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Introduction

Multidimensional data are mapped onto the plane for
their visualization. The Sammon’s method of nonlinear
mapping often is used for this purpose [1].
Multidimensional data are described by many parameters,
so they are presented in L-dimensional space, where L-
number of parameters. The essence of the method is to
preserve the inner structure of distances among the vectors
in multidimensional space after mapping them into two-
dimensional space. Mapping error is calculated by:
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where N is a number of L-dimensional vectors being
mapped, di,* - distance between i and j vectors in L-space,
dy; - distance in a lower-dimensional space (two-space).

Formula (1) reveals the largest product of error
and partial error [2], and works effectively at both big
distances and small ones, therefore it is used as criteria for
mapping quality.

For the first, vectors on the plane, as initial
conditions, are distributed randomly or along diagonal.
Formula (2) is used for correction of co-ordinates of the
vectors on the plane during each iteration r.
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where p=1,....N; ¢=1,2; Fis “magic factor” (0.3-0.4);
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The Sammon’s method maps multidimensional data
onto the plane simultaneously. In order to watch mapped
data on-line a method of sequential nonlinear mapping has
been created [3]. It allowed us to watch dynamic systems
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states and their changes [4]. The essence of sequential
mapping is that at the first stage several data M are mapped
onto the plane using Sammon’s method, and at the second
stage sequentially receiving data are mapped with respect
to simultaneously mapped the initial M vectors. Mapping
error function E; for each receiving vector X
I=M+1,...,M+N is calculated using formula:
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where d;* - distance between i and j vectors in the L-
space, d; - distance on the plane.

The set of the initials vectors M usually consists of
the representatives of either stable state describing
parameters vector of a dynamic system [3] or each cluster.

The mapping error (1) for both Sammon’s and the
first stage of sequential mapping depends on initial
conditions, on what manner points on the plane are
distributed initially (before iteration procedure), because
any nonlinear mapping algorithm often finds the local
maximum of a functional that characterizes the mapping
quality which is not global [5].

Influence of initial conditions and other factors on
mapping error has been investigated in [6,7]. There is no
possibility to avoid the mapping error. In the paper data
structure influence on mapping error is investigated.

Influence of data structure on mapping quality

Multidimensional vectors being mapped could be
distributed to some clusters. Let such data be denominated
as regular data. On the other hand, vectors parameters
could be random and submitted to e.g. uniform or normal
law. Let these data be named as random data. One can
have several or many vectors, which could consist of few
or many parameters. Investigations have been executed
considering all factors mentioned above. A great deal of
experiments has been executed. Several typical
experiments are presented in the paper.



For the first the parameters of vectors that belong
to M=10 clusters were generated: N=120, L=12.
Unfortunately it is no possibility to present here this big
matrix of the data: 12x120. Notice that parameters were
from the values of big three-figure number to small two-
figure number. Mapping result of these data using R=500
iterations is presented in Fig. 1. The mapping error was
E=0.02444897.
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Fig. 1. Mapping result of 120 vectors
parameters and belonging to 10 clusters

consisting of 12

Mapping errors have been calculated at number of
parameters [=3/4,...,12 and at number of vectors
N=20,40,...,120; in all 60 times. Dependence of error £ on
number of parameters L is presented in Fig. 2. Mapping
errors were averaged by all calculated numbers of vectors
N.
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Fig. 2. Dependence E on L averaged by N for regular signal

Dependence of mapping error £ on number of
vectors N averaged by all numbers of parameters L is
presented in Fig. 3.
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Fig. 3. Dependence E on N averaged by L for regular signal
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Another experiments have been executed using
random numbers as parameters of vectors. 1440 random
numbers have been generated from the values of 0 to 1
uniformly distributed. Distribution is showed in Fig. 4.
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Fig. 4. Uniform distribution of random parameters

They composed the data matrix 12x120 as well.
Mapping result of N=120 vectors is presented in Fig. 5.
The mapping error was £=0.1267093.
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Fig. 5. Mapping result of 120 vectors whose parameters are
uniformly distributed random numbers

Mapping errors have been calculated in the same
way like of previous experiment with 10 clusters (60
times). Dependence of mapping error £ on number of
parameters L averaged by all numbers of vectors N is
presented in Fig. 6.
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Fig. 6. Dependence E on L averaged by N for uniformly
distributed random parameters



Dependence of mapping error £ on number of

vectors N averaged by L is presented in Fig. 7.
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Fig. 7. Dependence £ on N averaged by L for uniformly
distributed random parameters

Finally, experiment similar to previous one has
been executed using normal distributed random numbers
from the values of 0 to 1 having average 0.5 and standard
deviation 0.15. Distribution is shown in Fig. 8.
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Fig. 8. Normal distribution of random parameters

Mapping result of N=120 vectors with normal
distributed parameters is presented in Fig. 9. The mapping
error was £=0.1887024.
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Fig. 9. Mapping result of 120 vectors with normal distributed
parameters
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Dependence of mapping error £ on number of
parameters L averaged by all numbers of vectors N for
normal distributed random parameters is shown in Fig. 10.
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Fig. 10. Dependence E on L averaged by N for normally
distributed random parameters

Dependence of mapping error £ on number of
vectors N averaged by all numbers of parameters L for

normal distributed random parameters is presented in
Fig.11.
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Fig. 11. Dependence E on N averaged by L for normally
distributed random parameters

Experiments with various another data having
regular or random parameters give results similar to them
presented above. Every time mapping error E changes
several times by changing number of parameters L and
changes a little by changing number of vectors N many
times.

Conclusions

1. Independent on regular or random data:

e mapping error E increases,
number of vector’s parameters L,

e mapping error £ remains almost constant,
increasing number of vectors N.

2. Vectors with random parameters are distributed
after mapping them onto the plane in similar way,
independent on what order parameters are
distributed: uniform or normal.

3. Mapping errors of regular data are several times
less than that of random data.
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Daugiamaciams duomenims atvaizduoti plok§tumoje naudojamos jvairios procediiros. Labai paplitgs yra Sammono vienalaikio
netiesinio daugiamaciy duomeny atvaizdavimo plokStumoje metodas. Daugiamaciams duomenims stebéti realiu laiku sukurtas
nuoseklaus atvaizdavimo metodas. Atvaizdavimo esmé — iSlaikyti viding atstumy tarp duomeny vektoriy struktira po ju
atvaizdavimo. Atvaizdavimo kokybg nusako atvaizdavimo klaida, kuri priklauso nuo pradiniy salygy ir nuo duomeny strukttiros.
Darbe istirta atvaizdavimo klaidos priklausomybé nuo duomeny struktiiros. Gausybé eksperimenty, keiciant vektoriy parametry kiekj
bei duomeny vektoriy kieki, atvaizduojant reguliarius (turin¢ius informacija apie klasterius) bei atsitiktinius duomenis, leidzia daryti
iSvadas, kad, didéjant parametry kiekiui, atvaizdavimo klaida didéja, didéjant vektoriy kiekiui, atvaizdavimo klaida keiciasi nedaug.
Be to, reguliariy duomeny atvaizdavimo klaida yra kelis kartus mazesné negu atsitiktiniy duomeny atvaizdavimo klaida. I.11, bibl.7
(angly kalba; santraukos lietuviy, angly ir rusy k.).

A. M. Montvilas. Data Structure Influence on Mapping Error // Electronics end Electrical Engineering. — Kaunas:
Technologija, 2006. — No. 1(65) — P. 34-37.

Various procedures are used for mapping of multidimensional data onto the plane. Sammon’s method of simultaneous nonlinear
mapping onto the plane is very popular. In addition, sequential nonlinear mapping has been created for watching the data in real
time. The essence of mapping is to preserve the inner structure of distances among the vectors in multidimensional space after
mapping them onto the plane. The mapping error characterizes the mapping quality, and it depends on initial conditions and data
structure. The paper deals with investigations of how data structure influences on mapping quality. Plenty experiments have been
executed at various number of parameters and various number of vectors using regular data (having information about clusters) and
random data. The experiments allowed to draw conclusions that mapping error increases increasing the number of parameters, and it
remains almost constant increasing the number of vectors. Besides, mapping error of regular data is several times less than that of
random data. I1l. 11, bibl. 7 (in Lithuanian; summaries in Lithuanian, English and Russian).

A. M. MonTBuJac. BiusiHue CTPYKTYpbI JaHHBIX HA OIIMOKY 0TOOpazkeHHsi / JJIEKTPOHUKA U Jj1eKTpoTexHHKa. — Kaynac:
TexnoJiorusi, 2006. — Ne 1(65) — C. 34-37.

Jnst oToOpaskeHHss MHOTOMEPHBIX JAaHHBIX Ha IUIOCKOCTH HCHOJIB3YIOTCSl pasjiMyHble mpoueaypsl. Ilpu 3ToM Mmupoko
ucrnone3yercsi Mero] CaMMOHa OZHOBPEMEHHOTO HEIMHEHHOro 0TOOpaKEHMsI BEKTOPOB JaHHBIX Ha MIockocTH. Jlis Habmonenus
MHOI'OMEpHBIX [aHHBIX B PEalbLHOM BpPeMEHHM ObUI pa3paboTaH METOH IOCHENOBaTeNIbHOro orodpaxeHus. CyTb OTOOpa)keHUs
3aK/II0YAeTCS B TOM, YTOObI COXPAHUTh BHYTPEHHIOIO CTPYKTYPY PACCTOSIHUH MEXIy MHOTOMEPHBIMH BEKTOpaMH I0CIE HX
oToOpakeHHs! Ha IUIOCKOCTH. KauecTBO oToOpaxkeHMsl XapaKTepu3yeT omMOKa OTOOpa)keHHsl, KOTOpas 3aBUCHT OT HadallbHBIX
YCIHOBMH M OT CTPYKTypbl JaHHBIX. B pabore wuccienyercss BIMSHHME CTPYKTYPbl JAaHHBIX Ha KayeCTBO OTOOpa)eHHs.
MHOTOUYHCIIEHHBIE SKCIIEPUMEHTBI IPH PA3IMYHOM KOJIMYECTBE NAPaMETPOB M CAMHX BEKTOPOB, KaK PETYJISPHBIX JTaHHBIX (HECYIIHX
nHGOPMALIO O KJIACTEPaX), TAK U CIy4allHBIX JaHHBIX, I03BOJIIET AENATh BBIBOJbI, YTO OMHUOKA OTOOPAaKCHNS YBEINIHBACTCS MIPH
YBEJIMYCHUH KOJIMYECTBA MApaMeTPOB M MEHSETCs HEe3HAYUTENbHO NPU YBEIMYEHHH KOJIMYecTBa BeKTOpoB. Kpome Toro, ommubka
0TOOpaKeHHsI PEryJISIPHBIX JaHHBIX HECKOJBKO Pa3 MEHBIIE, YeM OMIMOKa OTOOpakeHHs CiiydaiHbiX maHHbIX. .11, 6ubm. 7 (Ha
QHIIMHCKOM sI3bIKE; PE3I0OME Ha JIMTOBCKOM, aHIIIMHCKOM U PYCCKOM $13.).
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