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| nspired by Dicksondos
HAL-9000, and the broad SF vision of computing

The volume of scientific knowledge has outpacs
our ability to manage it

I This volume is too great for researchers in a give
domain to keep abreast of all the developments

I Research results may have-dasain implications
that are not apparent due to terminology and know®
volume

OShall owd information rg

indexing systems are not well suited to scientific
knowledge management because they cannot
reason about the subject matter

I Exampl e: AWhat are the
copper is heated strongly with concentrated sulfuric
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Response to a query shosldoply the answer
(possibly coupled with conceptual navigation)
rather than simply list 1000s of possibly relevant
documents

ARISTOTLE




How do we get to the Digital Aristotle?

A Whatthe Digital Aristotle requires:

A Vul cands Goal s
s

Technology to enable a global,-aidetred, very large knowledge base (VLKB)
about human affairs and science,

Technology that answers questions and proactively supplies information,
Technology that uses powerful reasoning about rules and processes, and

Technology that can be customized in its content and actions for individual
organizations or people

Address the problemscafeand
brittlenesdn Knowledge Bases

A Incorporate large numbers of SMEs g
in KB construction and maintenance =

A Actively support knitting KBs togetheg
Have highmpact

A Show that the Digital Aristotle is
possible in a specific area

A Change our experience of Al

A Have quantifiable, explainable KB size (number of assertions, complexity ¢é )
metrics

Be acommercializablapproach
PP E CT %
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A Project Halo is a concrete research {
program that addresses these goals H A L



Halo Pilot

A

In 2004, Vulcan funded asignth effort to determine the stat¢he-art in
|l el ded odeep reasoningd systems
Can these systems support reasoning in scientific domains?

f

Can they answer novel questions?

A Three teams were selected: 8gtorp and Ontoprise GmbH
Evaluatlon

Teams were given 4 months to formulate the knowledge in 70 pag@s\ffom th

A

(Advanced Placement) Chermsydiapus

Systems were sequestered and run by Vulcan against 1&@yfegele&tons

(hand coded queries)

Exams were graded by chemistry professors using AP methodology

Scores (%)
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Best scoring system achieved roughly
an AP3 (on our very restricted syllabus
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From the Halo Pilot to the Halo Project

THE UNIVERSITY OF

A Halo Pilot Results TixAs (SR
I Much better than expected results on a very tough evaluatior —#"*UstiN— International

T Most failures attributed to I
domain knowledge

I Expensive: O($10,000) per page, per team

The Open University

>

Project Halo Goal: To determine whether tools can be built
facilitate robust knowledge formulation, query and evalbation
domain expertawith evedecreasing reliance on knowledge
engineers

i Can SMEs build robust questiswering systems that demonstrate -DﬂtOIfJﬂSE
excellent coverage of a given syllabus and the ability to answer noveio "o e

queStlonS @EHEI”G®
I Will SMEs be capable of posing questions and complex problem

these systems? ! .
I Do these systems address key failure, scalability and Cdrncgle Mellon.

cost issues encountered in the Pilot? ,

Georgia
Ej Tech

)

Scope: Selected portions of the AP syllabi for chemistry,

biology and physics AIFB O

Two competing teams/approachekdgic, Concept Maps/KM) g Deusches

| Forschungsz
fiir Kiinstlic h
|I te Ilg enz GmbH
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Evaluation andownselectn September 2006




Project Halo Overall Researthmework
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Motivation

i "Read a Chapter of a text and answer
guestions at t Theeb
Open Problems in A]

i Build a Knowledge Base by Reading a
T e x t [Bone IClgalbenges for

Comput ati onal | nt e

Focuson fundamental hard sciences
where knowledge is explicitly written
down

i Physics, Chemistry, Bralogy

i Midlevel difficulty?~§ear college course

Choose a widely accepted test for
competence
I Advanced Placement Test

I TheAP test ipist anetric. The system
capability should be general enough to
answer a broader sejusstions

Start with ananageablscope and
work outwards
I ~10(pages oAP syllabus Physics,
Chemistry, Biology

a c k

Concept of Operations

J Eﬁm‘mmm%wertsal':pnter Iknowledge

Domain Experts add knowledge to the
AURAKnowledge Base amgbort
knowledgasing the mapping tool

AURA

Users ask questions and get
answers and explanations

AURA Answers Questions
ROJEC T
HAL




Team SRHalolntermediate Evaluation

A science grad pomain Number of Percentage correct Hsalo Pilot | Percent A Professional
student KBs questions ystem correct KE KBs
SME1 | SME2 | Avg KE
A Extensive Cycorp 37% A No natural
natural lang Bio 146 52% 24% 38% 51% VS language
A ~$100 per SRI 44% A~$10K per
syllabus pag_Chem 86 42% | 33% | 37.5% | 40% syllabus page
Phy 131 16% 22% | 19% | 21% Ontoprise 47%
Knowledge Formulation Question Formulation System Responsiveness
ATime for KF AAvg time for SME to formulate ABiology: 90% answer < 10 sec
i Concept: ~20 mins for all SMI question AChem: 60% answer < 10 sec
i Equation: ~70 s (Chem) to ~1 2.5 min (Bio) APhysics: 45% answer < 10 sec
sec (Physics) I 4 min (Chem)
I Table: ~10 mins (Chem) IRoimii (PhySiCS) InterpretatiorL Answer
I Reaction: ~3.5 mins (Chem) i Avg 6 reformulation attempts (Median/Mal) (Median/Ma)

I Constraint: 14s Bio; 88s (Che
ASME need for help

AUsability Bio | 3s/601s | 1s/569s

i 68 requests over 480)person I SMEs requested no significant | chem| 7s/493s 75 | 4855
hours (33%/55%/12%) = 1/da | Z;]%elygiid errors dominated failu Phy | 34s/429s | 14s/252s

Based on These Results, Team SRI was Selected over Team Ont

PR
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The Hald’roject Todag Three Efforts in Systems Al

A AP-evelKnowledge Entry
and Question Answering
TechnologyHaloBook

A SME entry and use of
defaults and rulknowledge
(SILK)

PRO]ECT‘
ALG

A Scalingup Participation
(SemantiaVikis / Ultrapedia)
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Automated Useécentered Reasoning and Acquisition System (AU

A Aura Is a tool to help users formalize knowledge
A Aura can then reason with that knowledge

A S0 users can ask guestions and understand@@




Knowledgd-ormulation in AURA

S

The left screen displaysMdBRAprogress manager, The right screen displayp#hetteconcept details,
the source textbook from which the users select thend thAURAconcept map that allows the user to

passages for knowleftgeulation.

graphically formulate knowledge.

AURAconcept map with equations.

AURAconverts Concept Maps, equationg; and fablegsint
declarative knowledge to sugpestion answerfdgA L.’



QuestioPAnswering in AURA

A Users formulate questions in a restricted English dialect {
AThe wusers can graphically
A The system reasons with the interpretation to answer que




