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ALGORITHM 41

INTERDEPENDENCE EXAMINATIONS

BY ANALYSIS OF REGRESSION

1. Procedure declaration. Given the number of variables » and the
optional number of representatives 7, the procedure ¢dep performs a system-
atic examination of all subsets to select that one which, while considering
the regression of the omitted variables upon the selected subset, yields
the minimax of residual variances.

Data:
n
r

¢l1:gx(q+1)+2]

8q

prod

combi

number of variables;

optional number of representatives (the size of
the subset to be chosen);

lower triangle of the correlation matrix (with
diagonals), ¢>mn depends upon the Boolean
variables sq and prod as explained below;
Boolean variable assuming the value true if the
regression with squares is considered ; thus ¢ = 2n;
Boolean variable assuming the value true if the
regression with product terms is considered; thus
q =2n+n(n—1)/2;

procedure identifier of the procedure yielding
subsequent combinations of r out of m objects,
headed as follows:

procedure combi (n, r, ind, first); value n, r;
integer n, r; integer array ind; Boolean first;

The procedure CO MBI of Mifsud [2] can be applied here.

Results:

optind[1:r] — integer array enumerating the selected combination

of variables (the representative subset of variables);

res[0 : n] — residual sums of squares for the » variables under

consideration; res[0] stands for the maximum
of all residuals; the residuals for the selected set
of variables are assumed to be equal to zero.
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rrecedure idep(n,r,c,sq,prod,combi,optind,res);
xalus n,r,sq,prod;
anieger n,rs
ALXaY c©,Tres;
integer arzray optind;
Boglean sq,prod;
Rrecedure combi;
Regin
integer dep,h,1,11,12,13,3,k,p,pr,q,qr;
real x,y,min mexsg
Beglean first;
hy=ps
pi=ng
il se
ihan
hexin
Pr=p+n;
Ri=h+r
and sq;
4L prod
shen
Regin
ps=p+nx(n-1)+2;
hish4r=(r-1)+2
end prod;
L r<n
Xhen
hegin
inieger arzay imd,ii[1:p];
AXzaY al1shwx(h+1)+2],0[1s(n-x)=p),at[12p]s
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maxi=1.03
pri=r;
if =9
iken pri=prirs;
4L prod
ihen pri=pr+r=(r-1)+2;
qri=pr=(pr+1)+2;
firsts=1ruas
newcomb3
combi(n,r,ind,first);
if first
3hen go o finmg
fox 1t=1 glep 1 uaidl p 4o
11[41])3=0;
for 11=1 gten ' matll T do
11[ind(4]]s=13
iL sq
then
faox 1:=1 giap 1 until r do
ii[n+ind(1])s=1;
3L prod
then
for 11=1 gtep 1 watil r-1 4o
hegin
Js=ind[1];
113=n-J;
112mp=di12(1141)42-3;
fox Ji=i+1 gien 1 NALil r do
11(4144nd[J]] 2=
Sad prod;
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ki=i11=0;
Iar 1:=1 gien 1 unidl p de
hegin
ig 11[1]=1
ihen
Zor Ji=1 piem 1 NBEdl 1 de
i 11[3)=1
then
Regin

kimk+13
a(k]tmc[11+]]
end 11[jl=1;
11s=1141
sad 13
ming=,0;
Q=03
Ior dep:=1 gien ' uQtll » de
if 11(dep])=0
ihen
hegin
Ji=depx(dep-1)+2;
Zor i:=1 giep 1 mnkdl dep 4o
dt[1]smc[J+1];
Zer Js=dep+1 gien 1 unEll p 4Q
dt[j)sme[J=(3=1)+24depl;
for is=1 gtep 1 xatdl p 40
iz 11(1])=1
shen
Regin
qQi=q+13
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blqle=dat[1i]
end 13
qQ:=q+1;
bl{ql:=1.0
end dep;
kispr+il;
113=03
Lor as=1 gtep 1 uakil pr do
Regdn
i1:=114q3
x:=a(11]3
if ©.0
Lhen
Regin
x:=-1.0/x3
12:=114q;
for 1:=q+1 gfep 1 untdl pr 4o
begin
yi=dt[i]i=ali2];
Ji=y>x;
for Je=a+1 giep 1 upidl 1 do
kegdn
121w1241;
al12]s=al12]+y=dt(J]
and s
i2s=i2+q
and i
131=0;
Zor is=1 giep ! umiil » do
iL 11(1]=0

) — Zastosow. Matem. 15.1
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ihen

Regin
133=13+q;
ysmdt[x]s=b[i3];

J3=y>x}

for Jj:=a+1 gtep 1 muidl k de

hezin
131=i3+1;
b[13]s=b[13]+yxdt[J]
end J
end 1
end x>.0
end q;
i3s=k;
for is=n-r giep -1 until 1 do
kegdn
x:=b[13];
if ©mnmin
then mingw=x;
i3t=13+k
end 1;
if min<max
then
kexgin
res[0]s»maxs=min;
fex =1 gep ' until r de
optind(i]Jt=ind[1];
i3:=03
fox 11=1 pfep 1 uptil n do
if 1i[1)=1
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thep resl(i):=.0
elge
Regin
13:=13+k;
res(i)s=b[413]
end 11[1141
end min>maxy
if ~first
ihan g8 1q newcembi
finy
and
end idep

2. Method used. The essential features of the method used are descri-

bed in the paper of Beale [1]. Suppose that the variables #,, #,, ..., , are
considered. The first subset of indices obtained by combi is 1,2,...,7;

thus the variables indexed as r+1, ..., n are dropped. For each of the
dropped variables we calculate the residual sum of squares assuming
the regression relationship of the following forms (I =r-+41,...,%):

(a) if sq = false and prod = false, then
2 =by+byw;+ ... +b,2,;
(b) if sq = true and prod = false, then
® = bo+ b1+ ... +b,8,+b, 814 ... + b,
(c) if sq = true and prod = true, then
@ = by+by2+ ... +bzra’i'*‘b2r+1m1$2+bzr+z$1$3+ oo Fhor i proy2r_1 %,

We calculate the residual sum of squares for I =r+1, ..., » and mark
the maximum value mawres(l,...,r). Next we continue examining
further subsets (4., ..., %,) yielded by subsequent calls of combi. We choose
a8 a representative set that one which gives the minimum of the maxres
values maxres(i,, ..., 1,) calculated for each subset.

3. Certification.
Example 1. Calling idep with the values

n=3, r=2,
¢[1:6] =[1.0000, .4899,1.0000, .4899, —.5000, 1.0000],
8q = false, prod = false,
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we get the following results:
optind[1:2] =[1,2], res[0:3] =[.0395,.0,.0,.0395].
Example 2. Calling idep with the values

n=3, r=1,

¢[1: 15] = [1.0000, .4899, 1.0000, .4899, —.5000, 1.0000, .9883,
4721, .4721, 1.0000, .5094, .9878, —.4939, .5065, 1.0000, .5094, -—.4939,
.9878, .5065, —.4797,1.00000],

8q = true, prod = false,

we get the following results:
optind[1:1] =[2], res[0:3] = [.75600, .7223, 0.0000, .7500].
Example 3. Calling idep with the values
n=3, r=2,

¢[1: 36] = [1.0000, .4899, 1.0000, .4899, —.5000, 1.0000, .9883,
4721, 4721, 1.0000, .5094, .9878, —.4939, .5056, 1.0000, .5094, —.4939,
.9878, .5065, —.4797, 1.0000, .7340, .9350, —.2158, .7316, .9534, —.2056,
1.0000, .7340, —.2158, .9350, .7316, —.2056, .9534, .0862, 1.0000, .8581,

4671, .4671, .8120, .4250, .4250, .6439, .6439, 1.0000],

8q = true, prod = true,
we get following results:

optind[1:2] =[2,3], res[0:3]=[.0,.0, .0 .0].
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BADANIE WSPOLZALEZNOSCI CECH METODA ANALIZY REGRES])I

STRESZCZENIE

Procedura idep przeszukuje w sposéb systematyoczny wszystkie podzbiory
r-elementowe (r < n) danego zespolu zmiennych (x,, ..., z,), wybierajac ten podzbiér
(%4, ..., %;), na podstawie ktérego moina wyznaczyé pozostale zmienne z najmniejsza
wariancjg resztowg. W zaleznosdci od zmiennych boolowskich sq i prod uwzglednia sie
réwniez regresj¢ z kwadratami i iloczynami zmiennych (por. wzory (a), (b) i (c)).



