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Abstract

A7 TAVEABERHBDELED LERUZHERILEERSZEXTHY , T—XOHE X EE
BIZE<AWSHhTLS . EFEFFECREENDTF—RICNTRIIEERTZA4 2 FBILEH
RENTHY , ®RFAT A VEBOFERHCINTEI TR G EZAVTRERZRO TV .
LAL ,, A7ZAEBORRESIRED LS , FEEFETHILLTLESHE & 1.
SEEOHRTHRLIE , FTEEREOTRERFNZINZ S L HEEPRETEE(Convex Semi-Infinite
Programming: CSIP)Z VT , RRESERO T ICIATIHEEBRT SV EFBILOKERZTE
THIEIHEHMLE .

B4R, ETIARIEERT AV FBILE , AT7Z4VBEROBRBRINILZERETS
CSIPELTERILLE . CORBIC , ATTAVEBORRAEICEL T, BEENERRE , N—
DABAVEZBEREAVERAO 2B OERXLZABLE . RIE , RRIZLEOTIATID
%8 &2 MATLAB Optimization Toolbox®fseminfP LI AATHELS T, TFHZRV R
REEHNT , RURBLBBIREDCEEZHERBRTHSHICLE . &z, REEZOPTE
N=2ABAVEZERZAVERRAOFY , A ERBELHEREOMATRBENTVWA L E
mREL k.

MATLAB®fseminf7 L) AARBEVEBECKHL TEATEZAANKTOTZLEDN , 0
EOICHEB TR BIELUFEZIT>TVS . NEOELHEZHIBRL T, VATIEERT S (4>
EBIICEWBLLETILIAVALZERTRZZET , FTERELHEREZEICHETH L
FSEORBEELTET SIS .

A spline function is a smooth piecewise polynomial and used for data interpolation and smoothing.
Nonnegative spline smoothing is also studied, and previous research used a sufficient condition for
the nonnegativity to find the optimal solution. However, the optimal value may be slightly degraded
due to the limited feasible solutions. In this year's study, we used convex semi-infinite
programming (CSIP), that can handle an infinite number of inequality constraints, to solve 1D
nonnegative spline smoothing without the sufficient condition.

Specifically, we first formulated 1D nonnegative spline smoothing as a CSIP with the coefficient
vector of the spline function as the variable. Note that we prepared two CSIP formulations
depending on the representation of the spline function. One is a simple and straightforward
representation, and the other is the Bernstein polynomial representation. Next, we solved each of
the above proposed problems using the fseminf algorithm in MATLAB Optimization Toolbox.
Numerical experiments demonstrated that the proposed methods yield more optimal solutions than
the conventional method using the sufficient condition. Furthermore, among the proposed
methods, the formulation using the Bernstein polynomial representation was confirmed to be
superior in both computational accuracy and speed.

The MATLAB fseminf algorithm is a flexible program applicable to a wide range of problems, but it
uses several internal approximations. A future challenge is to create a specialized algorithm
focused on 1D nonnegative spline smoothing without the internal approximations, for further
improvements in computational accuracy and speed.
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A Study of Nonnegative Spline Smoothing

1. HREREEDOHE

2754 VEAREIIMAEEDERERG R/ LAEARSZEATHY, T—9DREYEBLLICEA<AVLSHN
TW5. EEIFAICREINET—YICHTZIEERATSM4 VERBLEMBEINTSY, REEIRTS1 VBEHR
DIFERICHT 2 THRRM4ERVWTRERERO TV, LHL, RT754 VBERORRESIIHE D720, FilEfE
NEFLIELLTLEDBRELNH o=, SEEOHR TR LI, ETEERBEOAERFINERZ 2L EREH
i%(Convex Semi-Infinite Programming: CSIP)AFWT, EREAEZHOHTICTRTHEER T4 VY EBLDRE
MREETHE T2 &ITHKRINL .

BEMICIE, ETTIRTHEGEBRTSA VERLE, RT754 VEHORERY MLEZTHETHCSIPE LTER
L7, ORI, AT 54 VEAHRORBEFEICELT, BEENARREE, N—VR91VSEXEZAVAERED?2
BYDERMEERR L. RIS, BRET B LEDZNEFNDORBRE%EMATLAB Optimization Toolbox®fseminf7 JL 0
JALTHELZET, TORGEAVERIELLRT, SYRBELBIKRED I EEBERRTHLOMNILE., F
=, REEOHTEH, N—VRIMVZEAEAVAEREREOAD, STERELHEREOAME CLYENATWSZ L
HEER L 7-.

MATLAB®Dfseminf7 )L T Y X L FREWEREICKH L GERTE 2AAMR T OIS ALY, ZDOHICKAET
B2 IELIETE 21T > TWa. REOALETEEZHIRL T, TRTHEER TS VEBLICEWEELEZT7ILTY
ALEERTHIET, SIERELHERELZBICHET 2 ENSEOFEE LTEITLNS.

2. MRABRREEOHE (F:R)
A spline function is a smooth piecewise polynomial and used for data interpolation and smoothing.
Nonnegative spline smoothing is also studied, and previous research used a sufficient condition for the
nonnegativity to find the optimal solution. However, the optimal value may be slightly degraded due to the
limited feasible solutions. In this year's study, we used convex semi-infinite programming (CSIP), that can
handle an infinite number of inequality constraints, to solve 1D nonnegative spline smoothing without the
sufficient condition.
Specifically, we first formulated 1D nonnegative spline smoothing as a CSIP with the coefficient vector of the
spline function as the variable. Note that we prepared two CSIP formulations depending on the representation
of the spline function. One is a simple and straightforward representation, and the other is the Bernstein
polynomial representation. Next, we solved each of the above proposed problems using the fseminf algorithm
in MATLAB Optimization Toolbox. Numerical experiments demonstrated that the proposed methods yield more
optimal solutions than the conventional method using the sufficient condition. Furthermore, among the
proposed methods, the formulation using the Bernstein polynomial representation was confirmed to be
superior in both computational accuracy and speed.
The MATLAB fseminf algorithm is a flexible program applicable to a wide range of problems, but it uses several
internal approximations. A future challenge is to create a specialized algorithm focused on 1D nonnegative
spline smoothing without the internal approximations, for further improvements in computational accuracy and
speed.
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