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S| LB A FrAAYoll I Algslold AT

Ay - gy

SlAaEIHE MY o STB sl 2Hof CHE WHE AlBiold AT o
o DESIECL 1 @3 Z5 FFO YN BEXES i T(skewness)E WX H 4510]
NBREZO XRAYNMO o2t STHFYHE 2l50i0} sk A2 UECL XIE
of BI)} AMPUEEEN ZABlE HRoE Scott?] WHol, ujUEel ARE
Freedman-Diaconis [6]4/#{0] FEX0|H, Sturgese WHT FNUHCOER H|TH 2453
s OZ A HAtel ZHEAo 2k A0 Ut

[. A &

H AU E AFee] $A oo adge EEE o] 3% EAA o] 5
< w3z gk o) €AL V| FAY e Fool A Tukey [15]% A8 FAHAES
d7Ads2 943 8P4 (exploratory data analysis : EDA)el2b e A2 FAH & §
Asa ol

A Ho EEF o] 48 FAEAYY F &4 Ao de AbgE &Y
3t Sl AE2YE o) 43 AEY 8of % A el AP L ARE F
Mo AF(class) 2 & o], zh Aol &3t A £U F5(frequency)t AUl F
Z(relative frequency)& tof el ® el 2 a4 st uhyolct sl AW & AT
o AFe < F5ol wel A8 BN w3de FELIEYgs Yeirp A ey
NE 32 2394 & FEULER, FEAL FAV FR3c} 2 o F
FAAEAE 4 AFe AL FAHLE H7o] e AS, AB WAE T2
Uird $2470) AAEHEE Foot 700 BA A= FUY FACE

o]l gt F £ 7 A g FAle 4o Sturges [11]0] &8 77| 4

ASZRGE AN F45AG A AFdg e g S4FAN S A FA FAF L4 F 93-1, 133701
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zbsled 2719 o3 2+ Cencov [2], Dixon# Kronmal [31€ 237} ¢lc}. 19700 o) o
o] 4 ABEH T 77 AW AN F5EA S 4 Tukey [14] 5
& =97 AlAsle Doane {4], Benigers} Robyn [1], Fienberg [5], Wainer$}
Thissen [17] 5-¢} <77} 2 2= o}

£3], U =8 % 4 (density estimation)off 4 # d(kemel) &} 8 = 4(window)Z o] & 2
Fate TAd FAEAAL] FAe FAS FA Ee, U9y S 58 32
ARl g 975 weol] HEHA o]l h¥ A2+ Scott (8], Freedman}
Diaconis [6], [7], 28] 2 Terrell 3} Scott [13] £¢] i}

olgidt g AAC Ay F& AP AT BF5I, dFE 4 A7 AE ¥ E
¢ AAAREANN e SEE Wi o] A=A ¢a, FHAQ A o8 F¢E
AH g A Sl2eaYdE AP vk ol AR AR 5 w
FrAAde gt o] BHENS A4 g AIRFA T uAE A 3 W
o2 gdd

L dTFelMe FFEY g dEHA PP S 72U E 2D, T PYE
< ZEARY g Yo gt Al el o8 EEAE AFEA, I LED
WY& A4l AN & A & 9 s A R EF A A A Rk

g5 A LA Fe2AYHEDS] £449) g7 E28 A48 vHATA
F 2 3}H(integrated mean square error : IMSE)& A 983, A AAM = F5EAN o
T AEAL PP EL SN 2 A FHAH A7) s S FARE ANV
of 8ofs e glon AVAHE HELE o]FojH .

I. FARFAFLA

BEUEYT (0)E e BHC2ENYH 244 377 nd REAERE 0, 0,
xo 012k B, nh e REAZE LN AF [5-,0)./= L2,k h<h< <R YF
o] F|2E2#E AT &A A M r<min (&}, max {x}<nol I, tu-4=hE
R E ol et FAdsicin shab 22w he A 7] Eot

2z AR AFL o, ) XTELj=12, - ke a2 aded A iR
Aol fixye] FAFL ohE3 Ao

ﬁ t' S . [ oo o
=, haSsx<y, 1_1,2, ,k
Fo ={ nh 1)

0, elsewhere



BAE MM Eegdol iz Al@dold HT 225
SAREES A AF $ERAA PE Talyor A1 E o) 51 4 D5} 2
=) 1 o dy
f 144 () + £ @) + O}y

=h fx) + % R =2h(x~11)} + OhY) Q@)

=3, 4 (DA fEnst 4] ()9 P R4E 2 o] § 2o gj2E §EHS0| R
2 fnY H} FA4L o3 o

ELﬁx)] = E[f]
=fx)+ 2 Br® - £ G50+ 0
Var{fx)] ——fg‘l 0(7;) 3)

b, ()& fi0) G2 A48 & W, ¢ F xol A 3 FAF L 2Hmean
square error : MSE)&= 4 (4)7} ®i v}

MSE = El(fw) ~ fix)¥)
= Var[ﬂx)] + [E[ﬁx)] ‘ﬂx)]z
- {% +-Z£ [F @R+ [f 0P ~ -1
BRI A (711' +#) @)

IMSE = f(MSE)dX
= 7}},— + "%2’ ffl(x)zdxd- ff'(x)z(x — f.)dx

—h [f @R - fydx + O (—% 1) )

A (Sl A 4o X xoll HEEE, A A4 g3 v HA 3o 4 & HeHy
IMSEE A £ 319 o &3} e o)

Dasaabg s IMSES] FERA A AE A Wl &2 Scoit (818 H=.
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; N

msE=-L o B [ oyans 0 (L4 m) (6)

B AFdME Al (6)9) IMSEE 771 E28 3t FFAANEY 584 L v
stz A ok webx A (6)& HagA T e o) A A G del Hn, A Ad ke AR
HHE HHFTE oA FikA "2

0. S+2444

1. Sturges2| 2

S AEY A FA Y 28 Sturges [11]+= AR F ne] 298] powerd d), &
2m=nsl 34§ 71A 5t o] 8} A < (binomial coefficient) & o] &8 WY& A A 8o o}

dg B, n=162 ¥ 24=1601E2, (a+b)& AARE AF |GAFTES 1,4,
6,4, 15} o] o}Al A7) Heo] FE k=52 AL oj2lg A% A WA AFe A
BEFELF HA AFY 254 4 1A S5 60] "Bk A& vig

Aura o 2 pno] 29 powerP el 5, ol A2 Fl Fretnd] BAE 2 =n
o] 5o} F4+ thi el A A

k=1+logsn
=1+33logn (MH®

ubebAy, Sturges®] WY & ol Ao FAM & 5 gle vis} Fo] YD REE
F4dAYE V| EH o2 /M S-S & 7 Atk

2. DixonI} KronmalQ| gitH

Dixon3} Kronmal (3] &4 k& ZA st sloid dEAPE ) J2HE &4
stach o) whilol o)stw, ch&e 4 ®)el A F kE BAHY I TIHE W
He s e W HAFNE Fabe BEA A o] 7HA Fob A dtP

D) FNE B AL AA BEE AZAF AN Ade) AAA WEE 7] A AFEAE FADY
el 42 49 & A2 2ARE ¢k 283 kv 5k obd B8 kgtel ke AFEE AY
3t FHE2 ot

3) 3714 log % o} 102) 445§ Hujgicth

4 HAFhol e Heje}, AAFNE Pz WAAAR Y ¢ A W& Dixons} Kronmal (3]
+ 3z
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k=10-logn (8)

w2}, Dixon3} Kronmal & 4] (8))l o8} F4& ZAY AL At

3. Velleman2| tH

Sturges®] Hhy o] v} Dixon-Kronmals] Wi ol A, € 4 (D3 4 B)eA Ee v}
s o] AR 4 no] ALkl lognel vl Al "t wpebA, 4 (D w]A AT
£ 33009 4] 8)9 wlAAFE 102324 F & FAHE W oHA E kS 7Y
ch2A "} §38), n <308 LR BNA oY 84L& FEHAA At

Velleman [16]& o]2| % & A8l 258 & FALE FT44 o W&
T&sto], B F nol S0R T 2L A FFE b3} 2ol nl G AF e v
el Yl 2 AP Y A& Adsde

k=2-Yn 9

A& 47} n=1002 A% Sturges, Dixon-Kronmal®] vl & Fo& 244
k=763 k=200 59, Velleman®] ¥l ol 2 &= k=2022 Dixon-Kronmal 3} %%
g} Sturgese] W 3 vl mabw A @ob. 2k <1008 S A (Dol o T
kE A A (N3 A @) sl 78 3 Aol A "k

4. Scott2] titq

Scott [8]9] Wl &8 4] (6)9] IMSEZ} M) S|& HAF e BA Faio
F48 A48 Dok A ()% hol 3o v)Eatod IMSEZ} HAvt S AAFS A
& 75 og3 Aok

h=16/ | (xpdx]on - (10)
23G $EUEEF L7 ATFHFER S 4 (1002 A (113} o) d}.
h o= 23186y 13 (] 1)

Scotte A} (1) hE HHF7Ho 2 A8 A& Aats oot gz, A 259
a2 S8} 52 WHE Role} 8 FFE of§3 2ol AAE

k= R/I(3.49 Sn~'3) (12)
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5. Freedman2} Diaconist}g

HAF7e FaEd 314 Freedmans} Diaconis {6]% IMSE WAl T 4] (13)&
WEs e hE HAITLE Ao

min max | fx) ~ )| (13)

292 4 (1) DR HAFL a3 2o Weh
h=cf)- (12B2)"° (14)

A7 o(fHre HELEEF i dE3e 4524, A7t AFEEHELESS
a A% o(f)e 1.6607F At wpelr, Freedman-Diaconis [6]4H4] o} &l 8ld H4+ ob&
st o] A E + 3

k = RI[1.668(log . n/n)'?] (15)

Freedman-Diaconis [7]& 3 A F7k& 24 A9 &hd, 4 (15014 § 4l 2479 A}
¥ 9] ® 2H(interquartile range) V& AH-8-319 4] (16)3) o] Il BA L& B

k=RH{@V)n~1#} (16)

Scott ¢} Freedman-Diaconis [6], [7]2] W €219 Xholw A I hE F3tE Wl
7189, Al 712 A R M FeE nd] AAF I vl gteE AAE S 5 9
th. o]} o) 3ne) Wl B Yu) 2 F4E FAskE WE & YH e Cencov [2]¢] )
8 A t= e

(E D& ZAQE R} BEATFEER A4S AR FEERV]) ns] H3e]
Al ZEA el o g HHFoe] WdtE B 32 Uk (B Dol B whst 2o A
ulH ¢ 2 Freedman-Diaconis [6], [7]4d o] Scott®] Wil e} A F71e] 2 5&
o4 4 gl od(gelM, F4E A ")), B3] Scott?] Y 3 Freedman-Diaconis [7] 4t
Yol A HAFe v+ 3.49/2.698 = 1.30] 5o} Scotts] el M F5E 30% A E 2
A Ao}
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(B 1) BE37|4s OE Hugiel W

08034 T 0.8683

30 1.1231

50 0.9473 0.7100 0.7324
70 0.8468 0.6524 0.6547
100 0.7519 0.5950 0.5813
150 0.6568 0.5346 0.5078
200 0.5968 0.4949 0.4614
300 0.5213 0.4431 0.4030
400 0.4737 0.4092 0.3662
500 0.4397 0.3845 0.3399

FIREHR AAEEE HG AFEA §=1, V=1.3497} "l

N. 26l-Z2 o

EAAMNE gl 2 3Y FFAAYHES At A FdolAY EH-gEY
(Monte-Calo method)oll &J#] E&4 & vt Br} F 2509 AAHA] 88 3
A Fxo F9uAYolBE, E AT E Bl $EUERFEXN F49
AYde AFEE 282 AP EE NFEE, Aot EE, el 2§ A48
o B3, 4 $EFUEGTELE FEAERE YA A8 F&shd0 229, =
B9 A7)k o Y2 WA FIEA n@sgon FeAAYYe A& B
o2 ATNAAAN YA IMSEE A48

1. Sty

AFEEL AS REHAFLELE HYsidod, AFEEY H5 258 60=05,1,
22 iy AA Al 7HA BEUEYSTE AN, AobEEY AL A4S W)
Al717) A F RS RF a, fE(a=1,8=1){a=1 B=4) (a=15 f=20),
(@=20, =402 A% v 712 & AAsdc) WP E A Fedle F 1Y B4 q,
BE (@=1,p=3), (a=15 B=285), (a=3, f=1)% 4] 714 & ¥zt vhA = §
WA Bo-22 Ao AlEE TEIPL EEY HuFY 22 P9 IMSL
& AH&-3 4o

A7) v 278 ELEHTEHE n=30, 50, 70, 100, 150, 200, 300, 400, 500
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7hA WA R oo, REAFEES ALFEY APl e 27 1,0008) 4 wHEEe F
& 44849 1,0007] 2] ISE(integrated square error) ¥ A A%t ¥, 2 W IMSEE
AEdgc AelEEo) el b o el 24z 50034 G E HEFEE
A (NE A o5 & ISEA A 2 &3} 2o}

ISE = [(7(x) - f()ydx a7

BEAEE 0] AN F SAHEAGLE Qe gt 282 n=min{x) 2 32
2 FEAR Yol Dt FhE FE F AR AF (1, 4+ h),j=0,1,2, -, kE FE
th. 7] A max{x}& whA ot A Fol S5 AN 2t AFel S8 A8 F =1,
2, k& T8 A (Do 8 2 AFANY F0E FH Gt

24" f0S f)E ol gsted 2 AFolM ) SEG$ HEE Sabed ALY 0 A
Al A G ISERE o8l A prbell A4 ISEZE] A (178 F8eb?

2. doEN

EEAFEES B4 ANE IMSEZL (B 2), AR Hfoe (E 3, ot
X Ao et 2] Aol e 242 {E 9} (E 5 Aelse] sk

(E 2olA B vie} o] EAFEER A4, LIV EH ot Hino R
Scott] ¥y o] 713 $-% W 22 HrtEA, o IMSEE U7 Eo2 MY S
o Godd A n ¥ 4 gloh E4, Sturgese] W E o} WP s B 9 S5
& uy] o 2 9 r}E o, Dixon-Kronmaldbd, Velleman®} W& 8|5 &3 wwyoes
viepdc

AFEEQ 35 o E(skewness)© 224 A o] ] 2H A AFolch (H 3)
€ F %8 X1 Freedman-Diaconis [6]1% o] MutH 28 $-pila, aLar|7t & 74
%o} & Dixon-Kronmal2] ¥ & ¢4 A2 2 doddch w§), Sturgesd] W E wli
A S id e ¢ 5 U

NES) Fto] WaZ ool ARSF AY L L THSE AohE XY A9, (E O
A agte] & @ @A n <1002 7A-¢ Scotte] whyo] 1A $4sin RE AV}
& 7%l = Freedman-Diaconis [6]%% 0] 7}A &84 o]\, Scott2] w3} A9 wjs

54 ge AH4d MRFd 2 R & THE 34 RNOF, A58 ] 4§ RNEXP, Zop#-2l 7
£ RNGAM, W e} ¥ 241 7 £l &= RNBET®] o},

) ISEE ¢ o 2149 2 ¥ AU TR L QDAGS St QDAGIe o},

DISEE 7% o) (~ =, 1), [u+h, <)) FE sejd] A4sigloh
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& ¢+ U

At © 2 Freedman-Diaconis [6]'' ¢] £&2<q W2 Hriss gEa)7)
& 7% Dixon-Kronmal®] Wil & $sicta &3 ov, Avbd o8 Sturgese) W =
2 APcte g ¢ ik

(B 59 WEepE 2 3+§ 4929 Scott®] 44 3} Freedman-Diaconis [6]2) %
ol +5¥#E ¢ & Ut Mgt E A& F A Egro] Zol o whet o £7} 04
SAH Tt HAFEE o FA "ok o)e g AL o8 ool Hlg OF @9 A%
o = Scotte] #Hfe] 18]l 7t E @ 7§ += Freedman—Diaconis¥hy o] E-&
H Wy o2 vehb e HollE whedo] Ha gl

FHHo2 A8 E o, UG E7} FAdA Yo 7l7bE 2 $-ol = Scott] ¥y o)
F8 Wil =, v =7t Al ¥4 F Freedman-Diaconis [6]2] Wlo] ¥o} &&
A al whyjo] €t 28] T Sturges?] WP & o] F 7b2] whlol vle Ao 5§
AL zd vz va2y AFS Yo R Yrisgo ¢, 258 A5
Velleman$] 93 & Z-&3 < wge] 54 289 Dixon-Kronmal'} 3l & ) £ 8 A4
F5a Aol 7rtE v A F XA = 58 Pgo] ¥oh. 282 Freedman-Diaconis
(71 & 87 ge W o g vehdr

(B 2) BZHYTEREY O FHEOZ MSEYL

T30 | 004960 011604 008414 003586 004251 007256

50 0.03329 0.07595 0.06081 0.02788" 0.03109 0.05619
70 0.02264 0.04988 0.04483 0.02222° 0.02264 0.03784
100 0.01535 0.03504 0.03504 0.01531 0.01845 0.03042
150 0.01294 0.02758 0.03004 .01321 0.01424 0.02611
200 0.01156 0.02015 0.02542 0.01155" 0.01213 0.02150
300 0.00888 0.01414 0.01862 0.00815" 0.00853 0.01541
400 0.00754 0.01045 0.01483 0.00711" 0.00740 0.01279
500 0.00767 0.00950 0.01497 0.00623" 0,00769 0.01481

Fite FA =R IMSE] HAagd.
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(B 3 NEY o $FYS|0D MsE

@ 018112 030888 024836 018902  0.17202°  0.24902
30 |@| 009056  0.15444  0.12418  0.09451  0.08601°  0.12451
®| 004528 007722 006209 004726  0.04300°  0.06226
®| 012534  0.19841  0.16878  0.13438  0.12260°  0.17156
50 (@ 006267 009920 008439 006719  0.06130"  0.08578
®| 003134 004960 004220 003360 003065  0.04289
@] 009641 03524 012518  0.10380  0.09304"  0.12742
70 |@| 004820 006762 006259 005190  0.04652°  0.06371
® | 002410 003381 003129 002595 0§2326°  0.03186
@ | 007873 009715 009715 008097  007268°  0.10026
100 |@ | 003937 004858  0.04858  0.04049  003634°  0.05013
®| 001968 002429 002429 002024 001817  0.02507
@ | 006663  0.06595 007153 006296 005605  0.07595
150 |@| 003331 003298 003576  0.03148  002802°  0.03797
®| 001666 001649 001788 001574  001401°  0.01899
@ | 005891 005080 0.05828 005040  0.04494"  0.06123
200 |@| 002945 002540 002914 002524 002247 0.03062
@ | 001473 001270 001457 001262  001124" 001531
@ | 005134 003563 004409 003794  003429°  0.04608
1300 {@| 002567 001782 002205 001897  001714"  0.02304
| @ | 001284 000891 001102 000949 000857  0.01152
@ | 004971  002853° 003750 003143 002871  0.03890
400 |@| 002485  0.01426° 001875 001571 001436  0.01945
@ | 001243  0.00713° 000937  0.0078 000718  0.00973
®| 004513  002412° 003210 002703 002489  0.03281
500 |@® | 002256 0012060 001605 001352 001244 001641
@| 001128 000603 000802 000676 000622  0.00820

F %B: 5. @€ 0=10@ L 0=20 A%,

& 2R o7l IMSES] HA4atY.
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¢ ) &DHEES{ W FHEE IMSERL

008835 015131 012392 009202 008378  0.12207

@
30 @ | 0.02209 0.03783 0.03098 002283  0.02099"  0.03052
@ | 0.02423 0.05480  (.04001 0.01836"  0.02163 0.03926
@ | 0.00995 0.02277 0.01682 0.00742°  0.00938 0.01546
®| 0.06400 0.10172 0.08639 0.06815 0.06270°  0.08778
50 @ | 0.01600 0.02543 0.02160 0.01698  0.01560°  0.02194
@ | 0.01585 0.03373 0.02811 0.01283"  0.01525 0.02815
@ | 0.00647 0.01401 0.01191 0.00563"  0.00647 0.01122
® | 0.04870 0.06857 0.06241 0.05201 0.04734"  0.06491
20 @ | 0.01218 0.01714  0.01560 0.01298  001185"  0.01623
@ | 001173 0.02502 0.02280 0.01062"  0.01207 0.02210
@ | 0.00533 0.01006 0.00924 0.00496"  0.00526 0.00868
@ ! 0.03948 0.04869 0.04869 0.04031 0.03627°  0.04916
100 ® | 0.00987 0.01217 0.01217 0.01006  0.00905"  0.01229
@ | 0.00922 0.01746 0.01746 0.00881"  0.00966 0.01705
@ | 0.00440 0.00748 0.00748 0.00426"  0.00445 0.00706
@ | 0.03369 0.03273 0.03561 003149  0.02804°  0.03745
150 @ | 0.00842 0.00818 0.00890 0.00785 0.00701°  0.00936
@ | 0.00726 0.01201 0.01319 0.00714" 000759 0.01295
@ | 0.00368 0.0050! 0.00565 0.00366  0.00358"  0.00536
@ | 0.02974 0.02525 0.02842 002532 002255  0.03042
: 200 @ | 007443 0.00631 0.00710 0.00631 0.00562"  0.00760
' ® 000641 000936  0.01082 0.00647  0.00659 0.01062
@ | 0.00333 0.00398 0.00473 0.00314  0.00301"  0.00445
@ | 0.02566 0.01799 0.02194 001892  0.01704"  0.02285
300 @ | 0.00642 0.00450  0.00549 0.00472  0.00426"  0.00571
@ | 0.00559 0.00673 0.00836 0.00545  0.00541"  0.00819
@ | 0.00306 0.00276 0.00363 0.00263  0.00251"  0.00336
@ 0.02465 0.01435 0.01899 0.01556  0.01424"  0.01947
400 @ | 0.00616 0.00359 0.00475 0.00389  0.00356"  0.00487
@ | 0.00527 0.00547 0.00719 0.00492  0.00487"  0.00684
@ | 0.00289 0.00217 0.00295 0.00226  0.00211°  0.00276
® | 002211 0.01192°  0.01608 0.01345 0.01234 0.01606
500 @ | 0.00553 0.00308 0.00402 0.00336  0.00298"  0.00401
@ | 0.00502 0.00457 0.00614 0.00440  0.00437°  0.00584
t @ | 0.00285 0.00189 0.00259 0.00207  0.00187°  0.00240

—
—

R
X
)

0,8=10),@% (a=10,=40), DL a=158%20), Qe (=20, =40 454.
o)zl IMSE®] {23,

a

-
i g
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(B 5 WEMEZY o SHENN MSEL

@] 003388 007512 005757 002393 002703 004416
30 |@ 004705 009996 009830  0.04857  0.04439°  0.08074
® | 002741 006984 005560  002852° 002901  0.04212
@] 002271 005146 004281  001770°  0.01994  0.03213
S0 |@| 005897 005135 006651 006621 00386  0.06642
@| 002205 005007 004136 002073 002401  0.03015
| 000622 001028 001252  0.00483° 000612  0.00756
70 |@®| 004381 005118 004670 004523  002823°  0.07793
@| 001216 001953 001954  000432° 001087 002497
| 000306 000904 000904 000266 0.00267  0.00768
100 (@] 002572 004418  0.04418 002924  0.02509°  0.03756
@ | 001437 002554 002554 001649 001604 001907
®| 000843 001802 002067  0.00764° 000842 001403
150 |® | 004275 007512 008407  0.0439 004166  0.07623
@ | 001832 001641 002088 001312 001431 001545
®| 000663 001415 001707 000615 000671 001139
200 |@| 003802° 005957 007057 003805 003927  0.06490
@| 001221 001424 001944  001070° 001154 001317
®| 000483 001022 001376  000450° 000492  0.00855
300 (@] 003297 004134 005532 00325 003226  0.04876
®| 001483 000990 001411  0.00982° 001072 001054
@] 000398 000801 001197 000393 000403  0.00725
400 (@] 003034 003288 004529 002838 002866  0.04159
(@] 000860 000949 001193 000848 000850  0.00914
® 000328 000655 001052 000330 000347  0.00598
500 @ 002935 002805 003904 002615 002516  0.0349
'® 000273 000630 001070 000861 000828 000807
z (@D =1.0,=30), Q¥ (a=10,8=30), D (a= 10, =302 A%4.

o

(a
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