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Page Change
Input : Page Info P, last, next
Output : Null

find_page(P, last, next);
next = B+srch-T'-1;
size = T"-T";

last = size-1;

return Null;
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Search_Trie
In utN ; Trie index T, Page Info P, Query Q, Terminal node

©
Output : ResultSet R

next=0); size=1, last=0;
R « Search(next, size, last);
return R

Search

Input : Trie index T, Page Info P, Query Q Terminal node
Info N, next, size, last

Output : ResultSet R

pageLevel=0, ition=0;
data_read(P); pos
whﬂe(gage[.evel < page_height) {
STC, 0;
for(from current level’s start position before next){
read trie_node
if(trie_node == 11) srch=srch+2; size++;
else if(trie_node = 008 srch++;
else if(trie_node == 00) size--;
osition++;

read next position’s trie_node, read query bit
if(trie_node == 11 && query bit == 1) sich=srch+2;
else if( (trie_node==10 && query bit==()
{ |{trie_node==01 && query bit==1)") srch++;
else 1f( (trie_node==10 && query bit==1)
| [(trie_node==01 && query bit==0) )

No match; break;
if{paelevel < page height-1)]

next=last+srch;

if(query bit == last query bit)
rl‘é — ﬁnd_ansgvergext, N); break; }
else {
next = current page B + last + srch;
I’a&e_chang;(current page last, next);
if(query bit == last query bit){
data_read(P);
R < find_answer(next, N); break; }

else
Search(T, P, Q, N, next, size, last);

for(from current node position until last){
read trie_node
if(trie_node == 11) size++;
else if(trie_node == 00) size-;
position++;

last = last + srch;
pageLevel++;

}

160
140
120

100
80
&0

Index Size(MB)

40
20

Data Size(MB)

M S uffix _idx ]

[ BEitrie_idx

(2¥ 7) 992 =Y 8w

o JE& Fxae txg e Yoo g
Hh A% Ho|HEE GenBank|19]25H 1o weo
HumanChromosome 18 DNA A|@ A& A&3ic). Ad
A =] ERAEL T = Windows 2000 Servers
AAZ Agstn, 1GBY F7)9%x), 40GB 23
Pentium IV 2GHz¢] PCE A}&3t}

g

Aueonje
nol
pet
3

)
rfr

AU £ AL 3] dw ARE (19 7)ol ¥
AT AN ATL FEE o) 23 Sand H3
of o} 35%9) A4 ¥ AAE YEEE & & 3ot @
AP ALT AUx Fre Sel Moo Egf 9
92 74 o) Mae AT xeAd B oh

g 3794 271 A JTFE wA e ¢ o
23 7§k A9 74 4ol

6. 48

£ =PdMe AR KA AdE dfolgmola
& dgez ste ZYES AMRSA @E AdY Eg
of e~ pxE At A EE, AN &5, 3
4, B8N E uEe iz Zge dds e 2
E AR AN gaEE Adsty, 992 27 Ha
A osta] AtE QY2 o] HFE FHEY
ood@A, gdd BHE QY g9 bE Wkl @
A7 3 H4YE AHHor SFYystn Jow, FF
ANd Q92 pxE HY FEHo2 Y 4 Qe
A BB ARE AN g Eg Adsin 1o g2
€ A% 9tE 28 4
Fa ¥4
[1] S. F. Altschul et al, "Basic local alignment search

tool," J. Mol. Biol,, 215, pp. 403410, 1990.
[2] S. F. Altschul, T. L. Madden, A. A. Schaeer, J.

Zhang, Z. Zhang, W. Miller, D. ]. Lipman.
"Gapped BLAST and PSI-BLAST: a new generation
of protein database search programs,” Nucleic

Acids Research, 25, p[g. 3389-3402, 1997.

[3] W. R. Pearson and 'D. ]J. Lipman, "lmproved tools
for biological sequence comparison," In Proc. Natl
Acad Sci USA, 85, pp 2444-2448, 1988.

{4] D. A. Benson, M. S. Boguski, D. ]. Lipman, J.
Ostell, and B. F. Quellette, "Genban," Nucleic Acids
Research, 26(1), pp. 1-7, 1998.

5] E. Hunt, R.° W. Irving, and M. P. Atkinson,
"Persistent Suffix Trees and Suffix Binary Search
Trees as DNA Sequence Indexes," Technical report,
Univ. of Glasgow, Dept. of Computing Science.
TR-2000-63, 2000.

[6] T. Kahveci, A. K. Singh, "An Efficient Index
Structure for String Databases,” In Proc. Int'l
Conference on Very Large Data Bases, VLDB'01,

. 351-360, 2001.

7 EF E. Wiliams and J. Zobel, "Indexin
Retrieval for Genomic Databases,” TKDE, 2002.

8] G. A Steghen, String Searching Algorithms, World
Scientific Publishing, 1994.

[9] G. Navarro, R. Baeza-Yates, "A new indexing
method for approximate string matching,” In Proc.
CPM99, Lecture Notes in Computer Science, 1645.
SErin er, pp.163-185, 1999.

[10] E. ékkonen, ”Apgroximate string matching over

suffix trees,” In Proc. CPM93, [Lecture Notes in

Computer Science, 684. Stpringer, PP 228-242,1999.

and

{11] A. Delcher, S. Kasif, R. D. Fleischmann, ].
Peterson, O. White, and S. L. Salzberg,
"Alignment of Whole Genomes,” Nucleic Acids
Res, 27, pp.2369-2376, 1999.

[12] S. Kurtz, C. Schleiermacher, "REPuter: fast

computation of maximal repeats in com&lete
enomes,” Bioinformatics, 15(5), pp.426-427, 1999.

[13] H. Shang, T. H. Merrett, "Tries for A Eroximate
String Matching,"IEEE TKDE,8(4),pp.540-547, 1996.
[14] R. A. Baeza-Yatess and G. Navarro, 'Fast

Approximate String Matching," Algorithmica, 23(2),
p.127-158, 1999.

[15] g Uliei, A. Fliess, A. Amir, and R. Unger, "A
Simple  Algorithm  for  Detecting ircular
Permutations in Proteins," Bioinformatics, 15(11),
p. 930-936, 1999.

[16] E A. Baeza-Yates and G. Navarro, "A Practical
Index for text retrieval allowing errors,” CLE], 1,

. 273-282, 1997.

[17] E}? Manber and E. Myers, " Suffix Arrays : A
New Method for on-line string searches," gIAM I.
on Computing, 22(5), pp. 935-948, 1993.

18] E. H. redric%(, "Trie Memory," CACM, 3(9), pp.
490-499, 1960.

[19} http:/ /www.ncbi.nim.nih.gov.

1586



