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MEDIAN STRING (TAKE 2)
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v = AAA...A (1,1,1...1)

(1,1,1,...1) .... (4,4,4,...4)evaluate:

�
t
i=1dh(v, si)
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ORGANIZE THE SEARCH

AA- AC- AG- AT- CA- CC- CG- CT- GA- GC- GG- GT- TA- TC- TG- TT-

---

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

AAA AAC AATAAG

3-mer
k = 4 (alphabet size)
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STEP 1: ORGANIZE THE 
SEARCH

11- 12- 13- 14- 21- 22- 23- 24- 31- 32- 33- 34- 41- 42- 43- 44-

---

1-- 2-- 3-- 4--

111 112 114113

3-mer
k = 4 (alphabet size)
3 levels (i.e L)

level 1

level 2

level 3
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NEXTLEAF

11-

111 112 114113

level 2

level 3

NEXTLEAF(a,L,k)
for i = L to 1           

if ai < k
ai = ai + 1
return a

ai = 1
return a

a = array of integers which represent motif
L = length of motif (L=3)
k = alphabet size (k=4)

we are at leaf a = (1,1,1)

NEXTLEAF(a=(1,1,1),L=3,k=4)
for i = 3 to 1           

if ai < 4
ai = ai + 1
return a

ai = 1
return a

return (1,1,2)

we are at leaf a = (1,1,4)

NEXTLEAF(a=(1,1,4),L=3,k=4)
for i = 3 to 1           

if ai < 4
ai = ai + 1
return a

ai = 1
return a

return (1,1,1)
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NEXTVERTEX
NEXTVERTEX(a,i,L,k)

if i < L
ai+1 = 1
return (a,i+1)

else
for j = L to 1

if  aj < k
aj = aj + 1
return (a,j)

return (a,0)

11- 12- 13- 14- 21- 22- 23- 24-

1-- 2--

111 112 114113

level 1

level 2

level 3

a = array of integers which represent motif
i = level of the tree
L = length of motif (L=3)
k = alphabet size (k=4)

NEXTVERTEX(a=(1,-,-),i=1,L=3,k=4)
if i < 3

ai+1 = 1
return (a=(1,1-),i+1=2)

else
for j = L to 1

if  aj < k
aj = aj + 1
return (a,j)

return (a,0)

if a = (1,-,-)
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NEXTVERTEX
NEXTVERTEX(a,i,L,k)

if i < L
ai+1 = 1
return (a,i+1)

else
for j = L to 1

if  aj < k
aj = aj + 1
return (a,j)

return (a,0)

11- 12- 13- 14- 21- 22- 23- 24-

1-- 2--

111 112 114113

level 1

level 2

level 3

a = array of integers which represent motif
i = level of the tree
L = length of motif (L=3)
k = alphabet size (k=4)

NEXTVERTEX(a=(1,1,1),i=3,L=3,k=4)
if i < 3

ai+1 = 1
return (a,i+1)

else
for j = 3 to 1

if  aj < k
aj = aj + 1
return (a=(1,1,2),j=3)

return (a,0)

if a = (1,1,1)

if a = (4,4,4): return (a,0)
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NEXTVERTEX
NEXTVERTEX(a,i,L,k)

if i < L
ai+1 = 1
return (a,i+1)

else
for j = L to 1

if  aj < k
aj = aj + 1
return (a,j)

return (a,0)

11- 12- 13- 14- 21- 22- 23- 24-

1-- 2--

111 112 114113

level 1

level 2

level 3

a = array of integers which represent motif
i = level of the tree
L = length of motif (L=3)
k = alphabet size (k=4)

NEXTVERTEX(a=(1,1,4),i=3,L=3,k=4)
if i < 3

ai+1 = 1
return (a,i+1)

else
for j = 3 to 1

if  aj < k
aj = aj + 1
return (a=(1,2,4),j=2)

return (a,0)

if a = (1,1,4)
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NEXTVERTEX
NEXTVERTEX(a,i,L,k)

if i < L
ai+1 = 1
return (a,i+1)

else
for j = L to 1

if  aj < k
aj = aj + 1
return (a,j)

return (a,0)

11- 12- 13- 14- 21- 22- 23- 24-

1-- 2--

111 112 114113

level 1

level 2

level 3

a = array of integers which represent motif
i = level of the tree
L = length of motif (L=3)
k = alphabet size (k=4)

NEXTVERTEX(a=(1,2,4),i=2,L=3,k=4)
if i < 3

ai+1 = 1
return (a=(1,2,1),3)

else
for j = 3 to 1

if  aj < k
aj = aj + 1
return (a,j)

return (a,0)

if a = (1,2,4) > (1,2,-)
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BYPASS
BYPASS(a,i,L,k)

for j = i to 1
if  aj < k

aj = aj + 1
return (a,j)

return (a,0)

11- 12- 13- 14- 21- 22- 23- 24-

1-- 2--

111 112 114113

level 1

level 2

level 3

skip the subtree rooted at vertex (a,i)

a = array of integers which represent motif
i = level of the tree
L = length of motif (L=3)
k = alphabet size (k=4)

BYPASS(a=(1,-,-),i=1,L=3,k=4)
for j = i to 1

if  aj < k
aj = aj + 1
return (a=(2,-,-),j)

return (a,0)
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BRANCH & BOUND MEDIAN SEARCH
BRANCHANDBOUNDMEDIANSEARCH(DNA,t,n,l)

v = (1,1,...,1) // i.e AA...A
bestDistance = 1e+27
i = 1
while i > 0

if i < l
prefix = nucleotide string for (v1,v2,...vi)
optimisticDistance = TOTALDISTANCE(prefix,DNA)
if optimisticDistance > bestDistance

(v,i) = BYPASS (v,i,l,4)
else

(v,i) = NEXTVERTEX(v,i,l,4)
else

word = nucleotide string for (v1,v2,...vl)
if TOTALDISTANCE(word,DNA) < bestDistance

bestDistance = TOTALDISTANCE(word,DNA)
bestWord = word

(v,i) = NEXTVERTEX(v,i,l,4)
return bestWord

11- 12- 13- 14- 21- 22- 23- 24- 31- 32- 33- 34- 41- 42- 43- 44-

---

1-- 2-- 3-- 4--

111 112 114113

i = 0

i = 1

i = 2

i = 3


