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Simplified

Business application
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EmployeesListComponent
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Enter name here

Jeanna
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Ezmeralda

Karena
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Lidia

75025
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196418
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75025
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<input [(ngModel)]="T1label"
(keydown)="handleKey($event)">

<mat-list-1tem
x*ngFor="1let 1tem of data">

{{ item.label }}
{{ calculate(item.num) }}

</mat-list-item>
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<input [(ngModel)]="T1label"
(keydown)="handleKey($event)">
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<mat-list-1tem
x*ngFor="1let 1tem of data">

</mat-list-item>



Jeanna

Carla

Ezmeralda
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Birdie

Angy

Rennie

Lidia

196418

121393

196418
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{{ item.label }}

{{ calculate(item.num) }}



aComponent( ... )
export class EmployeelListComponent 1
aInput() data: EmployeeDatall;

00utput() remove = new EventEmitter<EmployeeData>();
a0utput() add = new EventEmitter<string>();

handleKey(event: any) { ... }

calculate(num: number) {
return fibonacci(num):

)
)



aInput() data: EmployeeDatal];



AppComponent

data

EmployeesListComponent




calculate(num: number) {
return fibonacci(num);

}
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Enter name here

Jeanna

Carla 196418 const fibonacci = n = {
Ezmeralda 121393 return 1;

Karena 196418 return fibOnaCCi(n — 1)

_— + fibonacci(n - 2);

b

Angy
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Slowing it down artificially
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Application Structure

e An application component
e [wo list components

e Slow computation for each entry

‘ W twitter.com/mgechev



Real gata...




%
o 1}
77

-5

© © @ Purely Fast X Minko [7#4

C O @ localhost:5557 v

Sales
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Why that slow?




Self Time

20671.2 ms
22.5ms
21.1 ms
16.2 ms
11.3 ms

9.9 ms
8.8 ms
8.2 ms
8.0 ms
7.1 ms
4.5 ms

99.2 %
0.1 %
0.1 %
0.1 %
0.1 %
0.0 %
0.0 %
0.0 %
0.0 %
0.0 %
0.0 %

Total Time

20671.2 ms
20797.2 ms
21.1 ms
16.2 ms
20765.9 ms
9.9 ms
20696.4 ms
8.2 ms
20728.7 ms
20742.4 ms
4.6 ms

99.2 %
99.8 %
0.1 %
0.1 %
99.6 %
0.0 %
99.3 %
0.0 %
99.4 %
99.5 %
0.0 %

Activity

> fibonacci

> Event

» I Update Layer Tree
» I Hit Test

> Function Call

» I Layout

- (anonymous)

» I Paint

> execEmbeddedViewsAction
> callViewAction

> execQueriesAction

employee-list.component.ts:5

EmployeelistComponent.ngfactory.js:77

core.umd.|s:12617
core.umd.|s:12644
core.umd.js:12713




aComponent( ... )
export class EmployeelListComponent {

calculate(num: number) {
console.log('Computing for entry in',
this.department);
return fibonacci(num);

)
)
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Filter
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Ignored details for simplicity

AppComponent

EmployeelistComponenet EmployeeListComponenet

(sales) (£6)




Ignored details for simplicity

AppComponent

EmployeelistComponenet EmployeeListComponenet

(sales) (£6)




Ignored details for simplicity

AppComponent

EmployeeListComponenet EmployeelListComponenet

(sales) (r&d)




Ignored details for simplicity

AppComponent

EmployeeListComponenet EmployeelListComponenet

(sales) (r&d)




Ignored details for simplicity

AppComponent

EmployeeListComponenet EmployeelListComponenet

(sales) (r&d)




Ignored details for simplicity

AppComponent

EmployeeListComponenet EmployeelListComponenet

(sales) (r&d)




Ignored details for simplicity

AppComponent

EmployeeListComponenet EmployeelListComponenet

(sales) (r&d)




Ignored details for simplicity

AppComponent

EmployeelListComponenet EmployeeListComponenet

(sales) (r&d)




ldeas for optimization®?




OnPush

Change Detection Strategy




With OnPush change detection will be

triggered when the framework, with reference
check, determines that any of the inputs of a
component has changed...

‘ W twitter.com/mgechev



What does this mean?

Lets think of EmployeelListComponent as a function, where:

* |nputs are function’'s arguments

e Rendered component is function's result

W twitter.com/mgechev ‘



Pseudo code (not Angular)

const f = EmployeelListComponent;
const data = [el];



Pseudo code (not Angular)

f({ data: data });



Pseudo code (not Angular)

data.push(e2);

f({ data: data });



Pseudo code (not Angular)

f({ data: data.slice() }):



Passing hew reference

triggers the change detection




Should we copy the array
every time”




Why would we do that




IMMUTABLE

) Star 21205



Immutable.|s helps:

e \We get a new reference on change

e \We do not copy the entire data structure




aComponent({
template: -
<sd-employee-1l1ist
[data]="11st"
(add)="1ist = add(list, $event)"
(remove)="1ist = remove(list, $event)"
></sd-employee-1ist>

})

export class AppComponent implements OnInit {
list: List<EmployeeData>;

add(list: List<EmployeeData>, name: string) {
return list.unshift({ label: name, num: ... });

}

remove(list: List<EmployeeData>, node: EmployeeData) {
return list.splice(list.indexOf(node), 1);

}



add(list: List<EmployeeData>, name: string) {
return list.unshift({ label: name, num: ... });

}

remove(list: List<EmployeeData>, node: EmployeeData) {
return list.splice(list.indexOf(node), 1);

}



<sd-employee-1l1ist
[data]="T11ist"
(add)="11ist = add(list, $event)"
(remove)="1ist = remove(list, $event)"
></sd-employee-1ist>



| ets see how fast
it IS now!
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C 00 @ localhost:5557 e

Sales R&D

Enter name here

R

Enter name here

Nettle 196418 M| Sonja ||
Rosalie | Analiese |
Rhona | Concettina 196418 |
Talyah 196418 | Sherri 196418
Fancie | Emmalee
Kari fi] Darya 196418
Caresa o] Alisun 317811

Gerta 196418 Annamarie 514229

Modestine 196418 M| Midge 514229




14000

10500

7000

3500

Typing Speed

Non Optimized

On Push



2X faster but still slow...
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|

C 0 @ localhost:5557 e

(v 0O Elements Console »

Sales ‘ 9

X

top v Filter Default levels

Enter name here

Nettle 196418

Rosalie
Rhona
Talyah 196418

Fancie
Kari |}
Caresa

Gerta 196418

Modestine 196418 : Console




Ignored details for simplicity

AppComponent

EmployeelistComponenet EmployeeListComponenet

(sales) (£6)




Ignored details for simplicity

AppComponent

EmployeelistComponenet EmployeeListComponenet

(sales) (£6)




Ignored details for simplicity

AppComponent

EmployeeListComponenet EmployeelListComponenet

(sales) (r&d)




Ignored details for simplicity

AppComponent

EmployeeListComponenet EmployeelListComponenet

(sales) (r&d)




Ignored details for simplicity

AppComponent

EmployeeListComponenet EmployeelListComponenet

(sales) (r&d)




Ignored details for simplicity

AppComponent

EmployeeListComponenet EmployeelListComponenet

(sales) (r&d)




or when an event
In the component is triggered
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| ets do some refactoring!
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& C O V>®Iocalhost:5557

Enter name here

Sales

Nettle

Rosalie

Rhona

Talyah

Fancie

Kari

Caresa

Gerta

196418

317811

514229

196418

514229

317811

514229

196418

]
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]

]

R&D

Enter name here

Sonja ]
Analiese ]
Concettina ]
Sherri ]
Emmalee T
Darya ]
Alisun iy
Annamarie ]

AppComponent

EmployeesListComponent

NamelnputComponent

ListComponent
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Talyah AR
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Kari 317811
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Gerta 196418
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Enter name here
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Sherri ]

Emmalee T
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NamelnputComponent
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Sales R&D

Enter name here Enter name here

Nettle | Sonja ]
Rosalie fi] Analiese Ty
Rhona i Concettina fi]
Talyah Ty Sherri )
Fancie fi] Emmalee Ty
Kari @ T 0
Caresa ] Alisun fi]
Gerta @  Annamarie C ListComponent
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Sales

Enter name here Enter name here

Nettle 196418 Sonja 317811
Rosalie 317811 Analiese 514229

Rhona Concettina 196418
Talyah 196418 Sherri 196418
Fancie Emmalee
Kari Darya 196418
Caresa Alisun
Gerta 196418 Annamarie




S000 much faster!




Ignored details for simplicity

AppComponent

EmployeeListComponenet EmployeeListComponenet
(sales) (gle),

ListComponenet ListComponenet
(sales) (r&d)



Ignored details for simplicity

AppComponent

EmployeeListComponenet EmployeeListComponenet
(sales) (gle),

ListComponenet ListComponenet
(sales) (r&d)



Ignored details for simplicity

AppComponent

EmployeeListComponenet EmployeeListComponenet
(sales) (ge),

ListComponenet ListComponenet
(sales) (r&d)



Ignored details for simplicity

AppComponent

EmployeelistComponenet EmployeelistComponenet
(sales) (r&d)

ListComponenet ListComponenet
(sales) (r&d)



14000

10500

7000

3500

Unoptimized

Typing Speed

Refactored with On Push
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= C 0 @ localhost:5557 ¥

Console »

X

Loading... top ¥ | Filter Defal




®@O@® ) Purely Fast X\

wm AppComponent

| & C O @ localhost:5557

Loading...

EmployeeListComponenet
(sales)

ListComponenet
(sales)

e s [onored details for simplicity
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=@ AppComponent

| € C O @ localhost:5557

Sales
EmployeeListComponenet
_— N (sales)
Rosalie i
Rhona i :
v . LlstCo(ngsc)menet
Fancie i
ar -
Caresa &
Gerta &
R e. | '0nored details for simplicity



) '8

/
@ @ . @) Purely Fast

< C O O localhost:5557

Sales

Enter name here

Mike
Nettle
Rosalie
Rhona
Talyah
Fancie
Kari
Caresa

)
)a

EmployeeListComponenet

Ignored details for simplicity

AppComponent

(sales)

!

ListComponenet
(sales)
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< C 0 \ ® localhost:5557

Sales

Enter name here

Mike
Nettle
Rosalie
Rhona
Talyah
Fancie
Kari
Caresa

EmployeeListComponenet

=

gl |gnored details for simplicity

AppComponent

(sales)

!

ListComponenet
(sales)



Recomputing everytning
every time we add a new entry




const fibonaccli = n {
1if (n = 1 || n 2) return 1;

return fibonacci(n - 1) + fibonacci(n - 2);

b

Iy



const fibonacci = = 4
if (n = 1 || n 2) return 1;

return fibonacci(n - 1) + fibonacci(n - 2);
|

// Two properties
// - No side effects

// - Same result for same arguments



PUre Function




Pipes In Angular

e Pure

e |mpure




Angular executes a pure pipe only when it
detects a change to the input value. A pure
change Is either a change to a primitive input value
(String, Number, Boolean, Symbol) or a changed
object reference (Date, Array, Function, Object).

‘ W twitter.com/mgechev



ANngular treats expressions
with pure pipes as
referentially transparent




{1 birthday | date }}
{{ birthday | impureDate }}



{1 birthday | date }}
{{ birthday | impureDate }}

+

il.eunv( v, 1, 0, ck( v, 2, 0,
il.enov( v, 0), co. blrthday))

il.eunv( v, 1, 1,
il.enov(_v, 3).transform( co.birthday));



{1 birthday | date }}
{{ birthday | impureDate }}

+

ck(C v, 2, 0,
il.enov( v, 0), co. blrthday)

11.enov(_v, 3).transform( co.birthday)



aPipe({
name: "calculate’,
pure: true
f)
export class CalculatePipe 1{
transform(num: number) {
return fibonacci(num):;
}

)



aComponent (1
changeDetection:
ChangeDetectionStrategy.OnPush,
template:

{{ item.num | calculate }}

~

F)

export class ListComponent { ... }



| ets benchpress It
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& C @ localhost:5555

Sales

Enter name here

| Enter name here

317811 Sonja 317811
Rosalie 317811 Analiese 514229

Rhona 514229 Concettina 196418
Talyah 196418 Sherri 196418
Fancie 514229 Emmalee
Kari 317811 Darya 196418
Caresa 514229 Alisun 317811

Gerta 196418 Annamarie 514229




400

300

200

100

Adding / Removing Entries

Refactored with On Push

Calculation in a Pure Pipe



Initial rendering...
with 1000 items




") Purely Fast

X 00 @ localhost:5557

K~ Elements  Network

Loading... © | M ¥ View: = Group by frame

"Filter () Regex ¢ Hide data URLs

Al XHR JS CSS Img Media Font Doc WS Manife

50 ms 100 ms

Name In... T | Waterfall
| localhost O... ... 16l

1 requests | 2.6 KB transferred | Finish: 16 ms




Name ver | wee Ineo Lo T Waterfall
e WNAIN \JLUHP\JI... "= l o u » 2--- "= 1 7T x [ :f
| employee-li... |... |... |Z.. | ...
| app.compo... |..- |:- |2 | .- |OU -~
| fontawesom... ... f... O... ... 46

60 requests | 4.9 MB transferrec | Finish: 9.53 s | DOMCon... |




| ets take a ook at
our data




Sales

Enter name here

Nettle i
Rosalie i
Rhona i
Talyah ;
Fancie I
Kari i
Caresa i
Gerta i




Enter name here

Nettle i f1 bOI’]CICCiCZ?)
Rosalie i
Rhona i
Talyah ;
Fancie |}
Kari i
Caresa |}
Gerta i



Enter name here

Nettle .
Rosalie I
Rhona I
Talyah fibonacci(28)
Fancie )
Kari I
Caresa )
Gerta I




Enter name here

Nettle i
Rosalie i
Rhona i
Talyah ;
Fancie )
Kari i
Caresa ] .
fibonacci1(29)
Gerta i



Samples from a small range

During initial rendering we recompute
same value multiple times




Solution

Caching the value once computed




Memoization




Memoization
possible for pure functions




const memoize = require('lodash.memoize');

const fibonacci = memoize((num: number): number = {
1t (num = | num == 2) return 1;
return fibonacci(num - 1) + fibonacci(num - 2);

F);



const memoize = require('lodash.memoize');

memoize(



) Purely Fast

X 0 @ localhost:5557

Elements Network  »

View: a= Group by frame

Regex ¢ Hide data URLs
XHR JS CSS Img Media Font Doc WS Manifess

100 ms 200 ms

Name T | Waterfall

i Illll-llllll-]\J... I L.

Intl.min.js?1... 72
system.src.|... 72

system-con... 72




Name vee eee An... Lo T Watertall

a 1 \J~ i

/3
69

| fontawesom... | ... |f... | O... | ... 47!

WNAIN \JLU'.JV\JI... "= l o nw

P

N

~ | employee-li... ... ...

N

| app.compo... ... ...
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Pure Pipe

Initial Rendering

Pure Pipe & Memoization



Pure Pipes

Nettle 27 | calculate
Rosalie O
Rhona i
Talyah 7 27 | calculate
Fancie i
Kari i
Caresa i
Gerta : 27 | calculate




Pure Pipes

Nettle 27 | calculate =+ fib(27) =»> 196418
Rosalie ;

Rhona i

Talyah : 27 | calculate

Fancie i

Kari i

Caresa i

Gerta 7 27 | calculate




Pure Pipes

Nettle

i 27 | calculate = fib(27) => 196418
Rosalie -
Rhona ;
Talyah 27 | calculate - fib(27) - 196418
Fancie ;
Kar -
Caresa -
Gerta i 27 | calculate



Pure Pipes

Nettle 196418

I 27 | calculate —=» fib(27) =-> 196418

Rosalie m

317811

Rhona i

514229

Talyah 196418

i 27 | calculate = fib(27) =-> 190418

Fancie

-
I

514229

Kari

-
1]

317811

Caresa

-
I

514229

Gerta

196418

i 27 | calculate =-» f1b(27) =+ 1960418



Memoization

Nettle s 27 | calculate
Rosalie O
Rhona i
Talyah g 27 | calculate
Fancie i
Kari i
Caresa i
Gerta 5 27 | calculate




Memoization

Nettle s 27 | calculate = f1b(27) =»> 196418
Rosalie ;

Rhona i

Talyah a 27 | calculate

Fancie i

Kari i

Caresa i

Gerta w27 | calculate




Memoization

Nettle s 2/ | calculate =» f1b(27) = 1906418

Rosalie ;

Rhona i

Talyah g 27 | calculate cache
Fancie i

Kari i

Caresa i

Gerta 5 27 | calculate




Nettle

Rosalie

Rhona

Talyah

Fancie

Kari

Caresa

Gerta

196418

317811

514229

196418

514229

317811

514229

196418

-

-

-
I

-
I

-
1]

-
1]

-
I

Memoization

27 | calculate = f1ib(27) =» 196418

27

.

27 | calculate =» f1b(27)

27 | calculate

cache



Nettle

Rosalie

Rhona

Talyah

Fancie

Kari

Caresa

Gerta

196418

317811

514229

196418

514229

317811

514229

196418

-

-

-
I

-
1]

-
1]

-
1]

-
11

Memoization

27 | calculate = f1ib(27) =» 196418

27

.

27 | calculate =» f1b(27) =+ 1906418 cache

27 | calculate



Memoization

Nettle s 27 | calculate =+ f1ib(Z27) = 196418

Rosalie 317811 i

Talyah 5 27 | calculate = fib(27) = 196418 cache
Fancie ;

Kari - 2/

Caresa ;

Gerta w27 | calculate = fi1b(27)



Nettle

Rosalie

Rhona

Talyah

Fancie

Kari

Caresa

Gerta

196418

317811

514229

196418

514229

317811

514229

196418

-

-

-
I

-
I

-
1]

-
1]

-
I

Memoization

27 | calculate = f1ib(27) =» 196418

27

.

27 | calculate =» f1b(27) =+ 1906418 cache
27

27 | calculate =» f1b(27) = 1906418



Pattern...

 On push performs “memoization”

* Pure pipes are "memoized”

‘ W twitter.com/mgechev



Pattern...

 On push performs “memoization”

* Pure pipes are "memoized”

for their last input

‘ W twitter.com/mgechev



| ets try to do better!




Sam Saccone @
@samccone

é

99.7% of software development in one
requirement

A user should be able to view a list of items.

8:36 PM - 1 Dec 2017

637 Retweets 1,911Lkes (D@D SW P S g

C) 27 11 637 ) 1.9K N




How NgForOf works

aDirective({selector: '[ngFor][ngForof]'})
class NgForOf<T> implements DoCheck, OnChanges {

constructor(private _differs: IterableDiffers) {}

ngDoCheck(): void f{
const changes = this. differ.diff(this.ngFor0Of);
1f (changes) this. applyChanges(changes);

}



How NgForOf works

constructor(private _differs: IterableDiffers) {}



class IterableDiffers f{
constructor(factories: IterableDifferFactory[]) {}

find(iterable: any): IterableDifferFactory 1
const factory =
this.factories.find(f = f.supports(iterable));
1f (factory = null) {
return factory;
} else {
throw new Error(
"Cannot find a differ supporting object
) ;
}
}



interface IterableDifferFactory 1
supports(objects: any): boolean;
create<V>(trackByFn?: TrackByFunction<V>):

IterableD1iffer<Vv>;

}

interface IterableDiffer<vVv> {
diff(object: NgIterable<V>):
IterableChanges<V>|null;
;

interface TrackByFunction<T> {
(index: number, item: T): any;

}



interface IterableDifferFactory 1
supports(objects: any): boolean;
create<V>(trackByFn?: TrackByFunction<V>):

IterableD1iffer<Vv>;



interface IterableDiffer<vVv> {
diff(object: NgIterable<V>):
IterableChanges<V>|null;



interface TrackByFunction<T> {
(index: number, item: T): any;

}



lterableDiffers
Injects

IterableDifferFactory

Sets Uses

Creates

TrackByFn

Uses lterableDiffer
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Creates

lterableDiffer




TrackByFn

lterableDiffer



How NgForOf works

ngDoCheck(): void f{
const changes = this. differ.diff(this.ngFor0Of);
1f (changes) this. applyChanges(changes);

}






Ignored details for simplicity

const trackBy = (_, item) = item.id;

const a = | const b = |
{ id: 1, name: 'Dan' }, { id: 1, name: 'Dan' },
{ id: 2, name: 'Joe' }, { id: 2, name: 'Adam' },
{ id: 3, name: 'Josh' } { id: 4, name: 'Josh' }
1; ] -

Identical



Ignored details for simplicity

const trackBy = (_, item) = item.id;

const a | const b |
{ id: 1, name: 'Dan' }, { id: 1, name: 'Dan' },

1; l;

trackBy(0, a[0]) = trackBy(0, b[0O]) Identical




Ignored details for simplicity

const trackBy = (_, item) = item.id;

const a = [ const b = [
{ id: 2, name: 'Joe' }, { id: 2, name: 'Adam' },

1; l;

Identical

trackBy(1, a[1]) = trackBy(1, b[1])




Ignored details for simplicity

const trackBy = (_, item) = item.id;

const a = | const b = |

{ id: 3, name: 'Josh' }

1;

{ id: 4, name: 'Josh' }

1;

Identical

trackBy(2, a[2]) = trackBy(2, b[2])



lterableDiffer checks from
the outside whether the data
structure has changed




But the data structure
KNOWS that best!




export class DifferablelList<T> {
changes = new LinkedList<IterableChangeRecord<T>>();

constructor(private data = List<T>([])) 1}

unshift(data: T) {

const result = new DifferableList<T>(this.data.unshift(data));
result.changes.add({ ... });
return result;

}

[Symbol.iterator]() {
return new DifferableListIterator<T>(this);

}
}



changes = new LinkedList<IterableChangeRecord<T>>();



constructor(private data = List<T>([])) 1}



unshift(data: T) {

const result = new DifferableList<T>(this.data.unshift(data));
result.changes.add({ ... });
return result;

}



[Symbol.iterator]() {
return new DifferableListIterator<T>(this);

}



Data structure
optimized for Angular




export class DifferablelListDiffer<Vv>
implements IterableDiffer<V>, IterableChanges<V> {

diff(collection: NgIterable<V>): DifferableListDiffer<V> | null {
const changes = this. _data.changes;
this. _changes = changes;
1f (changes.size() > 0) {
this. data.changes = new LinkedList<IterableChangeRecord<V>>();
return this;

} else {
return null;

}
}
}



1f (changes.size() > 0) {
this. data.changes = new LinkedList<IterableChangeRecord<V>>();
return this;

}



Required refactoring




aComponent (1
selector: 'sd-employee-list',
providers: |
IterableDiffers.extend([
new DifferableListDifferFactory()

1)
I,
template: ... ,

;)

export class EmployeeListComponent {



iInspired by
Persistent

data structures
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Adding / Removing Entries

Default Differ

Custom Differ



Recap

e OnPush change detection

 \When It gets triggered
e Pure pipes vs Memoization
e Purity and Referential Transparency

e Differs and Irack by function

‘ W twitter.com/mgechev



Lessons learned

* No silver bullet
e Understand your component structure
e Understand your data

e Application specific benchmarks

‘ W twitter.com/mgechev



Get Inspiration from
computer science




Links

mgVv.io/ng-cd - Angulars OnFush Change Detection Strategy

mgV.io/ng-pure - Pure Fipes and referential Iransparency

mgVv.io/ng-diff - Understanding Angular Differs

mgVv.io/ng-perf-checklist - Angular Perforrmance Checklist

mgVv.io/ng-checklist-video - Angular Performance Checklist (video)

‘ W twitter.com/mgechev


https://mgv.io/ng-cd
https://mgv.io/ng-pure
https://mgv.io/ng-diff
https://mgv.io/ng-perf-checklist
https://mgv.io/ng-checklist-video

Thank you!

YW twitter.com/mgechev

® github.com/mgechev

g & blog.mgechev.com



http://twitter.com/mgechev
http://github.com/mgechev
http://blog.mgechev.com

