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Adaptive signal processing based on monotone approximation principle to target sets

Monotone approximation to an unknown
desired information to be estimated, say
estimandum, is one of the most favorable
properties for signal processing algorithms. In
particular, in adaptive filtering or adaptive
system identification problems (e.g., adaptive
channel equalization, adaptive echo
cancellation, etc), the algorithms are required,
at each time, to offer a tentative approximation
of an estimandum. By utilizing a priori
knowledge as well as the latest statistical
knowledge obtained from observed data, the
algorithm is desired to update the previous
estimate to better one which is closer to the
estimandum. A practical scenario to realize such
a monotone approximation is divided into the
following two steps: (Step 1) define a set, say a
target set, which is sufficiently small but

Based on this simple observation, we
established an unified scheme called the
Adaptive Projected Subgradient Method
(APSM); this scheme is a time-varying extension
of the Polyak's subgradient algorithm, for
nonsmooth convex optimization problem with a
fixed target value, to the case where the convex
objective itself keeps changing in the whole
process. Under this simple umbrella of the
APSM, a unified convergence analysis has been
established for a wide range of adaptive
algorithms. Moreover the APSM has been
serving as a guiding principle to create various
powerful adaptive algorithms for acoustic
systems, wireless communication systems,
distributed learning for diffusion network, online
learning in Reproducing Kernel Hilbert Spaces,
etc.

contains candidates consistent with all available
knowledge on the estimandum, and (Step 2)
realize a mapping T which shifts any point not in
the target set strictly closer to every point in the
target set and does not move any point in the
target set (See Figure 1). If the estimandum
surely belongs to the target set, the above
scenario automatically realizes a monotone
approximation to the estimandum. The mapping
satisfying the condition in Step 2 is called
attracting mapping in modern fixed point theory.
Obviously a point does not move by the
mapping if and only if it is already in the target
set. Therefore the target set must be the fixed
point set of the attracting mapping.
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Fig.1 What is the best possible strategy for a starving
shark ? Maximal satisfaction is expected by
approaching monotonically every fish. This is realized
by an attracting mapping.
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VAVTINAADA) R CHAMEHEBEIRILX—IOREBIZHT hhil.
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FAVTRARZANT, ERO—MAREL THE L THREISH ALY
%, RERBRAADRAT L(RY— Mo Y13E) ORI ZBIEY (E3).
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B 2: DUt RE - Tl A —/ SINYRTE/IV T B RER - BIET 57 —FTIFY B3: RAv—kt2H D5l

MR HEASEA LA -B S - REE Tk

AR AT LOKBFE - BHALIZHEL, /Z\—FHx 75k (Hardware Description Language: HDL) ZRL\55E3ED
N—Fz7 (RTL) BEHEIRIE, BEHEEMO ATEDEMIZES>TE:. BETE, C/C+HEEDBIERL S TRETL,
RTLEE%ZE B8 ERT SIS B (High-Level Synthesis: HLS) ELVSFXIZR RIS TRLTNS (E4, S/X(1]).

—7, ERETHERRIEEICELLATOASIKSICLSIERANTHONTES, EF, SLOBRENFETEZSES
(ZIX, FEERM, HDWE, ERNEHEZFERTHILT, LSIRHEB LT EAENEALN TS (ATEE
Stochastic Computing (B15), &% Approximate Computing (E6) &FEA).

AW ETIE, Stochastic Computing¥®Approximate Computing| 2E I<LSIEIKZE, BISRLHESRICE-TE
U B, REGEEEZEARRNICRETSFREMITHLEEET . Chicky, OREHE, SHEBE, TRIL¥X—
HEROXBLGRENRETS.
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C ‘OUT=(SEL==0)?(D1*D2):(D3*D4); 4}. LR

(C’CI+%) S 0,1,10,1,0,1,0 (4/8)
BTk (CTRY S L) U —— 0,0,1,0,10,1,0 (3/8)
B poRTEBEAGAR (AR ) §, L1060 3733

%
RTL | P ggf‘g?&;ﬁ;j"" Da;=eL) l_ - Bt &5 : Stochastic Computing D5l

MUL32_A <= D1; RTLEE g (1EyFANDS —PTBE YRR B A )
MUL32_B <= D2; (VHDL,Verilog-HDL % e

= o3 | € SHEME E GIERN: &)
MUL32_A <= D3; - ¢
MUL32_B <= D4; [ MRS R BB AR ]

endif

end process;

process (CLK)
if (CLK'event and CLK =‘1") then
OUT <= MUL32_Z;
endif
end process;

MULT: MUL32
port map (A=>MUL32_A,
B =>MUL32_B,
Z =>MUL32_Z);
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