B4 — 2 (FREELE (Ffn30)

2021 & 1 H 8 H

cpms | 4143320 B | | semma wa i
g TG £ H L7y
s - Enfe TR 3 AR

MXAAEDEE (Ft)

FOBEFRET L /= U ELR RIS BB 7L = ) AL DHRGE &

ji E/\jlj
MESERIS | e b oo i

(5 1,200 FRRE)

T, a3 Ea—dOREFILLEA L F—Fy FOERRLE L YOREREIZLS IoT (bDOD
AL B —=Fy ) OERIZEY, WEINDT—FRNKRELLTBY, 207 —% 260
AT A100FERRDOLNTWS, TOTIEE LT, EERENEL RISHTHON AT,
L. B 2 0N T — 20, FEETOVRDT — 4 OTRREEHREOHMM 21T .
LLANRG, EROF—Z gt a—< 2 =7 WO ER SO~ RERIZE Y, s
EEIEN A FBICEREE G X 5T — ARG END. ANEORAOI DTN, SME % RS
LTHFERITHITENEZOLNDAN, FOBAIIIANE L TR bho TR hiEe 672
W T EERICAT, ANEERATADL—DDHENRS LIV, T — F WL
f%ﬁl BICIEFD LR T LIIRHEECH S, AIVEICHHILT 5720 D JEE, H<hbr/sA

B OB CHFE ST E . BRC, IEFEIZB T AT, AVEICERR A N—T A
&@iﬂé%$%f%®f%ﬁ%%é%@%%%b,%:#%TwﬁUfA%%%#ékwot
FNETHD. ZOFA N2 A, B, yIFAN—TY 2 U ANKILFERINTWAN, HEE
BEO—BIED T DITERITHIFH RS EEE & 72 554 7 2B Z &, AWETIE, SMUEITEEE
IOEE a A FIMEL BRSBTS ) A LOWEL BN T 5. BEMICIE, BRI
DB CREINT fOBEFRREAREL TV I A NR—T oV AR B E R f538ERT
BET VI~ A AN e U ABBRNEIIESCHEEEBRL, BHEET V) X L~0iH
AL ZOMERMERRE L. 7, SETIOBRRET L /< v BAREICE-SHEE
PR LT7. 4| T, AT 2HEREOFMBIEO—>Th 2R ERARTEH L, o8
B DA RAED L O LT D DB fOFHFIC O OWTCHEEER L7, 5 B TIL, N T AMIEEARL
(CHET RO —HMEDOVERMETHHHETIHBIRORTIENR Y SO b DRI OV THER L
f=. 6FETEILT, T4V 7 VIBBREMRE LIERETYIORE ZNEN f BRI L 7~
EHREIZESSTATY ZAT—HE L, BEERIC L > TEOMRIMM LT o7z, 8 ETIX
AL ORFE AT o 7.




BlRk4 — 1 (R GE30)

Date of Submission (month day, year) : 1/8/2021

Department of Kazuho Watanabe

Computer Science and | Student ID Number | D143320 Yoshiteru Ishida

Engineering Supervisors

Applicant’s name Masahiro Kobayashi

Abstract (Doctor) |

) ) Machine Learning Algorithms for /~Separable Bregman Distortion Measures and
Title of Thesis

Analysis of Statistical Properties

Approx. 800 words

In recent years, with the spread of the Internet by the development of computers
and the spread of the IoT (Internet of Things) by the high integration of sensors,
the amount of data collected has become large, and methods for effectively utilizing
the data are required. For such a purpose, machine learning methods are used in
various applications. Machine learning learns from given data, predicts unknown
data, and extracts latent structures. However, the actual data includes data called
outliers, which adversely affect learning due to various causes such as human error
and equipment failure. In order to deal with outliers, it is conceivable to exclude
outliers for learning, but in that case, it is necessary to know what the outliers are.
It may be one way to actually look at the data and exclude outliers, but it is difficult
to do so when the number of data and the dimensions are large. Methods for dealing
with outliers have long been studied in the field of robust statistics. In particular,
the mainstream in recent years is the procedure of preparing an index for
measuring the degree of deviation between probability distributions called
divergence, which is robust against outliers, and constructing an algorithm from
it. B and y divergences are often used for this divergence, but they include a bias
correction term that makes analytical calculations difficult for the consistency of
the estimators. The purpose of this study is to construct a simple machine learning
algorithm that is robust against outliers and has low computational cost.
Specifically, we devised an estimation method based on the fseparable Bregman
divergence distortion measures, which is a combination of the fseparable
distortion measures and Bregman divergence proposed in the field of information
theory, and introduced it to machine learning algorithms. We investigated the
application and its statistical properties. First, in Chapter 3, we construct an
estimation method based on fseparable Bregman distortion measures. Second, in
Chapters 4 and 5, we discuss robustness against outliers and the condition of
unbiased estimation equation as a necessary condition for the consistency of the
estimator, respectively. Third, in Chapters 6 and 7, for the Dirichlet process means
and non-negative matrix factorization are generalized to algorithms based on f
separable Bregman distortion measures, respectively, and their performance is
evaluated by numerical experiments. Finally, Chapter 8 summarizes this thesis.




