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AFHLIE “A Study on Difference-of-Convex Type Nonconvexly Regularized Convex Models ({52723 DC %l
FEONEANEE T /BT 201987 LEL, "X TEL D 8-> T0S.

% 1 % “Introduction (i)~ TIL, THFDOIE LB - BFE S0 T, #EMBEOL BNANR—RET Y 7 OIEH
IR TIRRENTE LI BB LI, ANX—2FF Y U TOREH & LT, HROMEE OISR IERNLET v
Wiz, Wi oOEIEThH 2D DC (Difference-of-Convex) BIIEMEANLE T LV E2MH L <D, £7°, WEANLET VL,
KIEHIFEALS FTRETd 2 BT & RO, KIS O/NMEEZ B EFR S 5 2 &, IFBIERNEET VL, KIENERK
OMIMEE IR D EFTERON, KRIBAREILAE L WEHIC R 28 A0S 5 Z &2l L 0D, RIC 2017 4FLARE,
W7 NV OEFZH#M Lz DC AR MEANLET A5 L, HHESh TS Z L&, KRXOHMEZH LML T
5.

% 2 & “Preliminaries (¥{if)” Ti%, ARfHCTHWS DC i b2 2 B3 2 BEM M 217> T\ 5.

%5 3 & “A Unified Framework for Solving a General Class of DC Type Nonconvexly Regularized Convex Models (DC
TR IERNEE T VO — B & RED - D OFE—IFEA) 7 ik, DC BIBEMEALET Vv O— k%2 52 % & 3ki2, 20
KIS B iR % K & 2 RIS A 2R L T\ 5. 797, (£ 0 DC B A TE OFs E Tt ¢ & 5 pSDC (partially smoothed
DC) B¥a %52, WB$E 7 — 2 BEEICERA L, 5o pSDC B O EREE &3 2 DC AL ERNLET LD —
WIEREL TS, KRIZ, DRMEEZHET 5568548 LIS, &FRMEHEGO FT, ity DC Kk 7 /=Y XA
L, TORBEHNEMEEZ R LTS, 618, BEERICEY, BEETAVELRET VT XLOFIMEEZA LI
LTW5.

%5 4 ¥ “An Inexact DC Algorithm with Provably Terminating Inner Loop (A > F— /L — 7 OB (L ERFE % FFoiT{El
DC 7 /=Y XA)” Tik, #3 ETRE L DC k7 /L =Y X AN TESR S W RIRE O e il 2 3 B3 5 7 OIS/ A
RENA T —N—TIZER L, BTSN ITPRAEIENEZ FIRE O K8 TERATREZR Tl DC 73 Y R AZEEL T
Wh. BETNAIY XL, A T —T OFREILEAZRGET S AP OMEE DC 7Y XA THY, RIRED
fROFIAZRHE & L7296k D DC algorithm & R4 22N ERE &2 5> T 5.

% 5% “Solution-Set Geometry and Regularization Path of sGMC Model (sGMC &7 /L DfifEA OKIZEHIMEE B L O
ERIMEAREEARNT)” T, (W R S— X EHIfEE 7 L OEYER (LASSO E7 /L) O—fkZToh % scaled generalized minimax
concave (sGMOC)E7 /L% DC BIFMIERNLET L ORER & LTHY BT, ZOMES ORMERINEE & IERNRIK T
17> Tn5. £7, sGMC E7 /LA, LASSO E7 VO 7= S FEHME ok Le 2 &, KRR O/ MiEE 2 I %
DHEZMATHDZEEHLMIL TS, KIZ, sGMC EFI/LOIEANLREAERNEL ST X —4& O Ky 22
52 LR L, sGMC 7 VOEHLRER 2 AREIOFE CHETREL 35713 Y ZLZRRL TV D, BEED,
EENTZEANE AT A =Tk L THHR TV sGMC BT /LVOBRILL T /L2 Y XA, EONTZIEHRAIZ sGMC £
TAOEANLREEZEH AR TH Y, o, BEERICIY, <1 XEHREHHE (BIC) & OFAT, K/ EA L/ ST X —
S DUWREPNRINZFBRTED Z L e L, BET VT XLOEMEEZFIIEL TV D,

%5 6 T “Less Biased Sparse Adaptive Filtering Based on DC Optimization (DC fi#E{LiZIES AR/ SA T A7 A/R— R
WE7 A NE Y 7)) Tk, DCHEEMNEANLE T MTIE SN A NR—RTR T 4 V2V TOT AT Y XLEREL T
5. FF, BEOT— X BEEIZ DC MO A /— A EHLIEZ M X 7o MBS Z ER L T D, BET /LT Y XA,
FEiH FBS (Forward-Backward Splitting) kD7 A 7 1 7 & FIA L T Z ORFEEREEOMTEZ LB L T\ 5. HfESEER
WZRY, TERODAN—=REIET 4 V2 ) U T, REEDMENTHEEVERE A E T 2 2 L 2GR L TV 5.

% 7% “Conclusion (##)” TiE, KX THOLNIBREZRIEL TWD.

% WU R, 32000 528 5630 300 §E 4 13T DT 500, b LIS 800 554 1 #fifkH LT EE 0,
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Thesis Summary (approx.300 English Words )

In this thesis, we focus on an emerging trend in signal processing, i.e., constructing well-
behaved nonconvex regularizers which can preserve convexity of the cost function. Our
contribution covers the design, optimization methods and statistical analysis regarding such
convexity-preserving (CP) regularizers.

In Chapter 2, as preliminaries, we introduce necessary knowledge about difference-of-
convex (DC) optimization, variational analysis and sparse regularization models.

In Chapter 3, we propose a general class of CP regularizers which embraces and extends
existing studies. Exploiting the difference-of-convex (DC) structure of the proposed CP
regularizer, we develop a unified framework for solving the resultant DC type nonconvexly
regularized convex (NRC) models.

In Chapter 4, we point out that when applying existing DC algorithms to real world
problems, the inner loop of DC algorithm may not terminate within finite iterations, and we
propose a novel inexact DC algorithm to resolve this difficulty.

In Chapter 5, we take the scaled generalized minimax concave (sGMC) model for sparse
linear regression as a representative of DC type NRC models, and we study its solution-set
geometry and regularization path. Our study indicates that while the sGMC penalty is a
nonconvex extension of the conventional LASSO (Tibshirani 1996) penalty, the sGMC model
preserves many favorable properties of the LASSO model, hence can serve as a less biased
surrogate of the LASSO model. Notably, we prove that similar to LASSO, the minimum 12-
norm solution path of the sGMC model is piecewise linear in the regularization parameter.
Based on this finding, we propose an efficient iterative algorithm for computing the entire
minimum 12-norm regularization path of the sGMC model, which proves useful in finding
the optimal regularization parameter.

In Chapter 6, we extend the results developed in previous chapters to sparse adaptive
filtering problems. We propose a novel DC type sparse regularizer which embraces the well-
known MC penalty and SCAD penalty as special instances. Exploiting its DC structure, a
less biased sparse adaptive filtering algorithm is derived. Numerical experiments
demonstrate the efficiency of the proposed algorithm.

Chapter 7 concludes the results obtained in this thesis.
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