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Q* at OpenAl - are we approaching the singularity?

Maybe, but not on the front you’d expect!
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As a follow-up to the short note we published last week-
end, we provide here some additional thoughts on what

happened at OpenAl in recent
weeks, with a particular focus
on the much speculated Q*
(pronounced Q - Star) model
recently tested internally.
Although very little is known at
this stage, we provide a
framework to understand
potential implications for the
technology value chain.

The facts

Multiple media' and
innumerable social media
conversations?, often amongst
very knowledgeable and
respected opinion leaders,
have discussed that going into
the recent coup, the OpenAl
team had internally tested a
next-generation Al model,
which proved capable of

solving math problems at a grade-school level.
Although we could argue over how much a grade-
school pupil can achieve these days, it was reportedly
considered a significant breakthrough.

! See Reuters and The Information articles for details

There is very little known about this new model, and
nothing officially. Amongst the voluminous unconfirmed

information reported by the
press and social media, we
curated the following for our
readers:

The model is named Q*. Q-
learning is a reinforcement
learning methodology, in
which an Al agent explores
possible solutions to a problem
by trial and error, step by step,
estimating the value of each
move it can make, in a graph
of possible actions and
possible states, following a
policy typically learnt during a
training phase. In this method,
Q is the value of the action
taken, as estimated by the
policy, and Q* refers to the
maximum optimal value that
can be achieved from any
given state, if the agent follows
the optimal path from that
state.

Jakub Pachocki, Szymon Sidor, and llya Sutskever are
at the origin of the model. The former two developed it
based on original work from the latter. Pachocki and
Sidor were the first two employees to resign after the
failed coup, ousting CEO Sam Altman and Chairman
Greg Brockman. Sidor worked at OpenAl on the

2 See for example tweets of Yann LeCun & Ate-a-Pi
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reinforcement learning part of ‘OpenAl Five', the model
which achieved supra-human capabilities in the game
'Dota 2', and before that, on causal models at Vicarious
Al (models which can generalize causality relationships
from limited data.) Pachocki also led the research work
on Dota alongside Sidor, and then led the reasoning
team at OpenAl. His latest role was as director of
research for OpenAl and leader of the pretraining work
for GPT-4.

The underlying research involved using
rather than real-world data to train the
model (as imprecise as that is as a statement.)

Many reference for
this work, or at least as a relevant comparison.
AlphaZero is the model Google’s DeepMind developed,
after AlphaGo, which was characterized by using
reinforcement learning. A simplified way to understand
this is that AlphaGo learnt how to play the game of Go
from human games, whereas AlphaZero learnt from
playing against itself. This is reinforcement learning at
its very basic.

Journalists refer to ,asa
mysterious “machine-learning concept”. The journalists
visibly don’t understand what this refers to, but this term
must have come up in their investigations... and you will
see towards the end of this note that it matters a lot.

The recent hire by OpenAl of is also
referenced regularly. His expertise lies in the
development of planning, or the ability of Al models to
think through possible solutions, vs. producing a
solution. He worked for instance on having Al
masterfully play the game 'Diplomacy'.

At the APEC conference, the day before the board
attempted to fire him, , made a sibylline
comment: “just in the last couple of weeks, | have
gotten to be in the room, when we sort of like push the
sort of the veil of ignorance back and the frontier of
discovery forward".

The picture on our front page became a very popular
meme on Twitter?® in the last couple of weeks, given the
pace of speculation, and is brought to you on the lighter
side. Most important sources for the bullet points above
are referred to in footnotes. We insist on the fact that
none of these reports have been confirmed officially by
companies, institutions or individuals involved. This
“fact” section is therefore probably the most
speculative one we have ever written. It nevertheless

3 We refer here to X, formerly known as Twitter. It takes us a very
long time to adapt to new names.

genuinely reflects our best understanding of what can
reasonably be inferred from the noisy signals of the last
week.

We understand sociological and anthropological
dynamics pushing journalists and social medial
commentators to sound like recent events are signs of
an unprecedented breakthrough towards AGI (Artificial
General Intelligence). Facts seem to rather indicate
OpenAl remains at the forefront of innovation and is
progressing in the direction in which the industry is
pushing, but there is no objective evidence of an
unusual step-up.

It seems about consensual amongst top researchers in
the field that the main avenues of development of Al is
to leverage reinforcement learning for the fine-tuning
and alignment of large language models. After all, this
is what produced the magical ChatGPT bots. The next
frontier is to develop the planning capabilities of these
models, i.e. their ability to reason towards an answer vs.
spitting one straight from their billions of weights. This
avenue is being investigated by all major teams,
including at OpenAl and at Google, but
no product announcement has been made yet. The
recent news flow only seems to indicate that the
OpenAl team passed a significant milestone on their
journey in that direction.

In our view, it could be equivalent to the breakthrough
that ChatGPT was. ChatGPT is a pretrained large
language model, fine-tuned with RLHF (reinforcement
learning from human feedback.) This tuning is what
made ChatGPT feel so casual and good at answering a
succession of questions. The chatbot nevertheless still
displays significant limitations. Amongst others, it
produces answers that are unreliable, or “made-up”
(hallucinations) and it doesn’t display proper reasoning
capabilities (or only anecdotally). With better planning
capabilities, such a model could increase significantly
in usefulness, approaching more an “agent” role,
solving problems or taking actions in multiple steps.



Daniel Kahneman nailed in 2011 the idea of contrasting
the two modes along which humans think.

System 1is when we operate near-instantaneously,
automatically, instinctively, with limited effort or
sense of control.

System 2 starts when we allocate attention and
effort to solve a problem.

is often associated with a reflex, and doesn’t
require much agency. is usually associated
with agency, making choices, concentrating, and
taking multiple steps to solve a problem, or more
generally produce a thought.

The definition we prefer for planning is the ability to
'drive' system 2 thinking.

A good example used by Kahneman is solving a
multiplication problem, like 17x24. System 1 can assert
that 16 is not the right answer. System 2 is required to
provide the right answer. It is not an example we picked
randomly... our readers will note that the most recent
progress OpenAl has made relates to solving math
problems... To us this is a strong indication that this
progress is about planning capabilities.

Al is already very good at planning, but only on very
specific tasks. Deepmind’s is the best well-
documented example of an Al system doing a good job
at System 2. As it plays chess or Go, at every step, it
brings the board to a configuration that increases its
chances of eventually winning.

Needless to say, it is also a good example because it
achieved supra-human capabilities.

, playing is also a good example of Al
planning and delivering supra-human performance at a
very specific task. Although the system is more complex
to comprehend than chess or a Go board, the principle
is the same: At every move, the Al evolves the system
into a state, which increases its odds of the Al
eventually winning the game.

In principle, there is nothing complicated, as is always
the case in Al (remember we coined the term ‘Artificial
Stupidity'in 2015). AlphaZero simply played against
itself the equivalent of billions of years of games in

4 We are not sure of what a computer the size of the universe is, or
a tree the size of the universe, but here we want to vividly reflect

order to progressively score all the board
configurations that are the most likely to come up in a
game, in terms of the probability of winning from this
configuration. If you dig one step deeper and increase
the level of abstraction, it means the Al selectively
crawls through the tree of all possible plays, and
remembers how each configuration it visits brings it
closer to a win. The important word not to miss here is

, since the tree of all possible plays cannot
be fully crawled. Its size means it could, probably not be
fully crawled, even by a computer the size of the
universe®.

This is where Q-learning and Q* come in. Q-learning is
the algorithm of selectively going through a tree of
possible states, looking to increase the probability of
winning at every step.

Q-learning is a reinforcement learning approach. The
algorithm associates a reward to every step through the
tree and computes at ever step its Q-value, ie its
estimate of the total reward it could get from this state.

Q* is in some ways the maximum of the Q-value, i.e. the
total reward the Al would accumulate, were it to make
the best move at every step.

Obviously, by naming an Al Q* the team may mean they
cracked a very efficient Q-learning algorithm, and this
is not easy. To be able to learn how to do this, the Al
needs two things that super-intelligent and super-nerdy
humans need to figure out: First, an algorithm that
allows an efficiently selective tree crawl; second a way
to rate each possible move in the tree with a reward.
This is where the very simple algorithm becomes
challenging to apply to a given problem.

Our best hypothesis (after crawling the tree of possible
explanations in an efficient and selective way) is that
OpenAl developed and implemented a Q-learning
algorithm, which crawls through possible answers a
language model makes to a prompt, token by token, or
group by group of tokens, and somehow selects an
optimal answer.

Many in the field are working on this idea, and it is
arduous along the two implementation requirements
described above.

The first challenge is to define the Q-value of each
transition. As the model writes a sentence, each word

that the number of possible games in Chess is 10*120, i.e. more
than the number of atoms in the universe.



comes one after the other, and the model has the
choice at every step between several words. How to
determine which one, or which ones are the most likely
to lead to the best answer? We can easily understand
how playing again and again chess will help estimate
this for a multitude of board configurations, but it is
difficult to intuitively imagine how to define such a
function for a language model, especially a universal
one, valid for any use case, any conversation.

The second challenge is the size of the tree. The tree for
the game of chess is larger than the universe, the tree
for a language model, in which each token has tens of
thousands of possible values, and the number of
successive tokens is the number of words in your text, is
infinitely larger.

Here again, the fact that solving math problems seems
to be the task at which the new model was tested
concurs with our hypothesis. We can intuitively imagine
that every step in a math demonstration can be
evaluated with regard to whether it can lead to a
solution. It would likely use human feedback, with
operators grading elements of answers, based on their
own knowledge of math and experience at solving
problems. This is something for which OpenAl would be
very well positioned, with the experience accumulated

in the field of RLHF (Reinforcement learning with Human

Feedback) for ChatGPT. The difference with ChatGPT is
that feedback would not be about picking the best final
answer but picking the best path towards a good
answer, token by token.

Let’s now address what excites us the most here. What
does the introduction of planning in Al systems based
on large language models mean for compute, and
therefore, compute infrastructure?

Reinforcement learning can be understood as replacing
real-world data by 'compute'. (The attentive reader will
note this is one of the comments picked by journalists
that we highlighted in the “Facts” section of this note.)
Our depth of expertise doesn’t allow us to quantify the
impact, but we can give a directional hint on a couple
of axes:

In a reinforcement model, LLMs, after first training on
existing real-world data could then generate their own
content, evaluate it, probably in a self-supervised way,
and use it for further training and tuning. This means a
lot more compute, and, removing any upper limits. On

the amount of training that can be made. If the universe
of possible states is about infinite (the tree of all what
the model can create) and the data available to train
the model is self-generated, we would need to see
evidence of dramatically diminishing returns before we
believe the race for scale could slow.

As mentioned above, planning is unlikely to be universal
anytime soon, but is likely to be leveraged for a lot of
task-specific or use-case-specific fine tuning. Here
again it gives an open-ended outlook to compute
growth. As techniques to combine LLMs and planning
capabilities increase, the amount of fine tuning on the
giant ever-growing models described above - which
generate their own training data, will increase a lot, this
time driven by the breadth of adoption, in addition to
the size of models.

shows how we see this training market growing
as a result: a handful of ever-growing giant foundation
models and the proliferation of thousands of variants of
these models, fine-tuned to specialized tasks.

Ex2 - Foundation models will lead to thousands of fine-tuned models

Source: NSR analysis

We see for inference something completely new at play.
At the time of AlphaZero, inference compute did not go
up with innovation, on the contrary. AlphaGo was
running a tree search at every stroke and was therefore
running inference on a huge infrastructure: 1920 CPUs
and 280 GPUs. That is a midsize datacenter of its own.
AlphaZero did not need a tree search anymore as it was
able to select the next best move just from what it had
learnt with reinforcement learning. (In a way, the
innovation of AlphaZero meant moving the tree search
from inference to training.) As a result, AlphaZero is



running inference on half a server, with 4 TPU chips. This
is 3 orders of magnitude (1,000x) less than AlphaGo.

Here, as planning capabilities are developed for large
language models, we see an inverse evolution: much
more inference compute. Here again, our depth of
expertise and the open-ended nature of the field
doesn’t allow us to quantitatively measure the impact,
but we can make the following observations:

In press reports, is mentioned. In
layman terms, it means inference compute. This
probably means Q* has materially increased inference
compute in order to achieve its breakthrough.

(borrowed from the excellent write up on LLM
autonomous powered agents published this summer by
Lilian Wang®) displays well how inference compute must
go through the roof: Instead of producing a text token
by token, the agent enters into a planning mode in
which it will reflect, assess its own production, improve
it, chain thoughts, and decompose its tasks in multiple
subtasks.

Intuitively, we believe an agent based on an LLM
looking for a better, more thought-through answer than
the one that comes to mind instantly (System 2 vs.
System 1) is unlikely to be trained, and even less so pre-
trained in a generic way, but more likely to run trial and
error and optimization routines at inference time,
prompt by prompt. Our hypothesis is that Q* operates
this way, developing step by step math demonstrations.

Ex3 - Planning capabilities increases inference compute demand

Short term memory Long term memory
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Source: Lillian Wang paper on LLM powered autonomous agents,
and NSR analysis.

5 LLM Powered Autonomous Agents

We see two main implications. One is quantitative, the
other is qualitative.

On the quantitative front, in both training and
inference, we see the development of planning
capabilities resulting in an enormous increase in
compute requirement, driven by both training and
inference, the former playing out now, the latter
potentially very soon.

This actually fits well with what we have observed in the
last 12 months, in terms of training: We expect revenues
from Nvidia and Broadcom related to Al compute to
grow 66% and double respectively, between 2023 and
2024, i.e. between the world of Bard and GPT-4 and the
world of GPT-5 and Gemini, who are both expected to
feature planning capabilities. In our conversations with
practitioners, at various steps of the value chain, from
chip manufacturers to frontier developers, we
understand that training and the increase in model
complexity is still the primary driver of compute growth
today, while inference, even in the context of a very fast
adoption of Al services, has remained a distant
secondary driver until very recently.

Inference is what now gives us cautious but increased
confidence in further growth in compute investments,
beyond 2024. Nvidia management already mentioned
on the last earnings call, last week, that inferencing "/s
now a major workload for NVIDIA Al computing".
Imagine what happens next, as these planning agents
are deployed: it will at the same time accelerate the
growth of compute per inference andthe adoption of
services, i.e. the volume of inference!

The second implication we see is more qualitative: the
dream of doing better than GPUs with in-house chips
may take a serious blow.

As models embed planning capabilities to enable
agents, there is a good chance that algorithms for both
training and inference will go through significant
changes and diversify significantly. This will narrow the
window of opportunity to develop alternative chips for
a simple reason: There is no free lunch in chip
architecture. A new ASIC can do materially better than
a state-of-the-art GPU (i.e. an order of magnitude
better) only if it pushes specialization further. We
showed this several years ago in our research. Investing
in an in-house chip can make sense when a use-case
generates workloads in very high volumes, which will
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remain very similar over a long period of time. If, on the
contrary, it is unclear what the workloads of tomorrow
will be, and if workloads of today may be replaced by
significantly different ones, using the off-the-shelf best-
in-class GPU is likely to remain the best option for most,
for quite some time.

We don’t see an Al singularity (a point where Al
becomes sentient and supra-human “in general”, at any
task), but we potentially see a singularity, just ahead of

|n

us, in terms of 1) the compute resources required to
continue to “push back the veil of ignorance”, and 2)
how much these compute-hungry innovations can
further accelerate the pace of adoption of compute-
hungry Al agents.

The combination of these two would create a
singularity... in the pace of deployment of additional
silicon. Never forget, llya Sutskever said in 2019: “/¢ /s
pretty likely that the entire surface of the earth will be
covered with solar panels and datacenters”.

We feel maybe we understand better today what he
meant at the time
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