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A Simple and Fast Algorithm for Approximate
String Matching with Set Similarity

NAOAKI OkAzZAKIT and JuN’tcHI TsuJitt

This paper presents a simple and fast algorithm for approximate string matching in
which string similarity is computed by set similarity measures including cosine, Dice,
Jaccard, or overlap coeflicient. In this study, strings are represented by unordered sets
of arbitrary features (e.g., tri-grams). Deriving necessary and sufficient conditions for
approximate string, we show that approximate string matching is exactly solvable by
T-overlap join. We propose CPMerge algorithm that solves 7-overlap join efficiently
by making use of signatures in query features and a pruning condition. In addition,
we describe implementation considerations of the algorithm. We measure the query
performance of approximate string matching by using three large-scaled datasets with
English person names, Japanese unigrams, and biomedical entity/concept names.
The experimental results demonstrate that the proposed method outperforms state-
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of-the-art methods including Locality Sensitive Hashing and DivideSkip on all the
datasets. We also analyze the behavior of the proposed method on the datasets.
We distribute SimString, a library implementation of the proposed method, in an
open-source license.

Key Words: approximate string matching, set similarity, inverted list, t-overlap join
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4.1 0OJd0dooooo

gooobobgooboboobobooboobooboobooboobooboobOooboboo
googbgoobobooooboboooboobooooboboboooooobooboooooog
gbobooobobooobosboooboooon

e UIOO:0D0O00DODODOODO CPMergel 0 4000000
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e 00O0OO-opt: CPMerge 10 500000000000 ODO0O

o JOOUOO:OD0OO0DODOUOODODOUOODLDUODOUOODOUOOUOOUOOUODOOOOOO
0dooo0oooDoooooooooood

e AllScan: 70000000000 AllScan 00000 ODODO 3000000

e Signature: 0000000000 CPMergel 0 40000000000 OOOOOO
00000040 17018000000

e SkipMerge: 0000000000 SkipMerge 0O OO OO (Liet al. 2008) 0 OO

e DivideSkip: r0 000000000 DivideSkip 0O 0000 (Li et al. 2008) 0 00O *

e MergeOpt: 70000000000 MergeOpt DO O OO0 (Sarawagi and Kirpal 2004)
0000000O0MergeOpt 0000000000 DOO0OODOOOODODOOOOOOOO
000000000000 ooo0oooooooooDoooDooOooDnooDoonog
00o00oo0oDooooooodooooooooooooooooooooooog
000Do00oO0o0ooooooono soooo0 Logooooooooooooooo
SsOdddooooooooooon

e Locality Sensitive Hashing (LSH) (Andoni and Indyk 2008; Ravichandran, Pantel,
and Hovy 2005): 0000 tri-gram 000000640 000000000000LSHODO
Oo0O0ooooo a(z)0000DOCOO0O0OO0wOwOOOOOOOOOOOOO
0000000000000 Odist(v,0)00000000000OOOO0O0OO 20
OO0000oooDooo0ddOdA(z)D0000DODODOO0/O0O0O0OODOVOOOOO
00000DOoOO0o00oO0 coIC|xk|Vioooooo

C ={y €V | hdist (h(z), h(y)) < 6} (7)

ooboooooboob0yecOooboooog c00000O0DOODOODOOO
ocoooooogono

O7000000000000000O0O0O0ORavichandran O (Ravichandran et al. 2005)
oooooooooooooooooooooooDbooOoooobOoOooOooooDoonDO
otooooooooooooooooooOoOOOOOOOOoOoOoOoOoOoOoOObOOoO00n
oboooboooboooooboooobooorooboooobooobobooobon
0000000000 A(yyOOO0OO000000 0, 000000000 o,(h(y))0000
0000000000000 PO0OOCOOX={0,}000000 ¢, 0000000
ubobOobooobooboobobooboyevioouoboobooooooooboooao
coobobooooooooobtib e, 000000 PODOOOOOOOODODOO

40000000000000 ke {0.01,0.02,0.04,0.1,0.2,0.4,1,2,4,10,20,40,100} 000000000000
000000 p=40000000
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gbooboobogo pOO0ODbDODOO0

0000, 0000000000000000000000 o,(h(x))00000000O
ooboooobooooowOoUoboooboooobooooosbOOoobboOooDboOoo
gooboorooboooooboboboooobobobobobobg PODODO
obooo0og pOO0O0ODOODODODOOOOOODOTODODObDODOODODO
LsHooooooooooooooooobooooooboooooooobooooo
obobobobOoboboboboboboboLsHoooooooooooobooém
gobobobooooobooboopPooooboowooboooobooboboo
0b0b0obobOobOoboobooboobDoooboboooonooog é=24a0P=2400
00S0wW0O wWed{16,32,64, 0 0000000000000

000000 LSHOODOOOoooooboobooo 20b00b0ob0ooboobroooooo
000000000000 0000000000000000000000CDB++%0000
00000 C++000000000000D00SimString’ 0000000000000 0O00O0
Intel Xeon 5140 CPUD 2.33 GHzO O 8GBO OO OO OO O O Debian GNU/Linux 4.0 0 0 O
O00000bOO0oDOO0o0obO0obO0o0obOoDo0o0obOOoDOo0obOOoDOoOobOobDoOoobOOoobooOoon
0oo0oOoooOooooooooog

4.2

guoooooooboood

ooooboboobooboooobobooobo

IMDB: IMDBOOOODOO®I 0000 actors.list.gz0 000000000000
0o 1,098,020 00 sMBI I ODOODOOOOOOONO tri-gramOJ 0000 17.2000
000000000000 tri-gram 00000 421800000 SimString OO0 0000
goooobssMBOUOUOUOUOOOOODODODODDOOs60000000O
00000000: WebOOONODOOO 10°000000000000000M 2,565,424
goobo4oMBIIODOOO0DOO0ODLODOOO tri-gram 00000 20800000000
0000000 tri-gram 00000 137,675 000 90 SimString 0 000000000
gd2oMUO00000000DL0DO0O0OB4000D0DO0O0O

UMLS: Unified Medical Language System (UMLS)!! 00 0000000000000
00000000Os5,216,3230000212MBMOOOOOOOONOONOOUMLS Release

500000 PO0O0OOOOOOOOOOOOOOOOOOOOOOODODDODODDODDA40000000000
0600006€48,16,24} 00000000000 0O0O0O0O0O0O0O0O0O0O0 24000000

Shttp://www.chokkan.org/software/cdbpp/

Thttp://www.chokkan.org/softvare/simstring/

8ftp://ftp.fu-berlin.de/misc/movies/database/

mttp://www.gsk.or. jp/catalog/GSK2007-C/catalog. html

V0gooo0o0oo0oo0oo0o00 UTF-800000UTF-800000000000000 tri-gram 0000000

http://www.nlm.nih.gov/research/umls/
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REFiE —+— RBEFX(opt)—>— AllScan—¥— Signature—— SkipMerge—— DivideSkip—©&— MergeOpt LSH (16)—2— LSH (32) LSH(64)
T T T 60 :
[ A et ]
v ' " | P 40 —
> 30 - / / r

20 [~

w
S
133
S

[N}
3
T
|
S
S

20 = -

@
S

5

o

15T %Y DFHL AR RER [ms)

19T 41=Y DFEHL AR RER [ms]
3
T
\
19T &Y OFH L AR XEERH [ms]

o

0 20 40 60 80 100 20 40 60 80 100 0 20 40 60 80 100
AT VI ADYA X (%) AUF Y ADYA X (%) AT VI ADYA X (%)

(a) IMDB (b) BAREL=I S L (c) UMLS

06 DOooobooOooOobobOooboOoboboooooboobooDbobo

2009AA (April 6, 2009) O MRCONSO.RRF.aa.gz 0 [0 MRCONSO.RRF.ab.gz U OO OO0
gobobogobbooobbooobbooobbooobbod tri-gram oo
O436000000000000000 tri-gramd 0000 171,596 O O O O SimString
oooobooobobob aGBOoobOobooobobooDbi2e80b00bOOOO
gboboboboboboboboooObObO0OOOOOo0OOo0obObOoObODbO
goboobooobooboobbooboobobooboobobooboonbn,ooobod
0ooddgdiy/sgoooooooodl/3ggooooooooogoooooooooon
01/3000000000000000000O0O0O0O00O00O0

4.3 OD0OO0O0O0OobObOOOoOoOooboOoOdg

deO0dO000bO0obOO0ODbDOO0ODbO0OoOrOUOODODDODODDOUODDODDbDODOO
gboboobobooboobooboboobooboooobooboobobooobooboo
O0|vVioooooooooooOo 1% 00 100%0 00000000000 500000000
O00o0dOdolo0%000f0000o0o0o000d0ooono0oooon0dRecalldonon
gboobobooboboobDMean D ODOOO0O0O0D0O00O00D0O0ODOO0ODOMaxODDOODOO
O000000oo0oOoOooooOLSH(W=16)0DO0O0OOoO00oOoooooooooooooo
0100%00000000000000053mdd IMDBMI1.61mdd000000000O12.11 ms
guMLSOOOODOOoOOobOOOobOOobOoboboboooooDooooboobobobuobooo
00000000000LSHOOOODODO0OO000000000000000®200000LSH
obobooobédopPOwWOODOUODOODDOODODODODODODOODODOODLSHODODO
godoooodOoooogoOoooo0UooooOO y|joopoooooodooooogooo

RLSH (W=16) 0000000000000000000000000000000000000000OOO000
gobooboooooooooocoooooooobooooooooooo0ooooboOooooboOoooonoa
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05 00000000 100%000000000000000Recall: 000OOMean: OO0O0O0O0OO
O [ms/query]0Max: 000000000 [ms/query][ 0000000000000 O0OOO0OO0OO
goooooo

0ooo IMDB oooooooo UMLS

Recall Mean Max | Recall Mean Max | Recall Mean Max
oooo 100.0 194 241 | 100.0  56.03  636.8 | 100.0 34.30 509.4
OODO0O-opt | 1000  1.07  11.8 | 100.0  26.99  275.1 | 100.0 20.37 334.2
ooooo 100.0  (32.8 x 10%) 100.0 (92.7 x 10%) 100.0 (416.3 x 10%)
AllScan 100.0  69.82 159.0 | 100.0  669.46 1530.0 | 100.0  355.56  4390.0
Signature 100.0 124.01 2229.5 | 100.0 6395.76 62480.0 | 100.0 39139.20 583600.0
SkipMerge 100.0  6.58 559 | 100.0 138.74  949.6 | 100.0  105.68  1553.1
DivideSkip 100.0  13.46 1925 | 100.0 649.51  2460.0 | 100.0  225.96  4722.2
MergeOpt 100.0  6.92 925 | 100.0 209.61 1880.0 | 100.0  197.28  2910.0
LSH (W=16) | 154  0.53 3.0 7.5 1.61 13.5 4.0 2.11 44.5
LSH (W=32) | 20.6 7.09 123 | 114  11.40 34.1 7.1 20.57 90.6
LSH (W=64) | 258 29.72  36.7| 154  38.07 82.8 | 11.1 79.73 224.3

gbobooooobobooooboboboooooboooobobo SIboboooobooo
gboboooboboooobobooboon
OOOO0OLSH(W=16)000000000000000000O0O0O0O0O0O0OOOOOO
O00000000ooooooooOoOCOOo0o0OUO0UUOoDoOoDDoOOOLSH (W =16) 0O
00000154%0IMDBII7.5%0 00000000 M 4.0%0 UMLSOOO0O0O0O0OOOOO
r00b0b0o0obo0oboo0obOobooLsHoboooobobooobobooobooowo oo
oobo0oooooooooob0oob0oobo0o0ob0o0obOo0obOo0oDOOLSHOW =6400
000000 25.8%0IMDBM 154%0 00000000 M 111%0U0MLSODOOCO0000O0O
OO0000000 29.72 msd IMDBMI38.07msO OO0 OOOOOOMM79.73 msd UMLSO O O
0000000000000 0000000000D0D0O0000D00Ooo0O10%C0000
gbobooboboooboboobobooobobooboboooboboooboboooD
gooogo
Ob0O00-ept00000O0O0O0ODODOOODOODOODOOOOOODOODOODbDOODOO
0100%000000000000001.07ms (IMDB)O26.99ms (DOO0O0O0ODODO)O20.37
ms (UMLS) 000000000000 OC-opt0000D0OOCOS000000000000O
gbooboooooooo wvo210b0booboobobobooboobobobooooon
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goooo goboooooooooooooobooooooOoooobooon

gbobogos0boboobobobotbt-eptb0bOonoonDonO

gooOoOoOoOoOoOoOoOoOoOOOe0ODOODOODODOODODOODODOO328s (IMDB)O92.7 s
(0O0CoO0OoOoO)o416.3s(UMLS) DO OO O0OO0OODODOOOOOODOO 3,4000 20,000
oo0oo0oo0oooooob0ooobob0ob0obobobobobO0o0oboO00oUOAlScan 00O
O00o0obob0o0obboo0obooobOoobobe3bdIMDBI 24800 000000O
OM92000MLSO00O0O0O0O0D0O0O00O0ODO Signatwre 0 O0O00O0OO0OOODOOODOOO
000 Signature 0 00O 115,900 IMDBIII237.00 000000000 M 232300 UMLSOO
OO0D00O0OSignatwre 1000000000 O0ODOOOOODOOOOODO40 170180000
0000o0o0oooOoOo00000o0ooooooooboOoAllScan 0000000 0OOOO
gboobooobobooboobor-rooboobooboobobobooboboboooo
gbobooboboobobooboboobobooboboobobooboboon
000000000000 MergeOpt SkipMergel DivideSkipO OO OO OO OODOODOSID
ooboooogoo sSiboogboooogoooooooooboooobooooboorgog
gooooobobbooooogooobbbbbooooooooobobbbouooo
O000D0O00000D0000O0 MergeOpt OO0 6.4709.68 O O SkipMerge O 00 O 5.140
6.15 0 0 DivideSkip 0 0 0O 11.1024.1 00000000

IMDBOOOODOOODOOOOODOODOOOODODOODOOOOO0OO0DObOOODMorales,
Michael (VIIT)” 0011.8 ms 000000 OO “Reiner, Robert (I)” (9.2 ms)0 “Dore, Michael
(I)” (9.2 ms)0 “Dow, Christopher (III)” (8.6 ms)0d “Cain, William (II)” (8.0 ms) D0 OO 0O
000000000 O000U00ooooOooooDoooooOg “Morales, Michael (IIT)” O
“Morales, Rafael (VII)’ OO0 00000 0000000000000 0ODOOOO0OOOOO
0000000000000 “Morales, Michael (VIII)’ OO0 OOO00OOCO0OOOOOOOOOO
23 00000000000000000O00O00O00O0O00O00O0O 4200000000000000
00 SkipMerge UODODOO00O0OO0OD0OOD0OOOOODOODOOOOODOODOODOOOODODOO
0000000000000 00O“Morales, Michael (VIIT)” (-44.4 ms)0 “Pittman, Robert (111)”
(-39.0 ms)0 “Richards, Jon (VII)” (-36.6 ms) 0 00000000 D “Morales, Michael (VIII)”
gboboobobooboobgobooobobooboboobobg4o000000b00O0DO
gogouoobbobbuoooooououbobbb b oouobobbbbooooo
gbobooobgoooo

00000000 SkipMerge 0 000D 0DOD0O0O0OODDOOODODOOODODOOOODOOO
00000000000 00000DO0 “Zhao,ISh@ngiu” (£0 ms)0 “Peral9a,dStacy” (£0 ms)O
“Sen|g[renqing” (+0ms) 0D D00 OOO0OO0OO0OOOOOOOOO “Zhao, Shengiu”, “Peralta,
Stacy”, “Senggerenging” OO0 0000000 O0O0OODOOOOOOODOOOODODOOOOO
gboboooboobobooboboobo3sgnosuowsooooooooboobooon
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w
S

T T 500 T T 1 400 T T T

Dice —+— Dice —+— Dice —+—
25 |- Jaccard —>%— — 200 |- Jaccard —><— _| 30 - Jaccard —%— |
Cosine —— Cosine —¥— 300 — Cosine —¥— —
20 - Overlap —H— Overlap —H+— Overlap —H— |

300 250 —

200

200 150

100
100

19T BF=Y DFEHL ZRY B [ms]
19T LY DFEHL AR ZER [ms]
19T HYDFHL RARY REFR [ms]

50

fy=

0

0 0 K
02 03 04 05 06 07 08 09 1 02 03 04 05 06 07 08 09 1 02 03 04 05 06 07 08 09 1

BB DRIE BB DREE L EORIE

(a) IMDB (b) BARELI=YI I L (c) UMLS
07 00000000 O0DO0OOoOOoOOOoOooboOOoOoOoooOooon

obobooobobooobooboooboboobooboooobooboobooboooboboo
O0bO00D0o00o0oboo0b0o0ob0ooD0oOoDOoOD SkipMergeD OO OOOOOOoOO
gbobooobobooobobooobooooo

gr7oodboboboboboboboboboobobobobobobobobOobo
O0000000ooooOo0o0o0oooOOO0o00oOoooooOoDOoOoO (yjooooooooo
gbooooooooobobobobobobobooooooboboobobobobooo
gooboobooobooboboooboooobooobooboooDbooobooooOoo
oboboooboboooboboooboboobobooooboobooboboooboboo
gboboobobooboobgooboboobooboboooboooobobooboobog
oboobooboboooboooboooboobOooboob o7Tobbobbobobooboo
gbobooboboobobgoobobooboobooboobooboooboboobooboo
gboboobobOol20bi48006200103640 000000000 0ODODOD0OOODOO
gbobooobobooboobooboboobooboobooobooboobobooobooboo
oo0oO0ooO0oO0O0O0O0O 10000000000 |YV|OOOODO0O0O00o0ooooooooogo
00B0000D00000000 |Y|0ODO00OD00000000000000o0oooooo
gboboobgooooobgon

44 000O00OO0OOOO
gebbuooopobbooobbboooobboooobbuooobobbooobobog

gbobooooboobooobboooobbooboboooboooo oy bboooboobDO

IMDBOOUODODOOOODODOOOOOLODOOOUOD 84db 4060000000000

30<a<1000000Y|0000000000000?X|<alX|052-(X|<a|X|000000(Y[00
000000000000|X|/a<|X|/e?0]X|/a<222|X|000000000000000000000000
00000000000 «0000000|Y|00000000000
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06 DO0OOobOO0bOOoOOOoOObOOOOODOObOOOOODbOObOOO

oo IMDB| OO0 | UMLS | OO

min [y| 8.74 1073 | 2187 | 000000000000 trigram 000000
max |y 34.06 41.01 | 8848 | 000000000000 trigam 000000
T 14.13 1779 | 4777 | 0000000000

1V 4.63 1617 | 11179 |00000000000OO0OO0OOOOOOOOO
oo

IX| 17.7 23.7 611 | 00000000000000O0O0O0OOOO
# SIDs 16,155.1 | 146,408.0 | 49,561.4 | 00000000000 SIDOO

#SIbO0OO 9,788.7 | 39,884.2 | 17,457.5 | 00 0OO0OO0OOCOOO SIDOOOO
gboooog

#00000 4.6 7.0 143 | 000000000000 OO0bOoOOg
# SIDs 279.7 6,886.0 | 1,756.3 | 00 O0OO0O0O0OOOCOCOSIDOO

# 00 232.5 3,897.0 | 1,149.7 |0 O000O0ODOODOOOOODOO
gboooog

#00000O 4.3 11.8 174 |000000O0OO0OOOOOOCOODOO
# SIDs 7,561.8 | 247,665.0 | 20,443.7 | 00 000O0OOOOOCO SIDOO
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gbobbooooobo 4e3000b00b0Db00ODO0OO0DO0ODOODODODOOOOLODODOO
O4600000000000029.700 SIbO0000023250000000000000
gboboobooboobuoo430b000b0000bObOOObDOoObOgT561.800 SID
oobobooobooooboooboooboboAlScandO0OO0O0OO0OP7OO0DOOOODOOO
00 16,1551 00 SIDOOOOOOO0OOOO0ODOOODO463000000000009,788.700
gbobooboboobooboobooobo
ooooboboboboobuoooobobooobooboooo
e UJODOODO AllSecanODOOOUODOOODOODOOODOOCOSIDOOODOOOODOO
ooobDOoomMDBOOOOUODODODODODODOOODOODOODODANScanOOOOOODO
16,1551 00 SIDOO0OO0OO0OO0O0OD0O0000O0O00O0 2r9.700 SIDOOOOOOO
0000000000000 0000000 AllScan00000000O00O0OO1.1%0
3./5%0 0000000000000 00O0DOO0OUOoDooOgg
e JIDOOO AlIScan DO ODOOODOODOOODOOODOOODO V88700 2325000
O0000000000oo0o0ooooooonO 12%066%00000000
e UJOOODO AllScan DD OO0OO0OODOODOOOOODOOOODODOOOODODOOO
00000000oooooo00000-000000000000DDO0O0DO8.9 (IMDB)O
188 (00000000)031.7 (UMLS) 0000000000000 O AlScan 000
0000000000000 000000OoooooO 50.3% (IMDB)O 53.6% (0 OO
ooooo)os1.9%0buMLSO 0000000 Ooooooooogoooooooog
0004000000000k =05X|0000000000000O0O0OO0O0COOOO
gobobooboboOobOobOobOobUobbkobobOobboooobobbooogoo
gooobooboooboobooboobooboobooboobobborgn
goooboboooboboobobobobooboooobobooobo

5 0000

oooooObOo0oooobobOoo0ooooobbo0oooooDoObUooooobobobooOoOoo
00000000 ooboooobob0bo0oobobobob0DbO0o0DbOo0obOnOd Gravano
O (Gravano, Ipeirotis, Jagadish, Koudas, Muthukrishnan, and Srivastava 2001) O 0 n-gram'°0]
000000DOO0DO0o0bO0oDO00bOoDO0oobO0oDo00bOOoDoobOoDoooOOooDoOon
0000000000000 00D00D000OKiIm O (Kim, Whang, Lee, and Lee 2005) 0 O
negram 0 00 000000000000 0O0O00O0O0O0O0OO0O0O0O0O0O0O0 ngramO0000

MOoOoOoOO0O004.6 443070+ 11801434+ 174000000000
00000000000 ¢ggram 0000000000
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O000000OLiO (Li, Wang, and Yang 2007) 00000000 O0OOCOODOOOOO
000 n0000 ngram 00000000000 Leed (Lee, Ng, and Shim 2007) 0 000 O
0000000 negram 000000000 0ODOOODODOOODOODOOODOOODODOOODO
O00000D0DD0OOXiao O (Xiao, Wang, and Lin 20082) 00000000 DOOOOOOOO
000 ngram OO000O00OEd-JoinOOO00OOO0OOO0OODOO

0000 ngramO0 0000000000 OODO0ODOOOODOODOOOOODOOOODOODOO
000000000000 00OBocek O (Bocek, Hunt, and Stiller 2007) D 000000000
O00000bOO0DOO0o0obO0obO0o0obOoDOo0o0obOOoDOo0oobOOooDoobOobDoOoOooOOoobooOoon
00000000 Fast Similarity Search (FastSS) 00 00O 0O 0O Wang O (Wang, Xiao, Lin, and
Zhang 2009) 000000000000 ODODODOOCOOOOOO0OOOODOOOCOOOOOO
0000000000 Huynh O (Huynh, Hon, Lam, and Sung 2006) 000000000000
0000000000000 0C0O0000O0ooo0O0Liud (Liu, Li, Feng, and Zhou 2008) O O
00o00o00obOobOo0obOobOoobOooDoobOobODoobOOooDoobOooDoooboOoooOoon
000000DO0D000bO0oDOO00bOobDOoooOOooDOoobOoon

Chaudhuri 0 (Chaudhuri et al. 2006) 000 000000000000000000O0O00O00O
O0O0D0OgoSSJomOO0O00O0ODOOOOO0O0OODOODOODOODOODOODOOOOODOOOOnOO
o000ooOoOo0ooOOobO0oo0oD0obOobO0oo0ooOobooooobOOooooDboooooOoobooo
0000000000 0o0ob0o0ob0oboooboobDChandhuri OO0 00OOODOOOOOO
O00equi-join0 0000 SSJoinO0 0000000000000 DOODOODOOSSJoinOOOO
0000000000000 000DO0D0000 400 Signatured0OO0OO0OD0OOOOO

Sarawagi [0 (Sarawagi and Kirpal 2004) 0000000000000 00OOOCOOOOO
OO0MergeOpt 00O O00ODOO0ODOODOO0OOODOOODOODOO SO LOODOODOODOOODO
oooosooooopooododLooobOobOOobOO0oOOobOOobOobOoboosoooog
0000O0bO0o0OOooooOoo0Ooo0o0L0o00bo0bobOobO0oobOobOOooooooDooon
LiO (Liet al. 2008) O O Sarawagi 0 0 0 0 O O O O O SkipMerge O DivideSkip 0O OO OO0
O00000D00OSkipMerge 000000000 D0OODOODOODOODOOODOOSIDOODOO
o0obOobOoboooooooo SIbO0b00bOooooDoobOoooboboooo rooO
oo0O0oSIb0O000O0ODOODOODOO0O0O0OO0O0ODOODOODOODODOO  SIbOOOODOODO
O0-000000000DO0000O00000O00bO00ObOOo0obOOoO0DbOOooDbOOooDoOooGg
00O00O00DOO0DooOO0oO SIDO00o00ooobOoDo0obO-00000000DO0O0DO00O000
O000000000DivideSkipOOOOODOOOMergeOptd OO OOODOODOODOOOOO
OSOL0000000000000O0SkipMerge 01000000 SODODODOOOODOOOO
O0000LO0000000D00000000DO0D0000ODivideSkipOOOOODOODOOOO
o0o00o0obOobOo0obOobOoobOoooobOobDoobOOooDoobOooDooboOoooOoo
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00000 40000 SkipMerge O DivideSkip 0 0000000000000 O0ODOOOOOO
godoodooooooooooobooobooooooooa

000000000 MergeOptO SkipMerge[d DivideSkip 0 00000000000 O00O0O0O
000000000000 00000000000000DO000D000O000OD00DO00O00d
O00D00ooo0ooo0oDo0oooooooooooooooooooooooooooog
000000000 0oD000o0ooo0oooooooooDoooDooDoooDoooDooog
000000000 00000000000000000000000000000000
0000000 MergeOpt SkipMerge[l DivideSkip 0O O 000000000000 OOOOO
gooooooooboooboooooboooooooboobooooobooooooooo
000000oo0o0o00d0 XO00OOoOOo (Xjooooooooooooooooooooooo
0000000000000000(@MO0000000o0o0)x(|X|-r+1)0000000
0000000000000 000000000000 MergeOptd SkipMerge[l DivideSkip [
000000000000 0000O000o00 e00D0O0DOO0O0ODOOO0OO0ODOODODOOO
0dddd4#00000000000000000OOD0O000O0OOOOOOOOODODODOOoOO
0000000000000 oooooooooooooooooDooogoDo

gooobooboooboobooobooooooooooooooooooooooooon
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