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ECS you say?

Good for programmers

Good for performance

Good for designers



First, let's recap ...



er, what does 

ECS stand for?













e

float X = 7

float Y = 12

Position

float XTarget = 8

float YTarget = 11

float Speed = 0.3

Movement

string Sprite = "Cat"

Color Color = {0.6,0.6,0.6}

float Depth = 3.0

Renderable

Is this your mental model of an 

entity?
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Get tabular!



Entities are Keys,

Components are tables

Movement

Key XTarget YTarget Speed

10 8 11 0.3

Position

Key X Y

10 7 12

Renderable

Key Sprite Color Depth

10 "Cat" White 3



OK, why is 

that better?



reason #1

Puts focus on the data, not the entity

end the tyranny of the instance!



Object-oriented memory layout



Data-oriented memory layout



reason #2

Keeps behaviour out of components



reason #3

Emphasizes batch processing

data are plural!



reason #4

Linear layout for a happy cache



reason #5

Whole new worlds

of data analysis & optimization

(maybe)



so if we're talking tables, 

what about SQL?

How would you find all 

entities with a position and a 

movement component?



Entities.ForEach(

(ref Position pos,

ref Movement move)

=> {DoMove(pos,move)});

SELECT *

FROM Position

JOIN Movement

ON Position.Key=Movement.Key





Movement

Key XTarget YTarget Speed

5 2 2 0.1

10 8 11 0.3

15 0 0 0.1

30 5 3 0.5

Position

Key X Y

3 1 2

10 7 12

11 3 4

17 5 6

21 7 8

30 3 3
SELECT *

FROM Position
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Key X Y XTarget YTarget Speed
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30 3 3 5 3 0.5



Let's talk about 

JOINs
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wikipedia.org/Sort-merge_join

https://en.wikipedia.org/wiki/Sort-merge_join


However ...
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Cache what?



https://www.karlrupp.net/2018/02/42-years-of-microprocessor-trend-data/

https://www.karlrupp.net/2018/02/42-years-of-microprocessor-trend-data/


https://www.extremetech.com/computing/261792-what-is-speculative-execution

https://www.extremetech.com/computing/261792-what-is-speculative-execution




int[] arr = new int[64 * 1024 * 1024];

// Loop 1

for (int i = 0; i < arr.Length; i++)
{

arr[i] *= 3;

}

// Loop 2

for (int i = 0; i < arr.Length; i += 16)

{

arr[i] *= 3;

}

http://igoro.com/archive/gallery-of-processor-cache-effects/

Which is faster, loop 1 or 2?

http://igoro.com/archive/gallery-of-processor-cache-effects/


http://igoro.com/archive/gallery-of-processor-cache-effects/

int[] arr = new int[64 * 1024 * 1024];

// Loop 1

for (int i = 0; i < arr.Length; i++)
{

arr[i] *= 3;

}

// Loop 2

for (int i = 0; i < arr.Length; i += 16)

{

arr[i] *= 3;

}

Trick question, they're the same!

http://igoro.com/archive/gallery-of-processor-cache-effects/


http://igoro.com/archive/gallery-of-processor-cache-effects/

How does array size affect speed?

int[] arr = new int[size];

for (int i = 0; i < 100000000; i++)

{

// Touch each cache line

arr[(i * 16) % size]++;

}

http://igoro.com/archive/gallery-of-processor-cache-effects/


http://igoro.com/archive/gallery-of-processor-cache-effects/

Well Hello L2 cache!

int[] arr = new int[size];

for (int i = 0; i < 100000000; i++)

{

// Touch each cache line

arr[(i * 16) % size]++;

}

http://igoro.com/archive/gallery-of-processor-cache-effects/


https://stackoverflow.com/questions/1126529/what-is-the-cost-of-an-l1-cache-miss/29188516#29188516

Your hands are your registers. It takes you 1 second to drop chocolate chips into the dough.

The kitchen counter is your L1 cache, twelve times slower than registers. It takes 12 x 1 = 12 seconds to 

step to the counter, pick up the bag of walnuts, and empty some into your hand.

The fridge is your L2 cache, four times slower than L1. It takes 4 x 12 = 48 seconds to walk to the fridge, open 

it, move last night's leftovers out of the way, take out a carton of eggs, open the carton, put 3 eggs on the counter, 

and put the carton back in the fridge.

The cupboard is your L3 cache, three times slower than L2. It takes 3 x 48 = 2 minutes and 24 seconds to 

take three steps to the cupboard, bend down, open the door, root around to find the baking supply tin, extract it 

from the cupboard, open it, dig to find the baking powder, put it on the counter and sweep up the mess you spilled 

on the floor.

And main memory? That's the corner store, 5 times slower than L3.

Stop sending the CPU 

out for groceries!

https://stackoverflow.com/questions/1126529/what-is-the-cost-of-an-l1-cache-miss/29188516#29188516


TL;DR Multithreading and cache 

coherence are crucial to performance



Movement

XTarget YTarget Speed

8 11 0.3

5 3 0.5

Position

X Y

7 12

3 3

Index

0

1

Position-Movement Archetype

Unity ECS 

archetypes

Position

X Y

1 2

3 4

5 6

7 8

Movement

XTarget YTarget Speed

2 2 0.1

0 0 0.1

Index

0

1

Movement Archetype
Index

0

1

2

3

Position Archetype



Movement

XTarget YTarget Speed

8 11 0.3

5 3 0.5

Position

X Y

7 12

3 3

Position

X Y

1 2

3 4

5 6

7 8

Movement

XTarget YTarget Speed

2 2 0.1

0 0 0.1

Index

0

1

Position-Movement Archetype

Index

0

1

Movement Archetype
Index

0

1

2

3

Position Archetype

Unity ECS 

archetypes
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Although ...

Movement

XTarget YTarget Speed

8 8 0.5

24 42 0.42

Position

X Y

5 5

42 24

Index

0

1

Position-Movement-Colour Archetype

Colour

Red Green Blue

0.2 0.9 0.1

0.9 0.0 0.0



Unity C# job system



ECS @ BBI

finally!



Entity Descriptor

00101100

1234Creation ID

Has Components

1422

Component

Component 

References

Entity

14228

Index Creation ID
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ECS, not just for programmers!

● aspect-oriented design

● great way to break down the problem domain and everything in it

● helps you to see the common and unique characteristics of things

● encourages data-driven design, empowering creators

● aspects can be shared and reused in creative ways

Deserts of Kharak tornado
image from gamespot.com/homeworld-deserts-of-kharak/user-reviews

https://www.gamespot.com/homeworld-deserts-of-kharak/user-reviews/2200-12773403/


Entity blueprints: designer-tunable specifications

"green car"

POSITION
X: 10
Y: 4

COLOUR

MOVEMENT
MAX: 110

"red car"

POSITION
X: 20
Y: 4

COLOUR

MOVEMENT
MAX: 200









Questions?

tinyurl.com/ecsatbbi

linkedin.com/in/yossarianking

https://tinyurl.com/ecsatbbi
https://www.linkedin.com/in/yossarianking/


further reading



Entity Systems are the future of MMOG development (2007)

EnTT - a fast and reliable C++ entity-component system (and skypjack blog)

ECSQL - Vancouver Unity Meetup May 2019

A gallery of processor cache effects

github.com/Kobzol/hardware-effects

http://t-machine.org/index.php/2007/09/03/entity-systems-are-the-future-of-mmog-development-part-1/
https://github.com/skypjack/entt
https://skypjack.github.io/2019-02-14-ecs-baf-part-1/
https://docs.google.com/presentation/d/1LOgKiBkS_839ezMwzjBcLxHkj_IlLJo6C83v1uVjhaE
http://igoro.com/archive/gallery-of-processor-cache-effects
https://github.com/Kobzol/hardware-effects
http://www.youtube.com/watch?v=W3aieHjyNvw
http://www.youtube.com/watch?v=wwLW6CjswxM
http://www.youtube.com/watch?v=kwnb9Clh2Is
http://www.youtube.com/watch?v=EgVraZYEgXc

