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Regression analysis based on the variable transformation( I )
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[ Abstract] This paper was to introduce the approaches of curve regression analysis through the spline transformation of the
independent variable by means of using the data set named sashelp. enso in the data base of SAS HELP. In the TRANSREG procedure
of the SAS/STAT, six approaches of the spline transformation were involved as below: B — spline transformation, B - spline base
transformation, monotonic B — spline transformation, non — iterative penalized B — spline transformation, iterative smoothing spline
transformation, non — iterative smoothing spline transformation. The conclusion were as follows: under the conditions of ensuring the R
— square to be equal to 0.7 approximately and the regression model streamlining as much as possible, the fourth and fifth approach
mentioned above were the best and they had almost the same fitting effects.
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XTI T AR EOS A O, 27 ELEE LA BLER
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WA (PR R =0.0071) o FFLA, IR FH 4 B Y 22
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2 —/EXB SAS FEhREIESE
2.1 HiESEHERMEEEN

TE SAS 5 B Bt e sl e v A — A4
“h* sashelp. enso” [) SAS ¥ a4 , HE s & L5454
mE 1 R,

F1 BAMNEHEOBHTSRDBISZ BXSEENTHEE

H g A AT KA
1 0.08333 12.9
2 0. 16667 11.3
3 0. 25000 10.6
4 0.33333 11.2
5 0.41667 10.9

164 13. 6667 12.8
165 13.7500 13.2
166 13.8333 14.0
167 13.9167 13.4
168 14.0000 14.8

PR e PR A, 26 1 A8 T i e R A AT S
FrfifR)a 5 470 BRSP4 3 AR 168 4~
WL (RPN =168) o LT SAS B2 7 Al LA /R th 58 %8
1) SAS ¥idlade -
proc  print

data = sashelp. enso  noobs;

run;

2.2 FRHHEEHTEARNENES

DI SAS #fp Al DL B 1 i RAEME
(pressure ) FEAFEA3 {H (year) ZE LTI AZFL A REH
proc transreg data = sashelp. enso;
model identity( pressure) =identity(year) ;
run;
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®2 ETB-HETHRATSMY K RRSER L R E

G B ki R % 5 k{i R
1 0 0.0190 14 65 0.7831
2 5 0.0505 15 70 0.8093
3 10 0.1972 16 75 0.8074
4 15 0.2881 17 80 0.8421
5 20 0.3096 18 85 0.8439
6 25 0.3849 19 90 0.8523
7 30 0.5853 20 95 0.8746
8 35 0.7171 21 100 0.8973
9 40 0.7180 2 120 0.9299
10 45 0.7324 23 140 0.9698
11 50 0.7444 24 160 0.9890
12 55 0.7485 25 180 1.0000
13 60 0.7844 26 200 1.0000

2 AI50L, I8 T k =65 Fil k =75 WifT4h, HoAh
FATHI R #RREE k (ARG MisE R . HARAR S PR 7E i
T C 3 B, AR AR IAR . # R > 0.6 H.[a] AR
ATRERG R SR,k =35 BT, # b, R
k =31/F,R* =0. 6751, PLEHEL A A FEITE ILIE 2.
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3.1.3 “nkonts =k” Fr Xt Rzl SAS 12

TR kT R AR, i ga i k =31

XA SAS FR T

proc transreg data = sashelp. enso outtest = aaa
ss2  coefficients test;

model identity (pressure) = spline(year/nknots =31) ;
output out =bbb predicted residuals;

run;

3.2 ETB-BEERHYIT(bspline) FEE
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E SAS 51, STBL B — B B U B 10 KL
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T B - MR R B EL AR & IBUA ) 4K
TSR 4G AR (DL R SR ), 532 %64
FHIRD, BEAR IS o R T 250K k =0k =1 #1 k =2 i
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3.2.1

B2 k=31HB-HETHMF/OBELRET

B3 k=0mXWHA“B-HFEL£ERE WITELER
year fit3% B
XA, A T — 4 =k 2 1012 8 [l 9 A R

K3 rREE R R A A AR

HARRAIA(D) .

y =11.2274782t, +8. 75235401, + 10. 96256961,
(1)

+11.6055932t,

Univariate Regression Table Based on the Usual Degrees of Freedom
Tvpe 11
Sum of
Variable DF |Coefficient |Squares |Mean Square |F Value|Pr > F|Label
Bspline. Year_0O| 1 11.2274782| 1383.58 1383. 56 117.83| <. 0001 |Year O
Bspline. Year_1| 1| 87523540 181.15 19115  16.28  <.0001|Year 1.
Bspline. Year_2| 1 10. 9625696 209. 88 298. 88 25.54| <. 0001 |Year 2
Bspline. Year_3| 1 11.8055832| 1478 32 1478 32 125.80, <. 0001 |Year 3

(1) o,y RFRAE pressure [l 11
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Univariate Regression Table Based on the Usual Degrees of Freedom
Type |1
Sum of
Variable DF | Coefficient |Squares |[Mean Square|F Value|Pr > F|Label
Bspline. Year_0| 1 12.1138650| 1145.54 1145. 54 98 04| < 0001 |Year O
Bspline. Year_1| 1 8 1283662 303. 38 303. 38 25.97| < 0001 |Year 1
Bspline. Year_2| 1 12. 6590431 397. 46 397. 46 34.02| < 0001 |Year 2
Bspline. Year_3| 1 9. 4318646 411.99 411.99 35.26| < 0001 |Year 3
Bspline. Year_4| 1 12. 5024051 1211.92 1211.92 103. 72| < 0001 |Year 4

B4 k=1HEHN“B-FXERE"WNITEER
Bl 4 g R AE R (1) LRk b, O S RETE (k=2 WX R Y B - AR AR PR AL
T =3 R R PRSI RE MRS R A S,
AT HEALAE T AE R A R

Univariate Regression Table Based on the Usual Degrees of Freedom
Type |1
Sum of
Variable DF |Coefficient |Squares |Mean Square|F Value |Pr > F|Label
Bspline. Year_0| 1 11.7518383 | 793.570 793. 570 67.86 < 0001 §Year 0
E?pl ine. Year_1| 1 10.1266883 | 440 097 440. 097 37.63 < 0001 iYear 1
Bspline. Year_2| 1 9.0410189 | 313.657 313. 657 26.82| <. 0001 iYear 2
Bspline. Year_3| 1 12.3665200| 591.529 591. 529 50.58| < 0001 %Year 3
Bspline. Year_4| 1 9. 0770713 | 354 714 354. 714 30.33 < 0001 tear 4
Bspline. Year_5| 1 13.2037228| 989. 497 989. 497 84.61 < 0001 iYear 9

E5 k=2RRHNB - HEERH" WitELE

5 P2 R T I O FERE b, S T (Y, Sk gkA Ué}s&%f ] AL A 25 51
— It SR TE E TAI R _
LA T AR 32 SASTIHERRER

H 1 AT E@zi year 2852 A R AR i 5 A AR BT HUE B — BEAARS HLAY Sk BUR R BUE
BOH & kB 3G g o, ,\,\ﬁi/\%&ﬁ I X AL RO (VA R SRJERY) . W3,
(4+k), Bl k=00, 44 P:k=10,45 ;7 k
=2 B, A5 6 4. (HASERME, B85 AR

®3 ETHIAB-HETHREYAY kK MARMERIEN R &

FIFRA0” JF . S AL
1 0 0.0116 14 65 0. 0464
3.2.3  “nkonts = k" FX{ B ) SAS 7 F 2 5 0.0177 || 15 70 0. 0466
TRk A B T4 k=5 3 10 0.0263 | 16 75 0.0475
Hqu(j'm (7 SAS %, 4 15 0.0342 | 17 80 0.0467
proc transreg data = sashelp. enso  outtest = aaa 5 20 0. 0388 18 85 0.0473
ss2  coefficients  test; 6 25 0.0389 | 19 90 0.0473
model identity (pressure) = bspline (year/nknots =5) ; 7 30 0.0414 20 95 0.0482
output out =bbb predicted residuals; g 35 0.0432 a1 100 0. 0484
s 9 40 0.0440 | 22 120 0.0487
3.3 EFHIAB-#F&£THRGERE 10 45 0.0444 23 140 0.0492
3.3.1 EZME%”_.\ '31?5[7% 11 50 0.0452 24 160 0.0495
12 55 0.0452 25 180 0.0495
?’{ SAS EF‘ *f)h$‘ﬂ B - *Ef‘: /}A%ﬁ%mﬁé%“l_‘]j\j 13 60 0.0457 26 200 0.0495

“mspline( [ 2 4) "o ST B - FE AL
— 4, ] Pl 45 nkonts = k" Yk IR — A H %3 R 2 ML, HiAE BRI RNOR T g, 3R
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3.3.3 “nkonts = k” EFXT R SAS BB

TERD: k7 b I — A H AR, T 145
k = 160 XF 1 () SAS FEFy
proc transreg data = sashelp. enso  outtest = aaa

ss2  coefficients test;

model identity ( pressure ) = mspline ( year/nknots =
160) ;

output out =bbb predicted residuals;

run;

3.4 ETIRENES B - 5L (pbspline ) JFER
ERMSEME

7E SAS H SEBARE AR B — B G
BiA] J “ pbspline ( HAZHE4) "o S RTIANY B - FEAR
AR — A, L A] RLE i 45 nkonts = k7 A< k7 I
— D EARLE, RARFFAE RORA R L 4G
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FTARBAUET] B - MR AR S B Ak UK
IFPAELI O R AP RCR (DL R SReBE ) o I3 4.
F4 EFHARET B - HATHRATAY K RARMERIEN £ &

3.4.1

G B kMl R % 5 kM R
1 0 0.6998 || 14 65 0. 6989
2 5 0.0178 15 70 0.7012
3 10 0.0178 16 75 0.6993
4 15 0.0178 || 17 80 0.6994
5 20 0.2059 | 18 85 0.7004
6 25 0.2045 || 19 9 0.6997
7 30 0.2056 || 20 95 0.7002
8 35 0.2063 || 21 100 0.6998
9 40 0.2064 || 22 120 0.6999
10 45 0.2064 || 23 140 0.6999
i 50 0.2067 || 24 160 0.6999
12 55 0.2067 | 25 180 0.6999
13 60 0.2068 || 26 200 0.6999

W 4 AR A L, H k=0 k =65,
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lambda” o 24 S RO [ BAE I, (o] RS RE X 54
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IR R GRS UL Horp SBC St 22
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3.4.3 FHkfE SBC BUSHRIMERTETXTRZHY SAS F2FF

iB17 A — B SAS B 7, v A4k 2 f# SBC =
398.9 M /IMA , LET, lambda = 1. 14,

proc transreg data = sashelp. enso;

model  identity ( pressure ) = pbspline ( year/sbhc
lambda=.1 to 100.1 by 0.01);
run;

b

IEAT T A — B SAS )%, AT LAk B fiff SBC =
435.7 NHR/IME , B, lambda = 1801. 1,
proc transreg data = sashelp. enso;
identity ( pressure ) = pbspline ( year/sbc
lambda =100.1 to 10000.1 by 0.01);

run;

model

1 T7E lambda {8 IRETE B A, SBC iR /)N
(ELINE, [ U1 65 70 06F Bk 1) 4005 0 JBE i B, B0 B
lambda =1. 14, ] MY SAS 5, AT LLpeik
KM R =0.6999,
proc transreg data = sashelp. enso  outtest = aaa
ss2  coefficients test;
model identity ( pressure) = pbspline ( year/shc lamb-
da=1.14);
out =bbb  predicted

output residuals

run;

3.5 BETERRBHEESR (sspline) FEEK
EAHSEHME

E SAS s, SEBL (OGRS B K
“sspline( FIZREA) . AT B - AR A
— B AR 24 nkonts = K 10 K IR — AL
PR KA ARCR R IR 45 (A
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sm KB, OTLAEAHILA ORI O A4 . s
HRAELA O JF s, JEHCELBC 9 (0,100, B Al Hity
D 7> S5 5, 45D i 9 P 4
{EOH/N, FWDERFLIE RS , 4 sm =0 I, B 7
AR DA IR, B, 52 440l 45 (1
P 4047 ) 524 sm =100 B, AL — A% MR
ATIOR, LA AR 2. PG, T LUK SR R
AN, AR ARG s B

3.5.1
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3.5.2 SASHIHERNERE

222350 M sm =22.2 BF,R* =0.6039; 24 sm =
22.3 Bf,R> =0.6008; 24 sm =22. 4 H},R* =0.5976;
M sm =22.5 B ,R* =0.5944 3@ itk — sk, &
Y sm =22.32 B}, R* =0. 6001 , [l &fi# & R* >0.6
YFEASEK
3.5.3 FHMER BKAT 0.6 B sm BUEFX R

B SAS 2%

proc transreg data = sashelp. enso  outtest = aaa

ss2  coefficients test;

model  identity ( pressure ) = sspline ( year/sm =
22.32);

output out =bbb predicted residuals;

run;

3.6 ETIFENLBFERZLIR(smooth) [FEE
ERRSEME

7E SAS H SEBAR A RO BT A%
o smooth( A H#44) 7

3.6.1

AR e ) K 1)
ST ) BRI R

A —FE, Bl T —A i S %L smooth (8 5 Y,
sm= )"l EE sm PEL(E, AT DLSRASEL G RIOR AN

RIS 2 2R
3.6.2 SASHIHERKMEE

222591, 24 sm =20. 8 [, R* =0. 6048 ; 24 sm =
20.9 H},R> =0.6018; >4 sm =21.0 A}, R* =0. 5989 ;
M sm=21.1H},R* =0.5959, @itk — 2k, &
P24 sm =20.96 i}, R* =0. 6001 , {471 /& R >0.6
YIEASEK

3.6.3 FAE R BEKXTF 0.6 B sm H{&E BT X AL
B SAS 18

proc transreg data = sashelp. enso outtest = aaa
ss2  coefficients test;

model identity (pressure) =smooth(year/sm =20.96) ;
out =bbb  predicted

output residuals

run;
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HE B - BEARAR  AUAROCR A 25

JEERIES] B — FE4Z8 e . Lambda = 1. 14 A,

*=0.6999,DF,,,. =131.28,
AR 6 W RE A A He: Smo= 22, 32 I, R =

0.6001,DF . =138.34,

35 G W FE 48 4 Sm o= 20. 96 I, R® =
0.6001 ,DF,,. =137.09,,

SRS o R R el T G N I S
Ub, 25 Rz bt . (H AT R fHE R 0. 6999,
THRBR B B — 450 40 22 S A LR

N OER

B - k5% f}’E%ﬁ%%ﬂB FEARBL R B e . 5 R BCH
34 1} ,R* =0.6974,DF . = 130; 1 S %0k 35 i), R
=0.7171,DF,,,. =129,

EEAIES] B - HE 458 He : Lambda = 1. 14 |,

*=0.6999,DF,,, =131.28,
SEAEITRE S48 M . Sm = 18. 4 B}, R” =0. 6998 ,

DF,,. =131.34,

FEk AR 6 1 BE 4528 . Sm = 16. 88 i, R =
0.6999,DF,,. =129.18,
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