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AI Present: Deep Learning Tidal Wave 

 What’s next? 
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Winograd Schema Challenge (Levesque, 2011) 

The large ball crashed right through the table 

because it was made of styrofoam.  

It = table 

The large ball crashed right through the table 

because it was made of steel.  

It = ball 

 

 

Common-sense 

knowledge & tractable 

reasoning are necessary 

for NLP! 
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Reminder 

AI cannot be reduced to classification 
(using realistic feature sets) 

“You can’t play 20 questions 

with nature and Win.” 
 Allen Newell, 1973 
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What’s Next? 
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AI is Increasingly Fragmented 
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We need 

integrated AI 

Systems! 

 

 

SAT solver 

Drones 

NLP 

CNN 

MLN SVM 

Etc. 



AI2 Research Methodology 

Build AI Programs that take written tests 

 

1. Externally-defined challenge tasks 

2. Training data + unseen test data (“as is”) 

3. Measurable progress, clear focus, ambitious goals 

 

 

 

Key differences with Watson: 

1. Deeper semantics & inference 

2. Open model: publish, collaborate, open source 
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II. Euclid: Solving Geometry Questions 

A 
M 

P 

C 

B 

In the figure at the right, the circle has 

center P and radius r. Lines AB and AC 

are tangent to the circle at points B and 

C, respectively. If PM is the bisector of 

the tangent, and the measure of angle 

PMC equals the measure of angle MPC, 

what is the length of segment PA? 

(a)   (b)   (c) 

(d)  (e)   

3r r 5 r 2
r+1 2r



Multi-Modal Parsing Approach 
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In triangle ABC, line 

DE is parallel with 

line AC, DB equals 4, 

AD is 8, and DE is 5. 

Find AC. 

Semantic 

Forest 

G-Aligner 

(Noisy) Relations 
Parallel(line(DE), line(AC)) 

Parallel(line(AC), line(DB)) 

Equal(length(line(AD)), 4) 

Equal(length(line(AD)), 8) 

... 
 

XD,RD,d

Grounded Relations 
Parallel (l1,l2) 

Parallel (l2,l3   ) 

Equal(length(l3),4) 

Equal(length(l4),8) 
... 

 

Selected Relations 
Parallel (l1,l2) 

Equal(length(l1),4) 

Equal(length(l3),4) 

Equal(length(l2),8) 

Length(l2) = ? 

Answer 

Solver 

Details  in [EMNLP15] 



Numerical Solver 

 Translate a logical form to a non-linear equation 

 

 

 

 

 

 

 

 

Formal Language Equations 

Equals(LengthOf(AB),d) (Ax-Bx)
2+(Ay-By)

2-d2 = 0 

Parallel(AB, CD) (Ax-Bx)(Cy-Dy)-(Ay-By)(Cx-Dx) = 0 

LiesOn(B, AC) (Ax-Bx)(By-Cy)-(Ay-By)(Bx-Cx) = 0 

Perpendicular(AB,CD) (Ax-Bx)(Cx-Dx)+(Ay-By)(Cy-Dy) = 0 

Goal: Find an assignment to the 

variables that satisfies all the equations 

simultaneously 



Optimization Result 

“In triangle ABC, line DE is 

parallel with line AC, DB equals 

4, AD is 8, and DE is 5. Find AC.” 

a) 2   b) 4   c) 6   d) 8   e) 10 

B 

D E 

A C 

IsTriangle(ABC)  0.96 

Parallel(AC, DE)  0.91 

Parallel(AC, DB)  0.74 

Equals(LengthOf(DB), 4) 0.97 

Equals(LengthOf(AD), 8) 0.94 

Equals(LengthOf(DE), 5) 0.94 

Equals(4, LengthOf(AD)) 0.31 

Find(LengthOf(AC)) 0.90 

LiesOn(D, AB)  1.0 

LiesOn(E, BC)  1.0 

Parallel(AC, DE)  0.99 

Parallel(AC, DB)  0.02 

IsTriangle(ABC)  Parallel(AC, DE) 

Equals(LengthOf(DB), 4) Equals(LengthOf(AD), 8) 

Equals(LengthOf(DE), 5) Find(LengthOf(AC)) 



Optimization Result 

“In triangle ABC, line DE is 

parallel with line AC, DB equals 

4, AD is 8, and DE is 5. Find AC.” 

a) 2   b) 4   c) 6   d) 8   e) 10 

B 

D E 

A C 

IsTriangle(ABC)  0.96 

Parallel(AC, DE)  0.91 

Parallel(AC, DB)  0.74 

Equals(LengthOf(DB), 4) 0.97 

Equals(LengthOf(AD), 8) 0.94 

Equals(LengthOf(DE), 5) 0.94 

Equals(4, LengthOf(AD)) 0.31 

Find(LengthOf(AC)) 0.90 

LiesOn(D, AB)  1.0 

LiesOn(E, BC)  1.0 

Parallel(AC, DE)  0.99 

Parallel(AC, DB)  0.02 

IsTriangle(ABC)  Parallel(AC, DE) 

Equals(LengthOf(DB), 4) Equals(LengthOf(AD), 8) 

Equals(LengthOf(DE), 5) Equal(LengthOf(AC),10) 
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Just presented at [EMNLP2015] 



III. Aristo: Elementary School Science Tests 
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Why Elementary Science is Challenging 

A ball is tossed in the air and it comes back down due to (A) gravity (B) … 

Which letter shows runoff? 

allow heat transfer ~ is a conductor 

get a better look at ~ view in more detail 

healthy lifestyle ~ maintain good health 

  Scientific and World Knowledge is needed 

 45% of questions involve diagrams                                                
 

 Natural Language Understanding is often needed 

 “Shallow” NLP maxes out <60% (guessing = 25%) 

 Linguistic Variability is everywhere 
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Project Aristo 

What does Aristo need to know to pass the exam? 
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Evolving Design of Aristo 
 EMNLP 2015: MLN “solver” operating on machine-extracted rules   

 

RULE solver 

ILP solver 

IR solver 

PMI solver 

SVM solver 

Text 

Combiner Rulebase 

Table Store 

Information 

Extraction 

Knowledge Reasoning 

(Solvers) 

Embeddings 

Cooccurrence 

counts 

 

RNN 

Web 

corpus, 

Science 

corpus 

Question 

Answer 

RULE solver Rulebase Information 

Extraction 
Answer Science 

corpus 

Question 

 2016: Several levels of structure 

 

text 

statistics 

inference 

20 



Current Results (test score on ND Questions) 
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Aristo Demo 

 

Aristo 
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http://allenai.org/aristo.html
http://allenai.org/aristo.html


8th Grade – A Significantly Increased Challenge 

 4th to 8th grade: major jump in challenges: 4 years of education and 

life experience for a student 

 Majority of questions use diagrams 

 Some are “AI hard”, e.g. (in 2006 8th grade exam) 
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III. Semantic Scholar 
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Motivation 
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Query: “Information Extraction” 
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Leverage AI to Combat Information Overload 

Semantic 

index 

Tractable 

Inference 

Search 

“Show me all papers 

where…” 

English query 
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DEMO 
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http://s2.allenai.org/


Our Approach to Figure Understanding 

Extract Figures 

Classify Figures 

Curve Understanding 

.json 
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Progress Summary in an Topic 
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Provenance with Text Understanding 
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Applications of a Technique 
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Applications of a Technique 
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Provenance with Diagram Understanding 
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Semantic Scholar to Launch in 2015 

Sign up for notification here:  

allenai.org/semantic-scholar.html 



“It's the absence of AI 

technologies that is already 

killing people.” 

 

           Eric Horvitz 
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The Semantic Scholar Vision 

 

“What if a cure for an intractable cancer is hidden within the 

tedious reports on thousands of clinical studies? In 20 years' 

time, AI will be able to read — and more importantly, 

understand — scientific text. These AI readers will be able to 

connect the dots between disparate studies to identify novel 

hypotheses and suggest experiments which would otherwise 

be missed. AI-based discovery engines will help to find the 

answers to science's thorniest problems and ultimately 

revolutionize science.” 

Allen Institute for Artificial Intelligence 

Wired Magazine, September, 2015 
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http://www.wired.co.uk/magazine/archive/2015/09/start/the-big-question-ai-advances


Aristo Semantic 

Scholar 

Plato Euclid 

 AI2 Core Projects: 

SAT Math QA 
 

Science QA Semantic 

Search over 

papers 

Knowledge  

from images 

& diagrams 



AI2 Methodology 

1. Grand Challenge Problems  

 

2. Data-driven rather than single mechanism 

 

3. Ambitious goals, but measurable progress 

 

4. Idea: augment Turing Test with battery of 

standardized tests to measure AI progress 

 

5. Semantic Scholar = AI to help Scientists 
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The View from AI2  (allenai.org) 
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