Derek Wan

Lost in Space
From observation, we compile the table below:

	n-row pyramid
	Ways to count 1-2-3-…-n

	1
	1

	2
	3

	3
	7

	4
	15
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The pattern can be deduced by considering route backwards, i.e. from n back to 1.

The general n-row pyramid is shown below:
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Starting at the orange square, we assert that there are 0 routes leading to the final square:
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1 step earlier, at the bright yellow squares, there is 1 route leading to the final square:
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1 step earlier, at the light yellow squares the situation becomes slightly different. The top, left and right squares all have 1 route leading to the final square. However, the middle squares have 2 routes as they each connect to 2 bright yellow squares (which each are routes leading to the final square):
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1 step earlier, the top, left and right squares all have 1 route whilst the middle squares have 3 routes as they each connect to 2 light yellow squares bearing a total of 3 routes. We repeat this reasoning and get the following pattern:
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It is clear that these are the binomial coefficients. 2 of Pascal's triangles have been arranged together and the numbers along the two slanted edges represent how many ways to count 1-2-3-…-n. For example, in the diagram of the 6-row pyramid above, we see that there are 1+5+10+10+5+1+5+10+10+5+1 = 63 ways to count 1-2-3-4-5-6.
We further notice that 1, 5, 10, 10, 5, 1 are the binomial coefficients 
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. We generalise by claiming that the number of ways of counting 1-2-3-…-n is twice (because there are two Pascal's triangles) the sum of all the binomial coefficients of the n-1th row minus 1 (because of the overlapped 1 down the central column) which can be written as 
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