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Structure of Talk

The RAIR Lab is...
Brief remarks on wargaming R&D
Slate (bulk of presentation)

Three points in 2nd part (very brief; abstract a bit
misleading :))

® penetrating reasoning w/o invading personal
privacy

® depth vs breadth of reasoning

® uncrackable communication
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Home Projects Feople

The Rensselaer Artificial Intelligence and
Reasoning (RAIR) Laboratory is located in rooms
1112 and 1201 of the Russell Sage Laboratory on the
RPI campus.

Research and development in the RAIR Lab ranges
across a number of applied projects, as well as across
many of the fundamental questions Al raises (e.qg.,
Are we machines ourselves? If so, what sort of
machines?). Everything is to a high degree unified by
the fact that the formalisms, tools, technigues,
systems, etc. that underlie the lab's R&D are
invariably based on reasoning.

Because of this, logic plays for us a central role (since,
after all, logic is the science of reasoning), but

reasoning can be implemented in many ways, and so to reach our goals we happily

Lectures
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turn to whatever concretization of reasoning gets the job done.
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RAIR Lab News

Artificially induced:
Teaching computers to
read first step in
developing consciousness
February 20, 2005

"RPI's work will investigate
learning and reasoning, both
areas that are key to
achieving the vision of
cognitive systems," said Jan
Wallker, with DARPA's external
relations department. "In
addition, while learning and
reasoning are generally
important, it is also important
to be able to measure when a
cognitive system has learned.
The RPI project will develop
ways to help measure when a
systemn has truly learned
something."

Rensselaer Researchers
Awarded DARPA Grant to
Focus on Learning and
Reading




RAIR Lab Method

Isolate and dissect human ingenuity.

Formalize weak correlate to this ingenuity in
advanced KR&R systems.

Implement correlate in working computer
programs.

Augment correlate as needed with machine-
specific power.
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Psychometric Artificial Intelligence and PERI

Psychometric Al is the field devoted to building information
processing entities capable of at least solid performance on all
established, validated tests of intelligence and mental ability - a
class of tests that includes IQ tests, tests of reasoning, of
creativity, mechanical ability, and so on.

PERI, a robot capable of perfect performance on the Block
Design subtest of the Wechsler Adult Intelligent Scale, is our
first step towards satisfying this goal.

Poised-For Learning

Can you ascertain if a human or machine has learned a domain
solely by direct inspection of the brain, rather than testing for
performance? This question is the driving idea behind our
Poised-For Learning project, which seeks to concretely engineer
a computational system that will learn by reading content as it
appears to humans, something no previous system has been
able to do. Since textual content read by humans is often
supplemented with diagrams and pictures, we are also
developing the system to hawve the ability to reason owver
diagrammatic and visual content.

Athena

Athensa  dewvelnned hw Knoctas Arknodas i & #aenoramminn

Sponsors Tour

RAIR Lab News

Artificially induced:
Teaching computers to
read first step in
developing consciousness
February 20, 2005

"RPI's work will investigate
learning and reasoning, both
areas that are key to
achieving the vision of
cognitive systems," said Jan
Walker, with DARPA's external
relations department. "In
addition, while learning and
reasoning are generally
important, it is also important
to be able to measure when a
cognitive system has learned.
The RPI project will develop
ways to help measure when a
system has truly learned
something."

Rensselaer Researchers
Awarded DARPA Grant to
Focus on Learning and
Reading

January 24, 2005

Researchers at Rensselaer
have been awarded a grant
from the Defense Advanced
Research Projects Agency

(DARPA) to investigate key
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Militaristic “Wise Man”’

XA IRECR T AR

To: Special Forces Company D

From: Central Command, Integrated Special Forces
cc: Special Forces Companies A, B, C

Recent HUMINT and SIGINT reveals that at least one of you

(A, B, C, D), at present, has been locked in as a target
of MET's highly effective medium-range laser-guided

missile system, the Azan+. Despite the threat this poses
(launch could come at any moment), under no circumstances

should you change your present location: Any movement
could result in your being locked into the sites of the

Azan+, if you aren't already. The last thing we want 1is
for a group that isn't locked in to be successfully

targeted.

As you know, and as the other companies know as well, you
cannot determine through use of your EYE system whether
your own company has been locked in by the Azan+'s
targeting system. But the EYE *can* determine whether
*another* company has been locked in (a signature laser
tag 1s visible to the EYE when the Azan+ is aimed at units
other than yours). All of you, as you know, can scan
each other with the EYE.



Militaristic “WM” (con)

Company A, upon receiving an alert a few minutes ago

informing it that at least one of A, B, C, and D is locked
in, and asking it to respond as to whether or not it can

infer that it is locked in, engaged its EYE and then sent
out comm declaring that it does not know whether it 1is

locked in. After this same comm, B issued the same
message, and then C received the same comm and soon

thereafter radioed the same message. Now the ball 1is 1in
your court.

As you know, if a company is currently locked 1in

by the Azan+, certain jamming techniques implemented from
our location can cloak you once again -- but if these

jamming techniques are used mistakenly, if they are used
when you are *not* already locked in by the Azan+, you

will be immediately targeted, and launch will almost
certainly ensue shortly thereafter.

We await your response.



Wise Man Puzzle

Whil: "Lden’ know whether T have
a while spot.”

Whi2: "L alscdoh™ khow whelhel

L have a white spot”
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# (logd-file "/Users/shilla/m1it.ath")
{logd-file "/Users/shillo/fset.ath")

# We define Company as an enumeration dototype: either A,
# or B, or C, or D:

(datatype Company
ABCD)

# We introduce sentential propositions (atoms, negations,
# conjunctions, etc.), as well as propositions stoting
# that o given company knows o given proposition:

(datatype Frop
(bAtom Boolean)
--:-- milit.ath Top LZ CFundamental ) ---------=- - s oo me oo

Kokopelli:~ shilla$ []
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S I ate (@ the highest level)

“Sci Fi” empowerment through entire |A process
Preclude bias/error in analytic reasoning

Develop rigorous theory of intelligence analysis



A Bit More Precisely, what is Slate!?

® System for Logical Analysis and Theorem
Extraction (SLATE) — though that’s a
forbidding mouthful, confessedly.

® A workbench for visual reasoning

® A reasoning validity checker

® (intelligent) hypothesis generation system
® A proof finder *

® and much more...



Slate is Not...




For Slate,
Two General Uses; Four Specific Ones

Professional Formal
e Laicts Reasonmgl Reasonlng
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Parallel (Idealized)
Processes?

Mathematician given problem.
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Original Concept
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Graphical Replesentation
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this window.




Current Release: v2.0

SLATE - Rips 1a

806

Single element selected:
P1 -

Description:
[ts not true that: If John trained in

Afghanistan, then Majed is an Al Qaeda
sleeper.

[irust me v

. ~S(M) . TA()

f Workspace Tools

Information Management = Model Building = Check Consistency =~ Generate Hypotheses

Validate / Invalidate Seq...
Create

Generate Reports
Modify Tool options

Mo Car Create a new copy of the selected item
New Set Change Info

TASFDsadlkfj sdkalfj;sadkl jf: alksdjf; The options below allow you to

customize the behavior of the capy process. Once you've selected the
Remove Ohjects

options you want to use, select the items you wish to copy and press the
copy button.

[ New Argument

»"‘.
_— Drawing
{ New Subproof

| Copy objects

( Remove Selected ltemis) )




Some Innovative Features

® Reflects new formal theories of
hypothesis generation.

® E.g,retrospective and prospective
I MMOI-based abduction

®  Automatic report generation (with
DARPA support)

® Includes a system — § — for
sketching out and checking visual
natural reasoning-style arguments

® Designed to model not just
deduction, but abduction, induction,
and “mental model”’-based reasoning.

enerate Hypotheses | Validate / Invalidate Seq...  Generate Reports

Change Info

( Remove Objects )

‘ e ® Seamless integration with machine
convaas ) (G ) ) reasoning & interactive proof systems
(SNARK, OSCAR, ...;Athena, ...)

®  New, unprecedentedly powerful
machine reasoning under
development (e.g., MARMML)



System S

A proof creation / validation environment




Three Desiderata

® Both teaches and (when on the job)
encourages analysts to reason in context-
independent fashion, so as to avoid bias.

® Brings to light interesting hypotheses the IA
might not consider on his/her own.

® Reflects the empircally confirmed fact that
humans reason not just sententially, but also in
visual “mental model” fashion.



Simple Selection Task
3
t t

Suppose | claim the following rule is true:

If a card has a vowel on one side, it has an even
number on the other side.

Which card or cards should you turn over to
try to decide if the rule is true?



Bringsjord #|

(1) The following three assertions are either all true
or all false:

f Billy helped, Doreen helped.
f Doreen helped, Frank did as well.
f Frank helped, so did Emma.

(2) The following assertion is definitely
true: Billy helped.

Can it be inferred from (1) and (2) that Emma helped?

Yup!



Demo: MPla




Demo: New Order #I
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And, a good |A tool automatically
generates the first draft of reports
(seen in passing in previous two demos)...



SLATE - New Order Revisited

aingle element selected:

(8686 O: P1 P2 P3 P4 PS PG P7 -> H1

Y

This is an undefeated argument of strength 1.0 for:

( Killed John John)
which is of ultimate intarest. I

1. (( Killed John John) v {{ Killed Essid John) v ( Killed Majed John))) Given

26. [~ Killed John John) -= ([ Killed Essid John) v [ Killed Majed John)))  disj-simp from {1}

6. (all X)(i Believes-Traitor John X) -= [ Believes-Traitor Majed X)) Given

4. ([ Believes-Traitor John Essid) & (( Believes-Traitor John John) & ~{ Believes-Traitor John Majed))) Given
31. ([ Believes-Traitor John John) & ~( Believes-Traitor John Majed)) simp from {4}

16. ([ Believes-Traitor John x4) -= [ Believes-Traitor Majed x4)) Ulfrom{& }

34. [ Believes-Traitor John John)  simp from { 31 }

37. | Believes-Traitor Majed John) modus-ponens2 from{ 16,34 }

7. (all X)~(( Believes-Traitor X John) & ([ Believes-Traitor X Eszid) & | Believes-Traitor X Majed))) Given

28. ~(( Believes-Traitor x22 John) & (( Believes-Traitor x22 Essid) & ( Believes-Traitor x22 Majed))) Ulfrom {7}
29, [~ Believes-Traitor x22 John) v ~(( Believes-Traitor x22 Essid) & [ Believes-Traitor x22 Majed))) DM from{ 28 }
38. ([ Believes-Traitor x22 John) -= ~([ Believes-Traitor x22 Essid) & [ Believes-Traitor x22 Majed))) disj-simp from { 29 }
39. ~(( Believes-Traitor Majed Essid) & { Believes-Traitor Majed Majed)) modus-ponensi from {38 37 }

41. (~( Believes-Traitor Majed Essid) v ~( Believes-Traitor Majed Majed)) DM from{ 39}

30. [ Believes-Traitor John Essid) simp from {4 }

44. (| Believes-Traitor Majed Essid) -= ~( Believes-Traitor Majed Majed)) disj-simp from { 41 }

33. ( Believes-Traitor Majed Essid) modus-ponens2 from { 16 , 30 }

45, ~| Believes-Traitor Majed Majed) modus-ponens! from{ 44, 33}

5. (all X)(~( Lower-Rank X John) -= ( Believes-Traitor Majed X)) Given

18. [~ Lower-Rank x8 John) -= [ Believes-Traitor Majed x8)) Ulfrom {5}

46. ( Lower-Rank Majed John) modus-tollens2 from{ 18 , 45}

B6. (| Believes-Traitor Majed John) -== | Lower-Rank Majed John)) Conditionalization from { 46 }

BY. (~( Believes-Traitor Majed John) v ( Lower-Rank Majed John))  disj-cond from { 86 }

88. ~(( Believes-Traitor Majed John) & ~( Lower-Rank Majed John))  i-DM from { 87 }

3 fall ¥ Raliciae Traitor lnbim ¥ o~ . Ralicuac Traitnr Focinl %0 [Sivnam

——

conclusion, and then
validate the armnimant




Prior R&D

PROVERB But...

Dormant?
Taps into “unprincipled” NLG

Reasoning that is input
lacks power of Athena

No natural langugage
corresponding to
diagrammatic knowledge

Proof Verbalization as an

Application of NLG Can’t handle resolution-
Niaorong Huang and Armin Fiedler b ase d reason | n g
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Can’t handle methods, only
Publishad ax Proos o proofs (not dynamic proofs)




NDL Proofs to English

Type,DPL REPORT ON NEW ORDER KILLING

To: David Lessing, --—-—
o From: <firstname> <lastname>
(x,m) & Tix,ei)))
/| switched e and m for ease Date: 6.16.05

left-and N(j) & (N(m) & N(e)); /1 NG I have now concluded my analysis. The answer is

right-and i) & (Nl & Mied: that John committed suicide. I trust you will
left-and Nim) & N(e); [ Mim)

right-and N(m) & N(e); 11 Nie) find this new fact useful in our agency’s ongoing
ﬂﬁ;gﬂ”“iwjo”aﬂﬂsx X Ji e ix) attempt to defeat Al-Qaeda. My argument for this
sf:leciafize (forall x N{x) x=j\/ (x=m\/ x=e))) with w; conclusion runs as follows.

modus-ponens N killed

assume (w=j\/ | killed John
begin -

assume (w = i) r ssed killed

—————e——— John, we can infer that John committed suicide.
& Process ) [ Clear ) .

_____ A _ This means that we have three sub-goals to
e —— aim for. The first one is that the culprit was
Added proposition to the assumption base. either John, Majed, or Essed. But this goal is
Added proposition to the assumption base. . h q
Added proposition to the assumption base. easy to substantiate: It can be derived from
Added proposition to the assumption base. the given fact that someone in New Order performed
Added proposition to the assumption base. . N b N
bdided rrabosiion 1o the tscumption base. the killing, combined with the fact that there were
Added proposition to the assumption base. on]_y three members of New Order at the time of the
Added proposition to the assumption base. g A
elded profosition 1o the assumpEion base. execution. We turn our attention now to the other
Added proposition to the assumption base. two sub—goals ) If we can explain how to reach them,

Added proposition to the assumption base. L
the case is closed.

Theorem: KIj,j)



A good tool for |As is
interoperable with other
tools and databases...



In Brazil,a number of well loggers
have been stolen

® A person with possible links to Al
Qaeda may have these well loggers.

® An analyst’s task is to determine
whether or not it is possible this
person has obtained material
sufficient to construct a radiological
dispersion device

Tracking a Dirty Bomb

More and more, smugglers are trafficking in radioactive materials

By Joby Warrick
Washington Post Stsf Wrier
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Where Are They Now?

Missing dirty bombs are traced to a tiny former Soviet er

By Joby Warrick
Waskington Post Staf Wit

TIRASPOL, Moldova
n the ethnic conflicts that surrounded the collapse
of the Soviet Union, fighters in several countri
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SAGE
Interoperability Challenge

“Common Logic,” an

T | automatic
ARDA standard ranslators

translation

Knowledge from
CYC is sent out to
Slate.

Some hypothesis H
can now be
confirmed by Slate.

case study or
full-fledged tasking







Interoperability Challenge

We're close!

“Common Logic,” an
ARDA standard Translators

Some hypothesis H
can now be
confirmed by Slate.

case study or
full-fledged tasking

automatic
translation



Interoperability Challenge

“Common Logic,” an
ARDA standard

automatic
translation

Knowledge from

Slate is sent out
toward KANI.

Some hypothesis H
can now be
confirmed by Slate.

case study or
full-fledged tasking










“In the intelligence field, the amount of data we have
to deal with is ungodly. An intelligence analyst has to
deal on a regular basis, for example with petabytes of

e d f" T l.._ o -'u r_..-_"ll L P
“:'1 '-'.’1‘_!:“-’.’.*u..'ti’ ui'- S" ( f é ":'ff:-* L L e o

H ,_.-‘_.. _.__r.. _,,1'.,,.

=i L % el 2 A [ $iie .
5 1 = S < & . 4=l
..-""‘IF .' \ 'F P'“ |"'. 'If _:!‘q_:. - _._..- II ;.'l‘-‘\i’;".‘!'.-"." ‘__:I.».,q _-‘_.:'fl 4 ':..c»._'._:\- '—'Jf Y

;‘.-‘:‘_ :1 |M



But our initial experiments indicate that the real
challenge may be deep reasoning over few
proposn;lons reasonn over Iarge numbers of
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Have run a series of tests on |2 queries with 1,000,000 formulae in the KB.

For each query, Otter starts with only | of the 1,000,000 propositions
assumed, and at each failure, we double the number of propositions used.
This doubling continues until Otter finds a proof, or the number of added
propositions exceeds 1,000,000.The execution of all 12 queries takes less
than 10 seconds.

KB F dxPy5(Co) A dxPi4(Ch3)

HHH
Searching for proof of - (exists x P12(C9)) & (exists x P14(C13)).
HH S

Searching for proof using 1 of the 999999 lines.
Searching for proof using 2 of the 999999 lines.
Searching for proof using 4 of the 999999 lines.
Searching for proof using 8 of the 999999 lines.
Searching for proof using 16 of the 999999 lines.
Searching for proof using 32 of the 999999 lines.
Searching for proof using 64 of the 999999 lines.
Searching for proof using 128 of the 999999 lines.
Searching for proof using 256 of the 999999 lines.
Searching for proof using 512 of the 999999 lines.
Searching for proof using 1024 of the 999999 lines.

Searching for proof using 2048 of the 999999 lines. 7) (@)

PROOF FOUND!



Since motive, means, intent remain (along with
some notion of singular attractiveness), formalize
planes and ask Slate to hypothesize as to how
terrorists can once again use them as missiles.

767-400

WOOZ0=E> woo=zo=>

OO0 00O00=0
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Last NIMD Pl meeting, Nov 28-Dec 2 2005!
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Flight Training Fails; Mihdhar Bails Out
Hazmi and Mihdhar came to the United States to learn English, take flying
lessons, and become pilots as quickly as possible. They turned out, however, to
have no aptitude for English. Even with help and tutoring from Mohdar Abdul=
lah and other bilingual friends, Hazmi and Mihdhar’s efforts to learn proved
futile. This lack of language skills in turn became an insurmountable barrier to
learning how to fly.3

A pilot they consulted at one school, the Sorbi Flying Club in San Diego,
spoke Arabic. He explained to them that their flight instruction would begin
with small planes. Hazmi and Mihdhar emphasized their interest in learning to
fly jets, Boeing aircraft in particular, and asked where they might enroll to train

THE 9/11 COMMISSION REPORT

on jets right away. Convinced that the two were either joking or dreaming, the
pilot responded that no such school existed. Other instructors who worked
with Hazmi and Mihdhar remember them as poor students who focused on
learning to control the aircraft in flight but took no interest in takeofts or land=
ings. By the end of May 2000, Hazmi and Mihdhar had given up on learning
how to fly.3/

You didn’t have to be Sherlock Holmes...







We Need Automated Visual Reasoning

= uncrack_comm2.hyp :

&

* ¥x ¥y ¥z ((Likes(x,y) A Likes{y,z)) - Likes(x,z))

* Cube(n;) A Dodec(n;) A Dodec{ng) A Tet(ns)

" Likes(n,, ny) A Likes(n,, ny) A Likes(n,, ng) A Likes(ng, no) A
Likes(n,, ng} A Likes(ng, n,)

* Ix Iy 3z Ju {({Cube{x) V Dodec({x) Vv Tet{x)} A {Cubely) Vv
Dodec{y) Vv Tet{y)) A (Cube(z) V Dodec(z) Vv Tet{z)) A (Cube{u) Vv
Dodec(u) Vv Tet(u)) A Likes(x,y)...}

v Given
v Given

v Observe
v Observe

Log Con




DNDL by Arkoudas & Bringsjord
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