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k Guerrilla Is based in Amsterdam and wec:u‘é@rt of SoRy
240[015

x We@e working on two titles Q
x Unannounced new IP
« Killzone: Shadow Fall ~,

« The new Killzone is PS4 launch tit)é

<« Our aim for announcement event was to run on P
< 1080p, solid 30FPS, no cheats

 This talk is about the experiences we gained during thi

period :
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60 Al characters
940 Entities, 300 Active
8200 Physics objects (1500 keyffamed, 6700 static)
500 Particle systems
120 Sound voices
110 Ray casts
1000 Jobs per frame
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«x Three memory areas
k System - CPU §
« Shared - CPU + GPU -~
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«Video - GPU »_ "W 3,072 MB Video




System I\/l

Sound 553 I\/IQ;;' X
Havok Scratch 350 MB "
Game Heap 318 M
Various Assets, Entities, etc. 143 M3
Animation 75 Mlj

Executable + Stack

LUA Script 6 Md
Particle Buffer 6 Mlj
Al Data 6 Md
Physics Meshes 5 Md
Total 1,536 MB

74 MB [::::::=§k5




Display list (2x)

GPU Scratch

Streaming Pool

CPU Scratch

Queries / Labels




Video

Non-Steaming Textures

Render Targets

Streaming Pool (1.6 GB of streaming data)
Meshes

CUE Heap (49x)

ESGS Buffer
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Baseline Perfas

o'kl
< No low-level CPU optimizations

< Just SIMD based math @,,z_

« Focused optimizations on gc

N : ™ N -
« Almost all code is multi-threadec

h '_‘



x Same model as PS3
<« One main @rchestratorothread
< All other code runs In jobs across all cores
< Easler to program, so much more code In jobs

< Jobification of code, ballpark improvements:
K (PS3 KPS4 - % of code running In Jobs)
Kk 80% K90% - Rendering code
kK 10% K80% - Game Logic
k 20% K80% - Al Code
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« Demo was optimized quite well

x 1080p30 with very few d f W

< Profiling tools are still in developm







Edit Tools View Renderer BB Pie Menu Sound HUD Help

Graphics
Overlay
Profile HUD
FIOS Profile

L] GPU Profile Ctrl+Alt+Shift+G
L] Global Profile
L] Particle Stats Shift+P

Al

Game

Physics
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Vertices 67
Worker 3 Sort Mode Off-2 1996 Events
Cast Shadows False
erSystem, rRenderingContext, rcDrawinfolist) Fhracall Allow Static Decals True  ———eeaaal|
_gContext rcDrawinfo ocHwTexture onR Allow Dynamic Decals True
ager:Drawinstances
Stream 0 8
Pos 6
Stream 1 16
Normal 4
Worker 4 TangentBFlip 4  Unused in Direct 2041 Events
| DeferredShadingPasslob DeferredSh Uvo 8
“ —hader e |
Name AO_on_LM@IBL
Location models/skybox/vehicles/skybox_isa_dropship/model
Unlit Cycles 0/0
Deferred Cycles 0/0
Worker 5 StaticModelEntity 2552 Events
dlightRend DeferredGeometryDrawlob | Time 30 us
Deferred Geometry Pass Semaphore gTime 47,865 Cycles - |
Selection
Child Packets 1
Time in / outside children 16 us /14 us

Frame 29 /29

StaticModelEntity

Time Avg / Median 55us /33 us
Time Min / Max 9 us /369 us
Occurrences this frame 154
Total time this frame 7,327 us
Occurrences per frame 148.1
Time distribution

9 us 369 us
Legend

Pan Area ALT + Mouse Drag
Zoom Area Mouse Drag
Zoom Bar DoubleClick
Zoom All CTRL + DoubleClick
Record Space
Record Missed Frames SHIFT + Space
Scrub Frame Left/Right
Live View ESC




Worker 0 ' 20 2315 Events

Physics

sAllocatorMutex::Lock()
Time Avg / Median
ForSemaphore Time Min / Max
Occurrences this frame
Total time this frame
Occurrences per frame

Allndividua

AHTNErimitive

Time distribution

Worker 1 : 2372 Events

-

5LJ:

Frame 29 /29

6us/2us
Q(;,n 6-{-0 C ey .
g 320 “
2,261 ps (¥

&
L0

-
2590

Ingividual individual Individual Individual
Allndividual .ExecuteTas Allndividual::UpdatelowlevelBenaviour - VSA Civi Allndivic Allindivdua Allndividual; UodateHighleve!Beh Allndivdual . Execute {AlIndividual:Updatelowlevel Semaphore L
AIHTNPrimitiveTaskWal AlSsilIManager::Update ‘, Alindividual - UpdateHighLeveldeh, AIHTNPrimitiveTask., AlSkilIManager::Update Ous

VIC

- - 1

Worker 2

5 DEE

Alindividual: ExecuteTasks - VS Allndividual;:UpdatelowlevelBehaviour - VSA Civilia Allndivic Alindivdual Allndividual::UpdateHighLevelBen Alindividual: Execut Alindividuzl:: Upcatelowl
AIHTNPrimitiveTaskWalkSeg AlSkiliManager :Update il | LN Mindividua'::UndateHighLevelBe, AIHTNPrimitiveTask AiSkiliManager::Update

\ "»l }\~ \ S "‘.

2360 Events

v

Semaphore

sAllocatorMutex::Lock()
Time 42 ps |
Time 68,233 Cycles

Worker 3 ‘ 1996 Events

| ladivicua! Individual Individua Inclividuz! individual Individual .l Collisia

Alnaividual; Ex Allndividual::Updatelo iy Allindividual $ Alindividual:.Updatelowle Alin Alindiv Allndividuzl:Up Semapho
AIHTNPrimitve AiSkilManager::Upda Allndividua AlskilManager:: Update Alindividual:-Up % [

Worker 4 2041 Events

individua ndvdssl [ iodwia. [ ][]

Alindividual:Exec Allndividual;:UpdateLowleve!'Behaviour - VSA Alln Alindividual::UpdateHighLeve Alindiv Allngividuat:UpdateLowlLevelBehaviou Alindividual.:Finaliz Allnaividual;:!Up
AIHTNPrimitiveTa AlSkilivanager Update S Allndividual::UpdateHighlev AIHTN AlSkilIManager:: Update ‘ Allndividual::Up

Worker 5 2552 Events

Individua | Individual ndividual Individuz!

Legend

Allngividual; ExecutaTasks - VS Alindividual.:UpdatelowlevelBehaviour - VSA Civ Alln Alindi Alindividual :UpdateHighlLe Alindiv Alladwidual;:Updatelow Alind Alindividual:=U / Ssemaphare Pan Area
AIHTNPrimitiveTaskWalkSegm., AlSkillManager:Update Allndividual::Updatedighle AIHTN? AlSkillManager::Update } Zoom Area

sAllocat.. | [ 5. VS ’ . ' Zoom Bar
Zoom All
Record
Record Missed Frames
Scrub Frame

Live View

954 us

ALT + Mouse Drag
Mouse Drag
DoubleClick

CTRL + DoubleClick
Space

SHIFT + Space
Left/Right

ESC




20 2315 Events
Physics

Worker 0 ’

edulerCPU - WaitForSemanhore
ndividuz ndividual Individua

Updatelow Aln

Indivi | Individual
Alincividual.:Upda Aling
AlSkil I\

Allndividual:Ex Allndividua Alindividual Allndividual::Update

AlSkilIManager Allndividual::Update anager

U.l
~J

Worker 1 2 Events

. Alindividual.ExecuteTas
'

AlHTNP(imi_tj'veTask"ja.sl ‘

ndidsal _____[indui. ||

mmm, semaphare

indvidua

{Alindividual:Updatelowleveld
AlSkiliManager::Update

Alindivdual :Execute
AHTN P"iﬁ'ﬁiti\’ET'ff(“._ z

Allndividual;; UpdateHighlevelBeh
Alindividual - UpdateHighLevelBeh.

Allndivid Allndividua

evelBenaviour

Allndividual::Updatelowis
AlSkilIMan ager::Update

v _n!\”(_.l\'

Worker 2 2360 Events

O Tidudu
Alindividual::ExecuteTasks - VS Allndividual::UpdatelowlevelBehaviour - VSA Civilia Allndivd
AHTNPrimitiveTaskWalkSeg ., AlSkillManager::Update ’

individual lIndivicual ...lnul

e e

Semaphore

Allndividual::Updatelowl

AiSkiliManager:Update

Allindividual: Execut
AIHTNPrimitiveTask.

Alindivdual Allndividual::UpdateHighLevelBen

Allndividual::UpdateHighLevelBe..

¥ <

sAllocatorMutex::Lock()
Time 42 us
Time 68,233 Cycles

Individual Indwidual incividual Individual Individual indiv... | |]

Allndividual:Ex... Allndividual::Updatelo Alln Allnd... [Alindividual Al... | Alindividual: Updatelowle, Alin.., [Alindiv Allndividuzl:Up Alin mmw‘1

AIHTNPrimitive, ASkillManager::Upda Allndividual:.. AlskillManager::Update Alindividual:-Up...

1996 Events

~ :
Collisio

Worker 3
| |ndividual

“ Allndividual::ExecuteTasks - VSA

A!HT\anner skWa lkSPgmeﬁ‘

Semapho

| Alindivdual:Updatelowleve
AlSkiliManager: Update

Worker 4 2041 Events

ividual

ndvidisl______ [ndvdual T Tindwia. [[]]
Al

Alindividual.:Finaliz LAllndividual::Up ‘1%111

Allndividual::Up

dviowd________—— Tindd._[ind
Alindiwidual :Exec... Alindividual;:UpdateLowleve!Behaviour - VSA Alln Allndivi
AIHTNPrimitiveTa AlSkiliManager: \Update

Semaphore

Allngividuat: UsodateLowlevelBehaviou

AlSkillManager::Update

Alindiv
AIHTN ..

Allndividual
Allndivicual:;

Alindiv UpdateHighLeve,

'deIenghLe-

Worker 5 2552 Events

gividoal_____ Tnddaal______ g [ [Jnawi. [[[[]

Behaviour - V5S4 _Civi Alln Alindividual:-UpdateHighLe. Alindivi,.. |Alladwidual::Updatelow All. |Alindi.. [Alindividual:U All... Alindividual:Updateio m,1$11“

Alindividual::Updaterighle... AIHTNE, AlSkillManager::Update Alindividual::U., AlH... BAISkilIManager::Updat...

Individuat

Semaphare

Allndi

Alindividual::Updatelowleve

AlSkiliManager:Update

Allndividual; ExecuteTasks - VS
AIHTNPrimitiveTaskW alkSegm..
sAllocat...

sAllocatorMutex::Lock()
Time Avg / Median
Time Min / Max
Occurrences this frame
Total time this frame
Occurrences per frame

Time distribution

Frame 29 /29

6us/2us

0 us /954 us
320

2,261 pus
259.0

0 us

Legend

Pan Area

Zoom Area

Zoom Bar

Zoom All

Record

Record Missed Frames
Scrub Frame

Live View

954 us

ALT + Mouse Drag
Mouse Drag
DoubleClick

CTRL + DoubleClick
Space

SHIFT + Space
Left/Right

ESC




< The biggest performance challenge was thread contention
« Shared memory allocator, ton of mutexes.

< We gained approximately 50% of the CPU back by fixing high level
code.

< Do this first before you try to switch to some low level
multithreading friendly malloc.

« We had a few fights with the PS4 thread scheduler
< A lot of our SPU code used spinlocks
< Spinlocking Is not nice for on any multicore system
< Just play nice, system mutexes are very fast
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« The entire pipeline is HDR and linear :
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Preperly Calculate)d geometry attenuation factors
KA” materials_support translucency and Fresnel effect
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« All our lights ar
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< G-buffer with 5 MRTs + 32bit depth
< 1080p, RGBA16f, no MSAA at the moment

k 2X 8bit backbuffers

K 4x 2048x2048x32bit shadow maps
« We don@ use HiZ to avoid decompression before reads.

< A lot of low resolution buffers for post process effects

< Most of the buffers are overlapping in memory
< We still need to optimize the layout and formats



< Out of order generation using jobs
k Geometry passes are split into multiple jobs too

« We kick up to 60 command buffers per frame

<« CBs are sorted based on a how they need to be consumed
< All double buffered =

< We I1ssue WaltForFlip at the very last moment in the frame
< Right before the next flip when the GPU renders into the back buffer
< Allows to avoid blocking waits on CPU during long frames



Kk CPU

k Core 1 Geo 200 Lights 500 Post 701
< Core 2 |Geo 300 Lights 600

kK GPU 2
Geo 100 WJGeo 101 .Geo 200 «Geo 300 =LIghts 500 L4Lights 600

Post 700

Post 701

—> WaitForFlip #NL | Blit| Flip #N







% Edit Tools View Renderer Pie Menu Sound HUD Help

\ Graphics »
Overlay >
Profile HUD >
\' FIOS Profile >
% O CPUProfile  Ctrl+Alt+ShiftsC

B T Gru ok
% N O Global Profile
" - ‘ (] Particle Stats Shift+P
N \AI : Al >
Game >

Corl+8Is4SnirteG
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GPU Profile ]

Frame 16 /16
GPU Profile 2 3 4 5 6 7 S 4 10 1 12 _13 14 15 16 17 18 19 20 2] 23 24 25 26 27 28 29 30 3] 32 .1 i4 5 36 37 18 1709%Events
Gea  TGE TNGRGWRTIY™ 'GeometTy Geomer T CrmeT = aRa et A A ghting eht.. {Postprocess  IEffects @ lPost.. llEffects @ lPost.. | [Postproce Debup p
- e
Name - Pixels Tris | Prims | Count Type

> Geometry 35.95% 241.34% 511,251 1,194 1,194

» Effects 10.27% 25431% 24,370 159 159

» Lighting 0.60% 59.57% 179,439 47 47
Legend
Pan Area ALT + Mouse Drag
Zoom Area Mouse Drag
Zoom Bar DoubleClick
Zoom All CTRL + DoubleClick
Record Space
Record Missed Frames SHIFT + Space
Scrub Frame Left/Right
Live View ESC
Table controls
Row select Up/Down
Row page select PgUp/PgDown
First/Last row Home/End
Column select Tab
Use item Enter
Expand all CTRL + Enter
Collapse all ALT + Enter
Print table T




GPU Profile ]

GPU Profile 2

Gea  TGp NIRRTV

-~

Eos

7
/

Genmet

4y

AP TNE

19 20

aEvT ey

16 17 18

wetertion

Reflec

1)1

31

ast st procem
M —

Name Pixels Tris | Prims | Count Type
» Geometry 3595% 241.34% 511,251 1,194 1,194
» Effects 10.27% 254.31% 24,370 159 159
» Lighting 0.60% 59.57% 179,439 47 47

Legend

Pan Area

Zoom Area

Zoom Bar

Zoom All

Record

Record Missed Frames
Scrub Frame

Live View

Table controls
Row select

Row page select
First/Last row
Column select
Use item
Expand all
Collapse all
Print table

Frame 16/ 16

ALT + Mouse Drag
Mouse Drag
DoubleClick

CTRL + DoubleClick
Space

SHIFT + Space
Left/Right

ESC

Up/Down
PgUp/PgDown
Home/End
Tab

Enter

CTRL + Enter
ALT + Enter

i




GPU Profile ]

GPU Profile
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Gea 1O "NIRGWATTY

7

Genmet

Grompm = raRomet

fpmerg

ni
Resula

16

17

Bl

T rht

10
LS

19

S e 16 [ i

20

1)1

e me— co—

Wefection

Reflec

LOMPDOSe ¥ af

Name - Pixels Tris | Prims | Count Type
> Geometry 35.95% 241.34% 511,251 1,194 1,194
» Effects 10.27% 25431% 24,370 159 159
» Lighting 0.60% 59.57% 179,439 47 47

Legend

Pan Area

Zoom Area

Zoom Bar

Zoom All

Record

Record Missed Frames
Scrub Frame

Live View

Table controls
Row select

Row page select
First/Last row
Column select
Use item
Expand all
Collapse all
Print table

Frame 16/ 16

ALT + Mouse Drag
Mouse Drag
DoubleClick

CTRL + DoubleClick
Space

SHIFT + Space
Left/Right

ESC

Up/Down
PgUp/PgDown
Home/End
Tab

Enter

CTRL + Enter
ALT + Enter

i




GPU Profile ]

GPU Profile 2 SR ; ' S

Gea TGP TNIRGRATY

) (}

CrampTraRe™et

—

1]

Cram

12
A4

F o
-
| 4

1" 11 . r 1 Q
:Il e A A Al 1.1

) 2

19

20

GETHrCay
B e e )
e niight Blt Wefection
f : Reflec

_38 1709Eveqts
Debug Aol

Name - Pixels Tris | Prims | Count Type
> Geometry 35.95% 241._34% 511,251 1,194 1,194
» Effects 10.27% 25431% 24,370 159 159
» Lighting 0.60% 59.57% 179,439 47 47

Legend

Pan Area

Zoom Area

Zoom Bar

Zoom All

Record

Record Missed Frames
Scrub Frame

Live View

Table controls
Row select

Row page select
First/Last row
Column select
Use item
Expand all
Collapse all
Print table

Frame 16 / 16

ALT + Mouse Drag
Mouse Drag
DoubleClick

CTRL + DoubleClick
Space

SHIFT + Space
Left/Right

ESC

Up/Down
PgUp/PgDown
Home/End
Tab

Enter

CTRL + Enter
ALT + Enter

T




GPU Profile []

Frame 16 /16
BPU Profile 2~ : 2. 1 17 18 ] . 2. 23 24 2 527 820 3L 32 33 34 35 36 3238 1700Fvegts
Name |7 TR Tris | Prims | Count Type

> Geometry 35.95% 24134% 511,251 1,194 1,194

» Effects 1027% 25431% 24370 159 159

» Lighting 0.60% 59.57% 179,439 47 47
Legend
Pan Area ALT + Mouse Drag
Zoom Area Mouse Drag
Zoom Bar DoubleClick
Zoom All CTRL + DoubleClick
Record Space
Record Missed Frames SHIFT + Space
Scrub Frame Left/Right
Live View ESC
Table controls
Row select Up/Down
Row page select PgUp/PgDown
First/Last row Home/End
Column select Tab
Use item Enter
Expand all CTRL + Enter
Collapse all ALT + Enter
Print table T




GPU Profile 2 ; ' 6 . b 10 z 2 , 4 1 19 20 1 _ r )4 .- . ) 30

1709 vents

OMODOsSe 35

Name BEEEY ries Tris | Prims [ Count [ Type
> Geometry 35.95% 241.34% 511,251 1,194 1,194
> Effects 10.27% 25431% 24370 159 159
> Lighting 0.60% 59.57% 179439 47 47

Legend

Pan Area

Zoom Area

Zoom Bar

Zoom All

Record

Record Missed Frames
Scrub Frame

Live View

Table controls
Row select

Row page select
First/Last row
Column select
Use item
Expand all
Collapse all
Print table

L

Frame 16 /16

ALT + Mouse Drag
Mouse Drag
DoubleClick

CTRL + DoubleClick
Space

SHIFT + Space
Left/Right

ESC

Up/Down
PgUp/PgDown
Home/End
Tab

Enter

CTRL + Enter
ALT + Enter

1




GPU Profile ]

Frame 16 / 16
GPU Profile 1 8 19 20 . . 1709 Events Reflections
— — - Time Avg / Median 4,816 ps [ 4,812 ps
i P T T I e e R Time Min / Max 4,769 s / 4,874 pis
Occurrences this frame 1
‘I;err::tiuns 4,842 ps Total time this frame 4,842 ps
B it 6,607,260 Occurrences per frame 1.0
Selection Time distribution
Child Packets 12
Time in [ outside children 4,840 us /1 us
Name BRE ries Tris | Prims [ Count [ Type
* Geometry 35.95% 241.34% 511,251 1,194 1,194
» Effects 10.27% 254.31% 24370 159 159 4,769 s 4,874 s
* Lighting 0.60% 59.57% 179,439 47 47
Legend
Pan Area ALT + Mouse Drag
Zoom Area Mouse Drag
Zoom Bar DoubleClick
Zoom All CTRL + DoubleClick
Record Space
Record Missed Frames SHIFT + Space
Scrub Frame Left/Right
Live View ESC
Table controls
Row select Up/Down
Row page select PgUp/PeDown
First/Last row Home/End
Column select Tab
Use item Enter
Expand all CTRL + Enter
Collapse all ALT + Enter
Print table T




GPU Profile ]

Frame 16 / 16
GPU Profile . 2 : - [ : 10 | 1 1709 Events

Name BERE ries Tris | Prims [ Count [ Type
> Geometry 35.95% 241.34% 511,251 1,194 1,194
» Effects 1027% 25431% 24370 159 159
> Lighting 0.60% 59.57% 179,439 47 47

Legend

Pan Area ALT + Mouse Drag
Zoom Area Mouse Drag
Zoom Bar DoubleClick
Zoom All CTRL + DoubleClick
Record Space
Record Missed Frames SHIFT + Space
Scrub Frame Left/Right
Live View ESC

Table controls

Row select Up/Down
Row page select PeUp/PeDown
First/Last row Home/End
Column select Tab
Use item Enter
Expand all CTRL # Enter
Collapse all ALT + Enter

Print table T




GPU Profile ]

GPU Profile

1]

1709 Events

Time
Pixel count

Skybox_terrain3_Dam_LM

952 us
745,753

Owner Object
Name Skybox_terrain3_Dam_LM
. Location levels/single_player/kz4_demo/section_shared/skybox/skybox_terrain3_Im

Type StaticMeshinstance

Mesh

| 4+ levels/single_player/kz4_demo/section_shared/skybox/skybox_terrain3_Im_res/skybox_terrain3_dam_Im_lod_resources:Skybox_terrain3_Dam_LM_lod[0]

| —+ levels/single_player/kz4_demo/section_shared/skybox/skybox_terrain3_Im_res/skybox_terrain3_dam_Im_resources:Skybox_terrain3_Dam_LM_multi[0]
| -+ dam_mainl
111111017 — - e : ——————— — =
Name E—— 313 Piels || Tris | Prims | Count Type

> Geometry Vertices 435 35.95% 24134% |511,251 1,194 1,194
» Effects Sort Mode Off-2 10,27% 254.31% | 24,370 159 159
» Lighting Cast Shadows False 060% 5957% |(179,439 47 47

Allow Static Decals True

Allow Dynamic Decals True

Stream 0 8

Pos 6

Stream 1 20

Normal 4

TangentBFlip 4

Color 4

uvo 8

Shader

Name Relief@DIR_LM

Location levels/single_player/kz4_demo/section_shared/skybox/skybox_terrain3_Im_res/skybox_terrain3_dam_Im_resources

Unlit Cycles 0/0

Deferred Cycles 0/0

Frame 16 / 16
Skybox_terrain3_Dam_LM
Time Avg / Median 55us /0us
Time Min / Max Ous /1,019 us
Occurrences this frame 25
Total time this frame 1,362 us
Occurrences per frame 25.0
Time distribution
M s i
Ous 1,019 us
Legend
Pan Area ALT + Mouse Drag
Zoom Area Mouse Drag
Zoom Bar DoubleClick
Zoom All CTRL + DoubleClick
Record Space
Record Missed Frames SHIFT + Space
Scrub Frame Left/Right
Live View ESC
Table controls
Row select Up/Down
Row page select PgUp/PgDown
First/Last row Home/End
Column select Tab
Use item Enter
Expand all CTRL + Enter
Collapse all ALT + Enter
Print table T




GPU Profile Il

Frame 16 /16
PU Profile | ' _4 _ | S J _ 10 __ 4 1709 Events  guoboy terrain3_Dam_LM
e Geometr GeomPtry N—— L R — Geometry Seometry e Time Avg / Median 55 us /0 ps
syl Time Min / Max Ops /1,019 ps
Owner Object Ocu:rrencet; th;: frame 25
Name Skybox_terrain3_Dam_LM g::annr:iz:\ies ': erafrn:n o 1'36225':‘;
Location levels/single_player/kz4_demo/section_shared/skybox/skybox_terrain3_Im
Type StaticMeshinstance
Time distribution
Mesh
| -+ levels/single_player/kz4_demo/section_shared/skybox/skybox_terrain3_Im_res/skybox_terrain3_dam_Im_lod_resources:Skybox_terrain3_Dam_LM_lod[0]
| —+ levels/single_player/kz4_demo/section_shared/skybox/skybox_terrain3_Im_res/skybox_terrain3_dam_Im_resources:Skybox_terrain3_Dam_LM_multi[0]
| =+ dam_mainl
Primitive
Name Triangles 313 Pixels | Tris | Prims | Count Type
> Geometry Vertices 435 5.95% 241.34% (511,251 1,194 1,194 b . )
> Effects Sort Mode off-2 10 154,31 24,370 159 159 0us 1,019 ps
» Lighting Cast Shadows False 0,61 59.57 179,439 47 47
Allow Static Decals True
Allow Dynamic Decals True
Stream 0 8
Pos 6
Stream 1 20
Normal 4
TangentBFlip 4
Color 4 Legend
uvo 8 Pan Area ALT + Mouse Drag
Shader Zoom Area Mouse D(ag
Name RQ"Qf@D'R_LM Zoom Bar DOUblECI.ICk
Location levels/single_player/kz4_demo/section_shared/skybox/skybox_terrain3_Im_res/skybox_terrain3_dam_Im_resources Zoom All CTRL + DoubleClick
Unlit Cycles 0 I 0 Record Space
Deferred Cycles 0/0 Record Missed Frames SHIFT + Sgace
Scrub Frame Left/Right
Skybox_terrain3_Dam_LM Live View ESC
Time 952 us
Pixel count 745,753 Table controls
Row select Up/Down
Row page select PgUp/PgDown
First/Last row Home/End
Column select Tab
Use item Enter
Expand all CTRL + Enter
Collapse all ALT + Enter
Print table T




GPU Profile ]

Frame 16 / 16

GPU Profile 2 3 } ' b 8 9 10 1] 12 13 14 15 43 1/ 19 20 21 23 24 2/ 28 29 30 31 53 ! G A 18 1709 vents

Pixels Tris | Prims | Count Type
’41.34% 511,251 1,194 1,194

Name

¥ Geometry

¥ levels 125.82% 331,183 685 685
v single_player 125.82% 331,183 685 685
¥ kz4_demo 125.82% 331,183 685 685

v section_shared 171.72% 161,317

» skybox_terrain3_Im k 11.34% 7 112.10% 156,999 216 216

» skybox_sheets 2.75% § 55.74% 664 11 11
» skybox_dome3 0.32% 3.88% 444 10 10
| » skybox_terrain5_Im 0.00% 0.00% 984 1 1
* lighting 0.77% 0.00% 2,226 85 85
» section_01 1138% | 5410% 169,854 361 361 Legend
: » section_dropship_chase 0.00% ‘ 0.00% 12 | | Pan Area ALT + Mouse Drag
» entities 9.13% }? 1539% 175301 S04 504 Zoom Area Mouse Drag
027% ¢ 0.13% 4,767 5 5 Zoom Bar DoubleClick
> Effects 10.279 25431% 24370 159 159 Zoom Al CTRL + DoubleClick
> Lighting 0.60% | 59.57% 179,439 47 47 Record Space
T e — N ' Rp— — Record Missed Frames SHIFT + Space
Scrub Frame Left/Right
Live View ESC
Table controls
Row select Up/Down
Row page select PgUp/PgDown
First/Last row Home/End
Column select Tab
Use item Enter
Expand all CTRL + Enter
Collapse all ALT + Enter

Print table ¢




Geom

Past,

Name

¥ Geometry

¥ levels

¥ single_player
¥ kzd4_demo

¥ section_shared

* skybox_terrain3 Im
» skybox_sheets
* skybox_dome3
* skybox_terrain5_Im

* lighting
* section_01

» section_dropship_chase

* gntities

» Effects
* Lighting

Past prace...

11.34%
2.75%
0.32%
0.00%
0.77%

11.38%
0.00%
9.13%
0.27%

10.27%

0.60%

Post process

Pixels

Tris

Prims

Count

Type

112.10%
55.74%
3.88%
0.00%
0.00%
54.10%
0.00%
15.39%
0.13%
254.31%
59.57%

|55 091
156,999
664

444
984
2,226
169,854
12
175,301
4,767
24,370
179,439

216
11
10

85
361

204

159
47

216
11
10

a5
361

S04

159
47

Frame 16 / 16
Legend
Pan Area ALT + Mouse Drag
Zoom Area Mouse Drag
Zoom Bar DoubleClick
Zoom All CTRL + DoubleClick
Record Space
Record Missed Frames SHIFT + Space
Scrub Frame Left/Right
Live View ESC
Table controls
Row select Up/Down
Row page select PeUp/PeDown
First/Last row Home/End
Column select Tab
Use item Enter
Expand all CTRL + Enter
Collapse all ALT + Enter

Print table T




Geom

FI

Past

Light

Post process

"< Delete

Table controls
Row select

Row page select
First/Last row

Name m Pixels Tris | Prims | Count |  Type
¥ Geometry
¥ levels
¥ single_player
* kzd_demo
¥ section_shared
¥ skybox
* skybox_sheets 2.75%  55.74% 664 11 11
* skybox_dome3 0.32% 3.88% 444 10 10
* skybox_terrain5_Im 0.00% 0.00% 084 1 1
* |ighting 0.77% 0.00% 2,226 85 85
» section_01 11.38% 54.10% 169,854 361 361 Legend
» section_dropship_chase 0.00% 0.00% 12 1 1 Pan Area ALT + Mouse Drag
* entities 9.13% 1539% 175,301 504 504 Zoom Area Mouse Drag
0.27% 0.13% 4,767 5 5 Zoom Bar DoubleClick
» Effects 10.27% 254.31% 24,370 159 159 Zoom All CTRL + DoubleClick
* Lighting 0.60% 59.57% 179,439 47 47 Record Space
Record Missed Frames SHIFT + Space
Scrub Frame Left/Right
Live View ESC

Up/Down
PeUp/PeDown

Home/End

Column select Tah
Use item Enter
Expand all CTRL + Enter
Collapse all ALT + Enter
Print table |
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< Around 40Kk polygons for the highest LOD
« Enough to capture all detail for closeups
<« We provided detail guide for LOD setups

< Up to 8 bone Influences per vertex
< Most vertices use 4-5, drops with LOD#

kK 6 X 2k X 2k textures for character body
< Plus detall maps and head textures
< 10ppl, everything authored as 4k

k KZ3 used 10k polygons, 3 LODs and 1k
textures

LOD# |Polycount Distance
1 40,000 0-2

2 20,000 2-5

3 10,000 5-10

4 3,200 10-15

5 800 15-20

6 350 20-30

/ 150 30+
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Optimization Saving

Sorting by (vertex) shader still helps J ms

More aggressive threshold for minimum bone influence (1%) J ms

Normal/Tangent/Binormal compression with x10y10z10w?2 J ms
Only store Normal + Tangent + sign bit for Binormal J ms
We removed the tangent space for distant static LODs J ms

Required adjustments to the directional lightmap sampling
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Vertex shader statistics

42%

» Demo uses 874 shaders 249,
» 3-4 inputs - low LOD shaders 6% 10% 9% 9%

. . 1% s ]
» 4+ inputs - high LOD shaders

- 4= | 2 383 4 5 =P mif i+
» SKinning adds 2 or 4 attributes Input count
» Error metric based vertex 48%

compression 36%

» Float, Int16, HalfFloat, x10y10z10w?2 ;
1% 0% 2% -% _—

16 24 32 48 64 96 128
Input size




Vertex shader statistics

» We generate too many outputs
» Shadow shaders should have 1
» Most shaders should have 4-5
» 71% of shaders have 6+

» 26% of shaders use GPU skinning
» 256+ Instructions
» Pose stored in data buffers

2« B

29%

19%

19%
13%

8 O+

10%

3%

=y

5 Gy

Output count
37%

3 4

18% 16%
13% .
9% go

06 128 160 192 256 384 512+
Instruction count




Pixel shader statistics

35%
» Forward shaders are large 170, 22%
» All include lighting code, color correction 10% 89 6%
ler still improvi 3 :
» Shader compiler still improving e

» Recently added instruction modifiers 64 128 192 384 512 1k 2k+

» Hand tuned shaders can be 3 times Instruction count
smaller 15%1 4%

14%139,
10% o 10%
9% 89

» Layered shaders use a lot of textures
» System textures increase total counts "

.

O 1 2.3 4 b 6 7 8 9+
Texture count

» BRDF lookups, cubemaps, light
textures, volumetric lighting lookups.






Vi -
)

A

' i 5T

. =
A il

Systems: Total 105, Visible 13, Updated 60 (12.4%) Total GPU usage: Live view
Particles: Alive 9174, VB Size: 1874816, Particles Size: 1214656, Total CPU time: 9.39ms (over multiple threads)
Particle Buffer: 1323Kb of 4096Kb used Update Jobs: 85 (average: 85)

Virtual emitter: 0 (average: 0) ~  Manager Job: 0.38ms (average: 0.35ms)
- Particles spawned: 0 (average: 0) Post Update Commands: 29 \




< Probably the most extensive and customizable system we have
<« Can render In full resolution or half resolution or in deferred mode
< Can read from- and write to the g-buffer
<« Can spawn another particles, meshes, lights and sounds on impact
< All particles use artist created shaders just like any other object

<« Engine supports deferred lighting and shadowing of all particles

« Each particle can sample from forcefields (our artist placed
forces)

< All this means artists don@ need millions of particles to achieve
the desired effect.



< All particles are generated on the CPU - 10ms
< Manager job determines what Is visible and needs to update
< One particle logic update job and one vertex job per subsystem

k Extensive code optimizations for PS4
« Update &taticOoparticles early after the camera is available
< Use simple double buffered linear allocator to avoid contention
< Only generate vertices for visible particles

< Plans to move to compute In the future
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< Real-time reflections

< Depth based and color cube color correction
k EXposure control

< Ambient occlusion

« Bloom and screen space godray effects

<« Bokeh depth of field and motion blur

< Extensive artist driven lens flares

kK FXAA






