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- ZITNBERFS A =apaq...an_4
- q; EFILE  n EFSEORE

+ = & substring

— A[l,]] = aA;iAi+1Aj42 .- aj (A E%EE/‘]_EQ)

F %! subsequence

- B =a4,a4,aq, ..0q ,0<q < g < < qp <n (REAE)

Z43 suffix

— AN—BFFE S (k) = apars1rsz 0y 0<k <n
A& preﬂx B

- AR—EF=FE Py(h) = apaiay ...ap, 0<h < ni%f
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S = "abcbbab”

— FFE : "bcb" , "bba" , ..
— /58] "acb” , "bbb" , ..
— BRI : "abcb” , "ab” , ...
— &% : "bbab” , "ab" , ..
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Tab |Q@ (W E |R [T |Y U [1 [o |p [ [} ]I

Caps

String Matching = rrrrrrrrrre

-« #amifEFEs A, B B mFiAE B WIRE A PUE

for(int i=0; i+lenB<=lenA; ++1i){
int mat=0;
while(mat<lenB && A[i+mat]==B[mat]) ++mat;

if(mat == lenB) print(i);

« A= "abcdefqg”
B= ‘cde”
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for(int i=0; i+lenB<=lenA; ++1i){
int mat=0;
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for(int i=0; i+lenB<=lenA; ++1i){
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if(mat == lenB) print(i);
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String Matching = rrrrrrrrrre

-+ #amifEFEs A, B B mFiAE B WIRE A PUE

for(int i=0; i+lenB<=lenA; ++1i){
int mat=0;
while(mat<lenB && A[i+mat]|==B[mp

if(mat == lenB) print(i);

EHEE  0(A]D
A = "abcdefg”
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for(int i=0; i+lenB<=lenA; ++1i){
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for(int i=0; i+lenB<=lenA; ++1i){

int mat=0;
while(mat<lenB && A[i+mat]==B[mat]) ++mat;

if(mat == lenB) print(i);
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— PRE f:string — {0,1,...,Q — 1}
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- 55
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1. fA)+f(B)=A+*8B
2. A#B=>f(A) # f(B) - A—FE
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- Rabin-Karp rolling hash function E%
— f(A) = app™ '+ a1 p" % + -+ ap_yp + ay_y mod q
— F . p ENFH - oA g £
- p, q NABEE — 195
¢ RE
1. f(A) = f(A[0, n—2])p + a,—{ mod q
— T8 A FiIBERIA&RY hash value - O(JA])
2. f(AlL, j1) = fCA[0, j1) —p/~"* f(A[0, i —1]) mod q
— {H{@ A FF &/ hash value - 0(1)

3. WEARES |B| WFZF& - BB hash value
— O(N)
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Hashi ng
* A= "abcdefg”

OpZ + 1p1 + 2p0

« B= ‘“cde” = 2p%+ 3p' + 4p°
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° A = ”abcdefg"

1p2 + 2p1 + 3p0

« B= ‘“cde” = 2p%+ 3p' + 4p°
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Hashi ng
* A= "abcdefg”

3p2 + 4pt + 5p°

« B= ‘“cde” = 2p%+ 3p' + 4p°
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* A= "abcdefg”

4p2 + 5p1 n 6p0

« B= ‘“cde” = 2p%+ 3p' + 4p°
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o[22 )
—A#+#B=>f(A) #f(B) - FA—%&F
- HERERWE—R?
— A= "aaaaaaa...aaa’
B = "aaaaaaa...aab”

g HUK—E%4 (long long BE))

— AR R/

ex.q € 10> = probability: 1071°
ex. 2147483647
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#define MAXN 1000000 sponsor

#define prime_mod 1073676287

/xprime_mod HEEREHx/

typedef long long T;

char s[MAXN+5];

T h[MAXN+5]; /*hash[E5!x/

T h_base[MAXN+5];/*h_base[n]l=(prime”n)%prime_mod*/

inline void hash_init(int len,T prime=@xdefaced){
h_base[0]=1;
for(int i=1;i<=len;++i){

h{i]=(h[i-1]*prime+s[i-1])%prime_mod;

h_base[il=(h_base[i-1]xprime)%prime_mod;

}
inline T get_hash(int 1,int r){/*BIEMTEZE ' 2HEHE0 ~ len-1%/
return (h[{r+1]-(h[1]xh_base[r-1+1])%prime_mod+prime_mod)%prime_mod;

}

Source: HAERMNIERE
— [ Rabin-Karp rolling hash ] Rabin-Karp ZF&#hashiE& %
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- Double hashing » h(k,i) = (hy(k) + ih,(k))%m
* ex: hy(k) = k%m, hy(k) =1+ (k%(m — 1))
% k=123456, m=701 - h,(k) = 80, h,(k) = 257
° %ﬁﬁﬁg . ED'TE hl(kl) == hl(kZ)l
h, (k) == h,(k,) FERZARNIL
c MHATA M?2E |
- Double hashlng 131 uniform hashing B757% -
tmZE <0,1,2, ..., m-1> E—EHAAEEG HIRMEERZ

—1xHY
- BfF . HAEBERETEMEARRhashE - FHpairifie
Bl of &
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Z Algorithm
¥

AC Automaton
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« Knuth-Morris-Pratt algorithm
« BAREES]F

a = "aabaac..”
b= "aabaab”

al'a b al ' alb
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Knuth-Morris-Pratt algorithm
- BREFEESF

a = "aabaac..”
b= 11

aabaab”
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« Knuth-Morris-Pratt algorithm
« BAREES]F

a = "aabaac..”
b= "aabaab”
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« Knuth-Morris-Pratt algorithm
« BAREES]F

a = "aabaac..”
b= "aabaab”
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a= "aabaac..”
b = "aabaab”

Knuth-Morris-Pratt algorithm
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Knuth-Morris-Pratt algorithm
- BREFEESF

a = "aabaac..”
b= 11
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a = "“aabaac...
b= "aabaab”
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Knuth-Morris-Pratt algorithm
- BREFEESF

KMP
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Knuth-Morris-Pratt algorithm
- BREFEESF
ad =

‘aabaac...
b= "aabaab”
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Knuth-Morris-Pratt algorithm
BEEIEB ?
E # Fail function (KRR E)

— HAE : F() seAMIEILEC RS - B EH M EE
- Fp(i) =

UYiv

{max{k: Pg(k) = B|0,k] = Bli — k,i]},if i # 0 and at least a k exists

—1, else

— F(0) = —1

) Hﬂﬂﬂﬂlﬂ{ HmoL) 1
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Knuth-Morris-Pratt algorithm
BEEIEB ?
E # Fail function (KRR E)

% FQ) BeAELEL RS - B EH M+ 4EE T

— Fp(i) =
{max{k: Pg(k) = B|0,k] = Bli — k,i]},if i # 0 and at least a k exists

—1, else

_F(0) = —
: uuulll@
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« Fail function example

init:

| o | 2 3 4 5 6 7 8
pi

pi[0]=-1

cur_pos=-1

X,
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« Fail function example

i o I 2 3 4 5 6 7 8

pi | -

B[cur_pos+1]!=B[1i]
pi[i]=cur_pos
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« Fail function example

i o | 2 3 4 5 6 7 8
pi | -l -l

B[cur_pos+1]!=B[1i]
pi[i]=cur_pos
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« Fail function example

i | 2 3 4 5 6 7 8
pi | -l | -1 | -

B[cur pos+1]==B[i]
pi[i]=++cur_pos
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« Fail function example

i 0 2

pi | -1 -1 -l

3 4 5 6 7 8
0

B[cur pos+1]==B[i]
pi[i]=++cur_pos

TR

hf &
made by Jingfei \& ®
)




)
onoo
K M P -
T=z= | event
P EtE, S| nsor

« Fail function example

i o | 3 4 5 6 7 8
' |1 0 |

pi | -l -l | -

B[cur pos+1]==B[i]
pi[i]=++cur_pos
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« Fail function example

i o I 2 4 5 6 7/ 8
' | 0 I | 2

pi | -l -l | -

B[cur pos+1]==B[i]
pi[i]=++cur_pos
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« Fail function example

i o I 2 3 5 6 7 8
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pi | -l -l | -

B[cur pos+1]==B[i]
pi[i]=++cur_pos
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« Fail function example

i 0 2 3 4 5 6 7 8
pi |-l -1 -1 0 1 2 3 4

B[cur_pos+1]!=B[1i]
pi[i]=pi[cur_pos]
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« Fail function example

i 0 | 2 3 4 5 6 7 8
pi |-l -1 -1 0 1 2 3 4

B[cur_pos+1]!=B[1i]
pi[i]=pi[cur_pos]
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« Fail function

inline void fail (char *B, int *pi) {
int len = strlen(B);
pi[@] = -1;
for(int i=1, cur_pos=-1; i<len; ++1) {
while(~cur_pos && B[i]!=B[cur pos+1])
cur_pos = pi[cur_pos];

if(B[i]==B[cur _pos+1]) ++cur_pos;
pi[i] = cur_pos;
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e Fail function: LB EREARNBR — XN EXNE
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« Matching
AN 2 blzalblzlab zalbocd
cur_pos init:

cur_pos = -|
.0 | | 2|34 5 6|7 8
a

B b  z a b |z a b | c

pi -1l 0123 4 -1

B
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cur_pos A[i]'=B[cur_pos+1]

.0I2345678
B a

pi - -1fol 1|23 4 -1
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« Matching

inline void match(char *A, char *B, int *pi) {
int lenA = strlen(A);
int lenB = strlen(B);
for(int i=1, cur_pos=-1; i<lenA; ++1) {
while(~cur _pos && A[i]!=B[cur_pos+1])
cur_pos = pi[cur_pos];
if(A[i]==B[cur_pos+1]) ++cur_pos;
if(cur_pos+l==1enB) {
/* Match!! */
cur_pos = pi[cur_pos];
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r(int i=1; i<len; i++){
if(i>R) Z[i]=0; //Case ©
else{
int ip = 1 - L;

if(ip+Z[ip] < Z[L]) Zz[i]=Z[ip]; //Case 1
else Z[i]=R-i+1; //Case 2, 3

}

while(i+Z[i] < len && A[i+Z[i]]==A[Z[i]])
Z[1i]++;

if(i+Z[i]-1 > R){
L=1;
R=i+Z[i]-1;
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EAERER - O(N)
= @;
r(int i=1; i<len; i++){

=1 - L;
if(ip+Z[ip] < Z[L]) Z[1i]=Z[ip]; //Case 1
else Z[i]=R-i+1; //Case 2, 3
}
while(i+Z[i] < len && A[i+Z[i]]==A[Z[i]])
Z[1i]++;
if(i+Z[i]-1 > R){
L=1;
R=i+Z[i]-1;




r(int i=1; i<len; i++){

if(i>R) Z[i]=0; //Case ©

else{
int ip = 1 - L;
if(ip+Z[ip] < Z[L]) Z[i]=Z[ip]; //Case 1
else Z[i]=R-i+1; //Case 2, 3

}

while(i+Z[i] < len && A[i+Z[Vﬂv==A[Z[i]])
Z[1i]++;

if(i+Z[1i]-1 > R){
L=1;
R=i+Z[i]-1;




r(int i=1; i<len; i++){
if(i>R) Z[i]=0; //Case ©
else{
int ip = 1 - L;
if(ip+Z[ip] < Z[L]) Z[i]=zZ[ip]; //Case 1
else Z[i]=R-i+1; //Case 2, 3
}
while(i+Z[i] < len && A[i+Z[i]]==A[Z[i]])
ARNES
(if(i+Z[i]-1 > R){)
L=1;

For Case 0, 3 :
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1|_= =@;
2 for(int i=1; i<len; i++){
(if(i>R) Z[i]=0; //Case © )

else{

int ip fs’
if(ip+2a5ﬂ-<§] ﬂ%ﬁlp]; //Case 1

else Z[i]=R-i+1; //Case 2,
\ J
while(i+Z[i] < len && A[i+Z[i]]==A[Z[1i]])
Z[1i]++;
if(i+Z[i]-1 > R){
L=1;
R=i+Z[i]-1;
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1L =R = 0;
2 for(int i=1; i<len; i++){

(

Z[i] = R>1i ? min(R-i+1, Z[Z[L]-(R-i+1)]) : ©;
B

Z[i] = i>R ? @ : (i-L+Z[i-L] < Z[L] ? Z[i-L] : R-i+1);

\_
while(i+Z[i] < len && A[i+Z[i]]==A[Z[1i]])
Z[1i]++;
if(i+Z[i]-1 > R){
L=1;
R=i+Z[1i]-1;
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AC Automaton

* 0(lAl+xIBl)

1 root->fail = NULL;
2 queue< Node* > que;
3 que.push back(root);
4 while ( !que.empty() ) {
Node *fa = que.front(); que.pop front();

for (auto it = fa->child.begin();
it 1= fa->child.end(); it++) {
Node *cur = it->second, *ptr = fa->fail;
while ( ptr & & !ptr->child.count(it->first) )
ptr = ptr->fail;

cur->fail = ptr ? ptr->child[it->first] : root;

que.push(cur);
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