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Outline Outline 

ÂProject Halo Overview 

ïTextbooks You Can Talk To, An Analytic Encyclopedia, 

and Tractatable KRs for Defaults 
 

ÂDeeper Dive:  Crowdsourcing Data 

ïExtending Wikis:  Vulcanôs Semantic MediaWiki+ 

ïA Gallery of Semantic MediaWiki+ Applications 
 

ÂUltrapedia:  An Analytic Encyclopedia 

ïUltrapedia Under the Hood 

ïUltrapedia Demo (Screenshots in Appendix) 

ïThe Future 
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Envisioning the Digital Aristotle for Scientific Knowledge Envisioning the Digital Aristotle for Scientific Knowledge 

Â Inspired by Dicksonõs Final Encyclopedia, the 
HAL-9000, and the broad SF vision of computing 
ï The ñBig AIò Vision of computers that work with people 

 

Â The volume of scientific knowledge has outpaced 
our ability to manage it 
ï This volume is too great for researchers in a given 

domain to keep abreast of all the developments 

ï Research results may have cross-domain implications 
that are not apparent due to terminology and knowledge 
volume 

 

Â òShallowó information retrieval and keyword 
indexing systems are not well suited to scientific 
knowledge management because they cannot 
reason about the subject matter 
ï Example:  ñWhat are the reaction products if metallic 

copper is heated strongly with concentrated sulfuric 
acid?ò  (Answer: Cu2+, SO2(g), and H2O) 

 

Â Response to a query should supply the answer 
(possibly coupled with conceptual navigation) 
rather than simply list 1000s of possibly relevant 
documents 
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How do we get to the Digital Aristotle? How do we get to the Digital Aristotle? 

Â Vulcanõs Goals 
ï Address the problems of scale and 

brittleness in Knowledge Bases 
Å Incorporate large numbers of SMEs 

in KB construction and maintenance 

ÅActively support knitting KBs together 

ï Have high impact 
ÅShow that the Digital Aristotle is 

possible in a specific area 

ÅChange our experience of AI 

ÅHave quantifiable, explainable 
metrics 

ï Be a commercializable approach 
 

Â Project Halo is a concrete research 
program that addresses these goals 
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Â What the Digital Aristotle requires: 
ï Technology to enable a global, widely-authored, very large knowledge base (VLKB) 

about human affairs and science,  
ï Technology that answers questions and proactively supplies information,  
ï Technology that uses powerful reasoning about rules and processes, and 
ï Technology that can be customized in its content and actions for individual 

organizations or people 
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Halo Pilot Halo Pilot 

Challenge Answer Scores

0.00

10.00

20.00

30.00

40.00

50.00

60.00

SME1  SME2  SME3

S
c
o

re
s
 (

%
)

CYCORP

ONTOPRISE

SRI

Best scoring system achieved roughly 
an AP3 (on our very restricted syllabus) 

Full Details in AI Magazine 25:4, 

ñProject Halo: Towards a Digital 

Aristotleò, and at www.projecthalo.com  

Â In 2004, Vulcan funded a six-month effort to determine the state-of-the-art in 
fielded òdeep reasoningó systems 
ï Can these systems support reasoning in scientific domains? 

ï Can they answer novel questions? 

Â Three teams were selected: SRI, Cycorp, and Ontoprise GmbH 

Â Evaluation 
ï Teams were given 4 months to formulate the knowledge in 70 pages from the US AP 

(Advanced Placement) Chemistry syllabus 

ï Systems were sequestered and run by Vulcan against 100 novel AP-style questions 
(hand coded queries) 

ï Exams were graded by chemistry professors using AP methodology 
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From the Halo Pilot to the Halo Project From the Halo Pilot to the Halo Project 

Â Halo Pilot Results 
ï Much better than expected results on a very tough evaluation 

ï Most failures attributed to modeling errors due to contractorsô lack of 
domain knowledge 

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

Â Project Halo Goal: To determine whether tools can be built to 
facilitate robust knowledge formulation, query and evaluation by 
domain experts, with ever-decreasing reliance on knowledge 
engineers 
ï Can SMEs build robust question-answering systems that demonstrate 

excellent coverage of a given syllabus and the ability to answer novel 
questions 

ï Will SMEs be capable of posing questions and complex problems to 
these systems? 

ï Do these systems address key failure, scalability and  
cost issues encountered in the Pilot? 

 

Â Scope: Selected portions of the AP syllabi for chemistry, 
biology and physics 

Â Two competing teams/approaches (F-Logic, Concept Maps/KM) 

Â Evaluation and downselect in September 2006 

 



Project Halo Overall Research Framework  Project Halo Overall Research Framework  

Â Motivation 
ï ``Read a Chapter of a text and answer 
questions at the back of the chapterôô (Three 
Open Problems in AI, JACMô03) 

ï ``Build a Knowledge Base by Reading a 
Textbookôô (Some Challenges for 
Computational Intelligence, JACMô03) 

 

Â Focus on fundamental hard sciences 
where knowledge is explicitly written 
down 
ï Physics, Chemistry, and Biology 

ï Mid-level difficulty: 1st-year college course 
 

Â Choose a widely accepted test for 
competence 
ï Advanced Placement Test 

ï The AP test is just a metric.  The system 
capability should be general enough to 
answer a broader set of questions 

 

Â Start with a manageable scope and 
work outwards 
ï ~100 pages of AP syllabus in Physics, 

Chemistry, Biology 

 

 
 

Domain Experts Enter Knowledge 
Domain Experts add knowledge to the 

AURA Knowledge Base and import 

knowledge using the mapping tool 

Users ask questions and get 

answers and explanations 

AURA 

AURA Answers Questions 

Concept of Operations 
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Team SRI Halo Intermediate Evaluation Team SRI Halo Intermediate Evaluation 

ÂProfessional 
KE KBs 

ÂNo natural 
language 

Â~$10K per 
syllabus page 

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

Domain 
Number of 

questions 

Percentage correct 

SME1 SME2 Avg  KE 

Bio 146 52% 24% 38% 51% 

Chem 86 42% 33% 37.5% 40% 

Phy 131 16% 22% 19% 21% 

Halo Pilot 

System 

Percent 

correct 

Cycorp 37% 

SRI 44% 

Ontoprise 47% 

ÂTime for KF 
ïConcept: ~20 mins for all SMEs 

ïEquation: ~70 s (Chem) to ~120 
sec (Physics) 

ïTable: ~10 mins (Chem) 

ïReaction: ~3.5 mins (Chem) 

ïConstraint: 14s Bio; 88s (Chem) 
 

ÂSME need for help 
ï68 requests over 480 person 

hours (33%/55%/12%) = 1/day 

VS. 

ÂScience grad 
student KBs 

ÂExtensive 
natural lang 

Â~$100 per 
syllabus page 

Knowledge Formulation 
ÂAvg time for SME to formulate a 

question 
ï2.5 min (Bio) 

ï4 min (Chem) 

ï6 min (Physics) 

ïAvg 6 reformulation attempts 
 

ÂUsability 
ïSMEs requested no significant help  

ïPipelined errors dominated failure 
analysis 

Question Formulation 
ÂBiology: 90% answer < 10 sec 

ÂChem: 60% answer < 10 sec 

ÂPhysics: 45% answer < 10 sec 
 

System Responsiveness 

Interpretation 

(Median/Max) 

Answer 

(Median/Max) 

Bio 3s / 601s 1s / 569s 

Chem 7s / 493s 7s / 485s 

Phy 34s / 429s 14s / 252s 
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The Halo Project Today ð Three Efforts in Systems AI The Halo Project Today ð Three Efforts in Systems AI 

ÂAP-level Knowledge Entry 

and Question Answering 

Technology (HaloBook) 

 

ÂSME entry and use of 

defaults and rule knowledge 

(SILK) 

 

ÂScaling up Participation 

(Semantic Wikis / Ultrapedia) 



Automated User-Centered Reasoning and Acquisition System (AURA) Automated User-Centered Reasoning and Acquisition System (AURA) 

ÂAura is a tool to help users formalize knowledge  

ÂAura can then reason with that knowledge 

ÂSo users can ask questions and understand the answers  



Knowledge Formulation in AURA Knowledge Formulation in AURA 

The left screen displays the AURA progress manager, 
the source textbook from which the users select the 
passages for knowledge formulation. 

The right screen displays the palette, concept details, 
and the AURA concept map that allows the user to 
graphically formulate knowledge. 

AURA concept map with equations. AURA converts Concept Maps, equations, and tables into 
declarative knowledge to support question answering. 



Question Answering in AURA Question Answering in AURA 

Â Users formulate questions in a restricted English dialect (CPL) 

ÂThe users can graphically edit the systemôs interpretations 

Â The system reasons with the interpretation to answer questions 


