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Fertilization Design Expert

Systems for Grapes

1. Introduction

Egypt Grapes crop is quite large and centered in the old and new land. Grapes harvest in
May, Gun, Guly, Augest, September and October. 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,

inference knowledge and task knowledge for the fertilization scheduling problem are
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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 :

GRAPEX

no_of trees: INTEGER, %0/4lb jlaid¥) axe
NUMBER-RANGE(1,1000),
SOURCE(D.B.)
SINGLE
NECESSARY.
long: REAL %4e! 3 cilibia
NUMBER RANGE(2,8)
SOURCE(D.B.)
SINGLE.
NECESSARY.

Width : REAL %#e )3l clils
NUMBER_RANGE(2,8)
SOURCE(D.B.)
SINGLE.

NECESSAR

area: REAL, %0adll aalid)

NUMBER-RANGE(1,2000),

SOURCE(D.B.)

SINGLE

date : DATE,

SOURCE(D.B.)
SINGLE
NECESSARY.

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

SINGLE
NECESSARY.

Pl d: REAL %distance between plants

NUMBER RANGE(2,8)
SOURCE(Derived(Expand plant distance))
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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 (483, 4k sia, al),
SOURCE(derived, (relation(Expand case description))),
SINGLE

2.1.1.2 Plant Concept
concept plant ;
properties :
status: NOMINAL, % i s Cnan lai¥) alls

VALUE-LIST([uas, s e, ya]),
SOURCE(derived, (relation(Expand plant status))
SINGLE
NECESSARY.

variety: NOMINAL, %
VALUE-LIST([
sl e, Ogmagh | Ggua Sl
0TS, 228 asy s Hsomse Jl )
SOURCE(D.B.)
SINGLE.

age: REAL, %l el
NUMBER-RANGE(1,2000),

SOURCE(derived, function(Age f))
SINGLE

2.1.1.3  farm Concept

concept farm ;
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properties :

type: NOMINAL,

VALUE-LIS([¢ s dia]),

SOURCE(derived(relation(Expand farm type))

SINGLE
NECESSARY.

crop: NOMINAL,
VALUE-LIST(‘we),
SOURCE(D.B.)
SINGLE.

2.1.1.4 Irrigation Concept

concept irrigation;
properties :

2.1.1.5 session Concept
concept session;
properties :

2.1.2 EtCrop Ontology

Concept EtCRop;

GRAPEX

Leaching_requirement: Real;,

SOURCE(Derived(function(Leaching Requirement f)))

SINGLE
NECESSARY.

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.

TR/CLAES/267/2003.5



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:
Fertilizer-used : NOMINAL;%
SOURCE(USER)
VALUE-LIST([4S s sden! ¢ 43085 sreul])

N-NA : REAL; % _ei-0)lad/a) sa 5lS ddlidal) jabiaall (e 400020 jualiall Cilas
SOURCE(Derived
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE ))
NUMBER-RANGE(0,100)
CARDINALITY :single
N UR:REAL; % _si-0la/al s b€ ARl jabaall (e 4310300 jualiall las
SOURCE(Derived
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE ))
NUMBER-RANGE(0,100)
CARDINALITY :single
N-AN :REAL; % _gd-0l¥/al ya sbS 48baall jobiaall (e 4010200 jualiall Gl
SOURCE(Derived
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE ))
NUMBER-RANGE(0,100)
CARDINALITY :single
N-AS : REAL; % _gb-)a8/al s b€ Adliaall jaliaall (he 40ldal) jaliall Cilas
SOURCE(Derived
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE ))
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GRAPEX

NUMBER-RANGE(0,100)
CARDINALITY :single
N-CN : REAL; % _e-0)38/a) ya b 4abaall jalaall (pe 43l jualiall Cilaa
SOURCE(Derived
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE ))
NUMBER-RANGE(0,100)
CARDINALITY :single
K20-KS: REAL; % _gi-0lad/a) s 5LS daliaall jalaall (e 4013501 jualiall Cilas
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 il3a]) ualiall Cilas g
SOURCE(Derived
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE ))
NUMBER-RANGE(0,100)
CARDINALITY :single

P205-PA : REAL; % _ei-()l/a) ya sLS datidall jsboadl) (je 403l jualiall cilas
SOURCE(Derived
(CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE ))
NUMBER-RANGE(0,100)
CARDINALITY :single

NA Nitric_acid: REAL; %NA
Yosarandll 8 ()l )y 5LS

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

UR Urea : REAL; % UR

Oppsancll i Jaill ol SLS

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

AN Ammonium nitrate : REAL; %AN

Yobasandl) & (ladll ol o glS

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

AS Ammonium_sulphate: REAL; %AS

Yodupanill (A& (jladll ol ya S

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

CN_Calcium nitrate : REAL; %CN
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Yodnandll & (jladll o) ja 51S
SOURCE(Derived(CALCULATE FERTILIZER ELEMENT))
NUMBER-RANGE(0,100)

CARDINALITY :single
Ks potassium_sulphate: REAL; %Ks
Yosarandll 8 ()l )y 5LS
SOURCE(Derived(CALCULATE FERTILIZER ELEMENT))
NUMBER-RANGE(0,100)
CARDINALITY :single
Kl potassium_chloride : REAL; %KI
Yodupanill (& (jladll ol o 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 deudll Jalza
SOURCE(DERIVED]table, WRCF t1])
NUMBER-RANGE(0,100)
CARDINALITY :single

FRCf : REAL; %N or 0.0 2wl 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 5l Jona
SOURCE(DERIVED)% task knowledge: sum of CWF
NUMBER-RANGE(0,100)

CARDINALITY :single

No_Irr Per Week : REAL; %be susd 5,1l &l 1
SOURCE(DERIVED[function, No Irr Per Week f])
NUMBER-RANGE(0,100)

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

LCF_m3 L :REAL; % iV au 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 (& dauiill & e 220
SOURCE(]relation, Ferts P r)
NUMBER-RANGE(0,100)
CARDINALITY :single

SCF Kg f F:REAL;% %pxenill/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 413al) jualiall 3 53
sub_type_of: fertilizer;

Properties:

N : REAL;
SOURCE(DERIVED[table, 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)
CARDINALITY :single

concentrate_n : REAL; %cm s yiill 5illl (& ol sl (5,01 obie (& S il
SOURCE(DERIVED[function, fertilizer concentration f])
NUMBER-RANGE(0,100)

CARDINALITY :single

GRAPEX 9 TR/CLAES/267/2003.5



concept Liquid compund_fertilizer grade;%LCFJludl S jall 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(DERIVED|table, 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;% i/ caSa au pddiiaall 38 jill
SOURCE(Derived(CLACULATE LCF))
NUMBER-RANGE(0,100)

CARDINALITY :single

LCF_rate use m: REAL;% L/f-m Lgs 0¥/ yilll aladiu¥) Jaes
SOURCE(Derived(CLACULATE LCF))
NUMBER-RANGE(0,100)

CARDINALITY :single

LCF rate use f F:REAL; %L/f-F sxeuill glad/ jlll 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)
CARDINALITY :single
concept N ;
sub_type_of: fertilizer;
Properties:
N_factor : :REAL;
SOURCE(DERIVED[table, N_factor t ])
NUMBER-RANGE(0,100)
CARDINALITY :single
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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 k20;
sub_type_of: fertilizer;
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
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: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}
Kl ratio:{0}
concept Phosphoric_acid ;
sub_type of: p205;
Properties: percentage
:REAL; %
P205 percentage : {45}
Pa ratio: {100}
concept fertilizer schedule;
sub_type_of: fertilizer;
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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; %0s s inll 1l 8 5 jaale 5 )l e (& 508 il
SOURCE(Derived][relation,
CALCULATE COMPUND FERTILIZATION SCHEDULE))
NUMBER-RANGE(0,100)
CARDINALITY :single
concentrate K20: REAL; %psulisall illl 4 4l jaale (5l slia (A 38 5l
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
Nutrient used p205 : REAL; 5_8-(jladll/al ja sbS ) sandll 4qaland) iliLzY)
SOURCE(Derived[relation,
CALCULATE COMPUND FERTILIZATION SCHEDULE))
NUMBER-RANGE(0,100)
CARDINALITY :single
Nutrient used k20 : REAL;3_8-(ladll/a) ja oliS a5l gall dpsland) lilal)
SOURCE(Derived][relation,
CALCULATE COMPUND FERTILIZATION SCHEDULE])

GRAPEX 13 TR/CLAES/267/2003.5



GRAPEX

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 yo 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 ) siud (saals
SOURCE(Derived[relation,
CALCULATE CLASSIC FERTILIZATION SCHEDULE])
NUMBER-RANGE(0,100)
CARDINALITY :single

potassium_sulphate: REAL; ’a sl 52 Cila
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!,)ll J& o)) ™
SOURCE(Derived[table, Agriculture service t])
NUMBER-RANGE(0,100)
CARDINALITY :single

Pre_cult super phosphate: REAL; * 4c))3l J& i gd s
SOURCE(Derived[table, Agriculture service t])
NUMBER-RANGE(0,100)
CARDINALITY :single

Pre_cult potassium_sulphate: REAL; * e 3 U8 a sanilli g il >
SOURCE(Derived[table, Agriculture service t])

29
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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 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

(texture of soil = “sandy loam; sand; loamy sand”

Expand case description
type of soil =a4ais

crop of farm = e
Expand farm type
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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

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)
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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, fertilizer_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.ch_n,
Liquid compund fertilizer grade. Lcf p205,
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 fertilizer parameter. WRCF=N. Nr g f irr
FRCf 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 f
CWF f fertilizer parameter. CWF= fertilizer parameter. WRCF*
water requirement. wr m3 f period*(1- Irrigation.Leaching Requirement
GRAPEX 17 TR/CLAES/267/2003.5



/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 % =IF(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)

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
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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))
%oyt (/) ya LS Adliaal) ilaall (yo 4l yualiall Cilaa

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

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 *( WRCF /100))

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));
%ot /) ya sLS Al al) jilaall (po 4iliell yualiall Cilaa
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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))

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 parameter : N AS =
(AS_Ratio /100)* Nitrogen Needed *( CWF /( CWF _total+

LCF rate use m Total));
%oed 18/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
CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE

fertilizer : N_AS =

(AS_Ratio_ /100)* Nitrogen Needed *( WRCF /100))

fertilizer parameter :FRCf = FRCF
FRCF >0

calcium_nitrate : Cn_ratio = CN_Ratio
fertilizer parameter : CWF = CWF
fertilizer parameter : WRCF = WRCF
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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));
Yo ()18/al s S ABALL jaliaal) (he 4dilial) 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 *( WRCF /100))

%oyt 18/l sLS ALiA A jslemall (o gl jualiall cilas g

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
k20: Ratio_of k2o =Ratio_of K20
n: Ratio of n=Ratio of N
CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE
fertilizer : K20O-KS =
+(AT1323/100)*( N_UR + N-AN + N-AS + N_CN)*( Ratio_of K2O /Ratio_of N)
%oed 128/a) s LS AR jaliaal) (e 4ildal) jualiall Gilas

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
k20: Ratio_of k2o =Ratio_of K20
p205 : Ratio_of p205 =Ratio_of P205
CLACULATE UNIT NUTRIENT FROM DIFFERENT RESOURCE
fertilizer : K20-KL =
=+( KL _Ratio /100)*( N_UR + N-AN + N-AS + N _CN)*
(Ratio_of K20 /Ratio of P205)
Yo ()18/al s LS ABALL jaliaal) (he 4dldal)l jaliall Cilas
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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 : P2O5-PA =
+(AV1323/100)*( N_UR + N-AN + N-AS + N_CN)*
( Ratio_of P205/ Ratio of N)
%o s 1 9/a) 5L ARl joliadl) (o 4gildall jualiall Cilas 5

% Landll &l e e Gl
fertilizer parameter : WRCF = WRCF
WRCF >0
Frequency : value = Frequency
Ferts P r
fertilizer parameter : Ferts P = Frequency

% 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)
Yobasandll & (ladll ol o glS

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)
Yosasandl) (& Oladll ol o 5lS

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

fertilizer : N-AN = N-AN

fertilizer : Ferts P = FERTS P
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ammonium_nitrate : N_percentage = N_ Perc

CALCULATE FERTILIZER ELEMENT
fertilizer : AN_Ammonium_nitrate = (N-AN *100/ N_ Perc)/FERTS P)
Ypstanill A (j)adll o) ja LS

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)
Opspancll & Glaill ol ya oS

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)
Yodupanill (A& (jladll o) o 1S

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))
Yobrransill (& (ladll af o LS

fertilizer parameter : Ferts P = FERTS P
FERTS P>0
fertilizer : K20-KL = K20-KL
Kl potassium_chloride: Kl percentage = Kl Perc
fertilizer parameter : WRCF =WRCF
Frequency : value = Frequency
CALCULATE FERTILIZER ELEMENT
fertilizer : Kl _potassium_chloride =( K20-KL *100/ KI_Perc)/(Frequency* WRCF))
Yobasandll & (ladll ol o glS

fertilizer parameter : Ferts P = FERTS P

FERTS P>0
fertilizer : P20O5-PA =P205-PA
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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))
Vpspancll & laill ol ya oS

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

% Calculate Classic Fertilization Schedule

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

fertilizer : UR Urea = Ur

CALCULATE CLASSIC FERTILIZATION SCHEDULE
fertilizer schedule : Urea = Ur

%< Calculate Urea

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

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

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

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

fertilizer : Fertilizer-used = 4xl& sau)’

fertilizer : CN_Calcium_nitrate = CN

CALCULATE CLASSIC FERTILIZATION SCHEDULE
fertilizer schedule : Calcium_nitrate = CN

Yo > & A
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fertilizer : Fertilizer-used = 4:l& sxaul’

fertilizer : PA_Phosphoric_acid = PA

CALCULATE CLASSIC FERTILIZATION SCHEDULE
fertilizer schedule : Phosphoric_acid = PA

% ) siud (aela

fertilizer : Fertilizer-used = *4ul& sxaul’

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 s odau) ¢

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

0o Cr 9l Jileal) S yal) alacal) Ay

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) A5

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 e 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
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fertilizer parameter : CWF = CWF
CALCULATE COMPUND FERTILIZATION SCHEDULE
fertilizer schedule: concentrate n = (1000*( N NA+N UR + N-AN + N-AS +
N_CN)/CWF)
Yoo s inll yilll (8 al jaale (5 ) olaa (& 38 il

fertilizer : Fertilizer-used = "4.S e odaul ¢
fertilizer schedule: concentrate n = Concentrate N
Liquid compund fertilizer grade : Lcf N=LCF N
Liquid compund fertilizer grade : Lef K20 =LCF_ K20
CALCULATE COMPUND FERTILIZATION SCHEDULE
fertilizer schedule: concentrate K20 = Concentrate N *( LCF_ K20/ LCF_N)
Voo samli sl Sl 3 ol yasle sl olse s 58 5l

fertilizer : Fertilizer-used = ’4.S e s2aul
fertilizer parameter : SCF Kg f F=SCF Kg f F %pxeuill/aaS pandll 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)

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 : Lcf P205 = LCF_P205
CALCULATE COMPUND FERTILIZATION SCHEDULE
fertilizer schedule. Nutrient used p205=
SCF Kg f F * Frequency * LCF_P205 *(6/7)/100)

fertilizer : Fertilizer-used = *4.S e o2aul
fertilizer parameter : SCF Kg f F=SCF Kg f F %exacill/aaS sandll Jaxa
frequency.value = Frequency
Liquid compund_fertilizer grade : Lcf 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 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
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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 %pxeuil/anS danill 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))

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.
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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.

Case Description

Expand 44— Expansion Model

\ 4

Expand Case Description

Calculate nitrogen

Nitrogen Needed Model
needed

Irrigation schedule +—p

v
Nitrogen Needed

Irrigation schedule

+— 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
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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
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 farm type : relation),
(Expand plant status:relation)
age f:Function

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)
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Inference: propose fertilization schedule
Operation-type: computational
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
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control_structure:
(case description, expansion model -> expanded case description ),
Initialize fertilization parameters,
Compute nitrogen needed,
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)),
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Assert_fer db(Month, Range day, Wr, Frequency, Growth Stage,
FRCF, CWF, LCF rate use m,

) 0 _ 0 _0_0_5_0 _)'
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)),
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get (fertilization schedule. Ammonium_nitrate(AN)),
get (fertilization schedule. Ammonium_sulphate (AS)),
get (fertilization schedule. Calcium_nitrate (CN)),
get (fertilization schedule. Phosphoric _acid (PA)),
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 = ’4S e s2ausl “)) 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
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type: Primitive Task
control_structure:
session.month = session.month + 1,
climate.month = climate.month + 1,
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:\ sda :
display (“
s sall U (5 5l olae JDA (4 il | s gl | |
)’)’
display (“
lél Uadla <y Colalis il i L Jara Gl yedae bl 2ae el
polis | ch)siud o s PEo sl s el
”)’
display (*
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saal gl sapantll & oladll af ya gLS ON/3a | NS ge | el/asm
BYEN 5_yial)
5 ll
,,)’
4..35‘)4 odansl?
display (“
auslo | Cl.u).” Jara e ol 2xe el
' s e | el
. oyl sl
oo (59 55,4l »_sill
a3loaud| wBLoMI Sl
9,)‘
display (“
K20 | ogsmwlios N | P205 K20 | ol/3s | oS
N P205 Or>9)00 4l
79).
display (*
[ 8,i8 = 0lad/ plzgliS | ylll (09 plealo | LCF Grade | | | |
”)'
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 = 4l »20u”) Then
Write(Irrigate)
Else
If(Fertilizer _used ="4S » s2u”) Then

EndIf
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EndIf
Previous_growth stage = Growth Stage
End{while}

6. User Interface
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.

e Jganall

Oy e gha citall
2002-2-1: 43l &l
200 : i) ae

6 SN (o Ablua

3.5 : dighall g Adla
Al ; 4l al g

1.5 : 4l dagla

Caaa - el Adla

G SIS (g geand) Slandl

Figure 2: The Fertilization Schedule Screen of the Input data

6.2 Output

Figure 3 represents the fertilization schedule of the manual fertilizer” x5 saau¥1”,
Figure 4 represent the compunt fertilizer “4.S el oxan¥”,

An)de e acall
Cuas bl s
200 BB KRS
s sall U (5 5l olae JDA (4 il s gl
lal Uadla <l i Colalis &l i L Jara Gl yedae bl 2ae el
polis | ch)siud o s PEo sl sl el
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saa gl sagendll & Glaall o ja 5L ON/3a | NS ge | el/asm
BYEN 5_yial)
5 )

-- -- -- -- -- -- -- -- 1-10 1
-- -- -- -- -- -- -- -- 11-20 1
-- -- -- -- -- -- -- -- 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
obloY
a5 Lol
JW
doazll
il

LS ‘ £oawlio) yw | Olowgd yw | Sgac yw

vlaall ol,>9l,S @/30
150 | 100 1000 40
Figure 3: The Detail of Normal Fertilization Schedule

An)de e s ) el

G il alla

200 Olaiy) aae
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a3 louud| @l Jasa e PARRES el
s <l el
_ > _yidll s
ol (59 5.5, o il
auslosad! lBloWI sl
K20 | ogswlios N [ P205 K20 | ol¥/3s | osd 8
N P205 OA>9,00 4l
8,59 — 0la9/ pl>elS | Ll (08 ol | LCF Grade
-- -- -- -- - - -- - - -- 1-10 [ 1
- - -- - -- - -- - - - | 1120 1
- - -- - -- - - - - - | 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 1120 | 3
30 | 04 | 24 [ 100 | 150 | 32 | 5.0 16 28 2 | 2131 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 1120 | 4
33 | 04 | 26 | 100 | 150 | 32 | 5.0 16 31 2 | 2130 4
36 | 05 | 29 | 100 | 150 | 32 | 5.0 16 33 2 110 | 5
39 | 05 | 3.1 | 100 | 150 | 32 | 5.0 16 36 2 1120 | 5
29 | 04 [ 34 | 100 | 150 | 32 | 5.0 16 27 3 [ 2131] 5
29 | 04 [ 35 | 100 | 150 | 32 | 5.0 16 28 3 110 | 6
33 | 04 [ 39 | 100 | 150 | 32 | 5.0 16 30 3 1120 | 6
35 | 05 | 43 | 100 | 150 | 32 | 5.0 16 33 3 [ 2130 6
wllo
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

GRAPEX 38 TR/CLAES/267/2003.5




Appendix A
The Knowledge Depend
on the Crop




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 )

Input QOutput
Soil.type | Pre cult gypsum | organic manure | Pre_cult super | Pre cult potassium_sulphate | Pre cult ammonium_sulphate
phosphate
coarse 50 30 400 100 50
Ao i 1000 20 250 75 0
Ak 1000 20 250 75 0

N _factor t table N factor t

Input ([plant.status, plant.Variety])

Output([N..N_factor)

Input Output
plant.status plant.variety N..N_factor
Caas Dsiomss Sl 80
Cuda DM g 30
Cuas o 218 80
Cpaa s s 80
Cuas Sl 80
s Oyay S 80
dpoa O guash 80
Cuas el o) 80
aie Dsionss 80
e e BEBI™ 30
e e Ol 221 80
e g s 80
e <l 80
e e Oy S 30
e Oguash 80
e al sy 80
e Dsiomss Sl 80
e DR 80
aia ol 2218 80
e o s 80
e <l 80
e Omaay S 80
e Ogash 80
e aal s 80

GRAPEX
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N_ ppm_stage t

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
Al Cyas S pad s 75
Addd e OsSw B yid 0
A4S e g St 0
s PR oo LA o iy 0
A48l e g Srad sal 50
Adis e OsSw B yid 0
Adis e pu poai 3 yid 0
st S oo LA o iy 0
Al e S pad gal 50
Adis e e 5 ) 50
Adis e SR g 25
Addd e geaill 4l 25
A48 e sbasl) 5 zaill 50
Adidd e A s e 50
) duaa Spad sai 75
A sl o OsSas By 0
s i e g OsSs s 0
e gy oo o o Ay 0
Ao i R e S pad gal 50
) e OsSw s 0
A sl i e By 0
A e S oo LA o iy 0
s i e Spad el 50
Ao sl e e 5 )l 50
adas sl e B gl 25
A gl i geaill 44l 25
s i e sbasl) 5 zaill 50
L e R AT s e 50
Al s S pad s 75
Al Cuas (S b yib 0
Al el e OsSw B yid 0
A gy oo o i Ay 0
Al Rie e Spad gal 50
Al e (S b yié 0
Ak e pud i 3 yid 0
Al e pe )l i Ayl 0
AL e S pad el 50
Al e ey s ) 50
AL e S sad 25
Al i aill 4y 25
Al i slaall 5 muaill 50
AL e oAl Al 4 50

WRCF t

GRAPEX

table WRCF _t

41

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

Input Output
Soil.type plant.status EtCrop. fertilizer parameter. WRCF
Growth stage
448 s Srad s 1
Addd e OsSw B yid 0
A4S e g OsS B yid 0
Adidd e g pe ) il Ay 0
A48l e g S ga 1
Adda e OsSw s yi8 0
4493 e i geai By 0
ALl e el ) s Al 0
Addd e Spad el 1
A48 e e 5 ) 1
Adis e S sal 1
A48 e sbasl) 5 zaill 1
Addd e slanll ey L 1
Adaws i Cuda S pad gal 1
) duaa OsSws 0
A sl el 0SB g 0
AL e PRI oo o Ay 0
Ao sl e e G pad sal 1
Ao i e OS5y 0
) e sl sy 0
A sl i pe )yl i Ayl 0
adass s e Sad gad 1
Ao i e e 5 ) 1
Ao sl e S sa 1
adaus gia e Aasll 5 il 1
adas gia ala Aaall ae L 1
AL s Brad s 1
Al s (S b yid 0
Ak e g OsSaes sd 0
AL e pe ol i Ayl 0
Al ale e Spad sal 1
AL e OsS B yid 0
L& e ppa 6 0
Ak e pe ) i Al 0
AL e Ead sad 1
Al e ey ) 1
AL e SR g 1
A& PR Soall 5 el 1
g e ol o 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, fertilizer_concentration_in_water.k20])

Input QOutput
plant.status EtCrop. N P205 K205
Growth stage
Eyaa S pad gal 50 6.25 25
GRAPEX 42
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Cuaa OsSas by 0 0 0
e OS5 i 0 0 0
eie pe )l i Ay 75 12.5 50
e S s gl 75 12.5 50
e OS85 0 0 0
)JA (3:1}..4.1 T:Jﬁ 0 0 0
< el il Ayl 75 12.5 50
i 6 pad gl 50 12.5 50
e Jie g jla ) 25 0 50
e S gl 25 0 75
P Laall 5 il 25 0 75
e Sbandl 2 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.ch_n,
Liquid compund fertilizer grade. Lcf p205,
Liquid compund_fertilizer grade.Lcf k2o,

soild compund_fertilizer grade. Scf_grade])

Input Output

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

Sy S pad gal 5.0 0.625 2.5
s 05 0 0 0
e e OsSa b i 0 0 0
e o)l il Aglay 7.5 1.25 5.0 Al5
e Gad s 7.5 1.25 5.0 AlLS
e OB 0 0 0
e a2 5aai By 0 0 0 -
e o)l il Ay 75 1.25 5.0 AlS
e e sal 5.0 1.25 5.0 Bl
e e 5 ) ) 25 0 5.0 B2
e S sal 2.5 0 7.5 B3
eia Saall 5 gl 25 0 75 B3
i el o 5.0 0.625 2.5 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 \
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Soil.type plant.status EtCrop. n. p2o05.Ratio_of p2o5 | k2o
Growth stage | Ratio_of n .Ratio_of
k20

4484 Suaa S pad gal 1 0.25 1
adda i OsSws 8 0 0 0
Addd e g OsSaes sid 0 0 0
Addd el g pe i Ayl 0 0 0
Addd e D 1 0.25 1
Addd e S s s 0 0 0
44083 e pigealis i 0 0 0
4483 e el ) s Al 0 0 0
Adda el S gal 1 0 1.5
A48 e ey ) 1 0.5 1.5
Al e S sad 1 0.5 1.5
s i il 4y 1 0 10
A48d aie slaall 5 muaill 1 0 10
Adds e A 4l e 1 0.5 1.5
o sia Cuas D 1 0.25 1
Ao sl Suas (S b yid 0 0 0
Ao sl e O 55 by 0 0 0
4daus gl DAie e pe ) ) i Ayl 0 0 0
o sia e Srad s 1 0.25 1
o sia e O 55w by 0 0 0
Ao i e Pz i 0 0 0
) e el ) 85 Al 0 0 0
aos sia e T 1 0 1.5
o sia e e 5 )l 1 0.5 1.5
s i e SR g 1 0.5 1.5
Ao i e il 4y 1 0 10
) e Slaall 5 maaill 1 0 10
aos sia e A 4l e 1 0.5 1.5
ey Suas S pad el 1 0.25 1
4l Suda (S b yid 0 0 0
Al e g OS5y 0 0 0
Al oeie e el ) i85 Ay 0 0 0
@ ele e S gal 1 0.25 1
A& e OsSw s 8 0 0 0
4l e o B i 0 0 0
Al e el ) s Ay 0 0 0
AL e A gai 1 0 1.5
@ e Qe 5 )l 1 0.5 1.5
AL e SR g 1 0.5 1.5
Al e il 4y 1 0 10
Ak e slaall 5 muaill 1 0 10
L& e Al s e 1 0.5 1.5
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6.Test Cases

Case 1
Inputs
e - J ganall
2000-1-1 : 481,30 & u
960 : s das
3.5 1 JdN) O Ablua
1.25 : hgiuall (p Ablusa
ale 4 Al ol g8
1.5 ;48 aa gla
i s cibadl) Alla
slas - eé&luu]\ Alacal
eﬁuﬁﬁ&&u&,\m‘ lacad) 4-)3)
oL 10 JS ¢ Svandll J gan
Outputs
i) 4e ) e Ayl
DM il
JA:A clall s
960 Oaiy) e
s sall L8 (55l olia JIA (e il sl el
s asla Gl i el &l Los Jara Gl ye2ae el
polis | oh)ind on L ks s s
Baa) 1) Bananiill 8 jladll o) ja 6LS Oh¥/3a | oy IS
b G
- - - - - 100 5 |1
-- -- -- -- - 9 1
- - - - - 11 1
- - - - - 7 1 ]2
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2.0 0.1 -- -- 2.7 0.9 9 1
2.8 0.2 -- -- 3.8 1.3 13 1
5.7 0.3 -- -- 7.6 2.5 25 1 3
11.0 0.7 -- -- 14.6 4.9 49 1
8.4 0.5 -- -- 11.2 3.7 37 4
4.2 0.2 -- -- 5.6 1.9 37 5 4
2.3 0.1 -- -- 3.1 1.0 21 10
2.9 0.2 -- -- 3.9 1.3 26 10
5.0 0.0 -- -- 0.1 0.0 33 10 5
7.3 0.0 -- -- 0.1 0.0 49 10
6.2 0.0 -- -- 0.1 0.0 42 11
-- -- -- -- -- -- 35 10 6
-- -- -- -- -- -- 37 10
-- -- -- -- -- -- 38 10
-- -- -- -- -- -- 39 10 7
-- -- -- -- -- -- 35 10
-- -- -- -- -- -- 31 11
-- -- -- -- -- -- 28 10 8
-- -- -- -- -- -- 24 10
-- -- -- -- -- -- 18 11
3.6 0.2 -- -- 4.8 1.6 32 4 9
3.9 0.2 -- -- 5.3 1.8 35 3
5.6 0.3 -- -- 7.5 2.5 50 1
- -- - - -- - 28 1 10
-- -- -- -- -- -- 16 1
-- -- -- -- -- -- 8 1
- - -- - - -- - - 11
-- - -- -- - -- -- - 12
Bl
aysloaud
JMs
oazl

gl sJlo=>]

vlael) ply>elS 93 | aiw//3p

50 | 100 | 250 15 2640
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Case 2

Inputs
1998-2-1 : 413 &l
200 : Ja) da
addey : Ag Al ol g8
1.5 ;4 Al dagla
KK - (g geand) dlandd)
bl 10 JS ¢ deanddl) J gaa
Outputs
A)de e as ) el
O 30 sha ———
200 Sy s
Jara e Byl
olwo (59 55, s &l e
aslocud! BLoWI Sl s
CHA>9,0 Q\A-"/fae o JS
N P205 | K20 | pouwblie N P205 | K20 | 4N
LCF
8,59 = 0l/ ply=>olS | il (9 plr=ulo grade
0 0.0 0 - -- - _ - - - 1
0 0.0 0 - - _ - _ - _
0 0.0 0 -- -- -- -- -- 100 5
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0 0.0 0 -- - 7 1 2
0 0.0 0 -- -- -- - - 12 1
1 0.2 1 150 100 20 5 30 13 1
2 0.5 3 150 100 20 5 30 33 1 3
3 0.7 4 150 100 20 5 30 48 1
7 1.9 11 150 100 20 5 30 31 4
9 2.3 14 150 100 20 5 30 38 4 4
11 2.7 16 150 100 20 5 30 36 5
6 1.6 10 75 50 20 5 30 21 10
8 2.0 12 75 50 20 5 30 26 10 5
9 2.3 14 75 50 20 5 30 30 10
0 2.2 22 100 1 1 5 50 33 11
0 2.0 20 100 1 1 5 50 34 10 6
0 2.1 21 100 1 1 5 50 34 10
0 0.0 0 -- -- 34 10
0 0.0 0 -- - 32 10 7
0 0.0 0 -- -- 30 10
0 0.0 0 -- -- 28 11
0 0.0 0 -- -~ 26 10 8
0 0.0 0 -- -- 22 10
0 0.0 0 -- -- -- -- - 37 5
4 0.7 5 75 50 25 5 38 40 3 9
3 0.6 4 75 50 25 5 38 32 3
1 0.3 2 75 50 25 5 38 44 1
0 0.0 0 -- - 23 1 10
0 0.0 0 -- -- 15 1
0 0.0 0 -- -- 16 1
0 0.0 0 -- -- 6 1 11
0 0.0 0 -- -- 5 1
0 0.0 0 -- -- -- -- -- -- --
0 0.0 0 -- - - -- -- -- -- 12
0 0.0 0 -- -~ -- --
0 0.0 0 -- -- -- --
Bl
ausloaud!
JM
oozl
aygiidl sJlo=]|
Ly ‘ pornlis yw | ©lawsd yw | Ssac yw | Syl Jawo
vlasal) ol,>¢luS 830 | aw/d/3p
so0 | 100 | 250 15 2640

Case 3
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Inputs

e J guaaall

30 @S ; idall
1999-2-1 : 41,3 g S
200 : Jladl) aae

6 : ) (i Adlsa

3.5 i ghaall G Ablsa
Al A Al ol g8

1.5 ;48 aa gla

e caladl) Al

G S - (g geand) dlaad)
4ol8s sdans) eM‘ Aland)
ALl 10 S ¢ dpandil) J g2

Outputs
Ajae e a3l
) S Caiall
aia Gl Al
200 Olaiy aae
s sall 2L (5l olie DA (g i) 6N ali
el Uada <l el &l i Los Jara Gl yedae el
popdlisn | ol hud on Bhne ks s s
Baa) ol Bapeniill 8 jladll o) ja 6IS Ol8/3a | oy S
a0l G
- -- - - -- - - -- 1
- -- - - -- - - -- 2
-- -- -- -- -- - 100 5
-- -- - - -- - 31 1
3.9 0.2 - -- 5.2 1.7 23 2 3
5.7 0.3 - -- 7.6 2.5 23 2
34 0.2 - -- 4.5 1.5 28 2
4.0 0.2 - - 5.3 1.8 29 2 4
2.2 0.1 - - 2.9 1.0 30 2
2.6 0.2 - -- 3.4 1.1 31 2
3.0 0.2 -- -- 4.0 1.3 33 2 5
34 0.2 - - 4.5 1.5 36 2
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3.7 0.2 . -- 4.9 1.6 27 3
1.9 0.1 -- -- 2.5 0.8 28 3 6
1.9 0.1 -- -- 2.5 0.8 30 3
2.0 0.1 -- -- 2.7 0.9 33 3
5.8 0.0 - -- 0.1 0.0 27 4 |7
5.8 0.0 . -- 0.1 0.0 29 4
5.8 0.0 - - 0.1 0.0 27 5
-- -- -- -- -- -- 33 4 8
B -- . -- -- . 27 5
-- - -- -- - -- 28 5
2.5 0.1 -- -- 3.3 1.1 33 3 9
4.0 0.2 -- -- 5.3 1.8 32 3
3.9 0.2 - -- 5.1 1.7 31 3
- - . - - - 29 2 10
-- -- -- -- - -- 24 2
- - - - - - 42 1
-- - - - - - 20 1 11
-- - -- -- - -- 19 1
- - - - - - 16 1
- - - - - - 13 1 12
-- - -- -- - -- 12 1
B -- . -- -- . 12 1
Bl
&> louud!
JMs
Aozl
agiid] sJlo=]|
Ly G ‘ porlios yw | olawsd yw | Seac yw | Sy)l Jaso
vlasl ol,>9lS &f3p | aw/d/30
50 100 250 15 2640
Case 4
Inputs
ol 22l : diual)
2002-2-1: 41,3 &l
200 : S 220
6 : ) (i Adlsa
3.5 : i ghall ( 4dliwa
4l 4 Al ol g8
1.5 : 4 Al 4a gle
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i+ cldl) Alla
O oSS - g guand) Alanadl

4ol8d sdans) eé&l.n.d\ Alacad

AL 10 S ¢ dpanadll J gan

QOutputs
An)As e ac 5l
ue Jpanadl
ol 2208 Cauall
Cuas bl s
200 iyl aae
sl 2L (5l sla JDR (ya L) <V el
Cilalis Uaala Gl i Cilalis Gl i Ly Jara & jedae el
popdlis | ol hud on Bne ks s s
3aa) 5l nandl 3 laal ol s LS PEENIEEERS
b G
-- -- -- -- -- -- 100 5 1
-- ~- -- -- ~- -- 8 1
-- -- -- -- -- -- 7 1
- - - - - - 7 1 2
1.4 0.1 -- -- 1.8 0.6 8 1
2.6 0.2 -- -- 3.4 1.1 15 1
5.9 0.3 -- -- 7.8 2.6 35 1 3
8.6 0.5 -- -- 11.4 3.8 51 1
5.5 0.3 -- -- 7.4 2.5 33 4
5.4 0.3 -- -- 7.2 2.4 32 5 4
4.3 0.3 -- -- 5.7 1.9 38 5
2.5 0.1 -- -- 3.4 1.1 22 10
3.1 0.2 -- -- 4.2 1.4 28 10 5
4.8 0.0 -- -- 0.1 0.0 32 10
5.2 0.0 -- -- 0.1 0.0 35 11
5.3 0.0 -- -- 0.1 0.0 36 10 6
-- - -- -- - -- 36 10
-- ~- -- -- ~- -- 36 10
-- -- -- -- -- -- 34 10 7
-- -- -- -- -- -- 34 10
-- ~- -- -- ~- -- 33 11
-- -- -- -- -- -- 30 10 8
-- - -- -- - -- 30 10
-- -- -- -- -- -- 26 11
2.5 0.1 -- -- 3.3 1.1 22 10 9
2.4 0.1 -- -- 3.2 1.1 21 10
2.4 0.1 -- -- 3.1 1.0 21 10
- - -- - - -- 35 4 10
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11

- -- - - -- - - -- 12

SBLYI
auslooud!
JUs
Aozl
aygiidl sJlo=]|

pbiuu»‘ poswlis) G |0L¢—ws§uu wsac gu [S)ll Jazo

Ulasl ol,>elS O3p | aiw/B/3p

so0 | 100 | 250 15 2640
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