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O ABSTRACT O

The research aimed to develop a mathematical model for the costs of producing tomato
crops, and to determine the optimal size of production to achieve economic efficiency
through standard analysis of the cost functions of producing one kilogram of tomato fruits.
To achieve the research objectives, a feed-forward multi-layer neural network (Multi-layer
Perceptron) was used to model the time series of the research variables during the period
(1993-2021), where 23 years of data were used in the training phase, and 6 years in the
testing phase.

The neural network used consisted of three layers (input, processing, and output). The
input layer consisted of 6 neurons, the processing layer included 2 neurons, and the output
layer included one cell. The hyperbolic tangent activation function was used in the
processing layer, and the ldentity function was used. ) In the output layer, the sum of
squared error in the training phase was 0.07, decreasing to 0.01 in the testing phase,
indicating the quality of the model.

The research results showed that the costs of production inputs constitute the greatest
relative importance in the function of the total costs per hectare of tomato crop according
to the proposed neural network model, followed by the costs of agricultural operations,
then the interest on capital.

The results of the analysis of the total cost function for the tomato crop showed that
increasing the costs of production inputs by one unit leads to an increase in total costs by
16.97 units. Likewise, increasing the costs of agricultural operations by one unit leads to an
increase in total costs by 1.36 units, and that increasing the interest on capital by one unit
leads to a decrease in total costs. By 8.52 units.

The results also showed that the actual production volume is far from the production
volume that achieves economic efficiency, as the production volume that achieves the
lowest cost is 38,732.05 kg/ha compared to the actual production volume in 2021, which
amounts to 98,914 kg/ha.
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Al aat s el jial) Ak 3 (Identity) sl Als alasia) 5 LS

y(c) = c + Bias

dariiual) Lpanll Al Joa clagina 14 Jgaal)

A gy (4) Jsaadls

Network Information

1 Glilaal) Cadl<s
2 il i) Callss
Covariates 3 oY syl
Input Layer 4 JW il saila
5 A il sl
Number of Units® 5
Rescaling Method for Covariates Standardized
Number of Hidden Layers 1
Hidden Layer(s) Number of Units in Hidden Layer 1° 1
Activation Function Hyperbolic
tangent
Dependent Variables | 1 Al el
Number of Units 1
Output Layer Rescaling Method for Scale Dependents Standardized
Activation Function Identity

Error Function

Sum of Squares

a. Excluding the bias unit

SPSS galiy aladiuly dyanl) AGAN Cilaiia @ sl
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Farial) Apnanl) 308N Dyjlanall il praagy Y1 (S

Synaptic Weight = 0
— Synaptic Weight = 0

Hidden layer activation function: Hyperbolic tangent

Cutput layer activation function: [dentity

Aatiioual) Appeanl) AGAL & jlarall ) (1) Joi

A zagal JLad) 3-3

A(5) sl mmse sa LS Lia¥ly capl) laye 6 Uadl) Cilagye ggane iluny z35ail 33 jlid)
il dand) A4 g igal padla 15 Jsand)

Model Summary

Sum of Squares Error 077
Relative Error .005
Training Stopping Rule Used 1 consgcutive st_ep(s) with no
ecrease in error
Training Time 0:00:00.00
Testing Sum of Squares Error .015
Relative Error .008

Dependent Variable: 481 cal<sl)

a. Error computations are based on the testing sample.

SPSS galiy aladiuly dyuanl) AGAN Cilajiia @ sl

Jaas LAY dlsje 3 0.01 Y (=éaid €0.07 oyl dlsje 3 Uadl) Cilagpe psane of Jsanll il s
LAY Aaye G T ot o A zdsa of e

A8 @iiall L)) draal) st 4-3

(6) Jsaally zmse 58 LS ¢hynamnl) A2l aladivdy 4K0) CaJISH) Ay 3 T8l Y clprid) 585 a0
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Agand) A8, zagad (b Akl cfpiiall ) Lpaal) 16 Jsand)

Independent Variable Importance

Al dapla Importance Normalized Importance
zlY) il Jlive 411 100.0%
dae )l dlleal) 343 83.4%
Jall Ll 139 33.8%
4 il claasl) 079 19.1%

SPSS gualiy alaiiuly dpanl) A4 clajia @ jaal)
e )3l lleall Calls Ll AN Cadsall b 1yl Jalsall ST e 2 Y1 ilojlives Call<s o Jganl) G
coa ) lag) slei) Jaadlg cJll Gl
Auiial) caatlent) Adyay 4K cadlsat) Ay a8 5-3
gl sl sty Jla) Guly 3285 clleally Y] cilejline CallSs slaely LIS (ol Ay i
ol 23 gaill Ailanl hLEaY) (6) Jsaadl Gans (8 Ll il LgsS

c i) 7 dgalll Ayilaal) C)LARY) 17 Jgandl

Model Summary®
Model R Adjuste | Std. Error Change Statistics Durbin-
dR of the R F Change Sig. F Watson
Square Estimate Square Change
Change
1 1. 00% 0.99 53807.64 1.00 111331.9 .000 2.43

SPSS galiy aladiuly dald) 2] : jsaal)

Lgime Folidl 2 K5 WS % 99 duyy zisalll sasa dial) z3geill dglasy) chliaVl & s
i)z dsaill I Lol 1 A d5ms ade ) iy (00 Ailian) s o(SiQ< 0.05) &3 saill
(8) Jsaally mase a0 LS il gl CDlalan a5

c i) 7 3galll CBlalan 18 Jgand)

Coefficients?

Model Unstandardized Coefficients Sctizgf?(r;(itﬁg ¢ Sig.
B Std. Error Beta
(Constant) 15014.88 13235.034 1.134 .267
1 &L,d?ad\ 1.36 .090 .892 15.095 .000
Jhall (al B3l -8.52- .709 -.530- -12.021- .000
Z Y e Sl 16.97 1.106 .638 15.344 .000

SPSS galiy alidiuly dall) dae) : juaal)
(I Callal) Al s Gl Jsaall (e
TC = 15014.88 + 1.36 x; — 8.52 x, + 16.97 x5

dua
Y clailie X3 cJlall Gl Xy A3 elilaad) g (Al Gigla :TC
3aly) XS 3an5 1,36 AN cadlsall salyy () (ga% Basg dae )3 lileal) Callss 32l al dgLl) Al

oy 3336 2Ly oy bass 16,97 A Callal salyy Y gam sasly basg ey Z ) Glejliue (IS
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% 9.5 el o cawan Jll Gy 5208 Y 3an5 (8.52) laiey ad\Sll i ) (g3 Baals Basg laiey
) ot LS Y 2 WSy 2 Y e

oY) ANy A Cadlal) Ay s 6-3

(3l RS Sy ¢ Jiiee e (8/aS) YD sl Zluy) ANy LI Gl A ks 5

((9) Jsaall memge a LSz dgas Jundl calicisly (glas)
Bysnid) Cpa S o L) il Ad0aY Apudl) g Ml (s Alalial) geili 19 J gl

sig F aaaill Jalza Chﬁ"m
L;_L‘s.n
0.000 42.54 0.78 TC = b0 + (b1 * Qi)
g;":‘z‘JL‘.;)m
0.003 17.88 0.63 TC = b0 + (b1 * In(Qi))
(s sll)
0.000 18.32 0.63 TC = In (b0) + (In(b1) * Qi)
A
0.000 134.26 0.95 TC = b0 + (bl * Qi) + (b2 * Qi?)
0.000 121.86 0.95 TC = b0 + (b1 = Qi) + (b2 * Qi%)
+ (b3 * Qi%).

SPSS galiy aladiuly dald) das) 1 jaaal)
gl a Joise il Uyl ol JurieS RS Gn 3D (o sz dsad Juadl o A5l i iy
& ol e %95 sy (ziY) Jiiall el G ey 1305 0.95 z3saill maad Jalea g1l s agyill
L %5 ssiall vie Lilaa) 4y (0.000) Zysimey (134.26) F dad coly LS o(Callill) il pucial

.z 2salll 4y giaa 2S5
(10) Jsaally mnse o8 LS iz dsaill Clalan a3
cr ) g agadl) cBlalaa 110 gan)

Coefficients
. - Standardized
Unstandardized Coefficients Coefficients T Sig.
B Std. Error Beta
253yl -620.846- 110.736 -1.453- -5.607- .000
2 ** 253 yall .008 .001 2.300 8.872 .000
(Constant) 12001396.236 2961781.214 4.052 .000

SPSS galiy aladiuly daldl das) : juadll
t V) il e 3N Cagllsal) Ay it Jpaald) (e

TC = 12001396.236 — 620.846 Qi + 0.008 Qi?
CalSal) Ay Aansdy AN Callal dangia Ay e Capeil) e 2 U0 ) sl le Gapll dal e
CollSl) Alalae e Jiantl ol anl) slagins) amy 20 Cal<il Jaus i Alolea 3RS 5 (pa 5 lill e 4K
Cadl&all iay Al (g pall Loyl (Baadat o 2 Call<l) iy o) Sz Y] (ggise aad Caagys duaal)
(Q J Al Alaall s 5 a5 ally Lgilglusa s oelill Apnilly 1Y) A5l 220 sa,
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A AU i) Callal) Al

TVC = 12001396.236 — 620.846 Qi + 0.008 Qi?
= Qi

(A< Alans i) oSl Al (Bata) daal) CadlSall Al
o _ 0016 Qi% — 620.846 Qi — 12001396.236 + 620.846 Qi — 0.008Qi?
- o

0.008 Qi? — 12001396.236
C = - =0
Qi?

sl Jady jeall Gabal gl
MC = 0.008 Qi — 12001396.236 =0
Qi = 38732.05

LU.::A:\ Lae Z\thaﬁﬁ‘i\ E;GSD LBSMM Ctu}“ e;; us: ‘-,’JaAn Ctu}” ?AA J\:.:u\ J:;‘J\_\ -y /CS 98914 éu\j
LA A @l J el

tGluagilly claliiiuy)

relaliiay) -

Aoy a5my 1385 (2021-1993) 358l DA 5yl Joamna (g 2nlll Sl 5yriall Callall o s -1
LAY ale e L Sl LY e ol oda il ) 1Y)

dady dug)aall 5yl Pla 5)enll Jpeana o aalll HUS S0 oSl a8 (8 yliie ple olad) 2ag -2
izl Jale

552l Jpemne (o anlgll el AQH Callsil) 8 SV Gl Lpaal) Z oY) lojhie CallSs i< -3
W O 3l e ) cililead) CallSs Ll (i) dppan) A8 #3500 Canen

Basly bany ey z LY Cilejlivee CallSs 3ol 4df 5)sa1d) Jpeanal 4SI Callsall Ally Jalat il iy —4
33k (A sasm Basly Basg dse )l Glleall CaldlSs 32l Ol WS asg 16.97 4K Calsdll saby ) ALY
sang (8.52) Lldiey i\l iy ) (sa% saals basg labay (uly 50 52l (s has 1.36 4N Callsal)
Gl Cumits) LS L) ol LS ) dad elad e canat JLI () 50l oY

8K 8 (iay o 2 LY aaa o s Apalai) 5o KU Ginal) £ ) ans e el Y ana Slei) =5
4 [3898914 dUlly (2021) ale aill z LY ans e 45ladlls ca/3S 38732.05 s
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taluagill -
Dbl Cpball Lot Biyha e Y] Cilodline (3l Lad Aaliy 55l e el o) aeall i ]
gk

Gy silly i) ) Gaiail e )3l Jaalaall $alai®Vly Al cilubal) o Alalal) 2D sle)n—2
Aalai®Y) 5 L)) Ll

e 8 AR ) (e aat Ll AplaiBY) Ll 8 dsaal) ClSuall Abiae S Aadall il ki3
i) 5Ll A lie g lail
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