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Abstract. Medical guidelines are constructed with the aim of assisting clinicians in
making decisions that are informed by the best available medical evidence. In order
to achieve this aim, they must be disseminated in a form that makes them easy for
clinicians to use and easy for domain experts to critique. Furthermore, the language
in which they are expressed must facilitate their transfer between institutions and
their adaptation to local conditions. This paper describes PROforma, a knowledge
representation language that attempts to meet these desiderata.

PROforma is formal knowledge representation language designed to capture the
content and structure of a clinical guideline in a form that can be interpreted by a
computer. The language embodies many contemporary themes in machine
interpretable guideline representation schemas whilst retaining some distinctive
features. This paper describes the key features of the PROforma language in the
context of recent trends and developments in the field of electronic guideline
representation formats. We describe our experiences in applying PROforma to a
range of clinical decision making and workflow problems, and the benefits and
limitations of the current language specification are discussed. Finally, we outline
plansfor the further refinement of PROforma.
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1 I ntroduction

This paper describes the key features of the PROforma language in the context of recent
trends and developments in the fidd of dectronic guideine representation formats. The
dructure of the paper is as follows Section 2 outlines the problems that dinica guiddines
address and section 3 explains the paradigms that have arisen for the expresson of such
guiddines. Section 4 describes the theoretical basis of PROforma, section 5 describes its
implementation in software, and section 6 describes our experience of PROforma in use
Section 7 describes some of the mgor chalenges that PROforma is designed to mest, and
section 8 describes our plans for extenson of the language. Findly section 9 contains a
discussion of the issues raised in the paper and outlines our conclusons.



2 Guiddines and wor kflow

The explodon of interest in deveoping and publishing dlinicadl guiddines, both usng
conventiona media and on the World Wide Web, is an indicator of the growing importance
atached to dinicd guiddines in medicine. Kohn et d.[1] describe the recent estimate from
the US Inditute of Medicine that there may be as many as 98,000 unnecessary degths per
annum resulting from avoidable dinica error, which suggeds there is a genuine need for
such guiddines. The vast mgority of clinica practice guidelines are published as text, and
typicdly indude criteria describing ther applicability to particular groups of patients, the
recommended processes of care, appropriate use of materials and procedures and so on, as
wel as providing ancillary information such as supporting evidence. Clinicd guiddines are
generdly concerned with two man aress that directly affect the qudity and effectiveness of
patient care the qudity of clinical decison-making, and the correct and timely management
of dinicd taks A dinicd guiddine thus incorporates information reaing to both
decison-making and workflow managemen.

2.1 Decison-making: What to believe and what to do

Decison theory describes two main classes of decison: those concerning what to believe
(eg. what is wrong with a patient, how serious a disease is, the possble prognosis) and
those concerning what to do (e.g. whether or not a patient should be referred for specidist
care, what treatment or treatment strategy is appropriate, whether tests or investigations are
required). Both of these classes of decison are vulnerable to many kinds of error. Errors in
diagnoss or prognoss decisons can result from the absence of critica information about a
patient, or difficulties in assessng relaive drengths of evidence for example. Errors in
treetment and other management actions can result from incorrect decisons about digibility
or faluresto dlow for possble drug interactions, etc.

2.2 Task management: Who does what, when, how and where

Even assuming that dl dlinica decisons are taken correctly, there are gill countless ways in
which errors can be made, and which can be coglly in terms of the efficacy or efficiency of
patient care. Tasks may be inadvertently omitted, carried out too late or adverse events may
be missed. More complex clinical procedures such as care pathways or chemotherapy
protocols may be carried out over an extended timescade by multiple heathcare providers,
resulting in further potentid hazards eg. through a falure to keep sufficiently complete
clinical records or ensure that saff in the care team are kept informed about actions that
have been carried out or are planned.

2.3 Ddlivering Clinical Guidelines

While the systematic preparation and publication of clinicd guiddines is of great
importance, it is only a fird step towards ensuring consstent compliance with the standards
of care represented in those guiddines [2]. A guiddine may st out current bedt-practice in
great detal, but if dinicians do not have time to access the guiddines, or fully absorb their
content and apply it correctly in ther decisonrmaking, or the clinical organisgtion fails to
ensure that dl the required tasks are carried out in a timey manner, then the objectives of
the guiddine may not be reflected in dinica outcomes.

From an Al perspective there is an obvious dternative to publishing guiddines
soldy in human reedable form such as text, tables or flow diagrams, which is to formdise
the medica knowledge contained in these guiddines in a form that a computer can gpply to
support dinicians in ther routine work. The PROforma guiddine spedfication language
and its associated software attempt to provide such a forma framework. In this paper we
describe the PROforma language in the context of recent trends in guiddine representation,



review the experience we have ganed in agoplying PROforma technology in a vaiety of
clinica domains, and present our plansfor the future development of PROfor ma.

3 Paradigmsfor representing clinical guideines and wor kflow

3.1 The procedural approach

Ealy computerised clinicd support systems, including decison support sysems such as
datisical decison ads and cdlinicd dgorithms, whether expressed as conventiond
programs or in visud notations such as flow diagrams, did not separate the dlinica
knowledge from the computation details of how that knowledge was to be ddivered.
Although such systems can be satisfactory, many limitations of the procedurad approach
have been identified in the Al and knowledge engineering literature.

Firg of dl users, paticulaly non-programmers, find it difficult to comprehend the
underlying dinica logic by smple ingpection of a computer program. Second, maintaining
the guiddine software as medicd knowledge increases is notorioudy difficult, and such
systems lack reusability - the knowledge they embody cannot be readily exported to other
sysems in a modular form. As a consequence it is increesingly recognised that a better way
of representing medicd knowledge is in declarative form, which adlows knowledge of
medica concepts such as diseases, drugs and tests to be clearly separated from the
ressoning and problem-solving processes that use that knowledge in particular medica
contexts.

3.2 Rulebased systems

Rule based expert systems such as MYCIN [3] and Oncocin [4] reflected the recognition of
the importance of declarative knowledge representation and pioneered a sgnificant change
in the devdopment of clinicd decison support sysems in the 1970s and ‘80s. Such
sysems clearly separated domain-specific knowledge expressed as sets of rules from the
generdised inference engine, typicdly a backward-chaining or forward-chaning system,
which would apply those rules. This represented a paradigm shift in the congruction of
decison support systems, and promised improved readability, modularity and reusability of
the knowledge bases. However, despite the popularity and technica elegance of rule based
sysems, and the enhanced readability they have brought, they have been less successful in
achieving modularity and reusability of knowledge. In practice rules can be written in a
procedura way and frequently depend upon being carefully crafted to ensure that they are
only applied in specific Stuations meking ther trander to other gpplications difficult [5]
and potentidly hazardous, as demondrated in studies with the Arden syntax [6], which can
be viewed as a hybrid of smple rule-based and more traditional procedura methods.

3.3 Task based systems

The limitetions of rule-based systems have led to the recent emergence of a further
paradigm shift in the devedopment of dlinicd knowledge sysems. Here, rule-based and
task-based formaisms are combined to represent clinicad processes. How a particular
logica condition should be interpreted and acted upon depends, for example, on whether
that rule represents part of a diagnogstic process, a precondition for a particular clinical
intervention, or a contraindication to a paticular drug therapy. Task-based systems
therefore atempt to contextudise rules within explicit and intuitive modes of the dinicd
process with the am of combining the programmatic richness of a procedurd representation
with the logica dlarity of declaratively expressed knowledge.

Use of an intuitive representation of the clinica process has a leest two potentid
advantages.  Firdly, building the knowledge base should be an easer process for domain
experts to paticipate in, given that tasks provide a higher-levd and more intuitive set of



desgn primitives than conventiond programming languages or languages based on rules,
Secondly, systems built around this gpproach have the potentid to integrate into the cdlinica
environment and workflow more easly, based as they are around primitives which correate
with rea world concepts and processes familiar to users.

PROforma [7] is one example of a task-based guideline representation format. Other
schemas that embody some or dl of the features of the paradigm include the Guiddine
Interchange Format (GLIF), developed by the Intermed Collaboratory [8], SMART [9], Eon
[10], and the Asgaard Project [11].

4 PROforma — a task based approach to guideline repr esentation

The tem “Clinicd Guiddines’ describes a heterogeneous range of textud materid
desgned to support prectitioners in their decisonr-meking.  Individud guiddines may
describe interventions concerning populations or individuds. These interventions may be
smple “aomic” actions or complex plans of thergpy to be conducted over time. The
decisons they describe include diagnostic, prognogtic, thergpeutic and risk assessment
decisons. Unlike dinicd protocols, which are intended to be followed rigidly, usudly
within specid contexts such as dinicd trids dinicd guiddines often outline generd
principles of management, to be consdered by experienced daff as they exercise ther
clinicad judgement. Guiddines therefore frequently contain ancillary informetion such as
the evidence and literature on which their recommendations are based, guiddine authorship,
and the statements of the gpplicability of the materid presented to particular patient groups.

When work began on PROforma in the early 1990s, the main requirements for the
language were that it should:

Be sufficiently expressive to fully represent arange of clinical processes

Be aufficiently genera to describe processes in any clinical specidty, from routine
careto clinica research

Use concepts that are intuitive for clinica users

whilst ensuring thet

Processes specified in the language can be enacted by machine
The semantics of the language are demonstrably sound
Applications can be automatically checked for consstency and other properties

PROforma combines the feetures of a forma specification language as developed in
software engineering with the features of knowledge representation languages as developed
in atifida intdligence [12]. The PROforma language structure is based on a smple but
versdtile clinical process modd referred to as the domino model. This model was abstracted
from a variety of empiricd sudies of dinica decison-making and the development of aids
to support patient management. Thelogica form of the domino model is shown in figure 1.

As described earlier, decisonrmeking is a core function of aly guiddine
representation and enactment schema.  Statigtica  decison theory is the most formd
decison mode but in many respects has proved difficult to use and undtractive to
clinicdans. Decison theory based on mathematicd probabilities is sound and wel
understood, but decison support sysems based on datisticAd decison theory are often
inflexitle and difficult to use, and of limited goplicability to knowledge-rich domains such
as hedlthcare where precise parameters like quantitative probabilities are seldom known.
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Figure 1: The domino process model. The left hand side of the diagram represents decision-making,
the right represents plan enactment. Given a set of beliefs, an agent may infer goals and various sol utions to
these goals. If there are multiple options, such as alternative diagnoses or treatments, the agent must consider

the arguments for and against these alternatives and make decisions based on the validity of each of the
arguments.

Conversdly, knowledge based DSSs are more flexible, but have not been based on a
well understood theory of decison making, with exising tools and notations not sufficiently
rigorous for safety-critical gpplications. The RED (Rigoroudy Engineered Decisons)
project set out to unite the strengths of both approaches, and led to the development of toth
the domino modd and a forma framework underpinning the concepts described to in the
modd [13]. The domino modd describes a relationship between actions, decisons, beliefs,
plans, problem gods and candidate solutions and the inference and processes linking them.

A further result of the RED project was the refication of the domino modd into a
minimal set of executable generic tasks - enquiries, decisons, plans and actions (figure 2).
Tasks are forma software objects that can be composed into networks representing clinical
guidelines or other processes, and it is from these tasks, and the logica congructs
associated with each task, that the PROforma language is derived.
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Figure 2: The relationship between the domino model of the clinical process and PROforma tasks derived
fromthe model. Arrowsrepresent logical inference and nodes represent data structures.



The main features of the PROfor ma language resulting from this gpproach are:

A compositiona and reusable knowledge representation

Expresson of clinical processesin terms of tasks, not rules

The generation of knowledge components, not programs

The use of ontologies as opposed to frames and objects

A formd, declarative interchange format

Sound foundations for representing and reasoning about uncertainty and time

PROforma may be diginguished from other schemas for dinicd guiddine
representation by the abstract nature of the primitives it provides. As described above,
cinicd guiddines may refer to vast range concepts, such as diagnostic, prognostic or
treeiment decisons, or the gathering of daa via laboratory tests, imaging or dlinica
examination, for example. Rather than attempt to explicitly describe al such concepts, it
has been our am to provide a minima set of abstract terms, with properties that, we hope,
dlow a sufficient range specific indantiations to be defined. This has enabled us to define a
clear behavioura semantics for the language, whilst retaining expressiveness and flexihility.

5 PROforma representation in software

PROforma technology can be viewed both as a kind of logic programming system, in thet it
supports inference in propodtiona and predicate logics, together with certain non-classca
logics, and as an object-oriented sysem, in which the man objects are encegpsulated
procedures for achieving particular goas, which are referred to as “tasks’. A PROforma
guiddine consgts of a st of tasks and a st of data items whose vaues are accessible to
those tasks.

5.1 The Task Ontology

There are four classes of PROforma task: Decisons represent the choice points in a
guiddine, Actions represent some action performed by a human or software agent,
Enquiries represent the acquistion of data from some externd source, and Plans dlow
other tasks to be composed in order to perform some complex operation. Each task has a set
of properties for which values may be defined. The set of properties depends on the class of
the task, however certain properties are common to al tasks rrespective of class and hence
may be described as belonging to a generic task class of which the four classes mentioned
above are extensions.

Generic
Task

subcl asses

siel!

Plan Decison Action Enquiry

Figure 3 : The PROforma task ontology



5.1.1 Generic Task Properties

Certain properties ae common to dl tasks, others are specific to each class of task. All tasks
may (optiondly) have vauesfor the following properties:

Preconditions — these are logica conditions that must be true in order for the task to
start.

Postconditions — these ae logicd conditions that may be assumed to be true after the
task has finished. Where necessary the task will dter the vaues of data items in
order to ensure that its postconditions are true.

God — a logicd condition expressng the Stuation that the task is intended to bring
about. A task will terminate as soon asits god is achieved.

Description — this documents what the task does and may refer to external sources of
information judtifying and explaining the operations described by a task or a
quiddine.

Trigger — a message that may be passed to the task in order to dart it even if its
parent plan has not scheduled it to start (see section 5.1.3).

5.1.2 Decision Properties
In addition to the generic task properties, a decison may have vauesfor:

Candidates — these are the options between which the decison chooses. Each
candidate is associated with a set of arguments. An argument is a logica condition
with an associated weighting. A support value can be determined for each candidate
by summing the weghtings of those arguments that ae true when the decison
becomes active. Each candidate may aso be associated with a recommendation
rule, which determines whether it is consdered advisable for that candidate to be
chosen.

Choice mode — may be either single (only one candidate may be chosen) or multiple
(many candidates may be chosen).

5.1.3 Plan Properties
In addition to the generic task properties aplan has.

Components — these are the tasks that the plan contains.

Scheduling Condraints — define the order in which the component tasks are
executed.

Abort Conditions— logica conditionswhich, if true, will cause the plan to fail.

Termination Conditions — logicd conditions which, if true, will result in the plan
termingting even if some of its candidates have not yet been consdered for
execution.

5.1.4 Enquiry Properties

In addition to its generic properties the definition of an enquiry includes a set of sources.
These are the names of the data items for which values are to be requested. Each source
may (optiondly) be associated with a query that defines an externd database and an SQL
query that will yield the requested vaues. In the absence of a query the means by which



data vaues are obtained is not defined in the guiddine and hence some externd human or
software agent must take appropriate action.

5.1.5 Action Properties

As well as its generic properties, the definition of an action includes the action's procedure.
This is dther a free text dring defining some operation to be performed by a human agent,
or an SQL datement describing a database update, dong with a URL identifying the
database on which that update is to be performed.

5.2 Computer Aided Software Engineering

In addition to the definition of the language dructure, its syntax and the behaviourd
semantics of its enactment, the core technology of PROforma dso embodies a number of
software tools and a set of APIs. The PROforma language is intended for use in building
practicd sysgems for clinical task management. A PROforma technology will typicdly
provide an authoring system for “proformdising” clinical protocols or other procedures in
the language, and a software engine for enacting the tasks in the clinical setting such as the
Arezzod authoring and testing system, a PROforma technology developed by InferMed Ltd
(www.infermed.com) (figure 4).
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Figure 4 : The Composer system developed by InferMed for the graphical constuction of task networks. The
left hand panel presents an overview of the tasks that comprise the guidelines, the centre panel displays a
graphical representation of the tasks and their scheduling constraints, and the right hand panel illustrates the
PROforma guideline specification produced by the system. The software incorporates a automatic syntax
checking, and a testing environment for validating the behavior of the guideline produced.



6 Experience of PROformain use

The development of the PROforma language and associated technologies has enabled us to
develop and evaluate arange of gpplications across a number of different clinica domains.

6.1 Support for drug prescribing

The CAPSULE sysem (Computer Aided Prescribing Using Logic Engineering) was
developed to assst generd practitioners (GPs) with prescribing decisons. CAPSULE
andyses patient notes and congructs a lig of relevant candidate medications, together with
arguments for and againg each (based on 9 different criteria including efficacy, contra-
indications, drug interactions, Sde-effects, costs etc). A controlled study with Oxfordshire
generd practitioners showed the potentid of CAPSULE for very substantial improvements
in the quality of prescribing decisons[14]

6.2 Riskassessmentin Primary Care

The RAGS (Risk Assessment and Genetic Screening) gpplication is desgned to assst
clinicians in providing appropriate advice to patients who may be a risk of a hereditary
predisposition to breast, ovarian and colon cancers and other diseases with a genetic
component. RAGS assds in the condruction of a family tree, and uses a PROforma task
modd to assess an individud’s risk in the light of ther family higory and suggest whether
or not the person should be referred for further investigation and/or counsdling. Initid trids
with GPs have produced very promisng results [15]. In a comparison with Cyrillic, a
leading commercid pedigreelrisk assessment product, RAGs was chosen as the preferred
risk assessment tool 91.7% of the time, as opposed to 5.6 % for Cyrillic ad 2.7% for pen+
and-paper techniques [16].

6.3 Image analysis and understanding

The CADMIUM (Computer Aided Decison Méaking and Image Underdanding in
Medicine) project set out to address the problem of integrating symbolic representations of
knowledge with images and amilar andogue data from medicd devices in the context of
mammographic cancer screening [17]. Severd imaging protocols have been developed in an
effort to invedigae the technicd and theoreticd issues in proformalising image
undersanding functions. We ae now focusing on integration of image processng and
underganding functions with decison support within the context of a dinicd trid Sudying
the use of Tamoxifen.

6.4 Chronic disease assessment and treatment

Studies are currently being undertaken to evduate the Arno sysem for the diagnosis,
invedigation and management of chronic pan syndromes.  This complex sysem was
developed by InferMed Ltd., using their ArezzoO authoring ad enactment tools for the
PROforma language. Arno offers support in relating a patient’'s symptoms to their probable
causes, as wdl as advidng on gpproprigte andgesa and adjuvant thergpy. The Arno
gpecification includes 32 plans, 19 actions, 29 enquiries covering over 200 individud items
of information, and 140 decisons which embody over 1000 argument rules (see
www.infermed.com). It is the largest PROforma application developed to date and shows
that the technology has practical scaling properties.

6.5 Hospital Care

We have dso developed number of applications for use in hospita settings.  RetroGram™
has been developed by InferMed to asss clinicians in choosng appropriate anti-retrovira



therapy for patients with HIV, based on the individud pattern of genotypic mutaions
present in a paient specific HIV dran.  The use of RetroGram™ in clinica practice is
being evduated as pat of the Genotypic Resstance Evauation to Aid Therapy-switching
(GREAT) trid.

A decison support sysem to assst with prescribing and scheduling decisons in the
treetment of childhood acute lymphoblagtic leukaemia (ALL) is being developed within the
context of the Medicd Research Council’s ALL '97 trid. Significant requirements of this
project include the integration of the PROforma enactmentt engine with conventiond
cinica-trial databases and dectronic patient records, as well as decison functions for
supporting continuity of care as patients move between geographicaly separate treatment
Stes.

We believe tha a generic solution to the problem of integrating decison support
functions with dectronic paient records is an urgent requirement for many practica
decison support and workflow agpplications. This problem is being addressed within the
context of the SyNeX project, which is developing an approach to the implementation of
patient records based on a federation of independent databases and patient data sources. A
demongration interface between the SyNeX patient record system and a PROforma anti-
coagulation therapy protocol is currently being developed.

7 Ongoing challenges for PROforma

A number of recurrent themes have emerged in the devdopment and testing of the
gpplications described above. In generd, difficulties have concerned the integration of
goplications into the locd computing environment and the workflow of clinicd consultation
and process, rather than the ability to adequately describe a particular clinical process or
concept in the PROfor ma notation.

7.1 Expressiveness

Unlike a conventiond logic language, such as Prolog, PROforma supports high-leved
objects (e.g. notably tasks but also general object hierarchies such as ontologies of diseases,
drugs etc.). PROforma aso makes use of noncasscd logics (eg. tempord and
agumentation logics) and “enactment” rules, which implement a form of mea
interpretation over declarative descriptions of task properties (eg. task gods, scheduling
and tempord condraints, plus termination and abort conditions on plans). The language is
very expressve for formdisng task-oriented procedures though inevitably though this is a
some cost in generd logic programming capabilities.

7.2 Readability and intuitiveness of the langauge

A PROforma task specification is intended to be as easy to understand as possible, idedly
by doman-specidids who ae not programmers, by adopting familiar, intuitive and
modular condructs as the basc dements of the language (eg. beliefs gods, decisions,
plans, actions etc). These are expressed in a smple and uncluttered syntax and the intended
behaviour can be directly appreciated from task enactment diagrams represented with
draightforward graphical conventions (figure 5). It is not a requirement that doman
specidigs should be able to construct such specifications, however, snce a sound
specification will frequently depend on an gppreciation of programming disciplines.



7.3 Formally sound foundations

So far as is possible the concepts of PROforma are grounded in a well-defined and formaly
verified logicd framework. The logicd theory underlying the current PROforma  task
specification language is closdly relaed to the RED formaism as described in depth by Fox
and Das [18]. However, there are some differences between RED and PROforma because of
the stronger object-oriented style of the latter, notably the introduction of task classes and
inherited properties over these classes. A demondration of forma soundness has been
completed for the RED formdism but the equivdent for PROforma is an obligation for
future work.

7.4 Infrastructure and integration

Two PROforma authoring and enactment systems have been developed to date, InferMed's
Arezzo toolset and a new generation of web-oriented tools. InferMed’'s MACRO dinicd
trids manager uses a PROforma enactment engine for scheduling the presentation of
electronic case report forms, checking vaidity of data entries, and decison support during
the trid. The more recent engine is designed to support a client-server modd, in which a
PROforma guiddine server can support pardld sessons and multiple guiddines accessed
through browser-based user interfaces. Both authoring systems are sngle-user, standaone
guiddine editing environments [18] [dyand both enactment engines are cgpable of being
embedded in hogt gpplications, such as patient record systems and clinicdl trid systems.

The Solo dient sygdem can dso be used to link a guiddine running on a client
machine to other locd applications, such as the image-processing and genetic andysis
gpplications described above.  To support integration and communication with other
information systems, we have recently developed an XML document type definition (DTD)
describing the PROforma task set.

To date, much of our work has been based in environments such as primary care and
out-patients clinics where the logigics of the interaction between cdlinician, patient and
computer are relaively draght-forward.  Hospitd environments are consderably more
complex, with many dlinicians collaborating on the care of multiple patients over extended
time periods. Wards with 30 or more patients may have perhaps only 1 or 2 computer
workgtations, inaccessble from the bedsde. Mobile technologies will thus be essentid in
making decison support tools available as close to the locus of care as possble. We ae
exploring the role of such technologies in the ALL project described above. A generd
solution may well require handheld or other portable devices acting as ‘thin dlients linked
via a wirdess LAN to a server hosting the PROforma engine and patient database. In the
ALL project itsdf however, the limited number of dinicians interacting with a given patient
in a given time period makes running the PROforma engine and a lightweight patient record
on the portable device itself amore pragmaticadly attractive gpproach.

8 The PROforma 2000 proj ect

We ae currently defining requirements for an updated specification of the PROforma
language and technologies, collectively referred to here as PROforma 2000, drawing on the
experience gained to date on these and other applications.

8.1 Extensibility

If PROforma becomes more widely adopted, guideline developers are likely to want to
extend the current set of generic tasks decisons, plans, actions and enquiries. As users



recognise generd patterns in the applications they create they will wish to express these
generdisations through the addition of new classes to the PROforma task hierarchy. It is
currently possble to develop specialised versons of tasks (eg. prescribing or diagnosis
decisons) by populating the generic task dructure. It is dso possble to creste task
“templates’ consisting of unpopulated task sets, and saving them in a task library for
subsequent reuse (figure 5).
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Figure 5: A guideline template for primary-secondary clinical referrals, based on text guidelines published by
the UK National Institute of Clinical Excellence. The template has 3 components, each made up of a set of
standard PROforma tasks, one is the referral guideline itself, one a simple monitor for detecting urgent or
hazardous conditions, and one which can be populated with various kinds of conventional information
Sservices.

However there is only limited support for template creation and for the creetion of
entirdy new classes of task (eg. therapy design or data andyss tasks). Since such
extensons will arise as a result of experience with the language and cannot be anticipated in
advanceit isimportant that the task hierarchy should be readily extensble.

We envisage that development of PROforma technologies will be an ongoing and
process with continud input from guiddine desgners and dinicans. It is therefore
important that designers should be able to create, digtribute, share and experiment with
extendons to the task hierarchy, function libraries and agpplication viewers supported by
PROforma 2000 and its associated development and enactment tools.

The need for extenghility has implications for the syntax and operationd semantics of
PROforma 2000 as wel as for the interface between PROforma and software written in
other languages. We adso am to specify the operationd semantics of PROforma and its
programming language interfaces in such a way as to dlow new task classes and functions
to be written in programming languages such as Java or C/C++ and didtributed as modular
components.



8.2 Agent Communication

The agent based computing paradigm is an increasngly influentia approach to enginering
of complex didributed sysems. One feature of this paradigm is the recognition that
interactions between different sysems may not follow a smple dient-server pattern.  We
are exploring ways in which PROforma 2000 might moded interacting sysems as separate
agents pursuing their own gods, with the interaction between these systems treated as
‘conversations in which conflicts of interet are negotiated, ambiguities resolved, and
common objectives identified. A number of languages have been defined for inter-agent
conversation. Prominent among these are KQML and FIPA ACL [19], both of which
classfy messages in terms of speech acts which represent the intentions and beliefs of the
sender of the message.

An important objective of the PROforma 2000 project is to integrate agent
communication into PROforma in a manner that does not compromise its declarative
semantics. One approach being explored is to extend the task hierarchy to provide
specialised sender classes, which send messages to other agents, and receptor classes, which
aretriggered by the arriva of messages from other agents.

8.3 Goal-based control

A common objection to dinica guiddines, whether machine-readable or plain text, is that
they express plans as series of tasks that are followed without reference to the intended
clinicd god. This modd makes it difficult to define drategies for recovery if a particular
plan fals to achieve its objective. PROforma 2000 will address this problem by defining a
gyntax based on an explicit god formaism, such as the task/focus model [20] in which the
god of atask is expressed as a kind of verb phrase (eg. diagnosis of joint pain, trestment of
headache, control of blood sugar). Goas are dso important for controlling task termination
(eg. a plan should terminate when its god has been achieved irrespective of whether dl the
scheduled tasks have been completed) and in plan replacement and plan repar (for a plan
that has failed).

8.4 Accessto external knowledge representation systems

The current PROforma language dlows enquiries and actions to access externd sources of
knowledge such as databases. However in order to gain such access designers must
incorporate Site-specific details into guiddines thus making them difficult trandfer between
inditutions. PROforma 2000 should alow interaction with externd knowledge sources in
ways that do not rely on ad hoc implementation details or Ste-specific information about the
internd  dructure of such sources. The interaction should dlow the guiddine ether to
conduct conversations with external sources in some agent communicetion language or to
incorporate such sources as avirtua or physical extension of its own knowledge base.

85 Parameterisation of Tasks

Vaiables in PROforma expressons may currently be ingtantiated to objects in the locd
knowledge base but only retain their bindings within the scope of the expressons in which
they occur. PROforma 2000 will dlow variables to retain ther bindings throughout a task
or plan and to be used to parameterise the effects those tasks have on the guiddineg's loca
knowledge base or its actions on the outside world.

8.6 Safety management

The operationd semantics and task hierarchy of PROforma 2000 will explicitly take into
account the necessty of ensuring safe execution of guiddines and timely detection and
rectification of hazardous conditions by incorporating tasks whose role is to ensure the



safety of the plans of which they form a pat. Fox and Das [18] propose the use of
specidised safety agents (“guardian agents’) to monitor clinica Stuations, trends, decisons
and actions in order to detect and act on possible hazards during task enactment. Fox and
Das show how PROforma technology can implement this concept though the current
verson of the language, but it does not provide explicit constructs to support the idea. It is
intended that PROforma 2000 will provide such support, in the form of explicit safety gods
and generic hazard management tasks and Strategies.

9 Discussion and conclusions

We believe that the task based paradigm represents a promising solution to the problem of
developing guiddine representation formats that maintan a declarative knowledge base
whilgt reflecting the condraints of the clinicad workflow and process within which that
knowledge is to be applied. We have found the particular task modd adopted in PROforma
to be both expressve and intuitive, with its dmplicity and formd foundations being
ggnificant benefits.

Although the devdopment of the PROforma task mode appears to have been
productive, we must now address a second set of chdlenges. The technica chalenges of
providing interfaces between decison support sysems and other dinica information
systems such as eectronic patient records and laboratory systems are well known. Within
the context of the PROforma 2000 project, the definition of a cler APl for PROforma
technologies will be a first step towards supporting communication between PROforma and
other systems. We dso hope that the adoption of techniques from the agent-based paradigm
will help to address the difficulties of communication and negotiation between guideines,
and facllitate the deveopment of clearer behaviourd semantics for god-based guiddine
representation.

The devedopment of more inteligent functions, such as plan repar and the dynamic
modification of plans represents a longer term objective for the PROforma forma. These
features will require a deeper understanding of generd cognitive functions and how these
can be modelled in forma systems. A further chdlenge in providing decison support a the
point of cae is in integrating computer sysems into the dynamic of the dinicd
consultetion We are exploring the notion of “use modds’, in which we consder the
impact of a computer on the complex discourse between patient and clinician.  Introducing
a computer as a “third paty” in this discourse may have dgnificant effects on the
psychologcal aspects of the consultation, both for dinicians and patients.  If the decison
support systems we wish to provide are to be integrated into clinical practice, their design
must support the subtleties of the human reationship that exists between patients and their
clinicians s0 that they may enhance, rather than detract from, this relationship.
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