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ARSI “A Study of Algebraic Real Translations of Cayley—Dickson Linear Systems and Signal Processing
Applications (Cayley-Dickson #tJ 2 A7 LD REMBNFRIE & 15 S LI~ OIS I 20F98)” LEL, 539
BELVRD,

% 1 % “Introduction (Fim)” TiX, £, BEIEEOT —F A = AL LEA~OIH RN & BEFEH O
REMEE BRI OWTEIA L7128, AR KGR & T % Cayley-Dickson (C-D) A% T DRk, FE M
e b N EFEMEAFFN LT 5, RIS, BEREEZRICT — 2 O SUBRIRITSHZ R L Ty
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%52 % “Preliminaries (YE{f)” TiI, NEBMRBEFRLMARTH D CDEOEANLMEEEZE LD TV,

%5 3 # “Cayley-Dickson Linear Systems and Algebraic Translations (Cayley-Dickson f#fEs AT A & F25
MFNERYE)” T, 2 FEORMEGREZEAL, ZTNOEEAGDOEDLZ LIZL-T, CD HTRBINEZETOD
WY AT DRNEMARERE T AT DR TEDL Z L AR LTV D,

% 4 B “Hypercomplex Online Learning with Algebraic Translations (EEMEFIRIEICLABEEL T A
V)T TCIE, 3 ECHE AT HEMEERE A C-DMIE Y AT ADRT A= HEERBEICET T 5 Z &2k v, [¢-D
BIRRICKIT 2SS AL 2REL TWD, RERITBERBULRICK T 2 EF LR/ NEY RE, 7
T4 UHHREBRE R L L TE DR RAE G A TN, FEHCEFISHRE AR Lz 7 v 3 ) X A3 R
INHMEREEZ AT 25 2 L 2 HEER THRR L T 5,

%5 5% “Hypercomplex Nonlinear Estimation with Kernels (7 —%/L%& W@ ERIERIEHETE)” CIXEZM
FERE =XV P v 7 BlAEDLELZ EI2XY, 1D EAERICEIT DD — I Vil)S S 2 AEdE] g
LTW5b, #ERIEIL C-D HUARIZET B H — RNV IEBULI /NS ZRESCT — R VT 7 4 VRS, 2 O
LA —RNVERFET N TY AL EEUHR—KEELEZTWDR, R =T 7 ¢ VREREN T IUOR
MHREA AT 52 L A HEERTHRL TV D,

% 6 3 “Hypercomplex Singular Value Decomposition (HBfEFRKFEMESHE)” TIiX, —MD C-DITFNIx LT
PR REBEAMEEZHIIZER L TV D, FITH, BHEITHZ 5 NHEEATINCRE LAY, R-FEA
EIXREICHES. SN W ABAMEIC L TEBY, C-DITFNIxT 2 R-EAMIL, T E CREMICHEAINT
WEEAEOARRILEE 2o TWD, 51T, —%D C-D 178N LT, R-FEIAMIZHE-S 7= 4 BAE /s &
NI U7 EFTICERL, INECTREMICHEA SN TR ENRBS I OT 7 LoBREH LT LT
Do

% 7% “Hypercomplex Matrix Recovery via Convex Optimization (‘hifxi@{biz Xk BBEFRITHIETT)” Ti,
—D C-D BMARITIIT B 28R N IR 04T & IEATIRT &R T & 7 ATFIRISE DM b e b R 7 5 T
RBTHHIZLEHOLMNIT DL ELBIZ, ZhbOfEELEEIZ Douglas-Rachford AL H5 B (DRS 15) %1
HATH5ZLI8Y, FrOMET NI ZALERELTND, 5T, BEFERICLY, BERSEIIKT V7
1THE TS D HIELEIZ R, 2 DOBEIENFTED C-DITH 2 EREEIETT TE A Z L 2R L TV 5D,

% 8 % “Hypercomplex Tensor Completion via Convex Optimization (‘hyixw{kic kX B8BEZET VI ff5w)”
T, KT 7 BERET Y RN MEECEIZIRE TE D 2 L 2R L, Ol LREIC DRS 5%
BWHT D EIZED, —D C-D FBRICHEAFRERILT 7 BEFERT N7 VT Y A LEREL T
Do EBIT, BEERICEY, BERSEIKT o7 T oY VATET 2 EEICH S, REIERFTED C-D 7
YNEEREICHTETED I L AR LTV D,

%9 F “Conclusion (Rim)” TI¥, K L THOLNTZERERIEL TV D,

%5  FSCE R X, RIS 2000 57 & B3 300 3E% 1T DHEHT 57, & L <IFHEIL 800 35% 1M LTI,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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In this thesis, we enhance unified framework for optimization, learning and eigenvalue problems in
hypercomplex domain.

In Chapter 1, we first introduce the possibility of utilizing hypercomplex number systems, and also clarify
the difficulties and singularities behind the algebraic structure of this number system.

In Chapter 2, we review basic properties of Cayley-Dickson number systems.

In Chapter 3, to tackle difficulties of C-D number systems in optimization and learning problems, we first
present a systematic algebraic translation of C-D linear systems into an equivalent real vector valued
linear model. This translation is designed by using jointly two new isomorphisms between real vector spaces.
We also clarify the algebraic properties of the translation.

In Chapter 4, as an example of many potential algorithms through the proposed algebraic translation, we
present Am—adaptive projected subgradient method (Am—APSM). We also proposed kernelized non—-linear counter
part of the proposed algorithm in Chapter 5. The proposed algorithm includes many existing hypercomplex
adaptive algorithms as special cases and outperforms them in contexts of both linear system identification
and nonlinear channel equalization problems as numerical examples.

In Chapter 6, we next propose novel definitions of eigenvalues, singular value decomposition and low rank
approximation in C-D domain. These definitions are based on the algebraic translation we first proposed,
and natural generalization of limited lower dimensional C-D cases which are previously proposed.

In Chapters 7 and 8, we then derive algorithmic solutions to many applicable hypercomplex matrix or tensor
recovery problems including hypercomplex tensor (or matrix) completion and hypercomplex robust principal
component analysis based on a proximal splitting technique. These algorithms utilize the complicated
algebraic structure of hypercomplex numbers systems as simple real constraints and generalization of
existing limited lower dimensional counter parts. Numerical examples show that proposed algorithm recovers
tensors (or matrices) much more faithfully than part-wise methods based on existing algorithms.
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