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Common sense knowledge can 
facilitate natural language access to data 

• Questions is ordinary language
• Using multiple databases
• Common sense can be used for taxonomic reasoning

[Condoravdi, et al. 2015]
[Strzalkowski, Harabugiu, 2006]
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Cyc Analytic Environment (CAE) is a 
Cyc application in the domain of terrorism

      © 2006 Cycorp                                        Cyc is a registered trademark and Cyc CAE, Query Formulator 
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The Cyc Analytic Environment  (CAE) 
A terrorism-domain knowledge base and question-answering system 

 
CAE is a terrorism knowledge 
base, not just a database:        
It terminates in fully parsed 
formal logical field values,   
not  in free-form English text. 

 
CAE contains over 300,000 
open-source facts about: 

 2,700+ terrorists 
 800+ terrorist groups 
 14,000+ attacks   

 

 

The Power of Inference 
Each fact in the CAE is stated 
in a rich formal logic and 
associated with the source of 
the information (e.g. a website, 
DB, government report, etc.)  
The sources are embedded into 
a lattice of contexts, so the 
user can pick and choose 
which sources the system will 
use when generating the 
answers to their queries.  

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

The Most Complete Open-source Knowledge 
Base Available in the Terrorism Domain 
CAE contains a significant and growing fraction of all relevant open source 
knowledge about terrorist groups ± their leaders, known members, ideology, 
sponsors, affiliations, facilities, locations, finances, capabilities, intentions, tactics, 
past actions ± as well as detailed descriptions of specific terrorist events. 

Answer the Tough Questions 
Because CAE is powered by the unique capabilities of the Cyc commonsense and 
world knowledge base, and inference engine, you can answer questions about:  
 Indirect connections among terrorism related entities. The CAE can efficiently 

find chains of a given length comprised of links of a specified set of relations 
(e.g., leaders, mentors, family-members) between individuals / groups / events.   

 Complex spatio-temporal reasoning. Dedicated reasoning modules support 
advanced reasoning about spatial and temporal subsumption. 

Visualizations and Justifications 
The CAE provides a variety of information displays, offering the analyst 
alternative views of the data, including maps, event timelines, relationship 
networks, and fact sheets about each terrorist, terrorist group, attack, country, etc.  
Each answer is accompanied by a detailed, system-generated, narrative-style 
justification, with citation links to all sources that support the conclusion. 

 
 
 

 

CAE contains the most 
salient information about 
each terrorist, group, and 
event.  It represents dozens 
of structured pieces of  data 
about each of those entities.   
E.g., for each terrorist event:  
� When and where and what type 

of attack it was 
� Weapons and tactics used 
� Individuals and groups involved, 

and which of hundreds of roles 
each of those played 

� How many terrorists, civilians, 
guards, etc. were wounded, 
killed, captured; what buildings 
were damaged, destroyed; etc. 

 HUMINT 
Messages 

SIGINT 
Message 
Content 

Geopolitical 
Data 

Global 
Terrain 
Data 

Weather 
Data 

Satellite 
Intel 

Military 
Intel 

Output of 
COTS Text 
Extraction 

CCyycc  

Interface to Data Repositories 

Reasoning 
Modules Terror

ism  Knowl
edge Base 
(TKB) 
Terror

ism  Knowl
edge Base 
(TKB) 

General 
Knowledge 

Terrorism Knowledge 

Information  
Visualizer 

country code method 
 
India 4 wire trr 
Indonesia 35 account 
Iceland 2 account 
Iran 13 unknown 
Iraq 8 memo 
Irish  3 letter 
Isreal 15 account 
Italy 6 unknown 
IvoryCoast 2 letter 

Country is a township. 
Townships 
 Intended response 
Activities linking answers  
 Alternative answers 
  Further reasons 
  Can¶W  XndersWand 
 Significant sources 
  Provided by other
   
 

Query Formulator 
NL + combining 

query fragments 

A 
B 

    Explanation Generator 
   Structured Arguments 

Fact Sheets 
Automatically 
Synthesized 

FET: forms-
based manual 

fact entry 

SKSI: auto. 
import from 

struc.sources 

FACTory :  
aXWo.  ³fiVh´  facWV  
from text docs 

3



CAE facilitates access to data about terrorism

• CAE uses a large amount of terrorism data:
– Over 300,000 facts about 2,700 terrorists, 800 terrorists groups, 

14,000 attacks.

• CAE accepts diverse types of questions:
– When and where of an attack
– Weapons and tactics used
– Individuals and groups
– Affected people (killed, captured, etc.)
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Query:
What terrorist attacks that occurred later than the year 2000 targeted 
government building in capital cities of greater than 1,000,000 residents?

Answer:
• Setting: Ankara, Turkey
• Population: 1,877,755
• Date: March 26, 2001
• Government building: Iran embassy in Ankara

Explanation:
• Iran embassy in Ankara is an embassy
• An embassy is a type of government building
• Ankara is the capital city of Turkey
• …

Example of query and answer

In the explanation, the sentence “an embassy is a type of government 
building” describes common sense knowledge used to generate the 
answer
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Medical Analysis Environment (MAE) is a 
Cyc application in the domain of medicine

  

 

Answering the Tough Questions 
Medical researchers require efficient means to identify, access, 
and integrate data from a variety of sources. However, they are 
often unaware of where to find the data, how to interpret it, or even 
the very existence of information that may be beneficial to their 
research.  The Cyc Medical Analysis Environment enables medical 
researchers and analysts to clearly state their information 
objectives and have the system access and appropriately integrate 
the necessary underlying data. 

x Unlike traditional medical records data bases, the MAE lets 
researchers pose queries in English rather than SQL, carrying 
out a clarifying dialogue if needed.   

x Unlike search engines, the  MAE returns answers and lines 
of reasoning behind each answer –  not just possibly relevant 
documents – by drawing on federated data sources and 
human-like common sense reasoning. 

 

Solutions to Your Analysis Challenges 
Building on the powerful Cyc Analysis Platform, the MAE 
provides tools specifically designed to support complex knowledge-
fusion tasks. The  MAE is tailored to querying, integrating, 
presenting, and reporting on medical data using an enhanced 
medical ontology and lexicon, business rules, and reporting 
interfaces. Cycorp’s Semantic Knowledge Source Integration 
and question-answering API’s permit powerful integration with a 
variety of open-source and hospital-specific data sources. 
 

Sophisticated Medical Research, Analysis, and Reporting 

 

© 2009 Cycorp, Inc.  Cyc is a registered trademark and Cyc Medical  Analysis Environment, Cyc Analytical 
Platform, and  Semantic Knowledge Source Integration are trademarks of Cycorp, Inc. 
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Cyc  Medical Analysis Environment   (MAE) 
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The MAE provides a variety of information querying, 
display, and report generation capabilities,  including  
event diagrams, relationship networks, and on-the-fly  
fact sheets about medical conditions, treatments, 
physicians, and  facilities. Each answer is accompanied 
by a detailed, dynamically-generated, narrative-style 
justification, with citation links to all sources that support 
(or argue against) that conclusion. 

A Sampling of 
Medical Questions 

1. Which  patients had a heart attack less than 
2 weeks prior to a coronary artery bypass 
graft (CABG) between 2000 and 2005? 

2. What were the post-operative morbidity and 
mortality rates for patients who  had 
septicemia or bacteremia within one month 
following a pericardial window? 

3. What percentage of aortic valve replacement 
(AVR) patients in 2006 received a premarket 
aortic prosthesis? 

4. What is the percentage of patients that had a 
mitral valve prosthesis that was manufactured 
by an EU company implanted between 2000 and 
2005 and later explanted? 

5. For patients over 65 years old, what was the 
average time between successive stent 
surgeries? 

 

“ Common Sense”   
& 

 "Ontology of Medicine"  

Medical 
Query Templates 

Reporting and 
Visualization Tools 
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• Which patients had a heart attack less than 2 weeks prior to a coronary artery
bypass graft (CABG) between 2000 and 2005? 

• What were the post-operative morbidity and mortality rates for patients who
had septicemia or bacteremia within one month following a pericardial
window? 

• What percentage of aortic valve replacement (AVR) patients in 2006 received a 
premarket aortic prosthesis? 

• What is the percentage of patients that had a mitral valve prosthesis that was
manufactured by an EU company implanted between 2000 and 2005 and later
explanted? 

• For patients over 65 years old, what was the average time between successive
stent surgeries? 

Example questions in MAE
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Watson is a general question-answering system 

• Watson is capable of answering 
open domain questions written 
in natural language

• Watson won the first prize of 
the American quiz TV show 
"Jeopardy" competing against 
human opponents in 2011

[Ferrucci et al. 2010]
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“This drug has been shown to relieve the symptoms of ADD 
with relatively few side effects” 

“Ritalin” 

Clue:

Answer in ≤ 5 seconds:

NOTE: According to the rules of the TV show, the answer is actually given as 
a question, i.e., “What is Ritalin?”

Watson answers questions over 
a broad domain of topics
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Watson uses information acquired from documents 
from the web, encyclopedias, dictionaries, etc.  
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Source of figure: 
http://blog.stephenwolfram.com/2011/01/jeopardy-ibm-and-wolframalpha/

Watson first generates candidate answers and then 
combines and scores them to generate the final answer

Watson uses multiple 
processes running in parallel 
with specialized tasks
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Watson uses large scale data bases
for taxonomic reasoning

Watson uses Yago, DBPedia and Freebase for taxonomic 
reasoning (e.g., typing coercion) including subsumption, 
distjoiness, etc.,

[Murdock, et al., 2012]
[Kalyanpur, et al., 2012]
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