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Program Title _GRAECO~-LATIN SQUARE

Contributor’'s Name Ronald M. Eades

Address 25 Mills St., |

City Hampton State Victoria 2ip Code 3188
. ‘ustralia

A Graeco~Latin square permits a three-way

Program Description, Equations, Variables
control in the variation of experimental units,i.e. row effects,

column effects and "layer" effects. A Graeco-Latin square defines

a restricted randomization procedure whereby p treatments are

assigned to p2 experimental units so as to obtain balance along

three dimensions. From the point of view of construction such a

square is a composite of two orthogonal Latin squares. Independent

randomization of rows and columns is required before the resulting

composite square is used in practice. In order to maintain the

identity of the squares which are combined to form the composite,

the cells of one square are desginated by Latin letters, and the

cells of the second square by Greek letters. Thus for two 3 x 3

squares
1 2 Composite
a b c <« ALy acc| b |l cY
7 7/ =
7 P P y2d P
b c a ¢ 17 by coo|ap
2
c a b /7 Y| * cB| ayf| bx

" The sampleLproblem_giyen_illnsiraigs the use for a 4 x 4 Graeco

Thjs program has b_een verified only with respect to the numerical example given in Program Description Ii. User accepts and uses
this program matenall AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
LI:_IEE%?XALAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM

—Latin square.
—The—equations—used—are:
—lﬂwﬁmsﬁr—ﬂsr—-———*ii—ia—lﬂrnﬁvn——@)

2. Col Sums = CSj = xj J= 1,2, ce0cen (b)
- 3. TR, Sums = TR, = X1 1121000een (c) |
( )
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PROGRAM DESCRIPTION 1 (continued)

4. TR, Sums = TRy, = XPr2 = 1,2,sece0een  (d)
5 Total Sums = (a) + (Bb) = (e)
The sum of squares for each of the above equations

= (a)z, (b)z, (c)z, (d)z, and (e)2 respectively.

. Variations.

6. Row Variations = (a)2 (£)

7e Col Variations = (b) (g)
h2

8. Treatment 1 = (c)2 (h)
ﬁz

9. . Treatment 2 = (@)? (i)
n2

10, Total = (e)? (3)
2
n

11. Error variation = (j) = (£f) = (g) = (h) = (i)

where n = no. of rows

11. Degrees of freedom for error = (n2-1) - 4(n-1)(n-3)

12, Mean Square = Variation
— at ;
\
13. F ratio = Mean Square
df - 1

Correction of erroneous data input. Note that there is no automatic
correction label. If an error is input and it is not desired to
start afresh summing the data the following routine will dﬁlete the
error - Re-enter the erroneous data and do (Sto - 1) (x°) (Sto-6)
(Rel 2) (1)(=)(Sto 2). The program can then continue in the narmal
waye

Note also that this correction process is easily carried out with all
data entries except the final one (to complete col. row etc. summing)
This is because the program automatically halts. In the latter case
advantage must be taken of the pauses to press (R/S) and then the
correction routine., Otherwise the program automatically proceeds

to the next step at this stage and you will therefore miss the
opportunity of correcting the erroneous input. That is the only
reason for the inclusion of the "pauses" in the program.
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Problem: In the following table A,B,C,D represent four different
types of gasoline, the Greek letters denote different roads used,
and the numbers represent mileages obtained in an experiment using
four different drivers in four different cars.

Use a Graeco-Latin square design to ascertain by analysis of
variance if differences exist between the various types of gasoline.

Drivers
1 2 3 b

1{B~n 19 Ag 16 Dg 16 Cx 14
c
a 2|A8 15 Bax 18 cCy 11 Dp 15
¥ 3|Dx 14 cs 11 B 21 Ay 16
8

hlcg 16 Dy 16 A& 15 Bo 23

Solution: Load Card (both sides)

Enter No. of rows L (A)

Sum row mileages - 19 (E) 16 (E) 16 (E) 14 (E) output
15 (E) 18 (E) 11 (E) 15 (E) output = 59

n
(*A)
A%

14 (E) 11 (E) 21 (E) 16 (E) output = 62
16 (E) 16 (E) 15 (E) 23 (E) output = 4
Sum col. mileages= 19 (E) 15 (E) 14 (E) 16 (E) output = 64

16 (E) 18 (E) 11 (E) 16 (E) output = 61
16 (E) 11 (£) 21 (E) 15 (E) output = 63
14 (E) 15 (E) 16 (E) 23 (E) output
Sum Latin letters A's 15 (E) 16 (E) 15 (E) 16 (E) output = 62
Bts 19 (E) 18 (E) 21 (E) 23 (E) output = 81
C's 16 (E) 11 (E) 11 (E) 14 (E) output = 52
D's 14 (E) 16 (E) 16 (E) 15 (E) output = &
Sum Greek lettersa«'s 14 (E) 18 (E) 15 (E) 14 (E) output = 61
Bts 16 (E) 16 (E) 21 (E) 15 (E) output = 68
4 ts 19 (E) 16 (E) 11 (E) 16 (E) output = 62
% 's 15 (E) 11 (E) 16 (E) 23 (E) output = 1list

n
R

see next page
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Variations

Eyw

|

K

Degrees of
Freedom

T ixin
ot £

K &

PE¥

FE¥

Mean Squares

F Y

F Ratios

These may be conveniently set up in the following

Variation

b/F

ES R 4

L 2 4

Mean Square

tableau form:

F ratio

|

Cars E.5F 3.6 5.55 2.7
: o OEE - s e ;
Drivers ERR i EE ; g
i SiieZE T B8 T T 1,8
Gasolines cedawd RN T
Roads TLTe 1,56 I.53 1L ES

Error 3,85

Total D560




Page 5 of

03859D  Program Deseription 11

Sketch(es) I :
\— : : /
~ ] )
Sample Problem(s) (continued)
We have therefore Critical F.95,3’5 = 9.28
iti F = «50
and Critical .99,3,3 29.5
Thus we can reject the hypothesis that the gasolines are the same
—at-the-0+05-level-but-net—at-the-0,01-level,
Solution(s)
 \— J
r Probability and Statistics (Murray R. Spiegel) Schaum's <T
ReSIT PRI —Sories p. 328 1.
—For”a~detaiied—treatment“of—this"subject*see—"Statistical'Principléﬁr“
in Experimental Design" by B.J.Winer (mcGraw Hill - 1971) Chapter 9. _
. J
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GRAECO LATIN SQUARE
; OUTPUT
STEP INSTRUCTIONS DA}“ZS,I.TS KEYS DATA/UNITS
1.| Load Card (both sides)
2. Input number of rows n n
3 Sum row data data L
4
4, Sum column data data
5 Sum Latin Letter data data 4
6. Sum Greek Letter data data list
7.| (Optional) set up list from step 6
in tableau format (manual step)
8. (Optional) to correct erroneous data
otherwise go to Step 2 and start afreph

Perform the following steps:

Re~enter the error

Natas

Py =
EXIITS

AV LU e

halted or when program is “"pausing"

For a new case go to Step 2.

I s
I nn
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