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Two paradigms for intelligence

The logic-inspired approach
The essence of intelligence is reasoning.

This is done by using symbolic rules to manipulate
symbolic expressions.

Learning can wait. Understanding how knowledge is
repre sented must come firat

The biologically-inspired approach

The essence of intelligence is learning the strengths of the
connections in a neural network.

Reasoning can wait. Understanding how learning

works must come first
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What is an artificial neural network?

+ Arrange the neurons in layers

<+ output neurons

*~~ multiple intermediate
~ layers of neurons

= input neurons
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An efficient way to train a neural network

Compare the outputs with the
compute correct answer to get error signal
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Recognizing objects in images

= This is a computationally difficult task that real biological
neural networks do very well by using a hierarchy of
feature detectors.

A close-up of a
=== child holding a
stuffed animal

input output
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Two very different theories of the meaning of a word

« Symbolic Al: The meaning of a word comes from its relationships to other
words. What a word means is determined by how it occurs with other words
in sentences. To capture meaning we need a relational graph.

« Psychology: The meaning of a word is just a big set of semantic features.
Words with similar meanings have similar semantic features.
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ER—MEBEE, FMREETHRRTFRASHRES, BRXERIERR
B,

X EEWA R R R AR K, AT FRR, W, BE AT
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An example of relational information

Christopher = Penelope Andrew = Christine
g
Margaret = Arthur  Victoria =| James Jennifer = Charles
I 1
Colin Charlotte
Roberto = Maria Pierro = Francesca
Gina = Emilio Lucia = Marco Angela = Tomaso
I ! 1
Alfonso Sophia

PRI A —H = e R RIEH R RE S o R DERE+ AR &, Hlniid
GBRMA SORE W BT BERYE 2 FINXAE (018, URal AT, A4
SRA 1M ] FL Y AT 50 SEAR, AR 2742 R,
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P VE) BIRHE, ARJa B — D ERILECZRIERN, XA ANH0E Z 5 AN

An early example of learning feature vectors for
words from relational information

symbol representing | __ output
person 2

i

Learned features
of person 2

T

Neurons that learn to predict features of the output from features of the inputs

o T

Learned features Learned features
of person 1 of the relationship

| |

symbol representing . . symbol representing
person 1 — inputs the relationship
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12.5 P IIHLES b 58 LA o

XEERATSEIR 1 NG5 2, SER 1 BIHUEORVA T 2 2.5 280, XA,
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B RIRZZEAER . 1X— RIS o A [ Y
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R 5 BRIEIZ 2 B A R R

IMARFAF R RKAR, I HESREBRRFEBHEAT, RATaea KEUEH
WAlEE. MREAFRRAURIRAR, B3 RERAEENE, Rl /As
1A, T HARZH AR BE ORISR, (HARES T

AR o (B — 7 AT UEMIEX — 5L, Rt 405« B2,
2yt « W BAKITFF P EEIRE. FRARIRERE, MulEu b=, (Ei
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RATBLN (280 BB RIEA, MARA 7 A& . ] DU IXF
J5 AT — MRG0 52 56

BR B A « REA -REER RN A - BRI, dAbsE 1
IARHLEEN, RRAAEMERN, EAFEEREGERL, hRRESE T —
SEX AT AN IR Y o

KA DLHHTHEE . REZRZA DK BFit) » 255 ALK
(. AEARH WS, AbXE R AETS T AR IR 5 N =K

A IEH 7 A, BRI A A ARG S A28, JFAE GPT-4 fE L™
ARG Z AT EIR A, e R g —HEAE 2021 SE47 [ E IR, A fRIA AR
FAAERFIE S T R

RS “ IR by IR0 Il RSB (B B B, B AR A — 4
SHBEAR o JAELE T b [AIAE P 4E N AR R o DA AT 4, ttha? 7

WS FEN N E A2 IERE .

An example of simple reasoning by GPT-4
(question suggested by Hector Levesque)

The rooms in my house are painted blue or
white or yellow.
Yellow paint fades to white within a year.

In two years time | want them all to be white.

What should | do and why?

N GPT-4 [FIZHIAZ, B aEU 1.
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Response by GPT-4
(before it could consult the internet)

Assuming that blue paint does not fade to white over time and you want all rooms to be

white in two years, here's what you should do:

The rooms painted in white: You don't have to do anything to these rooms since they are

already white.

2. The rooms painted in yellow: You don't need to repaint these rooms either, because as per
your information, yellow paint fades to white within a year. So, in two years, they will be
white.

3. The rooms painted in blue: These rooms need to be repainted with white paint because

the blue paint will not fade to white on its own.

B, B, BREGRMEASARO KA S, B ORMERS R EA
A, BFEGRMmEbEaEe, e, a B aarbE iR
T ER R, SR R AR ER R, ROV ET R AR A G, T
S € PR 3 V)R 85 A5 Il e 1

A RIS A, e R 7 2R G 5 Tal B e R B, RO
EERRIEORORA T, KEGREARNMBRINE, KR4
ST )

FrCL, BESREATRA S B S 1, DR BRABGRIR L A () — L2 XU

SRR N LR A EVE 2 MR, thinfhid BB s, e —
PORZE PP . SEAMRZ LS, EMRAD TR RE. BXFIARHEH L.
RAF AR 255 i, (HA] BEIEANIG .

A RN T RetE . AT LI A e 4 1. RE/-E, TEK
BRI HE 2 QNEFHL S, EXAE AR AL B asmK, BT
bb, BAVEBGR R NIAFAE

APATBEAR AV i, FATHA 1 HESR KL, 14578 1 AR
(VAT
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FEAWIER T, BERIRA REVONIRE, ERAEVER,
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it EMARAR S, s Ef KT, FEeEE V.

HRAR LSS T RER, AR IRAE REWS 8 AT 55 OB RE AU, IR
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— HEAMSAVFRA, e IRIRER S — AL AT Hir,
AT LME LI G BB, 2 345 58 2 9 HI AL

Pt DA W 5 R B 2 g X S i, X R e I 2 R ERAS E
ZIEHIBG LA REYS SE A s AR A S . dh N, Nt AeliIh s
We? FAIoemm BT .

WX R FE T IR EATTH Sl ARG B 2 IR TR S B EE 22 X 3AT ]
AN, FFHENSERLRELEZ MR, Vel REBHRAN]
HESX SR RERE S 5 LU BATIE IR 2 I NSSHR, eI RS U AR BAT I
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HEMAITERACTINARSBB R RWR . X DMEVESIE NG AR R
Fho BETOK, AEVFZ NG IS P2, WREBAE REZm5e S, SR
? i MOl . RENE SRINUR 2 BRI I8 2215 S HE T o

N
~

—HEATE T HERGA SR, e B, A R HRART IR
IRASKE SR, S BICEAER R RE IR . SR IR 238 B FATIX b A R AR AE BEAL
1R NP s 0 A T BATT MR kAL, O 5 HAd A7 £ K
IR IS AN TE S

e, BARRIRILAE 2023 I — DG . 3B UNRATEG R feid
AMRKRMRKAHEE, HdZEHIFAATATRER 2 50 2 100 4, HAEWHE
30 £ 100 . XILARIEZ, BATHAEA T EHLE,

=)
e

HIL NN, AEBATHIE EAR R AT L BN KNG LA
FANTEBEELRZ, WARBATRS AN TR RGN, ik, @dwE
=N TR REERM X S, HATEA A R 2 B AT A R RZ . —
ARERCEARACN, EERE, 7RI L, AR, AR
2ol Eh . KA RIS ) RUE FLIX 2, R Al DApR 3t A8 A A B - L bRk
HbRE A, X AT REIL R RN AL BE K B R S IZ 75 3

AR R A — R, XRBORIE R E, X5 AR ) ofe
FeSA R BAMGE, WRBA TR X R R FRAT AR R o, B TR AL
(CER/E

B, HTREZERERNERTE, RRRITEAERINAERETR
AR CLEFEIE T RRKIKTE, HEERBLERNEL.

IUTE TR BRI AT AR — . MOP P SURAMRRY, k0T A7 R
VAL ST R T, AR AT M 0 22002

TR P e Bt A2 ORAF AL, X — BARA 1 S A R IR,
EANHUEAKE (mmortal) [, RIEREAFIRIN, REfRGRE, /RA] LG &
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NTBERX— 5, FANZEUARE R IR mik s, Uiz
17, JF BBV REME RS R AT T8 MRELE, A 3RA T B b 5 YRt h S L an e
PATAESS I, BN AIIREE .

(ERIERANA T 75— Akt EHPATAE S, A B R REFI A
REAF P HL A8 2 & ORI, DUEAR A BE R SE it 5. KA S AR I 25
I8 A IR BL R RE |, Mo dRATT (AR R A 30 FLIBER .

W T ERATVREE AT 25, BVFEATAT S FHBIURE A, BRI R
BeVEZE SR, HIATA LNGRE M AR IR, DA E 1% JRATH Z R AT
%o

XA ERRES IR A A LR o WORIRATIXAREL,  BATTH AT UK
FEREAF AL 2 B M e BT R] LI RAER e B B TARRIACE, AT
R R R & o

FrUARF G BHERTHRZA “BMRiTE” (mortal computation) FIHERE,
BRI A e E R ThFE BT BOR T BR AR VAR (4 2 AT R = 51

Mortal Computation
(this is the kind of computation used by our brains)

« |f we abandon immortality and accept that the knowledge
is inextricable from the precise physical details of a
specific piece of hardware, we get two big benefits:

- We can use very low power analog computation
which parallelizes over trillions of weights that are
represented as analog conductances.

— The hardware could be grown very cheaply instead of
being manufactured very precisely

PRAT CACLH S I A BT AL, IF AT AT 715

i H, AREATE BRI AR EE, AR ZAE TR S0 BB ™R 12
TREFE R PATAESS
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AR LF, ERRAESHEZ . RCLW PLSLRPAT MRS T,
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A RV SAFAE T LA 2 EE A

Horp 22— RARMEAE Y B AR 3R B3k, DR AR A R P RS AR s A A Y R S
BB VE, BEEARE S B SR B e, PrCAR M e Hk. AHEEZ T,
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Conclusion

+ Digital computation requires a lot of energy but makes it very easy for
agents that have the same model of the world to share what they have
learned by sharing weights or gradients.

That is how GPT-4 knows thousands of times more than any one person
using only about 2% as many weights.

« Biological computation requires much less energy but it is much worse at
sharing knowledge between agents.

— If energy is cheap, digital computation is just better.
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Select Al Index technical performance
benchmarks vs. human performance

Source: Al Index, 2024 | Chart: 2024 Al Index report
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human performance.
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Number of notable machine learning models by sector, 2003-23
Source: Epoch, 2023 | Chart: 2024 Al Index report
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In 2023, industry produced 51 notable machine learning models, while academia contributed only 15.
There were also 21 notable models resulting from industry-academia collaborations in 2023, a new high.
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Number of foundation models by sector Number of foundation models
Source: Bommwsani o ol 2023 | Chart: 5034 Al Index segart by Ol’ganlzatlon, 2023
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Number of notable machine
learning models by country, 2023

Source: Epoch, 2023 | Chart: 2024 Al Index report
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Al patents by application status by geographic area, 2010-22
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sss  ros o ewos  aos  wos  awos  aos Moz mos  sos mos  oos In 2022, China led global Al patent origins with 61.1%, significantly outpacing the United States, which
accounted for 20.9% of Al patent origins. Since 2010, the U.S, share of Al patents has decreased from
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PR AT A SR R AP (1 AR AR I &R ok

Reported responsible Al benchmarks for popular foundation models
Source: Al Index, 2024 | Table: 2024 Al Index report

Responsible Al benchmarks Claude 2 Gemini Mistral 78
TruthfulQA N v e
RealToxicityPrompts v v
ToxiGen v
BOLD v
e v

BBQ
New research from the Al Index reveals a significant lack of standardization in responsible Al reporting.
Leading developers, including OpenAl, Google, and Anthropic, primarily test their models against
different responsible Al benchmarks. This practice complicates efforts to systematically compare the

risks and limitations of top Al models.
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Cross-study parison of task pletion speed of Copilot users

‘Source: Camben et al,, 2023 | Chart: 2024 Al Index report
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In 2023, several studies assessed Al’s impact on labor, suggesting that Al enables workers to complete

tasks more quickly and to improve the quality of their output. These studies also demonstrated Al’s
potential to bridge the skill gap between low- and high-skilled workers. Still other studies caution that
using Al without proper oversight can lead to diminished performance.
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AlphaDev vs. human benchmarks when optimizing for algorithm length
Source: Mankowitz et al., 2023 | Chart: 2024 Al Index report
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In 2022, Al began to advance scientific discovery. 2023, however, saw the launch of even more significant
science-related Al applications—from AlphaDev, which makes algorithmic sorting more efficient, to
GNoME, which facilitates the process of materials discovery.
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EVEscape vs. other models on SARS-CoV-2 RBD mutation prediction

Source: Thadani et al., 2023 | Chart: 2024 Al Index report

1 1
5 z
50%| %1 § 50%, EVEscape (prepandemic)
o
e 1
i =)
°
51
o
ao%| !
L}
]
g |
“ 32%, Earlier axperimental scans (pandemic ab)
5 sox| !
= L}
2 1
= [}
3 |
? 20%|
L}
]
1
10% |
]
[}
1
0% 1

2020-Jan 2020-Jul 2021-Jan 2021-Jul 2022-Jan 2022-Jul 2023-Jan
Pandemic date

In 2023, several significant medical systems were launched, including EVEscape, which enhances
pandemic prediction, and AlphaMissence, which assists in Al-driven mutation classification. Al is
increasingly being utilized to propel medical advancements.
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Number of Al-related regulations in the United States by agency, 2016-23
‘Sourca: Al Index, 2024 | Chart: 2024 Al Indax report

2016 2017 2018 2019 2020 2021 2022 2023
Census Bureau 1
Centers for Medicare & Medicaid Services 1 2 5
Children and Families Administration 1 1
Commerce Department 1 1
Comptroller of the Currency
Consumer Financial Protection Bureau 1 1 1
Copyright Office, Library of Congress 1 1
Education Department 2
Employee Benefits Security Administration 1
Employment and Training Administration 1
Energy Department

Executive Office of the President 2
Federal Communications Commission
Federal Railroad Administration
Food and Drug Administration
Health and Human Services Department 1
3 Homeland Security Department 1
&  Housing and Urban Development Department
Industry and Security Bureau
Investment Security Office
Labor Department 1 1
Library of Congress 1
National Credit Union Administration
Mational Science Foundation
Nuclear Regulatory Commission 1
Occupational Safety and Health Administration 1
Office of Inspector General 2
Office of the Inspactor General 1 1
Office of the Secretary 1 = 1 1
Patent and Trademark Office 1
Public Health Service 1 1
Securities and Exchange Commission 1 2
Transportation Department 1
Treasury Department 1 1

The number of U.S. regulatory agencies issuing Al regulations increased to 21 in 2023 from 17 in 2022,
indicating a growing concern over Al regulation among a broader array of American regulatory bodies.
Some of the new regulatory agencies that enacted Al-related regulations for the first time in 2023
include the Department of Transportation, the Department of Energy, and the Occupational Safety and
Health Administration.
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bt 2022 4 EJF T 13 DMED M

Global opinions on products and services using Al (% of total), 2022 vs. 2023

Source: Ipsos, 2022-23 | Chart: 2024 Al Index report
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A survey from Ipsos shows that, over the last year, the proportion of those who think Al will dramatically
affect their lives in the next three to five years has increased from 60% to 66%. Moreover, 52% express
nervousness toward Al products and services, marking a 13 percentage point rise from 2022. In America,
Pew data suggests that 52% of Americans report feeling more concerned than excited about Al, rising
from 38% in 2022.

HEE, kRERIH 7L (Pew) HEHEZR, 52% K3EE NFRRx N LTEREKELZ
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Global opinions: How people think Global opinions: Where people say
AI will affectjobs 2023 AI makes them nervous, 2023

L Ipsos, 2023 | Ghart: 2024 Al Index sapext
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Foundation models by access type, 2023

Source: Bommasani et al, 2023 | Chart: 2024 Al Index report
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@Y Gh: FTLEMEY B (Donoising. Diffusion Transformer Model)
+AFEN: ZEEY (Condition Encoder) +.......
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