What Needs to be Added to
Machine Learning?’

[eslie Valiant
Harvard University

oznan. September, 2018




COGNITIVE
ENTITY




e e e ——
T

COGNITIVE
ENTITY

COGNITION MUST HAVE A THEORY.




SEMANTICS: Correspondence between
State of Cognitive Entity and World

—— : -

COGNITIVE
ENTITY

COGNITION MUST HAVE A THEORY.




SEMANTICS: Correspondence between
State of Cognitive Entity and World

|

‘ STATISTICAL

STATISTICAL
COGNITIVE
ENTITY

e o e e

COGNITION MUST HAVE A THEORY.

|




“All belief comes from Syllogism or
Induction™ - Aristotle

Syllogism ~ Mathematical Logic, Reasoning

Induction ~ Machine Learning Theory
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“All belief comes from Syllogism or
Induction” - Aristotle

Syllogism ~ Mathematical Logic, Reasoning
Induction ~ Machine Learning Theory

Goals for our Time

l. Give Learning and Reasoning a common
semantics.

2. Enable a robust database of commonsense
knowledge to be acquired by learning for Al
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Word Completion

(From China Daily, 2018)

Whatever the Year of the Dog holds in store, pet owners will be
lavishing more attention than ever on their pooches.
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(From China Dailly, JO1A)

Whatever the Year of the Dog holds in store, pet owners will be
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China rises as a maritime powerhouse after snapping up profitable
seaport terminals across the world.




Word Completion

(From China Daily, 2018)

Whatever the Year of the Dog holds in store, pet owners will be
lavishing more attention than ever on their pooches.
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China rises as a maritime powerhouse after snapping up profitable
seaport terminals across the world.

'maritim. DOW rhon

Macao's retail sale up by 23.7 pct in Q2.




Word Completion

Word Completion has two commonalities with
Turing Test:

l. Performance measured quantitatively.

2. Knowledge unrestricted (no microworld.)







Word Completion

Word Completion has two commonalities with
Turing Test:

I. Performance measured quantitatively.
2. Knowledge unrestricted (no microworld.)

Learning Theory approach:

3. Performance relative to particular world (1.¢.
distribution D of natural Inputs. )

4. Insists on feasible computation and error control.




Robust Logic
(Semantics for unifying learning and reasoning. )
(Can test on word completion.)

An Idea From Cognitive Science:
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OO al Rule:

9x,Dog(x,) A Likes(x,,X,) — Bone(X;)
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Computers have to ACQUIRE knowledge, and then ACT on it
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Computers have to ACOUIRE knowledge, and then ACT on it.
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Robust Logic Feature 4:

Hypothesis h(x)

True positives RN
f(x) =1 w + [/
: 4 %)
g e
gL ) True negatives

EFRROR N fix) =-1

PAC Lecaming
| Examples from arbitrary distribution 1), but testing from samc.
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Robust Logic Feature 5:

Examples arise from ground truth vectors:
(X1, X5, X3, Xy, X5, Xg5 X7y Xgy +ooo- 5 X1000)

sut this s about incomplete specification.
Anexampies (1,%,00*1.0>** .. ¥

I} over {0.1.%)
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Robust Logic Feature 5:

Examples arise from ground truth vectors:
Xy, X, X3y Xy Xs, X5, X5 Xgy - ... 5 X1000)
Sut this 1s about iIncomplete specification.
Anecxampic s (1,,00*10**>* ... "
1) over {0,1.*!.

bird = |, penguin

(INo problem with nonmonotonicity.)




Robust Logic Feature 5:

Examples arise from ground truth vectors:
08y X5, Xao X, Xo, X, X7, Xgs - .o 5 Xpoa0)
But this 1s about incomplete specification.
An example s (1,*,0,0,*,1,0,**"

D over {0,1.*}.

E.g. bird =1, penguin=* — f{ly=1.

Rty o i s Mmoo e ol s i, & =
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(No problem with nonmonotonicity.)

pply rules with entry x, obscured.
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The Experiment (L. Michael & L.V.)

500.000 sentences from Wall Street Journal
lse mechanical parser to find subject/object etc.

(Some programmed knowledge: Wordnet dictionary)
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500,000 sentences from Wall Street Journal
Use mechanical parser to find subject/object etc.
(Some programmed knowledge: Wordnet dictionary)

Learn rules from single sentences to predict unstated
things.




The Experiment (L. Michael & L.V.)

500,000 sentences from Wall Street Journal
Use mechanical parser to tind subject/object etc.
(Some programmed knowledge: Wordnet dictionary)

Learn rules from single sentences to predict unstated
things.

See how much better chaining these is in predicting
missing word, than a baseline “syntactic” method.




The Experiment (L. Michael & L.V.)

[ earned rule are linear inequalities on compound

features:. C.8.

-

0 99 * (3 x: (x lowers y) A (competition X)) 0.5]
(3 x: (y lowers X) / (demand X))
) '
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Robust Logic

Examples: Scenes on 7 objects.
RHS of rule: e.g. R(x;, x,).

LHS of rule: Linear inequality over
Compound features. (or any other learnable class.)

Compound features,

e.g9. IX;VXx,A(Xy,%5,%3)B(x;,%4).

Propositional learning algorithm: to inherit
good quantitative characteristics, such
as error resilience, attribute efficiency.

e.g. Winnow (Littlestone), deep learning.




Desirable Properties of
Robust Logic
Theorems: Rules learnable chaining of rules

applied to one example is polynomial time
sound and complete. (All in pac-semantics.)




Desirable Properties of
Robust Logic




A Challenge: Developing Good
Teaching Materials

‘grey elephant”:

pink elephant”:
‘white elephant”:



A Challenge: Developing Good
Teaching Materials

(Google 5-11-18)

‘grey elephant”: 1,370,000

‘pIink elephant”: 046,000
‘white elephant”: /707,000



Challenges for Al that are
addressed by Robust Logic

Infusing machines with general knowledge
so that robust reasoning on it is possible.

* [earning enables system to stay “approximately
consistent’

 [carning as method of choice for knowledge
that 1s nowhere defined.

* Principled reasoning on learned knowledge.
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