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Corrections & Review
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Intersection List Representation



Finding the Intersection between 
rows i and i+1
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Consider n=m

ÅOnly interested in good alignments

ÅConsider global alignment

ïA good alignment stays close to the diagonal



K-band
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Best path that travels 
outside K-band
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Proof Ideas

ÅPath can never start toward the diagonal and 
head back out again

ÅPath can contain no mismatches

ÅPath must contain 2k gaps



Implementation
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Runtime and Space

ÅRuntime: O(nk)

ÅSpace: O(nk)



Using k-band doubling

optk(A,B )= the optimal path through k-band
do while score(optk(A,B )) <= best_outside_k

k = k * 2
optk(A,B ) = optimal path through the k-band

opt(A,B ) = optk(A,B )

knknknknä ¢+++ 2...
4
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In general we 

can find the optimal 

alignment in O(n2) time.



Bounding K

ÅHow big can K grow during the doubling 
algorithm?

ÅAssume that the algorithm stopped at some K

ÅTwo cases:

ïCase one: the optimal alignment is the same as 
for K/2

ïCase two: the optimal alignment is larger than for 
K/2



Bounding K

Å Case 1
ïThe optimal alignment is the 

same as for k/2.
ïBecause we doubled k, it 

must be the case that:
ïThe optimal alignment score 

must be less than the 
theoretical best optimal 
alignment that travels outside 
the k/2-band

Å Case 2
ïThe optimal alignment is 

better than for k/2
ïThe optimal alingment must 

travel outside of the k/2-band
ïThe optimal alignment score 

must be less then the 
theoretical best optimal 
alignment that travels outside 
the k/2-band



Bounding K
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Setting K based on Criteria

ÅScore threshold criteria
ïScores >= threshold we reject
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Setting K based on Criteria

Årequired X% match
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Exact match seeding

ÅAssume that you have a module that can tell you the A 
index position and B indext position of the longest 
exact match between A and B.
Å(i,j) ă ExactMatch(A,B)
ÅWe now wish to use this information to run the k-band 

algorithm for local or semi-global alignment



Labeling Diagonals
0 1 2 3 4 5 6 7 8 9

-1

-2

-3

-4

-5

Can find the diagonal position of a character A[i] and 

character B[j] by subtracting j-i

The path of a 
substring A[i,i+h] 

exactly aligned 
with B[j, j+h] runs 

along the [j-i] 

diagonal



Seeded Semiglobal Alignment

_best

ga kji 2len_diagde_kbest_outsi , +=

Fill table backwards

Initialize as with global 

alignment

Fill table forwards

Initialize as with global 

alignment



Implementation
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Lookup Tables

ÅHow many possible strings of length h?

ÅDepends on the characters in the alphabet

ÅDNA: 4 character alphabet: {A,G,C,T}

Å4 possibilities at each position

п Ȅ п Ȅ п Ȅ ΧΦ Ȅ п Ґ пh



Encoding 
A 00

G 01

C 10

T 11

A C G T T C C A A G T T C C G A

0 0 1 0 0 1 1 1 1 1 1 0 1 0 0 0

1 0 0 1 1 1 1 1 1 0 1 0 0 0 0 00 0

1 0 0 1 1 1 1 1 1 0 1 0 0 0 0 0

C G T T C C A A

A C G T T C C

Finding the encoding

for the string at position

i+1 can be found from the string

At position i using 3 bit manipulations:

1) Bitwise AND to chop off the left most two bits

2) Shift the bits two positions to the left to make room for the new character

3) Bitwise OR to append the right most two bits



Creating a h-mer lookup table

Å Consider a lookup table of size 4h

ï Called an h-mer table
ï Each entry corresponds to some 

string of length h
ï All strings of length h are 

represented.

Å Walk through string A.  
ï For each index i, store the i in the h-

mer table at the entry for the 
substring A[i,i+h]

Å Walk through string B.
ï For each index i, lookup the set of 

indexes from A that match substring 
B[i,i+h]

Conceptualization diagram:

a group on indexes from A 

and a group of indexes from B

both correspond to the same

table entry. 



Using h-mer lookup

ÅFor each lookup table to find diagonals with 
exact matches of length h



Expected Runtime & Space

ÅIndexing:  For random strings, the number of expected 
indexes to map to each table entry is:

ÅIf 4h > n, then we can say that we expect to read to and 
write from each table entry in constant time.

ÅThus, constructing the table can happen in O(n) time.

ÅThus the total runtime remains O(nk)

ÅThe space requirement is O(4h+nk)
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