PROOF: CHAOS GAME REPRESENTATION IS MORE EFFICIENT THAN STRING
SEARCHING

Search for a substring ‘GATGC” in a long string such as:

ATTCGCGCTGATGCGCTAGCTGAGCTAGTC

Let m be the length of a mer and L is the length of the gene. It takes m comparisons to match a
substring. It takes L-m+1 matches to try. For N different mers, the total cost S is

S = N*m*(L-m+1)

X-Y analysis, Chaos Game Representation (CGR)

Before the search of a match, it takes an upfront cost to create x,y pairs of the chopped up string.
Let ¢ be the chunk size; it costs ¢ to create an x,y pair for it. Therefore, the total upfront cost is
c*(L-c+1). The cost to create an x,y pair for a query mer is m. To find a match, the x,y pair of
each mer must be compared with (L-c+1) of x-y pairs of chunks, hence the cost per mer is
m+2*(L-c+1). The total cost for N mers is

7= c*(L-c+1)+N*(m+2*(L-c+1))

To compare performances, consider Z/S. If this quantity is less than 1, then the X-Y analysis
outperforms string matching. For example, for N=1,000,000; L=10,0000, m=7:

The graph indicates that the X-Y analysis is about 5 times faster than the plain string matching,
virtually independent of the chunk size c.



