by

1

2

3

ABSTRACT

n m k k O( m^2 pro-

concise characteri- O( using O(k n processors.

O(kn O(n(k + log m O(n).

Input A = a_1 ,. a_m T = t_1 ,. t_n integer k(≥ 1).

kdifferences. Example. bxdyegh and k= ≤ k and bxdyegh b b tern).2. c to x d to d y e to e f g to g h to h

b b c x d e e g h h i

mismatch

The k− problem).

k k = k

[V-85b].

k

Remark k

eliminated.

p

PRAMs.

The k

k k kdifferences.

O( m^2 processors.

O( k O(k n k

k O(kn O(n(k + logm O(n k O(m^2 + nk^2 O(m^2 O(m + k^2 n O(mlog m + k^2 n O(m k^2 is m k-mismatches k k k- O(k(mlogm+n k k kmlogm nlogm

k-mismatches k O(mn O(mn k k

k O(mn

D_{m n]} D_{i,l} a_1 a_i t_l.

D_{m,l} ≤ k most k t_l .

D_{m n]}

Initialization ≤l≤ n , D_l := 0 ≤ i ≤ m , D_i := i

D_{i,l} D_{i − l} +1, D_{i,l − 1} +1, D_{i − l − 1} if a_i = t_l or D_{i − l − 1} + (D_{i,l} D_{i,l}

Complexity. O(mn

D D_{i,l} l − i = d.

e d L_{d,e} i D_{i,l} = e and D_{i,l} d L_{d,e} e between a_1 a_{Ld,e} t_{Ld,e +d} a_{Ld,e +1} ≠ t_{Ld,e +d +1} k L_{d,e} ′s e satisfies e ≤ k. L_{d,e} m e ≤ k k t_{d +m} .

L_{d,e} e d and e L_{d,e} x < e_{y,x} L_{d,e} should i i D_{i,l} = e D_{i,l} d D_{i,l} e

(a) D_{i − l − 1} D_{i,l} d e − a_i ≠ b_l D_{i,l − 1} (the D_{i,l} i d e − D_{i − l} of D_{i,l} l d e − 1. (b) D_{i − l − 1} e and a_i = b_l. D_{i,l} d

L_{d,e}’s. L_{d,e − 1}, L_{d − e − 1} L_{d + e − 1} row L_{d,e}.

L_{d,e} ′s

Initialization ≤d≤ n + L_{d,− 1} : 1 , − (k+ ≤ d 1 do L_{d,d − 2} : L_{d,d − 1} : d − 1 2. 3. row := max L_{d,e − 1} + L_{d − e − 1} L_{d + e − 1} + 4._{row +1} = t_{row +1+d} do

row:=row +1 5. L_{d,e} := row L_{d,e} = t_{d +m}*

Remarks. i,l, D_{i,l} − D_{i − l − 1} D nals d d > n − m+k+ d k k

. d,e e. Let e = L_d d ≥ row a_1 a_{Ld} t_{d +1} t_{d +Ld} and a_{Ld +1} ≠ t_{d +Ld +1} fore L_d Let e = l L_{d,l − 1} L_{− l,l − 1} and L_{− l − l − 1} get

L_{d,e} d e row d D_{row,d +row} e L_{d,e}.

Complexity. L_{d,e} n +k+ row m O(mn

t_1 t_{n 1} a_m

kdifferences.

C = c_1 c_l:

≥ 2. C_i = c_{i +1} c_l leaf l leaves.)

C_i and C_j c_{i +1} ,. c_{i + f} c_{i +1} c_{i + f} c_{j+1} c_{j+ f} and c_{i + f+1} ≠ c_{j+ f+1} c_{i +1} c_{i + f} inter- D C B D D and B edge D and B F F D, B F and F

v string c_{i +1} c_{i + f} START(v = i and END(v = f.

START(A) = 2, END(A) = 2, START(B) = 3, END(B) = 1, START(C) = 5, END(C) = 0, START(D) = 0, END(D) = 4, START(E) = 2, END(E) = 2, START(F) = 1, END(F) = 3, START(G) = 3, END(G) = 1.

t_1 t_{n 1} a_m Y Complexity O(n x letters O(nlog x O(n

D L_{d,e}

variable row L_{d,e} L_{d,e} in O d e differences) a_1 ,. a_{row} t_{row +d} q a_{row +1} ,. a_{row +q} equals t_{row +d +1} ,. t_{row +d +q} . Let LCA_{row,d} t_{row +d +1} ,. and a_{row +1} ,. q ply END(LCA_{row,d} q LCA_{row,d} q Complexity.

ancestors

O(n O(n n O(α n +k+1 k + 1 L_{d,e} O(kn O(kn

O(kn O(n(k + logm

k D L_{d,e} n +k+ d, − k ≤ d ≤ n

d e differences) a_1 ,. a_{row} t_{row +d} q a_{row +1} ,. a_{row +q} equals t_{row +d +1} ,. t_{row +d +q} . q q g l t_{row +d +1} t_{row +d +l} = a_{g +1} a_{g +l} l (and g BEST− FIT f a_{row +1} ,. and a_{g +1} ,. a_{row +1} a_{row + f} = a_{g +1} a_{g + f} and a_{row + f+1} ≠ a_{g + f+1} MAX− LENGTH q f and l d pardo instruction.

2.

3. row := max L_{d,e − 1} + L_{d − e − 1} L_{d + e − 1} + 4. L_{d,e} := row + min( f,l)

L_{d,e} = t_{d +m}*

n +k+ k + 1 L_{d,e} L_{d,e} takes O O(k n +k+ n n +k+ O(k

BEST− FIT n − BEST− FIT(i) = (g,l t_{i +1} ,. t_{i +l} = a_{g +1} a_{g +l} l g BEST− FIT(i = g and BEST− FIT(i = l

LOCATION β], LOCATION(i)= f i location f a_f = i ). PAIR− FIT m− m− log m].

PAIR− FIT( j,l,i) = (λ , f a_{j+1} ,. a_{j+ 2}i a_{l +1} ,. a_{l + f} = a_1 a_2i_{+ f} f λ Step LOCATION

BEST− FIT.

i,j ≤ i ≤ log n ≤ j ≤ n − j^i i − j i − j+2^{i − 1}].

Step log mstages. ≤ i ≤ log m i + j ≤ j ≤ n −^i f t_{j+1} t_{j+2}i = a_{f+1} a_{f+2}i f f g of l t_{j+1} t_{j+l} = a_{g +1} a_{g +l} . i i,j

PAIR− FIT O

log m n O(n log m log m O(n O( log m log m log m

Step log m i ≤ i ≤ log m δ:= log m − i. j ≤ j ≤ n −^1 g brings l t_{j+1} t_{j+l} = a_{g +1} a_{g +l} BEST− FIT( j)= (g,l).)

h ≤ h ≤ n −^{δ 1} index f t_{h +1} t_{h +2}δ = a_{f+1} a_{f+2}δ f f g l t_{h +1} t_{h +l} = a_{g +1} a_{g +l} g,l BEST− FIT(h)).

h ≤ h ≤ n −^{δ 1} BEST− FIT(h). g l t_{h +1} t_{h +l} = a_{g +1} a_{g +l} δ,h PAIR− FIT O m O(n O( O(n O( O( log mprocessors.

a_1 a_m MAX− LENGTH m− m− MAX− LENGTH(i,j)= f a_{i +1} a_{i + f} = a_{j+1} a_{j+ f} a_{i + f+1} ≠ a_{j+ f+1} a_{i +1} a_{j+1}. MAX− LENGTH(i,j

i,j ≤ i,j ≤ m− of MAX− LENGTH if j− i = d d are − (m− ≤ d ≤ m− MAX− LENGTH(i,j) = MAX− LENGTH(i + j+ + a_{i +1} = a_{j+1} and MAX− LENGTH(i,j = compute MAX− LENGTH a) Initialization (i,j) 0 ≤ i , j ≤ m− 1 MAX− LENGTH(i,j = a_{i +1} = a_{j+1} and MAX− LENGTH(i,j = d of MAX− LENGTH

Complexity O(m^2 O O(m) O( O( m^2 /log mprocessors.

a_1 a_m PAIR− FIT m− m− log m]. PAIR− FIT( j,l,i) = (λ , f a_{j+1} ,. a_{j+ 2}i a_{l +1} ,. a_{l + f} = a_1 a_2i_{+ f} f (and λ a_{j+1} ,. a_{j+ 2}i a_{l +1} a_{j+1} ,. a_{j+ 2}i a_{l +1} ,. a_m

a_λ

m < m Θ(m^2 m−

m O MAX− LENGTH tations. Let B_0 ,B_1 ,. B_{m− 1} f_i B_i and B_{i +1} ≤ i < m− f_i MAX− LENGTH f_i tions. Observations v v B_i and B_j y ≤ y <m− B_y and B_{y+1} v v f_y f_i f_i several f_i ≤ i < j < m− f_i = f_j i < y < j, f_y ≥ f_i f_i and f_j f_j f_x f_x

≤ h < i < j < m− f_i > f_h , f_i > f_j h < y < j, f_i ≤ f_y f_h and f_j f_i f_h = f_j

m− m− 2 2^i size-2^i subintervals

i −^{i i} − i O(m m− f_i O( processors. ≤ i < m− h < i f_h ≤ f_i h h by h(i i h(i) O( ).

If f_i > f_{h(i)} h(i f_i f_. f_i

If f_i = f_{h(i)} f_i f_i f_{α (i)} f_i

f_i i f_i = f_α y < i, f_y ≥ f_i.

≤ i < m− j > i f_j < f_i j j by j(i m− takes O(

f_i f_{h(i)} and f_{j(i)} β(i h(i f_{h(i)} proj(i f_{β(i)} f_i f_{β(i)} f_{α (i)} f_i O B_i h(i f_{i − 1} and j(i f_i B_i

r levelof T

u,v T u → v and v → u T _ . vof T v)=d in T d vin T v,u_1 v,u_d D(u_i → v = v → u_{i + 1} ≤ i ≤ d D D(u_d → r ′(where d r r. T. T _ R

Initialize: R(e e in T _ R(e = 1 e in T _ R(′ ′ = 0.

Apply log m− m− R(e = R(e) + R(D(e D(e = D(D(e R(e e (u → v T _ u in T. A_j i ≤ i ≤ log m PAIR− FIT( j,l,i j and i A_g MAX− LENGTH i of A_j A_g A_{g +2}i

PAIR− FIT( j,l,i l ≤ l ≤m− 1) λ and f a_{j+1} ,. a_{j+ 2}i a_{l +1} ,. a_{l + f} = a_1 a_2i_{+ f} f (and λ l λ := l − 2^i and f:= m− l . Observations l T _ l l l location l is α l β be l α or β λ . α to l visits LCA(α ,l LCA(α ,l l to β visits LCA(β,l LCA(β,l

e (u → v u

l λ .

λ v λ and l then f:= END(v).

Complexity O( m j and log m + i O( m^2 a_1 a_m β β LOCATION β].

LOCATION(i)= f i f a_f = i ). LOCATION Complexity . O( m O

. O(logm m^2 processors. Acknowledgement.

REFERENCES k

k

k appear. O(n log n

137.

168-178.