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• Augment correlate as needed with machine-specific power.
• Machines can do it faster; much faster.
• Security can be retained.

• Empower human by handing over system.

RAIR Lab Method





Computational 
Artifacts
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Enhancing/Leveraging ...



The Problem; The Solution ...
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Stories are Needed, but it’s Reasoning in the End, 
and Prescription/Education Can’t be Avoided
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“If we all easily and quickly came to know what’s 
important in what others know, and to be able 
to do that’s valuable to us in what others do, 
we’d each be a lot smarter.”



“The Problem”
You speak only English, and work in your office with 
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unfortunately they speak other languages (Spanish, 
Arabic, Chinese, Norwegian, and so on).  Furthermore, 
all these other people want to keep a good chunk of 
their data private; you feel the same way about some 
of your own data.  In addition, no has the time to meet 
face-to-face and go through the painstaking process of 
learning the other’s language, and then sharing, by 
hand, piece by piece of information in ways that (in the 
desired cases) preserve privacy.



The Problem
You have your own way of representing data, and work in your 
office within X/16 with data expressed in this manner.   For 
example, you use particular schemas to represent relational data 
about financial transactions, suspects, potential sleepers, political 
figures, etc.  You want to “broadcast” information to, ask 
questions of, and get answers back from, thousands of other 
analysts and systems outside your office, and outside X — but 
unfortunately they represent their data using different schema, 
ontologies, formats, and relational databases, work in different 
domains, and work in different ways.  Furthermore, all these 
other people want to keep a large portion of their data private; 
you feel the same way about some of your own data.  In 
addition, no one has the time to meet face-to-face and go 
through the painstaking process of learning the other’s schemas 
and formats, and then sharing, by hand, piece by piece of 
information in ways that (in certain cases) preserve privacy.
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The Problem is Solved When
Analysts Enter A-SpaceX from the A-Desk
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Clarifying ‘Interoperability’ Tech 
Presupposed by A-SpaceX/A-Desk

• Service-Oriented Architecture
• E.g., Expedia uses Sabre.  Google’s Froogle.
• For significant SOA-based interaction between systems, PBSI will be 

required.
• Provability-Based Semantic Interoperability (PBSI)

• “Hva gjorde Ibsen skriver?” ⇒  “Among other things, Norway’s great 
dramatist wrote The Master Builder.”

• The key to real interoperation.
• Sneaker-Based Node-to-Node Translation/Interoperation

• Could match PBSI, but out of the question.
• (Microsoft Office) Inter-App Interoperability

• You imbed an Excel spreadsheet into a Word document, and double-
clicking on the table in Word allows you to work with the data etc.

• By comparison, trivial.
• Mere syntactic translation from one formal language to another.

• Mother-Of(Rhonda,Josh) ⇒ Mom(Rhonda,Josh)
• Needed as part of PBSI.

• Reducibility
• Can be exceedingly nuanced, but all syntactic in the end.



Provability-Based Semantic Interoperability ...
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This (= Provability-Based Semantic Interoperability)
is the Way to Go!

interlingua

bridging axioms

n
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IKL (and its antecedents over 
the past two decades) is rather 
powerful.  E.g., it’s more 
expressive than atomic 
formulas (relational databases) 
and the simple formats e.g. 
underlying the Semantic Web
(RDF, Owl, etc.).



“Provability-Based Semantic
Interoperability via Translation Graphs”

for ONISW2007 





No Reason Why This Approach Can’t Be Used to Enable 
Unified Queries in Today’s Database Situation in the IC/DoD

Agency 1/Group 1 Agency 2/Group 2

Agency 3/Group 3 Agency 4/Group 4



Semantic Interoperability
Demos ...





Yesterday:
Three-Way Demo:
“Unmasking Palar”
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And ...



Cognitively Robust Virtual 
Characters for Virtual Worlds 

and the Time Machine ...
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Same Thing Here:
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Same Thing Here:
Definitely Not a Cognitively Robust SC!

Every behavior that happens in
The Sims is computed from a number
(1- 10) for each attribute.

“Marc” knows nothing — doesn’t know
where he grew up, what his mother’s name
is, etc.
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Same Thing Here:
Definitely Not a Cognitively Robust SC!

Ditto for all creatures in Second Life, and all 
other MMO virtual worlds.



Mere FSA



Cognitively Robust Synthetic Characters



SNARK-USER 14 > 
(in-immature-scenario 
  (prove '(t-retrieve subject
                      teddybear
                      ?c)
         :answer '(looks-in ?c)))

(Refutation
(Row 1
   (or (not (person ?x)) (not (object ?
y)) (not (container ?z)) (not (in ?y ?
z)) (bel-in ?x ?y ?z))
   assertion)
(Row 2
   (or (not (person ?x))
       (not (container ?y))
       (not (object ?z))
       (not (w-retrieve ?x ?z))
       (not (bel-in ?x ?z ?y))
       (t-retrieve ?x ?z ?y))
   assertion)
(Row 4
   (person subject)
   assertion)
(Row 6
   (container c2)
   assertion)
(Row 7
   (object teddybear)
   assertion)

(Row 8
   (in teddybear c2)
   assertion)
(Row 9
   (w-retrieve subject teddybear)
   assertion)
(Row 10
   (not (t-retrieve subject teddybear ?
x))
   negated_conjecture
   Answer (looks-in ?x))
(Row 11
   (or (not (person ?x)) (bel-in ?x 
teddybear c2))
   (rewrite (resolve 1 8) 6 7))
(Row 25
   (bel-in subject teddybear c2)
   (resolve 11 4))
(Row 28
   (t-retrieve subject teddybear c2)
   (rewrite (resolve 2 25) 9 7 6 4))
(Row 30
   false
   (resolve 10 28)
   Answer (looks-in c2)))

:PROOF-FOUND

SNARK-USER 15 > (answer t)
(LOOKS-IN C2)



SNARK-USER 12 > 
(in-mature-scenario 
  (prove '(t-retrieve subject 
                      teddybear
                      ?c)
         :answer '(looks-in ?c)))

(Refutation
(Row 1
   (or (not (person ?x))
       (not (container ?y))
       (not (object ?z))
       (not (w-retrieve ?x ?z))
       (not (bel-in ?x ?z ?y))
       (t-retrieve ?x ?z ?y))
   assertion)
(Row 2
   (or (not (person ?x)) (not (object ?
y)) (not (container ?z)) (not (p-in ?
x ?y ?z)) (bel-in ?x ?y ?z))
   assertion)
(Row 4
   (person subject)
   assertion)
(Row 5
   (container c1)
   assertion)
(Row 7
   (object teddybear)
   assertion)

(Row 8
   (p-in subject teddybear c1)
   assertion)
(Row 9
   (w-retrieve subject teddybear)
   assertion)
(Row 10
   (not (t-retrieve subject teddybear ?
x))
   negated_conjecture
   Answer (looks-in ?x))
(Row 11
   (bel-in subject teddybear c1)
   (rewrite (resolve 2 8) 5 7 4))
(Row 25
   (t-retrieve subject teddybear c1)
   (rewrite (resolve 1 11) 9 7 5 4))
(Row 26
   false
   (resolve 10 25)
   Answer (looks-in c1))
)

:PROOF-FOUND

SNARK-USER 13 > (answer t)
(LOOKS-IN C1)



Please note:

Even dirt-simple beliefs like:

“I believe that Jones believes that the object is in 
the first of the two boxes.”

exceed what can be represented in things like RDF. 

(Things are the same on the visual side:  standard 
schemes for representing and generating physical 
objects and environments do not include the 
declarative information that can be reasoned over 
in order to answer obvious queries.)



Standalone Cognitively Robust 
Virtual Characters in Second Life



Logically Controlled English

• Logically controlled English is a subset of 
everyday English that has limits on what can 
be stated and rules on how to state it.

• This form of controlled English is then 
translated to a logical representation.



Controlled English to Logic 
Translation (CELT)

• CELT is a parser for controlled English that 
translates the English to logic.

• It can be much more powerful than 
Attempto Controlled English (ACE) because 
it leverages the Suggested Upper Merged 
Ontology (SUMO), which incorporates 
useful knowledge such as geometric axioms.



• Example controlled English:

“Micah puts the teddy bear in the box.”

• CELT’s translation to first order logic:

Second Life and CELT

(exists 
  (?box ?event ?teddy_bear) 
  (and 
    (instance Micah Human) 
    (attribute ?box Box) 
    (agent ?event Micah) 
    (instance ?event Putting) 
    (instance ?teddy_bear Artifact) 
    (destination ?event ?box) 
    (patient ?event ?teddy_bear)))



Analysis of Intelligence 
Reports using Slate ...



Iraq DIA/CIA BW Report Analyzed into Slate



The End


