9.3.2 Test of normality.

The discussed test can be applied only if in thgiraal populations the considered values have a
normal distribution. It is necessary to test tloadition before the application of these tests. For
the values, x,, X;,... X, of a random sample the following tests indicatia&y are from a
population of a given distributioifx).

a) x° test. A frequency table of the values is made. fef,...,f be the frequencies of the
cells centered at, V,,,... Vi. The value

_ (fi—gv))*
z‘l a(v)

the valuev.. In our case this is the normal probability fuootwith a mean and deviation
corresponding to the data.

If the data has normal distribution these valuésive ay? distribution withk-1 degrees of

freedom.
Example 9.3.2.1

whereg(Vv) is the value of the assumed theoretical proldgidinction in

b) KStest. The y? test requires the representation of the the@iadiistribution in a discrete
form. In the case of the normal distribution is smaatural to use the Kolmogorov-Smirnov test.
In the KS test the distribution (accumulated) fimets used instead of the probability function.
If O(x) is the distribution of the observed data &g is fhe theoretical distribution (with the
same distribution and deviation than the obsenad)dand the observed data &re, Xs,... X,

then the following maximum is estimated:

D =MAX(|F(x)—~0O(x)I)

If this value is greater than the values in a tébte¢he KS test the normality hypothesis is
rejected.

Example 9.3.2.2
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9.4. Sengitivity Analysis.

Sometimes is important to know how some specifitits change with certain change in the
input data. The reasons are:

1) It is important for practical or theoretical seas to evaluate the influence that certain daga ha
on the results.

2) The values of some parameters are not exactiwiknpand it is required to know how these
uncertainties alter the results. This may leadsmiss the effect or the indetermination, if the
effects are negligible, or, if they are not, totlfier research for more exact values. In this sense
sensitivity analysis is a guide to research.

The sensitivity analysis is usually made by chaggine input variable at a time and determining
the output by the methods described in 9.2. Foctimeparisons of the original values with the
results of the changed models, the techniquesins&@ may be used.

In many cases the change in an output variable \@heanput variable is changed depends of the
values of other variables. In this case is saitttiese influencing variable interact with the
relation.

Example: As a trivial example consider the influence & thaseb on the surfacesof a
rectangle of higha. As the surface i$ =bxa, the change of the surface for a chahigef the
base is(b + Ab) xa—ba = aAb .The change depends of the valueaofThe high interacts with

the influence of the base on the surface.

When the variable interacts with the influence of on y, then determining each change of
y for different values ofx is not enough. These determinations must be dordifferent values
of z. In 9.5 the methods to do systematically thidysiawill be discussed.

The usual way to do the sensitivity analysis isriBans of factorial experiments (see 9.5)
Use of interval arithmetic. Interval arithmetic (see Moore) consist in makihg arithmetic
operations with the lower and upper values of @eterminate quantity in such a way that the
maximum interval for the results are obtained..

If (a,a,) and(b,,b,) are respectively the lower and upper values ahd b then:

(a,a,)+(b,by) = (min(a, +b,,a +by,a, +by,a, +by), (max(a, +b,a +hb,,a, +b,a, +h,))
=(ay +b,a, +b,)

(a,a,)-(b,b,) = (min(a, -b,,a -b,,a,-b,a,-b,), (max(a -b,a -b,,a, -b,a, -b,))
=(ay —b,,a, —h)

(a,a,) x (b,b,) = (min(a, xb,,a xb,,a, xb,a, xb,), (maxa, xb,,a xb,,a, xb,,a, xb,))

(a,a,)/(b,b,) = (min(a /b8 /b,,a,/b,a,/b,), (maxa /b,a /b, a,/b,a,/h,))
Multiplication and division cannot be simplified elto the sign rule.

Example.

(1,4)+(3,7)=(4,11)

(-5,-4)-(-8,-2)=(-3,4)

(-5,3)x(-3,4)=(-20,1a simultaneous change in C1 and Criibglts are almost equal than those
for C4 only.
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