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This study explores the potentiality of decimal digits distribution to differentiate be.twe'en chaotic 
and random numbers. 

Ten thousand (10000) random and chaotic numbers each were generated using computer inbuilt 
random number generator and Logistic equation respectively. The random and chaotic numbers 
were obtained using FORTRAN codes. Logistic equation was solved for only parameters (Ks7) 
known to exhibit chaotic behaviour with initial value of 0.3 for all cases. Graphs of decimal digits 
distributions were made with Microsoft Office Excel 2003.Three hundred and eighty nine (389) 
seed values used for this shldy range between 1031 and 9998 while the corresponding Logistic 
equation parameter (K) used range between 3.570 and 3.999. Numbers (0, 1, 2, 6, 7 and 9) 
recorded zero frequency at first decimal out of ten (10) thousand chaotic solutions for parameter 
(Ik3.570). Similarly the frequency distribution for the first decimal of the chaotic solution is 
highly biased in favour of numbers 8 ,3 ,5  and 4 respectively for parameter (k=3.570). 

Nuabers with zero frequency range between six (6) at very low parameter and one (1) at very 
high parameter. In sum the fvst decimal digit of chaotie solution distribute drastically different 
from near uniform distribution observed for other cases of decimal digits. 

This study has shown that a biased distribution of first decimal digits of a number set is a strong 
indication of chaos. In addition the results of this study can be of great advantage in diagnosing 
some computer keyboard faults and ergonometric problems. associated with frequent use of some 
number keys. 

Track 1 : Ergonomics/Human Factors 
Track 2: Maintenance 

INTRODUCTION 

The study of nonlinear dynamics popularly known as chaos has been hailed as the key to 
understanding everything from weather systems and earthquakes to traffic jams and store market. 
Before its discovery, chaos was inevitably confused with randomness and indeterminacy (14). 
Because many systems appeared random, they were actually thoughts to be random. This was 
true despite the fact that many of these systems seemed to display intermittent almost periodic 
behaviour before returning to more "random" or irregular motion. Indeed, this observation leads 
to one of the defining features of chaos: the superp~sition of a very large number of instable 
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periodic motions. It is one thing to show that a particular phenomenon displays chaotic 
behaviour, it is quite another to exploit that knowledge for ariy aseful purpose. Meteorologists 
employed the knowledge of chaos to forecast weather conditions with the aid of computers. Karl- 
Heinz and Michael (8) reported that the 'theoretical models for the changes in weather have been 
formulated. Such models, in the form of complicated mathematical equations are evaluated with 
the aid of the computer and used for weather predictions. In practice, weather data from the 
worldwide network of measuring stations such as pressure, temperature, wind direction and many 
other quantities are entered into the computer system which forecasts the resulting weather with 
the aid of the underlying model. The latest fields to embrace the idea of chaos and randomness 
are medicine, electronics, information and cornmunication technology, manufacturing and 
maintenance industries. 

Specialists in non-linear dynamics are doing their best to understand the working of the brain, 
heart and immune system using chaos theory (7). Raima, a physicist and Robert, a nemsurgeon 
(10) used chaos to simulate what happens in the brain before some kinds of epileptic seizures. 
Based on their work, new surgery was suggested. Starting with standard nonlinear equations that 
describe the behaviour of individual neurons, they linked about a thousand neurons together to 
represent the abnormally behaving part of the brain. It is concluded that carefully designed drugs 
or suitably administered electrical impulses can prevent epileptic seizures.' Many physicists and 
physiologists suspect that cardiac fibrillation (erratic beating of the heart) is chaotic, and are 
trying to model it in order to find ways of stabilizing the dangerous convulsions. Daniel (3) 
observed that the way to stabilize a chaotic heart would be to wait until it comes closer to a more 
periodic state and €hen give it a small electric shock to nudge it into the state. According to him, 
one prediction from models of a chaotically beating herart is the break-up of regular elwtrical 
impulses into spirals, causing uneven contractions. He concluded from his experiments that 
administering small electric shocks brings the chaos under control, Marios (9) research was the 
practical applications of chaos theory to the modulation of human ageing. According to him, 
several predictions of chaos theory can be applied to ageing in an attempt to study, clarify and 
modify its mechanics. Researches confum that it is possible to stimulate the body and mind to 
work optimally and thus postpone age-related disease and disability. According to Subias (1 I), 
there are numerous applications of chaos theory in medicine. Chaos has been used in the 
treatment of schizophrenia, immune system, leukaemia, arrhythmia and heart related diseases. 

The knowledge of randomness plays a significant role in medicine. The modern evolutionary 
synthesis ascribes the observed diversity of life to natural selection, in which some random 
genetic mutations are retained in the gene pool due to the non-random improved chance for 
survival and reproduction that those mutated genes confers on individuals who posses them. The 
characteristics of an organism arise to some extent deterministically (e.g. under the influence of 
genes and theenvironment) and to some extent randomly. For example, the density of freckles 
that appear on a person's skin is controlled by genes and exposure to light, whereas the exact 
location of individual freckles seems to be random (2). Randomness is important if an animal is 
to behave in a way that is unpredictable to others. For instance, insects in flight tend to move 
about random changes in direction, making it difficult for pursuing predators to predict their 
trajectories. 
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Andrievskii and Fradkov (1) researched extensively on the problems and methods for control of 
chaos. Consideration was given to their application in various'scientifie fields such as mechanics 
(control of pendulum, beams, plates and friction), mechanical systems in engineering (control of 
vibroformers, microcantilevers, cranes and vessels), spacecraft, electrical and electronics systems, 
communication and information systems. Torres (13) developed an analog-to-digital laboratory 
model including an electronic Chua circuit with a gyrator as the inductive element and a control 
computer. Studies on application of chaos to the communication systems open wide opportunities 
in domains such as receiver-transmitter synchronization, message masking and reconstruction, 
noise filtering, restoration of information signals and development of the coding-arbitrary digital 
message through the symbolic dynamics of chaotic systems (4).As reported by Gregory and 
jerry(6),an electrical circuit with resistance(R),inductance(L) and nonlinear capacitance(C) can 
be driven sinusoidally into chaotic states and modelled by differential equation. According to (5) ,  
It has been suggested that the transition to chaos may be observed for parameter values A=0.1 
and 9.8<Bc13.4. 

The pattern of occurrence of numbers 1-9 is presently attracting researchers' interest in no small 
measure. According to Tim Glynne-Jones (12) in the book of numbers, you might expect to find 
the numbers 1-9 appearing in roughly equal measure as first digit when you study a set of data. 
Dr. Frank Benford, an American physicist discovered this is not the case. His research showed 
that 1 appears as the first digit in almost a third of all cases (30.1 percent). This probability 
decreases as you go up to 9, which only appears as the first digit 4.6 percent of the time. Dr. 
Frank research also revealed that people who concoct fraudulent data tend to start their made-up 
numbers with 6 most commonly. These findings interestingly have inspired investigators and 
financial auditors to apply Benford's law when checking for fraud. His research also found that 
the number 1 puts ideas into people's heads. In a line-up, police omit numbering anybody 1. The 
reason is because findings have shown 1 to influence a witness's choice. 

The objective of this work is to use statistical methods to deteet whether or not there is distinct 
pattern of frequencies of use of number (0 to 9) to write the decimal part of chaotic and random 
solutions. The results of the study are recommended for diagnosing medical and ergonometric 
problems as well as computer faults associated with the frequent use of some number keys. 

Method: 

Generate very large number (10000) of random numbers between 0.0000 and 1.0000 and for 
different seed values with the aid of inbuilt random number generator (ran (iseed)) coded in 
FORTRAN. 

Use Logistic equation (1) with initial value (0.3) and 100 transient solutions to generate ten 
thousand (10000) solutions each for all parameters (K) that exhibited chaotic behavio&. Tune 
parameter (K) with a constant step of 0.001 from (K=0.001) to (K=3.999), see chaotic walks. 

Where Xa, and X,+* represent the current value and next value of variable X respectively. 
K= tuneable parameter of the Logistic equation. 
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Compute the frequeficy of use of numbers (0 to 9) as used to write the random numbers and 
chaotic solutions. 
Compare the frequency obtained for corresponding set of random numbers and chaotic soiutions 
and draw relevant inferences. 

Results and Discussion: 

Table I: List of Parameter (K) with Chaotic Behaviou~ 
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Table TI: List of Random Number Generating Seed Values 
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The three hundred and eight nine (389) four digits seed values in table 11 were generated using 
random number generator with seed value of 6789. . 

Table I l l  List of Twenty Random Number and Chaotic Solution to five decimal 
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Table N: Frequency Analysis of Random Number in Table IZI , 

Number 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Frequency Out of Twenty (20) 

lS' Decimal 

2 

4 

1 

2 

3 

1 

3 

2 

2 

a 

Table V: Frequency Analysis of Chaotic Solution in Table ID 

I 
1 -  

I 

I 

2"* Decimal 

2 

0 

0 

1 

3 '  

3 

4 

1 

1 

5 

Number 

0 

1 

2 

3 

4 

5 

6 

7 

'1 8 

9 

i 

3rd Decimal 

3 

0 

1 

3 

3 

1 

1 

a 

4 

4 

4'h ~ec imal  

5 

2 

0 

3 

1 

3 

0 

1 

4 

1 

Frequency Out of Twenty (20) 

1"' Decimal 

0 

0 

0 

5 

2 

3 

0 - 

0 

10 

0 
A 

2"d Decimal 

3 

0 

0 

1 

5 

1 

2 

3 

2 

3 

3'd Decimal 

4 

4 

3 

2 

0 

1 

0 

1 

4 

1 

4" Decimd 

4 

1 

1 

0 

4 

3 

2 

1 

1 

3 
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Table VI. Frequency'~nal~sis of Generated Random Number (Seed=1526) and Chaotic Solution 
w=3.570) 

Note: R No =Random Number. 

Table VI refers six (6) numbers (0, 1, 2,6,7 and 9) recorded zero frequency at first decimal out 
of ten (10) thousand chaotic solution. Numbers 8 and 3 recorded 5000 and 2500 frequency 
respectively. Indeed, the frequency distribution for the first decimal of the chaotic solution is 
highly biased in favour of numbers 8, 3, 5 and 4 respectively. Is this observation a coincidence? 
Tables ViI, VIII, and IX are generated to provide an insight to this pertinent question by picking 
corresponding parameter arbitrarily from tables I and lI, 

Table VII: Frequency Analysis of Generated Random Number (Seed=2852) and Chaotic 

I 
Solution (K=3.571) 

Table VII refers the same observation noted as for results in table VI. 
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Table VIII: Frequency Analysis of Generated Random Number (Seed=7326) and Chaotic 
Solution (K=3.690) 

Table VIII refers zero frequency observation noted for chaotic solution at first decimal in addition 
I to biased frequency in favour of number 7. 

- 

Table IX: Frequency Analysis of Generated Random Number (Seed=4536) and Chaotic Solution 
(K=3.998) 

Table M refers no zero frequency observation for all cases of decimal. However the frequency 
distribution for chaotic solution at first decimal remains significantly biased in favour of numbers 
9 and 0. UNIV
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Diglts Analysis of Random ~urnbers 
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Number 

Figure 1: Frequency Analysis of Decimal Digits of random Numbers (Seed =1526) 

Referring to figure 1, the minimum and maximum frequencies are 956 and 1079 respectively with 
very interval value of 123. 

Figure 2: Frequency Analysis of Decimal Digits of Chaotic Solutions (K=3.570) 
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Referring to figure 2 the minimum and maximum frequencies.are 0 and 5000 respectively with 
very large interval value of 5000. Thus the interval value for the chaotic solutions is extremely 
higher than its corresponding ra~ldam numbers. 

Frequency(0ut of 10000) Analysis of First Decimal Digit of Chaotic 
Sotution 

10 

e 
S 8 

i; 
L 

e 5  
g 
B 
s 2 .a 
E 1 z 0 

3.55 3.7 3.75 3.8 3.9 3.95 
Parameter (K) 

I Figure 3: Frequency Analysis of First decimal Digit of Chaotic Solution 
I 

Figure 3 refers numbers 4 and 5 were only two numbers out of ten (10) that had non-zero 
frequency for all parameters (K) that exhibited chaotic behaviour. Parameter (K) range between 
3.570 and 3.999, see table 1. Numbers with zero frequency range between six (6) at very low 

I 
parameter and one (1) at very high parameter- 

"0 loo 
8 so 
E 0 
F 

0 

I 

Number 

I 

I I 
Figure 4: Times of Appearance as Number with Zero Frequency 

TIrnes of Appearance Out of 630 as Number with Zero Frequency: 
Hrst DlgSt of Chaotic Solutlon 
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Highest Frequency (Out of 10000) Analysis: Flrst Digit of 
Chaotic Solution 

9 
8 
2 '7 
P p 6  
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5 v 4  
5 8  3 
E 2 
3 

1 
0 
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Figure 5: Highest Frequency Analysis of First Digit of Chaotic Solution 

Highest frequency (Out of 10000) Analysis: First Digit of 
Generated Random Numbers 
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Figure 6: Highest Frequency Analysis of First Digit of Generated Random Number 
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I 1 

Times of,Appearance Out of 389 as Nurriber with Highest Frequency 
(First Digit) .' . 

Number 

Fern 7: Times of Appearance as Number with Highest Frequency 

I Emerge fact refenring to tables N to IX and figures 1 to 7 is that the first decimal digit of chaotic 
solution distribute drastically different from near uniform distribution observed for other cases of 
decimal digits. 

This study has shown that decimal digits of chaotic solution distribute like a biased die and 
dmstical1y different from near uniform distribution observed for generated random number. This 
understanding can be used advantageously to differentiate given set of number as whether chaotic 
or not. Users of number keys on a computer keyboard are prone to suffer ergonometric problems 
associated with frequent use of number 7, 8 and 9 keys. In addition the key board life span can 
be drastically shortened due to overuse of number 7,8 and 9 keys. 
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APPENDIX-I: DIGlTSTATISTIC.FOR 
C... This p r o g a m e  analyse the frequency of appearanck 
C,,,,of digits Zero (0) to Nine (9) in First, Second, ... 
C,...decirnal place or Randomly Generated Number and 
C....Chaotically Generated Number via Logistic Equation 

Implicit real *8(a-h,o-z) 
Common Cn(11000),DCS(4,1 O),ih-ade,Npt,Rate 
Dimension Rn(11000),DRS(4,10) 
0~en(uni~2,fi~e='~i~itstatisti~.out') 
Open(unit=4,file='Digitstatistic2.out') 
Open(unit=3,file='DigitSource.out') 

C... Read Input Parameters via Screen 
C.... as follow: 

Write(*,*)'Enter Rate,Itrade,Npt,and ISeed' 
Read(* ,*)Rate,itrade,Npt,Iseed 
Do 10 i=l,Npt 
Rn(i)=ran(iseed) 
If(i.1e. 100)Write(3,1S)Rn(i) 

10 Continue 
15 Fonnattf 10.4) 

Write(3, *) 
CK=1 
KC= 10 
Call Logistic 
Do 20 i=1,4 
Ck=Ck* 10 

C Kc=Int(Ck) 
C If(ck.ne. lO)Kc=Kc+10 

Do 20 j=l,Npt 
N~=ht@n(j)*Ck) 
Nc=Int(Cn(i)*Ck) 
Ir=Mod(Nr,Kc) 
Ic=Mod(Nc,Kc) 
Ir=It+ 1 
Ic=ic+ 1 
D M  (i,Ir)=Drs(i,ir)+ 1 
DCS(i,Ic)=Dcs(i,ic)+l 

20 Continue 
Do 30 i=1,10 
Write(2,35)i-l,(Drs(j,i),j=1,4) 
Write(4.36)i-1 ,(Int(Drs(j,i)),Int(Dcs(j,i)),j= 1,4) 

30 Continue 
Write(2,") 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



Proceedings of NIIE 201 1 Conference 

Write(2,35)i-1 ;@Cs(j,i),j=1,4) 
40 Continue 

35 Fonnat(i1,2x,4(f 10.2,2x)) 
36 Fomat(i1 ,2x98(i4,2x)) 

Stop 
End 

Subrollltine Logistic 
Implicit real *8(a-h, o-z) 
Common Cn(11000),DCSf4, IO), itrade,Npt,Rate 
Open(unit=3,8le= 'DigitSowrce.out') 

X k O . 3  
Do 10 i=l, Itrade 
&=rate *m*(l -xx) 

10 Continue 
Do 20 i=l,Npt 
==rate Y"XX*(l -xx) 
@isle. I OO)write(3,25jxx 
Cn(i)=m 

20 Continue 
25 Fonnat(f10.4) 

Return 
End 

APPENDIX-II: CHAOSSTATISTPC.FOR 
C... This programme compute No of Zero and Number with highest Frequency 

Implicit real * 8(a-h,o-z) 
C o m n  Cn(l1000),DCS(4,10),itrade,Npt,Rate 
Open(unit= 1 ,file='Chaosparameters') 
Open(unit=2,file='Chaostatis~~.out') . 
~(~nit4,fde='Zerofiequncies.out') . 

C... Read Input Parameters via file 
C.... as follow: 

Read(1 ,*}Npk,itrade,Npt 
KC=10 
Do 1000 K= 1 ,Npk 

' Read(1 ,*)Rate 

Call Logistic 
Do 20 i=l,l 
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Ck=Ck*lO 
Do 20 j=l,Npt 
Ne=Int(Cn(j)*Ck) 
Ic=Mod(Nc,Kc) 
Ic=ic+l 

. DCS(i,Ic)=Dcs(i,ic)+l 
20 Continue 

Countd.0 
FHlin50.0 
Ipk=O 
Do 30 i=1,10 
If(Dcs(l,i).gt.Fmin)tben 
Frnin=Dcs(l ,i) 
Ipk=i 
Else 
Endif 
If(Dcs(1 ,i).eq.O)then 
Count=count+ 1 
Write(4,3 1)Rate,i- 1 
Endif 
Dcs(1 ,i)=O.O 

30 Conhue 
3 1 Fonnat(flO.4,2x,i2) 
Write(2,35)RateYCount,Ipk-1 ,Fmin 
If(Mod(k,lOO).eq.O)Write(*,*)k 

1000 Continue 
35 Farmat(2(fl0.4,2x),i2,2x,fl2.2) 

stop 
End 

Subroutine Logistic 
Implicit real %(a-h,o-z) 
Comhon Cn(l1000),DCS(4,1O),itrade,Np~Rate 
Open(unit=3,file='DigitSource.out') 

x x 4 . 3  
Do 10 i= 1 ,Itrade 
Xx=rate*xx*(l -xx) 

10 Continue 
Do 20 i= 1 ,Npt 
Xx=rate*xx*(l -xx) 
Cn(i)=xx 
If(i.le. 100)write(3,25)xx 

20 Conhue 
25 Format(f 10.4) 
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APPENDIX-111: RANDOMSTATISTIC.FOR 
C... This programme compute No of Zero and Number with highest Frequency 
C....for 389 Seed values picked using random number generator with seed (6789) 

Implicit real *8(a-h,o-z) 
Dimension Rn(llOOO),DRS(4,10) 
Open(unit=l ,file='Randomparaineters') 
Open(unit=2,file='Randomtatistic.out') 
Open(unit=3 ,file='RndZerofrequncies .out') 

C... Read Input Parameters via file 
C.... as follow: 

Read(1 ,*)Npk,Npt 
KC=lO 
Do 1000 K=l ,Npk 
Read(] ,*)seed 
Isee$=Int(seed) 
Bdiseed 
Do 10 i=l ,Npt 
Rn(i)=ran(iseed) 

10 ' Continue 

Do 20 i=l,l 
Ck=Ck* 10 
Do 20 j=lBpt 
Nr=ht(Rn(j)*Ck) 
Ir=Mod(Nr ,Kc) 
Ir=ir+l 
DRS(i,Ir)=Drs(i,ir)+ 1 

20 Continue 
count=O.o 
Frnin=O.O 
Ipk* 
Do 30 i=1,10 
If(Drs(1 ,i).gt.Fmin)then 
Fmin=Drs(l ,i) 
Ipk=i 
Else 
Endif 
If(Drs(l,i).eq.O)then 
Count=count+l 
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Mrrite(3,31)Isd&l 
Endif 
Drs(1 ,i)=O.O 

,O Continue 
3 1 Fomat(i4,2x,i2) 

Write(2,35)Isd,Count,Ipk- 1 ,Fmin 
V(Mod(lc, lOO).eq.O)Write(*,*)k 

1000 Continue 
35 ~omat(i6,~x,fl0.4,2x,i2,h,f12.~) 

Stop 
End 
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