
Problem: What is the optimum way to sort N galaxies in terms of their inclinations, when each 
time users can sort only 5 galaxies?

The below solution does not necessarily gives the optimum solution, but an easy implementable 
method based on the binary search algorithm.

1) To simplify the problem, we assume that we already have a set of sorted galaxies. In order to 
introduce a new galaxy, we do NOT need to compare it with the entire list.

2) As an example, let’s assume that we have an array of pre-sorted galaxies. We want to insert a new 
galaxy. Since the array is already sorted, we only choose 4 other galaxies from the middle of array. 

3) Ideally x0, x1, x2 and x3 are already ordered. Then we compare the new galaxy (say x4) with these 
four galaxies to see where in the array it belongs to.

4) Let’s assume that, the galaxy is somewhere between x1, and x2. Then we have to only compare the 
new galaxy with the galaxy between x1 and x2, and then easily insert the galaxy in its right place.

5) If the original array is larger, we might end up having another sub-array between x1 and x2. Then, 
we have to recursively repeat the above process until we find the right place for our new galaxy.



6) So, the number of 5-way comparison (what our on-line users do) depends on how many times we 
can divide the original array by 5, which equals to log5(N). Roughly speaking, for introducing N 
galaxies,  N.log5(N) 5-way comparisons is necessary.

This table shows the complexity of this algorithm:

N N.log5(N) - # of 
comparisons

10 14

50 122

100 186

200 658

500 1,931

1,000 4,292

5,000 26,460

10,000 57,227

15,000 89,620

Note: In the above example, since our users might make mistakes, x0, x1, x2 and x3 might not be 
completely sorted. What if the user decides to change the order of these potentially sorted numbers? 
The answer is that, we should allow the users to have the maximum ability to correct their mistakes. 
So, if user changes the order of these values, we update the original array based on the user decision. 
Let’s assume that user decides to swap two of the value chosen from the original array. In this case 
multiple scenarios might happen:

Case 1: The new galaxy (x4) might have been placed either at the beginning or at the end of the sorted 
set. i.e. 

x4   [x0  x2  x1  x3]     or  [x0  x2  x1  x3] x4



In this case, x4 still falls in the right sub-set, plus the fact that the positions of x1 and x2 have been 
updated. (The swapped galaxies are displayed in brown.)

Case2: The new galaxy (x4) falls between two other galaxies that have not been moved by the user. 

   X0 x4 x1 x3 x2                                 x1 x0 x2 x4 x3                         x3 x1 x4 x2 x0

Like Case 1, x4 falls also in the right bin and therefore no further attention is needed.

Case 3:  The new galaxy (x4) fall between two other galaxies that are swapped:

x0 x2 x4 x1 x3  (just an example)  - Example 1

or one of them has been moved

x0 x4 x2 x1 x3   (just an example) – Example 2

So, in this case, we are not sure whether x4 falls in the right spot. So we have to update the original 
array based on the user decision, and then try again with replacing the updated galaxies with other 
galaxies (say their neighbors). Therefore after updating the original array, we replace x2 and x1 in 
Example 1, and x2 in Example 2 with their neighbors, and repeat the process. 

(x~ is the neighbor of x)
x0 x1~ x4 x2~ x3  - Example 1 
x0 x4 x1~ x2 x3    – Example 2

This way, we continuously, update the order of the original array, and remove the mistakes, while we 
insert more galaxies. 
 



DEMO:  An implementation in Python 

• To demonstrate that this idea works, I have written a simple Python code that uses numbers 
instead of the galaxy inclinations.

• The objective would be inserting new numbers into a pre-sorted list. 
• We ask users to sort the numbers in this process

When you run the code:

> python galinc_02.py

******* DISPLAY ******* 
Current list:  [10, 30, 40, 50, 60]  # original array
selected inddices:  [1, 2, 3, 4]     # selected indices to be 
compared to the new value, ‘88’. The corresponding values in the 
original list has been highlighted (in brown color). 
Introducing: 88                      # the new value
*********************** 

What users see ... 
0:  30 
1:  40 
2:  50 
3:  60 
4:  88 
Suggested sort by machine: [0, 1, 2, 3, 4] # correct order
Enter the indices in a list ... 
Enter your manual sort: [0, 1, 3, 4, 2]   # this is a wrong order

Instead of the correct answer, let’s simulate the user mistake. The 
new value is ‘88’ and should be added to the end of list. But instead
we are going to swap ‘50’ and ‘60’ and try to insert ‘88’ between 
those. This translates to

Enter your manual sort: [0, 1, 3, 4, 2]

******* DISPLAY ******* 
Current list:  [10, 30, 40, 60, 50]  # ‘60’ and ‘50’ swapped by 
mistake
selected inddices:  [0, 1, 2, 3]     # using neighboring indices
Introducing: 88 
*********************** 



What users see ... 
0:  10 
1:  30 
2:  40 
3:  60 
4:  88 
Suggested sort by machine: [0, 1, 2, 3, 4] 
Enter the indices in a list ... 
Enter your manual sort: [0, 1, 2, 3, 4]

Hereafter, we use the correct orders, and don’t make any mistakes

******* DISPLAY ******* 
Current list:  [10, 30, 40, 60, 50] 
selected inddices:  [1, 2, 3, 4] 
Introducing: 88 
*********************** 

What users see ... 
0:  30 
1:  40 
2:  60 
3:  50 
4:  88 
Suggested sort by machine: [0, 1, 3, 2, 4] 
Enter the indices in a list ... 
Enter your manual sort: [0, 1, 3, 2, 4] 

************************ 
Bingo: inserting 88 
************************ 

 
Current list:  [10, 30, 40, 50, 60, 88] 

As seen, we were able to correct the mistake and insert the number is
the right position. 

Using the same code, and letting the machine sort all the numbers in an ideal
scenario,  we are able to count the optimum number of displays where users
have to sort galaxies manually. In the below diagram, the  blue dots shows the



performance of the Python implementation which is consistent with the green
curve showing the theoretical N.log5(N) complexity of the problem.


