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Section 1
Problem:
	Demonstrate that all positive integers end at the number one after the following rules:
1. For even numbers, the next number is the number divided by two.
2. For odd numbers, the next number is 3x+1.
This sequence ends in 1,4,2,1,4,2,1 if the rules are applied after the sequence reaches one.


Section 2
Starting with an integer ‘n’, and applying the rules, each time a new number is generated one of three things can occur:

1. The number can land on a power of two. If this happens, each subsequent number will be halved until the sequence reaches one. This is the only circumstance in which the sequence will reach one.

2. The number can land on a number that it has previously visited. If this happens, a loop will commence and the sequence will never reach one.

3. The number can land on a number that is not a power of two and is not a previous number in the sequence. If this occurs, the sequence can continue.

For the conjecture to be true, it must be demonstrated that a loop will never occur, for any starting number.



Section 3
By observation, 3x+1 applied to an even number generates an odd number and 3x+1 applied to an odd number generates an even number.
Therefore the sequence of the progression is:

Start with an even number
1. Divide by half (at least once)
2. Divide by half repeatedly until reaching an odd number
3. Apply 3x+1, once
4. Go to step 1
5. Stop when reaching the number one.


Section 4
Lay out the odd numbers in a line.

1 	3 	5 	7 	9 	11 	13 	15 	17 	19


Add the even numbers stacked on them, doubling the even number each time.

8	24	40	56	72
4	12	20	28	36
2	6	10	14	18
1	3	5	7	9

Start with an even number
The sequence is:
1. Fall from the even number down to the odd number at its base
2. Generate a new even number using 3x+1
3. Repeat
4. Stop when reaching the number one.

Section 5

Proving the conjecture requires demonstrating the following:

1. That the sequence will not enter a loop, i.e. once a number appears in the sequence, that number can never appear in a subsequent position in the sequence.

2. That the sequence must land on a power of two at some point.


Section 6

Consider each number in the sequence as a multiple of the previous number.
For upticks, the multiple is (3x+1)/x
For downticks, the multiple is 0.5

For positive values, the uptick multiple must be greater than three, and less than or equal to four. 
Apart from the value one, all uptick multiples are non integers.

Start with a positive integer. Apply the first rule which would be a downtick. For the initial number to be repeated, the second value must be multiplied by two to reach its starting value, so the product of the subsequent moves must equal the number two.
It needs to be demonstrated that the product of the upticks and downticks cannot equal two.



Section 7

This section aims to demonstrate that the sequence is attracted towards zero. This should be the case if the average multiple is less than one.
If the sequence is attracted to zero, and values are never repeated, then the longer that the sequence goes on, the higher the probability that it will land on a power of two.
32	96	160	224	288	352	416
16	48	80	112	144	176	208
8	24	40	56	72	88	104
4	12	20	28	36	44	52
2	6	10	14	18	22	26
1	3	5	7	9	11	13

Consider a number that is approximately equal to 40 as a starting value.
Each uptick has a multiple between three and four, and is followed immediately by one or more downticks (section 3).
Assuming that there is an equal probability that the number will land on any stack containing 40 or less, the average downtick multiple is approximately:

(1/6) * (1/2) * (1/2) * (1/2) * (1/2) * (1/2) * (1/2)
+ (1/6) * (1/2) * (1/2) * (1/2) * (1/2)
+ (1/6) * (1/2) * (1/2) * (1/2)
+ (1/6) * (1/2) * (1/2)
+ (1/6) * (1/2) * (1/2)
+ (1/6) * (1/2) * (1/2)
= 0.16

Since the largest uptick is a multiple of four, the probabilistic average multiple in this example would be 4 x 0.16 = 0.64.


Section 8
15 September 2024

1. Start with an odd number.
2. Follow the sequence (to even number, then divide repeatedly).
3. This leads to another odd number.

Each odd number is followed by one or more even numbers then an odd number.
[bookmark: _heading=h.gjdgxs]The next term in the sequence, ‘c’, after the value ‘n’ is:

	3n + 1 = c * 2^y
	c = (3n + 1) / 2^y

where ‘y’ a positive integer starting at 0 and increasing until ‘c’ is an odd number.

Section 9
2nd April 2026

Change the question.
The initial question is ‘Does 3x + 1 hold for all positive integers?’
Change this to - step 1, assume that it does hold for all positive integers, step 2 reframe the questiion as ‘WHY does 3x + 1 hold? There must be something in the structure of numbers that causes this process to hold’.
Summary of current state of this work:
1. For any arbitrary starting x, it must be shown that the sequence will land on a power of 2 after a non-infinite number of steps.
2. Redundant - a sequence cannot form a loop, i.e land on a number that it has previously been on.
