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A Definition for Purposes of This 
Meeting

Knowledge: The result of an analytical 
and/or deliberative process that holds 
significance for an identified community.
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Properties of a Health System That 
Can Learn & Improve

Every participating patient’s characteristics and 
experience are available to learn from

Best practice knowledge is immediately available
to support decisions

Improvement is continuous through ongoing 
study

An infrastructure enables this to happen routinely 
and with economy of scale

All of this is part of the culture
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Take Action

Interpret Results

Analyze Data Communicate 
Tailored Change 
Strategies

Assemble Data

Record Actions

Learning Cycles
Better Health Requires a Flow:

D2K -> K2P -> P2D



Better Health Requires This
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Not This
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Journals



LHS Infrastructure: A Platform Supporting 
Multiple Simultaneous Learning Cycles

PLATFORM



LHS Platform as a Set of Integrated Services
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In Relative Terms, What Exists Today
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And Our Focus is Here, at K2P…
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Persistent Knowledge

• Knowledge: The result of an 
analytical and/or deliberative 
process that holds significance 
for an identified community.

• Persistence: A representation 
exists at any point in time

• Persistent ≠ Static
• Persistent knowledge can be 
represented in two ways: 

- human readable 
- machine-executable
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Present: Human 
readable in words & 
pictures

Future: Computable 
(machine-executable)  
in code

Library Holdings:
Books & Journals

Library Holdings: Will add 
Digital Knowledge Objects

Two Complementary Ways to Represent Knowledge



Example: Human Readable Knowledge



The New Knowledge is Expressed in a Model



Human Readable: Article

Extraction

Computable: CodeEncodable: Model

Programming

Envisioning An Extended Publication Pipeline

Library
Expanded Library



Computable, Persistent Knowledge is the 
LHS “Keystone”
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The Keystone Enables Discovery Systems 
to Become Learning Systems

A Health 
Problem of 

Interest

D2K K2P

P2D

KResult

Discovery System Learning System



Folding in the Concept of Infrastructure… 
The LHS Requires a “K2P” Service



Minimum Requirements for a K2P Service
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• Representation of knowledge in 
machine-executable forms

• Capability for rapid knowledge 
revision as the system learns

• Modular linking of related 
knowledge

• Sharing of knowledge across an 
ecosystem

• Scalable computation and delivery 
of tailored messages to inform 
practice



K2P Use Cases: CDS & Beyond

• Clinical: Bringing advice, generated from 
computable knowledge, to inform decisions 
of providers, consumers, and managers

• Research: Enhancing the scientific record, 
computable phenotypes, analytic “packages”

• Public Health: Event detection objects; rapid 
response deployment

• Education: Learning analytic objects, 
preparation for practice in an environment of 
ubiquitous knowledge
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Much Has Been Said About Data FAIRness
This Meeting is about Knowledge FAIRness

Learning Health 
Sciences
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Making Knowledge:
• Findable
• Accessible
• Interoperable
• Reusable

FROM:  https://www.force11.org/group/fairgroup/fairprinciples



Approach to Knowledge FAIRness: Machine-
executable Knowledge Objects

Articles

Knowledge Objects

Description

Interface

Computer-
processable
Knowledge
‘Payload’

Guidelines

Learning Health 
Sciences

Local 
Analytical 

Results



And Digital Libraries to Manage and Share 
Computable Knowledge

Capability to curate and manage 
online collections 

of knowledge objects

Digital Library



And Networks of Digital Libraries to Enable a 
Computable Knowledge Ecosystem

Learning Health 
Sciences
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Thanking the Planning 
Committee

• Julia Adler-Milstein
• Jane Blumenthal
• Milton Corn
• Chris Dymek
• Peter Embi
• Bob Greenes
• Ken Mandl
• Dan Masys
• Blackford Middleton
• Mark Musen



Meeting Goals

• To begin exploring a set of issues – not 
primarily about technology – that need to be 
understood to advance a community 
interested in computable biomedical  
knowledge . 

• To begin building the core group that 
anticipates  and works in support of  
establishing a larger computable biomedical 
knowledge community  



Four Organizing Themes

A briefing paper on each has been distributed:
1. Knowledge infrastructure requirements
2. Establishing a trusted system
3. Metadata
4. IP and Copyright



The Plan: Following This Talk
Today
• Panel: Three ongoing efforts
• Briefing sessions keyed to the four themes (and 
briefing papers)

• Small group discussions keyed to the four 
themes and focused on specific questions

• Report out
• Dinner at the Gandy Dancer
Tomorrow
• Small groups resume around four themes
• Cross-fertilization groups
• Synthesizing discussion
• Moving forward from here



What Success Might Look Like

• One or more articles
• An open meeting in mid-2018
• A nascent organization or association with an 
existing organization

• Computable meta-knowledge (putting what 
we learned in computable form)

• Funding
• Opening a public library of computable 
knowledge



Thanks
cpfried@umich.edu

lhs.medicine.umich.edu
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