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Abstract

Nomogram is a statistical tool that visualizes the risk factors of the disease and then helps to understand
the untrained people. This study used risk factors of chronic obstructive pulmonary disease (COPD) and
compared with logistic regression model and naive Bayesian classifier model. Data were analyzed using the
Korean National Health and Nutrition Examination Survey 6th (2013-2015). First, we used 6 risk factors
about COPD. We constructed nomogram using logistic regression model and naive Bayesian classifier model.
We also compared the nomograms constructed using the two methods to find out which method is more
appropriate. The receiver operating characteristic curve and the calibration plot were used to verify each
nomograms.
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1. ME

wHd #3143 Z B (chronic obstructive pulmonary disease; COPD)o]g F3l8F A} 7129 &
ol el ol WAAAA A5 Wgo] YoM BA A5 Algtel AAHo] ) 7150] AT
olg ¢l TEZHL FUFH == &7 Ao} AARAZ|F(World Health Organization;
WHO)SIA 7h4 sl4 sIRee 20164 712 Aadl 492 RESAT, A2 449 Lol
slhm By A4 ARG TR SHEAE AV AR A7 108 97 569 et
(WHO, 2017; Korean Statistical Information Service, 2015). T3}, -2|uete] A% 400 o4 7|+
A 2 FEEL 20099 10.5%, 201543 12.3%<¢ AL g HuFlo] 1 Fo|7} ALHew &
7l Ze & 4 o} (Korea Centers for Disease Control and Prevention, 2016). dut& oz Al
Sd B WA Aol Jhl AR 2L 27 A4S A ot BF edolhe 44 ok
s 9 19 2 W1 2ol 05 Wi Al sl (Zilild 5. 2000). 94 A4
o2 &t ¥ e 4|7 ol 9] AEA QA A7t ast A Aol 7] wfEoll 1A} ofrgol
sl %3/\]%1:} wEbd 9@ 8919 I AW e TS & 5 ot =Y e e
23ttt ol & F ¢+ BAF =7 F shvh uiE xRt
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42 B3 5T BB NAHoR AYsy] 93 WEQ Te=eA AHEHS A
Askow) AT (Mozina 5, 2004b). SIFAAE olv] e =R Io] WEOIHI, FUHAAE 9]
o ARAY, F8F 5 el Y@ =wae] AUH Ak (Jun, 2015; Leet Chang, 2014; Kim

=3
o g 2 AR A8 292 Beol HAT & A3, AN 5L wgos

=, 2014). =21
Aol AT FES A4S B9 vz 5T 5 dvke Folth (Mozina 5, 2004b). d¥HAo g
2O 22 3R Cox HHATRF S AMSste] 2HH UL 2X2F FARYPL
2A AFlA AE FAte] AR W8S 7ol e FAXE EAt & uff AR B} (Steyerberg
5, 2000). gAML A Bl thate] 917 At sk 85 FFE S st &
o) 222 3RS AL Qth Seo 5 (2017)014 COPDY] $13 298 A¥ste] 2 AE
IARYS AU o] & o] & L RIAPS AXFATE A2 &5 wolA¢ BFT] RS AL =
2I3E T35 EE 270190 (Mozina 5, 2004a). <4 H|o| X 2F7] RFPL o= 2yS
FEshed 7P rdstiA 2 e 71 5 shukelth (Mozina §, 2004a). HWlo]= 7] o] &3te] ¢
ek At

oo] A gl AT wf HFxupol thd A7 52 Adete] RyYe WEA Aok &
slo] AN ME gho] 2ol

(2018)° = COPD2] 9@ 2910

JAE RRIMS FHD W A
&3t wRIWE 75T NE

A2E ARG F vl At 277 Yoz 747 3531900, NS Fo F =R 784
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2 A7 S 2 AR 450 Utk 2™oA s BA2E 2RI wo] ek I
Z S ol =3 3- e wRIME TEE7] 95 AMLE HolHE Ayt A% e
At 482 F BYS AREste] 5E g Hdd 28] w298 AAlstal o] bt
At F =E2IO] v E Yt A4 FE wol At =R 13 (left-aligned Bayesian nomogram )}
AT 28-S x9HoE 2R ~E =1 T3 (logistic nomogram with interaction)S F712 FE3FATh
whste e SAeIAE £AS Aoet e aeo] olE #5843 &AL AN

RIS EA ATl o3 A5AE oSS uA nekE BANA £7E o8 HololAe 54 2
W AHE 99 A5 B EAS viEe R FEEn (Jun, 2015). Eg, o<t Y
2 A8t ol FAB) 47, BRE AL flo] ATl e FEL ol S AE 5

SRS FAEE 2452 Points A, Total points (TP) A1, Probability
o] gtk (Figure 2.1). Points A& ZF 918 259 dFHS Ho3sto] yehdoh. TP 42 &4
o 540 A== AY 209 Aeo) w4 goln, of w4 gl UlHE FE % ephi Ao
Probability Alo] "t} ol& £, Figure 2.1 oJ® 3217} Flow(Yes), Age(85), Clinical size(5),
Sex(F)olghd 100 + 40 + 25+ 0 = 165802 °F 85% ks AL & & Aot webd F 238 o83
eI 73 PE 2AE.
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2.1. COPDQ| ZX|AE &2 7 PZ(logistic nomogram construction about COPD)

2A2E AARYE FEAET HFP A7 oSl Tk 89 BAe] A2 B4 2
ton, 1992). 45/, BE/AgoILt A/ A9} o] FEAST} o RPow PAslol e W A
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Figure 2.1. Nomogram plot (Iasonos et al., 2008).

|otA "ok dibdor s Aol AWt A de A fdsS A AU, 9 dF AR
MM F23 205 Adste FAA 400 wel A8 "t} (Lee 5, 2005; Heo} Lee, 2008).
P(Y = 1X4,...., Xx0)
1 = X Xo+--- Xk
n(l—P(Y:1|X17 X1 + 51 X1 + B2 Xo + -+ + B Xk

99 Aol 2A2E AARAS B3 22 5 Ut AARFolth o) f7HY HFAAFE Aol
k] , 2008; Yang, 2014; Seo 5, 2017).
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- Points A
WA ZPoA ZF 98 g9l Uit FAAST G2 ©]83}9] linear predictor (LP;;) FHe AAFSIL,
o] o]8-3te] Points gt Al4Fstt}. Points gke] H9& 0014 100 Ate]9] o= WEHeTh
LP;j = 8: x Xij,
LPU — mln LPZ‘]‘
ij

Point;; = 100.
Otttk max LP.; — minLP,; x
J J

o, i =1,2,... .kt ARRA £, 5= 1,2,...,n 2 98 8 & WF S0l LP,, & 34
A DA% 5 Azl 71 2 L, gelch
- TP A
100

LP% 3 ©$] A< (points per unit of linear predictor) :

max LP,; — minLP,;"
J j

(a) LPfor 7P =0 : TP7} 09 A% LPF (F+3h)
(b) LPfor TP >0 - In (1 P(rISk Of Y = 1) )

— P(risk of Y =1
. 100
= A _ _
SRR(TP) max LP.; — minLP,; x ((b) — (@)
9 890 siFH = AeE BF gt TPE & 5 AW, =2 Ia3o 1% deje} el v+
£ A4E ARSI A3tel g0 A3t o] LPR T 8l ASE As] 45FL AN HAAS
oo =
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- Probability A1
TPo] 1L B8 EE GERAE Holvl, ol 44ge AT LP g olg3e] HAnY 4L
Pzell oisf A elst <
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2.2. COPD H||0|X|2t -2 I P25 (Bayesian nomogram construction about COPD)

= W)X BR7] YL oS BAS FE3= JoA 7 pAsEA 8 7 & shvboltt
(Mozma %, 2004a). £ FHEC] AR FHoleke 714 stoll wlo]= A2 (Bayes’ theory)< AR5}
ololo] Zejaof that S5 ALbstE g Bt 94 AR 758t (Bellazzi&]— Zupan, 2008). olu] &
g O od gl st 53 BFE Juletd, 2+ 4 a1, a2, .., am< W3 e S 9n
sttt wpebA P(O)E Bx HE7F AT FEo|y, o]d ueg} P(C )—l—P(C)%%E W=7} o}y
( )7]- HL}\“_O-LEZ]’%O ‘E\_E' ]’ ] %r/]’ = (j %}I%X—ahamu.,amE E@%E}
&4 Fol X = a,a2,...,anQ W, Fa C7F 24T AR BE PC|IX)$ P(C1X)Y &
= (odds)& th3} o] A4
_ P(XnC) _ PX|C)P(C) _ I, P(ai|C)P(C)
PON="pm =Py~ P
_P(ClX) _ PO P(ai|C)
Odds = 5 @) = Po) * I P(a;|0)

o

!

99 % AL olgatu S4 gro] XY uf Zehx O/ WA S FEG P(CIX)el thtel B
Tk 2ol ALk

1
1+ exp (f log gg;g -3, log LR(ai))

o #57] BRoIA P(CIX) AT log(LR,)8] o2 vepd 5 917] whgo] o] o
gl 23S FE3ht} (Mozina 5, 2004a; Seo$} Lee, 2018).
“ P

PC1X) =

A 7k ag ol ek, logLR(a:)& o3 2ol Alstsl a1, ZF £2d9 Points;;+ log LR(ai;)E ©]-83f
o A4dh A W19E -100~100F 2 &2 At}
Play|C)
P(ai|C)’
logLR(aij)
mi?x(| log LR(a4;)]) x 100

log LR(a;;) = log

Points;; =

Points;; ollA] £ R2& EE £49 23 =9 gt FolA 7P & £49 g2 vehlin o=

71 Y v SARE vt EAR= iR S04 A M) £ $58E YERdTH
- TP A 9 Probability A

TP+ Points;; 9] 22 3, Points;; 0] €t HAWh =R IHS A7 flaiA] 4] &l f

Foke TPE Ao vetof 2= ofef o] A& Foto] AT 4 Ut

WA ZF £ WAF <olA Ha =2 FES Fer H4 FEFH(min P(CX)), AW $=9] 3

=9 der A FE(max P(C|X))= AL Aok A4 et Ao 255, dolo &%

= &t ool tgsh= TP A& #¥3H7] 93l logLR(ai;) 3t 3 &9 A5 (points per unit of

log LR(aq;)) ¢t %748 #=2 & o83t
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(a) log LR(ai;) & B @9 F<(points per unit of log LR(a;j;)) : W(IM

(b) £4 F(ai)Ed & : X, logLR(ai;) = log (}P)Eg}g) log( TG ;)

B (TP) = 04 0= gty (e (e ) % (7))

T AL o] g3te] TPE A4e 4 9rt. AdA oz TP A< logLR(ai;)ol thate] A=
9}\37_’ ol &4 Zro] XY uw] S OV HAE HE FE P(C|X) the 3} Zho] Adt 4

1

PC) Total points :
1 +exp { IOg P(C) Points per unit of log LR(a;;)

P(C|X) =

F7HAHo 2 2R~ AR g et 5 HHE 0~ 100822 ke 95 FE o)A
Lra#o] % 71531t} (Demsar 5, 2013). 919 4l A4FIYE Points;; 9 log LR(as;) %k
4] A ofEiet 2ol Atsle] % &ER P(C|X)E 78 & Atk o9 log LR(aij) €
kel AAE 7 & 98 8dS gt

1
AN oft S

log LR(a;;) — min(log LR(as;))
ij

Points;; = - 100,
oSy max(log LR(a+;)) — min(log LR(a.;)) %
J J

100
max(log LR(a;;)) — min(log LR(ai;))
ij

)

Points per unit of log LR (as;) =

3. 24X ¢

W
0
ol

3.1. 2AAI=9 S5

B A= FUA7FY FZ2AHKorean National Health and Nutrition Examination Survey; KN-
HANES) 67](2013-2015) F5& ARS-3te] 2412 APt FuAZIFRAE JY9 A%35F,
273e, A% 2 FFEFH Aelel digt 57 2 AlE 399 udd M-S e SAE AES
o HARA 7| ZA5 R &85t uA o FHoE A=t WA, v s s d ] sk
H 715 A ATE o]&3te] Esgtt. w75 AAblAE 123 =84 S 7% (forced expiratory
volume; FEV1), =84 &% (forced vital capacity; FVC) 52 35 45 4 It} o|& &839
Global Initiative for Chronic Obstructive Lung Disease (GOLD)<2] X3 of u}g} FEV,/FVC < 0.7¥
A5 A S HZSolgk Fegith. Seo T (2017)A = F 167“—/] g H4d HdE Y 8
ooz wARAS AdPsto] 12719 89lo] fositke AAE A, FAAAYE 53 2A A
AEAANA 6719 I 2 A(AH (sex), Yol(age), L%—’F—%—(educa‘mon), &9 o R (smoking), 2
3 (tuberculosis), 4] (asthma))o] B T3t wetd 2 AFoiE= 6712 98 292 AL
3to] BAE Jdgeth vol= 654 mTh 65A] o] R U, IS £ 5F o5 IE, UE
olgos TG 12T FU IR D Bk S0 PJuE SAAL 5 A f AR
= HFAR}, 53 (100703]) o] A AlEE FAAE Wrdod, npAete g SRk (A4, 49)2
‘olFell 54 AHE oAA A B2 Ho| Tt ee AR the gHles AW {FFE AT

At

i
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2} FolAs % 22,0487 5 404 ol4e) 7% AAHE AAT SR 12,2257 olglon] o] F A
grol ZahE AL AS)eto] AEAOR 82588 L BETo] BAS AYSAL EY, wwIUS
o

£ A5 Sl AR E FASRE 7:39 ¥]EE Uro] training data (n = 5781)+=
RIS L3t AFRE T, test data (n = 2477) = AZsH=d] ARREHSITH

S
FE%% L2 O3] tidt AE5-2 receiver operating characteristic (ROC) curve®] area under curve
(AUC) %} calibration plot& &3} o]Fo] Ht}.

@ ROC curve?] AUC
ROC 49| AUCE Xt ¥ o5 2Hlo 944 §845 B7Fs7] s A=t (Cook, 2008).
Jgze R E £2F, ‘1 - B0’ E 3te] A& 28uial, ROC 4o tizhAd
HZo 2 B2 A E JAA 245 £ 45 7 BFPolgt A 4 itk AUCTE 3419
WA Z ulsiy o & B3P des 5
Aol Y5 gho] 19 7 A7) wiZel o] & 4

® Calibration plot
Calibration plot-2 =2 I 07 o &3t -5} AAZ #2dH F5o] dupy LA3=71=
= Zojt} (D’Agostino 5, 2001; Nam3} D’Agostino, 2002). =2 18-S 5 =
AR EE FEol Y uf 45° 452 o] ZHAA H7| wEdl, 4 A 21X
45° = Aol 778 JES A &5E g Hlnty & 5 9]
oA Hofz|= oS P EG AA B Eo| vt ZESAE 5317 38l calibration plot=

gtk

4.1. COPDQ| 2X|AE &2 ¥ (nomogram using logistic regression model)

Table 4.10] 671¢] 913 2<1E& o]&3t] 22 I]ARAE AT Aifolth 2 2F 3R
A %/3s 773 Hosmer-Lemeshow A= A4 Fo8F 0.37608 RPo] AFagirt. 121
IARYY AATE v =RIAE FF3Tt (Figure 4.1). WA HA2] Ao 7H¢ dojA
COPD9| ¥ 4 2 4TS vk & 4 Qlok. &3 vo], A, wg5E, 249, 54 9% ¢
o7 o JFE WA= AE & 5 ASUTh E S0, Figure 41014 FA1E b JE52 B3
A TOA] g o] TEola FAAteln Haje] Stk F A= 2937 o] o= COPD7} ¥ojd g5

o] 1% & & % 3]

4.2. COPD2| HI0|A[OF -2 I3 (nomogram using naive Bayesian classifier model)

FTYeA AEE 67149 A7 29l BEUE = Wlo|At E77] R3PS ALt (Table 4.2). ©]
ol log LR(ai;) gk 27 Adlste] 2o 5= oS SE7HA Axtste] eraglor 7533t
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Table 4.1. Multiple logistic regression analysis result using the 6 risk factors

Risk factors Coefficient Odd ratio 95% CI p-value
Men 1.327 3.771 2.883-4.933
Sex 0.000
Women . 1 .
N . 1 .
Asthma ° 0.000
Yes 1.975 7.205 5.013-10.356
. No . 1 ;
Tuberculosis 0.000
Yes 0.670 1.953 1.428-2.671
Smoki No ' ! ' 0.000
fHoking Yes 0.627 1.872 1.459-2.400 :
< Middle 0.719 2.053 1.614-2.611 0.000
Education High school 0.392 1.480 1.156-1.895 0.002
> University . 1 .
< 65 . 1 .
A .
8¢ >65 1.372 3.942 3.297 4.713 0-000

p-value of Hosmer and Lemshow goodness-of-fit test is 0.376.

O 5 0 15 20 2% 30 3K 40 45 50 65 G0 KBS 0 V5 80 65 40 95 100
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8
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tberculosis @
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r

-
&
i
“
&

LI

Age |

0 20 40 &0 80 100 120 140 160 180 2000 ZZ0 240 260 280 300 320 340 30

Total
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Figure 4.1. Logistic nomogram about chronic obstructive pulmonary disease.

(Figure 4.2). HAo] &4 & 714 2 g2 7IX1, AQ) Zo|7} 714 27] wj&o] COPD2] whiof 7}
% T wol vlATT & 5 vk w3, 24 F P 2 % 4L Wz, ol W) 1Y IF
g wAn 2 4 9. a2 So), Figure 42914 TAIE shebd] 958 SalA 104 o] %)

X
1 FeAtely] A4l Ehd F A4 230%e)3L o= COPD7H 24 BEo] 5% LS ¢ 4 e

COPDY 67} 919 291& AHgsto] 58 2A2E =R I do] At RIS vws) X gich
Figure 4.1 228 =230 A4 H7F 0~100F o1, Figure 4.2} Zo] w|o] x| ¢ = 130

o A% W9E —100~008 02 W97 thedl e mhEe] AgH0R T wuade was
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Table 4.2. Naive Bayesian classifier model about COPD

Risk factors P(a;;|COPD) P(a;;|Non-COPD) LR(a;;) log LR (a;;)
S Men 0.75 0.39 1.90 0.64
o Women 0.25 0.61 0.42 -0.87
No 0.91 0.98 0.92 0.08
Asthma
Yes 0.09 0.02 4.70 1.55
N . . .94 -0.
Tuberculosis o 0.90 0.96 0.9 0.06
Yes 0.10 0.04 2.41 0.88
. No 0.32 0.65 0.50 -0.70
Smoking
Yes 0.68 0.35 1.93 0.66
< Middle 0.55 0.39 1.42 0.35
Education High school 0.28 0.34 0.82 -0.20
> University 0.17 0.37 0.62 -0.48
< 65 0.42 0.77 0.55 -0.60
Age
>65 0.64 0.23 2.78 1.02
COPD = chronic obstructive pulmonary disease.
‘ -5 -40 20 0 10 W N 4 S B W 8 % W
Points 0 ) - It
Sex WOI':\E" rnén
nonsmmoker Sfﬂgker
smoking r s ]
no yes
Asthma ' o
no yes
tuberculosis e
university hiﬁn middle
Education ]
<65 : >:-GE
Age T ®
- -0 50 0 60 00 10 200 20 W0 B0 40
Total
0s o1 0z 03 05 07 08) 08 os
Probability

0e

06

Figure 4.2. Bayesian nomogram about chronic obstructive pulmonary disease.

o 2217} gle.

JefA Bl E 9t 2EA2E 2RI A 1T 0~1008 082 FUe A% Y wo| X% =B
282 TESAT (Figwe 43(h). A% A2 wolAe =229 A8 2AEL Bz 2A~d
LRIPGMED =2 HeE dglon, O 5 Aol <F 26, < 9F7F & 5078 o E4Th oA
90 2% 9L 43 AF 292 B9 A B el Ak 2aket] o] wolA e =
o zAREY Ao] Weh ATAES EFE AHE Bl 2T (Mozina 5, 2004a). TehH Ao
W37} AR AU F olRel ABAENL Teldto] RALE ANLAL FHL, o] 1w
Aoz FTEJc} (Figure 4.4(b)).
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(a) Logistic nomogram (b) Left-aligned Bayesian nomogram

Figure 4.3. Comparison of the chronic obstructive pulmonary disease nomograms.

[ R N N T B N - N N

) nemoker smoker Pnsmatr smaer
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o " L s e s w wow aw o m o owomomow m wow
b w e w e v e s )
F— S i W W W W R R W W
(a) Left-aligned Bayesian nomogram (b) Logistic nomogram with interaction

Figure 4.4. Comparison of the chronic obstructive pulmonary disease nomograms with interaction.

Qo) wmel ] 9% AL vl A9t =R IAR JT Ao TPY ALY =BT
+ 3 x a]

2y
A

Bhae & & Aok WA F 2O e, 2, assE, Yole Fe7 vissAl vEba,

grae] dgdol FARY] A A% Y oAt =RIWL 176.627, T ALY o] 2FH 2AA

BRI 1146788 3k ol AT ATl fle W Eo 23E e W A SOk &

AL = ek webA, wloj x|t rago] 45 A5 2T e HolFH, 54 A% 2987

o Az Ago] AT o8 1 ALY kRIS S o] A sl EH o=

@ Discrimination

ROC F49] AUCE et 9 o5 2] 4y f-848 B71ek7] A8 A"t (Cook, 2008). 1
T oz

02 B2 AYE AA 24E E2 45E 7K BYolgr #dd 4 9t} Figure 4.53} Figure
462 2 Z =2 78] Training data?} Test dataS o]-& 83 ROC =A0o] AAF o] Ut}
WA ZA2E =2 I3 A Training data®] AUC+ 0.807 (p = 0.000)°]™, Test data®] AUCE

lo

o
£
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Figure 4.5. Receiver operating characteristic curve of logistic nomogram.
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Figure 4.6. Receiver operating characteristic curve of Bayesian nomogram.

0.811 (p = 0.000) 2 SAACZ Fol3tAtt Ho]A ¢t =R I:M X Training data®] AUCE 0.802
(p = 0.000)°] 1, Test data] AUCE= 0.809 (p = 0.000)% SAHo 2 F2]s3itT}.

@® Calibration plot

Calibration plot2 =R 02 o535 S5 AAE FFE FEo| drht dXe=rtE Felshe
Zlolt} (D’Agostino 5, 2001; Nam¥} D’Agostino, 2002). =213 53 &3t o= &3} AA
HEE G50 AT o 45° A2 o] ZHAA FH7] wioll, @Al sl 227 Aol 45° 7=
Ao 7I7EeE AESE &8-S Bty & 4 ) (lasonos 5, 2008). Figure 4.79A] training
datas ©]83F ZF =233 9] Calibration plot& AAISIFTE ZA2E JJARY L 44719 IFo =
FAES o] 22X Calibration plot?] AR A (R?)E 0.9000]1, Wo]A| ¢t =232 407) 9]
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100 y=1.003x+0015 o ooo0 1.00 y=0.853x+0.013 o0
R-squared=0.900 R-squared=0.884

601 &

Actual Probability
Actual Probability

40

20 °

00 .00

00 20 40 5’0 80 1.‘UU E:ﬂ 7'0 4'“ —EID E‘U 1 Elﬂ
Predicted Probability Predicted Probability

(a) Logistic nomogram (b) Bayesian nomogram

Figure 4.7. Calibration plot.

JE0= AANEL Fo] 18 Calibration plotd] R?: 0.8842 ZAH o] 18Htt wabA, &
LRI 2% COPDY HPES dSshed A3ttty ddsigitt. F718 08, Test datag o]§
3l Calibration plote] R2: 2R AE w-m 7o) 0.824, Hlo| A =R 12 o] 0.8430 8 AF}EL 423
£ H3lom® ol st

5. 22 & E9

2 =2oAe W wAd ddee] A7 890 olgst] RALE IFEYS w5 WAL EF
7] Y& A3 olE A ABEhE SAA =72 i&:%‘% FESATh £, F 2RI F84
< Husgitt. 4 A5 FUAZIERAL 671(2013-2015) AHEE ARS-8te] Training data (n =
5781)& =R I M-S FE3=t]| AHRSIAL, Test data (n = 2477)% ol AFsted ARSIt A E
A AE2 A8 AFE Ao E st 6719 A 89 (B, vol, ugFFE, FAF, 28, H4)
o7 45 AFST (Seo 5, 2017). WA 2A2H IF24S At 6719 A9 8l 29
g 3FRFS ek olul Y 3 AFE o8] BALE =RIWS FEHITE Aol §
< u 1008S &3 7] wfFel] ol COPDe] el 7hd 2 932 Ethe 22 vttt 1 o %
wol, A, ageE, 28, A5 ez Iy d¥Fe Frhe Ae AdFeE FAT # It
RZEAE 6709 A1 8Rlo2 o wlol A £ BYe AlaL, ool wet wloj x|t RIS
TFEOHATE WA Fo AeE P =7 B 299 MEE A4 Yes® COPD o) 71¢ &2
FFE vt & ¢ Qlok wilE 5o »evt 7}’5} T2 W Y ool ol= COPDe| 2
ol 7hE 932 € mAn & ¢ Jlok. A 753 2ALE IR wo) A<k I ARY S v
Byt

WA F =1 A4 W97t thar] i JPHos vnE sty
0~100H o2 43 A& HE Wo|A ¢ =R IHI 22 &
LRIHMET 92 FE wo]x ¢ 2] 9 295 A4t AAFoz FU%E S EMSWE}
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A Fel7t Qo A4 uNE
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o
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!=Jl
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o] A ZARUES ol§3 Wo) A £57] YO ddste] 97 895 o) 4B G| Hel
o ekt A3E & 4 9tk (Mozina 5, 2004a). Wehd 2428 wRIBAHE F4 Fo]7} 7}
4 wol WY A F AN 4T Bl 9% A ol el =R A vaE AW
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ot Al FA 7Y A4E 1] 2 EIME vwsigle wl, gt EXAEY RO FA5H
th A5 &g go] XIF TN ATt TR BES Btk uEbAd 9F FE woA ¢ =R o]
A AEE 2FeIvhe AL A, 5 A SAE Y] A5FEE 2] AHAME 5
L3S 233 BEAAEH B0 S AFHo)gE AL € 5 AUk o]HE v E F3A] Hl o
At 22O 2ARTES FA ALE Bt FS LS 2367 wlEol 80 A4 e
APA Y, EX2E w1 AL EH AEZEE Points AR FF 7Pk S 2AAE
E=R2IAL 3AATY overfitting WA E 93} coefficient shrinkageE 3o & % YA 7t A EA4
Z22 I B3 AFE fdA 25 F A, WA ¢ =RIWL 2ARIES o83 "l JH
Abslths HAZ o] SA3ith

LRI HAFA} oA olee BAS B PPES Tz GO g 5A FAR
2t ohjet QUISAAE 2 =80l B 4 Uk 123 AFe) 97 20 el & 5 A A
Q9] B0 weh A4E A4Sl S FHES A4 FAT 4 glvk. T, 54 9F 25 o] 4F
24882 LuIAe] YElolof & 49 2AAE LuIRoR PEIT, RE AW 25 1) 45 A
$ol THH =R IR 22T Ao WOl wEIBL PEF 5 ATk webA], Ao ALGE
dlolele] 543 24 A0E nestel YL AU H =2IPL THHE o] EEAY Ao}
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