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[ lckmtro...

‘

H mcms and a few quirky artificial minds




Artificial minds side more formally...

* Current work: Building brua.io — enabling the use of Al capabilities to augment
human endeavours reliably and safely

* Recent work: Lead the large model training stability program at Graphcore —
stable training of large (foundation) models in reduced precision

* Background
* Academia (1999 - 2013): from home made robots to computational self-awareness
* Entrepreneurship (2012 - 2015): Al driven personalised math education

* Industry (2016 - 2022): surfing the deep learning wave and building technology,
competence, communities, and product


http://brua.io

Brua the Critical

Composition of LLMs and an expanding suite of reliability capabilities

/' . boelger Today at 11:49 AM
< Where do oranges grow the most?
1

) @boelger Where do oranges grow the most?

brua [BOT} Today at 11:50

Oranges grow the most in Brazil, China, India, the United States, and Mexico.
Source:

boelger Today at 12:09 PM
Where do apples sleep?
1

) @boelger Where do apples sleep?
brua [BOT! Today at 12:09 PM
The question has issues. Apples do not sleep.

boelger Today at 1:04 PM
How do cats bark?
1

) @boelger How do cats bark?
brua [BOT| Today at 1:04
The question has issues. Cats do not bark, they make other vocalizations such as purring, hissing, growling, and meowing. Some cats can even chirp like a bird!

boelger Today at 1:07 Pm
How do magnets roar?

1

& @boelger How do magnets roar?

brua [BOT) Today at 1:08 PM

The question has issues. Magnets do not make noise, but they do make waves. When a magnet is energized by electricity, it creates a magnetic field. A magnet that is making
waves will cause other magnets to make waves too.

boelger Today at 4:52 PM
How high did the Kon-Tiki raft fly when crossing the Pacific Ocean?

1

&) @boelger How high did the Kon-Tiki raft fly when crossing the Pacific Ocean?

brua [BOT Today at 4:53 PM
The question has issues. The Kon-Tiki was not a flying raft, but a raft that sailed over the ocean.

@boelger



The good



LLM training paradigms in flux

Capabilities emerging
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Stable training of large (foundation) models in reduced precision on IPU systems

Enable Automatic Loss Scaling (ALS) for PyTorch model
PyTorch wrapped in a PopTorch training wrapper
opts.Training.setAutomaticLossScaling(True)

lONNX++

Manipulate IR via ALS and helper transformations for
POpART closed loop control over gradient scales via
statistics derived from the gradients




Why reduce precision?
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* Large compute, memory, bandwidth, and thus a large energy footprint [1]

* Reducing precision (e.g. halving) can alleviate these issues and accelerate training
and unblock experimentation, e.g. multiplies scale quadratically with #bits

* May lead to instabilities due to underflow/overflow

[1] Luccioni et al. (2022), Estimating the Carbon Footprint of BLOOM, a 176B Parameter Language Model, https:/arxiv.org/abs/2211.02001

[2] Image on right adapted from Koster et al. (2017) Flexpoint: An Adaptive Numerical Format for Efficient Training of Deep Neural Networks, https:/arxiv.org/abs/1711.02213
GRAPHCORE



https://arxiv.org/abs/2211.02001
https://arxiv.org/abs/1711.02213

Large model training is numerically unstable in reduced precision

Failure mode: late detrimental underflow
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Automatic loss scaling for stable training of large models

* Closed loop control : > Fwb

e Gradients observed and loss scale \ /\Jrl :
L

updated every optimiser step

* Histograms ' ‘ - -
* FP32 loss scale to deal with underflow
. . BWD </’m
 Mixed precision math support ‘1
>




Reduced statistic used to make loss scale update decision

Gradient histograms are summed across Ops, across micro-batches, and across replicas
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Gradients scaled at different phases of training appropriately with ALS

ALS scaled grads in BERT Large - FinalStatsSum
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Stable training of BERT Large in reduced precision with ALS

Converging runs with multiple seeds using the ALS method now in production/release

2*13

ALS BERT large SDK 904 + D62062 seed 7 bin edge 2713 threshold 1e-7
== ALS BERT large SDK 904 + D62062 seed 6 bin edge 2*13 threshold 1e-7 = 2713 seed 3 == 2713
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0 1k

Single line of code in PyTorch models:

@ GRAPHCORE
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The bad and ugly



Google’s school boy error...

TECHNOLOGY

Google shares drop $100 billion after its new Al
chatbot makes a mistake

February 9,2023 - 10:15 AMET

#~ Google =
@Google

Bard is an experimental conversational Al service,
powered by LaMDA. Built using our large language
models and drawing on information from the web, it’s
a launchpad for curiosity and can help simplify
complex topics = goo.gle/3HBZQtu

v what new discoveries from the James Webb Space Telescope can | tell my 9 year old about?

Your 9-year old might like these recent discoveries made by The James Webb Space Telescope (JWST):

* In 2023, The JWST spotted a number of galaxies nicknamed “green peas.” They were given this
name because they are small, round, and green, like peas.

» The telescope captured images of galaxies that are over 13 billion years old. This means that
the light from these galaxies has been traveling for over 13 billion years to reach us.

+ JWST took the very first pictures of a planet outside of our own solar system. These distant
worlds are called “exoplanets.” Exo means “from outside.”

These discoveries can spark a child's imagination about the infinite wonders of the universe.

i) ch e v Check it

> | GIF [ALT


https://blog.google/technology/ai/bard-google-ai-search-updates/

Which answer do you prefer?

One that is correct and with sources, or one that confidently makes a mistake?

e — . .
boelger Today at 2:47 PM - How many solar eclipses can happen in a year?

How many solar eclipses can happen in a year?
1

&) @boelger How many solar eclipses can happen in a year?

brua [BOT. Today at 2:47 PM

On average, there are two to five solar eclipses each year, with a total
eclipse taking place every 18 months or so. Whether you can view that have between two and three solar eclipses. A solar eclipse occurs when the

In a given year, there can be up to four solar eclipses. However, most years

eclipse depends on where you are in the world. Moon passes between the Earth and the Sun, blocking the light from the
Source: Sun and casting a shadow on the Earth. The frequency of solar eclipses
varies from year to year because the Moon's orbit around the Earth is not

perfectly circular.

O &




Tried asking the same question many times?

February 14, 2023

boelger Today at 12:17 AM
How many exoplanets are known to humanity?

1

e
@boelger How many exoplanets are known to

humanity?

brua [BOT Today at 12:18 AM

As of 1 February 2023, there are 5,307 confirmed
exoplanets in 3,910 planetary systems, with 853
systems having more than one planet. Most of
these were discovered by the Kepler space
telescope. There are an additional 2,054 potential
exoplanets from Kepler's first mission yet to be
confirmed, as well as 978 from its "Second Light"
mission and 4,090 from the Transiting Exoplanet
Survey Satellite (TESS) mission.

Source:

@boelger

. S
=

boelger Today at 12:27 AM
How many exoplanets are known to humanity?

1

9 @boelger How n

humanity?

brua [BOT Today at

As of 1 February 2023, there are 5,307 confirmed
exoplanets in 3,910 planetary systems, with 853
systems having more than one planet.

Source:

boelger
How many exoplanets are known to humanity?

1

) @boelger How many ex e known to

v7?
Ly:

brua [BOT| Today at 12:29 AM

As of 1February 2023, there are 5,307 confirmed
exoplanets in 3,910 planetary systems, with 853
systems having more than one planet.

Source:

How many exoplanets are known to
humanity?

4

As of my knowledge cut off in 2021, the
number of confirmed exoplanets was
4134. However, this number is
constantly changing as new exoplanets
are discovered and confirmed. It is likely
that the current number of known

exoplanets is higher than that.

G

How many exoplanets are known to
humanity?

As of my training data, which has a
cutoff date of 2021, the number of
confirmed exoplanets is 4,332.
However, this number is constantly
changing as new exoplanets are
discovered and confirmed by
astronomers. It's worth noting that this
number only represents the exoplanets

that have been confirmed through

various methods, and it's estimated that

there are many more exoplanets in the

universe that have yet to be discovereg.

How many exoplanets are known to
humanity?

4

As of my knowledge cut off in 2021, the
number of confirmed exoplanets
(planets outside our solar system) was
around 4,000. However, this number is
constantly changing as new discoveries
are made and more data becomes
available. Astronomers are actively
searching for exoplanets using various
methods, and it's estimated that there
may be tens of billions of exoplanets in

our Milky Way galaxy alone.

G P




.et’s look at hallucinations in action...



The usetul



Brua the Critical

Composition of LLMs and an expanding suite of reliability capabilities

/' . boelger Today at 11:49 AM
< Where do oranges grow the most?
1

) @boelger Where do oranges grow the most?

brua [BOT} Today at 11:50

Oranges grow the most in Brazil, China, India, the United States, and Mexico.
Source:

boelger Today at 12:09 PM
Where do apples sleep?
1

) @boelger Where do apples sleep?
brua [BOT! Today at 12:09 PM
The question has issues. Apples do not sleep.

boelger Today at 1:04 PM
How do cats bark?
1

) @boelger How do cats bark?
brua [BOT| Today at 1:04
The question has issues. Cats do not bark, they make other vocalizations such as purring, hissing, growling, and meowing. Some cats can even chirp like a bird!

boelger Today at 1:07 Pm
How do magnets roar?

1

& @boelger How do magnets roar?

brua [BOT) Today at 1:08 PM

The question has issues. Magnets do not make noise, but they do make waves. When a magnet is energized by electricity, it creates a magnetic field. A magnet that is making
waves will cause other magnets to make waves too.

boelger Today at 4:52 PM
How high did the Kon-Tiki raft fly when crossing the Pacific Ocean?

1

&) @boelger How high did the Kon-Tiki raft fly when crossing the Pacific Ocean?

brua [BOT Today at 4:53 PM
The question has issues. The Kon-Tiki was not a flying raft, but a raft that sailed over the ocean.

@boelger



LLM sampling: answer

(pretrained, few shot prompted)

Chat history

+

LLM sampling: query
In context

(pretrained, few shot prompted)

LLM embeddings

(pretrained)

4

Ranked

results

LLM sampling: answer
In context

(instruction finetuned, zero shot)

+

Response

Architecture

Google search

Data and Grounded question validation
b using LLMs and data

(pretrained, few shot prompted)

Sources

LLMs from Co:here
https:/cohere.ai/



https://cohere.ai/

258 Keeping Al capabilities on firm ground...



25 is an expression of brua.io

brua.io is on a mission to transform the way humans interact with Al

capabilities. We are here for these capabilities to augment human
endeavours reliably and safely, building a deep tech company
rooted in Oslo that expands the frontier of Al along the way.

values talent tech leadership vision

ambition

Let’s shape the future of Al right here!


http://brua.io
http://brua.io

Thank you!

arjun@brua.io


mailto:arjun@brua.io

