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Abstract Suffix trees are widely used in similar sequence matching for DNA. They have several
problems such as time consuming, large space usages of disks and memories and data skew, since
DNA sequences are very large and do not fit in the main memory. Thus, in the paper, we present a
space efficient indexing method called SENoM, allowing us to build trees without merging phases for
the partitioned sub trees. The proposed method is constructed in two phases. In the first phase, we
partition the suffixes of the input string based on a common variable-length prefix till the number of
suffixes is smaller than a threshold. In the second phase, we construct a sub tree based on the disk
using the suffix sets, and then write it to the disk. The proposed method, SENoM eliminates complex
merging phases. We show experimentally that proposed method is effective as bellows. SENoM
reduces the disk usage less than 35% and reduces the memory usage less than 20% compared with
TRELLIS algorithm., SENoM is available to query efficlently using the prefix tree even when the
length of query sequence is large.
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# SENoM Algorithm for Suffix Tree
Input: DNA sequence S, Threshold
Output: Sub suffix tree SubT, Prefix Tree PreT

Algorithm Start:
Step 1. Scan S and partition suffixes based on first
prefix character of each suffix
Step 2. Do for each partition
While (The frequency of suffixes < )
1. Delete Q
(Q is a data structure containing partitions)
2. Partition suffixes based on next common
prefix character of each suffix
3. If the frequency of suffixes in a partition is
< ¢, store on the disk
Else, insert the partition into
Step 3. Make Tsub using suffixes in the partition
Step 4. Make PreT using a prefix of suffixes stored on
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END
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BE®D olx, M7} SubTi7tA FHE Edtn 71
& o, gdAdAE +118 MBEY SubTi+1E ol
2gld st FPstd Mi+lg& deth BEE AMH
APz ErL §HEHY, t23e oA AZHE

=R FEHRE AAS] f8, 19 49

(b)9} o] Wotdeager ¢38]& 7o) EE 43
o} R HA @AM E AA 2EGAN FE ZY
28 JHE AYLER] ARS A% a"elA
R FEo| ZIYYAE A= BES vy,
ol Suffix Sete2 FHA tlize) AFZHLL oo
g A L 470 =3 gl 5 AA A
NMe 7 Suffix Set& XY EZQ] Sub Treeiz T+
Eid=

TRELLISY #4343 ZIY2AE ITREe HHE
g WM 448 EBE 75 wuiey, FHg AHS
onh)e] wlgol BAsA Bk g, 7 ABEZY =
GYAE F317] 93, DNA AJg2e] gg tlxz A
B A2z dAFc

(b) SENoM Algorithm |
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B ERAINE A 2EZL dAA oJstel gg 7}
A Mpsgdez Rt 93, @A 2EFAA
YAA 1B APue AnEaz 44T ol
we, 2 sElde] 5% S94d Ze8xs s
Hug, Fed 2 BEE B BPe FRHA golw
A,

4. F9| ®a| get

B AolMe 3304 FER AEx Ef QY
o] &3 HA47IYel vl =g}

DNA Alf2:0]A ZAF 449 W3 3, dutze
2 tlejvty] =2a#W(Dynamic Programing) 71'8-&
ARggti2). thohdel =2 o Pe vng F A
Pzo diste] 2349 thelue] Zza#w EolES
sz, NEs 7F HHe A”E de Wl F
Ao AGE ARSI Y5k YtEe R duE A
(Edit Distance) §°] A= 42 AHgEH4l 29
u, B doxe M9 HeE 93 e Exldz
€ A% B49 93 dog oEu

2 =idAMe AYgHeE 3 Fed A A
EE MEEDY ZY2E A= MAE EYE
HRg g FEEH, ol ZEgs B AT

oA 1. 298 5v AA AlE2 S = ACCAGCATT
o o, ZE|FL EdY FHIFL yepdo FEA
B8 Nu2 B 7% dAle 3129 19 29
Zth Ay NndhlSrt 28 29314 2 dEA
< {Pg, Pt, Pac, Pag, Pca, Pcc}old, 9 sEj4e]
ZE2s Prefix = {GS, T$, AC$, AGS$, ATS,
CA$, CCielth. &+ FElMe] ZPats Iy L8
A Hojzxle ZEgs Efe] Aart sol ERgE 7
Zdr) EFoA AHEEE &4 fZor] FEA
FEH 25279 g ZHYLE JIAE AEE

Z 7teiRith

Aol A4 BG3| dAFe FES 7] AT o
He I¥ 69 ¢aEy o] F dAE FAd

Step 1. Z2lga EgE zosly Foj Ao B
AL Tishe FHEPAL Fa3e FHYoldh gL
Z gL Egle] FENMREE ARy, FdoExde)
Z27t zEYs EfY ExTx] BERE X3}
£ B 7 EX4ES =ZgAE 7iAle MBEHE
tzFoA et

Step 2. Step 1614} 2-& HEJMeA, Yoz A
FALE RP=R] ARE FASE BHolth 7%
MY Ege 2hd AlF fRet 9% 2y =& o8
Z A=y A W TE YA == Az,
ghidl o] wlAEr fX ] tiF YRE =2 XFeA &

g

—

String= ACCAGCATTS
[ ThreshoM t=2
[Prefixi=1, CRpefin) <t
Pg={4}  CEI=1
*m={7,8) C@Pn=1
|Prefix| =2, C(Pprefix) < ¢
Pe={l} CPm=1
*Rg={4 C@Pm=1
Pu={7} CPH=1
*Pa={36} CPm)=2
Re={2} CPx)=1

1% 5 =Hs B A4

#Algorithm for Query
Input: DNA sequence S, Query g, Prefix tree file Pfile
Output: Matched Position mp

Algorithm Start:
Step 1. Load Pfile
While (Trace nodes in the Prefix tree)
Compare label in Prefix tree with ¢
IfiNot matched with part of ¢) exit
If(Leaf node) break
Return mp
Step 2. Load a subtree which prefix is the matched
character on stepl
While (Trace nodes in the subtree)
Compare label in subtree with g
If(Not matched with g) exit
1f(End of tree or q) Return a mp

2 6 XY gnF

o et MFs BEE HA4E 0, =29 A
=27E 2 obXe A YHE A1, PARE EE
Azl gysgo] Bast.

2 =R Alkske Ay Mg Behe, 2AY 9w
o 2E SEAY dE PRE FdoM ez ¢
A gols "rke Ade 7M. gEde $7) we
BE Aols, A9 dAFe= ABREHDS 37 A3
zgs ESE F3te] wE A% W) dgHest
7531k

5 A8 % BEH

B Aolde A9 o8 A 848 T, At}
I 3l SENoMe $4& I 51-dAME
SENoM¢®| BRFwg #45tx, 528dMe Ag§A)
s} ek 538l TRELLIS 2287 SENoM
< Bla, EA43te YY) AdE Bnan.
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5.1 gtHsiX| gt mEMM 2atulot

B AoHE A¥d %A, SENoM& Al 2gxg
gx3 [/OE &4, vudch SENoMe FHE|d A
@A, JEER 44 dAZ A9t

nA, S ARRANAN FB ZEYaE JHAE
AP259 Aoz Hexed, Hd vle AY2S
2 /HAE Ao gAAh zF HEgHe 7S §
3 vlgo] O(p)olx, e F71 A doles I
AXNZ e 3 SizeofUnput)/tAY o, AA A7
O(p)* (Sizeof(Unput)/t) = O(n)e]th.

F HAE, E d4dAdME FEHE MEEHY
AsE sSgdel /s $dstn, 2 gelde] dole
Hu rolmz Ef TFHFAL Sizeof(Input)/txO(t)°]
gk 3 BE HHEZV} tizd HAHEE
O(Sizeof(Input)/t)9) B3 M7} 7"}

TRELLIS ¢xE|Zdxs FHEA7 o], HEE
g 7t LCPE #& w7A =29 A4 :==F ueirt
o, FHAAS FP3t 8L 4T FHAze]| pol
o, =2 4709 AH=EE A% dAE g3
o2 §HE 43 AT gpojth ey Hoe
A%, LCAS 27 9ja) AA Egls <3siok 30, A
A e oAt Ee==e 471 0M)OI2E, O(r)
o] u)go] HAslAl "k SENoMdME A7}
Ao PH-E S A7 gan)go] B QA ¥t

5.2 MY 4

E Ay 2L SENoMe 4%o| 719 ¢iesE
d Hl& ¢33 Hole Aotk 2Y dolHe v
WAl 228 DNA HIS(A 30%, C 20%, G 20%, T
309%)9] wet AY 238 DNA AEAE AHESY, o
AX AME 9% dxeg sHEFe 10000MBY we
600MB, Umz]e] 7S 512MBE AAFch 1 o] fi,
AR 4% dojEe Zv)ol ue wFHez A
oz, Agdolest e 2 A9 A wal wE
Hel Baol 2715t MuE=9 =yl BYLEH
Zold 5 917] W&ok

gL 1GB vWRHE 71 AMD Athlon 64 3700+
(2.2GHz) PColA £33, E2YF S Z Debian Linux &
AREgTE TRELLIS ¢32]&2 AHAZFEE e C++
FZsoln Agtshs SENoM ¢ndE F3 C+ 2 T4
3te], GNU g++ A9 A 412004 Aoy sigch

5.3 &F A1}

B Ao M SENoM9 A%5& H7138l7] Hste, HH
7], vz 27%F E2] A2 AH g A7 AY
2 #7] & TRELLIS ¢xd&d nluste] 33k

531 WH =7 '

¥ 2¢ 9¥ =79 Wi wE EY FEANUNE F

A% ZAdjo|th AP DNA A@29 Zv|et wWHe
718 2o AAYE FVMZIEA AQsich 43
A3E 23, A9 =717 IMB 9 o, EZ 75 A
Sol A438Ee ¢ £ Utk wEHA, B =FdA H
¥ Z7}= IMBE 133%e] 4@dch TRELLIS €1
ZM=e HAstd ¥ zAVlz IMBE 1A3td
AP

¥ 2 ¥H=7)0) Z71e] WE Ed & Al7Hsecs) ¥l

Buffer/Input 1MB 10MB 100MB
0.1 Buffer 1.74 25.18 365.43
1 Buffer 1.68 25.06 363.31
10 Buffer 175 25. 65 366.77
100 Buffer 2.06 25.70 364.16

532 B 7% Azt

O 78 A3 dioly arY Frbd mE EY &
AlZ+e TRELLIS ¥x2j&3 vluste £33 Zio
t}. DNA AlR29 Z7]E 200MB, 400MB, 600MB,
800MB, 1000MB=Z Z7IA718A, AA B8 F= At
& 23Rtk B TEAIE, ¥ Ad9 s
g £, s HEED A4BAE 2F EFE A
7rolt, AT A¥S 93, TRELLISOIA A¥2 ¥
aT7EL 9% A2 AYFch md, AP doele
Helol wat FEA|7Ee] Hojrt LAIEZ, o]F HT
3le] Ao JehAch

ARAHE F3, SENoM3} TRELLIS ¢ze|E9
FEE£27 AY F5EE & 5 Utk B =844 F
&7l A BB olfe, FEAE AA4EI] A3
AR DNA AEAE 205k J34S s £33}
7] W&o|t}. &y}, TRELLIS ¢xd&L EdT21

Input(MB) SENoM(secs) TRELLIS(secs)
200 85242 815.62
400 1748.84 1671.84
600 2550.06 2546.67
800 3533.56 3540.78
1000 4335.64 4528.16
80 Construct Time on the Data Size
70
E 60
= 50 F —a—SENoM
.E Bl —8— TRELLIS
E 5 30 b
‘i 20 |
S 1 Input String (MB)
0 2 L 1. i
200 400 600 800 1000

a7 dlolg @79 Frte @2 EY FF At viw



0 A& DNA A2 ddy Wt 463

1% 8 Holg Z7] F7le] W& tl23 /O Azt vl

The Number of Partitions on the Input Size

600 -

« 500 b
—4—SENoM
52 a0t
g2 —8—Trellis
zE 300}
v B
= L
£ w0
100 +
0 - \ . Input Sh:ing(M‘B)
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28 9 doly 27] Zvlel BE HEM 4 Uz
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22 B2gsla, 2 MEAEA dE] MR felde 3
At webAd, 29 99 Zo] Azl AE27} 1000MB
d dole £ =82 232709 HEH, TRELLISE 733
el stEjHo] wrAsitt mEjAo] Wol WS A$
Fulgo] AAY, P Hejdos HIds) A7 o
23 /0 eWsl=r} g

533 M=z 87

29 108 A¥dolg Ay Fvb wE WEeE 8
T#& TRELLIS ¢ug&y vlwsly 743 Zdo)
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o ded ARy a7HE YR 4FEAAE §
8, SENoM2| A% BT 510MB¢ dwl®e], TRELLIS
o] A% 750MBe] WR#E AHEEY, B =Eo wm

Input(MB) SENoM(secs) TRELLIS(secs) Input(MB) SENoM(MB) TRELLIS(MB)
200 148 266 200 512 775
400 335 550 400 518 753
600 556 864 600 502 721
800 790 1139 800 506 6%
1000 99 1496 1000 512 740
Disk I/O Time on the Data Size 12000 S12 790
80 Memory Usage on the Data Size
70 | 900
60 | ———SENoM 800 W
v 700
g %0 | s TRELLS o o0 |
55 g0 Input String (MB) 2 50— * .
= 30 b p 5400 —+—SENoM
= = | g Ss00 |
z g o | —8— TRELLIS
B 1w} 2 ool .
0 L 1 . L 0 1 L A IIllp“t Stl-lxl‘g (MB) J
200 400 600 800 1000 200 400 600 800 1000 1200

¥ 10 dielg] =7] F7lo] we Wy 87 vlw

2 87%o] HLE ¢ F Utk 2% AFE TDD
QuEEe] A% B =83 blnsd o e ke
S7EA T, EPAYe] 4 EGFEATIo] 28] o]
A 20d0E ZAFES 3

TRELLIS #1858 U¥==8 93 2282 40byte,
Gr==g 93 W2 16byted TFY7) W Zo,
Yirso guec 7t2} 19byted P e B A
s} mwate Wme) apdke] Ak webd A Ed
T2 98 a7EE dwe F ga) A

2y 10914, TRELLIS ¢xg&-e slolele] =717}
AATE vlRg 7o) Fojze Fho] EAsh=y),
ol dlelE FvheRT AR FHago] T4
A7) wj o)}

534 T)A= Q7

O 112 Agdole 379 FUtel ulE txz 8
T%E& TRELLIS ¢12E% vasted £38 dio)
t}. DNA Alg29 =7]& 200MB, 400MB, 600MB,
800MB, 1000MBZ Z7}A|7|WA, Eg] 7&o HaF
t2za 7L Y 48438 5, ¥ ¢n
& 2% diolge zr|¥sle uissle ddx =7
7 71 ¢ 5 o 23y, Al 278 vuste
7%, SENoMe| TRELLIS ¢xgZRt} QHAE
T g3 g 7%e] J5& ¢ F Stk

TRELLIS ¢xg|&olAe, Wiiese 3¢ A% 9
A, viAE 9%, BE Ao g3 FRE 93 &
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Input(MB) SENoM(GB) TRELLIS(GB)
200 41 5.0
400 82 101
600 123 15.1
800 164 20.2
1000 205 252
30 . Disk Usage on the Data Size
27 ¢
;: "~ SENoM
o 18 | —S—TRELLS
A 15+
‘g gu L
il
Y 6 -
sl Input String (MB)
0 N R L N )
200 400 600 800 1000
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Aol A7 A7, AE UEIE ANBRAEESE F
Agle], AXShe LTAS B3 F ATE YU
ot 2¥ZxE E3), TRELLIS ¢x|&e AX
£57} SENoM94 Ao &9} vlwste], ZA3Al
wWe 2L ¢ 4 gtk 2 ol%E, TRELLIS ¢1d%
2 A9 x%al*l Adx Rz MG el A9
AEt X2 =9 ZolE A4dste W, SENoM

Query(bp) TRELLIS(secs) SENoM(secs)
100 0.0333 0.0410
200 0.0283 0.0379
400 0.0331 0.0391
800 0.0354 0.0410
1600 0.0337 0.0497
3200 0.0376 0.0430
6400 0.0297 0.0354
12800 0.0364 0.0429
02 - Query Time on the Query Size
0.18 |
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014 |
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E _ 01
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> §0.08 |
§ <006 | Query Size (bp)
o 004 |
002
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e wEo dolg At
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T
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=474 QAR (Thredhold) ©)3}e] A%, diF HE]AY
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o goz MEHERZ F5E g Zgis
A2 X EE WEZde) FE3ETh

SENoM¢] $44-& AFsr] H, 4388 53 4%
HHE AT AgARe) o3t¥, SENoM2 2GB
9] Wxg Aex TRELLIS ¢xe|&o] »lsl, <F 35%
e virg g§9Foe g 1G9 DNA AlE~E 2GBY
Wsgle] 718 Wl AdAd & & e A= vyt
w3 SENoM-& TRELLIS ¢xa&9 of 20% W& <l
2 F71§ 7EAEA, S st 2 A=, 005
Z ol 58802 AAsE Aoz Uehygtt
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