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e Regular designs: designs whose design matrices are constructe

defining relations among factors
tn medel), maliwy, ofy ol possible. effedls .

i For regular deagnsf any two factorial effecis either ca
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independent|of each orther or are fully aliased @Mﬁlﬂz OL\MSW\SD
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C_o%“g;%egular designs: designs that are@ regular designs lo:(e@. , c@a.) e, l:]

e In Tables 1 and 2, the design used does not belong to the 27 series

(Chapter 5) or the 3~7 series (Chapter 6), because the latter would require

run size as a power of 2 or 3. These designs belong to the class of \)
orthogonal arrays. disadvantagg.: complax ah‘asma
~ odvaog : more estimable wodels
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can wee
Smallen run Size

. mportait fuctars e A &B.
jfvﬁ:fresj Em;(amp e: OA(12 21/
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Tf%fv’f*ﬁes n Matrix ahd Lifetime ata (Cast Fatigue) Expenment
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Factor Logged

Run A B C D K F G 8 9 10 Lifetime

1 — + + + - |- - + — 6.058

2 - + e - + 4.733

3 - + + - - - + - + + 4.625

4 + + + - - = + — + + — 5.899

5 + + - - - + - - + 7.000

6 + - - = + — + + — + + 5.752

7 - - - + — + + — + + + 5.682

8 - = + - + + - + + + — 6.607

9 — + — + + — + + + — — 5.818

10 + — + + — + + + — — — 5.917

11 — + + - + - - — + 5.863

@ - - - - = = =\ - = - - 4.809
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Example : OA(18,2'37)
pie. :
HCeneats 4% b’b \ewels
Table 2: Design Matr& and Response Data,-Blogd Glucose Experiment
eual<)

Mean

Run G B C D E F H Reading
1 0 0 0 0 0 0 0 0 97.94
2 0 0 1 1 1 1 1 1 83.40
3 0 0 2 2 2 2 2 2 95.88
4 0 1 0 0 1 1 2 2 88.86
5 0 1 1 1 2 2 0 0 106.58
6 0 1 2 2 0 0 1 1 89.57
7 0 2 0 1 0 2 1 2 91.98
8 0 2 1 2 1 0 2 0 98.41
9 0 2 2 0 2 1 0 1 87.56
10 1 0 0 2 2 1 1 0 88.11
1 1 0 1 0 0 2 2 1 83.81
12 1 0 2 1 1 0 0 2 98.27
1 1 0 1 2 0 2 1 115.52

1 1 1 2 0 1 0 2 94.89

1 1 2 0 1 2 1 0 94.70

1 2 0 2 1 2 0 1 121.62

1 2 1 0 2 0 1 2 93.86

1 2 2 1 0 1 2 0 96.10

p. 44
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e An orthogonal array OA@. .@/@ of strength 7 is a atrlx

m=mj + ...+ my, in which m; columns have s; (> 2) symbols or levels

such that, forp_oss1ble combinations of symbols appear

qually often in the mat o> Pegees ang b
equally often in the matrix «—prjedion Teprdalin o

— A regular design is an OA of strength R — 1, where R is the resolution of
the regular design <-> t=R-1¢> &+=R

— Y= 1 = symmetrical OAs; Y > 1 = asymmetric (or mixed-level) OAs
e For OA of strength two, the index ¢t = 2 is dropped for simplicity.

e An OA(12,2'")is used in Table 1 and an OA(18, 2127) is used in Table 2.
OA of- strngth 2 ~> M&scmmm‘m@%wﬁ's (mo)
Me&s & a§is ';‘g;m ﬁf\r“zagd

OA of Srergth 3=> pEs mo oLy alosd
ME's&>2§i, mo

:-Sce:.-s-u
e g 4 > Tes, 25253 mo,

% Reading: textbook 8.1, 8.3
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m <>Why Using'Orthogonal Array | %%
un sie: 4, &16732,64-

¢ Run size economy. Suppose 8-11 factors at two leyels are to be studied.
Using an OA(12, 2'1) will save 4 runs over a 16-run design. Similarly,
suppose 5-7 factors at three levels are to be studied. Using an OA(18, 37)

il save 9 27-run(3 P Ylesign. yua size:
will save 9 runs over a 27-ru es1gn ua size 7,27;,/81,

_ _ = o most 4 DS,
e Flexibility. Many OAs exist for flexible combinations of factor levels (see

the collection of some useful OAs on later slides).
! complex. aliastng analysTs TS more Lomplex,
(ﬁnalxsis strategy for experiments based on OA

W
m@mdestavx: 0)‘60. model vs edkimable , ol the efeds m the model
o2 mutually orthogonall . Bat Fawor sidowalle
mmeg\mées@\: the eRedts v an ediwable” may not-be \models
mitualy ovdegoml ; Bit, more estimable
m .

n be found in Chapter 9 of

% Reading: textbook, 8.2
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A Lemma on Orthogonal Arrays

e Lemma. For an orthogonal array OA(N,s{"™ ---sy,t), its run size N must
be divisible by the least common multiple of HLI s’ for all possible
combinations of k; with k; < m; and ZL ki=ti=1,....Y.

Dol B OA
oo According to the definition of OAs, in any ¢ columns of the array with k;
+ -Fad”6 columns having s; symbols, k; < m;, Z}’Zl k; = t, each of the H}Y:l s;Ki

S $orm a combinations of symbols appears equally often.
Rl oo divisible by the least common multiplg o over these

T
:’e‘?\T&SChOiCCS of ¢t columns.

> run size N dinsible by

e Examples: si2e.
0A ofs 2-leved facdors : Yun'N=4R (A6 Z.) , N=4.8,12,16,20,24 ---
04 = 3-level fodors: vunsrze N=QR , N=4,18,23,36, 4G, - --
OA(N.2'3*) , N musk ba dvishe by &, 6,3, LCM =36,

Oﬁ' mla?sl) N T 169, (eM=/8
% Reading: tegbook, 8.3)l 3) ) N : z ‘ / 4') é) L<M=12
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wilices Kuse omorphic Ir)-le)g%gns s
Same statistical

e Twoldesign matriceﬁ are said to be isomorphic (or equivalent) if one

design matrix can be obtained from the other by

— row permutations, Wh y?

— column permutations,

O relabeling of 1Bevels 673"'5“’% for 2-level caqe .
A
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