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Gen Al in prod

tech & product insights for delivering value with RAG

Francois PAUPIER - September 18, 2024
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1. Product & strategy

1. GenAl landscape
2. Strategic considerations

3. Business value and
differentiation

4. User-centric approach 1. RAG pipeline overview
2. Where to focus your eng. efforts

2. Technical implementation

3. Fine-tuning considerations
4. Pot-pourri of RAG protips
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Final Deprecation Reminder: gpt-3.5-
turbo-0301, gpt-3.5-turbo-0613,and
gpt-3.5-turbo-16k-0613 nbox &

OpenAl 20:15 & e
to julien ~

@ OpenAl

This is a final reminder that the following
models will no_longer _be available starting next
Friday, September 13, 2024:

e gpt-3.5-turbo-0301
o gpt-3.5-turbo-0613
e gpt-3.5-turbo-16k-0613

We have noticed that your organization has
recently used at least one of these models. To
avoid any disruption, we encourage you to
migrate to gpt-40-mini, our new small model
that will give you higher performance at lower
cost.

Thanks for building with OpenAl. If you have
any questions about model migration, feel free
to reach out on the OpenAl Developer Forum.

—The OpenAl Team
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Better models, and open-weights catching up with closed-source ones

@fpaupier

Closed-source vs. open-weight models @maximelabonne

Llama 3.1 405B closes the gap with closed-source models for the first time in history.
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Better models, and lower cost over time - example of OpenAl

GPT-3.5 Prices (per 1000 tokens, av.)

50.0200 8 months after GPT 3.5 APl was launched:
50.0150 ¢ GPT 3.5 is 90% cheaper than Da Vinci
$0.0100
<0 0050 Xi 0 50.8035 St e GPT 3.5 with 16k context got 55%

| ey — cheaper in 5 months
S0.0000 = — : :

Da Vinci - Nov GTP-3.5-4k- GTP-3.5-4k- GTP-3.5-16k- GTP-3.5-16k -
22 Mar Jun JUn Moy

8 months after GPT-4 APl was launched:

GPT-4 Prices (per 1000 tokens, av.)
e GPT-4-Turbo is now 55% cheaper than

S0, 1000
GPT-4-8k

$0.0750 $0.0900

— e GPT-4-Turbo i1s now 75% cheaper than
- — GPT-4-32k

$0.0250 P00 :

&5 550 $0.0200 e GPT-4-Turbo has 128k context window
| Da Vinci- Nov'22 GPT-4 (8k)- Mar  GPT-4 (32k)-  GPT-4-Turbo and is the same price is Da Vinci (older,

War (128Kk) - Moy less performant model)

Ada (Embeddings) Prices (per 1000 tokens)

50.0004 . _ 7 months after Ada was launched:

$0.0003 - e Ada Embeddings model is now 75%
cheaper

50.0002

e |t would cost now only ~$1500 to generate

50.0001 embeddings for the whole of Wikipedia

=0, 0000 - :
Ada - Moy '22 Ada - Jun

Source: Peter Gostev, Head of Al @ Moonpig, link , summer 2023
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A quick note on pricing for GenAl services

Successful approaches Considerations
Per-seat pricing Avoid complex per-token pricing
(e.g., GitHub Copilot, NotionAl) (expect for products designed for engineers)
Per business output pricing Implement fair use policies instead of strict usage limits
(#blog articles created) (reserves yourself a right to throttle)
Simple, flat-rate models Balance simplicity with value-based pricing

Copilot
Individual

= Prioritize simplicity In pricing to drive adoption and align with value delivered

10 uso
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Back of the envelope estimation for GenAl product cost

Substratus Home Contact Blog

OpenAl & other LLM API Posts Calculating GPU memory for serving LLMs
PrICIng CaICUIator Deploying Faster Whisper on Kubernetes November 16, 2023 by Sam Stoelinga

Introducing KubeAl: Open Al on How many GPUs do | need to be able to serve Llama 70B? In order to answer that, you need to know how much GPU memory will be
Calculate and compare the cost of using OpenAl, Azure, Anthropic Claude, Llama 3, Google Kubernetes required by the Large Language Model.
Gemini, Mistral, and Cohere LLM APls for your Al project with our simple and powerful free o
. . T What GPUs can run Llama 3.1 405B? The formula is simple:
calculator. Latest numbers as of September 2024.
Learn how to benchmark vLLM to M — (P+4B) {9
Input Tokens Output Tokens API Calls optimize for speed } (ng Q} .
1000 [ | 500 ] 100 - | Private RAG with Lingo, Verba and
Weayiates Symbol Description
Calculate b . . . o
culate by Deploying Mixtral on GKE with 2 x L4 M GPU memory expressed in Gigabyte
Tokens Characters GPUs
. ;o : P The amount of parameters in the model. E.g. a 7B model has 7 billion parameters.
Calculating GPU memory for serving
LLMs ;
4B 4 bytes, expressing the bytes used for each parameter
Deploying Mistral 7B Instruct on K8s
using TGl 32 There are 32 bits in 4 bytes
Pricing Calculations
The following pricing calculations are based on the input tokens, cutput tokens, and AP calls you have entered above. The K8s YAML dataset Q The amount of bits that should be used for I{)ading the model. Eg 16 b]tB, 8 hits or 4 bits.
Tutorial: K8s Kind with GPUs
o : = . :
Provider it Input/1k Tokens Output/k Tokens B e 1.2 Represents a 20% overhead of loading additional things in GPU memory.
Converting HuggingFace Models to
Chist/Compiistion Madets GGUF/GGML Looking to deploy LLMs on Kubernetes? Check out KubeAl, providing private Open Al on Kubernetes.

OpenAl GPT-40-2024-08-06 A Kind Local Llama on K8s Now let's try out some examples.

OpenAl 128K/4 $0.005 $0.015 50.0125

Source: Calculating GPU memory for serving LLMs, Nov 16, 2023

Self hosted

Source: OpenAl & Other LLM API pricing calculator

Cost of Goods
Sold (COGS)

LLM as a service
The direct costs of
producing the goods
sold by a company.
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For corporate - Exploring GenAl through a spinoff

Spinoff

]
-

000000

[l

['spin-6f]

The creation of a new
independent company by
selling or distributing new

shares of its existing
business.

=¥

2 Investopedia

Source: https://www.investopedia.com/terms/s/spinoff.asp

@fpaupier

Product & strategy

Escape corporate friction

Limit reputation risk
(e.g., hallucinations, buggy product)

Incentivize entrepreneurial team

Access new clients & revenue stream

@O0
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Example of Intel and its GenAl spinoff in Jan. 2024

Technology

News & Articles v Magazines v Reports & Whitepapers v Secto

I;{teain;;nounces Launch of
Enterprise Gen Al Spinoff Articul8

By Marcus Law

AAf"l:icl..ll.?5 /company  /ContactUs

Solving the World’s
CCCCCCCCC Toughest Problems
intet > with Generative Al

Accelerate digital transformation and unlock lasting business
value by rapidly transforming proprietary data into actionable
insights with our full-stack GenAl platform.

. Source: https://www.articul8.ai/
@fpaupier (0 DOQ)
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Business value and differentiation

 Combining business expertise with augmented LLM workflows
* Assessing Al-driven value creation

* Avoiding "ChatGPT wrapper" syndrome

The more specific your
Industry and context, the better your
model and product.
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Incorporating Generative Al into SaaS UX Build your moat &
Requires Tradeolls

<A‘ 1. Integrate off the shelf model to
NC General Chat Interface Capture dOmain SpeCifiC
| Interactions

. Specialized Chatbot

2. Correlate model suggestions
') Copilot with users actions

" Al-enabled features

3. Tune model / UX / features to
£ OF USE deliver domain specific expertise

— — > EAS

The more clarity you have over the user's goal, the more

you should trade off flexibility for ease of use. 4 Deliver exclusive value a
= oo generic model can’t offer

Source: Jake Saper, J. C. (2023). Your Success with Generative Al May Come Down to These UX
Decisions. https://www.emcap.com/thoughts/your-success-with-generative-ai-may-come-down-to-
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User centric approach - understand usage to design better products

 Logging and analysing user interactions

* Build yourself a cheap tool to view / annotate interaction data
Data flywheel: continuously improving a ML system

» Consider unsupervised learning to identify critical topics
Topic extraction, to discover topics in user queries
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Labeling Interface

| developed a labeling interface that would help us evaluate the human performance. It looked similar to, but
not identical, to the screenshot below:
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A crop of a screenshot of the labeling interface for the ILSVRC validation data. Try it out for yourself.

Source: Andrej Karpathy What | learned from competing against ConvNet on ImageNet, Sep 2 2014
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@oe H] ~ < En.l w cs.stanford.edu/people/karpathy/filsvre/ Gy ﬂ] -+ [t]

This is a labeling interface for some of the validation images of the [LSVRC 2014 classification task. It was written by @karpathy to help Evaluai
ILSVRC 2014, as desribe in blog entry here. After a lot of training, our best annotators get approximately 5.1% Hit-5 error rate (in other words, all 5 gu
only 5.1% of the time). See if you can beat Google's GooglLeNet ConvNet that achieves 6.7%! For every image, you have 5 guesses out of the 1000 c

Use normal course (normal distribution, default) Use hard course (images GooglLeMet did not get)

course: nﬂrma] course ix: D val ix: 40001
entity| | physical entity| |matter| |substance | |food, nutrient | (foodstuff, food product||starches | |potato, white potato, Irish potato, murphy, spud, tater

mashed potato

Show answer Show google prediction

bread, breadstuff, staff of life

meat loaf, meatloaf

Next

Source: https://cs.stanford.edu/people/karpathy/ilsvrc/
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What Karpathy learned from competing against a ConvNet on ImageNet

It took a while. | ended up training on 500 validation images and then switched to the test set of 1500 images.
The labeling happened at a rate of about 1 per minute, but this decreased over time. | only enjoyed the first
~200, and the rest | only did #forscience. (In the end we convinced one more expert labeler to spend a few
hours on the annotations, but they only got up to 280 images, with less training, and only got to about 12%). The
labeling time distribution was strongly bimodal: Some images are easily recognized, while some images (such
as those of fine-grained breeds of dogs, birds, or monkeys) can require multiple minutes of concentrated effort.
| became very good at identifying breeds of dogs.

It was worth it. Based on the sample of images | worked on, the GooglLeNet classification error turned out to be
6.8% (the error on the full test set of 100,000 images is 6.7%). My own error in the end turned out to be 5.1%,
approximately 1.7% better. If you crunch through the statistical significance calculations (i.e. comparing the two
proportions with a Z-test) under the null hypothesis of them being equal, you get a one-sided p-value of 0.022.
In other words, the result is statistically significant based on a relatively commonly used threshold of 0.05. Lastly,
| found the experience to be quite educational: After seeing so many images, issues, and ConvNet predictions
you start to develop a really good model of the failure modes.

Source: Andrej Karpathy What | learned from competing against ConvNet on ImageNet, Sep 2 2014
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https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://www.linkedin.com/in/fpaupier/
https://karpathy.github.io/2014/09/02/what-i-learned-from-competing-against-a-convnet-on-imagenet/

Andrew Ng also emphasised critical role of error analysis

Error Analysis

Carrying out error
analysis

Source: Andrew Ng, Carrying Out Error Analysis (C3W2L01) DeeplearningAl course

@fpaupier
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2. Technical implementation
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If you can’t measure It,
you can’t improve It.

- Peter Drucker
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The long shot - from your business goal back to automated metrics

Business metrics

Al generated metrics
e.g., LLM as a judge approach

Fast metrics

Pairwise comparison Lower churn

Accuracy

Single answer grading

Precision Increased conversion

Recall
Reference-guided grading

Increased user satisfaction

Mean Reciprocal Rank

\
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Relevant
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metric
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Finding where to focus your engineering efforts
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Start measuring from left to right

@fpaupier

Did we had the expected .
piece of information Is the retrieval system Is the re-ranking

in the first place ? finding the info ? priorizing correctly ?
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Maximise chance to reproduce exps. by logging all the way

* query

® query metadata

query

@fpaupier

® Chunking mechanism

® Embedding version

Retrieval Reranking
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® Reranker config ® Hyperparams
e max sequence length (batch size, ...) (Temp., topP, topK,..)
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Considerations on LLM finetuning 1/3

Reminder

Technique

Cost

Zero shot
‘do this’

Few shot
‘do this, here are some
examples’

Fine tuning
(Supervised / Preference alignment)

Train foundation model

$$$$x10eb

Best bang for the buck

Closed-source vs. open-weight models

Llama 3.1 405B closes the gap with closed-source models for the first time in history.

MMLU (5-shot)
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87% GPT-4 Claude 89085 1ba
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Source: Maxime Labonne, https://mlabonne.qgithub.io/blog,

@fpaupier
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Paying a premium for a top tier model
often solves the performance problem

FFocus precious engineering time to
solve *your” specific business problem
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Lower latency
requirements

Narrow problem -

When few shots specific task

learning does not

work
Data distribution

never seen on

When LLM-as-a- public dataset

service don’t work

well When is fine
tuning relevant ?

When prompt
engineering is
iImpractical

When deploying on
device

Data privacy
Clearly defined
loss function
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Pot-pourri of RAG protips
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Acheter 3 nouveay

Points de retrait Amazon Hub

raspberry

Toutes nos catégories =

Historioue de navigation ~

Ventes Flash ~ Coupons
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Raspberry Pi 5 8 GB Quad-Core
ARMAT6 (64 Bits - 2,4 GHz)

Wkl i 514
Plus de 400 achetés au cours du mols
dernier

9452=€

prime Livré en un jour
Livraison GRATUITE demain 18 sept.

Ajouter au panier

Plus de résultats
E——__

Amazon Basics  Chez Paupier

Meilleures ventes ° Amazon Seconde main

Ventes Flash Service Client

Mos idées cadeaux ~

Raspberry Pi 5 4GB Quad-Core
ARMAT76 (64 Bits - 2,4 GHz)

s oy 263
Plus de 100 achetés au cours du mois
dernler

73Uﬂ€

prime Livré en un jour
Livraison GRATUITE demain 18 sept.

Ajouter au panier

Autres vendeurs sur Amazon
65,54 € (29 offres de produlits d'occasion
et neufs)
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Idées cadeaux

Vendre sur Amazon

Services Amazon -

Raspberry Pi 4 Modeéle B (4 Go)

*rh A 10594
Plus de 100 achetés au cours du mois
dernier

6744€

prime Livré en un jour
Livraison GRATUITE demain 18 sept.

Ajouter au panier

Informatique

Q BFR-

Livres Meilleures ventes  Pri

Raspberry Pi 5 Kit de démarrage 8
Go, microSD 64 Go, bloc
d'alimentation USB-C 27 W, boitier
avec ventilateur, cable micro HDMI ...

W B2
Plus de 100 achetés au cours du mois
dernier

1 3950€

Jprime Livré en un jour
Livraison GRATUITE demain 18 sept.

Ajouter au panier
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Pot-pourri of RAG protips

Retrieval

— Toutes

Monoprix

Acheter a nouveau

Historique de naviga

~

Livraison

< Décocher
Tout Prime

Jour de livraison

< Décocher
Recevez-le d'ici demain

@fpaupier

Ordinateurs portables ~

Résultats
En apprendre plt

Livrer a Paupler

© Paris 75015

Informatique ~

Infermatique  Meilleures ventes  Promotions  Ordinateurs per

6 résultats pour "raspberry”

Tout Prime

Jour de livraison

< Décocher
Recevez-le d'ici demain

Affiner la catégorie

< Toutes les boutiques
Informatique

Accessoires IT
Ardolses numériques et eWriters
Barebones
Composants et piéces de remplacement
Ecrans PC
Imprimantes et accessoires
Mémoire
Ordinateurs de bureau
Ordinateurs portables
Réseaux
Scanners et accessoires
Serveurs
Tablettes tactiles

Choix d’Amazon

Commentaires client
< Décocher

L8 6 & gt@ T

Marques

< Décocher
Raspberry Pi

Prix
|| Jusqu'a 20 EUR
Etat
MNeuf

raspberry

Amazon Basics

Ordinateurs de bureau - Ecrans PC~  Tablettes~  Accessoires ° Stockage

O\ BFR.

Chez Paupler Ventes Flash  Service Client Idées cadeaux  Vendre sur Amazon Informatique Livres  Mellleures ventes  Pri

Composants ~ Gaming Réseaux - High-Tech =  Amazon Business

Raspberry Pi 5 8 GB Quad-Core ARMA76 (64 Bits - 2,4 GHz)

TR A A 514
Plus de 400 achetés au cours du mois dernier

9492€

prime Livré en un jour
Livraison GRATUITE demain 18 sept.

Ajouter au panier

Raspberry Pi 5 4GB Quad-Core ARMA76 (64 Bits - 2,4 GHz)

i i iy 263
Plus de 100 achetés au cours du mois dernier

73mg

/prime Livré en un jour
Livraison GRATUITE demain 18 sept.

Ajouter au panier

Autres vendeurs sur Amazon
65,54 € (30 offres de produits d'occasion et
neufs)

Raspberry Pi 4 Modeéle B (4 Go)

A A1~ 1094
Plus de 100 achetés au cours du mois dernier

6744'&

prime Livré en un jour
Livralson GRATUITE demain 18 sept.
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Pot-pourri of RAG protips

Retrieval

Source: https://www.sankeyart.com/sankeys/public/17290/

Amazon Q1 FY24 Income Statement

Net profit
VEEE $10.4B
2 229% Y/Y
r $£15.3B
o 2% Y/IY %260
169% Y/Y
Physical stores \7 Interest & other
$5.28 $2.3B

6% Y/Y

255% YY

Third-party seller services I B
$34.6B : . Fulfiliment
16% Y/Y Revenue $22.3B
$143.3B TR YIY
13% Y
Advertising services _ — Technology & infrastructure
s11.88 [N : $20.4B
24% Y/Y -0% ¥Y[Y
Subscription services
$10.78 Y g;lga & marketing
11% Y/Y -5% YIY
AWS ; General & admin
$25.0B . $2.78
17% Y/Y ; -10% Y/Y
: Other costs
i gl ~—— $0.2B
@fpaupier $1.38 —— 2% Y/Y

23% YIY
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Pot-pourri of RAG protips

Retrieval

metadata filtering is not dead !

- Enable domain specific search
- Embeddings work fine for full text, but bad for date, categories, price, etc
- Humans search with keywords & filter in mind

- Affordable way to improve your retrieval pipeline

Docs i Docs
m Store query
@fpaupier Observability

| |
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Pot-pourri of RAG protips

Retrieval

@fpaupier

metadata filtering is not dead !

ChatGPT o1-preview

9.11 or 9.8 - which is bigger?

@ Thouaght tfor 5 seconds

COMPARING DECIMALS

Analyzing unit magnitude

I'm working through the difference between 9.8 m/s"2, the acceleration due to gravity, and 9.11.

The latter numerically exceeds the former, though its context remains vague.

9.11 is larger than 9.8.

] L i[f“a |'_'|:'.|I

—
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Retrieval

@fpaupier
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Pot-pourri of RAG protips

Speed Mattel‘s Google Research

Useful metrics to track in production

June 23, 2009 : Posted by Jake Brutlag, Web Search Infrastructure

Speed is a feature

Source: Google Research - Speed matters, Web Search infrastructure

All other things being equal, more usage, as measured by number of searches, reflects more satisfied users. Our experiments
demonstrate that slowing down the search results page by 100 to 400 milliseconds has a measurable impact on the number of
searches per user of -0.2% to -0.6% (averaged over four or six weeks depending on the experiment). That's 0.2% to 0.6% fewer
searches for changes under half a second!

A
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Pot-pourri of RAG protips

Useful metrics to track in production

Speed is a feature

2 metrics to consider logging per user session:
- Total latency - for a request completion

- Time to first token - time it takes for the token to be returned to the user

v

Look at impact on user interaction
Follow up action”? Terminated their session?

RAG mini-map\

@fpaupier Observability ‘@@@@\ 36
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Pot-pourri of RAG protips

Useful metrics to track in production

Tracking semantic drift across time

semantic drift. changes in semantic
relevance over time.

Why tracking it ?
(Model Drift in Machine LearningJ
. . . .
|dentify trends in user behaviour & preferences e N el ] s
A A
. . . [~ S~
* Detect areas where the retrieval system is lagging z Bl
* Ensure continuous alignment with user needs and interests. z } : ’
Time Time

@ ProjectPro

Image source: ProjectPro

RAG mini-map\
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Pot-pourri of RAG protips

Useful metrics to track in production

Tracking semantic drift across time

How to track it ?

@fpaupier

|

Collect cosine similarity scores for user-query and document pairs.

ocs oCs
- ore ue
Observability

|

Use time-series plots to track changes in similarity scores over time and/or user segments

@080
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Pot-pourri of RAG protips

Beyond thumbs up - Collecting actionable user feedback

- Alice - “Let’s collect some feedback from our user”
- Bob - “Yay great idea! How do we do it ?”
- Alice - “Let’s add some thumbs up / down button in the UI”

Challenge: binary label 'good’ or ‘bad’
are vague and hard to use to improve
your pipeline.

RAG mini-map\

@fpaupier Observability ‘@@@@\ a9
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Beyond thumbs up - Collecting actionable user feedback

Key qualities of feedback

iInterface Detalls

Clarity & simplicity Use clear, concise language for feedback categories

@fpaupier (@lolElo
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Beyond thumbs up - Collecting actionable user feedback

Likely due to retrieval
system

Might need to perform
preference alignement on
LLM

@fpaupier

Help us improve x

Provide additional feedback on this answer. Select all that apply.

AR IS AR IS G2 A I SR A TS A Sl
_c.
¥ () Inaccurate T Out of date
N g 0 S i it S B A S P i SO A AN Sl S P A N I ANl i g
aZ o 2 ac. R o o N D P Oy BN D I AP ST P N (e o e~ e T SR
k
L} n ‘A
1z Too short T2 Too long |
q

o _fABa o — Oz A5 Sl LR g Fom BN [Sduitdl ="
=~ > o L \ - ~

How can the response be improved? (optional)

Your feedback...

Cancel

-~
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Observability
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Source: Feedback button of Perplexity.ai

Likely due to LLM
prompt
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In a nutshell

Generative Al isn't (just) about building
models - it's about building understanding.

Monitoring and error analysis are key to discover untapped
hiches and deliver specialized solutions

@fpaupier (DO .
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Appendix

Slides are available as pdf on fpaupier.fr/speaking
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