementation Note for Windows

On the Windows operating system, token is interpreted as the name of a cryptographic service provider. By default random_device
usesMS_DEF_PROV.

Perfor mance

The test program nondet_random_speed.cpp measures the execution times of the random_device.hpp implementation of the above
algorithmsin atight loop. The performance has been evaluated on an Intel (R) Core(TM) i7 CPU Q 840 @ 1.87GHz, 1867 Mhz with
Visual C++ 2010, Microsoft Windows 7 Professional and with gec 4.4.5, Ubuntu Linux 2.6.35-25-generic.

Platform time per invocation [microseconds]
Windows 29
Linux 17

The measurement error is estimated at +/- 1 usec.
random devi ce public construct/copy/destruct
1 . .
random devi ce();
Constructsar andom devi ce, optionally using the default device.

explicit random device(const std::string & token);

Constructsar andom devi ce, optionally using the given token as an access specification (for example, a URL) to someimple-
mentation-defined service for monitoring a stochastic process.

~random devi ce() ;

random devi ce public static functions
static result_type mn();

Returns the smallest value that ther andom devi ce can produce.
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static result_type nmax();

Returns the largest value that the r andom devi ce can produce.

random devi ce public member functions

L doubl e entropy() const;

Returns: An entropy estimate for the random numbers returned by operator(), in the range min() to log2( max()+1). A determin-
istic random number generator (e.g. a pseudo-random number engine) has entropy O.

Throws: Nothing.
unsi gned int operator()();

Returns a random value in the range [min, max].

3. tenpl at e<typenane Iter> void generate(lter begin, Iter end);

Fills arange with random 32-hit values.

Header <boost/random/random_number_generator.hpp>

nanespace boost {
namespace random {
tenpl at e<t ypenane URNG typenane IntType = | ong>
cl ass random nunber _gener at or;

Class template random_number_generator

boost::random::random_number_generator
Synopsis

/1 I'n header: <boost/randonirandom nunber _generat or. hpp>

tenpl at e<t ypenane URNG typenane |IntType = | ong>
cl ass random nunber _generator {
public:

/'l types

t ypedef URNG base_t ype;

typedef IntType argument_type;

typedef IntType result_type;

/'l construct/copy/ destruct
random nunber _gener at or (base_type &);

/1 public menber functions
result_type operator()(argunment_type);
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Description

Instantiations of classtemplate random_number_generator model a RandomNumberGenerator (std:25.2.11 [lib.alg.random.shuffle]).
On each invocation, it returns a uniformly distributed integer in the range [0..n).

The template parameter IntType shall denote some integer-like value type.

random nunber _gener at or public construct/copy/destruct
random nunber _gener at or (base_type & rng);

Constructs ar andom nunber _gener at or functor with the given uniform random number generator as the underlying source
of random numbers.

random nunber _gener at or public member functions
result_type operator()(argunment_type n);

Returns avaluein the range [0, n)

Header <boost/random/ranlux.hpp>

nanespace boost {
namespace random {

typedef subtract_w th_carry_engine< uint32_t, 24, 10, 24 > ranlux_base
typedef subtract_w th_carry_01 _engine< float, 24, 10, 24 > ranlux_base_ 01
typedef subtract_w th_carry_01_engi ne< double, 48, 10, 24 > ranl ux64_base_01
t ypedef discard_bl ock_engi ne< ranl ux_base, 223, 24 > ranl ux3
t ypedef discard_bl ock_engi ne< ranl ux_base, 389, 24 > ranl ux4;
t ypedef discard_bl ock_engi ne< ranl ux_base_01, 223, 24 > ranlux3_01
t ypedef discard_bl ock_engi ne< ranl ux_base_01, 389, 24 > ranlux4_01
t ypedef discard_bl ock_engi ne< ranl ux64_base_01, 223, 24 > ranlux64_3 01
t ypedef discard_bl ock_engi ne< ranl ux64_base_01, 389, 24 > ranlux64_4 01
typedef subtract_w th_carry_engine< uint64_t, 48, 10, 24 > ranl ux64_base
t ypedef discard_bl ock_engi ne< ranl ux64_base, 223, 24 > ranl ux64_3
t ypedef discard_bl ock_engi ne< ranl ux64_base, 389, 24 > ranlux64_4
typedef subtract_w th_carry_engine< uint32_t, 24, 10, 24 > ranlux24_base
typedef subtract_w th_carry_engine< uint64_t, 48, 5, 12 > ranl ux48_base
t ypedef discard_bl ock_engi ne< ranl ux24_base, 223, 23 > ranlux24
t ypedef discard_bl ock_engi ne< ranl ux48_base, 389, 11 > ranlux48

Type definition ranlux3

ranlux3
Synopsis
/1 I'n header: <boost/randoniranl ux. hpp>

t ypedef di scard_bl ock_engi ne< ranl ux_base, 223, 24 > ranl ux3

Description

Theranlux family of generators are described in
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"A portable high-quality random number generator for lattice field theory calculations', M. Luescher, Computer
Physics Communications, 79 (1994) pp 100-110.

The levelsare givenin
"RANLUX: A Fortran implementation of the high-quality pseudorandom number generator of L uescher”, F. James,
Computer Physics Communications 79 (1994) 111-114

Type definition ranlux4

ranlux4
Synopsis
/'l I'n header: <boost/randoniranl ux. hpp>

t ypedef di scard_bl ock_engi ne< ranl ux_base, 389, 24 > ranl ux4;

Description
Theranlux family of generators are described in

"A portable high-quality random number generator for lattice field theory calculations', M. Luescher, Computer
Physics Communications, 79 (1994) pp 100-110.

Thelevelsare givenin

"RANLUX: A Fortranimplementation of the high-quality pseudorandom number generator of Luescher”, F. James,
Computer Physics Communications 79 (1994) 111-114

Type definition ranlux3_01

ranlux3_01
Synopsis
/1 1In header: <boost/randoniranl ux. hpp>

t ypedef discard_bl ock_engi ne< ranl ux_base_ 01, 223, 24 > ranl ux3_01;

Description
Theranlux family of generators are described in

"A portable high-quality random number generator for lattice field theory calculations', M. Luescher, Computer
Physics Communications, 79 (1994) pp 100-110.

Thelevelsaregivenin

"RANLUX: A Fortran implementation of the high-quality pseudorandom number generator of Luescher”, F. James,
Computer Physics Communications 79 (1994) 111-114
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Type definition ranlux4_01

ranlux4_01
Synopsis
/1 1In header: <boost/randoniranl ux. hpp>

t ypedef discard_bl ock_engi ne< ranl ux_base_01, 389, 24 > ranlux4_01;

Description
Theranlux family of generators are described in

"A portable high-quality random number generator for lattice field theory calculations', M. Luescher, Computer
Physics Communications, 79 (1994) pp 100-110.

Thelevelsaregivenin

"RANLUX: A Fortranimplementation of the high-quality pseudorandom number generator of Luescher”, F. James,
Computer Physics Communications 79 (1994) 111-114

Type definition ranlux64_3_01

ranlux64 3 01
Synopsis
/'l I'n header: <boost/randonfranl ux. hpp>

t ypedef discard_bl ock_engi ne< ranl ux64_base_01, 223, 24 > ranl ux64_3_01;

Description
Theranlux family of generators are described in

"A portable high-quality random number generator for lattice field theory calculations', M. Luescher, Computer
Physics Communications, 79 (1994) pp 100-110.

The levelsare givenin

"RANLUX: A Fortran implementation of the high-quality pseudorandom number generator of L uescher”, F. James,
Computer Physics Communications 79 (1994) 111-114

Type definition ranlux64 4 01

ranlux64 4 01
Synopsis
/1 I'n header: <boost/randoniranl ux. hpp>

t ypedef di scard_bl ock_engi ne< ranl ux64_base_01, 389, 24 > ranlux64_4_01;
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Description
Theranlux family of generators are described in

"A portable high-quality random number generator for lattice field theory calculations', M. Luescher, Computer
Physics Communications, 79 (1994) pp 100-110.

Thelevelsaregivenin
"RANLUX: A Fortranimplementation of the high-quality pseudorandom number generator of Luescher”, F. James,
Computer Physics Communications 79 (1994) 111-114

Type definition ranlux64_3

ranlux64_3
Synopsis
/'l I'n header: <boost/randoni ranl ux. hpp>

t ypedef discard_bl ock_engi ne< ranl ux64_base, 223, 24 > ranlux64_3;

Description
Theranlux family of generators are described in

"A portable high-quality random number generator for lattice field theory calculations', M. Luescher, Computer
Physics Communications, 79 (1994) pp 100-110.

The levelsare givenin
"RANLUX: A Fortranimplementation of the high-quality pseudorandom number generator of L uescher”, F. James,
Computer Physics Communications 79 (1994) 111-114

Type definition ranlux64_4

ranlux64_4
Synopsis
/1 I'n header: <boost/randoniranl ux. hpp>

t ypedef di scard_bl ock_engi ne< ranl ux64_base, 389, 24 > ranlux64_4;

Description
Theranlux family of generators are described in

"A portable high-quality random number generator for lattice field theory calculations', M. Luescher, Computer
Physics Communications, 79 (1994) pp 100-110.

Thelevelsare givenin

"RANLUX: A Fortranimplementation of the high-quality pseudorandom number generator of Luescher”, F. James,
Computer Physics Communications 79 (1994) 111-114
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Header <boost/random/seed_seq.hpp>

namespace boost {
namespace random {
cl ass seed_seq;

}
}

Class seed_seq

boost::random::seed seq
Synopsis
/'l In header: <boost/randonf seed_seq. hpp>

cl ass seed_seq {
publi c:
/'l types
typedef boost::uint_least32_t result_type

/'l construct/copy/ destruct

seed_seq();

tenpl at e<typenane T> seed_seq(const std::initializer_list< T > &)
tenpl at e<typenane Iter> seed_seq(lter, Iter)

t enpl at e<t ypenane Range> explicit seed_seq(const Range &)

/1 public nmenber functions

tenpl at e<typenane Iter> void generate(lter, Iter) const

std::size_t size() const;
tenpl at e<typenane Iter> void paran{lter)

Description

Theclassseed_seq storesasequence of 32-bit wordsfor seeding a pseudo-random number generator . These wordswill be combined
to fill the entire state of the generator.

seed_seq public construct/copy/destruct
seed_seq();
Initializesaseed_seq to hold an empty sequence.
tenpl at e<typenane T> seed_seq(const std::initializer_list< T > &il)
Initializes the sequence from an initializer_list.
3. . ]
tenpl at e<typenane |ter> seed_seq(lter first, Iter |ast)

Initializes the sequence from an iterator range.

tenpl at e<t ypenane Range> explicit seed_seq(const Range & range)
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Initializes the sequence from Boost.Range range.

seed_seq public member functions
tenpl at e<typenane Iter> void generate(lter first, Iter last) const;

Fills arange with 32-bit values based on the stored sequence.
Requires: Iter must be a Random Access Iterator whose value type is an unsigned integral type at least 32 bits wide.

2. std::size_t size() const;

Returns the size of the sequence.

3. tenpl ate<typenane Iter> void paranm(lter out)

Writes the stored sequence to iter.

Header <boost/random/shuffle_order.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenanme Uni f or nrRandomNunber Generator, std::size_t k>
cl ass shuffl e_order_engine;
typedef shuffle_order_engi ne< |inear_congruential _enO
gine< uint32_t, 1366, 150889, 714025 >, 97 > kreutzer1986
typedef shuffle_order_engi ne< m nstd_rand0, 256 > knuth_b;
}
}

Class template shuffle_order_engine

boost::random::shuffle_order_engine
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Synopsis

/'l 1In header: <boost/randonf shuffle_order. hpp>

t enpl at e<t ypenane Uni f or mrRandonNunber Generator, std::size_t k>
cl ass shuffl e_order_engine {

publi c:
/'l types
t ypedef Unifor mRandomNunber Gener at or base_t ype;
typedef base_type::result_type result_type;

/'l construct/copy/ destruct

shuf fl e_order_engi ne();

explicit shuffle_order_engine(result_type);

t enpl at e<t ypenanme SeedSeq> explicit shuffle_order_engi ne( SeedSeq &):;
explicit shuffle_order_engi ne(const base_type &) ;

explicit shuffle_order_engi ne(base_type &&);

tenpl at e<typenane |t> shuffle_order_engine(lt & It);

/1 public nmenber functions

voi d seed();

voi d seed(result_type);

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq &) ;
tenpl ate<typenane It> void seed(It & It);

const base_type & base() const;

result_type operator()();

voi d di scard(boost: :uintmax_t);

tenpl at e<typenane Iter> void generate(lter, lter);

/1 public static functions
static result_type mn();
static result_type max();

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const shuffle_order_engine &) ;
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &,
const shuffl e_order_engine &) ;
friend bool operator==(const shuffle_order_engine &,
const shuffle_order_engine &) ;
friend bool operator!=(const shuffle_order_engine &,
const shuffle_order_engine &) ;

/1 public data nenbers

static const bool has_fixed_range;
static const std::size_t buffer_size;
static const std::size_t table_size;

Description

Instatiations of class template shuf f | e_or der _engi ne model a pseudo-random number generator . It mixes the output of some
(usually linear_congruentia_engine) uniform random number generator to get better statistical properties. The algorithmisdescribed
in

"Improving apoor random number generator", Carter Baysand S.D. Durham, ACM Transactions on Mathematical
Software, Vol 2, No. 1, March 1976, pp. 59-64. http://doi.acm.org/10.1145/355666.355670
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The output of the base generator is buffered in an array of length k. Every output X(n) has a second role: It gives an index into the
array where X(n+1) will be retrieved. Used array elements are replaced with fresh output from the base generator.

Template parameters are the base generator and the array length k, which should be around 100.
shuf f1 e_or der _engi ne public construct/copy/destruct
1

shuf f1 e_order _engi ne();

Constructsashuf f | e_or der _engi ne by invoking the default constructor of the base generator.

Complexity: Exactly k+1 invocations of the base generator.
explicit shuffle_order_engine(result_type s);

Constructs a shuf f | e_out put _engi ne by invoking the one-argument constructor of the base generator with the parameter
seed.

Complexity: Exactly k+1 invocations of the base generator.

tenpl at e<t ypenane SeedSeq> explicit shuffle_order_engi ne(SeedSeq & seq);

explicit shuffle_order_engi ne(const base_type & rng);

Constructsashuf f | e_out put _engi ne by using a copy of the provided generator.
Precondition: The template argument UniformRandomNumberGenerator shall denote a CopyConstructible type.

Complexity: Exactly k+1 invocations of the base generator.

explicit shuffle_order_engi ne(base_type && rng);

6. t enpl at e<typenane It> shuffle_order_engine(lt & first, It last);

shuf f1 e_order _engi ne public member functions

voi d seed();

voi d seed(result_type seed);

Invokes the one-argument seed method of the base generator with the parameter seed and re-initializes the internal buffer array.

Complexity: Exactly k+1 invocations of the base generator.
t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq & seq);

Invokes the one-argument seed method of the base generator with the parameter seq and re-initializes the internal buffer array.

Complexity: Exactly k+1 invocations of the base generator.
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4. tenpl ate<typenane It> void seed(It & first, It last);
5. )
const base_type & base() const;
6. .
result _type operator()();
7.

voi d di scard(boost::uintmax_t z);
Advances the generator by z steps.
8.

t enpl at e<typenanme Iter> void generate(lter first, Iter last);

Fills arange with pseudo-random values.

shuf f1 e_or der _engi ne public static functions
static result_type mn();
Returns the smallest value that the generator can produce.
static result_type max();

Returns the largest value that the generator can produce.

shuf f | e_or der _engi ne friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const shuffle_order_engine & s);

Writesashuf fl e_order _engi netoastd: : ostream

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const shuffle_order_engine & s);

Readsashuf f| e_order _engi ne fromastd: :i stream

friend bool operator==(const shuffle_order_engine & x,
const shuffle_order_engine & vy);

Returnstrue if the two generators will produce identical sequences.

friend bool operator!=(const shuffle_order_engine & I|hs,
const shuffle_order_engine & rhs);

Returnstrue if the two generators will produce different sequences.
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Type definition kreutzer1986

kreutzer1986
Synopsis
/'l I'n header: <boost/randon shuffle_order. hpp>

typedef shuffle_order_engi ne< |inear_congruential _enl
gine< uint32_t, 1366, 150889, 714025 >, 97 > kreutzer1986;

Description

According to Harry Erwin (private e-mail), the specialization kr eut zer 1986 was suggested in:
"System Simulation: Programming Styles and Languages (International Computer Science Series)”, Wolfgang
Kreutzer, Addison-Wesl ey, December 1986.

Type definition knuth_b

knuth_b

Synopsis
/'l I'n header: <boost/randon shuffle_order. hpp>

typedef shuffle_order_engi ne< mi nstd_rand0, 256 > knuth_b;

Description
The speciaization knut h_b is specified by the C++ standard. It is described in

"The Art of Computer Programming, Second Edition, Volume 2, Seminumerical Algorithms', Donald Knuth,
Addison-Wesley, 1981.

Header <boost/random/student_t_distribution.hpp>

nanmespace boost {
namespace random {
t enpl at e<t ypenane Real Type = doubl e> cl ass student_t _distribution;
}
}

Class template student_t_distribution

boost::random::student_t_distribution
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Synopsis

/'l In header: <boost/randoni student_t_distribution. hpp>

t enpl at e<t ypenane Real Type = doubl e>
class student _t_distribution {
publi c:

/'l types

t ypedef Real Type result_type

t ypedef Real Type input_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef student _t _distribution distribution_type;

/'l construct/copy/ destruct
explicit paramtype(Real Type = 1.0)

/1 public nmenber functions
Real Type n() const;

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit student_t_distribution(Real Type = 1.0);
explicit student_t_distribution(const paramtype &)

/1 public nmenber functions
t enpl at e<t ypenane URNG> Real Type operator () (URNG &)
t enpl at e<t ypenane URNG>
Real Type operator()(URNG & const paramtype &) const
Real Type n() const;
Real Type min() const;
Real Type max() const;
param_type param ) const;
voi d param const paramtype &)
voi d reset ()

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const student _t_distribution &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &
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const student _t_distribution &);
friend bool operator==(const student_t _distribution &,
const student _t_distribution &);
friend bool operator!=(const student_t _distribution &,
const student _t_distribution &);

Description

The Student t distribution is areal valued distribution with one parameter n, the number of degrees of freedom.

_ 1 Ti{r+1)/3) g2\ ~(nH12
Ithasp{z)_mw(1+—) |

n

student _t_di stribution public construct/copy/destruct
explicit student_t_distribution(Real Type n = 1.0);

Constructsan st udent _t _di st ri buti on with"n" degrees of freedom.

Requires: n>0
explicit student_t_distribution(const paramtype & param;

Constructsan st udent _t _di st ri buti on from its parameters.
student _t _di stribution public member functions
L t enpl at e<t ypenane URNG> Real Type operator () (URNG & urng);

Returns arandom variate distributed according to the Student t distribution.

t enpl at e<t ypenane URNG>
Real Type operator()(URNG & urng, const paramtype & param const;

Returns arandom variate distributed accordint to the Student t distribution with parameters specified by par am
Real Type n() const;
Returns the number of degrees of freedom.
Real Type min() const;
Returns the smallest value that the distribution can produce.
Real Type max() const;
Returns the largest value that the distribution can produce.
param type param) const;

Returns the parameters of the distribution.
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voi d param const paramtype & param ;
Sets the parameters of the distribution.

void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.
student t _distribution friend functions

L tenpl at e<typenane CharT, typenanme Traits>

friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const student _t_distribution & td);

Writesastudent _t _distributiontoastd:: ostream

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const student t distribution & td);

Readsast udent _t _distributionfromastd::istream

friend bool operator==(const student_t _distribution & |hs,
const student _t_distribution & rhs);

Returnstrueif thetwoinstancesof st udent _t _di stri buti on will returnidentical sequences of values given equal generators.

friend bool operator!=(const student_t _distribution & |hs,
const student t_distribution & rhs);

Returnstrueif thetwoinstancesof st udent _t _di st ri but i on will return different sequences of values given equal generators.

Class param_type

boost::random::student_t_distribution::param_type

161

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Random

Synopsis

/'l In header: <boost/randoni student_t_distribution. hpp>

cl ass paramtype {
public:
/'l types
typedef student _t _distribution distribution_type;

/'l construct/copy/ destruct
explicit paramtype(Real Type = 1.0);

/1 public nmenber functions
Real Type n() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &);
friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

Description

par am t ype public construct/copy/destruct
explicit paramtype(Real Type n = 1.0);

Constructs apar am t ype with "n" degrees of freedom.
Requires: n>0

par am t ype public member functions
Real Type n() const;

Returns the number of degrees of freedom of the distribution.

par am t ype friend functions

tenpl at e<typenane CharT, typename Traits>
friend std::basic_ostrean< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const paramtype & param ;

Writesapar am t ype toast d: : ost ream

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istreanc CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const paramtype & param;
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Readsaparam type fromastd: :i stream

friend bool operator==(const paramtype & |l hs, const paramtype & rhs);
Returnstrue if the two sets of parameters are the same.

friend bool operator!=(const paramtype & |l hs, const paramtype & rhs);
Returnstrue if the two sets of parameters are the different.

Header <boost/random/subtract_with_carry.hpp>

namespace boost {
namespace random {
tenpl at e<t ypenane Real Type, std::size_t w, std::size_t s, std::size_t r>
class subtract_wi th_carry_01_engi ne;
tenpl at e<typenane |IntType, std::size t w std::size_t s, std::size_t r>
cl ass subtract_with_carry_engi ne;

Class template subtract_with_carry_01_engine

boost::random::subtract_with_carry_01_engine
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Synopsis

/'l 1n header: <boost/randonf subtract_with_carry. hpp>

tenpl at e<typenane Real Type, std::size_t w, std::size t s, std::size_t r>
class subtract_with_carry_01_engine {
publi c:

/'l types

typedef Real Type result_type;

/'l construct/copy/ destruct

subtract_with_carry_01_engine();

explicit subtract_with_carry_01 engi ne(boost::uint32_t);

tenpl at e<t ypenane SeedSeq> explicit subtract_with_carry_01_engi ne( SeedSeq &);
tenpl ate<typenane |t> subtract_with_carry_ 01 _engine(lt & It);

/1 public nmenber functions

voi d seed();

voi d seed(boost::uint32_t);

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq &) ;
tenpl ate<typenane It> void seed(It & It);
result_type operator()();

voi d di scard(boost::uintmax_t);

tenpl at e<typenane Iter> void generate(lter, lter);

/1 public static functions
static result_type mn();
static result_type max();

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const subtract_with_carry_01 engine &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &,
const subtract_with_carry_01 engine &);
friend bool operator==(const subtract_with_carry_01_engine &,
const subtract_with_carry_01 engine &);
friend bool operator!=(const subtract_with_carry_01_engine &,
const subtract_with_carry_01 engine &);

/1 public data nenbers

static const bool has_fixed_range;
static const std::size_t word_size;
static const std::size_t long_lag;

static const std::size_t short_|ag;
static const boost::uint32_t default_seed,

Description
Instantiations of subtract_with_carry 01 engine model a pseudo-random number generator . The algorithm is described in

"A New Class of Random Number Generators', George Marsagliaand Arif Zaman, Annals of Applied Probability,
Volume 1, Number 3 (1991), 462-480.

subtract_with_carry_01_engi ne public construct/copy/destruct

subtract_with_carry_01_engi ne();
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Createsanew subtract _wi th_carry_01_engi ne using the default seed.
explicit subtract_with_carry_01_engi ne(boost::uint32_t val ue);
Createsanew subtract_with_carry_01_engi ne and seedsit with value.

3. t enpl at e<t ypenane SeedSeq>

explicit subtract_with_carry_01_engi ne( SeedSeq & seq);
Createsanew subtract _wi th_carry_01_engi ne and seeds with values produced by seq.generate().
4.

tenpl ate<typenane |t> subtract_with_carry 01 _engine(lt & first, It last);

Createsanew subtract _wi th_carry_01_engi ne and seedsit with values from arange. Advances first to point one past the
last consumed value. If the range does not contain enough elementsto fill the entire state, throws st d: : i nval i d_ar gunment .

subtract_wi th_carry_01_engi ne public member functions
voi d seed();
Seeds the generator with the default seed.
voi d seed(boost::uint32_t value);
Seeds the generator with val ue.
t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq & seq);
Seeds the generator with values produced by seq. generat e() .
tenpl ate<typenane It> void seed(lIt & first, It last);

Seeds the generator with values from arange. Updates first to point one past the last consumed element. If there are not enough
elementsin the range to fill the entire state, throwsst d: : i nval i d_ar gunent .

result_type operator()();
Returns the next value of the generator.
voi d di scard(boost::uintmax_t z);
Advances the state of the generator by z.
tenpl at e<typenane Iter> void generate(lter first, Iter last);

Fills arange with random values.

subtract_with_carry_01_engi ne public static functions

static result_type mn();
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Returns the smallest value that the generator can produce.
static result_type nmax();

Returns the largest value that the generator can produce.

subtract_with_carry_01_engi ne friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const subtract_with_carry_01_engine & f);

Writesasubtract _with _carry 01 _engi netoastd::ostream

tenpl at e<t ypenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const subtract_with_carry_01 engine & f);

Readsasubtract_with_carry_01_engi ne fromastd: :istream

friend bool operator==(const subtract_with_carry_01 _engine & x,
const subtract_with_carry 0l engine & vy);

Returnstrue if the two generators will produce identical sequences.

friend bool operator!=(const subtract_with_carry_01_engine & |hs,
const subtract_wi th_carry_01_engine & rhs);

Returnstrue if the two generators will produce different sequences.

Class template subtract_with_carry_engine

boost::random::subtract_with _carry_engine
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Synopsis

/'l 1n header: <boost/randonf subtract_with_carry. hpp>

tenpl at e<typenane |IntType, std::size t w std::size_t s, std::size_t r>
class subtract_w th_carry_engine {
publi c:

/'l types

typedef IntType result_type;

/'l construct/copy/ destruct

subtract_with_carry_engine();

explicit subtract_w th_carry_engi ne(lntType);

t enpl at e<t ypenane SeedSeq> explicit subtract_w th_carry_engi ne( SeedSeq &) ;
tenpl ate<typenane It> subtract_with_carry_engine(lt & 1It);

/1 public nmenber functions

voi d seed();

voi d seed( | nt Type);

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq &) ;
tenpl ate<typenane It> void seed(It & It);
result_type operator()();

voi d di scard(boost::uintmax_t);

t enpl at e<typenanme It> void generate(lt, It);

/1 public static functions
static result_type mn();
static result_type max();

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const subtract_with_carry_engi ne &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &,
const subtract_with_carry_engi ne &);
friend bool operator==(const subtract_w th_carry_engi ne &,
const subtract_with_carry_engi ne &);
friend bool operator!=(const subtract_w th_carry_engine &,
const subtract_with_carry_engi ne &);

/1 public data nenbers

static const std::size_t word_size;
static const std::size_t long_lag;
static const std::size_t short_|ag;
static const uint32_t default_seed;
static const bool has_fixed_range;
static const result_type nodul us;

Description
Instantiations of subt ract _wi t h_carry_engi ne model a pseudo-random number generator . The algorithm is described in

"A New Class of Random Number Generators', George Marsagliaand Arif Zaman, Annals of Applied Probability,
Volume 1, Number 3 (1991), 462-480.

167

render

s httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.Random

subtract_wi th_carry_engi ne public construct/copy/destruct

3.

subtract_with_carry_engine();
Constructsanew subt ract _wi th_carry_engi ne and seeds it with the default seed.
explicit subtract_with_carry_engi ne(lntType val ue);
Constructsanew subtract _wi t h_carry_engi ne and seedsit with val ue.
tenpl at e<t ypenane SeedSeq> explicit subtract_w th_carry_engi ne( SeedSeq & seq);
Constructsanew subt ract _wi t h_carry_engi ne and seedsit with values produced by seq. generat e() .
tenpl at e<typenane It> subtract_with_carry_engine(lt & first, It last);

Constructsanew subt ract _wi t h_carry_engi ne and seeds it with values from arange. first is updated to point one past the
last value consumed. If there are not enough elements in the range to fill the entire state of the generator, throws st d: : i nval -
i d_argument.

subtract _wi th_carry_engi ne public member functions

voi d seed();
Seeds the generator with the default seed.

voi d seed(IntType val ue);

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq & seq);
Seeds the generator with values produced by seq. generat e() .
tenpl at e<typenane It> void seed(It & first, It last);

Seeds the generator with values from arange. Updates fi r st to point one past the last consumed value. If the range does not
contain enough elements to fill the entire state of the generator, throws st d: : i nval i d_ar gurment .

result_type operator()();
Returns the next value of the generator.
voi d di scard(boost::uintmax_t z);
Advances the state of the generator by z.
tenpl ate<typenane It> void generate(lt first, It last);

Fills arange with random values.
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subtract_wi th_carry_engi ne public static functions
static result_type mn();

Returns the smallest value that the generator can produce.

2. static result_type max();

Returns the largest value that the generator can produce.

subtract_with_carry_engi ne friend functions

tenpl at e<t ypenane CharT, typenanme Traits>
friend std::basic_ostrean< CharT, Traits > &
oper ator<<(std::basic_ostream< CharT, Traits > & os,
const subtract_with_carry_engine & f);

Writesasubtract _with_carry_engi netoastd:: ostream

2. tenpl at e<typenane CharT, typenane Traits>

friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const subtract_with_carry_engine & f);

Readsasubtract _with_carry_engi ne fromastd: :istream

friend bool operator==(const subtract_wi th_carry_engine & X,
const subtract_w th_carry_engine & vy);

Returnstrue if the two generators will produce identical sequences of values.

friend bool operator!=(const subtract_with_carry_engine & |hs,
const subtract_with_carry_engine & rhs);

Returnstrue if the two generators will produce different sequences of values.

Header <boost/random/taus88.hpp>

namespace boost {

namespace random {

t ypedef xor_conbi ne_engi ne< xor_conbi ne_engi ne< | i near_feedback_shift_enO

gine< uint32_t, 32, 31, 13, 12 >, 0, linear_feedback_shift_enO
gine< uint32_t, 32, 29, 2, 4 > 0 > 0, linear_feedback_shift_enO
gine< uint32_t, 32, 28, 3, 17 > 0 > taus8s§;

}
}

Type definition taus88

taus88
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Synopsis
/1 In header: <boost/randonitaus88. hpp>

t ypedef xor_conbi ne_engi ne< xor _conbi ne_engi ne< |inear_feedback_shift_enO
gine< uint32_t, 32, 31, 13, 12 >, 0, linear_feedback_shift_enO

gine< uint32_t, 32, 29, 2, 4 > 0 > 0, linear_feedback_shift_enO

gine< uint32_t, 32, 28, 3, 17 > 0 > taus88

Description
The specialization taus88 was suggested in

"Maximally Equidistributed Combined Tausworthe Generators', Pierre L'Ecuyer, Mathematics of Computation,
Volume 65, Number 213, January 1996, Pages 203-213

Header <boost/random/triangle_distribution.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenane Real Type = doubl e> class triangle_distribution

}
}

Class template triangle_distribution

boost::random::triangle_distribution
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Synopsis

/'l In header: <boost/randonitriangle_distribution.hpp>

t enpl at e<t ypenane Real Type = doubl e>
class triangle_distribution {
publi c:

/'l types

t ypedef Real Type input_type

t ypedef Real Type result_type

/1 nmenber cl asses/structs/unions
cl ass paramtype {
publi c:
/'l types
typedef triangle_distribution distribution_type

/'l construct/copy/ destruct

explicit paramtype(Real Type = 0.0, Real Type = 0.5, Real Type = 1.0)

/1 public nmenber functions
Real Type a() const;
Real Type b() const;
Real Type c() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &

operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istreanc< CharT, Traits > &

operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct

explicit triangle_distribution(Real Type 0.0, Real Type
Real Type = 1.0);

explicit triangle_distribution(const paramtype &)

/1 public nmenber functions
result_type a() const
result_type b() const
result_type c() const
Real Type min() const;
Real Type max() const;
param_type param ) const;
voi d param const paramtype &)
voi d reset ()
t enpl at e<t ypenane Engi ne> result_type operator()(Engine
t enpl at e<t ypenane Engi ne>
result _type operator()(Engine & const paramtype &)

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const triangle_distribution &)
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &

= 0.5,

&) ;
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operator>>(std::basic_istream< CharT, Traits > &,
const triangle_distribution &) ;
friend bool operator==(const triangle_distribution &
const triangle_distribution &) ;
friend bool operator!=(const triangle_distribution &
const triangle_distribution &) ;

Description

Instantiations of t ri angl e_di st ri buti on model arandom distribution. At ri angl e_di st ri but i on hasthree parameters, a,
b, and ¢, which are the smallest, the most probable and the largest values of the distribution respectively.

triangl e_distribution public construct/copy/destruct

0.0, Real Type b = 0.5,
1.0);

explicit triangle_distribution(Real Type a
Real Type ¢

Constructsat ri angl e_di st ri buti on with the parametersa, b, and c.

Preconditions: a<=b <=c.
explicit triangle_distribution(const paramtype & param;

Constructsat ri angl e_di stri buti on from its parameters.

triangl e_distributionpublic member functions

result_type a() const;

Returns the a parameter of the distribution
result_type b() const;

Returns the b parameter of the distribution
result_type c() const;

Returnsthe ¢ parameter of the distribution
Real Type min() const;

Returns the smallest value that the distribution can produce.
Real Type max() const;

Returns the largest value that the distribution can produce.
param type param ) const;

Returns the parameters of the distribution.

voi d param const paramtype & param ;
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Sets the parameters of the distribution.
void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.

S. t enpl at e<t ypenanme Engi ne> result_type operator()(Engine & eng);

Returns arandom variate distributed according to the triangle distribution.

10 t enpl at e<t ypenane Engi ne>

result _type operator()(Engine & eng, const paramtype & param;

Returns a random variate distributed according to the triangle distribution with parameters specified by param.
triangl e_distribution friend functions

L tenpl at e<typenane CharT, typenane Traits>

friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const triangle_distribution & td);

Writes the distribution to ast d: : ost r eam

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const triangle_distribution & td);

Reads the distribution from ast d: : i stream

friend bool operator==(const triangle_distribution & |hs,
const triangle distribution & rhs);

Returnstrue if the two distributions will produce identical sequences of values given equal generators.

4. friend bool operator!=(const triangle_distribution & |hs,

const triangle_distribution & rhs);

Returnstrueif the two distributions may produce different sequences of values given equal generators.

Class param_type

boost::random::triangle_distribution::param_type
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Synopsis

/'l In header: <boost/randonitriangle_distribution.hpp>

cl ass paramtype {
public:
/'l types
typedef triangle_distribution distribution_type;

/'l construct/copy/ destruct

explicit paramtype(Real Type = 0.0, Real Type = 0.5, Real Type = 1.0)

/1 public nmenber functions

Real Type a() const;

Real Type b() const;

Real Type c() const;

/1 friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)

friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

Description

par am t ype public construct/copy/destruct
explicit paramtype(Real Type a = 0.0, Real Type b = 0.5, Real Type ¢ = 1.0)

Constructs the parametersof at ri angl e_di stri buti on.

par am t ype public member functions
Real Type a() const;
Returns the minimum value of the distribution.
Real Type b() const;
Returns the mode of the distribution.
Real Type c() const;

Returns the maximum value of the distribution.
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par am t ype friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostrean< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & o0s,
const paramtype & param;

Writes the parametersto ast d: : ost ream

2. t enpl at e<t ypenane CharT, typenanme Traits>

friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istreanx CharT, Traits > & is,
const paramtype & param;

Reads the parametersfrom ast d: : i st ream

3. friend bool operator==(const paramtype & |l hs, const paramtype & rhs);

Returnstrue if the two sets of parameters are equal.
friend bool operator!=(const paramtype & | hs, const paramtype & rhs);

Returnstrue if the two sets of parameters are different.

Header <boost/random/uniform_01.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenane Real Type = doubl e> cl ass uniform 01;
}
}

Class template uniform_01

boost::random::uniform_01
Synopsis

/'l In header: <boost/randon uniform01. hpp>

t enpl at e<t ypenane Real Type = doubl e>
class uniformO01 {
public:
/'l types
t ypedef Real Type input_type;
typedef Real Type result_type;

/1 public nmenber functions

result_type min() const;

result_type max() const;

void reset();

t enpl at e<t ypenanme Engi ne> result_type operator()(Engine &) ;
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Description

The distribution function uniform_01 models a random distribution . On each invocation, it returns a random floating-point value
uniformly distributed in the range [0..1).

The template parameter Real Type shall denote a float-like value type with support for binary operators +, -, and /.

Note: The current implementation is buggy, because it may not fill all of the mantissawith random bits. I'm unsure how to fill a (to-
be-invented) boost : : bi gf | oat classwith random bits efficiently. It's probably time for atraits class.

uni f orm 01 public member functions

L result_type mn() const;
2. result _type max() const;
3. void reset();

4,

t enpl at e<t ypenane Engi ne> result_type operator()(Engine & eng);

Header <boost/random/uniform_int_distribution.hpp>

namespace boost {
namespace random {
tenpl at e<typenane IntType = int> class uniform.int_distribution;

}
}

Class template uniform_int_distribution

boost::random::uniform_int_distribution
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Synopsis

/'l 1n header: <boost/randonf uniform.int_distribution. hpp>

tenpl at e<typenane | ntType = int>
class uniform.int_distribution {
publi c:

/'l types

typedef IntType input_type;

typedef IntType result_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef uniform.int_distribution distribution_type;

/'l construct/copy/ destruct
explicit paramtype(lntType
I nt Type

0
(std::nuneric_limts< IntType > :max)());

/1 public nmenber functions
I nt Type a() const
I nt Type b() const

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istreanc< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit uniformint_distribution(lntType 0

IntType = (std::nunmeric_linmts< IntType > :nmax)());
explicit uniformint_distribution(const paramtype &)

/1 public nmenber functions
I nt Type min() const
I nt Type nmax() const
I nt Type a() const
I nt Type b() const
param_type param ) const;
voi d param const paramtype &)
voi d reset ()
t enpl at e<t ypenane Engi ne> result_type operator()(Engine & const;
t enpl at e<t ypenane Engi ne>
result_type operator()(Engine & const paramtype & const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const uniform.int_distribution &)
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &
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const uniform.int_distribution & ;
friend bool operator==(const uniform.int_distribution &,
const uniform.int_distribution & ;
friend bool operator!=(const uniform.int_distribution &,
const uniform.int_distribution & ;

Description

The class template uniform_int_distribution models a random distribution . On each invocation, it returns a random integer value
uniformly distributed in the set of integers {min, min+1, min+2, ..., max}.

The template parameter IntType shall denote an integer-like value type.

uni form_i nt_di stribution public construct/copy/destruct

0

explicit uniformint_distribution(lntType nin ,
(std::nuneric_limts< IntType > :max)());

I nt Type max

Constructsauni f orm_i nt _di stri bution.nm nand max are the parameters of the distribution.

Requires: min <= max
explicit uniform.int_distribution(const paramtype & param ;

Constructsauni f orm_i nt _di stri buti on from its parameters.

uni form i nt _di stributi on public member functions

I nt Type nmin() const;

Returns the minimum value of the distribution
I nt Type nmax() const;

Returns the maximum value of the distribution
I nt Type a() const;

Returns the minimum value of the distribution
I nt Type b() const;

Returns the maximum value of the distribution
param type param ) const;

Returns the parameters of the distribution.
voi d param const paramtype & param ;

Sets the parameters of the distribution.
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void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.
t enpl at e<t ypenane Engi ne> result_type operator()(Engine & eng) const;

Returns an integer uniformly distributed in the range [min, max].

9. t enpl at e<t ypenane Engi ne>

result_type operator()(Engine & eng, const paramtype & param const;

Returns an integer uniformly distributed in the range [param.a(), param.b()].

uni form.i nt _di stribution friend functions

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_ostrean< CharT, Traits > &
oper ator<<(std::basic_ostream< CharT, Traits > & os,
const uniformint _distribution & ud);

Writes the distribution to ast d: : ost ream

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const uniform.int_distribution & ud);

Reads the distribution from ast d: : i st r eam

friend bool operator==(const uniform.int_distribution & |hs,
const uniform.int_distribution & rhs);

Returnstrueif the two distributions will produce identical sequences of values given equal generators.

friend bool operator!=(const uniform.int_distribution & Ihs,
const uniform.int_distribution & rhs);

Returnstrue if the two distributions may produce different sequences of values given equal generators.

Class param_type

boost::random::uniform_int_distribution::param_type

179

render

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Random

Synopsis

/'l 1n header: <boost/randonf uniform.int_distribution. hpp>

cl ass paramtype {
public:
/'l types
typedef uniform.int_distribution distribution_type;

/'l construct/copy/ destruct
explicit paramtype(lntType = O,
Int Type = (std::nunmeric_limts< IntType > :max)());

/1 public nmenber functions
I nt Type a() const;
I nt Type b() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &);
friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

Description

par am t ype public construct/copy/destruct

0

explicit paramtype(lntType nin ,
(std::nunmeric_limts< IntType > :max)());

I nt Type max

Constructs the parameters of auni f orm i nt _di stri buti on.
Requires min <= max

par am t ype public member functions
I nt Type a() const;
Returns the minimum value of the distribution.
I nt Type b() const;

Returns the maximum value of the distribution.

par am t ype friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const paramtype & param;
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Writes the parametersto ast d: : ost ream

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const paramtype & param;

Reads the parametersfrom ast d: : i st ream
friend bool operator==(const paramtype & |l hs, const paramtype & rhs);

Returnstrue if the two sets of parameters are equal.

4. friend bool operator!=(const paramtype & |l hs, const paramtype & rhs);

Returnstrue if the two sets of parameters are different.

Header <boost/random/uniform_on_sphere.hpp>

nanespace boost {
namespace random {
t enpl at e<t ypenane Real Type = doubl e,
typenane Cont = std::vector<Real Type> >
cl ass uni formon_sphere;

Class template uniform_on_sphere

boost::random::uniform_on_sphere
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Synopsis

/'l 1n header: <boost/randoni uniform on_sphere. hpp>

t enpl at e<t ypenanme Real Type = doubl e, typename Cont = std::vector<Real Type> >
cl ass uni formon_sphere {

publi c:
/'l types
t ypedef Real Type input_type
t ypedef Cont result_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef uniformon_sphere distribution_type

/'l construct/copy/ destruct
explicit paramtype(int = 2);

/1 public nmenber functions
int dim) const;

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit uniformon_sphere(int = 2);
explicit uniformon_sphere(const paramtype &)

/1 public nmenber functions
int dim) const;
param type param ) const;
voi d param const paramtype &)
result_type mn() const
result_type max() const
voi d reset ()
t enpl at e<t ypenane Engi ne> const result_type & operator()(Engine &)
t enpl at e<t ypenane Engi ne>
result _type operator()(Engine & const paramtype & const;

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const uni formon_sphere &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &
const uni formon_sphere &)
friend bool operator==(const uniformon_sphere & const uniformon_sphere &)
friend bool operator!=(const uniformon_sphere & const uniformon_sphere &)
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Description

Instantiations of class template uniform_on_sphere model a random distribution . Such a distribution produces random numbers
uniformly distributed on the unit sphere of arbitrary dimension di m The Cont template parameter must be a STL-like container
type with begin and end operations returning non-const Forwardlterators of type Cont : : i terat or.

uni f or m on_spher e public construct/copy/destruct
explicit uniformon_sphere(int dim= 2);

Constructsauni f or m on_spher e distribution. di misthe dimension of the sphere.

Requires; dim>=0
explicit uniformon_sphere(const paramtype & paran;

Constructsauni f or m on_spher e distribution from its parameters.
uni f orm on_spher e public member functions
1 . . .
int dim) const;
Returns the dimension of the sphere.
param type param) const;
Returns the parameters of the distribution.
voi d paran{const paramtype & paran;
Sets the parameters of the distribution.

result_type mn() const;

Returnsthe smallest value that the distribution can produce. Note that thisisrequired to approximate the standard library's require-
ments. The behavior is defined according to |lexicographical comparison so that for a container type of std::vector, dist.min() <=
x <= dist.max() where x is any value produced by the distribution.

result_type max() const;

Returnsthe largest val ue that the distribution can produce. Note that thisis required to approximate the standard library's require-
ments. The behavior is defined according to lexicographical comparison so that for a container type of std::vector, dist.min() <=
x <= dist.max() where x is any value produced by the distribution.

void reset();
Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.
t enpl at e<t ypenane Engi ne> const result_type & operator()(Engine & eng);

Returns a point uniformly distributed over the surface of a sphere of dimension dim().
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t enpl at e<t ypenane Engi ne>
result _type operator()(Engine & eng, const paramtype & param const;

Returns a point uniformly distributed over the surface of a sphere of dimension param.dim().
uni f or m on_spher e friend functions

L t enpl at e<t ypenane CharT, typenane Traits>

friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostrean< CharT, Traits > & os,
const uni formon_sphere & sd);

Writes the distribution to ast d: : ost ream

2. tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const uni formon_sphere & sd);
Readsthe distribution from ast d: : i stream
3.

friend bool operator==(const uniformon_sphere & |hs,
const uni formon_sphere & rhs);

Returnstrue if the two distributions will produce identical sequences of values, given equal generators.

friend bool operator!=(const uniformon_sphere & |hs,
const uni formon_sphere & rhs);

Returnstrue if the two distributions may produce different sequences of values, given equal generators.

Class param_type

boost::random::uniform_on_sphere::param_type
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Synopsis

/'l 1n header: <boost/randoni uniform on_sphere. hpp>

cl ass paramtype {
public:
/'l types
typedef uniformon_sphere distribution_type;

/'l construct/copy/ destruct
explicit paramtype(int = 2);

/1 public nmenber functions
int dim) const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &);
friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

Description

par am t ype public construct/copy/destruct
explicit paramtype(int dim= 2);

Constructs the parameters of auni f or m on_spher e distribution, given the dimension of the sphere.
par am t ype public member functions

N int dim) const;

Returns the dimension of the sphere.

par am t ype friend functions

t enpl at e<t ypenanme CharT, typenanme Traits>
friend std::basic_ostrean< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const paramtype & param;

Writes the parametersto ast d: : ost ream

2. t enpl at e<t ypenane CharT, typenanme Traits>

friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istreanx CharT, Traits > & is,
const paramtype & param;

Reads the parametersfrom ast d: : i stream
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friend bool operator==(const paramtype & |lhs, const paramtype & rhs);
Returnstrue if the two sets of parameters are equal.

friend bool operator!=(const paramtype & | hs, const paramtype & rhs);
Returnstrue if the two sets of parameters are different.

Header <boost/random/uniform_real distribution.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenane Real Type = doubl e> class uniformreal _distribution;

}
}

Class template uniform_real_distribution

boost::random::uniform_real _distribution
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Synopsis

/'l 1In header: <boost/randonf uniformreal _distribution.hpp>

t enpl at e<t ypenane Real Type = doubl e>
class uniformreal _distribution {
publi c:

/'l types

t ypedef Real Type input_type

t ypedef Real Type result_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef uniformreal distribution distribution_type

/'l construct/copy/ destruct
explicit paramtype(Real Type = 0.0, Real Type = 1.0)

/1 public nmenber functions
Real Type a() const;
Real Type b() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit uniformreal distribution(Real Type = 0.0, Real Type = 1.0)
explicit uniformreal distribution(const paramtype &)

/1 public nmenber functions
Real Type min() const;
Real Type max() const;
Real Type a() const;
Real Type b() const;
param_type param ) const;
voi d param const paramtype &)
voi d reset ()
t enpl at e<t ypenane Engi ne> result_type operator()(Engine & const;
t enpl at e<t ypenane Engi ne>
result_type operator()(Engine & const paramtype & const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const uniformreal _distribution &)
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &
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const uniformreal _distribution &) ;
friend bool operator==(const uniformreal distribution &,
const uniformreal _distribution &) ;
friend bool operator!=(const uniformreal distribution &,
const uniformreal _distribution &) ;

Description

The class template uniform_real _distribution models arandom distribution . On each invocation, it returns a random floating-point
value uniformly distributed in the range [min..max).

uni form real _di stribution public construct/copy/destruct
explicit uniformreal _distribution(Real Type min = 0.0, Real Type max = 1.0);

Constructsauni f orm real _di stri bution.nm nandmax are the parameters of the distribution.

Requires: min <= max
explicit uniformreal distribution(const paramtype & param;

Constructsauni f orm real _di stri buti on from its parameters.

uni form real _distribution public member functions

Real Type min() const;

Returns the minimum value of the distribution
Real Type max() const;

Returns the maximum value of the distribution
Real Type a() const;

Returns the minimum value of the distribution
Real Type b() const;

Returns the maximum value of the distribution
param_type param ) const;

Returns the parameters of the distribution.
voi d param(const paramtype & param ;

Sets the parameters of the distribution.
void reset();

Effects. Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.
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t enpl at e<t ypenane Engi ne> result_type operator()(Engi ne & eng) const;
Returns avalue uniformly distributed in the range [min, max).

t enpl at e<t ypenane Engi ne>
result_type operator()(Engine & eng, const paramtype & param const;

Returns avalue uniformly distributed in the range [param.a(), param.b()).
uni formreal distributionfriend functions

L tenpl at e<typenane CharT, typenanme Traits>

friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const uniformreal _distribution & ud);

Writesthe distribution to ast d: : ost r eam

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const uniformreal distribution & ud);

Reads the distribution from ast d: : i st ream

friend bool operator==(const uniformreal distribution & |hs,
const uniformreal _distribution & rhs);

Returnstrue if the two distributions will produce identical sequences of values given equal generators.

friend bool operator!=(const uniformreal distribution & Ihs,
const uniformreal _distribution & rhs);

Returnstrueif the two distributions may produce different sequences of values given equal generators.

Class param_type

boost::random::uniform _real _distribution::param_type
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Synopsis

/'l 1In header: <boost/randonf uniformreal _distribution.hpp>

cl ass paramtype {
public:
/'l types
typedef uniformreal distribution distribution_type;

/'l construct/copy/ destruct

explicit paramtype(Real Type = 0.0, Real Type = 1.0)

/1 public nmenber functions

Real Type a() const;

Real Type b() const;

/1 friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)

friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

Description

par am t ype public construct/copy/destruct
explicit paramtype(Real Type min = 0.0, Real Type max = 1.0);

Constructs the parameters of auni f orm real _di stri buti on.
Requires min <= max

par am t ype public member functions
Real Type a() const;
Returns the minimum value of the distribution.
Real Type b() const;

Returns the maximum value of the distribution.

par am t ype friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const paramtype & param;

Writes the parametersto ast d: : ost ream
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tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is
const paramtype & param;

Reads the parametersfromast d: : i st ream

friend bool operator==(const paramtype & | hs, const paramtype & rhs)
Returnstrue if the two sets of parameters are equal.

friend bool operator!=(const paramtype & |l hs, const paramtype & rhs)

Returnstrue if the two sets of parameters are different.

Header <boost/random/uniform_smallint.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenanme IntType = int> class uniformsnallint
}
}

Class template uniform_smallint

boost::random::uniform_smallint
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Synopsis

/'l 1n header: <boost/randonf uniformsnallint.hpp>

tenpl at e<typenane | ntType = int>
class uniformsmallint {

publ

ic:

/'l types
typedef IntType input_type;
typedef IntType result_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef uniformsnallint distribution_type;
/'l construct/copy/ destruct
param type(lntType = 0, IntType = 9)
/1 public nmenber functions
I nt Type a() const
I nt Type b() const
/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)
|

/'l construct/copy/ destruct
explicit uniformsmallint(IntType = 0, IntType =
explicit uniformsnallint(const paramtype &)

/1 public nmenber functions
result_type a() const
result_type b() const
result_type mn() const
result_type max() const
param_type param ) const;

voi d param const paramtype &)
voi d reset ()

t enpl at e<t ypenane Engi ne> result_type operator()(Engine & const;
t enpl at e<t ypenane Engi ne>
result_type operator()(Engine & const paramtype & const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>

friend std::basic_ostream< CharT, Traits > &

9);

operator<<(std::basic_ostream< CharT, Traits > &

const uniformsmallint &)

tenpl at e<typenane CharT, typenanme Traits>
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friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &,
const uniformsnmallint &);
friend bool operator==(const uniformsmallint & const uniformsmallint &);
friend bool operator!=(const uniformsmallint & const uniformsmallint &);

b

Description

The distribution function uniform_smallint models a random distribution . On each invocation, it returns a random integer value
uniformly distributed in the set of integer numbers {min, min+1, min+2, ..., max}. It assumes that the desired range (max-min+1)
issmall compared to the range of the underlying source of random numbers and thus makes no attempt to limit quantization errors.

L et rewe = {max — min + 1) the desired range of integer numbers, and let mas be the range of the underlying source of random numbers.

=L
Powsli) = Temt . Likewise, assume

Then, for the uniform distribution, the theoretical probability for any number i intherange re= will be

He
auniform distribution on rse for the underlying source of random numbers, i.e. Pese i) = T . L€t Pewea{3) denote the random dis-
(Fm..{i)_ )2
tribution generated by uniformsnallint. Then the sum over al i in Fae of \ Pali) shall not exceed

l_té:%{rh" med o) (Tont = Tomse DA Fog; )

The template parameter IntType shall denote an integer-like value type.

S Note
The property above is the square sum of the relative differences in probabilities between the desired uniform distri-
bution P-w(i) and the generated distribution Pew.a{f). The property can be fulfilled with the calculation
{base_rng wod 7o), asfollOWS: Let 7 = rass mod reut. The base distribution on mse is folded onto the range r«. The

numbers i < r have assigned L Test numbers of the base distribution, the rest has only L7es 1. Therefore,

. Toana . Thans
alt) = -— +]) Thana . alt) = |- J Toane . L ..
Peceald) (|."mJ / fori<rand peceall) Tont f otherwise. Substituting thisintheabovesumformula
leads to the desired result.

Ton
a

Note: The upper bound for {Foess Mod Ft) (Fem. — Traee med res} js ™4 . Regarding the upper bound for the square sum of the relative

Tom
quantization error of W, it SEEMS WiSe 10 6ither ChoOSe Mase SO that Thess > 107, Or ensure that rss is divisible by Fear.

uni form smal | i nt public construct/copy/destruct
explicit uniformsmallint(IntType min = 0, IntType max = 9);
Constructsauni f orm snal | i nt . mi n and max are the lower and upper bounds of the output range, respectively.
explicit uniformsnallint(const paramtype & param;

Constructsauni f orm snal | i nt from its parameters.

uni f orm smal | i nt public member functions

result_type a() const;
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Returns the minimum value of the distribution.
result_type b() const;
Returns the maximum value of the distribution.
result_type mn() const;
Returns the minimum value of the distribution.
result _type max() const;
Returns the maximum value of the distribution.
param type param ) const;
Returns the parameters of the distribution.
voi d param const paramtype & param ;
Sets the parameters of the distribution.
void reset();
Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.
t enpl at e<t ypenane Engi ne> result_type operator()(Engi ne & eng) const;
Returns avalue uniformly distributed in the range [min(), max()].

t enpl at e<t ypename Engi ne>
result _type operator()(Engine & eng, const paramtype & param const;

Returns avalue uniformly distributed in the range [param.a(), param.b()].

uni form snal |i nt friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const uniformsmallint & ud);

Writes the distribution to ast d: : ost r eam

tenpl at e<t ypenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const uniformsnallint & ud);

Reads the distribution from ast d: : i stream
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friend bool operator==(const uniformsmallint & I|hs,
const uniformsnallint & rhs);

Returnstrue if the two distributions will produce identical sequences of values given equal generators.

friend bool operator!=(const uniformsmallint & Ihs,
const uniformsnallint & rhs);

Returnstrueif the two distributions may produce different sequences of values given equal generators.

Class param_type

boost::random::uniform_smallint::param_type
Synopsis

/1 I'n header: <boost/randon uniformsmallint.hpp>

cl ass paramtype {
public:
/'l types
typedef uniformsmallint distribution_type;

/'l construct/copy/ destruct
param type(lntType = 0, IntType = 9);

/1 public menber functions
I nt Type a() const;
I nt Type b() const;

/1 friend functions
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &);
tenpl at e<t ypenane CharT, typenanme Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &);

friend bool operator==(const paramtype & const paramtype &);
friend bool operator!=(const paramtype & const paramtype &);

Description

par am t ype public construct/copy/destruct
param type(lntType min = 0, IntType max = 9);

constructs the parameters of auni f or m snal | i nt distribution.

par am t ype public member functions
I nt Type a() const;

Returns the minimum value.
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I nt Type b() const;

Returns the maximum value.
par am t ype friend functions

L t enpl at e<t ypenane CharT, typenane Traits>

friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostrean< CharT, Traits > & os,
const paramtype & param;

Writes the parametersto ast d: : ost ream

2. tenpl at e<typenane CharT, typenanme Traits>

friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const paramtype & param;

Reads the parametersfromast d: : i stream
3. . __ :
friend bool operator==(const paramtype & |l hs, const paramtype & rhs);
Returnstrue if the two sets of parameters are equal.
friend bool operator!=(const paramtype & |lhs, const paramtype & rhs);
Returnstrue if the two sets of parameters are different.

Header <boost/random/variate_generator.hpp>

nanespace boost {
t enpl at e<t ypenane Engi ne, typenane Distribution> class variate_generator;

}

Class template variate_generator

boost::variate_generator
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Synopsis

/1 I'n header: <boost/randonivari ate_generator. hpp>

t enpl at e<t ypenane Engi ne, typenane Distribution>
cl ass variate_generator {

publi c:
/'l types
t ypedef hel per_type::val ue_type engi ne_val ue_t ype;
t ypedef Engi ne engi ne_type;
typedef Distribution di stribution_type;

typedef Distribution::result_type result_type;

/'l construct/copy/destruct

vari ate_generator (Engi ne, Distribution);

/1 public nmenber functions

result_type operator()();

tenpl at e<typenane T> result_type operator()(const T &) ;
engi ne_val ue_type & engine();

const engi ne_val ue_type & engine() const;
distribution_type & distribution();

const distribution_type & distribution() const;
result_type mn() const;

result_type nmax() const;

Description

A random variate generator is used to join a random number generator together with a random number distribution. Boost.Random
provides avast choice of generators as well as distributions .

The argument for the template parameter Engine shall be of the form U, U&, or U*, where U models a uniform random number
generator . Then, the member engine_value_type names U (not the pointer or reference to U).

Speciaizations of var i at e_gener at or satisfy the requirements of CopyConstructible. They also satisfy the requirements of As-
signable unless the template parameter Engineis of the form U&.

The complexity of al functions specified in this section is constant. No function described in this section except the constructor
throws an exception.

vari at e_gener at or public construct/copy/destruct
vari ate_generator (Engine e, Distribution d);

Constructsavar i at e_gener at or object with the associated uniform random number generator eng and the associated random
distribution d.

Throws: If and what the copy constructor of Engine or Distribution throws.

vari ate_gener at or public member functions
result_type operator()();
Returns: distribution()(engine())

tenpl at e<typenane T> result_type operator()(const T & val ue);
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Returns: distribution()(engine(), value).
engi ne_val ue_type & engine();

Returns: A reference to the associated uniform random number generator.
const engi ne_val ue_type & engine() const;

Returns: A reference to the associated uniform random number generator.
distribution_type & distribution();

Returns: A reference to the associated random distribution .
const distribution_type & distribution() const;

Returns: A reference to the associated random distribution.
result_type mn() const;

Precondition: distribution().min() is well-formed

Returns: distribution().min()
result_type max() const;

Precondition: distribution().max() is well-formed

Returns: distribution().max()

Header <boost/random/weibull_distribution.hpp>

nanespace boost {
namespace random {
t enpl at e<t ypenane Real Type = doubl e> cl ass wei bul | _di stribution;

}
}

Class template weibull_distribution

boost::random::weibull_distribution
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Synopsis

/'l 1n header: <boost/randonf wei bul | _distribution. hpp>
t enpl at e<t ypenane Real Type = doubl e>
class weibul | _distribution {
publi c:

/'l types

t ypedef Real Type result_type

t ypedef Real Type input_type

/'l menber cl asses/structs/unions

cl ass paramtype {
publi c:
/'l types
typedef weibull _distribution distribution_type;

/'l construct/copy/ destruct
explicit paramtype(Real Type = 1.0, Real Type = 1.0);

/1 public nmenber functions
Real Type a() const;
Real Type b() const;

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)
friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

}

/'l construct/copy/ destruct
explicit weibull _distribution(Real Type = 1.0, Real Type = 1.0);
explicit weibull_distribution(const paramtype &) ;

/1 public nmenber functions
t enpl at e<t ypenane URNG> Real Type operator()(URNG & const
t enpl at e<t ypenane URNG>
Real Type operator()(URNG & const paramtype &) const
Real Type a() const;
Real Type b() const;
Real Type min() const;
Real Type max() const;
param_type param ) const;
voi d param const paramtype &)
voi d reset ()

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &
const wei bull _distribution &)
tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &
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const wei bull _distribution &) ;
friend bool operator==(const weibull _distribution &,
const wei bull _distribution &) ;
friend bool operator!=(const weibull _distribution &,
const wei bull _distribution &) ;

Description

TheWeibull distribution is areal valued distribution with two parameters a and b, producing values >= 0.
2 ¢xye-l .
—_— = - f’
It has @ i3 W .
wei bul | _di stribution public construct/copy/destruct
explicit weibull _distribution(Real Type a = 1.0, Real Type b = 1.0);

Constructsawei bul | _di stri bution fromits"a' and"b" parameters.

Requires:a>0&& b>0
explicit weibull_distribution(const paramtype & param ;

Constructsawei bul | _di st ri buti on from its parameters.

wei bul | _di stribution public member functions
t enpl at e<t ypenane URNG> Real Type operator()(URNG & urng) const;
Returns arandom variate distributed according to thewei bul | _di stri buti on.

t enpl at e<t ypenane URNG>
Real Type operator()(URNG & urng, const paramtype & param const;

Returns arandom variate distributed accordint to the Weibull distribution with parameters specified by par am
Real Type a() const;
Returnsthe "a" parameter of the distribution.
Real Type b() const;
Returnsthe "b" parameter of the distribution.
Real Type min() const;
Returns the smallest value that the distribution can produce.
Real Type max() const;

Returns the largest value that the distribution can produce.
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param type param) const;
Returns the parameters of the distribution.

voi d param const paramtype & param ;
Sets the parameters of the distribution.

void reset();

Effects: Subsequent uses of the distribution do not depend on values produced by any engine prior to invoking reset.

wei bul | _di stribution friend functions

tenpl at e<t ypenane CharT, typename Traits>
friend std::basic_ostrean< CharT, Traits > &
oper at or<<(std::basic_ostream< CharT, Traits > & os,
const weibull _distribution & wd);

Writesawei bul | _distributiontoastd::ostream

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const wei bull _distribution & wd);

Readsawei bul | _di stributionfromastd::istream

friend bool operator==(const weibull_distribution & Ihs,
const wei bull _distribution & rhs);

Returnstrueif the two instances of wei bul | _di st ri buti on will return identical sequences of values given equal generators.

friend bool operator!=(const weibull _distribution & I|hs,
const wei bull _distribution & rhs);

Returnstrue if the two instances of wei bul | _di st ri buti on will return different sequences of values given equal generators.

Class param_type

boost::random::weibull_distribution::param_type
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Synopsis

/'l 1n header: <boost/randonf wei bul | _distribution. hpp>

cl ass paramtype {
public:
/'l types
typedef weibull _distribution distribution_type;

/'l construct/copy/ destruct

explicit paramtype(Real Type = 1.0, Real Type = 1.0);

/1 public nmenber functions

Real Type a() const;

Real Type b() const;

/1 friend functions

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & const paramtype &)

tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & const paramtype &)

friend bool operator==(const paramtype & const paramtype &)
friend bool operator!=(const paramtype & const paramtype &)

Description

par am t ype public construct/copy/destruct
explicit paramtype(Real Type a = 1.0, Real Type b = 1.0)

Constructs apar am t ype from the"a" and "b" parameters of the distribution.
Requires:a>0&& b>0

par am t ype public member functions
Real Type a() const;
Returnsthe "a' parameter of the distribtuion.
Real Type b() const;

Returnsthe "b" parameter of the distribution.

par am t ype friend functions

tenpl at e<typenane CharT, typenanme Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os
const paramtype & param;

Writesaparam type toast d: : ost ream
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tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istream< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is
const paramtype & param;

Readsaparam t ype fromastd: : i st ream

friend bool operator==(const paramtype & | hs, const paramtype & rhs)
Returnstrue if the two sets of parameters are the same.

friend bool operator!=(const paramtype & |l hs, const paramtype & rhs)

Returns true if the two sets of parameters are the different.

Header <boost/random/xor_combine.hpp>

namespace boost {
namespace random {
t enpl at e<t ypenanme URNGL, int sl1, typenane URNX, int s2>
cl ass xor_conbi ne_engi ne;

Class template xor_combine_engine

boost::random::xor_combine_engine
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Synopsis

/'l 1n header: <boost/randoni xor_conbi ne. hpp>

tenpl at e<typenane URNGL, int sl, typenane URNE, int s2>
cl ass xor_conbi ne_engi ne {

publi c:
/'l types
t ypedef URNGL basel type;
t ypedef URNG2 base2_type;

typedef basel type::result_type result_type;

/'l construct/copy/ destruct

xor _conbi ne_engi ne() ;

xor _conbi ne_engi ne(const basel_type & const base2_type &) ;
explicit xor_conbi ne_engine(result_type);

t enpl at e<t ypenane SeedSeq> explicit xor_conbi ne_engi ne( SeedSeq &) ;
tenpl at e<typenane It> xor_conbine_engine(lt & 1It);

/1 public nmenber functions

voi d seed();

voi d seed(result_type);

t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq &) ;
tenpl ate<typenane It> void seed(It & It);

const basel_type & basel() const;

const base2_type & base2() const;

result_type operator()();

tenpl at e<typenane Iter> void generate(lter, lter);
voi d di scard(boost: :uintmax_t);

/1 public static functions
static result_type mn();
static result_type max();

/1 friend functions
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > &,
const xor_conbi ne_engi ne &);
tenpl at e<typenane CharT, typenane Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > &,
const xor_conbi ne_engi ne &);
friend bool operator==(const xor_conbi ne_engi ne &,
const xor_conbi ne_engi ne &);
friend bool operator!=(const xor_conbine_engi ne &,
const xor_conbi ne_engi ne &);

/1 public data nenbers

static const bool has_fixed_range;
static const int shiftil;

static const int shift?2;

}

Description

Instantiations of xor _conbi ne_engi ne model a pseudo-random number generator . To produce its output it invokes each of the
base generators, shiftstheir results and xors them together.
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xor _combi ne_engi ne public construct/copy/destruct
xor _conbi ne_engi ne() ;
Constructorsaxor _conbi ne_engi ne by default constructing both base generators.
2. xor _conbi ne_engi ne(const basel_type & rngl, const base2_type & rng2);
Constructs axor _conbi ne by copying two base generators.
3.

explicit xor_conbi ne_engine(result_type v);

Constructs axor _conbi ne_engi ne, seeding both base generators with v.

O Warning
The exact algorithm used by this function may change in the future.

t enpl at e<t ypenane SeedSeq> explicit xor_conbi ne_engi ne( SeedSeq & seq);
Constructs axor _conbi ne_engi ne, seeding both base generators with values produced by seq.
5.

tenpl at e<typenane |t> xor_conbine_engine(lt & first, It last);

Constructs axor _conbi ne_engi ne, seeding both base generators with values from the iterator range [first, last) and changes
first to point to the element after the last one used. If there are not enough elements in the range to seed both generators, throws
std::invalid_argunent.

xor _combi ne_engi ne public member functions
voi d seed();
Callsseed() for both base generators.
voi d seed(result_type v);
seeds both base generators with v.
t enpl at e<t ypenane SeedSeq> voi d seed(SeedSeq & seq);
seeds both base generators with values produced by seq.
tenpl ate<typenane It> void seed(lIt & first, It last);

seeds both base generators with values from the iterator range [first, last) and changes first to point to the element after the last
one used. If there are not enough elements in the range to seed both generators, throwsst d: : i nval i d_ar gunent .

const basel type & basel() const;

Returns the first base generator.
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const base2_type & base2() const;
Returns the second base generator.
result_type operator()();
Returns the next value of the generator.
8. tenpl ate<typenane Iter> void generate(lter first, Iter last);
Fills arange with random values
9.

voi d di scard(boost::uintmax_t z);

Advances the state of the generator by z.

xor _combi ne_engi ne public static functions
static result_type mn();
Returns the smallest value that the generator can produce.
static result_type max();

Returns the largest value that the generator can produce.
xor _conbi ne_engi ne friend functions

L tenpl at e<typenane CharT, typenanme Traits>

friend std::basic_ostream< CharT, Traits > &
operator<<(std::basic_ostream< CharT, Traits > & os,
const xor_conbi ne_engine & s);

Writes the textual representation of the generator to ast d: : ost r eam

tenpl at e<typenane CharT, typename Traits>
friend std::basic_istrean< CharT, Traits > &
operator>>(std::basic_istream< CharT, Traits > & is,
const xor_conbi ne_engine & s);

Reads the textual representation of the generator from ast d: : i st ream

friend bool operator==(const xor_conbi ne_engine & x,
const xor_conbi ne_engine & vy);

Returnstrue if the two generators will produce identical sequences.

friend bool operator!=(const xor_conbine_engine & | hs,
const xor_conbi ne_engi ne & rhs);

Returnstrue if the two generators will produce different sequences.
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Performance

For some people, performance of random number generation is an important consideration when choosing arandom number gener-
ator or a particular distribution function. This page provides numerous performance tests with the wide variety of generators and

distributions available in the boost library.

The performance has been evaluated on an Intel (R) Core(TM) i7 CPU Q 840 @ 1.87GHz, 1867 Mhz with Visual C++ 2010, Microsoft
Windows 7 Professional and with gcc 4.4.5, Ubuntu Linux 2.6.35-25-generic. The speed is reported in million random numbers per

second (M rn/sec), generated in atight loop.
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Table 12. Basic Generators (Linux)

generator M rn/sec time per random number relative speed compared to
[nsec] fastest [percent]
rand48 149.254 6.7 59%
Irand48 run-time 158.73 6.3 63%
minstd_randO 22.9885 435 9%
minstd_rand 22.0751 45.3 8%
ecuyer combined 42.735 234 17%
kreutzer1986 151.515 6.6 60%
tauss8 250 4 100%
knuth_b 19.6078 51 %
hellekalek1995 (inversive) 4.54545 220 1%
mt11213b 204.082 49 81%
mt19937 204.082 49 81%
mt19937_64 60.6061 16.5 24%
lagged_fibonacci607 126.582 7.9 50%
lagged_fibonacci1279 129.87 7.7 51%
lagged fibonacci2281 129.87 7.7 51%
lagged_fibonacci3217 131.579 7.6 52%
lagged_fibonacci4423 128.205 7.8 51%
lagged _fibonacci9689 128.205 7.8 51%
lagged_fibonacci19937 131.579 7.6 52%
lagged_fibonacci23209 131.579 7.6 52%
lagged_fibonacci44497 131.579 7.6 52%
subtract_with_carry 147.059 6.8 58%
subtract_with_carry 01 105.263 95 42%
ranlux3 15.748 63.5 6%
ranlux4 9.11577 109.7 3%
ranlux3_01 10.5708 94.6 4%
ranlux4_01 6.27353 159.4 2%
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generator M rn/sec time per random number relative speed compared to
[nsec] fastest [percent]

ranlux64_3 15.8983 62.9 6%

ranlux64_4 9.14913 109.3 3%

ranlux64_3 01 10.9409 914 1%

ranlux64 4 01 6.32911 158 2%

ranlux24 15.1976 65.8 6%

ranlux43 8.88099 112.6 3%

mt19937ar.c 111111 9 44%
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Table 13. Basic Generators (Windows)

generator M rn/sec time per random number relative speed compared to
[nsec] fastest [percent]
rand48 152.672 6.55 64%
Irand48 run-time 24.3724 41.03 10%
minstd_randO 39.8248 25.11 16%
minstd_rand 39.0778 25.59 16%
ecuyer combined 16.7813 59.59 7%
kreutzer1986 89.0472 11.23 37%
taus88 237.53 421 100%
knuth_b 30.8166 32.45 12%
hellekalek1995 (inversive) 5.28457 189.23 2%
mt11213b 237.53 421 100%
mt19937 221.239 452 93%
mt19937_64 91.5751 10.92 38%
lagged_fibonacci607 142.45 7.02 59%
lagged_fibonacci1279 142.45 7.02 59%
lagged fibonacci2281 145.56 6.87 61%
lagged_fibonacci3217 149.031 6.71 62%
lagged_fibonacci4423 142.45 7.02 59%
lagged _fibonacci9689 145.773 6.86 61%
lagged fibonacci19937 142.45 7.02 59%
lagged_fibonacci23209 145.773 6.86 61%
lagged_fibonacci44497 142.45 7.02 59%
subtract_with_carry 136.24 7.34 57%
subtract_with_carry 01 90.3342 11.07 38%
ranlux3 13.1631 75.97 5%
ranlux4 7.60398 131.51 3%
ranlux3_01 8.62738 115.91 3%
ranlux4_01 4.99625 200.15 2%
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generator M rn/sec time per random number relative speed compared to
[nsec] fastest [percent]

ranlux64_3 13.1631 75.97 5%

ranlux64_4 7.5861 131.82 3%

ranlux64_3 01 8.63931 115.75 3%

ranlux64 4 01 5.01958 199.22 2%

ranlux24 13.1631 75.97 5%

ranlux48 7.5861 131.82 3%

mt19937ar.c 200.401 4.99 84%

Note that the lagged Fibonacci and ranlux_01 generators produce floating-point numbers, whereas all others produce integers.
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Table 14. Distributions (L inux)

[M rn/sec] minstd_rand kreutzer 1986 mt19937 lagged_fibonacci607
uniform_int 16.2338 48.7805 21.5517 23.8663
uniform_smallint 18.9036 114.943 25.3165 74.6269
bernoulli 21.322 85.4701 23.2558 125
geometric 9.42507 11.7925 7.38007 15.528
binomial 13.4953 29.7619 12.7877 38.7597
negative_binomial 1.69549 2.29305 1.65563 2.45098
poisson 13.7552 34.1297 13.369 43.8596
uniform_rea 18.2815 44.4444 19.8413 119.048
uniform_01 21.692 72.4638 17.1233 116.279
triangle 15.2207 29.3255 11.9904 51.2821
exponential 10.5374 17.0068 10.8814 22.2222
normal polar 8.82613 12.9199 9.00901 14.771
lognormal 6.15764 7.50188 5.68182 8.61326
chi squared 2.07297 2.8401 2.10926 3.07409
cauchy 0.18274 14.8368 7.37463 17.3913
fisher f 1.04646 1.47449 1.08026 1.61186
student t 1.60927 2.18245 1.65207 2.34192
gamma 2.1097 2.87439 2.13538 3.01296
weibull 4.73709 5.77367 4.20521 6.33312
extreme value 7.40192 10.101 6.23441 11.5741
uniform_on_sphere 2.22222 2.78552 2.28311 2.7933
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Table 15. Distributions (Windows)

[M rn/sec] minstd_rand kreutzer 1986 mt19937 lagged_fibonacci607
uniform_int 27.049 79.1139 29.8151 34.8432
uniform_smallint 31.736 90.3342 33.9213 59.9161
bernoulli 25.641 56.2114 27.049 62.8141
geometric 12.8717 18.9645 14.6671 18.5805
binomial 18.2116 32.2165 19.8491 29.4118
negative_binomial 2.79065 3.99138 2.73358 3.72898
poisson 20.0321 37.7074 18.9645 36.4299
uniform_rea 27.6319 78.1861 26.4901 71.2251
uniform_01 36.63 95.6938 26.3783 85.4701
triangle 19.4856 43.8982 19.425 36.8324
exponential 17.0474 32.0513 18.005 28.6205
normal polar 14.4051 19.7863 13.1354 20.7426
lognormal 10.8472 13.6968 10.3563 13.7855
chi squared 3.53957 4.95 3.44448 4.83442
cauchy 15.1906 23.5682 14.9768 23.31
fisher f 1.74951 245417 1.69854 2.38743
student t 2.63151 3.75291 2.53872 3.51432
gamma 3.50275 4.9729 3.35087 4.75195
weibull 8.96539 11.9161 9.09256 11.6754
extreme value 12.3274 18.4196 12.5945 17.5623
uniform_on_sphere 2.83688 3.58038 2.73898 3.60101
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History and Acknowledgements

In November 1999, Jeet Sukumaran proposed a framework based on virtual functions, and later sketched atemplate-based approach.
Ed Brey pointed out that Microsoft Visual C++ does not support in-class member initializations and suggested the enum workaround.
Dave Abrahams highlighted quantization issues.

Thefirst public release of this random number library materialized in March 2000 after extensive discussions on the boost mailing
list. Many thanksto Beman Dawesfor hisoriginal min_rand class, portability fixes, documentation suggestions, and general guidance.
Harry Erwin sent a header file which provided additional insight into the requirements. Ed Brey and Beman Dawes wanted an iter-
ator-like interface.

Beman Dawes managed the formal review, during which Matthias Troyer, Csaba Szepesvari, and Thomas Holenstein gave detailed
comments. The reviewed version became an official part of boost on 17 June 2000.

Gary Powell contributed suggestions for code cleanliness. Dave Abrahams and Howard Hinnant suggested to move the basic gener-
ator templates from nanespace boost:: detail toboost::random

Ed Brey asked to remove superfluous warnings and helped with ui nt 64_t handling. Andreas Scherer tested with MSV C. Matthias
Troyer contributed al agged Fi bonacci gener at or . Michael Stevens found a bug in the copy semantics of nor mal _di stri -
but i on and suggested documentation improvements.
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