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The second part of this book explores the core tools and techniques necessary
for writing Scala applications that run on a single computer. We will cover
algorithms, files and subprocess management, data serialization, scripts and
build pipelines. This chapter builds towards a capstone project where we write
an efficient incremental static site generator using the Scala language.



3
Basic Scala

	3.1 Values	
	3.2 Loops, Conditionals, Comprehensions	
	3.3 Methods and Functions	
	3.4 Classes	
	3.5 Traits	
	3.6 Singleton Objects	
	3.7 Optional Braces and Indentation	


for i <- Range.inclusive(1, 100) do
    println(
        if i % 3 == 0 && i % 5 == 0
        then "FizzBuzz"
        else if i % 3 == 0 then "Fizz"
        else if i % 5 == 0 then "Buzz"
        else i
    )
3.1.scala

Snippet 3.1: the popular "FizzBuzz" programming challenge, implemented in Scala

This chapter is a quick tour of the Scala language. For now we will focus on the
basics of Scala that are similar to what you might find in any mainstream
programming language.

The goal of this chapter is to get you familiar enough that you can take the
same sort of code you are used to writing in some other language and write it in
Scala without difficulty. This chapter will not cover more Scala-specific
programming styles or language features: those will be left for Chapter 5: Notable Scala Features.


For this chapter, we will write our code in the Scala REPL:

$ ./mill repl
Welcome to Scala
Type in expressions for evaluation. Or try :help.

scala>
3.2.bash
3.1 Values
3.1.1 Primitives

Scala has the following sets of primitive types:

	



	Type
	Values





	Byte
	-128 to 127



	Short
	-32,768 to 32,767



	Int
	-2,147,483,648 to 2,147,483,647



	Long
	-9,223,372,036,854,775,808 to 9,223,372,036,854,775,807





	



	Type
	Values





	Boolean
	true, false



	Char
	'a', '0', 'Z', '包', ...



	Float
	32-bit Floating point



	Double
	64-bit Floating point








These types are identical to the primitive types in Java, and would be similar
to those in C#, C++, or any other statically typed programming language. Each
type supports the typical operations, e.g. booleans support boolean logic ||
&&, numbers support arithmetic + - * / and bitwise operations | &,
and so on. All values support == to check for equality and != to check for
inequality.

Numbers default to 32-bit Ints. Precedence for arithmetic operations follows
other programming languages: * and / have higher precedence than + or -,
and parentheses can be used for grouping.

	> 1 + 2 * 3
res0: Int = 7
3.3.scala
	> (1 + 2) * 3
res1: Int = 9
3.4.scala



Ints are signed and wrap-around on overflow, while 64-bit Longs suffixed
with L have a bigger range and do not overflow as easily:

	> 2147483647
res2: Int = 2147483647

> 2147483647 + 1
res3: Int = -2147483648 // negative
3.5.scala
	> 2147483647L
res4: Long = 2147483647L

> 2147483647L + 1L
res5: Long = 2147483648L // positive
3.6.scala



Apart from the basic operators, there are a lot of useful methods on
java.lang.Integer and java.lang.Long:

> java.lang.Integer.<tab>
BYTES                    decode                   numberOfTrailingZeros
signum                   MAX_VALUE                divideUnsigned
getInteger               parseUnsignedInt         toBinaryString
...

> java.lang.Integer.toBinaryString(123)
res6: String = "1111011"

> java.lang.Integer.numberOfTrailingZeros(24)
res7: Int = 3
3.7.scala

64-bit Doubles are specified using the 1.0 syntax, and have a similar set of
arithmetic operations. You can also use the 1.0F syntax to ask for 32-bit
Floats:

	> 1.0 / 3.0
res8: Double = 0.3333333333333333
3.8.scala
	> 1.0F / 3.0F
res9: Float = 0.33333334F
3.9.scala



32-bit Floats take up half as much memory as 64-bit Doubles, but are more
prone to rounding errors during arithmetic operations. java.lang.Float and
java.lang.Double have a similar set of useful operations you can perform on
Floats and Doubles.

3.1.2 Strings

Strings in Scala are arrays of 16-bit Chars:

> "hello world"
res10: String = "hello world"
3.10.scala

Strings can be sliced with .substring, constructed via
concatenation using +, or via string interpolation by prefixing the literal
with s"..." and interpolating the values with $ or ${...}:

	> "hello world".substring(0, 5)
res11: String = "hello"

> "hello world".substring(5, 10)
res12: String = " worl"
3.11.scala
	> "hello" + 1 + " " + "world" + 2
res13: String = "hello1 world2"

> val x = 1; val y = 2

> s"Hello $x World $y"
res15: String = "Hello 1 World 2"

> s"Hello ${x + y} World ${x - y}"
res16: String = "Hello 3 World -1"
3.12.scala


3.1.3 Local Values and Variables

You can name local values with the val keyword:

> val x = 1

> x + 2
res18: Int = 3
3.13.scala

Note that vals are immutable: you cannot re-assign the val x to a different
value after the fact. If you want a local variable that can be re-assigned, you
must use the var keyword.

	> x = 3
-- [E052] Type Error: ------------------
1 |x = 3
  |^^^^^
  |Reassignment to val x
3.14.scala
	> var y = 1

> y + 2
res20: Int = 3

> y = 3

> y + 2
res22: Int = 5
3.15.scala



In general, you should try to use val where possible: most named values
in your program likely do not need to be re-assigned, and using val
helps prevent mistakes where you re-assign something accidentally. Use var
only if you are sure you will need to re-assign something later.

Both vals and vars can be annotated with explicit types. These can serve as
documentation for people reading your code, as well as a way to catch errors if
you accidentally assign the wrong type of value to a variable

	> val x: Int = 1

> var s: String = "Hello"

> s = "World" // OK
3.16.scala
	> val z: Int = "Hello" // Not OK
-- [E007] Type Mismatch Error: ---------
1 |val z: Int = "Hello"
  |             ^^^^^^^
  |        Found:    ("Hello" : String)
  |        Required: Int
3.17.scala


3.1.4 Tuples

Tuples are fixed-length collections of values, which may be of different types:

	> val t = (1, true, "hello")
t: (Int, Boolean, String) = (1, true, "hello")
3.18.scala
	> t(0)
res27: Int = 1

> t(1)
res28: Boolean = true

> t(2)
res29: String = "hello"
3.19.scala



Above, we are storing a tuple into the local value t using the (a, b, c)
syntax, and then accessing the fields by their index to extract the values out of it,
using the syntax t(0), t(1) and t(2).
The fields in a tuple are immutable.

The type of the local value t can be annotated as a tuple type:

> val t: (Int, Boolean, String) = (1, true, "hello")


You can also use the val (a, b, c) = t syntax to extract all the values at
once, and assign them to meaningful names:

	> val (a, b, c) = t
a: Int = 1
b: Boolean = true
c: String = "hello"
3.20.scala
	> a
res31: Int = 1

> b
res32: Boolean = true

> c
res33: String = "hello"
3.21.scala



Tuples can be any size, up to the maximum 32-bit signed integer:

> val t = (1, true, "hello", 'c', 0.2, 0.5f)
t: (Int, Boolean, String, Char, Double, Float) = (1, true, "hello", 'c', 0.2, 0.5F)
3.22.scala

Most tuples should be relatively small. Large tuples can easily get confusing:
while working with t(0) t(1) and t(2) is probably fine, when you end up
working with t(10) t(12) it becomes easy to mix up the different fields. If
you find yourself working with large tuples, consider defining a
Class (3.4) or Case Class that we will see in Chapter 5: Notable Scala Features.


3.1.5 Arrays

Arrays are fixed-length collections of values, which are all of the same type,
and are instantiated using the Array[T](a, b, c) syntax.
Entries within each array are retrieved using a(n):

> val a = Array[Int](1, 2, 3, 4)

> a(0) // first entry, array indices start from 0
res36: Int = 1

> a(3) // last entry
res37: Int = 4

> val a2 = Array[String]("one", "two", "three", "four")

> a2(1) // second entry
res39: String = "two"
3.23.scala

The type parameter inside the square brackets [Int] or [String] determines
the type of the array, while the parameters inside the parenthesis (1, 2, 3, 4) determine its initial contents. Note that looking up an Array by index is
done via parentheses a(3) rather than square brackets a[3] as is common in
many other programming languages.

You can omit the explicit type parameter and let the compiler infer the Array's
type, or create an array of a specified length and type using new Array[T](length),
and assign values to each index later:

	> val a = Array(1, 2, 3, 4)
a: Array[Int] = Array(1, 2, 3, 4)

> val a2 = Array(
      "one", "two",
      "three", "four"
  )
a2: Array[String] = Array(
    "one", "two",
    "three", "four"
)
3.24.scala
	> val a = new Array[Int](4)
a: Array[Int] = Array(0, 0, 0, 0)

> a(0) = 1

> a(2) = 100

> a
res45: Array[Int] = Array(1, 0, 100, 0)
3.25.scala



For Arrays created using new Array, all entries start off with default values
(0 for numeric arrays, false for Boolean arrays, and null for Strings and other types).
Arrays are mutable and fixed-length: you can change the value of
each entry but cannot change the number of entries by adding or removing values.
We will see how to create variable-length collections later in Chapter 4: Scala Collections.



3.1.5.1 Multi-Dimensional Arrays

Multi-dimensional arrays are typically modeled as arrays-of-arrays:

> val multi = Array(Array(1, 2), Array(3, 4))
multi: Array[Array[Int]] = Array(Array(1, 2), Array(3, 4))

> multi(0)(0)
res47: Int = 1

> multi(0)(1)
res48: Int = 2

> multi(1)(0)
res49: Int = 3

> multi(1)(1)
res50: Int = 4
3.26.scala

Multi-dimensional arrays can be useful to represent grids, matrices, and similar
values.

3.1.5.2 Array and Collection Operations

Arrays and other collections support a lot of methods that are useful for working
with them: transforming, filtering, aggregating, etc. A few of these are shown below:

> val arr = Array(1, 2, 3, 4, 5, 6, 7, 8, 9, 10)

> arr.filter(_ % 2 == 0)
res1: Array[Int] = Array(2, 4, 6, 8, 10)

> arr.filter(_ % 2 == 0).map(_ * 10)
res2: Array[Int] = Array(20, 40, 60, 80, 100)

> arr.filter(_ % 2 == 0).map(_ * 10).mkString(" ")
res3: String = "20 40 60 80 100"

> arr.filter(_ % 2 == 0).map(_ * 10).sum
res4: Int = 300

> arr.filter(_ % 2 == 0).map(_ * 10).reduce(_ * _)
res5: Int = 384000000
3.27.scala

In general, when working with arrays and collections, it is preferable to use these
collection operations rather than constructing them from scratch via loops and assignment.
We discuss these in more detail in Chapter 4: Scala Collections.

3.1.6 Options

Scala's Option[T] type allows you to represent a value that may or may not
exist. An Option[T] can either be Some(v: T) indicating that a value is
present, or None indicating that it is absent:

> def hello(title: String, firstName: String, lastNameOpt: Option[String]) =
      lastNameOpt match
          case Some(lastName) => println(s"Hello $title. $lastName")
          case None => println(s"Hello $firstName")

> hello("Mr", "Haoyi", None)
Hello Haoyi

> hello("Mr", "Haoyi", Some("Li"))
Hello Mr. Li
3.28.scala

The above example shows you how to construct Options using Some and None,
as well as matching on them in the same way. Many APIs in Scala rely on
Options rather than nulls for values that may or may not exist. In general,
Options force you to handle both cases of present/absent, whereas when using
nulls it is easy to forget whether or not a value is null-able, resulting in
confusing NullPointerExceptions at runtime. We will go deeper into pattern
matching in Chapter 5: Notable Scala Features.

Options contain some helper methods that make it easy to work with the
optional value, such as getOrElse, which substitutes an alternate value if the
Option is None:

	> Some("Li").getOrElse("<unknown>")
res54: String = "Li"
3.29.scala
	> None.getOrElse("<unknown>")
res55: String = "<unknown>"
3.30.scala



Options are very similar to a collection whose size is 0 or 1. You can
loop over them like normal collections, or transform them with standard
collection operations like .map. We will learn more about collection
operations in Chapter 4: Scala Collections.

	> def hi(name: Option[String]) =
      for s <- name do println(s"Hi $s")

> hi(None) // does nothing

> hi(Some("Haoyi"))
Hi Haoyi
3.31.scala
	> def count(name: Option[String]) =
      name.map(_.length).getOrElse(-1)

> count(Some("Haoyi"))
res60: Int = 5

> count(None)
res61: Int = -1
3.32.scala


See example 3.1 - Values
3.2 Loops, Conditionals, Comprehensions
3.2.1 For-Loops

For-loops in Scala are similar to "foreach" loops in other languages: they
directly loop over the elements in a collection, without needing to explicitly
maintain and increment an index. If you want to loop over a range of indices,
you can loop over a Range such as Range(0, 4):

	> var total = 0

> val nums = Array(1, 10, 100, 1000)

> for num <- nums do total += num

> total
res65: Int = 1111
3.33.scala
	> var total = 0

> for i <- Range(0, 4) do
      println("Looping " + i)
      total = total + i
Looping 0
Looping 1
Looping 2
Looping 3

> total
res68: Int = 6
3.34.scala



The default Range is left-inclusive right-exclusive, and so does not loop over the value
4 in the example above. If you want to loop over a
right-inclusive range, you can use Range.inclusive:

> for i <- Range.inclusive(0, 4) do println(i) // Range.inclusive(0, 4) includes 4
...
4
3.35.scala

You can loop over nested Arrays or nested Ranges by placing multiple <-s in the header of the
loop, either on the same line or multiple lines, and add if guards to run the loop on only a subset of the elements:

> val multi = Array(Array(1, 2, 3), Array(4, 5, 6))

	> for arr <- multi; i <- arr
  do println(i)
1
2
3
4
5
6
3.36.scala
	> for
      arr <- multi
      i <- arr
      if i % 2 == 0
  do println(i)
2
4
6
3.37.scala


3.2.2 If-Else

if-else conditionals are similar to those in any other programming language.
One thing to note is that in Scala if-else can also be used as an
expression, similar to the a ? b : c ternary expressions in other languages.
Scala does not have a separate ternary expression syntax, and so the if-else
can be directly used as the right-hand-side of the total += below.

	> var total = 0

> for i <- Range(0, 10) do
      if i % 2 == 0 then total += i
      else total += 2

> total
res74: Int = 30
3.38.scala
	> var total = 0

> for i <- Range(0, 10) do
      total += (if i % 2 == 0 then i else 2)

> total
res77: Int = 30
3.39.scala


3.2.3 Fizzbuzz

Now that we know the basics of Scala syntax, let's consider the common
"Fizzbuzz" programming challenge:



Write a short program that prints each number from 1 to 100 on a new line.

For each multiple of 3, print "Fizz", for each multiple of 5, print "Buzz".

For numbers which are multiples of both 3 and 5, print "FizzBuzz" instead of the number.





We can accomplish this as follows:

> for i <- Range.inclusive(1, 100) do
      if i % 3 == 0 && i % 5 == 0 then println("FizzBuzz")
      else if i % 3 == 0 then println("Fizz")
      else if i % 5 == 0 then println("Buzz")
      else println(i)
3.40.scala

Since if-else is an expression, we can also write it inside the println,
or assign it to a local val within the loop which you then pass to println:

	for i <- Range.inclusive(1, 100) do
    println(
        if i % 3 == 0 && i % 5 == 0
        then "FizzBuzz"
        else if i % 3 == 0 then "Fizz"
        else if i % 5 == 0 then "Buzz"
        else i
    )
3.41.scala
	for i <- Range.inclusive(1, 100) do
    val message =
        if i % 3 == 0 && i % 5 == 0
        then "FizzBuzz"
        else if i % 3 == 0 then "Fizz"
        else if i % 5 == 0 then "Buzz"
        else i

    println(message)
3.42.scala


3.2.4 Comprehensions

Apart from using for to define loops that perform some action, you can also
use for together with yield to transform a collection into a new collection:

> val a = Array(1, 2, 3, 4)

> val a3 = for i <- a yield "hello " + i
a3: Array[String] = Array("hello 1", "hello 2", "hello 3", "hello 4")
3.43.scala

Similar to loops, you can filter which items end up in the final collection
using an if guard:

> val a4 = for i <- a if i % 2 == 0 yield "hello " + i
a4: Array[String] = Array("hello 2", "hello 4")
3.44.scala

Like loops, comprehensions are useful for combining multiple input arrays into a final flat array.
you can either put each a <- b generator on the same line, separated by ;, or spread over multiple lines for easier reading.
Note that the order of <-s within the nested comprehension matters, just like how
the order of nested loops affects the order in which the loop actions will take
place:

	val flattened = for
    i <- Array(1, 2)
    s <- Array("hello", "world")
    if s + i != "world2"
yield s + i
3.45.scala
	flattened: Array[String] = Array(
    "hello1",
    "world1",
    "hello2"
)
3.46.output-scala


	val flattened2 = for
    s <- Array("hello", "world")
    i <- Array(1, 2)
    if s + i != "world2"
yield s + i
3.47.scala
	flattened2: Array[String] = Array(
    "hello1",
    "hello2",
    "world1"
)
3.48.output-scala



We can use comprehensions to write a version of FizzBuzz that doesn't print its
results immediately to the console, but returns them as a Seq (short for
"sequence"):

	val fizzbuzz =
    for i <- Range.inclusive(1, 100) yield
        if i % 3 == 0 && i % 5 == 0
        then "FizzBuzz"
        else if i % 3 == 0 then "Fizz"
        else if i % 5 == 0 then "Buzz"
        else i.toString
3.49.scala
	fizzbuzz: IndexedSeq[String] = Vector(
    "1",
    "2",
    "Fizz",
    "4",
    "Buzz"...
3.50.output-scala


See example 3.2 - LoopsConditionals
3.3 Methods and Functions
3.3.1 Methods

You can define methods using the def keyword:

	> def printHello(times: Int) =
      println("hello " + times)
3.51.scala
	> printHello(1)
hello 1

> printHello(times = 2) // explicit param name
hello 2
3.52.scala



Passing in the wrong type of argument, or missing required arguments, is a
compiler error:

	> printHello("1")
-- [E007] Type Mismatch Error: ---------
1 |printHello("1")
  |           ^^^
  |           Found:    ("1" : String)
  |           Required: Int
3.53.scala
	> printHello()
-- [E171] Type Error: ----------------------
1 |printHello()
  |^^^^^^^^^^^^
  |missing argument for parameter times of
  |method printHello: (times: Int): Unit
3.54.scala



However, if the argument has a default value, then passing it is
optional.

	> def printHello2(times: Int = 0) =
      println("hello " + times)
3.55.scala
	> printHello2(1)
hello 1

> printHello2()
hello 0
3.56.scala


3.3.1.1 Returning Values from Methods

Apart from performing actions like printing, methods can also return values. The
last expression within an indented block is treated as the return value of a Scala method.
There is also a return keyword, but is typically not used except for special circumstances:

	> def hello(i: Int = 0): String =
      val word = "hello"
      val space = " "
      // last expression is returned
      word + space + i
3.57.scala
	> def hello(i: Int = 0): String =
      val word = "hello"
      val space = " "
      // explicit return
      return word + space + i
3.58.scala



You can call the method and print out or perform other computation on the
returned value:

	> hello(1)
res96: String = "hello 1"

> println(hello())
hello 0
3.59.scala
	> val twoHellos = hello(123) + " " + hello(456)
twoHellos: String = "hello 123 hello 456"

> twoHellos.reverse
res99: String = "654 olleh 321 olleh"
3.60.scala


3.3.2 Function Values

You can define function values using the => syntax. Functions values are
similar to methods, in that you call them with arguments and they can perform
some action or return some value. Unlike methods, functions themselves are
values: you can pass them around, store them in variables, and call them later.

	> var g: Int => Int = i => i + 1

> g(10)
res101: Int = 11
3.61.scala
	> g = i => i * 2 // re-assigning `g`

> g(10)
res103: Int = 20
3.62.scala



Note that unlike methods, function values cannot have optional arguments (i.e.
with default values).
When a method is converted into a function value (by assigning a method to a val), any optional arguments must be
explicitly included, and any type parameters must be fixed to concrete types. Function
values are also anonymous, which makes stack traces involving them less
convenient to read than those using methods.

In general, you should prefer using methods unless you really need the
flexibility to pass as parameters or store them in variables. But if you need
that flexibility, function values are a great tool to have.

3.3.2.1 Methods taking Functions

One common use case of function values is to pass them into methods that take
function parameters. Such methods are often called "higher order methods".
Below, we have a class Box with a method printMsg that prints its contents
(an Int), and a separate method update that takes a function of type Int => Int that can be used to update x. You can then pass a function literal into
update in order to change the value of x:

	> class Box(var x: Int):
      def update(f: Int => Int) =
          x = f(x)
      def printMsg(msg: String) =
          println(msg + x)
3.63.scala
	> val b = Box(1)

> b.printMsg("Hello")
Hello1

> b.update(i => i + 5)

> b.printMsg("Hello")
Hello6
3.64.scala



Simple functions literals like i => i + 5 can also be written via the
shorthand _ + 5, with the underscore _ standing in for the function
parameter.

> b.update(_ + 5)

> b.printMsg("Hello")
Hello11
3.65.scala

This placeholder syntax for function literals also works for multi-argument
functions, e.g. (x, y) => x + y can be written as _ + _.

Any method that takes a function as an argument can also be given a method
reference, as long as the method's signature matches that of the function type,
here Int => Int:

> def increment(i: Int) = i + 1

> val b = Box(123)

> b.update(increment) // Providing a method reference

> b.update(x => increment(x)) // Explicitly writing out the function literal

> b.update: x => // can pass a lambda without parens or braces
      increment(x)

> b.update(increment(_)) // You can also use the `_` placeholder syntax

> b.printMsg("result: ")
result: 127
3.66.scala
3.3.3 Multiple Parameter Lists

Methods can be defined to take multiple parameter lists. This is useful for
writing higher-order methods that can be used like control structures, such as
the loop method below:

> def loop(start: Int, end: Int)(callback: Int => Unit) =
      for i <- Range(start, end) do callback(i)

> loop(start = 5, end = 8): i =>
      println(s"i has value ${i}")
i has value 5
i has value 6
i has value 7
3.67.scala

The ability to pass function literals to methods is used to great effect in the
standard library, to concisely perform transformations on collections. We will
see more of that in Chapter 4: Scala Collections.

3.3.4 Generic Methods

Methods can be defined to be generic meaning that they can work on multiple types.
These are have type parameters defined with [...] syntax before the value parameters
defined with (...) syntax. For example, below is a method that returns the first and
last elements of an array:

> def firstAndLastElements[T](arr: Array[T]): (T, T) = (arr(0), arr(arr.length - 1))

> firstAndLastElements(Array(1, 2, 3, 4, 5))
res1: (Int, Int) = (1, 5)

> firstAndLastElements(Array("i", "am", "cow"))
res2: (String, String) = ("i", "cow")
3.68.scala

Above we can see the method takes an Array[T] and returns a tuple (T, T) containing
two Ts, but the method doesn't actually care what T is. Thus when passed an Array[Int]
it returns a tuple of (Int, Int), and when passed an Array[String] it returns a tuple
of (String, String).

The [T] parameter of firstAndLastElements can often be inferred, and above we do not need
to provide it. But you can also specify the type parameter
explicitly when calling the method:

> firstAndLastElements[Int](Array(1, 2, 3, 4, 5))
res3: (Int, Int) = (1, 5)

> firstAndLastElements[String](Array("i", "am", "cow"))
res4: (String, String) = ("i", "cow")
3.69.scala

This can be useful in more non-trivial code where it's not obvious what type is being inferred,
or if the type being inferred is not what you expect.

See example 3.3 - MethodsFunctions



3.4 Classes

You can define classes using the class keyword, and instantiate them using
new. By default, all arguments passed into the class constructor are available
in all of the class' methods: the (x: Int) above defines both the private
fields as well as the class' constructor. x is thus accessible in the
printMsg function, but cannot be accessed outside the class:

	> class Foo(x: Int):
      def printMsg(msg: String) =
          println(msg + x)
3.70.scala
	> val f = new Foo(1)

> f.printMsg("hello") // `printMsg` uses `x`
hello1

> f.x // Code outside of `Foo` cannot use `x`
-- [E173] Reference Error: -------------
1 |f.x
  |^^^
  |x can only be accessed from Foo.
3.71.scala



You can also omit the new keyword instantiate classes via just Foo(1):

> val f = Foo(1)


To make x publicly accessible you can make it a val, and to make it mutable
you can make it a var:

	> class Bar(val x: Int):
      def printMsg(msg: String) =
          println(msg + x)
3.72.scala
	> val b = Bar(1)

> b.x // `x` can now be used outside of `Bar`
res122: Int = 1
3.73.scala


	> class Qux(var x: Int):
      def printMsg(msg: String) =
          // `x` is a `var` so we can modify it
          x += 1
          println(msg + x)
3.74.scala
	> val q = Qux(1)

> q.printMsg("hello")
hello2

> q.printMsg("hello")
hello3
3.75.scala



You can also use vals or vars in the body of a class to store data. These
get computed once when the class is instantiated:

	> class Baz(x: Int):
      val bangs = "!" * x
      def printMsg(msg: String) =
          println(msg + bangs)
3.76.scala
	> val z = Baz(3)

> z.printMsg("hello")
hello!!!
3.77.scala


3.4.1 Object Oriented Programming

Scala classes support most standard object-oriented programming features

3.4.1.1 extends, override, and super
> class FooPrintsTwice(x: Int) extends Foo(x * 2):
      override def printMsg(msg: String) =
          super.printMsg(msg)
          super.printMsg(msg * 2)

> new FooPrintsTwice(123).printMsg("hello")
hello246
hello246hello246
3.78.scala

Note in this example that when we call extends, we also get a chance to forward constructor
parameters to the parent constructor, modifying them along the way if necessary. When we
override def printMsg we also get a chance to call super.printMsg however we like (in
this case, twice) and forward whatever arguments we like (in this case, repeat the parameter
forwarded to the second super call).

3.4.1.2 final

Methods marked as final cannot be overridden:

> class FinalFoo(x: Int):
      final def printMsg(msg: String) = println(msg + x)

> class FinalFooOverride(x: Int) extends FinalFoo(x):
      override def printMsg(msg: String) = println(msg + x * 2)
-- [E164] Declaration Error: ---------------------------------------------------
  |error overriding method printMsg in class FinalFoo of type (msg: String): Unit;
  |  method printMsg of type (msg: String): Unit cannot override final member method
3.79.scala
3.4.1.3 Abstract Classes and Methods

Classes marked as abstract can have abstract methods, which are method defs that do not
have an implementation. These must be implemented by any non-abstract sub-classes.

> abstract class AbstractFoo(x: Int):
      def printMsg(msg: String): Unit

> class ConcreteFoo1(x: Int) extends AbstractFoo(x) // Missing abstract method
-- Error: ----------------------------------------------------------------------
  |class ConcreteFoo1 needs to be abstract, since def printMsg(msg: String): Unit
  |in class AbstractFoo is not defined

> class ConcreteFoo1(x: Int) extends AbstractFoo(x): // OK
      def printMsg(msg: String) = println(msg + x)
3.80.scala
3.5 Traits

traits are similar to interfaces in traditional object-oriented languages: a
set of methods that multiple classes can inherit. Instances of these classes can
then be used interchangeably. Unlike inheriting from a class, inheriting from multiple
traits is allowed, and trait methods are allowed to be abstract by default:

> trait Point:
      def magnitude: Double

> trait Jsonable:
      def toJson: String

> class Point2D(x: Double, y: Double) extends Point, Jsonable:
      def magnitude = math.sqrt(x * x + y * y)
      def toJson = s"[$x, $y]"

> class Point3D(x: Double, y: Double, z: Double) extends Point, Jsonable:
      def magnitude = math.sqrt(x * x + y * y + z * z)
      def toJson = s"[$x, $y, $z]"

> val points = Array(Point2D(1, 2), Point3D(4, 5, 6))

> for p <- points do println(p.magnitude)
2.23606797749979
8.774964387392123

> for p <- points do println(p.toJson)
[1.0, 2.0]
[4.0, 5.0, 6.0]
3.81.scala

Above, we have defined a Point and Jsonable traits with methods def magnitude: Double and def toJson: String respectively. The subclasses Point2D and Point3D
both have different sets of parameters, but they both implement def magnitude and def toJson.
Thus we can put both Point2Ds and Point3Ds into our points array and treat them all
uniformly as objects with a def magnitude and def toJson methods, regardless of what their
actual class is.

3.5.1 Trait Implementations

In addition to abstract defs that purely define an interface, Scala traits can also contain
implementations to let you re-use common logic between the different sub-classes. The
Point2D/Point3D example we saw earlier can be re-organized as follows, with the
def magnitude and def toJson logic centralized within trait Point and trait Jsonable:

trait Point:
    def coordinates: Seq[Double]
    def magnitude: Double = math.sqrt(coordinates.map(v => v * v).sum)

trait Jsonable:
    def coordinates: Seq[Double]
    def toJson: String = "[" + coordinates.mkString(", ") + "]"

class Point2D(x: Double, y: Double) extends Point, Jsonable:
    def coordinates = Seq(x, y)

class Point3D(x: Double, y: Double, z: Double) extends Point, Jsonable:
    def coordinates = Seq(x, y, z)
3.82.scala

In this way the sub-classes Point2D and Point3D only need to implement a single
def coordinates: Seq[Double] method, and they automatically inherit the implementations
of magnitude and toJson from the traits that they inherit. This can reduce boilerplate
and ensure the different sub-classes have a consistent implementation of the logic within
each trait.

Like classes, traits support standard object-oriented programming features like override
and super:

> trait PrettyJsonable extends Jsonable:
      override def toJson = "***" + super.toJson + "***"

> class PrettyPoint3D(x: Double, y: Double, z: Double) extends Point3D(x,y,z), PrettyJsonable

> PrettyPoint3D(1, 2, 3).toJson
res0: String = "***[1.0, 2.0, 3.0]***"
3.83.scala
See example 3.4 - ClassesTraits
3.6 Singleton Objects

Singleton objects in Scala can be defined with the object keyword. These have a variety
of use cases that we will discuss below:

3.6.1 Namespaces and Static Methods

Singleton objects are useful to put defs and vars and other definitions into namespaces.
This is similar to static methods in languages like Java or C#, or packages in languages like
Python. When a complicated part of your program starts getting messy with many variables and
methods, grouping related definitions into named objects can help keep things neat:

	> object Thing:
      var x = 1
      def hello = "world " + x
3.84.scala
	> Thing.hello
res0: String = "world 1"

> Thing.x = 5

> Thing.hello
res1: String = "world 5"
3.85.scala


3.6.2 Singleton Object Inheritance

Unlike static methods in other languages, methods in singleton objects can be inherited from
classes and traits:

	> class Box(var x: Int):
      def update(f: Int => Int) =
          x = f(x)
      def printMsg(msg: String) =
          println(msg + x)

> object SingletonBox extends Box(10)
3.86.scala
	> SingletonBox.update(x => x + 5)

> SingletonBox.printMsg("hello")
hello15
3.87.scala



This has two uses:


	
If you have methods in a class or trait that you want your singleton object to also have,
you can just extends it in your singleton object and inherit those definitions



	
If you have a class or trait that has some special values, e.g. a "default" value
or a "null" value, making it a singleton object is a convenient way to do so. For example:





object EmptyInputStream extends java.io.InputStream:
    // return -1 to immediately signal end of stream without returning any data
    def read(): Int = -1
3.88.scala
3.6.3 Companion Objects

An object with the same name as a class that it is defined next to is called a
companion object.
Companion objects serve a similar purpose to static methods in other languages, and are often used to group together methods, variables, factory methods, and other functionality that is related to a trait or class but does not belong to any specific instance.

class Foo():
    // instance methods and variables specific to each instance of Foo

object Foo:
    // methods and variables related to Foo but not any specific instance
3.89.scala

For example, the List class has an object List singleton object that contains things like:


	Factory methods: List.apply, Array.fill

	Copy-constructors: List.from

	Special values: List.empty

	Builders: List.newBuilder, List.iterableFactory

	private methods and fields used in the internal implementation of List that are shared
and not specific to any particular instance



object List inherits much of this functionality from a super-class shared with the other
Scala collection types, which also allows it to be used as a value in methods that expect
that super-class such as Array.to:

> Array(1, 2, 3).to(List)
res0: List[Int] = List(1, 2, 3)
3.90.scala

We will explore more of the operations available on Array and List, and how to use them,
later in Chapter 4: Scala Collections.

See example 3.5 - SingletonObjects
3.7 Optional Braces and Indentation

Scala can use braces to delimit blocks, but they are optional, and in their absence the
language uses indentation to determine where blocks of code start and end. Semicolons are
similarly optional and generally not used.
For example, the two snippets below show the same Scala code with the braces present (left)
and without braces instead using indentation to delimit blocks of code (right):

	class Box(var x: Int) {
  def update(f: Int => Int) = {
    x = f(x)
  }

  def printMsg(msg: String) = {
    val finalMsg = msg + x
    println(finalMsg)
  }
}

val myBox = new Box(10)

myBox.update { previous =>
  println(s"Incrementing $previous!")
  previous + 1
}

myBox.printMsg("hello") // hello11
3.91.scala
	class Box(var x: Int):
    def update(f: Int => Int) =
        x = f(x)

    def printMsg(msg: String) =
        val finalMsg = msg + x
        println(finalMsg)

val myBox = new Box(10)

myBox.update: previous =>
    println(s"Incrementing $previous!")
    previous + 1

myBox.printMsg("hello") // hello11
3.92.scala



In this book we recommend using 4-space indents when using an indent-delimited style,
rather than the 2-space indents that were common for brace-delimited Scala, as in the
absence of braces the extra indentation helps ensure things remain readable.
In general, relying on indentation is preferred: braces remain available,
but are typically only used in the following scenarios:


	
Backwards compatibility with older versions of Scala (2.x) that do not support
indentation syntax.



	
Squeeze things onto a single line. This isn't something you do often, but sometimes
can be useful:





myBox.update { previous => println(s"Incrementing $previous!"); previous + 1 }

3.8 Conclusion

In this chapter, we have gone through a lightning tour of the core Scala
language. While the exact syntax may be new to you, the concepts should be
mostly familiar: primitives, arrays, loops, conditionals, methods, and classes
are part of almost every programming language.

Next we will look at the core of the Scala standard library: the Scala Collections.


Exercise: Write a recursive method printMsgs that can receive an array of Msg
class instances, each with an optional parent ID, and use it to print it in a
threaded fashion. That means that child messages are printed out indented
underneath their parents, and the nesting can be arbitrarily deep.

PrintMessages.scalaclass Msg(val id: Int, val parent: Option[Int], val txt: String)
def printMsgs(messages: Array[Msg]): Unit = ...3.93.scala
	TestPrintMessages.scala
//| moduleDeps: [PrintMessages.scala]
def main() =
    printMsgs(Array(
        Msg(0, None, "Hello"),
        Msg(1, Some(0), "World"),
        Msg(2, None, "I am Cow"),
        Msg(3, Some(2), "Hear me moo"),
        Msg(4, Some(2), "I am Cow"),
        Msg(5, Some(4), "Hear me moo, moo")
    ))3.94.scala
	expected.txt#0 Hello
    #1 World
#2 I am Cow
    #3 Hear me moo
    #4 I am Cow
        #5 Hear me moo, moo3.95.output


See example 3.6 - PrintMessages

Exercise: Define a pair of methods withFileWriter and withFileReader that can be
called as shown below. Each method should take the name of a file, and a
function value that is called with a java.io.BufferedReader or
java.io.BufferedWriter that it can use to read or write data. Opening and
closing of the reader/writer should be automatic, such that a caller cannot
forget to close the file. This is similar to Python "context managers" or Java
"try-with-resource" syntax.

TestContextManagers.scala//| moduleDeps: [ContextManagers.scala]
def main() =
    withFileWriter("File.txt"): writer =>
        writer.write("Hello\n")
        writer.write("World!")

    val result = withFileReader("File.txt"): reader =>
        reader.readLine() + "\n" + reader.readLine()

    assert(result == "Hello\nWorld!")3.96.scala

For now you can use the Java standard library APIs
java.nio.file.Files.newBufferedWriter and newBufferedReader for working
with file readers and writers. We will get more familiar with working with
files and the filesystem in Chapter 7: Files and Subprocesses.

See example 3.7 - ContextManagers

Exercise: Define a def flexibleFizzBuzz method that takes a String => Unit callback
function as its argument, and allows the caller to decide what they want to do
with the output. The caller can choose to ignore the output, println the
output directly, or store the output in a previously-allocated array they
already have handy.

	> flexibleFizzBuzz: s => {/* ignore */}

> flexibleFizzBuzz(println)
1
2
Fizz
4
Buzz
...
3.97.scala
	> var i = 0

> val output = new Array[String](100)

> flexibleFizzBuzz: s =>
      output(i) = s
      i += 1

> output
res125: Array[String] = Array(
    "1",
    "2",
    "Fizz",
    "4",
    "Buzz",
...
3.98.scala


See example 3.8 - FlexibleFizzBuzz
Discuss Chapter 3 online at https://www.handsonscala.com/discuss/3
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$ ./mill repl
Welcome to Scala
Type in expressions for evaluation. Or try :help.

> 1 + 1
res0: Int = 2

> println("hello world" + "!" * 10)
hello world!!!!!!!!!!
2.1.scala

Snippet 2.1: getting started with the Scala REPL

In this chapter, we will set up a simple Scala programming environment, giving
you the ability to write, run, and test your Scala code. We will use this setup
throughout the rest of the book. It will be a simple setup, but enough so you
can get productive immediately with the Scala language.

Setting up your development environment is a crucial step in learning a new
programming language. Make sure you get the setup in this chapter working. If
you have issues, come to the online discussions at https://github.com/handsonscala/handsonscala/issues/2
to get help resolving them so you can proceed with the rest of the book in peace
without tooling-related distractions.


2.1 Installing Mill

For the purposes of this book, we will be using the Mill build tool
(mill-build.org) to build, run, and test our Scala code. Mill is the only command-line tool
you need to work with Scala, typically combined with an IDE or editor like
IntelliJ (2.3.1) or VSCode (2.3.2).

Mill can be installed locally in any folder by running:

Mac/Linux

> export REPO=https://repo1.maven.org/maven2/com/lihaoyi/mill-dist
> curl -L $REPO/1.1.3/mill-dist-1.1.3-mill.sh -o mill
> chmod +x mill
> ./mill version
1.1.3
2.2.bash

Mill handles the downloading and caching of all necessary tools on your behalf: the
JVM runtime, the Scala compiler and standard library, and any necessary third-party libraries.
The ./mill bootstrap script also ensures that once Mill is set up within your codebase it
is available anywhere the codebase happens to be checked out: your laptop, your colleague's
cloud devbox, or the machines running your CI cluster. Overall this saves us all the hassle
of installing all components manually in every environment your code needs to run in.

2.1.1 Installing Java

While most of the examples in this book involve building and running your code within Mill,
a few of them involve packaging your code in Mill but running it later outside. For that you
need to install java on your machine, version 21 to be consistent with Mill's defaults. You
can download the appropriate installer from any one of the following pages:


	https://adoptium.net/en-GB/temurin/releases?version=21

	https://downloads.corretto.aws/#/downloads?version=21&type=jdk



While other versions of Java may work, you should stick with version 21 to ensure compatibility
with all the examples in this book, since different versions may cause subtle changes in
behavior that would result in confusion and make it more difficult to follow along.

2.1.2 Windows Setup

If you are on Windows, the easiest way to follow along this book is to use the
Windows Subsystem for Linux 2 (WSL2) to provide a unix-like environment to run
your code in. This can be done by following the documentation on the Microsoft
website:


	https://docs.microsoft.com/en-us/windows/wsl/wsl2-install



WSL2 allows you to choose which Linux environment to host on your Windows
computer. For this book, we will be using Ubuntu 18.04 LTS.
Completing the setup, you should have a Ubuntu terminal open with a standard
linux filesystem and your Windows filesystem available under the /mnt/c/
folder:

$ cd /mnt/c

$ ls
'Documents and Settings'    PerfLogs        'Program Files (x86)'   Recovery
'Program Files'             ProgramData     Recovery.txt            Users
...
2.3.bash

The files in /mnt/c/ are shared between your Windows environment and your
Linux environment:


	
You can edit your code on Windows, and run it through the terminal on Linux.



	
You can generate files on disk on Linux, and view them in the Windows Explorer





From there, you should be able to run the Mac/Linux curl command above within WSL2
to set up your ./mill script.

Many of the chapters in this book assume you are running your code in WSL2's
Ubuntu/Linux environment, while graphical editors like IntelliJ or VSCode will
need to be running on your Windows environment, and WSL2 allows you to swap
between Linux and Windows seamlessly. While the Scala language can also be
developed directly on Windows, using WSL2 will allow you to avoid compatibility
issues and other distractions as you work through this book.

If you wish to install the ./mill script directly on your Window environment, you
may use the command below, which should work in a PowerShell terminal in Windows 10/11.
This should work for the most Scala code examples, but the shell
snippets such as ls or find that we make use of may have a different syntax on Windows,
making it more difficult to follow along with the chapters that use them.

Windows


> $REPO = "https://repo1.maven.org/maven2/com/lihaoyi/mill-dist"
> curl.exe -L "$REPO/1.1.3/mill-dist-1.1.3-mill.bat" -o mill.bat
> ./mill version
1.1.3
2.4.bash
2.1.3 The Scala REPL

The Scala REPL is an interactive Scala command-line in which you can enter
code expressions and have their result printed. It can be started via ./mill repl

$ ./mill repl
Welcome to Scala
Type in expressions for evaluation. Or try :help.
> 1 + 1
res0: Int = 2

> "i am cow".substring(2, 4)
res1: String = "am"
2.5.scala

Invalid code prints an error:

> "i am cow".substing(2, 3)
-- [E008] Not Found Error: --------------------------------------------------
1 |"i am cow".substing(2, 3)
  |^^^^^^^^^^^^^^^^^^^
  |value substing is not a member of String -
  |did you mean ("i am cow" : String).substring?
2.6.scala
2.1.3.1 REPL Tab-Completion

You can use tab-completion after a . to display the available methods on a
particular object, a partial method name to filter that listing, or a complete
method name to display the method signatures:

> "i am cow".<tab>
exists                reduceLeftOption      toVector
filter                reduceOption          transform
filterNot             reduceRight           translateEscapes
find                  reduceRightOption     transpose
...

> "i am cow".sub<tab>
subSequence   substring

> "i am cow".substring<tab>
def substring(x$0: Int, x$1: Int): String
def substring(x$0: Int): String
2.7.scala
2.1.3.2 Interrupting REPL Code

If a REPL command is taking too long to run, you can kill it via Ctrl-C:

> while true do { Thread.sleep(1000); println(1 + 1) } // loop forever
2
2
2
^C
Attempting to interrupt...
java.lang.InterruptedException: sleep interrupted
  at java.base/java.lang.Thread.sleep0(Native Method)
  at java.base/java.lang.Thread.sleep(Thread.java:509)
  ... 30 elided

>
2.8.scala



2.1.4 Scala Scripts

In addition to providing a REPL, Mill can run Scala Script files. A Scala
Script is any file containing Scala code, ending in .scala. Scala Scripts are a
lightweight way of running Scala code that is more convenient, though less
configurable, than using a fully-featured build tool like Mill.

For now, you can create the
following file myScript.scala, using any text editor of your choice
(Vim, Sublime Text,
VSCode, Notepad, etc.). We will explore setting
up a more feature-rich IDE later in IDE Support (2.3).

myScript.scaladef main() =
    println(1 + 1) // 2

    println("hello" + " " + "world") // hello world

    println(List("I", "am", "cow")) // List(I, am, cow)2.9.scala

Note that in scripts, you need to println each expression since scripts do not
echo out their values. After that, you can then run the script via ./mill myScript.scala:

$ ./mill myScript.scala
2
hello world
List(I, am, cow)
2.10.bash

The first time you run the script file, it will take a moment to compile the
script to an executable. Subsequent runs will be faster since the script is
already compiled.

2.1.4.1 Watching Scripts

If you are working on a single script, you can use the ./mill -w or ./mill --watch
command to watch a script and re-run it when things change:

$ ./mill -w myScript.scala
2
hello world
List(I, am, cow)
Watching for changes... (Enter to re-run, Ctrl+C to exit)
2.11.bash

Now whenever you make changes to the script file, it will automatically get
re-compiled and re-run. This is much faster than running it over and over
manually, and is convenient when you are actively working on a single script to
try and get it right.

You can edit your Scala scripts with whatever editor you feel comfortable with:
IntelliJ (2.3.1),
VSCode (2.3.2), or any other text editor.

2.1.4.2 Script Main Methods

Scripts that are run directly need to start in a MainArgs
def main() method, which can optionally take parameters that the user passes from the
command line:

myScript.scaladef main(myArg: String, myOtherArg: Int) =
    println("hello" + " " + myOtherArg)

    println(myOtherArg + myOtherArg)2.12.scala
$ ./mill myScript.scala
Missing arguments: --my-arg <str> --my-other-arg <int>
Expected Signature: main
  --my-arg <str>
  --my-other-arg <int>

$ ./mill myScript.scala --my-arg "mooo" --my-other-arg 7
hello mooo
14
2.13.bash
2.1.5 Using Scripts from the REPL

You can open up a REPL with access to the functions in a Scala file by running
the :repl command on the specific script file.
For example, given the following definition:

hello.scaladef hello(n: Int) =
    "hello world" + "!" * n2.14.scala

You can then open a REPL with access to it as follows:

$ ./mill hello.scala:repl
> hello(12)
res0: String = "hello world!!!!!!!!!!!!"
2.15.bash

Things to note:


	If you make changes to the script file, you need to exit the REPL
using Ctrl-D and re-open it to make use of the modified script.



You can also combine :repl with --watch/-w:

$ ./mill -w hello.scala:repl


In which case when you exit with Ctrl-D it will automatically restart the REPL
if the script file has changed.

2.1.6 Mill Projects

Apart from supporting a REPL and small scripts, Mill can also be used for larger projects.
The easiest way to get started with Mill is to download an example project:

$ export REPO=https://repo1.maven.org/maven2/com/lihaoyi/mill-dist/1.1.3

$ export FILENAME=mill-dist-1.1.3-example-scalalib-basic-6-programmable

$ curl -L "$REPO/$FILENAME.zip" -o "$FILENAME.zip"

$ unzip "$FILENAME.zip" && rm "$FILENAME.zip"

$ mv $FILENAME/* . && rm -r $FILENAME

$ find . -type f
./build.mill
./mill
./foo/src/Foo.scala
./foo/test/src/FooTests.scala
./mill.bat
2.16.bash

You can see that the example project has 8 files (5 that we will focus on now). A build.mill file that
contains the project definition, defining a module foo with a test module
test inside:

build.millpackage build
import mill.*, scalalib.*

object foo extends ScalaModule {
    def scalaVersion = "3.7.1"
    def mvnDeps = Seq(
        mvn"com.lihaoyi::scalatags:0.13.1",
        mvn"com.lihaoyi::mainargs:0.7.8"
    )

    object test extends ScalaTests {
        def mvnDeps = Seq(mvn"com.lihaoyi::utest:0.9.4")
        def testFramework = "utest.runner.Framework"
    }
}2.17.scala

The test module definition above comes with a dependency on one third party
library: mvn"com.lihaoyi::utest:0.9.4". We will see other libraries as we
progress through the book and how to use them in our Mill projects.

The Scala code for the foo module lives inside the foo/src/ folder:

foo/src/Foo.scalapackage foo
import scalatags.Text.all.*
import mainargs.{main, Parser}

object Foo {
    def generateHtml(text: String) = {
        h1(text).toString
    }

    def main(text: String) = {
        println(generateHtml(text))
    }

    def main(args: Array[String]): Unit = Parser(this).runOrExit(args)
}2.18.scala

While the Scala code for the foo.test test module lives inside the
foo/test/src/ folder:

foo/test/src/FooTests.scalapackage foo

import utest.*

object FooTests extends TestSuite {
    def tests = Tests {
        test("simple") {
            val result = Foo.generateHtml("hello")
            assert(result == "<h1>hello</h1>")
            result
        }
        test("escaping") {
            val result = Foo.generateHtml("<hello>")
            assert(result == "<h1>&lt;hello&gt;</h1>")
            result
        }
    }
}2.19.scala

Lastly, the example project contains a mill executable file (mill.bat for Windows).
You can use this file as a launcher to compile and run the project, via ./mill ...:

$ ./mill foo.compile
compiling 3 Scala sources to out/mill-build/compile.dest/classes ...

$ ./mill foo.run --text hello
<h1>hello</h1>
2.20.bash

While above we run both
./mill foo.compile and ./mill foo.run, if you want to run your code you can
always just run ./mill foo.run. Mill will automatically re-compile your code
if necessary before running it.

To use Mill in any other project, or to start a brand-new project using Mill, it
is enough to copy over the mill script file to that project's root directory,
or to download it again using the curl command we used earlier.

2.1.7 Running Unit Tests

To get started with testing in Mill, you can run ./mill foo.test:

$ ./mill foo.test
120] foo.test.compile compiling 1 Scala source to out/foo/test/compile.dest/classes ...
120] done compiling
127] foo.test.testForked Running Test Class foo.FooTests
127] -------------------------------- Running Tests --------------------------------
127] + foo.FooTests.simple 20ms  <h1>hello</h1>
127] + foo.FooTests.escaping 0ms  <h1>&lt;hello&gt;</h1>
127] Tests: 2, Passed: 2, Failed: 0
127/127] ============================== foo.test ============================== 1s
2.21.bash

This shows the successful result of the one test that comes built in to the
example repository.

2.1.8 Creating a Stand-Alone Executable

So far, we have only been running code within the Mill build tool. But what if
we want to prepare our code to run without Mill, e.g. to deploy it to production
systems? To do so, you can run ./mill foo.assembly to
to create an out.jar file that can be distributed, deployed and run without
the Mill build tool in place. By default, Mill creates the output for the
foo.assembly task in out/foo/assembly.dest, but you can use ./mill show to
print out the full path:

$ ./mill show foo.assembly
".../out/foo/assembly.dest/out.jar"
2.22.scala

You can run the executable assembly to verify that it does what you expect. Note
that this requires to run the foo.assembly task first.

$ out/foo/assembly.dest/out.jar --text hello
<h1>hello</h1>
2.23.bash

In general, running Scala code in a Mill project requires a bit more setup than
running it interactively in the Scala REPL or Scala Scripts, but the
ability to easily test and package your code is crucial for any production
software.

2.2 (Optional) Scala-CLI

An alternative to using ./mill for the Scala REPL and scripts is Scala-CLI, which
can be installed from the following URL:


	http://scala-cli.virtuslab.org/



Scala-CLI can be used to run the REPL via the scala command:

$ scala
Welcome to Scala 3.8.1

scala> 1 + 1
val res0: Int = 2
2.24.scala

Or run scripts from the command line:

$ cat foo.scala
def main(args: Array[String]): Unit = {
    println("Hello World")
}

$ scala foo.scala
Hello World
2.25.scala

Note that Scala-CLI's scripts and REPL have a slightly different set of default libraries than
Mill's scripts and REPL, so you may need to include libraries manually via the --dependency
flag in the REPL or //> using dep clauses in scripts.



2.3 IDE Support
2.3.1 Installing IntelliJ for Scala

To use Mill with IntelliJ, first ensure you have the free
IntelliJ Scala Plugin
installed. This is necessary as Mill build files are written in Scala,
even if you are using it to build a Java or Kotlin project.

Once you have the plugin installed, you can use IntelliJ to open any project
containing a Mill build.mill file, and IntelliJ will automatically load the
Mill build. This will provide support both for your application code,
as well as the code in the build.mill. You can try this on the example
Mill project you downloaded earlier in the section Mill Projects (2.1.6):

[image: intellij-indexed.png]

If you make changes to your Mill build.mill, you can ask Intellij to load
those updates by opening the "BSP" tab and clicking the "Refresh" button

[image: intellij-indexed.png]

In general, you may need to refresh IntelliJ any time you make changes to the build
configuration of the project: adding or removing dependencies to build.mill,
creating new modules, creating new Scala Scripts (2.1.4) or changing
the dependencies of those scripts.



2.3.2 Visual Studio Code Support

To use Mill with VSCode, first ensure you have the free
Metals VSCode Scala language server
installed. This is necessary as Mill build files are written in Scala,
even if you are using it to build a Java project.

Once you have the language server installed, you can ask VSCode to open any folder
containing a Mill build.mill file, and VSCode will ask you to import your
Mill build. This will provide support both for your application code,
as well as the code in the build.mill:

[image: vscode-indexed.png]

If you make changes to your Mill build.mill, you can ask VSCode to load
those updates by opening the "Metals" tab and clicking the "Import build" button.

[image: vscode-indexed.png]

Like IntelliJ, you need to re-import the build into VSCode any time you make
changes to build configuration: changing dependencies, new modules, creating new scripts

Metals also supports other editors such as Vim, Sublime Text, Atom, and others.
For more details, refer to their documentation for how to install the relevant
editor plugin:


	https://scalameta.org/metals/docs/editors/overview.html



2.4 Conclusion

By now, you should have three main things set up:


	Your ./mill or ./mill.bat bootstrap script, to run
./mill repl, or ./mill myScript.scala

	A Mill example project, which you can run via ./mill foo.run or test via
./mill foo.test

	Either IntelliJ or VSCode support for your Mill example projects



We will be using Mill as the primary build tool throughout this book.
Before you move on to the following chapters, take some time to experiment with
these tools: write some code in the Scala REPL, create some more scripts, add
code and tests to the Mill example projects and run them. These are the main
tools that we will use throughout this book.

Discuss Chapter 2 online at https://www.handsonscala.com/discuss/2
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Simple Web and API Servers

	14.1 A Minimal Webserver	
	14.2 Serving HTML	
	14.3 Forms and Dynamic Data	
	14.4 Dynamic Page Updates via API Requests	
	14.5 Real-time Updates with Websockets	


package app
object MinimalApplication extends cask.MainRoutes:
    @cask.get("/")
    def hello() =
        "Hello World!"

    @cask.post("/do-thing")
    def doThing(request: cask.Request) =
        request.text().reverse

    initialize()
14.1.scala

Snippet 14.1: a minimal Scala web application, using the Cask web framework

Web and API servers are the backbone of internet systems. While in the last few
chapters we learned to access these systems from a client's perspective, this
chapter will teach you how to provide such APIs and Websites from the server's
perspective. We will walk through a complete example of building a simple
real-time chat website serving both HTML web pages and JSON API endpoints. We
will re-visit this website in Chapter 15: Querying SQL Databases, where we
will convert its simple in-memory datastore into a proper SQL database.





Part I: Introduction to Scala

	1 Hands-on Scala	
	2 Setting Up	
	3 Basic Scala	
	4 Scala Collections	
	5 Notable Scala Features	


The first part of this book is a self-contained introduction to the Scala
language. We assume that you have some background programming before, and aim to
help translate your existing knowledge and apply it to Scala. You will come out
of this familiar with the Scala language itself, ready to begin using it in a
wide variety of interesting use cases.



6
Implementing Algorithms in Scala

	6.1 Merge Sort	
	6.2 Prefix Tries	
	6.3 Breadth First Search	
	6.4 Shortest Paths	


def breadthFirstSearch[T](start: T, graph: Map[T, Seq[T]]): Set[T] =
    val seen = collection.mutable.Set(start)
    val queue = collection.mutable.ArrayDeque(start)

    while queue.nonEmpty do
        val current = queue.removeHead()
        for next <- graph(current) if !seen.contains(next) do
            seen.add(next)
            queue.append(next)

    seen.toSet
6.1.scala

Snippet 6.1: a simple breadth-first-search algorithm we will implement using Scala in this chapter

In this chapter, we will walk you through the implementation of a number of
common algorithms using the Scala programming language. These algorithms are
commonly taught in schools and tested at professional job interviews, so you
have likely seen them before.

By implementing them in Scala, we aim to get you more familiar with using the
Scala programming language to solve small problems in isolation. We will also
see how some of the unique language features we saw in Chapter 5: Notable Scala Features can be applied to simplify the implementation of these
well-known algorithms. This will prepare us for subsequent chapters which will
expand in scope to include many different kinds of systems, APIs, tools and
techniques.


13
Fork-Join Parallelism with Futures

	13.1 Parallel Computation using Futures	
	13.2 N-Ways Parallelism	
	13.3 Parallel Web Crawling	
	13.4 Asynchronous Futures	
	13.5 Asynchronous Web Crawling	


def fetchAllLinksParallel(startTitle: String, depth: Int): Set[String] =
    var seen = Set(startTitle)
    var current = Set(startTitle)

    for i <- Range(0, depth) do
        val futures = for title <- current yield Future{ fetchLinks(title) }
        val nextTitleLists = futures.map(Await.result(_, Inf))
        current = nextTitleLists.flatten.filter(!seen.contains(_))
        seen = seen ++ current

    seen
13.1.scala

Snippet 13.1: a simple parallel web-crawler implemented using Scala Futures

The Scala programming language comes with a Futures API. Futures make parallel
and asynchronous programming much easier to handle than working with traditional
techniques of threads, locks, and callbacks.

This chapter dives into Scala's Futures: how to use them, how they work, and how
you can use them to parallelize data processing workflows. It culminates in
using Futures together with the techniques we learned in Chapter 12: Working with HTTP APIs to write a high-performance concurrent web crawler in a
straightforward and intuitive way.


