ety AL Ste] ] A17d A2E(2004Y 54), 15-20

N 24 FASA A5 F34 9]
Yto] FAst AALH &

N7AYea L2xEgolgat o] F -
swlee@skuniv.ac kr

2 =FdAE 2x FHd BT EARLEZN EHAH ‘3—15‘]"““ et A
31 Axggo] #E HE Yoz I2EDWUH Ad dx FH 2L FAHE
% & (local adaptive smoothing)o] @3t Holzz Fth e FAAA A7
A ARSI FH BF AT Bete 2ASDL =dnx @

FHO ], My, AEgE, S42HHYE

a = —’}‘—Zé(nonparametric density estimation)2 %
AT ZokllA 71 gdetA dTrHT e FA Fo stdold Xy, Xy, -, X»
AELELEYT fZRY d-#4e FEAN AT &L wEANG T 817,

20, [ fde=1

a2 SA4T 2o g /M4 §lo]l FELESF fE FAHYE F dG

HEE FAA AAAA ERAGY GEHSFI ERAF FFHe £XE wEdeE 7t
g st =dgoy, HESs BAE SAY 2y diF 1A Qle] FAY £
A7l AE fe SAG LY TFH Jv B, F HF £ BAIG e F93%
HeErt Ao By wt HREHE Ro] oluegt BEHE] oW FEFTRS ¥Y
st Es B5FY A7 omd Aol JeXE Lold £ Ut HI:
(smoothness)®] o 2A FELEHS f& ALoln v 7158 o 7hssich

WE (kernel method), 2w <¥ W9 (orthogonal series method), H&A
(nearest neighbor method)® HIE 4 B BEMoA $&Hojzxon Ha wasox
o 2 ¥ ¥ 75 E(penalized likelihood), TH3 2 Fe+el 2.3 (polynomial spline),

Y¥F UE T fo] MRS FHFoRA HaEad] 22 ALHYYG. A
o3
],.
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g At dx 73] g B JAH u&

7bd 7d(variable kernel), AFY 33 (projection pursuit) % 2& WHE

At v Eokd HEHY 2AHAY. evd AFH 5T o=
o g BA AINAYG A £2ZEJole wa 2 33 P ago
RSy 9% $3& B o &8s A + Jde 71FE AT Ao

1. 2= 339 S48 44

F3 HEAAM HEF BT FAFY AFL SUT 2P i 7HAE wiAs]
g &o Folg FF stAMx FHo] shEsitt. gutA oz HESE FARS AF=
HEE oM FELEESF fE FHAL AS AF EHFHAAH
1.1. £ 9 A (unbiasedness)

ggusds fo 2AF 7k RE xeRY o dald E[F(0)]=f(x) 3" f
of the ¥ F7 F(unbiased estimator)olEtn HErt H|EF WE FAF i
4 {f)ol 22 xeR Wad ELF(0)]—f(x), n—oostd fo tid HZ
A EH ZA F(asymptotically unbiased estimator)e]&t ¥t}

1.2. 9 X4 (consistency)
ghor dgu sy f7h fol BW FAFo)PH fo] HFAF LA (mean squared
error)E EE xe Rl W3ty ‘ﬂr%i”} Zo] Fo|Fr],

MSE(%) = E,[ 7(2) — (012 = varl }(x)]1+ {biasl 7(0)1}° (1.1)
o vard F(01=EAf (0 — EJA F1) ol bial F(0)1=EJL F(0)]—f(2)°ltt
BE ge R dstd p—oood w MSE(x)—0°)E¥, F7E o]X3 T (quadratic

mean) A fo] AYx FA F(pointwise consistent estimator)olgtil F &},
A8 = (goodness of fit)e] HEZA HFAFLA (1.1 AETo2A FAPTA
% 2}H(integrated mean squared error)E thS-3} o] AHegr},

MSE= [ _E[l }(x)— f(01dx (12)

E g2 AE2A 42AF 9 Antegrated squared error)& T3 2ol Aol Bk,

ISE= [ [ 7~ f(VPdx (13)

A (1AM fol diEted ZIgiAE HH HATHEAF LA (mean integrated
squared error)® MISE= E/(ISE)e.2 Fo|RAt} a8ls MISE= IMSE°|t}.
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ISEE 3R fo] &8UEFF f9} oj= FE Hols}
[ JEANE Bdstes 7)F02 ISE7F MISERY 3
= Bt o AR F£ . A MISEE Fold BE B
o HES A}%:}E}. A <3 A§ 27 stolA, ISE¥E MISEC ZAME 4
FolH #EgozM FA FAHAELE ¥ W, MISET ISEXT ¢ #83%

i
hu
——‘ru i,

¥ v o 3O
oS Rorr

2. @ =9 8 (density smoothing)

2.1. 3|2 %1 (histogram)

S2EIWL FEUSHS o A Heo B3 ALHA FRE AFsed
ALgET 1XY FELESS] FAH Ut saEade kA Aie 9L
Z& Axle 93t EA3Er
- A4E 99 A9 WUbinERE YECH

Bi=[xy+(i—Dh, xo+jh] je2Z

G714 h>0%& Y8 (binwidth)# 331 x & J2ETW] gHolgtm A
- Z+zto] Wl(bin) 3ol l‘otblL #E3e MEE A,

dursty 2Eae I FAAL O 75‘01 Zddo

fin =Ly B Enx.eB)IxeB) @1)

l~

he S2EIHAA F8F Bt hrt WEd guitk fi(x)9 o8 7HA g
FHY J2ETRE A& 5 Atk W pE FUIANE, o BE #EFo] Hlyn
(binwidth)oll £&=7] d&o s2ETW9 el B} o o)L A (smooth) ).
T hE FAAE, S h—001d Z WY u|(binwidth)ol] A #Zgke] X ¥y
of B|2EIRY FAHL vl g FEHE /AT 9 Ao o)W JAETHY
F3L& A2 2% (box-shape, overly smooth)e] FEE 713t a2z s2E1Y
o HIRS E& F4 oA hE AEste dyol 7Y S8 EAo

HQ)E Q%44 Ao A 59 Agoletxn 718 Hdl$ = (Maximum

likelihood, ML)8] EAlE $E34 L(f)=IzIf(X,~)% Azles FEUEHS fE

O

2E AN AN feH®@), [ ADdi=1, adn f(H20 (VieQeol

H(Q)ol F3AFolx o] A #3F &7t AT d o] ML R Zolghx &
e 3 2Ead8Le FEIE X, -, XA 4" $93 ML 3R oo},
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e At dx FYo] Gl AF A ud

22. A9 2% FA(kernel density estimation)

ZA E Y E(Rosenblatt, 1956)7F 7Ad FRAZF T MAFE Hx= L. 7Ad
F4e FAL o HFEH7] 41 ojwe Rdojztn FEA HEL F A
= Aotk B|2EaAY ALY, Ad HE7)(kemnel smoother)® vimag
(smooth)®] AEE 2HE3s+ HEE 4 (smoothing parameter)©] T}

FEUSTSF fo] g Ad I5 FAFL g Zo|] EFH

70 = Gy~ 31k
714 AdEs K3 9= vHl(window width) A=#h,>09] A& FELET

# fd FEForA 9 g 2R 28z K 7t 5 A9ed. A
ol AEgFol7] WEe] A FHL YEFFoly e BEU

K(%)20, fRd K@di=1= [, fix)di=1

_hX" ) xe R? (2.2)

Adel njnelge] AL F(x)d A9 et ¢ K7 o #E b
o F(DE 9A nd W sbsst Ad 23S J2EIRT o] Y A
et wof FojA B2 AFolM wunl(bandwidth) kst #E

UE K7b 49 Foluw, A 9E F5E Fold B A¥AM Ui
dolz Foj wuin] h=hpe2 FY A (uniform kernel), 42} 71'd(triangle
kerneD)2 °olg3td FAE IiA, 4k ol A& A= 7—}7—} e 9x 3¢

a8 + gou, Aoz Ade Wdse 2o AY A0 W Aol U
3|2E ¥ Hye(binwidth)E Z71goz2M Hge A7t Frkste A izt
Az AdAMY Huyn e $23% Bgolth Bk hE ZAAIE, F h—00d
Zt wule] Ao #Zgrol EFFH Ade FAHL vif T FEHE T
ek B2 F7IAAIE, o B2 #HEFo) 4 wunld ¥ diel A2 FHe
2ot o g A do. v h s 3
ZhAd, aeg AAAHQD b2 7
un] 2 AEste Wyl A F83 FAlo|th

gol 92 A

_I_4

“.4

3. 42 ¢ 9 & (local adaptive smoothing)
Ad AL FAL D% FF FHAM AL F43F =TFE AR doh F
F WA ALE o] 8T BEFAL A, FARA e BANAL A
o] &% W EAL HY FAsF T aEE o’ &3 % 88 &
24 Z48238(local adaptive smoothing) & AHE 3T}
A

= -
_ a
HeRWTE FolW e FT A AL PE FFL T A4, T2 @y

430 a2

Borr o
t
g S
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o]z

(local bandwidth)& At&3t& Wgolth. &, Fo2 FY BATHANME ZAd &
HFE AA e AAEAT7] 3t Fo4 FHRAA AFEA dUHE 2HEFLEA
FAT F U= Wo|rt. o] WHE HEydYEFAH(adaptive kernel density
estimation)e] &t FEW o0& &g A7 AAHT JE AF FA oIk AA
" H LA (adaptive kernel)?] 71 L WEFAAA RwEG B IddMes F42FH
(underestimate)dt &3 o] Eoi7t X, IRV E FH)FA (overestimate) St
A HYdo2ZA Ad UE FAHY x UE dHS AA 2t gided J-d
o a3 Foid 7R 1A MAA wiul(globally bandwidth)7} o Fof
A FAN AFEFA bl E 248 F d+E F4 "yb|(ocal bandwidth)E AM&
oz FAH ALAE AA B ZA2AZD F dE FHo U

2 21D 1389 E¥(fixed partition)! A$+E A=A Y7l AFd 2ED
F2 fo] FAFoEA B 0 BE #A5UEd 9FE FEE dAFHed gaw
(Wegman)oll 9|3t AAHo]A 7pAE 8 3] A E 7% (variable partition histogram).2.
2 AgHUY. JMHEE 3 2EIWL 1Y EE(fixed partition)Z2 EHE 3J2E
a3 FAE Ao gt oy HHEE J2EIRL EF(partition)o] &
MNEAF Xy, o X AF &gt}

H2(Fix)$t ZA2(Hodges, 19B5DE HIESF HIEXNGAM HIZHo)lx FAH
(nearest neighbor estimator, k-NN)& A ¢3ch dojo) B x9 I AF koA
Dx)& X, -, X, FdA x9 kA FHoH2td 2= Agga sal
2932 Volx)=cs[Dy(x)]°E B8 Dyx)9 d-39Y F(sphere)d %3, ¢, &
d-#x94 T(sphere)®] F ¥zt 3z} oju] A-NNLZEFAHL vy Zo] Fodd,

__kln 1 =X
Rx)= volil{x) — n[Dyx)]1° Z&K( D(x) 23)

kE-NN 3 %3 Zdd FAHS 24387 9% 7bA Ad 34 Z(variable kernel
estimator)= o83 o] Ao HTH3, p. 143].

_1 1 x—X;
Ray=- g‘ i K( i, ’) 2.4)
o714 7bd =S Hl(variable window width) H;=hD(X,)& (23)X8 xd

&8t doew ke BEES(smoothing parameter)ols ke H,ol 47 IFH
(local behavion& FAgt. zZgx 718 Ad FAHAZF2H HE AL FAF
(adaptive kernel estimator)® FEdth FEIEFS fE FAHSE ¥ AL 71X
I glE olEg¥E(Abramson)e EA A& JM%d¥ xS iul(data-adaptive
window width)E A4 ¢ e HE 719 5% F(adaptive kernel estimator)S T}

=34 Zo] AAPY
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B3 S5t Ax FH9 FEgd B JAH &

A 1 &1 x—X;
)= " ]g 7 K(—Z:—L) (25)

T g 49x FAHo R A, AxB(Cenov, 1962)9 oldled AEHAA AwH
% A 2Z(Orthogonal series density estimators) 5°] om #HA 94 HAd &
, T B 5 o8 A & RopdAM 85T A2, p. 501

o =) A

2o

Zi
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Historical Study on Density Smoothing in Nonparametric

Statistics

Department of Software, Seokyeong University Seung-Woo Lee

We investigate the unbiasedness and consistency as the statistical properties
of density estimators. We show histogram, kernel density estimation, and local
adaptive smoothing as density smoothing in this paper. Also, the early and

recent research on nonparametric density estimation is described and discussed.

Key words : binwidth, bandwidth, density smoothing, local adaptive smoothing
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