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foreword


As an Alexa Evangelist, I work hand-in-hand with developers and brands from around the world in creating delightful voice user interfaces (VUIs), and I get to meet a lot of interesting and creative people. They range from novice developers curious about this new trend to seasoned pros with experience in creating Alexa skills. Dustin is not only a pro, he went a step beyond by writing this book. So when he asked me to write a foreword, I happily accepted, as I knew the quality of his work. This is a practical book, and one that you can use to quickly get up to speed on one of the defining technologies of our time. “Defining technologies of our time? Slow down, Max!” you might be thinking—but hear me out.

I grew up surrounded by the marvels of science fiction. My younger years were filled with talking cars and computers that were accessible from anywhere and seemed to know everything. Today, these entertaining fantasies of the past have become reality.

Cloud-based voice services, such as Alexa, are now able to understand us and our endless variety of voices and accents. Now our cars are able to converse with us. We can ask our living rooms to be warmer and our headsets when the next bus is coming. We are living the beginning of an era in which ambient computing will give us easier access to technology from wherever we are.

Periodically, something arrives that dramatically changes how we use technology. In just the last 20 years, we already have gone through two of these pivotal moments: both the World Wide Web (soon we’ll forget it was called that) and smart phones, with their ubiquity, are now integral parts of the lives of billions of people. Both technologies have changed how we access information and how we get the things that matter to us done. Some of the largest companies in the world today were born out of these innovations. The innovation opportunities represented by voice are comparable. Voice is redefining how we talk to computers—literally. Today we are living in the initial phases of this technological era. A new wave of occasions has arrived.

If you feel like you have missed the boat on the web and mobile revolutions, this is your chance to enter a new industry early. It’s day one for voice, and you can be a pioneer of this new technology. Embrace the voice revolution, and start building delightful Alexa skills using this book today.

Thank you, Dustin, for bringing voice forward.

—Max Amordeluso, EU Lead Evangelist Alexa






preface


I remember a discussion I had with my coworkers not long after I got my Amazon Echo. I had been lucky and bought one on a whim when Amazon first announced the device, and I didn’t have to wait months like many of my colleagues did. I told them it was pretty great, but it wasn’t perfect. “You’re used to waiting for a computer to start listening to you. With the Echo, you almost have to train yourself to speak naturally.” That’s right. Amazingly, the problem was that it worked too well. I, of course, wanted to extend this thing and bring my own spin to it. I had to wait a few months, but eventually Amazon brought “skills” to Alexa. I dove right in, at that time building exclusively for my own benefit.

Google’s announcement of the Google Home device was welcome news, too. I rely on so many Google products day-to-day. My music provider of choice is Google Play Music, my wife and I chat during the day on Hangouts, I use Google Calendar, and more. My interest was strong enough that I flew to the United States just to pick up a device. (Well, that and to see my then girlfriend, now wife, who was still living in Brooklyn.) Of course I was going to start building Actions for the Assistant, too.

When Manning reached out to me to ask if I wanted to write this book, I thought, “Yeah, let’s do it!” I’ve had absurd amounts of fun building for these platforms throughout the years. But there was some frustration, too. I made a lot of mistakes and had to learn from a lot of different sources. There were great books out there, but none that I felt really targeted developers. That’s what I set out to write—a book for professional or amateur developers who want to code voice applications for Alexa and Google Assistant while learning the principles of what makes a good voice experience. Along the way, the team at Manning and I saw the book evolve due to changes in the ecosystem as well as reader feedback. And midway, both Amazon and Google decided to rewrite their SDKs, which led to a rewrite of this book.

Broad voice applications are still new, and I don’t believe we’ve yet seen the height of what developers can build. I hope that working through this book gets you on the way to creating voice applications that will blow us all away. Or, at the very least, I hope you have fun and learn. Thank you for reading.
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about this book


Who should read this book

By the end of this book, I want you to be able to build voice applications for both Alexa and the Google Assistant platforms. I want you to understand the code necessary, and I want you to understand how information moves through a request between human and computer. Finally, I want you to understand the principles that provide a strong voice user experience.

To learn all of this, we’ll build a number of voice applications. Therefore, this book is ideal for anyone who wants to learn by doing and who has at least a basic understanding of programming. We’ll use JavaScript as our language of choice, although you don’t need to understand advanced JavaScript to follow along. I want you to focus on what we are doing to build the voice applications, so sometimes, I’ll explain portions of the JavaScript code that might be unfamiliar to those who don’t use the language regularly. Nonetheless, this book does not try to teach JavaScript.

How this book is organized: A roadmap

There are 12 chapters in Voice Applications for Alexa and Google Assistant. Because I strongly believe that building voice applications is as much about understanding the opportunities and limitations of voice, I have included these lessons throughout the chapters and I use code to illustrate the lessons. Still, there are several chapters that focus almost exclusively on the voice user experience. Altogether, there are four chapters that focus on voice UIs, four that focus on Alexa, and four that focus on Google Assistant.


	
Chapter 1 —What a voice UI is, and how speech becomes a request

	
Chapter 2 —How to build an Alexa skill and deploy it

	
Chapter 3 —How to build for voice user interfaces and how they differ from graphical user interfaces

	
Chapter 4 —How the Alexa Skills Kit CLI and entity resolution allow you to build skills faster and build skills that are more robust

	
Chapter 5 —How to use state and information storage to remember a user’s progress through a skill

	
Chapter 6 —How to use context and favorites to introduce conversational best practices

	
Chapter 7 —How to make voice applications sound more human through discourse markers and SSML

	
Chapter 8 —How to direct the flow of a conversation through questions and dialogs, as well as handling errors

	
Chapter 9 —How to understand the differences between Actions SDK and Dialogflow actions, and build your first application for Google Assistant

	
Chapter 10 —How to unite screen and voice in a multimodal Google Assistant application

	
Chapter 11 —How to add push interactions to the Google Assistant application

	
Chapter 12 —How to build applications with the Actions SDK



If you are completely new to building on the Alexa and Google Assistant platforms, I recommend that you read this book in the order presented. Some projects continue in subsequent chapters, so you will need the code from the previous chapter to fully follow along in the next one. There is much less overlap between the Alexa and Google Assistant chapters, although you learn some voice user experience best practices in writing your code as well. You could, however, jump immediately to chapters 9 or 12 if you wanted to start with the Assistant platform.

About the code 

This book contains many examples of source code both in numbered listings and in line with normal text. In both cases, source code is formatted in a fixed-width font like this to separate it from ordinary text. Sometimes code is also in bold to highlight code that has changed from previous steps in the chapter, such as when a new feature adds to an existing line of code.

In many cases, the original source code has been reformatted; we’ve added line breaks and reworked indentation to accommodate the available page space in the book. In rare cases, even this was not enough, and listings include line-continuation markers (➥). Additionally, comments in the source code have often been removed from the listings when the code is described in the text. Code annotations accompany many of the listings, highlighting important concepts.

I’ve uploaded all of the code to a GitHub repository, which you can find at https://github.com/dustincoates/voice-applications. It’s organized by chapter, which gives you the ability to jump immediately to a chapter or verify that your code is correct from a previous chapter.


liveBook discussion forum

Purchase of Voice Applications for Alexa and Google Assistant includes free access to a private web forum run by Manning Publications where you can make comments about the book, ask technical questions, and receive help from the author and from other users. To access the forum, go to https://livebook.manning.com/#!/book/voice-applications-for-alexa-and-google-assistant/discussion. You can learn more about Manning's forums and the rules of conduct at https://livebook.manning.com/#!/discussion.

Manning’s commitment to our readers is to provide a venue where a meaningful dialog between individual readers and between readers and the author can take place. It is not a commitment to any specific amount of participation on the part of the author, whose contribution to the forum remains voluntary (and unpaid). We suggest you try asking the author some challenging questions lest his interest stray! The forum and the archives of previous discussions will be accessible from the publisher’s website as long as the book is in print.

about the author

Dustin A. Coates is a web developer and web development instructor. He has taught hundreds of students online and offline at General Assembly. Dustin also developed popular courses for OneMonth.com and the European nonprofit Konexio, which teaches refugees how to code. 

about the cover illustration

The figure on the cover of Voice Applications for Alexa and Google Assistant is captioned “Woman from Dalmatia.” This illustration is taken from a recent reprint of Balthasar Hacquet’s Images and Descriptions of Southwestern and Eastern Wends, Illyrians, and Slavs, published by the Ethnographic Museum in Split, Croatia, in 2008. Hacquet (1739–1815) was an Austrian physician and scientist who spent many years studying the botany, geology, and ethnography of many parts of the Austrian Empire, as well as the Veneto, the Julian Alps, and the western Balkans, inhabited in the past by peoples of many different tribes and nationalities. Hand-drawn illustrations accompany the many scientific papers and books that Hacquet published.

Morlachs were a rural population that lived in the Dinaric Alps in the western Balkans hundreds of years ago. Many of them were shepherds who migrated in search of better pastures for their flocks, alternating between the mountains in the summer and the seashore in the winter. They were also called “Vlachs” in Serbian and Croatian. The rich diversity of the drawings in Hacquet’s publications speaks vividly of the uniqueness and individuality of Alpine and Balkan regions just 200 years ago. This was a time when the dress codes of two villages separated by a few miles identified people uniquely as belonging to one or the other, and when members of an ethnic tribe, social class, or trade could be easily distinguished by what they were wearing. 

Dress codes have changed since the nineteenth century, and the diversity by region, so rich at the time, has faded away. It is now hard to tell apart the inhabitants of different continents, let alone different towns or regions. Perhaps we have traded cultural diversity for a more varied personal life—certainly for a more varied and fast-paced technological life.

At a time when it’s hard to tell one computer book from another, Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity of regional life of two centuries ago, brought back to life by illustrations from collections such as this one.
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Introduction to voice first




This chapter covers


	Understanding voice first

	Designing for voice

	Picturing how computers listen to speech

	Understanding how computers speak



The best technologies come to our lives in two ways: gradually, and then suddenly. This is how it went with voice. For decades we dreamed of computers with whom we could speak. We gradually got some of that, though it was particularly domain-specific and not something most people interacted with daily. Then, all of a sudden, a product came from Amazon that has millions of people wondering how they ever got by without it. The Echo brought voice-first computing to our daily lives.

If you’re reading this book, you’re probably already aware of the draw of voice-first platforms. Perhaps you even have a voice-first device, like an Amazon Echo or Google Home, in your living room. Because of this, it can be difficult to remember just how out-there the idea of voice first was when Amazon announced the Echo a few years back. If you were to look at articles commenting on the announcement and count the number of paragraphs before you saw a variation on the phrase “no one saw this coming,” you wouldn’t be counting for long.

Building on voice-first platforms means focusing on the big players in voice first today: Amazon, Google, and Microsoft. These are the companies that have opened their platforms to developer-driven extensions and allowed us to build with voice what we want to see. There are other tools, as you’ll see, but these are the ones that most developers look to first.






Note  You have probably already noticed that Apple is not listed here. Although Siri is a globally popular digital assistant, and HomePod is sure to be a successful product, Apple has not decided to open it up to third-party developers.








Voice control is far from a new idea. Not only have we seen it for as long as there have been computers in pop culture (see The Jetsons, Star Trek, and 2001: A Space Odyssey), but most of us have been interacting with it for years. Don’t believe me? Call your bank or favorite airline and ask yourself what’s on the other side.

Voice applications exist to help users complete their goals more efficiently by passing data between conversational actors and using conversational best practices that have evolved over millennia. In this book we’ll use JavaScript and Node.js to design voice interfaces that users will enjoy using. You’ll learn about the conceptual underpinnings of building for voice, and how to develop these voice-first experiences.

Voice-first platforms are still in their nascent days, but they’re growing quickly. Think back to the first apps on iOS and Android, and compare those to what’s on the App Store and Play Store today. Voice has the same opportunity, and the growth in the number of homes that have a voice-first device shows that people are eager for a new way to interact with their computers.

1.1	What is voice first?

Voice-first platforms have two defining characteristics. First, they are interacted with primarily through voice. Second, they are open for extension by third-party developers.

Compare your bank’s phone-tree system to what a user can do on the Amazon Echo. The options on the Echo are, quite literally, limitless. Instead of the rigid structure we saw before, we now can have a more natural conversation:

USER: Alexa, ask Mega Bank to give me my balance.

ALEXA: You currently have one thousand and four dollars in your checking account and two hundred sixteen in savings. Would you like to make a transfer?

USER: No, thank you.

ALEXA: Alright, have a great day!






Voice first isn’t what you remember from your bank’s phone system

There’s a difference between the interactive voice response (IVR) systems of the past—like the one you interact with when calling your bank—and the voice-first platforms of today. Those automated IVR systems are constrained compared to what we’re now working with. You know how it is:

“Thank you for calling Mega Bank. Please say balance to check your balance, please say pay bill to pay a bill, or say representative to speak with a representative.”

IVR systems are designed for a tiny pool of choices and responses. Their ultimate goal is to get the caller to follow a decision tree to the desired outcome.








Not only can voice-first devices perform built-in functions, they can also search the web or take advantage of apps created specifically for the platform—“skills” in Alexa and Cortana parlance. This is the big difference between classical IVR systems and voice-first: voice first brings the web to voice.

Voice assistants were around before the Amazon Echo. Siri has been on iOS devices since 2011, Google Assistant has been on Android phones in one form or another since 2016, and Cortana has been bundled with the Xbox and Windows since 2015. This book will teach you how to code for Alexa and Google Assistant, but it will also change how you think about interactions. You will likely have come from platforms that rely on visual representations, which are secondary or absent on voice-first platforms.

A useful way to think about it is that voice first shifts the burden away from users and onto developers and designers. Think about all of the ways we “help” users on the web, and consider how we can do the same thing with voice first, as in figure 1.1.


[image: c01_01.png]
Figure 1.1 Web flow compared to voice flow




With voice first, we can’t provide as much guidance, so getting it right the first time is even more important. An example is search results. On the web, you generally see a list of results—the famous “10 blue links”—on Google. With voice, no one wants to listen through 10 results to get the right one. There’s a higher standard for skill builders to reach. As you can see in table 1.1, with voice the platform takes on more responsibility.


Table 1.1 Shifting the responsibility from user to platform




	Problem
	Web solution
	Voice-first solution





	Pages with a large number of navigation options
	Hide them behind drop-downs or hamburger menus. This says, in essence, “We couldn’t decide what’s most important, so here, you figure out what you want.”
	Make the options discoverable and intuitive.



	Forms to fill out
	Ask users to fill out information in exactly the right order, in exactly the right places, in exactly the right formats.
	Handle input in a natural way, considering that what is “natural” can vary from person to person.





	Information retrieval
	Provide users with different options and ask them to decide which is most relevant to their needs.
	Significantly limit the number of results that come back, often limiting them to only one result. That result needs to be relevant too.







To be clear, voice first is not voice only. With the Echo Show, the addition of Alexa to televisions, and Google’s connection of Google Home with the Chromecast, voice first is increasingly becoming multimodal—using multiple forms of interaction such as voice and display. This addition opens up opportunities for developers who want to bring new functionality to users while still retaining voice as the main interaction model.

Because this new world of voice-first platforms brings the web to voice, it has also brought along web developers. Owing to our expertise in building APIs and graphical user interfaces, creating voice interactions often doesn’t come naturally. We can’t simply take our web pages or apps and put them in a voice context. How can we design for voice in a way that uses the platform’s strengths?

1.2	Designing for voice UIs

Voice user interface (VUI) design is how users interact with voice-first platforms. Voice is both something where most developers have little experience and something where they have the most experience. We have conversations every day, from nearly the moment we wake up to when we go to bed. We’ve been conversing with others since we were tiny, and we’ve been learning from conversations since we were in the womb. Because of this, we often take for granted what makes a good conversation. Thankfully, there are guidelines that outline what makes a natural, flowing conversation and what leads to misunderstanding and frustration.

It’s good to remember that voice is the most natural interaction mechanism we have for interacting with our computers. Think about it: How often do you swipe with your finger when not using a smartphone or tablet? Did our ancestors regularly perform movements that are similar to typing on a keyboard? We all know how to use our voice, however.

To build a good VUI, you want to consider what makes for a good conversation partner outside of a VUI setting. Then factor in the limitations posed by half of the conversation being handled through code. Think about the best people you’ve interacted with in a public setting, like a hotel concierge or a fast-food clerk. They likely had personalities that were appropriate for the setting. You’d expect a bartender to be outgoing and energetic, but bring that same personality to a nurse in an ICU, and something would seem amiss.

These people gave you the right amount of information for your inquiry, asked follow-up questions if something wasn’t clear, and considered the context around you in the conversation. Asking for the restrooms doesn’t require an answer that tells you there are restrooms on the first, third, fifth, and sixth floors, and that there used to be restrooms on the second floor but they are closed for the next month.

These conversational savants also helped you out if you got in a jam. Maybe you answered a question in an unexpected way. If you didn’t know what to do, the person was ready with advice or worked with you to formulate your question. You’ve probably experienced the awkwardness of someone who stood there, unhelpfully looking at you while you fumbled through your thoughts. Don’t let your VUI imitate that person.

A good VUI would look like this:

ALEXA: Hello! Welcome to Mega Bank. What do you want to do today?

USER: Check my balance.

ALEXA: Okay, your balance is one thousand, five hundred dollars.

The list of possibilities is long, but the user doesn’t know what can be done. This opens up the possibility that a user might want to do something that isn’t supported. The VUI can handle it at that point by providing options explicitly:

ALEXA: Hello! Welcome to Mega Bank. What do you want to do today?

USER: Buy stocks.

ALEXA: Sorry, buying stocks by voice isn’t supported. You can check your balance, hear recent transactions, or find out more about your branch. Which would you like to do?

VUI is about anticipating and understanding users’ intentions, guiding them through the process, and giving them the right information and no more. In later chapters, we’ll take a deep look at how we can use conversational qualities that we’ve learned from birth to make VUIs that users want to come back to. The first thing to do, though, is to understand the user. To do that, we need to see how voice-first platforms work.

1.3	Anatomy of a voice command

How do voice-first platforms work? After all, it’s not simply a matter of speaking to the device and hearing the response. There’s a flow of sound to information to code to text and back to sound. This flow only has a few steps, but understanding each step will help us understand why certain workarounds are necessary, avoid possible traps, and enable a fuller use of the platforms.

There are small differences in implementation and flow between the different platforms, but there are even more commonalities. The voice-first device streams the user’s speech to the platform, which in turn performs the natural language understanding (NLU). After the platform completes the NLU step, it passes the now-structured data to the fulfillment, which is developer-created code that contains skill-specific logic. The fulfillment builds the response into a structured format, and reverses the process. The response goes back to the platform, and the platform transforms the text to speech. Finally, that speech is streamed back to the user. Speech to data, and then data to speech again. As you can see, voice-first development involves several pieces, each handling a single step of the flow, passing data to the next piece, and combining to build a voice experience.

Take sports-fan Molly, who is a perpetual believer in her local team’s chances to win the World Series. Molly has an Echo in her living room. Sitting on the couch, she wonders aloud, “I wonder if Houston won the game last night?” No one’s around to answer. Then Molly remembers something and says, “Alexa…” Immediately her Echo lights up and begins streaming audio to the Amazon servers. “Ask Houston Baseball to tell me who won the game last night.”

The flow is illustrated in figure 1.2. Over on Amazon’s servers, the Alexa platform begins to transform Molly’s speech into text. Because she said “ask” after “Alexa,” the platform can guess that she wants to use a skill. The platform looks at Molly’s account and the skills she has enabled, trying to find one with the invocation name “Houston Baseball.” Molly enabled one, so the platform starts to compare the phrases the developer of the skill has provided to what Molly actually spoke. This list of utterances maps to what the developer expects users will want to do, or their intents. In the utterances, the platform finds ResultsIntent I wonder if Houston won the game {time}. Alexa has found a close enough match belonging to the ResultsIntent, and it’s a match with a slot.


[image: c01_02.eps]
Figure 1.2 Alexa relies on natural language understanding to answer the user’s question.




A slot is like a matching group inside a regular expression. The Alexa platform looks at the values the skill developer has provided as those that should show up in this space. Sports fan Molly’s phrase doesn’t match up with “yesterday” or “last week” or “the other day,” but there it is: “last night.” We’ve got a match. Alexa has all the information it needs from what Molly said: the intent (ResultsIntent) and the slot value (last night). It passes these, and information about the session, to the code that the skill developer has written to handle requests.

This code is known as the fulfillment, and the developer has placed the code on AWS Lambda using the Alexa Skills Kit Node.js SDK (ASK SDK). Because Lambda is built to handle one-off, short-lived requests, it’s perfect for Alexa skills. The developer’s code looks at the incoming request, sees that it’s coming for the ResultsIntent, and emits an event for that intent. The developer wrote a handler for this intent, which listens for the event and matches the slot value “last night” to a time range in order to reach out to another API that will grab the score of the game.

Houston has won! The fulfillment puts together a string that will say “Houston won the game, two to zero,” and sends that as JSON back to the Alexa platform. The platform takes the text, transforms it into audio, and streams it back to Molly, who is happy to hear that the march to October continues strong.

Let’s look at what that would look like in a generalized manner.

1.3.1	Waking the voice-first device

When we talk about voice first, we are often talking about stand-alone devices like the Amazon Echo, Google Home, and others. These platforms are also on other devices—for example, Google Assistant is loaded on most Android phones—but stand-alone devices make the interactions different. It’s easy to shout out to your Echo, “Alexa, what is the weather going to be tomorrow?” before you go to bed. You’re unlikely to do that with your phone sitting on the other side of the room. You’ll be less sure that it can hear you, and the speaker may not be loud enough for you to hear the response.

To wake these stand-alone devices, a wake word is used. On the Amazon Echo, you can change it, but it comes with “Alexa” as the default (“Echo,” “Amazon,” and “Computer” are the other choices). Google uses wake phrases, with “Hey Google” or “OK Google” waking the device. Siri is similar, with “Hey Siri.” What sets apart the wake word is that it is recognized locally. By doing the recognition locally, the devices can wake up quickly, and potential privacy concerns can be (partially) abated.

The device maintains a buffer of speech and reviews it, looking for the wake word. This sounds scary to a lot of people at first, but without constantly listening, the device wouldn’t be able to wake when the wake word was said. You could say “Alexa,” but you could alternatively say “alive,” “Allegheny,” or “Alex is my friend.” The device keeps these sounds in the buffer and constantly reviews the words and phrases for recognition.

Once the wake word is invoked, the device starts streaming speech over the web for processing, and each platform uses different tooling for this process. Amazon has released its as a stand-alone product called AWS Lex, Google Assistant uses Dialogflow, and Cortana uses LUIS. These tools are forms of what’s called natural language processing (NLP). Let’s look at how this works.

1.3.2	Introducing natural language processing

First we should define the term: NLP is the process through which a computer can interact with natural language—natural language being what people speak, write, or read, such as English, French, or Hindi.

A large part of NLP is natural language understanding (NLU), which is how the computer takes a free-flowing conversation and extracts meaning. Thankfully we don’t need to implement the technology that powers NLU in order to build our skills. That’s one of the boons of the rise of voice first. We can use these technologies and plug in our functionality, just as we don’t need to be experts in network stacks to build a website.

For Alexa, the NLU technology is chosen for us and goes directly through Amazon. For Google Assistant, we can bring our own, but the one most developers new to the platform will use is Google’s Dialogflow.

Knowing how to implement NLU isn’t necessary, but it is helpful to understand the general principles of NLU and what you can control.1 


1 	For an examination of natural language understanding, you can start with Natural Language Processing in Action from Manning Publications (2019).








Note  We are using the terms that the Alexa Skills Kit uses, but the principles are universal.








1.3.3	How speech becomes text

The most fundamental thing that these platforms need to know is how to transform what the user says into text. This is a difficult problem. Before you put the book away, rest assured that you won’t need to implement speech-to-text yourself. But I’m a big believer that having a general understanding of what is happening under the hood will help you once you start to code.

To understand why this is such a difficult problem, let’s first look at what goes into a conversation. This may seem far too theoretical, but let’s follow this thread a bit.

A spoken conversation is made up of


	Multiple participants

	Nonverbal signals

	Context

	Sounds



In a conversation with a voice-first device, one of the participants will be the voice-first device itself. Beyond that, each participant in a conversation expects a certain set of behaviors, which we’ll examine in chapter 2, and a computer is not exempted from these. The computer won’t have access to the nonverbal signals, which provide valuable information in human-to-human conversations.2  That makes the developer’s job of understanding precisely what the user wants more difficult.


2 	Nick Morgan, Power Cues: The Subtle Science of Leading Groups, Persuading Others, and Maximizing Your Personal Impact (Harvard Business Review Press, 2014).



Every conversation has a context. Context allows for richer conversations and for things to go unsaid. When your boss says “This is fine,” does he mean “This is good” because he’s laconic? Or does he mean “I’m disappointed” because he’s not someone to express negative emotions directly? Likewise, when a guest arrives to a wedding with a box in her hand asking “Where can I put this?” one might say “Just on the table over there” instead of “What would you like to put somewhere? A gift? Are you bride’s side or groom’s side? Please answer by first saying how many items you have” or even, “What is the box in your hand?” Because the participants are at a wedding, we can assume that the box is a gift. Sometimes context has explicit components (that table is the one for the gifts) and it always has implicit components (we all understand that we’re at an event where people bring gifts).

The sounds are what most people think about when they think of communication, so part of the computer’s job is separating sound that represents speech from other sounds. Humans do this as well. In fact, babies can tell the difference between speech sounds and other sounds starting from their very first day.3 


3 	Clifford Nass and Scott Brave, Wired for Speech: How Voice Activates and Advances the Human-Computer Relationship (MIT Press, 2007).



Ultimately, what people in a conversation care about are not so much sounds as words. But what are words? (We’re getting deeper into the theoretical world, I know!) For most of human existence, words have been groups of sounds that represented something, as writing (representing sound with symbols) is relatively recent. A certain group of sounds would represent “the large body of water over there,” whereas another group of sounds would represent “that smaller body of water.” The sound groupings that represent words are, in fact, approximations. Someone from Boston will make different sounds for “the green car” than someone from New Zealand. An old man with a deep, gravelly voice will make different sounds than a teenage girl. The computer needs to take these different sound groupings and transform them to text—in effect, speech to text.

With each word being made up of smaller sounds, the first task is to separate them into the smallest components—phonemes. There are about 44 phonemes in the English language depending on regional differences. With the sounds broken down into phonemes, the software compares the phonemes to what it already knows and groups those together to form words. The implication is that speech recognition software needs a lot of training data.

Even with significant training, transforming speech to text can be difficult. Background sounds, mumbled speech, and other factors can influence how much is ultimately understood. As a simple example, say out loud “I want it to go away” and “I wanted to go away.” In normal speech, these sound practically identical, and with background noise it is even more difficult to distinguish between them. Most NLU software attempts to solve this problem by using statistical models. People are generally predictable and will say some combinations of words more than others. As an extreme example, the phrase “this towel is wet” will be more common than “this towel is debt.” For a more nuanced example, “this towel is wetter than this one” may be more likely than “this towel is better than this one.”

Once the software understands what is being said, the next step is to understand what is desired from that speech, using intents, sample utterances, and slots, as in figure 1.3.
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Figure 1.3 The overall user goal (the intent), the intent-specific variable information (the slot), and how it’s invoked (the utterance)









Note  We’ll cover slots, intents, and sample utterances in more depth in chapter 2.








1.3.4	Intents are the functions of a skill

When you say to your spouse, “Will you please turn off the lights in the kitchen when you go to bed?” what do you want to happen? To us it’s obvious: we’ve trained all our lives to derive meaning from conversations, and we can tell that you want your spouse to turn off some lights. Computers need to be told ahead of time, however, what certain words grouped together mean.

One way to give voice-first devices the ability to understand is through “skills” or “actions.” These can be thought of as “apps” that extend the device. Written by third-party developers, skills provide capabilities that weren’t previously in the device by connecting to external code or services.

For example, your device might have a smart-home skill that is connected to your lights, so you can stop bugging your spouse. This could be a simple skill that does only one thing: turn off the lights. That is, shutting off the lights is its only intent.

In reality, most skills will have multiple intents. Perhaps you have beefed up your smart-home skill so you can now


	Turn off the lights (TurnOffLightsIntent)

	Turn on the lights (TurnOnLightsIntent)

	Dim the lights (DimLightsIntent)



Your skill now has three distinct things it can do. It has three different intents. One way to visualize intents is to think of them as being similar to functions in your code.

Of course, conversing with a computer wouldn’t be much fun if we had to say, “Alexa, trigger TurnOffLightsIntent” every time we wanted it done. The platforms need to learn how to know which intent we want. It does this by learning from sample utterances.

1.3.5	Training the NLU with sample utterances

One of the beautiful things about human language is how many different ways there are to say the same thing (even if, as we saw, some phrases are more statistically likely than others). A novel turn of phrase, or even a different word order, makes our conversations lively and prevents monotony from setting in. As is often the case, though, what’s good for humans makes life more challenging for voice-first developers.

If there was only one way to say everything imaginable, we wouldn’t need intents or sample utterances. We would say, “When a user says ‘Turn out the lights,’ then do this.” Speech isn’t this limited, so we need to provide the system with possible ways that a user might request an intent—sample utterances.

Sample utterances are possible phrases that a user might use to perform an action with Alexa. These utterances are then used to train the Alexa platform by building a statistical model that takes what the user says and matches it against what you said users might say. For example, if you have the utterances “turn up the volume” and “turn up the sound,” it’s unlikely that the speaker is discussing famed children’s party performer Turnip the Clown. As anyone who has had to give an impromptu speech or toast can attest, speaking off the cuff can be difficult, and there are a lot of starts, stops, and filler words. The sample utterances are useful for providing an idea of what might be in there.

Sample utterances are mapped to intents. An intent will often have multiple sample utterances, but each phrase should be tied to a single intent. (Even humans have difficulties picking up on unspoken subtleties.) For the TurnOffLightsIntent, you might have the following sample utterances:


	“Turn off the lights”

	“Turn out the lights”

	“Turn off my lights”

	“Turn out my lights”

	“Shut out the lights”

	“Shut out my lights”

	“Flip the switch down for the lights”

	“Make the room pitch black”

	“I don’t want the light on any more”

	“I don’t want any more lights on”



There are undoubtedly more ways that a user could ask for this. In chapter 2, we’ll discuss how to come up with sample utterances. The more utterances you provide to the system, the better it will understand the user and route their intents. Thankfully, you don’t need to figure out in advance everything that could possibly be said: that would be the mark of a weak NLU. These systems will take the sample utterances and extrapolate from there.

Sample utterances are like incredibly lax conditionals whose job is to call the correct functions. You are telling the system, “If something like this is said, then invoke this specific intent.”

Your skill is coming along, but it still falls short of your original request to your spouse: “Will you please turn off the lights in the kitchen when you go to bed?” You could create intents for every possible room, or you can use slots.

1.3.6	Plucking pertinent information from spoken text

If intents are functions, then slots are the arguments passed to a function. When you ask your spouse to turn off the lights in the kitchen on the way to bed, “turn off lights” is the intent—the general action the user wants to accomplish. The slots are pieces of information that can vary within a single action.

Slots must be tied to utterances so that the platform knows which parts of what’s being said are the relevant parts that need to be plucked out and handled. Because utterances are always tied to intents, that means that slots are tied to intents as well. For example, the “turn off the lights” intent will have a slot for specifying which lights should be turned off.

Slots will generally be connected to a certain corpus of words (if it’s helpful, you can think of slots as being “typed”) that act as the training set for the NLU. For example, if your slots are in the domain of musicians, it’s safe to guess that the user is referring to the “Beatles drummer” and not the “little drummer.” You’ll train the NLU in this by providing a list of expected values. A music skill could have an artists slot seeded with the top 5,000 artists, whereas a New York City subway skill would have a slot for subway stops seeded with all of the stop names.

These slots will appear in specific places in the sample utterances. It’s generally easy for humans to pluck the relevant details from a conversation, but computers need some help. You want your spouse to not only turn off the lights, but the lights in a specific room. How does the computer know which room? Remember, the computer doesn’t even know you’re talking about rooms. You could as easily be talking about the white lights, the old lights, or the annoying lights. Providing guidance as to where the slot will likely appear when someone speaks, and combining it with the list of slot samples we discussed earlier, improves the chances of a successful match.

With the Alexa Skills Kit, you combine your slots with sample utterances like so:


	TurnOffLightsIntent Turn off the {Room} lights

	TurnOffLightsIntent Turn off the lights in {Room}

	TurnOffLightsIntent In the {Room} turn off the lights



Here Room refers to a specific slot type that has been defined and seeded with sample values, such as “kitchen,” “living room,” “dining room,” “den.” Using the slot and sample utterances together, the NLU can extrapolate to match these phrases and more:


	“Turn off the kitchen lights”

	“Turn off the living room lights”

	“Turn off the dining room lights”

	“Turn off the den lights”

	“Turn off the lights in the kitchen”

	“Turn off the lights in the living room”

	“Turn off the lights in the dining room”

	“Turn off the lights in the den”



Using this knowledge of where the pertinent information could be and what it could be, the Alexa platform can grab that information from the user’s speech and send it back your way: the user wants to turn off the kitchen lights. You can then use that information in your fulfillment.

1.4	The fulfillment code that ties it all together

The fulfillment is the code that fulfills the user’s request. This code can run on your own server, but most commonly it runs on a serverless platform. These platforms run code on demand, based on certain triggers. For voice first, two of the most common platforms are AWS Lambda and Google Cloud Functions.

In the fulfillment, you run all of the code necessary for the specific request. If you come from the web world, you can think of this as being like a controller. Most of this book is about fulfillment, so we’ll discuss this in depth in later chapters.

A common slice of the fulfillment might look like the following. Notice that this code is tied to a particular intent and uses a slot that is defined elsewhere. This example fulfillment is nothing more than a glorified “Hello World” program that says how many letters are in a word.

Listing 1.1 Handling a request

const WordInfoIntent = {
  ...
  handle(handlerInput) {
    const word = this.event.request.intent.slots.word.value;    ①  
    const length = word.length;
    const firstLetter = word[0];
    const response = 'The word ' + word + ' is ' + length +
      ' letters long and begins with the letter ' + firstLetter;

    return handlerInput.responseBuilder
      .speak(response)
      .getResponse();
  }
}


①  The value of the word slot for the current intent for the current user interaction (request)


In the next chapter, you’ll learn how to implement your own skill. What you need to know for now is that there is a handler (WordInfoIntent here) that maps to an intent with the same name. The handler is a function that assembles what the voice assistant is going to say (in this example, by combining the length and first letter of the word with explanatory text), and then emits that for the assistant to share with the user.

1.5	Telling the device what to say

After you run your code, you will generally need to send information back to the user. As mentioned before, this can be a multimodal experience—turning off the lights is also information—but it usually involves speaking back to the user. Most of the time, it is your responsibility to tell the device what to say.

The Alexa and Google Assistant platforms use something called Speech Synthesis Markup Language (SSML). It was created by the World Wide Web Consortium (W3C), it’s based on XML, and it’s used to differing degrees on Alexa, Google Assistant, and Cortana.

The simplest way to use SSML is to provide the speech inside the <speak> tag:

<speak>I'm going to turn off the lights now.</speak>


Wrapping the text inside speak tags is so fundamental to using SSML that inside the Alexa Skills Kit and Google Assistant tooling it’s hidden away, and developers never need to worry about it. SSML gives developers the ability to change the prosody, or the manner of speaking. With SSML, you can make Alexa whisper, shout, speak slowly, specify the pronunciation of words, and more. Google Assistant can do many of these same functions, but it also adds its own, such as layering audio and responses. We’ll look at SSML in chapter 7.

Put this all together, and the computer uses the text and the SSML guidance to respond to the user. The cycle has come full circle—the computer is now responding to the user, starting a conversation.

Summary


	Voice interfaces require developers and designers to assume the burden of conforming to the users to help them complete actions, rather than the reverse.

	Data in a conversation flows back and forth between partners to complete an action.

	Building a voice application involves reliably directing this data between systems.

	Begin to think of requests in terms of intents, slots, and utterances.
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