Getting
Started with
Azure OpenAl

Deploying and Managing Azure Al
and Azure OpenAl Solutions

Shimon Ifrah

ApreSS®



Getting Started with
Azure OpenAl

Shimon Ifrah

Apress’



Getting Started with Azure OpenAl: Deploying and Managing Azure Al and
Azure OpenAl Solutions

Shimon Ifrah
Melbourne, VIC, Australia

ISBN-13 (pbk): 979-8-8688-0598-1 ISBN-13 (electronic): 979-8-8688-0599-8
https://doi.org/10.1007/979-8-8688-0599-8

Copyright © 2024 by The Editor(s) (if applicable) and The Author(s), under
exclusive license to APress Media, LLC, part of Springer Nature

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or
part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way,
and transmission or information storage and retrieval, electronic adaptation, computer software,
or by similar or dissimilar methodology now known or hereafter developed.

Trademarked names, logos, and images may appear in this book. Rather than use a trademark
symbol with every occurrence of a trademarked name, logo, or image we use the names, logos,
and images only in an editorial fashion and to the benefit of the trademark owner, with no
intention of infringement of the trademark.

The use in this publication of trade names, trademarks, service marks, and similar terms, even if
they are not identified as such, is not to be taken as an expression of opinion as to whether or not
they are subject to proprietary rights.

While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal
responsibility for any errors or omissions that may be made. The publisher makes no warranty,
express or implied, with respect to the material contained herein.

Managing Director, Apress Media LLC: Welmoed Spahr
Acquisitions Editor: Smriti Srivastava

Development Editor: Laura Berendson

Editorial Assistant: Kripa Joseph

Cover designed by eStudioCalamar
Cover image designed by Freepik (www.freepik.com)

Distributed to the book trade worldwide by Springer Science+Business Media New York, 1

New York Plaza, Suite 4600, New York, NY 10004-1562, USA. Phone 1-800-SPRINGER, fax (201)
348-4505, e-mail orders-ny@springer-sbm.com, or visit www.springeronline.com. Apress Media,
LLC is a California LLC and the sole member (owner) is Springer Science + Business Media
Finance Inc (SSBM Finance Inc). SSBM Finance Inc is a Delaware corporation.

For information on translations, please e-mail booktranslations@springernature.com; for
reprint, paperback, or audio rights, please e-mail bookpermissions@springernature.com.

Apress titles may be purchased in bulk for academic, corporate, or promotional use. eBook
versions and licenses are also available for most titles. For more information, reference our Print
and eBook Bulk Sales web page at http://www.apress.com/bulk-sales.

Any source code or other supplementary material referenced by the author in this book is
available to readers on GitHub. For more detailed information, please visit https://www.apress.
com/gp/services/source-code.

If disposing of this product, please recycle the paper


https://doi.org/10.1007/979-8-8688-0599-8

Table of Contents

About the AUhOr ........c.ccccmmmsmmmmsmnmmssssmsssssssssssssssas s ssnsssssnsssssnnsnssnnnns xi
About the Technical REVIEWET ........cuscesssssnsssssnsssssnsssssnsssssnsssssanssssnnss xiii
Chapter 1: Introduction to Azure Al and OpenAl..........ccuvsmemmnnnnrresssnns 1
About Azure and Azure OPENAL.........ccoe v 3
Azure Al vS. AZUrE OPENAL.......ccvvrirere et nae s 3
AZUIE Al SEIVICES......coerrreirisisiss s 4
AZUIE OPENAL.....cierieterire s b e s s a e ne e nnes 7
Understanding Prompt Engineering and GPT MOdEIS .........cceereverrerserereesensersennes 7
Large Language Models (LLMS).........ccocvvrinnenienienses s sesses e e ssesssessessessens 8
Prompt Engineering StrategiesS.......coivvvverrererenserseressssensesessesessesessessssessessenes 9
AzZUre OPENAI MOTEIS......ccvvererrererrereressesessessessssessessessessssessessesssssssessesasssssensesaens 9
Limits, Capacity, Context, and TOKENS.........cccevvrerernrensersereesessesersessssessessenes 11
Understanding Context and K...........ccvvrervvrrnienennnensensesssessesessesessessessenes 12

The Benefits of Using a Large Context WindOW...........cccevrererenrerierenessensenens 12

Cost of Azure OpenAl MOTEIS .......ccecervererererrersesessssessesessesessessessessssessessees 13
COUNETOKENS ... 15
Versions and UPAates ... s ssssessesse s 15
AUO-UPAALE.......ccece e ———————— 16
Azure OpenAl Models Retirement Dates ... 17
Azure OpenAl Models Deprecated Key Dates..........cccvvvrvniniennnnsenenssensensens 18
Azure OpenAl Subscription LIMits........cccvvvinnnnnininnsensensese s sessessens 20
Dynamic QUOTA........cccverernierirerir e e 23

iii



TABLE OF CONTENTS

0T a L 0] T 0= 0 U O 23

Best Practices for Azure OpenAl Resource Monitoring.........ccocveevvereerersersenees 24
Programming LangUages.........cccuurierernnmnsenesisssnsessesessssessessessssessessesssssssessesnens 25
Azure OpenAl REST AP ... 26

Getting a Base Model Using REST API.........ccoornrenernncreneresee e 27
Azure OpenAl Assistants vs. Chat Completions...........cccoevvrvvverersersenseessessensens 29
ASSISTANES AP ..ot s 30
Components of the ASSISTANTS APl ...........cccvievrrvin e 30
Handy RESOUICES ......cocueriririierie s s s s s s ss s s s s sne s s s 31
Chapter SUMMANY ... e e p e 32

Chapter 2: Install Tools (Azure CLI, Azure PowerShell,

VS Code, COPIlot) ..cccueerrrrsssmnnmmssssnnnssssssnsnssssssnnnssssssnnnssssssnnnsssssnnnnesssnnns 33
Create a Microsoft Azure ACCOUNT.........cccccericernenene e 34
Request Access t0 Azure OpPenAl SEIVICE ......cocvvevvevverererrerseressesessessessesessessessens 35
AZUrE SDK Or INET ... sesssssssssssens 37
PaCKAQe LiSt.......cccvceiireirene s 38
1LY L = 39

WINndOWS WINGEL.........ccoveeereereeeerce e 41
Visual STUI0 COE .......ccoerrveererererese s 4
INSEAIl VS COE......ccerveerrerercse s 42
INStall EXIENSIONS.......ccciriererirerese s s srnnes 42
ST 1S 3 Y R 44
Visual StUAI 2022 ..........cccvvreririrrirere s e 46
Visual Studio 2022 PrEVIEW ........ccvuruiemsereressssssssssesssssssesesesssssssssssessssssssssssens 49
Install Azure POWEISNEIL ... 50
Sign In to Azure Using Azure POWEIShEll.........ccocevviervrierenessenseneresessenensens 51
INSTAII AZUFE CLI ... 53

iv



TABLE OF CONTENTS

Enable Azure CLI Tab Completion (Windows Only)........ccvrerevrerierieresensersenees 54
Create @ POWerShell Profile...........oovnnnnsssesssssssese s 54
AZUrE CloU SNEIL........eeeeeeeeeerer e 55
Use Azure Cloud Shell...........oeeierreecre e 58
Use Azure Cloud Shell with VS Code...........ccorrrenenenernneneseseresseesesesennns 59
INSEall TEITATOIM ... e 62
High-Level Example of Terraform ..........cccoveereennsnnnesessese e 62
T 63
Install Terraform on MacOS ... s 64
Enable Terraform Tab Completion..........ccccovvnvnininnnsninnns s 64
Install Terraform 0N LiNUX.......ccoeoenenrercrercrereerese s 65
Install Terraform on Ubuntu LinUX ..o 65
Enable Terraform Tab Completion on Ubuntu ........ccocvvnvninininnsnccnennn, 66
Install Terraform on Windows..........ccoveerercrrnesmneserssesese e 66
INStall POSIMAN ... 67
INSTAIL GiL......cceirieerrerrre e 70
HOW 10 USE Gil...covveevereeriee s ss e s e s 71
LTy 0T 0] 0] ) O 73
How to Use GitHub Copilot........cccoevvvrvriennrnserie e sesesaeenes 76
(1 1o T T T 11 79
Chapter 3: Azure .NET SDK for Azure OpenAl and Al Services ........... 81
INEFOAUCTION.....c.eeeeee e e 81
Deploy Azure OpenAl RESOUICE .........cccveererreiensenesesinsesese s sesse s ssssessessesnes 84
Get Endpoint and API Key Information..........ccccvvnivncnnnvnnsnscsesssensennens 86
Deploy @ MOGEL.........ccovcierercrere e e e s 87
Use Chat Playground to Test the Model.........ccccccovvvrncnniennccrncccerecereae, 90
View Code and Endpoint Details...........ccccoveernrenrennnccrnienene s esesneens 91
Deploy t0 WED ADDP....ccierrirre s e 9



TABLE OF CONTENTS

Create a C# Console APPlICALION .......covcevvererenerserere s s e e sse e 97
Adds Tokenizer Configuration FileS .......ccccveevvrrieriennnensessesensssenesessssensessens 98
Add PACKAGES ......cocerreerieririinrie s se s ss e s s ss e s s s sn e s s s 99
AU COUR ... es 100
Create Environment Variables ... 104
LT AT o]0 o= 0] S 105

Use Terraform to Create Azure OpenAl Resource and Deployment................... 107
Terraform Configuration (Main.tf) .......cccccvvvevrrirninrrrcr e 108
Deploy Using Terraform ... ssessessssessessens 109
Verify Deployment ... 110
Destroy Deployment ... s 111

Use Azure CLI to Create Azure OpenAl Resource and Deployment ................... 112
Create RESOUICES ........cceoereeererererree s ses e s se s e seens 112
AZUE CLITOOIS ... 113
RUN AZUrE CLI COE .......ceeeeeeeeereeererce e 114
Learn More About Azure CLI Al SEIVICES........ceeereeeererserererersesesesesessesesenns 114

Use Azure PowerShell to Create Azure OpenAl Resource and Deployment ......116
Create RESOUICES ......cccvveerrreresesersese s sesse e s sss e sesse e ssssessssssessssssssssssnnes 116
PowerShell Script: A0i-deploy.psT ..o sesessens 117
Retrieve INfOrmation...........ccvvervennenenese s 118
Delete DeploymMeNt ... 119

Use Azure OpenAl With POSTMAN..........cccvvcrnennesnnese e 119
Configure WOrKSPACE........coiuerrrererresersnsesesessssssessssessssesessssessssssesssssssasessanes 121
Create an ENVIrONMENt.........ccovvevrenrnssnesnsese s s se s ssnnes 122
Add Environment Variables...........ccueernnnnesnnnnennsessnsse s ssssesenns 122
Create @ COlECHION ........cccvvcerrneserese s 123
Create @ POST ReqUESL.........ccovrerreserne s sesse e 124
RUN POST REAUEST.......ccerrreirrierinserrssesesre e se e sss s e ssnsssnssenens 125



TABLE OF CONTENTS

LiSt MOGEIS ..o s 128
API RESOUICES......ccriruierreesisesesssessss s e s ss s s s s s s 129
Chapter SUMMANY ... e e 130
Chapter 4: .NET SDK and Al Studio ..........cccenrrmsssmnnnnsssssnssssssssssssssssnns 131
Create ASP.NET Application with Azure OpenAl............ccccvvrinnininieninsnsensenens 131
Create an ASP.INET Application ..........ccccocvinnvnnninnnsnnssessssssesesse s sessesnes 132
Install Azure OPEnAI LiDFary ........ccoococeeernreseresereesesessesesese s sessesesseesennes 134
Create ClASS ....coveeeereerreerererere e 134
Class Configuration ..........coccoveerrerernnrn e 135
Run Web AppliCation.........ccccvvrrinnsnrnesnssssese s sessssessessens 139
Create a Web App Using VS Code ........ccocevvvrvneninnnsnre e sessesnes 141
Publish AppliCation ........c.ccovirvnininrrsnre e nnens 146
Deploy t0 WED AP .ot 147
Set Environment Variables Azure Web AppP......cccovrvnnnennsnsenenssessenenns 150
Set Environment Variables for Azure Web App Using Azure CLI................... 151
Set Environment Variables for Azure Web App Using Azure PowerShell...... 152
Test APPlICALION .......coevevirirer e ————— 152
Get Started with Azure OpenAl .NET SDK........ccccccvimvennenmnnnesnsesesesesssesesesenns 153
Create App Regdistration.........c.cccvvevrnsnnnennese s 154
Create Environment Variables ...........coucvvrennenennsesnnesenesessse s 156
Create C# Console Application for Azure RESOUICES.........cccerrvrererererrenersnnes 156
INSEAll PACKAGES ......cevereereerere e s s 157
COdE: PrOgram.Cs .....ccovrererrnserrnesessssessssessssesesssse s ssssessssssessssssssssssssassssnns 157
Azure 0penAl On Your Data..........cccvveveerenvnienieninsensese s sesse e sessessessesessessesnes 160
Create BIOD SOrage........coovvvvererererseriesiesis s e sese e sss e s ssessssessessesnes 162
Enable CORS..........orr s 165
Enable Azure Al SEArch..........cccvvricnnr 165

vii



TABLE OF CONTENTS

AdA PDF FIlE ....cueueeirersrsrsrsssssssssssssesesesesesssessssssssssssssssssssssssssssssssssssssssssenes 167
ASK QUESTIONS.......ucieererinsseesesesssssse s sn s se s sessssssssssnsens 170
Chapter SUMMANY ... e sa e 173
Chapter 5: Introduction to Assistants.........ccccunsmmnrmsssnnsmsssssnsnsssssnns 175
ASSISTANES AP ... 175
Assistants APl Objects and COompoNeNnts..........ccccoveererenereserenesesenesenesenns 176
CONtEXE WINAOWS ... e 176
Create Al Assistants USing G ..........ccccovevmnenmninnsnsmsnsssssse s sessesenns 177
Create Azure OpenAl Resource and Deployment Using Azure CLI............... 177
Create Console Application...........cccucvvrienninininn e 178
INSEAIl PACKAGE ....cvreeerreerieerese e 178
Set Environment Variables..........ocuveernernsennnesenssesessesessse s sessssessssessnnes 179
PrOQIam.CS ...covrcerreerresesessesesse s e s e s e s s s e s sessessssssessesessnssssnsenens 180
Run Application.........cccucrniininn e 184
Create Al Assistants Using PoStman ........c.cccocvvvrnsennesnnnsesssessse e sessesenns 185
Create an ASSISTaANt..........ccovvevriernisernse s 187
Create TRrEAd .......cccveeereiernerrrese e 190
Add User Question t0 Thread...........ccccvvvevnenennsesnsessnesessse s ssssesenns 191
RUN TRAFGAM ...t 192
AsSiStant RESPONSE ......ccccerrvverrrerirese s 194
Use Azure OpenAl Text to Speech with Postman...........cccccvevivvninceniennsensenens 197
Create a Resource and Deployment ..........ccccvvrvrrnnrnienennsensene e sessenennes 198
REtrEVE KBYS.. .o rierreererieriesere s ses s s e s ssesae e e ssesaessssesnesnens 200
Create Post Request (POStMan).........ccccvvevvrrvenersnnseniese s e sessennes 200
Use Azure Al Text-t0-Speech ConsSole AP ....covververerenrerserseressssessessessssessessenes 202
NET LIDFAIY oo ssssssssssesessssssssssssssssanas 203
Create Console APPliCAtioN..........cccvvvrereverensenrese s se s saeenes 203

viii



TABLE OF CONTENTS

1 1E | o To 2 Vo - S 203

o (00 0 TS 204
Create Environment Variables ... 206
AZUFE Al STULIO.......cceeecereer e 207
Create a Chat Playground.............ccccvrvevneneresernsesesse s s sessesesesesenaes 209
DEPIOY @ MOTEI ... s 212
Chapter SUMMANY ... s 216
Chapter 6: GPT-40, DALL-E, and WRISPEr ......cuussssemmmnnsnssssssssssssssnnnnnas 217
GPT-40...ccccccr e 217
DeEPIOYiNg GPT-40....cc.coeceriererierenseresesesses e sse e s e sse e s e s ssesassessessessssessesseses 218
Deploy a GPT4-0 Model USing AZUre CLI........cccoccvverrernnennerierenensensessesessesensees 219
Check DepIOYMENL.........ccovvrverererirrerere s sas e ssessesassessesaesnes 220
DALL-E ...ttt s 222
AVAIADITITY ....oovecerececere s ————— 222
Create a Deployment and Model ...........ccooevrevrncnnicnrseccre e 223
Azure CLI: Deployment COde.........ccuivrrrerrenerreserinsesere s sessesessssesssesenns 223
Generate Images with Azure OpenAl Service and Postman ..........cccocevenee. 226
Create a C# Console App With DALL-E..........ccccecrrvrmienerinccrnccrenererenerenaes 231
DALL-E Playground........cccooucmverermsensensesiessnsesessessssessessesssssssessessesssssssessens 234
WHRISPEY ...ttt s e e 236
Create a Deployment and Model ... 237
Azure CLI: Deployment COUe........ccverererrcrerenereeserenese s 237
Convert Speech to TeXt ... 239
Generate Audio Using Text t0 SPEECH.........covecrecrrierereer e 240
Set Environment Variables............ccovorenrnsnnscrreer e 242
POWEIShEll REST ... 243

ix



TABLE OF CONTENTS

GPT-4 Turbo With VISION ..o 244
Create a Deployment and MOdEl .........ccocevvvrveriernnensenseresessessesseseesessessennes 244

Use GPT-4 ViSion 0N IMAQGES ......cevrerrerrerererserseressessssessessesssssssessessessssessesses 246
Chapter SUMMAIY.......ccocvvvrirerr e s se e saesnes 250
INA@X . ciiiiiinnnmnnnnnrresssssssnnnnnnnsne s s ssssnnnnnnnessssssssnsnnnnnnenssssssnnnnnnnnnnnsssssnnn 251



About the Author

Shimon Ifrah is a solution architect, writer,
tech blogger, and an author with over 15 years
of experience in the design, management,
and deployment of information technology
systems, applications, and networks. In the
last decade, Shimon has specialized in cloud
computing and containerized applications

on Microsoft Azure, Azure Al, Microsoft 365,

Azure DevOps, and .NET. Shimon also holds
over 20 vendor certificates from Microsoft, AWS, VMware, Oracle, and
Cisco. During his career in the IT industry, he has worked for some of the
world's largest managed services and technology companies, assisting
them in designing and managing systems used by millions of people every
day. He is based in Melbourne, Australia.



About the Technical Reviewer

Kasam Shaikh is a prominent figure in India's
artificial intelligence landscape, holding the
distinction of being one of the country's first
four Microsoft Most Valuable Professionals
(MVPs) in AL Currently serving as a senior
architect, Kasam boasts an impressive track
record as an author, having authored five
best-selling books dedicated to Azure and Al
technologies. Beyond his writing endeavors,

Kasam is recognized as a Microsoft Certified
Trainer (MCT) and influential tech YouTuber
(@mekasamshaikh). He also leads the largest online Azure Al community,
known as DearAzure | Azure INDIA, and is a globally renowned Al speaker.
His commitment to knowledge sharing extends to contributions to
Microsoft Learn, where he plays a pivotal role.

Within the realm of Al, Kasam is a respected subject matter expert
(SME) in generative Al for the cloud, complementing his role as a senior
cloud architect. He actively promotes the adoption of No Code and
Azure OpenAl solutions and possesses a strong foundation in hybrid
and cross-cloud practices. Kasam Shaikh's versatility and expertise make
him an invaluable asset in the rapidly evolving landscape of technology,
contributing significantly to the advancement of Azure and Al.

xiii



ABOUT THE TECHNICAL REVIEWER

In summary, Kasam Shaikh is a multifaceted professional who
excels in both technical expertise and knowledge dissemination. His
contributions span writing, training, community leadership, public
speaking, and architecture, establishing him as a true luminary in the
world of Azure and Al. Kasam was recently recognized as the top voice
in Al by LinkedIn, making him the sole exclusive Indian professional
acknowledged by both Microsoft and LinkedIn for his contributions to the
world of artificial intelligence!

Xiv



CHAPTER 1

Introduction to Azure
Al and OpenAl

Thank you for choosing this book. Getting Started with Azure OpenAl is my
fifth book and third book about Microsoft Azure. In my previous two Azure
books, I focused on Microsoft Azure container services (AKS, ACR, Docker,
etc.) and how to use infrastructure-as-code tools (Terraform) to deploy
services to Azure.

As you embark on this learning journey, this book will guide you
through the process of deploying and developing generative artificial
intelligence (Gen-Al) solutions using Azure OpenAl services on Microsoft
Azure. Your active participation in this process is key to your success, and
therefore, I packed this book with many hands-on labs to help you get
through the learning process.

In this book, I will guide you on how to develop Gen-Al solutions using
the Azure OpenAl platform, with a step-by-step approach to setting up
the services from the ground up and deploying them to Microsoft Azure.
Besides using the Azure SDK for .NET, we will also utilize the Postman
API client to access Azure OpenAl services like Whisper (text to speech),
DALL-E (image generation), and the latest GPT-40 model.

Before we get started with Azure OpenAl, let’s focus on Azure SDK for
.NET. SDK stands for software development kit, a collection of tools and
libraries that help developers create applications for a specific platform or
service (Azure).

© The Editor(s) (if applicable) and The Author(s), 1
under exclusive license to APress Media, LLC, part of Springer Nature 2024
S.Ifrah, Getting Started with Azure OpenAl, https://doi.org/10.1007/979-8-8688-0599-8_1
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In most cases, an SDK contains an application programming interface
(API) that defines how the developer can interact with a platform
(Azure) using tools (.NET, C#, VC Code) that facilitate development and
deployment.

In this book, we will use the term Azure SDKs to refer to the libraries
that Microsoft provides for various Azure services, such as Azure Machine
Learning, Azure Cognitive Services, Azure Bot Service, etc. The Azure
SDKs are also available in different programming languages like Python,
C#, Java, JavaScript, and more.

The Azure SDKs enable you to access the features and capabilities of
Azure services from your code without having to deal with low-level details
or complex protocols. With the Azure OpenAl SDK library, we can create,
configure, train, deploy, and manage Al models on Azure and integrate
them with other Azure services and applications.

In this chapter, I will focus on the theoretical part of Azure OpenAl and
provide a lot of background that will help you understand the practical part
of the book. In this chapter, you will understand the following concepts:

e Models

e Prompt engineering

o Service limits

e Capacity limits

e Costof running an Al model
o Tokens

e Model servicing
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About Azure and Azure OpenAl

Azure is Microsoft’s cloud computing platform that offers a wide range
of cloud services and solutions for developers and organizations of all
sizes. Azure Al is a set of tools and services built into Azure that enable
developers to build Gen-Al-based applications using the open source
framework of OpenAl and deploy them in Azure.

OpenAl services deployed in Azure run on Azure’s robust security and
compliance infrastructure and enjoy the high availability and redundancy
of Azure datacenter infrastructure that includes 60 regions and 160
datacenters worldwide.

OpenAl is a research and nonprofit organization that aims to create
and promote friendly Al that can benefit humanity.

This book is designed to help you get started with Azure OpenAl and
learn how to use its features and capabilities using the Azure SDK for .NET
to create and deploy Al models for different scenarios.

In the book, we will use multiple programming tools like Azure CLI
and Azure PowerShell to deploy the underlying infrastructure services
Azure OpenAl uses.

By the end of this book, you will have a solid understanding of Azure
OpenAl and the technical knowledge to set up the underlying Azure
infrastructure needed for Azure OpenAl and Azure OpenAl services.

Azure Al vs. Azure OpenAl

Before we get started, we must first understand the big difference between
the following two services:

e Azure Al

e Azure OpenAl
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Azure Al Services

Azure Al Services, formally known as Cognitive Services, was first
introduced in 2015 as a set of cloud-based services for developers and
data scientists to build intelligent applications using Microsoft’s artificial
intelligence (AI) and machine learning (ML) capabilities.

Azure Al was launched in 2023 as a rebrand for the existing Cognitive
Services suite, including the famous OpenAl.

OpenAl is a research organization founded in 2015 by a group of
prominent entrepreneurs, investors, and scientists. The mission of OpenAl
is to ensure that artificial intelligence (AI) can be developed in a safe and
beneficial way for humanity without being constrained by profit motives or
corporate agendas.

OpenAI’s most notable projects and capabilities include

e ChatGPT - Large-scale language model (LLM) that
generates text and engages in conversations

e DALL-E - LLM model that generates images from text
descriptions

e Codex - LLM model that understands and generates
code and what powers the GitHub Copilot service

e Whisper - LLM model for speech recognition that can
transcribe and translate language to text

On top of the OpenAlI Services, Azure Al Services also offers the

following core Al Services:

e Azure Al Search - Al service that enables developers to
add search capabilities to their applications

e Azure OpenAl - As discussed, a set of tools and services
built into Azure that enable developers to use the open
source framework OpenAl and deploy them in Azure.
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e Bot Service - Enables developers to build, connect, test,
and deploy intelligent bots

o Content Safety - Al service that helps detect and filter
out potentially unsafe content

e Custom Vision - Al service that enables developers to
build custom image classification models

e Document Vision - Al service that enables developers
to extract information from documents

e Document Intelligence - Al service that enables
developers to extract insights and information from

documents

o Face - an Al service that enables developers to detect

and analyze faces in images

o Language - an Al service that enables developers to
process natural language text

e Speech - an Al service that enables developers to
convert speech to text and vice versa

e Translator - an Al service that enables developers to
translate text between languages

e Vision - an Al service that enables developers to
analyze and understand images

We can use the Azure Al services using the following .NET packages
available on NuGet.

In case you are new to .NET, Nuget is a package manager for .NET
development, and it allows developers to install, update, and manage
libraries and dependencies for their projects.



CHAPTER 1  INTRODUCTION TO AZURE Al AND OPENAI

Packages are installed using the Dotnet CLI, PowerShell, VS Code, and
package references. For example, we use the following command to install
a NuGet package using the Dotnet CLI.

dotnet add package Azure.AI.OpenAl --version 1.0.0-beta.16

Nuget holds over 200,000 packages that can be accessed using Visual
Studio, the dotnet CLI, or the Nuget website.
Table 1-1 shows the Azure Al packages.

Table 1-1. Services

Service Name .NET Package Details

Azure Al Search Azure.Search.Documents

Azure OpenAl Azure.Al.OpenAl

Bot Service Azure.ResourceManager.BotService

Content Safety Azure.Al.ContentSafety

Custom Vision Microsoft.Azure.CognitiveServices.Vision.CustomVision.
Prediction
Microsoft.Azure.CognitiveServices.Vision.CustomVision.
Training

Document Vision Azure.Al.Vision.Core

Document Azure.Al.Documentlintelligence

Intelligence

Face Microsoft.Azure.CognitiveServices.Vision.Face

Language Azure.Al.TextAnalytics

Speech Microsoft.CognitiveServices.Speech

Translator Azure.Al.Translation.Document

Vision Microsoft.Azure.CognitiveServices.Vision.ComputerVision
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Azure OpenAl

Now that we know about the capabilities of Azure Al Services, it is time we
understand the capabilities of Azure OpenAl. As explained in the previous
section, Azure OpenAl is one of the Al services Azure Al offers.

The reason Azure OpenAl receives so much attention is that it offers
OpenAl services under the Microsoft Azure umbrella and allows large
organizations to take advantage of existing investments in Azure and
develop OpenAl services without needing to make too many changes to
their infrastructure or security and compliance policies.

Azure OpenAl offers Azure customers and .NET developers the option
to use existing tools, libraries, and code to develop the most advanced Al
capabilities developed by OpenAl.

The most common use case for Azure OpenAl is the Azure OpenAl On
Your Data, where customers can use OpenAl capabilities on their data,
which range from databases to documents and more.

Azure OpenAl also offers infrastructure capabilities like private
networking, Al content filtering, and high availability of data centers.

Understanding Prompt Engineering
and GPT Models

Prompt engineering is one of the most important concepts of working
with OpenAl and other LLMs. Prompt engineering is writing effective
inputs for language models like GPT-4 that can perform various natural
language tasks.

An input prompt consists of a query that specifies the task and
provides some context and a response, which is the model’s output based
on the query.
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GPT-4 is a large-scale language model that uses deep neural networks
to learn from a massive amount of data and generate natural language
responses as output.

Large Language Models (LLMs)

LLMs are a category of models designed to understand and generate
human language. They are characterized by their large number of
parameters, which enable them to capture complex linguistic patterns and
knowledge.

GPT Models

GPT models are a specific type of LLM developed by OpenAl. They are
based on the Transformer architecture and are designed primarily for
generative tasks, meaning they can generate coherent and contextually
relevant text.

Key Differences Between LLMs and GPT

Specificity: All GPT models are LLMs, but not all LLMs are GPT models.
GPT is a specific implementation within the broader category of LLMs.

Architecture: While GPT models use the Transformer architecture,
other LLMs might use different variations or optimizations of the
Transformer model.

Training Objectives: GPT models are generally trained with a focus
on generative tasks, whereas other LLMs might be optimized for different
objectives, such as bidirectional understanding in the case of BERT.

In short, while GPT models are a subset of LLMs known for their
text generation capabilities, LLMs encompass a wider range of models
designed for various NLP tasks.



CHAPTER 1  INTRODUCTION TO AZURE Al AND OPENAI
Prompt Engineering Strategies

e Choose the right format and tone for the query and the
response. The more specific the request, the output will
be accurate.

e Provide enough context, be specific, and provide
examples for the model to understand the task and the
desired output.

e Experiment with different variations and combinations
of queries and responses to find the right prompt.

o Always evaluate the model’s outputs using external
sources, metrics, fluency, diversity, and alignment with
the task goals.

e Provide feedback regarding the outputs, and correct it
to improve the model’s learning and trustworthiness.

Prompt engineering is a must skill for working with GPT models and
other LLMs because it helps produce the right results from an LLM.

Azure OpenAl Models

Azure OpenAl offers almost the same range of OpenAl models with the
latest API version. It is also a good idea to consider each model’s cost when
working with models, as prices are not the same for all models.

Azure OpenAl offering includes access to the following models:

e GPT-4 and GPT-4 Turbo - The most powerful language
models ever created, with billions of parameters and
unprecedented speed and accuracy
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e GPT-3.5 - A scaled-down version of GPT-4, still capable
of generating high-quality natural language for a variety
of domains and tasks

o Embeddings - A service that provides vector
representations of words, sentences, and documents,
enabling semantic similarity and clustering analysis

e DALL-E - A generative model that can create stunning
images from natural language descriptions, such as
“a cat wearing a bow tie” or “a snail made of harp”

o Whisper - A service that converts text to audio with a
choice of voices, languages, and emotions

Using Azure OpenAl models works on the principle of using and
accessing any REST API service and makes no difference if we are pointing
to an OpenAl API endpoint or an Azure OpenAl API endpoint.

Azure OpenAl gives us access to the latest and newest OpenAl models
like GPT-4, GPT-3.5 Turbo, and more. These models allow us to:

¢ Generate content

e Summarize text

o Useimages with prompts
e Use semantic search

e Generate code and scripts

These services are available to us using the Azure OpenAl REST API
endpoints or using the Azure SDKs. We can also use these services with
Azure OpenAl Studio, which is a portal that allows us to use OpenAl services
using a GUI interface. We will cover the OpenAl Studio later in the book.
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Limits, Capacity, Context, and Tokens

One of the things we need to be aware of when working with LLMs is their

limited capacity to process and generate text. Every LLM uses tokens to

calculate words, subwords, or characters that can be combined to form

words and sentences. That calculation is also used to calculate the cost of

running an LLM.

When working with Azure OpenAl deployment, Azure allocates

each subscription a service quota that provides a rate limit per model

deployment in order to maintain service reliability.

A rate limit is calculated using the Tokens-Per-Minute (TPM) in

multiples of 1000 the deployment consumes. For example, the GPT-4
model has a 40K TPM limit per deployment. On top of the Azure RPM
limit, each model has a maximum request limit in tokens. Table 1-2 shows
the list of GPT-4 models at the time of writing this book.

Table 1-2. Max request limit

Model ID Max Request (Tokens)
gpt-4 (0314) 8,192 (8K)

gpt-4-32k (0314) 32,768 (32K)

gpt-4 (0613) 8,192 (8K)

gpt-4-32k (0613) 32,768 (32K)

gpt-4 (1106-Preview)

GPT-4 Turbo Preview

gpt-4 (0125-Preview)1GPT-4
Turbo Preview

gpt-4 (vision-preview)2GPT-4
Turbo with Vision Preview

Input: 128,000 (128K)
Output: 4,096 (4K)

Input: 128,000 (128K)
Output: 4,096 (4K)

Input: 128,000 (128K)
Output: 4,096 (4K)

11
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Understanding Context and K

When working with models and as shown in Table 1-2, each model has
a context limit defined by K. The K next to the number means “Killo”
(thousand). When working with the gpt-4-32k model, the 32K means the
model can use 32K tokens per context window (also known as session or
conversation).

As explained earlier, a token in the context of GPT-4 represents a
whole word or a subword. This means the model can generate a text with a
maximum of 32K in a single conversation (also known as context window).

A context window refers to the maximum amount of text (in tokens)
that the model can accept as input at one time. This also applies to the
amount of output the model can return.

In practice, a 32K context window is a lot, giving the model a large
amount of information for reference and output. It also allows us to input a
very large amount of data to the model and produce an extensive amount
of text.

The Benefits of Using a Large Context Window

When working with an 8K (default) and a 32K LLM model, we can
easily understand the following main benefits of using a large (K)

context window:

e Produce better results by inputting more information
into the model and generating more information like
results, etc.

e Broader reference - With a large context, the model
can “remember” more information and retain more

knowledge.

12
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¢ Relevance - The more information the model has, the
greater the relevance and accuracy of information it
produces.

As Al continues to evolve and grow, the focus will be on the size of the
context of new models in the upcoming years. More context means more
capabilities and more processing power.

When working with models in the current environment, it is
recommended to update the model you are working with to the latest
model release. A new release means more tokens and up-to-date
training data.

Training data (up to) in the context of LLM models refers to the dataset
used to train the model. In the case of the gpt-4 (0314) model, the training
data dataset is up to September 2021, which means the model doesn’t
know about events that took place after September 2021.

The latest GPT-4 model, gpt-4 (0125-preview), has a training data that
goes up to December 2023. It also has a context window of 128K. This is
a major improvement compared to the 0314 model and can make a huge
difference to the results on an LLM application, not to mention the results
the model can output.

Another point to consider is the retirement dates of the module; as of
writing these lines, the 0314 model will be retired after July 5, 2024. For that
reason, Azure introduced a feature that will automatically update models.

Cost of Azure OpenAl Models

As mentioned earlier, each model has a context limit and also a price, and
choosing the right model is an important task. Just like selecting the size of
an Azure Virtual Machine, we also need to take the same approach when
working with OpenAl models.
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