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DEEP JS FOUNDATIONS




Motivations?



lvar X

3 X+
4 X5

6 ++X;
[ X5

40 ;

// 40
[/ 41

[/ 42
[/ 42






lvar X
2 X = X

svar 'y






Have you ever read
any part of the JS
specification?



12.4.4.1 Runtime Semantics: Evaluation
UpdateExpression : LeftHandSideExpression ++

1. Let /hs be the result of evaluating LeftHandSideExpression.
2. Let oldValue be 2 ToNumber(®? GetValue(/hs)).

3. Let newValue be the result of adding the value 1 to o/dValue, using the same rules as for

the + operator (see 12.8.5).

4. Perform ? PutValue(/hs, newValue).
5. Return oldValue.
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// xX++ means:

function plusPlus(orig_ x) Lo
var orig_x_coerced # Numbercpr1g X) 3
X = orig_x_coerced + I;“"
return orig_x_coerced;

}

var x = "5";

plusPlus(x) ; // 5

X3 /] 6

hitps:/[twitter.com/YDKJS/status/1099716798088400899



Whenever there's a divergence
between what your brain thinks
Is happening, and what the
computer does, that's where
bugs enter the code.

--getify's law #17



Course Overview

Types
e Primitive Types
o Abstract Operations
» Coercion
o Equality
o TypeScript, Flow, etc.

Scope
* Nested Scope
* Hoisting
e Closure
 Modules

Objects (Oriented)
* this
e class {}

* Prototypes
 00vs. 0LOO



..out before we begin...






Types

e Primitive Types

e Abstract Operations
e Coercion

e Equality

o TypeScript, Flow, etc.



"In JavaScript, everything
Is an object.’

false



6.1 ECMAScript Language Types

An ECMAScript language type corresponds to values that are directly manipulated by an
ECMAScript programmer using the ECMAScript language. The ECMAScript language types are
Undefined, Null, Boolean, String, Symbol, Number, and Object. An ECMAScript language value is
a value that is characterized by an ECMAScript language type.




e undefined
e string
 number

* hoolean

* object

e symbol

e undeclared?
e null?

e function?

e array?

* higint?

Primitive Types



e undefined
e string
 number

* hoolean

* object \
e symbol <« N\

e null 7

e higint (future)

Not

* object
e function
* array

]

Objects

Primitive Types



In JavaScript, variables
don't have types,
values do.



1 var Y;

-

2stypeof v

O© 00 ~NO U1 W

10

12

V.--"l"
typeof v;
vV = 2;
typeof v;
v = true;
typeof v;
= {};
typeof v;

v = Symbol();

typeof v;

// "undefined"
[/ "string"

// "number"

// "boolean"
// "object"
// "symbol"

Primitive Types: typeof
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typeot doesntExist;

var v = null;
typeof v;

v = function () {};
typeof v;

v = [1,2,3];
typeof v;

1l // coming soon!
2 var v = 42n,
3 // or:
4 typeof v;

// "object"

// "function"

// "object"

BigInt(42)

OOPS!
hmmm?

hmmm?

// "bigint"

Primitive Types: typeof



undefined
VS.
undeclared

3
uninitialized (aka TDZ)

Primitive Types: staring into the emptiness



Special Values



NaN (“net-a-humber )

Special Values



1 var myAge = Number ("0046"); [/
2 var myNextAge = Number ("39"); [/
3 var myCatsAge = Number("n/a"); //
4 myAge - "my son's age"; [/
5
-§
6 myCatsAge‘:::\myCatsAge; [/
7 vt
8 dsNaN(myAge) ; //
9 isNaN(myCatsAge) ; //
10 isNaN("my son's age"); /]
11

m == Ea L,

12¢fumber . 1sNéN§myCatsAge), //
13 NumBéT'TtNaN("my son's age"); //

38
39
NaN
NaN

false OOPS!
false
true

true OOPS!

true
false

Special Values: NaN



NaN: Invalid Number

don't: undefined
don't: null
don't: false
dont: -1

don't: 0

Special Values: NaN



Negative Zero

Special Values
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var trendRate = -0;
trendRate === -0;

trendRate. toString();
trendRatel-== 03
trendRate,’ <107

trenc Rate‘~>"®;

Object.is(trendRate,-0);
Object.is(trendRate,0) ;

// true

// """ OOPS!
// true OOPS!
// false
// false

// true
// false

Special Values: -0



O o ~NO”UL b~ WDNR

e el i
A WNRFRO

Math.sign(-3); /] -1
Math.sign&&l; // 1
Math.sigp(-0%% // -0 WTF?
Math.sign(0) ;¢ // © WTF?
L AR
// "fix" Math.sign(..)
function sign(v) { m -
return v l== @ ? Math.sign(v) #Qbject.is(v,-0J,7? -1 : 1;
} .----_'
sign(-3); /] -1
sign(3); /] 1
sign(-0); /] -1
sign(0); /] 1

Special Values: -0
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function formatTrend(trendRate) {

var direction

(trendRate < 0 || Object.is(trendRate,-0)) 7 "wv"

LN
A )

return “${direction} ${Math.abs(trendRate)} ;

formatTrend(-3);
formatTrend (3] ;
formatTrendQ—@)\;
formatTrend (0);

// "v 3"

Special Values: -0



Fundamental Objects

aka: Built-In Objects
aka: Native Functions



Use new: Don't use new:

e Ohject() e String()

e Array()  Number()
* Function) * Boolean()
o Date()

* RegExp()

e Error()

Fundamental Objects
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var yesterday - ,new Date‘("March 6, 2019");
yesterday. toUTCStr1ngT),

// "Wed, 06 Mar 2019 06:00:00 GMT"

var myGPA < Str'lng'(:transcr'lpt gpa) ;

// "3.54" " T==°

Fundamental Objects



7 Abstract Operations

These operations are not a part of the ECMAScript language; they are defined here to solely to
aid the specification of the semantics of the ECMAScript language. Other, more specialized
abstract operations are defined throughout this specification.

7.1 Type Conversion

The ECMAScript language implicitly performs automatic type conversion as needed. To clarify
the semantics of certain constructs it is useful to define a set of conversion abstract operations.
The conversion abstract operations are polymorphic; they can accept a value of any
ECMAScript language type. But no other specification types are used with these operations.




ToPrimitive(hint) 7.1

Abstract Operations



hint: "number” hint: “string’

valueOf() toString()
toString() valueOf()

Abstract Operations: ToPrimitive



ToString ¢.1.12

Abstract Operations



null
undefined
true

false
3.14159

|

-0

“null”
“undefined”
‘true”
“false”
"3.14159"
‘0"

‘0"

Abstract Operations: ToString



ToString (object):
ToPrimitive (string)
aka: toString() / valueOf()

Abstract Operations: ToString (Array/Object)



|
[1,23] "1.23
[nullundefined]

\[IXIRIIRII
-

Abstract Operations: ToString (Array)



{} “lobject Object]
{a:2} "[object Object]”
{ toString(){ return "X";}} "X

Abstract Operations: ToString (Object)



ToNumber 713

Abstract Operations



70
0" -0
009" 9
314159 314159
070
00
" NaN
"Oxaf” 175

Abstract Operations: ToNumber



false 0

true 1

null 0
undefined NaN

Abstract Operations: ToNumber



ToNumber (object):
ToPrimitive (number)
aka: valueOf() / toString()

Abstract Operations: ToNumber (Array/Object)



(for [] and {} by default):
valueOf() { return this; }
-=> toString()

Abstract Operations: ToNumber (Array/Object)



1 0

07 0
07 -0
null] 0

[undefined] 0
[1,2.3] NaN

({001 O

Coercion: ToNumber (Array)



{.} NaN
{valueOf() {return 3;}} 3

Coercion: ToNumber (Object)



loBoolean 12

Abstract Operations



Falsy
0, -0
null
NaN
false

undefined

Truthy

“foo”

23
{ a:1 }
[1,3]
true
function(){..}

Abstract Operations: ToBoolean



Coercion



You claim to avoid coercion
hecause It's evil, but...

Coercion
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var numStudents = 16;

console.log( -
‘There are $§hum$tudent§} students.
) ; STttt

// "There are 16 students."

Coercion: we all do it...



1 var msgl = "There are ";

2 var numStudents = 16;

3 var msg2 = " studgnts "

4 console. log(hsgl + nuﬁ§tudents + msg2) ;
5 // "There are 1%-stUdents."

Coercion: string concatenation (number to string)



1 var numStudents = 16;

2

3 console.log( P

4 "There are ${numStudent§}""} students.
5); i

6 // "There are 16 students."

Coercion: string concatenation (number to string)



12.8.3 The Addition Operator ( +)

NOTE The addition operator either performs string concatenation or numeric addition.

12.8.3.1 Runtime Semantics: Evaluation
AdditiveExpression : AdditiveExpression + MultiplicativeExpression

1. Let Iref be the result of evaluating AdditiveExpression.

2. Let lval be ? GetValue(Iref).

3. Let rref be the result of evaluating MultiplicativeExpression.
4. Let rval be ? GetValue(rref).

5. Let Iprim be ? ToPrimitive(lval).

6. Let rprz;T lzg ?_;I‘ogrirgitp_/eu'vcw.

v L:‘I‘ﬂ)eﬂpr_im)_is Stlﬁlq)r Typ_e(r_;riE) E Slt:rirg, tEe'ﬂ_ 5
a. Let Istr be ?Z"oStringﬁgrim).
b. Let rstr be‘. IoString@prim).
c. Return the strin-g-czncatenation of Istr and rstr.

8. Let Inum be ? ToNumber(/prim).

9. Let rnum be ? ToNumber(rprim).

10. Return the result of applying the addition operation to /num and rnum. See the Note below
12.8.5.




1 var numStudents = 16;

2

3 console.log( - ==

4 "There are ${[numStudent§j Jo1n("")3 students.
5); AR TE A

6 // "There are 16 students."”

Coercion: number to string
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var numStudents = 16;

console.log( - =y
"There are ${num$‘cudents‘‘coStr'lng();L students.
) ; Tesoo-

// "There are 16 students."

Coercion: number to string
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var numStudents = 16;

console . log( .= =

"There are ${Str1ng(num$tudents)} students.

) Sea=’

// "There are 16 students."

Coercion: number to string



0K, OK... but, what about...?
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function addAStudent(numStudents) {
return numStudents + 1;

addAStudent(studentsInputElem.value) ;
// "161" OOPS!

Coercion: string to number
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function addAStudent(numStudents) {
return numStudents + 1;

}

add6§tudent(
a+§tudentsInputElem.value

)y
[/ 1T

Coercion: string to number
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function addAStudent(numStudents) {
return numStudents + 1;

}

addAStuﬁent(
‘NumberXstudentsInputElem value)

Coercion: string to number
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function kickStudentOu@ﬂgumStudentS) {
return numStudents’ -1,

\ K 4
} -
kigKStudentOut(
| §tudentsInputElem.value
;-
// 15

Coercion: string to number



Yeah, but...



Recall Falsy vs Truthy?

2 numStudents =
Number (studentsInputElem.value);

W
-

1 while tnewStudents lengtﬁ) {
g enrollStudénE(newStudents pop());

3}

Coercion:  to hoolean
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w N =

a

%tudentsInputElem value) {

numStudents
Number (studentsInputElem.value);

(newStudents. length\ @) {
enrollStudent(newStudeH%s pop());

Coercion:  to hoolean
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1T (studentNameElem.value) {
student.name = studentNameElem.value;

// AKXKKXKXKXKKKXKXKKKXRKKRKARKRkAAkkAkAkkkAkkkhkkkkkk

Boolean(""),... // false
Boolean(" \t\n"), // true OOPS!

.--_

Coercion:  to hoolean
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I = I ST
w N = o

var workshop = getRegistration(student);

1T (workshop) {
console.log(

"Welcome ${student.name} to S${workshop.name}.’

)5
}

// AKKXKKKAAAAAkAkAkAkkkkkkkkkkkkkkkkkkxk
- - . gy ~

< LS
P
Béolean(undefingG); // false
@hplean(null); : // false
Bocﬂgan({}); PR // true

CCYam="-

Coercion:

___to hoolean






Boxing

1 if (studentNameElem. value length} 50) {
P console.log("Student' 's™ e “too long.");

3 }

Coercion: primitive to object



All programming languages
have type conversions, because
It's absolutely necessary.



You use coercion in JS
whether you admit it or not,
because you have to.



Every language has type
conversion corner cases
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Number (
Number (
Number (
Number (
Number (
Number (
Number (
Number (
Number (

String(
String(
String(
String(
String(

mn );

" \t\n" );
null );
undefined );
(1 )3

[1,2,3] )3
null] );
‘undefined] );

{} );

-0 )3

null );
undefined );
[null] );
[undefined] );

Boolean( new Boolean(false)

)5

//

0 s 0OPS!
0 OOPS !
0 OOPS!
NaN

0 OOPS!
NaN

] OOPS!
0 OOPS!
NaN

non OOPS!
llnu'L'Lll
"undefined"
UL OOPS!
UL OOPS!
true OOPS!

Coercion: corner cases



The Root Of All (Coercion) Evil

1 studentsInput.valuefi nn ;:\
2 m
3 // o 0
4
- N Ny
5 Number (studentsInput.value); \2 /[ O
R
1 studentsInput.value =V \t\g':
P
3 // ..
4
- N Ny
5 Number (studentsInput.value); \'. / 0

Coercion: corner cases



Number (true) ;
Number (false);

(1 < 2) < 33
(true) < 3;
10 1 < 3;

©W oo~ U DN WNER
W™
‘\/\
'
|

/]l 1
/] ©

// true
// true

// true (but...)

// true (hmm...)

12 // khkkkkkkkkkkkkkkkkkkkk

18 (3 > 2) > 1;
19 (true) > 1;
20 1 > 1;

// true
// true
// false OOPS!

// false
Coercion

: Corner cases



You don't deal with these type
conversion corner cases hy
avoiding coercions.



Instead, you have to adopt a
coding style that makes value
types plain and obvious.



A quality JS program embraces
coercions, making sure the types
Involved In every operation are
clear. Thus, corner cases are
safely managed.






JavaScript's dynamic typing Is
not a weakness, it's one of Iits
strong qualities



But... but...
what about the junior devs?



Implicit = Magic
Implicit != Bad
Implicit: Abstracted



Hiding unnecessary details,
re-focusing the reader and
Increasing clarity
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var numStudents = 16;

console.log( o=
"There are $ﬁ§tr1ngfnum$tudents)} students.
)8 e

// "There are 16 students."

var numStudents = 16;

console.log(
"There are S$S{numStudents} students.’

)5
// "There are 16 students."

Coercion: implicit can be good (sometimes)



O O ~NOOUGLDA WNBK

=
(O

var workshopEnrollmentl = 16;
var workshopEnrollment2 = workshop2Elem.value;

£ #(NumberXworkshopEnrollmentl) <#Number¥workshopEnrollment2)) {

Yaw?

L

PR

T (workshopEnrollment} < WorkshopEnrollment2) {

/] <.

T 4

Coercion: implicit can be good (sometimes)



s showing the reader the
extra type details helpful or
distracting?



-- "The Good Parts”, Crockford



Useful: when the reader Is
focused on what's important

Dangerous: when the reader
can t tell what will happen

Better: when the reader
understands the code



itis Irresponsible to
knowingly avoid usage of a
feature that can Improve code

readability






== checks value (loose)

=== checks value and type (strict)

?

Loose Equality vs. Strict Equality



If you re trying to understand
your code, It's critical you
learn to think like JS



7.2.14 Abstract Equality Comparison

The comparison x == y, where x and y are values, produces true or false. Such a comparison is
performed as follows:
& - [ & - N N
WIf Type(x) iSthe samé\as. Type(y) then PN
a. Return the result of performmg Strict Equality Comparigon x===y. %
Tym”
. If xis null and y is undefined, return true.
. If x is undefined and y is null, return true.
. If Type(x) is Number and Type(y) is String, return the result of the comparison x ==
I ToNumber(y).
. If Type(x) is String and Type(y) is Number, return the result of the comparison
I ToNumber(x) ==
. If Type(x) is Boolean, return the result of the comparison ! ToNumber(x) ==
. If Type(y) is Boolean, return the result of the comparison x ==! ToNumber(y).
. If Type(x) is either String, Number, or Symbol and Type(y) is Object, return the result of
the comparison x == ToPrimitive(y).
9. If Type(x) is Object and Type(y) is either String, Number, or Symbol, return the result of
the comparison ToPrimitive(x) ==

10. Return false.
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var studentNamel "Frank";
var studentName2 "${studentNamel} ;

var workshopEnrollmentl 16;

var workshopEnrollment2 = workshopEnrollmentl 0;
-5

studentNamel’ == gtudentName2;

i
studentNamel, 'lstudentNamez;
L |

L |
workshopEnrollment1? ‘~qorkshopEnrollment2;

workshopEnrollmentf‘ 'lworkshopEnrollmentz;

Coercive Equality: == and ===



7.2.15 Strict Equality Comparison

The comparison x ===y, where x and y are values, produces true or false. Such a comparison is

performed as follows:

1.4 ’Eps(x) is different from Type(y), return fﬁs} »

|
2. If Type(x) is Number,thé = = = = ~
-

a. ¥ X 1s NaN, return E\lk~
b. ¥ y,is lial\i rsl:ulr_n fsls_g. 4
c. Ifx is tze same Number V&lus as y, return true.
q. T xis +0 and y is -0, return trué&w
e. ¥ xdis 10 and xis_+0_,.re_t_um truer ’
f. Return false.
3. Return SameValueNonNumber(x, y).

Strict Equality: types and lies
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i
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13
14
15

var workshopl
name: "Deep JS Foundations"

}s

var workshop2
name: "Deep JS Foundations"

s

-

(workshopl”,
'/ Nope

{

{

}wo rkshop2) {

~
(workshopl\' :workshopZ) {

" N

Equality: identity, not structure



== checkyalue (#f0se)

=== checl§ valutgnd type (strict)

== allows coercion (types different)

=== disallows coercion (types same)

Coercive Equality vs. Non-Coercive Equality



Like every other operation, IS
coercion helpful in an equality
comparison or not?

Coercive Equality: helpful?



Like every other operation, do
we know the types or not?

Coercive Equality: safe?



7.2.14 Abstract Equality Comparison

The comparison x == y, where x and y are values, produces true or false. Such a comparison is

performed as follows:

1. If Type(x) is the same as Type(y), then
a. Renlrn.the neswit c-ﬂpﬂrfq;nung.Strlct Equality Comparison x ===
¢ 271fx is null and v is undefined, return truet ‘
3 lExis undefmed and y is null, return trug, »
4. 1f Type(x) is Nurfibét aftd 'l'ype(ﬂ is Strlng, return the result of the comparison x =
I ToNumber(y).
5. If Type(x) is String and Type(y) is Number, return the result of the comparison
I ToNumber(x) ==
6. If Type(x) is Boolean, return the result of the comparison ! ToNumber(x) ==
7. If Type(y) is Boolean, return the result of the comparison x ==! ToNumber(y).
8. If Type(x) is either String, Number, or Symbol and Type(y) is Object, return the result of
the comparison x == ToPrimitive(y).
9. If Type(x) is Object and Type(y) is either String, Number, or Symbol, return the result of

thgcmlnpﬂriéon ToPrimitive(x) ==

Y 4
10‘Return false.
> 4
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12
13
14
15
16

var workshopl = { topic: null };
var workshop2 = {};
if ( o ™ - = I,
. & S . - . =
(workshopl.top1‘: === null 4 | workshopl.topic®?=== undefined &&
(workshop2.topice=== null 4 | workshopz.top'ic‘g: undefi ned) P&
) { TCym” T amm=
/] -
¥
if ( . - N
workshopl.topict == null €&
workshop2.topic® == null »#
< v
) { a =
/] -
}

Coercive Equality: null == undefined



7.2.14 Abstract Equality Comparison

The comparison x == y, where x and y are values, produces true or false. Such a comparison is
performed as follows:

1. If Type(x) is the same as Type(y), then

a. Return the result of performing Strict Equality Comparison x ===y,
2. If x is null and y is undefined, return true.
3. If xis undefined and y is null, return true.

4. If T}gpe@;) is Number and Type(y) is String, return the result of the comparison x =
‘ToNumber’@)

5. If TxpeQ') is String and Type(y) is Number, return the result of the comparison
*ToNumbeli}) - -

6. If Type()?)‘ is Boolean, return the result of the comparisony ToNumh‘er,Qr)

7. If Type(y) is Boolean, return the result of the comparison ﬁ o'Nur'nber )

8. If Type(x) is either String, Number, or Symbol and Type(y) is Ob]ect, “tefurn the result of
the comparison x == ToPrimitive(y).

9. If Type(x) is Object and Type(y) is either String, Number, or Symbol, return the result of
the comparison ToPrimitive(x) ==

10. Return false.
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var workshopEnrollmentl = 16;
var workshopEnrollment2 = workshop2Elem.value;
- N o™ "
if QNumbeNworkshopEnrollmentl ——— NumbeNworkshopEnrollmentz)) {
/% - =
}

// Ask: what do we know #ARout the types here?
1T (workshopEnrollmently-=%workshopEnrollment2) {
[/ . L IR 4

}

Coercive Equality: prefers numeric comparison



7.2.14 Abstract Equality Comparison

The comparison x == y, where x and y are values, produces true or false. Such a comparison is
performed as follows:

1. If Type(x) is the same as Type(y), then
a. Return the result of performing Strict Equality Comparison x ===y,
. If xis null and y is undefined, return true.
. If x is undefined and y is null, return true.
. If Type(x) is Number and Type(y) is String, return the result of the comparison x ==
I ToNumber(y).
. If Type(x) is String and Type(y) is Number, return the result of the comparison
I ToNumber(x) ==
. If Type(x) is Boolean, return the result of the comparison ! ToNumber(x) ==
. If Type(y) is Boolean, return the result of the comparison x ==! ToNumber(y).
. If Type(x) is either Strlng Number or Symbol and Type(y) is Object, return the result of
the comparison x —=\T0Pr1m1tlveb/)
9. If Type(x) is Ob]ect a,nd.T }Qe'ﬁ/) is either String, Number, or Symbol, return the result of
the comparlsor\ToPrlmltlveD()
10. Return false. -

Coercive Equality: only primitives




1 var workshoplCount
2 var workshop2Count

3

o U1 H

42;
~
'I4_2_]»

(workshoplCount(_.)workshopZCount) {

p (hmm

Coercive Equality: only primitives
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var workshoplCount
var workshop2Count

42,
[42];

/] if (workshgnlgount == workshop2Count) {

/] if (42 fsg'42")
/] if (42 ===342) {
if (true) {~

// Yep (hmm...)

}

{

Coercive Equality: only primitives



== Summary:

If the types are the same: ===
If null or undefined: equal

If non-primitives: ToPrimitive
Prefer: ToNumber

Coercive Equality: summary



== Corner Cases
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1 [] [15

var workshoplStudents
var workshop2Students

&
(workshoplStudents’

15
15

~
Wworkshop2Students) {

¢\

(workshoplStudents

:workshopZStudents) {
€

== Corner Cases: WAT!?
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var workshoplStudents
var workshop2Students

/]
/]
/]
/]

//
if

}
/]

/]

//
if

}

il
—
—_—
we we

if (workshoplStudents ==f !workshop2Students) {

if ([] false) { -

if (""" false) {

if (0 false) {

if (O 0) {

(true)
// Yep, WAT!?

A~ 11 11 1

if (uprkshoplStudents != workshop2Students) {

if (! MworkshoplStudents == workshop2Students)) {
if (1{false)) {

(true) {

// Yep, WAT!?
’ —= Corner Cases: WAT!?
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var workshopStudents = [];

m H N W g,
s ..

1ff(workshop5tudents) {
[]7Yep=====""

}

if (workshopStudents':- trueY’{
// Nope :( Tema=T

}

if (workshopStudentss-- falsé) {
/] Yep :( e

}

== Corner Cases: hooleans



var workshopStudents = [];

// 1f‘5work-hgp5tudents) {
// 1f‘(Boolean(WorkshopStudents)) {
if (trudy=f="=
/] Yep
}

0o ~NO Ol WDN B

9 [/ if (wgrk.sh.ogStudents == true) {
10 // ifp O == tru@) {

11 /] ifMQ@ === 1) { ¢

12 Hif (false7 o ==

13 // Nope :(

14 }

16 // if (wg,rlﬂsh.ogStudents == false) {
17 /) ife O == falSe) {

18 // 1f‘(0 === 0) { J
19 if (true) o B
20 // Yep :(

21 } == Corner Cases: hooleans



Avoid.

].== withOor ™ (oreven ™ )

2. == with non-primitives

3. ==true or == false : allow
ToBoolean or use ===



The case for preferring ==



Knowing types Is always
better than not knowing them

Static Types Is not the only (or
even necessarily best) way to
know your types



== |s not about comparisons
with unknown types

== |s about comparisons

with known type(s), optionally
where conversions are helpful



If you know the type(s) In a
comparison:

If both types are the same,
== |s Identical to ===

Using === would be unnecessary,
so prefer the shorter ==




TypedScript

var teacher = "§tudent";
var numStudents:- 42;

if (feacher === numStudents) {
This condition will always
; return 'false' since the t
ypes 'string' and 'number’
have no overlap.

1
2
3
4
5
6
7
8




If you know the type(s) In a
comparison:

If the types are different, using
one === would be broken

Prefer the more powerful ==
or don t compare at all




If you know the type(s) In a
comparison:

If the types are different, the
equivalent of one == would be
two (or more!) === (ie, "slower’)

Prefer the “faster” single ==




If you know the type(s) In a
comparison:

If the types are different, two (or
more!) === comparisons may
distract the reader

Prefer the cleaner single ==




If you know the type(s) in a
comparison:

Summary: whether the types match or
not, == Is the more sensible choice




If you don't know the type(s) In
a comparison:

Not knowing the types means not
fully understanding that code

50, best to refactor so you
can know the types




If you don't know the type(s) In
a comparison:

The uncertainty of not knowing
types should be obvious to reader

The most obvious signal Is ===




If you don't know the type(s) In
a comparison:

Not knowing the types Is equivalent
to assuming type conversion

Because of corner cases, the only
safe choice Is ===




If you don't know the type(s) In
a comparison:
Summary: if you can't or won't use

known and obvious types, === s
the only reasonable choice




Even If === would always be
equivalent to == in your code.
using it everywhere sends a wrong
semantic signal: Protecting myself
since | don't know/trust the types”




Summary: making types
known and obvious leads to
better code. If types are
known, == Is best.

Otherwise, fall back to ===.



TypeScript, Flow, and
type-aware linting



Benefits:

1. Catch type-related mistakes

2. Communicate type intent
J. Provide IDE feedback



Caveats:

1. Inferencing Is best-guess, not a
guarantee

2. Annotations are optional

J. Any part of the application that
Isn't typed introduces uncertainty



~N~No o WDN B

TypeScript & Flow

var teacher = "Kyle";

/] -«

teacher = { name: "Kyle" };
// Error: can't assign object
// to string

Type-Aware Linting: inferencing
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TypeScript & Flow

—-"-~

var teacher.’ str7ng;— "Kyle";

N
.---’

/] -«

teacher = { name: "Kyle" };
// Error: can't assign object
// to string

Type-Aware Linting: annotating



TypeScript & Flow

- - o

le¢ fype student“— { name: string };
2 Dl R B - = - = ~
3 function getName(studept‘?gc \student} str'mg {
4 return studentRel.named ==~ ==
- >
5 } m -
6 = -
7 var firstStudent: ‘student‘- { name: "Frank" };
8 . m - \d
9

. . R .
var firstStudentName: str'mé = getName(firstStudent);
’
am

Type-Aware Linting: custom types & signatures



TypeScript & Flow

1 var studentName: string = "Frank";

2 -

3 var studentCount: number = 16 —‘StudentName,
4 [/ error: can't substract str1ng

Type-Aware Linting: validating operand types



https://github.com/niieani/typescript-vs-flowtype

Type-Aware Linting: TypeScript vs. Flow


https://github.com/niieani/typescript-vs-flowtype

TypeScript & Flow:
Pros and Cons



They make types more
obvious In code

TypeScript/Flow: Pros



Familiarity: they look like other
language s type systems

TypeScript/Flow: Pros



Extremely popular these days

TypeScript/Flow: Pros



They re very sophisticated and
good at what they do

TypeScript/Flow: Pros



They use "non-JS-standard
syntax (or code comments)

TypeScript/Flow: Cons



They require” a build process,
which raises the barrier to entry

TypeScript/Flow: Cons



Their sophistication can be
Intimidating to those without
prior formal types experience

TypeScript/Flow: Cons



They focus more on “static
types (variables, parameters,
returns, properties, etc) than

value types

TypeScript/Flow: Cons



The only way to have confidence
over the runtime behavior is to
limit/eliminate dynamic typing

TypeScript/Flow: Cons



Much more to come...



Wrapping Up



JavaScript has a (dynamic) type
system, which uses various
forms of coercion for value type
conversion, including equality
comparisons



However, the prevailing
response seems to be: avoid as
much of this system as possible,
and use ===to protect from

needing to worry about types



Part of the problem with
avoidance of whole swaths of
JS, like pretending === saves
you from needing to know
types, Is that it tends to
systemically perpetuate bugs




You simply cannot write quality
JS programs without knowing
the types involved in your
operations.



Alternately, many choose to
adopt a different “static types’
system layered on top



While certainly helpful in some
respects, this Is "avoidance  of
a different sort



Apparently, JS's type system Is
Inferior so it must be replaced.
rather than learned and leveraged



Many claim that JS's type system
Is too difficult for newer devs to
learn, and that static types are

(somehow) more learnable



My claim: the better approach is
to embrace and learn JS's type
system, and to adopt a coding
style which makes types as
obvious as possible



By doing so, you will make your
code more readable and more
robust, for experienced and new
developers alike



As an option to aid in that effort, |
created Typl, which | believe
embraces and unlocks the best
parts of JS's types and coercion.






Scope

* Nested Scope
e Hoisting
e Closure
 Modules



Scope: where to look
for things

1 X = 425
2 console.log(y) ;



Scope: sorting marbles



JavaScript organizes

scopes with functions
and blocks

Scope
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13

=
D

var teacher = "Kyle";

function othsrClass() {
var'teacher‘— "Suzy";

consoleée: log("Welcome'"),

}

function ask() {

var question = "Why?";
console.log(question);

}

otherClass() ;
ask();

// Welcome!

[/ Why?

Scope



]ﬁ/ar teacher = "Kyle";

v Ar
2y
3:f&ndtfbn otherClass() {
4y \:ggégher = "Suzy";
5 ‘{:top'i.c“;: "React";
6\ ; console . Llog("Welcome!") ;
[
8, !
9 btperCIass(); // Welcome!
10 | !
11 teacher; Suzy // ??

12 topic; React // 22 Scope



m I N W g
- =

1 "use strict';

Ny
T s s mm= -

var teacher = "Kyle";

function otherClass() {
teacher = "Suzy";
. topici= "React"; ReferenceError

o AR

console.log("Welcome!");

O 0o ~NO Ul bhWN

}

ol
= ©

otherClass() ; ‘
cope



1 var teacher = "Kyle";

2

3 function otherClass() {

4 var teacher = "Suzy";

5

6 function ask(question) { e
7 console. log(teacher,quest1on},
8 } Sem==
9

10 ask("Why?");

11 }

12

13 otherClass(), // Suzy Why?

145 ask(}"”’") ReferenceError Scope




undefined
VS.
undeclared

Scope



@ |
Q
Q.
O
O .
N
©
9O |
>x
Q .
—

Global Scope

OO0O000

00000

Ooooof

Ooooof

00000

00000

Current Scope

Scope
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function teacher() { /* .. */ }
var myTeacher = funct'lon~a:notherTeach.er,(){
console.log(anotherTeacher): ™~ ~

}s

console.log(teacher);
console.log(myTeacher);

console.log (:anothe rTeacher); ReferenceError

.------——

Scope: which scope?



Named Function Expressions
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var clickHandler = function(){

/] ..
}s

var keyHandler = funct'lon'.keyHandleP,(){

/] .. Tttt
};

Named Function Expressions



1. Reliable function self-reference (recursion, etc)
2. More debuggable stack traces

J. More self-documenting code

Named Function Expressions: Benefits
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e e e
O Uh WNRO

17

var ids = people.map(person => person.id);
"5
var 1ids = people. map(fUnct7on‘getIdiperson){
return person.id; Sme=
})s
// AkAhkkhkkkkkhkkkhkkkkkhkkkkkkkk
getPerson()
.then(person => getData(person.id))
.then(renderData) ;
getPerson()
then(fUnct7on(getDataFromuperson){
return getDataYpersdn.id);
})
.then(renderData) ;

Named Function Expressions vs. Anonymous Arrow Functions
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" Sl S
var‘getIdP person => person.id;
var 1ds ™ people.map(getId);

// Akkkkkkkkkkkkkkkkkkkk*k

—"-"~
var *getDataFrorff person => getData(person.id);
getPersom(>r =~
.then(getDataFrom)
.then(renderData) ;

Named (Arrow) Function Expressions? Still no...



(Named) Function Declaration
>
Named Function Expression
>
Anonymous Function Expression



lexical scope

dynamic scope



------.
-
- =~

"4 ~§~
1 var, £eacher = "Kyle"; R
2 »° T
R . —_----.... \ 3

3¢ functipon-6therClass() { “=~«_ ‘N
4 ,*var teacher = "Suzy"; NER .
. 5" ‘Q ~S ) |
v ¢ Lmm =N T Sy}
16 function ask(glestion)™f~_ !

. . “a N4 .

AN console.log(teacher,question);
8\ ~§} ....-------------—”' ¢"'
9 “~~§~~ “ﬁ' 'l
10 ~a§k("\ﬁh'y'7"")';----"""' ¢"
11 } ~~~ “,'



var x = functiont foo(®) {
var y = foo();

var teacher = "K\JE4’

function otherClass() {
| var teacher = "Suzy";

funct1on ask(question) {
| console. log(teacher,question);

Sublime-Levels

ask ("Why?'") ;

Scope: lexical
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) 4
var teaxher = "Kyle'";
4 s
function ask(question) {
console.log(teacher}question);

} FooT

4
4

Y 4
function other(lass() {
var teacher

ask ("Why?") ;
}

otherClass();



Function Scoping
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O

var teacher = "Kyle";

[] «-

var teacher = "Suzy";
console.log(teacher);

[] «-

console.log(teacher);

/[ Suzy

pm T N
- Y

/N Suzy -- 00P§1

..----_—

Function Scoping



1 var teacher = "Kyle";

2

3 function anotherTeacher () {

4 var teacher = "Suzy";

5 console.log(teacher); // Suzy
6 }

7

9 ......
10 console.log(teacher); // Kyle

Function Scoping



1 var teacher = "Kyle";

2 -- Ry,

3 anct1on anotherTeacHen@) {

4{’ var teacher = "Suzy"; v

‘~. console.log(teacher); :// Suzy
} N. "

-----.
—-
-

notherTeacher»f%),

ay
I

5
6
V4
8 (<
S
© console.log(teacher); // Kyle

Function Scoping



1 var teacher = "Kyle";

2~ - .

3 f‘fUnct7on éhotherTeacheFK) {

4 var teacher - "'Suzy"

5 'gonsole.log(teacher), // Suzy
51 X0

.

8 console.log(teacher); // Kyle

http://benalman.com/news/2010/11/immediately-invoked-function-expression/

Function Scoping: IIFE


http://benalman.com/news/2010/11/immediately-invoked-function-expression/

1
2
3
4
5
6

-
8

var teacher = "Kyle";

// this IIFE ds._ anonymous s (

(fUnct7onCteacher){

console. .{og(teacher); // suzy

})('Suzy'ﬁ,

aagm "

console.log(teacher) ;

// Kyle

Function Scoping: IIFE
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var <teachers

.----—

try {

.=,

“teacher: -
}
catch (err) {
‘teacher, -
} I g =

fetchTeacher (1) ;

HKyleH;

Function Scoping: IIFE
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varﬁigacher ft(fUnction getTeacher () {
try {°
return fetchTeacher(1l);

}
catch (err) {

return "Kyle";

}
}) QO

Function Scoping: IIFE



Block Scoping



Instead of an IIFE?

1 var teacher = "Kyle";
2
3 ( function anotherTeacher () {

var teacher = "Suzy";
console.log(teacher); // Suzy

4
5
61 )0O;
.
8

console.log(teacher); // Kyle

Block Scoping: encapsulation



1 var teacher = "Kyle";

2

3 { e

4 s:Zet)teacher = "Suzy";

5 E5ﬁéole.log(teacher); // Suzy
6 }

-

8 console.log(teacher); // Kyle

Block Scoping: encapsulation
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-

function diff(x,y) {
it (x > y) {
var tmp = X;
X =Y,
y = tmp;
}

return y - X;

Block Scoping: intent
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-

function diff(x,y) {

1T (x > y) o
‘Zet‘tmp = X3
- Y
y = tmp;
}

return y - X;

Block Scoping: let
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function repeat(fn,n) {
var result;
for (var i = 03 i < n; i++) {
result = fn( result, i );
X
return result;
}

Block Scoping: “well, actually, not all vars..."
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function repeat(fn,n) {
'var‘result;
for (J_e_t‘1 = 0; i < n; ity) {
'result‘— fn( result '1‘),

.--‘
}
-
return‘result‘
~__—

Block Scoping: let + var



function lookupRecord(searchStr) {

try fa .
Qvar:id = getRecord( searchStr );

} a0
catch.(err) {
'var:id = -1;

} ‘hﬂ

OO ~NOOOUL A~ WDN M

return 1id;

l—l
®
-

Block Scoping: sometimes var > let
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fUnctmon formatStr(str) {
.\ { Zet :pref'lx , rest;
=prefix = str.slice( 0, 3 );
rest = str.slice( 3 );
str = prefix.toUpperCase() + rest;

}

if (/7FOO:/.test( str )) {
return str;

}

return str.slice( 4 );

Block Scoping: explicit let block
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var teacher "Suzy";
teacher "Kyle";

const myTeacher teacher;
myTeacher "Suzy";

const teachers ["Kyle","Suzy"];
teachersil] S"Brian";

-

Block Scoping: const(antly confusing)



Hoisting



1 student; /] ??
2 teacher; /] ??
3 var student "you';

4 var teacher "Kyle";

Scope: hoisting



1 var student;
2 var teacher;
34
4 ,student; // undefined
5:teacher; // undefined
§-\student "you';

T.teacher "Ky le";

Scope: hoisting



[
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teacher () ;
otherTeacher () ;

function teacher (

/] Kyle
/13223

) A

return "Kyle";

var otherTeacher

function(){

return "Suzy";

I

Scope: hoisting
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function teacher() {
return "Kyle";
}
var otherTeacher;
teacher () // Kyle
otherTeacher(); //~TypeError,
otherTeacher = function(){
return "Suzy";
}s Scope: hoisting
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var teacher = "Kyle";

otherTeacher(); [/ ??
undefined

function otherTeacher () {
console.log(teacher);
var teacher = "Suzy";

Scope: hoisting



1 // var hoisting?

2 // usually bad :/

3 teachér = "Kyle";

4 var® teacher;

)

6 // function hoisting?

7 // IMO actually pretty useful
8 getTeacher(); // Kyle
9

10 function getTeacher() {

11 return teacher;

12 1} Scope: hoisting
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“let doesn't hoist™? false

{
teacher = "Kyle'"; // TDZ error!
let teacher;

¥

var teacher = "Kyle";

{
console. log(tea;her), // TDZ error!
let teacher#«~ "Suzy" ;

}

Hoisting: let gotcha



“let doesn't hoist ? false

13.3.1 Let and Const Declarations

NOTE let and const declarations define variables that are scoped to the running

execution context's LexicalEnvironment. The variables are created when their
containing Lexical Environment is instantiated but may not be accessed in any
way until the variable's LexicalBinding is evaluated. A variable defined by a

LexicalBinding with an Initializer is assigned the value of its Initializer's

AssignmentExpression when the LexicalBinding is evaluated, not when the

variable is created. If a LexicalBinding in a 1et declaration does not have an

Initializer the variable is assigned the value undefined when the LexicalBinding

is evaluated.

Hoisting: let gotcha



Closure



Closure is when a function “remembers” its
lexical scope even when the function Is
executed outside that lexical scope.

Closure
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function ask(question) {
setT1meout(fUncﬂﬁon wa1tASec(){

console. log(quest1od}
},100);

}

ask("What is closure?");
// What is closure?

Closure
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function ask(question) {
return function heldYqurQuestion(){

-

console.log(questi on)

¥ ST T

}

var myQuestion = ask("What is closure?");

[] ..

myQuestion(); // What 1is closure?

Closure
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var teacher =

BN

l S

N

" Ky'LeH ;

var myTeacher “*. function () {

~—--..

coﬂsole logCteacheP?,

¥ ’

4

-----

teacﬁer = "Suzy";

myTeacher () ;

/] 77 Suzy

Closure: NOT capturing a value
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for (var ig_ 15 1 <= 35 i++) {

setTimeout (Function () {.
console.log(" 'i.:"$({'iB‘ )5

b, * 1000); .

}

[/ 1: 4

[/ 1: 4

[/ 1: 4

Closure: loops
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for

(var 1 = 1; 1 <= 33 i++) {

‘--

\761.' J\, % ._l 9

g m ™

setT1meouthUnc£Jon(){

console.log( j: '333} )5
},3 * 1000);

W N =

Closure: loops
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- - -

for (Zet 1‘; 1; i <= 33 i++) {

Ny m "

setT1meoutCTUncL]on(){
console.log( 1: '$'{'I}\ ) 5

},i * 1000);

}

// 1: 1
[/ 1 2
// 1: 3

Closure: loops



Modules



var workshop = {
teacher: "Kyle",
ask(question) {
console.log(this.teacher,question);

Iy
s

~No 0o WD

8 workshop.ask("Is this a module?");
9 // Kyle Is this a module?

Namespace, NOT a module



Modules encapsulate data and behavior
(methods) together. The state (data) of a
module Is held by its methods via closure.




1 var workshop, = (function Module(teacher){
p) var publiGAPI = { ask, };

3 return publicAPI;

4

= [[] *rkEIKkhkkhkk

6

7 function ask(question) {

8 console.log(teacher,question);
9 }

10 }) ("Kyle");

11

12 workshop.ask("It's a module, right?");
13 // Kyle It's a module, right?

Classic/Revealing module pattern



1 function WorkshopModule(teacher){
2 var publicAPI = { ask, };

3 return publicAPI;

4 4

5 // ****:’******

6 '

7 functign ask(question) {

8 cansole.log(teacher,question);
9 Yy

10 }; ’

11 !

[ |
12 var workshop = WorkshopModule("Kyle");

13
14 workshop.ask("It's a module, right?");
15 // Kyle It's a module, right?

Module Factory
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workshop.mjs:

var teacher = "Kyle";

export default function ask(question) {
console.log(teacher,question);

s

o b~ WDNBKE

import ask from "workshop.mjs";

ask("It's a default import, right?");

// Kyle It's a default 1import, right?
import * as workshop from "workshop.mjs";

workshop.ask("It's a namespace 1import, right?");
// Kyle It's a namespace import, right?

ES6 module pattern






Objects (Oriented)

e this
e class{}
* Prototypes

* “Inheritance” vs. “Behavior Delegation”
(00 vs. 0LOO)



this



A function's this references the execution
context for that call, determined entirely by
how the function was called.

this



A this-aware function can thus have a
different context each time it's called, which
makes it more flexible & reusable.

this



var teacher = "Kyle'";

function ask(quest7gn) {
console. 10g€teacher,quest1on),

Cam="-
} &
Y 4

Y 4
function other(lass() {
var teacher = "Suzy";

O 0o ~NO Ul A WDN K

-
O

ask ("Why?") ;

-
=

}

-
N

13 otherClass(); Recall: dynamic scope



1 function ask(questﬂgn) {...~

2 console. log(th'ls)feacher:,quest‘lon),
3} %" :f"

2 I o

5 function otherClaés() {

6 Zlg myContﬁﬁﬂ'— {

7 teacher: "Suzy"

8} v

9 ask.call(myContext,"Why?"); // Suzy Why?
10 }

11

12 otherClass();

Dynamic Context ~= JS’s Dynamic Scope



Global Scope

Oooood

Oooood

Ooooo

Ooooo

00000

Current Scope

this vs. Scope



var workshop = {
teacher: “"Kyle",
ask(questwn) TR
console.log@gﬁi?&teacher,question);
} ]
s

~N~No o~ WNR

-5

8 workshep aSk("What is implicit binding?");
9 // Kyle “What is implicit binding?

this: implicit binding
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function ask(ques;ign) {
console.log{this%teacher,question);
} s’_’
o
|
var workshopl =#{
teacher: "K&le",
ask: ask, ,'
s '
var workshop2 = {
teacher: '"Suzy",
ask: ask,
}
-5

.
workshopi. ask@"How do I share a method?");
// Kyle HOw=d8 I share a method?

PR S
workshop2 ask@“How do I share a method?");
// Suzy HOW=d8 I share a method?

this: dynamic binding -> sharing
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function ask(questiQn) {
console.log&this}teacher,question);

} N
A

var workshopl = A’
teacher: "Kyle",

}; .
<

var workshop2 = {

teacher: "Suzy",
}
-5
ask‘call(workshopl "Can I explicitly set context?");

// Ky Can I explicitly set context?

e N
ask\call(workshopz "Can I explicitly set context?");
/] SUz% ‘Can I explicitly set context?

this: explicit binding
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var workshop = {

teacher: "Kyle",

ask(question) {

console.log(this.teacher,question);

3

3
o= mg
setT1meout(wprkshop ask‘l@ "Lost this?");
// undefined EbSt-tH1§’
==y,

setTimeout (workshop. askﬂ91nd(workshopz,1®,"Hard bound this?");
// Kyle Hard bound this? " =" = m = =

this: hard binding
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“constructor calls”

function ask(que;tﬂ'm) {
console.log{this Meacher,question);
} v =7
oS
var newEmptyObject = new %sk("What is 'new' doing here?");
// undefined What is YrmeW' doing here?

this: new hinding



1. Create a brand new empty object

2.* Link that object to another object

J. Call function with this set to the new object
4. If function does not return an object,

assume return of this

new: steps



I®war teacher = "Kyle";

O 0o ~NO O hhWN

el el el e
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N

N
§
function askgquestngn) {
console. logﬁth1s‘teacher,quest1on),
} ]
function askAgain(question) {
"use strict"y
console.log(tl{s.teacher,question);
} 4 ) 2
ask("What's the non-strict-mode default?");

// Kyle What's the non-strict-mode default?

askAgain("What's the strict-mode default?");
// TypeError

this: default binding



var workshop = {
teacher: "Kyle",
ask: function ask(question) {
console.log(this.teacher,question);
I
s

~N~No ok WD

8 -~

9\ new ‘(workshop ask'\ﬁ'l nd (\Norkshop)) ("What does this do?");
10 Y/ dndefined“whdt ddes’this do?

this: binding rule precedence?



1. Is the function called by new?

2. Is the function called by call() or apply()?
Note: bind() effectively uses apply()

J. Is the function called on a context object?

4. DEFAULT: global object (except strict mode)

this: determination



1 var workshop = {

p) teacher: "Kyle",

3 ask(question) {

4 setT1 meouﬁ() '—>\ L.

5 console. 1d§§¢h1s\teacher question) ;
6 },100) ; T

7 },

8 };

9

10 workshqp ask("Is this lexical 'this'?");
11 // Kyle“Is “this lexical 'this'?

this: arrow functions



An arrow function is this-bound
(aka .bind()) to its parent function.

this: arrow functions



14.2.16 Runtime Semantics: Evaluation
ArrowFunction : ArrowParameters => ConciseBody

1. If the function code for this ArrowFunction is strict mode code, let strict be true.
Otherwise let strict be false.

2. Let scope be the LexicalEnvironment of the running execution context.

3. Let parameters be CoveredFormalsList of ArrowParameters.

4. Let closure be FunctionCreate(Arrow, parameters, ConciseBody, scope, strict).

5. Return closure.

NOTE An ArrowFunction does not define local bindings for arguments, super, this, or

new.target. Any reference to arguments, super, this, or new. target within

an ArrowFunction must resolve to a binding in a lexically enclosing environment.

this: arrow functions




u i etion ic fhic_bound

An arrow function doesn't define a this,
so It's like any normal variable, and
resolves lexically (aka “lexical this’).

this: arrow functions



1War, workshop = {

O oo NOUL A~ WN

— = =
N B O

téheher "Kyle",
ask: (que315.7gn) \—>$

console. logﬁ‘ 1§:teacher question) ;
s o

}s

workshop‘ast"What happened to 'this'?");
// undefifi€d’ Wwhat happened to 'this'?

-5

workshop. ask‘calt%workshop,"5t1ll no 'this'?");
// undefined St111 no '"this'?

this: arrow functions



Only use => arrow functions when you need
lexical this.

https://github.com/getify/eslint-plugin-arrow-require-this

this: arrow functions


https://github.com/getify/eslint-plugin-arrow-require-this

class { }

ES6
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class Workshop {
constructor (teacher) {
this.teacher = teacher;
}
ask(question) {
console.log(this.teacher,question);

}
}

var deepdS = new Workshop("Kyle");
var reactdS = new Workshop("Suzy");

deeplS.ask("Is 'class' a class?");
// Kyle Is 'class' a class?

reactJS.ask("Is this class OK?");
// Suzy Is this class OK? ES6 class



©O oo ~NOOOLGL A WNR

e S R R e R N o
OWooO~NO0OUNWNEREO

class Workshop {
constructor (teacher) {
this.teacher = teacher;
}
ask(question) {
console.log(this.teacher,question);

}
}

- =
class AnotherWorkshop’gxtendé\Wbrkshop {

-

speakUp(msg) {
this.ask(msg) ;
}
}
var JSRecentParts = new AnotherWorkshop ("Kyle'");

JSRecentParts.speakUp("Are classes getting better?");
// Kyle Are classes getting better?

ES6 class: extends (inheritance)
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class Workshop {
constructor (teacher) {
this.teacher = teacher;
}
ask(question) {
console.log(this.teacher,question);

}
}
class AnotherWorkshop extends Workshop {
ask(msg)_ {_
\ggper.a§§§msg.toUpperCase());
} O m =

}

var JSRecentParts = new AnotherWorkshop("Kyle");

JSRecentParts.ask("Are classes super?");
// Kyle ARE CLASSES SUPER?

ES6 class: super (relative polymorphism)
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class Workshop {
constructor (teacher) {
this.teacher = teacher;
}
ask(question) {
console.log(this.teacher,question);

¥
}
var deeplS = new Workshop("Kyle");
setT'l_mle_out(dengS-asR“l@G) "Still losing 'this'?");
/7 fmdeﬁ nsﬂ“Stflf losing '"this'?

ES6 class: still dynamic this
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class Workshop {
constructor (teacher) {
th1s teacher = teacher;
s'th1s ask QUest7on => {

console log(this.teacher,question);

}s
}

var deepdS = new Workshop("Kyle");

setTimeout(deeplS.ask,100,"Is 'this' fixed?");
// Kyle Is 'this' fixed?

ES6 class: "fixing” this?



https://gist.github.com/getify/86bed0bb78ccha17c84abeblec badca

1 var method = (funct'iq: se i naMeihod () {
2 var -instances €~new WeakMap () ; ®
8 Sy mm= g
4 retyrmm fBhCTion Methow(gps ,methodName ,fn) {
5 ’ Object .def'ineProperty(ﬁb' ,methodName, {
6 Yo getO { /
L - -
7 ™ = wr w MsThnces.has(this)) {
8 instances.set(this,{});
9 }
10 var methods = instances.get(this);
11 1t (! (methodName n method;.)& - -
12 methods[methodName] :~fn.b'ind(th'is);~
L - - -
13 - .o, - -
14 « eturn methods[methddName];
15 } el
16 1)
17 }
18 1O;

19 - o,

-
20 «Function bindMethodSobs) {
21 ™ o m (lptmoWhPPop of Object.getOwnPropertyNames(obj)) {

22 1t (typeof obj[ownProp] == "function") {
23 method (obj,ownProp,obj[ownProp]);

24 }

25 }

% ES6 class: hacktastrophy


https://gist.github.com/getify/86bed0bb78ccb517c84a6e61ec16adca

1 class Workshop {
2 constructor (teacher) {
3 this.teacher - teacher;
4 }
5 ask(question) {
6 console.log(this.teacher,question);
7 }
8 1}
9
10 class AnotherWorkshop extends Workshop {
11 speakUp(msg) {
12 this.ask(msg);
13 }
14 }
15
16 var JSRecentParts = new AnotherWorkshop("Kyle");
17 - N Eomom gy
18 'b1ndMethods(Wbrkshop prototype), ~y
Mn bi ndMethods (AnotherWorkshop. prototype),‘
20 i I

21 JSRecentParts.speakUp("What's different here?");

22 // Kyle What's different here?

23 - - gy

24 setT1meoutGﬂSE§centParts speakﬂb 100,"0h! But does this feel gross?");
25 // Kyle Oh! But "do®s "thTs "™Feel gross?

ES6 class: inheritable hard this-bound methods



Prototypes



Objects are built by
“constructor calls™ (via new)

Prototypes



A "constructor call” makes an object
“based-en’ Its own prototype

Prototypes



A “constructor call’ makes an
object linked to its own prototype

Prototypes
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function Workshop(teacher) {
this.teacher = teacher;

}
Workshop .prototype.ask = function(question)

console.log(this.teacher,question);

}s

var deepdS = new Workshop("Kyle");
var reactdS = new Workshop("Suzy");

deeplS.ask("Is 'prototype' a class?");
// Kyle Is 'prototype' a class?

reactJS.ask("Isn't 'prototype' ugly?");
// Suzy Isn't 'prototype' ugly?

Prototypes: as “classes
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Current Scope

Prototypes
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function Workshop(teacher) {
this.teacher = teacher;

}
Workshop .prototype.ask = function(question) {

console.log(this.teacher,question);

}s
var deeplS = new Workshop("Kyle");

deepJS.constructor === Workshop;

deeplS.__proto__ === Workshop .prototype; // true

Object.getPrototypeOf(deepdS) === Workshop.prototype; // true

Prototypes
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function Workshop (teacher) {
this.teacher = teacher;

}
Workshop .prototype.ask = function(question){

console.log(this.teacher,question);

}s

var deepdS = new Workshop("Kyle");

deepJS‘ ask = function(question){

Sissals «question.toUpperCase());
}; CSam=
deepdS.ask("Oops, is this infinite recursion?");

Prototypes: shadowing
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function Workshop (teacher) {
this.teacher = teacher;
}
Workshop .prototype.ask = function(question){
console.log(this 4eacher ,question);
s I
I
var deeplS = new Wor#shop("Kyle");

I
deepJS .ask = Sunatiop (.qu.e;tiog) {
:ﬁEis.__proto__.ask.call(tthZQuestion.toUpperCase());

}; I T

deeplS.ask("Is this fake polymorphism?");
// Kyle IS THIS FAKE POLYMORPHISM?

Prototypes: shadowing



“Prototypal Inheritance”

Prototypes
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function Workshop(teacher) {
this.teacher = teacher;

} - gy N,

Workshop.Erototypg. ask = function(question){
consoZe'.lSﬁth'is .teacher,question);

}; .

|
function Anotherflorkshop (teacher) {
Workshop.call(this,teacher);

) L

- N
Anotheerrkshop:brototysé\: Object.create(Workshop.prototype);
o

AnotherWorkshop* ro'td'ty‘be'. speakUp = function(msg){
this.ask(m§g.toUpperCase());

}s
’

var‘ﬂssecentPaFﬁS': new AnotherWorkshop ("Kyle");

JSRecentParts.speakUp("Is this actually -inheritance?");
// Kyle IS THIS ACTUALLY INHERITANCE?

Prototypes: objects linked



Clarifying Inheritance

00



Workshop - deep)s

l \‘ react)S

AnotherWorkshop — ISRecentParts

00: classical inheritance



Workshop.prototype N%p JS
I react)S

AnotherWorkshop.prototype

T JSRecentParts

(another design pattern)

00: “prototypal inheritance™



JavaScript Inheritance-
“Behavior Delegation”

00: js



Let's Simplify!

0L00:
Objects Linked to Other Objects

0LOO
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class Workshop {
constructor (teacher) {
this.teacher = teacher;
}
ask(question) {
console.log(this.teacher,question);

}
}

class AnotherWorkshop extends Workshop {

speakUp (msg) {
this.ask(msg) ;
}
}
var JSRecentParts = new AnotherWorkshop("Kyle");

JSRecentParts.speakUp("Are classes getting better?");
// Kyle Are classes getting better?

0L0O: recall class?
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function Workshop(teacher) {

this.teacher = teacher;
} e
Workshopt. Erototyp? ask = function (question){
consolefl?izthis.teacher,question);
}s
function AnotheFWorkshop(teacher) {

Workshop.call (this,teacher);
} 3= m
Anotheerrkshop:?rototypé\t Object.create(Workshop .prototype);

» )

AnotherWorkshop*?’o'Eo'L'yﬂe .speakUp = function(msg) {

this.ask(mgg.toUpperCase());
I 5 4
Y 4
m - .-,
varcngecentParté‘: new AnotherWorkshop ("Kyle");

»
JSReéZﬁTPartSE§beakUp("Isn't this ugly?");
// Kyle ISN'T THIS UGLY?

0L0O: prototypal objects
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vamk l\lorkshop\ {
SetTe her(teacher) {
th%s.teacher = teacher;
b, !
ask(que§t7on) {
consgle.log(this.teacher,question);
} |}
}s -,
var'AnotherWorksho?': Object .assign(
Ob].ec?t.'cxa'te'(Workshop) ,

{
spealUp (msg) {
#his.ask(msg.toUpperCase());
1 |
} [ |
) b
g T BN gy ~ gm T W ~
vart JSRecentParts‘z‘ Ob]ect createtAnotherWorkshop) ;

JSReceﬂ'cP!ar'ts-s‘étTeachQrF ey ' ;
JSRecentParts.speakUp("But isn't this cleaner?");
// Kyle BUT ISN'T THIS CLEANER?

0L0O: delegated objects



0L0O: Object.create()



Delegation: Design Pattern



AuthControllerClass

|

LoginFormControllerClass

|

pagelnstance

Composition Thru Inheritance



LoginFormControllerClass  AuthControllerClass

pagelnstance /

authlnstance

Composition Over Inheritance



LoginFormControllerClass  AuthControllerClass

| |

pagelnstance - authlnstance

Mixin Composition



LoginFormController > AuthController

Delegation (Dynamic Composition)



Parent-Child  Peer-Peer

Delegation-Oriented Design



1 var AuthController,= {

2 authenticate() "{

3 kserver .authen®icate(

4 ' [ this.useﬁhgme, this.password ],

5 1 this.handP®eResponse.bingd(this)

6 ), ' R ’

7 }) ] ! S ’

8 handlékesponse(re%p) { “f

9 if“!resp.ok)Ithis.disp}axError(resp.msg);
e } |} 0 l' ’ “

11} ' T A .

12 \ r ! A

13 var LoginFormControllgr =# o “

14 Object.assign(Objactlcggate(AuthController),{
15 onSubmit() {*' r;

16 thigkyserniﬁ = this.$Susername.val();
17 this.password = this.$password.val();
18 this.authgnticate();

19 }s

20 displayError(msg) {

21 alert(msg); ) ) _
22 } Delegation-Oriented Design

23 })s



More Testable

MockLoginFormController MockAuthController

LoginFormController > AuthController

Delegation-Oriented Design
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Alternative?



Typl
https://github.com/getify/Typl


https://github.com/getify/Typl

Motivations:

1. Only standard JS syntax

2. Compiler and Runtime (both optional)

J. Completely configurable (ie, ESLint)

4. Main focus: inferring or annotating
values; Optional: “static typing’

5. With the grain of JS, not against it




O » WDNBRK

var teacher = "Kyle";
[] o
teacher = { name: "Kyle" };

77 Errore <an't assign object
/'/- fto- str'l'ng

Typl: inferencing + optional “static types
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var teacher —‘sfr'ng‘Kyle";“

/] <

-----..

teacher = { names” str1ng Kyle® “},
// Error: can't ass1gn deéEt
// to string

~N O 0 b WDN PR

var teacher = string Kyle ;

[] <

---.
teacher ~object 52{ name: string Kyle® }}°;
// Error: can ™™ ass1gn object

// to string

Typl: tagging literals



1 var student = { age: int 42 };

2 4'---.5
3 var studentAge - numberf%{student.agé}; + number "1 ;
L g

..---‘

Typl: type assertion (tagging expressions)
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}

var firstStudent = { name: string Frank };

var firstStudentName = getName(firstStudent);

Typl: type signatures (functions, objects, etc)



1 function fetchStudent(

p) 7'd:'int,___---""""""--.__.
3 onRecord ¢ func” ({ name = string }) => undef 73
4){ -.___-------_____-'
5 // do something asynchronous

6

7 onRecord(student) ;

8 }

S

10 function printName(student = { name = string }) {
11 console.log(student.name);

12 }

13

-----.
- .~

14 Vaﬂfgb = printName;®,

15 .------’

& Ny
16 fetchStudent(42’,~cb)>,

Typt: inline & persistent type signatures
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var three-lA-g-'lmme{_B»_)_,
var, .greqt'mg "he,'Llo " ?three;
/’,/ error"'stmng + '"int'
V'
function g'lmtne(aum) {
return num,
}

Typl: powerful multi-pass inferencing
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function shqwlnfo(

name & str1ng§ topicl=
) { ~--=

string "} count =yint 0%

console.log(
“${name}: ${topic} (${String(count)})"
)5
}

var teacher —¢str1ng «yle ;
var workshop 1,str1ng)Deep JS Foundations ;
Zla uu.mitudents R

s'l.njc- }{Number(studentsElem.value)}‘;

showInfo (teacher,workshop,numStudents) ;

Typl: compiler vs runtime
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function showInfo{ﬁ;me topic = "",count ;_Q} {
name ,Str-ll’fg ${namef Smmm===T
top1c'— str1ng.${top1c}
count s 1nt "Sfcount}
console. log(

"$S{name}: S${topic} (${String(count)})’

)5
}
var teacher = "Kyle";
var workshop = '"Deep JS Foundations";

var‘pumStudents =
S int }{Number(studentsElem value)} ;

Sy =

showInfo(teacher,workshop,numStudents);
Typl: compiled (some runtime removed)



