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The Scene
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Broad Phase Collision Detection
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Narrow Phase Collision Detection
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Generate Islands
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Solve (Contact) Constraints

Jolt Physics Box 3D
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Integrate Position: Velocity · Delta Time
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Open World - Scenes
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Open World - Tiles
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Open World - Requirements
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Parallel Game Object Update

Horse

Player

Time

Robot
CPU 2

CPU 1 Horse Player

Robot

Arrow

Add body

ArrowRay cast
Ray cast
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Background NavMesh Job
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Broad Phase Overview
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Quad Tree

Nodes can overlap

Quad Tree
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Quad Tree - Node

Type Name

AtomicFloat BoundsMinX[4]

AtomicFloat BoundsMinY[4]

AtomicFloat BoundsMinZ[4]

AtomicFloat BoundsMaxX[4]

AtomicFloat BoundsMaxY[4]

AtomicFloat BoundsMaxZ[4]

AtomicUInt32 ChildNodeIdx[4]

AtomicUInt32 ParentNodeIdx

AtomicBool Changed
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Quad Tree – Moving Body
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Widened bounding box
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Quad Tree – Adding Bodies
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Quad Tree – Adding Bodies – Case 1
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Quad Tree – Adding Bodies – Case 2
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Quad Tree – Removing Bodies
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Quad Tree – Rebuilding
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CPU 1

CPU 3 Build NavMesh

Rebuild Tree

CPU 2 Broad / Narrow Phase

Swap TreeNarrow Phase Integrate Positions

Integrate Positions

Game Object 1

Game Object 2

Physics Update (simplified) Game Update

Quad Tree - Rebuilding

Game Object 4

Game Object 3

Use old tree Use new tree
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Quad Tree – Collision Query
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Broad Phase - Results

Before (1 RW Mutex) – 500 µs/thread After (32 RW Mutexes) – 10 µs/thread

Ray Cast

Animation Update

Time

CPUs
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Generating Islands - How to Schedule Work

Time

CPUs

Broad and Narrow Phase Solve and Integrate

Generate Islands
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Generating Islands - Options
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Active Body Links – Initial State

0 1 2 3 4 5 6 7

Active Body Index

0 1 2 3 4 5 6 7

Index of Active Body we connect to
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Simple Case: Connect 1 & 2, 3 & 4 and 6 & 7

0 1 2→1 3 4→3 5 6 7→6

0 1 2 3 4 5 6 7

Connect the higher index to the lower

…

Connect

‘Links’
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2
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Simple Case: Connect 0 & 1 and 5 & 6

0 1→0 1 3 3 5 6→5 6

0 1 2 3 4 5 6 7

…‘Links’
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Complex Case: Connect 2 & 7

0 0 1 3 3 5→0 5 6

0 1 2 3 4 5 6 7

…

→ →

→

Union(b1, b2):
// Find lowest connected body
l1 = Find(b1)
l2 = Find(b2)

// Ensure l1 < l2
if l1 > l2: swap(l1, l2)

// Link the bodies
Links[l2] = l1

‘Links’

Connect
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3

4
5
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Worst Case: Find is O(N)

0 0 1→0 3 3 0 5 6→0

0 1 2 3 4 5 6 7

…

→ 

Union(b1, b2):
… as before …

// Link both bodies to minimum
Links[b1] = l1
Links[b2] = l1

‘Links’
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Link to self
→ new island idx

Finishing Up (On 1 Thread)

0 0 0 3 3 0 0

0 1 2 3 4 5 6 7

…

Loop

‘Links’ 5

0 0 0 1 1 0 0 …‘IslandIdx’ 0

0 1 2 5 6 7 3 4 …‘Island’

Not link to self
→ copy island idx
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7
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Making it Thread Safe

0 1
2→0
2→1

0 1 2

Thread 1: Connect 1 & 2

Thread 2: Connect 0 & 2

‘Links’

•

•

•

•



4141

Lock Free Solution

→

0 1 2

0 1 2

Thread 1: Connect 1 & 2

Thread 2: Connect 0 & 2

→

→

0 1 2→0

0 1→0 0

Union(b1, b2):
l1 = b1
l2 = b2

while:
// Search from previous lowest index
l1 = Find(l1)
l2 = Find(l2)

// Ensure l1 < l2
if l1 > l2: swap(l1, l2)

// l1 == l2: Already connected
until l1 == l2 or Links[l2].Exchange(l2→l1)

// Link both bodies to the minimum
AtomicMin(Links[b1], l1)
AtomicMin(Links[b2], l1)



4242

ISLAND BUILDING - Before

Time

CPUs

Generate Islands
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Island Building - Result

Time

CPUs

Generate Islands
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Island Building - Result
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Conclusion

→
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Before (avg 3.3 ms, spike 21 ms)
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After (avg 2.1 ms, spike 10 ms)
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Questions?

▪

▪

▪

mailto:jorrit@guerrilla-games.com
https://github.com/jrouwe/JoltPhysics

