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Description
BACKGROUND OF THE INVENTION
1. Field of Invention

[0001] The present invention relates to a random number generation and management method and device.

‘2. Description of the Related Art

{0002] There is not only a situation of a targe number of random numbers generated and used in a short time during
computer simulation, but also a situation of random numbers with finite length (such as 128 bits) generated and used
in identification (ID) and password (PW). Even ID and PW require stronger security management, in fact, there is not
yet a device that achieves effective management. There are often reports related to lost memory media storing user’s
ID and other information.

[0003] The management for the random numbers array of ID and PW is difficult, and currently the information is only
stored in the storage of memory media. User's 1D and other information stored in the memory media being lost under
the state without encryption shows the difficulty of the management.

[0004] Pseudo-random numbers can be regenerated. When the same random number Is needed during computer
simulation, it can be generated if the initial value generating the random numbers is kept. That is, the management for
the initial value generating the random numbers is regarded as the management for the very long random number series.
[0005] On the premise of a sufficiently long periodic binary series {ryry..- ri...) {discrete-time t=0, 1, 2, ...}, we consider
the following |D and PW generating and managing system. ID and PW system is generated and managed through an
initial value by secret management and t by public management. When needed, the initial value and t are input in the
system to generate the corresponding 1D or PW. But, it is clear that it takes a long time o generate random number
series {ID, PW) corresponding to large t, and the system will lose its practical function, such as =284,

[0006] On the other hand, because the value series generated by the chaos function has special properties, such as
nonlinearity, initial value sensitivity, calculation unidirectionality, etc, it is expected to be used for random numbers
generation. In which, some are used for generating random numbers through logistic map (Equation 1} (hereinafter
referred to as LMAP), and for inspection to the generated series, {non-patent literatures 1-3).

Equation 1

X = 4xr @ _xt)
O<x, <1, t=012,.)

Non-patent literature 1

[0007] Ulam, S.M. and Von Neumann, J., "On Combination of Stocastic Determistic Processes”, Bull. AMS_, Vol. 53,
p.1120 (1947)

[0008] In this literature, Equation 1 is proposed to be used for generating random numbers,

Non-patent fiterature 2

{0009] Tohru KOHDA and Eiji OGATA, "Bernoulli trials and Chaotic Trajectories in the Logistic map”, IEICE A (Japa-
nese), Vol. J68-A No.2 pp. 146-152 {1985)

[0010] In this literature, the binary series generated through Equation 1 and the threshold value defined as 0.5 is
complete random number series.

Non-patent literature 3

[0011] K. Shono, "Chaos engineering”, Springer-Verlag Tokyo, Tokyo, 2002.

[0012] In this literature, Equation 1 applies to an effective method for high-speed random numbers generated, in which
fixed decimal point calculation is proposed to implement hardware-based.

[0013] The calculation of chaos function LMAP has unidirectionality, that is, starting from a certain initial value x,,x;
{t=1.2,...) can be calculated individually, but x, cannot be calculated from the calculated x,. This is because if the inverse
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function of the second order function LMAP, x, = (1 ={1-x,))/2, is used for reverse calculation for X;, one of the two
possible states must be chosen (the choice between + or - symbol).

[0014] In the application, the binary series generated through the LMAP is the binary series generated when the
threshold value is 0.5 tox,, (if x,20.5, the outputis 1, and if x<0.5, the outputis 0). Moreover, the inventor of the application
confirms that the LMAP has the following features. _

[0015] When the calculation accuracy is N bits, from t=0 to t=N-1, if there are continuously generated N bits binary
series (the threshold value is 0.5), the x,, generating the binary series can be calculated through the inverse function of
the LMAP. The + or - symbol is chosen on the basis of the binary value corresponding to the same t{1: +, 0: -). This is
because the LMAP is calculated according to the divergent results of the lyapunov exponent, and the inverse function
of the LMAP is calculated according to the convergent results of the lyapunov exponent.

[0016] Itis clearthat the binary series generated by the LMAP with such features is improper to be used for the random
numbers of information security. For the binary series generated by a very long LMAP, if the foremost bits longer than
the calculation accuracy is known, through calculating the inverse function of the LMAP on the binary bits, x; is obtained,
and through calculating the LMAP on the x,, ali bits of the very long binary series can be calculated. But, the upper
degree bits (generated earlier} cannot be calculated through the lower degree bits (generated later) of the binary series
generated through the LMAP.

[0017] If the calculation accuracy is N bits, the number of continuous 0's generated during the calculation of the LMAP
is less than N/2. The feature limits the possibility of the combination number for the binary series generated by the LMAP,
but simultaneously ensures that when the N bits are extracted from the binary series to make a new Initial valug, the
new initial value does not occur the value callad a black hole, such as 0, 0.25, 0.5, 0.75, etc.

[0018] When the LMAP is calculated in limited calculation accuracy, the initial value sensitivity can be observed in the
following forms. Through two initial values, in which except for the lowest bit, the other bits in the two initial values are
same, we can ensure that the internal states x; are in completely different tracks after N times calculation (there is not
any relationship between the two intemnal states), for example, the results of the initial value 0.0...01 and 0.0...010 after
128 times calculation in 128 bits calculation accuracy are respectively 0.0100...0100 and 0.1100...0110 (only upper
degree 4bits and lower degree 4 bits are shown). There are two meanings. '

[0019] Firstly, because of the calculation in limited calculation accuracy, the lower degree bits are cast out, thus there
is no relationship between the state after N times calculation and the initial state, thatis, the state after N times calculation,
not been calculated, cannot be estimated.

[0020] Secondly, even if there are two initiat values, in which except for the lowest bit, the other bits in the two initial
values are same, there is no correlation between the binary series individually generated by the two initial values, and
the content of one series cannot be estimated through the other series.

[0021] Thefeatures of the binary series generated through the above LMAP have impoitant implications in the following
method for generating multi-dimensional random nurbers.

Non-patent literature 4

[0022] R. Ursulean, "Reconsidering the Generalized Logistic Map as a Pseudo Random Bit Generator", ht-
Ip:fiwww.ee ktu.it/journal/2004/7/Ursulean.pdf.

[0023] This document discloses an Equation 1 which is transformed into Equation 4. In responding to a different j,
they are examined by the binary series raised from Equation 4 (through Equation 2 or Equation 3) in Ursulean.

Equation 1 of Ursulean: x,,, =rx, (1-x,)

<

i

Equation 2 of Ursulean: b, = {0 "
1 x,>X

where x denotes the mean value and b,, is the bit generated by the n-th iteration of the map.

) 0 x,<med
Equation 3 of Ursulean: b, = :
1 x,>med
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where med denotes the median of the values generated by the discrete chaotic map.

[0024] The value of x,, is between 0 and 1. That is when B =1, med = 0_+_1. =0.5.

B
Equation 4 of Ursulean: x,,, =(8+ 1)[1 +%) x,(1-x,) =>»Normalization

SUMMARY OF THE INVENTION

[0025] The object of the present invention is to provide a method and device for generating and managing random
numbers, which is easily realized in general-purpose computer and special hardware, to generate and manage shorter
random number series, such as ID and PW.

[0026] The method for generating and managing random number of the present invention (Claim 1) is for a given N,
where N is an integer and N=2, bits binary series R and K dimensions multi-dimensional coordinate information i (i1, ...,
ik, ..., IK), where ik are integer and k=0, k:1, 2, ..., K, in which R is used for the decimal portion of initial value x; for
nonlinear function, Xj.4 = 4X{1 -X,} (herein after referred to as LMAP, 0 <x< 1), i is transformed into coordinates of
each dimension, i1, ..., ik, ..., IK, and xpand i1, ..., ik, ..., iIK are stored in a register; the method with the features including:

1} for the initial value x, and ik stored in the register, a chaos computing unit repeatedly implements the calculation
of the LMAP in N bits calculation accuracy through fixed decimal point calculation, to generate N bits binary series
By, and the bits of By are individually constituted by by by 1.... and by .4, wherein beg = [2 X Xyl by q = [2 X
Xpiscitcen]s - @R By g =[2 X Xppepanc1] [ represents a calculation of removing the decimal portion;

2) By is then used for the decimal portion of initial value x through the chaos computing unit repeatedly implementing
the calculation of the LMAP to generate N bits binary series Ry ;. where Ry is Ry when k=1, and Ry, is
Ry wwhen k=K, and the bits of Ry _ ; are individually constituted by ry g,y 4 ... @nd 1y g, wherein r, o = [2 X x,],
o1 = {2 X Xpeq)s 0 et = [2 X Xpp.4) @nd store the binary series Ry in @ random number register.

.....

3) the Ry g stored in the above random number register is used for the decimal portion of initial value x, of the
LMAP and stored in the above register. But ;4 do not perform the transformation of the initial value x; of the
LMAP when k=K.

[0027] The above operations 1), 2) and 3) are implemented for each dimansion k=1,2, ..., K, to implement the method
for generating and managing random numbers with the feature of multi-dimensional random number R;.

[0028] The device for generating and managing random numbers of the present invention are with the features of the
following parts: '

an input unit of generating and managing information for random number, which receives N , where N is an integer
and N = 2, bits binary series R as the initial value information to generate random numbers, and K dimensions
multi-dimensional coordinate i (i1, ..., ik, ..., iK) where ik is an integer and ik = 0, and K is an integer and K= 1 as
the muiti-dimensional coordinate information;

an initial value/multi-dimensional coordinates transformation unit, which transforms R, the decimal pertion of initial
value X, for nonlinear function, x;,.q = 4x(1-x,} (herein after referred to as LMAP, 0< x< 1), into x;, and transforms
| into multi-dimensional coordinates i1, ..., ik, ..., iK to prepare for the calculation of the LMAP to generate random
numbers;

a register, which stores the initial value x,; and multi-dimensional coordinates i1, ..., ik, ..., iK transformed by the
initial value/multi-dimensional coordinates transtormation unit;

a chaos computing unit generating chaos binary series, which repeatedly implements the calculation of the LMAP
in N bits calculation accuracy through fixed decimal point calculation, on the basis of the initial value xy and multi-
dimensional coordinates stored in the register, to generate N bits binary series By, the bits of By, are individually
constituted by bk,()’ bk,‘lv'" and bk,N—‘Il wherein bk,0=[2 x XNXr'k]' bk,1 = [2 X XNXik-PT]’ ...and bk,N—1=[2 X XNXFk+N-1]'
and [] represents an operator used to remove decimal portion; and By, is used for the decimal portion of initial value
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xg and transformed into x; through the chaos computing unit repeatedly implementing the calculation of the LMAP
to generate N bits binary series Ry y, where Ry 4 is Ry when k=1, and Ry, is Ry g when k=K, and the bits
of Ryy i are individually constituted by ri o,f o .. @and ry p.q, whersin r o = [2 X xpL rgq = [2 X Xpaals ooy fepe =12
X Xonl;

arandom number register, which stores N bits binary series Ry output by the chaos function computing unit; and

a random number generation control unit, which implements the following operations, including an operation of the
input unit of generating and managing information for random numbers, an operation of the initial value/multi-
dimensicnal coordinates transformation unit, a calculation of the chaos function computing unit, and a calculation
of x, transformed from Rﬂ’_“,-k, as the decimal portion of the initial value x; of the LMAP, for each dimensionk=1,2, ...,
K, but Ry _ 4 do not perform the transformation of the initial value x, of the LMAP when k=K, to generate multi-
dimensional random number R;. :

[0029] Random number series in the present invention can be quickly generated ({regenerated) to be placed at any
coordinate position among plenty of random number series in multi-dimensional coordinate space. Therefore, as shown
in FIG. 1, we can construct a system for generating and managing randem numbers, to generate and rmanage binary
series R, (ID, PW) through managed binary series R and regulated multi-dimensional coordinate information i (i1, -+, ik,
-+, iK). Because of the chaos function (LMAP} used in the present invention, there is no linear relationship between the
R; generated by regulated multi-dimensional coordinate information i (i1, -, ik, -, iK). Thus, R cannot be estimated
through certain random number series R; and multi-dimensional coordinate information i (i1, -, ik, -- -, iK) thereof. Also,
the random number series generated by other multi-dimensional coordinate information cannot be estimated.

[0030] Still because of the LMAP calculated through fixed decimal point calculation in the present invention, the system
for generating and managing random numbers proposed by the present invention is easily constructed by a system
implementing integer arithmetic, { such as multiplication, addition, subtraction, and legical operations) whether it is a
software or hardware system. Furthermore, the present invention makes the low price of the system for generating and
managing random numbers possible to be an expected form in industrial technology.

EBRIEF DESCRIPTION OF THE DRAWINGS
[0031]

FIG. 1 is a schematic view of a system for generating and managing random numbers according to the present
invention;

FIG. 2 is a composition diagram showing the implementation form of a device for generating random numbers
according to the present invention;

FIG. 3 shows the method for generating one- dimensional random numbers;
FIG. 4 shows the method for generating two-dimensional random numbers;

FIG. 5 is a flowchart showing the embodiment of the action of the device for generating and managing a random
number 100; ' '

FIG. 6 is a table showing the product numbers of industrial products transformed into multi-dimensional coordinates;
and

FIG. 7 is a table showing the time needed for the random numbers generated by the method for generating multi-
dimensional random numbers.

DETAILED DESCRIPTION OF THE INVENTION

[0032] Hereinafter, the embodiments and the effects of the present invention will be described with reference to the
drawings. :

[0033] FIG. 2 shows an embodiment of the present invention, which is the device for generating and managing a
random number 100. The device for generating and managing the random number 100 in the embodiment generates
N bits binary series Ry .. i by way of chaos computing unit, through transforming N bits binary series R into initial value
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xo of the LMAP, and on the basis of x; and muiti-dimensional coordinate information i, and then the calculation of
transforming Ry 4 into xg is repeatedly implemented for K times, to generate K-dimensional random number R;. The
device for generating and managing the random number 100 is instituted by an input unit of generating and managing
information for random number 102, an initial value/mutti-dimensional coordinates transformation unit 104, a register
106, a chaos function computing unit 108, a random number register 110, and a random number generation control unit
112,

[0034] The input unit of generating and managing information for random numbars 102 receives N bits binary series
R and mutfi-dimensional coordinate information | (i1, ..., iK).

{0035] The initial value/multi-dimensional coordinates transformation unit 104 transforms the input binary series R or
the binary series Ry generated during the generation of the multi-dimensional random numbers into x, and transforms
the input multi-dimensional coordinate information i into each dimension coordinates i1, ..., iK for fixed decimal point
calculation to generate multi-dimensional random numbers.

[0036] The register 106 stores x; and i1, ..., iK transformed in the initial value/multi-dimensional coordinates transfor-
mation unit 104.

[0037] The initial value stored in the register 106 is used by the chaos function computing unit 108 for each dimension
of muiti-dimensional coordinate ik (k=1, 2, ..., K} torepeatedly calculate the LMAP, to generate N bits binary series Ry .
[0038] The detailed operations of the chaos function computing unit are described as following.

[0039] Firstly, the initial value x; and multi-dimensicnal coordinate ik stored in the register 106 are used by the chaos
function computing unit 108 to calculate the LMAP for Nxik times.

[0040] Next, while in the calculation of the LMAP, by 4=12 X Xpyjl.

By 17 [2 X Xpysejgeat]s --8N00 By pq =12 X Xy s prq] @re calculated, inwhich [l represents a calculation of removing decimal
porticn, to generate N bits binary series By{by o, by 1, -, by pq)-

[0041] Then, By is used for the decimal portion of initial value x; of the LMAP, fo calculate the LMAP for N times.
[0042] And then, whils in the calculation of the LMAP, r, o = [2 % xp],

Mg = [2 X xpaqls - and r g = [2 X Xgp.q] are calculated, to generate N bits binary series Ry udfic 0.7k 45 ok No1)-
[0043] Because of the above additional calculation, we can cut off the above-mentioned possibility of speculating the
lower degree bits from the upper degree bits in the binary series generated through the LMAP.

[0044] The random number register 110 is used for storing the binary series output by the chaos function computing
unit 108. :
[0045] The random number generation control unit 112 controls the operations of every unit to generate multi-dimen-
sional random number series.

[0046] The random number generation control unit 112 repeatedly calculates on the basis of K dimensions multi-
dimensional information for each dimension of k=1 to k=K, through the chaos function computing unit 108, and the
outputs are stored in the random number register 110; if k<K, the random number series stored in the random number
register 110 is transformed into x,, through the initial value/multi-dimensional coordinates transformation unit 104, and
the X, is stored in the register 106, and the calculation is gone on; if k=K, the N bits binary series stored in the random
number register 110 is used for the random number R;, and the calculation is terminated.

[0047] The meaning and effect of the multi-dimensional random number are described as following.

[0048] We consider the fixed decimal point calculation to the LMAP with N bits calculation accuracy, to generate N
bits binary series.

[0049] N bits initial value X, is input to generate the required number of binary serigs r{ry,ry,...}. We assume that the
generation speed of the random number generator is S bps {bits/sec), and the operational time, except for generating
binary series, is too short, so not be counted. Here we take a ook at that, If the random number generator generates
MxN, where M is an integer and Mz1, bits random numbers, the required time for generating any one of R; through
initial value xg, when the random number is divided into M series and each one is N bits binary series.

[0050] The series R, generated through this way can be imagined to be put on a straight line (as shown in FIG. 3),
thus, the generation method is referred to a method for generating one dimension random number series.

[0051] Itis clear that, because of N bits series, the required time for generating the first series Ro through x; is N/S.
The required time for generating the second series R, through x, is 2N/S, because it includes the time for generating
the first random number series. Thus, the required time for generating the ith series R, 4, through x; is ixN/S.

[0052] Because the more generated random number series, the better, a greater M is expected. But, as for such
method for continuously generating random number serigs through one initial value, M cannot be very large, such as
M=264, gven if the generation speed is 240 bps, the average generating time for N bits series is (1+264) x N/240 > 224
seconds.

[0053] We will consider the following method for generating random numbers. ‘Here, we assume the M is M;xM,
where M4, M are integers and M, My=1, M, series N bits random number series are generated through N bits initial
value xp, the generated M, series N bits random number series are used for new initial vatues, to individually generating
M, series N bits random number series. The generated N bits random number series are represented as Ry ;» (i1 =
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0,...M-1,2=0,.,M-1.
[0054] The series R;1.;p generated through the above way can be imagined to be put on a two-dimensional plane
{coordinates), thus, the generation method is referred to a method for generating two-dimensional random number series.
[0055] It is clear that the total number of Rj;.; is My XM»=M, the required time T for generatmg any one Ry.p through
initial vatue x is as following.

T, =(xN+1xN)/S=2N/S

T, =(UxN+2xN)/S=3N/S

T, =X N +(2+1)xN)/S =(i2+2)N/8S

=+ x N +(@2+D)x N)/S =@l +i2+2)N/S

Rru

[0056] That is, as for the required time for generating one random number serigs, the minimum is 2N/S, and the
maximum is (M4+M;} N/S, compared with the longest time, MXN/S= (M XMy} N/S, for the method for generating one
dimension random number series, the difference is self-evident.

{0057] We assume that K dimensions and M=M,X...XMy, M, series N bits random number series are gensrated
through N bits initial value x;;. Then, the generated M, series N bits series are used for new Initial values, to individually
generate M, series N bits random number series. Tilt M, the transformations for new initial values are performed for
K-1 times to generate series R;. The series R; can be imagined to be coordinates (i: i1, i2, ...,iK) put in K dimensions
space, thus, the generation method is referred to a method for generating K dimensions random number series. We can
understand that, the required time for any one series in K dimensions coordinate space is (K+i1+i2+...+ iK) N/S, the
minimum is KN/S, the maximum is (My+My+...+M ) N/S, and the average time is (K+M;+Mo+...+My} N/ (2S).

[0068] The meanings of every parameter N, K {k), M {Mk) in.the method for generating multi-dimensicnal random
numbers are described as following.

[0059] N is calculation accuracy. Therefore, the variety of initial value (initiat value space) available is 2N-4, except for
0...0,010..0,10...0, 110...0 (0, 0.25, 0.5, 0.75). But, because the length of chaos state generated through certain initial
value X, is similar to 2N/2, we can sstimate the value of non-pericdic M is 2N/Z/N. Actually, when N is assumed to be a
value between 32 and 64, the search result through numerical calculation to the length of non-periodic M is similar to
2NiZ_ This is because the generation of the initial values through repeatedly calculation makes the periodicity of multi-
dimensional random number generator to be longer than that of the criginal LMAP.

[0060] The coordinate volume M is the tolal of the series generated through initial value x;. The value is generally
restricted by the periodicity of random number generator. However, if same random number series is allowed being
placed in multi-dimensional space (an unspecific location), there is no such restriction.

[0061] The space of every dimension coordinate depends on M, (k=1, 2, ..., K). Also, the generation speed of R;
depends on M. When M, is assumed to be larger, the average generation speed of R; would be much slower,

[0062] M, and k together have the classification function to R;. Namely, the information with specific meanings (such
as time, name, organization {department), etc.) can be possessed. That is, when the dacision for the appropriate value
of M, is made, not only generation speed of random numbers, but atso classification ease, must be thought over. The
more effective representing way for coordinate space is assumed M=2", m=m,+...#my where my,...,m are integers
and my,...,mg=0.

[0063] K is used for dimension number, possessing classification function. When M is constant, if K is larger, the
average vafue of My wilt be smaller, and the average generation speed of R; will be faster. However, if the individual M,
is extremely larger, generation speed of R; may be extremely slower. This is because, like the method for generating
one dimension random number series, if the coordinate number in certain dimension is assumed too large, the average
generation time in this dimension will be very long. Therefore, the setting of K is not only following the classification
function, but also making individual M, nottoo large. Thatis, even of the same classification, there is no need to represent
as the same dimension coordinate. In the classification, when the individual M, is too large, it can be represented as
plurat dimensions.
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K {k) can be divided.

[0064] We willthink abouta multi-dimensionai random number generation system, including N bits calculation accuracy,
initial value xg, and K dimensions, and the magnitude of every dimension is My, M, ..., M. We inspect the state of k
dimension in the intermediate process.

[0065] Whenk=1, M, N bits binary series R;, are generated through initial value x,. When k=2, M, N bits binary series
Ry (initial value in the intermediate process) are generated through initial value x,, then, M, N bits binary series Ry, 1
are individually generated through initial value in the intermediate process. Namely, total M XM, N bits binary series
can be generated through initial value x,. Also, the k dimension in intermediate process can generate MM, X... XM,
initial values in intermediate process.

[0066] Here, we assume k=Ku and K=Ku+Kd, then Kd=K-Ku. That is, which is the multi-dimensional random number
generation system constituted by the upper degree dimension of initial value x; with Ku dimensions and the values of
every dimension are My, M, ..., My ,. Forexample, M, xXMyx_..x M, N bits binary series (the initial value in intermediate
process) generated through the systermn constituted by the upper degree dimension of Ku dimensions are used for the
multi-dimensional random number generation system (Kd dimensions and the values of every dimension are My ;4.
Miu+1. - Mk) of every initial value, which is constituted by the lower degree dimension.

[0067] As mentioned above, two K's (Ku, Kd) correspond to a multi-dimensional random number generation system,
through dividing K, the multi-dimensional randorm number occurs system-division, and when the multi-dimensional ran-
dom number generation system is divided, through Ku dimension as the margin, not all lower degree dimensions should
be divided from the multi-dimensional random number generation system. Only the random number Ry p 4, at the
arbitrary coordinates i1, i2, ..., i (ku) in intermediate process are output to be the initial value of the new lower degree
multi-dimensional random number generation system, arbitrary lower degree multi-dimensional random number gener-
ation system can be divided from the original multi-dimensional random number generation system.

[0068] Furthermore, it is clear that the inverse operation of the system-division should connect (integrate) with the
divided system. However, the individual coordinate information in intermediate process dimension during division should
be kept. In other words, the intermediate dimensional coordinate information of the divided system with the need of re-
connection should be kept. The intermediate process coordinate of completely independent divided system without the
need of re-connection may be removed.

[0069] The above describes the division for K info Ku and kd, and, of course, more division can be performed as
needed through same method.

[0070] The value of R; generated from multi-dimensional coordinates i (i1, i2, ..., iK) through initial value x, and that
of R; generated from multi-dimensional coordinates i (i (ku+1), i (ku+2), ..., iK) through initial value Ry 5, are same.
As for the above initial value with such relationship, initial value x, is referred to upper degree initial value, and Rn,,gjl__l_,,-ku
is referred to lower degree initial value.

[6071] By way of the muiti-dimensional random number generation method with the above features, we can construct
random number generation system with grade structure. That is, the competence of the upper degree initial value x,
and that of the lower degree initial value Ry p . u, are different, the keeper of initial value x; has greater competence
than that of Ry . ke

[0072] FIG. 5 is a flowchart showing an embodiment of the action of the device for generating and managing the
random number 100. The device for generating and managing the random number 100 shown in the flowchart starts
action according to the order generated by the random number.

[0073] Theinputunit of generating and managing information for random numbers 102 receives the input N bis binary
series R and mulfi-dimensional coordinate information i, and variable k is assumed as k=0. Then, the initial value mulfi-
dimensional coordinates transformation unit 104 makes k=k+1, and transforms the received N bits binary series R into
X (5104) and stores x; and mulii-dimensional coordinate information (i1, i2, -+, iK} into the register 106 ($106). According
to x;, and multi-dimensional coordinate information ik stored in the register 106, the chaos function computing unit 108
further generates N bits binary sefies Ry » 4, and stores them into the random number register 110 (S108); when k
< K {dimension number), N bits binary series Ry p i are input the initial value/multi-dimensional coordinates transfor-
mation unit 104 (5110}, and re-calculation is performed from (S104). When k=K, N bits binary series Ry p,_; are output
as random numbers (S112), and the operation of the device for generating and managing random number 100 in the
flowchart terminates. y

[0074]) Here, by way of the embodiment of the system for generating and managing random numbers, the effect of
the present invention is confirmed through initial value sensitivity, irrelevancy of adjacent coordinates, generation speed,
and system-division. .

[0075] Industrial products include the identification of the product mark (number). For example, model number, man-
ufacture number, batch number, manufaciure date, etc, these numbers are necessary for managing related information
of the product and after-sales service. Of course, these numbers must be managed. Most of the numbers of products
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are regular consecutive numbers. Because of regularity, the message content in these numbers is less and easy to be
managed. However, on the other hand, it is easy to infer other numbers from a number and to be illegally used, such
counterfeit attached with authentic number fo pose as genuine article. If the regular number Is integrated with irregular
identification ID number (random number), the product number cannot be inferred. However, using the irregular random
numberwill make it difficult to manage near-infinite numbers of industrial products. The multi-dimensional random number
generation method proposed in the present invention is effective to manage the irregular identification ID (random number
series).

[0076] We assume three elements (R, i, R;) corresponding to multi-dimensional random number generation method,
which transform (unigue) product number identifying product into multi-dimensional coordinate, and integrate the gen-
erated product identification ID (random number R;) with the product number to make it non-inferable. At this point, initial
value x; (R) becomes the managementkey for managing product identification ID. The correct initial value x; and product
number can generate (regenerate) corresponded product identification 1D. The regular product number can be inferred,
but the attached product identification ID cannot be. That is, without initial value x,, it is impossible to obtain correct
combination of product number and product identification 1D.

[0077] The following is an example of simplified generation for identification 1D of the product with model number
MC780 and manufacture number C042875.

[0078] The generation for identification ID needs to transform the product number into multi-dimensional coordinate.
As shown in FIG. 6, the transformation for model number and manufacture number is performed. (The English letters
are represented as hexadecimal in ASCH code, and decimal digits are represented as hexadecimal.)

[0079] We assume dimension number K=14, the values of every dimension are M;=M,=...=M,,=16, and management
key is 128 bils initial value x; =0...0 1 (hexadecimal), thus, R; calculated through multi-dimensionat random number
generation method is represented in hexadecimal as B44768B06B7A25D464F3523552BDODFB. The corresponded
multi-dimensional coordinate is represented in hexadecimal as (i=4,0,4,3,2,C ,4,4,3,0,A,7,7.B).

[0080] Firstly, multi-dimensional coordinate iis fixed, and x; is given minor changes, toidentify the generated changes
of R;. The following shows the embodiment when multi-dimensional coordinate i is (4,0,4,3,2,C.4,4,3,0,A,7,7,B). When
xg is 0..01 and 0..02 (32 digits in hexadecimal}, R; is (B44768B06B7A25D464F3523552BDODFB) and
{8849A5094E6b861 F6298CFBACTC7 1 E9F), respectively. We can confirm the initial value sensitivity.

[0081] Then, initial value is fixed, and multi-dimensional coordinate i is given minor changes, to identify the generated
changes of R;. The following shows the embodiment when initial value x; is 0...01. When multi-dimensional coordinate
iis (4,0,4,3,2,C,44,3,0A,7,7,B) and {4,D0,4,3,2,C,4,4,3,0A.7.7,C), R, is {B44768B06B7A25D464F 35235 52BDODFB)
and (BA1359675D951215D6F 14411426D1E13), respectively. We can confirm the irrelevancy of adjacent coordinates.
[0082] From the above results, we can confirm the following effects; as for the random number generator constructed
through multi-dimensional random number generation method, even if the system configuration is same, there is no
relationship between the random numbers generated through different initial values and same multi-dimensional coor-
dinate. That is, even the system are constructed the same, it is impossible to infer the initial value from the random
number of the same multi-dimensional coordinate. Also, from the random number series at certain muiti-dimensional
coordinate, it is impossible to infer the random number series at the adjacent multi-dimensional coordinate.

[0083] As shown in the above, when the generation speed of binary series is given, the required time for generating
the random number series at certain multi-dimensional coordinate is obtained. At this point, we assume that the operation
time, except for generating binary series, is too short, so not be counted. Here, the generation time calculated through
approximation is inferred time t, the actual required time for generation is example time t', and when the generation
speed of binary series is 4.9Mbps, the results of the both are shown as in FIG. 7. We can confirm which are close and
the generation speed can be practically applied.

[0084] In the system for generating product identification 1D, the product number is instituted by model number and
manufacture number, that is, the product number is divided into a portion for managing mode! (model number} and a
portion for managing the product of the model (manufacture number). Here, the product number is divided into model
number and manufacture number, to confirm the random numbers respectively generated in divided and undivided
situations.

{0085] When initial value x; is 0...01 and multi-dimensional coordinate i is (4,0,4,3,2,C,4,4,3,0,A,7,7,B), the random
number series R; is generated as shown in the above. Firstly, the multi-dimensional coordinate is divided into
(4.D.4.3,2,C 4) {(model management) and {4,3,0,A,7,7,B} (the product of the model). Then, the random number series
R/, is generated through initial value x4 (0...01) and multi-dimensicnal coordinate i’ (4,D,4,3,2,C,4). And then, the random
number series R;"is generated through the initial value fransformed from R, and multi-dimensicnal coordinate i*
{4,3,0,A,7,7,B), and compared with the random number series R; when undivided. We can confirm the results are the
same. - :

[0086] The reguired times for individually generating R; and R;» through divided multi-dimensional coordinate are
0.001437 seconds and 0.001421 seconds, respectively, and the sum of those is close to the time 0.002781 seconds
when undivided.
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[0087] As mentioned above, even only the initial value and the multi-dimensional coordinate are changed, without
changing calculation method, the subsystem is easily separated from the parent system. The calculated quantity is
reduced after division, and the generation speed of the random number is faster.

[0088] In addition, because of division, it is not necessary for the lower degree system keeping the information of the
upper degree system, thus, the upper degree system becomes safer from the viewpoint of information safety. Such as
the situation of the product management system, when production department of certain product migrates abroad, the
division of the management system is effective.

[0089] According to the present invention, the proposed method for generating and managing random numbers can
generate and manage irregular M series N bits binary series R; through one series N bits binary series R (initial value)
and regular M multi-dimensional coordinate information i (FIG. 1).

[06090] According to the present invention, the random number generation is performed through R and regular i to
generate R, in which it is characterized that it is impossible to infer another features of R; or R through one given i or
R;. The random number generator with such features can be applied to a wide range of areas of information security.
[0091] One-time system foridentification of ID and PW can be constructed through random number generation method
of the present invention. That is, the secret (ID and PW) kept at system side and user side is used for R, R and new i
are used for generating R; (for identification of ID and PW) at user side, and i and R, are delivered to system side for
every identification. At system side, the received i and R of the user are used for generating R; compared with the
delivered R;for identification. Becauss of one-time i, even if it is tapped, there would not be any problem. Also because
of secret R without being delivered (through communication netwark), it is further safer, If R is made of information
adopted from human body, such as fingerprint, vain, etc, it is not necessary to memorize R.

[0092] |If the random number generation method of the present invention is applied to system for generating and
managing key in encryption system, the so- called strongest encryption method is realized, that is, the encryption method
with one-time key. Because multi-dimensional coordinate information i is only used once, it is impossible to use same
key again.

[0093] If the random number generation method of the present invention is applied to common key encrypted com-
munication, between two sides keeping same keys R, the information is encrypted by one-time key R;. Only encrypted
information and i are delivered, and it is not necessary to deliver R. The other side receiving the encrypted information
and | uses kept R and | for generating R, to recover the information. Because R is not shown in communication, it is
further safer.

[0094] Because the random number generation of the present invention calcufates Equation 1 through fixed decimal
point calculation, the calculation can be performed through integer operations. Also because integers can easily perform
division calculation, even different calculation system, such as general-purpose computer (various 08), dedicated hard-
ware, microcomputer, etc, only basic integer arithmetic implemented, for example, addition, multiplication, bit shift, logical
operation hetween bits, etc, same output is obtained through same input.

[0095] Therefore, the random number generation device of the present invention has various combinations adapted
for "performance-cost” needed, is highly scalable, and can be applied to a wide range of industries centered on information
security areas. As shown in the above, the present invention is described through embodiments, however, the technical
means are not limited in the range of these embodiments. These embodiments can be modified or improved as needed.
The present invention generates binary series through Equation 1, but the other methods generating binary series are
avallable. Moreover, these embodiments can be modified on the basis of generation efficiency and features of random
number. It is clear that, as for such modification, the improved patterns are included within the range of the technology
of the present invention.

Claims
1. A method for generating and managing random numbers, comprising steps of:

an input unit setting an N bits binary series R, where N is an integer and N>2, and multi-dimensional coordinate
informaticn i for K dimensions (i1, ..., ik, ..., iK) where ik is an integer and ik =0, ki1, 2, ..., K, wheregin R is a
decimal portion of an initial value x, for a nonlinear function, x.,; = 4x{1 - X (hereinafter referred to as LMAP,
0 <x<1,1=0,1,2,...), and said coordinate information i is then transformed into coordinate value of each dimension
(i1, ..., ik, ..., iIK) by a transforming circuit; and xg. i1, ..., ik ..., iK are stored in a register;

1) according to the initial value x5 and ik, an LMAP circuit implementing LMAP calculation having the
accuracy of N bits through a fixed decimal point calculation, which is repeatedly done by chaos compufing
to generate N bits binary series By, and bits of By, are individually constituted by by o,y 4. ... Dy p.1, wherein
bre = [2 X Xyxid: Br1= [2 X Xyscjger]s @nd by 4= [2 X Xyjpan-1], and [] represents a caleulation of
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removing decimal portion;

2} a chaos computing unit imptementing the chaos computing on By, as a decimal portion of the initial value
Xy after LMAP and repeatedly conducting calculation of the LMAP to generate and store an N bits binary
series Ri1,...fk= where Rﬁ,...,ik is RH when k=1 and Rh,__,,-kis R“'_w,-kWhen k=K, wherein the bits of Ri’!,...,ik are
individually constituted by 1 o, .. @nd fi neq, 8nd rg = 12 X xpl, 741=[2 X Xpds o Tt = 12 X Xopqh
which are stored in a random number register;

3) using said Ry stored in the random number register as a decimal portion of initial value x; of the
LMAP and storing it to said register, except when k=K; and

arandom number generation control unitimplementing the above operations 1), 2) and 3) for each dimension
k=1,2, ..., K, butwhen k=K, operation 3) is stopped, and operation 2} is used to generate R;; _ , as random
numbers.

2. A device for generating and managing random numbers, including:

an input unit of generating and managing informatton for random numbers, which receives N, where N is an
integer and N=2, an N bits binary series R as an initial value information to generate random numbers, and
multi-dimensional coordinates i for K dimensions (i1, ..., ik, ..., IK), where ik is an integer and ik=0, further K is
an integer and K=1, having multi-dimensional coordinate information;

an initial value/muiti-dimensional coordinates transformation unit, which fransforms R, decimal portion of initial
value x; for nonlinear function, x4 = 4x,(1 - x;) (herein after referred to as LMAP, 0 <x,< 1}, into X, and transforms
| info multi-dimensional coordinates i1, ..., ik, ..., IK for the LMAP to generate random numbers;

aregister, which stores the initial value x, and multi-dimensional coordinates i1, ..., ik, ..., iK transformed by the
initial value/multi-dimensional coordinates transformation unit;

a chaos computing unit generating chaos binary series, which repeatedly implements calculation of the LMAP
in N bits calculation through a fixed decimal point calculation, on the basis of the initial value xp and multi-
dimensional coordinates stored in the register, to generate N bits binary series By, bits of By are individually
constituted by bk,O'bk.‘]""’bk,N-?' wherein bk,O =[2 x XNXik]' bk,’l =[2 X XNXH(-H]! ... and bk,N—‘l =[2 x XNXl'k+N~1]!
and [] represents an operator used to remove decimal portion, and By, is used for the decimal portion of initial
value x, and transformed fnto x, through the chaos computing unit repeatedly implementing the calculation of
the LMAP to generate N bits binary series Ry, where Ry is Ry when k=1, and Ry is R;; 4 when
k=K, and the bits of R}y _; are individually constituted by ry 5./ 1,... and ry y.q, wherein r o =[2 X Xy], 1,1 = [2
K Xpprls woer Fona = 12 X xppq];

a random number register, which stores N bits binary series Ry, output by the chaos function computing
unit; and

a random number generation control unit, which implements following operations, including an operation of the
input unit of generating and managing information for randem numbers, an operation of the initial value/multi-
dimensional coordinates transformation unit, a calculation of the chaos function computing unit, and a calculation
of xp transformed from Ry . s the decimal portion of the initial value x; of the EMAP, for each dimension
k=1,2, ..., K, except when k=K, to generate multi-dimensional random number R;.

Patentanspriiche

1.

Ein Verfahren zur Zufallszahlenerzeugung und -verwaltung, das folgende Schiritte umfasst:

eine Eingabeeinheit setzt eine N Bit lange bindre Reihe R, wobei N eine ganze Zahl und N>2 ist und eine
muitidimensionale Koordinateninformation i fiir K Dimensicnen (i1, ..., ik, ..., iK}), wobei ik eine ganze Zahl ist
und ik = 0, ki1, 2, .., K, wobei R ein Dezimalteil eines Anfangswerts x; fir eine nichtlineare Funktion ist,
Xp+1=4%(1-%) (nachstehend bezeichnet als LMAP, 0<x<1, t=0,1,2,...}, und die Koordinateninformation i dann
in den Koordinatenwert einer jeden Dimension (i1, ..., ik, ..., iK) durch eine Transformationsschaltung umge-
wandelt wird; und xg, i1, ..., ik, ..., iK in einem Register gespeichert werden; wobei

1)} gemalk dem Anfangswert x, und ik sine LMAP-Schaltung LMAP-Berechnung mit der Genauigkeit von
N Bit durch eine festgslegte Dezimalpunktberechnung implementiert, die wiederholt durch Chaos-Berech-
nung erfolgt, um N Bit lange binére Reihen By, zu erzeugen und Bit von By, einzeln durch by o, by 4, ... by N4
dargestelit werden, wobei by 0=[2 X Xyyxil, Dy 17[2 X Xnsika1], - und by Ng=[2 X Xyxigancg]s und [] eine
Berechnung zum Entfernen des Dezimalteils darstellt;

2} eine Chaos-Berechnungs-Einheit die Chacs-Berechnung auf By, als einen Dezimaltell des Anfangswerts
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Xp nach dem LMAP implementiert und wiederholt Berechnung des LMAP durchflihrt, um eine N Bit lange
bin&re Rethe R}y, y zu erzeugen und zu speichern, wobei Ry | = Rj; ist, wenn k=1 und Ry 4 =
Ry, . ik ist, wenn k=K, wobel die Bits von Ry durchry g, ty 4, ... UNd 1 y_q, Und 1y o=[2 X xyl, 1y 4512 X
XN+]s o Tonet =12 X Xan4q] €inZeln dargestelit werden, die in einem Zufallszahlenregister gespeichert
werden, einzeln gebildet werden;

3} die Ry 4o die Iin dem Zufallszahlenregister gespeichert sind, als ein Dezimalteil des Anfangswerts xg
des LMAP verwendet werden und diese in dem Register gespeichert werden, auRer wenn k=K; und

eine Zufallszahlenerzeugunssteuereinheit die oben genannten Operationen 1}, 2} und 3) flr jede Dimension
k=1, 2, ...,K implementiert, aber wenn k=K ist, die Operation 3) gestoppt wird und Operaticn 2) verwendet
wird, um Ry als Zufallszahlen zu erzeugen.

2. Vaorrichtung zur Zufallszahlenerzeugung und -verwaltung, mit:

einer Eingabeeinheit zum Erzeugen und Verwalten von Informationen lber Zufallszahlen, die N, wobei N eine
ganze Zahl ist und Nz2, eine N Bit lange hinare Reihe R als eine Anfangswertinformation, um Zufallszahlen zu
erzeugen und multidimensionale Koordinaten i fir K Dimensionen (i1,...ik,...,iIK} empfangt, wobel ik eine ganze
Zahlund ik = 0 ist, weiter K eine ganze Zah! und K1 ist, die multidimensicnale Koordinateninformation aufweist;
einer Anfangswertmultidimensionalkoordinatentransformationseinheit, die R, Dezimalteil von Anfangswert x,
fUr nichtlineare Funktion, x,,1=4x,(1-x}) (nachstehend bezeichnet als LMAP, 0<x;<1), in X, umwandelt und | in
muttidimensionale Koordinaten i1,...,ik,....,iK fiir das LMAP umwandelt, um Zufallszahlen zu erzeugen;

einem Register, das den Anfangswert x; und multidimensionale Koordinaten i1,...,ik,...,iK speichert, die durch
die Anfangswertmultidimensionalkoordinatentransformationseinheit umgewandelt werden;

einer Chaos-Berechnung-Einheit, die chaotische bindre Reihen erzeugt, die wiederholt Berechnung des LMAPs
in N Bit lange Berechnung, durch eine feste Dezimalpunktberechnung auf der Basis des Anfangswerts x, und
multidimensionalen Koordinaten, die im Register gespeichert sind implemantiert, um N Bit lange bin&re Reihen
By, zu erzeugen, wobei Bits von By, einzeln durch by ¢, by 4, ... by 4 dargestelit werden, wobei by g=[2 X Xy il
By 152 X Xpycikaals - UNd by =2 X Xpyciean-1]s und [] einen Operator darstellt, der verwendet wird, um den
Pezimalteil zu entfernen und B, fur den Dezimalteil des Anfangswerls x; verwendet wird und durch die Chaos-
Berechnung-Einheit in x, umgewandelt wird, die wiederholt die Berechnung des LMAP implementiert, um N Bit
tange bindre Reihen Ry, zu erzeugen, wobsi Ry, =Ry ist, wennk=1istund Ry =Ry ik ist, wenn
k=K, und die Bitsvon Ry; y einzeln durchr g, 1y ¢, ... und ry ¢ dargestellt werden, wobei ry ¢=[2 > xy], i 17[2
X XNy s ToNA=[2 X Xl

einem Zufallszahlenregister, der N Bit l[ange bindre Reihen Ry 1y speichert, die durch die Chaosfunktions-
berechnungeinheit ausgegeben werden; und

eine Zufallszahtenerzeugungssteuerungseinheit, die die folgenden Operationen implementiert, einschlieBlich
einer Operation der Eingabeeinhsit zum Erzeugen und Verwalten von informationen {iber Zufallszahlen, eine
Operation der Anfangswertmultidimensionalkoordinatentransformationseinheit, sine Berechnung der Chaos-
funktionberechnungeinheit und eine Berechnung von x; umgewandelt von Ry, |y als Dezimalteil des Anfangs-
werts x5 des LMAP fiir jede Dimension k=1,2,....K auler wenn k=K, um multidimensionale Zufallszahl R; zu
erzeugen.

Revendications

Procédé de génération et de gestion des nombres aléatoires, comprenant les étapes consistant a :

définir, par le biais d'une unité d’entrée, une série binaire R & N bits, ol N est:) un entier et N>2 et une information
de coordonnée multidimensionnelle i pour K dimensions (i1, ..., ik, ..., iK}, olt ik est un entier et ik =0, ki1, 2, ...,
K, R étant une partie décimale d’'une valeur initiale x pour une fonction non lingaire, . 1=4x{1-x;) {appeiés ci-
aprés LMAP, 0<x<1, t=0,1,2,...), et ladite information de coordonnée i étant ensuite transformée en valeur de
coordonnée de chaque dimension (i1, ..., ik, ..., I} par un circuit de transformation ; et xg, i1, ..., ik, ..., IK étant
mémerisées dans un registre ;

1) en fonction de la valeur initiale x, et ik, implémenter, & 'aide d'un circuit LMAP, un calcul LMAP ayant
la précision de N bits & travers un calcul de point décimal fixe effectué de fagon répétitive par calcul par
chaos pour ) générer une série binaire By, de N bits et les bits de By, étant constitués individuellement par
by gr Bic 1, - BN Bico™E2 X Xysirds B a=[2 X Xnscigaads - B e ng=12 X Xncian-4]s €t ] représentant un
calcul de retrait de partie décimale ;
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2) impiémenter, par le biais d'une unité de calcul de chaos, le caicul de chaos sur B, comme une partie
décimale de la valeur initiale x, aprés LMAP et effectuer de fagon répétitive le calcul de LMAP pour générer
et mémoriser une série binaire & N bils R”, oo th ou Rn‘ ootk ast Ri1 lorsque k=1 et Ri'], ik est Ri1, K
lorsque k=K, les bits de Ry étant individuellement constitués par ry o, 1y 4. ... 8t 1 g, 8t p=[2 X xy], }
Me1=[2 X Xpgaqls oo T nes=I2 X Xop4] Mémorisés dans un registre de nombres aléatoires ;

3) utiliser ledit Ryy | 4 mémorisé dans le registre de nombres aléatoires comme une partie décimale de
valeur initiale X, de LMAP et le mémoriser dans ledit registre, sauf lorsque k=K ; et

implémenter, par le biais d'une unité de commande de génération de nombre aléatoire, les opérations 1),
2) st 3) susmentionnées pour chaque dimension k=1, 2, ..., K, mais lorsque k=K, 'opération 3) est arrétée
et l'operation 2} est utilisée pour générer Ry | comme des nombres aléatoires.

2. Dispositif de génération et de gestion de nombres aléatoires, comprenant :

une unité d’'entrée générant et gérant une information pour des nombres aléatoires, ladite unité recevant N, ot
N est un entier et Nz2, une série binaire R & N bits comme information de valeur initiale pour générer les
nombres aléatoires et des coordonnées multidimensionnelles i pour K dimensions (i1, ..., ik, ..., iK), ol ik est
un entier etik=0, K étant en outre un entier et K= 1, ayant une information de coordonnée multidimensionnelle ;
une unité de transformation de valeur initiale/coordonnées multidimensionnelles qui transforme R, la partie
décimale de valeur initiale x; pour une fonction nan linéaire, x.,4=4x(1-x) (appelée ci-aprés LMAP, 0<x<1), -
en Xg, et transforme | en coordonnées multidimensionnelles i1, ..., ik, ..., iK pour le LMAP pour générer des
nombres aléatoires ;

unregistre quimémorise la valeur initiale x, et les coordonnées multidimensionnellesi1, ..., ik, ..., iKtransformées
par 'unité de transformation de valeur initiale/coordonnées multidimensionnelles ;

une unité de calcul de chaos générant une série binaire de chaos, ce qui implémente de fagon répétitive le
calcul de LMAP dans un calcul & N bits 4 travers un calcul de point décimal fixe, sur la base de la valeur initiale
Xy et des coordonnées multidimensionnelles mémorisées dans le registre, pour générer une série binaire 2 N
bits Bik’ les bits de Bik étant individuellement constitués par bk,U’ bk,1' bk,N—1' bk,0=[2 X Xink], bk,‘|=12 X
XNkt - LD T2 X Xpyicensq]s @t ] représentant un opérateur utilisé pour retirer la partie décimale et By
étant utilisé pour la partie décimale de valeur initiale x;, et

transformé en x, & travers 'unité de calcul de chaos implémentant de fagon répétitive le calcul de LMAP pour
générer ta série binaire a N bits Ri‘l,...ik’ ol Ri1,...ik est Rn Iorsque k=1, at Ri‘l,...ik est Ri1,...iK IOI'SC]UE k=K, et les
bits de Ry, etant individuellement constitués par r g, ri 1. ... 6t f g, dans lequel r o=[2 X xy}, 1 4=[2 %
Xograd oo TON-1=[2 X Xonql:

un registre de nombres aléatoires memorisant une série binaire & N bits Ry
fonction de chaos ; st

une unité de commande de génération de nombre aléatoire quiimplémente les opérations suivantes, comprenant
une opération de l'unité d'entrée consistant & générer et gérer l'information pour les nombres aléatoires, une
opération de I'unité de transformation de valgur initiale/coordonnées multidimensionnelles,

un calcul de Funité de calcul de la fonction de chaos et un calcul de x transformé a partir de Ry; ., comme la
partie decimale de la valeur initiale x4 de LMAP, pour chague dimension k=1,2, ..., K, sauf lorsque k=K, pour
générer un nombre atéatoire R; multidimensionnel.

t émise par 'unité de calcul de
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