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ALGORITHM 39
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EVALUATION OF CORRECTED SUMS OF SQUARES FOR ANALYSIS
OF VARTANCE IN A FACTORIAL DESIGN WITH »n FACTORS

1. Procedure declaration. Given a factorial design with # factors,
procedure squares finds 2" different sums of squares, each with appro-
priate degrees of freedom, nedded for testing hypotheses in the linear
model of analysis of wvariance.

Data:

n — number of factors;
" fl[1.:n] — factor levels;
al0:[[(fl¢1+1)—1] — array containing data scores and all marginal
=1 means calculated, for example, by procedure
means (see [1]);
setup — identifier of the procedure setting local integer
arrays m, fl described as follows:

flit] =fl@] for ¢ =1,...,n, mn] =1,

mli] = [[(fLiHD fori=1,..,n—1.

F=it1
The heading of setup should be
procedure setup(n, f, fl, m);
value n; integer n; imteger array f, fl, m;
address — identifier of the procedure calculating the address of every
marginal mean placed in the array a.
The heading of address should be
integer procedure address(n, f, fl, m);
integer n; integer array f, fl, h;
The value of address is set as follows:

n

address = D' (f[i]1—fl[3]) x m[d].

1=1
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Results:
df[0:2"—1] — degrees of freedom;
ss[0: 2"] — corrected sums of squares; the last element ss [2"] repre-

sents the total uncorrected sum of squares of all data
scores included in the array a.

procedurg squares(n,f,a,df,ss,setup,address);
xaluyg n;
doteger n;
dnteger array f,df;
AIray a,ss;
axgcedure setup;
infeger prgcedure address;
hegin
integer fk,i,j,k,1,mk,p,s,81,8ize;
x=eal x,¥;
intezer array b,f1,m[1:n];
setup(n,f,fl,m);
1:=21n-13
s:=sizes=f[n);
Loz k:=n-1 gtep ~1 uuidl 1 4o
Rezin
fk:=f[k];
sizes=9izexfk;
s:=s+fk>m[k]
sud k;
ss8[0):=a[s]xala]xsize;
af[0]):=1;
Zor J:=1 giep 1 unidl 1 do
dagin
ke=Js
Lor 1:=n gigp -1 ualil 1 do
hegin
if (~1)tk<0
ihen
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lagin
b[i]:=1;
f1(1):=£[1]
and(-1)tk 14 O
alge b(i}:=f1(1]:=0;
ki=ks2
sad 1;
g:=address(n,f,fl,m);
k:=n+1;
p:=0;

x:=)0;

et: k:=k-1;

if k=0
then g9 fg fin;
if vlx1=0
lhen g0 ig et;
mk:=m[k];
fki=f[k];

81:=8;

for i:=1 ghep 1 watil Tk dg

hegin
yi=al[s1];
X:=X+Y>Y;
81:=814mk

£nd i

p:=p+fk;

etlski=k-1;-

if k=0
lhen &2 19 fin;
if vlk]=0
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then g0 Ig etl;
s:=s+m[k];

if f1[x]>1

then

kezin
£1[k):=f1[k]-1;

k:=n+1;
& 1Q et
end f1(k] gi O;
fks=fl[k]:=f[k];
g:=s~fk-m[k];
£Q 19 etl;
finsss[Jj]:=xxsize/p;
arfjls
sud J;
ss8[1+1]:=s8[1];

p

p:=ls=1+1;
Zor k:=n gigp -1 wnidl 1 do
kegin
8:=p:=p=2;
diff:
Lor J:=71 glen 7 uuiil p 4o
kegin
df[e]:=df[s]-df[s-p];
ss(s]):=88[s8])-s8[s-p];
s8:=8+1
eud Js
83=8+D;
if s«
ihen g9 tg diff
end k;
end squares
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2. Method used. The mathematical model for analysis of variance
of a general factorial design with n factors can be found, for example,
in [3]. The way of the calculation will be shown by an example with n = 3
factors A, B, C appearing at f[I] = p, f[2] = ¢q, f[3] = r levels. The
numeration of factors is from the left to the right, e.g. z;, denotes a par-
tial mean at the i-th level of factor A and at the k-th level of factor C
averaged over the factor B:

q
1 )
a’i.k:?lgmilk, I<i<p,1<k<r.
=1

The schedule of calculations is the following:
First, the raw (or uncorrected) sums of squares are calculated.
We get

ss[0] = 88, = pgr () with df[0] = 1,
ss[1] = 880 = pg D) (w.a)® with df(1] =,
k=1
q
83[2] = 88p = pr D (w,)? with df[2] = g,
j=1
q r
s3[3] = 88pc =p D) D (@p)  with df[3] = o,
j=1 k=1
»
ss[4] = 88, = ¢r D) (@) with df(4] = p,
=1
VY r
$8[51 = 8840 = ¢ (@34)? with df[5] = pr,
i=1 k=1
p» q
83[6] = 88,45 =7 D' D (w)* with df[6] = pg,
t=1j=1
D q r
83[7] = 88upc = D) D) D (@m)?  with df[7] = pgr.
i1=1 j=1 k=l

Now we set ss[8] = ss[7].

The order of coding various factors in the S8 terms is that proposed
by Yates.

Next, the corrected sums of squares are calculated. The corrections
are executed in the following ¥ = 3 steps:
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Step 0 Step 1 Step 2
S8, S8, S8,
NN S8y S8q
SSgp SSgz S8z— 88,
S8Sgo SSgo ' S8pc—88;
S84 S8, — 88, 88 ,—88,
S8 40 88 40— 88, 88 40— 88¢
S8 5 S8 ,5—88p !SSAB—SSB—SSA+SSO
88 4Bc 88 480 —88pc  ||88.4pc —~88po— 8840+ 88¢
Step 3
188
188 — 88,
ISSg — 88,
188 — 88c— 885+ 88,
ISS ,— 88,

188 4o — 885 — 88, + 88,
188 5 — 885 — 88+ 88,
188 4o — 88pc — 88 4+ 88c — 88 4 5+ 885+ 88, — 88,

In the first step the sums of squares are corrected for the first
factor (4). From each square with the factor A the corresponding square
without the factor A is substracted.

In the second step the partially corrected squares are subjected to
a second correction for the factor B.

In the third step the corrections for the factor C are added. The
terms left unchanged in steps 1-3 are marked with a single stroke, the
terms which have changed are marked with a double stroke.

3. Certification. Let us call procedure squares with following values:
n =3, f=[273a4]7

a = [6.5, 2.7, 4.0, 4.1, 4.325,
5.2, 4.5, 4.1, 3.4, 4.300,
5.6, 4.1, 3.6, 5.5, 4.700,
5.767, 3.767, 3.900, 4.333, 4.442,
6.5, 4.2, 4.7, 4.4, 4.950,
5.1, 3.5, 4.9, 5.2, 4.675,
6.1, 3.2, 3.7, 3.8, 4.200,
5.900, 3.633, 4.433, 4.467, 4.608,
6.500, 3.450, 4.350, 4.250, 4.637,
5.150, 4.000, 4.500, 4.300, 4.487,
5.850, 3.650, 3.650, 4.650, 4.450,
5.833, 3.700, 4.167, 4.400, 4.525].
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The numbers with one decimal digit visualise the original data
scores, the numbers with three decimal digits were computed by procedure
means.

Results:
df = [17 3; 27 6’ 17 37 27 6]’
ss = [491.415, 15.218, 0.158, 2.989, 0.167, 0.340, 1.396, 3.937, 515.62].

4. Additional remarks. Procedure squares published here gives
the same results as the procedure published by Gower [2], but the new
procedure is evidently much faster, as shown in Table 1. Run on the ODRA
1204 computer our procedure needs less than 1/10 of the time needed by
Gower’s procedure.

TABLE 1. Run times of the old and new procedures squares on the ODRA 1204 com
puter (in seconds) (» —number of factors, f(1:n] — factor levels)

n =3 n =4 n =235 n =26
parameters fl1:3] f1:4] fl1:5] f1:6]
=1[6,5,5]| =106,6,6,8]1| =1[4,4,4,4,4] =[2 2 3,4, 2, 4]
old procedure 14 83 220 229
new procedure 1 | 6 | 16 20
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ALGORYTM 39
ANNA BARTKO WIAK (Wroclaw)

OBLICZANIE POPRAWIONYCH SUM KWADRATOW DO ANALIZY WARIANCJI
DLA DOSWIADCZENIA CZYNNIKOWEGO Z n CZYNNIKAMI

STRESZCZENIE

Procedura squares oblicza — na podstawie jednowymiarowe) tablicy danych
oraz érednich marginesowych — tzw. poprawione sumy kwadratéw, wyrazajace zmien-
nosci wywolane wplywem badanych czynnikéw oraz ich interakcjami. Procedura ta
dziala w Algolu 1204 przecietnie 10 razy szybciej niz analogiozna procedura Gowera [2],

Dane:

n — liczba czynnikéw;

n fl1:n] — poziomy czynnikéw;

al0: 17 (f[4]4+1)—1] — tablica rzeczywista zawierajgca dane oraz S$rednie margi-
t=1 nesowe; tablica taka moze byé obliczona za pomoca proce-
dury means [1];

setup — procedura obliczajaca wartosci pomocniczych tablic uzy-
wanych przez procedure squares;
address — funkcja calkowita obliczajaca adres szukanego elementu
danych Iub 4redniej marginesowej.
Wyniki:
df[0:2"— 1] — stopnie swobody; |
88[0:2"] — poprawione sumy kwadratéw; element ss[2"] przedstawia ogélng

poprawiong sume kwadratow.



