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(" RULE 1: if deltaMid is low or deltaBase is low then prac is impract with 10 R

RULE 2 : if deltaQF is high or deltaQL is high or deltaTTF is high or deltaTTL is high then prac is impract

RULE 3 : if numError is werror then prac is impract with 10

RULE 4 - if deltaMid is not low and deltaBase is not low and numError is good and (deltaMid is not low or
deltaBase is not low) then prac is medium

RULE 5 : if deltaQF is low and deltaQL is low and deltaTTF is low and deltaTTL is low and numError is good
and (deltaMid is not low or deltaBase is not low) then prac is medium

RULE 6 : if ((d: id is high and dels is medium) or (d is medium and del
numError is good and (deltaMid is not low or deltaBase is not low) then prac is medium

RULE 7 : if (tMax is narrow or tMid is narrow or base is narrow or yMax is narrow) and numError is good
and (deltaMid is not low or deltaBase is not low) then prac is medium

RULE 8 : if deltaMid is medium and deltaBase is medium and numError is good and (deltaMid is not low or
deltaBase is not low) then prac is semiPract

RULE 9 : if (deltaQF is not high or deltaQL is not high or deltaTTF is not high or deltaTTL is not high) and
numeError is good and (deltaMid is not low or deltaBase is not low) then prac is semiPract

RULE 10 : if (tMax is medium and tMid is medium and base is medium and yMax is medium) and numError
is good and (deltaMid is not low or deltaBase is not low) then prac is semiPract

RULE 11 : if deltaQF is low and deltaQL is low and deltaTTF is low and deltaTTL is low and deltaMid is
medium and deltaBase is medium and numError is good then prac is fullPract

RULE 12 : if tMax is medium and tMid is medium and yMax is medium and base is medium and deltaMid is
medium and deltaBase is medium and numError is good then prac is fullPract

is high)) and

\__RULE 13 : if tMax is wide or tMid is wide or base is wide or yMax is wide then prac is semilmpract J
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RULE 1: if (LABORF is good and LABORL is good) or (LABORF is normal and LABORL is good) or
(LABORF is good and LABORL is normal) then LABOR is good

RULE 2 : if LABORF is good or LABORL is good then LABOR is normal

RULE 3 : if (LABORF is normal and LABORL is normal) or (LABORF is normal and LABORL is
medium) or (LABORF is medium and LABORL is normal) then LABOR is normal

RULE 4 : if LABORF is normal or LABORL is normal then LABOR is medium

RULE 5 : if (LABORF is medium and LABORL is many) or (LABORF is many and LABORL is
medium) or (LABORF is medium and LABORL is medium) then LABOR is medium

RULE 6 : if LABORF is medium or LABORL is medium then LABOR is many

RULE 7 : if (LABORF is many and LABORL is many) or (LABORF is excessive and LABORL is
many) or (LABORF is many and LABORL is excessive) then LABOR is many

RULE 8 : if LABORF is many or LABORL is many then LABOR is excessive

RULE 9 : if (LABORF is excessive and LABORL is excessive) or (LABORF is many and LABORL is
excessive) or (LABORF is excessive and LABORL is many) then LABOR is excessive

RULE 10 : if LABORF is excessive or LABORL is excessive then LABOR is excessive

RULE 1 If Eaf s low or Eal is low or Erf is low or Erl s low then obj s low

RULE 2 - If DPR{ is high or DPRI is high or TWRT is high or TWRI is high then obj is low

RULE 3 if Eaf is medium and Eal is medium and Erf is high and Erlis high then obj is medium

RULE & if Eaf is high and Eal is low and Erf is high and Erlis high then obj is medium

RULE 5 if Eaf is low and Eal is high and Erf is high and Erlis high then obj is medium

RULE 6 if Eaf is medium and Eal is medium and DPRF is not high and DPRI s not high and TWRF is not high and TWR! is not high then obj is medium

RULE 7 If (TWRF is low and TWRI is medium) or (TWR is medium and TWRI is low) or (DPRY is low and DPRI is medium) or (DPRf is medium and DPRI is
low] then obj is medium

RULE 8  if Eaf is medium and Eal is medium and Erf is medium and Er is medium and DU is medium and DUI is medium and DPRI is low and DPRI s low
and TWRS is low and TWRI is low then obj is medium

RULE 9 :f Eaf is high and Eal s high and Erfis high and Erl is high and (DUFis low or DUIis low) and DPRI is low and DPRI is low and TWRF is low and TWRI
is low then obj Is medium

RULE 10 :if Eaf is high and Eal is medium and Erf is high and £l is high then obj is highMe

RULE 11 ¢ if Eaf is medium and Eal is high and Ef is high and £l is high then obj is highMe

RULE 12 if Eaf is low and Eal is high and (DPR is low and DPRI is low] then obj is highMe.

RULE 13 :if Eat is high and DPRf s medium and DPRI is medium and TWR is medium and TWRI is medium then obj is highMe

RULE 14 : if Eal is high and DPRf is medium and DPRI is medium and TWRF is medium and TWRI is medium then obj is highMe

RULE 15 : i (Eaf is medium and Eal is medium) and (DPRF is low and DPRI is low) and (TWRY is low and TWRI is low] then obj is highMe

RULE 16 :if Eaf is high and Eal is high and Erfis high and Erl is high and DU is high and DU is high and DPRY is low and DPRI is low and TWRS is low and
TWRI is low then obj is high

RULE 17 :if Eaf is high and Eal is high and Exf is high and Erlis high and (DU is medium or DUI is medium) and DPRI is low and DPRI is low and TWRI is low
and TWRI is low then obj is high

RULE 18 ;i ((Eaf is high and Eal is medium) or (€af is medium and Eal is high)) and (OPRF is low and DPRI is low and TWRS is low and TWRI is low) then obj
is high

RULE 19 : it Eaf is high and Eai is high and Ertis medium and €l is medium and DPR! s medium and DPRI is medium and TWRY is medium and TWRI is
medium then obj is high

\. J
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(" RULE 1:if (LABOR is excessive and PRACT is impract and OBJ is low) then singleObj is low N

RULE 2 : if (LABOR is excessive and PRACT is impract and OBI is high) then singleObj is low

RULE 3 : if (LABOR is excessive and PRACT is impract and OBJ is medium) then singleObj is low

RULE 4 : if (PRACT is impract) then singleObj is low

RULE 5 : if (OBJ is low) then singleObj is low

RULE 6 : if (LABOR is many and PRACT is semilmpract and (OB is lowMe or OB is low)) then singleObj is lowMe

RULE 7 : if (LABOR is excessive and PRACT is semilmpract and OBJ is lowMe) then singleObj is lowMe

RULE 8 : if (LABOR is excessive and PRACT is semilmpract and OB is highMe) then singleObj is lowMe

RULE 9 : if (LABOR is excessive and PRACT is semilmpract and OBJ is medium) then singleObj is lowMe

RULE 10 : if OBJ is lowMe or PRACT is semilmpract then singleObj is lowMe

RULE 11 : if (LABOR is excessive and PRACT is fullPract and OB is high) then singleObj is medium

RULE 12 : if (LABOR is medium and PRACT is medium and OB is highMe) then singleObj is medium

RULE 13 : if (LABOR is many and PRACT is semiPract and OBJ is medium) then singleObj is medium

RULE 14 : if (OBJ is medium or LABOR is many) and (PRACT is not impract) then singleObj is medium

RULE 15 : if (LABOR is good and PRACT is fullPract and OBJ is medium) then singleObj is highMe

RULE 16 : if (LABOR is good and PRACT is fullPract and OBJ is highMe) then singleObj is high

RULE 17 : i (LABOR is medium and PRACT is medium and OB is high) then singleObj is highMe

RULE 18 : if OBJ is highMe then singleObj is highMe

RULE 19 : if (LABOR is good and PRACT is fullPract and OBI is high) then singleObj is high

RULE 20 : if (LABOR is good and PRACT is fullPract and OBJ is highMe) then singleObj is high

RULE 21 : if (LABOR is normal and PRACT is semiPract and OBJ is high) then singleObj is high

\_RULE 22 : if (LABOR is normal and PRACT is medium and OBJ is high) then singleObj is high /
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1YY

Wad T W ygod 5,51 4y 3e Gl g 50 2] Gl Bus b glaz g 65l Ghey > 1ib

6ol 2o G e S5 (55 gl g Sl TP 655 Blee (55l 55U Cugds &b

2 1.00 2 1.00
= £
® 0.75 @ 0.75
5 0.50 5 0.50
§oxs $ 0.25{ 4
2 0.00 >3 0.00
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

X X

A& 0bj:0.00 (CenterOfGravity)  high & low &lowMe # highMe

A LABOR:0,00 (CenterOfGravity) 4 normal @ excessive & medium

medium

1.0

0.8

S T il ol Sl G5 Cugas BU

many  good

S5 20 (55l 4 Sun) Cunglhan 50 (3w (56 Cugis U

08 2100
=

207 @ 0.75
% os @

Bos kel 0.50

go4 o 0.25

03 = 0.00

0.2
0.1
0.0

0 10 20 30 40 S0 60 70 8 9 100 110 120

0O 10 20 30 40 SO 60 70 80 90 100
X

x & 5ingleObj:0.00 (CenterOfGravity) a high & low &lowMe & highMe

[ prac:0.00 (CenterOfGravity) & impract & semilmpract & semiPract & fulPract _ medum |

medium

o b (558 00 s Gogy S 2 9y8 a1 bgspe Cogias pilg Ol — € JSW

Hansen and Ostermeier, ) CMASE x5 ((Jeeves, 1961
LIV g 53 jlodisre Jio 93939 5 el sl el by 5 (2001
o3> gos JB isu )3 45 (56 0y (Shy) (29p3 | sl 0l
S sl iz e D9 ool (Swld Jlde plgisdy A5
Opadate U Cul onds edlatul MetaGA i, 51 50 W el b
3y Slos oo iyl jolaiods 55 ol oty (sl ol
8 i)l 29 asyze A slaodly bl Jae (ooleii Jae
sl oyl cwl onds &) g3 Glasuin ¥ Jgds ;5 oS cd )5
o1 pasde dsyjo ol gl oad ) ke 3 e 51 S 50

!

B9y &l il (505 9 05T (sl 3 0y hoy ey
ol )| ¥ g ¥ ISs )3 g, cpl Sl ol ord (sb L]
wdb 03] (pe3S (6,515 Ak pa lise (bl 2 gy cl 3
0‘9—;&“*3 Voo 5 o O (84 d).:..\: 1);|9a.3.£3 0d; u,«oocu.mf
Voo anojladl e i 35 e ()1 ()lel hgy Cagllan e
ol iy Cangllas oz lis wil 5S35
e )8l 13 giloaie piyoS Sl I siloaie Gl
S5 piyeN Wl )le &S Canl o ool (LSS isbly p
Price, Storn, and ) sl Jo5 (Eiben and Smith, 2015)
Hooke and ) 4 oo pisys-SJl (Lampinen, 2005

Sjlodin Je b iol)b Y Jgaa

(s socs)lel 5 o)l oogl) Jio (slocsag ) (Jso (sl yuiio) roncd (gl pusio skl by
Ltv Wf! tr, qr, Zreq k! a, fO and n QO: Ls: W, tmaxs tmid) Ymax: Base, QOL and SO 614‘3‘1?
B piulejl 13 o3liwls a0 £l50 — ¥ Joua
&0 a0 & a0

Example 6-1 (Walker and

Irrigation 11 (Saberi et al., 2020), Field 13 N Skogerboe, 1987), Field 7 \

(Pazouki, 2021)

Irrigation 12 (Saberi et al., 2020) , Field 14 5 Field 9 (Akbari et al., 2018) 4 :
(Pazouki, 2021) Field 10 (Pazouki, 2021)

Irrigation 13 (Saberi et al., 2020) , Field 15 v Field 10 (Akbari et al., 2018) , v
(Pazouki, 2021) Field 11 (Pazouki, 2021)

Irrigation 14 (Saberi et al., 2020) , Field 16 A Irrigation 8 (Saberi et al., 2020) , .

(Pazouki, 2021)

Field 12 (Pazouki, 2021)
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Abstract

Increasing productivity in the use of agricultural resources has always been considered. Water is one of the
most central and effective resources needed in agriculture. The furrow surface irrigation system is one of the
most widely used irrigation systems. Irrigation systems are usually designed to increase quality, which can also
be quantified. In addition to quality, practicality and the amount of required labor for irrigation are two other
important factors that if not considered, the potential quality considered in the irrigation plan will not be realized.
But in most irrigation system design models, only quality has been considered. In this research, a simulation and
optimization model is presented for designing a furrow irrigation system with the aim of increasing practicality,
reducing labor along with increasing quality. This model uses a fuzzy expert system based on the knowledge of
experienced farmers to quantify the amount of labor and the practicality of the irrigation system. Experiments
have been performed based on data from several different farms that show the quality of the proposed model.
Also, by comparing the results, it was found that the proposed method, on average, has led to a 10% reduction in
the labor and a 9% increase in the practicality.

Keyword: Furrow Irrigation System, Labor, Practicality of Irrigation System
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