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Fertilization Design Expert

Systems for Mango

1. Introduction

Fertilizer has played a pivotal role in increasing agricultural production in Egypt, more so
in developing nations, where the population growth rate has outstripped all other growth

rates.

The increasing fertilizer demand, its cost and may be, at times its scarce availability
throws up many problems pertaining to making available the right quality of the
fertilizers to the farmers. Farmers are not in a position to examine the quality of fertilizers

at the dealers point.

Adulterated fertilizers can cause serious damage to the soil and crops. The quality of
fertilizers cannot be checked after its application and, therefore it has to be ensured, prior
to its application and farmers need to be protected from any malpractice. Simultaneously,
manufacturers have to be protected against under harassment at the hands of enforcement

machinery or unscrupulous dealers.

Optimum fertilization management is the judicious application of fertilizers to meet the

crop nutrient requirement without starving the crop nor adding excessive nutrients.
The purpose of this system is to present a generic fertilization design for crops. This
system have been applied on grapes and mango. There are some parameters depend on

the crop, these parameters are gathered in Appendix A.

This document contains seven sections and one appendixes. Section one provides a

description of the goal of fertilization scheduling problem. The domain knowledge,
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inference knowledge and task knowledge for the fertilization scheduling problem are
described in section two, three, and four respectively. Section five describes the
fertilization user interface design. Section six describes the fertilization test cases.

Appendix A included the knowledge dependent on the crop.

2. Domain Knowledge

2.1 Ontology
2.1.1 Plantation Ontology
concept plantation;
properties :
no_of trees: INTEGER, %)l Jlai¥) axe
NUMBER-RANGE(1,1000),
SOURCE(D.B.)
SINGLE
NECESSARY.
long: REAL %4s!,, ) Cililie
NUMBER RANGE(2,8)
SOURCE(D.B.)
SINGLE.
NECESSARY.

Width : REAL %4s)_) Cilélue
NUMBER RANGE(2,8)
SOURCE(D.B.)
SINGLE.

NECESSAR

area: REAL, %0124lk aalol)

NUMBER-RANGE(1,2000),

SOURCE(D.B.)

SINGLE

date : DATE,

SOURCE(D.B.)
SINGLE
NECESSARY.

Irrigation_system: NOMINAL,
VALUE-LIST( & , (i, )
SOURCE(D.B.)

SINGLE
NECESSARY.

Pl d: REAL %distance between plants
NUMBER RANGE(2,8)
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SOURCE(Derived(Expand plant distance))
SINGLE.
NECESSARY.

2.1.1.1 Soil Concept

concept soil;
properties :

texture: NOMINAL,

VALUE-LIST(clay, clay loam, coarse sand,
gravely, heavy clay, loam, sand,
sandy clay loam, sandy loam,
sily clay, sily clay loam, sily loam),

SOURCE(D.B.)
SINGLE.

type: NOMINAL,
VALUE-LIST (xisa, 4k e, ali),
SOURCE(derived, (relation(Expand case description))),
SINGLE

2.1.1.2 Plant Concept
concept plant ;
properties :
status: NOMINAL, % < s Cwaa jlady) alls

VALUE-LIST([Cuas, e 52, yia]),
SOURCE(derived, (relation(Expand plant status))
SINGLE
NECESSARY.

variety: NOMINAL, %
VALUE-LIST([ ,1 03, b sl i sdll (5 0l 3 L (5238
o2 )l B (oo (S 5adlS jshia AS g jia i gl
Ok
ol s | gadt Aald gaia ()l | padY LG )
Gl A OIS (5 ad G a3l A ) Al S (63 e
D
SOURCE(D.B.)
SINGLE.

Variety type: NOMINAL, % <ie 5 Cuaa jladl) alls
VALUE-LIST (s S,k 53 o3k ),
SOURCE(derived,relation(Expand case description))
SINGLE
NECESSARY.
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age: REAL, %4iudl yasll
NUMBER-RANGE(1,2000),
SOURCE(derived, function(Age f))
SINGLE

2.1.1.3 farm Concept

concept farm ;
properties :
type: NOMINAL,
VALUE-LIS([¢ st dis]),
SOURCE(derived(relation(Expand farm type))
SINGLE
NECESSARY.

crop: NOMINAL,
VALUE-LIST(" ssi),
SOURCE(D.B.)
SINGLE.

2.1.1.4 Irrigation Concept
concept irrigation;
properties :
Leaching requirement: Real;,
SOURCE(Derived(function(Leaching Requirement f)))
SINGLE
NECESSARY.
2.1.1.5 session Concept
concept session;
properties :
Month: integer;,
SOURCE(Derived)
SINGLE
NECESSARY.
day: integer;,
SOURCE(Derived)
SINGLE
NECESSARY.
range day: nominal ;,
SOURCE(Derived)
SINGLE
NECESSARY.
number days per period: integer;,
SOURCE(Derived)
SINGLE
NECESSARY.
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2.1.2 EtCrop Ontology

Concept EtCRop;

Properties:

Growth stage: real,
Nominal,
SOURCE(Derived),%irrigation schedule

2.1.3 Water Requirement Ontology

Concept Water Requirement;

Properties:

wr_m3 f period: real,
NUMBER-RANGE(0;1000),
SOURCE(Derived),%irrigation schedule

2.1.4 Frequency Ontology

Concept Frequency;

Properties:

value: real,
NUMBER-RANGE(0;1000),
SOURCE(Derived), %irrigation schedule

2.1.5 Fertilizer Ontology

concept fertilizer;
properties:

MANGEX

Fertilizer-used : NOMINAL;%
SOURCE(USER)
VALUE-LIST([4S 5 edass) | 430,085 s240])

N-NA : REAL; % _¢-0lad/al o sbS ddliaall paladl) (e 4013ad) jualiall Cilaa
SOURCE(Derived
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE ))
NUMBER-RANGE(0,100)
CARDINALITY :single
N UR:REAL; % _si-0la/al s ol Aalaall jabaall (e 4310300 jualiall ilas
SOURCE(Derived
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE ))
NUMBER-RANGE(0,100)
CARDINALITY :single
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MANGEX

N-AN :REAL; % _eb-0l/a) ya LS Adlinad) jlaall (e 4l pualiall Cilaa
SOURCE(Derived
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE ))
NUMBER-RANGE(0,100)
CARDINALITY :single
N-AS : REAL; % _eb-()28/a) s b€ Adlaall jaliaal) (he 4013al) jaliall Cilas
SOURCE(Derived
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE ))
NUMBER-RANGE(0,100)
CARDINALITY :single
N-CN : REAL; % _e-)38/a) ya shS 4biaall jalaall (pe 43l jealiall Cilaa
SOURCE(Derived
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE ))
NUMBER-RANGE(0,100)
CARDINALITY :single
K20-KS: REAL; % _ei-0)a/a) s shS dabsall jabiadll (e 401080 jualiall ilas
SOURCE(Derived
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE ))
NUMBER-RANGE(0,100)
CARDINALITY :single
K20-KL : REAL; % _ei-038/al_ya sLS Adlisall jalaall (o 13a]) ualiall o g
SOURCE(Derived
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE ))
NUMBER-RANGE(0,100)
CARDINALITY :single

P205-PA : REAL; % gi-0l¥/al ya shS 4880 jobiaall (e 4010200 jualiall Gl
SOURCE(Derived
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE ))
NUMBER-RANGE(0,100)
CARDINALITY :single

NA Nitric_acid: REAL; %NA
Yosrandll 8 )ll )y 5LS
SOURCE(Derived(CALCULATE FERTILIZER ELEMENT))
NUMBER-RANGE(0,100)
CARDINALITY :single
UR Urea : REAL; % UR
Yodupanill (A& (jladll ol ja SS
SOURCE(Derived(CALCULATE FERTILIZER ELEMENT))
NUMBER-RANGE(0,100)
CARDINALITY :single
AN Ammonium nitrate : REAL; %AN
Yodrpandll & (jladll o) ja SLS
SOURCE(Derived(CALCULATE FERTILIZER ELEMENT))
NUMBER-RANGE(0,100)
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CARDINALITY :single
AS Ammonium_sulphate: REAL; %AS
Yodupanill (& (jladll o) o SIS
SOURCE(Derived(CALCULATE FERTILIZER ELEMENT))
NUMBER-RANGE(0,100)
CARDINALITY :single

CN_Calcium_nitrate : REAL; %CN
Yodrandll & (jladll o) ya S1S

SOURCE(Derived(CALCULATE FERTILIZER ELEMENT))
NUMBER-RANGE(0,100)
CARDINALITY :single

Ks potassium_sulphate: REAL; %Ks

Yosarandll 8 ()ll )y 5LS

SOURCE(Derived(CALCULATE FERTILIZER ELEMENT))
NUMBER-RANGE(0,100)
CARDINALITY :single

Kl potassium_chloride : REAL; %KI

Yodupanill (& (jladll o)y 1S

SOURCE(Derived(CALCULATE FERTILIZER ELEMENT))
NUMBER-RANGE(0,100)
CARDINALITY :single

PA Phosphoric_acid : REAL; %PA

Yosarandll 8 ()l )y 5LS

SOURCE(Derived(CALCULATE FERTILIZER ELEMENT))
NUMBER-RANGE(0,100)
CARDINALITY :single

concept fertilizer parameter ;
sub_type of: fertilizer;
Properties:

WRCF : REAL;%]1 or 0 2l Jalas
SOURCE(DERIVEDJtable, WRCF t1])
NUMBER-RANGE(0,100)
CARDINALITY :single

FRCf : REAL; %N or 0.0 arewil) Jaze Jalas
SOURCE(DERIVED(function, FRCf f])
NUMBER-RANGE(0,100)
CARDINALITY :single

CWF : REAL; %m3/f-Paseuilly 5,1l Jaza
SOURCE(DERIVED[function, CWF _{])
NUMBER-RANGE(0,100)
CARDINALITY :single

CWF _total : REAL; %m3/f-Pasesill (s ) Jona
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SOURCE(DERIVED)% task knowledge: sum of CWF
NUMBER-RANGE(0,100)
CARDINALITY :single

No_Irr Per Week : REAL; %be ssl s ) & s
SOURCE(DERIVED[function, No Irr Per Week f])
NUMBER-RANGE(0,100)
CARDINALITY :single

LCF_rate use m : REAL; % Loed olaall yll aladiny) Jaea
SOURCE(DERIVED[function, LCF _rate use m f])
NUMBER-RANGE(0,100)
CARDINALITY :single

LCF_m3 L :REAL; % i auw padivall 38 5l
SOURCE(DERIVED(function, LCF_ m3 L f{])
NUMBER-RANGE(0,100)
CARDINALITY :single

LCF rate use m Total : REAL; % task knowledge: sum of

LCF_rate use m

SOURCE(DERIVED)
NUMBER-RANGE(0,100)
CARDINALITY :single

Ferts P : REAL;% s JS (& daniill & e 220
SOURCE([relation, Ferts P r)
NUMBER-RANGE(0,100)
CARDINALITY :single

SCF Kg f F:REAL;% %oxenil/aaS yandll Jaza
SOURCE(DERIVED][

CALCULATE COMPUND FERTILIZATION SCHEDULE ])

NUMBER-RANGE(0,100)
CARDINALITY :single

concept fertilizer concentration_in_water;% Jilll (8 ol jaulalls (5 1) slia (8 413a]) jualiall 3 53
sub_type_of: fertilizer;

Properties:

N : REAL;
SOURCE(DERIVEDtable, fertilizer concentration_t |)
NUMBER-RANGE(0,100)
CARDINALITY :single

P205 : REAL;
SOURCE(DERIVED[function, fertilizer concentration_t])
NUMBER-RANGE(0,100)
CARDINALITY :single

K20 : REAL;

SOURCE(DERIVED[function, fertilizer concentration_t])
NUMBER-RANGE(0,100)
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CARDINALITY :single

concentrate n : REAL; Y0 s sinall lll 8 &l jaole (55l olaa (8 S il
SOURCE(DERIVED[function, fertilizer concentration_f])
NUMBER-RANGE(0,100)

CARDINALITY :single

concept Liquid compund_fertilizer grade;%LCFJludl S yall sland) 45
sub_type_of: fertilizer;
Properties:
Lef N: REAL;
SOURCE(DERIVED([table, Liquid compund fertilizer grade t])
NUMBER-RANGE(0,100)
CARDINALITY :single

Lef P20S5 : REAL;
SOURCE(DERIVEDJtable, Liquid _compund_fertilizer grade t])
NUMBER-RANGE(0,100)
CARDINALITY :single

Lef K20 : REAL;
SOURCE(DERIVED([table, Liquid compund fertilizer grade t])
NUMBER-RANGE(0,100)
CARDINALITY :single

LCF_cm3 1: REAL;% s/ caSa am addiuall 3S 5l
SOURCE(Derived(CLACULATE LCF))
NUMBER-RANGE(0,100)

CARDINALITY :single

LCF rate use m: REAL;% L/f-m Ll ola/ Jilll aladinl) Jasa
SOURCE(Derived(CLACULATE LCF))
NUMBER-RANGE(0,100)

CARDINALITY :single

LCF rate use f F:REAL; %L/f-F sxeuill glad/ jilll aladiu¥) Jaza
SOURCE(Derived(CLACULATE LCF))
NUMBER-RANGE(0,100)

CARDINALITY :single

concept soild compund_fertilizer grade;%SCFwlall S jall slaull 43
sub_type_of: fertilizer;
Properties:
Scf grade : REAL;
SOURCE(DERIVED[table, Liquid_compund_fertilizer grade t])
NUMBER-RANGE(0,100)
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CARDINALITY :single
concept N ;
sub_type_of: fertilizer;
Properties:
N_factor : :REAL;

SOURCE(DERIVED(table, N_factor t])
NUMBER-RANGE(0,100)
CARDINALITY :single

N_ppm_stage: :REAL;
SOURCE(DERIVED[table,N ppm_stage t])
NUMBER-RANGE(0,100)

CARDINALITY :single

Nr g f irr: :REAL;

SOURCE(DERIVED(function, Nr_g f irr f])
NUMBER-RANGE(0,100)
CARDINALITY :single

N kg: :REAL;

SOURCE(derived)%sum of Nr_g f irr(task knowledge)
NUMBER-RANGE(0,100)
CARDINALITY :single

N_ppm: :REAL;
SOURCE(DERIVED[function,N ppm f])
NUMBER-RANGE(0,100)
CARDINALITY :single

N_As: :REAL;
SOURCE(DERIVED[function,N_As f])%g/tree
NUMBER-RANGE(0,100)
CARDINALITY :single

Nitrogen needed: :REAL;
SOURCE(DERIVED[function,Nitrogen needed f])
NUMBER-RANGE(0,100)
CARDINALITY :single

Na_ratio: {0}

concept p205;
sub_type_of: fertilizer;
Properties:
Ratio_of p205 :REAL
SOURCE(Table, Ratio of fertilizer t)
NUMBER-RANGE(0,100)
CARDINALITY :single
concept k2o0;
sub_type_of: fertilizer;
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Properties:
Ratio of k20 :REAL

SOURCE(Table, Ratio_of fertilizer t)
NUMBER-RANGE(0,100)

CARDINALITY :single
concept nitric_acid ;
sub_type of: N;
Properties: percentage
:REAL; %
N_ percentage : {15}
Na ratio: {0}
concept urea ;
sub_type of: N;
Properties: percentage
:REAL; %
N_ percentage : {15}
Ur ratio: {25}

concept ammonium_nitrate ;
sub_type of: N;
Properties: percentage
N_ percentage : {15}
An_ratio: {75}
concept ammonium_sulphate ;
sub_type of: N;
Properties: percentage
:REAL; %
N_ percentage : {15}
As_percentage: {20.6}
As_ratio: {0}
concept calcium_nitrate ;
sub_type of: N;
Properties:
N_ percentage : {15}
Cn_ratio: {0}
concept potassium_sulphate;
sub_type_of: k20;
Properties:
Ks_percentage : {40}
Ks_ratio: {100}
concept potassium_chloride;
sub_type_of: k20;
Properties: percentage
:REAL; %
Kl percentage : {62}
KI ratio:{0}
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concept Phosphoric acid ;
sub_type of: p205;
Properties: percentage
:REAL; %
P205 percentage : {45}
Pa ratio: {100}
concept fertilizer schedule;
sub_type_of: fertilizer;
properties:
Lef N: REAL;
SOURCE(Derived][relation,
CALCULATE COMPUND FERTILIZATION SCHEDULE))
NUMBER-RANGE(0,100)
CARDINALITY :single

Lef P205 : REAL;
SOURCE(Derived][relation,
CALCULATE COMPUND FERTILIZATION SCHEDULE))
NUMBER-RANGE(0,100)
CARDINALITY :single
Lef K20 : REAL;
SOURCE(Derived[relation,
CALCULATE COMPUND FERTILIZATION SCHEDULE))
NUMBER-RANGE(0,100)
CARDINALITY :single
concentrate n: REAL; %0 il 6l 8 4 jaale 5 )l olaa (& 508 il
SOURCE(Derived][relation,
CALCULATE COMPUND FERTILIZATION SCHEDULE))
NUMBER-RANGE(0,100)
CARDINALITY :single
concentrate K20: REAL; %p sl sl Jilll (8 o) jaola (5 olaa (8 58 il
SOURCE(Derived][relation,
CALCULATE COMPUND FERTILIZATION SCHEDULE))
NUMBER-RANGE(0,100)
CARDINALITY :single
Scf grade : REAL;
SOURCE(Derived][relation,
CALCULATE COMPUND FERTILIZATION SCHEDULE))
NUMBER-RANGE(0,100)
CARDINALITY :single

Nutrient used N: REAL;s_i-0ladll/al ja b€ cpa g 5l apalend) iy
SOURCE(Derived][relation,
CALCULATE COMPUND FERTILIZATION SCHEDULE))
NUMBER-RANGE(0,100)
CARDINALITY :single
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MANGEX

Nutrient_used p205 : REAL; 5_8-ladll/al ja sbS ) gl aland) Cldlay)
SOURCE(Derived[relation,
CALCULATE COMPUND FERTILIZATION SCHEDULE])
NUMBER-RANGE(0,100)
CARDINALITY :single
Nutrient used k20 : REAL;s_8-)adll/al ja shS o ganll gall apalandd) cililiza¥l
SOURCE(Derived][relation,
CALCULATE COMPUND FERTILIZATION SCHEDULE))
NUMBER-RANGE(0,100)
CARDINALITY :single
Urea: REAL;” L’
SOURCE(Derived[relation,
CALCULATE CLASSIC FERTILIZATION SCHEDULE])
NUMBER-RANGE(0,100)
CARDINALITY :single
Ammonium_nitrate: REAL; * L& &l yi 2
SOURCE(Derived|[relation,
CALCULATE CLASSIC FERTILIZATION SCHEDULE])
NUMBER-RANGE(0,100)
CARDINALITY :single
Ammonium_sulphate: REAL; > il cilales 2
SOURCE(Derived[relation,
CALCULATE CLASSIC FERTILIZATION SCHEDULE])
NUMBER-RANGE(0,100)
CARDINALITY :single
Calcium_nitrate: REAL; ’ s> &l i >
SOURCE(Derived|[relation,
CALCULATE CLASSIC FERTILIZATION SCHEDULE])
NUMBER-RANGE(0,100)
CARDINALITY :single
Phosphoric_acid: REAL; "<l siusé aels
SOURCE(Derived|[relation,
CALCULATE CLASSIC FERTILIZATION SCHEDULE])
NUMBER-RANGE(0,100)
CARDINALITY :single
potassium_sulphate: REAL; *a g2l g2 Slabis >
SOURCE(Derived][relation,
CALCULATE CLASSIC FERTILIZATION SCHEDULE])
NUMBER-RANGE(0,100)
CARDINALITY :single
organic_manure: REAL; *(s ssac dlas’
SOURCE(Derived[table, Agriculture service t])
NUMBER-RANGE(0,100)
CARDINALITY :single
Pre_cult gypsum: REAL; > 4e!,3ll J& el pun ™
SOURCE(Derived[table, Agriculture service t])
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NUMBER-RANGE(0,100)
CARDINALITY :single

Pre_cult _super phosphate: REAL; > 4el)3l J8 Cliw @y gu >’
SOURCE(Derived[table, Agriculture service t])
NUMBER-RANGE(0,100)
CARDINALITY :single

Pre_cult potassium_sulphate: REAL; > 4e1, 30 Ji a guuld oy il >
SOURCE(Derived[table, Agriculture service t])
NUMBER-RANGE(0,100)
CARDINALITY :single

Pre_cult ammonium_sulphate: REAL; > 4e!, 3l J& jalis il >
SOURCE(Derived[table, Agriculture service t])
NUMBER-RANGE(0,100)
CARDINALITY :single

3.1 Domain Models
3.1.1 Expansion Model

domain-model : Expansion Model;
parts: tuple(Expand plant distance: relation)
(Expand case description: relation),
( Expand variety type: relation),
(Expand farm type : relation),
(age f:Function)
(Expand plant status:relation)

axioms:

a) Expansion Relation
%distance between plants
Plantation : pl_d = unknown
Plantation : long = Long
Plantation : width = Width
Expand plant distance
Plantation : pl_d ==4200/( Long * Width)

% Soil type

(texture of soil = “clay; clay loam; silty clay; silty clay loam”
Expand case description
type of soil = s

(texture of soil = “sandy clay; sandy clay loam; silt loam; silty
loam”
Expand case description
type of soil = 4ausia
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(texture of soil = “sandy loam; sand; loamy sand”
Expand case description
type of soil =4aia

% variety_type

variety of plant = “zs! ;48 D ;1 OB Guile s ) i sl 55 5l 55 by 52187
Expand variety type
Variety type of plant = 3_Ssw’

variety of plant =, sasi ;Aald saia ;b | ad L Mg ;S salS ) sha 1AS 5
023 ) 5l QB s
Expand variety type
Variety _type of plant = ‘daw 5ia’

variety of plant = ; 3k ;038 (5 jad 1w yams 3550 A8 ) ;80 S 553 50n L slusa
&:\:\S”
Expand variety type
Variety type of plant = ‘s,als’

crop of farm = s>l
Expand farm type
type of farm = ¢ i dis

%Expand plant status r

age of plant>=1
Expand plant status
status of plant = cus

age of plant>1
age of plant<=3
Expand plant status
status of plant = < e

age of plant>3
Expand plant status

B

status of plant = saia

b) Expansion Function

| Function | Description \
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Age f Plant.age = session.system_date — Plantation.date

3.2.2 Nitrogen Needed Model

Domain_model: Nitrogen Needed model
Parts:tuple

(N_factor_t: table)
(N_ ppm_stage t: table)
(Nr_g_f irr_f: function)
(N_ppm_f: function)
(N_As_f: function)
(Nitrogen_needed f: function)
(WRCF _f function)
(FRCF_f: function)
(Leaching Requirement_f: function)
(CWF_f: function)
(fertilizer_concentration_t: table)
(Liquid_compund _fertilizer _grade _t: table)
(LCF_rate_use_m_f: function)
(LCF_m3_L _f function)

a) Nitrogen Needed Table

N _factor t table N factor t
Input ([plant.status, plant.Variety type])
Output([N..N_factor)
See Appendix A

N_ppm stage t table N ppm_stage t
Input ([soil.type,plant.status, EtCrop. Growth stage])
Output([N. N_ ppm_stage)
See Appendix A

fertilizer concentration t table fertilizer concentration t
Input ([plant.status, EtCrop. Growth stage])
Output([fertilizer_concentration_in_water.n,
fertilizer _concentration_in_water. p205, fer‘cilizer_concentration_in_water.k20])

See Appendix A

Liquid compund fertilizer grade t table Liquid compund fertilizer grade t
Input ([soil.type,plant.status, EtCrop. Growth stage])

Output([Liquid_compund_fertilizer_grade.Lcf n,
Liquid compund_fertilizer grade. Lcf p205,
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Liquid compund_fertilizer grade.Lcf k2o,
soild_compund_fertilizer grade. Scf_grade])
See Appendix A

b) Nitrogen Needed Function

Function Description

Nr g firr f

N.Nr g f irr=(N. N_factor/100)*water requirement. wr m3 f period*
N.N ppm stage/1000

N ppm f

N.N_ppm = N.N_kg *1000/ Plantation.pl d

N As f

N.As=0

Nitrogen ne

N.Nitrogen needed = (N.N_ppm * plantation.pl_d /1000)-(0.33*(

eded f plantation.pl d * N.As/ 1000)* ammonium sulphate.As percentage /100))

WRCF f fertilizer parameter. WRCF=N. Nr g f irr

FRCT f fertilizer parameter. FRCf=N. N ppm stage

Leaching Irrigation.Leaching Requirement= 50

Requirement

f

No Irr Per | fertilizer parameter.No Irr Per Week =6

Week

CWF f fertilizer parameter. CWF= fertilizer parameter. WRCF*
water requirement. wr m3_f period*(1- Irrigation.Leaching Requirement
/100) *( fertilizer parameter.No Irr Per Week /7)

LCF fertilizer parameter .LCF rate use m = fertilizer parameter .LCF m3 L

rate use m_ | * fertilizer parameter. CWF

f % =1F(U648=0,0,CF648*BD648)

LCF _ fertilizer parameter .LCF_ m3 L = fertilizer concentration in_water.n /

m3 L f ( Liquid compund fertilizer grade.Lcf n

*10)
%CF648=IF(U648=0,0,BX648/(AL648*10))

3.2.3 Fertilization Model

Domain_model: fertilization model
Parts:tuple
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE:relation)
(Ferts_P_r : relation)

(CALCULATE FERTILIZER ELEMENT : relation)

(CALCULATE CLASSIC FERTILIZATION SCHEDULE : relation)
(CALCULATE LIQUID FERTILIZATION SCHEDULE : relation)
(Agriculture service t :table)

MANGEX
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a) fertilization Relation

%CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE (N-NA, N-
UR., N-AN, N-AS, N-CN, K20-KS, K20-KL., P205-PA)

fertilizer parameter :FRCf = FRCF

FRCF >0

nitric_acid : Na ratio =NA_Ratio

fertilizer parameter : CWF = CWF

fertilizer parameter : WRCF = WRCF

N : Nitrogen needed = Nitrogen Needed

fertilizer parameter :CWF total = CWF _total

fertilizer parameter :LCF rate use m total = LCF rate use m Total

CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE
fertilizer : N-NA =
(NA_Ratio/100)* Nitrogen Needed *( CWF /( CWF _total+
LCF rate use m Total));

fertilizer parameter :FRCf = FRCF
FRCF =0
nitric_acid : Na ratio =NA_Ratio
fertilizer parameter : CWF = CWF
fertilizer parameter : WRCF = WRCF
N : Nitrogen needed = Nitrogen Needed
fertilizer parameter :CWF total = CWF _total
fertilizer parameter :LCF_rate use m total = LCF_rate use m Total

CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE
fertilizer : N-NA =

(NA_Ratio /100)* Nitrogen Needed *( WRCF /100))
%oed 18/a) s oLS AR jaliaal) (e 4ilial) jualiall Gilas

fertilizer parameter :FRCf = FRCF
FRCF >0
nitric_acid : Ur _ratio = UR_Ratio
fertilizer parameter : CWF = CWF
fertilizer parameter : WRCF = WRCF
N : Nitrogen needed = Nitrogen Needed
fertilizer parameter :CWF _total = CWF _total
fertilizer parameter :LCF_rate use m total = LCF_rate use m Total
CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE
fertilizer : N_UR =
(UR_Ratio /100)* Nitrogen Needed *( CWF /( CWF _total+
LCF _rate use m Total));

fertilizer parameter :FRCf = FRCF
FRCF =0
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nitric_acid : Ur_ratio = UR_Ratio

fertilizer parameter : CWF = CWF

fertilizer parameter : WRCF = WRCF

N : Nitrogen needed = Nitrogen Needed

fertilizer parameter :CWF _total = CWF _total

fertilizer parameter :LCF rate use m total = LCF rate use m Total
CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE

fertilizer parameter : N UR =

(UR_Ratio /100)* Nitrogen Needed *( WRCEF /100))
00 e u\d&/e\);j&\s Aahia ol jabadll e 4ildell paliall Chfas

fertilizer parameter :FRCf = FRCF

FRCF >0

ammonium_nitrate: An_ratio = AN_Ratio

fertilizer parameter : CWF = CWF

fertilizer parameter : WRCF = WRCF

N : Nitrogen needed = Nitrogen Needed

fertilizer parameter :CWF total = CWF _total

fertilizer parameter :LCF_rate use m total = LCF_rate use m Total
CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE

fertilizer : N AN =
(AN _Ratio /100)* Nitrogen Needed *( CWF /( CWF _total+
LCF_rate use m_Total));

Yo (18/al s S ABALL jabiaal) (he 4dldal)l jaliall Cilas

fertilizer parameter :FRCf = FRCF

FRCF =0

ammonium_nitrate: An_ratio = AN_Ratio

fertilizer parameter : CWF = CWF

fertilizer parameter : WRCF = WRCF

N : Nitrogen needed = Nitrogen Needed

fertilizer parameter :CWF _total = CWF _total

fertilizer parameter :LCF _rate use m total = LCF_rate use m Total
CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE

fertilizer parameter : N AN =
(AN_Ratio /100)* Nitrogen Needed *( WRCF /100))

%oesi O18/a) s LS AR jaliaal) (e 4ildal) jualiall Gilas

fertilizer parameter :FRCf = FRCF

FRCF >0

ammonium_sulphate : As_ratio = AS Ratio

fertilizer parameter : CWF = CWF

fertilizer parameter : WRCF = WRCF

N : Nitrogen needed = Nitrogen Needed

fertilizer parameter :CWF total = CWF _total

fertilizer parameter :LCF_rate use m total = LCF_rate use m_Total
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CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE
fertilizer parameter : N AS =
(AS_Ratio /100)* Nitrogen Needed *( CWF /( CWF _total+

LCF_ rate use m Total));

fertilizer parameter :FRCf = FRCF
FRCF =0
ammonium_sulphate : As_ratio = AS Ratio
fertilizer parameter : CWF = CWF
fertilizer parameter : WRCF = WRCF
N : Nitrogen needed = Nitrogen Needed
fertilizer parameter :CWF _total = CWF _total
fertilizer parameter :LCF rate use m total = LCF rate use m Total
CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE
fertilizer : N_AS =
(AS_Ratio /100)* Nitrogen Needed *( WRCF /100))
Yo ()8/al s S ARl jaliaal) (he 4dlial)l jaliall Cilas

fertilizer parameter :FRCf = FRCF

FRCF >0

calcium_nitrate : Cn_ratio = CN_Ratio

fertilizer parameter : CWF = CWF

fertilizer parameter : WRCF = WRCF

N : Nitrogen needed = Nitrogen Needed

fertilizer parameter :CWF total = CWF _total

fertilizer parameter :LCF_rate use m total = LCF_rate use m Total
CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE

fertilizer : N CN =
(CN_Ratio /100)* Nitrogen Needed *( CWF /( CWF _total+

LCF_rate use m Total));
%ot /) ya sLS ALl ilaall (po 4l yualiall Cilaa

fertilizer parameter :FRCf = FRCF

FRCF =0

calcium_nitrate : Cn_ratio = CN_Ratio

fertilizer parameter : CWF = CWF

fertilizer parameter : WRCF = WRCF

N : Nitrogen needed = Nitrogen Needed

fertilizer parameter :CWF _total = CWF _total

fertilizer parameter :LCF _rate use m total = LCF_rate use m Total
CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE

fertilizer : N CN =
(CN_Ratio /100)* Nitrogen Needed *( WRCF /100))

%oed O18/a) s oLS AR jaliaal) (je 4ildal) jualiall Gilas
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potassium_sulphate : Ks ratio = KS Ratio
fertilizer : N UR =N _UR
fertilizer : N-AN = N-AN
fertilizer : N-AS = N-AS
fertilizer : N CN=N_CN
k2o0: Ratio of k20 =Ratio of K20
n: Ratio of n=Ratio of N
CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE
fertilizer : K20-KS =
+(AT1323/100)*( N_UR + N-AN + N-AS + N _CN)*( Ratio_of K2O /Ratio of N)
%oy (18/al_ya sLS AliA A jslemall (o gl jualiall Cilas g

potassium_chloride : Kl ratio = KL Ratio
fertilizer : N UR =N _UR
fertilizer : N-AN = N-AN
fertilizer : N-AS = N-AS
fertilizer : N CN=N_CN
k2o0: Ratio of k20 =Ratio of K20
p205 : Ratio_of p205 =Ratio_of P205
CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE
fertilizer : K20O-KL =
=+( KL Ratio /100)*( N_UR + N-AN + N-AS + N _CN)*
( Ratio_of K20 /Ratio of P205)
Yo ()18/al s S ARl jabiaal) (he 4dilial)l jaliall Cilas

Phosphoric _acid : Pa ratio = PA_ Ratio
fertilizer : N UR =N UR
fertilizer : N-AN = N-AN
fertilizer : N-AS = N-AS
fertilizer : N CN =N_CN
n: Ratio of n=Ratio of N
p205 : Ratio_of p205 =Ratio_of P205
CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE
fertilizer : P20O5-PA =
+(AV1323/100)*( N_UR + N-AN + N-AS + N_CN)*
( Ratio_of P205/Ratio of N)
%oed O18/a) s gLS AR jaliaal) (e 4ildal) jualiall Gilas

Yo acdl) &) o 23 il
fertilizer parameter : WRCF = WRCF
WRCF >0
Frequency : value = Frequency
Ferts P r
fertilizer parameter : Ferts P = Frequency
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% CLACULATE FERTILIZER ELEMENT (NA, UR, AN, AS, CN, KS, KL,
PA)

fertilizer parameter : Ferts P = FERTS P
FERTS P>0
fertilizer : N-NA = N-NA
fertilizer : Ferts P = FERTS P
urea : N_percentage = N Perc
CALCULATE FERTILIZER ELEMENT
fertilizer : NA Nitric_acid = (N-NA *100/ N_ Perc)/FERTS P)
Vpspancll & laill ol ya oS

fertilizer parameter : Ferts P = FERTS P
FERTS P>0
fertilizer : N UR =N _UR
fertilizer : Ferts P = FERTS P
urea : N_ percentage = N_ Perc
CALCULATE FERTILIZER ELEMENT
fertilizer : UR_Urea = (N_UR*100/ N_ Perc)/FERTS P)
Yosuaniill & (ladll o) ja JlS

fertilizer parameter : Ferts P = FERTS P
FERTS P>0
fertilizer : N-AN = N-AN
fertilizer : Ferts P = FERTS P
ammonium_nitrate : N percentage = N_ Perc
CALCULATE FERTILIZER ELEMENT
fertilizer : AN_Ammonium_nitrate = (N-AN *100/ N_ Perc)/FERTS_P)
Oppasancll 3 3l ol ya sLS

fertilizer parameter : Ferts P = FERTS P
FERTS P>0
fertilizer : N-AS = N-AS
fertilizer : Ferts P = FERTS P
ammonium_sulphate : N_ percentage = N_ Perc
CALCULATE FERTILIZER ELEMENT
fertilizer : AS Ammonium_sulphate = (N-AS *100/ N_ Perc)/FERTS P)
Yobasandll & (ladll ol o 5lS

fertilizer parameter : Ferts P = FERTS P
FERTS P>0
fertilizer : N-CN = N-CN
calcium_nitrate : N_ percentage = N_ Perc
CALCULATE FERTILIZER ELEMENT
fertilizer : CN_Calcium_nitrate = (N-CN *100/ N_ Perc)/FERTS P)
Yphssanill 3 il ol s 5L
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fertilizer parameter : Ferts P = FERTS P
FERTS P>0
fertilizer : K20-KS = K20-KS
potassium_sulphate: Ks percentage = Ks_Perc
fertilizer parameter : WRCF =WRCF
Frequency : value = Frequency
CALCULATE FERTILIZER ELEMENT
fertilizer : Ks potassium sulphate =( K20-KS *100/ Ks Perc)/(Frequency *
WRCF))
Vpspancll & Glaill ol ya oS

fertilizer parameter : Ferts P = FERTS P
FERTS P>0
fertilizer : K20-KL = K20-KL
KI potassium_chloride: Kl percentage = Kl Perc
fertilizer parameter : WRCF =WRCF
Frequency : value = Frequency
CALCULATE FERTILIZER ELEMENT
fertilizer : K1 potassium_chloride =( K20-KL *100/ K1 _Perc)/(Frequency* WRCF))
Yodnandll & (jladll o) ja 51S

fertilizer parameter : Ferts P = FERTS P
FERTS P>0
fertilizer : P20O5-PA = P205-PA
Phosphoric acid : P205 percentage = P205 Perc
fertilizer parameter : WRCF =WRCF
Frequency : value = Frequency
CALCULATE FERTILIZER ELEMENT
fertilizer : PA_Phosphoric_acid =( P205-PA *100/ P205_Perc)/( Frequency*
WRCF))
Yobrransill (& ladll af o LS

fertilizer parameter : Ferts P = FERTS P
FERTS P=0

CALCULATE FERTILIZER ELEMENT
NA_ Nitric_acid = 0 FERTILIZER ELEMENT
fertilizer : UR Urea =0
fertilizer : AN_Ammonium_nitrate = 0
fertilizer : AS Ammonium_sulphate = 0
fertilizer : CN_Calcium_nitrate =0
fertilizer : Ks_potassium_sulphate = 0
fertilizer : Kl potassium_chloride = 0
fertilizer : PA_Phosphoric_acid =0
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% Calculate Classic Fertilization Schedule

fertilizer : Fertilizer-used = *4:218 saul’

fertilizer : UR Urea = Ur

CALCULATE CLASSIC FERTILIZATION SCHEDULE
fertilizer schedule : Urea = Ur

%Calculate Urea

fertilizer : Fertilizer-used = *4ul& sxaul’
fertilizer : AN_Ammonium_nitrate = AN
CALCULATE CLASSIC FERTILIZATION SCHEDULE

fertilizer schedule : Ammonium_nitrate = AN
% ‘)JL&} & ).\.\ ?

fertilizer : Fertilizer-used = 48 saaul’
fertilizer : AS_ Ammonium_sulphate = AS
CALCULATE FERTILIZATION SCHEDULE

fertilizer schedule : Ammonium_sulphate = AS
% J.JL:E\ el

fertilizer : Fertilizer-used = 4xul& saul’

fertilizer : CN_Calcium_nitrate = CN

CALCULATE CLASSIC FERTILIZATION SCHEDULE
fertilizer schedule : Calcium_nitrate = CN

Yo o &AW

fertilizer : Fertilizer-used = >4xul& sau)’

fertilizer : PA_Phosphoric_acid = PA

CALCULATE CLASSIC FERTILIZATION SCHEDULE
fertilizer schedule : Phosphoric_acid = PA

% ) siud (aela

fertilizer : Fertilizer-used = 4xul& saul’

fertilizer : Ks potassium_sulphate = KS

CALCULATE CLASSIC FERTILIZATION SCHEDULE
fertilizer schedule : potassium_sulphate = KS

% pswall 1 el

% Calculate Compund Fertilization Schedule

fertilizer : Fertilizer-used =4S e odaus) ¢

Liquid compund fertilizer grade : Lef N=LCF N
CALCULATE COMPUND FERTILIZATION SCHEDULE
fertilizer schedule : Lcf N=LCF N

%o g Sl Jileal) S yal) daad) 43
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fertilizer : Fertilizer-used =4S s odau) €

Liquid compund fertilizer grade : Lef P205 = LCF _P205
CALCULATE COMPUND FERTILIZATION SCHEDULE
fertilizer schedule : Lcf P205 = LCF_P205

%o 58l Jilual) S pal) Slanad) 4

fertilizer : Fertilizer-used =4S s odau) €

Liquid compund fertilizer grade : Lcef K20 =LCF_ K20
CALCULATE COMPUND FERTILIZATION SCHEDULE
fertilizer schedule : Lcf K20 =LCF_ K20

Yo sl gall ilaad) S sl Sanad) A

fertilizer : Fertilizer-used = ’4.S e s2aul

soild compund_fertilizer grade: Scf grade = Scf Grade
CALCULATE COMPUND FERTILIZATION SCHEDULE
fertilizer schedule : Scf grade = Scf Grade

Vol S yall Sacdl 43

fertilizer : Fertilizer-used = 4 s s2aul ¢
fertilizer : N NA =N NA
fertilizer : N UR =N UR
fertilizer : N-AN = N-AN
fertilizer : N-AS = N-AS
fertilizer : N CN =N_CN
fertilizer parameter : CWF = CWF
CALCULATE COMPUND FERTILIZATION SCHEDULE

fertilizer schedule: concentrate n = (1000*( N_NA+N_ UR + N-AN + N-AS +
N_CN)/CWF)

Yo s inll il 8 ol yaole (5 olia (& 35S il

fertilizer : Fertilizer-used = "4 e s2aul ¢
fertilizer schedule: concentrate n = Concentrate N
Liquid compund fertilizer grade : Lef N=LCF N
Liquid compund fertilizer grade : Lcf K20 =LCF_ K20
CALCULATE COMPUND FERTILIZATION SCHEDULE
fertilizer schedule: concentrate K20 = Concentrate N *( LCF_ K20/ LCF_N)
Vopsonli sl S 3 ol yasle (5l olsa b 58 5

fertilizer : Fertilizer-used = 4.5 e s2aul ¢
fertilizer parameter : SCF_Kg f F=SCF Kg f F %exendll/asS yaudll Jaea
frequency.value = Frequency
Liquid compund fertilizer grade : Lcf N=LCF N
CALCULATE COMPUND FERTILIZATION SCHEDULE
fertilizer schedule. Nutrient used N =SCF Kg f F * Frequency * LCF N *(6/7)/100)
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fertilizer : Fertilizer-used =4S s odau) €
fertilizer parameter : SCF Kg f F=SCF Kg f F %pxeuill/anS danill Jaza
frequency.value = Frequency
Liquid compund fertilizer grade : Lef P205 = LCF _P205
CALCULATE COMPUND FERTILIZATION SCHEDULE
fertilizer schedule. Nutrient used p205=
SCF Kg f F * Frequency * LCF_P20S5 *(6/7)/100)

fertilizer : Fertilizer-used = "4 js s2aul ¢
fertilizer parameter : SCF Kg f F=SCF Kg f F %pxeuill/aas pandll Jaea
frequency.value = Frequency
Liquid compund fertilizer grade : Lef K20 =LCF_ K20
CALCULATE COMPUND FERTILIZATION SCHEDULE
fertilizer schedule. Nutrient used k20 =
SCF Kg f F * Frequency * LCF_ K20 *(6/7)/100)

fertilizer : Fertilizer-used = "4 e odeu ¢
fertilizer : N NA =N NA
fertilizer : N UR =N _UR
fertilizer : N-AN = N-AN
fertilizer : N-AS = N-AS
fertilizer : N CN=N CN
fertilizer parameter : CWF = CWF
Liquid compund fertilizer grade : Lcf N=LCF N
frequency.value = Frequency
fertilizer parameter : SCF_Kg f F=SCF Kg f F %pexenill/asS yaudill Jaza
Liquid compund_fertilizer grade : Lef K20 =LCF_K20
CALCULATE COMPUND FERTILIZATION SCHEDULE
fertilizer parameter : SCF_Kg f F=
((((1000*(( N_NA+N_UR + N-AN + N-AS + N_CN))/ CWF)/( LCF_N *10))* CWF)/
Frequency)*(7/6))
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b) Fertilization Model Table

Agriculture service t table Agriculture service t

Input ([ soil.type])

Output([fertilizer schedule.Pre cult gypsum,
fertilizer schedule .organic_manure,
fertilizer schedule.Pre cult super phosphate,
fertilizer schedule.Pre cult potassium_sulphate,
fertilizer schedule.Pre cult ammonium_sulphate )
See Appendix A

4. Inference Knowledge

The design of inference knowledge consists of two main parts namely: inference
structure and inference specification. The following paragraphs explain them in much

more details.

4.1 Inference Structure

As shown in the following figure the inference structure includes two inference steps.
The objective of the expand inference is to use known data to derive new ones using a set
of relations that forms the expansion model. The goal of propose fertilization schedule is
to get the results of the expand inference step and use the fertilization model to generate a

fertilization schedule.
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Case Description

Expand &——] Expansion Model

\ 4

Expand Case Description

Calculate nitrogen

Nitrogen Needed Model
needed

Irrigation schedule +—Pp

h 4
Nitrogen Needed

Irrigation schedule

4— fertilization Model

Propose fertilization
Schedule

Fertilization schedule

Figure 1: Inference Structure for the Fertilization Schedule

4.2 Inference specification

Names of inferences represent the role that these inferences play in solving the problem.
Inference names are thus goal-oriented. For each role, a mapping is specified to the
domain knowledge. For instance, static roles indicate which domain model should be
accessed. Dynamic roles, on the other hand, are supposed to be part of the overall
working memory of the problem solver and are thus not directly linked to specific

domain model. Two inference steps from the fertilization application are given in figure

(D
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Inference: expand
Operation-type: expansion
Input-roles: case description
Output-roles: expand case description
Static-roles: expansion model
Spec:

(Expand plant distance: relation)

(Expand case description: relation),

( Expand variety type: relation),

(Expand farm type : relation),

(age f:Function)

(Expand plant status:relation)
Inference: calculate nitrogen needed

Operation-type: computational
Input-roles: expand case description
Irrigation schedule

Output-roles: nitrogen needed

Static-roles: expansion model

Spec:
(N_factor_t: table)
(N_ ppm_stage t: table)
(Nr_g_f irr_f: function)
(N_ppm_f: function)
(N_As_f: function)
(Nitrogen_needed f: function)
(WRCF _f: function)
(FRCT f: function)
(Leaching Requirement_f: function)
(CWF _f: function)
(fertilizer_concentration_t: table)
(Liquid_compund _fertilizer grade t: table)
(LCF_rate_use_m_f: function)
(LCF_m3_L _f: function)

Inference: propose fertilization schedule

Operation-type: computational
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Input-roles: nitrogen needed

Irrigation schedule
Output-roles: fertilization schedule
Static-roles: fertilization model
Spec:

(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE:relation)
(Ferts_P_r : relation)

(CALCULATE FERTILIZER ELEMENT : relation)

(CALCULATE CLASSIC FERTILIZATION SCHEDULE : relation)
(CALCULATE LIQUID FERTILIZATION SCHEDULE : relation)
(Agriculture service t :table)

5. Task Knowledge
The task definition describes the main goal of fertilization schedule as well as the input,
and the output roles. The task body describes the control over these sub-tasks.

task: Fertilization schedule ,
task-definition:
goal: the main goal of the fertilization is to determine the nutrient needed during
cultivation.
input: case-description
output: fertilization schedule
task body
type: Composite
sub_tasks: Propose fertilization schedule
control_structure:
Propose fertilization schedule.

task: Propose fertilization schedule
task-definition:
goal: Generating an propose fertilization schedule
input: case-description
output: Propose fertilization schedule
task body
type: Composite
sub_tasks: Compute fertilization schedule
primitive tasks: Initialize fertilization parameters
transfer_tasks: Display fertilization schedule
control_structure:
(case description, expansion model -> expanded case description ),
Initialize fertilization parameters,
Compute nitrogen needed,
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Compute propose fertilization schedule,
Display fertilization schedule.

task: Compute nitrogen needed
task-definition:
goal: Its compute the nitrogen needed.

input: irrigation schedule,
Expand case description

output: nitrogen needed
task_body
primitive_tasks: Initialize fertilization parameters,
Adjustment fertilization parameters
get range day

control_structure:
Initialize fertilization parameters
While session.month < 13 do
Begin
While session.day < 31 do
Begin
get range day,
Get dynamic irr_db(session.month, session.range day, Wr, Frequency, |,
Growth_Stage)

Set Water Requirement.wr m3_f period = Wr,

Set Frequency.value = Frequency,

Set EtCRop. Growth stage = Growth_Stage,

(expand case description, nitrogen needed model ----=>
nitrogen needed),
get(N.Nr_g f irr(NR g f irr)),
N kg=N kg+NR g f irr
get(fertilizer parameter. CWF(CWF)),
CWF total = CWF total + CWF
get(fertilizer parameter. LCF rate use m (LCF rate use m)),
LCF rate use m Total = LCF rate use m Total + LCF rate use m
get(fertilizer parameter. FRCF (FRCF)),
get (session.month(Month)),
get (session.range day (Range day)),
get (water _requirement.value (Wr)),
get (frequency.value(Frequency)),
get (EtCrop. Growth stage (Growth_Stage)),
Assert fer db(Month, Range day, Wr, Frequency, Growth Stage,
FRCF, CWF, LCF rate use m,
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Adjustment fertilization parameters.
End{While}
End{While}
Assert(N. N kg (N_kg))
Assert(fertilizer parameter. CWF _total (CWF _total))
Assert(fertilizer parameter.LCF rate use m Total (LCF rate use m_ Total))

task: Compute propose fertilization schedule
task-definition:
goal: Its compute the propose fertilization schedule.

input: Case description,
Expand case description

output: Propose fertilization schedule
task body
type: Composite
primitive_tasks: Initialize fertilization parameters,
Adjustment fertilization parameters
get range day

control_structure:

Initialize fertilization parameters
While session.month < 13 do
Begin

While session.day <31 do

Begin

get range day,
get fer db(Month, Range day, Wr, Frequency, Growth Stage,
FRCF, CWF, LCF rate use m,

b b b b b 59 _) *

Set (Water Requirement.wr_m3_f period = Wr),
Set (Frequency.value = Frequency),
Set (EtCRop. Growth stage = Growth _Stage),
Set (fertilizer parameter. FRCf = FRCY),
Set (fertilizer parameter. CWF = CWF ),
Set(fertilizer parameter. LCF rate use m = LCF rate use m),
propose fertilization schedule,
If (get(fertilizer .Fertilizer-used = ’4:S s o2ausl ©)) Then
get (fertilization schedule. Urea(Urea)),
get (fertilization _schedule. Ammonium_nitrate(AN)),
get (fertilization_schedule. Ammonium_sulphate (AS)),
get (fertilization _schedule. Calcium_nitrate (CN)),
get (fertilization_schedule. Phosphoric_acid (PA)),
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get (fertilization_schedule. potassium_sulphate (KS)),
else
get (fertilization_schedule. Lcf N (LCF_N)),
get (fertilization schedule. Lcf P205 (LCF_P205)),
get (fertilization_schedule. Lef K20 (LCF_ K20)),
get (fertilization schedule. concentrate n (CN)),
get (fertilization schedule. concentrate K20 (CK)),
get (fertilizer schedule. Nutrient used N(N)),
get (fertilizer schedule. Nutrient used p2o05 (P205)),
get (fertilizer schedule. Nutrient used k20(K20)),

EndIf
If (get(fertilizer .Fertilizer-used = ’4:S s« e2ausl “)) Then
Assert_fer db(Month, Range day, Wr, Frequency, Growth_ Stage,
FRCF, CWF, LCF rate use m,
Urea,AN, AS, CN, PA, KS,
Else
Assert fer db(Month, Range day, Wr, Frequency, Growth Stage,
FRCF, CWF, LCF rate use m,
LCF N, LCF_P205, LCF_ K20, CN, CK, N, P205, K20)
EndIf
Adjustment fertilization parameters.
End{While}
End{While}

task: Initialize fertilization parameters
task_body
type:
control_structure:

N kg=0,

CWF total =0,

LCF rate use m Total =0,
session.month = 1,
climate.month = 1,
session.day = 10,

session. number_days_per period =10.

task: Adjustment fertilization parameters
task_body
type: Primitive Task
control_structure:
session.month = session.month + 1,
climate.month = climate.month + 1,
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If (session.day >30 ) Then
session.day = 10
Else
session.day = session.day +10.
Endif

task: get range day
task_body
type: Primitive Task
control_structure:
Case session.day
10: session.range day="1-10"
20: session.range day="11-20"
30: If (session.month=1;3;5;7;8;10;12) Then
session.range day="21-31"
Else If (session.month=4;6;9;11) Then
session.range day="21-30"
If (session.month=2) Then
session.range day="21-28"
EndIf
EndIf
EndIf

task: Display fertilization schedule.
task_body
type: Primitive Task
control_structure:
Get_value( fertilizer.fertilizer used (Fertilizer used))
Case Fertilizer used

M”A..)ls:\ sdas :
display (“
s sall U (5 5l olae JDA (4 il | s gl | |
2
)
display (*
lél Uadla <y Colalis &l i L Jara Gl yedae bl 2ae el
polis |l siud o s PEo sl sl el
”)’
display (“
)l Basenl) 8 (ladll o)y SLS O3 | M fose | e/
dola 3_yiall
3yl
9,)
b
4_.15_).4 sdansl?
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display (“

q.pl ool Cl.u).” Jaza e ol e el
s O Bl
) o_yall s
olio (53 55,3l al
a5 louud! Wl W Sl
)’).
display (*
K20 | pgsmwlios N [ P205 K20 | o)/3a [ osd s
N P205 A>9,00 4l 8
’,)'
display (*
| 8,10 — 018/ pb=olsS | illl (38 plyzalo | LCF Grade | | | |
79).
EndCase

get list fer schedule from Assert fer db
while(not empty list fer schedule)
Begin
Assert fer db(Month, Range day, Wr, Frequency, ,
Growth_Stage)

If ( Month >1 & Previous_growth stage \== Growth Stage) Then
Background different colour
Separate table

EndIf

Write(Month)

Write(Range day)
Write(Wr)
Write(Frequency)
Get_value( fertilizer.fertilizer used (Fertilizer used))
If(Fertilizer used =741 020u”) Then
Write(Irrigate)
Else
If(Fertilizer used =74 » s2x”) Then

EndIf
EndIf
Previous_growth stage = Growth Stage

End{while}

6. User Interface
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Transfer tasks are used to handle system transaction. Two types of transaction are
designed input transaction in which the user can enter his/her data into the system where

as output transaction are used to display the result obtain from using the system.

6.1 Input

The input screen is shown in figure 2. It represents the plantation, soil and fertilizers data.
It contains also the crop name, the variety name, the plantation date, the number of trees,
the distance between width and length, the soil texture, the soil salinity, plant status, the

organic manure used and the type of fertilizer used.

sailer J guanall

G S - ciial)
2002-2-1 1 4130 & s
200 : sy s

6 1) (i Adlsa
3.5 : cigiuall G Al
agla ;A Al ol g8

1.5 @ 4l dagle
Goaa - cdadl) Al

O SIS (g gaand) dlaid)
S e ; kel Slacd)

Figure 2: The Fertilization Schedule Screen of the Input data

6.2 Output

Figure 3 represents the fertilization schedule of the manual fertilizer” 488l saeu¥1”,
Figure 4 represent the compunt fertilizer “4.S ol oxan¥”,

Anjae e ac ) el
A€l s auall
Cuaa bl s
200 BB KRS
s sall U (5 )l olae JDA (4 il el el
ilabis Uada <l i Clalis i L Jara &l e 22 bl 2ae el
polis | ch)siud o s ol s sl el
)l Basenl) 8 (ladll o)y SLS O3 | M fose | e/
doa 3_yidl)
3yl
-- -- - -- -- - -- -- 1-10 1
-- -- - -- -- - -- -- 11-20 1
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-- -- - - -- - - -- 21-31 1
-- -- -- -- -- -- -- -- 1-10 2
- -- - - - - 100 5 11-20 2
-- -- - -- -- - 31 1 21-28 2
-- -- -- -- -- -- 23 2 1-10 3
2.4 0.3 -- -- 7.2 2.4 23 2 11-20 3
3.0 0.4 - -- 9.0 3.0 28 2 21-31 3
3.1 0.4 -- - 9.3 3.1 29 2 1-10 4
3.2 0.4 -- -- 9.6 3.2 30 2 11-20 4
3.3 0.4 - - 9.9 3.3 31 2 21-30 4
3.6 0.5 -- -- 10.8 3.6 33 2 1-10 5
3.9 0.5 -- -- 11.6 3.9 36 2 11-20 5
2.9 0.4 - - 8.6 2.9 27 3 21-31 5
2.9 0.4 -- -- 8.8 2.9 28 3 1-10 6
3.3 0.4 -- -- 9.8 3.3 30 3 11-20 6
3.5 0.5 -- - 10.6 3.5 33 3 21-30 6
wllo Y
&y looud|
JMUs
aoazl
&ygiui|
2lis yw ‘ porwlio) g | wlawsd yw | Sgac
vlael ol,>elS 3/3p
150 | 100 1000 40
Figure 3: The Detail of Normal Fertilization Schedule
SRR 4 ) el
O S auall
Cuas alall s
200 DladYl e
a3 looud| @l Jasa Qe PARRES el
s <l el
> _yidll s
ol (59 5.5, oyl
a3 locud| wBLoWI s
K20 | o9suwliss N | P205 K20 | ol%/3s | o ds
N P205 A>9)00 4l
8,59 — 0lag/ pl>elS | Ll (08 ol | LCF Grade
-- -- -- -- -- - -- - - -- 1-10 [ 1
- - - - - - - - - - [ 1120 1
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-- -- -- -- -- - -- - - —- [ 2131 1
-- -- -- -- -- - -- - - -- 110 | 2
-- -- -- -- -- - -- - 100 5 1120 | 2
-- -- -- -- -- - -- - 31 1 2128 | 2
-- -- -- -- -- - -- - 23 2 1-10 | 3

24 | 03 [ 19 | 100 | 150 | 32 | 5.0 16 23 2 11-20 | 3

30 | 04 | 24 [ 100 | 150 | 32 | 5.0 16 28 2 | 21-31] 3

31 | 04 | 25 | 100 | 150 | 32 | 5.0 16 29 2 1-10 | 4

32 | 04 | 26 | 100 | 150 | 32 | 5.0 16 30 2 11-20 | 4

33 | 04 | 26 | 100 | 150 | 32 | 5.0 16 31 2 | 2130 4

36 | 05 | 29 | 100 | 150 | 32 | 5.0 16 33 2 1-10 | 5

39 | 05 | 31 [ 100 | 150 | 32 | 5.0 16 36 2 1120 | 5

29 | 04 | 3.4 [ 100 | 150 | 32 | 5.0 16 27 3 [ 2131 5

29 | 04 [ 35 | 100 | 150 | 32 | 5.0 16 28 3 1-10 | 6

33 | 04 | 39 [ 100 | 150 | 32 | 5.0 16 30 3 11-20 | 6

35 | 05 | 43 | 100 | 150 | 32 | 5.0 16 33 3 [ 21-30] 6

ol
aysloud
JUs
aoazll
&gl
»Lis g ‘ L9ulio) o | Olewgd yu | Sgac yw
vlael) ol,>elS 3/3p
150 | 100 | 1000 40

Figure 4: The Detail of Compund Fertilization Schedule
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Appendix A

The Knowledge Depend

on the Crop
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Input ([ soil.type])

Output([fertilizer schedule.Pre cult gypsum,
fertilizer schedule .organic_manure,

fertilizer schedule.Pre cult super phosphate,
fertilizer schedule.Pre cult potassium_sulphate,
fertilizer schedule.Pre cult ammonium_sulphate ])

Input Output
Soil.type | Pre cult gypsum | organic manure | Pre cult super | Pre cult potassium sulphate | Pre cult ammonium_sulphate
phosphate
coarse 500 30 300 150 100
A sl 1000 20 250 100 75
ey 1000 20 250 100 75
N _factor t table N_factor t

N _ ppm_stage t

Input ([plant.status, plant.Variety type])
Output([N..N_factor)

Input Output
plant.status plant.variety type | N.N factor
S S 60
N L sia 30
Cips Al 60
e e S 60
e g L sl 60
e ki 60
e Saa 60
i L sl 60
e Al 60

table N_ppm_stage t

Input ([soil.type,plant.status, EtCrop. Growth stage])
Output([N. N_ ppm_stage)

Input Output
Soil.type plant.status EtCrop. N.N_ppm
Growth stage
448 s Srad g 75
A48 e (S B yid 0
4843 e g S s s 0
Addd R e pe ) il Al 0
Addd R e S pad sal 50
Adid e 055w by 0
4483 i i B yid 0
Adds i pe ) il Ay 0
4843 e Erad sal 50
448 e ey ) 50
Adis e S sal 25
TS i Laall 5 ol 25
4403 i Laall an L 50
) duaa Spad sai 75
A sl s OsSas By 0
A sl el OsSas s b 0
e gy oo ol i Ay 0
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A sia e St s 50
Ao sl e O s i 0
Ao sl e iy 0
Ao i e pe ol il Ayl 0
) e Spad sai 50
A sl i e 5 )l ) 50
Ao sl e S s 25
adas gia e Aasll 5 gaill 25
adaus gia e aall a Lo 50
AL Syoa el e 75
b Caas Ot 0
AL e g OsSas b 0
Al e pe )l il Ayl 0
Ak e g S pad sal 50
AL e OsSaes si 0
Al e el B yid 0
AL e e ol i Ayl 0
Al Al Spad s 50
Ak e e 5 ) 50
@ e S sal 25
Al ek saall 5 il 25
4l i Laall an L 50

WRCF t table WRCF t
Input ([soil.type,plant.status, EtCrop. Growth stage])
Output([fertilizer parameter. WRCF)
Input Output
Soil.type plant.status EtCrop. fertilizer parameter. WRCF
Growth stage

448 e G pad ga 1
Addd Caas OsSas b 0
Addd e g OS5y 0
Adds R e pe pll i Al 0
Adid e g Gpad e 1
Adis e OsSw B yid 0
Addd e pui gt By 0
Addd e el i Ayl 0
4idd e G pad el 1
Adis e e 5 ) 1
Adis e S sal 1
Addd e sbasl) 5 maill 1
PETLEN e Aaall as e 1

daws i duaa Spad sal 1
) duaa OsSws 0

A gl el OsSas s b 0

s i e e pe ) i Al 0

4l i DA G pad el 1

daws i e OsSus 0
) e sl sy 0

A sl i pe )yl i Ayl 0

Ao sl e G pad sai 1

s i e e 5 ) 1
) e S sal 1

als s e Sasll 5 puaill 1

adas gia ala Aaall axs e 1

AL s B s s 1

Al s (S b yid 0
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4l e e O5Sw 3_yib 0
] eie e el 38 4l 0
Al aie e S pid el 1
ald i 0SByl 0
Al e p a8 8 0
4l el o)l 8 Al 0
] <ia G ad e 1
] <ia Be 5 ) 1
] e G gad 1
A& e Aasll 5 1
alyah ala Alaadl axy W 1

fertilizer concentration t table fertilizer concentration t
Input ([plant.status, EtCrop. Growth stage])
Output([fertilizer_concentration_in_water.n,

fertilizer concentration_in_water. p205, fertilizerﬁconcentrationﬁinﬁwater.k20])

Input Output
plant.status EtCrop. N P205 K205
Growth stage

Suda Gpad sl 50 6.25 25
Cuss OsSw s 0 0 0
e pe 058w By 0 0 0
e el i Ay 75 12.5 50
oeie p S pad s 75 12.5 50
e OsSwB 0 0 0
e g By 0 0 0
B el i Ay 75 12.5 50
e G sl 50 12.5 50
e e ) 25 0 50
e S e 25 0 75
i sl 5 maalll 25 0 75
i Laall o L 50 6.25 25

Liquid compund fertilizer grade t table Liquid compund fertilizer grade t
Input ([soil.type,plant.status, EtCrop. Growth stage])

Output([Liquid_compund_fertilizer grade.Lcf n,
Liquid compund_fertilizer grade. Lcf p205,
Liquid compund_fertilizer grade.Lcf k2o,

soild compund_fertilizer grade. Scfigrade])

Input Output

plant.status EtCrop. Lef N LCF_P205 LCF_K205 | Scf grade
Growth stage

e Gpad sl 5.0 0.625 2.5
—— OsSwb 0 0 0
e 0558 yié 0 0 0
e el i Ay 7.5 1.25 5.0 AlS
e Gpad sl 7.5 1.25 5.0 AlS5
ke OsSa b i 0 0 0
e p i 8y 0 0 0 ---
e el il Aoy 7.5 1.25 5.0 AlS
e Gpad sal 5.0 1.25 5.0 Bl
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v [T 2.5 0 5.0 B2
e S 5 25 0 75 B3
v Sl zadl 25 0 75 B3
e ol oy s 5.0 0.625 25 A2

Ratio_of fertilizer t table Ratio of fertilizer t
Input ([soil.type,plant.status, EtCrop. Growth stage])
Output([n. Ratio_of n, p205.Ratio_of p205, k20 .Ratio_of k20 |)

Input Output
Soil.type plant.status EtCrop. n. p205.Ratio_of p205 | k2o
Growth stage | Ratio _of n .Ratio_of
k20

A48l o G e 1.5 0.25 1
Addd e OsSw B yid 0 0 0
A48 e g OsS B yid 0 0 0
R PR ool 0 0 0
A48l e g S ga 1.5 0.25 1
Addd e 058 by 0 0 0
4dda el g B yid 0 0 0
Adidd e pel ) il Ay 0 0 0
Al e el gl 1.5 0.25 1
A48 e e 5 ) 1 0.25 1
Adda e S sal 1 0.25 2
Adid i slaall 5 muaill 1 2.5 3
Adds i daall b L 1.5 0.25 1
o i s B 1.5 0.25 1
o sie e OsSu sy 0 0 0
Ao sl e 058 0 0 0
adan gia DA e pe ) ) i Al 0 0 0
s i e e S pad gal 1.5 0.25 1
o sl i O 55 8y 0 0 0
Ao sl e el b yid 0 0 0
Ao e e pe )yl i Aglay 0 0 0
s i e S pad el 1.5 0.25 1
adaus gia <ia N 5 ) 1 0.25 1
o sl i S sl 1 0.25 2
adaw gia <ia slasll 5 muaill 1 2.5 3
o sia e baall s L L5 0.25 1
AL e Spad el 1.5 0.25 1
Al Suda (S b yid 0 0 0
L& R e OS5y 0 0 0
AL e el i Ayl 0 0 0
Al ele e Gad gal 1.5 0.25 1

MANGEX 44 TR/CLAES/269/2003.8



i e QS s i 0 0 0
b e ppal by 0 0 0
L& e pc) ) i Ayl 0 0 0
Al e G 5l 1.5 0.25 1
AL e e 5 bl 1 0.25 1
Al aie S sal 1 0.25 2
A& e Saal) 5 il 1 25 3
Al e aall o L 1.5 0.25 1
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Appendix B

Test Cases




Case 1

Inputs
aile : Jgaaall
9w “aiall
2000-1-1 : 481,30 & u
960 : ) 3
3.5 : SN ( A8lua
1.25 : o giuall (i 4Bl
ke s Al ol g2
1.5 ;4 Al 4a sla
ke el Alla
slas - eM\ Alacad
eﬁuﬁﬁ&@u&,\u‘ Sl 4-)3)
o) 10 JS ¢ dpamadl) J g
Outputs
il 4e ) 3a a3
GO ) s ial)
\dia EXRPTN
960 OiY) e
sl oL (5l olse JDE (e L) N el
Cilalis Uaala Gl i Cilalis Gl i Ly Gl yedae Jara & jedae el
popdlis | ol hud on L L 2l sl s
saa ) el 3 il o1 LS 10 < O%3a | o8 IS
ek a4
- - - - - - - - - 1
- - - - - - - - 1
2.0 0.1 - - 2.7 0.9 - 100 5
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2.8 0.2 - - 3.8 1.3 - 31 1
5.7 0.3 - - 7.6 2.5 - 23 2 |3
110 | 0.7 - - 146 | 4.9 2 23 2
8.4 0.5 - - 112 | 3.7 2 28 2
4.2 0.2 - - 5.6 1.9 2 29 2 |4
2.3 0.1 - - 3.1 1.0 2 30 2
2.9 0.2 - - 3.9 1.3 2 31 2
5.0 0.0 - - 0.1 0.0 2 33 2 |5
7.3 0.0 - - 0.1 0.0 2 36 2
6.2 0.0 - - 0.1 0.0 3 27 3
- - - - - - 3 28 3 |6
—~ - - - - - 3 30 3
- - - - - - 3 33 3
- - - - - - 4 27 4 |7
- - - - - - 4 29 4
- - - - - - 5 27 5
- - - - - - 4 33 4 |3
- - - - - - 5 27 5
- - - - - - 5 28 5
3.6 0.2 - - 4.8 1.6 3 33 3 |9
3.9 0.2 - - 5.3 1.8 3 32 3
5.6 0.3 - - 7.5 2.5 3 31 3
- - - - - - 2 29 2 |10
- - - - - - 2 24 2
- - - - - - 1 42 1
- - - - - - - 20 1 11
- - - - - - - 19 1
- - - - - - - 16 1
- - - - - - - 13 1 12
- - - - - - - 12 1
- - - - - - - 12 1
BN
a3 looudl
JUs
aoazl
aygiidl sJlo=]
2lis yw ‘ porwlio) g | wlewed yw | Ssac g[Syl Jaso
ulaal) pl).>9.l..5 /30 aw/WY/3p
150 | 100 | 1000 40 2640
Case 2
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Inputs

saile; J puaanall

G g s - bl
2002-2-1: 483 &l
200 : Jladl) aae

6 : ) (i Adlsa
3.5 i ghaall G Ablsa
Al A Al ol g8

1.5 ;48 aa gla

uaa - cladl) Adla

G S - (g geand) dlaad)
v1.5 laall dlad) 45
ALl 10 JS ¢ el J g2

Outputs
An)de e ac ) oal
sl Jpeanall
G ) s AT
Cuas bl s
200 OladY) aae
ol (59 548, e dae Jara Gl jedae | el
aslowd] S BLWI sjus)d il B s
s, 10 & Ol¥/3a | oy S
slowud! | ¢4 bl
N P205 K20 | pouwlios | cuzoyi | dall
8,39 - vlad/ pl,>elS >l (59 plyzdo 1
_— - — — - _— _— - — 2
- - - - - - - 100 5
- - - - - - - 31 1
- - - - - - - 23 2 |3
2.4 0.3 - - 7.2 2.4 2 23 2
3.0 0.4 - - 9.0 3.0 2 28 2
3.1 0.4 -~ -~ 9.3 3.1 2 29 2 4
3.2 0.4 - - 9.6 3.2 2 30 2
3.3 0.4 - - 9.9 3.3 2 31 2
3.6 0.5 - - 10.8 3.6 2 33 2 5
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3.9 0.5 - - 11.6 | 3.9 2 36 2
2.9 0.4 -- -- 8.6 2.9 3 27 3
2.9 0.4 - - 8.8 2.9 3 28 3 |6
3.3 0.4 -- -- 9.8 3.3 3 30 3
3.5 0.5 -- -- 106 | 3.5 3 33 3
1.4 0.2 - - 4.3 1.4 4 27 4 |7
1.5 0.2 -- -- 4.6 1.5 4 29 4
1.5 0.2 - - 4.4 1.5 5 27 5
1.8 0.2 - - 5.3 1.8 4 33 4 |8
1.5 0.2 -- -- 4.4 1.5 5 27 5
1.5 0.2 - - 4.4 1.5 5 28 5
1.7 0.2 -- -- 5.2 1.7 3 33 3 |9
1.7 0.2 -- -- 5.1 1.7 3 32 3
1.7 0.2 - - 5.0 1.7 3 31 3
1.5 0.2 -- -- 4.6 1.5 2 29 2 |10
1.3 0.2 - - 3.9 1.3 2 24 2
2.2 0.3 - - 6.7 2.2 1 42 1
-- - -- -- - -- -- 20 1 11
- - - - - - - 19 1
-- - -- -- - -- -- 16 1
-- - -- -- - -- -- 13 1 12
- - - - - - - 12 1
-- - -- -- - -- -- 12 1
bl
&y 5lod|
JUs
doaz|
aygiidl sJlo=]
2lis yw ‘ Lol g | wlewed yw | Ssac g[Syl Jaso
ulaal) p|)>-9.1..5 /30 aw/WY/3p
150 | 100 | 1000 40 2640
Case 3
Inputs
sailar Jganall

G ) - Al
2002-2-1: 41,30 &l
200 : Jadl) ass

6 : S O Adlisa

3.5 : ghual) (Al

MANGEX 50 TR/CLAES/269/2003.8



4l 4 Al ol g8

1.5 : 4 Al 4a gle

s - Gladl) Al

S - g geand) dlanad)
v1.5 qlall slawd) 43
o) 10 JS ¢ dpanddl) J g

QOutputs
Ajae e a3
_9;.31.4 d}-\AMM
O S auall
Cuas alall s
200 iy aae
sl 2L (5 sla JDR (ya L) G
e s Gl clile <l L & e dae Jara Ol yedae el
popdlis | ol hud on Bns B el s s
Baal sl Bapenll A Gladll o o 5LS 10 J8 Ol8/3a | oy JS
bl 4l
- - - - - - - - - 1
- - - - - - - - - 2
-- -- -- -- -- -- -- 100 5
-- -- -- -- -- -- -- 31 1
-- -- -- -- -- -- -- 23 2 3
2.4 0.3 -- -- 7.2 2.4 2 23 2
3.0 0.4 -- -- 9.0 3.0 2 28 2
3.1 0.4 -- -- 9.3 3.1 2 29 2 4
3.2 0.4 -- -- 9.6 3.2 2 30 2
3.3 0.4 -- -- 9.9 3.3 2 31 2
3.6 0.5 -- -- 10.8 3.6 2 33 2 5
3.9 0.5 -- -- 11.6 3.9 2 36 2
2.9 0.4 -- -- 8.6 2.9 3 27 3
2.9 0.4 -- -- 8.8 2.9 3 28 3 6
3.3 0.4 -- -- 9.8 3.3 3 30 3
3.5 0.5 -- -- 10.6 3.5 3 33 3
1.4 0.2 -- -- 4.3 1.4 4 27 4 7
1.5 0.2 -- -- 4.6 1.5 4 29 4
1.5 0.2 -- -- 4.4 1.5 5 27 5
1.8 0.2 -- -- 5.3 1.8 4 33 4 8
1.5 0.2 -- -- 4.4 1.5 5 27 5
1.5 0.2 -- -- 4.4 1.5 5 28 5
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1.7 0.2 - - 5.2 1.7 3 33 IR
1.7 0.2 - - 5.1 1.7 3 32 3
1.7 0.2 - - 5.0 1.7 3 31 3
1.5 0.2 - - 4.6 1.5 2 29 2 |10
1.3 0.2 - - 3.9 1.3 2 24 2
2.2 0.3 - - 6.7 2.2 1 42 1
- - - - - - - 20 1 11
- - - - — - - 19 1
- - - - — - - 16 1
- - - - - - - 13 1 12
- - - - — - - 12 1
- - - - — - - 12 1
EPSY
ayslowul
JUs
oazl
aygiidl sJlo=]|
2L ‘ poxwlios |0Lﬁ-u99uu Ssac yw [ Sl Jaso
vlasl ol,>el,S $/3p | aw/B[3p
150 | 100 | 1000 40 2640
Case 4
Inputs
G gl s - bl
2002-2-1: 41,3 &l
200 : Sy ase
6 - ) (i Adlsa
Al : 4 Al ol g8
1.5
G S - (g grand) dlanad)
S 4 ?M’ Alacad
bl 10 JS ¢ deanddl) J gaa
QOutputs
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sailer J geaaal)

;4 Al 4a gle




An)de e ac ) el
i€ ) s Caiall
duaa Glall Al
200 BIEIRL
ol (59 58,1l Gl e 2ae Jara Gl pedae | el
ayslosud] ©llo\| sJTS)J il B s
ag, | 105 | o8B [-=X
NI e B
N P205 K20 | pouwlia | cuzoyn | dall
8,39 - vla8/ pl,>ol,S >l (9 olyzdo 1
- - - - - - - - - 2
-~ -- - - -- - -~ 100 5
- -- - - -- - - 31 1
-- -- - - -- - -- 23 2 3
2.4 0.3 -~ -~ 7.2 2.4 2 23 2
3.0 0.4 -- -- 9.0 3.0 2 28 2
3.1 0.4 - - 9.3 3.1 2 29 2 4
3.2 0.4 - - 9.6 3.2 2 30 2
3.3 0.4 - - 9.9 3.3 2 31 2
3.6 0.5 - - 10.8 3.6 2 33 2 5
3.9 0.5 - - 11.6 3.9 2 36 2
2.9 0.4 - - 8.6 2.9 3 27 3
2.9 0.4 -~ -~ 8.8 2.9 3 28 3 6
3.3 0.4 - - 9.8 3.3 3 30 3
3.5 0.5 - -- 10.6 3.5 3 33 3
1.4 0.2 - - 4.3 1.4 4 27 4 7
1.5 0.2 - - 4.6 1.5 4 29 4
1.5 0.2 - - 4.4 1.5 5 27 5
1.8 0.2 - - 5.3 1.8 4 33 4 8
1.5 0.2 -- -- 4.4 1.5 5 27 5
1.5 0.2 - - 4.4 1.5 5 28 5
1.7 0.2 - - 5.2 1.7 3 33 3 9
1.7 0.2 -- -- 5.1 1.7 3 32 3
1.7 0.2 - - 5.0 1.7 3 31 3
1.5 0.2 - - 4.6 1.5 2 29 2 10
1.3 0.2 - - 3.9 1.3 2 24 2
2.2 0.3 - - 6.7 2.2 1 42 1
- - - - - - - 20 1 11
-- -- - - -- - -- 19 1
- -- - - -- - - 16 1
- - - - - - - 13 1 12
- -- - - -- - - 12 1
-- -- - - -- - -- 12 1
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TP
&slodl
s
aonzl
aygiidl sJlo=]|
pLaiUuu‘ £orwlio) yw |oliuu99uu Ssac yw | Syl Ja=o
ulaal) pIPQ.LS /30 &Gow/3/3p
150 | 100 | 1000 40 2640
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