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Table 1. Age group, animal number in each group, minimum, maximum and mean of weight and corresponding 
standard deviation (kg) 

Standard 
deviation  

Minimum 
of weight  

Maximum 
of weight  

Mean of 
weight  

Number  sex  Age (day)  Month  

0.72  1.8 7.0  4.44  2571 Female  1  0  
0.75  1.5 7.2  4.52  2474  Male      

2.58  9.0  18.4  12.85  19  Female  18-30  1  
3.54  5.9  20.0  13.34  22  Male      

3.80  8.0  26.4  17.12  245  Female  31-60  2  
4.41  7.2  32.2  18.96  223  Male      

4.38  7.3  36.5  21.32  709  Female  61-90  3  
5.06  8.1  35.7  23.28  656  Male      

4.57  8.0  37.0  24.79  1041  Female  91-119  4  
5.29  8.3  43  27.11  1023  Male      

5.73  14.9  39  24.65  77  Female  120-150  5  
7.17  12.0  45.0  27.56  88  Male      

5.85  15.0  44.0  29.20  505  Female  151-180  6  
7.26  16.5  50.0  32.78  456  Male      

5.27  16.0  45.2  31.20  1050  Female  181-210  7  
6.89  16.5  53.0  35.10  920  Male      

5.10  16.0  43.0  30.33  38  Female  211-240  8  
4.88  24.0  52.0  33.86  121  Male      

6.36  15.9  47.0  33.07  330  Female  241-270  9  
6.45  24.0  53.0  39.06  371  Male      

5.92  13.7  50  33.76  831  Female  271-300  10  
6.74  20.9  63.0  39.58  868  Male      

5.80  21.2  56.0  29.60  140  Female  301-330  11  
5.83  24.4  61.0  37.37  237  Male      

7.60  21.2  54.0  37.82  355  Female  331-360  12  
8.36  25.4  64.0  44.87  294  Male      

6.58  20.2  64.0  38.49  777  Female  361-390  13  
7.20  21.5  65.0  47.99  699  Male      

4.80  24.9  56.3  40.08  238 Female  391-417 14  
7.52  33.2  65.5  48.80  123  Male      

6.92  30.0  60.0  50.81  21  Male 418-449  15  
4.34  44  64.5  54.57  81  Male 450-475  16  

 
 ��CD2 -  
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Table 2. Mathematical model of functions used for describing growth curve of Kurdish sheep 
Parameter number Function Model 

3 W*t+ = Ae?−Be*−kt+A + ε Gompertz 
3 W*t+ = A

?1 + Be*−kt+A + ε Logistic 

3 W*t+ = A?1 − Be*−kt+A + ε Brody 
3 W*t+ = A?1 − Be*−kt+AC + ε von Bertalanfy 

A= Asymptotic mature weight; B= Integration constant; K= Maturity rate; e= Euler's number; t= Time, ε= Residual 
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 ��CD3 - 9�S%6��A� 9	5� l1!$&  ����3WA�	5K9�S CA} ,�5!Y�5P �C& �� z%1Z& /2%AU& />U2 3H>� 36^  
Table 3. Different scenarios for optimum parameters entering in MLP artificial neural network 

Input layer parameters Output  Input data Scenarios  
Y, S, SX, BT, AG W12 5 S1 
Y, M, SX, BT, AG W12 5 S2 
Y, S, SX, BT, TE W12 5 S3 
Y, M, SX, BT, TE W12 5 S4 

W1= Yearling weight, Y= Year of birth, S= Season of birth, SX= sex, BT= Type of birth, AG=Lambs' weight at recording, M= 
Month of birth, Month of recording 
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 ��CD4 - mAD  �H]+ 3� ,C� ,-� ���=& R	5*�	 � T�E���& 
5� 

Table 4. Average and standard deviation of body weight (kg) based on lamb sex 
Yearling 
weight 

9-month 
weight 

6-month 
weight 

3-month 
weight 

Birth weight  Number Sex 

38.53±6.82 33.08±6.18 31.56±5.02 23.25±4.33 4.29±0.64 8945 Female 
47.20±8.02 38.26±6.84 35.08±8.07 25.24±5.24 4.28±0.71 8724 Male 
37.45±7.72 33.82±6.65 27.44±6.16 20.95±5.16 4.38±0.75  Average 

 

 ��CD5 - 3WA�	5K 
C� ���'5�  9�S )SE±(  i��a,-� 9�S��%.� /Z[5�\ @�	%+ ;-	5� -	 ,C�  � 9�5. 
��& ,	CA]�%I

/c%H� #WA� 9�S���=& ;-	5� 

Table 5. Estimated parameters (±SE) obtained from fitting non-linear functions on body weight records in Kurdish 
ewes and goodness of fit criteria 

**Statistics  
Parameter* (kg) Model  	�� *|.K − .LK |IIIIIIIIIII) AIC BIC R2 RMSE 

3.580 28844.224 28865.515 0.964 12.649 
a= 36.038 (0.108)  
b = 1.983 (0.019) 
k = 0.016 (0.0002)  

Gompertz 

3.784 29487.919 29509.20942 0.961 12.1327 
a = 34.897 (0.093) 
b = 5.459 (0.112) 
k = 0.025 (0.0003)  

Logistic  

3.413 28260.739 28282.0299 0.966 11.849 
a = 38.399 (0.164) 
b = 0.884 (0.002) 
k = 0.008 (0.0001)  

Brody  

3.512 28624.752 28646.043 0.965 12.343 
a= 36.619 (0.118) 
b= 0.493 (0.003) 
k= 0.013 (0.0001) 

von 
Bertalanfy  
* a: Mature weight; b: Integral constant; k: Growth rate 
** RMSE= Root mean square error, R2= Coefficient of determination, BIC= Bayesian information criterion, AIC= Akaike's 
information criteria  

 ��CD6- 3WA�	5K  ���'5�  9�S
C� )SE±(  i��a,-� 9�S��%.� /Z[5�\ @�	%+ ;-	5� -	 ,C�  ,	CA]�%I5�  9�S���=& � 9�5.

/c%H� #WA� ;-	5� 

Table 6. Estimated parameters (±SE) obtained from fitting non-linear functions on body weight records in Kurdish 
rams and goodness of fit criteria 

**Statistics   
Parameter* (kg) Model  

	�� (|.K − .LK |IIIIIIIIIII) AIC BIC R2 RMSE 

4.529 31298.111 31319.32 0.9618 18.437 
a= 44.737 (0.168)  
b = 2.082 (0.018)  
k = 0.012 (0.0001)  

Gompertz 

4.934 32194.612 32215.82 0.957655 20.4442 
a = 42.694 (0.136) 
b = 5.238 (0.100) 
k = 0.0196 (0.0002)  

Logistic  

4.117 30377.327 30398.53 0.966 16.580 
a = 50.130 (0.314)  
b = 0.90 (002) 
k = 0.0006 (0.0001)  

Brody  

4.373 30972.696 30993.9 0.963218 17.7582 
a= 45.907 (0.193) 
b= 0.502 (0.003) 
k= 0.010 (0.0001) 

von 
Bertalanfy  
* a: Mature weight; b: Integral constant; k: Growth rate  

**  RMSE= Root mean square error, R2= Coefficient of determination, BIC= Bayesian information criterion, AIC= Akaike's 
information criteria  
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Fig. 1. Fitted growth curve of Kurdish lambs based on Brody model for each sex 
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��& mAD �5Ze 9^�� 5� mAD) 9��5� �C&  

Table 7. Correlation between parameters of Brody model (males up-diagonal, females down-diagonal) 
k  b  a  

-0.9325  0.0532  1 a 
0.1151  1  0.0485  b  

1  0.1500  -0.8674  k  

a: Mature weight; b: Integral constant; k: Growth rate 

  

 ��CD8 -  (�=�5& ie	Ca T�E���&)SE± ( 5� 5h%& F��h i&	%23WA�	5K9�S 
�	� 9�� 
C� ;-	5� 9��5� �C& 
5� ,C� ,-� 9�S �S  

Table 8. Least squares means (±SE) of fixed effects on the parameters of the fitted Brody model on the lamb's body 
weight data 

k b a Effects 
*** * *** Sex 

0.009  (0.002) 0.905 (0.006) 44.505 (2.271) Male (8675) 
0.013 (0.002) 0.887 (0.006) 32.867 (2.267) Females (8927) 

***  *** *** Birth type (BT) 

0.0130  (0.0003) 0.887 (0.002) 43.638 (0.665) Single 
0.0113  (0.0004) 0.900 (0.002) 40.224(0.756) Twin 
0.0089  (0.0047) 0.902 (0.012) 32.195 (4.635) Triple 

***  *** *** Year of birth 

0.0100  (0.0016) 0.903 (0.005) 41.274 (1.817) 1 
0.0122 (0.0016) 0.899 (0.006) 37.026 (2.288) 2 
0.0115  (0.0016)  0.887 (0.004) 37.758 (1.567) 3 

***  *** *** Birth season 

0.0158 (0.0017) 0.891 (0.005) 36.243 (2.020) Spring 
0.0067 (0.0016) 0.902 (0.004) 41.128 (1.540) Winter 

- *** *** Sex×BT 

- 0.876 (0.002) 37.174 (0.694) Female × Single 
- 0.886 (0.002) 32.611 (0.830) Female × Twin 
- 0.900 (0.012) 28.817 (6.521) Female × Triple 
- 0.897 (0.002) 50.102 (0.685) Male × Single 
- 0.915 (0.002) 47.838 (0.866) Male × Twin 
- 0.904 (0.018) 35.574 (6.524) Male × Triple 

***  *** *** Sex × Year 

0.0107 (0.0016) 0.898 (0.006) 36.806 (2.392) Female × 1 
0.0141 (0.0016) 0.890 (0.007) 31.233 (2.764) Female × 2 
0.0140 (0.0016) 0.873 (0.006) 30.562 (2.211) Female × 3 
0.0093 (0.0016) 0.908 (0.007) 45.743 (2.398) Male × 1 
0.0102 (0.0016) 0.908 (0.006) 42.819 (2.751) Male × 2 
0.0090 (0.0016) 0.900 (0.006) 44.953 (2.221) Male × 3 

- *** *** Season × Year 

- 0.903 (0.007) 39.732 (2.461) Spring × 1 
- 0.901 (0.010) 35.626 (3.730) Spring × 2 
- 0.869 (0.004) 33.372 (1.613) Spring × 3 
- 0.904 (0.004) 42.816 (1.561) Winter × 1 
- 0.896 (0.004) 38.426 (1.539) Winter × 2 
- 0.904 (0.004) 42.143 (1.587) Winter × 3 
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Table 9. Different artificial neural networks along with the criteria for performance comparison 
R2 NMSE MSE CV MSE train Learning rule Function Perceptron (per layer) Layer 

0.9227 0.1520 0.0029 0.0026 
Momentom Sigmoid 

1 
1 0.9572 0.0879 0.0017 0.0015 5 

0.9619 0.0797 0.0015 0.0014 10 
0.9213 0.1560 0.0029 0.0027 

Momentom Sigmoid 
1 2 

0.9577 0.0859 0.0016 0.0014 5 
0.9628 0.0754 0.0014 0.0013 10 
0.9187 0.1640 0.0031 0.0027 

Momentom Sigmoid 
1 3 

0.9577 0.0847 0.0016 0.0014 5 
0.9647 0.0706 0.0013 0.0012 10 
0.8843 0.2232 0.0183 0.0208   Momentom  TanH 1 1 
0.9251 0.1444 0.0027 0.0025 

LM Sigmoid 

1 1 
0.8708 0.2934 0.0054 0.0049 1 2 
0.9279 0.1389 0.0026 0.0024 1 3 
0.9650 0.0688 0.0013 0.0012 3 3 
0.9735 0.0523 0.0010 0.0009 5 3 
0.9711 0.0570 0.0011 0.0009 8 3 
0.9725 0.0544 0.0011 0.0009 10 3 

MSE= Mean square of error, NMSE= Normalised mean square of error, R2= Coefficient of determination 

��CD10- /2%AU& />U2 3H>� l1!$& 9�S%6��A� �5H1�2 346�)& 
Table 10- Performance comparison of different artificial neural network scenarios 

R2
 MinMSE 

Training 

MinMSE 
C.V. 

NMSE MAD  MinAbsEr Scenarios 

0.96499 0.00105 0.00111 0.06008 2.57497 0.00073 S1 
0.97349 0.00094 0.00102 0.05233 2.42427 0.00091 S2 

0.97019 0.00103 0.00111 0.05873 2.55172 0.00099 S3 

0.96612 0.00116 0.00123 0.06662 2.71844 0.00007 S4 

MinAbsEr= Minimum of absolute error, MAD= Mean of absolute difference, NMSE=Normalized mean squared error, MinMSE 
C.V.= Minimum MSE of criteria value , MinMSE Training= Minimum MSE of training, R2= Coefficient of determination 
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Table 11. Sensivity analysis of input data in different scenarios 

S4  S3  S2  S1 Input 
6.04204  4.08771  3.99699 4.72188  Birth year 

---  3.21297  ---  7.50839  Birth season 
15.38916  1.03482  0.69057  1.22746  Sex 
0.57937  0.76108  0.81645  0.99390  Birth type 

---  ---  11.36467  7.93543  Age at weighing 
1.85677  ---  3.46312  ---  Birth month 
3.49228  6.24438  ---  ---  Recording number 

S1= The 1st scenario, S2= The 2nd scenario, S3= The 3th scenario, S4= The 4th scenario 
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Table 12. Comparison of the best non-linear model of body growth curve of Kurdish sheep using artificial neural 
network 

	�� *|.K − .LK |IIIIIIIIIII) R2 �	
� (√	
�) D	
� (
	
�

MN
� ) 

MSE  

4.117 0.966 11.841 23.699

188.077
= 0.126 

23.699 Brody (female) 

3.413 0.966 16.580 33.161

272.061
= 0.122 

33.161 Brody (male) 

2.424 0.973 √11.917
= 3.452 

0.052 11.917 ANN (both sex) 

@�   
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Abstract 

The objective of this study was to compare artificial neural network (ANN) with non-linear models including Brody, 
Gompertz, Logistic and von Bertalanffy for predicting the growth curve of Kurdish sheep. The database comprised 
of 17659 body weights from birth to yearling of 5074 lambs belonging to 162 rams and 1968 ewes during 1996-
2013. The ANN model was developed according to three-multilayer perceptron with five nodes in each layer, 
Sigmoid-Axon function and Levenberg-Marquat learning rule by Neuro Solution software. Non-linear models were 
analyzed by the NLIN procedure of SAS program. The goodness of fit of models and their comparisons were 
conducted by using the coefficient of determination (R2), residual mean square (MSE), root of the residual mean 
square (RMSE), mean absolute deviation (MAD), Akaike’s information criterion (AIC) and Bayesian information 
criterion information criterion (BIC). The influences of fixed effect on model parameters were analyzed on the 
optimum model. The results revealed that the ANN had the highest accuracy (r= 0.9735) and the lowest error 
(MSE= 0.9170, RMSE= 3.452, MAD= 2.424) and described the growth curve better than the other models. Among 
all non-linear models, the Brody model had the highest coefficient of determination (R2= 0.966) and the lowest AIC, 
BIC, MAD and RMSE values indicating the best fit for both sexes. Male lambs, single lambs and those gave birth in 
winter had the highest mature weight and growth rate. The evaluation criteria indicated that the ANN had a suitable 
potential to predict growth curve of Kurdish sheep, after that the Brody model fitted the data better than the other 
non-linear models. 
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