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Foreword



JavaScript is everywhere. The language was originally designed to permit non-programmers to add dynamic flairs to a new-fangled thing called a webpage. Two decadesafter its introduction, JavaScript has grown into a versatile, expressive, and complicatedlanguage—the most recent ECMAScript standard rivals the Java 1.8 language specificationin terms of page count!



Yet in many ways, JavaScript still represents an older way of doing things. Nowadays,many industrial programmers are finding their way to functional programming. WhileJavaScript has some nice functional features, it lags far behind even the most recent decadeof functional programming best practices.



Enter ClojureScript!



First released in 2011, ClojureScript has grown into an essential tool for the discerningprogrammer, who would love to tap into the reach offered by JavaScript, while leveragingsome of best designed immutable datastructures and functional APIs in existence.Importantly, ClojureScript delivers these affordances without getting in the way of tightintegration with the JavaScript host.



You can program webpages, iPhones, Androids, and Node.js, all using the same powerfulLisp programming model pioneered by John McCarthy so many years ago.



This book will show you how!



David Nolen
,



ClojureScript Lead Developer




ClojureScript has long been reliable for producing high-quality, highly-performant webapplications. At the same time, the ecosystem surrounding the language has grown, both interms of developers embracing the language and in the availability of high-quality librariesand development tools.



Also, ClojureScript's fundamental promise of reach is being proven with new use casesoutside web applications; it's being used for hybrid mobile apps and new, compelling self-hosted scenarios.



In short, ClojureScript has transitioned from being a novel language taken on by earlyadopters to being an important and relied-upon basis for a stack that is here to stay.



It's easy to find enthusiastic community support when developing with ClojureScript. And,of course, it is tremendous help that ClojureScript is itself extremely similar to Clojure.However, one area that it lacks in is comprehensive and polished documentation, especiallywith respect to the coverage of the slew of pragmatic issues that accompany thedevelopment of real-world applications.



This book fills this gap by providing practical information on how to get set up andrunning, how to use the constructs offered by the language—most importantly, how toeffectively use the available tools in day-to-day development—and how to ultimately shipyour app.



We can thank Rafik, David, and Allen for sharing their hard-earned experience with us,providing a one-stop guide with answers to the gamut of questions you are likely to facewhen using ClojureScript. This book is a much-needed and very welcome treatment of thesubject; with it, you can confidently go out and build great ClojureScript apps!



Mike Fikes
,



Author of the
Planck ClojureScript REPL
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Preface



Welcome to
Learning ClojureScript
!



ClojureScript is an exciting new language that leverages Clojure's familiar syntax for theJavaScript runtime. This means that ClojureScript, like JavaScript, is a tool to help you writesoftware applications that can either run in a client-side (browser) or server-sideenvironment. This also means that ClojureScript inherits all of the wonderful benefits ofClojure, including Lisp macros, immutable and high-performance data structures, andbeautiful functional syntax.



This book aims to serve as an introduction to both the core and advanced concepts ofClojureScript development with the ultimate objective of teaching you how to build single-page web applications. Whatever your background and prior level of experience with eitherClojure or ClojureScript, it is our hope that this book will prove to be an invaluable aid toyou in learning how to develop ClojureScript programs for the modern web.



We've structured the book in such a way as to take you through on a soft progression.Beginning with the basics of getting your interactive environment set up, we'll take you allthe way through advanced subjects such as logic programming and designing yourapplications to use Om, a ClojureScript wrapper for Facebook's React framework. By theend of this book, you should have a deep understanding of the complete process ofdeveloping modern single-page web apps with ClojureScript, and you should feelcomfortable writing applications that you know how to configure and deploy in productionenvironments.



What  this  book  covers



Chapter   1
,
Getting Ready for ClojureScript Development
, covers preparing an interactive



development environment for the browser as well as some basic configuration options.



Chapter   2
,
ClojureScript Language Fundamentals
, describes the basic syntax and building



blocks of the ClojureScript language.



Chapter   3
,
Advanced ClojureScript Concepts
, focuses on idiomatic functional programming,



ClojureScript macros, and concurrent software design.



and HTML5 elements.



Chapter   4
,
Web Applications Basics with ClojureScript
, covers working with the DOM, CSS,




Preface



Chapter   5
,
Building Single Page Applications
, teaches you how to make web applications



that interact with third-party data providers, such as remote databases, OAuth providers, orembedded data stores.



Chapter   6
,
Building Richer Web Applications
, covers more advanced topics, such as



WebSockets, routing for single-page applications, and building applications using Om—aClojureScript wrapper for React.



Chapter   7
,
Going Further with ClojureScript
, showcases various core and third-party



libraries that provide elegant and unique solutions to problems such as pattern matching,data validation, and logic solving.



Chapter   8
,
Bundling ClojureScript for Production
, focuses on the tools that are necessary to



properly package your ClojureScript libraries and applications for production usage. Thischapter covers testing, compiler optimizations, and how to containerize your applications.



What  you  need  for  this  book



In order to be able to run some of the example code in this book, you'll need a computerthat is capable of running at least Java 6, and preferably Java 7 or 8. Oracle maintains adetailed list of hardware and software requirements for the latest versions of Java online at
http://java.com/en/download/help/sysreq.xml
. However, most modern laptop anddesktop computers should be capable of running the latest version of Java without aproblem. You'll also need a browser and an internet connection in order to download therelevant software and dependencies that are needed. For a browser, we recommend GoogleChrome, but any modern web browser will do just fine.



Who  this  book  is  for



This book is for web application developers who want to benefit from the power ofClojureScript to get an agile and highly-productive development platform that targetsmainly browser JavaScript.



You are not required to be fluent in Clojure, but it will be easier for you if you have a basicunderstanding of browser or server-side JavaScript.
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Preface



Conventions



In this book, you will find a number of text styles that distinguish between different kindsof information. Here are some examples of these styles and an explanation of theirmeaning. Code words in text, database table names, folder names, filenames, fileextensions, pathnames, dummy URLs, user input, and Twitter handles are shown asfollows: "The
def
statement tells us that what follows will be a definition."



A block of code is set as follows:



(ns   example-code)cljs.user=>   (+   1   1);;   =>   2



cljs.user=>   (*   2   3);;   =>   6



When we wish to draw your attention to a particular part of a code block, the relevant linesor items are set in bold:



(ns   example-code)cljs.user=>   (+   1   1);;   =>   2cljs.user=>   (*   2   3);;   =>   6
cljs.user=>   (/   9   3);;   =>   3



Any command-line input or output is written as follows:



cljs.user=>   (map   inc   [1   2   3   4   5]);;   =>   (2   3   4   5   6)



New terms and important words are shown in bold. Words that you see on the screen, forexample, in menus or dialog boxes, appear in the text like this: "If we check the page, weshould see our
Page rendered!
alert logged to the console."


[image: Wondershare]
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Reader  feedback



Feedback from our readers is always welcome. Let us know what you think about thisbook—what you liked or disliked. Reader feedback is important for us as it helps usdevelop titles that you will really get the most out of.



To send us general feedback, simply e-mail
feedback@packtpub.com
, and mention thebook's title in the subject of your message.



If there is a topic that you have expertise in and you are interested in either writing orcontributing to a book, see our author guide at
www.packtpub.com/authors
.



Customer  support



Now that you are the proud owner of a Packt book, we have a number of things to help youto get the most from your purchase.



Downloading  the  example  code



You can download the example code files for this book from your account at
http://www.packtpub.com
. If you purchased this book elsewhere, you can visit
http://www.packtpub.com/support
and register to have the files e-mailed directly to you.



You can download the code files by following these steps:



1.2.3.4.5.6.7.



Log in or register to our website using your e-mail address and password.Hover the mouse pointer on the
SUPPORT
tab at the top.Click on
Code Downloads & Errata
.Enter the name of the book in the
Search
box.Select the book for which you're looking to download the code files.Choose from the drop-down menu where you purchased this book from.Click on
Code Download
.



You can also download the code files by clicking on the
Code Files
button on the book'swebpage at the Packt Publishing website. This page can be accessed by entering the book'sname in the Search box. Please note that you need to be logged in to your Packt account.



Once the file is downloaded, please make sure that you unzip or extract the folder using thelatest version of:



WinRAR / 7-Zip for Windows
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Zipeg / iZip / UnRarX for Mac7-Zip / PeaZip for Linux



The code bundle for the book is also hosted on GitHub at
https://github.com/learningclojurescript/code-examples
. We also have other code bundles from our rich catalogof books and videos available at
https://github.com/PacktPublishing/
. Check themout!



Errata



Although we have taken every care to ensure the accuracy of our content, mistakes dohappen. If you find a mistake in one of our books—maybe a mistake in the text or thecode—we would be grateful if you could report this to us. By doing so, you can save otherreaders from frustration and help us improve subsequent versions of this book. If you findany errata, please report them by visiting
http://www.packtpub.com/submit-errata
,selecting your book, clicking on the Errata Submission Form link, and entering the details ofyour errata. Once your errata are verified, your submission will be accepted and the erratawill be uploaded to our website or added to any list of existing errata under the Erratasection of that title.



To view the previously submitted errata, go to
https://www.packtpub.com/books/content/support
and enter the name of the book in the search field. The required informationwill appear under the Errata section.



Piracy



Piracy of copyrighted material on the Internet is an ongoing problem across all media. AtPackt, we take the protection of our copyright and licenses very seriously. If you comeacross any illegal copies of our works in any form on the Internet, please provide us withthe location address or website name immediately so that we can pursue a remedy.



Please contact us at
copyright@packtpub.com
with a link to the suspected piratedmaterial.



We appreciate your help in protecting our authors and our ability to bring you valuablecontent.



Questions



If you have a problem with any aspect of this book, you can contact us at
questions@packtpub.com
, and we will do our best to address the problem.
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Getting  Ready  for  ClojureScriptDevelopment



ClojureScript's promise is to bring the expressiveness and agility of the Clojureprogramming language to JavaScript developers. Having such power at hands means thatteams working on single page applications—and on Node.js services as well—moreproductivity and less frustration.



But to be able to take complete advantage of this platform, we must grasp its innermechanisms and, sometimes patiently, work our way towards the perfect ClojureScriptlive-coding environment. In this chapter, we'll cover the material necessary to achieve thisobjective.



We'll begin by studying the ClojureScript ecosystem, focusing on its compiler internals andtalking about the
Read-Eval-Print-Loop
(
REPL
) it offers. We'll then present somealternative building blocks that make it possible to expose interactive ClojureScriptdevelopment work-flows through third-party tools. We'll finally leverage all of thisknowledge in order to build full-fledged, integrated, and interactive ClojureScriptdevelopment environments. To get started with adopting this approach, we'll discuss thefollowing:



Getting familiar with the ClojureScript ecosystemLive coding ClojureScript on top of
nREPL
with
PiggieBack
and
Weasel
Live coding ClojureScript with
Figwheel
Setting up
Emacs
for ClojureScript development



1




Getting Ready for ClojureScript Development



Getting  familiar  with  the  ClojureScriptecosystem



At the heart of the ClojureScript's ecosystem lies the compiler. In this section, we'll gain aninsight into its internals: what is its underlying architecture, how does it work, and how canits functioning be tweaked in order to allow for leaner ClojureScript development?



Inside  the  ClojureScript  compiler



The ClojureScript compiler is a piece of Clojure software packaged as a JAR along withClojure itself, so the package is self-contained and can be manipulated easily. As such, theClojureScript compiler requires the JVM for its operation. Currently, as ClojureScriptdevelopers have baked in the compiler, among many other things, an integration mode for
Nashorn
, the Java 8 embedded JavaScript engine, they recommend using the same versionof the JVM. But, Java 7 is sufficient for the sole operation of the compiler.


[image: Wondershare]


At its most stripped down definition, the compiler accepts ClojureScript code, that is,mainly s-expressions obeying some Clojure subset semantics, and emits JavaScript artifactsthat are passed on to the Google Closure Library (
https://developers.google.com/closure/
) in order to get it “polished”.



The Google Closure Library is a set of JavaScript optimizing tools open sourced by Google,which it uses to support the development of its JavaScript-rich applications, such as Gmailor Maps. Using this library has the following benefits:



It abstracts away the effort of managing inconsistencies across the manyJavaScript engines of the market.It takes advantage of the Google Closure's complete program optimization withfeatures such as JavaScript minification or dead code elimination.It exposes the namespace functionality, which is otherwise unavailable in VanillaJavaScript. Actually, a ClojureScript namespace maps to a Google Closurenamespace.



[ 7 ]




Getting Ready for ClojureScript Development



Now, let's see the ClojureScript compiler in action. To understand its fundamentals, wewon't use any build-automation tooling such as
Leiningen
for the moment, though we'll forsure need it to construct our tooling later on. Let's begin by downloading the latest releaseof the compiler (1.7.48 as of the time of writing):


[image: Wondershare]


Create a new directory for your first project, label it
cljs_first_project
, and thendownload into it the compiler JAR:



mkdir   cljs_first_project;   cd   cljs_first_projectwget   \https://github.com/clojure/clojurescript/releases/download/r1.7.48/cljs.jar



Once the compiler JAR is downloaded, you'll need to create a source directory and the pathfor your first namespace inside the project folder:



mkdir   -p   src/cljs_first_project;   cd   src/cljs_first_project



Now it's time to write your first ClojureScript namespace, which must conform to the pathwe're currently in (note that you should replace the underscores with dashes in thedirectory name). Type the following code in a file named
core.cljs
:



(ns   cljs-first-project.core)(js/alert   "Hello   world!")



This code just declares a namespace and the only operation that our program does isshowing an alert popup with the familiar “Hello World!” greeting.



Now with the ClojureScript compiler being a Clojure library, we must write some Clojurecode in order to trigger the building of the ClojureScript code we just wrote. Create a
Clojure
file at the root of our project (at the same level as the
/src
directory) and label it
build.clj
with the following Clojure code in it:



(require   'cljs.build.api)(cljs.build.api/build   "src"   {:output-to   "out/main.js"})



Building ClojureScript is a matter of requiring the
cljs.build.api
namespace and thenlaunching the
build
function that takes two arguments. The first argument is where to lookfor the ClojureScript source code to build, that is the
src
directory in our case, and secondone is where to output the result JavaScript;
out/main.js
as far as this example isconcerned.
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With this helper Clojure program under our belt, we can launch the ClojureScriptcompilation process. It is about launching the embedded Clojure from the JAR wedownloaded and passing to it the build program we just wrote. When we run Clojure thisway, we make sure that the ClojureScript facilities are loaded, especially the
cljs.build.api
namespace. To be able to achieve this, we'll have to add the JAR wedownloaded as well as the
src
directory to the classpath when we invoke Clojure with thehelp of the
java
command:



java   -cp   cljs.jar:src   clojure.main   ./src/build.clj



After you've run this command, you'll notice that an
out
directory containing our target
main.js
file has just been created. In order to launch the output JavaScript artifact, we'llneed an HTML page, which when loaded into our browser will greet us with a popup. Onour HTML page, we must surely load the generated
main.js
file, but we must alsobootstrap the Google Closure Library by loading the
out/goog/base.js
script.



Also, note that the
main.js
file only contains a description of the different namespaces'dependencies managed by the Google Closure Library and no logic of execution. So, wemust explicitly set an entry point to our program by telling the Google Closure Library torequire a namespace to start with, and that's our
cljs_first_project.core
namespace(note how the dashes got transformed to underscores in the HTML page). Here's what theHTML page, which we'll store under the
greet.html
file, at the root folder of your project,looks like:



<html><body><script   type="text/javascript"   src="out/goog/base.js"></script><script   type="text/javascript"   src="out/main.js"></script><script   type="text/javascript">goog.require("cljs_first_project.core");</script></body></html>



Accessing this page from your browser greets you with a JavaScript
alert
popup.Congratulations! You've successfully written and compiled your first ClojureScriptprogram!



There are more advanced ways to work with the architecture of the build process. Forexample, to get rid of all the
goog
requires in your HTML page, you can tell the compiler inyour Clojure build program which namespace should be set as an entry point, as follows:



(require   'cljs.build.api)(cljs.build.api/build   "src"
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{:main   'cljs-first-project.core:output-to   "out/main.js"})



This lets you strip the necessary script declarations in your
greet.html
page down to thefollowing:



<html><body><script   type="text/javascript"   src="out/main.js"></script></body></html>



Another way to optimize the build process is to set the auto-build of your ClojureScriptcode on. The compiler can be triggered to be on the watch mode, thus recompiling theoutput JavaScript as soon as it observes any changes in the
src
directory. Set your Clojurebuild program to use the
watch
function instead of
build
, as shown here:



(require   'cljs.build.api)



(cljs.build.api/watch   "src"{:main   'first-cljs-project.core:output-to   "out/main.js"})



We've taken quite a deep dive inside the compiler. But, to be able to keep the promise ofbringing agile development to JavaScript land, ClojureScript ought to offer a REPL to itsusers, as any decent lisp would do. Let's discover how ClojureScript addresses this matterin the next section.



Working  with  the  ClojureScript  REPL



ClojureScript comes bundled with REPL support for the browser, Node.js, Rhino, andNashorn. The REPL functionality can be triggered through a call to the
repl
function fromthe
cljs.repl
namespace present in the ClojureScript JAR. Just as we did for the buildingprocess, we must create a REPL launching Clojure program. In this program, we begin bybuilding our project and then launch the interactive REPL session. Create a
repl.clj
Clojure program containing the following listing:



(require   'cljs.repl)(require   'cljs.build.api)(require   'cljs.repl.browser)



(cljs.build.api/build   "src"{:main   'cljs-first-project.core:output-to   "out/main.js"
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:verbose   true})



(cljs.repl/repl   (cljs.repl.browser/repl-env):watch   "src":output-dir   "out")



Here, we'll build a REPL with evaluation on the browser, as we've used the
cljs.repl.browser
namespace. Note how we set the
:watch
option, so our REPLautomatically gets fresh versions of the output JavaScript, providing for interactiveClojureScript code evaluation. The
:output-dir
directive tells the REPL where to look forgenerated artifacts so that they can be loaded into the relevant evaluation environment. Asthe interactive evaluation session goes, output of the compilation goes into
out/watch.log
, so we can follow along what's going on while the code interacts with theREPL.



Now, you must set a connection to the REPL inside your ClojureScript program,
core.cljs
. Once built, the resulting JavaScript program will stay in tune with the REPLenvironment, by pushing to the browser any changes made to the ClojureScript source:



(ns   cljs-first-project.core(:require   [clojure.browser.repl   :as   repl]))



(defonce   conn(repl/connect   "http://localhost:9000/repl"))



(js/alert   "Hello   world!")



The connection has been defined with the
defonce
parameter to make sure that the sameconnection is used across the many builds that will occur while the user interacts with theREPL and triggers a new build per evaluation.



Now, launch the REPL, preferably using the
rlwrap
command, so the display on theterminal is properly rendered:



rlwrap   java   -cp   cljs.jar:src   clojure.main   repl.clj
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Be patient while the first build, involving the construction of the connection to the REPL, iscompleted. When it completes, you'll see the
Waiting for browser to connect
message inyour terminal. Once you see this message, point your browser to the HTML page weprepared before (
greet.html
) now through
http://localhost:9000/greet.html
.Accept the first greeting popup and go back to your terminal; you'll see the followingoutput:



Watch   compilation   log   available   at:   out/watch.logTo   quit,   type:   :cljs/quitcljs.user=>



Type another greeting to see if it gets automatically executed in your browser. Type in yourREPL the following:



cljs.user=>   (js/alert   "Hello   World   From   REPL!")



You'll see new greetings from the REPL interactively popping up without hitting refresh onyour browser:


[image: Wondershare]


So far, were able to come up with a ClojureScript REPL that empowered us to interact withthe browser. But, we are far from having a full-fledged development environment yet; theterminal through which we are coding is quite limited, and we lack several essentialfeatures such as code completion, syntax coloring, source code exploration, refactoring, orversion control management to name a few. We need a much more complete and fluidcoding experience and that's what we will strive to achieve in the next sections. We'll beginby exploring the two most promising facilities that permit text editors or integrateddevelopment environments to take advantage from the ClojureScript REPL. Then, we'llshowcase two Emacs setups based on those facilities-one based on
CIDER
and another onebacked byinf-clojure.
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Live  coding  ClojureScript  on  top  of  nREPLwith  Piggieback  and  Weasel



Network REPL
(
nREPL
) (
https://github.com/clojure/tools.nrepl
) is a Clojurelibrary designed primarily to offer remote Clojure code evaluation. It follows a client-serverarchitecture in which the server exposes the REPL functionality by responding to clientcode evaluation queries. nREPL has been created to offer a means to the makers ofdevelopment tools to connect and explore running Clojure environments in a way that isagnostic to the platform these tools may be running on.



Many prominent Clojure development tools rely on nREPL to implement theirfunctionality. In fact, CIDER on Emacs or Cursive on
Intellij IDEA
, the most used tools fordeveloping Clojure at the time of writing this, both rely on nREPL (CIDER relying more onnREPL for code introspection than Cursive).



Naturally, ClojureScript also benefits from nREPL.



Piggieback (
https://github.com/cemerick/piggieback
) is an nREPL middleware thatseizes this opportunity. Piggieback hooks into nREPL and changes its operation so it canevaluate and load ClojureScript code, while being understandable to the vast majority ofexisting Clojure tooling. In the next section, we'll take a closer look at Piggieback.



Working  with  Piggieback



Piggieback changes the nREPL behavior to turn it into a ClojureScript remote evaluationenvironment. It does this by functioning as a middleware layer on top of nREPL. Let's seehow to do this using Leiningen.


[image: Wondershare]


We'll use this project management tool to create a new Clojure project:



lein   new   piggieback_project
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Then, we'll have to modify the
project.clj
file (where project-specific configuration iskept) in order to turn our project into a ClojureScript one, adding ClojureScript as adependency:



(defproject   piggieback_project   "0.1.0-SNAPSHOT":description   "FIXME:   write   description":url   "http://example.com/FIXME":license   {:name   "Eclipse   Public   License":url   "http://www.eclipse.org/legal/epl-v10.html"}:dependencies   [[org.clojure/clojure   "1.8.0"][org.clojure/clojurescript   "1.8.51"]])7.228"]])



Now, it is time to add Piggieback into the mix. Add its dependencies and its middleware tothe
project.clj
file:



(defproject   piggieback_project   "0.1.0-SNAPSHOT":description   "FIXME:   write   description":url   "http://example.com/FIXME":license   {:name   "Eclipse   Public   License":url   "http://www.eclipse.org/legal/epl-v10.html"}:dependencies   [[org.clojure/clojure   "1.8.0"][org.clojure/clojurescript   "1.7.228"]]
:profiles   {:dev   {:dependencies   [[com.cemerick/piggieback"0.2.1"][org.clojure/tools.nrepl"0.2.10"]]
:repl-options   {:nrepl-middleware[cemerick.piggieback/wrap-cljs-repl]}}})



Piggieback is just an entry point to ClojureScript REPLs. Once we hook into our nREPL, wecan operate in the same manner as we did when we were working with the REPL bundledwith the compiler. Once again, we'll need to prepare a ClojureScript namespace that candefine the connection to the REPL, and an HTML page that we can load into our browser.Create a
core.cljs
file under the
src/piggieback_project
folder:



(ns   piggieback-project.core(:require   [clojure.browser.repl   :as   repl]))(defonce   conn(repl/connect   "http://localhost:9000/repl"))



Next, copy the
greet.html
file we wrote previously into the root of your new project.



We can now start an nREPL session. Type the following at the root of your project:



lein   repl
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In order to launch interactive code evaluation and loading in the browser, we must usesome ClojureScript namespaces as to be able to hook Piggieback into our running nREPLsession. We'll need to build the ClojureScript program we wrote at least once, so first we'llhave to load the compiled JavaScript code to connect to the nREPL. Issue the followingcommands at the running REPL prompt:



user=>   (require   'cljs.build.api)user=>   (cljs.build.api/build   "src"#_=>         {:main   'piggieback-project.core#_=>           :output-to   "out/main.js"#_=>           :verbose   true})user=>   (require   'cljs.repl.browser)



We are now ready to hand over the code evaluation responsibility to Piggieback. Type thefollowing:



user=>      (cemerick.piggieback/cljs-repl   (cljs.repl.browser/repl-env))



You'll see that a JavaScript compilation process has been launched. It is our
core.cljs
filebeing compiled, and constructing a connection to the REPL. This will be our nREPLsession—accessed through the JavaScript artifacts loaded via the
greet.html
page.



Once this operation has finished, you'll get the
Waiting for browser to connect
messagethat we previously encountered during our interaction with the REPL built by theClojureScript compiler. As soon as you point your browserto
http://localhost:9000/greet.html
, you'll notice that the prompt has changed; itnow shows the following:



cljs.user=>_



This means that the nREPL session has started accepting code to be compiled. The compiledJavaScript will automatically be evaluated on the connected browser. Try to generatea
Hello World!
popup from the browser from Piggieback this time:



cljs.user=>   (js/alert   "Hello   World   from   Piggieback!")



And your browser says it with a popup, from your
nREPL/Piggieback
session.
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We've now seen how we can change the nREPL's behavior so that it is turned into an entrypoint to the ClojureScript REPL. Code passed to the REPL executed on into the JavaScriptenvironment-the browser in our context-via JavaScript files that are regenerated after eachand every operation.



We can make this workflow even leaner by hot loading the JavaScript artifacts into thebrowser with websockets. This is what we will see in the next section, with the
Weasel
library.



Setting  up  Weasel  with  PiggieBack  for  browserlive  coding



Weasel
(
https://github.com/tomjakubowski/weasel
) sets a up realtime



communication channel using a websocket between a ClojureScript REPL and theJavaScript evaluation environment. The authors of this library say that choosing websocketsas a means for delivering compiled JavaScript to runtime environments made it possible forthem to profit from a simple and reliable transport. It also empowered them to reach amuch wider range of JavaScript engines, especially those that don't properly support, the
<iframe>
tag (the main technology behind the vanilla ClojureScript browser REPL). Let'snow add Weasel on top of the Piggieback-enabled nREPL environment that we've set up inthe previous sections.



Let's first modify the
piggieback_project
file we worked on earlier tosupport
Weasel
by adding its dependency to the
project.clj
file:



(defproject   piggieback_project   "0.1.0-SNAPSHOT":description   "FIXME:   write   description":url   "http://example.com/FIXME":license   {:name   "Eclipse   Public   License":url   "http://www.eclipse.org/legal/epl-v10.html"}:dependencies   [[org.clojure/clojure   "1.8.0"][org.clojure/clojurescript   "1.7.228"]
[weasel   "0.7.0"   :exclusions[org.clojure/clojurescript]]]
:profiles   {:dev   {:dependencies[[com.cemerick/piggieback"0.2.1"][org.clojure/tools.nrepl   "0.2.10"]]:repl-options   {:nrepl-middleware[cemerick.piggieback/wrap-              cljs-repl]}}})
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Let's modify our ClojureScript code so that it can connect to the websocket openedby
Weasel
:



(ns   piggieback-project.core(:require   [weasel.repl   :as   repl]))(when-not   (repl/alive?)(repl/connect   "ws://localhost:9001"))



Just like we did in the previous section, we'll need to connect to our nREPL and plugPiggieback in on top of it, but this time, we'll run it with a Weasel browser. After makingsure that you are at the root of the project folder, type in a terminal:



lein   repl



First, let's compile our ClojureScript source so we have our JavaScript ready to connect tothe format as code websocket. Run the following from your nREPL session:



user=>   (require   'cljs.build.api)user=>   (cljs.build.api/build   "src"#_=>         {:main   'piggieback-project.core#_=>           :output-to   "out/main.js"#_=>           :verbose   true})



Next, we require the Weasel REPL namespace:



user=>   (require   'weasel.repl.websocket)



We hook Piggieback onto the current session and ask it to use the
Weasel
websocket as theREPL environment (we also set the IP address and the port we want our websocket to belistening to):



user=>   (cemerick.piggieback/cljs-repl#_=>   (weasel.repl.websocket/repl-env   :ip   "0.0.0.0"   :port9001))



After Piggieback is launched,
Weasel
shows a message to inform us that it is awaitingincoming connections:



<<   waiting   for   client   to   connect   ...



Open the
greet.html
file in your browser (you need to open it from the files manager onyour OS, as we are not serving it over HTTP this time!). As soon as the file opens, you seethe following message in your nREPL session:



<<   waiting   for   client   to   connect   ...



connected!   >>
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The prompt in your nREPL session should change to the following:



cljs.user=>   _



As usual, let's salute the world and see if our greeting pops up in the browser:



cljs.user=>   (js/alert   "Hello   World   from   Weasel!")



Your browser should now emit an alert with a greeting message on it.



Until this point, we have been able to put together a powerful environment for developingClojureScript. Thanks to Piggieback being hooked on nREPL, we can benefit from theintegrated development tools that already exist for Clojure. Before we go too much furtheron this subject, let's see how we can write ClojureScript programs that target otherJavaScript environments. In the following section, we'll focus on setting up a Piggiebackpowered nREPL that evaluates code on the Node.js platform.



ClojureScript  REPLs  on  Node.js  with  Piggieback



Setting up Node.js REPLs is simpler than targeting the browser. You don't need to set upconnections from the REPL process to the browser with the help of some vanilla JavaScript.All you have to do is make sure that the source is compiled, and set the REPL target toNode.js, so that the compiled output is handed over to that evaluation environment forrunning.



First, make sure that Node.js is installed. Under
piggieback_project
, change the
core.cljs
file so that it looks like the following:



(ns   piggieback-project.core(:require   [cljs.nodejs   :as   nodejs]))



(nodejs/enable-util-print!)



(defn   -main   [&   args](println   "Hello   world   from   Node.js!"))



(set!   *main-cli-fn*   -main)



Launch an nREPL session for your project by typing the following:



lein   repl
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We then require the namespaces necessary for the launch of our Node.js REPL:



user=>(require   'cljs.build.api)user=>   (require   'cljs.repl.node)



Now, launch the first build of our ClojureScript
core.cljs
source:



user=>   (cljs.build.api/build   "src"#_=>         {:main   'piggieback-project.core#_=>           :output-to   "out/main.js"#_=>           :verbose   true})



We can now hook a Piggieback REPL into this running nREPL session. Issue the followingcommand:



(cemerick.piggieback/cljs-repl   (cljs.repl.node/repl-env))



The nREPL session responds with a message saying that a Node.js REPL has been launched:



ClojureScript   Node.js   REPL   server   listening   on   49449



And as usual, the prompt has been changed so as to notify us that we have successfullylaunched a ClojureScript REPL on top of our nREPL session:



cljs.user=>   _



At this point, we can implement a program similar to the Node.js “Hello World,” a littleHTTP server that greets the browser that queries it. Type the following in your, now,ClojureScript-enabled nREPL session (we'll elaborate more on the syntax later on):



cljs.user=>   (def   http   (js/require   "http"))cljs.user=>   (.listen   (.createServer   http#_=>                                                               (fn   [req   res]#_=>                                                               (do#_=>                                                               (.writeHead   res#_=>                                                               200#_=>                                                               (js-obj#_=>                                                               "Content-Type"   "text/plain"))#_=>                                                               (.end   res#_=>                                                               "Hello   World   from   Node.jshttp   server!"))))#_=>                                                               1337#_=>                                                               "127.0.0.1")



If you navigate your browser to
http://127.0.0.1:1337
, you should see the greetingfrom your Node.js server.
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In the next section, we'll elaborate on a new contender in the realm of interactiveClojureScript coding environments:
Figwheel
, the new kid on the block that gets you to aClojureScript browser REPL quickly.



Live  coding  ClojureScript  with  Figwheel



Figwheel (
https://github.com/bhauman/lein-figwheel
) is a Leiningen plugin thatbuilds ClojureScript programs and delivers them to the browser for interactive evaluation.In contrast with nREPL-based work-flows, Figwheel does not rely on third-party REPLs. Itis a self-contained library with its own ClojureScript REPL that relies on websockets to pushyour work to the browser as you edit your ClojureScript code. Figwheel also supports CSSlive reloading in the browser, hence providing for a completely interactive webdevelopment experience. In this next section, we'll use Figwheel to get set up aClojureScript live-coding experience on the browser.



Setting  up  Figwheel  for  browser  live  coding



Figwheel comes as a self-contained library that automatically builds and loads thegenerated JavaScript into the browser. This means we won't have to manually build theJavaScript that'll be pushed to the browser in order to establish the connection to theFigwheel REPL. Everything will be handled for us.



Let's begin by creating a new project that we will use to experiment with Figwheel:



lein   new   figwheel-project



We'll now need to change our
project.clj
file so that our project is aware of the
lein-figwheel
plugin:



(defproject   figwheel-project   "0.1.0-SNAPSHOT":dependencies   [[org.clojure/clojure   "1.8.0"][org.clojure/clojurescript   "1.8.51"]]
:plugins   [[lein-figwheel   "0.5.1"]]
:clean-targets   [:target-path   "out"]:cljsbuild   {:builds   [{:id   "dev":source-paths   ["src"]:figwheel   true:compiler   {:main   "figwheel-project.core"}}]}):asset-path   "js/out":output-to   "resources/public/js/main.js":output-dir   "resources/public/js/out"}}]})
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Create a file named
core.cljs
under
src/figwheel_project/
so we can have aClojureScript program that will be built and pushed to the browser. Code changes will bepushed to the browser automatically later on via this loaded file:



(ns   figwheel-project.core)



(js/alert   "Hello   from   Figwheel!")



As before, in order to load the compiled JavaScript that'll connect our browser to therunning Figwheel process we need to have an HTML page. Since we're still compilingClojureScript to the
main.js
file, we must load this file in order to get it evaluated in thebrowser. Create a
greet.html
file that you'll put in the root of your project. This page willcontain the following:



<html><body><script   type="text/javascript"   src="main.js"></script></body></html>



Let's launch Figwheel. Note how this is done as a Leiningen plugin, and how we don't needto load a specific ClojureScript on top of an nREPL as we did with Piggieback:



lein   figwheel



Your terminal should show a message that states that it is awaiting the client connection:



Prompt   will   show   when   figwheel   connects   to   your   application



For this, we are going to simply use the web server that comes embedded within Figwheel.Provided that we’ve put the previous
greet.html
in our browser. Open that HTML pageas a regular file under the
public/resources
folder visit the following URL,
http://localhost:3449/greet.html
. As soon as the page loads, you'll see the greetingwe programmed to show in the ClojureScript file, and once you've clicked on the
OK
button, you'll notice that the Figwheel invite is now showing a prompt accepting userrequests for ClojureScript evaluation:



cljs.user=>   _



Let's try to evaluate something in the browser. Type the following:



cljs.user=>   (js/alert   "Hi   from   Figwheel   Again!")



[ 21 ]




Getting Ready for ClojureScript Development



Once again, this new greeting should pop up in your browser!



We've seen how it was easy to set up a browser live-coding session with Figwheel. In thenext section, we'll experiment with Node.js evaluations.



Node.js  interactive  development  workflows  withFigwheel



Figwheel is mainly intended for the browser, and as such, configuring it to connect toNode.js is a bit trickier than what we just did. Since Figwheel does not rely on thecore ClojureScript REPL or nREPL, and hence, there are some actions that need to be takenin order to add Node.js support to its default stack.



Getting Figwheel to provide a Node.js REPLs is a matter of preparing a special JavaScriptartifact that, when run with Node.js, will implement a server that connects via websocket toa running Figwheel session. This server will evaluate the compiled JavaScript from theFigwheel REPL via the WebSocket connection. Let's implement this.



First create a new Clojure project and name it
figwheel_node
. Next, prepare theClojureScript Node.js script that, once launched, will connect via a WebSocket to the REPLserved by Figwheel:



(ns   ^:figwheel-always   figwheel-node-repl.core(:require   [cljs.nodejs   :as   nodejs]))(nodejs/enable-util-print!)(def   -main   (fn   []   nil))(set!   *main-cli-fn*   -main)



Next, let's modify our
project.clj
file to target the Node.js runtime using the relevantbootstrapping library. We could configure the bootstrapping library ourselves, but insteadwe'll use a popular Leiningen plugin, Cljsbuild (
https://github.com/emezeske/lein-cljsbuild
), to automate this process for us. Let's add and configure it by editing your
project.clj
as follows:



(defproject   figwheel-node   "0.1.0-SNAPSHOT":dependencies   [[org.clojure/clojure   "1.7.0"][org.clojure/clojurescript   "1.7.122"]]
:plugins   [[lein-cljsbuild   "1.1.0"]
[lein-figwheel   "0.4.0"]]:clean-targets   ^{:protect   false}   ["out"]:cljsbuild   {:builds   [{:id   "server-dev":source-paths   ["src"]
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:figwheel   true
:compiler   {:main   figwheel-node-repl.core
:output-to   "out/figwheel_node_repl.js":output-dir   "out":target   :nodejs:optimizations   :none:source-map   true}}]}:figwheel   {})



Note that setting the
figwheel-node-repl.core
namespace as a main entry point willensure that all the necessary imports are added to our compiled output before we executeany of the program logic via websockets. This way, the script can be painlessly run byNode.js.



Next, let's install the Node.js websockets client library,
ws
, so that our script can connect tothe Figwheel session:



npm   install   ws



As we've done with the browser setup, launch the Figwheel REPL:



lein   figwheel   server-dev



As usual, you will see a prompt telling you that the Figwheel environment is awaiting aclient connection. This time, the client will be the Node.js script we just developed. Launchit in a different terminal window from the one currently running our Figwheel server:



node   out/figwheel_node_repl.js



At this point, you have two running environments: the Figwheel REPL, which now showsthe
cljs.user=>
prompt and the Node.js process, which is actively evaluating thecompiled JavaScript that is being pushed to it by Figwheel.



Let's evaluate, on the Figwheel REPL, the HTTP server we used in the previous sections:



cljs.user=>   (def   http   (js/require   "http"))cljs.user=>   (.listen   (.createServer   http#_=>                                                                    (fn   [req   res]#_=>                                                                    (do#_=>                                                                    (.writeHead   res#_=>                                                                    200#_=>                                                                    (js-obj#_=>                                                                    "Content-Type""text/plain"))#_=>                                                                    (.end   res#_=>                                                                    "Hello   World   fromNode.js   http   server!"))))



[ 23 ]




Getting Ready for ClojureScript Development



#_=>#_=>



1337"127.0.0.1")



If you visit the URL exposed by this HTTP server,
http://127.0.0.1:1337
, you shouldsee a greeting from Node.js, meaning that the ClojureScript you typed in the Figwheel REPLhas been successfully compiled to JavaScript and evaluated by the running Node.js process.



We've studied two alternatives for exposing ClojureScript REPLs-one of them based onnREPL with Piggieback and the other using a standalone REPL environment based onFigwheel. In the next sections, we'll talk about how to set up development environments forClojureScript on Emacs.



Setting  integrated  developmentenvironments  for  ClojureScript



Now that we've got the basic lay of the land, we can now focus on configuring a properIntegrated Development Environment. We'll also discuss how we can make it ClojureScript-aware using the REPLs we've covered so far.



In doing so, we strive to profit from the many ways IDEs can assist us. IDEs are powerfultools, exposing functionalities such as code completion, syntax highlighting, programstructure introspection, and navigation.



We'll focus on Emacs, its Clojure development environment, CIDER, as well as anothersimpler package,
inf-clojure
. The reason why we chose these Emacs-based tools is thatthey are the most used IDEs for most Clojurists, and are actively maintained by a vibrantcommunity of open source enthusiasts.



Working  on  Emacs  with  Piggieback  and  Weaselon  CIDER



CIDER,
or the
Clojure Interactive Development Environment that Rocks for Emacs
(
https://github.com/clojure-emacs/cider
), is an open source Emacs Library for workingwith Clojure on Emacs. Originally called
nrepl.el
, it is stable, feature-rich, and an activeproject that is highly beneficial to Clojure and ClojureScript developers.
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If you're going to use CIDER, its authors have stated that they expect ClojureScriptdevelopers to use Piggieback and Weasel as their default toolkit.



Let's assume that you can launch a Piggieback/Weasel-enabled nREPL session for yourClojureScript project (refer to the
Live-coding ClojureScript on top of nREPL with PiggieBackand Weasel
section). We'll now focus on how CIDER empowers you to develop ClojureScriptwith Emacs.



Installing  CIDER



Installing Cider is a matter of getting the relevant library from
package.el
(using
MELPA
,
MELPA Stable
, or
Marmalade
repositories) and issuing the following command(in Emacs):



M-x   package-install   [RET]   cider   [RET]



Alternatively, add the following lines to your Emacs configuration file:



(unless   (package-installed-p   'cider)(package-install   'cider))



You'll also need to hook up the CIDER middleware into our nREPL. To do this, add thefollowing to the
:user
section in your
~/.lein/profiles.clj
file:



:plugins   [[cider/cider-nrepl   "x.y.z"]]



We haven't spoken about Leiningen profiles too much prior to now. To learn more abouthow the
profiles.clj
file works, check out the Leiningen documentation at
https://github.com/technomancy/leiningen/blob/master/doc/PROFILES.md#declaring-profiles
. Take care, the
"x.y.z"
version number in
cider-nrepl
must match the CIDERversion, otherwise you'll get a warning when trying to connect to a project's REPL.



Working  with  Clojure  and  ClojureScript  REPLs  onCIDER



At this point, you're free to tweak CIDER's configuration to add features like differentautocompletion providers or syntax-highlighting behavior. Whether you choose to or not,you should have everything you need to get CIDER up and running at this point.
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Once you have installed CIDER and its nREPL middleware, you can open a Clojure file(even an empty buffer to experiment in), launch an REPL on it and begin to workinteractively. Most Clojure developers go back and forth between editing and sending codeto the REPL for evaluation. To launch a Clojure nREPL session from Emacs use thefollowing command:



M-x   cider-jack-in



Now, how can we get this set up to work with ClojureScript? Let's go back to our
piggieback_project
from earlier in this chapter and get CIDER working for it.



First, we'll need to tell CIDER which ClojureScript evaluation environment we are going touse. CIDER defaults to
Rhino
, so for our case we'll need to tell CIDER to use Weasel.Customize the
cider-cljs-repl
file to set it to Weasel:



M-x   customize-variable   RET   cider-cljs-repl   RET   Weasel   RET



Make certain that your ClojureScript file contains the following connection code:



(ns   piggieback-project.core(:require   [weasel.repl   :as   repl]))(when-not   (repl/alive?)(repl/connect   "ws://localhost:9001"))


[image: Wondershare]


Next, we'll use the
lein-cljsbuild
package. To activate this plugin make sure that your
project.clj
file looks as follows:



(defproject   piggieback_project   "0.1.0-SNAPSHOT":description   "FIXME:   write   description":url   "http://example.com/FIXME":license   {:name   "Eclipse   Public   License":url   "http://www.eclipse.org/legal/epl-v10.html"}:plugins   [[lein-cljsbuild   "1.1.0"]]:cljsbuild   {:builds   [{:source-paths   ["src"]:compiler   {:main   piggieback-project.core:output-to   "out/main.js":output-dir   "out":optimizations   :none}}]}:dependencies   [[org.clojure/clojure   "1.7.0"][org.clojure/clojurescript   "1.7.122"]
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[weasel   "0.7.0"   :exclusions   [org.clojure/clojurescript]]]:profiles   {:dev   {:dependencies   [[com.cemerick/piggieback"0.2.1"][org.clojure/tools.nrepl   "0.2.10"]]:repl-options   {:nrepl-middleware[cemerick.piggieback/wrap-cljs-repl]}}})



Now we'll  build the code responsible for creating the connection. While in the projectdirectory, type the following:



lein   cljsbuild   once



Now open any ClojureScript file in Emacs, and launch the nREPL session with:



M-x   cider-jack-in-clojurescript



You'll see two REPLs, one for Clojure and the other for ClojureScript. The ClojureScriptREPL should notify you that it is waiting for the client to connect.


[image: Wondershare]
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Connect your browser to the Weasel session by opening
greet.html
. You should get thefollowing screen in Emacs:


[image: Wondershare]


Now, switch to the window containing the Clojure REPL and set it to show the buffercontaining your
test.cljs
ClojureScript file.



Load the content of the file in your REPL using the following Emacs command:



C-c   C-k



Then, set the namespace of the REPL to be the one declared by the current source file:



C-c   M-n



Switch now to your ClojureScript REPL:



C-c   C-z
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Start typing the name of the function. You'll notice that code completion should be working.In the minibuffer, Emacs should also help you with the signature of your function.


[image: Wondershare]


Now let's evaluate some ClojureScript in our REPL:



piggieback-project.test>   (defn   test-fn   [your-name]   (js/alert   (+"hello   "   your-name)))piggieback-project.test>   (test-fn   "Rafik")



And a popup should happily greet you from your connected browser.
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Working  on  Emacs  with  Figwheel  and  inf-clojure



In order to use Figwheel with Emacs, we'll need to use
inf-clojure
, an Emacs packageoffering basic interaction with a running Clojure subprocess. In conjunction with clojure-mode, this setup will make sure that we benefit from static code analysis features.
inf-clojure
is not as feature rich as CIDER, which is worth keeping in mind. It is nevertheless,able to load files, switch namespaces, evaluate expressions, show documentation andsource of symbols, and do macro-expansion.



Installing  inf-clojure



Type the following in your Emacs:



M-x   package-install   [RET]   inf-clojure   [RET]



You may also want to add the following snippet to your Emacs configuration file:



(unless   (package-installed-p   'inf-clojure)(package-install   'inf-clojure))



To enable
inf-clojure
whenever you visit a Clojure or ClojureScript file, add thefollowing to your Emacs configuration file:



(add-hook   'clojure-mode-hook   #'inf-clojure-minor-mode)



Configuring  inf-clojure  to  run  Figwheel  as  a  Clojuresubprocess



In order for Emacs to know that we want to use Figwheel as our REPL environment, we'llneed to configure it explicitly. To do this, add the following to your Emacs configuration file(usually
~/.emacs
):



(defun   figwheel-repl   ()(interactive)(run-clojure   "lein   figwheel"))
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[image: Wondershare]


Restart Emacs or re-evaluate the the configuration file buffer for the modifications to takeeffect. Next, let's open a file in the source directory of the
figwheel_project
we've set upfor the browser, say
core.cljs
, and launch the ClojureScript powered
inf-clojure
session by typing the following:



M-x   figwheel-repl



You'll end up to a configuration like the one shown in the following screenshot, whereFigwheel, run from
inf-clojure
, is awaiting connection from the browser:
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[image: Wondershare]


As soon as you open the
greet.html
file within your browser, the user prompt shouldchange to notify you that the evaluation environment is successfully connected to theFigwheel REPL:



Let's evaluate some ClojureScript. Split your window in two using the following:



C-x   2



And load the buffer containing
core.cljs
:



C-x   b



core.cljs   [RET]
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[image: Wondershare]


You should end up with something like the following:



Move the cursor to the
(js-alert...)
form and evaluate it by hitting the following:



C-c   C-c



You should see the greeting showing up in the browser.



We've now seen two different possible setups on Emacs: one based on Piggieback/Weasel,which is harder to set up but offers a fully-fledged Clojure developmentenvironment—CIDER, and another using Figwheel but offering less integrateddevelopment functionality. Which one you choose to use relies pretty much on personaltaste, and how much effort you feel like putting in.
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Summary



This concludes our section on getting started with ClojureScript development. Weintroduced you to the ClojureScript compiler, demonstrating how it runs on the JVM andleverages the Google Closure Library to optimize compiled JavaScript and providenamespace functionality.



We learned how the ClojureScript compiler can be used to build ClojureScript programsinto JavaScript artifacts, how to access these artifacts and, finally, how to interact with themvia a REPL targeting different JavaScript environments.



We covered how to use Piggieback in order to expose a JavaScript-enabled nREPL session,how to push the compiled JavaScript via websockets to the browser thanks to Weasel, andhow to target Node.js using this setup.



After that, we saw how we could use Figwheel to get a single self-contained Leiningenplugin for developing with the browser. We also learned how to target Node.js usingFigwheel.



Finally, we saw how one can use one of these setups with an integrated developmentenvironment based on CIDER or
inf-clojure
.



Now that you have your computer configured for ClojureScript development, lets tackle thelanguage properly. In the next chapter, we'll dig into the core of the ClojureScript language.
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ClojureScript provides the developer with great expressive power, thanks to its elegantsemantics and its bias toward functional programming-both artifacts of its heritage as a Lisplanguage.



It also encourages the use of a minimal set of pragmatic and efficient data structures thatmake it possible to productively write data-oriented programs that are bound by a set ofunified operations, typically conforming to the powerful
seq
abstraction.



In this chapter, we are going to explore these semantics and data structures so that we cangain a deep knowledge of the ClojureScript language basics. We'll delve into its basic scalartypes and collections, understand how expression evaluation and variable scoping work,study the
seq
abstraction along with the concept of laziness, and show how interoperabilitywith JavaScript works. We'll be covering the following topics:



Understanding ClojureScript functionsClojureScript data structuresAdvanced destructuring and namespacesImmutabilityJavaScript interoperability
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Understanding  ClojureScript  functions



Before we dive too far into ClojureScript, we need to understand the syntax behindClojureScript functions. Functions in ClojureScript work like functions in most computerlanguages.



Functions



Functions in ClojureScript are first-class entities, which means that we can store them asvariables, or values in data structures, return them as values from other functions, and passfunctions as arguments to other functions.



We'll be demonstrating quite a bit of code evaluation in this chapter. In order to followalong, start up an REPL following the instructions provided in the previous chapter.



Let's start by quickly seeing what a function call in ClojureScript looks like at the REPL:



cljs.user=>   (+   1   2);;   =>   3



ClojureScript, as a Lisp, looks unlike many other languages, including JavaScript. It is alanguage written in prefix notation, which means that the calling function is the firstargument. The same operation, performed in JavaScript, would look like the following:



>   1   +   23



Let's start by just defining a simple function. Let's say we want to start by just taking anumber and adding one. There is an existing function,
inc
, that does this for us already, butlet's just reimplement it for now:



cljs.user=>   (def   inc2   (fn   [x]   (+   x   1)));;   =>   #'cljs.user/inc2cljs.user=>   (inc2   8);;   =>   9



Let's break this apart: the
def
statement tells us that what follows will be a definition. The
fn
parameter is a ClojureScript macro that defines a function. Macros are like functions butsomewhat more complicated; we'll cover them in greater detail in
Chapter   3
,
AdvancedClojureScript Concepts
. The
x
variable in brackets is the sole argument to our function; anyadditional arguments to the function, if they existed, would also go inside the brackets.What follows after that is the function body.
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[image: Wondershare]


We can also define a function using the
defn
macro, which is a convenient shorthand for(
def   (fn...)
). There's nothing special about the
defn
macro that we need to worry aboutfor now; it's functionally the same as (
def   (fn   ...)
), although it makes it syntactically alittle cleaner to attach metadata to the function:



cljs.user=>   (defn   inc2[x]   (+   x   1));;   =>   #'cljs.user/inc2cljs.user=>   (inc2   4);;   =>   5



The function we've defined previously is the same as the following JavaScript function:



function   inc2(x)   {return   x   +   1}



If we're defining a function without arguments, we just use an empty vector:



cljs.user=>   (defn   yell   []   (print   "Aaaaagh!"));;   =>   #'cljs.user/yellcljs.user=>   (yell)Aaaaagh!;;   =>   nil



A documentation string (docstring) can be attached to a function by including it before thefunction's arguments:



cljs.user=>   (defn   inc2"Returns   a   number   one   greater   than   the   number   passed   in."[x]   (inc   x));;   =>   #'cljs.user/inc2



We can print out the docstring for our function by calling the
doc
parameter on it at theREPL. This is an incredibly useful tool when you want to quickly know what a functiondoes. We recommend including docstrings for all of the functions you write inClojureScript:



cljs.user=>   (doc   inc2)-------------------------cljs.user/inc2([x])
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Returns   a   number   one   greater   than   the   number   passed   in.;;   =>   nil



Multiarity  and  variadic  functions



Sometimes you'll want to write a function that could take potentially different numbers ofarguments. This function might behave differently with different argument lengths or itmight just provide a convenient pointer to the same function but with a specified argumentlength (for instance, if you wanted to provide defaults). This is sometimes referred to asfunction overloading. Let's see how we can do this in ClojureScript:



cljs.user=>   (defn   inc2"Returns   a   number   one   greater   than   the   number   passed   in.   Iftwo   numbers   are   provided,   sums   them   both   and   increments   thatsum   by   1."([x]   (inc   x))([x   y]   (inc   (+   x   y))));;   =>   2cljs.user=>   (inc2   3);;   =>   4cljs.user=>   (inc2   3   4);;   =>   8



We can also write functions that take any number of arguments (also known as
variadic
functions). This is akin to writing
*args
in some other languages:



cljs.user=>   (defn   sum"Given   any   number   of   numbers,   sum   them   together."[&   args](apply   +   args));;   =>   #object[Function   "function   (seq37445)   {returncljs.user.sum.cljs$core$IFn$_invoke$arity$variadic(cljs.core.seq.call(null,seq37445));}"]



The
apply
parameter takes a function (in this case,
+
) and a collection (
args
) and appliesthe function to the argument list. Don't worry about the return value from the
defn
formfor now-just know that it's saving the function body in the relevant
var
,
sum
. We'll leave offthis REPL return value when we're defining functions for the rest of this chapter to saveroom, but don't be surprised to see it.
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[image: Wondershare]


Let's test that our function works:



cljs.user=>   (sum   5   4   3   2   1);;   =>   15



We can include arguments before the ampersand (
&
) here as well:



cljs.user=>   (defn   foo"A   simple   example   function."[x   y   &   args](println   "This   is   the   first   arg:"   x)(println   "This   is   the   second   arg:"   y)(println   "These   are   the   remaining   args:"   args))cljs.user=>   (foo   1   2   3   4)This   is   the   first   arg:   1This   is   the   second   arg:   2These   are   the   remaining   args:   (3   4);;   =>   nil



Anonymous  functions



Note that we don't actually need to store our functions to be able to call them:



cljs.user=>   ((fn   [x]   (println   "The   argument   to   this   functionis:"   x))   "Bonkers!")



The   argument   to   this   function   is:   Bonkers!;;   =>   nil



This gets back to what we were saying earlier about ClojureScript functions being first-classcitizens. You'll find that you're using the so-called anonymous functions (functions thataren't stored as a specific variable) often. In other languages, these are sometimes called
lambda functions
.



ClojureScript, like Clojure, has a special syntactical shorthand that you can use whenworking with anonymous functions. You don't have to use it, but it's often more concise.Let's look at what the preceding example would look like in this shorthand:



cljs.user=>   (#(println   "The   argument   to   this   function   is:"   %1)"Bonkers!")
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The   argument   to   this   function   is:   Bonkers!;;   =>   nil



Here in the preceding syntactical shorthand, the function body is signaled by having apound sign or hash before the opening parenthesis. The
%1
variable tells us to use the firstargument (if the function only takes one argument, you can also drop the
1
and just use
%
).If we wanted to make a variadic function, we can use
%&
where we would normally use
&
args:



cljs.user=>   (#(println   "The   arguments   are:"   %&)   "Bonkers!""a2")



The   arguments   are:   (Bonkers!   a2);;   =>   nil



This sort of syntactic shorthand is great for defining simple and quick functions on a singleline, but doesn't make for very clear reading when working with more complicated logic. Ifyou can't easily fit a function on a single line, you're better off sticking to the defaultfunction declaration syntax.



Side  effects



Any code inside of parentheses, as well as any data literal, that can be evaluated is knownas a form. Each form is evaluated in isolation and the value of that form is passed on to theupstream code containing it.



When we execute forms at the REPL, the values are immediately returned. Sometimes,however, whether at the REPL or as part of a program, we want to execute code for its sideeffects. Side effects might include things like updating state, saving a value to a database,popping up an alert, or printing a value out to the JavaScript console.



Most of the time, evaluating a form that only performs side effects returns
nil
. Forinstance, if we have a Figwheel REPL open, executing the command to log a value to theJavaScript console returns
nil
:



cljs.user=>   (js/console.log   "I   am   a   side   effect")nil



Note that in our browser's JavaScript console, the following value was printed:



>   I   am   a   side   effect



[ 40 ]




ClojureScript Language Fundamentals



Sometimes, we might want to evaluate multiple side effects as part of a function or evaluateone or more side effects and also return a different value. For that, we use the
do
specialform, which lets us evaluate multiple forms, only returning the last one. Let's see anexample:



cljs.user=>   (do(println   "I   am   a   side   effect")(+   1   2)"This   is   the   returned   string"))



I   am   a   side   effect;;   =>   "This   is   the   returned   string"



Special forms work like regular forms and functions, but they work directly with theClojureScript compiler. Special forms are so called because without them, the languagewouldn't have the core functionality needed to Bootstrap itself.



Let's take a closer look at what happened here. First, note that each of the contained formswas evaluated; we can tell this because the
println
function was called and printed
I   ama   side   effect
to our REPL's standard output. We also see that the (
+   1   2
) form has notbeen returned (though it has, in fact, been evaluated). Lastly, the string
This   is   thereturned   string
was returned.



The use of the
do
special form gives our programs considerably more flexibility; we'll beusing it frequently, either directly or indirectly, in many of our programs.



Local  variables



We've defined some local variables within our function bodies, but this will not be enoughfor us in the long run-we'll want to have the ability to define other local variables as weneed them. We can use the
let
macro to do this:



cljs.user=>   (let   [x   10]   (println   x))10;;   =>   nil



As you can see from the preceding example, we've bound the value
10
to the local variable
x
the
let
macro always takes an even number of arguments within its binding vector since.The arguments are paired-the first the name of the binding variable, the second the valuesor references being bound. Let's see an example where we bind multiple values:



cljs.user=>   (let   [a   1b   2]{a   b})
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;;   =>   {1   2}



Within the context of a function, we can redefine a previously defined local variable:



cljs.user=>   (defn   bar   [x]   (let   [x   true]   x));;   =>   #'cljs.user/bar



Here, the function already has an argument
x
, but we've redefined
x
to be
true
within thebody of
let
. This function is equivalent to the following JavaScript:



var   bar   =   function(x)   {x   =   true;return   x;}



Let's verify that the locally redefined variable is returned:



cljs.user=>   (bar   5);;   =>   true



The
let
macro also functions as an implicit
do
block:



cljs.user=>   (let   [a   5](println   a)(+   a   3))



5;;   =>   8



The  ClojureScript  data  structures



ClojureScript shares all of Clojure's basic scalar types, but due to the difference in runtimeplatform, it relies on different underlying mechanics for implementation. Let's begin byquickly reviewing the basic language types first.



Scalar  types



As with Clojure, scalars in ClojureScript are directly linked to the host platform. In this case,this means that ClojureScript scalars are just basic JavaScript types.
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Numbers



ClojureScript numbers are nothing but JavaScript numbers. Type at your REPL thefollowing:



cljs.user>   (type   3);;   =>   #object[Number   "function   Number()   {[native   code]}"]



Unlike Clojure, this is true for all numeric types, whereas Java breaks numeric types intodifferent types like Bigint, Integer, Float and Double, and all numeric types in ClojureScriptare just JavaScript numbers:



cljs.user>   (type   1.1);;   =>   #object[Number   "function   Number()   {[native   code]}"]cljs.user>   (type572934872093847902387492837498273498273598237492873492873598237498275923874932875923847293857928759824375928759283749238759238749812379582735982374928374982375923874928374982374);;   =>   #object[Number   "function   Number()   {[native   code]}"]cljs.user=>   (type   0.0000000000057829734923);;   =>   #object[Number   "function   Number()   {[native   code]}"]



Working with numbers in ClojureScript is similar to working with numbers in otherlanguages:



cljs.user=>;;   =>   3cljs.user=>;;   =>   4cljs.user=>;;   =>   12cljs.user=>;;   =>   4



(+   1   2)



(-   5   1)



(*   3   4)



(/   8   2)


[image: Wondershare]
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cljs.user=>   (rem   10   3);;   =>   1



In addition to the preceding code, ClojureScript also has the
inc
and
dec
functions, whichjust add or subtract
1
from the argument being passed in. In this regard, they are exactly thesame as calling
(+   x   1)
or
(-   x   1)
. We can even verify this at the REPL with the
source
macro, which prints out a function's source code:



cljs.user=>   (source   inc)



(defn   inc"Returns   a   number   one   greater   than   num."[x]   (cljs.core/+   x   1))



;;   =>   nil



Strings  and  characters



Strings in ClojureScript are just JavaScript strings under the hood:



cljs.user>   (type   "A   String");;   =>   #object[String   "function   String()   {[native   code]}"]



Unlike Java, JavaScript does not have a
char
type, so characters in ClojureScript are justone-character strings:



cljs.user>   (type   \a);;   =>   #object[String   "function   String()   {[native   code]}"]



We can create strings just by surrounding them with double-quote marks. We can alsocoerce various other data types to their string forms by calling either
str
or
name
:



cljs.user=>   (str   {});;   =>   "{}"cljs.user=>   (str   1);;   =>   "1"



Notice that the user of
str
on keywords preserves the colon in the string, while
name
getsrid of it:



cljs.user=>   (str   :hamburger);;   =>   ":hamburger"
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cljs.user=>   (name   :sandwich);;   =>   "sandwich"



The
str
type is typically used to create a new string that is the concatenation of individualstrings:



cljs.user=>   (str   "this"   "is"   "all"   "one"   "word"   "now");;   =>   "thisisallonewordnow"



You can get the length of a string with
count
:



cljs.user=>   (count   "my-string");;   =>   9



Slice a string into a substring with
subs
:



cljs.user=>   (subs   "parents   just   don't   understand"   8   18);;   =>   "just   don't"



And there is much more! The
clojure.string
namespace has a host of handy functionsfor working with strings, including functions for capitalization, substitution, and splitting.You can expect to see these functions getting used throughout this book.



Nil



The concept of
nil
in Clojure and ClojureScript has many analogies in other languages. Ifyou're coming from a scripting language background, you might be familiar with Python's
None
or Ruby's
nil
. JavaScript has the concept of
null
, and ClojureScript's implementationof
nil
is built on this.



The
nil
type is a special type in ClojureScript, which means asking its type at the REPLreturns a somewhat confusing
nil
as an answer:



cljs.user=>   (type   nil);;   nil



Does this mean that
nil
doesn't actually have a type? No. It's just a special type whose typeis not accessible at runtime.



The
nil
type is very important in ClojureScript, and we'll be relying on it frequently,particularly when we want to check for the presence of something or do any sort of logicalgating with Boolean values.
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Boolean  values  and  truthiness



Like most programming languages, ClojureScript retains the basic concept of
true
and
false
as the two possible values for its Boolean type. ClojureScript Booleans are justJavaScript Booleans:



cljs.user=>   (type   true);;   =>   #object[Boolean   "function   Boolean()   {[native   code]}"]cljs.user=>   (type   false);;   =>   #object[Boolean   "function   Boolean()   {[native   code]}"]



In ClojureScript, truth of an expression is decided according to a very simple rule, which issometimes described as checking for whether or not a value is truthy. Put simply,everything which is neither
false
nor
nil
evaluates to
true
when placed in a conditionalexpression. Truthiness is a language design pattern that can be found in a number of otherlanguages such as Clojure, Python, and Ruby. Unlike other Lisp languages, this manner ofevaluation means that empty lists are not considered to be “falsey”, as they are neitherexplicitly
false
, nor are they
nil
. Let's look at some examples:



cljs.user>   (if   (js-obj   "field"   "value")   "js   object   is   true"   "jsobject   is   false")



;;   =>   "js   object   is   true"cljs.user>   (if   5   "a   number   is   true"   "a   number   is   false")



;;   =>   "a   number   is   true"



As we noted earlier, empty lists are not considered
false
. This holds
true
for all emptycollections as well; we'll learn more about them shortly:



cljs.user>   (if   []   "an   empty   vector   is   true"   "an   empty   vector   isfalse")



;;   =>   "an   empty   vector   is   true"cljs.user>   (if   {}   "an   empty   map   is   true"   "an   empty   map   isfalse")



;;   =>   "an   empty   map   is   true"
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Only
false
and
nil
are considered
false
:



cljs.user>   (if   nil   "nil   is   true"   "nil   is   false");;   =>   "nil   is   false"cljs.user>   (if   false   "false   is   true?!"   "false   is   false.");;   =>   "false   is   false."



ClojureScript has a special predicate (that is, a function that returns
true
or
false
),
nil?
,which tests if some given quantity is
nil
or not. For instance, empty collections are not
nil
:



cljs.user>   (nil?   '());;   =>   false



The inverse function of
nil?
is called
some?
and explicitly checks that the thing in questionis
not
nil
:



cljs.user>   (some?   '());;   =>   truecljs.user>   (some?   nil);;   =>   false



One final note on Booleans: ClojureScript also has two helper functions for working withBooleans:
true?
and
false?
. These are
not
“truthy”; they're literally checking to see if thevalue in question is
true
or
false
. Observe the following:



cljs.user=>;;   =>   falsecljs.user=>;;   =>   truecljs.user=>;;   =>   truecljs.user=>;;   =>   false



(true?   5)



(true?   true)



(false?   false)



(false?   nil)



A truthy expression does not mean that the expression is literally
true
.



Keywords



Keywords are a particular type that don't have a direct analogy in many languages. Theydenote quantities that evaluate to themselves:



cljs.user>   :some-keyword;;   =>   :some-keyword
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Keywords' literals are written using a colon (
:
) like you can see in the previous example. Ifyou want a fully qualified keyword, that is, a keyword represented as a name appended tothe namespace it belongs to (we'll see namespaces in depth shortly), you could use a doublecolon (
::
) in its literal representation:



cljs.user>   ::some-ns-keyword;;   =>   :cljs.user/some-ns-keyword



Keywords are conceptually used to represent tags, like key values in HashMaps (thoughyou don't necessarily have to), or different values that a given quantity could take.



Since keywords can be evaluated, they're frequently used as functions on maps. Whencalled, they return the value for that same key in the map. If this sounds confusing, don'tworry-we'll expand more on this when we cover maps later on in this chapter.



Symbols



Symbols function sort of like pointers or references in other languages-they resolve to othervalues. Since ClojureScript is a Lisp, not only are we able to manipulate the underlyingvalues of these symbols, but we can also write code that points to and manipulates thesymbols themselves via macros, which we'll cover in detail in
Chapter   3
,
AdvancedClojureScript Concepts
. For now, let's define a
var
object:



cljs.user>   (def   a   4)



Now let's check the type of
a
. To be clear, we want to check the type of the symbol
a
, not the
4
that
a
resolves to. In order to do this, we must work with
a
as a symbol, else it will simplygive us the type of what
a
evaluates to. We do this by calling
quote
on
a
, which tellsClojureScript to pass the code itself to the outer form, rather than evaluating it and thenpassing the evaluated result:



cljs.user>   (type   (quote   a));;   =>   cljs.core/Symbol



When we look at macros, we'll see more advanced constructs involving symbols.



Whew! Now we've discussed the basic ClojureScript types and the concepts of
true
,
false
, and
nil
, let's take a deep breath and delve into one of ClojureScript's greatstrengths: its immutable collection types.
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ClojureScript  collections



At the heart of ClojureScript's collections are a series of interfaces, which dictate whatfunctions you can use with a given data type as well as how those functions work.



If you're not familiar with the notion of interfaces, an interface is simply a set of functionsthat a given data type must have an implementation for. The implementation does not haveto be the same-it just has to have the same name-and typically has to take and return thesame types as its arguments and return values. In ClojureScript, interfaces are defined usingClojureScript protocols, which we'll talk more about later in this chapter. We'll be using theterm
protocol
henceforth whenever we want to talk about either the abstract idea or thespecific implementation of an interface.



In this section, we're going to introduce you to the core collection data types, after whichwe'll dive deeper into some specific collection protocols that you'll want to know about.Before we do that, however, we'll talk about the one protocol that all collections satisfy: thecollection protocol,
ICollection
.



As an example, having this protocol means that the function to add something to acollection has the same name,
conj
, regardless of whether you're adding to a list, a vector, amap, or a set. The collection protocol includes the following three functions:



conj
: This function adds a new element to a collection



count
: This function returns the number of items in a collection



seq
: This function converts a collection to a sequence



As we go through each of these data structures, we'll show an example of the usage of
conj
and
seq
, but since
count
is fairly straightforward, it doesn't really warrant repeateddemonstrations.



Lists



At the heart of all Lisp languages is the list, and ClojureScript is no exception. If you haven'tworked with a Lisp language previously, this might be confusing-you might be thinking“lists? I haven't seen any lists so far!” If that's true, you're in for a surprise.



You've probably noticed by now that all of the code you've written in ClojureScript iswrapped in parentheses—in some cases many, many parentheses. What you may not haverealized is that these expressions you've been writing so far are not only code, they're alsodata: lists.
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Let's look at an extremely simple example:



cljs.user=>   (+   1   2);;   =>   3



In this example, the expression
(+   1   2)
is actually a ClojureScript list with three items in it:the function
+
, and the integers
1
and
2
. Let's prove it by checking its type:



cljs.user=>   (type   (+   1   2));;   =>   #object[Number   "function   Number()   {[native   code]}"]



Wait, what's going on here? We just said it was going to be a list-were we lying? Well, no.What's happening is that the ClojureScript compiler is first evaluating the contents of thelist and then passing the result to our
type
call. In effect, we've just done the same thing asfollows:



cljs.user=>   (type   3);;   =>   #object[Number   "function   Number()   {[native   code]}"]



Lists are unique among ClojureScript collections in that when they are passed to theClojureScript compiler, they're automatically evaluated as function calls. If we want to keepthem in list form and not evaluate the function in the calling position, we'll need to rely onthe
quote
function we used earlier:



cljs.user=>   (quote   (+   1   2));;   =>   (+   1   2)cljs.user=>   (type   (quote   (+   1   2)));;   =>   cljs.core/List



The
quote
function isn't really a function; it's another special form, which means it worksdirectly with the ClojureScript compiler. If we want to create lists without having to call
quote
on them, we can also use the
list
function to create them directly. Let's give that ashot:



cljs.user=>   (list   +   1   2);;   =>   (#object[cljs$core$_PLUS_   "functioncljs$core$_PLUS_(var_args)   {var   args6798   =   [];var   len__5243__auto___6804   =   arguments.length;var   i__5244__auto___6805   =   (0);while(true)   {if((i__5244__auto___6805   <   len__5243__auto___6804))   {args6798.push((arguments[i__5244__auto___6805]));
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var   G__6806   =   (i__5244__auto___6805   +   (1));i__5244__auto___6805   =   G__6806;continue;



}else   {}break;



}var   G__6803   =   args6798.length;switch   (G__6803)   {case   0:return   cljs.core._PLUS_.cljs$core$IFn$_invoke$arity$0();break;case   1:returncljs.core._PLUS_.cljs$core$IFn$_invoke$arity$1((arguments[(0)]));break;case   2:return   cljs.core._PLUS_.cljs$core$IFn$_invoke$arity$2((arguments[(0)]),(arguments[(1)]));break;default:var   argseq__5262__auto__   =   (newcljs.core.IndexedSeq(args6798.slice((2)),(0)));returncljs.core._PLUS_.cljs$core$IFn$_invoke$arity$variadic((arguments[(0)]),(arguments[(1)]),argseq__5262__auto__);}}"]   1   2)



Whoa, what happened there!? It looks like the
+
operator was replaced with a whole lot ofobfuscated JavaScript code.


[image: Wondershare]


When we were talking about symbols, we tried calling
quote
on
a
and got the name of thevariable back, that is, we got
a
back, not
4
, even though we had defined the var
a
as
4
.Something similar is happening here because we're using
quote
on a list that includes
+
and everything inside the list is quoted, meaning that the
+
we get back is a
symbol
, not theunderlying function. By contrast, when we create the list directly, we get the value that hasbeen defined for
+
, which in this case is the underlying JavaScript code for
+
in string form.
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Let's test this hypothesis out at the REPL. Let's grab the first element from the list:



cljs.user=>   (first   (quote   (+   1   2)));;   =>   +



Now let's see what type it is:



cljs.user=>   (type   (first   (quote   (+   1   2))));;   =>   cljs.core/Symbol



We'll avoid reprinting that obfuscated JavaScript function here in this book to save space,but we can confirm that the the value of
+
really is that function by just entering
+
by itselfinto the REPL:



cljs.user=>   +;;   =>   <long   JavaScript   function   here>



Let's look at some simpler list examples. Although lists are usually used for code, there's noreason we can't use them as simple data carriers as well:



cljs.user=>   (def   l   (list   1   2   3));;   =>   #'cljs.user/l



If we
conj
a new element onto the list, note that it gets prepended to the front:



cljs.user=>   (conj   l   4);;   =>   (4   1   2   3)



Because lists satisfy the Sequence protocol, calling
seq
on a list just returns the list:



cljs.user=>   (seq   l);;   =>   (1   2   3)



Vectors



In principle, ClojureScript vectors can be thought of as sort of like immutable JavaScriptarrays. Since immutable arrays don't exist natively in JavaScript, ClojureScript vectors arecustom implementations of the idea. The important thing to understand here is that the twoare not the same, and although you can trivially convert from one to the other, they're notinterchangeable. We'll be covering immutability at greater length later on in this chapter,but, for now, the key thing to realize is that the items in a ClojureScript vector can't bechanged but the items in a JavaScript array can.
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Vectors can be instantiated directly using either brackets or the vector constructor function:



cljs.user=>   ["a"   "vector"   "of"   "awesome"   "things"];;   =>   ["a"   "vector"   "of"   "awesome"   "things"]cljs.user=>   (vector   "another"   "cool"   "vector");;   =>   ["another"   "cool"   "vector"]



You can also create them by casting a different collection type to a vector:



cljs.user=>   (vec   (list   "I"   "once"   "was"   "a"   "list"));;   =>   ["I"   "once"   "was"   "a"   "list"]



Vectors are great for whenever you might want to keep an ordered list of things that youwant to index into.



Adding a new element to a vector is straightforward and gets added to the end. Note thatbecause vectors are immutable, this is technically creating an entirely new vector andreturning it with the new values:



cljs.user=>   (conj   [1   2   3]   4);;   =>   [1   2   3   4]



You can retrieve a value from the vector by calling the
get
function with the item's index:



cljs.user=>   (get   ["peanut"   "butter"   "sandwiches"]   2);;   =>   "sandwiches"



Trying to retrieve a value from an index outside of the bounds of the vector will return
nil
unless a default value is provided as an argument to
get
:



cljs.user=>   (get   ["peanut"   "butter"   "sandwiches"]   3);;   =>   nilcljs.user=>   (get   ["peanut"   "butter"   "sandwiches"]   3   "nub");;   =>   "nub"



You can also call the vector directly, which behaves the same as calling
get
:



cljs.user=>   (["peanut"   "butter"   "sandwiches"]   1);;   =>   "butter"



Calling
seq
gives us a sequence:



cljs.user=>   (seq   [1   2   3]);;   =>   (1   2   3)
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Converting between JavaScript arrays and ClojureScript vectors is easy. Let's start bycreating a JavaScript array at the REPL. There are a few different ways we can do this. Oneway is by invoking the js interop namespace:



cljs.user=>   (js/Array.   1   2   3);;   =>   #js   [1   2   3]



Another way involves using the
#js
reader macro. If this sounds confusing, don't worry-we'll cover JavaScript interoperability in more detail later on in this chapter.



cljs.user=>   #js   [4   5   6];;   =>   #js   [4   5   6]



Let's just check to make sure it's the right type:



cljs.user=>   (type   #js   []);;   =>   #object[Array   "function   Array()   {[native   code]}"]



Great, that's what we were expecting. Let's store an array as a var and compare it to aClojureScript vector with the same values:



cljs.user=>   (def   arr   (js/Array.   1   2   3));;   =>   #'cljs.user/arrcljs.user=>   (def   v   [1   2   3]);;   =>   #'cljs.user/v



Note that even though they have the same values, they're not the same:



cljs.user=>   (=   arr   v);;   =>   false



We can easily convert from one type to the other by relying on two of ClojureScript's handyinteroperability functions:
clj->js
and
js->clj
:



cljs.user=>   (clj->js   v);;   =>   #js   [1   2   3]



Great, so they should be equal now, right?



cljs.user=>   (=   (clj->js   v)   arr);;   =>   false
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Wait, what? Two arrays with the same values aren't equal? Maybe we're converting themwrong. What about if we just compare two JavaScript arrays with the same values:



cljs.user=>   (=   #js   [1   2   3]   #js   [1   2   3]);;   =>   false



That's just how JavaScript works! Let's test this out in our browser's JavaScript console(press Cmd +Option +J to open a console on chrome on Mac):



>   a   =   [][]>   b   =   [][]>   a   ==   bfalse>   a   ===   bfalse>   a   ==   atrue>   a   ===   atrue



In JavaScript, testing array equality checks to see if the objects themselves are the same, notwhether their values are the same. The equality check of JavaScript arrays exhibits the samebehavior when executed from ClojureScript as it does in JavaScript.



We've already proven that two JavaScript arrays with the same values aren't equal, butwhat about the same array? That should be equal to itself:



cljs.user=>   (=   arr   arr);;   =>   true



Since casting from ClojureScript to JavaScript will create a new JavaScript array each time,this means unfortunately we can't check equality for the same ClojureScript vector if wecast it to an array multiple times:



cljs.user=>   (=   (clj->js   v)   (clj->js   v));;   =>   false



Fortunately, the same behavior isn't true in the other direction! If we cast both objects toClojureScript, where vectors are immutable, we have no problem comparing them on thebasis of their values:



cljs.user=>   (=   (js->clj   arr)   v);;   =>   true
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When  should  I  use  lists  versus  vectors?



Although it can be confusing to understand what makes lists and vectors distinct, the twodata structures have very different algorithmic properties. New elements are appended tothe front of a list in constant time, while new elements are added to the end of a vector inconstant time. Specific elements can be retrieved and updated from a vector in constanttime (assuming you know which index the element is at), whereas accessing the
n
th elementof a list requires linear time and cannot be changed without instantiating and allocatingmemory for a new list.



Under the hood, vectors are similar to arrays as as algorithmic data structures, while listscan be thought of as linked lists.



In practice, since ClojureScript lists are used primarily as data to be to be passed to thecompiler, and due to prepend efficiency being useful only in specific use cases, lists areusually used when you're writing or manipulating code, while vectors tend to be usedwhen you're writing and manipulating data (which will be most of the time).



Maps



Like vectors, ClojureScript's maps can be considered as akin to immutable versions ofJavaScript objects. They are key-value data structures ideal for storing and passing arounddata and you should expect to use them frequently:



You can instantiate them directly as follows:



cljs.user=>   {:name   "David"   :age   28};;   =>   {:name   "David",   :age   28}cljs.user=>   (hash-map   :type   :book   :title   "Learning   ClojureScript");;   =>   {:type   :book,   :title   "Learning   ClojureScript"}


[image: Wondershare]


You can store maps within maps, as both keys and values. For instance:



cljs.user=>{:address   {:city   "San   Francisco"}   {:family   "siblings"}{:brother   "paul"}};;   =>   {:address   {:city   "San   Francisco"},   {:family   "siblings"}   {:brother"paul"}}
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Similarly, and unlike JavaScript objects, ClojureScript maps can use fairly arbitrary types askeys. It's rarer for something to not be a valid map key than the other way around.



For maps, due to the need for an addition to have both a key and a value,
conj
requires thatthe item being added be able to use
seq
(and to be include at least two elements, thougheverything after the first two will be dropped). This means that this throws an exception:



cljs.user=>   (conj   {}   :a);;   =>   #object[Error   Error:   :a   is   not   ISeqable]



But both of the following will work (among other possibilities):



cljs.user=>   (conj   {}   [:a   1]);;   =>   {:a   1}cljs.user=>   (conj   {}   {:a   1});;   =>   {:a   1}



You can remove keys from a map by calling
dissoc
:



cljs.user=>   (dissoc   {:a   1   :b   2}   :b);;   =>   {:a   1}



There are several ways you can retrieve a value from a map. If the key is a keyword, youcan call it as the accessor function:



cljs.user=>   (:a   {:a   :b});;   =>   :b



As with vectors, the
get
function also works on maps and takes two arguments: the first isthe key you're trying to retrieve and the second is an optional default value if that key isn'tfound:



cljs.user=>   (get   {1   :a}   1);;   =>   :acljs.user=>   (get   {2   :b}   3);;   =>   nilcljs.user=>   (get   {3   :c}   1   "other-value");;   =>   "other-value"



Again, as with vectors, you can call the map directly as if it were any other function; this isanother shorthand for calling the
get
function and behaves the same way:



cljs.user=>   ({1   :a}   1);;   =>   :a
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Calling
seq
on a map will return a sequence where each element is a vector pair of a singlekey and its associated value:



cljs.user=>   (seq   {:b   1   :c   2});;   =>   ([:b   1]   [:c   2])



Like vectors, you can also easily cast a ClojureScript map to a JavaScript object:



cljs.user=>   (def   m   {:name   "David"});;   =>   #'cljs.user/mcljs.user=>   (clj->js   m);;   =>   #js   {:name   "David"}



As with arrays, JavaScript doesn't support direct equality comparisons on the basis ofJavaScript object values. Two objects are only equal if they are the same object:



cljs.user=>   (=   #js   {"name"   "Rafik"}   #js   {"name"   "Rafik"});;   =>   falsecljs.user=>   (def   obj   #js   {"name"   "Rafik"})#'cljs.user/objcljs.user=>   (=   obj   obj);;   =>   true



And again, ClojureScript's data structures support equality on the basis of data equalitysince the underlying structure is immutable:



cljs.user=>   (=   {:name   "David"}   {:name   "David"});;   =>   true



Different  types  of  maps



Most of the time in ClojureScript, you'll be working with either ArrayMaps or HashMaps.ArrayMaps happen to be very efficient at small sizes (typically when there are less thaneight keys), but HashMaps are more efficient at larger sizes. ClojureScript willautomatically convert ArrayMaps to HashMaps for you as your map grows. Observe thefollowing:



cljs.user=>   (def   y   {:a   1   :b   2   :c   3});;   =>   #'cljs.user/ycljs.user=>   (type   y);;   =>   cljs.core/PersistentArrayMapcljs.user=>   (type   (assoc   y   :d   4   :e   5   :f   6   :g   7   :h   8   :i   9));;   =>   cljs.core/PersistentHashMap
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When you use the generic map syntax
{}
, ClojureScript will automatically figure out whichtype is more appropriate for you. You can also deliberately create a new map of a specifictype by calling the
constructor
function for that map type (that is, either HashMap orArrayMap).



In addition to
array-maps
and
hash-maps
, ClojureScript also has support for
sorted-maps
, which, as the name suggests, preserve the keys in sorted order. These can be createdsimply as follows:



cljs.user=>   (sorted-map   :c   3   :b   2   :a   1);;   =>   {:a   1,   :b   2,   :c   3}



Sets



Last, but certainly not the least, are ClojureScript's set data structures. These are simplyinstantiated as follows:



cljs.user=>   (def   s   #{1   2   3});;   =>   #'cljs.user/s



You can also create a set with the
hash-set
function:



cljs.user=>   (hash-set   1   1   2   3);;   =>   #{1   2   3}



Note that while duplicate items will be automatically removed when you use
hash-set
, ifyou try to include them as part of the default
set
syntax, an exception will be thrown:



cljs.user=>   #{1   1};;   =>   clojure.lang.ExceptionInfo:   Duplicate   key:   1   {:type   :reader-exception,   :line   1,   :column   7,   :file   "NO_SOURCE_FILE"}



New items can be easily added with
conj
:



cljs.user=>;;   =>   #{1   3cljs.user=>;;   =>   #{1   3



(conj   s   4)2   4}(conj   s   1)2}



And they can be removed with
disj
:



cljs.user=>   (disj   s   2);;   =>   #{1   3}
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You can check for
set
membership with
get
, like with vectors and maps:



cljs.user=>   (get   #{1   2   3}   1);;   =>   1cljs.user=>   (get   #{1   2   3}   "other");;   =>   nilcljs.user=>   (get   #{1   2   3}   "other"   :default);;   =>   :default



You can also use
contains?
to check
set
membership:



cljs.user=>   (contains?   #{1   2   3}   1);;   =>   true



And as with vectors and maps, you can also call sets as functions:



cljs.user=>   (#{1   2   3}   2);;   =>   2



This introduces a very handy way of using the
filter
function to filter for specific values:



cljs.user=>   (filter   #{1   2   3}   [1   3   5]);;   =>   (1   3)



Like strings, ClojureScript supports a host of other operations via an external namespace-inthis case,
clojure.set
. Let's take a look at some of these core operations:



cljs.user=>;;   =>   #{1   3cljs.user=>;;   =>   #{3}cljs.user=>;;   =>   #{1}



(clojure.set/union   #{1   3}   #{1   2})2}(clojure.set/difference   #{1   3}   #{1   2})



(clojure.set/intersection   #{1   3}   #{1   2})



Although ES6 introduced support for sets, at the current moment, browser support for themis not universal. As a result, calling
clj->js
creates a JavaScript array instead:



cljs.user=>   (clj->js   s);;   =>   #js   [1   3   2]
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Sequences



Lastly, we have sequences. Sequences are an abstraction rather than a specific data type,though their semantics are so consistent that the abstraction feels very much like a singledata structure. In this regard, it can be helpful to think of sequences as a “view” on top of aconcrete underlying data structure. Sequences are one of the most important abstractions inboth Clojure and ClojureScript, and as their analog doesn't exist in many languages, it cantake a while for those new to the language to understand what makes sequences so special.



A sequence is a logical list with a head (the first item of the sequence) and a remainder (theremaining elements of the list). Sequences are commonly referred to as
seqs
; these termscan be used interchangeably but we'll refer to them as sequences in this book.



Attempting to construct a sequence with no elements returns
nil
. Since
nil
is falsey, this isthe idiomatic method for testing if a collection has no elements:



cljs.user=>   (seq   {});;   =>   nilcljs.user=>   (if   (seq   {})   true   false);;   =>   false



Sequences are associated with the concrete protocol
ISeq
, which requires three functions:
first,   rest
and
cons
:



first
: This function returns the first element in the sequence.



rest
: This function returns the remaining elements in the sequence. If there are



no elements remaining, it returns an empty sequence.
cons
: This function creates a new sequence, with the new element appended tothe head of the sequence.



You may be wondering about the difference between the
conj
and
cons
functions sinceboth functions add new elements to the front of the underlying list:



cljs.user=>   (conj   (seq   [1   2   3])   3);;   =>   (3   1   2   3)cljs.user=>   (cons   3   (seq   [1   2   3]));;   =>   (3   1   2   3)



The difference is that
cons
always returns a lazy sequence and doesn't require realizing thecollection that is passed in, while
conj
returns a realized collection of the same type that ispassed into it.
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Sequences and most of their related functions are akin to iterators like
for
or
foreach
, butfunction differently. Since sequences are immutable, they aren't stateful cursors into acollection, but rather are persistent and immutable views.



It is possible to write new data structures that are not immutable and that satisfy thesequence protocol, but this is a bad idea. Because a sequence can be evaluated lazily,building one on top of a mutable data structure might mean that the underlying datastructure sees changes happen after
seq
has been called. It is, in general, an especially badidea to attempt to mutate a data structure that a sequence has been built on top of.



Laziness



Due to the nature of sequences, most sequences are
lazy
. This means that functions thatreturn sequences do so incrementally as they are consumed. New functions that returnsequences can be written to return lazy sequences by wrapping the body in the
lazy-seq
macro.



We can see what laziness looks like in practice:



cljs.user=>   (defn   lazy-func   [x]   (println   "Printed"   x));;   =>   #'cljs.user/lazy-funccljs.user=>   (take   2   (map   lazy-func   (seq   [1   2   3   4   5])))Printed   1Printed   2;;   =>   (nil   nil)



Here, even though we passed in a sequence with five elements,
lazy-func
was onlyevaluated twice because both
seq
and
map
are lazy functions.



One really cool consequence of lazy sequences is that we can actually have sequences thatare infinitely long! The
range
function, for instance, when invoked with no arguments,returns an infinite sequence. Don't try to call it at the REPL; it'll generate an infinitesequence of numbers and eventually your REPL will run out of memory and crash (andpotentially your whole computer, while you're at it!).
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cljs.user=>   (set!   *print-length*   5);;   =>   5



cljs.user=>   (range);;   =>   (0   1   2   3   4   ...)



If you want to call an infinitely long sequence, make sure you're very careful to onlyreference a specific number of its elements, like so:



cljs.user=>   (take   5   (range));;   =>   (0   1   2   3   4)



Or, alternatively:



cljs.user=>   (range   5);;   =>   (0   1   2   3   4)



Collection  protocols



We've already covered the general collection protocol earlier in this chapter, but there are afew other collection protocols that are worth talking about.



Sequential



The sequential protocol (not to be confused with sequences that we've been talking a lotabout) requires that the core functions of sequences are supported (
first
,
rest
,
cons
), butalso that the collection retains a linear ordering under insertion and deletion.



Let's take a look at these in the context of vectors:



cljs.user=>   (first   [1   2   3]);;   =>   1cljs.user=>   (rest   [1   2   3]);;   =>   (2   3)cljs.user=>   (cons   4   [1   2   3]);;   =>   (4   1   2   3)
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You can check to see if a given value is sequential with sequential?



cljs.user=>;;   =>   truecljs.user=>;;   =>   falsecljs.user=>;;   =>   falsecljs.user=>;;   =>   true



(sequential?   [])



(sequential?   {})



(sequential?   #{})



(sequential?   (list   1   2   3))



Associative



Associative collections support key-value lookups. Under the hood, associative datastructures implement the following methods:



-lookup
: This returns the value at the given key



-assoc
: This store a new value at the given key



In practice, you should use more idiomatic ClojureScript functions like
get
,
contains?
,and
assoc
when working with associative data structures. We've covered the usage of the
get
request earlier in this chapter, but we haven't talked about the others yet, so let's coverthose.



The
contains?
function is like
get
, only it just checks to see if a value exists at that keyand returns Boolean
true
or
false
:



cljs.user=>   (contains?   {:a   1   :b   2}   :a);;   =>   truecljs.user=>   (contains?   {:a   1   :b   2}   :c);;   =>   false



Maps are the canonical associative collections as key-value data structures, but what maynot be obvious is that vectors are also associative due to the fact that their indexes operatelike keys. Let's give that a try:



cljs.user=>   (contains?   ["apple"   "pear"   "banana"]   1);;   =>   truecljs.user=>   (contains?   ["apple"   "pear"   "banana"]   3);;   =>   false



Note that this isn't a search for the contents of the vector:



cljs.user=>   (contains?   ["apple"   "pear"   "banana"]   "apple");;   =>   false
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Lastly, we have
assoc
as a way of setting new values at a given key:



cljs.user=>   (assoc   {:a   3}   :b   2);;   =>   {:a   3,   :b   2}cljs.user=>   (assoc   {:a   3}   :a   2);;   =>   {:a   2}



This also works with vectors in the same way as
get
, where the key is the vector's index:



cljs.user=>   (assoc   ["apple"   "pear"   "banana"]   0   "peach");;   =>   ["peach"   "pear"   "banana"]



Although you can add new keys to a map with
assoc
, if you're going to add a
new
key to avector that way, you'll need to be precise about adding to the index one further than thelength of the vector, as attempting to set a value at an index more than one beyond therange of the vector will throw an exception:



cljs.user=>   (assoc   ["apple"   "pear"   "banana"]   3   "peach");;   =>   ["apple"   "pear"   "banana"   "peach"]cljs.user=>   (assoc   ["apple"   "pear"   "banana"]   4   "peach")#object[Error   Error:   Index   4   out   of   bounds      [0,3]]Error:   Index   4   out   of   bounds      [0,3]



You can check to see if a given value is associative by calling
associative?
:



cljs.user=>   (associative?   []);;   =>   truecljs.user=>   (associative?   {});;   =>   truecljs.user=>   (associative?   #{});;   =>   false



Sorted



As the name suggests, a sorted collection is able to support fast insertion and retrievaloperations while maintaining a sorted order. Both
sorted-maps
and
sorted-sets
functions satisfy the sorted protocol. You can check whether a collection satisfies the sortedprotocol by asking
sorted?
:



cljs.user=>   (sorted?   (sorted-map   :a   1   :b   2));;   =>   truecljs.user=>   (sorted?   (hash-map   :a   1   :b   2));;   =>   false
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Calling
seq
on a sorted collection will return a sequence that has the elements in sortedorder, but be aware that the generated sequence no longer satisfies the sorted protocol. Thismeans that once you cast
seq
on a sorted collection, any inserts to the returned sequencewill not retain a sorted order.



Counted



Collections that satisfy the counted protocol execute
count
in constant time. Lists, maps,sets, sequences, and vectors all satisfy counted, but lazy sequences do not. Lazy sequencesnot satisfying count should be obvious reasons in order to obtain the count the sequencewould have to be evaluated, which by definition would not be lazy! Let's take a look againat that example of laziness from earlier, but this time let's try getting the
count
:



cljs.user=>   cljs.user=>   (count   (map   lazy-func   (seq   [1   2   3   4   5])))Printed   1Printed   2Printed   3Printed   4Printed   5;;   =>   5



In order to get the count of the original data structure, we needed to realize the entiresequence, which means we ended up calling
lazy-func
on each item in the sequence? Thisis an aspect of laziness that one needs to be aware of-if side effects (like printing to theconsole's standard output) are an aspect of the lazy sequence, then calling
count
on themwill cause those side effects to be evaluated!



There's another gotcha to remember when calling
count
-remember how we talked aboutinfinite lazy sequences earlier on in this chapter? Don't call
count
on an infinite sequence-it'll attempt to realize the entire sequence, which will cause you to run out of memory!



You can check whether a collection satisfies counted protocol with
counted?
:



cljs.user=>   (counted?   (seq   [1   2   3]));;   =>   truecljs.user=>   (counted?   (seq   {:a   1   :b   2}));;   =>   true



Although strings are not collections, and therefore cannot satisfy the
counted?
interface,calling
count
on a string does return in constant time:



cljs.user=>   (count   "banana");;   =>   6
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Reversible



The reversible protocol has a single method,
rseq
, and in general means that the sequencein question can be accessed from the opposite end in constant time. Vectors, sorted-maps,and sorted-sets are all reversible. The
rseq
method functions just like
seq
, only it returns asequence in reverse sequential order:



cljs.user=>   (rseq   (sorted-map   :c   3   :b   2   :a   1));;   =>   ([:c   3]   [:b   2]   [:a   1])cljs.user=>   (rseq   [1   2   3]);;   =>   (3   2   1)



Object-oriented  programming



Even though ClojureScript is a functional language, it has support for object-oriented styleprogramming. In particular, ClojureScript, like Clojure, has the notion of protocols, types,and records. We've already encountered
protocols
, and now we're going to take a closer lookat how the dynamics of these concepts work in practice.



Protocols



As we should now know from our exploration of ClojureScript's collections, a protocol inClojureScript specifies a function interface that an object must support. For instance, let'sdefine a new protocol,
IMonster
:



cljs.user=>   (defprotocol   IMonster(roar   [this])(scare   [this   other]));;   =>   nil



Here we've defined a new “monster” protocol. In order for any subsequently defined objectto satisfy the monster protocol, it must have implementations of the two methods,
roar
and
scare
, we've enumerated here. The
roar
method only takes the monster itself as anargument, but the
scare
method requires an
other
argument to be passed in as well.Although ClojureScript doesn't strictly enforce this, you'll probably want to make sure yourimplementations all take and return the same types.
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Types



A type in ClojureScript is analogous to a class in many other languages-we're declaring anobject that supports certain methods and we're also defining the specific implementation ofthose methods:



cljs.user=>   (deftype   Human   [name   age]Object(getName   [this]   name)(getAge   [this]   age)(panic   [this]   (println   "Aaaaaaagh!")));;   =>   nil



Here we've defined a new type,
Human
, which inherits from the base type,
Object
. Ahuman must have an age and a name. Let's define a new
Human
, which we'll name after mymom:



cljs.user=>   (new   Human   "Hazel"   50);;   =>   #object[cljs.user.Human]



Let's store
hazel
as a
var
and make sure she's really a
Human
:



cljs.user=>   (def   hazel   (new   Human   "Hazel"   50));;   =>   #'cljs.user/hazelcljs.user=>   (.getName   hazel);;   =>   "Hazel"cljs.user=>   (.getAge   hazel);;   =>   50cljs.user=>   (.panic   hazel);;   =>   Aaaaaaagh!nil



Whew! Okay. Now, let's define a monster as well:



cljs.user=>   (deftype   Troll   [name]IMonster(roar   [this]   (println   "ROAAAAR!!!")));;   =>   cljs.user/Troll



Let's make sure
Troll
satisfies
IMonster
:



cljs.user=>   (satisfies?   IMonster   (new   Troll   "Bork"))true
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Hmmm. That's weird.
Troll
doesn't actually satisfy
IMonster
since it's missing animplementation for scare. Unfortunately, the compiler takes its cue from the fact that wetold it that
Troll
was an
IMonster
and doesn't throw an error when not all of thefunctions have implementations-the responsibility for making sure our Trolls are reallymonsters is on us. Let's try that again:



cljs.user=>   (deftype   Troll   [name]IMonster(roar   [this]   (println   "ROAAAAR!!!"))(scare   [this   other]   (.panic   other)));;   =>   cljs.user/Troll



Great. Now, just for laughs, let's have
Wilhelm
scare
hazel
:



cljs.user=>   (def   wilhelm   (new   Troll   "Wilhelm"));;   =>   #'cljs.user/wilhelmcljs.user=>   (scare   wilhelm   hazel)Aaaaaaagh!;;   =>   nil



One difference you might notice, if you're playing around with this code at your own REPL,is that we can call
scare
directly without a period in front of it, that is, without usingspecial JavaScript interoperability syntax sugar. This is because the
defprotocol
definesnew ClojureScript functions over defined data types, whereas specifying the functionwithin the context of the
deftype
without an associated protocol means that the function isonly defined as a JavaScript method on that type.



Records



Lastly, we have records. Records are similar to types, only instead of being extremely bare-bones objects, they are extensions of a base class that provides built-in
hash-map
likefeatures for fast and easy accessing of attributes. It can be helpful to think of records asbeing basically maps that happen to support additional functions and that can also satisfyprotocols.



Like protocols and types, records are defined simply with
defrecord
. Let's define a basicrecord for ourselves:



cljs.user=>   (defrecord   Lair   [place]);;   =>   cljs.user/Laircljs.user=>   (def   hideout   (new   Lair   "cave"));;   =>   #'cljs.user/hideoutcljs.user=>   (:place   hideout);;   =>   "cave"
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Records satisfy the
map
protocol and as such can be treated like maps:



cljs.user=>   (map?   hideout);;   =>   truecljs.user=>   (assoc   hideout   :atmosphere   "dark   and   wet");;   =>   #cljs.user.Lair{:place   "cave",   :atmosphere   "dark   and   wet"}



Note, however, that if you
dissoc
a required key from a record, you'll get back a plainmap, not an instance of the given record type:



cljs.user=>   (dissoc   (assoc   hideout   :atmosphere   "dark   and   wet")   :place);;   =>   {:atmosphere   "dark   and   wet"}



Like types, records can also satisfy protocols:



cljs.user=>   (defrecord   Vampire   [name]IMonster(roar   [this]   (println   "Actually,   we   vampires   are   rather   quiet.   "))(scare   [this   other]   (.panic   other)));;   =>   cljs.user/Vampirecljs.user=>   (def   drac   (new   Vampire   "Dracula"));;   =>   #'cljs.user/draccljs.user=>   (roar   drac)Actually,   we   vampires   are   rather   quiet.;;   =>   nilcljs.user=>   (:name   drac);;   =>   "Dracula"



Extending  types  and  protocols



So far we've seen how to define types and protocols in a single block, but ClojureScript alsogives us tools with which to extend existing types and protocols. Let's define a new record:



cljs.user=>   (defrecord   WereWolf   [name]);;   =>   cljs.user/WereWolf



Now, our
WereWolf
record doesn't satisfy
IMonster
yet. But we can extend it so that itdoes:



cljs.user=>   (extend-type   WereWolfIMonster(roar   [this]   (println   "Growl!"))(scare   [this   other]   (println   "*silent   panic*")));;   =>   #object[Function   "function   (this$,other){var   this$__$1   =   this;return   cljs.core.println.call(null,"*silent   panic*");}"]
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cljs.user=>   (roar   (WereWolf.   "james"))Growl!;;   =>   nil



We can also go about this by another way-adding a protocol and associatedimplementations to an existing type:



cljs.user=>   (defprotocol   ISecretive(hide   [this]));;   =>   nilcljs.user=>   (extend-protocol   ISecretiveVampire(hide   [this]   (println   "..."))WereWolf(hide   [this]   (println   "rustle   rustle")))#object[Function   "function   (this$){var   this$__$1   =   this;return   cljs.core.println.call(null,"rustle   rustle");}"]



Note that this will also extend any existing instances of the relevant type:



cljs.user=>   (hide   drac)...nil



Reify



Lastly, if you know that you're not going to need a full record or type definition, you candeclare a single instance of an anonymous type with
reify
. Unlike
deftype
and
defprotocol
,
reify
doesn't create factories for new instances of its provided type:



cljs.user=>   (def   mouse(reify   ISecretive(hide   [this]   (println   "Squeak!"))));;   =>   #'cljs.user/mousecljs.user=>   (hide   mouse)Squeak!;;   =>   nil



Other  ClojureScript  types



We're almost at the end of our tour of ClojureScript types, but there are two important typesremaining: regular expressions and atoms. Both are extremely important and are likely tocome up at some point as you work in ClojureScript, so it's worth talking about them.
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Regular  expressions



ClojureScript regular expressions are simple JavaScript
RegExp
instances. You can createthem using ClojureScript's regular expression literal syntax:



cljs.user=>   (type   #"^Clojure");;   =>   #object[RegExp   "function   RegExp()   {   [native   code]   }"]



You can also create them directly as JavaScript
RegExp
instances:



cljs.user=>   (js/RegExp.   "^Clojure$");;   =>   #"^Clojure$"



In addition to supporting basic JavaScript
RegExp
functions via ClojureScript's directinteroperability, there are a number of core regular expression methods including:



re-find
: This returns the first match of a regular expression in a string. If there



are multiple matches or groups, it returns a vector.
re-matches
: This returns the match of a regular expression in a string if it fullymatches.
re-pattern
: This compiles a regular expression from a string.



Regular expressions are a deep area of study and fully explaining how regular expressionswork in JavaScript is beyond the scope of this book. However, there are many resourcesonline that will help. A good place to start is Mozilla's developer reference available athttps://developer.mozilla.org/en-US/docs/Web/JavaScript/Guide/Regular_Expressions.



Atoms



Atoms in ClojureScript are mutable data structures that are useful to manage changingstates in your application. Atoms are metastructures that can hold any of the data structurewe've talked about in this chapter. Atoms are created with the
atom
function:



cljs.user=>   (def   an-atom   (atom   5));;   =>   #'cljs.user/an-atomcljs.user=>   an-atom;;   =>   #object   [cljs.core.Atom   {:val   5}]cljs.user=>   (def   another-atom   (atom   {:a   "value"}));;   =>   #'cljs.user/another-atomcljs.user=>   another-atom;;   =>   #object   [cljs.core.Atom   {:val   {:a   "value"}}]
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To extract the specific value in an atom, you can dereference it with
deref
or with thesyntactical shorthand
@
:



cljs.user=>   @an-atom;;   =>   5cljs.user=>   @another-atom;;   =>   {:a   "value"}



To update the value within an atom, you have two options: you can use
swap!
toatomically apply a function to the existing contents of the atom or you can use
reset!
todirectly store a new value in an existing atom. Both
swap!
and
reset!
return the updatedvalue being stored in the atom.



Since
reset!
is simpler, let's look at that first:



cljs.user=>   (reset!   an-atom   3);;   =>   3



Now, let's look at some examples of using
swap!
. First, let's try just increasing the value in
an-atom
by
1
:



cljs.user=>   (swap!   an-atom   inc);;   =>   4cljs.user=>   (swap!   another-atom   assoc   :b   "Other");;   =>   {:a   "value",   :b   "Other"}



We can also add a
watch
function to the atom, which will be called whenever the state ofthe atom changes:



cljs.user=>   (def   new-atom   (atom   {}));;   =>   #'cljs.user/new-atomcljs.user=>   (defn   watcher-fn   [key   the-atom   old-value   new-value](println   key   the-atom   old-value   new-value));;   =>   #'cljs.user/watcher-fncljs.user=>   (add-watch   new-atom   :watcher-key   watcher-fn);;   =>   #object   [cljs.core.Atom   {:val   {}}]cljs.user=>   (reset!   new-atom   {:a   2}):watcher-key   #object   [cljs.core.Atom   {:val   {:a   2}}]   {}   {:a   2};;   =>   {:a   2}



The
add-watch
parameter requires three functions: the atom to watch, a key, and the
watcher
function. The key value here in this case is so that you can remove a watcher later,if you want:



cljs.user=>   (remove-watch   new-atom   :watcher-key);;   =>   #object   [cljs.core.Atom   {:val   {:a   2}}]cljs.user=>   (reset!   new-atom   {:b   4})
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;;   =>   {:b   4}



The
watcher
function itself takes four arguments: the key of the
watcher
function, theatom itself, its value prior to the change, and its value after the change.



Immutability



Now that you've had a basic introduction to ClojureScript's data structures, let's talk a bitabout
immutability
. Almost all of ClojureScript's data types are immutable, which meansthat once they're defined, including them in an expression won't change their underlyingvalue. This concept can take a bit of getting used to, so let's take a look at a few examples.As a point of contrast, we'll use JavaScript as an example of a language where data typesare
mutable
.



Let's start with an example using a vector. First, we'll define a vector with one element in it,the integer
1
:



cljs.user=>   (def   x   [1]);;   =>   #'cljs.user/x



Now, we'll call
conj
on
x
. We've already talked a bit about how
conj
works earlier in thischapter, but just to review, the
conj
function returns a new vector that consists of theoriginal vector with any of the following arguments added to the original vector:



cljs.user=>   (conj   x   2);;   =>   [1   2]



Notice that the value of
x
itself hasn't changed-it's still the original, single-element vector:



cljs.user=>   x;;   =>   [1]



If we actually wanted
x
to reflect the larger vector, we'd have to re-define
x
:



cljs.user=>   (def   x   (conj   x   2));;   =>   #'cljs.user/x



x
should now contain both values:



cljs.user=>   x;;   =>   [1   2]
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Let's contrast this with a JavaScript array and the
push
method at the console:



>   x   =   [1][1]>   x.push(2)2>   x[1,   2]



Here, the array
x
hasn't been redefined; rather, the original object itself has been changed. Ifwe wanted to redefine
x
in the same way we did with ClojureScript earlier, we could useJavaScript's
concat
method instead, which doesn't mutate the underlying object:



>   x   =   [1][1]>   x.concat(2)[1,   2]>   x[1]>   x   =   x.concat(2)[1,   2]>   x[1,   2]



So, JavaScript does have the ability to enable you to write programs without mutating theunderlying objects, but it requires you to know which functions to use. The vast majority ofClojureScript data structures, by contrast, never mutate the underlying object; so you don'thave to worry about doing so by accident. Let's look at another example of immutability,this time with ClojureScript maps and JavaScript objects.



We start by defining a ClojureScript map:



cljs.user=>   (def   m   {:key   :lock})#'cljs.user/m



Now let's
assoc
a key and value into our map. Again, we've covered
assoc
in more detailearlier in this chapter, but for now let's just remember that it returns a new map with a key-value pair added to the original map:



cljs.user=>   (assoc   m   :color   "gold"){:key   :lock,   :color   "gold"}



Note that, as with
conj
, the underlying
var
,
m
, hasn't been changed:



cljs.user=>   m{:key   :lock}
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As previously, if we want to change the value of
m
itself, we'll need to re-define it:



cljs.user=>   (def   m   (assoc   m   :shape   "round"))#'cljs.user/mcljs.user=>   m{:key   :lock,   :shape   "round"}


[image: Wondershare]


Let's compare this with a JavaScript object:



>   o   =   {}Object   {}>   o.key   =   "value""value">   oObject   {key:   "value"}



As with JavaScript arrays, we haven't redefined
o
, but by setting the
key
attribute, we'vemutated the underlying object.



You may be wondering why immutability is a desirable characteristic. The answer is thatmutability makes it possible for underlying data to be changed at times and in ways thataren't intended or obvious.



For instance, what would happen if you wrote a program that expected the value of
o.key
to be
value
but a callback somewhere had set
o.key
to a different value? Your programwould probably throw an error with a stack trace that pointed to the part of your programwhere you were expecting
o.key
to be
value
, but you'd have no easy way of figuring outwhat line of code was actually responsible for changing the value of
o
.



This might sound like a contrived example, but in practice, in large production applications,this sort of thing happens all the time and is extremely difficult to debug (particularly if
o
isbeing mutated by some sort of asynchronous callback triggered by an event that yourapplication does not directly control or invoke). By contrast, when you encounter a bug inClojureScript where a map has a value you don't expect, it is easy to walk up the call stackand figure out what part of the program was responsible for adding or using the
assoc
function for the new value in question.
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Another way in which immutability is incredibly valuable, which we've already talkedabout in this chapter, is that you no longer have to worry about whether or not two objectsare “identical” in the JavaScript sense (meaning that they are literally the same object andoccupy the same memory address). Instead, you need only to care about whether or not thetwo objects are functionally equal (as can be calculated by a comparison of their values orany other comparison implementation you might use).



Advanced  destructuring  and  namespaces



In this section, we'll dig further into ClojureScript's destructuring syntax. We'll also learnabout ClojureScript namespaces. If you're familiar with JavaScript ES6 modules,namespaces are sort of akin to that-they're essentially modules within which variable andfunction definitions are located and a collection of imported libraries can be defined, oftenwith local bindings for convenience.



Destructuring



Destructuring in ClojureScript provides a way of binding values to local variables. We'vealready seen a few simple examples of how this works with the code in previous sections,but destructuring in ClojureScript is extremely powerful and so comprehensive that it'sworth looking at some more advanced patterns of it.



First, let's try destructuring the vector
[1   2]
:



cljs.user=>   (let   [[a   b]   [1   2]]   (+   a   b));;   =>   3



The same destructuring logic works in a nested fashion:



cljs.user=>   (let   [[[a   b]   c]   [[1   2]   3]]   (+   a   b   c));;   =>   6



Alternatively, we could first bind the original vector and then attempt to grab a specificelement from it and bind that as well:



cljs.user=>   (let   [[a   b]   [[1   2]   3]c   (first   a)](println   a)c)[1   2];;   =>   1
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You'll quickly find that one of the advantages of vector destructuring is that it enables youto bind many values in a small amount of code, without having to individually bind eachelement as you might in the following case:



(let   [a   (first   [1   2   3])b   (second   [1   2   3])c   (nth   [1   2   3]   2)]   [a   b   c]);;   =>   [1   2   3]



Note again that the
let
functions just like
do
, but with a binding section at the beginning.We don't need to bind everything, and similarly we can attempt to bind more than exists inthe original vector:



cljs.user=>   (let   [[a]   [1   2   3]]   [a]);;   =>   [1]cljs.user=>   (let   [[a   b   c]   [1]]   [a   b   c]);;   =>   [1   nil   nil]



As we've seen with variadic functions earlier in this chapter, we can use
&
to bind a variablenumber of remaining values in a sequence or collection. If we use that first example againbut with a variable binding, it might look like the following:



cljs.user=>   (let   [[a   &   b]   [1   2   3]]   [a   b]);;   =>   [1   (2   3)]



We can also bind the value of the original data structure as follows:



cljs.user=>   (let   [[a   &   b   :as   one-two-three]   [1   2   3]]   one-two-three);;   =>   [1   2   3]



You might be wondering why we would do this when we already have the original datastructure at hand. One obvious example is that we use the same destructuring syntax forfunction argument declarations, for instance:



cljs.user=>   (defn   my-func   [[a   :as   original]]   original);;   =>   #'cljs.user/my-funccljs.user=>   (my-func   [1   2   3]);;   =>   [1   2   3]



Here, when we declare the function and its arguments, we have no idea what might bepassed into it later. We might well want to be able to grab the original contents, and sohaving the option to bind the original data structure is particularly valuable.
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Although the examples we've been using so far have all involved vectors, this sort ofdestructuring syntax actually works for any indexed data structures as well as sequences:



cljs.user=>   (let   [[zero   one   two   &   more]   (range   5)](list   zero   one   two   more));;   =>   (0   1   2   (3   4))



We can also destructure associative structures like maps:



cljs.user=>   (let   [{name   :name}   {:name   "David"   :age   "28"}]   name);;   =>   "David"



Here, we're binding the name variable to be the value of the
:name
key in the data structurepassed in. We could also name it something else to make it clearer:



cljs.user=>   (let   [{n   :name}   {:name   "David"   :age   "28"}]   n);;   =>   "David"



As with indexed structures, attempting to bind a key that isn't in the relevant data structurejust binds
nil
to it. This is what we would expect from how we know accessor functionslike
get
work with associative structures:



cljs.user=>   (let   [{c   :city}   {:name   "David"   :age   "28"}]   c);;   =>   nil



As with
get
, we can pass in a default value in case the key we're trying to access can't befound. We can do this by using the
:or
keyword:



cljs.user=>   (let   [{c   :city   :or   {c   "San   Francisco"}}   {:name   "David"   :age"28"}]   c);;   =>   "San   Francisco"



We can destructure multiple values and include multiple defaults. A default will only beused when that key doesn't exist in the original structure:



cljs.user=>   (let   [{c   :city   n   :name   a   :age   :or   {c   "San   Francisco"   age"30"}}   {:name   "David"   :age   "28"}]   [c   n   a]);;   =>   ["San   Francisco"   "David"   "28"]



As with indexed structures, we can also bind the original data structure with
:as
:



cljs.user=>   (let   [{c   :city   :as   original}   {:name   "David"   :age   "28"}]original);;   =>   {:name   "David",   :age   "28"}
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Although we've used keywords as examples of the keys we're accessing, we can destructureanything that is a key in the map. For instance, if we were destructuring a map withintegers as keys, we could destructure those as well:



cljs.user=>   (let   [{one   1}   {1   "One"   10   "Ten"}]   one);;   =>   "One"



The usual idiom for binding keys that have keyword accessors is to bind them to a variablewith the same name as the key. ClojureScript has a convenient shorthand,
:keys
, that letsus do this without having to repeat ourselves:



cljs.user=>   (let   [{:keys   [a   b   c]}   {:a   "one"   :b   "two"   :c   "three"}]   (lista   b   c));;   =>   ("one"   "two"   "three")



Similar shorthand functions also exist for string and symbol keys
:strs
and
:syms
:



cljs.user=>   (let   [{:strs   [a   b   c]}   {"a"   "one"   "b"   "two"   "c"   "three"}](list   a   b   c))("one"   "two"   "three")cljs.user=>   (let   [{:syms   [a   b   c]}   {'a   "one"   'b   "two"   'c   "three"}]   (lista   b   c));;   =>   ("one"   "two"   "three")



Lastly, it's important to know that we can destructure things in a nested fashion. Let's try todestructure a map with a vector as its stored value:



cljs.user=>   (let   [{[a   b]   :name}   {:name   ["David"   "Jarvis"]}]   (str   a   "   "



b))



;;   =>   "David   Jarvis"



Namespaces



Namespaces in ClojureScript are akin to Python or Ruby modules, or Java classes. They'recontainers for
vars
and are often used to group related functionality in modular andreusable ways. Namespace are declared with the
ns
macro, which you can usually expect tofind at the top of every ClojureScript file. A simple namespace declaration might look likethe following:



(ns   app.core"Main   app   logic   goes   here")



(def   app   "I'm   actually   just   a   string,   whoops!")
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The default namespace at our REPL is
cljs.user
, which is why we see that at our REPLprompt. If we wanted to, though, we could easily create a new namespace. Let's try thatnow, but first let's quickly store a var in our current namespace:



;;   if   you   entered   the   previous   code   sample   at   the   REPL,   you   can;;   get   back   to   the   `cljs.user`   ns   by   just   entering   (ns   cljs.user);;   at   the   REPLcljs.user   =>   (def   x   5);;   =>   cljs.user/xcljs.user=>   (ns   repl.experiment);;   =>repl.experiment=>



Notice how our REPL prompt now shows the new namespace we're in? Now, we couldhave just done (
ns   repl
), but it's considered poor style to have a top-level namespace sinceit suggests that there isn't more logical grouping available (this is, at least in part, an areawhere ClojureScript shows its roots, since Java, and therefore Clojure, doesn't like single-segment namespaces). In cases where you really only do need one namespace, the idiomaticconvention in ClojureScript is to append .core to the namespace-in this case, we might do(
ns   experiment.core
) or (
ns   repl.core
).



The
ns
macro is idempotent with regard to the namespace's state. This means that the firsttime you call
ns
, it'll create a new namespace for you, but if you call the same
ns
a secondtime it won't recreate or overwrite the existing namespace. It will, however, set the currentnamespace to be the namespace you've just called.



Remember how we defined
x
previously? Let's see if we can access it from our new
repl.experiment
namespace:



repl.experiment=>   xWARNING:   Use   of   undeclared   Var   repl.experiment/x   at   line   1<cljs   repl>;;   =>   nil



The ClojureScript compiler doesn't know what we're referring to because no variable called
x
has been declared within the
repl.experiment
namespace, only in
cljs.user
. We canaccess
x
explicitly by referencing it with the namespace prepended to the variable:



repl.experiment=>   cljs.user/x;;   =>   5
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This only works because we've already loaded the
cljs.user
namespace in the course ofthis REPL session. If for some reason
x
was stored in a namespace that we hadn't loaded,referring to it this way would cause the REPL to tell us that no such namespace yet existed.Let's say we had a file in a project called
located
at
src/repl/other.cljs
. Itsnamespace declaration might look like the following:



(ns   repl.other)(def   y   10)



Now, from the REPL, if we try to access this directly, we'll get the following error:



repl.experiment=>   repl.other/yWARNING:   No   such   namespace:   repl.other,   could   not   locaterepl/other.cljs,   repl/other.cljc,   or   Closure   namespace   ""   at   line   1   <cljsrepl>WARNING:   Use   of   undeclared   Var   repl.other/y   at   line   1   <cljs   repl>#object[TypeError   TypeError:   Cannot   read   property   'y'   of   undefined]...



All of this is great so far but doesn't give us a real example of how namespaces worktogether in the context of a larger application, so let's take a look at how you can loadnamespaces.



Let's create a new ClojureScript project to test this out. Type
lein   new   figwheelexperiment
into your terminal to create a new ClojureScript project named
experiment
with Figwheel support. Right now, there's only one file in our
src
directory:
src/experiment/core.cljs
. Let's create a new one,
utils.cljs
, also in
src/experiment
.



We'll want to start a new Figwheel REPL running within this project at some point, whichwe can do by calling
lein   figwheel
from within any folder inside our project. Let's fill inthe contents of
utils.cljs
now-we'll just give it a simple function for the moment:



(ns   experiment.utils)(defn   adder[x   y](+   x   y))



You'll notice that the namespace name lines up with its location on the directory path. Thisisn't a coincidence; the ClojureScript namespace loader expects to find namespaces atspecific file locations. When we invoke the
ns
macro at the REPL, we avoid that necessity,but when you're including
ns
declarations in files, the filename and the namespace nameneed to line up.



[ 82 ]




ClojureScript Language Fundamentals



One other thing to be aware of is that a hyphen in a namespace should correspond to anunderscore for the filename. This isn't strictly enforced (the way it is in Clojure), but is awidely used convention (and one that comes in handy when writing portable code for bothClojure and ClojureScript), so we'll stick with it in this book.



Now, let's replace the original content of
core.cljs
with the following:



(ns   experiment.core(:require   [experiment.utils]))(defn   adder-multiplier[x   y   z](*   z   (experiment.utils/adder   x   y)));;   we   could   replace   this,   but   it's   more   convenient   in   the   shortterm   to   leave   it   here.



(defn   on-js-reload   [];;   optionally   touch   your   app-state   to   force   rerenderingdepending   on;;   your   application;;   (swap!   app-state   update-in   [:__figwheel_counter]   inc))



Here, we've used the :require syntax within the
ns
macro to specify that we'd like to makethe
experiment.utils
namespace accessible from within
experiment.core
. This is whatenables us to reference the adder function in adder-multiplier. This syntax is actuallyshorthand for the
require
function, which we could call directly outside of an
ns
declaration if we wanted, like so:



(require   'experiment.utils)



We can test out that this function works the way we expect at the REPL. Our project'sdefault configuration should automatically load
experiment.core
due to the fact that theproject's
project.clj
configuration file specifies a Figwheel configuration flag for :
on-jsload
that loads
experiment.core
:



cljs.user=>   (experiment.core/adder-multiplier   1   2   3);;   =>   9



Implicitly, this means that
experiment.utils
has also been loaded for use at the REPL.Any time you load a namespace that loads other namespaces, you can then accesssecondary vars that have been loaded downstream:



cljs.user=>   (experiment.utils/adder   1   3);;   =>   4
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All of this is fine, but it's a little verbose. We can create aliases for loaded namespaces tokeep things concise using
:as
. Let's change the first part of
experiment.core
to reflectthat:



(ns   experiment.core(:require   [experiment.utils   :as   utils]))(defn   adder-multiplier[x   y   z](*   z   (utils/adder   x   y)))



This is widely done as a best practice and it makes your programs more readable.



If we only want to import a specific
var
from a
namespace
, we can use
:refer
to importspecific things. If we only wanted to import the
adder
function, for instance, we couldrewrite the first part of
experiment.core
to look as follows:



(ns   experiment.core(:require   [experiment.utils   :refer   [adder]]))(defn   adder-multiplier[x   y   z](*   z   (adder   x   y)))



You can refer any number of vars in that vector and you can require as many namespaces asyou like.



By default, everything in
cljs.core
is imported and directly available (for example, youdon't need to reference
conj
with
cljs.core/conj
; you can just reference it directly). Iffor some reason you want to store a
var
with the same name as something in
cljs.core
(which is generally inadvisable, but there are times when it'll make sense), you can use:
refer-clojure   :exclude
to explicitly not import that
var
from
cljs.core
:



(ns   experiment.core(:refer-clojure   :exclude   [conj])(:require   [experiment.utils   :refer   [adder]]))



The
ns
macro has other capabilities as well, including :import for JavaScript interoperabilityand
:refer-macros
for importing macros, but we'll cover those in greater detail when weneed them.
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JavaScript  interoperability



One of the most powerful things about ClojureScript is the ease with which one can accessand interact with the JavaScript runtime. In this section, we'll take a closer look at how youcan work with native JavaScript code from ClojureScript.



JavaScript  collections



Odds are good that you won't want to work too much with JavaScript collections directlynow that you've gotten an understanding of how powerful ClojureScript's collection objectsare, but it's still important to know how to access these from ClojureScript as well as tomake sure you're comfortable converting JavaScript data types to ClojureScript and viceversa. Learning about this syntax will also prove useful when calling JS libraries fromClojureScript.



Arrays



Following is an example of defining and then accessing a JavaScript array from theClojureScript REPL:



cljs.user>   (def   a   (array   1   2   3));;   =>   #'cljs.user/acljs.user=>   a;;   =>   #js   [1   2   3]cljs.user>   (type   a);;   =>   #object[Array   "function   Array()   {[native   code]}"]cljs.user>   (get   a   0);;   =>   1



You can also create an array using the
#js
reader macro:



cljs.user=>   #js   [4   5   6];;   =>   #js   [4   5   6]



Throughout this chapter, we've seen how ClojureScript objects can be cast to JavaScriptobjects using the
clj->js
conversion function. The reverse also works and casts arrays intovectors:



cljs.user=>   (js->clj   a);;   =>   [1   2   3]
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We can retrieve specific values from JavaScript arrays using
aget
, which works much like
get
for ClojureScript vectors (only without allowing the specification of a defaultargument). Under the hood, this is the same as indexing into the JavaScript array like
a[0]
:



cljs.user=>   (aget   a   0);;   =>   1cljs.user=>   (aget   a   2);;   =>   3



Lastly, because JavaScript arrays are mutable, we can actually update the value at a specificindex. Let's set the second value to
banana
:



cljs.user=>   (aset   a   1   "banana");;   =>   "banana"cljs.user=>   a;;   =>   #js   [1   "banana"   3]



JavaScript  objects



To create a JavaScript object, we use the
js-obj
function and pass in the associatedfield/value pairs:



cljs.user=>   (def   obj   (js-obj   "name"   "rafik"   "age"   39));;   =>   cljs.user/objcljs.user=>   obj;;   =>   #js   {:name   "rafik",   :age   39}



We can retrieve values by calling the key as a property on the object:



cljs.user=>   (.-name   obj);;   =>   "rafik"



We can also use
aget
to retrieve values:



cljs.user=>   (aget   obj   "name");;   =>   "rafik"



Like with arrays, we can use
aset
to set a particular value:



cljs.user=>   (aset   obj   "job"   "programmer");;   =>   "programmer"cljs.user=>   obj;;   =>   #js   {:name   "rafik",   :age   39,   :job   "programmer"}
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Note how ClojureScript represents JSON objects as maps with a
#js
annotation. Let's getthe type of such a JavaScript object:



cljs.user>   (type   obj);;   =>   #object[Object   "function   Object()   {[native   code]}"]



Note that, like arrays, you can also create a JSON object using the
#js
reader macro:



cljs.user=>   #js   {"Key"   "Value"};;   =>   #js   {:Key   "Value"}



It may not surprise you at this point to learn that converting a JSON object to ClojureScriptwill return a map:



cljs.user=>   (js->clj   obj);;   =>   {"name"   "rafik",   "age"   39,   "job"   "programmer"}



The
js->clj
parameter takes an optional argument to specify whether you want tokeywordize any strings:



cljs.user=>   (js->clj   obj   :keywordize-keys   true);;   =>   {:name   "rafik",   :age   39,   :job   "programmer"}



JS  interop  syntax



We've  seen a few examples of how to work with JavaScript already in this chapter, but let'stake a closer look at the specific syntax for working with JavaScript.



New instances of a particular object can be instantiated with (
new   Type   ...
) or (
Type...
), with the latter syntax being preferred:



cljs.user=>   (new   js/String   "Ta-da!");;   =>   #object[String   Ta-da!]cljs.user=>   (js/String.   "Magic!");;   =>   #object[String   Magic!]



When invoking either instance methods or accessing attributes, we can simply include thefull method chain, much as we would in JavaScript:



cljs.user=>   (js/console.log   "Show   me   your   moves!");;   =>   nilcljs.user=>   js/Math.PI;;   =>   3.141592653589793
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Although this style is common, it doesn't give us an implication at the code level as towhether something is a property or a method on an object. ClojureScript allows us to beexplicit about this by using slightly different notations. For methods, we use simple dotnotation:



cljs.user=>   (.log   js/console   "Show   me   your   moves!");;   =>   nil



And for attributes, we use the .
-   notation
:



cljs.user=>   (.-PI   js/Math);;   =>   3.141592653589793cljs.user=>   (def   v   #js   {});;   =>   #'cljs.user/vcljs.user=>   (set!   (.-foo   v)   "bar");;   =>   "bar"cljs.user=>   v;;   =>   #js   {:foo   "bar"}



The  Google  Closure  Compiler  and  using  externalJavaScript  libraries



Eventually, you're likely to want to use external JavaScript libraries as dependencies. Youcan go about doing this either by referencing external libraries that are loaded as scripts orby bundling them with your ClojureScript application.



One thing to understand before going down this road is the extremely close relationshipbetween the Google Closure Compiler and ClojureScript itself. The two are so closelyrelated that the Google Closure Library is bundled with ClojureScript by default and can beeasily imported and referenced, much as one would normal ClojureScript code, for instance:



(ns   experiment.goog(:import   goog.history.Html5History))(defonce   hist   (Html5History.))



You'll notice a new
ns
syntax here,
:import
, which is used only when we want to load aparticular Google Closure Library.
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Most ClojureScript applications will be built with the Google Closure Compiler whencomes the time to deploy them in a production environment due to the Closure Compiler'sadvanced optimization features. These features include dead code elimination, generalminification and optimization of code, and error notifications in the compilation process.The
cljsbuild
macro allows us to specifically configure the degree of compileroptimization we'd like to use; in general, we'll be using :optimizations
:none
when we'redeveloping. We'll discuss deploying code to production more in
Chapter   8
,
BundlingClojureScript for Production
.



Generating optimized production code via the Closure Compiler renames almost everysymbol in your application to a shorter version of itself to save space. This is fine when ourentire application is written in ClojureScript, but when we're dependent on an externalJavaScript library, renaming that symbol will cause the reference to the library to change,which will make our code stop working. Again, this behavior won't happen when you'reusing
:optimizations   :none
, but will happen once you start using
:optimizations:advanced
.



The consequence of this behavior is that most external JavaScript libraries aren't usable bydefault when you compile your code for production. If that were the end of the story,ClojureScript wouldn't be all that useful, so fortunately there are ways to work withJavaScript libraries that account for the nature of the Closure Compiler.



Referencing  external  libraries  with  externs



The most basic way of using an external JavaScript library with your ClojureScriptapplication is not to bundle it with the application at all but just to reference it directly. Forinstance, as the relevant external library is loaded (either via your application or via theHTML page that loads your application), you can simply reference the JavaScript as youwould any other JavaScript code.



Let's say we'd like to reference the following library, which we'll call
treeact
. It maysound similar to another library you've heard of by a company with a name like
TreeBook
,but don't think too hard about that. Let's add this to the
index.html
file in our experimentproject's
resources/public
directory, just before our application is loaded:



<script   type="text/javascript">treeact   =   function()   {var   tree   =   {};tree.render   =   function()   {console.log("Page   rendered!");}return   tree;
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};</script>



To use this library from ClojureScript, we can just reference it directly as long as we're using
:optimizations   :none
. Now, let's add the following function to our
experiment.core
namespace:



(defn   render[](.render   (js/treeact)))



(render)



Figwheel should automatically reload this file when we save it, which will call the
render
function. If we check the page, we should see our
Page rendered!
alert logged to theconsole. If you don't see it, make sure you've refreshed the page so that the application canpick up the external script.



Unfortunately, the preceding code will stop working once we start using advancedcompilation. We can make this continue to function as desired by adding an externs file.The externs file tells the Google Closure compiler what names not to rename when it'scompiling our application. For our simple
treeact
library, our externs file would look likethe following:



var   treeact   =   function()   {}treeact.render   =   function()   {}



Assuming this function is named
treeact-externs.js
, we can then add it to ourCljsbuild's
:compiler
options for our
min
configuration in our
project.clj
. This meansthe entire
:compiler
value should look like the following:



:compiler   {:output-to   "resources/public/js/compiled/experiment.js":main   experiment.core:externs   ["treeact-externs.js"]:optimizations   :advanced:pretty-print   false}}



Let's stop our Figwheel REPL and build this with
lein   clean
;
lein   cljsbuild  oncemin
. We won't have a Figwheel server running any more, but we can manually load ourpage by opening the HTML file located at
resources/public/index.html
. You shouldsee the
Page rendered!
alert in the console-it worked!
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We can also get away without using an externs file by using strings instead of symbols. TheGoogle Closure Compiler doesn't rename strings, but writing code this way is generallyonly recommended if you have a very small number of external variables you're trying tokeep track of, for instance:



(let   [tree   ((goog.object.get   js/window   "treeact"))]((goog.object.get   tree   "render")))



Bundling  external  libraries



In addition to referencing external libraries, you can also bundle them as part of yourapplication. This has the advantage of pushing everything into a single file and allowing theGoogle Closure Compiler to optimize all source code and dependencies for productionsimultaneously.



Google  Closure  Compiler  compatible  code



Libraries that are written to be compatible with the Google Closure Compiler (meaning theyexpose their namespaces using
goog.provide
) are easy to add as dependencies andrequire almost no additional configuration. All you have to do is add the library in questionto your
project.clj   cljsbuild
configuration with the
:libs
key. For instance, if wehad a version of the popular library jQuery on hand that had been modified to becompatible with the Google Closure Compiler, we could just add the following section toour
project.clj
and then we'd be able to reference it directly:



{:cljsbuild   {:compiler   {:libs   ["jQuery.js"]}...}}



This is an extremely convenient way of bundling external JavaScript libraries.Unfortunately, at the time of this book's publications, relatively few libraries are currentlywritten to be compatible with the Google Closure Compiler.



Foreign  JavaScript



Libraries that aren't yet written to be compatible with the Google Closure Compiler can stillbe used in ClojureScript applications. You'll need to use an externs file like the one wewrote earlier in this chapter, but you'll also need to add a
:foreign-libs
map to your
cljsbuild   :compiler
options in your
project.clj
for the
min
profile. Let's remove ourscript section in our application's
index.html
and move it into an external file in the rootof our project, which we'll call
treeact.js
. We can now add the following section to our
project.clj   :compiler
map to bundle it under advanced compilation:



:foreign-libs   [{:file   "treeact.js"
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:provides   ["t"]}]



We'll also have to modify our application-specifically, we'll modify the namespacedeclaration to import Treeact explicitly. We don't actually need to modify the functiondefinition-the reason we import it is to inform our application of the namespace and itscontents:



(ns   experiment.core(:require   [experiment.utils   :refer   [adder]][t]))



Now, let's rebuild our application with
lein   clean
;
lein   cljsbuild   once   min
andreload the
index.html
page that we were just looking at. We should, once again, see analert printed on the console. Woohoo!



CLJSJS



We've now examined a number of different ways in which you can include externalJavaScript libraries in your code, from referencing to bundling. However, you've probablynoticed that adding external libraries can often require some work, especially if you have tobuild an externs file. Fortunately, for most common JavaScript libraries, there's a better way.The CLJSJS project (located online at cljsjs.github.io) is a community-driven effort topackage up the most common and popular JavaScript libraries in a way that's easilyconsumable by ClojureScript applications and is compatible with the Google ClosureCompiler.



To use a CLJSJS project, for example, Facebook's React, all you need to do is to add thefollowing to your
project.clj   :dependencies
key:



[cljsjs/react   "0.14.3-0"]



You can then reference React directly in your application as
js/React
. In general, CLJSJSdependencies are far and away the easiest way to bundle external JavaScript code in yourClojureScript applications.



[ 92 ]




ClojureScript Language Fundamentals



Summary



You now have all the basic tools to write simple ClojureScript programs. You've learnedabout ClojureScript's data types as well as the language's core syntax. You've seen howimmutability enables us to write programs that are easier to reason about and how to writeprograms with smooth interoperability with other JavaScript libraries.



In the next chapter, you'll learn more about how to write idiomatic ClojureScript as well assome of the differences in design patterns between JavaScript and ClojureScript. We'll alsodig into more advanced ClojureScript concepts such as macros, functional programmingpatterns, and concurrent design.



[ 93 ]




Advanced  ClojureScriptConcepts



In this chapter, we'll introduce some more advanced concepts of ClojureScript as alanguage. At this point, you should already have all the tools you need to write basicClojureScript programs, and this chapter will help take you from that level of expertise toone at which you feel comfortable tackling more complicated and extensive engineeringtasks. This chapter will cover the following topics:



Functional programming conceptsControl flowWriting macro for ClojureScriptConcurrent design patterns using
core.async



3



Functional  programming  concepts



We've already talked a little bit about how ClojureScript is a functional language in
Chapter   2
,
ClojureScript Language Fundamentals
, when we introduced the function syntaxand talked about how functions in ClojureScript can be stored, passed, and referenced likeany other variable. We've even seen a few examples of passing functions as arguments toother functions, as we did when we looked at laziness in
Chapter   2
,
ClojureScript LanguageFundamentals
, and passed
println
as an argument to
map
. In this section, we'll take a closerlook at these concepts and flesh them out with some helpful examples.




Advanced ClojureScript Concepts



Loops  and  iteration



Sooner or later, almost every software program has to iterate through some sort ofcollection and perform a transformation on it. In mutable languages, this typically takes theform of iterating through each object in the collection and mutating the underlyingcollection, or perhaps calling a function with a known side effect. In this section, we'll take alook at various design patterns for iterating through collections.



When used from ClojureScript, these programming patterns are overwhelmingly used forthe execution of side effects. Some, like
loop
and
recur
,
for
, and
doall
do have a specificreturn value that you can control, but others including
doseq
and
dotimes
explicitly return
nil
. Be careful when using these that you understand what return value you'll be getting!



Loop  and  recur  functions



Let's consider a sample JavaScript program that does this:



x   =   [1,   2,   3,   4,   5]



for   (var   i   =   0;   i   <   x.length;   i++)   {console.log(x[i]);}



The preceding function, when executed, prints out the numbers
1
through
5
to the console,with each number on its own line. In ClojureScript, the most direct translation of theaforementioned program would look like the following:



(def   x   [1   2   3   4   5])(loop   [i   0]   ;;   set   our   starting   point(println   (nth   x   i))(when   (<   (inc   i)   (count   x))(recur   (inc   i))))   ;;   let's   do   the   time   warp   again!



Although this program does work (and especially well for fans of
The Rocky Horror PictureShow
), it's not regarded as an idiomatic way of programming in ClojureScript. For one, it'squite verbose, and secondly, it's extremely imperative. If we had wanted to actually returnmodified versions of the values in question, we would have had to have included quite a bitof extra code to accommodate for the immutability of vectors. This second issue will be anongoing theme in this section until we get around to learning about higher-order functions.
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Let's give this a shot with our previous example:



(defn   looper"Don't   get   me[i](println   (nth(when   (<   (inc(recur   (inc



confused   with   the   popular   2012   film"



x   i))i)   (count   x))i))))   ;;   without   loop   head,   go   to   fn   start



Invoking
(looper   0)
should have the same effect as our original
loop
code.



for



Let's consider the example from the previous section, but let's make both the JavaScript andClojureScript versions slightly more idiomatic by assuming we won't actually need tomutate the values in question:



x   =   [1,   2,   3,   4,   5]for   (var   i   in   x)   {console.log(x[i]);}



And the corresponding ClojureScript:



(def   x   [1   2   3   4   5])(for   [i   x](println   i))



This aligns more closely with a slightly cleaner version of the original JavaScript program,although ClojureScript's
for
is lazy and returns a sequence, while the JavaScript loop runsimmediately.



The
for
loop accepts up to three different modifiers:
:when
,
:let
, and
:while
. The
:let
modifier allows you to bind additional local variables within the
for
block,
:when
onlyexecutes the body when the predicate matches (though it continues to iterate), and
:while
terminates iteration when the provided predicate function returns
false
:



(for   [i   x:let   [y   (*   i   2)]:when   (odd?   i)
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:while   (<   i   4)](println   i   y))1   23   6;;=>   (nil   nil)



dotimes



We could also do away with the original array using
dotimes
, which executes a body ofcode
n
times (presumably for side effects):



(dotimes   [n   5]   (println   (inc   n)))


[image: Wondershare]


doseq



Like
dotimes
and
for
,
doseq
allows for the binding of individual elements of a sequenceand then repeated execution of the following body, presumably for side effects. However,
doseq
is different from
dotimes
and
for
in a few notable ways. First, it operates on aprovided sequence, rather than on an integer. A quick example might look like thefollowing:



(doseq   [a   (range   5)](println   a))



Remember in
Chapter   2
,
ClojureScript Language Fundamentals
, when we talked about lazysequences and realizing infinite sequences?
doseq
is one tool for working with lazy (andpotentially infinite) sequences. It only realizes a single value at a time, and once it's doneworking with it, it discards it and moves on to the next value in the sequence.
doseq
alsohas special logic for dealing with chunked sequences, which is not true of all functions thattake a lazy sequence.
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doseq
accepts binding multiple sequences at once and operates over a Cartesian cross of



their values. In simpler terms, this means it executes once for each possible sequence valuecombination. Let's take a look at the following commands:



(doseq   [a   ["a"   "b"   "c"]b   (range   3)](println   a   b))a   0a   1a   2b   0b   1b   2c   0c   1c   2;;   =>   nil



doseq
returns
nil
, and like
for
accepts the
:let
,
:while
, and
when
modifiers.



doall



In addition to
doseq
, we have
doall
. While the purpose of
doseq
is to hold in memory(and invoke side effects) for one element in a sequence at a time, the purpose of
doall
is theopposite.
doall
seeks to realize every element (and, consequently, invoke every side effect),load it into memory, and return it.


[image: Wondershare]


Developers new to lazy evaluation often find themselves confused by circumstances wheretheir code hasn't evaluated. If you think you might be in one of these situations (and knowthat the sequence or collection that should have been evaluated isn't too large to fit intomemory), try calling
doall
on it to see if it evaluates. Let's look at an example using thelazy
map
function, which we'll be taking a closer look at in the next section:



cljs.user=>   (def   x   [1   2   3   4   5])#'cljs.user/xcljs.user=>   (do(map   println   x)true);;   =>   true
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Here, because
map
is evaluated lazily, the
do
block returns
true
but never calls
println
onthe individual elements of
x
. If we wanted to force the
map   println
to evaluate, we couldcall
doall
on it:



cljs.user=>   (do(doall   (map   println   x))true)12345;;   =>   true



Higher-order  functions



Up until now, we've been looking at very imperative design patterns—patterns that oftenrequire explicitly creating local bindings of variables in order to iterate through a sequenceor collection. From this point on, we'll be looking at higher-order functions as a way of bothinvoking side effects on a collection and returning new versions of the sequence beingpassed in.



The use of higher-order functions in ClojureScript is more idiomatic than more imperativesoftware patterns due to the immutability of the language's core data structures (an issuewe discuss in
Chapter   2
,
ClojureScript Language Fundamentals
). We can't mutate a datastructure as we iterate over it and we can't easily build a new data structure up while we'reiterating. Instead, we use higher-order functions that perform transformations on the inputsequence and return new, transformed sequences for us to use.



There are many higher-order functions in ClojureScript, and as you become more familiarwith the language, it's very likely you'll end up writing your own. For now, we'll begin withan introduction to the three most common and critical higher-order functions:
map
,
filter
,and
reduce
. Each of these functions takes any sequence or collection as an input andreturns a lazy sequence. There are also alternative versions of the
map
and
filter
functionsthat explicitly return a vector:
mapv
and
filterv
.



These core higher-order functions are valuable not only for their simplicity and elegance,but also because they do a much better job than
for
of expressing intent.
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map



map
takes at least one collection and returns a single new, transformed collection. This



transformed collection is created by calling the provided function on each element in theprovided collections in turn. You can also pass in zero collections, in which case
map
returnswhat's known as a transducer; we'll talk more about transducers later on in this chapter.



If
map
is passed one or more collections, it returns a lazy sequence consisting of the result ofapplying the input function to the first items in each provided collection, followed by theresult of applying the input function to the second items in each collection, and so on, untilany one of the collections has been exhausted. Any remaining items in the other collectionsare ignored. The input function should accept as many arguments as there are collectionsbeing passed to
map
.



This explanation is a bit of a mouthful, so let's start with a simple example. We'll use
map
towrite up a more functional implementation of our previous examples of printing thenumbers
1
through
5
:



cljs.user=>   (map   println   [1   2   3   4   5])12345;;   =>   (nil   nil   nil   nil   nil)


[image: Wondershare]


println
as a function returns
nil
, so this isn't a great example of how we could transforman input sequence (it does explain the return value as a sequence of
5nil
values, though).



Let's try to write a more idiomatic version in which we increment each item in the sequenceby
1
and return that. JavaScript has its own implementation of
map
, so such a programmight look like the following in JavaScript:



[1,   2,   3,   4,   5].map(function(x)   {   return   x   +   1   })
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The return value of this statement is a new array with the contents
[2,   3,   4,   5,   6]
.ClojureScript functions similarly, but is slightly cleaner since it has a built-in
inc
function toincrement the values by
1
:



cljs.user=>   (map   inc   [1   2   3   4   5]);;   =>   (2   3   4   5   6)



We could use anonymous function syntax here as well, just to show off how easily you canwrite ClojureScript functions with little boilerplate:



cljs.user=>   (map   #(+   %   1)   [1   2   3   4   5]);;   =>   (2   3   4   5   6)



Now that we've seen some examples where we've passed in a single collection, let's seewhat happens when we pass in multiple collections simultaneously:



cljs.user=>   (map   *   [1   2   3   4]   [2   5   8]);;   =>   (2   10   24)



Here,
map
returns a sequence where
*
is applied first to the first element in each collection,then the next, and so on. We get
2
from
(*   1   2)
,
10
from
(*   2   5)
, and so on. When weget to
8
, the second sequence is empty and so
map
stops evaluating, even though there's aremaining element in our first collection.



Using
map
with a HashMap will map over key-value pairs as vectors:



cljs.user=>   (map   identity   {:a   1   :b   2   :c   3});;   =>   ([:a   1]   [:b   2]   [:c   3])



Although they have the same name, be careful not to confuse
map
with the map data type.



The  filter  and  remove  functions



filter
takes a predicate function (a function that returns a “truthy” value) and either zero



or one collections. If called without a collection, it returns a transducer. If called with acollection, it will return a new sequence comprising only the items for which the predicatefunction returned a truthy value. Let's take a look at a quick example:



cljs.user=>   (filter   even?   [1   2   3   4   5]);;   =>   (2   4)cljs.user=>   (filter   #(<=   %   2)   [1   2   3   4   5]);;   =>   (1   2)
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filter
has a twin function,
remove
, which does the inverse: it removes any items in the



input collection for which the predicate evaluates as truthy:



cljs.user=>   (remove   even?   [1   2   3   4   5]);;   =>   (1   3   5)cljs.user=>   (remove   #(<=   %   2)   [1   2   3   4   5]);;   =>   (3   4   5)



reduce



Lastly, we have
reduce
.
reduce
incrementally builds a new value up from a collection.One good way of thinking about it is as a way of “rolling up” a collection. We begin with aninitial state that is then updated with each additional item to be reduced.



reduce
takes as its arguments a reducer function, an optional initial value, and a collection.



The supplied reducing function must be able to accept two arguments: the first, the valuebeing reduced into, and the second, the current value to reduce.
reduce
behaves quitedifferently depending on whether or not the optional initial value is provided, so we'll diginto how the function works both with and without an initial value.



If the initial value is not supplied,
reduce
returns the result of applying the input functionto the first two arguments in the collection, then applying the function to that result and thethird item, and so forth. Let's look at a simple example using the
+
operator:



cljs.user=>   (reduce   +   [1   2   3   4   5]);;   =>   15



If the collection is empty, the supplied function must also be capable of accepting noarguments;
reduce
will return the result of calling the supplied function with noarguments:



cljs.user=>   (reduce   +   []);;   =>   0cljs.user=>   (+);;   =>   0
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If the collection has only one item, it is returned and the supplied function is not called:



cljs.user=>   (reduce   js/Math.abs   [-5]);;   =>   -5



If an initial value is supplied,
reduce
returns the result of applying the supplied function tothe initial value and the first item in the collection, then applying the supplied function tothat result and the second item, and so on:



cljs.user=>   (reduce   +   10   [1   2   3   4   5]);;   =>   25



If the collection contains no items and an initial value is supplied,
reduce
just returns theinitial value without calling the supplied function:



cljs.user=>   (reduce   str   10   []);;   =>   10



Transducers



Transducers are a relatively new member of the ClojureScript family and are a fairlyadvanced functional programming concept. In essence, a transducer is a function that takesone reducing function and returns another. In this context, a
reducing function
is a functionthat can be passed to
reduce
-a two-argument function where the arguments are thecumulatively reduced data thus far and the data to be reduced in the current step.



Okay, so that tells us what transducers are, but not much about how we'd actually usethem. Transducers in general are not an intuitive thing to reason about, and so perhaps thebest place to begin is with examples.


[image: Wondershare]


The
xform
in the preceding function means that
into
is expecting a transducer to be passedin as an argument.
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Let's take a look at the
sequence
function, which coerces a collection to a (possibly empty)sequence. A basic use of
sequence
might look like the following:



cljs.user=>   (sequence   [1   2   3   4   5   6]);;   =>   (1   2   3   4   5   6)



While one can call
sequence
with just a collection, you can also provide a transducer to it,and it'll lazily generate the sequence with the transformation applied. Let's take a fairlysimple transducer,
(map   inc)
, and use that as a function argument to
sequence
:



cljs.user=>   (sequence   (map   inc)   [1   2   3   4   5]);;   =>   (2   3   4   5   6)



If you've had a chance to familiarize yourself with the
->>
macro (we'll cover it later in thischapter when we talk about macros), the preceding command is very similar to thefollowing:



cljs.user=>   (->>   [1   2   3   4   5]   (map   inc));;   =>   (2   3   4   5   6)



This latter case is slightly different in that the type that is being returned is a
LazySeq
,whereas the use of a transducer causes the return type to be a
LazyTransformer
.


[image: Wondershare]


The most critical differentiating characteristics of transducers is that they don't care aboutthe source of inputs. Other higher-order functions (
map
,
filter
,
reduce
, and so on) arecritically tied to the collection (and hence sequence) abstractions. For instance, one reallyawesome use of transducers is to apply a transformation to everything that goes through a
core.async
channel. We'll learn a little bit more about
core.async
later on in thischapter, but a quick code snippet should provide an idea of how these transformationswork:



(ns   experiment.async(:require   [cljs.core.async   :as   async])(:require-macros   [cljs.core.async.macros   :as   async-macros]))



(defn   sample-transducer-channel"A   simple   example   of   a   transduced   channel.   Increment   by   oneall   values   that   pass   through   this   channel.   For   demonstrationpurposes   we'll   just   hard-code   the   number   5   for   now."[]
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(let   [c   (async/chan   1   (map   inc))](async-macros/go   (async/>!   c   5))(async-macros/go   (js/console.log   (async/<!   c)))))



Now, if we call our new function at the REPL, we should see the number
6
in our browser'sJavaScript console.



Transducers can be used for reducing with a transformation:



(def   inc-xform   (map   inc))



We can test this transducer at the REPL as follows:



cljs.user=>   (transduce   inc-xform   +   0   [1   3   5]);;   =>   12;;   For   clarity,   the   order   here   is   equivalent   to   the   following,;;   only   evaluated   non-lazily:;;   (reduce   +   0   (apply   inc   (1   3   5)))



They can also be used for building a new collection from a transformation of another (again,non-lazily—basically the non-lazy version of
sequence
with a specific collection as theoutput):



cljs.user=>   (into   []   inc-xform   '(1   1   2   3   5   8));;   =>   [2   2   3   4   6   9]



Transducers are a powerful tool for transforming data and creating reusable andcomposable functions for doing so.



Control  flow



At this point, we've already seen many examples of ClojureScript functions and theirassociated control flows, but we haven't really covered them in explicit detail. In thissection, we'll look at various branching control flow special forms and macros, and we'llcover how to handle exceptions.



if  and  when



Like almost every programming language, ClojureScript uses
if
for basic conditional logic.
if
in ClojureScript is a special form rather than a function or a macro. Syntactically,
if
takes a predicate, a form that is evaluated and yielded if the predicate returns
true
, and anoptional form that is evaluated and yielded if the predicate returns
false
. If the optional



[ 105 ]




Advanced ClojureScript Concepts


[image: Wondershare]


form for the
false
case is not supplied, it defaults to
nil
:



cljs.user=>   (if   (=   1   1)"One   equals   one!""One   does   not   equal   one   :(");;   =>   "One   equals   one!"cljs.user=>   (if   (=   1   2)"One   equals   two!")   ;;   implicit   nil   return   value   when   false;;   =>   nil



when
like a combination of
if
and an implicit
do
block when its predicate returns
true
:



cljs.user=>   (when   true(println   "I'm   a   side   effect!")["apples"   "bananas"])"I'm   a   side   effect!";;   =>   ["apples",   "bananas"]



if-let  and  when-let



Often, when working with predicates, you'll want to bind the return value to a localvariable and continue to evaluate a code block with that local variable. ClojureScriptprovides two convenient macros to make doing so concise:
if-let
and
when-let
.



Since you're already aware of the syntax for
if
,
when
, and
let
, the syntax for
when-let
should seem fairly straightforward:



cljs.user=>   (if-let   [x   false]"I'm   true!""I'm   false!");;   =>   "I'm   false!"cljs.user=>   (when-let   [x   "true"](println   "Oh   hi!")x)Oh   hi!;;   =>   "true"
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cond  and  condp



cond
and
condp
are both used to run through many possible predicates and to return thebody associated with the first to evaluate as truthy. Let's look at
cond
first:



cljs.user=>   (condfalse   "Nope."nil   "Not   happening."(empty?   [1])   "Still   not   happening."true   "Finally!");;   =>   "Finally!"



By convention, it's common when using
cond
to include an
:else
clause that includes adefault value like the following:



cljs.user=>   (condfalse   "Nope."nil   "Not   happening.":else   "I'm   a   default   value!");;   =>   "I'm   a   default   value!"


[image: Wondershare]


If none of the predicates evaluate to
true
,
cond
returns
nil
. Calling
cond
by itself (forexample,
(cond)
) therefore returns
nil
.



condp
functions similar to
cond
, but instead of evaluating a different predicate at each tier,



it takes a predicate and an initial value and compares the result against various possiblevalues. Finally, it takes a single optional default value (which, unlike
cond
, does not needan accompanying
:else
or similar truthy value preceding it):



cljs.user=>   (condp   =   [1   2   3   4   5]"a   string?"   false'another-value   false:keyword   false[1   2   3   4   5]   true"finally,   a   single   default   value");;   =>   true



Evaluating the preceding code block returns
true
because that's the return value associatedwith the possible value of
[1   2   3   4   5]
. Note that both
cond
and
condp
are sequentiallyevaluated, meaning that as soon as they've met a satisfactory value or predicate, they'll
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return the corresponding value (without continuing to evaluate any remaining predicates orvalues). Only the matched value, if any, is ever evaluated.



case



case
functions like a special case of
condp
where the predicate is
=
.


[image: Wondershare]


A simple example might look like the following:



cljs.user=>   (case   [1   2][]   "empty   vec"(vec   '(1   2))   "my   vec""default");;   =>   "my   vec"



You can also include any number of test constants that evaluate to the same result, forinstance:



cljs.user=>   (case   [1   2][]   "empty   vec"([1   2]   [3   4])   "my   vec""default");;   =>   "my   vec"



Again, we get the same result.



Exception  handling



So far, we've talked a lot about how to write programs, but we haven't talked at all aboutwhat happens when things go wrong. Let's take a look how exception handling works inClojureScript. Let's take a look at how exception handling works in ClojureScript now,starting with how we can deliberately throw an exception:



(throw   (js/Error.   "You   weren't   supposed   to   do   this!"))
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Simple enough. ClojureScript also has the same sort of exception handling facilities youwould expect from a high-level language-critically, tools for trying a code block, catchingany exceptions, and finally executing a recovery block.



cljs.user=>   (try(throw   (js/Error.   "I'm   an   error!"))(catch   js/Error   e(println   "Error   message:   "   e))(finally(println   "A   successful   result!")))Error   message:      #object[Error   Error:   I'm   an   error!]A   successful   result!;;   =>   nil



Here we've explicitly captured the error of type
js/Error
, but almost anything can bethrown as an error in JavaScript. This isn't recommended, but does sometimes come upwith third-party libraries. Consequently, if you're trying to catch any exception that mightbe thrown, you can use
:default
instead of
js/Error
to catch anything that might bethrown. More general exception handling usually looks something like the following:



cljs.user=>   (try(throw   "Exception")(catch   js/Error   err;;   whatever   error   handling   you   might   want(println   "error   was   of   type   js/Error"))(catch   :default   err;;   perhaps   more   general   error   handling   here(println   "Some   non-error   type   was   thrown."))(finally(println   "Done!")))Some   non-error   type   was   thrown.Done!;;   =>   nil


[image: Wondershare]
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Writing  macros  for  ClojureScript



If you're new to Lisp languages, you may not be familiar with macros. In essence, Lispmacros differ from macros in other languages in that they are a mechanism by which codeitself can be transformed and rewritten. We've already used a number of macros so far inthe examples in this book, and, indeed, macros are a core part of ClojureScript and you canand should expect to find yourself using them frequently. They enable us to do things thatwould not otherwise be possible and to optimize and refactor code in powerful ways.



read  and  eval



In order for all of what we're about to say to make sense, it'll probably be helpful to firstunderstand a little bit about how programming languages work. With most languages,there exists a
reader
function in the compiler that takes a series of strings and transformsthe text you provided into an abstract syntax tree. That abstract syntax tree is then passedon to an evaluator, which knows how to take the contents of the abstract syntax tree andturn it into, for instance, machine code or byte code, or whatever low-level code isappropriate for the language you're working in.



The key thing to understand about this is that in general, for most computer languages, theabstract syntax tree that is generated by the reader is not accessible to the program that isactually being executed. You know the old saying, “
Physician, heal thyself!
“? Most programs,if they were physicians, couldn't heal themselves.



The special thing about Lisp languages is that the abstract syntax tree of the program is nodifferent from the data that the language operates on (remember how we showed that theform for calling functions was just a normal
list
in
Chapter   2
,
ClojureScript LanguageFundamentals
?). And since we know that the data the language operates on is definitelyaccessible at the program's runtime, it follows that we can also access and operate on theabstract syntax tree of the program itself!



This is very cool in that it means that we can have macros that transform and manipulateboth data and code. Let's see a quick example of what the process we've just described lookslike. Passing a string of source code to the reader looks like the following:



cljs.user=>   (cljs.reader/read-string   "(+   1   3)");;   =>   (+   1   3)
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Now, let's try treating this piece of source code as we might any data structure:



cljs.user=>   (conj   (cljs.reader/read-string   "(+   1   3)")   "apples");;   =>   ("apples"   +   1   3)



Cool. Next, let's try passing a string through the reader to the evaluator:



cljs.user=>   (eval   (cljs.reader/read-string   "(+   1   3)")   "apples")WARNING:   Use   of   undeclared   Var   cljs.user/eval   at   line   1   <cljs   repl>#object[TypeError   TypeError:   Cannot   read   property   'call'   of   undefined]



Hmm. What happened there? Well, it turns out that with the ClojureScript project in itscurrent state,
eval
is not available during the ClojureScript runtime (including at REPLevaluation time). Rather,
eval
of ClojureScript forms is handled by a JVM Clojure process,which is how the REPL we've been using actually works (it's calling the relevant vanillaClojure code that corresponds to
eval
).



You may be wondering, if
eval
of ClojureScript code is only available to the JVM Clojureprocess, how is that we're able to evaluate code in the browser? The answer lies in what'sactually being evaluated. When we're in the browser environment, the code being evaluatedis JavaScript that we've compiled from ClojureScript. Actually trying to evaluateClojureScript code within the browser, won't work.



It's possible that the future may bring the ability for us to use
eval
within ClojureScript; in2015, David Nolen (the primary developer and maintainer of ClojureScript) announced thatClojureScript had reached the point where it was able to compile itself. Self-compilingClojureScript means that it becomes possible to evaluate ClojureScript code at runtime (weno longer need distinct compilation-time and run-time behavior). At the moment, however,even though some of the larger technical problems have been addressed, the functionalityhasn't been made a core part of the ClojureScript language and build system because usingJVM Clojure for compilation is still considerably faster.



If you're interested in experimenting with a self-hosted version of ClojureScript, theClojureScript wiki has a page on the current state of the project (
https://github.com/clojure/clojurescript/wiki/Bootstrapping-the-Compiler
) as well as a list of someprojects that are currently relying upon self-hosted ClojureScript. At the time of thiswriting, self-hosted ClojureScript is still in an experimental/proof of concept phase, so wecan't recommend it yet for production applications.



The fact that
eval
isn't available to the current ClojureScript runtime has direct implicationsfor how macros work in ClojureScript as well. Since
eval
is only available to the JVMClojure process, ClojureScript macros are also only able to be evaluated at compile time,rather than at run time, and they must be written in either a
.clj
(normal Clojure) file or a
.cljc
(reader conditional Clojure) file. Either way, code that is generated by a macro must
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target the runtime capabilities of ClojureScript, even if the macro itself is written in Clojure.



In practice, this also means that ClojureScript macros need to be evaluated before we getaround to actually calling them anywhere. The most common way of achieving this is todefine them in another namespace than the one in which they are going to be called. Theyare then imported into the calling namespace using the special
:require-macros
keywordin namespace declarations, for instance:



(ns   my.namespace(:require-macros   [my.macros   :as   my]))



A ClojureScript namespace can require macros from a namespace with the same name (thatis, a
my/namespace.cljs
file could require macros from a
my/namespace.clj
file).There's one gotcha to be aware of with this—an imported macro and a function can sharethe same name. If that happens, ClojureScript will resolve the symbol to a macro if it's in acalling position, and to a function if it's not. For instance, if
+
were both a macro and afunction, it would be a macro in
(+   1   1)
and a function in
(reduce   +   [1   1])
. Werecommend avoiding this situation in your programs.



Your  first  macro



Whew, that was a lot of precursor text! Enough chatter; let's get our hands dirty. Let's startby writing an incredibly simple macro—so simple, it'll look just like a function. For theexercises we'll be doing in this section, let's go back to our
experiment
project that we wereusing in
Chapter   2
,
ClojureScript Language Fundamentals
, and we'll create two new files:one at
src/experiment/macros.clj
and one at
src/experiment/consumers.cljs
.



We'll create
macros.clj
first and put in a simple namespace declaration:



(ns   experiment.macros)



In
consumers.cljs
, we'll also add a namespace declaration, and we'll make sure to importany macros in our macros file:



(ns   experiment.consumers(:require-macros   [experiment.macros   :as   m]))



We'll also want to make sure we can access anything we do here in a browser setting, solet's add a
:require
section to our main namespace,
experiment.core
:



(ns   experiment.core(:require   [experiment.consumers   :as   consumers]))
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Let's start with an incredibly simple macro that does the same thing as the built-in
inc
function:



(defmacro   increment"Given   a   form,   increment   it   by   1   and   return"[x](+   x   1))



Now, since we have a ClojureScript file that imports these macros, we should immediatelybe able to access and test this macro out in our ClojureScript REPL. Let's give it a shot:



cljs.user=>   (experiment.macros/increment   2);;   =>   3



So far, so good. Let's see what happens when we try to pass in a larger form, say
(+   1   2)
:



cljs.user=>   (experiment.macros/increment   (+   1   2));;   =>   clojure.lang.ExceptionInfo:   clojure.lang.PersistentList   cannot   becast   to   java.lang.Number   at   line   1   <cljs   repl>   {:file   "<cljs   repl>",   :line1,   :column   1,   :tag   :cljs/analysis-error}



Hmm, that's different! What could be going on? Let's see what's different about a functionversus a macro. Let's try a very simple comparison where we see what actually ends upbeing passed in as an argument. In our
macros
namespace, let's define the following simplemacro:



(defmacro   printer-macro"Given   a   form,   increment   it   by   1   and   return"[x](println   x))



And in
consumers.clj
, let's define the following function:



(defn   printer-func[x](println   x))



Now, let's try calling both of them at the REPL and see what the result is using the sameargument we were just using to our
increment
macro:



cljs.user=>   (experiment.macros/printer-macro   (+   1   2))(+   1   2)(+   1   2);;   =>   nilcljs.user=>   (experiment.consumers/printer-func   (+   1   2))3;;   =>   nil
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Two things stand out here: first, our macro printer printed a different input (the actual form
(+   1   2)
rather than what it evaluates to,
3
), and second, the macro printer printed it twice!



The reason the macro printer prints out the full form is that that's how macros work: theyreceive the full form that's passed in before the evaluator has had a chance to turn that forminto its underlying value. Macros are ultimately normal functions that run at compile time,and the compiler doesn't evaluate their arguments before calling.



The reason it prints out the value twice is that when we call
println
in ClojureScript, itactually does print out the value twice—once to our REPL and once in our browser'sJavaScript console. When we evaluate the same logic from within a macro, however, it onlyhas access to the JVM printing environment, and so the value is printed out twice there.



Now, this is all interesting so far, but it doesn't actually let us write very powerful macros.That's where the power of syntax-quoting comes into play. Let's rewrite our originalincrement macro so that it won't choke when passed a form that needs to be evaluated:



(defmacro   increment"Given   a   form,   increment   it   by   1   and   return"[x]`(+   1   ~x))



Here, we've made two changes: we've added a backtick (
`
) before our form and we'veadded a tilde (
~
) for consistency in front of the
x
. These are examples of Clojure
macrocharacters
, and they have special significance to the Clojure reader. The backtick characteris known as the syntax-quote character, the tilde is known as the unquote character, and acombination of a tilde and an
@
sign,
~@
, is the unquote-splicing marker.



For all forms in Clojure that aren't a symbol, a list, a vector, a set, or a map, syntax-quoting aform is the same as quoting it. Syntax-quoting a symbol resolves the symbol within itscurrent context. If the symbol isn't namespace qualified and ends in a pound or hash sign, itwill resolve to a generated symbol with a unique ID (this resolution is consistent) so that allreferences to that symbol within a larger syntax-quoted expression will resolve to the samegenerated symbol.



Most importantly, syntax-quoting a list, vector, set, or map creates a template of thecorresponding data structure (let's not forget that lists are the canonical data structure forClojure as well as ClojureScript code). Within the template, ordinary forms act as if they,too, have been syntax-quoted, but forms can be exempted from this by unquoting orunquote-splicing them. Forms exempted will be treated as expressions and will be replacedin their template by their value (or sequence of values).
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What does all of this mean? In the case of our
increment
macro, we've syntax-quoted theform
(+   1   ~x)
and we've unquoted
x
. This means that the macro will try to evaluatewhatever is passed in as
x
and then replace that result with
x
in the template. In thisparticular case, the net effect of all of this magic is just to get us back to having ourincrement macro behave like a function. Let's try writing another function in our
experiment.consumers
namespace:



(defn   increment-func"Increment   y   by   1"[y](m/increment   y))



And now let's try calling it from the REPL:



cljs.user=>   (experiment.consumers/increment-func   (+   1   2));;   =>   4



Nifty!



Writing  more  advanced  macros



Let's try a slightly more advanced macro. We'll write a macro that takes a normal functionbody-let's say something like
(+   1   2   3   4)
-and replaces the function in the calling positionwith a provided function. What we want to do here is to construct a new form with theprovided function at the front and then to have the rest of the original body, without itsoriginal function. Such a macro might look like the following:



(defmacro   fnswap"Replace   the   form   in   the   calling   position   of   body   with   the   functionf,   evaluate   and   return."[f   body]`(~f   ~@(rest   body)))



Most of this new macro should look pretty familiar to us: we're syntax-quoting the formand we're returning a new form with our new function, unquoted, at the front. We're alsousing the
rest
function to extract the remaining elements of the form that's passed in. Thenew syntactical element here that we haven't used previously is the unquote-splicingmarker,
~@
. Unquote-splicing takes the contents of the form being provided and un-neststhem from the form they're in (typically a list) into the form outside of it.



Let's test out calling our function:



cljs.user=>   (experiment.macros/fnswap   -   (+   1   2));;   =>   -1
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Here, we've swapped out the
+
in the calling position with its mathematical counterpart,
-
.Let's quickly verify that it worked:



cljs.user=>   (-   1   2);;   =>   -1



Cool. Let's try stepping through what's actually happening. First, the fully non-macroexpanded form looks the following:



`(~f   ~@(rest   (+   1   2)))



The
rest
function removes the
+
operator:



`(~f   ~@(1   2))



The unquote-splice drops the contents of the
(1   2)
list into the outer form:



`(~f   1   2)



Finally, the function is replaced by the function we've passed in:



`(-   1   2)



This body is then returned to the caller and evaluated, where it returns
−1
.



Gensyms  and  local  binding  in  macros



We touched on this a little bit earlier in this section, but creating local bindings within asyntax-quoted block doesn't work the way you might expect. Let's give it a shot anywaysand see what happens. Try adding the following macro to
experiment.macros
:



(defmacro   bad-binding"An   example   of   how   local   binding   in   macros   does   not   work"[]`(let   [x   5]x))



Seems fairly straightforward, right? Sadly, it won't work—the macro reader won't let usbind to a plain symbol, and attempting to call this macro from the REPL will throw anexception:



cljs.user=>   (experiment.macros/bad-binding);;   =>   clojure.lang.ExceptionInfo:   Invalid   local   name:experiment.macros/x   at   line   1   <cljs   repl>   {:file   "<cljs   repl>",   :line   1,:column   1,   :tag   :cljs/analysis-error}
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Instead, we have to bind local variables to
gensyms
(
generated symbols
). These aresyntactically different from ordinary symbols in that the symbol name is followed by ahash, or pound sign, as follows:



(defmacro   good-binding"An   example   of   how   local   binding   in   macros   does   work"[]`(let   [x#   5]x#))



Now let's try this out at the REPL:



cljs.user=>   (experiment.macros/good-binding);;   =>   5



Under the hood, all that gensyms do is generate new symbols with unique names that themacro reader knows how to look up.



Don't  repeat  yourself!



Often, when writing macros, you'll find that you're passing as an argument to the macro anentire body of code that you want to be evaluated. Maybe your macro rewrites the bodybefore evaluating it, or maybe it sets some additional local bindings before the body isevaluated, or maybe it does any number of things. The key thing to realize is that it isentirely possible for you to inadvertently end up evaluating the body that is passed inmultiple times.



This sounds like it might not be that big of a deal, and for the sort of examples we've beenworking with so far, it's not. But let's imagine you're working on some hypotheticalapplication where you need a macro that does some analytics and logging for databasequeries or API calls. If you were to write such a macro as follows:



(defmacro   db-metrics"Analyze   and   log   the   query."[body]`(do(analyze   ~body)(log   ~body)))
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With the intent of calling it as follows:



(defn   store-data"Write   data   to   our   data   store."[data](db-metrics(db/store   data)))



Then you'd be calling your data storage function twice since the macro calls
~body
twice!This sort of mistake is surprisingly easy to make, so it's critical when developing to keep aneye out for it.



A  personal  favorite  –  Threading  macros



So far in this chapter, we've talked a lot about writing macros, but have said little aboutusing them. In practice, you'll usually find yourself using macros all the time, and often youwon't even know that you're doing it! For instance, did you know that even really basiclogical forms like
when
and
and
are macros in ClojureScript rather than functions?



One set of macros that we use all the time are known as the
threading macros
. Thesemacros can be used to take the evaluated value of one form and immediately hand it over tothe next form for evaluation. For instance, the
->
macro takes the first form, evaluates it,and inserts it as the second item in the next form, and takes that result and does the samewith the next form, and so on. Let me show you an example:



cljs.user=>   (->   3inc(+   4)(str   "...is   the   final   result"));;   =>   "8...is   the   final   result"



This piece of code is exactly the same as writing the following:



(str   (+   (inc   3)   4)   "...is   the   final   result")



The
->>
macro works similarly, but instead of inserting each stage's result as the secondargument, it inserts it as the last argument, for instance:



cljs.user=>   (->>   3inc(*   4)(-   15)(str   "The   final   result   is:   "));;   =>   "The   final   result   is:   -1"
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This may not seem like a big deal, and, in truth, it's more of a style choice than anything.However, you'll often find yourself composing
pipelines
of data transformations whereyou're passing the return value of one small pure function to another small pure function.Using the threading macro makes it easy to compose these pipelines without using so manyparentheses, while also making it clear how the different functions work together.



Our favorite threading macros, however, are
some->
and
some->>
. These macros work justlike
->
and
->>
, but stop evaluating as soon as any function returns
nil
. For instance, let'sadd the following functions to our
experiment.consumers
namespace:



(defn   always-nil"Just   return   nil."[&   args]nil)(defn   example"An   example   of   early   form   termination."[](some->>   3incalways-nil(println   "I   should   never   be   evaluated.")true))



Since we know that the
always-nil
function should always return
nil
, we should neversee that
println
statement evaluated. Let's make sure that's the case at the REPL:



cljs.user=>   (experiment.consumers/example);;   =>   nil



Bellissimo. The
some->
and
some->>
macros are great to use in cases where the finalfunction they're supposed to be passed to can't take a
nil
value (maybe because it's anexternal library that'll throw an exception when passed a
nil
value, or because they'recomputationally expensive functions that are just doing busywork with
nil
). Think ofthese macros as lazy evaluation for sequences, but applied to program logic. Only use whatyou need.
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A  closing  note  on  macros



Before ending this section on macros, it's worth considering what their ultimate place is inthe context of your ClojureScript libraries and applications. Unquestionably, macros are anincredibly powerful tool. You can use them to essentially rewrite, on the fly, any code that'spassed into them, and they can be used to generate domain-specific languages, completepowerful refactoring efforts, and establish different local bindings. You can use macros todo almost anything.



And yet, you probably shouldn't. Most of the time, you can accomplish what you're tryingto do using a plain function, not a macro. Functions are easier to write, easier to read, and,perhaps most importantly, easier to understand and reason about. Macros, by contrast, caneasily become complicated and difficult to read. It can be difficult to understand theruntime implications of macros, and how they compose together.


[image: Wondershare]


That's not to say that you shouldn't use them. There are definitely times when, for thedomain you're working in, it's totally appropriate for the vast majority of your library orapplication to be comprised of macros. But if you can accomplish the same goals using asimpler tool, you should do so. The version of yourself that'll return to your code two yearslater will thank you.



Concurrent  design  patterns  usingcore.async



Like its host language, JavaScript, and its parent language, Clojure, ClojureScript has a richset of concurrency-oriented design patterns that are available to developers by default. InClojureScript's case, these design patterns are heavily event-driven as an asynchronousevent/message queue is the default concurrency model of JavaScript. However, it also hasaccess to CSP-style concurrency software design primitives and options through the use ofthe powerful
core.async
library, which has been available for both Clojure andClojureScript since mid-2013.
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In this section, we'll review what these different concurrency models look like and learnhow we can use
core.async
to author programs that are easier to reason about at scale.



Before getting started with the examples in this section, you'll want to make sure you havetwo dependencies in your
project.clj
file (at the root directory of our
experiment
project).



The first,
core.async
, should already be listed in your dependencies since a new Figwheelproject will include it by default
[org.clojure/core.async   "0.2.374"]
(the specificversion you use likely won't matter, but it'd be a good idea to make sure you're using atleast that version).



Second, we'll want to include
cljs-ajax
, a simple Ajax client for ClojureScript andClojure. To add that, just add the following to your
:dependencies
key:
[cljs-ajax"0.5.3"]
. You'll need to restart your Figwheel REPL in order for these changes to takeeffect and you should delete the previously compiled files in
/resources/public/js/compiled
in order for Figwheel to properly pick up the newdependencies.



JavaScript  is  event-driven  by  default



If you're familiar with the JavaScript runtime, you're aware of the fact that one of the moreunique features of JavaScript is its
event loop
. The event loop is, essentially, a message queuein which messages are associated with functions and are evaluated as they are received.JavaScript's event loop makes for a very unique concurrency model that stronglyemphasizes asynchronous behavior; instead of blocking while waiting on an I/O operation,it handles those through callbacks and promises.



A callback is a function that is passed to another function that is usually triggered at somepoint during that function's execution. In JavaScript, this often takes the form of success andfailure callbacks based on the result of some sort of asynchronous operation, such as I/Ooperations.



A promise is a more abstract pattern of working with asynchronous code, and it representsthe eventual result of an asynchronous operation. Typically, promises are used incombination with callbacks; a JavaScript promise is an object or function with three states:pending, fulfilled, or rejected. The promise takes a function,
then
, which takes twoarguments,
onFulfilled
and
onRejected
, which are typically both callback functions.
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This means that in comparison to more synchronous languages like Java or C, JavaScript isable to process other inbound messages and functions while waiting for an I/O operation tocomplete.



A concrete example of this might be making a database query or an API call and thenreceiving a mouse click event. When making such a query or call in a language like Java orC, unless the program explicitly released the current thread, the program would block(wait) for the query or call to return before being able to handle the click event. By contrast,JavaScript immediately goes on to process the click event and doesn't attempt to doanything with the response of the database query or API call until it has actually returned.



Event-driven  programming  in  ClojureScript



ClojureScript is even more of a functional language than JavaScript, and the use of designpatterns that orient around callbacks and promises are both common and frequently seen.One could even say that since ClojureScript compiles to JavaScript, they represent thedefault option for concurrent program design.



As a simple example, if you decide to use the popular
cljs-ajax
library for makingasynchronous HTTP requests, you'll often make requests in which you specify a successhandler and an error handler. The following code is taken from the
cljs-ajax
READMEand shows an example of how we might use callbacks:



(ns   foo(:require   [ajax.core   :refer   [GET]]))



(defn   handler   [response](.log   js/console   (str   response)))



(defn   error-handler   [{:keys   [status   status-text]}](.log   js/console   (str   "something   bad   happened:   "   status   "   "   status-text)))



(GET   "http://www.your-server.com/hello-world"{:hander   handler:error-handler   error-handler})



Here we've passed two possible callback functions,
handler
and
error-handler
, in anoptions map to the
GET
function, which will call one of the two functions based on whatultimate response code it receives from the target server when making the HTTP request.
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The  Communicating  Sequential  Processesconcurrency  model



ClojureScript's
core.async
library differs considerably from JavaScript's defaultconcurrency model in that it is modeled heavily on a formal language for describingpatterns of interaction in concurrent systems known as communicating sequentialprocesses.
Communicating sequential processes
, or
CSP
, is a member of a family ofdifferent concurrency theories that are oriented around the notion of message passing viachannels.



In the context of ClojureScript, a CSP concurrency model means that rather than designingprograms off of a single message queue (the JavaScript runtime event loop), the creationand maintenance of an arbitrary number of message queues is used instead. These messagequeues, typically referred to as channels, can have messages enqueued by any part of aprogram and dequeued anywhere else, and allow for programs and systems to be designedwith a stronger separation of concerns between the producers of data and their consumersand processors.



In JVM Clojure,
core.async
provides a handy API for managing message passing betweenthreads. Since ClojureScript shares JavaScript's single-threaded runtime, in practice theexperience of writing programs with
core.async
gives the feel of writing a multithreadedprogram, without either the headache or the actual implementation concerns. For those ofyou coming from a JavaScript background, there's also no callback hell!



Another advantage of
core.async
is that it's fast, especially when compared to JavaScript'spromises. David Nolen, the primary author and maintainer of ClojureScript, published ablog post, “Make No Promises”, not too long after the initial release of
core.async
comparing the speed of vanilla JavaScript promises to messages passed over a
core.async
.While individual tests vary widely, on average, the messages passed using
core.async
were evaluated two to three times as quickly, and, in some cases, five times faster. The postitself is available at
http://swannodette.github.io/2013/08/23/make-no-promises/
.



If all of this doesn't make sense just yet, don't worry—concurrency models can seem verycomplicated when discussed in the abstract. What's important to know is the following.



First, CSP represents a very different model from the default model of callbacks andpromises that you may be used to in JavaScript. Second, this model is highly flexible andallows you to write code that separates the behavior of data consumers and processors fromtheir producers. Finally, this new model is optional-that's why it's in a library rather than apart of the core language.
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We believe that
core.async
is incredibly powerful, and so does the ClojureScriptcommunity at large. You'll find that many open source libraries are built upon itsconcurrency model because it's easier to reason about and more elegant to work with.



Getting  started  with  core.async



Let's get our hands dirty. Let's create a new file at
src/experiment/async.cljs
. We'llpopulate that file with the following code:



(ns   experiment.async(:require   [cljs.core.async   :as   async])(:require-macros[cljs.core.async.macros   :as   async-macros]))



(def   channel   (async/chan   5))



(defn   enqueue-val"Enqueue   a   new   value   into   our   channel."[v](async-macros/go(async/>!   channel   v)))



(defn   retrieve-val[]"Retrieve   a   new   value   from   our   channel   and   log   it."(async-macros/go(js/console.log   (async/<!   channel))))



(defn   enqueue-and-retrieve"Enqueue   a   value   into   a   channel,   and   then   test   that   we   can   retrieveit."      [v](enqueue-val   v)(retrieve-val))



Let's make sure our application loads this code by making sure that our main namespace,
experiment.core
(located at
src/experiment/core.cljs
), has a
:require
statementfor it:



(ns   experiment.core(:require   [experiment.consumers   :as   consumers][experiment.async]))
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Great, that should have everything up and running. If you're worried that things might notbe linked properly, save one of these files and check the Figwheel page you should haveopen in your browser (
http://localhost:3449
). When you save the file, Figwheelshould be showing us that everything's been compiled. If not, pay attention to any errormessages that have been shown and make sure to fix those before proceeding.


[image: Wondershare]


Good? Great. Now let's step through what's going on here section by section.



(ns   experiment.async(:require   [cljs.core.async   :as   async])(:require-macros[cljs.core.async.macros   :as   async-macros]))



First, we have our namespace declaration. Looks straightforward enough, we're importingthe ClojureScript version of
core.async
and we're also importing the appropriate macrosfrom a separate namespace with an appropriately named alias:



(def   channel   (async/chan   5))



This is how we define a
core.async
message channel. Simple! The
5
in this case is anoptional argument that specifies how large we want the channel's buffer to be (that is, howmany messages it can hold at one time). In addition to specifying the buffer's size, we canalso choose what we want the buffer's strategy to be. For instance, we could use the
dropping-buffer
function to generate a buffer that drops new values when the buffer isfull or we could use the
sliding-buffer
function to generate a buffer that drops theoldest value in the queue and retains the latest value being added when the buffer is full.
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In addition to specifying the buffer, you can also add a transducer to a channel, an exampleof which we showed earlier on in this chapter. We'll be taking another look at one of thecool ways transducers and channels work together later on in this chapter as well.



(defn   enqueue-val"Enqueue   a   new   value   into   our   channel."[v](async-macros/go(async/>!   channel   v)))



This function shows how we can add a value to the channel. We call the
>!
macro to put avalue into the channel. One thing that's important to be aware of is that a number of
core.async
functions that interact with channels have to take place inside of a
go
block.The
go
blocks are somewhat magical macros in ClojureScript in that they are essentiallyasynchronous blocks of execution in which the illusion of blocking operations is supported.


[image: Wondershare]


Now, let's see how we can take a value off of a channel:



(defn   retrieve-val[]
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"Retrieve   a   new   value   from   our   channel   and   log   it."(async-macros/go(js/console.log   (async/<!   channel))))



Again, very straightforward. We see the same usage of the
go
blocks and the function totake a message from a channel is syntactically very similar to the function for putting thingsinto the channel. Easy enough. Let's put all of this together:



(defn   enqueue-and-retrieve"Enqueue   a   value   into   a   channel,   and   then   test   that   we   can   retrieveit."      [v](enqueue-val   v)(retrieve-val))



Then let's try calling this function at our REPL:



cljs.user=>   (experiment.async/enqueue-and-retrieve   "Hello!");;   =>   #object[cljs.core.async.impl.channels.ManyToManyChannel]



If we check our JavaScript console, we should see
Hello!
printed there.


[image: Wondershare]


Background  listeners



Let's take our original idea and expand on it a bit. It feels contrived and very manual tohave to call a function to check whether there's something in our channel. What if we couldmodify our code so that it was just always listening and it did something whenever a newvalue was found? Let's rewrite our code to do that. Let's add a new function,
listen
, asfollows:



(defn   listen[]"Listen   to   our   channel   for   any   events   and   log   them   to   the   console."(async-macros/go(while   true(js/console.log   (async/<!   channel)))))
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We'll want to add a call to this function to the end of our namespace to get the listenerstarted:



(listen)



You could call this at the REPL instead if you wanted, though in a production application you'd want to startthe listener after you deﬁned it or at an appropriate time rather than through a manual REPL process:
cljs.user=>   (experiment.async/listen);;   =>   #object[cljs.core.async.impl.channels.ManyToManyChannel]



Now, in theory, if we were to put a new value into our channel, it would be immediatelyread and logged by our background listener. Let's give it a shot!



cljs.user=>   (experiment.async/enqueue-val   "Is   anybody   out   there?");;   =>   #object[cljs.core.async.impl.channels.ManyToManyChannel]



You should be able to check your console and see our string in the console-our backgroundlistener is working!



Errors  and  core.async



One of the great advantages of
core.async
, its separation of concerns, can also be adrawback. Specifically, if we have code that expects to be able to read data from a channelthat is generated by some sort of producing function, what happens when errors occur? Wecould just handle the error within the producing function, but that might be a very differentpart of the program. We might well want a central pipeline for handling errors.



There are a few different ways we could handle this. One possibility might be to create aseparate channel for error messages and to have a listener for that channel that logs andreports errors to an exception tracking service. Let's consider what that might look like.



As an example, let's assume that we want our application to be able to poll the kitten factoryto make sure everything's going smoothly.


[image: Wondershare]
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Such code might look like the following:



(ns   experiment.kitten.factory"Logic   for   handling   messages   from   the   kitten   factory."(:require   [cljs.core.async   :as   async][ajax.core   :refer   [GET]])(:require-macros[cljs.core.async.macros   :as   async-macros]))



(def   channel   (async/chan   5))(def   error-channel   (async/chan   5))



(defn   enqueue-val"Enqueue   a   new   value   into   our   channel."[c   v](async-macros/go(async/>!   c   v)))



(defn   success-fn[v](enqueue-val   channel   v))



(defn   error-fn[e](enqueue-val   error-channel   e))



(defn   kitten-factory[](GET   "/kitten-factory"{:handler   success-fn:error-handler   error-fn}))



(defn   listen[]"Listen   for   the   latest   message   from   the   kitten   factory   channels."(async-macros/go(while   true(let   [[v   ch]   (async/alts!   [channel   error-channel])](case   chchannel(do   #_(send-success-report-to-cat-hq   v))error-channel(do   #_(send-error-report-to-cat-sq   v)))))))



(listen)
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Most of this code should look fairly straightforward to you by now, but one new thing isthe use of
alts!
.
alts!
is a function that returns a single bound local variable from any ofthe provided channels. In this case, it's handy since we can define a single
while
loop for allkitten factory-related behavior and just check to see if the message came in on an errormessage channel or on the normal message channel.



An alternative pattern that we could embrace, if we wanted, would be one in which weactually passed an error itself into the channel. This error-handling pattern is one thatDavid Nolen has written about previously on his blog at
http://swannodette.github.io/2013/08/31/asynchronous-error-handling
.



In order for the following example to work, we'd need two additional namespaces:



(ns   experiment.kitten.helpers)



(defn   error?[x](instance?   js/Error   x))



(defn   throw-err[x](if   (error?   x)(throw   x)x))



And we need another macro file (remember to use
.clj
, not
.cljs
, as the file type!):



(ns   experiment.kitten.macros)



(defmacro   <?"Actively   throw   an   exception   if   something   goes   wrong   when   waiting   ona   channel   message."[expr]`(experiment.kitten.helpers/throw-err   (cljs.core.async/<!   ~expr)))



Lastly, our factory file class might now look like the following:



(ns   experiment.kitten.factory"Logic   for   handling   messages   from   the   kitten   factory."(:require   [cljs.core.async   :as   async][ajax.core   :refer   [GET]][experiment.kitten.helpers])(:require-macros[cljs.core.async.macros   :as   async-macros][experiment.macros   :as   m]))



(def   channel   (async/chan   5))
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(defn   enqueue-val"Enqueue   a   new   value   into   our   channel."[c   v](async-macros/go(async/>!   c   v)))



(defn   kitten-factory[](GET   "/kitten-factory"{:handler   (fn   [res]   (enqueue-val   channel   res)):error-handler   (fn   [err]   (enqueue-val   channel   (js/Error.err)))}))



(defn   listen[]"Listen   for   the   latest   message   from   the   kitten   factory   channel.If   message   is   an   error,   throw   and   catch."(async-macros/go(while   true(try(let   [v   (m/<?   channel)];;   (send-success-report-to-cat-hq))(catch   js/Error   e;;   (send-error-report-to-cat-hq   e))))))



(listen)



The
<?
macro we've written in this case is a fairly straightforward macro helper that justchecks to see if the value that's been pulled off of the channel is an error and, if it is throwsan error. Otherwise we'd just be passing an error around by value and the compilerwouldn't actually throw an error.



This seems fine, but it's a little complicated. Do we really need that extra macro and space?If we recall some of the content we covered earlier in the chapter, we see an opportunity forus to use a transducer here. Let's try rewriting this example to use a transducer instead:



(ns   experiment.kitten.factory"Logic   for   handling   messages   from   the   kitten   factory."(:require   [cljs.core.async   :as   async][ajax.core   :refer   [GET]])(:require-macros[cljs.core.async.macros   :as   async-macros]))



(defn   error?[x]
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(instance?   js/Error   x))



(defn   throw-err[x](if   (error?   x)(throw   x)x))



(def   channel   (async/chan   5   (map   throw-err)))



(defn   enqueue-val"Enqueue   a   new   value   into   our   channel."[c   v](async-macros/go(async/>!   c   v)))



(defn   kitten-factory[](GET   "/kitten-factory"{:handler   (fn   [res]   (enqueue-val   channel   res)):error-handler   (fn   [err]   (enqueue-val   channel   (js/Error.err)))}))



(defn   listen[]"Listen   for   the   latest   message   from   the   kitten   factory   channel."(async-macros/go(while   true(try(let   [v   (async/<!   channel)](js/console.log   "All   good   cap"))(catch   js/Error   e;;   (send-error-report-to-cat-hq   e))))))



(listen)



Wow! Instead of needing a custom macro, we can just pass the error detection functiondirectly to the channel and have it do the transformation when we pull from the channel.This is a great example of the incredible power we can get by combining transducers and
core.async
.
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Summary



At this point, you should be comfortable with some of ClojureScript's more advancedconcepts. You've had a chance to familiarize yourself with ClojureScript's functional codepatterns and you've learned how to write macros that are capable of changing the wayClojureScript code itself is evaluated. Lastly, you've had an in-depth introduction to
core.async
—an elegant and powerful tool for writing asynchronous code.



In this next chapter, we'll start to dig into the meat of writing web applications inClojureScript. You'll learn about how to work with the DOM and CSS, as well as newerHTML5 elements like canvas and media. By the end of it, you'll be able to build a basic webapplication!
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ClojureScript, because of its very essence (Clojure targeting JavaScript through the use ofthe Google Closure library), has led to various approaches as far as developing on thebrowser is concerned.



As being a hosted language with powerful JavaScript interoperability primitives,ClojureScript empowers its developers to mirror their JavaScript DOM manipulation andevents handling habits in their ClojureScript code, as if they were translating it verbatim.



But one can go one level further in abstraction, and take advantage from the Google Closurelibrary's central place in ClojureScript to write better and more browser-agnostic DOMmanipulation and events handling routines.



The DOM can also be accessed through the usage of ad hoc developed ClojureScriptlibraries, built to abstract away the raw browser's API in an idiomatic Clojure-esque way.



Besides manipulating directly the DOM, the development on the browser can be addressedthrough client-side templating. As ClojureScript is a language in which data plays a centralrole, it is no surprise that we can see it fuel interesting client-side templating libraries.



Finally, it is possible to streamline, thanks to some ClojureScript libraries, the CSS assetscreation process.



In this chapter we'll see:



Raw DOM manipulation and events handlingInteracting with the browser via Google ClosureDommy – an idiomatic ClojureScript Library for the DOM
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Client side templating in ClojureScriptCSS preprocessors in ClojureScript



Raw  DOM  manipulation  and  events  handling



Thanks to the interoperability with JavaScript, we can translate, mostly word by word, thesame very mutable JavaScript logic into ClojureScript programs. You'll find yourself selectDOM nodes using their IDs or mutating their properties to change their appearance on thebrowser for instance. In JavaScript, handling events corresponds to setting callbacks, that is,assigning functions – called
callbacks
– to special properties corresponding to those events(like
onmousemove
, and so on). You can follow the same logic in ClojureScript, setting eventhandlers by mutating those same DOM nodes event descriptor properties.



You only have to remember that if you want to access a DOM's element property, youwould write:



(-.property   a-js-object)



And to mutate these properties properties, you would have to make use of the
set!
function:



(set!   (-.a-property   a-js-object)



Although this approach means somehow falling back to raw JavaScript, all of the functionaloperators and powerful data structures that are specific to ClojureScript remain availablefor the developers to use. You can still store JavaScript objects in ClojureScript vectors, setsor maps, and apply to such collections
map
,
reduce
,
filter
or whatever functionaloperator you please. You can even map functions that contain raw JavaScript manipulationoperations to
seqs
of JavaScript objects.



Let's see an example of how DOM manipulation and events handling can be programmedin a style heavily inspired by plain JavaScript coding practice.



We'll be using Figwheel to work with our project. Create a new Clojure project:



lein   new   raw-dom



Edit the
project.clj
file of your freshly created project so it looks like the following:



(defproject   raw-dom   "0.1.0-SNAPSHOT":dependencies   [[org.clojure/clojure   "1.8.0"][org.clojure/clojurescript   "1.7.228"]]:plugins   [[lein-figwheel   "0.5.0-6"]]
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:clean-targets   [:target-path   "out"]:cljsbuild   {:builds   [{:id   "dev":source-paths   ["src"]:figwheel   true:compiler   {:main   "raw-dom.core"}}]})



Now create a HTML page,
index.html
, containing the following code:



<html><body><h2>Clicks   So   Far:</h2><h3   id="clicks">0</h3><button   id="reset-btn">Reset   count!</button><script   type="text/javascript"   src="main.js"></script></body></html>



This HTML page contains some text, and a button. Our intent is to implement afunctionality which consists of counting the number of clicks on the page and updatingthem in the
h3
HTML header identified as
clicks
in the DOM. If the user hits the
ResetCount!
button, the clicks count is reset to .



Let's implement this functionality. Create the
core.cljs
file (present in the
src/raw_dom
directory in your project folder) containing the following ClojureScript code:



(ns   raw-dom.core)



(def(def(def



cnt-holder   (.getElementById   js/document   "clicks"))reset-btn   (.getElementById   js/document   "reset-btn"))cnt   (atom   0))



(defn   inc-clicks![](set!   (.-innerHTML   cnt-holder)   (swap!   cnt   inc)))



(defn   reset-clicks![](set!   (.-innerHTML   cnt-holder)   (reset!   cnt   -1)))



(set!   (.-onclick   js/document)   inc-clicks!)(set!   (.-onclick   reset-btn)   reset-clicks!)
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The preceding snippet gets two DOM elements, referenced by their identifiers in the DOM.The first one is a
h3
HTML header, identified by “
clicks
“, and the second is a button,identified by “
reset-btn
“.



We then define an atom,
cnt
, which will act a the clicks counter.



You would have noticed that we also defined two functions,
inc-clicks!
, whichincrements the counter value and assigns it to the
innerHTML
property of the
h3
HTMLheader, and
reset-clicks!
, which resets the counter value and assigns it to the content ofthe same HTML header (we reset it at -1 because the click on the button will also beaccounted for as a click on the page, yielding an automatic increment after hitting the“
Reset Count!
” button).



We finally assign
inc-clicks!
to the
onclick
event handler of the JavaScript document,and assign
reset-clicks!
to the “
Reset Count!
” button.



Now run your project's live-coding session by issuing the following command:



lein   figwheel



And point your browser to
index.html
, by opening it from your file manager.



You'll notice that when you click on the page, the number increases, and clicking on thebutton sets it to 0.



You've seen how we can translate raw JavaScript thinking to ClojureScript. Naturally, everyJavaScript developer would at this stage wonder: can I use JQuery? It is totally possible todo so, but going this way with the basic JavaScript interoperability style would lead to verybloated code and would probably make us deviate from our original purpose, of benefitingfrom a high and expressive development experience on the browser. Besides, JQuery, inorder to be properly handled at the Google Closure advanced mode compilation, must bereferenced in the
externs
section of your
project.clj
file, thus adding some morecomplexity to your work.



That being said, there is one library that abstracts away jQuery use in a good idiomaticClojureScript way: Jayq (
https://github.com/ibdknox/jayq
). As the author of thislibrary states, having a good layer of abstraction over one of the most fundamental librariesof the web is a power addition to our ClojureScript toolbox (at the cost of properlymanaging the
externs
declarations, of course!). Let's see it in action in a little example.



[ 137 ]




Web Applications Basics with ClojureScript



First, let's create a new project which we'll call,
jq-project
and add the dependency tojayq in our
project.clj
:



(defproject   jq-project   "0.1.0-SNAPSHOT":dependencies   [[org.clojure/clojure   "1.8.0"][org.clojure/clojurescript   "1.7.228"]
[jayq   "2.5.4"]]
:plugins   [[lein-figwheel   "0.5.0-6"]]:clean-targets   [:target-path   "out"]:cljsbuild   {:builds   [{:id   "dev":source-paths   ["src"]:figwheel   true:compiler   {:main   "jq-project.core"}}]})



Next, let's prepare an HTML page that we'll change by using ClojureScript powered jQuery.Be sure to include the jQuery JavaScript dependency in the
index.html
page. Since we'renot compiling our ClojureScript with
advanced
mode, there's no need to add the jQueryreference in the
externs
section of the Google Closure compilation options.



Here is what our page,
index.html
, should look like:



<html><body><head><script   src="https://ajax.googleapis.com/ajax/libs/jquery/1.11.3/jquery.min.js"></script>      </head><div   id="some-div"><a>Some   Text</a></div><script   type="text/javascript"   src="main.js"></script></body></html>



Now, let's write some ClojureScript code that showcases Jayq's usage. Let's edit ourproject's
core.cljs
file so that it contains the following code:



(ns   jq-project.core(:use   [jayq.core   :only   [$   css   html]]))



(def   $some-div   ($   :#some-div))



(defn   change-the-div![](->   $some-div
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(css   {:background   "cyan"})(html   "changed   Inner   HTML")))


[image: Wondershare]


In
core.cljs
, we selected the div by its identifier, and stored it in some variable,
$some-div
. Then, we built a function,
change-the-div!
, which when launched, changes
$some-div
's CSS and HTML properties. See how the access to the jQuery beloved jQuery dollarflows through the Clojure-esque threading macro!



Now let's launch our project's interactive development session:



$   lein   figwheel



And let's point our browser to
index.html
. It should show a white page on which we canread
Some Text.



Go back in your Figwheel REPL, and evaluate the buffer showing
core.cljs
using thefollowing command on CIDER (provided you followed instructions about using
inf-clojure
in
Chapter   1
,
Getting Ready For ClojureScript Development
):



M-x   RET   inf-clojure-eval-buffer



You can also evaluate this namespace by typing in (
require   jq-project.core
) at theFigwheel REPL.



Now launch
change-the-div!
and see how the
div
color and text changed.



The example shows how we can use ClojureScript to interact with the browser in a “raw”way, manipulating the DOM with JavaScript and sQuery. So, now you might bewondering, if ClojureScript is based on the Google Closure Library, why couldn't wemanipulate the DOM nodes using this library? Great question! We'll see this in thefollowing section.
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Interacting  with  the  browser  using  the  GoogleClosure  Library



Since ClojureScript is built on top of the Google Closure Library, it is possible for it toimport facilities from the library directly. We can use the Google Closure Library toaccess the DOM, respond to events and manipulate style via respective Google ClosureLibraries:
goog.dom
,
goog.events
and
goog.style
. They are all directly available toClojureScript and require no special configuration to work with the Advanced Compilationmode.



Let's have a look at what working with these libraries looks like in the following project.We'll create a Clojure project and name it
raw-goog
.



$   lein   new   figwheel   raw-goog



We'll use the
index.html
page we built for the click counting project, only here we'll re-implement the project using the Google Closure Library as follows:



<html><body><h2>Clicks   So   Far:</h2><h3   id="clicks">0</h3><button   id="reset-btn">Reset   count!</button><script   type="text/javascript"   src="main.js"></script></body></html>



Now, let's rewrite the click-counting code using the Google Closure Library:



(ns   raw-goog.core
(:require   [goog.dom   :as   dom][goog.events   :as   events]))



(def   cnt-holder   (dom/getElement   "clicks"))



(def



(def



reset-btn   (dom/getElement   "reset-btn"))



cnt   (atom   0))



(defn   inc-clicks![](dom/setTextContent   cnt-holder   (swap!   cnt   inc)))



(defn   reset-clicks![](dom/setTextContent   cnt-holder   (reset!   cnt   0)))
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(events/listen   cnt-holder   "click"   inc-clicks!)(events/listen   reset-btn"click"   reset-clicks!)



Launch your interactive ClojureScript development development using Figwheel:



$   lein   figwheel



Our application now increments the counter by clicking on the shown number. Note the useof the
getElement
method of the
goog.dom
library to select a DOM node, and the use ofthe method
listen
from the
goog.events
library to attach event handlers to specificDOM elements.



But this approach, apart from targeting the Google Closure Library, is practically nodifferent from using basic JavaScript interoperability style. Can we interact with the GoogleClosure Library in a more idiomatic way? The answer to this question is the purpose ofDomina (
https://github.com/levand/domina
), a library abstracting usage of theGoogle Closure Library in a Clojure-esque way. Let's take a look at it.



Let's create a new Figwheel Project,
domina-project
, and add the
domina
dependencyinto the
project.clj
file:



(defproject   domina-project   "0.1.0-SNAPSHOT":dependencies   [[org.clojure/clojure   "1.8.0"][org.clojure/clojurescript   "1.7.228"]
[domina   "1.0.3"]]
:plugins   [[lein-figwheel   "0.5.0-6"]]:clean-targets   [:target-path   "out"]:cljsbuild   { :builds   [{:id   "dev":source-paths   ["src"]:figwheel   true:compiler   {:main   "domina-project.core"}}]})



Let's use a stripped-down HTML page, so we can test adding DOM elements to it andattaching events to them with
domina
. Here's what our
index.html
should look like:



<html><body><div   id="a-div"></div><script   type="text/javascript"   src="main.js"></script></body></html>
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Now, let's focus on the ClojureScript code. For this example, we'll attach a hyperlink toWikipedia and a button to our page's
div
element. We'll also add a click event handler tothe button that will emit a greeting message. Here we go:



(ns   domina-project.core(:require   [domina   :as   dom][domina.css   :as   css][domina.events   :as   events]))



(def   the-div   (css/sel   "#a-div"))(def   the-href   (dom/html-to-dom   "<a></a>"))(def   the-btn   (dom/html-to-dom   "<button></button>"))



(defn   add-dom-elts![](doto   the-href(dom/set-text!   "Wikipedia")(dom/set-attr!   :href   "http://en.wikipedia.org"))



(dom/append!   the-div   the-href)(doto   the-btn(dom/set-text!   "Click   me!")(dom/set-attr!   :type   "button"))



(events/listen!the-btn   :click(fn[evt](let   [my-name   (->   evt   events/current-target   dom/text)](js/alert   (str      "hello   world!   from   :   "   my-name)   ))))



(dom/append!   the-div   the-btn))



We first select the main
div
using its id,
#a-div
as a CSS selector. Then, we create twoempty DOM nodes, one
a
element and one
button
.



In the body of the
add-dom-elts!
function, we set the text of the
a
element to“Wikipedia” and attach an
href
attribute to it so it becomes a hyperlink. We then add ourfreshly created hyper-link to the main div.



Next, we set the “Click me!” text on the button DOM node, and set its type attribute to
button
. After we attach a click event handler to it – showing a greeting and the caption ofthe event initiator—we add it to the DOM by appending it to the
#a-div
div.
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The careful reader may have noticed how our last code snippet looked idiomatic—in thestyle of pure ClojureScript functionality. It is hard to tell that this code is actually makingcalls to the Google Closure Library under the hood.



For this next section, we'll start a Figwheel browser-REPL for our project:



$   lein   figwheel



Point your browser to
index.html
. Once done, load the preceding ClojureScript code(either using your REPL or via your editor), and check back in your browser: youshould now see that two new elements have appeared on your web page: a hyperlink toWikipedia and a button:


[image: Wondershare]


So far, we've seen how to interact with the DOM using direct JavaScript interoperability aswell as using, Jayq for an abstraction layer over jQuery. We've also seen how to interactwith the browser's elements using the Google Closure Library, either through direct calls orvia an idiomatic wrapper around it.



The ClojureScript community came up with other alternatives as well. These alternativesseek even better conformance to ClojureScript ideals in terms of functional programmingtechniques. Dommy, from Prismatic, is one of these libraries. Let's get acquainted with itsway of working with the DOM and associated event handling.



Dommy  –  An  idiomatic  ClojureScript  libraryfor  the  DOM



Dommy follows a different approach than what we've see so far. For instance, selectingDOM elements is done via macros that expand to native JavaScript-like DOM selectioncalls.
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Dommy's selection facilities model jQuery's in that that is possible to select single ormultiple DOM nodes (respectively using the
sel1
or
sel
macros), and to specify ahierarchy of CSS selectors that, when chained, identify an element to be accessed.



Dommy's DOM manipulation routines are also heavily inspired by jQuery but fitClojureScript's functional programming style by permitting, for instance, chainingtransformations, as we'll see in the upcoming example.



Event handling procedures in Dommy pretty much resemble the Google Closure Library'sby using the
listen!
(and
unlisten!
) mechanisms, and not attaching callbacks toproperties related to events in specific DOM elements.



Let's see a Dommy sample project. Let's first create a new ClojureScript project, which we'llname
dommy-project
. Modify its
project.clj
definition so that it contains the following:



(defproject   dommy-project   "0.1.0-SNAPSHOT":dependencies   [[org.clojure/clojure   "1.8.0"][org.clojure/clojurescript   "1.7.228"]
[prismatic/dommy   "1.1.0"]]
:plugins   [[lein-figwheel   "0.5.0-6"]]:clean-targets   [:target-path   "out"]:cljsbuild   {:builds   [{:id   "dev":source-paths   ["src"]:figwheel   true:compiler   {:main   "dommy-project.core"}}]})



Let's prepare an HTML page,
index.html
, in which we'll create a
div
holding two
p
elements:



<html><head><link   rel="stylesheet"   href="style.css"></head><body><div   id="a-div"><p   class="changeme">I   should   have   a   border</p><p   class="changeme">I   should   have   a   border,too</p></div><script   type="text/javascript"   src="main.js"></script></body></html>
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Let's set the contents of
style.css
as follows:



.changeme   {background-color:   yellow;}



.border   {border:   2px   solid   red;}



In the beginning, when we load the HTML page, the two
p
elements should have a yellowbackground and show their respective captions.



The aim of our example is to show how we can select a set of DOM nodes by chaining CSSselectors (which will all be
p
elements inside
a-div
) and how to apply a Dommytransformation to them that removes the CSS
changeme
class and applies the new CSSborder class.



After that, we will add a button and append it to
a-div
and attach a click event handler toit that will show a greeting on a click event. Modify the
core.cljs
file, underthe
src/dommy_project
directory of our project, to look like the following:



(ns   dommy-project.core(:require[dommy.core   :as   dommy   :refer-macros   [sel   sel1]]))



(defn   set-borders![](let   [   all-ps   (sel   [:#a-div   :p])](->>   all-ps(map      #(dommy/remove-class!   %   :changeme))(map      #(dommy/add-class!   %   :border))(map      #(dommy/set-text!   %   "I   now   have   a   border!")))))



(defn   add-btn![](let   [the-div   (sel1   :#a-div)a-btn   (dommy/create-element   "button")](dommy/set-text!   a-btn   "Click   me!")(dommy/listen!   a-btn   :click(fn[e]   (js/alert   "You   clicked   me!")))(->   the-div(dommy/append!   a-btn))))
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Launch a Figwheel REPL for the
dommy-project
project:



$   lein   figwheel



Next, point your browser to
index.html
(loading it from your filesystem). You should seethe following:


[image: Wondershare]


Now, let's load
dommy-project.core
via the Figwheel REPL and call the
set-borders!
function. This function selects all the
p
elements inside
a-div
, then applies a set oftransformations using the functional operator
map
: removing each element's initial CSSclass,
changeme
, and assigning to them the CSS
border
class and setting a new caption.Note how the threading macro is used, chaining the DOM transformations, with respect tothe ClojureScript functional spirit. After you've launched the function, you should see this:


[image: Wondershare]


[ 146 ]




Web Applications Basics with ClojureScript



Now let's add a button by calling
add-btn!
. This function creates a “button” DOM node,sets its caption to
Click   me!
and assigns a click event handler to it usingDommy's
listen!
. After you've launched this function, you should see:


[image: Wondershare]


Clicking on this newly created button yields a greeting message, per the function weattached to the click event.



Wow! We've covered quite a range of ways to manipulate the DOM in ClojureScript! Wewent from the ground up, beginning by interacting with the browser using nativeJavaScript and then the ClojureScript Library, Jayq. Then, we took advantage of the GoogleClosure Library that ClojureScript is built upon to issue DOM processing operations,following two approaches: one issuing direct Google Closure Library calls, and one usingthe help of a ClojureScript wrapper library, Domina. Lastly, we've learned about someidiomatic ClojureScript Libraries that abstract away DOM manipulation and event handlingin the browser.



But manipulating the DOM is only one approach to building Web user interfaces. The otherone would be to rely on client-side templating tools, where developers can declare theirinterfaces using ClojureScript data structures without caring about how DOM nodesare created and mutated. Let's take a look at some of our client-side templating possibilities.



Client-side  templating  in  ClojureScript



In Clojure land, there are two big families of HTML templating tools: Hiccup (
https://github.com/weavejester/hiccup
) and Enlive (
https://github.com/cgrand/enlive
).Usually used in conjunction with a server framework like Ring (
https://github.com/ring-clojure/ring
), they are used to programmatically generate the HTML for pages thatare eventually served to the web browser. Perhaps unsurprisingly, the ClojureScriptcommunity drew inspiration from these two server-side templating philosophies to design
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libraries offering client-side templating. Let's first take a look at Hipo (
https://github.com/jeluard/hipo/
), the client-side alter-ego of Hiccup. But before we do that, let's discussHiccup's syntax.



Hiccup's general idea is as follows: HTML tags are represented as vectors, and any attributethese tags enclose are denoted using maps. For example, let's consider the following snippetof HTML, a
div
, with one CSS class,
a-class
:



<div   class="a-class">some-text</div>



The Hiccup vector corresponding to this HTML would be:



[:div   {:class   "a-class"}   "some-text"]



It is also possible to chain CSS identifiers and classes in Hiccup to benefit from a moreconcise syntax. Consider the following example:



<div   id="a-div"   class="class1   class2">some-text</div>



The Hiccup code generating the previous HTML is:



[:div#a-div.class1.class2   "some-text"]



This syntax makes it possible to generate user interfaces using ClojureScript sequences. Forinstance, to generate some menu options in HTML, we can use the following Hiccupsnippet:



[:ul(for   [x   ["item1"   "item2"   "item3"   "item4"]][:li   x])]



With this little primer on Hiccup syntax under our belt, let's see how, Hipo can be used tobuild a web user interface in the following example.



As usual, let's begin by creating a new ClojureScript project, naming it
hipo-project
. Inthis project's
project.clj
file, be sure to have the following:



(defproject   hipo-project   "0.1.0-SNAPSHOT":dependencies   [[org.clojure/clojure   "1.7.0"][org.clojure/clojurescript   "1.7.170"]
[hipo   "0.5.1"]]
:plugins   [[lein-figwheel   "0.5.0-2"]]:clean-targets   [:target-path   "out"]:cljsbuild   {:builds   [{:id   "dev"
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:source-paths   ["src"]:figwheel   true:compiler   {:main   "hipo-project.core"}}]



})



Be aware that Hipo internally uses reader conditionals, so you must set your Clojureversion to be at least 1.7.0 (the version of Clojure in which reader conditionals wereintroduced).



Next, let's prepare an
index.html
page containing only one div:



<html><body><div   id="a-div"></div><script   type="text/javascript"   src="main.js"></script></body></html>



Now let's prepare our
core.cljs
file, where we'll use Hipo to initialize our user interface:



(ns   hipo-project.core(:require   [hipo.core   :as   hipo]))



(defn   create-menu-v   [items][:ul#my-menu(for   [x   items][(:li   {:id   x}   x])])



(def   menu   (hipo/create   (create-menu-v   ["it1"   "it2"   "it3"])))



(defn   add-menu![](.appendChild   js/document.body   menu))



(defn   reconcile-new-menu!   [](hipo/reconciliate!   menu   (create-menu-v   ["new   it1"   "new   it2"   "newit3"])))



Next, let's launch a live coding session for our project:



$   lein   figwheel



Finally, we'll load our
hipo-project.core
namespaces either via the Figwheel REPL orour editor.



Let's review what's actually going on in our code. The
create-menu-v
function justreturns a Hiccup vector of a
ul
menu with the identifier
my-menu
.
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The
menu
var contains the DOM node generated by our first Hipo generation, yielding amenu of
li
elements with the captions
it1
,
it2
and
it3
.



Ler's now call the
add-menu!
function. You should see:


[image: Wondershare]


Hipo has built-in “reconcilation” functions that trigger React-style DOM diffs and renders.For instance, the
reconcile-new-menu!
function uses the
create-menu-v
function toattach a new Hiccup vector to our
menu
var. If we call this function we should see our menuitems get replaced with newer versions.



We've looked at one client-side templating library, Hipo, which is inspired by Hiccup'ssyntax. Now let's take a look at the other big name in Clojure's HTML/CSS templatingworld, Enlive. In particular, let's study a client-side templating library called
Enfocus
(
https://github.com/ckirkendall/enfocus
).



Unlike Hiccup, which only offers templating as a declarative way of generating HTML,Enlive is both a templating and a transformation library. That means that Enlive includes aset of DOM selection facilities, coupled with transformations that can be applied to anyDOM element (once selected).



Generally speaking, Enlive syntax specifies a mapping between CSS3 compliant selectorsand corresponding transformations. An example is worth a thousand words, so here is asimple HTML page definition.


[image: Wondershare]


(require   '[net.cgrand.enlive-html   :as   html])(html/deftemplate   sample-page   "page.html"[page][:title]   (html/content   (page   :title))
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[:h1]   (html/content   (page   :title)))



When called, our Enlive function,
sample-page
, will return a sequence of strings. Eachstring in the sequence corresponds to an HTML tag. So in order to get the resulting HTML,we have to concatenate these strings together, like so:



(reduce   str   (sample-page   {:title   "My   Sample   Page   Title"}))



Note that the
html/deftemplate
call triggers a transformation on every DOM element forwhich we have provided a selector. For instance, here we've set the
html/content
of allelements matching the
[:title]
and
[:h1]
selectors to be
(page   :title)
.



Okay, that's enough about how Enlive works. Let's take a look at Enfocus. Let's set up anew ClojureScript project, and name it
enfocus-project
. Make sure to add Enfocus toyour project's dependencies, like so:



(defproject   enfocus-project   "0.1.0-SNAPSHOT":dependencies   [[org.clojure/clojure   "1.8.0"][org.clojure/clojurescript   "1.7.228"]
[enfocus   "2.1.1"]]
:plugins   [[lein-figwheel   "0.5.0-2"]]:clean-targets   [:target-path   "out"]:cljsbuild   {:builds   [{:id   "dev":source-paths   ["src"]:figwheel   true:compiler   {:main   "enfocus-project.core"}}]})



Now, as you might have guessed, we will prepare an HTML page,
index.html
, in whichwe will client-side templating with Enfocus:



<html><body><div   id="a-div"   style="border:   3px   coral   solid;"></div><script   type="text/javascript"   src="main.js"></script></body></html>



In our project's
core.cljs
file, we'll prepare a series of functions to showcase Enfocus,capabilities:



(ns   enfocus-project.core(:require   [enfocus.core   :as   ef][enfocus.events   :as   events][enfocus.effects   :as   effects])
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(:require-macros   [enfocus.macros   :as   em]))



(defn   gen-button[id   caption](ef/html   [:button   {:id   id}   caption]))



(defn   say-hello![](ef/at   js/document["#a-div"]   (ef/content   "Hello   From   Enfocus!")["body"]   (ef/append   (gen-button   "btn1"   "Click   me!"))["body"]   (ef/append   (gen-button   "btn2"   "Resize   the   div!"))))



(em/defaction   activate-button!   []["#btn1"]   (events/listen   :click   #(js/alert   "I   am   Clicked!")))



(em/defaction   resize-div!   [param]["#a-div"]   (effects/chain(effects/resize   param   :curheight   500   )(effects/resize   :curwidth   (*   2   param)   500)))



(em/defaction   activate-resize!   []["#btn2"]   (events/listen   :click   #(resize-div!   200)))



Launch your Figwheel browser REPL:



$   lein   figwheel



Now let's walk through what's going on in our file.



First, we have
gen-button
. This uses the
html
function from Enfocus to create DOM nodesusing Hiccup's syntax. We can use our knowledge of Hiccup to create new DOM elementsand use them in our Enfocus templates. (Enlive permits the use of the Hiccup style helperform version 1.1.0).



Next, we'll study
say-hello!
This function uses the
at
operator, which allows us to selectDOM nodes and apply transformations to them. A transformation is any function acceptingDOM nodes and that returns new transformed DOM nodes. Enfocus comes with manytransformations built-in; we can get an exhaustive listing of the Enfocus transformations atthe project repository on GitHub (
https://github.com/ckirkendall/enfocus
). In ourexample, we've used two of them:
content
, which changes the text content of a selectedDOM element, and
append
, which adds new DOM nodes to the selected node. In this case,our selected DOM nodes are the buttons we created with the
gen-button
function.
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To create event handlers, we'll use what Enfocus calls actions. Actions are modificationsthat operate live on the DOM. Let's take a look at the
activate-button!
action, definedby the Enfocus
defaction
macro. We select one of the two buttons by its identifier
#btn1
,and apply to it a listener on the click event using the Enfocus
events/listen
method.



If we call this action whenever we click the button labeled “Click me!”, we'll get a greetingfrom our browser.



Lastly, we'll discuss Enfocus: effects. Effects are simply transformations that you can seeoccurring over given periods of time. In the case of our example, we are going to resize the
#a-div
div by decreasing its width and increasing its height.



We accomplish this effect by changing two effects together, as you can see in the code. Firstwe resize the div's width, then its height. These chained effects are implemented in anaction,
resize-div!
. We want to be able to watch the effects on the div, so we'vedeveloped another action,
activate-resize!
, which will add a listener to
#btn2
,triggering the double resizing effect whenever we hit this button.



Use the REPL to call
resize-div!
then
activate-resize!
. From now on, if you click onthe button labeled
Resize   the   div!
, you'll see the orange border first shrinking to theleft, then expanding downwards. Here is what your page should look like before the effectshave been completed:


[image: Wondershare]


We've now covered quite a few approaches to DOM manipulation and event handling inClojureScript. You have now a wide range of methodologies to choose from when it comesto building a user interface on the browser with ClojureScript. But as a web applicationsdeveloper, there is one more family of tools you may want to be able to use in order to gainin productivity: CSS preprocessors. In this next section, we'll take a look at whatClojureScript has to offer with regard to these of tools.
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CSS  preprocessors  in  ClojureScript



Broadly speaking, a CSS preprocessor is a language that can help you write CSS. Authoringstyle sheets in vanilla CSS can be a tedious process, if only because of the lack of variablesand control flow structures. Experience has shown that this way of working does not scalewell, especially when we add media queries and cross-browser support to the equation.



That's why modern front-end development involves heavy use of CSS preprocessors. Suchtools have thrived during the last couple of years, making Less, Sass, Stylus and the likecommonplace in web front-end development today.



Generally such tools are server-based, and this is more or less common sense: CSS does notchange frequently, so hosting it on the browser might make the client suffer an unnecessaryburden.



But recently, as Node.js has gained momentum, the rise of JavaScript preprocessors likeLess or Stylus has seen more of this logic reside on the client side. This comes with a fewadvantages, the biggest being that you no longer need to have your server set up in order toget started since your preprocessor sits in the browser.



Whatever side you may be considering to host your CSS preprocessor, ClojureScript as aplatform has a lot to offer. As a language with data manipulation at its heart, it's a perfect fitfor hosting an embedded language targeting CSS. Let's see how one ClojureScript librarycalled
Garden
handles this. (
https://github.com/noprompt/garden
)



Garden is a Clojure and ClojureScript library with a Hiccup-like syntax for describing CSSrules. These Hiccup-like data structures are turned into CSS strings using Garden's
css
function. To use an example from Garden's README:



user=>   (require   '[garden.core   :refer   [css]])niluser=>   (css   [:body   {:font-size   "16px"}])"body{font-size:16px}"



CSS rules are described by vectors in Garden. The initial non-seq elements of a rule vectorare considered to be the selectors of that rule. For instance, let's look at the following vector:



[:div   :a   {:border-style   "solid"}]



The preceding vector is compiled into the following CSS:



"div,a{border-style:solid}"



This applies a solid border to all
divs
and
a
elements on the page linking to this CSS.
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We can also define hierarchies of selectors by nesting rules vectors. For example, to apply aparticular style to all
p
elements that are children of the
div
with the ID
mydiv
we couldwrite this:



[:mydiv   [:p   {:background-color   "yellow"}]]



In Garden, accessing parent selectors in a similar manner to Less/Sass is also possible, usingthe
&
character:



[:mydiv   {:border-style   "solid"}[:&:hover{:border-style   "dashed"}]]



The equivalent CSS would be:



"mydiv{border-style:solid}mydiv:hover{boder-style:dashed}"



One interesting particularity of Garden's syntax is that in a declaration map, if the value isalso a map, the associated key is considered as a prefix to the declaration map's keys. This isparticulary useful in situations when you have to assign several prefixed properties, like
-moz-border-radius
and
-moz-box-sizing
, as in the following example:



[:.box   {:-moz   {:border-radius   "3px":box-sizing   "border-box"}}]



This translates to:



".box{-moz-border-radius:3px;-moz-box-sizing:border-box}"



Garden supports media-queries through a special function,
at-media
. Let's take a look atan example, taken from the Garden project's README:



user=>   (require   '[garden.stylesheet   :refer   [at-media]])niluser=>   (css   (at-media   {:screen   true}   [:h1   {:font-weight   "bold"}]))"@media   screen{h1{font-weight:bold}}"



Garden also offers other possibilities which go way beyond its direct capabilities: it is basedon ClojureScript data structures, and so we have the power of a real expressive language togenerate our CSS, with a bias towards interactive development.



Let's see an example of client-side Garden in action. Create a new project,
garden-project
, and edit your
project.cj
to add Garden as a dependency:



(defproject   garden-project   "0.1.0-SNAPSHOT":dependencies   [[org.clojure/clojure   "1.8.0"][org.clojure/clojurescript   "1.7.228"]
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[garden   "1.3.0"]]
:plugins   [[lein-figwheel   "0.5.0-2"]]:clean-targets   [:target-path   "out"]:cljsbuild   {:builds   [{:id   "dev":source-paths   ["src"]:figwheel   true:compiler   {:main   "garden-project.core"}}]})



As usual, we'll need an HTML page. Prepare an
index.html
page containing the followingcode:



<html><body><div><p>First   paragraph</p><p>Second   paragraph</p></div><script   type="text/javascript"   src="main.js"></script></body></html>



And, we'll edit our
core.cljs
file to include the following:



(ns   garden-project.core(:require   [garden.core   :refer   [css]][goog.style]))



(defn   modify-css![](goog.style/installStyles   (css[:div   {:border-style   "solid"}[:&:hover   {:border-style   "dashed"}][:p   {:background-color   "cyan"}]])))



Lastly, let's launch a Figwheel REPL:



$   lein   figwheel



Point your browser to
index.html
. You should see a blank page containing twoparagraphs.
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Our page contains one
div
, which in turn has two child
p
element, displaying somecaptions. The styling of this page is initially blank. We'll use Garden to generate a style forthe
div
and the
p
elements, and we'll activate it using a Google Closure Libraryfacility,
goog.style/installStyles
.



We'll use Garden to first attach a solid border to our
div
, and then to use the parent selector
&
to attach a
hover
attribute adding a dashed order. We'll also specify a style for the
p
elements, a cyan background color.



We can render the Garden vector as CSS with Garden's
css
function, and we'll upload thisnewly created style-sheet as a whole to the document using GoogleClosure's
goog.style/installStyles
function.



Here's where we see the magic of the
modify-css!
function. Load your
garden-project.core/modify-css!
. Your page should now look like this:


[image: Wondershare]


When you hover over the div (which you can recognize thanks to the border), it shouldchange to be bordered with a dashed line.



Fantastic! We now have access to a fully featured CSS pre-processing engine that comeswith all of the inherent beauty ClojureScript data structures. With the help of the GoogleClosure Library, we can also easily upload the resulting CSS to our web pages, empoweringus to live-code our CSS!
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Summary



In this chapter, we reviewed some of the many possible ways to design user interfaces onthe browser with ClojureScript.



First, we've seen how to adopt an approach dictated by ClojureScript's host language,JavaScript, via direct interoperability, as well as via Jayq (a library offering functional accessto jQuery).



We've learned how we can use the Google Closure Library, a central piece of theClojureScript's compiler, either directly or via a layer of abstraction (using Domina).



Then, we saw how to use Dommy, which is a ClojureScript library designed with functionalidioms as its main motivation.



Next we delved into client-side templating languages and reviewed two libraries inspiredby the two major server-side HTML templating libraries in the Clojure ecosystem: Hipo andEnfocus.



Lastly, we reviewed the place of a CSS preprocessor in front-end web development, andsaw how to use Garden, a Clojure/ClojureScript CSS preprocessor, as a means to prototypeCSS generation from the comfort of our Figwheel REPL.



All of these approaches remain too close to the browser. Indeed, with these libraries, we stillmust deal with application state, routing, and data persistence ourselves. We'll addressthese challenges in the following chapters. We'll start by integrating our single pageapplications with various data back-ends or authentication providers in the next chapter. In
Chapter   6
,
Building Richer Web Applications
, we'll introduce the use of more advanced webuser interface development approaches like Om, enhancing applications with
core.async
,and building for the real-time web via the use of WebSockets.
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In this chapter, we'll build a simple (
Single Page Application (SPA
) using Om and React.js.Om is a ClojureScript library that wraps React.js, a library released by Facebook.ClojureScript's power and expressiveness make it an excellent choice for building webapplications. In this chapter, we'll cover the following:



Om and React.jsRouting using bidiHTML5 history and pushStateWorking with the REST APIs using AJAX



5



Understanding  Single  Page  Appliactions



An SPA is a way of building a web application. In a traditional application, the serverreturns an HTML response containing the page content. Visiting another page on theapplication requires an HTTP request to the server, which returns the HTML for the secondpage and any associated resources, such as the same JavaScript and CSS as the previouspage. In an SPA, the page content is generated via JavaScript calling DOM functionsdirectly (for example,
document.createElement
), and links on the page simulate a newpage load but don't result in an HTTP request to the server. Many well-known websites,such as Gmail, Facebook, and Twitter are single page applications.




Building Single Page Applications



The  tradeoffs  of  SPAs



SPAs have advantages and disadvantages over conventional web applications; we will lookat both here.



Advantages:



Provides richer UIEasier to deal with client-side state and dataEasier to deal with AJAXFaster client interactions once the page is loaded



Disadvantages:



More development workInitial page load is usually slowerLegacy browser support is harder



Let's get into more detail for each advantage and disadvantage, in turn.



Richer  UI



React.js (on which Om is based) makes it simple to build a data-driven UI that dynamicallychanges the contents of the page based on new data. This data can come from anywherewe can imagine: user interactions, AJAX calls, or websockets. In a conventional application,we'd probably use a library such as jQuery to directly manipulate the DOM, but that can getmessy and complex as the page gets more complex. Om is data driven with a clearseparation between the data used to render the page and the resulting DOM elements,which makes it easier to build large, complex applications.



Easier  to  deal  with  client-side  data



In a conventional application, when the user clicks on a link to the next page, their state istypically lost. Here, state refers to information that the user has generated, for example, thecontents of a shopping cart. Because each new page is a blank slate, that state has to bestored somewhere or it is lost. The user's state can be in a cookie or on the server. In an SPA,the page never actually reloads, so it is trivial to store data in standard JS data structures onthe page. Of course, you'll typically want to store the user's shopping cart data somewheresafe, like in a database, but it's possible to store the data on a page in an SPA.
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Easier  to  deal  with  AJAX



AJAX is somewhat of a synthesis of the previous two advantages. Let's continue with ourshopping cart example: the user loads their shopping cart page, which currently containstwo items. In a conventional application, the HTML returned from the server contains DOMelements representing each item. The user deletes one item and then clicks on the button tochange the quantity on the second. For each action (deleting an item and changing thequantity), there's an AJAX call to the server.



In a conventional application using jQuery, we directly modify the DOM when the AJAXcalls are successful. When creating the new item, we need to add content to the page. Wehave several choices, all suboptimal:



Reload the page (this is slow, and interrupts the user).Make the server return an HTML fragment as part of the AJAX response. Nowthe shopping cart HTML has to be factored out from the rest of the page render.Furthermore, injecting HTML from AJAX is a potential security hole if any of thedata is user-generated.Have the client know how to render a new cart item (we have now spread theresponsibility of rendering to both client and server).


[image: Wondershare]


In an SPA, this story is much simpler. The user visits their shopping cart. The server returnsan HTML page that contains a simple link to the SPA JavaScript. Om renders an empty cartand a progress spinner. The browser makes an AJAX call to load the user's data. The AJAXresponse updates a ClojureScript vector containing the user's items. Om redraws the page.Marking an item as done still makes an AJAX call to the server (for persistence, but thiscould theoretically be skipped). However, the user code no longer directly modifies theDOM—it's handled by Om for us. Instead, our application modifies the CLJS data for theshopping cart, and Om + React handle the DOM manipulation and redrawing.



The SPA sounds like more work, and in one way it is, but things have also gotten simpler inthe Rich Hickey sense of the word.


[image: Wondershare]
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Responsibility for rendering the page now lies solely on the client side, as opposed to beingdiffused across client and server. Operations that modify the page have gotten simpler: wejust specify how to render items directly from data, and React automatically redraws the“dirty” parts of the page for us, when the data changes. We no longer modify the DOM, wejust manipulate data.



Faster  client  interactions  once  the  page  is  loaded



Because clicking on a new page in the SPA no longer requires a round trip to the server,page transitions can be immediate. Typically, the SPA will make an additional AJAXrequest to get data from the server for the new page, but rendering the new page isn'tblocked while waiting for an HTTP response from the server. Also, that AJAX request willtypically be smaller than requesting the full page HTML. Because the client (browser) isnow responsible for rendering the page, it's significantly easier to modify the page inresponse to, for example, the user clicking on a button. Rendering progress bars, spinners,and opening menus is all immediate.



Like everything else, there are tradeoffs to SPAs. Let's take a look at a few of them.



More  development  work



SPAs have more moving parts than a conventional application does. The build process ismore involved because now you have to compile your CLJS. This downside isn't unique toClojureScript—it occurs in vanilla JavaScript as well.



Some of the advantages of SPAs come from “taking over” from the standard browserbehavior. For example, when clicking on a link to a new page, work must be done tocapture the click and prevent the standard browser behavior. But now, the SPA isresponsible for controlling the browser's history. Making things like the back button andmiddle clicks still work as expected takes a little more effort, and provides potentialopportunities for bugs.



Legacy  browser  support  is  harder



SPA applications rely on modern browser APIs such as the HTML5 history. Some of theseAPIs are only available in modern browsers. Some browsers (Internet Explorer forinstance), tend to lag in support of the APIs necessary to make SPAs work. In some cases,there are workarounds, but it's additional work to properly support legacy browsers. Ifsupporting legacy browsers is a requirement for your app, you may want to reconsiderwhether an SPA is the best solution.
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SPAs in general are possible in older browsers, however, React only supports IE 9 and later,so if you really want an SPA for IE earlier than 9, you'll need to use something other thanReact to accomplish it.



Understanding  Om



Om is a ClojureScript library that wraps Facebook's React.js library. Om was originallydeveloped by David Nolen. At the time of writing, it is the most commonly usedClojureScript library for writing SPAs. There are other perfectly serviceable CLJS librariesthat wrap React, but we don't have the space to cover them. Most of the concepts we'll covertransfer over if you're interested in using one of them.


[image: Wondershare]


Understanding  React



React is a library developed by Facebook, designed to efficiently render dynamic content ona page using a virtual DOM. React lets us pretend that the entire page is redrawn any timeour application's state changes. As a page author, we write functions that take data andreturn DOM elements. React renders the DOM elements on the page. Importantly, when thedata changes, React efficiently diffs the page and re-renders only the parts that havechanged. Diffing is essential because re-rendering the entire page is prohibitively expensiveon even moderately complex pages. React is an improvement over previous attempts atsolving the problem because there's no need to specify data bindings or watchers. We justdescribe how to render the page and React handles the change detection for us.
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The  React  terminology



React uses several terms that we'll define here.



Component
: This is a single JS class implementing the React componentinterface. The most important function for a component is
render()
, whichreturns DOM elements based on the application's data. A typical application willhave many components, forming a graph of classes to render a page. Forexample, a todo list might have one component that renders a single todo item, aparent component that renders the list border, and many instances of the singletodo item.


[image: Wondershare]


Virtual DOM
: React uses what they refer to as a virtual DOM. Traditional DOMtraversal and manipulation is slow, so React uses a hack. When Reactcomponents return DOM elements, they don't return real browser DOM nodes,but virtual nodes. These virtual nodes are standard JS objects that implementReact protocols. For example, the
React.DOM.div
function returns a JavaScriptobject that, if rendered, will become a real
<div>
element on the page. When ourdata changes, React creates a new virtual DOM tree and diffs the current tree andthe new tree. When differences are found, React inserts, updates, and deletes realDOM nodes corresponding to our virtual nodes, as required.
JSX
: This is a templating library for writing HTML in JavaScript. JSX files lookidentical to JavaScript, but allow us to write the following:



var   myDivElement   =   <div   className="foo"   />



rather   than



var   myDivElement   =   React.createElement('div',   {className:   'foo'})
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The  components  of  an  SPA



Let's write an SPA. Om and React are both small libraries that only deal with rendering;other components of an SPA, such as routing and history, are handled with separatelibraries. We'll also need to handle routing, which is the process of simulating differentURLs (that is,
/foo   /bar
) and displaying the appropriate one without actually reloadingthe page. Finally, we'll cover using AJAX to send and load data from a REST API.



Setting  up



Let's get started with a simple example—Hello World—and then we'll explore in depth howOm and React work. Let's create a new
om-tutorial
project. In a terminal, go to adirectory that will be good for holding a new project directory and run the following:



$   lein   new   figwheel   om-tut   --   --om



This will create a new directory,
om-tut
, and generate a bunch of files for you, for a quickOm project.



Next, we'll
cd
into
om-tut/
and run the following:



$lein   figwheel



When you visit
http://localhost:3449
in your browser, you should see:



Hello World!



What  just  happened?



Let's take a brief step-by-step review of how
Hello World!
appeared on our screen. Inour
om-tut/
directory, open
project.clj
. We should notice several things, as follows:



Our project dependencies include
[org.clojure/clojurescript][org.omcljs/om]
Figwheel and cljsbuild are both pluginsCljsbuild defines a ClojureScript build configuration that compiles .cljs filesunder
src/
, and outputs them to
resources/public/js/compiled
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Now, let's take a look at
resources/public/index.html
and note a few more things.
index.html
is a standard HTML file containing the content
Figwheel   template
and alink to the compiled JavaScript. When we reload
localhost:3449
, if we quick, we canobserve the
Figwheel   template
content before
Hello   World!
is redrawn on screen.



Finally, let's view
src/om_tut/core.cljs
:



(defonce   app-state   (atom   {:text   "Hello   world!"}))



(om/root(fn   [cursor   owner](reify   om/IRender(render   [_](dom/h1   nil   (:text   cursor)))))app-state{:target   (.   js/document   (getElementById   "app"))})



This is some very dense code that's doing a lot at once, so we'll break it into pieces.



The
app-state
state is, like it sounds, an application state. Om applications have one pieceof state, typically an atom holding a map. Our
app-state
contains
{:text   "HelloWorld"}
.



The
om/root
directory defines a render loop. It takes a
component constructor function
, an
app-state
, and a map of configuration. The
:target
key is required and specifies theDOM element that React will “own” and render to. This element must exist in the
HTML
.Note that our
index.html
file has a
<div   id=app>
element. The output of the
om/root
render loop will be placed there.



The first argument to
om/root
is a component constructor function. This is a function oftwo or three arguments, either
[cursor   owner]
or
[cursor   owner   options]
. Thefunction must return an Om component. An Om component is a JS object that mustimplement at least the
om/IRender
or
om/IRenderState
protocol, and it may optionallyimplement any of the other Om protocols.



Most frequently, OM applications use
reify
to create objects that satisfy the protocol,though any of the ClojureScript constructs for implementing a protocol will work. Acomplete list of Om protocols can be found in the Om documentation at
https://github.com/omcljs/om/wiki/Documentation
. We will review the complete list of Om protocolslater in this chapter.
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Finally, our OM component implements one method,
render
, from the
om/IRender
protocol. It simply calls
om.dom/h1.   Render
, and its sibling,
render-state
, from
om/IRenderState
, must return something renderable: either a string (representing anHTML text node), a virtual DOM element (such as a call to
om.dom/h1
), or another Omcomponent (using
om/build
or
om/build-all
).



The
om.dom
functions all return virtual DOM nodes, and they all have the signature
[class-attrs   &   children]
.
class-attrs
is a map of strings or keywords to strings,representing HTML attributes for the DOM element. The
children
attribute passed in willbecome child elements of the new virtual DOM element. Children must be renderable(strings, virtual DOM elements, and OM components, the same as the return value of
render
). In this case, our
h1
element contains the contents of (
:text   @app-state
),
HelloWorld
.



Don't worry, that was quite a lot to take in. We'll review each part in more detailthroughout this chapter.



So, why did we go through all that work? The key advantage is that our UI is nowcompletely dynamic and data driven. We have a function that returns HTML based on thecontents of a ClojureScript variable,
app-state
. We can modify
app-state
using standardClojureScript function calls, and the UI redraws, without having to specify any bindings,watchers, or on-change hooks. Our UI is also guaranteed to stay in sync with the data, acommon mistake that's easy to make using jQuery, for example.



Child  components



We'll go through one slightly more involved example to really demonstrate how Om andReact are used. Let's extend our om-tut example to the barest beginnings of a To-Do List.Let's modify
app-state
so that it looks like this:



(defonce   app-state   (atom   {:text   "Hello   world!":todos   [{:id   1:done?   true:text   "buy   book"}{:id   2:done?   false:text   "learn   CLJS"}]}))



Then, before
om/root
, we'll add a new function:



(defn   todo-item   [data   owner](reify   om/IRender(render   [this]
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(dom/span   #js   {:className   (when   (:done?   data)"done")}(:text   data)))))



(defn   todo-list   [cursor   owner](reify   om/IRender(render   [_](dom/div   nil(dom/h1   nil   (:text   cursor))(om/build-all   todo-item   (:todos   cursor)   {:key   :id}))))))



Next, we'll modify
om/root
so that it looks like this:



(om/roottodo-listapp-state{:target   (.   js/document   (getElementById   "app"))})



And finally, in
resources/public/css/style.css
, let's add the following:



.done   {text-decoration:   line-through;



}



When the page reloads, we should see two items. One should have a strikethroughindicating that the list is done.



We've done a few things. First, we've refactored the main render
dom/h1   nil   (:textcursor)
into its own Om component. This is just to make the example more idiomatic;we'll almost always have one root component that calls other components.



We've extended
app-state
to now contain a vector of the
:todo
items. Each todo item is amap containing a todo item's text and stating whether it's done or not.



Finally, we've added
dom/div
to render a
<div>
element, and we added a call to
om/build-all
. The
om/build-all
element creates a
todo-item
component for each itemin the
(:todos   data)
vector. There's also
om/build
, the singular version of build-all.



The
todo-item
function is another Om component constructor function (a function witharity
[cursor   owner]
or
[cursor   owner   options]
and returns an Om component, a JSobject that implements
om/IRender
, or
om/IRenderState
). It returns a
<span>
item withthe CSS class of either done or nil, when the item is marked done.
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We use
#js   {}
for the attributes map because the map is being passed directly to Reactcode. By default, writing
{}
in ClojureScript creates an instance of one of the immutablemaps,
PersistentArrayMap
or
PersistentHashMap
. React doesn't know aboutimmutable maps, so we use
#js
to tell the ClojureScript compiler to create a plain JS objectinstead.



Items  in  the  Om  constructor  signature



At this point, you maybe curious as to what the arguments in an Om constructor mean.We'll describe each in the following sections.



Cursors



Cursors are a custom Om datatype; they're used to pass a piece of
app-state
data around,while staying in sync with
app-state
and keeping track of where the data came from.Imagine we want to refer to one of the todo items. Without cursors, we can just add
(get-in   @app-state   [:todos   1])
and pass that data around. But, cursors have an advantage;they keep track of the path into app-state where the data came from. Consider the followingmap:



{:id   2:done?   false:text   "learn   CLJS"}



At first glance it might not be clear where the data in the
app-state
came from. If theoriginal data gets modified, our copy doesn't change with it. Since cursors do keep track ofthe original data, a new cursor can be generated with the updated data, and your referencewill stay in sync.



A cursor consists of two parts—a reference to its original atom and a path. The path of acursor is the vector we would use to access nested data with
get-in
, from the root of app-state. In this example, that would be
[:todos   1]
because
(get-in   @app-state[:todos   1])
returns this todo item.
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Accessing a key of a cursor returns a new cursor with an updated path. Let's walk throughan example in detail. When we create
(om/root   component   app-state)
, Om returns anew cursor with a reference to
app-state
. The cursor is at the top level, so its path is
[]
.Accessing
(:text   data)
returns a new cursor with the
[:text]
path. Dereferencing thiscursor returns the value
(get-in   @app-state   [:text])
,
Hello   World
.



In
(om/build-all   todo-item   (:todos   data))
, accessing
(:todos   data)
creates andreturns a new cursor with the
[:todos]
path. The
om/build-all
function maps over eachitem in todos. Mapping over a cursor returns a sequence of cursors with paths
[:todos0],   [:todos   1]
, and so on.



Cursors allow for reusable components. We can have multiple components with data allcoming from disparate locations in
app-state
(for example, each of our todo items isrendered the same way, but they have different paths because
(not=   [:todos   0][:todos   1])
). Cursors also participate in changing
app-state
, which we'll see shortly.



owner



owner
, passed into an Om constructor function is the DOM element where this componentwill be rendered. This is the real element, not a virtual element. For example,
(.-classowner)
gets the CSS classes on the element. The
owner
element is necessary when using acomponent-local state and when doing
interop   w/   non-react
libraries.



Opts



Opts
is just extra data you can pass into a constructor function. Since the function signaturefor building a component is fixed—
[cursor   owner]
or
[cursor   owner   opts]
—opts is



the only place to pass extra arguments. Opts are passed into a component constructor viathe
:opts
option in
om/build
and
om/build-all
:



(om/build   foo   cursor   {:opts   {:bar   42}})



In this example, the
foo
component will receive
{:bar   42}
in options. If arguments arepassed in, the three-argument version of the function is called, otherwise the two-argumentfunction is called.
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Input



Let's make our todo example slightly more useful. Let's modify it so we can mark items ascompleted:



(defn   todo-item   [cursor   owner](reify   om/IRender(render   [this](dom/divnil(dom/input   #js   {:type   "checkbox":checked   (:done?   cursor):onChange   (fn   [e](om/update!   cursor   [:done?]   (->   e   .-target   .-checked)))})(dom/span   #js   {:className   (when   (:done?   cursor)"done")}(:text   cursor))))))



Now, we'll try checking and unchecking the items.


[image: Wondershare]


We've added a checkbox. It is checked if
(:done?   cursor)
is
true
:
onChange
is a Reactevent handler. When the input box changes (because the user clicked on it or JavaScriptcode modified the checked state, such as
(set!   (.-checked   elem)   true)
), our
onChange
function is called. It takes one argument, the event. We call
om/update!
to setthe
:done?
state of our item to the new checked state. Om will trigger a re-render, so theinput's checkbox stays synced with the data. React supports the complete list of eventhandlers you would expect in a normal JavaScript application, such as
onClick
,
onFocus
,and so on. Consult the React documentation for the entire list.



om/update!
is essentially analogous to atom's
swap!
when used with assoc-in. It takes a



cursor, a path, and a new value. Under the covers, it combines the cursor's path and thepath passed in and swaps the
app-state
atom. (Om also provides
om/transact!
, whichbehaves similarly, but uses
update-in
rather than
assoc-in
, that is, it takes a functionand applies the function with the current value of the path and any arguments passed in).
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The
update!
and
transact!
functions close the circuit on a typical Om application. Theprimary functions of any Om application are:



Rendering components using data from app-stateCalling
om/update!
and
om/transact!
in response to either user input orAJAX



As we can see here, our React component rendered a checkbox that the user can interactwith. In response to the user clicking, we can call arbitrary code and update the app-state.



In a production application, our todo example might make an AJAX call to update the todoitem stored in the database on a server. A more responsive UI might display a progressspinner when the AJAX call starts and then display the result when the AJAX operation iscompleted. We'll walk through an example of this later in this chapter.



Now that we've covered a brief example, let's take a deep dive and explain how React andOm work in detail.



Rendering



Rendering is probably the most complex part of this project, so we'll be covering it in somedetail. Since Om is built on top of React, we'll cover how React works as well.



The  React  diffing  algorithm



React lets us pretend that our entire app is re-rendered on every modification. This is nicebecause naively re-rendering the entire page on every change is prohibitively slow. Instead,when modifications happen because the
app-state
has changed, React diffs the changesand only inserts/modifies DOM nodes as necessary.



This is still a challenging problem because comparing and diffing two arbitrary trees isO(n^3) in the best case. React uses several heuristics to get that down to O(n). While most oftime the details aren't important, there are a few edge cases that are useful to keep in mind.



When we first call
om/root
, React calls render on the root component, which builds up atree of virtual DOM elements. There's nothing to diff, so React just inserts the whole treeunder
#app
, creating a real DOM element corresponding to each element in our virtual tree.React saves a copy of the virtual tree for diffing later.
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When the application state changes, React calls render on the root component (the onepassed into
om/root
) and lazily builds up the new virtual DOM tree; we'll refer to this asthe new tree.



The algorithm recursively walks down both the current virtual DOM tree and the new tree.There are two item types in the tree: DOM nodes and React components. If two items areDOM nodes of different classes, React will just destroy the old and insert the new. Similarly,React will destroy the old component, and build an instance of the new component.



If the two nodes are both DOM nodes (not components), React will diff their attributes andinsert and update attributes as necessary.



If the two nodes are both components of the same React or Om class, React will call
componentWillReceiveProps()
and
componentDidReceiveProps()
, as necessary. The
componentWillReceiveProps()
and
componentDidReceiveProps
functions are React-specific—they aren't exposed to the user of Om. (There is
om.core/IWillReceiveProps
,which sounds the same, but is conceptually different). This process mutates the existing realDOM node until it looks identical to the virtual DOM node.



Because React claims ownership of all DOM nodes in its containing DOM element, we can'tsimply use traditional DOM manipulation, for example, jQuery, because those changes willbe lost on the next render. In our preceding example, that's any DOM element that is a childof
#app
. We can theoretically use jQuery on page elements outside of
#app
. In an SPA, thebase HTML (
index.html
from our example) is typically only used to serve links to .js and.css files, and 100% of the visible elements on the page are rendered via the application.



Differences  between  Om  and  React



There are a few areas where Om does things differently than React. Let's dig into those inthe following sections.



Components



Om components are not strictly React components. Om creates a hidden object thatimplements React's interface, and that interface delegates to the reified object returned froman Om component constructor. For the most part, this is an implementation detail, andwe don't need to worry about it.
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State  models



React is somewhat less opinionated about its state and where it is stored. Om is stronglyopinionated that you should have one consistent source of state—the application state atom.Every component on the page reads and writes to that atom, which provides a consistentview of our application with cursors to provide isolation and reusability, as necessary.



Cursors



Cursors are a new feature unique to Om; they don't exist in React.



Determining  the  size  of  a  component



As an Om neophyte, you might be wondering what the difference is between buildingsubcomponents and just regular functions that return HTML. Let's look at a hypotheticalchoice borrowed from our previous todo list example:



(defn   todo-item   [cursor   owner](dom/div   nil(dom/span   #js   {:className   (when   (:done?   cursor)"done")}(:text   )))))cursor))))(defn   todo-list      [cursor   owner](reify   om/IRender(render   [_](dom/div   nil(dom/h1   nil   (:text   cursor))(dom/div   nil         (for   [t   (:todos   cursor)](todo-item   t   owner)))))))   ```



This is a slightly modified version of our previous todo application. Here,
todo-item
is astandard function that happens to return virtual DOM nodes rather than an Om componentconstructor. It doesn't call
reify
. The todo-list calls the function directly rather than calling
om/build
. So, what's the difference?



The answer is that there's not much of a theoretical difference, though there are severalarguments from a software engineering perspective for splitting components. Similar tohow your entire program could theoretically be one large function, your entire UI could beone large function that generates HTML. This is technically possible, but not recommended.
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Another good rule of thumb is to split components at the logical divisions in the applicationstate. Components should receive only the part of
app-state
they actually need. Thismakes them more reusable, and improves clarity about the structure of the application stateand reduces coupling between components.



Preferring components is also slightly faster. Components are a short-circuit opportunity inthe React diffing algorithm. If two nodes in the tree are components of different classes,React doesn't try to compare the following HTML—it just discards the old node and keepsgoing. But of course, this is a premature optimization and we won't need to worry about it99% of the time.



To get the full picture, let's go on to review the rest of the Om API.



Constructing



The
om/build
and
om/build-all
directory have the same signature,
[constructorcursor   options]
.



There are several options that can be passed in:



–
:key
: The key passed in will be used to look up a unique ID in the cursor's datafor the component:



(om/build   todo-item   t   {:key   :id})



In our preceding todo example, we passed in
:key   :id
. Om will
(get   cursor   :id)
. Inour
todo
application, the item maps contain
{:id   1}
and
{:id   2}
, so the componentswould have IDs of 1 and 2, respectively. The ID helps the diffing algorithm, so it canidentify whether an item has been inserted or modified in the middle of a sequence. Forexample, if we have two todos with the ID
[1   2]
, and then we insert a third todo in themiddle so that
(mapv   :ids   todos)
returns
[1   3   2]
, React can correctly identify an insertin the middle and leave the last item untouched. Without IDs, React wouldn't be able to tellwhether the second item was mutated and a third item inserted at the end, or the third itemwas inserted in the middle. If React couldn't tell, it would mutate the old
2
to look like
3
(that is, diff the HTML for
2
and replace/modify DOM nodes until the nodes are identical tothe output of
3
) and then insert a new
2
. Our components should nearly always assign
:id
,especially when creating multiple items via
om/build-all
.
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The following are the options which can be used along with the function:



react-key
: This is the same as
:key
, but it directly passes a value rather thanlooking up in
:key
. That is,
{:react-key   1}
would use 1 as an ID rather thanthe result of
(get   cursor   :id)
.



-   :fn
: This applies a function f to the cursor's value before invoking the



constructor:
(om/build   todo   (first   (:todos   cursor))   {:fn   (fn   [todo]   (assoc-in   todo   :done   true))})
: This is basically the same as the following:(om/build todo (assoc (first (:todos cursor)) :done true)



:init-state
: This is the extra initial state for the component. This will bemerged with the result of
IInitState
if the component supports it. This is part



of the Component Local state, which we will discuss shortly.
:state
: This is the same as the
:init-state
; but will also used to modify acomponent (whereas the
:init-state
will only be used when a component iscreated). Imagine a component that simply prints its state and is called with
(om/build   todo   cursor   {:init-state   1   :state   2});   :init-state
isused when the child component is inserted into the render tree, so thiscomponent will display
1
. But if a modification to the parent component causes are-render,
2
will be displayed because the initial state is only taken into accountin the initial render, and this is a re-render.
:opts
: This is the extra data to be passed to the constructor function. This shouldbe a map. If this option is supplied, the constructor function will be called witharity
[data   owner   options]
rather than
[data   owner]
.



The  local  state



While Om is opinionated that an application's state should be consistent and stored in asingle place, components have access to what is called the component local state, whichbehaves pretty much the way we expect, given the name. This is the local state, which isonly accessible to the component.
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There is often confusion as to what the component local state should be used for. DavidNolen, author of Om, makes it clear:



“With the exception of transient values (editing flags, dragging flags) or resources(channels, web sockets, and so on), you should put everything into the application state.”



For example, if our component creates a go channel to process user input events, the localstate is a good place to store that channel. We'll see an example of that later when workingwith AJAX.



There are several API functions that touch the local state:



(defn   get-state([owner]   ...)([owner   korks]   ...))



[owner]
—takes a component owner (the second argument to a component constructor)



and returns the map of the local state for this component.



[owner   korks]
—
korks
is a common idiom in Om, which stands for key or keys. If
korks
is singular, that is,
:foo
, it behaves like
get
:
(om/get-state   :foo)
. If
korks
is acollection,
[:foo   :bar]
, it behaves like
get-in:   (om/get-state   owner   [:foo:bar])
.



For functions that set state,
korks
works the same way but uses
assoc/assoc-in
ratherthan
get/get-in
as shown here:



(defn   set-state!([owner   v]   ...)([owner   korks   v]   ...))



(om.core/set-state!   owner   v)
—sets the entire component local state:
(om/set-state!   owner   {:foo   42})
.



(om.core/set-state!   owner   korks   v)
—sets a part of the local state:
(om/set-state!   owner   [:foo]   42)
.



(defn   update-state!([owner   f]   ...)([owner   korks   f]   ...))



This is the same as
set-state!
, but this uses
update/update-in
rather than
assoc
:
(om/update-state!   owner   :foo   inc)
.
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In addition to the
om/IRender
protocol, which defines the method
(render   [this])
,there is also the
om/IRenderState
. Instead of
(render   [this])
,
IRenderState
exposes
(render-state   [this   state])
. In the second argument,
state
is the component's localstate at the time of the render. In all other ways,
render-state
behaves identically to
render
. A component should implement either
IRender
or
IRenderState
, never both.



Life  cycle  protocols



In addition to the required
om/IRender
protocol, there are several protocols that notify acomponent of various lifecycle and state changes:



(defprotocol   IInitState(init-state   [this]))



If a component uses the local state,
init-state
can be used to supply an initial value. Touse this, our component should implement
om/InitState
. The
init-state
will be calledon our component when created; it should return a map. As we mentioned earlier,
om/build
can pass
:init-state
in as an option. If that is the case, the data from
:init-state
will be merged with the value returned by
init-state
:



(defprotocol   IWillMount(will-mount   [this]))



The
will-mount
function is called when a component is going to be inserted into theDOM. This is a good place to set up and create non-DOM resources such as
core.async
channels because it is the earliest point in the lifecycle where we know the component willbe mounted. For DOM resources, we use
IDidMount
, which we'll see next:



(defprotocol   IDidMount(did-mount   [this]))



If our component implements the protocol,
did-mount
will be called after the component isinserted into the DOM. We can get access to the actual DOM node with
(om/get-nodeowner)
. Since the DOM node exists now, this is a good place to set up code that interactswith the DOM, so let's do that:



(defprotocol   IWillUnmount(will-unmount   [this]))
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The
will-unmount
function will be called when a component is removed from the DOM,for example, after the diffing algorithm removes a component. This should be used to cleanup any resources that were created during
will-mount
or
did-mount
.



The next few protocols revolve around when the component changes state:



(defprotocol   IWillReceiveProps(will-receive-props   [this   next-props]))



The
will-receive-props
function is not called on the first render, but it is called justbefore all subsequent renders. In React, props and state are different concepts. Props are forimmutable data that will never change during the lifetime of the component, and state is fordata that can change. In Om, there are no props, just the app-state and component localstate, so
will-receive-props
is somewhat poorly named.



Use
will-receive-props
to react to state changes with additional state changes. Forexample, if we have two pieces of data that should stay in sync and a user action haschanged one of them, we can use either
om/set-state!
or
om/update!
and
om/transact!
. The
next-props
is a cursor that contains the data that will be passed tothe next
render
.
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(defprotocol   IWillUpdate(will-update   [this   next-props   next-state]))



The
will-update
function is not called on the first render, but it is called just before allsubsequent renders. The
will-update
function is called after
will-receive-props
.



We cannot set the local state during
will-update
:



(defprotocol   IDidUpdate(did-update   [this   prev-props   prev-state]))



This is called after rendering the component. The DOM element is fully rendered when thisis called, so it's useful for third-party interop if, for example, the third-party JavaScriptneeds to mutate in response to your React component re-rendering:



(defprotocol   IShouldUpdate(should-update   [this   next-props   next-state]))
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The Om API documentation states the following:



“You should only implement this if you really know what you're doing. Even then youprobably shouldn't.”



IShouldUpdate
is used to take control over whether a component should render based on



changes to the application or local state. The implementation should return true or false toindicate whether the component should re-render. Note that, by definition, this is used tomake a component's data
not stay in sync
with the DOM, so it should be used carefully.



IShouldUpdate
is typically used as a performance optimization. Imagine that the user is



performing a drag and drop operation, and we're tracking the current cursor position in thelocal state,
and redrawing the screen is causing performance problems
. We've determined thatredrawing is causing performance problems and
:pos
—the user's current mouseposition—isn't used in redrawing the component. So, we'll ignore it when deciding whetherto re-render.



An implementation might look like this:



(should-update   [this   next-props   next-state](let   [curr-state   (om/get-state   owner)](not=   (dissoc   curr-state   :pos)(dissoc   next-state   :pos))))



Here, we are passed the next state. We fetch the current state and return false, declining are-render if the maps are equal except for
:pos
. This could result in speedups, assumingthat the render would generate a large number of DOM elements to diff. As always, withperformance optimizations, measure first and avoid premature optimization.
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The entire render timeline looks something like this:



WillReceiveProps   ->   ShouldUpdate   ->   WillUpdate   ->   Render   ->   DidUpdate
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Using  third-party  JS



As we mentioned earlier, we can't simply mix React and standard JS libraries and expect theDOM to stay relatively consistent, however there are some situations where mixing the twois a requirement. We'll discuss how to do that now.



Let's say we'd like to insert a map into our application using Leaflet.js (
http://leafletjs.com/
). Leaflet is a popular open source JS library for displaying
OpenStreetMap
data.



Leaflet's API expects to be given a JS element to render into, which is a relatively commonpattern in JS libraries:



(defn   leaflet-map   [app   owner](reifyom/IInitState(init-state   [_]{:the-map   nil})om/IDidMount   (did-mount   [_](let   [the-map   (js/L.map   "map")](om/set-state!   owner   :the-map   the-map)))om/IRender   (render   [this](dom/div   {:id   "map"}   nil))   ```



Here, in render, we create an empty div with the ID
map
. During
IDidMount
, after the divis rendered into the page, we call Leaflet, (
js/L.map   "map"
), instructing it to render into
#map
. Then, we save the resulting map in the local state, in case we want to manipulate it(change the viewport, for example).



Why does this work? Our render method is stable; it always produces a
#map
div. React'sdiffing algorithm is also stable; it only removes existing nodes when the render outputchanges or when the components change.



IDidMount
is only called once—the first time this component is added to the page. It would



only be called again if the component was removed from the page and then re-inserted.



jQuery  listeners



There's a gotcha around this technique that's worth reviewing in more detail. Let's say we'reusing jQuery to set up an event listener on our React elements (which is again, notrecommended, but the failure mode is interesting):



(defn   todo-item   [cursor   owner](reifyom/IDidMount
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(did-mount   [_](->   (js/$   "span")(.on   "click"   (fn   [e](js/console.log   "span   clicked"))))om/IRender(render   [_](dom/div   nil(dom/span   #js   {:className   (when   (:done?   cursor)"done")}   (:text   data))))))
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AJAX



Let's continue extending our Todo app. Now, we'd like to persist our todo items on theserver. To get the job done only takes a simple Clojure REST API—that said, it still will takesome work.



If you'd like to avoid all typing and just read along, we've created a Git repo on GitHub at
https://github.com/learningclojurescript/code-examples
. You can just clone therepo and get ready to go.



Dependencies



Let's open the
project.clj
file in our
om-tut
directory and add some entries:



:dependencies   [[org.clojure/clojurescript   "1.7.170"][org.clojure/core.async   "0.2.374":exclusions   [org.clojure/tools.reader][sablono   "0.3.6"][bidi   "2.0.3"][cljs-ajax   "0.5.3"][clj-http   "2.1.0"][com.cognitect/transit-clj   "0.8.259"]
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[org.clojure/clojure   "1.7.0"][ring   "1.4.0"][ring/ring-jetty-adapter   "1.4.0"]]



Here, we've added several entries to the
:dependencies
vector:



bidi
: This is a library for matching and destructing URLs. We'll use it to



associate REST URLs with functions to respond to API requests.
cljs-ajax
: This is a ClojureScript library that is a convenience wrapper aroundGoogle Closure's AJAX API. We'll use it on the client side to make requests.
clj-http
: This is a Clojure HTTP library. It's not strictly necessary for thisproject, but it is useful to debug the API from a Clojure repl.
com.cognitect/transit-clj
: This is a Clojure implementation of transit.Transit is the standard protocol for Clojure API interop. We'll talk more about itlater.
ring
: This is a common Clojure library for writing web servers. It's similar toWSGI in Python or Rack in Ruby, if you're familiar with those.
ring/ring-jetty-adapter
: This is just as the name suggests, the ring adapterfor the Jetty web server. Ring is fairly agnostic about which web server to use, sowe have to specify that we want Jetty. Jetty is a widespread Java web server.
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The  server



In
om-tut/src/om_tut/
, let's create a new file,
server.clj
.



We'll create a standard NS declaration:



(ns   om-tut.server(:require   [bidi.bidi   :as   bidi][bidi.ring][bidi.schema][schema.core   :as   s][ring.adapter.jetty   :as   jetty][cognitect.transit   :as   transit])(:import   [java.io   ByteArrayInputStream   ByteArrayOutputStream]))
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Transit



Transit is a standardized serialization format developed by Cognitect. Transit is a high-performance, compact, and extensible format for transferring data between applications. Ifyour business requirements don't require another encoding such as JSON, and one or bothends of the communication are Clojure or ClojureScript, Transit is the go-to protocol to use.



We'll define a few utility functions for working with Transit:



(defn   to-transit   [x](let   [baos   (ByteArrayOutputStream.   4096)writer   (transit/writer   baos   :json   {})](transit/write   writer   x)(.toString   baos)))



(defn   from-transit   [s](let   [bais   (ByteArrayInputStream.   (.getBytes   s   "UTF-8"))reader   (transit/reader   bais   :json)](transit/read   reader)))



Ring



Ring is a Clojure library that presents a standard interface between web applications andHTTP servers. Ring defines a data format for an HTTP request and HTTP response. A Ringrequest is a Clojure map with a set of required and optional keys, such as
:uri
,
:remote-addr
and
:query-string
. A Ring response is another Clojure map with another set ofrequired and optional keys, such as
:status
,
:body
, and
:headers
.



Ring simplifies web application development because our Clojure application just has towrite functions that receive a Ring request map and return a Ring response map. Ringisolates us from messy Java code and makes our app more functional. If you're familiarwith Rails, Ring roughly corresponds to the “controllers” section of a Rails application. Ringis only used for handling HTTP requests, it doesn't concern itself with database access orgenerating HTML.



You can review the ring spec on GitHub at
https://github.com/ring-clojure/ring/blob/master/SPEC
.
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CORS



Cross Origin Resource Sharing
(
CORS
) is an HTTP standard for declaring who is allowedaccess to an HTTP resource. For security reasons, browsers won't allow AJAX calls to hostsother than the one that served the current page unless the responses contain specificheaders:



(defn   with-cors   [resp](->   resp(update-in   [:headers]merge   {"Access-Control-Allow-Origin"   "*""Access-Control-Allow-Methods"   "GET,   POST,   OPTIONS""Access-Control-Allow-Headers"   "Content-Type""Access-Control-Max-Age"   "31536000"})))



Since we're using Ring, our server's response is just a simple Clojure map. We will updatethe
:headers
map in the response to include several more HTTP headers.
"Access-Control-Allow-Origin"   "*"
will allow AJAX requests from anywhere.
"Access-Control-Allow-Methods"   "GET,   POST,   OPTIONS"
allows requests to use the
GETPOST
and
OPTIONS   HTTP
methods. We also allow the
Content-Type
header in a request,and the browser can cache the CORS data for up to one year.



We'll make a simple utility function to mark a Ring response as Transit data.



(defn   transit-response   [resp]{:pre   [(map?   resp)]}   (->   resp(update-in   [:headers   "Content-Type"]   #(or   %"application/transit+json;   charset=UTF-8"))   (update-in[:status]   #(or   %   200))   (update-in   [:body]   (fn   [body](str   (to-transit   body))))   (with-cors)))



transit-response
is a utility function that takes a valid Ring response and modifies it toinclude all of the necessary Transit stuff. We set the
Content-Type
header to Transit if it



isn't already present. We set the HTTP status to 200, serialize the body to Transit format,and add CORS headers.
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Data



Let's define a simple data structure to hold our todos. For now, it's just an in-memory atom,a map of IDs (integers) to todo maps. We'll also create
ids
, another atom that increments aninteger to guarantee that todos get unique IDs. In a production application, this could be adatabase, but for now we're focused on the client side, so this will do as shown:



(defonce   todos   (atom   {}))(defonce   ids   (atom   0))(defn   next-id   [](swap!   ids   inc))



Now, we can get to our REST API handlers:



(defn   get-todo   [{:keys   [route-params]   :as   req}](if-let   [t   (get   @todos   (:id   route-params))](transit-response   {:body   t}){:status   404}))



This is a ring handler because it's a function that takes a ring request (a map) and returns aresponse. We look in the todos map and either return a todo in the body of the response orreturn
{:status   404}
to indicate HTTP status of
404
:



(defn   create-todo   [req](let   [id   (next-id)t   (slurp   (:body   req))t   (from-transit   t)t   (assoc   t   :id   id)](println   "create:"   t)(swap!   todos   assoc   id   t)(with-cors   (transit-response   {:body   id}))))



(defn   list-todos   [{:as   req}](with-cors   (transit-response   {:body   (vec   (vals   @todos))})))



(defn   options   [req](with-cors   {:status   200}))



We'll define a few more handlers, which should be pretty straightforward:



(def   routes   ["/"   {"todos"   {:get   {""   list-todos}:post   {""   create-todo}:options   {""   options}["/"   :id]   {:get   get-todo}}""   {:options   options}}])
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Finally, we'll define some routes. Ring doesn't concern itself with URL dispatching at all.Here, URL dispatching or routing means returning a different result based on the requestedURL, that is,
/foo
vs.
/bar
. The spec just defines an interface for a handler (a function thattakes a request map and returns a response map). For example, the most basic ring handleris probably just the following:



(defn   foo   [req]{:status   200:body   "Hello   World"})



This function doesn't check the contents of (
:uri   request
), the page that the user visited.Regardless of the page, the browser will display Hello World. Obviously, this is a commonuse case, but Ring is very focused and allows other libraries to solve the problem in variousways. There are several possible libraries that can be used; we'll use bidi (
https://github.com/juxt/bidi
).
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In routes, we define a pure Clojure data structure. This is just vectors and maps organizedin a way that bidi expects. Then, we can use this map to match a given URL to a value using
bidi/match-route
:



user>   (bidi/match-route   om-tut.server/routes   "/todos"   :request-method   :get){:handler   #object[om_tut.server$list_todos   0x77ca6601"om_tut.server$list_todos@77ca6601"],:request-method   :get}



We passed our routes data to bidi along with a
/todos
string, our request-method is
:get
,and bidi returned a map with a
:handler
key, mapping to our
list-todos
function. Notethat bidi just concerns itself with the mapping; it's not particularly concerned about whatvalues it maps to. In routes, we put the
list-todos
function in the value position, but wecould have put anything else there, like a keyword such as
:todos-list
.



If we pass in a route that bidi doesn't recognize, it will return
nil
:



user>   (bidi/match-route   om-tut.server/routes   "/bogus"   :request-method   :get)nil
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bidi can also handle route parameters. We want to define the route
/todos/<id>
, where IDis a number. Note the [
/:id
] section of the route table. This defines id as a route parameter.We can test it at the REPL:



user>   (bidi/match-route   om-tut.server/routes   "/todos/42"   :request-method:get){:route-params   {:id   "42"},:handler   #object[om_tut.server$get_todo   0x4ec64b04"om_tut.server$get_todo@4ec64b04"],:request-method   :get}



bidi matched the route and specifies that
:id
is
42
in the
:route-params
map. Note thatthe response now contains a
:route-params
map in addition to
:handler
and the mapcontains
{:id   42}
.



By default, the valid identifier for a parameter is fairly liberal. We can be more precise witha regex:



(def   routes   ["/"   {"todos"   {:get   list-todos:post   create-todo:options   options["/"   [#"\d+"   :id]]   {:get   get-todo}}""   {:options   options}}])



Finally, we can define our ring handler, as follows:



(defn   handler   [req](let   [resp   ((bidi.ring/make-handler   routes)   req)](println   (:request-method   req)   (:uri   req)   "->"   (:status   resp))   resp))



bidi.ring/make-handler
is a simple utility function that takes a ring request andcalls
bidi/match-route
on the
:uri
in the request map. It also updates the request mapto contain
:route-params
if appropriate. When there's a matching handler, and it's a



function, bidi assumes that the handler is a valid ring handler function and calls it:



(defn   start-server   [](jetty/run-jetty   #'handler   {:port   8080:host   "0.0.0.0":join?   false}))
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Finally, we can start our server. The
ring.adapter.jetty/run-jetty
function takes aring handler function and some options, starts the server, and uses the handler to respondto all requests.



Okay, we finally have our working server. To start it, you should be able to do thefollowing:



$   lein   repluser>   (require   'om-tut.server   :as   server)user>   (def   jetty   (om-tut.server/start-server))#'user/jetty```



You should get no errors.



Now, let's move on to the client. Back in
core.cljs
:



(ns   om-tut.core(:require   [ajax.core   :as   ajax][om.core   :as   om   :include-macros   true][om.dom   :as   dom   :include-macros   true]))
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We'll modify the
require
statement to include
ajax
:



(def   api-server   "http://localhost:8080")



We'll define the location of our REST API host:



(defonce   app-state   (atom   {:text   "Hello   world!"   :todos   []}))
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Now, we'll modify
app-state
to not include any
todos
when loading:



(defn   load-todos   [todos](ajax/GET   (str   api-server   "/todos"){:handler   (fn   [response](om/update!   todos   response))}))



load-todos
is our first AJAX call. It takes a URI and a map. The most important item inthe map,
:handler
, is a function that will be called if the
ajax
call is successful (2xx statuscode). There are several other options, including
:error-handler
, a function that will be



called when the HTTP response is not successful (4xx or 5xx).



AJAX stands for Asynchronous JavaScript And XML. JavaScript is single threaded, whichmeans that only one function can run at a time. There are no threads or futures or agents. Ofcourse, sending an HTTP request from our browser to a server takes real time. Having ourfunction block all JavaScript from executing while waiting for a response would beunreasonable, so all AJAX operates with callbacks. Your AJAX request happens in thebackground, allowing other JavaScript to run, and then either
:handler
or
:error-handler
will be run once a response comes back.



The
response
argument to the
:handler
function is the body of the response. At thelowest level, an HTTP body is a string. Our
cljs-ajax
library automatically parses Transitdata from the body if the
Content-Type
header from the server response is setappropriately (it will also parse a few other content types, including JSON and EDN). We'vealready set
Content-Type
on the server in the
transit-response
function, so at thispoint, our data is ready to use.



Our
load-todos
then is pretty simple. It makes an
HTTP   GET
request to our API server.We know the server will respond with a list of todos, so we simply take the list of todos and
om/update!
them into the list of todos on the browser side. Note that
load-todos
expectsto be passed a cursor and sets the entire content of the cursor, so
load-todos
should becalled like
(load-todos   (:todos   cursor))
, where the cursor is our root cursor.



The
new-todo
function is pretty straightforward:



(defn   new-todo   [todos](let   [todo   {:text   "New   Todo"   :done?   false}](ajax/POST   (str   api-server   "/todos"){:params   todo:handler   (fn   [resp](let   [todo   (assoc   todo   :id   resp)](om/transact!   todos   []   (fn   [todos](conj   todostodo)))))})))
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This is mostly similar to
load-todos
with a few tweaks. We're posting now, so we'veadded a
:params
key to the map.
:params
is extra data that goes with the request. On a
GET,
params are included as query params in the request; when posting, the data is sent aspart of the body (as Transit, by default).



The server response from
/todos
is just a single int, the new ID of the todo, so we add thatto our in-memory item and then
conj
it onto our todos list. Depending on your API design,it will make sense for the server to respond with an entire newly created todo and just
conj
that on.



Finally, we'll modify the
todo-list
to call
load-todos
when the component is created:



(defn   todo-list   [data   owner](reify   om/IRender(render   [_](dom/div   nil(dom/h1   nil   (:text   data))(om/build-all   todo-item   (:todos   data)   {:key   :id})(dom/button   #js   {:onClick   (fn   [e](new-todo   (:todos   data)))}"New")))om/IWillMount(will-mount   [this](load-todos   (:todos   data)))))



In general, we want to begin long operations (such as AJAX calls) as early in the componentconstruction as possible. The will-mount method is the best place for this because it's theearliest protocol method that gets called after React has decided the component will bemounted. Our AJAX calls don't require the actual DOM nodes, so we can use
will-mount
rather than
did-mount
.



Our current example lets the user create new todos and mark them as completed, but thereare a few features we haven't yet implemented, such as the following:



Persisting done-ness to the serverChanging the name of a todo



We're running out of space in this chapter, but both of those can be completed using thetools we've already demonstrated. A fancy way of changing the todo title might involve thefollowing:



If the user clicks on the todo text, update its state to
:editing   true
When rendering a todo, if it is
:editing   true
, render a form input box ratherthan
dom/span
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When the form input box is inserted into the page, set up a click handler thatdetects whether the user clicks anywhere outside the input box. If the user does,update the todo state to
:editing   false
and send the updated todo text to theserver using an
HTTP   PUT
.



Routing  and  HTML5  history



So, at this point, our todo application has some interesting features, but it's very bare bones.It's also literally a single page application, but, of course, real applications typically involvemultiple pages. Let's extend ours to have multiple pages.



We've already included
bidi
as a dependency of the application, and we've already used iton the server side. Now, we will use it to do client-side routing. Here, routing refers to theprocess of determining which page to display, based on the contents of the URL. Let's getstarted.



First, we'll modify
project.clj
and add
[venantius/accountant   "0.1.7"]
to the
:dependencies
vector. Then, let's add
[accountant.core   :as   accountant]
to the
om-tut.core   ns
declaration:



(ns   om-tut.core(:require   [accountant.core   :as   accountant][ajax.core   :as   ajax][bidi.bidi   :as   bidi][om.core   :as   om   :include-macros   true][om.dom   :as   dom   :include-macros   true]))



Let's create a simple
settings
page. For now, it won't do anything useful:



(defn   settings   [app   owner   opts](reifyom/IRender(render   [_](dom/divnil(dom/a   #js   {:href   "/"}   "Back")(dom/h1   nil   "Settings")))))



And let's add a link to the
settings
page from our
todo-list
component:



(defn   todo-list   [cursor   owner](reify   om/IRender(render   [_](dom/div   nil
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(dom/a   #js   {:href   "/settings"}   "Settings")(dom/h1   nil   (:text   cursor))(om/build-all   todo-item   (:todos   cursor)   {:key   :id})(dom/button   #js   {:onClick   (fn   [e](new-todo   (:todos   cursor)))}"New")))om/IWillMount(will-mount   [this](load-todos   (:todos   cursor)))))



(def   routes   ["/"   {""   todo-list"settings"   settings}])



We'll also create our routing table. If this looks familiar, it should. This is another bidi table,but remember how we mentioned earlier that a bidi routing table can match anything? Onthe server side, our table mapped paths to ring handler functions; on the client side, we'remapping paths to Om component constructor functions. Functions in ClojureScript are firstclass values, and we're taking advantage of that here:



(defn   nav-handler   [cursor   path](om/update!   cursor   [:active-component]   (:handler   (bidi/match-route   routespath))))



(defn   render-component   [app   owner](reifyom/IRender(render   [_](dom/divnil(if-let   [c   (:active-component   app)](om/build   c   app   {})(dom/p   nil   "no   active   component"))))))



(defn   main   [](om/rootrender-componentapp-state{:target   (.   js/document   (getElementById   "app"))})



(let   [cursor   (om/root-cursor   app-state)](accountant/configure-navigation!{:nav-handler   (fn   [path](nav-handler   cursor   path)):path-exists?   (fn   [path](boolean   (bidi/match-route   routes   path)))})(accountant/dispatch-current!)))
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(main)



Phew! This is a decent chunk of code. We've refactored our
(om/root...)
into a mainfunction because the setup is slightly more complex than it used to be. We will use a librarycalled Accountant to abstract some of the HTML5
pushState
API away; we'll describethat in more detail soon. Accountant's configuration takes two settings: a
nav-handler
,which is a function of one argument when navigation occurs (when the user clicks on a linkor when JS code triggers a link click), and
path-handler
, which is a function of oneargument that should return true if the user navigates to a URL that the SPA will handle.We'll describe these in more detail, too. The important part for now is
nav-handler
. Whenthe user clicks on a link, we receive the new path as an argument. We match the route withbidi and then store that route in app-state under
:active-component
. Our rootcomponent (passed into
om/root
) is no longer a
todos-list
but a
container
componentthat is simply an
om/build
the
:active-component
.



Try adding a few todos, marking some of them complete, and then visiting
Settings
andclicking back. Note that the number of todos is preserved, but their
:done
-ness is notpreserved. This is because the
todos-list
reloads the list of todos from the server during
will-mount
, but we're not persisting
:done
to the server yet.



Okay, now let's dig into what's going on here.



pushState



Modern browsers (those that support HTML5) have an API called
pushState
. The
pushState
API tells the browser to do two things:



Set the current URL in the navigation bar
without actually making a request for thatURL
Update the back button history, so the back button still works as expected



The
pushState
is key to single page applications because it allows us to decouple the pagethat is displayed from the URL the user perceives. In our previous example, the user canmove from
/
to
/settings
and back with no visible page load.



[ 194 ]




Building Single Page Applications



The
pushState
has some quirks though. Let's say you visit
/settings
and then close thebrowser and reopen it. Actually, you should try it now and see what happens. You'll get a
404
from Figwheel. Why? The reason is that Figwheel serves static files (it serves
index.html
when visiting
/
), and it doesn't have a
settings.html
file on the disk. Thismeans that, in general, your server implementation should be prepared to handle requestsfrom the fake URLs used on the client side. A reasonable implementation might recognizeall client-side URLs and serve the SPA HTML. We'll cover more on that topic in the nextchapter.



Navigation



Why does Accountant need the
:path-exists?
handler? Let's review the flow of events toanswer that. Let's say the user clicks on the settings link. This triggers the
onClick
eventfor the link. The default click handler for an
<a   href>
element is to trigger a
navigate
browser event to send the browser to the new URL. The
accountant
configuration wrapsGoogle Closure's
html5   History
library, which abstracts low-level differences acrossbrowsers and generates a synthetic
navigate
event when the user causes the page URL tochange (or clicks the back button).



The
accountant
configuration sets up an event listener for the closure's
navigate
.Because we have an SPA, we don't want the browser to send a real HTTP request for
/settings
. The
accountant
configuration uses the
:path-exists?
handler to decidewhich URLs are handled by the SPA and calls
.preventDefault()
on the navigate event,which causes the browser to cancel the request. Then, during our
:nav-handler
, we matchthe route using bidi and
update
the active component. Om triggers a re-render as usualand renders the new page.



Why not .
preventDefault()
all navigate events? It's not uncommon to mix URLs handledby the client and server. For example,
http://yourcompany.com/foo
might be handledby the server, but
http://yourcompany.com/bar
might be handled by the client. If thebrowser is already on the SPA, visiting
/foo
would trigger the .
preventDefault
, and theSPA would attempt to serve the page rather than the server.



[ 195 ]




Building Single Page Applications



Summary



So, that was a whirlwind tour of an SPA in ClojureScript using Om. In this chapter, wecovered the tradeoffs of Single Page Applications, what Om and React are, and how theywork. We created a simple todo list example to demonstrate the Om API. Finally, wecovered client-side routing and HTML5 history.



In the next chapter, we'll cover some more advanced topics around single pageapplications, including DataScript, ClojureScript modules, and server-side rendering.



[ 196 ]




Building  Richer  WebApplications



In the last chapter, we saw what
Single Page Applications
(
SPAs
) are and took a deep diveinto learning little details about them. SPAs are, as the name suggests, developed to containa single page. This page is then refreshed and new content is loaded dynamically, based onthe users clicks, using AJAX and HTML5.



In this chapter, we'll cover a few advanced techniques for SPAs. We'll cover the following:



Real-time communication with websocketsImproving load times with CLJS modulesServer-side rendering



6



Real-time  communication  with  websockets



WebSockets are a modern browser feature that make it easier and more efficient to workwith real-time streaming data, without the hackiness of long-polling HTTP connections.



For this project, we'll use WebSockets to run a bot from Slack. Who doesn't love chatbots?This example might seem slightly contrived, in that a Clojure bot might be easier to deployand run, but there are a few legitimate uses for this such as, creating a specialized Slack UIor piping user communication from your website into Slack. Another advantage of usingSlack here means we won't have to set up the server side of this real-time chat client.



You'll need to set up a Slack (slack.com) account if you don't have one already, but it's free.
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Understanding  the  websocket  protocol



WebSockets are a separate protocol from HTTP; they too happen to run on TCP port
80
.WebSockets provide bidirectional messages with lower overhead than HTTP-based hacks,such as long polling or
Bidirectional-streams Over Synchronous HTTP
(
BOSH
). BOSH isbasically long polling, standardized to use XMPP (the protocol used by Jabber and Googlechat).



WebSockets have lower overhead because they utilize binary streams rather than base64encoded XML. WebSockets have their own URL schema starting with
ws://
or
wss://
(thesecond s stands for secure, similar to
http
and
https
). The initial request happens overHTTP; if the server accepts, the TCP socket “converts” to sending WebSocket messages.Messages consist of a small binary header and then binary data.



Let's create a new CLJS project using the now standard:



in   new   figwheel   cljsbot



In your
project.clj
, let's add the following to our
:dependencies
:



[cljs-ajax   "0.5.3"][jarohen/chord   "0.7.0"]



We saw the
cljs-ajax
script earlier. Chord is a ClojureScript library for working withWebSockets. We'll walk through how it works later. For now, let's add it as follows:



(ns   cljsbot.core(:require   [ajax.core   :as   ajax][cljs.core.async   :as   a][chord.client   :as   chord])(:require-macros   [cljs.core.async.macros   :refer   (go)]))(enable-console-print!)



Next, we'll write a Slack API helper function:



(def   slack-endpoint   "https://slack.com/api")(defn   slack-api   [{:keys   [path   request-method   token]:or   {request-method   :get}:as   args}](let   [method   (condp   =   request-method:get   ajax/GET:post   ajax/POST(throw   (js/Error.   "unrecognized   :request-method"   (get   args   :request-method))))](method   (str   slack-endpoint   path)   (->   args(merge   {:format   :json



[ 198 ]




Building Richer Web Applications



:response-format   :json:keywordize?   true})(assoc-in   [:params   :token]   token)):params   {:token   token})))



This is just standard factoring. Every Slack API request requires an API token andsend/receive JSON, so we'll just default it:



(defn   rtm-start"Connect   to   slack.   Returns   a   channel   containing   the   websocketchannel"[{:keys   [token]   :as   args}](let   [ret-chan   (a/chan)](slack-api   {:path   "/rtm.start":token   token:handler   (fn   [resp](go(let   [url   (get   resp   "url"){:keys   [ws-channel   error]}(a/<!   (chord/ws-ch   url{:format   :json-kw}))](if-not   error(do(a/put!   ret-chan   ws-channel)(a/close!   ret-chan))(println   "Error:"   (pr-str   error))))))})ret-chan))



Connecting to Slack's
Real Time Messaging
(
RTM
) API returns a JSON map with a keyURL. This is a WebSocket URL. We use
chord/ws-ch
to connect to the websocket URL.
ws-ch
returns a channel that will have one value, a map containing either
:ws-channel
(on success) or
:error
(on failure).
ws-ch
is a wrapper around raw WebSockets, we'lldescribe how it works later in the chapter.



If we get a
ws-channel
, we put it in
ret-chan
to return to the caller of
rtm-start
.



Slack's RTM API states that it will send events down the channel when events happen.These events will be notifications such as
add new message in the chat room
,
user joinedthe room
,
new room created
, and so on. Naturally, we'll need something to handle theseevents:



(defn   print-all-handler   [ws-chan]{:pre   [ws-chan]}(go(loop   [](when-let   [e   (a/<!   ws-chan)](js/console.log   "event:"   e)
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(recur)))))



Here, we create a simple
go
loop and log every message to the console. In a full-chat clientimplementation, we'd probably create a multimethod to handle each type of event andupdate your application state as, for example, a new chat messages arrive.



To send a message to a chat room, Slack requires us to send the channel ID in the message.So we'll need to list the channels:



(defn   list-channels   [token](slack-api   {:path   "/channels.list":token   token:handler   (fn   [resp](println   "channels"   resp))}))



So, now you can run this, look in the console for the list of channels, identify the channelyou'd like to use, and note the ID—we'll be using it later.



Initialization



Now let's cover initializing the WebSocket and sending a message. Let's take a look at thefollowing commands:



(defn   init-websocket   [appstate](go(let   [ws-chan   (a/<!   (rtm-start   {:token   "YOUR-SLACK-API-KEY"}))](print-all-handler   ws-chan)(send-message   ws-chan   {:channel   "YOUR-CHAN-ID"   :text"hello   world"}))))



Replace
:token
with your Slack API key from the Slack website. To create a personaltesting token, visit
https://api.slack.com/tokens
. Using this token will allow the botto log into the chat room as you. For more serious applications we would create a separatebot user, but for now, this is fine.



Since connecting with the websocket is asynchronous, our
rtm-start
returnsa
core.async
channel that will contain one value, the WebSocket, when the connection iscomplete.
Channels containing channels
is indeed somewhat awkward, but there's not muchwe can do about it. Be clear in your variable naming, and it will make everything easier.



After connecting, we set up the print-all-handler and call
send-message
. In a fullapplication, this would also be a good place to store the
ws-chan
in, for example, our Omapplication state.
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Sending  messages



Now, let's cover sending a message to Slack. Let's take a look at the following commands:



(defonce   next-message-id   (atom   0))(defn   get-next-message-id   [](swap!   next-message-id   inc))(defn   send-message[ws-chan   {:keys   [channel   text]   :as   msg}]{:pre   [channel   text]}(go(a/>!   ws-chan   (merge   msg   {:id   (get-next-message-id):type   "message"}))))



Slack requires our client to send a unique ID for each message. Simple enough; we'll justincrement a counter. Sending a message is as simple as putting a message on the
ws-chan
.In the Slack API, a chat message is a JSON map containing the keys
:id
,
:type
, and
:text
.The
chord
parameter converts ClojureScript maps to JSON for us, so we can just put a mapin the channel.



And we're done! Loading the page, you should see no errors, and our application shouldconnect to Slack and display the message Hello World. Check your Slack client and youshould see a message from yourself.



Now, let's dig into how Chord works to help understand what WebSockets do.



Understanding  Chord



The DOM API for WebSockets is callback based. Chord's main job is converting callbacks to
core.async
channels. This doesn't take too much code because one of
core.async
project's design goals was to eliminate c
allback hell
.



Let's take a look at the following commands:



(defn   write-to-ws!   [ws   ch](go-loop   [](let   [msg   (<!   ch)](when   msg(.send   ws   msg)(recur)))))(defn   read-from-ws!   [ws   ch](set!   (.-onmessage   ws)(fn   [ev](let   [message   (.-data   ev)](put!   ch   {:message   message})))))
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Most of the action happens in these two functions in
chord
/
channels.cljc
. We elidedthe
:clj
conditional code to make this easier to see.



Sending is simply a
go-loop
, waiting for messages to arrive in the
core.async
channel.Messages are taken out of the channel, and we call
.send
on the WebSocket.



Reading is slightly more involved. The websocket object has an
.onmessage
property,which we can assign to a function. This function gets called any time a new message arriveson the websocket. Chord takes the message and puts it in the
core.async
channel.



What we see in Chord is a pretty common use of
core.async
channels: turning callbacks(such as
.onmessage
) into channels. This eliminates callback hell, and makes it easier tofollow data flow through your program.



Using  Datascript



Datascript is an in-memory database for ClojureScript, modeled after Datomic, thecommercial Clojure database produced by Cognitect. Why do we need an in-memorydatabase in the browser? We've spent most of the book learning how to create morepowerful applications. The
core.async
channels, WebSockets and Om have given us thetools to collect and render large amounts of data. Adding a database to our large, complexSPA provides a useful tool for conveniently organizing and locating our data.



Understanding  the  Datascript/Datomic  datamodel



Datascript is closely modeled after Datomic due to Datomic's powerful API, and using thesame API on client and server eliminates the need for a translation layer. We'll coverDatomic's data model and point out differences between the two.



Datomic is a consistent (CP, in CAP terms), ACID, non-SQL database built around theconcept of a datom.


[image: Wondershare]
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Let's look at a simple example. Say we want to model movies similar to IMDB—it mightlook like this:



{:movie/title   "Top   Gun":movie/year   1986}



In Datomic, this map would be broken into a series of datoms, with each datomrepresentinga single key-value pair, such as
[1   :movie/title   "Top   Gun"   1234]
and
[1:movie/year   1986   1234]
.



Remember EAVT? Here, 1 is the entity ID ,
:user
/
name
is the attribute,
Top   Gun
is thevalue, and
1234
is the time or transaction ID that introduced the datom. The database'sprimary storage is just an ordered sequence of EAVT tuples. An example from thedatascript documentation is as follows:



[<e-id>...[   167[   234[   234[   235[   235



<attribute>



:person/name:movie/title:movie/year:movie/title:movie/director



<value>



"James   Cameron""Die   Hard"1987"Terminator"167



<tx-id>]



102102102102102



]]]]]



Tuples with the same
e-id
are facts about the same entity, while tuples with the sametransaction ID were introduced in the same transaction. A transaction is just a sequence ofdatoms to add and/or retract at once, and may contain any number of datoms about one ormore entities.



Since all entities are tracked at the key-value level and every datom includes the transactionID that introduced it, fine-grained tracking of history is possible and easy.



Let's walk through an example. Launch Figwheel:



$   lein   new   figwheel   ds



Now, we'll add
[datascript   "0.15.0"]
to our
:dependencies
:



(ns   ds.core(:require   [datascript.core   :as   d]))



(enable-console-print!)



(defn   datascript-test   [](let   [schema   {:movie/actors   {:db/cardinality   :db.cardinality/many:db/valueType   :db.type/ref}:movie/director   {:db/valueType   :db.type/ref}}conn   (d/create-conn   schema)]
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(d/transact!   conn   [{:db/id   -1:movie/title   "Top   Gun":movie/year   1986}])(->   (d/datoms   @conn   :eavt)(seq)(first)(println))))(datascript-test)



This should print the following:



#datascript/Datom   [1   :movie/title   Top   Gun   536870913   true]



Transact takes a sequence of maps or datoms. A map in a transaction is syntactic sugar for asequence of datoms:



(d/transact   conn   [[:db/add   -1   :movie/title   "Top   Gun"]   [:db/add-1   :movie/year   1986]])



A map must have a key
:db
/
id
for the
e-id
, with the rest of the key-value pairs in the mapbeing converted to datoms. In the transaction, we provide the EAV for a sequence ofdatoms, and the database will assign the same transaction ID to all of the datoms in thetransaction when it is committed. We use negative numbers in the
e-id
position, suchas
:db
/
id   -1
, to ask the database to assign a new temporary ID. When the transaction iscommitted, the database will assign a new, permanent, positive ID for our user. If wewanted to introduce two new entities in the same commit, we'd use two distinct negativenumbers:



(d/transact   conn   [[:db/add   -1   :person/name   "Tom   Cruise"]   [:db/add   -2:person/name   "Anthony   Edwards"]])



Say we wanted to update an existing entity rather than create a new one. Then, we'd use thepermanent
e-id
:



(d/transact   conn   [[:db/add   1   :movie/director   2]])



Here, we're setting the movie's director to the person with
e-id   2
.



The permanent ID can be retrieved from the return value of
d/transact
or by querying forit.
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A  basic  query



Datomic and Datascript have an enormously powerful query engine that's based onDatalog. Datalog is similar in concept to Prolog (if you're familiar with that). Datalog is apowerful, composable way to write queries using data rather than strings such as SQL. Inthis section, we'll review some basic concepts just so we can use it to describe the rest of thesystem. We'll cover more advanced queries later. Reading the Datomic and Datascript docsmay also be informative. They can be found at
http://docs.datomic.com/
and
https://github.com/tonsky/datascript
.



A basic query looks like this:



(d/q   '[:find   ?e   :in   $   ?name   :where   [?e   :movie/title   ?name]]@conn   "Top   Gun")



=>   #{[1]}



Semantically, this looks sort of like a select query from SQL, but the entire expression isClojureScript literals. Datascript has more powerful queries, as we'll see shortly. We'reasking the system to find an entity,
?e
in the database
$
and using a variable
?name
, wherethe entity has an attribute
:movie/title
whose value is equal to
?name
. We're passing ourdatabase and the value
Top   Gun
as arguments into the query. This returns
#{[1]}
. Theresult of a query is a set of vectors. In this example, the vector has one item because weasked for one value in
:find   ?e
. If our query asked for multiple values, forexample,
:find   ?movie   ?actor
, the result would be a set of vectors where each vectorhas two elements.



Query  arguments



Note that the preceding query is passed as two arguments, the database (
@conn
) and thestring
Top   Gun
. These are bound in the query in the
:in
clause in positional order, so thedatabase takes the special value
$
, and
?name
is bound to the value passed in to thefunction. The database name of
$
is special. Queries can also operate across multipledatabases, in which case the databases would use the names
$1
,
$2
, and so on, with namesbased on the order they're passed into the function. The rest of the arguments to query arepositional arguments, similar to function arguments. The
:in
parameter creates newvariables and binds them to the values passed in as extra arguments to
d/q
. While it'spossible to use literal values in queries, this makes the query less reusable. For example,contrast this:



(d/q   '[:find   ?e   :in   $   ?name   :where   [?e   :movie/title   "Top   Gun"]]@conn)
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With   this:



(d/q   '[:find   ?e   :in   $   ?name   :where   [?e   :movie/title   ?name]]@conn   "Top   Gun")



The first is legal, but the second is preferred because it's more reusable. In Datomic, there'salso a slight performance improvement because it can cache the parsed query.



Schema



Datascript uses a schema to alter the type of attributes. Unlike Datomic, Datascript does notrequire specifying the type of every attribute. Datascript attributes can store any value,though we want to explicitly specify two types of attributes, refs and cardinality, whichwe'll explain in the following sections. Let's take a look at the following commands:



(let   [schema   {:movie/actors   {:db/cardinality:db.cardinality/many:db/valueType   :db.type/ref}:movie/director   {:db/valueType   :db.type/ref}conn   (d/create-conn   schema)]



Understanding  db.type/ref



Refs are a datatype used for storing references to other entity IDs. Think of them as beingsimilar to foreign keys in SQL, though they're a special datatype rather than just ints. Underthe covers, refs are ints as well, but because the foreign key relationship is specifiedexplicitly, they have a few extra features missing from SQL, which we'll see later.


[image: Wondershare]


Cardinality



SQL databases are row oriented and typically can't represent a one-to-many relationshipwithout resorting to join tables. Datomic and Datascript natively support these types ofrelationships in the database schema. If an attribute is declared with
:db/cardinality:db.cardinality/many
, the attribute will store a set of values rather than a single value.Consider the following example:
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@(d/transact   conn   [[:db/add   1   :movie/actors   2][:db/add   1   :movie/actors   3]])



Because
:movie/actors
is declared as
:db.cardinality/many
, this adds actors 2 and 3to the
set
of
:movie/actors
. Also, as
:movie/director
is not declaredas
:db.cardinality/many
, it defaults to
:db.cardinality/one
. Therefore,calling
:db/add
on
:movie/director
updates the value by replacing any previousdirector.



Let's insert some data so we can play with some more interesting queries. Remove theprevious
d/transact
parameter, so we only have one source of data now:



@(d/transact   conn   [{:db/id   -1:person/name   "Tom   Cruise"}{:db/id   -2:person/name   "Anthony   Edwards"}{:db/id   -3:person/name   "Tony   Scott"}{:db/id   (d/tempid   :user):movie/title   "Top   Gun":movie/year   1986:movie/actors   [-1   -2]:movie/director   -3}{:db/id   -4:person/name   "Arnold   Schwarzenegger"}{:db/id   (d/tempid   :user):movie/title   "Terminator":movie/actors   -4}{:db/id   -5:person/name   "Mel   Brooks"}{:db/id   (d/tempid   :user):movie/title   "Spaceballs":movie/actors   -5:movie/director   -5}{:db/id   -6:person/name   "Clint   Eastwood":person/birth-year   1930}{:db/id   -7:person/name   "Morgan   Freeman"}{:db/id   -8:person/name   "Gene   Hackman"}{:db/id   -9:person/name   "Eli   Wallach"}{:db/id   (d/tempid   :user):movie/title   "The   Good,   The   Bad   and   TheUgly":movie/actors   [-6   -9]}
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{:db/id   (d/tempid   :user):movie/title   "Unforgiven":movie/actors   [-6   -7   -8]:movie/director   -6}])



Here, we use literal negative numbers in some cases, so we can reuse the same ID to refer tothe same entity later in the transaction. We use
d/tempid
in others to idiomatically, “Justgenerate a new unique ID, I won't be referring to it in this transaction”. You can also use(
d/tempid
) in a
let
block and refer to that
tempid
when building the transaction.Consider the following example:



(let   [ahnold   (d/tempid)]@(d/transact   conn   [{:db/id   ahnold:person/name   "Arnold   Schwarzenegger"}]))



Pull



We've been emphasizing tuples so far because they're core to understanding how Datomicand Datascript represent things. But of course, most of the time, we don't care abouttuples—we care about compound things such a
person
and
movie
. Datomic andDatascript have a feature called
pull
, which is used to retrieve some or all of an entity. It'ssomewhat analogous to the
select*
from a SQL query, where we specify which part of therow to return. Pull can also be used to load data from related refs, similar to
.includes
and
.preload
from Rails'
ActiveRecord
, if you're familiar with that. Let's take a look atthe following commands:



(let   [clint   (d/q   '[:find   ?e   :in   $   ?name   :where   [?e   :person/name?name]]   @conn   "Clint   Eastwood")](d/pull   @conn   '[*]   clint))=>   {:db/id   7,   :person/birth-year   1930,   :person/name   ClintEastwood}



If we have an
e-id
, we can pull the current value of one or more attributes. Here,
[*]
isa
pull-expression
. We can use
*
to ask for all attributes of the entity or a list of keywordssuch as
[:person/name]
. When using
d/pull
directly,
*
is a symbol, so we can writeeither
[*]
or
'[*]
; but, quoting the vector is idiomatic. More important, pull expressionscan be used in queries:



(println   "all   movies:")(d/q   '[:find   (pull   ?movie   [:movie/title])   :in   $   :where[?movie   :movie/title]]   @conn)
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Without the pull expression, writing
:find   ?movie
would return entity IDs. We canwrap
?movie
with (
pull   ?movie   [:movie/title]
), and instead return attributes fromthe matching entity. Inside a query, we don't need to quote
*
because the vector passedto
d/q
is already quoted.



Let's say we want to pull the list of actors in
Top Gun
. Typically, you'd use
d/q
for this, butyou can also use pull:



(let   [top-gun   (d/q   '[:find   ?mov   .   :in   $   ?title   :where   [?mov:movie/title   ?title]]   @conn   "Top   Gun")](d/pull   @conn   '[*   {:movie/actors   [:person/name]}]   top-gun))=>   {:db/id   4,   :movie/actors   [{:person/name   Tom   Cruise}   {:person/nameAnthony   Edwards}],   :movie/director   {:db/id   3},   :movie/title   Top   Gun,:movie/year   1986}



This tells Datascript to pull all attributes on the entity, then also look up the
:movie/actors
references, and pull their names. Pulls can be nested recursively.



Interestingly, we can also use pull to look things up in reverse:



(let   [clint   (d/q   '[:find   ?e   .   :in   $   ?name   :where   [?e   :person/name?name]]   @conn   "Clint   Eastwood")](d/pull   @conn   '[*   {:movie/_actors   [:movie/title]}]   clint))



Note the
:movie/_actors
value. Using
_
as the leading character in a pull instructsDatascript to look that value up in reverse, that is, every place
clint
appears in the valueof
:movie/actors
. This says, “Pull all attributes of Clint Eastwood and then also pull thetitle of every movie he acted in”.



Finding  results



Currently, all queries return a set of vectors, which is sometimes awkward when we knowthat, for example, a query can only have one result. As we've alluded to, but haven'tformalized yet, a query returns one or more variables:



(d/q   '[:find   ?person   ?movie   :in   ...]



After
:find
, one or more variables (starting with
?
) are listed. The query returns a set ofvectors, where each vector's length matches the number of variables to return.



There are a few ways to customize the results:



(d/q   '[:find   ?p   .   :in   $   ?name   :where   [?e   :person/name   ?name]]@conn   "Arnold   Schwarzenegger")
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We use a
.
after
?p
to specify that we only want the first result:



(d/q   '[:find   [?p   ...]   :in   $   ?title   :where   [?mov   :movie/actors   ?p]   [?mov   :movie/name   ?title]]   @conn   "Top   Gun")



We wrap
?p
in a vector ending with
...
to specify that we want the collection of values
?p
can take on. This is nicer than having to write, for example, (
map   first   results
).



We can also compose a pull by returning a collection:



(d/q   '[:find   [(pull   ?p   [:person/name])...]   :in   $   ?name   :where[?mov   :movie/actors   ?p]   [?mov   :movie/title   "Top   Gun"]]   @conn)



Unification



The
:where
clause of a query takes one or more EAVT, and the query returns all values inthe database that satisfy the constraints. In Datalog, variables can take on any value unlessconstrained. Constraints are added to a variable by including it in a
:where
clause. We'llsee more of that in a moment.



Let's say we want to find all movies:



(d/q   '[:find   (pull   ?movie   [:movie/title])   :in   $   :where   [?movie:movie/title]]   @conn)



Note here that our
:where
clause tuple is short; it only includes two values correspondingto E and A. This means that the value is unconstrained and can take any value, therefore itreturns all
:movie/title
values in the database. A full
:where
tuple can optionallyinclude all three items (or fewer) in EAV. For example, if we want to see all attributes thattake on a specific value, we can use the following:



(d/q   '[:find   ?a   :in   $   ?tx   :where   [_   ?a   "Top   Gun"]]   @conn)



This finds all attributes that take the value
"Top   Gun"
, and it predictablyreturns
:movie/title
. Note that we used a variable to refer to an attribute, which wouldbe very unusual in SQL. Datalog has no problems with this.



As another example, to find all actors in the database, we would use the followingcommand:



(d/q   '[:find   ?act   :in   $   :where   [_   :movie/actors   ?act]]   @conn)
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Here, we use “
_
” to idiomatically mean that the value can be anything, and we don't careabout the result. The
?act
parameter binds to all tuples where
[eid   :movie/actor?act]
, and then our
:find
returns
?act
, so it returns the list of all actors.



Let's use the following to find all movies where the director acts in the movie:



(d/q   '[:find   (pull   ?p   [:person/name])   :in   $   :where   [?mov:movie/actors   ?p][?mov   :movie/director   ?p]]   @conn)



Okay, you might have noticed that we've introduced a few tricks here. First, our
:where
clause can have any number of vectors. Second, we can introduce new variables in a queryjust by referring to them. Since both vectors refer to
?mov
, both vectors must agree to find aresult. We've already discussed how
?mov   :movie/actors   ?p
works, so we can finallyget to the heart of unification. With just one clause,
[?mov   :movie/actors   ?p]
, wecan return the set of all acting credits in all movies, that is,
[1   :movie/actor   2]   [1:movie/actor   3]
. But with the second clause, we're imposing a second constraint that thesame person appears as actor and director in the same film.


[image: Wondershare]


For example, if we wanted to find all people who have ever acted and directed, we canwrite the following:



(d/q   '[:find   ?p   :in   $   :where   [?mov1   :movie/actors   ?p][?mov2   :movie/director   ?p]]   @conn)



Predicate  expressions



In the previous query about finding directors who act in their own films, since we use twovariables,
?mov1
and
?mov2
are now free to take on separate values. However, it's stillpossible for them to return the same value because there's not yet a constraint that
?mov1!=   ?mov2
. If we want to find the set of people who have acted and directed, but in separatemovies, that looks like the following:



(d/q   '[:find   (pull   ?p   [:person/name])(pull   ?mov1   [:movie/title])(pull   ?mov2   [:movie/title]):in   $:where
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[?mov1   :movie/actors   ?p][?mov2   :movie/director   ?p][(!=   ?mov1   ?mov2)]]   @conn)=>([{:person/name   Clint   Eastwood}   {:movie/title   The   Good,The   Bad   and   The   Ugly}   {:movie/title   Unforgiven}])



Here,
[(!=   ?mov1   ?mov2)]
is an
predicate expression
. This is ClojureScript code thatreturns true or false if the clause does or does not match. The current list of supportedfunctions is undocumented in Datascript, but Datomic promises that it provides thefollowing:



-   Two   argument   comparison   predicates   !=,   <,   <=,   >,   and   >=.-   Two-argument   mathematical   operators   +,   -,   *,   and   /.-   All   of   the   functions   from   the   clojure.core   namespace   ofClojure,   except   eval.



Indexes



As we mentioned earlier, the database can be imagined as a sequence of datoms. To makequeries fast, Datascript maintains several indices, which the query planner uses to optimizequeries. These are named
eavt
,
aevt
, and
avet
. As you can imagine, each index is sortedin the order corresponding to
e
,
a
,
v
, and
t
. For example, when looking up an actor byname, you'd use a
:where
clause that looks like
[?p   :person/name   ?name]
. We knowthe attribute and the value (their name), but we need to know the entity ID. Therefore, wetraverse the
avet
index, jumping to
:person/name
, and then to the value of their name.



Most of the time, the query planner does a good job. On some occasions, it is necessary toget raw access to the datoms, for speed. You can access the indices directly using
d/datoms
:



(d/datoms   @conn   :eavt)



You can also provide a starting point to filter the results:



(->>   (d/datoms   @conn   :avet   :movie/actors)(map   identity))



This will return a sorted set of datoms that use
:movie/actors
. You can provide up to allthree of
e
,
a
, and
v
. The
d/datoms
parameter returns a custom iterator, so we use
(mapidentity)
to convert back to a sequence.
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Differences  between  Datomic  and  Datascript



While Datascript is powerful and full featured, it's not 100% compatible with Datomic. Theprimary difference between them is that Datomic is fully time travelling. It stores everydatom ever seen, so you can query for things such as, “Show me all values this attribute hasever taken on, and return the transaction IDs when changed”. Because Datascript isintended to be in-memory, and it primarily targets browsers, constant memory use is adesirable feature. Therefore, historical datoms are not preserved.



Why  Datascript?



We've now provided a glimpse of some of Datascript's power. It might seem counter-intuitive to put a database in the browser, but it can make managing a large amount of statemore tractable. For example, if we writing a game, and there are a large number of entitieson screen, Datascript can be used to locate and update entites in response to events such asuser input or the next frame of the simulation. It's not necessary in every SPA, but when it'snecessary, it's a lifesaver.



In the next few sections, we'll talk about optimizing our SPA for faster load times.



Improving  load  times



Production SPAs frequently contain upward of 1 MB of JavaScript, which takes time todownload and parse, especially for mobile browsers. For internal applications, this mightnot be a big deal, but for SPAs deployed to the public Internet, speed is important. Users areimpatient and will abandon a slow-loading page. Faster websites see increased repeattraffic, higher search engine rankings and higher conversion rates. In the next sections, we'llcover techniques that will reduce the download size of our SPA and improve its load time.



ClojureScript  modules



ClojureScript modules are a Google Closure Compiler option for breaking a ClojureScriptapplication into multiple
.js
files. The key insight to modules is that the entirety of yourClojureScript code is not typically required to render every page. For example, manyapplications have an “inner” and “outer” split, where “outer” consists of things such asmarketing and pricing pages, while “inner” consists of the actual application. Even in the“inner” application, there could be pages that use
leaflet.js
to display maps, pages thatuse a charting library to display charts and graphs, and settings UIs which use neither.
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Splitting the application into modules allows us to serve less of JavaScript to the userinitially and then lazily load other modules as needed, which results in smaller downloadsand faster page loads. In practice, it's not uncommon to see a 30% reduction in page loadtimes.



Preparing  for  modules



In order to take advantage of modules, we should consider our application and identify thelargest libraries that can be factored into a module. Typically, the biggest gains come fromsplitting third-party libraries into modules because they usually contain more code than ourOm components. We probably won't be able to get away with splitting ClojureScript,Om/React, and
core.async
into modules, but it is possible for many other large libraries.Mapping libraries such as Google Maps and Leaflet.js are good candidates, as are graphing,and charting libraries. We want to identify the typical use cases of your users and whichpages they visit. Are there a large number of settings for UI? Is the settingspage infrequently visited? That could be a potential place to refactor.



ClojureScript modules split at the namespace level, meaning that the contents of a singlenamespace are all in one module or another. Think about whether it makes sense tosplit your namespaces into smaller namespaces, if necessary.



We'll walk through an example based on a real-world experience of factoring an applicationto use modules. In this example, we'll split the application into two modules, “inner” and“outer”.



Most libraries are pulled in by Om components, so by splitting the Om components intotwo modules, we can also pull the dependent charting libraries into a module.



Getting  started



This entire example, with Git history, is available at
https://github.com/learningclojurescript/code-examples/tree/master/chapter-6/cljs-modules
. The code underthe
master
tab is the finished version, so if you want to follow along with the code, werecommend viewing the entire commit history and starting from the beginning:
https://github.com/learningclojurescript/code-examples/commits/master
.



We'll do the now familiar:



$   lein   new   figwheel   cljs-modules
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And, we'll add the following to our
:dependencies
:



[bidi   "2.0.3"][org.omcljs/om   "0.9.0"][venantius/accountant   "0.1.7"]



We'll create a now-familiar Om app with support for two routes:



(ns   cljs-modules.core(:require   [accountant.core   :as   accountant][bidi.bidi   :as   bidi][om.core   :as   om][om.dom   :as   dom   :include-macros   true]))



(defonce   app-state   (atom   {}))



(defn   outer-component   [app   owner   opts](reify   om/IRender(render   [_](dom/div   #js   {}   nil(dom/h1   #js   {}   "Hello   from   Outer!")(dom/a   #js   {:href   "/app"}   "inner")))))



(defn   inner-component   [app   owner   opts](reify   om/IRender(render   [_](dom/div   #js   {}   nil(dom/h1   #js   {}   "Hello   from   Inner!")(dom/a   #js   {:href   "/"}   "outer")))))



(def   routes   ["/"   {""   outer-component"app"   inner-component}])



(defn   nav-handler   [cursor   path](om/update!   cursor   [:active-component]   (:handler   (bidi/match-route   routes   path))))(defn   renderer   [app   owner   opts](reifyom/IRender(render   [_](dom/divnil(if-let   [c   (:active-component   app)](om/build   c   app   {})(dom/p   nil   "no   active   component"))))))(defn   main   [](om/rootrenderer
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app-state{:target   (.   js/document   (getElementById   "app"))})(let   [cursor   (om/root-cursor   app-state)](accountant/configure-navigation!{:nav-handler   (fn   [path](nav-handler   cursor   path)):path-exists?   (fn   [path](boolean   (bidi/match-route   routes   path)))})(accountant/dispatch-current!)))



(main)



Now when you run,
lein   figwheel
and you should see “
Hello from Outer!
“. Clicking onthe link should display “
Hello from Inner!
” with a link back to outer.



Route  definition



Initially,
routes
is a bidi table that maps URLs to functions. Each of
outer-component
,
inner-component
is an Om constructor function. We use Accountant's
nav-handler
to set
:active-component
in
app-state
to the actual function, and then Omconstructs that component when rendering.



Remember that we mentioned earlier that module splitting is done at the namespace level?Now, we'll need to fix that. We need a solution that allows us to not require
inner
and
outer
directly from the
core
namespace. We'll modify the routing table to storekeywords rather than the actual functions:



(def   routes   ["/"   {""   :outer/outer"app"   :inner/inner}])



Here, we're using namespaced keywords to identify which module the handler is locatedin; the namespace must match the module name. If we had other outer modules, they mightbe called
:outer/landing
or
:outer/pricing
or
:outer/faq
.



We'll use a multimethod to dispatch from namespaced keywords to Om components. Sinceinner and outer both need to refer to the multimethod (because they extend it), we can'tplace that multimethod in main. We'll factor it out into its own namespace called
render
:



(ns   cljs-modules.render(:require   [om.core   :as   om][om.dom   :as   dom]))



(def   routes   ["/"   {""   :outer/outer"app"   :inner/inner}])(defmulti   active-component   identity)
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(defmethod   active-component   :default   [_]nil)



(defn   render   [app   owner   opts](reifyom/IRender(render   [_](dom/div   nil(if-let   [c   (active-component   (:active-componentapp))](om/build   c   app   {})(dom/p   nil   "no   active   component"))))))



Then, we'll refactor inner and outer to separate namespaces:



(ns   cljs-modules.outer(:require   [om.core   :as   om][om.dom   :as   dom][cljs-modules.render   :as   render]))



(defn   outer-component   [app   owner   opts](reify   om/IRender(render   [_](dom/div   #js   {}   nil(dom/h1   #js   {}   "Hello   from   Outer!")(dom/a   #js   {:href   "/app"}   "inner")))))



(defmethod   render/active-component   :outer/outer   [_]outer-component)



(ns   cljs-modules.inner(:require   [om.core   :as   om][om.dom   :as   dom][cljs-modules.render   :as   render]))



(defn   inner-component   [app   owner   opts](reify   om/IRender(render   [_](dom/div   #js   {}   nil(dom/h1   #js   {}   "Hello   from   Inner!")(dom/a   #js   {:href   "/"}   "outer")))))



(defmethod   render/active-component   :inner/inner   [_]inner-component)



If we had other components that belonged in the inner module, we'd add a
defmethod
method for each, as appropriate.
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Okay, now let's return to our
cljs-modules.core
, and add a dependency on render:



(ns   cljs-modules.core(:require   [cljs-modules.render   :as   render]))



Now, let's modify our
om/root
to call
render
as the main component:



(om/rootrender/renderapp-state{:target   (.   js/document   (getElementById   "app"))})



And, there! We see our
nav-handler
remains the same, but we're now storing keywords in
active-component
rather than functions:



(defn   nav-handler   [cursor   path](om/update!   cursor   [:active-component]   (:handler   (bidi/match-route   routes   path))))



If you reload now, you should have no errors and the page should show “No activecomponent”. This is actually a success!



Note that the dependency chain here,
cljs-modules.core
, depends on
cljs-modules.render
. The
cljs-modules.inner
and
cljs-modules.outer
method bothdepend on
cljs-modules.render
. It's important to understand here that, nothingdepends on
cljs-modules.inner
and
cljs-modules.outer
. If they happen to beloaded, extra routes are added to the
render/active-component
multimethod. If theyhaven't been loaded, our logic all works, but
active-component
will return nil. For now,we haven't loaded inner or outer, so there is no active component.



Right about now, you might be asking, “Got it, but what does this solve?” It allows us toeffectively name routes and refer to them
without requiring the code to be loaded
. This isimportant because earlier when we referred to
outer/outer
, it referred directly to theloaded JavaScript. Now, we can refer to
:inner/inner
, regardless of whether the innermodule is loaded or not.



Now that we've split our files, we can specify modules in
project.clj
. Let's start bymodifying the
min
cljsbuild:



:cljsbuild   {:builds[...{:id   "min":source-paths   ["src"]:compiler   {:output-dir"resources/public/js/compiled":main   cljs-modules.core
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:optimizations   :advanced:modules   {:outer   {:output-to"resources/public/js/compiled/outer.js":entries   #{"cljs-modules.outer"}}:inner   {:output-to"resources/public/js/compiled/inner.js":entries   #{"cljs-modules.inner"}}}:pretty-print   false}}]}


[image: Wondershare]


We added a :modules, key, and we've also added
:output-dir
. Under advancedcompilation with modules, the compiler will create a
cljs_base.js
file, and then a
.js
file for each module specified. To make switching between development and
:advanced
easier, let's also modify the
:dev
build's
:output-to
:



:compiler   {:main   cljs-modules.core:asset-path   "js/compiled/out":output-to"resources/public/js/compiled/cljs_base.js":output-dir   "resources/public/js/compiled/out":source-map-timestamp   true}}



Then, we'll modify
resources/public/index.html
and change the scriptfrom
cljs_modules.js
to
cljs_base.js
.



We'll kill the running Figwheel and run the following:



$   lein   do   clean,   cljsbuild   once   min



Everything should work. Run the following:



$   ls   -l   resources/public/js/compiled/



You should see
inner.js
,
outer.js
,
cljs_base.js
, among other files. The
inner.js
and
outer.js
files are present because we asked for them to be created.The
cljs_base.js
file always gets created, and it contains all the code that wasn'tincluded in one of the explicitly asked for modules. When using modules,
cljs_base.js
isplaced in the root of
:output-dir
, and
:output-to
is ignored. Since
cljs_base.js
includes things such as the ClojureScript standard library and likely contains OMand
core.async
, you should always serve it before other modules.
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Note that right now, our modules are tiny; when we run this, our
cljs_base.js
is 325kB,and
inner.js
and
outer.js
are just 700 bytes (your values might be different, but theyshould be similar in magnitude). For this application, that's expected. The majority of thesize savings from modules come from excluding large libraries, and right now, our exampleapplication just isn't doing that much. In larger production applications, modules can save30-50% in file size, depending on the size of the application and how amenable theapplication is to isolating libraries.



Loading  modules



So, now we have modules on disk, but they aren't being loaded. Let's fix that.



To serve our modules, we'll have to set up a simple HTTP server. We'll use Clojure andRing to do that.



We'll need to add Ring to our :dependencies:



[ring   "1.4.0"][ring/ring-jetty-adapter   "1.4.0"]



Now, we'll create a new file,
src/cljs_modules/server.clj
:



(ns   cljs-modules.server(:require   [ring.adapter.jetty   :as   jetty][ring.middleware.resource   :as   resource]))



(defn   handler   [req]{:status   200:body   (slurp   "resources/public/index.html")})



(def   handler   (->   handler(resource/wrap-resource   "public")))



(defn   main   [](jetty/run-jetty   handler   {:port   8080:host   "0.0.0.0":join?   false}))



In a new terminal, we'll run the following:



$   lein   repl
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And then:



(require   'cljs-modules.server)(cljs-modules.server/main)



If you kill the Figwheel process and visit
http://localhost:8080
, the page should load,and you should see
No active component
. Success again! Here, we're using the Ringmiddleware known as wrap-resource to serve all files contained in
resources/public
.We serve
index.html
to all other routes (such as “
/
” and “
/app
“).



Now, back in ClojureScript, we'll need some helper functions to keep track of whichmodules are loaded:



(ns   cljs-modules.modules(:require   [goog.module   :as   module][goog.module.ModuleManager   :as   module-manager][goog.module.ModuleLoader][om.core   :as   om]))



(def   modules?   false)   ;;   true   if   serving   modules



(def   modules;;   "The   map   of   id/uris   pairs   for   each   module."#js   {"inner"   "/js/compiled/inner.js""outer"   "/js/compiled/outer.js"})



(def   module-info;;   "An   object   that   contains   a   mapping   from   module   id   (String)to   list   of   required   module   ids   (Array)."#js   {"inner"   []"outer"   []})



(def   manager   (module-manager/getInstance))(def   loader   (goog.module.ModuleLoader.))



(.setLoader   manager   loader)(.setAllModuleInfo   manager   module-info)(.setModuleUris   manager   modules)



(defn   loaded?   [id](if-let   [module   (.getModuleInfo   manager   id)](.isLoaded   module)false))



(defn   require-module[app   id](if   (not   (loaded?   id))
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(do(om/update!   app   [:loading   id]   true)(.execOnLoad   manager   id   (fn   [](om/update!   app   [:loaded   id]   true)(om/update!   app   [:loading   id]   false))))))



(defn   set-loaded!"Mark   a   module   as   loaded"[id](->   goog.module.ModuleManager   .getInstance   (.setLoaded   id)))



Mostly we're relying on Closure's module libraries to handle loading. The (
def   modules...
) method is a map of module IDs to the URL where the module can be loaded. The
(defmodule-info)
method forms a simple dependency graph. If outer depends on anothermodule, it would be specified here. Our modules have no extra dependencies, so thevectors are empty.



When we call
require-module
,
ModuleManager
will make an AJAX request to the serverat the path listed in
modules
and then evaluate the JavaScript. We'll use
set-loaded!
atthe end of each module. In
cljs-modules.inner
and
cljs-modules.outer
, requirethe
cljs-modules.modules
namespace, and add it at the very bottom of the file:



(modules/set-loaded!   "outer")



This marks the module as loaded, which is important when we're waiting for the module toload before rendering.



Hang in there. We're almost done! There's just one more step, which is adjusting the rendercomponent to deal with modules being loaded at runtime:



(ns   cljs-modules.render(:require   [cljs-modules.modules   :as   modules][om.core   :as   om][om.dom   :as   dom])(:require-macros   [cljs.core.async.macros   :refer   (go)]))



(def   routes   ["/"   {""   :outer/outer"app"   :inner/inner}])



(defmulti   active-component   identity)



(defmethod   active-component   :default   [_]nil)



(defn   handler-module   [handler](namespace   handler))
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(defn   require-module!   [app   module](when   modules/modules?(modules/require-module   app   module)))



(defn   render   [app   owner   opts](reifyom/IRender(render   [_](let   [c   (get-in   @app   [:active-component])module   (handler-module   c)loaded?   (modules/loaded?   module)](dom/div   nil(if   loaded?(let   [cfn   (active-component   c)](om/build   cfn   app   {:opts   opts}))"Loading..."))))om/IWillMount(will-mount   [_](let   [c   (get-in   @app   [:active-component])module   (handler-module   c)loaded?   (modules/loaded?   module)](require-module!   app   module)))om/IWillReceiveProps(will-receive-props   [_   next-props](let   [next-component   (get-in   next-props[:active-component])next-module   (handler-module      next-component)](require-module!   app   next-module)))))



Our render method looks the same, but we're implementing two more protocols now:
IWillMount
and
IWillReceiveProps
. In
IWillMount
, we determine the current moduleand require it. In
IWillReceiveProps
, we determine the module of the next componentand require it.



Why do we need both?
IWillMount
is called once when the render component is firstadded to the page before either module is loaded.
IWillReceiveProps
is called when
app-state
changes, which could be because
:active-component
changed. Here, it'simportant to note when visiting a new page, the
nav-handler
runs and possiblyupdates
:active-component
. The
render
method will either build the correct componentor display
Loading…
if it isn't fully loaded yet. When the module is loaded,
modules.cljs
calls
om/update!
on
app-state
and sets
:loaded   true
, which will trigger a re-render.



[ 223 ]




Building Richer Web Applications


[image: Wondershare]


Fixing  development  mode



You may ask, why do we check the value of
modules/modules
? Remember that modulesare only supported in
:simple
and
:advanced
optimizations. When we use Figwheel,with
:optimizations   :none
, there will be no modules and every
.js
file is servedseparately. Let's try setting
modules/modules?
to
false
, running
lein   do   clean,figwheel
and reloading the page. We should see our Figwheel REPL hang at
Loading…
.



What's going on? Remember that there's no file that requires
cljs-modules.outer
directly and there are no modules, so
render
will wait indefinitely. Let's fix that.



Let's make a new file,
dev.cljs
:



(ns   cljs-modules.dev(:require   [cljs-modules.core][cljs-modules.inner][cljs-modules.outer]))



The sole point of this file is to require inner and outer.



In
project.clj
, we modify our
dev
cljsbuild to change
:main
from
cljs-modules.core
to
cljs-modules.dev
:



:compiler   {:main   cljs-modules.dev}



Next, restart Figwheel, and you should see “
Hello from Outer
!”



The
modules/modules?
parameter is used to control runtime behavior, and it shouldcorrespond to the way the app was compiled, or we'll have trouble. In production, we canset it any number of ways. A common technique is to embed an inline JSON object into theHTML that serves the link to our
app.js
. We can insert any number of configurationvariables into the JSON, and use that to customize the app's behavior. For example, inour
index.html
we can see the following code:



<script>var   config   =   {"modules":   true};</script><script   src="/js/app.js"   />
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Then, in the
modules.cljs
file, we look for the following code:



(def   modules?   (get   (js/config)   "modules"))



In production, we'll be generating
index.html
directly or using a templating engine suchas Enlive to modify
index.html
, so it is easy to make the values of modules match the waythey were actually compiled.



And we're finally done! That was a big, complex topic. Modules take some work to set up,but they can result in smaller up-front downloads for your users, which results in fasterpage loads and increased user satisfaction.



.cljc  and  server-side  rendering



As discussed in many places throughout this book, Clojure and ClojureScript are verysimilar, but they are distinct languages. Clojure 1.7 released a feature called
ReaderConditionals
, which allows files to be loaded by both Clojure and ClojureScript.



There are a few interesting and powerful uses for reader conditionals as they apply to webapplications. First, let's review what reader conditions actually are.



Reader conditionals are a new syntax which was added to Clojure 1.7 and ClojureScript.They create a new file extension,
.cljc
, which stands for Clojure Commmon, and newsyntax to support loading
.cljc
files from Clojure, ClojureScript, and any future dialect.



.cljc



Clojure files that end in the
.cljc
extension can be loaded by both Clojure andClojureScript processes, with a few features and restrictions.



.cljc
files shouldn't directly reference
host   interoperability
forms because thosearen't common across dialects. In Clojure, this means
.cljc
should avoid using Javaclasses, such as
java.lang.Integer
. In ClojureScript, this means avoiding JS forms suchas
js/Number
.



However,
.cljc
files can reference
host   interoperability
forms through the use ofreader conditionals. Think of these as
cond
or
case
, except the branch that is taken dependson whether the compiler loading the file is Clojure or ClojureScript. A clichéd example is asfollows:



(defn   str->int   [s]
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#?(:clj      (java.lang.Integer/parseInt   s):cljs   (js/parseInt   s)))



This defines a function named
str->int
with different implementations for Clojure andClojureScript.
#?()
is a new reader macro allowing for conditionally loaded code. InClojure, the
#?()
form takes the
:clj
branch and
(java.lang.Integer/parseInt   s)
isreturned. In ClojureScript, the
:cljs
branch is evaluated and
(js/parseInt   s)
isreturned. In a reader conditional, each branch can only contain a single form, though ofcourse you can use
do
to combine forms.



If a reader conditional doesn't contain a value for the current compiler, no form is read; not
nil
, but nothing:



[1   2   #?(:cljs   3)]



This expression will return
[1   2   3]
in ClojureScript, but
[1   2]
, not
[1   2   nil]
, inClojure.



Remember unquote-splicing, such as
~@foo
from macros? There is an analogousconstruct,
#?@()
, for reader conditionals:



(ns   foo.bar(:require   #?@(:clj   [[clojure.core.async   :as   a][schema.core   :as   s]]:cljs   [[cljs.core.async   :as   a][schema.core   :as   s]])))



When using
#?@
, the value in the pair must be a sequence, and the reader returns all theforms without the containing parenthesis.



There are a few neat tricks we used in this most recent example. First, we can use readerconditionals in a
:require
form to control which namespaces get loaded. Second, wealiased both
clojure.core.async
and
cljs.core.async
to
a
, which means that thisnamespace logically uses
core.async
, even though they refer to different namespaces.We'll use this technique later.



Armed with reader conditionals, we can create entire libraries that are crossplatform, whichcan be used by both Clojure and ClojureScript. We've already seen some of them, such asbidi, which we used for both client-side and server-side routing in
Chapter   5
,
BuildingSingle Page Applications
.
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Schema  and  input  validation



The simplest and most straightforward use of
.cljc
is to share validation code across theclient and server. This has been a problem for web applications for over a decade: the useris submitting data and we want to validate the data on the client side because it leads tobetter UX, but then we still need to validate the data on the server for security andcorrectness reasons. This typically leads to duplication of logic because we have to write thevalidation code in both JavaScript and server side.



We cover how to use Schema, a popular library for addressing this problem, in detail in
Chapter   7
,
Going Further with ClojureScript
. For now, it's enough to know that Schema hasbeen ported to
.cljc
and our Schema definitions can be loaded by both Clojure andClojureScript. This provides a solution to our duplication earlier. We simply load ourschemas on both client and server, and call
s/validate
to check the data using the samevalidation on the client and server.



Server-side  rendering



Let's work through a more involved example that requires reader conditionals. We'llimplement server-side rendering for an SPA. Like our previous foray into ClojureScriptmodules, server-side rendering is also about speed. Users are impatient, and a 1 MBJavaScript download slows down the page load. If we were able to render the page andserve it with the HTML before the 1 MB download, the user could interact with the pagesooner.



Previous hacky solutions to this involved using a browser on the server, such as
phantomJS
or Selenium with Chrome to render the SPA in the browser, then grabbing the page sourceand serving that as a request. It is as hacky and error prone as it sounds.



Now that we have reader conditionals and
.cljc
, we can move our entire Om applicationto
.cljc
and render it server-side. This is powerful and not as difficult as it seems.



First, a warning: While the library we're using (Foam) is very early in development, it islikely that the technique will become mainstream in the ClojureScript community.Foam provided a proof of concept that server-side rendering of ClojureScript applications ispossible, but the technique has been copied to several other ClojureScript web applicationlibraries, and Foam or something Foam-like might become merged into Om proper. Theexact implementation might change in the future, but the technique will likely remain thesame.
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Setting  up  the  project



Let's create a new project to demonstrate server-side rendering; we'll name ours
ssr
.



$   lein   new   figwheel   ssr



Next, we'll modify your
project.clj
, and add a few libraries to our dependencies:



[arohner/foam   "0.1.7"][hiccup   "1.0.5"][org.omcljs/om   "0.9.0"][ring   "1.4.0"][ring/ring-jetty-adapter   "1.4.0"]



We'll create a basic OM app:



(ns   ssr.core(:require   [om.core   :as   om][om.dom   :as   dom]))



(defonce   app-state   (atom   {:text   "Hello   from   CLJS"}))



(defn   home   [app   owner   opts](reifyom/IRender(render   [_](dom/div   nil(:text   app)))))



(defn   main   [](om/roothomeapp-state{:target   (.   js/document   (getElementById   "app"))}))



(main)



This should all be familiar from
Chapter   5
,
Building Single Page Applications
. As usual, wecan boot our Figwheel server with the following:



$   lein   figwheel



Now, you should see “
Hello from CLJS
“. Great!
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Since this project is about server-side rendering, we'll need a server that can render HTML.Also, because we'll use ClojureScript compiled with :optimizations
:advanced
, whichFigwheel doesn't support, we'll need to serve compiled ClojureScript as well. Let's getstarted on the server by creating
src/ssr/server.clj
:



(ns   ssr.server(:require   [foam.core   :as   foam][foam.dom   :as   dom][hiccup.core   :as   html][ring.adapter.jetty   :as   jetty][ring.middleware.resource   :as   resource]))



(defn   handler   [req]{:status   200:body   (slurp   "resources/public/index.html")})



(def   handler   (->   handler(resource/wrap-resource   "public")))



(defn   main   [](jetty/run-jetty   handler   {:port   8080:host   "0.0.0.0":join?   false}))



We'll start a REPL with
lein   repl
, run
main
, and visit
http://localhost:8080
(not
3449
). And, you should see “
Hello from CLJS
“.



Now, let's port
core.cljs
to
.cljc
. Rename the file to
core.cljc
, and we'll make a fewsmall edits:



(ns   ssr.core(:require   #?@(:clj   [[foam.core   :as   om][foam.dom   :as   dom]]:cljs   [[om.core   :as   om][om.dom   :as   dom]])))....(defn   main   []#?(:cljs(om/roothomeapp-state{:target   (.   js/document   (getElementById   "app"))})))
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Wait! What's going on here? Om is written in ClojureScript, so we can't load it from Clojure.We're using Foam, a library that provides a “fake” implementation of Om's API written inClojure. It implements (nearly) all of Om's API, including all protocols. Since
foam.core
provides the same functions as
om.core
, our code continues to compile, as long as we referto
om/IRender
rather than
om.core/IRender
.



We also modify
main
, to essentially no-op it in Clojure. We've used a reader conditional toessentially say, “Only load this code in ClojureScript”. We won't be using
main
fromClojure, so that's fine.



Now, back in
server.clj
, we'll add
[ssr.core   :as   ssr]
to the
require
statement, andreload the file. It should compile with no errors. This means our Om component is nowavailable from Clojure! Let's put it to good use.



In
server.clj
, add the following:



(defn   base-html   [body](html/html[:head[:meta   {:charset   "UTF-8"}][:meta   {:name   "viewport":content   "width=device-width":initial-scale   1}][:link   {:href   "css/style.css"   :rel   "stylesheet"   :type"text/css"}]][:body[:div   {:id   "app"}(if   bodybody[:h2   "Server   html   response"])][:script   {:src   "js/compiled/ssr.js":type   "text/javascript"}]]))



Also, we will modify handler:



(defn   handler   [req]{:status   200:body   (base-html   nil)})



Rather than slurping the static
index.html
, we've used Hiccup to port it to Clojure, andserved that. This makes it easier to insert HTML into the base HTML, which we'll doshortly. Now, we can finally call our Om component. Let's take a look at the followingcommands:



(defn   app-state   [](atom   {:text   "Hello   From   Clojure!"}))
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(defn   foam-html   [](let   [state   (app-state)cursor   (foam/root-cursor   state)com   (foam/build   ssr/home   cursor   {})](dom/render-to-string   com)))



(defn   handler   [req]{:status   200:body   (base-html   (foam-html))})



We will define our own Om
app-state
and a function for returning Foam HTML. Then,modify the handler to pass the Foam HTML in as the first argument. In base HTML,comment out
[:script   {:src   "js/compiled/ssr.js"}]
, just to prove that we're notserving ClojureScript. Reload the namespace and reload the page, and you should see
HelloFrom Clojure!



You can and should try uncommenting the script tag and watch what happens. If you'refast, you can observe the HTML containing
Hello From Clojure!
being displayed and thenbeing replaced with
Hello from CLJS
when the ClojureScript loads.



Understanding  Foam



What exactly is foam doing here? From
Chapter   5
,
Building Single Page Applications
, weknow Om is based on React and that Om functions such as
om.dom/div
are wrappers thatturn around and call React functions of the same name, and the React functions returnvirtual DOM elements.



Foam implements the Om public API, but it doesn't use React. Foam functions such as
foam.dom/div
also return virtual DOM elements, but they're not React elements, they'rejust Clojure
defrecords
that implement a protocol,
foam.core/-render-to-string
.The
foam.core/build
protocol works analogously to
om.core/build
in that it builds upa tree of Foam components and virtual elements. When we call
foam.dom/render-to-string
, it walks the tree and generates an HTML string. We insert that string into ourconventional HTML response and serve it just like any other standard HTML response.



Note that we served our server-side Om component into the
#app
div. If
ssr.js
is served,when Om takes over, React will render the client-generated component into the same
div
,overwriting the server-generated one. That's fine, and it provides a seamless experience.Assuming both client and server use the same values for
app-state
, you won't notice atransition. We intentionally change
:text
in this example so that you can observe thetransition.
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Also note that we're hard-coding
ssr/home
. In a production application, we'll likely havemany components and use
bidi
to handle routing. We could easily choose whichcomponent to pass to
foam/build
based on the route that
bidi
matches. And ofcourse,
bidi
works in Clojure and ClojureScript, so we can place the routing table ina
.cljc
file, and make the same decision in both places.



Remember that the page loaded just fine without
ssr.js
being served at all. This allows usto shorten load times even more when the rendered page is 100% static. While Foamappears nearly magical, it doesn't provide React, so while the server HTML can lookidentical to the client-side version, it can't provide React's interactivity. If the page isdynamic at all, for example using Om/React event handlers to change the page in responseto user actions or API calls, we'll still need to serve the ClojureScript version of the page aswell.



Summary



And there you have it! In this chapter, we covered a few advanced web application topics.We covered real-time communication using WebSockets and handling large, complex datausing Datascript as an in-memory database. Finally, we illustrated two techniques forimproving the page load time of these large complex applications.



In the next chapter, we'll cover a few more exciting ClojureScript libraries, such as
core.match
,
core.logic
and
schema
.
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At this point, you have all the tools you need to build serious, production-ready webapplications in ClojureScript. You've learned how the language works, how to writefunctional and idiomatic code, and how to compose that code into greater web applicationsusing the latest industry best practices. We could call it a day here, but we won't. Instead, inthis chapter, we'll take a look at some interesting libraries and subject domains in theClojureScript ecosystem that are a little further afield from the subject matter we've coveredso far.



The subjects we'll be examining in this chapter range from more esoteric core ClojureScriptnamespaces to third-party libraries such as Prismatic's
schema
. We'll also take a look at twoof the more interesting “core” libraries—libraries whose development process, like
core.async
, is managed by Cognitect and the core ClojureScript development team, butthat are standalone dependencies. Specifically, we'll be taking a closer look at:



Pattern matching with
core.match
Exploring nested data structures with
clojure.zip
Declaratively solving problems with
core.logic
Runtime type validation using
schema



7



Pattern  matching  with  core.match



The first subject of this chapter is the pattern-matching library,
core.match
. Patternmatching in computer languages is a method by which a given sequence of tokens ischecked for the presence of specific markers of a pattern (which is typically either asequence or a tree of some sort). The technique has a somewhat storied history going all theway back to the SNOBOL language (1962), with the first tree-based, pattern-matchingfeatures being introduced in an extension of LISP in 1970.
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Pattern matching has a number of different practical uses, from search-and-replacealgorithms and other low-level regular expression logic to general tree-based dataprocessing. The particular pattern-matching algorithm used by both Clojure andClojureScript's implementations in
core.match
is an implementation of an algorithmdescribed in Luc Maranget's paper,
Compiling Pattern Matching to Good Decision Trees
.



Configuring  our  project



core.match
, like
core.async
, is not a part of ClojureScript's standard library. As a result,



we'll need to add it to our dependencies before we can work with it. Let's create a newproject that we can work within:



$   lein   new   figwheel   match-demo



Next, let's add
core.match
to our
:dependencies
key in our
project.clj
.



core.match
has been stable at version
0.3.0-alpha4
since December 2014, so that's theversion we'll use. Your
:dependencies
key should now look something like the following:



:dependencies   [[org.clojure/clojure   "1.7.0"][org.clojure/clojurescript   "1.7.170"][org.clojure/core.match   "0.3.0-alpha4"][org.clojure/core.async   "0.2.374":exclusions   [org.clojure/tools.reader]]]



Now, as usual, we'll start a Figwheel REPL going so that we can get hot-reloading and wecan test our code in action:



$   cd   match-demo$   rlwrap   lein   figwheel


[image: Wondershare]
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Getting  started  with  core.match



We'll get started with
core.match
with the most basic example possible—matchingdirectly on literals:



cljs.user=>   (require   '[cljs.core.match   :refer-macros   [match]])



cljs.user=>   (let   [v   [:a   :a   :b]](match   v[_   :a   :a]   1[:a   :b   _   ]   2[_   _   :a]   3[_   _   :b]   4:else   5));;   =>   4



Here, we've locally bound a small vector,
v
, and provided various patterns that
v
couldmatch against, as well as the values we'd like to return for each of the possibilities. The way
core.match
checks to see whether a given pattern matches the provided vector,
v
, is tocheck against the individual values in the pattern to see whether they match.



Let's take a look at the first of these possible patterns,
[_   :a   :a]
, as an example. In thecase of this pattern, the first value is
_
, which to
core.match
is a wildcard, so this wouldmatch against the first value of
v
. The second value in the pattern is the keyword
:a
, whichwill also match against v. However, the final value in the pattern is
:a
as well, whereas thefinal value in
v
is the keyword
:b
, so this pattern fails to match overall.



If one looks at the patterns provided, it's clear that only the fourth pattern matches (wherethe first two values are wildcards, and the third value is the keyword
:b
), and so we see thereturned value is
4
, which is what we expect.


[image: Wondershare]
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cljs.user=>   (match   [:x   :y][:y   a]   a[b   :y]   b:else   nil);;   =>   :x



Here, we've matched against the second pattern, where the first value we're matchingagainst is bound to the local variable
b
and then returned.



Although the merits of this may not be immediately obvious, this sort of local binding canbe extremely valuable if you need to do recursive matching or otherwise retain a particularvalue within a matched structure that you may not know in advance.



In addition to wildcards, we can also specify a concrete list of possible alternatives using
:or
when we know there might only be a finite set of acceptable options and we don't wantto have to enumerate all of them on separate lines. For instance:



cljs.user=>   (let   [x   ["a"   "b"   "c"]](match   x[(:or   "a"   "z")   "d"   "c"]   :a1["x"   "b"   "c"]   :a2[(:or   "a"   "z")   _   (:or   "d"   "c")]   :a3:else   nil));;   =>   :a3



If we had to do this without
:or
, it would be much longer:



cljs.user=>   (let   [x   ["a"   "b"   "c"]](match   x["a"   "d"   "c"]   :a1["z"   "d"   "c"]   :a1["x"   "b"   "c"]   :a2["a"   _   "d"]   :a3["a"   _   "c"]   :a3["z"   _   "d"]   :a3["z"   _   "c"]   :a3:else   nil))
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;;   =>   :a3



Matching  collections



Now that we've had a look at what matching literals look like, let's take a closer look at thecollection matching syntax. As the syntax of literal matching might suggest, we can easilymatch directly against vectors as follows:



cljs.user=>   (let   [v   [:a   :b   :c]](match   [v][[:a   :c   _]]   1[[:b   _   :a]]   2[[_   :b   :c]]   3:else   nil);;   =>   3



Similarly, we can pattern match against maps with a similar syntax:



cljs.user=>   (let   [v   {:x   1   :y   1}](match   [v][{:x   _   :y   2}]   1[{:x   1   :y   1}]   2[{:x   3   :y   _   :z   3}]   3:else   nil));;   =>   2



If you specify a key with a wildcard value as part of a pattern, and the value doesn't havethat key,
core.match
will not match against it:



cljs.user=>   (let   [v   {:x   1   :y   1}](match   [v][{:x   _   :y   2}]   1[{:x   1   :y   1   :z   _}]   2:else   "no   match   found"));;   =>   "no   match   found"



The converse, however, is not true—if you specify a pattern that includes a subset of therelevant keys (that is to say, a case in which the provided value has more keys than thepattern does), then the pattern will successfully match. For instance:



cljs.user=>   (let   [v   {:x   1   :y   1}](match   [v][{:x   1}]   true:else   false));;   =>   true
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If you want to make sure the pattern and the value have the exact same keys, you can usethe
:only
pattern modifier, as follows:



cljs.user=>   (let   [v   {:x   1   :y   1}](match   [v][({:x   1}   :only   [:x])]   true:else   false));;   =>   false



We can also match on nested maps in a manner that might be expected at this point:



cljs.user=>   (let   [v   {:x   {:y   :z}}](match   [v][{:x   {:y   _}}]   true:else   nil));;   =>   true



We've seen cases already where we're matching on vectors, but we can also generalizevector-style matching to any sequence using the special
:seq
keyword. In the followingexample, we can test the same matching logic against two different concrete types that areboth sequences and get the same matching result:



cljs.user=>   (let   [x   [1   2   nil   nil   nil]](match   [x][([1   2]   :seq)]   :a1[([1   2   nil   nil   nil]   :seq)]   :a2:else   nil));;   =>:a2cljs.user=>   (let   [x   (list   1   2   nil   nil   nil)](match   [x][([1   2]   :seq)]   :a1[([1   2   nil   nil   nil]   :seq)]   :a2:else   nil));;   =>   :a2



We can combine rest (variable length) patterns with sequences or vectors in the same waywe would with function arguments:



cljs.user=>   (let   [x   [1   2   nil   nil   nil]](match   [x][([1   2]   :seq)]   :a1[([1   2   &   r]   :seq)]   :a2:else   nil));;   =>   :a2
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Guards  and  function  applications



This is where things start to get really cool. In addition to all of the matching againstdiscrete value possibilities and wildcards, we can also leverage ClojureScript's functionalnature to match on functional filters, both directly and indirectly.



Guards
are one way that we can match on the result of a function—think of them as beinganalogous to
filter
. We use guards via the
:guard
keyword and structure as follows:



cljs.user=>   (let   [x   [1   3]](match   x[(_   :guard   odd?)   _]   :a1[(_   :guard   even?)   (_   :guard   even?)]   :a2:else   nil));;   =>   :a1



In addition to guards, we can also match directly on the result of applying a particularfunction using the
:<<
keyword as follows:



Cljs.user=>   (let   [x   [1   3]](match   x[(2   :<<   dec)   3]   :a1[1   (2   :<<   dec)]   :a2:else   nil));;   =>   :a2



Wrapping  up



This concludes our section on
core.match
. In the real world, pattern matching has anumber of potential applications, such as parsing inputs and writing function dispatch logic(for instance, if you were to write a compiler in ClojureScript, you could use
core.match
todo polym



Exploring  nested  data  structures  with  clojure.zip



In this section, we'll be taking a closer look at
clojure.zip
orphic function dispatching). Ingeneral, pattern matching provides a highly flexible dispatch mechanism for yourapplications. Exploring nested data structures with clojure.zip In this section, we'll betaking a closer look at clojure.zip, one of the libraries that ships with ClojureScript as part ofits standard library.
clojure.zip
provides purely functional generic tree walking andediting, using a technique called a zipper. A zipper is a data structure representing alocation in a hierarchical data structure and the path it took to get there. It provides
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down/up/left/right navigation and localized functional editing, insertion, and removal ofnodes.



Zippers are remarkable in that the code involved in interacting with them looks highlyimperative, meaning it's much closer to what you might write if you were trying to dosomething similar in native JavaScript. However, nothing is actually mutated—it's allpurely functional code passing immutable values under the hood.



Example  –  Replacing  values  in  a  tree



Let's say we've got the following data structure:



(def   data[:type   :state:name   "California":population   39144000:capital   [:type   :city:name   "Sacramento":population   500]])



If you were writing a program from scratch, you'd probably choose to represent this data asa map, but for the moment let's not worry about that. The observant reader will notice thatthe population number for Sacramento is way off—in fact, I just made it up off the top ofmy head. Let's assume that this isn't a hardcoded value. Perhaps you've got a programwhere you retrieve data from an external source, where the author is me, and I've told youin advance that I stubbed out the value of the Sacramento population with
500
.



What to do? Well, you're just going to have to replace it.



There are a number of possible ways of doing this, but
clojure.zip
gives us a handy wayof walking arbitrary tree-like data structures and modifying their values in place. In doingso, we're not actually mutating any of the underlying data; we're continuing to hold ontothe entire original structure, while also replacing components of it. When we're done, wecan return the new structure with its different elements.



If we just wanted to replace the value
500
with the correct value (about
466
,
500
), we coulddo the following:



cljs.user=>   (require   '[clojure.zip   :as   zip]));;   =>   nilcljs.user=>   (let   [data   (zip/vector-zip   data)]   ;;   make   a   zipper(loop   [loc   data]



;;   when   we   reach   the   end   of   our   search,   return   the   tree
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(if   (zip/end?   loc)(zip/root   loc)(recur



;;   depth-first   search   the   tree(zip/next(if   (=   (zip/node   loc)   500)



;;   replace   the   value(zip/replace   loc   466500)loc)))))));;   =>   [:type   :state   :name   "California"   :population   39144000   :capital   [:type:city   :name   "Sacramento"   :population   466500]]



Okay, that's pretty nifty. We're basically searching the entire data structure, and when wefind the value
500
, we replace it with the correct population. If we wanted to, we couldwrite a more generic replace-all function as follows:



(defn   replace-val"Given   a   zipper,   replace   all   instances   of   oldv   with   newv"[d   oldv   newv](loop   [loc   d](if   (zip/end?   loc)(zip/root   loc)(recur(zip/next(if   (=   (zip/node   loc)   oldv)(zip/replace   loc   newv)loc))))))



Here we're focusing on a piece of data, but what about if we were to think about code asdata? Let's try to apply
clojure.zip
to a situation where we're treating code as data.Remember our macro example in
Chapter   3
,
Advanced ClojureScript Concepts
, where wewere writing a macro to replace the function in the calling position with a differentfunction? Let's try extending that idea—instead of replacing the function in the callingposition, let's say we want to replace
all
instances of that function in a given body of code.



Let's say we've got the following body of code:



cljs.user=>   (+   1   (*   3   (+   1   4))   (+   3   10)));;   =>   29
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To make things simple, we can replace
+
in this code with
*
by declaring the body as aquoted value (which is what the data we'd have available at macro-evaluation time wouldlook like):



cljs.user=>   (def   data2'(+   1   (*   3   (+   1   4))   (+   3   10)));;   =>   cljs.user/data2



cljs.user=>   (replace-val   (zip/seq-zip   data2)   '+   '*);;   =>   (*   1   (*   3   (*   1   4))   (*   3   10))



cljs.user=>   (*   1   (*   3   (*   1   4))   (*   3   10));;   =>   360



Okay. Let's try plugging this back into our macro namespace from
Chapter   3
,
AdvancedClojureScript Concepts
, to see whether it works:



(ns   experiment.macros(:require   [clojure.zip   :as   zip]))



(defn   replace-val"Given   a   zipper,   replace   all   instances   of   oldv   with   newv"[d   oldv   newv](loop   [loc   d](if   (zip/end?   loc)(zip/root   loc)(recur(zip/next(if   (=   (zip/node   loc)   oldv)(zip/replace   loc   newv)loc))))))



(defmacro   replace-anything"Replace   all   instances   of   oldv   with   newv   in   body"[body   oldv   newv](replace-val   (clojure.zip/seq-zip   body)   oldv   newv))



Now let's try calling this on the command line:



cljs.user=>   (experiment.macros/replace-anything   (+   1   (*   3   (+   1   4))   (+   310))   +   *);;   =>   360



Sweet! Just for demo purposes, let's check that it works with our example from
Chapter   3
,
Advanced ClojureScript Concepts
:



cljs.user=>   (experiment.macros/replace-anything   (+   1   2)   +   -);;   =>   -1
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Okay, so maybe that's actually less impressive than the original, but still! This exampleshows that, in ClojureScript, there are many ways of approaching a given problem.



Example  –  Removing  values  from  a  tree



Let's now take a look at another example—one in which we want to remove a given valuefrom a tree entirely. Our code for this doesn't look too dissimilar from our earlier examplewhere we were replacing a value. We're just searching for a match, and then removing itfrom the tree.



Let's say we have a nested sequence and we want to remove all occurrences of the term
alfalfa
from the nested sequence. I really don't like alfalfa. I tried to grow it once and thenit grew too fast and there were seeds everywhere, even though I just wanted somethinglight and breezy to put on my sandwich.


[image: Wondershare]


At any rate, let's start with some input data:



cljs.user=>   (def   data   (list   "sprouts"   "beans"   "onions"   (list   "alfalfa""parsley")   "alfalfa"   "leeks"));;   =>   #'cljs.user/data



And now, let's remove all that icky alfalfa:



cljs.user=>   (let   [data   (zip/seq-zip   data)](loop   [loc   data](if   (zip/end?   loc)(zip/root   loc)(recur(zip/next(if   (=   (zip/node   loc)   "alfalfa")(zip/remove   loc)loc))))));;   =>   ("sprouts"   "beans"   "onions"   ("parsley")   "leeks")



[ 243 ]




Going Further with ClojureScript



Further  possibilities



The examples we've covered so far in this section represent just a small fraction of the waysthat
clojure.zip
can help you navigate and transform tree-like data structures. Forinstance, zippers can be amazing for scraping structured data out of HTML (another treestructure!). In addition to replacing or removing values, you can add new values to specificparts of the tree, generate fast search paths to individual nodes, apply functions to values atdifferent nodes, and more. All of this is available to you as part of the core ClojureScriptlibrary, and all of it is purely functional and (perhaps most importantly) extremely fast froma performance standpoint.



Declaratively  solving  problems  with  core.logic



core.logic
is a logic programming library for ClojureScript. It offers Prolog-style



relational programming, constraint logic programming, and nominal logic programmingfor ClojureScript. It is based on a family of languages described by William Byrd as
miniKanren
, as well as subsequent extensions known as
cKanren
and
αKanrenA
.


[image: Wondershare]


At a high level, a logic program consists of one or more logic expressions, and a solutionengine or solver (in this case,
core.logic
is the solver). Inside the library, the providedexpressions are input to a logic engine, which returns all assignments to the logic variablesthat satisfy the constraints in the expressions.



If you're familiar with SQL or other database languages that orient around relationalstatements, this concept is somewhat similar—we provide a series of statements to anengine, with the desire of retrieving all data that is consistent with the statements provided.
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Configuring  our  project



As we did with
core.match
earlier in this chapter, we're going to need to modify ourdependencies a bit to make
core.logic
available at runtime. For simplicity, let's justquickly create a standalone project to work in:



$   lein   new   figwheel   logic-demo



Next, let's add
core.logic
to our
:dependencies
key in our
project.clj
.



core.logic
still receives the odd update, but is fairly stable, with the last stable releasebeing
0.8.10
from March 2015. Your
:dependencies
key should now look something like



the following:



:dependencies   [[org.clojure/clojure   "1.7.0"][org.clojure/clojurescript   "1.7.170"][org.clojure/core.logic   "0.8.10"][org.clojure/core.async   "0.2.374":exclusions   [org.clojure/tools.reader]]]



Next, we'll start a Figwheel REPL going so that we can get hot-reloading and we can testour code in action:



$   cd   logic-demo$   rlwrap   lein   figwheel


[image: Wondershare]


Getting  started  with  core.logic



First, let's require the main
core.logic
namespace:



cljs.user=>   (require   '[cljs.core.logic   :as   l]);;   =>   nil



Now, let's take a look at a simple example using
core.logic
. In this example, we're askingthe logic engine to find all possible solutions that are members of the collections
[1   2   3   4]
and
[3   4   5   6]
:



cljs.user=>   (l/run*   [q](l/membero   q   [1   2   3   4])
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(l/membero   q   [3   4   5   6]));;   =>   (3   4)



Like
core.match
,
core.logic
has a core macro that wraps everything else. Where it waspreviously
match
, here it is
run*
(there's also
run
, which takes an additional argumentspecifying a limit on the number of requested solutions).



The function
membero
here seeks to satisfy
q
such that
q
is a
member
of the providedcollection. In general,
core.logic
functions have a vowel appended to the end, hence
membero
means
member
. Another example is
conde
, which behaves like ClojureScript'sbuilt-in
cond
.



Perhaps an even simpler
core.logic
example can be found with the
==
macro (alsoknown as unify), which seeks to constrain the local variable to the exact set of possiblevalues. Concretely, that looks like the following:



cljs.user=>   (l/run*   [q](l/==   q   5));;   =>   (5)


[image: Wondershare]


Now, you may be wondering what the use case for unify might be. After all, if all it does issolve for a possible solution in which one value is equal to another, why wouldn't wesimply return that value from the start, or in other circumstances just check for equality?



The key insight here is that unify becomes more powerful once we begin using
core.logic
to solve more elaborate problems; in particular, ones in which there are other “unknown”values that we're using the logic engine to solve for. For instance, let's consider thefollowing example:



cljs.user=>   (l/run*   [q](l/fresh   [a](l/membero   a   [:animal   :mineral   :vegetable])(l/membero   q   [:animal   :plant   :fungi   :bacteria])(l/==   a   q)));;   =>   (:animal)



We haven't seen the
fresh
macro before, so let's cover that first. The
fresh
macro workssort of like
let
in ordinary ClojureScript, only it doesn't bind a specific value to thevariable. Instead, like our solver variable
q
, it marks an unknown value that the logic enginemust solve for.
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In this example, then, we've required that
a
must be a member of the collection including
:animal
,
:mineral
, and :
vegetable
, while
q
must be a member of the collectionincluding
:animal
,
:plant
,
:fungi
, and :
bacteria
. Finally, we've required that
a
mustbe equal to
q
. This leaves only one answer, which is
:animal
.



This example is a little contrived, but let's dig deeper. First, note that the order of theconstraints doesn't matter. We could specify that
a
equals
q
first and get the same result:



cljs.user=>   (l/run*   [q](l/fresh   [a](l/==   a   q)(l/membero   a   [:animal   :mineral   :vegetable])(l/membero   q   [:animal   :plant   :fungi   :bacteria])));;   =>   (:animal)



Next, let's take a look at an example in which
a
being equal to
q
means there is more thanone possible answer. For this, we'll modify our example from earlier in the chapter andreuse it here:



cljs.user=>   (l/run*   [q](l/fresh   [a](l/==   a   q)(l/membero   a   [1   2   3   4])(l/membero   q   [3   4   5   6])));;   =>   (3   4)



This example shows the true power of unify. The constraint that
a
being equal to
q
doesn'tmean that there's only a single possible value, but rather that for all of the possible values of
a
and
q
, the only valid solutions are ones where
a
can also be found in
q
.



The last of
core.logic
essential macros is
conde
. Unsurprisingly,
conde
behaves verysimilarly to ClojureScript's
conde
macro. It checks against various predicates and thenreturns the corresponding value.



conde
is a little bit different, in that both the predicate and the returned value have to be



true in order for the value to be returned. Let's look at a fairly simple example:



cljs.user=>   (l/run*   [q](l/conde(l/succeed   l/succeed)(l/succeed   l/fail)(l/fail   l/succeed)));;   =>   (_.0)
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Let's break down what's going on here.
conde
evaluates each of the conditions in order, andthen returns the ones for which both the predicate and the value are true. Our firstcondition always succeeds, and so does the value, so we return
succeed
(or
_.0
, as per theprevious info box). The second condition is successful, but the value fails, so we don't returnthat. Our final condition fails, so even though the value would succeed we don't return iteither.



Let's take a look at a slightly more advanced example:



cljs.user=>   (l/run*   [q](l/conde((l/==   :apricot   q)   l/succeed)((l/==   :banana   q)   l/succeed)));;   =>   (:apricot   :banana)



Here, both predicate conditions evaluate successfully, and so do the values. The valuesevaluating successfully also retain the constraint of the predicate, which means that eventhough the values only indicate success, we remain constrained by the limits we created inthe predicates. Thus, our final possibilities for the logical engine are those determined bythe predicates.



If we wanted to think about this in a purely logical sense,
conde
works like the following:



(pred   AND   val)   OR   (pred   AND   val)   ...



One final example should help illustrate the
AND
aspect of this logical relationship:



cljs.user=>   (l/run*   [q](l/conde((l/membero   q   [:a   :b   :c])   (l/membero   q   [:b   :c   :d]))((l/==   :banana   q)   l/succeed)));;   =>   (:banana   :b   :c)



Here, the logical
AND
of our two
membero
constraints give us the values of
:b
and
:c
.Combined with
conde
logical
OR
, we also get
:banana
for the final result of all three.



[ 248 ]




Going Further with ClojureScript



Advanced  core.logic



So far, we've covered the major focus areas of
core.logic
: the main logic engine,
run*
,
membero
, as well as the core
operators
from
miniKanren
, upon which
core.logic
isbased:
unify
,
conde
, and
fresh
. In this section, we'll take a look at some higher-levelconstraints—namely,
conso
and
resto
.



conso
is, as the name would suggest, a
core.logic
analog to ClojureScript's
cons
. Let'squickly recall the behavior of
cons
:



cljs.user=>   (cons   0   [1   2]);;   =>   (0   1   2)



conso
works like
cons
, but accepts an additional argument: the resulting sequence fromthe operation is also provided as an operation (making its function signature
(conso   x   rs)
). So, an analog for the previous example using
core.logic
would look something like



the following:



cljs.user=>   (l/run*   [q](l/conso   0   [1   2]   q));;   =>   ((0   1   2))



Okay, so that's not particularly impressive by itself. What is impressive is that we can passin our logic variable to any part of the equation. Observe:



cljs.user=>   (l/run*   [q](l/conso   q   [1   2]   [0   1   2]));;   =>   (0)



cljs.user=>   (l/run*   [q](l/conso   0   q   [0   1   2]));;   =>   ((1   2))



We can even pass our logic variable into a specific index of one of the constraint'sarguments:



cljs.user=>   (l/run*   [q](l/conso   0   [1   q]   [0   1   2]));;   =>   (2)



[ 249 ]




Going Further with ClojureScript



Finally, we have
resto
, which is a complement to
conso
. As with the other functions we'veseen in this section,
resto
corresponds to the core ClojureScript function
rest
, which givesus the remaining items in a sequence (and an empty sequence if there are no remainingitems). It behaves in a very similar way to
conso
, so rather than show all of the possibleexamples, we'll jump right to one that should, at this point, be fairly comprehensive:



cljs.user=>   (l/run*   [q](l/resto   [1   2   3   4]   [2   q   4]));;   =>   (3)
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Going  even  further



This concludes our section on
core.logic
. We'd like to stress that we've only covered thebasic building blocks of how
core.logic
works, and that these basic building blocks onlygive a subtle hint as to how powerful the library truly is.
core.logic
is easily extended tosolving more advanced problems, such as writing in-memory databases or dealing witharbitrary and/or runtime inputs.



If you'd like to learn more about
core.logic
and to see just a few of the many possibleextensions and use cases for the library, we encourage you to take a look at the list ofexamples available on the
core.logic
wiki (link:
https://github.com/clojure/core.logic/wiki/Examples)
, which include, amongother things:



A classic AI programA Sudoku solverA type inference machine
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Runtime  data  validation  using  schema



Like JavaScript, ClojureScript is dynamic; no type declarations are required, and attemptingto provide them doesn't really give much meaningful support since ClojureScript's closerelationship with the Google Closure compiler ensures your applications will already befairly optimized when such type-related optimizations are available.



However, there are reasons you might want to have type checking as part of your programthat aren't performance oriented. For instance, you might want to do input validation, oryou might need to ensure that your functions are correctly passing the right data to eachother in a test environment. For essentially all scenarios in which you might want to doruntime data validation, Prismatic's
schema
library is the perfect fit.



At a high level, the
schema
library provides functionality for data validation, functionannotation, and coercion. It is an invaluable tool when it comes to making runtimeassertions about programs and designing tests that can ensure that your applicationsbehave in the way you expect them to.
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Configuring  our  project



schema
is a third-party library, so we'll need to add it to our dependencies if we want to



have it available to the compiler. This probably seems like old hat by now, but let's quicklythrow together a new project for us to work within:



$   lein   new   figwheel   schema-demo



And let's add
`schema
to our :
dependencies
key in our
project.clj
. At the time ofwriting, the most recent version of
schema
is 1.0.4, so we'll use that.
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Your :
dependencies
key should now look something like the following:



:dependencies   [[org.clojure/clojure   "1.7.0"][org.clojure/clojurescript   "1.7.170"][prismatic/schema   "1.0.4"][org.clojure/core.async   "0.2.374":exclusions   [org.clojure/tools.reader]]]



Then we'll start a Figwheel REPL going so that we can get hot-reloading and we can test ourcode in action:



$   cd   schema-demo$   rlwrap   lein   figwheel



A  quick  introduction  to  schema



Let's start out with an example. Let's try to validate some high-level demographicinformation. In particular, let's go back to the data examples we were using when we werelooking at
clojure.zip
, and let's try to adapt those examples for use here. Let's assumewe've got some data in the following form:



cljs.user=>   (def   data{:type   :state:name   "California":population   39144000:capital   {:type   :city:name   "Sacramento":population   500}});;   =>   #'cljs.user/data



How might we want to validate this?



A naïve approach using schema would entail defining a corresponding data structurewhere the keys are the same as our desired data structure, and the values correspond to thedata type we'd expect to find there. So, for the example data provided previously, a relevantschema would look like the following:



;;   import   schema.core   so   that   we   can   use   it   at   the   REPL



cljs.user=>   (require   '[schema.core   :as   s   :include-macros   true]);;   =>   nil



;;   note   that   our   defined   schema   is   just   a   normal   map,   which   makes;;   extending   it   or   defining   other   variants   of   it   easy



cljs.user=>   (def   state
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"A   schema   to   describe   a   state"{:type   s/Keyword:name   s/Str:population   s/Int:capital   {:type   s/Keyword:name   s/Str:population   s/Int}});;   =>   #'cljs.user/state



Let's see whether this schema works to validate our test data. If the data we pass in is valid,
validate
just returns the data:



cljs.user=>   (s/validate   state   data);;   =>   {:type   :state,   :name   "California",   :population   39144000,   :capital{:type   :city,   :name   "Sacramento",   :population   500}}



If the data we pass in is invalid, schema throws an error:



cljs.user=>   (def   invalid-data{:type   :state:name   "California":population   "39144000"   ;;   we've   changed   population   to   a   string:capital   {:type   :city:name   "Sacramento":population   500}});;   =>   #'cljs.user/invalid-data



cljs.user=>   (s/validate   state   invalid-data);;   =>   #error   {:message   "Value   does   not   match   schema:   {:population   (not(cljs$core$integer?   "39144000"))}",   :data   {:type   :schema.core/error,:schema   {:type   #schema.core.Predicate{:p?   #object[cljs$core$keyword_QMARK_"function   cljs$core$keyword_QMARK_(x){return   (x   instanceof   cljs.core.Keyword);}"],   :pred-name   cljs$core$keyword?},   :name   #schema.core.Predicate{:p?#object[cljs$core$string_QMARK_   "function   cljs$core$string_QMARK_(x){return   goog.isString(x);}"],   :pred-name   cljs$core$string?},   :population   #schema.core.Predicate{:p?#object[cljs$core$integer_QMARK_   "function   cljs$core$integer_QMARK_(n){return   (typeof   n   ===   'number')   &&   (!(isNaN(n)))   &&   (!((n   ===   Infinity)))   &&((parseFloat(n)   ===   parseInt(n,(10))));}"],   :pred-name   cljs$core$integer?},   :capital   {:type#schema.core.Predicate{:p?   #object[cljs$core$keyword_QMARK_   "functioncljs$core$keyword_QMARK_(x){return   (x   instanceof   cljs.core.Keyword);}"],   :pred-name   cljs$core$keyword?},   :name   #schema.core.Predicate{:p?#object[cljs$core$string_QMARK_   "function   cljs$core$string_QMARK_(x){return   goog.isString(x);}"],   :pred-name   cljs$core$string?},   :population   #schema.core.Predicate{:p?
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#object[cljs$core$integer_QMARK_   "function   cljs$core$integer_QMARK_(n){return   (typeof   n   ===   'number')   &&   (!(isNaN(n)))   &&   (!((n   ===   Infinity)))   &&((parseFloat(n)   ===   parseInt(n,(10))));}"],   :pred-name   cljs$core$integer?}}},   :value   {:type   :state,   :name"California",   :population   "39144000",   :capital   {:type   :city,   :name"Sacramento",   :population   500}},   :error   {:population   (not(cljs$core$integer?   "39144000"))}}}



;;   longer   stacktrace   follows



In addition to schema's
validate
function, there's also a
check
function, which does muchthe same thing, only without the thrown exception. Instead,
check
returns nil if thevalidation is successful, and if the validation fails, it returns a value that looks like the non-matching parts of the input data with errors at the leaves describing the failures. We'll beusing
check
instead of
validate
for the rest of this chapter, since the error messages inClojureScript can be rather verbose.



This example, where we define the expected types for values in a map, is a good place forus to start because the odds are good that you'll end up writing something similar to it. Thathaving been said, it'd behoove us to go over
schema
's capabilities from the ground up, sothat you can have a more complete idea of how the library works on a more intuitive level.



One thing to be aware of early on is that
schema
type variables (
s/Keyword
,
s/Int
,
s/Str
,and so on) are actually functions, not references to the types themselves. For instance, thesource code of
s/Str
is just
(pred   string?)
, where
pred
is a fairly straightforwardpredicate utility function in
schema.core
.



We can test this ourselves by quickly substituting a sample
schema
function ourselves,modeled in a similar way:



cljs.user=>   (s/check   (s/pred   even?)   1);;   =>   (not   (cljs$core$even?   1))



cljs.user=>   (s/check   (s/pred   even?)   2);;   =>   nil



From the previous example, we can see that all
schema
is really doing is calling theprovided function on the data it's validating. This insight will become even more apparentlater on in this chapter, when we start experimenting with schema's non-type-relatedvalidation capabilities in greater depth.
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The simplest sort of validation we can do is by checking against basic types (numbers,strings, keywords, and so on):



cljs.user=>   (s/check   s/Num   42);;   =>   nil



Now let's try with a string (obviously not a number!):



cljs.user=>   (s/check   s/Num   "42")(not   (instance?   #object[Number   "function   Number()   {   [native   code]   }"]"42"))



Against a keyword schema:



cljs.user=>   (s/check   s/Keyword   :party);;   =>   nil



And when that fails:



cljs.user=>   (s/check   s/Keyword   'party)(not   (cljs$core$keyword?   party))



This sort of low-level validation exists for all of ClojureScript's primitives, with thecorresponding
schema
type defined as
s
/
Str
,
s
/
Keyword
,
s
/
Num
,
s
/
Symbol
, and so on.



Collection  schemas



Next, let's see how we can compose these basic
schema
functions into greater validationsfor collections. We've already seen a pretty clear example about how we can validate thetypes for values in a map with known keys, so let's take look at some more genericexamples:



;;   We   can   validate   that   a   vector's   elements   are   numbers



cljs.user=>   (s/check   [s/Num]   [1   2   2   3]);;   =>   nil



Similarly, we can define a generic map where keys must be integers and values must bestrings:



cljs.user=>   (s/check   {s/Int   s/Str}   {1   "first"   2   "second"});;   =>   nil



;;   We   can   also   define   multiple   possible   key   types;   for   instance;;   here   a   key   can   be   an   integer   or   the   keyword   :foo
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cljs.user=>   (s/check   {s/Int   s/Str   :foo   s/Str}   {1   "first"   :foo   "second"});;   =>   nil



Because
schema
types are just functions, we can easily compose them with other functions,such as
optional-key
:



cljs.user=>   (def   person{:name   s/Str(s/optional-key   :occupation)   s/Str});;   =>   #'cljs.user/person



cljs.user=>   (s/check   person   {:name   "David"});;   =>   nil



cljs.user=>   (s/check   person{:name   "David":occupation   "Software   Engineer"});;   =>   nil



If we put all of this together, we can create highly customizable schema to capture whateverwe think our data might look like. For instance, we can have a generic
person
schema forwhich the name must be a string, and the age, when provided, must be an integer:



cljs.user=>   (def   person{:name   s/Str(s/optional-key   :age)   s/Ints/Keyword   s/Str});;   =>   #'cljs.user/person



;;   looking   good



cljs.user=>   (s/check   person{:name   "David":age   29:occupation   "Software   Engineer":hobby   "Billiards"});;   =>   nil



;;   looking   bad



cljs.user=>   (s/check   person{:age   "29":occupation   "Software   Engineer":hobby   "Billiards":bicycles   1});;   =>   {:name   missing-required-key,   :age   (not   (cljs$core$integer?   "29")),:bicycles   (not   (cljs$core$string?   1))}
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We have similar powers of customization when it comes to defining other collectionschemas. For instance, we can define a vector where the first element must be a string, asecond optional element can be a keyword, and anything after that must be an integer, asfollows:



cljs.user=>   (def   form[(s/one   s/Str   "s")(s/optional   s/Keyword   "k")s/Int]);;   =>   #'cljs.user/form


[image: Wondershare]


The strings
s
and
k
that follow
s/one
and
s/optional
just name the relevant part of theschema. They don't tell you what the value has to be:



cljs.user=>   (s/check   form   ["Event"]);;   =>   nil



cljs.user=>   (s/check   form   ["Event"   :logout]);;   =>   nil



cljs.user=>   (s/check   form   ["Event"   :logout   1]);;   =>   nil



cljs.user=>   (s/check   form   ["Event"   :logout   1   2   3]);;   =>   nil



cljs.user=>   (s/check   form   ["Event"   :logout   1   :banana]);;   =>   [nil   nil   nil   (not   (cljs$core$integer?   :banana))]



We also have an escape hatch for when we truly don't know what type something might be,in the form of
Any
:



cljs.user=>   (s/check   [s/Any]   [1   :oh   "really?"]);;   =>   nil
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Function  schemas



In addition to defining validations for data itself, we can also define validations forfunctions themselves. These types of validations allow you to specify both the argumenttypes and the return types of your functions.



Let's look at a simple example:



cljs.user=>   (defn   untyped-fn"A   simple   un-typed   function"[x](inc   x));;   =>   #'cljs.user/untyped-fn



cljs.user=>   (s/defn   typed-fn   :-   s/Int"A   simple   typed   function."[x   :-   s/Int](inc   x));;   =>   #'cljs.user/typed-fn


[image: Wondershare]


Let's quickly verify that these both work:



cljs.user=>   (untyped-fn   5);;   =>   6



cljs.user=>   (typed-fn   4);;   =>   5



cljs.user=>   (typed-fn   "a");;   =>   "a1"



Hey, wait a second! What's the point of providing type annotations when they don't stopyou from passing in the wrong type? Well, what's happening under the hood is that thetyped functions in schema are leveraging ClojureScript's underlying abilities to providetype
hints
, which are more for documentation purposes than actual compile-time or runtimevalidation.
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Unlike pure ClojureScript type hints, however, schema-type annotations
can
be used forruntime code validation (particularly handy when writing tests!). To turn on functionvalidation, wrap the relevant piece of code in the
with-fn-validation
macro, as follows:



cljs.user=>   (s/with-fn-validation   (typed-fn   1));;   =>   2



cljs.user=>   (s/with-fn-validation   (typed-fn   "a"));;   =>   #error   {:message   "Input   to   typed-fn   does   not   match   schema:   [(named(not   (cljs$core$integer?   "a"))   x)]",   :data   {:type   :schema.core/error,:schema   [#schema.core.One{:schema   #schema.core.Predicate{:p?#object[cljs$core$integer_QMARK_   "function   cljs$core$integer_QMARK_(n){return   (typeof   n   ===   'number')   &&   (!(isNaN(n)))   &&   (!((n   ===   Infinity)))   &&((parseFloat(n)   ===   parseInt(n,(10))));}"],   :pred-name   cljs$core$integer?},   :optional?   false,   :name   x}],   :value["a"],   :error   [(named   (not   (cljs$core$integer?   "a"))   x)]}};;   longer   stacktrace   follows



If you want global runtime-type validation, you can also just call
set-fn-validation!
.There's a slight performance hit to this, but it's generally worth it, especially when you'reworking in a development environment:



cljs.user=>   (s/set-fn-validation!   true);;   =>   true



cljs.user=>   (typed-fn   1);;   =>   2



cljs.user=>   (typed-fn   "a");;   returns   the   same   error   as   before



To enable function validation during testing (covered in
Chapter   8
,
Bundling ClojureScriptfor Production
), you can use the following (from the
schema.test
namespace):



(use-fixtures   :once   schema.test/validate-schemas)



Advanced  schema  validation



So far, all of the examples we've looked at have been fairly straightforward—essentially,just iterations on checking whether or not a provided value was of the appropriate type (ortypes, in the case of a collection schema). However,
schema
is highly extensible, and hasbuilt-in support for much more by way of data validation than pure type checking. We'vealready seen a few hints of what these features look like for instance, with the
optional
modifying function. Let's take a look at a few more advanced examples.
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First, we have
maybe
, which validates whether the provided data matches either theprovided
schema
function, or is
nil
:



cljs.user=>   (s/check   (s/maybe   s/Int)   5);;   =>   nil



cljs.user=>   (s/check   (s/maybe   s/Int)   nil);;   =>   nil



cljs.user=>   (s/check   (s/maybe   s/Int)   "a");;   =>   (not   (cljs$core$integer?   "a"))



Next, we have features we might expect to see in a fully featured language spec—explicitequality checking by value, as well as
enum
support:



cljs.user=>   (s/check   (s/eq   5)   5);;   =>   nil



cljs.user=>   (s/check   (s/eq   5)   4);;   =>   (not   (=   5   4))



cljs.user=>   (s/check   (s/enum   :login   :signup   :logout)   :login);;   =>   nil



cljs.user=>   (s/check   (s/enum   :login   :signup   :logout)   :email);;   =>   (not   (#{:login   :signup   :logout}   :email))



We've already seen how schema's
pred
function can be used for simple conditionals, butthere's also a proper
conditional
function that mirrors the behavior of
cond
within
schema
:



cljs.user=>   (def   KeywordVectorOrString(s/conditional   vector?   [s/Keyword]   :else   s/Str));;   =>   #'cljs.user/KeywordVectorOrString



cljs.user=>   (s/check   KeywordVectorOrString   "I'm   a   string!");;   =>   nil



cljs.user=>   (s/check   KeywordVectorOrString   [:a   :vector   :of   :keywords]);;   =>   nil



cljs.user=>   (s/check   KeywordVectorOrString   ["This   isn't   okay,   dude."]);;   =>   [(not   (cljs$core$keyword?   a-string))]
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There's a convenience function,
if
, for when there are only two possibilities:



cljs.user=>   (def   KeywordVectorOrString   (s/if   vector?   [s/Keyword]   s/Str));;   =>   #'cljs.user/KeywordVectorOrString



We can define recursive schema as follows:



(def   Tree   {:value   s/Int   :children   [(s/recursive   #'Tree)]});;   =>   #'cljs.user/Tree



cljs.user=>   (s/validate   Tree   {:value   0,   :children   [{:value   1,   :children[]}]});;   =>   {:value   0,   :children   [{:value   1,   :children   []}]}



In closing this section, we hope you see how schema's functional programming core allowsfor practically infinite flexibility when it comes to data validation. Use it to validate types,check for specific values, or provide your own custom validation logic to ensure that thedata you're validating is of the expected shape and content for your application.



Schema  coercion



So far, our focus has been on validating that a given piece of data satisfied a given schema,but
schema
also supports coercing data into a target schema. The process of coercion is verysimilar to that of validation under the hood, but involves an initial transformation that isapplied to the data before attempting to validate that the data now meets the final schema.



The canonical example here is also the most likely one you'll run into, which is for coercingparsed JSON to a domain-specific schema with different data types (for instance, when oneprefers certain values to be ClojureScript keywords instead of strings).



Let's say, for instance, that we have a blog application where users can post comments.Their posted comments include preferences to share their comments with associated socialmedia accounts. The schema for a posted comment might look like the following:



cljs.user=>(def   CommentSchema{:post-id   s/Int:text   s/Str:share-services   [(s/enum   :twitter   :facebook   :google)]});;   =>   #'cljs.user/CommentSchema
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An actual comment, though, would come in as a JSON object. This means the keys wouldbe strings, not keywords, and the values in the array for
:share-services
would bestrings as well. So a comment would probably look something like this, at the moment itcame off the wire:



#js   {"post-id"   583"text"   "You're   right,   ClojureScript   *is*   awesome!""share-services"   ["twitter"   "facebook"]}



In your application, you'd first translate this JSON object to a ClojureScript map, and in theprocess cast the string keys to keywords (unless you had some particular reason for keepingthem as strings), giving you the following, which we'll store in the
post-comment
var foreasy demonstration purposes:



cljs.user=>   (def   post-comment{:post-id   583:text   "You're   right,   ClojureScript   *is*   awesome!":share-services   ["twitter"   "facebook"]});;   =>   #'cljs.user/post-comment



So far, the process of converting JSON to our target data format has been fairlystraightforward, but here's where things break down. Ordinarily, if we wanted to handlethe strings in the
:share-services
vector (formerly array), we'd have to write a customfunction to do so. That function wouldn't be terrible to write, and it'd probably looksomething like this:



(s/defn   parse-comment   :-   CommentSchema"Given   a   comment   map,   coerce   it's   share-services   to   keywords"[c](update-in   c   [:share-services]   (partial   mapv   keyword)))



The problem is that, as our application grows, so (generally speaking) do the number ofdifferent data types it's likely to handle. Over time, we'd find ourselves having to writesimilar logic for every possible data type.
schema
coercion functionality lets us do this in away that is simple, straightforward, and repeatable.



First, we define a schema coercer for our target schema as follows:



;;   import   schema's   coercion   namespace



cljs.user=>   (require   '[schema.coerce   :as   coerce]);;   =>   nil



cljs.user=>   (def   comment-coercer   (coerce/coercer   CommentSchema   coerce/json-coercion-matcher));;   =>   #'cljs.user/comment-coercer
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comment-coercer
here is our new coercion function. All we have to do now is to call it on



our target data and it'll do the coercion for us:



cljs.user=>   (comment-coercer   post-comment);;   =>   {:post-id   583,:text   "You're   right,   ClojureScript   *is*   awesome!",:share-services   [:twitter   :facebook]}



Although schema's built-in JSON coercer is by far the most commonly used coercion enginefor most ClojureScript applications, it's not inconceivable that you might want to write yourown custom coercer (either for handling non-JSON data or for coercing JSON data to typesthat aren't built-in to
schema
).


[image: Wondershare]


Summary



Congratulations! You now have a working knowledge of some of ClojureScript's moreinteresting libraries, as well as a good idea of how to take that knowledge and apply it toyour particular applications. You've learned how to use
core.match
and
core.logic
towrite code that programmatically matches patterns or other logical constraints. With
clojure.zip
, you now know how to rapidly traverse and modify ClojureScript datastructures in a way that feels mutable, but has all the safety of immutability. Lastly, youlearned how to use
schema
to do runtime data validation.



In the next and final chapter of this book, we'll learn about how to write portable code that'llwork for both Clojure and ClojureScript, how to use
cljs.test
to write tests for your code,and how to work with some of the ClojureScript compiler's more advanced compilationoptions. We'll also show you how to deploy dual Clojure-ClojureScript applications inDocker containers. By the time you're done, you should know everything you need to knowin order to be ready to ship your applications to a production environment.
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We've almost come to the end of our journey together in learning ClojureScript. In this finalchapter, we'll cover subjects relevant to readers interested in shipping their applications toproduction environments. In particular, we'll focus on the details of testing, configuration,and deployment as they pertain to ClojureScript applications. This chapter's major areas offocus are the following:



Testing your application with
cljs.test
Advanced ClojureScript compilation optionsDeploying Clojure and ClojureScript applications in a Docker container
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Testing  your  application  with  cljs.test



In this section, we'll take a look at how to configure your ClojureScript application or libraryfor testing. As usual, we'll start by creating a new project for us to play around with:



$   lein   new   figwheel   testing



Unlike previous examples where we spent most of our time in the
src
directory, we'll playaround in a
test
directory this time. Most JVM Clojure projects will have one already, butsince the default Figwheel template doesn't include one, let's make one first (following thesame convention used with source directories, that is, instead of
src/$PROJECT_NAME
,we'll create
test/$PROJECT_NAME
):



$   mkdir   -p   test/testing
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We'll now want to make sure that Figwheel knows to watch the
test
directory for filemodifications. To do that, we will edit the
dev
build in our
project.clj
project's
:cljsbuild
map so that its
:source-paths
vector includes both
src
and
test
. Yournew
dev
build configuration should look like this:



{:id   "dev":source-paths   ["src"   "test"]



;;   If   no   code   is   to   be   run,   set   :figwheel   true   for   continued   automagicalreloading:figwheel   {:on-jsload   "testing.core/on-js-reload"}



:compiler   {:main   testing.core:asset-path   "js/compiled/out":output-to   "resources/public/js/compiled/testing.js":output-dir   "resources/public/js/compiled/out":source-map-timestamp   true}}



Next, we'll get the ol' Figwheel REPL going so that we can have our ever familiar hotreloading:



$   cd   testing$   rlwrap   lein   figwheel


[image: Wondershare]


Now, let's create a new file in the
test/testing
directory,
core_test.cljs
.


[image: Wondershare]


Let's get started by just running tests on a single file. Inside
core_test.cljs
, let's add thefollowing code:



(ns   testing.core-test(:require   [cljs.test   :refer-macros   [deftest   is]]))



(deftest   i-should-fail(is   (=   1   0)))



(deftest   i-should-succeed
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(is   (=   1   1)))



This code first requires two of the most important
cljs.test
macros, and then gives ustwo simple examples of what a failed test and a successful test should look like.



At this point, we can run our tests from the Figwheel REPL:



cljs.user=>   (require   'testing.core-test);;   =>   nil



cljs.user=>   (cljs.test/run-tests   'testing.core-test)



Testing   testing.core-test



FAIL   in   (i-should-fail)   (cljs/test.js?zx=icyx7aqatbda:430:14)expected:   (=   1   0)actual:   (not   (=   1   0))



Ran   2   tests   containing   2   assertions.1   failures,   0   errors.;;   =>   nil



Great. So, at this point, what we've got is tolerable but it's not really practical in terms ofbeing able to test a larger application. We don't want to have to test our application in theREPL and pass in our test namespaces one by one.



The current idiomatic solution for this in ClojureScript is to write a separate test runner thatis responsible for any important setup and running all of your tests. Let's take a look atwhat this looks like.



Let's start by creating another test namespace. Let's call this one
app_test.cljs
, and we'llput the following in there:



(ns   testing.app-test(:require   [cljs.test   :refer-macros   [deftest   is]]))



(deftest   another-successful-test(is   (=   4   (count   "test"))))



We're not doing anything remarkable here; it's just another test namespace with a single testthat should pass by itself. Let's quickly make sure that this is exactly the case at the REPL:



cljs.user=>   (require   'testing.app-test)nilcljs.user=>   (cljs.test/run-tests   'testing.app-test)



Testing   testing.app-test
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Ran   1   tests   containing   1   assertions.0   failures,   0   errors.;;   =>   nil



Perfect. Now, let's write a test runner. Let's open a new file that we'll call, simply enough,
test_runner.cljs
, and let's include the following:



(ns   testing.test-runner(:require   [cljs.test   :refer-macros   [run-tests]][testing.app-test][testing.core-test]))



;;   This   isn't   strictly   necessary,   but   is   a   good   idea   depending;;   upon   your   application's   ultimate   runtime   engine.(enable-console-print!)



(defn   run-all-tests[](run-tests   'testing.app-test'testing.core-test))



Again, nothing surprising. We're just making a single function for us that runs all of ourtests. This is handy for us at the REPL:



cljs.user=>   (require   'testing.test-runner);;   =>   nil



cljs.user=>   (testing.test-runner/run-all-tests)



Testing   testing.app-test



Testing   testing.core-test



FAIL   in   (i-should-fail)   (cljs/test.js?zx=icyx7aqatbda:430:14)expected:   (=   1   0)actual:   (not   (=   1   0))



Ran   3   tests   containing   3   assertions.1   failures,   0   errors.;;   =>   nil



Ultimately, however, we want something we can run at the command line so that we canuse it in a continuous integration environment. There are a number of ways we can goabout configuring this directly, but if we're clever, we can let someone else do the heavylifting for us. Enter
doo
, the handy ClojureScript testing plugin for Leiningen.
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Using  doo  for  easier  testing  configuration



doo
is a library and Leiningen plugin for running the
cljs.test
in many different



JavaScript environments. It makes it easy to test your ClojureScript regardless of whetheryou're writing for the browser or for the server, and it also includes file watchingcapabilities like Figwheel so that you can automatically rerun tests on file changes. The
doo
project page can be found at
https://github.com/bensu/doo
.



To configure our project to use
doo
, first we need to add it to the list of plugins inour
project.clj
file. Modify the
:plugins
key so that it looks like the following:



:plugins   [[lein-figwheel   "0.5.2"][lein-doo   "0.1.6"][lein-cljsbuild   "1.1.3"   :exclusions   [[org.clojure/clojure]]]]



Next, we will add a new
Cljsbuild
build configuration for our test runner. Add thefollowing build map after the
dev
build map we've been working with up until now:



{:id   "test":source-paths   ["src"   "test"]:compiler   {:main   testing.test-runner:output-to   "resources/public/js/compiled/testing_test.js":optimizations   :none}}



This configuration tells
Cljsbuild
to use both our
src
and
test
directories, just likeour
dev
profile. However, it adds some different configuration elements to the compileroptions.



To start with, we're not using
testing.core
as our main namespace anymore—instead,we'll use our test runner's namespace,
testing.test-runner
. We will also change theoutput JavaScript file to a different location from our compiled application code. Lastly, wewill make sure that we pass
:optimizations   :none
in so that the compiler runs quicklyand doesn't have to do any magic to look things up.


[image: Wondershare]
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Lastly, we need to modify our test runner namespace so that it's compatible with doo. To dothis, open
test_runner.cljs
and change it to the following:



(ns   testing.test-runner(:require   [doo.runner   :refer-macros   [doo-tests]][testing.app-test][testing.core-test]))



;;   This   isn't   strictly   necessary,   but   is   a   good   idea   depending;;   upon   your   application's   ultimate   runtime   engine.(enable-console-print!)



(doo-tests   'testing.app-test'testing.core-test)



This shouldn't look too different from our original test runner—we're just importing from
doo.runner
rather than
cljs.test
and using
doo-tests
instead of a custom runnerfunction. The
-tests
doo-tests function works very similarly to
cljs.test/run-tests
,but it places hooks around the tests to know when to start them and finish them. We're alsoputting this at the top-level of our namespace rather than wrapping it in a particularfunction.



The last thing we're going to need to do is to install a JavaScript runtime that we can use toexecute our tests with. Up until now, we've been using the browser via Figwheel, butideally we want to be able to run our tests in a headless environment as well. For thispurpose, we recommend installing
PhantomJS
(though other execution environments arealso fine).



If you're on OS X and have Homebrew installed (http://www.brew.sh), installingPhantomJS is as simple as typing
brew   install   phantomjs
. If you're not on OS X ordon't have Homebrew, you can find instructions on how to install PhantomJS on theproject's website at
http://phantomjs.org/
. The key thing is that the following shouldwork:



$   phantomjs   -v2.0.0



Once you've got PhantomJS installed, you can now invoke your test runner from thecommand line with the following:



$   lein   doo   phantom   test   once



;;   ===================================================================



;;   Testing   with   Phantom:
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Testing   testing.app-testTesting   testing.core-test



FAIL   in   (i-should-fail)   (:)expected:   (=   1   0)actual:   (not   (=   1   0))



Ran   3   tests   containing   3   assertions.1   failures,   0   errors.Subprocess   failed



Let's break this command apart a bit. The first part,
lein   doo
, just tells Leiningen to invokethe
doo
plugin. Next, we have
phantom
, which tells
doo
to use PhantomJS as its runningenvironment.


[image: Wondershare]


Next, we have
test
, which refers to the
Cljsbuild
build ID that we set up earlier. Lastly,we have
once
, which tells
doo
to just run tests and not to set up a filesystem watcher. If,instead, we wanted
doo
to watch the filesystem and rerun tests on any changes, we wouldjust use
lein   doo   phantom   test
.



Testing  fixtures



The
cljs.test
function has support for adding fixtures to your tests that will run beforeand after your tests. Test fixtures are useful for establishing an isolated state betweentests—for instance, you could use tests to set up a specific database state before each testand to tear it down afterwards. You can add them to your ClojureScript tests by declaringthem with the “use-fixtures” macro within the testing namespace you want fixtures appliedto.



Let's see what this looks like in practice by changing one of our existing tests and addingsome fixtures to it. Modify the
app_test.cljs
file to the following:



(ns   testing.app-test(:require   [cljs.test   :refer-macros   [deftest   is   use-fixtures]]))
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;;   Run   these   fixtures   for   each   test.



;;   We   could   also   use   :once   instead   of   :each   in   order   to   run;;   fixtures   once   for   the   entire   namespace   instead   of   once   for;;   each   individual   test.(use-fixtures:each{:before   (fn   []   (println   "Setting   up   tests...")):after   (fn   []   (println   "Tearing   down   tests..."))})



(deftest   another-successful-test;;   Give   us   an   idea   of   when   this   test   actually   executes.(println   "Running   a   test...")(is   (=   4   (count   "test"))))



Here, we added a call to
use-fixtures
that prints to the console before and after runningthe test, and we added a
println
call to the test itself so that we know when it executes.Now when we run this test, we get the following:



$   lein   doo   phantom   test   once



;;   ===================================================================



;;   Testing   with   Phantom:



TestingSettingRunningTearing



testing.app-testup   tests...a   test...down   tests...



Testing   testing.core-test



FAIL   in   (i-should-fail)   (:)expected:   (=   1   0)actual:   (not   (=   1   0))



Ran   3   tests   containing   3   assertions.1   failures,   0   errors.Subprocess   failed



Note that our fixtures get called in the order we expect them. You should feel free, at thispoint, to remove the failing test in
core_test.cljs
, but we'll assume that you've left it infor the rest of this chapter.
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Asynchronous  testing



Due to the fact that client-side code is frequently asynchronous and JavaScript is single-threaded, we need to have a way to support asynchronous tests. To do this, we can use the
async
macro from
cljs.test
. Let's take a look at an example using an asynchronous
HTTPGET
request.



First, let's modify our
project.clj
file to add
cljs-ajax
to our dependencies. Your
dependencies
project key should now look similar to this:



:dependencies   [[org.clojure/clojure   "1.8.0"][org.clojure/clojurescript   "1.7.228"][cljs-ajax   "0.5.4"][org.clojure/core.async   "0.2.374":exclusions   [org.clojure/tools.reader]]]



Next, let's create a new file in our
test.testing
directory,
async_test.cljs
. Inside it,we will add the following code:



(ns   testing.async-test(:require   [ajax.core   :refer   [GET]][cljs.test   :refer-macros   [deftest   is   async]]))



(deftest   test-async(GET   "http://www.google.com";;   will   always   fail   from   PhantomJS   because;;   `Access-Control-Allow-Origin`   won't   allow;;   our   headless   browser   to   make   requests   to   Google.{:error-handler(fn   [res](is   (=   (:status-text   res)   "Request   failed."))(println   "Test   finished!"))}))


[image: Wondershare]


Let's try running this test with
doo
(don't forget that you have to add
testing.async-test
to
test_runner.cljs
!):



$   lein   doo   phantom   test   once...Testing   testing.async-test...Ran   4   tests   containing   3   assertions.
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1   failures,   0   errors.Subprocess   failed



Now, our test here passes, but note that the
println
async code never fires and ouradditional assertion doesn't get called (looking back at our previous examples, since we'veadded a new
is
assertion, we should expect to see four assertions in the summary)! If weactually want our test to appropriately validate the error-handler callback within thecontext of the test, we need to wrap it in an
async
block. Doing so gives us a test that lookslike the following:



(deftest   test-async(async   done(GET   "http://www.google.com";;   will   always   fail   from   PhantomJS   because;;   `Access-Control-Allow-Origin`   won't   allow;;   our   headless   browser   to   make   requests   to   Google.{:error-handler(fn   [res](is   (=   (:status-text   res)   "Request   failed."))(println   "Test   finished!")(done))})))



Now, let's try to run our tests again:



$   lein   doo   phantom   test   once...Testing   testing.async-testTest   finished!...Ran   4   tests   containing   4   assertions.1   failures,   0   errors.Subprocess   failed



Awesome! Note that this time we both see the printed statement from our callback and wecan see that
cljs.test
properly ran all four of our assertions.



Asynchronous  fixtures



One final “gotcha” on testing—the fixtures we talked about earlier in this chapter do nothandle asynchronous code automatically. This means that if you have a
:before
fixturethat executes asynchronous logic, your test could begin running before your fixture hascompleted! In order to get around this, all you need to do is to wrap your
:before
fixturein an
async
block, just like with asynchronous tests. For instance:



(use-fixtures   :once
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{:before#(async   done...(done)):after#(do   ...)})



This concludes our section on
cljs.test
. Testing, whether in ClojureScript or any otherlanguage, is a critical software engineering best practice to ensure that your applicationbehaves the way you expect it to and to protect you and your fellow developers fromaccidentally introducing bugs into your application. With
cljs.test
and
doo
, you havethe power and flexibility to test your ClojureScript application with multiple browsers andJavaScript environments, and to integrate your tests into a larger continuous testingframework.



Advanced  ClojureScript  compilation  options



In this section, we'll cover more advanced ClojureScript compilation options with an eye tohelping you bundle your application for production. Compiling ClojureScript applicationsfor production can involve a significant degree of configuration, and we recommend thatyou begin thinking about how you're going to compile your application sooner rather thanlater.


[image: Wondershare]


While we generally believe that premature optimization is the root of many a wasted hour,in this case, it's a better idea to make sure that things are working early and often. This willhelp you ensure that your compilation configuration is giving you builds that behave theway you expect them to in a production-like environment.


[image: Wondershare]
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Compilation  optimization  levels



The Google Closure Compiler supports three different levels of optimizations, and theClojureScript compiler adds another (or, more precisely, it adds an option to not use theGoogle Closure Compiler at all). This means that when it comes to compiling aClojureScript project, we have four different optimization levels for our compiler:



:none



:whitespace



:simple



:advanced



The default ClojureScript Compiler optimization level is
:none
. As the name suggests,when using this setting, the compiler simply concatenates all of the compiled JavaScript intoa single file and calls it a day.



The next level on the compiler optimization scale is
:whitespace
, which simply removesall comments from the compiled code as well as line breaks, unnecessary spaces, extraneouspunctuation (such as parentheses and semicolons), and other whitespace. Functionally, theoutput JavaScript is identical to the source JavaScript.


[image: Wondershare]


Next, we have
:simple
, which performs the same optimizations as
:whitespace
but alsoperforms optimizations within expressions and functions, including renaming localvariables and function parameters to shorter names. This makes the final output codeconsiderably smaller. Because
:simple
only renames symbols that are local to functions, itdoes not interfere with any calls to and from compiled JavaScript and other JavaScript.Compilation with
:simple
optimizations preserves functionality on the condition that thecodebase doesn't access local variables using string names (that is, by using
eval()
orcalling
toString()
on functions). Projects using the Google Closure Compiler directly(that is, not using the ClojureScript Compiler) will have this as the default compilationsetting.
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The final optimization level is
:advanced
. This performs the same optimizationsas
:simple
, but adds a number of more aggressive code transformations to achieve a muchhigher level of compression. As it has been discussed at some length in
Chapter2
,
ClojureScript Language Fundamentals
,
:advanced
optimization makes a number ofassumptions about the structure of your code—code that doesn't meet those assumptionswill not fail during the compilation phase, but it will behave unexpectedly at runtime.



Getting your project structured to work with the
:advanced
compilation may seem like ahassle and a lot of work, but code compiled using the
:advanced
configuration flag isguaranteed to have a much smaller payload (meaning faster load times for your sitevisitors)! The Google Closure Compiler achieves this by engaging in more aggressiverenaming, dead code removal, and global inlining.


[image: Wondershare]


Generating  modules



Recent releases of ClojureScript have added support for emitting Google Closure modules.Modules support splitting a given optimized build into multiple different files. If youprovide
:modules
as a key in your compilation configuration options map, it'll replace thesingle file path normally given to the
:output-to
option (that is,
:output-to
is ignoredsince it implies only generating a single file, not multiple modules).


[image: Wondershare]


When configuring modules, each generated module needs a name, its own
:output-to
path, a set of namespaces to be added (under the
:entries
key), and
:depends-on
, whichis the set of modules upon which the specific module depends. Closure modules are onlysupported when using
:simple
or
:advanced
optimization. An example moduleconfiguration might look like the following:



{:optimizations   :advanced:source-map   true:output-dir   "resources/public/js":modules   {:common



[ 276 ]




Bundling ClojureScript for Production



{:output-to   "resources/public/js/common.js":entries   #{"foo.common"}}:landing{:output-to   "resources/public/js/landing.js":entries   #{"foo.landing"}:depends-on   #{:common}}:mobile{:output-to   "resources/public/js/mobile.js":entries   #{"foo.mobile"   "foo.mobile.util"}:depends-on   #{:common}}}}



In this example, the
:landing
and
:mobile
modules both depend on the
:common
module.



When using modules, any namespace in your source paths that isn't specified in a specificmodule will be added to a default module,
:cljs-base
. This module will be written out tothe specified
:output-dir
as
cljs_base.js
. If you want it to go into a differently namedfile, just create an additional module for it in which you only specify
:output-to
, forinstance:



{:optimizations   :advanced:source-map   true:output-dir   "resources/public/js":modules   {:common{:output-to   "resources/public/js/common.js":entries   #{"foo.common"}}:landing{:output-to   "resources/public/js/landing.js":entries   #{"foo.landing"}:depends-on   #{:common}}:cljs-base{:output-to   "resources/public/js/base.js"}}}



In this example, we altered our configuration so that
:cljs-base
is compiled to
base.js
rather than
cljs_base.js
.



Targeting  a  Node.js  runtime



Although the focus of this book is primarily on single-page applications, most of thesubjects covered in this book will also work on a Node.js runtime. To compile yourapplication for Node.js, add
:target   :nodejs
to your compilation map (by default, theClojureScript Compiler assumes that you are targeting the browser).
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By default, if you choose to target Node.js, the compiler will emit a shebang as the first lineof the compiled source to make it an executable. If you're writing a Node.js module ratherthan an executable application, you should also add
:hashbang   false
to your project'scompilation options.


[image: Wondershare]


General  configuration  recommendations



We recommend configuring your projects to have at least two compilation profiles—one fordevelopment using
:none
and another for deployment using
:advanced
. You may,optionally, find it valuable to have an additional profile for testing, but we encourage youto keep configuration changes limited to things like the inclusion of test file source paths.



You should try to make sure that you get a functioning
:advanced
configuration early andto keep a special eye on it when changing compilation settings or adding foreigndependencies, particularly those using native JavaScript (that is, non-ClojureScriptdependencies).



Where possible, we recommend using dependencies downloaded from CLJSJS. Failing that,we encourage you to use widely supported and used externs configurations. In general,having to configure and maintain your own custom configuration for a third-party library ismuch more work than relying on the open source community for support.



Deploying  Clojure  and  ClojureScriptapplications  in  a  Docker  container



In this final section, we'll cover deploying our client and server application code in a singleDocker container. Containers are a technology that you can use to wrap up a piece ofsoftware in a complete filesystem that includes everything it needs to run: application code,a runtime, system tools, system libraries, and so on—anything you might otherwise installon a server. Using container technology provides a way of guaranteeing that yourapplication will always run the same regardless of the underlying environment it is runningin.
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Today, many cloud infrastructure providers offer products and services that have directsupport for Docker. For instance, if you're using Amazon Web Service's
Elastic Beanstalk
tohost, deploy, and scale your application, you can deploy a container directly by telling theElastic Beanstalk API to deploy a specific container ID from a given Docker registry and it'llknow what to do.



Installing  Docker



To install Docker, you have a few different options depending on what operating systemyou're running. If you're running Linux, you basically just have to
curl
a script from theDocker website. If you're running OS X or Windows, we recommend installing
DockerToolbox
from the Docker website and following their instructions.


[image: Wondershare]


In short, in order to get Docker working, you'll need the following:



A Docker server running on your machine. If you're on OS X or Windows, thiswill need to run on a virtual machine, which you can either set up withDocker's Kitematic UI application, using the terminal or an application likeVirtualbox.The latest version of the Docker client installed. As of the time of writing this, thatwould be version 1.11.0.


[image: Wondershare]
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Once you've got Docker set up and configured properly, you should be able to test out thatit works by successfully executing
docker   run   hello-world
:



$   docker   run   hello-worldHello   from   Docker.This   message   shows   that   your   installation   appears   to   be   workingcorrectly.To   generate   this   message,   Docker   took   the   following   steps:



1.   The   Docker   client   contacted   the   Docker   daemon.2.   The   Docker   daemon   pulled   the   "hello-world"   image   from   theDocker   Hub.3.   The   Docker   daemon   created   a   new   container   from   that   imagewhich   runs   the   executable   that   produces   the   output   you   arecurrently   reading.4.   The   Docker   daemon   streamed   that   output   to   the   Dockerclient,   which   sent   it   to   your   terminal.



To   try   something   more   ambitious,   you   can   run   an   Ubuntucontainer   with:



$   docker   run   -it   ubuntu   bash



Share   images,   automate   workflows,   and   more   with   a   free   DockerHub   account:https://hub.docker.com



For   more   examples   and   ideas,   visit:https://docs.docker.com/userguide/



[ 280 ]




Bundling ClojureScript for Production



Compiling  an  Uberjar



By now, you should have at least a passing awareness of JAR files—the standardmechanism for distributing Java source code (as well as Clojure and precompiledClojureScript code). An
Uberjar
differs from a jar file in that it includes all of a project'sdependencies as well.



This means that while a normal JAR file might include a manifest of which dependencieswould need to be downloaded prior to initializing an executable, a comparable Uberjarwould have all of the requisite dependencies already included. Uberjars, therefore,represent an excellent way of bundling together all of the application code necessary to runsomething into a single file.



Leiningen makes it incredibly easy for us to create Uberjars for our projects—all we have todo is run
lein   uberjar
. To see how this works, let's first create a sampleClojure/ClojureScript project. If you like, you can reuse the project from
Chapter5
,
Building Single Page Applications
; otherwise, we can just use a basic Chestnut application.We'll assume that you're creating a new Chestnut application for the purposes of thissection.


[image: Wondershare]


First, let's create a new project using the Chestnut template:



$   lein   new   chestnut   dockerGenerating   fresh   Chestnut   project.README.md   contains   instructions   to   get   you   started.$   cd   docker/



By default, Chestnut's web server will start silently. We'd like to know when the server isdone booting, so let's edit the
-main
method in
src/clj/docker/server.clj
to includea quick
println
call once the server's done booting:



(defn   -main   [&   [port]](let   [port   (Integer.   (or   port   (env   :port)   10555))](run-jetty   http-handler   {:port   port   :join?   false})(println   "Server   started!")))
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Now, let's compile our ClojureScript and start the web server:



$   lein   cljsbuild   once   appCompiling   ClojureScript...Compiling   "resources/public/js/compiled/docker.js"   from   ["src/cljs"]...Successfully   compiled   "resources/public/js/compiled/docker.js"   in   3.987seconds.$   lein   runServer   started!



Once you see the
Server started!
message, you should be able to navigate your web browserto
http://localhost:10555
and see the following:


[image: Wondershare]


It's not particularly impressive, but what matters here is that we've got a functioningbackend web server and some compiled ClojureScript that's rendering an
h1
element usingReact. On the backend, our web server is configured to invoke the
-main
method that'sdefined in the Clojure file located at
src/clj/docker/server.clj
to run. And on thefrontend, we configured our ClojureScript to launch from
src/cljs/docker/core.cljs
.This configuration is set in our
project.clj
file with the following configuration thatChestnut will have set up for us by default:



:main   docker.server



Now, if we wanted we could attempt to just bundle this up as a Clojure application in aDocker container to run using the same
lein   run
command we just invoked; it's possibleto configure Docker to run using Leiningen without too much difficulty. But doing sowould mean our application would be a bit slower to start-up since it'd have to deal withLeiningen's startup time as well.
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In a production environment, it's not unreasonable for us to want our application to loadquickly without having to worry about Leiningen's startup time.



It's also one extra dependency we'd have to include in our final container, making the filesize a bit larger as well. What if we just built a single Uberjar that didn't contain Leiningen,while still including everything our application needed to run?



It turns out this is relatively straightforward to do. First, let's get rid of any existingcompiled ClojureScript or other assets:



$   lein   clean



Next, let's run
lein   uberjar
to compile an Uberjar for ourselves:



$   lein   uberjarCompiling   docker.serverCompiling   ClojureScript...Compiling   "resources/public/js/compiled/docker.js"   from["src/cljs"]...Successfully   compiled   "resources/public/js/compiled/docker.js"in   24.857   seconds.Created   /Users/ursa/Code/example-code/chapter-/docker/target/docker-0.1.0-SNAPSHOT.jarCreated   /Users/ursa/Code/example-code/chapter-/docker/target/docker.jar



There are a few things to take note of here. First, note that we've created two separate JARfiles. In this case, the former of these two JAR files,
docker-0.1.0-SNAPSHOT.jar
, is notan Uberjar; it just gets generated at the same time. The latter, however, is an Uberjar.Typically, the Uberjar would be named
docker-0.1.0-SNAPSHOT-standalone.jar
(more generally
$PROJECT_NAME-$PROJECT_VERSION-standalone.jar
), but in this case,the Chestnut template sets the
:uberjar-name
configuration flag in the
project.clj
fileto just use the name of the project, and so we end up with an Uberjar named
docker.jar
.
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Now that we have our Uberjar built, let's try running it to see if it works:



$   java   -jar   target/docker.jarServer   started!


[image: Wondershare]


We should now be able to navigate our browser to
http://localhost:10555
and see thefamiliar
Hello Chestnut!
page. This means that our Uberjar has compiled all of ourJavaScript and is successfully serving it from the bundled Clojure server.



Building  a  Docker  container  for  our  app



In order to build a Docker container for our Chestnut application, we're going to need toput together a Dockerfile. A Dockerfile can be thought of as a recipe for building a containerimage. Dockerfiles are composed by taking a base operating system layer and then layeringon additional modifications to the file system that are then encoded into the file system.Because Dockerfiles support repeated layering, we can even take an existing Dockerfile andthen layer additional modifications on top of that, which is exactly what we're going to do!


[image: Wondershare]
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For our Dockerfile, we're going to use as a base image the
java:8
image from the officialrepository on Docker Hub, the public Docker registry. Details on the Java repository can befound on the repository's website on the Docker Hub:
https://hub.docker.com/_/java/
.


[image: Wondershare]


We will now add some additional metadata and instructions that will take our Uberjar, addit to the Docker filesystem, and then tell Docker how to run our JAR.



Save the following to a file named
Dockerfile
in the root of your project:



FROM   java:8#   Feel   free   to   put   your   name   here!MAINTAINER   W.   David   Jarvis   <yournamehere@gmail.com>ADD   target/docker.jar   /srv/app.jarWORKDIR   /srvCMD   ["java",   "-jar",   "/srv/app.jar"]



Let's walk through what each of these lines does.



The
MAINTAINER
parameter just adds a bit of friendly metadata about the author to theDocker image that we're building. Feel free to add your name here or leave this line outentirely.



The
ADD
parameter tells Docker to copy a file from our computer's filesystem into thecontainer's filesystem at a specific location. Here, we've told it to take our compiled Uberjarand to store it in the container's filesystem at
/srv/app.jar
.
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The
WORKDIR
parameter sets the working directory for any
RUN
,
CMD
,
ENTRYPOINT
,
COPY
,or
ADD
instructions that come afterward. In this case, we're just setting
/srv
as our workingdirectory.



Lastly, the
CMD
instruction tells Docker what executable and arguments to run when we tryto start a running container off of this image.


[image: Wondershare]


There can only be one
CMD
instruction in a Dockerfile.



Now that we have our Dockerfile defined, we can use Docker to build a Docker image forour application. Once we're done with that, we'll be able to run it as a container. Run thefollowing command to build our Docker image (your output may differ slightly):



$   docker   build   -t   dockerapp.Sending   build   context   to   Docker   daemon   34.41   MBStep   1   :   FROM   java:88:   Pulling   from   library/javaefd26ecc9548:   Pull   completea3ed95caeb02:   Pull   completed1784d73276e:   Pull   complete72e581645fc3:   Pull   complete1e6509b4af69:   Pull   completecb657b848e5b:   Pull   completea61be2f3cb34:   Pull   completec7e88b44d657:   Pull   completec7335ca7647e:   Pull   completeDigest:sha256:11ba9d7a2927ae52203aa1a7065fdef70c626a5f780952eb02296a103ed1e0d1Status:   Downloaded   newer   image   for   java:8--->   081ce13c85dbStep   2   :   MAINTAINER   W.   David   Jarvis   <yournamehere@gmail.com>--->   Running   in   cfc28de2d657--->   e237c1744882Removing   intermediate   container   cfc28de2d657Step   3   :   ADD   target/docker.jar   /srv/app.jar--->   8e6dee0c150aRemoving   intermediate   container   b3ebb00358c1Step   4   :   WORKDIR   /srv--->   Running   in   46e66d7eadc3--->   de4f9fab91cf
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Removing   intermediate   container   46e66d7eadc3Step   5   :   CMD   java   -jar   /srv/app.jar--->   Running   in   f1175d8feea8--->   92693b384187Removing   intermediate   container   f1175d8feea8Successfully   built   92693b384187



What this command does is build an image with the
dockerapp
tag using the Dockerfilefound in this directory (hence the “
.
“). A tag is a handy piece of searchable metadata that isapplied to a Docker image so that we can ask Docker to run images with human-readablenames. There are a few different conventions around tag naming—in general, you'llprobably want to use tags that are of the form
$repository/$image_name:$version
, butfor this example, we're sticking with a simple tag.



Next, we'll run our Docker image as a container:



$   docker   run   dockerapp   #   note   that   we're   passing   our   image   tag   hereServer   started!



Now, let's navigate our browser to
http://localhost:10555
and … hey! Whathappened? How come we can't see our application?



The answer is a little complicated, but basically we have either one or two problems. First,we need to tell the Docker server how to map ports from the container we're running to thehost machine. Additionally, if we're using OS X or Windows, we need to figure out how toaccess that host machine (since our Docker host will be running inside of a VM and not onour actual machine as a daemon).



We can resolve the first problem by just passing an extra argument to our invocation ofDocker that tells it how to map container ports to host ports, as follows:



$   docker   run   -p   10555:10555   dockerappServer   started!



If you're on Linux, you should now be able to access the app at
http://localhost:10555
. If you're on OS X or Windows, however, you'll need touse
docker-machine
to figure out what IP your VM is available at and then access the appof that URL:



$   docker-machine   ip192.168.99.100



Now that we know our VM's IP address is
192.168.99.100
, we should now be able toaccess our application at
http://192.168.99.100:10555
. Perfect!
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We've now covered everything you need to know in order to build, test, and run Dockercontainers locally, but there's a lot more to Docker that's beyond the scope of this book. Ifyou're looking to deploy Docker in a production environment, your next steps would beoptionally setting up a private image registry (so as to not expose your source code toanyone outside your company), configuring your continuous deployment system able topush those images to a remote repository, and finally configuring your deployment systemto tell whatever hardware or infrastructure you're deploying onto to pull and run the latestimage from your Docker repository as part of a successful deployment.



Summary



You now have many of the tools necessary to configure and deploy your ClojureScriptapplication to a production environment, including how to write tests for your application,how to configure more advanced compilation options, and how to build Docker containersfor Clojure/ClojureScript applications. Ultimately, the specific test and deployment needs ofyour application are going to be particular to your application and infrastructure, but thelessons learned in this chapter should prove helpful as a general guide that isn't toodependent on the idiosyncratic requirements you ultimately face.



The end of this chapter also brings us to the conclusion of our journey together in learningClojureScript. At this point, you have all the tools necessary to write advanced ClojureScriptapplications as well as an understanding of how to take those applications and preparethem for real-world conditions. We hope you've enjoyed reading this book, and we lookforward to see your ClojureScript code live on the World Wide Web!
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Doo supports a number of other environments, including Chrome, Firefox,
Internet Explorer, Safari, Opera, Slimer]S, NodeJs, Rhino, and Nashorn.
Be aware that if you're interested in running cioo on one of these other
environments, you may have to configure and install additional software,
For instance, if you want to run tests on Chrome, you'll need to install
Karma as well as the appropriate Karma npm modules to enable Chrome
interaction.
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Note that our currently running Figwheel process won't know about the
fact that we've added Le in-doo to our list of plugins o that we've added
anew build configuration. In order to get Figwheel to play nicely

with doo, you should add doo as a dependency to your project on top of
having 1ein-doo as a plugin. Once you've done that, exit the Figwheel
process and restart it after you've saved the changes to project . cl
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By convention, most libraries and applications in Clojure and
ClojureScript have test files that correspond to source files with the suffix

test. In this project, that means test /testing/core_test.cljsis
intended to contain the tests for src/testing/core.clis.
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Don't forget to navigate your browser window to
http://localhost : 3449/ to get the browser REPL to connect.
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If you're interested in learning more about writing custom schema
coercions, you can find a detailed tutorial on how to do 50 on the ‘schema’
project’s wiki, here: nt tps://github.con/plumat ic/schema/wiki/He
1iting-Custom-Transformat ions.
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Note that you don't need to define a schema for every argument or return
value; those values without a schena* are just treated as having been
defined with a schema of s/ Any.
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Note that the syntax we've used here (using s/one, s/opt ional, and so
on) is a function of our desire to have multiple schema types within our
vector. If we just wanted a homogeneously typed vector (one with a single
possible type), we'd specify it with, for example (def form [s/Int]).
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For most of the lifetime of the schena project, it's been under the careful
stewardship of the San Francisco-based company, Prismatic. Prismatic
recently changed their business model and more-or-less removed their
online presence. In the process, they migrated their prior GitHub
organization from “Prismatic” to “plumatic”. This means that the source
code for schema can now be found online at ht tps: //github. con/plum
atic/schena.

Users of the library shouldn't worry, however; the same people who were
‘maintaining the library before are still actively developing it and
responding to issues, and the source code remains available on
clojars.org under the original organization name as

prismatic/schema.
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We've already covered certain aspects of advanced ClojureScript
compilation at other points in the book, and our editor has politely asked
s not to repeat ourselves. With that in mind, we recommend that you
refer to the The Google Closure Compler and Using External JavaScript
Libraries section from Chaptex 2, ClojureScript Language Fundamentals, as
you work on getting your application’s compiler configuration geared for
‘production.
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While we've done our best to cover what we consider the most important
aspects of compiler configuration, an up-to-date and exhaustive list of
ClojureScript compiler options can also be found online on the
ClojureScript project's wiki page at https: //github.con/clojure/clo
Jurescript/wiki/Compiler-options.
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Note that at the moment, we're not using async in our test.
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Note that the returned value is always a lazy sequence, even in the case
‘where there's only one solution. This is because core . 1ogic returns a
sequence of all possible solutions, whether there are many solutions, one
solution, or no solutions at all.
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Don't forget to navigate a browser window to http://localhost:3449/
to get the browser REPL to connect.
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Logic programming is an unfamiliar knowledge domain for many
software engineers, and we expect many of the concepts we'll be covering
in this section to be quite different from anything you've encountered
before, whether in this book or elsewhere.

We've done our best to make the subject matter approachable, but if you
find yourself with questions or are curious to learn more, we recommend
taking some time to investigate the project’s public wiki, located at https :
//github.com/clojure/core. logic/wiki.
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If we weren't worried about having to deal with a nested data structure,
£ilter would suit us fine for this sort of thing, but zippers are great when
you know you're dealing with a nested data structure of an unknown
form.

This sort of problem could also be generalized to a larger problem of
searching for swear words or other inappropriate user input in larger
forms on a web application, particularly one with nested sections.
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score, since we only need to know the element in that column to match
against one of the four patterns.

We've already seen how we can match against anything using wildcards
What wasn't obvious from our earlier example is that wildcards are also
local bindings (bindings that can be returned as the response for a
matched pattern). In this regard, the choice of a wildcard as _is just an
idiomatic indicator that we don't plan on using the binding later. Let's take
alook at an example in which we actually use some bindings:
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One thing to be aware of about core.match is that the underlying
algorithm doesn't attempt to match against patterns by checking each one
from top to bottom or from left to right. Rather, the algorithm underlying
the mat.ch macro figures out which column has the highest “score”, where
a score is a measure of the degree to which a column must be tested
explicitly.

It then checks to see whether a given pattern matches the provided value
by checking against each column in decreasing order based on that
column'’s precomputed score. In the case of our simple example using
literal matching, the last column would have the highest score, since we
‘must know the value in that column in order to match it against any of the
provided patterns. By contrast, the first column would have the lowest
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Don't forget to navigate a browser window to http://localhost:3449/ to get
9 the browser REPL to connect.
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Itis possible, and a good idea, to serve one of inner. js or outer. js in
the intial.htnl to optimize load times.
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Modules are only supported under : simple or :advanced optimizations,
but for the effort they require, we would reserve them for times we need
touse :advanced optimizations.
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We've covered menbe o already in some detail in this section, but one
thing we haven't covered is that membero works just like conso and
resto in terms of being able to substitute the logic variable into the
collection in question. For instance:

cljs.user=> (1/run* [q]

/menbero 1 1g 2 31))

1)
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We haven't seen succeed or fail before now, but they're goals that either
always succeed or always fail. When succeed is returned, it shows up at
the REPL as _.0.
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your ~/.bash_profile or other shell initialization file:

eval "§(docker-machine env default)

This command sets all of the appropriate environment variables in your

shell to let your Docker client know how to access the server. If you

execute it by itself (that i, outside of the evaluation context), you should

see something like the following:

export DOCKER _TLS_VERIF

export DOCKER_HOST="tcp://192.168.99.100:2376"

export DOCKER CERT_PATH=
*/Users/ursal.docker/machine/machines/default"

export DOCKER_MACHINE_NAME="defaul

# Run this command to configure your shell:

# eval $(docker-machine env default)
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The preceding requirements are what are strictly necessary in order to get
Docker working on your machine. In addition to the preceding
explanation, and especially if you're on OS X or Windows, we recommend
installing Docker Machine. Docker Machine includes, among other things,
the ability to easily check to see if the Docker server VM is up and running
(using dockex-nachine status)and also the ability to quickly set the
appropriate environment variables to connect to said server.

In general, if you're on OS X, we recommend adding the following line to
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‘The process of getting Docker installed and configured for every possible
architecture is beyond the scope of this book; however, you should be able
to find instructions on how to get Docker installed and configured for
your system architecture online on Docker's documentation portal located
atheeps://docs . docker .con/.

Although Docker's installation and configuration process is still fairly
‘manual for OS X, there's currently an active beta for a better native Docker
experience thatll allow you to get up and running even faster. Since you're
likely reading this in the future, there's a good chance this is an option for
you!
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Additional details and examples on running your ClojureSeript
application on Node,s can be found on the ClojureScript wiki at
htps://github.com/clojure/clojurescript/wiki/Quick-Startrunning-clojures
cript-on-nodejs.
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While our coverage of ClojureScript modules in this section will focus on
configuration details, Chaptex 6, Building Richer Web Applications,
includes a detailed example of how to actually structure ClojureScript
modules in a “real-world” application.
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Be aware that : advanced compilation will take considerably longer than
0 other optimization modes, which is why it's not ideal for development.
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‘This provides more compres
or :advanced.

ion than :none but less than :simple
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It's possible to pass a different execution command at runtime to Docker,
but in practice, it's best to encode the default run command in the
Dockerfile for the convenience of the end user or server.
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Not all repositories on Docker Hub are official; in fact, most belong to
normal, everyday contributors hacking on open source projects and
systems. Official repositories, by contrast, are a curated set of repositories
promoted because they provide essential base repositories (either for an
OS or a runtime such as Java), exemplify Dockerfile best practices, have
good security hygiene, or provide a channel for software vendors to
distribute the latest supported versions of their products

We strongly recommend that you stick to official repositories when
getting started with Docker. You can learn more about official repositories
on Docker's website at bt tps://docs . docker . con/dockez-hub/of fic
ial_repos/.
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that two containers that were started from the same image are in the same
state.

A somewhat helpful analogy can be to the world of object-oriented
programming; if a Docker image is a class, then a Docker container would
be an instance of that clas
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In this section, we're largely going to use the terms “container” and
“image" interchangeably, but this obscures the fact that the two are
fundamentally different

A Docker image is an ordered collection of root filesystem changes, as well
as some metadata (including execution parameters for use within a
container runtime). Images are immutable—if you make a change to an
image, Docker will store the post-change state as an entirely new image.
By contrast, a Docker container is an active (or, if its execution has
concluded or been stopped, inactive) stateful instantiation of an image.
Containers are generated from images, but once running can be mutated
in any number of possible ways. Consequently, you have no guarantee
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If you get an Address already in use exception, then the server we started
earlier in this chapter is still running. Since two web processes can't share
a port, you need to kill that server and re-start this one to get it to work.
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‘The other thing that's worth noting here is that our ClojureScript compiled
with :advanced optimizations took considerably longer to compile than it
did when we were just executing lein cljsbuild once app—almost
10 times as long, in fact! We encourage you to take a look at what's
different between the app build’s compilation settings and the uber jar
build's compilation settings in the project .c1; file to see what else has
been changed here as well.
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Leiningen starts its own JVM and then uses that to initialize your
application. By default, Leiningen's JVM will stay active until the task it's
been told to run is complete (which, if you're starting a Clojure web server,
could be a long time). You can tell Leiningen to terminate itself using Lein
trampoline command once your application is launched, but even then
you have to wait for Leiningen to finish initializing and loading your
application fi
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Chestnut is a Leiningen template for a Figwheel-enabled
Clojure/ClojureScript application based on Om or Reagent. Although
converting existing projects to Chestnut's structure isn't usually worth it,
Chestnut provides a decent way to get a quick Clojure/ClojureScript
project up and running. The project page for Chestnut can be found at het
ps://github.com/plexus/chestnut.
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Make sure that this ClojureScript code has been successfully compiled at
9 least once. Otherwise, we won't be able to load the websocket client.
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Leiningen, the Clojure build tool, can be downloaded from http://leini
ngen.org/ or https://github.con/technonancy/leiningen. You
can also find detailed instructions and documentation on how to install

alot in this book, so you'll definitely want to install it.
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‘Throughout this book, we assume that you are working on a POSIX
0 compatible system, such as Linux or Mac OS X.
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A bootstrapped version of ClojureScript, that is, one that uses pure
ClojureScript for compilation, has recently been released. Cljs-bootstrap
(nttps://github. con/swannodet te/cljs-boot st rap), at the time of
‘writing this, is still a work in progress, and offers worse performance than
the JVM mainstream compiler. Besides, bootstrapped ClojureScript does
not allow for the advanced compilation flags that its JVM counterpart
offers.
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Warnings or important notes appear in a box like this.

9 Tips and tricks appear like this.
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Note that by convention, transducers are referred to as x foxm. So if you're
looking at the function documentation generated by doing, say, doc
into

cljs.core/into
([to from] [to xform from]

Returns a new coll consisting of to-coll with all of
the items of

from-coll conjoined. A transducer may be supplied.
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Note that as both map and £11ter are lazy, the functions you provide to
0 them should be free of side effects.
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A quick note here: you may be wondering why, if map is lazy,
evaluating print 1n on each item in the sequence. The reason s that since
we're calling it directly at the REPL, the REPL knows that it has to print
out the return value for us to read and so it realizes the entire sequence.
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Closely related to doall is dorun, which ave
sequence in memory and also returns ni1.

s holding the entire
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Note that we're careful to increment n by 1 before printing since dot imes
starts at . Also, be aware that dot ime s only allows you to bind one
variable: the number of times the body will be executed. The variable
also doesn't have to be called n —we could have called it rubber—
chickens if we had wanted to.
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Note that recur also works to design recursive functions. In a recursive
function, you don't need to specify 1oop independently of the function
definition recur will automatically go to the top of the function definition.
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Note that redefining variables in this way is discouraged. A better pattern,
if you know a variable is going to need to point to a different value at
some point in the future, is to use an atom.
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You can bypass this sort of infinite consumption by setting the global
0 dynamic variable *print-length+ to something finite as follows:
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It's worth noting that all sequences are collections, but not all collections
are sequences (though they can all be explicitly cast to sequences by means
of the seq function). For instance, vectors aren't sequences, though they
can be cast as such.
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Note that because maps are key-value data structures, you should take
care to make sure every key has a value defined, otherwise the compiler
will throw an exception.
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This sort of JavaScript code generation often involves the creation of
variables with unique names like argseq_5262__auto__ It likely that
the JavaScript code generated on your computer will look different from
the preceding code and could be significantly different if you're using an
REPL that targets a different JavaScript runtime.
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Note that ClojureScript, like Clojure, doesn't have a % function (modulo
division) as it is a reserved character for use in anonymous functions
(which we'll cover in Chapter 3, Advanced ClojureScript Concepts
Instead, we have the rem function:
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vars in ClojureScript are functionally like variables in JavaScript, but
they're actually much more powerful. For instance, you can attach
arbitrary pieces of metadata to a var, which can, in turn, be used to enable
some really incredible reflection programming at the macro level.
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The £n parameter is a special macro in that it invokes £n+, which is a
compiler special form. The most important part of function construction
can't be built by a ClojureSeript macro, which makes £x (or rather £n+)
special indeed. We'll talk more about special forms later on in this chapter.





OPS/images/bg05000001.jpg
(15 Flguheel-project.core)

(ssatert etio from Figuests®

4: 6 - —:08:./src/Tiguhee_project/core.cljs AL Clojurescrtpt cljr yas + Tue Moy 17 6
Prowpt wilL show when Figuhael connacts o your application

To qutt, type: sclis/auit
el user






OPS/images/bg04900001.jpg
Figaheel: Conflguration Valld. Starting Flguheel

Figaneel
Figahest: vatching batld - dev
Compiiing "resources/public/J5/matn. 5" from [“src]...
SictessTouly coupiied resoutces/pubLic/ 15 matn. 15+ in'1.24 seconds
Launching Clojurescript REPL for build: dev
Figaneet Controt
(stop-autobutia) 5
(Stare-autobulld [16 .1}
(Suitch-to-butld 1d -}

stops Figuheet. autobutier
Starts autooutider focused on optional 1ds
Sultches utobusider to d(fferent butld

(reset-autanutis) 1} tops, cleans, and searts autobuttder
{retosd-conflo) 17 reloas bulla’conflg and resats autobutld
(hutta-once 110 ...1) 1} butlds source one ttne

(clean-butlas (1 -.1) 31 deletes conplled cls target files
(print-contis (18 1.1) i1 prints out butld configurations.
(Tig-statos) i} Glshlays current state of systen

Suiteh REPL but focus:
Sels/aut 55 9Wlows you to switch REPL to anather butld
Docs: (doc functton-nane-here)
Ex(t: Controlsc or zclis/aui
Reslts; Stored in vars +1; 12, 13, %e holds last exception object
Prowpt WiLL show when Fiawhéel connects fo your appticacion

Toaut, s st

Hiat-clojurer Bot Tnfertor Clojure:run Project lelfigvheet_project]






OPS/images/bg04800001.jpg
Figaneel: Validating the configuration found tn project-c1}

Figuneel: Contiguration Valld. Starting Figuhest

Figaheel: Starting server at hetp://localhast 3445

Figaneel: Wotchtng butld - dev

Compting "resources,publ c/35/matn. §5* fram [*src’]

Launching ClojureScript REPL for build: dev

Figaneel Controls
(5top-autobutia)
(Stare-autabolld [16 ...1)
(Suttch-to-butld 1d -}
(reset-autonutia)
{retosd-confio)
(butta-once 110 ...1)
{cloan-butias 116 .1

stops Figuheet autobutider
Starts autooulider focused on optional Lds
Sultches autobusicer to sifferent butla
Stops, cleans, and starts autobuilger
reloads butla'conflg and resets autobutle
Butlds source e tine

) doletes conptled cUjs target files
(print-contis (18 1) i1 brints out build contgurations
(figstatus) 31 displays current state of systen

Suiteh REPL butt focus:

CUjs/qute 55 9Llows you to switch REPL to anather butld
Docs: (doc function-nane-here)
Exit: Controlsc or zcljs/auit
Reslts; Stored in vars +1y 12, 13, %e holds last exception object
Proapt Will show uhen Figuhéel connacts o your applicacion
To qutt, type: sclis/aut
e.usrn

26112 1o-stnt-clojurer ALL Tnfertor Clojure:run Project lel figwheet project]






OPS/images/bg04600001.jpg
Shach-profect test ﬂ

49:38 1.-sctder-repl CLIS plaglebock profects Bt REPL , Flyc- +  Tue My 17 08150 1.90
ns plastebock-project. test)

tdetn testtn [your-nane]
Uis/atart {+ helio.fron Piggteback, Veasel and Cicer, Dear* your-nase)))

e e

Iyour-name])





OPS/images/bg04500001.jpg
55 Uprovenents) use

clder-report-tug> o report Lt

£ Above a1t else - don’t pantet In case o an snerpency - procure
15 Sone(horeh cuder and enfo 1 rospons iyt

i} You can disable. (¢ fron apoearing on start by setting

Aors < started essel server on wer// 121 0.0 19001 o
iy o cllent o comact . <anraciad o=

To i " el

e taars

ot 8 papeck ot S0 R, P+ T oy 17 s 160
3} Above a1t etse - don’t pante? In case of an energency - procure

31 Sona (Rarc) ctder and enjoy it responsibty]

33 You can ronove this message with the cider-repl-clear-help-banner” comand.

3 o on el 1w spariz on sart by secny

iR iy T ™ L .. L RN





OPS/images/bg04400001.jpg
3 sane (ard) clder and enjoy L& respons oL

3} You can renove this message with the “cider-repl-clear-help-banner comand.
31 You can disaple L1 fron Sppesring on start by secting

L e e

437 1-sctder-rept CLS plagtaback profects St REPL , Flyc- o Tue oy 17 o054 1.85]
58 Cnprovincats) wis ok CLBr-report oo to repot .

3 Above all etse  don'c panict 10 case of an energency - procare
15 o har) el and o (e respons o1yt

5 You can renove ents messape vt th “ctoer-replclesr-hlp-bannr comad,
15 You Con oisante Lt fron sppesring on siare oy Seteing

15 “elsur-rept-gtsptoy helppomar o 1t

R N O -





OPS/images/bg16700002.jpg
declaration only to illustrate an Enlive example. A fully working

Be aware that this is Enlive on Clojure, and we provide the namespace
9 ClojureScript example will follow as we get into Enfocus.
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exposes a dollar ($) function, so jQuery developers feel at home. The

Note how Jayq bridges the gap between ClojureScript and jQuery: it
0 library enables us to access all jQuery functionality via this dollar function.





OPS/images/bg15000001.jpg
If you're interested in playing with this example in a more interactive
fashion, try modifying the 11t en function to add more explicit logging
behavior based on the type of value retrieved from the channel, then see
‘what happens when you try calling enqueue-val at the REPL with
different value types. What happens when you enqueue an error? What
happens when you enqueue a normal value?
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What even happens at the kitten factory? Is it a factory that makes kittens,
or do kittens run the factory? If they're running the factory, what are they
‘making—balls of yarn? We have trouble imagining this would be a very
efficient factory.
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‘This might seem like it would just loop forever, but remember that withi
core.asyne projects go blocks, functions like <! are essentially blocking.
Soaslong as <! doesn't find a new value on the channel, 1isten won't
continue to loop.
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Note that go blocks return a channel that will contain one message—the
last expression in the 5o block. This can be helpful for error reporting.
This is important to keep in mind because you won't otherwise be able to
access the return value of the final expression in the block. If you want the
teturn value of the final expression, you have to take from the channel.
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Putting values into a channel within a go block is more or less
instantaneous and will always succeed unless the channel is full, is of
buffer size and has no consumers, or has been closed with the ¢ 1ose !
function. However, when taking a value from a channel, being inside a go
block means that nothing after the take command (<!) will execute until a
value can be retrieved from the channel.

This doesn't mean that a go block will grind your entire application to a
haltif it's blocked on waiting for a message. It just means that the
subsequent operations inside of the go block won't happen until the take
command succeeds. The rest of your program will continue to function
using the JavaScript event loop.
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In general, being explicit about your buffer size and behavior is a good
idea. If you don't set an explicit buffer size, the buffer size will be set as . In
this case, the channel will not allow anything to be published unless there
is a waiting consumer. Note that this does not block the thread; it just
‘means that the publisher will be parked, waiting, until such time as a
consumer becomes available.

If you don't set an explicit buffer strategy, core. async will use a fixed
buffer. This may or may not be ideal for your program; you should think
carefully about whether you are better served by one particular buffer
strategy versus another.
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A quick review, since we're starting to write some larger namespaces: the
use of Figwheel in a development environment means that every time we
save this file, Figwheel should be automatically recompiling our
application and pushing it to the browser. This means that if you define a
function and call it in the namespace, the function will automatically be
called in the browser's context.

Inother words, if you have Figwheel running, the only thing you need to
do to run this code is to save the project file.
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You can reduce macros' complexity by writing functions that do some of
0 the heavier lfting and then calling those functions from the macros.
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Be aware that anything within a £inally block will only be executed for
side effects and not for their return value. The return value of a t ry block
is:first, if no exceptions are thrown, the last value of the t =y block is
returned. If any exceptions are thrown, the last value of the approp:
catch block is returned.
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Note that unlike Clojure, case in ClojureScript does evaluate the test
constants; they don't have to be compile-time literals.
In general, you should prefer cond or condp over case; case is a lower-
level construct in JVM Clojure, and while this distinction matters less for
ClojureSeript, it's worth keeping that convention.
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Note that there's nothing special about : e1se here—it just happens to be
truthy since it's a keyword. The choice of :e1se is, however, a common
convention that you'll find in most open-source code that has a default
value.
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Note that both i f-let and when-let can only bind a single variable—the
0 form that will be used as the dispatch value to determine truthiness.
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‘Transducers represent transformations on data. However, they have some
critical differences from other higher-order functions in ClojureScript that
transform data. Principally, transducers don't care about what the function
does, the context of what's being built up, or the source of inputs.
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0 Refs are always automatically indexed.
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A datom is a tuple (an ordered list of elements) composed
0 of entity/attribute/valueftime, commonly abbreviated as EAVT.
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Note that we'll still want Figwheel running (to dynamically recompile our
ClojureScript as we write it), 5o use a second terminal. For convenience,
we'll continue serving the HTML and JavaScript via Figwheel and serve
the REST API from a separate process. In production, there are arguments
for and against serving the HTML from the same HTTP host as the API
server, but ultimately it comes down to your own business requirements.
Serving both the API and the html from the same host is probably easier
for smaller shops, but at scale, you'll probably want to separate the two.
Also note that we haven't specified any kind of authorization,
authentication, or access controls. In a production application, you will
definitely want those.
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nilis not strictly a legal Ring response, but ring will handle it and serve a
default 404 response. A production application should handle this ni 1
and return a custom 404 page.
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The bidi library, one of the dependencies that we added earlier, is a
library that performs URL matching and destructuring,. bidi is a DSL for
defining a mapping from URI strings to data. It’s also reversible, meaning
that in addition to mapping strings to data, you can map data to URI
strings. bidi also supports ClojureScript, so we'll use bidi for client-side
routing later in this chapter.
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The ring-jetty-adapter implicitly pulls in a Jetty dependency, so we
0 don't have to specify it.
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Note here that jQuery’s on () function sets up an event listener. Also, note
that a new event listener is created every time a todo item is inserted into
the page and never cleaned up. If the user creates many todo items, there
will be many event listeners, alllistening for the same events.

We recommend using React and Om over other DOM manipulation
libraries to the fullest extent possible. jQuery shouldn't be necessary i
‘most Om applications, but if you do end up using it (or other libraries that
set up resources), make sure that you dispose of resources properly
om/IWillUnmount.
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Note that Om provides several functions clearly marked EXPERIMENTAL at
the time of writing. The om/commit ! function is the same as
on/transact 1, but it does not trigger a re-render. Similarly, there is
on/set-state-nr !, which s the same as set-state ! but without the
re-render. These might be worth investigating if you find yourself facing
performance issues.
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Use (om/get-props owner) to get the current state.
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Changing the local state either through set-state! or update-state!
will cause a re-render.
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Unification means that a variable must take the same value in all clauses at
the same time,
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We recommend using components and standard software engineering
best practices (for example, minimizing the size and complexity of
functions, single responsibility principle, and 5o on) to determine when to
split components.





OPS/images/bg18800001.jpg
0 ‘The strikethrough stays in sync with the checkbox.
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React requires : className rather than the more familiar :
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JSX is a separate library from React, but was also written by Facebook. Om
projects don't need it, but it's nice to know what it is in case you ever
encounter mentions of it in the React documentation, or other third-party
JavaScript libraries that use React.
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A React component is not the same as an Om component. We'll describe
the differences in more detail later.





OPS/images/bg18000001.jpg
At the time of writing, there is also Om Next, a kind of Om 2.0. Om Next
does not yet have stable official releases, so we will not be covering it. Om
Next's main improvements revolve around querying and syncing data
between the client and server and efficiently combining data from what
would normally be multiple REST AP calls. While Om Next's APl is
different from Om's, the vast majority of the concepts we cover will
transfer over.
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Made Easy: http://uww. infog.con/presentat ions/Sinple-Made-£
asy

0 To get a better idea about this, refer to Rich Hickey's excellent talk, Simple
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Also note that there’s a difference between items rendered in the initial
page load and items that are redrawn as a result of user interaction.
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