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Develop awesome games



Develop technically awesome games



The Talos Principle
Croteam / Devolver Digital

Features supported In 10S

Physically-based HDR rendering
Dynamic shadows

Real-time reflections

Multi-threaded rendering

Full-screen anti-aliasing

Post processing effects



Profiling Tools
Frame Pacing
Thread Priorities
Thermal States

Unnecessary GPU Work



Profiling Tools



Profile early and often



Know Your Tools

Instruments

Xcode Metal Frame Debugger




Game Performance Template

Game Performance



Game Performance Template




Game Performance Template

System Trace




Game Performance Template

System Trace Time Profiler




Game Performance Template @

System Trace Time Profiler Metal System Trace




Choose a profiling template for: D iPhone (12.0) ) Talos

Custom Recent

Blank Activity Monitor Allocations Core Animation Core Data Counters
Energy Log File Activity - Leaks Metal System Network
Trace

SceneKit System Trace System Usage Time Profiler Zombies

Game Performance
Understand the key performance areas critical for game performance and smooth frame rates.




Choose a profiling template for: D iPhone (12.0) ) Talos

Custom Recent

Blank Activity Monitor Core Animation Core Data Counters

Energy Log File Activi

SceneKit System Trace System Usage Time Profiler Zombies

Leaks Metal System Network
Trace

Game Performance
Understand the key performance areas critical for game performance and smooth frame rates.










All Instruments Threads CPUs
oo:ocl).soo|

|00=0(|J.000 00:0‘|I.000 00!0‘I|.500 |()020|2.000I 00102'.500 0010'3.000I 0010?.500 | IOOiolll.OOOl

Context Switches

Virtual Memory Activity

System Calls Made

it e Mol

dllpe sl Llgd ledin ligd lna e ndll b buds dilpdnnal el I nd Il il d it LI S0 u il im d Lol

CPU Usage

e lidlbkd LN LudLE

Life Cycle

Metal Application

Metal User Callback | | I

NI AR L A A T L]

Graphics Driver Activity | l

CCCCCCEECCECCEEECELCEEL 0 ECCLECEEEUE TOCEECCCECEEELCEE C L CEEEEECEECELLLLEEECELCLLEEELLEELEL

Fragment

Display

Vsyne 1] T RRRRRRRRRSRANIRANY 1 | THTTHT 1| |
Display Stutters ) @ @ @ @ @ @ @ @ @ @

Displaylink Dispatch

28 Main Thread 0x3924b
/N Talos (1256)

B O L L o L O N N L O L L O R O R L O O O N N N o O L I L I L L | | S I | S S S S S S v e S S T S TS 1S

28 dispatch_worklo..._thread 0x39267
/3P Talos (1256)

S Ah AL AN AL A dl A Ak A AL A A Ad N AN dh  dld A S IYES Adh Al AN 4 LA AL d LA A b dAAL AL A AL Al L N S I —_— _dh oAb AL A AL A b JdA A\ Adh Al M AhJd LA AL Ah db A B e S I S S 7 S I S s 4 dh A AA A B L 1 S I N 1 S | S | S FIT SRS s dh Al b A Al S S 4 b A LA AA AL A b bl AL AL dLdb d b Al Ah AL dh AL L 4k dbd A A A AL L Al A AL L dld L AlLA A A A LA d LALAL N ALA A\ AL dh A AL

28 dispatch_worklo..._thread 0x3926a
/3 Talos (1256)

A db ik PRSP IONS AN dlis dh Lih Al AL A b d b dds 4 b A b Al dh A b dh  dbaih AL Ad Ldbal  dlA 4L A Ak ALk Al Alh diadbh A hih AL Al Al dh 4 b dli b b RS

28 dispatch_worklo..._thread 0x3926e
/3 Talos (1256)

AL A db AAd N A LN dAh. AN AN AN AN dh _d b b Ah V- S 4 b A A AdN Al L AdL A hJdLdN B L o o I I S I S W I S Ty S Ah Al AN AlLLA I A B | N S N S - A A A b AN AL dliad b g A AA dLLLA AA 4 — . 4 LA AL A AN AL AN Ak AN Ab

28 pthread_body 0x39271
/¥ Talos (1256)

A S L) [ T - T Ad 4 Mo_hoad _hAd g ad g A d g Ad bk d A hd e Y - T I - T - G O © () SR P - ) - A - ) - - o = = - ) - (- = T s R - T S I - T e - ) O = s Y - ) s T R T = R = T T e e TS 4

2 AURemotelO::10...ad::Run 0x39291
/3 Talos (1256)

A A dh Ak db A A UL A A A A A A UL A L A AL A A A Ul A L AL A A A A A A A UL A A A L A A A AL AN A A A A A L b A b A A A UL A A A UL A A A A AL A A A AL Al A AL A A A A A L A AL A A A A AL A A Al Al A A A UL A A A A A A A A A A A UL A A A A UL A A A A A A A A A AL A UL A A A UL A A JL Jdh _dh A A UL A A A A A A A A A A A A UL A A A A A A A A A A A A U\ A A A UL A A A UL A A A A

-2 pthread_body 0x392a6
/i3 Talos (1256)

28 pthread_body 0x3930c
/3 Talos (1256)

28 pthread_body 0x3930d
/3 Talos (1256)

| ) U= Vi T VR IS v T N = v S e e | |G N S 7 S I ST 1 NN T S ) S Vi ST R S () b O S S T TS |1 VF YO Y O L S N ST VI SO S U N O O VIR TS R R () S S R R e = M b el B e R R L A R R B R R R R R e sl A —d g & odbd Al A Al g b A bt A A R g Rl B s e e . R e e e e L L g b L e e s A e e g ale bl bl R e b A b e | O I NS e e S

[ core OO OO P O 00ROV AT A AT O 0RO 00O 01 R AR ART L 00O R OO0 CONECE AR O

@ System Load | Active Threads ®

Process hread ‘State Duration
Exited process (1264) 0x395ee Running 210.96 ps
reversetemplated (317) _dispatch_kevent_worker_thread 0x39... Runnable 39.86 ms

searchd (180) _dispatch_workloop_worker_thread 0Ox1.. Runnable 27.25 ms
healthd (39) _dispatch_workloop_worker_thread 0x... Preempted 353.18 ms
MobileMail (271) _dispatch_workloop_worker_thread Ox... Preempted 4.79 ms
MobileMail (271) _dispatch_workloop_worker_thread Ox... Preempted 39.85 ms
healthd (39) _dispatch_workloop_worker_thread Ox... Preempted 34295 ms -
mobileassetd (101) _dispatch_workloop_worker_thread Ox... Runnable 11.07ms =

No Detall

ReportMemoryException... _dispatch_workloop_worker_thread 0x... Preempted 343.41ms /o

A W b WA A WA H

MobileMail (271) _dispatch_workloop_worker_thread Ox... Preempted 9.74ms /2

N
()]

coreduetd (123) _dispatch_workloop_worker_thread Ox... Running 197.30 us CPU1
Talos _pthread_body 0x39271 Runnable 2.80ms o

N
)]

Input Filter Instrument Detail




System Trace and Time Profiler

00:02.300

Context Switches

00292.35|0 00:02.400 00!(')2.45‘0 00!q2.590 0’02({2.55?0 00:92.690 00!92.6510 00:0|2'75|0

00:(')2.7('{0

Virtual Memory Activity

System Calls Made

CPU Usage
Life Cycle

Metal Application

Render Pass 2 (x3) .

Metal User Callback

Graphics Driver Activity

I |
) l l
1

s

Vertex

Fragment

I
1
!
I
!
I
I
|
I
I
!
I
I
I
I
1
I
I
I
I
i

| L
i

Display

Vsync
Display Stutters
Displaylink Dispatch

28 Main Thread 0x3924b
/3 Talos (1256)

28 dispatch_worklo..._thread 0x39267

/% Talos (1256)

28 dispatch_worklo..._thread 0x3926a

/2 Talos (1256)

“28 dispatch_worklo..._thread 0x3926e

/3 Talos (1256)

_pthread_body 0x39271
/3 Talos (1256)

ITIERTITEN S L SALIbIRAL] S Rl & 4 4 AL HIEIEd SN (IR, AJ ¥ (L)L _ ISITRTITINRS 4 BIEIEALIEIRY - T 4 RILIRMEIE Ball s B A

2l AURemotelO::10...ad::Run 0x39291

/39 Talos (1256)

28 pthread_body 0x392a6
/2P Talos (1256)

28 pthread_body 0x3930c
/i3 Talos (1256)

-8 pthread_body 0x3930d
/2P Talos (1256)

Farns AL b E - 3 Al Ad BN AN A R AN A Lk S PRIV AN AL M S ' AN AL EIN D H A . - . S A LAl - . A FaRTIvITIS . - - AN AL dball LiN - : rilC A Ldlib W

- . . - - A A A b

1 - St L MNELHLN : : : : : R TR TSI : : : 11 [ : | : : | — A H : : — T : . MM i : AN AL 14 e - ied : i dad - LR iy LT - TR : 8 .- : AR i : 3 LM -N (LR TR : - MM LR ST Ee TN




System Trace and Time Profiler




System Trace and Time Profiler

System Trace in Depth WWDC 2016

Using Time Profiler in Instruments WWDC 2016



Metal System Trace
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Metal System Trace

‘ Metal Application

Metal User Callback

‘ Graphics Driver Activity

‘ Vertex

Fragment

. Display
Vsync

Display Stutters

Displaylink Dispatch I I I I



Metal System Trace

‘ Metal Application

Metal User Callback

‘ Graphics Driver Activity

‘ Vertex

Fragment

. Display
Vsync

Display Stutters

Displaylink Dispatch

Metal Performance Optimization Techniques WWDC 2015

Metal 2 Optimization and Debugging WWDC 2017



Thread States View
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Thread States View
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Frame Pacing












Micro Stuttering

Inconsistent frame rate
* Frame time higher than display refresh interval

« Game logic timing errors



Naive Approach

Present as fast as possible

// Render Scene

// Get drawable and present

1f let drawable = view.currentDrawable {

// Render Final Pass

commandBuffer.present(drawable)

h

commandBuffer.commit()



Naive Approach

Present as fast as possible

// Render Scene

// Get drawable and present

1f let drawable = view.currentDrawable {

// Render Final Pass

commandBuffer.present(drawable)

L

commandBuffer.commit()



Do not usleep() to pace frames!
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Naive Approach

Present as fast as possible
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GPU

Display






Best Practice

Target explicit frame rate

Use the following APIs (1I0S 10.3+)
« MTLDrawable addPresentedHandler

« MTLCommandBuffer presentDrawable afterMinimumDuration

» MTLCommandBuffer presentDrawable atTime



Explicit Frame Pacing

Minimum frame duration of 33ms
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Explicit Frame Pacing
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Explicit Frame Pacing

Minimum frame duration of 33ms

// Render Scene

// Get drawable and present at 30 FPS

1f let drawable = view.currentDrawable {

// Render Final Pass

let duration = 33.0 / 1000.0 // Duration of 33 ms

commandBuffer.present(drawable, afterMinimumDuration: duration)

L

commandBuffer.commit ()



Explicit Frame Pacing

Minimum frame duration of 33ms

// Render Scene

// Get drawable and present at 30 FPS

1f let drawable = view.currentDrawable {

// Render Final Pass

let duration = 33.0 / 1000.0 // Duration of 33 ms

commandBuffer.present(drawable, afterMinimumDuration: duration)

L

commandBuffer.commit ()



Thread Priorities









Thread Stalling

Render thread gets preempted due to low priority
* Priority decay

* Priority Iinversion



Naive Approach

Render thread gets preempted due to low priority
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Naive Approach
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Naive Approach

Render thread gets preempted due to low priority

VSYNC O 1 2 3 4 o O / 3 9 10 11 12

CPU

Display






Best Practice

Configure the render thread
* Priority 45
» Opt out of Quality of Service



Correct Thread Priority

Priority set to 45 and no Quality of Service
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Correct Thread Priority
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Correct Thread Priority

Priority set to 45 and no Quality of Service
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Correct Thread Priority

Priority set to 45 and no Quality of Service
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Correct Thread Priority

Priority set to 45 and no Quality of Service

r

pthread attr_init(&attr);

pthread _attr_setschedpolicy(&attr, SCHED RR); // Opt out of Quality of Service

struct sched _param param = {.sched _priority = 45}; // Configure priority 45

r

pthread attr setschedparam(&attr, &param); // Set priority

pthread create(&posixThreadID, &attr, &PosixThreadMainRoutine, NULL);
pthread attr destroy(&attr);




Correct Thread Priority

Priority set to 45 and no Quality of Service

r

pthread attr_init(&attr);

pthread attr _setschedpolicy(&attr, SCHED RR); // Opt out of Quality of Service

struct sched _param param = {.sched _priority = 45}; // Configure priority 45

r

pthread attr setschedparam(&attr, &param); // Set priority

pthread create(&posixThreadID, &attr, &PosixThreadMainRoutine, NULL);
pthread _attr _destroy(&attr);




Thermal States



Design for sustained performance



Thermal Throttling

Impact on system performance
« High device temperature

* Low power mode enabled



Best Practice

Adjust the workload to the system state

Use the following APls
e (I0S 11.04) NSProcessInfo thermalState
e (105 9.0+) NSProcessInfo lowPowerModeEnabled

e (1I0S10.3+) MTLCommandBuffer GPUStartTime/GPUENndTime



// Determine thermal state

switch ProcessInfo.processInfo.thermalState {

case .fair:
// Thermals
// Consider
case .Serious:
// Thermals
// Help the
case .critical:
// Thermals
// Help the
default:
// Thermals
// Go about

are fair

taking proactive measures to prevent higher thermals

are highly elevated

system by taking corrective action

are extremely elevated

system by taking i1mmediate corrective action

are okay

your business
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// Determine thermal state

switch ProcessInfo.processInfo.thermalState {

case .fair:
// Thermals
// Consider
case .Serious:
// Thermals
// Help the
case .critical:
// Thermals
// Help the
default:
// Thermals
// Go about

are fair

taking proactive measures to prevent higher thermals

are highly elevated

system by taking corrective action

are extremely elevated

system by taking i1mmediate corrective action

are okay

your business



Adjust the Workload

Target sustainable framerate

Reduce the resolution

Simplify the shadow maps

Use smaller textures

Decrease the level of detail (LOD) for geometry

Simplify post-processing and effects



Unnecessary GPU Work

Ohad Frenkel, Game Technologies



Wasted GPU Time

Waste of power and GPU budget
e Large resources
« Unused GPU work



Best Practice

Profile the GPU
« Understand the cost of every rendering feature

e Remove excessive work



Metal System Trace

Accurate timing for Vertex, Fragment, and Compute work

|deal to measure GPU budget




Metal System Trace

Accurate timing for Vertex, Fragment, and Compute work

|deal to measure GPU budget




Dependency Viewer




Dependency Viewer
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Dependency Viewer

850 ms

GPU TIMING
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Dependency Viewer
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Dependency Viewer







Finding Hidden Complexity

Shadow map

Main pass
HUD

Composite pass




Finding Hidden Complexity

Shadows

Cascaded shadow maps (3 passes)

SSAQO (5 passes)

Main pass

HDR

Post-process (o passes) Post-

proces

Composite pass

And more...




Profile!



Take-Away

Profile early and often
Target a consistent frame rate

Set the correct thread priorities

Adapt to system load and thermals

Don’t submit unnecessary work to the GPU



More Information

https://developer.apple.com/wwdc18/612

Metal Shader Debugging and Profiling WWDC 2018

Metal Debugging and Profiling Lab Technology Lab 5 Fri12:00 PM

Metal for Game Developers WWDC 2018






