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Executive Summary

Previous deliverables from FutureFarm WP4 have defined an XML representation for
agricultural management and production standards (D4.1.1) and two web-services, a
catalogue and a rules server, allowing the definitions of the standards to be automatically
retrieved via the Internet (D4.2). This deliverable provides the definition of a further
component of the system which is being developed in order to manage knowledge of
agricultural rules within Farm Management Information Systems. This component is
responsible for the evaluation of adherence to rules and is given the name “Rules App”.
The formal and detailed technical specification is given in an appendix to this document,
which describes the component in an abstract form and how it interacts with other
components in the system.

The specifications in D4.1.1 and D4.2 allow for the basic transfer of agricultural rules
using a client-server architecture, without providing any mechanism for automated
evaluation. The FMIS may therefore access knowledge and display it to the farmer. The
purpose of the Rules App specification is to provide a uniform interface to enable the
FMIS to firstly identify which concrete data items are required in order to evaluate
compliance and secondly to pass that data to the Rules App in order to perform the
evaluation.

The Rules App may be implemented as a software component integrated into the FMIS,
as a separate component in a COM architecture or provided as a remote service via a
web-service interface. The specification of the component interface is therefore
technology-neutral, identifying only the operations, parameters and result types. As an
initial concrete implementation specification, a concrete RESTful web-service interface
specification based on the abstract specification is provided. This RESTful web-service
will later be implemented within the FutureFarm project.
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Introduction and scope

Within FutureFarm WP4 “Knowledge Management in the Farm Management
Information System of Tomorrow”, an architecture for future FMISs is being developed.
These will not be single monolithic systems, but a system of systems, comprised of
multiple functional components with individual tasks, which are all bound together by
components providing the interface to the farmer, farm machinery, external agents, etc. In
particular, the part of the FMIS which supports the farmer in complying to management
and crop production standards and regulations has been the focus of work, with
individual components in this subsystem being specified in deliverables from WPA4.
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Figure 1. Components in the proposed rules subsystem architecture

Deliverable 4.2 (Nikkila & Nash, 2009) defined the Catalogue and Rules Server
interfaces (yellow and blue in Figure 1), whilst Deliverable 4.1.1 (Nash et al, 2009)
defined a model and encoding for agricultural standards. This document defines the
design requirements of the Rules App interface (orange in Figure 1), and the design
decisions made in producing the technical specification of this interface which is
presented in Appendix 1.

Operation of the Rules App

The expected interaction of the Rules App with other components in the rules subsystem
is illustrated in Figure 2. From this it can be seen that there are two main operations,
namely identification of what data is required in order to evaluate a specific rule (or set of
rules), followed by evaluation of the data against the rule(s). Each of these two operations
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Figure 2. Expected interaction of other FMIS components with RulesApp
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will now be considered in more detail. Note that further operations may also be specified
for particular implementation forms, e.g. for web-service interfaces an operation to
retrieve metadata is usually provided, that may not be necessary for a program library.

Identification of data required for evaluation of rules

Within the encoding of agricultural standards, each standard is considered as consisting
of a number of discrete rules, each of which may be evaluated separately. The encoding
of the rules identifies concepts used in defining the rules by means of an ontology, which
may be specific to a particular standard, or a general ontology defining generic
agricultural terms. In order to evaluate each rule, the concept from the ontology must be
mapped to a specific data item available in the FMIS database, or available from some
other source, and which is transferred in a format that the Rules App component can use.
Depending on the implementation form of the Rules App, this may be an element from an
XML-based data transfer format (e.g. agroXML), a particular programming class or data
structure, or any other unambiguous definition of the data type required. Issues in
implementing this operation are discussed in FutureFarm Deliverable 4.1.2.

Evaluation of compliance with rules

Since it is assumed that the Rules App is a stateless component, evaluation of compliance
with rules requires fundamentally two parameter sets; the rules themselves and the data
items identified as required for their evaluation. The actual evaluation of each rule is not
straightforward, and is further complicated by the facts that the rules specified by
agricultural standards are not all computable, or computable in a reasonable practical
form, or the data supplied may not be sufficient. Four outcomes of a successful” rule
evaluation may therefore be identified (Table 1).

Outcome Description

True The rule evaluates to true with the given data (i.e. compliant to rule)

False The rule evaluates to false with the given data (i.e. violation of rule)

Indeterminate  The rule cannot be properly evaluated because the supplied data is

due to data insufficient to properly determine a result.

Indeterminate  The rule cannot be evaluated at all. This is because it is fundamentally

due to rule flawed (incomputable) or this implementation of the Rules App cannot
reliably evaluate it (e.g. due to missing models or other computational
components).

Table 1. Possible outcomes of **successful™* rule evaluation

For an indeterminate outcome, it is assumed that the Rules Manager component would
provide a user interface to support the farmer in making a manual assessment of
compliance.

Theoretically this operation could operate on an individual rule-by-rule basis, on whole
standards, or on arbitrary sets of rules. It is suggested however, that the operation on
arbitrary sets of rules is the best choice for two main reasons. Firstly, each individual data
item may be needed for the evaluation of more than one rule, and allowing the rule-by-
rule evaluation of arbitrary sets of rules therefore is likely to reduce the total amount of
data retrieval and transfer required. Secondly, restricting the Rules App to evaluating
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individual rules in isolation, rather than whole standards, means that the Rules App is a
straightforward rules evaluator requiring no further logic for processing of interactions
between rules (e.g. "requires some” as for GlobalGap "Minor Must” checkpoints). Since
this latter evaluation is rather trivial, even a simple Rules Manager should be capable of
achieving it, whilst the rules evaluator may in the best case be available as an existing
software component from a domain other than agriculture, since this is effectively a
generic function.

Implementation forms of the Rules App component

As can be seen in Figure 1, the Rules App component conceptually forms part of the
“main” FMIS system — i.e. it is expected that it is part of the system that would actually
be running on a PC on the farm, in contrast to the catalogues and rules servers which
would be running on remote servers and accessed via web service interfaces.
Nevertheless, the implementation of the Rules App must not be tightly coupled to the rest
of the local FMIS. Although there are benefits to the Rules App being fully integrated
with the rest of the FMIS, in particular in terms of access to data (i.e. if the Rules App has
direct access to the FMIS database and live data sources, it may be able to automatically
retrieve required or supplementary data), the actual implementation of a software engine
for processing rules is not trivial, and it is considered that the majority of agricultural
software companies would find this very difficult.

For this reason, the interface to the Rules App componenent is specified in an abstract
form defining the operations, parameters and return values at a high level. From this
abstract specification, concrete implementation specifications may be derived for
individual program libraries or web service technologies. As the simplest form of web
service interface, a RESTful (based on the REST principles proposed by Fielding, 2000)
binding is proposed which uses the XML-based encoding of rules from D4.1.1 and any
arbitrary data format (e.g. agroXML) for transfer of rules and data. Through
implementing a proof-of-concept of this interface as a free software application, a ready-
made component will be made available to agricultural software companies which they
may in future incorporate into their products. It should be noted that a web service
interface may also be accessed locally and not only over the internet, and so the
implementation proposed in the FutureFarm project does not imply the deployment and
ongoing maintenance of an internet-based rules evaluator.

Discussion

This document has presented the design criteria and rationale for a FMIS component for
the evaluation of compliance to standards in terms of assessing data for its compliance
with individual rules. The overall assessment of compliance to the entire standard must
then be performed by the Rules Manager by aggregating the results from each individual
rule.

The decision to define the Rules App as a separate component within the FMIS was made
as it was realised that from a programming perspective this is probably the most complex
part of the whole system, and having a loosely-coupled component which may then be
integrated into any existing or future FMIS was therefore seen as the easiest way to
encourage adoption of the proposed technologies. Since current agricultural software is
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implemented in many differing programming languages, and future systmes may move to
an internet-based and service-oriented architecture (Murakami et al, 2007; Nash et al,
2009; Nikkila et al, in press), the specification of the interface to the Rules App is
initially defined at an abstract level. However, such an abstract specification is an
insufficient basis for the actual implementation of a standardised software component and
so concrete implementation specifications must be produced for each programming
language or interface technology.

As the simplest form of platform-neutral component, a RESTful web-service interface
specification has been defined for the initial proof-of-concept implementation. Although
this may be bound in to any client system, it is expected that in future further
implementation specifications should be produced for software components in specific
programming languages (e.g. .net, C++, etc.) or for specific platforms. For these, the
combination of the abstract specification and the REST implementation specification
provide a solid foundation.

In practice, it is expected that the implementation of the Rules App, and even client
applications to use this component, will prove to be somewhat problematic due both to
the problems in rule formulation which are discussed in other publications from the
FutureFarm project and to the problem of identifying and retrieving correct and sufficient
data to allow evaluation where this is theoretically possible. On the one hand, this is a
technical problem which may be overcome through advances in technology, whilst on the
other hand this is a political problem in that rules are specified which are inexact or may
not be easily evaluated. Solving this latter category of problem will require ”buy-in” from
decision makers to the concept of automated rules evaluation, with a clear demonstration
of the advantages it would offer, potentially both to farmers for self-checks and to
controlling bodies for official evaluations.

Appendix

« Rule evaluation interface specification
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