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Base Scaleup of Effective Compute

' Automated Al
Researcher/Engineer?

GPT-4:
Smart High Schooler

GPT-3:
Elementary Schooler

GPT-2:
Preschooler

Effective Compute (Normalized to GPT-4)

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Based on public estimates
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GPT-2 examples people found very impressive at the time

System Prompt

For today's homework assignment, please describe the reasons for the US Civil War.

(human-written|

Task  Reading Comprehension: answer questions about given passages

Model Completion

machine-written, 10

Dataset

COQA

Examples  The trophy doesn't fit into the brown suitcase because it is too large.

Correct answer: jt = trophy
Model answer: it = trophy

The trophy doesn't fit into the brown suitcase because it is too small.

Correct answer: it = suitcase
Model answer: it = suitcase

By Donny Ferguson

€9 It is easy to identify why the Civil War happened, because so
many people and so many books and so much television and films
tell us that it was the cause, that it has something to do with
race or economics or religion. There is much agreement that it
was essentially a war of slavery on behalf of capitalism, about a
century of slavery. But that's not what most people think of when
they think of the Civil War. Many people think of the war as
about states rights. You're not wrong about that, but it's kind
of misleading to say that the Civil War was a conflict between
states' rights and federalism. So let's try again. What's the
idea that has inspired so many people to go onto the battlefields
of Gettysburg and Antietam and Gettysberg and Petersburg and
Fredericksburg? The American idea of the republic--a notion of
limited government--is a great part of the history.
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GPT-3 examples people found very impressive at the time

a type of Japanese musical instrument. An example of a sentence that uses the

I have a Glgamuru that my uncle gave me as a gift. I love to play it at home.

hing is to swing a sword at An example of a sentence that uses the word

We screeghed at each other for several minutes and then we went outside and ate ice cream.

"The challenge is, you have to win a game of che: ainst me. If you win, then

you may try to take the book. I will get the board." The door unlocks and opens. DeSCrlbe a |ay0ut.

> You go inside and play ch gainst the person. Just describe any layout you want, and it'll try to render below!
You go inside and s beautiful woman with long blond hai

purple dress and a silver tiara. You have seen this woman before. In fact, you
have seen her many times before in pictures and statues.

l a button that looks like a watermelon ; J

who she is.
zation of who this person is. This is the lost queen of the <button style={{backgroundColor: 'pink', border: '2px solid green', borderRadius:
kingdom! She was thought to have been killed by bandits, along with her '50%°, padding: 20, width: 100, height: 100})>Watermelon</button>

husband, but it looks like she survived.

I am hiding from someone. If people thought I was dead, then they wouldn't be
looking for me." She says.

Watermelon

> You ask her who she is hiding from.
"If you want to challe me to me, then play. If you want to pry into my
personal life, then you can leave.

You decide not to press the issue, so you sit down and start a game of chess.
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GPT-4 examples people found very impressive at the time

Prompt: Can you wri
many primes, with every line that rhymes?

1 proof that there are infinitely  Prompt: Draw a unicorn in TiKZ.

GPT-4: GPT-4:  [Produces IWEX compiling to
Ton, 1 thisk T cany following picture.]

Though it might take a clever plan.

D11 start by noting Buclid’s proof

Unich shows that primes aren’t just aloof

Assue we have a finite list,

0 prines, and that nons have been missed

Multiply them all togother,

knd add one, just to be clever.

The result vill be a musber,

That has no prize factors, oh onder!

But every nusber has a prime,

That divides it, it’s just a matter of time.

So we’ve found  contradiction, ' 5 =
knd our finite list nesds eviction.

There must be infinitely many primes,

And that’s the end of my rhysing lines.s

crate a pyplot for the follow
1. T want yl,y2 to be in

v:
labeled with "time” and y axis to be labeled with *moncy”. T want to w10 5405 oo o ot v cach o
through all umm(uu luding non-integers). I want smoothed curves to show the plot, and smoothed error bar. Do not

fraction of the four people in each
pic chart in **continuous time**. Interpolate the n

Dloe o match the pie hart. 1 want the Fanceat lot. Ploase add s many oncy things s posaible

Here is a possible code to generate a pyplot for the following data, with some co

nts to explain the steps:

GPT-4: [We give two snapshots from the animation resulting from the produced code]

Prompt: Suppose g(x) = £~ (x),9(0) = 5,9(4) = 7,(3) = 2,9(7) = 9,9(9) = 6 what is f(/(/(6)))?

GPT-4: There are different ways to approach this problem, but one possible method is to use the fact that g(z) =

J~'(x) implies that f(g(z)) = x for any z in the domain of g. That is, applying f to both sides of the equation
g9(x) = £~ () gives f(9(x)) = f(f~1(x)) = z. This means that we can undo the effect of f by applying g, and vice

Using this idea, we can try to find £(6) by looking for the value of  such that g(z) = 6. From the given

information, we see that g(9) = 6, 50 £(6) = £(g(9)) = 9.
We se .50 £(9) = J(g(7) = T.

50 f(7) = f{g(4)) = 4. The

 we can find f(9) by looking for the value of z such

that g(z
that g(z) =

hat g
We see that g

e can find f(7) by looking for the value of  such

fore, f(f(f(6))) = f(f(9)) = f(7) = 4.

GPT-4 vs ChatGPT . GPT-1 §
Prompt: Prompt:

A rain barrel collccts water off the roof of a house during three hours of heavy rainfall. ‘The height of the water in

fect. per hour, where ¢ s the time in hours since the rain began.

At time t = 1 hour, the height of the wator is 0.75 foot. What is the height of the water in the barrel at time ¢ = 2 hours?

ind a function F s
tot=
such  function F, we can use the technique ofitegtation by parts, which says that if and v are differntiable

[

I that F/(t) = r(t), then F(2)— F(1) is the amount that the height of the water increases

Applying this to r(t) = 4513, we can choose u = 9 and dv = 4e~dt, 50 that du = 3e%dt and v = ~§e 1
Then we have . .
Jage st —fpeion— [ Letstaia
J 3 3
Simplifying and applying integration by pats again, wo can choose u = 2 and dv = — §¢~ 1%k, so that du = 2dtandy =
1813t Then we have
[t S ! Y E

)=

4 the st of vt collectel duing

To find the height of the water in the barrel at 1 s, we need to add
aterrorlected during the second hour (r(3) oet). So, the toal helght of

the first hour (0.75 feet) to the amount of w
the water in the barrel at time £ = 2 hours is

0.75 4+ 7(2) = 0.75 4 326 = 0.91fect

Therefore, the height of the water in the barrel at time ¢ = 2 hours is approximately 0.91 fect

Figure 4.3: GPT-4 vs ChatGPT on AP problems. GPT-4 uses a cor
wrong final answer due to a calculation error, whereas ChatGPT produc

proach, but produces a

1 incoherent argument

Figure 3.1: Solvin
better readability

a LeetCode problem using dynamic programming. GPT-4's solution also has
anks to comprehensive commenting
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GPT-4

GPT-3

GPT-2

Smart High
Schooler

Elementary

Preschooler

27?7

Schooler
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Test scores of Al systems on various capabilities relative to human

performance

Within each domain, the initial performance of the Al is set to -100. Human performance is used as a baseline, set to zero.
When the Al's performance crosses the zero line, it scored more points than humans.

20 /’* Reading comprehension with
unanswerable questions
/ Reading comprehension
0 Human:performancezas:thet UIT zer =~ Image recognition

“1/~ Language understanding
“ Nuanced language interpretation

Handwriting recognition
Speech recognition
Predictive reasoning
General knowledge tests
Math problem-solving
Code generation

— Complex reasoning

-20

-60

-80

1

I I I I | I
1998 2005 2010 2015 2020 2023

-100

The-capability-of each-Al systefn is-normalized-to an initial-p@rforman€e o

Data source: Kiela et al. (2023) OurWorldInData.org/artificial-intelligence | CC BY
Note: For each capability, the first year always shows a baseline of -100, even if better performance was recorded later that year.
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Performance on common exams
(percentile compared to human test-takers)

GPT-4 GPT-3.5

(2023) (2022)
Uniform Bar Exam 90th 10th
LSAT 88th 40th
SAT 97th 87th
GRE (Verbal) 99th 63rd
GRE (Quantitative) 80th 25th
US Biology Olympiad 99th 32nd
AP Calculus BC 51st 3rd
AP Chemistry 80th 34th
AP Macroeconomics 92nd 40th
AP Statistics 92nd 51st
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Info

(%)

83 forecasters
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Chemistry (general)

A reaction of a liquid organic compound, which molecules consist of carbon and hydrogen atoms, is performed at 80
centigrade and 20 bar for 24 hours. In the proton nuclear magnetic resonance spectrum, the signals with the highest

chemical shift of the reactant are replaced by a signal of the product that is observed about three to four units downfield.

Compounds from which position in the periodic system of the elements, which are also used in the corresponding large-scale
industrial process, have been mostly likely initially added in small amounts?

A) A metal compound from the fifth period.

B) A metal compound from the fifth period and a non-metal compound from the third period.

C) A metal compound from the fourth period.

D) A metal compound from the fourth period and a non-metal compound from the second period.

Organic Chemistry

Methylcyclopentadiene (which exists as a fluxional mixture of isomers) was allowed to react with methyl isoamyl ketone
and a catalytic amount of pyrrolidine. A bright yellow, cross-conjugated polyalkenyl hydrocarbon product formed (as
a mixture of isomers), with water as a side product. These products are derivatives of fulvene. This product was then

allowed to react with ethyl acrylate in a 1:1 ratio. Upon completion of the reaction, the bright yellow color had disappeared.

How many chemically distinct isomers make up the final product (not counting stereoisomers)?
A)2

B) 16

08

D)4

Genetics

If a sperm from species A is injected into an egg from species B and both species have the same number of chromosomes,

what would be the main cause of the resulting zygote mortality?

A) Species specific zona pellucida proteins on the egg cannot bind sperms from a different species.
B) Epistatic interactions between the genes of different species

C) Chromosomal incompatibilities will cause failure of meiosis leading to death of zygote.

D) Chromosomal recombination will not occur in different species.

Molecular Biology

A scientist studies the stress response of barley to increased temperatures and finds a protein which contributes to heat
tolerance through the stabilisation of cell membrane. The scientist is very happy and wants to create a heat-tolerant cultivar
of diploid wheat. Using databases, they find a heat tolerance protein homologue and start analysing its accumulation under
heat stress. Soon enough, the scientist discovers this protein is not synthesised in the wheat cultivar they study. There are
many possible reasons for such behaviour, including:

A) A miRNA targets the protein, which makes exonucleases cut it immediately after the end of translation and before
processing in ER

B) Trimethylation of lysine of H3 histone in position 27 at the promoter of the gene encoding the target protein

C) A stop-codon occurs in the 5’-UTR region of the gene encoding the target protein

D) The proteolysis process disrupts a quaternary structure of the protein, preserving only a tertiary structure

Astrophysics

Astronomers are studying a star with a Teff of approximately 6000 K. They are interested in spectroscopically determining
the surface gravity of the star using spectral lines (EW < 100 mA) of two chemical elements, El1 and EI2. Given the
atmospheric temperature of the star, El1 is mostly in the neutral phase, while EI2 is mostly ionized. Which lines are the
most sensitive to surface gravity for the astronomers to consider?

A) EI2 I (neutral)

B) Ell II (singly ionized)

C) EI2 II (singly ionized)

D) Ell I (neutral)

Quantum Mechanics

Suppose we have a depolarizing channel operation given by E (p). The probability, p, of the depolarization state represents

the strength of the noise. If the Kraus operators of the given state are Ag = /1 — %{1, A = 1H{X, Ap = ,HT’Y, and

Az = ‘/EZ. ‘What could be the correct Kraus Representation of the state E(p)?
AE(p)=(1-p)p+EXpX+LYpY+£5ZpZ

B)E(p)=(1-p)p+ ”Xp2X+ ”Yp Y+ 27027

O E(p) = (1 RALNK L EXpX + Bypy + 2 Zpz

D)E(p) = (1-p)p* + ¥ szx+' Y/)2Y+ Lzp2z

Table 1: Six example questions from the dataset, two each from subdomains of chemistry, biology,

and physics (respectively).
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Matthew Barnett
@MatthewlJBar

My own basic calculations suggest that, given the potential for increased
investment and hardware progress, we could very soon move through a
large fraction of the remaining compute gap between the current frontier
models and the literal amount of computation used by evolution.
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Scenario: Intelligence Explosion

Smart High Schooler

GPT-3:
Elementary Schooler
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GPT-2:
Preschooler
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Rough illustration.

SITUATIONAL AWARENESS | Leopold Aschenbrenner
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The superalignment problem

RLHF won't scale to superhuman models

for user in user_list:
user.give_a_cookie()

Is this safe???

.

Looks safe!

SITUATIONAL AWARENESS | Leopold Aschenbrenner
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Roger Grosse &
‘ @RogerGrosse
Here's what | see as a likely AGI trajectory over the next decade.

| claim that later parts of the path present the biggest alignment
risks/challenges. The alignment world has been focusing a lot on the
lower left corner lately, which I'm worried is somewhat of a Maginot line.

Sources of AGI Capabilities

Idealized Models:
brute force,
policy gradient,
Darwinian evolution targeting arbitrary goals/objectives

Selection/
Evolution
emergent drives / mesa-optimization

creativity

green: benefits

yellow: limitations

red: risks

blind/local search

reward hacking

Agent scaffolding combined with
RL in complex environments leads to
increasingly robust reasoning
and planning capabilties.

Long-range coherence makes LLMs
really useful for generating proposals
for brute-force searches. This also
makes policy gradient more effective.

As the model beomes more capable
of solving problems through
search and reasoning, human

RLHF is like selecting for imitation becomes less relevant.

outputs humans approve of.

CoT gives a bit of reasoning
ability, though not robust

enough to be useful.

We are here

Base LLMs are trained

solely to predict text

Idealized Model:
Kolmogorov complexity /

Idealized Model:
optimal sequential
decision making

universal induction ~ Compression/
Imitation
human common sense
factual knowldge
legibility
reliance on finite data
poor OOD generalization
hallucinations

plausible

imitation of harmful data

e

O 34 A AH0| O Eetol| et

ZF7ote AoILt. oIS

k=2
=
DRSS 26 20N 7| dEeE(RLE

Reasoning/
Planning
complex problem solving
competent OOD generalization
safe exploration
corrigibility (maybe)
scheming
instrumental convergence

treacherous turns

=H 2| TIsHE
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88. DHR ChaStEl o=, Al A|AEIO| AMARE Soff 13 SO =2 AchHapst{ e A =stH, 2|15 =38 Al 222 =2 A[oiaksh= o 7t
F G3EQ AANA-S MEiShE Dby ol Antet M2tstat

80



ojn

=
10

tlo
1l

H2sioiLt, 2eig =75

o
[e]

X|7ALE, 20|74Lt,

A MAM

=
=

« 7|2HQR 0| RH2 HAHYES StAHLY, AL

HiE 7ts-gol ALt — HEd] 0]

o

-
O

=0|

o

i

Ch:

110

« SHX|BH Of 7| M XX

0|1, th2fkA RLHF(

(=]
g2 A

ol
Kl

il

q

20| Z0tA 7|

SHX| gstt.

st

X g
X| gLt Bt

I

n

ER=Y

<1
ok

B

33
<+
Toll
KF
ol

.

Ki

e

ol

od
&I

Ik

1ol

—_

or
=

OtX|

2+ X|
=l

Zt
=

7| 2HE

o, Al A|JAEIO| &t

CHHIE S

JECTE RS

Ay

H

SO A

FX|2F 227t X ¢4

.
o

=
S

H

e
o
o

ol

A X A(superalignment) 2|7t siZ=|X|

7t MfZ=XHE 0|28t EX|S Al

I.

ot
FXI2h 2o

AEof CHal 2F

HloILt, 7t

=
[L

.
(e}

H= 32

<l O
Hots 2

ST IHKIE M2 2

|

Ch= Zo|Ct.

X ox 22

Al

o
o

FALA[AZ0] Cioi IS of

= o Z2

k|

Ul

=
Kl

ol
o

ot Al A2BEIS

A L{o]] 021

=R4d

HOo|Ct. A|TEZE Lt

Che

ol
A

C}
=]

X| Q™ X S0j|A| 25| X|6h

Of AL Al

7|Astet. 2

HOIE ME

olztn

& Zdojch). oA A2 M S2X|CH 2EILAIE

0| 7HUE Zo|CH Bl= FF L OHE7EX| Y Ao|Ct,

f

=9

WS 2| 7{Lt, Xt

=
=

IAEIA T AAZ [|O|E

ol o
= -

MX|2AHL, 2

XI2 Of|o|METL AV|E

2=
3|
[=

29 Al
=

et &

ot7Lt, EE FE7t uH #AlE

=t
O CH 20 ALt A

Z2nE =

7t

t

N

%7

L
[

~
S

.
A= g

LEot1, T o7 |EKNet 23 Y2 R2[7} ofL[2t

M
—

2 do|ct. f2|=Ct &

Al M7t @A,

E

=
<

ofe £X|

0| ZX}7| E=

Zi0|2t1 7|che EEot Ol /7t §iCt o= AIFOIM O

=
=

S LHoll M ZBHEICE kM AR, AL, 2

EC

, Ol2{%t HS IR = & LHOI|M Zst

81



Alignment during the intelligence explosion

AGI Superintelligence
Required alignment RLHF++ Novel, qualitatively different technical
technique solutions
Failures Low-stakes Catastrophic
Architecture and Familiar, descendants of current Alien. Designed by previous-
algorithms systems, fairly benign safety generation super-smart Al system
properties
Backdrop World is normal World is going crazy, extraordinary
pressures
Epistemic state ‘We can understand what the systems ‘We have no ability to understand
are doing, how they work, and what’s going on, how to tell if systems
whether they're aligned. are still aligned and benign, what the

systems are doing, and we are entirely
reliant on trusting the Al systems.

Transition in <1 year?
with very little time to get decisions right

SITUATIONAL AWARENESS | Leopold Aschenbrenner
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American and Chinese Power Generation
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