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[C Agricultural Experiments : Comparisons and selection of varieties (and/or

oP treatments) in the presence of uncontrollable field conditions, Fisher’s

| |
pioneering work on design of experiments and analysis of variance

ANOVA). L e.q., veplication , blocking . randomization S—
@ | &wwemw whether there exist 'difference”
20 btwn treatments (comparative exp't) [more]

Industrial Era : Process modeling and optimization, Large batch of | X

materials, large equipments, Box’s work motivated in chemical industries

and applicable to other processing industries, regression modeling and
——response surface methodology. T s source of variations
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2.itewt Historical perspectives (Contd.)

Eu:;—-,f;:;l—» g |noise factors N

Z
) in normal condition
e Quality Revolution : Quality and productivity improvement, variation

reduction, total quality management, Taguch1 s work on robust parameter

’._._—V
o design, Six-sigma movement. L E(dx)=§$(x,-~,Xm) k—‘

e study E(Jx) in industrial ero. M =R (X1, Xm)

e A lot of successful applications in manufacturing (cars, electronics, home

appliances, etc.)

e Current Trends and Potential New Areas : Computer modelling and

experiments, large and complex systems, applications to biotechnology,

@r_‘nanotechnology, material development, etc.
—] physical experiment /

interaction
between X & N
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£3) ey leg neck back
3 Some Deﬁnltlonsmb -

- vabbit 1] o[mbbit2 ) *** | vabbit2 (ED3) [E57) [ET9)
= 3‘_“ EUL EU2 ;‘ : :

Factor : Variable whose influence upon a response variable is being studied

in the experiment. T Yemp. C&/E) ¢ 20°C, 50°C <2 levels
—_/-Presswre (J&4) : 500, (000,500 ppm

* 3 levels T -..[T
e Factor Level : numerical values or settings for a factor. ~— =
Ez](i‘_';' *SP, assignmen'é' ED| |E02 E.i
L.@ Experimental unit : object to which a treatment is applied| .
‘ " BT
Lgeam

e Trial (or run ) : application of a treatment to an experimental unit.

e Treatment or level combination : set of values for all factors in a trial.

T+ GR20°C, B 500pPM) |, Ta: (GR50%,RIS00pPm) ,
e Randomization : using a chance mechanism to assign treatments to

experimental units or run order.
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Types of Experiments

__Ar:qriculfure era. (LNp.6)

¢® Treatment Comparisons : Purpose is to compare several treatments of a
LNp.
11

factor (have 4 rice varieties and would like to see if they are different in

¢ terms of yield and drought resistence).

. N f
Tndustrial era. (Np.6) comparative experiment je—
ﬁ” Variable Screening : Have a large number of factors, but only a few are
1 -

2 | important. Experiment should identify the important few.
Q. L—» factor sparsity principle
@ Response Surface Exploration : After important factors have been

4 l identified, their impact on the system is explored; regression model building.

E(dx)= §(%,--,%Xm)
~XB

Types of Experiments (Contd.)

o I E(Yx)=F %), What is arg min FCKt,w+, Xm) § 4——
14 T unknown
l System Optimization : Interested in determlmng the optimum conditions

(=

(e.g., maximize yield of semiconductor manufacturing or minimize defects).
Quality eva. (LNp.'7)
f System Robustness : Wish to optimize a system and also reduce the impact
Np
15

‘lof uncontrollable (noise) factors. (e.g., would like cars to run well in

different road conditions and different driving habits; an IC fabrication

v process to work well in different conditions of humidity and dust levels).

Ls Qevel (combinations) of noise Juctors

E( g?f) = f(XI)"')XM) s 'FDT‘ o
Vary (42) =R (X1, Xm) + For @
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Treatment Comparison

Q Whether the means are different? IF yes, how different ?
- tegagl or not egual )

Ti T2 T: Ti T

/////////////////////////////////////////////////////////////////////////// 4

/treatment a combination of factor levels 7
7

/
CILLLLLSLLLLLLLL LSS LSS SSL LSS SLLL LSS LSS LSS LLLLS LSS LSS LSS LSS LSS S S S LSS LSS LSS LSS S S
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Sactors effect Can use

3 . : - ¢t- or F-test
A.B.c,0,E-2°] Variable ¥Factor) Screening | Z rodel celeckion

effects [impor'b'an'l: effects <——
Az, Ag Objective: identifylimportant factors or screen out
Bi.Ba.Bs unimportant factors —s>mean structure of Yx
AQB!,AlBi L) E(gl(_)=f(le”', Xﬂ)
U= #os._m% half - normal plot 1@ 2 $4(X,, X3, Xs)
alleﬁ‘ec foctorial ME| H, A: important
|6,.| of H
D, B, E: moderate
|8l
@) H+A: 50%
ST H+A+D+B+E: 65%
Why is | : |
it more L 15 Sactors (2 levels)
efficient? | = : : : : . |variabion in Y |a—

When to use?: usually in the preliminary stage of the study of
a system/process
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main
interestle——Response Surface Approximation

7 //////////////////////////////////////////////////////////////////////////////////////////////////////

;response surface: the relationship between a response
/ 1CSPONSC
é and the factors E(4)=F(x1,--, Xm)

////////////////////////////////////////////////////////////////////////ﬂ//////4/////////////// /(/ /2
on

Objective: £ (X, Xm) e——
develop a good approximation of the response surface

~E(Yx) % £(X1,--+, %m)
K A
= L Bidux)

X e |

Recall. 2 main \ % |use x (data)
obgectives in x to estimate
regression : > » / -~

@ Pred:ict \\ /

7
7z
7
7z
7
7%
7%
7
/

£x1,%2)

Xa
true response surface approximate response surface

E | Xy Factor2 dgsign, pants
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Executing
System/Process Optimization-»| Neuton methad
using experiments

Objective: obtain optimal setting (of minimum/maximum
response)

contour plo-b of éme response sad:a.ce E(4x)

200
uential
ex,nﬂﬂwﬂ'l’ahonmﬁ Q-_ whem Es
5ol the maximum
of E(dx)?
%.)_ 170 J
iz'l 60]
150]
1401

\
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time ‘_'X|
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achievable when X & Z o i
have significant: Variation Reduction

interaction(s)

Objective: adjust treatment factors to make the
system/process robust against noise variation

@

mean 1
[.Q: which one will

ir < you choose?
[ TLmeanz

T

Concept: Besides optimizing the response, variation
reduction is important in quality improvement.

p. 1-16

Systematic Approach to Experimentation

B:;ﬁm.fmm&[a@ eg..treatment comparison | 4. optimization
lm istical/mathematical language

KLica Yr=lli+€, E(dr)=ti | J5=F00-Xm)+E,E€)=0
State the objective of the study. Ho: Mi=l2=---=lim ag M £(X1,-, Xm)

2. Choose the response variable ... should correspond to the purpose of the
may use — =—— What information to be collected ? ——F

s ¥a FX 2
r_ 13N
reponse ) o Nominal-the-best, largrc;-the-better or smfl-ﬁ;r-the-better.

identify possible “solrce of varlation” in 44— [ levels > only linear effects
3. Choose factors, levels, experimental region. 3 levels > linear+ %undmﬁc
-
effects

study.

i |
e Use flow chart or cause-and-effect diagram.——
how o choose design. points Tn he space —— Xi - Xong el
Choose experimental design (i.e., plan). |desi matix |-> [ _Tcombem:tton
L—a main focus of the course ) Jes. , ~=—a factor
5. Perform the experiment (use a planning matrix to determine the set of

treatments and the order to be run). Y=XB+& L|mod€| matrix]
~— 4% — eg..randomization. BOF T @

6. Analyze data (design should be selected to meet objective so that the
analysis is efficient and easy)._ | eg.,orthogonality exists

. offer solution 4o the problem in okjective stutement
7. Draw conclusions. (gg,s,%pawgzmh‘on Sthnﬂ)'::bgomﬁ-rm exp't

Sollow-up exp’ts
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