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Constructionofanonrecursive64-bit
pseudorandomnumbergeneratorbasedonbeta

transformationson[1,2)

HirotakeYAAGGUUCCHHII
＊

［1,2）上のベータ変換に基づく非再帰型64ビット擬似乱数の構成
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1n the next section we give algori也ma且dimplementation of 88164r乱nd，and 
in 33 test the randomness of 88164r岨 dby applying N18T's suite of testing 
randomne呂田 [7] and TestU01 by L'Ecuyer [1]. 

32. Algorithm and implementation of SSI64r岨 d

2.1. AIgorithm of SSI64rand. Let M，β: [1，2)→ [1，2) be a beta transfor-
mation on [1，2) defined by ~β(t) =βt一日り+1，β>  1， where lstJ is the 
large前 integerno七exceedingst. (We often adopt the no凶 ionappear吋 in[6].) 
Let 1.e and 1宵benumbers de五nedby 1.27181・・・ a且d1.31415・・・ resp巴ctively
(The notation e andπimplies Napier's constant and the math巴maticalcon-
stant pi respectively.) We自rstuse 1.e. Let the binary representation of 1.e be 
1.九九...1'63・・・.For a given nonnegative 63-bit integer V1V2・・・ V63we make乱
number x in [1，2) from 1.e by 

x = 1.(1'1 E9 V1)(ゐ⑦ V2)・・・ (1'63E9 v63)1'641'65・・・ ， (1) 

where E9 is the logical operation XOR (exclusive or). We write (1) sucl1ω 
x = (1.e) E9 (V1V2'" V63) for short. Let即日 bea fixed number in [1，2). Then w巴
compute 

u=Mgz(旬。)= LIi7b8・・・ b127b128・・・ (in binary). (2) 

Ifwe putωo = x and take out b32b33・..b95ωa64ヶb比randomnumber from u， 
出 salgoriもhmisもhesame as MB32rand in [6] exωpt for七heb比由e.However 
in 88164rand， in order to increase randomness， we further compute 

y = (1:1l') E9 (V1V2'・・ V63) 阻 d v三 Mgu(60)=18788・・・ b127b128・・・

for Wo and V1V2 . . . V63 whicl1 町edifferent from ωo and V1V2 ・ . V63 re呂町pectively.
Let bob7b8 ・・ b127be the result of binary subtraction lb7b8・・ b127ー lb7b8 ・・ b127・
Thenas乱64-bitrandom number (we take out b32b33・・・ b95・To make a sequence 
of random numbers {(k}k=0，1，2，...， we use 

(Ox39f750241c2d5d33) x k mod Ox7fffffffffffffe7， (3) 

(Ox32f50fee9b2a32bb) x k mod Ox7fffffffffffff5b (4) 

as the k-th V1 V2・・ V63 and V1V2 ・fノ'63respectively. (Ox means "in the he:低:xa吋，de舵c-
i加m叫r閃ep戸r田e印n凶ta抗副七“io叩nぜ"つ'.)8伽ox阻 dU in MJ2P乙iX(U町t

Xk = (ο1.♂巴吋)E9 (伊V1V:均'2" 'Vj均63心) 乱nd y仇k= (ο1.71'宵吋)E9 (v仇'1V:ら'2'. . IIt九'63)) 
respectively. (Of course all integers in (3)副 (4)悶 primenumbers; and so 
the period of 88164r岨 dis approximately 2126同 1038.)Numbers ωo and向 m
used七ocl1ange a sequence of 88164 random numbers. As the initial values we 
use Wo = 1.e阻 dwo=1.宵.

2.2. Implementation of SSI64rand. We implement the algorithm of 88164-
rand in the following 64-bit number sys旬m:
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1) a numb巴rl.b1 b2 . . . b63b64・・・ in [1，2) is rounded to 64-bit l.b1b2... b63， 
2) a multiplication of 64-bit numbers l.tl t2・・・t63乱凶 l.xlx2. . . X63 is 
performed precisely and yields a 128-bit number bob1.b2b3 . . . b127 
with bob1 = 01 or bo = 1 depending on whether the result is in [1，2) or 
[2，4) respectively， 
3) a 64-bit number l.bsbs+1・・ .bS+62 is taken out from a result bob1ゐb3・.. 
b127 of multiplication. (8 depends on context and 8 = 7 for M25"，(t).) 

1t is convenient for u呂志oidentiそya 64-bit number l.b1b2... b63阻 d乱 128-bi色
number bob1ι2b3・・ b127 with integers lb1 b2 . . . b63 叩 dbob1b2b3 ・・b127r偲pec-
tively. Hence below we do it. (→ Numbers l.e岨 dl:rr are identified with 

Oxa2cb4411ba257552 乱nd Oxa8365eed3gelc070 

respectively.) 8ince M25"，(t) is calculated such as 

M25.，(t) = (25x)t mod [1，2) = (25)(xt) mod [1，2) 
25X8081 .8283る'4b5b6b7bS・・ mod [1，2) 
boblb2b3b4b5b6 . b7bs'" mod [1，2) 
1 . b7bs・・・，

a compu同 ionof M25"，(t) under our 64-bit integer system is performed such as 

1XIX2・・・X63
ltlt2 ・・t63

muj 
-ーー→ bob1b2・・・b5b6b7・・・・・・8127 8竺立

6
b6b7・・・b69・・・b127

~ lb7・・・b69・・・8127 2L 18788・・・b69・

8uppose Mitn (1.e)阻 dMJPh(1π)are iden岨 edwi七hlb7bs・・・b127乱凶1b7bS・.. 
b127 respe氾七ively.The n-th 88164 random number (n is the 64 bi七日 b32b33・・・b95
in bob7bs . . . b127 which is古heresulもofbinary subtraction lb7bs・.. b127 -lb7bs . . . 

b127. Forex阻 lple七hefirst and the second 88164 random numbers乱reOx8eααfb19
f73587 f8 and Ox4bb2533b46fb5cfl respectively. 1n the appendix we give a code 
of computing an 88164 r岨 domnumb巴r.

~3. Randomness of SSI64r四 d

We tested the randomness of ra且domnumbers generated by 88164rand by 
applying N18T's statistical test suite sts-2.1.1 [7] and L'Ecuye内 BigCrushsuite 
in '11回U01V.1.2.3 [1] as usual. We repea七edN18T's七es七suite10 times for 
consecutive 10 files consisting of one gigabits田 d色ookaverage of 10 results of 
each test. (1n the block frequency tesもwemodi五ed出eblock lengthも020000.)
The maximum乱ndthe minimum of the averaged valu巴呂町eas follows: 
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[88164r阻 d]
P-VALUE AvMax = 0.742517 at NonOverlappingTemplateド=131] 
P-VALUE AvMin = 0.185703 at NonOverlappingTemplate [i = 45] 
PROPORTION AvMax = 0.992719 at R皿 domExcUIsionsVariant[i = 179] 
PROPORTION AvMin = 0部 6145at RandomExcursions [i = 159] 

In the result above， p-values which each test of the suite generate呂町eexpected 
to spread uniformly in [0，1]. PROPORTION (FRACTION) is the proportion 
of sequences of random numbers which p剖 sthe test at the level of 0.01. (The i 
in [i = x] is the serial number of the te凶 in七hesui七e.)Below， for comparisOI巾
sake， we cite出eresul七ofMersenne Twister紅 pseudorandomnumber generator 
[8][6]: 

[Mersenne Twister ar] 
P-VALUE AvMax = 0.713578 at No凶 verlappingTempl抗eド=105] 
P-VALUE AvMin = 0.188745 at NonOverl乱ppingTemplate[i = 126] 
PROPORTION AvMax = 0.992879 at 加 domExcursionsVariant[i = 168] 
PROPORTION AvMin = 0.986809 at RandomExcUIsions [i = 159] 

Nex色weapplied BigCrush of Tes七U01.In TestUOl each七estrequires 32-biも
integers or double precision numbers in [0，1]. When乱 doubleprecision number 
in [0，1] was requested， we first made a number in [1，2) by putting the first 52 bits 
of (k in the m阻 tissaand setting its exponent to be . . . x 20，岨dthen subtract 
one企omthe number. When a 32-bit number w錨 requestedwe supplied the 

first half and then the second half of (k. The tests consisting of BigCrush were 
executed parallelly， and the result of BigCrush w，掛 "Alltests were pωsed". 
The色imerequired for BigCrush was abou色250hours on (X凹 n3.1 GHz) + 
(Windows 7 Profe副onal64-b比).(TesもUOlallows only 32-bit gcc，佃dso we 
can no七usethe 64-bit code in the appendix， which is about 7 times faster than 
a usual 32-bit C code.) 

Remark. Distrib叫 ionof SSI64 random numbers 

Essentially a beta仕組sformationMβ(8) =β8 -ls8 J + 1 on [1，2) is a special 
version of line乱rmod one tr岨 sformationTs，α: [0，1)→ [0，1) defined by 

勾ρ(x) = βx+αmod 1 = βx+日ーしsx+αJ (0三αく 1)

[2] [3]. In fact M，βand Ts，α 町erelated such国

Mβ(t) = T，β，，a(t -1) + 1， tε[1，2)， (5) 

where β=β-lsJ(=也eをactionalp紅 tofβ) [6]. 80 we c阻 makeuse of results 
of researches about linear mod on巴仕組sformationT，β，α・Especiallyw巴know
that 

hs，，.(x) = エネ
Z〈TFzα(1)，n;:>:O ，-

-一
PZ刈

(6) 
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defin白血inv副阻tm巴制r巴Vs，α(E)= JEhs，α(x)dλ(x) for Ts，a.， where T!J，a.(l) 
= lim"，→1+0 T!J，a.(x) and入isLebe昭 lemeωure on [0，1) [2][3]. From this we 
have 

一日+
 

く一z
 

nμ h
 
く一
一円

(7) 

(呂田 [6]).In凹 rSSI64rand theβis in [25，26)，乱ndso占<品三占 Also
concerning the normalized me舗 ureμβ，αofvs，αwe have 

• N-I • 

J!弘元呂問α(x))=ん1)f(U)仰 α(y)a.a. x. (8) 

From thes巴 circumstanceswe think that we c乱nprove that if k is 1乱rge，then 
the distribution of M.ι(x) under the assumption that x spreads uniおrmlyin 
[1，2) is approximated by the norrr叫 izedme回 ureon [1，2) derived from 

r2 

H()=Lh{EEZ7( 胸

[4][6]. 
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Appendix. Here we give a code of genera七ing乱n88164 ra且domnumber. The 

∞de was tω古edby 1nぬl'sicl (64-b比)叩dg∞(64-bi古).The whole 88164rand is 
at http://皿 athl.edu.mie-u.ac.jpjyaguchij88164r阻 d.l山nl. 

//ホホ**事事車場事ホホ*柿本車場事ホホ*本事様車場事ホホ*旗本

#define MB_W64_X64_16 (ou.七， inl， in2) ¥ 
ー_asm_ー("mov%3， Y.Y.rcx; ¥ 

" 

mov %2， Y.Y.r田; ¥ 
mov $Ox8000000000000000， Y.%rl0; ¥ 
or y'y'rl0， Y.Y.r田;¥ 
mul Y.Y.rcx; ¥ 
sh1 $6， Y.Y.rdx; ¥ 
shr $58， Y.Y.r田; ¥ 
or y'y'rdx， %Y.r田;¥ 

repeat from "or"乞oIlorll above 14乞imes

or Y.Y.rlO， Y.Y.r田;¥ 
mul Y.Y.rc玄;
mov Y.Xr也 J %0; 
mov y'y'ra.x， %1; 

¥ 
¥ 
¥ 
¥ 

"=r" (ou'乞.hi64)，"=r"{。凶.1064)¥ 
"r"【inl)， "r"【in2)¥ 
"%r日ヘ "Xrcx"J "Y.rd.x"， "Y.rl0" ¥ 

//申**啄*事事事事申**旗本事事事事***旗本事事事事***旗本

#defi田 SUB_128_128_SHL32(out，inl， in2) ¥ 
__asm__ ("mov %2. Y.Y.r田; ¥ 

" 

mov %3， Y.Y.rdx; ¥ 
mov %5， Y.Xrcx; ¥ 
sub y'y'rcx， %y'rdxj ¥ 
mov %4， Y.Xrcx; ¥ 
sbb y'y'rcx， y.y.r田;¥ 
mov Y.Y.rdx， Y.Y.rcx; ¥ 
sh1 $32， Y.%r田; ¥ 
shr $32， Y.%rcx; ¥ 
or Y.Y.rcx， Y.Y.r田;¥ 
shl $32， Y.%rdx; ¥ 
mov Y.Y.r田 J Y.O; ¥ 
mov y'y'rdx， %1; ¥ 

¥ 
"=r" (out .hi64)， "=r" (。凶.1064)¥ 
"r"【inl.hi64)J I'r!! (in1.1064) J "r" (in2 .hi64)， IIr" (in2 .1064) ¥ 
"Y.r日ヘ"Y.rcx"J "Y.rd.x" ¥ 
) ; 

//申**啄*事事事事申**旗本事事事事***旗本事事車事***旗本

typedef struct 

f 
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unsigned long long in"七 1064;

unsigned 10ng 10ng in'七 hi64;
} my_i128; 

//榊材料帥柿肺機事事事申柿肺機事事事事事材料本市//

U且signedlong long int genSSI64rand(unsigned long long int x， 
unsigned long long int t， 
unsigned long long int y， 
unsigned 10ng 10ng int s) 

f 
my_i128 u， v， umv; 

MB_W64_X64_16(u， t， x); 
MB_W64_X64_16(v， s， y); 
SUB_128_128_SHL32(umv， u， v); 

return【umv.hi64);
} 

//材料材料帥柿材料帥材料材料帥柿榊


