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			Preface

			Artificial intelligence is experiencing unprecedented growth, with new models emerging daily. With over 20 years in the technology sector, I can attest that the pace of innovation has never been this fast. This brings not only opportunities but also considerable change. Navigating these changes can be challenging and costly, as you may invest a lot of time learning a new technology that might become obsolete.

			Enter Microsoft Semantic Kernel – a framework that reduces these risks by enabling access to various AI services through popular programming languages. This framework spares you the details of grappling with constantly evolving APIs. By learning Microsoft Semantic Kernel, you can write code at the framework level, and the framework will call the underlying models for you. This allows you to focus on core concepts instead of the details of each model.

			One of the key benefits of Semantic Kernel is its ability to use different AI services. For example, code initially targeting the OpenAI GPT platform can be switched to Google Gemini, often without any modifications. This flexibility makes it easier to integrate AI into applications and to make minimal modifications to them when change inevitably happens.

			Moreover, Semantic Kernel makes AI accessible to enterprise programming languages. While Python has long dominated the AI landscape, many enterprise applications rely on C# or Java. Recognizing this, Semantic Kernel not only supports Python but also elevates C# to a first-class AI language. Java support is currently in its beta stages and is expected to launch fully in 2024.

			Whether you’re a solo developer or part of a larger enterprise, the demand to add AI functionality to applications is inevitable. This book was created to equip you with the necessary skills to implement AI quickly and effectively, ensuring you are well-prepared to meet this growing demand.

			Who this book is for

			The three main personas who are the target audience of this book are as follows:

			
					Developers who want to add AI to their applications without adding the complexity of connecting to several different services and maintaining the connections after each release

					Technical program managers who can write some code and want to quickly prototype AI functionality without having to learn details

					Applied researchers and data scientists who want to focus their time on solving business problems quickly, instead of working on the ever-changing ways of connecting and using AI services

			

			What this book covers

			Chapter 1, Introducing Microsoft Semantic Kernel, introduces several AI concepts and gives a tour of what Semantic Kernel can help you achieve, showing you how to connect to an AI service and use it to achieve a goal.

			Chapter 2, Creating Better Prompts, teaches you several techniques on how to interact better with AI, improving the chances that you will get a good result on your first try, using a concept called prompt engineering.

			Chapter 3, Extending Semantic Kernel, teaches you how to add functionality to Semantic Kernel, by adding native functions and semantic functions that can later be reused by you, as a developer, or your user to achieve their goals.

			Chapter 4, Performing Complex Actions by Chaining Functions, shows you how to use several functions of a kernel in sequence, making programming complex actions a lot easier.

			Chapter 5, Programming with Planners, explores how Semantic Kernel can receive a request in natural language and automatically decide which functions to call to achieve an objective, allowing users of your application to perform functions that you did not have to write code for.

			Chapter 6, Adding Memories to Your AI Application, examines how to add external knowledge to the AI models used by Semantic Kernel, making it easier for AI models to remember recent conversations and personalizations.

			Chapter 7, Real-World Use Case – Retrieval-Augmented Generation, shows how to add a large amount of data to AI models, allowing them to efficiently use information that they have not been trained on, including very recent and private data.

			Chapter 8, Real-World Use Case – Making Your Application Available on ChatGPT, shows how to publish the application you wrote with Microsoft Semantic Kernel on OpenAI’s GPT store, making it instantly available to millions of users.

			To get the most out of this book

			Readers will have to be familiar with programming in either Python or C#, and familiar with creating and connecting to AI services on the cloud.

			
				
					
					
				
				
					
							
							Software/hardware covered in the book

						
							
							Operating system requirements

						
					

					
							
							Python 3.11

						
							
							Windows, macOS, or Linux

						
					

					
							
							.NET 8

						
							
					

					
							
							OpenAI GPT-3.5 and GPT-4

						
							
					

				
			

			For Chapter 7, you will need to create an index in Azure AI search. There is a free tier. For Chapter 8, to create a GPT to share with others, you will need a ChatGPT subscription.

			If you are using the digital version of this book, we advise you to type the code yourself or access the code from the book’s GitHub repository (a link is available in the next section). Doing so will help you avoid any potential errors related to the copying and pasting of code.

			Download the example code files

			You can download the example code files for this book from GitHub at https://github.com/PacktPublishing/Building-AI-Applications-with-Microsoft-Semantic-Kernel. If there’s an update to the code, it will be updated in the GitHub repository.

			We also have other code bundles from our rich catalog of books and videos available at https://github.com/PacktPublishing/. Check them out!

			Conventions used

			There are a number of text conventions used throughout this book.

			Code in text: Indicates code words in text, database table names, folder names, filenames, file extensions, pathnames, dummy URLs, user input, and Twitter handles. Here is an example: “Since our prompt will be a new function and have multiple parameters, we will also need to create a new config.json file.”

			A block of code is set as follows:

			
    response = await kernel.invoke(pe_plugin["chain_of_thought"], KernelArguments(problem = problem, input = solve_steps))
    print(f"\n\nFinal answer: {str(response)}\n\n")
			When we wish to draw your attention to a particular part of a code block, the relevant lines or items are set in bold:

			
[default]
exten => s,1,Dial(Zap/1|30)
exten => s,2,Voicemail(u100)
exten => s,102,Voicemail(b100)
exten => i,1,Voicemail(s0)
			Any command-line input or output is written as follows:

			
dotnet add package Microsoft.SemanticKernel.
s.Handlebars --version 1.0.1-preview
			Bold: Indicates a new term, an important word, or words that you see onscreen. For instance, words in menus or dialog boxes appear in bold. Here is an example: “S Once these configurations are done, click Review + create and your web application will be deployed in a few minutes.”

			Tips or important notes

			Appear like this.

			Get in touch

			Feedback from our readers is always welcome.

			General feedback: If you have questions about any aspect of this book, email us at customercare@packtpub.com and mention the book title in the subject of your message.

			Errata: Although we have taken every care to ensure the accuracy of our content, mistakes do happen. If you have found a mistake in this book, we would be grateful if you would report this to us. Please visit www.packtpub.com/support/errata and fill in the form.

			Piracy: If you come across any illegal copies of our works in any form on the internet, we would be grateful if you would provide us with the location address or website name. Please contact us at copyright@packt.com with a link to the material.

			If you are interested in becoming an author: If there is a topic that you have expertise in and you are interested in either writing or contributing to a book, please visit authors.packtpub.com.

			Share Your Thoughts

			Once you’ve read Building AI Applications with Microsoft Semantic Kernel, we’d love to hear your thoughts! Please click here to go straight to the Amazon review page for this book and share your feedback.

			Your review is important to us and the tech community and will help us make sure we’re delivering excellent quality content.

			Download a free PDF copy of this book

			Thanks for purchasing this book!

			Do you like to read on the go but are unable to carry your print books everywhere?

			Is your eBook purchase not compatible with the device of your choice?

			Don’t worry, now with every Packt book you get a DRM-free PDF version of that book at no cost.

			Read anywhere, any place, on any device. Search, copy, and paste code from your favorite technical books directly into your application.

			The perks don’t stop there, you can get exclusive access to discounts, newsletters, and great free content in your inbox daily

			Follow these simple steps to get the benefits:

			
					Scan the QR code or visit the link below

			

			
				
					
						[image: ]
					

				
			

			https://packt.link/free-ebook/9781835463703

			
					Submit your proof of purchase

					That’s it! We’ll send your free PDF and other benefits to your email directly

			

		

	


		
			Part 1:Introduction to Generative AI and Microsoft Semantic Kernel

		

		
			In this part, you will get an overview of generative AI and how to use it with Microsoft Semantic Kernel. In addition to this, you will also learn best practices for prompting that can be useful not only when you’re using Semantic Kernel, but also when you’re interacting with AI on your own.

			This part includes the following chapters:

			Chapter 1, Introducing Microsoft Semantic Kernel

			Chapter 2, Creating Better Prompts

		

		
			
			

		

		
			
			

		

	


		
			1

			Introducing Microsoft Semantic Kernel

			The generative artificial intelligence (GenAI) space is evolving quickly, with dozens of new products and services being launched weekly; it is becoming hard for developers to keep up with the ever-changing features and application programming interfaces (APIs) for each of the services. In this book, you will learn about Microsoft Semantic Kernel, an API that will make it a lot easier for you to use GenAI as a developer, making your code shorter, simpler, and more maintainable. Microsoft Semantic Kernel will allow you, as a developer, to use a single interface to connect with several different GenAI providers. Microsoft used Semantic Kernel to develop its copilots, such as Microsoft 365 Copilot.

			Billions of people already use GenAI as consumers, and you are probably one of them. We will start this chapter by showing some examples of what you can do with GenAI as a consumer. Then, you will learn how you can start using GenAI as a developer to add AI services to your own applications.

			In this chapter, you will learn the differences between using GenAI as a user and as a developer and how to create and run a simple end-to-end request with Microsoft Semantic Kernel. This will help you see how powerful and simple Semantic Kernel is and will serve as a framework for all further chapters. It will enable you to begin integrating AI into your own apps right away.

			In this chapter, we’ll be covering the following topics:

			
					Understanding the basic use of a generative AI application like ChatGPT

					Installing Microsoft Semantic Kernel

					Configuring Semantic Kernel to interact with AI services

					Running a simple task using Semantic Kernel

			

			Technical requirements

			To complete this chapter, you will need to have a recent, supported version of your preferred Python or C# development environment:

			
					For Python, the minimum supported version is Python 3.10, and the recommended version is Python 3.11

					For C#, the minimum supported version is .NET 8

			

			Important note

			The examples are presented in C# and Python, and you can choose to only read the examples of your preferred language. Occasionally, a feature is available in only one of the languages. In such cases, we provide an alternative in the other language for how to achieve the same objectives.

			In this chapter, we will call OpenAI services. Given the amount that companies spend on training these large language models (LLMs), it’s no surprise that using these services is not free. You will need an OpenAI API key, obtained either directly through OpenAI or Microsoft, via the Azure OpenAI service.

			Important: Using the OpenAI services is not free

			The examples that we will run throughout this book will call the OpenAI API. These calls require a paid subscription, and each call will incur a cost. The costs are usually small per request (for example, GPT-4 costs up to $0.12 per 1,000 tokens), but they can add up. In addition, note that different models have different prices, with GPT-3.5 being 30 times less expensive per token than GPT-4.

			OpenAI pricing information can be found here: https://openai.com/pricing

			Azure OpenAI pricing information can be found here: https://azure.microsoft.com/en-us/pricing/details/cognitive-services/openai-service/

			If you use .NET, the code for this chapter is at https://github.com/PacktPublishing/Building-AI-Applications-with-Microsoft-Semantic-Kernel/tree/main/dotnet/ch1.

			If you use Python, the code for this chapter is at https://github.com/PacktPublishing/Building-AI-Applications-with-Microsoft-Semantic-Kernel/tree/main/python/ch1.

			You can install the required packages by going to the GitHub repository and using the following: pip install -r requirements.txt.

			Obtaining an OpenAI API key

			
					Go to the OpenAI Platform website (https://platform.openai.com).

					Sign up for a new account or sign in with an existing account. You can use your email or an existing Microsoft, Google, or Apple account.

					On the left sidebar menu, select API keys.

					On the Project API keys screen, click the button labeled + Create new secret key (optionally, give it a name).

			

			Important

			You have to copy and save the key immediately. It will disappear as soon as you click Done. If you didn’t copy the key or if you lost it, you need to generate a new one. There’s no cost to generate a new key. Remember to delete old keys.

			Obtaining an Azure OpenAI API key

			Currently, you need to submit an application to obtain access to the Azure OpenAI Service. To apply for access, you need to complete a form at https://aka.ms/oai/access.

			The instructions to obtain an Azure OpenAI API key are available at https://learn.microsoft.com/en-us/azure/ai-services/openai/how-to/create-resource.

			Generative AI and how to use it

			Generative AI refers to a subset of artificial intelligence programs that are capable of creating content that is similar to what humans can produce. These systems use training from very large datasets to learn their patterns, styles, and structures. Then, they can generate entirely new content, such as synthesized images, music, and text.

			Using GenAI as consumer or end-user is very easy, and as a technical person, you probably have already done it. There are many consumer-facing AI products. The most famous is OpenAI’s ChatGPT, but there are many others that have hundreds of millions of users every day, such as Microsoft Copilot, Google Gemini (formerly Bard), and Midjourney. As of October 2023, Meta, the parent company of Facebook, WhatsApp, and Instagram, is making GenAI services available to all its users, increasing the number of GenAI daily users to billions.

			While the concept of GenAI has existed for a while, it gained a lot of users with the release of OpenAI’s ChatGPT in November of 2022. The initial version of ChatGPT was based on a model called generative pre-trained transformer (GPT) version 3.5. That version was a lot better than earlier versions in the task of mimicking human-like writing. In addition, OpenAI made it easy to use by adding a chatbot-like interface and making it available to the general public. This interface is called ChatGPT. With ChatGPT, users can easily initiate tasks in their own words. At its launch, ChatGPT was the product with the fastest adoption rate in history.

			The GenAI concept was further popularized with the release of Midjourney, an application that allows for the generation of high-quality images from prompts submitted through Discord, a popular chat application, and Microsoft Copilot, a free web application that can generate text by using GPT-4 (the newest version of OpenAI’s GPT) and images by using an OpenAI model called DALL-E 3.

			In the upcoming subsections, we will discuss text and image generation using GenAI applications and explain the differences between generating them using applications such as ChatGPT and with an API as a developer.

			Text generation models

			The initial use cases for GenAI were to generate text based on a simple instruction called a prompt.

			The technology used behind most text-based GenAI products is called a transformer, and it was introduced in the paper Attention is All you Need [1] in 2017. The transformer immensely improved the quality of the text being generated, and in just a few years, the text looked very similar to human-generated text. The transformer greatly improved the ability of AI to guess masked words in a phrase after being trained on a large number of documents (a corpus). Models trained on very large corpuses are called large language models (LLMs).

			If LLMs are given a phrase such as “I went to the fast-food restaurant to <X>,” they can generate good options for X, such as “eat.” Applying the transformer repeatedly can generate coherent phrases and even stories. The next iteration could be “I went to the fast-food restaurant to eat <X>,” returning “a,” and then “I went to the fast-food restaurant to eat a <X>,” could return “burger,” forming the full phrase “I went to the fast-food restaurant to eat a burger.”

			The performance of an LLM model depends on the number of parameters, which is roughly proportional to how many comparisons a model can make at once, the context window, the maximum size of the text that can be handled at once, and the data used to train the model, which is usually kept secret by the companies that create LLMs.

			The GPT is a model created by OpenAI that uses transformers and is good at generating text. There are many versions of GPT:

			GPT-1, launched in February 2018, had 120 million parameters and a context window of 512 tokens.

			GPT-2 was launched in February 2019, with the number of parameters increasing to 1.5 billion and the context window increasing to 1,024 tokens. Up to this point, while they sometimes produced interesting results, these models were mostly used by academics.

			This changed with GPT-3, launched in June 2020, which had several sizes: small, medium, large, and extra-large. Extra-large had 175 billion parameters and a 2,048 token context window. The generated text was, in most cases, hard to distinguish from human-generated text. OpenAI followed it with GPT-3.5, released in November 2022, with still 175 billion parameters and a context window of 4,096 tokens (now expanded to 16,384 tokens), and launched a user interface named ChatGPT.

			ChatGPT is a web and mobile application that uses the GPT models in the background and allows users to submit prompts to the GPT models and get responses online. It was launched together with GPT-3.5, and at the time, it was the consumer product with the fastest adoption rate, reaching 100 million users in less than two months.

			In February 2023, Microsoft released Bing Chat, which also uses OpenAI’s GPT models in the back end, further popularizing the usage of transformer models and AI. Recently, Microsoft renamed it to Microsoft Copilot.

			Just a month later, in March 2023, OpenAI released the GPT-4 model, which was quickly incorporated into the backend of consumer products such as ChatGPT and Bing.

			Not all details about the GPT-4 model have been released to the public. It’s known that it has a context window of up to 32,768 tokens; however, its number of parameters has not been made public, but it has been estimated at 1.8 trillion.

			The GPT-4 model is notably good at human-like tasks related to text generation. A benchmark test shown in the GPT-4 technical report academic paper [2] shows the performance of GPT-3.5 and GPT-4 in taking exams. GPT-4 could pass many high-school and college level exams. You can read the paper at https://doi.org/10.48550/arXiv.2303.08774.

			Understanding the difference between applications and models

			Most people, including you, have likely used a GenAI application, such as ChatGPT, Microsoft Copilot, Bing Image Creator, Bard (now named Gemini), or Midjourney. These applications use GenAI models in their backend, but they also add a user interface and configurations that restrict and control the output of the models.

			When you are developing your own application, you will need to do these things by yourself. You may not yet realize how much is carried out behind the scenes by applications such as Bing and ChatGPT.

			When you submit a prompt to an application, the application may add several additional instructions to the prompt you submitted. The most typical things added are instructions to restrict some types of output, for example: “your reply should contain no curse words.” For example, when you submit the prompt “Tell me a joke” to an application like ChatGPT, it may modify your prompt to “Tell me a joke. Your reply should contain no curse words” and pass that modified prompt to the model.

			The application may also add a summary of the questions that you have already submitted and the answers that were already given. For example, if you ask, “How warm is Rio de Janeiro, Brazil, in the summer?,” the answer may be, “Rio de Janeiro is typically between 90 and 100 degrees Fahrenheit (30-40 degrees Celsius) in the summer.” If you then ask the question, “How long is the flight from New York to there?,” an application such as ChatGPT will not submit “How long is the flight from New York to there?” directly to the model because the answer would be something like “I don’t know what you mean by ‘there’.”

			A straightforward way to address this problem is to save everything that the user entered and all the answers that were provided and re-submit them with every new prompt. For example, when the user submits “How long is the flight from New York to there?” after asking about the temperature, the application prepends the earlier questions and answers to the prompt, and what is actually submitted to the model is: “How warm is Rio de Janeiro, Brazil, in the summer? Rio de Janeiro is typically between 90 and 100 degrees Fahrenheit (30-40 degrees Celsius) in the summer. How long is the flight from New York to there?” Now, the model knows that “there” means “Rio de Janeiro,” and the answer will be something like “Approximately 10 hours.”

			The consequence of appending all earlier prompts and responses to each new prompt is that it consumes a lot of space in the context window. Therefore, some techniques have been developed to compress the information that is added to the user prompt. The simplest technique is to keep only the earlier user questions, but not the answers given by the application. In that case, for example, the modified prompt would be something like “Earlier I said: ‘How warm is Rio de Janeiro, Brazil, in the summer?, now answer only: “How long is the flight from New York to there?”’. Note that the prompt needs to tell the model to respond only to the last question submitted by the user.

			Knowing that applications modify your prompts will be relevant for you if you test your prompts using consumer applications because the output you get from them can be substantially different from what you get when you use the model directly through an API, such as Microsoft Semantic Kernel. There’s usually no way to know how the applications are modifying your prompts, as the providers usually don’t reveal all their techniques.

			Furthermore, a significant part of what you will do as an application developer will be to create prompt modifications that match your own application. Therefore, when your user submits their prompt, you will add your own prompt modifications to ensure they get an appropriate result. The techniques to modify user prompts are called prompt engineering, which we will explore briefly in the next chapter.

			Generating text using consumer applications

			Let’s explore the two most popular text generation applications: ChatGPT and Microsoft Copilot. If you are not familiar with the power of GenAI, trying them out will give you a sense of what can be done with them and how powerful they are. We will also briefly talk about their configuration parameters and their architecture, which can help you decide the appropriate architecture for your own applications later.

			OpenAI ChatGPT

			If you have never used a GenAI app, ChatGPT is likely the best place to start. ChatGPT’s default backend model is GPT 3.5, a fast and very powerful model. ChatGPT is free to use when OpenAI has available capacity on their servers. You can also buy a subscription to ChatGPT Plus for $20 per month, and that will give you the ability to use their most powerful model (currently GPT-4) and ensure you will always have capacity.

			To use ChatGPT, go to https://chat.openai.com.

			The ChatGPT interface is very simple. It allows you to choose the backend model on top, some suggestions of prompts in the middle, and a text box to enter prompts in the bottom. It also includes a notice that the output produced may include incorrect information:

			
				
					[image: Figure 1.1 – Submitting requests to ChatGPT using the web interface]
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