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AN ALGORITHM FOR THE CONSTRUCTION OF "D-OPTIMAL!" EXPERIMENTATL
DESIGNS, APPLIED TO FIRST~ORDER MODELS

T, J. Mitehell

ABSTRACT

This report describes an algorithm thal hag been dsvgloﬂﬁd
to congtruct experimental designg which are "Deoptimal." Thes
are designs for which the determinant of X g is maximan, where
X is the "matrix of independent vaflablusi in the usual linear
model ¥y = £ZB + e¢. The algorithm is applied here toc the con-
gtruction of D»opblmaL first-order designs over a cubic region
of interest, which are necesgarily fractions of 2-level fac-
torial designs. Although the algorithm does not guarantze D-
opbimality, it appears to perform w2ll in cases where D-optimal

designg are kunown. The results suggest some general rules for
the construction of such designs. Exbtenslve tables of first-
order designs which were constructed by the algorithm are given
in an appendix.

1. INTRODUCTION

There hag been congiderable interest among statisticians in the
problem of chooging an experimental design to satisfy e goecific cri-

terion. While it is usually wore desirable in practice to chooge a

design that is good with respect to several cribteria, withoubt neces-

w

garily being optimal with respect to any one of them, The nmethod of

using a single criterion is an important way of consbructing =

I shall consgider here the usual linear model v = 4B + ¢,

is an n %X 1 vector of observations, X 1s an n X k estimation w

(of rank k) of constants, B is the k X 1 vector of coefficie:

estimated, and ¢ is an n x 1 vector of independently and

5

distributed random variables, each having mean O and 1

- =, - Ay ' K3 2, PR 2 ;
The 1th row of X is ;{xi) where %, 1s the ith degign voint



function f depends on the model. I shall denote the number of indepen-
dent variables by p, so that 2 is a point in a p-dimensional region X
in which it 1s feasible to perform experiments.

The least-sguares estimate of B is é = (§'§)~l§'x, and the covariance
matrix of é is (§'§)~1 o?. At any point x € X, the predicted (or esti-
mated) value of the "true" response is §(x) = £(x)'B. If the model is
correct, the expectation of §(X) is n(x), the mean value of the response
at the point x. The variance of §(x) is given by v(x) = £(x)'(X'X)

Several criteria have been advanced for the purpose of comparing
designs, and for constructing optimal designs. One of the most vopular
is the maximization of ]E'E\. A prief discussion of this criterion is
given by Box and Draper. One of the attractive features of the |§'§|
criterion is that designs which are optimal with respect to it are invari-
ably "good" in other respects (e.g., low variances for the parameters,
low correlations among parameters, low maximum v(x) over X). Modifying

5

slightly the nomenclature of Kiefer,” I shall refer to designs that maxi-
mize \z'z\, given a specified linear model and a value of n, as "D-
optimal" designs.

There has been scme attention given to constructing D-optimal de-
signs for specified n but the problem is a very difficult one, even with
the help of a computer. The most freguently encountered difficulties are

(i) the large mumber of variables (np) which must be handled;
(ii) the complex nature of e objective function lg'zl, especially
the existence of several local maxima.
Further difficulties arise if each independent variable is required to
take one of a specified number of levels, as for example, in a factorial

type of experiment. This then becomes an integer programming problem.



Probably as a result of the computational difficulties, very few new
degigns in the literature owe their existence to the application of com-
puter algorithms to the maximization of ‘g'z‘.

The purpose of this report is to describe a new algorithm and to
discugs its application to the congfruction of D-optimal designs for
first-order linear models. Extensive tables of these desgigng are given
in Appendix ITI. Although I shall try to be fairly explicit, I am asgsuming
that the reader has a passing famlliarity with the nomenclature of sta-

tistical experimental designs.

2. THE ALGORITHM

Originally,8 the algorithm was creabed to exchange design points
in the following way. Starting with a fandomly chosen n-run design, the
initial set of n runs is then improved by
(1) adding an (n+1)st run, chosen so that the maximum possible
increase in |X'X| is achieved, then
- (ii) removing (subtracting) that run in the resulting design which
results in the minimum possible decrease in \z’z}.
These two steps are accomplished by first adding to the original design
that point at which v(x) is maximum, then subtracting from the resulting
(n+1)-run design that point at which v(x) is minimum. It can easily be
shown that the regulting n-run design has lg'gl greater than or equal to
that of the original. B8imilarly, one could attempt to improve the original
design by subtracting a point first and then adding a point.
This basic algorithm has recently been modified to permit the replace-
ment of more than one point of the original design at each iteration. The

requirement that an (n+l)-point design be returned immediately to an



n-point design through the subtraction of a point has been relaxed. The

algorithm is now permitted to make an '
< L

'excursion” in which designs of
various sizes are constructed (always by adding or subtracting a single
point from the previous design in the excursion), eventually returning
to an n-point design. If no improvement in the determinant is made, all
the designs constructed on the excursion are ostracized by placing them

1t

in a set of "fallure designs" called F. The set F is then used to guide
the course of the next excursion, which always starts with the currently
best n-point design. The choice of whether to begin an excursion with
the addition or sublraction of a point isg made randomly.
Letting D be the current design at any point during the course of
an excursion, the rules for continmuing the excursion are as follows:
(1) If the number of points in D exceeds n, subtract a point if
D is not in ¥ and add a point otherwise.
(ii) If the number of points in D is less than n, aid a point if D
is not in ¥ and subtract a point otherwise.
(To determine whether or not D is in F, only the determinant of X'X is
examined. This i1s not a foolproof method for testing the equivalence
of designs, since two different designs may have the same \z'g]. How-
ever, its use dees not secm to impair the overall performance of the
algorithn, and it takes ounly a fraction of the time that would be re-
guired by an exact test of equivalence.)
T

It 1s easy to see

nat, at the beginning, when the set F is empty,
the algorithm simply adds and then subtracts (or subtracts and then adds)

as 1t would in the initial, wore vestrictive version previously described.

The rules are such that the excursion always proceeds in the direcbtion
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of an n-point design, unless it comes to a design in ¥, which has already
led to failure. Then it reverses dirvection, afier adding to F those de-
gigns constructed during the excursion up to that point.

’Each time an excursion improves the currently besgt n-point design
(i.e., increases |X'X|) the set F is cleared and a new start is made.
Eventually, as it gets more and more difficult to do better, the excur-
sions stray widely from the n-point level. To stop the algoritim, I have
get limits on the minimum and maximum mmber of points permitted in a
design congtructed during an excursion. When the upper limit, for example,
is encountered, that excursion is ended and future excursionsg are re-
stricted to designs with n or less points. (This restriction is, of course,
lifted when an improved n~-point design is found, in which cage the algorithm
starts anew.) VIf both limits are encountered before an improved n-point
design can be found, the algorithm stops.

The cholce of thege upper and lower limits on permissible design size
ig made arbibrarily. I have found that excursions that wander far away
from the n-point level take up a good deal of computer time and seldom
result in an improvement of the currently best design. On the other hand,
narrcwly spaced 1imits are too restrictive. I usually set these limits at
n + 6, having found this to be a reasonable compromise.

What does one do when, during the course of an excursion, designs
are constructed in which the number of runs is less than the number of
parameters to be estimated? TFor such designs \X'ﬁl is O, no matter where
the design points are located. To avoid this problem, I actually attempt
to maximize Dk = ‘K'K + ell, where ¢ is a small positive number, rather

than D = |¥'%|. (The choice of ¢ is discussed briefly in Appendix I.)



Although I have not studied the consequences of this very carefully, it
appears that the set of points that maximizes D¥ also maximizes D. The

advantage is that D* is never O.

5. CONSTRUCTION OF FIRST-ORDER DESIGNS

This algorithm has been applied Lo the construction of designs for

the first—order model
y = 3 + B X + ...+ B X 3-

over a cubic region of interest -1 < x, <1, i = 1,2,...,p. (In a general
1

situation, the original variables Xi may be such that a, <X. €b,, 1=

i i
1,2,...,p. However, one can easily construct the "coded" variableg
x, = (2X5 -a, - bi)/(bi - ai) in order to formulate the problem as I

have done here. Note that this coding also necessitates the transfor-
mation of the coefficients in one's original first-order model to coef-
ficients {Bi} that are appropriate for the coded variables.) For this
model, it is known that D-optimal designs are such that each X5 must be

~1 or 1. One reason for considering this situation firgt is that there
are so many cases for which the optimum design is known, so the algorithm
can be tested. In particular, if n is a mulfiple of 4, the optimal design
is orthogonal (i.e., §'§ is a diagonal matrix).

To test the algorithm, therefore, I considered the casges given in
Table 1. Since the algorithm is not guaranteed to find a global optimum,
I gave it ten different "tries" in each case. (In three of the more diffi-
cult cases, 20 tries were made.) The entries in the table indicate the
ratio of successes (optimal designs) to tries and also, in parentheses,

the average amount of computer time per try on the IBM 360/91.



Table 1.

for ¥First-Order Model

Ratio of Successes to Trieg in Test Cases

(Numbers in parentheses refer to computer time

in seconds per try on the IBM 360/91)

D 8 12 - 16 20
10/10% 10/10% 10/10% 10/10%

3 10/10% 10/10% 10/10% 10/10%

b 10/10%* 7/10%*% 7/10% 9/10%

5 7/10 (4.2) 2/10%* L J10%* 2/10%*

6 10/10 (5.7) 1/10 (6.0 1/10 (6.3) 1/10 (7.0)

7 10/10 (8.9) 2/10 (12.5) 1/20 (10.7) 1/20 (9.8)

8 2/10 (21.8) 0/20 (23.5)

9 1/10 (50.1)

* ,
Computer time for all these degigns averaged 1.1 sec per try.

* -
Computer time for all these designs averaged 2.3 sec per try.

The object of these test cases was to demonstrate the feasibility
of the algorithm and to identify its limitations. These results were
then used as a gulde in applying the algoritim to the construction of
designs for values of n not considered in Table 1. Altogether, designs

were constructed for the following cases:

Number of
P n Tries
<6 p+l through 20 10
7 8 through 12 10
7 13 through 16 20
8,9 p+l through 12 10

The best designs found in these cases are the bagis for the results given

in the following section.



L., RESUTTS

An investigation of the properties of the "best" designs constructed
by the algorithm suggests the following rules for constructing D-optimal
flrst-order designs. Except in Case 1, where the result is well known,

these rules are only conjectureg, as far ag I know.

Case 1. n = bt, where t is an integer.

- Vs . s ' N
In tliis case, any design that maximizes |§ X| must be orthogonal,

so §'§ = nl, where I is a kxk identity matrix. The determinant of X'X is

k . o . ; . . .
n . When n is a power of 2, any fractional faclorial design of resolution

ITT will do.j For n = 12, 20, 24, 28, ..., orthogonal designs are given
‘ . 11
by Plackett and Burmen.
Case 2. n =4t + 1, where t is an integer.

Mood9

suggested that designs constructed by adding one run to
an orthogonal design are '"very efficient” in this case. Without exception,
designs declared D-optimal by the algorithm were of this form. The

NP ' . . . k-1 , .
determinant of X'X for such designs is given by n (ntk). (See
Appendix ITA.) It makes no difference to |X'X| which run is added.

4

When p = 4t, it is not possible to apply Mood's suggestion. There

T

are two such cases considered here, namely (p = 4%, n = 5) and {p = 8,

n = 9). In the former case, the best design found by the algorithm

2,9

corresponded to the known optimal design. I have rniot come across s
published opltimal design in:the latter case.
Case 2. n = Lt + 2, where t is-an integer.
Mood's9 suggestion in this case is that designs constructed by

adding two runs to an crthogonal design are optimal. Mood recommended

that these two runs be either



two rows of 1's or

2

a row of two-dimensional Hadsmard (i.e., orthogonal) matrices.

Tt is shown in Appendix TIB that the optimal way of augmenting an orthogonsl
design with two rung is to choose those runs so that the corresponding

two rows of X are orbhogonal (if p is o0dd) or as nearly orthogonal az

poggible (3F p is even). Mood's choice {(1i) is a particular way of doing

bhis: bis choiee (1), however, is poor with respect to the \"

In every caze where it is applicable, the rule of adding two pointz

optimally to an orthogenal design, as dizcussed in Appendix yields

2 deslign whoae lXiX| mabohes that of the best desgign tound by

g =
. . ) . . L (RN .
The value of the determinant is n {(nri)” if p s

if p ig even. It was algo found that, exc

by rewqo

ing two points from an orthogonal design were not optimal.
[ . . - - by

en p o= 4t oor p o= 4t + 1, no orthogonal design in bt runs exists,

30 the above rule does not apply for (v = ht, n =4t + 2) or (p = 4t + 1,
n = 4t + 2). There were four such cases considered by the algorithm:

} y &
¢ o ; - - : 3 ~
p =4, n= 6, (p =5, n=6), (p =8, n = 10), (P =9, n= 10). In
the second and fourth of these, the best design found by the algorithm
. ' WL , 16 . . o
nad lg;é\ equal to the known optimum. As far aas I know, designs known
to be optimal for the other two caseés have not been published. It is
interegting to note that in these four cases, the wvalue of'\ﬁ’xl can
be correctly calceulated using the formalae in the preceding paragraph,
even though these designs cannot be congtructed by angmenting an orthogonal

Agsign with two runs.

pobber point of interest here is that in this case (i.e., when n is

O

£ form 4t + 2) the inverse of g’ﬁ for the best design found by the algorithm
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is always composed of two orthogonal blocks. These blocks are equal in
gize if p is o0dd, and as nearly equal as possible when p is even.

Case . n =kt + 3, where t is an integer.

This 18 the most difficult case of all. It provided three instances:

(p = 6, n = 15), (p =6, n=19), (p =17, n=15), where the algorithm
clearly failed to find an optimum design in the allotted number of tries.
In all three of these instances, a design with greater \ﬁ'z] could be
constructed by removing & single run from an orthogonal design. (See
Appendix IIC.) Mbod9 hag, in fact, suggested that the removal of a run
from an orthogonal design will yield an optimal design. This suggestion,
although true in most cases, failed three times, for (p = 6, o = 7),
(p = 8, é = 11), énd (p = 9, n=11). In these three instances, the
algorithm constructed designs with greater \X'g‘.

Alternatively, one could considef adding three runs to an orthogonal
design. Finding the optimal augmentation in this case is rather involved

and I shall only remark here that, except for p < 3, this procedure never

yielded an optimal design.

5. TABULATED FIRST-ORDER DESIGNS

Appendix ITI consists of first-order designs constructed by the
algorithm for various values of p and n. These designs are all "best”
in the sense that the algorithm could find none with larger |X'X| in the
number of tries allowed.

Only designs for which n < 1 + p + p(p—l)/E are given in Appendix IIT,
since these are probably the cases in which first-order designs have

widest application. Tf n 2 1 + p + p(p~1)/2, there exist second-order
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degigns, i.e., designs that permit the estimation of all two-factor
interactions as well as main effects. If one has confidence in the first-
order model, and needs a design with larger value of n than those given
in Appendix III, one can still refer to the recommendations of Section 4.

Frequently several distinct "best" designs for given p and n were
congtructed by the algorithm. In each such case, no more than three of
these are presented in Appendix III.

Since all "best" degigns for given p and n have the same |§'§!, other
criteria were used to order them in the table. A natural chcice is the
trace of (X'z)_l, cr, equivalently, the average variance of the coefficients.
However, this can be applied in only one case (p = 9, n = 11). For all
other combinations of p and n congidered, the average variance of the
coefficients was found to be the same for all "best" designs. For that
reason, an overall bias criterion, called the "confounding index,” was
used to rank the "best" designg. Thisg index is defined and discussed
below. The following information is presented in the tabulated designs

of Appendix IIT.

Identification

The design identification consists of three integers. The first gives
the number of variables (p) and the second gives the number of runs (n).
The third integer is used to distinguish among designs with the same p
and n. As explained above, the designs are ordered according fo the
confounding index; those with the lowest overall confounding are generally

more desirable and are presented first.
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Design Matrix

The design matrix gives the combinations of Jevels of the variables
1t are to be run in the experiment. KEach row corresvonds to a single run.

“it 1s assumed that cach variable is "coded" (transformed) so that it takes

aiues -1 or 1.

Aesponse
Thil number, woooomultipls 4 vy o (oo crror varian i the dndividual
- o 3 . . oz . - A
chwrwvall sy, &9 sooardon A j cooreaponse yoat
Lo corregrending desigr ol T o . g® s i LW s
mast ;o oestimates statdsticaniy.

X'X Inverse

This kXk matrix, when multiplied by @2, is the variance-covariance
matrix for the k estimated coefficients in the first-order model (3.1).
If Cij denotes the element in row i and column j of this matrix, then
the variance of the ith coefficient is 55 g?, and the covariance of the

ith and jth coefficients is cij o?. The corrclation between the ith and

o}

jth coefficients is Cij/(cii ij) .

Determinant of §'§

.This is the criterion used in the search for "best” designs. According

to this criterion, the higher this determinant, the better is the design.

D-Efficiency

11 | . .
I have defined this to be lOO(Ig'Kl /k/n). It is the relative number
of runs (expressed as percent) required by a (possibly nonexistent) orthogo-

nal design to achieve the same |X'X|. When divided by 100 and taken to
' R . . 5
the kth power, the D-efficiency becomes Webb's "estimation index.' 2



Average Variance of the Coefficients

This is (1/k) trace (X'X)™". It is actuslly 1/0° times the average

variance of the coefficients. This criterion is freguently used as an

alternative to the criterion of D~optimality used here.

T-Efficiency

This ig defined to be 100(k/(n trace (é'z)"l)). This is the relative
muber of runs (expressed as percent) required by a (possibly nonexistent)
ol
orthogonal. design to achieve the same trace (X X) . When divided by 10C0,
a 5 6

) . s . : . ‘g L 1 N
the T~efficiency is the game as Webb's "fitting index" or Kishen's

measure of efficlency.

Maximum Variance of Fitted Regponse

This number is 1/0® times the maximum varience of the fitted re-
A £ - . E . - -
sponge yv(x) over the p-dimensional hypercube: -1 < Xy = L, 1= 1,2, .0,p
It is one indication of the suitability of the design for predicting the
regponsge at points not run in the experiment, agssuming that the model i1s

2p corners of the

correct. (Note: The average variance of §(x) over the
hypercube is just of trace (Z1K>~1) which can be cobtained directly from
the average variance of the coefficients discussed above. If all the
variables are quantiﬁative, it may also be of interest to conglder the

A P 3 - . .
average variance of y over the entire volume of the hypercube. This is

P

!

2; V(bi>’ which can be calculated using the diagonal elements
i=1 ’

of (x'0)7.)

. 4
(o) + 5

Alias Matrix

This matrix gives the bias associated with each coefficient if the

true model ig not of the form (3.1) but is instead of the form



Lt

E(y) = 60 + lel oo, + Bpxp + Blexlxz + Blsxlx3 F o + Bp~1,pxp-lxp
(3.2)

That is, the true model may include not only the "main effectg"” of the p
variables, but also their %p(pnl) "two-factor interactions." In this
case, if the first-order model (3.1) is assumed, but (3.2) is the true
model, the expectation of each estimated coefficient éi will be Bi plus
some linear combinétion of all the Bij's. The coefficients in that linear
combination are the elements of the column headed i in the alias matrix.
Thus, for example, in design 4.6.2, the expected value of bl is
B, + 5Bt 5B, t 5B, + 5P

+ .5 B34. The sum of squares

1 24

of these coefficients is given below each column, in the row marked "SS."
This is a rough measure of the degree of allasing, or "confounding,"

. . . .. 1
associated with the estimate of each coefficient.

lIf cne is willing to embark on a temporary flight of fancy and assume
that the two-factor interaction coefficients are drawn randomly from a
population with mean O and variance ¥2, this sum of squares measure can
be "justified" to some extent. The error in the expectation is then a
random variable with mean O and variance A;7?, where A; is the sum of
squares of the coefficients in column i of the alias matrix. Before
using a first-order design, the experimenter should be reasonably con-
fident that the size of the main effect coefficients {Bj} he expects to
detect is sufficiently large (relative to xJAj, the "standard error"
caused by the interaction coefficients) to "stand out.” The value of ¥
would have to be guessed by the experimenter and would depend on his
prior feeling about the overall magnitude of the interactiong. I would
not now recommend this approach be taken too seriously, except as a
first step toward making more precise the broad recommendation that it
is all right to agsume a first-order model if the two-factor inter-
actions are '"mot too large' relative to the main effects. In particular
situations, of course, enough may ~e known to identify a few potentially
slzeable interactions, and the experiment can be designed to avoid con-
founding these with the main effects of greatest interest.



At this point, T should remark that any of the first-order designs
given here, when "folded over,”5’7’ll+ give deslgns in twice as many runs
which possess the property that no main effect coefficient 1s aliased by
a two-factor interaction coefficient. In other words, the allas matrix,
as defined above, will be a matrix of O0's. To construct such a design
in p variables and 2n runs, say, one would simply use the tables to find
a design in p-1 variables and n rung and fold it over. Although such
designs are generally not D-optimal, the loss in precision is small com-
pared with the gain achieved by removing the bias caused by two-factor
interactions. A more satisfactory alternative, if the experimenter is
really worried about two-factor interactions, is to use a design that
is D-optimal with respect to model (3.2).. I have applied the algorithm

discussed here to this problem in a few cases and hope to do a more

thorough job in the near future.

Confounding Index

o

This is defined to be 2: Ai /v, which is the average value of the
i=1
alias sum of squares over all maln effect coefficients, excluding BO.

(One is rarely interested in the degree of confounding associated with

B )
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APPENDIX I
CHOTCE OF ¢ IN THE MAXTMIZATTON OF [X'X + el

Letting D(eg) = \§'§ + eT!, we can expand this determinant by its

. 1, .
diagonal elements” to obtain:

k-1 .
Dle) = D{0) + ek + 24 ¢! (sum of all principal minors
j=1 of X'X of order k~j)

- . . « ' . . . .
Since any principal minor of X X of corder k-j is just the determinant of

X*'X*, where X* is obtained from X by deleting j columns, its value can-

k-j -
not exceed n' Y. Thus,

k-3 .
D(e) - D(O) = ek oy e (k%i) ne
J=1 ¢
N J ¢ k ) k-]
551 K
= (g + n)k g

To obtain a rough estimate of the proportional error, suppose X is
orthogonal, so D{(0) = 7. Then the proportional error (D(e) -~ D(0))/D(0)
is (1 + e/n)k - 1, or approximately ke/n for small ¢/n. In the con-
struction of the designs given in this report, I chose ke/n = .1, i.e.,
e = {.1n)/k. For values of e much smaller than this, I occasionally

experienced computational difficulties within the algorithm.
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APPENDIX 1T

A. . ADDING ONE RUN TO AN ORTHOGONAL 2-LEVEL FIRST-ORDER DESIGHN

. Let X be the "matrix of independent variables" corresponding to an
initial design. If a run at the point x, ig added to the initial design,
- . 5 » . - oy 4 X .
the new metrix of independent variables is X = ﬁ(; y! . The fol-
- L <
=\

Jowing relationship between |¥'X| and [X'X| can be shown:"s 15

Xl = KE Qo) @R ) (a2.1)
: . y
If X is an orthogonal nxk mabrix whose elements are l, then (X X o= o
and (ﬁ'z)"l == %ﬁ I, where I is tue kxk identity matrix. Thue, ;ngi 5=

k,. 1 [ .. L . oo »
n (1 + = E(Xa) i(xa)). This is maximized when x_ is any of the 2% corner

points of the p-dimensional hypercube: -1 =z, < 1. Thug, the maximum

—~y

L] is W51+ x/0) = M0+ k)

B. ADDING TWO RUNS TC AN ORTHOGOWNAL 2-ILEVEL FIRST~ORDER DESIGN

Beginning with the same formulation as above, we now suppose the
' X
T I . . . e PRI
initial design is augmented with m runs, so X ::L where A ds an
Al

-1 o~ g )
mk matriz. Let Vo= (X'X)"" and ¥ = (X'X) . By a theorem due to

T o= v~vA(L+AVA)TT AT . (22.2)

Now congider the partitioned matrix:

¥ va T
& H = j .

AV I+ A'VA
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The determinant of I can be determined in two ways, using the fact that,

for a general partitioned matrix,

A A -1
e N T O I T A S S N
A A a2 11 12 Tz2z2 o1
—21 22
= Ja | 1A -a ata,l
11 22 21 11 7

as long as A and A  are nonsingular. Thus,

11 22
lZ| = E+AL|&~EAQ+§EYEY\= IL+a'val |V] (a2.5)
and
2} = vl lz+ava-awrnal - |y . (A2.4)
Combining (A2.3) and (A2.4), we obtain

el = fzea'val ¥, or

ITX] = x| |T+a' x5 . (a2.5)

This is a generalization of Wynn'sl5 and Dykstra'su formula for a single-

run augmentation. 1

a
=1
In the gpecial case considered here, z'z = nl and é' = 50
al
2
X' = o |1+ = a'a
L4 = n 2

a a
11 12
— 1
Let A'A - » Where a = a, a.
o a a T
12 22
+
- 1 all/n alz/n
Then |I + = A'A| -
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We need to choose A' to maximize this determinant. Since the model is
of first order, we can restrict consideration to corners of the p-dimensional
hypercube: -1-<x, £1, soa  =a_ =k Mucinization of |X'¥| is there-
fore achieved by minimizing |a__|.
18
. . . . v 7
(i) When k is even, this can e done by choosing a, and a_ orthogo-
: " ey k 2
nal to each other. In this case, |X'X] =n (1 + k/n)” =

-
n (n + k).

(ii) When k is odd, gi and a' should be chosen as nearly orthogonal

n

as possible, so that a _ = 1. In this case Ix'x| =

2 — .

B+ k/0)° - 1) = 250 ((n o+ k)7 - 1),

C. REMOVING ONE RUN FROM AN ORTHOGONAL 2-LEVEL FIRST-ORDER DESIGN

5
Tt can be readily verified if % = , then
£ K
Vo= VT (- AT AT (82.6)

where V = (X'X)—l and §f= (2?23‘1. Then if é' corresponds to the runs
removed from an initial design, Fg. (A2.6) gives the new (X'X)™' matrix
in terms of the old.

We now consider the partitioned matrix:

i -iA

AV I-ATA

from which we determine, using the same approach as in Appendix IIB above,

) = |1-4a"a| [v] , or
x'z] = XY jz-4a @074



20

oy

In the special case considered here, X X = nl, where n is the number
. - N . F ' . .
of runs in the orthogonal design X, and é’ = i(xa) , Where x  1is the point

removed from X. The determinant of the new design is therefore

2 (1 - k/n) = (g - k).



APPENDTX TIT. TABLES OF FIRST-ORDER DESIGNS

The "best" designs constructed by the algorithm are tabulated here.
See Section 5 for a brief description of the information presented.
Specific commentsg about individual cases are given in Table Al below.
Most of these comments are of an academic nature; however, those marked

with an asterisk should be read by the user.

Table Al. Comments on Specific Designs Tabulated in This Appendix

(Asterisks indicate cases in which an alternative
design is recommended)

Number of Nomber
Variables of Runs

) Known optimal.2’9

L Orthogonal, hence known optimal. The design
given isg a 27-L1 fractional factorial with gen-

[ kS

erating relation I = 123. (See ref. 3.)

5 P

3 6

U 5 Known optimal.g’9

L 6

4 7 The superiority of Design 4.7.1 over Design
4.7.2 with respect to confounding is due to the
fact that the latter can be constructed by re-
moving one run from a fractional factorial de-
sign of "resolution ITI" (see ref. 5), while
the former can be congtructed by removing one
run from a design of "resolution IV."

5 L 8 Orthogonal, hence known optimal. Design 4.8.1

.- 1s the 2A~l fractional factorilal with gener-

ating relation I = 123k.
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Table Al (continued)

Number of Numbar
Variables of Runs

L 9 Design 4.9.1 can be constructed by adding one
run to a fractional factorial design of reso-
lution 1V, while the 'base design" for Design
L.9.2 is a fractional factorial of resolution
11T,

L 10 *Design L.10.1 can be constructed by adding two
runsg to a fractional factorial design of reso-
lution 1IV. Note that one of the two additional
runs is a repeat of one of the runs of the
resolution IV base design. Less confounding
could be achieved if the two additional runs
were chosen so there were no duplicate runs.

5 6 Known optimal.2:9)l6 Note that this design

12 best design for

is superior to Raghavarao's
this case, since he has restricted attention

to designs for which the variances of the
coefficients are all equal, and the covariances

of the coefficlents are all equal.

—~J

5 8 Orthogonal, hence known optimal. The generating
relation for this fractional factorial design

is I = 145 = 234,

10
11
12 Orthogonal, hence known optimal.
15
14

15 *a design with less confounding could be con-

AN B NG N AN ) W

\J1

\Ti

structed by removing one run from the 2o-1
fractional factorial design with generating

relation I = 12345,



Table Al (continued)

Number of  Number
Variables of Runs

6 7 Known optimal.2’9 Cannot be constructed by re-
moving a ryn from an orthogonal design.

6 & thhogonal, hence known optimal. The generating
relation for this fractional factorial design
is T = ~12% = 146 = 245,

6 9

6 10

6 11

6 12 Orthogonal, hence known optimal.

6 15

6 14

6 15 *These designs are not D-optimal. T would recom-
mend instead dropping one run from the 26~2
fractional factorial design with defining relation
I = 1234 = 1256 = 3456,

6 16 *Orthogonal, hence known optimal. This is an
example of a 16-run orthogonal design with
partial confounding (as opposed to the "regular"
fractional factorials, for which all the ele-
ments in the alias matrix are 0 or +1). A
design with less confounding is the 26”2
fractional factorial design with defining re-
lation I = 123k = 1256 = 3456,

6 17 *a design with less confounding could be con-
structed by adding one run to the 26'2 design
with defining relation I = 1234 = 1256 = 3456.

6 18 *A design with less confounding could be con-

structed by adding two runs to the 26'2 design

with defining relation I = 1234 = 1256 = 3456,
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Table Al (continued)

Number of  Number
Variables of Runs
6 19 *These deslgns are not D-optimal. I would
recommend instead dropping one run from an
orthogonal 20-run design.
6 20 Orthogonal, hence known optimal.
T 8 Orthogonal, hence known optimal. The generating
relation for this fractional factorial design
is T = ~12% = =235 = ~3h6 = -137.
! 9 -
7 10
7 11
7 12 Orthogonal, hence known optimal.
7 13
7 1k
T 15 *These designs are not D-optimal. T would recom-
mend instead dropping one run from a of-3
fractional factorial of resolution IV, e.g., one
with generating relation I = 1235 = 1246 = 1347.
7 16 *Orthogonal, hence known optimal. This is an
example of a 16-run orthogonal design with both
partial and complete confounding. A design with
legs confounding is the 27"5 fractional factorial
design with defining relation I = 1235 = 1246 =
1347,
9
8 10
8 11 Camnot be constructed by removing a run from an
orthogonal désign.
12 Orthogonal, hence known optimal.
10 Known optimal.16
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Table Al (continued)

Tumber of Iumber
Vgriabl@s of Runs

9 11 Cammot be constructed by removing a run from
an orthogonal design.

9 12 Orthogonal, hence known optimal.




DESIGN ( 2. 3. 1)
2 VARIABLES 3 PARAHMETERS

DESIGN MATEIX

X1y X(2) VARIANCE OF FITTED RESPONSE
i. 1. 1.0000

"1. 1. 1.0000

-1, - 1. 1.0000

X' INVERSE

0.5000 0.2500 -0.2500

0.2500 0.5000 -0.2500
-0.2500 -0.2500 0.5000
DET(X'X)= 0.1600000000D 02
D-EFFICIENCY= 84,0
AVERAGE VARIANCE OF COEFFICIENTS= 0.5000
T-EFFICIENCY= 66.7

MAXIMUM VABIANCE OF FITTED RESPONSE= 3.0000

3 RUNS



DESIGN ( 2. 3. 1)
ALTAS MATRIX

0 : 1
12 1.0000 1.0000

Ss 1. 0000 1.0000

27

2
-1.0000

1.0000

-~

CCNFOUNDING INLEX= 1.0000
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DESIGHE ( 3. 4. 1)
3 VARIABLES 4 PARMANETERS & RUES

DESIGHN MATRIX

K X(2) X({3) VARIANCE OF FIITED RESPONSE
1. 1. 1. 1.0000
1. -1 -1, 1.0000
- % 1. -1, 1.0000
~%e ~Te 1. 1.0000

X*X INVERSE

0.2500 0.0 0.0 0.0
0.0 0.2500 0.0 0.0
0.0 0.0 0.2500 0.0
0.0 0.0 0.0 0.2500
DET{X®X) = 0.2560000000D 03

D-EFFICIENCY= 100.0
AVERAGE VYARIANCE QOF COEFFICIENTS= 00,2500
I-EFFICIENCY= 100.0

ERXTNUM VARIANCE OF FITTED RESPONGSE= 1.0000



DESIGN ( 3. 4. 1)
ALIAS MATRIX

0 1
12 0.0 0.0
13 0.0 0.0
23 0.0 1.0000
5SS 0.0 1.0000

CONFOUNDING INDEX= 1.0000

29

2
0.0
1.0000
0.0

1.0000

3
1. 0000
0.0
0.0

1.0000



LESIGN ( 3. 5. 1)

30

3 VARIABLES 4 PARAMETERS 5 RUNS
DESIGN HATRIX
M1y X(2) X(3) VARIANCE OF FITTED RESPONSE
10 1. "”. 0:5000
“"1- 1n ”lc 0»8750
1. 1. 1. 0.8750
“1- “ 1 1- OqB?SO
1. -1, ~ T 0.8750
X¥X INVERSE
0.2188 =-0.,0312 -0.0313 0.0313
~0,0313 0.2188 -0.0313 0.0313
-0.0313 ~0,0313 0.2188 0.0313
0.0312 0.0313 0.0313 0.2188

DET(X'X) = 0.5120000000D 03

D-EFFICILENCY= 95,1

AVERRGE VARIANCE OF COEFFICIENTS= 0.2188

I-EFFICIENCY= 381.4

BAXTHMUM VARIANCE OF FITTED RESPONSE=
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DESIGN ( 3. 5. 1)
ALIAS MATRIX
0 ‘ 1 2 3
12 0.2500 0.2500 0.2500 0.7500
13 -0. 2500 -0.2500 0.7500 0.2500
23 -0.2500 0.7500 =-0.2500 0.2500
Ss 0.1875 - 0.6875 0.6875 0.6875

CONFOUNDING INDEX= 0.6875



DESIGY ( 3. 6. 1)

32

3 VARIARLES 4 PARABETERS 6 RUHS
DESIGY MATRIX
X4y X2y X (3} FARIANCE OF FIUTED RESPONSE
- Te 1. 1. 0.7550
1. ”1. 10 005000
“1. 1' 1. OQSOOQ
1. -1 -1 On?Sﬁﬂ
=1, -1, i. 0.7500
”1« 1. w10 0@7590
X*X INVERSE
0.1875 0.0 0.0_ -0,0625
0,90 0.187% 0.0625 0.0
0.0 0.0625 0.1875 0.0
‘“0.0625 040 G.;Q 901875
DET(X'X) = 0.10280006000D 04

D-EFFICIENCY= 94.3

AVERAGE VARIANCE OF COEFFICIERTS=

T~-EFFICLENCY= 88.9

MAXTHUE VARIANCE OF FITTED RESPONSE=

0.1875

1.0000



DESIGN ( 3.

12
13
23

SS

CCNFOUNDING INLEX=

B

ALIAS MATRIX

0

=0, 5000

0.0
0.0

0.2500

1
0.0
0.5000
0.5000

0.5000

0.4167

33

3
0.5%000
0.0
0.0

0.2500
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DESIGN { 3. 6. 2)
3 VARIABLES 4 PARAMETERS 6 RUNS

DESIGN MATRIX

(1 X(2) X(3) VARIANCE OF FITTED RESPONSE
-1, 1. -1. 0.5000
-1. 1. -T. 0.5000
-1. - 1. 1. 0.5000
1. 1. 1. 1.0000
1. -1. “Te 1.0000
-1. - 1. 1. 0.5000

X*X INVERSE

0.1875 0.0625 0.0 0.0
0.0625 0.1875 0.0 0.0
0.0 0.0 0.1875 0.0625
0.0 0.0 0.0625 0.1875
DET{(X*X) = 0.1024000000Dp 04

D-EFFICIENCY= S94.3
AVERAGE VARIANCE OF COEFFICIENTS= 0.1875
T-EFFICIENCY= 88.9

FAXIMUM VARIANCE OF FITTED RESPONSE= 1.0000



DESIGN (
Q
12 0.0
13 0.0
23 0.0
SS 0.0

CONFOUNDING INDEX=

3. 6. 2)

ALIAS MATRIX

1. 0000

1.0000

35

1. 0000
~0.0000
0.9

1.0000
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LESIGHN ( 4, 5. 1)
4 VARIABLES 5 PARMAMETERS 5 RUWS

DESIGHN MATRIX

X(1) X{(2) X(3) X&) VARIBANCE OF FITTED RESPONSE
~1e 1. I ~Te 1.0000
1. 1. ~1. 1. 1. 0000
~1. -1 Te i. 1.0000
1. -1. -1, -1. 1.0000
1. 1. 1. -1. 1.0000

X'X INVERSE
0.2222 -0.0278 -0.0278 0.0278 0.0278
-0.0278  0.2222 -0.0278 0.0278 0.0278
-0,0278 -0.0278 0.2222 0.0278 0.0278
0.0278 0.0278 0.0278  0.,2222 -0.0278
0.0278  0.0278 0.0278 ~0.0278 0.2222
DET(X'X)=  0.2304000000D 04
D~EFFICIENCY= 94,1
AVERAGE VARIANCE OF COEFFICIENTS= 0.2222
T~EFFICIENCY= 90.0

MAXINUYM VARIANCE OF FITTED BESPONSE= 1.2222



DESIGN ( 4.

12
13
14
23
24
34

S5

CONFOUNDING INDEX=

1

ALIAS MATRIX

0
0.3333

"+~0,3333

-0.3333
-0.3333
~0.3333

0.3333

0.6667

1
0.3333
-0.3333
-0.3333
0.6667
0.6667
-0.6667

1.6667

37

2
0.3333
0.6667
0.6667

~0.3333
~-0.3333
~0.6667

1.6667

1.6667

3
0.6667
0.3333

-0.6667
0.3333

~0.6667

-0.3333
1.6667

4
0.6667
~0.6667
0.3333
~0,6667
0.3333
-0.3333

1.6667



DESIGN ( 4. 6,
4 VARIABLES
DESIGHN

X{1) X(2) X(3)

1. ~Te -1.
-1 1. - 1.
1. 1. 1.
1. - 1. 1.
-1. -1, 1. .
-1 1. 1.

1)

5 PARAYETERS

YATRIX
X ()

1.
-1.
1.
- 1.
1.
-1

X°X INVERSE

38

6 RUNS

VARIANCE OF FITTED RESPONSE

0.1875 0.0 0.0 ~0.0625
0.0 0.2000 0.0500 0.0
0.0 0.0500 0.2000 0.0
-0.0625 0.0 0.0 0.1875
0.0 =0.0500 0.0500 0.0
DET(X*X) = 0.5120000000D 04

D-EFFICIENCY= 92,0

0.8000
0.8000
0. 9500
0.9500
0.9500
0.5500

0.0
~0,0500
0.0500
0.0
0.2000

AVERAGE VARIANCE OF COEBFFICIENTS= 0.1950

I-EFFICIENCY= 85,5

¥AXIHMUM VARIANCE OF FITTED RESPONSE=

1.2000



DESIGN ( 4. 6. 1)

ALIAS MATRIX

0 , 1
12 -0, 5000 ~0.2000
13 0.0 0.6000
14 ¢, 5000 0.20600
23 0.¢ 0.4000
24 ~0.5000 0.8000"
34 0.0 ~0.4000

Ss 0.7500 1.4000

CCNFOUNDING INLEX= 11,2375

39

2
0.2000
0.4000
0.8000
0.5000
0.2000
0.4000

1.4000

3
0.5000
0.0

-0.5000
o.o
0.5000
0‘0

0.7500

4
0.8000
-0.4000
0.2000
0.4000
~-0.2000
0.6000

1.4000



DESIGHE

4 VARTABLES

“X(1) X

0.2000

0.0
-0.0500

0.0
~-0.0500

DET{(X'X

L-EFFICIENCY=
AVERAGE VARIANCE OF COEFFICIENIS=
T-EFFICTIERCY=

MAXTHUN VARIANCE OF PFITTED RESPONSE~

(

(2)

n.q.
1.
1.
1.
1.

-1,

):

b, 6, 2)

DESIGH MATRIX

{3 X%
-1. ~1.
-1, 1.

1. -1,
1. 1.
~1e 1.
1. 1.

X'X INVERSE

0.0 ~0.0500
0.1875 0.0
0.0 0.2000
0.0625 0.0
0.0 -£.0500

0.5120000000D 04

92.0

85.5

VARIANCE

o)

5 PARAHETERS

OF

0.9500
0.5500
0.9500
0.89000
0.8000
0.9500

~0.0500
0.0

~0.05C0
0.0
0.2000

0. 1950

1.2000

6 RUNS

FITTED RESPOWSE



DESIGN ( 4.

12
13
14
23
24
34

Ss

CONFOUNDING INDEX=

6. 2)

ALIAS MATRIX

0
~0. 2000

- ~0.6000

~0. 2000
0.2000
0. 2000
Q. 2000

0.5600

1
0.5000
0.0
0.5000
0.5000
0.5000
0.5000

1.2500

2
-0.2000
0.4000
0.8000
0.2000
0.2000
~-0.8000

1.5600

1.4050

3
0.5000
0.0
0.5000
0.5000

~0.5000
0.5000

1.2500

4
0.8000
0.4000

-0,2000

~-0.8000
0.2000
0.2000

1.5600



42

CESIGN ( 4. 7. 1)
4 VARIABLES 5 PARAMETERS

DESIGN MATRIX

X(3)y X(2) Xi3) X(y) VARIANCE O
1. 1. ""1. 1.
- "'1. 1. i
1. - 1. -1. -1.
"’1@ '1- "1: 1.
1. 1. 1.» -1,
*’e 10 10 1.
1- "'1- 1. 1.
X'X INVERSE
0.1667 ~-0.,0417 0.0417 -0.0417
=0.0U17 0.1667 -0.,0u417 0.04%7
0.0417 -0.0417 0.1667 -0.0417
~-0.0417 0.0417 -0.0417 0.1667
~-0.0417 0.0417 ~-0.0417 0.0417
CET(X'X) = 0.1228800000D 05
D-REFFICTENCY= 93.9
AVERAGE VARIANCE OF COEFFICIENTS= 0.
T-EFFICIENCY= 85.7
KMAXINMUM VARIANCE OF FITTIED RESPONSE=

F FITTED

0.6667
0.6667
0.6667
0.6667
0.6657
0.66567
1.0000

~0.0417
0.0417
~0.0417
0.0417
0.1667

1667

1.6667

7 RUNS

BESFONSE



DESIGN ( 4.

12
13
14
23
24
34

SS

CONFOUNDING INDEX=

1)

ALIAS MATRIX

0

0.3333

~0.3333
-0.3333
Q.3333
0.3333
~0.3333

0.6667

L3

1 2
-0.3333 0.3333
€.3333 -0.3333
0.3333  =0.3333
-0.3333 0.3333
-0.3333 0.3333
0.6667 0.6667
0.6667

3
-0.3333
0.3333
0.3333
-0.3333
~-0.3333
0, 3333

0.6667

4
-0.3333
0.3333
0.3333
-0.3333
-0.3333
0.3333

0.6667
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CESIGN { 4. 7. 2} '
4 VARIABLES 5 PARBMETERS 7 RUNS

DESIGN MATRIX

X{1)  X(2) X (3) X (u4) VARIANCE OF FITTED RESPONSE
1. 1. -1 1. 0.6667
-1, 1. -1. 1. 0.6667
-1. - 1. 1. 1. 0.6667
~T. - 1. -1, -1 1.0000
-1. 1. 1. =% 0.6667
1. -1 1. 1. 0.6667
1. 1. 1. -1. 0.6667

X*X TINVERSE

0.1667 8.0817 ?006Q37 0. 0817 ~0,0817
0.0817 0.1667 ~-0.0417 -~0.0417 ~-0.0417
-Q. 0417 ~0,0417 0.1667 0.0417 0.0417
-000417 "0-0“17 000417 0.1657 0«0417
-~0.0417 ~0.0417 0.0417 0.0417 0.1667
DET(X'X) = 0.1228800004Q0D 95

L~EFFICTENCY= 93.9
AVERAGE VARIYANCE OF COEFFICIENTS= 0.1667
T~-EFFICIENCY= 85.7

MAXINUNK VARIANCE OF FITTED RESPONSE= 1.6667



DESIGN ( 4.

12
13
14
23
24
34

Ss

CONFOUNDING INDEX=

7. 2)

ALIAS MATRIX

0
0.3333
0.3333
0,3333
0.0

-0. 0000
~-0. 0000

0.3333

1
0.3333
0.3333
0.3333

-0.0000
-0.0000
-€.0000

0.3333

L5

2
-0.3333
-0.3333
-0.3333

0.0000
0.0000
~1.0000

1.3333

1.0833

3
-0.3333
-0.3333
-0.3333

0. 0000
-1.0000
0. 0000

1.3333

4
-0.3333
-0.3333
-0.3333
~1.0000

0.4000
0.0000

1.3333
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DESIGN ( 4. 8. 1)
4 VARIABLES 5 PARAEETERS 8 RUXNS

DESIGN MATRIX

(1Y X{2y X(3) X VARIANCE OF FITTED RESPONSE
-1 =1, - 1. =1 0.6250
-1, 1. 1. -1 0.6250
1. 1. 1. 1. 0.6250
-1, -1, 1. 1. 0.6250
-1. 1. =T 1. 0.6250
1. 1. ~Te =% 0.8250
1. - 1. ~1. 1. 0.6250
1. - 1. 1. ~%e ’ 0.6250

X*¥ THNVERSE

0.1250 0.0 0.0 0.0 0.0
0.0 0.125C 0.0 0.0 0.0
0.0 9.0 0.1250 0.0 0.0
0.0 0.0 0.0 0.1250 0.0
0,0 0.0 0.0 0.0 0.1250
DET{X'X) = 0.3276800000D 05

D~EFFICIENCY= 100.0
AVERAGE VARIANCE OF COEFFICIENIS= 0.1250
T-EFFICIENCY= 100.0

FAXIMUY VARIANCE OF FITTED RESPOHSE= 0.6250
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8. 1)

4.

DESIGN (

ALIAS MATRIX

TOQOCQOO
¢ s ¢ o v 9

QOO0 O

MNMOOOQQOo
S s ¢ s 8 o
QOO OC

¥

NOQOOQQ
s % 5 = s 9

COCQOO

OO0 QOO0Q
e« * s e

]
COQUCC

QOO Oe
* ? s 3 9 °

OO OO

12
13
14
23
24
34

0.0

0.0

0.0

0.0

0.0

SS

0.0

CONFOUNDING INDEX



s}

CESIGH ( 4. 8. 2)
4 ¥ARIABLES 5 PARAHETERS 8 RUEE

DESIGHE HBATRIX

X1y X{(2) X¢g3) X VARIANCE OF FITTED RESPONSE
~Te - 1. Te 1. 0.6250
-1, 1. - e 1. 0.56250
1. LIS 1. 1. 0.6250
1. 1. 1. -1. 0.6250
1. ~Te =T -1. 0.625C
~Te ~ T 1. =1 0.6250
-1e i. T =1- 0.6250
1. -1 =% 1. 0.6250

XvX INVERSE _

0.1250 0.0 0.0 0.0 0.0
0.0 01250 0.0 0.0 0.0
0.0 0.0 0.1250 0.0 0.0
0.0 0,0 0.0 0.1258 0.0
0.0 0.0 0.0 0.0 0.12506
DET{X*X} = 0.3276800000D 05

C-EFFICIENCY= 100.0
AVERAGE VARIANCE OF COEFFICIENTS= 0.1250
T-EFFTCLENCY= 100.0

BAXIHON VARIANCE OF FITTED RESPONSE= 0.6250



DESIGN ( 4. 8. 2)

ALIAS BATRIX

0 1

12 0.0 0.0

i3 0.0 0.0

14 0.0 0.0
23 0.0 1.0000

24 0.0 0.0

34 0.0 0.0
0.0 1.0000

EE

CCNFOUNDING INIEX= 0,7500

b9

2
0.0
1.0000
0.0
0.0
0.9
0.0

1.0000

COOOOD
s 3 o ¢
OO OoO W

1.0000

+ & a8 b

L 3

SCODOL O

»

<D [oHeoReRe ol ol

<
.
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CESIGN ( 4. 9. 1)

4 VARIARBLES 5 PARAMETERS 9 RUNS
DESIGN HATEBIX
1) X(2) X(3) X (4) VARTANCE OF FITTED RESPONRSE
-7 -1, 1. 1. 0.6154
1. -1. 1. ~1e 0.6154
1. -1. -Te 1. 0.5385
-10 "'1. -10 "'1- 0.615“’
1. 1. 1. - 1. 0.5385
1. 1. -1, -1, 0.5385
1. 1. - 1. 1. 0.3846
“1. 1. -1. 1. 0.5385
-1. 1. 1. I 0.6154
X*X INVERSE
0.1154 -0.0096 -0.009¢ 0.0096 -~0.0096
-0.0096 0.1154 -0.0096 0.0096 -~-0.0096
-0.0096 ~0.0096 0.1154 0.0096 ~0.0096
0.0096 0,0096 0.0096 0.7154 0.0096
~0.0096 -0.0096 ~-0.0096 0.0096 0.1154
DET(X*'X) = 0.5324800000D 05
C~-EFFICIENCY= 98.0
AVEBAGE VARIANCE OF CQEFFICIENTS= 0.1154

T~-EFFICIENCY= 96.3

MAXTHUM VARIANCE OF FITTED RESPONSE=

0.6154



DESIGN ( 4.

12
13
14
23
24
34

S8

CONFOUNDING INDEX=

1

ALTAS MATRIX

0

0.0769

~0.0769
0.0769
-0.0769
0. 0769
~-0.0769

0.0355

1

-

0.0769  0.0769
0.076% 0.0769
"'0‘ 0769 —000769
0.0769 0.0M9
~-0.0769 -0,0769
0.0355 0.0355
0.0355

3
-0.0769
0.0769
-0.0769
0.0769
-0.0769
0.0769

0.0355

i
0.0769
-0.0769
0.0769
~0.0769
0.0769
-0.0769

0.0355
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DESIGN { 4., 9. 2)
4 VARIABLES 5 PABAKETERS 9 RUKS

DESIGH MATRIX

(1) X(2y X(3) X VARIANCE OF FITTED RESPONSE
e - 1. ~Te -1 0.5385
-1. Te 1. 1. 0.6154
1. 1. 1. I 0.6154
~Te -~ 1. 1. -1. 0. 3846
1. -1. 1. ~Te 0.5385
-1. 1. -1 -1 0.6154
1. 1. =1 1. 0.5385
1. -1, -1. 1. 0.6154
-1. = 1. 1. 1. 0.5385

X*X INVERSE
0.1154 0.009¢ 0.0096¢ -C.0096 0.0096
0.0096 0.1154 -0.0096 0.0096 ~0.009¢
0.009¢ -0.0096 0.1154 0.0096 ~0.009¢8
-0.009¢6 0.00%¢ 0.009¢6 0.1154 0.009¢6
0.0096 ~-0.0096 ~-0.0096 0.0096 0.1154
CET(X*X) = 0.5324800000D 05
D~-EFFICIENCY= 98.0
AVEBAGE VARIANCE QF COEFFICIENTS= (. 1154
T~-EFFICIENCY= 96.3

MAXTINMUM VARIANCE OF FITTED RESPUNSE= 0.6154



CONFOUNDING INDEX=

4. 9. 2)

ALIAS MATRIX

DESIGN (
0

12 . 0.0769

13 -0.1538

14 0. 1538

23 -0.C769

24 0. 0769

34 -0. 1538
- S§ 0.0888

1
-0.0769
0.1538
-0.1538
0.0769
-0.0769
-0.8462

0.7811

53

2
-0.0769
0.1538
-0.1538
0.0769
-0.0769
0.1538

0.0888

0.6080

3
0.0769
-0, 1538
-0.8462
~0.0769
0.0769
~-0.1538

0.7811

{4
~0.0769
~0.8BU462
~0.1538

0.0769
~0.0769
0.1538

0.7811



5h

DESIGN { #.10. 1)
4 VARIABLES 5 PARAMETERS 10 RUHS

DESIGN MATRIX

(1) X(2) X(3) X(4) VARIANCE OF FITTED RESPOXNSE
1. 1. -1 1. 0.3810
I -1, 1. 1. 0.3810
i. 1. 1. ~Te 0.6071
-1. Te -1 =1, 0.6077
1. ol I8 -1. -1 0.6071
1. Te -1, 1. 0.3810
~1e -1. - 1 1. 0.5238
1. -1 1. 1. 0.5238
-1. 1. 1. 1. 0.5238
-1. -1 1. -1. 0.4643

¥'X INVERSE

0.1042 0.0 0.0 0.0 ~0.,0208

0.9 0.1071 ~-0.0179 0.0179 0.0

0.0 ~0.0179 0.1071 0.0179 0.0

0.0 0.0179 0.0179 0.107% 0.0
-0.0208 0.0 0.0 0.0 0.1042
DET (X'X) = 0.8601600000D 05

D-EFFICIENCY= 97.0
AVERAGE VARIANCE OF COEFFICIENTS= 0.1060
T-EFFICIENCY= 94.4

BAXIH®UM VARIANCE OF FITTED RESPONSE= - 0.6071



25

DESIGN { 4.10. 1)

ALTAS MATRIX

0 , 1 2 3 4
12 0. 1667 0.0 0.0 0.0 0.1667
13 -0.1667 0.0 0.0 0.0 -0.1667
14 0.0 0. 1429 0.1429 -0. 1429 0.0
<3 -0. 1667 0.0 0.0 0.0 -0.1667
24 ¢.0 0.1429 0.1429 ~0. 1429 0.0
34 0.0 -0.1429 ~0.1429 0. 1429 0.0

Ss 6.0833 0.0612 0.0612 0.0612 0.0833

CONFOUNDING INLDEX= 0.0668
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PESIGE ( 4.10. 2V
4 VARTABLES 5 PARBHEETERS

DESTGN MATRIX

X1y X(2) X(3) X(4) VARTANCE O
-1, % 1. -1,
1. = Je 1. 1.
1. 1. -1 i
~T. “ T -1 =1
=1 i. 1. ~Te
1. ~1e 1. ~1.
1. -1 hallt 8 -1.
-1. 1. ~ 1. 1.
-1 -1. i 1.
i. 1. 1. 1.

X*X INVERSE

0.1071 0.0 0.0179 0.0
0.0 0.1042 0.0 ~0.0208
0.0178 0.0 0.1077 0.0
0.9 ~0.,0208 0.0 0.1042
0.0179 0.0 ~0.0179 0.0
DET {X*X} = 0.86016C6000D 05

D~EFFICIENCY= 9S7.0
AVERAGE VARIANCE OF COEFFICIENTS= 0.
T-EFFICIENCY= 94.4

BAXTHUY VARIANCE OF FITTED RESPONSE=s

10 RUNS

¥ FTITTED RESPONSE

0.u4843
0.5238
0.6071
0.3810
0.6071
0.3810
0.4643
0.5238
0.5238
0.5238

0.0172
0.0
~0.0179
0.0
0.1071

1060

G.6C71



CESIGN ( 4.10. 2)
ALIAS HATRIX
0 1
12 0.0 -0.1667
13 0.2857 0.0
14 0.0 -0.3333
23 0.0 -0. 1667
Z4 0. 1429 0.0
34 0.0 0.6667
SS 0.1020 0.6111

CONFOUNDING INLEX=

o7

2
000
-0.2857
0.0
0.0
-0.1429
0.0

0.1020

0.4637

3
~0. 1667

0.0
0.6667
~0.1667

0.0
-0.3333

0.6111
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CESIGN ( 4.10. 3)
§ VARIABLES 5 PARAMETERS 10 RUNS
DESIGHN MATRIX
(N X2y X3 X (u) VARTANCE CF FITTED RESPONSE
1. ’"1. 19 -1¢ 005238
1. 1. S 1. 0.6071
1. 1. 1. 1. 0.4643
"”1. 1- 1. "'10 006071
"'1- "1. "1. 1. 0@5238
W‘Q ""1Q "'1. ’11 0-3810
1. - le 1. 1. 0.3810
11 ‘“1. “1. ”10 0.5238
-1, -1. 1. T 0.5238
-7 1. -1, -1. Q.4643
XX INVERSE
0,1042 0.0 0.0208 0.0 0.0
0.0 0.1071 0.0 -0.017¢ ~0.0179
0.0208 0.0 0.1042 0.0 ‘ 0.0
0.0 -0, 0179 0.0 0.1071 -0.0179
0.0 ~0.0179 0.0 -0.0179 0.1071
CET(X'Xhy = 0.8601600000D 05
D-EFFICIENCY= 97.0
AVERAGE VARIANCE OF COEFFICIENTS= 0.1060
T-EFFICIENCY= 94.4
MAXIHUM VARIANCE OF FITTED RESPONSE= 0.6071



4.10.

3)

ALIAS HATRIX

DESIGN (

0
12 0.0
13 0. 1667
14 0.3333
23 0.0
24 0.0
3 0. 1667
ss 0. 1667

CONFOUNDING INDEX=-

1
~-0.2857

c.0

0.0
-0.1429

0.7143

0.0
0.6122

2

6.0
-0.1667
0.6667

0.0
0.0 *
-0.1667

0.5000

0.4770

3
-0.2857
0.0
0.0
~0. 1429
-0.2857
0.Q

0.1837

4
0.7143
0.0
0.0

-0. 1429
-0.2857
0.0

0.6122



LESIGE (

5 VARIABLES

XN X (2)
~Te -1,
~1. 1.
-1. 1.

1. 1.
~1. -~ 1.
1. =-1.

0. 2000
0.05040
0.0
0.0
-0.0500
0.0

DET (XX} =

5. 6. 1)

DESIGH MATRIX

X (3) X (4) X
""10 ""1.

1. »
“'"10 1.

1. ""“io

1' 1.
"?o 10

X'X INVERSE

0.050G0G 0.0
0.200¢ 0.0

0.0 0. 2000
0.0 ~0.0500
0.0500 0.0

0.0 0.0500

0.25604000000D 05

D-EFFICIENCY= 90.5

(5)

1.
1.
-1.
"”1.
-1,
Te

-

60

& PARBMETERS

VERTANCE

Qeo
0.0
0.0500
0.2000
0.0
0.0500

AVERAGE VARIANCE QF COEFFICIERTS=

T-EFFICIEN

EAXIHUE VARIANCE

C¥= 83.3

OF FITTED RESPQNSE=

0.0500
0.0
0.0
0.2000
0.0

0.2000

6 RUNS

OF FITTED RESPOKSE

7.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1.4000



DESIGN ( 5.

12
13
1
15
23
24
25
34
35
45

5SS

CONFOUNDING INDEX=

1

ALTAS MATRIX

Q
0. 2000
0. 2000
-0. 2000
-0.2000
0.6000
-0.2000
~0.6000
=-0.2000
-0.6000
0. 2000

1.3600

1
-0.2000
-0.2000

0.2000
0.2000
0. 4000
-C0.8000
-0.4000
~-0.8000
=0.4000
0.8000

2.5600

61

2
-0.6000
0.4000
-0.4000
-0.4000
0.2000
0.6000
-0.2000
-0.4000
0.8000
0.4000

2.2400

2.3680

3
0.4000
-0.6000
~-0.40060
-0.4CC0
0.2000
~0. 4000
0.8000
0.6000
-0.2000
0.4000

2.2400

u
~-0.8000
~-0,8000
-0.2000

0.8000
~0.4000
~0.2000

0.4000
-0.200C

0.4000

0.2000

2.5600

5
-0.4000
-0.4000

0.4000
-0.6000
0.8000
0.4000
0.2000
0.4000
0.2000
0.6000

2.2400
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CESIGN ¢ 5. 7. 1)
5 VARIABLES 6 PARAMETERS 7 RUNS
DESIGN MATRIX
X(1) X(2) X (3) X{(4) X (5) VARIANCE OF FITTED RESPONSE
"'1. ‘"1. 1. "'10 ""1. 007500
10 "1‘ ""1. "10 1. 1.0000
~1. -1, -1 1. -1. 0.7500
1. """1. 1- 1. 1. 1.0000
1. 1. 1. 1. -1 1.0000
’"}o 1- 11 "'1. 10 OQ7SOO
'1c 1c '"10 1. 1. 0-7500
X*X TIRVERSE
0.1875 0.0625 0.0625 ~0.0625 ~-0.0625 -0.0625
0.0625 0. 1875 0.0625 ~-0.0625 -0.0625 ~-0.,0625
0.0625 0.0625 0.1875 =-0.0625 -0.0625 -~0.0625
-0.0625 ~0,0625 ~0.0625 0.1875 0.0625 0.0625
~0.0625 ~-2,0625 ~0.0625 0.0625 0.1875 0.0625
-0.0625 ~-0,0625 ~0.0625 0.0625 0.0625 0.1875
LET(X'X) = 0.€553600000D 05
D~-EFFICIENCY= 90,7
AVERAGE VARIANCE QOF COEFFICIENTS= 0.1875
T-EFFICIENCY= 76.2
MAXTIMUM VARIANCE OF FITTED RESPONSE= 3.0000



DESIGN ( 5.

12
13
14
15
23
<4
25
34
35
45

5SS

CONFOQUNDIXG INDEX=

1)

ALTAS MATRIX

0
~0. 0000
0. 0000
0.0000
0.0000
0.5000
0.5000
0.0000
-0.0000
~-0.5000
~0.5000

1.0000

1
-0.0000
0.0000
0.0000
0.0000

0.5000.

0.5000
~-1.0000
1.0000
-0.5000
-0.5000

3.0000

63

2
-0.0000
0.0000
0.0000
-1.0000
0.5000
0.5000
¢.0000
-0.0000
-0.5000

2.0000

2.2000

3
0.0000
-0.0000
1.0000
-0.0000
-0.5000
-0.5000
~-0.0000
0.0000
0.5000
0.5000

2.0000

4
0.0000
1. 0000

-0.0000

-0.0000

-0.5000

-0.500Q00

-0.0000
0.0000
0.5000
0.5000

2.0000

5
-1.0000
-0.0000
-0.0000
-0.0000
-0.5000
-0.5000
-0.0000

0.0000
0.5000
0.5000

2.0000



6L

LESIGE { 5. 8. 1)
5 VARIABLES & PABAMETERS 8 RUES

DESIGH MATRIX

XY X(2) X3y X () X(5) VARIBNCE OF FITTED RESPONSE
1. 1. -1 1. 1. 0.7500
Te -1 Te 1. 1. 0.7500
-1. 1. i. =1 1. 0.7500
1. 1. e ~1. -1. 0.7500
~1e l 8 i. 1. ~%e 0.7500
~Te 1. -1a 1. -1 0.7500
1. - 1. I -1 -1. 0.7500
1. - 1. -1, -1, 1. 0.7500

X'X INVERSE.

0.1250 0.0 0.0 0.0 0.0 0.0
0.0 0.1250 0.0 0.0 0.0 0.0
0.0 0.0 0.125¢ 0.0 0.0 0.0
0.0 0.0 0.0 0.1250 0.0 0.0
0.0 0.0 0.0 0.0 0,1250 0.0
0.0 D.0 0.0 0.0 0.0 0.1250
DET (X'X) = 0.2627440000D 06

D-EFFICIENCY= 100.0
AVERAGE VARIANCE OF COEFFICIENTS= 0.1250
T-EFFICIENCY= 100.0

BRAXIHUM VARIANCE OF FITTED RESPONSE= 0.7500



5. 8. 1)

(

DESIGN

ALIAS MATRIX

<
]

<
NoOoOCOoOCOO

® L ] < L ] * * L] Ld * .

O 00QCS OO0

o

Q

Q
MOOOCOQCOOCOOO
LA ] L I £ & 8 . * @
CoOQoOOTrQoOon

3

o

S

o
NOCOIO2OQOoOQOO

¢ % 8 3 ¥ 8 e ¢ o @
COQCOOOOe=OD
f

000

TOoOOQQoOOoOCOOC
AR A

CROOO0QCCOQO ™

COVDCTCT T o
* * o ® a2 ® 9

. «
OO0 OCO0OO

AR R TN T T,
e e N ) oy oY

1. 0000 2,0000 1.0000

1.0000

0.0

55

1.0000

1.2000

CONFOUNDING INDEX=



CESIGN ¢ 5. 9. 1)
5 VAERIABLES 6 PARAMETERS 9 RUNS
DESIGN MRATERIX
X(1) X(2) X(3) X(4) X (5) VARIANCE OF FITTED RESPONSE
1. .'10 -10 "'1; "'1. 0.71“3
—10 "10 -1- "1. 1- 0:71“3
1. ‘1. 1. 10 ""1. 0.71“3
"1. 1- -1¢ 1. "10 007500
1. -10 "'10’ 1. 1. 00“286
1. 1. 1. "10 1. 0'7500
‘1. ""1. 1. 1. 1. 0.71“3
"‘1. 10 1. ‘10 "'1- 096071
1. 1. "'1. 1- 1. 0.6071
X*X INVERSE
0.116% ~-0,0089 0.0089 0.0089 -~-0.003%9 -0.0089
-0.0089 0.1161 0.0089 0.0089 -~0.0089 -0.0089
0.0089 0.0089 0.1161 -0.0089 0.0089 0.0089
0.0089 0.0089 ~0.0088 0.1161 0.0089 0.0089
-0.0089 -0.0089 0.0089 0.0089 0.1161 -0.0089
-0.0089 -0.0089 0.0089 0.0089 -~0.0089 0.1161
CET({X*X) = 0.4587520000D 06
D-EPFICIENCY= 97.6
AVERAGE VARIANCE OF COEFFICIENTS= 0.1161
T-FEFICIENCY= 95.7
MAXIMUM VARIANCE QF ¥YITTED RESPONSE= 0.7500



DE

12
13
L
i5
23
24
25
34
35
45

58

SIGN ( 5.

1

ALIAS MATRIX

0
~0. 1429
-0.0714

0.0714
0. 1425
0. 1429
-0. 1429
-0. 1429
~0. 1429
~0.0714
0.0714

0. 1429

COXFOUNDING

INDEX=

67

1 2
-0. 1429 0.1429
-0.0714 0.0714

0.0714 ~0.0714
C. 1429 0.8571
0.1429 -0.1429
-0.1429 0.1429
0.8571 0.1429
~-0. 1428 ~-0.8571
~0.0714 0.0714
0.0714 -0.0714
0.8571 1.5714
1.0000

3
0. 1429
0.0714
~0.9714
~0. 1429
~-0.1429
~-0.8571
0.1429
0. 1429
0.0714
-0.0714

0.3571

4
-0.1429
-0.C714

0.C714
0. 1429
-0.8571
-0, 1429
-0.17429
-0. 1429
-0.0714
0.0714

0.8571

5
0.8571
-0.0714
C.0714
0.1429
0.1429
-0. 1429

-0.1429

~0. 1429
-0.0714
0.0714

0.8571
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LCESIGN { 5. 9. 2)
5 VARIRBLES 6 PARAMETEERS 9 RUNS

DESIGN MATRIX

-Xq1) X {(2) X(3) X(4) X(5) VARIANCE OF FITTED RESPOHSE
-1, 1. -1, 1. 1. 0.7500
1. 1. 1. 1. -1 0.7143
1. 1. ~1. -1, 1. 0.6071
~Te 1. 1. -1. -1. 0.7143
-1. -1. 1. ~1. 1. 0.7143
-1 -1. ~1. 1. IS 0.7500
1. 1. -1. -1. =-1. 0.4266
1. - 1. 1. 1. 1. 0.7143
1. -1. -1, -1, ~Tea 0.6071

X'X INVERSE
0.1161 =-0.0089 -0.0089 0.0039 0.0089 0.0089

-0.0089 0.1161 -0.0089 0.0089 0.0089 0.008S

-0.0089 =-0.0089 0.1161 0.008% 0.0089 0.0089
0.0089 0.0089 0.0082 0.1161 ~0.0089 -90.0089
0.0089 0.0089 0.0089 ~0.0089 0.1161 ~0.0089
0.0089 0.0089 0.0089 -0.0089 -0.0089 0.1161

DET(X*X)= 0.45€7520000D 06

D-EFFICIENCY= 97.6

AVERAGE VABIANCE OF COEFFICIENTS= 0. 1161

T-EFFICIENCY= 95.7

FAXINUM VARIANCE OF FITTED RBESPONSE= 0.7500



LESIGN ( 5.

12
13
14
15
23
24
5
34
35
45

S5

2)

ALIAS MATRIX

0
0.0714
0.0000
0.0000

-0.0714
-0, 1429
-0. 071“
~0. 1429
0. 0000
0. 1429
0.0714

0.081e6

CCHFCUNDING

INLCEX=

69

1 2
0.071¢ 0.0714
0.0000 0.0000

~0.0000 -0.0000

-0.0714  =-0.0714

-0.1429  ~0.1429

-0.0714  -0.0714

-0.1429  -0.1429
1. 0000 0.0000
0.1629  -0.8571
0.0714 0.0714
1.0816 0.7959

1.1102

3
-0.0714
-0.0000

1.0000
0.0714
0.1429
D.0714
-0.8571
-0.0000
-0, 1429
-0.0714

1.7959

4
~0.0714
1.0000
0.0000
0.0714
0.1429
0.C714
0.1429
~-0.0000
-0. 1429
-0.0714

1.0816

5
~-0.0714
0.0000
0.0000
0.0714
"'00 8571
0.0714
0.1429
-0.0000
-0.1429
~-0.0714

0.7959
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LESIGN ( 5.10, 1)
5 VARIABLES 6 PARAMETERS 10 RUNS

DESIGN MATRIX

X€1) X2y X(3) X(8) X(9) VARIANCE OF FITTED RESFEONSE
-1. ~-1. 1. -1, 1. 0.4286
1. ~-1. I I -1 0.7 143
it 1. -1. ~1. 1. 0.7143
1. -1 1. 1. 1. 0.7143
1. 1. 1. -1. -1. 0.4286
-1, 1. 1. 1. -1 0.7143
1e 1. 1. ~1a 1. 0.5714
__r - 1. -1 1. 1. 0.5714
-1. -1. 1. -1. -1. 0.5714
1. 1. i B 1. -1. 0.5714

X*X INVERSE

0.1071 0.0 0.0 ~0.0179 0.0179 0.0
0.0 0.10717 -0.0179 0.0 0.0 0.0179
0.0 ~0.0179 0.1071 0.0 0.0 0.0179
~0.0179 0.0 0.0 0.1071 0.0179 0.0
0.0179 0.0 0.0 0.0179 0.1071 0.0
0.0 0.0179 0.0179 0.0 0.0 0.1071
CET(X'X) = 0.8028160000D 06

C-EFFICIENCY= 96.4
AVERAGE VARIANCE OF COEFFICIENTS= 0. 1071
T-EFFICIENCY= 93,3

MAXTINMUM VARIANCE OF FITTED RESPONSE= 0.7143



5.10.

1)

ALIAS MATRIX

LESIGN (

0
12 - 0. 1429
13 0.9
14 0.0
15 -0.2857
23 0‘0
<4 0.0
25 -0. 2857
34 -0. 1429
35 0.0
4s 0.0
55 0. 2041

CONFOUNDING INDEX=

1
0.0
0.2857

-0. 1429
0.0

0.1429

~-0.2857
0.0
0.0
0.7143
0.2857

0.7959

1

2
0.0
0.2857

-0.1429
0.0
0.1429

-0.2857
0.0
0.0

-0.2857

-0.7143

0.7959

0.8163

0.0-
-0.2857
-0. 1429

0.0

0.0

0.6327

4
-0.1429
0.0
0.0
0.2857
0.0
0.0
~0.7143
0. 1429
0.0
0.0

0.6327

143
429
- 429
143

COOCOCOOoCO
OCON=aO=JdOWwn

L] £ Y a L] L] [ L L]

0.2857
-0.2857

1.2245
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LESIGHN ( 5.10. 2)
5 VARIABLES 6 PARAHMETERS 10 RUNS

DESIGN MATRIX

X1 X(2) X{3) X{u X(5) VARIANCE OF FITTED RESFPONSE
=Te - %e 1. 1. 1. 0.7143
i. . . 1. i. i I 0.4286
kI 1. -1, Te 1. 0.7143
i. ~ 1. -1, 1. 1. 0.4286
1. 1. 1. -1. 1. 0.7143
-1 -1. -1 ~1. ~1a 0.7143
~%e T 1. ~Te 1. 0.5714
1. 1. I 1. -1 0.5714
1. -1 Te 1. -1. 0.5714
1- "'1. '1. ~te 1- 0&571“

X*X INVERSE

0.1071 ~0.017% 0.9 0.0 -0.0179 0.0
-0.017%8 0.1071 0.0 0.0 -0.017%9 0.0
0.0 0.0 0.107% -0.0179 0.0 0.0179
0.0 0.0 ~0.0179 0.1071 0.0 0.0179
-0.0179 -0.0179 0.0 0.0 0.1071 0.0
0.0 0.0 0.0179 0.0172 0.0 0.1071
DET(X'X) = 0.8028160000D 06

D-EFFICIENCY= 96.4
AVERAGE VARIANCE OF COEFFICIENTS= 0.1071
T-EFFICIENCY= 93.3

BAXTIXUHM VARIANCE OF FITTED RESFONSE= 0.7143



5.10.

2)

ALTAS MATRIX

LESIGN (

0
12 0.0
13 0.0
14 0. 1429
15 0. 1429
23 0. 2857
24 0.0
25 -0. 1429
34 0.0
35 -0. 1429
45 0. 1429
ss 0. 1837

-0 1423
0.0

-0. 1429

-0.8571

0.8980

2
0.1429
0.1429

-0.1428
-0.1429
0.0
0.2857
0.0
-0.7143
0.0
"’Oc “429

0.6939

CONFOUNDING INDEX= 0.9184

3
0.1429
0.1429

-0.1429

-0. 1429
9.0

-0.7143
0.0
9.2857
0.0

~0. 1429

0.6939

OO &

0.
0.
0.1429
-0.8571
-0.7143
0‘0
-0.1429
0.0
-0.1429
0.1429

1.3265

5
-0,1429
-0.1429
~0.8571

0.1429
0.0
-0.2857
9.0
-0.2857
0.0
0.1429

0.9796



LESIGN { 5.10. 3)
5 VARIABLES 6 PARAMETERS

DESIGN MATRIX

() X(2) X(3) X(u4) X(5) VARIANCE OF
T -1 -1 1. I
1. Te 1. -1. ~1e
1. =T 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. 1.
-1. -1 -1. -1 -1.
-1 - 1. 1. -1. 1.

X*X INVERSE

0.1071 0.0179 0.0 0.0 0.0

0.0179 0.1071 0.0 0.0 0.0

.0 0.0 0.107%t -0.0179 -0.0179
0.0 0.0 -0.0179 0.10717 -0.0179

0.0 0.0 -0.0179 -0.0179 0.1071
-0.0179 0.0179 0.0 0.0 0.0
DET(X'X) = 0.8028160000D 06

E-EFFICIENCY= 96.4
AVERAGE VARIANCE OF COEFFICIENTS= 0.1071

I-EFFICIENCY= 93.3

10 RUNS

FITTED RESFONSE

0.7143
0.7143
0.7143
0.4286
0.5714
0.57 14
042886
0.7143
0.5714
0.5714

-0.0179
0.0179
0.0
0.0
0.0
0.1071

MARXIMOM VAEIANCE OF FITTED BESPONSE= . 0,7143



DESIGN ( 5.10. 3)
ALIAS MATRIX
0 1
12 0.0 0.0
13 0.0 0.0
14 0.0 0.0
15 -0. 1429 C. 1429
23 0. 2857 -0.2857
24 0. 0000 -1.0000
25 0.0 0.0
34 0. 1429 -0. 1429
35 0.0 0.0
45 0.0 0.0
SS 0.1224 1.1224

CCNFOUNDING INLEX=

5

2
0.0
-0.1429
-1.0000
0.0
0.0

-

0.0
0.2857
0.0
'0-71“3
0.1429

1.6327

1.0286

3
~0.0000
-0.1429
-0.0000

9.0
0.0
0.0
~0.7143
0.9
0.2857
0. 1429

0,6327

4
-1.0000
~-0.1429
-0.0000

0.0
0.0
0.0
0.2857
0.0
0.2857
0.1428

1. 2041

0.0
0.1423
0.0
0.0

0.5510
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DESIGN { 5.11. 1)
S VARIABLES 6 PARBMETERS

DESIGH MATEIX

X{1) X(2) X(3) X4y X(5) VARIANCE
-1 -1 -1, “1a -1.
1. 1. ~1e i ~1a
-1, Te =1. 1. -1.
Te 1. 1. -1 -1
-1. -1. 1. 1. -1.
-~V 1. 1. Te 1.
1. -1. 1. 1. =1
1. -1 1. -1 1.
1. -1. -1 1. 1.
-1. -1 - 1. = 1.
~Te 1. T. Sl Y 1.

X*X IMVERSE

11 RUKS

OF FITTED RESFOXNSE

0.55%¢6
0.5556
0.5556
0.5000
0.555¢6
0.55%¢
0.5000
0.50C0C
0.7222
0.5000
0.5CC0

D.0972 0.0139 0.,0139 ~0.0139 0.0139 0.0139
0.0139 0.0972 0.0139 -0.0139 0.0139 €.C0139
0.0139 0.013¢ 0.0972 -0.0139 0.013¢9 0.0139
-0.0139 ~0.0132 -0.013% 0.0972 =0.,0139 -~0.0139
0.0139 0.0139 0.0139 -0.0139 0.0972 0.013¢%
0.0139 0.013%9 0.013%2 -0.0139 0.012¢9 0.0972

DET (X*X) = 0.1432992000D 07
C-EFFICIENCY= 97.2
AVERAGE VARIANCE OF COEFFICIENTS= 0.0972

T-EFFICIENCY= 93.5

FAXIHUM VABRIANCE OF FITTED RESPONSE= 1.

0000



5. 11,

1

ALIAS MARTRIX

DESIGHN ¢

0
12 -0.2222
13 - 0.0000
14 -0. 1111
15 -0. 1111
23 0. 1111
24 -0. 1111
2 '002222
34 0.0000
35 0.1t
45 -0.00060
Ss 0. 1605

CCNFOUNDING INILEX=

1

17

-~

Z
-0.2222 -0.2222
0.0000 -0.3333
~0. 1111 ~0.4444
-0.1111% -0.LL4L
-0.2222 0.1111
~0. 44uy -G.1111
~0.5556 -0.c222
-0.3332 -0.3323
~0.2222 O.4444
0.3333 0.3333
0.9012 1.0694
0.8123

3
-0. 1111
~0.0000
~0.2222

o~

-00 bdLd

~0.1111
~-0.2222

0.5556
-0.000¢C
~0.1111

- -

'0. BJJJ

0.6045

4
~-0.32333
-0, 1111

0.2222
~0.2222
-6.1119

0.1111

¢.0000
~0,2222
-0.0000

0.6049

5
~0.5556
-0.3233

0.2222
-0.1111
C.ubuy
0.2222
~6.2222
~0.3333
0.1111
~06.0600

0.5012
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LESIGE ¢ S.11. 2)
5 VARIABLES 6 PARAMETERS i1 RUNS

PESIGN MATRIX

X1} X{2) X¢€3) X(bYy Xx(5) VARIRNCE OF FITTED RESPONSE
1. 1. -1 -1 1. 0.555¢
-1. 1. -1, 1. -1 0.5556

1. 1. 1. -1. ~%. 0.5000
-%. ~1. 1. -1 -1 0.5000
1. ~ 1. ~1. 1. 1. 0.5000
-%. ~ e =71 “Te 1. 0.5000
-1, S 1. 1. -1 0.5556
1. 1. =T 1. -1 0.5000
1. -1, =% -1, i 0.7222
1. -1. 1. Te 1. 0.5556
1. 1. 1. = 1. 0.5556

X'X TNVERSE
0.0972 ~0.013¢ 0.013¢ 0.0129 0.013% 0.0139
-0.0139 0.0972 -0.0139 =-0.0139 ~-0.0139 -0.0139
0.0132 -0.0139 0.0972 0.0139 0.c12¢ 0.0139
0.013% -0.013¢ 0.0139 0.0972 0.0%v39 0.0139
0.0139 -0.013° 0.0139 0.0139 0.0972 0.0139
0.01392 -~0.0139 0.0139 0.0139 0.0139 0.0972
DET({(X*X) = 0. 1492992000D 07
D-EFFICIENCY= 97.2
AVERAGE VARIANCE OF COEFFICIENTS= 0.0972
T-EFFICIENCY= 93.5

BAXTHUM VARIANCE OF FITTZED RESPONSE= 1.0000



5.11.

2)

ALIAS MATRIX

CESIGN {

¢
12 0. 1191
13 0.2222
14 0. 1111
i5 06.2222
23 -0.2222
24 -0.2222
25 -0. 1111
34 -0.1111
35 -0. 1111
45 -0.3222
5SS 0. 3086

CONFOUNDING INDEL=

i
=0. 1114
~0.2222
-0. 1111
-0.2222

0.5556

~0.1111
~0.2222
-0.2222
0.d44uy
0.555¢

1.0494

9

-~

<
0.1111
0.5556
-0.2222
-0.1111
-0.2222
~0.2222
-0.1111
~0. 444y
0.2222
-0.5556

1. 0494

1.0649L

3
0.4444
0.2222

~-0.2222
G.5556
-0.2222
~0.555¢6
0.2222
~-0.1111
C.1111

1.0494

4
-0.2222
-0. 1111

.11
G.5556
-0.5556
~0.,2222
~0.0444
-C. 1111
0.2222
-0.2222

1.0494

5
-0.2222
€.5556
O.4444
0.2222
c.1111
-0.5556
-0. 1111
c.2222
-0.1111
-G.2222

1.0494
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LESIGNE ( 5.12. 1
5 VARIABLES 6 PAXAMETEEKS 12 RUNS
DESIGH HATRIX
X(1) X2 X(3) X {i) X {5} VARIANCE OF FITTED RESPONSE
1- 1- 1. 10 '1- 005000
1. 10 ""1Q "":e "”1. 0.5000
m‘io ‘l. u‘!o 10 w“. 0;5000
"1. 1. 1- "1& “1. OOSOOO
‘i- 01. 1. "‘20 01. 0'5000
"’”10 10 10 1;1 11 005@00
1. w]c 1. 1» "1. 0.5000
“11 w%o 0‘. 1. 1. 0.5000
1. 1. m1. ”1. 10 OQSGOO
"'1. "'1. “’1. ”1- 1. Onﬁﬂoo
1. ”1. 1- °1r~ 1. Oesooo
1. -1. "}c 10 ""1. 0»5000
XX TEYERSE
0.0833 0.0 0.0 0.0 0.0 0.0
0.0 0.0833 0.0 0.0 0.0 0.0
0.0 0.0 0. 0833 0.0 0.0 0.0
0.0 0.0 0,0 ¢.0822 c.0 G.0
0.0 0.0 0.0 G.0 0.0833 0.0
0.0 0.0 0.0 G.0 0.0 0.0833
CET (X X) = 0.2985284000D 07

D-EFFICIENCY= 100.90
AVERAGE VARIADNCE OF COEFFICIENTS= (0.0833
T-EFFICIENCY= 100.0Q

HAXIMUM VARIANCE OF FITTED RESPONSE= 0.5000



LESIGN { 5.12. 1)

ALIRAS MATRIX

0 1 2 3 4 5
12 0.0 0.0 0.0 ~0.,3333 ~0.3333 0.3333
13 0.0 0.0 -0.3333 0.0 0.3333 0.3333
14 0.0 0.0 -0.3333 0.33322 0.0 -0.32233
i5 0.0 0.0 0.3333 0.3333 ~0.3333 0.0
23 0.0 -0,3333 0.0 0.0 0.3333 0.3333
<4 0.9 -0.3333 0.0 0.3323 0.0 €.3233
25 0.0 0.3333 0.0 0.3333 0.3333 Q.0
34 0.¢ 0.3333 0.3333 0.0 0.0 0.3333
35 0.0 0.3333 0.3333 0.0 0.3333 ¢.0
45 0.0 ~0.3333 0.3333 0.3333 0.0 0.0
SS 0.0 0.6667 0.6667 0.6667 0.6667 0.6667

CONFOUNDING INLEX= 0.6667



ge

TESIGN ( 5.13. 1)
5 VARIABLES 6 PARAMETERS 13 RUNS
DESIGN MATRIX
(1) X(2)y X(3) X(4H) X{5) VARIANCE OF FITTED RESPONSE
1. -1e 1¢ '"10 1' 0-“‘259
"1. 1- ’1. 10 10 0.“259
-1. —.1' -1. 1. "1' OOSOOO
-1. 1. 1. 1. -1. 0.5000
1. 1. '1. ""10 ’"1. O.QB"S
1. -1. ‘1. -'11 '1. 004259
""1. -1. -10 '1- 1. 005000
'1. 1. 10 “1' 1. 0.5000
-10 "1. 10 "1. '1- 0;“259
1- -1. 1. 1' 10 0.“815
1. 1. -1 1. 1. 0.4815
1. 1¢ 1. “1. ’1. 0.4259
1. "1- 1. 1n "10 004259
X*X INVERSE
0.0787 -0.0046 0.0046 ~-0,0046 0.00486 0.0046
-0.0046 0.0787 0.0046 ~0.0046 0.0046 0.0046
0.0046 0.0046 0.0787 0.0046 -0.0046 ~-0.00u46
~-0.0046 -0.0046 0.0046 0.0787 0.0046 0.0046
0.0046 0.0046 -0.0046 0.0046 0.0787 -0.0046
0.0046 0.0046 -0.0046 0.0046 ~0.0046 0.0787
CET(X'X) = 0.4478976000D 07
D-EFFICIENCY= 98.8
AVERAGE VARIANCE OF COEFFICIENTIS= 0.0787
T-EFFICIENCY= 97,7
MAXTIMUM VARIANCE OF FITTED RESPONSE= 0.5000



5.13.

1)

ALIAS MATRIX

LESIGN {
, 0

12 -0.0741
13 0.0741
14 -0.0741
15 -0.0741
23 -0. 0741
24 0. 1111
25 o.1111
34 ~0. 1111
35 -0.1111
45 0.0741
Ss 0.0823

CONFOUNDING INDEX=

83

1 2
-0.0741 0.0741
0.0741 ~0.4074
-0.0741 -0.2593
-0.0741 -0.2593
-0.4074 0.0781
-0.2222 -0.1111
-0,2222 ~0.1111
0.2222 -0.2222
0.2222 -0.2222
0,4074 0.2593
0.5514 0.5021
0.5119

3
~0.4074
0.0741
0.2593
0.2593
-0.0741
-0.2222
-0.2222
-0.1111
-0.1111
-0.2593

0.5021

4
~-0.2593
0.2593
0.0741
0.4074
~-0,2593
-0. 1111
0.2222
0. 1111
-0.,2222
-0, 0741

0.5021

5
~0.2593
0.2593
0.4074
0.0741
-0.2593
0.2222
~0.1111
-0.2222
0.1111
-0.0741

0.5021



8l

LESIGN ( 5.13. 2)
5 VARIABLES 6 PARAMETERS 13 RUNS

DESIGN HMATRIX

X(1) X{2) X (3) X(4) X(5) VARIANCE OF FITTED RESPONSE
-1 1. -1. 1. 1. 0.4259
-%. 1. 1. -1, 1. 0.428%9

1. 1. it -1, 1. 0.4259
-1. -1. 1. -1. 1. 0.u4815
1. 1. -1. -1, 1. 0.4259
-1a 1. 1. 1. -1. 0.5000
1. 1. 1. 1. -1 ' 0.4815
~-1. 1. -1, -1 -1. 0,4259
1. -1. 1. 1. 1. 0.4815
-1. -1. -1. 1. 1. 0,u4815
1. -1. -1. 1. -1, 0.4815
-1. - 1. -1. -1. -1 G.4815
1. -1, 1. -1. -1 0.4815

X'X INVERSE
0.0787 0.0046 -0.0046 0.0046 0.0046 ~0.00u456
0.0046 0.0787 0.0046 -0.0046 ~-0.0046 0.0046
~0.0046 0.0046 0.0787 0.0046 0.0046 ~0.0046
0.0046 ~0.0046 0.0046 0.0787 ~0.0046 0.0046
0.0046 -0.00u46 0.0046 ~-0.0046 0.0787 0.0046
-0.004¢ 0.0046 -0.0046 0.0046 0.004¢6 0.0787
LET (X*X) = 0.4478976000D 07
L-EFFICIENCY= 98.8
AVERAGE VARIANCE OF COEFFICIENTS= 00,0787
T-EFFICIENCY= 97.7

MAXIMUM VARIANCE OF FITTED RESPONSE= 0.5000



CESIGN ( 5.13. 2)

12
13
14
15
23
24
25
34
35
45

S8

ALIAS MATRIX

0

=0, 1111

0. 1111
0. 1111
-0. 1111
-0, 0370
-0.0370
0.0370
0.0741
”000741
-0, 0741

0.0700

1
0.1111%
-0.1111
~0.1111
0.111
‘0'2963
-0.2963
0.2963
0.2593
-0.2593
~0.,2593

0.5144

85

2
-0. 1111
~0.2222
-0.2222

0.2222
-0.0370
-0.0370

0.0370

0.4074
-0.4074
-0.4074

0.6626

CONFOUNDING INDEX= 0,.5440

3
-0.2222
~0. 1111

0.2222
‘0.2222
0.0370
0. 3704
~0.3704
-0.0741
0.0741
-0.2593

0.5144

4
-0.2222
0.2222
-0.1111
~0.2222
0.3704
0.0370
~0.3704
~0.0741
-0.2593
0.G741

0.5144

5

0.2222
-0.2222
-0.2222
-0.1111
-0.3704
-0.3704

0.0370
-0.2593
~0.0741
~-0.0741

0.5144
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CESIGN ( 5.13. 3)
5 VARIABLES & PARAMETERS 13 RUXNS
DESIGN MATRIX
X(1) X4{2) X (3) X(4) X (5) VARIANCE OF FITTED RESFONSE
10 1. 10 "10 '10 0%“’815
1. ‘“1. '""1- ?1. 10 005000
-10 1‘ -10 ‘"1. "1. 0.4815
"'1. "'1. 1¢ 1n 1- 0.4815
-1c "1. -10. ”1. "1. O¢u259
1. 1. -1¢ 1. 1. 01“’259
'1. “1. 1. "1. ""1. 0.33—33
’1. 1w ““"1. 1. 1. OqQ815
1. 1. 1. 1. -1. 0.5000
"1. 10 1. ..1. 10 00“815
1. -1. 1. -1 1. 0.4815
“o ”1. ""10 1@ '"1. 055000
-1a '"1- 1. 1. '“1- Oa4259
X*'X INVERSE
0.0787 0.0046 0.0046 -0.0046 0.0046 0.004%6
0.00486 0.0787 -0.00u6 0.0046 ~-0.,0046 ~-0.0046
0.0046 ~-0.0046 0.0787 0.0046 -0.0046 ~-0.0046
-0.0046 0.0046 0.0046 0.0787 0.0046 0.0046
0.0046 -0.0048 ~0.00u46 0.00u¢ 0.0787 -0.00u46
0.0046 ~0.0046 ~-0.0046 0.0046 ~0.0046 0.0787
LET(X¥'X) = 0.4478976G00D 07
D-EFFICIENCY= 98.8
AVERRGE VARIANCE OF COEFFICIENTS= 0.0787
T-EFFICIENCY= 97.7
MAXTIHUM VARIANCE OF FITTED RESPONSE= | 0.5000



87

DESIGN { 5.13. 3)
ALIAS MATRIX
0 1 2 3 4 5

12 0.0370 -0.0370 ~0.0370 0.3704 0.2963 -0.3704
13 -0. 0741 0.07u1 0.4074 «~0.0741 ~0.2593 ~-0.2593
14 0.0741 -0.0741 0.2593 -0.2593 ~0.0741 -0.4074
15 0.0370 -0.0370 ~0.3704 -0.2963 ~0.3704 -0.0370
23 «0. 0741 0.4074 0.07%1 -0.0741 ~0.2593 -0.2593
24 6. 1111 0.2222 -0.1111 ~0.2222 -0. 1111 0.2222
25 0. 0741 -0.4074 -0.0741 -0.2593 0.2593 ~0.0741
34 -0. 1111 «0.2222 ~0.2222 -0. 1111 0.1111 -0.2222
35 -0. 1111 -0.2222 -0.2222 -0. 1111 --0.2222 0.1111
45 0.0741 -0.4074 0.2593 -0.2593 @ ~0.0741 -0.0741
S5 0.0672 0.6598 0.5610 0.5117 0.5117 0.5610

CONFOUNDING INDEX=

0.5610



88

DESIGN ( S.1%4. 1)
5 VBARIAEBLES 6 PARANETERS 14 RUNS

DPESTGHN MATRIX

X1} X(2) Z(3) X(4) x¢(5) VARIANCE OF FITTED RESPONSE
-1 -1 1. L 1. 0.4815
~1. Te ~ 1. ~1. 1. 0.4074

1. T -1« 1. IS 0.4815
1. -1, 1. -1. -1 0.3333
-1 i Pt 1. Te -~ 0.4815
1. I -1. -1 - 0.4074
1. -1, ~-1. 1. 1. ' 0.4815
-1. 1. 1. 1. -1 0.4815
1. 1. 1. -1, 1. 0.4815
-1 - 1e -1, =1 ~1. 0.4074
-1, 1. -1 LIS 1. 0.4074
1. -1, 1. 1. i. 0.4074
1. 1. 1. =T -1 0.4074
e 1. S ~1. -1 0.3333

X*X THVERSE

0.0741 0.0 0.0 0.0 0.0093 0.0093
0.0 0.0741 0.0093 ~0.0083 0.0 0.0
0.0 0.0093 0.0741 0.0093 0.0 0.0
0.0 -0,0093 0.0093 0.0741 0.0 0.0
0.0093 0.0 u.9 0.0 0.074% -~-0.,0093
0.0093 0.0 0.0 - 0.0 -0.0093 0.0741
CET(X*X) = 0.6718464000D 07

[-EFFICIENCY= 98.1
AVERAGE VARIANCE OF COEFFICIENTS= 0,0741
T-E¥FICIENCY= 96.4

BAXIMUY VARIANCE OF FITTED RESPONSE= 0.4815



5.14.

N

ALIAS MATRIX

CESIGN (
0

12 ~0. 1852
13 0.1111
i 0.0370
15 0.0370
23 ~-0.1852
24 «0.60370
25  -0.0370
34  -0.€370
35  -0.0370
45 0.1111
S8 0.1015

CONFOUNDING INDEX=

1
-0.0370
0.0370
~0.1111
-0.1852
0.2963
~-0.1481
~0.1481
~0.8444
b.1481
0.2963

0.4883

2
0.0370
0.2963

~-0.2222
~-0. 1481
0.0370
-0.1852
-0.1852
-0.2222
-0.14871
-0.2963

0.3896

0.4620

3
0.2963
0.0370
~-0. 4444

0. 1487
-0.0370
~-0. 1481
-0. 1481
-0. 1111
~-0.1852
-0, 3704

0.5377

4
~0.1481
0. 404y
-0.0370

0.2963
~0.14881
6.0370
~0.2963
¢.0370
-0.2963

-0.1111

0.5213

5
-0. 1481
0.2222
0.2963
~0.6370
-0.1481
-0.2963
0.0370
~0.2963
$.0370
-0.1111

0.3731



LESIGE { 5.14. 2)
5 VARIABLES

DESIGN MATRIX

X( X(2) X(3) X4y X

T - 1. T -1.

1. 1. ~-1. -1,
-1, Te -1. 1.

1. -1. 1. 1.
-1. 1. e =1

1. -1 ~1a 1.

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

1. 1. 1. T

1. -1 - 1. -1
~1a -1. 1. 8

1. 1. 1. -1.
-1 Te ~1. 1.

X*X INVERSE
0.0741 ~0.0093 0.0
-0.0093 0.0741 0.0
0.0 0.0 0.0741
-0.0093 -0.0093 0.0
0.0 0.0 -0.0093
0.0 0.0 0.0093
CET (X*X) = 0.6718464000D

D-EFFICIENCY= 98,1

(3)

-0.0093
~0.0093

07

S0

0.0

0.0741

0.0
0.0

& PARAMETERS

VARIANCE OF

0.0
0.0
-0.0093
0.0
0.0741
0.0093

AVERAGE VARIANCE OF COEFFICIENTS= 0.0741

T-EFFICIENCY= 96,4

MAXIHMUY VARIANCE OF FITTED RESPONSE=

14 RUNS

FITTED RESPONSE

0.3333
0.4815
0.4815
0.u4074
0.4815
0.4815
0.4074
0.u4815
0.4815
0.3333
0.4074
0.4074
0.4074
0.4074

0.4815



CONFOUNDING INDEX=

LESIGN ( S.14. 2)
ALIAS MATRIX
0 1
12 ~-0.0370 -0.037¢0
13 0. 1111 0.1111
14 ~0,0370 -0.0370
15 0.0370 0.0370
.23 -0,0370 0.2963
24 0. 1852 -0.1481
25 -0. 1111 ~0. 444y
34 -0.0370 0.2963
35 0.0370 ~0.2963
45 -0.,1111 0.2222
Ss 0.0796 0.5487

91

2
0.1111
0.2222

-0.1481
~0. 44404
0.1852
0.0370
-Q0.0370
-0.2222
0.2222
0.2963

0.5048

0.5421

3
0.2963
0.1111
0.2963
-0.2963
~0.0370
-0. 1481

0.2222
~0.0370

0.0370
~0. 04444

0.5487

4
~-0.2222
0.2222
0.1852
0.2222
-0.1481
0.0370
0.2963
0. 1111
~-0.44044
-0.0370

0.5048

5
~Q.4444
-0.2222

0.1481
0.111
0.1481
0.29%63
- 0.0370
~0.4444
0.1111
0.0370

0.6036



CESIGE { 5.14. 3)
5 VABIABLES
DESIGN MATRIX
X{1)  X(2) X(3) X{(4) X(H)
1. 1. 1. ""1. 10
1. "14 -1e 1. ""1@
"'1. "'11 1. -10 "’1‘
Te 1. Te 1. 1.
"'1. 19 ""1- -1l -1.
"1. 1. 10 10 "'1-
1. -10 -'10 “'14 1'
1. "1. -1 "'”1; ~1e
"’1- "1. ’1-‘ 1. 1.
"'1. ""1- 10 1. 1-
”1. 1. -'1. 1.~ 1.
1- 1. 1. 1- "1.
”19 ”1. 1. 01- 10
_'1. 10 '”1- ""1. 1.
X*X INVERSE
0.0741 0.0093 0.0
0.0093 0.0741 0.0
0.0 9.0 0.07417
0.0 0.0 UOQOOQB
0.0 0.0 ~0.0093
-0.0093 0.0093 0.0
DET{X'X) = 0.6718464000D Q7

D~EFFICIENCY

= 98.1

6 PARRMETERS

92

0.0
0.0
-0.0093
0.0741
~0.0093
0.0

14 RUNS

VARIANCE OF FITTED RESPONSE

0.4815
0.4815
0.4815
0.4074
0.4815
0.4074
0.4074
0.4074
0.4074
0.4074
0.4074
0.4074
0.4074
0.4074

0.0
0.0
~0.0093
-0.0093
0.07u41
0.0

-0.0093
0.0093
0.0
0.0
0.0
0.0741

AVEBAGE VARIANCE OF COEFFICIENTIS= 0«07ﬂf

T-EFFICIENCY=

PAXTMUA

96.4

VABRIANCE OF FITTED RESPONSE=

0.4815



5.14.

3)

ALIAS MATRIX

DESIGN (
0

12 -0.0370
13 =0.0370
14 0.0370
15 ~0.1111
23 0.2593
24 0. 1852
25 0.0370
34 0. 1852
35 0.0370
45  ~0.0370
SS 0. 1564

CCNFOUNDING INLEX=

1
0.0370
0.0370

-0.0370
0.1111
C.7407
0.1481
0.2%63
0.1481
0.2963
~0.2963

0.8724

93

2
~0.2593
0.7407
0.1481
0.2963
-0.0370
-0.0370
0.1852
0.2963
-0.1481
-0. 1481

0.8944

0.6683

3
0.7407
~0.2593
0.1481
0.2963
-0.,0370
0.2963
-0. 1481
~0.0370
0.1852
-0.1481

0.8944

4
0.0741
0.0741

-0, 1852

-0.3704
0.2963

~-0.0370

-0, 1481

~0.0370

-0. 1481
0.1852

0.3512

5
0.29863
0.2963
~-0.2963
-0.111%
-0.0741
-0.1481

0.0370
-0.1481

0.0370
~-0.0370

0.3292



5.15. 1)

5 VARIABLES

X(1)  X(2)
1. 1.
~1. 1.
i. -1
-1, -1,
-1 ~1.
-1 -1.
-1, 1.
1. -1,
1. -1
1. 1.
-1. 1.
-1, 1.
~fe =1
1. -1.
1. 1.
0.06838
0.0062
0.0062
0.0062
0.0062
0.0062
DET(X'X) =

DESTIGN HRA

X(3) X

X#X INVER

Q.0062
0.0688
0.0G&2
9.0062
0.0062
0.0062

0.1048576000D 08

L~-EFFICIENCY= 98.6

AVERAGE VARIAWNCE

T-EFFICIENCY= 97.0

BAXIHUX VARIANCE OF FITTIED RESPONSE=

o PARAMETERS

TRIX

1) X

SE

0.0062
0.0062
0.0638
0.0062
0.0062
0.0062

9k

VARTANCE OF

0.0062
0.0062
0.0062
0.0688
0.0062
00,0062

0.0062
0.0062
0.0062
0.0062
0.0683
0.,0062

OF COEFFICYENTS= §,0688

15 RUNS

FITTED RESPONSE

0.4000
0.4750
0. 4000
0.3750
0.4750
0.3750
0.3750
0.4008
0.3750
0.4750
0.3750
0.3750
0.3750
0.3750
0.3750

0.0062
0.0062
0.0062
0.0062
0.0062
0.0688

0.6000



LESIGN ({ 5.15. 1)

12
13
14
15
23
<4
25
‘34
35
u5

SS

CONFOUNDING INDEX=

ALIAS MATRIX

0
-0. 1000
-0.10¢0
-0. 1000
-0.1000
-0. 1000
-0.0500
-0, 0500
-0. 1000
-0. 1000
-0.0500

0.0775

1

95

2
-0.1000

-0.1000
~0.10090 -0.1000
-0.10090 ~-0.1000
~0.1000 -0.1000
-0, 1000 ~0.1000
-0.0500 -0.0500
-0.0500 ~-0.0500
-0.1000 -0.1000
~0.1000 ~0.1000
-0.0500 0.4500
0.0775 0.2775
0.1975

3

-0. 1000 .

-3.1000
-0.1000
~0. 1000
~0.1000
~0.0500
-0.0500
-0. 1000
-0.1000
~0. 0500

0.0775

4
-0, 1000
-0. 1000
-0.1009
~0, 10090
-0.1000
~0.3500

0.4500
-0.1000
-0.1000
~,0500

0.2775

Ped

3
-0,1200
-0, 1000
-0.1000
~0.1000
=0.1000

0.43500
-0,.0500
-0. 1000
-0.1000
-0.0500

0.2775



96

PESIGH ( 5.15. 2)
5 VARIABLES 6 PARBYETERS 15 RONS

DESIGH HATRIX

X1y X(2y X {3y XUy X(5) VARIANCE OF FITTED RESPONSE
1. ~1s -1e 1. 1. 0.3750
~1e 1. 1. 1. -1. 0.4750
-1 I8 1. -1 i 0.4000
-1 I 1. Rl ~Te 0.3750
~%e 1. -1. -T. 1. 0.1000Q
1. 1. 1. 1. Te 0.4750
1. 1. i. -1, 1. 0.4000
-1 -1, 1. Ve Ve 0.4000
1. -~ ~1. 1. -1, 0.4000
-1, 1. ~ 1. 1. ~1. 0.3750
1. ~ T -1 ~1. -1, 0.3750
1. -1, 1. R 1. 0.3750
1. 1. “%e -1. -1, 0, 2000
=% 1. ~1. 1. 1. 0.3750
-1 -1 -1, 1. 1. 0.4000

XX INVERSE
0.0688 0.0062 0.0062 0.0062 0.0062 -0.0062
0.0062 0.0688 D.0062 0.0062 0.0062 -~0.0062
0.0062 0.0062 0.0638 0.0062 0.-0062 ~-0.0062
0.0062 0.0062 0.0062 0.0688 0.0062 -0.0062
0.0062 0.0062 0.0062 0.0062 0.0688 -0.0062
=-0.0062 ~0.0062 -0.0062 ~-0.0062 -0.0062 0.0688
DET{¥*x) = 0.1048576000D 08
L-EFFICIENCY= 98.6
AVERAGE VARIANCE OF COEFFICIENTS= 0.0688
T-EFFICIENCY= 97.0

PAXINUH VARIBNCE OF FITTED RESPONSE= 0.6600



5.15.

2}

ALIAZS MATRIX

DESIGN {

0
12 -0.0500
13~ -0.1000
14 ~0. 1000
15 0. 1500
23 -0.0000
<4 -0. 0500
25 0.1000
34 -0.0000
35 0.1000
45 0.0500
S5 0.0700

CCHNFOUNDING INLEX=

1
-0.0500
~0.1000
-0.1000
0.1500
€.5000
-0.0500
0.1000
~0.0000
0.6000
0.0500

0.6700

97

2

-0.0500
0.4000
-9.1000
0.1500
-0.0000
-0.0500
2.1000
0.5000
0.1000
0.0500

0.4700

€.6700

3
0.4500
-0.1000
-0. 1000
0.6500
-0.,0000
0.4500
0. 1000
-9.0000
0.1000
-0.4500

1.0700

4
~0.0500
-0.1000
~0. 1000

0.1500
0.5000
-0.0500
0.1000
~-0.3000
-0.4000
0.0500

0.4709

5
0.0500
0.6000
0.1000
~0.7500

0.0000

0.0500
-0.1000
-0.5000
~0.1000
-0.0500

0.6700



\O
[@s]

CESIGN ( 6. 7. 1)
© VARIABLES 7 PARAMETERS 7 RUNS

DESIGN MATHIX

X{1) X{2) X(3) X(4) X(5) XxI(6) VARIANCE OF FITTED RESPONSE
1. 1. 1. 1. 1. 1. 1.0000
-1. 1. 1. -1. -1. 1. 1.0000
1. -1. -1. -1 1. -1. 1.0000
-1, -1, 1. 1. 1. 1. 1.0000
1. -1. -1. 1. -1. 1. 1.0000
1. -1 1. Te -1. -1. 1.0000
-1. 1. -1. 1. 1. -1. 1.0000

X*X INVERSE

0.1852 -0.0185 0.0185 -0.0185 ~-0.0648 -0.0278 -0.0185
-0.0185 0.1852 0.0648 0.0185 -0.0185 0.0278 0.¢185
0.0185 0.0648 0.1852 -0.0185 0.0185 -~-0.0278 ~-0.0185
-0.0185 0.0185 -(€.0185 0.1852 -0.0185 0.0278 -0.0648
-0.0648 -0.0185 0.0185 -0.0185 0.1852 -0.0278 -~0.0185
-0.0278 0.0278 -0.0278 0.0278 -0.0278 0.1667 0.0278
-0.0185 0.0185 ~0.0185 =0.0648 ~-0.0185 0.0278 0.1852
CET(X'X) = 0.3317760000D 086

D-EFFICIENCY= 87.8

AVERAGE VARIANCE QF COEFFICIENTS= 0.1825
I-EFFICTENCY= 78.3

EAXTMUM VARIANCE OF FITTED RESPONSE= 1.6667



CESIGN { 6.

12
13
1L
15
16
23
24
25
26
34
35
36
45
46
56

sS8

ik

ALIAS MATRIX

0
~0.7778
~-0..3333

0.1111
0. 111
~0.3333
0.3333
~0. 1111
~0. 1111
0.3333
~0. 1111

~0.5556

0.5556
0. 11N
~0. 1111
~0.5556

2.0617

1
0.1111
0.3333
0.5556
0.5556
0.3333
0.6667
0.4844
0. 444
0.6667
0.44484
0.2222

-0.2222
-0.4444
0. 4tuu
0.2222

2.8765

2
~0.1111
0.6667
O.4444
O.4444
0.6667
0.3333
0.5556
0.5556
0.3333
-0.4444
-0.2222
0.2222
0.4444
~0.4d44y
~0,2222

2.8765

CONFOUNDING INDEX= 3.1811%

29

3
0.444y
0.3333
0.2222
0.2222

-0.66867

_~0.3333

~0.2222
~0.2222
0.6667
0.77178
-0. 111
0.1111
0.2222
~0.2222
0.8889

3.0247

13
0.2222
0.6667
0.1111
~-0.8889
0.6667
~0.6667
-0. 11N
0.8889
-0.6667
-0.1111
0.4u444
~0.4uu4
0. 1111
-0.1111
0. 4u4u

4.0617

5
0.66867
0.0000

-0.6667
0.3333
0.0000

~0.0000
0.6667

-0.3333

-0.0000
0.6667
0.3333
0.66867
0.3333
0.6667
0.3333

3.2222

6
0. baay
~0.6667
0.2222
0.2222
0.,3333
0.6667
~0.2222
~0.2222
~0.3333
~0.2222
0.8889
0. 1111
0.2222
0.7778
~0. 1111

3.0247



200

CESIGE ( 6. 8. 1)
6 VARILBLES 7 PARAMETERS 8 RUNS
DESIGN MATRIX

X(1) X(€2) X(3) X(4) X5 X6} VARIANCE OF FITTED RESPONSE

~1e =1l =t1. -1, 1. 1. 0.8750
1.  ~t. 1. 1. =1, 1. 0.8750
1. 1. =-1. -1, =1. -1 0.8750

-1,  =1. -1, 1., -1, =1, 0.8750
1. -1, 1. ~1. 1.  -1. 0.8750

-1, 1. 1. -1. -1. 1. 0.8750
1. . -1. 1. 1. 1. 0.8750

-1, 1, 1. 1. 1. -1 0.8750

0.1259 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.1250 0.9 0.0 0.0 0.0 0.0
0.0 0.0 0.1250 0.0 0.0 0.0 0.0
0.0 0.0 V.0 0.1250 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.125¢0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.1250 0.0
0.0 0.0 0.9 0.0 0.0 0.0 0. 1250
DET(X%X)= -~ 0.2097152000D 07

D-EFFICIENCY= 100.0
AVERAGE VARIANCE OF COEFFICIENTS= 00,1250
T-EFFICIENCY= 100.0

FAXTMUM VARIANCE OF FITIED RESPONSE= 0.8750
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-
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DESIGN { 6. 9. 1)

6 VAXTIABLES 7 PARBMETERS 9 RUNS

CESIGN MATRIX

()Y X(2) X{3y X4y X(5) X (5) VARIANCE OF FITTED RESPONSE
1. - Ta 1. -1, 1. 1. 0.8667
1. - 1. - 1. 1. ~1. -1. 0.8667
-1. 1. 1. 1. -1 1. 0.8567
1. 1. -1 1. 1. 1. 0.8000
1. 1. -1. -1. ~-1. 1. 0.U4667
-1 1. ~-1. -1. 1. -1. 0.8667
-1. -1, -1, -1. -te 1. 0.3000
1. 1. 1. -1. ~1. -1. 0.8000
-1. -1 1. 1. 1. -1 0.6667

X*X INVERSE
0.1167 ~-0.0083 -0.0083 0.0083 0.0083 0.0083 -0.0083
-0.0083 0.1167 -0.0083 0.0083 0.0083 0.0083 -0.0083
-0.0083 ~0.0083 0.1167 0.0083 0.0083 0.0083 ~0,0083
0.0083 0.0083 0.0083 0.1167 -0.0083 -0.0083 0.0083
0.0083 0.0083 0.0083 -0.0083 0.1167 ~0.0083 0.0083
0.0083 0.0083 0.0083 -~0.0083 -~-0.0083 0.1167 0.0083
~0.,0083 ~-0.0083 -0.0083 0.0083 0.0083 0.0033 0.1167
CET{X'X) = 0.39321609500D 07
D~EFFICIENCY= 97.2
AVERAGE VARIANCE OF CCEFFICTENTS= 0.1167
T-EFFICIENCY= 35.2

MAXTMUH VARIANCE OF FITTIED RESPONSE= 0.8667



DESIGN ( 6. 3. 1)

58

CCNFCUNDING INLEX=

ALIAS MATRIX

0
0.0667
-0, 1333
-0. 1333
-0. 1333
0.1333
-0.1333
-0. 1333
-0.1333
0.1333
0.1333
0.1333
-0.06867
0.0667
-0.1333
-0, 1333

0.2267

1
0.0667
~0,1333
-0.1333
-0.1333
0.1333
-0.1333
~0.1333
-0.1333
0.1333

=0.8667

0.1333
-0.0667
0.0667
-0.1333
0. 8667

1.6933

2
0.0667
~0.1333
-0.1333
~0,1333
0.1333
~0.1333
~0.1333
-0.1333
0.1333
0.1333
-0.8667
~0.0667
0.0667
0.8667
-0.1333

1.6933

1.6933

3
-Q0.0667
0. 1333
-0.8667
0.1333
~0.1333
~ 0, 1333
0.1333
~0.8667
"~0.1333
~0.1333
~0.1333
0.0667
~0.0667
0.1333
0.1333

1.6933

u
-0.0667
-0.8667

0.1333
0.1333
-0.1333
0.1333
0.1333
0.1333
0.8667
~0.1333
~0.1333
0.0667
~0.0667
0.1333
0.1333

1.6933

5
-0.0667
0.1333
0.1333
0, 1333
0.8567
~0.8687
0.1333
0.1333
-0.1333
-0.1333
-0.1333
0.0667
~0.0667
0.1333
0.1333

1,6933

6
0.0667
~0.1333
-0.1333
0.8667
0.1333
~0, 1333
0.8667
-0.1333
0.1333
0.1333
0.1333
~0.0667
0.0667
~0. 1333
~0. 1333

1.6933



DESIGN ( 6. 9. 2)
6 VARIAELES 7 PARAMETERS 9 RUNS

DESIGN MATRIX

X(1) X2y X(3) X4y X(5) xi6) VARIANCE OF FITTED RESPONSE
1. ~-1. 1. -1. -1, 1. 0.4667
1. 1. -1. -1, -1, ~1. 0.8667
1. 1. 1. ~1. 1. 1. 0.8000
-1. 1. 1. 1. ~1. ~1. 0.3867
-1 1. ~1. 1. 1. 1. 0.8000
1. - 1. 1. T. 1. -1. 0.8667
1. -~ 1a -1 1. -1. 1. 0.8000
-1. - 1. -1. -1. 1. -1 0.8667
-1, - 1. 1. ~-1. -1 1. 0.6667

X*X INVERSE
0.1167 -0.0083 0.0083 ~0.0083 0.0083 0.0083 -~0.0083
~0.0083 0.1167 0.0083 -0.0083 0.0033 0.0083 ~0.0083
€.0083 0.0083 0.1187 0.0083 -~0.0083 -0.0083 0.0083
-0.0083 -~0.0083 0.06083 0.1167 0.0083 0.0083 -0.0083
0.0083 0.0083 -0.0083 0.0083 0.1167 -0.0082 0.0083
0.0083 0.0083 ~-0.0083 0.0082 -0.0083 0.1167 0.0083
-0.0083 -0.0083 0.00383 ~-0.0083 0.0083 0.09083 0.1167
CET{X®X) = 0.3632160000D 27
L-ZFFICIENCY= 37.2
AVERAGE VARIANCE OF COEFFICIENTS= 0.1167
T-EFFICIENCY= 95,2

MAXIMUM VARIANCE OF FITTED RESPONSE= 0.8667



6. 9. 2)

ALIAS MATRIX

LESIGN
0

12 -0.1333
13 0.1333
14 -0.1333
15 -0.1333
16 0.0667
23 -0.0667
24 0.1333
25 =0.0000
26 ~0.0000
34 0.0000
35  -0.1333
36 €. 0000
45 0.0667
46  ~0.0000
56  ~0.0000
$s 0.1200

CCHFOUNDING INLEX=

1
-0. 1333
0.1333
~0. 1333
~0.1333
0.0667
~0.0667
-0.8667
-0.0000
0.0000
0.0000
0.8667
~0.0000
00,0667
~0,0000
~0.0000

1.5867

2
0.1333
-0.1333
-0.3667
0.1333
-0.0667
0.0667
-0.1333

0‘0
0.0000

0.0
0.1333

~0.0000

~-0.0667
0.0000
1.0000

1.8533

1.8533

3
-0.1333
0.1333
~0.1333
0.8667
0.0667

~0.06567

0.1333
~0.0000
0.0000
0.0000
~0.1333
0. 0000
0.0667
~1.0000
~0.0000

1.8533

4
-0.8667
-0.1333

0.1333
0.1333
-0.0667
0.0667
-0.1333
0.0000
-0.0000
~0.0000
0.1333
-1.0000
-0.0667
0.0000
0.0000

1.8533

5
0.1333
0.8667
0.1333
0.1333

~0.0667
0.0667
-0.1333
-0.0000
1.0000
0.00090
0.1333
-0.0000
~0.0667
0.0000
0.0000

1.8533

6
~-0. 1333
0.1333
~0.1333
-0, 1333
0.0667
~0.0667
0. 1333
1. 0000
-0.0000
-1.0000
-0. 1333
0.0000
0.0667
~0.00Q00
-0.0000

2. 1200



DESIGN ( 6.10. 1)
6 VARIABLES 7 PARAMETERS
DESIGN MATRIK
(1) X2y X(3) X4y X(5) X (6)
-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. 1. 1.
X'X TNVERSE
0.1094 -0.0156 0.0 0.0
~0.0156  0.109% 0.0 0.0
0.0 0.0 0.1071 -0.0179
0.0 0.0 -0.0179  0.1071
0.0 0.0 -0.0179 ~-0.0179
-0.0156 -0.0156 0.0 0.0
-0.0156 -0.0156 0.0 0.0
DET(X'X)=  0.7340032000D 07
D-EFFTICIENCY= 95.7

106

10 RUNS

VARIANCE QF FITTED RESPUNSE

0.7946
0.6071
0.6518
0.7945
0.6518
0.6518
0.6071
0.7946
0.7946
0.6518

0.0 ~0.0156
-0.0156
0.0
0.0
0.0
0.1094

-0.0156

-0.0179
-0.0179
0.1071

0.0

AVERAGE VABILANCE COF COEFFICIENTS= 0.10%4

T-EFFICIENCY= 92.2

FAXIHMUM VARIANCE OF FITTED RESPONSE=

0.8571

-0.0156

~0.0156
0.0
0.0
0.0

~0.0156
0.1094



DESIGN ( 6.10. 1)

ALTAS MATRIX

0 1
12 0.0 0.0
13 0.0 0.0
14 0.0 0.0 ~
15 0.2500 0.2509
16 0.2500 C.2590
23 0. 1250 0. 1250
24 0.3750 ~0.6259
25 0.0 g.0
26 0.0 0.0
34 ~0.0000 °©  0.0000
35 0.9 0.0
36 0.0 0.0
4s 0.0 0.0 -
46 .0 0.0

56 0.2500 -0.7500
3S 0. 3437 1.0938

CONFOUNDING INDEX= 1.4848

0.2857
0.1429
N, 7143

. 5 s ¥ 3

SOND=2DwSOOD

DPDOQOODOLLDOO
2
[ 3N F— &0
o8 N N
oW [¥e} O~}

a s 5 8 & 9

1.2449

107

3
2.2857
0.1428
0.2857

-

.

SOOUOO
.

0
0
9
0
. 2857
0. 1429
9.9

0. 1429
0.0000
0. 2857

1. 0000
0.0

1.3878

4
-0.7143
0.1429
0.2857
0.0
0.0
0.0
0.0
~0.7143
0. 1429
0.0
0. 1429
1.0000
0.2857
0.0000
0.0

2.2449

1.0937



CESIGN ( 6.10. 2}
6 VARIALBLES 7 PARAHMETERS
DESIGN MATRT
X(i) X(2y X (3} X4}y X{5; ¥X(6)
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. 1. -1
XiX INVERSE
0.1094 0.0 ~0.0156 0.0
0.0 0.1071 0.0 0.017%
~0.0155 0.0 0.1094 0.9
0.0 0.0179 0.9 0.1071
~0.0156 0.0 -0.01556 0.0
9.0 -0.0179 0.0 0.0179
0.0156 0.0 0.0156 0.0
DET(X*X) = 0.7340032000p Q7
D~RFFICIENCY= 95.7
AVERAGE VARIANCE OF COEFFICIENTS=

I-EFFICIENCY

YAXIMUM VARIANCE OF

= 92.2

FITTED RE3SPONSE=

0.

102

10 RUNS
VARIANCE OF FITTED RESFPON3E
0.7945
0.6518
0.6518
0.6518
0.6518
0.7946
0.6071
0.79456
0.7346
0.6071
-0,0156 0.0 0.0156
3.0 -0.0179 0.0
-0.0156 0.0 0.0156
0.0 0.0179 0.0
9.17094 0.0 0.0156
0.0 0.1071 0.0
0.0156 0.0 0.109¢4
1084

0.8571
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CESIGN {
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CONFOUNDIRG



CESIGN { 6.10. 3)
6 VERILELES 7 PARAMEIERS 10 RUNS
DESTGN HATRTX
O X(2) X (3) Xd4) X(5) ¥X(6) VARIANCE OF FITTED RESPONSE
1. Y. 1. 1. 1. -1, 0.7946
1. =1, -1, -1, 1. -1, 0.8571
1. 1. =1, -1, -1, -1, 0.8571
-1. 1. -1, 1. 1. 1. 0.7143
1. -1, . -1, 1. 1. 0.6518
1. -1, -1, 1. -1, 1. 0.4643
-1. 9. 1. -1, -1, 1. 0.7946
1. -1, 1. 1. -1, -1. 0.7946
1. -1, -1, 1. -1, 1. 0.6071
1. -1, 1. ~1. -1, 1. 0.4643
X'X INVERSE
0.1094 0.0 9.0156 9.0 9.0 0.0156 -0.0156
.0 9.1071 0.0 ~0.0179  9.0179 0.0 0.0
0.0156 0.0 0.109% 0.0 0.0 ~0.0156  0.0156
0.0 -0.0179 0.0 0.1071  0.0179 0.0 0.0
0.0 6.0179 0.0 0.0179 0.1071 0.0 0.0
9.0156 0.0 -0.0156 0.0 0.0 0.1094  0.0156
~0.0156 0.0 0.0156 0.0 0.0 0.0156  0.1094
CET(X¢x) =  0.7320032000D 07
L-EFFTICIINCY= 95,7
AVFRAGE VARIANCE OF COEFFICTENTS= 0. 1084
T~EFFICIENCY= 92,2
MAXTHUY VARTANCE OF FITTED RESPONSE=  0.8571



LESIGN ( 8.19. 3)

ALIAS MAIRIX

0 1 2
1z 0. 1250 -0.1429 ~-0.1250
13 0. 2500 0.0 -0:2500
14 ~0. 12590 0.0 0.1250
i5 0.0 ~0.2857 0.0
ie ~0. 1250 0. 1429 -0.8750
23 V.0 -0.1429 0.0
24 0.1250 0. 1429 ~-0.1250
z5 0.1250 0.1429 -0.,1250
26 ~0.1250 ~0.8571 0.1250
34 0. 0000 0.0 0.0000
35 S 0.0 0.7143 0.0
36 0.0 0.0 6.0
45 0. 1250 0. 1429 0.8750
46 0.0 -0.0000 0.0
56 ~0.1250 0.0 0.1250
5s 0.1875 1.4490 t.6875

CCHNFOUNDING INCEX= 11,7111

11l

3
-0.142
0.0
0.0
0. 7143
0.1429
=0, 1429
0. 1429
0.1429
0.1429
0.0
-0.2857
0.0000
Q. 1429
~-1.0000
0.0

1.7347

0.1250
1.4375

6
-0.8750
0.2500
-0.1250
0.0
-0. 1250
0.0
0.1250
0.1250
-0.1250
-1.0000
0.0
0.0
0.1250
0.0
-0.1250

1.9375



DESIGN (

6.11.

6 VARIAELES

1

7 PARAMETERS

LDESTGN HATRIX
X(h X2y X(3) X4y X(5) X(6)
-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. Ll 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. -t ~-1. 1. 1.
1. 1. -1. 1. -1. -1.
-1 -1, - 1. -1. 1. -1.
X'X INVERSE
0.1000 -0.0167 0.01567 0.0167
~-0.0167 0.1000 -0.0187 ~C.0167
0.0167 -0.0167 0.1000 0.0167
0.0167 -~2.0167 0.0167 0.1000
~0.0167 0.0167 -0.0167 ~C.0167
-0.0167 0.0167 ~-0.0167 -0.0167
0.0167 -0.0167 0.0167 0.0167
CET(X'X) = 0.1492992000D 08
D-EFFICLENCY= 56,3
AVERAGE VARIANCE OF COEFFICIENIS=

T-EFFICIE

BAXIHMUM VARIANCE CF FITTED RESPONSE=

NCY=

20.9

VARTANCE OF FITTED RESPONSE

-0.01567
0.0167
~0.0167
~0.0167
0.1000
0.0167
~0.0167

0. 1000

1.4000

11 RUNS

0.7333
0.7333
0.6000
0.7333
0.6000
0.6000
0.56000
0.60C0
0.56000
0.6000
0.6000

-0.0167
0.0167
-0.0167
~0.0167
0.0167
0.1000
-0.0167

0.0167
~0.0167
0.0167
0.0167
~-0.0167
~0.0167
0.1000



CESIGN ( 6.11.

1)

ALIAS MATRIX

0
12 -0.0667
13 0.0667
LI -0.2000
15 -0.08667

16 0. 2000
23 ~0. 2000
24 0. 0607
25 + 2000
26 -0. 0667
34 -0. 0667

35 0.0667
36 -0.2000
45 ~0. 2000
46° 0.00067
56 -0.0667

58 0.2800

CCRFOUNDING

INLCEX=

1 2
0.0667 ~0.0667
~0.0667 ~0.2667
0.2000 0.1333
0.0667 0.2667
-C.2000 -0.,1333
~0.1333 -0.2000
0.2667 0.0667
0.1333 0,2000
~0.2667 ~0.0667
0.4000 ~0.4000
0.2667 0.4000
0.5333 ~0.5333
0.5333 -0.5333
-0.4000 -0.2667
0.4C00, -0.4000
1.3911 1.3911
1.3911

3
~-0.4000
0.06867
0.13233
0. 2667
0.5333
-0.2000
-0.2607
0.5333
~0.,4000
~0,0667
0.0667
~0.2000
0.1333
~0.2667
-0.4000

1.3911

4
0.4000
0.2667
0.2000
0.4000

-0.5333
-0. 1333
-0.0667
~-0.58333
-0.2667
0.0667
0.2667
~0.1333
0.2000
~0.0667
0.4000

1.3911

5
0.4000
0.2667
0.5333
0.06867
0.1333
0.5333

~0.4000
-0.2000
~-0.2667
0.4000
~0.0667
-0.1333
0.2000
0.2667
0.0667

1.3911

6
~0.4000
0.4000
~0.5333
0.2667
0.2000
-0.5333
~0.2667
~0.1333
-0.0667
-0.4000
-0.2667
-0.2000
0.1333
0.0667
~0.0667

1. 3911



11

DESIGN { 6.12. 1)
6 VARIAELES 7 PARAMBETERS 12 RUNS

CESIGN MATRIX

(N X(2) X(3) X{4)y X(5) X&) VARIANCE OF FITTED RESPONSE
-1. 1. 1. 1. 1. 1. 0.5833
-1. -1. -1. P -1. -1. 0.5833
-1. 1. -1. 1. 1. -1. 0.5833

1. 1. -1 -1. 1. -1. 0.5833
1. ~1. -1, 1. 1. 1. 0.5833
1. -1 -1 1. -1. 1. 0.5833
1. 1. 1. 1. -1 -1. 0.5833
-1. 1. -1, -1. -1. 1. 0.5833
1. 1. 1. -1. -1, 1. 0.5833
-1. ~1. 1. -1. 1. 1. 0.5833
-1. -1 1. 1. ~-1. -1. 0.58233
1. - 1. 1. -1, 1. -1. 0.5833

X*X INVERSE

0.0833 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0833 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0833 0.0 0.0 0.0 0.0
0.9 0.0 0.0 0.0833 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0833 0.0 0.0
0.0 0.0 0.0 0.9 0.0 0.0833 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0833
DET (XX} = 0.3582180800D 08

D-EFFICIENCY= 100.0
AVERAGE VARIANCE CF COEFFICIENIS= 0.08233
T-EFFICTENCY= 100.0

MAXI®MUM VARIANCE OF FITIED RESFONSE= 0.5833



LESIGN ( 6.12. 1)

ALIAS MATRIX

Q 1 3 3 4 5 5
12 0.0 0.0 0.0 0.3333 -0.3333 ~-0.3333 ~0.3333
13 0.0 0.0 0.3333 0.0 ~0. 3333 ~3.3333 -0,3333
14 0.0 0.0 ~0.3333 -0.3333 0.0 ~0.3333 0.3333
15 0.0 0.0 -0.3333 -0.3333 -0,3333 0.0 ~$,3333
16 0.0 0.0 -0.3333 ~0.3333 0.3333 -0.3333 6.0
23 0.¢C 0.3333 0,0 ~ 0.0 0.3333 -0.3333 0.3333
248 0.0 ~0.3333 0.0 0.3333 0.0 0.3333 -0.,3333
25 0.¢ -0.3333 0.0 ~0,3333 0.3333 0.0 -0, 3333
26 0.9 -0,3333 0.0 0.3333 ~0.3333 ~0.3333 0.0
34 0.0 - ~0.3333 0.3333 0.0 0.0 ~0.3333 -0, 3333
35 0.0 ~0.3333 -0.3333 0.0 ~0.3333 G.0 0.3333
36 0.0 ~0.3333 0.3333 0.0 ~0.3333 0.3333 0.0
45 0.0 ~0.3333 0.3333 ~0.3333 0.0 0.0 0.3333
4é 0.0 0.3333 ~0.33233 ~0,3333 0.0 G,3333 0.0
56 0.0 -0.3333 ~0.3333 0.3333 0.3333 0.0 0.0
85 0.0 1.¥111 1.8311 1.7111 .11 T.1111 1. 1119

CONFOUNDING INLEX= 1.711%1



DESIGN ¢ 6.13. 1)
6 VARIABLES 7 PARAMETERS 13 RUNS

DESIGN MATRIX

X(h  X(2y X(3) X(4) X5} X(6) VARIANCE OF FITTED RESPONSE
1. 1. -1a 1. -1. 1. 0.5439
-1. -1, -1. 1. -1. -1 0.5439
1. - 1. 1. ~1. 1. -1. 0.5439
1. 1. -1, -1. 1. -1. 0.5439
1. Y. 1. 1. -1. -1. 0.5439
-1. -Te 1. -1. -1. 1. 0.5789
-1. 1. 1. 1. 1. 1. 0.5789
1. -1. ~1. -1. -1. 1. 0.5789
-1. 1. 1. ~1. -1. -1. 0.5789
-1. - 1. -1 -1 1. -1. 0.3684
1. - 1. 1. 1. 1. 1. 0.5789
-1. 1. -1. ~-1. 1. 1. 0.5439
~-1. - 1. -1. 1. 1. -1. 0.4737

X¥X INVERSE

N

0.0789 0.0044 0.0044 0.0044 0.0044 ~-0.0044 0.0004u
0.0044 0.0783 -~0.0044 -0.0044 -0.0044 0.0044 -0.00u44
0.0044 ~-0.00u%4 0.0789 -0.0044 ~0.00u4 0.004y  -0.0044
0.0044 -0.0044 -0.0044 0.07892 -0.004y 0.00448 ~0.00u44
0.0048 -0.0044 -~0.0048 -0.0044 0.0789 0.0044 ~0.0044
-0.0044 0.004k 0.0044 0.0044 0.0044 0.C789 0.0044
0.0044 -~0.0044 -0.0084 -0.0044 ~0.0041 0.0044 0.0789

CET(X'X) = 0.5673369600D 08
D~EFFICIENCY= 98.6
AVERRGE VARIANCE OF COEFFICIENTIS= 0.07E&%

T-EFFICIENCY= 97.4

MAXINUM VARIANCE OF FITTED RESPONSE= 0.5789



6.13.

11

ALIAS MATRIX

LESIGHN (
Q

12 0.0526
13 0.0175
14 0.1226
15 -0.0877
16 0.0526
23 0.40526
24 0. 1228
25 -0.0877
26 0.0175
34 0.0877
35 ~0, 0175
36 0.0175
45 ~0.0526
4 0.0877
56 ~0.606175
58 0.907306

CONFCUNDING INLEX=

1
-0.0526
~-0.0175
~0.1228

0.0877
~0.0526
-0.3860

0.2105
-0.2456
-0.3509

0. 2456

0.3509
-0.3509
~0.28G7

0.2456
~-0.3158

€.9508

2
~0.0526
-0.3509

0.2105
~0.2456
~0.3860
-0.0526
-0.1228

0.0877
-0.0175

0.24656
-0.3158
-0.3509
-0.2807

0.2u56

0.3509

0.9508

1.0170

117

3
-0.3860
-0.0175

0.2105
0.4211
~0.3860
~0. 0526
- 0.2105
-0.2456
-0.350¢9
-0.0877
S 0.0175
-0.0175
0.3860
" 0. 2456
0.3509

1.0911

4
0.2807
0.3158

~0.1228
~0.2456
0.2807
0.2807
~0.1228
~0.2u56
0.3158
~0.0877
0.3509
0.3158
0.0526
~0.0877
0.3509

0.9508

5
~0.2807
0.3509
-0.2105
-0.0877
-0.2807
-0.2807
-0.2105
-0.0877
0.3509
0.4211
-0.0175
0.3509
-0.0526
0.421

-0.0175

1.0677

6
~0.3860
~0. 3509

0.2105
~-0. 2456
~-0.0526
-0.3860

0.2105

0,421
~0.0175

0.2456

0.3509
-0.0175

0. 38860
-0.0877

0.0175

1.0911
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CESIGN { 6.13. 2)

€ VARIARELES 7 PARAMETERS 13 RUNS

DESICGN MATRIX

+

X(1) X(2) X(3} Xi{4)y Xi5) X(6) VARIANCE OF FITTED RESPOHSE
e i -t 1. ~1. 1. 0.5439
1. 1. t. -1 1. 1. 0.5439
1. -1 - 1. -1. -%. “te 0.5789
1. 1. 1. 1. 1. -1. 0.3684
-1. 1. 1. -1. -1. -1 0.5789
1. 1. -1 1. ~1. 1. 0.5789
-1 1. t. 1. -1, -1. 0.5439
1. -1, 1. 1. 1. -1, 0.4737
1. - 1. 1. ~1. ~%. 1. 0.5789
1. 1. -1, 1. 1. -1 0.4737
°l. -1, -1. ~1. 1. -1. 0.5789
-1. -1. 1. 1. 1. 1. 0.5789
i 1. ~1. -1. 1. 1. 0.57389

Xi%X INVERSE

0.0789 ~0.,0044 ~0.0044 -90.0044 -0.0044 -0.0044 0.0044
-0.0044 0.078% -0.0044 -~5.0044 -0.0044 -0.0044 0.0044
-0.0044 -0.0044 ¢.0782 -06.0044 -0.0084 ~-0.004n4 0.0044
-0.004u4 ~-0.0044 -0.004u 0.0789 ~0.0044 -~0.0044 0.0044
-0.0064 -0.0044 -0.004k ~0.0004 0.0789 -~0.0044 0.00u4
~0.0084 ~D.0044 -0.,0044 -0.0044 -~-0.0084 0.078¢ 0.0044

0.064% 0.004u4k 0.0044 C.00u44 0.0044 0.0044 0.0789
DEXL(X¥X) = 0.5€673369600D 08

D-EFFICIENCY= SB.6
AVERAGE VARIANCE CF COEFFICIENTS= 0.0789
I-EFFICIENCY= 97.4

MAXIMUN VAEIANCE OF FITTED RESPONSE= 0.5783



CESIGN ( 6.13. 2)

- ALIAS MATRIX

0 1 2 3 4 5 6
. 12 0.0526 0.0526 0.0526 ~0.2807 0.3860 0.3860 0.2807
13 0.0877 0.0877 ~0.2456 0.0877 -0.2u56 0.u211 0.2456

14 0.0175 0.0175 0.3509 ~0.3158 0.0175 0.3509 -0.35092
15 ~0.0175 -0.0175 0.3158 0.3158 0.3158 -0.0175 ~0.3158

16 ~0.0526 -0.0526 0.2807 0.2807 -0.3860 -0.3860 0.0526
23 0.0877 -0.2u56 0.0877 . 0.0877 ~0., 2456 -0.2456 -0.4211
24 0.0526 0.3860 0.0526 . -0.2807 0.0526 -0.2807 -0. 3860
25 0.C877 D.4211 0.0877 -0.245€ ~0.2456 0.0877 0.2456
26 -0.0526 0.2807 -0.0526 -0.3860 -0.3860 0.2807 0.0528
34 0.0526 - -0.2807 -0.2807 0.052¢ 0.0526 0.3860 ~0.3860
35 ‘0. 0526 0.3860 -0.2807 0.0526 0.3860 0.0526 0.2807
36 -0.0528 0.2807 ~-0.3860 -0.0526 -0.3860 0.2807 0.0526
45 0.0175 0.3509. -0,3158 0.3509 0.0175 0.0175 ~0.3509
Lo 0.0175 -0.3158 -0.3158 -J.3158 0.0175 ~-0.3158 -0.0175
56 -0.0526 -0.3860 0.2807 0.2807 ~0.3860 -0.0526 0.0526
58 0. 0465 1.1576 0.9705 0.9705 1.1810 1.1576 1. 1108

CONFCUNDING INLEX= 1.0913
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DESIGN ( 6.13. 3)
& VARIABLES 7 PARBMETERS 13 RUNS

CESIGN MATRIX

X(1) X{2) X(3) X4y X (5) X(6) VARIANCE OF FITTED RESPONSE
~1. 1. 1. -1, 1. 1. 0.5789
-1, -1. 1. -1. 1. -1. 0.4737
-1. 1. -1, 1. 1. “1. 0.5439

1. -1, 1. -1. 1. -1. 0.5439
~1. 1. 1. 1. -1. -1, 0.5439
-1. -1. -1, 1. 1. 1. 0.5439

1. -1, -1. 1. 1. -1. 0.5439

1. 1. -1. -1. -1. 1. 0.4737
-1. -1. -1. -1. ~-1. 1. 0.5789
-1. -1. 1. 1. -1. -1. 0.4737

1. 1. -1, -1. -1. -1, 0.5439

1. -1. 1. 1. -1. 1. 0.5789

1. 1. 1. 1. 1. 1. 0.5789

X'X INVERSE
0.0789  0.0044  0.0044 -0.0044 -0.0044 =-0.0044 0.0044a
0.0044% 0.0789 ~-0.0044  0,00484 0,004  0,06448 -0,0044
0.0048 ~-0.0044 0.078%  0.0044  0.0044  0.0048 -0.004%

-0,0044  0.0044%  0.0044  0.0789 ~0.0084 -0.0044  0.0044

~0.0044  0.0044  0.0044 ~-0.0048 ~0.0789 -0.00u48  0,0044

-0,0044 0.0044  0.0044 -0.0048 -0.0044 0.0789 0.0044
G.0044 -0.0048 -0.0044  0,0044  0.0044  0.0048 0.0789

DET{(X*X)= 0.5673369600D 08

D-EFPFICIENCY= 98.6

AVERAGE VARIANCE OF COEFFICIENTS= 0.0769

T-EFFICIENCY= 97.¢

MAXINUY VARIANCE OF FITTED RESPONSE= 0.5789



6.13.

3

ALIRS MATRIX

DESIGN (
¢

12 0.1228
13 -0.0877
14 ~0.0877
15 ~0. 1228
16 0.0526
23 -0.0877
24 ~0.1228
25 ~0.0877
6 0.0526
34 0. 1579
35 0.1579
36 -0.0526
45 0.1579
46" ~0.0877
56 ~-0.0877
SS 0,1745

1
-0.1228
0.0877
0.0877
0.1228
-0.0526
-0.2456
-0.2105

- =0.2456

0.28407
0.1754
0.1754
0.3860
0.1754
0.4211
-0.2456

0.7710

2
-0.1228
-0.2456
-0.2456
-0.2105

0.2807
0.0877
0.1228
0.0877
-0.0526
0.1754
0.1754
0.3860
0.1754
~0.2456
0.4211

0.7710

CONFOUNDING INDEX= 1.1336

3
~0.2105
~0.03877

0.2456
0.2105
0.3860

- -0.0877

0.2105
0.2456
0.3860
0.1579
0.1579
-0.0526
~0.8421
0. 2456
0.2456

1.4494

)
-0.2105
0.2456
-0.0877
0.2105
0.3860
0.2456
-0.1228
0.2456
-0.2807
0.1579
-0.8421
0.2807
0.1579
-0.0877
0.2u456

1.4260

5
~0,2105
0.2456
0.2456
-0.1228
-0.2807
0.2u56
0.2105
~-0.0877
0. 3860
-0.8421
0.1579
0.2807
0.1579
0.2056
-0.0877

1.4260

6
0. 2105
0.4211
D.421
~0.2105
~0.0526
0.421%
~0.2105
0.4211
~-0.0526
0.1754
0. 1754
0.0526
0. 1754
0.0877
0.0877

0.9581



CESIGN |

b. 14,

6 VARIABLES

(1 x{zy
-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.
0.0741
0.0
0.0
0.0093
0.0093
0.0
0.0
DET (X *x} =
D-EFFICIENCY=

DESIGH
X {3)

-1.
1.
~Te
1.
"1.
1.
-1.
1.

1)

MATRIX

X{&y X

~1.
-1,

1.
-1.

X*X INVERSE

0.0
0.0750
9.0083
0.0
0.0

-0.0083

0.0083

0.0
0.0083
0.0750
0.0
0.0
0.0083
-0.0083

PARAMETERS
(5)  X{(6)
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. T.
-1 1.
0.0093
0.0
0.0
0.0741
~0.0093
0.0
0.0

0.8957952000D 08

97.7

VARIANCE OF FITTED RESPONSE

0.0093
0.0
0.0
~0.0093
0.0741
0.0
0.0

AVERAGE VARIANCE OF COEFFICIENTS= 0.0746

T~-EFFICLENCY=

MAXIMUM VARIANCE OF FITIED

95.7

RESPONSE=

0.5741

14 RUNS

0.5000
0.5407
0.5407
0.5407
0.5000
0.5407
0.5407
0.4407
0.4667
0.5407
0.4667
0.5000
0.4407
0.4u407

0.0
~0.0083
0.0083
0.8
0.0
0.0750
0.0083

0.0
0.0083
-0.0083
0.0
0.0
0.0083
0.0750



LESIGN (  S5.114,

1)}

ALIAS MATRIX

0
12 -0. 1852
13 0.03790
14 0.037¢
15 0. 13852
16 -0, 1852
23 ~0.0370
24 -0, Q370
25 -0, 1852
26 0. 1852
34 0. 1111
35 -0. 0370
36 0.0370
45 ~0.0370
486 0.0370
56 -0, 1352

55 0.2291

CONFOUNDING INLEX=

1
-0.1333
-0.2000
~0.2000

0.1333
~0,0667
~0,1333
-0, 1333

0.8667
~0.2667

0.3333

0.1333
-0.1333

0.1333 .

~0,1233
0.2667

1.2311

2
0.1333
-0.1323
~0.1333
0.86567
-0.2667
~0.2000
-0.2000
0.1333
-0.0667
-0.3333
-0.1333
0.1333
~0.1333
0.1333
~0,2667

1.2311

0.8543

3
-0. 1481
~-0,(370

0.2963
0.1451
~-0. 14817
.0.0370
-0.2963
-0, 1381
0. 1481
-0, 1111
3. 0370
-0.,0370
~0.2963
00,2963
-0, 1481

0.5007

4
-0.1481
0.2963
-0.0370
0.1481
~0. 1481
~0.2963
0.0370
~0. 1481
6.1481
~0. 1111
~0.2963
0.2963
0.0370
~0.0370
-0. 1481

0.5007

5
0.8667
0.1333
0.1333
G.1333
0.2667

~0.1333
-0.1333
-0,1333
-0.2667
-0,3333
~0.2000
~0.1333
~0.2000
-0.1333
~0.0667

1.2311

6
-0. 2000
-0.1333
-0.1333

0.2000
0.0667
G.1333
0.1333
-0. 2000
~0.0667
0.3333
-0, 1333
-0.2000
-0.1333
~0.2000
0.0667

0.4311
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DESIGN { 6.14. 2)
€ VARILBLES 7 BARAMETERS 14 RUNS

DESIGH MATRIX

X€1)  X(2) X{3) X4y X(5) Xi6) VARIANCE OF FITTED RESPONSE
-1, 1. 1. -1. 1. 1. 0.5000
1. 1. -1. 1. ~1. -1. 0.5407
1. -1, 1. 1. -1. 1. 0.5407
-1. -1. 1. -1, -1, -1, 0.4407
1. 1. 1. I ~1. =1 0.5741
-1. -1 ~-1. 1. 1. ~1. 0.5741
-1. -1, ~1. ~-1. -1. 1. 0.4667
1. -1. I8 ~-1. . ~1. 0.5407
~1. 1. -1. -1. -1. 1. 0.5000
1. 1. - 1. 1. 1. 1. 0.4407
1. ~1. 1. -1, 1. 1. 0.5000
~%. 1. 1. 1. 1. =T 0.5741
~1. - Te 1. 1. -1. 1. 0. 4407
1. 1. -1, -1 1. 1. 0.3667

* X'X INVEESE

0.0741 0.0 0.0 G.0 0.0093 0.0 -0.00%3
0.0 0.0750 -0.0083 0.0083 0.0 ~0.0083 0.0
0.0 ~0.0083 0.0750 0.0083 0.0 -0.0083 0.0
0.0 0.0083 0.0083 0.0750 " 0.0 0.0083 0.0
0.0C93 9.0 ) 0.0 0.0 0.0741 0.0 0.0093
0.0 ~0.0083 -0.0083 0.0083 0.0 0.0750 0.0
-0.0633 0.0 0.0 0.0 0.0093 0.0 0.0741
LET(X'X) = 0.8957952000D -08

C-EFFICIENCY= 97.7
AVERAGE VARTANCE OF COEFFICIENTS= 0.0746
T~EFFICIENCY= 95.7

MAXINUM VARIANCE QF FITTIED RESPONSE= 0.5741



CESIGN ( 4&.14. 2)

ALIRS MATRIX

0 i 2 3 4 5 6
_ 12 0, 1852 0.0000 0.0000  -0.3333 0.1481  -0.3333  -0. 1481
’ 13 -0.1852 0.0667  -0.2667 -0.0667 -0.1481 ~0.2667 0. 1481
1% -0.0370 -0.1333  0.2000 ~0.2000  0.0370 ~0.4667  0.2963
15 0.0370 0.0 -0.3333 -0.3333 ~-0.3704 0.0 0.3704
16 0.0370  0.1333  -0.2000 0.2000  0.2963  0.4667  0.0370
23 -0.1111  ~0.3333 0,0000 -0.0000 ~-0.2222  0.3333  -0.4444
24 0.0370 0.1333  -0.2000 -0.1333 =-0.0370  0.1333  -0.2963
25  0.1111  -0.2667  0.0667 0.2€67 0.2222  0.0667  0.44Ly
26 -0.0370  =-0.2667 0.0667 -0.4000 ~-0.2963 0.4000  -0.0370

34 -0.0370 ~0.1333 ~0.1333 ~0.2000 0.0370 ~0.1333 0.2963
35 -0, 1852 -0.3333 0.3333 -0.90000 <0.1481 0.0000 0.1481
36 0.0370 0.2000 -0.4667 0. 1333 0.2963 0. 2000 0.0370
45 0.0370 ~0.4667 0.2000 ~0.2000 -0.0370 -0.1333 ~0.2963
46- ~0,.1111 0.4000 ~0.2667 0.2667 0.1111 -0.2667 ~0. 1111
56 -0.6370 0.4000 0.4000 0.2667 -0.2963 0.0667 ~0.0370

55 0. 1523 1.0178 0.9289 0.7956 0.6708 1.0622 0.9671

CCNFOUNDING INLCEX= (0.2071
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DESIGN ( 6.14. 3)

& VARIARLES 7 PRRAMETERS 14 RUNS

DESIGN RBATRIX

X(1y  X(2y X£3) X(#) X(5} X(6) VARIANCE OF FITTED RESPONSE
1. - 1. 1. -1. -1. -1. 0.5407
1. -1. -1, -1. 1. 1. 0.i8Q7

-1. -1. 1. 1. 1. 1. 0.5u407
1. 1. 1. -1. 1. -1. 0.5407
~1. 1. -1. 1. 1. -1. 0.57u41
-1, 1. 1. -1. -1. 1. 0.5000
-1, - 1. -1 -1. -1, 1. 0.5407
-1. 1. -1, -1. 1. -1. 0.5407
1. 1. 1. 1. -1. 1. 0.5000
1. 1. -1. -1, 1. T 0.4407
1. - 1. 1. 1. 1. -1, 0.4667
1. i -1, 1. -1, 1. 0.u4667
1. - 1. -1. 1. 1. -1. 0.4667
1. -1, -1. -1, -1. -1. 0.4407

X*X INVERSE

€.0750 -0.0083 0.0 0.0083 0.0083 0.0 0.0
-0.0083 0.0750 0.0 0.0083 0.0083 0.¢ 0.0
0.0 0.0 0.6741 0.0 6.0 0.0093 -0.0092
0.0083 0.0083 0.0 0.0750 -0.0083 0.0 0.0
0.0083 0.0083 0.0 ~0.0083 0.0750 0.0 0.0
0.6 0.0 0.0093 0.0 6.0 0.0741 0.0093
0.0 0.0 -0.0092 0.0 0.0 0.0093 0.0741
DET (X 'X) = 0.8957952000D 08

D-EFFICI®NCY= 67.7
AVERAGE VARTANCE OF CCEFFICIEKTS= 0.074%
T-EFFICIENCY= S5.7

BAXTHUHM VARIANCE OF FITIED RESPONSE= 0.57%41
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TESIGN { 6,14, 3)

ALIAS MATRIX

0 1 2 3 4 5 6

12 0.0667 0.0667 0.1111 0.2667 0.2667 0.2222 0.4444

- 13 ~-0.1333 -0.1333 0.2963 0.1333 ~-0.2000 ~0.2963 -0.3704
14 -0. 1333 -0.1333 0.2222 -0.2000 0.1333 -0.2222 0.2222

15 -0.0667 ~0.0667 0.1481 -0.2667 -0.2667 0.1852 0. 1481

16 0.0000 0.0000 O.b44uu -0.3333 0.3333 0.2222 0.1111

23 ~-0. 0667 0.2667 -0.1852 . 0.0667 -0.2667 -0. 1481 0. 1481

24 -0.0667 0.2¢667 ~0.2593 =0.2€67 0.0667 -0,7407 0.0741

N 25 ~0.2667 Q0.0667 0.0370 -0,0667 -0.7333 -0.0370 ~0.2963
26 0.1333 0.4667 -0.0370 0.2000 0.2800 ~0.2963 -0.0370

34 0. %333 -0.2000 -0.2963 ~0.°333 -0, 1333 0.2963 0.3704

35 0. G667 -0.2667 ~0.1481 -0.0€67 0.2667 -0.1852 ~0. 1481

36 0. 0667 -0.2667 0.1481 ~0.0667 0.2667 -0. 1481 -0.1852

45 0. 0€é67 -0.2667 -0.7407 0.2667 -0.0667 -0.2593 ~0.0741

46 0.0 0.3333 0.1481 G.3333 0.0 =0. 1481 -0.1852

56 -~0.2000 0.1333 -0.2€63 -0.1333 -0.1333 ~0.0370 0.0370
58 0.2133 0.7911 1.2634 0.6578 1. 1467 1. 1646 0.7685

CONFCUNDING INLEX= 0.9655
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CESIGN ( 6.15. 1)
6 VRERIRELES 7 PARAMETERS 15 RUNS
CESIGN MATRIX
X(1Y X(a X(3) X&) X{5) X{6) VARIANCE DF FITTED RESPONSE
1. ~%. 1. -1. -1. 1. 0.4858
~1. 1. 1. 1. 1. -T. 0.4574
1. - 1. -1. -1. 1. 1. 0.4574
1. 1. -1 1. 1. 1. 0.4858
1. 1. 1. -1. 1. 1. 0.4858
-1. -1. 1. -1 1. ~1. 0.4858
-1. 1. -1. -1. -1. 1. 0.4894
~1. -1 -1. -1. -1. ~1. 0.4149
1. 1. 1. 1. -1. -1 0.4574
-1. -1. T 1. -1. 1. 0.5390
-1. -1. 1. 1. 1. 1. 0.4574
1. 1. -1 -1. -1. -1. 0.4149
1. -1 -1. 1. 1. -1. 0.5390
-1. 1. -1, -1, 1. -1. 0.4149
1- -1 1. 1. -1. -1. 0.4149
X'X INVEESE
0.0691 -0.00666 0.0066 0.0053 0.0053 ~0.,0066 0.0066
-0.0066 0.0691 ~-0.6066 -0.0053 -0.0053 0.0066 -02.0066
0.0066 ~0.006¢6 0.0691 0.0053 ~ 0.0053 -0.0086 0.0066
0.0053 -0.00%3 0.0053 0.0709 -0.0124 -0.0053 0.0053
0.0053 -0.0053 0.0053 ~-0.0124 0.0709 -0.0053 0.0053
~0.0066 0.0066 -0.0066 -0.0053 -0.0053 0.0691 -0.006¢6
00,0066 -0.006¢ 0.0066 0.0053 0.0053 -0.0066 0.0691
CET(X®X) = 0.1478422160D 09
D-EFFICIENCY= 98.0
AVERAGE VAKIAMCE OF COEFFICIENTS= 0.06¢%7
T-EFFICIENCY= 95.7

BAXIMUN VARIAMCE Of FITTED RESPONSE= 0.7021



CESIGN { 6.15. 1)

ALIAS MATRIX

0 1 2
12 0. 1064 -0.1064 G.1064
13 0.1383 -0.1383 0.1383
T4 0.0319 -0.0319 0.0319
15 -0.0957 0.0957 ~0.0957
i6 0.0106 ~0.01086 0.0106
23 -0.C851 0.0851 -0.0851
<4 -0. 0851 0.0851 -0.0851
25 0.1064  -0.1064 0.1064
26 ~0. 1054 0.1064 -0.1006
34 0.2234 ~0.2234 0,234
35 0. 1383 -0.6383 0.1383
36 -0, 1277 0.1277 ~0.1277
45 0.0851 ~0.0851 0.0851
46 -0.0745 ~0.4255 -0.0745
56 0.0532 0.4468 0.3532
55 0. 1788 0.9395 o.1788

CCNFOUNDING INCEXK= (0.6360

129

0.0851
0. 1773
~0, 2411
-0.6099
0.1418
~0. 1348
0. 1986
0.0851
-0.0851
-0.0213
0.1773
~0.0355
~-0. 1986
~-0.3262
0.0420

0. 7419

0.0851
-0, 1560
0.0922
0.0567
~0.5248
0. 1986
~0.1348
0.0851
~0.0851
-0.0213
~0.1560
~0. 3688
0.13493
0.007 1
0.0426

0.5717

5
-0.1064
~0.6383
-0.0319

0.0957
0.4B9y
0.0851
0.0851
~0.1064
0.1064
-0.223¢4
-0.1383
0.1277
-0.0851
0.07u5
-0,0532

0.8065

0. 1064
0. 1383
-0. 4681
0.40u3
0.0106
~0,0851
~0.0851
0.1064
-0. 1064
-0.2766
0.1383
-0.1277
0.0851
-0.0745
0.0532

0.5778



EESIGN ( 5.15. 2)

6 VARILBLES 7 DPARRMETERS 15 RUNS

DESIGN MATEIX

X¢  X(2) X(3) X(4)y X(5) X({(6) VARIANCE OF FITTED RESPONSE
1. ~-1. 1. ~-1. 1. -1. 0.5532
-1. S ~1. -1. -1. i 0.539¢
-1, 1. -1. 1. 1. ~1. 0.4255
1. -~ 1. 1. -1. -1. 1. 0.4149
-1. -1. 1. 1. ~1. 1. 0.4858
1. 1. - 1. 1. -1 -1 0.4574
-1. 1. 1. -1. ~1. 1. 0.4149
-1. 1. 1. 1. ~1. -1 0.4858
1. 1. ~-1. -1. -1. 1. 0.5390
1. -1 -1. 1. 1. 1. 0.4149
-1. 1. ~1. ~-1. 1. 1. 0.4858
=1. -1 -1. 1. 1. 1. 0.4255
1. 1. 1. 1. 1. 1. 0.4858
1. 1. 1. ~1. 1. ~1. 0.4574
1. -1, -1. 1. -1. -1, 0.4149

X'X INVERSE

0.0691 -0.0066 -0.0066 0.0053 ~0.0053 0.0066 ~0.0066
-0.0066 0.0691 0.0066 -0.0053 0.0053 ~0.0066 0.0066
-0.0066 0.0066 0.0697 ~0.0053 0.0053 ~-0.0066 0.0066
0.0053 ~0.0053 -0.0053 0.0709 0.012¢4 0.0053 -0.0053
-0.0053 0.00E3 0.0053 0.0124 0.9709 -0.,0053 0.0053
0.0066 -0.0066 -0.CuLb6 0.0053 -0.0053 0.0691 ~0.0066
-0.0066 0.0066 0.0066 -0.0053 0.0053 -0.9066 0.0691
LET(X*X) = 0.1478492160Dp 09

D-EFFICIENCY= 98.0

AVERAGE VARIANCE OF COEFFICIENTS= 0.0097
T-EFFICIENCY= 85.7

MAXIMGM VARIANCE OF FITIED RESPONSE= 0.7021



6.15. 2)

ALIAS MATRIX

LESIGN (
0

12 -0. 1064
13 0. 1809
i -0.1277
15 0.1489
16 ~0.1064
23 0.0851
24 -0.0319
25 0.1064
26 -0.0638
38 -0.2234
35  -0.0851
36 0.0319
45 0.0319
46  0.0213
56 0.0213
ss 0. 1776

CCNFQUNDING INIEX=

1
0. 1064
-0, 1809
0,1277
-0.1489
0. 1064
~-0. 0851
0.0319
-0.1064
0.0638

C=0.2766

0.5851
~0.0319

~0.0319.

-0.0213
-0.0213

€.5393

P4
0.1064
~0.1809
0.1277
-0, 1489
0.1064
~0.0851
0.0319
-0.1064
0.0638
0.2234
0.0851
~0.0319
~0.0319
-0.5213
-0.0213

0.45488

0.7676
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3
~0.0851
0.0780
-0.3688
0.6525
~0.0851
« 0,1348
0.2411
0.0851
~0. 1844
0.0213
-0.1348
0.0922
~0.2411
G. 2837
~0.3830

1.0123

4
0.0851
-0,4113
0,0355
0.0142
0.0851
O, 1986
0.0922
~0.0851
-0.4823
~0.0213
-0.198¢6
0.2411
~0.0922
0.0496
0.3830

0.7286

5
-0.1064
0.6809
~0.1277
0.1489
-0.1064
00,0851
~0.0319
0.1064
~0.0638
~0.2234
~0.0851
-0, 4687
0.0319
00,5213
0.0213

1.0578

5
0, 1064
-0, 1809
0.1277
~0., 1439
0. 1064
-0,0851
~0.4681
~0. 1064
0.0638
0. 2234
~0., 4149
~0.0319
0.4681
~3.0213
~0,021%3

0.7786



DESIGN ( 6.15. 3)
6 VARIABLES 7 PRRAMETERS 15 RUNS

DESIGYN MATRIX

(N X(2) X3y X{4)y X(5) XxX(6}) VARIANCE OF FITTED RESPONSE
~1. ~1. Ta -1. 1. -1, 0.4858
1. ~-1. ~-1. 1. -1, 1. 0.4858
~-1. 1. -1, -1 -1. -1. 0.5390
1. 1. 1. -1 1. 1. 0.5532
1. 1. 1. 1. -1 -1. 0.4858
1. -1. 1. -1, 1. ~1. 0.5532
~1. -1 1. 1. -1, 1. 0.4858
1. -1. ~Te 1. 1. -1. 0.4149
-1. ~-1. ~T. 1. 1. 1. 0.4149
-1. 1. 1. 1. 1. -1, 0.4255
1. 1. -1, -1, -1, 1. 0.4858
-1. 1. -1 -1 1. 1. 0.41u49
-1. 1. 1. 1. 1. 1. 0.4149
1. 1. -1. 1. 1. -1 0.4253
-1. -1. -1. - 1. 1. -1. 0.4149

X*X INVERSE
0.0709 0.0053 ~0.0053 0.0053 -0.0053 -0.0124 0.0053
0.0053 0.0691 -0.0066 0.0066 ~0.0066 0.0053 0.0066
~-0.0053 ~0.0066 0.0691 ~-0.0056 0.0066 -0.0053 -0.0066
0.0953 0.0066 -0.0066 0.0691 -0.0066 0.0053 0.0066
-0.0053 ~-0.0066 0.0066 ~-0.0066 0.0691 -0.0053 -0.0066
-0.0124 0.0053 -0.0053 0.0053 -0.0053 0.0708% 0.0053
0,00353 0,.0066 -0.0066 0.0066 -~0.0066 0.0053 0.0691
LET {(X*X) = 0.1478492160D 09
L-EFFUCLENCY= 98.0
AVERAGE VARIANCE OF COEFFICIENTS= 0.0697
T~EFFICIENCY= 95.7

MAXIMUM VARIANCE OF FITIED RESPONSE= 0.7021



DESLGN (
0

12 0. 1348
13 ~0.0922
14 0.0436
15 -0.0213
16 0.0071
23 -0.007
24 ~0. 1348
35 0. 0638 |
26 0.0780
34 Q. 0496
35 -0.0213
36 ~0. 1348
45 -0.0213
4n 0.13i48
56 ~0.0638
58 0.1018

CCNFQUNDING IKNLEX=

6.15. 3)

ALIAS MATRIX

1
0.0851
-0.0319
-0.0213

0.2234

-0.0745

0.0745
-0.0851
-0.1702

0. 1809
-~0.5213

0.2234
~0.0851
~0.2766
~-0.4149

-0.3298 .

0.8249

2
~0.0851
0.0319
0.0z213
~0.2234
0.Q745
~0.0745
0.0851
0.1702
-0,1809
0.5213
0.2766
0.085%
0.2786
-0.5851
0.3298

1.0217

0.9618
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3
0.0851
~0.0319
-0.5213
0.2234
~0.0745
0.0745
0.4149
0.3298
0.1809
-0.0213
0.2234
-0.0851
-0.276¢€
0.0851
0.1702

0.82u9

' 4
-0.0851
~0.4681
0.0213
~0.2234
-0.4255
0. 4255
0.0851
0.1702
~0.6809
0.0213
=0.2234
0.0851
0.2766
-0.0851
-0,1702

1.3090

5
~0.1985
0.2411
~0.2837
-0,0213
-0.3262
0.3262
0.1986
0.0638
0.4113
-0.2837
-0.0213
0.1986
~0.0213
-0.1986
~0.0638

0.7684

6
0.0851
~-0.0319
-0.5213
-0.2766
~0.8745
0.0745
-0.5851
0. 3298
0. 1809
-0.0213
0.2234
~0. 0851
~0.2766
0.0851
¢.1702

1.0217



TESIGN ( 6.16. 1)
6 VBRIABLES 7 PARAHETERS 16 RUNS
DESIGN HATRIX
X(1) X(2) X(3) KA{#) X(5) X(6) YARIANCE OF FITTED RESEQNSE
1. . -1, 1. -t -1 0.4375
1. 1. 1. 1. -1, -1, 0.4375
1. woo- -1, -1 1. 0.4375
1. -1 -1 1. -1 -1 0.4375
T T T B 1. -t 0.4375
1. -1. (DS DL DO, I 0.4375
. -1 1. -1, -t 1. 0.4375
1. 1. 1. -1, 1. -1 0.4375
-1. 1. 1. 1. 1. 1. 0.4375
1. -1, 1. . -1, 1. 0.4375
1. 1. . -1 1. -t 0.4375
e P P P 1. 1. 0.4375
1. 1. -1 1. 1. 1. 0.4375
1. ~1. -1 1. 1. -1, 0.4375
1. -1 1. 1. 1. 1. 0.4375
~1. . -1, -1, -1 1. 0.4375
X'X INVERSE
0.0625 0.0 0.0 0.0 0.0 0.0 0.0
0.6 0.0625 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0625 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0625 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0625 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0625 0.0
0.0 0.0 9.0 0.0 0.0 0.0 0.0625
PEL(X'X)=  0.26E6354560D 69
T-EPFICIENCY= 100.0
AVERAGE VARIANCE OF COEFFICIENTS= 0.0625

T~-EFFLCIENCY= 100.0

MAXIRUN VARIANCE OF FITTED RESPONSE= 0.84375
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ALTAS MATRIX
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LCESIGN { 6.17. 1)
€ VARIARLES 7 PRRANETERS 17 EUNS

LESTGN MATRIX

X(1)  X(2) X43) X(4) X(5) X(€) VARIANCE OF FITTED RESPONSE
-1, . -1 1. 1. 1. 0.4348
-1, -1, 1. 1. -1, -1, 0.3043

1. 1. -1 1. -1, -1, 0.4348
-1, 1. 1. 1. -1, 1. 0.4130
1. 1. . -t 1. 1. 0.4130
S PR PURE DR PR, I 1. 0.4348
1. -1, 1. 1. . -1, 0.4130
. -1 -1, 1. -1, 1. 0.4348
. -1 1. 1. 1. 1. 0.43u8
1. 1. . -1, -1, -1, 0.4348
-1, ~1. 1. -1 1. -1, 0.4130
-1, -1 . - -1 1. 0.4130
LT T LTS DU DR 0.u43u8
1. 1. -1 -1 1. 1. 0.3696
-1, . ~1. -1 1. -1 0.4348
-t - -1 1. 1. -1 0.4130
-1, 1. 1. 1. -1 -1, 0.3696

X'X INVERSE
0.0598 0.0027 0.0027 ~0.0027 ~0.0027 0.0027 0.0027
0.0027 0.0598 -0.0027 0.0027 0.0027 ~-0.0027 ~0.0027
0.0027 ~0.0027 0.0598 0.0027 0.0027 ~0.0027 ~0.0027
-0.0027 0.0027 0.0027 0.0588 -0.0027 0.0027 0.0027
-0.0027 0.0027 0.0027 -~0.0027 0.059%8 0.0027 0.0027
0.0027 -0.0027 -0.0027 0.0027 0.0027 0.¢598 ~0.0027
0.0027 -0.0027 -0,0027 0.0027 0.6027 ~0.0027 0.0598
DET (XX} = 0.3858759680D 09
D-EFFICLENCY= 992.1
AVERAGE VABRIANCE CF COEFFICIEWTS= 0.05¢8
T-EFFICIENCY= 98.4

BAXTIHMUH VARIANCE OF FITIED RESPONSE= 0.4348



6.17.

i}

ALIAS MATRIX

LESIGH
0

12 0.0652
13 -0.021%7
14 ~0.0652
15 0. 0435
16 0. 0652
23 -0.0652
24 -0.0870
25 0.1087
26 0.0652
3a Q.0435
35 ~0. 0435
36 ~0. 0435
45 ~0.0652
46 -0.0435
56 0.0870
55 0.0624

CCNFOQUNDING IHLEX=

1
~0.0&52
0.0217
0.0652
~0.0435
~0.0852
0.0652
-0.4130
-0.1087
-0.0652
-0.0435
0.5435
0.0435
0.0652
0.0435
0.4130

t.6619

2
-0.0652
0.0217
-0.4348
-0.0435
-8.0652
0.0652
0.087¢
~0.13087
~0.0865Z2
~0.043¢8
~0.4565
0.0435
-0.4348
0.0435
c.4130

¢.8015

0.6385
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3
0.0652
~0.0217
~0.0652
0.5435
0.0652
-0.0652
-0.0870
-0.3613
0.0652
0.0435
~0.0435
~0.0435
-0.0652
0.0870

0.4972

4
~0.4348
-0.0217
-0.0652

0.0435
0.0652
-0.0652
~0.087¢0
~-0.3913
0.0652
0.0435
-0.0435
-0.0435
~0.,0652
~0.0435
0.0870

0.3885

5
~0.0652
0.5217
0.0652
~0.0435
0.4348
~0.4348
~0.4130
-0. 1087
0.4348
-0.0435
0.0435
0.0435
0.0652
0.0435
-0.0870

1.0515

~0.0652
0.02%7
0.0652
0.4565
-0, 0652
0.0652
¢.0870
0.3913
-0.0652
-0.0435
0.0435
0.0435
0.0652
G.0435
-0.0870

0.41702
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DESIGW { 6.17. 2)
6 VARIAELES 7 PARRMETERS 17 RUNS

DESIGN MATFRIX

v

X(1)  X(2)y X(3) X&)y X(5) X(6) VARIANCE OF FITTED RESPONSE
1. 1. Te -1. -1, -1, 0.4348
-1. 1. 1. -1. 1. 1. 0.4348
1. 1. 1. 1. 1. ~1. 0.4130
1. -1. 1. 1. ~1. ~1. 0.4348
-1, - e t. 1. 1. 1. 0.4348
-1. -1. =7 ~1. -1. ~1. 0.43u8
~1e 1. ~Te 1. 1. ~T. 0.3043
1. ~1. -1. -1 1. 1. 0.4348
1. - 1. T 1. =1 1. 0.4130
-1. 1. 1. ~Ta -1. 1. 0.43u8
1. -1, -1. -1. -1. 1. 0.4130
t. 1. - 1. ~1. 1. -1. 0.4130
-1, 1. ~1. 1. ~1a 1. 0.4130
1. 1. -Te 1. Te 1. 0.4130
i -1. 1. ~te 1. -1, G.4348
-1 -1. ~ 1. 1. 1. -1. 0.369%6
-1 1. ~ 1. 1. -1. ~1. 0.3696

X'X INVERSE
0.0598 0.0027 -0.0027 0.0027 -€.0027 ~-0.0027 0.0027
0.0027 0.0598 0.0027 -0.0027 04.0027 0.0027 -~0.0027
~0.0027 0.0027 0.0598 0.0027 -0.0027 -0.0027 0.0027
0.0027 ~0.0027 0.0027 0.0598 0.0027 0.0027 -0.0027
~0.0027 0.0027 -0.0027 0.0027 0.0598 -0.0027 0.0027
-0.0027 0.0027 -0.0027 0.0027 ~C.0027 0.C0598 0.0027
0.0027 -0.0027 0.0027 -~0.0027 0.0027 0.0027 0.0598
CET ¢X'X) = 0.3€58759680D 09
D-EFFICIENCY= 99.1
AVERAGE VARIANCE OF COEFFICIENTS= (.0598
T-EFFICIENCY= 98.4

MAXIMUM VARIANCE OF FITIED RESPONSE= 0.4348



CESIGE ( 6.17. 2)

ALTAS MATRIX

0
12 -0.0870
13 0,0:17
14 -0.02%7
15 -0.0870
16 0.0435
23 -0.,0217
26 0.0217
25 0.0652
26 -0.0652
36 -0.0000
35  =0.0652
26 0.0217
45 0.0435
46 -0.0435
56  =0.0435

ss  0.0378

CCHNEQOUNDING INLEX=

1
0.0870
-0.,0217
0.0217
0.0870
-0.0435
G.0217
=0.0217
0.4348

~0. 4348

€.5000
~0.4348
-0.5217
-0.0435
0.0435
0.0435

1.1139

2
-0.0870
0.02%7
-0.0217
0.4130
-0.4565
~0,0217
0.0217
0.0652
~0.0652
~0.5000
~0,0652
0.0217
C.0435
-0.04&35
~0,0435

0.6574

0.7153
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3
0.0870
~0. 0217
0,527
-0.4130
~0.5435
. 0.0217
~0.5217
-0,0652
0.0652
0.0000
0.0652
~0.0217
-0.0435
¢.0435%
D.0435

1.0378

4
~0.0870
0.5217
-0.0217
-0.0870
0.0435
~0.5217
0.0217
0.0652
-0.0652
-0.0000
-0.0652
0.0217
0.0835
~0.0435
-0.,0435

0.5813

5
0.,4130
-0.4783
-0,02%7
~0,0870
0.0835
-0.,0217
0.0217
0.0652
~0.0652
-0.0000
-0.0652
0.0217
0.0435
-0.0435
-0.0435

0.429

6
~0. 4130
-0.5217

0.0217
0.0870
~0.0435
0.0217
-0.0217
-0.0652
0.0652
0.0000
0.0652
=0.0217
-0.,0435
0.0433
£.0435

0. 4726
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LESIGN ( 6.17. 3)
6 VARIAERLES 7 PARAMETERS 17 RUWS

CESIGN MATRIX

X{1) X(2) X(3) X (4) X (3) X (6) VARIANCE OF FITTED RESPONSE
-1. 1. 1. 1. 1. 1. 0.3696
-Te -1. ~-1. -1 -1. 1. 0.4130

1. -1. 1. -1. =1, -1 0.3696
1. -1. -1. 1. - 1. 1. 0.4130
-1 -1 1. 1. 1. -1. 0.4348
-1. 1. ~1. 1. -1. -1. 0.4348
1. 1. -1. 1. 1. 1. 0.4348
-1 1. ~1e -1, -1. 1. 0.%4130
-1. ~1e 1. 1. ~1. -1. 0.4348
-1. -1, ~1. -1. 1. 1. 0.4348
1. -1 ~T. -1. 1. bt 0.3696
1. -1. -1. 1. 1. =-1. 0.4130
-1. 1. 1. -1, 1. 1. 0.4130
1. -1 1. -1, ~1. 1. 0.4130
1. 1. 1. 1. -1, 1. 0.04348
1. . 1. 1. ~1. 1. -1. 0.43u48
1. 1. -1 -1. -1. i 0.369%

X'X INVERSE
0.0598 ~0.0027 0.0027 0.0027 0.0027 0.0027 0.0027
~0.0027 0.0598 0.0027 0.0027 0.0027 0.0027 0.0027
0.0027 0.0027 0.0598 ~0.0027 -0.0027 -0.0027 -0.0027
0.0027 0.0027 -0.,0027 0.0598 -0.0027 -0.0027 ~-0.0027
0.0027 0.0027 -0.0027 ~-0.0027 0.0598 -0.0027 -0.0027
0.0027 0.0027 -0.0027 -0.0027 =0.0027 0.0598 -0.0027
0.0027 0.0027 -0.0027 =-90.0027 -0.0027 -~0.0027 0.0598
DET (X'X) = 0.3858759680D 09
CL-EFFICIENCY= 99.1
AVERAGE VARIANCE QOF CORFFICIENTS= 0.0598
T~-EFFICIENCY= $8.4

MAXIMUM VARIANCE OF FITTED RESPONSE= 0.4348



6.17.

3)

ALIAS MATRIX

DESIGN (

0
12 -0.0435
13 -0.0870
14 -0,0435
15 -0,0870
16 -0.0435
23 0.0870
24 0.0652
25  0.0870
26 0.1087
34 0.0652
35 0.0870
36 0.0652
45  0.0435
46-  0.0435
56  0.0870
Ss  0.0794

CONFOUNDING INDEX=

1
-0.0435
~0. 0870
-0.08435
~0,0870
-0.0435

0.0870
0.0652
0.0870
0.1087
-~ul4348
~0.4130
0.90652
0.6435
0.5435
-0.4130

0.8837

2
0.0435
0.9870
V.0u35
0.0870
0.0435

~-0.0870
-0.0652
-0.0870
-0.1087
-0.0652
0.4130
0.4348
-0.0435
0.4565
0.4130

0.7968

0.8185

b1

3
0.0435
0.087¢0

. ~0.4565

~0. 4130

0.0435
~0.0870
-0.0652

0.4130

N.3913
-0.0652
~0.0870
~0.0652
-0.0435
~0.0435
-0.0870

0.7533

i
0.0435
-0.4130
0.0435
0.0870
0.5435
~0.0874¢
~0.0652
-0.0870
0.3913
~0.0652
~0.0870
-0.0652
-0.0435
-0.0435
~0.0870

0.6772

5
0.0435
~-0.4130
0.0435
0.0870
~0.4565
0.4130
~-0.0652
-0.0870
0.3913
~0.0652
-0.0870
-0.0652
-0.0u435
-0.0435
-0,0870

0.7533

6
0.0u35
0.0870
0.5435

-0. 4130
0.0435
0.4130
0. 4348

- 0.8130

~0.1087
-0.0652
-0,0870
-0.0652
-0.0435
~0.0435
~0.0870

1.0468
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LESIGN € 6.18. 1)
6 VABIRELES 7 PARAMETERS 18 RUNS

DESIGHN MATRIX

41 X(2)  X(3)  X{4) X(5) %6} VARIANCE OF FITTED RESPONSE
-1. 1. 1. 1. ~-1. 1. 0.3864
1. 1. 1. -1. 1. 1. 0.4110
1. -1, -1 1. 1. 1. 0.4318
~-1. 1. -1 -1, ~%e 1. 0.3030
-1. - 1. 1. ~-1. 1. -1. 0.4110
1. -1. 1. -1, 1. 1. 0.u318
-1. 1. -1, ~-1. ~1. -1 0.3655
=1 - 1. ~1a 1. 1. ~1. 0.4110
~ 1. 1. e 1. 1. 1. 0.4110
-1. - e ~1a -1, ~1. 1. 0.3655
-1. 1. 1. -1. 1. -1. 0.4318
1. 1. 1. 1. -1. -1. 0.4110
1. -1. -1. -1. -1, -1. 0.4318
1. 1. ~1. 1. 1. -1. 0.4318
1. - 1. 1. Te -1. -1. 0.3485
-1, -1. 1. 1. -1. 1. 0.3655
A 1. -1. -1. -1. 1. 0.3485
-1 ~-1. 1. 1. I ~1. 0.3030

0.0568 0.0057 0.0 0.0 ¢.0 0.0057 0.0
0.0057 0.056¢8 6.0 0.0 0.0 ~0.0057 0.0
0.0 0.0 0.0573 0.0052 0.0052 0.0 ~0.0052
0.0 0.0 0.0052 0.6573 ~0.0052 0.0 0.0052
0.0 0.0 0.0052 ~0.0052 0.0573 0.0 0.0052
0.0057 -0.0057 0.0 0. ¢c.0 0.0568 0.0
0.0 0.0 -0.0052 0.0052 0.0052 0.0 0.0573
DEL XXy = 0.5536481280D 09

L~-FXFICIERCY= 98.6
AVERBGE VARIANCE OF COEFFICIENTS= 0.0571
T-ZFFICIENCY= ¢€7.3

¥AX1HUM VABIANCE OF FITTED RESPONSE= 0.43178



6.18.

1)

ALIRS MATRIX

LESIGN |

0
12 0.0
13 0.0
14 0.0
15 0. 0909
16 0. 0us55
<3 -0.€909
6 -0.0909
25 0.0
6 0.€909
34 -0.0000
35 0.6
36 -0. 0909
45 0.0
46 -0. 1364
56 0.0455
SS

0.0640

OO0 =

0.
0.
00
-0.0909
-0.0455
0.0903
0.09C9
0.0
-0.0909
0.0000
0.0
0.0509
0.0

-0, 3636

C.4545
0.3822

-0.0833
0.0608

CON¥OUNDING INLEX= 0.7254
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i
0.0833
-0.0833
-0.1250
0.0817
-0.3750
0.0
0.0
0.0833
0.0
0.0
~1.0000
0.0
-0.0000
0.0
0.0833

1.1858

6
-0.0833
0.0833
-0.3750
0.4583
~0.1250
0.0
0.0
~0.0833
0.0
0.0
0.0
0.0
0.0000
0.0
~0.0823

0.3941



CESIGH |

6.18.

6 VERRIABLES

X{1)y X¢2)
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,
0.0568
0.0057
0.C
0.0
0.0
0.6
€.6057 ~
CETAX*X) =

LESIGN
X {3)
~1.
-1

- 1.

1.
-1.

1.

X*x IN

0.0057
0.05068

2)

7 PLRAMETERS

MATRIX
X(u X

1.
~1.
- 1.

1.

1.
-1
-1,

1.
-1.

1.
-1,

1.

1.

1.
=T

~1.

VEESE
0.0
G.0
0.0573
0.0052
-0.0052

0.0052
0.0

(35)

-1,
1.
1.
1.
1.

“1.

-1.

-1.

- 1.

-1.
1.

-1.

-1.
1.

0.5536481280D 09

D-EFFPICIERCY= 9

8.6

X(6)

-1,

1.
-1.
~-1.

1.
~1a
-1.

Qo ooCocoCCC

052
573
052
052

[=ReNeNeNoNe ol

AVEEAGE VARIANCE OF COEFFICTIENIS=

T-LFFELCTIFERCY= 9

BAXI#UA VAEIANCE OF FITTEODO PESPONSE=

7.3

VARIANCE OF FITTED EESFONSE

0.0
¢.0
~0.0052
0.0052
0.0573
G.0052
6.0

0.4318

18 RUNS

0.0 0.005
0.0 6. 0405
0.0052 6.0
-0.0052 0.0
0.0052 0.0
0.0573 C.0
0.0 G.C568

0.3485
0.4318
0.3655
0.3864
0.4110
0.3864
0.4318
v.4110
0.4110
0.348%
0.4110C
0.365%
0-4318
0.411¢
0.348°<
0.3864
0.365¢%
0.3485



6.18.

2)

RLIAS MATRIX

LESIGN ¢

0
12 0.0455
13 0.0
14 0.0
15 0,0
16 0.G909
23 ~0. 1818
24 0.1364
5 ~0.0455
20 0.0455
34 -0. 15818
35 0. 1364
356 0.0
49 -0. 1364
46 0.0
He 0.0
55 0. 13064

CONFOUNDING

INTEX=

1

~-0,0455
0.0 ~0.2917
0.0 0.3333 -
0.0 0.1250
-0.0609 0.4583
~-0.3182 0.0
0.3636 0.0
0.0455 0.0
0.4545 -0.0833
-(.3182 0.0
0.3636 0.0
0.0 -0.3333
0.1364 0.0
0.0 -0.1667
0.C 0.5833
0.70u5 0.9358
0.7432

2
~0.1667

1k 5

3
~0.3333
~0.2083
~0.2333
0.3750
0. 0617
6.0
0.0
6.¢
-0.4167
0.0
0.0
-0. 1667
0.0
-0.3333
~0.0833

0.7274

n
0.3333

~0.16067
~-0.4167

0.5608

0.1667
0.2317
0.1667
~0.1250

P
o]
f~3
Y
~4

S OO T O

¥

o
Lad
W

- 667

COOL OO T
.

-0.3333
-0.0833

0.H061

OO0
s N
ocoC o &

a

-0.0909
-0. 3182
~3. 1364
0.5455
-0, 0455
-0.3182
~0. 1304
0.0
-0.3636
0.0
0.0

0.B864



k6

DESIGN ( 6.18, 3)

& VARIAELES 7 PARAMETERS 18 RUNS
LESIGK MATRIX
X(H  X(2) X3y Xx{4) X(5) X(6) VARILNCE OF FITTED RESPONSE
T i. 1. 1. 1. -1, 0,4110
-1. 1. -1. 1. -1, 1. 0.4318
~-1. -1. 1. -1. -1. -1. 0.3030
-1. L 1. 1. 1. -1. 0.4318
1. 1. 1. - 1. -1. -1. 0.3864
1. -1. -1. t. -1, 1. 0.4318
1. ~-1. ~-1. -1. 1. ~1. 0.3655
1. -1, 1. 1. 1. 1. 0.4318
~-1. -1. -1 -1. 1. -1. 0.3864
-1. 1. 1. -1. 1. 1. 0.4318
1. 1. ~-1. -1, 1. 1. 0.3485
~1. 1. -1. -1. -1 -1, 0.3864
1. 1. ~-1. -1, 1. 1. 0.3485
1. 1. ~-1. 1. -%. -1. 0.4110
1. - 1. 1. -1. -1. -1. 0.3655
-1. -1. 1. 1. -1. 1. 0.3u85
-1. -1 -1. 1. 1. -1 0.4318
-1 - 1. 1. -1. -1. 1. 0.3485
X'X IKVERSE
0.0568 0.0 ¢.0 0.0 0.0057 0.0 0.0057
0.0 0.0573 -0.0052 0.0052 0.0 =0.0052 0.0
0.0 -0,0052 0.0573 0.0052 0.0 =0.0052 0.0
0.0 0.0052 0.0052 0.0573 0.0 0.0052 0.0
0.0057 0.0 0.0 0.0 0.0568 0.0 ~0.0057
0.0 -0.0052 ~0.0052 0.0052 0.0 0.0573 0.0
06.0057 G.0 G.0 0.0 -0.0057 0.0 0.0568
DET(X¥X) = 0.5536481280D 09

L-EFFICIENCY= 98,6
AVERAGE VARIANCE OF COEFFICTENTS= 0.0571
T-EFFICIENCY= 67.3

FAXTHMUM VARIANCE OF FITTED RESPONSE= 0.u4318



6.18.

3)

ALIAS MATRIX

DESIGHN (

0
12 0.0909
13 ~0. 1364
14 0.0
15 0.1364
16 0.0
23 ~0. 1364
24.  -0.0455
25 0. 1364
26 -0.C455
34 0.0
35 -0.0455
36 0.0
45 -0. 0455
he 0. 0909
56 -0. 0455
ss

CONFOUNDING INDEX=

0. 1012

OO -

0.
0.
-0,0833
0.0
~0.1667
-0. 0417
-0.08323
0.0417
-0.1667
0.0417
-0.0417
-0.3333

~0.0417 .

0.0833
0.3333

0.3073

0.4583
~0.3333
~0.0417
-0.4167

0.3333

0.6823

0.75693

1Lt

833

OO OO
SO0 W

~0.3333
<0.0417
0.0833
0.4583
-0.3333
-0.0417
0.0417
-0.1667
0.5417
-0.0833
0. 1667

0.8073

4
-0.,0909
0.1364
0.0
-0.1364
0.0
0.1364
0.0455
-Q.1364
-0, 4545
0.0
0.5455
0.0
0.0455
-0.03909
~-0,4545

0.8058

~0.4167
-0.1667

0.9740

6
-0.0809
-0.3636

0.0
0.3636
6.0
~0.3636
-0, U545
0.3636
0. 0455
0.0
0.0455
0.0
~0. 4545
~0.0909
0.0455

0.9649
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LESIGN ( 6.19. 1)
6 VARIABLZS 7 PARAMETERS 19 RUNS

DESIGN MATRIX

X(1)  X(2) X{3) X(8) Xi{5 X(6) VARIANCE OF FITTED RESPORSE
-1. -1. -1. 1. 1. -1, 0.3350
1. -1. -1. 1. -1. -1. 0.4087
-1. -1. -1. -1. -1. -1, 0.4087
-1. -1. 1. -1. 1. -1, 0.3350
1. -1. ~-1. -1. 1. 1. 0.4687
1. -1. 1. 1. 1. 1. 0.3787
~-1. 1. -1. 1. -1 1. 0.3350
1. 1. ~-1. 1. 1. -1. 0.3350
-1. 1. -1. ~1. 1. 1. 0.3787
-1. -1. 1. -1, 1. -1. 0.3350
1. 1. -1. 1. 1. -1. 0.3350
1. 1. 1. -1. ~-1. -1. 0.3787
-1. 1. T 1. -1. -1. 0.4087
1. 1. 1. -1, 1. -1. 0.3350
1. -1. 1. 1. -1. 1. 0.3600
-1. 1. -1. -1. -1. 1. 0.3600
-1. 1. 1. 1. 1. 1. 0.4087
1. 1. 1. -1. -1, 1. 0.3600
-1. -1. 1. 1. -1. 1. 0.3350

X*X INVERSE

0.0537 0.0038 -0.0038 -9.0038 ~0.0038 -0.0031 0.0031
0.0038 0.0538 -0.0038 ~-0.0638 ~0,0038 ~0.0031 0.0031
-0.0038 -0.0038 0.0538 0.0038 0.0038 0.0031 -0.0031
-0.0038 ~-0.0038 0.0038 0.0538 0.0038 ¢.0031 -0.0031
-0.0038 -0.0038 0.0038 0.0038 G.0538 0.0031 -0.0031
-0.0037 -0.0031 0.0031 0.0031 0.0031 0.0547 0.0078
0.0031 0.003% -0.0031 -0.003% -0.0031 0.0078 0.0547
DET(X*'X) = 0.8192000000D 09
D-EFfFICIENCY= 98.8

BVERAGE VARIANCE OF COEFFICIENTS= 0.0540
T-EFFICIENCY= 97.8

PRXTHMUHM VARIANCE OF FITTED RESPONSE= 0.5000



6.19.

1)

ALTAS MATRIX

DESIGN |

0
12 0.0250
13 U. 1000
T4 0.0800
15 0. 0600
16 -0,0300
23 -U. 0450
24 “0. 1000
5 -0. 0600
26 0. €600
34 -0. 0250
35 ~0. 0600
36 0. 0000
45 ° -u. 0600
46 0.0300
56 ~0. 1400
55 0.0727

CONFOUNDING INDEX=

1
0.0250
0.1000
€. 0800
0.0600

~0.9300
0.1550
-0.3000
¢. 1400
~0.5400
~0.2250
~0.2600
0. 2600
0.1400
-0. 1700
0.0600

0.6847

2
-0.0250
0.10060

-0.2800°

0.1400
-0.5700
0.0450
0.1C00
0.0600
~0.0600
-0.1750
~0. 1400
~0.2600
.2600
~0,2200
~0,0600

0.6947

0.6391
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3
0.1750
-0.1000
-0.2800
~0.2000
0.2300
0.0450
~0. 1000
-0. 1400
-0.2600
0.0250
0.0600
~0.0600
-0. 1400
0.5700
-0.0600

0.6947

4
-0.2250
-0.3000
-0.0800
.0.7400
-0.1700
~0.1550
0.1000
0.2600
-0.2600
0.025¢0
~0. 1400
0.5400
0.0600
-0.0300
~0.0600

0.68u47

5
0.0625
~0.2500
0.1000
-0.0500
0.0250
~0.2125

0.2500

0.0500
-0.0500
-0.0625

0.0500
-0.0500

0.0500
-0.0250
-0,0500

0.2067

6
-0.5625
0.2500
-0.1000
0.0500
-0.,0250
~0.2875
-0.2500
-0.0500
0.0500
0.5625
-0.0500
0.0500
~0.0500
0.0250
0.0500

0.8692
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CESIGE { 6.19. 2}

6 VARIABLES 7 PRRAMETERS 12 RUNS
DESIGY MATRIX
X(1) X(2) X({3) X{W) X(5 XxX(6) VARIANCE OF FITTED RESPONSE
-%. 1. -1 1. -1 1. 0.3600
T 1. ~ V. -1. 1. ~1. 0.4087
-1. 1. T. 1. ~1. 1. 0.3350
1. - 1. 1. -1. -1. 1. 0.3400
-1. -1. 1. 1. 1. -1. 0.3787
1. 1. 1. ~1. -1. 1. 0.3350
-1, 1. -1. -1. ~1. 1. 0.3350
1. 1. 1. 1. 1. 1. 0.3787
1. -1, -1. - 1. -1. -t. 0.3600
1. -1. -1. 1. 1. 1. 0.3787
-1. -1. . 1. 1. -1, ol 0.3350
-1, -1 -~ 1. -1. 1. 1. 0.4087
1. -1. 1. -1 ~1a ~1. 0.3350
1. 1. 1. 1. 1. -1. 0.4087
-1. ~1. -1. 1. -1, -1. 0.36090
-1. 1. 1. -1. -1 ~-1. 0.3350
1. -1, -1. 1. -1. 1. 0.3600
-1, -1, 1. ~1. 1. 1. 0.u687
-1. 1. -1. -1 1. ~1. 0.3787

XX INVERSE
0.0547 0.0031 0.0021 -0.0031 0.0031 0.0078 ~0.0031
0.0031 0.0538 0.0038 -~0,0038 0.0038 -0.0031 -0.0038
0.0031 0.0038 0.0538 -0.0038 0.0038 -0.0031 -0.0038
-0.0031 -0.0038 ~-0.0038 0.0538 -0.0038 0.0031 0.0038
0.0031 0.0038 0.0036 -0.0038 0.0538 -0.0031 -0,0038
0.0078 -0.0031 ~-0.0021 0.0031 ~0.0031 0.0547 0.0031
-0.0037 -0.0038 -0.0038 0.0038 ~-0.0038 0.0031 0.0538
DET{X'X) = 0.8192000000p Q9
D-EFFICIENCY= 98.8
AVERAGE VARIRNCE OF COEFFICIENTS= 0.0540
T-EFFICIENCY= . 37.4

YAXIMUM VARIANCE OF FITTED RESPONSE= 0.5000



DESIGN ( 6.19. 2)
. ALIAS MATEIX

0 t 2 3 : 4 5 6

. 12 0.0125 -0.0850 -0.0850 0.2850 0. 1150 0.4875 -0.1150
13 0.0500 0.0600 0.2600 -0.0600 ~0,1400 ~0.0500 0.1400

14 0.0125 -0.0850 0.1150 ~0. 1150 -0.0850 0.4875 0.2850
15 0. 1000 -0.6800 0.5200 -0, 1200 0.5200 ~0.1000, -0.1200

16 0.0500 0.0600 -0.1400 0.1400 0.2600 ~0.0500 -0.0600
23 0. 0750 0.2900 0.0900 ~0.0900 0.2900 -0.0750 0.1100
4k -0.6G750 0.1100 -0.09C0 0.2900 ~0.0900 0.0750 0. 23800
25 0. 1000 0.5200 -0.0800 ~-0.1200 0.1200 ~0.1000 -0.5200
26 -0.0125 -0.1150 0.0850 0. 1150 0.2850 ~0.4875 -0.0850
34 0.1375 ~ -0.,1350 0.2650 -0.0650 0.0650 0.3625 -0.2650
35 ~0.0250 -0.0300 -0.0300 -0.1700 0.3700 0.0250 0.0300
36 -0.0500 _ 0. 1400 0.1400 0.0600 -0.2600 0.0500 0.0600

45 0,0560 0.4600.  0.0600  0.3400 -0.1%00 -0.050C -0.0600
46  0.1000  0.3200  0.3200 -0.3260  ©.1200 -0.1000 -0, 1200
56 ~0.0750 -0.0900 -0.4900  0.0900 =-0.0900  0.0750 -0.1100
SS  0.0769 0.7687  0.8447  0.5147  0.8167  0.9019  0.6107

CONFOUNDING INDEX= 0.7429
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CESIGN ( 6.20. 1
6 VARILBLES 7 PARAHETERS 20 RUKS

DESIGN HATRIX

X(1) X€2) X(3) K(¥) X({5) X(6) VARIANCE OF FITTED RESFONSE
-1, 1. -1. 1. 1. -1, 0.3500
1. 1. 1. 1. 1. ~Te 0.3500
-1. 1. 1. -1. 1. -1. 0.3500
-1. -1. 1. -1. ~1. 1. 0.3500
-1. 1. 1. 1. -1, 1. 0.3500
-1. ~1. -1. 1. -1. ~1. 0.3500
1. - 1. -1. ~1. -1. -1. 0.3500
1. 1. -1. ~-1. 1. 1. 0.3500
-1. 1. 1. -1. -1, 1. . 0.3500
1. - 1. 1. 1. -1. -1 0.3500
-1. -t -1. 1. 1. 1. 0.3500
1. 1. ~1. -1. -1. 1. 0.3500
-1. -1. 1. -1. 1. -1. 0.3500
1. -1. 1. 1. -1. 1. 0.3500
1. -1. ~1. -1. 1. 1. 0.35¢0
1. 1. -1. 1. -1. -1. 0.3500
. 1. 1. 1. 1. 1. 0.3500.
-, 1. -1. -1. -1, ~1. 0.3500
1. - 1. 1. ~-1. 1. ~1. 06.3500
~1. - 1. -1. 1. 1. 1. 0.3500

XiX INVERSE

0.0500 0.0 0.0 0.0 0.0 6.0 6.0
0.0 0.0500 0.0 ¢.0 0.0 0.0 0.0
0.0 G.0 0.050C 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0500 0.0 0.0 0.0
0.C 0.0 0.0 0.0 0.0500 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0500 0.0
0.0 0.0 0.0 0.0 0.0 C.o 0.0500
CET(X'X) = 0.12800000G0D 10

L-EFFICIENCY= 100.0
AVERAGE VARIANCE CF COFFFICIENTS= 0.0500
T-EFFICIENCY= 100.0

MAXIMOUN VARIANCE OF FITTED RESPONSE= 0.3500



CESIGN { 6.20. 1)

ALIAS MATRIX

0 1 2 3 4 5 6
12 0.0 0.0 0.0 -0.2000 0.2000 0.2000 0.2000
13 0.0 0.0 ~-0.2000 0.0 0.6000 0.2000 ~0.2000
14 0.0 0.0 0.2000 - 0.6000 0.0 ~0.2000 -0,2000
15 0.0 0.0 0.2000 0. 2000 -0.2000 0.0 0.2000
16 0.0 0.0 0.2000 -0.2000 ~0.2000 0.2000 0.0
23 0.4 ~0.2000 0.0 0.0 . 0.2000 0.2000 0.2000
24 0.0 0.2000 0.0 0.2000 0.0 0.2000 -0.2000
25 0.¢ 0.2000 0.0 0. 2000 0. 2000 0.0 ~0.2000
26 0.¢ 0.2000 0.0 0. 2000 ~0.2000 -0.2000 6.0
34 0.0 C.0000 0.2000 0.0 0.0 -0.,2000 0. 2000
35 0.0 0.2000 0.2000 0.0 -0.2000 0.0 -0.6000
36 0.¢ -0.2000 0.2000 0.0 0.2000 -0.6000 0.0
45 0.0 -0.,2000 0.2000 -0.2000 0.¢C ¢.0 0.2000
u6- 0.¢ -0.2000 -0.2000 0. 2000 0.0 0.2000 0.0
56 0.0 0..000 -0.2000 ~0.6000 0.2000 0.0 0.0
Ss 0.u 0.7200 0.4000 1. 0400 0.7200 0.7200 0.7200

CCHFCUNDING INLEX= 0.7200
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CESIGN ( 7. B. 1)
7 VAERIARLES 8 PARAMETERS 8 BRUNS

DESIGN MATRIX"

X{iy Xty X{3) Xy X(5) X(é) X (7} VARIANCE OF FITTED RESPONSE
-1. 1. -1 1. 1. 1. -1. 1.0000
1. ~1. 1. 1. 1. -1. -1, 1.0000
1. 1. -1, ~T. 1. -1, 1. 1.0000
1. - -1 1. -1. 1. 1. 1.0000
~1. 1. 1. 1. -1. -1. 1. 1.0000
-1. -1, -1 ~1. -1 I -1. 1.0000
1. 1. 1. -1. -1. 1. ~1. 1.00C0
-1. -1. 1. -1. 1. 1. 1. 1.0000

X'X INVERSE

N
wn
[=]

38
o
(=]

COOCOx20OO

¢ s 8

o0CoCcoOQCOoO
s 1 s ¢ & s & s
. N
QOO OCOO=0
AV
w
(=]
COQOmMOOOOO0

COCTCOC -
ODOoOOCOCOO
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DET({X'X) = 0.1677721600D 08
D-EFFICIENCY= 100.0

BVERAGE VARIANCE OF COETFFICIENTS= 0,12%C
T~EFFICIENCY= 100.0

MAXTHUM VARIANCE OF FITTED RESPONSE= 1.0000
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DESIGN ( 7. 9. 1)

7 VARIAZBLES 8 PARAMETERS 9 RUNS
DESIGN MATRIX
X1y X42y X({3) X4} X(5 X{(6) X(7) VARIANCE OF FITTED RESPCKSE
-1. 1. 1. ~1. ~1. 1. 1. 0.9687
1. ~1. ~1. -1, -1 1. -1. 0.9687
1. 1. ~-1. el 1. -1, 1. 0.9687
-1. 1. ~1. 1. ~1. -1. -1. 0.9687
-1 1. -1. -1. 1. 1. -1. 0.5000
-1. ~t. -1, 1. 1. 1. 1. 0.9687
1. t. 1. 1. 1. 1. -1. 0.9687
-1. - 1. 1. ~1. 1. -1. -1. 0.9687
1. ~1. 1. 1. =1. -1. 1. 0.7187
X*X INVERSE
0.1172 0.0078 -0.0078 0.0078 0.0078 -0.0078 -0.0078 0.0078
0.0078 0.1172 0.6078 ~-0.0078 -C.0078 0.0078 0.0078 -0.0078
-0.0073 0.0078 0.1172 0.0078 0.0078 -0.0078 ~-0.0078 0.0078
0.0078 ~0.0078 0.0078 0.1172 -0.0078 0.0078 0.0078 ~6.0078
0.0078 ~0.0078 0.0078 -0.0078 c.1172 0.0078 0.0078 ~0.0078
-0.0078 0.0078 -~0.0078 0.0078 0.0078 0.1172 -0.0078 c.eo7e
-0.0078 0.0078 -0.0078 0.0078 €.0078 -0.0078 0.1172 0.0078
0.0078 -0.0078 0.0078 -0.40078 ~C.0078 0.0078 0.0078 0.1172

DET {X'X) = 0.3355443200D 08
D-EFFICIENCY= 96,9

AVERAGE VARIANCE OF COEFFICIENTS= 0.1172
T-EFFICIERCY= 94.8

MAXIMUM VARIANCE OF FITIED RESPONSE= 1.0000

of
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LCESIGN ( 7. 9. 1)
ALTIRS MATRIX

0 1 2 3 4 5 6 7
12 -0.1250 0.1250 -0.1250 0.1250 0.1250 0.8750 ~0.1250 0.1250
13 0.1250 -0.1250 0.1250 ~0.1250 0.8750 0. 1250 0. 1250 -0.1250
14 0.1250 -0.1250 0.1250 0.8750 ~0.1250 0.125¢ 0.1250 -0.1250
15 ~-0.1250 0.1250 0.8750 G. 1250 0.1250 ~0.1250 ~0..1250 0.1250
16 ~0. 1250 0.1250 -0.1250 0.1250 0.1250 -0.1250 ~-0. 1250 ~0.8750
17 0. 1250 -0.1250 0.1250 ~C. 1250 -0.1250 0.1250 -0.8750 ~0.1250
23 -0. 1250 0. 1250 -0.1250 0.1250 0.1250 -0.1250 0.8750 0.1250
24 -0.1250 0. 1250 ~0.1250 0.1250 0.1250 ~0.1250 -0, 1250 -0.87%0
25 0.1250 0.8750 0.1250 -0.1250 ~-0.1250 0.125¢ 0.1250 -0. 1250
26 0.1250 -0.1250 0.1250 G.8750 -0.1250 0.125¢C 0. 1250 ~0.1250
27 -0. 1250 0.1250 -0.1250 0.1250 -0.8750 ~0.1250 =0.1250 0.1250
34 0.1230 0.8750 0.1250 ~0.1250 ~-0.1250 0.1250 0. 1250 -0.1250
35 ~-0.,1250 0.1250 -0.1250 0.1250 0.1250 ~0.1250 ~0.1250 ~0.8750
36 -0.1250 0.1250 0.8750 0. 1250 0.1250 ~0.12506 ~-0. 1250 0.1250
37 0.1250 -0.1250 0.1250 ~0.1250 ~0.1250 -0.8756G 0.1250 -0.1250
45 ~0.1250 0.1250 ~-0.1250 0. 1250 0.1250 ~0.125¢ 0.8750 0.1250
Le -0. 1250 0. 1250 ~-0.1250 0.1250 0.1250 0.8750 -0.1250 0.1250
47 0.1250 ~0.1250G -0.8750 ~C. 1250 ~0.1250 0.1250 0.1250 ~0.1250
56 0. 1250 -0.1250 0.1250 ~0.1250 0.8750 0.1250 0.1250 -0.1250
57 -0.1250 0. 1250 -0.1250 ~0.8750 0.1250 -0.1250 ~0.1250 0.125¢C
67 ~0. 1250 -0.875¢0 -0.1250 0.1250 0.1250 -0.125¢C -0. 1250 C. 1250

88 0.3281 2.5781 2.5781 Z.5781 2.5781 2.5781 2.5781 2.5781

CONFCUNDING INLEX= 2,5781
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LESIGN { 7. 9. 2)
7 VARIABLES 8 PARAMETERS 9 RUNS

DESIGN MATRIX

X(1) X(2) X (3} XA4) X({5)y X(6)y X(7 VARTANCE CF FITTED RESPONSE
-1, -t -1. 1. 1. -1. 1. 0.5000
1. 1. 1. 1. 1. 1. -1. 0.9687
-1. 1. ~1. 1. -1, -1, -1. 0.9687
1. -1. -1. -1. -1. i. -1. 0.9687
-1. -1 1. ~1. 1. -1. -1. 0.9687
1. 1. 1. ~1. -1. =1, 1. 0.9687
-1. 1. -1. -1. 1. 1. 1. 0.9687
-1 -1. 1. 1. -1. 1. 1. 0.9687
1. -1. ~1. 1. 1. =1, 1. 0.7187

X'X INVERSE

0.1172 0.0078 0.6078 0.0078 ~-0.0078 -0.0078 0.0078 -0.0078
0.0078 0.1172 -0.0078 -~-0.0078 0.0078 0.0078 -0.0078 c.0c78
0.0078 ~0.0078 0.1172 -0.0078 6.0078 0.0078 -0.0078 ¢.007¢
0.0678 ~-90.0078 -~0.0078 0.1%172 $.0073 0.0078 ~0.0078 0.0078
-0.0078 0.0078 0.0078 0.0078 0.1172 =~0.0078 0.0078 -~0.0078
-0.0078 0.0078 0.C078 0.0078 -0.0078 0.1172 0.0078 ~-G.00786
0.0078 -0.0078 -~0.C078 -0.0078 0.0078 0.0078 0.1172 0.0078
-0.0078 0.0078 0.0078 0.0078 -0.0078 -0.0078 0.0078 C.1172

CET(X*X) = 0.3355443200p 08
L-FFFICIENCY= 96.9

AVERAGE VARIANCE OF COEFFICIENTS= 0.1172
T-EFFICIENCY= 94,8

MEXTMUM VARIANCE OF FITTED RESPONSE= 1.0000



159

LESIGN ( 7. 9. 2)
ALIAS MATRIX

0 1 2 3 4 5 6 7
12 0. 1250 -0. 1250 -0.1250 0.8750 0.1250 0.1250 ~0.1250 0.1250
13 0.1250 ~0.1250 0.8750 ~0. 1250 0.1250 0.125¢C -0. 1250 0, 1250
14 -0. 1250 0.1250 0.1250 6. 1250 -0.1250 0.8750 0.1250 ~0.1250
15 ~0.1250 0.1250 0.1250 0.1250 0.8750 -0.1250 0.1250 -0.1250
16 0.1250 -0.1250 ~0.1250 -0.1250 0.1250 0.1259 ~0. 1250 ~G.8750
7 -0.1250 0. 1250 0.1250 0.1250 -0, 1250 -0.1250 -0.8750 -C. 1250
23 0.1250 0.8750 -0.1250 ~0.1250 0.1250 0.125¢C -0.1250 0.1250
24. 0. 0000 0.0 0.0000 0.0 0.0 ~-0.0000 0.0000 ~-1.0000
25 0.0000 0.0000 0.0000 0.6000 ~0.0000 ~0.0000 1.0000 -0.0000
26 0. 0000 -0.0000 -0.0000 ~-0.0000 0.0000 1.0000 -0.0000 0.00G0
27 ~0. 6000 0.0000 0.0000 0.0000 -1.00C0 ~0.0000 0.0000 -0.0000
34 €. G000 0.000¢ 0. 0000 0.0000 -0.0000 -0.0000 1.GG00 -0.000¢C
35 d.0000 0.0 0.0000 0.0 0.0 ~0.0000 0.0000 -1.0000
36 0. 0000 -0.0000 -0.0000 -0.0009 1.0000 0.0000 -0,0000 0.0000
37 -0. 0000 0.0000 0.0000 0.0000 -0.0000 -1.0000 0, 0000 -0.0000
45 0.1250 0.8750 ~0.1250 ~0.1250 0.1250 0.1250 ~0.1250 0.1250
ko6 -0.0000 0.0000 0.06000 1.0000 -0.0000 ~0.0000 0.0000 ~6.60CC
W7 0.0000 -0.00¢0 -1.0000 ~0. 0000 0.0000 0.0000 ~0.GG00 0.c000
56 -0.0000 0.0000 1.0000 0.0000 -0.0000 -0.00400 0.0000 -0.0000

57 0. 0000 -0.0000 -0.0000 -1.0000 0.0000 0.0000 ~0.0000 0.0000
67 -0, 1250 -0.8750 0.1250 0. 1250 ~0.1250 -0.1250 0, 1250 0. 1250
SS 0. 1406 2.3906 2.8906 2.8906 2.8906 2.8906 2.8906 2.89G6

CCNFCUNDING INLDEX= 2.8192
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DESIGN { 7.10. 1)
7 VARIAQLES & PARAHBETERS 10 RUNS

DESIGN HATBIX

X(1) X{2Z) X(3) X(&)y X(5) X(6) X{(7) VARIANCY OF FITTED BRESPCHNSE
1. - 1. -1 1. 1. -1. -1, 0.7500
-1. -1, 1. -1. 1. 1. -1. 0.75006
-1. 1. -1 1. -1, 1. 1. 0.9375
1. - 1. -1, -1. -1. 1. -1 0.687%
1. 1. 1. - -1. -1, 1. 0.9375
~t. -1. 1. 1. -1. -1, -1. 0.6875
1. -1, 1. 1. 1. 1. 1. 0.9375
- 1. -1, -1. -1. 1. -1, 1. 0.9375
~T. 1. 1. 1. 1. -1. -1. 0.6875
1. 1. -1 ~1. 1. 1. -1, 0.6875

X'X INVERSE

0.1094 2.0 0.0156 0.0 0.0 -0.0156 0.0 0.0156
0.0 0.1094 0.0 0.0156 0.0156 0.0 -0.0156 0.0
0.0156 0.0 0.1094 0.0 0.0 0.0156 0.0 -C.C1%¢
0.0 0.0156 0.0 0.10%4 ~G.0155 0.0 0.0156 0.0
0.0 0.0156 0.6 -0.0156 0.1094 0.0 0.0156 0.0
-0.0156 0.0 0.C136 0.0 ¢.0 0.1094 0.0 0.015%
0.0 ~0.0156 0.¢ 0.0156 0.0156 0.0 0.1094 0.0
0.0135¢ 0.0 -0.0156 0.0 0.0 0.0156 0.0 0.1654
CETi{X¥¥X) = 0.67108864060D 08

D-EPFICIENCY= 95.1
AVERAGE VYARTIANCE OF CCEFFICIENTS= O.1084
T-EFFICIENCY= 91.4

MAXIMUM VARIANCE OF FITTED RESPONSE= 1.0000
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LESIGY { 7.10. 1)

ALIAS MATRIX

G 1 2 K} 4 5 6 7
12 0.0 -0.2500 0.0 0.2500 -0.7500 0.0 ~G. 2500 .0
13 0.0000 0.0 0.0000 0.0 0.0 -0.000C 0.C 1.0000
14 ~0. 3750 0.0 ~0.6250 G.0 0.0 0.625¢0 0.0 0.3750
15 0.0 0.2500 0.0 -0, 2500 0.7500 4.0 0. 2500 0.0
16 0. 1250 0.0 -0.1250 ¢ 0.0 0.1250 0.0 -0.,1250
17 G.0 ~0.9000 0.0 1, 0000 0.,0000 0.0 ~0.0000 0.0
23 0.0 0.2500 0.0 -0, 2500 -0.2500 0.0 -6.7500 0.0
24 0.0 -0.7500 0.0 ~0.2500 -0.2500 0.0 0.2500 0.0
25 ~0. 2500 0.0 0.2500 0.6 0.0 ~0.2500C .0 «0.7500
26 0.4 ~0.2500 0.0 -0. 7500 0.2500 0.0 -0.2500 0.0
27 0.2500 0.0 -0.2500 .0 0.0 ~0.7500 0.0 ~0.2500
k) 0.1250 0.0 -0.1250 c.o 0.0 0.1250 0.0 ~0.1250
35 G. G ~0.25C0 0.0 0.2500 0.2500 0.0 0.7500 G.0
i6 -0, 3750 0.0 -0.6250 0.0 0.0 0.6250 0.0 0.,375¢C
37 0.0 1.0000 0.0 -0.0000 -0.0000 0.0 €.0000 ¢.0
45 0.0 0.7500 0.0 0.2500 0,2500 0.0 ~0.2500 0.0
46 0.0000 0.0 0.0G00 0.0 0.0 -0.0000 0.0 1.0000
y7 0.0 -0.0000 6.0 -C. 0000 -0.0000 0.0 1. 0000 G.0
56 0.0 0.2500 0.0 0. 7500 -0.2500 0.0 0.2500 0.0
57 ~0.2500 0.0 ~0.7500 .0 0.0 -0.2500 4.0 0.2500
67 0.0 -0.0000 0.0 0. 0000 1.0000 0.0 ~G.CCcan e.C
58 0.5000 2.5000 1.5000 2.500u 2.5000 1.500¢C 2.5000 3.0000

.CONFOUNDING INLEX= 2.2857
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CESIGN ( 7.10. 2
7 VARIABLES 8 PARAMETERS 10 RUNS

DESIGN MBTRIX

X(1) X(z X{2} X(4) X(5) X(6) X(7 VARIANCE OF FITTED RESPCNSE
1. 1. 1. -1. -1e =1, -1, 0.937%
1. ~ 1. -1, -1. 1. -1. ~-1. 0.5000

-1. - 1. 1. 1. -1. 1. Y 0.9375
1. 1. -1. 1. ~1. 1. 1. 0.9375
-1 1. 1. -1. 1. 1. 1. 0.9375
1. -1, 1. ~1. ~1. 1. 1. 0.5000
-T. ~1. -1. -7. ~%. -1, 1. 0.9375
1. I 1. 1. 1. -1. 1. 0.9375
-1. 1. ~-1. 1. 1. -1. -1, 0.6875
1. -1, -1 ~-1. 1. 1. -1. 0.6875

X'X IRVERSE

0.1094 -0.0156 0.0156 0.0 0.0156 0.0 0.0 0.0
-0.0156 0.1094 0.01548 0.0 €.0156 0.0 0.0 0.0
0.0158 0.0156 0.1094 0.0 -0.0156 0.0 0.0 0.0
0.0 0.0 0.0 0.1094 0.0 0.0156 ~-0.0156 -0.0156
0.0136 0.0156 -0.0156 0.0 0.105¢ 0.0 0.0 0.C
0.0 0.0 0.0 0.0156 6.0 0.1094 0.0156 0.0156
0.0 0.0 0.0 ~-0.0156 6.0 0.015%6 ©.1094 -0.0156
0.0 0.0 0.0 -0.0156 .0 0.0156 -0.0156 0.1094
DET{X'X}= 0.6710886400D 08

D-EFFICIENCY= 95,1
MAVERAGE VARIANCE OF COEFFICIENIS= 0.1094
T-EFFICIENCY= 91.4

¥AXINUM VARIANCE OF FITTED RESPONSE= 1.0000
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DESIGE ( 7.10. 2)

ALIAS MATRIX

0 1 2 3 4 5 ) 7
12 ~-0. %250 -0.1256 0.12590 ~0, 1250 0.1250 -0.8750 -0, 1250 -0.1250
13 0.0 0.0 0.0 0.2500 0.0 -0.2500 ~0.7500 0.2500
14 -0.1250 -0.1250 0.1250 ~0. 1250 0.1250 0.1250 ~0. 1250 0.8750
15 ~0.1250 ~0.1250 -0.8750 -0.1250 0.1250 G.1250 ~0.1250 ~0. 1250
16 0.0 0.0 0.0 -0.7500 0.0 -0.2500 0.2500 0.2500

17 0. 1250 0.1250 -0.,1250 0.12506 0.8750 -0.1250 0. 1250 0.1250
23 -0. 1250 -0.1250 0.1256 -0, 1250 ~0.8750 0.1250 ~0.1250 -0, 1250
24 0. 1250 0.1250 ~0.1250 ~0.8750 -0.1250 =0.1250 0. 1250 0.1250
25 0.1250 ~-0.8750 ~0.1250 0. 1250 ~0.1250 -0.1250 0. 1250 0.1250
26 0.0 0.0 G.0 -0.2500 0.0 0.2500 -0.2500 0.7500
27 0.0 0.0 0.0 -0.2500 0.0 0.2500 0.7500 -0.2500
34 ~0. 1250 -0.1250 ~0.8750 ~0.1250 0.1250 0.1250 ~0. 1250 -0.1250
35 ~0. 1250 ~-0.1250 0.1250 -0. 12590 0.1250 0.1250 -0.1250 0.8750

36 0. 2560 -0.7500 -0.2500 0.0 ~-0.2500 0.0 0.0 0.0
37 0.1250 0.1250 -0.1250 0.1250 ~0.1250 0.8750 0. 1250 0.1250
45 0.0 0.0 0.0 0.2500 0.0 -0.2500 ~0.7500 0.2500
46 0.0 0.0 0.0 ~0.2500 0.0 =0.7500 ~0.2500 -0.2500
47 ~0.1250 0.8750 0.1250 -0.1250 0.12590 0.1250 3. 1250 -0.1250
St -0.2500 ~C.2500 0.2500 0.0 -0.7500 0.0 0.0 0.0
57 ~-0. 1250 -0.1250 0.1250 0.8750 0.1250 0.1250 ~0.1250 -0. 1250
67 0.2500 0.2500 C.7500 0.0 ~0.2500 0.0 ¢.0 0.0
S8 0.3750 2.3750 2.3750 2.5623 2.3750 2.5625 2.0625 2.5625

CONFOUNDING INDEX= 2.4107



CESIGN ( 7.10. 3)
7 VARIABLES 8 PARAMETERS
CESTIGN MATRIX

X{Nn  x(2) X3} X{4) X&)y X6y  X(7)

-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. - 1. 1. 1. 1. -1. -1.

-1. 1. 1. -1 -1, 1. -1,

X*X INVERSE

164

10 RUNS

VAEIANCE OF FITTED RESPONSE

0.1094 0.0156 0.0 -0.0156 0.0 0.0
0.0156 0.1094 0.0 0.015¢ 0.0 0.0
0.0 9.0 0.10494 6.0 0.015¢ 0.0156
-0.0156 0.0156 0.0 0.1094 0.0 0.0
0.0 0.0 0.0156 0.0 0.1084 =-0.0156
9.0 0.0 0.0156 0.0 ~0.015¢ 0.1094
0.0 0.0 0.0156 0.0 -0.0156 -0.0156
0.0156 ~0.0156 0.0 0.015¢ c.0 0.0
CET (X*X) = 0.6710886400D 08

D-EFFICIEXNCY= 95.1
AVERAGE VAERIANCE OF COEFFICIENTIS= Q. 1094

T-EFFICIENCY= S91.4

MAXIHUM VARIANCE OF FITIED RESPONSE= 1.0000

0.8750
0.8750
0.6875
0.6875
0.8750
0.8750
0.8750
0.8750
0.6875
0.6875
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57

CCRFPOUNDING INLEX=

SIGN { 7.10.

3)

ALIAS MATRIX

3

SrIO OO0

14

CCDOOO0O
o
(=1
<}

)

M
[}
[
o

-0, €000
~0, 2500
-0,3750
0.0
0.¢C
0.0
¢.¢
-0. 2500
-0.0000
0. 1250
0.0
0. 3750
0.0
0.0

. 5469

1 2
0.0 ~0.3750
0.2500 0.0
0.0 0.1250
0.0 ~0.6250
0.0 -0.6250

-€.2500 .0
0.0 0.00060
0.00C0 4.0

-0.7500 0.0

~-0.6250 0.0
0.0 ~0.2500
0.0 -1.0000
0.0 -0.2500
0.0 -0.2500

~-0.7500 0.0

~0.0000 0.0

~0.1250 0.0
0.0 0.0000
0.6250 0.0
0.0 0.0000
0.0 ~0.7500
2.0469 2.6875

Z2.4129

-1.0000
-0.2500
-0.3750
0.0
0.0
0.0
0.0
-0.2500
9.0000
0.1250
0.0
~0.625%
9,0
0.0

2.2963
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4
0.3750
0.0

~-0.1250

~0.3750

-0.37%0
0.0

~-1.0000
0.¢C

0.0
-0.0000

0.0
~1.0000
-0.2500

2.6875

5
~0.6250

0.0
-0.12560
-0.3750
0.6250

0
0
Q
0
0.2500
0
0
0

.0

-0.2500

2.6875

6
~0.6250
0.0
~0.1250
G.6250
-0.3750
0.0
-0.,0000
0.0
0.0
0.0
~0.7500
0.0000
~0. 7500
. 2500
0.0
0.0
0.0
~0.0000
0.0
~0.0000
-0.2500

2.1875

7
0.0
-0.7500
0.0
¢.0

-0.3750
0.0
0.0

2.2969
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CESIGN ( 7.11. 1)
7 VARIABLES 3 FARAMETERS 11 RUNS

DESIGN MATRIX

(N X(2) X{3) X(4) X(5) X{6) X(7) VARIANCE OF FITTEL RESPORNSE
~1. -1, 1. -1 -t. -1, -1, 0.6667
-1. 1. - 1. -1. -1. 1. 1. 0.6667
-1. - 1. 1. 1. -1, 1. -1. 0.6667

1. 1. 1. 1. 1. 1. -1, 0.7500
1. - 1. 1. -1. 1. 1. 1. 1.0000
~1. -1. - 1. 1. 1. ~1. 1. 0.6667
1. - 1. -1, 1. ~-t. 1. 1. 0.7500
1. ~1. -1. ~1. 1. -1 ~ . 0.7500
~-1. 1. -1. ~Te 1. L -1 0.6667
1. Te 1. - 1. -1. ~1. 1. 0.7500
-1. 1. 1. 1. 1. ~1a 1. 0.6667

X'X INVERSE

0.1042 0.0208 0.0208 ~0.0208 0.0208 ~-0.0208 ~0.0208 -0.0208
0.0208 0.1042 0.0208 -~0.0208 0.0208 -0.0208 ~0.0208 -0.0208
0.02¢8 0.0208 0.1042 ~-0.0208 0.0208 ~0.,0208 +-0.0208 ~0Q0.0208
-0.0208 -0.0208 -0,0208 0.1042 ~0.0208 0.0208 0.0208 0.0208
0.0208 0.0208 0.02G68 -0.0208 ¢.1082 -0.0208 -0.0208 -0,0208
-0.0268 -0.0208 -~0.C2(8 0.0208 -0.0208 0.1042 0.0208 0.0208
~0.0208 -0.0208 -0.0208 0.0206 -0.0208 0.0208 0.1042 0.02C8
-0.0208 -0.0208 -~0.0208 0.0208 ~-0.,0208 0.0208 0.0208 C.1042

DETiX'X} = 0.14332723200 09
C-EFFICIENCY= 95.1

AVERAGE VARIANCE CF CGEFFICIENTS= 0.1042
I-EFFICIENCY=- 87.3

MAXIMUN VARIANCE OF PITTED RESPONSE= 2.0000
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LESIGN ( 7.11. 1)
BLIAS MATRIX

0 1 2 2 4 5 6 7
12 -0.6000 -0.0000 -0.0000 0.3333 0.3333 -0.3333 ~0.3333 -0.3333
i3 0.0000 0.0000 0.3333 ~0.0000 -0.3333 0.3333 0.3333 0.3333
14 -0.0000 -0.0000 0.3333 -0,3333 -0.0000 -0.3333 0. 3233 -0.3333
15 0.0000 0.0000 -0.3333 G.3333 -0.3333 -0.0000 0.3333 ~0.3333
16 0.0000 0.0000 -0.3333 0.3333 0.3333 0.3333 -0.0000 0.3333
17 0. 0000 0.0060 -0.3333 0.3333 ~-0.3333 -0.3333 0.3333 ~0.0000
23 0.3333 0.66€67 0.3333 -0.3333 0.6667 0.0000 ~0.6667 0.0000
2t ~0. 1667 0.16¢€7 -0.1667 0.5000 -0.1667 0.50C0 -0. 1667 -0.1667
25 0. 1667 -0.1667 0.1667 0.1667 0.5000 -G, 1667 0.1687 ~0.5000

26 0. 1667 ~-0.166" 0.1667 ~0.5000 -0.1667 0.1667 ~-0. 1667 -0.5000
27 0. 1667 -0.1667 0.1667 0. 1667 ~0. 1667 -0.5000 -0.5000 ~0,1667
34 0. 1667 -0. 1667 0.5000 -0.1667 0.1667 0.1667 0. 1667 -6.50G0

35 -0.1667 0.1687 0.1667 0. 1667 0.1667 0.1667 0.5000 0.5000
36 -0. 1667 0.1667 ~0.5000 0.1667 0.1667 0.5000 0.1667 -0.1667
37 ~0. 1667 0.1687 0.1667 0.1667 ~0.35000 0.5000 ~0. 1667 0.1€67
45 0. 1667 -0.16867 0.5000 0.1667 0.1667 -0.1667 -C.5000 0.1667
46 0.3333 0.6667 -0.0000 0.0000 0.3333 -0.6667 ~0.,3233 ~0.6667
47 0. 1667 -0.1667 -0.1667 -0.5000 0.1667 0.1667 -0.5000 ~-0.1667
£6 -0.1667 0.1667 0.1667 ¢.5000 -0.5000 0.1667 0. 1667 -0.1667
57 ~D. 3333 ~0.6667 -0.6667 C.€6667 0.0000 0.3333 -0.0000 0.3333
67 -0. 1667 0.1667 -0.5000 -0.1667 ~-0.5000 ~-0.1667 0.1667 0. 1667

SS 0.6667 1.6667 2.3333 2.3333 2.3333 2.3333 2.3333 2.3333

CONFOUNDING INDEX= 2.2381
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CESIGN { 7.12. 1)
7 VRRIABLES 8 PARRMETERS 12 RUNS

CESIGN MATRIX

XN  X(2) Xd(3) X(4) X(5) X(6) XN VARIANCE OF FITTED RESPONSE
1. t. -1. 1. -1. 1. -1, 0.6667
1. - 1. 1. 1. ~-1. 1. 1. 0.5667

- 1. 1. 1. 1. -1 I8 -1. 0.6€67
1. - Y. 1. -1. 1. 1. -1. 0.6667
-1. 1. - 1. -1 1. 1. 1. 0.6667
-1. ~1a 1. 1. 1. -1 te 0.6667
-1. -1 -1. -1, -1, -1. -1. 0.6667
1. 1. 1. -T. 1. -1. -1. 0.6667
1. ~Te -1. -1. ~1. -t. 1. 0.6667
-1. ~1. -1. 1. i. 1. ~1. 0.6667
1. 1. -1. 1. Te -1. 1. 0.6667
-1. 1. 1. -1. ~1. 1. 1. 0.6667

X*X INVERSE

0.0833 0.0 2.0 0.0 0.0 0.0 0.0 0.¢C
0.6 0.0833 0.0 0.0 0.0 0.0 0.0 0.0
0.6 0.0 0.0833 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0833 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0833 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0833 0.0 0.0
0.0 0.0 G.0 0.0 0.0 0.0C 0.0833 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0833
CET(X'X) = 0.429981€960D 09

L-EFFICIENCY= 100.0
AVERAGE VAKRIANCE OF COEFFICIENIS= 0.0833
T-EXFICIENCY= 100.0

MAXIMUM VARIANCE OF FITIED RESPONSE= 0.6667



CESIGN ( T7.%2. 1)

ALIAS MATRIX

0 1
2 0.0 0.0

13 0.0 0.0

14 0.0 0.0

18 0.¢ 0.0

1% 0.0 0.0

17 0.0 0.0

23 0.0 ~0.3333
24 0.¢ 0.3332
25 0.0 0.3333
26 0.0 ~0.3333
27 0.0 ~0.3333
34 0.0 -0.3333

35 9.0 0.3333

.36 0.0 0.3333
37 0.0 ~0.3333
45 0.0 -0.3333
46 0.0 0.3333
47 0.0 0.3333
56 0.0 -0.3333
57 0.¢ -0.3333
67 0.0 ~0.3333
ss 0.0 1.6667

2

0.0
~0.3333
0.3333
0.3333
-0.3333

-0.3333

0.0

-0.3333
~0.3333
-0.3333
~0,3333
-0.3333

0.3333

0.3333

1.6667

CONFOUNDING INLEX= 1.6667

3
~0.3333
0.0
-0.3333
0.3333
0.3333
-0,3333
0.0
-0.3333
-0.3333
~-0.3333
-0.3333
0.0
0.0
0.0
0.0
-0.3333
-0.3333
0.3333
~0.3333
~0.3333
.3333

1. 6667
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4
0.3333
~0.3333
0.0
~0.3333
0.3333
0.3333
-0.3333
0.0
~0.3333
-0.3333
-0.3333
0.0
-0.3333
-0.3333
0.3333
0.0
0.0
0.0
~0.3333
0.3333
~0.,3333

1.6667

5
0.3333
G.3333

-0.3333
0.0
~0.3333
-0.3333
~-0.3333
-0.3333
0.0
~0,3333
0.3333
-0.3333
0.0
-0.3333
-0,3333
0.0
~0.3333
0.3333
0.0
0.0
~-0.3333

1.6667

6
-0.3333
0.3333
0.3333
~-0.3333
0.0
-0.3333
~0.3333
~0.3333
~¢.3333
6.0
0.3333
~0.3333
~0.3333
0.0
0.3333
~0. 3333
0.0
~0.3333
0.0
~0.3333
0.0

1. 6667

7
~0.3333
-0.3333

0.3333
-0.3333
~-0.3333

0.0
-0,3333
-0.3333

0.3333

0.3333

3.0

0.3333
-0.3333

0.3333

0.0

G.3333
-0.3333

0.0
-0.3333

6.0

0.0

1.6667
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CESIGN ( 7.13. 1)
7 VARIAPBLES 8 PARAMETERS 13 RUNS

DESIGN MATRIX

X(1) X(2) X(3) X{H4) X{5) X(6) X(T VARIANCE CF FITTED RESPONSE
-1 - 1. ~1. -1, 1. -1. 1. 0.6500
1. 1. -1. -%. -1. 1. -1. 0.6000
1. 1. 1. -1 1. -1 1. 0.6667
-1. 1. 1. 1. =1. -1. -1. 0.6000
-1. 1. 1. 1. 1. 1. -1. 0.6000
1. - 1. -1, 1. 1. -1. =1, 0.6000
~1a - 1. 1. - 1. -1. ~1. -1, 0.6000
-Ta 1. -t. -1. t. 1. ~1. 0.6000
1. -1, 1. 1. 1. 1. 1. 0.6500
1. 1. -1. 1. -1. -1 1. 0.6500
-1. -1, -1, 1. ~-1. 1. 1. 0.6667
1. -1 1. ~-1. -%. 1. -1. J.6000
-1. 1. 1. -1. -1. 1. 1. 0.5167

X'X IRVERSE

0.0792 0.0042 -0.0042 -0.0042 0.0042 0.0042 ~0.0042 0.0042
0.0042 0.0792 0.00u42 0.0042 ~-0,0042 -0,0082 0.0042 ~0.0042
~0.0042 0.0042 0.0762 ~0.0042 0.0042 C.0042 -~-0.0042 0.0042
-0.0042 0.0042 -0.0042 0.0792 0.0042 0.0042 -~0.0042 0.0042
0.0042 -0.0042 0.0042 0.0042 0.0792 -0.0042 0.0042 ~0.0042
0.0042 -0.0042 0.0042 0.0042 ~0.0042 0.0792 0.0042 ~-0.0042
-0.0042 0.0042 -~0.0042 -0.0042 0.0042 0.0042 0.0792 0.0042
0.0042 -0.0042 0.0042 0.0042 -0.0042 -0.0042 0.00u42 0.0792

CET (X*X) = 0.7166361600D 09
D-EFFICIENCY= 98.4
AVERAGE VARIANCE OF COEFFICIENTS= 0.0792

T-EFFICIENCY= 97.2

MAXIMUM VRRIBNCE OF FITTED RESPONSE= 0.6667
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CESIGH ( 7.13. 1)
ALIAS MATRIX

4} 1 2 3 L S 6 7
12 -0.0333 0.0333 -0.0333 -0.3667 -0.3000 -0.3000 -0. 3667 0.3667
13 -0.0333 0.0333 -0.3667 ~0.0333 -~0,3000 0.3667 0.3000 0.3667
14 0.1333 -0.1333 -0.2000 -0.2000 ~0.1333 0.2000 -0.2000 0.2000
15 0. 1000 ~0.1000 ~0.2333 0.4333 0.,2333 -0, 1000 -3, 2333 0.2333
16 -0. 1000 0.1000 -0.4333 0.2333 ~0.2333 -0.2333 -0, 1000 -0.2333
17 0.0667 -0.0667 0.4000 0.4000 0.2667 0.2667 ~-0. 26867 -0.0667
23 0. 1000 ~-0.4333 0.1C00 0.1000 0.2333 0.2333 -0.2333 0.2333
24 -0.1080 -0.2333 ~0.1000 0.2333 0. 1000 ~0.2333 -0.4333 ~0.2333
25 ~0.1333 -0.2000 -0.1333 0.2000 ~0.2000 0.1333 0.2000 -0.2000
6 0.03332 -0.3667 0.0333 -0.3000 ~0.3667 0.3000 0.0333 ~-0.3667
27 ~0. 0667 0.4000 -0.0687 0.2667 ~0.2667 -0.2667 -0.4000 0.0667
kLl -0.1000 ~0.2333 0.2333 -0.1000 0.1000 0.4333 0.2333 -0.2333
35 ~0,.0333 0.3067 0.3000 ~-0.0333 0.3667 0.0333 0. 3000 0.3667
36 0.1333 0.2000 ~0.2000 0.1333 0.2000 0.2000 0.1333 0.2000
37 -0. 0667 C.4000 0.2667 -0.0667 ~0.2667 0.4000 0.2667 0.0667
45 0.0333 0.300C ~0.3000 0.3667 ~0.0333 -0.0333 0.3667 -0.3667
46 ~0.0333 ~€.3000 ~0.3667 0.3000 0.0333 0.3667 -0.0333 0.3667
47 0.0667 0.2667 ~0.2667 -0.2667 ~0.0667 -0.4000 0.40600 ~0.0667
56 ~0. 1000 -~0.2333 0.2333 0.2333 0.4333 0.1000 -0.1000 -0.2333
g7 0. 0667 0.2667 ~0.2667 0.4000 -0, 4000 -0.0667 -0.2667 -0.0667
67 ~0.0667 -0.2667 ~0.4000 0.2667 0.4000 -0.2667 -0.0667 0.0667

Ss 0. 1467 1.4578 1.4578 1.4578 1.4578 1.4578 1.4578 1.2800

CCNFOUNDING INCEX= 1,4324
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CESIGR ( 7.13. 2)
7 VARIABLES 8 PARAMETERS 13 RUNS

DESIGN MATKIX

X{1)  Xd2) X ({3) X(4) X(5) ZX(6) X (1 VARIANCE OF FITTED RESPONSE
-1, - 1. 1. 1. 1. -1, -1. 0.6500
1. -1. -1. -1. -1. ~-1. -1. 0.6500
-1, 1. 1. ~1. -1, 1. 1. 0.6000
1. =71, 1. -1. 1. 1. -1. 0.6000
1. -1. ~ 1. 1. 1. 1. 1. 0.6500
~1. -1. -1. -1. -1 1. 1. 0.6000
-1. 1. -t. -1. 1. -1, - 1. 0.6667
1. 1. -~ 1. 1. -1 -1. 1. 0.6000
-1. ~1a 1. 1. -1. -1. 1. 0.6500
-1. 1. -1. 1. -1. 1. - 1. 0.5167
1. 1. 1. -1. 1. -1. 1. 0.6500
1. 1. 1. 1. -1. 1. -1 0.6500
-1. 1. -1. 1. 1. 1. 1. 0.5167

X*X INVERSE

0.0792 0.0042 -0.0042 0.0042 -0.0042 0.0042 -0.0042 -0.0042
0.0042 0.0792 0.0042 ~-0.0042 0.0042 -0.0042 0.0042 0.0042
-0.0042 0.00642 G.0792 0.0042 -0.00u42 0.00u42 ~0.0042 -0.0042
0.0042 -0.0042 0.0042 0.0792 C.0042 ~0.0042 0.0042 0.0042
~0.0042 0.0042 -~0,0042 0.00u42 0.0792 0.0042 -0.0042 -0.0042
0.0042 ~0.0042 0.0042 -0.0042 0.0042 0.0792 0.0042 0.0042
~0.0042 0.0042 -0.0042 0.0042 -0.00u42 0.0042 0.0792 -0.0042
-0.0042 0.0042 ~-0.0042 0.0042 -0.0042 0.0042 -0.0042 0.0792

DET{X*X) = 0.7166361600D 09
D-EFFICIENCY= 98.4

BVERAGE VARIANCE COF COEFFICIENTS= (.0792
T-EFFICIENCY= 97.2

MAXIMUM VARIANCE OF FITTED RESPONSE= 0.6667



7.13.

2)

ALIAS MATRIX

DES [GN (
b]

12 -0.0667
13 0.0657
14 -0.1333
15 0.0667
16 -0,0000
17 ~0.0667
23 ~0.C667
24 0.0333
25  -0.0667
26 0.0333
27 0.1333
34 ~0.0333
35 0.1333
36  -0.0333
37 ~0.0667
45  =0.1000
46 0.0667
47 0. 1000
56  -0.0667
57  -0.1000
67 6. 0667
ss 0. 1322

CONFOUNDING INDEX=

1
0.0667
-0.0067
0.1333
-0.0667
0.0000
0.0667
0.4000
0.3000
-0.2667
-0.3667
0.2000
~0.3000
0.2000
0.3667
-0.2667
~0.2333
0.2667
0.2333
0.4000
0.4333
-C.4000

1.5544

2
~0.0667
9.4000
0.2000
~0.2667
-0.3313
0.2667
-0.0667
0.0333
-0.0667
0.0333
0.1333
~0.3667
-0.2000
0. 3000
0.2667
-0.4333
0.4000
-0.2333
-0.4000
0.2333
-0.2667

1.5100

1.4719

3
0. 45000
-0.0667
-0.2000
0.2667
0.3333
-0.2667
0.0667
-0.3667
~0.2667
0.3000
0.2000
0.0333
~0.1333
0.0333
0. 0667
~0.2333
~0.4000
-0.4333
~0. 2667
~0.2333
~0. 4000

1.5100
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4
0.2667
~0.2667
-0.1333

.~0.2667

0.3333
0.2667
-0.,4000
0.0333
~-0.4000
0.3667
-(, 2000
~0.0333
~0.,2000
-0.3667
-0.4000
-=0.1000
0.0667
0.1000
0.2667
0.2333
-0.2667

1.465¢

5
~0.2667
9.2667
-0.2000
~0.0667
0.3333
0.4000
-0.26867
~0. 3667
0.0667
~0.3667
0.2000
-0.3000
-0.1333
-0.3000
-0.2667
0.1000
0.2667
0.2333
0.0667
0.1000
0.2667

1.3322

6
«0. 4000
0.4000
0.2000
0.4000
~0.0000
-0.4000
0.2667
0.3667
~0.4000
0.0333
-0.2000
-0.3667
~0.2000
~0.6333
-0.4000
0.2333
0.0667
-0.2333
-0,0667
0.2333
0.0667

1.5989

7
0.2667
-0.2667
0.2000
0.4000
-0.3333
~0.0667
d.2667
~0.3000
0.2667
~0.3000
0.1333
~0.3667
-0.2000
~0.3667
~0.0667
0.2333
~-0.2667
0.1000
0.2667
~0. 1000
0.0667

1.3322
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LESIGH ( 7.13. )
7 VARIABLES 8 PABAMETERS 13 RUNS

DESIGN M¥ATRIX

X1 Xiz) X{3) X{4) X{E) X¢6) X7 VARIANCE OF FITTED RESPONSE
1. -1. 1. -1 -1. ~1. 1. 0.6667
1. 1. 1. 1. ~Te 1. 1. 0.6500
1. - 1. -1 1. 1. -1, 1. 0.6500

-1. 1. =-1. -1. At I -1. -~ 0.6000
-1 - 1. -1, -1. 1. 1. 1. 0.6667
-1. 1. -1. 1. -1, -1. T 0.6€67
-1. -1. 1. 1. ~1. i. -1 0.6000
-1. -1, 1. 1. 1. -1. ~ 1. 0.6667
1. 1. ~1. “1e 1. -1. ~1. 0.4000
=1 1. 1. -1. 1. 1. 1. 0.6667
1. - 1. - 1. ~1. -1. 1. ~1. 0.6500
1. 1. -1. 1. 1. 1. -1. 0.6C00
1. 1. 1. -1. 1. -1. B 0.5167

¥i%X INVERSE

0.0792 -0.0042 -0.0042 0.00u2 0.0042 -0.0042 0.0042 0.0042
-0.6042 0.0752 -0.0042 C.0042 0.0042 -0.0042 0.00u2 0.0042
-0.00R2 -0.0042 0.0792 0.0042 0.0042 -0.0042 0.0042 0.0042

0.6042 0.0042 0.0042 0.0792 -0.0042 0.00¢2 ~0.0042 -0.0042

0.0042 0.0042 0.0042 -0.0042 0.07¢92 0.0042 -0.0042 -0.0042
-0.0042 ~0,0042 -~0.00G2 0.0042 0.0042 0.0792 0.00uz2 0.00482

0.0042 0.0042 0.004xz -0.0042 -—-0.00u42 0.0042 0.0792 -~0.0042

0.0042 0.0042 0.0042 -0.0C42 ~0.0042 0.00L2 ~0.0042 0.0792

CET(X3X) = 0.71€6361600D 09
D-EFFICTENCY= 98,4

AVERERGE VARIAKNCE COF COEFFICIENTS= 0.0792
T-EFFICILENCY= S7.2

MAXITMUM VARIANCE OF FITTEDR RESPONSE= 0.6667
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CESIGN { 7.13. 3)

ALTIAS MATRIX

0 1 2 3 4 5 5 7
12 0.0667 0.0667 0.0667 0.2667 0.2667 0.4000 0.2667 ~-0.4000
13 ~0.0667 -0.0667 0.2667 C.0667 -0.2667 -0.4000 ~0.26067 0.4000

14 ~0. G667 -0.0667 0.2€67 ~0.2667 0.0667 0.2667 0. 4000 0.4000
15 0.0000 C.000C 0.3333 ~0.3333 0.3333 0.0000 ~0.3333 -0.3333
16 -0.0667 -0.0667 0.2667 ~0.2667 0.4000 -0.4000 0.0667 ~0.2667
17 ~0.0000 -0.000¢C -0.3333 0.3333 0.3333 ~0.3333 ~-0.3333 0.0000
23 ~0. 0667 0.2667 -0.0667 0.0667 -0.2667 0.2667 0.4000 0.4000

24 ~0.0333 0.3000 -0.0333 -0.3000 0.0333 -0. 386867 0.3667 0.3667
25 0.0333 C.3667 0.0333 0.30090 ~0.3667 £.0333 0. 3000 ~0.3667
<6 -0.0333 0.3000 -0,0333 0.3667 0.3667 0.3000 06.0333 0.3667
27 0.0333 ~0.3000 0.0333 0.3C00 0.3000 -0.3000 0.3000 -0.0333

34 0. 1000 -0.2332 -0.2333 -0. 1000 ~0.1000 ~Q0.2333 0.2333 -0.4333
35 -0. 1000 ~-0.45333 0.2333 €. 1000 ~-0.2333 -0.1000 -0.2333 -0.2333
36 g.1000 -0.2333 0,6333 -0. 1000 0.2333 -0.2333 -0, 1000 0.2333
37 0.0333 0.3667 0.3667 -0.0333 ~0.3667 -0.3000 0.3000 ~0,0333
45 -0. 1000 0.2333 ~0.4333 ~0.2333 0. 10090 -0.1000 -0.2333 -0.2333
u6 0.0333 0.3667 0.36867 0.3C00 -0.0333 ~0.3000 -0.0333 ~0.3667
47 0.0000 0.3333 0.3333 -0.3333 -0.00060 ~0.3333 ~0.3333 -0.0000
56 ~0. 0667 -0.4000 0.2667 ~0.2667 ~0.2667 -0.0667 0.0667 0.4000
57 -0.0333 -0.3667 ~0.3667 -0+ 3000 -0.3000 -0.0333 0.3667 0.0333
67 0.0333 -0.3000 0.3667 0.3000 -0.3667 0.3667 -0.0333 ~0.0333

ss 0.0756 1.6089 1.6533 1.3867 1.5200 1.6089 1. 5200 1.8756

CONFCOUNDING INLEX= 1.5962



CESIGHN

To T4,

7 VARIABLES

1

8 PARAMETERS

DESTGN MATRIY
Y€1) X42y  X{3) X ({4} X{(5) X(6}
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. 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.
X'X INVERSE
0.075¢ ~-0.0083 0.0 ~0.0083
~0.0083  0.0750 0.0 ~0.0083
0.0 0.0 0.0750 Q.0
-0.0083 -6.00%2 0.0 0.0750
0.0 0.9 ~0.0083 0.0
0.0 0.0 -0.0083 0.0
-0.0083 ~0.0083 0.0 ~0.0083
0.0 0.0 0.0082 0.0
DET(X%X)=  0,1194393600D 10

D-EFFYCIE

NCY=

97.4

176

0.0
0.0
-¢.0083
0.0
0.0750
~0.0082
0.0
0.0083

AVERAGE VARIANCE OF COEFFICIENTS= 0.075%0

I~-E¥¥FICIE

MAXIMUM VARIANCE OF FITIED RESPONSE=

NCY=

95.2

0.665

VARIANCE

7

14 RUNS

0.0
0.0
~0.0083
0.0
-0.0083
0.0750
0.0
0.0083

OF FITTED RESPONSE

0.6000
0.5333
0.6000
0.6333
0.5000
0.5000
0.5009
0.6000C
0.5333
0.6333
0.6333
0.6000
0.6333
0.5000

-0.0083

~0.0083
0.0

-0.0083
0.9
0.0
0.0750
0.0
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LESIGN { 7.%4. 1)
ABLIRS MATRIX

Q 1 2 3 4 5 & 7
12 -0.0667 -0.0667 0.2000 0.2667 ~0.1333 -0.1333 0.2667 0.1333
13 0.1333 0.13332 0,2667 0. 1333 -0.4000 0.2667 ~0.2000 ~0.2667
14 0.0667 0.0667 -0.1333 -0.26867 0.2000 ~0.1333 -0, 2667 0.1333
15 -0,0657 =0.0667 -0,2000 0.2667 -0.2000 0.1333 0.2667 ~0. U667
1% 0. 1333 0.1333 0.3333 ~0.2000 ~0.3333 0.3333 0.1333 0.3333
17 -0.0000 -0.0000 0.2000 -0.3333 0,2000 -0.46867 0,3333 0.1333
23 G, 6C00 0.3333 0.0667 ~0.0000 0.4000 0.49000 ~-0.3333 0.2667

24 G, 1333 ~0.2000 0.0000 0. 4667 0.0000 0.3333 -0.2000 0.3333
25 0.1333 ~0.2000 ~0.0£67 0.u667 0.2667 -0.0667 -0, 2000 -0.2667
<6 0.0 .3333 0.2000 -0.3333 -0.1333 ~0. 1333 0.0 0.1333
27 -0, 2000 0.1333 0.0 0.1333 0.2333 -0.,3333 0.1333 0.0

34 0. 0667 -0.2667 G.u6867 0. 0667 0.1333 ~-0.2800 ~0.2667 0.2000
35 0. 0000 0.3333 0.4667 ~0.0000 -0.2000 0.1333 “0,3333 0.2000
36 0.1333 ~0.2000 -0.2000 0.1333 -0.2000 -0.2600 0. 1333 ¢.2000
37 ~0., 0600 -C.3333 0.1333 0.0000 0.1333 0.1333 0.3333 0.2000
45 0. 2000 ~0.1333 0.2667 -0, 1333 ~-0.0667 =0.0667 -0. 1333 ~0.2667

46 0. 06867 ~0.2667 ~0.20400 ~N.2667 0.1333 ~0.2000 0.0667 ~0.4667
47 ~0. 1333 0.2000 0.3333 0. 2000 -0.0000 -0.3333 -0, 4667 4.00600
56 0.0 0.3333 -0.2000 -0.3333 -0.2000 0.1333 0.0 ~D. U667
57 -0, 0667 -G. 4000 -0.26067 0. 2667 ~0.,2667 0.0667 ~0.4000 ~0.0667
67 -0.0687 02667 0.2667 0.26867 ~0.4000 -0.80900 ~0.0667 0.0667
55 0.2178 1.1733 1.2667 1. 3511 1.1778 1.3111 1.3067 1.4000

CCHY¥QUNDING INLEX= 11,2838
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DESIGN ( 7.14, 2)

7 VARIABLES 4 PAEABETEERS 14 RUNS
CESTIGN MATRIX
X X(2y X{3) X(a) X{5) K6} X(7 VARIANCE OF
1. -1 1. 1. 1. 1. -1, 0.5333
1. =1, -1, ~1. -1. =-1. 1. 0.6333
1. 1. -1 1. 1. -1, 1. 0.5333
-1, 1 . -1, -1, 1. 1. 0.6333
1. 1. 1. 1. -1, -1. -1, 0.6333
. -1 -1, -1 1. 1. -1 0.56000
-1, 1. -1, -1, 1. -1, -1, 0.5000
-1, -1, "  -1. =1, -1. -1 0.6000
1. 1. -1 1. -t 1. -1 0.5000
-1, -1, -1 1. -1 1. 1. 0.66867
1. 1. 1. -1, 1. 1. 1. 0.6333
-1, -1, 1. 1. 1. -1 1. 0.6333
-1. 1. -1, 1. 1. 1. -1 0.5000
-1, 1. -1, =1 1. -1 1. 0.4000
X'X INVERSE
0.0750 0.0 -9.0083 0.0083 0.0 -0,0083 0.0
0.0 0.0750 0.0 0.0 -0,0083 0.0 -0.0083
-0.0083 0.0 0.07506 0.0083 ¢€.0 -0.0083 0.0
0.0083 0.0 0,0083 0.0750 0.0 0.0083 0.0
0.0 ~0.0083 0.0 0.0 0.0750 0.0 ~0.0083
-0.0083 0.9 ~0.0083 0.0083 0.0 0.0750 0.0
9.0 -0.2083 0.0 0.0 -0.0083 0.0 0.0750
0.0 0.0085 0.0 0.0 0.0083 0.0 0.0083
CEF(X'X)=  0.1194393600D 10

D-EFFICIENCY= 97.4%
BVERAGE VARIANCYE OF COEFFICIENTS= 0.0730
T-EFFICIENCY= 95.2

MAXIMUM VRARIANCE OF FITTED RESPONSE= 0.6667

FITTED RESPONS



CESIGHN ( 7.14,

2}

ALIAS MATRIX

0
12 0.0667
13 -0.0667
14 0.1333

15 0.0667
16 0.1333
17 ~0.2000
23 -0.0e67
& 0.C000
25 0. 0667
6 0. {667
27 -0.0000
34 -0.0000
35 ~0. 0667
36 ~-0.0667
37 -0.0667
45 0.0667
ueé 0.1333
47 -0.1333
56 0.0667
&7 0.0

67 ~0. 0667

ss 0. 1644

CONFOUNDING INLCEX=

1
0.1333
-0.2000
~0.G000
0.1333
-0.0000
0.0667
0.3333
0, 4000
~0.2000
-0.1333
0.2000
0.2000
0.2667
0.2667
~0.2000
-0.1333
-0.3333
-0.2667
0. 4000
€.2000
-0.2667

1.1422

2
0.0667
0.2667
0.4667

~0.2667
-0.2000
0.1333
~0.0667
0.00600
0.0667
0.06567
~0.0000
-0.3333
- 0. 4000
0.2667
0.2687
-0.2667
-0.2000
~0.8667
-0.2667
0.3333
0.2657

1.4311%

1.3803
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3
042667
0.06867
'0.2000
0.2667
0.2000
-0, 1323
0.0667
-0.3333
-0.48000
0.2667
0.2333
~-0.0000
0.0667
0. 0667
0.0667
0.2667
-0.4667
~0., 2000
0.2667
0.3333
0.4000

1.3867

4
0.4667
0.1233

-0.03000

~-{.2000

-0.3333

~0.2667

-0.3333
0.0667

~-0,2000

-0, 1333

-0.4667

~0,.1333
0.2667

~0.4000

-G,2000
0.2000
0.0000
0.0667

-0.2667
0.2000

-0.2667

1. 3644

5
~0.2667
0.2667
-$.2000
0.0667
0.4667
0.1333
-0.2000
~0.3333
0.0667
-0.2667
0.3333
0,3333
-0.0667
0.2667
0.2667
0.0667
-0.2000
0.2000
0.0667
G.0
-0.4000

1.3387

%
~0.,2000
0.1333
~0,3333
0.4667
0.0000
-0.2667
0.3333
~0.2667
~{0. 2000
0.2000
0. 2000
-0. 4667
0.2667
~(.06687
0. 8667
~3.1333
0.0000
~0. 2667
0.0667
-0.4667
0.0667

1. 5867

7
0,200¢
-0.1333
~0.3333
0.2000
-0.3333
-0.0667
0.3333
~0.4000
00,2000
0.1333
0.1333
~-0.2000
0. 4000
0.40900
-0.1333
0.1333
~0.3333
-0.0667
~0.4000
0.1333
~0.0667

1. 3644
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LESIGN ( T7.14. 3)
7 VARIABLES 8 PARANETERS 14 RUYS

DESIGF MATRIX

X{N  X(2) X{3) X448y X(5) X6y XN VARIANCE OF FITTED RESPONSE
~1e 1. 1. 1. -1. 1. -1 0.5333
-1. -1. -1 1. ~Te - 1. -1. 0.6333
-1. 1. -1. -1. -1, =1e 1. 0.6000

1. 1. t. -1. 1. -1. =1 0.5333

-1. -1, -1. -1. 1. 1. 1. 0.5000

-1. -~ 1. 1. -1. 1. 1. -1 0.6333
1. “Te 1. 1. ~-1. ~1. 1. 0.6333
1. 1 -1 -1. -1. 1. Y 0.6333
1. 1. -1. 1. 1. -1, -1, 0-.5333

-1 1. 1. 1. 1. -1 1, 0.6333
1. 1. 1. 1. -1. 1. 1. 0.6000
1. -1 -1. 1. 1. 1. 1. 0.6233
1. -1, 1. 1. -1. ~1. -1. 0.5000
1. 1. -1. -1 1. ~1e 1. 0.4000

XX INVERSE

0.0750 -0.0083 -0.0083 0.0 0.0 ¢.0 0.0083 0.0
~0.0083 0.0750 ~-0.0083 0.0 0.0 0.0 0.0083 0.0
-~0.0083 ~-0.00823 0.0750 0.0 0.0 0.0 0.0083 0.0

0.0 0. .0 0.0750 -0.0082 0.0083 0.0 . 0.0083

0.0 0.0 0.0, 0.b083 0.0750 0.0083 0.0 0.0083

0.0 0.0 0.0 0.0083 0.0083 0.0750 0.0 -0.0083

0.0083 0,0083 0.0083 0.9 0.0 0.0 0.0750 0.0

0.0 0.0 0.0 0.0082 0.0083 -0.0083 0.0 0.0750
DET(X'X) = 0.1194393600Dp 10

L-FFFICIENCY= 97.4
AVERAGE VARIANCE QF COEFFICIENTS= 0.0750
T-EFFICIENCY= $55.2

MAXIMUM VARIANCE OF FITTED RESPONSE= 0.6667
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DESIGN { 7.14. 3)
ALTAS MATRIX

0 1 2 3 u S 6 7
12 0. 1333 0.1333 0.1333 ~0.266" ~0.2667 0.2667 0.2000 ~0.4000
13 ~0. 0000 ~0.0000 ~0.3333 0.1333 -0.2000 ~0.4667 ~0.3333 0.2000
14 0.0667 0.0667 -0.2667 ~0.1333 0.2000 0.1333 0.2667 0.1333
15 -0.06867 -0.06867 0.2667 -0.46867 0.2000 0.1333 ~0. 26067 ~0. 2000
16 ~-0.1333 ~0.1333 0.2000 -0,3333 0.3333 ~0.3333 0.1333 0.3333
17 0. 0667 0.0667 ~0.2667 0.1333 0.1333 ~0.1333 0.2667 0.2000
23 0. 0667 ~0.2667 0.0667 0.1333 0. 4657 0.2000 9.2667 0,2000
24 0. 0667 ~0.2667 10,0667 0.4667 0.1333 0.2000 0.2667 0.2000
25 -0.1333 0.2060 ~0.1333 0.1333 0.1333 0.2000 -0.8667 -0.,1333
26 -0.1333 0.2000 ~0.1333 0.1333 0.1333 ~0.8000 0.1333 ~0.1333
27 ~0.0000 -0.3333 0.0000 0. 1333 0.1333 -0.1333 ~0.3333 0.2000
34 0. 1333 -0.2000 0.4667 0.0000 0.0000 -0.3333 0. 2000 0.3333
35 -0. 1333 -0.4667 0.2000 -0.0000 ~0.3333 ~0.0000 -0.2000 ~0.3333
36 0.0 ~0.3333 0.3333 -0.2000 0.1333 -0.1333 0.0 ~0.1333
37 -0.2000 0.1333 0.1333 -0.0667 0.2667 ~0.2667 -0, 1333 D.0667
45 ~0. 2000 0.1333 0.1333 -0.2667 0.0667 -0.0667 -0.1333 0.2667
46 ~0.0667 0.2667 0.2667 0.2000 -0.1333 -0.2000 0.0667 0.4667
u7 -0.1333 0.20060 0.2000 0,3333 ~-0.0000 0.3333 0.u4667 0.0000
56 0.1333 -0.2000 -0.8667 ~0.1333 -0.1333 ~-0.2000 ~0.1333 0.1333
57 0. 2000 -0.1333 ~0.1333 ~0.3333 0.3333 -0.0000 0.1333 ~-0.0000
67 0.0 0.3333 -0.3333 -0.2000 0.4667 0.2000 0.0 ~0.1333

85 Q. 2889 1.0667 1.8222 1.1778 1.1778 1.66567 1.7778 1. 1333

CONFOUNDIKG INLDEX= 1,4032
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LESIGN ( 7.15. 1)
7 VAEIABLES 8 PARAMETEKS 15 RUNS

DESIGN MATRIX

Xy X2 X{3) X(%4) X(5) X(6) X(7} VARYANCE OF FITTED RESPONSE
-1, . -1 -1 1. -1, 1. 0.5417
-1, -1, -l -1 -1 1. 1. 0.4940
-1. 1. 1. 1. . -1 -1 0.4940
-1, -1 1. 1. -1, .- 0.5417

1. 1. 1. -1, 1. 1. 1. 0.4940
-1, -1 -1 1. 1. 1. 1. 0.5179
1. .. -1, 1. -1 1. 1. 0.5417
. -t - 1. 1. . -1 0.4940
e P P P 1. -1 - 0.5714
-1. 1. P . -1 0.4762
. -1 1. 1. 1. -1 1. 0.5417
1. -1 D T T 1. 0.6607
1. 1. -1 1. -1, =t -1 0.6607
-1. 1. 1. 1. -1, -1, 1. 0.4940
Te 1. (DS 1. . -1 0.4762

XtX INVERSE

0.0639 0.0074 ~-0.0060 -0.0060 ~0.0074 -0.0074 -~0.0074 =-0.9074

0.0074 0.0699 -0.0060 -0.0060 -0.0074 -0.0074 -0,0074 ~0.0074
-0.0060 ~0.0060 0.0714 -0.0119 0.00690 0.0060 0.0060 0.0060
-0.,0060 ~0.0060 ~-0.,0119 0.0714 0.9060 0.00690 0.0060 0.0060
~0.0074 -0.0074 0.0060 0.0060 0.0699 0.0074 0.0072 0.0074
~0.0074 -0.0074 0.0060 0.0060 0.0074 0.0699 0.0074 0.0074
-0.0074 -0.0074 0.0060 0.0060 0.007% 0.0074 0.0699 0.0074
-0.0074 ~0.0074 0.0060 0.0060 0.0074 0.0074 0.007¢ 0.0699

CET (XX} == 0.2113929216D 10
[-EFFICIENCY= 97.6

AVERAGE VARIANCE OF COEFFICIENTS= 0.0703
T-FFFICTENCY= 94.8

MAXINUM VARIANCE OF FITIED RESPONSE= 0.9048
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CESIGN ( 7.15. 1)
ALIAS MATRIX

0 1 2 3 4 5 [ 7
12 0.0833 0.0833 -0.0000 -0.3333 -0.0833 ~0.0833 0. 4167 -0.0833
13 0.0833 0.0833 -0.3333 -0.0090 -Q.5833 0.4167 ~0.0833 0.4167
14 0. 1667 0, 1667 -0.0000 ~0.6667 -0.1667 -0.1667 ~0.1667 ~0.16567
15 0.0119 0.0119 ~0.1429 0.5238 -0.0119 -0.0119 0.4881 -0.0119
16 0.0119 0.0119 0.5238 -0.1429 -0.0119 0.4881 ~0.0119 ~0.0119
17 0.0714 0.0714 -0.1305 0.4762 -0.0714 -0.,0714 -0.0714 -0.0714
23 0.1310 ~0.3690 0.0852 0.0952 -0.1310 0.36990 0.3690 -0.1310
24 0.0238 0.0238 0.0476 -0.2857 -0.0238 -0.5238 ~0.5238 ~-0.0238
25 ~0.0B33 -0.0833 0.0000 0.3333 ~-0.4167 - 00,0833 0.,0833 0.0833
26 ~Q.0238 0.4762 -0.0476 0.2857 ~0.4762 0.0238 0.0238 0.0238
27 -0. 0952 ~0.0952 9. 1429 ~0.1905 0.0952 0.0952 0.0952 0.0952
34 ~0.0952 -0.5952 -0.1905 0. 1429 0.0952 0.0952 -0,4048 . 0.0952
35 -0.0833 0.4167 0.3333 0.0000 0.0833 0.0833 0.0833 0.0833
36 -0.0238 -0.0238 0.2857 -0.0476 -0.4762 0.0238 0.0238 -0.4762
37 0.0238 0.5238 ~-0.2857 0.0476 ~0.0238 ~0.0238 ~0.5238 -0.0238
45 ~0.0714 -0.0714 ~0.4762 0. 1305 0.0714 0.0714 0.0714 0.0714
46 ~0.0238 -0.0238 -0.3810 -0.3810 0.0238 0.0238 0.0238 0.0238
u7 -0. 1190 -C. 1190 0.0952 0.0952 0.1190 0.1190 0. 1190 0.1190
56 -0, 05395 0. 4405 0.0476 0.0476 0.0595 0.0595 0.0595 0.0595
57 -0.1190 --€.1190 0.0952 0.0852 0.1190 0.1190 0. 1190 0.1190
67 -0.0714 -0.0714 C.1905 ~0.4752 0.0714 0.0714 0.0714 0.0714

S5 0. 1412 1.u4626 '1.2156 1.8503 ° 1.0935 0.9388 1.3673 0.5340

CCNFOUNDING INLEX= 1.2089
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DESIGN ( 7.15. 2)
7 VARIAEBLES 8 PARAMETERS 15 RUNS

DESIGN MATRIX

X(h) X(2) X(3) X4y X(5 X6} X(N VARIANCE OF FITTED RESPORSE
-1 1. 1. =1. ~1. 1. =1, 0.5714
1. -1. -1. 1. -1 -1. 1. 0.5417
1. 1. -1 -1. “1. 1. 1. 0.4940
-1 1. -1, -1. 1. -1. ~1. 0.4940
1. - 1. 1. ~1. 1. 1. 1. 0.4762
1. 1. -1. 1. -1 1. -t 0.5714
1. 1. 1. 1. 1. -1. 1. 0.5714
Te -1 1. ~1. 1. -1 -1. 0.5714
~le -1 -1e 1. 1. 1. -1. 0.6607
-1. 1. -1. ~1. 1. -1. 1. 0.4762
~1. 1. 1. 1. 1. 1. 1. 0.5714
-1, -1, -1 -1 -1. ~%. 1. 0.4762
-1. -1, 1. 1. -1. -1 bl 0.5714
~-1. -1. 1. -%. -1, 1. 1. 0.4762
1. ~1. -1 -1. 1. 1. -1 0.4762

X*X INVERSE

0.C714 0.0060 0.0060 0.0060 0.0119 -0.0060 -0.0060 -C.0080
0.0CG0 0.0699 0.0074 0.0074 ~-0.0060 ~0.0074 ~-0.0074 -0.0074
0.0060 0.0074 0.0699 0,0074 -0.0060 -0.0074 -0.0074 -0.0074
0.006C 0.0074 0.0074 0.0699 ~0.0060 ~0.00674 -0.0074 ~-0.0074
0.0119 -0.0060 ~0.0060 ~0.0060 0.0714 0.0060 0.0060 0.0060
-0.0060 ~0.0074 -0.0074 ~0.007Y4 0.00€0 0.0699 0.0074 0.0074
-0.006C -0.007& -0.007% -0.0074 ¢.0060 0.0074 0.0699 0.0074
-0.0060 -0.0074 -~-0.007¢ -0.0074 0.0080 0.0074 0.0074 0.0698

CETiX*X) = 0.2113929216D 10
L~EFFICIENCY= 97.6

AVERAGE VARIANCE OF COEFFICIENTS= 0.0703
T-EFFICIENCY= 94.8

MAXIMUM VARBIANCE OF FITIED RESPONSE= 0.9048



CESIGN ( 7.15. 2)

ALIAS MATRIX

Q
12 -6. 0000
13 ~0. 1429
14 0.0852
15 0.047e
16 G. 0000
17 0. 1429
23 ~0. 0476
24 0.0476
25 0.0952
26 0. 1905
27 0. 0952
34 0. 0476
35 0. 1429
36 ~0. 0476
37 0. 0476
45 -0.0952
46 -0.0952
47 -¢.,0000
56 -0.0952
57 0. 0476
&7 -0.0952

53 0. 1769

ACCNFCUNDING INDEX=

1

-

-0.0832  -0.0833
-0.0952  ~-0.0952
-0.1310  6.3690
0.1429  ~0.3571
0.0833 0.0833
0.0952 0.0952
-0.1429  ~-0.1429
0.3095  -D.1905
-0. 4643 0.0357
0.1548  0.1548
0.0357 0.0357
-0.1905 0.3095
0.5952  0.0952
-0.4762  0.0238
~0.0238  -0.0238
~0.3690 0.1310
-0.3690  0.1310
£.2500 0.2500
-0.2024  -0.7024
~0.0238 0.4762
-0.0357 ~0.0357
1.4222 1.3031
1.4184

3
-0.0833
-0.0952
-0.1310

G.6429
-0.4167
0.0952
-0. 1429
0.3095
0.0357
0. 1548
0.0357
‘0.1905
C. 0952
0.0238
-0.0238
0. 1310
~0.3690
0.2500
-0.2024
0. 4762
¢.4043

1.5174

i
0.3333
~-0. 1905
-0.09852
-0.3810
~0.3333
0.1905
0.3810
-0.0476
0.2381
0.1429
0.2381
-0.0476
0.1905
-0.2857
0.2857
0.0952
0.0952
0.0000
0.4286
0,2857
~0.2381

1.2721

5
~0.4167
0.5952
<0.3690
-0.1429
-0.0833
-0.0952
0.1429
0.1905
-0.0357
-0.6548
0.4643
0.1905
-0.0952
-0.0238
0.5238
~0.1310
0.3690
0.2500
0.2024
0.0238
0.0357

1.98 17

S
0.0833
-0, 4048
-0.3690
-0.1823
-0.0833
~0.0952
0. 1429
0.1905
-0.5357
~0. 1548
~0. 0357
-0.3095
-0.0952
~0.0238
0.5238
0.3690
-0. 1310
-0, 2500
0.2024
0.0238
0,0357

1. 3508

7
0,0833
0.0952
0.1310

~0. 1429

-0.0833

~0.0852
0. 1429
0.1805
0. 4643

-0.15u8

-0.0357
0.1905
0.40u8
C.4762
0.0238
0.3690

~0.1310

~0.2500
D.2024
0.0238
0.0357

1.0531
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DESIGN ( 7.15. 3)
7 VBARIABLES 8 PARAMETERS 15 RUNS
DESIGN MATRIX

X(1)y X2y X(3) X(4) Xe5) X(6) X(7 VARIANCE OF FITTED RESPONSE

-1. 1. -1, -1. ~1. -1. 1. 0.5714
-1, - 1. ~1. 1. ~1. “1. 1. 0.5417
1. 1. 1. 1. ~1. -1. -1. 0.4762
1. - 1. -1. -1. kR 1. -1. 0.4762
-1. -t 1. 1. -1. 1. -%. 0.4940
-1. -1 1. 1. 1. 1. 1. C.u940
1. 1. 1. 1. -1. 1. 1. 0.5714
-1 1. 1. -1. 1. 1. 1. 0.5714
1. -1. 1. -1. 1. -1. 1. 0.5417
1. -1. ~ 1. 1. 1. ~1. 1. 0.54137
1. 1. 1. 1. 1. ~Ta ~1. 0.5179
- 1. ~1. 1. ~1. -1. -1. -1 0.5714
1. - 1. -1. -1. 1. 1. ~ 1. 0.4940
-1 1. -1, 1. 1. 1. -1 0.6607
1. 1. ~1. -1. -1 1. 1. 0.4762

X'X INVERSE

0.0699 ~-0.0074 0.0074 -0.0060 -0.00560 0.0074 -0.0074 -0.0074
-0.0074 0.0699 -0.007% 0.0060 0.0060 -0.0074 0.0074 0.0074
0.0074 -0.0074 0.069% ~-0.0060 -0.0060 0.0074 -0.0074 -0.0074
-0.00¢ 0.0060 -0.0060 0.0714 -0.0119 ~0.0060 0.006¢C 0.0060
~0.006u 0.0060 -0.0060 -0.0119 0.0714 -0.0060 0.0060 0.0060
0.0074 -0.0074 0.0074 ~-0.0060 -0.0060 0.06%9 ~0.0074 -0.0074
~0.0074 0.0074 ~-0.0074 0.0060 0.0060 -0.0074 0.0699 0.0074
-0.0074 0.007¢ ~0.0078 0.0060 0.0060 -0.0074 0.0074 0.0699

DET(X*X} = 0.211392%9216D0 W
D-EFFICIENCY= 97.6

AVERAGE VARIANCE OF COEFFICIENTS= 0.0703
I-EFFICIENCY= 94.8

EAXIMUK VARIANCE OF FITTED RESPONSE= 0.90438



7.15. 3)

ALIAS MATRIX

DESIGN |
0

12 ~0. 0357
13 -0.0238
14 -0.0238
15 0. 1190
16 ~0.0833
17 ~0. 1130
23 0, €357
24 0.09%2
25 ~0.0000
26 0. 0595
27 0,0476
34 0. 1310
35 0.0833
36 -0, 1429
37 -0.0952
45 0. 1429
46 -0.0833
47 ~0. 1548
56 0. 1786
57 0.0119
67 -0. W71
SS 0.2022

CONFOUNDING TNLEX=

1
0.0357
0.0238
0.0238

-0. 1190
0.0833
0.1190
0.4643
0.4048

-0.5000

-0.0595

-0.0476
0.3690
-0.0833
<0.3571
0.0952
~0. 1429
-0.48167
0.1548
-0.6786
~0.0119
0.1071

1.6427

2
-0.0357
0.4762
0.4762
-0.3810
-0.0833
-0.1190
0.0357
0.0952
-0.0000
0.0595
0.0u76
0.1310
0.0833
~0.1429
~0.0952
0.1429
-0.0833
-0.6548
0.1786
~0.,488%
0.3929

"1.5713

1.4822

3
0.4286
~0.047%
0.2857
-0.0952
-0.3333
0.0952
~0,0952
0.1908
0.0000
~0.0476
0.0952
0.0952
-0.00900
0.0476
0.1429
-0.3810
0.3333
~-0.1429
~0. 1429
0.5238
0.6190

1.4399

187

4
0.4286
0.2857

-0.0476
-0.0952
-0.3333
0.0952
0.2381
-0.1429
0.0000
~0.0476
-0.5714
0.0952
-0.3333
0.3810
-0.1905
~0.0476
0.0000
0.1905
~0.17429
~0.1429
-0.04786

1.1859

5
-0.5357
-0.0238
-0.0238

0.1190
-0.5833
-0.1190

0.0357

0.0952

"~0.0000

0.0535
~0.4524
-0,3690

0.0833
~0.1429

0.4048

0.1429
-0.0833
-0.1548

0.1786

0.0119
-0.,1071

1.2975

6
0.06357
-0.4762
~0.4762
-0.6130
0.0833
0.1190
-0.0357
~0.0952
0. 0000
-0.0595
0.4524
0.3690
-0.0833
0.1429
0.5952
-0.1429
0.0833
0.1548
~0.1786
-0.0119%
0. 1071

1.6903

7
0.0357
0.0238
G.0238

-0.1190
0.0833
0.1190

-0.0357

~0.5952

-0.5000
0.4405

~0.0476

-0.1310
D.4167
0.6429
0.0952

-0.1429
¢.0833
0. 1548

~G.1786

-0.0119
0.1071

1.5475
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DESIGN ( 7.16. 1)
7 VARIABLES 8 PARAMETERS 16 RUNS

DESIGN HMATRIX

X1 X€2)y X ({3) X{4) X(5 X(6) X(7) VARIANCE OF FITTED RESPONSE
1. 1. 1. -1, ~1. -1. -1, 0.5000
~1. -1 1. -1 -1. 1. 1. 0.5000
1. -1, -1 -1. -1. 1. -1 0.5000
-1. 1. 1. ~-1. 1. T ~ 1. }.5000
1. -1 1. 1. 1. ~-1. -1, 0.5000
1. 1. -1, 1. -t. 1. -1. 0.5000
-1. 1. 1. 1. -1. 1. 1. 0.5300
-1. S -1. 1. -1. -1. ~ T J.5000
~1. -1 1. 1. 1. 1. -1. 0.5000
1. 1. 1. 1. -1, ~-1. 1. 0.5000
1. 1. -~ % -1 1. 1. 1. 0.5000
-1. 1. . =1, 1. 1. -1. 1. 0.5000
-1 1. -1, -1. 1. ~-1. ~Te 0.5000
1. ~ 1. -1. 1. 1. 1. 1. 0.5000
1. -1 1. -1, 1. ~1. 1. 0.5300
-1. - 1. -1 -1. -1. ~1. 1. 0.5000

¥*X INVERSE

0.0625 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0625 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0525 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0625 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0625 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0625 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0625 0.C
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0625
DET{X#X) = 0.4294967296D 10

D-EFFICIENCY= 100.0
AVERAGE VARIANCE OF COEFFICIENTS= 0.0625
T-EFFICIENCY= 100.0

EAXIMUM VARIANCE OF FITTED RESPONSE= 0.5000
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1

ALIAS MATIRIX

7. 16.

CESIGN {(
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CONFOUNDING INLEX=



LESIGN

8 VERFI

¢y X

1.
1.
-1.
1.
-1.
-1.
-1.
1.
-1.

0.1173
¢.0077
~0.0077
0.0077
~0.0077
-0.0051
-0.0077
-0.0077
0.0051

DET (XX

C-EFFIC

{ 8. %. M)
ABLES 9 PARAMETERS
DESIGN MATRIX
(2 X{3)y  X{4 X5 X (&)
-1, i. T. 1. 1.
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.
X'X INVEESE
0.0077 -0.0077 0.0077
0.1173 0.0077 -0.0077
0.0077 0.1173 0.0077
-0.0077 0.0077 0.1173
0.0077 -0.0077 0.0077
0.0051 -0.0051 0.0051
0.0077 -0.0077 0.0077
0.0077 -0.0077 0.0077
-0.0051 0.0951 ~-0.0051
)= 0.2055208950D 09
LENCY= 93.2

(7N X

1.
-1.
1.
1.
1.
-1.
-1.
-1.
1.

~0.0077
0.0077
-0.0077
0.0077
0.1173
-0.0051
-0.0077
-0.0077
0.0051

FVERAGE VARIANCE OF COEFFICIENTS= G.1276

TI-EFFIC

FAXIMUM VARIANCE OF FITTED RESPONSE=

IENCY= 87.1

1.36

1920

9 RUNS
(8) VARTANCE OF FITTED RESPCNSE
-1. 1.0000
-1. 1.0000
-1. 1.0000
1. 1.0000
~1. 1.0000
1. 1.0000
-1, 1.0000
1. 1.0000
1. 1.00060
-0.0051 -0.0077 ~0.0077 0.0051
0.0051 ©.007%7 0.0077 -0.0051
-0.0051 =-0.0077 ~0.0077 0.0051
0.0051 0.0077 0.0077 =-0.0051
-0.005% -0.0077 -0.0077 0.0051
0.1633 -0.005%1 -0.0051 0.0867
-0.0051 0.1173 -0.0077 0.0051
-0.0051 -0.0077 0.1173 0.0051
0.0867 0.0051 0.0051 0.1633

73



CESIGN { 8.

12
13
14
15
16
17
18
23
24
5
26
27
28
34
35
36
37
38
43
46
47
48
56
57
58
67
68
73

58

CORFOUNDING INDEX=

ik

ALTAS MATRIX

0
0.0000
-0.0000
~0. 1429
-0. 1429
0.0000
-0.90000
0. 1423
0. 0000
-0. 0000
0. 1429
Q. 1429
0. 0000
-0. 1429
~0.0000
-0.1429
-0.0000
~0. 1429
0. 1429
0. $429
~0.0000
-0. 0000
-0. 1429

0. 1429

0. 1429
-0.7143
-0.0000
~0. 1429
-0, 1429

0.8163

1
~0.0000
0.0000¢
0.1429
C.1428
~0.0000
0.0000
~0.1429
~0.0000
0.0000
~C. 1429
~0.1429
~1.0000
0. 1429
C.0000
0. 1429
1.0000
C. 1429
~0.1429
€.8571
0. 0000
0,0000
~C.8571
~0. 1429
~0.1429
~0.2857
€.0000
C. 1429
0. 1429

3.8163

2
0.0000
~0.0000
~0.1429
~0.1429
-0.0000
-1.0000
0.1429
~0.0000
0.0000
0.1429
G. 1429
0.0000
-0.1429
~1.0000
-0.1429
-0.000Q
~0.1429
0.1429
0. 1429
~0.0000
~0.0000
~0.1429
-0.8571
0.1429
0.2857
0.0000
0.8571
-0. 1429

3.8163

3.8776

3
-0.0000
0.0000
0.1429
0.1423
1.0000
0.0000
-0, 1429
0.0000
-1.0000
~-0.1429
-0.1429
~0.0000
0.1829
0.0000
0. 1429
0.0000
0. 1429
~0.1429
~0.1429
0.0000
0.000Q0
0.1425
~0, 1429
0.8571
~0.2857
~0.0000
0.1429
~0.8571

3.8163
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i
-0.0000
G.0000
-0.1429
0.8571
~0.0000
~0.0000
-0.8571
~1.0000
$.0000
0. 1429
0.1429
0.0000
~0.1429
~0.0000
~0.1429
-0.0000
-0.1429
0.1429
0.1429
0.0000
0.0000
-0. 1429
0.1429
0.1429
0.2857
1.0000
-0.1429
~0.1429

3.8163

5
-0.0000
0.0000
0.5714
-0.4236
=0.0000
~0.0000
-0.5714
~0.0000
0.0000
0.4286
~0.57 14
0.0000
0.5714
-0.0000
-0.4286
-0.0000
0.5714
-0.57 14
0.4286
0.0000
0.0000
0+.5714
0.4286
0.4286
~0.1429
0.0000
0.5714
0.5714

4.0612

6
-0.0000
1.0000
~0. 1429
~0. 1429
-0.0000
~0.0000
0.1429
-0.0000
0.0000
-0.8571
0.1429
0.0000
0.8571
~0.0000
~0. 1429
~0.0000
~0.1429
0. 1429
0. 1429
0.0000
1.0000
-0, 1429
0. 1429
0, 1429
0.2857
0.0000
~0. 1429
~0. 1429

3.8163

7
-1.0000
0.0000
-0, 1429
-0, 1429
~0.0000
-0.0000
0. 1429
-0.0000
0.0000
0.1429
. 1429
0.0000
-0. 1429
-0.0000
0.8571
-0.0000
-0.1429
-0.8571
0.1429
1.0060
0.0000
~0.1429
0. 1429
0. 1429
0.2857
¢.0000
~0.1429
~0.1429

3.8163

8

0.0000
-0,0000
~0.5714
-0.5714
0.00300
0.0000
~0.4286
0.0000
~0.0000
G.5714%
L5714
~0.0000
0.4286
0.0000
-0.5714
0.0000
-0.5714
-0.4286
0.5714
-0.0000
~0.0000
0.4286
0.5714
0.5714
0. 1429
-0.0900
9.4286
0.4286

4.0612



LESIGN ( 8.10.

3 VaRIABLES

DESIGN MATRIX

X1}y X(2y X(3) X(4) X5}
- 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. ~1a
1. 1. 1. ~1.
X'X INVERSE
0.1111 -0.0139 0.0

-0.0139 0.1111 0.0
0.0 0.0 0.1094
0.0 0.0 0.0156
0.0 0.0 0.0156
~0.0139 -0.0139 0.0
0.0 0.0 0.0156
0.0139 0.0139 0.0
0.0139 0.0139 0.0

CET(X'X) = 0.6039797760D 09

C-EFFICIENCY= 94.6

AVERAGE VARIANCE OF COEFFICIENTS= 0.1103

T-EFFICIENCY= 90.0

MAYIMUM VARIANCE

FITTED BRESPONSE=

11111

192

VARIANCE OF FITTED RESPONSE

10 RUNS
X(7) X(8)
-1,
1.
=1
-1,
1.
-1.
-1.
1.
1.
-1.
0.0 -0.0139
0.0 -0.0139
0.0156 0.0
0.0156 0.0
0.1094% 0.0
0.0 0. 1111
~0.0156 0.
0.0 0.0139
0.0 0.0139

156

-
u
o

COoOaDOoDCOQ

156

cCoooooCC o
<o
[Xe)
=

DR

0.9375
0.9375
0.9375
0.7500
0.9375
0.9375
0.9375
0.9375
0.9375
0.7500

0. 111

-0.0139
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i

ALIRS MATRIX

LESIGHN |

Q
12 0.0
13 0.0
AL 0.0
15 0,3333
16 0.0
17 -0.3333
18 ~0,23333
23 g.3333
24 -0.2333
25 0.0
26 0. 0000
27 0.0
28 0.0
34 ~{. 3333
35 0.0
36 .0
37 0.0
38 0.0
45 0.0
46 ~0. 0000
u7 0.0
48 0.0
56 0.0
57 ~0. 3333
58 ~0.3333
67 0.0
68 ¢G.0
78 0,3333
Ss 1. 0000

CCHFQUNDIRG INLEX=

1 2
0.0 0.2500
0.0 ~0.0000
0.0 0.7500
0.3333 0.0
0.0 -0.0000

-0.3333 0.0

-0.3333 0.0
0.3333 0.0
0.6667 0.0
0.0 ~9.0000

-0.0000 0.0
0.0 ~0.2500
0.0 ~0.3750

~0.3333 0.0
0.0 0.2500

-1.0000 0.0
0.9 0.7500
0.0 0.6250
0.0 -0.2500

-0,9000 0.0
0.0 ~0.0000
0.0 -0.6250
0.0 ~1.0000
0.6667 0.0
0.6667 0.0
0.0 0.0000
0.0 0.,1250

-0.6667 0.0
3,3333 3.3125

3, 3437

3
0.2500
0.0000

~0.2500
0.0

~1.0000
0.0

B
-
-

000

a

SOOO0Q
COCOOo O

»

0.7500
0,6250
8.0
0.2500
0.0
-0.2500
~0.3750
0.7500
0.0
9.0000
~3.6250
~0.0000
0.0
0.0
0.0000
0.1250
0.0

3.3125
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4
0.7500
~0.0000
0..2500

0.2500
~0.6250
0.2500
0.0
~0.0000
~-0.3750
0,0000
0.0
0.0
~1.0000
-0.1250
0.0

3.3125

333

Do oD
WO owm

.
-
.

0.6667
0.6667
0.3333
-0. 3333
0.0

-1.0000

3,3333

6
~0. 2500
-1.0000

0.2500
0.0

v o s
VO COODR0
(=
=]
<

000

PN

. 2500
. 3750

i i e
<

-0.2500
8.0
0.2500
0.37%0Q
0.2500
0.0

-1.0000

-0. 3750
0.0000
4.0
0.0

~0.00600

-0. 1250
Q.9

3.8125

0.,3333
G.0
$.0000
0.0
0.0
0.3333
0.0
0.0000
0.0
0.8
0.0
-1.0000
0.0
0.0
0.0
0.3333
~0,6667
0.0
0.0
~0,3333

3.3333

[=Ra ol el
cooo®

26667
0.0
~0.6687
0.3333
0.6667
~0.6667
4.0
0.,0000
0.0
0.0
~0.6667
0.0
0.0000
0.0
0.0
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CESIGN ( 8.10. 2)
8 VARIABLES 9 PARAMETERS 10 FUNS

VESIGKN MATRIL

X(1)  X42) X(3)y X(4) X(5) X&) X(7)y X(8) VARTANCE OF FITTED RESPONSE
-1. 1. 1. 1. -1. 1. -1, 1. 0.9375
-1. -1. -1, 1. 1. ~1. -1. ~1. 0.9375

1. 1. Te 1. -1. -1. 1. -1. 0.9375
-1. -1. 1. =-1. 1. -1. 1. 1. G.9375
1. =1, -1. 1. 1. 1. 1. 1. 0.9375
1. 1. -1, -1. 1. -1, -1, 1. 0.9375
-1. 1. -1. ~1. ~-1. 1. 1. -1. 0.9375
-1. 1. 1. -1 1. 1. -1. -1, 0.7500
1. -1, 1. -1. ~1. 1. -1. -1. 0.9375
-t. -1. -1. -1. -1. -1. -1. 1. 0.7500

X'X INVERSE

0.1094 0.0156 0.0 0.0 0.0156 0.0 0.0 0.0156 0.0
0.013¢ 0.1094 0.0 0.0 -0.0156 0.0 0.0 -0.0156 0.0
0.0 .0 ¢G.1111 -0.0139 0.0 0.0139 -0.0139 0.0 0.0139
0.0 0.0 -0.0139 0.1111 0.0 0.0139 -0.0139 0.0 0.0139
0.0156 -0.0156 0.0 0.0 0.1094 0.0 0.0 ~0.0156 0.0
0.0 0.0 0.0139 0.0139 0.0 0. 1111 0.0139 0.0 -0.0139
0.0 0.0 ~-0.0139 -0.0139 0.0 0.0139 0.1111 0.0 0.0139
0.0156 -0.0156 0.0 0.0 ~0.0156 0.0 9.0 0.1094 0.0
0.9 0.0 0.0139 0.0139 0.0 -0.0139 0.0139 0.0 0.1111
DET(X'X) = 0.6033797760D 09

C-EFFICIENCY= 94,6
AVEEAGE VARIANCE OF COEFFICIENTS= (.1103
I-ZFPFICIENCY= 90.%

MAXIMUM VARIANCE OF FITTED PESPONSE= .11
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DESIGN |

ALIAS MATRIX
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CONFODNDING INLEX=




CESIGN

8 VARI

(N x

1.
-1.
1.
-1.
1.
-1.
1.
1.
-1.
-1,

oo O
CoDO a

¢.0156
-0.0156
-0.0156
0.0
CET (X*'X

L-EFFIC

( 8.10.

ABLES

3)

9 PARAMETERS

DES TGN MATERIX

2y X(3)

1. -1.
1. -1.
-1. 1.
1. 1.
~1. 1.
- 1. -1,
1. 1.
~1. -1
- 1. 1.
1. - 1.

Xy X

X1{ INVERSE

0.0
0.1111
0.0139
-0.0139
-0.0139
0.0
0.0
0.0
-0.0139

=

0.0
€.0139
g.1111
0.0139
0.013%
0.0
0.0
0.0
0.0139

TENCY= 94.6

5) X(6)

~-1. 1.
-1. -1.
-1. 1.
1. -1.
-1. -1
1. 1.
1. 1.
1. -1.
-1. 1.
-1. 1.

0.0
~0.0138
d.0139
0.1111
-0.0139
0.0
0.0
0.0
-0.0139

0.6039797760D 09

i7 X

1.

0.0
-0.0139
0.0139
-0.0139
0.1111
0.0
0.0
0.0
-0.0139

AVEBAGE VARIANCE OF COEFFICIENTS= 0.1103

I-EFFIC

MAXIMUM VARIANCE OF FITTED RESPONSE=

IENCY= 80.6

.1

1

(8}

-1.
-1
-1.
-1.
1.
-1.
1.
1.
1.
1.

1

196

0 RUNS

YARIANCE OF FITTED RESPONSE

-
w
o

094
156
156

OO0 OO0OO
a o 4 & o ¢ s b s

COOa0SO00O

9.1094
-0.0156
0.0

0.7500
1.0000
0.7500
1.0000
1.3000
1.0000
1.0000
1.0000
0.7500
0.7500
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8.10.

DESIGHE {

ALIAS MATRIX
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CONFOUNDING INDEX=



DESIGHE ( 8.1%1. 1)
8 VARIABLES 9 PARAMETERS

LESIGN MATRIX

X Xi2)  X(3%  X{u) X5y X(63 X{Nh X(8)

-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. -1. 1. ~1. ~1

- 1. 1. -1, -1, 1. L -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

X*X INVESBSE

0.1931 ~-0.009% 0.0094 0.009¢ ~0.0125
-0.0C94 0.1031 -0.009% -0.009%4 0.0125
0.0094 =~0.0094 0.1031 0.0094 -0.0125
0.009% -~0.0094 0.0094 0.10317 -0.0125
-0.0125 0.0125 =-0.0125 -0.0125 0.1000
0.0219 0.0094 -0.0094 -0.0094 0.0125
~0.0094 0.0094 0.0219 -~0.0094 0.0125
-0.0094 -0.0219 -0.009%¢ ~-0.009¢4 0.0125
~0.0094 0.009¢ ~-0.0094 0.0213 0.0125

CET(X'X) = 0.13421772840D 10
L-EFFICIENCY= 93.9
AVERAGE VARIANCE CF COEFFICIENTS= 0.1028

T-EFFICIENCY= 88.5

FAXTIMUM VARIANCE OF FITTED RESPONSE= 1.4000

198

.
.
.
.
-
.
.
-
.

0.0219
0.0094
-0.0094
-~0.0094
0.0125
0.1031
0.0094
0.0094
0.0094

-0.0094
0.0094
0.0219

-0.0094
0.0125
0.0094
0.1031
0.0094
0.0094

0.7125
0.8125
0.9625
0.9625
0.8500
0.8125
0.8500
0.9125
0.8125
0.7125
0.6000

-0.0094
-0.0219
-0.0094
-0.0094
0.0125
0.0094
0.0094
0.1031
0.0094%

VAFIANCE OF FITTIED RESPONSE

-0.0094
0.0094
-0.0094
0.0219
0.0125
0.0094
0.0094
0.0094
0.1031
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DESIGN ( 8.11. 1)

ALIAS MATRIX

0 1 2 3 4 5 [ 7 8
12 0.0250 ~0.2750 0.0250 ~0.4750 0.3000 -0.0250 ~0.0250 0.7250 -0.5250
13 0.3000 -0.0500 ~0.2000 0.0500 -0.4000 0.7000 0.2000 ~0.0500 ~0.,0500
" 1L ~0. 2250 0.2250 0.2750 -0.4750 0.3000 0.2250 0.7250 0.2250 0.4750
15 ~0.0750 ~0.4250 ~0.0750 0.6750 0.1000 0.0750 0.0750 0.5750 0.3250
16 ~0.0500 0.3000 ~0.0500 0.2000 0.4000 0.0500 0.0500 =0.7000 -0.2000
17 0.5G00 0.0000 0.5000 ~0.0000 0.0000 0.5000 ~0.5000 0.0000 0.0000
18 -0. 2000 0.2000 ~0.7000 ~0.2000 0.6000 0.2000 -0.3000 « 2000 0.2000
23 -0, 1250 ~0.4250 ~0.1250 -0.1250 0.5000 0.1250 0. 1250 ~0.1250 0.1250
24 0.0750 0.1750 0.0750 0.5750 ~0.1000 ~0.0750 -0.0750 0. 1750 0.4250
25 ~0.0000 -0.0000 92,0000 0.0000 ~0.0000 ~0.0000 1. 0000 ~0.0000 -0.0000

26 -0. 0000 ~0.0000 0.6000 0.0000 -0.0000 1.0000 =0.0000 ~0.0000 ~0.0000
27 0. 0250 0.7250 0.0250 =0, 4750 0.3000 -0.0250 ~0,0250 ~0.2750 ~0.5250

28 0.1750 ~0.4250 0.1750 0.1750 0.1000 -0.1750 ~0.1750 -0.4250 -0.1750
34 0. 1500 ~0.6500 0.6500 0. 1500 ~0.2000 ~-0.1500 0. 3500 0.3500 -0.1500
S -0.0750 0.5750 -0.0750 -0.3250 0.1000 0.0750 0.0750 0.5750 0.3250

30 0. 1000 0.1500 0.1000 -0. 1500 0.2000 -0.1000 ~0.1000 0.1500 -0.8500
37 0. 2000 0.0500 -0.3000 ~0.0500 0.4000 0.89000 0.3000 0.0500 0.0500
33 -0, 1000 ~0.1500 ~0.1000 0.1500 ~0.2000 0.1000 -0.9000 ~0.1500 -0.1500
45 -0.0250 0. 0250 ~0.0250 -0,2750 ~0,3000 0.0250 0.0250 0.0250 -0.7250
46 -0, 1500 0.4000 -0.1500 0.1000 0.2000 0.1500 89,1500 0.4000 -0.1000
47 =0.0750 0.0750 0.4250 0.1750 0.1000 0.0750 0.5750 0.0750 ~0.1750
48 -0.2500 0.5000 0.2500 ~0.0000 0.0000 ~0.7500 ~0.2500 -0.50800 0.0000
56 ~0.0000 0.0000 1.0000 -0.0000 G.0000 0.0000 ~0.0000 0.0000 0.0000
57 -0.0750 0.5750 ~0,0750 0.6750 0.1000 0.0750 0.0750 ~0.4250 1.3250
58 0.0250 ~0. 0250 0.0250 0.2750 ~0.7000 ~0.0250 ~0,0250 ~0,0250 ~0.2750
67 ~0. 0500 ~0.7000 ~0.0500 0.2009 0.4000 0.0500 0.0500 0.3000 -0.2000
68 ~0. 1000 =0.1500 ~0.1000 -0.8500 -0.2000« 0.1000 0.1000 ~0. 1500 ~0.1500
78 ~0. 1000 0.1000 ~0.6000 -0.1000 -0.2000 0.1000 -0.4000 0.,1000 0.1000

58 0.7000 3.2625 3.1000 3.1875 2.4000 3.2000 3.6000 2.9525 2.88753

CONFOUNDING INDEX= 3.0750




DESIGN ( 8.11., 2)
8 VARIARBLES 9 PARAMETERS

DESIGN MATRIX

200

11 RUNS

} VARIANCE OF FITTED RESPONSE

.

X(1)  Xi2} X{3) X4y X(5 X(6) X(7) X(8
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. P -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

X*X INVERSE

0.1000 -0.0125 0.0125 0.0125 0.0125
-0.0125 0.10317 -0.0094 ~-0.0094 0.0219
0.0125 -0.0094 0.1031 0.009¢4 0.0094
0.0125 -0.0094 0.009¢ C.1031 0.0094
0.0125 0.0219 0.0094 0.0094 0.1031
-0.0125 0.0094 0.0219 -0.009¢ -0.0094
-0.0125 6.0094 -0.0094 ~0.0094 ~06.0094
0.0125 -0.0094 0.0094 -0.0219 0.0094
0.012% -0.0094 0.0094 0.0094 0.0094

DET{X'X) = 0. 134217728Cp 10
D-EFFICIENCY= 93.9
AVERAGE VARIANCE OF COEFFICIENTS= 0.1023

T-EFFICIENCY= 88.5

EAX{AUH VARIANCE OF FITTED RESPONSE= 1.4000

-0.0125
0.0094
0.0219

-0.0094

-0.0094
0.1021
0.0094

-0.0094

-0.0094

-0.0125
0.0094
~0.0094
-0.0094
-0.0094
0.0094
0.1031
-0.0094
0.0219

0.9625
0.9625
0.8125
0.7125
0.9625
0.9625
0.8125
0.7125
0.6500
0.8500
0.6000

0.0125
-0.0094
0.0094
-0.0219
0.0094
~0.0094
-0.0094
0.1031
0.0094

0.0125
-0.0094
0.0094
0.0094
0.0094
-0.0094
0.0219
0.0094
0.1031



8.11.

2)

ALIAS MATRIX

DESIGH (
« 0
12 0. 1000
13 0. 1000
. 14 -0.2000
h 15 ~0.1000
1% 0. 1000
17 0. 1000
18 -0.1000
23 ~0.2000
24 0. 1000
35 ~0,8000
26 0. 1000
27 =0.2000
28 ~0, 1000
3 -0.1000
35 0. 2000
35 0.2000
37 0. 4000
38 -0.2000
45 -0. 1000
46 0. 1000
47  ~0.1000
48 ~0.%000
56 ~0.1000
57 0. 2000
58 9. 1000
€7 0. 2000
68  -0.4000
78 ~0.2000
B 1.0000

CONFOUNDING INDEX=

1
~0.0750
~0.0750
~0.1000

0.0750
-0.0750
~0.0750

Q.0750

0.6500
~0.0750

0.5500

0. 1750

0.6500
~0.1750

0.0750
-0.6500

0.3500
~0.5500
-0.3500

0.0750
-0.0750

0.0750

0.0750
-0.1750
-€.6500

0.175¢0

0.3500

0.5500
-£.3500

3.2875

2
0.,3250
0.3250
90,1000
0.6750
0.3250
0.3250

~0.3250
~0.1500
~0.1750
~0.0500
6.0750
~0.1500
~0.0750
0.1750
0.1500
~0.3500
0.0500
-0.6500
-0.8250
-0.1750
0.1750
0.1750
~0.0750
0. 1500
0.0750
0.6500
~0.0500
0.3500

3.0375

3.1375

3
0,32%0
0.3250
0. 1000

-0.3250
0.3250
-0.6750
~3.3250
~0.1500
0.3250
~0.0500
-0.4250
~-0. 1500
~0.5750
-0.325¢0
0.1500
0. 1500
0.0500
-0. 1500
-0.3250
0.3250
0.6750
~0.3250
~0.5750
0. 1500
~0.4250
0. 1500
~0.0500
-0, 1500

3.1875

201

4
0.0750
0.0750
0.1000

-0.0750
0.0750
0.0750

-0.0750
0.3500
G.0750

-0.5500

-0.1750
0.3500
0.1750

~0.0750
-0.3500
0.6500
0.5500
-0,6500
~-0.0750
00,0750
~0.,0750
~0.0750

0.1750
~0.3500
~0.1750

0.6500
~0.5500
~0.6500

3.2875

S
0.6750
-0.3250
~0.1000
0.3250
~0.3250
-0.3250
0.3250
0.1500
~0.8250
0.0500
~0.0750
0.1500
0.0750
-0,1750
~0.1500
~0.6500
-0.0500
~0.3500
~0.1750
0.1750
-0.1750
~0.1750
0.0750
-D.1500
-0.0750
0.3500
0.0500
G.6500

3.0375

6
0.1750
0. 1750

~0.1000
-0.1750
0.1750
0. 1750
0.8250
-0.3500
-0.3250
2.0500
~0.0750
0.6500
0.0750
0.3250
~0.6500
-0.1500
~0., 0500
0. 1500
0.3250
-0.3250
0.3250
-0.6750
0.0750
0.3500
~0.0750
~0.1500
0.0500
0. 1500

3.0375

7
0.3250
~0.6750
0.1000
-0.3250
0.3250
0.3250
-0.3250
~0.1500
0.3250
~0.0500
0.5750
~0.1500
0.4250
0.6750
0. 1500
0.1500
0.0500
~0,1500
~0.3250
00,3250
~0.3250
~0.3250
Q.425¢C
0.1500
0.5750
0. 1500
~0.0500
~0.1500

3.1875

a
-0.1750
~0.1750

0.1000
0.1750
0.8250
~-0.1750
0.1750
~0.6500
0.3250
-0.0500
0.0750
0.3500
~0.0750
-0.3250
-0.3500
G, 1500
0.0500
~-0+1500
~0.3250
~3.6750
~0.3250
~0.3250
~0.0750
0.6500
0.03750
0.1500
~0.0500
-0.1500

3.0375



202

LESIGN ( 8.12. 1)
8 VARIABLES 9 FARAMETERS 12 RUNS

DESIGN MATRIX

X4 X(2Y X{3h) X(4) X(5) X(6) X(7) X(8) VARIANCE OF FITTED RESPOWSE
~Te -1. 1. 1. -1, 1. ~-1. 1. 0.7500
1. -1, 1. -1, -1. 1. 1. 1. 0.7500
1. 1. 1. 1. -1, -1. -1. -1, 0.7500
1. -1. 1. -1. 1. -1. -1. -t. 0.7500
-1. 1. 1. -1. 1. 1. 1. ~1. 0. 7500
1. 1. -1, 1. -1. 1. 1. -1, 0.7500
1. -1. -1. 1. 1. -1. 1. 1. 0.7500
-1 1. 1. 1. 1. -1. 1. 1. 0.7500
-1. -1. -1. =-1. -1, -1. 1. =-1. 0.7500
-1. 1. -1. -1. ~1. -1, -1, 1. 0.7500
1. 1. -1. -1. 1. 1. -1. 1. 0.7500
~1. -1. -1. 1. 1. 1. ~1. -1, 0.7500

X'X INVERSE

0.0833 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0833 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0833 0.0 0.0 G.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0833 9.0 6.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0833 0.0 0.0 0.0 0.0
0.9 0.0 0.0 0.0 0.0 0.0833 6.0 0.0 0.0
0.0 2.0 0.0 0.0 0.0 0.0 0.0833 0.0 0.0
6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0833 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DET {X'X) = 0.5159780352Dp 10

[-EYFICIERCY= 100.0
AVEERGE VARIANCE OF COEFFICIENTS= C.0833
T-EFFICIENCY= 100.0

MAXINMUM VARIANCE OF FITTED RESPONSE= 0.7500



DESIGN { &.12. 1)

ALIAS MATRIX

0 1
12 0.0 0.0
13 0.0 0.G
14 0.0 0.0
15 0.0 0.0
16 0.0 G.G
17 0.0 0.0
18 0.0 9.0
23 0.¢C -0.3333
W 0.0 0.3333
25 0.0 -0.3333
26 0.0 C.22332
27 0.0 -G.3333
28 0.0 -6.3333
34 0,0 -0.3333
as 0.0 -0.3333
36 0.0 -C.3333
37 0.0 -€.3333
33 0.0 -0.3333
45 0.0 ~0.3333
46 0,0 ~0.3333
47 0.0 0.3333
g 0.0 ~G.3333
56 0.0 ~0.3333
57 0.0 -0.3333
58 0.0 0.3333
67 0.0 G.3333
68 Q.0 0.3333
78 0.0 ¢.3323
55 0.0 2.3333

<

0.0
-0.3333
0.3233
-0.3333
¢.3333
-0.3333
-0.3333

0.0

~-0.3333
0.3333
-0,3333
0.3333
0.3333
0.3333
0.3333
-0.3333
-0.3333

2.3333

CONFQUNDING INDEX= 2,3333

3
-0.3333
0.0
-0.3333
~0.3333
-0.3333
-0, 3333
~0.3333
0.0
0.3333
0.3333
~0.3333
0. 3333
~0.3333
0.0

[=R <N=]
oo o

0.0
-0.3333
~-0.3333
-0,3333

0,3333
-0,3333

0,3333
~0.3333

0.3333

0.3333

0.3333

2.3333
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4
0, 3333
-0.3333
0.0
-0.,3333
~0,3333
0.3333
~0,3333
00,3333
0.0
~-0.3333
-0.3333
0.3333
~-0.3333
0.0
-0.3333
-0.3333
-0,3333
0.3333
0.0

DO O
[~ RNl

~0.3333
0.3333
0.3333
-0.3333
-0.3333
0.3333

2.3333

5
-0,3333
-0.3333
-0.3333

0.0
-0.3333
-0.3333

0.3333

0.3333
~-0.3333

0.0

0.3333

0.3333

0.3333
-0.3333

0.0
-0,3333

0.3333
-0.3333

0.0
-0.3333

0.3333

0.3333

0.0

0.0

0.0
-0.3333
-0.3333

0.3333

2.3333

6
0.3333
-0.3333
-0.3333
-0.3333
0.0
0-.3333
0.3333
~0.,3333
~0.3333
0.3333
0.0
0.3333
-0.3333
-0.3333
-0.3333
0.0
0.3333
0.3333
-0.3333
0.0
-0,3333
~0.3333
0,0
-0.3333
~0,3333
0.0
0.0
-0.3333

2.3333

7
-0.3333
-0.3333

0.3333
-0.3333
0.3333
0.0
0.33313
0.3333
0.3333
0.3333
0.3333
Q0.0
~0.3333
-0.3333
0.3333
0.3333
0.0
0.2333
G.2333
~0.3333
0.0
0.3333
-0.3333
0.0
0.3333
0.0
-0.3333
0.0

2.3333

8
-0.3333
-0.3333
-0.3333

0.3333
0.3233
0.3333
0.0
-0.3333
-0.3333
0.3333
-0.3333
-0.3333
0.0
0.3333
~0.3333
0.3333
0.3333
0.0
0.3333
~0.3333
0.3333
0.0
-0.3333
0.3333
0.0
~0.3333
0.0
0.0

2.3333



CESIGN ( S9.10. 1)
S VERIABLES
DESIGN HMATEIX
X1} X(2) X317 X({4) X(5)
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. -t.
1. 1. -1, 1. -1.
X'X INVERSE
0.1111 -0.0139 0.0
-0.0139 0.1111 0.0
0.0 0.0 0.1111
0.0 0.0 -0.0139
-0.0139 -0.0139 0.0
0.0 0.0 -0.0139 -
0.0139 0.0139 0.0
-0.0139 -0.0139 0.0
0.0 0.0 0.0139
0.0 6.0 06.0139
DEI(X'X) = 0.5435€17984D 10

D-EFFICIENCY=

10 PRRAMETERS

94.?

0.0
0.0

-0.0139

0.1111
0.0
0.0139
0.0
0.0
0.0139
0.0139

204

10 RUWS
X7y xX(8 X9
1. ~1.
-1. 1.
-1. -1.
1. -1,
-1. 1.
1. 1.
-1, -1.
1. 1.
1. -1.
1. 1.
-0.0139 0.0
-0.0139 0.GC
0.0 -0.0139
0.0 -0.0139
0.1t 0.0
0.0 0.1111
0.0139 0.0
~-0.0139 0.0
0.0 0.0139
6.0 0.0139

AVERAGE VARIANCE OF COEFFICIENTS= 0.1111

T~EFFICIENCY=

BAXIMUM VARIANCE OF FITTED RESPONSE=

90.0

1.2222

VARIANCE OF FITTED RESPONSE

0.0139

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.06000
1.0000
1.0000
1.0000

-0.0139

-0.0139
0.0
0.0

~0.0139
0.0
0.0139
0.1111
0.0
0.0

[N ~NoRoNoNoNoN NNl

DRI
- OOQCOOOOOO
s -
w ww
[¥=} [¥-RV+)

p—y
W
O

111
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DESIGN ( S.11. 1)
g VARIABLES
CESIGN MATHFIX

X1y X{2) X{3H X (>

-1, 1. -1 -1 1.
-1, -1 T P
-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, -t =1, 1. 1.
1. . -1 -t 1.
1. -1, =1, =1 -1,
1. 1. 1. -1 1.

X*X INVERSE

0.1042 0.0104 ~C.0104 -~
0.0104u 0.10L42 -0.0104 -
~0.0104 -0.0104 0.1042
-0.0104 -0.0104 ¢.0104%
0.0104 0.0104 -0.0104 =~

10 PARAMETERS

X 16}

-1.
-1.
1.
-1.
1.

g.010u4
0.0104
0.0104
0.1042
0.0104

-0.0208 0.9104 -0.0104 -0.0104

C.0104 0.01C4 ~-0.0104
-0.0104 0.02C8 0.0104
-0.0104 -0.0104 0.0104
-0.0104 -0.0104 -0.0208
DET({X*X)= 0.1288490189D 11

D-EFFICIENCY= 93.2

0.0208
0.01C4
0.0104
0.0104

7y X

0.0104
0.0104
~0.0104
-0.0104
0.10u42
0.0104
0.0104
-0.0104
0.0208
-0.0104

AVERAGE VARIANCE OF COEFFICIENTS= 0.1042

T-EFFICIENCY= 87.3

EAXTMUM VARIANCE OF FITTED RESPONSE=

1.66

206

11 EUNS

8 XM

-1. -1.
1. -1.
-1. 1.
-1. 1.
-1. 1.
~1. -1.
1. -1.
t. 1.
1. t.
1. -1.
1. 1.

-0.0208
0.0104
-0.0104
-0.0104
0.0104
0.1042
¢.0104
~0.0104
-0.0104
~0.C104

67

VARIANCE OF FITTED RESPONSE

0.0104
0.0104
-0.0104
0.0208
0.0104
0.0104
0.1042
-0.0104
~0.0100
~0.0104

1.0000
0.9167
1.0000
0.9167
0.9167
1.0000
1.0000
1.0000
0.6667
0.9167
0.6667

-0.0104 -0.0104
0.0208 =-0.0104
0.0104 0.0104
0.0104 0.0104

-0.0104 0.0208

-0.0104 =-0.010u4

-0.0104 -0.0104
0.10u2 0.0104
0.010u 0.1042
0.0104 0.0104

-0.0104
-0.0104
-0.0208
0.0104
-0.0104
=0.0104
-0.0104
0.0104
0.0104
0.1042

*e



CESIGN ( 3.11,

12
13
14
15
16
17
18
19
23
24
25
z6
27
28
29
34
35
36
37
38
39
us
46
47
48
49
56
57
58
59
67
68
69
73
79
a9

s3

CCNFCUNDING INLEX=

ALIAS

~0.0833
0.0833
~0,0833
0.0000
~,0833
0. 0000
0.0833
-0.0833
~-0.1667
0.2500
0.0900
0. 1667
~0.0833
-0.2500
0.5000
0.1667
0. 1667
-0.,5000
~0.0833
~0. 1667
~0. 1667
~G. 0000
-0, 1657
~-0.0833
-0.5000
0.2500
~D. 1667
0.0000
-0. 0000
~0.0000
0.0833
0. 1667
0.1667
0.0833
~0.0833
~0.2500

1, 3611

n
MAIRIX

1

-0.0833
0.0833
~0.0833
-0.0000
~0.0833
0.0C00
0.0833
-0.0833
0.3333
-0.2560
0.0060
-0.3333
-0,0333
€.2500
3.5000
0.66867
0.1667
~C.50C0
-0.0833
~0.6667
0.3333
-0.0000
~0.6667
-0.0833
-0.5000
-0,.2500
~0.1667
-1,0009
0.0
3.0000
0.0833
0.6667
-0,3333
0.0833
~0.3833
042500

4.3611

-0.1657
0.1667
~0.1667
-0.0000
~0.1667
~0.0000
0.1667
0.8333
0.1667
-0.0000
0.5000
~0.1667
G.3333
0.0000
~0.0000
0.3333
~0.1667
0.0000
0.3333
0.6667
0.1657
~0.5000
0.56657
0.3333
0.0000
~0.0000
0.1667
~0.0000
0.5000
~0.5600
~0.3333
0.3333
~0.1667
~0.3333
~0.6667
€.0000

4. 3111

4.1204

0,2333
~-0.3333
0.,3333
-0.0000
“D.6667

-0, 0000

~0.3333
0.3333
3. 1667
0,35000
-0.0000
-0, 1667
0¢.3333
0.5000
0.0000
~0. 1667
0,3333
-0.0000
0.3333
0. 1667
0. 1667
0. 0000
0.1687
0.3333
-0.0000
~0,.5000
0.6667
-0.0000
0.0000
~0.0000
0.6667
-0.1667
-0. 1667
~0.3333
0.3333

~0.5000

3.7778

207

-0,3333
0.3333
~0.3333
-0.0000
~0.3333
0.0000
~0,6667
~0.3333
0.3333
0.0000
-6.5000
0.6667
0.1567
-0.0000
~C.000¢0
0,1667
0.1667
0.0000
0.1667
~0. 1867
~0.6667
0.50090
~0:1657
0.1667
0.0000
0.0000
~0. 1667
0.0000
- 0.5000
~0.5000
-0.1667
0. 1667
~0.3333
0.8333
01657
~0.0009

4.1111%

~0.0833
0.0333
-0.0833
-0.0000
~0.0833
-1.0000
0.0833
-0.,0833
-0.1667
~0.7500
0.0000
0.1667
~0.0833
0.7500
~0.5000
0.1667
0.1657
0.5000
-0.0833
~-0.1667
~0.1667
-0.06000
-0.,1667
-0.0833
0.5000
~0.7500
~0.1667
0.0000
0.0000
~0,0000
0.0833
0.1667
0, 1667
G.0B33
~0.,0833
0.7500

4o 3611

-0.3333
~0.6667
-0.3333
~0.0000
~0.3333
0.0000
0.3333
-0.3333
-0. 16867
0.5000
0.0000
0.1667
-0.3333
0.5000
~0. 5000
0.1667
0.6667
0.0000
0.6667
-0, 1667
-0, 1667
~0.0000
-0, 1667
-0. 3333
0.0000
~0.5000
0.3333
0.0000
0.0000
0.06000
0.3333
0.1667
0. 1667
0.3333
~0.3333
~0.5000

3.7778

0.0833
~0.0833
0.0833
~1.0000
0.0833
~0.0000
~-0.0833
0.0833
0.6667
0.2500
~0,0000
~0.6667
00,0833
=-0.2500
~0.%000
0,3333
~0. 16867
0.5000
0.0833
~0.3333
0,06667
0.0000
~0.3333
0.0833
0.5000
0.,2500
0. 1667
0.0000
-0.0000
-0.0000
-0.0833
0.3333
~0.6667
~0.0833
0.0832
-0.2500

4.36M1

0.3333
~0.2333
~0.,6667

0.0000

0.3333
-0.0000
-0.3333

0.3333

0.66847
~0.0000

0.5000

G.3333
~3.1667

0.0000

0.0000
~{.1667
~0.1667
~0.0000
~0.1667

G. 1667
~0.3333

0.59000

G.1667

0.3333
~3.0000
~0.0000

0.1667
~0.,0000

0.5000

0.5000

0.1667
-0.1667
~0.6667

0.1667
~0.1667

0.0004

4.1111

0.8333
0.1667
~0.1667
0.0000
~0,1667
~0.0000
0.1667
-0.1667
0. 16567
-3.0000
-0.5000
-~0.1667
-0.6667
0. 0000
0,0000
-0.6667
-0, 1667
-0.0000
0.3333
-0.3333
0.1687
-0, 5009
-0,3333
0.3333
~0.0000
-0.00060
0. 1667
~0.0000
0. 5000
0.5000
-0.3333
-0.6567
-0.1667
~0.3333
0.3333
0. 0000

4.1111



LESIGHN ( S.11. 2)
9 VABIABLES 10 PARAMETER
DESIGN MATRIX

XN L) XU KW XDy A (6)

1. -1, -1, 1. -1. -1,
1. . -, 1. 1. -1,
B e P 1. =1
1. =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,

X'X INVEERSE

5.1055 0.0117 0.0156 ~0.0117
0.0117 0. 1055 0.01%6 ~0.0117
1.0136 0.01%6 0.1042z -0.0156
-0.0117 =-0.0117 -0.0156 0.105%5
-0.0117 -0.0117 -0.0156 0.0117
-0.0117 0.019% =0.0156 0.0117
0.0117 0.0117 0.0156 -0.0117
-0.0156 =-0.0156 -0.0208 0.0156
0.0195 =-0.0117 -0.0156 0.0117
0.0117 0.0117 0.01%  0.0195

DET(X*X) = 0.12884901689D 11
C-FFEICIENCY= 93.2

AVERAGE VARIANCE OF COEFFICIENTS=

T-EPFICIENCY= 86,4

MAXIMUM VARIANCE OF FITTEU RESPONSE=

S

0.

208

11 RUNS

X{hy X8 X(N

-1. 1
1. 1
1. -1
1. -1

-1 -1

-1. -1

-1 1
1. -1

-1. -1
1. 1
1. -1

-0.0117
-0.0117
-0.015¢
0.0117
0.1055
0.0%¥17
0.019%
0.0156
0.0117
-0.0117

1052

2.0000

. 1.
. 1.
. -1.
. 1.
- -1.
. -1.
- ~-1.
- 1.
. 1.
. -1,

. -1.

~0.0117
0.0195
-0.0156
0.0117
0.0117
0.105%
-0.0117
0.01506
0.0117
-0.0117

YARIANCE OF FITTED RESPONSE

0.0117
0.0117
0.0156
-0.0117
0.0195
~0.0117
0.1055
-0.0156
~0.0117
0.0117

0.9167
0.9167
1.0000
1.0000
0.6667
1.0000
0.9167
1.0000
1.0000
0.9167
0.6667

-0.015¢6 0.0195
-0.015% -0.0117
-0.0208 -0.0150
0.0156 0.0117
0.0156 0.0117
0.015%6 0.0117
-0.015%6 -0.0117
0.1042 0.0156
0.015¢ 0.1055
-0.01% -0.0117

0.0t17
0.0117
0.0156
0.0195
-0.0117
-0.0117
0.0117
-0.01506
~0.0117
0.105%



LESIGN ( 9.11. 2)

BLIAS MATRIX

2 0 i
12 -0.2500 ~€.2500 -
& 13 0.0 0.0000 -
14 ~0.0000 0.0000
15 0.0000 0.0000 ~
16 ~0. 0000 -0,0000 -
17 0. 2500 ¢.2500
18 0.0000 -0.0000
19 ~0.0000 -0.0000
23 0. 1250 -0.3750
24 0. 1250 0.6250
25 02500 0.2500
26 ~0. 1250 -0.6250 -
27 0.2500 C.2500
28 0.0000 0.0000 -
29 ~0.1250 €.3750 -
34 ~0.37%0 Q.1250 -
15 0.C000 0.0 -
306 0., 1250 ~0.3750 -
37 ~0.125Q “D.6250
38 -9. 0000 ~0.0000 -
35 ~0. 5000 -0.5000
45 ~0.0000 ~0.0000
46 ~0.5000 ~{. 5000
47 -0. 1250 0.3750
48 -0.0000 -£.0000 -
49 0. 1250 -0.3750 -
56 0.0000 C.0000 -
57 -0.2500 -0.2500 -
58 -0.0000 1.0000 -
59 0. D000 0.0000
- o7 0. 1250 ~0.3750 -~
68 -0. 0000 0.0000
69 =0.3750 0., 1250 -
78 ~0. 0000 -4.0000
. 74 Q. 1250 0.0250 -
89 0. 0000 0.0000
Ss 1. 2500 4,2500

CONFQUNDING INLEX= 4.2006

2 3
0.3333 -0.0000
0.3333 ~-0.2500
0.3333 0. 2500
0.0000 ~0.0000
0.3333 ~-0,2500
0.6667 ~0.5000
0.0000 ~0.0000
0.3333 ~0.7500
0.1667 ~0.1250
0.1667 -0.6250
0,3333 ~0.5000
0.10667 ~-0.3750
0.0000 0.2500
0.3333 -0.0000
0.1667 0.1250
0.5000 0.1250
0.3333 0. 2500
9.5000 0.1250
0.1667 0.1250
0.0000 -0.5000
0.0000 -0.0000
0.3333 ~0.2500
0.0000 ~0.0000

0.1667 0.6250
0.0000 -0.5000
0.5000 0.1250

0.3333 0.2500
0.6667 -0.0000
0.0000 0. 0000
0.3333 0.7500
0.1667 6.3750
0.0000 9.5000
0.5000 0.1250
0.0667 09,0000
0. 1667 ~0.1250
0.0000 -0.5000
3.7778 4. 2500
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0.5000
0.2500
~0.2500
-0.0000
-0.7500
0.0000
-0.0000
~0.2500
~-0.6250
~0.1250
0.0000
0.1250
0,2500
-0.0000
~-0.3750
0,1250
-0.2500
0, 1250
0.6250
~0.5000
~0.0000
0.2500
-0.3000
Q.1250
~0.5000
0.1250
0.7500
0.5000
0.0000
0.2500
-0.1250
~0.5000
0.1250
0.0000
0.3750
0.5000

4.,2500

w

0.2500
0.0
-0.0000
0.0000
0.0000
~0.2500
1.0000
0.00Q00
~0.6250
0,3750
-0.2500
-0,3750
-0.2500
-0.0000
0.6250
~0.1250
-0.0000
0.3750
-0.3750
0.0000
0.5000
0.00090
0.5000
0.6250Q
0.0000
0.37%0
-0.0000
0.2500
~0.0000
-0.0000
~0,6250
~0.0000
-0,1250
0.0000
0.3750
-0.0000

4.2500

-0.5000
~-0.2500
-0.7500
0.0000
~0.2500
~3.0000
0.0000
0. 2500
-0.3750
0.1250
-0.0000
~0.1250
~0.2500
0.0000
-0.6250
-0.1250
0.2500
~0. 1250
0.3750
0.5000
0.0000
3.7500
0.000)
~0. 1250

~0,5000"

~Q., 1250
0. 2500
~0.5000
~0.,0000
~0.2500
0,1250
~0.5000
=0. 1259
~0.0000
0.6250
~0.5000

4, 2500

0.6667
-0.3333
0.3333
~0v0000
~0.3333
-0.3333
~1.4000
0.3333
0.1667
0.1667
-0.6667
~0. 16067
0.0000
0.5667
-0.1667
0.5000
-0.3233
0.5000
Q. 1667
0.0000
-0.0000
0.3333
~0.0000
0. 1667
0.0000
0.5000
~0.3333
Q.3333
0.0000
0.3333
~0.1667
-0.0000
0.5008
-0.3333
~0.1667
-0.0000

3.7778

0.2500
~0.0000
~0.0000

1.0000

0.0000
~-0.2500
~0.0000

0.0000
~0.1250
-0.1250
-0.2500

0.1250

0.7500
-0.0000

0.1250
-0.6250

0.0

0.8750

3.1250

0.0000
~0.5000

0.0000
~-0.5000

0.1250

0.0000

0.8750
~0.0000

3,2509

0.0000
~0.,0000
-0.1250
-0.0000
-0.6250

0.0000
-0.,1250
-0.0000

4.7500

0.0000
-0.7500
-0.2500

0.0000

0.2500

0.5000

0.0000
-0.2500

0.1250
-0.3750

0.5000
~0.6250
-0.2500

0. 0000
-0.1250
~0.1250

0.7500
~0.1250
-0.1250
-0.5000

0.0000

0. 2500

0.0000

0.3750

0.5000
-0.1250
-0.2500

0. 0000
-0.0000

0.2500

0.6250
~-0.5000
-0.1250
-0.0000

0.1250
~0.5000

4.2500
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N

3.12.

DE3IGN (

12 RUNS

RS

B

10 PARAMET

9 VARIABLES

DESIGN MATRIX

VAPIANCE OF FITTED RESPONSE

X{2) X(3) X(4) X(3) X(6) X(h X(8 X(9

X{

0.8333
0.8333
0.8333
0.8333
0.8333
0.8333
0.8333
0.8333
0.8333
0.8333
0.8333
0.8333

-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.
-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.

1.
1.
-1a
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.

-t.
1.
1.

-1.

-1.

-1.
1.
1.

X*'X INVERSE
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COQODOOOoDOC

0.6191736422D 11

CET (X*X)

100.0

C-EFFICIENCY

0.0833

AVERAGE VARIANCE OF COEFFICIENTS

100.0

T~EFFICIENCY

0.8333

MAXIMUM VARIANCE OF FITTED RESPONSE
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CESIGN ( 9.72. 1)

ALIAS MATRIX

0 1 2 3 4 5 6 7 8 9
12 0.0 0.0 0.0 0.3333 0.3333 0.3333 0.3333 -0.3333 ~0.3333 0.3333
13 0.0 0.0 0.3333 0.0 0.3343 ~0.3334 ~0. 3333 0.3333 -0.3333 0.3333
14 0.0 0.0 0.3333 ~ 0.3333 G.Q 0.3333 ~0.3333 ~0.3333 ~0.3333 ~-0,3333
15 0.0 0.0 0.3333 -0.3333 0.3333 0.0 0.3333 ~0.3333 0.3333 0.3333
16 0.0 0.0 0.3333 -0.3333 ~0.3333 0.3333 0.0 00,3333 ~0.3333 0.3333
17 0.0 0.0 ~0.3333 0.3333 -0,3333 ~0.3333 0.3333 0.0 ~0.3333 0.3333
18 2.0 0.0 -0.3333 -0.3333 ~0.3333 0.3333 -0.3333 ~0.3333 0.0 0.3333
12 9.0 0.0 0.3333 0.3333 ~0.3333 0.3333 5.3333 0.3333 0.3333 8.9
23 0.0 0.3333 0.0 0.0 0.3333 «0.3333 0.3333 ~0.3333 ~0.3333 ~0.3333
24 0.0 0.3333 0.0 0.3333 0.0 -0.3333 -0.3333 0.3333 ~0.3333 0.3333
25 0.0 0.3333 0.0 ~0.3333 ~0.3333 0.0 0.3333 0.3333 ~0.3333 0.3333
26 0.0 90,3333 0.0 0.3333 ~0.3333 0.3333 0.0 ~D.3333 0.3333 0.3333
27 0.¢ -0,3333 0.0 ~0.3333 0.3333 0.33133 -0.3333 0.0 ~0.3333 0.3333
28 0.0 -0.3333 0.0 ~0.3333 ~0.3333 ~0,3333 0.3333 ~0.3333 0.0 0.3333
29 0.0 0.3333 G.0 ~0.3333 0.3333 0.3333 0.3333 0.3333 0.3333 0.0
34 8.0 0.3333 0.3333 0.0 0.0 0.3333 0.3333 0.3333 -0.3333 ~-0.3333
35 0.0 -0.3333 ~0,3333 0.0 0.3333 0.0 0.3333 0.3333 ~0,3333 0.3333
30 0.0 -0.3333 0,3333 0.0 0.3333 0.3333 0.0 0.3333 0.3333 ~0.3333
37 0.0 0.3333 ~0.3333 0.0 0.3333 0.3333 0.3333 0.0 0.3333 0.3333
38 0.0 ~9.3333 -0.3333 0.0 ~0.3333 ~0.3333 0.3333 0.3333 6.0 ~0.3333
39 0.0 0.3333 ~0.3333 0.0 ~0.3333 0.3333 ~0.3333 0.3333 -0.3333 0.0
45 0.0 0.3333 ~0.3333 0.3333 0.0 0.0 0.3333 0.3333 0.3333 ~0.3333
46 0.0 ~0.3333 ~0.3333 0.3333 0.0 0.3333 0.9 0.3333 ~0.3333 0.3333
47 0.0 ~0.3333 0.3333 0.3333 0.0 0.3333 0.3333 0.0 0.3333 0.3332
48 0.0 ~0.3333 ~0.3333 -0,3333 0.0 0.3333 ~0.3333 0.3333 0.0 . ~0.3333
49 0.0 ~0.,3333 0.3333 -0, 3333 0.0 ~0.3333 00,3333 0.3333 -0.3333 0.0
56 0.9 0.3333 0.3333 0.3333 0.3333 0.0 0.0 0,3333 0,3333 0.3333
57 0.0 -0.3333 0D.3333 0,3333 0,3333 0.0 0.3333 0.0 -0.3333 -0.3333
58 0.0 0.3333 ~0.3333 ~0.3333 6.3333 0.0 0.3333 -0.3333 0.0 -0.3333
59 0.0 G. 3333 0.3333 0.3333 ~0G.3333 9.0 0.3333 ~0.3333 -0.3333 0.0
67 0.0 0.3333 ~0.,3333 0.3333 0.3333 9. 3333 0.0 0.0 -0.3333 -0.3333
¢ 68 0.0 ~0.3333 0.3333 0.3333 -0.3333 0.3333 0.0 ~-0.3333 0.0 -0.3333
69 0.0 0.3333 0.3333 ~0.3333 0.3333 0.3333 0.0 ~0.3333 ~0.3333 0.0
73 0.0 ~0.3333 ~0.3333 0.3333 0,3333 -3.3333 ~0.3333 0.0 0.0 0.3333
79 0.0 0.3333 0.3333 0.3333 0.3333 -0.3333 ~0.3333 0.0 0.3333 0.0
- €9 0.0 0.3333 0.3333 ~0.3333 -0.3333 ~0.3333 ~0.3333 0.3333 0.0 0.0

55 0.0 3.111% 3.1111 3. 1111 3.1111 3.1111 31119 3.1111 3.1111 3.1111

CCNFOUNDING INIEK= 3.1111




1.

10.

11.

12.

13.
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