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Kernel: SageMath 10.7

Pseudorandom Numbers

MATH 242 Modern Computational Math

How do computers generate "random" numbers? Today we will consider two algorithms that produce pseudorandom
numbers.

Middle-Square Method

One early approach for creating pseudorandom numbers is the middle-square method. This method is simple. Start with a
number with an even number of digits. Suppose the number is [NV and it has k digits. Square IV, producing a number with 2k
digits. Extract the middle k of these digits and repeat. This produces a sequence of k-digit numbers, which we can regard as
a longer sequence of decimal digits. For some starting values, this sequence of decimal digits will appear approximately
random.

It will be helpful to have a function that determines how many digits are in a given integer. Here is such a function:

# determine how many digits are in the decimal representation of a number
def howManyDigits(num):
return ceil(log(num, 10)) # log base 10 of num
Try it out:
howManyDigits(123456)
6

Now here is a function that uses the middle-square method to produce a sequence of numbers.

# compute the middle square sequence
# input:
# seed: the starting value, which should have an even number of digits
# numIter: number of iterations to perform
# return: sequence of numbers produced by the middle-square method
def middleSquare(seed, numIter):
# initializations
num = seed
seq = [num]
k = howManyDigits(num)

for i in range(numIter):
# square the number
num = num™2
#print(num)

# extract the middle k digits
num = num // (10~(k//2)) # ignore the rightmost k/2 digits
num = num % (107k) # keep the next k digits

# append the middle k digits to the sequence
seq.append(num)
return seq

middleSquare(5146, 10)
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26481316
23164969
2719201

51724864
52533504
28462225
21362884
13162384
2634129

40208281

[5146, 4813, 1649, 7192, 7248, 5335, 4622, 3628, 1623, 6341, 2082]

It would be useful to have a function that converts a list of numbers into a list of decimal digits. Here is such a function:

# convert a list of big numbers to a list of digits in order
def extractDigits(seq):

# initialize a list for the digits

allDigits = []

# use the initial value to determine how many digits per number
digitsPerNum = howManyDigits(seq[0])

# loop over all numbers in the sequence

for num in seq:
# initialize a list for the digits in num
digits = []

# extract the digits in num, starting with the ones place
for i in range(digitsPerNum):

digits.append(num % 10)

num = num // 10

# reverse the digits, then concatenate digits to the end of allDigits
digits.reverse()
allDigits += digits

# return the big list of digits
return allDigits

Observe how extractDigits works

extractDigits([1234, 77, 12345, 98761])

(1, 2, 3, 4, 0,0,7,7,2,3,4,5,9, 8,7, 6]

seq = middleSquare(5146, 10)
print(seq)
print(extractDigits(seq))

26481316
23164969
2719201
51724864
52533504
28462225
21362884
13162384
2634129
40208281
[5146, 4813, 1649, 7192, 7248, 5335, 4622, 3628, 1623, 6341, 2082]

(5,1, 4,6, 4,8,1,3,1,6,4,9,7,1,9, 2,7, 2, 48,5, 3, 3,5 4,6, 2, 2, 3, 6,

2’ 8' 1' 6' 2' 3' 6’ 3' 4' 1' 2' OI 8’ 2]

seq = middleSquare(2394, 100)
print(seq)

2/22



4/20/26, 1:10 PM

Out[13]:

In [0O]:

In [0O]:

In [0O]:

In [14]:

about:blank

pseudorandom numbers class demo.ipynb
print(extractDigits(seq))

[2394, 7312, 4653, 6504, 3020, 1204, 4496, 2140, 5796, 5936, 2360, 5696, 4444, 7491, 1150,
3225, 4006, 480, 2304, 3084, 5110, 1121, 2566, 5843, 1406, 9768, 4138, 1230, 5129, 3066,
4003, 240, 576, 3317, 24, 5, 0, 0, 0, 0, 0, 6, 0, 0, 0, 0, 0, 0, 0, 0, ©, 0, ©, O, O, O, O,
e, 6, ¢, 6, ¢, 6, ¢, 6, 0, 6, 0, 6, 0, 06, 0, 06, 0, 06, ©, 0, ©, 0, ©, 0, ©, 0, @, 0, 0, O,

e, o, 6, @, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
[21 3' 9! 4’ 7' 3! 1! 2' 4! 6’ 5' 3! 6! 5' OI 4! 3' OI 2I 0' 1! 2! 0' 4! 4! 4' 9! 6! 2' 1I
4, 9,5,7,9,6,5,9, 3,6, 2,3,6,0,5,6,9,6,4,4,4,4,7,4,9,1,1,1,5,080,
3' 2’ 2I 5' 4! OI 0' 6' 0! 4' 8I OI 2' 3' 0! 4' 3! OI 8' 4' 5! 1' 1! OI 1' 1’ 2I 1' 2! 5!
6, 6,5, 8,43,1,4,860,6,9,7,6,8,4,1,3,8,1,2,3,0,5,1, 2,9, 3,0, 6,6,
4' 0' 0! 3' OI 2! 4' 0' 0! 5' 7! 6! 3' 3' 1! 7' OI OI 2' 4' 0! 0' OI 5! 0' 0' 0! 0' OI OI
e, o, 6, ¢, 0, 0, 0, @0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O,
e, o, 6, ¢, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O,
e, o, 6, ¢, 0, 0, 0, 0, 0, o0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O,
e, o, 6, ¢, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O,
e, o, 6, ¢, 0, ¢, 0, 0, 0, o0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O,
e, o, 6, ¢, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O,
e, o, 6, ¢, 0, 0, 0, 0, 0, o0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O,
e, ¢, 6, ¢, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O,
e, o, 6, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
Questions to investigate

1. Experiment with the middle-square method using various starting values. What do you observe?

2. Do certain starting values produce sequences of digits that you would consider random?

3. Do certain starting values produce sequences of digits that you would consider definitely not random?

4. What cycles of numbers do you observe?
Linear Congruential Method
This method generates a sequence of values Sy, Sy, S5, . .., Sy using modular arithmetic. First we select a multiplier v,

an increment (3, and a modulus IV. We choose a starting value Sy and iterate the rule:
Sp=aS,-1+p (mod N)

The following code cell contains a nearly-complete function that implements the middle-square method. Complete the
function and try it with some input parameters of your choice.

# compute a linear congruential sequence
# input:
multiplier: the value a in the formula above
increment: the value B in the formula above
modulus: the value N in the formula above
seed: starting value
numVals: number of values to compute
# output: the sequence of numbers computed by the linear congruential method
def linearCongruential(multiplier, increment, modulus, seed, numVals):
# initializations
vals = [0]*numVals
vals[0] = seed

H*HHHH

# repeat numVals times
for i in range(numVals - 1):
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# compute the next number and append it to the list
vals[i+l] = (multiplier*vals[i] + increment) % modulus

# return the list
return vals

Try it out:

In [21]: geq = linearCongruential(37, 1, 100, 17, 20)
print(seq)
digits = extractDigits(seq)
print(digits)
print(digits.count(1l))
print(digits.count(2))
print(digits.count(3))
print(digits.count(4))

_~ e~ o~ —~

Out[21]: [17, 30, 11, 8, 97, 90, 31, 48, 77, 50, 51, 88, 57, 10, 71, 28, 37, 70, 91, 68]
[1I 7' 3' 0I 1' 1’ 0' 8' 9' 7I 9' OI 3' 1' 4' 8[ 7' 7' 5' OI 5' 1I 8' 8' 5' 7' 1I OI 7' 1’
2,8,3,7,7,0, 9,1, 6, 8]

=W 0

In [O]:

Questions to investigate

1. Experiment with the linear congruential method using various choices for the multiplier, increment, and modulus. What

do you observe?
2. Do certain parameters produce sequences of digits that you would consider random?
3. Do certain parameters produce sequences of digits that you would consider definitely not random?

4. What cycles of numbers do you observe?

In [23]: seq = linearCongruential(53, 0, 100, 17, 100)
print("sequence: ", seq)
digits = extractDigits(seq)
print("digits: ", digits)
counts = [digits.count(i) for i in range(10)]
print("digit counts: ", counts)

Out[23]: sequence: [17, 1, 53, 9, 77, 81, 93, 29, 37, 61, 33, 49, 97, 41, 73, 69, 57, 21, 13, 89,
17, 1, 53, 9, 77, 81, 93, 29, 37, 61, 33, 49, 97, 41, 73, 69, 57, 21, 13, 89, 17, 1, 53, 9,
77, 81, 93, 29, 37, 61, 33, 49, 97, 41, 73, 69, 57, 21, 13, 89, 17, 1, 53, 9, 77, 81, 93,
29, 37, 61, 33, 49, 97, 41, 73, 69, 57, 21, 13, 89, 17, 1, 53, 9, 77, 81, 93, 29, 37, 61,
33, 49, 97, 41, 73, 69, 57, 21, 13, 89]
digits: [1, 7, 0, 1, 5, 3,0, 9,7,7,8,1,9,3,2,9,3,7,6,1, 3, 3,4,29,09,7,4,

1,7, 3,%6,9,5,7,2,1,1,3,8,9,1,7,90,1,5,3,0,9,7,7,8,1,9, 3, 2,9, 3,
7’ 6I 1’ 3' 3' 4' 9’ 9' 7’ 4' 1' 7' 3’ 6I 9' 5' 7' 2' 1’ 1I 3’ 8' 9' 1I 7’ 0' 1’ 5' 3' 0'
9,7,7,8,1,9,3,2,9,3,7,6,1, 3,3,4,9,9,7,4,1,7,3,6,9,5,7, 2,1, 1,
3’ 8' 9' 1' 7' 0' 1’ 5I 3’ 0' 9' 7' 7’ 8' 1’ 9' 3' 2' 9’ 3' 7’ 6' 1' 3' 3’ 4' 9' 9' 7' 4'
1, 7,3,%6,9,5,7,21,1,3,8,9,1,7,90,1,5,3,0,9,7,7,8,1,9, 3, 2,9, 3,
7’ 6I 1’ 3' 3' 4' 9’ 9' 7’ 4' 1' 7' 3’ 6I 9' 5' 7' 2' 1’ 1I 3’ 8' 9]

digit counts: [10, 35, 10, 35, 10, 10, 10, 35, 10, 35]

In [27]1: seq = linearCongruential(5, 0, 17, 1, 100)
print("sequence: ", seq)
counts = [seq.count(i) for i in range(17)]

print("counts: ", counts)
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sequence: [1, 5, 8, 6, 13, 14, 2, 10, 16, 12, 9, 11, 4, 3, 15, 7, 1, 5, 8, 6, 13, 14, 2,
10, 16, 12, 9, 11, 4, 3, 15, 7, 1, 5, 8, 6, 13, 14, 2, 10, 16, 12, 9, 11, 4, 3, 15, 7, 1,
5, 8, 6, 13, 14, 2, 10, 16, 12, 9, 11, 4, 3, 15, 7, 1, 5, 8, 6, 13, 14, 2, 10, 16, 12, 9,
11, 4, 3, 15, 7, 1, 5, 8, 6, 13, 14, 2, 10, 16, 12, 9, 11, 4, 3, 15, 7, 1, 5, 8, 6]
counts: [0, 7, 6, 6, 6, 7, 7, 6, 7, 6, 6, 6, 6, 6, 6, 6, 6]

p = 1009

seq = linearCongruential(5, 0, p, 13, 10000)

print("sequence: ", seq)

digits = extractDigits(seq)

print("digits: ", digits)

counts = [digits.count(i) for i in range(10)]

print("counts: ", counts)
sequence: [13, 65, 325, 616, 53, 265, 316, 571, 837, 149, 745, 698, 463, 297, 476, 362,
801, 978, 854, 234, 161, 805, 998, 954, 734, 643, 188, 940, 664, 293, 456, 262, 301, 496,
462, 292, 451, 237, 176, 880, 364, 811, 19, 95, 475, 357, 776, 853, 229, 136, 680, 373,
856, 244, 211, 46, 230, 141, 705, 498, 472, 342, 701, 478, 372, 851, 219, 86, 430, 132,
660, 273, 356, 771, 828, 104, 520, 582, 892, 424, 102, 510, 532, 642, 183, 915, 539, 677,
358, 781, 878, 354, 761, 778, 863, 279, 386, 921, 569, 827, 99, 495, 457, 267, 326, 621,

78, 390, 941, 669, 318, 581, 887, 399, 986, 894, 434, 152, 760, 773, 838, 154, 770, 823,
79, 395, 966, 794, 943, 679, 368, 831, 119, 595, 957, 749, 718, 563, 797, 958, 754, 743,
413, 47, 235, 166, 830, 114, 570, 832, 124, 620, 73, 365, 816, 44, 220, 91, 455, 257,

688,
276,
590,
530,
899,
613,
996,
155,
772,
963,
238,
655,
340,
215,
843,
815,
544,
344,
138,
466,
316,
734,

371,
932,
632,
459,
38,

944,
775,
833,
779,
181,
248,
691,

846,
624,
133,
277,

194, 970, 814, 34, 170, 850, 214, 61, 305, 516, 562, 792, 933, 629, 118,

93, 465, 307, 526, 612, 33, 165, 825, 89, 445, 207, 26, 130, 650, 223, 106,
665, 298, 481, 387, 926, 594, 952, 724, 593, 947, 699, 468, 322, 601, 987,
376, 871, 319, 586, 912, 524, 602, 992, 924, 584, 902, 474, 352, 751, 728,

190, 950, 714, 543, 697, 458, 272, 351, 746, 703, 488, 422, 92, 460, 282, 401,

684,
848,
129,
868,
905,
231,
428,

393, 956, 744, 693, 438, 172, 860, 264, 311, 546, 712, 533, 647, 208, 31,
204, 11, 55, 275, 366, 821, 69, 345, 716, 553, 747, 708, 513, 547, 717, 558,
645, 198, 990, 914, 534, 652, 233, 156, 780, 873, 329, 636, 153, 765, 798,
304, 511, 537, 667, 308, 531, 637, 158, 790, 923, 579, 877, 349, 736, 653,
489, 427, 117, 585, 907, 499, 477, 367, 826, 94, 470, 332, 651, 228, 131,
146, 730, 623, 88, 440, 182, 910, 514, 552, 742, 683, 388, 931, 619, 68,
122, 610, 23, 115, 575, 857, 249, 236, 171, 855, 239, 186, 930, 614, 43,

66, 330, 641, 178, 890, 414, 52, 260, 291, 446, 212, 51, 255, 266, 321, 596, 962, 774,
179, 895, 439, 177, 885, 389, 936, 644, 193, 965, 789, 918, 554, 752, 733, 638, 163,
195, 975, 839, 159, 795, 948, 704, 493, 447, 217, 76, 380, 891, 419, 77, 385, 916,

39,

702,
711,
690,
312,
571,
643,

483,
528,
423,
551,
837,
188,

397, 976, 844, 184, 920, 564, 802, 983, 879, 359, 786, 903, 479, 377, 876,
622, 83, 415, 57, 285, 416, 62, 310, 541, 687, 408, 22, 110, 550, 732, 633,
97, 485, 407, 17, 85, 425, 107, 535, 657, 258, 281, 396, 971, 819, 59, 295,
737, 658, 263, 306, 521, 587, 917, 549, 727, 668, 13, 65, 325, 616, 53, 265,
149, 745, 698, 463, 297, 476, 362, 801, 978, 854, 234, 161, 805, 998, 954,
940, 664, 293, 456, 262, 301, 496, 462, 292, 451, 237, 176, 880, 364, 811,

19, 95, 475, 357, 776, 853, 229, 136, 680, 373, 856, 244, 211, 46, 230, 141, 705, 498, 472,

342,
424,
921,
894,
595,
124,
214,
825,
952,
602,
351,
860,
345,
233,
637,
477,
910,
249,
446,
193,
493,
564,
416,
425,
521,
297,

701,
102,
569,
434,
957,
620,

724,
992,
746,
264,
716,
156,
158,
367,
514,
236,
212,
965,
447,
802,

478,
510,
827,
152,
749,

372, 851, 219, 86, 430, 132, 660, 273, 356, 771, 828, 104, 520, 582, 892,
532, 642, 183, 915, 539, 677, 358, 781, 878, 354, 761, 778, 863, 279, 386,
99, 495, 457, 267, 326, 621, 78, 390, 941, 669, 318, 581, 887, 399, 986,
760, 773, 838, 154, 770, 823, 79, 395, 966, 794, 943, 679, 368, 831, 119,
718, 563, 797, 958, 754, 743, 688, 413, 47, 235, 166, 830, 114, 570, 832,

73, 365, 816, 44, 220, 91, 455, 257, 276, 371, 846, 194, 970, 814, 34, 170, 850,
61, 305, 516, 562, 792, 933, 629, 118, 590, 932, 624, 93, 465, 307, 526, 612, 33, 165,
89, 445, 207, 26, 130, 650, 223, 106, 530, 632, 133, 665, 298, 481, 387, 926, 594,

593,
924,
703,
311,
553,
780,
790,
826,
552,
171,

947, 699, 468, 322, 601, 987, 899, 459, 277, 376, 871, 319, 586, 912, 524,
584, 902, 474, 352, 751, 728, 613, 38, 190, 950, 714, 543, 697, 458, 272,
488, 422, 92, 460, 282, 401, 996, 944, 684, 393, 956, 744, 693, 438, 172,
546, 712, 533, 647, 208, 31, 155, 775, 848, 204, 11, 55, 275, 366, 821, 69,
747, 708, 513, 547, 717, 558, 772, 833, 129, 645, 198, 990, 914, 534, 652,
873, 329, 636, 153, 765, 798, 963, 779, 868, 304, 511, 537, 667, 308, 531,
923, 579, 877, 349, 736, 653, 238, 181, 905, 489, 427, 117, 585, 907, 499,
94, 470, 332, 651, 228, 131, 655, 248, 231, 146, 730, 623, 88, 440, 182,
742, 683, 388, 931, 619, 68, 340, 691, 428, 122, 610, 23, 115, 575, 857,
855, 239, 186, 930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52, 260, 291,

51, 255, 266, 321, 596, 962, 774, 843, 179, 895, 439, 177, 885, 389, 936, 644,

789,
217,
983,

918, 554, 752, 733, 638, 163, 815, 39, 195, 975, 839, 159, 795, 948, 704,
76, 380, 891, 419, 77, 385, 916, 544, 702, 483, 397, 976, 844, 184, 920,
879, 359, 786, 903, 479, 377, 876, 344, 711, 528, 622, 83, 415, 57, 285,

62, 310, 541, 687, 408, 22, 110, 550, 732, 633, 138, 690, 423, 97, 485, 407, 17, 85,
107, 535, 657, 258, 281, 396, 971, 819, 59, 295, 466, 312, 551, 737, 658, 263, 306,
587, 917, 549, 727, 668, 13, 65, 325, 616, 53, 265, 316, 571, 837, 149, 745, 698, 463,
476, 362, 801, 978, 854, 234, 161, 805, 998, 954, 734, 643, 188, 940, 664, 293, 456,

5/22



4/20/26, 1:10 PM pseudorandom numbers class demo.ipynb

262, 301, 496, 462, 292, 451, 237, 176, 880, 364, 811, 19, 95, 475, 357, 776, 853, 229,
136, 680, 373, 856, 244, 211, 46, 230, 141, 705, 498, 472, 342, 701, 478, 372, 851, 219,
86, 430, 132, 660, 273, 356, 771, 828, 104, 520, 582, 892, 424, 102, 510, 532, 642, 183,
915, 539, 677, 358, 781, 878, 354, 761, 778, 863, 279, 386, 921, 569, 827, 99, 495, 457,
267, 326, 621, 78, 390, 941, 669, 318, 581, 887, 399, 986, 894, 434, 152, 760, 773, 838,
154, 770, 823, 79, 395, 966, 794, 943, 679, 368, 831, 119, 595, 957, 749, 718, 563, 797,
958, 754, 743, 688, 413, 47, 235, 166, 830, 114, 570, 832, 124, 620, 73, 365, 816, 44, 220,
91, 455, 257, 276, 371, 846, 194, 970, 814, 34, 170, 850, 214, 61, 305, 516, 562, 792, 933,
629, 118, 590, 932, 624, 93, 465, 307, 526, 612, 33, 165, 825, 89, 445, 207, 26, 130, 650,
223, 106, 530, 632, 133, 665, 298, 481, 387, 926, 594, 952, 724, 593, 947, 699, 468, 322,
601, 987, 899, 459, 277, 376, 871, 319, 586, 912, 524, 602, 992, 924, 584, 902, 474, 352,
751, 728, 613, 38, 190, 950, 714, 543, 697, 458, 272, 351, 746, 703, 488, 422, 92, 460,
282, 401, 996, 944, 684, 393, 956, 744, 693, 438, 172, 860, 264, 311, 546, 712, 533, 647,
208, 31, 155, 775, 848, 204, 11, 55, 275, 366, 821, 69, 345, 716, 553, 747, 708, 513, 547,
717, 558, 772, 833, 129, 645, 198, 990, 914, 534, 652, 233, 156, 780, 873, 329, 636, 153,
765, 798, 963, 779, 868, 304, 511, 537, 667, 308, 531, 637, 158, 790, 923, 579, 877, 349,
736, 653, 238, 181, 905, 489, 427, 117, 585, 907, 499, 477, 367, 826, 94, 470, 332, 651,
228, 131, 655, 248, 231, 146, 730, 623, 88, 440, 182, 910, 514, 552, 742, 683, 388, 931,
619, 68, 340, 691, 428, 122, 610, 23, 115, 575, 857, 249, 236, 171, 855, 239, 186, 930,
614, 43, 215, 66, 330, 641, 178, 890, 414, 52, 260, 291, 446, 212, 51, 255, 266, 321, 596,
962, 774, 843, 179, 895, 439, 177, 885, 389, 936, 644, 193, 965, 789, 918, 554, 752, 733,
638, 163, 815, 39, 195, 975, 839, 159, 795, 948, 704, 493, 447, 217, 76, 380, 891, 419, 77,
385, 916, 544, 702, 483, 397, 976, 844, 184, 920, 564, 802, 983, 879, 359, 786, 903, 479,
377, 876, 344, 711, 528, 622, 83, 415, 57, 285, 416, 62, 310, 541, 687, 408, 22, 110, 550,
732, 633, 138, 690, 423, 97, 485, 407, 17, 85, 425, 107, 535, 657, 258, 281, 396, 971, 819,
59, 295, 466, 312, 551, 737, 658, 263, 306, 521, 587, 917, 549, 727, 608, 13, 65, 325, 616,
53, 265, 316, 571, 837, 149, 745, 698, 463, 297, 476, 362, 801, 978, 854, 234, 161, 805,
998, 954, 734, 643, 188, 940, 664, 293, 456, 262, 301, 496, 462, 292, 451, 237, 176, 880,
364, 811, 19, 95, 475, 357, 776, 853, 229, 136, 680, 373, 856, 244, 211, 46, 230, 141, 705,
498, 472, 342, 701, 478, 372, 851, 219, 86, 430, 132, 660, 273, 356, 771, 828, 104, 520,
582, 892, 424, 102, 510, 532, 642, 183, 915, 539, 677, 358, 781, 878, 354, 761, 778, 863,
279, 386, 921, 569, 827, 99, 495, 457, 267, 326, 621, 78, 390, 941, 669, 318, 581, 887,
399, 986, 894, 434, 152, 760, 773, 838, 154, 770, 823, 79, 395, 966, 794, 943, 679, 368,
831, 119, 595, 957, 749, 718, 563, 797, 958, 754, 743, 688, 413, 47, 235, 166, 830, 114,
570, 832, 124, 620, 73, 365, 816, 44, 220, 91, 455, 257, 276, 371, 846, 194, 970, 814, 34,
170, 850, 214, 61, 305, 516, 562, 792, 933, 629, 118, 590, 932, 624, 93, 465, 307, 526,
612, 33, 165, 825, 89, 445, 207, 26, 130, 650, 223, 106, 530, 632, 133, 665, 298, 481, 387,
926, 594, 952, 724, 593, 947, 699, 468, 322, 601, 987, 899, 459, 277, 376, 871, 319, 586,
912, 524, 602, 992, 924, 584, 902, 474, 352, 751, 728, 613, 38, 190, 950, 714, 543, 697,
458, 272, 351, 746, 703, 488, 422, 92, 460, 282, 401, 996, 944, 684, 393, 956, 744, 693,
438, 172, 860, 264, 311, 546, 712, 533, 647, 208, 31, 155, 775, 848, 204, 11, 55, 275, 366,
821, 69, 345, 716, 553, 747, 708, 513, 547, 717, 558, 772, 833, 129, 645, 198, 990, 914,
534, 652, 233, 156, 780, 873, 329, 636, 153, 765, 798, 963, 779, 868, 304, 511, 537, 667,
308, 531, 637, 158, 790, 923, 579, 877, 349, 736, 653, 238, 181, 905, 489, 427, 117, 585,
907, 499, 477, 367, 826, 94, 470, 332, 651, 228, 131, 655, 248, 231, 146, 730, 623, 88,
440, 182, 910, 514, 552, 742, 683, 388, 931, 619, 68, 340, 691, 428, 122, 610, 23, 115,
575, 857, 249, 236, 171, 855, 239, 186, 930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52,
260, 291, 446, 212, 51, 255, 266, 321, 596, 962, 774, 843, 179, 895, 439, 177, 885, 389,
936, 644, 193, 965, 789, 918, 554, 752, 733, 638, 163, 815, 39, 195, 975, 839, 159, 795,
948, 704, 493, 447, 217, 76, 380, 891, 419, 77, 385, 916, 544, 702, 483, 397, 976, 844,
184, 920, 564, 802, 983, 879, 359, 786, 903, 479, 377, 876, 344, 711, 528, 622, 83, 415,
57, 285, 416, 62, 310, 541, 687, 408, 22, 110, 550, 732, 633, 138, 690, 423, 97, 485, 407,
17, 85, 425, 107, 535, 657, 258, 281, 396, 971, 819, 59, 295, 466, 312, 551, 737, 658, 263,
306, 521, 587, 917, 549, 727, 608, 13, 65, 325, 616, 53, 265, 316, 571, 837, 149, 745, 698,
463, 297, 476, 362, 801, 978, 854, 234, 161, 805, 998, 954, 734, 643, 188, 940, 664, 293,
456, 262, 301, 496, 462, 292, 451, 237, 176, 880, 364, 811, 19, 95, 475, 357, 776, 853,
229, 136, 680, 373, 856, 244, 211, 46, 230, 141, 705, 498, 472, 342, 701, 478, 372, 851,
219, 86, 430, 132, 660, 273, 356, 771, 828, 104, 520, 582, 892, 424, 102, 510, 532, 642,
183, 915, 539, 677, 358, 781, 878, 354, 761, 778, 863, 279, 386, 921, 569, 827, 99, 495,
457, 267, 326, 621, 78, 390, 941, 669, 318, 581, 887, 399, 986, 894, 434, 152, 760, 773,
838, 154, 770, 823, 79, 395, 966, 794, 943, 679, 368, 831, 119, 595, 957, 749, 718, 563,
797, 958, 754, 743, 688, 413, 47, 235, 166, 830, 114, 570, 832, 124, 620, 73, 365, 816, 44,
220, 91, 455, 257, 276, 371, 846, 194, 970, 814, 34, 170, 850, 214, 61, 305, 516, 562, 792,
933, 629, 118, 590, 932, 624, 93, 465, 307, 526, 612, 33, 165, 825, 89, 445, 207, 26, 130,
650, 223, 106, 530, 632, 133, 665, 298, 481, 387, 926, 594, 952, 724, 593, 947, 699, 468,
322, 601, 987, 899, 459, 277, 376, 871, 319, 586, 912, 524, 602, 992, 924, 584, 902, 474,
352, 751, 728, 613, 38, 190, 950, 714, 543, 697, 458, 272, 351, 746, 703, 488, 422, 92,
460, 282, 401, 996, 944, 684, 393, 956, 744, 693, 438, 172, 860, 264, 311, 546, 712, 533,
647, 208, 31, 155, 775, 848, 204, 11, 55, 275, 366, 821, 69, 345, 716, 553, 747, 708, 513,
547, 717, 558, 772, 833, 129, 645, 198, 990, 914, 534, 652, 233, 156, 780, 873, 329, 636,
153, 765, 798, 963, 779, 868, 304, 511, 537, 667, 308, 531, 637, 158, 790, 923, 579, 877,
349, 736, 653, 238, 181, 905, 489, 427, 117, 585, 907, 499, 477, 367, 826, 94, 470, 332,
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about:blank

pseudorandom numbers class demo.ipynb

651, 228, 131, 655, 248, 231, 146, 730, 623, 88, 440, 182, 910, 514, 552, 742, 683, 388,
931, 619, 68, 340, 691, 428, 122, 610, 23, 115, 575, 857, 249, 236, 171, 855, 239, 186,
930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52, 260, 291, 446, 212, 51, 255, 266, 321,
596, 962, 774, 843, 179, 895, 439, 177, 885, 389, 936, 644, 193, 965, 789, 918, 554, 752,
733, 638, 163, 815, 39, 195, 975, 839, 159, 795, 948, 704, 493, 447, 217, 76, 380, 891,
419, 77, 385, 916, 544, 702, 483, 397, 976, 844, 184, 920, 564, 802, 983, 879, 359, 786,
903, 479, 377, 876, 344, 711, 528, 622, 83, 415, 57, 285, 416, 62, 310, 541, 687, 408, 22,
110, 550, 732, 633, 138, 690, 423, 97, 485, 407, 17, 85, 425, 107, 535, 657, 258, 281, 396,
971, 819, 59, 295, 466, 312, 551, 737, 658, 263, 306, 521, 587, 917, 549, 727, 608, 13, 65,
325, 616, 53, 265, 316, 571, 837, 149, 745, 698, 463, 297, 476, 362, 801, 978, 854, 234,
161, 805, 998, 954, 734, 643, 188, 940, 664, 293, 456, 262, 301, 496, 462, 292, 451, 237,
176, 880, 364, 811, 19, 95, 475, 357, 776, 853, 229, 136, 680, 373, 856, 244, 211, 46, 230,
141, 705, 498, 472, 342, 701, 478, 372, 851, 219, 86, 430, 132, 660, 273, 356, 771, 828,
104, 520, 582, 892, 424, 102, 510, 532, 642, 183, 915, 539, 677, 358, 781, 878, 354, 761,
778, 863, 279, 386, 921, 569, 827, 99, 495, 457, 267, 326, 621, 78, 390, 941, 669, 318,
581, 887, 399, 986, 894, 434, 152, 760, 773, 838, 154, 770, 823, 79, 395, 966, 794, 943,
679, 368, 831, 119, 595, 957, 749, 718, 563, 797, 958, 754, 743, 688, 413, 47, 235, 166,
830, 114, 570, 832, 124, 620, 73, 365, 816, 44, 220, 91, 455, 257, 276, 371, 846, 194, 970,
814, 34, 170, 850, 214, 61, 305, 516, 562, 792, 933, 629, 118, 590, 932, 624, 93, 465, 307,
526, 612, 33, 165, 825, 89, 445, 207, 26, 130, 650, 223, 106, 530, 632, 133, 665, 298, 481,
387, 926, 594, 952, 724, 593, 947, 699, 468, 322, 601, 987, 899, 459, 277, 376, 871, 319,
586, 912, 524, 602, 992, 924, 584, 902, 474, 352, 751, 728, 613, 38, 190, 950, 714, 543,
697, 458, 272, 351, 746, 703, 488, 422, 92, 460, 282, 401, 996, 944, 684, 393, 956, 744,
693, 438, 172, 860, 264, 311, 546, 712, 533, 647, 208, 31, 155, 775, 848, 204, 11, 55, 275,
366, 821, 69, 345, 716, 553, 747, 708, 513, 547, 717, 558, 772, 833, 129, 645, 198, 990,
914, 534, 652, 233, 156, 780, 873, 329, 636, 153, 765, 798, 963, 779, 868, 304, 511, 537,
667, 308, 531, 637, 158, 790, 923, 579, 877, 349, 736, 653, 238, 181, 905, 489, 427, 117,
585, 907, 499, 477, 367, 826, 94, 470, 332, 651, 228, 131, 655, 248, 231, 146, 730, 623,
88, 440, 182, 910, 514, 552, 742, 683, 388, 931, 619, 68, 340, 691, 428, 122, 610, 23, 115,
575, 857, 249, 236, 171, 855, 239, 186, 930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52,
260, 291, 446, 212, 51, 255, 266, 321, 596, 962, 774, 843, 179, 895, 439, 177, 885, 389,
936, 644, 193, 965, 789, 918, 554, 752, 733, 638, 163, 815, 39, 195, 975, 839, 159, 795,
948, 704, 493, 447, 217, 76, 380, 891, 419, 77, 385, 916, 544, 702, 483, 397, 976, 844,
184, 920, 564, 802, 983, 879, 359, 786, 903, 479, 377, 876, 344, 711, 528, 622, 83, 415,
57, 285, 416, 62, 310, 541, 687, 408, 22, 110, 550, 732, 633, 138, 690, 423, 97, 485, 407,
17, 85, 425, 107, 535, 657, 258, 281, 396, 971, 819, 59, 295, 466, 312, 551, 737, 658, 263,
306, 521, 587, 917, 549, 727, 608, 13, 65, 325, 616, 53, 265, 316, 571, 837, 149, 745, 698,
463, 297, 476, 362, 801, 978, 854, 234, 161, 805, 998, 954, 734, 643, 188, 940, 664, 293,
456, 262, 301, 496, 462, 292, 451, 237, 176, 880, 364, 811, 19, 95, 475, 357, 776, 853,
229, 136, 680, 373, 856, 244, 211, 46, 230, 141, 705, 498, 472, 342, 701, 478, 372, 851,
219, 86, 430, 132, 660, 273, 356, 771, 828, 104, 520, 582, 892, 424, 102, 510, 532, 642,
183, 915, 539, 677, 358, 781, 878, 354, 761, 778, 863, 279, 386, 921, 569, 827, 99, 495,
457, 267, 326, 621, 78, 390, 941, 669, 318, 581, 887, 399, 986, 894, 434, 152, 760, 773,
838, 154, 770, 823, 79, 395, 966, 794, 943, 679, 368, 831, 119, 595, 957, 749, 718, 563,
797, 958, 754, 743, 688, 413, 47, 235, 166, 830, 114, 570, 832, 124, 620, 73, 365, 816, 44,
220, 91, 455, 257, 276, 371, 846, 194, 970, 814, 34, 170, 850, 214, 61, 305, 516, 562, 792,
933, 629, 118, 590, 932, 624, 93, 465, 307, 526, 612, 33, 165, 825, 89, 445, 207, 26, 130,
650, 223, 106, 530, 632, 133, 665, 298, 481, 387, 926, 594, 952, 724, 593, 947, 699, 468,
322, 601, 987, 899, 459, 277, 376, 871, 319, 586, 912, 524, 602, 992, 924, 584, 902, 474,
352, 751, 728, 613, 38, 190, 950, 714, 543, 697, 458, 272, 351, 746, 703, 488, 422, 92,
460, 282, 401, 996, 944, 684, 393, 956, 744, 693, 438, 172, 860, 264, 311, 546, 712, 533,
647, 208, 31, 155, 775, 848, 204, 11, 55, 275, 366, 821, 69, 345, 716, 553, 747, 708, 513,
547, 717, 558, 772, 833, 129, 645, 198, 990, 914, 534, 652, 233, 156, 780, 873, 329, 636,
153, 765, 798, 963, 779, 868, 304, 511, 537, 667, 308, 531, 637, 158, 790, 923, 579, 877,
349, 736, 653, 238, 181, 905, 489, 427, 117, 585, 907, 499, 477, 367, 826, 94, 470, 332,
651, 228, 131, 655, 248, 231, 146, 730, 623, 88, 440, 182, 910, 514, 552, 742, 683, 388,
931, 619, 68, 340, 691, 428, 122, 610, 23, 115, 575, 857, 249, 236, 171, 855, 239, 186,
930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52, 260, 291, 446, 212, 51, 255, 266, 321,
596, 962, 774, 843, 179, 895, 439, 177, 885, 389, 936, 644, 193, 965, 789, 918, 554, 752,
733, 638, 163, 815, 39, 195, 975, 839, 159, 795, 948, 704, 493, 447, 217, 76, 380, 891,
419, 77, 385, 916, 544, 702, 483, 397, 976, 844, 184, 920, 564, 802, 983, 879, 359, 786,
903, 479, 377, 876, 344, 711, 528, 622, 83, 415, 57, 285, 416, 62, 310, 541, 687, 408, 22,
110, 550, 732, 633, 138, 690, 423, 97, 485, 407, 17, 85, 425, 107, 535, 657, 258, 281, 396,
971, 819, 59, 295, 466, 312, 551, 737, 658, 263, 306, 521, 587, 917, 549, 727, 608, 13, 65,
325, 616, 53, 265, 316, 571, 837, 149, 745, 698, 463, 297, 476, 362, 801, 978, 854, 234,
161, 805, 998, 954, 734, 643, 188, 940, 664, 293, 456, 262, 301, 496, 462, 292, 451, 237,
176, 880, 364, 811, 19, 95, 475, 357, 776, 853, 229, 136, 680, 373, 856, 244, 211, 46, 230,
141, 705, 498, 472, 342, 701, 478, 372, 851, 219, 86, 430, 132, 660, 273, 356, 771, 828,
104, 520, 582, 892, 424, 102, 510, 532, 642, 183, 915, 539, 677, 358, 781, 878, 354, 761,
778, 863, 279, 386, 921, 569, 827, 99, 495, 457, 267, 326, 621, 78, 390, 941, 669, 318,
581, 887, 399, 986, 894, 434, 152, 760, 773, 838, 154, 770, 823, 79, 395, 966, 794, 943,
679, 368, 831, 119, 595, 957, 749, 718, 563, 797, 958, 754, 743, 688, 413, 47, 235, 166,
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830, 114, 570,

832,

pseudorandom numbers class demo.ipynb
124, 620, 73, 365, 816, 44, 220, 91, 455, 257, 276, 371, 846, 194, 970,

814, 34, 170, 850, 214, 61, 305, 516, 562, 792, 933, 629, 118, 590, 932, 624, 93, 465, 307,
165, 825, 89, 445, 207, 26, 130, 650, 223, 106, 530, 632, 133, 665, 298, 481,
387, 926, 594, 952, 724, 593, 947, 699, 468, 322, 601, 987, 899, 459, 277, 376, 871, 319,
586, 912, 524, 602, 992, 924, 584, 902, 474, 352, 751, 728, 613, 38, 190, 950, 714, 543,
697, 458, 272, 351, 746, 703, 488, 422, 92, 460, 282, 401, 996, 944, 684, 393, 956, 744,
693, 438, 172, 860, 264, 311, 546, 712, 533, 647, 208, 31, 155, 775, 848, 204, 11, 55, 275,
366, 821, 69, 345, 716, 553, 747, 708, 513, 547, 717, 558, 772, 833, 129, 645, 198, 990,

526, 612, 33,

914, 534, 652,
667, 308, 531,

233,
637,

156, 7860, 873, 329, 636, 153, 765, 798, 963, 779, 868, 304, 511, 537,
158, 790, 923, 579, 877, 349, 736, 653, 238, 181, 905, 489, 427, 117,

585, 907, 499, 477, 367, 826, 94, 470, 332, 651, 228, 131, 655, 248, 231, 146, 730, 623,
88, 440, 182, 910, 514, 552, 742, 683, 388, 931, 619, 68, 340, 691, 428, 122, 610, 23, 115,

575, 857, 249,
260, 291, 446,
936, 644, 193,
948, 704, 493,
184, 920, 564,

236,
212,
965,
447,
802,

171, 855, 239, 186, 930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52,
51, 255, 266, 321, 596, 962, 774, 843, 179, 895, 439, 177, 885, 389,
789, 918, 554, 752, 733, 638, 163, 815, 39, 195, 975, 839, 159, 795,
217, 76, 380, 891, 419, 77, 385, 916, 544, 702, 483, 397, 976, 844,
983, 879, 359, 786, 903, 479, 377, 876, 344, 711, 528, 622, 83, 415,

57, 285, 416, 62, 310, 541, 687, 408, 22, 110, 550, 732, 633, 138, 690, 423, 97, 485, 407,
17, 85, 425, 107, 535, 657, 258, 281, 396, 971, 819, 59, 295, 466, 312, 551, 737, 658, 263,

306, 521, 587,
463, 297, 476,
456, 262, 301,
229, 136, 680,
219, 86, 430,
183, 915, 539,
457, 267, 326,
838, 154, 770,
797, 958, 754,

917,
362,
496,
373,

549, 727, 608, 13, 65, 325, 616, 53, 265, 316, 571, 837, 149, 745, 698,
801, 978, 854, 234, 161, 805, 998, 954, 734, 643, 188, 940, 664, 293,
462, 292, 451, 237, 176, 880, 364, 811, 19, 95, 475, 357, 776, 853,
856, 244, 211, 46, 230, 141, 705, 498, 472, 342, 701, 478, 372, 851,

132, 660, 273, 356, 771, 828, 104, 520, 582, 892, 424, 102, 510, 532, 642,

677,
621,
823,
743,

358, 781, 878, 354, 761, 778, 863, 279, 386, 921, 569, 827, 99, 495,
78, 390, 941, 669, 318, 581, 887, 399, 986, 894, 434, 152, 760, 773,
79, 395, 966, 794, 943, 679, 368, 831, 119, 595, 957, 749, 718, 563,
688, 413, 47, 235, 166, 830, 114, 570, 832, 124, 620, 73, 365, 816, 44,

220, 91, 455, 257, 276, 371, 846, 194, 970, 814, 34, 170, 850, 214, 61, 305, 516, 562, 792,

933, 629, 118,
650, 223, 106,
322, 601, 987,
352, 751, 728,
460, 282, 401,
647, 208, 31,

349, 736, 653,

590,
530,
899,
613,
996,

932, 624, 93, 465, 307, 526, 612, 33, 165, 825, 89, 445, 207, 26, 130,
632, 133, 665, 298, 481, 387, 926, 594, 952, 724, 593, 947, 699, 468,
459, 277, 376, 871, 319, 586, 912, 524, 602, 992, 924, 584, 902, 474,
38, 190, 950, 714, 543, 697, 458, 272, 351, 746, 703, 488, 422, 92,

944, 684, 393, 956, 744, 693, 438, 172, 860, 264, 311, 546, 712, 533,

155, 775, 848, 204, 11, 55, 275, 366, 821, 69, 345, 716, 553, 747, 708, 513,
547, 717, 558, 772, 833, 129, 645, 198, 990, 914, 534, 652, 233, 156, 780, 873, 329, 636,
153, 765, 798, 963, 779, 868, 304, 511, 537, 667, 308, 531, 637, 158, 790, 923, 579, 877,

238,

181, 905, 489, 427, 117, 585, 907, 499, 477, 367, 826, 94, 470, 332,

651, 228, 131, 655, 248, 231, 146, 730, 623, 88, 440, 182, 910, 514, 552, 742, 683, 388,
931, 619, 68, 340, 691, 428, 122, 610, 23, 115, 575, 857, 249, 236, 171, 855, 239, 186,
930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52, 260, 291, 446, 212, 51, 255, 266, 321,

596, 962, 774,

843,

179, 895, 439, 177, 885, 389, 936, 644, 193, 965, 789, 918, 554, 752,

733, 638, 163, 815, 39, 195, 975, 839, 159, 795, 948, 704, 493, 447, 217, 76, 380, 891,
419, 77, 385, 916, 544, 702, 483, 397, 976, 844, 184, 920, 564, 802, 983, 879, 359, 786,
903, 479, 377, 876, 344, 711, 528, 622, 83, 415, 57, 285, 416, 62, 310, 541, 687, 408, 22,

110, 550, 732,

633,

138, 690, 423, 97, 485, 407, 17, 85, 425, 107, 535, 657, 258, 281, 396,

971, 819, 59, 295, 466, 312, 551, 737, 658, 263, 306, 521, 587, 917, 549, 727, 608, 13, 65,
325, 616, 53, 265, 316, 571, 837, 149, 745, 698, 463, 297, 476, 362, 801, 978, 854, 234,

161, 805, 998,
176, 880, 364,
141, 705, 498,
104, 520, 582,
778, 863, 279,
581, 887, 399,
679, 368, 831,
830, 114, 570,

954,
811,
472,
892,
386,
986,
119,
832,

734, 643, 188, 940, 664, 293, 456, 262, 301, 496, 462, 292, 451, 237,
19, 95, 475, 357, 776, 853, 229, 136, 680, 373, 856, 244, 211, 46, 230,
342, 701, 478, 372, 851, 219, 86, 430, 132, 660, 273, 356, 771, 828,
424, 102, 510, 532, 642, 183, 915, 539, 677, 358, 781, 878, 354, 761,
921, 569, 827, 99, 495, 457, 267, 326, 621, 78, 390, 941, 669, 318,
894, 434, 152, 760, 773, 838, 154, 770, 823, 79, 395, 966, 794, 943,
595, 957, 749, 718, 563, 797, 958, 754, 743, 688, 413, 47, 235, 166,
124, 620, 73, 365, 816, 44, 220, 91, 455, 257, 276, 371, 846, 194, 970,

814, 34, 170, 850, 214, 61, 305, 516, 562, 792, 933, 629, 118, 590, 932, 624, 93, 465, 307,
165, 825, 89, 445, 207, 26, 130, 650, 223, 106, 530, 632, 133, 665, 298, 481,
387, 926, 594, 952, 724, 593, 947, 699, 468, 322, 601, 987, 899, 459, 277, 376, 871, 319,
586, 912, 524, 602, 992, 924, 584, 902, 474, 352, 751, 728, 613, 38, 190, 950, 714, 543,
697, 458, 272, 351, 746, 703, 488, 422, 92, 460, 282, 401, 996, 944, 684, 393, 956, 744,
693, 438, 172, 860, 264, 311, 546, 712, 533, 647, 208, 31, 155, 775, 848, 204, 11, 55, 275,
366, 821, 69, 345, 716, 553, 747, 708, 513, 547, 717, 558, 772, 833, 129, 645, 198, 990,

526, 612, 33,

914, 534, 652,
667, 308, 531,

233,
637,

156, 7860, 873, 329, 636, 153, 765, 798, 963, 779, 868, 304, 511, 537,
158, 790, 923, 579, 877, 349, 736, 653, 238, 181, 905, 489, 427, 117,

585, 907, 499, 477, 367, 826, 94, 470, 332, 651, 228, 131, 655, 248, 231, 146, 730, 623,
88, 440, 182, 910, 514, 552, 742, 683, 388, 931, 619, 68, 340, 691, 428, 122, 610, 23, 115,

575, 857, 249,
260, 291, 4406,
936, 644, 193,
948, 704, 493,
184, 920, 564,

236,
212,
965,
447,
802,

171, 855, 239, 186, 930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52,
51, 255, 266, 321, 596, 962, 774, 843, 179, 895, 439, 177, 885, 389,
789, 918, 554, 752, 733, 638, 163, 815, 39, 195, 975, 839, 159, 795,
217, 76, 380, 891, 419, 77, 385, 916, 544, 702, 483, 397, 976, 844,
983, 879, 359, 786, 903, 479, 377, 876, 344, 711, 528, 622, 83, 415,
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57, 285, 416, 62, 310, 541, 687, 408, 22, 110, 550, 732, 633, 138, 690, 423, 97, 485, 407,

17, 85, 425,

107, 535, 657, 258, 281, 396, 971, 819, 59, 295, 466, 312, 551, 737, 658, 263,

306, 521, 587, 917, 549, 727, 608, 13, 65, 325, 616, 53, 265, 316, 571, 837, 149, 745, 698,
463, 297, 476, 362, 801, 978, 854, 234, 161, 805, 998, 954, 734, 643, 188, 940, 664, 293,
262, 301, 496, 462, 292, 451, 237, 176, 880, 364, 811, 19, 95, 475, 357, 776, 853,
136, 680, 373, 856, 244, 211, 46, 230, 141, 705, 498, 472, 342, 701, 478, 372, 851,
132, 660, 273, 356, 771, 828, 104, 520, 582, 892, 424, 102, 510, 532, 642,
915, 539, 677, 358, 781, 878, 354, 761, 778, 863, 279, 386, 921, 569, 827, 99, 495,
267, 326, 621, 78, 390, 941, 669, 318, 581, 887, 399, 986, 894, 434, 152, 760, 773,
154, 770, 823, 79, 395, 966, 794, 943, 679, 368, 831, 119, 595, 957, 749, 718, 563,
958, 754, 743, 688, 413, 47, 235, 166, 830, 114, 570, 832, 124, 620, 73, 365, 816, 44,
91, 455, 257, 276, 371, 846, 194, 970, 814, 34, 170, 850, 214, 61, 305, 516, 562, 792,

456,
229,
219,
183,
457,
838,
797,
220,
933,
650,
322,
352,
460,
647,
547,
153,
349,
651,
931,
930,
596,
733,
419,
903,
110,
971,
325,
161,
176,
141,
104,
778,
581,
679,
830,
814,
526,
387,
586,
697,
693,
366,
914,
667,
585,

88, 440,

86, 430,

629, 118,
223, 106,
601, 987,
751, 728,
282, 401,
208, 31,

736, 653,

590,
530,
899,
613,
996,

932, 624, 93, 465, 307, 526, 612, 33, 165, 825, 89, 445, 207, 26, 130,
632, 133, 665, 298, 481, 387, 926, 594, 952, 724, 593, 947, 699, 468,
459, 277, 376, 871, 319, 586, 912, 524, 602, 992, 924, 584, 902, 474,
38, 190, 950, 714, 543, 697, 458, 272, 351, 746, 703, 488, 422, 92,

944, 684, 393, 956, 744, 693, 438, 172, 860, 264, 311, 546, 712, 533,

155, 775, 848, 204, 11, 55, 275, 366, 821, 69, 345, 716, 553, 747, 708, 513,
717, 558, 772, 833, 129, 645, 198, 990, 914, 534, 652, 233, 156, 780, 873, 329, 636,
765, 798, 963, 779, 868, 304, 511, 537, 667, 308, 531, 637, 158, 790, 923, 579, 877,

238,

181, 905, 489, 427, 117, 585, 907, 499, 477, 367, 826, 94, 470, 332,

228, 131, 655, 248, 231, 146, 730, 623, 88, 440, 182, 910, 514, 552, 742, 683, 388,
619, 68, 340, 691, 428, 122, 610, 23, 115, 575, 857, 249, 236, 171, 855, 239, 1806,
614, 43, 215, 66, 330, 641, 178, 890, 414, 52, 260, 291, 446, 212, 51, 255, 266, 321,

962, 774,

843,

179, 895, 439, 177, 885, 389, 936, 644, 193, 965, 789, 918, 554, 752,

638, 163, 815, 39, 195, 975, 839, 159, 795, 948, 704, 493, 447, 217, 76, 380, 891,
77, 385, 916, 544, 702, 483, 397, 976, 844, 184, 920, 564, 802, 983, 879, 359, 786,
479, 377, 876, 344, 711, 528, 622, 83, 415, 57, 285, 416, 62, 310, 541, 687, 408, 22,

550, 732,

633,

138, 690, 423, 97, 485, 407, 17, 85, 425, 107, 535, 657, 258, 281, 396,

819, 59, 295, 466, 312, 551, 737, 658, 263, 306, 521, 587, 917, 549, 727, 608, 13, 65,
616, 53, 265, 316, 571, 837, 149, 745, 698, 463, 297, 476, 362, 801, 978, 854, 234,

805, 998,
880, 364,
705, 498,
520, 582,
863, 279,
887, 399,
368, 831,
114, 570,

954,
811,
472,
892,
386,
986,
119,
832,

734, 643, 188, 940, 664, 293, 456, 262, 301, 496, 462, 292, 451, 237,
19, 95, 475, 357, 776, 853, 229, 136, 680, 373, 856, 244, 211, 46, 230,
342, 701, 478, 372, 851, 219, 86, 430, 132, 660, 273, 356, 771, 828,
424, 102, 510, 532, 642, 183, 915, 539, 677, 358, 781, 878, 354, 761,
921, 569, 827, 99, 495, 457, 267, 326, 621, 78, 390, 941, 669, 318,
894, 434, 152, 760, 773, 838, 154, 770, 823, 79, 395, 966, 794, 943,
595, 957, 749, 718, 563, 797, 958, 754, 743, 688, 413, 47, 235, 166,
124, 620, 73, 365, 816, 44, 220, 91, 455, 257, 276, 371, 846, 194, 970,

34, 170, 850, 214, 61, 305, 516, 562, 792, 933, 629, 118, 590, 932, 624, 93, 465, 307,
165, 825, 89, 445, 207, 26, 130, 650, 223, 106, 530, 632, 133, 665, 298, 481,
926, 594, 952, 724, 593, 947, 699, 468, 322, 601, 987, 899, 459, 277, 376, 871, 319,
912, 524, 602, 992, 924, 584, 902, 474, 352, 751, 728, 613, 38, 190, 950, 714, 543,
458, 272, 351, 746, 703, 488, 422, 92, 460, 282, 401, 996, 944, 684, 393, 956, 744,
438, 172, 860, 264, 311, 546, 712, 533, 647, 208, 31, 155, 775, 848, 204, 11, 55, 275,
821, 69, 345, 716, 553, 747, 708, 513, 547, 717, 558, 772, 833, 129, 645, 198, 990,

612, 33,

534, 652,
308, 531,

233,
637,

156, 780, 873, 329, 636, 153, 765, 798, 963, 779, 868, 304, 511, 537,
158, 790, 923, 579, 877, 349, 736, 653, 238, 181, 905, 489, 427, 117,

907, 499, 477, 367, 826, 94, 470, 332, 651, 228, 131, 655, 248, 231, 146, 730, 623,

575, 857, 249, 236,

260,
936,
948,
184,

291, 446,
644, 193,
704, 493,
920, 564,

212,
965,
447,
802,

182, 910, 514, 552, 742, 683, 388, 931, 619, 68, 340, 691, 428, 122, 610, 23, 115,

171, 855, 239, 186, 930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52,
51, 255, 266, 321, 596, 962, 774, 843, 179, 895, 439, 177, 885, 389,
789, 918, 554, 752, 733, 638, 163, 815, 39, 195, 975, 839, 159, 795,
217, 76, 380, 891, 419, 77, 385, 916, 544, 702, 483, 397, 976, 844,
983, 879, 359, 786, 903, 479, 377, 876, 344, 711, 528, 622, 83, 415,

57, 285, 416, 62, 310, 541, 687, 408, 22, 110, 550, 732, 633, 138, 690, 423, 97, 485, 407,

17, 85, 425,

306,
463,
456,
229,
219,
183,
457,
838,
797,
220,
933,
650,
322,
352,
460,

521, 587,
297, 476,
262, 301,
136, 680,
86, 430,

629, 118,
223, 106,
601, 987,
751, 728,
282, 401,

917,
362,
496,
373,

107, 535, 657, 258, 281, 396, 971, 819, 59, 295, 466, 312, 551, 737, 658, 263,

549, 727, 608, 13, 65, 325, 616, 53, 265, 316, 571, 837, 149, 745, 698,
801, 978, 854, 234, 161, 805, 998, 954, 734, 643, 188, 940, 664, 293,
462, 292, 451, 237, 176, 880, 364, 811, 19, 95, 475, 357, 776, 853,
856, 244, 211, 46, 230, 141, 705, 498, 472, 342, 701, 478, 372, 851,

132, 660, 273, 356, 771, 828, 104, 520, 582, 892, 424, 102, 510, 532, 642,
915, 539, 677, 358, 781, 878, 354, 761, 778, 863, 279, 386, 921, 569, 827, 99, 495,
267, 326, 621, 78, 390, 941, 669, 318, 581, 887, 399, 986, 894, 434, 152, 760, 773,
154, 770, 823, 79, 395, 966, 794, 943, 679, 368, 831, 119, 595, 957, 749, 718, 563,
958, 754, 743, 688, 413, 47, 235, 166, 830, 114, 570, 832, 124, 620, 73, 365, 816, 44,
91, 455, 257, 276, 371, 846, 194, 970, 814, 34, 170, 850, 214, 61, 305, 516, 562, 792,

590,
530,
899,
613,
996,

932, 624, 93, 465, 307, 526, 612, 33, 165, 825, 89, 445, 207, 26, 130,
632, 133, 665, 298, 481, 387, 926, 594, 952, 724, 593, 947, 699, 468,
459, 277, 376, 871, 319, 586, 912, 524, 602, 992, 924, 584, 902, 474,
38, 190, 950, 714, 543, 697, 458, 272, 351, 746, 703, 488, 422, 92,

944, 684, 393, 956, 744, 693, 438, 172, 860, 264, 311, 546, 712, 533,
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647, 208, 31, 155, 775, 848, 204, 11, 55, 275, 366, 821, 69, 345, 716, 553, 747, 708, 513,
547, 717, 558, 772, 833, 129, 645, 198, 990, 914, 534, 652, 233, 156, 780, 873, 329, 636,
153, 765, 798, 963, 779, 868, 304, 511, 537, 667, 308, 531, 637, 158, 790, 923, 579, 877,
349, 736, 653, 238, 181, 905, 489, 427, 117, 585, 907, 499, 477, 367, 826, 94, 470, 332,
651, 228, 131, 655, 248, 231, 146, 730, 623, 88, 440, 182, 910, 514, 552, 742, 683, 388,
931, 619, 68, 340, 691, 428, 122, 610, 23, 115, 575, 857, 249, 236, 171, 855, 239, 186,
930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52, 260, 291, 446, 212, 51, 255, 266, 321,
596, 962, 774, 843, 179, 895, 439, 177, 885, 389, 936, 644, 193, 965, 789, 918, 554, 752,
733, 638, 163, 815, 39, 195, 975, 839, 159, 795, 948, 704, 493, 447, 217, 76, 380, 891,
419, 77, 385, 916, 544, 702, 483, 397, 976, 844, 184, 920, 564, 802, 983, 879, 359, 786,
903, 479, 377, 876, 344, 711, 528, 622, 83, 415, 57, 285, 416, 62, 310, 541, 687, 408, 22,
110, 550, 732, 633, 138, 690, 423, 97, 485, 407, 17, 85, 425, 107, 535, 657, 258, 281, 396,
971, 819, 59, 295, 466, 312, 551, 737, 658, 263, 306, 521, 587, 917, 549, 727, 608, 13, 65,
325, 616, 53, 265, 316, 571, 837, 149, 745, 698, 463, 297, 476, 362, 801, 978, 854, 234,
161, 805, 998, 954, 734, 643, 188, 940, 664, 293, 456, 262, 301, 496, 462, 292, 451, 237,
176, 880, 364, 811, 19, 95, 475, 357, 776, 853, 229, 136, 680, 373, 856, 244, 211, 46, 230,
141, 705, 498, 472, 342, 701, 478, 372, 851, 219, 86, 430, 132, 660, 273, 356, 771, 828,
104, 520, 582, 892, 424, 102, 510, 532, 642, 183, 915, 539, 677, 358, 781, 878, 354, 761,
778, 863, 279, 386, 921, 569, 827, 99, 495, 457, 267, 326, 621, 78, 390, 941, 669, 318,
581, 887, 399, 986, 894, 434, 152, 760, 773, 838, 154, 770, 823, 79, 395, 966, 794, 943,
679, 368, 831, 119, 595, 957, 749, 718, 563, 797, 958, 754, 743, 688, 413, 47, 235, 166,
830, 114, 570, 832, 124, 620, 73, 365, 816, 44, 220, 91, 455, 257, 276, 371, 846, 194, 970,
814, 34, 170, 850, 214, 61, 305, 516, 562, 792, 933, 629, 118, 590, 932, 624, 93, 465, 307,
526, 612, 33, 165, 825, 89, 445, 207, 26, 130, 650, 223, 106, 530, 632, 133, 665, 298, 481,
387, 926, 594, 952, 724, 593, 947, 699, 468, 322, 601, 987, 899, 459, 277, 376, 871, 319,
586, 912, 524, 602, 992, 924, 584, 902, 474, 352, 751, 728, 613, 38, 190, 950, 714, 543,
697, 458, 272, 351, 746, 703, 488, 422, 92, 460, 282, 401, 996, 944, 684, 393, 956, 744,
693, 438, 172, 860, 264, 311, 546, 712, 533, 647, 208, 31, 155, 775, 848, 204, 11, 55, 275,
366, 821, 69, 345, 716, 553, 747, 708, 513, 547, 717, 558, 772, 833, 129, 645, 198, 990,
914, 534, 652, 233, 156, 780, 873, 329, 636, 153, 765, 798, 963, 779, 868, 304, 511, 537,
667, 308, 531, 637, 158, 790, 923, 579, 877, 349, 736, 653, 238, 181, 905, 489, 427, 117,
585, 907, 499, 477, 367, 826, 94, 470, 332, 651, 228, 131, 655, 248, 231, 146, 730, 623,
88, 440, 182, 910, 514, 552, 742, 683, 388, 931, 619, 68, 340, 691, 428, 122, 610, 23, 115,
575, 857, 249, 236, 171, 855, 239, 186, 930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52,
260, 291, 446, 212, 51, 255, 266, 321, 596, 962, 774, 843, 179, 895, 439, 177, 885, 389,
936, 644, 193, 965, 789, 918, 554, 752, 733, 638, 163, 815, 39, 195, 975, 839, 159, 795,
948, 704, 493, 447, 217, 76, 380, 891, 419, 77, 385, 916, 544, 702, 483, 397, 976, 844,
184, 920, 564, 802, 983, 879, 359, 786, 903, 479, 377, 876, 344, 711, 528, 622, 83, 415,
57, 285, 416, 62, 310, 541, 687, 408, 22, 110, 550, 732, 633, 138, 690, 423, 97, 485, 407,
17, 85, 425, 107, 535, 657, 258, 281, 396, 971, 819, 59, 295, 466, 312, 551, 737, 658, 263,
306, 521, 587, 917, 549, 727, 608, 13, 65, 325, 616, 53, 265, 316, 571, 837, 149, 745, 698,
463, 297, 476, 362, 801, 978, 854, 234, 161, 805, 998, 954, 734, 643, 188, 940, 664, 293,
456, 262, 301, 496, 462, 292, 451, 237, 176, 880, 364, 811, 19, 95, 475, 357, 776, 853,
229, 136, 680, 373, 856, 244, 211, 46, 230, 141, 705, 498, 472, 342, 701, 478, 372, 851,
219, 86, 430, 132, 660, 273, 356, 771, 828, 104, 520, 582, 892, 424, 102, 510, 532, 642,
183, 915, 539, 677, 358, 781, 878, 354, 761, 778, 863, 279, 386, 921, 569, 827, 99, 495,
457, 267, 326, 621, 78, 390, 941, 669, 318, 581, 887, 399, 986, 894, 434, 152, 760, 773,
838, 154, 770, 823, 79, 395, 966, 794, 943, 679, 368, 831, 119, 595, 957, 749, 718, 563,
797, 958, 754, 743, 688, 413, 47, 235, 166, 830, 114, 570, 832, 124, 620, 73, 365, 816, 44,
220, 91, 455, 257, 276, 371, 846, 194, 970, 814, 34, 170, 850, 214, 61, 305, 516, 562, 792,
933, 629, 118, 590, 932, 624, 93, 465, 307, 526, 612, 33, 165, 825, 89, 445, 207, 26, 130,
650, 223, 106, 530, 632, 133, 665, 298, 481, 387, 926, 594, 952, 724, 593, 947, 699, 468,
322, 601, 987, 899, 459, 277, 376, 871, 319, 586, 912, 524, 602, 992, 924, 584, 902, 474,
352, 751, 728, 613, 38, 190, 950, 714, 543, 697, 458, 272, 351, 746, 703, 488, 422, 92,
460, 282, 401, 996, 944, 684, 393, 956, 744, 693, 438, 172, 860, 264, 311, 546, 712, 533,
647, 208, 31, 155, 775, 848, 204, 11, 55, 275, 366, 821, 69, 345, 716, 553, 747, 708, 513,
547, 717, 558, 772, 833, 129, 645, 198, 990, 914, 534, 652, 233, 156, 780, 873, 329, 636,
153, 765, 798, 963, 779, 868, 304, 511, 537, 667, 308, 531, 637, 158, 790, 923, 579, 877,
349, 736, 653, 238, 181, 905, 489, 427, 117, 585, 907, 499, 477, 367, 826, 94, 470, 332,
651, 228, 131, 655, 248, 231, 146, 730, 623, 88, 440, 182, 910, 514, 552, 742, 683, 388,
931, 619, 68, 340, 691, 428, 122, 610, 23, 115, 575, 857, 249, 236, 171, 855, 239, 186,
930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52, 260, 291, 446, 212, 51, 255, 266, 321,
596, 962, 774, 843, 179, 895, 439, 177, 885, 389, 936, 644, 193, 965, 789, 918, 554, 752,
733, 638, 163, 815, 39, 195, 975, 839, 159, 795, 948, 704, 493, 447, 217, 76, 380, 891,
419, 77, 385, 916, 544, 702, 483, 397, 976, 844, 184, 920, 564, 802, 983, 879, 359, 786,
903, 479, 377, 876, 344, 711, 528, 622, 83, 415, 57, 285, 416, 62, 310, 541, 687, 408, 22,
110, 550, 732, 633, 138, 690, 423, 97, 485, 407, 17, 85, 425, 107, 535, 657, 258, 281, 396,
971, 819, 59, 295, 466, 312, 551, 737, 658, 263, 306, 521, 587, 917, 549, 727, 608, 13, 65,
325, 616, 53, 265, 316, 571, 837, 149, 745, 698, 463, 297, 476, 362, 801, 978, 854, 234,
161, 805, 998, 954, 734, 643, 188, 940, 664, 293, 456, 262, 301, 496, 462, 292, 451, 237,
176, 880, 364, 811, 19, 95, 475, 357, 776, 853, 229, 136, 680, 373, 856, 244, 211, 46, 230,
141, 705, 498, 472, 342, 701, 478, 372, 851, 219, 86, 430, 132, 660, 273, 356, 771, 828,
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104, 520, 582, 892,
778, 863, 279, 386,
581, 887, 399, 986,
679, 368, 831, 119,
830, 114, 570, 832,

pseudorandom numbers class demo.ipynb

424, 102, 510, 532, 642, 183, 915, 539, 677, 358, 781, 878, 354, 761,
921, 569, 827, 99, 495, 457, 267, 326, 621, 78, 390, 941, 669, 318,
894, 434, 152, 760, 773, 838, 154, 770, 823, 79, 395, 966, 794, 943,
595, 957, 749, 718, 563, 797, 958, 754, 743, 688, 413, 47, 235, 166,
124, 620, 73, 365, 816, 44, 220, 91, 455, 257, 276, 371, 846, 194, 970,

814, 34, 170, 850, 214, 61, 305, 516, 562, 792, 933, 629, 118, 590, 932, 624, 93, 465, 307,
526, 612, 33, 165, 825, 89, 445, 207, 26, 130, 650, 223, 106, 530, 632, 133, 665, 298, 481,

387, 926, 594, 952,
586, 912, 524, 602,
697, 458, 272, 351,
693, 438, 172, 860,

724, 593, 947, 699, 468, 322, 601, 987, 899, 459, 277, 376, 871, 319,
992, 924, 584, 902, 474, 352, 751, 728, 613, 38, 190, 950, 714, 543,
746, 703, 488, 422, 92, 460, 282, 401, 996, 944, 684, 393, 956, 744,
264, 311, 546, 712, 533, 647, 208, 31, 155, 775, 848, 204, 11, 55, 275,

366, 821, 69, 345, 716, 553, 747, 708, 513, 547, 717, 558, 772, 833, 129, 645, 198, 990,

914, 534, 652, 233,
667, 308, 531, 637,
585, 907, 499, 477,

156, 780, 873, 329, 636, 153, 765, 798, 963, 779, 868, 304, 511, 537,
158, 790, 923, 579, 877, 349, 736, 653, 238, 181, 905, 489, 427, 117,
367, 826, 94, 470, 332, 651, 228, 131, 655, 248, 231, 146, 730, 623,

88, 440, 182, 910, 514, 552, 742, 683, 388, 931, 619, 68, 340, 691, 428, 122, 610, 23, 115,

575, 857, 249, 236,
260, 291, 446, 212,
936, 644, 193, 965,
948, 704, 493, 447,
184, 920, 564, 802,

171, 855, 239, 186, 930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52,
51, 255, 266, 321, 596, 962, 774, 843, 179, 895, 439, 177, 885, 389,
789, 918, 554, 752, 733, 638, 163, 815, 39, 195, 975, 839, 159, 795,
217, 76, 380, 891, 419, 77, 385, 916, 544, 702, 483, 397, 976, 844,
983, 879, 359, 786, 903, 479, 377, 876, 344, 711, 528, 622, 83, 415,

57, 285, 416, 62, 310, 541, 687, 408, 22, 110, 550, 732, 633, 138, 690, 423, 97, 485, 407,
17, 85, 425, 107, 535, 657, 258, 281, 396, 971, 819, 59, 295, 466, 312, 551, 737, 658, 263,

306, 521, 587, 917,
463, 297, 476, 362,
456, 262, 301, 496,
229, 136, 680, 373,

549, 727, 608, 13, 65, 325, 616, 53, 265, 316, 571, 837, 149, 745, 698,
801, 978, 854, 234, 161, 805, 998, 954, 734, 643, 188, 940, 664, 293,
462, 292, 451, 237, 176, 880, 364, 811, 19, 95, 475, 357, 776, 853,
856, 244, 211, 46, 230, 141, 705, 498, 472, 342, 701, 478, 372, 851,

219, 86, 430, 132, 660, 273, 356, 771, 828, 104, 520, 582, 892, 424, 102, 510, 532, 642,

183, 915, 539, 677,
457, 267, 326, 621,
838, 154, 770, 823,
797, 958, 754, 743,

358, 781, 878, 354, 761, 778, 863, 279, 386, 921, 569, 827, 99, 495,
78, 390, 941, 669, 318, 581, 887, 399, 986, 894, 434, 152, 760, 773,
79, 395, 966, 794, 943, 679, 368, 831, 119, 595, 957, 749, 718, 563,
688, 413, 47, 235, 166, 830, 114, 570, 832, 124, 620, 73, 365, 816, 44,

220, 91, 455, 257, 276, 371, 846, 194, 970, 814, 34, 170, 850, 214, 61, 305, 516, 562, 792,

933, 629, 118, 590,
650, 223, 106, 530,
322, 601, 987, 899,
352, 751, 728, 613,
460, 282, 401, 996,

932, 624, 93, 465, 307, 526, 612, 33, 165, 825, 89, 445, 207, 26, 130,
632, 133, 665, 298, 481, 387, 926, 594, 952, 724, 593, 947, 699, 468,
459, 277, 376, 871, 319, 586, 912, 524, 602, 992, 924, 584, 902, 474,
38, 190, 950, 714, 543, 697, 458, 272, 351, 746, 703, 488, 422, 92,

944, 684, 393, 956, 744, 693, 438, 172, 860, 264, 311, 546, 712, 533,

647, 208, 31, 155, 775, 848, 204, 11, 55, 275, 366, 821, 69, 345, 716, 553, 747, 708, 513,

547, 717, 558, 772,
153, 765, 798, 963,
349, 736, 653, 238,
651, 228, 131, 655,

833, 129, 645, 198, 990, 914, 534, 652, 233, 156, 780, 873, 329, 636,
779, 868, 304, 511, 537, 667, 308, 531, 637, 158, 790, 923, 579, 877,
181, 905, 489, 427, 117, 585, 907, 499, 477, 367, 826, 94, 470, 332,
248, 231, 146, 730, 623, 88, 440, 182, 910, 514, 552, 742, 683, 388,

931, 619, 68, 340, 691, 428, 122, 610, 23, 115, 575, 857, 249, 236, 171, 855, 239, 186,
930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52, 260, 291, 446, 212, 51, 255, 266, 321,

596, 962, 774, 843,
733, 638, 163, 815,

179, 895, 439, 177, 885, 389, 936, 644, 193, 965, 789, 918, 554, 752,
39, 195, 975, 839, 159, 795, 948, 704, 493, 447, 217, 76, 380, 891,

419, 77, 385, 916, 544, 702, 483, 397, 976, 844, 184, 920, 564, 802, 983, 879, 359, 786,

903, 479, 377, 876,
110, 550, 732, 633,

344, 711, 528, 622, 83, 415, 57, 285, 416, 62, 310, 541, 687, 408, 22,
138, 690, 423, 97, 485, 407, 17, 85, 425, 107, 535, 657, 258, 281, 396,

971, 819, 59, 295, 466, 312, 551, 737, 658, 263, 306, 521, 587, 917, 549, 727, 608, 13, 65,
325, 616, 53, 265, 316, 571, 837, 149, 745, 698, 463, 297, 476, 362, 801, 978, 854, 234,

161, 805, 998, 954,
176, 880, 364, 811,
141, 705, 498, 472,
104, 520, 582, 892,
778, 863, 279, 386,
581, 887, 399, 986,
679, 368, 831, 119,
830, 114, 570, 832,

734, 643, 188, 940, 664, 293, 456, 262, 301, 496, 462, 292, 451, 237,
19, 95, 475, 357, 776, 853, 229, 136, 680, 373, 856, 244, 211, 46, 230,
342, 701, 478, 372, 851, 219, 86, 430, 132, 660, 273, 356, 771, 828,
424, 102, 510, 532, 642, 183, 915, 539, 677, 358, 781, 878, 354, 761,
921, 569, 827, 99, 495, 457, 267, 326, 621, 78, 390, 941, 669, 318,
894, 434, 152, 760, 773, 838, 154, 770, 823, 79, 395, 966, 794, 943,
595, 957, 749, 718, 563, 797, 958, 754, 743, 688, 413, 47, 235, 166,
124, 620, 73, 365, 816, 44, 220, 91, 455, 257, 276, 371, 846, 194, 970,

814, 34, 170, 850, 214, 61, 305, 516, 562, 792, 933, 629, 118, 590, 932, 624, 93, 465, 307,
526, 612, 33, 165, 825, 89, 445, 207, 26, 130, 650, 223, 106, 530, 632, 133, 665, 298, 481,

387, 926, 594, 952,
586, 912, 524, 602,
697, 458, 272, 351,
693, 438, 172, 860,

724, 593, 947, 699, 468, 322, 601, 987, 899, 459, 277, 376, 871, 319,
992, 924, 584, 902, 474, 352, 751, 728, 613, 38, 190, 950, 714, 543,
746, 703, 488, 422, 92, 460, 282, 401, 996, 944, 684, 393, 956, 744,
264, 311, 546, 712, 533, 647, 208, 31, 155, 775, 848, 204, 11, 55, 275,

366, 821, 69, 345, 716, 553, 747, 708, 513, 547, 717, 558, 772, 833, 129, 645, 198, 990,

914, 534, 652, 233,
667, 308, 531, 637,
585, 907, 499, 477,

156, 7860, 873, 329, 636, 153, 765, 798, 963, 779, 868, 304, 511, 537,
158, 790, 923, 579, 877, 349, 736, 653, 238, 181, 905, 489, 427, 117,
367, 826, 94, 470, 332, 651, 228, 131, 655, 248, 231, 146, 730, 623,

88, 440, 182, 910, 514, 552, 742, 683, 388, 931, 619, 68, 340, 691, 428, 122, 610, 23, 115,

575, 857, 249, 236,

171, 855, 239, 186, 930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52,

11/22
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260, 291, 446, 212, 51, 255, 266, 321, 596, 962, 774, 843, 179, 895, 439, 177, 885, 389,
936, 644, 193, 965, 789, 918, 554, 752, 733, 638, 163, 815, 39, 195, 975, 839, 159, 795,
948, 704, 493, 447, 217, 76, 380, 891, 419, 77, 385, 916, 544, 702, 483, 397, 976, 844,
184, 920, 564, 802, 983, 879, 359, 786, 903, 479, 377, 876, 344, 711, 528, 622, 83, 415,
57, 285, 416, 62, 310, 541, 687, 408, 22, 110, 550, 732, 633, 138, 690, 423, 97, 485, 407,
17, 85, 425, 107, 535, 657, 258, 281, 396, 971, 819, 59, 295, 466, 312, 551, 737, 658, 263,
306, 521, 587, 917, 549, 727, 608, 13, 65, 325, 616, 53, 265, 316, 571, 837, 149, 745, 698,
463, 297, 476, 362, 801, 978, 854, 234, 161, 805, 998, 954, 734, 643, 188, 940, 664, 293,
456, 262, 301, 496, 462, 292, 451, 237, 176, 880, 364, 811, 19, 95, 475, 357, 776, 853,
229, 136, 680, 373, 856, 244, 211, 46, 230, 141, 705, 498, 472, 342, 701, 478, 372, 851,
219, 86, 430, 132, 660, 273, 356, 771, 828, 104, 520, 582, 892, 424, 102, 510, 532, 642,
183, 915, 539, 677, 358, 781, 878, 354, 761, 778, 863, 279, 386, 921, 569, 827, 99, 495,
457, 267, 326, 621, 78, 390, 941, 669, 318, 581, 887, 399, 986, 894, 434, 152, 760, 773,
838, 154, 770, 823, 79, 395, 966, 794, 943, 679, 368, 831, 119, 595, 957, 749, 718, 563,
797, 958, 754, 743, 688, 413, 47, 235, 166, 830, 114, 570, 832, 124, 620, 73, 365, 816, 44,
220, 91, 455, 257, 276, 371, 846, 194, 970, 814, 34, 170, 850, 214, 61, 305, 516, 562, 792,
933, 629, 118, 590, 932, 624, 93, 465, 307, 526, 612, 33, 165, 825, 89, 445, 207, 26, 130,
650, 223, 106, 530, 632, 133, 665, 298, 481, 387, 926, 594, 952, 724, 593, 947, 699, 468,
322, 601, 987, 899, 459, 277, 376, 871, 319, 586, 912, 524, 602, 992, 924, 584, 902, 474,
352, 751, 728, 613, 38, 190, 950, 714, 543, 697, 458, 272, 351, 746, 703, 488, 422, 92,
460, 282, 401, 996, 944, 684, 393, 956, 744, 693, 438, 172, 860, 264, 311, 546, 712, 533,
647, 208, 31, 155, 775, 848, 204, 11, 55, 275, 366, 821, 69, 345, 716, 553, 747, 708, 513,
547, 717, 558, 772, 833, 129, 645, 198, 990, 914, 534, 652, 233, 156, 780, 873, 329, 636,
153, 765, 798, 963, 779, 868, 304, 511, 537, 667, 308, 531, 637, 158, 790, 923, 579, 877,
349, 736, 653, 238, 181, 905, 489, 427, 117, 585, 907, 499, 477, 367, 826, 94, 470, 332,
651, 228, 131, 655, 248, 231, 146, 730, 623, 88, 440, 182, 910, 514, 552, 742, 683, 388,
931, 619, 68, 340, 691, 428, 122, 610, 23, 115, 575, 857, 249, 236, 171, 855, 239, 186,
930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52, 260, 291, 446, 212, 51, 255, 266, 321,
596, 962, 774, 843, 179, 895, 439, 177, 885, 389, 936, 644, 193, 965, 789, 918, 554, 752,
733, 638, 163, 815, 39, 195, 975, 839, 159, 795, 948, 704, 493, 447, 217, 76, 380, 891,
419, 77, 385, 916, 544, 702, 483, 397, 976, 844, 184, 920, 564, 802, 983, 879, 359, 786,
903, 479, 377, 876, 344, 711, 528, 622, 83, 415, 57, 285, 416, 62, 310, 541, 687, 408, 22,
110, 550, 732, 633, 138, 690, 423, 97, 485, 407, 17, 85, 425, 107, 535, 657, 258, 281, 396,
971, 819, 59, 295, 466, 312, 551, 737, 658, 263, 306, 521, 587, 917, 549, 727, 608, 13, 65,
325, 616, 53, 265, 316, 571, 837, 149, 745, 698, 463, 297, 476, 362, 801, 978, 854, 234,
161, 805, 998, 954, 734, 643, 188, 940, 664, 293, 456, 262, 301, 496, 462, 292, 451, 237,
176, 880, 364, 811, 19, 95, 475, 357, 776, 853, 229, 136, 680, 373, 856, 244, 211, 46, 230,
141, 705, 498, 472, 342, 701, 478, 372, 851, 219, 86, 430, 132, 660, 273, 356, 771, 828,
104, 520, 582, 892, 424, 102, 510, 532, 642, 183, 915, 539, 677, 358, 781, 878, 354, 761,
778, 863, 279, 386, 921, 569, 827, 99, 495, 457, 267, 326, 621, 78, 390, 941, 669, 318,
581, 887, 399, 986, 894, 434, 152, 760, 773, 838, 154, 770, 823, 79, 395, 966, 794, 943,
679, 368, 831, 119, 595, 957, 749, 718, 563, 797, 958, 754, 743, 688, 413, 47, 235, 166,
830, 114, 570, 832, 124, 620, 73, 365, 816, 44, 220, 91, 455, 257, 276, 371, 846, 194, 970,
814, 34, 170, 850, 214, 61, 305, 516, 562, 792, 933, 629, 118, 590, 932, 624, 93, 465, 307,
526, 612, 33, 165, 825, 89, 445, 207, 26, 130, 650, 223, 106, 530, 632, 133, 665, 298, 481,
387, 926, 594, 952, 724, 593, 947, 699, 468, 322, 601, 987, 899, 459, 277, 376, 871, 319,
586, 912, 524, 602, 992, 924, 584, 902, 474, 352, 751, 728, 613, 38, 190, 950, 714, 543,
697, 458, 272, 351, 746, 703, 488, 422, 92, 460, 282, 401, 996, 944, 684, 393, 956, 744,
693, 438, 172, 860, 264, 311, 546, 712, 533, 647, 208, 31, 155, 775, 848, 204, 11, 55, 275,
366, 821, 69, 345, 716, 553, 747, 708, 513, 547, 717, 558, 772, 833, 129, 645, 198, 990,
914, 534, 652, 233, 156, 780, 873, 329, 636, 153, 765, 798, 963, 779, 868, 304, 511, 537,
667, 308, 531, 637, 158, 790, 923, 579, 877, 349, 736, 653, 238, 181, 905, 489, 427, 117,
585, 907, 499, 477, 367, 826, 94, 470, 332, 651, 228, 131, 655, 248, 231, 146, 730, 623,
88, 440, 182, 910, 514, 552, 742, 683, 388, 931, 619, 68, 340, 691, 428, 122, 610, 23, 115,
575, 857, 249, 236, 171, 855, 239, 186, 930, 614, 43, 215, 66, 330, 641, 178, 890, 414, 52,
260, 291, 446, 212, 51, 255, 266, 321, 596, 962, 774, 843, 179, 895, 439, 177, 885, 389,
936, 644, 193, 965, 789, 918, 554, 752, 733, 638, 163, 815, 39, 195, 975, 839, 159, 795,
948]
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