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ABSTRACT

The Pharmaceutical industry today continues to face a number of challenges: the patent cliff, increasing competition
from generics, the need to drive shareholder value, while continuing our mission to provide better solutions and
medicines that improve people’s lives. What this means to the process of clinical data analysis and reporting is that
there is an imperative to adopt significantly more refined systemic solutions to dramatically improve cost efficiency,
whilst retaining appropriately high standards of accuracy, repeatability, safety and compliance. This paper elaborates
on the poster ‘Clinical Analysis and Reporting Environment (CARE) — The Industrialisation of Clinical Trial Analysis
and Reporting’, presented at the 2013 FDA/PhUSE conference, taking a deeper look into the critical success factors
involved in the architecting and building the Clinical Analysis and Reporting Environment (C.A.R.E.) framework. A
technical view of the essential design of the foundation components of the Clinical Rules and Metadata (C.R.a.M.) is
provided.

Introduction

“We cannot solve our problems with the same thinking we used when we created them.” - Albert Einstein
“When you come to a fork in the road, take it!” -Yogi Berra

The initial approach to this paper was to present the details of my work with Sparx systems EA and C++
implementations in the development and implementation of the core components and operation of the C.A.R.E.
Framework. However, given the nature of the forum for this paper and intended audience. | concluded that it would
be more appropriate to step back and present details of the key influencers to the C.A.R.E. development trajectory.
To name a few, Protégé, BOSCH, Intentional Software and last but by no means least Coherent Knowledge
Systems. The technical specifications and resources will be made available at the GOOGLE+ C.A.R.E. community
site. (COMMUNITY, 2013)

I have worked rather oxymoronicly, as an independent SAS Application Developer on five different Clinical Analysis
and Reporting applications for various Pharmaceutical companies. In each and every case, | came to understand that
these applications have in many ways failed to deliver sufficient or significant improvements. There are a number of
reasons for this, probably the most significant being an over reliance on tool sets that have no place as application
development components. With many solutions relying upon large and complicated SAS/Macro libraries, as the
cornerstone components of these solutions.

What are some of the reasons for the observation that the basis of Clinical Statistical Analysis and Reporting has
remained pretty static for so many years, despite the rather significant corporate financial investments? Sebastian
and Vélter (Markus Voelter, 2013)nicely express some of the challenges being faced in this area, in particular the
idea of the “Investment Prison”. “The more you invest in reusable artifacts, the more productive you become.
However, you may also get locked into a particular way of doing things. Radically altering the way we approach the
C.A.R.E. domain may appear unattractive — given that we have become relatively efficient with our current approach.
It becomes expensive to "move outside the box". Additionally, the idea of a there being a “Cultural Bias” (Manns,
2004) is another factor. Specifically, calling into question the strategy of relying upon Statistician or SAS Statistical
Programmer being appropriately educated or experienced for the technical IT design and implementation tasks of
these projects. From my experience, it does explain why SAS Scripts, Microsoft Excel, Microsoft PowerPoint,
Microsoft Word, PDF files figure heavily in most current industry solutions in this domain.

This paper will work present a high level case for the strategically essential move to an Automated Knowledge
perspective and examine some modern technology approaches that support such a move, outline some key
premises of the C.A.R.E solution below and to present in detail the work in the area of Clinical Rules and
Metadata(C.R.a.M.). An overarching concept behind the C.A.R.E. framework is to implement an automated
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knowledge based platform for Clinical Trial Analysis and Reporting. Considering the nature of the C.A.R.E. domain,
specifically, statistical programming tasks the following make the premise of a C.A.R.E. approach viable (Rudolph,
2008):

there is a significant level of conditional branching within the clinical analysis process;

there is the possibility for complex decision making process;

the clinical logic/rules are relatively static;

clinical logic/rules can be applied across trials; and

there is the possibility for trial simulation and prototyping.

o~ wbh e

A CASE FOR AN AUTOMATED KNOWLEDGE APPROACH.

So what is the case for adopting a Knowledge based approach? Taking a step back, the Pharmaceutical industry and
more specifically the Clinical Trial Analysis and Reporting process is highly regulated. By way of example, we have
European wide legislation that is usually augmented by each of the member states into local legislation.

The Clinical Trials Regulations — The Medicines for Human Use (Clinical Trials) Regulations
(S12004 1031), as amended

Orange Background: European Commission Directives Blue Background: The Clinical Trials Regulations

These statutory instruments are secondary legislation to the Medicines Act and have transposed the European Directives into UK law.

The principal Regulations (the main statutory instrument) governing

o ) ) ) _ the conduct and management of clinical trials of investigational

EC Clinical Trials Directive Tglf Me‘:'.:.:l.n?s f;r Huln';?n Use  |cdicinal products (CTIMPs). A brief description has been
(2001/20/EC (Clinical Trials) Regulations published by the MHRA

5120041031 www._mhra_gov_uk/home/groups/l-
unit1/documents/websiteresources/con2022633.pdf
* Amended the wording of the GCP conditions and principles
+ Clarfied the sponsor can delegate functions but not responsibility
- - - f - The Medicines for Human Use - Introduced the reporting of serious breaches of GCP/protocol
EC Clinical Trials Directive (Clinical Trials) Amendment + Introduced Investigator Brochure update/validation requirements
(2005/28/EC) Regulations SI 2006 1928 + Introduced Trial Master File & archiving requirements (named

individual)
+ Sharing of information between ethics committees and the MHRA

+ Amended the requirements for consent in the emergency
setting for incapacitated adults.

+ Inclusion, prior to consent being obtained by a legal
representative, is now possible under defined circumstances

The Medicines for Human Use (Clinical
Trials) Amendment (No 2) Regulations
Sl 2006 2984

+ Amended the requirements for consent in the emergen
The Medicines for Human Use (Clinical setting forminorg, gency

Amendments to the ATriaI: anc: B&ood I&tsafe o 2332‘9“ » Inclusion, prior to consent being obtained by a parent or legal
UK Ieglslatlons representative, 1s now possible under defined circumstances

+ Amended the timelines for reporting urgent safety measures to
competent authorities/ethics committees for trials occurring

The Medicines for Human Use 5 -
during a pandemic period.

MISCB"ZI‘I.BOUS sonenilis i + Urgent safety measures are now reported ‘as soon as possible’
Regulations S12009 1164 instead of ‘within 3 days’ which is the requirement for all other

periods.

1. Overview of Clinical Trial Regulations UK (Archives)

In thinking about the scope of the C.A.R.E. project. There is a clear requirement for traceability and transparency (see
below C.A.R.E. Solution KEY Premises). In order to get a feeling for the size and depth, | looked at the issues from
several perspectives. Namely those of patient, regulatory and pharmaceutical companies’ perspectives.

Of most criticality, is the patient perspective, to get a sense of the size of this dimension | recommend the WHO
Family of International Classifications:

1. The International Classification of Diseases (ICD) is the standard diagnostic tool for epidemiology, health
management and clinical purposes. International Statistical Classification of Diseases and Related Health
Problems 10th Revision (WHO, 2013) contains approximately 68,000 disease codes.

2. International Classification of Functioning, Disability and Health (ICF) is a classification of health and health-
related domains. These domains are classified from body, individual and societal perspectives by means of
two lists: a list of body functions and structure, and a list of domains of activity and participation. Since an
individual’s functioning and disability occurs in a context, the ICF also includes a list of environmental
factors. (WHO)
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International Classification of Health Interventions (ICHI) The purpose of this classification is to provide

Member States, health care service providers and organizers, and researchers with a common tool for
reporting and analysing the distribution and evolution of health interventions for statistical purposes.

From a regulatory perspective, | chose to look to the site provided by the U.K. NHS National Institute for Health
Research (National Institute for Health Research, 2013). The Toolkit is primarily focused on Clinical Trials of
Investigational Medicinal Products (CTIMPs) and the regulatory environment and requirements associated with these.
For the purpose of this paper it served very well to identify the links between the legislative requirements and clinical

trials.

The Clinical Trials
Toolkit - Routemap

have the latest version of the routemap.

*Version 1.1 — August 2013. Please visit www.ct-toolkit.ac.uk to ensure you
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1. An example of a Clinical Trial Roadmap.

Drilling down into this route map reveals a consider body of information in the form of legislation, guidance, best
practices, checklists and further references. Another very good source of information in this International Conference
on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use(ICH) (ICH, 2013)
whose mission ‘is to make recommendations towards achieving greater harmonisation in the interpretation and
application of technical guidelines and requirements for pharmaceutical product registration, thereby reducing or
obviating duplication of testing carried out during the research and development of new human medicines.” (ICH,

2013)

From the Pharmaceutical Company perspective there are a set of Clinical Trials being conducted possibly in an
international context across multiple indications at different phases, by a globally dispersed set of Clinicians, Medical
Writers, Statisticians, Data Managers and Statistical Programmers. All of whom are fully trained and certified with the
companies Policies, SOPS and Guides. As a conservative estimate at the very least there are over 300,000 pages1
of relevant legislature and guidance’s. Although, the overall technical approach for implementing a trial design

! A rough estimate based on the results from a modified web crawler (wikipedia, 2013).
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remains unchanged. There is an opportunity with the recent advances in the standardisation of clinical data, with the
growing acceptance and use of CDISC Standards. The increase in sophistication in the approach to clinical data
capture also bolsters this clinical trial analysis and reporting efficiency drive.

Looking at a report from McKinsey Global Institute “Disruptive technologies: Advances that will transform life,
business, and the global economy” (James Manyika, 2013) which examines 12 technological areas with the potential
for disruption.

“Technology is moving so quickly, and in so many directions, that it becomes challenging to even pay attention—we
are victims of “next new thing” fatigue. Yet technology advancement continues to drive economic growth and, in some
cases, unleash disruptive change. Economically disruptive technologies—like the semiconductor microchip, the
Internet, or steam power in the Industrial Revolution—transform the way we live and work, enable new business
models, and provide an opening for new players to upset the established order. Business leaders and policy makers
need to identify potentially disruptive technologies, and carefully consider their potential, before these technologies
begin to exert their disruptive powers in the economy and society.” (James Manyika, 2013)

The McKinsey report attempts to draw a link between hype and potential. It makes the point that emerging
technologies often receive a great deal of notice, whilst the majority goes mostly unnoticed.

“The history of technology is littered with breathless stories of breakthroughs that never quite materialized. The
hype machine can be equally misleading in what it chooses to ignore. As (James Manyika, Insights &
Publications, 2013) shows, with the exception of the mobile Internet, there is no clear relationship between the
amount of talk a technology generates and its potential to create value. The lesson for leaders is to make sure
that they and their advisers have the knowledge to make their own assessments based on a structured
analysis involving multiple scenarios of technology advancement and potential impact.”

This estimate shows that, although the level of hype associated with knowledge automation is low the predicted
benefit is extremely high.

Media attention

Number of relevant articles in major general interest and business publications over 1 year (log scale)
100,000
Mabile
L Internet
Renewable
10,000 | energy

Advanced oil and
@ gas exploration
and recovery

Autonomous and
near-autonomous
vehicles

] Next. ° @ Cloud technology
nergy o generation @
storage .
genomics )
1,000 The Internet of Things
o Advanced @
® 3D printing robotics %
Advanced @ Automation of
materials knowledge work
100 '
100 1,000 10,000

Potential economic impact across sized applications
$ billion (log scale)

NOTE: Estimates of potential economic impact are for only some applications and are not a comprehensive estimate of
total potential impact. Estimates include consumer surplus and cannot be related to potential company revenue, market
size, or GDP impact. We do not size possible surplus shifts among companies and industries, or between companies and
consumers. These estimates are not risk- or probability-adjusted.

SOURCE: Factiva: MeKinsey Global Institute analysis

2. The relationship between hype about technology and its potential impact
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(James Manyika, Insights & Publications, 2013)

The report (James Manyika, Insights & Publications, 2013) also examines the potential economic impact of
knowledge automation tools in the types to reach $5.2 trillion to $6.7 trillion per year by 2025 due to greater
output per knowledge worker. Their prediction includes $4.3 trillion to $5.6 trillion could be generated in
advanced economies where wage rates are higher. With the ‘Health Care’ projections being in the order of 0.3-
0.4 trillion USD annually.

Sized applications of automation of knowledge work could have =0

direct economic impact of $5.2 trillion to $6.7 trillion per year
in 2025

Potential economic Potential
impact of sized Estimated productivity
Sized knowledge worker occupations in 2025 Estimated scope potential reach or value gains
occupations $ tnllion, annually in 2025 in 2025 in 2025
. $4 4 trillion in * 50-65milion = $35000 value
Clerical knowledge worker full-time per FTE of
COI’TII'HC-H costs equivalents additional
business ) * 125 million (FTEs) of work  productivity
functions Customer service knowledge workers potentially
and sales automatable
. Education » $2 8 trillion in know- = 20-30million = $50,000 value
Social ledge worker costs FTEs of work per FTE of
sector * 55 million knowledge  potentially additional
Services Health care workers automatable productivity
Science and « $2 2 trllion in know- = 15 million = $60,000 value
Technical engineering ledge worker costs FTEs of work per FTE of
echnica « 35 million knowledge  potentially additional
professions T workers automatable productivity
# + $29tillionin know- = 15-20 milion = $60,000 value
Manaaers ledge worker costs FTEs of work per FTE of
g * 50 million knowledge potentially additional
<. workers automatable productivity
_ Finance _ + $1.5tillion in know- = 10 million = $65,000 value
Profgssmnal ledge worker costs FTEs of work per FTE of
Services 02— * 25milion knowledge  potentially additional
Legal 03 workers automatable productivity
Qther potential applications __I
(not sized ) |

Sum of sized potential 5.2-
economic impacts 6.7

NOTE: Estimates of potential economic impact are for some applications only and are not comprehensive estimates of total
potential impact. Estimates include consumer surplus and cannot be related to potential company revenue, market size,
or GDP impact. We do not size possible surplus shifts among companies and industries, or between companies and
consumers. These estimates are not risk- or probability-adjusted. Numbers may not sum due to rounding.

SOURCE: McKinsey Global Institute analysis

3. Industry Breakdown for Knowledge Automation.
(James Manyika, Insights & Publications, 2013)

Taken together — the complexity and range of the C.A.R.E. backdrop of regulatory compliance — the siye of the

potential Pharmaceutical market and as we shall see the maturation of some key knowledge based approaches. |

would conclude that it is vital to in our industry that we embrace a shift toward an automated knowledge based
solution outlook.
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C.A.R.E. Solution KEY Premises

“If you don’t know where you 're going, chances are you will end up somewhere else.” - Yogi Berra

Premise - A proposition upon which an argument is based or from which a conclusion is drawn.

The following is by no means exhaustive, “am Expressio unius est exclusio alterius” does not apply.

TRANSPARENCY

An essential aspect of the C.A.R.E. framework is the need to address security, traceability and audit. Of particular
utility is the contribution by the Open Security Architecture Group OSA. “OSA is licensed in accordance with Creative
Commons Share-alike. We believe that Open Source principles result in more secure systems, and want the
computing architectures that we depend on for our daily lives to be as secure and reliable as possible” (OSA, 2013).
Of particular use has been the OSA Taxonomy, shown below, which depicts the entities and relationships that are
relevant for OSA. This taxonomy has been very helpful helps to understand how OSA can be applied within the
C.A.R.E. framework. OSA is very much a living Taxonomy and there is an active support community.

Business
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OSAis licensed according to Creative Commons Share-alike

Please seehitp//'www. opensecurityarchitecture org/cms/aboutlicense-terms

4. OSA Taxonomy

For some operational aspects of the C.A.R.E. framework, for the event logging sub-system, the work of Extensible
Event Stream(XES) (Verbeek, 2012) is of keen interest. XES is an XML-based standard for event logs. The purpose
of XES is to define a standard format for the interchange of event log data between tools and application domains. Its
primary purpose is for process mining, i.e. the analysis of operational processes based on their event logs.

RENDER

As soon as any information, whether it is a SOP, Clinical Output specification or Protocol/Trial Design, Clinical data is
stored within an Excel, Word, PowerPoint, PDF document or SAS Script, then that information is mostly lost for
further system processing. The link to the knowledge and associated derivation processing required to arrive at these
documents becomes difficult and usually in a business context impossible to reverse engineer. Although it is an
obvious requirement that these artifacts are produced, it is essential that these are rendered by the system from
appropriate system internal data structures and processes. Think about the amount of task repetition and time spent
hunting for information required in our current work. The current practice of writing SAS scripts should be thought of
as an act of knowledge hiding.

XBRL -> XCRL

XBRL (eXtensible Business Reporting Language) is a freely available and global standard for exchanging business
information. XBRL allows the expression of semantic meaning commonly required in business reporting. The
language is XML-based and uses the XML syntax and related XMLtechnologies such as XML Schema, XLink, XPath,
and Namespaces. One use of XBRL is to define and exchange financial information, such as a financial statement.
The XBRL Specification is developed and published by XBRL International, Inc. (XII). (Wikipedia, 2013) Within the


http://en.wikipedia.org/wiki/Semantics#Computer_science
http://en.wikipedia.org/wiki/Business_reporting
http://en.wikipedia.org/wiki/XML
http://en.wikipedia.org/wiki/XML
http://en.wikipedia.org/wiki/XML_Schema_(W3C)
http://en.wikipedia.org/wiki/XLink
http://en.wikipedia.org/wiki/XPath
http://en.wikipedia.org/wiki/XML_namespace
http://en.wikipedia.org/wiki/XBRL_International
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financial sector there a number of the large foreign companies which use International Financial Reporting Standards
(IFRS) and that will also be submitting their financial returns to the SEC using XBRL. (U.S. Securities and Exchange
Commission, 2013). Although, | would suggest that within the Pharmaceutical Industry the Clinical Reporting
requirements are not to be compared with those of the financial sector — the overall strategy is a good one offering
clear benefits to both the industry and the regulators. To satisfy overall trial submission requirements any
specification of a XCRL (Extensible Clinical Reporting Language) standard would be significantly different to what is
see in other sectors.

To get an idea of the structure of XBRL, there is a simple example available that uses an Excel spreadsheet to
demonstrate the key concepts of the XBRL standard; you can find this “hello world” example at (Digital Financial
Reporting, 2008).

USE FAST SCALABLE TECHNOLOGY.

SAS is a best of breed tool for Statistical Analysis and Reporting. The idea that the power of SAS, SAS macro and
SAS SCL scripting is being used in application development is testimony to the products power and flexibility. This
does not mean that this is the best choice of tool for the job. The C.A.R.E. framework is being built using C++ for
benefits of speed and scalability. As a starting point the idea of using a desktop virtualization solution is common to
most of us and for the moment sidesteps the issues of delivering a web based solution. | tend to shy away from
Eclipse (Eclipse Org, 2013) plug in solutions, because although it has advantages in delivering applications quickly, it
seems to be an iceberg solution, with most of the system dependencies and implementation issues hidden below the
surface.

CAPTURE THE LEGAL COMPLIANCE CONTEXT

Natural Language Processing (NLP) is a field of computer science and engineering that has developed from the
study of language and computational linguistics within the field of Atrtificial Intelligence. The goals of NLP are to
design and build applications that facilitate human interaction with machines and other devices through the use of
natural language.

The most common method for evaluating the performance of a NLP algorithm is to calculate how accurately it labels
your dataset. This can be done by measuring the fraction of the results from the dataset that are labeled correctly
using a standard technique of “relevance judgment” called the Precision and Recall metric.

For each label you are using to identify elements in the data, the dataset is divided into two subsets: one that is
labeled “relevant” to the label, and one that is not relevant. Precision is a metric that is computed as the fraction of the
correct instances from those that the algorithm labeled as being in the relevant subset. Recall is computed as the
fraction of correct items among those that actually belong to the relevant subset. The following confusion matrix helps
illustrate how this works:

positive negative
positive true positive (tp) false negative (fn)
negative false positive (fp) true negative (tn)

Precision is a metric that is computed as the fraction of the correct instances from those that the algorithm labeled as
being in the relevant subset. Recall is computed as the fraction of correct items among those that actually belong to
the relevant subset.

Precision P=tp/(tp+fp)
Recall R=tp/(tp+fn)
Accuracy A=(tp+tn)/(tp+tn+fp+fn)

The values of Precision(P) and Recall(R) are combined into a single metric called the F-score, which is the harmonic
mean of the two. F=2*(P*R/P+R) While the F-measure won'’t tell you specifically where your algorithm is producing in
correct results, it does provide a handy way for someone to tell at a glance how your algorithm is performing in
general. This is why F-measure is commonly reported in computational linguistics papers: not because it's inherently
useful to people trying to find ways to improve their algorithm, but because it's easier on the reader than processing
an entire table of precision and recall scores for each tag used. (Pustejovsky & Stubbs, 2012)

The process of automatically generating input parsers using a Bayesian generative model reported F-Score of 80%
against state of the art semantic parsing with F-Scores of 66.7% Tao Lei(et al.) (Tao Lei, 2013). Their C++ source is
available at (Tao Lei F. L., 2013). Also, the work by, for example Estrella project whose objectives are to develop a
Legal Knowledge Interchange Format (LKIF), building upon emerging XML-based standards of the Semantic Web,
including RDF and OWL, and Application Programmer Interfaces (APIs) for interacting with legal knowledge-based
systems. (University of Amsterdam, 2008)



http://www.estrellaproject.org/?page_id=5
http://www.w3.org/RDF/
http://www.w3.org/2004/OWL/
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Would it be reasonable to use NLP to capture the Industries Global Regulatory Obligations and Guidance’s in a form
that could be consumed systemically by Pharmaceutical Companies?

CLINICAL RULES AND METADATA

Essential to the C.A.R.E. Framework is the necessity to tightly couple the clinical metadata and rules associated with
the creation of validated statistical outputs. Many of the current corporate solutions include a Metadata Repository
and some form of controlled terminology aspect. A significant piece of the solution that is missing is a comprehensive
and integrated clinical rule repository. Currently, this considerable body of this knowledge is being actively locked
away within SAS Scripts. The following is an overview of the some potential solution approaches, where each has
interesting and compelling facets, which | would consider important for inclusion in any clinical analysis/reporting
knowledge based solution.

PROTEGE AND OWL

Protégé (Protégé, 2013) is a free, open source ontology editor and knowledge-based framework. The Protégé
platform supports modeling ontologies via a web client or a desktop client. Protégé ontologies can be developed in a
variety of formats including OWL, RDF(S), and XML Schema. By way of example OWL is used as part of the creation
of the NClthesaurus, NCIimetathesaurus and SNOMED. (http://www.cancer.gov/, 2013)
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5. Owl is part of the workflow for NClmetathesaurus

The OWL ontology is a set of axioms, which provide explicit logical assertions about three types of things -
classes, individuals and properties. By using a piece of software called a reasoner one can infer other facts which
are implicitly contained in the ontology. The following example “Preview of OWL 2 ontology for clinical
pharmacogenomics and decision support (now called 'Genomic CDS')” can easily be loaded and explored with a local
installation of Protégé. The Genomic CDS ontology that aims to unify several functionalities in a single resource,
these being:

e aknowledge base for clinical pharmacogenomics that can be used for question;

e arule base for clinical decision; and

e atool for checking data consistency; (Samwald, 2012)


http://protege.stanford.edu/download/download.html
http://www.mozilla.org/MPL/MPL-1.1.html
http://protegewiki.stanford.edu/index.php/WebProtege
http://protegewiki.stanford.edu/wiki/Protege4UserDocs
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6. Import and exploration of ‘Genomic CDS' into Protégé

Protégé (Protégé, 2013) is a feature rich and deep product. It figures in a number of organisations’ implementation
workflows. It does require some considerable efforts to get to grips with and at times it can be rather bug infested, at
least my windows 7 installation. There are a number of very basic tutorials online — regarding Pizza ontologies. The
products component of ontology management and representation is rather a compelling component.

BOSCH INVENTED FOR LIFE

“Visual Rules Modeller” (Bosch Sotare innovations GmbH, 2013) solution has a lot of functionality, that is of some
interest and relevance. Putting aside the issue that it is built on top of eclipse, the learning curve when compare with
tools such as Protégé is a less steep and offers a considerable amount of useful business functionality.

oA S e—————

igate Search Project Run Window Help

GrHBE $0 Q- @B it e I xjox -aeaq|a-a-|E=mea 5 Ew
<> *Rule Explorer 53 = B (58 *Verify Content £3 . @ Rule Project 'CRaM Example’ 1
B 5 @ T[4 @ ralene E=SCT
4 carelab ules [y Select ADLB Matadsta Viry
& care lab rules Y
- room 5 a 5
@ ruleprojectar | Check LAB Load worked Il | Was the ADAM.ADLE dataset well formed?
4 2 “CRaM Ecample (1 Add Note - Add a note |caratonrie | o
a @ “CRaM BExample 1] Describe Branch - Add a description to a whole - —
4 53 Lsb Rules branch ._B_@ loadbdataset | o [ D the ab load occurr o ).E_El_pmy “ADAM datasat structure [The data contained al ofthe expected varables
a (4% Verify Content &> Decide - Make a decision & ‘ & loadADaMADLE ‘ =~ 1m= lab dataset was loaded and has content, ‘ ‘ 4§ Veriy ADLBStructure: ‘
b (& Input/Output Data

2+ (8 Intemal Dato I Assign - Calculate values and update data

‘( Lt verity ADLBStructure ok

@ internal: Any [ Galt Flow Rule - Call another flow rule
b (@ Senvices

[E] Call Decision Table - Call 2
[E] Calt Service - Calla

ion table
8 VerifyADLBStructure

@ ruleprojectr

ely return to the calling

L | [Eroreccumdin Las eta tos

« Return Exception - Create an exception message
and continue where exceptions are handled A PDLE Detaset oad Emor
P> Handle Exception - Specify what to do when an = Returm:
exception message is returned GeneralException
o message="L oacl of the ADAN ADL dataset fallec”

 Propeties 52 il Problems| & Tasks|

23 Verify Content

7. Example of Visual Rules interface.

So what aspects of the Visual Rules Modeller are relevant to the clinical analysis and reporting business domain?
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The rule specification process is visual and clinical metadata is integrated and easily used during the clinical rule
specification process. The application dynamically performs background checking as the rules are being constructed
so that issues are highlighted in real time. Very much like a modern IDE with syntax checking. Significantly, rules can
be created separately and imbedded in a larger rule flow. The product also demonstrates a JAVA code generation
capability that allows the tool to be integrated into existing application software. Finally, the capability to manage how
rules change over time, rule versioning is of utility.

INTENTIONAL SOFTWARE

In the article “Anything you can do | can do Meta” (Rosenberg, 2007) Charles Simonyi (Intentional Software, 2013)
shares his dissatisfaction with software. “Software as we know it is the bottleneck on the digital horn of plenty,” he
says. “It takes up tremendous resources in talent and time. It's disappointing and hard to change. It blocks innovation
in many organizations.” and “Businesses invest a great deal of time and expense developing software and other
work products. But all too often the knowledge and insights gained disappear into the details of the code or at best
only exist in documents with slender ties to the actual software.”

Simonyi argues that his approach solves several of software engineering’s most persistent problems. Programmers
today, he often says, are “unwitting cryptographers”: they gather requirements and knowledge from their clients and
then, literally, hide that valuable information in a mountain of implementation detail-that is, of code. He provides a
useful and interesting overview at the Computer Science and Engineering COLLOQUIA — 2008 “The Intentional
Domain Workbench” [http://uwtv.org/series/17392605/watch/16205827/

. | Domain experts
4 [ g ] CODEMAKING At Simanyis firm, clients and

" [Programm er;] - programmers model software together; a code-
A = ._W% generating program doesthe rest.

I
Target
code

'im
8. Overview of Simony's firm's approach (MIT Technology Review)

Revise based on prajections

Intentional provides a case study presented on the use of the Intentional Software’s Domain Workbench applied to
the Life Insurance and Pension planning.

“The pension insurance domain is extremely complex with a typical insurer having multiple pension plan products,
each having hundreds of plan specific rules with a stringent regulatory environment. Each plan might have between
thousands and millions of insured participants, where each insured has up to 40 years of personal employment data
history.” The business knowledge about Pension Plan administration is encoded in the Pension Workbench, and
specific Pension Plans are created as versioned and audited documents using the workbench. From the Pension
Plan document, calculation engines for Pension Fund administration can be generated.
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Fie G4t Projection Nudgation Sesch Fomst Toois Pension
@2 2oADme*e@

FlActuarial " % pension_2009 * X

Actuarial Equation

)

Table of Contents X

1
BN=(l1+olr)* E a =BN3 Dec(3)e
.
Uitkerend.§
BN =(1+0ol) *a A BN4 Dec(3
1 =al) uﬁ o c(3)y

Value set Part
Value set member

Calculations using
defined elements

Elements
Rules

Rule
Rule for {Pramium old age pe

Result Bremiuen old 85¢ persieh
. Name Rule for {Premium old sge pensigh)
Business § o
@ Tags .
Aigonttm Interactive Tests
lbie plan franchise) * Part time %
@ Test cases
Name Vald tene Fcture. Expected value Actusl value
ireva0 ) Do N s i s
Full time 0L01/2006 Jan De Jong 3290625 3290625

N Employment 0L/01/2007 Jan De o ELEE R

Element Next flexitie +

9. The Capgemini Pension workbench (Intentional Software, 2013)

The domain experts express their knowledge using the domain languages. The workbench makes use of
spreadsheets shows that when we give business professionals a structured and effective domain language for
computation.

' Rule Set Health Matrix
Definition: Height = Feet * 12 + Inches
Tests: |

Definition: WHIR = Waist / Height
Add test case

it: Health Matrix for Weight

A
“Waist to Height Ratio™” |Outcome
1 <WHIR < 046 ¢+  |H Normal Weight
2(0.46 < WHIR < 056 #  [H Overweight
3|0.56 < WHtR < +  |H Extremely Overweight
Add rule
Tests: .
A it: Health Matrix for Cholesterol
A B
“LDL Range™ On LDL Meds Outcome
1|LDL < 100 #+ No % H Optimal Cholesterol
2|LDL < 100 # Yes & H Optimal Cholesterol With Meds
3|100 < LDL < 129 # [No + H Borderline Cholesterol
4(100 < LDL < 129 % |Yes ¥ H Borderline Cholesterol With Meds
5|LDL >=129 % No 4 H High Cholesterol
6|LDL >=129 # Yes & H High Cholesterol With Meds
Add rule
Tests: |

10. Sample of Domain Experts knowledge capture using
Excel.
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Altimeter Tests

Principles of aperation and testing procedures for three pointer and counter drum pointer altimeters are described in the following paragraphs.
» Prerequisites

v Scale error test

The altimeter shall be subjected successively to pressures corresponding to the altitudes specified in Scale Error
(Three Pointer) up to the maximum altitude.
Prerequisites:

+ Barometric pressure at 31.02 in (Hg).

The reduction in pressure shall be made at a rate not in excess of 20000 ft/min to within 150 ft of the test
point.

The test point shall be approached at a rate compatible with the test equipment.

The altimeter shall be kept at the pressure corresponding to each test point for at least 1 min, but not more
than 10 min, before a reading is taken.

+ The error at all test points must not exceed the tolerances specified in Scale Error (Three Pointer).

-

.

Equivalent
Altitude test atmospheric
pressure (ft) pressure (mm

(Hg))

Equivalent
atmospheric
pressure (in (Hg))

Tolerance at 25°C
(fr)

+ Hysteresis test
v After-effect test
+ Friction test

11. Electronic Work Documents (Intentional Software, 2013)

The example of dynamic electronic work documents is certainly relevant. For example the inclusion of Protocol
Representation and Study design domain information means that there is the opportunity to render this knowledge in
a standard human readable form. Many of the components of a Protocol Design document are standard across
Trials.
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RULELOG

The body of work presented by Benjamin Grosof (Grosof, 2013) and Michael Kifer (Kifer, 2013) in the RULELOG
specification “Rulelog is the logic underlying knowledge representation languages such as FLORA-2 and SILK. It
combines much of the latest work in logic programming, non-monotonic reasoning, business rules, and the Semantic
Web. It is designed to be appropriately expressive for supporting knowledge representation in complex domains,
such as sciences and law, and yet to be efficiently implementable.” (Kifer G. a., 2013) Their recent presentation at
Universal Health Exchange Language Workshop provides an impressive and appropriate body of work for the clinical
analysis and reporting Domain. (Grosof, Rulelog as Theoretical Foundation for Universal Health Exchange Language,
2013)

The team at Coherent Knowledge Systems (Coherent Knowledge Systems, 2013) and the depth of their approach
that enables rapid semi-automatic acquisition of rich logical knowledge from text

“In this TL1 KA experiment, about 2,500 English encoding sentences were axiomatized. These included hundreds of
guestions. A number of questions, some of them sophisticated, answered successfully using Rulelog inferencing (in
SILK) on the axioms. However, due to resource limitations of the study, only relatively limited tests of question-
answering (QA) were conducted. The focus of the experiment was on KA productivity, primarily, and KA coverage,
secondarily. Encoding sentence length averaged 10 words and ranged up to 25 words. One main defeasible axiom in
Rulelog (SILK syntax) resulted from each sentence. On average, each such main axiom transformed into over 5 rules
in normal (unextended) LP. It took less than 10 minutes (of KE labor) on average per sentence to: author,
disambiguate, formalize, review, and revise a sentence.”

Digital Aristotle and Project Halo
Gunning et al, AAAI & IAAI (August 2011)
Pilot Phase I HaloBook DA
Single = -
Partial 3 Partial Textbook ‘:
AP Syllabus AP Syllabi wmai'
H " Ly =
Community of
Small Team of
KR Single Domain . Scientists,
Authors Expert Expert LTI Teachers, and KR
Experts
Experts
AP QA
Uses Logfc AP Question Gelr\\:rglAQ A General.QA
Queries Answering : Education
Education
Research
2002-2003 2004-2009 2010-2015 2016-7777
4 PROJECT
>5 A

Summary of Effort & Results:

 Captured 3,000+ sentences concerning cellular biology from Campbell’s Biology textbook
» Sentence length averaged 10 words up to 25 words

* hundreds of parses common, > 30 per sentence on average
« the correct parse is typically not the parse ranked best by statistical NLP
* sentences disambiguated and formalized into logic in very few minutes on average
* resulting logic is typically more sophisticated than skilled logicians typically produce
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12 Example of Text and Axiom logic.

A reported a costing of approximately $3-4/word or $500-1500/page. (Grosof P. H., 2013). Based upon my loose
analysis of approximately 300,000 pages of legislation and guidance’s. This amounts to a cost of Between $150m-
$450m, using today’s estimates and technology.

CONCLUSION

| hope that this rather brief overview has been of use. Currently, finalizing the development and testing of a SAS
dataset consumer class in C++, based upon the work by Matt Shotwell (Shotwell, 2013), with the source R
read.sas7bdat code (Shotwell, SAS7BDAT R Code, 2013) and documentation (Shotwell, SAS7BDAT Database
Binary Format, 2013) being available online. Strategically, this makes sense as it would allow for the building of a
solution that leverages existing SAS based solutions. Additionally, work continues on the issue of a viable solution
for SAS script generation using Clinical Metadata/Rules is another core software capability. It was, actually the
implementation of a SAS/Macro base derivation engine in a recent project — with all its brittleness, that lead to some
of realisations that form the basis of this paper. With respect to the agile manifesto, the creation of some clinical rule
and metadata solution that can deliver value to existing clinical reporting frameworks is a reasonable goal. The
solutions offered by RULELOG standard (Grosof B. , Rulelog as Theoretical Foundation for Universal Health
Exchange Language, 2013) has been of incredible value in thinking about the C.A.R.E. framework.
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