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Figure 1. Schematic representation of neural network used in data analysis.
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Table 1. Descriptive statistics of the variables used in this study in each insemination.

.c_.fd:,a).: adlan ol 55 eslizul 5,90 (gl it JW}SJLJ—\ Jgd

sl il Sk o e Ol LS Sldalive slass s slass cin
- - Coefficient of Standard . NO. of NO. of .
Maximum Minimum Variation(CV) Deviation Mean Observations Insemination Trait
563 330 0.079868 28.49815 356.8147 3783 1
717 330 0.115958 44.85663 386.8354 4156 2 2l S sasls
708 333 0.135173 57.54205 425.6926 2690 3
708 351 0.129338 59.5577 460.4828 1688 4 Gs)
714 373 0.124876 61.6029 493.3134 1018 5 Ca|\/ing Interval
720 407 0.115553 60.37786 522.5101 645 6 (day)
720 442 0.108057 59.45983 550.2634 391 7
100 35 0.176328 10.30676 58.45229 3783 1
100 35 0.189661 10.92176 57.58566 4156 2 it cossd
100 35 0.193294 11.39351 58.94387 2690 3 s I
100 35 0.191834 11.5654 60.28851 1688 4 Gs)
100 35 0.190369 11.6778 61.34283 1018 5 Dry off Period
100 35 0.206145 12.882 62.48992 645 6 (day)
100 36 0.206558 13.22553 64.02813 391 7
521 233 0.097637 29.12839 298.3349 3783 T
656 237 0.133178 43.84702 329.2351 4156 2 ot sl
655 264 0.153045 56.12369 366.713 2690 3
643 297 0.146146 58.48765 400.1996 1688 4 Gs2)
652 313 0.139713 60.35295 431.9774 1018 5 Days in milk
671 350 0.130725 60.13728 460.0279 645 6 (day)
659 375 0.119971 58.33528 486.243 391 7
18922.84 4028.79 0.229586 2303.736 10034.32 3783 1 Syt IS
23331.8 4443.64 0.225684 2521.87 11174.33 4156 2 i
25794.91 4856.15 0.233954 2836.111 12122.51 2690 3 (6.5 5)
27771.73 4201.99 0.219012 2896.393 13224.8 1688 4 Total Milk
27316.59 6787.67 0.219825 3077.818 14001.22 1018 5 Production
25302.31 6435.04 0.21168 3120.972 14743.83 645 6 o)
24614.61 7479.47 0.199351 3064.219 15370.98 391 7 9
579.26 101.99 0.265861 7558757 284.3125 3783 1 -
708.35 103.08 0.265947 85.02688 319.7135 4156 2 SHF s S
842.42 111.69 0.276335 96.81964 350.3711 2690 3 (0,5 59)
861.88 131.53 0.268433 102.1181 380.4234 1688 4 £
843.03 150.1 0.261997 105.7196 403.5149 1018 5 Total Fat
847.4 164.29 0.264281 113.6399 429.9958 645 6 (kg) Production
824.67 172.43 0.233548 104.4772 447.3487 391 7
538.77 90.17 0.305446 78.91108 258.3467 3783 1 =
727.11 90.43 0.310792 89.13846 286.8106 4156 2 SHF oBan IS
699.29 90.63 0.320732 99.79946 311.1614 2690 3 (¢854
7765 92.55 0.306783 103.9294 338.7716 1688 4 L
793.25 104.32 0.29157 104.7391 350.225 1018 5 Total Protein
722.62 92.47 0.306888 114.8682 374.2997 645 6 Production
727.8 100.76 0.267164 105.4927 394.8617 391 7 (kg)
166275 3616.25 0.213697 2001.235 9364.823 3783 1 o :
17240.85 4072.92 0.193992 1898.501 9786.498 4156 2 S
16025.31 4353.05 0.194306 1911.22 9836.11 2690 3 (¢S 59)
15608.61 3728.84 0.177503 1790.004 10084.34 1688 4 Adjusted Milk
15926.2 5352.89 0.179528 1811.05 10087.86 1018 5 (ME-305-20)
15917.75 5017.74 0.17038 1733.66 10175.24 645 6
15686.58 5722.64 0.164053 1687.378 10285.57 391 7 (kg)
493.09 101.71 0.251489 66.61082 264.8661 3783 1 = )
507.53 101.3 0.241976 67.21158 277.7617 4156 2 ol
562.11 100.73 0.251043 70.35158 280.2372 2690 3 (¢S4
500.75 101.76 0.245177 69.54588 283.656 1688 4 Adjusted Fat
491.88 101.41 0.245214 69.67012 284.1192 1018 5 (ME-305-2x)
506.36 112.43 0.250018 71.96567 287.8417 645 6
464.38 100.75 0.235831 68.16248 289.0307 391 7 (kg)
484,81 80.94 0.294052 69.35771 235.869 3783 1 S e
726.82 80.04 0.290358 72.07396 248.2248 4156 2 S
488.22 80.71 0.296695 74.30437 250.4399 2690 3 (¢ 5545 ea
459.99 80.52 0.281682 71.52309 253.9144 1688 4 : ;
459.78 80.94 0.268364 68.09905  253.7561 1018 5 A?,{:Et_egog_rgie)m
422.89 82 0.282462 71.36414 252.6501 645 6
411.2 81.27 0.251798 64.07755 254.4802 391 7 (kg)
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Table 2. Results of neural networks using elimination method in different inseminations.

KPS PRIV Aoy A o sl sl Aoy sl
(20% testing) (80% training) sl . o oAb ol
002 ol No. of
2 sl 2 s NO- g, of No. of insemination
RMSE R No. RMSE R No. weights  hidden units
0.4294 09998 755 0.3814 0.9998 3028 3783 50 7 1
1.0544 0.9994 830 0.4708 0.9998 6332 6415 21 4 2
0.4851 0.9999 535 0.4753 0.9999 2155 2690 57 8 3
0.5463 0.9999 337 0.4714 0.9999 1135 8168 71 10 4
0.5282 0.9999 203 0.4783 0.9999 815 1018 71 10 5
0.7123 0.9998 128 0.4753 0.9999 517 654 71 10 6
0.6293 0.9999 77 05374 0.9999 314 391 50 10 7
1- P-value
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Table 3. Results of neural networks using principle component analysis method in different
inseminations.

o3 Yo gl Loys Ar ui:)‘yi ool Ao s Aol slaad) 5o sluss sl

(20% testing) (80% training) ok e Oley Sl "

B . The percentage No. of No. of No. of

RMSE R? 2 pMsE R? Sl of epxplainetgJ hidden principal insemi

NO NO variance units components  nation
21395 09942 755 22026 0.9941 3028 99 4 5 1
52509 0.9866 830 4.5756 0.9895 6332 99 5 5 2
25366 09983 535 22026 0.9941 2155 99 7 6 3
34629 09966 337 3.3865 0.9968 1135 99 7 6 4
18594 09991 203 1.8831 0.9990 815 99 3 6 5
29540 09971 128 3.6337 0.9965 517 99 7 6 6
24775 0.9982 77 3.0711  0.9980 314 99 6 6 7
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Figure 2. Comparison the coefficient of determination (R?) of two approaches in the training set (left)
and test set (right).
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Figure 3. Comparison between RMSE of the two approaches in the training set (left) and test set (right).
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Abstract

Background and objectives: Calving interval is sought to be substantially affected
by management and environmental effects. Using intellectual algorithms of
machine learning methods to investigate complex systems are growing and these
algorithms could be assumed as right approach to analysis dairy cattle industry
data. Artificial neural networks which are part of artificial intelligence, gain from
these algorithms. The objective of this study was to find the association between
productive and reproductive traits with calving interval over different course of
inseminations. It was assumed that extracting this association may improve the
management of this trait.

Materials and methods: In this research, the productive and reproductive traits
from FOKA, an agriculture and animal husbandry, associated to Isfahan Vahdat
Cooperative was used. The records were calving interval (day), the length of dry
off period (day), number of insemination, total milk production (kg), total fat
production (kg), total protein production (kg), adjusted milk production (Kkg),
adjusted fat production (kg) and adjusted protein production (kg). The data were
due to 15465 cows in which their parturition date spanned between 1368 and 1393.
The data dimensions were reduced using elimination of high level of correlation
among variables and principal component analysis before undertaking artificial
neural network modeling. For each insemination, we learned a neural network. We
used coefficient of determination and root mean square error to investigate the
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efficiency of neural network. The linear and nonlinear relationship among input
variables with calving interval was measured using maximal information criterion.

Results: The similar values of coefficient of determination and root mean square
error due to neural network in different insemination obtained which would
indicated that there is almost identical associations between calving interval input
variables. Higher values of root mean square error obtained in neural network
which learned based upon principal component analysis of independent data than
elimination one. Therefore, it was concluded that elimination approach is suitable
choice in this context. The maximal information criterion showed almost an
identical association between calving interval and input variables over different
inseminations. In this way, days in milk and milk production showed high amount
of correlation with calving interval.

Conclusion: The results indicated that coefficient of determination and root mean
square error of different inseminations was similar. Therefore, it is hardly expected
that the association between calving interval and independent variables to be
different over different inseminations. Based upon these results, it was elucidated
that independent variables used in this study could fairly adequately predict the
calving interval. Also, we could say that management — environmental conditions
over different inseminations had minuscule effect on the associations of calving
interval with independent variables.

Keywords: Principal component analysis, artificial neural network, Maximal
information coefficient, Calving interval
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