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Studies on Analysis and Retrieval of Large Scale

Linguistic Corpus *

Tatsuo Yamashita

Abstract

This thesis shows basic technologies for large scale linguistic corpus. The corpus
which has linguistic information tags are inevitable resources in natural language pro-
cessing. This thesis focuses on three topics related to large scale linguistic corpus. (1)
This thesis shows a framework of language independent morphological analysis. Var-
ious languages exist in the world, and strategies for morphological analysis differ by
types of languages. This framework works for various language types. (2) This thesis
shows the graphical user interface which supports an annotator to tag the linguistic
information to the plain corpus. This system enables annotators to efficiently construct
annotated corpus. From a view of annotation support, I propose two approaches for
morphological analysis. The first approach integrates probabilities of tag sequences in
corpus and hand-crafted rules. The second approach uses annotated corpus directory
by using fast string search technique. These two approaches are suitable for bootstrap
annotation. (3) This thesis focuses on one of annotator’s activities, which is retrieval
of annotated corpus. This thesis shows two types of approximate search methods for

retrieving corpus.
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Dr. Lee and John’s son go to the McDonald’s in New York.

oo

[Dlz[.| [Llele] |aln|d| [J[on[n|’|s| [s|oln| |glo| [t|o] [t|nle| [M|c|D|o|n[al1]d]’|s| [iln| [N|e|w| [Y|o|r|k|.]|

Graphic
Words

|Dr|.| |Lee| |and| |John’s| |son| |go| [to| |the| |McDonald’s| |in| |New| |York].|

O (Lexemes)

[Dr|.| |Lee| |and| |John|’s| |son| |go| |to| [the| |[McDonald’s| |in| |New York].|

oooo

[Dr|.| |Lee| |and| |John|’|s| |son| |go| |to| |the| |[McDonald|’|s| |in| |New| |York|.|
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O000000d“atour”, “aton”, “Alaskan or” 0 “at our”, “at on”, “Alaska nor” OO0
0000000000000 00Db00b000000obO0o0bD0ODO0Oog conjunctive
ambiguityO0 D 00000000 O00OOO disjunctive ambiguity O O 00O O [7][9]0
conjunctive ambiguity DO O OO0 O OO 11267 0 O disjunctive ambiguity U 0 0O O O
0000 2230000000000000000000000DO0ODOO0ODOODOODOO0O
0000000000000 0D0O00D0DO0O00O0000000LO0obO00OoDOoDOooOn
00000000D000000000 NSPODOOODOLXSOD 40000000
0000D0000D00000O0ONORDO NSPOODODOOOOODODOODOOODODO
0000bO0ooO0oDoO00bO0bO0DO0000bOOoDO0oDo00oOoDooDOoooOooDOon
000000000000 0D000 LXSOO 40000000

0000000000000 DO0DO0DO0DO0bO0DOO0bO0bOO0ODOO0ObOOoDODbDOOn
0000000000000 0000000D00000bO00DOO0o0O0oDOoo0oOooDOon
000000000 DoDOoDOOoo

0000000000000 DO0DO0DO0DO0DO0ODOO0DbO0bOO0ODOO0ObOOoDOODbDOn
000000000000 bO0D000D00O0D0o0oO0DO0oDOoooDoooOooDOon
0000000000000 00000000 common prefix search 00000000
0000000000000 D0000O0000D000O00bO0bO0DOO0oDOoD0oOOoDOOon
0000000000000 00D000000DO00bO00ooDOooOooODOoDOOoO00DOd
000000000000 bO0000D00DO0Do0o00O0bO0oDOoooDOoooOooDOon
O0000000O00O00D [10o000o0o0o0ooO0o0ooO0DU0DOooDoooUoDOo
0000000000000 0000bO000D00DO000bOO0DOOoDOo0ooOoDOon
0000000000000 0D000000D00000O00bO00DOO0oDOo0oOoDOOon
0000000000000 DO0o0OO

0000000000000 DO000DO0DO0DO0DOO0bO0ObOOoDODO0ObOOoDOoDbDOon
00000000000! 000000000000000000000000000

10000 “data-base” O “data”, “7, “base” 0 D 0000000 MMOMOOODOOOO
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22. 0000000000000 000000

Segmentation POS Tagging Analysis Time
( Recall / Precision ) | ( Recall / Precision ) ( Ratio )
LXS 100 96.98 1.0
NSP 99.52 / 99.67 96.52 / 96.69 4.3
NOR 99.87 / 99.91 96.84 / 96.88 4.2
MF 99.88 / 99.93 96.85 / 96.91 1.4
024 0000D000D0O0ODOO0ODOODOOO
00 I'm in New York. -~ [I][?][m]u[in]U[New]U[York]]. ]
000 (0000000000 - [0)]0]0]0]0]0]0]0]0]0]

025 0000004ad

goboboobboobboobboobobooobboooboboobbooobood
gobobooboboooobbooobooobbooobooobbooobood
goboobooobooobooboobobooog “woobobbooboboooboboon
gobobooboooboboobboobobooobbooobobooobooobood
gobobobobooobboobbuoooooobboooboboooboooobood
“they’re” 0 “they”, “’7 “re” U 30 0000ODO0OLODOOOOODOOODODOOOODOOO
UooooooboopobooOd “NewldYork” O “New” UOUODDUODOOODODO “New”,
“York” OO0 DOUOOOODOODODODODw ObODOOOOobOOobuobbDoboooogoo
O0“UYork” DODOOODODODOOODOOODODODODODODOOODODUODODOOD
gobobooopoboooobboooobbooobbboooobb 2500000
gobboobdooobooboobboooboobboooboobboonob 210
g2300000o000ooboon

go
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20 0000000000000000000

001 .
———e—1:000

a7

D 9

OF—e—+—"2:00
DFDDT

Ol 00| m

0| 00F——e—"m: 00O
O oo

Ol 00} s

Ol 00OLt——e—"s: 00
0

0 New
OF——e—+— New: OO0
Ol ooo

Ol 000! udO York
O|l000l——e———e— New_York: 0OO0O
0o

026 00OO0OOOOO

gobodopoogoooobbonobooobooboboobobobbooboon
goboboobbooobboobboooboboobbooo 2600000000
0000000000000 25000000 [New OOOOOD 260000000
000000000000 “New(DOO)”, “NewldYork”(OOODO)OOOOODODOO
gobobobobooobboobboobooobboooooobboooobood
goboboobbooobboobboboobboooboooboboooobood
gogboooognd

gooboooggno

JoobodoooooooobooboooboooDboooobooDbOoobooon
00000000 common prefix search 0000 0000000000 O0OOODOOO
goodbobboooboobooooob b ooobbooouoo
Jobodoooooooobooboooobooboobooooobooo

goobodooooooooboobooobooooooooooDbooobooon
0000 (00O0000)b00o00U0bOO0o0ooO0oU0DOOo0OoOO0obODOOoOOobODO
JooooobooobobooboboooooooDbooobooooDboooooon
goodbobobboooobbobbooooboboooooooooDb L oooo
U UULoboLo sopobobobobbobobobobo
Jooodoooooooobooo
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22. 0000000000000 000000

1. 00o00oobooobooobobbooboboobuooooooobg
goboobogboobboboboobooboobobobbobooboooba
gobooobbooboobbooboboobbonoboobobd

2. 000000
gobobooobobbooobbooobobooooobboobobbooon
gobooobbooboobbooboboobobonon

3. 000ogon
gbobooboboobooboobobboooobobonooooboonbgo
gobooobobobbooboobobobbooboooboood

0000000ooooOoO00o0oOoOooooooooooO@),3boooooo
goo
000000000 (Penn Treebank[6] OO0 OO0 O0O0OO0)0O0O0OOOOOO

1.100# 10000 (0000000000)
2. 000000 :0000 (U)
3. 000000 = [LLIEIGIPN-] - - [$1[4]- - [0 t]

Penn Treebank OO0 “don’t” OO OOO0O0O “do” O “nt? O0O000O0O0O0O0O0OO
0000000000000 p’t)000000O0O
O0o0ooooooooo

1.100 010000 (boboooooooon)
2. 000000 :0000 (W)
3. 00n0oooo - o0

goboboobooobboobboooboobobboooboboobooobood
goboobobooboboobbobboobobobobooboboobooon
goboopoboobobobbooboooboobooboobbobbooooon
00000000000 0O000Oo0oU0oOoOOooooO00 MjuboooooooDoo
0000000000000 0O0O00000D 1200000000000 0ODOO
goboboobooobboobboooboobobboooboboobbooobood
goboboobooobboobboooboobobboooboobbooobood
00000000000 00000 3120000000000 bigram OO0 O0OOO
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20 0000000000000000000

00000000000 trigram (0000000 D0)0000000O0O0ODOODOOOO
000oo0o0oOo00ooO0o0oooOoU0oOOoO0o0ooOU0LODOO (WoOooobDoo
gobooboooobooobobooboobbobobon

1.100 010000 (boooooooooo)
2.000000 :00
3. 000O0oO0O :00oo (W)

0000000000000 (voooUooboOooDoooOOoULOOooDoooOoOooDOo
oooooooooa
gddooddooooouooboooooodoooooooooooooooon
0 00O 0 Staubecken O O Stau-becken 0 0 0000 O 0O 0O OO0 Staub-ecken 00 0 00O
00000000000 400000000000 ooo0ooooooooooOod
oddooooouooooooooooooooooon

1.100 010000 (bobooooooooo)
2. 000000 :0000 (W)
3. 000000 - o0d

gobobooboboboobobooooobbobb 10obo0obbobooobon
gobooobobooobboobooooboooobbuoooboobbooobood
gobooboopobooboobobobboboboobbooobd

0000000000000 O0000U00U00U0OUUO0DUO0ODUOODOOUOUOONOR
00000000000000000000000000D0002000 (0240 “MF”
00)0000000000000000 NOR,NSPOOODODOOODOOOOOOOO
goboboobbooobboobobobobooobbooooobbooboooood
0000000000 DODOOO00O00ODOO0O0000U0O0DDODODODO NOR,NSP OO
goboobooobooboboobbboobooooboooobnoooon

23. ODOooooogood

gobodoboogobooobbooboooboobobooboboobbooboon
goboobobdoooobobobboooobobooobbooooooboboooobood

20: “1t/°/s/U/Mx/./i/Lee/’ /s/li/pen/.”
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23. 0Oggooooogadn

goboboobooobboobbuoooooobbuooobobooboooobood
gobooobboobobobboobboobbonon
gobooboogoboobboboboobbobboobn

1. 0D0bo0ooboooboooboobboobooobooboooooooonog
2. 0g0oo0boobooobooobbooboobobobbooboboboba

3. 0000000000000 0O0DO0oooUO (trelis)0000D0O00O0ODOO
gobooobobooboobobooooon

4. 0000O0O0OO0OOO(DOO)oOoOooO0

5. dgoooood

000000000000000000000000000000000000000
00000000 LimaTK 00000 [15][16][17]0LimaTK 00 2700000000
000000000000000000000000000000000000000
0000000000000000000000000000000

000000000000000000000000000000000000000
0000000000000000000000000000O0O0O0O0O0O000000
0000000000000000000000000000220000000000
0000000002310000000000000002320000000000
000000 233000000234000 LimaTKOOOOOOOOO00O0O0O0ODO
00 MOZOOOOODOODO

23.1 0000

0000000000000 D0D000DO0D00D0DO0D0oDoO0DOooDOoDOoDoOooDOon
000000000000 00000o0oooOooOoo2200000000000000
00000D0D00DO00oOoDoOooooDOood

0000000000000 0000D0O000ooD0O00ooDD0oOoOooDoDoOoon
0000000000000 0000ODO000D 20000000000 000suffix
array[18] 0000000000000 190000000000 0DOOOOOODOOO
000000000000 000suffixarray 0000000000 OO0OO00ODOOO
O0000000O0Osuffixarray 0000000000000 O00O0OOO SUFARY(]20],
4120)00000000

0000000000000 D000D0D00DO0DO0DoO0DOoDoOoDOOooDoOooDOon
0000000000000 000000 “look up” (“looking up”, “looked up” 0O 0O
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20 0000000000000000000

DDDDDDDDDDDDDDD\
OOo0|0O0|0O0| 00|

00| 00| 00|l o00t—— oooooo
ooo|l ool ool oo

Oo0| 00|l o0ot—— oooo
O00| 00| 0D0ooon

O00| 00l—— oooooo
000| 0000000 )|

O00| 0000000 t—oooo
ooo| o0

O00l—— oooooooo
00oo0oooo|
00000000 }— 0000000
00000000 |
00000000 lL— ooooo

0 2.7 LimaTK OO0

0)00000O000o0oO0OoOoU0O0OoUO0OoODOU0OD ))ooooooooood
000000000000 (2)Uoo0U0oOLO00O00bLOO0o0DooOOo0LOOooooOOO

1. I looked up the answer.
2. I looked the answer up.

Webster 0 [7] 0000000000000 O00OOOCOO0OOOOODOOOOOOOOO
goboboboboooboboobboobobooobboooboobbooobood
goboboobbooobbobbuoooboboobobobooobboooobood
goboboboboooboboobooooboooobboooboobbooobood
goboboboboooboboobboobobooobboooooobboooobood
goboboboboooboboobbuoooooobboooboboobbooobood
goboobogoboooboboboboobobobboobobobbd

232 0000000

ooobooooo HEMM ODODOODO0ooobobobobo0obo HEMM DODO
gobobobpbooobboobbooboobooobboooboboobboooobood
goboobobobooobboobboobobooobboooboobbooobood
O Ngram 000000000000 0O0O0 (DOOOO0OOOO)0DO00O0OODOO (O
0000000000000 0O0O0O00)000000D0O0O000D0O0ODOO0ODOoOO
gobobobobooobboobboooobooobbuoooooobobooobood
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23. 0Oggooooogadn

0000O00000O00000 210000 (00O0)00DO00DOO0ODOOODOODO
0000 (00)000b0o00oU0oODO0U0OoOoU0DOo0OO0bODOOOOOoOoDO
0000000000 [1][22J0JUMAN[23]000 [24) 00000000000 0OOOO
000O000O000OO00OO00bOOo0obOOoO00obO0oO0obO0bObOOobOoOOobooDooo
000000000000 0O0O00Oo0O00UOoO0O0 (Dooooooooooon)
000D0O000O0O0DbOOo00oooOoDod

0000000O00DO0o00O0OO0bODbOOo0DO00ObOO0bObOOoOoO0oOobObOOoOooo
O0oo0ooo0o0oOoooOoEMMOOODO)ODODODODODOHEHMM DO0O0OOODO
O000000000000000000o0O000o0oO00 (bigram, trigram, variable
memory model[25] 00 ) 0000000000000 OO0OOOOOO

00000000000 0bO000OO0bOO00bOOo0OOO0bObOOooDbObOOoOooo
0000000000000 00bO000O00OO 22000000 OoooUooooo
000000 (bo0o0)b0o00oO0o0ooOO0o0O0OU0DO0O0ODO0bODOOOOOODO
000O000O000OO00bO0o0oDOO00oO0gdDOo0obOOoU0bObOOobOoOOobOooDooo
O000o0o0o0oOo0oOO0O0O0ooOO0o0OoOU0bO0O0O0ODO (D0)booooOoUoDOo
o00O000O00OO00bO0o0oDO0o0OO0dDOOo0oDOOoU0oDOOoO0obObOOoDbOOoOoDOoOoO
000O000OO00O0O0bO0o0oDOO00OOo0dDOOo0oDbDOoU0oDOO0OooObOOobooDoOoO
oopoogo

233 0O0O00OOOO

gooobobboooooobobobobooooooboboooooobobboooooon
gbobooboboboboboobobobobbobobooobobbooobon
gooooo

gboobobobobobobobooobobbobooooooonoooooboon
000000 Ngram OO0 000000O00O0O00OO0OO0ODOOOOOOOO0O [21]0
gobobobobooobboobboooooobboooboobboooobood
gbobobooooobobobbobooboboobobobobobonooobon
gobobobobooobboobboooooobboooboboooboooobood
goboobopooobobbobobboobobobobobobboboboooobon
goboboobooobboobbuoooboobbuooobobobbooobood
000000000000 0000000000000O0000 24)000000D0Oo
ooobobobooodouobDtdbLLmaTK OO0 ODDOODOOOOOOODOOOOD
goboooboboon

gboobopoobbobobobooobooooboomoooboboboobon
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20 0000000000000000000

JoddM-tion DDODOO0OO0OO0O0O0ODODOODDODODDODOOOO0OODODDODODOOO0O0OO0
ooboboooooboobobuoboboobobbobobo0obo0UobUULimaTK
goboboboboooboboobboobobooobbuoooboobboooobood
goboboboboooboobobbooooboooobbuoooboobboooobood
gobooboobboobobobboboboobbobbd
gobodoboogoooobboboboooboobbooboboobbooboon
gobobobobooobboobooooboooobboooboobbooobood
goboboboboooboboobboobobooobboooooobobooobood
goboboobobooobboobbuoooboobboooboboobboooobood
gobodobobdoooboboobooooobooobbonobooobbooobood
000000 [220000000000000000O0DO0OO00O0O0O JUMAN[23]0 O
024 000000000000000000O00O0O0O00ODO0OO0O0O0O0OO0O0OO
0000000000000 00000000ODO000O0O0O0OO0ODOOOD [26]0
gobobobobooobboobbooobobobboooboboobbooobood
gobobooboooobooobobooboboobobboboobobbobobon
gobobobobooobboobboobbooobboooboobbooooboon
gboboooobobobobooooobobobooobobooooobobobon
goboopooogoooobobooo
goboopobooboboobbobobooobooooboboobboooboon
gobobobobooobbooboooobooobbuoooboobbooobood
gobobobobooobboobboobbooobboooooobboooboon
gobobobobooobbooboooobooobbooboooboboooobood
gobooboogoooobobobboood

e J0DOOO0ODODOO  DO0ODOOODLDOODDOOODDOODLDDOOOD
goboopoooobooooo

e JOIDODODOD :J0U0DLU0mMDDODLODLODLOMmMmMOobDODbDODOOD
gobooboooooobobobobooboobobboobooboooooba
googoo

234 0OO00OOOOOOOOUOOUOODLDOODLOO

LmaTK OOOOOOOOOODOODOOOOODOOOO MOZOOOOOOOOOO
gobbopoobooboboboobobobooo280booooooooobood
gobobooboooobobobbobmooooboWoobobuonooooboon
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23. 0Oggooooogadn

00000000000 0000000000000 oD (booooUbLoDOon)C
3 0000000000000 0D000DO0On

gogboooooboood

OO0 3075 226 3648 [Y:OUODO BF:U0OO P:0O0O0 Pr:100/3864]

OO0 6960 198 1685 [Y:O OO BF:00 P:00-00 Pr:37/144546]

0 1306 59 744 [Y:O0 BF:00 P:0O0-000-00 Pr:17509/82739]

0 0 117 2688 [Y:0 BF:O0O P:00-00/00000/000 Pr:10638/10638]
OO0 3048 73 1666 [Y:00O BF:00 P:000/00000/000 Pr:813/30431]
0O 111 2072 [PP:O00-00 Y:0 BF:0 P:00-00 Pr:27418/27452]

What is a word?

What 2208 20 1835 [P:WP Pr:218/3156]
is 946 62 1373 [P:VBZ Pr:8789/27619]
a 1207 28 1384 [P:DT Pr:25820/111243]
word 6629 85 117 [P:NN Pr:59/179722]
7 3771 54 202 [P:. Pr:556/53362]

goobooobognd

5929 28 28 [P:Na Pr:185/372140]

8286 28 28 [P:Na Pr:9/372140]

6816 70 70 [P:VC Pr:17/106692]

3989 78 78 [P:D Pr:1003/167440]

8473 32 32 [P:VH Pr:2/105135]

2007 31 31 [P:PERIODCATEGORY Pr:6046/79413]

RN
RN
RN
RN
RN
RN
g

028 00O00O0Od

300000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
0 (P)000000000 (Pr)0000000000O0O (Y)IJOOO (BROOOO (P)00O
0000000 (Pr)0000000000000000000000000000000000
00000000000000 (Pr:0000000000000000/000000000
oooo)o
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20 0000000000000000000

000 RWCPOOOOOUDOOODOO [27(0920000)0000 trigram 0000
000000000 0O0000D0 2400000000000 0DO0DOOOOO0
gdodooooooooodboodouoooooooooooouooon
0000 Recall, Precision 00 97% 000000

00 Penn Treebank[6) D0 O0O000D00000O (0 1280000)0000 trigram O
O00000000000000000 Oxford Advanced Learner’s Dictionary[28]
0000000000000D00 (stem) 000000 Oxford Advanced Learner’s
Dictionary 0 00 0000000000000 0OOOOO 97%000000000
00 9%5% 000000

000 0000000000 000000000 29 (02100000)0000 bigram
0000000000000000 Recall, Precision 00000000000 95%0
0000000000 91% 000000

gboobobobobuobooboobuobn Ngram ODODOODOODODODODODO
gobobobobooobboobbooobobooobboooboobbooobood
goboobooooooobobobboooboon

24. 0O0OOO

Webster O [7] 00000000000 (ODO)0000000O0O00OOOOOO
00000000000 0ooOo0O00U0OOO0000OOODOO0(OODUbDbODOo
00)00000000000000000000D00O0O0O0O000D0DUODoOoOOOOO
“They've” 0D 0O0O0DOO0OOOOOOOO (2230)0000000000000OO
gobooboooboobobobbobboobbobboobooooon

goboobooboobodoobooobuoboooooooMillsboboobooo
gobobobbooobboobooooboooobboooboobboooobood
000000 RUuO0002230000000000000000 (LyODOoODOODOO
gbobooobobobuobpooooboboboboboboooobonooood
goboobooobooboobooobobobouoobbooobooobooooog
gobobooboooboobooooboooon

O000000000000000000KimmoOOOOOOOO (two-level morphology)[30]
goboboboboooboboobboobobooobboooooobobooobood
gogboooognd

gobodoboogoooobbooboooboobboobobobbooboon
goboboboboooboboobboooooobboooboboobbooobood
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2,5, 000

goboboobooobboobbuoooboobbooobobobbooobood
goboboobboobboobboobobooobboooboobbooobood
gobooobbobboobooobobobboobooobooonod

00ooobooboobboooooboouD LimeTKODOOOODODOODOODO
0000000000000 0000O000O0 BjooooooooUooooooo
00000000000 (BaseNP)OODO HMM OOO0OOOOOOOOODOOOOO
0000 (LbOoooUoOOoODMWUooUDLO0o0DWoooLOo0o (Doooooooooo
O)DoOooooMooUooOooooOOoo (bO)boOoooUoOooooDOoooOobOo
ooboboooboooooooobo MM ODObDoboboobobbooogoooo
o0oo0ooOoOooO0o0bODbOOOo0o0oOobOO0obODObOO000obObDoOoOoonO MozZo
gogbooooogon

1.100# 10000 (CoOoooooooo)
2.000000 00
3. 000000 0000 (W)

00000 LimaTK OODOOO0OO0ODOOOOOO0OOOO0OODOD0ODOOO0ODOODOOD
obobobobobEeMMUODODOODObOOobDOobOoLDO

2,5. OO0OO

gobodopobooboboobbooboooboobboobbobbooooon
goboboobbooobobobboooboobobboooboobbooobood
goboboobooobboobbuoooboobbooobobooboooobood
goboboobbooobboodobooobbooobooobbbooooog
goboboobboooboboobbooobobooooobooobboooobood
goboobobobbooboobobobboon

23






30

Jotdotdotdotdotdb bt
Joooobobn

gobodopobooboobobbooboooboobboobboobooooon
gbobooboboooobobonouoooobobobooobobboboooDn
goboboobooobboobbuoooboobbooobobobboooobood
goboboobooobboobboobooobboooboboobbooobood
goboboobooobboobbuoooboobbooobobobboooobood
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000000000000 0000000000 Penn Treebank(32) 00000000
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gobodoboogobooobbooboooboobobooboboobbooboon
gobooboogoo

00000000000 VIJUMAN[33] DOOOOOOO0OOOO JUMAN[23]000
gobobobpbooobboobbooboobooobboooboboobboooobood
3.100000000DO00ODO00O00bODO0O00oODOOOoOoDOJUuMANOODODOO
000000000 00 24 0000000000000 0O00O0O0O0O0O0OD0O ViCha
gobobobobooobobooboooobobooobboooboboobbooobood
goboobooobooobboobboobboboboobbd

e JODOODDDOOOODDOUOOODDDOOODDOOOODLDDOODD
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gbobobooooobobonoooooboboobobobonooboboboo
goboobogoobooboobobboboboobbobboon
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3.1. 0b0googogooggogon
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goboboobooobboobboooboobobboooboboobbooobood
goboboobooobboobbuooboobooobboooboboobbooobood
gogboooooond

0000000000000 000000000000O0 ATROv (NUU)-Talk O
0000000 45 00000000v -Talkk00000O00O0O0OOOODOODOODO
goboboobdooobboobbuoobooobbuooobobooobooobood
goboooooboboboon

3.3.3 Uooooon

goboobooooboobbooboobboobon

e JOIDODUODOODODDODODUOODLDO0OOODLODLOODLDODLODODnDD
goboooooobbod
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030 0000o0ooooggooooogoooooog

ogg |0 |00 oo

0 0 (M (O0O0bOoboobobooboo
2 g )M (| D0O0boOoooboogoboo
4 g [J |0DO000b0oooooogog
6 0 (v (dbobobooboooboo
8 g -V | 00bOo0ooooboooboobd
10 | O )V (| dooboooboogoboo
11 | 0O IT |DO0000000ooogog

0 319 bogdn

e JOIDUODODODOOODLODODLOUODODODLOUODLODODLOLODODOD
gooo

gobooooobooobooboboooboobbooboboobboooboon
000 (b000o00o0o0ooOo0oO)000oOoU0DOo0ooOO0bODOOOooOOoUODOo
00000 perlO00OCOODOOODO COOOOOO

goboboogobbuoogobboboogobooogon

gobodoobooooboooboooboobboobboobbooboon
goboboobbooobboobobooobbooobooobbooobood
gobooboogobooobobooobod

gbobopooooobgobg332ubuoooboboboobobobobon
gobobooboboooboobobboooobooboobbooobooobboooobood
gobobobobooobboobboobobooobboooooobbooobood
goboobogboboobobobboboboobbobboobooobooonog

(L DoDoooog MMIW-VVIT
(2 0booboono MIJw-wviT

goboobooboboooboboobboobobooobboooboobbooobood
goboboobobogs1ygbbooobobooooboooobooonoboood
goboood
gbooboooooboboboooboboboboboboboboobobon
0000000000000 000O0O000OoO0DOOO 3.1900(00oooooO
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3.3. DO0Oogooooogoooooooooon

MMIJ(Vv-VHVITO)ODODO0DO000000000000MO00000o0oooooooon
goboboboooobooboooobbobooboobmoboobobbobod
ooomgoboobbo4b000bo0o 120b000boobooboo MoMlIJv-nvTo
0400000 12000000001 v-yvOOOoOooOoooDOOoOoomobooOooooOoo
gobobooboboobbonobooboboood

gboobooogbobooan

gobodopobooboobobbooboooboobboobboobooooon
Suffix Array 000 0000000000000 O0O0O SUFARY([20],4.1.20)000
goboboobuoooboboobbuoooooobboooooobobooobood
0 common prfix (4.3.30000)000000000000000O0000O0O0OOO0O
000000 common prefix 000000000000 DOOOODOO 320000000
000 (x0O0OOoOoOooooooooo)o

gobodopobooboobobboobooobooboboobbobbooooon
00000000000 0oOoO0O0O000OU0OoOOOO0O [DD)jDDbOoooOobo
goobobooobooobbooboon

0 320 0DOd

gooobog

gobodopobooboboobbooboooboobboobbobbooooon
goboboobooobboobboooboobboooboboobooobood
gobooobooobbonboon

1. 0D0o00ooooobooooboboboobood
2. 000000bo0oboooboobboboboobobobbd

. igooooboooboooboobobobbd
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030 0000o0ooooggooooogoooooog

4. 0DO0O0O0ODOODODDOOO0OObOOd

gobodpoogobooboobboobooobooboboobbobbooboon
gobooboobobbobboobbobobd

gobooboogoboobbonbb ooboboobobooboobooooog
gbobopooooobobobobobboboboboboboooobooboo
gobobobooboobobbooboobobbooboboboobooba
gboboboooooooboboboboobobobobobobonooon
00032100000 000000000000 O0OOOOO0ODOOOOOO
000000000000 00O000O000O0000O0D CO0)0bD oOojooO
gboboboooooboobooboobobobobobbobobobon
gobooobooooobooood

O
(ooo{oof{oofoofoof{ofo{oof{ofof
R CECEE CEIEE B CICE Gl
oRgtoopoopooioolofolooiolo)
Jnptootootootonfoooloo{olo)
Jngtonfeofonfoofooojoonoin]
Dooloo|oo|looloojo|[oloo|looO]|

0 321 dogogooboogoooo

gobodnb ogbobobobboooobobuoobobbobobonooobon
gooooooboooooooobooobboooboooo,b,o,oo, o,
00 070000000000 (@O0 [DO)jDOo0DbO00DOOU0DOOODUObOO
0000000)00O0O0O0000000o0o0o0o0o0o0o0oooooooooooo
gboboboodooboboboooboboboobobobboobobooon
gobooobbooboboobboobbooooboobboo 322000 3
goboooogoobon

TypelDODOOODOODOODOOOUODODOOOOODOUODODOOOODODO
00 Type2,3000000 3230000000000 0000000O0O
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3.3. DO0Oogooooogoooooooooon

O
00000000000 000000000000000000000
0oooooooooofooooooooooo|{oooooooooo |

O0000000000| 00000000000 | 0000000000
D0000000000| 00000000000 | 00000000o0o
|_DDDDDDDDDDD_I_DDDDDDDDDDD_I_DDDDDDDDDD_|
Or—71=7=7—3 08| 8r—71=7=738| r—7=7=-7—3 L
e D e e O =
ol ..looolololOf..]ooOfO) O Jlolololo
ot—+———+—-J0|0}t—F+———+—-40O olo| 0|00
ololooo|..jolojojooo) ..jO| b=4+—-1—-F+—-40O
pt-+t———1Jdglpot—-i1———1_Jdp|[O0[0ODOO] ..|]O
00000000000} 00000000000 L—L———L—JDJ

0 322 Dooobooooood

3.3.4 0O0OO0OOO

gobodopoboobobobbooooooboobboobbobbooooon
0000000000 BTG)ODODODOOODOUOOODOOODOOOOO (bigram) OO0
00000000000 0O000000 4000000000000 oooO0boDO
gooond

00000000 9%O0000000 JPAOOCODO)OO0OOODO 27000000
OO0 (020000) 0000 (0b520000)0000((@W@UOODO)0DOO/O000O
O00000O000oOoOooo20000 (DOODOOSK030)0000000O0O0O0O0O0
gobobooboooboboobbuoooboobboooboboobooobood
00oo00oo0oOO0o0oOo0oO0o0OoOOO0O0O0O00O (bOoDooOoOooooobo
000)000000000000000000000DOOO0O0

00 BTG
000/000 |000/000
000 |87.1% / 92.3% | 88.1% / 88.9%
000 | 83.7% / 92.8% | 90.4% / 91.8%
000 | 90.1% / 93.5% | 91.7% / 93.2%

gobodopobooboobobbooboooboobboobboobooooon
gobobooboooobboobboobobooobboooboobbooobood
gooooo

gobodopobooboboobbooboooboobboobbobbooooon
goboboobooobboobboobooobboooboboobooobood
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| ————— = | OJOOOooOOog | Ooooood | O
| OO | Ood | ‘O | | OD00000O0 | cogooo | O |
bttt | —r—— | ——— [ O]
== =N =N E==l = I =N A A=l
| bttt | bt | b | O]
Hi==Ni=l=Ni=l=N NN ==} =l=N N R i==N =N =N
| —t——tA | bt | O O]
1 ol iolool ] iolool | 1ooiol O]
| bttt | bt | b——f | O]
|l ioloolool || iolool || ol i 1ol
- —t t ]
| DO000OoOOoOoOOooD | Dooooog | boooood | 4|
| DO00O0OoOOoOoOooD | Oooooog | boooood | 4|
| DO00O0OoOOoOoOooD | Oooooog | boooood | 4|
| DO00O0OoOOoOoOooD | Oooooog | boooood | 4|
| DO000OoOOoOoOooD | Oooooog | ooooood | 4|
| DO000OOOoOoOooD | ooooog | boooood | O |
| DO000OOOoOoOooD | ooooog | boooood | O |
| DO000OOOoOoOooD | ooooog | boooood | O |
| DO000OOOoOoOooD | ooooog | ooooood | 4|
| DO000OOOoOoOooD | ooooog | oooooo | 4|
| DO000OoOOoOoOooD | Oooooog | boooood | 4|
| DO000OoOOoOoOooD | Oooooog | boooood | 4|
| 00000 OoOoOOooD | ooooog | ooooood | 4|
| 0000 OoOoOooD | Dooooog | ooooood | 4|
| DO000OoOOoOoOooD | Dooooog | ooooood | O
| DO000OoOOoOoOooD | Dooooog | ooooood | O
| DO000O0OOoOoOooD | Oooooog | boooood | 4|
| DO000OO0OOoOoOooD | ooooog | booooo | 4|
- —t- —t ]
| DO000OOOoOoOooD | Oooooog | ooooood | 4|
L 1 1 R I |

goooood

0 3.23

000000000 oO00o0oO0oU0O0o0o0oU0DOO0o0oDO (DOoboooooOooD)Do

gobobobobooobbooboooboobooobboooboobbooobood
00o0000o0oo00oOoU0o0ooOoU0oOOU0DOOOOU0OOODDOUObOOO(DODO

00)000000000000000000000000OD00DU0LODOODOOoOO

gogbooboogoboobobooobod

gobbopooobooboboooboboobobooobb™obooobooon

gobmoooobobbooboobboobooooon

00 [00]0[00]00[000)00([00)00[00]o00[0o]o[oo]

O0000000O000O000O0 U0joo0o0o0ooo0o0Woo [ooo]oo o
00000000000 00O00000O00000OoU0ooOoDoUOoOOoDODOn (OO

00000)000000000000000000000000000000BTGO

gobooboobobooboobobboboboobbobbd

0[00]0[00]0000[00]00[00]00[oojo[oo]
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3.3. DO0Oogooooogoooooooooon

gboobbobomooooobbobomoobooboobboboobooobooooon
goboooboboooobobobboooboobboooobooboboooboon
goboboobbooobboobboooboboouooobooobboooobood
gbobobooooobobobobobobooonooooobobobobobon
gobobbooooboboboobooooboobooooboobobuonobobon
goboopoboobobobboobooobooboboobbobbooooon
0000000000000 0O000OoOU0O0O0OO0ODOO0O0OODOOOD [DOjO o
00000000000 [b0jb0000o00DoOoOO0oooOo0oU0DOOoOoDOoooObODOo
goboboobooobboobboobbooobboooboobboooobood
gobooobobooboobboboboobobobbooboboobd

3.3.5 0OoO0n

gobodopobooboboobbooboooboobboobbobbooooon
gboboboooooobobooooobobobooooobobobobobon
goboboobooobbbooboobooboobooooboobobuonoobobon
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140

Suffix Array 000000000
000

gobodopobooboboobbooboooboobboobbobbooooon
O0D000O0OSufix Array 00 00O0O0OOCOODOOOOODODOOODOODOOOO
gobobooboooboboobboobooobboooboboooboooobood
gobobooboooobobooobobobobobbobobobobuonoobobon
gobobooboooobbooboooobobooobboooooobbooobood
goboooobobbooboboobobobbooboon
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040 SUFFIX ARRAY 000000000000

4.1. Suffix Array

O0000000DO0O0O00ODO0 SufixArray00000000O0DOOCOODO0O
god

Suffix Array 00 000000000000 0O0DOCOO0ODOOOUNIXO grepO
0000000000000000000000D0000000000! 0ooooo
0000000000000 0000000000 (=suffix Array) 00000000
gooond

Suffix Array 000 O0000O0000O0O0OO

e JOODODODOOOLOODODDODODLODLOUOODLODODLODOOOOOO
gooboooboobbobboon

e JOOODODODDODDOODO

e JODODDODOODOOLDODODOWWWLOUODODODODODDODODODODODOD
gogboooognd

e Sufix Array 0000 000000DODOOCOOOODOOODOOOOOOODOD
god

4.1.1 Suffix Array 0O 00

Suffix Array 000 00000000000000 suffix 00000000 Osuffix 0
000000000000000000000000000000000000000
00000 suffix 00000000000000000000000000000000
0000 (index point) D 00 [46)000000000000000000000 0suffix
00000 000000050000000000000000000005000 (O
4.1)0

00000000000000000000000000 sufix0000000000
000000 Suffix Amay 000000000410000000000000001 2
34567000000 suffix 0000000246135 70000 (0 4.2)0000
00 Suffix Array 000000 (470000000000 Suffix Array 0000000
O (sufsort.c) 00000000000 430000000

l000000000000000 O(log(n)):n=00000000grep 00000000
00000000000 O(r)00000000000000000000000000000
ooooo
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4.1. SUFFIX ARRAY

Text | O |0 (O |0 (0|0 |0O
Index point | 1 | 2 | 3 | 4|5 |6 |7

U041 000o0OoOoooon

000000000000 (binary search) 000000 4400000000000
gobobooboooboboobbuoobobooobboooboboobboooobood
000000000000 0Suffix Array D00 400)00000000000O0O0O 1
00000 sufix0000000000000000000000000 (phase 1)00
0000000000000 0D00000O0Suffix Array 00000000 10000
300)0000000000000000D000000000ODO000D0O0O0O0OD0O0 4
Osuffix000000000000000 (phase2)00000000O0O0O0OOODOO
0000000000000 2000000000000 (phase 3)0

o000
0
Index
00000000 point 0000 suffix
il — 1 ooooooon
0 - 2 ooooon
00 - 3 ooooo
ooo — 4 0000
o000 - 5 00O
ooooo - 6 0o
ooooooLl— 7 0
o000
0
ndex
00000000 point 0000 suffix
L - 2 ooooon
D+ti¥ — 4 o000
D — 6 0o
-1 ooooooo
- 3 ooooo
DDDD - 5 000
ooooooLl— 7 0

Suffix Array | 2[4 [6|1[3[5][7|

0 4.2 Suffix Array 00 00O
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040 SUFFIX ARRAY 000000000000

#include <fcntl.h>
#include <malloc.h>
#include <stdio.h>
#include <sys/mman.h>
#include <sys/stat.h>
#include <sys/types.h>

/* usage: sufsortl text > text.suf */
char *text;

suffix_compare(int *a, int *b)
{
return strcmp(text + *a, text + *b);

}

main(int ac, char **av)

{
struct stat stat_buf;
int N, i, *suf;
FILE *fd = fopen(av[1], "r");
fstat(fileno(fd), &stat_buf);
N = stat_buf.st_size;
text = (char *)malloc(N+1);
fread(text, sizeof(char), N, fd);
text[N] = 0; /* pad with null */

suf = (int *)malloc(N * sizeof(int));

for(i=0;i<N;i++) suf[i] = i;

gsort(suf, N, sizeof(int), suffix_compare) ;

furite(suf, N, sizeof(int), stdout);

0 4.3 Sufix Array 0000000

O0000O0OSufix Array 000000000 ODOOODOOOO1970000000
0000000 48101990 0 0 00O Manber [18] OO0 Suffix Array 0000000
Suffix Array 000 000000000000 460000000000 Suffix Array
goboboobooobboobooooboooobbonobooobboooobood
0000000000000 0O0O000O00D0O0O00OOO 49 o00oo
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4.1. SUFFIX ARRAY

Phase  SWiX gppp guffix

array
3 — 2 gooooo
2 — 4 good
6 RN
1 - 1 goooooo
3 goood
5 goo
7 g

0 4.4 Suffix Array 00000000

4.1.2 Suffix Array 0000000 000OO0DOO SUFARY

Suffix Array 000000000000 ODOODO SUFARYOODOODOOSUFARY O
Suffix Array 00 0000000000000 C00O0OO0COO0O0O0OOOOOO0OO [200
gobooob230033004.20043000000000

4.1.3 Suffix Array 00000000

Suffix Array 00 000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000 10000000

000000000000 BABACODOOO Suffix Array (0 45) 00000000
000 Suffix Array 000 000000000000 suffix 000000000000
OOABAC, ACO000 [A[DBABAC,BACOODO [B]oOOOO0O [A]0OOO
00000000000000000460000000 (Suffix Tree) 0000000
00oo0o0oo

00000000 X000000000 sufix00000000000000 Suffix
Array 000000000000 X00000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000(00000000000000
000) Suffix Aray 000000000000000000000000000000
00000000000000

04700000000000000000
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040 SUFFIX ARRAY 000000000000

BElA|B|A|C |TEXT
214 1|35 | SullixAmray

goood

gobooooooon

0 4.6 Suffix Tree
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4.1. SUFFIX ARRAY

e t1,., iy 0000OO0ODOOODOO
e M: 0DDOOODODDODODODDO
e s1,...,sn: Suffix Array

N: Suffix Array 00 00O

1.l=1r=N
2. for (i=1;i <= M;i+ +)
e Suffix Array D00 (00O Suffix Array 00 ) s7,...,s, 000000 ¢,...,¢
oooooood

e JOOODDOOO

- ooo VY0000 (sy,...s,» 0000000000000000000000000
4000 ¢,..,4,00000)

- {000000oooU0oooooOooooOooDoD

—i=U,r=r

e JODOODD :0D0O0ODDODODO

O 4.7 Suffix Array OO0 00OD0OD0O0OOOOOOOO
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040 SUFFIX ARRAY 000000000000

4.2. 000000 Suffix Array OO0 O00O

4.2.1 0OO0O0OO

000000000000000000 (0000000)000000000000
000000000000000000000000000000000000000
00 [50] [22) 00000 [51][52) 0000000000 00000000 OCROODO
0000000000000 [53000000000000000000000000
000 [54 0000000000000000000000000000000000
0000000000000000000000000000200000000000
000000 [55)[56/0

00000000000000000000000000000000000000
0000000422000000000000000000000000000000
0000000000000000000000000000000004.230000
0000000000000000000000000000000DPOOOOO00
0000000000000000000000000000000000000000
00000000000000000DPOOOO0OOOOOOOONOONOOOO0OO
424000000000000000000000SuffixArray 0000000000
00000000000000000

4.2.2 0J0O00O0O0OOOOOOOOO

goboobogooooboobooboobobobboobboobbano

e JJI0OODOODOOOUDODO/OO0/UUD 3000000 (D48)O0ODODOOO
0000000000000 00O00DO0O00OO0O0D (O 490

e JU0DOODLUDODODDOOODODLOODODLDOODLOODOODbDODODOOD
gobooboooboobobobbooo

e J0J00UIDOOODUOOO (DDO)OOUDDUOLOOOUDDOODOODUDDO

00ooo0490000000 (DD0/O0)0DDODOOODO 20B-COO0OO C-BO
goboboobg 2000000000000 bboo oobbuoobooonb 10
000000000000 0000O0000O0 480000000 100D /000DO

00o0o00O0O00oOoOooooo
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42, 000000 SUFFIX ARRAY OO OOO0O0O

0000 BABAC DOOOOOOO ABC

e JOUOODDOODDODDO

A B C
B A B A C

0000000030000 CcO AQOOOooo

e JOUOODDOODDOODDODODO
A B - C
B A B A C

00DO000O00 200003000000 AODOO
god

e JOUOODDOODDOODDODODO

A B C
B A B A - C

ooobobob 20000 BOOobooooooOo

048 0gO0OO

00000 2000000000000000000 100000000000 (ABA)
000O0O000O0O0D ABCOODODOOOOOOODoooo
gobooboopoboobobobbobboobbobboobon

goboooobobb obooooooboboboooooboboboooooon
gooo

000000 OD0OO0000ooO00 (oobO)0booooooooOoUbooOoo
gobooobbooboobobobbonobooboboobon

goob48 00000000 DOO0O0ODODOOO0OOODOOOODODOOOO0
gobobobooooobooboooobbobo49b0b0ob0o0obobon
040000

- A B C -
B A B A C

gobodopobooboobobbooboooboobboobboobooooon
0000000000000 00O0O00000O0O0O0DODO0O0OOO pBojoooooo
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040 SUFFIX ARRAY 000000000000

goobooboood 2

o| >
o = |W

goooooo

=N VI )
Qw =

049 00O00OO0OOd4d

goboobooobooobobooboobbobobon

4.2.3 0O0O0O0OOOO

gobodbuogoooobooobooboobobbonon

DpPpOOOOO

n0000000000000mO0000000000000000000 t1,t2, -+, tn
000000000 aj,a9,---,a, 0000000000000000000 ay,4a,---,ai—1(i <
m) O t1,ty,---,t;1(j <n) 00000000000000000000000O0O0

00 P_,;, ,000000000000000000000000000000000
000000 0¢ 00000 (00)000/000000000000000000
00000 P; 00000000000000000000000000O000000
0000000000000s000000000yg00000(00/00)00000
0000

Pj= min(P_1; 1+ s(a;t;), #00O
Pi_1;+g9,0 #00
Pij-1+9)0 #0 O

000d0d0d0d410000490000000000000000 BABACOODODO
000 ABCOOOOOODOO00O000O0O000O0 p,;00000000000000
00o0o00o0o0o0ooU0OoooO0bO0O0O0O0/o000DO0O00D0DOOOODO
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42, 000000 SUFFIX ARRAY OO OOO0O0O

B A B A C
0———0———0———0———0———0—
= 1 VU VU IV (N s R
2 1 2 0 2 1 2 0 2 1 2
| 0| N N N 0|
2—-2—-1-2—-0—-2—-1—-2—-0—-2—-1—-
o o [N [N O |O
2 0 2 1 2 0 2 1 2 2 2
| 0| 0| N Nl O
4—2—2—2—2—2—0—-2—-2—2— 2—
o o o N N |O
2 2 2 1 2 2 2 1 2 0 2
| O] 0| ol \| N
6—2—4—2—3—2—2—2—1—2—2—

B

0O 4.10 DpOODOO

00000000000000000 (AB, ABA, ABAC, BAC, AC)0DO000000
0000DPOOOO0ONOCOOOO0ONONOOOONONONOO0ONONONON0O0ONONOOd O(mn)
000000000000000000000000000000000000000
000000000000000 [3p7000000000000000000000
0000 DPOOOODOOOOOOOCOOOOOOOOODOONOOOOODOONOOO
530 00000000000000000000 (000000)000000000
000000000000000000000000000000000000000
00000000000000000 FASTA OOOOOOOOOOOOOOOOOO
00000000000000000 [55)0

goobooggn

Oflazer58] 0 000000000 DODOOOOOOODODOOO (TRIE)DOODOOOOO
0000000000 Error-tolerant Recognition 000000 5900000000
O000000000oo0OoO0o0O0O000ODO0OOO0U0OoOoOoUDOoOOO (bOo
0)0000000000000 (cut-off distance) D DPOODOOOODOOOOODOO
o0oOOo00O0O0O0DOOo00oOoOoO0bOOoOoOobOOoOoboooooo

0 4.11 O Error-tolerant Recognition 000000000 0000000000
422000000000000000000000mOOO0O0ODODOO0OO¢O0OO
Uobo0ob0O0000qgb0bDb0O00000eb0000b0bbODbDOO0O000ccutdist

300000000 [58)000000000000000
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040 SUFFIX ARRAY 000000000000

1. push(DO OO, q))

2. 0000000000000 bo0oboooDobo

(a) pop((Y”, qi))
(b) 0000000 DOODOOOODODOOODOODOODOODOVOOODOOO
ogoooon
i. Y =concat(Y',V) # 0000000
ii. k=length(Y) # 000000
ili. cutdist(m,k) <t 000 push(Y,q;)
#00000000000000O0
iv. Ppp, <t00 ¢ 000000000000OC0OC0OC0O0YO0OOO00

0 4.11 Error-tolerant Recognition U 0O 0O OO O

O cut-off distance 0000 00000000040

cutdist(m, k) = lr<n1<n Py
<i<u

I = max(1,k— [t/M])
u = min(m, k+ [t/M])

MOOD00O00000000000

0 0O 0O U Error-tolerant Recognition 0D 000000 DOOOOO0OODO 4120000
000 AAA,AB,BBA 00D 3000000000000000000000000
AABOOOOODOOOOO 10000000 (¢=1)000000000000000
0000000000000000000(A-BB-A)0000010000000
00000 cut-off distance 0 000BBA 00 00O[B]-[B|o000000O0oOoon
O cut-off distance 0 10000000000000000000AABABOOOOD
0000000000000000000P,,(000000)0 #(=1)0000000
00000000000

4 cut-off distance 0 |0 « 000000 [58)000 [59) 00000000000000000
0oooooo
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42, 000000 SUFFIX ARRAY OO OOO0O0O

A ’|
0 sk
A B A 1 A 5
| |
______________________ B _s5__ B o_
A SN\E AN\ \
A A N
’ repmiibent b ess o
A | _o0_ A |4 A o 9
| | |
B 5 1_ B 5. 4 B 5.9
A‘A‘A
....... A_?_l|
RS-
B 5 14

O 4.12 Error-tolerant Recognition U [J

4.24 0O000O0O0OO

O0O0O0O00b00ObOgdd Error-tolerant Recognition D OO0 0DODO0OODOODOOO
00oOoOO00O0OOo0DOOo0oOoooobooo
O000O00DOo0 200000

e 0UIDDUODOODOUD Error-tolerant Recognition 10 00O OODODOOMO
oooboogobooo

e J0IDOIOODDODOODODODDODOOODODOODOOODOOOSuflix Array[18]
gobooopoobooboooo

gobooobobooboooboboboboobobobboobooobooboon
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040 SUFFIX ARRAY 000000000000

ggod BI|A|B|A|C
goboooboogon 112131415

0 4.13 Suffix Tree (O 4.6 00)

Error-tolerant Recognition 0000000000 O0OOOO0OOODOO0O

0 000 0O Error-tolerant Recognition 0000 U0OO0OOOODODOOODOOODO
ooooooooo

000000000000004.12000000000000000004.13000
O0D Sutlix Tree 00 0000000000000 0000000sufix00000O0O
000000000000 00000000000000 (4.1.10000)0 Suffix Tree
0000000000 suffix00000000000000 413000000 BABAC
0000 suffix (BABAC, ABAC, BAC, AC,C) 0000000 0DOOOO0ODOOOOO
0000000000000 000O0000 (D0 sufixOO00O0O0O0O0OO0OO0O0O0OO0O0
ooo0o)oooo

00000000ooooo0o000oUooooOOoOo00D0oDoDooODOoOoooooDOo
0 O 00 dError-tolerant Recognition 000000 Suffix Tree 00000000 DOO
O0000000O0000oO0DO0O0OO000ooooUDOooO(O 4.11: 2. (b)iv.) O
ooobooodobob 4140000000000 4.14 O Error-tolerant Recognition
O00000D0000Suflix Tree0 000000000000 100000000000
BAOOOOODOUODOOOOOOOOODOUOOODODOODOOOO(A-BB-A)OOOO
0100000000 [B]-[A]-[B|00DDO0O BA(DOOOOOO 0), B, BAA(D
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42, 000000 SUFFIX ARRAY OO OOO0O0O

Suffix Tree B‘

0 4.14 Error-tolerant Recognition U O OO O0OOOOO

000000 1)OOOOOO0OO0oOoOOoo0OO0OO00OO0OO00 O Error-tolerant Recognition
0000000000000 00000000O0O0O0O0000OOOoOO (O 4.11: 2.
(b)iv)OODODOOOOODOOOOOUOOOOODOOOD 10000DO0O0OODOO0ODO
oooo

O000o00ooooOoooo (o410 2. (b)iv. OOODOOOODDOOOOOOO
Ooooooooooooboooooo

P,,<t0000oooooooyooooodd

gobodopoboobbobboooooobooboboobbobbooooon
O0D000O0DOSuffix Tree 0000000000 O0ODOOODOOODO

Suffix Array 00000000000

O000OSuffix Tree 0000000 O0DOOOODODOOOODOOODOOOOODOO
O00000DO0O0000O0DO0O00DOO000OD0O suffix Array00000O0O0OO

71



040 SUFFIX ARRAY 000000000000

gobodobogooboo 413000000000

HEN

000000000 Error-tolerant Recognition O Suffix Tree 0000000000
0000000ooooooooooooooooo
00000000ooooo0o0o00oUooDoooOOooDOooooooDooO
00000000000 (047MO00)5 0000000000 ODOOOOOOO
00000000 (threshold) D0DOOO00OO0O0OOOOODOOODOOOOODOODOO
000000ODO0000bODOO0O0O0O0 1o000ob0ooobbo0o0oooonog4.150
0000000000 (time) 0000000000 DODOOOOOODOOOODOOODOO
O00000000000000 Sun Ultra 1(Solaris 2.5.1) O 00000 (1) 00000
0000000 1 0000000000000 0000 10000000 (2)Do0oOoo
0000000 2000000000 100000D0OD0O0OO0OO
0000000000000 oooDoooDoooODOODOODDOOO
000000000000 00D0DO000000DO00000O0OODO00DoUOooDoOoOOn
00o00O00000opoOo0o0O0O0O000ODOOo0ODODOO0ODODOO000D000DooOooDOoO
O00o00o000oU0ooOooooU0boD040(ACGT)ODOODODoOOoOooooooDOo
(0ooO0o0oOooO0oOo0O0O0OO0L0)0D0O00ODO0OOOUDODOOODODDO
00000000ooooo0o000oUooooO0O0o00D0DUDoDoODOoOoooooDO
00000000oooo0o00000oooDooOoOoO0O0000oDOoDoOoODOoOooog

4.2.5 0O0O0OO

0000000000000 00D00000D0O000D0D0000 Suffix Array 0O O
gobobobobooobboobboobbooobboooboobbooobood
0000000000000 00O00O0O0OSUFARYDOOODOOO (2000000000
gooogog

5A,C,G,T0D400000000000000000000000O000OOO0 URLOODO
gooon
http://bsw3.aist-nara.ac.jp/GTC/mori/
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42, 000000 SUFFIX ARRAY OO OOO0O0O

time

time

500
450 :
string length
400 A4 e
8 ——
350 6 a
300 32
250
200
150
100 :
50 -
0 B d
0 1 2 3 4 5

threshold
00 (1): 000000000 =1,0000000 =1

120
100 string length
4 ——
8
80 16 o
32 <
60
40 ”'
20 ‘
v_,::'—»'""’E%v;:/’_///,,,/—"’/
0 e O

threshold
00 (2): 000000000 =2,0000000 =1

0415 0dodd
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040 SUFFIX ARRAY 000000000000

4.3. 0000000 OOO Suffix Array DO OO0
0O

4.3.1 0OO0O0OO

0000o000o0o0OO00o0o0oO(0)oooUoOooooUooDOoOoooOoo
goboboobbooobboobboooobbooobooobboooobood
gobobobobuooobboobboobobooobboooooobboooobood
gobobobbuooobbooboooobooobboooboobbooobood
gobooobbuooobboobdooooboooobboooboobbooooboon
gobobobobuooobboobboobobooobboooooobboooobood
gobobobobooobboobboobooobboooboobbooobood
googbobooobooobbooobooobbooobooobboooobood
goboboobbooobboobbooobobobbooobboobbooood
goboobogbobooboobobboboboobbobbd
000000000000 (Oooo0o0ooO0)UDDo0ooOoOODUoOOooOOoOooDoOOOo
gobooboooboobobobboobobobooboooood
O0000000000000 Suffix Array[18) OO0 M OOOO0OOOOOOOO
goboobobbooobboobbooobbooobbuoooboobboooobood
gobooobbooobboobboobooobboooboobbooobood
gobobobbooobboobboobbooobboooooobbooobood
goboboogboobooobobooboooobobooboobooboooboon
gboobooboboboboobobobobobobooooboobonooooon
gobobobobooobboobboooooobboooboobbooobood
goboooooboobobobbooboooboonoooooboobooooo
4320000000000000000000O00O0ODODODOODODODODODOD
43300000000000434000000000000000000

4.3.2 0O00O0O0OOOO

gobodboogobooobbooboooboobboobobobbooboon
gooond

e JOOODDOO

e JOOODODODDOODO
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43. 0000000000 SUFFIX ARRAY OOODOOO0O

e JOODO

goobooogd

000000000000 O0000O0o0O0O00 (booo0)booboooooooo
goboboobooobboobbuoobooobbuoooboboobooobood
0000 (Doo0o0ooO)DoooO0oU0oO0oOoUoO0oOooooOoooOooooooo
gooooood

0000000000000 0000O0O000O0O00OOO0 po)pDoooUBboDoo
gobooobobooboobbobboobobobboobobooobd

e JJ00DUIDDUIODOOUD (OODDLOOULOOOUDOODO)

e JODOODODODDOODDODDOODO

gobodopoboobooboobboobooobooboboobbobbooooon
gobobooboooboboobboobobooobboooboobbooobood
goboobooboobod

gobodopoboobbobbooooooboobboobobobbooooon
gobobooboboooobbooobooobbooobooobbooobood
gobooobobooboobobobbooboobboobooooboooobgd

gboboooboooboboboboooboobobobobobbobboobon
gobobooboooboboobbuoooooobbooobobooboooobood
goboboobbooobboobboooobbooobooobboooobood
00o00000o0ooOo0OoO0o0O0O00O0DOO0O0DU0oDoOoUDOOO (DDOo
00000)0000000000000000

BaldwinO [60)0 0 0000000000000 OO0OOOOOOOOOOOOOO
goboboobobuooobboobbooboobooobboooboboobbooobood
gobgooooooboboooboboobobbooboobooboomobobod
goboooboboboboobbobbobpboobbooboonooooobooonog

gobobooooogn

gobobooboboooobbooobooobboobooboboobobooon
ggod

gobobooboooboobobbooobooboboobooon
gogoooooon

I0)



040 SUFFIX ARRAY 000000000000

goboooobuoooboobobboooboooobboooooobbooobood
0000000000000 0oO0o0oO0ooooOoO eljooooo

A=0000000

B=00O0O0O0O0O0000O00

B=0000000000
A0OBOODOODODOOOOS0AOBROG600000000O0O0OOOONDOOODOD
000 00000 AODDODODOOOOOODDOOOOOOOOOND00O00O
000000000000000000000000000000000000000
0000000000000000000000000000000 (00000000
0)002000000000000000000

00000000000000000000000000000000000000

00000000000000000000000000000AOBOODOOOOO
0030A0B 040000 00000 AO0O0DOOOOOOOODOOOOOOOO
ooooo

A=000000000
B=00OOOOOOO (D00 0O0OO0O00O)
B=00000000000

0000000000000BOOOOOOOO0O000O00000O00050000B0O
00 OO AODODOOOOOOOOOOOOOOOOOODOOOOO0OO000000
0000000000000000000 (620000000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000 61000 [63J0000 [64]0Baldwin0 [60] 0000000000
Baldwin 00 00 000000000000000000000000O0O0O0OO0O
0000000000Baldwin 00000000 (00)00000000000000
000000 (00)000000000000000000000(00)000000
000000000000
00000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000
00000000000000000000000000000000000000
0000000000000000000

76



43. 0000000000 SUFFIX ARRAY OOODOOO0O

gobo (boobooooon

gooooo ggod oono 1,2
1 gooooo goo 2,3
2 gooooo goo 2
3 gooond goo 1

(p)0000000DO0O0ODO ()OO 300OOoOooooooo

0416 JOoOgoooood

gooo

goobobobbooooobooboooobboboooobbobboooobobbooon
goboboobboobboobboooboboobooobobooobboobood
gobooobooobbonboon

000000000000000000NOODODOD O(N)ODODODOO0OODOODOO
gobobooboooboboobbuoobobooobbuooobobooboooobood
goboboobbooobboobbooobobooooobooobbooobood
000000000 oO0o0oooUo eso00e6000000004.23000000
bpOUO00ODb0ODbOD0ODbDODODbDODbDUObDObOOD

goboopoboobooboobbooboooboobboobboobooooon
000000 [e1]220 0000000000000 DOO0O0DODOOOUOOOOODOO
goboboobbooboboobbuoooboobboooooobbooobood
krOoOooooooooboboooboboboooboboooboooooboboooo
4160 k0300000 610000

gboobobobobobob kbbb booDoboonDuoogoo
O00o0o0ooo0ooO(Dooo0L0)b00o0oOU0bOO0o0D0OOoU0DODOOOoODOo
oboboobooboooboboboboboobobooo kbbb oboboboo
0000000 k=2k=3000000000000000000O0CTM2000000
gooooood

goboopoboobbobbooooooboobboobobobbooooon
goooobobooboboon

gbooboboboooboobboboooobobobooboooboonoooooboon
O000000000000000000000000000Suffix Array[18) 00000
ooobooooboobobo k0bbobobboobDobobooboobboboDM o
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040 SUFFIX ARRAY 000000000000

goboboboboooboboobboobooobbooobobooobooobood
goboboboboooboboobboobobooobboooooobbooobood
gobodbooobooboobooboooboobooooog

4.3.3 0OO0OOO

Jooodbooooooooooboooboboobooooo

00000000000 00D0000 Suffix Array 0 41 000000000000
000000000000 00DO00common prefix search0 00000000000
Jooodoobooooooobooboo@ooooooobooboooooon
oooodoboboobooooboobooooobooboon

common prefix search 0 [

00000000000 D00D000D0000 common prefix ssearch 0000000
O0common prefix 00000000 prefix 000000000 DOO0OOOOODODO
0000000 common prefix search 0 000 common prefix 000000000

0000000000000 000000 common prefix 0000000 O0O0O0O0OO
0440 Suffix Array 00 000000000000 ODOOCOOODOODOOODOOODOO
0 common prefix search 000 0000000000000 ODOO common prefix O
00 (1,35) MO0 (1,35)MO000 (13) o000 (13)mooooo (HWoooo (O
0000000000000000)0000000Suffix Array 0000000000
(4130000)0000010000 (DDOO0DOO0OOO1000O0)0DOOODO0ODOO
00000D0O0ooOooooooog

gobooo

goboobuoooboobooooboobbobobon

gobodboogobooobbooboooboobboobobobbooboon
O00000o000o0o0o0O00ooO00 ID(D00booO0)ooUoooOoooooOod
00 (0)0oooooood

00000000000 0000DO0O000DO00000 common prefix 00000
000 (b000o0)002000000000000DO0O0OO00DDOOOODOO0ODO
gobobooboboobbobuooobooobboooobooobbooobood
googooog
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43. 0000000000 SUFFIX ARRAY OOODOOO0O

041700000000000O000DO0OODODOOOODOOOODODOOOODOO
0050 forO0O0O0OO common prefix search 000006 O

10000000 exact match 000000000 DOO0O0ODODOOOOODODOOOOO
00000 4170 for 000000 j=+¢+1000000 100000000000
00000 wmigram 00 00000000CO0ODOOO0O0O0O

00000bODoOoO000oOoOoOo IboO0bO SsOooOooDoOOo IbODOODOOODOOO
0000oO000oo0oO000oo0oU0oOO0(Doo0)0boooOoO0obooooOoooo
0000000000000 000000000AOBODOODAODOBOOOOOOO
oo0o0oooooo

A=0000000
B=0OOOOOoo4ooood
BP=0O0O0OO0OO0oooooooooboood

IDO00O00000000000000000000000000000000000
0000 [61]00000

goooog

goobodobooooooboooooobooooDboooobooDbooooon
0000o00o0o0o0o0o000 (+000000OO0)ODODOODOODODOOO

000000000000000000common prefix search 0007 000000
000000 “Thisis the pen whichTlove.” OO OO0OODOOODOODODOO

This is the pen which I love.

Common Prefix Common Prefix 00000000 ID
This oo: 1|7, 32,80, 121, 201, 224

This is 2 | 32, 80, 121, 201

This is the 3|32, 121

This is the pen 4132

This is the pen which 5| X

‘00D000D000D000000 (41.30) 0 common prefix search 00000000000

0000000000000 00000D0000 common prefix search 00000000
"000000000000common prefixsearch 000 0000000000000000

gboogoobooobooobbobooboboobobobobooboboooobooboboo
googo
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040 SUFFIX ARRAY 000000000000

e N: JUODDUOODDOODLDDOODDOO

o t1,.,ty: DO O0ODOODOODODOOO

e M:JDUDOUODODODLDODODLO

scorep: ID K O0DOO0OODOOOO (1<k<N)

1. 00o00oooboo:

for (i=1;i <= M;i++)

o for (j=i+1;j<=M;j++)

2.000
ID O

00000 ¢,..,t; 0000000000000 (exact match) 0 00O
O0DOoO00oOoO IbOOO0 sODOO

SO0oooobooosSOoOoOooOoooOoooo IboboooooDoooOoo
gobooooobgobod

« foreach k C S { scorey+=j7—i+2}
SO0D0DOO00D;0000000000

od:

score;p DO UO0O0OO0D0OO0O0ODOO0OOOODODOOODODOOODODODO

0417 dgooboooooad

00000 common prefix 1000000000 Decommon prefix 000 (D0O0OO)
O0oo0o0oo0o0o (0 100000000)DDDO0000O0D0000 common

prefix 00 00
ID | O ood
32 | Thisisthepen. |4 +3+4+2=9
121 | This is the man. 3+2=5
80 | This is my bag. 2=2
201 | This is a book. 2=2
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43. 0000000000 SUFFIX ARRAY OOODOOO0O

0000000000000 00 100000000000 common prefix search O
ood

This is the pen which I love.

Common Prefix Common Prefix 00000000 ID
is 7, 32, 80, 121, 201, 250, 401
is the 32,121, 250, 303
is the pen 32, 250
is the pen which 250
is the pen which I X

00000000000000 common prefix 000000 000D Ocommon prefix
O0o0o0000oo00Doo00oo0oooooooooooooooooooooog

ID | O ooo
250 | It is the pen which he loved. |0 +4 +3+2=9
32 | This is the pen. 9+3+2=14
121 | This is the man. 54+2=7

goboooobooooboobboobooboobboooobooboboooboon
goboobobobbonoboobobobobd

goo

4100000000Suffix Array OO0 0O0ODO0O0OD0OOOOOOOODOOAOSuffix
Array OO0O00O0O0OO0OOOODOONODOOOODDOOOOOMOOODDODOOOO
0000000000 OMlogN) DODDD0O0OO0OO0OO01000000000000
000000000000000000000 OM?%logN)OOOO

0000000000000000 O(N)D0D0D0D0DDOO0O0O0OD0D0DUODOOOOOO
gbobooboooooooboboboboboboboboooobobonoooooboon
0000000000000 0O00000O00ODO0O0oODO0OU0bOD (O(1))oboood
gobooobbobbooboobobbobboobboobd
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040 SUFFIX ARRAY 000000000000

goooog

gobodopoogoooboobbooboooboobboobobobbooooon
goboboboobooobbooboobobuoobooboobo™oooobod
goboboobuoooboboobboobbooobboooboboobooobood
goboboobuooobboobboobbooobboooooobobooobood
goboboboboooboboobooooooobboooboobboooobood
goboboobboooboboobbooboboobboooobboobbooood
googooooobobobooo

4.3.4 0O

gboobobobobobobooooobbbobobobonoooobobobobon
gobooboboboboobobobboboboobbobooboooboooobog

o0 booboobobobbdoobooobooboooo
o0 booboooobobbdobooobooboooobooboobboonoo

o0 boooogbooboboobobbooooboboooboobonoobobod
goboooogon

gob ooboobobooobobooboboooboobobooobobooboood
god

HEN

gobooboobbboobbobbooboobobobbooon

goo

O000000000000000 CD-ROM199%600 [67] 000000 OOOODOO
0000000 (0 170009IMOUOD)0000OO0ODOOOOODODOOOODODOO
gogboobogobooobobooood

gobodbiooo—0o0boobboboboobbobboobboobd
gobodboonoobo—_auobobobboobbobboobboobd
gobooboobboboboobobobobd
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43. 0000000000 SUFFIX ARRAY OOODOOO0O

goboooboboboboobobobbooo
goboobboob—>00b0obboobobobbooboobobd

gobooboobboobooobobobboboboobn

gboboboooooboooooboboooon

0000000000000 00DO0O000D0O0 vbkO0OLinux0O0 C+4+ 0000
0 O Suffix Arrays O 0 SUFARY([20], 4.1.20) 0000 00O OO common prefix search
0 4130000000000000000

gobbbouggobooooobobod

gobodopobooboboobbooboooboobboobbobbooooon
gooond

gobodopobooboobobboobooboo 1oboobbobbooooon
goboboobuooobboobboobooobbooobbooobooobood
god

goobooogbod

00000000000 00000 simgrep O OCTM1[68) DO O DO0OOOOOOO
gobooobdoboobobboboooobboboobobobobonoobobon

CTM1ODOO0OO siml 0000000 (OOO0O)0 A=ajag...an, B ="0biby..bp O
O000000oooooooo e1)o

sim1(A, B) = si,.1p (4.1)
0 ifi=0Vj=0
o Si—1,j—1 + min(cm; j, W) (4.2)
w max i1 otherwise '
L Sij—1
0 ifi=0vVj=0Vm;;=0
Mg ; = (4.3)

cmi_1j—1 +m;; otherwise
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040 SUFFIX ARRAY 000000000000

O~ 0O O0O0Ooogold
~ OO O0OOoOooOgold

e e O s s O o A
OO0 ooo-= ool
OO0 o0oooogooofl
oo oooQgQg-~ gld
OO0 ooo-= ool
OO0 oo~ o0oogolb
e e e s Y o Y o
OO0 o0oooooofl
e e s s Y o A s R
OO0 o0oooogool
e e O s s O o A
O~ 00o0ooogo|b
v O 00O O0OoOgoold
OO0 ooo-~=ogoolb
OO0 o0oooogooflb
OO0 ooooge-= ol
O 0O oOoooewsgolb
OO0 OwnOooold
OO0 o0oooooolb
OO0 o0ooooooflb
e e s s Y o A o R
OO0 o0oooogool

E
E

0 418 sim1 0000

1 if a; = bj
m@j = (4.4)
0 otherwise

ooodo4.180 m;; O em;; UOOOOOO0

gbooboogooobod

gbooboopDoboboboobob0 egqmiooooonoonooOoboOobobOOobOn
goboopoogobooooobo

0000000000000 00000O000000000 [62)000 (Archipelago)
gobobooobooboooboboobobooboboobonbooomood
000000000000 0O00000O0O0O000 4190000000 (e)OOODO
O00ooO0(@ooo0oo0oooO)b00o0oooooon

goboobooboooobooobood

1. 00ooooobobooooooboboboooobobobbobobong
(m;; 000)00000000000

2. 000000000 DbObO00o0b0bOboooDbooooobobbooooboon
goboobpogooboobobobbooon

goboobogobooobboboboobbobbooon
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43. 0000000000 SUFFIX ARRAY OOODOOO0O

oo 0O 00 0O 00
RN g g g g g
g g g O ° g
RN ° O g g g
g g ° O g g
RN g O ° O g

0419 0dodOd

eqm 0O OO0 A=aias..ay0000 score4 0000000000000

N
scoreyg = Z i2 (4.5)
i=1

goboboobboobboobboooooobboobooobbooobood
goboboobooobboobbuoooooobbuoooboboobboobood
gobooobobooboobobobbooboobboobooooboooobgd

goodoooo
gobooboogobooobbooboobbonoo
1. 00000 (4340)00 1000 (DODDOODOD)DOODODOOOOO
2. 00000000000000000D000000000O0D00%0
. igooooboonoooobo oobboobooboon

goboboobbooobboobuooobooboooobbooobbooobood
nooooooooooooooo “---"000b00n

gobooboboobbobboobobobod
gobooobboobooboboboboobobobboobobobbdg
gobooobpboobooobbooboobobd
gobooboboobbobboobobobod
gobooboboobbobboobobobod

8 0000000000000 00000000000000000000000000
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040 SUFFIX ARRAY 000000000000

00 |oooo (o)
0ooo
43
rbk (max = o)
000000000 (00 CTM2
( )| 36 @0)
rbk (max = 3)
0000000000000
‘ 659
sumgrep
0000000000000
4203 (0 D)
eqm

0420 DO0gooooo

gobooboogoooobobobbooboon
gobodbogoboobobobboobbobbonon
gobooboooboobobobboobooobobd
gobooboooboobobobboobooobobd
gobodboooboob—>00bob0boobbobbooboon
gobooboobbooboob—>000b0boobbogbd
gobooboobobooboobbobboboboobobobbd
gobodobooooobooboobobboboboobbobbooboon
gobodboooobooboobooooboobboobon
gobooooooboboobooboboooooobobooboboboonbog
RN

g

gobodbooobo—_aboboboboobbobbooboon
gogboobooboboobuooooo—auooooonog
gobooboob—>0to0obobobobboobbobbooobos oo o
gooboobogooboobobobboob—>D00bo0obbobbd
gobooboobboo—_a0obobbuoboboobboobd

00000000000000000004.200000000000PC (FMV DESKPOWER)
OO0CPU O AMD-Athlon 700MHzOO OO O 512MOO0S O Linux OO0 O0OO0OOOO
20000020000000000000
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43. 0000000000 SUFFIX ARRAY OOODOOO0O

rbk OO0 0000000 DLO0ODO0OOD0o0oboboboboboooooboboboo
0000000000000 (max) JOO0O0ODOOOOODOODOOODOODOOOODOO
max = 5000000 2,3,4, 5000000 000)000000000O0O00O0
goo

gobodboonoboobbobboobboobbUdDbDDmax =00 O0O0OO

goboopoboobboobboobooobooboboobobobbooooon
goboboooooboboboobobibd max0oooooooobobOoon
O00000000o0o0ooo0ooooO eljooo cTM200000 2030000
0000000000000 00Omax=300000000000°00000max =
3000000 ¢crM2000O0DOO0O0DODOOO00ODOO0O0DOOOOObODOOOO
00000000 (max =0 )0000 CTM2O0000 1.20 (43:36) 000000
0000000000 0000000D Suffix Array 000000 CTM2(ODOODOO
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