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Types of Experiments

_flrr_gricull-ure, era. (LNp.6)

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

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

11
J’ terms of yield and drought resistence).

Tndustrial era (Np.6) comparative experiment Je—

ﬁ Variable Screening : Have a large number of factors, but only a few are
Np
12

important. Experiment should identify the important few.
L—s factor sparsity principle
E® Response Surface Exploration : After important factors have been
v l identified, their impact on the system is explored; regression model building.

E(gx) = §(%,=-, %m)
~xp

Types of Experiments (Contd.)

LNp I'F E(ﬂgg):f(!u,---,xm), Whaf :S arg ’:Lai;):i f(x‘o'“;”")? "__W
14 T unknown X
l System Optimization : Interested in determining the optimum conditions

—

(e.g., maximize yield of semiconductor manufacturing or minimize defects).
Quality era. (LNp.77)
f System Robustness : Wish to optimize a system and also reduce the impact
LNp. — 0 — 0
15

of 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 facl:ors

E(gﬁ)‘:f()(l,"',)(m) - Hor®
Vory (Yx) =R (X1,, Xm) +«— For @
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Treatment Comparison
Q: Whether the means are different ? If yes, how different ?

— _ ﬁegaal or not e&ual
Sl < mean Y
< mean §
e + mean 3
= mean 2,
- mean 1
T1 T2 T3 Ta Ts
/////////////////////////////////////////////////////////////////////////////
/treatment a combination of factor levels g
/////////////////////////////////////////////////////////////////////////// 7/
Sactors effect Canwse L
AB.C,D,E Variable Factor) Screening { - ’ﬁ; A fé,f:'s:g .
effects [imporba.n'b effects -— =
Ag.Ag Objective: identifylimportant factors or screen out
,B,' jB"B3 unimportant factors —smean sbucture of Yx
AQB. AQB,_ s00 E(g5)= f(x")l“l Xg)
s s of Lo SoFnal st 0 = 5$(x0.%. )
alleFFec \ foctorial ME] H, A: important
| 8ul of H
. D, B, E: moderate
|B:l-
5047 @ H+A: 50%
R |
L H+A+D+B+E: 65%
W/zy (s v 1
it more U 15 factors (2 levels)
efficiedt? | - 3 2 . : :  |variation in Y lo—

half-normal quantiles

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
2 and the factors E(Yx)=F(X:.---. Xm)

VILLLLLLL LS LSS LSS LSS S SIS LSS S LSS LSS LSS LS SIS LSS LSS LSS S S S S LSS LSS S S S ST ////// SILSS LSS SIS S S S S
approximation
Objective: £ 00, %Xm) e——

develop a good approximation of the response surface

~E(4x) % £X1, -+, Xem)

K A~
£6x1, %2) . ‘:E, B¢ 3..(2!.)

? ; =

7
7z
7
7z
7
7%
7%
7
7z

Recall. 2 main, * |use x (data)
obgectives in % to estimate
regression . . » / -

@ Pred:ct \\ /

. 3 'Fac)t(:;rz ’des‘\gn. points

true response surface approximate response surface
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Executi
System/Process Optimization Alewtmﬁmtbad
using experiments

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

contour plot- of z‘:rue response surface E(Yx)
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achievable when X 8 Z o i
have Siqnificant Variation Reduction

(nteraction(s)

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

®

mean 1
JQ : which one will

you choose?

mean 2

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

p. 1-16

Systematic Approach to Experimentation

&ﬁﬁm}.ﬁm’ﬁﬂ% eq..treatment comparison | .. optimization
l in statistical/mathematical language

Yr=dli+€, E(4r)=mi| Ix=Fx. . Xm)+E E€)=0

State the objective of the study. ", .~ um | 29 A £0X,  Ym)

2. Choose the response variable ... should correspond to the purpose of the
may use | — &—— What information to be collected ? —%

s 98 —Fx 2
F ol 34 ) i
reponse | o Nominal-the-best, larger-the-better or smﬁer—the-better.
identify possible ~Source of variakion” 'n 4. 2 levels = only linear effects

T 3. Choose factors, le\l/ils, experimental region. _ | 3 levels » linear + %uadmtfc

study.

e Use flow chart or cause-and-effect diagram.— S
how +to choose design points in the space ‘ Xe o Xma
Choose experimental design (i.e., plan). |design matfix |- [ |‘ o Abihabion

@ main Jocus of the course , Tt , ~—a fackor
5. Perform the experiment (use a planning matrix to determine the set of
treatments and the order to be run). Y=XB+& leoda matrix]
~*— eq. rondomization. OF T D

6. Analyze data (design should be selected to meet objective so that the
analysis is efficient and easy)._ 9-8-.0\‘&03¢'M|i*y exists

. offer solution to the problem in ohjective statement
7. Draw conclusions. (eq .oopﬁwg‘zwh‘on. sef:btn.j)'-:bgomﬁrm ex P't
Sollow -up exp’ts
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