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Abstract

The purpose of this paper is trying to provide a useful solution to build a polynomial model. In the
past years, there are a few applications on polynomial model; the reason is that it is difficult to
create a large number of variables. For example, if you want to build a 3rd order polynomial
with 5 variables, then you need 55 variables. If the variables increase to 18, then a 2nd order
polynomial model will need 189 variables. It is far away from our ability. That is the reason why I
wrote the following programs. There are 3 major reasons that I would like to deal with the poly-
nomial model: 1) if the unknown model was smooth plan curve, then a polynomial model can pro-
vide an acceptable approximation. This can be easily seen from the Taylor’s polynomial; 2) as long
as we have enough observations, then using a high order polynomial model can solve the unfitted
problems; 3) it can avoid deleting important variables from the selection steps, since it is not
easy to remove a variable completely from the model because there are too many cross product
terms shown in the model. This paper will provide 2 major SAS MACRO programs, %Homopoly
and %Model_Selection. The first program is used to generate a polynomial model and the next
one will provide summarized result tables similar to the Table 11.8 of Montgomery [1] includ-
ing the information of the models and necessary statistics. Users can easily apply to do the fur-
ther analysis. To write those programs, I also wrote another 20 SAS MACRO programs which
can be downloaded from the web-site http://tsp.ec.tku.edu.tw/QuickPlace/054569qp/Main.
nsf/h Toc/BADD7D0BFF0904A1482576D300229684/?0penDocument. Please follow the in-
struction given by the readme.txt file.
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REWICRAEFBISAS MACROTEFF, RIH—AFEMBRELZIAME LR N. SIAERESL T
Pr E—E R RERK, X0 PR &R RIE FATERTE FZETH i B s AR & P R AR 2 DL 2 T B 3N
EREFF. XEFLERLEFRIRERENERB IG5, BHRBER T — N EBRSNEE
FI3RZ TR B R/ESSNEE, MNRBENME18), HFRELIN2KREZHARNMEE1891MNTE, H
WAL EREHRXHERNSF. 2RBSCRERERIRH IMERER RS 5Y28 ik, i
EUFHEHAES=ZEMP TFHRRHREPREREZEBEMERNR S K, SMEAASE ST REL
HEEFABGRKIMER. REUXERR, FIRHA BT ER T BIME 57 ) 218 B 5 TAE .

MR LR RER 2 AR SRR THLRER; 1) W SRR Y- i U 2 R v]
DURME— NN, X MR A S HRE e EARRIE; 2) REWNERS, KESER KA
EHM U AR 2SR 3) 7T AR AL A T R R A AR E. EFEN
BRISF=ARIRE M3 AR, B ARE R ENREF R N EEEEERE, FHETMREEL
FHAERZR, THE S RER TR . AR RCREE T B XX FESAS MACROFEF; Y%Homopoly
Fl%Model_Selection 73 H&7E FTABHE T HNHH. 2F %Homopoly 2 F 78 2 37 % T X HI#E 34,

M %Model_Selection ] & F SRIZHESASEE AL % J5 ) B 88, B ELTEE11.8 Montgomery [1]
FIER . EEETUIBRAZEH BB . ATERSER, RANRET20XTAEERF, =&
2 DL B %G F #http: / /tsp.ec.tku.edu.tw/QuickPlace /054569gp /Main.nsf/h Toc/BADD7DOBFFQ
904A1482576D300229684/?0penDocument. HKERRREADME. TXTH FI$87R~ 2 &35,

KA
ZIMAMEE, FHLTMA, SAS MACRO

1. 518

H 80 FACH T Hf-fu (Statistical Package) &, N AGIHEIEAITE T o HERNEET — 45, BEt
FE NI 5 A SR A X A AT TR B S A REST R EMR NG TS 1. 2800k e
BT R KB R 2 B L AR BT, HEAE TEERESHEMIERES. NMAMBEAR
MAARFREER, S TA g ARSI AR R BT . X # 2 RSt 4 ke
FETE 80 AR, HOEA IR LR . WK i B EGEE 2 R A O 3Rk g A
FORHEE K LT 4R AT AR ENE A ALY 2 A& ORI BR 1l o AN 248 S — Bk 2 fj o, 3K
PEARSCRE . R IRABEMHEEEX RIS R, AR5 EH R RIRER, SRR ZE T
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BRI EE R ? L EAEZ DI e ?

H1T SAS fEf iR )G, ASIRAUNFIfE 5 o S8R I, SEOH b A e K R L4
AT DA o SR S S A A 5 3T E LS R RS 78 O 1 3 Bl 31 RE ARG X 2 2 0 W (1 5 9k
LR T — R AN RRE PSS T r SAS IS RS S5 4RR, T BRI AT DU A ) R RGR O 45 R T 5
FFRRMREREAT T — 22 Hr. X — R (LA 13 R), Ba 7idk 40 £4001 2 EE R E
5 W5k #E IR TR R AT LU A6 e SORT AR T5 (8 R S FIAE SE 95 0 M o | T 2 BB 17 1 7 BB 24
PRl AS s R PR T P SR e T At PR R P KA S8 R Bl R R . RSO AN RRE P A B (R 7 UKL T
RAEEFENAEF), 1R HUAE 585 R, (HR R IR MR 5 — sR A gy
A2 WA, T AR = EoR A A SR TR 1 25 A S e R PR R A B A A SE D M
T MEENEMES S RE. DURMIHRN AT .

2. T ;i %oHomopoly B 37 2T #iE it

AR EATGA AL T AR O R i . R 702 B — AN 2727 YoHomopoly AN 127 firéi
W — A FREF%POLY_SUBO & Ak A58 31 N IR Z T, T %POLY_SUB NI F Sk 1 28 vk 5 15 A
(190 AR 22 Mk IEOUL IR ¥ 22 SEok e T A P AR A A Bk i) 2 0, an SROWLIIAE AN A2 DA™= HE B 7 2 22 Tt
SINFEF 2 A sh BB E T NIk 54 VBN AR ESIFEER 5 MHAaR; e 2 Ny
Wi N MACRO 75 &,

Table 1. The output data files provided by % HOMOPOLY
3= 1. F2FF% HOMOPOLY Fr R4 Z 46 4

SASH H U4 HMEAR
&OUT_DATA {5 & SR A SR 44
OUT_NAME NIRIRRRATRE “X?7 BT HERY
VAR_NUM REAYAGE FH A2 B H (A& 88
POLYNAME BT A AR AN R TR 5 FH R 58 4 1205 3, X 1 2* X3 R A B XL IK~F U7 e LAX3
MOD_HOMO TEEAN B BT IM_NAME(RERIZ FR) . X(HASR). YA E) SFILENAME(S M 2 %R S04 4)

Table 2. The table of input parameters of % HOMOPOLY
= 2. 5% HOMOPOLY BIS ik

MACROZEE4A K fiERE
IN_DATA Yyt
OUT_DATA B X4
X= BREER, RESZEFEUEERSF
Y= RLAE B (53T T A B A FR)
LIB = WORK SASHIE 3184 (LIBNAME) I AE R T A T IR 5, BRIMEDA “WORK?”
Degree= BRESMAKTH
C_CROSS =2 B Z T XAFETIIR T E, BRIMEA “2”
PRINT =NO WA RTTH&OUT_DATARE SCHRIRTSEHEE. BMER “NO”
FOOTNOTE = YES ERSASITH! “ RiE(FOOTNOTE)” B REHTE S KxEME, RN “YES”
N_FOOT =5 FTREFESHERERERMER “5”
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P 22 TUER SO A e, RELE QT B B A AR LA R B S Wl iR A & DR IR AR 7R FH o
IR R LT, X, Xy, o o FONATCATER—NSASICFAR & [ N A K WA I 2 N E &, ARTH
AT A L AT DA 105344 A8 B A1k 40 BT FH (B T SAS9.1.AMR), i i 5 37 i A T 47 %6 31 1k 15,0004 25 & .
T2 72 MR RS SO 1R /N L 3 8w e P ) e v I O BRI B R (AN AR LA IR, SRS s ] LA 3
JUR, FTRHAT TREF——%M (5, 4); Hi 3 —MEESATENL, B MNEHCONRITH . FH%PUT
&M; R —ANSIuaR ZOURILA L), HIRAE R 5 R s — I RS T RN SR, DAt
SASHIHAE R . FH LA B 7R A HFE Y = s R 1

[81.1]: ARSI EA SR e, AR NIRRT A 76 85005, N5 RIEF L/~
AR SERE AR 2 T o (EUR = A XA AR Y 7 B 12528 50 H , DRI R AR Y 1 30 B a1k 22 T i A8 X
FHIRIT IR TT B K N3IK . L ASASEER: HHH 7 — M2, %VAR_NAME(X,END=5), HIk/"4:—
LT “X1 X2 X3 X4 X5

DATA INPUT_D;

DO 1=1TO76;
X1=1;X2=2;X3=3; X4=4;X5=5;Y =|; OUTPUT;
END; *=AE76%E 500,
%HOMOPOLY(IN_DATA =INPUT_D, OUT_DATA =OUTPUT, X = %VAR_NAME(X,END=3), Y=Y,
DEGREE =3, C_CROSS =3, PRINT = YES, FOOTNOTE = YES, N_FOOT=5);

TR 22 A R AR T w7 2o DL R [ DB IR AR B R A&, TRUE_VARMFE
JRAEAF B AR, REG_VARNIBIEIRE RS . E29TEN [BlA3s &, Hhr, Sk078. K3TEIH
B SAFWORK. OUTPUTHI R TLZE TR FTERSCAFMOD_HOMO P 45 WL 43,

7 3 4TENCfF MOD_HOMO K % o

3. InfAT A% Model_Selection B F|{&H!

A RFEFP R H A =

1) $24E 6 AR ; S8R Y (Full Model), ZEPEA5 4 (Linear Model), Fii2E4% -2 (Forward Selection),
J5 1848 5 (Backward Selection), %3548 515 (Stepwise Selection), 5 CP & $32:45 3 (KA AL 1) T4t 48 5 7]
BUEBUR A S E G . 57— R IE R\ IR R (A F iR 3R .

2) AR A R R AR A A e 5 7 R O — B B R E

3) AT LAIR] IR0 A SRAR A S50

The table of True variables v. s. Regressing variables

TRUE_VAR REG_VAR
¥ Y

X1 X1

X2 X2

X3 X3

Reg Var. =Real Var. — Y=Y, XTI =X1,X2=X2,X3=X3;

Figure 1. The table for true variables and their corresponding re-
gressors stored in WORK.OUT_NAME

1. BHXERER
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The table of True variables v. 5. Regressing variables

VARIABLE LABEL Degree

of Variable
X1 X1 1
X2 X2 1
X3 X3 1
X4 X1¥%2 2
X5 X1%%3 3
X6 X1¥X2 2
X7 X1 %252 3
X8 X2¥%2 2
X9 X1¥X2%%2 3
X10 H2¥*3 3
X11 X1%X3 2
X12 X1 *¥2%X3 3
X13 X2%¥X3 2
X14 X1%X2¥X3 3
X15 hrliiy &1 3
X16 X3**¥2 2
X17 KI¥K3#*2 3
X18 K2¥K3¥*2 3
X189 pchic) 3

Reg Var =RealVar. — Y=Y X1 =X1;X2=X2;X3=X3,
Figure 2. Table of label for each of regressors stored in WORK.POLYNAME

2. EFTEEERRR

A 3rd Degree with CROSS = 3 Model is applied.
The Error Degree of Freedom is —- 56

X1EX3**2  X2*X3**2 X3**3

6

9

Obs | Y X1 X2 X3 X1%2 X1**3 X1*X2 X1**2¥X2 X2%*2 X1*¥X2**2 X2**3 X1*X3 XI1**2*X3 X2*%X3 X1*X2¥X3 X2**2*X3 X3**2
101 1 2 3 1 1 2 2 4 4 8 3 3
212 1 2 3 1 1 2 2 4 4 8 3 3
313 1 2 3 1 1 2 2 4 4 8 3 3
414 1 2 3 1 1 2 2 4 4 8 3 3
5(5 1 2 3 1 1 2 2 4 4 8 3 3

9 18
9 18
9 18
9 18
9 18

27

27

27

27

27

Reg Var. =Real Var. —— Y =Y ; X1 =X1; X2=X2;X3=X3;

Figure 3. The output data file with 5 observations and 22 variables
[ 3. M HIESCH, WORK.OUTPUT RATED 22 NEES 5 £HIE




I SAS MACRO F4 /5 37 22 T AU A A 545 i i

Table 3. The contents of the data file MOD_HOMO
7% 3. #4% MOD_HOMO BRI &

M_NAME X Y FILENAME

1 Homo_Polynomial X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 X18 X19 Y OUTPUT

AR SN HRE TN A 5T, A5 F VAR P I 484 5 N AL «

BREMSH T TESEMNmSES A0S0 E, ©40 8 1T % AN MACRO 7%
. %Model_Selection(DATA IN=,Y =, X_LIN=, X FULL=, X =, RES_OUT = NO, F_ MODEL = NO,
STAT = VIF, SLENTRY = 0.2, SLSTAY = 0.2, CHECK = NO, CHECK_D = CHK_DATA, ID = ID_ID, ID2
=, MODEL_IN =NO, MOD_NAME =, GROUP =).

BT A (Kunugi, Tamura, and Naito [1961]) 8 32 Bk R+

[BIRE3.1]: ARMBE =L ZHRIIFEF: NERBOVEHERFRA R LG (PEAA%), BRER
=RPRE(TRACHTC), A& IERRKBIRILEHEL AMole ratio %), Sl E(CRAAT).
E N B RATENFE RSN T .

¥ BR BN — BB R 2R A BIE M FERIdge_S20.sas7bdat AT ENFEL 6T A& K4
EHIBIEAEFERIdge_S16.sas7hdat, FKABEIRIFFERIdge_S04.sas7bdat.

D R TR 20 bR AEAL JE BRI SRPAT BB 5 T, (HANTE E TRINARS 58 o Ui R 7 2 2
HHRAR) 4 EX0E A 7E 7 ZE i ) EdE, IF B fEsdE 2 MARREEE SO, Check_d01.sas7bdat
5 Missing.sas7bdat T #3044 N_of _miss_val.sas7bdat MAZANBIREKIEE . F§ MODEL_IN = NO #%
WHATFEF%Model_Selection K15 EILL T 2 ANEIFR; ] 4 TR MMODEL.sas7bdat IR 4, ] 5,
FTENHAE &AM vt 22 1 5 Tilfil s Al T 45

%Model_Selection (DATA_IN =EXAMPLE.RIDGE_S20, X= T H C TH TC HC T2 H2 C2, Y= P,
X _LIN=T H C, CHECK = YES, ID = ID_ID, ID2 = ID, GROUP=TEMP, F_MODEL=YES, STAT=VIF,
MODEL_IN=NO, SLENTRY=0.2, SLSTAY =0.2);

[7E]:

1) #EIIX_FULLYEMODEL_IN = NOR 1] AL, FEF 2 &XCREUY.

2) F_MODEL = YES/& %3R8 747 ENEL & A AR S A 2 o

3) STATIEII A EFFTENVIF (variance inflation factor)(1E, [FINER T 4= BRI 5 28 4 1 hp-value
fE¥#/hT0.2.

YARPAT T8 IG 2= TElog T 11 H A I A2 45 1S

WARNING: The NOINT option is ignored in the computation of ridge regression.

WARNING: The variable _CP_in the DROP, KEEP, or RENAME list has never been referenced.

A B N SASHI HH FHHTEVIFIAE, ISASIIREGHEE /T i WA IN ANOINT 14126 15 i 2 % tH R A7 A EE 1)
AL, HE IR AR SO bR EAE P, RIEENOINT R T TN o A A B R AETHE CPIE
IR, AR RO BRAR G A0 7 DR AN 25 Ak BLOX AN 4y, 1 B MR B T AR e A T A
ITAFIRE

1) A ARFRUEAL I EE: %Model_Selection(DATA_IN = EXAMPLE.RIDGE_20, X =TH C TH TC
HC T2 H2 C2, Y =P, X LIN =T H C, CHECK = YES, ID = ID_ID, ID2 = ID, GROUP = TEMP,
F_MODEL=YES, STAT=VIF, MODEL_IN=NO, SLENTRY=0.2, SLSTAY =0.2);

2) [ ARFRUEIL I EE: %Model_Selection(DATA_IN = EXAMPLE.RIDGE_16, X = TH C TH TC
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HCT2H2C2,Y =P, X LIN=TH C, CHECK = YES, CHECK_D = EXAMPLE.RIDGE_04, ID = ID_ID,
ID2 = ID, GROUP = TEMP, F_MODEL=YES, STAT=VIF, MODEL_IN=NO, SLENTRY= 0.2, SLSTAY =
0.2);

R [FI IRt —SASTE T “Example of Model Selection.sas” PAt#5A/7 FH . 7E48 FH AT iE 26 5 RS &
“README.TXT” .

Table 4. The table of input parameters of %Model_Selection
5z 4. F2F%Model_Selection RIS AR

MACROZE & 4 ¢ fifRE
DADA_IN JEIR TR SR
Y= AR (53 A TR AL B A R o
X_LIN= BNZRVERR RIS B, X1 X2 X3....
X FULL= WNTEREERAR R, RR&XCH AN, MR N NFL T 2 B3N E LL&X KA .

SEMODEL_IN=YESII H BT i N\ I A AR 5y &X_FULLIIME
X= HAS R A TR, AR SRR LR M. SASHRMIFEMT, AL 5X_FULLARE.

“YES” NERFEF I ASREMNR X%, i WREMODEL_IN=YESH & i —
BRI A — AR S, X4 BB KM AE A, WA Y BRIMEAS “NO” &

“NO” NIRRT AR, BONIRAS AL AR, 2 U5 T L)
F_MODEL = NO EIREA S B - PR 58 TR R AN R R TR B X _FULL=X_LINFR 2 A b L 5 5 B AR A
R 9X_FULL 55X _LINGE R

FEBES BB ISR N ? A5 “VIE” . “PVALUE” 5 “ALL” #Bik. i \sS i)

RES_OUT =NO

STAT=VIF FIF2RIHTE “VIF” 15 “PVALUE” .
SLENTRY =0.2 TN AR B IPVALUEL J/ N T B2 KF, BRAEN “0.27 .
SLSTAY = 0.2 MRS BRAF B PVALUE LUK T AT, BRMEN “0.27 o VEE: T EMNE Bk
' A E
CHECK = NO A e HY 5 J 2 15 2 F SR A T 2 BRIMEN “NO”

CHECK_D = CHK_DATA A S P SR T e ds St 4%, 7T & CHECK D, BRIME AN “CHK_DATA” .

£ & CHECK_DHfi th 12K 23 HHT B 204 o 7 ZEAITIN ) LA L2 AT R 2 IR “ 275 05 19,

ID=1D_ID BRIy “ID_ID” . YE & & CHECK DI HASA3F, 0 (RIEED, 1 (5% 5)m2 (Fll).
ID2= HAE B IR AR R SR
OUT DATA=NO %ﬁg%%&ﬁiﬁﬁﬁ(wssing Value)it 75 i I 0 (00 B SO 1 5 R . BRI
MODEL_IN = NO WRIETZ “YES” MFEFF 24 ARG A RIAE 434 5 T

WMEETE “YES” LT 23 F & MOD_NAMERTR & A SO 25 400, ER i S (748

MOD_NAME= FUFURE: 35— R TR LR 48— AN R B B SR (X)
SROUP= U SRS B A BRI DL JE AT A5 5935 — SR R P T 28 DT 2 748 B ) ke

[¥]: 1) 4% MODEL_IN = NO MIFE 4 [ 3h= £ —%d S0 “MMODELS” & A 4R (M_NAME), HAZRAZFR(X), M =ALFR(Y),
A4 (FILENAME) 5 4144 (GROUP).. 2) 23 s or & i N30 SCIHA 158 & gt IR H (Miissing Value), <274 =AM S04, CHECK_DO1 (i
N TRIE AR SC1F), MISSING(fE A7 )5 N_of_miss_val (EIR{EII2EE). 3) W CHECK = YES, MIEFSia2 B A KNI
DA B SO “ &CHECK D7 3 AT ) 22 8504 S st R A8 )5 42 T “CHECK _DOL” o ydii: W SR SO A gt A A 7
SEBPK 2 AN TR S, BT CATE AN oS A 5080 SO 3 I
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Table 5. The contents of dataRidge_20.sas7bdat

5% 5. BRI Ridge_20.sas7bdat A&7k 4 2 HI7E7E Ridge_16.sas7bdat

TEMP H_RATIO TIME P 1D ID_ID
1 1300 75 0.012 49 0 0
2 1300 9 0.012 50.2 0 0
3 1300 11 0.0115 50.5 J 1
4 1300 135 0.013 48.5 0 0
5 1300 17 0.0135 475 | 1
6 1300 23 0.012 445 0 0
7 1200 53 0.04 28 0 0
8 1200 7.5 0.038 315 0 0
9 1200 11 0.032 34.5 0 0
10 1200 135 0.026 35 F 1
11 1200 17 0.034 38 0 0
12 1200 23 0.041 38.5 E 1
13 1100 53 0.084 15 B 1
14 1100 7.5 0.098 17 A 1
15 1100 11 0.092 20.5 0 0
16 1100 17 0.086 29.5 0 0
17 1100 11 0.012 C 2
18 1200 23 0.098 D 2
19 1200 7.5 0.012 G 2
20 1300 11 0.098 H 2

Table for Subset Regression Models for the Standardized Daita set

Warning!! — The data set containing missing values. Missing values will be stored in the data set

"MISSING .
r
Obs | M_NAME X Y FILENAME GROUP
1|F_MODEL THCTHTCHCT2H2C2 P EXAMPLERIDGE_S20 TEMP
2 || LINEAR THC P EXAMPLERIDGE_S520 TEMP
3 || FORWARD THTHT2H2 P EXAMPLERIDGE_S520 TEMP
4 | BACKWARD HCTHTCHCT2H2C2 P EXAMPLERIDGE_520 TEMP
5 || STEPWISE THTHT2H2 P EXAMPLERIDGE_S520 TEMP
6| CP THTHHCT2H2 C2 P EXAMPLERIDGE_S520 TEMP

Figure 4. The data of file MMODELS.sas7bdat
[l 4. #iHB3ECF MMODELS sas7bdat B
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Comparing the Predicted values via Different Models
Warning!! -5— The Checking data set — CHK _DATA — does not exist. Using Check DOT instead!

ID Type of P F_MODEL - LINEAR — FORWARD -- BACKWARD -- STEPWISE -- CP — (with
Point (with 9 (with (with 5 (with 8 (with 5 7
Regressors) 3 Regressors) Regressors) Regressors) Regressors)  Regressors)

J Ref Point 1.20968 1.16814 0.93666 1.11716 1.1934 111716 1.12600
| Ref. Point  0.95756 0.94336 1.10902 0.99846 0.9064 0.99846 0.99614
F Ref Point -0.09297 -0.06469 0.07948 0.05867 -0.0689 -0.05867 -0.04631
E Ref. Point  0.20118 0.19253 0.17451 0.17832 0.1776 0.17832 0.21351
B Ref Point -1.77382 -1.78697 -147824 -1.90171 -1.7816 -1.90171 -1.78752
A Ref. Point -1.60573 -1.66221 -1.43625 -1.60748 -1.6747 -1.60748 -1.64676
C  Focast Point : -5.87358 -1.19636 117907 -8.8076 -1.17907 -1.07280
D Focast Point : -4.69420 0.08339 0.17832 -6.7813 0.17832 -1.40708
G Focast Point : -1.17225 -0.23266 -0.39338 -1.3770 -0.39338 -0.80221
H  Focast Point . -9.61831 0.79838 1.11716 -16.2429 1.11716 0.87973

Figure 5. The predictions of referent and predicted points
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