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[ Abstract] The purpose of this paper was to introduce the fourth strategy of improving the goodness of fit of the regression
models, the optimal scoring transformation and the other variable transformations. The concrete approaches were as follows: (D“The
optimal scoring transformation” was adopted to the multi — value nominal independent variable. 2)“The monotonic transformation” and
“the optimal scoring transformation” were adopted to the multi — value ordered independent variable, respectively. 3 “The spline
transformation” and “the monotonic spline transformation” were adopted to the quantitative independent variables, respectively.
@“The spline transformation” “the monotonic spline transformation” and “ the BOX — COX transformation” were adopted to the
quantitative dependent variable, respectively. There were twelve variable transformation ways, so the twelve multiple nonlinear
regression models were built. One best regression model, which was “the model one” in this article, was selected from the twelve
models mentioned above in terms of the results of the goodness of fit evaluation. The results were as follows: Root MSE =0. 30935,
R - Square =0.9586, and the adjusted R — Square =0.9527. Combined the results of this article with the other results of the previous
three articles in the similar titles in this journal, the final conclusions were acquired as follows: (D “ The quantitative dependent
variable” “the quantitative independent variables” and “the multi — value ordered independent variables” should be transformed in an
appropriate form. (2The derived variables should be introduced as many as possible in fitting the regression model. 3)No intercept
term should be applied in fitting the regression models. @) The strategies of screening independent variables should be adopted as many
as possible during fitting the regression models, such as “forward selection” “backward selection” and “stepwise selection” .

[ Keywords] Optimal scoring transformation; Spline transformation; Monotonic transformation; Box — cox transformation
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X SRIM AP (fuel )" A6 HA L AR
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P F

ods graphics on;

3.1.1

title” Gasoline Example’;
title2 * Iteratively Estimate NOx, CpRatio, EqRatio,
and Fuel;
# Fit the Nonparametric Model ;
proc transreg data = sashelp. Gas solve test nomiss plots
=all;
ods exclude where = (_path_ 7 "MV~);
model mspline( NOx / nknots =9) =
spline ( EqRatio / nknots =9)
monotone ( CpRatio) opscore ( Fuel) ;
output out = aaa tdprefix =td tiprefix =ti;
run;
proc freq data = aaa;
tables cpratio ticpratio fuel tifuel ;

run;

3.1.2 5EFEEETHMAEXRM SASHHER

Compression Ratio

CpRatio K [T R ZR A
7.5 93 54.39 93 54.39
9 17 9.94 110 64.33
12 24 14.04 134 78.36
15 20 11.70 154 90.06
18 17 9.94 171 100. 00

PAE S 48 HE (epratio) ™ B LR B S A /KPR BRRR 0 A
Compression Ratio Transformation

tiCpRatio WA [E =4 KB L NER i g
7.1598227594 93 54.39 93 54.39
10. 953020684 17 9.94 110 64.33
12. 944552566 24 14.04 134 78.36
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14.20153726 20
17.433541388 17
LI b J&“ 45 H (cpratio ) ” 233 “ PRI AR J5
) HRUARL 2 FLAS 7K (R RS A o
H DAL PR3-t 25 R AT R AR T 2

11.70 154 90. 06
9.94 171 100. 00

“ZAHA AR WK — XD AR R, %K
B PR A kAR

Fuel IR "ok KBV A
0 9 5.26 9 5.26
1 25 14.62 34 19. 88
2 90 52.63 124 72.51
3 13 7.60 137 80.12
4 22 12.87 159 92.98
5 12 7.02 171 100. 00
S AR Cfuel)” 06 KPR (SP0100 0.1 2.3 4.5)” e FoA AT HOBUE .
Fuel gk Aot EiE 2R EDT
82rongas 9 5.26 9 5.26
94% Eth 25 14. 62 34 19. 88
Ethanol 90 52.63 124 72.51
Gasohol 13 7.60 137 80. 12
Indolene 22 12.87 159 92.98
Methanol 12 7.02 171 100. 00

PA_E R SRR (fuel) ™ 6 BR85S0 B HAS /K- BB o

tiFuel
1.3742357556
1.5572054576
1.5975408831
4.2093356776
4.3664153593
4.4654059829

12
25
90
9
22
13

Fuel Transformation

HArH RBUIEL RBUE T
7.02 12 7.02
14.62 37 21.64
52.63 127 74.27
5.26 136 79.53
12.87 158 92.40
7.60 171 100. 00

PAEJ2 SR AR 2 (fuel) ™ 225 “ fE AL 7372

7 e A SIS ACT I3 0 A

3.2 WEEBE

(pspline) (RIy7AE  YRAEAZ &8, il A8
Ban . % “ eqratio” HAT

SETTIEE) T o

HITTETH

RESE L 2 T L

AT “FES 7 e (spline ) ”
“i”l"iﬂﬁm”'“?ﬁ(mphne)”Y“WET)L%W%Q

Eﬂﬁﬂ?ﬁlﬁ

] L1 R, spline ( eqratio ) BY, spline ( eqratio/ degree = 3

nknots =0)

“degree =" "B 245 FE AR PR (i

24

F*ﬁ%%%&?ﬂ%f%ﬁ,*%
W2 i) "

Z I PHLT , degree =37 fLFR " =R ZHIA”;
T J&“nknots =7 ERIE G S (BB R A ) A
B SEBR ER WrR N EC o HRR S SR AR
JE 1728 U DX TR P 0 © JLAS T (2 nknots
=9)7, T2, WUk X E R 3 10 By AR
B b a2 . IR E SR
B £ i (a piecewise polynomial)”

e B AR AR R O AR R BR T AT A
PEAT s i [ AR S R A e (R AR AR



PO RS pft TLA= 2019 A2 32 425 1 1]

http : //www. psychjm. net. cn

FEY] B REAEH HEEF T AR ) 248, 8
A DA AT H Al — S AR AR e 4 BOX — COX A 46
(FE BN CGERA T B ) "%,
3.4 $HXEFREE, FEREENTETIRAE
3.4.1 FHREMEFEERAREE

B 1B M 1 SEBR Ta] BT P95 K g e R AR
(nox)”“FEi B & (eqratio)” “Z{HA T HA &
(cpratio) " F1“ Z H A X HA & (fuel)” . EMEGZ
[ A B s R, $5 K B anfe] X B 4 AR
AT AR R o AR XA AR 5 BE BOAN [ (1)
AR I B SR BRI MRS RO . T

Rl 5E  Z2H A4 XA AL (fuel) ™ (19728 A HT7
AR5 A e, Bl OPSCORE ( fuel ) ™, X Ho A28
AR YR A R AT BB A A2 AR 4, 52 B 4% i g 0
AR S DU RE , B R A L AR
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3.4.2 AREETHMHFEFAGTHEIEFEEUS
LE
FEXS Z{EL43 S H 22 HE (fuel) ™ AL T 73 A2 R
“OPSCORE (fuel) " Iy #1225 £ T, X H A 1 AR UK
RIS AT RE 7 A8 4G, Xof 7 A [l AR R AL 5
JEWF 1,

&1 7£ OPSCORE (fuel) BIRTHR T34 “nox” “eqratio” F1“ cpratio” # 1T A R L E T H/F X R Y M T E WM S L E

L H Gt Nox_B Eqratio_B Cpratio_B Root MSE R? P R?
BT 1 Spline Spline Monotone 0.30935 0.9586 0.9527
BT 2 Mspline Spline Monotone 0.31019 0.9584 0.9525
T 3 Spline Mspline Monotone 0.88234 0.6613 0.6155
ML 4 Mspline Mspline Monotone 0.95998 0.5990 0.5449
Hi%l 5 Boxcox Spline Monotone 0.25591 0.9372 0.9283
iR 6 Boxcox Mspline Monotone 0.72093 0.4984 0.4306
sl Spline Spline Opscore 0.30935 0.9586 0.9527
% 8 Mspline Spline Opscore 0.31019 0.9584 0.9525
i 9 Spline Mspline Opscore 0.88077 0. 6625 0.6169
BT 10 Mspline Mspline Opscore 0.95353 0. 6044 0.5510
M 11 Boxcox Spline Opscore 0.25591 0.9372 0.9283
MY 12 Boxcox Mspline Opscore 0.71511 0. 5065 0.4398

TE:“ Root MSE” fU3 " ¥ 77 BRZEHYFIT AR , MUELBE/INBAT 5 Nox_B” LA Nox” HEAT A8 1 AR e i 07 3, PP AR 3 FI NGRS 4 ST S AR & X

5% Nox_B” #fi[a] , st 4k A

16 1 RIAT ALY 1 AR 7 ()45 5 ] B AU
B UCRE BT, R Y SAS R R AR FANT
proc transreg data = sashelp. Gas solve test nomiss
plots = all;
ods exclude where = (_path_ 7 “MV") ;
model spline( NOx / nknots =9)
= spline ( EqRatio / nknots =9)
monotone ( CpRatio)  opscore( Fuel ) ;

run;
3.4.3 1B WEEBEER

T 17 R A RS RO HAES
S A A5 B  BLa U A R i Es R, A
REZA HH  [nDH AR B 28R B Hal LU IR U5 5

Ui A5 I 25 38 UM A R A

LRSI A A, THEs S A

A R EE R
Root MSE

0.30935 R —Square 0.9586
2.34593 Adj R -Sq 0.9527
13. 18661

Dependent Mean
Coeff Var

PRSI SR TR A AS

FERT A4S 9 SAS 1 #2451 “ MODEL 15 /4)”
w5 e RS B (nox ) A i F 7 & ( EqRatio) (£
{4 )7 A 78 2 ( CpRatio) 1 25 44 X H 7% & (Fuel )
Gy BT RS AR R AR AR B B R AR 45
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Spline
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Monotone Scoring

8 10 12 14 16 18

Compression Ratio

Spline

0.6

T T
0.6 0.8 1.0 12
Equivalence Ratio

Optimal Scoring

Fuel

1 EF MODEL ZEAHFMERI 4 M EEMHTHRER

FEE 1 rp 78 B 7 — KRB i A (nox )
LI XEC AR, S ] AT O
B A B E R A (EqRatio) 2B
UL A, PR AR T Ik
WA AT A—RRY:. ZEHA)FA LR
(CpRatio ) 52 3 H I L HLLk” 78 Ak 4, 57 AT %
FEREAT A A A8 e ( RV ) ™ s A f — BT 5%
. Z(E 4% LA 284 (Fuel ) 2B BRG],
KRR D 1.2 .57 B RHRR 2 00 445 2R 1) 52 il
O RATE1 5 27 Z ] WK 0.3 47 /Y
WRBERP R 45 3 152 RO R AE 4 5 57 Z 1],
N B HoR e T T AR

BT UL R RS 5 dmAR LA [H 4 B 45 2R
(DA T e AR AR e i ROR ) 7, T DA 24
ZEALSE AR T

log(nox) = b0 + bl * EqRatio + b2 * EqRatio
* %2 +b3 * CpRatio + Sum b(j) #* Fuel(j) + Error

AR TR Y 5 S« o0 7 it (A2 5t (nox ) #E4T H
SRIPR A, X g B A L & (EqRatio ) #E4T — IR Z I
AL, X Z (A ¢ B 72 & ( CpRatio ) 747 1H 55 4%
e, WX Z2HA4 XA A8 i (Fuel ) #EAT AT 53 A2 2
I 6 it E Fuel(j) ] 5 BIH R LD () ]

S AARIESRFI(j=0.1.2.3 4.5) (FEE AAHETHE
“6 fH4 X AR N 6 DML E, WA 6 A [ulH
ARGHENUR TR— D2 {E4 R, i, H
HHER 6 -1 =5, fEA B LAY TS5 AN

AR
3.4.4 MESHESEFELMERFER

R SAS U4 A SR 2 d AR LA 0] ) A R
Jirs B R SAS W BRI FFANT
title2”Now fit log(nox) = b0 + bl % EqRatio + b2 =
EqRatio * *2 +7

title3°b3 = CpRatio + Sum b(j) * Fuel(j) + Error}

* — Fit the Parametric Model Suggested by the Non-

parametric Analysis — ;

proc transreg data = sashelp. Gas solve ss2 short
nomiss plots = all cldetail ;

model log(nox) = pspline( EqRatio / deg =2)
identity (CpRatio)  opscore(Fuel ) ;

run;

3.5 SUZEFEMEFRBHHLER

Univariate ANOVA Table Based on the Usual Degrees of Freedom

Source DF

Model 8 79.33838

26

Sum of Squares

Pr > F
<0.0001

Mean Square F
9.917298 213.09
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7.44659
86.78498

Error 160
Corrected Total 168

DA b ot SR T 0 R B B 2R, F =213, 09,
P <0.0001, KB SRR BA G5 5

Root MSE 0.21573 R —Square 0.9142
Dependent Mean ~ 0.63130 Adj R -Sq 0.9099
Coeff Var 34.17294

PAE R B PN S5 2R B TR =P IR

0.046541

0.21573,R* 24 0. 9142, 8% R* 2/ 0.9099 , fH X} T3
1 rpre SR 17 g =A% 9 (0. 30935 ,0. 9586
0.9527) , 477 1 22 V- Jr MBS I8 /N T — a5, SR
R® FIJREE R® WS R A5 LAk £ (R B v
AR IEOR AR 2, BITERSRIY A B df =8 ;1M
B 1 1y df =21),

Univariate Regression Table Based on the Usual Degrees of Freedom

. . Type II Sum
Variable DF  Coefficient
of Squares

Intercept 1 -15.274649  57.1338

Pspline. EqRatio_1 1 35.102914 62.7478

Pspline. EqRatio 2 1 -19.386468 64. 6430

Identity (CpRatio) 1 0. 032058 1.4445

Opscore ( Fuel ) 5 0. 158388 5.5619

PAE g 1] A8 50 1 (e 0 28 2045 {80 G 6 4
(PR 25 2R 0 B, 4 HL b S 000 B X TR] 45 B
AW T) o HAPL 2.3 AT Bl E R AR
i (EqRatio) " iy —RIT” 5 kI TR AS
55447 Lo 2064 7 A 7L & (CpRatio) ™ (Y 71545
Hs A 5 A7 Lo Z{HA LA 78R (Fuel) " (9715
O BA S A A W E A — AN EIE R

He T bR R A H R RS A T
VRO AR AR A BEL, FE I A UL I {ELA DA A A A 14 8K
(B, )t A T, LB 5 e B TR R e 114
MERCR . W 2,

Observed by Predicted
X
g °
.2 e
k=t
X 48
ko) o
°

E
© o o?¢
E 0 ? Yo
I e
© 8,2 o
=
D o e
= °
z 19 °

°

-1 0 1 2

Nitrogen Oxide Predicted Values

B2 REEZE(nox)BIWNES B ER T E

Mean Square F Pr > F Label
57.1338  1227.60 <0.0001 Intercept
62.7478  1348.22 <0.0001 Equivalence Ratio 1
64. 6430 1388.94 <0.0001 Equivalence Ratio 2

1.4445 31.04 <0.0001 Compression Ratio
1.1124 23.90 <0.0001 Fuel

H 1] 2 0] R0 1 [ DS R0 Ok A 48045 R3CR e

4 l%\ g:l%l:
4.1 ARXFEWING

ARS8 4 LH AR5 T AT AR 4
(Opscore) ” , U T 28 L 258 2 i A0 A * 7 AR o
g o AR B 0 AR S (nox ) 7 43 i) i
17 “ M 2% 72 45 (Spline )™ “ B #F 55 78 5
(Mspline) ” %1 “ Box — Cox ZZ " = Fp 728 £ 75 e ; X
“JE 8 H 2 i (EqRatio) 7 43 Bl AT T RE AR
(Spline) " F1* HLIEFE S5 A8 46 (Mspline ) ™ 9 Fft 4% 5 A%
e % Z{HA ¥ B 28 5t (CpRatio) " 43 5l i 47 1 H
872486 (Monotone ) ” F1“ i {1143 28 462 ( Opscore) 7
WA, 3R AT e R L™ () 806 00 BE I AN 46 bR A
IR = 0. 30935, R* = 0. 9586, i %%
R*=0.9527", i FULB A He e 26 ( [ AR
A 21 WHS A B EEREO s FibfE 25
ZEARLPERNH BRI A 8 A 3 AR i (T IR
HEAS ) LR R 0.9142 5% R* 4 0.9099

4.2 Ht 73 iER E B
TEASIIBHIF 7 9 e 8L 14 i =i SC &+, 70 31 o
“ A SRS R BEAT WA R AR ORI (AR
7 BERE AR, X g i AR (nox) ™" #EAT
27
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TR ORISR ST R AR (R
o7 SRR A Logistic AZHL” 5 X g 4 [ AL o
(EqRatio) " F1* Z{HA J¥* A 2 it ( CpRatio) (##1 A
CERMT)TFIAT URAAS R o AR R EE
AL AR N R PR IE T, 2 R
W RTHEET  JaRIET AN AR O e A AR R, TERT
ROCE IR ERR 2 72 AR ok
T 24 A B HLLABERE 247 O B AR

4.3 DMAFENELE

“VULTTIE T B AR T ik L R DY e SO
P19 75 3%, B % ZAE 4 LA AL 37 3 AT
AR AR SR AR AR P (A e A
“OUACTE A o AEi SRS b, P A AR R
ZRS BRIk o LA A LBV E A FE AR 1Y
WU g R e, BES T R R 2.

R2 NEXERSE”DEFEEBEEETNERCE

SCE G AAS R HITREVITR R i R
EAN 16 0.02757 0.9991 0.9990
B2 12 0.02449 0.9992 0.9992
3 12 0.02470 0.9992 0.9992
FA 21 0.30935 0.9586 0.9527

T B =R SCRE RS th 2 3977122 (MSE) 7, 4353112 0. 00076 0. 00060 F10. 00061 5 & 173 HIIFF-J5 Ak, 453 0. 027577 “0. 02449”
FI%0.02470” o fy=% 2 WI I, BT = SCHE EUABER A L5 RORAR ST, SO0 T4 4 R SCRE [ RL A0l 52808 5 SR, 38— SO [l B o
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