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A Methodology for Building
aGagic Treaament Mood

1 Introduction

The aim of this document is to present a methodology for building a generic treatment model.
The generic model would serve both the developers/designers of a treatment expert system
and the implementers of an expert system tool. The primary goa for developing this
methodology, and consequently a tool based on it, is to facilitate the rapid development of a
treatment subsystem by offering the system builder a template that can be easily filled To do
so, we have aimed to identify and capture all knowledge that is related to the treatment task of
the vegetables regardless of the crop, and identify concepts that vary from one crop to
another. It is significant to mention that all example shown in this document are from tomato

crop.

2 Built in/Required Concepts

2.1 Plant Related (Plant Ontology)

2.1.1 soll
Name: Soil
Properties:
Name
Description
Source of Value
Type
Value range
2.1.2 Water
Name: water
Properties:
Name
Description
Source of Value
Type
Lega values
2.1.3 climate
Properties:
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Ec

soil salinity
user

Real

Number-range(1.0e-5,1000)

Eciw

Electronic conductivity of irrigation water (Ds/m)
DB

Real

Number-range(0,3)



Name

Prompt

Source of Value
Type

Legal value

2.14 plant

Properties:

Name
Description
Source of Value
Type

Value range

Name
Jescription
source of Value
‘ype

.egal values

Name
Prompt
Source of Value

Type
Legal —values

2.1.5 plantation

Name
Source of Value

Type
Prompt

Name
Source of Value

Type

' £l Allstemp-status
L) s el
user
Nominal

Adle iaiaie dla gie

- > >

Age

Plant age

Relation (plant_age)
Integer

Number-range(0,20)

Growth_stage
Plant growth stage
Relation (growth stage) (from diagnosis)
Nominal/single
a0 gai, (5 i sal

'Crop-type

" ganall g g LRI
user
Nominal/single

tadalals! " 5 _ypill alalals’

Date
user
Date
Aol )3l ol s L

Zcurrent_f_date
Relation(Current-date)
Date

! the crop concept of tomato is converted to property in plant concept
2 This property is moved from concept plant to concept plantation
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Name Zcurrent_s_date

Source of Value Relation(Current-date)
Type Date
Prompt Aol )l m ) o L
Jame' irrigation_method
Jescription
source of Value User/DB
ype Nominal/single
Legal values et Jadli
Name Type ¢ s
Prompt fae jallg s p L
Source of Vaue User
Type Nominal/single
Legal value /G, < a5 280 i)
Jame last f material_exist
Jescription
source of Value User
ype Nominal/single
Legal vaues Yes/No
Jame last f material _used
Jescription
source of Value User
ype Nominal/single
Legal vaues Any of material names
Jame last_ s material_exist
Jescription
source of Value User
ype Nominal/single
Legal vaues Yes/No
Jame last s material _used
Jescription
source of Value User
ype Nominal/single
Legal vaues Any of material names
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2.2 Crop Related (Crop Ontology)

In the agriculture domain, we can classify the plants into three main categories: Crops,
Vegetables, and Trees. Under each of these categories we have several plants. For each of
these plants, we can find different disorders and their treated operations. This document
represents the treatment task for vegetable which includes:

e Bean(B)
e Cucumber (Cu)
e  Meon(Me)

e Strawberry (Str)

e Tomato (To)

221 Treat_op

Properties:
Name Treated-disorder
Description List of disordersthat are treated by this treatment
operation
Source of Value Relation
Type Nominal/multi
Legal values
Name Obligatory-material-name
Description Some disorders need a specified set of materials that
should be used to treat them.
Source of Value Relation
Type Nominal/multi
Legal values All materials
Name Optional-material-name
Description Some disorders can be treated using alternatives of
materials. The user can select one of these material.
Source of Vaue Relation
Type Nominal/multi
Legal values All materials
Name Flag
Description Thisflag is used to determine if this treatment
operation has been visited or not
Source of Vaue Relation
Type Nominal
Legal values 0-1(Default=0)
Name Material-gty
Description The quantity of the material
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Description The unit of the quantity of the material
~Sourceof Value  Relaion
Type Nominal
Description The method used in applying the treatment operation
 Sourceof Value
Type Nominal

Description
~Sourceof Value  Relaion
Type Nominal

Description
‘Sourceof Vdue  Relaion
Type Nominal/single

Description
~Sourceof Value  Relaion
Type Date

Description
~Sourceof Value ~ Relaion
Type Nominal

Description
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22111

22112

22113

22114

22115

22116

22117

22118

22119

Source of Value

Relation

Type Nominal/multi
Lega values
Name number
Description The priority of treatment operation
Source of Value Relation
Type Number
Value range 1-10
Name Used-material-flag
Description Thisflag is set if the material is used as obligatory or
selected by user
Source of Value Relation
Type Number (0-1default zero)

1T reatment-operation Taxonomy
2211 Treat-op- fungal
Sub-type of: treat-op
Root-rot-treat-opl
Root-rot-treat-op
late blight_treat opl
late blight_treat op2
late blight treat op3
late blight_treat op4
early blight treat opl

early blight treat op2

early blight treat op3

2212 Treat-op-insects
Sub-type of: treat-op

! Each disorder should have number of treatment operation = number of treatment materials
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22121

22122

22123

22124

22125

22126

22127

22128

22129

221210

grass_hopper_treat op 1

Name Choose_method

Description The method used in applying the treatment operation
Source of Value User

Type Nominal

Prompt Ll dalladd 4 e sl

Value range ol padal ! e (5

aphids treat op 1

potato_tuber_moth_treat op 1

cut_worm treat op 1

mole crickets treat_opl

white fly treat opl

leafminer_treat_opl

tomato_fruit worm treat_opl

white _grubs treat op 1

jassid treat opl

2213 Treat-op-virus
Sub-type of: treat-op

2214 Treat-op-nutrition-deficiency
Sub-type of: treat-op

2215 Treat-op-spiders
Sub-type of: treat-op

2216 Treat-op-environmental
Sub-type of: treat-op

2217 Treat-op-nematode
Sub-type of: treat-op

2218 Treat-op-bacterial
Sub-type of: treat-op
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2.2.2 Disorder

Disorder Taxonomy

2221 fungal
Sub-type of: disorder

2222 insect
Sub-type of: disorder

2223 virus
Sub-type of: disorder

2224 nutrition-deficiency

Sub-type of: disorder

2225 spiders
Sub-type of: disorder

2226 environmental
Sub-type of: disorder

2227 nematode
Sub-type of: disorder

2228 bacterial
Sub-type of: disorder

Name
Description
Source of Value

Type
Legal values

Name
Description
Source of Value

Type
Legal values

Name

Description
Source of Value

Type
Valuerange
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Confirmed

User
Nominal/multi
All disorders names

infection

User
Nominal/single
Aa8a ';] )L','wf'

percentage infection

The percentage of the disorder infection
User

Number

>0

11



2.2.3 leaves

Name(t)

Prompt

Source of Value
Type

Legal value

Name(t)

Prompt

Source of Value
Type

Legal value

Name(t)

Prompt

Source of Value
Type

Legal value

Name(t)

Prompt
Source of Vaue
Type

Legal value

Name(t)

Prompt

Source of Vaue
Type

Legal value

Name(t)*

Prompt

Source of Vaue
Type
Legal value

phosphorus_level

"G sYL kil (5 sia

User

Nominal/multi
"y yra e Mlaa (addid(addie

potassium_level

"G 5T p sandli sall (5 sinna

User

Nominal/multi
"QJ)MP""J.; e |’| BT

magnesium_level

1315530 p st Ll 5 s

User

Nominal/multi
g yra e Mas Hadsia(idia

excess _nitrogen_level

Cr ol 80l ) (5 e

Gl 3L ) (5 sse 23 g Jaradly 31 5Y) sty o8
User

Nominal/multi

lvq}ﬂﬁl’lh.; @.‘:'J""a'éﬁf

nitrogen_level

"G sYG O syl (5 sl

User

Nominal/multi
"y e g Naa addia ! ddia

no_of_mines on_|eaf
sl A

"8 3 e sl A o e
User

Number

>0

! The holes_on_leaves concept of tomato is considered as property holes _ percentage
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3 Required Relationships

In the following sub-sections, the list of relationships that are required for using the generic
treatment model, will be detailed. For each relation, adescription as well as the required
output will be described. Though, in some cases an input might also be outlined, the expert
system designer is free not to use that particular input, or to use other inputs aslong as the
specified output results from the relation.

3.1 Treatment Operation Related (Operation Ontology)

3.1.1 Specify treat-operation
Relation name: specify-treat-op
Type: User-defined
Description:
Thisrelation is used to determine the required treatment operation used to treat

confirmed disorder such that for each disorder class, arule cluster is developed
as shown in the examples from the tomato subsystem.

Relation input: confirmed disorders, plant observations
Relation output: The specified treatment operation(s) for each disorder

1-Specify-fungal-materials of tomato

} Relation | Description
I F
(Di sorder.confirmed==Js it @l ol ||
Di sorder.confirnmed== '",,i%1 ac")
THEN

Di sorder. confirned =X
Root-rot-treat-opl.treated-disorder = X
Root-rot-treat-opl. obligatory material _name = w3’
"eSor o Sty

Rulel Root-rot-treat-opl. nmethod= 'i,;u1 e Gy'
Root-rot-treat-opl.date= current_s_date;

Root -rot -treat - opl. nunber =1;
Root-rot-treat-op2. treated-disorder = X;
Root-rot-treat-op2.obligatory material _nane =
VeBo ol uy o IShw STHSY Y Qg S
Root-rot-treat-opl. method= i1 e @'
Root-rot-treat-op2. date= current_s_dat e+15;
Root -rot -treat - op2. nunber =2;

I F
Di sorder.confirmed== 5,305l 555!
THEN
| ate_blight _treat_opl. Treated-disorder = 5431l
SEIRuYR

Rule2 | ate_blight treat _opl.obligatory material _nane =
JeST 1Ty s

late_blight_treat_opl. method=_sL o< @)

| ate_blight treat_opl.date= current f date

| ate_blight treat_opl. nunber =1

| ate _blight treat _op2. Treated-disorder = 4.l
BEIREYN

TR\CLAES\290\2004.12 13



| ate_blight treat_ op2.
"wlE g un)

| ate_blight _treat_op2.
| ate_blight _treat_op2.

obligatory material _nane =

met hod=_sL ey s @)
date= current f date+7

| ate_blight treat _op2. nunber =2

I F

Di sorder.confirmed! = !5, 50000 5,001&8&%
(

Di sorder.confirmed== "G ,,¥1 gie']|

Di sorder.confirmed== "golo ! guaxdl']

Di sorder.confirmed== 3,551 851" ||

Di sorder.confirmed=="@a Y1 Glull ;ac'

)

THEN

di sorder. confirmed== X;

| ate_blight treat opl.
| ate_blight treat_ opl.
Je S o1 4oss!

| ate_blight _treat_opl.

Tr eat ed- di sorder =X;
obligatory material _nane =

met hod=_ 5Ly s @)

TR\CLAES\290\2004.12

| ate_blight _treat_op3.
;%O'

| ate_blight treat_ op3.
| ate blight treat op3.
| ate_blight _treat_op3.

| ate_blight _treat_op4.
"o st

| ate_blight treat op4.
| ate_blight _treat_op4.
| ate_blight _treat_op4.

14

Ruled |ate _blight treat _opl.date= current f date
| ate_blight treat opl. nunber =1
| ate_blight treat_op2.obligatory_material _nane= ¥y,
;%O'
late_blight _treat_op2. met hod=_5L o< @
| ate blight treat_op2.date= current f date+7
| ate_blight treat _op2. nunber =2
| ate_blight _treat_op3.obligatory _material nane=
"o Los! !
l ate_blight _treat_op3. met hod=_5L o< @
|ate blight treat _op3.date= current f date+14
| ate_blight _treat_op3. nunber =3
I F
Di sorder.confirmed== s s 5,001&&%
(
Di sorder.confirmed== "G ,4¥1 e
Di sorder.confirnmed== "golao,Jl guaxdl']
Di sorder.confirmed== j,isi 3531 |
Di sorder.confirmed=="gp, Y1 Glull (i
)
THEN
Di sorder. confirmed== X;
Ruled | ate_blight _treat_op3. Treated-disorder =X

obligatory material _nane= Y,i,,

met hod=_5 Ly s @)
date= current _f date
nunber =1

obligatory material _nane=
met hod=_5 Ly s @)

date= current f date+7
nunber =2



Rule5

| F

Di sorder. confi r ned!
Di sorder. confirnmed!
Di sorder. confirnmed!
Di sorder. confi r ned!
Di sorder. confi r ned!

bl 5.1 &&
"GlosYl e '&&
"ol Gaall '&&
JaaSl Y &&
TeoY L Glell e '&&

(
Di sorder.confirmed== '& Sl 550500 "]]

Di sorder. confirnmed== ', Leall @i, 5"
Di sorder. confirned==
)
THEN

Di sorder. confirmed== X;

early blight _treat _opl. Treated-disorder =X;
early blight treat _opl.obligatory material nane
JeST 1T jneS!

early_blight_treat_opl. nethod=_5L.a.< @,

early blight _treat opl.date= current_f _date

early blight treat opl. nunber =1

early blight _treat op2.Treated-di sorder = X;
early blight treat _op2.obligatory material nane
"%O'Uub;i_H 4_3)_9_15_5_“\1“
early_blight_treat_op2. nmethod=_5L.a.< @,

early blight treat op2.date= current f _ date+10
early blight _treat op2. nunber =2

]

Di sorder.confirmed== ", L1 Gi,,Y 1 ains'||
' )
1

Rule6

I F

( . ;

Di sorder.confirmed== s, 1541 5455001
Di sorder.confirmed== "G ,,¥1 ' ||

Di sorder.confirmed== 'golao Jdt Guaxdi'|]|
Di sorder.confirmed== j,is1 551" ||

Di sorder.confirmed== '@ Y1 Glall gac'
) &&

(

Di sorder.confirmed== "3 ,su 01 54051 " ]

Di sorder.confirnmed== ", L5081 GI,eY1 e 5" |
Di sorder.confirmed== "' Laall @i, ']

Di sorder. confirmed== ' _ 35431 @l Il

)

THEN

Di sorder. confirmed== X;
early_blight_treat_op3.treated-di sorder = X;
early_blight_treat_op3.obligatory_material _name =
YeBor ol uy eSSt

early_blight_treat_op3. nethod=_sL oS @)

early blight treat op3.date= current f date

early blight_treat_ op3. nunber =1

2-Specify-insect-materials of tomato

Relation

TR\CLAES\290\2004.12
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Rulel

I F

Di sorder.confirmed== 'olbUaidl!
grass_hopper_treat_op_1.chosse_nethod = ' Sl oS @)
THEN

grass_hopper _treat _op l.treated disorder="olblnhill" ;

grass_hopper _treat _op_1l1.obligatory material _nane =
'&%O' 09“\"\“\2‘)'

grass_hopper_treat_op_1. Method="_SLias< @, ';

grass_hopper_treat_op_1.Date= current _f _date;

grass_hopper _treat _op_1. nunber=1

RuleY

| F

Di sorder.confirmed== ‘'clblhill"
grass_hopper_treat_op_1.chosse_nethod = 'pslw pxb'
THEN

grass_hopper _treat _op l.treated disorder="olblnhill" ;
grass_hopper _treat _op_1.obligatory material _nane =
"oawl Juet%tr GeaSUiwentosy !
grass_hopper_treat_op_1. Method="¢slw pxb' ';
grass_hopper _treat_op_1. Date= current_date;
grass_hopper _treat_op_1. nunber=1

RuleY

I F

Di sorder.confirnmed== 11 '&%
(oLt infection = "ixis,."|]
ot oinfection =dihwgis')
THEN

aphids_treat_op_1.obligatory _material _name = [oV oo’
] ;%]

aphids treat _op_1.treated disorder=g.1" ;

aphids_treat _op_1. Method="_LaS ("
aphids_treat_op_1.Date= current_f _date

aphids_treat _op_1. nunber =1;

Rule4

I F

Di sorder.confirmed== 11 '& &
olr'.infection = ' iaixi,'
THEN

aphids_treat_op_1.optional _material_nane = [ ;. .u'
"Jlosy o', sl oS, T L wla]

aphids treat _op_1.treated disorder=g.1" ;
aphids_treat_op_1. Method='_SlLiays @y’
aphids_treat_op_1. Date= current _f _date
aphids_treat _op_1. nunber =1;

Rule5

I F

Di sorder.confirnmed== "@whih Jl oL,y 441 43"

THEN

potato_tuber _noth treat_op_1.obligatory material _nane =
"EVY Sl

potat o_t uber_nmoth_treat _op_1. Method=" Loy S Gy""
potato_tuber_noth_treat_op_1.Date= current _f _date
potato_tuber noth_treat_op_1.nunber=1;

Rule6

TR\CLAES\290\2004.12

| F

Di sorder.confirnmed== L' &&

Di sorder.confirmed! = '"iso,L3Jl 554u1"

THEN

nmol e crickets 1.optional material nane = o+ 593 hex woe
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Telaot®Er (e lSwgeatiyd Gemwao',"slo + Yo JLiylo
nol e crickets treat _op l.treated disorder=,L:s1";
nol e_crickets_treat_op_1. Method='glw pxb'
nol e_crickets_treat_op_1. Date= current_date
nol e _crickets_treat_op_1. nunber=1;
| F
Di sorder.confirned=='"io,Lill 5554 '&%
Di sorder.confirned! = ,Las1"’
THEN
Rule7 cut_wormtreat _op_l.optional _material _name = + 55,
Telaot®Er e SlSwgatody', "l + Yo JLiy Lo
cut_wormtreat op l.treated disorder="dis,Lill s55u1;
cut_wormtreat_op _1. Method="'ale pxb'
cut_wormtreat_op _1.Date= current_date
cut_wormtreat_op _1.nunber=1;
I F
Di sorder.confirnmed== '"io,Lill 55541 '&%
Di sorder.confirnmed==,Las1"’
THEN
cut_wormtreat_op _1l.optional _material _nanme = + 5.,°'
RuleA Telot%sr e Sliwgatosy', "ele + %Yo JLiylo
cut_wormtreat _op_l.treated disorder= "is,Lill 5544l
B LN
cut_wormtreat_op _1. Method="'ale pxb'
cut_wormtreat_op _1.Date= current_date
cut_wormtreat_op _1.nunber=1;
I F
Di sorder.confirmed== 'GLiY1 olaslo'&&
"GLY I olxsls''. no_of _mnes_on | eaf >=3
THEN
| eaf miner treat_opl.obligatory material _name = + a5y’
Rule9 , s =
dogl 05s
leaf miner treat_opl.treated disorder='gLas¥1 olsslo'" ;
| eaf mi ner treat_opl. Met hod="_Loy< @'
| eaf mi ner treat_opl. Date= current_f_date
| eaf mi ner treat_opl. nunber =1;
I F
Di sorder.confirmed== 'GLiYI olalo'&R
Rulel0 "GLisY ! olasls''. no_of _mines_on_|eaf <3
THEN
| eaf mi ner treat_opl.obligatory_naterial _name = “none”
| F
Di sorder.confirmed==':La )l 4i,1,0J1"'&&
Plant.growm h-stage !'= "fruit stage'&&
(Plant.nonth = 12;
Pl ant. month! = 1;
Plant.month = 2)
Rulell THEN
white fly treat_opl.optional _material _name = o+ ool
["SVY OauSadnw', 'S0 gannys', 'S0 ol "o OlSwyl', 'S
white fly treat_opl.treated disorder=":Lay I i,L001"" ;
white_fly_treat_opl. Method="_sL o< @,
white fly treat_opl.Date= current _f _date
white fly treat opl. nunber=1;
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| F
Di sorder.confirmed== 'sLay 1 4,015,001 '&&
Pl ant.growm h-stage = '"fruit stage' &
(Pl ant. nont h= 12] |
Rulel2 Pl ant. mont h= 1] |
Pl ant . nont h= 2)
THEN
white fly treat_opl.obligatory_material _nane = “none”
I F
Di sorder.confirnmed== 'gabloabll L& 5342'&&
"ablahh I yLE 3540'. percentage_ infection < 0.5;
Rule13 TEN
tomato_fruit_wormtreat _opl.obligatory material _nanme =
none
I F
Di sorder.confirmed== 'pblahll HL& 35552'&%
"eablakldl yLE 35505". percentage_infection > 0.5;
THEN
tomato_fruit_wormtreat opl.optional _material _nanme = [
Ruleld Te%d o YT e o oa iy
tomato_fruit_wormtreat_opl.treated disorder= ,L¢ 5540
"abladall;
tomato_fruit_wormtreat_opl. Method="_sL o< @)
tomato_fruit_wormtreat opl.Date= current _f_date
tomato_fruit_wormtreat opl. nunber=1;
I F
Di sorder.confirnmed=='"ghill Gys 5542'&%
"okidl Gy b050'. percentage_infection > 0.5;
THEN
cotton_l eaf_worm 1.optional _material _name = [9: Goy0es3"
Rulel5 Te%dr o YT %, TS0 gl adyy!
cotton_l eaf_wormtreat _opl.treated disorder= G,5 55405'
BRNSYE B
cotton_| eaf _wormtreat_opl. Method='_SiLiais @y’
cotton_l eaf_wormtreat_opl. Date= current _f _date
cotton_Il eaf _wormtreat_opl. nunber=1;
I F
Di sorder.confirnmed=='"ghill Gys 5542'&%
Rulel4 cotton_l eaf _wormtreat_opl. percentage_infection < 0.5;
THEN
cotton | eaf _wormtreat opl.nmethod= 'Lysu’
I F
Di sorder.confirnmed==JLd1' ;
Rule15 Di sorder.confirmed! = 'L <l glagadl'
THEN
white grubs treat _op_1l1.obligatory nmaterial _nane = none
| F
Di sorder.confirnmed=='i,<luil glayudr' ;
Rul116 THEN
white grubs treat _op_1.method= 'Lysu'
I F
Rulel7 Di sorder.confirned== L ul>" ;
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THEN
jassid treat_op_l.obligatory material _nanme = none

3.1.2 Specify advice

!Relation name: specify advice

Type: User-defined

Description:
Thisrelation is used to determine the advice required in the treatment of specific
disorder

Relation input: treatment operation, lant observations ,|antation.type, Plant.crop-type
plant.growth_stage, climate.temp-status, Water.eciw, soil.ec, disorder.infection

Relation output: treatment-operation.advice

}Relaiion | Description
| F
(Root-rot-treat-opl.treated disorder=",,is1 (]|
Root-rot-treat-op2.treated disorder="'J,,ili1")

Rulel THEN

e Root-rot-treat-opl.advice = Js Lol o jid.Yo didloly b’

"ol
Root-rot-treat-op2.advice = Js o3l o jid.Yo didloly b’
"ol
I F
Treat_op. treated_disorder=""_i, 35,001 @lyall’;
(Plantation.type= "wso'||

RuleY ;DI ant.crop-type = 'spall ablab
THEN
Treat_op('' i dadl @l di).advice = (o jJd.Yo idloly ab'
"ol JS g
I F
(Treat _op. treated_disorder=";,is1 ;531 "]|
Treat _op. treated disorder="solo, 1 o=l '|]
Treat_op. treated_disorder="""41,,31 gac'|]|

Rule” Treat _op. treated disorder="""e@a NI GLall (ic');
(Plantation.type=1!"0s0'||
Pl ant.crop-type = ablob'
)
THEN
Treat _op.advice = "ol yaS gais''
I F

Ruled (Treat _op.treated disorder=";,55I,531"|]|
Treat _op. treated disorder="solo, 1 sl '|]
Treat _op. treated disorder="""'51,,Y1 ;ac'||

! The advice is added to the treatment operation(s) of the affected disorder like in thefirst rulei.ethe
developer should know the number of treatment operation for each affected disorder then add advice to
each one.
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Treat _op. treated disorder="""@m VI GlLall (ic');
(Plantation.type= '"wswn'||
Plant.crop-type = " il ablab'
)
THEN
Treat_op.advice = diosgilly pb' ' olull duaS gaas''
| F
Treat_op. treated disorder= viral disorders &&
Pl ant. growt h-stage != "fruit stage'
THEN
RUIES Treat _op. advi ce = ("ol Jas g ol yadl g asSE")
(Lebyg a8 5 doball olSLdl g&l ")
ol Jod gembally doay Juin a8 Aolall oSS g8 way')
("ToLsLadr Bl
| F
Treat _op. treated disorder= fungal disorders &&
Rule6 Treat_op. Method = ' Sl gy’
THEN
Treat_op.advice = ('goJI Jub yladildl gax pb'
I F
Treat _op. treated disorder= viral disorders &&
Rule7 Pl ant. growt h-stage = 'fruit stage'
THEN
Treat _op.advice = ' il de 5wl yslio abedl!
I F
Treat_op. treated disorder= "s ool o aildi'|]
Rule8 Treat_op. treated disorder= ', ool gl
THEN
Treat_op.advice = 's 11 g psE!
| F
(Treat_op. treated disorder= "', auill p@is'|]
Treat_op. treated disorder= 'u ud! p@is'||
Treat_op. treated disorder= "pguyielll is'|]|
Treat _op. treated disorder= "g53J1 4is')&&
Rule9 climte.tenp-status = "iasis'ss
(Plantation.type= "wsn'||
Plant.crop-type = 'sill ablab'
)
THEN
Treat_op.advice = '"iLsall Lidaby pb'
| F
Material . treated disorder= 'goyu353 @i’
Rule1l0 THEN
Treat _op.advice = '"azimall s Il Jgag aisdl!
I F
Treat _op.treated disorder=nutrition deficiency
di sor der s&&
Rule23 Water.eciw > 0.5
THEN
Treat _op.advice = "6, 31 olys d>gle JJ3'
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| F
(Treat_op.treated disorder="gsiwl gy Il pais'||
Treat _op.treated disorder= 'pouiu Il pis'||
Rule24 Treat _op.treated disorder= 'pguiiclll gpis'||
Treat _op.treated disorder= '"u,utl pnis')&&R
soil.ec > 2
THEN
Treat _op.advice = "¢, Il olyo d>gls J13'
I F
Treat _op.treated disorder="i>qslo s500Lu3"
Rule25 THEN
Treat _op. advi ce= slewll aasS JI5 3 Gpall plbs gus'
"o Lag S
I F
Treat _op.treated disorder="phsiio y& s '
Rule26 THEN
Treat_op. advice="s, 11 g psE!
| F
Treat _op.treated disorder='i,slass iylsol'&&
(Plantation.type= 'wGon'||
Rule27 Plant.crop-type = ' il ablab'
)
THEN
Treat_op. advice="di g5 Il pb'
| F
Treat _op.treated disorder="i, lays iylol’
THEN
Rule28 Treat _op.advice=", LG ol & $Yo 1 sydl oluw 345"
UL oblall olSLodl Jawsy ab!
"iby 3T g plolo Bal ol a1 @y sl "
| F
Treat _op.treated disorder="¢ ;1 s5l5)"
Rule29 THEN
Treat _op.advice='s, Il olyo JI3'
I F
Treat_op.treated disorder=" 'z iall'&
Rule30 "eaiall'oinfection = "icasy .’
THEN
Treat _op.advice='s, Il olyo JI3'
I F
Treat_op.treated disorder=' "'z, iall'
"ardaldl'oinfection = ' iaasi!
Plantation.type !'= "C.0'&&%
Rule31 Plant.crop-type = ablob'
THEN
Treat _op. advice=pas. 3,¥1 guiy obodl hiy ol asz'
'Q\_g_i_fl =
| F
Rule32 Treat_op.treated disorder=' "'z, inll'
"eaiadloinfection = "iaaxil'&
(Plantation.type = "os0']||
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Plant.crop-type = 'syill pblob'
)
THEN
Treat _op. advice=pas. 3,¥1 guis obloldl hiy ol asz'
TR Y I G W WU I [V Y ISP C PG W PR
| F
Treat _op.treated disorder=' 'gxJI"
Rule33 THEN
Treat _op. advi ce= Juxll s> Ligy45 ¢ydl olin yaS ais
'
I F
Treat _op.treated disorder="qail dizul'&%
Rule34 Pl antation.type= 'G i, Ji>'
THEN
Treat _op. advice="; 31 @i, oLl e’
I F
Treat _op.treated disorder="poiJl izwl'&&
(Plantation.type = 'Gau'| |
Rule35 Plant.crop-type = 'syill pblob'
)
THEN
Treat_op.advice=""zl wwlly )31 g bl s Uazdl gy’
I F
Treat _op.treated disorder='gLiY 1 olaslo'&&
R38 Leaves. no_of nines_on_|leaf < 3&&
Pl ant.age > 30
THEN
Treat _op.advice=' Lgi,2 ab 5 iLall Gl,aY1 g351!
I F
Treat _op.treated disorder='gLiY 1 olaslo'&&
R39 Leaves. no_of nines_on_| eaf <3&&
Pl ant . age <= 30
THEN
Treat _op.advice="' il sl ixdl i a8yl e hisl
I F
Treat _op.treated disorder=":La Il iuLoidl'&&
Pl ant.growt h-stage ='fruit stage' &
(Current-date. nonth =12] |
Current-date. month =1] |
R40 Current-date. month =2
)
THEN
Treat _op. advice= suaz ye sj0dl oda & sLapdl duloddl gie!
(" Luo Lai sl

3.2 Plant Related (Plant Ontology)

3.2.1 growth stages

Relation name: growth_stages
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Type: User-defined
Description:

Relation input: whatever is appropriate
Relation output: plant.growth-stage

fromcrop to

4 Required Tables

4.1 Treatment Operation Related (Operation Ontology)

4.1.1 Specify material-qty

Table name: specify material gty
Type: User-defined

Table input: treatment-operations
Table output: treat-op.material_qty

Description:

Thistableis used to determine the required materials quantity

table ninput: treatment-operations, , plantation.growth-stage, ,plantation.type
Relation output: material gty, unit, mode entry of the treatment-operations

Thisrelation is used to determine the plant’ s growth stages. Thisrelation varies

/P Oo/P
Treat-op. material_name Treat-op. Treat-op. qty_unit
material_qty
Ly ke g 15 ALY e/ A
‘e 2 20 DY el
ol 3 15 A A
'y s 15 Al e/
[Slis b o g 250 DY el
' o 515 5] Clias 50 A /e
'£%° O 200 DAY/ Al
640 « L) 300 TA Y v e/ e
1 sl i 250 A /Al
o sl Sl) 3y ) IS 100 DAY e /el
el S, 100 A /A
"l ¢y sl 250 DAY e/l
_I 'das) 28! ), DY A

/P O/P

Treat-op. Treat-op. Treat-op. Treat-op.
material name material_qty | gty unit mode_entry
Vo O a3t | e IS AR B TS FEN
"e%o o Syt

Lyse— Y L AL R AR LAY /el - sl

oy 9 S SIT+% ! B3
& 'e%o ol
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) 5, Sy 250 ’)ﬂ\../(“ﬁ’ 'g_é-“x'
' 5%0 . w Lx i |
" LE gy 250 DAY et ] el
'd)S\‘).u\\‘).I_,S' 250 'Jﬂ\"/e‘ﬁ' lém\“l
Gl 250 A At ] e
l;%\/Y U S_ X |l 200 lﬂ\../ "L 1 l(;.‘fm\“l
TeSVY §sSadaw' 1200 ALY L e
V%) e [ guj_o' 5 'gm/plant' 'LSJLGA.'
"% gyt 75 | "AN el oS!
V%0 et 400 | ' Ye e/ il ' oS!
LI O|.L_l_”>)' 250 vﬂ\,,/%v 'U_G_.o)\_,'
'e%oy Uj_’:_b{_o' 250 vﬂ\,,/%v 'U_G_.o)\_,'
"% ooy 75 | ' A Y e /s oS!
%00+ el 125 DAY /L s e
v%o,‘._‘lsﬂ}‘v 300 ')ﬂ\"/‘)w' ‘A‘A\ﬂ
% Osn Yoo B AR el I P
'dasl 338+ %0 o5y '200+150' DAY /] RS
'Jas) S+ %0 Cua S '150+150' Ay e/ e [ e
'Jasl 238+ 2 '65+150' Tl e/l s
%Yo Jui ' Yo S Ve [ Al e
’@JA
'Jasl 338 + %0+ iyl '50+150 Y/l | e
/P olIP
Treat-op. Plant.growth-stage | Treat-op. gty_unit
material_name material_qty
"poawsiele o5, s' | ' fruit stage' 50 BRI
" pswid Lo oSS! "fruit stage' 100 BRI
"egw eIl oyt | ' fruit stage' 50 U5 S BRI IS
"ew LSl ol ! "fruit stage' 100 BRI
wSyso" | ' fruit stage' 10 ' Y/ al gt
WSy e "fruit stage' 20 BRI
/P o/P
Treat-op. Plant.growth-stage Treat-op. Treat-op. Treat-
material_name Treated-disorder material_qty | op.qty_
unit
"o sl sall iy <! I'fruit stage' " sl pall i 150 | /ol —"
v)ﬂ Yo
"o sl gl Sl S fruit stage' o g2l gall 250 | /plo—
v)ﬂ Yo
A Sl I'fruit stage’ ") sinadl) i 100 | / &) p—"
v)ﬂ Yo
' Dl 54 'fruit stage’ ' studll 150 | /ol )—a
v)ﬂ Yo
i Srinid! I'fruit stage' el il 25 | /pl—a'
v)ﬂ Yo
FPESRSTENIY 'fruit stage’ " diaiall padd o | /&l p—n
v)ﬂ Yo
ALl el I'fruit stage "ysdall & a8 1o gl Yoo | /el
'O 5l pald ALY e
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I'fruit stage SIS 1 silagll Yool /el —
a5 yitl) A
I'fruit stage' S'huaiill | giley! Yoo |/l p—a
a5 i) A
I'fruit stage' RBTLENRCERRP P Yoo | /al—o
a5 yiil) AN
s I'fruit stage' 'O i) (! o | /al—a
DA
|/P o/P
Treat-op.Material_name Plantation-type | Treat-op. Treat-op.
material_qty gty unit
"% f v sl ga! ' i Jia! 1.25 'Ol / Al
'$%E s O silin ! '@ ! 32 'ml/100sgm’
60 ¢ v () odilina g sl 32 'ml/100sgm'
53 (3 saand 'S Jaa 25 'Ol [ aal!
53 B s’ ' 625 | 'ame sie e /ol
53 B s’ ‘Gl 625 | 'ame sie e /ol
03 ' 5iSa Jaa 25 'Ol [ ans!
o3 ‘G 625 | 'me sia)er /ol
Y okl 625 | 'mie e Vor /ol
"2 gl Juse! RN 5 1018 / aaS!
'3 gl Jue! ' g’ 200 | 'me s Ve /ol
13 gl Jee! Sl 200 | 'mie sie)ee /ol
N 1Ca piSa Jan' Vo 1olad /
sl ' 750 | ‘e Sie )+ / AU
L ST e e ) e+ /bl
/P o/P
Treat-op. Plantation-type | Treat-op. Treat-op.qty_unit
material_name material_qty

0 (sl s 45,0 (3 sannd! ' i€ Jaa' 25+ 1.25+ 15 | aaS- lad/ il Gl / g
"elat% 1ol /
E0 Ooilin ats ) Goane | sl '625 + 32 + 750" S e e ) e /el
"elet% - e e ) e/ il
‘e e Ve [l
o atlingats 3 Goaa |G '625 + 32 + 750' - @e Se ) e /el
"elet% - e e ) e/ il
‘e e Ve Jala
el %+ () silive saton ) ' S Jaa 25+ 1.25+ 15" | aaS- hd/ -l / aad
'Glad /
"elat0p € v () silins saton ) G’ '625 + 32 + 750' S s Ve [l
- e e Ve /il
B Fe e [l
"elat0p € v (o) siilins ga+oa 'l '625 + 32 + 750' @ e Yo Jala
- e e ) e/ sl
B Fe Ve [l
Yo Jldsle + 3,0 (5 enund 'Ca giSa Jaa 25 +1 + RIS SCYPEXS
'ela + % 15 - O/ aas

‘gl / il
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Yo JUijle + 3,5 (3 snusd Qe '625 + 25 -@)A)h\"/e\).é'
ele + % + 750 ploa-mse eV /ol
‘Ge eV /
Yo Jlijle 43,3 (§ sausa Gl '625+ 25 | -me s Ve /ol
'ela + 9 + 750 f"ﬁ'@)“ﬂ‘”"/?‘ﬁ
‘s fa )/
ela 4 9% Y0 JLi a4 33 1o iSa Jan 25+ 1+ | Jil- 8/ aaSC ] aag
1 'Ol /
'¢LA+%Y°JL&JLA+BJJ' Qg 625 + 25 -@JAJ’.\A\~~/6\).§'
+ 750 plor-@os e Ve [ola
‘e fa )/
'¢LA+%Y°JL&JLA+BJJ' 'l 625 + 25 —@JAJ’.\A\~~/6\).§'
+ 750 ploa-@os e Ve Jol
‘e eV /
4.1.2 Specify application-time
Relation name: specify application time
Type: User-defined
Description:
Thisrelation is used to determine the material application time
Relation input: used material, climate.temp-status
Relation output: material application time
I nput Output
Treat-op. Treat-op.treated Climate. Treat-op. Treat-op.
method disor der temp_status material.name Application-time
gy ,fungal i iy Byl 4t GG E!
"ol s i nsects LS el
"oy !
@' sfungal Byl !
"ol s i nsects ' dnwgie! < LS el
f I T
@' st unga d o "ol s sty
PSS i nsects e
mtes e Byl 4t LA
e SIS el
'&u)ﬁ.«' '075)_]\
Mtes e G Lt s LS
Ty Lad oyt !
! eadi ]|
'Pl_u.\ P_x_b' ')L_;’L_‘/Ll 'Jl_g_i_f\ ;l_i_ﬂ'
nemat ode oz olSes Gl Jus!
AR "5 h e

4.1.3 Specify tool

Relation name: specify tool
Type: User-defined

Description:

I Thisrelation is used to determine the treatment operation tool
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Relation input: Treatment operation , Plantation.irrigation-method

Relation output: Treat-op. tool

| nput CQut put
Treat-op. nethod | Pl antati on. Treat-op. Treat-op.
irrigation-nethod | Material _name t ool

[PPSR - P Tl
"By aws!

L INETEL Te3YE Huola! Yool s lue U5
ey

e 150t ' e Y ouols'! 'l
Pl

5 Required functions

51

5.1.1 Plant_age

Plant Related (Plant Ontology)

function name: Calculate plant_age

Description:

This function is used to calculate the age of the plant according to the
plantation date (or sometimes is called seedling date) and the current date.

Function input: (plantation.date|| plantation.seedling_date) & & system.date
Function output: plant.age

Function body:

plant.age = system.date- (plantation.date||plantation.seedling_date)

6 Required Procedure

6.1 Treatment Operation Related (Operation Ontology)

6.1.1 Select material

Procedure-name: select material

Type: build-in

Description: This procedure is used to determine the required material for treatment
operations. For optional materials, the system selects the most used material by more than
treatment operation. For the remainder treatment operations, the material list is applied to the
user so that she/he selects one of them such that thislist satisfies the following constraints:
—Materials are not used as obligatory for other confirmed disorders.
—One of the material in thislist has been chosen before.

For each treat-op OP do

{

Verify treat-op ;
Check obligatory material;
Determine most-used optional material;

}
Verify treat-op
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{

Verify that treat-op is not visited before(Check treat-op . flag);
If treat-op . flag ==1 then treat_op is visited Else If treat-op . flag
==0then treat_op is not visited

}

Check obligatory material

{
Get the obligatory material M of OP;
For each of the remainder treatment-ops do

{
Verify treat-op;
if treat_op. obligatory-material-name != empty then
{
M1 =treat_op. obligatory-material-name;
If (M=M1) then
{
Append treat-op.treated-disorder to OP.treated-disorder
set treat-op.flag to 1
}
} | | |
if treat_op. optional-material-name list = empty then
OPL=the optional-material-name list of treat_op
if material M is member of OPL
{
Append treat-op.treated disorder to OP.treated-disorder
set treat-op.flag to 1
}
}
}

Determine most-used optional material

{

Create optional material table;
Sort optional material table (descending);

M\ =The material name M\ of the first row of the table;

Set material M\ in corresponding treat-op(s);
For each unvisited treat_op do

{

Display optional material for treat_op disorders;
Get user choice M\,

Set material M\ in corresponding treat-op(s);

}
}
Create optional material table
{

this table consists of the following fields:
[[material name], [Treat-op name(s)], [disorder name(s)], [num- of-disorders]]

} Set material M\ in corresponding treat-op(s)
{
TOPs= Get the Treat-op name(s) field of M\Op1= first element of TOPs;
append the disorder name(s) field of M\ to Opl.treated-disorder;
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set M\ as obligatory material in Op1;
set all TOPs.flag to 1;
set Opl.used_material_flag to 1;

6.1.2 Order Treatment schedule

Procedure-name order

Type: build-in

Description:
Relation input: Treat-op, treated-before table
Relation output: Ordered Treat-op.

Proc_Order (List of Treat-op, treated-before table)

{
Get all Treat-op.number;
N = maximum number;
Forl=1tol =N Do
{
Get all treat-op[1]
For each treat-op[1] do
{
1- sdtisfy-treated-before-constraints
2- satisfy-shift-3-days constraints
}
}
}

satisfy-treated-before constraints (TOPL= List of treatment operations, TB-table)
{
[*sort the TOPL according to the treated before table */
Length = length of TOPL
for (int i=0; i<Length; i++)
for (int j=0; j< Length ; j++)
{
D1= Tr[j] .treated-disorder ;
D2= Tr[j+1].treated-disorder ;
if(D1 treated before D2) { temp= Tr[j+1]
Tr[j+1]=Tr[j];
Tr[j]=temp;
1}
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satisfy-shift-3-days constraints(TOPL)

/*1f the two treatment operation have the same method, there should be a 3 days shift between
each operation*/

Length = length of TOPL
for (int i=0; i<Length; i++)
for (int j=0; j< Length ; j++)
{
M1= Tr[j].method ;
M2= Tr[j+1].method ;
if(M1==M2)
else

Tr[j+1].date = Tr[j].date +3;

if (Tr[j+1].date < Tr[j].date)
Tr[j+1].date = Tr[j].date

7 Domain scheme

Relation name | Relation I nput output
type
Soil_type Rulecluster  |Soil.texture Soil_type
Determine_growth_stage | Rulecluster | User_defined Plant.growth_stages
Specify-material Rule cluster | User_defined List of suggested treatment
opearions
Specify Advice Rule cluster | User_defined treatment opearions.advice
Specify materia gty Table User_defined treatment opearions
.material-qty,
treatment opearions
.material-unit
treatment opearions .mode-
entry
Specify tool Table User_defined treatment opearions.tool
Specify applicationtime | Table User_defined Treatment
opearions.application-time
Calculate plant_age Function (plantation.date|| | Plant.age
plantation.seedli
ng _date) & &
system.date
TR\CLAES\290\2004.12 30




8 Task Layer

Procedure Name Execute-Treatment

Thisis the main procedure for the treatment

A set of confirmed disorders
Plantation specifications

Output Treatment schedule

Pre- The user must enter a correct plantation date and a set of confirmed
Conditions disorders to start the treatment task

The whole task is called when the set of treated disorder is selected
by user except for virus and environmental classes. In this case the
task begin at the ninth step “ Specify advice”.

This should also be considered in the final screeni.e, in this case of
virus and environmental classes the output screen contains only the
disorder name and advice related to this disorder. Otherwise the
complete treatment schedul e appears.

1. Calculate-plant-age (build-in)
2. Determine-plant-growth-stage
3. Get-treated-disorder (build-in)
4. Specify treat-op

5. Select material (build-in)
6

7

8

9

1

Called
Procedures

(sequential) Specify material qty

Specify application-time, tool
Order treatment schedule (build-in)
Specify advice

6. Display the treatment schedule (build-in)

Procedure Name Calculate-plant-age

This procedure is used to determine the plant age

Concept Property Source of value
Input Plantation Plantation.date user
System Date system
Output Plant.age

Pre- None

Conditions

Play Inference (calculate_plant_age)

If plant.age > X then (calculate_plant_age)

Called Else{

Procedures | Display-message” There can not be any infected disorders at this age”
exit

}
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Procedure Name Deter mine-plant-growth-stage

This procedure is used to determine the plant growth stage according to
Description plant age. This procedure may be called in some crops and may be not
used in others.

Input User defined

Output Plant.growth stage

Pre- This procedureis crop dependant, in some crops only onerelation is
Conditions | used whilein others(likein cucumber) a group of relation is called
Called
Procedures

growth-stage model

Procedure Name Get-treated-disorder

This procedure is used to allow user to select the treated

Description disorder

Property Source of value
Confirmed user
Output List of confirmed disorders

Pre- None
Conditions

Input

Display the disorder taxonomy to the user to select a disorder (screenl)

IF the selected disorder belongs to the class of { virus and environmental

Called } then go to the last step (These classes of disorders doesn’t

Procedures have treated material, they have only treated advice and
application time)

Else go to the next step

Procedure Name Specify treat-op

This procedure is used to specify the treatment operations used to treat
each disorders.

We have two types of treated materials:

1-Obligatory materials (should be applied to plant)

2-Optiona materials (the user can select one of them to be applied to
plant).

Description

Disorder.confirmed
Disorder.per centage _infection
Disorder.infection

Output Set of treatment operation for each affected disorder
Pre-
Conditions
Called
Procedures

None

Specify materials models
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Procedure Name

Description

Input

Select material

This procedure is used to ask the user about the available material to be
used in treating each affected disorder

Confirmed disorder
Set of treatment operation

Output

Set of treatment operation

Pre-
Conditions

For optional materials only, apply material list to the user so that she/he

select one of them such that this list satisfies the following constraints:
—Materials are not used as obligatory for other confirmed disorders.
—One of the material in thislist has been chosen before.

Called
Procedures

Procedure Name

Description

I nput

Salect material

Specify material gty

This procedure is used to determine the quantity and unit of each
treatment operation

List of treatment operations

Output

Table contains each materials and it associated quantity and unit

Pre-
Conditions

For only the treatment operations that has the property used-
material-flag issetto 1

(Thisflag is set in two cases

1-obligatory material

2-selected optional material by the user

)

Called
Procedures

Procedure Name

Description

I nput

Specify gty model

Specify application-time

This relation is used to determine the application-time to treat
disorder

User defined

Output

Treatment operation application time and tool

Pre-
Conditions

For only the treatment operations that has the property used-
material-flag issetto 1

Called
Procedures
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el ANERTE Order treatment schedule

This procedure is used to order the treatment operations

Treatment operations

Constrain table that contains which disorder should be treated before
the others

Treatment schedule

1- For only the treatment operations that has the property used-
material-flag issetto 1

Pre- 2-We have two types of constraints:
Conditions a) treated before table (some disorders have to be treated before
others)
b) If the method is the same then, shift application date by 3 days,
otherwise the two treatment operations can be used at the same date

Order

Called
procedure

Procedure Name Specify advice

I nput User defined

Output Material Advice

Pre-
Conditions
Called
Procedures

None

Specify-advice Model

Procedure Name

This procedure is used to display the treatment schedule

I nput Ordered Treated operations

Output treatment schedule

The output screen may contain complete or partially completed
information about the treatment operations. Partially complete
information mean that we have only the disorder name and the
advice. This happen in two cases:

1- virusand environmental classes

2- some disorders of other classes.

So before display the final screen, we have to check the attributes
of the treatment operation to find if it contains partial or complete
information

Pre-
Conditions

Called
Procedures

Display
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9 User Interface

Figurel(sel ect-affected-disorder)
Thisisthe first screen to appear to the user. He/she should select one or more disordersto be

treated.
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Figure2(optional -operati on-sel ection)

Some of the treatment operation may have more than one aternative materials that can be
used in the treatment. The user can select the availabe material to him. This screen has two

icons,

1- kel Jsan

Which leads to figure 3 that contains the ordered treatment operations
2- dale zilal

Which lead to a generated reports that has two fields:
1- Name of treated disorder
2-  Advice about applying the treatment operation
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Figure3( g3l Js)
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