
An Enhanced D ynamic-programming Technique 
For F inding Approximate O ver laps

The next  generat ion sequencing technolog y creates  a  huge number of  sequences  (reads) , which const i tute 
the input  for  genome assemblers . Af ter  prefi l ter ing the sequences , i t  i s  required to detect  exact  over laps 
between the reads  to  prepare  the necessar y  ingredients  to  assemble the genome. 
The standard method is  to  the f ind the maximum exact  suffix-prefix  match between each pair  of  reads 
af ter  execut ing an error-detect ion technique. This  i s  appl ied in most  assemblers , however, a  few studies 
worked on finding the approximate over lap. This  direct ion can be useful  when error  detect ion and 
prefi l ter ing techniques  are  ver y  t ime consuming and not  ver y  re l iable. 
However, there  i s  a  huge di f ference in term of  complexi ty  between finding exact  and approximate 
matching techniques . Therefore, any improvement in t ime could be va luable  when approximate over lap 
i s  the target . The naive  technique to f ind approximate over laps  appl ies  a  modified vers ion of  dynamic 
programming (DP) on ever y  pair  of  reads , which consumes O(n2) t ime where n i s  the tota l  s ize  of  a l l 
reads . 
In this  work, we take advantage of  the fact  that  many reads  share  prefixes . Accordingly, i t  i s  obvious  that 
some work is  cont inuously  repeated.  
For  example, consider  the sequences  in F igure 1. I f  dynamic programming is  appl ied on S1 and S2, 
assuming S2 and S3 share  a  prefix  of  length 4, then i t  i s  easy  to  not ice  that  ca lculat ion of  a  por t ion of 
DP table  of  s ize  |S1|  X 5 can be avoided when apply ing the a lgor i thm on S1 and S3 (the shaded area  in 
F igure 1) .  
  
F igure 1. DP table  for  S1,S2 a l ignment. We assume the fol lowing: gap = 1, match =0 and mismatch=1. 
no ca lculat ion for  the shaded area  i s  required when calculat ing S1,S3 table  s ince S2,S3 share  the prefix 
AGCC. 
The modificat ion is  based on the above obser vat ion: f i rs t , the reads  are  sor ted in lexicographical  order 
and the largest  common prefix  (LCP) between ever y  two consecut ive  reads  i s  found. Let  group G denote 
the reads  af ter  sor t ing. For  ever y  s tr ing S, we find the DP table  for  S and ever y  other  s tr ing in G. S ince 
the reads  are  sor ted, a  por t ion of  DP table  can be skipped for  ever y  s tr ing, depending on the s ize  of 
LCP, which has  a l ready been ca lculated in the previous  s tep. 
We implemented the tradit ional  technique to f ind approximate over lap with and without  the proposed 
modificat ion. The resul ts  show that  there  i s  an improvement of  10-61% in t ime. The interpretat ion for 
this  wide range i s  that  the gain in per formance depends on the number of  s tr ings . The larger  the number 
of  s tr ings  i s , the better  the gain in per formance s ince the s izes  of  LCPs are  t ypica l l y  larger.  
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