KATLIDIZEYLERIN COKDEGISKENLILi(:j YUKSELTILMis CARPIMLAR

UCKOSEGENCIL GOSTERILIM YOLUYLA AYRISTIRIMI:
KAVRAMCIL TABAN VE UYGULAYLSLAR

OZET

Bilimsel aragtinmmlardaki sorunlarin Yapisinda bulunan ¢ok degiskenlilik ve cok
boyutluluk nedeniyle bilimse] yazinda sorunlarin ¢ogu uzbilimcil olarak cok yonli
dizi ile gosterilir. Giiniimiizde veri bilimi ¢ok yaygm olarak cahisilan bir kony
olup, ézellikle bu alanda ¢ok yonli digi ile ¢ok sik karylag;maktaym. Verilerin
anlamlandirilmas;. siiflandirilmas ve uzbilimcil olarak modellenmesi vb, sorunlar,
dizeylerde oldugu gibi ¢ok yonlii dizilerde de ayrisrim ve carpanlarina ayirma
konularins ilgj odagi haline getirmistir,

Bilimsel yazinda Ay it simgeleyisi ile verilen cokyonlii diziler, 0geleri, birden cok
sayida da olabilen, altsirasayilarla tanimlanan, 6geler toplulugu olarak bilinir. Her bir
altsirasay1 ayri bir yon tammlar ve bu yénlerin birbirine dik dogrularla betimlendigi
dusiiniiliir. Bu baglamda, siradan dogrucul cebirin yoneyleri (vektorleri) “bir yonli”,
dizeyleri (matrisleri) ise “iki yonli” dizilere karsilik gelir. Dizeylerde doniisiim
niteligi de vardir ve yataysiralar dizeyin tanim uzayinda bir takim dogrultulara

izdiisiim gerceklestiren Ggelerdir, Bunlarin her birinin tanimladigs izdiisiim bileseni
dizeyin diiseysiralarinin nasil dogrucul birlestirim olusturacagini essiz bicimde belirler.

ayrisurimin hesaplama maliyetini azaltmak amaciyla gelistirilmigtir. Ay i e
olarak tanimlanan bir kathidizey, siradan dogrucul cebirdeki dizeyin kavramcil
genisletimi olarak diistiniilebilir, Boyle bir dizeyin 6gelerindeki altsirasayilardan
bir kesimi bir ¢okyonliidiziler tanim uzayiyla ilintilendirilirken; kalan kesimi
cokyonliidiziler deger uzayiyla ilintilendirilir,

amac¢ dizeyine Cokdegigkenhhgi Yiikseltilmig Carpimlar Gosteriliminin (CYCG)
Ozyinelemeli olarak uygulanmasi sonucu elde edilir. Bu nedenle Ozyinelemeli bir
ayrngtirom yontemidir, CYCG uygulayisinin her adiminda 3 tane dis carpim elde
edilir, ngﬁgegencillik, bu dis carpimlarin katkilarini anlatan katsayilardan elde edilir.
Temelde bulunan by yontemler, istatistiksel kikenl; yontemlerdir,
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bir ayristirim yéntem olup, katlidizey yapisi nedeniyle ikil; ayrisurnimdir (ing: binary
decomposition).  Ozyinelemelj (ing: recursive) bir yéntem olan CYCUKG, ikili
aynstrim yapisi sayesinde bilimsel yazindaki ¢ogu ydntemin evrifine her yondeki
ayristirimin zorlugundan kaginmaktadur, Kathidizey kullanim; destek yoneyleri
kullanimi yerine degtek katliy6ney kullanimun gerektirmektedir. By nedenle elde

Bilimsel yazindaki cogu ayristirim yontemi (TDA, Tucker, NTF gibi), yanilg
enkiiciikleme usbilimine dayalt carpan bulan yineleyisli - yontemlerdir, Bu
enkiigiikleme islemi gerceklestirilirken Alternating Least Squares (ALS) yontemi

Yontemin dogast geregi, iki tiir esneklik ortaya ¢ikmaktadir Birincisi baglangic
destek katliyéneylerinin se¢imi, ikincisi ise ikilj ayrsurim yapisinin secimi ile ilgilidir,
CYCUKG yonteminde baslangic destek kathiyéneyleri 6zelsizde asil veriden ortalama
ile tretilmektedir. By bicimdeki secimler yontemin etkinligini artirmaktadir. By
savda bu esneklikler baglaminda uygulayiglar gergeklestirilmis olup, gézlem sonuglar
verilmistir,

Cokdegi§kenliligi Yiikseltilmis Carpimlar Obekgil ng6§egenci] Dizey Gosterilimi
(CYCOUDG) olarak genellestirilmigtir. Desteklerip dizey olarak ele alinmas; cekirdek
dizeyinde Obekgil tickosegencil yapilari ortaya cikarmugtir. Ayrica destek yoneylerinin
birbirine dikligi yerine dizeycil dikgenlik kavrami giindeme getirilmistir, Elde edilen
bu yeni yontem ile ilgili sinayislar gereeklestirilmis ve sonuglar paylasilmistir, By
yontemin yanusira, CYCUDG yontemi temel alinarak yoneyler igin de yeni bir
aynigrim: gelistirilmistir, CYCG nin Ozyineli olarak yoneye uygulanmas: ile elde
edilen bu yeni ayristirim, Cokdegi;;kenliligi Yiikseltilmis Carpimlar ngi)‘;segencil
Yoney Gosterilimi (CYCUYG) olarak adlandirilmistir. Bu yoney ayristiriminda ikilj
Kronecker garpimlarindan yararlanilmis ve bu amacla, katlilastirim ve katsizlastirim
eylemlerinden yararlamlmstur, Gelistirilen bu yeni ayristirim i¢in de sayisal sonuclar
verilmistir.

Bu savda kavrameil tabanin yanisira, CYCUKG yonteminin bir ¢ok farkl alanda
islerligini gostermek amaci ile uygulayislar gergeklestirilmistir, Ozellikle sav
baglaminda canlandirim verilerinin islenmesinde ve yeniden yapilandiriminda (ing:
video processsing), askin izgecil verilerin sikistirilmasinda (ing: hyperspectral data
compression) ve uzbilimeil vaklagtirnmda uygulamalar verilmistir.  Verj stkistirma
sorunlari igin, yoéntemin sikistirma oran; belirlenmis olup genel bir baginti elde
edilmistir. Ayrica yontemin gecerliligini gostermek amaci ile, bilimse] yazinda yaygin
olarak kullanilan Tucker ve CP yontemleri, CYCUKG ile karsilagtinlmisg olup, bu
karsilastirimlar igin, gesitlj gercek kimya verileri ele alinmistir.
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verilmeye ¢abalanmisur, By savda gelistirilen yontemlerin uygulama alanlarigenisg
olup sav sonrasinda da farkli alanlarda kullanimi irdelenecekiir.
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TRIDIAGONAL F OLMAT ENHANCED MULTIVARIANCE
PRODUCTS REPRESENTATION

SUMMARY

Multivariance, mu]tidimens:onality and multiway concepts have been at the one
of attraction focj since many scientific modellings need to deal with these issues.
Decomposition and factorization of multiway arrays (tensors) are pretty much
concerned by many scientists and engineers nowadays. |Ip many scientific area
such as signal processing, chemometry, neuroscience, data mining, ete., problems
are ended up with data and thege data generally mathematically defines matrices or
multiway/mu]tidimensional arrays (tensors).

General component of g multiway array such as o7 € Rixax-ixly i symbolized as
A, Jda..iy 1 the literature. Each subscript of Ags i, defines g way (i.e direction)
and these ways are mutually orthogonal. Within this framework the ordinary linear
algebraic entities, vectors and matrices can be considered respectively one way and
WO way arrays. Due to the difficulty of decomposing multiway arrays having more
than two ways on each direction separately, adapting the Properties of ordinary matrix
algebra to the multiway arrays is important. In order to overcome this difficulty
Demiralp proposed new algebraic concepts defined as “folded matrix (Folmat)”and
“folded vectors (Folvec)”.

Analogously, the m-tuple (i) and the n-tuple () can be considered the row and column
locators of the folmat. Semicolon separates indices of multiway array into two groups.
Left side indices are correlated to somehow row Space and the right-side indices are
somehow correlated with the column space. Folded vectors (folvecs) are special form
of the folmats. If we specifically choose n = () in the above definitions then we obtain
no grid for columns. In other word, the folmat under consideration becomes an entity
which has just a single folded column. We call these entities “folvecs within an

algebra. Within this framework we use folmats and folvecs to get rid of very high
computational complexity of each-way-separation-style decomposition of multiway
arrays. Semicolon in the folmat notation enables binary decomposition by separating
indices into two groups.

is called “Tridiagonal Folmat Enhanced Multivariance Products Representation
(TFEMPR)”. TFEMPR method can be considered as higher order analogue of matrix
decomposition since it focuses on folmats and folvecs which are in fact high order




decomposition methods in the literature, TFEMPR is 4 statistics-rooted method, It has

and columns to a sum of outer products whoge coefficients can be gathered into 3
core matrix which is tridiagonal. Construct a representation consisting only outer
products is provided by using EMPR which is statistica] rooted method. EMPR
works with the philosophy of representing a multiway array in terms of less variate
arrays by using Support vectors such that EMPR Tepresentation of a matrix ig given
via sum of four lerms: constant, univariate terms (terms through column and row)
and bivariate term, EMPR produces four additive terms Iepresentations for such
entities and the additive truncation approximations may not be considered sufficiently
efficient numerica] agents. This has been urged Demiralp and his group to produce
more-than-four-terms fepresentations based on EMPR on multiway arrays. This
could have been accomplished by generating a set of left and right support functions
(or vectors) and then to build a Singular Value Decomposition (SVD) like formula.
The birth of Tridiagonal Matrix Enhanced Multivariance Products Representation
(TMEMPR) has been settled on thig idea.

Many decomposition schemes standing in the scientific literature, like Tucker, SVD,
NME, are based on the philosophy of expressing a matrix as the product of certain
factors or sum of certain products in such a way that the decomposition components
reveal many important features of the matrix. To deal with practically meaningful

of the error matrix. The “Alternating Least Squares Method (ALS) is generally used in
this optimisation procedure. A matrix inversiop procedure which has an evaluating cost
increasing with the growth of the data dimensiop is needed in these evaluations. These

of all nonnegatived elements. At Jeast some of which may contain Opposite signed
elements. This is a flexibility and together with the recursive nature tremendeously
decreases the computational complexity. The price is paid by a need to take more
TFEMPR additive terms to geta prescribed precision in some cases even though many
circumstances allow us to use low level truncations. The support components are very
good elements to conrol the truncation qualities.

The employment of binary decomposition in other words folmat brings the question
of how to choose left and right grids. This s called as “decomposition type” in this
thesis. There are options for type as much as binary combination of directions (ways).
So the more direction the more choice you have to examine. Implementations have
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been done on this Issue. According to the implementations presented here, the results
indicate that the ature of problem impresses the choice of type. Digital video is a
good instance for this issue due to the choice of i, j:k which decomposes frames and
frame locations, The other flexibility is the choice of support folvecs at the beginning
Step of recursion. We have used four different Supports in this thesis byt these are
not optimized Supports. But we know that kernel matrix factor’s diagona] dominancy
in TFEMPR can be controlled via appropriate definitions of the support entities. The
use of the target folmat, its ranspose, its multip]icative]y Symmetrized counterparts
as scaling matrix factors facilitates the obtention of higher diagonal dominancy as our
implementations imply.

In this thesis, also a new Tridiagonal Matrix Enhanced Multivariance Products
Representation (TMEMPR) which uses not Cartesian vectors but matrices as the
support entities s designed and named as Block Tridiagonal Matrix Enhanced
Multivariance Products Representation (BTMEMPR). What we obtain after the
construction of the fepresentation has been g singular valye decomposition like
structure where the core matrix becomes a block tridiagonal matrix in contrast to the
diagonal and tridiagonal matrix structures of the Singular Value Decomposition (SVD)
of matrices and Tridiagonal Matrix Enhanced Multivariance Products Representation

A new decomposition method for vectors, whose construction s based on Kronecker
product with a relation to the philosophy of TMEMPR has been proposed within
the context of this thesis.  This method, which is called Tridiagonal Vector
Enhanced Multivariance Products Representation (TVEMPR), works with the logic
of decomposing the larget vector as summation of binary Kronecker products. Due to

All decomposition methods in this thesis (TVEMPR, BTMEMPR, TFEMPR) are
developed inventively, Performance of the methods change depending on the nature of
the problem, data type and correlation between the input data. To this end, besides the
methodology, applications in different areas are taken into consideration in the thesis.

The proposed method, TFEMPR. has widespread application area such as image,
image sequence (video), signal processing and also compression problems due to the
convenience of its nature. TFEMPR is applied on color and grayscale video data to
confirm the efficiency in reconstruction and video processing problems. Video data



Sensing (BCS) algorithms etc. vig average peak signal-to-nojse ratio. Experiments
with AVIRIS dataget indicate a superior reconstructed image quality for the proposed
technique in comparison to state-of-the-art hyperspectral data compression methods.

In addition to these, comparative analysis of TFEMPR and state-of-the-art
decomposition methods, Tucker and CP, is given in the thesis. Methods are applied
on chemical datasets. The results in terms of relatjve €Irors are given and computation
times of the each method are analysed.
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