ECS @ BBI

Yossarian (Yooy) Kine
VBC CPSC te?
March 2 2062)

BLACKBIRD
INTERACTINVE


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

GOOD FOR PROGRAMMERS

GOOD FOR PERFORMANCE

6OOD FOR DESIGNERS




FIRST, LET'S RECAP ...

y




ER, WHAT DOES
ECS sTaND FOR?




A PIFFERENT PARADIGM
OF WRITING COVE, WHERE
WE MOPEL OLUR PROGRAMS
IN A DATA ORIENTED WAY. /

OVER WHAT
(T MEANS.

OMPONENT,
YSTEM




ENTITIES ARE
INPICES.

THE ENTITIES
YOu CAN ALSO THEMSELVES PO NOT
m'NAKS ?&;HEM CONTAIN ANY PATA




COMPONENTS THE DATA LAYOUT
15 NOW EASIER TO
ACCESS BY THE
PROCESSOR AND BUT FOR THESE
POES NOT HAVE OBJECTS 10
ANY BEHAVIOR, BEHAVE IN ANY
WAY WE NEED...




THE SYSTEMS QUERY ONLY THE
(OMPONENTS THEY NEED AND
TRANGFORM THE DATA, THIS IS
VERY FAST SINCE THE MEMORY
LAYOUT IS NEATLY ORGANIZED.



WELL, ECS HELPS
CREATE CLEANER
COPE THAT'S ALSO
EASIER TO REAP,

IT MAKES
MULTITHREAPING
BECOME EASIER.

GRAPHICS: GERARDPO ALEA

AND PROVIPES
HUGE PERFORMANCE
BENEFITS,



float X =7
floatY =12

float XTarget = 8
float YTarget = 11
float Speed = 0.3

string Sprite = "Cat"
Color Color = {0.6,0.6,0.6}
float Depth = 3.0







OET TABVLAR!



ENTITIES ARE KEYS,
COMPONENTS ARE TABLES

Key Key XTarget YTarget Speed Key Sprite Color Depth

10 7 12

10 "Cat" White 3

10 8 11 0.3




OK, why IS
THAT BETTER?



REASON #)
PUTS FOCVUS ON THE DATA, NOT THE ENTITY
END THE TYRAMNNY OF THE INSTANCE!

*2




MGRY LAYOVUT

ENTED ME

OBITECT-ORI
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DATA-ORIENTED MEMORY LAYOVT

gene_id
gene_symbol
hane
hugo_name
synonyms
annotation

clinical_data

site
group
key type
projid
variable
value

r o

n



REASON #2
KEEPS BEHAVIOUR OUT OF COMPONENTS

GHASE
.‘ 4o \;.' SS




REASON #3
EMPHASIZES BATCH PROCESSING
DATA ARE PLURAL!




REASON #%¢
LINEAR LAYOVT FOR A HAPPY CACHE
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SO IF WEIRE TALKING TABLES,
WHAT ABOVT SAQL?

How wouvlLb Yov 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







Key Y Key XTarget YTarget Speed

3 2 5 2 2 0.1

10 12 10 8 11 0.3

11 4 15 0 0 0.1

17 6 30 5 3 0.5

21 8

SELECT *

30 3

FROM Position

JOIN Movement
WHERE Position.Key=Movement.Key

Key X Y XTarget YTarget Speed
10 7 12 8 11 0.3
30 3 3 5 3 0.5




LET'S TALK ABOVT
JOINs




Key Y Key XTarget YTarget Speed

3 2 5 2 2 0.1

10 12 10 8 11 0.3

11 4 15 0 0 0.1

17 6 30 5 3 0.5

21 8

SELECT *

30 3

FROM Position
JOIN Movement
WHERE Position.Key=Movement.Key

Key X Y XTarget YTarget Speed
10 7 12 8 11 0.3
30 3 3 5 3 0.5




Key X Key | XTarget YTarget Speed

3 1 5 2 2 0.1
10+ + »10 8 11 0.3

11 3 15 0 0 0.1

17 5 _»30 5 3 0.5

21 7 5

- SELECT *

30« 3

FROM Position

JOIN Movement

WHERF. Position.Key=Movement.Key

Key Y XTarget YTarget Speed
10 12 8 11 0.3
30 3 5 3 0.5
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WIKIPEDIA.ORG/SORT-MERGE_TOIN



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




3

2

1
10 7 12 10 11 0.3
11 3 4 15 0 0.1
17 5 6 30 3 0.5
21 7 8
SELECT *
30 3 3 FROM Position

RPEMEMBER THAT EEtpemupumamme
DATA WE WANTED oy s i g

TO6 TOIWN? 30 3 | 3 5 3 05




OUR RESULTS :-)

SELECT *
FROM Position
JOIN Movement
WHERE Position.Key=Movement.Key

10 7 12 8 11 0.3

30

3

3

5

3

0.5




SELECT *

FROM Position

JOIN Movement

WHERE Position.Key=Movement.Key

10 7 12 8 11 0.3

30 3 3 5 3 0.5

OUR CACHE WASTAGE :—(




LET'S TALK ABOVT CACHE COHERENCE






42 Years of Microprocessor Trend Data
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Original data up 10 the year 2010 collected and plotted by M. Horowatz, F. Labonte, O, Shacham, K, Olukotun, L. Hammond, and C, Batten

New piot and data collected for 2010-2017 by K. Rupp

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



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

Performance

100,000
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Performance Gap
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Year

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

1980 1985 1990 1995 2000 2005

2010


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

Local SMP Links
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WHICH IS FASTER, LOOP ) Or 27

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

// Loop 1
for (int i = 0; i < arr.Length; i++)
{

arr[i] *= 3;

}

// Loop 2

for (int 1 0; i < arr.Length; 1 += 16)

{

arr([i] *= 3;

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



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

TRICK QVESTION, THEY'RE THE SAME!

int[] arr = new int[64 * 1024 * 1024]; Update Every K-th Int
20 K=16
// Loop 1 o
for (int i = 0; i < arr.Length; i++) ;Ei
{ E s
arr[i] *= 3; ! 40 -
} an -
20 -
10 -
// Loop 2 ; ,
for (int i = 0; i < arr.Length; 1 += 16) 1 2 4 8 18 32 84 128 256 512 1024

{ K

arr[i] *= 3; ﬂZEdF(‘m ‘5‘ \}
)6 X INT IS 6\t BYTES
b\t BYTES IS ONE CACHE LINE

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

}



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

HoOWw DOES ARRAY SIZE AFFECT SPEED?

int[] arr = new int[size];

for (int 1 = 0; 1 < 100000000; i++)
{

// Touch each cache line
arr[ (i * 16) % sizel]++;

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



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

WeLL HeLLo L2 caclE!

int[] arr = new int[size];

for (int 1 = 0; 1 < 100000000; i++)
{

Time per ekement (ns)

// Touch each cache line
arr[ (i * 16) % sizel]++;

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



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

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.

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



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



Position-Movement Archetype

Index X Y XTarget YTarget Speed
0 7 12 8 11 0.3
1 3 3 5 3 0.5

Position Archetype

~ Posifon

e % Y Movement Archetype
1 3 4 Index XTarget YTarget Speed
2 5 6 0 2 2 0.1
3 7 8 1 0 0 0.1

Vuity ECS
ARCHETYPES




Position-Movement Archetype

Index XTarget

0

1

Position Archetype

Index X Y
0 1 2
1 3 4
2 ) 6
3 7 8

YTarget

- - ARCHETYPES

No CACHE WASTAGE! :-)

Speed

Vuity ECS

(ALSO NO KEYS)

Movement Archetype

Incdex  XTarget YTarget Speed
0 2 2 0.1
1 0 0 0.1




Position-Movement Archetype

. T ALTHOVGH ...

Position-Movement-Colour Archetype

=3 XTagst YTarget Spesd
0

CACHE WASTAGE :—(




VNITY C# TOB SYSTEM




ECS @ BBI
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DESERTS OF KHArAKk ECS

D

HoMEwWORL

Creation ID

1422

Index

00101100

Entity Descriptor

Creation ID | 1234

Has Components

Component

References

Component




HOMEWORLD:DESERTS OF KHARAK ECS

! Index Creati 1D :
! | 8 || 1422 :
1

----------------------------------- \

1 . . 1

I Entity Descriptor !

| Creation ID | 1234 | 1422

1

1
| Has Components [ 00101100 | |

Component
References

< Component

NOT CACHE FRIENDLY!




HARDSPACE:SHIPBREAKER ECS

TETHERS JEEL:IC] o RN ASTRAL WRANGLER UI

MACKEREL - CARGO

CUT POINT
e

STINGE
=]
THRUSTERS

GRAPPLE + e——to0E




HARDSPACE:SHIPBREAKER ECS

TETHERS JE¥Iclc] o RN \ASTRAL WRANGLER UT

MACKEREL - CARGO

CUT POINT

02

STINGER
]
THRUSTERS

GRAPPLE 4 ——— 20




HoMEworLD B ECS




HoMEworLD B ECS




ECS, NOT JVST FOR PROGRAMMERS!

ASPECT—-ORIENTED DESIGN

GREAT WAY TO BREAK DOWN THE PROBLEM DOMAIN AND EVERYTHING (N IT
HELPS YOV TO SEE THE COMMON AND VNIQVE CHARACTERISTICS OF THINGS
ENCOVRAGES DATA—-DRIVEN DESIGN, EMPOWERING CREATORS

ASPECTS CAN BE SHARED AND REVSED (N 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/

//r "green car" \\\

ENTITY BLVEPRINTS: DESIGNER-TVNABLE SPECIFICATIONS

POSITION
X: 10
Y: 4

-

//r "red car"” \\\

COLOUR

L
\/

POSITION
X: 20
Y: 4

-

MOVEMENT
MAX: 110

COLOUR

N
\/

L

MOVEMENT
MAX: 200

L —







AWHATJISIEC S5

. CACHE-FRIENDLY +

MULTITHREADED,
THAT'S wHAT!




GOOD FOR PROGRAMMERS
OOOD FOR PERFORMANCE
OOOD FOR DESIGNERS



tinyurl.com/ecsatbbi
linkedin.com/in/yossarianking

BLACKEIRD
INTERACTNE



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)

ECSOL - Vancouver Unity Meetup May 2019

A gallery of processor cache effects

github.com/Kobzol/hardware-effects

March 16-20, 2020
$an Francisco, CA

So You Want to Make an ECS?

Mike Acton (Principal Engineer, Unity Technologies)
Pass Type: All Access Pass, Core+Summits Pass, Core Pass - Get your pass now!
Topic: [ Programming

No reference retums yet, coming with C#7

array[0]++;

temp = arrayl[0];
temp++;

Architecture
and Netcode



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

