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“You will not marginalise me, you will use Excel!”
Senior Manager - Output Governance meeting 2010



Clinical Analysis and Reporting Environment (C.A.R.E.)

The Indusirialization of Ciinical Trial Analysks and Reporting.

Grayg Fuller
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The case for an automated knowledge approach

68000 disease codes

300,000 pages of legislation and guidance

clinical data standardisation advances






“Yet technology advancement
continues to drive economicC
growth and, in some cases,
unleash disruptive change.
Economically disruptive
technologies—like the
semiconductor microchip, the
Internet, or steam power 1in
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.” (James Manyika,
2013)




“"The history of technology 1is
littered with breathless stories
of breakthroughs that never quite
materialized. The hype machine
can be equally misleading in what
it chooses to ignore. As 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 1is
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.™
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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, markst
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: McKinsey Global Institute analysis
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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. Theilr 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.
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Sized applications of automation of knowledge work could have
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 $ trillion, annually in 2025 in 2025 in 2025
= $4.4trllionin = G0-G5milion = $35000 value
Clerical } ;* knowledge worker full-ime per FTE of
Commen costs equivalents additional
business = 125 million (FTEs) of work  productivity
functions Customer service 0.6- knowledge workers potentially
and sales 09 automatable
Social Education 08— * $28trilioninknow- * 20-30milion = $50,000 value
1.0 ledge warker costs FTEsofwork  per FTE of
sector * 55 million knowledge  potentially additional
services Health care 84& workers automatable productivity
Science and 06— = $2 2 trillion in know- = 15 million = $60,000 value
Technical engineering 07 ledge worker costs FTEs of work per FTE of
echnica = 35 million knowledge  potentially additional
professions T 04— workers automatable productivity
05
= $2 G trllionin know- = 15-20million = $60,000 value
Managers 0.8 ledge warker costs FTEs of work per FTE of
9 1.1 = 50 million knowledge  potentially additional
workers automatable productivity
04-
Finance 05 - $15tilioninknow- = 10 milion = $65,000 value
Professional ledge worker costs FTEsofwork  per FTE of
Semices 02 * 25milion knowledge  potentially additional
Legal 0:3 workers automatable praductivity
. =
Other potential applications } |
(not sized ) L
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 no risk- or probability-adjusted. Numbers may not sum due to rounding

SQOURCE: McKinsey Global Institute analysis




The Clinical Trials
Toolkit - Routemap
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Health Research
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C.A.R.E. PREMISES

TRANSPARENCY

RENDER

XBRL -> XCRL

USE FAST SCALABLE TECHNOLOGY

CAPTURE THE LEGAL COMPLIANCE CONTEXT
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Protégé
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£ Add Note - Add a note

{53 Describe Branch - Add 2 description to a whele
Pt
branch

& Assign - Calculate values and update data
@ Fire Action - Fire an action

Call Flow Rule - Call another flow rule
Call Decision Table - Call a decision table
[ call Service - Call aservice

@ Done & Return - Immediately return to the calling
rule

Repeat - Repeat the following part of the flow

4G End Repeat - Immediately exit a Repeat

@ Return Exception - Create an exception message
and continue where exceptions are handled

P> Handle Exception - Specify what to do when an
exception message is returned
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Intentional Software

“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.”
Charles Simonyi
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= [Domain euperts]

/ [Programmers] e,
- =

CODEMAKING At Simonyi's firm, clisnts and
el sof . o

& ‘generating program dossthe rest.

Target | P
code d

“Anything you can do I can do meta.” Frr A
Charles Simonyi

schema

Revise based on projections
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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,
on average

> 30 per sentence

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

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 W
&3 %a%f“’4 P’
Community of
Small Team of
KR Single Domain . Scientists,
Authors Expert Expert o ks Teachers, and KR
Experts s
AP QA
AP QA
Uses Logic AP Question General QA General QA
Queries Answering Ed Education
cation Research
2002-2003 2004-2009 2010-2015 2016-7777
A PROJECT
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| ENE

Sentences (2322)| Refations

alltypes v [asiomate v [alleditors v| 7/ 12012 G-

Test
The environment of @ cell s the solution surreunding it.
Enzymes are praduced by cellz.

Anenzymeis a complec protein.

A eukaryotic cellis not & prokaryetic cell
Diffusion iz a result of the constant motion of molecules.

Chalesterol is a steroid,

The endoplasmic reticulum is an organelle of cells in eukaryotic erganisms.

Amom
(3B cell(Z8) = (6} environment{of (1)) 7x6]— solution (6] A suround (36, 28]

o [B5)enzyme(T5]= 3 (58) (cell 1) A produce(7,1:5))

7 [BBlenzyme(h6)=complex(protein) (6]

7 [6)endoplasmic(reticulum)(76)= 3 (7x19)(eukaryotic(organismi(d9) A = (BdA4)(c2ll(in(719]) (71 4) A orgam
(376 (eukaryoticicelll (746) » prokaryotic{cel ) (7%6)])

o (B8] molecule(18)=7 (hS) diffusion|of) (15, 5E)= 7 (7418) constant{vibration] (of () (518 )= result{of) 15,
TS=cholesterol <2:5=

eroid

Coherent Knowledge Systems
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SAS sas/7bdat Consumer class in C++, based upon
the work of Matt Shotwell in R.

Matthew Shotwell, Ph.D.

Rulelog implementation in the
Clinical Analysis and Reporting
context.

Benjamin Grosof, PhD
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