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CHAPTER |

INTRODUCTION

PN sequences and Decimal sequences

A pseudo-random binary sequence (PN sequence), a sequence of ljitargfdength 21, is
also called a maximal-length shift-register sequence [18].sBfliences are widely used in
cryptography, signal design, scrambling, fault detections and siondate.g., Monte Carlo
methods) [9]. A decimal sequence (d-sequence) is nothing butraadenipansion of a rational
number which is represented in a sequence of digits. The d-seqererated from a particular
number can be periodic, irregular or it may terminate. The papéfalbfl] - [6] give the theory

of d-sequences and their properties.

A pseudo random sequence can be represented as a d-sequencgoaglanamber.
Hence, d-sequences are also used in the place of pseudo randoncesegudiinary d-sequence
is generated by using the formula, a(i) '=nbd p mod 2, where p is a prime number and a
maximum-length sequence is generated with period p-1, when 2 isi&iver root of p. These
sequences are periodic and therefore examining the sequence perimtkis enough to get to
know the random properties. D-sequences cannot be used directly in abomalily secure
random number generator (RNG) applications. The reason beme@aisy to find i given lgp

bits of a(i) [2]. Hence by adding two or more different d-segas (obtained by using primes p1,



p2...) mod 2, non-linearity is introduced in the generation of random seqgj@ntée resulting

sequence is a better option to be used as random sequence than the previous one.

Coming back to the problem of randomness, pseudo random sequences iarad dec
sequences appear to be random but they are completely determirigtiphysical nature of
randomness is discussed in [19]-[22]. The question of randomness defirtednis of the
complexity of the algorithm needed to generate it is given in [R8hdom sequences for

scrambling and for two-dimensional patterns are given in [7], [8].

The pseudo-random sequence appears to be random in the sense thatryheahies
and groups or runs of the same binary value occur in the sequetiee Same proportion they
would if the sequence were being generated based on a fair tssimg” experiment. In the
experiment, each head could result in one binary value and éeabther value. The PN
sequence appears to have been generated from such an experimeseqiidece is not
truly random in that it is completely determined by a reédyi small set of initial values. It was
also shown in [2] that it is easy to find i givenJpdpits of a(i), therefore, d-sequences cannot be
directly used in RNG applications. Further studies trieddoease the period but still the decimal
sequence would be generated from the prime reciprocals. This firesents a new approach to
generate random sequence from Delaunay triangulation or Vad@gam drawn from random
points which would be more random in nature. The randomness is showwertoyming

autocorrelation function and diehard tests.

Two dimensional random patterns

Some applications call for two dimensional (2D) random sequefeas.dimensional random
arrays and patterns have applications in a variety of are&sdimg scrambling and fault
detection. MacWilliams and Sloane [9] considered a nl1 x n2 aviare nl an n2 are relatively

prime numbers and they used pseudo-random sequences to produce the two dimersional a



Two dimensional patterns are basic to visual perception anddt isnown how exactly
such patterns are coded and recalled [15], although there is @vitieat coding is unary in
certain situations for one-dimensional patterns [16],[17]. We tsm raplace pseudo-random
sequences by prime reciprocal sequences which gives the same Bgsu#ting the idea of prime
reciprocals, generalization to two dimensional patterns by usingdimensional polynomials

rather than primes is also studied [8].

In our approach, random sequences generated from Delaunay triemgolaVoronoi
diagram [10] - [13] drawn from random points are used to gen#r@t2D random patterns. It is
proposed that 2D patterns would be more randomized when generatedhisseqgptoach. The
2D patterns may be generated using any number of base random ssqiiGecautocorrelation

tests and diehard tests [14] validate the randomness of the pattern.

Delaunay triangulation and Voronoi diagrams

In brief, a Voronoi diagram is a special kind of decompositioa ofetric space determined by
distances to a specified discrete set of objects inghees e.g., by a discrete set of points. It is
obtained by drawing the bisectors for the two nearest pointdhengertex of the generated
polygon would be the center of the circle on which the correspondasgst! points would be
lying. In this thesis, the edges which have their length to infinity andwtage their intersection
outside the working plane are restricted to the working playeclipping the polygons

accordingly as shown in figure 1.

A Delaunay triangulation for a set of points in the plane igaadulation such that no
point inthe set of points considered would lie inside the cicinahe of any triangle in the
triangulation. Delaunay triangulations maximize the minimumlearmg all the angles of the

triangles in the triangulation and they tend to avoid skinnygtés. The Voronoi diagram and



Delaunay triangulation are called duals as one can be genematedhie other. A Delaunay

triangulation generated for 20 random points is shown in figure 2.

Figure 1. Clipped voronoi diagram for 20 random points (working plane is (0, 0, 20, 20)).
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Figure 2. Delaunay triangulation for 20 random points.



CHAPTER Il

REVIEW OF LITERATURE

A detailed study on the decimal sequences from various papergg]ijvas very helpful in
generating random sequences. A study on Voronoi diagrams and Delaunay trianfL0%{ib8]
laid the foundation in coming up with a new idea of generating randgqoeaces. Other studies
on two dimensional random arrays and patterns [8], [9] show coomdmttween the theory of

2D random patterns and that of one dimensional random sequences.

Decimal Sequences

A decimal sequence is obtained when a number is representddémal form in base ‘r' and it
may terminate, repeat or be aperiodic. For a certain ofadscimal sequences of 1/q , q prime,
the digits spaced half a period apart add up to r -1, wherde isase in which the sequence is

expressed.

The following section describes the properties of decimal sequehcs |

Theorem 1: Any positive number x may be expressed as a decimal in the base r
AAs... Asirad... where 0< A <r, 0< g <r, not all A and a are zero, and an infinity of the a
are less then (r-1). There exists a one-to-one correspondenceemétvee numbers and the

decimals and



That the decimal sequences of rational and irrational numbergazsbly be used to
generate pseudo-random sequences is suggested by the followingnthebrdecimals of real

numbers.

Theorem 2:Almost all decimals, in any base, contain all possible slifihe expression almost

all implies that the property applies everywhere except toaf setasure zero.

Theorem 3:Almost all decimals, in any base, contain all possible sequencasyafumber of

digits.

Theorems 2 and 3 guarantee that decimal sequence missing any diggsamal. The binary d-
sequence is generated by means of the algorithm: a(i)mo@ p mod 2, where p is a prime
number and a maximum-length sequence is generated with periath@nl? is a primitive root

of p. When the binary d-sequence is of maximum length, then bits §etloed half of the period
are the complements of those in the first half. It is easyenherate d-sequences, which makes
them attractive for many engineering applications. It was shioWB] that it is easy to find i
given logp bits of a(i), therefore, d-sequences cannot be directly usedndom number

generator applications.

By adding together two or more different binary d-sequences (ebtaising primes),
non-linearity in the generation process can be introduced amggshking sequence becomes a
good candidate for use as random sequence. This was considergtbigdberate a sequence
with long period.

a(i) =2 mod p mod 2 + 2mod p mod 2 + 2mod p mod 2.....

Note: here + means modular 2 addition and p denotes a (ideally veiyl#aggeprime number.



If the individual sequence is of maximum length, then the pesfothe sum will be
lcm{(p:-1), (p-1),....}, where Icm (a, b) means the Least Common Multiple of a arfebb.
randomly chosen primes we do not know if the starting numbepiigrétive root, therefore, the
actual period would be a divisor of be lcmf{p), (p-1),....}. If we choose a seed S, which is
relatively prime to each pi, and the order of S does not dipdé) for all i, then the power-
exponent random number generate bits according to the following algorithm:

a(0) = S mod pmod 2 + S mod pmod 2

a(1) = $mod p mod 2 + $mod p mod 2

a(2) = Smod p mod 2 + $mod p mod 2 and so on.

One may replace;@and p by n, and n that are products of primd=or better security, the primes

should each be congruent to 3 (mod 4) as in the BBS generator [24].

In [25], a recursive random number generator is proposed based dh¢ahain idea in
[25] is to increase the period of sum of d-sequence not ondyfagtor of lcm{(p-1), (p-1),....}
but by a multiple of it and also to smoothen the auto-corogldtinction. The recursive formula
proposed is as follows:

(S mod p.+ S mod p +.....+ Smod py)“ mod p; mod 2 + (5mod p, + S mod po +....+ S

where S is the seed ang is a prime number and S ang @re relatively prime to each other. The
first subscript distinguishes the loops i and k and second subscript is mfrierelement in its
respective loop.

Note: + symbol used outside the bracket is meant for modular 2 additon.

Delaunay Triangulation and Voronoi diagrams
Let P be a set of n distinct points (sites) in the plane. Thenvdodiagram of P is the subdivision
of the plane into n cells, one for each site. A point gilieke cell corresponding to a site pi TP

iff [|g-pi || < ||9-pj ||, for each pi € P#ij Voronoi Diagram is a line that extends infinitely in both



directions, and the two half planes on either side (shown in figurd Voronoi vertex is the
center of an empty circle touching 3 or more sites. A pointsgoirea Voronoi edge between sites

piand pj iff the largest empty circle centered at q touchesprgpd pj.

Segment ——_

Bounded Cell — / Unbounded Cell

P \

Figure 3. Voronoi diagram and its terminology

Voronoi Diagrams and Delaunay triangulation are duals of each cttsaichearlier. So

Delaunay triangulation can be constructed using the Voronoi diadfrano sites pand p share



an edge (pand pare adjacent), create an arc betweaand v, the vertices located in sitesgnd
p;. Finally, straighten the arcs into line segments. The resujtaph is Delaunay triangulation.

The transformation is shown in figure 4.

. _
A vor P

Figure 4. Delaunay triangulation from the voronoi diagram.



Auto-correlation function and Die hard tests
The Autocorrelation function and die hard tests are the two iamioiésts which test the quality
of a random sequence. The Autocorrelation (one dimensional) of ey bimeximum length

decimal sequence is

Cli)=Wk)> aa.;,
where k is the maximum length, j= 0, 1, 2, 3... (only positive vahresconsidered). In the
binary decimal sequence of 1's and 0's, 0O is replaced by -1 and the tese eatr The graph is
a symmetric one with the maximum value of 1 for j= @ anaximum length and all the
remaining values being 0. This autocorrelation function is usedstothe randomness of the

generated random sequences.

The two dimensional autocorrelation function of a binary maximumgthe decimal

sequence is given as,

C(i, )= k)WkY " > amn)am+in+j)

where k1 is the row size and k2 is the column size, i and jMalkes 0, 1, 2, 3.... In the binary
sequence of 1's and 0’s, O is replaced by -1 and the test isdcaut. The graph should be a
symmetric one with a maximum value of 1 for j=0, k (here k=k1*k2) and all the mérgaialues

being 0. The two dimensional autocorrelation function is used tothtestandomness of the

generated 2D random patterns.

Kak’s randomness measure for a maximum length sequence, X, is given a

5 jow)
RX)=1-*— |
n-1

10



where C (k) is the autocorrelation function of X and n is the maximuntherfig<. If R(X) =1 (or

closer to one), then X is a maximal random sequence and if R{X}hen it is completely

deterministic.

The diehard tests proposed by George Marsaglia are a sesiggigifcal tests for measuring the

quality of a random sequence [14]. The tests need to be performét: @enerated random

sequences. The die-hard tests are discussed below:

Birthday spacings: Choose random points on a large interval. Thingmtween the
points should be asymptotically exponentially distributed. The niameased on the
birthday paradox.

Overlapping permutations: Analyze sequences of five consecatid®m numbers. The
120 possible orderings should occur with statistically equal probability.

Ranks of matrices: Select some number of bits from some nwhbemdom numbers to
form a matrix over {0, 1}, then determine the rank of the matrix. Count the.ranks
Monkey tests: Treat sequences of some number of bits as "wGalg'it the overlapping
words in a stream. The number of "words" that don't appear shdidev fa known
distribution. The name is based on the infinite monkey theorem.

Count the 1s: Count the 1 bits in each of either successiegleosen bytes. Convert the
counts to "letters", and count the occurrences of five-letter "words"

Parking lot test: Randomly place unit circles in a 100 x 100 sqglidhe circle overlaps
an existing one, try again. After 12,000 tries, the number of suattgsgfarked” circles
should follow a certain normal distribution.

Minimum distance test: Randomly place 8,000 points in a 10,000 x 10,000,sa@re
then find the minimum distance between the pairs. The sgfdngs distance should be

exponentially distributed with a certain mean.

11



Random spheres test: Randomly choose 4,000 points in a cube of edge 1,080aCent
sphere on each point, whose radius is the minimum distance tbearmiint. The
smallest sphere's volume should be exponentially distributed with anaaean.

The squeeze test: Multiply*2by random floats on [0, 1) until you reach 1. Repeat this
100,000 times. The number of floats needed to reach 1 should follow an certai
distribution.

Overlapping sums test: Generate a long sequence of random flog@s th Add
sequences of 100 consecutive floats. The sums should be normaliputist with
characteristic mean and sigma.

Runs test: Generate a long sequence of random floats on [0, 1). @wmeniding and
descending runs. The counts should follow a certain distribution.

The craps test: Play 200,000 games of craps, counting the witiseandmber of throws

per game. Each count should follow a certain distribution.

These tests would prove the randomness of the generated random sequences.

2D Random Patterns

Two dimensional patterns are basic to visual perception anchdtignown how exactly such

patterns are coded and recalled [15], although there is evittatdde coding is unary in certain

situations for one-dimensional patterns [16], [17].

One way to create a random array is to map a random sequémeetivo-dimensional

pattern and an obvious choice is the use of shift-registiglesees [9] or to use prime reciprocal

sequences. One dimensional binary random sequences are obtaimgdrasons of the prime

reciprocals, 1/p. Shift register (maximum length) sequeneestaained using the expansion of 1

divided by an irreducible polynomial [18]. Thus 1/1+%+generates the periodic random

sequence 0100111.

12



MacWilliams and Sloane [9] used the following procedure to magcuence into a
nlxn2 array: Start down from the main diagonal and continue from the opposite sideexla@nev

edge is reached. Thus the shift —register random sequence 0001001101Gdiicksprthe

01111 1 7 13 4 10
array0 O 1 1 O usingthetermnumbersll 2 8 14 5
01001 6 12 3 9 15

A sequence may be mapped into an array in many other diffeesrst W theory, any
arbitrary mapping scheme is as good as any other. Other dwaigdrd mapping include

mapping by rows or columns.

My thesis is to generate a 2D random pattern using a random sequenceber of base
random sequences instead of a polynomial as shown above. The random sequenee @emerat
either "Delaunay triangulation or Voronoi diagram would have meordam nature, as we see in
the next section, hence, generation of 2D random patterns usimgdheal sequence works

better than these approaches.

13



CHAPTER 1l

METHODOLOGY

As already discussed briefly in the introduction, pseudo random sequamdedecimal
sequences appear to be random but they are completely detécmitiist PN sequence appears
to be random in the sense that the binary values and groups arfrtihes same binary value
occur in the sequence in the same proportion they would if the sequeredeing generated
based on a fair “coin tossing” experiment. In the experiment, eacltcbeitresult in one binary
value and a tail the other value. The PN sequence appearsetbédmv generated from such an
experiment. The sequence is not truly random in that it is compléétrmined by a relatively
small set of initial values. It was shown in [2] thiis easy to find i given lgg bits of a(i),
therefore, d-sequences cannot be directly used in random numbeatgeagplications. Further
studies tried to increase the period but still the decsrglience would be generated from the
prime reciprocals. My approach is to generate random sequemnceDelaunay triangulation or
Voronoi diagram which would be more random in nature. Later, usirsg tteedom sequences,

2D random patterns would be generated.

GENERATION OF RANDOM SEQUENCES
e Generate both the X and Y co-ordinates of the points using a RNG.
e For the generated random points, Delaunay triangulation or Voromgragn is

generated.

14



e In Delaunay triangulation, the mean area of all the triangleslculated and for each
individual triangle, if its area is more than the mean draa,considered and if it is less
than the mean area, O is considered.

e If a Voronoi diagram is chosen, the edges which have their length to irdieitestricted
to the working plane and clipped polygons are considered. Now,ghe area of all the
polygons is calculated and if the individual polygon area is nizne the mean area, 1 is
considered and if it is less than the mean area, 0 is considered.

e The sequence is generated with these 1's and 0’s in the sdereasrthe individual
triangles or polygons (their areas), as they are considerdtie comparison with the

mean area.

The binary sequence generated from the above procedure i®adagitidate than the
previous random sequences. The unpredictability is more, as one peautiot the next digit in
the generated sequence at any length which is highly unlikely cechpard-sequences or
pseudo-random sequences. Before going to results, there is one mote peinbted. The main
idea is to present a new approach to generate random sequahces an security issues. Also,
there will be no Delaunay triangulation when the random points arestraight line and no
Voronoi diagram when the random points are either on a straighbdioa a circle. But it is
almost impossible for such a condition to occur as the X and-ofdinates would be generated
by a RNG. The number of polygons (along with clipped) generated fierwWdéronoi diagram
would be same as the number of random points taken (shown in figurén&edd, the number
of triangles generated from the Delaunay triangulation would BeZmwhere n is the number of
random points and k is the number of points on the convex hull ofiiie get of points (shown

in figure 6).

15
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Figure5. Number of random points (X-axis) Vs Number of polygons generatedtie

Voronoi diagram (Y -axis).
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Figure6. Number of random points (X-axis) Vs Number of triangles generatadtie

Delaunay triangulation (Y-axis).
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TWO DIMENSIONAL RANDOM PATTERNS USING RANDOM SEQUENCES

Two dimensional random patterns can be generated from either d-sequencdsrarsequences
generated from the above proposed method. As we know, the decimahceamiea prime
reciprocal, 1/p, is generated using the formilam@d p mod 2. When the sequence is placed into
rows and columns (any order can be used), a 2D random pdttesi@d size can be generated.
By converting the 1's and 0’s to black and white pixelsneae image of desired size can be

generated.

For example, consider the prime number, 19. The maximal length sedaertegrime
reciprocal is 000011010111100101. Figure 7 shows the 6 X 3 image when thal dagjoence
is converted into black and white pixels. Consider the prime nufithefhe decimal sequence

for 17 is 0000111100001111. Figure 8 shows a 4 X 4 image for the sequence.

Figure 7. A 6 X 3 image generated from the prime reciprocal of 19.



Figure 8. A 4 X 4 image generated from the prime reciprocal of 17.

Two dimensional random patterns could be generated from random sequmnce
combination of base random sequences in the same way as mentoned Ehe 2D random
patterns generated from these sequences can be considered aanuongzed than the other

patterns as we shall see the results in the next chapter.

18



CHAPTER IV

FINDINGS

Generation of random sequences

All the simulations are done in MATLAB V 7.10 (R 2010a) and #wmults are shown only for
random sequences generated from Delaunay triangulation. Figure 91 EHhd 12 show the
Delaunay triangulations generated for 10, 100, 1000 and 5000 random poibtaagdandom

sequences of length 12, 184, 1982 and 9977 are generated respectigelgnddm sequence

generated for 10 random points is 010111110011.

19



Figure 9. Delaunay triangulation generated for 10 random points

The sequence generated for 100 random points is 0011000100000011101101111100011001

00100011000000001100000001111100100000002A100111000001010110000101001000

001001011110000000100010000111011001111001110000010100000000.

100

90

80

70

60

50
40
30| |
20

10

Figure 10. Delaunay triangulation generated for 100 random points

The sequence geraded for 1000 random points161011010101001000011010010010
100100000101010110001100010000000001111000001000010101010110111100000010111101
100010001001011100000101001110001101001100010111110100101011001101000011100011
0001001010101110010010001010000010100000011111010001000100000111011211122010110
001100111010001110011001000010000110001110010000110000011001000011011001000110
000110010011010100010100010000000100001110010011010111001000010111001100

1010000001000001100100111100101100000110011000000001110000100001100

20


. The random
sequence generated for 5000 random points is metrshere (as it would consume the
whole paper). Unlike d-sequences, one cannot gréamext coming bits or digits when

some or all the previous bits of the sequence aovk.

21
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Figure 12. Delaunay triangulation generated for 5000 random points
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AUTOCORRELATION FUNCTION

The graph in figure 13 shows the autocorrelation function of theéora sequence of length 184
(100 random points). The maximum value of 1 is obtained for 0 and 184slsuld be. The
intermediate values are between +0.2 and -0.1. Kak's randommessima of the sequence is

0.9426 which is a high value.
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Figure 13. Autocorrelation function of random sequence of length 184.
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Figure 14. Autocorrelation function of random sequence of length 1982.

As we consider the autocorrelation function of the random sequence of |leBgt{l090 random
points), intermediate values lie between +0.1 and 0, as shofiguie 14. Kak's randomness

measure of the sequence is 0.9485 and hence it is also very random.

DIEHARD TESTSRESULTS

The diehard tests proposed by George Marsaglia are a sesiggigifcal tests for measuring the
guality of a random number generator [14]. These tests can be uysexvéothe randomness of
these random sequences. The diehard tests are simulated in JAVZAIr bsxougav under

sourceforge (open source software), and his test suitetgsrid4, is used to test the random

sequence. The test suite also provides diehard tests for so many othatgRNBmMS.

24



Table 1 provides the diehard tests results of random sequandea comparison is

provided with other random number generators namely SHA1 d&gordnd JAVA random

function. In our simulation, all the tests which follow a distribution are usinggqumre (KS) test.

Test

JAVA random function

SHA1 Algorithm

Random sequence

Runs test (Set 1)

(sequence of

10000)

RunsUP: KS test for 1

p’'s: 0.304

Runs DOWN: KS tes

for 10 p’s: 0.460

DRunsUP: KS test for 1

p’'s: 0.455

I Runs DOWN: KS tes

for 10 p’s: 0.510

DRunsUP: KS test for 1

p’'s: 0.423

t Runs DOWN: KS test fo

10 p’s: 0.498

Runs test (Set 2)

(sequence of

RunsUP: KS test for 1

p’s: 0.127

DRunsUP: KS test for 1

p’s: 0.132

DRunsUP: KS test for 1

p’s: 0.136

r

r

10000) Runs DOWN: KS test Runs DOWN: KS testf Runs DOWN: KS test fo

for 10 p’'s: 0.698 for 10 p’s: 0.751 10 p’s: 0.798

Squeeze test Chi-square  with  Y€hi-square  with 42 Chi-square  with 42
degrees of freedon| degrees of freedon| degrees of freedom
52.6387 42.34 38.19
z-score =1.1608, z-score = 0.0371, z-score = 0.145,
p-value = 0.1258 p-value = 0.4563 p-value = 0.6

Min distance KS test on 100KS test on 100KS test on 100

(done for 100 sets

transformed mindist"2's

p-value = 0.2174

transformed mindist"2's

p-value = 0.2110

transformed mindist*2's:

p-value = 0.3735

Count the 1's

Chisquare =

Chisquare =

Chisquare =
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944,003.9000

942,790.6199

963,889.3220

(sample size:
256000) z-score = 13,314.8758 | z-score = 13,297.7175 | z-score = 13,596.0982
p-value = 0.0000 p-value = 0.0000 p-value = 0.0471
Birthday spacings| degree of freedoms : 17 degree of freedoms : 17 degree of freedoms : 17

(bdays=1024,
days/lyr=2724,
lambda=16, sampilc

size=500)

A1

p-value for KStest on th

9 p-values: 0.0894

ep-value for KStest on th

9 p-values: 0.3454

ep-value for KStest on th

9 p-values: 0.2378

Binary rank

(32x32 matrices)

chi-square =4.3138 wit

df = 3;

p-value = 0.2077

hchi-square =8.0225 wit

df = 3;

p-value = 0.0409

hchi-square =7.0140 wit

df =3;

p-value = 0.0642

Binary rank

(31x31 matrices)

chi-square =1.8952 wit

df = 3;

p-value = 0.5460

hchi-square =1.9042 wit

df = 3;

p-value = 0.5442

hchi-square =1.8344 wit

df = 3;

p-value = 0.5622

Binary rank

(6%8 matrices)

KS p-value = 0.8102

KS p-value = 0.6028

KS p-value = 0.5294

Craps Wins

p-value = 0.5088

p-value = 0.4914

p-value = 0.8204

Craps Throws

p-value = 0.1169

p-value = 0.3176

p-value = 0.2965

Table 1. Diehard test results for random sequences, SHAL algorithm ¥Addddom function.

Most of the tests in Diehard return a p-value, which should be undor@, 1) if the

input file contains truly independent random bits. Those p-valgeskdained by p=F(X), where
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F is the assumed distribution of the sample random variable XthButassumed F is just an
asymptotic approximation, for which the fit will be worst in tlads. Thus one should not be
surprised with occasional p-values near 0 or 1, such as .0012 or .9888.aMNit stream really
fails big, you will get p's of 0 or 1 to six or more places. By allmsea p < .025 or p > .975 does
not mean that the RNG has "failed the test at the .05 lésath p's happen among the hundreds
that Diehard produces, even with good RNG's. The distribution gi-ttedues from the diehard

suite of tests is shown in Table2.

p-value range Expected Percent Observed Percent
JAVA RNG SHA1 Random
Sequence
0.0-0.1 10 13 12 11
0.1-0.2 10 12 10 10
0.2-0.3 10 12 10 11
0.3-04 10 10 10 8
0.4-05 10 10 15 12
0.5-0.6 10 9 10 10
0.6-0.7 10 10 9 10
0.7-0.8 10 7 10 10
0.8-0.9 10 10 9 10
09-1.0 10 7 5 8

Table 2. Distribution of the p-values from the diehard suite of.test

When we have a look at the above table random sequences are dp@aj b compared to

JAVA RNG and SHA1 RNG as random sequences are more uniform on [0, 1).
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GENERATION OF 2D RANDOM PATTERNS

A 128 x 64 image generated from a single random sequence obtedmedthe Delaunay
triangulation is shown in figure 15. Here the length of tlppieace should be 128 x 64 = 8192.
Hence, a random sequence with a maximal length of 8192 (genexated 08 random points)

is generated from the above approach. Figure 16 shows the 128 adel generated from four
different random sequences of length 1982 (1000 random points), 3971 (2000 randojn points

982 (500 random points) and 1257 (637 random points).

Figure 15. A 12& 64 image generated from the random sequence ebt&iom

the Delaunay triangulation drawn for 4108 randonm{so
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Figure 17. A 12& 128 image generated from seven random sequences.
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Figure 18. A 256« 256 image generated from six random sequences.

Figure 17 shows a 128 x 128 image (16284 pixels) generated from siéfezantd
random sequences of length 4976 (2500 random points), 583 (300 random points), 1379 (700
random points), 2376 (1200 random points), 984 (500 random points), 2979 (1500 random
points) and 3107 (1564 random points). Figure 18 shows a 256 x 256 image (b&HS8PH
generated from six different random sequences of length 19973 (10000 rpodus), 14977
(7500 random points), 9978 (5000 random points), 5975 (3000 random points), 11972 (6000

random points) and 2661 (1343 random paints).

TWO DIMENSIONAL AUTOCORRELATION FUNCTION

Figures 19, 20, 21 and 22 show the 2D autocorrelation function résulise images
generated in figures 15, 16, 17 and 18 respectively. In all the gthphmaximum value of 1 is
obtained for 0 and maximum length, but the intermediate valuestiieeen +0.1 and -0.1. R(X)
for the four patterns is computed as 0.9732, 0.9785, 0.9745 and 0.9815 respectively. Hence all the
four patterns can be considered as good random patterns.
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Figure 19. Two-dimensional autocorrelation function of a 128x64 imagergted by using only

one random sequence.

1.2

1 L
20 40 60 80 100 120 140

Figure 20. Two-dimensional autocorrelation function of a 128x64 imagergted by using four

random sequences.
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Figure 21. Two-dimensional autocorrelation function of a 128x128 imaggated by using

seven random sequences.
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Figure 22. Two-dimensional autocorrelation function of a 256x256 imagerated by using six
random sequences.
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CHAPTER V

CONCLUSION

Pseudo random sequences and decimal sequences appear to be randoey lawe th
completely deterministic in nature. The sequences appear tandem in the sense that the
binary values and groups or runs of the same binary value occhoe isetiuence in the same
proportion they would if the sequence were being generated based ain “eoin tossing”
experiment. In the experiment, each head could result in one binary aatl a tail the other
value. The PN sequence appears to have been generated from suplerament. The sequence
is not truly random in that it is completely determined bylatikely small set of initial values.
Also, d-sequences cannot be directly used in computationallyeseendom number generator
applications as it is easy to find i given Jpdits of a(i). One can choose to increase the period
but still the decimal sequence would be generated from the primeocadipr

In the thesis, random sequences are generated by making use eof Balhunay
triangulation or Voronoi diagram drawn from random points. These raiségoences are more
random in nature compared to the d-sequences and PN sequences. Theessdunthese
sequences is proved by performing the autocorrelation function amardieests and the results
are satisfactory.

The main focus of the thesis is to present the new idea ofagggerandom sequences

and patterns and not on any issues relating to security.imttations of this new approach are
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very minimal. The cases where there is no possibility of laubay triangulation or a Voronoi
diagram occur infrequently.

Further work can be done in implementing these sequences andt@bDgat real world
applications. The applications of these sequences and patternsypoogcaphy and key

distribution could also be investigated.
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