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TREE STRUCTURE DATA CHANGE DETECTION METHOD
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The new method, increasing efficiency and religpiif change detection in three structures in titerhet data under indeter-
mination of data structure (DTD, XML-Schema) is posed in this paper. The Boolean linear programnpiraplem was
solved in two exact methods — modified Balazs Miiter and modified DP method and A modified metHod selecting a
neural network architecture was proposed. Thesdsis considered publish/subscribe system desanigithanced with core

module, which provides notifications of changesubscribers only in case they occurred.

Introduction notlf!catlon qbout changes. Although curren.tly
publish/subscribe  systems have the following

Nowadays in the Internet environment suclisadvantages:
interaction scheme between publisher and consusner i « insufficient informational object definition

spread when every person, who has access to the
Internet, at any time may act both as a publisheras

a consumer. This causes information changes trgckin
issues even within some particular resource or by
particular topic as result of continuous unmanafgeab
information update. The need to process large amoun
of data is required from users to search useful
information only because of such conditions. Sithdg
assumed that the total amount of information on the
Internet will increase, the user is forced to combiusly
increase the time to search for the necessary
information.. Obviously, the tool that allows dezséng

the amount of processed information while search is
required. This should be achieved through automated
useful information changes detection and tracking,
which user is interested in the Internet

Besides, there are automated systems, which

preform mentioned processing based on continuously The

changing data at regular time intervals, e.g. systé
economic processes forecasting based on exchag
rates or value of the shares. The approach based-on
sessing the relevance of data at certain time\iaker
leads to complication of hardware and softwareesyst
of track changes, increased load on the resoules t
provide information and does not always allow aftai
ing satisfactory results. That is especially actfal
systems that are critical to the delay on the mttion
update. s
Mentioned issue is being solved within event-bas
publish/subscribe systems development, which pmviﬁa‘
total division in time, space and synchronizatio
between publisher and subscriber. In such systbams E

information consumer notifies about his interest i@an
some information or about changes at some resources.q .

and system concerns the issue of tracing, deteatioin

is the module change detection

flexibility — not possible to define separate
object or group of objects, which should be
tracked, insufficient flexibility of changes
representation for end user, limited set of
parameters, which can be passed in request,
only particular type of changes can be tracked
and detected (e.g impossibility to detect insert
or update nodes into the document);

some systems are not Internet-oriented and
require predefined information about system
topology;

structured information sources (i.e. (HTML,
XML) support lack;

necessity of additional software installation on
publisher and subscriber sides;

incorrect or confusingresentation of detected
changes in documents, etc..

core of Web-oriented publish/subscribe system
in hierarchically

ctured information, which also provides correct

presentation of changes in XML documents (also in
HTML as particular case of XML). As generally XML
document of any structure can be passed as an, input
. considered change detection algorithm should operat
without information of documents structure (DTD,
XML-schema) and support correct detection of insert
delete, update nodes operations, as well as chaihge
ructure. The change of one level nodes ordelsis a
ould be taken into account when considering strec
harges, which is not always implemented in exgstin
ublish/subscribe systems. Besides, publish/suiescri
ystem requires fast change detection algorithnigtwh
provide minimal
ation
information.

delays in
changes in

detecting and

about some particular
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Thus the objective of change detection approach in Thus, it can be concluded the need to develop a de-
hierarchically-structured XML documents in thetecting changes algorithm in the treelike structure-
Internet development is actual, which should ineludder conditions of uncertainty of tree structurejolihis
corresponding method, models and algorithms aral aldevoid of the above disadvantages and the need-to d
flexible technology and tools of program modules ofelop publish/subscribe systems based on develaped
change detection creation for implementation igorithm.
practice. Th|§ will allow us to meet the neec_lsmfetly . Tree structures change detection
and convenient way of user interest information
changes notifications. The method for quantitative comparison of nodes in
. tree structures, taken into account selected pdease

Discovery of nodes matching. The method essence consists in

The publish/subscribe scheme is perspective fbnding the integral matching criterion of two nadm
development of distributed telecommunication systemntree structures:
as it proposes 3 distribution levels between phblis  CS(a,,a,) =-1+2[(a [P, (a,,a,)+
and subscriber: in time, in space and synchromwazatt
was determined that communication system allows Y Pas (31,8,)) @)
reduction of processed information amount and time
required for data search, which correspond paticul
use requirements and can change anytime. Such P, (a,,a,) - matching parameter of nodé& and
systems are efficient in the Internet and in disiied
information-telecommunication systems, which inelud 82content:
large amount of unstructured information as |Con(a1) N Con(a2)|
unstructured documents. Peon (a1,8,) = (2) where

The most perspective system to be used in the | con(a,) U con(a, ) |
Internet is content-oriented publish/subscribe esyst con(a,) - nodea content
which does not require additional software, proteco :
and does not limit number of subscription sources.

Analysis of the functionality of existing P (8,,a,) - matching parameter of nod& and
publish/subscribe systems shows that the main abre
the system is a subsystem of detecting changed/in X & attributes, which defined as follows:

wherea, 3,y - weights,

documents based on the completion of a certain Zat' D{at(a,) n at(a,)}
algorithm that ensures correctness, availability time P (8,,a,) = ' 2 (3),
to reflect changes in XML documents to the final > at, O{at(a,) D at(a,)}
consumer. whereat(a ) - set of nodea attributes;

In the analysis of the existing algorithms for '
detecting changes in XML documents were defined the Pygq (a,,8,) - matching parameter of nodeg
main types.c')f algorithms: algorithms, which cpmputgndaz location, which can be found as follows:
minimal editing sequence between all possible the ] i
editing scripts [1,2], an algorithm based on hash _ suf (index(a,),index(a,))
si - i ust (81,8,) = . 4,
gnatures [4] and semantic algorithms [3, 5]. The max(index(a, ),index(a,))
conclusion that the considered algorithms have the
following disadvantages has been done:
focus on performance, time complexity of change |ocation inT tree structure™l  shows length of
detection in operations and optimization of recdive
"Delta", but tools and models for the effective leyp common suffix for attributes o?’l i 7 node, which
mentation of these algorithms in publish / subgcritdefine location of node in tree hierarchy — between
systems are out of attention; index (a,)
« do not support all possible types of change . .
detection in structured documents, thus preseot attribute foriNdEX(8;) gpgindex(a,)
the resulting changes incorrectly. The problem of change detection can be solved by
« do not support change detection in undefinelinding a "good matching” between the tree striegur
structured (DTD, XML-schema) documents. i.e. such correspondence between the parts of the
« are time complex for the analysis of larg@riginal and updated tree structure that the
amounts of XML documents. transformation of the original tree in the updatezk
requires minimum number of elementary-term

where'"¥®) _ parameter, which characterizes node

i index(a;) ang Ma> defines maximal length
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operations - insert, delete, move, update of nodes The change detection method in the tree structures
content. The method of "good matching" betweethat includes nine steps (Figure 1), to detecttianges
elements of tree structures as sum integral aitetbetween the original and the updated tree structae
maximization problem was suggested. This methqaoposed.

reduces the problem of finding "good matching"tte t  The original and updated tree structures are built
problem of linear Boolean programming, solution ofhe first step on the basis of the web pages. Tuth
which allows to compare two tree structures to eackersions of the tree structures can be considesed a

other even in the face of undefined tree structure. inputs for the problem of change detection. Thesdc
The mathematical model of finding "good matchingstep is indexing of tree structures needed to tate
was formulated as follows: account the order of nodes (left-right) in the tésg

maximize the total value of the integral matchingree and tracking node location in the hierarchg tr
criteria function of two tree structures:

max <C, X> Initial and updated tree
XOB™: Ax<B where structures preparation
<C’X>:011&11+012 Bk, €3 g + €y g, + o
Nodes indexing Initial
nitial tree
+Cyy [Xyy +Cpp [Kyy +.t Cin-ym D((n—l)m +Con X v structures
(5) Valuable tags selection processing
when: L =

8%, + X, tot X, =y

By Xy + B Xop * oot B X =By v

Correspondence parameters
| definition for each nodes couple

Correspondence parameters
| definition for each nodes couple
|

a(nJrl):LX:Ll + a35X21 RIRTT a(n+1)(m+:L)Xn:L < bn+1 ‘ + Good
Integral criteria matrix matching
definition problem
a(n+m)1X1m Tt a(n+m)(n+m) Xnm < b(n+m) + solution
where G-} set of values of integral match- | Matrx of rees connectivity
ing criteria for all nodes of tree structures; 3
%i _node connectivity and } . If | -node matches | Boolean inear programing
i x =1 A i 3 problem solution
to ) node, then™ ~~. If | does not match then * o —
Xij = O; Comparing of nodes content
A and B. conditions matrixes, which have the
following values: Fig. 1. Trees structures change detection method
111..0000 The third step is important for search nodes which
000 ..1111 are valuable for user in the resulting tree stmecthat
100 ..1 000 will be considered in change detection algorithrhe T
A= fourth step calculates the eligibility criteria feach pair
’ T of nodes in tree structure. The matrix of integral
0c001..0010 matching criteria for all selected nodes in botrsiens
0O 00 .. 00 01 7) of the XML tree is created in the fifth step, andtrx
of connectivity creation is the sixth step of thethod.

These matrixes are used in the seventh step tafaten
Boolean linear programming problem. The eighth step
is the solution of linear programming problem using
one of the proposed mathematical methods. Thednteg
solution will be found during solving the problem
which will satisfy all the set of conditions. Ttgslution

will determine the mutual correspondence between

vy}
I
e

(8)
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nodes of the old and new versions, which can be (mn-p-0)!
compared by contents on the ninth step. (

_ m-aim-p-m?
“Good matching” search between tree struc- p o -
where F - nodes number, for which integral criteria

tures

. C. <C._.
“Good matching” problem is formulated as followsvalue is less then" ™", and 9 - nodes number,

The set of task# and given relations: for each pair of, Co . . Ci >C
. . for which integral criteria value is more thery
taskso € W some subset of its predecessérsis

T T ; M- number of nodes in updated trge" - nodes
defined. Two trees'l= 'l is given (ai , Nl, AT | number in initial tree. This method is conveniemuse

con(a).i=1n T T a con(a. when there are not much changes between the trees
(6‘1_))“ L and 2= 72 ( J'NZ' T, i ]))l when the values® and 9 significantly impact the
resulting complexity of this method.
the modified method of DP was introduced
restriction of mutual nodes matching between twedr
colved: )GEQ?)SXB<C,X> Considering these modifications was shown that the
In considering the complexity of the solution o0& th complexity of this method i€)( (m)! ) (10) .
linear programming problem should be noted that thi (m-n)!
problem requires a solution only in Boolean vagabl ~ The resulting computational complexity is less
Thus, it is necessary to look for solution of theoan comparing to the modified Balazs method with filter
linear programming problem (BLP). These tasks are , . . T.
formulated as the problem of additional restricsidtP but if there are many leaves in .{Eb gnd 2 trees
variables in Boolean domain. In general this prnfbleseamh. for the a_lccqptab_le solution is not p.OSSIb|e.
belongs to NP-hard problems. Thus, use of Sortiﬁ:cordmgly, in this St:tu;tlon would be appropriate
schemes to solve this problem is valid. In additifom Useegpprrr(])(;((ljri?iiiignn? Oallsc;we d us to reduce the
certain types of BLP problems there are other nusho : : ;
of solution: accurate - branch and bound method, tﬁomputatlonal complexity Qf 'these methods,' but it
method of dynamic programming, Balazs method wi mained higher th‘?“.‘ the existing methods for deggc
filter, inaccurate - the method of random searemegic Changes. Thus decision to use method was done.

local search. However, the computational complexity The inaccurate methods for solving the BLP

existing methods of finding solution to the BLPp.rObIem [13] are local search, ra.”dom search and
problem does not meet the needs of tm%lmultaneous use of several approximate methods, fo

publish/subscribe efficiency in finding correspamgli example, the pro_blem s solved by local sear_ch,nblult
nodes in trees with a large number of nodes, st once but many times to many different starting fmin
decided to modify the known methods for solving thaelectable at random. Suph methods can solve the
BLP problem by taking into account the specialtés problem of large-scale linear constraints of any

the tree structures change detection domain torensﬁomplex'ty’ and .W'th'n a reasonable time. Among the
minimal  computational  complexity  with  all methods for solving subproblems locally the metbbéd

genetic local search is one of the most-effective: the

requirements to find correspondence between nofles 5 Cf { d for of int indrd
the tree structures. most frequently used for of integer programmingrdn

The Boolean linear programming problem Waguced algorithm is based on a.genetic Iocal_ search
solved in two exact methods - modified Balazs witﬁnethgd’ Zreduces the ~ computing  complexity  to
filter and modified DP method. Consider the basi€®(M”+N%) ¢ o \vorst case.

modifications that were used in this paper for éhesrhe comparison of methods for solving the problém o

mathematical methods. o ~ finding "good matching" in the tree structure is
The modified Balazs method with filter, whichyresented in Table 1.

introduced thresholds and limit of the units numine
the sorting options has complexity:

J=1m , Wwhere N, , N. . nodes number in
corresponding trees. The following problem must
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Tree size Content Graph of the number of steps required to obtainékalt depending
attributes on the number of nodes in the updated tree
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Based on the comparison of the proposed change gesed method of local optimization is more effitien
tection algorithms in tree structure, it was dedide than existing methods. Compared with the existing
choose a method for solving the problem based ea-spmost efficient method, computational complexity has
ified conditions in every particular case. Thug tbc-
ommendations of method selection for solving thé®BL
problem are as follows:

1. If the content attributes of tree node we
changed less than 50% (minor changes) aridheoptimal information sourcerequest interval
small trees (up to 10 nodes), then suggested toleter mination, depending on the frequency of
use the modified Balazs method with filter. itsupdate.

2. If there is a comparison of trees of small size . :
. ) This problem was formulated as follows: to predict
(10 nodes), while content attributes of node P b

have been significant changed (more th the optimal requesting of page to minimize the tinee

. een page refreshes and detection of changes. The
?nogf)r?(’) dsuggested to use the modified Dmethod of processing a request with correctionladsc

3. For the general case — when the trees contain 4. §gggested, WhI.Ch 'S as fO.IIOWS' .
) large number of nodes (more than 10 Initially the publlsh/subscn_be system rec.elv'esadat
. ?rom sources such as page size, visiting ratingites,
regardless of the numbgr of content attr't.)thﬁe presence of certain keywords in the descriptibn
changes to use genetic local search will bt?le site last updated information in the descriptid

reasonable. : .
To compare the proposed method with the exis'[intl::]]e site, PageRank, number of finks to other resur

algorithms of change detection the method of lagal
timization — as the most common method of solvhmey t

been reduced i®NM steps, wherd! and M - corre-
sponding number of nodes in the initial and updated
. éree structures.

] Request flows into the system ]

-

1w10° Information source
data

»/i )

Initial class
definition

1x10*

ER
1ao Page changes

> detection after given
time

Changes presented

Changes Notify subscriber

detected and
~— =

10 mn 100
——8— Couri algorithm

Semantic algorithms

* Minimal editingscript algorithms
===== Proposed algorithm

——— Hash signature based algorithms

Fig. 3. Comparative characteristics of evaluatethaus

how many

System request

is active No-‘ Request processing termination [

problem of given problem was selected. In Fig. 8 th
comparative characteristics of these methods of XML

documents comparing using different approaches i yes
Correction of update
shown. L— class using neuron
Comparing the proposed method of solving the network

problem finding correspondence between XML docu- ) ] ]

ments with other algorithms has been shown that th Fig-4. Block diagram of the processing request udtitec-

proposed algorithm is efficient in terms of timemgo N Of update class

plexity. This is achieved proofing possibility tortsid- Based on these data, a decision on the initial pgge

er the problem of finding the correspondence betweédate class and initial change detection intervatiés

XML documents as Boolean linear programming. fined. After each subsequent change detectioncdine
Compared the effectiveness of existing algorithm®ction of updates class is performed based on pre-

for change detection in the tree structures baseth® assembly and new data: the number of changes in the

criteria of time complexity and was shown that ine-  source of information over time, the number of demn
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at the last inspection of site, the number of recen Genetic local search method for solving the problem
"empty" inspections of sources. After correction obf Boolean linear programming problem based on spe-
update class a new interval of detecting changes cifics subject area of change detection in treecstre,
defined and request goes into standby. allowed satisfactory time complexity of solving the
This procedure is repeated until the request iweact BLP problem while maintaining the reliability ofetre-
in the system, i.e. request is not deleted or ab@drig sults: in the case of detecting changes in mediaeds
the system. Block diagram of the method is shown trees (10-100 nodes) allowed to reduce the minimum
Fig. 4. time of accurate detection methods from 384 s 7@ 6.
It was decided to choose the neural networks of dis for this method.
rect distribution, as mathematical approach toesdihe The efficiency of the chosen method of modified ge-
problem of forecasting update class. Modified mdthmetic local search algorithm and existing changedae
of neural network architecture choice to minimibe t tion methods in the tree structures based on ftexion
number of neurons in the input and inner layerslavhiof computational complexity was evaluated and was
keeping a given level of learning error was propose shown that the proposed method of genetic locatkea
this paper. This modified method will reduce timie ois more efficient than existing methods, especially
class update correction, and therefore the prawgsscompared to the most efficient method of Chang and
time of one request for the change detection ipub- Shasha, computational complexity has been reduged b
lish / subscribe system and amount of data stoved £4.7% for the average web pages on the Internet.

each request. A modified method for selecting a neural network ar
A modified method for selecting the neural networkhitecture allowed by optimizing the architectuvere-
architecture consists of the following steps: duce the computational complexity of training néura
1. Building a neural network with preselectechetwork by 13%, reduce by 11% the number of reguest
architecture using existing methods. to internal and external systems, as well as theuam
2. Training of the backpropagation neural netef information that should be stored for a quengra
work. age number of steps to train the neural network de-

3. Definition of "importance" of each neuron increased by 93% and is 670 steps while maintairiing t
the input and inner layer based on the followehosen level of errors.
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