©

ABSTRACT

e.g.

function. and matching parameterpfi->min_bounds.lbearing,
pfi->max_bounds.lbearing);

pfi->min_bounds.rbearing,
pfi->max_bounds.rbearing);

pfh->min_bounds.left,
pfh->max_bounds.left);

pfh->min_bounds.right,
pfh->max_bounds.right);

e.g. f, where f(b_1 ,b_2 , ,b_p f(c_1 ,c_2 , ,c_p b_i c_i b_i or c_i

dup dup

Dup e.g.

In dup

dup Overview.

p-strings Σ Π p-match

(

eager

Σ and Π O(n(Π + Σ+Π length n

O(nlogn O(n n. P p-string T T O(T O(P+k k P using space O(P O(T

are O(P Σ+Π )+k O(T(Π + Σ+Π Π is O(T Σ+Π pdup t T, pdup t T in eager pdup

eager Π

eager t O tT+m(t,T Σ+Π m(t,T t T pdup

pdup

.

pdup dup

matrix M M[i,j i and j

xx x [AP,Cr86,ML,Ra].

Throughout, Σ and Π that Σ and Π Π Σ ∪^{Π )* is}

or p-string.

p-match

,y, ,b, S=axaybxycby and T=ayavbyvcbv x and y of S y and v T.

$

$

$ abc

bc

c $

. n O(n +Π prev (Σ ∪^{Ν)* Ν} . , and ,v,x, prev(abuvabuvu)= ab00ab442=prev(abxyabxyx

PROPOSITION S and S _ prev(S)=prev(S _ ). S S_i i S ith p-suffix S n is psuffix(S,i) = prev(S_i S_{i +1} S_n prev(S psuffix(S,i i. PROPOSITION P T P i of T iff prev(P psuffix(T,i). j psuffix(S,i j b =S_{j+i − 1} of prev(S f b j− 1, f(b,j)= wise f(b,j)=b. f trees.

0

b0 $

$ 0b2$ b

10b2$

014b2$ 2$

$ 10b2$

S= , where , and , .

Σ S=S_1 S_2 S_n Σ i ≤ i ≤ n S_i S_n suffixof S Σ $ that S S S $

S.

n. S S S $

pathstring

pathlength S n n in n.

Example S= , , , , and prev(S)=0b014b2$ b014b2$, b010b2$ b2$ b2$ b2$, b0$ $ $ S prev(S

pathlength j k f(b,j b k prev(S), and f prev

tion. Σ+Π Π distinct Σ Π −

k O k O(k k O T P prev(P T prev(P T O(P Σ+Π

LEMMA P and T T, whether P T O(P Σ+Π O(T of T P O(P Σ+Π )+k O(T k such positions.

S and T a,b,c,d

aS=bT S=T

aS=bT and aSc≠bTd, then Sc≠Td.

aT a T T

PROPOSITION S and T a,b ∪ Π prev(aS) =prev(bT), then prev(S prev(T).

prev

S=xabxyabz , and ,y, prev(xabx)=0ab prev(yabz)=0ab ab prev(abx)=ab0=prev(abz ab

PROPOSITION S and T a,b,c,d ∪ Π prev(aS)=prev(bT prev(aSc)≠prev(bTd prev(Sc) ≠ prev(Td prev(aSc),prev(bTd k k=aS=bT.

S=S_1 S_n N prev(S_i S_j ). SL(N N to prev(S_{i +1} S_j SL(N prev(S_{i +1} S_j

If SL(N pathstring prev(S_{i +1} S_j good suffix bad Example b

b b0.

LEMMA N S N_1 ,N_2 , ,N_k N_j which SL(N_j )=N

S i i i Define head_i i S j S j<i suffix i head_i; hd_i i. i − head_{i − 1} was aα a α i − j, j<i − α i j+ head_i α i aα α of head_i aα α hd_i.

i i string aα rescanning α

i.e.

N N to N

Let S S i i ≤ i ≤ n head_i i j j<i i i string psuffix(i head_i i i i i N N prev(S_i S_j SL(N prev(S_{i +1} S_j N pointer min(N N N undefined.

eager prev(S

itself, oldhd oldchild Stage i, i = n SL(oldhd oldhd oldhd is head_{i − 1} =prev(S_{i − 1} S_k k≥ i − SL(parent(oldhd eager

prev(S_i S_k SL(oldhd

: eager oldhd entering SL(oldhd

oldhd

f(b,p b prev(S p g

g is head_i newhd g

of g to g newhd numbered i g newhd newhd is head_i update(g,newhd,oldchild,i

g newhd min(newhd min(g newhd SL(oldhd), SL(oldhd newhd SL(oldhd since oldhd to g oldhd link). min(SL(oldhd oldhd min(SL(oldhd oldhd. Phase 5: newhd psuffix(S,i). : oldhd newhd and oldchild to g.

update

i − i Stage i − i i − node oldhd prev(S_{i − 1} S_j i N N_e prev(S_i S_j N_e oldhd

i N_e N_e oldhd oldhd i − oldhd oldchild i − 1.

N, newhd oldhd j, update(N,newhd,oldchild,i min(N min(newhd min(N min(N newhd, min(newhd min(N min(N

newhd, update

i − oldchild newhd loop, min(N newhd N

i function f i

Π Π O O Σ+Π O(n(Π + Σ+Π n O(n Σ+Π Π + O O(Π ) O

THEOREM Σ and Π S of length n eager S in O(n(Π + Σ+Π O(n) space. Π . [AHU].

N N SL(N)=N N N O n N O n procedure update newhd N O n

N newhd

psuffix(i psuffix(i +

O(nlog n).

mits m insert, link, cut expose in O(mlog k) k

insert, link cut

link expose operation; expose(N N of oldhd SL(oldhd oldhd that

since oldhd N expose(N oldhd oldhd

O(n insert, link, cut expose n O(nlog n

THEOREM Σ and Π n O(n O(nlog n).

P T T O(T P and O(P)

P T P (technically, T T T

T T P

T=T_1 T_2 T_n P P (technically,

T_i T_{i +1} T_q P T_{i +1} T_q T. i ≤ i ≤T ith T S i = N=root len = N len represents

i T_{i +len − 1} prev(T_i T_{i +len − 2} parent(N N N T_i T_{i +len − 2} f prev(T_i T_{i +len − 2} len − j=len j transformed j i T pathlength j j f(prev(T i +j− j f

P j i T P. j− N N N=SL(N ment i j= len =j len =j− 1.

O n

Π O O arc.

THEOREM Σ and Π P T for P T where P O(T(Π + Σ+Π O(P T Π

O(P O

O(P Σ+Π

i must i +

N N N of N N

O Π and O Σ+Π

THEOREM Σ and Π P be T P T where P O(P O(T Σ+Π

pdup

tree.

match i and j i≠ j k i,j,k). N

Σ

(prev(S^{r r} r

prev(S f pdup

N N c of c c

c

N N N

THEOREM Σ and Π t string S n S, pdup t O(n +m(t,S O(n m(t,S

eager

rithm pdup eager.

Σ Σ

n sym- Σ and p Π n lines p

time.

Σ= Π = eager was pdup

pdup found

Mbytes. O(n(Π + Σ+Π eager n nΠ

eager n

eager

sizes.

eager

THEOREM Σ and Π T n t eager for T O tn +m(t,T Σ+Π m(t,T t in T.

0 100000 200000 300000 0

100000

200000

300000

than t t

m(t,T) T eager and pdup dup m(t,T)<T t dup are

eager and pdup t m exceeds n m(t,T)<Tfor t≥ eager

O(T+m(t,T T

m(t,T T. Ω(n length n t m(t,T)<T t =

(p_1 ,p_2 p_1 +k,p_2 +k length k+ p_1 and p_2 in p_1, p_2 k

m(t,T T eager and pdup dup

dup, m(t,T T dup

Acknowledgements.

abstract.

References (1990),

(1974),

code,

face

,

4 Logical

applications, 402-411. Proc.

234-245.

Comm.

8. 1991).

O(nlogn

Combi- 270. 28,1

109.

(1983),

errors,