
3ULQFHWRQ�8QLYHUVLW\�� �� &26����������� $OJRULWKPV�DQG�'DWD�6WUXFWXUHV������� 6SULQJ������������ KWWS���ZZZ�3ULQFHWRQ�('8�aFV���

5DGL[�6RUWLQJ

6RPH�RI�WKHVH�OHFWXUH�VOLGHV�KDYH�EHHQ�DGDSWHG�IURP�

���$OJRULWKPV�LQ�&���UG (GLWLRQ��5REHUW�6HGJHZLFN�



�

5DGL[�6RUWLQJ

5DGL[�VRUWLQJ�
■ 6SHFLDOL]HG�VRUWLQJ�VROXWLRQ�IRU�VWULQJV�
■ 6DPH�LGHDV�IRU�ELWV��GLJLWV��HWF�

7KLV�OHFWXUH�
■ /6'�UDGL[�VRUW�
■ 06'�UDGL[�VRUW�
■ 7KUHH�ZD\�UDGL[�TXLFNVRUW�
■ 6XIIL[�VRUWLQJ�



�

$Q�$SSOLFDWLRQ���5HGXQGDQF\�'HWHFWRU

/RQJHVW�UHSHDWHG�VXEVWULQJ�
■ *LYHQ�D�VWULQJ�RI�1�FKDUDFWHUV��ILQG�WKH�ORQJHVW�UHSHDWHG�VXEVWULQJ��
■ ([DPSOH����a a c a a g t t t a c a a g c

$SSOLFDWLRQV�
■ &RPSXWDWLRQDO�PROHFXODU�ELRORJ\�
■ 'DWD�FRPSUHVVLRQ�
■ 3ODJLDULVP�GHWHFWLRQ�

%UXWH�IRUFH�
■ 7U\�DOO�LQGLFHV�L�DQG�M�IRU�VWDUW�RI�SRVVLEOH�PDWFK�DQG�FKHFN�
■ 2�:�1����WLPH��ZKHUH�:�LV�OHQJWK�RI�ORQJHVW�PDWFK�

a a c a a g t t t a c a a g c

i j



�

$�6RUWLQJ�6ROXWLRQ

6XIIL[�VRUW�
■ )RUP�1�VXIIL[HV�RI�RULJLQDO�VWULQJ�
■ 6RUW�WR�EULQJ�ORQJHVW�UHSHDWHG�VXEVWULQJV�WRJHWKHU�

a a c a a g t t t a c a a g c

a c a a g t t t a c a a g c

c a a g t t t a c a a g c

a a g t t t a c a a g c

a g t t t a c a a g c

g t t t a c a a g c

t t t a c a a g c

t t a c a a g c

t a c a a g c

a c a a g c

c a a g c

a a g c

a g c

g c

c

a a c a a g t t t a c a a g c

a c a a g t t t a c a a g c

c a a g t t t a c a a g c

a a g t t t a c a a g c

a g t t t a c a a g c

g t t t a c a a g c

t t t a c a a g c

t t a c a a g c

t a c a a g c

a c a a g c

c a a g c

a a g c

a g c

g c

c
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char text[MAXN + 1];
Item suffixes[MAXN];

int main(void) {
int c, N = 0;

// read in text string
while ((c = getchar()) != EOF)

text[N++] = c;
text[N] = ’\0’;

// compute pointer to ith suffix
for (i = 0; i < N; i++)

suffixes[i] = text + i; 

// suffix sort and find longest repeated substring
sort(suffixes, 0, N - 1);
find(suffixes, 0, N - 1);
return 0;

}

PDLQ��

6XIIL[�6RUWLQJ

,PSOLFLWO\�IRUP�VXIIL[HV�



�

6WULQJ�6RUWLQJ�3HUIRUPDQFH

4XLFNVRUW :�1�ORJ�1�� ���
4XLFNVRUW�ZLWK�FXWRII :�1�ORJ�1�� ���

:RUVW�&DVH 0RE\�'LFN

%UXWH :�1�

6XIIL[��VHF�6WULQJ�6RUW

1� �QXPEHU�RI�VWULQJV�
����PLOOLRQ�IRU�0RE\�'LFN�
����WKRXVDQG�IRU�$HVRS
V�)DEOHV�

��������

���HVWLPDWH
���SUREDELOLVWLF�JXDUDQWHH�



�

6WULQJ�6RUWLQJ

1RWDWLRQ�
■ 6WULQJ� �YDULDEOH�OHQJWK�VHTXHQFH�RI�FKDUDFWHUV�
■ :� �PD[���FKDUDFWHUV�SHU�VWULQJ�
■ 1� ���LQSXW�VWULQJV�
■ 5� �UDGL[��

² ����IRU�H[WHQGHG�$6&,,
² �������IRU�81,&2'(

&�V\QWD[�
■ $UUD\�RI�VWULQJV� char *a[];

■ 7KH�LWK VWULQJ� a[i]

■ 7KH�GWK FKDUDFWHU�RI�WKH LWK VWULQJ� a[i][d]

■ 6WULQJV�WR�EH�VRUWHG� a[lo], ..., a[hi]



��

.H\�,QGH[HG�&RXQWLQJ

.H\�LQGH[HG�FRXQWLQJ�
■ &RXQW�IUHTXHQFLHV�RI�HDFK�OHWWHU������WK FKDUDFWHU�
■ &RPSXWH�FXPXODWLYH�IUHTXHQFLHV�
■ 8VH�FXPXODWLYH�IUHTXHQFLHV�WR�UHDUUDQJH�VWULQJV�

// rearrange

for (i = lo; i <= hi; i++) {

c = a[i][d];

temp[count[c]++] = a[i];

}

a 1

b 4

c 6

d 8

e 8

f 12

a d d

a c e

b a d

b e e

b e d

c a b

d a b

d a d

e b b

f a d

f e e

f e d

0

1

2

3

4

5

6

7

8

9

10

11

count temp

g 11

a 0

b 2

c 3

d 1

e 2

f 1

g 3

d = 0;

d a b

a d d

c a b

f a d

f e e

b a d

d a d

b e e

f e d

b e d

e b b

a c e

0

1

2

3

4

5

6

7

8

9

10

11

a

5
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.H\�,QGH[HG�&RXQWLQJ

.H\�LQGH[HG�FRXQWLQJ�
■ &RXQW�IUHTXHQFLHV�RI�HDFK�OHWWHU������WK FKDUDFWHU�
■ &RPSXWH�FXPXODWLYH�IUHTXHQFLHV�
■ 8VH�FXPXODWLYH�IUHTXHQFLHV�WR�UHDUUDQJH�VWULQJV�

// rearrange

for (i = lo; i <= hi; i++) {

c = a[i][d];

temp[count[c]++] = a[i];

}

a 1

b 5

c 6

d 8

e 8

f 12

a d d

a c e

b a d

b e e

b e d

c a b

d a b

d a d

e b b

f a d

f e e

f e d

0

1

2

3

4

5

6

7

8

9

10

11

count temp

g 11

a 0

b 2

c 3

d 1

e 2

f 1

g 3

d = 0;

d a b

a d d

c a b

f a d

f e e

b a d

d a d

b e e

f e d

b e d

e b b

a c e

0

1

2

3

4

5

6

7

8

9

10

11

a

9
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.H\�,QGH[HG�&RXQWLQJ

.H\�LQGH[HG�FRXQWLQJ�
■ &RXQW�IUHTXHQFLHV�RI�HDFK�OHWWHU������WK FKDUDFWHU�
■ &RPSXWH�FXPXODWLYH�IUHTXHQFLHV�
■ 8VH�FXPXODWLYH�IUHTXHQFLHV�WR�UHDUUDQJH�VWULQJV�

// rearrange

for (i = lo; i <= hi; i++) {

c = a[i][d];

temp[count[c]++] = a[i];

}

a 1

b 5

c 6

d 8

e 9

f 12

a d d

a c e

b a d

b e e

b e d

c a b

d a b

d a d

e b b

f a d

f e e

f e d

0

1

2

3

4

5

6

7

8

9

10

11

count temp

g 11

a 0

b 2

c 3

d 1

e 2

f 1

g 3

d = 0;

d a b

a d d

c a b

f a d

f e e

b a d

d a d

b e e

f e d

b e d

e b b

a c e

0

1

2

3

4

5

6

7

8

9

10

11

a

2
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.H\�,QGH[HG�&RXQWLQJ

.H\�LQGH[HG�FRXQWLQJ�
■ &RXQW�IUHTXHQFLHV�RI�HDFK�OHWWHU������WK FKDUDFWHU�
■ &RPSXWH�FXPXODWLYH�IUHTXHQFLHV�
■ 8VH�FXPXODWLYH�IUHTXHQFLHV�WR�UHDUUDQJH�VWULQJV�

// copy back

for (i = lo; i <= hi; i++) 

a[i] = temp[i - lo];

d a b

a d d

c a b

f a d

f e e

b a d

d a d

b e e

f e d

b e d

e b b

a c e

a 2

b 5

c 6

d 8

e 9

f 12

0

1

2

3

4

5

6

7

8

9

10

11

a d d

a c e

b a d

b e e

b e d

c a b

d a b

d a d

e b b

f a d

f e e

f e d

0

1

2

3

4

5

6

7

8

9

10

11

a count temp

g

a 0

b 2

c 3

d 1

e 2

f 1

g 3 11
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/6'�5DGL[�6RUW

/HDVW�VLJQLILFDQW�GLJLW�UDGL[�VRUW�
■ $QFLHQW�PHWKRG�XVHG�IRU�FDUG�VRUWLQJ�
■ &RQVLGHU�GLJLWV�IURP�ULJKW�WR�OHIW�

² XVH�NH\�LQGH[HG�FRXQWLQJ�WR�67$%/(�VRUW�E\�FKDUDFWHU

d a b

a d d

c a b

f a d

f e e

b a d

d a d

b e e

f e d

b e d

e b b

a c e

0

1

2

3

4

5

6

7

8

9

10

11

d a b

c a b

e b b

a d d

f a d

b a d

d a d

f e d

b e d

f e e

b e e

a c e

0

1

2

3

4

5

6

7

8

9

10

11

d a b

c a b

f a d

b a d

d a d

e b b

a c e

a d d

f e d

b e d

f e e

b e e

0

1

2

3

4

5

6

7

8

9

10

11

a c e

a d d

b a d

b e d

b e e

c a b

d a b

d a d

e b b

f a d

f e d

f e e

0

1

2

3

4

5

6

7

8

9

10

11



��

/6'�5DGL[�6RUW

/HDVW�VLJQLILFDQW�GLJLW�UDGL[�VRUW�
■ $QFLHQW�PHWKRG�XVHG�IRU�FDUG�VRUWLQJ�
■ &RQVLGHU�GLJLWV�IURP�ULJKW�WR�OHIW�

² XVH�NH\�LQGH[HG�FRXQWLQJ�WR�67$%/(�VRUW�E\�FKDUDFWHU

void lsd(char *a[], int lo, int hi) {
int d;
for (d = W-1; d >= 0; d--)

keyindex(a, lo, hi, d);
}

/6'�5DGL[�6RUW��6HGJHZLFN�3URJUDP�����

)L[HG�OHQJWK�VWULQJV���OHQJWK� �:�
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/6'�5DGL[�6RUW�&RUUHFWQHVV

7ZR�SURRIV�RI�FRUUHFWQHVV�

■ /HIW�WR�ULJKW�
² LI�WZR�VWULQJV�GLIIHU�RQ�ILUVW�FKDUDFWHU��NH\�
LQGH[HG�VRUW�SXWV�WKHP�LQ�SURSHU�UHODWLYH�RUGHU

² LI�WZR�VWULQJV�DJUHH�RQ�ILUVW�FKDUDFWHU��
VWDELOLW\�NHHSV�WKHP�LQ�SURSHU�UHODWLYH�RUGHU

■ 5LJKW�WR�OHIW�
² LI�WKH�FKDUDFWHUV�QRW�\HW�H[DPLQHG�GLIIHU��LW�
GRHVQ
W�PDWWHU�ZKDW�ZH�GR�QRZ

² LI�WKH�FKDUDFWHUV�QRW�\HW�H[DPLQHG�DJUHH��ODWHU�
SDVV�ZRQ
W�DIIHFW�RUGHU



��

/6'�5DGL[�6RUW�&RUUHFWQHVV

5XQQLQJ�WLPH�
■ 2�:�1���5���
■ :K\�GRHVQ
W�LW�YLRODWH�1�ORJ�1�ORZHU�ERXQG"

$GYDQWDJH�
■ )DVWHVW�VRUWLQJ�PHWKRG�IRU�UDQGRP�IL[HG�OHQJWK�VWULQJV�

'LVDGYDQWDJHV�
■ 'RHVQ
W�ZRUN�IRU�YDULDEOH�OHQJWK�VWULQJV�
■ 1RW�PXFK�VHPEODQFH�RI�RUGHU�XQWLO�YHU\�ODVW�SDVV�
■ ,QQHU�ORRS�KDV�D�ORW�RI�LQVWUXFWLRQV�
■ $FFHVVHV�PHPRU\��UDQGRPO\��
■ :DVWHV�WLPH�RQ�ORZ�RUGHU�FKDUDFWHUV�

*RDO���ILQG�IDVW�DOJRULWKP�IRU�YDULDEOH�OHQJWK�VWULQJV�



��

0RVW�VLJQLILFDQW�GLJLW�UDGL[�VRUW�
■ 3DUWLWLRQ�ILOH�LQWR�����SLHFHV�DFFRUGLQJ
WR�ILUVW�FKDUDFWHU�

■ 5HFXUVLYHO\�VRUW�DOO�VWULQJV�WKDW�VWDUW
ZLWK�WKH�VDPH�FKDUDFWHU��HWF�

+RZ�WR�VRUW�RQ�GWK FKDUDFWHU"
■ 8VH�NH\�LQGH[HG�FRXQWLQJ�

06'�5DGL[�6RUW



��

06'�5DGL[�6RUW�,PSOHPHQWDWLRQ

void msdR(char *a[], int lo, int hi, int d) {
int i;
int count[256+1] = {0};

if (hi <= lo) return; 

keyindex(a, lo, hi, d, count);

// recursively sort 255 pieces
for (i = 0; i < 255; i++)

msdR(a, lo + count[i], lo + count[i+1] - 1, d + 1);
}

void msd(char *a[], int lo, int hi) {
msdR(a, lo, hi, 0);

} 

06'�5DGL[�6RUW��6HGJHZLFN�3URJUDP�����

DVVXPHV�
?�
�WHUPLQDWHG�VWULQJV



��

6WULQJ�6RUWLQJ�3HUIRUPDQFH

4XLFNVRUW
4XLFNVRUW�ZLWK�FXWRII

/6'�

06'

:�1�ORJ�1��

:�1�ORJ�1��

:�1���5�
:�1���5�

���
���
�

���

:RUVW�&DVH 0RE\�'LFN

%UXWH :�1�

06'�ZLWK�FXWRII :�1���5� ���

6XIIL[��VHF�6WULQJ�6RUW

5� �UDGL[�
:� �PD[�OHQJWK�RI�VWULQJ�
1� �QXPEHU�RI�VWULQJV�

���HVWLPDWH

��DVVXPHV�IL[HG�OHQJWK�VWULQJV�
���SUREDELOLVWLF�JXDUDQWHH�

��������



��

06'�5DGL[�6RUW�$QDO\VLV

'LVDGYDQWDJHV�
■ 7RR�VORZ�IRU�VPDOO�ILOHV�

² $6&,,������[�VORZHU�WKDQ�LQVHUWLRQ�VRUW�IRU�1� ��
² 81,&2'(���������[�VORZHU�IRU�1� ��

■ +XJH�QXPEHU�RI�UHFXUVLYH�FDOOV�RQ�VPDOO�ILOHV�

6ROXWLRQ���FXWRII�WR�LQVHUWLRQ�VRUW�IRU�VPDOO�1�
■ &RPSHWLWLYH�ZLWK�TXLFNVRUW�IRU�VWULQJ�NH\V�



��

5HFXUVLYH�6WUXFWXUH�RI�06'�5DGL[�6RUW

7UHH�VWUXFWXUH�WR�GHVFULEH�UHFXUVLYH�FDOOV�LQ�06'�UDGL[�VRUW�

3UREOHP� DOJRULWKP�WRXFKHV�ORWV�RI�HPSW\�QRGHV�
■ 7UHH�FDQ�EH�DV�PXFK�DV�����WLPHV�ELJJHU�WKDQ�LW�DSSHDUV�



��
3DUWLWLRQ $OJRULWKP

��:D\�5DGL[�4XLFNVRUW

,GHD��� 8VH�GWK FKDUDFWHU�WR��VRUW��LQWR���SLHFHV�LQVWHDG�RI�����
,GHD��� .HHS�DOO�GXSOLFDWHV�WRJHWKHU�LQ�SDUWLWLRQLQJ�VWHS�
6RUW�HDFK�SLHFH�UHFXUVLYHO\�



��

5HFXUVLYH�6WUXFWXUH�RI�06'�5DGL[�6RUW�YV����:D\�4XLFNVRUW

��ZD\�UDGL[�TXLFNVRUW�FROODSVHV�18//�OLQNV�LQ�06'�WUHH�

06'�5HFXUVLRQ�7UHH

��:D\�5DGL[�4XLFNVRUW�5HFXUVLRQ�7UHH



��

��:D\�3DUWLWLRQLQJ

��ZD\�SDUWLWLRQLQJ�
■ 1DWXUDO�ZD\�WR�GHDO�ZLWK�HTXDO�NH\V�
■ 3DUWLWLRQ�HOHPHQWV�LQWR���SDUWV�

² HOHPHQWV�EHWZHHQ�L�DQG�M�HTXDO�WR�SDUWLWLRQ�HOHPHQW�Y
² QR�ODUJHU�HOHPHQWV�WR�OHIW�RI�L
² QR�VPDOOHU�HOHPHQWV�WR�ULJKW�RI�M

'XWFK�QDWLRQDO�IODJ�SUREOHP�
■ 1RW�HDV\�WR�LPSOHPHQW�HIILFLHQWO\���7U\�LW��
■ 1RW�GRQH�LQ�SUDFWLFDO�VRUWV�EHIRUH�PLG�����V�

OHVV�WKDQ�Y HTXDO�WR�Y JUHDWHU�WKDQ�Y

L MOR KL



��

��:D\�3DUWLWLRQLQJ

(OHJDQW�VROXWLRQ�WR�'XWFK�QDWLRQDO�IODJ�SUREOHP�
■ 3DUWLWLRQ�HOHPHQWV�LQWR���SDUWV�

² QR�ODUJHU�HOHPHQWV�WR�OHIW�RI�P
² QR�VPDOOHU�HOHPHQWV�WR�ULJKW�RI�P
² HTXDO�HOHPHQWV�WR�OHIW�RI�S
² HTXDO�HOHPHQWV�WR�ULJKW�RI�T

■ $IWHUZDUGV��VZDS�HTXDO�NH\V�LQWR�FHQWHU�

$OO�WKH�ULJKW�SURSHUWLHV�
■ 1RW�PXFK�FRGH�
■ ,Q�SODFH�
■ /LQHDU�LI�NH\V�DUH�DOO�HTXDO�
■ 6PDOO�RYHUKHDG�LI�QR�HTXDO�NH\V�

HTXDO�WR�Y
POR KL

OHVV�WKDQ�Y JUHDWHU�WKDQ�Y HTXDO�WR�Y
TS
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void quicksort3(Item a[], int lo, int hi, int d) { 
int i = lo-1, j = hi, k, p = lo-1, q = hi, v = a[hi][d];
if (hi <= lo) return;
while (i < j) { 

while (a[++i][d] < v)
;

while (v < a[--j][d])
if (j == lo) break;

if (i > j) break;
exch(a[i], a[j]);
if (a[i][d] == v) { p++; exch(a[p], a[i]); }
if (v == a[j][d]) { q--; exch(a[j], a[q]); }

}
if (p == q) {

if (v != ’\0’) quicksort3(a, lo, hi, d+1); 
return;

}
if (a[i][d] < v) i++;
for (k = lo; k <= p; k++, j--) exch(a[k], a[j]);
for (k = hi; k >= q; k--, i++) exch(a[k], a[i]);
quicksort3(a, lo, j, d);
if ((i == hi) && (a[i][d] == v)) i++;
if (v != ’\0’) quicksort3(a, j+1, i-1, d+1);
quicksort3(a, i, hi, d); 

}

��:D\�5DGL[�4XLFNVRUW��6HGJHZLFN�3URJUDP�����

VZDS�HTXDO�NH\V
WR�OHIW�RU�ULJKW

VZDS�HTXDO�NH\V
EDFN�WR�PLGGOH
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6LJQLILFDQFH�RI���:D\�3DUWLWLRQLQJ

(TXDO�NH\V�RPQLSUHVHQW�LQ�DSSOLFDWLRQV�ZKHQ�SXUSRVH�RI�VRUW�LV�WR�EULQJ�
UHFRUGV�ZLWK�HTXDO�NH\V�WRJHWKHU�

■ 6RUW�SRSXODWLRQ�E\�DJH�
■ 6RUW�MRE�DSSOLFDQWV�E\�FROOHJH�DWWHQGHG�
■ 5HPRYH�GXSOLFDWHV�IURP�PDLOLQJ�OLVW�
■ /LQH�UHFRJQLWLRQ�SUREOHP�

7\SLFDO�DSSOLFDWLRQ�
■ +XJH�ILOH�
■ 6PDOO�QXPEHU�RI�NH\�YDOXHV�
■ 5DQGRPL]HG���ZD\�TXLFNVRUW�LV�/,1($5�WLPH����7U\�LW��

7KHRUHP� 4XLFNVRUW�ZLWK���ZD\�SDUWLWLRQLQJ�LV�237,0$/�
3URRI� 7LHV�FRVW�WR�HQWURS\��%H\RQG�VFRSH�RI�����



��

4XLFNVRUW�YV����:D\�5DGL[�4XLFNVRUW

4XLFNVRUW�
■ �1�OQ�1�675,1*�FRPSDULVRQV�RQ�DYHUDJH�
■ /RQJ�NH\V�DUH�FRVWO\�WR�FRPSDUH�LI�WKH\�GLIIHU�RQO\�DW�WKH�HQG��DQG�
WKLV�LV�FRPPRQ�FDVH�
² DEVROXWLVP
² DEVROXW
² DEVROXWHO\
² DEVROXWH

��ZD\�UDGL[�TXLFNVRUW�
■ $YRLGV�UH�FRPSDULQJ�LQLWLDO�SDUWV�RI�WKH�VWULQJ�
■ 8VHV�MXVW��HQRXJK��FKDUDFWHUV�WR�UHVROYH�RUGHU�
■ ��1�OQ�1�&+$5$&7(5�FRPSDULVRQV�RQ�DYHUDJH�

² LQGHSHQGHQW�RI�ZRUG�OHQJWK�:�IRU�UDQGRP�VWULQJV
■ 6XEOLQHDU�VRUW�IRU�ODUJH�:�VLQFH�LQSXW�LV�RI�VL]H�1:�



��

6WULQJ�6RUWLQJ�3HUIRUPDQFH

4XLFNVRUW
4XLFNVRUW�ZLWK�FXWRII

/6'�

06'

:�1�ORJ�1��

:�1�ORJ�1��

:�1���5�
:�1���5�

���
���
�

���

:RUVW�&DVH 0RE\�'LFN

%UXWH :�1�

06'�ZLWK�FXWRII
��:D\�5DGL[�4VRUW

:�1���5�
:�1�ORJ�1��

���
���

6XIIL[��VHF�6WULQJ�6RUW

5� �UDGL[�
:� �PD[�OHQJWK�RI�VWULQJ�
1� �QXPEHU�RI�VWULQJV�

���HVWLPDWH

��DVVXPHV�IL[HG�OHQJWK�VWULQJV�
���SUREDELOLVWLF�JXDUDQWHH�

��������



��

6XIIL[�6RUWLQJ���:RUVW�&DVH�,QSXW

Input: "abcdeghiabcdefghi"

abcdefghi
abcdefghiabcdefghi
bcdefghi 
bcdefghiabcdefghi
cdefghi 
cdefghiabcdefgh
defghi
efghiabcdefghi
efghi
fghiabcdefghi
fghi 
ghiabcdefghi
fhi
hiabcdefghi
hi
iabcdefghi
i

/HQJWK�RI�ORQJHVW�PDWFK�VPDOO�
■ ��ZD\�UDGL[�TXLFNVRUW�UXOHV�

/HQJWK�RI�ORQJHVW�PDWFK�YHU\�ORQJ�
■ ��ZD\�UDGL[�TXLFNVRUW�LV�TXDGUDWLF�
■ 7ZR�FRSLHV�RI�0RE\�'LFN�

&DQ�ZH�GR�EHWWHU"
■ 1�ORJ�1�"
■ /LQHDU�WLPH�"

2EVHUYDWLRQ���0XVW�ILQG�ORQJHVW�UHSHDWHG
VXEVWULQJ�:+,/(�VXIIL[�VRUWLQJ�WR�EHDW
TXDGUDWLF�ZRUVW�FDVH�



��

6XIIL[�6RUWLQJ�LQ�1�ORJ�1�7LPH���.H\�,GHD

0 babaaaabcbabaaaaa0
1 abaaaabcbabaaaaa0b
2 baaaabcbabaaaaa0ba
3 aaaabcbabaaaaa0bab
4 aaabcbabaaaaa0baba
5 aabcbabaaaaa0babaa
6 abcbabaaaaa0babaaa
7 bcbabaaaaa0babaaaa 
8 cbabaaaaa0babaaaab
9 babaaaaa0babaaaabc

10 abaaaaa0babaaaabcb
11 baaaaa0babaaaabcba
12 aaaaa0babaaaabcbab
13 aaaa0babaaaabcbaba
14 aaa0babaaaabcbabaa
15 aa0babaaaabcbabaaa
16 a0babaaaabcbabaaaa
17 0babaaaabcbabaaaaa

17 0babaaaabcbabaaaaa
16 a0babaaaabcbabaaaa
15 aa0babaaaabcbabaaa
14 aaa0babaaaabcbabaa 
3 aaaabcbabaaaaa0bab
12 aaaaa0babaaaabcbab
13 aaaa0babaaaabcbaba
4 aaabcbabaaaaa0baba
5 aabcbabaaaaa0babaa 
1 abaaaabcbabaaaaa0b 
10 abaaaaa0babaaaabcb
6 abcbabaaaaa0babaaa
2 baaaabcbabaaaaa0ba
11 baaaaa0babaaaabcba 
0 babaaaabcbabaaaaa0
9 babaaaaa0babaaaabc
7 bcbabaaaaa0babaaaa 
8 cbabaaaaa0babaaaab

Input: "babaaaabcbabaaaaa"



��

6XIIL[�6RUWLQJ�LQ�1�ORJ�1�7LPH

0DQEHU
V�06'�DOJRULWKP�
■ 3KDVH���

² VRUW�RQ�ILUVW�FKDUDFWHU�XVLQJ�NH\�LQGH[HG�VRUWLQJ
■ 3KDVH�Q�

² JLYHQ�OLVW�RI�VXIIL[HV�VRUWHG�RQ�ILUVW�Q�FKDUDFWHUV��FUHDWH�OLVW RI�
VXIIL[HV�VRUWHG�RQ�ILUVW��Q�FKDUDFWHUV

■ )LQLVKHV�DIWHU OJ�1�SKDVHV�

0DQEHU
V�/6'�DOJRULWKP�
■ 6DPH�LGHD�EXW�JR�IURP�ULJKW�WR�OHIW�
■ 2�1�ORJ�1��JXDUDQWHHG�UXQQLQJ�WLPH�
■ 2�1��H[WUD�VSDFH�



��

6WULQJ�6RUWLQJ�3HUIRUPDQFH

4XLFNVRUW
4XLFNVRUW�ZLWK�FXWRII

/6'�

06'

:�1�ORJ�1��

:�1�ORJ�1��

:�1���5�
:�1���5�

���
���
�

���

:RUVW�&DVH 0RE\�'LFN

%UXWH :�1� ��������

���HVWLPDWH

��DVVXPHV�IL[HG�OHQJWK�VWULQJV�
���SUREDELOLVWLF�JXDUDQWHH�
Â��VXIIL[�VRUWLQJ�RQO\�

06'�ZLWK�FXWRII
��:D\�5DGL[�4VRUW

0DQEHU /6'

:�1���5�
:�1�ORJ�1��

1�ORJ�1�Â

���
���
��

6XIIL[�6RUW��VHFRQGV�6WULQJ�6RUW

���
���
�

FUDVK����

�������

���
���
���

$HVRS$HVRS

5� �UDGL[�
:� �PD[�OHQJWK�RI�VWULQJ�
1� �QXPEHU�RI�VWULQJV�


