Supplementary Information

The following table shows the 13 versions of BNF Grammar for achieving optimal entropy. The evolutionary
parameters like population and generation varied between [1-20]. The time taken by the initial versions was much
higher as 10 seconds while the time drastically reduced from 5 seconds to 1 in the versions from 10 onwards.

Supplementary Table S1. BNF Grammar versions

#Version

BNF Grammar

Average
Entropy

<exp>::=\"<expl>\";
<expl>::=<upper><small><sym><dig>|<expl><expl>
<upper>::=A|B|C|D|E|F|G[H|I|I|K|L|M|N|O|P[QIR|S|T|U|V|W|X|Y|Z
<small>::=a|b|c|d|e|f|g|h]iljlk|LlIm|n|olplglr]s|t|u]v|w|x]|y]|z
<sym>::=\#[\$[\?2 [\~ \@| \&| \/ | \. [\+[\>]\¢
<dig>::=0|1]2]3]4|5|6|7|8]9

7.30

<start>::=<exp>;

<exp>::=\"<expl>\"
<expl>::=<upper><sym><small><dig>|<expl><expl>
<upper>::=A|B|C|D|E|F|G[H|I|I|K|L|M|N|O|P[Q|R|S|T|U|V|W|X|Y|Z
<small>::=a|b|c|d|e|f|glhliljlk|LIm|n|olplalr|s|tlulv|wlx]y|z
<sym>: :=\#[\$[\? [\~ [ \@ | \&| \/ | \. [\+]\>]\<«
<dig>::=0|1]2]3|4|5|6|7|8]|9

7.48691

<exp>::=\"<expl>\";
<expl>::=<upper><small><sym><dig>|<expl><expl>
<upper>::=A|B|C|D|E|F|G[H|I|I|K|L|M|N|O|P[Q|R|S|T|U|V|W|X|Y|Z
<small>::=a|b|c|d|e|f|glhli|jlk|LIm|n|olplalr|s|t|ulv]wlx]y|z
<sym>: :=\#[\$|\? [ \v [ \@|\&| \/|\. [\+]\>]|\<
<dig>::=0|1]|2|3]4|5|6|7|8]9

7.53375

<exp>::=<chh>; char *bh=<chh>;

<chh>: "<expl>\"

<expl>::=<exp2><exp2><exp2><exp2>|<expl>
<exp2>::=<upper>|<small>|<sym>|<dig>|<exp2>
<upper>::=A|B|C|D|E|F|G[H|I|I|K|L|M|N|O|P[Q|R|S|T|U|V|W|X|Y|Z
<small>::=a|b|c|d|e|f|glhli|jlk|LIm|n|olplalr|s|t|ulv]wlx]y|z
<sym>::=\#[\$ [\ 2|\~ [ \@[\&| \/ |\ [\+]\>|\<
<dig>::=0|1]2]3]4|5|6|7|8]|9

7.06887

<b>::=a=<exp>;b=<exp>;char *ch=<chh>;

<exp>::i=<X_var><op><y_var>

<op>:i=+|-| || [%]~]&]>>
<x_var>::=<start_d>|<start_d><d>|<start_d><d><d>|<start_d><d><d><d>|<start_d><d><d><d><d>|<s
tart_d><d><d><d><d><d>
<y_var>::=<start_d>|<start_d><d>|<start_d><d><d>|<start_d><d><d><d>|<start_d><d><d><d><d>
<chh>: "<expl>\"

<expl>::=<exp2><exp2><exp2><exp2>|<expl>

<exp2>::=<upper><small><sym><d>|<exp2>
<upper>::=A|B|C|D|E|F|G[H|I|I|K|L|M|N|O|P[Q|R|S|T|U|V|W|X|Y|Z
<small>::=alb|c|d|e|f[glh|i|j|k|1|m|n[o|plalr|s|t|ulv|w|x]|y|z

<sym>::=\#[\$ [\ 2 [\~ [\N@\&|\/ [\ [\+[\>[\<]\ " [\5 [\~]\}

<start_d>::=1|2|3|4|5|6|7|8]|9

<d>::=0|1|2|3|4|5]6|7]|8]|9

7.34193

<exp>::=<chh>; char *th=<chh>; char *bh=<chh>; char *yh=<chh>;

<chh>::=\"<expl>\"
<expl>::=<exp2><exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2><exp2><exp2><exp2>exp2><exp2><
exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2> | <expl>
<exp2>::=<upper><small><sym><dig>|<small><upper><dig><sym>|<dig><small><sym><upper>|<upper><
dig><small><sym>|<upper><dig><small><sym>
<upper>::=A|B|C|D|E|F|G[H|I|I|K|L|M|N|O|P[QIR|S|T|U|V|W|X|Y|Z
<small>::=alb|c|d|e|f[g|h|i|j|k|1|m|n|o|plglr|s|t|ulv|w|x]|y|z

<sym> = \#[\$ [ \2 [\~ N@IN\&I N+ INCINFINTINE N~ INEINF N INCINDINCZIN= N NI INCNY N NG N
\-

<dig>::=0|1]2|3]4|5]|6|7|8]9

7.60812

<exp>::=<chh>; char *th=<chh>; char *bh=<chh>; char *yh=<chh>;char *yhl=<chh>;char
*yh2=<chh>;char *bu=<chh>;

<chh>::=\"<expl>\"
<expl>::=<exp2><exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2><exp2><exp2><exp2>exp2><exp2><
exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2> | <expl>
<exp2>::=<upper><small><sym><dig>|<small><upper><dig><sym>|<dig><small><sym><upper>|<uppers><
dig><small><sym>|<upper><dig><small><sym>
<upper>::=A|B|C|D|E|F|G[H|I|I|K|L|M|N|O|P[Q|R|S|T|U|V|W|X|Y|Z
<small>::=a|b|c|d|e|f|glh|i|j|k|LlIm|n|o|pla|r|s|t|ulv|w|x]y|z

<sym>::=\#[\$ [ \2 [\~ [N@I\&[\+ N> [NCINFINTINE NS INEINFINAINCINDINC =N I INCIN) TN NG TN
\-

<dig>::=0|1]2|3]4|5]|6|7|8]9

7.90401




<exp>::=<chh>; char *th=<chh>; char *bh=<chh>; char *yh=<chh>;char *yhl=<chh>;char
*yh2=<chh>;char *bu=<chh>; char *yhl=<chh>;
<chh>::=\"<expl>\"

<expl>::=<exp2><exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2><exp2><exp2><exp2>exp2><exp2><

exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2> [ <expl> 7.90877
3 <exp2>::=<upper><small><sym><dig>|<small><upper><dig><sym>|<dig><small><sym><upper>|<uppers><

dig><small><sym>|<upper><dig><small><sym>

<upper>::=A|B|C|D|E|F|G[H|I|I|K|LIM|N|O|P|Q|R|S|TIU|V|W|X]Y]|Z

<small>::=a|b|c|d|e|f|g|h]iljlk|LlIm|n|olplglr]s|t|u]v|w|x]|y]|z

<sym>: :=\#[\E[\2 [\~ [ N@I\&I\+[\> [N \FINTINE N~ INB N INAINCINDINC =N IS INCND) TN NG N

\_

<dig>::=0|1|2|3]4|5]6]|7|8]9

<exp>::=<chh>; char *th=<chh>; char *bh=<chh>; char *yh=<chh>;char *yhl=<chh>;char

*yh2=<chh>;char *bu=<chh>; char *yh5=<chh>;char *yh8=<chh>;char *yh9=<chh>;char *yhl@=<chh>;

<chh>::=\"<expl>\"

<expl>::=<exp2><exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2><exp2><exp2><exp2>exp2><exp2><

exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2> [ <expl> 7.90209

<exp2>::=<upper><small><sym><dig>|<small><upper><dig><sym>|<dig><small><sym><upper>|<upper>< |'*
9 dig><small><sym>|<upper><dig><small><sym>

<upper>::=A|B|C|D|E|F|G[H|I|I|K|L|M|N|O|P|Q|R|S|T[U|V|W|X]Y|Z

<small>::=a|b|c|d|e|f|g|hli|jlk|1|m|n|o|plglr|s|t]ulv|w|x|y|z

<sym>: 2= \#[\$ [ \2 [\~ N@ & \+]\> [N<INFINTINE NS INE I NAINLINDINZIN= I I NG NN NG N

\-

<dig>::=0|1]2]3]4]|5]|6|7|8]9

<exp>::=<chh>; char *th=<chh>; char *bh=<chh>; char *yh=<chh>;char *yhl=<chh>;char

*yh2=<chh>;char *yh3=<chh>;char *yh4=<chh>;char *yh5=<chh>;

<chh>::=\"<expl>\"

<expl>::=<exp2><exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2><exp2><exp2><exp2>exp2><exp2><

exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2> | <expl> 7.90034
10 <exp2>::=<upper><small><sym><dig>|<small><upper><dig><sym>|<dig><small><sym><upper>|<uppers><

dig><small><sym>|<upper><dig><small><sym>|<sym><upper><dig><small>|<small><dig><upper><sym>

<upper>::=A|B|C|D|E|F|G[H|I|I|K|L|M|N|O|P|Q|R|S|T|U|V|W|X]|Y|Z

<small>::=a|b|c|d|e|f|glh|iljlk|LIm|nlo]pla|r|s|tlulv|w|x|y|z

<sym>::=\#[\$ [\ 2 [\~ [N@\&I\+]\> [N<INFINTINE N~ INEINFINA NN IN= I IS INCEND) TN N

\-

<dig>::=0|1]2]3]4]|5]|6|7|8]9

<exp>::=<chh>; char *th=<chh>; char *bh=<chh>; char *yh=<chh>;char *yhl=<chh>;char

*yh2=<chh>;char *yh3=<chh>;char *yh4=<chh>;char *yh5=<chh>;

<chh>::=\"<expl>\"

<expl>::=<exp2><exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2><exp2><exp2><exp2>exp2><exp2><

exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2> | <expl> 7.90034
1 <exp2>::=<upper><small><sym><dig>|<small><upper><dig><sym>|<dig><small><sym><upper>|<uppers><

dig><small><sym>|<upper><dig><small><sym>|<sym><upper><dig><small>|<small><dig><upper><sym>

<upper>::=A|B|C|D|E|F|G[H|I|I|K|LIMIN[O|P|Q|R|S|TIU|V|W|X]|Y]|Z

<small>::=a|b|c|d|e|f|glh|i|j|k|LlIm|n|o|pla|r|s|t|ulv|w|x]y|z

<sym>: :=\#[\$ [ \2 [\~ [ N@\&I\+ [ \> [N \FINTINE N~ INB N INAINCINDINZ =N IS INCND) TN NG TN

\_

<dig>::=0|1]|2|3]4|5]6]|7|8]9

<exp>::=<chh>; char *th=<chh>; char *bh=<chh>; char *yh=<chh>;char *yhl=<chh>;char

*yh2=<chh>;char *yh3=<chh>;char *yh4=<chh>;char *yh5=<chh>;

<chh>::=\"<expl>\"

<expl>::=<exp2><exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2><exp2><exp2><exp2>exp2><exp2><

exp2><exp2><exp2y<exp2><exp2><exp2>exp2><exp2><exp2><exp2><exp2><exp2>exp2><exp2> | <expl> 7.91256
12 <exp2>::=<upper><small><sym><dig>|<small><upper><dig><sym>|<dig><small><sym><upper> |<uppers><

dig><small><sym>|<upper><dig><small><sym>|<sym><upper><dig><small>|<small><dig><upper><sym>

<upper>::=A|B|C|D|E|F|G[H|I|I|K|LIMIN[O|P|Q|R|S|TIU|V|W|X]|Y]|Z

<small>::=a|b|c|d|e|f|g|h]iljlk|LlIm|n|o]plglr]s|t]u|v|w|x]|y]|z

<sym>: 2=\#[\$ [ \2 [\~ [ N@I\&I\+[\> [N \FINTINE N~ INB N INAINCINDINC =N IS INCND) TN NG TN

\_

<dig>::=0|1|2|3|4|5|6|7|8]9

<exp>::=<chh>; char *t2=<chh>; char *t3=<chh>; char *t4=<chh>;char *t5=<chh>;char

*t6=<chh>;char *t7=<chh>;char *t8=<chh>;char *t9=<chh>;char *tl1@=<chh>;char *tll=<chh>;char

*t12=<chh>;char *tl13=<chh>;char *t14=<chh>;char *tl5=<chh>;char *t16=<chh>;

<chh>::=\"<expl>\"

<expl>::=<exp2><exp2><exp2><exp2><exp2><exp2> 7.908843
13 <exp2>::=<upper><small><sym><dig>|<small><upper><dig><sym>|<dig><small><sym><upper>|<upper><

dig><small><sym>|<upper><dig><small><sym>|<sym><upper><dig><small>|<small><dig><upper><sym>
<upper>::=A|B|C|D|E|F|G[H|I|I|K|L|MIN[O|P|Q|R|S|TIU|V|W|X]Y]|Z
<small>::=a|b|c|d|e|f|g|h]ilj|k|LlIm|n|o]|plglr]s|t|u|v|w|x|y]|z

<sym> = \#\$ [ \2 [\~ [ \N@ &I \+ N> [N INFINTINE N~ INFINAININDINCIN= N IS NN TN TN TN N-
<dig>::=0|1|2|3|4|5|6|7|8]9




Optimal crossover rates were tuned with experiments carried over 100 runs against the time taken by them.
Supplementary Table S2: Varying crossover rates for tuning the genetic operators

sruns Crossover Rates

0.01 | 0.05(0.001{0.003|0.005| 0.1 |0.0001
1 7.389 |7.64 |6.018|5.005(6.361(8.029 |4.753
2 6.525 |6.714|4.961|4.663|5.905|8.106 |4.676
3 6.109 |7.744|6.218|4.547|4.897(6.948 |4.835
4 6.408 |7.643|6.12 |5.047|5.72 [9.596 |4.719
5 7.207 |7.398(5.846|5.543(6.716|7.194 |5.442
6 6.754 |6.901|6.057|4.923|5.457|8.128 |4.891
7 6.501 |7.233|7.002|5.051(5.443(7.119 |4.919
8 6.735 |7.444|5.763|5.337(6.676|7.849 |4.879
9 6.453 |6.943|6.079|5.156|6.035|7.208 |4.738
10 6.956 [8.425|5.99 |4.75 |5.53 (7.871 |4.699
11 6.66 |7.265|7.027|5.523|5.555|7.726 [4.75
12 6.188 |7.404|6.204|5.211|5.687|7.942 |4.938
13 6.976 |6.735(7.7 |5.773(4.976|7.65 |5.922
14 6.794 |7.398|5.814|5.355(5.51 |7.635 |5.79
15 6.493 |7.642(5.432|5.162(5.944|6.259 |5.259
16 6.837 |7.501|5.763|5.22 |4.673|7.828 |5.092
17 6.31 |7.35 |6.266|5.437|4.163|7.575 [5.03
18 6.632 |7.335|6.827|4.705|5.214|8.059 |5.135
19 7.242 |7.408|5.798|4.546|6.224|7.92 |5.036
20 7.152 |7.095|5.375|5.064|6.003|7.125 |5.128
21 7.387 |7.594|6.035|5.75 |5.936|8.341 |5.044
22 7.589 |6.941/4.879|5.143|5.215|6.995 (4.924
23 6.58 |7.349|5.06 |5.866|5.068|8.802 |4.717
24 6.67 |7.569|5.778|5.853|6.045|6.835 |5.202
25 7.009 [6.595|5.799|5.615|5.391(7.948 |5.357
26 7.141 |7.104|5.423|5.529|5.614(7.377 |6.022
27 6.768 |7.562|5.158|4.796|5.983|6.013 |5.155
28 6.517 |7.556|5.861|4.929|5.947|6.88 |4.929
29 6.451 |7.923|5.48 |4.387|5.856(7.864 |5.446
30 6.752 |7.597(6.012|5.726(5.294|6.067 |5.282
31 6.415 |7.307|5.957|4.982|6.317|7.195 |5.38
32 7.273 |7.532|5.611|4.75 |5.905(8.07 |5.149
33 6.885 |7.419|5.532|5.726|5.558(8.172 |4.921
34 6.66 |7.49 |5.352|/4.987(5.09 |8.142 |4.931
35 6.41 |7.286|5.621|5.284|5.43 (7.568 |5.203
36 6.809 |7.242|5.67 |5.574|5.989(6.691 |6.028
37 6.561 |7.48 |5.261|5.336(6.292|8.141 |5.483
38 6.895 |5.684|6.131|5.755(6.029|8.31 |5.66
39 6.526 |5.202|5.802|5.705|5.211(7.76 |5.762
40 6.982 |5.301|5.268|5.495|5.675(7.301 |5.394
41 6.76 |5.204|5.472|5.295(5.208|7.036 |5.318
42 6.877 |5.738|5.302|5.211(6.044(7.953 |5.024
43 6.764 |4.723|5.964|6.06 |5.728(7.535 |6.138
44 7.078 |5.588|5.908|5.424|5.653|7.776 |6.604
45 7.209 |5.51 |5.838|4.594(6.031|8.358 |5.024
46 6.923 [4.929|5.953|4.685|5.939(7.592 |5.364




47 6.982 [3.348(5.581|5.75 |4.989|7.272 |5.444
48 6.753 |3.525|5.755|4.677(7.126|8.088 |5.521
49 7.013 |3.684(4.157|5.605|5.336|8.383 |4.96
50 6.872 [4.305(3.8 |5.18 |6.584|7.743 |5.084
51 7.175 |2.925|3.659|5.197|5.652|7.475 |5.394
52 6.864 |3.977|3.645|6.287(4.756|7.549 |5.837
53 6.892 [3.394(2.81 |6.021|6.102|7.891 |5.785
54 6.506 [3.25 [3.096|5.469|4.59 |7.559 |5.2

55 7.185 |4.023|3.136|6.21 [5.924|8.012 |4.881
56 6.87 |3.471|3.328|5.73 |5.502|6.996 (4.943
57 7.116 |3.022|3.742|5.385|5.778|7.706 (4.911
58 6.74 |3.9 |2.786|5.302(5.692|7.459 |4.887
59 6.79 |3.071|3.171|4.339(5.625|8.422 |4.771
60 6.889 [2.899(3.555|5.779|5.174|7.857 |4.919
61 6.707 |2.892(2.879|5.17 |5.245|7.267 |4.849
62 6.803 [2.938|3.041|5.185|5.502|7.573 |5.029
63 6.782 |3.489(3.372|6.366|6.187|8.35 |5.262
64 6.783 [3.239(3.427|5.331|6.262|6.456 |5.105
65 9.661 |3.686(3.362|5.499(5.946|7.381 |5.676
66 12.057|4.091|3.901(5.251{5.388|7.733 |5.622
67 12.655|4.085|3.537(5.522(6.083|7.508 |5.239
68 13.204|3.977|3.309(5.141{5.4 |6.994 |5.281
69 12.81 |3.656|3.254(5.826(5.968|7.43 |5.427
70 12.716|3.456|3.657(5.704|5.913|7.863 |4.782
71 8.28 |2.961(3.736|7.129|5.367|8.18 |5.575
72 7.521 |4.078|3.218|6.472|5.917|7.269 |5.634
73 7.948 |3.667|3.02 |6.718(5.695|7.358 |6.476
74 7.495 |3.286|3.538|6.43416.527|7.963 (6.728
75 7.005 [4.748|3.955|6.312|5.744|7.282 |6.426
76 7.229 |3.923(4.496|6.754|5.511|7.107 |6.49
77 7.819 |3.151|4.463|5.48415.492|7.045 |6.505
78 4.841 |3.036|4.295|5.151|6.333|7.47 |5.213
79 7.019 |3.352(3.865|5.184|5.974|8.191 |5.494
80 7.553 |3.27 |4.453|5.988(5.276|8.739 |6.049
81 7.294 |3.582|4.512|6.364|5.438|8.014 |5.468
82 7.014 |3.955(3.915|6.031|5.819|7.4 4.355
83 8.201 |3.475|4.401|5.775(5.784|6.925 |4.232
84 7.704 |4.232|3.079|5.51414.836|4.571 |4.366
85 7.865 [3.092(3.732|5.134|5.31 |3.681 (4.123
86 7.371 |3.588(3.923|5.843|5.569|11.089(5.016
87 7.52 |3.805|3.483|4.118(6.247|3.936 |4.737
88 7.248 |3.794|3.257|5.219(6.322|3.762 |4.597
89 6.967 (3.62 |2.773|6.142|5.767|6.421 |4.379
90 6.915 |3.211|3.356|5.106(7.349|5.189 (4.449
91 6.884 |2.736|3.48 |5.751(7.196|3.876 |5.006
92 7.287 |3.082(3.711|4.924|6.891|4.094 |4.467
93 6.976 |4.046|3.59 |5.293/6.064(4.095 (4.492
94 7.646 |3.961|3.507|5.764(5.402|6.472 |4.233
95 7.098 |3.937|3.583|6.058|4.019|5.628 (4.772
96 7.205 |3.648(3.092|5.477|5.916|6.583 (4.757




97 7.808 [3.14 [3.259|4.86 |5.718|4.689 (4.943
98 7.596 |3.423|3.378|5.374|5.775|4.117 |5.19
99 7.94 |3.549(3.043|6.19 |6.111|5.214 |5.075
100 |7.169 |3.099(3.421|5.17 |5.695|4.07 |5.264

Optimal mutation rates were tuned with experiments carried over 100 runs against the time taken by them.
Supplementary Table S3: Varying mutation rates for tuning the genetic operators

Aruns Mutation Rates
0.01 (0.03 [0.05 (0.1 |03 |05

1 4.753 |5.6 [6.231 |5.801|8.101/5.993
2 4.676 |6.823(6.169 |5.716(6.599|5.845
3 4.835 |5.759(5.626 |6.081|5.767|5.705
4 4.719 |5.374(5.695 |5.962(6.137|6.204
5 5.442 |5.63 |5.643 [6.365|6.236|6.832
6 4.891 |5.886(5.683 |5.917|6.377|5.869
7 4.919 (7.545(6.035 |6.29 |5.902|5.972
8 4.879 |7.487|6.171 |6.144|6.126|5.942
9 4.738 |6.327|5.564 |6.467|6.023|5.902
10 4.699 (5.883(6.287 |6.422|5.969|5.96
11 4.75 |6.063(6.36 |5.855|5.837|6.029
12 4.938 |5.867|5.814 |6.629|5.782|5.819
13 5.922 |6.254|5.595 [6.37 |6.018|5.662
14 5.79 |6.762|5.727 [6.175|5.927|5.796
15 5.259 |5.843|5.811 [5.99 |5.855|6.057
16 5.092 |5.63 |5.616 [5.516|5.994|5.883
17 5.03 |6.116(6.173 [6.431|5.79 |5.818
18 5.135|5.88 |6.43 [6.325|5.834|5.76
19 5.036 |6.304(5.893 [6.099|5.818|5.713
20 5.128 |5.818|5.972 [6.289|6.701|5.528
21 5.044 |6.137|5.752 [{6.38 |5.86 |5.903
22 4.924 |6.071(6.186 |5.92 |6.02 |5.968
23 4.717 |6.182(5.785 |5.809(6.069|5.474
24 5.202 |6.384|5.785 [5.957|5.879|5.853
25 5.357 |16.345(6.32 [5.957|5.598|5.789
26 6.022 |6.458|5.886 [5.797|5.836(5.883
27 5.155 |6.413|5.7 6.054(5.749(6.351
28 4.929 (6.835(5.804 |6.241|6.761|5.868
29 5.446 |8.575(6.066 [5.961|5.449|5.766
30 5.282 |6.203|5.647 [5.827|6.101|5.785
31 5.38 |6.782(6.877 [6.024|6.244|6.031
32 5.149 |6.416|6.066 [6.895|6.297|5.738
33 4.921 |5.98 |5.671 |6.098|6.053|5.761
34 4.931 |5.674(6.07 |5.911|5.797|5.447
35 5.203 |5.919(5.918 [5.935|6.042|5.807
36 6.028 |5.501(5.78 [6.723|6.003|5.865
37 5.483 |5.521|5.844 [6.066|6.082|5.539
38 5.66 |6.064|5.838 [6.237|5.961|6.18
39 5.762 |5.282(6.232 [6.034|6.531|5.991
40 5.394 |5.396(6.178 [6.034|5.886|6.451
41 5.318 |5.638|7.032 [6.425|5.824|5.971




42 5.024 |15.494|6.795 [5.96 |6.035|5.922
43 6.138 |5.531|6.361 |5.898(5.945|5.996
44 6.604 |5.591(6.05 [6.411|6.42 |5.837
45 5.024 |5.577|8.016 [6.748|6.365|5.932
46 5.364 |5.644|6.733 |6.787(6.235|5.759
47 5.444 15.723|6.471 |6.115(6.254|6.358
48 5.521 |5.647|6.878 [6.018|6.258|6.183
49 496 |5.346(6.142 |6.542|6.547|6.532
50 5.084 |5.729|6.325 [6.123{6.341|5.901
51 5.394 |5.358(6.575 [6.351|6.156|6.036
52 5.837 |5.395|5.974 [5.967|6.79 |6.066
53 5.785 |5.439|6.16 [6.1 [6.318|5.781
54 5.2 |5.784|6.013 |5.728(6.218|5.943
55 4.881 |5.491(6.588 |5.9 |6.386/5.997
56 4943 |6.134|7.28 |5.955|7.05 |5.897
57 4.911 |5.489(12.545|5.833|6.754|5.809
58 4.887 (6.297(6.396 |5.82 |6.11 |6.07
59 4.771 |6.858(5.982 |7.585|6.228|6.022
60 4919 |5.88 [6.234 |4.994|6.059|5.852
61 4.849 |5.478(6.398 |5.192|6.32 |5.913
62 5.029 |5.457(6.197 [4.846|6.151|5.941
63 5.262 |5.351(6.197 [4.908|6.359|6.028
64 5.105 |5.705|5.711 [4.559|6.419|5.79
65 5.676 |5.427|5.841 [4.968|6.183|5.757
66 5.622 |5.359(5.795 [5.294|6.18 |5.71
67 5.239 |5.523|5.817 [5.183|6.022|6.141
68 5.281 |5.574|5.681 |5.578(5.937|5.751
69 5.427 |5.567|5.726 |4.528|5.843|5.934
70 4.782 |5.54416.078 |4.659|5.938|5.765
71 5.575 |5.608(5.994 [5.124|5.921|5.898
72 5.634 |5.545|6.026 |4.548(5.606|5.559
73 6.476 |5.967|5.697 [4.485|5.885|5.802
74 6.728 |5.229|5.527 [4.799|5.744|5.804
75 6.426 |5.27415.959 |5.026(5.709|5.657
76 6.49 |5.226|5.781 |6.181(5.846|5.871
77 6.505 |5.287(6.495 [5.621|5.816|5.772
78 5.213 |5.649|6.748 |7.567(6.01 |5.918
79 5.494 15.401|5.96 |7.82 [5.869|5.859
80 6.049 |5.395|5.656 [5.289|5.595|6.594
81 5.468 |5.336(6.38 [5.205|5.697|5.934
82 4.355 |5.498|5.964 |5.005|5.763|5.937
83 4.232 |5.425|5.783 |4.798|6.639|6.145
84 4.366 |5.448|5.766 |6.87 |6.248|6.022
85 4.123 |15.852|6.541 |5.834|5.801|6.149
86 5.016 |5.559|5.851 |5.968(5.9 |5.654
87 4.737 |5.304|6.277 |5.553|5.858|5.838
88 4.597 |15.486|5.798 |5.9 |6.022|5.698
89 4.379 |5.399|6.208 |5.982|6.001|5.571
90 4.449 |5.451|5.803 |6.022|6.102|5.737
91 5.006 |6.044|5.927 [6.205|6.072|6.144




92 4.467 |6.305(5.972 |6.499|6.078|5.892
93 4.492 |5.463|5.972 |6.106|5.86 |6.436
94 4.233 |5.41 |5.726 |6.17 |6.253|5.772
95 4.772 |5.547(6.071 |6.051|5.807|6.045
96 4.757 |5.569|6.274 |6.333|5.867|5.772
97 4.943 15.399|5.979 |7.259|6.002(5.775
98 519 |5.577|6.213 [6.55 |6.103|5.911
99 5.075 |5.335|5.778 [5.416|5.835|5.672
100 |5.264 [5.413(6.078 |4.939|6.117|6.066

Supplementary Table S4: Entrop

#runs | Entropy
1 7.91102
2 7.91703
3 7.9262

4 7.92163
5 7.90775
6 7.92124
7 7.90564
8 7.93104
9 7.93119
10 7.93074
11 7.92313
12 7.91097
13 7.92033
14 7.92928
15 7.9215

16 7.91987
17 7.91225
18 7.93464
19 7.9204

20 7.9228

21 7.91559
22 7.91357
23 7.91692
24 7.93121
25 7.94383
26 7.92122
27 7.92764
28 7.92918
29 7.91402
30 7.91927
31 7.92784
32 7.91364
33 7.92074
34 7.94268
35 7.90352
36 7.92589
37 7.92231

over 100 runs




38 7.92816
39 7.93054
40 7.92257
41 7.90599
42 7.91851
43 7.9199
44 7.90858
45 7.91651
46 7.91752
47 7.9321
48 7.92753
49 7.89722
50 7.93413
51 7.91413
52 7.93433
53 7.92043
54 7.91905
55 7.91722
56 7.92222
57 7.93068
58 7.91159
59 7.92226
60 7.93006
61 7.92065
62 7.91629
63 7.92531
64 7.92401
65 7.90452
66 7.91955
67 7.93319
68 7.91651
69 7.92468
70 7.91583
71 7.91736
72 7.92062
73 7.91077
74 7.90494
75 7.92135
76 7.92066
77 7.92674
78 7.9205
79 7.93148
80 7.93045
81 7.90999
82 7.92389
83 7.91119
84 7.92563
85 7.909
86 7.92343
87 7.92534




88 7.93017
89 7.91445
90 7.92193
91 7.92524
92 7.9247

93 7.90686
94 7.91762
95 7.93486
96 7.91939
97 7.9418

98 7.92026
99 7.91481
100 |7.91473

Supplementary Table S5: Seed Repository
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Supplementary Table S6: Best Individuals over 100 runs

Best Individual Entropy
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7.912283




Y2s>[P1pGu=9P3r>nR5" v8S>E2wc4K{ 7.911622
8m*BM2w@d4F~E61$xM4}I7b-HIk#-Y7u 7.911468)
VF$94x{I_V6rh2R~-wA5Fh#4kY9: 1b~L 7.911753
aX6™ Q6k+f5Q Om?5” T1tN8t<Im?98v]T 7.905314
2z LV3s*S8h;W6q~Fi_2W@0-qCo{w4P+ 7.90166|
.E7uf4G;vZ2(N9y+XxW5*k8Y]feB (}K9i 7.913807
{ePoun7a+U2s~q1F+3h-8(J1rRk-9ved! 7.90502
iP1.2p,Hv8S-+hY5nU1_3z?EidW$Hu_6 7.92469
[Ned!kSeez[Hih.HU2c [Wi<40u;2L5k_ 7.920941
08w(_B7pm50) IR5* ' T2i@13I8*T3sA6n> 7.912086!
$051nF7{W6f~Rz[1Ey:90V6}F41(Y1=5 7.909223
Wj)3Fa,eUz?9kT7[M6a=n2H$H1s=-wX1 7.923726
7d[OrF5}Y4p]Gd; @9h&At4AN(5t 'KiT2! 7.918344
#W8dF1u#<X2eEh{55k :Uj7N'_dF@Qot+ 7.919104
R2z()P3vb8R<N1v!heH}-Wethl5*c8B= 7.909317
8g{ZXn)1<u09w9C>"T1jA9a!goUu[Ku[7 7.911788|
IAc_8[bG902L{Xw; 6”L1q4v-E&JI6M; jCO 7.90738
YR6~N4X*Nt*8573=G90;@bC6 ! E6NLF-2 7.917837
" yK5WAw&00y | hA3~Ads | Bp#5Ut [ 2Eh~9 7.906112
[@vevdz8~~vG1{W1h[hC9b7P ! 09R<Ng@9 7.911401
B7p: 1m+AF3w:uK1(GF'7]cD4>VerzZy#6 7.903239
a7Y?23U(1d*A=bB20F~VUSt#QW~6Ki*5 7.905036,
Sq$4cL7=A@1:I9r eE@!6v RNk}39x?B 7.904256!
2L9-LOk&Xu]71z:0Q2m_M4d#Ub~7u2A_ 7.916586!
d8C-$nA5TOx" 8v@CkYS[vB7$yT8.Bf~9 7.926383

Supplementary Table S7: Examples samples from one billion of 4096-bit strings that passed NIST Tests

4096-bit strings

00111100011000101101010111100111110110001101111011011001001111111110010000111100000011111011000101101001101001010101011001111111101110010010
11110100011011101101000011011100110110001001100001100100101000101111111100001010001010001100111110000000010010100111001001111010000111000010
11100100010110000101010010001010101000010110011001000000001011101011101011110110000000001010111110100110010011110011001111001111011111010100
00111111110001110100011011001010111010011110000011000011011110101100011001111101110000001101001010011110110011101011000110000010101010000100
11001000111001101010001101110111100111001010101011011111000001010010111001001001010101010110101111000111010111110110001001111001000011111000
00110110000111100100010100011011110111111110110111011010100100001000011000101001000011110110100110010100011101011111010000111011010011010011
1011111000111101010101101000111101100110001111110101 11111101100001110011000000101010011001100111000000000000000010011100110101100010000
01001000101110111101101111001111111011111100101101000100011100011111010000110100101101110100111111101011110101101101011001101010000011011011
10000100101111011101010010111001100010000100011100101010010010000101010001001101100101000001001110101011000101001101101000010110100101000000
11101001101010000001000111011000101110110110101001110010101111010100111111101001110001101110101001011011010111110110000001011010111011111111
111010101010000011000100010110101100000010000000001100100001101010011100010011001101100101110000100110110100001 111001 1111 1
01111101010101100100010111110111111100000100111000011001101101001100001111101100111101010111010011011001111101101111011110001011010000001011
11000001011010001110011010000010100110011110110100110000100001011010011001100110001 100101 110101100101101110001110111011011100
01101110101100000100101110001010110101011010101101000001000100011011010011100001010011111110010001001010100001010001100101111101010101101011
00001001101000101101111111001101000101111011111100101000101110010000110011010100110100111110101001110001011011010010001010010011010110001110
01101110100000111110111101011010001110101011 110001111111111010100111101111100110011110011110001010011010100011101111111111010101001100
11101110100001001001100011101010011110001110110111100111110111000000100011110011111010001110101000010101001000110001101000101001111011100110
0110001110010110011000001011101001000000100011100011110101101011111 111111 11010001010011110110011001000100100001010000110100101
000001010110100110110110001011001110000010011101010101 1001011 1101101 10000110010010011100000100000100011000010011000010001011
01111101101000001010110100110100111000011101101000001011011100000010100110101011011110000101010101011011110110101000001011010111110111101100
11011011011000000000010000011110011010011011001100111111010111010100101111010010001011100101000010100101011100101110000110011001111101000110
01110111000001011111001101011000111010001100000100011000101101100110101100111010011001000011001110000001101001100000000000011011010100011111
11000001010001011111100110010101101101101110100001001010000100100010001110111111100001110010011000011111011100000001011016010011111111011101
00011101110100111000100011100100110110000110110011101000000001001011011010010101100101110100110001000110100011100001011001110010000001001010
o1 110101 1010111110000110101100110111110101111010001000001011100101011101010100001011010100011100110100111100011101110100110111001
01100001100000110111000010100100010010100001110000000110100110010011100001001100001011011110111110000111111111111000000110101100110001100100
11000001010110101000001111110011101100111110110101011000010000111010110011110100011101100116001101011110010001001101000010000100101101001100
010111100011101001101100000110011010010101111000111100101160011101110101111101100111000001111101101010111600111001011001011111001011110110110
10000100010100011100111111001010110001111100101000111100000111101101011011100101100101100101000110110011101100101116000010100010100000001111
001011110000100111000001111001010101

00100011001101101101110111100111011101110111101001110110111010100011100100110011101001010001010111010110100100111000011000100000011001100110
01001101000010010011111001001101000001010111110011001011001000100101000101010101111101011000011100011001101111001100000101001111111111011010
10101000110001101010011011101110001011110001000010000011011000010110001100100111100110101011010100010111100100100011001011100110000111101001




00110001100000110100000010000101001010000101110000000010110001000000011101100001010100010111110010001001101101001101010001000011011001110100
00111001010010001000100010011001110110111010010001111100011011110000111010110011101101000000001110001011101011101000101010101110011110110000
01011010000101011110011001001000000001001000110001001111010001100000010011110100110100011010001100110110100101000000110000100101000110011011
01110100011111011000111011000011011010001100000111010101000000000010001010010000001000101001100100100100000010010101110000101010101010000000
11001111000111001111010010011000010010101000001011110010010111011010100001111010100011110101000110111000000101101111110011111111101000100100
11011101111001001001101011000001010110000110100001100011100011001110001110101100110110100110010110000100101111001100010010110011010001100110
11110011101111011101100111010001110010100111100110011110010100001101010111 11 1 10110100101100111111111101 111110111001
10101010011111110101101001111000110011110111101011011011110010101010001101010100011001010000100000010010001001110111101111101101010010101111
00000100010111111000101000110001001011010010001001000011000010111001100011001101101101011001010110111110101011111000110111100011010010001010
11111110000011100101101101000111010011001111010101101101000001010000010011000010101100010010000001100011111110010110000000011100111011001110
10011011111110110010100100011010001100111111110011100111101001110100001010101001001100011100001011010001111111001011110111011101110111100010
01001110001110100101101101111010001011100011111111010101000101011100011001110000010111110100101011111001001010101010101100101000001111001110
11101100011001010000000110111111100100011000100000101010010001100010000101100000001110100101100110000110100010010100011001010001110011001110
11110111001001001001110101110110101110100100000110010100100001001001110101000111001110110001010110101001011110100010011010111001010100011010
10001011001110001010011000100011111110010101010110000000111001001110100101001110010000010100001110010111001100100001000111010101100101111100
10110110111111000101000001110100001001001110101100100100000001101001010000111100100100011101001010011000000001111100111101000101000000101011
10110010111011001111010100110100000101100101010101101111101001101111110011100100001001011011 111 10111011 10100001 10
00011111111000011101000000010001101000101011100000100100101111001100000100000010010111110111101010110111100101000111000100011010010110000111
11011110001111110011100100100100010010010000010100000100010101011010111010000100001101111101101011111111010110011110100110111100001101001110
10101110110100100001111000001101100011010101101000000101101101001101011000000110000000111001101011001001101100110001000110001111000010000010
10101111100110011001001110001001010011110011000111011111111010100101101100000100101001011110000001110111101010010110100111110001011001010101
011111010101101110110110001101110000010101001011000110001010001011101000111110110001 1 1100111100000000100111110101010110001000100
01101001010010000110111001010000000101000011111100110111000110010000111001100011110011011011101111100100110010100110111000100000100100010110
01001000100001001110101111100101110101011000111110110001111101001101100001110011010011010010001011010100101101 1100111 1111110001
0001110110001000001011011000010001110110011110111011100101110111110101111011 1 10011 1011100010010110000010111011010111110001101
0101011011011010111001011011 1100001 1111000101111001001101000100100110100101000011001101111010100010100011001111101101110011111
000011000101110111000000010101110001

00111100011000101101010111100111110110001101111011011001001111111110010000111100000011111011000101101001101001010101011601111111101110010010
11110100011011101101000011011100110110001001100001100100101000101111111100001010001010001100111110000000010010100111001001111010000111000010
11100100010110000101010010001010101000010110011001000000001011101011101011110110000000001010111110100110010011110011001111001111011111010100
00111111110001110100011011001010111010011110000011000011011110101100011001111101110000001101001010011110110011101011000110000010101010000100
11001000111001101010001101110111100111001010101011011111000001010010111001001001010101010110101111000111010111110110001001111001000011111000
00110110000111100100010100011011110111111110110111011010100100001000011000101001000011110110100110010100011101011111010000111011010011010011
1011111000111101010101101000111101100110001111110101 11111101100001110011000000101010011001100111000000000000000010011100110101100010000
01001000101110111101101111001111111011111100101101000100011100011111010000110100101101110100111111101011110101101101011001101010000011011011
10000100101111011101010010111001100010000100011100101010010010000101010001001101100101000001001110101011000101001101101000010110100101000000
11101001101010000001000111011000101110110110101001110010101111010100111111101001110001101110101001011011010111110110000001011010111011111111
111010101010000011000100010110101100000010000000001100100001101010011100010011001101100101110000100110110100001 111001 1111 1
01111101010101100100010111110111111100000100111000011001101101001100001111101100111101010111010011011001111101101111011110001011010000001011
11000001011010001110011010000010100110011110110100110000100001011010011001100110001 100101 110101100101101110001110111011011100
01101110101100000100101110001010110101011010101101000001000100011011010011100001010011111110010001001010100001010001100101111101010101101011
00001001101000101101111111001101000101111011111100101000101110010000110011010100110100111110101001110001011011010010001010010011010110001110
01101110100000111110111101011010001110101011000000110001111111111010100111101111100110011110011110001010011010100011101111111111010101001100
11101110100001001001100011101010011110001110110111100111110111000000100011110011111010001110101000010101001000110001101000101001111011100110
0110001110010110011000001011101001000000100011100011110101101011111 111111 11010001010011110110011001000100100001010000110100101
000001010110100110110110001011001110000010011101010101 1001011 1101101 10000110010010011100000100000100011000010011000010001011
01111101101000001010110100110100111000011101101000001011011100000010100110101011011110000101010101011011110110101000001011010111110111101100
11011011011000000000010000011110011010011011001100111111010111010100101111010010001011100101000010100101011100101110000116011001111101000110
01110111000001011111001101011000111010001100000100011000101101100110101100111010011001000011001110000001101001100000000000011011010100011111
11000001010001011111100110010101101101101110100001001010000100100010001110111111100001110010011000011111011100000001011016010011111111011101
00011101110100111000100011100100110110000110110011101000000001001011011010010101100101110100110001000110100011100001011001110010000001001010
01 110101 1010111110000110101100110111110101111010001000001011100101011101010100001011010100011100110100111100011101110100110111001
01100001100000110111000010100100010010100001110000000110100110010011100001001100001011011110111110000111111111111 110101100110001100100
11000001010110101000001111110011101100111110110101011000010000111010110011110100011101100110001101011110010001001101000010000100101101001100
01011110001110100110110000011001101001010111100011110010110011101110101111101100111000001111101101010111000111001011001011111001011110110110
10000100010100011100111111001010110001111100101000111100000111101101011011100101100101100101000110110011101100101110000010100010100000001111
001011110000100111000001111001010101

00011110110000011101110010011000011101000000011010110000111100110011000101110100100010111100000100000101000111101100010100111111110111011101
00110000110000000111010010010000100110100111011100101011101101000001100001010101100101000100100100000110101011001111010101111101000011101001
00110001111010110111101111010111110101111001011110100011000101000011011011001000010110011011111111011110011101001111001110010111010000001011
10110010110010110100010101100010000000010010111101100001110100001100110111110101001010000010100110111110000101011100100110111101111100101101
11100110110110001111100100101000100010010001100111010010000010111110000101110001100111010011010010000001010111110101101100111011011110110000
00100111101010010100110101001000111111111101001100010001100110001010110110101111111111010000111101110000111101110111010001110101000111000001
01000010010100000001101101110001101010110001110010101001000101000100010100100010011100010010111111101100010110110000111000011110111111111101
11100010011000101000100110010011101110011000001101000000001110101010111110011011110001101110111011111110111111011101111000011111111010011010
1110010011011110110001101110111110100001101011011001 1 1 11101111010000101101100101100010100111101010160111001111011000010000
11011100111001100110010001000010010100111010110111110111111101110010011110101111010000100000110100000101110110011110010111010001010011100100
00111001011010001110111100001010100100010011011001000100010001111001110000100011010100010001011101101100100101011010110100010101100001000011
10101010110010001101001011011111001000001111000010010000111101111111110011101111001111101110110011101010110111000011011101001010001101110100
01010110100110100001011100001101100111000101101101110010001001010001101110010110111100101101010111100011111011110100011101110011011110101110
10100001010010101011101000011100100111110000001101011110001101010100100110100110100000000111110101110110011001001000111010111100100110010100
11111000011001000000111000010100101111100101000101111100001000011110101011100101100011001001101010110111601000100100011011011000111001110000
001100011000101101100010001111111101111000110100010100110001100011111110011111000010101011101 1 100011111110001110001010000011100101
00111101010011100011011001101010001000011111101110011000110001111101111000001111000100111111001000110100110001101010000011101111011011011010
00100000000010101101111010101001011111101010010011101101011111111001001101101100011111011001011000110010110000101101101011001001011001010101
10100001001001010110001011001100100011010011011111001100001100000011011101111000000010010100101001001011110100100001010000001001111100010010
10100100100001100001110000011000001011001000010110101100110011110011001010011101111601 111001001111111001110110101001111100010001111011
10001010101010110000111100101100101010111010110001011110111111011001000000100110100110011101100101101000100001101001011101011110011100111010
00000000000011011000100111100111010010100111110010011011111101101110010100100110000000101111111110010010010000001101116110111110111111001110
011010101111110110011111060000110110010011101110100101101000110101111110111110110001601101111010010000010100011010010116010111001011111001111
o1 11111000110110110100000011101011000010001010110110010011010001101000101011101101110011010110010011100101011110010010001111110110111




10011011011100010101101000100101001111111110111 10000111010110010010001100011100011011010110001101001101 11 111101011111111
011111111101001 111011100100011011110011010010100001101010110011100100000011000111101000100111100100100000111001010000110110110100100100
10110101000101001011100100001101100110000110011010011101010000101101111110111011001001000110011100010001111011101000001116011000101110101001
11100110001111000101011101101001100010010111001001111000011101110100100160111101111000011010011111101001111100100001010101110100110110010001
10010000110100010110011111001011101010001100001000110100000001001110010011011101111001110010000110100010101010010001100110110010111001110011
100110001011110111010001111001000001

00111100011000101101010111100111110110001101111011011001001111111110010000111100000011111011000101101001101001010101011601111111101110010010
11110100011011101101000011011100110110001001100001100100101000101111111100001010001010001100111110000000010010100111001001111010000111000010
11100100010110000101010010001010101000010110011001000000001011101011101011110110000000001010111110100110010011110011001111001111011111010100
00111111110001110100011011001010111010011110000011000011011110101100011001111101110000001101001010011110110011101011000110000010101010000100
11001000111001101010001101110111100111001010101011011111000001010010111001001001010101010110101111000111010111110110001001111001000011111000
00110110000111100100010100011011110111111110110111011010100100001000011000101001000011110110100110010100011101011111010000111011010011010011
1011111000111101010101101000111101100110001111110101 11111101100001110011000000101010011001100111000000000000000010011100110101100010000
010010001011101111011011110011111110111111001011010001000111000111110100001101001011011101600111111101011110101101101011001101010000011011011
10000100101111011101010010111001100010000100011100101010010010000101010001001101100101000001001110101011000101001101101000010110100101000000
11101001101010000001000111011000101110110110101001110010101111010100111111101001110001101110101001011011010111110110000001011010111011111111
111010101010000011000100010110101100000010000000001100100001101010011100010011001101100101110000100110110100001 111001 1111 1
01111101010101100100010111110111111100000100111000011001101101001100001111101100111101010111010011011001111101101111011110001011010000001011
11000001011010001110011010000010100110011110110100110000100001011010011001100110001 100101 110101100101101110001110111011011100
01101110101100000100101110001010110101011010101101000001000100011011010011100001010011111110010001001010100001010001100101111101010101101011
00001001101000101101111111001101000101111011111100101000101110010000110011010100110100111110101001110001011011010010001010010011010110001110
01101110100000111110111101011010001110101011000000110001111111111010100111101111100110011110011110001010011010100011101111111111010101001100
11101110100001001001100011101010011110001110110111100111110111000000100011110011111010001110101000010101001000110001101000101001111011100110
0110001110010110011000001011101001000000100011100011110101101011111 111111 11010001010011110110011001000100100001010000110100101
000001010110100110110110001011001110000010011101010101 1001011 1101101 10000110010010011100000100000100011000010011000010001011
01111101101000001010110100110100111000011101101000001011011100000010100110101011011110000101010101011011110110101000001011010111110111101100
11011011011000000000010000011110011010011011001100111111010111010100101111010010001011100101000010100101011100101110000110011001111101000110
01110111000001011111001101011000111010001100000100011000101101100110101100111010011001000011001110000001101001100000000000011011010100011111
11000001010001011111100110010101101101101110100001001010000100100010001110111111100001110010011000011111011100000001011016010011111111011101
00011101110100111000100011100100110110000110110011101000000001001011011010010101100101110100110001000110100011100001011001110010000001001010
01000000110101000001010111110000110101100110111110101111010001000001011100101011101010100001011010100011100110100111100011101110100110111001
01100001100000110111000010100100010010100001110000000110100110010011100001001100001011011110111110000111111111111 110101100110001100100
11000001010110101000001111110011101100111110110101011000010000111010110011110100011101100110001101011110010001001101000010000100101101001100
01011110001110100110110000011001101001010111100011110010110011101110101111101100111000001111101101010111000111001011001011111001011110110110
10000100010100011100111111001010110001111100101000111100000111101101011011100101100101100101000110110011101100101110000010100010100000001111
001011110000100111000001111001010101

One billion samples generated by GE-PRNG passed the NIST SP-800 22 tests. Some of the randomly chosen
samples

Supplementary Table S8: Comparative analysis of GE-PRNG vs Python rand () for regression datasets sampling

RMSE Value
Dataset Truth Value GE-PRNG sampling Py:g%np:’iigd()

House Prices 0.161836 0.15 0.144578
Weather 0.00079 0.000756 0.000924
Covid-19 Test Cases 0.009903 0.011449 0.009651
Car Prices 0.074534 0.0625 0.121212
Stock Market 0.780731 0.833333 0.721311
Insurance 0.000001 0.000004 0.000003
German Credit Cards 0.415842 0.45 0.619048
Fish Market 0.116 0.105 0.165
Red Wine 1 1 1

Canada (per capita income) [0.124066 0.115672 0.108209
Salary of Employees 0.342857 0.4 0.571429
Pyramid Profit/Loss 0.124066 0.115672 0.108209
Polynomial 0.104634 0.108209 0.123134
Cancer 0.103139 0.070896 0.130597
Airlines Delay 0.09716 0.093284 0.104478
Breast Cancer 0.094918 0.11194 0.074627
Covid-19 stats 0.107623 0.130597 0.108209




HIV 0.104634 0.13806 0.089552

Heights and Weights 0.093423 0.070896 0.089552

Real Estate 0.068012 0.070896 0.067164

Medical Costs 0.09434 0.085714 0.15625

Zoo Animal 0.075472 0.085714 0.03125

Life Expectancy 0.220126 0.228571 0.21875

Crime Prediction 0.163522 0.085714 0.15625

Crime 2.479307540496706 2.4725059690260234 |2.466131762233014
Weather 8.519617258294826 8.58453707599059  |8.54010021598746
Sales 1715.5059080722374  |1703.376153582508 |1751.2075533030948
Cryptocurrency 4.729222190380185 4.521690467840241 |4.636451727052952
Stocks 97.87302992503635 96.15210440655348 |98.45161832710266




Supplementary Table S9: GE-PRNG vs existing PRNGs

Software PRNGs Hardware PRNGs
Micro
. Blum- PRNG Based on| Fractal GEPRNG
Feat - -
eatures Linux Python AES Blum | ChaChaRNG | ReRAM Based PRNG | ™D Pseudo Newton Based | ComPputer
(/dev/urandom) Chaotic based
Shub Complex Maps PRNG
PRNG
[2] [3] [4] [5] [6] [7] [8] [9] [10] [11]
AP/ Resistive Random- .
Source of Operating system Random Key from an System Access Memory Arnold Cat chaotic |Newton Raphson Fractals g hsetlgrtrzcwith
randomness AEI 93y library in AP)II Y | default NA (ReRAM) with Linear ma Method P (Chaos RyK4 BNF Grammar
Python random Feedback Shift Register P game) method
library (LFSR)
. - Variable: .
. . . - Variable . . -Variable
Width of random | Variable: [10, max | "o\ |-Variable: NA NA 14 32, 48, 64, 80. 49 8 8 256, 512, 1024, 2048,
bits range of system] version 128, 192, 256 - Maximum is 80 4096
bits.
- NIST SP 800 - 22 -NIST SP 800-22
- Lyapunov -Monte Carlo Simulations
Scheme of TESTUO1 and .
A NIST FIPS ) exponent NIST SP 800 - [NIST SP 800 |NIST SP -Dataset sampling for
statlstlc_al NA NA 142-2 NA NIST SP800- | NIST SP 800 - 22 calculation for 22 -22 800 - 22 regression analysis
evaluation 22 - ’ .
ensuring the -Linear complexity
chaoticity. analysis
N
Key space NA 2719937 -1 | 2756 NA NA 2n14 2780 grc?egg (2nd 2"8 2"8 27128
Available on demand.
Avalla_blllty of Yes Yes No NA NA RTN is a control 5|_gnal NA NA NA NA Yes
reseeding has been used to trigger
the reseeding.
?:ﬁéﬁrgmlon Variable (Mbps to Gbps 2.9 Mbps (2nd
Throughput NA 11 MiB/s NA NA depends on the system |NA : P NA NA 40.322 Mbps
samples per order)
clock)
second
-Reseeding requires ) - - Quantization |- Useof 3D |- Only 8
Remarks/Limitati |™M°Te time if the grlthT - On demand reseeding is(s?uuezn;[rllzgggpto effects will occur | chaotic bits
entropy pool does ypEm NA NA NA -ReRAM is a costly - - since IEEE 754 | model for extracted
ons - variant is binary conversion S
not contain product - double precision |key froma 32
secure - No Reseeding . .
randomness was adopted. generation. | bit
. . All systems | All systems
. Linux, Solaris . OpenBSD/Free
OS compatible ' y with Python [that use AES |Yes NA NA NA NA NA
MacOs, FreeBSD support encryption BSD/NetBSD



https://en.wikipedia.org/wiki/CSPRNG
https://en.wikipedia.org/wiki/CSPRNG
https://en.wikipedia.org/wiki/CSPRNG

References

1.

w N

10.

11.

Rachael Tatman. Datasets for regression analysis retrieved from
https://www.kaggle.com/rtatman/datasets-for-regression-analysis

Lloyd, Jack (2008-12-09). "On Syllable's /dev/random". Retrieved 21-11-2021
https://docs.Python.org/3/library/random.html

Daemen, Joan; Rijmen, Vincent (March 9, 2003). "AES Proposal: Rijndael" (PDF). National
Institute of Standards and Technology. p. 1. Archived (PDF) from the original on 5 March
2013. Retrieved 21-11-2021.

Blum, Lenore; Blum, Manuel; Shub, Michael (1983). "Comparison of Two Pseudo-Random
Number Generators". Advances in Cryptology. Boston, MA: Springer US. doi:10.1007/978-1-
4757-0602-4_6.

Bernstein, Daniel (28 January 2008), ChaCha, a variant of Salsa20 (PDF), retrieved 21-11-2021
P. H. Tseng, M. H. Lee, Y. H. Lin, H. L. Lung, K. C. Wang, and C. Y. Lu, “ReRAM-Based
Pseudo-True Random Number Generator with High Throughput and Unpredictability
Characteristics,” IEEE Trans. Electron Devices, vol. 68, no. 4, pp. 1593-1597, 2021.

C. E. C. Souza, D. P. B. Chaves, and C. Pimentel, “One-Dimensional Pseudo-Chaotic
Sequences Based on the Discrete Arnold’s Cat Map over Z3m,” IEEE Trans. Circuits Syst. II
Express Briefs, vol. 68, no. 1, pp. 491495, 2021.

M. Jafari Barani, P. Ayubi, M. Yousefi Valandar, and B. Y. Irani, “A new Pseudo random
number generator based on generalized Newton complex map with dynamic key,” J. Inf. Secur.
Appl., vol. 53, p. 102509, 2020.

P. Ayubi, S. Setayeshi, and A. M. Rahmani, “Deterministic chaos game: A new fractal based
pseudo-random number generator and its cryptographic application,” J. Inf. Secur. Appl., vol.
52, p. 102472, 2020.

A. Akgul, B. Gurevin, I. Pehlivan, M. Yildiz, M. C. Kutlu, and E. Guleryuz, “Development of
microcomputer based mobile random number generator with an encryption application,”
Integration, vol. 81, no. December 2020, pp. 1-16, 2021.


https://www.kaggle.com/rtatman/datasets-for-regression-analysis
https://randombit.net/bitbashing/posts/syllable_dev_random.html
https://docs.python.org/3/library/random.html
https://docs.python.org/3/library/random.html
https://docs.python.org/3/library/random.html
http://csrc.nist.gov/archive/aes/rijndael/Rijndael-ammended.pdf#page=1
https://web.archive.org/web/20130305143117/http:/csrc.nist.gov/archive/aes/rijndael/Rijndael-ammended.pdf#page=1
https://www.iacr.org/cryptodb/data/paper.php?pubkey=1751
https://www.iacr.org/cryptodb/data/paper.php?pubkey=1751
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1007%2F978-1-4757-0602-4_6
https://doi.org/10.1007%2F978-1-4757-0602-4_6
https://en.wikipedia.org/wiki/Daniel_J._Bernstein
https://cr.yp.to/chacha/chacha-20080128.pdf

