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Synopsis

Multiple regression analysis are often used to
explain the relation between the dependent variable
and the independent variables. In case of that it
arises necessity that the important independent
variables which are closely correlated with the
dependent variable are selected from among all given
ones. There are some selection procedures. But these
procedures can't be used usefully without using
computer.

Therefore two selection procedures that is Forward
pelection procedure and Backward elimination procedure
in multiple regression analysis are programmed by -
Fortran¥W .

1. Introduction

It is important in multiple regression analysis to select or order
the independent variables which are closely correlated with the
dependent variable in order to explain the phenomenon clearly. There
are some procedures of selecting the important independent variables
(1,2,3). But these procedures can be applied to the various problems
only by using of computer.

In this paper we mention on the Fortran WV program of Forward

* Department of Industrial Science

89



90 Hirokazu OSAKI and Susumu KIKUCHI

selection procedure and Backward elimination procedure in multiple

regression analysis.,

2. Analytical method

Set of independent variables is put as follows.

c ={X1,X2,......,Xk}

k: number of independent variables

Y is the dependent variable.
(yi’xli’XZi"""in) , i=1,2,...,n are the data of Y and C.

The mean square due to residual variation(si) is one scale of
precision of estimate of the regression line in using independent
variables. )

2 . N L |
55 = ?n:zl(ym-y) ~d'std /(nek=1) ceeie. (1)

1

where 4 = (dl,dz,....,dk)' t k x 1 vector

n
d: = (ym - §)(xim - 3(.1)
m=

|
I

5 =( 54 4 ) ¢ k x k matrix

5157 mg (x5 - xi)<xjm - xj)
1,5 = 1,2, 400,k

The effect of independent variables to the dependent variable is
contained in d'S'ld. But it is necessary to evaluate the effect of
each independent variable or that of subset of independent variables
in order to explain clearly the relation between independent variables
and dependent one. There are some criterions of evaluating the effect.
Therefore the procedures which select or order the independent
variables have been proposed by many éuthors(l,Z,E).

In this paper we deal with the procedures that the independent
variable is selected or eliminated one by one from among all given
independent variables in accordance with the following mentioned
criterions. These procedures are called Forward selection procedure
and Backward elimination procedure(3). |
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1

D(iy,1i5,.++,1,) is put as the value of a's™"d which is calculated

from independent variables {xi ,xiz,...,x:.L }.,
1 m

E(m,ip) is put as the value of d's1d which is calculated from
ind dent variabl . s yesesX, b-dx. .

ependent varia es{xll,xla, ,xlm} {xlp}

2.1 Forward selection procedure

X1 is put as the independent variable which satisfies the
m
following relation.

%fx D(Il’IZ"""Im-l’im)
m eeeeees ( 2)

i} co - My, )

Then the locally best regression line and the mean square due to
residual variation are as follows.

”~ m —_—
Y = ) ar (% =X ) +7
SRS S TS

2 iﬁ -2
Sym ={i—1 73 = 97 = D(Iy5T5,.05 ) /(0 - m = 1)
Where m = 1,2,3, ... k.

2.2 Backward elimination procedure

X is put as the independent variable which satisfies the
k-m+1

following relation.
max E(k-m+1l,i.) X, . XL X veesX
ip ot {Faphco {Fa e Y o)
LR IR B B BN A 3 (5 )

Then the locally best regression line and the mean square due to
residual variation are as follows.

~ k~m %) _
Y = z:lb. (x. - %. +y
FLi s
2 < =42
Syk-m ={ (yy = 9)° - E(k-m+1,Jk_m+l)},/(n—k+m—1)

1=
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{Fi a7y b= o {0 R Ry )

Where m = 1,2,++.,k-1. And for m=1,{xJk,xJ yeeorX i= 8, and
k-1

Jk--m+2

for m=k-1, Xy = C —{

X X eeeyX .
1 NPT R Ja}

These two procedures have strong and weak points. But if two
procedures are used at the same time, the each strong points can
partially make up for each weak point. Therefore these two procedures
can be programmed in one program.

3. Program

This program is written by Fortran ¥ and is the form of subroutine
(4). The subroutine name is FORBAC.

SUBROUTINE FORBAC(AAA,AAY,MA,KKK,NKK,STORE)

3.1 Argument List

ARGUMENT I/O TYPE SIZE DEFINITION

AAA INPUT REAL 50 x 50 unbiased variance
covariance matrix

AA1 INPUT REAL 50 mean vector

MA INPUT INTEGER 1 number of data

KKK INPUT = INTEGER 50 " dependent and
independent variables

~ number )

NKK INPUT INTEGER 1 number of independent
variables + 1

STORE QUTPUT REAL 50x 4 results of two
procedures .

3.2 ‘Suggestions on using

3.2.1 NKK < 50

3,2.2 If for some i, AAA(i,i) = O, then the computation stops
ag i-th column is used in the calculation.

3.2.3. Correspondence between arguments and given data

CAAA(i,J) = aa,

ij s agqy = mil (ym - y>2/(n -1
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aa,; ., = aa, =d;, /{(n-1)
1141 1411 & 71 11532152, 000,k

aai+1j+1 = aaj+li+1 = sij,!(n - 1)
AR1(1) = c; » € =T 5 Cq =%, 121,2,.0.00k

MA =n , n : number of data

KKK(i) = k,

i R kl = dependent variable number

ki+1 = independent variable number

NKK =k +1 , k : number of findependent variables

STORE(i, ) = sty » sty =1
stio = D(I;,I5,.00,15)
st15 = Ji
styy, = B(i+1,d4,,)

3.2.4 Subroutine PRINTA and SIMEQS are used in FORBAC. PRINTA is
used to print out the results. And SIMEQS is used to solve the
linear equation, These subroutine are listed in FORBAC,

Program listing is shown in Table 1.

L. Example

The data in a four variable(k = 4) problem given by A. Hald(5)
are used to check the program. This data were used by N.R.Draper and
H.Smith(3) too. Given data are showp in Table 2. And results are

shown in Table 3.
: [
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Table 1,Program Listing

SUBROUTINE FORBAC(AAAIAALIMASKKKNKKSTORE)

SUBROUTINE OF FORWARD AND BACKWARD SELECTION OF VARIABLES
IN MULTIPLE REGRESSION

AAA(50,50) VARIANCE COVARIANCE MATRIX

AA1(50) MEAN VECTOR

MA NUMRER_OF DATA

KKK (50) DESIGNATED NUMBER OF VARIABLES

NKK NUMBER OF DESIGNATED NUMBRER OF VARIABLFS
STORE (509 4) RESULTS OF SELECTION PROCEDURES

[2alalaleYakalaEalalsXa!

DIMENSTON AAA(504+50) 5AAL (50) sKKK (50) sNSTORE (5Q) s STORE(5014) »
1 KKMOD (50 94) sKKKK (50) 2CCC(50550) 9DIFF (50)
2 STAND ( 2 SSTAND (50) sWORK (5022 sBB1 (50)
WRITE (6493000)
3000 FORMAT (1H14///7/ 220X x%x%x% ORDERING OF VARIABLES IN MULTIPLE Y,
1 YREGRESSION *%%%x¥y4/////)
. WRITE(643005) KKK(1)
3005 FORMAT(1H »20X>YDEPENDENT VARIABLE NUMBER = Y,15,/)

N = -
YMEANZAAL (1)
YVAR=AAA (121}
DO 22 I=1,NKK
AAL(T)=AAL(]+])

22 KKK(I)=KKK(I+1)
MWRITE(623010)

3010 FORMAT (1H 520Xs™ INDEPENDENT VARIABLE NUMBERY»/)
TE (6 (KKK (1) 91=1,NKK)
3020 FORMAT(1H 340X51017)
DO 1 1=1.NKK
DO 2 J=1sNKK
CCC(1ad)=AAA(L+]1,5)+1) XFLOAT (MA=1)
2 CONTINUE
DIFE(I)=AAA(1+1+1)%FL OAT (MA~1)
SSTAND (1) =SQRT(CCC(I41))
1 CONTINUE
DO 20 1=1sNKK
DO 21 J=1.NKK .
21 CCC(I5J)=CCCAT40)/ (SSTAND (1)*SSTAND (J))
CCC(1a1)=1,0
DIFF (1) =DIFF (1) /SSTAND (1)

20 CONTINUE

WRITE(643040)
3040 FORMAT(1H +///520X+sINORMALIZED COEFFICIENTSY//
1 20X,Y INDEPFNDENT VARTABLE NUMBER  NORMA| IZED COEFFTCIENTY)
DO 25 I=13NKK
IFE(T)

25 WRITE(643050) KKK (1) D
3050 FORMAT(1H »30X916+20X9E1547)
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WRITE (643060)

1 YHETWEEN INDEPENDENT VARIABLES CORRELATION COEFFICIENTY)

PO 26 I=1sNKK
DO 26 _J=1aNKK

26
3065

WRITE (623065) KKK (1) oKKK (J) sCCC(Isd) .
FORMAT (1H 925X ¥ ( ¥ 9154Y 5 Y1597 1¥415XsE157)

[allala

3070

100

120

151

150

161
3081

FORWARD SELECTION PROCEDURE

WRITE(643070)

FORMAT (1HLs///77/ 930X ¥ %% FORWARD SELECTION PROCEDURE *%¥Ys/////)
DO 100 I=1sNKK

KKMOD(I,1)=1

=1

AMAX=0e0

DO 110 I1=1,NKK
ASQR=DIFF (1) %%2

IF(ASOR-AMAX) 11021102120,
MHAN=T

AMAX=ASQR.

CONTINUE

KKMOD (,J42) =MHAN

KKMOD (MHANS 1) =0

WORK (1+1)=AMAX

STORE (13513 =KKMOD (152)

STORE (1321 =AMAX

STAND (1) =DIFF (MHAN) /SSTAND (MHAN)
KKKK (1) =MHAN

CALL PRINTA({1sMHANsMA9AMAX KKK sKKKK sSTAND 3 AAL 91 sNKK s YVAR s YMEAN)
JEANKK. oEQa 1) G0 TO 8888

DO 130 J=2sNKK

AMAX=040_

DO 140 KK=14NKK
IF(KKMOD (KK 1) aFQe0) GO TO 140
KR=KKMOD (KK 1)

Jl=d=1 .

DO 150 L=1lsu1

KP=KKMOD (1. 22)

DO 151 M=1.J1

KQ=KKMOD (Ma2)

AAA (L sM) =CCC(KP4KQ)

AAA (L 9J)=CCC(KP4KR)

AAA (It ) =AAA (L o)

AAL (L) =DIFF (KP)

BRI (L)=AAL (L)

CONTINUE

AAA (s )} =CCCIKRWKRY.

AAL (J)=DIFF (KR}

BBL(J)=AAL(J) ]
CALL SIMEQS(AAAsAAL s JINCHEC])
IF(NCHEC] «NEe 1) GO TO-162
WRITE(6+3081)

FORMAT (1HLs/////+20XsYDIAGNAL EﬁﬁMENT OF MATRIX IS ZERQY)
RETURN :

162 CONTINUE

ASQR=040
[¢] 0 I=1-J
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160 ASQR=ASQR+AALI(I)*BB1(])
IF(ASQR~AMAX) 18Q31809170
170 AMAX=ASQR
MHAN=KK
DO 175 I=1sJ
175 STAND(I)=AAL(I)
180 CONTINUE
140 CONTINUE
KKMOD (J92) =MHAN
KKMOD (MHAN.1)=0
WORK (Js1) =AMAX
STORE (Js1) =KKMOD (Js2)
STORE(J92)=WORK (Jsl)
DO 9810 11 =1sNKK
9510 AAL(LL)=WORK (LLs2)
0.LL=s
KKKK (LLL) =KKMOD (LL +2)
I N=KKKK (11)
STAND (LL)=STAND (LL) /SSTAND (LN)
9520 CONTINUE
CALL PRINTA(J,MHAN;MA,AMAX,KKK9KKKKgSTAND,AAlslsNKKgYVAR,YMEAN)
130 CONTINUE
STORE (NKK 54) =STORE (NKK92)

C
C BACKWARD ELIMINATION PROCEDURE
C -
WRITE (643080)
3080 FORMAT (1H1 e/ /Ll /230X T %% BACKWARD FI IMINATION PROCFDURFE %%¥a/////) -
DO 200 I=1sNKK
200 KKMOD(I411=21
NKK1=NKK=-1
DO 210 MMM=1 aNKK ]
NCOU=0
DO 220 I=1a0KK
NP=KKMOD (I 1) -

NCOU NCOU+1
220 CONTINUE

DO _230 I=1,NCOY

KEE=KKMOD (I 53)

KKMOD(Is3)=0

KNNN=0

DO 240 J=1sNCOU

KEF=KKMOD (J3)

IF (KEF 4EQ, 0) GO TO 240

KNNN=KNNN+1

KKMOD (KNNN»4) =KEF
240 CONTINUE

DO 250 L=1sKNNN

KP=KKMOD (L. o4 )

DO 251 M=1sKNNN

KQ=KKMOD (Ma4)

AAA (L sM) =CCC (KP »KQ)
251 CONTINUE
AA1 (L) =DIFF (KP)
BRI (L)=AAL(L)
250 CONTINUE
CALL _SIMEQS (AAA2AALSKNNNaNCHEC2)




IF (NCHEC2

ASOR=0.0.

DO 260 L=1
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«EQe 1) GO TO 161

o KNANN

ASGR=ASQR+AALLL) xBR1 (L)
IF (ASQR=AMAX) 27122719270

210.

275

AMAX=ASQR.
MHAN=KEE
DO 275 L=1

AKNAN

STAND (L) =AARL (L)
KKRK (L) =KKMOD (L. 2 4)

CONTINUE

271 KKMODS(I.a3)=KEE.

230

2601

9550

9600

CONTINUE

WORK (KANNs1) =AMAX

KKMOD (KNNN

22) sSMHAN

STORE (KNNN+133) 2KKMOD (KNNN»2)

STORE (KNNN

24) SWORK (KNNNs1)

JFE(KNNN _oNE4 1)..GO.T0..960]
STORE (153} =KKKK (1)

CONTINUE .

DO 9550 MMP = 1,NKK
CAAL(MMPL=WORK (MMP s 2)

DO 9600 L=

1 9 KINNN

LNSKKKK (L)Y
STAND (L) =STAND (L) /SSTAND (LN)

CONTINUE

97

210

[aXala!

4001

4003 FORMAT (////1H 220XsYBACKWARD ELIMINATION PROCEDUREY,

CALL PRINTA (MMM

KKMOD (MHANs1) =0

'CONTINUE

SELECTION PROCEDURES END

1 /777
2 AL
D0 4001 1=

NFO=3TORE ¢

00)
4000 FDRMAT(IHls/////920Xs‘*?ﬁ LIST OF ORDERED VARIABLES %#%¥,

1H 320X3;YFORWARD SELECTION PROCEDUREY,
37X Y STEPY 95X 9 YNUMBERY 39X 9YS5Y 518XsYSRY)

1.NKK T
Ts1)

NFOQ=KKK (NFO)

FOO= (YVARXFLOAT(MA=1)~STORE(192))/ (FLOAT(MA=1)-140)

WRITE (654002) IsNFOOLSTORE(I42)sF00

FORMAT (1H

25Xs1595X31595X9E15e795X9E1547)

WRITE (694003)

4005

4012

1

//1H

DO 4004 I=

NBA=STORE!

s TXsVSTEPY 96X s YNUMBERY 39X s ¥55%318XsYSRY)

1 aNKK.

1+3)

NBAAzKKK (NBA)

RAAz (YVAR#FLOAT (MA-1)=STORE (1+4)) / (FLOAT(MA-1)=1,0)
4004 WRITE (624002) 1sNBAASSTORE(124) 9BAA.

WRITE (644005)

NROT=0

Mo MHAN sMA s AMAX s KKK s KKKK 3 STAND s AAL 32 s NKK s YVAR 5 YMEAN)

DO 4010 T=1aNKK

NUM=0
DO 4011 .=

151

DO 4012 K=

IE(STORE ().

CONT INUE

Q0 _T0 4011

1.1
21) «EQe STORE(Ka3)1) G0 T0 4013
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4013 NUM=NUM+]
4011 CONTINUE.
IF(NUM oEQs I) GO TO 4010
NROT=NROT+1
NSTORE (NROT) =]
4010 COMTINUE
' IF (NROT EGe 0) GO TO 8888
DO 6020 1z1sNROT ..
4020 WRITE (6+4030) NSTORE (1)
4030 FORMAT (1H_220XaI5)
B888 RETURN
END

e 3

SUBROUTINE PRINTA (JPsMPHANsMAP sPMAX sKKKP sKPMOD sPSTAND sPAL sMPCOU o
1 MPVAR s YPVAR s YPMEAN )
DIMENSION KKKP(50) 2KPMOD (50) 1+PSTAND (50) 1PAL(50).
WRITE(643110) JP
NFF 2kKKP (MPHAN)
IF(MPCOULEQL1) GO TO 9900
WRITE(623121) NEF
WRITE (643130)
MPDF=MAP
JJP=MPVAR-JP
GD_10. 9990
9900 WRITE(633120) NFF
WRITE (643130}
JJP=JP
MPDF =MAP-+1
9990 CONTINUE
DO_9000 1=z14J4P
MFF=KPMOD (1)
MMEE=KKKP (MFF)
PPPP=PSTAND (1)
WRITE(693140) MMEF .PPRF
9000 CONTINUE
PMEANL=04.0
DO 9010 1=19JJP
MEFzKPMOD.(1).
PMEAN]=PMEANT+PSTAND (1) #PA] (MFF)
$010 CONTINUE
PMEAN1=YPMEAN-PMEAN]
WRITE (643150) PMEANT.
WRITE(693160) YPMEANsYPVARMAP
MWRITE(A43190) PMAX . .. A
FFFF-(YPVAR*(FLOAT(MAP)-l.u)-PMAX)/(FLOAT(MAP-JJP)-I.O)
WRITE(6£.3200) _FFEF
STANDD=SQRT {FFFF)
WRITE{(643220) STANDD
MMDF =MAP-JJP=-1
CORRE=SQRT (PMAX/ (YPVAR*FLOAT (MAP=1)))
WRITE(64+3230) CORRE
WRITE(6+3240) JJPsMMDE.
3110 FORMAT(1H s10Xs¥ % STEP ( Y9]13sY )Vs/)
3120 FORMAT (1H_220XsYENTERING INDEPENDENT VARIABLE NUMBER o o o« X( Y4

1 15, 1¥4/)
3121 FORMAT(1H 20X YEXCLUDING INDEPENDENT VARIABLE NUMBER a_ s e X(.¥3s
1 154Y 1V /)

_3130 FORMAT(1H +20X2YREGRESSION COEFFICIENTSY 5/}



3140
3150
3160

3190
3200
3220
3230
3240

20
21

40.

41
10

100
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FORMAT (1H 224Xs¥B ( Ya15,% ) = Y,4E15.7)
FORMAT (1H 222X 2 YCONSTANTY 510X 9E15272//)
FORMAT (1H 520XsYMEAN VALUE OF DEPENDENT VARIABLE

/1H_ 120X2YUNRIASED VARIANCE OF DEPENDENT VARIABLE =%

/1M 220X+ YNUMBER OF DATA
FORMAT (1H 320Xs¥SUM OF SQUARES DUE TO REGRESSION (8S)

FORMAT (1H +20X+YMEAN SQUARE DUE TO RESIDUAL VARIATION(SRMM

FORMAT(1H $20Xs¥SGUARE ROQT OF SR i
FORMAT (1H 920X YMULTIPLE CORRELATION COEFFICIE‘.NT (R)
FORMAT (1HO 220X s YDEGREE OF FREEDOM ( Yal4sY 35 Y3179Y 1Y /!)
RETURN

END.

SUBROUTINE SIMEQS(BBRDDINDIMINCHECK)
DIMENSION BBB(504+50) 4DD(50)

NCHECK=0

DO 10 K=14KDIM

P=BBRA(KaK).

IF(P «EGQe 0s0) GO TO 100

KlzK+l.

IF(K1 «GTe ADIM) GO TO 21

DO 20 JsK1.NDIM

RBH (K +J)=BBB(K+J) /P

DD (K )=DDAK) /P

DO 30 I=1.NDIM

1£(1. _«EQa K). GO T0O 30
P=RBR(14K)

IF (K]l «GTa NDIM) GO TO 41

DO 40 J=K1sNDIM
BBH(1.J)=BBB([sJ)~BBR(K 1) *P
DD(I)=DD(1)-DD(K)*P

L CONTINUE

CONTINUE

RETURN.

NCHECK=1
RETURN
END
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Table 2 , Data

Variance covariance matrix ( AApA )

aagq = 226.314 adyg = 88g, = - 24,167
a8, = aay) = 6l 664 aa33' = 242.141
a8)z = aaz) = 191.079 adz) = a8 .z = - 13.878
azy, = ag) = - 51.519 aazg = aagz = -253.417
a8y = aag) = ~206.808 aay, = 41,026
aa,, = 34.603 ag 5 = aag) = 3,167
a8,z = aaz, = 20.923 aage = 280.167

aaaq = ag ., = - 21.051

Mean value ( AAl ) Dependent and independent
' variables number ( KKK )

95.423

(2]
—
[

c, = 7.462 E:: i
¢z = L48.154 k:3= 5
¢, = 11.769 5&:2 3
,35m=' 30.000 k5 S

n=13 ( MA )

b
]

L (NKK ¢t k +1)
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Table 3 , Computer Output

xxxx ORDERING OF VARIABLES IN MULTIPLE REGRESSION %#xx

DEPENDENT VARIABLE NUMBER = 5.

INDEPENDENT VARIABLE NUMBER
1 2 3 4
NORMAL IZED COEFFICIENTS

JINDEPENDENT VARIABLE NUMBER .. NORMALIZED COEFFICIENT

1 «380798TE+02
2. 84253 736E+02
3 ~e2786328E+02
4 =24280066E+02

CORREIATION MATRIX

BETWEEN INDEPENDENT VARIABLES = CORRELATION COEFFICIENT

( 1 » 1) +1000000E+01
£ 1.2 2 ) .22285795E+00
( 1 » 3) ~+8241338E+00
A 1o & ). =e2456451F+00
( 2 2 ) «1000000E+01
£ 2- s 3 ). =e1392424E+00
( 2 9 4 ) -e9729550E+00
< 3. 3 —e-1000000E+0L
( 3 s 4 ) . 22953700E-01
(- 4.9 RN -»1000000E£0].
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*# FORWARD SELECTION PROCEDURE #*#

* STEP (1)
ENTERING INDEPENDENT VARIABLE NUMBER o o o X{ 4 )
REGRESSION COEFFICIENTS

Bt 4 ) = -e738161BE+00
CONSTANT - «1175679E+03,
MEAN VALUE OF DEPENDENT VARIABLE = = . . 29542308E+02
UNBIASED VARIANCE OF DEPENDENT VARIABLE = 02263136E+03
NUMBER. OF DATA . o e P B
_SUM_QOF SQUARES DUE TO REGRESSION_(SS). . 7. .._1831896E+04
MEAN SQUARE DUE TO RESIDUAL VARIATION(SR)=  o8035154E+02
_SQUARE ROOT OF SR ... ... .. 3. _a8963902E+01
MULTIPLE CORRELATION COEFFICIENT (R} = «8213050E+00
DEGREE OF FREEDOM  ( 1 s 11y

* STEP (2.

ENTERING INDEPENDENT VARIABLE NUMBER o o .o X ...L1.)
REGRESSION COEFFICIENTS.

a_{ 4 ) = ~26139536E4+00

B 1) = «1439958E+01

CONSTANT 21030974E+03

MEAN VALUE OF DEPENDENT VARIABLE = «9542308E+02
UNBIASED VARIANCE OF DEPENDENT VARIABLE = £2263136E+03.
NUMBER OF DATA = 13
SUM OF SQUARES DUE T0 REGRESSION (SS5) = .2641001E*04
MEAN_SQUARE _DUE_TOQ RESIDUAL. VARIATION(SR):  «7476213E+01
SQUARE ROOT OF SR = 2 2734267E401
MULTIPLE CORRELATION COEFFICIENT (R)__. .5  .+9861395E200

.

DEGREE.QF FRFEDOM (. 2 s . 1O.)

/N.Be l!!step_Z, ..12._5 1
Y = -0.61403{4 + l.lI-LI-OOXI + 103.0974

2
s2, = 7.4762 , D(4,1) = 2641.001 /




* STEP

(
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3
ENTERING INDEPENDENT VARIABLE NUMBER o o » X{ 2

REGRESSION COEFFICIENTS

6 ( 4 ) = ~22365402E+00

2} ( 1) = __«1451938E+01

R 2y = +4161098E+00

CONSTANT L . e 7164830E+02

MEAN VALUE OF DEPENDENT VARIABLE. = 29542308E+02
UNBIASED VARIANCE OF DEPENDENT VARIABLE = ¢2263136E+03
NUMBER OF DATA = 13
SUM OF SQUARES DUE 10 REGRESSION (5S) = 0e266TT90E+04
MEAN SNUARE DUE T0O RESIDUAL VARIATION(SR)= +5330305E+0]

SQUARE ROU1 OF SR = 2 Z30BT745E+01

MULTIPLE CORRELATION COEFFICIENT (R) = a9911284E+00
DEGREE OF FREEDOM (3 ., g )
4 )
ENTERING INDEPENDENT VARIABLE NUMBER o o & X( 3
REGRESSION COEFFICIENTS
B ( 4 ) = ~¢1440606E+00
B oY) = _#1551103E+01
B ( 2) = ~ «5101681E+00
B 3.} = «1019099E+00
CONSTANT +6240532E+02
MEAN VALUE OF DEPENDENT VARIABLE =~ = «9542308E+02
UNBIASED VARIANCE OF DEPENDENT VARIABLE = «2263136E+03
NUMBER OF _DATA e e e E 13
SUM_OF SQUARES_ DUE _T0 REGRESSION (S3) = .2667599E¢04
MEAN SQUARE DUE TO RESIDUAL VARIATION(SR)= +5982957E+01
SQUARE ROOT OF SR . . s +2446008E+01
MULTIPLE CORRELATION COEFFICIENT (R) = +9911486E+00

DEGREE OF FREEDOM ( 4 8 )
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* STEP (1)
EXCLUDING INDEPENDENT VARIABLE NUMBER .o o
REGRESSION COEFFICIENTS
Bt 1) = 21451938E+01
B ( 2 = «4161098E+00
B I 4) = =e2365402E+00
CONSTANT «T164830E+02
MEAN VALUE OF DEPENDENT VARIABLE =
UNBIASED VARIANCE OF DEPENDENT VARIABLE
NUMBER OF DATA =
_SUM_OF SQUARES DUE TO REGRESSION (SS5) .=
MEAN SQUARE DUE TO RESIDUAL VARIATION(SR)
SQUARE ROQT QOF SR IO
MULTIPLE CORRELATION COEFFICIENT (R)
DEGREE OF FREEDOM ( 3 5, 9
* STER (2 )

EXCLUDING INDEPENDENT VARIABLE NUMBER .

REGRESSION COEFFICIENTS

B 1.} = 01468306E+01
B ( 2) = «6622505E+00
CONSTANT .0 B25TT735E+02

MEAN VALUE OF DEPENDENT VARTABLE

NUMBER QF DATA

SUM OF SQUARES DUE T0 REGRESSION (55)
MEAN SQUARE DUE T0 RESIDUAL VARIATION(SR)=
SQUARE ROOT OF SR

MULTIPLE CORRELATION. CQEFFICIENT

DEGREE QF FREEDOM (2 - 10

N.B. in step 24

Jp = b

" :gn it

AR _..E .. ..

XL ...3)

..29542308E+02
¢2263136E+03

266 TT90E+04

«5330305E+01
-22308745E+01.
»9911284E+00

o XL &)

+9542308E+02

e 2263136E203

13

T e2657859E404

25790450E+01
«2406335E+01
.29892817E+00

= 1.4683x%, + 0.6623x, + 52.577k

.‘I

£o = 5:7905 ,

2657.859




* STEP

Computer Program of FORBAG

(3
EXCLUDING INDEPENDENT VARIABLE NUMBER « o o XI( 1)
REGRESSION COEFFICIENTS
B ( 2) = + 7891248E+00
CONSTANT _e5742368E+02
MEAN VALUE OF DEPENDENT VARIABLE = ©9542308E+02
UNBIASED VARIANCE OF DEPENDENT VARIABLE =  o2263136E+03
NUMBER OF DATA = 13
SUM OF SQUARES DUE- TO REGRESSION (55) = +1809427E+04
MEAN SQUARE DUE TO RESIDUAL VARIATION(SR)=  +8239421E+Q2.
SQUARE ROOT OF SR = «9077126E+01
MULTIPLE CORRELATION COEFFICIENT (R) _=  _o8162526E+00
DEGRFE OF FREEDOM ( 1 o 11 )
{ N.B. in step 3, J3 =2 )
%%% | 1ST OF ORDERED VARIABLES *%%
_FORWARD SELECTION PROCEDURE
SIEP NUMBER S8 SR
1 4 +1831896E+04 «8035154E+02
2 1 _22641001E+04 27476213E+01
3 2 0 266T7T90E+04 .5330305E+01
4 3 _22667899E+04 25982957E+01
BACKWARD ELIMINATION PROCEDURE
STEP NUMBER 55 SR
1 2 21809427E+04 _28239421E+02
2 1 «2657859E+04 2 5T90450E+01
3 4 —2667790E+04 _«5330305E+01
4 3 0 266T8B99E+04 «5982957E+01

N.B.. eliminated variables are. shown by the
order of ql?gZB""

I o ss=n(gl,ga!...,qh) :

STEP NUMBER WHICH ORDERS DO NOT COINCIDE

—

(NoB, 1f (T55T5500,T)0#(d5,d500059,),)

( - step number m is printed out
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