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Introduction

Motto: The web pages contain a lot of "human oriented"
information.

Is there any possibility to search any part of the web not for the list
of the pages containing the query relevant information, but directly
the relevant information?

1 Semantic Web Ideas (RDF, OWL, reasoners,...)
2 Data Extraction from web pages and querying...

o Product catalogs
o Can be this process automatic in practice?

o If so, the Data Structure has to be known

Martin Rimnac Data Structure Estimation Tutorial



Introduction on Data Structure Estimation
Motivation
Importance of Relationships?
Naive Algorithm
Model Skeleton

Importance of Relationships?

@ Mechanism 1:
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Naive Algorithm

@ Input: a set of tuples
@ OQutput: a set of functional dependencies driven by the input
(on the extensional level related to the input tuple set)

M" =0
for VA € @7 (R) (1)
for VX € 2((R) — A) (2)
if 3.7 : 9,(X) — Z4(A) then (3)

M" = M"U{X — A}

Drawbacks:
@ NP complexity
@ The model M is not minimal
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Model Skeleton

@ Def: Minimal subset implying all valid functional dependencies
@ No trivial functional dependencies
@ Due to transitivity - searching for the closure of the set.

o Ambiguous solutions
o The model expressiveness can be maximalised:

M =arg min { > o(f)} (4)
vfeM’
@ where:
o(Ai = Aj) = |Za(Ai)| = | Za(A))] (5)

@ Incremental model skeleton building
o Incremental step: Polynomial complex issue
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Representation Proposal

@ As simple as possible (only simple functional dependencies)
@ To handle the fact f; implies ;:
@ The value of the attribute A; implies the value of the attribute
Aj (A,' — Aj S M)
@ The element ¢; (attribute - value pair) implies the element ¢;
(ei ~ &)
@ The proposal is:
. . . ) . 1 iffi~ 6
o to use binary matrix H defined as: hjj = { 0 otherwise
o Generalisation
@ Which facts are implied by ones represented by the vector x:
y=H- x
@ Specialisation
@ From which facts can be x implied
z=H'.x=HT .x
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Transitivity - Minimalisation

© Due to transitivity:
@ One generalisation step: y; = H - x
@ The second step: ypo = H-y; = H-H-x
o General: y, = H" - x
o n < size(H) (complexity estimation)
@ Matrix Form:

@ Full (H™): redundant items / reachable in one step
@ Minimal (H): no redundant items / reachable in n steps

© The Minimalisation Issue:
s tofind Gandn: H=G"
o G is as minimal as possible if An’ > n: G" # G
o ambiguous solution
o a minimalising/maximalising criteria can be used
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Notion

Let be:
@ Indeces:
o I, the attribute index ( &7 — N )
o I the term (value) index ( Uyac s {Za(A)} — N)
o Ig the element index ( Ia x I+ — N )
@ Matrices:

s  the valid single functional dependency matrix
s U the corrupted functional dependency matrix
@ A the attribute active domain matrix

1 ife=(Av),ve Z,(A)
Ole(e) la(A) = { 0 otherwise (©)

® the repository matrix

<
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Example

Let the set .7 represent tuples:

o o o ~Xx

ki
ko
ks

_ O o X

O O~ OO
O R O ool
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B C

0 0

11 (7)
0 1

K A C K B

b 1 1 k 1

1 00 1 0

01 .0 0 0 (8)
00 0 0 1
001 0 0
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Initialisation

For the tuple {K = k;,A=0,B =0, C = 0}, the matrices will be :

K A B C
K 1 1 1 1
@ y=A 1 1 1 1
B 1 1 1 1
c 1 1 1 1
K A B C€C K A C K B
ky ] 0 0 k> 1 1 k3 1
K|kq 1 1 1 1 0 0 0 0 0
Al0 1 1 1 1 0 0 0 0 0
B|o 1 1 1 1 0 0 0 0 0
@ o,= Clo 1 1 1 1 0 0 0 0 0
K|k 0 0 0 0 0 0 0 0 0
All 0 0 0 0 0 0 0 0 0
Cl1 0 0 0 0 0 0 0 0 0
K|ks 0 0 0 0 0 0 0 0 0
B|1 0 0 0 0 0 0 0 0 0

Martin Rimnac Data Structure Estimation Tut




Incremental Repository Building

Initialisation

For the tuple {K = ko, A=1,B =

AOW> X

K k1

B|o
clo
Klka

cph
K ks
Bl1

-

[EYTETRTES

ooooooooo:\x

COO000O0O0O0O0OD kummmgm

CoORRROROOOW HHEKFHKHN

cocoocoocococoooon
oo»—n—n—nouoc”‘x
N
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0, C = 1}, the matrices will be :

OO R KHKHOKOOHRD
OO KHKHOKOORRA
oooooooochﬂx
[SR-N-N-N-N-N-N-N-N ]
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Repository Merging

@ The repository can be merged as: 15, = &1 + O,

@ The repository merge result will be:

K A B < K A [ K B

kq 0 0 0 ko 1 1 k3 1

K|k 1 1 1 1 0 0 0 0 0
Alo 1 1 1 1 0 0 0 0 0
B|o 1 1 1 1 1 1 1 0 0
D10 = clo 1 1 1 1 0 0 0 0 0
K| ka 0 0 1 0 1 1 1 0 0
All 0 0 1 0 1 1 1 0 0
Cl1 0 0 1 0 1 1 1 0 0
K|ks 0 0 0 0 0 0 0 0 0
B|1 0 0 0 0 0 0 0 0 0
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Testing to the Functional Dependency Corruption

@ The repository is not consistent: From the element B|0 can be
derived more than 1 element of 1 attribute (A|0 and A|1).

@ To detect corrupted functional dependencies:

@ o5, =

cococ»—n—n—n—-,}'P;

OCoOO0OOKKKEROD

A =A(eT-AT)>1) (9)
B c K A c K B
[7] [7] k2 1 1 k3 1
1 1 0 0 0 0 0
1 1 0 0 0 0 0
1 1 1 1 1 0 0
1 1 0 0 0 0 0
1 0 1 1 1 0 0
1 0 1 1 1 0 0
1 0 1 1 1 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
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Testing to the Functional Dependency Corruption

@ The functional dependency matrices and repository are
updated according to U2:
e Q:=Q -0~
s U:=U+0A

K|k

Al0

Blo

] - Cjo
1z K|kz
All

cn

K|ks

Bl1

ooooo»—n—n—n—nr‘x
OCO0O0OOOKKKKoOD
cCoo0o0o0o~©O© oW
OO O0OOKKKKDON
©corkrroKOOTX
OO HKKOKOORD
OO KRKKOKOORRM
coocoooooofx
[SR-N-N-N-N-N-N-N-R ]
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Incremental Repository Building

Repository merging ®;, ®,, P53 result

K A B C K A B C

K 1 0 o0 o0 K o0 1 1 1

@ Q3= A 1 1 0 0 Uiz3= A 0 0 1 1
B 1 0 1 o0 B 0 1 0 1

cC 1 0 o0 1 c o 1 1 o

K A B C K A C K B

ky [ 0 0 ko 1 1 ks 1

K |ky 1 0 0 0 0 0 0 0 0

Al0 1 1 0 0 0 0 0 1 0

B|o 1 0 1 0 1 0 0 0 0

@ 005 = ClO 1 0 0 1 0 0 0 0 0
K |ka 0 0 0 0 1 0 0 0 0

All 0 0 0 0 1 1 0 0 0

cl1 0 0 0 0 1 0 1 1 0

K|k3 0 0 0 0 0 0 0 1 0

B|1 0 0 0 0 0 0 0 1 1
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Repository x Functional Dependency System Formulation

Repository x Functional Dependency System - Observation

K A B C
K 1 0 0 o0
@ Q3= A 1 1 0 0
B 1 0 1 o0
c 1 o0 o0 1
K A B C€C K A C K B
ky 0 0 0 ko 1 1 k3 1
K| ky 1 0 0 0 0 0 0 0 0
Al0 1 1 0 0 0 0 0 1 0
B|0o 1 0 1 0 1 0 0 0 0
@ 05,3 ClO 1 0 0 1 0 0 0 0 0
K|ka 0 0 0 0 1 0 0 0 0
All 0 0 0 0 1 1 0 0 0
Cl1 0 0 0 0 1 0 1 1 0
K|ks 0 0 0 0 0 0 0 1 0
B|1 0 0 0 0 0 0 0 1 1
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Repository x Functional Dependency System - Formulation

@ Instances in the repository ® are instances of the functional
dependencies Q. So:
Q=AdAT (10)
@ The functional dependencies Q implies the positions /,j at ®,
which can be ¢;; = 1. &' = > © ATQA
o Precisely, these positions are implied by non-corrupted
functional dependencies:

d=00AT(1-0)A (11)

s The reason is Q # 1 — U for nonhomogenic tuples (NULL
values)
(having always all attribute covered in any tuple)
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Complex Attribute Support - Condition

o If all attributes (on left and right side) of the complex
dependency depend on the one key attribute Ay, all required
information for handling this dependency is stored in the binary
repository matrix ® complained with metainformation, which
attributes are on the left side v, and which is on right side 7g.

A

PK B
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Complex Attribute Support - Demonstration

@ The query x is specialised (all from ~y, satisfied):

s one key: Generalising of element corresponding to the attribute
in yr. (® is consistent, one element to activate) (OK)
@ several keys. Generalisation activates
@ the same element (OK)
o several different elements (NOT a functional dependency)

Py~
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Complex Attribute Support - Formulation

@ The existence of the key attribute can be quaranted by the

requirement to the tuple uniquely idenfying attribute to be
present in each tuple.

@ In such a case, the generalisation mechanism can be extended
by:

y=®x+o((¢7 (AT ) ox) ==1)0 (AT 1r) (12)
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Conclusion

Conclusion

@ The expressive internal representation (directly as an RDF
document)

@ Easy to see the complexity issue (at most given by the matrix
multiplication complexity)
@ The incremental algorithm with polynomial complexity.
@ Algorithm implementations:
@ in PostGres database management system (driven by triggers)
@ in Octave (using PostGres for indeces and matrix storage)
o in CLIPS (rule based system)
@ The script interpreting and visualising the repository in RDF
format (available trought web server)
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Conclusion

Future Work

© Usage of sparce matrices (graph algorithms)
© Distributing the repository / Integration Issue

© Storing XHTML web pages to the repository

@ the tree structure handling in the repository
@ structure modification (from formating to structure)

Q ..
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