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Mathematische Probleme.

Vartrag, gebalion aul den inteenationalen Matkiointiker-Rosgrofs
2 Paria 1000,

Vou D. Hrrosnr in Gottingen.

|BJ&R2: The compatibility of the arithmetical axioms
(prove that the axioms of arithmetic are consistent)

o =FlE: EE— I wlESLEER
o —Ht: — @RI ARNNR
o THEL: BEERRSRFIEFENEN

DaVifjﬁH”Pfrt (?8242;}943) Mathematical Problems (23N a)8R)
BEEZHFR Lecture delivered before the International Congress

of Mathematicians at Paris in 1900
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5 " ) (On Formally Undecidable FRAF T2 EERE
Kurt Friedrich Godel(1906-1978) Propositions of Principia Mathematica (193135)

and Related Systems)
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Afanciful mechanical Turing machine's TAPE and HEAD, The TABLE instructions might be on another HAFbi FrFEtiEE
“read only" tape, or perhaps on punch-cards. Usually a “finite state machine” is the model for the TABLE.
. (c) (d) .
Alan Turing
- R N T — | > [N . == -H-i\ kk“lz 8”E ‘j‘ o — ==
(1912-1954) T BT, B RHER T B 12+8" B TR R E

BRI R R E A KRR

On Computable Numbers, with an Application to the Entscheidungsproblem,1937
QB F I ERETMER I A )
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E R HL(B R, Turing, LI AY)
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EREF - EIRiER
(Church=Turing thesis,
computability thesis)
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Exponential Growth of Computing
STORY PROJECTION based on the

Peak Speed (Rmax)
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Exponential Laws of
Computing Growth
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A Proposal for the
Darttmouth Summer

O PUFEEFEIBSFERE T ALZEGEX—RIEEM orsen b Beojeet o,
== == August 31, 1955

O John McCarthy (BH{EDartmouth#§= Z BhIE#
%, 1971FEERZIRIGE)
O Marvin Lee Minsky (BHERG K EEE AT

%25 ZJunior Fellow, 19694 E B R & i%15%)
O Claude Shannon (Bell Lab, {5 2 it 2 K) HEFRHAIRSHRNLS

O Nathaniel Rochester(IBM, 2—{XiB A it & #
;W

701111 Um)
AR ES0ER, BUAER

Research Project on Artificial Intelligence, August 31, 1955, Dartmouth

O itH=ReeERAREFE A BEMFEY, HATE
AU E RE
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R 5512 T Artificial Intelligence{& 5 & HI-t 4 o) 8

Automatic Computers
How Can a Computer be Programmed to Use a Language
Neuron Nets
B set of (hypothetical) neurons be arranged so as to form concepts

Theory of the Size of a Calculation
Self-improvement: BEZF 5185
Abstractions: AL 5iEF
Randomness and Creativity

EFFF TSI AR (19564F)
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The mult 1d1smplmary nature of
machine inteligence

[GERTOUAER Hachine Learing | Bio-nspired inteligence | Robotcs | Mach

(H=REEMEZ FRRZI X AR)

(The multidisciplinary nature of machine intelligence)

HEMIR S FRRZRAE

Editorial More than machines
Differential game theory for versatile physical human-robot
interaction
Long short-term memory networks in memristor crossbar
arrays
Articles

Designing neural networks through neuroevolution

Learnability can be undecidable

Causal deconvolution by algorithmic generative models

Perspective

The need for uncertainty quantification in machine-assisted
medical decision making

Evolving embodied intelligence from materials to machines

Views and
comments

Robots and the return to collaborative intelligence
Ask this robot for a helping hand

A role for analogue memory in Al hardware
Bridging near- and long-term concerns about Al
Waking up to data challenges

Nature Machine Intelligence55—HANZ(2019.1)
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make Al part of every graduate’s education
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® Fifty faculty positions will be added over the next five years. 25 of these faculty positions will be located fully
within the new MIT Schwarzman College of Computing; the other 25 new faculty will hold “bridge” positions —
dual appointments between the College and academic departments located in any of MIT’s five schools.

6-14: Bachelor of Science in Computer Science, | Linear Algebra, Discrete Math, Probability and Statistics, Computation and Algorithms, Data
Economics and Data Science Science, Intermediate Economics, Elective subjects from data science and economics theory,
Communications practice in the major

6-7: Bachelor of Science in Computer Science | Math, Chemistry, Foundational CS, Foundational Bio, Restricted Electives in Comp Bio
and Molecular Biology

11-6: Bachelor of science in urban science and | Introduction to Computer Science and Programming, Mathematics for Computer Science,
planning with computer science Introduction to Algorithms, Fundamentals of Programming, Elements of Software Construction,
Introduction to Urban Design and Development, Urban and Environmental Technology
Implementation Lab, Urban Planning and Social Science Laboratory (CI-M), M A T & getEik g
BHEIRRBHTIRFLMER




Math Foundations of Computer Science, ATTAND
Math and Differential and Integral STATISTICS CORE
Statistics Calculus ,Integration and Approximation,
Core (6 Matrices and Linear Transformations,
Courses) Prc_>bak_)|llty Theory for Corr_lputer e T
Scientists, Modern Regression 6 Classes 1 Class
man Immigration Course Choose from one of the following:
imperative Computation Freshman Seminar: Artificial
i . of Functional Programming ity
Com_pUter Science COI’E: FI:EShman Parallel and Seque m.:m::.umms ARTIFICIAL fbicard Polcy lasaes n.CompUIng:
Immigration Course; Principles of . INTELLIGENCE CORE A Socity wnd Humanky
Computer | Imperative Computation; Principles of . e i
- . . ! . Computer Science Concepts in Aritificial intelligence
Science Functional Programming; Parallel and Computer Science Department — ki A i
1 - Problem Solving
Core (6 Sequential Data Structures and ® Human-Computer Interaction L A HUMANITIES
courses) Algorithms; Introduction to Computer Institute S sl et S
Systems; Great Theoretical Ideas in ® Institute for Software Research ST oA e as s
Computer Science i i
° Langu_age Tech_nologles Institute TR S i
® Machine Learning Department ENGINEERING
Concepts in Artificial Intelligence; ® Robotics Institute Plus two SCS electves e
Artificial Introduction to Al Representation and ;mm;ﬂ;g;;;j;;;gf,q;:;;;g;;:e
Intelligenc | Problem Solving; Introduction to
. - N
e Core (4 Machine Learning; Take one of the S5AFEEWVAAIEF
Courses) following courses: Introduction to CMU e
Natural Language Processing or Hg &m*"’m
Introduction to Computer Vision

\ ATERRFR SRR R3]
FEGEAZATERARNE

W AY1617) A EIRTE




COMPUTER
SCIENCE CORE
6 Classes
Freshman Immigration Course
perative Computation
f Functional Programming

Parallel and Seq Data Structures

Alg

Introduction to Computer Systems

Al CLUSTER
ELECTIVES
4 Classe

Take one course fror
following ar

rning Clusts

n and L. e C|

Plus two SCS electives

MATH AND
STATISTICS CORE

ARTIFICIAL
INTELLIGENCE CORE
4 Classes

Concepts in Aritificial Intelligence

Introduction to Al Representation and
Problem Solving

Introduction to Machine Learning

Introduction to Natural Language
Processing OR introduction to
Computer Vision

SCIENCE AND
ENGINEERING

4 Classes

four co
ce gl ng a
S General Education re

ETHICS ELECTIVE
1 Class

Choose from one of the following:
Freshman Seminar: Artificial
Intelligence and Humanity
Ethics and Policy Issues in Computing

Al Society and Humanity

HUMANITIES
AND ARTS
7 Classes

ven courses in the
art of ¢ Cs
. Of the
seven Humanities and A in
the curriculum, one mus
cognitive science or cog
psychology

T EEERFATERER Al
MEARIEAEFR

ARHEIRAZR

Math (26 Units)

Mathematical Foundations of Computing, Probability,
Calculus

Science (11 units):

PHYSICS 41(Mechanics), PHYSICS 43(Electricity
and Magnetism)

Technology in Society

one course

Engineering Fundamentals (13 units)

Programming Abstractions, Electronics

Computer Science Core (15 units)

Computer Organization and Systems, Principles of
Computer Systems, Data Structures and Algorithms

Computer Science Depth(30 units)
(®E T +%*EE)

Avrtificial Intelligence Track(29 units),
Biocomputation (30 units), Computer Engineering
Track(36 units),Graphics track(29 units), Human-
Computer Interaction Track(29 units),information

track(31 units),system tracks (28 units), theory
track(27 units),Unspecialized Track(28 units),
Individually Designed Track
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Stanley Milgram. The small world problem. Psychology Today, 2(1):60-
67, 1967. Cited by 6967 (as of May 2016)

B
weak ties —\ C@J

C / ¥— strong ties
\ @
A

GER3E 37 82
Granovetter, Mark S. The strength of weak ties. American journal of
sociology 78.6 (1973): 1360-1380. Cited by 43186 (as of April 2017)
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Dunbar’s Number

the max number of relationships a person can maintain

IBEHFEMS0ERE: ALE N RIFREMEEZABIS0A,
Facebookit X F§ R F8F & ABZ120 A
Robin I. M. Dunbar. Neocortex size as a constraint on group size in
primates. Journal of Human Evolution 22 (6): 469-493. Cited by
1393 (as of May 2016)

Broker
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Ronald S. Burt. Structural Holes: The Social Structure of Competition. Cambridge:
Harvard University Press. 1995. Cited by 20207 (as of May 2016)
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Computational Social Science

wig | A ™
(%)
1793 Eiiler i a1
1959 | ErdssFARéNyi BE#/LE T Y TR T ————
. B eOA (o REoi # % [E Harvard University i Davi
1967 Milgram 'J\ﬁ_ﬂ'#g‘—“ (RE=Z " - = Lazer®F A7E (Science) RE LK
1973 | Granovetter 18] r _ ——C A K AR A
: SRR ...a computational social | (Computational Model) i 32 fi# T}l 52

1998 Watts#l 3; N mx science is emerging that | {#3F,
1999 Strogatz it A FRE leverages the capacity to

BarabasiFa T RE M 4& collect and analyze data

Albert with an unprecedented
| breadth and depth and scale )

Lars Backstrom, et. al., Four Degrees of Separation,

http://arxiv.oro/abs/1111.4570 (B ARAE /M RIGIFIHTE) David Lazer, et. al., Computational Social
Science, Science, 323,721-723, 2009
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MIT COURSE CATALOG

Bulletin 2018-2019

Computer Science, Economics, and Data Science (Course 6-14)

BRI

Required Subjects Units

Mathematics

18.06 Linear Algebra 12 .

Computation/Algorithms [ AI%:I ﬁb ]

6.0001 Introduction to Computer Science Programming in Python 6 G %EE‘E‘I‘%H{]'EA*HE&
6.009 Fundamentals of Progran’lming1 12

6.006 Introduction to Algorithms 12 . xm?ﬂ&-\ i*iln\ﬂﬁs 1EEB&" »
-~ -~
6.042[J] Mathematics for Computer Science 12 ;.-I-

SHlfE. ASILRE

6.046[J] Design and Analysis of Algorithms 12

Economics .

14.01 Principles of Microeconomics z 12 %ﬁég;gﬁu - 1@%%3;*5;#
14.32 Econometric Data Science 12

Introductory Probability and Statistics

Select one of the following: 12
6.041A Introduction to Probability |
&6.041B and Introduction to Probability Il ﬁg*y*iﬂi;t
14.30 Introduction to Statistical Methods in Economics o =
18.600 Probability and Random Variables
Data Science

6.036 Introduction to Machine Learning 12
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2 billion dollars over the next five years T T =TS

Machine Common Sense (MCS) il g Comn e eigancs”

Department of Defense

Defense Advanced Research Projects Agency
Information Innovation Office

Oct 19, 2018
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DARPA is soliciting innovative research proposals in the
area of machine common sense to enable Artificial
Intelligence (Al) applications to understand new situations,
monitor the_ reason_ableness of their actions, co_mmumcate N—%, MaSZIBE, EE T2,
more effectively with people, and transfer learning to new
domains. Proposed research should investigate innovative TM#IH B 217, BAMHZZZ; iRk 2K,
approaches that enable revolutionary advances in science, . .
devices, or systems. Specifically excluded is research that MARTZE, aEZREE

primarily results in evolutionary improvements to the

existing state of practice. CERFIRWLIND

The elephant in the room
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Machine Common Sense (MCS)

® Foundations of Human Common Sense: a

service that learns from experience, like a child,
to construct computational models that mimic
the core domains of cognition for objects
(intuitive physics), places (spatial navigation),
and agents (intentional actors). These models
will be evaluated against the cognitive
development milestones as evidenced in
developmental psychology experiments with
human children from 0-18 months old.

Broad Common Knowledge: a service that
learns from reading the Web, like a research
librarian, to construct a commonsense
knowledge repository capable of answering
natural language and image-based questions
about commonsense phenomena. This service
will mimic the general knowledge of an average
American adult in 2018, and be evaluated
against the Allen Institute for Artificial
Intelligence (Al2) Common Sense Benchmarks.

AI2 Benchmarks for
Common Sense

Natural Language True/False &
NS, & & Image-based Multiple Choice

ctions Questions Answers

TA2: Test
Environment

Video B
Simulation
|—.I|N'TII'HI_1 5

Simulated Commonsense Broad Commonsense

Agent QA Service
Al Beginner Al Librarian
Common e ;
Learns Lhe Facts Learns commaon
foundations of : sense by reading
COMMon scnse | Places | and extracting
from simulated 3 A q [ntuitive  Intuitive knowledge from the
ERRLIETILE Objects Agents Physics Psychology Web

TA3: Broad Common
Knowledge

TA1l: Foundations of
Human Common Sense

FIREALENETR
Common sense is the dark matter of artificial intelligence
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Prefrontal cortex as a meta-reinforcement learning system

l— | ne umaran, Dhruva Tirumala, Hubert Soyer. Joel Z Leibo,
| ol Yer
| T — i
Joreness - 0 . . .
........ El e dox 10.1038/541593.018-0147-8
= 1000 -
Ab
| -2000 -
15 0 E 30 3 @ Abstract
— AlphOE0 Zero A0 blocks  sses Alpha weas Alpraia Master
e eoa COver the past twen Ly years, neuroscience researc h on rewarc 1-basec 1 learning j has

converged on a canonical model, under which the neurotransmitter dopamine 'stamps
in' assoclations between situations, actions and rewards by modulating the strength of
SyNapric connections benveen neurons, However, a growing number of recent findings
have placed this standard model under strain. In the present work, we draw on recent
advances in artificial intelligence to introduce a new theory of reward-based learning
Here, the dopamine system trains another part of the brain, the prefrontal c

AIphaGO Zero_ 5%&% >j \ %#%%5%1&?*%? \ gi1’t$ >j y operate as its own free-standing learning system. This new perspective accommod

the findings that motivated the standard model, but also deals gracefully with a wider

40ii)”g/#\ AN 2900%‘;& E ﬁx{l‘g’ﬂi 3y 89:11$W&Alphaeo range of abservations, providing a fresh foundation for future research
Master

Prefrontal cortex as a meta-reinforcement learning system, Nature Neuroscience,2018
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Machines Brains
Artificial Intelligence Cognitive Neuroscience

Attention

Supervised,
unsupervised
1 oAre

Bayesian inference

l

High performances, but require Efficient learning with small
huge sample, or explicit definitions sample and large generalization,
but prone to biases

General schematic, solutions to complex problems in artificial intelligence and nature (brains). Higher cognitive functions
continuously interact between them and with reinforcement learning to drive generalization and learning from small sample




.I EIEE(3): AR TUH AR B R B R (D)

WHRE: AN AEETESRIMEM TR EMERN “HRRL” , FmeUEENK. Btk “Bas
37 R0 “RRHAEE”

o AxanfAEMERIBRE L
EATIRBE Y Z AR, 158
KR ESBEMTHESS

o DIMHEMERIINfAIEE & RN,

. J:"

AH. IEMFMEIR r ; 22 S

B

#5124 Fl

e




[BIRE(3): ARXAY DI R AR B0 SRHETE

WHRE: KRAZEESDFHFIFANGE, MEBEWERR “EM#EE” sttt FH/KRIL.

ZBX(association):
EETM@%¢#§%%M%¢E*

7 A(intervention):

%&EEM@W@%%%%@*?
"B NEmknEEET LS

[ JREBEE(counterfactual):
N\

FNFREERET, NEHRRIES,
RN BREARESTFREFIIFER

7/




BFER

FEZT®

\ 1. V. Cerf, Cognitive Implants, Commumications of the ACM, 57(2):7, 2014
2. L Chen, T Xiang, S. Gong, Incremental Activity Modeling in Multiple Disjoint Cameras,
IEEE Transactions on Pattern Analysis and Machine Intelligence. 34(9):1799-1813.2012

Paal=l==== A
M 'L\,\ * ﬁ% % KIJ g Ewﬁl# m 3. C. Elkan, K. Noto, Leamning Classifiers from Only Positive and Unlabeled Data, KDD 2008
= 4. J. Fan. H. Luo.H. Luo. Y. Gao. R. Jain, Incorporating Concept Ontology for Hierarchical

- / Video Cl i A i and  Visualizati IEEE Tr i on
Multimedia ,9(5):939-945,2007
5. Z Fan, X Song, R Shibasaki, CityM c An Online A h for Crowd Behavior

M [L:Isyu u ma :IJ W%E‘h Prediction at a Citywide Level, UbiComp 2015
'Y
E 6 A Gallupa, JHaleb, D Sumpter, $. Gamier, A Kacelnik I Krebs, 1Couzina, Visual

attention and the acquisition of information in human crowds. Proceedings of the National
Academy of Sciences of the United States of America (PNAS), 109 (19): 7245-7250, 2012
7. G Gkioxari. R. Gurshick. J. Malik, Contextual Action Recognition with R*CNN, JICCV

}A m g*u BEEIJ Eﬂm% 8. fléwbm, H. Idrees. Y, Jiang. A. Zamur, I. Laptev. M. Shah, R. Sukthankar, THUMOS

challenge: Action recognition with a large number of classes.2015
9. B Harharan, P. Arbelaez. R. Girshick, J. Malik, Hypercolumns for Object Segmentation and
Fine-grained Localization, CVPR 2015
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