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sulphur  carbon Black mould temperature shrinkage (%)

(phr) (phr) ‘o) rep. 1 rep. 2 rep. 3 average
0.5 5 140 291808 2.93359 2.83319 2.89495
0.5 5 160 3.58196 3.25849 3.59834  3.47959
0.5 50 140 245946  2.62985 2.75092 2.61341
0.5 50 160 3.34131 3.09841 3.28791 3.24254
2.5 5 140 3.14509 2.74786  3.22922  3.04072
2.5 5 160 3.42140 3.41074 4.43096 3.75437
2.5 50 140 2.77390 2.74269 2.97602  2.83087
2.5 50 160 3.45332  3.31471 3.43658 3.40154
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sources DF seq SS adjSS adj MS F P
blocks 2 0.36705 0.36705 0.18353  3.950 0.044
sulphur 1 0.23820 0.23820 0.23820 5.130 0.040
carbon black 1 0.43844 0.43844 0.43844 9.440 0.008
mould temperature 1 2.34016 2.34016 2.34016 50.390  0.000
sulphur*carbon black 1 0.00073 0.00073 0.00073  0.020 0.902
sulphur*mould temperature 1 0.00187 0.00187 0.00187  0.040 0.844
carbon black*mould temperature 1 0.00364 0.00364 0.00364 0.080 0.784
sulphur*carbon black* mould
temperature 1 0.01318 0.01318 0.01318 0.280 0.603
error 14  0.65018 0.65018 0.04644
total 23 4.05344
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Normal Probability Plot of the Residuals
(response is Shrinkage (%6))
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Residuals Versus the Order of the Data
(response is Shrinkage (%0))
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Residuals Versus the Fitted Values
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inside diameter cross section diameter shrinkage (%)
(cm) (cm) rep. 1 rep. 2 rep. 3 average
5 2 429758  4.57046  4.42597 443134
5 8 3.77568 5.66934  3.45412  4.29971
45 2 3.14025 3.35544  3.45427 3.31665
45 8 2.68284  2.29694  2.40579  2.46186

a Jdy | A = 1a ¢ \
msasmwwmaga‘luammmmimammaﬁnmmmmmwuwnuwam

MSHAN?

a 4 1 4 1a P J %
ﬂTi’JLﬂ‘iwﬁ%}ﬁ)ﬂ;J,ﬁGluﬁ’)uellﬂxiﬂﬁﬂﬂﬂ@QLﬁﬂﬁﬂHWﬂlUWﬂLLNWNW‘ﬁNNaﬁﬂﬂﬁ‘l’iﬂﬁ’J
9 a ~ 1 @ ~ o & a <Y
i]%slf]fﬂﬁ’E)f]ﬂLL‘UUﬂﬁﬂﬂﬁ@\‘ll“ﬁﬁll“l’\lﬂﬂ@lﬁﬂﬁ Iﬂﬁlll@lﬁ%ﬁ’)tlﬂiﬂ 2 32U FINTAUATIENUDYA

4

) Yo A
150 1aaatl
a Jd
D msuasizrnanuuilsyson
a Y ] A = 1a P 1
M3AATIH VoY IUaINVDININAARUNOANEIVINAUNNUNNTHAAD

@ 9 a 'd £ a MY o
msvaal v l¥msaasizrianundsysiu “INﬁ"llﬂiﬂLLﬁ@QiHﬂWi?Lﬂi?Zﬁlflﬂ aataasly

A
M1 NN 35



132

d' a 4 A = ra P
M1319N 35 uﬁmwammmiwwmmuﬂiﬂnummmimammaﬁﬂywmmmwuwmwa

ABNITHAN
source DF seqSS adjSS adjMS F P
blocks 2 0.7199  0.7199  0.3600 0.930 0.444
inside diameter 1 6.5381 6.5381 6.5381 16.960 0.006
cross section diameter 1 0.7298 0.7298 0.7298 1.890 0.218

inside diameter* cross section

diameter 1 0.3922  0.3922  0.3922 1.020 0.352
error 6 23136 23136  0.3856
total 11 10.6936

a L4 4 A v v 1
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Normal Probability Plot of the Residuals
(response is Shrinkage (%0))
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Residuals Versus the Order of the Data
(response is Shrinkage (%0))
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Residuals Versus the Fitted Values
(response is Shrinkage (%0))
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accuracy (%)

number of input

inside diameter cross section diameter average
4 69.7837 55.6378 62.7108
5 86.2450 83.6913 84.9682
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Boxplot of Average Accuracy (%6) vs Number of Input
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source DF SS MS F P
number of input 1 1238.5 1238.5 25.61 0.001
error 8 386.9 48.4

total 9 1625.4
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condition of accuracy (%)
input data inside diameter cross section diameter average
unnormolization 82.2362 82.6868 82.4616
normalization 92.0550 91.6939 91.8745
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Boxplot of Average Accuracy (26) vs Condition of Input
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source DF SS MS F P
condition of input data 1 221.51 221.51 65.580 0.000
error 8 27.02 3.380
total 9 248.53
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accuracy (%)

learning rate epoch
inside diameter cross section diameter average
1,000 92.2976 90.5956 91.4466
0.01 3,000 92.9656 90.9547 91.9602
5,000 93.3551 91.2617 92.3084
1,000 92.8610 89.7357 91.2984
0.05 3,000 92.1667 91.5083 91.8375

5,000 92.5490 91.1525 91.8508
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accuracy (%)

learning rate epoch
Inside diameter cross section diameter average
1,000 92.3618 89.9873 91.1745
0.09 3,000 92.6867 91.0486 91.8677
5,000 92.2366 90.6630 91.4498
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source DF seq SS adj SS adj MS F P
learning rate 2 1.262 1.262 0.631 0.57 0.571
epoch 2 3.281 3.281 1.64 1.48 0.241
learning rate*epoch 4 0.81 0.81 0.202 0.18 0.946
error 36 39.86 39.86 1.107
total 44 45.212
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number of neuron accuracy (%)
in hidden layer inside diameter cross section diameter average
3 85.9272 79.4664 82.6968
4 86.5603 84.3927 85.4765
5 92.0024 87.3171 89.6597
6 89.9175 88.3574 89.1374
7 91.4545 88.7541 90.1043
8 91.5300 89.8789 90.7044
9 91.8225 90.1449 90.9837
10 93.0096 90.3300 91.6698

11 92.1205 90.3277 91.2241
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Boxplot of Average Accuracy (26) by Number of Neuron in Hidden layer
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source DF SS MS F P
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total 44 469.21

1 Y 1 1
HANINAADANOMUUAIUIULITOU TUFUFOUNUINZ TN DINATIIN 43

i A 1 1 1 1 o J I J 1 o A
Lﬁ@Wﬂ15m1 f1 P-value WU ﬁﬂTﬂ@ﬂﬂﬂW 0.05 uaaaNAulesiFuanNUIN NI N AIVD

1 9 =~ 1

Iveniisauinseutanaenu limuanaesnusgniiisdageantioonganiieg

u

o Y

e ldansoszyswanihseunmingavaz l53sanuuanaisdnndosga

g q

[

3) AAanuuanatiodinnytooga

=) 1

Tumsiasadon Inseainveanisielszammsunilssansam

o v 9

aa 9 a o aa ad 1 o 9 a &
aNngea l¥msInsIzEnedgoa ITANVUANANUITINYUBDYGA llﬂNﬁﬂﬁ’JLﬂﬁZﬁﬂ\mﬁﬂ\‘i

9

Tuan31an 44



144

o v

H a o a, 1 Y] Y 1
M3191 44 WANIAATIZH IAITANULANA BT AN 08gAUINITNARDIN 4
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number of neuron accuracy (%)

in 2" hidden layer inside diameter cross section diameter average
6 90.2202 93.0585 91.6394
7 91.7982 93.4791 92.6387
8 91.4949 93.7287 92.6118
9 92.1214 94.0971 93.1093
10 92.8090 93.9625 93.3858
11 92.6202 94.3241 93.4722

12 92.8769 94.9737 93.9253
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number of neuron

in 2" hidd

accuracy (%)

en layer inside diameter cross section diameter average
13 93.6000 95.0026 94.3013
14 93.3309 95.1828 94.2569
15 93.1930 95.2593 94.2262
16 94.3253 95.5942 94.9598
17 94.2066 95.5325 94.8696
18 94.8259 95.4125 95.1192
19 94.8963 95.7420 95.3192
20 95.0283 95.8791 95.4537
21 95.2544 96.3185 95.7864
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Boxplot of Average Accuracy (26) by Number of Neuron in 2nd Hidden

Average Accuracy (%)
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source DF SS MS F P
number of neuron in 2" hidden layer 15 104.592 6.973 14.660 0.000
error 64  30.440 0.476

total 79  135.032
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source DF SS MS F P
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Boxplot of Accuracy (%6) by Number of Neuron in Hidden layer
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number of neuron

mean standard deviation
in hidden layer
3 93.056 2.190
4 94.613 0.382
5 94.581 0.379
6 94.695 0.290
7 94.511 0.863
8 94.436 0.567
9 94.511 0.469
10 94.553 0.381
11 95.247 0.126
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average accuracy (%)
. nd, .
number of neuron in 2 hidden layer

inside diameter

11 95.7746
12 95.8876
13 95.9967
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15 95.8938
16 95.8859
17 95.9715
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22 95.8908
23 95.8827
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source DF SS MS F P
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Boxplot of Accuracy (%6) by Number of Input
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cross section diameter
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Boxplot of Accuracy (26) by Condition of Input Data
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source DF SS MS F P
condition of input data 1 229.150 229.150 94.460 0.000
error 8 19.410 2.430
total 9 248.560
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accuracy (%)

learning rate epoch
cross section diameter
1,000 90.3750
0.01 3,000 89.9244
5,000 91.7575
1,000 90.9953
0.05 3,000 92.2585

5,000 90.9625
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accuracy (%)

learning rate epoch
cross section diameter
1,000 91.6780
0.09 3,000 91.8390
5,000 89.6376
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source DF seq SS adj SS adj MS F P
learning rate 2 4.684 4.684 2.342 0.670 0.520
epoch 2 4.105 4.105 2.053 0.580 0.563
learning rate*epoch 4 34.026 34.026 8.506 2.420 0.066
error 36 126.656 126.656 3.518

total 44 169.471
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average accuracy (%)
number of neuron in hidden layer
inside diameter

3 81.6251
4 84.7072
5 85.5234
6 86.6597
7 88.9688
8 89.3299
9 88.8368
10 90.4838

11 91.3157
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Boxplot of Accuracy (26) by Number of Neuron in Hidden layer
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source DF SS MS F P
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M3190 70 ANUULUSURABVDINTNAADIN 15

average accuracy (%)
. nd , .
number of neuron in 2" hidden layer

cross section diameter

6 94.6004
7 94.4789
8 94.3779
9 95.6130
10 95.2399
11 95.0217
12 94.4636
13 94.8820
14 95.6636
15 95.3454
16 96.0848
17 96.0190
18 95.9884
19 96.0845
20 95.8405
21 96.0398
22 95.8299
23 96.0882
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Boxplot of Accuracy (26) by Number Neuron 2nd Hidden Layer
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source DF SS MS F P
number of neuron in 2™ hidden layer 17 34.400 2.020 1.660 0.071
error 72 87.630 1.220
total 89  122.040
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architecture' mean standard deviation
5-11-6-1 94.600 1.566
5-11-7-1 94.479 1.761
5-11-8-1 94.378 1.408
5-11-9-1 95.613 0.712
5-11-10-1 95.240 0.724
5-11-11-1 95.022 1.311
5-11-12-1 94.464 2.226
5-11-13-1 94.882 2.178
5-11-14-1 95.664 0.305
5-11-15-1 95.345 1.042
5-11-16-1 96.085 0.183
5-11-17-1 96.019 0.188
5-11-18-1 95.988 0.223
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35190 72 (519)

architecture' mean standard deviation
5-11-19-1 96.084 0.182
5-11-20-1 95.841 0.513
5-11-21-1 96.040 0.167
5-11-22-1 95.830 0.517
5-11-23-1 96.088 0.185
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