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A Dynamic rigid body
(hon-deformable shape)

Static floor




Axis aligned

bounding box

¥ Overlap detected
between body pairs




B NIRROW PHASE COLLISION DETECTION il

I Point/face and
direction
of least penetration.




B GENERATE ISLANDS

Simulation island of
connected bodies.

Floor cannot move so
not part of island.




+ Velocity at beginning

* of step
t Velocity after gravity and
V i constraints solved

» Jolt uses Sequential Impulse Solver
» See Erin Catto at GOC 2008
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Jolt Physics  Box 3D




B INTEGRATE POSITION: VELOCITY - DELTA TIME il
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Scene = Script + Objects

: Max 125m ‘encounter’: Game
I/ objects spawn / move to.

. , Max 200m ‘activation”
: Player can interact.
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B OPENWORLD - REQUIREMENTS il

»10s of Scenes

»/28 Tiles

» 20K bodies

»Constantly changing

B Situation: Block main thread 5-10 ms @

»\Want: Insert on background thread! -,
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D PARALLEL GAME OBIECTUPDATE .

o
4
L4

1 CPU 1
3 R t
Ray cast: 4...9.Y£?.5 ..... |
i Add body CPU 2
Time ==—>

®»Independent game objects on different threads
» Global systems = Lock contention

» PS5 CPUs > PS4 CPUs

»See GOCE 2014 presentation
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Walkable area.

P (uery 12.8x12.8m
area.

» Recaston
background
thread.

» >1frame.

Other threads
continue =
contention!

Tile border
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D BROAD PHASE OVERVIEW

»\Waiting on concurrent

= Add, modify, remove
» (Background] query

»Solution
= A Quad Tree
* | ock free (mostly)




B QUAD TREE

»V A

)
l Nodes can overlap

>

b

» 4 children per
node
» SIMD friendly

Quad Tree
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B 0UAD TREE - NODE

Type
AtomicFloat
AtomicFloat
AtomicFloat
AtomicFloat
AtomicFloat
AtomicFloat
AtomicUInt32
AtomicUInt32

AtomicBool

-

Name
BoundsMinX[4]
BoundsMinY[4]
BoundsMinZ[4]
BoundsMaxX[4]
BoundsMaxY[4]
BoundsMaxZ[4]
ChildNodeldx[4]
ParentNodeldx
Changed

» (Child bounding boxes in SIMD format
»Initialized to [LargeFloat, -LargeFloat]

» (ChildNode
B ParentNoc

ndex refers to node or body
eindex refers to parent

»(Changed f

lag set if bounds too large

»Using atomic operations




e e e

®»Body stores (Nodelndex, Childindex]

»Body moves

» Calculate bounding box

» AtomicMin / AtomicMax to update node
» Mark ‘Changed’

* Go to ParentNodelndex, repeat

Body that moved N
®»(uery: No collisions missed! @

Node flagged as ‘changed’
|  Widened bounding box

-

®»Performance degradation, need tree
rebuild!




® | oading thread: Sub-tree of objects
to add

®Fast tree construction
» Calculate bounds all objects
» Split at mid point of longest axis
N . » Classify ‘Center Point’ of AABB @
enter point

Mid point » Repeat to get 4 leaves

» Recurse to create tree




e e

P|nsertion in tree in 4O(1)

[ »(ase |: Root Full?
» Create new root

S A A i = Mark as ‘Changed’
» Child 1is old root, AABB [-LargeFloat,
I:I New objects tree LargeFloat] n
= Child 2 is ‘new objects' & set parent @
Existing node » Compare exchange old root with new
root

Created node
/ connection




B UAD TREE - ADDING BODIES - CASEZ gl

e e

P (ase 2: Root has slot?

’_/\ = = Set parent mew objects’ to root

R S SO » Compare exchange on root: Invalid Index
- Node Index

e On failuregoto caselor?2

I:I New objects tree * Update child bounds in root (Max then
Min).

Existing node

» Mark root ‘Changed’

Created node

/ connection ®»Inserting 1 body is bad!




B OUAD TREE - REMOVING BODIES -

»nvalidate bounding box

» Set Min to LargefFloat
» Set Max to -LargeFloat

»Set ChildNodeldx to Invalid

B
e
B

Mark node and parents as ‘Changed’

Jon't remove entire sub-tree, rebuild mixes bodies

Remove 1 body in 0.5 pys on PS4 L




e e

»Not ‘Changed’ = Single Object

Changed node

Unchanged node

B KYE

Collect leaves Build tree

»Use multiple trees (static vs dynamic)




QUAD TREE - REBUILDING -

Physics Update (simplified) Game Update

ERY rebuia e Gome Object 1 | Game Object 3
CPU 2 Broad / Narrow Phase Game Object2 | Game Object 4

CPU 3 Build NavMesh
. Use old tree . Use new tree

»Keep old tree until next physics update




_ock tree for read (for background jobs)

®»Recurse children until leaf (body)

»| ock body mutex for read

» Get shape (collision volume)
» Get transform

®» Unlock body mutex
»Narrow phase work KA
®»(Overhead locks 10-20%, only for Game 0Object Update




After (32 RW Mutexes) — 10 ps/thread &
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Solve and Integrate

Broad and Narrow Phase
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SolvePositionConstraints

B soverositonConstraints

Time —

Generating islands single threaded!



B GENERATING ISLANDS - OPTIONS -

»Build iteratively
* Problem: Requires locking during update.

P Build from scratch
* Problem: Needs connectivity = locking.

®»Our Solution
» | ike Union Find with Path Compression.
= Most work during Narrow Phase.
= Lock free.
* Finalize islands in O(N]).




Max Active Bodies

Active Body Index ; Example
0 1 2 3 4 5 6 7 M-1 o
| P nitially connect to
‘Links’| O 1 2 3 4 5 6 7 - | M-1
. self.

Index of Active Body we connect to




B SIMPLE CASE: CONNECT 15 2, 3 & 4 AND & & 7-illl
o

Connect

0 1 2 3 4 5 6 7

‘Links'| 0 |1 [251] 3 [423] 5 | 6 |76 - »(Lonnect contacting
- A - bodies

\~, \Q./, \~/

Connect the higher index to the lower




IR SIMPLE CASE: CONNECTO S 1ANDS 56 il (1

S S —— ‘Ili’ 2 1'EI'
SOl
P Forming linked lists
»‘Find’ function:

» Find(7) 5 .
» Find(0) - O @

Connect
N am

0 1 2 3 4 5 6 7

‘Links’ | O |120| 1 3 3 5 |6>5] 6




Connect

‘Links’ | O 0 1 3 3 [520] 5 6

ll: Find(2) - O l2: Find(7) = 5

Connect higher index to lower index:
l1<(2 -5 connects to O

-

Union(b1, b2):

// Find lowest connected body
11 = Find(b1)

12 = Find(b2)

// Ensure [1 <12
if [1>12: swap(l1, 12)

// Link the bodies
Links[12] =11




‘Links’

e s

150

0 5 |60

Find = O(N) - Path Compression.

Union(b1, b2):

// Link both bodies to minimum
Links[b1] =11
Links[b2] =11




B FINISHING UP (ON 1 THRERD)

Loop—
e 1Ry T3 4 °
‘Links’ | O 0 0 3 = > :
*

Link to self
— new island idx

Not link to self
— copy island idx

‘Islandldx’ | O 0

0

v

1

1

0

0

‘Island’| O 1




P Race condition:
e Tl:Readll=1,12=2

Ty%j L Cmmet i 2 e« T2:Readll=0,12=2
o 1 2 e T2: Write Links[2] =0
Links' | 0 | 1 ;jl’ e T1: Write Links[2] =1

Thread 2: Connect 0 & 2 .
B/ is not connected to O!



Union(b1, b2):
11 =bl
12 = b2

while:
// Search from previous lowest index
11 = Find(I1)
12 = Find(I2)

// Ensure [1 < |2
if 11> 12: swap(l1, 12)

// 11 ==12: Already connected
until 11 == 12 or Links[l2].Exchange(I2—>11)

// Link both bodies to the minimum
AtomicMin(Links[b1], 11)
AtomicMin(Links[b2], 11)

Thread 1: Connect 1 & 2

1 2

0 1 2

Thread 2: Connect 0 & 2

 Tl:Read ll=1,12=2
» T2:Read I =0,12=2
» T2:Links[2].Exchange(2-0]

0 1 |20

B TI: Links[2].Exchange(2-1) fail!
P Tl:Readll=1,12=0
B TI: Links[1].Exchange(1-0)

0 [150] O

All donel
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IO ISLAND BUILDING - RESULT il

‘Find” Function Loops

®»\We connect bodies as contacts A
are detected £
»Body unaware of contacts - no locks °
»Finishing up O(N) N R
»Single threaded part 80% less time
»Total 70% less time (4 CPU) Lo T
®»Find average 0.9 loops x
®»Union average 0.0/ ps
»Not a bottleneck at 16 threads

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
Num Threads
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B CONCLUSION

®Simulation frequency 30 Hz - 2 x 60 Hz in less time
» 60 fps mode halves update time

®Increased visual fidelity

®»Reduced heap memory 25%, asset memory 30%,
executable size 12%

®»Eliminated global lock contention in
game update, no more waits!
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QUESTIONS?

jorrit[@guerrilla-games.com
https:/qithub.com/jrouwe/JoltPhysics (MIT License)
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