Modeling and Simulation III
> Sohun

1 Playing Cards that Are Multiples of 3

(1) Experiment overview
Here is a deck of cards.
The deck uses 52 playing cards ,

Playing Cards in Multiples of 3 Copyright (C) Sohun 6.2022

excluding the two jokers Exit | Playing Cards in Multiples of 3 | Help |
There are four of each of the multiples [ Total number of cards in muftinles of 3 | [ 16 | W
. = | Joll/bdzo
of 3 ; spades , clovers , diamonds , [ Total number of playing cards 52
and hearts making a total of 16 cards. e e I et T
. U o] ——
When you draw a card from this deck of ; . [S
. ey | Total number of cards drawn | 0
52 cards , consider the probability that the
card is a multiple of 3. AutoStart A

Since 16 of the 52 cards are multiples of | Q
3 , mathematically the probability is 16/52. S
However , in reality , if you draw and ‘
put back one at a time , 52 times , it is
not guaranteed that you will exactlly draw
16 cards that are multiples of 3.
So how does this relate to mathematically calculated theoretical pribability of 16/52 ?

as

(2) Experimental result (VB version simulation)

[ Experiment day]
March 6 . 2024
[PC used]
Lavie NX850/N
[ Software used]
Self-made software
['toramp 6]
[Method of operation]
To do this manually , click the [Shuffle] button , then click the [Draw] button.
To do this automatically , click the [AutoStart] button , then click the [AutoStop] button.
Clicking the [Graph display] button will display a graph showing the relationship between
the total number of cards drawn and the percentage of cards that were multiples of 3 .
Click the [Init] button to restart the experiment from the beginning.
[ Consideration]
In the 1st experiment , I draw and put back one card at a time 1000 times.
I drew cards that were multiples of three 289 times.
The ratio of drawing a card that is a multiple of 3 is 289 == 1000 = 0.289 .
The mathematically calculated theoretical probability is 16 = 52 = 0.3076923.
The ratio of drawing a card that is a multiple of 3 , 0.289 is close to the mathematically
calculated theoretical probability of 0.3076923.
In the 2nd experiment , I draw and put back one card at a time 1000 times , too.
I drew cards that were multiples of three 304 times.
The ratio of drawing a card that is a multiple of 3 is 304 = 1000 = 0.304 .
The ratio of drawing a card that is a multiple of 3 , 0.304 is close to the mathematically
calculated theoretical probability of 0.3076923.
The graphs for experiments (D and @ have the number of cards drawn on the horizontal
axis and the percentage of cards drawn that were multiples of 3 at that time on the vertical axis.
The more cards you draw , the closer your chances of drawing a card that is a multiple of
3 become to the mathematically calculated theoretical probability of 16/52 (0.3076923).
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Playing Cards that Are Multiples of 3
(2) Experimental result (VB version simulation)
@ Ist experiment

Playing Cards in Multipies of 3 - Copyright {C) Sohun 62022
. F; . 1 A
&t | | Playing Cards in Multiples of 3 | Help | nit |

[ Total number of cards in multiples of 3 I | 16

J’Eﬂ 03076923

| Total number of playing cards l /2 |

| Number of cards in multiples of 3 drawn | 289

= [0.2890000

| Total number of cards drawn | 1000

¥ i
¥

i)

L huffle [
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(2) Experimental result (VB version simulation)
@ 2nd experiment

Playing Cards in Multiples of 3 Copyright (C) Sohun 6.2022
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Playing Cards that Are Multiples of 3

Playing Cards in Multiples of 3

| Help | Int |

|_To'cal number of cards in multiples o.f'-G_-| | 16

[. Total number of piayiﬁg cards
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AutoStop [
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2 Two CGoins Toss
( 1 ) Experiment overview Twao Coins Toss Copyright (C) Sohun 4.2022
Let's toss two coins at the same time and think Bxit_| _ Two Coins Toss Help | Init |
about how they will come up heads and tails.
Let these two coins be coinl and coin2 , =
respectively. There are four ways to come out : -
heads and heads , heads and tails , tails and . .
heads , and tails and tails. Mathematically , the il Goinz
probability of each of these four occasions occurring [ Coinl | Head | Head | Tail | Tail
is 1/4. However , in reality , when two coins are | Coin2 | Head | Tail | Head | Tail
tossed four times at the same times , heads and heads , F’j‘t’fﬁﬂ [ 1 | J
heads and tails , tails and heads , and tails and tails | Probability | | i ]

don't necessarily occur once each. So what is the
relationship with the theoretical probability of 1/4 |
calculated mathematically ? : ‘

Graph display

| Number of experiment

(2) Experimental result (VB version simulation)

[ Experiment day]
March 8 . 2024
[PC used]
Lavie NX850/N
[ Software used]
Self-made software
['two coins toss 6]
[Method of operation]

[Start] Click the button to start the experiment.

[Stop] Click the button to stop the experiment.

[Graph display] Clicking the button will display a graph showing the relationship between
the number of experiments and the proportion of heads and heads , heads
and tails , tails and heads , and tails and tails.

[Init] Click the button to restart the experiment from the beginning.

[ Consideration]

In experiment (D , coinl and coin2 were tossed simultaneously 3965 times.

Both coinl and coin2 came up heads 997 times , coinl came up heads and coin2 came up
tails 996 times , coinl came up tails and coin2 came up heads 972 times , both coinl and
coin2 came up tails 1000 times. Also the percentage of coinl and coin2 coming up heads is
0.251 , the percentage of coinl coming up heads and coin2 coming up tails is 0.251 ,
the percentage of coinl coming up tails and coin2 coming up heads is 0.245 , and the
percentage of coinl and coin2 coming up tails is 0.252.

In experiment @ , coinl and coin2 were tossed simultaneously 3892 times.

Both coinl and coin2 came up heads 946 times , coinl came up heads and coin2 came up
tails 1000 times , coinl came up tails and coin2 came up heads 953 times , both coinl and
coin2 came up tails 993 times. Also the percentage of coinl and coin2 coming up heads is
0.243 , the percentage of coinl coming up heads and coin2 coming up tails is 0.257 ,
the percentage of coinl coming up tails and coin2 coming up heads is 0.245 , and the
percentage of coinl and coin2 coming up tails is 0.255.

From the graph , we can see that when the coinl and coin2 are tossed at the same time , the

ratio of heads to heads , heads to tails , tails to heads , and tails to tails approaches 1/4 (0.25)

as the number of tosses increases.
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2 Two Coins Toss

(2) Experimental result (VB version simulation)

Experiment (D

Two Coins Toss Copyright (C) Sohun 4.2022

L Exit | Two Coins Toss Help | Init

Coinl Coin2

| Coin1 | Head | Head | Tail Tail
Coin2 | Head Tail Head Tail
Frequency | Q7 996 972 | 1000
Probability | 0 951 | 0251 | 0.245 | 0252

| Number of experiment

| 3965 Stop | Start |

Graph display |

Graph Copyright (C) Sohun 42022

Close
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2 Two Coins Toss

(2) Experimental result (VB version simulation)

Experiment @

Two Coins Toss Copyright (C) Sohun 4.2022

...................

i Exit | Two Coins Toss
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Help | it |

Coinl

&

Coin2

Coinl | Head | Head | Tail Tail
Coin2 | Head Tail Head Tail
Frequency | Q4§ 1000 953 993
|Probability [ 0 243 | 0.257 | 0.245 | 0.255
| Number of experiment
| 3892 ton | tart
Graph display |
Graph Copyright (C) Sohun 4,2022
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3 Three People Playing Rock-Paper-Scissors
( 1 ) Experiment Overview Rock-paper-scissors Copyright (C) Sohun 5.2022
Three people A , B, C play it | Hep | it

Rock-Paper-Scissors once. Draw has 9 ways :
for A , B, and C: Rock/Rock/Rock , " n ID\I@
Paper/Paper/Paper , Scissors/Scissors/Scissors , 0 I

Rock/Scissors/Paper , Rock/Paper/Scissors ,

Paper/Scissors/Rock , Paper/Rock/Scissors , [A boy B boy if: 2oy
|

Scissors/Rock/Paper , Scissors/Paper/Rock. | loss | loss win

If A wins alone , there are three ways for A , ombor | Fatio

B, and C : Rock/Scissors/Scissors ,

Scissors/Paper/Paper , Paper/Rock/Rock. | Draw 0 | 0000 [ sar |
Similarly for B , C, there are three ways in | OnlyAwins | 0 [0.000 ' —
which only one person can win. If A loses } g:tff::: | ? | ?ggg |
alone , there are 3 ways for A, B, and C: [ w7 15000 e ‘

Rock/Paper/Paper , Scissors/Rock/Rock ,

Paper/Scissors/Scissors. Similarly for B, C ,

there are three ways in which only one person O d oo 0000

can lose. | Only one loses g | 0.000 GraphDisplay
In other words , when three people play

Rock-Paper-Scissors once , there are a total of

27 ways to play Rock-Paper-Scissors. For example , here are 9 ways to become a draw so the

mathematical probability is 9/27 , which can be reduced to 1/3 (0.333). However , in reality , if

you play Rock-Paper-Scissors three times , there will not be only one draw. So , what is the

relationship with the mathematically calculated theoretical probability of a draw of 1/3 ?

[ Only A loses

[ 0 [0.000  Autoston_|
| Only B loses D | 0 000

—_

(2) Experimental result (VB version simulation)

[ Experiment day]
March 10 . 2024
[PC used]
Lavie NX850/N
[ Software used]
Self-made software
[jyanken 6]
[ Method of operation]
If you want to do it manually , click the [Start] button , then click the [Decision] button.
If you want to do it automatically , click the [AutoStart] button , then click the
[AutoStop] button.
Click the [GraphDisplay] button to display graphs of the percentage for cases where there is a
draw , only one person wins , and only one person loses.
Click the [Init] button to restart the experiment from the beginning.
[ Consideration]
In the experiment , three people A , B, and C played Rock-Paper-Scissors 2733 times. There were
906 draws , and the percentage was 0.332. Only one person wan 919 times , and the percentage was
0.336. Only one person lost 908 times and the percentage was 0.332. The mathematical probability
of a draw is 9/27 (0.333). The mathematical probability that only one person wins is 9/27 (0.333).
The mathematical probability that only one person loses is 9/27 (0.333). From the graph of the
experimental results , we can see that when three people play Rock-Paper-Scissors a lot , the
percentage of draws , the percentage of only one player winning , and only one player losmg
respectively approach 0.33.
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3 Three People Playing Rock-Paper-Scissors

(2) Experimental result (VB version simulation)

Rock-paper-saissors Copynight (C) Sohun 5.2022
Exit |

E"%

| A boy
| loss

INumber | Ratio

| Draw | 906 | 0332

Only Awins | 331 [0.121
Only B wins 321 0117 Decision
Ony C wins 267 |0098

Only one wins gi19 0336 -

| Only Aloses | 271 |0.099
| Only B loses | 297 |0.109
| Only C loses | 340 [0.124
| Only one loses| 908 | 0.332 GraphDisplay

O —
HAR=:

Graph Copyright (C} Sohun 52022

Close
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4 Two Dice with an 0dd Product
( 1 ) EXperlment OVGI‘VIGW Two Dice with Odd Product Copyright (C) Sohun 6.2022 . |
Think about what will happen if you throw | & Two Dice with Odd Product | ‘e | mnt
two large and small dice at the same time. .
Let's call two dice large and small , | & &
respectively. There are thirty six ways to get oTe
lth66 né’lnibegs 21 21 ’31 22 2].1 23 ’5124 ’61 S, | Large dice Small dice
3'1:3'2:3'3:3'4:3'5:3'6:4'1: !'Lar:e smi[ 1 | 2 | 3| 4 | 5 | 6
4:2 43,44 ,4°5 4-6,51,5-2, | 1 |[0 |l 0 o | O I 1 | O
5:3,54,55,56,6°1,6°2,6°3, & i o }0 o2 ig d
6:4,63,and 6-6. —2 To ool ool o
Also , there are nine ways that the product % [ o | o o o [ o [ o
of tv;/)o larlge 1anci sgnali clslce3ca1n bg z;n 03dd5 % | 0o oo ol o o
numoer : ’ ‘ D ‘ D : D ) 9 : s | MNumber of experiments | H
51,53 ,and 5-5. e e | 1 e e
Therefore , mathematically , the probabolity || Percentage of odd products | 1 000 |

that the product of two large and small dice A ——

will be an odd number is 9/36 , which is Graph disslay | | Automatic | |

reduced to 1/4 (0.25). ' '
However , in reality , if you toss two coins

at the same time four times , it isn't necessarily mean that the product of the two dice will be an

odd number only once. So , what is the relationship with the mathematically calculated theoretical

probability of 1/4 ?

(2) Experimental result (VB version simulation)

[ Experiment day]
March 12 . 2024

[PC used]
Lavie NX850/N

[ Software used]
Self-made software

['two dice 6]

[ Method of operation]

If you want to experiment manually , click the [Throw the dice] button , then click the
[Stop the dice] button.

If you want to experiment automatically , click the [Automatic] button , then click the [Stop]
button.

Click the [Graph display] button to display a graph showing the relationship between the
number of experiments and the ratio of the product of the two dice to an odd number.

Click the [Init] button to restart the experiment from the beginning.

[ Consideration]
In the experiment , two large and small dice were thrown simultaneously 1000 times. When
the product is an odd number , in order of large dice and small dice , 11 are 32 times , 1-3
are 32 times , 1-5 are 20 times , 3-1 are 22 times , 3-3 are 28 times , 3-5 are 35 times , 5-1 are
19 times , 5-3 are 20 times , 5-5 are 48 times for a total of 256 times. The ratio of the product
of the two dice being an odd number was 0.256.

The mathematical probability that the product of two dice will be an odd number is 9/36 (0.25).
From the graph of the experimental results , we can see that if you throw two large and small dice
at the same time many times , the ratio of the product of the two large and small dice to an odd
number approaches 0.25.
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4 Two Dice with an 0dd Product

(2) Experimental result (VB version simulation)

Two Dice with Odd Product Copyright (C) Sohun 6.2022

| Two Dice with Odd Product |  Help | 1nt

&
* ® &
Large dice Small dice
Large \Small 1 2 3 a 5 6
1 32 29 32 28 20 217
2 22 21 37 34 33 26
3 22 25 28 35 35 37
4 33 24 14 34 28 28
] 19 29 20 22 48 21
6 27 25 26 29 28 26
Number of experiments 1000 Throw the dice
Number of odd products 256
Percentage of odd products 0256 otop the dice
Graph display Automatic Stop

Graph Copynght {C) Sohun 62022

Close

!
|
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5 Collatz Problem

(1) Experiment overview ST S, SR

Any natural number will do , so if the
number is even , divide it by 2 , if it is odd ,
multiply it by 3 and add 1 , and repeat.

So is it true that no matter what number we
start with , it always ends up being 1 ?

For example , if you start with 11 , 11 —
34—>17—52—>26—>13—>40—20—
10—>5—16—>8—4—>2—1.

This problem is a famous conundrum that
has not yet been solved.

Also , very large numbers (4 trillion)
have been investigated using computers.

However , no example has been found where -
it does not become 1.

I tried a sample experiment using a
computer.

[3{]'.‘5??5I_’i|l?-JIEE‘|j’!I?I

(2) Experimental result (VB version simulation)

[ Experiment day]
March 13 . 2024
[PC used]
Lavie NX850/N
[ Software used]
Self-made software
[3x+1 problem 6]
[ Method of operation]
Click the [Experiment] button.
Enter a natural number between 3 and 10,000,000 in half-width characters.
Click the [OK] button.
Starting with the natural number you input , the display shows how the number is divided by
2 if it is even , or multiplied by 3 and then add by 1 if it is odd , and repeated.
Click the [Init] button to restart the experiment from the beginning.
[ Consideration]
The Ist experiment started at 17. 17 -52-26-13-40-20~-10-5-16-8-4-2~1.
The 2nd experiment started at 111. 111 » 334 - 167 - 502 » 251 - 754 - 377 - 1132 - 566 ~
283 -850~ 425~ 1276 - 638 2319 » 958 - 479 - 1438 » 719 - 2158 = 1079 - 3238 - 1619 -
4858 - 2429 - 7288 - 3644 - 1822 - 911 - 2734 - 1367 - 4102 -~ 2051 - 6154 - 3077 - 9232
- 4616 - 2308 - 1154 - 577 - 1732 - 866 - 433 - 1300 - 650 - 325 - 976 - 488 - 244 - 122~
61-184-92-46-23-70-35-106-53-160-80-40-20~-10-5-16-8-4-2-1.
The 3rd experiment started at 11111. 11111 =+++-=252-26~-13-40-20~-10-5-16-8-4
-2-1.
The 4th experiment started at 1717171. 1717171 »+++=52-26-13-40-20-10~-5- 16~
8-4-2-1.
The 5th experiment started at 9999999. 9999999 -+~ 52 -26-13-40-20~-10-5- 16~
8-24-2-1.
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(2) Experimental result (VB version simulation)

@ Ist experiment

)
]
Lied
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Licd
=

i n= 17

=
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o

L

| Exparimant

@ 2nd experiment

n=111

911 2734 1367 4102 3051 &

1
106 53 160 80 40 20 10 5 16

34 167 BO2 251 75 377 1130 566 283 B50 425 1275 628 319 968 479 1438 710 2158 1078 3238 1619 4868 2429 7280 3644 1822
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5 Collatz Problem

(2) Experimental result (VB version simulation)

@ 3rd experiment

33734 16667 G000 06001 75008 §7502 1751 GAOGE 76137 4438 43181 196574 £3087 1808ED UE031 JRa7ad 143807 427102
313596 106798 53399 160199 20089 240294 120140 260443 100234 90112 45056 29528 11264 5632 2818 1408 704 952 176 49 44
22 11386 17622613 4020 105168421

n=1111 Emurrmmli

@ 4th experiment

GIGAG18 2575757 TIX1272 3063636 1930818 966909 20077208 1448864 724432 362216 181108 30664 45277 136882 67916 30958
16070 50020 25469 76402 38204 19100 0851 JR664 14927 42082 20400 BA474 §2037 06710 0055 24178 12009 26266 18134 0067
37207 13661 40904 20402 10201 30604 15302 T651 22964 11477 3A432 17216 G608 4304 2152 1076 638 260 BOS 404 202 101 304
IR0 105 2O BB A4 D2 NI AL ITE2 20 134020 105 1664 2

n= 117N
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5 Collatz Problem

(2) Experimental result (VB version simulation)

(® 5th experiment

14009000 14900048 19200900 £7409998 23740000 10) n,gggg _ggunrm TE1E74998 75007200 29781244908 1 13R0R40
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6 Pythagorean Numbers
( 1 ) Experiment OVGI‘VieW w:hagr.\l:ean triple Copyright (L) 5oh:,-n ﬁszii' —
.. . Exit | Tnit
Three positive integers (a, b, c) — - ryinsoresn lnee :
that satisfy the Pythagorean theoream are S e
called Pythagorean triples. € 8 W[ 4 [ 5 2
To satisfy the Pythagorean theorem is to
Satlsf}’ a2+b2:CZ_ A ge:;;‘ po:itwf Enl:eagar'\a (a,b,c) that satisfies the Pythagorean thorem is called
. . ary gorean trpke.
When a is odd, the Pythagorean triples : : - i
. When a iz odd number , the Pythagorean triple is obtained by b=la 2-1)+2 and
can be found by uslng c=la 2+1)+ 2. This method is called the (Pythagorean method)
- <( a- 11>>+. 22 AL SRR A g ol LR W S Y00
c=a+l)~2.
This method is called the

Pythagorean method.
When a is even , the Pythagorean triples can be found by using
b=(a +2)-1
c=(a+2)+I.
This method is called Plato's method.

(2) Experimental result (VB version simulation)

[ Experiment day]

March 17 . 2024
[PC used]

Lavie NX850/N
[ Software used]

Self-made software

[ Pythagorean number 6.J

[ Method of operation]

When you click the [Next] button , the value of integer a will increase by 1, and the values
of integer b and integer c at that time will be displayed. (In this case , a, b, and ¢ satisfy the
Pythagorean theorem a’+b'=c’).

Click the [Init] button to restart the experiment from a=3.

[ Consideration]
The 1st experiment is when a=102. Since a=102 is an even number , We will use plato's
method.
b=(a +2)*-1=(102 + 2)*-1=2600
c=(a+2)+1=(102 + 2)*+1=2602
a’=10404
b*=6760000
c’=6770404
a’+b’=c’ is satisfied.
The 2nd experiment is when a=103. Since a=103 is an odd number. We will use Pythagorean
method.
b=(a’-1) + 2=(103*-1) + 2=5304
c=(a™+1) + 2=(103"+1) + 2=5305
a=10609
b’=28132416
c’=28143025
a’+b’=¢’ is satisfied.
The 3rd experiment uses Plato's method , and the 4th experiment uses Pythagorean method.
In both cases , the Pythagorean theorem a’+b’=c’is satisfied.
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6 Pythagorean Numbers

(2) Experimental result (VB version simulation)

@ Ist experiment

F — =

Buthaonraan trinle Comwuright-(CY Sohun 6 122
¥ PINRE LOPYNIgN Ly STUn DLV

Exit Pythagorean Triple Tnit

< Platn's method>

102 ., | 2600 , | 2602 )

Faam S

I | A set of positive integers (a bc) that satisfies the Pythagorean thorem is called
a Pythagorean triple.

When a is odd number , the Pythagorean triple is obtained by b=(a"2-1)+2 ard
e={a™2+1)=2. This mathed iz called the (Pythagorean method)

When 3 is even number , the Pythagorean triple is obtained by b=(a <272 =1) ard
c=(a+2)2 +1). This methed is called the (Plato's method).

© 2nd experiment

[ Pythagorean tripe Copyright (C) Sohun 6.2022.

Exit Pythagorean Triple n_ |

< Pythagorean method>

([ 103 , [ 5804 , [ 5305 )

Il | A set of positive integers (abc) that satisfies the Pythagorean thorem is called
a Pythagorean triple

When a i odd number , the Pythagorean triple is obtained by b={a"2-1)%2 and
c=la"24+1)+2 This method is called the {Pythagorean method)

When a iz even number , the Pythagorean triple is obtained by b=la +2)"2 -1) and
c={a+2)"2 +1). This method is called the (Plato’s method)
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6 Pythagorean Numbers
(2) Experimental result (VB version simulation)

@ 3rd experiment

T LTI

 Pythagorean triple Copyright (C) Sohun 6.2022

Ll A e

3.17.2024
Sohun

Exit Pythagorean Triple

Init

< Plato’s method>

716, | 150543 , | 150545 )

a8

Il | A set of positive integers (a,be) that satisfies the Pythagorean thorem is called
a Pythagorean triple

When 3 is odd number , the Pythagorean tripke is obtained by b={a"2-1)+2 and
c={a"2+1)+2 This method is called the {Pythagorean method)

When a = evan number , the Pythagorean triple is obtained by bela =22 1) and
e={a+2)"2 +1). This method is called the (Plato’s method).

@ 4th experiment

 Pythagorean tripie Copyright (C) Sohun 6.2022
| Exit Pythagorean Triple

= Pythagorean method>

i ([ 777 . [ 301864 ., [ 301865 )

N | A set of positive integers labc) that satisfies the Pythagorean thorem is called
g Pythagorean triple.

When a ig odd number , the Pythagorean triple is obtained by b=l{a"2-1)+2 anrd
e=(a"2+1) 52 This method is called the (Pythagorean methed) .

When a iz even number , the Pythagorean triple is obtained by b=(a +2)2 1) ard
e={a+ 212 +1) This method is called the (Plato's method).




