Indesdng Welghted-Sequences
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Motvetior)
« Event Management Systems
Event Timestamp
CiscoDCDLinkUp 19:08:01
MLMSocketClose 19:08:07

MLMStatusUp 19:08:21

MiddleLayerManagerUp 19:08:37
CiscoDCDLinkUp 19:08:39
= Find al occurrences of CiscoDCDLinkUp that are followed
by MLM StatusUP that are followed, in turn, by
CiscoDCDLinkUp, under the condition that the interval
between the first two events is about 20+2 seconds, and the
interval between the 1% and 3" events is about 40+3 seconds

Motlvetlon)
« DNA Micro-array Analysis

- Find all genes whose expression level in
sample CH1l is about 100+ 5 units higher
than that in CH2B, 280+ 10 units higher
than that in CH1D, and 75+ 7 units higher
than that in CH2I.

CHIB CHII CHID CHB CH2I...
gene_a 90 110 190 210 290... ¥0-

gene_b 190 210 390 410 590...  am -
gene_c 90 110 110 90 120. .
gene_d 200 100 400 90 600... #0-

CH1B CH1I

CH1D CH2B

CH2|




Motivation

» DNA Micro-array Analysis

- Select * FROM dna-array
WHERE 95<(CH1I - CH2B)<105
AND 270<(CH1I - CH1D)<290
AND 68<(CHI1I CH2I)<82
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Definition: Welghtec-Secjuenc
= asequence of (symbol, weight) pairs:
T=<(a,w,), (a,w,), ..., (@ ,w)>
- a isasymbol

N

= W, isarea number
« E.Q.
<(CH1l, 401), (CH1B, 281), (CH1D, 120).....>

« However, it ONLY considers weightsarein
ascending order in the paper. (w<w,_.)

< (CH1D, 120), (CH1B, 281), (CH1l, 401), ....>

Definitior: Notations
T: aweighted sequence
-eg. T=<(a3),(c, 7), (h, 12), (d, 22)>
T.:thei-thiteminT
-eg9.T,=(c,7)
§(T,): the symbol of i-th item
-eg.yT)=c
W(T,): the weight of i-th item
-eg.WT)=7
A: symbol set, i.e. A= U{s(T)}

Definitior: Notations (con't)
LetT= <(a, 3), (c, 7), (h, 11), (d, 22)>
[T|: length (number of items) of T
- [Tl=
[[T]}: therange of T, ||T||=wW(T
— |ITlI=22-3=19
T' cT: T'isa(non-contiguous) subsequence of T
- eg. T'=<(c, 7), (d, 22)>
« & window size

« Q: aquery sequence which is aweighted-
sequence in form of <(b,, 0), (b,, W,),..., (b_, w )>

)-w(T)

Tl




WelgriteckSeqjuence Meiching

« A query sequence Q matches sequence T if there
exists a (non-contiguous) subsequence T'cT such

that |Q] = [T'], S(Q)=s(T"), and W(Q)) = W(T")-
w(T"), Viel,...[qQ|

£,71 a,72 g,75 b,79 e,80 ¢,82 d,84 7,85

Approdmete Metching of Welgnted

=eruernces

- Given A query sequence Q and tolerancee > 0,

i€l,...,|Q|. Q approximately matches sequence T
if there exists a (non-contiguous) subsequence
T'cT such that |Q[ = [T'], S(Q)=«(T"), and W(Q)
-W(T)-wW(T"))| < e, Viel,... Q|

78-80 81-83
£,71 a,72 g,75 b,79 e,80 ¢,82 d,84 7,85
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Thel=zo-Degin Inde:— Overview

s |t supports fast accesses of (non-contiguous)
subsequences that match a query sequence.

» We need to discretize the weights in sequences
into anumber of equi-width units.

« It embodies a compact index to all the distinct,
non-empty sequences whose weight range isless
than &, the window size provided by the user.

« Queries are constrained by the €.

Indey Building (1)

= |n the database, it contains certain number of
weighted sequences.

« Concatenate al the sequences together and the
sequences are separated by (NULL, 0).

« <(a,6), (b, 9), (d, 11), (c, 14), (f, 18), (e, 21),
(NULL, 0), (c, 25), (d, 32), (b, 33), (a, 34),
(e, 37), (f, 52)>

» We let the concatenated weighted sequence be D.




Indey Building (2)

« Wefind al the continuous subsequences T in D
suchthat |[T|| < & and |T|>1 (without acrossthe
boundary)

£E=15

D = (a,6),(b9),(d 11),(c, 14), (f,18), (e, 21},
(NULL,0),
{c, 25), (d, 32), (b, 33), (a, 34), (e, 37), (f, 52)

: (a, 6), (b, 9), (d, 11), (c, 14), (f, 18), (e, 21)
: (b, 9), (d, 11), (c, 14), (f, 18), (e, 21)
s (d, 11), (¢, 14), (f, 18), (e, 21)

: (e, 14), (f, 18), (e, 21)

: (f, 18), (e, 21)

: (¢, 25), (d, 32), (b, 33), (a, 34), (e,37)
: (d, 82), (b, 33), (a, 34), (e,37)

: (b, 33), (a, 34), (e,37)

: (a, 34), (e,37)

10: (e,37), (f, 52)

11: ...

W00 =] S WUk Lo b =

Indey Building (3)
« We transform each subsequence, T, in to one
dimensiona sequence S

f((ﬁa 777C>) = <Sla )Sk)
where:

S'Z{ 8(72)0 o1 =1
ol s(Thwm—wmioy 21> 1

© 00 =1 O Ut b O DN

Indey Building (3)
« We transform each subsequence, T, in to one
dimensiona sequence S

: (a’l 6)7 (bv 9)1 (dv 11)1 (Ca 14)1 (f7 18)1 (ev 21) 1: ap, b31 dZy C3, f41 e3
: (b, 9), (d, 11), (C, 14), (f, 18), (e, 21) 2: b(), dz, Csz, f4, €3
: (dv 11)1 (C7 14)7 (f: 18): (ea 21) 3: d(h C3, f41 €3
: (C7 14)1 (fr 18), (e7 21) 4: Co, f4y €3
: (f, 18), (e, 21) 5: fo, e3
: (C1 25)7 (dv 32)) (bv 33)y (a, 34)’ (6137) 6: Co, d?y b1, as, €3
: (dy 32)’ (by 33)7 (a'n 34)’ (3,37) 7 dO’ bl; as, €3
: (ba 33)! (a'r 34)7 (6537) 8: bO, as, €3
: (a, 34), (e,37) 9: ag, e3

10: (e,37), (£, 52) 10: eo, fis

11: ... 11: ...

Indey Building (4,
« Weinsert al the transformed sequences found in
previous stepsinto atrie.

« Each nodein the trie have an offset list which
store all the window offsets associated with the
node.




Indey Building (5)
« we assign IDsto each nodein thetriein DFS
traversal order (starting with O for the root node)

« for each node, we also record the largest ID of its
descendants

- S0, each node is assigned a pair of labels, (v, v,).
v_isthe D of thenode and v_isthelargest ID of
the node's descendant nodes.

Inclex Building (6)
« We create iso-depth links for each (x,d) pair,
where x is the symbol, and d is the depth of the
node, d=1, ...., &.

+ The depth of node v is the distance between the
root and v. i.e. summing up the subscripts of the
symbols from root to v.

» Nodes in an iso-depth link are sorted by their IDs
in ascending order.

depth links
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Indey Building (7)
« Inredlity, each |so-depth link storesthe (v, v )
pairsin secondary memory.
The offset lists are also stored in secondary
memory.

Thetrieis only for index construction and will be
throw away after construction.

I (a,5) l:l diSkpage:
(@6 .
N — |
P12 [ [esn ]

PART I: disk pages of iso-depth arrays PART II:disk pages of offset lists

=ect Vet

”
-+ Q=<(c, 0), (a 6), (b, 12)>

7,14 ][ 42,61 | 88,99 ][102, 120]230, 247| --.---

8,10 | 53,55 66,69 | 97,98 |270, 287......

Finally, we find the offset lists of nodes 53, 54, 55, 97 and 98. Those
are the offsets in the data sequence where subsequence Q occur

Approsirnete Metchir
« Q=<(c, 0), (a, 6), (b, 12)>, =0, e,=1, e=2.

c, 0

a5 56 ] 2331

a6 7,14 ][ 42,61 ]| 88,99 ][102, 120|230, 247|.....-
a7 181, 190/301/333 .-

b, 10 233,240 .....

b, 11 6,6 108(108[201,203 ...

b, 12— 8,101 53,55 | 66,69 | 97,98 ]270, 287|......
b, 13 110,111[277,277]......

b, 14 9,9 ]182183
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Experiment: Query Tirn &(J /T\/OOJJ UJ100)
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=eperirnent: Indes Building Tirme
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Experirmnent: Query Forrr

<(4,0),(y,0),(2,59)>: DSO00K -A100-U-UJ10
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Figure 9. Random queries against DNA micro-
arrays of Yeast and Mouse gene expression,
with varying number of elements in the query
from2to 5.




Lirmnitations Conclusion and Dizcussion

« The tolerances given in a query must not disturb the « Some data, e.g. timestamped event sequence,
order of the elements in the sequence. microarray data, can be map to the weighted-
- wQ)+e<w@Q,)-e, sequence model.
- Q=<(b,0), (a 5), (c, 6)>, e1=0, e2=1, 6321 Invalid!! s Iso-depth |ndeX|ng structure can SJppOft

searching of weighted-sequence efficiently.
« However, there are till some limitations.

- [1Qll<&

« Indexing building requiresto build atrie of all the
subsequences within the window size. The trie can
be too big and cannot fit into main memory. This

may be the bottleneck.
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