ll_.

i FR[ N -y g

I st R

The Use of Hodges-Lehmann Estimator in Multiple
Response Optimization with Replication
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Introduction

Table 1 Goeneral Form of an Experimental Deston for a Multiple Eesponze Approach
(non replication).

Design Coded Process Settings Chuality Characteriatics
FPont = x X . Xy ] b » 7
] -1 -1 . -1 i) el Iy
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Table 2 General Form of an Experimental Design for a Multiple Response Approach

(with replication).
~ | CodedPooes Chuality Characteristic | Chuality Characterstic 2 Craality Charactenistic p
Desygn | — — —
Poi Settmgs Feplicatm Rephcan Rephestrn
' x | d | .. n | a | .. n l 2 "
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The Hodges-Lehmann estimator
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The computations of the HL.E eecs
follow four steps

e Let Y1,Y2....Yn be a random sample obtained form
some distribution , which Is continuous and
symmetrical about & ,then,

(1) Compute

AT (n+1)
2
(11) Compute the Walsh averages,
. Y+ Y,
W, = ——
2

where r=1,2,.... M and: < j7=12,... n
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(11) Reorder the Walsh averages in ascending order, that is

(1v) The HL.E. for the point of symmetry # of a continuous and symmetric distribution is

defined as:
HLE. = median {Wy. Wy, ... Wop } (4)
" W if M 1s odd
HLE ={ .. G o o =o 5
{(‘['1-'{,;.:, + W E;G_H:,) [21f M 18 even (5)
where

o [ —1)/2if M s oad
B M/2 if M is even



Table 3 The Food-Processing Data,

Rna?n:mses
Cortral Factors
Design Cobesivetuess Fibrousess Fliking
A Xy | & Dita aM HL.E. Dita aM HLE. Dita aM HL.E.
' ' ' ST 08, ' L 68,108, | ' L 68,108, | '
1 | 235 | . 93,103 Qa75 9 550 95105 9 400 8 740 93108 9425 QTS
wa. 11, e 1l5, e 1l5,
2 1 20 -1 95 103 10235 10175 95 11 105235 10 525 95 11 10 5235 105235
53,459 33,3, 29,44,
L 1 364 1 135 4945 2000 935 2000 5145 33,95 4940 4550
34,53, 5.6, 33,35,
4 1 240 1 gg'ﬁ %700 %400 gﬁ'ﬁ 4 025 % 200 g-; ﬁ 2940 %000
5 10 220 -1 95:33 T.125 TR25 93:35‘ T450 T 450 95:815 1.7100 7.100
34 35 548
] 1 dan |1 %_:..2%3 4315 4335 %f%g 4450 4 450 %f% 4450 4450
7 -1 250 1 15'1 ! 2hA50 2450 2,2: ! 2115 2.5 2,2: ! 2325 a000
10, 10, 10, 10, 10, 10,
] A0 asn o el 9508 915 9850 ™Y 8 400 @700 95 10 BHTS 10000
Upper Eomd 14 15 15
Target Vabae, ' 81 34 6l

Lonaer Bonmd 1 1 1
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Model Selection Procedure : 3+

Stepwise :

@i g = 6.051 — 3.181x3 (6)
wa g M = 6.153 — 3.091x; (T)
wa g M. = 6.025 — 3.356x3 (&)
1 HL.E = 6.109 — 3.266.x3 (9]
waHLE = 6.197 — 3.15Y:x; (10])
wauLe = 6.038 — 3.438x;3 (11]

Tabled | Zguared and Adjusted B Squared Values for (60, (70 (B (%0, (100 and (117,

Todel E. squared Adusted B squared
(&) 0 946 EER;
(7 0,923 0.5910
() 0,950 0542 \
(4 0,957 02449
(107 0,527 0.915
(11 0548 09349




Table 5 Comparison of the Optimal Settings for the sample mean and the HLE.

. Optmal | Coheswvencas | Fibrousness | Flaking | Total
B ST Setfings Deation

| sample mean | (%, %, 1) 2,900 30620 1 2650 | @750
HLE (> ) 2.6431) 30380 | 26000

sample mean | (%, ¥, -1) 4. 2620 9. 24410 92810 | Q48T

! HLE *r -1 2.3750 93500 | 84760 1 10.8070



Model Selection Procedure :

Backward

wr g = —5.450 + 0.780x1 + 0.04938:x9 — 3.808x3
wy g = —5.819 + 0,925z 4 0.05138xy — 3.771x4
waaM = —3.752 + 0.719x1 + 0.04192:x9 — 3.903x3
wy grL.E = —4.451 + 0.642z; 4 0.04514x5 — 3.82125
wa HL.E = —5.208 4+ 0.820z1 4 0.0488Yx5 — 3.792x3
wygL.E = —4.225+ 0.764z; 4 0.0440275 — 4.014z5
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Table 6 E Squared and Adjusted B Squared Walues for {13), {143, {15y, {16), (17 and b
(180
IMMadel E squared Aodjuated E aguared
(13 0487 0878
(1< 08977 0860
(157 (190 0965
(167 0887 0877
(17 09710 09495
(13} 0E7S i, 56
Table 7 Comparizon of the Optimal Settings for the sample mean and the HL.E.
: ptirnal Cohesitveness | Fibrousnes: | Flaking Total
A Estimator . .
—ottings Dewiation
1 samprle mean (1, 265, 1) LG0T g 9507 g 1728 & 702
HI. E. (1, 265, 1) 4 4521 47159 4150734 & H5E5
sarngle tnean [-1, 220, -1) a.dd16 &, a506 &, 6544 a 266

- HI. E. (-1, =220, -1) ER=E H.5158 57094 H.4a80




Model Selection Procedure :
forward

7 paperf[ Iy =" > I'Jforwardps =V
=R squared and adjusted R squared
YllpIStepwise— e > Frk S ad S AH ]



Conclusion
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