NTHU STAT 5510, 2024 Lecture Notes

p. 626

Use of Design Tables

e Minimum aberration (MA) designs are given in the tables in textbook, Appendix SA.

LN 612 f 1y designs are given for same k and %
same if the first is an MA design and t_ Fraction
2 Myﬁ*e g # of (treatment) Factors
des-gn is® the second is better in having a larger number of clear effects.
Jiven- Two tables are given on next two slides. Note, @ MA criterion favors
- no particular Sactor
e In Table 7 (LNp.6-28), (all &a'ckms an{em
@ the first 224 (desi gn has MA and 8 clear 2fi’s, and w)
Cf'l — - @des:nnd:MAbuL-
the second 222 design is haw more clear effect‘s
x the second best acc’ording to the MA criterion, u;u! ally rkicular facéorsivef
* but has 15 clear 2fi’s. the other factors.

Using Rule (ii1) in (2) on LNp.6-10, the second design 1s better because both have

resolution IV (Details given on p. 234 of textbook).

e It is not uncommon to find a design with slightly worse aberration but more clear

effects. Thus the number of clear effects should be used as a supplementary

criterion to the MA criterion.

Table 6: m-Run 2k_.2 FFD (k _ p — A)J?;i:rsa{lz'i'ﬁl} p. 627

T run size 2% Soctorial in the

design matrix.
(k is the number of factors and F&R is the fraction and resolution.)

k F&R Design Generators <= ¢ heck LNp 6-8 Clear Effects
ERIE A 5=1234 all five main effects, all 10 2fi’s
6| 082 5=123,6=124 all six main effects
[.-._ 6 | %2 | 5-126-134 @ clear effects — 3.4.6. 23,24, 26,35, 45, 56
7 217\;3 5=123,6=124,7=134 all seven main effects
8 2 5=123,6=124,7=134,8 =234 all eight main effects
Whj? _%__’2‘;,71 5 =123,6=124,7 =134, 8 =234, 9= 1234 none
10 | 2;57° | 5=123,6=124,7=134,8=234,9=1234,19 = 34 none
11| 2}77 | 5=123,6=124,7=134,8=234,9=1234,1p =34,1, =24 | none
12 | 2278 | 5=123,6=124,7=134,8=1234,9 = 1234, 10 =34,1, = | none
24,1, =14
13 | 25577 | 5=123,6=124,7 =134, 8=1234,9=1234, 1 =34,4; = | none
24.t, = 14,13 =23
14 | 20710 | 5=123,6=124,7=134, 8 =234, 9 = 1234, 1o = 34, #; = | none
24,1) = 14,13 =23,1, = 13
15 | 207" | 5=123,6=124,7=134, 8 =234, 9 = 1234, 1p = 34, 1; = | none
oINS V. WA, YR [ WP
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I-_:Table 7: 2Run2X2FFD (k—p=5,6<k<11)
Sactors {1.2,3.4.5} form a 2% full Suctorial in the design matrix.

(k 1s the number of factors and F&R is the fraction and resolution.)

k F&R Design Generators Clear Effects
6 | 25! | 6=12345 all six main effects, all 15 2fi’s
7 | 257 | 6=123,7=1245 all seven main effects, 14, 15, 17, 24, 25,
27, 34, 35, 37, 45, 46, 47, 56, 57, 67
8 | 2%° | 6=123,7=124,8=1345 all eight main effects, 15, 18, 25, 28, 35,
38, 45, 48, 56, 57, 58, 68, 78
~9 | 25t | 6=123,7=1248=1259=1345 all nine main effects, 19, 29, 39, 49, 59,
[ 69,79, 89
=9 | 2%% | 6=123,7=124,8=134,9=2345 all nine main effects, 15, 19, 25, 29, 35,
 10th Sacbor | 39,45, 49, 56, 57, 58, 59, 69. 79, 89
10 | 22 | 6=123,7=124,8=125.9= 1345 110'= 2345 all 10 main effects
10 | 2097° | 6=12,7=134,8=135,9= 145, =345 3,4,5,7,8,9, ty, 23, 24, 25, 27, 28, 29,
219, 36, 46, 56, 67, 68, 69, 6t
U | 25 % | 6=123,7=124,8=134,9=125,1 =135, 1, = | all 11 main effects
145 lith $actor
1| 210 | 6=12,7=13,8=234,9=235,1=245 1, = | 4,5,8,9,1), 1, 14, 15, 18, 19, 11, 11,
1345

p. 629

Choice of Fractions and Avoidance _
of Specific Level Combinations 2" parallel fats

™ P independent defining relations: 1= Wa=--
o A 2572 design has 22 choices. - isomorphic designs ? [F ?
fr

check LNp.6 —
e In general, use randomization to choose one of them.

For example, the ;l_i design has 8 choices | different *+" & "-" signs

§ T —3 Sor W, . Wp can genera{:e

4=212,5=+13,6=123. different choices of the
__iozx:x).:_ _24p des:gn (check LNpb-t).

Randomly choose the signs. But, they are isomorphic designs

e If specific level combinations, e.g.,

might cause explosion <—

(+,+,+) for high pressure, high temperature, high concentration,—

are deemed undesirable or even disastrous, they can be avoided by choosing

a fraction that does not contain them. Example on p.237 of textbook.

+ Reading: textbook, 5.5
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1 1 . P "A " 1al © p. 6-30
Blocking in FF Designs <« — (,’_;ﬂsgg‘?{%ﬂ n blocks

1b-run FFD =y 5ix treatment factors block | block2 block3 block
e Example: Arrange the 262 design in

four (= _Zl%) blocks with one block factor
DCsG —
m‘:‘f': — | = 1235 = 1246 = 3456. with & 'Ievels,
.ﬁ_'-'bzs_l'J 5=123«1  Tee=i2¢ block size= 4

S ose we choose
2 E-‘:?_:"B D S abiock ME Sactors {1.2.3.%}

-
block | bL=134. by=234 Thr—12. (Sorma full factorial

Sactors | lo1-p3up, loTo2ub, o 1=12biba ){I='3‘*b' DCS& for
e Them U\ — T =23¢b2=12bib2 lock factors

by = |134=245=236= 156, nding between treatment
by = |234-145-136-256, | |e—f and block effects (caused by
biby = |12=35= 46 —123456; Mixed-ype words)

— 13 = 25 = 2346 = 1456, |=235=246=13456
gﬁgs_qg_bdween 14 = 26 = 2345 = 135, 2=135= )46 =23456
treatmenteffects| [15 — 23 — 2456 = 1346, 3=/25=)2306= 456
(caused by D16 - 24 = 2356 = 1345 Z=/2345=/26=356

pure-type 34 = 56 = 1245 = 1236, =023 =/2456=346

words ) 36 = 45 = 1256 = 1234 6=12356=]24 =345

The 4 x 3 = 12 factorial effects are confounded with block effects and
cannot be used for estimation. Among the remaining 12 degrees of freedom,
six are main effects and the rest are given above. »

. Use of Design Tables for Blocking b

o Among the 15 degrees of freedom for the blocked design on LNp.6-30, 3 are

allocated for block effects and g are for clear main effects (see Table 8 in LNp.6-32).

The remaining 6 degrees of freedom are six pairs of aliased two-factor interactions.
e For the 29_3 design with 5 = 12, 6 = 134, if we use the block generators | = 13,
L by = 14, there are a total of 9 clear effects (see Table 8 in LNp.6-32):
w0

rse aberration than rcise
Tose gherration Han | o 2:4.023.24.2635.45.56 <(exercise)

— Thus, the total number of clear effects for this blocked design is 3 more than the

total number of clear effects for the blocked design on Ll\ﬂa.é—3().—
— However, only the main effects 3,4, 6 are clear. pure-type words

Jesign matrix of =1235-1246= 3456
design matrix for | | all Sactors mixed- =2¥5p = 23601 =156b1
breatment fuctors | 123 124 134 234 type =1§5bs = 13bby =25bba
,:, 234 5 6 b1 _ba block words =35biba=4#bbiba =123456biby
i A R :".: ealias sets:
Sl bl Il 1= 235 = 246 = 13456
2%l N B N = 34t =[5k = >< =23456bdn
boriall{= — — 13¥=245=236="156 =(b/]
designmakrix for block factor =123560 =246t = >< = 256bez
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# of treatment :FO.CfDrS—\’_. —— -fracﬁon p. 6-32
Table 8: Sixteen-Run 282 _~runsize
- = = # of pseudo block
Fractional Factorial Designs in 22 Blocks ~ actors
k-p=¥%| # of blocks or # oS levels of the block fad'ob
Ll"—l Design Block

k p g  Generators Generators Clear Effects

5 1 1 5=1234 by =12 ,"_z_b’OCks, all five main effects, all 2fi’s except 12

5 1 2 5=1234 by =1F block size=8 all five main effects, 14, 15,24, 25, 34, 35,45
51 b~ L je—& blocks.

by =24, -

—x 8 blocks,
23,6 =124 b1 =134 UOCk size =2_ all six main effects

3 5=123 by = Li,l block size=Y @l five maineffects

6 2 1 5=1
6 2 1 5=126=134 by =13 3,4,6,23,24,26,35,45,56
6 2 2 5=1236=124 by =134, all six main effects MA
[ c&l by=234 q;[
6 2 2 5=126=134 by =13, 3,4, 6,23, 24, 26, 35, 45, 56 eemmmmnd Imger
=14 # 0f clear
6 2 3 5=123,6=124 b1 =13, all six main effects .tre ztm Ent

- S
Q : How to 3enera£-e MA criterion to blocked FFDs ?
W-.e - WLP o& Eare-éxee words combine into a WLP in a

|
Wb WLP of mixed-type words %ly%iﬁ ?.:u{iz'ghen

p. 6-33

« Table 8: Sixteen-Run 252

Fractional Factorial Designs in 2Z Blocks (Cont.)
k-p=4
L-ur-—. Desigh Block

k p g  Generators Generators Clear Effects
7 3 1 5=123,6=124, by =234 all seven main effects
7=134
7 3 2 5=123,6 =124, by =12, all seven main effects
7=134 by =13
7 3 3 5=123,6 =124, by =12, all seven main effects
by =14
8 4 1 5=123,6 =124, by =12 all eight main effects
7=134,8=1234
8 4 2 5=123,6=124, by =12, all eight main effects
7=134,8 =234 by =13
8 4 3 5=123,6 =124, by =12, all eight main effects
7=134,8 =234 by =13,
by =14
9 5 1 5=12,6=13, b1 =23 none . .
45— —s Ok for screemrg_ desg,ns
9=1234
9 5 2 5=12,6=13, bp =23, none
7=14,8 =234, by =24
9=1234

e More FF designs in blocks are given in Appendix 5B of textbook.

+ Reading: textbook, 5.6
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