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Abstract

In model comparison, there are many evaluation criteria, such as p-value, which are subject to the
distribution assumptions of the data. The use of cross-validation method for data processing and
then comparison of normalized mean squared error (NMSE) is currently the most popular stan-
dard for model evaluation, which is not limited by any data distribution. This article introduces
the cross-validation method in detail and gives its specific application. By establishing six different
models for the actual problem, and comparing the normalized mean squared error (NMSE) of dif-
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ferent models by using the 10-fold cross-validation method, the optimal model with the highest
prediction accuracy was selected.
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1. 5|8

BEE TR BOR AR, HLES 22 SR KIR, AEXRS — AN SEBIEAT 70, FRATT AT LS AN ) A A 7
RAEFEHHE, SRR LN, O T IR D R S . R A SRR IR A B,
LB — AL 7 iR ZZ(NMSE) 2 H R LA 2% > o SelfiAT R SR R M bRifE . ASCRH R IESREF, S
. HeR. S0, EE, MSSERZFNIEMFERIRE M, R 10 Jra2 KRk, KA 6 R AL
97, MR TR FE - 5 — 307 R ZNMSE) RN, e R AR AR AL

2. ZXNWHEE

FENLAS 5 2], AR S8 S IR AN [F B2 (2 ST 49 Bz AR 22 EAT LU DRI, RR s —A
MRER, ARAE I AR b o 22 Sk ) A BT R RE A (R 0 e 70, BIBEZRY (R B SR o R A SR MR
ARFIIAT PSL R AT A3 2], OF LR AT REM) SIS LT o BOEBRATBIREN D = {(x.31).+(%,. )}
[1], —RFHEENEARE D HATE G, A IZRE S FIlAEE T.

2 XGAE ML A 2 3] b e P SEBR VP AG T35 R IR A K 3738 IR A, 356 B 38 SCBAIE ) FL A
ST AR K 3R XRHIE RIAEEE AL D R0 B K AR B O/MEI BF T8, IF BESRIX ST AR 14
oA R AR — 8. RIE%H K — 1 i FEBON SRR ZREE, TR — 0 TR RMBIRE, X
FEBRATRA R T K WP ISREFMRE 2]

FIF IR 5 HOR AR XS MR AR AT ISR VP 5, THEIX K AR AR (13 )7 % 22 (MSE):

n

1 A
MSE=—>"(y,-7,)

n =

2

Hr PR EARTE N ny p NIRETRIFEARE, § RINGERGRRME. XX K A~ MSE KIER
MeanMSE, &R MeanMSE jtk/|N, BERIFLA HIERLF . K LA MeanMSE [RAEAE Jubs i Sk 1 AR 20 1 4738
[3].

—FRAEAZ SCRIERS, FRATAT LUK I, & B X 4 1 07 AR, FRATMECSE IR AIE IR 45 R 2 A
[F, BIEER B K 38 Xk EE Lk, 1 HS— KRR T 805 8R4 . Bt 5 & 10
Prag B UE, FRHEATMIME, XFEHEBR 7 ORMER MR Z O, KI5 J7 2B AS [R5 R ) 5 5
ZE R AF BN, ARSI AW . K #7538 XA & R R W E MR G 2 K
{EL ) B A A2 R e P oK 1) R 4]

F—PE RS RS, R, ER K TR XBRUER A —ME R, WREAREEE R . B
LU S K =n, BIEE—E0dE ARG —MEARSEE, IO EAET K 8 XIS uE s, oA
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B — V5N 25 FE R AR SR BE LRI 7 rszmm, 10 HL 88—V B R BN 2R 48 R LR Ga e AR SR D — /N Bl . 28
MM B — A — /MR R EE, SFEARBAR RN BUR RIS, 2R n MR FE 5 803 R R,
THE A A AR 2 B ORI OR, T2 1 56 2 B RR AL
3. kBISHR

RERMAEFI R, By, HFESEK, TIAI bl —HSLmRBam A0, IR RS A, 5§
PHRZEMARF & MR R AR R . ARSI SRR HE /& — 4R AR SdE, b, mpg FEIh&E: &
CIHEEH) NN E, HAEEA cylinders ("LHLEL) displacement (HE &)+ horsepower (5 /7). weight (F ).
acceleration (JN3#). model.year (B 54F). origin CKIE: 3 D) [5], ASSZH 387 BdE W4 1.

Table 1. Car fuel consumption data
F 1 REMFERIE

mpg cylinders displacement horsepower  weight acceleration model. year  origin car.name
18 8 307 130 3504 12 70 1 chevrolet chevelle
15 8 350 165 3693 11.5 70 1 buick skylark 320
18 8 318 150 3436 11 70 1 plymouth satellite
16 8 304 150 3433 12 70 1 amc rebel sst

BATFIR G ARE B s 23 9 57 T PR SERARAL  ZRPERIA AR . bagging [B1H. FEHLARMALSL . mboost
R, SR ENUER, @] RIESER, R 10 #7538 XEEF A E AT A B, MR TS 5 Sk vP A4
DL B I UFER o YA BRVE SR B NMSE BH—4k 375 1% 22, NMSE 315 H:

NMSE = LMSE
M

ot M =13 (0 -F) . TR TR AR A, o ARG TR R, y, A AR

i=1

HIFEAE 6]
FEBEATAZ XIAIERS , SRBEAE T X Bl #4770 2. i T 28 8 MR & origin J2 7 KA R, WAL H
BRI 3 ARV AT P o T e EE 2 A b AT 9 ) 4 23 4H BR i FOLD()
Fold=function(10,w,8,seed=8888){# w J2: F] 5| ff1 K ¥ 45
n=nrow(w);d=1:n;dd=list()
e=levels(w[,8]);T=length(e)# & 445 & origin 3£ T &
set.seed(seed)
for(iin 1:T){
do=d[wl[,8]==e[i]];j=length(d0)
ZT=rep(1:10,ceiling(j/10))[1:]
id=cbind(sample(ZT,length(ZT)),d0);dd[[i]]=id}
# LR dd[[i]]2BEAL 1:10 K28 1 2800 bREE 4L R i A
mm=list()
for(i in 1:10) {u=NULL,;
for(j in 1:T)u=c(u,dd[[j1][dd[[j]][,1]==1,2])
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mm([i]]=u} #mm[[i]] N5 1 > R4 i=1,...,10
return(mm)} #rH 10 > FArdE
BATHAT T 13K 10 $758 WERAE, FA&AF 5] 6 FIBAY () NMSE 453 W35 2, i@ R EH, T

PR B AN S B ) 7L

TR R I U B SR AU, BT BIbr e T IR Z /), HRGEBE

BUARM 5 mboost BEHY, FEARJE /2 bagging B2 5ALGE AN IH, L5 ROR B 22 ORI 2 (] AR ALY

Table 2. 10-fold cross-validated NMSE for 6 models
2. 6 MERAY 10 33X XIIER NMSE

Tree

1 0.221
2 0.352
3 0.213
4 0.220
5 0.233
6 0.295
7 0.249
8 0.284
9 0.110
10 0.099
mean 0.228

Im
0.221
0.239
0.164
0.161
0.193
0.167
0.230
0.197
0.132
0.187

0.189

bagging

0.242
0.241
0.155
0.154
0.142
0.172
0.176
0.237
0.105
0.079

0.170

RF
0.166
0.173
0.110
0.099
0.132
0.109
0.159
0.211
0.074
0.057

0.129

boost
0.208
0.202
0.145
0.108
0.143
0.153
0.188
0.193
0.086
0.103

0.153

svm
0.182
0.146
0.098
0.073
0.151
0.108
0.143
0.152
0.087
0.069

0.121

Horf Tree ARR LAY, Im AQR LM VAR, bagging A bagging [F1JH, RF & FEATARMATLY,
boost 7= mboost #E%, SVM & R =N,
LB RIE 1, BREEELE 2.
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Figure 1. 10-fold cross-validated NMSE for 6 models
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Figure 2. 10-fold cross-validated mean NMSE for 6 models
2. 6 FIEAYEY 10 #32 XIIER) T NMSE

4. &g

MRS 3 A 25 AT AR B, K b AR 8O B 0 2 P ] VA R AR et TS L I AN R i B 1
HLES 2 23 753 v LU BGRAT 1A [0 VA A TR LA P2 AN o AR P S SR AN R e e 2 A RO SRk g, L
Un e ST R o A 2P B AR, A BE R AR R () R A BEOR P, Bl A ] R 1 ] DI AR R
AR FIIUAR P2 XA 4 IR BEAT VP ) 58 SRR i LB WL P 535, DR O L 8 A ARl e A B R ke
SERYIUF IR, JF HIER AT 10 P58 IR IEETH AR ML 725 NMSE,  RT DA ELH AT 1 A e st ) 7t
MR AERR R, JERtRE— AR RS EE AT T B B 5 X 70

SE 3k
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w=read.csv("auto.mpg.csv")
w[,8]=factor(w[,8])
library(missForest)
w=missForest(w[,-9])$ximp

#IEHUER SR, 55 8 NAEDI AL, IFIMEREE S 9 SR A T

Fold=function(Z,w,D,seed=8888){
n=nrow(w);d=1:mn;dd=list()
e=levels(w[,8]);T=length(e)#origin H T 2
set.seed(seed)

for(iin 1:T){

dO=d[w[,D]==e[i]];j=length(d0)
ZT=rep(1:Z,ceiling(j/Z))[1:]]
id=cbind(sample(ZT,length(ZT)),d0);dd[[i]]=id}

# TR dA[[]ZFENL 1:Z K i 500 hREELL e B
mm=list()

for(i in 1:Z){u=NULL;

for(j in 1:T)u=c(u,dd[[j1[dd[[j1][,1]1==1,2])
mm[[i]]=u} #mm[[i] 85 i I FFr% i=1,....Z
return(mm) }#fi Y Z S FFREE

#44E FOLD bR Hi0nt B4 42 30 AT 52 I ) 73 4

library(rpart); #[5] J=1 44
library(ipred); #bagging
library(mboost); #mboost
library(randomForest); #Ff HL A% &
library(kernlab) #svm
library(e1071); #svm

HINERA AR BT 75 R

C=1;Z=10

mm=Fold(10,w,8,8888);gg=mpg~.
ggl=mpg~btree(cylinders)+btree(displacement)+btree(horsepower)+btree(weight)+
btree(acceleration)+btree(model.year)+btree(origin)

MSE=matrix(99,Z,6)->NMSE;

#RERATT R, Ho ggl RN mboost #EAUM Y [EIAJ5 R, SR btree 22 >J 4%, RN AT — Rk 5K
P
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J=1;for(iin 1:Z)
{m=mm{[[i]];M=mean((w[m,C]-mean(w[m,C]))"2);a=rpart(gg,w[-m,])
MSE][i,J]=mean((w[m,C]-predict(a,w[m,]))"2)
NMSE[i,J]=MSE[i,J]/M};

HUSE MR 1) NMSE

J=J+1;for(iin 1:Z)
{m=mm[[i]];M=mean((w[m,C]-mean(w[m,C]))"2);a=lm(gg,w[-m,])
MSE[i,J]=mean((w[m,C]-predict(a,w[m,]))"2)
NMSE[1,J]=MSE[i,J/M};

#ETE R 1) NMSE

J=J+1;set.seed(1010)

for(iin 1:Z)
{m=mm{[[i]];M=mean((w[m,C]-mean(w[m,C]))"2);a=bagging(gg,w[-m,])
MSE[i,J]=mean((w[m,C]-predict(a,w[m,]))"2)

NMSE[1,J]=MSE[i,J]/M};

#bagging H 2 [ NMSE

J=J+1;set.seed(1010)

for(iin 1:7)
{m=mm[[i]];M=mean((w[m,C]-mean(w[m,C]))"2);a=randomForest(gg,w[-m,])
MSE[i,J]=mean((w[m,C]-predict(a,w[m,]))"2)

NMSE[1,J]=MSE[i,J/M};

#BEHLARMAL K] NMSE

J=J+1;set.seed(1010)

for(iin 1:7)
{m=mm{[[i]];M=mean((w[m,C]-mean(w[m,C]))"2)
a=mboost(ggl,w[-m,])
MSE[i,J]=mean((w[m,C]-predict(a,w[m,]))"2)
NMSE[1,J]=MSE[i,J]/M};

#mboost B4 ] NMSE

J=J+1;set.seed(1010);

for(iin 1:Z)
{m=mm{[[i]];M=mean((w[m,C]-mean(w[m,C]))"2)
a=svm(gg,w[-m,])
MSEJi,J]=mean((w[m,C]-predict(a,w[m,]))"2)
NMSE[1,J]=MSE[i,J/M};
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#3RF R AU A NMSE

NMSE=data.frame(NMSE)

names(NMSE)=c("Tree","Im","bagging","RF","boost","svm")
(MNMSE=apply(NMSE,2,mean))

#TH 10 122 SIS NMSE, U Y NMSE w75 2128 RIERE— 37 (¥ NMSE
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