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Lecture - 33
Fractional Factorial Design-Part B

So, it was said that main factor A was aliased with BCD.
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If we look at this particular table, we can see that the blue entries for A and BCD or the entries in
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that is matching perfectly and if you also want to look at the red okay before we go to the red
entries let us look at the blue entries and all these blue entries are corresponding to the blue

entries of the design generator ABCD.

Now looking at the red entries red entries correspond to the negative 1 or-1 entries in the design
generator ABCD. So, when you look here you can see the red entries are related in such a way
that is A=-BCD. So, with that relation 1 for A and-1 for BCD and from the second setting b if a is
at a lower level-1 BCD is at +1. So, that corresponds to the second fraction in the second fraction

we are all taking the negative values for ABCD.

The second fraction corresponds to the negative entries in the ABCD column and that is the



reason why you have the relation A=-BCD for the second fraction the first fraction is A=+BCD
in the second fraction A=-BCD. We also know that B was interacting or aliased rather with ACD
interaction looking at the blue entries we can see that all the blue entries are matching whereas

the red entries are related by B=-ACD-1+1 1-1-1 +1.

So, the red entries correspond to the second fraction the aliased effects are related by a negative
value in the principle fraction we are having the main effect aliased with the 3 factor interactions
directly in the second fraction the main effects are aliased with the 3 factor interactions with a
negative relationship. Similarly, for other 2 factor interactions 2 factor interactions are also

aliased with each other that table I do not have.

But you can easily show that for example ab column would be exactly matching the cd column
for the principal fraction whereas ab column would be related by related to-cd in the second
fraction I leave these things as self exercises.
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" dentification of Effects and their Aliases

Please refer to the table of contrasts and identify the linear
combination of contrasts for A and BCD in the half

corresponding to the first fraction

e
So, let us again refer to the table of contrasts and identify the linear combination of contrast for A
and BCD in the half corresponding to the first fraction. So, please look at the table linear
combination of contrasts for A and BCD we just now saw that A and BCD are identical, so you
cannot separate the 2 contributions and you have to live with both of them. So, if you look at the

contrast for either A or BCD.



The effect obtained from the contrast is going to represent both A and BCD. So, you will have-1-
1 +ab+ac-bc +ad-bd-cd and abc +abcd I request you to write it down and then compare it with
what [ am going to show in the next slide.

(Refer Slide Time: 04:55)

'I'Tdentiﬁcation of Effects and their Aliases

The first fraction corresponds to settings (1), ab, ac, be, ad,
bd, cd, abed (+'s In ABCD column),

The effect of factor Ais decided by

(-1)+ab+ac-bc+ad-bd-cd +abed

(O

So, its effect of factor a is decided by-1+ab+ac-bc+ad-bd-cd+abced please note that there are only

8 entries here 3 5 and 3 so that makes it 8.
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" |dentification of Effects and their Aliases

The effect of factor Ais decided by

(-1)+ab +ac-bc +ad - bd -cd + abcd

Coincidentally, the effect of factor BCD is also decided by

O
%ﬁ@ (1) + b + ac - b + ad - bd —od + abed
b

Not only affect our factor A is decided by the contrast as shown here the same contrasts defines

the effect of factor BCD also. So, these 8 entries are representing the combined effects of A and



BCD.
(Refer Slide Time: 05:31)

“|dentification of Effects and their Aliases

Similarly, the other effects may be checked.
We have only shown the linear contrast. The actual

effect is calculated by dividing this linear contrast by

@@4).

Similarly, we can check for the other effects. And the linear contrast was only least shown in
order to calculate the effect you can you have 4 positive entries and then 4 the negative entries
you are finding the difference between the 4 positive entries and the 4 negative entries and when

you average hence you have to divide by 4.
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|dentification of Effects and their Aliases

The second fraction corresponds to settings a, b, ¢,
abc, d, abd, acd, bed (-1's in ABCD column). The

effect of factor Ais decided by

;& a-b-c+abc-d+abd +acd - bed F

And if you look at the second a fraction please look at the red entries 1-1-1 so the a b ¢ abc d and

so on. Please write it again on the paper the calculation for the contrast of a corresponding to the

second a fraction so you will get a-b-c¢ +abc-d+abd+acd-bcd you may verify this and this is A is



not only uniquely determined but A will also be matching with-BCD so the effect of factor- BCD

is also decided by the same contrast.
(Refer Slide Time: 07:08)
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" |dentification of Effects and their Aliases

< |dentify the linear combination of contrasts for AD and BC in

the half corresponding to the first fraction.

< Based on the first fraction of (+1)s, the effect of AD is decided

(1)-ab-ac+bc +ad - bd —cd + abed

by
0
%%} (+1'sin ABCD column)

So, for AD the 2 factor interaction you go back to the principal fraction given in blue color and

AD you have to go all the way back to the original table so it would be 1-ab-ac+bc+ad-bd-
cd+abced and so that is the effect of AD but that is not only the contrast unique contrast for AD

the same contrast applies for BC as well.
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|dentification of Effects and their Aliases

Coincidentally,the effect of factor BC is also decided by

(1)-ab-ac+c +ad - bd -0d + abed

You can go back and check it out that the contrast in the first fraction are the same for both BC

and AD. So, similarly you can find the aliases for other 2 factor interactions. So, now the



important question is how do you find the effect of A and the effect of BCD or how do you
resolve the combined effects of A and BCD or the separate the BC with AD. So, what I am trying

to say here is we know that the main factors are aliased with 3 factor interactions.

And 2 factor interactions are aliased with other 2 factor interactions we want to separate out this
combined effect so that we uniquely get the effects of AB C and D and also AB BC CD and so
on. So, with this in mind obviously the resolution is to do the first fraction and analyze it and
then do the next fraction analyze it and in order to segregate the different effects you combine the
2 fractions.

(Refer Slide Time: 09:19)
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“ Combining the different fractions

% We created the first fraction by using the "+1's in
ABCD column.
% Similarly the second and last fraction in the 2* design

=May be created by using 1's in the ABCD column. In

%}is case the desian aenerator is

Now sort of summarizing we created the first fraction by using the +1 in the ABCD column.
Similarly, the second and last fraction here in the 2 power 4-1 design was created by using-1 in
the ABCD column in this case the design generators [=-ABCD the second fraction the design
generator was [=-ABCD in the first fraction the design generator was represented by I[=+ABCD I
only represents the matrix of pluses.

(Refer Slide Time: 10:18)



B Combining the different fractions

|=-ABCD

Such that

factor A is aliased with -BCD, factor B with ~ACD, and

[

jsctor C with -ABC.
§.‘i

So, you have factor A is aliased to-BCD factor B is aliased with-ACD and factor C with-ABC
how is it possible we just put the A here-A Squared A squared will be all +1 so we can take it out
*any numbers that number. So, we can just take out a square and we have A=-BCD similarly B=-
ACD and C will be=-ABD. So, that is a typo I will just correct it immediately right, so C is
with=-ABD.
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o Combining the different fractions

| =-ABCD

% Factor AB is aliased with -CD, factor AD with -BC, factor AC

with -BD.

So, now the full factorial design maybe recreated by combining the 2 fractions so that the
aliasing terms get cancelled out.
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Combining the different fractions

Let us denote the linear combination of effect Ain the first
fraction for instance as [, and in the second fraction as [’y

Hence

man

And let us denote the linear combination of effect A in the first fraction as LA and in the second
fraction as L prime A. This is the linear combination we know that in the first case A was aliased
with BCD and in the second fraction A was aliased with-BCD and when you combine the 2
fractions the BCD in the first fraction will cancel out with the-BCD in the second a fraction. So,
you will be able to recover A alone.
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. Combining the different fractions

|, =A+BCD=

i((—1)+ab+ac—bc+ad ~bd - cd +abed )

#hy ZA-BCD=-(a-b-c+abc-d+abd +acd - bed)

B o=

So, you have IA=A+BCD and that is given by this entire contrast divided by 4 1 prime A is given
by A-BCD and that is the contrast corresponding to that. And when we combine 1A with | prime
the you will get 2A+BCD-BCD +BCD and-BCD will cancel and you will be having to 2A. So,
2A 1is represented by 1/4 of these sum of these 2 entities. So, A will be 1/8 of a linear



combination of both of these.
(Refer Slide Time: 12:38)

m—
=
e

-___,.r"'

Combining the different fractions

!,,=A+BCD=% (<1)+abtac=bc+ad =bd = cd + abed

{y=A-B0D=: (a-b-c+abc~d 44l - b

By combining [, and [', we get the ful fraction. The effect of Als given as

So, La is given by this and 1A prime is given by this we add the 2 so we get 2A we get 2A and
that was=1/4 of this total sum bracket is missing. Let me just put the brackets here so that there is
no problem here to go so we have these entities and the effect of A is given by this.
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| Combining the different fractions
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((-1) +ab+ac-bc + ad - bd —cd + abc™ abed +a-b —c - d + abd + acd - bed)

Similarly, the other effects may be de-aliased by

@%%mbining the two fractions

And that would be 1/8* this entire thing if we had done the 2 power 4 designed out this fractional
approach this is the contrast we would have had and since there are 8 pluses and 8 minuses we
are taking the average and then for that we are dividing it by 8. Similarly, the other effects may

be de-aliased by combining the 2 fractions.



(Refer Slide Time: 14:03)
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Resolution of Design
* The resolution usually refers to the clarity of the image
or subject we are viewing.
“ Hence in fractional factorial approach, designs of higher

_-[esolution are better in the sense that they provide more

@)
E% ormation.

Now we come to an important concept called as resolution and the resolution of the fractional
factorial design is important when we talk of fractional factorial designs of a higher resolution
they refer to clearer designs or those which hide less and give more information. So, what is the
meaning of resolution.

(Refer Slide Time: 14:32)

Resolution of Design
Let the resolution of a design be S. Let the factor type be f
(=1 for main factor, = 2 for binary i.e. two factor interaction
etc.)

esign is of resolution S if factor f is not aliased with

er factor less than S-.

So, what is the meaning of resolution let us denote the resolution of a design by S by the symbol
S. Let the factor type or order of the factor be F=1 for a main factor or 2 for a binary factor and a
design of resolution S if factor f is not aliased with another factor<S-f it is quite simple.

Resolution is denoted as S and the order of the factor is denoted by f we calculate S-f and say



that a design is of resolution S if factor f is not aliased with another factor< S-f.

So, we will plug in some values for S and f and you will soon see what this means.

(Refer Slide Time: 15:36)
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Resolution of Design
So if f=1, then in resolution Ill (S=3), the main factors are
not aliased with each other.
If f=2, then in resolution IIl, that binary interaction is aliased

one of the main factors since S-f = 1 and a factor less

ne does not exist.

If the order of the factor is 1 that means it is the main factor and the resolution used is 3 we use
roman numerals to represent the resolution S=3 then 3-1=2 it also means that the main factors
are not aliased with each other. So, if f=1 in resolution 3 we have S=3 the resolution 3 is
represented by roman numerals so 3-1=2 and that means if you have 3-1=2<2will be 1. So, the

main factor is not aliased with another main factor.

Okay so be a bit careful about this we are only saying that the main factor cannot be aliased with
the factor of order<<S-f which means that the main factor is not aliased with another main factor.
This also means that the main factor is aliased with a factor of order 2. So, when you have a
design generated [=ABC factor A will be aliased with BC factored B will be aliased with AC and

factor C will be aliased with AB. This can be easily obtained from the design generator.

So, you can see that the main factors are not aliased with each other, but the main factor 1 main
factor is aliased with another factor of order 2 okay. So, this is for resolution we can obviously
have resolutions of higher orders like 4 and 5. If you look at f=2 then in the resolution 3 S-f=1

and so binary interaction is not aliased with the factor<l. So, the binary interaction is not aliased



with the factor<l means it is aliased with the factor 1.

You cannot have a factor< 1 okay the rule says that for resolution 3 the binary interaction cannot
be aliased with the factor<l. So, it cannot be aliased with the factors 0 it does not exist, so the
binary interaction aliased with 1 of the main factors. I think this rule is a bit difficult to remember

on the long run, but it is quite useful and anyway you do not need to remember this rule.

Because you can always look at the design generator and see how the main effects are aliased
and the binary interaction effects are aliased. So, that is not really required all you need to have is
the design generator the proper appropriate designed generator for the resolution and these are
available in standard textbooks. So, you do not have to even remember all of them.

(Refer Slide Time: 19:49)
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— Resolution of Design

% Let us now see how to determine and denote the
resolution of a fractional factorial design. Resolutions I,
IV -and V are quite important

S*Resolutions Il and IV are applied in factor screening

neriments.

1N

So, there can be resolutions of 3 4 and 5 and resolutions 3 and 4 are applied in factor screening
experiments factor screening means you are considering a large number of factors and by doing
fractional factory design you are screening out some factors or eliminating some factors.

(Refer Slide Time: 20:16)
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Resolution of Design |

Resolution III:
When we construct a 2! design, it is of resolution Il with
the defining relation | = ABC.

J;Lence we denote this fractional design as

So, when you have a resolution 3 and you are constructing a 1/2 that means its represented by 2
power 3-1 design and the complete notation for 1/2 fraction of a 2 power 3 design of resolution 3
is given by 2 3 roman numerals a subscript and 3-1 as superscript. This tell us we are conducting
a 1/2 fraction of a 2-level factorial design of resolution 3 and the number of factors in our
consideration is 3.

(Refer Slide Time: 21:02)
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Resolution of Design

Resolution lll:

No main effects are aliased with one another but they
would be aliased with two factor interactions.

Some two factor interactions could be aliased with other
E’r fa
7stgo factor illustrations (for e.g.in 2,2 designs)
Resolution 3 the summary is no main effects are aliased with one another but they would be
aliased with 2 factor interactions that is what the rule also said S=3 and f=1 and so it cannot be
aliased to 3-a factor< 3-1. So, main effect cannot be aliased with another main effect but they

would be each main effect would be aliased with another 2 factor interaction. So, quite clear



some 2 factor interactions could be aliased with other 2 factor illustrations.

Sorry let me just correct the typo here it should be 2 factor interactions some 2 factor interactions
could be aliased with each other could be aliased with other 2 factor interactions and this
happens in a 2 level factorial design of resolution 3 involving quarter fraction of full 2 power 5
design or let me put it again we are looking at a quarter fraction of 2 level factorial design of

resolution 3 involving 5 factors.
That means essentially, we are doing only 8 experiments in such cases some 2 factor interactions

could be aliased with other 2 factor interactions.
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Resolution IV Design

When we construct a 2*' design, it is of resolution IV
with the defining relation I = ABCD.

Hence we denote this fractional design as

=

%\} 2"

When we construct 1/2 of a 2 power 4 design it is often resolution 4 with defining relation

[=ABCD this is what we saw in the beginning of the demonstration of the fractional factorial
design. So, the design generator [IFABCD and that is defined as 1 1/2 fraction of resolution 4 for
a 2-level factorial design involving 4 factors.
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==""""Resolution IV Design

No main effects are aliased with one another or with two
factor interactions (2F1) but they would be aliased with three
factor interactions (3FI).

2Fls are aliased with one another. Here S=4, f=2 and no 2

Q@I be aliased with a factor with f less than 2 i.e. 1.

In this case we know by now no main effects are aliased with each other but are even with 2
factor interactions. This is very good now the resolution has increased so the main effects are not
aliased with the other main effects or main factors and they are also not aliased with any other 2
factor interactions, but they would be aliased with 3 factor interactions on the other hand 2 factor

interactions are aliased with other 2 factor interactions.

Okay this again we saw here S=4 the resolution is 4 and the number of f=2. For example, the
binary interaction and so S-f would be 4-2 which is 2. So, no 2-factor interaction could have
aliased with a single factor so hence a 2 factor hence a 2-factor interaction would be aliased with
other 2 factor interaction.

(Refer Slide Time: 24:38)
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Resolution V Design

When we construct a 25! design, it is of resolution V
with the defining relation | = ABCDE.

Hence we denote this fractional design as

When we have a resolution 5 design we construct 2 power 5-1 it is of resolution 5 with this

defining relation [=ABCDE remember there are 5 factors starting from A up to E. Here we
denote this fractional design 2 of resolution 5 2 level factorial design of resolution 5 involving 5
factors and the fraction is a 1/2 fraction.

(Refer Slide Time: 25:10)
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Resolution V Design

No main effects are aliased with one another or even
with two factor interactions but they would be aliased
with four factor interactions.

wo factor interactions are aliased with three factor

teractions.

.......

In the resolution 5 design you can easily understand that the no main effects are aliased with 1
another are even with 2 factor interactions, but they would be aliased with 4 factors interactions
that is a very big benefit 2 factor interactions are aliased with 3 factor interactions.
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fémaller Fraction: 2" Fractional Factorial

When the number of factors increase it makes more

economical sense to construct even smaller factions for

e.0.

1 1 1 1
—2“, —2“,... =__2n' —n
4 8 = 2

P
e — 9N-2 9n-3
%) =242

We can even construct a smaller fraction with the number of factors increase it is tempting and
makes more economical sense not to just consider a 1/2 fraction but even consider a 1/4 fraction
and if the number of factors are really large a 1/8 fraction may also be suitable. And that we may
represent it as 1/4 2 power n 1/8 2 power n, 4 can be written as 2 power 2, 8 can be written as 2

power 3 and so this will become 2 power n-2 this will become 2 power n-3 as shown here.
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Smaller Fraction: 2" Fractional Factorial
Ina 2° design involving 64 runs there are
6 main factors,
15 two factor interactions (°C),

#<_20 three factor interactions (°C,),

A

rﬁ\hh

A 2 power 6 design involving 64 runs there are a 6 main factors 6C2 2 factor interactions 6C2
would be 6*5 divided by 2 which is 30/2 which is 15 and then you also have 6C3 3 factor
interactions 6*5 30 30*4 120 120/6 is 20 23 factor interactions.
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| Smaller Fraction: 2™ Fractional Factorial

15 four factor interactions (°C, = °C,),
six five factor interactions and

1 six factor interaction.

15 4 factor interaction 64=62 6 5 factor interactions and 1 6 factor interaction. Let us see whether
the total adds up to 63 6 +15 21+20 41 41+15 56+6 32 62 rather+1 63 remaining 1 corresponds
to beta 0 in the model.
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Smaller Fraction: 2" Fractional Factorial

Hence most of the number of effects are consumed by
higher order terms.
Even a 28 fraction may be costly in terms of the cost to

benefit ratio.

e

% try out @ 252 fractional factorial design.

So. we can see that most of the number of effects are consumed by higher order terms even a 2
power 6-1 fraction may be costly in terms of the cost to benefit ratio. So, we may even consider a
2 power of 6-2 fractional factory design that means a quarter fraction of a 2 power 6 fractional
factorial design.
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" Generation of Smaller Fractions: 262
Fractional Factorial

< The general first step is to write down the 2* factorial
design in the usual manner involving factors A, B, C and
D.

fg@ate a design table in the standard order.

So, how do we do that the general first step is to write down the 2 power 4 design in the usual
manner involving factors A B C and D create a design table in the standard order.
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And so, this is the standard order and we are imagining as if that there are only 4 we are having a
2 power 6 case which is involving 64 experiments we are looking at a quarter fraction. So, since
we are considering a quarter fraction that means that is 1/4. So, consider the first 4 factors for
convenience A B C and D write down the design matrix and the standard order and the standard

or this is the standard order.

And you then define the remaining 2 unaccounted factors namely E and F E=ABC and F=BCD



E=ABC and F=BCD you can also say FFABC and E=BCD there is no problem for a illustration
I am taking E=EABC and F=BCD.
(Refer Slide Time: 29:08)

"faeneration of Smaller Fractions:; 262
Fractional Factorial

It may be seen that the additional factors were created

from

E=ABC

?“‘“
%@ F =BCD

And so, you can generate smaller fractions 2 power 6-2 fractional factorial and additional factors
were created from E=ABC and F=BCD so E=ABC means the setting of the design matrix for E
would be-1 then I do ABC it becomes +1. So, I can fill up these 2 columns.
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féeneration of Smaller Fractions: 2¢2
Fractional Factorial

The complete defining relation for 262 design is

| = ABCE = BCDF = AB2C“DEF = ADEF

=
And what does that actually mean so how do I get the first fraction? how do we actually do the
experiment? before we analyze. Let us see the practical issue here how do we get the first

fraction there are 4 fractions here because we are considering 1/4 of a 2 power 6 design. So, you



should have 4 fractions and how do you identify the 4 fractions, so you have ABC and BCD. So,

you can write all those elements corresponding to +1in this column the complete set.

Okay you write the full factorial design involving 2 power 6 case and all the +1 in ABC and all
the +1 in BCD will constitute the first fraction. The second maybe all the pluses in ABC all the
minuses in BCD will help to contribute to the second fraction and the third fraction would be
minuses in ABC and pluses in BCD that combination and the final 4th fraction would be

negative in E and negative in F or negative in ABC or negative in BCD.

So, with this combination you should be able to get the or identify the 4 fraction settings. So, the
complete defining relation for a 2 power 6-2 design is [I=FABCE. So, If I do E squared I get I E*E
would be all pluses, so [=ABCE F squared will be BCDF so [=BCDF [=ABCE. So, that is the
complete defining relation for a 2 power 6-2 design [FABCE BCDF and if [ multiply the 2 I get
A B Squared C squared.

Let me see what are all the repeating terms A is not repeated if [ multiply these 2 so A survives B
and C do not survive because B squared, and C squared will result. So, we have ADEF, so you
have ADEF here.
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TheWord

The complete defining relation for the design is given by
| = ABCE = BCDF = ADEF
Each term in the defining relationship is called as the

Word.

So, the complete defining relation for the design is given by [IFABCE=BCDF=ADEF each of



these terms is referred to as the word.
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The Word
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To detect the alias of an effect, simply multiply the effect
throughout with all words that are present in the complete

defining relationship.

Pan

AN L
So, once you have the complete defining relation to detect the aliase of an effect simply multiply
the effect throughout with all the words that are present in the complete defining relationship.
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The Word

—

The complete defining relation for the design is given by
| = ABCE = BCDF = ADEF
Each term in the defining relationship is called as the

Word.

So, for this particular case I multiply A here I will get A=BCE equals ABCDF and=DEF that
means A is aliased with BCE A is aliased with ABCDF and A is aliased with DEF.
(Refer Slide Time: 34:13)



The Word

» The aliases of main effectAis A=BCE =ABCDF = DEF

» The alias of effect AB is AB = CE = ACDF = BDEF
[
» The alias of effect ABC is ABC = E = ADF = BCDEF

Fams0 on.

And that is what is given here. Similarly, the alias of effect AB you can find easily
AB=CE=ACDF and BDEF. Similarly, for the effect ABC is aliased with ABC=E=ADF=BCDEF
and so on. How did we get here you have ABC so if I put ABC here is A will cancel out and then
you have BCDEF? In other words, ABC is aliased with the 5-factor interaction also.
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The length (i.e. number of letters) of the shortest word in
the complete defining relationship is the resolution of the
2P design.

there k is the number of factors and p refers to the %

2
%ﬁon.

The length the number of letters of the shortest word in the complete defining relationship is the
resolution of the 2-power k-p design k is the number of factors and p is the order of the fraction
and so the shortest word in the defining relationship gives you the resolution. So, this is the
shortest word that would be 4.

(Refer Slide Time: 35:45)
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:"Egr{ération of Smaller Fractions; 282
Fractional Factorial

" The general first step is to write down the 2* factorial
design in the usual manner involving factors A, B, C and

D.

@ate a design table in the standard order.

So, we were constructing a resolution of 4 in this particular case please do not say the resolution
is 3 the resolution is 4 because you have to have the generator I and then the different generators
So. you have [=ABCE=BCDF=ADEF and the shortest word here is of length 4.
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“Fractional Factorial Design of Resolution IV
for the Full Design 27

Let us take a design involving a (1/4) fraction of the full set i.e.

we wish the design to be

CH.

So, now let us take 1/4 fraction of 2 power 7 2 level factorial design 2 power 7 would be 128
experiments and you are going to have a quarter fraction that means each fraction would have 32

experiments.
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Fractional Factorial Design of Resolution IV
for the Full Design 2/

When this design is of resolution [V we get

7-2
2]‘1.‘?

CAY

So, then this design is of a resolution 4 we represent it as 2 level factorial design of resolution 4
involving 7 factors and performed through 1/4 fractions 4 fractions are involved.
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Fractional Factorial Design of Resolution IV
for the Full Design 27

Now let us look at the construction of the design.
We will run the experiments as the usual 2° full factorial mode

and define the design generators for

f%) F =ABCD and G = BCDE.

So, to look at the construction of the design we will have 32 runs. So, we will first run it as a
usual 2 power 5 design how many factors we have 7 what are those factors ABCDE that would
be 5 F and G corresponding to a 6th and 7th factor for convenience let us start with ABCDE and
run it as a proper 2 power 5 design and what are the design generators. We define the generators

as F=ABCD and G=BCDE 2 remaining factors are F and G.

So, F we alias with ABCD and G we alias with BCDE.
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Fractional Factorial Design of Resolution IV
for the Full Design 27

Also possible is
F=ABCD and G = ABDE

Now we have four fractions and each fraction may be identified

F=+ABCD and G =+ ABDE

NPTEL

We can have yeah ABCD and ABDE we can have F as ABCD and G we can have it as ABDE.

So, we cannot really have constrained to specific cases so other possibilities also sometimes
there. Now we have 4 fractions and each fraction may be identified according to the 4-
combination arising from + or - ABCD and + or — ABDE this is what we saw earlier in the

earlier example.

So, the first fraction would be the entries corresponding to +ABCD and +ABDE. And then it will
be +ABCD entries and +sorry-ABDE entries then you can have-ABCD and +ABDE-ABCD and-
ABDE will complete the last fraction.
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A B C %D E F=ABCD G=BCDE
-1 -1 -1 -1 -1 1 1
1 4 4 4 4 1
4 1 4 4 4 A
T T I T I 4 2N7-2
4 4 1 4 4 4 .
1 4 1 4 - 1 4 Des|gn
-1 1 1 -1 -1 1 1
1 1 1 -1 -1 -1 1
ST I T I S g
1 -1 -1 1 1 1 -1
4 1 4 1 4 1 1
1 4 1 4 4 1
4 1 1 4 1 1
% 4 1 1 4 A 1
N 1 1 1 4 4 4
wd 1 1 1 A 1 A

So, you write down the standard design here and then you put FFABCD and G=BCDE.
(Refer Slide Time: 39:27)
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Fractional Factorial Design of Resolution IV
for the Full Design 27

Let us take a design involving a (1/8) fraction of the full seti.e. we

wish the design to be

T

So, if you are next taking a case involving a 1/8 fraction of a full set we have 1/2 power 3*2
power 7 number of factors is 7 and were looking at 2 power 3 that means 1/8 th of a fraction.
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,I'-:;;ctional Factorial Design of Resolution IV
for the Full Design 2/

When this design is of resolution [V we get

7-3
2I‘kf’

i

So, when you choose a resolution as 4 we represent it as 2 level factorial design of resolution 4

with 7 factors and we are considering a 1/8 fraction.
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Fractional Factorial Design of Resolution IV
for the Full Design 27

We will run the experiments as the usual 2* full factorial

mode and define the design generators as

E=ABCandF=BCD and G=ACD

10
%\%@ | = ABCE = BCDF =ACDG

So. we will run the experiment as usual in the 2 power 4 full factorial mode and define different
design generators as EEABC F=BCD and G=ACD this is very interesting and ingenious also. So,
we are first to considering only the first 4 factors ABCD and then the remaining factors are set at
ABC BCD and ACD. We are not putting A=AB we are trying to get the aliasing with the highest

order interaction which is possible.

So, we have E=ABC F=BCD and G=ACD. So, we have the defining that different design



generators are ABCE BCDF and this is the defining the relation rather sorry. So, these are the
design generators and the defining relation is given by IFABCE=BCDF and ACDG the length of
the shortest word here is 4.
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Fractional Factorial Design of Resolution IV
for the Full Design 2

Now we have eight fractions and each fraction may be
identified according to the eight combinations arising from

E=+ABC andF=+BCDand G=+ACD

fa\
So, we have we have constructed to 2 power 4 fractional factorial design and the 8 fractions we
can get by looking at these combinations is E=+ABC and F=+tBCD and G=+ACD will constitute
the first fraction E=+ABC F=+BCD G=-ACD will constitute the second fraction and so you can

have 2*2*2 8 possibilities to complete your 8 fractions.
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Fractional Factorial Design Guide

A complete table of choice of words that may be used to
generate the fractional factorial designs of different

resolutions is given in standard texts such as

mtgomery and Runger (2011).

A complete table of choice of words given in standard text like Montgomery and Runger 2011 or



Montgomery 2009. So, you do not have to remember anything you have to just see the number
of runs you can economically carry out in your workplace and then identify the appropriate
resolution and then set up the design matrix find the contrast and calculate the effects identify

which factor is aliased rather with other factors.

So, once you have done this you can sequentially conduct the different fractions and get more
and more information from your set of experiments. Sometimes you may even stop after
finishing the first 2 fractions saying that [ have now a very good idea about the process it does
not. It is law of diminishing returns so after the first 2 fractions I may not really need the third

fraction.

Even if you save on 1 fraction that means you do only 3 out of 4 fractions that means you have
done the experiment efficiently without overdoing them sometimes even over doing experiments
is not good. The best very to understand this would be through an example and I will be covering
examples for factorial designs and fractional factorial designs in the next lecture. Please go

through what I have said they are pretty straightforward.

Also refer to the standard textbooks I have referred to the identify the different tables and see
how you may use them the important thing is to identify the number of fractions. The resolution
of the design the design generators the defining relationship and what the different fractions are
sometimes when you are having 2 power 7-3 1/8 fraction you have to set up the 8 fractions

correctly there are software which also help you do this one of them is Minitab.

So, what we will do is do a few problems in both factorial designs and fractional factorial

designs. Thank you.



