EUROPEAN WORKSHOP ON DATA STREAM ANALYSIS  March, 14-16, 2007 » Caserta, Italy
L ———

Binary data flow visualization on factorial axes
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Abstract., Dala sbreamms wre one ol Lhe st relevanl new data sonrees, ey celer o Tows of
data that come at a very high rate, Let us consider a stock-exchange market, where n ditferent
stocks with p considered attributes (e.g. price, quantity, seller /buyer id, . . .) are negotiated all
day long, The distinguishing feature in data streams analysiz is that the focus i= on fransient
vedadaomn. Uhe prosenl paper progases a0 visealiaation ool ceploiting Molbidimensiooal Dada
Analisis (MITA] Lechnigues Lo reprresend Lhe evolving associalion skroclares among allbeibnibes
over different time-frames, The general abn s to detect the stability of the deviation from
indipendence in the occurrence of an ohserved set of attributes stored as binary stream.

1 Imtroduction

In revent vears, enhancoments o monitoring activities and eolleeting data detormined the need
for i different approach in knowledge extraction: vew data sre produeed at g Gaster rate than the
capability of analvzing them.

Information mining throngh traditional data mining systems becomes often inadegnate. Date
streams ave one ol the most eelevanl oew dala souwrces, Lhey reler Lo Qows of data thal cowe
at a very high rate. Let us consider a stock-cxchanpge market, where n different stocks are negoti-
abed: ot each Interval time nnit (seconds or minmtes) aon o p array is added to the database, with
p indicating the number of considered attributes {e.g. price, gquantity, seller /buyer id, . ..). These
fesstnres make data streanms leading to data strocture msnal in the dita analysis and statistical
data mining [ramework. New and wore appropriated technigues should be taken nlo aceounl to
uscfully extract knowledge without storing the data for a long term [12].

The most releviand changing leatnre in data mining systems dealing with higlespesd data
streams 1s the necessity of analyvezing data in a single pass: iterative procedures will lead to unfeasi-
ble salntions, Further ideal foatnres of o data stream mindng system are deseriboed n the proposal
Ly [4].

Data streams mining, in a wide scnse, can be considered an evolution of data mining. The
development of data mining technigues has been feeded o the list decade by statisticians and
computer scientists, Similarly, the data stream analvsis should be enhanced with the contribution
of rescarchers from difforent arcas.

Daia stream analysis lechniques can be roughly divided into: i) data-based, ndicaling tech-
nigues aiming to sumimarize or reduce the amount of streams to be analveed; 41) task-hased toch-
nigmes, facing the creial problem of adapting existing algorithms to the new compntational costs;
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iii ] mining lechniques, [he properly defined koowledee extraction lechoigues (5],
The present proposal aims at defining a dynamic association mining technigque focusing on binary
data strommns,

Binary strings recording the presence fabsence ol a set ol aliribules (ilems) represenl a very
basice data structare characterizing o wide varicty of applications. In partienlar the general aim of
ihe paper = Lo wonitor (he co-oceurrence relalions among ilems (hrowgh the vispalivalion of the
association structures oo factorial maps.

Different contribmtions ([10].)8]) have shown as the mulbidimensional data analysis (MDA
graphical oulpul can be very wselul as exploratory pre-processing lool, In [act, graphical data
display case to discover well defined pattorns of items highly co-occurring in the data. Note that
well defined slands [or patlerns that strongly characterize even small subsets of the considered
streams. We consider a set of streams to be a binacy o= p matrix of # records stoving the presence
absenes of to p attribmtes. Let ns comsider a set of streams that we assume a3 the normael, starting
sibualion: these are used lo deline a graplical support where 1o plob streaws as they arrive, Looking
at the streams positions on the data plot. we are able to appreciate the system changes.

Firsily, we reler Lo a slarliog stalie data sienelare (reparding 4 lxed monber of (me-frames),
Then pew streams ave processed with respect to the starting strocture,

A factorial display of the co-ocenrrence strmeture of the starting data iz obtained: on sneh
display new sbreams are represented as supplementary wlormation, Tn this way it 15 possible (o
detect the changes over time in the co-occurrence structure characterizing the considered items or
abtribmtes: repressuting the trajectories of the e/ poinds on the factorial display it 1= possible to
observe the evolutionary relations. O course, the factorial display can be updated periodically, in
order to privilege recent data.

The MDA Lechuigue exploited by the procedure is mulliple correspondence analysis (MCA),

In addition, to take into account more than two axes the process, we propose to cluster the
iterns according to their coordinates on the orthogonal factorial map. This taks is achieved throngh
an agelomerative clustering on the items coordinates,

Ther i of the application of MOA s two-folded: to visnalize the co-ocomrrenes strocture
characterizing ilems and o remove noise aod redundancies o Lthe strucbure wnderlving data. The
items position change according to new data, but alwavs with respect to the starting, reference
sitiition.

Points/items ave projected on the [actorial map in diflerent colows according to the cluster
they belong to: if the items in different colors result well-separeated on the factorial map, then
the first two dimensions diseriminate the gronps; if the items in diferent colors result elose, this
means that their distance depends mostly on the third and fourth factor, The paper is stroctured
as follows: in section 2 basic notation and definition are provided; the section ends with a brief
overview of the related literature: section 3 contains the description of the steps of the proposed
stratooy: the following section shows an application of the proposed strategy to synthetie data: the
paper ends with a section of conclusion and perspectives,

2  Data structures and related work

The starting data strueture & i a0 (nox p) presenee/ahsenee matrix characterized by 7 binary
vectors considered with respect Lo p Doolean variables (e.g.: presence or absence ol an atlribule).
The MCA is then applicd on & that is the disjunctive coded version of Z. The cells of the matrix
B = ZTZ represent the co-ocemrrence of each possible pair of items, The correspondence analysis
of B determines the starting support dysplay. Let us indicate with Zy the indicator matrix of
the stream produced in the Y time-frame. Uhen at cach time-frame a Bort table B is ohtainoed
Lhrough L
' B, - Z'Z,, (1)
The correspondence apalysis of By determines new coordinates of the ilems on the starling
map: the starting configuration of points is updated according to the new stroams.
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We define § = n~ZTZ (o be the co-oceurrence matrix of all the possible ilem pairs, § is a
symmetric contingency table, whose general extra-diagonal term s = 55 represents the degree
of co-ocenrrence of the items (attribntes) 7 and 77 Indexes 7 and 75 varvin | . O the ain
diagonal of § Lhere are Lhe degree of occurrence of each single ilem,

T'hir data matriees #q, Fa. o & comtain the new roeords prodoced in the comsidered K time-
[rames, Tor each Zy., the corvesponding Sy malrix can be computed in the same way of 8.
T'he hicrarchical clustoring of the itoms projected in a reduced-dimensional space defines g item-set
that will be plotted in different colors.
In the literature different proposals aim to explore the relationship structure characterizing a data
set throngh the combination of clistering procedures and factorial technigques. An example of such
combined approach is the landem analysis proposed by [2]; [ollowing such approach, a principal
correspondence analysis is first applved on data and a clustering procedure is then performed on
the object scores of a rednced muanber of components. Other procedores commbining elastering with
MDA techniques have been proposed; [14] propose a combination of principal component analvsis
(PCAY) with K-means chistering method. Another really interesting approach combining ehistering
amd wultiple correspondence analysis, is proposed by (7).

3 DMultidimensional analysis of binary streams

The presented strategy recalls the multi-phase approach proposed by [9] and [8] for identifving
potentially interesting simple AR, The difference is i the natare of the studied relations: in the
present paper we ooly [ocus on the inter-dependency structure characterizing items

The general task is to monitor and represent transient co-occurrence relations among consid-
ered itemns or attributes. The aim s then to identify association patterns resulting stable over time
as well as llemsels wiltlh nereasing/decreasing degree of co-occurrence,

T'her strateoy implomented to obtain this task consists of different phases:

1. multiple correspondence analysis (MCA) of indicator matrix 2 that is nx 2p, being the disjune
tive coded version of Z: the n considered streams determine the starting (nermal) association
stricture reproesented on the map

2 representation of items as spplementary points projected on the starting factorial map [see
step 1)

3. alter a wser-defined pumber of time-frames, the step 1 18 repeated and the starting map is
npdated

The multiple correspondence analysis (ACA) capabilities are exploited in order to synthesize
and represent the association strocture characterizing toms. o [8) and [9] 3t has been nsed o stmploe
CA on the support matrix § — n~LZTZ. [Mowever the matrix § is square and the application of
a simple CA may not be suitable to represent both items and transactions. Indeed, analvzing the
matrix % thromigh an MOA does not determing cmeial changes in the comnpmtations for searching
the sub-space of approximation; anyvway it represents a classical application of the MCA on a set
of hinawry variables {items) with respeet to aset of respondents (tramsactions).

I the following of this section we first provide s very basic definition of MOA; then we deseribe
Lhe ilews projection [or the upeoming Lime-lranes.

Multiple correspondence analvsis can be interpreted as the application of CA to the Burt matrix

B=Z"Z (2)

[G]. The correspondence matrix T is obtained by dividing B by its grand total; vectors r and ¢ are
the sarne and they represent the row and cobunm margins, respectively, of P 'Uhe redueed rank
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wialrix approximation of Poean be oblained by perlornming a singolar value decomposition of (he
matrix ), whose general cloment is

(pej —7iry)

Q= {a;} = T (3)

Them the singular value decomposition of €
Q—UAU", (4]
delermines eigenvector malrix U, wilh general element w, .o with @ = 1,00, dp -since we operale

om A andd the eigenvalne diagonal matriz A that bas general element AL Uhe principad co-ordinate
of the " row (column) point on the s dimension is obtained through

fis = 2w, (5}

with a;, being the corresponding standord co-ordinate, that is a;, — i'&

The variation of the [requency table P is weasuced by the lolal inerlin, LllP welphied sum ol squares
of the centered matriz that is being approximated:

. rry
total inertio —ZZ I” 4
vy

The nertia explained by the first g dimensions is given by ZL L Ass As a consequence, the
proportion of inertia explained by each comsidered factor s s given by A, /377 AL However, such
quantity is a pessimistic measure of the explanatory power of the felors: o MCA i is cotunon Lo
abscrve low percentages of inertia even on the fivst factors. This is due to the disjunctive coding
hist foree orthogonality among the modalities of 4 sane variable |11 Tn order fo limil the spherical
shape due to the disjunctive coding, the inertia of the st factors is adjusted, accordiog to [3], in

the following way:
2 2
1 1
A= (L) : (A——) .
p—1 P [

Wi use the results obtained through the decomposition of € (see formula 1) to obtain a factorial
display of ilems for the binary streams. We project as supplemantary information the items related
to each pew time-frame . In particular, we consider for each new time-frame a Burt table By,
| < k< K. obtained thromzh

B, — 277, (6]

with Zy containing on the rows the new records produced in the considered time- frime,

The hierarchical clustering is performed on the principal coordinates f;. of the items. The

entoff point of the hicrarchy determines H gronps of items which are close on the MOA-hased
global [actorial map,
For cach timeframe, we define f, to be the principal coordinate of the % item of the ™ dimension.
resulting from the MOA of the matrix By (see equation 6). Each item belomgs to one of the
H groups: it is represented in a different color according to the group it belongs to. A further
remarkable aspect is that the hievarchy s detormined taking into acconnt g dimensions of the
[actorial space (g = 3} il is then possible Lo lind oo the facworial map very close poluls represented
in different colors. The interpretation of such a situation is that the two points present larper
differemees in the coordinates on the dimensions following the frst two.
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4 Example

In this section the visualization sirategy is applied 1o a syolhelic data Qow o order w show the
suitability of the procedure in detecting changes in association patterns. The choiee of nsing syn-
Lhetic daita in spile of real data is due Lo Lhe peed of keeping aoder control the characleristie of
the analvzed data: the aim is to check the eflectiveness of visualization in detecting changes in the
starting association strueture of the npeoming stresmns

T'he simulation scheme we used to generate symthetic streams consists of the following steps:

1. penerate a sel of n = 300 binary records with respect to p = 32 attributes;

2 pemerate Ty, 1 = 1. 4, differont data set (m ® p) to be treated as comscentive time-frames
wilh *stable-associalion’;

3. generate My, 4 = Doo.. 8, different data sct to be treated as consecutive time-frames with

‘nmstable-association’.

The comsidered normal /starting sitnation is characterized by a well defined association strue-
bure: there are lwo gronps of highly co-ocenrring flews, a lest patlern of wenby-lonr flemws, a
second pattern invelving the remaining eight items. The simulated incoming streams of the frst
fonr time frames are charneterized by the same association strocture of the starting sitnation. ''he
[ollowing Lime ames Ty, ... Ty presenl. changlng association lealures; o particular, in T5 bwo
items of the first pattern are replaced by two items of the second pattern and wice-versa, Similarly
in the fllowing blocks of streams (1. 7500 the nnnber of exchangesd patterns grows np o 4, 6
and 5,

OF conrse, things are not so woell defined when dealing with real data, bat o well defined situation
wakes easier W Wusteate (he MDA visualization ol binary streams.

The tirst graphical output of the procedure consists of a factorial representation of the starting
association structure and & dendrogram representing the agelomerative clustering of the sbarting
conliguration of points/items: clustering is performed with respect to the fivst ¢ factors, with ¢
becing nsed dofined.
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Fig. 1. Factorial display of the starfing situation

Figure 1 represent Lhe starling association siruciure and the dnerfia of the map explaioe Lhe
97.62% of the total variability of the starting data structure: this is duc to the well defined asso-
ciation structiure charcterizing the synthetic data.
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The dendrogram in lgnre 2 clearly shows the two group strmciare of the starting daia, The sl
24 tour items are in the first group, the remaing items in the second group.
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Fig. 2. Dendrogram representation of the points/ dems i four-dimensional space

The evolving association structure of the sight e frames is represented in Agare 3. The win
dows on the fivst row refer to time-frames with data characterized by a stable associatin structure,
that is the same of the starting structore. In the thme-frame 15 the two exchanged items deviate
[roun the starting group aond they are highlighied oo the map. The [ollowing windows represent
the evolving association structure charactorizing items in the time-frames 95 757,75 In the last
frame the two gronp streture 35 recoversd, bt the e within the gronps are different from the
starting situation. This is a small cxample to show how the procedure works, however it scoms
tor b promising in monitoring the association stractures o the attribotes of a process, of a stock
warkel ille or on bnages provided by a geostalionarcy salellite. The delection of deviatious [rom
a normal strocture 35 a common tasks of monitoring activities, then o visnalization tool of the
evolving strnctnres is very snitable as i ease the nser interaction.

5 Conclusion and perspectives

T'he analysis of flows of information available as data streams s 4 challenging feature for data
winers: il requires [ast cowputations and highly oterpretable reculis, The user needs Lo deiect
transient cvolutionary relations, visualization of structures underlving data is then a suitable so-
Iition to edss and speed ap the nser nterpretation of the resulis, MDA techmigques represent a
relevant tool [or dimensionality reduction and data viswalization., The present proposal seems to
be promising in deteeting tramsient deviations from a reforencee sitnation: this ean be visnally rop-
resenled oo [actorial display, bul il can even be aulomaled by delining a rule thai states il the
systomn is stable or not. A possible threshold can be set according to the distance between two
conlignrations of points of consecntive tme-[rames. The compntational costs of the procedure are
not particulacly relevant, The starting set of g attributes is considered just to obtain the reference
sub-space: npeoming time-frames are processed aceording to this lowor dimensional reference space.
The exploitation of MDA Lechnigues lor dala sieeaws analysis is, o conclusion, a way Lo oblain
a visunalization support and increase the uscr/process integration: the addition of some interactive
elemnents in the representations 5 @ crneial task to ensare an on-the-fly analysis of the data fow.
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Fig. 3. Mosaiv vepresentation of e cooleing associalion stroclure of the flems

The adaption of different MDA technigques for data streams visualization and the introduction of
interactive tools in the procedure are the fature enhancemnents of the proposed approsch.
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Data stream
analysis

Data stream mining

Data stream mining is the process of knowledge extraction
from data produced at a high rate . The relation structures
characterizing data are transient and they should be detected
in real time and data should not be stored for a long term
(Muthukrishnan, 2003).

@ stock-market exchange
o network traffic

@ sensor data
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Reslaeay The focus is on binary strings recording the presence/absence
’ of a set of attributes (items):

@ a binary stream can record the pages of an e-commerce
web-site visited by a user in a single session

o the presence/absence of attributes can refer to the
different stata of a production process being monitored
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Categories of DS techniques (Gaber et al. 2007)

Data stream @ data-based: techniques aiming at reducing the amount of
analysis
streams to be analyzed

o task-based: existing algorithms adaptation from static
data to dynamic data

@ mining techniques: properly aimed to extract knowledge
form data streams




@ data consist of binary records

@ the flow consist of n X p (n records, p attributes) matrices

produced in each time frame (regular data-flow)
Aim of the
proposal
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@ the flow consist of n X p (n records, p attributes) matrices
produced in each time frame (regular data-flow)

Aim of the
proposal

Items association structure

@ items associations are assumed to be a-priori known: the
starting condition

@ the starting condition is equivalent to the concept of Null
Hypothesis in the statistical inductive knowledge paradigm
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The general aim of the proposal is to monitor through
visualization the transient association structure among sets of
Aim of the items (attributes): in particular, changes in the association

proposal

patterns are observed with respect to a starting situation. The
starting association structure can be user-defined:

@ referred to previous data

@ status of co-occurrence of attributes for which the process
is stable




Matrix formalization of binary streams

Consider a binary record as a p-dimensional vector storing the
presence/absence of a set of observed attributes: a set of n
binary records (n number of records in a single time-frame),
corresponds to an indicator matrix Z, )

Data
structures
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Data
structures

Matrix formalization of binary streams

Consider a binary record as a p-dimensional vector storing the
presence/absence of a set of observed attributes: a set of n
binary records (n number of records in a single time-frame),
corresponds to an indicator matrix Z, )

Matrix formalization of binary streams

itemy | itemsy | ... | itemy,
recordy 1 1 . 1
records 0 1 .. 0

record, 0 0 ... 1




i analysis of binary data streams
’alumbo 2007

@ The proposed strategy is in the Multidimensional Data
Analysis (MDA) framework, and more specifically exploits
Correspondence Analysis techniques to obtain a synthetic
graphical representation of the attributes association.

Implementation
of the strategy




i analysis of binary data streams
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@ The proposed strategy is in the Multidimensional Data
Analysis (MDA) framework, and more specifically exploits
Correspondence Analysis techniques to obtain a synthetic
graphical representation of the attributes association.

@ Approach key-elements:
o each attribute or item is transformed from binary to
quantitative coding
o visualization

Implementation
of the strategy
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Quantification of binary variables

lodice &
Palumbo 2007

Use of MCA on binary data is such a quantification of the
starting binary variables into a reduced number of latent
variables. Advantages in monitoring associations:

@ remove noise and redundancies in data

@ show on factorial display the association structures

et tc (multiple associations)
of the strategy

© reduce the computational costs of upcoming frames
processing through supplementary projection of new data




. quantification

MCA of binary data stream: steps

Multiple correspondence analysis is a suitable MDA technique
aiming to visually represent the deviation from the
independence condition of a finite set of categorical variables
observed with respect to n statistical units.

O stepl: determination of the starting (reference) situation
through MCA of the matrix Z, with Z being the
disjunctive coded version of Z .

@ step2: supplementary projection of the upcoming data on
the factorial display obtained in stepI. This step is
repeated at each new frame

© step3: after a fixed number of time-frames user can
choose whether to update the starting situation, that is to
repete stepl once and keep going with the procedure




. quantification

MCA of binary data stream: computations

o MCA is a Correspondence Analysis of a Burt table given by

Palumbo 3‘(’)(17
B=2"Z

with P = gra%tota, being the correspondence matrix, with
row and column margins denoted by r and c, respectively.

mplementation @ A reduced rank approximation of P is given by the SVD of
StElrateey its centered version Q, with general element

Q= {g;} = 7 /—;er)'
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MCA of binary data stream: computations (2)

@ the singular value decomposition of Q is

lodice &
Palumbo 2007

Q=UAU",

with U and A the aigenvector and eigenvalue matrices.

o the principal co-ordinate of the i*" row (column) point on
the s dimension is obtained through

Implementation

of the strategy

fis = aisAs,
with a;s being the corresponding standard co-ordinate,
that is a;5 = \“/—;i As being the st eigenvalue and u;

being the i*" element of the corresponding eigenvector.




fiancetelecon - visualization

e 2 Graphical display

e o It permits to visualize the association (correspondence)
within a set of attributes and the difference within a set of
records in terms of distance

@ A set of methods that permit to reduce the dimension of a
data matrix with respect to a least-squares criterion

I eaation @ It permits to linearly combine a set of variables into a
of the strategy
subset of latent variables (factors)

o Factors are constrained to be orthogonal




francelclecon

lodice &
Palumbo 2007

Implementation

of the strategy

of upcoming streams

Computations for new data

New streams are projected on the farctorial map as
supplementary information. In particular, we define Z* to be
the indicator matrix of the data streams of the new time-frame.
There are two possible computations to obtain the
supplementary coordinates for the new streams (Nenadic and
Greenacre, 2006):

@ the position of supplementary items profiles is obtained
through a weighted average of the standard coordinates of
the row-points

@ the position of supplementary items profiles is obtained
through a weighted average of the principal coordinates of
the row-points




france clcor of upcoming streams

Palumbo 2007

Computation based on the indicator Z*

o the position of the j* new item coordinate on the s"

dimension is
n Z*

* (I
f js — § Z_*azs

=1 ~J
Implementation

of the strategy with zf“j being the column mass of the supplementary item.

4




francetclecon of upcoming streams

Computation based on the Burt matrix
lodice &

Palumbo 2007 @ consider C* = ZTZ* to be the cross-tabulation between
new streams and starting streams; the position of the j*
new item coordinate on the s dimension is

pC*

r 0 =
f's = § — Qis
J c*.

Implementation =1 -J
of the strategy

with cf"j being the column mass of the supplementary item
and a;s being the standard coordinate referring to the
corresponding active row of the Burt matrix.




francelclecon

Simulated data

NN We generated a data set of n = 500 binary streams described
B by p = 32 items. There is a strong assciation structure between
two blocks of items: the first 24 items for the first block, the
remaining 8 items in the second block. Then consider eight
consecutive time frames structured as follows:

o data of the first four time frames are generated according
to the same association structure

Example of @ at each following time frame such association structure is
modified by swapping two items from one block to
another: that is to swap two binary columns of Z* more
for each new frame.

application
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T1 association structure
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T2 association structure
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application
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T4 association structure
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T5H association structure
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T6 association structure
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T7 association structure
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T8 association structure
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Parallel coordinates visualization of T1

25

2

15

1

0.5
Example of
application

0

-0.5

jfemi4




Example of
application




25

2

15

1

05
Example of
application

0

-0.5




Parallel coordinates visualization of T4
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Parallel coordinates visualization of T7
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Parallel coordinates visualization of T8
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