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SUMMARY 

The two-level factorial experimental design is one of the most 

useful designs for use in those types of experiment that involve a general 

survey of the effects and interactions of many operational param.eters. 

This report describes the possible uses of this design in a minerais  testing 

and processing laboratory. A computer program for this purpose is provided. 

It will set up the design matrix and will evaluate the experimental results. 

*Research Scientist, and **Technical Officer, respectively, Physical 
Chemistry Group, Mineral Sciences Division, Mines Branch, Department 
of Energy, Mines and Resources, Ottawa, Canada. 
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INTRODUCTION 

In both laboratory- and in production-scale operations, one 

very often encounters a problem of determining the effects on a certain 

process of various param.eters of which their theoretical relationships 

are often not fully understood. In many cases, the experimenter is 

guided by his "intuition" to consider that a certain variable, A, will have 

an effect on the process, whereas an.other variable, B, which, by itself, 

will have no effect but will, in the presence of A, have a significant effect 

on the product of the process. 

In ge -neral, the experimenter encounters the following questions: 

(1) Do variables A, B, C, D, etc., either by themselves or irt the prese.nce 

of the operation of the others, have a significant effect on the process? 

(2) If so, to what extent? 

In the absence of a theoretical answer, an empirical relation 

must be developed to a-nswer the above questions. 

One of the most eco -nomical experimental designs, to perform a 

survey to provide the answer to Question (1), and, to a certain extent, to 

Question (2), is the two-level factorial design (2
N 

design). In this design, 

all variables (factors) are investigated at two levels. This design will 

i-nvolve 2
N 

experimental runs, where N is the number of factors. Thus 

2
N 

will be the number of all possible combinations of these factors. 

POSSIBLE APPLICATIONS OF A 2N  FACTORIAL DESIGN 
IN A MINERALS TESTING AND PROCESSING LABORATORY 

In a laboratory for testing and/or processing minerals, the 

Z
N 

factorial design might be used in analytical chemistry, complex syntheses 

and in empirical modelling. These applications are discussed hereunder. 
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(1) Analytical  Chemistry  

(a),, The Developm.ent -  of" an Analytical Procedure  

Ma-ny analytical procedUres are developed- for a specific purpose. 

This is, particularly true in. the' field of, ore a-nalysis. The development of 

the procedures is commonly con.db.cted by  a highly-qualified scientist. 

However, once the sa proced'ures have-been established, they will be more 

valuable  If. the routine analyses can then be performed by a reasonably 

cotripetent tech -nician. For. this reason, the developer- of such procedures 

should report the variables in his recommended procedure that require 

very strict control and' those that require only a :m.oderate degree of 

co -ntrol in order to achieve a result. with.the,desired level of precisio -n. 

Thus,, the user of these methods, will. then be• able to apply the:m with 

minimum, cost to provide an adequate control and" ta prodUce an acceptable 

precision in. the final results'. 
N- 

In.this case,. a a factorial expertm.ent will provide a-thorough 

survey, of the effects of the apprOpriate variables ,. 	 • 

(b) Determin.ation of the Effect of the.E -nvironm.ent  on. the  
Accuracy  of  an. An.alytical Procedure  

Let -  us suppose. that one wanted to. analyse a.leachin.g, solution. 

by.. a direct physical rn.ethod. The solution will probably contain elements 

besides the one' or ones of interest. In this case, one would like to know 

the effects of these other elements on the instrumental readings for-the 

main elements so, that appropriate  corrections ccru2'l be made, if n.ecessary. 

If the problem cari' be- solired,. a 2 -  experim.ent, would,  be a very suitable 

-means of finding ths solution.. In this case, the various factors- can be . 

accurately controlled because-they aré in soltitionform. •This 

type of  experiment can be extended to a, solid system. However,. in 

this case, one must-be- careful in,using, the results because- some of the 

physical variables, such as particle size distribution, particle orientation, 

etc. can-not be either fully controlled or -specified. 



(c) Calibration of Electronic or Other Physical Testing 
Equiprn.ent Used in a Laboratory 

There are num.erous types of electronic equipment used in a 

modern analytical laboratory. To operate these items of equipment, the 

operator is sometimes required to deternatne various suitable setti -ngs of 

the electronic  and/ or  mechanical dials, depending on the nature of the 

sample to be analysed. For a given sam.ple, the readings (responses) may 

change from one setting to another. The 2
N 

experimental design is 

suited to determining the sensitivities of these various dial settings 

in co-ntrollin.g the response of the equipment. 

(2) Complex Syntheses  

One example of this type of problem is the investigation of the 

effect of process variables on the .magnetic and ceramic properties of ferrites. 

There are numerous variables that m.ay effect the final properties of the 

ferrite ceramic; therefore, a 2
N 

factorial experiment should be done because 

it is the most eco -nomical .method of i-nvestigati -ng all these variables 

si.m.ultaneously. 

(3) A Tool for Empirical Modelling 

Should the model be either linear or very close to linear at a 

given range of variable levels, a 2
N 

factorial experiment would be very 

suitable. If the model is found to be non-linear with respect to some of the 

variabJes in the ranges of interest, the design can be extended into a more 

complicated design based on 
ZkN-k 

etc., instead of on 2
N

, where Z >2, 

depending on the requirements of the information to be obtained. 

DESIGN PROCEDURE 

The term "factor" in a 2
N 

factorial design refers to the 

controllable process variables. For example, in chemical analyses, it 

could be pH, concentration, etc. These factors can be either qualitative 

or quantitative in nature. It is obvious that, for the qualitative factors, 

all that can be determined is whether they have any effect on the response 
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,or not. The -term "response refers to any measurable property ,of .the 

proce:ss .prodlict( s) that is ,of intere,st to the ,exp.erime,nter. In  

chemical ,analysis,, it rne.ans„  of ..couree, the 'final analytical r.e.sult 

achieved. 

, In this  ,discussion, it is ,convenie.nt to :assume ,that all factors 

are 'quantitative  because the qualitative lactorS can :always be. ",artificially" 

qua-ntified .by 'expres:sing them .as .a ltdummy" ..numbex. 

'These 'quantitative factors .are then :give:n coded values of -1. and 

+ 1 for the .lowe.st and the highest levels,, re:sp.ectively, of the .factor. in -which 

the ,expeximenter is interested; 	if the .expeeirnenter is Interested in 

'seeing the :effect  of a pH 'change .frorn 7-to :8., then : lie woUld .assign pH = 7 

as (-1..) ,and pH := .8 as .(+1:).. Inthis :case,,  therefore, , one ,c,o.de.d 'unit of  this 

particular -factor is equal to e..5.pH unit. Having :assigned the low and 

:high value,s to all the factors, the •experime•ter the:n :combines all these 

,factors for his :experimental-run. 'There will be s. total of .2
N 

,different 

combinations for the N factors.. 'This sChernatic plan is .called the "design 

rnatrix"... The 'following is ,an 'example Of ,a  'design  Matrix: 

V  

-1. 	 -1 	. , -1 

+1 , 	-1 . - 	-1 

-.J. 	 + 1 	 -J. - 

+1 	 ' , +.1. 	 -1 

11, 	 ...e• 

• • .1. 	• 

+1 	 + 1 	 + 1 	 +1   +1 2
N 
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To eliminate any possible time-dependence of the response 

(the experimental result), it is desirable to conduct the actual experi -ments 

in a ra-ndom sequence with respect to the run numbers. 

EVALUATION OF THE RESULTS 

One of the advantages of a two-level factorial design is the 

ability to evaluate the effects of all factors, including their interactions, 

using only relatively simple arithmetic. This simplicity is a consequence 

of the orthogonal properties of the design matrix. The interaction columns 

in the m.atrix can be considered as the product of the interacting factors( I). 

The mathematical model of the response Lan be expressed 

by the following polynomial: 

where 

yi = response in run number i; 

a. = constants (i. e., the coefficients); and 

e= error in run number  I.  

The coefficients ,  j a-Ts can be computed by the least-squares 

method(2). 

Equation 1 can be written in a matrix form, thus: 

Y = X A + e 
where 

Y 	= a column vector of response y
i

; 

A 	= a column vector of coefficient a,; 

X 	= a (2
N 

x 2
N

) m.atrix of x
ij

; and 

= a column vector of error e i • 
If one can assume that the error, e is normally distributed 

with an expected value of 0 and a variance of er 2 , then the fitted regression 

line can be computed as follows: 



and consequently, 

Therefore, 

XTX A = XT '

y 

0 	 ... [Eq. 4] 

[Eq. 51 

... [Eq. 6] A = (X
T

X)
-1 

X
T

Y 

6 

From Equation 1, we. get 

=Y-XA 	 [Eq. 21 

The. sum of the. squares of the. errox 6°.  for  all values, of i s.  can be. 

express.ed in the, following matrix form:. 

[ Y - X Airi Y - X Aj* 

= [ Y
T 

A
T

X
T

1 C .  Y - X Al 

whence 

= Y
'T

Y - A
T'

X
T

Y - Y
T'

X A 4-. X
It

A
T

X A 

In order for the surn of the squares of the errors to be a minimum, 

Equation 5 is commonly known as the normal equation. 

If the design is such that the X-matrix is orthogonal, the 

resulting pre-multiplication:by its own transpose will be a diagonal matrix. 

In the case of 2 factorial design, this diagonal matrix will have diagonal 

elements of 2
N

. The right-hand side of Equation. 5 is a column vector 

with elements of 

i 

x1 •  yi  
= 

* XT 
is a transpose of :m.atrix X. 



a. 
2

N 

.The left-hand side of Equatio -n 6 is a column vector with elements of a. s 
J 

Therefore, Equation. 6 can be rewritten as: 
2,N 

E  
1 =1  rE q. 73 

x . 
i 

y
j i 

where: 

j = 1 , 2 , • • • , 2N ; 

and 

1 
il 

A computer program has been written in FORTRAN language 

for the 2
N 

factorial design and evaluation. Depending on the option selected 

by the user, the program  will write the design matrix only, or will compute 

the coefficients, or will com.pute the coefficients and write the X-m.atrix. 

An example of a program listing and of a test run is iliustrated in the last 

section of this report. 

INTERPRETATION OF THE RESULTS 

In interpreting the results of a two-level factorial experiment, 

one must note that the coefficients, aj , were co:m.puted by drawing a straight 

line between two points or between two groups of points, if repeat run.s were 

performed. Therefore, Equation 1 is only a crude linear approximation of 

J 
the model. However, the magnitude of the e • w s ill provide a good estimate 

of the extent of the effect of a particular factor. In many literature 

references, a
o 

is commonly called the effect total and the ar values are 

half of the effect of factor j, including the interaction. 

The variance of the a values, V t aj], can be computed from 
3 

T -1 2 
the variance - covariance m.atrix (X X) a , In this case, because  (X X)

is a diagonal matrix with elements of 2
N

, 



V[17" 1. -= X
k

T 
X

T
X X 0.

2 
. . . [E q .  9 1  

—8 

V. cr 

2
N 

rE q . 

where 0.
2 

is the variance of each observation. In practice, 0
2 

is not known; 

therefore, it must be estirnated, either by repeating or by using previous 

knowledge of 0.
2 

values. Another method of esti:m.ating the value of 0
.2 

is by 

observing the sum of squares associated with the coefficients. Using 

"intuition", the smaller sums of squares can be pooled and used to estimate 
2 

the value of 0 . 

The confidence interval of the coefficients, a., can then be 

constructed, based on the degrees of freedom of their variance. 

The variance of the expected respo-nse,  Ç  at X X
k' 

can be cornputed by the following formula: 

where X
k 

is a vector with elements of - (1, xi _ . . • •  
—2*-1 

Having computed the statistical significance of each of the 

coefficients [ I. e., of each factor] , one can then evaluate the importance 

of each of these factors. This stage of the evaluation cannot be generalized, 

because it depends on various factors such as the units used, economic 

factors, etc. 

FRACTIONAL FACTORIAL DESIGN 

On the assumptions , that the observations are 

and have equal variance, the 2 factorial design provides 

minimum-variance estimates of the grand average and of 

which consist of: 

(i) k main effects; 

(ii) k(k-1)  two-factor interaction effects; 

uncorrelated 

i-ndependent 

the (2
N 

-1) effects 

2 

(iii) k(k-1)(k-2)  three-factor interaction effects; 
2. 3 
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(iv) k(k..1)(k-2) . 

	

	. (k-h-1)  h-factor interaction effects; and 
h 

(v) a single k - factor interaction e ffect (1). 

Hence, this design is the most economical one to undertake 

in a complete survey of all possible variables. 

In many cases, however, the number of possible factors is 

large and a complete 2
N 

factorial design becomes prohibitive in cost. 

Furthermore, it is often the case that the high-order interactions are 

either negligible or difficult to explain in terms of their physical meaning. 

In these cases, unnecessary to perform a complete survey 

of the effects of these variables. In these situations, a fractional two-level 

factorial design m.ay be more eco -nomical. This design is commo -nly 
- 

referred to as a 2
NP 
 factorial design. It :m.ust be noted, however, that, by 

decreasi -ng the number of experiments, some information will be lost. 

Depending on the information that the experimenter wishes to 

obtain from his experiments, there are various types of fractio -nal factorial 

design. There are no definite rules that will be applicable to all situations. 

However, numerous papers have been writte -n on this subject. Among 

these, papers by Box and Hunter (1, 3) gave an ex.ellent desctiption of 

this subject and an N. 13. S. publication (4) gives a list of plans for various 

fractional replications of a factorial design up to 16 factors. 

EXAlvIPLE OF THE APPLICATION OF A 2
N 

FACTORIAL DESIGN 
IN THE CALIBRATION OF AN ANALYTICAL EQUIPMENT 

In industry, one very often encounters the problem of performing 

the quick analysis of a solution containing several ele:ments that interfere 

with one another in their determinations. In a laboratory, this problem is 

commonly solved by separating the interfering elements before a particular 

physical or chemical method is applied for the desired element. This 

procedure, however, can be tedious and, in some cases, impossible to 

perform. For example, if one has to analyse a leaching solution on-line, 

most probably the solution will co -ntain several other elements that might 



A, B, C, 

elements 

- 

interfere with the determination of the. desire.« e.iernent... TherefOre, i•t is 

nece.ssary to e.aiibrate the instrument with 3 Solution .containing, approximately 

the same: set • of elements-. For this. -p.roblern„ a a. facto•riak experiment is 

ec.onomically  acceptable;.  Having-, done• the i calibration,..a • .• • 	• 

correction procedure. m.ay the.n be de.velope.d that c.an be pro.grarnme.d 

direçtly into the instrument. 

Suppose the leaching solution c,ontains. six .e,iernents: 

D, E„and F and that the typioal oper•ating  concentration  of these 

are A
o' 

B
o
, C

o' 
D

o
, E

o'
and F

o
, respectively,. The most probable limiting 

concentrations are A(-), to A(+),,, B(4 to B(+), etc.; tb.erefore, one oan assign 

A(-) as. (-1), A(+),, as (+1), etc. ,, in coded units. A unit transformation can 

be found from the requirernent that [A(+) - A
o 

= 	A(-) = 1 in coded 

units. 

The next step will be to set up:the desig -n matrix or the 

experimental plan. For this  purpose, 
2N. 
 bottles of the solutions, containing 

all the elements concerned with, concentration combinations acc Or ding. to 

the design matrix, are prepared. N readings (for the N elements) are then 

taken on each bottle. The total number of instrumental readin.gs will thus be 

aN. 2 . From these readings, 	
' 

. N sets of coefficients,a. c n be computed. 
3 

There will be a total of N. 2 such coefficients for the N elements. For the 

purposes of further discussion, these coefficients will be called the 

calib  ration  coefficients. 

The development of the corrections will involve the solution of 

the fo.11owing set of equations: 

y = a f(C ) + a ..f[C' C 	. . a fiC 	C ) 
v 	 v 	vk 	1 " ' 	- N • 

rE q. 101 

where 

Y v 	
' the reading for element v;. 

a
vi 
	----. 	coefficients of the main effect for element. v;• 



y
v 

= a
vO 

+ a C EE q. 11] 

a . and a
vk 

= coefficients of the interaction effects. 
vj 

C
y 	

concentration of element e. 

The above Equation 10 gives rise to a set of non-linear equations. However, 

the solution that will be of interest will be a set of real and positive values 

of C. The complexity of the solution of Equation 10, of course, depends 

on the nature of the calibration coefficients, a, which may be positive or 

negative. 

In ma-ny practical cases, the extent of the interferences is not 

too severe. It probably will fall into either of the following two categories: 

(i) The interference is small:  

In this case, as a first approximation, one can simplify 

Equation 10 into a set of independent equations: 

The value of C
v

1 
from this first approximation can be substituted into 

Equatio -n 10 to compute a closer approximation until the value of ICvri-C
v
n+11 

will be smaller tha-n a certain arbritrary quantity. A statistical parameter, 

such as the standard deviatio-n or a multiple thereof, can be used as this 

arbitrary quantity for this purpose. 

(ii) The interference is not small but is co-ncentrated in the  
linear portion of Equation (10).  

In this case, as a first approximation, one can use the root of 

a set of N li-near equations of the type: 

[Eq.12] y
v 

a
v0

+a 
 vi 

C
l 

+a 
v2 

C
2 

. . . . a
vN

C
N 

above. Further procedures will be the same as in (i). 

f
. 

* 	represents the functional dependence of the response on this quantity. 



COMPUTER PROGRAM FOR A 2 FACTORIAL EXPERIMENT 

a. Purpose: To set the design matrix and to evaluate the experimental 

results of a 2
N 

factorial experiment  for N having values up to 7. 

The output of this program  is in the form of regression 

coefficients for all factors and their interactions. To compute the factor 

effect, these coefficients, except a (which is constant), must be multiplied 

by a factor of 2 to allow for the complete range of the factor values. The 

constant, a,  is the effect total. 

b. Language:  The program was written in FORTRAN language. The user 

should also provide a :suitable set of control cards far his particular 

system. 

c. General Description: The flow-chart of this program  is illustrated 

in Figure 1. 

(i) Data 'Cards:  

Card 1.. Title card.. Up to 80 columns of alphanum.eric information. 

Card 2. Number of factors.  Integer input in Column .2. 

Options:  'Integer input in Colum.n 5. There , are three options 

that will control the output: 

(a) 1; design :matrix only will be printed; 

(b) 0 or blank; the experimental results and the regressions, 

and the sum  of  .squares will be:printed; and 

(c) 2; the same as (b), plus the X-matrix will be printed. 

Cards 3 to (3 ÷ N). Lower level .of factor i in Columns 1-10. Upper level 

of factor i in ›Columns 11-20. Both are floatingpoint inputs 

with .decimal point. Name of factor i in Columns 21-26. 

'Unit of -factor i in Column 31-36. Both are alphanumeric 

informations. 



START ) 

/ READ TITLE, 
NO. OF FACTORS/ 

OPTIONS  

/ READ 
FACTORS 
AND UNIT 

PRINT 
OPTION 

(SE T UP> 
D ESIGN DESIGN 

/ MATRIX MATRIX  

MATRIX  
> 

( 
FULL  X

SET UP 

/ READ 
EXPERIMENTAL/ 

RESULTS  

COMPUTE 
COEFFICIENTS, 

AND 
SUM OF SQUARES 

OPTION 

(0),(2) 

/ PRINT 

SUM OF SQUARES 

COEFFICIENTS, 
RESULTS, 

AND 

OPTION 
(2) 

/PRINT 
FULL 

X-MATRIX 

NO 

Figure 1. Flow-chart of the Computer Program for a 2 N  Factorial 

Expe  riment.  
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Cards (4 + N) to (3 N 2
N

). Observed response of run. y in Columns 

1-10. Floating-point inputs with decimal point. Rn  sequence, 

sample number or other identification numbers in Columns 

77-80. Integer input. 

(The se  cards are only required if the option is other than 1). 

NOTE:  Since the program was, written-  in a standard sequence of runs, 

the responses must be entered in the same sequen.ce as with the 

design :matrix (from. Run. No. 1 to Run No. 2
N

). 

(ii) Test runs: 

The program  listing and the test run (Example run) for 

Options 1 and 2 are given imm.ediately following the References in this report 

(see pages 17 to 27 ). .This run was performed using a CDC 6400 computer. 

The data used in this run were the results of a measured weight-loss on 

the Mn-Zn ferrite that occurred during sintering. Six factors were 

investigated in this experiment. They were calcination tem.perature,, milling 

time, forming pressure, sintering temperature, soaking time and sinte ring 

 atmosphere. The specimens were in the form of toroids with 1.5 in. O. D. and 

0.75 in. I. D. The weight losses were expressed in per cent of the original 

weight of the specimens. 

The result of the analysis of these  data  in the form of regression 

coefficients and sums of squares of errors associated with the corresponding 

factors, are listed on pages 29 and 31 . Both the design :matrix and the 

complete X-rnatrix are listed for - this test run on pages 25 and 33 to 43. 

Any one or both of these, matrices can, of course, be omitted at the option 

of the operator.. 
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APPENDIX 	 — 17 ,- 
PROGRAM 	MAIN 	TRACE 	 CDC 6400 FTN V3.04)265 ORTZ0 

PROGRAM MAIN(INPUT,OUTP(JT,TAPE1=INPUT.TARE3=OUTPUT) 

PROGRAMME FOR TWO LFVEL FACTORIAL DESIGN 	FORTRAN V 

_ 	• 
RFAL LABEL 
DIMENSION LAREL(128),XM(128.7),X(128,128),Y(128),A(128).SS(128) 
DIMFNSION FACT(7) , UNIT(7),XFACT(7,2),RUN(128),TITLE(16).NX(128) 
DIMENSION HDG(7) 

10 	 DATA ICR/1/.LPT/3/ 
DATA LABEL/6HCONST.,6H4 	,6HR 	t6H4R 	'.6HC 	t6HAC 

• 16H8( 	,6HARC 	.6HD 	,6HAD 	.6HBD 	t6HABD 	106HCD 	9 
?6H4CO 	t6HRCD 	g6HABCD 96HE 	.6HAE 	.6HBE 	.6HABE 
16HCF 	.6HACE 	,6HRCE 	,6HABCE '6HDE 	,6HADE 	t6HBDE 	t 

15 	 46HARDE .6HCOE 	16HACDE ,6H8CDE g6HA3CDE .6HF 	.6HAF 	1 
56HBF 	96HARF 	,6HCF 	96HACF 	.6HBCF 	.6HABCF .6HDF 
66H4DF 	.6HROF 	,6HARDF ,6HCDF 	,6HACDF t6HBCDF .6HABCDF 
76HEF 	,6HAEF 	.6HRFF 	,6HAREF ,6HCEF 	t6HACEF .6HSCEF 
86HARCEF ,6HDEF 	,6HADEF ,6HRDEF ,6HABDEF ,6HCDEF .6HACDEF 

20 	 R61-1RCOEF ,6HABCDFFe6HG 	,6HAG 	,6HRG 	,6HABG 	96HCG 
16HACG 	.96HBCG 	,6HARCG ,6HDG 	e6HADG 	'6HBDG 	.6HABDG 
P6HCOG 	,6HACDG '6HBCDG ,6HARCDG ip6HEG 	t6HAEG 	t6HBEG 
16HAREG ,6HCEG 	,6HACFG ,6HRCEG '6HARCEG ,6HDEG 	.6HADEG t 
46HRDEG ,6HARDEG ,6HCDEG .6HACDEG .6HBCDEG t6HABCDEGt6HFG 

25 	 56HAFG 	,6HRFG 	96HARFG .6HCFG 	e6HACFG ,61BCFG ,6HABCFG 
66HDFG 	,6HADFG ,6HROFG ,6HARDFG .,6HCOFG ,6HACDFG ,6HBCDFG 9 
76HARCDFG16HEFG 	.6HAEFG 96HREFG ,6HABEFG ,6HCEFG .6HACEFG 
R6HBCEFG ,6HABCEFG,6HDEFG .6HADEFG ,6HRDEFG .6HARDEFG.6HCDEFG 9 
R6HACDEFG,6HBCDEFG.6H5FVFN / 

10 	 1 READ (ICR.1000) 	TITLE 
1000 FORMAT (1645) 

READ (ICR,1001) NFACT,NOPT 
1001 FORMAT (IP.I3) 

N = ?**NFACT 
15 	 AN= N/2 

no  2 I=1,N 
DO  2 J=1,NFACT 
AI=I 
AJ=J 

40 	 L = AI/P.0**(AJ-1.0)) + 1.0 — 1.0/AN 
? XM(I.J) = (-1)**L 
READ (ICR.1010) (XFACT(I.1).XFACT(I,2).FACT(I),UNIT(I),I=1,NFACT) 

1010 FORMAT (2F10.2,A6,4X,46) 
WRITE (LPT,1050) 

45 	 1050 FORMAT (1H10.200EACTORIAL FXPERIMENTS"//) 
WRITE (LPT,1051) TITLE 

1051 FORmAT (1H0.16A5/l) 
WRITE (LPT,105?) NFACTeN 

105? FORMAT (T10."NUMBER OF FACTORS 	 ;",I6//T10."NUMBER OF RUN 
Sn 	 Is  

WRITE (LPT.1053) 
1051 FOPmAT (T4ONO".1. 10."FACTOR".T240LOW (-1)".1 .440HIGH (+1) 141.7100 

1NE rooEn UNIT FO. TO"//) 
DO 1? I=1.NFACT 

cc 	 T = (XFACT(I.2)—XFArT(I,1))/2.0 
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70 

75 

All 

A5 

90 

95 

100 

105 

110 

60 

65 
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PROGRAM 	MAIN 	TRACE 	 CDC 6400 FTN  V3.0 —P265 OPT=0 

= 
1? WRITE (LPT.1054) LAREL(J),FACT(I).XFACT(I,1),XFACT(192),UNIT(I),T, 

1UNIT(I) 
1054 FORMAT (3X.A2,T10,46,T20,F10.2,T38,F10.29T52,A6,T709F10.2 , T84,A6/) 

IF (NOPT-1) 17.13.17 
13 WRITE (LPT.1055) 

1055 FORMAT (1H111.20."THF DESIGN MATRIX"//) 
DO 14 K=1,NFACT 
J=2**(K-1)+1 

14 HDG(K)=LAREL(J) 
WRITE (LRT,1056) (HDG(K),K=1.NFACT) 

1056 FORMAT (T4. 11 RUN NO".1. 20,7(4X,46)/) 
DO 16 I=1,N 
DO 15 K=1,NFACT 

15 NX(K)=XM(I,K)+XM(I,K)/N 
16  ;RITE (LPT,1057) I.LABEL(I),(NX(K),K=1,NFACT) 

1057 FORMAT (14,14,T14,A6,T22.13,6110) 
GO TO 1 

17 DO 4 I=1,N 
X(I.1)=1.0 
DO 4 J=1,NFACT 
Ni =  
00 4 J1=1.N1 
J2 = NI + J1 

4 X(I,J2) = X(I.J1) * XM(I,J) 
READ (ICR.1002) (Y(I).RUN(I),I=1.N) 

100? FORMAT (F10.3,66X,I4) 
WRITE (LPT.1063) 

1063 FORMAT (1HI,T20. 11 EXPERIMENTAL RESULTS"//) 
DO 14 K=1.NFACT 
J 

34 HOG(K).= LAPEL(J) 
RITE (LPT.1064) (HOG(K).K=1.NFACT) 

1064 FORMAT (14ORUN NO".T??,"EXPT.NO",T3400BSERVED"9T5097(8X,A2)/) 
WRITE (LPT.1070) 

1070 FORMAT (11-40) 
DO 16 I=leN 
DO 15 K=1.NFACT 
j=?**(K-1)+1 

35 NX(K)=X(I.J)+X(I.J)/N 
36 WRITE (LPT.1065) I,LABFL(I).RUN(I),Y(I),(NX(K),K=1,NFACT) 

1065 FORMAT (14,14.T14.46,TP2,14,T32,F12.4.T50.7110) 
DO  A J=1,N 
A(J)=0 
00 7 I=1.N 

7 A(J) = A(J) +  
A(J) = A(J)/N 
SS(J)= A(J)*A(J)*N 
WRITF (LPT,1061) 

1061 FORMAT (1m1//,T16,"REGRESSION COEFFICIENTS AND THEIR SUM OF SQUARE 
15"//,T4."NUMREQ",T110VARIABLE".T25000EFFICIENT",140."SUM OF SQUA 
PRES".1-70,"mUMSFQ".TA0,"VARIABLF",T92,"COEFFICIENT".T107,"SUM OF  SQ 
1HAPFS 11 //) 

NI = NI? 
no 10 I=1.m1 
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ii'  

120 

12g 

130 

13g 

PPOnPAM 	MAIN 	TRACF 	 CDC 5400  FIN  V3.0—P265 OPT=0 

N2 = N1 + T 
10 WPITF (LPTe1n62) T,LARFL(I).4(I),SS(I).N29LABEL(N2),A(N2),SS(N2) 

1052 FO 4 AT ("0",T404,114945.F16.5.7. 37,F17.89T709149181.46.F16.59F17.8 
1) 
IF (NOPT —1) 1+1,21 

21 L = 1 
lq K1 = 12*(L-1) +1 

K2 = 12*L 
19 WRITE (LPT.105P) L 

105 FOPmAT (1H1//91- 50."X—MATRIX",I6//) 
4PTTF (LPT91059) (LABEL(J),J=K1,K2) 

1059  FO-?MAT  (T4. 11 PUN NO".T26.12(2X.A5)/) 
O0 ?2 1=1,N 
no 20 J=K1/K2 

20 NX(J)=X(I,J)+X(T+J)/N 
22 WRITE (LPT•1060) T,LABFL(I).(NX(J),J=K19K2) 

1060 FOPmAT (17,7129A59T21,1218) 
L = L+1 
TF (N—K2) 1.1924 

24 K3 =N—K2 
IF (12- 1(3) 18,18925 

26.K1=K2+1 
K2=K3+K2 
GO TO 19 
Fivo 
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FACTORTAL FXPERIMENTS 

TEST RIJN NID. 1 (OPTION 1) 

TWO LFVFL FACToPIAL EXPERImENTAL PLAN FOR FTVE FACTORS 

NUMRFR OF FACTORS 	 S , 
, . NUMPFR OF PuNS 	 32 . 

FACTOR 	LOw (-1) 	 HIGH (+1) 	 ONE CODED UNIT EQ. TO 

CALC. 	 900.00 	 1000.00 	DFG.0 	 50.00 	DEG.0 

mILL 	 24.00 	 48.00 	HOHP 	 12.00 	HOuR 

PPESS 	 5000.00 	 10000.00 	PSI 	 2500.00 	PSI 

TF ,AP, 	 1250.00 , 	 1300.00 	DFG.0 	 25.00 	OFG.0 

çoAK 	 120.00 	 240.00 	MINUTE" 	 60.00 	MINUTE 



- 24 - 



THE DESIGN mATRIx 

RUN NO 	 A 	 8 	C 	n 	E 

	

1 	CONST. 	-1 	-1 	-1 	-1 	-1 

	

2 	A 	 1 	-1 	-1 	-1 	-1 

	

3 	R 	-1 	1 	-1 	-1 	-1 

	

4 	AR 	1 	1 	-1 	-1 	-1 

	

5 	C 	-1 	-1 	1 	-1 	-1 

	

6 	AC 	1 	-1 	1 	-1 	-1 

	

7 	PIC 	-1 	1 	 I 	-1 	-1 

	

8 	ARC 	1 	1 	1 	-1 	-1 

	

9 	D 	-1 	-1 	-1 	1 	-1 

	

10 	AD 	1 	-1 	-1 	1 	-1 

	

11 	PD 	-1 	1 	-1 	1 	-1 

	

12 	ARD 	1 	1 	-1 	1 	-1 

	

13 	CD 	-1 	-1 	1 	1 	-1 
« 	14 	ACD 	1 	-1 	1 	1 	-1 

	

15 	RCD 	-1 	1 	1 	1 	-1 

	

16 	ABcn 	1 	 1 	 1 	 1 	-1 
" 	17 	F 	-1 	-1 	-1 	-1 	1 

	

18 	AF 	1 	-1 	-1 	-1 	1 

	

19 	RE 	-1 	1 	-1 	-1 	1 

	

PO 	ARE 	1 	1 	-1 	-1 	1 

	

21 	CE 	-1 	-1 	1 	-1 	1 

	

22 	ACE 	1 	-1 	1 	-1 	1 

	

23 	8CF 	-1 	1 	1 	-1 	" 	1 

	

24 	A8CF 	1 	1 	1 	-1 	1 

	

25 	nE 	-1 	-1 	-1 	 1 	 1 

	

2 6 	ADE 	1 	-1 	-1 	1 	1 

	

27 	RDE 	-1 	1 	-j 	1 	1 

	

28 	AROF 	1 	1 	-1 	1 	1 

	

29 	CDE 	_1 	-1 	1 	1 	1 
. 	30 	ACOF 	1 	-1 	1 	1 	1 

	

31 	PCDF 	-1 	1 	1 	1 	1 

	

3 2 	AienE - 	1 	1 	1 	1 	1 
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FACTORTAL FXPERImENTS 

TEST RUN NO. 2 (OPTION 2) 

MANGANESF ZINC FERRITE. MEASURED RESPONSE IS WEIGHT LOSS DURING SINTERING 

NUMRFP OF FACTOPS 	 6 

NUMRFP OF PUNS 	 64 

NO 	FACTOR 	LOw (-1) 	 HIGH (+1) 	 ONE CODED UNIT EQ. TO 

A 	CALC. 	 900.00 	 1000.00 	DEG.0 	 50.00 	DEG.0 

8 	MTLL 	 24.00 	 48.00 	HOUR 	 12.00 	HOUR 

C 	PPESS 	5000.00 	 10000.00 	PSI 	 2500.00 	PSI 

D 	TEMP. 	1250.00 	 1300.00 	DEG.0 	 25.00 	DEG.0 

E 	SOAK 	 120.00 	 240.00 	MINUTE 	 60.00 	MINUTE 

F 	OXYGEN 	 e50 	 4.00 	PERC. 	 1.75 	PERC. 



- 28 - 



FxPraTuFNTAL PFSULT5 

RUN NO Excer.m0 	ORSFPvEn 	 A 	H 

. 

	

I 	rOm57. 	11 	 1.1900 	 -I 	-1 	-1 	-1 	-1 	-1 

	

2 	A 	17 	 .03 00 	 1 	-1 	-1 	-1 	-1 	-I 

	

3 	p 	 15 	 1.9400 	 -1 	 1 	-1 	-1 	-I 	-1 

	

4 	AR 	lq 	 1.2000 	 1 	 1 	-1 	-1 	-1 	-I 

	

p 	r 	 14 	 1.5600 	 -1 	-1 	 1 	-1 	-I 	-1 

	

6 	AC 	 1,4 	 • 6400 	 1 	-I 	 1 	-1 	-1 	-1 

	

7 	nc 	 le 	 1. ,ffl0 	 -1 	1 	1 	-1 	-1 	-1 

	

R 	AHC 	ten 	 1.180n 	 1 	 I 	 1 	-1 	-1 	-1 ' 

	

(4 	n 	 1 	 1.56 00 	 -1 	-1 	-1 	 1 	-1 	-1 

	

10 	AD 	 5 	 ./500 	 1 	-1 	-1 	 1 	-1 	-1 

	

11 	po 	 1 	 1.900 	 -1 	 I 	-1 	 1 	-1 	- 1 

	

17 	AHD 	7 	 1.1R00 	 1 	 1 	-1 	 1 	-1 	- 1 

	

11 	CD 	' 	? . 	 1.5700 	 -1 	-1 	 1 	 1 	-1 	-1 

	

14 	Acn 	6 	 1.17 00 	 1 	-1 	 1 	 1 	-1 	-1 

	

IS 	PCn 	4 	 1.9400 	 - 1 	 1 	 1 	 1 	-1 	 -1 

	

16 	.A8C0 	R 	 1.??00 	 I 	I 	1 	 I 	-1 	 -I 

	

17 	F 	 41 	 1.4100 	 -1 	 -1 	 -I 	-I 	I 	-1 

	

1R 	AF 	45 	 •4700 	 1 	-1 	-1 	- 1 	 1 	-1 

	

19 	RE 	 41 	 1.9400 	 -1 	 1 	-1 	- 1 	 1 	-1 

	

7 0 	A.3P 	47 	 1.1 4 0 0 	 1 	 1 	-1 	-1 	 I 	-1 

	

71 	CF 	 4? 	 1.5700 	 -1 	-1 	 1 	-1 	 1 	-1 

	

pp 	ACP 	46 	 1.0,100 	 1 	-1 	 1 	-1 	 1 	-1 

	

21 	'IC: 	44 	 1.,41nO 	 - 1 	 1 	 1 	-1 	 1 	-1 

	

74 	eRCF 	44 	 1.,?100 	 1 	 1 	 1 	-1 	 1 	-1 

	

PS 	nE 	Pç 	 1.5.00 	 -1 	-1 	-1 	 1 	 1 	-1 

	

76 	noF 	70 	 1.00 	 1 	-1 	-1 	 1 	 1 	-1 

	

27 	RnF 	7 7 	 1.4P0n 	 -1 	 1 	-1 	 1 	 1 	-1 

	

PR 	AWIF 	11 	 1.e7n0 	 1 	 1 	-1 	 1 	 1 	-1 

	

29 	Cop 	Pe, 	 1.60n0 	 -1 	-1 	 1 	 1 	 1 	-1 

	

1 0 	ACOF 	111 	 1.?*R-10 	 1 	-1 	 1 	 1 	 1 	-1 

	

31 	PUIF 	?A 	 I.96 n0 	 -1 	 1 	 1 	 1 	 1 	-1 

	

la 	ApcDF 	17 	 1.è70n 	 1 	 1 	 1 	 1 	 1 	-1 

	

13 	F 	 49 	 1.1700 	 -1 	-1 	-1 	-1 	-I 	 1 

	

14 	AF 	51 	 • 27n0 	 1 	-I 	-1 	-1 	-I 	 1 

	

15 	RF 	51 	 1.9100 	 - 1 	 1 	-1 	-1 	-1 	 1 

	

16 	AI-W 	.15 	 1.0 200 	 1 	 1 	-1 	-1 	-1 	 1 

	

17 	rF 	gn 	 1...000 	 -1 	-1 	 1 	-1 	-1 	 1 

	

10 	AcF 	54 	 .3700 	 1 	-1 	 1 	-1 	-1 	 1 

	

1 9 	PCF 	SP 	 1.4100 	 -1 	 1 	 1 	- 1 	- 1 	 1 

	

4 0 	AHCF 	SS 	 1.0700 	 1 	 1 	 1 	-1 	-I 	 1 

	

41 	nF 	 :.) 	 I.700 	 -1 	-I 	-I 	 1 	-1 	 1 

	

4? 	AnF 	11 	 •9700 	 1 	-1 	-1 	 1 	-1 	 1 

	

41 	PDF 	11 	 1.96 00 	 -1 	 I 	-1 	 1 	-1 	 1 

	

44 	APInF 	15 	 1.?100 	 1 	 1 	-1 	 1 	-1 	 1 

	

45 	Mr 	1 1' 	 1.5)00 	 -1 	-1 	 1 	 1 	-1 	 1 

	

46 	ACDF 	14 	 1.240 0 	 I 	-1 	 I 	 1 	-1 	 I 

	

47 	RCOF 	1 2 	 1.'4400 	 - 1 	 1 	 1 	 1 	-'1 	. 1 

	

4P 	AHCDF 	16 	 1.2700 	 1 	 1 	 1 	 1 	-1 	 1 

	

49 	FF 	57 	 1.i7 00 	 -I 	-1 	-1 	-1 	 1 	 l' 

	

pn 	AEF 	61 	 .1.Pn0 	 1 	-1 	-I 	-1 	 I 	 1 

	

51 	PFF 	5p 	 1.9100 	 -1 	 1 	-1 	-1 	 1 	 1 

	

52 	ARrF 	61 	 1.1600 	 1 	 1 	-1 	-1 	 1 	 1 

	

53 	CEP' 	5R 	 1.4500 	 -1 	-1 	 1 	-1 	 1 	 1 

	

54 	ACFF 	6? 	 • 6000 	 1 	-1 	 1 	-1 	 1 	 1 

	

55 	')CFF 	60 	 1."000 	 -1 	 1 	 1 	-1 	 1 	 1 

	

56 	ANCFF 	64 	 1.1100 	 1 	 1 	 1 	-1 	 1 	 1 

	

57 	nEF 	17 	 1.670 0 	 -1 	-1 	- I 	 1 	 1 	 1 

	

58 	AOFF 	21 	 1.2200 	 1 	-1 	-1 	 1 	 1 	 1 

	

59 	MIFF 	19 	• 	1.96 00 	 -I 	 1 	_-1 	 1 	 1 	 1 

	

6 0 	tiROFF 	21 	 1.2500 	 1 	 1 	. -I 	 1 	 I 	 1 

	

61 	rOrF 	1R 	 1.5R00 	 -1 	-1 	 1 	 1 	 1 	 1 

	

6? 	ACOrr 	Pp 	 1.2100 	 1 	-1 	1 	1 	1 	1 

	

63 	9CnFF 	70 	 1.4400 	 -1 	1 	1 	1 	1 	1 

	

64 	AarnFF 	74 	 1.1 9 00 	 1 	 1 	 1 	 1 	 1 	 1 
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REGRESSION COFFFIC/EN7S AND THEIR SUM OF swages 
NUM9ER VARTARLF 	COEFFICIFNT 	SUM OF SQUARES 	 NUMBER 	VAR/ABLE 	COEFFICIENT 	SUM OF SQUARES  

	

1 	CI:INST. 	1.150629 	116.74802500 	 13 	F 	 ■.021562 	.02975625 

	

2 	a 	 -.9162812 	8.42450625 	 34 	AF 	 ■008750 	.00490000 

	

3 	R 	 .213125 	2.90702500 	 35 	8F 	 .004063 	.00105625 

	

4 	AA 	 .014063 	 .01265625 	 36 	ARV 	 .001875 	.00022500 

	

9 	c 	 •49n63 	 .15405625 	 37 	' CF 	 ■013750 	.012 1 0000 

	

6 	AC 	 .026250 	 .04410000 	 38 	ACF 	 ...011562 	anRssees 

	

7 	RC 	 -.054687 	 .19140625 	 39 	RCF 	 .013125 	.01102500 

	

R 	ARC 	 -.071250 	 .02090000 	 40 	ARCF 	 .010312 	•00680625 

	

R 	0 	 •119680 	, .916R0625 	 41 	DF 	 .025000 	.04000000 

	

10 	AO 	 .068750 	 .30250000 	 42 	ADF 	 .020313 	.02640625 

	

11 	RO 	 •..089687 	 .51480625 	 43 	BOF 	 ..008750 	.00490000 

	

12 	ABD 	 -. 096075 	 .70702500 	 44 	ABDF 	 ....005938 	•00225625 

	

11 	CD 	 .•.031250 	 .0675000 0 	 45 	CDF 	 .009697 	•00600625 

	

14 	ACD 	 ....1191962 	 .00015625 	 46 	ACDF 	 .009375 	.00562500 

	

15 	BC') 	 .028125 	• 05062500 	 47 	BCDF 	 ...007812 	.00390625 

	

16 	ancn 	 .001562 	.00015625 	 48 	ABCDF 	 .010625 	.08722500  

	

1 7 	. 	F 	 .040000 	 .10240000 	 49 	EF 	 ..015937 	.01625625 

	

19 	AF 	 .025312 	 .04100625 	 50 	AEF 	 ....015625 	• 01562500 

	

19 	RE 	 -01 13750 	 .0729000 0 	 51 	REF 	 .014687 	• 01380625  

	

20 	ARE 	 '.015917 	 .01625625 	 52 	ABEF 	 .016250 	• 01690000 

	

21 	rE 	 g,020937 	 .02805625 	 51 	CEE 	 .003750 	.00090000 

	

22 	ACF 	 .001250 	 .0001000 0 	 54 	ACEF 	 .004688 	.00140625 

	

23 	RCE 	 .012017 	 .01050629 	 55 	BCEF 	 ..008125 	• 00422500 

	

74 	ARCE 	 -..005000 	.00160000 	 56 	ABCEF 	....010937 	.00765625 

	

25 	nE 	 ..005937 	.00225625 	 57 	nEF 	 .004375 	.00122500 

	

26 	ADE 	 -.005625 	 .00202500 	 58 	ADEF 	 ..000312 	.00000625 

	

27 	RDE 	 .003437 	.00075625 	 59 	RDEF 	 ■.014375 	.01322500 

	

28 	ARDF 	 -.003750 	 .00090000 	 60 	ABDEF 	....007812 	.00390625 

	

29 	CDE 	 -.010000 	 .09640000 	 61 	CDEF 	 '4002812 	.00050625 

	

30 	ACDF 	 .027812 	.04950625 	• 	 62 	ACDEF 	 .000625 	.00002500. 

	

31 	RCDE 	 .006875 	 .90302500 	 63 	FICDEF 	 .005937, 	.00225625 

	

32 	ABCDF 	 .021562 	.02975625 	 64 	ABCDEF 	.005625 	.00202500 



- 32 - 



X -MAT9IX 	1 

	

PIN 	NO 	 COMST. A 	 9 	AR 	C 	AC 	BC 	ARC 	0 	AD 	RD 	ARD 

	

1 	CnNST. 	 1 	-1 	-1 	1 	-1 	1 	1 	-1 	-1 	1 • 	1 	-1 

	

2 	A 	 1 	1 	-1 	-1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 

	

3 	4 	 1 	-1 	1 	-1 	-1 	1 	-1 	1 	̂1 	1 	-1 	1 

	

4 	AR 	 1 	1 	1 	1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	..1 

	

5 	C - 	 1 	-1 	-1 	1 	1 	-1 	-1 	1 	-I 	1 	1 	-1 

	

6 	AC 	 1 	1 	-1 	-1 	1 	1 	-1 	-1 	-1 	..1 	1 	1 

	

7 	RC 	 1 	-1 	1 	-1 	1 	-1 	1 	-1 	-1 	1 	1 	1 

	

R 	ARC 	 1 	1 	1 	1 	1 	1 	1 	1 	-I 	-1 	•1 	-1 

	

9 	D 	 1 	-1 	-1 	1 	-1 	1 	1 	-1 	1 	••1 	-1 	1 

	

10 	An 	 1 	1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 	-1 	-1 

	

11 	An 	 1 	-1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 	1 	-1 

	

1? 	Ann 	 1 	1 	1 	1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 

	

13 	Cn 	 1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 

	

14 	An 	 1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 

	

IS 	Fun 	 1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 

	

1 A 	ARCO 	 1 	 1 	1 	 1 	1 	1 	1 	1 	1 	1 	1 	I 

	

17 	F 	 1 	-1 	-1 	1 	-1 	1 	1 	-1 	-1 	1 	1 	-I 

	

1 R 	A r 	 1 	 1 	-1 	-1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 

	

19 	RF 	 1 	-1 	1 	-1 	-1 	1 	-1 	1 	-1 	1 	-1 	I 

	

70 	ARF 	 1 	1 	1 	1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 

	

71 	CF 	 1 	-1 	-1 	1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 

	

PP 	Arr 	 1 	1 	- 1 	-1 	1 	1 	-1 	-1 	-1 	-1 	I 	1 

	

21 	9Cr 	 1 	-1 	1 	-1 	1 	-1 	1 	-1 	-1 	1 	-1 	1 

	

P4 	elf>: 	 1 	1 	1 	1 	1 	1 	1 	1 	-1 	-1 	-1 	-1 

	

PS 	DE 	 1 	-1 	-1 	1 	-1 	1 	1 	-1 	1 	-1 	-1 	1 

	

PA 	AnF 	 1 	1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 	-1 	-1 

	

77 	ROF 	 1 	-1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 	I 	-1 

	

PA 	AnnF 	 1 	1 	1 	1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 

	

79 	crw 	 1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	I 

	

10 	ACDF 	 1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 

	

31 	nCnE 	 1 	-1 	1 	-1 	1 	-1 	1 	-I 	1 	-1 	1 	-1 

	

1? 	ARCDF 	 1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 

	

11 	F 	 1 	-1 	-1 	1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 

	

14 	AF 	 1 	1 	-1 	-1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 

	

1R 	9F 	 1 	-1 	1 	-1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 

	

16 	AIIF 	 1 	1 	1 	1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 

	

37 	CF • 	 1 	-1 	-1 	1 	1 	-1 	-1 	I 	-1 	1 	1 	-1 

	

10 	ACF 	 1 	1 	-1 	-1 	1 	1 	-1 	-1 	-1 	-1 	1 	1 

	

19 	9CF 	 1 	-1 	1 	-1 	1 	-1 	1 	-I 	-1 	1 	-1 	1 

	

40 	AFICF 	 1 	1 	1 	1 	1 	1 	1 	1 	-I 	-1 	-1 	-1 

	

41 	nF 	 1 	-1 	-1 	1 	-1 	1 	1 	-1 	1 	-1 	-1 	1 

	

4? 	ArlF 	 1 	 1 	- 1 	-1 	-1 	-1 	1 	1 	1 	1 	-1 	-1 

	

• 43 	FinF 	 1 	-1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 	I 	-1 

	

44 	ARnF 	 1 	1 	1 	1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 

	

45 	CnF 	 1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 

	

Ces 	Acnr 	 1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-I 	-I 

	

47 	FICDF 	 1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-I 

	

40 	AncnF 	 1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 

	

49 	Fr 	 1 	-1 	-1 	1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 

	

50 	AFF 	 1 	1 	-1 	-1 	-1 	-1 	1 	1 	-I 	-1 	1 	I 

	

51 	9FF 	 1 	-1 	1 	-1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 

	

5? 	ARFF 	 1 	1 	1 	1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 

	

53 	CFF 	 1 	-1 	-1 	1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 

	

94 	ACFF 	 1 	1 	-1 	-1 	1 	1 	-1 	-1 	-1 	-1 	1 	1 

	

55 	RCFF 	 1 	-1 	1 	-1 	1 	-1 	1 	-1 	-1 	I 	-1 	1 

	

« 56 	ARCEF 	 1 	1 	1 	1 	1 	1 	1 	1 	■ 1 	-1 	-1 	-1 

	

5 7 	DFF 	 1 	-1 	-1 	1 	-1 	1 	1 	-1 	1 	-1 	-1 	I 

	

50 	AnFF 	 1 	1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 	-1 	-1 

	

59 	F3nFF 	 1 	-1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 	1 	-1 

	

60 	A9FIEF 	 1 	1 	1 	1 	-1 	-I 	■ I 	-1 	1 	1 	I 	1 

	

61 	CnFF 	 1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	I 

	

6? 	ACOFF 	 1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 

	

61 	F1CnEF 	 1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 

	

64 	ARCDFF 	 1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 
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X-MATRIA 

RU'  Nn 

1 	coNs7„ 
• A 
3 
4 	AR • r: 
• Ar: 
7 	RC  
• ARC. 

10 

• 	

en 
11 
1? 	Agri 

Co  
14 	ern 
15 	Rrn 
16 	ARrn 
17 
14 	AF 
19 	AF  
2n 	ARF 
21 	CF 
22 	ArF 
71 	RrF 
24 	LACE  
25 
26 	AnF 
27 	.RF  
24 	ARnF 
29 	ere- 
ln 	ACRE  
11 	ACRE 
1? 	ARrnE 
31 
14 	AF 
• 5 	RP- 
• ARF 
17 	CF  
14 	ArF 
• 9 	8CF 
40 	ARCF 
41 	OF 
47 	AnF 
41 	RnF 
44 	ARnF 
45 	rOF 
• ACRE 
• RrnF 
• ARrnF 
49 	FF 
sn 	AFF 
51 	RFF 
5? 	MIFF 
51 	CFF 
54 	ArFF 
55 	ReFF 
56 	ARrEF 
57 	OFF 
54 	LOFT 
59 	RnFF 
AO 	aRnEF 
61 	COFF 
6? 	ACnFF 
61 	FICnEF 
64 	ARrOFF 

ed.% 	Ar t) 	Firn 	49C0 	E 	AE 	RI! 	ARE 	CE 	ACE 	ACE 	LACE 

1 	-;1 	-1 	1 	-1 	1 	1 	-1 	1 	-1 	- 	 1 
1 	1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 	- 	-1 
1 	-1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 	 -1 
I 	1 	1 	1 	-1 	-1 	-1 	-1 	1 	1 	 1 

-1 	1 	I 	-I 	-1 	1 	1 	-1 	-1 	1 	 -1 
-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	 1 
-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	- 	I 
-1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	- 	-1 
-1 	1 	1 	-1 	-1 	1 	1 	-1 	1 	-1 	- 	1 
-1 	-1 	1 	1 	-1 	-1 	1 	I 	1 	1 	- 	-1 
- 1 	I 	-I 	1 	-1 	1 	-1 	1 	1 	-1 	 -1 
- I 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	1 	1 	 1 

1 	-1 	-1 	1 	-1 	1 	1 	-1 	-1 	1 	 -1 
1 	1 	-1 	-1 	-1 	-1 	1 	1 	-1 	-1 	 1 
1 	-1 	1 	-1 	-1 	1 	-1 	1 	-1 	1 	- 	1 
1 	1 	1 	1 	-1 	-1 	-1 	-1 	-1 	-1 	- 	-1 
1 	-1 	-1 	1 	I 	-1 	-1 	1 	-1 	1 	 -1 
1 	1 	-1 	-1 	1 	1 	-1 	-1 	-1 	-1 	 1 
1 	-1 	1 	-1 	1 	-1 	1 	-1 	-I 	1 	- 	1 
1 	I 	1 	1 	1 	I 	. 	1 	1 	-1 	-1 	- 	-1 

-I 	1 	1 	-1 	1 	-1 	-1 	1 	1 	-1 	- 	1 
- 1 	-1 	1 	1 	1 	1 	-1 	-1 	1 	1 	• 	-I 
- 1 	1 	-1 	1 	1 	-1 	1 	-1 • 	1 	-1 	1 	-1 
-1 	- 1 	- 1 	- 1 	1 	1 	1 	1 	1 	t 	1 	1 
- 1 	1 	1 	-1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 
- 1 	-1 	1 	1 	1 	1 	-1 	-1 	-1 	-1 	1 	I 
-1 	1 	-1 	1 	1 	-1 	1 	-1 	-1 	1 	-1 	I 
-1 	-1 	-1 	-1 	1 	1 	1 	1 	-1 	-1 	-1 	-1 

	

-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	- 	1 

	

1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	- 	-1 

	

-1 	1 	- 	-1 	1 	-1 	1 	-1 	1 	-1 	 -1 

	

1 	1. 	1 	1 	1 	1 	1 	1 	1 	 1 

	

-1 	-1 	1 	-1 	1 	1 	-I 	1 	-1 	- 	I 

	

1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 	- 	-I 

	

-1 	1 	-1 	-] 	1 	-1 	1 	1 	-1 	 -1 

	

1 	1 	1 	-1 	-1 	-1 	-1 	1 	1 	 1 

	

1 	1 	-1 	-1 	1 	1 	-1 	-I 	1 	 -1 

	

-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	 1 

	

1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	- 	I 

	

-1 	-1 	-I 	-1 	-1 	-1 	-1 	-1 	-1 	- 	-I 

	

1 	1 	-1 	-1 	1 	1 	-1 	1 	-1 	- 	I 
- 1 	1 	1 	-1 	-1 	1 	1 	1 	1 	- 	-1 

	

1 	-1 	1 	-1 	1 	-1 	1 	1 	-1 	 -I 

	

-1 	-1 	-1 	-1 	-1 	-1 	-1 	1 	1 	 1 

	

-1 	-1 	1 	-1 	1 	1 	-1 	-t 	1 	 -1 

	

1 	-1 	-1 	-1 	-1 	1 	1 	-1 	• -1 	 1 

	

-1 	1 	-1 	-1 	1 	-1 	1 	-1 	1 	- 	1 

	

1 	1 	1 	-1 	-I 	-1 	-1 	-1 	-1 	- 	-1 

	

-] 	-1 	1 	1 	-1 	-1 	1 	-1 	1 	 -1 

	

1 	-1 	-I 	1 	1 	-1 	-1 	-1 	-1 	 I 
- 1 	1 	-1 	1 	-1 	1 	-1 	-1 	1 	- 	I 

	

1 	1 	1 	1 	1 	j 	1 	-1 	-1 	- 	-1 

	

1 	1 	-1 	1 	-1 	-1 	1 	1 	-1 	- 	1 

	

-1 	1 	1 	1 	1 	-1 	-1 	1 	1 	- 	-1 

	

1 	-1 	1 	1 	-1 	1 	-1 	1 	-I 	 -1 

	

-1 	-1 	-1 	1 	1 	I 	1 	1 	1 	 1 

	

1 	1 	-1 	1 	-1 	-1 	1 	-I 	1 	 -1 

	

-1 	1 	1 	1 	1 	-I 	-1 	-1 	-1 	 1 

	

1 	-1 	1 	1 	-1 	1 	-1 	-1 	1 	-t 	t 

	

-1 	-1 	-1 	I 	1 	1 	1 	-1 	-1 	-1 	-1 
- 1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 

1 	-1 	-1 	1 	1 	-1 	-1 	.1 	I 	-1 	-1 
- 1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 

1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 
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3 

Rum NO 	 OF 	AnE 	BOF 	AnnE 	cnF 	AcnE 	RcnE 	AF3CDE 	F 	AF 	RF 	ABF 

1 	Cn4i51- . 	 1 	-I 	-1 	1 	-1 	1 	1 	-1 	-1 	1 	1 	-I 
2 	A 	 1 	1 	-1 	-1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 
3 	R 	 1 	-1 	1 	-1 	-1 	1 	-1 	I 	-1 	1 	-1 	1 
4 	AR 	 1 	1 	1 	1 	-1 	-1 	-1 	-1 	-1 	- 1 	-1 	-1 
5 	C 	 1 	-1 	-1 	1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 
A 	AC 	 1 	1 	-1 	-1 	1 	1 	-1 	-1 	-1 	- 1 	1 	1 
7 	BC 	 1 	-1 	1 	-1 	1 	-1 	1 	-1 	-1 	1 	-1 	1 
A 	ARC 	 1 	 I 	1 	1 	1 	1 	1 	1 	-1 	-1 	-1 	-1 
9 	0 	 -1 	1 	1 	-1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 

10 	An 	 -1 	-1 	1 	1 	1 	1 	-1 	-1 	-1 	-1 	1 	1 
11 	Rn 	 -1 	1 	-I 	 1 	1 	-1 	1 	-1 	-1 	1 	-1 	1 
1? 	ARn 	 -1 	-1 	-1 	-1 	1 	1 	1 	1 	-1 	-1 	-1 	-1 
11 	cn 	 -1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 
14 	Acn 	 -1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 • 	1 
15 	RCn 	 -1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 
16 	Anon 	 -1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	-I 	-1 	-1 	-1 
17 	E 	 - 1 	1 	1 	-1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 
18 	AF 	 -1 	-1 	1 	 1 	1 	I 	-1 	-1 	-1 	-1 	I 	1 
19 	nF 	 -1 	1 	-1 	1 	1 	..1 	1 	-1 	-I 	1 	-1 	1 
PO 	4 0F 	 -1 	-1 	-1 	-1 	1 	1 	1 	1 	-1 	-1 	-1 	-1 
21 	CF 	 -1 	1 	1 	-1 	-1 	• 1 	1 	-1 	-1 	1 	1 	-1 
22 	ACF 	 -1 	-1 	1 	1 	-1 	-1 	I 	1 	-1 	-1 	1 	1 
21 	FICF 	 -1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 
24 	AncE 	 -1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 
75 	OF 	 1 	-1 	-1 	1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 
2f, 	ARF 	 1 	1 	-1 	-1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 
27 	nnF 	 1 	-1 	1 	-1 	-1 	1 	-1 	1 	-1 	t 	-1 	I 
PA 	AnnE 	 1 	1 	1 	1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 
7 9 	CRF 	 1 	-1 	-1 - 	1 	1 	-1 	-1 	1 	-1 	1 	1 	- 1 
10 	ArnE 	 1 	1 	-1 	-1 	1 	1 	-1 	-1 	-1 	-1 	1 	1 
31 	ROOF 	 1 	-1 	1 	-1 	1 	-1 	1 	-1 	-1 	1 	-1 	1 
3? 	AnCDE 	 1 	1 	1 	1 	1 	1 	1 	1 	-1 	-1 	-1 	-I 
33 	F 	 1 	-1 	-1 	I 	-1 	1 	1 	-1 	1 	-1 	-1 	1 
14 	AF 	 1 	1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 	-1 	- 1 
15 	0F 	 1 	-1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 	1 	-1 
36 	ARE 	 1 	1 	1 	1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 
37 	• CF 	 1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 
38 	ACF 	 1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 
39 	RCF 	 1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	- 1 
40 	ARCF 	 1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	i. 
41 	OF 	 -1 	1 	1 	-1 	1 	-1 	-1 	1 	1 	-1 	-I 	1 
4? 	ARF 	 -1 	-1 	1 	1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 
43 	09F 	 -1 	1 	-1 	1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 
44 	AIIRF 	 -1 	-1 	-1 	-1 	1 	1 	1 	1 	1 	1 	1 	1 
45 	COP* 	 -1 	 1 	1 	-1 	-1 	1 	1 	-1 	1 	-1 	-1 	I 
46 	Acnr 	 -1 	-1 	1 	1 	-1 	-I 	1 	1 	1 	1 	-1 	-1 
47 	RCDF 	 -1 	1 	-1 	1 	-1 	1 	-1 	1 	1 	-1 	1 	-1 . 
4f1 	ARCDF 	 -1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 
49 	EF 	 -1 	1 	1 	-1 	1 	- 1 	-1 	1 	1 	- 1 	- 1 	1 
50 	AFF 	 -1 	-1 	1 	1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 
51 	REF 	 -1 	1 	-1 	1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 
52 	ARFF . 	 -1 	-1 	-1 	-1 	1 	1 	1 	1 	1 	1 	1 	1 
51 	CFF 	 -1 	1 	1 	-1 	-1 	1 	1 	-1 	1 	-1 	-1 	1 
54 	ACFF 	 -1 	-1 	1 	1 	-1 	-1 	1 	1 	1 	1 	-1 	-1 
55 	RCFF 	 -1 	1 	-1 	1 	-1 	1 	-1 	1 	1 	-1 	1 	-1 
56 	ARCEF 	 -1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 
57 	OEF 	 1 	-1 	-1 	 I 	-1 	1 	1 	-1 	1 	-1 	- 1 	1 
5F3' 	AnFF 	 1 	1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 	-1 	- I 
59 	RDFF 	 1 	-1 	1 	-1 	-1 	1 	- 1 	1 	1 	-1 	1 	-1 
60 	AnnEF 	 1 	1 	1 	1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 
61 	CrIFF 	 1 	-1 	-1 	1 	1 	- 1 	-1 	1 	1 	- 1 	-1 	1 
A? 	ACDEF 	 1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 
63 	ncnEF 	 1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 	I 	-1 
64 	4900FF 	 1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 
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It -MATRIX 	4 

RU  N NO 	 CF 	ACF 	RCF 	ARCF 	OF 	AOF 	BOF 	ARV 	CDT 	ACV 	BCOF 	ARCM- 

I 	MST. 	 1 	-I 	-I 	1 	I 	-I 	-1 	I 	-I 	I 	I 	-I 
2 	A 	 I 	1 	-I 	-I 	I 	1 	-I 	-1 	-1 	-1 	I 	I 
3 	4 	 I 	' 	-1 	I 	-I 	I 	-I 	1 	-I 	-1 	1 	-1 	I 
4 	AR 	 I 	I 	1 	I 	1 	I 	I 	I 	-I 	-1 	-I 	-1 
5 	C 	 -I 	1 	I 	-1 	1 	-I 	-I 	I 	I 	-1 	-I 	I 
6 	AC 	 -I 	-I 	1 	I 	I 	I 	-1 	-I 	1 	I 	-I 	-I 
7 	RC 	 -I 	I 	-I 	I 	1 	-I 	1 	-1 	I 	..I 	I 	-1 
R 	ARC 	 -I 	-I 	-I- 	-I 	I 	1 	1 	1 	1 	' 	1 	1 	1 
9 	n 	 1 	-1 	-1 	1 	-1 	1 	1 	-1 	1 	-1 	-1 	1 

In 	AO 	 1 	1 	-I 	-I 	-1 	-1 	I 	1 	1 	I 	-I 	-1 
11 	5 1) 	 1 	-1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 	1 	-1 
12 	ARO 	 1 	1 	I 	I 	-I 	-I 	-1 	-I 	1 	I 	I 	I 
11 	Cl) 	 -1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 
14 	Acn 	 -1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 
15 	BCO 	 -I 	1 	-I 	I 	-1 	I 	-I 	1 	-1 	1 	-I 	1 
16 	ARCo 	 -I 	-I 	-I 	-I 	-I 	-I 	-I 	-1 	-I 	-I 	-I 	-1 
17 	F 	 I 	-I 	-1 	I 	I 	-1 	-I 	1 	-I 	1 	I 	-I 
10 	AF 	 1 	1 	-I 	-I 	1 	1 	-1 	-I 	-I 	-I 	1 	I 
19 	RE 	 I 	-1 	1 	-I 	I 	-I 	I 	-I 	-1 	I 	-I 	1 
an 	ARF 	 1 	1 	I 	1 	1 	1 	1 	1 	-1 	-1 	-1 	-I 
21 	CF 	 -1 	I 	1 	-I 	1 	-I 	-1 	I 	I 	-I 	• -1 	I 
22 	ACF 	 -1 	-1 	I 	1 	I 	I 	-I 	-1 	I 	I 	-1 	-I 
73 	FICF 	 -I 	I 	-I 	1 	1 	-I 	I 	-1 	I 	-I 	I 	-I 
?4 	ARCE 	 -1 	-I 	-I 	-I 	I 	I 	I 	1 	I 	1 	I 	I 
PS 	OF 	 1 	-I 	-1 	1 	-1 	1 	1 	-1 	1 	-I 	-1 	1 
26 	AnF 	 I 	I 	-I 	-1 	-1 	-1 	I 	I 	1 	1 	-1 	-I 
27 	ROF 	 1 	■ 1 	1 	•1 	•1 	1 	-1 	1 	1 	-1 	1 	-1 
PR 	AnnF 	 1 	1 	1 	I 	-1 	-I 	-1 	-I 	I 	1 	1 	1 
29 	CM* 	 -I 	I 	I 	-I 	-I 	1 	1 	-I 	-1 	1 	1 	-1 
10 	AcnE 	 -1 	-1 	1 	1 	-1 	-1 	1 	1 	-I 	-1 	1 	I 
31 	FicnE 	 -1 	1 	-1 	1 	-1 	1 	-I 	I 	-I 	1 	-1 	I 
32 	ARCOF 	 -I 	-I 	-I 	-I 	-I 	-I 	-1 	-1 	-I 	-I 	-I 	-I 
13 	F 	 -1 	1 	1 	-I 	-1 	1 	I 	-I 	I 	-I 	-1 	I 
14 	AF 	 -I 	-I 	' I 	I 	-I 	-1 	I 	1 	I 	1 	-I 	-1 
35 	9F 	 -I 	I 	-1 	1 	-1 	1 	-I 	1 	I 	-1 	I 	-1 
36 	44F 	 -1 	-1 	-1 	-1 	-1 	-1 	-1 	•1 	1 	1 	1 	1 
37 	CF 	 1 	-I 	-1 	I 	-I 	I 	1 	-I 	-I 	1 	I 	-1 
18 	ACF 	 1 	I 	-I 	-I 	-1 	-I 	I 	1 	-1 	-I 	I 	I 
39 	I-ICF 	 1 	-1 	I 	-I 	-1 	I 	-1 	I 	-I 	I 	-1 	1 
40 	ARCF 	 1 	I 	1 	1 	-I 	-I 	-1 	-1 	-I 	-I 	-I 	-1 
41 	OF 	 -I 	I 	1 	-I 	1 	-I 	-I 	I 	-I 	1 	1 	-I 
42 	AnF 	 -I 	-I 	I 	1 	1 	1 	-1 	-1 	-I 	-1 	1 	1 
43 	RnF 	 -1 	1 	-1 	1 	1 	-1 	1 	.1 	...1 	1 	-1 	1 
44 	ARDF 	 -I 	-1 	-1 	-1 	1 	1 	1 	1 	-1 	-I 	-I 	-I 
45 	coF 	 1 	-1 	-1 	1 	I 	-1 	-1 	I 	I 	-I 	-I 	1 
46 	ACDF 	 1 	I 	-I 	-I 	I 	1 	-I 	-1 	I 	1 	-I 	-I 
47 	ncrIF 	 1 	-I 	I 	-I 	I 	-I 	1 	-I 	I 	-1 	1 	-I 
48 	ARCOF 	 1 	1 	I 	I 	1 	1 	I 	I 	I 	1 	I . 	I 
49 	FF 	 -I 	I 	I 	-I 	-I 	1 	I 	-I 	I 	-1 	-I 	.1 
50 	AFF 	 -1 	-I 	I 	I 	-I 	-1 	1 	1 	1 	I 	-I 	-I 
51 	RFF 	 -1 	I 	-I 	I 	-I 	I 	-1 	1 	I 	-I 	I 	-1 
52 	ARFF 	 -1 	-1 	-I 	-I 	-1 	-I 	-I 	-I 	I 	I 	1 	1 
53 	CFF 	 I 	-1 	-I 	I 	-1 	1 	1 	-I 	-I 	1 	I 	-I 
54 	ACFF 	 1 	I 	-I 	-I 	-1 	-I 	I 	I 	-1 	-I 	I 	I 
55 	RCFF 	 1 	-I 	1 	-I 	-I 	1 	-I 	1 	-I 	I 	-1 	1 
56 	ARCEF 	 1 	I 	1 	1 	-1 	-I 	-I 	-1 	-1 	-I 	-I 	-I 
57 	OFF 	 -I 	1 	I 	-1 	1 	-1 	-I 	I 	-I 	I 	I 	-1 
58 	ADFF 	 -I 	-I 	I 	I 	1 	1 	-I 	-1 	-I 	-I 	1 	1 
59 	onFF 	 -1 	1 	-1 	1 	1 	-1 	1 	-1 	-1 	1 	-1 	1 
60 	ARDEF 	 -1 	-I 	-1  V -1 	1 	I 	I 	1 	-1 	-I 	-I 	-1 
61 	cnFF 	 1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 
62 	ACOEF 	 1 	1 	-I 	-I 	1 	1 	-I 	-1 	I 	I 	-I 	-I 
63 	RCOEF 	 I 	-I 	I 	-I 	1 	-I 	I 	-I 	1 	-I 	1 	-1 
64 	ARCOEF 	 1 	1 	1 	1 	1 	.1 	1 	1 	1 	1 	1 	1  
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PI IN NO 	 FF 	AFF 	13FF 	AFIFF 	CEF 	ACEF 	P10EF 	ARCEF 	OFF 	MIFF 	FIDEF 	ADDEF 

1 	CONST . 	 1 	-1 	-1 	1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 
P 	à 	 1 	1 	-1 	-1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 
1 	Fl 	 1 	-1 	1 	-1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 
4 	AR 	 1 	1 	1 	1 	- 1 	-.1 	■ 1 	- 1 	- 1 	- 1 	- 1 	- 1 
5 	C 	 1 	- 1 	- 1 	1 	1 	- 1 	- 1 	1 	- 1 	1 	1 	- 1 
6 	AC 	 1 	1 	■ 1 	- 1 	1 	1 	- 1 	..»1 	...1 	...1 	1 	1 
7 	OC 	 1 	- 1 	1 	-1 	1 	-1 	1 	-1 	-1 	1 	-1 	1 
8 	AFIr 	 1 	 I 	 1 	1 	1 	1 	1 	1 	-1 	-1 	-1 	-1 
9 	D 	 1 	- 1 	-1 	1 	-1 	1 	1 	-1 	1 	-1 	-1 	1 

10 	An 	 1 	1 	- 1 	-.1 	- 1 	- 1 	1 	1 	1 	1 	- 1 	- 1 
11 	an 	 1 	-1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 	1 	-1 
1? 	400 	 1 	1 	1 	1 	-1 	-I 	-1 	-1 	1 	1 	1 	1 
11 	Cr) 	 1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 
14 	ern 	 1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 
15 	Rrn 	 1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 
IF' 	49F0 	 1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 
17 	F 	 - I 	 I 	 1 	-1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 
18 	AF 	 - 1 	- 1 	1 	1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 
19 	OF 	 -1 	1 	-1 	1 	1 	-1 	1 	- 1 	1 	- 1 	1 	- 1 
70 	ARF 	 - 1 	-1 	-1 	- 1 	1 	1 	1 	1. 	1 	1 	1 	1 
21 	CF 	 -1 	 I 	 1 	-1 	-1 	1 	1 	-1 	1 	-1 	-1 	1 
2? 	ArF 	 -1 	-1 	1 	1 	-1 	-I 	1 	1 	1 	1 	-1 	-1 
21 	a CF 	 -1 	1 	-1 	1 	-1 	1 	-1 	1 	1 	-1 	1 	-1 
74 	40rF 	 -1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	1 	1 	 1 	1 
PS 	OF 	 - 1 	1 	1 	- 1 	1 	- 1 	-1 	1 	-1 	1 	1 	-1 
26 	anF 	 -1 	-1 	1 	1 	1 	1 	-1 	-1 	-1 	-1 	1 	1 
27 	anF 	 -1 	1 	-1 	1 	1 	-1 	1 	-1 	-1 	1 	-1 	1 
PA 	AROF 	 - 1 	- 1 	- 1 	- I 	 1 	1 	1 	1 	■ 1 	- 1 	- 1 	•1 
29 	C0F 	 -1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 
ln 	4r0F 	 -1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 
11 	ACME 	 -1 	 1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 
1? 	40CnF 	 -1 	-1 	-1 	. 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 
11 	F 	 -1 	1 	1 	-1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 
14 	LIF 	 - I 	- 1 	1 	1 	1 	1 	- 1 	- 1 	 1 	1 	- 1 	- 1 
15 	OF 	 - 1 	1 	- 1 	1 	1 	- 1 	1 	- 1 	1 	- 1 	1 	- 1 
16 	ARF 	 -I 	-1 	-1 	-1 	1 	1 	1 	1 	1 	1 	1 	1 
17 	CF 	 -1 	1 	1 	-1 	-1 	1 	1 	-1 	 1 	- 1 	- 1 	1 , 
18 	ACF 	 -1 	-I 	 1 	1 	- 1 	- 1 	1 	1 	1 	1 	- 1 	-1 
19 	FICF 	 -1 	 I 	-1 	1 	-1 	1 	-1 	1 	1 	-1 	1 	- 1 
40 	ARrF 	 -1 	- 1 	- 1 	-1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 
41 	OF 	 - 1 	1 	1 	- 1 	1 	- 1 	- 1 	1 	- 1 	1 	1 	- 1 
42 	AOF 	 -1 	- I 	 1 	1 	1 	1 	-1 	-1 	- 1 	-1 	1 	1 
43 	HOF 	 -1 	1 	-1 	1 	1 	-1 	1 	- 1 	-1 	1 	■ 1 	1 
44 	AROF 	 -1 	-1 	-1 	-1 	 I 	 1 	 1 	1 	- 1 	- 1 	- 1 	- 1 
45 	crIF 	 -1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 
46 	annF 	 -1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 - 	1 	1 
47 	f4CnF 	 -1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 . 	1 
40 	ARCIW 	 - 1 	- 1 	- 1 	- 1 	- 1 	- 1 	- 1 	- 1 	- 1 	- 1 	- 1 	.•1 
49 	FF 	 1 	- 1 	- 1 	 1 	- 1 	1 	1 	- 1 	- 1 	1 	1 	- 1 
50 	AFF 	 1 	 I 	- 1 	- I 	- 1 	- 1 	1 	1 	- 1 	- 1 	1 	1 
51 	RFF 	 1 	- 1 	1 	- I 	- 1 	1 	-1 	1 	-1 	1 	-1 	1 
Sp 	ARFF 	 1 	1 	1 	1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 	-1 
53 	CFF 	 1 	-1 	-1 	1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 
54 	ArrF 	 1 	1 	-1 	-1 	1 	1 	-1 	-1 	-1 	-1 	1 	1 
55 	RCFF 	 1 	-1 	1 	-1 	1 	-1 	1 	-1 	-1 	1 	-1 	1 
56 	AFICFF 	 1 	1 	1 	1 	1 	1 	1 	1 	-1 	-1 	-1 	-1 
57 	OFF 	 1 	-1 	-1 	1 	-1 	1 	 I 	-1 	1 	-1 	-1 	1 
50 	AOFF 	 1 	1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 	-1 	-1 
59 	reFF 	 1 	-1 	1 	-1 	-1 	1 	-1 	1 	1 	-1 	1 	-1 
50 	annEF 	 1 	1 	1 	1 	-1 	-1 	-1 	-1 	1 	1 	1 	1 
61 	UWE- 	 1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 
6? 	ACOEF 	 1 	1 	-1 	-1 	1 	1 	-1 	-1 	1 	1 	-1 	-1 
63 	f3CoFF 	 1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 	1 	-1 , 
64 	40CDFF 	 1 	1 	1 	1 	1 	1 	 1 	I . 	1 	1 	1 	1 
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x-NIATQIx 

	

RUN 	NO 	 CDFF 	ACIFF 	RCnEF 	ARCOEF 

	

1 	CONST. 	 1 	-1 	-1 	1 

	

2 	A 	 1 	1 	-1 	. 	-1 

	

3 	B 	 1 	- 1 	1 	- 1 

	

4 	AR 	 1 	1 	1 	1 

	

5 	C 	 - 1 	1 	1 	- 1 

	

6 	AC 	 -1 	-1 	1 	1 

	

7 	RC 	 -1 	1 	-1 	1 

	

R 	ARC 	 -1 	-1 	-1 	-1 

	

9 	0 	 -1 	1 	1 	-1 

	

10 	An 	 -1 	-1 	1 	1 

	

11 	RD 	 -1 	1 	-1 	1.  

	

12 	AR') 	 - 1 	- 1 	- 1 	- 1 

	

11 	Cr) 	 1 	-1 	-1 	1 

	

14 	Ar!) 	 1 	1 	-1 	-1 

	

i s 	8cn 	 1 	-1 	1 	-1 

	

16 	ARCO 	 1 	1 	1 	1 

	

17 	E 	 -1 	1 	1 	-1 

	

18 	AE 	 -1 	-1 	1 	1 
19 	RF 	 - 1 	1 	- 1 	1 

	

20 	ARF 	 -1 	-1 	-1 	-1 

	

21 	CE 	 1 	-1 	-1 	1 
22 	ACF 	 1 	1 	-1 	-1 

	

23 	, 8CF 	 1 	-1 	1 	-1 

	

24 	ARCE 	 1 	1 	1 	1 

	

25 	DE 	 1 	-1 	-1 	1 , 

	

26 	AnF 	 1 	1 	-1 	-1 

	

27 	Rr)F 	 1 	- 1 	1 	- 1 

	

28 	ARnE 	 1 	1 	1 	1 

	

29 	CDF 	 -1 	1 	1 	-1 

	

30 	ArnE 	 -1 	-1 	1 	1 

	

31 	RCM 	 -1 	1 	-1 	1 

	

3? 	ARCM" 	 -1 	-1 	-1 	-1 

	

33 	F 	 -1 	1 	1 	-1 

	

34 	AF 	 -1 	- 1 	1 	1 

	

35 	RF 	 - 1 	1 	- 1 	1 

	

36 	ARF 	 -1 	-1 	. 	-1 	-1 

	

37 	CF 	 1 	-1 	-1 	1 

	

38 	ACF 	 1 	1 	-1 	-1 

	

39 	RCF 	 1 	-1 	1 	-1 

	

40 	A9rF 	 1 	1 	1 	1 

	

41 	OF 	 1 	-1 	-1 	1 

	

4 2 	4 0F 	 1 	1 	-1 	-1 

	

43 	BOF 	 1 	-1 	1 	-1 

	

44 	ARnF 	 1 	1 	1 	1 

	

45 	COF 	 -1 	1 	1 	-1 

	

46 	ACV 	 -1 	-1 	1 	1 

	

47 	RCOF 	 -1 	1 	-1 	1 

	

4A 	ARCOF 	 -1 	-1 	-1 	-1 

	

49 	EF 	 1 	-1 	-1 	1 

	

50 	AFF 	 1 	1 	-1 	-1 	. 

	

51 	RFF 	 1 	-1 	1 	-1 

	

52 	ARFF 	 1 	1 	1 	1 

	

33 	CFF 	 -1 	1 	1 	-1 

	

54 	ACFF 	 -1 	-1 	1 	1 

	

55 	gerF 	 - 1 	1 	• 	- 1 	1 

	

56 	ARcFF 	 -1 	-1 	-1 	-1 

	

57 	MT 	 -1 	1 	1 	-1 

	

58 	AnFF 	 -1 	- 1 	1 	1 

	

59 	RfIFF 	 -1 	1 	-1 	1 

	

60 	Artnu 	 -1 	-1 	-1 	-1 

	

AI 	cr)Fr 	 1 	-1 	-1 	1 

	

g,? 	ArnFr 	 1 	1 	-1 	-1 

	

63 	RCOEF 	 1 	-1 	1 	-1 

	

64 	ARrOFF 	 1 	1 	1 	1 


