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Introduction

Killzone Shadow Fall is a First Person Shooter

PlayStation 4 launch title
In SP up to 60 characters @ 30 FPS
In MP up to 24 players @ 60 FPS

- Gameplay logic has lots of
Branches
Virtual functions
Cache misses

Not suitable for PS3 SPU’s but PS4 has 6 x86 cores
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What do we cover?

- What is an Entity?

- What we did on PS3
Multi threading on PS4
Balancing Entities across frames
Performance issues found
Performance results achieved
Debug tools

GOCEUROPE.COM
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What is an Entlty?
- .\\.
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What is an Entity?

Base class for most game objects
E.g. Player, Enemy, Weapon, Door
Not used for static world

Has Components
E.g. Model, Mover, Destructibility

Update at a fixed frequency
15, 30, 60 Hz
Almost everything at 15 Hz
Player updated at higher frequency to avoid lag
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What is a Representation?

Entities and Components have Representation

Controls rendering, audio and VFX

State is interpolated in frames where entity not updated
Cheaper to interpolate than to update

Introduces latency
Always blend towards last update
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PS3: 1 Entity = 1 Fiber

yield fiber resume fiber

SV Entity 1 Entity 2 Entity 3 Entity 1 Entity 2

SPU 1 Animation
SPU 2 Ray Cast
TiMe =—p

Most time spent on PPU

No clear concurrency model
Read partial updated state
Entities deadlock waiting for each other
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PS4: 1 Entity = 1 Job

CPU 1 A atia ©

@MV Entity 2 Ray Cast Entity 2

CPU 3 §=liia'As
TiMe =—p

No fibers
Entity updates as a whole
How to solve race conditions?
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Strong Dependencies

- Make update order explicit:

elloll=]¢

strong
dependency

‘ Soldier  Missile Launcher Missile

TiMe —

Missile Launcher

Missile
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Non-dependent Entities can Execute Concurrently

Soldier1 Soldier2 o:AVEM Soldierl  Weaponl

O VAN Soldier2  Weapon?2

Weaponl Weapon2

Time =—

No (indirect) dependency = no access

Works two ways: Weapon can access Soldier too
Create dependency has 1 frame latency

Global systems need locks
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What about this?

Soldierl

Soldier2

Pistoll Pistol2

Bullet System

Pistol2  Bullet System

Soldier2

Soldierl Pistoll

Time =——>
- A few entities cause huge bottleneck
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Non-exclusive Dependencies

Soldierl Soldier2

CPU 1 BYellsil=1a! Pistoll
Pistoll Pistol2

CPU 2 BEYe]le|l=]9 Pistol2

non-exclusive

GOCEUROPE.COM

Bullet System

Time =—>

Bullet System

- Access to '‘Bullet System’ must be lock protected

1
Barrier
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Weak Dependencies

. 2 tanks fire at each other:

Tank1 Missilel =~ Tank2 Missile2

or

Tank?2 Missile2  Tankl  Missilel

»

Time =—>

- Update order reversed when circular dependency occurs
- Not used very often (< 10 per frame)
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Non-updating Entities
Entity can skip updates (LOD)
Entity can update in other frame

m

not updating y

‘ Entityl  Entity3

Time =——>

Do normal scheduling!
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Summarizing Dependencies

Strong Weak Strong Weak
Exclusive | Exclusive | Non-excl. | Non-excl.

Symbol e —
TwWO way access v v v /
Order guaranteed v v

Allow concurrency + + ++ ++

Require lock v v
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Referencing Entities

Dev build: CheckedPtr<Entity>

Acts as normal pointer
Check dependency on dereference

Retail build: Entity *
No overhead!

Doesn’t catch everything
Can use pointers to members
Bugs were easy to find
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Working with Entities without dependency

ThreadSafekEntityInterface

Mostly read only
Often used state (name, type, position, ...)
Mutex per Entity

Send message (expensive)
Processed single threaded when no dependency

Schedule single threaded callback (expensive)
Everything can be accessed



GAME DEVELOPERS CONFERENCE™ EUROPE 2014  AUGUST 11-13, 2014 GOCEUROPE.COM

Scheduling Algorithm
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Scheduling Algorithm

Soldier Tob1

not updating

Soldier Miissile Tank Pistol

Pistol
non-exclusive

job dependency
Bullet System

I Job2
W% Bullet System

- Entities with exclusive dependencies merged to 1 job
Dependencies determine sorting

- Non-exclusive dependencies become job dependencies
- Expensive jobs kicked first!
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Scheduling Algorithm - Edge Case

Job1l

Entityl Entity2
I f job dependency

Job2

Entity3 Entity4

exclusive




GAME DEVELOPERS CONFERENCE™ EUROPE 2014  AUGUST 11-13, 2014 GOCEUROPE.COM

Scheduling Algorithm - Edge Case

Job1l
Entityl Entity3 Entity2 Entity4

exclusive

Non cyclic dependency becomes cyclic job dependency
- Job1l and Job2 need to be merged



GAME DEVELOPERS CONFERENCE™ EUROPE 2014  AUGUST 11-13, 2014 GDCEUROPE.COM




GAME DEVELOPERS CONFERENCE™ EUROPE 2014  AUGUST 11-13, 2014 GOCEUROPE.COM

Balancing Entities Across Frames

Prevent all 15 Hz entities from updating in same frame

Entity can move to other frame
Smaller delta time for 1 update

Keep parent-child linked entities together
Weapon of soldier
Soldier on mounted gun
Locked close combat
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L Time in even frame
& % (sum across cores,
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Balancmg Entltles - In Actlon

{fl'ime ‘in-odd fra‘me
A (should be equal)




GAME DEVELOPERS CONFERENCE™ EUROPE 2014  AUGUST 11-13, 2014 GOCEUROPE.COM

“® Civilian @ 15Hz

s wdate even frame ™

T
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Balancmg Entltles - In Actlon

® Civilian @ 15Hz
update odd frame

- /
-~ -

-




GAME DEVELOPERS CONFERENCE™ EUROPE 2014  AUGUST 11-13, 2014 GOCEUROPE.COM

Balancmg Entltles - In Actlon
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Performance Issues
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Performance Issues

Memory allocation mutex
Eliminated many dynamic allocations
Use stack allocator

Locking physics world
R/W mutex for main simulation world
Second ‘bullet collision’ broadphase + lock

Large groups of dependent entities
Player update very expensive
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Cut Scene - Problem

Cut Scene

G

- Cut scene entity requires dependencies

Civilian 2

- 10+ characters in cut scene creates huge job!
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Cut Scene - Solution

non-exclusive Cut Scene

Sub Cut Scene 1 Sub Cut Scene 2 Sub Cut Scene 3 -

Civilian 1 Civilian 2 Player

- Create sub cut scenes for non-interacting entities
- Master cut scene determines time and flow
- Scan 1 frame ahead in timeline to create dependency
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Using an Object
Dependencies on useable objects not possible (too many)

Get list of usable objects
Global system protected by lock

- ‘Use’ icon appears on screen

Player selects
Create dependency
Start ‘use’ animation

Start interaction 1 frame later (dependency valid)
Hides 1 frame delay!
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Grenade

Explosion damages many entities

Creating dependencies not option (too many)

ThreadSafeEntityInterface not an option
Need knowledge of parts

Run line of sight checks inside update
Uses scheduled callback to apply damage

GOCEUROPE.COM
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Performance Results
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Performance Results - Synthetic

Counts Dependencies Max
Level Number|Updating Number | Strong | Strong | Entities 'Speedup
Entities | Entities Humans '  Excl Non-Excl | in Job

5000 Crates (20 us each) 5019 5008 1 12 4 13 2.8X
100 Soldiers (700 ps each) 326 214 105 212 204 19 4.2X
500 Flags (160 ps each) 519 508 1 12 4 13 @
6 cores!

1

5000 Crates 100 Soldiers

500 Flags
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Performance Results - Levels

Counts Dependencies Max
Level Number Updating| Number | Strong = Strong Entities ' Speedup
Entities | Entities Humans '  Excl Non-Excl = in Job
The Helghast (You Owe Me) 1141 206 32 71 23 20 4.1X
The Patriot (On Vectan Soil) 435 257 44 199 107 15 4.3X
The Remains (12p Botzone) 450 128 14 97 44 18 3.7X

AAA"5

The Patriot The Remains

VAL,
AVAVAV.w.

The Helghast



GAME DEVELOPERS CONFERENCE™ EUROPE 2014  AUGUST 11-13, 2014 GOCEUROPE.COM

Game Frame - The Patriot

S
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Game Frame - Global

GameModule::DrawModule
| RepresenlallunManagerGame

singlobs - 121 Jobs
[ JobSchedulerCPU::WaitForSemaphore

NEITIT E
ﬂi llll“ll |

mﬂll Nl

: ||||| | N — T

II= st
H Hl IIHH I ag _
rticleUpdate Partic ic
| [fstarvertexiob |[[fstartvert. ] - |[start.
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Game Frame - Global

GDCEUROPE.COM

CPU._1.(main thread)

. EntityUpdate - TA_CPT1 EntityUpdate - Sub_Sequence_9_Of ...
P..|

[ [[Up. . [staticParticleManager | I
ParticleSystemManagerJob Update particle system instance .
Update, copy or reset system

Particl..[sParticleUpdatelobMai...|sParticleUp... [sParticleUpd...|sParticl
Particle..|ParticleUpdateJob::Run_|ParticleUpd... |ParticleUpda

[Strtvertex o .| [Startvert ]| Ttartver.
[start. [ totvereniob ~[[[startvert. [ Jsarver. |
por |
g [ es.i verices e [lvesio ]

|Start...

Ul o [oelenedbraw ||
Fenderignns | ¢ ocierred Geom | |
£ 1 O A |
S..

| (i
il
[
4

|
 [oclerecbran_[oeleredbraw |
omnige §—— |
i
i
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Al Man. Physics [Game

Game Fame - GIoI

| [Update GameModule St
meModule::Update

[void PhysicsW. |
stepCol. [ste. |
[NewPhy. INe.
| o]l
n oIl |FullResForwa..{Sunlig, |DeferredDraw
uo C

| | s 1 o o

Deferred::Ful Deferred Geometr.

[SceneRende. § To.4 |
[

nimn

DeferredDraw  |DeferredDraw
derli Deferred Geomet
sParticleUpd...|sParticl.
ParticleUpda...|Particle...

- Start ver. Start.
[[[startvert. ][] startver.. ]

ParticleVertexjo ParticleV...

Reg. | Regular Vertices

ParticleV. Parti.
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[ Man. [Physics
virtual void Gam:

Game Frame - Global

meModule UpdateGame
void PhysicsW..

ISTE (e | | | [ 65 A
Drawing

DrawModules

GameModule::DrawModule

RepresentationManagerGame::Draw
RenderSystem::FinishDraw

[
FullResForwa..:Sunlig..|DeferredDraw
Deferred::Ful.. §C. Deferred Geometr.

1

[T
T
tityUpdats
P

[erioosdote T i1 [EnutyUpcare-ub Sequence 9 0f_ [Enuyy. enu [entt et
SoldierRep - ...|S... | SoldierRep
T

[ [sun.[Deferreddraw ||
Deferr..| | JRenderlights

- [Tc [octeresceon. 11
refie. [ so0 | L] o I |
S..
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Game Frame - Global

GDCEUROPE.COM

|| Al Man.. ics ame R... Draw |
|virtual voi [BameModule:: BdateModule() Drawing
['[Update G feModule stat DrawModules
void Gam [Module:Updat game() GameModule::DrawModule
Er@alvmd n Updatelrct Phase) R entati
0id EntityUpdater::Update(rcEntityUpdatePhase) derSystem:
| [void EntityUpdater:DoUpdate(rcEntityUpdatePhase] JobSchedulerCPU:: WaitForSemaphore
UpdateUsinglobs - 121 Jobs
|1 JobSchedulerCPU::WaitForSemaphore StaticParticleMa...|UpdateDr...| |Dyn... Cul... if i Sunlig,
v..|P. P UpdateDr Deferred::Ful JC...C.. fDeferred Geometr
EntityUpdat...[F.| | [EntityU. JEntityUpdate - T... |[EntityUpdate - L4... | EntityU...[Entity... [Entit... [Entit. JEntit.. [En..| | 1]]]]] (728 | | Wl I SceneRende.§ 1D..|
p..[s...[s. Sol s.| [S s..[S S S, 5. [|en s [
T T (I T T T I TN T T TS =
[ || & [
| v,
O ‘
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pdate & Dra
EntityUpdate - TA_CPT1 EntityUpdate - Sub_Sequence_9_Of .., |EntityU..|Entit../Entit...|Ent... | Rende. L... Sun
P... SoldierRep - SoldierRep Sold...|SoldierRep - VSA_Civilians...| Sol..1S...] s, [[[En. [] P...|Part... |UpdateDrawab.. Renderlights | |C.JDeferred Geom
|| TlJskinnedM.... [skinned... [[[I"T[so..T[[]skinnedModeiRep - Msg. - T T T T T[T s (U ued ] T Entie I 50 I
virtual v... ]| virtual v. v. || [fvirtual void AbilityPose. vi s.1s..|sPa Skin... S,
void Skel. void Ske..| void SkeletonAnimato... V... P.. |Par..
void Gra void Gr void GraphProgramin . [
static v..
static v.
PBDSI...
PBOS!
EntityUpdate - ISA_Lamb. EntityUpdate - .. JEntityU..{Entity.. [Entit. JEntit.. || | | Up... |StaticParticleManager |
Soldier - 15A_Lamb Sol...| AirVe. B s, B ParticleSystemManagerJob Update particle system instance void.. RenderLigh.. fDeferred Geom.. f Deferred Geomet
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Game Frame - Entity Update

| Fix Weak Dependency Cycles

1| UpdateUsing
| | JobSchedulerCPU::WaitForSemaphore

GDCEUROPE.COM

3 EntityUpd.
EntityRep

virtual v.
void Skel..
void Gr

Envapdale TA_CPT1 EntityUpdate - Sub_Sequence_9_Of TA_CPT1

Eﬂ!ﬂl III|I

I . I 50. : innedModelRep - MsgUp. o I { I i - i i rmﬂ‘r‘ﬂ“ I
virtual void Abil tyPosel virtual void AbilityPos / t oid AbilityPoseDeformerRep::BuildAnimationCa virtual \

void SkeletonAnimator: id SkeletonAnimator

static void ?BDGraphlnl X
static void PBDSImulat

EntityUpdate - ISA_Lamb
void Humanoid::UpdateMo
SkinnedModel - Msgentit...

vold Mo:phemeN
MR: N»(w MR:




GAME DEVELOPERS CONFERENCE™ EUROPE 2014  AUGUST 11-13, 2014 GDCEUROPE.COM

Game Frame - Entity Update

UpdateUsing.
| | JobSchedulerCPU::WaitForSemaphore

3 EntityUpd.
EntityRep

virtual v.
void Skel..
void Gr

Envapdale TA_CPT1 EntityUpdate - Sub_Sequence_9_Of TA_CPT1

Eﬂ!ﬂl III|I

I . I 50. : innedModelRep - MsgUp. o I { I i - i i rmﬂ‘r‘ﬂ“ I
virtual void Abil tyPosel virtual void AbilityPos / t oid AbilityPoseDeformerRep::BuildAnimationCa virtual \

void SkeletonAnimator: id SkeletonAnimator

static void ?BDGraphlnl X
static void PBDSImulat

EntityUpdate - ISA_Lamb
void Humanoid::UpdateMo
SkinnedModel - Msgentit...

vold Mo:phemeN
MR: N»(w MR:
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Game Frame - Entity Update

3 EntityUpd.
EntityRep

virtual v.
void Skel..
void Gr

Envapdale TA_CPT1 EntityUpdate - Sub_Sequence_9_Of TA_CPT1

Eﬂ!ﬂl III|I

I . I 50. : innedModelRep - MsgUp. o I { I i - i i rmﬂ‘r‘ﬂ“ I
virtual void Abil tyPosel virtual void AbilityPos / t oid AbilityPoseDeformerRep::BuildAnimationCa virtual \

void SkeletonAnimator: id SkeletonAnimator

static void ?BDGraphlnl X
static void PBDSImulat

EntityUpdate - ISA_Lamb
void Humanoid::UpdateMo
SkinnedModel - Msgentit...

vold Mo:phemeN
MR: N»(w MR:
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GameFrame — Entity Update

virtual void E’nmyManage Up&ale[rcéntnlvUpdétei’hase)
mdbrm ater:UpdatelrcEntityl)
vold

mit EFxecute Jobs

3 EntityUpd.
EntityRep

virtual v.
void Skel..
void Gr

nvapdale TA_CPT1

EntityUpdate - Sub_Sequence_9_Of TA_CPT1

Eﬂ!ﬂl III|I

u T er |Soldie - - ty_Ti S -VSA_..IS erRe Civilians_Male_03 oldi tityF

I . 5. A' mn’eerde!Rep-MszU{z. o I .' I o i ~Msg i _ i | rmﬂ‘r‘ﬂ“ I
virtual vo? Abil tyPosel v mm! void Abil tyPos / t oid AbilityPoseDeformerRep::BuildAnimationCa virtual \
void SkeletonAnimator: void SkeletonAnimator 5 i s:Apply 0

static void ?BDGraphlnl X
static void PBDSImulat

EntityUpdate - ISA_Lamb
void Humanoid::UpdateMo
SkinnedModel - Msgentit...

vold Mo:phemeN
MR: N»(w MR:
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void brmyur( ater Upda!el ntityUp
void ... lvondEnl:tvUpdale DoUpdale(rcEn(xlv\lpda\e?hase)
\ Using 121 Jobs

; ‘JobScHédulerCPU.:WantFovSemaphme

3 EntityUpd.
EntityRep

virtual v.
void Skel..
void Gr

Envapdale TA_CPT1 EntityUpdate - Sub_Sequence_9_Of TA_CPT1

EI!EI IIIII

. i ] A' innedModelRep - MsgUp. o I i | § “Msgl te i .1 ] Mﬁ“‘r‘ﬂ“ [l
Ivoc:\bvh,!’mel virtual void AbilityPos t oid AbilityPoseDeformerRep IdAnimationCa | virtual \ |

void SkeletonAnimator: kelemnAmmalo void SkeletonAnimator:

void GraphPri
static void PBDGraphint..
static void PBDSImulat
[PBDSImulator::sSimul..]

EnlllvUpdale ISA_Lamb

Sol SolderR
void Humanoid::UpdateMo

SkinnedMod.
SkinnedModel - Msgentit...

virtual void
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GameFrame — Entity Update

Wlual void EntityManager::| Updale[rcEntnlvUpdételbhase)
void brmyur( ater::Update(rcEntityUp:
void ... lvmd EntityUpdate: DoUpdale(rcEn(xlv\lpda\e?hase)
\ Using 121 Jobs

; ‘JobScHédulerCPU.:WantFovSemaphme

GDCEUROPE.COM

3 EntityUpd.
EntityRep

virtual v.
void Skel..
void Gr

Envapdale TA_CPT1 EntityUpdate - Sub_Sequence_9_Of TA_CPT1

EI!EI IIIII

. i ] A' innedModelRep - MsgUp. o I i | § “Msgl te i .1 ] Mﬁ“‘r‘ﬂ“ [l
Ivoc:\bvh,!’mel virtual void AbilityPos t oid AbilityPoseDeformerRep IdAnimationCa | virtual \ |

void SkeletonAnimator: kelemnAmmalo void SkeletonAnimator:

void GraphPr
static void PBDGraphint...
static void PBDSIimulat

P I a ye r J O b [ ] PBDASlm.ulalo ssmul. |

EntityUpdate - ISA_Lamb

Sol SolderR
void Humanoid::UpdateMo

SkinnedMod.
SkinnedModel - Msgentit...

virtual void
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GameFrame — Entity Update

Wlual void EntityManager::| Updale[rcEntnlvUpdételbhase)
void brmyur( ater::Update(rcEntityUp:
void ... lvmd EntityUpdate: DoUpdale(rcEn(xlv\lpda\e?hase)
\ Using 121 Jobs

; ‘JobScHédulerCPU.:WantFovSemaphme
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3 EntityUpd.
EntityRep

virtual v.
void Skel..
void Gr

Envapdale TA_CPT1 EntityUpdate - Sub_Sequence_9_Of TA_CPT1

Eﬂ!ﬂl IIIII
AT o1 ] innedModelRep - MsgUp. o I 1L v - i [ mmm“‘r‘ﬂ“ Il
| void :’\bvl«,!’mel virtual void AbilityPos t oid AbilityPoseDeformerRep IdAnimationCc [ | virtual \ |
void SkeletonAnimator: i kelemnAmmalo 3 void SkeletonAnimator: id S
I 5 P [ void GraphPr i

static void ?Boéraphlnl X

static void PBDSIimulat
|PBDSImulator::sSimul...|

Player Entity

Soldier - ISA_Lamb

AirVehicle - proto.
AirVehicle - Ms...
SkinnedMod.

Squnngoqgl 1 virtual void

virtual void Ability.
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GameFrame — Entity Update

virtual void E’nmyManager Up&ale[rcéntnlvUpdétei’hase)
void EntityUpdater::Update(rct
void .. lvond EntityUpdater::Dol dale(rcEn(nlyUpda\ePhase)
UpdateUsinglob
; JchcﬁEdulerCPU.:WantFovSemaphme
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3 EntityUpd.
EntityRep

virtual v.
void Skel..
void Gr

Envapdale TA_CPT1 EntityUpdate - Sub_Sequence_9_Of TA_CPT1

Eﬂ!ﬂl III|I

I . I 50. : innedModelRep - MsgUp. o I { I i - i i rmﬂ‘r‘ﬂ“ I
virtual void Abil tyPosel virtual void AbilityPos / t oid AbilityPoseDeformerRep::BuildAnimationCa virtual \

void SkeletonAnimator: id SkeletonAnimator

static void ?BDGraphlnl X
static void PBDSImulat

EnlllvUpdale [

Anlmatlon

void Morphem...| voldMomhemeN
‘y'R \Fl MR..{ MR: Nr(w MR
qu HD:S
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GameFrame — Entity Update

virtual void E’nmyManager Up&ale[rcéntnlvUpdétei’hase)
void EntityUpdater::Update(rct
void .. lvond EntityUpdater::Dol dale(rcEn(nlyUpda\ePhase)
UpdateUsinglob
; JchcﬁEdulerCPU.:WantFovSemaphme
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3 EntityUpd.
EntityRep

virtual v.

void Skel...
-.*End Gr

EntityUpdate -.. |EntityUpdate - ... |EntityUpdat.. mm. ““l
y er | - y_T S VS Civiliz oldi tityR
I . . A' mneerodE!Rep - MszUp. o I .' | i i rmﬂ‘r‘ﬂ |
virtual void Abil tyPosel virtual void AbilityPos / t oid AbilityPoseDeformerRep::BuildAnimationCa virtual \
void SkeletonAnimator: void SkeletonAnimator 5 i s:Apply 0
static void ?BDGraphlnl X

static void PBDSImulat

EntityUpdate - ISA_Lamb

C I C I I Update - pao_D_FTS_006_PDLV_VSA... |EntityUpdate - Sub_S... |EntityUpdate - Su... EntityUpdate - S.., llmm.
apsu e O S on e
P I I :

Sold...|Sold...|Sol... | SoldierR 4 Sol... {Soldie
void Humanoid::UpdateMc | Hii ||
SkinnedModel - Msgentit...
- 4 QYRS

vold Mo:phemeN
MR: N»(w MR:
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GameFrame — Entity Update

Wlual void EntityManager::| Updale[rcEntnlvUpdételbhase)
void brmyur( ater::Update(rcEntityUp:
void ... lvmd EntityUpdate: DoUpdale(rcEn(xlv\lpda\e?hase)
\ Using 121 Jobs

; ‘JobScHédulerCPU.:WantFovSemaphme
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3 EntityUpd.
EntityRep

virtual v.
void Skel..
void Gr
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Game Frame - Entity Update
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Debug Tools
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Debug Tools
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- Dependencies get complex, we use yEd to visualize!
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Debug Tools
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Debug Tools
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Conclusions

- Easy to implement in existing engine

- Game programmers can program as if single threaded
- Very few multithreading issues
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Questions?

jorrit@guerrilla-games.com



