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his module has functions for generating pseudorandom numbers from se eral distributions including
uniform and gaussian normal ariates. he macros de eloped in this eb le can be used to extend
this module for any other generator so long as there is a scalar ortran 9 generator in an almost tri ial

ay. here are functions for generating both integer  here appropriate and single or double precision
reals. here are also functions for generating either single numbers or arrays of ariousran s. heseha eall
been o erloaded ith generic interfaces and are thus ery easy to use. he basic uniform integer generators
are 32 and 64 bit shift-based generators borro ed from Allan illers ortran 9 ebsite.

he module is intented to be portable to architectures that support 32 ands 64 bit integers regardless
of hat the default ord size is. he module re ision is used and the single and double precision inds
for reals and integers as ell as the indsi. and i for 32 and 64 bit integers are used carefully. he
decisions on hich precision to use is mostly controlled ith the macros

tells ho many bits to use in the generator hen generating real numbers both single and double
precision in this ersion of this le . his should almost al ays be set to the number of bits in the
base integer unless you anna ait for days for the generator to nish.

controls ho many bits are used in the generator for single-precision integers. his should be set to the
actual _ _  to a oid problems.

is the same as  but for double precision integers. It should be set either to - _ better or
to to speed the generator at the cost of some con ersions .

he follo ing are for a Pentium machine

32
32
64
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At some places e generate code that e need to discard

o
Unused ode

he basis of this module is the generator of uniformly distributed pseudo-random integers. ere I use

Ecuyer s random number generatosr do nloaded from Alan iller s ebsite http .ozemail.com.au millera
2 . hese are shift-based generator hich generate integers ith either 32 or 64 bits random ritten
in ery portable ortran 9 . hey are of rather good wuality and pretty fast too but may need to be

supplemented for special applications such as onte arlo

111 eed or e enera or

he 32-bit generator re uires 4 integer seeds the 64-bit one 5 seeds. hese are global ariables
in the module and are gi en initial default alues. Also global ariables are the normalization constants for
con ersion from the pseudo-random integer to real numbers

m Number of seeds

Global ariables

i 4 seeds 1535878 1 _ 759 22222
12885 3317 _ 1718 834 7 _ Initial seeds
i 5 seeds 1535878 1 _ 759 22222
12885 3317 _ 1718 834 7_ 123456789 _ Initial seeds
r_$ norma ¢ ation_r_s 1 i
r_d norma % ation_r_d 1 _i
112 andom or npredi a le eed ni iali a ion

he integer generators re uire 4 5 integer seeds for initialization  hich should be passed to the rouines

nitia i e eeds or nitiai e eeds . Ialsosupply aroutine Random eeds hich can be called ith a single
integer seed to generate the 4 5 random seeds using the intrinsic - hich is initialized using
a simple linear-congruence generator. If this is not then use the routine n redi tabe eeds hich uses
time information to assign unpredictable alues to the seeds.
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he follo ing routines is called
tion are platform-dependent

ith speci ¢ seeds.

hey are

InitializeSeeds

seeds

seeds

seeds

seeds

seeds

seeds

seeds

seeds

seeds

seeds

seeds

nitia i e eeds  i_seeds
1
i_seeds

seeds 2
i_seeds 1 23_

seeds 8
i_seeds 1 23_

seeds 16 _
i_seeds 1 23_

seeds 32 _
i_seeds 1 23_

nitia i e eeds

nitia i e eeds  i_seeds
i
i_seeds
seeds 2
i_seeds 83886 7 _
seeds 512 _
i_seeds 83886 7 _
seeds 4 96 _
i_seeds 83886 7 _
seeds 131 72 _
i_seeds 83886 7 _
seeds 83886 8 _
i_seeds 83886 7

nitia i e eeds

odelled after Allan

i_seeds

odelled after Allan

i_seeds

RandomSeeds

iller s

Input seeds 32 bit integers

iller s

Input seeds 64 bit integers

3

since the details of seed initializa-
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his routine only re uires a single seed and uses the intrinsic - to initialize the seeds for
both the 32- and the 64- bit generators. It is since it s interface is platform-independent though
the implementation ill depend on the processor. ere I use a simple serial linear-congruence generator
from Numerical Recipies to initialize the internal generator and then use the intrinsic to generate the seeds
for my ne generator. I guess you can say e can ust ignore the intrinsic and use the linear-congruence
generator but on a parallel platform for example the intrinsic is safer to use.

InitializeSeeds

Random eeds seed

seed ust be default integer
A counter
n_seeds 0 many seeds

intrinsi _seeds
Unfortunately the intrinsic generators only or s ith REA arguments so e need some
con ersions and temporaries

5 i_seeds
5 r_seeds Real seeds
_ n_seeds
intrinsi _seeds n_seeds
n_seeds
intrinsi _seeds seed ust be positi e
2 n_seeds
intrinsi _seeds 8121 intrinsi _seeds 28411 134456 rom 6.4 in hapman
_ intrinsi _seeds
_ r_seeds Use the intrinsic
i_seeds 1 r_seeds
nitia i e eeds i_seeds 1 4 i
nitia i e eeds i_seeds i

Random eeds



UniformInteger

1.123 113 1 11

his routine uses cloc information to generate an unpredictable number to initialize the seeds ia a call
and is fully platform-

ith a time-dependent seed li e s randomi e . It is

to Random eeds
hen or ing to initialize the seeds.

independent. I prefer to use this one

InitializeSeeds
n redi tab e eeds

un redi tab e_seed Seed for call to Random eeds

times 8 he current date and time must be default ind

- - times
I use a made-up random expression to ma e a seed from the time information. eel free to

change this if you no better
un redi tab e_seed  times times  times times times  times
aximum alue is 83626

Random eeds un redi tab e_seed

times times

n redi tab e eeds

11 enera or o  ni orml i ri ued n eger

hey are the basis of this module

his subroutines generate a single random integer ith 32 64 random bits.
and no n to ha e good properties and are extremely fast because they are based on bit shifts Reference

Ecuyer P. 1999 ables of maximally e uidistributed combined SR generators ath. of omput.
68 p.p. 261-269 . he cycle length for the 32-bit generator is claimed to be about 2  or about 1
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hese are macro that generate a single 32 64-bit random integer. I ma e these macros in order to be able
to inline them in some of the routines to a oid calling o erhead.

m _
tem _uni orm seeds 6 seeds 13
seeds seeds 2 18 tem _uni orm
tem _uni orm seeds 2  seeds 27
seeds seeds 8 _ 2 tem _uniorm
tem _uni orm seeds 13  seeds 21
seeds seeds 16 _ 7 tem _uniorm
tem _uni orm seeds 3  seeds 12
seeds seeds 128 _ 13 tem _uni orm
seeds seeds seeds seeds
his can execute additional commands if needed
m _
tem _uni orm seeds 1 seeds 53
seeds seeds 2 1 tem _uni orm
tem _uni orm seeds 24  seeds 5
seeds seeds 512 _ 5 tem _uniorm
tem _uni orm seeds 3 seeds 23
seeds seeds 4 96 _ 29 tem _uni orm
tem _uni orm seeds 5 seeds 24
seeds seeds 131 72 _ 23  tem _uni orm
tem _uni orm seeds 3 seeds 33
seeds seeds 83886 8 _ 8 tem _uni orm
seeds seeds seeds seeds seeds
his can execute additional commands if needed
m _ _

ni orm nte er _ A shortcut- or around

No I use these t o basic macros to ma e many routines. ere is a shortcut for the re uired temporary
declaration for the abo e generators _  is the number of bits in the generator

i tem _uni orm ocal temporary needed by _ ni orm nte er
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he base generator _ ni orm nte er generates an integer in the full range of alues for the gi en type.

he generically o erloaded routine Random ni orm contained in this module accepts an optional argument

ran e hich speci es the inter al in hich the returned integers should be located the

length of this inter al should be small compared to 1 i . If not pro ided no normalization

is performed on the numbers returned by _ ni orm nte er. he normalization is done using purely integer
arithmetic to speed it up at the ris of o er o s and such

ere is the declaration of the range for the integer routines

m _ _ind
_ind 2 ran e
m ariabe _ ind ran e _
ran e Perform normalization
ariab e ariab e 1 i ran e ran e 1 ran e
his a oids arithmetic
m _ _ind ran e _

_ niorm nte er _
_ind ran e _

No e actually ma e subrotuines that ill generate a normalized scalar integer using the abo e macro
- niorm nte eRan e to actually do the or and e include ersions for both single and double precision
integers in the production code

m _ _ind _

niorm aar. _ind ran e

_ind
_ind
_ Declare the temporary

- _ind rTan e _
Generate an integer ith 32 bits random

ni orm a ar for integers

UniformInteger
- s Single ord integers using -bit generator
- i-d Double ord integers using -bit generator
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he normalization performed in the abo e routines is an added o erhead branch or calculation. I pro ide
a generic o erloaded routine RandomBits hich simply generates a single scalar or an array of integers using
the shift-generator ithout any normalization. hese are pretty fast and can be used for maximum e ciency.
Again I include both single and double precision ersions

m _ _ _ind

RandomBit aar. _ ind

_ind
- - Declare the temporary
_ - Generate a default integer using shift generator
RandomBit a ar

UniformInteger
- -8
- i-d

No I ma e routines for generating arrays of integers. ere e ha e many con icts bet een e ciency and
simplicity and I try my best not to go o erboard ith either one. he rst set of routines use an assumed-
size array for e ciency and in order to a oid certain o erheads and ha e ni orm nte er inlined. At least
under inux 95 this is more e cien. hen I gi e a set of routines hich use assumed-size arrays. hese
are all implemented for se eral ran s and are o erloaded ith a generic interface.

he important thing to notice is that the macros gi en belo can be used to alter things such as inlining
or assumed-size shape choices ery easily.
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121 ro edure RandomBits

he follo ing macro creates a routine that generates an array of random alues. It uses an assumed-
size argument and the produced routine can accept additional arguments such as a range or distribution
parameters. he scalar generator can also ta e additional parameters hich are ust passed through in this
case. his one ill not or if there are no dditiona r uments but I am not sure ho to x thisin a
simple and elegant ay

m _ _ _ind dditiona r uments dditiona e arations
aar e arations a ar enerator

RandomBit rra - _ ind arra n_e ements  dditiona r uments
n_e ements
_ _ind n_e ements arra
dditiona e arations Additional arguments
e ement A counter and temporary

a ar e arations

eement 1 n_e ements
a ar enerator arra . all the scalar-generator macro

RandomBit rra

No I implement a ersion in hich niorm aar is inlined. No if e include ran e here than the
loop in RandomBit rra  ould contain a branch  hich although most compilers should be able to handle
ould in general degrade performance. herefore e do not use this ersion in the production code

Unused ode
_ is  ran e _ i8S
_ _ i_s ran e
_ id ran e _ id
_ _ id ran e
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or e ciency reasons the routine RandomBit rra for integers does not process range e en though it
accepts it and therefore performs no normalization. It ill be used later on but it is so nobody
ill no of this small tric . It also inlines the scalar generator so it is pretty e cient. Since e must ha e
an additional argument I include a met od argument hich may later be used to select the desired method
if more are a ailable. It is and so it does not ha e to be included but the call ill ha e more
o erhead . So here is the ersion that I adopt as e cient enough

m _ met od

Arrays fUniformIntegers
- i.s  met od _

_ ied  met od _

I ill also ma e these fast no-normalization routines publicly a ailable o erloaded generically simply
because they are fast and e cient and the user can use them for other purposes such as extending this
module. hey simply generate single alues or arrays of random single or double precision integers using the
shift-generators.

GenericInterfaces

RandomBits
RandomBit a ar_i_s
RandomBit a ar_i_d
RandomBit rra _i_s
RandomBit rra _i_d
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122 plii ape arra argumen

No the tric y part comes hen etryto rite easy-to-use generic routines ith assumed-shape or explicit-
shape arrays both are guaranteed to be contiguous . I gi et o ersions one simple hich s oud be
but may not be e cient for contiguous arguments and one complicated hich should or ell for non-
contiguous array sections.

he macro _ creates a subroutine that accepts an explicit-shape
array argument of a gi enran and then calls an array hich accepts a ran -1 assumed-size argument. his
ersion should be rather e cient for contiguous arguments. he plan here as to actually ma e the argument
assumed-shape in hich case the compiler should be smart enough not to generate large o erheads if the
actual argument is continuous but it seems that 95 generates unneccessary copy-in o erhead so I decided
to alter this a bit. In a sense these routines simply become rappers so that e generically o erload this
routine. I allo for an dditiona 10 essin processing to a oid normalizations inside the loops

m _ _ _ind _ran _distribution
dditiona r uments dditiona e arations rra  enerator  dditiona Tro0 essin

_distribution rra  ontl wous. _ran _ _ind arra

_ n_e tent 1 _ran dditiona 1 uments

_ n_e tent 1 _ran
_ _ind _ n_e tent 1 _ran arre
Assumed-shape

dditiona e arations

rra  enerator arra arra
dditiona ro essin arra

Random istribution rra  onti uous

11
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12 umed ape arra argumen

No TIgi e aroutine hich uses an assumed-shape array argument and nested loops to tra erse it and
call a scalar generator for each element of the array. It is sort of li e a replacement for hich
can not be used for non routines. It should in most li elyhood or faster for non-contiguous arrays

ith not too large strides. ut it s really a ery formidable macro construction. ere one can too inline
the scalar generator but things get complicated hen one does that. or example hen an optional ran e
argument is included in the uniform generators conditional normalization is performed. he conditional
should really be ta en out of the loop nest by splitting the loop into t o duplicate ersions. ut I choose
not to go o erboard...

his routine uses nested loops to tra erse the assumed-shape arrays and these are generated using
rather entangled calls to the internal macros = e ed oop ar and = e ed oop nd

m _ _ _ind _ran _distribution
dditiona r uments dditiona e arations a ar enerator dditiona ro essin

_distribution rra 00 S _ran _ _ind arra dditiona 1 uments

_ _ind _ _ran arra
dditiona e arations
_ 1 _ran

_ e ed oop ar arra  _ran
a ar enerator arra _ 1 _ran . his can be a macro
- e ed oop nd _ran
dditiona ro essin arra

Random istribution rra oo s

he typical albeit some hat ine cient usage of the abo e macro ill be to ha e as a the scalar generator

a simple to the subroutine that or s on scalars. his macro is to be used as the scalar generator in
this case
m _ _ _ind

niorm aar. _ ind
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No e use the abo e template to generate routines for array arguments of arious ran s.

arrays of ran 1-3 wust so e dont create too much code

m _ 3

Arrays fUniformIntegers
1 B,

1.8
i_8 RandomBit rra _i_s
-8 ran e
id
id RandomBit rra _i_d
ied ran e

niorm ran e

ni orm ram e

Assumed-shape array ary

e do this for

In the production module I do not really inline the scalar generator but to a oid the branch o erhead

associated ith the call to

ni orm aar and the normalization here instead I use RandomBits as a

scalar generator and perform the normalization in a second pass using the same macro as abo e than s

to array syntax .
ith _ -

m _ _ind ran e _

RandomBit aar. _ ind

Arrays fUniformIntegers

1 -
_ 1.8
_ 1.8 - -
.S  ran e
_ id
id - _

iid  ramn e

f course this has the disad antage of doing t o load stores per alue.
if you ant the other ersion

e call the generic routine in this case

ni orm ran e

ni orm ran e

ust replace
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UniformReal

No e ma e the generic interfaces for these integer functions. Since the interface is di erent for the

routines ith explicit-shape and assumed-shape arrays the array dimensions are passed as
shape e include both ersions in the generic routine
InterfaceUniformInteger
ni orm @ ar_i_s
ni orm a ar-i-d
1 ;
ni orm rra  onti uous- 1.8
ni orm rra  onti uous- _i_d
ni orm TTQ 00 S- _i_8
ni orm TTG 00 S- )

I ill use the integer number generator to generate real numbers ia normalization.

perform this normalization

m ariabe _ ind ran e i_ ariabe
ran e Perform normalization
ariab e 5 _ind ran e ran e i_ ariabe
_ind normai ation_. _ ind ran e ran e
ariab e 5 _ind i ariabe _ind normai ation. _ ind 1

he routines for generating a real random number are no
ha e de eloped so far. he design follo s closely the integer example

ell for explicit-

ere is the macro to

_ind

ery easy to compose using all the macros e

m _ _ind ran e i_number _
_ ntorm nte er _ i_number
_ind ran e i_number _
m _ i_tem
i - i-tem ocal temporaries needed by _ ni ormRea
m _ _ind
_ind 2 ran e

Default integer

14
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1 1 alar

enera or

ere is the actual subroutine that ill generate a single or double precision real scalar

UniformReal

1 2  plii

_ind _
niorm aar. _ind ran e
_ind
_ind
i_number _
_ind ran e i_number _

his can execute additional commands if needed

ni orm a ar for real numbers

T_S Use default integers in the generator
r_d

ape arra genera or

ust as for integers here I include ersions for explicit-shape arrays. ut unli e the integer case I do not
inline the scalar generator or try to do anything about the branch in the normalization. irst e create the
routines for generating a one dimensional assumed-size array of random real numbers feel free to optimize

further

Arrays fUniformReals

r_$ ram e _ r.s -
_ TS ran e
r-d rane _ r_d _

r_d ran e

And no e can use the abo e to ma e the explicit-shape routines

Arrays fUniformReals

1 -
r_$§ ni orm ran e
] RandomBit rra _r_s _ r_s ran e
r_d ni orm ran e

r_d RandomBit rra _r.d _ r~d ran e
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1 umed ape genera or

Again follo ing the integer approach it is tri ial to include ersions for assumed-shape array arguments
that use a nested loop nest to tra erse the array and call the scalar generator.

Arrays fUniformReals
1 B,

_ r_$ ni orm ran e

- r_s - - - r_S ran e
_ r_d ni orm ran e

_ r_d _ _ _ r.d ran e

inally I add these to the generic interface of Random ni orm

InterfaceUniformReal

ni orm  a ar_r_s

niorm aar-r-d

1 -

neorm rra  ontt UouS_ _r.s

neorm rra 0Nt UOuUS_ _r.d

ne oTm TTG 00 S _r.s

ni orm 1Y@ 00 S_ _r_d
GenericInterfaces

Random ni orm
InterfaceUniformInteger
InterfaceUniformReal
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Simply because I use these fre uently in my codes I include routines for generating random real numbers
dra n from a normal distribution

1
—— ex
5 P T2
his is ery closely modelled after Allan iller s code hich uses the ratio of uniforms method of A. .
inderman and . . onahan augmented ith wuadratic bounding cur es. he mean  and the standard
de iation are controlled by an optional argument _ in the routines included under the

generic RandomNorma

m _ _ind
_ind 2 mean_std
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1 1 alar genera or

ere is the scalar generator along itht o speci c instances for single and double precision reals hich e
include in the module. I should say that the additional code as only for single precision alues so some of

the parameters here are not gi en to su cient precision

m _ _ind
Norma aar. _ ind mean_std
_ind
_ _ind mean_std mean std
_ ind 449871 _ ind 386595 _ ind
196 _ind 25472 _ind r 27597 _ind r 27846 _ ind
17156 _ ind
_ind
niorm aar. _ ind is in the unit s uare
niorm aar. _ ind
5 _ind
r
Accept  if inside inner ellipse
r
Re ect if outside outer ellipse
4 _ind
Accept  if inside acceptance region
A normal de iate centered at ith std of 1
mean_std Re-normalize to ne mean and std.
mean_std 2 mean_std 1
his can execute additional commands if needed
Norma a ar for real numbers
NormalReal

r.s
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1 2 rra genera or

ust as in the case for uniform reals e create routines that or on array arguments. ere I do not
include ersions for explicit-shape arrays since this routine is slo any ay so any o erheads associated ith
assumed-shape arrays are not isible. he normal routines are also o erloaded ith a generic interface

m _ _ _ind
Norma aar. _ ind

Arrays fNormalReals
1 B,

- r_s Norma mean_std

- r_s - - - r_s  mean_std
- r.d Norma mean_std

_ r_d _ _ _ r.d mean_std

No e ma e the generic interfaces for these real functions. Notice that I choose only the nested-
assumed-shape ersion for the generic routine

GenericInterfaces
RandomNorma
Norma aar-r_s
Norma aar-r.d
1 _
Norma 71ra 00 S TS
Norma 71ra 00 S r.d
n (0]

his program tests the abo e module. It uses the to at module from NIS to time the execution of
certian routines. It al ays runs the array routines ith ran e present for normal routines and rites these
to a le named along ith uniform generates but for the other tests you can choose the type
or and precision s or d here

m _
m _ §

19
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ere are timing results for single-precision  ord-size integers and reals on a inux Pentium machine
running Red at

Integers

Reals
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ain program

And here is the promised main program

Random_ est

re ision is id r.s  r.d
RandomNumbers
to at
i i - T T - or ing precisions
n_ oints 1 Number of points to generate
nre s 1 Number of repetitions of timing loop
omt re s ounters
i i-number A generated integer number
i n_ oints  i_arra _ An array of random integers
i n_oints 1 1 i_arra Ran 2 integer
T r_number A generated real number
r_ n_ oints  r_arra _ An array of random reals
r_ n_omts 1 1 r_arra _ Ran 2 real
T n_ oints  n_arra Normal ariates
7 at
1
_ at
n redi tab e eeds
res 1 n.res
_ ot 1
_ at 1
_ at 2
Random niorm _ _arra -  n_ oints
_ at 2
_ at 3
Random ni orm _ _arra - n_oints 1 1
_ at 3
_ ot 4
Random niorm _ _arra _
_ at 4
_ at 5
Random ni orm _ _arra
_ at 5

at 6

21
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_ at 6
_ at 7
RandomNorma n_arra  mean_std 1 2
_ at 7
_ at
omt 1 1 n_ oints
1 _ _orra _ oint n_arra

Random_ est

oint

ain program

22
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o) tt n es o es

hese are ust same auxilliary formatting rules and useful macros I use from time

to time.
m _ eneri _name
eneri _name
eneri _name
m _ _
m _ _
i
m _ o
r_
m _ o
r_S
m _ o
r_d
m _ _ran 2 _ran
m _ _ ariab e _start _end
_ ariabe _start _start 1 _end _ ariabe
m _ _ ariabe _arra _ran
_ran 1 1 _ ariab e _arra _arre
m _ _ran 1 _ran



