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I propose to consider the question, "Can machines
think?"

The original question, "Can machines think?" I believe
to be too meaningless to deserve discussion.
Nevertheless I believe that at the end of the century
the use of words and general educated opinion will
have altered so much that one will be able to speak of
machines thinking without expecting to be

contradicted.
-- Alan Turing



Despite these successes, ConvNets were largely
forsaken by the mainstream computer-vision and
machine-learning communities until the ImageNet
competition in 2012.

-- Hinton, LeCun and Bengio



Artificial intelligence would be the ultimate version of
Google. The ultimate search engine that would
understand everything on the Web. It would
understand exactly what you wanted, and it would
give you the right thing.

-- Larry Page



Why only us ?

What kind of creatures are we ?

-- Chomsky
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"COMPUTING MACHINERY AND
INTELLIGENCE” A. Turing 19504
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Turingh, EL/=Turing Test

Q: Please write me a sonnet on the subject of the
Forth Bridge.

A : Count me out on this one. I never could write
poetry.

Q: Add 34957 to 70764.

A: (Pause about 30 seconds and then give as answer)
105621.

Q: Do you play chess?
A: Yes.

Q: I have K at my K1, and no other pieces. You have
only K at K6 and R at R1. It is your move. What do

you play?
A: (After a pause of 15 seconds) R-R8 mate.



AT, TNEERSNTNDSM?

Q: Please write me a sonnet on the subject of the
Forth Bridge.

7?2 A : Count me out on this one. I never could write
poetry.
Q: Add 34957 to 70764.

OA: (Pause about 30 seconds and then give as answer)
105621.

Q: Do you play chess?

(O A: Yes.

Q: I have K at my K1, and no other pieces. You have
only K at K6 and R at R1. It is your move. What do

you play?
A: (After a pause of 15 seconds) R-R8 mate.
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“Logical Syntax and Semantics. Their
Linguistic Relevance” 19554
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“Three Models for the Description of
Language” 19564

Type-3
We have defined three types of language: finite-state

languages (in 2.1). derivable and terminal lauguages
(in 3.2). Type-2 Type-1

These are related in the following way: (27)

(i) every finite-state language is a terminal language,
but not conversely;

(ii) every derivable language is a terminal language,
but not conversely;

(iii)there are derivable, nonfinite-state languages and
finite-state, nonderivable languages.

https://chomsky.info/wp-content/uploads/195609-.pdf



Recursive Language
“"Merge” is recursive

recursively enumerable

context-sensitive

context-free

regular

BAREE?

Mildly Context SenS|t|ve Languages

Recursively Erumerable (Type-0)

Context-Sensilive (Type-1)

Context-Free (Type-2)

LL({1)

Regular (Type-3)




We investigate several conceptions of linguistic
structure to determine whether or not they can
provide simple and sreveallngs grammars that
generate all of the sentences of English and only
these. We find that no finite-state Markov process
that produces symbols with transition from state to
state can serve as an English grammar. Furthermore,
the particular subclass of such processes that produce
n-order statistical approximations to English do not
come closer, with increasing n, to matching the
output of an English grammar. We formalisa the
notions of phrase structures and show that this gives
us a method for describing language which is
essentially more powerful, though still representable
as a rather elementary type of finite-state process.
Nevertheless, it is successful only when limited to a
small subset of simple sentences.

BRIKET DU TR, BIGEZRRIBTEENENDFEH,



We study the formal properties of a set of
grammatical transformations that carry sentences
with phrase structure into new sentences with derived
phrase structure, showing that transformational
grammars are processes of the same elementary type
as phrase-structure grammars; that the grammar of
English is materially simplified if phrase structure
description is limited to a kernel of simple sentences
from which all other sentences are constructed by
repeated transformations; and that this view of
linguistic structure gives a certain insight into the use
and understanding sf language. We study the formal
properties of a set of grammatical transformations
that carry sentences with phrase structure into new
sentences with derived phrase structure, showing
that transformational grammars are processes of the
same elementary type as phrase-structure

grammars, —5L7{-fEE# (L. Syntactic Structure TERRIN5



that the grammar of English is materially simplified if
phrase structure description is limited to a kernel of
simple sentences from which all other sentences are
constructed by repeated transformations; and that
this view of linguistic structure gives a certain insight
into the use and understanding of language.



1957%F Chomsky “Syntactic Structures”

Noam Chomsky

SYNTACTIC
STRUCTURES

http://ewan.website/egg-course-1/readings/syntactic_structures.pdf



“Syntactic Structures”
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Colorless green ideas sleep furiously.
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Speech Recognition Grammar
Specification Version 1.0
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A Demonstration of the Nonfeasibility of
Fully Automatic High Quality Translation

Little John was looking for his toy box. Finally he
found it. The box was in the pen. John was very

happy.

Assume, for simplicity's sake, that pen in English has
only the following two meanings: (1) a certain writing
utensil, (2) an enclosure where small children can

play.

Warren Weaversb @O 7 7O—FA~DIEEE,
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Heuristic Problem Solving: Next Advance

of Operation Research H.A. Simon 1957%
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Simon® “Logical Theorist”
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General Problem Solver
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Elementary Perceiver and Memorizer
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Univalent Theory TDCoq® #|
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Mathematicians Map Eg = #+xi=u3

Mathematicians have mapped the inner workings of
one of the most complicated structures ever studied:
the object known as the exceptional Lie group Eg.
This achievement is significant both as an advance in
basic knowledge and because of the many
connections between Eg and other areas, including
string theory and geometry. The magnitude of the
calculation is staggering: the answer, if written out in
tiny print, would cover an area the size of Manhattan.
Mathematicians are known for their solitary work
style, but the assault on Eg is part of a large project
bringing together 18 mathematicians from the U.S.
and Europe for an intensive four-year collaboration.

http://www.aimath.org/E8/
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Bigger than the Human Genome

The magnitude of the Eg calculation invites
comparison with the Human Genome Project. The
human genome, which contains all the genetic
information of a cell, is less than a gigabyte in size.
The result of the Eg calculation, which contains all the
information about Eg and its representations, is 60
gigabytes in size. That is enough space to store 45
days of continuous music in MP3 format. While many
scientific projects involve processing large amounts of
data, the Eg calculation is very different: the size of
the input is comparatively small, but the answer itself
is enormous, and very dense.



Es Dynkin diagram

o—©@ o O—0—©0

/ /\g N
/.—/ - n\\
\1/ A
ot . l—.;r / % P / ’ /
.

\/\'\\\ \\ / 7 / \A '
. s
\ by AN T
. //'// Ny I~
/ W/
/ N

The Lie algebra Eg is generated by 16 elements X,.4, Yredr Xoiuer Ybiver««+
Xpiackr Ybiack COrresponding to the nodes in the Dynkin diagram.






./\(A\
e 1

— —

DRS4S

......

~

a-n -

37 IR o
P
b )2

L PR

LT T Rl

.'J‘.v-'l Bl —
[ o W‘l -

O,
R

Vh(»«\.vA

\ X

B (P DR Al P b «.m_.w
SIS
‘soy.ww..u.vh.%»\ A

T

Garrett Lisi: An Exceptionally Simple Theory of Everything

https://goo.gl/bmfwxi




ANIHgERfiTZxE>IRASH 2

O HFETOIALELI—FDFATEZSE. NTHIEER flTa T #4
W RN TESMN? JIELVSRETEITIRASADIE, FENZE

R CIzhhn b,
O CORBTEEL

BT TIEEZEL

CEIE. TN TESM ? 1&ELVDTE
Tl e AR TRIATEZ DM ? 1EWSZETH S,

O #HH B1ERI7TENE E?#O’Cb\é?f’)('}'fliﬂt\tb\of% A

s BAR AT REZR C &Y,

B &> TREBA ]

BT3B, =1L, S5LTEONSRHIE. ABDLDTHS,

O #RFREARLEPAlexaZEn:?

AR T ORIV RT LD,

IN—IFIL-TLOREI- AT LELTI ARBIZBIIT A4

DURATLTHAHEDIZ,

1. T AEIZBT5H#

mrcﬁ;é

NHDHFITHaAVEA—RIE, T

O MN—YFIL-TOREFUNEWS ATHBED S DOIFIE, (o
LTIELNED TIEARLY,



Perceptron
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19434 Formal Neuron

A LOGICAL CALCULUS OF THE
IDEAS IMMANENT IN NERVOUS ACTIVITY

WARREN S. McCULLOCH AND WALTER PITTS

From THE UNIVERSITY OF ILLINOIS, COLLEGE OF MEDICINE,
DEPARTMENT OF PSYCHIATRY AT THE ILLINOIS NEUROPSYCHIATRIC INSTITUTE,
AND THE UNIVERSITY OF CHICAGO

Because of the “all-or-none” character of nervous activity, neural
events and the relations among them can be treated by means of propo-
sitional logic. It is found that the behavior of every net can be described
in these terms, with the addition of more complicated logical means for
nets containing circles; and that for any logical expression satisfying
certain conditions, one can find a net behaving in the fashion it describes.
It is shown that many particular choices among possible neurophysiologi-
cal assumptions are equivalent, in the sense that for every net behav-
ing under one assumption, there exists another net which behaves un-
der the other and gives the same results, although perhaps not in the
same time. Various applications of the calculus are discussed.

e w: BHATT (X AND
« X ANES (0 FKiE 1) ORH(wl + z3 — 1.5)
« h: ULEWE (EX) H(zs + 23 — 0.5)

e H: AT+ ROREERBIE ((EADIZX 0 £/2E 1) NoT
H(—a:l + 0.5) :E—C‘”%ﬂfﬂ

N
H(Z w;T; — h) XOR
i=1 H((Bl + 9 — ZH(:D] + 29 — 1.5) = 0.5)

https://goo.gl/4GCkQn



“The Perceptron: A Probabilistic Model for
Information Storage and Organization in
the Brain” Rosenblatt, Frank (1958)
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The Mark | Perceptron machine &
was the first implementation of the
perceptron algorithm. The machine
was connected to a camera that
used 20x20 cadmium sulfide
photocells to produce a 400-pixel
image. The main visible feature is a
patchboard that allowed
experimentation with different
combinations of input features. To
the right of that are arrays of
potentiometers that implemented
the adaptive weights.[2:213
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IRFE D Multi-Layer Perceptron®
RDFOGFEREEERE L,

AAE®D HiddenlE® Hidden 2B ® LinearE®m
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Hidden 2= Linear/2



Minsky & Papert “Perceptron” 19694

Single layer perceptrons are only capable of learning
linearly separable patterns;

in 1969 a famous book entitled Perceptrons by Marvin
Minsky and Seymour Papert showed that it was
impossible for these classes of network to learn an
XOR function. It is often believed that they also
conjectured (incorrectly) that a similar result would
hold for a multi-layer perceptron network. However,
this is not true, as both Minsky and Papert already
knew that multi-layer perceptrons were capable of
producing an XOR function.

BH—QEMNIGEH/A—ET AV, R DB RE/ N2 — LV EE TELLY
https://goo.gl/py6sNA
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Cognitron: A Self-organizing Multilayered
Neural Network

A new hypothesis for the organization of
synapses between neurons is proposed:
“"The synapse from neuron x to

neuron y is reinforced when x fires
provided that no neuron in the vicinity
of y is firing stronger than y”. By
introducing this hypothesis, a new
algorithm with which a multilayered
neural network is effectively organized
can be deduced. A self-organizing
multilayered neural network, which is
named “cognitron”, is constructed
following this algorithm, and is simulated
on a digital computer.

19754 =E HE
m byl N m WV = Wb i 2 [ RS A =1 i B § 1V SUT S



Neocognitron: A Self-organizing Neural
Network Model for a Mechanism of Pattern
Recognition Unaffected by Shift in Position

A neural network model for a mechanism of visual
pattern recognition is proposed in this paper. The
network is self-organized by "learning without a
teacher”, and acquires an ability to recognize
stimulus patterns based on the geometrical similarity
(Gestalt) of their shapes without affected by their
positions. This network is given a nickname
"neocognitron". After completion of self-organization,
the network has a structure similar to the hierarchy
model of the visual nervous system proposed by
Hubel and Wiesel.

rAa5 = Oy HEOBBICHEERIENG S 1 2L OREA T4

19804 https://goo.gl/8L2fCM
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David H. Hubel

Torsten Wiesel
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Receptive Field of Single Neuron

Electrical signal
brain

A bit of history: SO

Visual area -

Hubel & Wiesel, ﬂ\
1959 % Stimulus . fﬁ

RECEPTIVE FIELDS OF SINGLE
NEURONES IN
THE CAT'S STRIATE CORTEX

1962

RECEPTIVE FIELDS, BINOCULAR
INTERACTION

AND FUNCTIONAL ARCHITECTURE IN
THE CAT'S VISUAL CORTEX

1968...

s B8 8 &8 38 8
L e B e

Neural response (spikes/sec)

- —— RS
-40 -20 20 40

Stimulus orientation (deg)

T
0

Fei-Fei Li & Andrej Karpathy & Justin Johnson Lecture 6 - 66 25 Jan 2016

—DON=—1—0O VDI ZEE |



RBFERNEEET(VDIZHITS.
TRIEIRDEFELTVEY

W
2
g2 g 2
£ 5§ 5 8 £
g ﬁ g 2 g E\ ﬂc‘
o c 55% 3 % 3
2 g 23 8 £ 3
% 3 28§ 3 5 %
g & s gEE @ 2238% ¥ 3% %
| §E RS - ada=s = =z =2
vitreous chamber cg B B
vitreous humor £8 58 £E 1 l
OJ S50 o i

. Op
<
:

0
.

—RBEREH (V1)
ERBAD—REARFOTH =1 —O HIETENENDOKRNFEKICDE, $51484000
BEFETHAERFELONSD, V] FREICEITHERMIBIMDBAREL YT ERD,
REFE VL ITETAMEDOHGIEIERICERET, ERTERL VI TYYTEN TS,
DX ISRERIFECBICEARMT. VL 23 D5REDBMIELTRLNS,

https://goo.gl/nvV9ld

of occipital lobes



= IR Y FEER DM T D EAT

SimonHMBEFELI-BEEEAD IO S5 LLogical Theorist
(X, nREmIBEICH VTR BELTEIRARE AL E=1E o 1=hY,
NLDEEZTEIIZEERLI=ZD A, RobinsonT#Hh %,
B ABIF L= Resolution/Unification®D Fixik. DK
A EEEDPrologt™GHC, LTI EVRATLTH
HCOQ-AGDAFE D EIE LT,



19654 Resolution Principal




Robinson, J. Alan (1965). "A Machine-
Oriented Logic Based on the Resolution
Principle".

The theory of the resolution process is presented in
the form of a system of first-order logic with .just one
inference principle (the resolution principle). The
completeness of the system is proved; the simplest
proof-procedure based oil the system is then the
direct implementation of the proof of completeness.
However, this procedure is quite inefficient, and the
paper concludes with a discussion of several
principles (called search principles) which are
applicable to the design of efficient proof-procedures
employing resolution as the basle logical process.

f-F=—o DO #H#R A (resolution) I2&b ., —ED R EERIED DR

https://goo.gl/uCTmhc



Resolution Principle
L v =L v G

v

Example
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Unification
Iy U{L1} T2U{L}

(Fl U F2)¢
Example
S(a) SSX) VPX) ry/a7
P(a) —P(a)

1.Vz ((S(z) vV T'(z)) —» P(z)),

2.Vz (S(z) V R(z)), DB, P(a)ARRYIL DI EDEERA,
3. ~R(a)
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Douglas Hofstadter “Gédel, Escher, Bach: An Eternal
Golden Braid” 19794
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Marvin Minsky “A Framework for
Representing Knowledge” 19744
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“A Framework for Representing
Knowledge” M#&ERL

1 LOCAL AND GLOBAL THEORIES FOR VISION

2 LANGUAGE, UNDERSTANDING, AND SCENARIOS
3 LEARNING, MEMORY, AND PARADIGMS

4 CONTROL

5 SPATIAL IMAGERY

6 Criticism of the Logistic Approach

EECILEGERBEIRO>TLNT,. D, FREFENDRALT
Y EIFonSEBEBDEFEIL. ENBETHELRS MUY, 1272,
ThohoiiHEInz-FrametW\WSHFRILIX. HEYIZHL—HREY
FEERS, REDRYNT—VRERIBOIERITHS. Entity
Modelld. ZOLI=HRILZILITEH TS,
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imagining.

A theory of seeing should also be a theory of



Criticism of the Logistic Approach

I here explain why I think that more "logical"
approaches will not work. There have been serious
attempts, from as far back as Aristotle, to represent
common sense reasoning by a "logistic" system-that
—is, one that makes a complete separation hetween
(1) "Propositions” that embody specific information, a
(2) "Syllogisms" or general laws of proper inference.

Expert System?
No one has been able successfully to confront such a

system with a realistically large set of propositions. I
think such attempts will continue to fail, because of
the character of logistic in general rather than from

defects of particular formalisms.
MEMERA—XDOT77A—FIL SFFH L !




Expert System
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Expert System
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Rule-Based Expert Systems:
The MYCIN Experiments of the Stanford
Heuristic Programming Project

Artificial intelligence, or Al, is largely an experimental
science—at least as much progress has been made by
building and analyzing programs as by examining
theoretical questions. MYCIN is one of several well-
known programs that embody some intelligence and
provide data on the extent to which intelligent
behavior can be programmed. As with other Al
programs, its development was slow and not always
in a forward direction. But we feel we learned some
useful lessons in the course of nearly a decade of
work on MYCIN and related programs.

Expert System® X5 MYCIND#A

http://www.aaaipress.org/Classic/Buchanan/buchanan.html



1)

* %k

2)

* %k

3)

* %k

4)

* %k

5)

* %

Patient's name: (first-last)
C.R.

Sex:
MAL E Expert System MYCIN

Age:

52

Have you been able to obtain positive
microbiological information about a possible
infection of C.R.?

YES

-------- INFECTION-1--nmmm-

What is the infection?
ENDARTERITIS ShAR P A 2



The first significant organism from this blood culture

(CULTURE-1) will be referred to as: it
-------- ORGANISM-1--------

9) Enter the identity of ORGANISM-1:

** UNKNOWN

10) Is ORGANISM-1 a rod or coccus (etc.)?:

*" ROD . B R

11) The gram s%aln of ORGANISM-1:

**  GRAMNEG

12) Have there been POSITIVE cultures yielding
organisms about which you will NOT be seeking
advice?

= eSS



14) Is the patient's illness with ORGANISM-1
a hospital-acquired infection?
™ Y

[i.e., WHY is it important to determine whether or not the
infection with ORGANISM-1 was acquired while the
patient was hospitalized?]

[2.0] This will aid in determining the identity of
ORGANISM-1. It has already been established that
[2.1] the morphology of ORGANISM-1 is rod
[2.2] the gram stain of ORGANISM-1 is
gramneg
[2.3] the aerobicity of ORGANISM-1 is facul

Therefore, if Shals
[2.4] the infection with ORGANISM-1 was
acquired while the patient was
hospitalized
then
there is weakly suggestive evidence (.2) that
the identity of ORGANISM-1 is pseudomonas
[RULEOS0]



15) Enter the identity of ORGANISM-2:
** SALMONELLA (.4) E.COLI (.3)

INFECTION-1 is ENDARTERITIS with BACTEREMIA

<item 1>
<item 2>

<ijtem 3>
<item 4>

<item 5>
<item 6>

E.COLI [ORGANISM-1]

SALMONELLA (species unknown)
[ORGANISM-1]

KLEBSIELLA-PNEUMONIAE [ORGANISM-1]

PSEUDOMONAS-AERUGINOSA
[ORGANISM-1]

ENTEROBACTER [ORGANISM-1]

PROTEUS-NON-MIRABILIS [ORGANISM-1]



[Rec 1 ] My preferred therapy recommendation is as
follows:
In order to cover for Items <1 3 4 5 6>:
Give: GENTAMICIN
Dose: 128 mg (1.7mg/kg) q8h IV (or IM)
for 10 days
Comments: Modify dose in renal failure
In order to cover for ltem <2>:
Give: CHLORAMPHENICOL
Dose: 563 mg (7.5 mg/kg) q6h for 14 days
Comments: Monitor patient's white count

Do you wish to see the next choice therapy?
*X NO



Rule 27:
If 1) the gram stain of the organism is gram
negative, and
2) the morphology of the organism is rod, and
3) the aerobicity of the organism is anaerobic,
Then:  There is suggestive evidence (7) that the
identity of the organism is Bacteroides




* WHAT WAS THE IDENTITY OF ORGAISM-1 ?
= ORGANISM-1

The identity of ORGANISM-1 is e.coli (.51),
salmonella (.45), klebsiella (.4), pseudomonas (.22),
enterobacter (.21), proteus (.19), pseudomonas-
aeruginosa (.08), serratia (.02)

** HOW DID YOU DECIDE THAT ORGANISM-1 WAS
AN E.COLI?

| used rule084 to conclude that the identity of
ORGANISM-1 is e.coli. This gave a cumulative
c.f. of (.51).

| used rule003 to conclude that the identity of
ORGANISM-1 is e.coli. This gave a cumulative
c.f. of (.43).



** WHY DIDN'T YOU THINK THAT ORGANISM-1 WAS
NEISSERIA?

The following rules could have been used to determine
that the identity of ORGANISM-1 is neisseria: 9
However, none of these succeeded in the context

of ORGANISM-1. If you would like an explanation

for why any of these rules failed, please enter

their numbers:

*% 9

Clause 2 of rule009 ["the morphology of the organism
is coccus"] was already known to be false for
ORGANISM-1, so the rule was never tried.
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Syntactic Knowledge

Lexical Knowledge
-phrasal lexicon
-analysis grammar

-word lexicon
-generation grammar

-morphological data
-spelling correction data
Discourse Knowledge

Semantic Knowledge
-user model
-justification net / inference memory

-case-frame lexicon
-terminological / conceptual net

-referential / assertional net
Inferential Knowledge

-text / dialog memory

-inference rules
-meta-inference rules

-dialog rules

https://goo.gl/HEpYZD
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+EBAERKOVYE—=4Y7OV V7~ (1982
~1993)

—#&R (cf. Comm. ACM, March 1993)
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Guarded Horn Clauses
JAGS3I5-HT)L

not(In,Out) :- In=0 | Out=1.
not(In,Out) :- In=1 | Out=0.

In Out

Or more concisely:
not(0,0ut) :- true | Out=1.
not(1,0ut) :- true | Out=0.




One-Shot NAND Gate

nand(0,Y,0Out) :- true | Out=1.
nand(X,0,0ut) :- true | Out=1.
nand(1,1,0ut) :- true | Out=0.

X— Out

Y

Which rule will be selected if both Xand Y
are 07




) X NLIE — append

:- module main.

main :- true | append([1,2,3],[4,5],X).

append([], Y,Z ) :-true | Y=Z.

append([A|X],Y,Z0) :- true |
Z0=[A|Z], append(X,Y,Z).

cf. Prolog
append([], Y,Y ).
append([A|X],Y,[A]Z]) :- append(X,Y,Z).
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) A ML — length

707541

length([], N) :- true | N:=0.
length([_|LO],N) :- true |
length(LO,NO), N:=NO+1.

7A75L2 (REBRE)

ength(L,N) :- true | length(L,0,N).

ength([_|LO],NO,N) :- true

ength([], NO,N) :- true | N:=NO.

N1:=NO+1, length(LO,N1,N).

40
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PDP/Connectionism

PDPI(Z. Parallel Distributed Processing. 3 %45 i 5]
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“Parallel Distributed Processing:
Explorations in the Microstructure of
Cognition” Rumelhart et al. 1986
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Connectionism vs. computationalism

[0 Computationalism is a specific form of cognitivism
that argues that mental activity is computational,
that is, that the mind operates by performing
purely formal operations on symbols, like a Turing
machine. Some researchers argued that the trend
in connectionism represented a reversion
toward associationism and the abandonment of the
idea of a language of thought, something they saw
as mistaken. In contrast, those very tendencies
made connectionism attractive for other
researchers.

AR AZXLIX TBEOEZBIEVVOIEZATNET 5,
ESEHIAD, FHIRY -

https://goo.gl/f5KSrP



Connectionism vs. computationalism

[0 Computationalists posit symbolic models that are
structurally similar to underlying brain structure,
whereas connectionists engage in "low-level"
modeling, trying to ensure that their models
resemble neurological structures.

[0 Computationalists in general focus on the structure
of explicit symbols (mental models)
and syntactical rules for their internal manipulation,
whereas connectionists focus on learning from
environmental stimuli and storing this information
in a form of connections between neurons.

URYHEETIL vs. —a—AVDEES



Connectionism vs. computationalism

[0 Computationalists believe that internal mental
activity consists of manipulation of explicit symbols,
whereas connectionists believe that the
manipulation of explicit symbols provides a poor
model of mental activity.

[0 Computationalists often posit domain
specific symbolic sub-systems designed to support
learning in specific areas of cognition (e.qg.,
language, intentionality, number), whereas
connectionists posit one or a small set of very
general learning-mechanisms.

FAMVERDFEEHE vs. —DDARADZEEHE
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The Semantic Web

[0 For the semantic web to function, computers must
have access to structured collections of information
and sets of inference rules that they can use to
conduct automated reasoning. Artificial-intelligence
researchers have studied such systems since long
before the Web was developed. Knowledge
representation, as this technology is often called, is
currently in a state comparable to that of hypertext
before the advent of the Web: it is clearly a good
idea, and some very nice demonstrations exist, but
it has not yet changed the world. It contains the
seeds of important applications, but to realize its

7 ebO)Hyprxt*ﬁiﬁ’E
https://goo.gl/ME3BUa S RIECERS



Triplet, RDF

[0 Meaning is expressed by RDF, which encodes it in
sets of triples, each triple being rather like the
subject, verb and object of an elementary sentence.
These triples can be written using XML tags.

[0 In RDF, a document makes assertions that
particular things (people, Web pages or
whatever) have properties (such as "is a sister
of," "is the author of") with certain values
(another person, another Web page). This
structure turns out to be a natural way to describe
the vast majority of the data processed by
machines.

Triplet: FiE. 5. BrUEE -
RDF: Thing+Property (Entity Model)



Ontology

O In philosophy, an ontology is a theory about
the nature of existence, of what types of
things exist; ontology as a discipline studies such
theories. Artificial-intelligence and Web researchers
have co-opted the term for their own jargon, and
for them an ontology is a document or file that
formally defines the relations among terms. The
most typical kind of ontology for the Web has a
taxonomy and a set of inference rules.

Ontology: EDLSLERDELDNFETLHDH, FEH.



Taxonomy

[0 The taxonomy defines classes of objects and
relations among them. For example, an address
may be defined as a type of location, and city
codes may be defined to apply only to locations,
and so on. Classes, subclasses and relations among
entities are a very powerful tool for Web use. We
can express a large number of relations
among entities by assigning properties to
classes and allowing subclasses to inherit
such properties.

Taxonomy: 5 38%F
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He who controls the graph,
controls the world.
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Welcome to Schema.org

[0 Schema.org [&. 13— ybPOWebR—2  e-A—)L
DAVt —UR0E5I2H2EZLDEDD LIZCHAHEEILS
NE=T—280 LT AF—TZEYH T, L. Thix
ILHHEVNIZYL IV FF>-HEIOIAZ 2 =T FHTH
Ao

0 Schema.org [&. Google, Microsoft, Yahoo,
Yandex DARV Y —FZEEZH TS, TDHRFVYIS
J—[&. A—1)>J1) X public-schemaorg
@w3.org & GitHub https://goo.gl/WvCyP3 #H
WTCT.A—TL57aATHRHEIN TV,

folksonomy77O0—F

http://schema.org/




Schema.org vocabulary

[0 Schema.org h¥+-3')—I[&. RDFa, Microdata,
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Microdata

<div itemscope itemtype="http://schema.org/Movie">
<h1 itemprop="name">Avatar</h1>
<div itemprop="director" itemscope itemtype="http://schema.org/Person">
Director: <span itemprop="name">James Cameron</span>
(born <time itemprop="birthDate" datetime="1954-08-16">August 16, 1954</time>)
</div>
<span itemprop="genre">Science fiction</span>
<a href="../movies/avatar-theatrical-trailer.ntml" itemprop="trailer">Trailer</a>
</div>

<script type="application/ld+json">

{
"@context": "http://schema.org/",

"@type": "Movie",

"name": "Avatar",

"director":
JSON-LD {

"@type": "Person”,
"name": "James Cameron",
"birthDate": "1954-08-16"
b
"genre": "Science fiction",
"trailer": "../movies/avatar-theatrical-trailer.html" —

}

</script>




I T4T14DE (Type) DY T )L
Types = “is-a”

[1 Book O MusicGroup

[0 BookSeries O MusicRecording

O EducationalOrganizati U Organization
on [ Periodical

] Event 1 Person

O GovernmentOrganizat 0O Place
ion O SportsTeam

[0 LocalBusiness [0 TVEpisode

[ Movie O TVSeries

[0 MovieSeries [1VideoGame

O MusicAlboum [T VideoGameSeries
0 WebSite




Person

/ /people/person

5@, Film Actor
/film/actor

Politician
/government/politician

One entity, many types.
—DDIVTAT1IE. ZLOEZEHD

Thursgdav Aucu=t 19 N10



Entity (EFEEBZEFD
schema.org T® Entity D& = D5l

0 Thing > CreativeWork > Book

[0 Thing > CreativeWork > CreativeWorkSeries >
BookSeries

0T
OT

OT
n

0T
T

OT

Ning
Ning

ning

Ning
Ning

Ning

> Organization > EducationalOrganization
> Event
> Organization > GovernmentOrganizatio

> Organization > LocalBusiness
> Place > LocalBusiness

> CreativeWork > Movie

L TOEntitylX. ThingdDSub-Class THd, Gt ?



Entity (XEEZ#EFD
schema.org T® Entity D& = D5l

[0 Thing > CreativeWork > CreativeWorkSeries >
MovieSeries

0 Thing > CreativeWork > MusicPlaylist > MusicAl
bum

0 Thing > Organization > PerformingGroup > Mus
icGroup

0T
OT
0T

ning > CreativeWork > MusicRecording
ning > Organization

hing > CreativeWork > CreativeWorkSeries >

Periodical

4arhing > Person ...

L TOEntitylX. ThingdDSub-Class THd, Gt ?



Entity (&R

Ek=E;

>,

schema.org T® Entity D& = D5l

0 Thing > Place

[0 Thing > Organization > SportsOrganization > S
portsTeam

0 Thing > CreativeWork > Episode > TVEpisode

[0 Thing > CreativeWork > CreativeWorkSeries >
TVSeries

T

OT
-

ning > CreativeWor
ning > CreativeWor

ning > CreativeWor

VideoGame

K > TVSeries
kK > Game > VideoGame

K > SoftwareApplication >




schema.org TdDPerson®Property
Properties = “has-a”

A

gender
birthdate
birthplace
profession
nationality
ethnicity
parents
children
religion

[0 education
[0 jobTitle
0 follows
0 knows
[0 owns

[0 seeks

... and more

Action




Entity(&PropertyZ#->

Person@Propery

0 Person: additionalName, address, affiliation,
alumniOf, award, awards, birthDate, children,
colleague, colleagues, contactPoint,
contactPoints, deathDate, email, familyName,
faxNumber, follows, gender, givenName,
homeLocation, honorificPrefix, honorificSuffix,
interactionCount, jobTitle, knows, memberOf,
nationality, parent, parents, performerln,

relatedTo, sibling, siblings, spouse, telephone,
worklLocation, worksFor, ......

— The Type Hierarchy

http://schema.org/docs/full.html



Person®Property
Properties = “has-a”

Property

Expected Type

EducationalOrganization

or
Organization

Description

An additional name for a Person, can be used for a middle name.

Physical address of the item.

An organization that this person is affiliated with. For example, a school/university, a club, or a
team.

An organization that the person is an alumni of.
Inverse property: alumni.

Date of birth.
The place where the person was born.

The brand(s) associated with a product or service, or the brand(s) maintained by an organization or
business person.

A child of the person.

A colleague of the person. Supersedes colleagues.

http://schema.org/Person

Date of death.
The place where the person died.

The Dun & Bradstreet DUNS number for identifying an organization or business person.



globalLocationNumber

hasOfferCatalog

honorificPrefix

honorificSuffix

isicv4

QuantitativeValue

ContactPoint or

Email address.

Family name. In the U.S., the last name of an Person. This can be used along with givenName instead
of the name property.

The fax number.
The most generic uni-directional social relation.

A person or organization that supports (sponsors) something through some kind of financial
contribution.

Gender of the person. While http://schema.org/Male and http://schema.org/Female may be used,
text strings are also acceptable for people who do not identify as a binary gender.

Given name. In the U.S., the first name of a Person. This can be used along with familyName instead
of the name property.

The Global Location Number (GLN, sometimes also referred to as International Location Number or
ILN) of the respective organization, person, or place. The GLN is a 13-digit number used to identify
parties and physical locations.

Indicates an OfferCatalog listing for this Organization, Person, or Service.
Points-of-Sales operated by the organization or person.

The height of the item.

A contact location for a person's residence.

An honorific prefix preceding a Person's name such as Dr/Mrs/Mr.
An honorific suffix preceding a Person's name such as M.D. /PhD/MSCSW.

The International Standard of Industrial Classification of All Economic Activities (ISIC), Revision 4
code for a particular organization, business person, or place.

The job title of the person (for example, Financial Manager).

The most generic bi-directional social/work relation.

http://schema.org/Person



makesOf fer

worksFor

MonetaryAmount or
PriceSpecification

Ownershipinfo or

A pointer to products or services offered by the organization or person.

An Organization (or ProgramMembership) to which this Person or Organization belongs.
Inverse property: member.

The North American Industry Classification System (NAICS) code for a particular organization or
business person.

Nationality of the person.

The total financial value of the person as calculated by subtracting assets from liabilities.

Products owned by the organization or person.

Event that this person is a performer or participant in.
The most generic familial relation.
A pointer to products or services sought by the organization or person (demand).

A sibling of the person. Supersedes siblings.

A person or organization that supports a thing through a pledge, promise, or financial contribution.

e.g. a sponsor of a Medical Study or a corporate sponsor of an event.

The person's spouse.

The Tax / Fiscal ID of the organization or person, e.g. the TIN in the US or the CIF/NIF in Spain.
The telephone number.

The Value-added Tax ID of the organization or person.

The weight of the product or person.

A contact location for a person's place of work.

Organizations that the person works for.

http://schema.org/Person



“Person” M BEARSEFHETHEH (via Word.net)
1

WordNet Search -

Word to search for: person Search WordNet

Dis play Options: {Select option to change) Change

Key: "S:" = Show Synset (semantic) relations, "W:" = Show Word (lexical) relations
Display options for sense: (gloss) "an example sentence”"

Noun

e S: (n) person, individual, someone, somebody, mortal, soul (a human being)
“there was too much for one person to do”

» S:(n) person (a human body (usually including the clothing)) “a weapon was
hidden on his person”

» S: (n) person (a grammatical category used in the classification of pronouns,
possessive determiners, and verb forms according to whether they indicate

the speaker, the addressee, or a third party) “stop talking about yourself in
the third person”

Scheme.orgl. Word.netl<. [EsRETAITTL 3



WordNet Search - 3.1

Word to search for: person ‘Search WordNet

Display Options: (Select option to change) Change
Key: "S:" = Show Synset (semantic) relations, "W:" = Show Word (lexical) relations
Display options for sense: (gloss) "an example sentence”"

Noun

e S:(n) person, individual, someone, somebody, mortal, soul (2a human
being) "there was too much for one person to do"”
o direct hyponym | full hyponym
o part meronym
o member holonym
o direct hypernym | inherited hypernym [ sister term
o derivationally related form
» S: (n) person (a human body (usually including the clothing)) "a weapon was
hidden on his person”
» S: (n) person (a grammatical category used in the classification of pronouns,
possessive determiners, and verb forms according to whether they indicate

the speaker, the addressee, or a third party) “stop talking about yourself in
the third person”




direct hyponym | full hyponym

part meronym

member holonym —
direct hypernym | inherited hypernym | sister term
derivationally related form

"0 O © © O

i
O

hyponym bER=L HIHEFBLYHIUEFHGE

meronym H5iEDERS \’ETTEinn

holonym HBEDEENEERD—ERELE-TNVS
ZEIDEEE

hypernym Lt {ii=:E

ord.netld. E2=mDIgEE=EDE = A CLY



Noun Direct hyponym

e S: (n) person, individual, someone, somebody, mortal, soul (a human being)
“there was too much for one person to do”
o [direct hvponym)/ full hyponym
® person considered as a unique individual) “one’s own

self"

e S: (n) adult, grownup (a fully developed person from maturity
onward)

e S:(n) adventurer, venturer (a person who enjoys taking risks)

e S:(n) anomaly, unusual person (a person who is unusual)

» S:(n) anachronism (a person who seems to be displaced in time;
who belongs to another age)

» S:(n) applicant, applier (a person who requests or seeks
something such as assistance or employment or admission)

» S:(n) appointee, appointment (a person who is appointed to a job
or position)

» S:(n) capitalist (a2 person who invests capital in a business
(especially a large business))

e S:(n) captor, capturer (a person who captures and holds people or
animals)

» S: (n) changer, modifier (a person who changes something) "an
inveterate changer of the menu”

» S:(n) color-blind person (a person unable to distinguish
differences in hue)

hyponym EHR=L $HBEIEEYHE YIS

|I.|.|s

auji

OH



"= WARNING: The search exceeded the result limit, so the following list is valid but

" incomplete. Only the top levels of the list are displayed.

Full hyponym

Display Options: (Select option to change) @ Change
Key: "S:" = Show Synset (semantic) relations, "W:" = Show Word (lexical) relations
Display options for sense: (gloss) "an example sentence”

Noun Scheme.orgld. Word.netlZ. (B RETARITTL\S

e S: (n) person, individual, someone, somebody, mortal, soul (a human being)

“there was too much fg : g.do”
o direct hyponym
e S: (n) self (@ per jered as a unique individual) “one’s own
self"
e S:(n) adult, grownup (a fully developed person from maturity
onward)

» S:(n) adventurer, venturer (a person who enjoys taking risks)

e S: (n) anomaly, unusual person (a person who is unusual)

» S: (n) anachronism (a person who seems to be displaced in time;
who belongs to another age)

» S: (n) applicant, applier (a person who requests or seeks
something such as assistance or employment or admission)

e S:(n) appointee, appointment (a person who is appointed to a job
or position)

» S: (n) capitalist (a person who invests capital in a business
(especially a large business))
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"Listen to my TV."
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"Where was Albert Einstein

born?"
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WHY ONLY US

LANGUAGE AND EVOLUTION

20154
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What Kind of Creatures Are We?
Why Only Us?
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Geoffrey Hinton
Yann LeCun
Yoshua Bengio
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“"Deep Neural Networks for Acoustic
Modeling in Speech Recognition”
Geoffrey Hinton et al.
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Google's in-house driverless car
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Table 10: Mean of side-by-side scores on production data
PBMT GNMT Human Relative

Improvement

English — Spanish  4.885 5.428 5.004
English — French 4.932 5.295 5.496
English — Chinese  4.035 4.594 4.987
Spanish — English  4.872 5.187 5.372
French —» English 5.046 5.343 5.404
Chinese — English  3.694 4.263 4.636

HEfaRz. 0~6D7EBET. ARIAFE@ELI=2D,
LIHIDGoogleFAERELEEL T, 58% ~87% NDHEMNR NS,
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Differential Neural Computer




lllustration of the DNC architecture

Controller Heads Memory Links Usage

Output

+ oy

' Read
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Input




Synthetic question answering experiments

John 1s 1n the playground.
Bob 1s 1n the office.
Where 1s John? A:playground

John 1s 1n the playground.

Bob 1s 1n the office.

John picked up the football.

Bob went to the kitchen.

Where 1s the football? A:playground

Where was Bob before the kitchen? A:office

John picked up the apple.

John went to the office.

John went to the kitchen.

John dropped the apple.

Where was the apple before the kitchen? A:office
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What is “real”?

How do you define “real"?
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“Real is just electrical signals
interpreted by your brain. ”
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“Real is just electrical signals
interpreted by the brain. "




“"Real is just electrical signals
interpreted by your brain”

0 201548 “Why Virtual Reality Will Matter to You” v 3
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The Cat’s Eye Nebula — NGC 6543 0’ HUBBLESITE.org
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CERN: We've Got the 'God Particle’




Afterglow Light
Pattern
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