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SUMMARY

This report is a follow up of the PAGV report nr. 133: Information modelling for
arable farming. Both reports are part of a European project 'cooperative
development of decision support software using agricultural information medels’
within the EC CAMAR programme. Whereas in the previous report the general
information mode! for arable farming has been described, this report focuses on

certain business areas reterring to crop protection more in detail.

The information model for ‘crop protection in arable farming’ is based on the farmer’s
decision-making process related to crop protection and therefor only information and
decisions relevant to him are incorporated.

The information model is a reference model, because it is representative of every
type of arable farm. Within the information model, the field of attention is limited by
only considering measures aimed at the control of damage caused by diseases,
pests and weeds. Damage caused by abiotic factors such as over-fertilisation, frost,
hail or wind have not been incorporated in the model.

An information model is divided into two parts. The first part, which is the process
model, desctibes the important functions of the farm and the processes belonging to
these functions. When dividing it up into functions and processes, account was taken
of the management cycle of the farm (planning, implementation and evaluation) and
of the most important products and production resources.

The second part, the data model, describes the data used or created by these
processes. The link between data- and process model is made with data flows.

The information model for 'crop protection in arable farming’ can serve as starting

point for the following activities at an international level:

- to standardize concepts, algorithms and decision rules cancerning crop
protection;

- to synchronize research activities for crop protection;



- cooperative development of Decision Support Systems concerning crop
protection.

Looking at the results of these projects, information modelling has proved o be a
good tool for the development of consistent Decision Suppont Systems.



1. INTRODUCTION

There is a great deal of interest internaticnally in the approach and method chosen
by the Netherlands in the field of Decision Support Development (DSS). In the late
eighties the Dutch Ministry of agriculture has initiated some pilot activities to
stimulate the use of Information Technology in agriculture. The financing of IT
demenstration projects, the foundation of so called branch organizations on IT for
farmers and the development of branch oriented and inter-branch oriented
information models were the key activities of this Stimulation Programme for
information Technology.

In an information mode! the activities taken place on the farm are described as a
hierarchy of functions and processes in the so calied process modef whereas the
data related to these processes are structured and described in a data model.
According to the Information Engineering method by James Martin Strategy a
general arable farming information mode! has been developed.

Later, several business areas of the general model have been detailed into
elementary processes which has led to the so called detailed "Arable farming
information model’ (IMOT; SIVAK, 1990). This information mode! is intended as a

crop independent reference model for arable farming.

The information model can serve as a basic starting point within projects far the

development of products such as:

- definitions/messages for the interchange of information between the farmer
and organizations (e.g. accountants, consultants) and the annual adjustment
of standard messages for financial and sconomic purposes,

- an interface for data interchange between Crop Management Systems and
registration programs, and an interface between Crop Management Systems
and board computers for tractors;

- an operational Farm Management System (BEA) at farm level which is used
by advisors;

- several Decision Support Systems (DSS) as part of the integrated farm



management system e.g. (Meijer & Kamp, 1991}:

the operational system (crop management system) for Sugar Beet
(BETA) which is being commercialized by an organization newly set up
in 1992;

a operational system for the cereals Winter Wheat and Barley (CERA),
which has been intensively tested by end-users (the farmers}, CERA is
also commercialized in 1992;

a system for Caulifower and Brusse! Sprouts (KOBAS) which will be
developed and tested in 1993;

a prototype DSS for the control of potato root eelworm disease
{TERRA).

On the basis of the results of these project, information modelling has proved to be a

good tool for harmonizing concepts, algorithms and decision rules.

The information modelling approach has proven to be a successful methadology in

 the field of DSS developments. Existing international contacts led to the approval of

an European project - 'cooperative development of dacision support software using

agricultural information models’. This project forms part of the EC CAMAR

programme {Competitiveness of Agriculture and Management of Agricultural

Resources).

The following organizations take part in the project:

Department of Agriculture and Rural Development (DLG) in Germany, contact

person K. Schidsser;

Justus-Liebig-University of Giessen in Germany, contact person F. Kuhimann;

ACTA in France, contact person G. Waksman;

INRA in France, contact person J. Attonaty;

ITCF in France, contact person, G. Lemaitre;

AGPM in France, contact person, D. Blog;

ADAS in the United Kingdom, contact person |. Houseman;

Instituto Nacional de Investigaciones Agrarias in Spain, contact person J.L.G.

Andujar;



- the Research Station for Arable Farming and Field Production of Vegetables
(PAGYV) in the Netherlands, contact person B.J.M. Meijer.

Within the framework of this project, the Dutch 'General Arable Farming Information
Model' has been translated into English to serve as a basis for the development of a
European Information Model. The next step after the development of the Dutch
‘General Information Model for Arable Farming” was to detail the defined business
areas into elementary processes. This detailed "Arable Farming' information model
{IMOT;SIVAK,1990) is intended as a crop-independent reference modsl.

The detailed information model for arable farming (IMOT} provides insight into the
farmer's decision-making process. A general description is available in English and is
entitted ’Information medelling for arable farming' PAGV report nr. 133 by Al
Scheepens.

The standards set in IMOT can also be used to attune standards at an international
level. Together with the other participants in the above-mentioned EC project, we
have decided to give crop protection first priority for standardization. The first step is
to make the information contained in IMOT accessible to the other patticipants. The
results are presented in this report.

The area of crop protection is given first priority because new pest, disease and

weed control management strategies will increase in importance as a result of the

deteriorating income-expenditure ratio and the constant tightening of regulations

concerning the use of chemicals in agriculture.

Within this context, an information model for arable farming can provide:

- better understanding of the interaction between different pest and disease
contro!l decisions:

- a starting point for the attunement at an international level of regulations,
concepts and decision rules conceming crop protection measures,

- it can be used as a starting point for further international coltaboration
conceming the development of costly, knowledge-intensive systems.



This report can be seen as an extraction of the 'detailed information model for arable
farming’ (IMOT), concerning decision-making in the field of protecting crops against
pests, diseases and weeds.

The basic starting points, the relationship with IMOT and conclusions which have
been drawn from the information analysis, are described in text form and illustrated
by means of simple diagrams in chapter 2. in order to make the model accessible to
everyone, it has only been described in general terms.

The description of all business areas, processes and entity types incorporated in the
model can be found in appendices C, D and E. Appendix A explains the Information
Engineering methodology used in accordance with the Agricultural information
Modelling Approach (LIA); appendix B concerns the use of Information Engineering
Workbench (IEW) in accordance with the LIA approach.

For the complete information maodel for crop protection, please refer 1o the model
included in the Information Engineering Workbench (IEW), which is available at the
Research Station for Arable Farming and Field Production of Vegetables (PAGV).



2,

2.1

DESCRIPTION OF THE INFORMATION MODEL FOR CROP
PROTECTION

Definition

According to Heitefuss (1989), crop protection may be defined as follows:

"Crop protection is the entire range of measures to prevent damage and yield

reduction of useful plants by using all relevant scientific knowledge in an ecological

and economically suitable way".

Within the information model, the field of attention is further limited by only

considering measures aimed at the control of damage caused by diseases, pests

and weeds. Damage caused by abiatic factors such as over-tertilisation, frost, hail or

wind has not been incorporated in the model.

Critical success factors which have to be complied with in order 1o achieve this

abjective are:

planning an effective strategy for operational protection measures is of vital

importance;

Choices have to be made within the plan such as:

- whether the protection should be chemical or mechanical,

- whether to take preventive or curative measures. Examples of
preventive measures are: effective crop rotation systems and the
choice of a variety resistant to the disease or pest;

throughout all stages of the production process, strict control {by means of

observation) of diseases, pests and weeds is of vital importance so as to

ensure that effective measures can be taken in time;

prediction of the population development for diseases or pests gives the

farmer more support for his decision regarding whether or not to take timely

protection measuras;

there are strict regulations for the use of chemical protection agents which

7



should be followed to the letter by the farmer. The farmer should therefore be
fully up-to-date with current regulations,;

- in addition, in order to be able to take the most effective and economically
profitable decision, the farmer should be aware of the actual costs and
benefits of a measure;

- any control of a disease or pest should be attuned to other cropping measures
and should be carried out at the right moment. The crop protection plan, for
example, should be attuned to the fertilisation pian.

On the basis of these critical success factors, the field of attention has been defined
and a number of different sections or business areas have been incorporated in the
crop protection model (see appendix C and figure 2). A short description of the used
methodology can be found in appendix A. More information is included in the
previous mentioned PAGV-report nr. 133.

Only the processes and data which support the decision-making process of a farmer
in relation to crop protection have been incorporated. in addition, all information
{including information focrmalized outside the farm) which is relevant to the
implementation of these activities has been documented. information has also been
incorporated from external organizations playing a role in these activities.

In the "detaited information model for arable farming’, the area of crop protection has
been divided between several different functions (see figure 1) and has not been
identified as a separate information area or business area. In other words in IMOT, in
accordance with the definition of a business area, crop protection is not described as
a relatively independent and internally cohesive ciuster of activities and information
use. If we consider crop protection in this model as a separate cluster, a number of
entity types, functions and processes will be grouped differently in relation to each
other. An example is the function observation in IMOT. Observation is not a
separate function in the information model for crop protection, but is subdivided into
a number of processes which form part of the operational process Protect crops.
The reason is



that observation is a critical success factor with regard to the choice of the best
measure at the most suitable time and is consequently very closely related to the
implementation of crop protection measures.

Figure 1. Functional decomposition diagram for 'arable farming’.
The processes below (1) are detailed in figure 3, the processes below (2 in figure 4
and the process below (3) detailed in figure 6.
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2.1.1 The crop protection model’s link with IMOT

Crop protection can be seen as a section or business area of IMOT whereby the
processes relating to crop protection and relevant data from IMOT are used as a
basic starting point. The model for IMOT is described on the basis of the
management cycle. Activities can be subdivided into three categories which together
form a complete management cycle:

- planning;

- implementation;

- evaluation.

Within the crop protection processes, we can distinguish the same cycle. The crop
protection processes can therefore be seen as processes of the following IMOT
functions:

- Function 1. Strategic planning: the business policy for the coming years
determines the content of the crop protection plan at a tactical and operational
level. The chosen farming system (e.g. non-use of chemical agents,
integrated farming system or conventional farming systern) largely determines
the preconditions for decisions at a tactical and operational tevel;

- Function 2. Tactical planning: at a tactical level, the production plan based
on the farming system is crystallised further. The production plan is
determined for the duration of one or more rotation cycles. The parasite and
weed control plan also forms part of the production plan;

- Function 3. Operational planning and Function 5. Cropping: on operational
level the variety choice and the process protect crops is further detailed
within the crop protection model;

- Function 12. Evaluation: the process Evaluate crop protection evaluates
the results in comparison with a weed and parasite protection plan or from

specific crop protection measures.

2.1.2 Subdivision of the crop protection mode! into individual business areas
Just as crop protection can be distinguished from IMOT as a business area, we can
also subdivide crop protection itself into different business areas. These individual

10



business areas are clearly defined sub-sections of the model which can be further
analysed as separate clusters,

Using the affinity analysis from the Information Engineering Workbench (IEW),
similar processes and entity types can be grouped on the basis of analogous
associations. An analogous association exists, for example, if two processes make
use of the same entity type. An example is the process Match the description
which can create both an entity of the type Actual description weed symptoms
and the type Actual description parasite symptoms.

This option is used within the crop protection model to distinguish clearly defined
business areas which can be further analysed individually.

Making use of this option in IEW, the following business areas can be distinguished
in crop protection (figure 2):

Formulation of a crop protection plan;

Determine the production possibilities;

Determine the actual environment;

Descriptions of symptoms;

Estimate damage parasite/weed,

Alternative tank mix;

Environmental impact of a protection operation;

Impiement an operation;

© e NS PRGN~

Assessment of normative data;

—h
o

Assign a crop to a certain field;

—
—

Stock control,

11



The decompasition of the business area crop protection into sub-sections or business
interaction betwaen those subject areas. The numbered subject areas are described

areas which can be analysed seperately. The CRUD matrix (figure 15) shows the

in Appendix C.

Figure 2.
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The decomposition ot the crop protection model into these business areas is
illustrated by figure 2 and 16. Figure 2 shows the mutual reiationship and difference
in detailing between different business areas.

The business areas Assign a crop fo a field and Stock control do not form part of
the crop protection model, but are so relevant to the implementation of crop
protection measures that they are described in connection with the crop protection
model.

The descriptions of the different business areas and the processes and entity types
per business area can be found in Appendix C.

In the following sections, the mode! is dealt with from the point of view of the
processes. The data model has been created by means of analysis from the point of
view of processes and data flows between the different processes. This approach
cleatly shows which data are important and which not when taking decisions.

2.2 The Process model

A number of main functions can be distinguished in IMOT, namely pianning,
operational activities and evaluation. The following processes are delailed further in
the crop protection model:

- the process Formulate a management plan for cultivation included in func-
tion 2. Tactical planning (figure 3);

- the process Cultivate crop which forms part of function 5. Cropping has
been detailed to include operational activities in the field of crop protection
which form part of the process Protect crops (figure 4 and 5);

- function 12. Evaluation has been detailed with the process Evaluate crop
protection activities (figure 6).

2.2.1 Formulate a management plan for cultivation

The process Formulate a management plan for cultivation comptrises sub-
processes which are of importance when planning crop protection activities (figure
3). Processes with a close relationship with crop protection and consequently

13



incorporated in the model are Divide the cultivation area and Determine the crop
rotation plan. The two processes help to determine the content of the entity types
weed and parasite control plan. These plans cover all other cropping cycles.
Attunement of the choice of variety has been incorporated in this model as pan of
function 3. Operational planning.

In the process Formulate a parasite/weed control plan, a decision is taken to plan
protection measures against a specific weed in a specific ¢crop in order to prevent
damage to a following crop.

2.2.2 Protect crops
The process protect crops forms pant of function 5. Cropping from IMOT and
covers all operational activities relating to crop protection on the arable farm.

The process is subdivided into the processes Plan crop protection measures
(figure 4) and Implement crop protection operations (figure 5).

In the process Plan crop protection measures, the probability that a disease, pest
or weed attacks the plant is first determined by means of the process Determine the
probability of a parasite/weed. In order to be able to estimate this probability, the
crop and weather conditions need to be determined. If these conditions are such that
a parasite could be expected in the crop, an observation is planned. figure 9
ilustrates the different data flows between the different sub-processes of Determine
the probability of a parasite or weed. The content of the different data flows can
be referred to in appendix D {process model).

On the basis of the incoming flow planned observation, a decision is taken to make
an observation whereby the observed symptoms are described and compared with
normative symptoms of known diseases or pests for the crop concerned. The
infestation pressure is also determined {figure 10).

On the basis of the infestation pressure and crop development, the epidemiological
growth is estimated which can then be used to ascertain the expected damage to the
product in a qualitative and quantitative sense. The data flow diagram of the process
Prognosis of the potential damage illustrates the relationship between the data

14



required to calculate the expected damage (figure 11).

Within the process Implement crop protection measures, it is first necessary to

decide on the best possible protection operation (sub-process: Decide about crop

protection). This decision is made on the basis of the fellowing information (figure

13):

- the flow estimated damage parasite/weed and identified parasite/weed as
a result of the process Plan crop protection measures,;

- the conditions such as the actual weather and crop condition;

- the availability ot equipment and crop protection agents (stock);

- information needed to determine the cost and benefits such as: the expected
vield, price of the crop and price of the crop protection agent;

- prolection threshold determined by the process Evaluation crop pro-
tection measures;

- environmental effects of such an operation;

- restrictions in force regarding soil properties and water catchment area and

restrictions resulting from the farming system.

On the basis of the crop, restrictions imposed by the farming system {(e.g. non-use
of chemical protection agents) and restrictions with respect to the soil and water
catchment area, a choice of agents which can be used is then made from the tabie
of crop protection agents (= process Restrict number of protection agents)
{figures 5 and 13).

On the basis of the identified parasites and the permitted protection agents,
combinations are then determined for a tank mix. In the case of each tank mix, a
suitable operation is sought, depending on the available equipment.

By driving through the crop with the spraying equipment, it can cause damage to the
crop. This damage is estimated in the process Estimate damage protection
operation (figures 5 and 13).

Given the permitted and available crop protection agents, the damage caused by a
parasite or weed, the damage to the crop caused by an operation and

15



environmental effects, it is then necessary to choose the most suitable protection

operation ({figure 14).

When choosing an economically optimum operation, two decision procedures can

be used:

1

16

the use of a fixed protection threshold. Operations which excesed this
threshold are cost-effective. As a starting point for this decision rule, use is
made of the infestation pressure or the number of insects observed or number
of leaves infected etc. (Process: Use the protection threshold). The fixed
protection threshold is a normative factar which is established on the basis of
the relationship between the number of weeds, diseases or pests and the
expected financial damage. This relationship is based on an average of
several years and regions. The consequence is that differences in the yield
level, differences in price and the efficacy of crop protection agents are not
considered. It is, howaver, possible to aftune the crop protection threshold to
measures to be carried out for other crops in the cropping plan;

the use of a cost/benefit analysis (Process: Analyse cost/benefits). The

calculation of the costs is based on the following information:

- the estimated drop in yield of the crop if no protection is carried out;

- damage to the crop caused by implementation of a crop protection
measure;

- the price of the crop protection agents which form pan of the tank
mix;

- if required the cost of labour {at contract work rate) and costs of
mechanisation can be included in the calculation.

Where benefits are concerned, account is taken of the following:

- a indicator number for the efficacy of a erop protection operation. When
determining the efficacy of a operation, the efficacy of individual crop
protection agents on the pests, diseases or weeds to be conirolled is
taken into consideration;

- the estimate of the damage which may be caused by the combined
disease(s), pest(s) or weed(s) which have been observed. The
expected damage is related 1o the expected yield;



- the physical damage is converted into the a figure for financial damage
on the basis of the product price per kg.

By using information more specifically related to the plot in question, this last
decision procedure will result in advice which is better suited to the situation. One
disadvantage, however, is that much more information is necessary before the
advice stage can be reached. In particular, calculation of the infestation pressure and
an estimate of the damage caused require a great deal of research.

Within the decision procedure a choice is made between the type of operation.
Operation types are for example: spraying the whole field, spraying only rows or
hoeing.

in addition to a financial evaiuation of crop protection agents, damage to the
environment is also taken into consideration when choosing an operation. Likewise
the availability of an agent.

A date and the equipment needed for the protection operation are then determined.
Once the need for crop protection has been established, it is usual for the tank mix
and necessary equipment to be prepared for implementation of the protection
operation.

When a protection operation has been carried out, a new observation can be
considered depending on the normative data concerning the duration of
effectiveness of the agents used in the tank mix. The cycle within the process
protect crops can then be restarted.

2.2.3 Evaluate crop protection activities

The process Evaluate crop protection activities forms part of function 12.
Evaluation (figures 1 and 6). An important sub-process is to determine the
normative data which are important as input for the process protect crops. The
normative data are based on average values established by research based on dif-
ferent farm situations and a number of years. With the observed results of
implemented operations and observation of the surrounding conditions in the
process Protect crops, the normative data specific to the farm can be adjusied
(figure 15).

17



Depending on the parasite and weed control plan drawn up by the process
Formulate the crop protection program (figure 3) and the farming system, the
observation and operation criteria can be established (Process: Determine the
observation criteria and Determine the operation criteria).

In addition, conditions around the farm are determined which might be of importance
to internal decisions concerning crop protection (Process: Observe circumstances
around the farm).

2.3 The data model

In the data model {figure 17) there is a description of information which the farmer
wishes to retain for crop protection. Part of this information comes from external
agents, e.g. Plant Protection Service, extension service or research. This information
is classified in the model as external normative data.

In addition we have normative data, specifically applicable to the farm in question,
which is produced by the farmer’s own evaluation process {Process: determine the
normative data).

On the basis of the business areas, the data model is subdivided into different
subject areas (see appendix C).

There is also current information available which is created or changed within the
farm (see CRUD matrix; figure 15).

18



2.4 Diagrams

Figure 3. Process decomposition of Formulate management plan for cultivation. This figure
is an extension of figure 1: part (1).
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Process decomposition of Protect Crops and Plan crop protection measures. This

figure is an extension of figure 1: part (2)

Figure 4.
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Process decomposition of Implement crop protection measures. This figure is an
extension of figure 4: part (4).

Figure 5.
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Process decomposition of Evaluate crop protection. This figure is an extension of

figure 1: part (3).

Figure 6.
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Figure 7. Data Flow diagram: Protect Crops with the sub-processes Plan crop protection
measures and impiement crop protection measures.
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Data Flow diagram: Plan crop protection measures with the sub processes

Figure 8.

Determine probablilty of infestation, Make an observation and Prognosis of the

potential damage.
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Figure 9. Data Flow diagram: Determine probability of infestation with the sub-processes
Determine the crop conditions, Analyze the weather conditions, Compare the
actual conditions with historical conditlons and Plan an observation.
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Data Flow diagram: Make an observation with the sub-processes Identify parasite

or weed and Infestation prognosis.

Figure 10.
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Data Flow diagram: Prognosis of the potential damage with the sub-processes

Estimate the epidemical growth and Estimate damage parasite/weed.

Figure 11.
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Figure 12, Data Fiow diagram: Implement crop protection measures with the sub-processes
Decide about crop protection, Plan protection operation and Prepare the
protection operation and Carry out the operation
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Data Flow diagram: Declde on crop protectlon with the sub-processes Restrict the

Figure 13.

number of Protection agents, Propose a tank mix, Determine the suitable

protection agents, Estimate the damage protection operation and Choose a

protection operation.
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Data flow diagram: Choose a protection operation with the sub-processes Choose
a method a methed for comparison, Compare environmental effects, Examine

the availability.

Figure 14.
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Data flow diagram: Determine the normative data with the sub-processes Assess

Figure 15.

the normative weather conditlons, Assess the normative occurrence

parsite/weed, Assess the normative crop status, Assess the protection

threshold, Assess the expected yield, Assess the environmental effects and

Assess the normative field conditions.
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Figure 16.

Crud matrix: interacticn between data and process model
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The entity relationship diagram for the subject areas: 10. Assign a crop to a fleld, 1.

Formulate crop. prot. plan and 2. Determine the variety

Figure 17A.
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3. Determine the actual

The entity relationship diagram for the subject areas

Figure 178.

environment, 4. Description of symptoms, 5. Estimate damage parasite/weed

and 6. Alternatives tank mix
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The entity relationship diagram for the subject areas: 7. Environmental effects prot.

Figure 17C.

op, 8. implement a prot. operation, 9. Determine normative data, 10. Assign a

crop te a fleld and 11. Stock control
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Appendix A  Methodology and technique

Al Introduction

A good information system is characterized by interrelated subsystems. On the basis
of this, programs can be developed in which the subprograms are coordinated with
each other and the data interchangeable. Furthermore, new functional specifications
must be easy to integrate into the system. A good information system should provide
an up-to-date picture of the part of the current situation relevant to the business or
organization. 1t is therefore very important to have a structured approach and me-
thed.

The method which is used for the development of information systems in arable
farming and market gardening is based on Information Engineering.

Information Engineering is supponted by James Martin Strategies and represents a
cohesive aggregate of methods, techniques and tools which can be used toc create
information systems for a business or organization. The separate patts of the me-
thod are constantly attuned to the information needs and priorities of the business or
organization,

An important basic ptinciple of this method is that the development shouid take place
in accordance with a top-down’ approach. This means that products to be supplied
become on the one hand increasingly detailed and on the other hand cover an
increasingly narrow area.

The method used is briefly described below using examples from the detailed model
of the cluster 'Crop Protection’.
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A2  Method

in the information model, the activities and decisions which take place on an arable
farm are illustrated by means of charts. All data playing a role in these activities are
also incorporated. The activities are to be found in the process model; the data
relating to these activities and which have to be saved are described in the data
model.

The relationship between the different functions, processes and external organizati-
ons is graphically illustrated in a data flow diagram.

Appendix F includes a summary of the concepts and symbels used.

A2.1 The process modsl!

All the activities of a farm are described in a process model. The relationship be-
tween the processes is shown by means of information flows, both within the farm
and with external organizations.

Functions and processes
In the information model, functions and processes are separated. A function is a
main activity of a business, with a more or less continuous nature.

A process is a part of a function, the implementation of which is demonstrable and
which has a clear starting point and end. When making the detailed information
model, processes are further elaborated into elementary processes. A process is
usually indicated by a verb. An elementary process is the smallest possible activity
which is carried out as a whole and which is relevant to the management of the farm
from the point of view of the supply of information. This means that new information
is generated by an elementary process, or existihg information is changed.

Within the function Management auxiliary materlals there is for example a
separation between the processes Purchase of auxiliary material and Stock
control of auxiliary material. Grouping the activities within the farm consecutively
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in functions and processes gives rise to the process cdecomposition diagram (see
figures 1,3 and 4).

A process requires a process description. This states what the process consists of,
what information is necessary for the process to run smoothly and what information
is subsequently made available as a result of the process. Information hecessary for
carrying out a process are indicated within destination flows. Information supplied by
a process are indicated with source flows. A link is made here between process and
data models because the information flows between processes consist of entity
types and attributes. Figure 18 shows the detailing of the process description for the
process Describe the symptoms.

Process: Describe the symptoms

Definition
Describe the characteristics of a spot, weed or insect detected in the cultivated crop.

Iy souce of: o Dastinalion of:
- Daia Flow: symptoms + Dada Flow: planned observation
Eniily type: Actual deacription weed symploms Enity hpe: Dbservation
Atirixtos;  Name Altnbtes;  Stetus (plan., mpl, carout)
Description of symptom plarned dats
Entiy (ype: Actunl descript. paraite symg. - Cata Flow: orop destination
Affrbtes:  Name Ently type: Crog rotalion plan
Dascription of aymyptort Endity hype: Crop
Enldy typw; Fiaid

Relations: Field ia destinated 10 Crop rotation plan
Crop belongs (o Grop rotation plan

Figure 18, Exampie of a Process description: Describe the symptoms, a process of the
Function 5. Cropping

A22 The data mode!

A data model describes the activities in a company concerning which information has
to be recorded. This information is generated by the processes of the process model
or comes from an external agent. A data model concerns information (entity types
and attributes) which are kept for a longer or shorter period of time. it may on the
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one hand concern basic infarmation {including actual weather and crop information)
which either criginates from outside the farm or is 'measured’ on the farm. On the
other hand, it may concern information which is generated by a process and is then
required for the implementation of other processes.

The purpose of making a data model is to define and classify data and indicate their
inter-relationships.

The following concepts play a role here: entity type, entities, attributes and relation-
ships,

Entity types
An entity type is a group of objects (entities) relevant to a business and concerning

which information is needed. These entities may concern physical objects {machine)
or events (supply) or theoretical concepts {growth stage). An entity type is described
by data which provide usable information conceming that object. These data are
called attributes. Entity types are defined from the point of view of information sys-
tems. An antity is an occurrence of an entity type. For example: an entity of the entity
type operatibn is spraying a crop protection agent using the row sprayer.
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Entity type: Fleld

Definition: A continuous piece of land, considered to be homogeneous by the farmer with regard to-
soil type, production capacity, crop rotation plan, history and other requirements of the farmer.
Different crops are usually grown conseculively in a fiekl.

Relationship:
is part of Plot
is destined to Crop rotation plan
is described by Soll type
knows Actual soil condition
knows Planned soft condition
restricts Crop proteclion agent
Attributes:

Field code

Description

location of field

shape of field

longth

Width

Water catchment area (Y/N)

location

area

Figure 19. Example of a Entity type description

The general ’arable farming' information model includes the entity type Field (see
figure 19). This entity type concems all passible fields which fall under this common
description. An entity of the entity type field is for example a field referred to as 'the
back field'. This entity has for example code 21 and as a further description: 'the
back field’.

It is possible for an entity type to be subdivided into not only common characteristics
of the entity main type but also extra information characteristics. The entity main type
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operation can be subdivided into the entity subtypes chservation.

Attributes

Attributes are the propetties of an entity type. One of these unique properties (or a
combination {concatenation) of several) forms a unique identification of an entity
type. This is also known as the key and is indicated in the data model by id. For
example: (the entity type field is uniquely identified by the attribute fleld code.)

Relationships

A relationship shows a link between entity types and is of importance from the point
of view of the supply of information. All entity types and the relevant relationships are
illustrated in the entity relationship diagram.

There are different types of relationships:

a) Cardinality,
The chart below shows on the one hand that one tractor, once bought, requi-
res a quantity of petrai one or more times. This is indicated by a "crow’s-foot’
alongside an entity type which occurs more than once. On the other hand, a
quantity of petrol always goes {0 one tractor; this is indicated by the small
lines at right angles to the relationship.

Tracilor fuel

requires

2,

is reguired by

Cardinality shows whether an entity of entity type A has a link with one or
more entities of entity type B within one specific relationship. There are three
possible cardinalities:
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* one-to-one (1:1} : man married with wife;
* ong-or-more(1:n) : farm has one or more employees;
* many-to-many (n:n) : teacher knows subject;

b) Exclusivity,
It two {or more) relationships are exclusive, this means that an entity of the
entity type can only occur in one of the ralationships at the same time.

Maintenance

X K
ai® 3
w ¥ : =
- bl - i
sie wie
o -]
a ] 3 -]
2ia ® i
2i2 32
=i ~im
Oia ®ia
2 -3
e e il
aif a:if
- o
° o
“ig ~ia
Building Equipment
/ \
>| " \'\.‘ 4

The above chart shows that maintenance is carried out on a building or equip-
ment. Maintenance cannot contain machine and building data simultaneously.
A relationship of this nature is indicated in the model by putting the abbreviati-
on 'ex’ in front of the name of the relationship. '

] Optionality,

The optionality of a relationship indicates that a relationship can occur, but
does not necessarily have 1o be present.
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Eguipmeani

HU. undergoes A
e e s et e

is carried aul for

The above chart shows on the one hand that a piece of equipment, once
bought, is repaired zero, one or more times. In reverse, a repair in this chart
always relates to one piece of equipment. This is graphically iliustrated by a
‘0O’ on the side of the entity type which may or may not occur (is optional).

It is also possible for both entity types to participate opticnally in the relations-
hip. This is indicated by placing an 'O’ on both sides in the relationship.

Keys

Keys provide unigue identification of one entity of an entity type. An entity type has
one or more keys. For example: in a warehouse ail articles will ba furnished with an
article code with a number of characteristics of the relevant articie. The article code
forms the Kkey. in this way, one entity distinguishes itself another entity. The value of
the keys for sach entity should always be known. In the information mode! keys are
indicated with the aid of key attributes.

Interpretation ot the data model chart

In an entity relationship diagram relationships can be read in two directions. For this
reason, for the sake of claiity words have been placed by the relationships. These
should be read clockwise together with the names of the entity types.

The relationship 'service is carried out for equipment’ indicates that a service con-
cerns a equipment. Conversely equipment can have a relation with service (the
relationship ‘equipment undergoes a service’).
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A3 Interaction between process and data models

The process and data models must be fully attuned io each other. Entily types
should be used with each defined process. These data may be generated by other
processes. The data may also be supplied by external information sources, Within
the madel each defined process must create at least one entity type and use at least
one entity type. If this is not the case, the model would be incorrect or incomplete.
Information would then be created which Is apparently not used in decisions or
information is required which is never created. The relationship between processes
and data is illustrated in a matrix showing which entity types are created or used per
process, the so-called CRUD matrix (see figure 16).

The information flows for the underlying processes are given par function in data
flow diagrams. The connecting lines between the processes show the input or
output of a process and concermn information. The double lined boxes indicate
extermnal agents which either provide or use information. "This model does not descri-
be how these organizations produce information or what they do with it."

Interpretation of the data model chart _

A dataflow diagram displays the processes, data stores, extema! agents, junctions
and dataflows of one leve! of decomposition ofa process. The process described by
a data flow diagram is the topic of the diagram. The processes displayed in the
diagram are the children of the topic process (see figure 6).

An external agent is an object which receives or sends data but does not form part of
the specific business area model. External agents for the crop protection model are,
for example, suppliers of crop protection agents or other relevant sources of informa-
tion such as the information servics.



Ad

The phasing used and the preducts which shouid be produced per pha-
se

In the method used by the agticultural sector in The Netheriands, the development

stage of information systems is divided into the following phases:

Ne g e N

~formulation of a general information model;

formulation of a detailed information model,;
formulation of system specifications;
determination of research requirements;
formulation of a technical design;
construction of the system;

implementation and maintenance;

ad 1)formulation of a general information model

The following ‘products’ are relevant:

- function and functional decompaosition of the farm;

- data model of the company (entity types and relationships);

- mattix of processes versus entity types and business areas of proces-
ses and data.

“The level of detail of the general information model is such that decisions can

be taken about definition in information areas and about priotities for further
analysis and development. '

ad 2)formulation of a detailed information mode!

46

- The general model is given mare detail. In order to do this, the general model
-'is split up into clusters: relatively homogeneous sections within which many

relationships exist and with few relationships with other sections. This detai-
ling provides better insight into the information which is important for company
decisions.

The following products are generated during this phase:

- functional decomposition to elementary processes;

- detailed data mode! (entity types, relationships and attributes and their



descriptions);

- data flow diagrams.

ad 3Yformulation of system specifications

The following products are relevant for this phase:

logical database design;

description of procedures of the information system;
layout of screens, sequence of screens;

layout of reports;

data flow diagrams;

access diagrams,

ad 4) Phase 4 shows in which sections of a company there is still insufficient know-

ledge available to be able to develop information models and systems.

ad 5) In phase 5 the technical design of the system is forrmulated.
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Appendix B The use of the Information Engineering Work-
bench

Use has been made of the Information Engineering Workbench (iEW} for the deve-

lopmaent of the model for Crop protection.

Reasons which justify the use of a case tool are:

- improvement of the quality of the system which has been developed due fo0
the fact that all kinds of consistency controls are supported by the workbench;

- the use of the reference ‘the detailed information model for arable farming’
(IMOT) and the re-use of parts of related models is simplified;

- an increase in productivity due to the back-up provided with diagrams and
automatic production of reports. '

The Information Engineering Workbench is built up of modules. Each module sup-
ports a development stage within the IE methodology.

For the developmaent of the crop protection information model, use has been made of
the Planning Workstation with which a process composition, a data model and
subdivision of the model into business areas can be achieved. The relationships
between entity types and processes can be illustrated in a CRUD matrix {figure 16).
On the basis of these association matrices it is possible, with the help of the affinity
analysis option in IEW, to divide the model into related sections, the so-called busi-
ness areas.

With the aid of the second module (Analysis Workstation), the identified business
areas are analysed with the help of process decomposition, the entity type relation
diagram and data flow diagrams. The data flow diagrams are a good way of safegu-
arding the consistency of the model. When a process within a data flow diagram is
detailed in a data flow diagram at a lower tevel, IEW checks whether the source and
destination flows of a process go to an external agent or another process.

In addition to the Planning and Analysis Workstation which supports the information
analysis, IEW comprises the Design and Construction Workstations which support
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technical implementation and the construction of the system respectively.
within the Design and Caonstruction Workstations, the information medel can be
convetted into a physical design.
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Appendix C Description of business areas
Business area: 1. Formulate crop prot. plan

Definition: Formulate a parasite and weed control plan taking into account several
cultivation years.

[Crep " parasite

_l Crop * weeo

| Parasite control plan

Iweed control plan

Plan the crop prot. progr. c o]
Form. a weed conir. pl. C R
Form. a paras./weed contr. pl. c R

Figure 20: Crud matrix for the subject area: 1. Formulate crop prot. plan
Business area: 2. Determine the variety

Definition: Determine which variety will be cropped, taking into account the expected
parasites and the applied farming system.

[posi * parasite

lvarieiy “ larming system

IVatiely

| Farming system

Choose a variety U C U R
Determine the production poss.] C

Figure 21: Crud matrix for the subject area: 2. Determina the varlety

Business area: 3.Determine the actual environm.

Definition: Determine the environmental conditions important for crop, parasite and
weed development.






