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% 1 % [Introduction] TIE, AFmILOMIEE sk K OEEEIC OWTIHR~D . 7,
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% 2 B [Preliminaries: Convexity, Passivit)( and Foundation of Population
Dynamics| TiE, AimX THWDEAIIBIG LB A AN 5. £9, MK
(COWVTOHFIMEZRIAT 5. DTS, VAT LOZEWEEERL, ZEIVAT
LOBEBRMEE ZRT. £, KIS Bl o L LT, RIGmT LA
L—yarbxy NU—27 2 27 A0 ARMHIE 2504 5. B, BEEBIE)F
ET 556 TOZNLOHBFECOVWTRAT S, FikiZ, AMOSHEMEEZUE L
THEMIAF Iz R LTy A FI 7 AL, ke ORRRE =T,
% 3 ® [Passivity-based Generalization of Primal-dual Dynamics| T, gt
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(, XEPEICES I REY 0 OMRETFET D I ENKS LA T I 7 R
, PIRORGERAE LN Z & ZHEREIICREA T 5. S 6IZ, IREEDLET 7
EO—BILTH D Z AW LN L, @Gk HBEOB N TREEOENMMEZ
. (Z, BB EE BIE RIS AL RO # A T X 7 Azl L, PamAdAs R
RUMEERRBIEOREIMEE I 2 b —v 3 S LV RREET B. )

% 4 & [Distributed Optimization Inspired by ADMM ] Tid, 2 —7 4 x—# T
—Vxr NCHEHINIDHMGETEEEZ B, 3 —T 4 Fx—F Lo —T = MHEIZ
WEBIE DN FAET DR OB RE/L T VY A LAEZRETSH. £9°, (KFENRYD
Rk FiED—>Tdh %5 ADMM (Alternating Direction Method of Multipliers) {2
KO REMEZ HESL L, Hifghei ADMM 7V 3 U ALZREST 5. £, 7
TN XDNDOEY T2 AT LOZEVEZ I BT L, @EERIEN 26 T ORI
FE~OIRVEZGEA 5. D&, a—F7 4 F—F Lo — = MEOBEITEEN
HOWRNEEZ D, 2T, HkiEHE ADMM & 5T LA L — g v ORERE
PPEzR L, BT LANL—a Y THOLN TV D l(EEE 0 N2 MEFEE
P % 2 & Tultfelf ] ADMM 2 fREH 5. S 618, et L7c 73 U X473
W IEIE F CROEMA~OWRMEZRGES 5 2 & ZHERAICIE T 5. K%, BT
=2 U 7B DG EN TR E ] ADMM 2@ L, RZIEOAZ)
PEB L OSBRSS RO YL I 2 L —r a U THERT 5. ‘

# [Consensus-based Distributed Optimization| TiE, =— = FDLNE
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Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
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This dissertation investigates analyses and design methods for distributed optimization and population
dynamics based on a unified concept of passivity.

We revisit a traditional continuous-time distributed optimization algorithm, termed primal-dual dynamics,
and address its fundamental limitation that the cost function needs to be strictly convex. Then, we present a
novel control theoretic insight that supplying stable zeros is a key factor to ensure the convergence of the
algorithm. From this insight, a passivity-based generalization of the primal-dual dynamics is proposed, and
its asymptotic convergence without strict convexity is proved under the existence of stable zeros. In addition,
it is revealed that the present optimization dynamics encompass existing augmented Lagrangian-based
methods as special cases. The effectiveness of the generalized primal-dual dynamics is validated through
simulations of illumination control.

Subsequently, we address passivity-based robustification against communication delays for two types of
distributed optimization algorithms, namely alternating direction method of multipliers and consensus
optimization. We start with revealing the architectural analogy, from the passivity-based perspective,
between these algorithms and traditional networked control systems, bilateral teleoperation and output
synchronization. A mechanism termed scattering transformation has been employed to robustify these
networked systems against delays. Due to the architectural similarity, the mechanism is shown to be
integrated with distributed optimization algorithms and asymptotic optimality is proved even in the presence
of communication delays, wherein the strict convexity assumption is also eliminated by the aforementioned
generalized algorithm. The robustness of the presented algorithms against delays is demonstrated through
simulations.

We finally analyze biased population dynamics and design behavior modification mechanisms. We formulate
two types of population dynamics with conformity biases. The models are then analyzed based on so-called
6-passivity, where it is revealed that the conformity biases work to break passivity of decision makers. Based
on the passivity perspective, we propose mechanisms so as to lead decision makers to a desired population
state. Furthermore, we analyze convergence properties of the designed mechanisms while revealing

conditions for guaranteeing stable inducements.
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