Apple Metal

Tools and Debugging Techniques

Savage Software

George Ostrobrod
9 (Creator of Procreate)



Apple Metal Tools

 Metal System Trace (Instruments)
 GPU Frame Capture (XCode)

 GPU Frame Capture (in code)



Apple Metal Tools

 Metal System Trace (Instruments)
 GPU Frame Capture (XCode)

 GPU Frame Capture (in code)
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THANK YOU

Questions?




Presentation Plan

* Problem (and experimental task)
 Apple’s tools

 Documentation

* Metal System Trace (Instruments)

 GPU Frame Capture (XCode + Metal API)

 Manual solving problems



EXPERIMENTAL TASK

Cats (compute + render)




EXPERIMENTAL TASK
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PERFORMANCE CORRECTNESS

Profiling Debugging




INSTRUMENTS

Apple Documentation



Documentation

Metal Feature Set Tables
Metal Shading Language Specification
Metal Performance Shaders

Metal APl Documentation



XCODE

Debug Navigator: GPU



Debug Navigator: GPU

| o000 {J [ | = P rl:;tt:Toob s @ Met..emo) [ll] George's iPad (2) Running MetalToolsDemo on George's iPad (2) + (B
K 2T Q A & n D | B8 M. Renderer00.metal [ FPS I Renderer00.m D
v @ MetalToolsDemo PID 1299 @ O GPUReport
CPU 5% GPU
" Memory 132.2 MB
(T e
Frames Per Second ‘ Utilization Frame Time
4 Energy Impact High
||
= Disk Zero KB/s
|
<% Network Zero KB/s
5

100 % 100 % 100 % 46.7 ms 46.7 ms

[6\ @@BJ m [ o L I @ 22 8 < M [ MetalToolsDemo =2




Debug Navigator: GPU

eee0 @
B EEQAO:I DB

" b

v @ MetalToolsDemo PID 1299 ()
CPU 5%
T
" Memory 132.2 MB
(T
4 Energy Impact High
I
= Disk Zero KB/s
T
<% Network Zero KB/s

P :*.::T“bmo @ Met..emo) [ll] George's iPad (2) Running MetalToolsDemo on George's iPad (2) + (B
e M. Renderer00.metal ™ FPS I Renderer00.m )
[® GPU Report
GPU
Frames Per Second ‘ Utilization Frame Time
60 _‘ l . . . .

100 % 100 % 100 % 46.7 ms 46.7 ms

@@BJ w [ o L I @ 2 8 < M [ MetalToolsDemo =




Debug Navigator: GPU

p
00 o [=
BT QA DB
v @ MetalToolsDemo PID 1299 o m

CPU 5%
" Memory 132.2 MB

(T

4 Energy Impact High
||

= Disk Zero KB/s
l

<% Network Zero KB/s

Q)

P rl:;tt:ToobDemo @ Met..emo) [ll] George's iPad (2) Running MetalToolsDemo on George's iPad (2) + (B
e M. Renderer00.metal N FPS I Renderer00.m )
[® GPU Report
GPU
Frames Per Second . Utilization Frame Time
60 ‘ l l . . .
100% 100 % 467ms 467ms

E@E) » )] ~ L 1 @ 2 8 4 N @ MetalToolsDemo o



Debug Navigator: GPU

p
00 o [=
BT QA DB
v @ MetalToolsDemo PID 1299 o m

CPU 5%
" Memory 132.2 MB

(T

4 Energy Impact High
||

= Disk Zero KB/s
l

<% Network Zero KB/s

Sl]=)

P rh::stt:‘bob ° @ Met..emo) E] George's iPad (2) Running MetalToolsDemo on George's iPad (2) B (B
| s M. Renderer00.metal N FPS i1 Renderer00.m @)
[® GPU Report
GPU

Frames Per Second . Utilization Frame Time
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Debug Navigator: GPU

p
00 o [=
BT QA DB
v @ MetalToolsDemo PID 1299 o m

CPU 5%
" Memory 132.2 MB

(T

4 Energy Impact High
||

= Disk Zero KB/s
l

<% Network Zero KB/s

Sl]=)

P rh::stt:‘bob ° @ Met..emo) E] George's iPad (2) Running MetalToolsDemo on George's iPad (2) B (B
| s M. Renderer00.metal N FPS i1 Renderer00.m @)
[® GPU Report
GPU

Frames Per Second . Utilization Frame Time

o R

w ] o~ L L @ o 8 < N [ MetalToolsDemo =2



INSTRUMENTS

Metal System Trace




rofiling: Metal System Trace

000 ([ e P !.ﬂjo‘tfl_Tools - @ V) [l George's iPad (2) Finished running MetalToolsDemo on George's iPad (2) A8 + (B
R P Build for Runnin
B T Q A © oD [E T 9 nderer00.metal [ No Editor Renderer00.m ([+)
' b b il g i e adadhd
& Build for Profiling
L Anaiyze
No Debug Session .
No Editor
@ v =

Product — Profile (35 + 1)



Profiling: Metal System Trace

Choose a profiling template for: George's iPad (2) (15.0.2) ) MetalToolsDemo

Standard  Custom  Recent [@ Filter J
]
|

Blank Activity Monitor Allocations Animation App Launch Core Data
Hitches
CPU Counters CPU Profiler File Activity Game Leaks Logging
Performance
Metal System Network SceneKit SwiftUl System Trace Time Profiler

Trace

Metal System Trace
Metal System Trace profiles the performance of i0S, tvOS and macOS Metal applications by providing tracing information from
application, driver, GPU and display.

 Cancel  Choose



Recording Options

| George's iPad (2) (15.0.2) ). MetalToolsDemo

Metal Application

GPU

| Instrument |

Display

| Instrument |

Metal Resource Events

| Instrument |

Thermal State

| Instrument |

Time Profiler

©

| Instrument |

Metal Encoder Hierarchy <

Process | Frame /| Command Buffer (...

00:00.000.000.000

Creation

Max

Total

No Runs

Untitled

All Tracks

CPUs Threads

00:30.000.000.000

GPUs

GPU Counters

01:00.000.000.000

+ B [

Duplicate

01:30.00



Recording Options

@ © © & @& o

Il George's iPad (2) (15.0.2) ) il MetalToolsDemo

Record

Recording Options...
Metal Application

GPU

| Instrument |

Display

| instrument |

Metal Resource Events

| Instrument |

Thermal State

| instrument |

Time Profiler

| Instrument |

Metal Encoder Hierarchy ¢

Process | Frame /| Command Buffer (I...

00:00.000.000.000

Creation

Max

Total

Untitled

All Tracks

CPUs Threads

00:30.000.000.000

GPUs

GPU Counters

01:00.000.000.000

+ & (B

Duplicate

01:30.00



Recording Options

George's iPad (2) (15.0.2) ) i MetalToolsDemo

Options for: = @ Metal Application o

GPU
Device: A12Z !
Counter Set: = None !
Performance State: Default -

Enable Shader Timeline

v Global Options:

Time limit: 12  hours -
Recording Mode: Immediate
® Deferred
Last seconds

Close Record



Recording Options

Bl George's iPad (2) (15.0.2) ) i@ MetalToolsDemo

Options for: = @ Metal Application o

GPU
Device: = Al12Z o
Counter Set: Performance Limiters -
Performance State: Default -

Enable Shader Timeline

v Global Options:

Time limit: 12  hours -
Recording Mode: Immediate
® Deferred
Last seconds

Close Record



Recording Options

Bl George's iPad (2) (15.0.2) ) i@ MetalToolsDemo

Options for: = @ Metal Application o

GPU
Device: = Al12Z o
Counter Set: Performance Limiters -
Performance State: Default -

Enable Shader Timeline

v Global Options:

Time limit: 12  hours -
Recording Mode: Immediate
® Deferred
Last seconds

Close Record



Recording Options

Bl George's iPad (2) (15.0.2) ) i@ MetalToolsDemo

Options for: = @ Metal Application o

GPU
Device: = Al12Z o
Counter Set: Performance Limiters -
Performance State: Default -

Enable Shader Timeline

v Global Options:

Time limit: 12  hours -
Recording Mode: Immediate
® Deferred
Last seconds

Close Record



Recording Options

Bl George's iPad (2) (15.0.2) ) i@ MetalToolsDemo

Options for: = @ Metal Application o

GPU
Device: = Al12Z o
Counter Set: Performance Limiters -
Performance State: Default -

Enable Shader Timeline

v Global Options:

Time limit: 12  hours -
Recording Mode: Immediate
® Deferred
Last seconds

Close Record



Recording Options

Bl George's iPad (2) (15.0.2) ) i@ MetalToolsDemo

Options for: = @ Metal Application o

GPU
Device: = Al12Z o
Counter Set: Performance Limiters -
Performance State: Default -

Enable Shader Timeline

v Global Options:

Time limit: 12  hours -
Recording Mode: Immediate
® Deferred
Last seconds

Close Record



Recording Options

Bl George's iPad (2) (15.0.2) ) i@ MetalToolsDemo

Options for: = @ Metal Application o

GPU
Device: = Al12Z o
Counter Set: Performance Limiters -
Performance State: Default -

Enable Shader Timeline

v Global Options:

Time limit: 12  hours -
Recording Mode: Immediate
® Deferred
Last seconds

Close Record



Recording Options

Bl George's iPad (2) (15.0.2) ) i@ MetalToolsDemo

Options for: = @ Metal Application o

GPU
Device: = Al12Z o
Counter Set: Performance Limiters -
Performance State: Default -

Enable Shader Timeline

v Global Options:
Time limit: 12 | hours v

Recording Mode: Immediate
® Deferred

Last seconds

Close Record



Recording

(« W ) Untitled

O George's iPad (2) (15.0.2) Hz” MetalToolsDemo B0 B} Run3o0of 3 | ==i==i== kan

Recording
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| George's iPad (2) (15.0.2) ). MetalToolsDemo

Recording

Untitled

B B Run20of2 | —=i==i== i

Analyzing

Modeling data stream

+

(B



Records

LA

Display

Average Frame Time

Metal Resource Events

®
®
®
@  Thermal State
@
i
L}

MetalToolsDemo (1329)

L

Time Profiler

oty

> A2Z

Metal Device State

> Built-In Display
Display

Display
Metal Encoder Hierarchy ¢
Process | Frame / Command Buffer (I...

v - A" -
> MetalToolsDemo (1329)

ocee Untitled D
@ 11l M George'siPad (2) (15.0.2) ) [l MetalToolsDemo Run 2 of 3 | 00:00:14 + B [F
® Track Filter  [AllTracks CPUs Threads GPUs GPU Counters " Duplicate

hool.ooo [ 05.000.000.000 |1o.oolo.ooo.]ooo . ~ 14.028.536.081

Creation -

00:01.239.702
00:01.239.702

 Input Filter (& Detail Filter

Nominal (14.03 s

E I I 'kl L .ll-lll.'i.lm x l-l.ilL O | | TR TTT1 N | PTR T I TP T [l P 1T T TR R TR I I I|||u.--mm o Diatoions 0 mlltbilnhids e dndihid d aniondie Dnmidins olud imtentns s dlies stutie Buts uss

I
1
I
T
O 0 1 T O A T
1

Max Total

441.21 us
441.21 us

43.79 ms
43.79 ms

No Detail




Records

s I
000
@ 11 M George'siPad (2) (15.0.2) ) i} MetalToolsDemo + B [
@ Track Filter Il Tra ording Infc " Duplicate
Target Name George's IPad (2)
00.0010.0001.000 1 Target Model IPad Pro (12.9-Inch) (4th generation) ‘ 10.0010.000;000 1 1 1 14.0125.5318.081

Target I0S 15.0.2 (19A404)

Host Name George's MacBook Pro (1466)

. it Host 0S5 11.6 (20G165) M
A12Z ost mac

Template Metal System Trace

@  Display . o
A F Ti tart 25 Oct 2021 at 10:01:45 am

Jeas e e End 25 Oct 2021 at 10:01:59 am

Metal R E Duration 14 seconds
. roe Events MetalToolsDemo (1329) End Reason User pressed Stop
. T | State Instruments Version 13.0 (13A233)

Current

e Recording Settings
. Time Profiler Target MetalToolsDemo (1329)

_ CPU Usage . l Recording Mode Deferred

I Ll .ll-lll.'t AT l-l.ilL e vune Il Time Limit 12 hours TS o 117 11 TP T %) (1% 5 BN TIUT[ U0 T [ [T YT PTT F | FP STRE A
E ’ State GPU Counter Set: Performance Limiters
GPU Shader Timeline: Enabled

E] > Built-In Display GPU Induced GPU Performance

Display ‘ State: Default

Ot T A T A
Metal Encoder Hierarchy ¢ a
Process / Frame / Command Buffer (I.. Creation - Max Total
v *All* 00:01.239.702 441.21 us 43.79 ms
> MetalToolsDemo (1329) 00:01.239.702 441.21 us 43.79 ms
No Detail
 InputFilter (&) Detail Filter

Host Model MacBook Pro




Tracks

ocee Untitled 2
@ 11 M George'siPad (2) (16.0.2) ) {flll MetalToolsDemo + B3 B
@ Track Filter ) CPUs Threads GPUs GPU Counters ' Duplicate

GPU

Display

Metal Resource Events

Thermal State

Time Profiler

B > a2z
Metal Device

E] > Built-In Display
Display

Metal Encoder Hierarchy ¢
Process | Frame / Command Buffer (I...

v All -
> MetalToolsDemo (1329)

05.000.000.000 | 10.000.000.000

~ 14.028.536.081

L 0

Average Frame Time

MetalToolsDemo (1329)

Nominal (14.03 s

: I I 'kl L .ll-lll.'i.lm x |-|.i|L O | | TR TTT1 N | PTR T I TP T [l P 1T T TR R TR I I Illlu...m... o Diatoions 0 mlltbilnhids e dndihid d aniondie Dnmidins olud imtentns s dlies stutie Buts uss

Creation -

00:01.239.702
00:01.239.702

~ Input Filter [@ Detail Filter

441.21 us
441.21 us

Total

43.79 ms
43.79 ms

No Detail




Tracks

ocee Untitled 2
@ 11 M George'siPad (2) (15.0.2) ) f§l§l MetalToolsDemo ' + B [B
® Track Filter ) CPUs Threads GPUs GPU Counters " Duplicate

00.000 05.000.000.000 10.000.000.000 14.028.536.081

GPU
Slaz

Display
Average Frame Time

Metal Resource Events
MetalToolsDemo (1329)

Thermal State
Current Nominal (14.03 s

Time Profiler
R

; I I 'kl L .ll-lll.'i.lm x |-|.i|L O | | TR TTT1 N | PTR T I TP T [l P 1T T TR R TR I I Illlu...m... o Diatoions 0 mlltbilnhids e dndihid d aniondie Dnmidins olud imtentns s dlies stutie Buts uss
B > a2z '

Metal Device State

E] > Built-In Display
Display Display

Metal Encoder Hierarchy ¢

Process | Frame / Command Buffer (I... Creation - Max Total
v *All* 00:01.239.702 441.21 us 43.79 ms
> MetalToolsDemo (1329) 00:01.239.702 441.21 us 43.79 ms

No Detail

 Input Filter (@) Detail Filter )




Detalls

ocee Untitled D
@ 11 M ceorge'siPad (2) (15.0.2) ) [l MetalToolsDemo Run 2 of 3 | 00:00:14 + B [E
® Track Filter  [AllTracks CPUs Threads GPUs GPU Counters " Duplicate

hool.ooo [ 1 . [ 1 . [ 05.000.000.000 1 ] . 1 ] |1o.oolo.ooo.]ooo . 1 ~ 14.028.536.081

GPU
LA

Display
Average Frame Time

Metal Resource Events
MetalToolsDemo (1329)

Thermal State
Current Nominal (14.03 s

Time Profiler
oty i
I L .ll-lll.'i.lm 2 l-l.ilL e ol o] s badlionn vmeinannens sl lge ot oodambaahienon 1ie wdi andine I|||u.--mm o Ditonkens 0 mtblidide snodnadilid d oniendie Dnomlilims old imimtts i d0ss ststie Bk sas

> A12Z
Metal Device State

> Built-In Display )
Display Display

Metal Encoder Hierarchy ¢

Process | Frame / Command Buffer (I... Creation - Max Total

v *All* 00:01.239.702 441.21 us 43.79 ms
> MetalToolsDemo (1329) 00:01.239.702 441.21 us 43.79 ms

No Detail

~ InputFilter |& Detail Filter




Tracks: Filters

(<N W | Untitled
il George's iPad (2) (15.0.2) ) {ffl} MetalToolsDemo Run 2 of 3 | 00:00:14 i ] + B [B
METAL DEVICE v | % All Tracks CPUs Threads ' GPUs GPU Counters Duplicate
00.000.000.000 05.000.000.000 10.000.000.000 14.028.536.081
> a2z
| Metal Device State

Metal Encoder Hierarchy ¢

Process | Frame | Command Buffer (I... Creation - Max Total
v *All* 00:01.239.702 441.21 us 43.79 ms
> MetalToolsDemo (1329) 00:01.239.702 441.21 us 43.79 ms

nput Filter =



00e

Tracks: Zoom

S J George's iPad (2) (15.0.2) ). MetalToolsDemo

METAL DEVICE v | %

1@ v A12Z

State

Allocation

[ Metal Resource ]

-[UlApplication _run]

0x7a051

> Driver Processing
GPU Driver

> Vertex
GPU Channel

> Fragment
GPU Channel

g

mpute
GPU Channel

Top Performance Limiter

GPU Counter

Total Occupancy

GPU Channel Activity Summary <

Channel Name / State / Process... Total -
v *All* 2.01s
> Fragment 698.57 ms
> Compute 660.19 ms
> Vertex 653.23 ms

nput Filter =

00.000.000.000

Avg CPU to GPU Latency

53.62 ms
79.18 ms
12.12 ms
32.44 ms

Untitled
Run 2 of 3 | 00:00:14

All Tracks CPUs

05.000.000.000

LLLLLL
i

Min Duration Max Duration

1.62 us 50.35 ms
200.62 us 47.96 ms
54.83 us 50.35 ms
1.62 us 40.58 ms

Threads

GPUs

GPU Counters

07.669.325.601

10.000.000.000

+ B [

Duplicate

14.028.536.081



Tracks:

Z00m

-
co0e

@ 1l M George'siPad (2) (15.0.2) ) {ffl} MetalToolsDemo

Untitled

All Tracks CPUs

Allocation

[ Metal Resource ]

-[UlApplication _run]
0x7a051

> Driver Processing

> Vertex

> Fragment

> Compute

Top Performance Limiter

Total Occupancy
GPU Channel Activity Summary ¢

Channel Name / State / Process...

v *All*
> Fragment

> Compute
> Vertex

03.750.000.00

Comm...

Total ~ Avg CPUto GPU Latency =~ Min Duration =~ Max Duration
2.01s 53.62 ms 1.62 us 50.35 ms
698.57 ms 79.18 ms 200.62 us 47.96 ms
660.19 ms 12.12 ms 54.83 us 50.35 ms
653.23 ms 32.44ms 1.62 us 40.58 ms

Threads GPUs GPU Counters

No Detail

View = Zoom —Zoom to Inspection Range‘(" + 36 + 1)

Input Filter |:@ Detail Filter

)
4




Tracks: Selecting

P
c0e Untitled
@ 1l M George'siPad (2) (15.0.2) ) il MetalToolsDemo B B Run2of 3 | 00:00:14 (i) + B8 [B
 MeTALDEvicE v %]  AllTracks CPUs Threads (GPUs GPU Counters  Duplicate
Allocation '

[ Metal Resource ]

-[UlApplication _run] lComman...
N | | | | | |
| I
| I

> Driver Processing I H H "

GPU Driver

> Vertex
GPU Channel

> Fragment

> Compute

Top Performance Limiter

GPU Channel

GPU Channel Activity Summary <

Channel Name / State |/ Process... Total -

v *All*
> Fragment

> Compute
> Vertex

2.01s
698.57 ms
660.19 ms
653.23 ms

Avg CPU to GPU Latency

Input Filter |® Detail Filter

53.62 ms
79.18 ms
1212 ms
32.44ms

Min Duration

1.62 us
200.62 us
54.83 us
1.62 us

Max Duration

50.35 ms
47.96 ms
50.35 ms
40.58 ms

No Detail




Tracks: Selecting

Fragment

A12Z
ALU Limiter

A122
Texture Write Limiter

A12Z
GPU Read Bandwidth

cee@ Untitled b
@ 11 M George'siPad (2) (15.0.2) ) i} MetalToolsDemo + B [B
 MeTAL DEVICE v 8] ~ AllTracks CPUs Threads (GPUs GPU Counters " Duplicate
Fragment Input Interpolation Limiter [
220 Counte | | | | | | l | | | | |
, | 1

State / Process / Frame | Total ~ AvgCPUtoGPULatency MinDuration  Max Duration Bytes Count
v *All* 653.23 ms 32.44ms 1.62 us 40.58 ms 0 Bytes 21
Idle 635.00 ms - 1.62 us 40.58 ms 0 Bytes '
> Active 18.23 ms 32.44ms 4.62 us 140 ms 0 Bytes "

No Detail

 InputFilter (& Detail Filter
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Tracks

J George's iPad (2) (15.0.2) ). MetalToolsDemo

METAL DEVICE v | *|

00.000

Fragment Input Interpolation Limiter

[[6PU Counter |

AN and el oo | tanibn-

A122
Vertex

[ GPU Channel |

A122
Fragment

| GPU Channel |

A122
ALU Limiter

[ GPU Counter |

A122
Texture Write Limiter

[[6PU Counter |

A12Z
GPU Read Bandwidth

GPU Counter

Summary ¢

GPU |/ Counter Name

v Al
v A12Z

nput

ALU Limiter

Top Performance Limiter
Fragment Occupancy
Total Occupancy
Texture Write Limiter

Rl L .o .~

Filter =

Max Value -

100
100
100
100
95
95
81

-~

03.750.000.000

Avg Value

nmand...
_—

26
26
98
98
86
86

03.915.845.343

|Comn|< Command Buffer 0:Render Command 1 (MetalToolsDemo (1329)) 0x6f02e59d (46.93 ms)| \Command...
. M f—\—(——fi.\—}(_ T
Command... | |commana... | |[commana... \‘Commana... | |command...

Event Preview

Untitled
Run 2 of 3 | 00:00:14 iy
All Tracks CPUs Threads GPUs GPU Counters

04.000.000.000 04.250.000.000

+

e

H [B
Duplicate
‘Commar
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Tracks

J George's iPad (2) (15.0.2) ). MetalToolsDemo

METAL DEVICE v [#

000.000

Fragment Input Interpolation Limiter

[ GPU Counter |

AN and el oo | tanibn-

A122
Vertex

| GPU Channel |

A122
Fragment

| GPU Channel |

A122
ALU Limiter

[ GPU Counter |

A122
Texture Write Limiter

| GPU Counter |

A12Z
GPU Read Bandwidth

GPU Counter

Summary ¢

GPU |/ Counter Name

v Al
v A12Z

nput

ALU Limiter

Top Performance Limiter
Fragment Occupancy
Total Occupancy
Texture Write Limiter

Rl L .o .~

Filter =

Max Value -

100
100
100
100
95
95
81

03.750.000.000

Avg Value

26
26
98
98
86
86

Command...

Command... ‘

Event Detalls

Untitled
Run 2 of 3 | 00:00:14 o + B [B
All Tracks CPUs Threads GPUs GPU Counters Duplicate

04.000.000.000 04.250.000.000

omnar. |

Command.
conns

‘Command... \

Command...




PREPARATION

Devices and Simulators




Device Setup

Window — Devices and Simulators



Device Setup

George's iPhone

i0S 15.0.2 (19A404)

Model: iPhone XS

Capacity: 51.3 GB (2.52 GB available)

PAIRED WATCHES

Name ‘Model

¥ Show as run destination
. Connect via network

o

Identifier

INSTALLED APPS

Name Version

Identifier

— -

@ MetalToolsDemo 1

DEVICE CONDITIONS

wdf.sandbox.MetalToolsDemo

O minimum level. GPU workloads will run at minimum performance state.




Device Setup




Device Setup




Device Setup

w T

all ? @43'



Device Setup

GPU Performance State

Condition Active

"Minimum" Is active on this iPhone.
Stop running this condition?

Cancel Stop



Simulators

Nothing interesting in Instruments
No conditions
No record options

Nothing interesting in GPU Capture



Simulators

Nothing interesting in Instruments
No conditions
No record options

Nothing interesting in GPU Capture



XCODE

GPU Frame Capture



GPU Frame Capture

0o @
. B EHE QA O

v [ MetalToolsDemo PID 541
* cpU

4 Energy Impact
= Disk
©% Network

I FPS

(] = P :{::::Toasmo @ Meta..emo ) || George's iPhone Running MetalToolsDemo on George's iPhone + (B
D a] M. Renderer00.metal [ No Editor 1 Renderer00.m 1B
No Selection
Q)
5%
85.6 MB
High
Zero KB/s
Zero KB/s No Editor
21 FPS
] M 2 2 < N [ MetalToolsDemo =
2021-106-26 09:04:15.891875+1160
MetalToolsDemo[541:20289] Metal
GPU Frame Capture Enabled
2021-106-26 09:04:15.892968+1160
MetalToolsDemo[541:20289] Metal
API Validation Enabled
= [ Auto ¢ ® Filter All Output ¢ ® Filter |

Debug — Capture GPU Workload



GPU Frame Capture

MetalToolsDemo = . R a
master - ! 1C n beorges iFnor running w 11100IsLUemo on Georg -none + m
B8 | < > M. Renderer00.metal _ I Renderer00.m [+
No Selection
® [ & L I @ > 8 7 M @ MetalToolsDemo -

2021-16-26 09:04:15.891875+1160
MetalToolsDemo[541:20289] Metal
GPU Frame Capture Enabled

2021-16-26 09:04:15.892908+1100
MetalToolsDemo[541:20289] Metal
API Validation Enabled

© Filter ERBRA] at: @ O | ® Filter | All Output ¢ |® Filter ) o0




GPU Frame Capture

MetalToolsDemo = . R a
master - ! 1C n beorges iFnor running w 11100IsLUemo on Georg -none + m
B8 | < > M. Renderer00.metal _ I Renderer00.m [+
No Selection
® [ & L I @ > 8 7 M @ MetalToolsDemo -

2021-16-26 09:04:15.891875+1160
MetalToolsDemo[541:20289] Metal
GPU Frame Capture Enabled

2021-16-26 09:04:15.892908+1100
MetalToolsDemo[541:20289] Metal
API Validation Enabled

© Filter ERBRA] at: @ O | ® Filter | All Output ¢ |® Filter ) o0




GPU Frame Capture

MetalToolsDemo = . R a
master - ! 1C n beorges iFnor running w 11100IsLUemo on Georg -none + m
B8 | < > M. Renderer00.metal _ I Renderer00.m [+
No Selection
® [ & L I @ > 8 7 M @ MetalToolsDemo -

2021-16-26 09:04:15.891875+1160
MetalToolsDemo[541:20289] Metal
GPU Frame Capture Enabled

2021-16-26 09:04:15.892908+1100
MetalToolsDemo[541:20289] Metal
API Validation Enabled

© Filter ERBRA] at: @ O | ® Filter | All Output ¢ |® Filter ) o0




GPU Frame Capture

MetalToolsDemo = . R a
master - ! 1C n beorges iFnor running w 11100IsLUemo on Georg -none + m
B8 | < > M. Renderer00.metal _ I Renderer00.m [+
No Selection
® [ & L I @ > 8 7 M @ MetalToolsDemo -

2021-16-26 09:04:15.891875+1160
MetalToolsDemo[541:20289] Metal
GPU Frame Capture Enabled

2021-16-26 09:04:15.892908+1100
MetalToolsDemo[541:20289] Metal
API Validation Enabled

© Filter ERBRA] at: @ O | ® Filter | All Output ¢ |® Filter ) o0




Debug Navigator

MetalToolsDem
. . . ED . ’ P master e °
B T Q A © 5 D 8n < M. Renderer00.metal  Summary

v [ MetalToolsDemo Captured GPU Worklo... (5 summary

= Summary

Summary
‘: Performance
" Memory 48.2 MB
[€] Group by API Call ¢

> 1] 00x283234700 = [MTLLayer nextDra...

> |1 1 CAMetalLayer Display Drawable = [M...

‘A Command Buffer 0 0x148e055e0
>

> (1] 20 0x28321c780 = [MTLLayer nextDra...
> [1] 21 CAMetalLayer Display Drawable = [...
‘2] Command Buffer 1 0x148e06220

T

|| 40 0x283228180 = [MTLLayer nextDra...
1| 41 CAMetalLayer Display Drawable = [...
Command Buffer 2 0x148c04530

v Vv

»

v

7

1| 60 0x283228b00 = [MTLLayer nextDr...
I | 61 CAMetalLayer Display Drawable = [...
Command Buffer 3 0x148d063b0

v Vv
= (=)

»|

>

.

> 1 80 0x28322cb80 = [MTLLayer nextDra...

Bandwidth

> |1 81 CAMetallLayer Display Drawable = [...
|_§I Command Buffer 4 0x148c04280

L:
2.

No Insights

Resolution 1125x2436

Pixel Format BGRASUnorm

Performance

Savings

No Insights

v Insight

77 Renderer00.m

API

No Insights

. MetalToolsDemo ) I George's iPhone  MetalToolsDemo - Debugging GPU Workload 2 A1

Overview

Command Buffers
Render Encoders
Blit Encoders
Compute Encoders

Draw Calls

o o o0 O o m

Dispatch Calls

Performance

GPU Time 215.33 ms
Vertices 2,376,960

Memory

Textures 48.1 MB
Buffers 58 KB
Other Zero KB

Related Articles

[ Monitoring Basic Memory Statlstics
[ Exporting Memory Viewer Information
[ Analyzing Resources

[ Investigating Resource Issues

[ Reducing Your Memory Footprint

Export

Show Dependencies

Show Performance

Show Memory



Summary: Export

MetalToolsDemo
master

g8 < > M. Renderer00.metal _ I Renderer00.m ® @

g Summary

Overview  Show Dependencies
Command Buffers
Render Encoders
Blit Encoders
Compute Encoders
Draw Calls
Dispatch Calls

o o o o o o

Performance ~ Show Performance

GPU Time 215.33 ms
Vertices 2,376,960

Memory ~ Show Memory

Textures 48.1 MB
Buffers 58 KB
Other Zero KB

Resolution 1125x2436
Pixel Format BGRA8SUnorm

Insights

Memory Bandwidth Performance API
No Insights No Insights No Insights No Insights Related Articles

‘Savings - Insight

[ Monitoring Basic Memory Statistics
No Memory Insights  Exporting Memory Viewer Information
[® Analyzing Resources

[ Investigating Resource Issues

[ Reducing Your Memory Footprint

GOFter T Am)m > & ¢ O =




Summary: Insights

e0oe [

B KT QA O

v [ MetalToolsDemo Captured GPU Worklo...
'~ Summary

0 > X MetalToolsDemo

master

‘: Performance

(€] Group by API Call

‘A Command Buffer 0 0x148e055e0

‘A Command Buffer 1 0x148e06220

&

‘A Command Buffer 2 0x148c04530

‘A Command Buffer 3 0x148d063b0

g

b

Iél Command Buffer 4 0x148c04280

%

O 88 <
@ Summary
Summary
48.2 MB
~
4
Insights
Memory
No Insights

“I||
.

ZAM)| ® D & ¢ ©

M. Renderer00.metal

@ MetalToolsDemo ) || George's iPhone

ESummary

T Renderer00.m

MetalToolsDemo - Debugging GPU Workload 2

Overview

Command Buffers
Render Encoders
Blit Encoders
Compute Encoders
Draw Calls

Dispatch Calls

Performance
GPU Time
Vertices
Memory
Textures
Buffers
Resolution 1125x2436
Other
Pixel Format BGRASUnorm
Bandwidth Performance AP|
No lnS:gh(S No InS:ghIS No lnS:gh(S Related Articles
Savings v Insight

A1

o o o0 O o m

215.33 ms
2,376,960

48.1 MB
58 KB
Zero KB

Monitoring Basic Memory Statistics

Exporting Memory Viewer Information

Analyzing Resources

Investigating Resource Issues

Reducing Your Memory Footprint

Export

Show Dependencies

Show Performance

Show Memory



Insights

Memory Bandwidth Performance API .
No Insights 12.7 GB No Insights No Insights 'R Render cats ©

Draw Calls 1
Savings - Insight
Encoder 'Render cats' is the root of 1257 encoders that can be coalesced

+ R Render cats 12.7 GB Coalece Encoders x 1256
;R; Render cats 5.1MB Coalece Encoders Your application created separate command encoders which can be combined Into a
R Render cats 10.1 MB Coalece Encoders single encoder. By combining these encoders you may reduce your application's load/
R Render cats 10.1 MB Coalece Encoders store bandwidth usage.
R Render cats 10.1 MB Coalece Encoders
R Render cats 10.1 MB Coalece Encoders
R Render cats 10.1 MB Coalece Encoders
R Render cats 10.1 MB Coalece Encoders
R Render cats 10.1 MB Coalece Encoders
Insights
Memory Bandwidth Performance API .
No Insights 268.4 MB 1 Insight No Insights . Texture 0x100e34fcO0 ©
. ) > Type 2D
Savings Insight Pixel Format BGRA8BUnorm
% Texture 0x100e34fc0 268.4 MB Lossless Compression :‘l":'t':" e 2192
Height 8192
m«l‘m "Tmul"o 6:160034“:0" can't be lossless compressed.
'Texture:0x100e34fc0' opted out of lossless compression because Its usage flags
Include 'ShaderWrite' which prevents lossless compression
Insights
Memory Bandwidth Performance API
No Insights No Insights 1 Insight No Insights fshShader00 ©
Count + Insight Shader "vshShader" in pipeline "vshShader -> fshShader00" uses a relatively high
number of 32-bit floating point operations. (69.78 of Instructions, 68.96 of
fshShader00 (vshShader -> fshShader00) 1 Insight High float to half ratio Shader Cost, 246.67 ms Shader Time)

« For optimal performance, use 16-bit half data types
when possible. Avoid 32-bit floating point inputs
(textures [ buffers). Avoid implicit conversions.

Related Articles

[> Optimizing Performance with the Shader Profller

[ Optimizing Performance with Plpeline Statistics



Summary: Overview

MetalToolsDemo
. . . m . ’ P master
5 T Q A © D 8 <
v [ MetalToolsDemo Captured GPU Worklo... (= Summary
'~ Summary
Summary
‘: Performance
" Memory 48.2 MB
(€] Group by API Call c
‘A Command Buffer 0 0x148e055e0
e
E‘.
‘A Command Buffer 1 0x148e06220
> [s
;
[£2
‘Al Command Buffer 2 0x148c04530
N
3
‘A Command Buffer 3 0x148d063b0
> X
4
‘A Command Buffer 4 0x148¢c04280
> B
%
L%
Insights
N.O Alns;(;;h;s

“I||
.

ZAM) » > % ¢ O

M. Renderer00.metal

@ MetalToolsDemo ) || George's iPhone

ESummary

T Renderer00.m

MetalToolsDemo - Debugging GPU Workload 2

Overview

Command Buffers
Render Encoders
Blit Encoders
Compute Encoders
Draw Calls

Dispatch Calls

Performance
GPU Time
Vertices
Memory
Textures
Buffers
Resolution 1125x2436
Other
Pixel Format BGRASUnorm
Bandwidth Performance AP|
No lnS:gh(S No InS:ghIS No lnS:gh(S Related Articles
Savings v Insight

A1

o o o0 O o m

215.33 ms
2,376,960

48.1 MB
58 KB
Zero KB

Monitoring Basic Memory Statistics

Exporting Memory Viewer Information

Analyzing Resources

Investigating Resource Issues

Reducing Your Memory Footprint

Export

Show Dependencies

Show Performance

Show Memory



Performance: Timeline

o000 ] [ [= P :::;:Too,s s @ MetalToolsDemo ) || George'siPhone MetalToolsDemo - Debugging GPU Workload 2 A1 + (B
5 QA O (- ga < M. Renderer00.metal :l: Performance Il Renderer00.m = [

. Performance

v [ MetalToolsDemo Captured GPU Worklo...

'~ Summary Timeline Counters
000.000.000 100.000.000 200.000.000 343.584.125
GPU
= m 48.2 MB
""" Me 2 > Vertex Rende...307e0 Rend...48c0 Rend...2c3f0 Rende...2c5b0 Rende...28770
= 475,392 Vert... 475,392 Ver... 475,392 Ver... 475,392 Verti... 475,392 Verti...
(€] Group by API Call < 45 e Ay aon
a £ s R e bk
‘A Command Buffer 0 0x148e055e0 a'j? i_'; ,,3 Mg 0“;
3 55 e B Vot ot #
%
‘A Command Buffer 1 0x148e06220
> “jﬂ
E_l
£
A Command Buffer 2 0x148c04530 > Fragment Rende...307e0 Rende...2c3f0 Rende...28770
> gﬂ 1Draw 1 Att... 1Draw 1 Att... 1Draw 1 Att...
\»:—‘ - o A _,‘ ‘5 =
- % 4 &
‘A Command Buffer 3 0x148d063b0 %‘*’é ‘:H fhg
> ﬁ s . il
g:t-‘. Rende...348c0 Rende...2c5b0
. 1Draw 1 Att... 1Draw 1 Att...
‘A Command Buffer 4 0x148c04280 At o
> 5 (
4 r- Fod
b *;;’3 )
K
> Compute
Counters
> Occupancy
% Shader Core Resources
> Bandwidth
GiB / Second
ALU Limiter
% Peak ALU Performance
= v 000.000.000 - 343.584.125 (343.58 ms) N |

TAM] > @ -




Performance: Detalls

o000 {] (] [ P m::s:nmlsoemo @ MetalToolsDemo ) || George'siPhone MetalToolsDemo - Debugging GPU Workload 2 A1 + (E
B85 Z Q A © O g | < M. Renderer00.metal . Performance T Renderer00.m = (¢
v [ MetalToolsDemo Captured GPU Worklo... e a—
"~ Summary Timeline Counters
. e 000.000.000 100.000.000 CE
GPU
..... - A
- Memory wilel > Vertex Rende...307¢e0 Rend...48c0 Rend...2c3f0 Rende...2c5b0 Rende...2¢ me ——
Group by API Call . :1;5,392 Vert.. 475,392 Ver... 3;75,392 Ver.. 475,392 Verti.. 475,392Vi VS Occupancy 0.03%
¥ " p o % S Ay
— f‘ ;:" ".7'\ ! ‘»’.g ‘-’4
A Command Buffer 0 0x148e0550 aﬁ o% é’% s »;*ﬁ FS Qcoupancy 84.51%
> - s - S = Kernel Occupancy 0.00%
b Co d Buffer 1 Ox148206220 GPU Read Bandwidth 36.1595 GiB/s
‘A Comman er 10x148e
> a,q GPU Write Bandwidth 0.4918 GiB/s
?.‘ ALU Limiter 98.39%
, : Command Buffer 2 0x148c04530 > Fragment Rende...307e0 Texture Read Limiter 11.01%
1D 1 Att...
E“:]' P ,:aw : Texture Filtering Limiter 9.50%
Ay %y
‘a2 Command Buffer 3 0x148d063b0 a.i:?;( Texture Rea...che Limiter 25.24%
. exture Write Limiter . ()
> b ® o, Texture Write Limi 0.69%
e i
—_ 10raw 1, Buffer Read Limiter 0.10%
‘A Command Buffer 4 0x148c04280 . R
> E}] %% Buffer Write Limiter 0.00%
tfl;a B ThreadGrou...ead Limiter 5.54%
> Compute ThreadGrou...rite Limiter 10.06%
FS Interpolation Limiter 4.75%
Last Level Cache Limiter 26.08%
Counters
% Shader Core Resources “ T
> Bandwidth
GiB / Second
ALU Limiter
% Peak ALU Performance

= v 000.000.000 - 343.584.125 (343.58 ms) LW

B
[
S
0




Performance: Counters

o000 [ [ [ P m::;tnmh = @ MetalToolsDemo ) || George'siPhone MetalToolsDemo - Debugging GPU Workload 2 A1 + (B
B o QA O (- 8 < M. Renderer00.metal :l: Performance M Renderer00.m = [

. Performance

v [ MetalToolsDemo Captured GPU Worklo...

E Summary Timeline ' Counters
‘. Performance Encoders GPU Commands Edit Counters...
- Memory 48.2 MB Performance Limiters Memory Vertices Vertex Shader Primitives Pre-Fragment Stage Fragment Shader Post-Fragment Stage Compute Kernel >

Thumbnails Name Shader Profiler Time ALU Limiter ALU Utilization

<O

(€] Group by API Call

S % Command Buffer 0 0x148e055e0 3”5 ~| RenderEncoder 0x2837348c0 43.11ms 95.97% 75.65%
% :
2 ~| ComputeEncoder 0x28372c4d0 7.17 us 3.06% 2.61%
‘A Command Buffer 1 0x148e06220
> qu ~| ComputeEncoder 0x28372¢c620 CROITE 1.49% 0.82%
e
‘Al Command Buffer 2 0x148c04530 ~/ ComputeEncoder 0x283730930 3.04 us 3.10% 2.58%
> fa
E'ﬂ ~ ComputeEncoder 0x2837308c0 5.82 us 2.90% 2.53%
b3
. :‘1 e L A & ~ RenderEncoder 0x28372c5b0 43.00 ms 95.97% 75.65%
2 "‘g ~ RenderEncoder 0x283728770 42.95 ms 95.95% 75.63%
‘A Command Buffer 4 0x148c04280 )
> Eg@] ~| ComputeEncoder 0x283728540 7.14 us 1.90% 1.43%
Ve, —
‘."3 ~| RenderEncoder 0x28372c3f0 43.05 ms 95.96% 75.63%
@ ~ RenderEncoder 0x2837307e0 43.20 ms 95.91% 75.61%

Y
[
S
0



Performance: Counters

eeo M@ o
. B EE QA O =N E

v [ MetalToolsDemo Captured GPU Worklo...

'~ Summary

' Performance

Group by API Call
@ Command Buffer 0 0x148e055e0

> A

Command Buffer 1 0x148e06220

o ) 5

v
UG S
NS

—

) E

Command Buffer 2 0x148c04530

v
%

4
e

N

— 7

Command Buffer 3 0x148d063b0

v
o
&

e
‘A Command Buffer 4 0x148c04280

i

Yz,

MetalToolsDemo

. Performance
Encoders GPU Commands

48.2 MB Performance Limiters

Thumbnails

<O

PR

NS

A
la‘

"'%;‘!‘
MY

SRR
N

»

]
Lhk

! )'0
NP

AR
)
SR

\\

-'.
J
NoES

A

B2 B
N

N

P
.0‘

Il(ll

M. Renderer00.metal

Memory

@ MetalToolsDemo ) || George's iPhone MetalToolsDemo - Debugging GPU Workload 2

Vertices Vertex Shader | Primitives Pre-Fragment Stage

Name

7 [dispatchThreadg..
16 [drawindexedPri..
27 [dispatchThread..
36 [drawindexedPri..
47 [dispatchThread..
56 [drawindexedPri..
67 [dispatchThread..
76 [drawindexedPri..
87 [dispatchThread..

96 [drawindexedPri..

l Performance

Tl Renderer00.m

Timeline | Counters

Encoder

ComputeEncoder 0x28...

RenderEncoder 0x283...

ComputeEncoder 0x28...

RenderEncoder 0x283...

ComputeEncoder 0x28...

RenderEncoder 0x283...

ComputeEncoder 0x28...

RenderEncoder 0x283...

ComputeEncoder 0x28...

RenderEncoder 0x283...

Pipeline
MTLComputePipelineSt..
vshRenderer00 -> fshR..
MTLComputePipelineSt..
vshRenderer00 -> fshR..
MTLComputePipelineSt..
vshRenderer00 -> fshR..
MTLComputePipelineSt..
vshRenderer00 -> fshR..
MTLComputePipelineSt..

vshRenderer00 -> fshR..

Fragment Shader Post-Fragment Stage

Shader Profiler Time

3.04 us
43.19ms
Ons
43.11ms
Ons
43.05ms
Ons
43.00 ms
Ons

42.94 ms

Edit Counters...

Compute Kernel

Primitives

D))

1

1

1



Performance: Edit Counters

S 8§ 8§ 8§ 8§ S S8 S S S

Performance Limiters
Memory

Vertices

Vertex Shader
Primitives
Pre-Fragment Stage
Fragment Shader
Post-Fragment Stage
Compute Kernel
Shader Core

Texture

— Reset

Show

Item

GPU Time

Primitives

Primitives Culled (Zero-Area)

Primitives Culled (Back-Face)

Primitives Culled (Guard-Band)

Primitives Culled (Off-Screen)

Primitives Clipped

Primitives Rendered

Pre Cull Primitive Processing

Post Clip Cull Primitive Processing

Close



+ @B
=
(®Non-Volatile 48.2 MB
(®Volatile | Empty  Zero KB
(®Textures 48.1 MB
@ Buffers 58 k8 ||
@®Pipeline States 2ks ||
@Private 16 kB |}
(@ Shared 48.2 MB
@Used 8.2 e e
(®Unused Zero KB
Label ~ Type ‘Allocated Size  Storage Mo... Purgeable Sta.. CPU Access Time Since Last Bound
Buffer:0x148807080 Buffer 32 KB Shared NonVolatile None Now
Buffer:0x148809e00 Buffer 4 KB Shared NonVolatile None Now
Buffer:0x14880c780 Buffer 16 KB Private NonVolatile None Now
Buffer:0x14880c8d0 Buffer 6 KB Shared NonVolatile None Now
g CAMetalLayer Display Drawa... Texture 2D 11.0 MB Shared NonVolatile None Now
B CAMetalLayer Display Drawa... Texture 2D 11.0 MB Shared NonVolatile None Now
5 CAMetalLayer Display Drawa... Texture 2D 11.0 MB Shared NonVolatile None Now
Compute Pipeline State:0x1... Compute Pip... 558 bytes -- - - Now
& Texture:0x147d11020 Texture 2D 15.0 MB Shared NonVolatile Write Now
vshRenderer00 -> fshRende... Render Pipel... 1KB -- - - Now

(G Filter

GOFter T Am)m > & ¢ O




Memory: Preview

MetalToolsDemo
master

B8
N
7
g
a
3
=)
:
3
g
a
3
=)
o
3
(il

B Memory

(®Non-Volatile 48.2 MB
(®Volatile | Empty  Zero KB
(® Textures 48.1 MB
@ Buffers 58 ks |

@®Pipeline States 2ks |

@Private 16 kB |}

@shared szve @ LY N I S I
@used se.2me [T | AN 5 ) B

(®Unused Zero KB

Label ~ Type Allocated Size  Storage Mo... Purgeable Sta.. CPU Access Time Since Last Bound
Buffer:0x148807080 Buffer 32 KB Shared NonVolatile None Now
Buffer:0x148809e00 Buffer 4 KB Shared NonVolatile None Now
Buffer:0x14880c780 Buffer 16 KB Private NonVolatile None Now
Buffer:0x14880c8d0 Buffer 6 KB Shared NonVolatile None Now
g CAMetalLayer Display Drawa... Texture 2D 11.0 MB Shared NonVolatile None Now
@ CAMetalLayer Display Drawa... Texture 2D 11.0 MB Shared NonVolatile None Now
& CAMetalLayer Display Drawa... Texture 2D 11.0 MB Shared NonVolatile None Now
Compute Pipeline State:0x1... Compute Pip... 558 bytes -- - - Now
:',;‘ Texture:0x147d11020 Texture 2D 15.0 MB Shared NonVolatile Write Now
vshRenderer00 -> fshRende... Render Pipel... 1KB -- - - Now
((@ Filter

GOFter T Am)m > & ¢ O




N
+ B
= @
(®Non-Volatile 42 KB
(®Volatile | Empty  Zero KB
(® Textures Zero KB
(©)Buffers azxs |
(®Pipeline States  Zero KB
(®Private Zero KB
(“)shared 42 KB
@used 2« | ——
(®Unused Zero KB
Label ~ Type ‘Allocated Size  Storage Mo... Purgeable Sta.. CPU Access Time Since Last Bound
Buffer:0x148807080 Buffer 32 KB Shared NonVolatile ~ None Now
Buffer:0x148809e00 Buffer 4 KB Shared NonVolatile None Now
Buffer:0x14880c8d0 Buffer 6 KB Shared NonVolatile None Now
s eurrers~ sTomAoE MooE °)

GOFter T Am)m > & ¢ O




Calls: Show Only Markers And Commands

[;jfﬁ
1 6

master

Ba < >
g&lmmuy

l MetalToolsDemo

NS ——

Summary

Resolution 1125x2436
Pixel Format BGRA8SUnorm

Bandwidth Performance
No Insights No Insights

‘Savings - Insight

No Memory Insights

API
No Insights

Overview
Command Buffers
Render Encoders
Blit Encoders
Compute Encoders
Draw Calls
Dispatch Calls

o o o o o o

Performance

GPU Time 215.33 ms
Vertices 2,376,960

Memory

Textures 48.1 MB
Buffers 58 KB
Other Zero KB

Related Articles

[ Monitoring Basic Memory Statistics
[ Exporting Memory Viewer Information
[® Analyzing Resources

[ Investigating Resource Issues

[ Reducing Your Memory Footprint




Calls: Show Only Markers And Commands

MetalToolsDemo
master

Summary

Insights

Memory
No Insights

Resolution 1125x2436
Pixel Format BGRA8SUnorm

Bandwidth Performance
No Insights No Insights

‘Savings - Insight

Bg < > M. Renderer00.metal _ I Renderer00.m

API
No Insights

GOFter T Am)m > & ¢ O

No Memory Insights

Overview
Command Buffers
Render Encoders
Blit Encoders
Compute Encoders
Draw Calls
Dispatch Calls

o o o o o o

Performance

GPU Time 215.33 ms
Vertices 2,376,960

Memory

Textures 48.1 MB
Buffers 58 KB
Other Zero KB

[ Monitoring Basic Memory Statistics
[ Exporting Memory Viewer Information
[ Analyzing Resources

[ Investigating Resource Issues

[ Reducing Your Memory Footprint




Calls: Group By API Call

o000 [J O [ | :3::1“"0 e @) |l G.ne MetalToolsDemo - Debugging GPU Workload 2 A1
5 2 Q A © 5 D g8 < M. Renderer00.metal % Summary I Renderer00.m
v [ MetalToolsDemo Captured GPU Worklo... (5 summary
‘. Performance
Performance
&7 Memory 48.2 MB
. GPU Time 173.47 ms
[S] Group by API Call - Vertices 2,376,960
‘A Command Buffer 0 0x1070054b0
i
'~ Compute 0 0x2820a4460 6.02 s Memory
- No Previews Textures 48.1 MB
> @/ 7 [dispatchThreadgroups:{... 6.02 us Resolution 1125x2436 ——— e
_ Other Zero KB
'~ Render 1 0x2820a0930 38.04 ms Pixel Format BGRA8Unorm
E
> [1] 9 0x2820a0930 = [renderComma... Insights
> ~ - waw ]
_[QI 16 [drawindexedPrimitive... 38.04 ms Memory Bandwidth Performance API
@ 18 [presentDrawable:0x2825bd280] No Insights No Insights No Insights No Insights S

Savings v Insight

o U

E‘ Monitoring Basic Memory Statistics

‘A Command Buffer 1 0x104f05350
v [ Exporting Memory Viewer Information
E [ Analyzing Resources
~ Compute 0 0x2820a0230 10.10 s [ Investigating Resource Issues
- No Previews [ Reducing Your Memory Footprint
> |@| 27 [dispatchThreadgroups:{1... < us = D @
'~/ Render 1 0x2820bc540 33.81ms
v %

s

> (1] 29 0x2820bc540 = [renderComm...
> @/ 36 [drawindexedPrimitive... 33.80 ms
@ 38 [presentDrawable:0x2825b8300]

5

¥

‘2l Cammand Ruffar 2 N¥1N7NNARRAN .
S AM| Auto? ® Filter

| €

Show Performance

Show Memory



Calls: Group By Pipeline State

0o [ B >
B EE QA O =E

v [ MetalToolsDemo

"~ Summary
‘¢ Performance
" Memory 48.2 MB
Group by Pipeline State ¢
v |R| Render Pipeline 0x10301e800 14735 ms
> (8] vshRenderer00 2.24 ms
> [s] fshRenderer00 14511 ms
v = Draws
> '@ 16 [drawIndexedPrimitive... 33.52 ms
> @ 36 [drawindexedPrimitive... 28.55 ms
> @ 56 [drawindexedPrimitive... 28.46 ms
> @ 76 [drawIndexedPrimitive... 28.40 ms

> '@ 96 [drawindexedPrimitive... 28.43ms

v [C| Compute Pipeline 0x102e11540  6.84 us
> [8] krnRenderer00

v = DispatchThreadgroups

6.84 us

> @/ 7 [dispatchThreadgroups:{... ©.84 us
> @ 27 [dispatchThreadgroups:{1... < 1us
> |@| 47 [dispatchThreadgroups:{1... < us
> @ 67 [dispatchThreadgroups:{1... < 1us

> @/ 87 [dispatchThreadgroups:{1... < us

P :?::t::.mo": — @) I G.ne MetalToolsDemo - Debugging GPU Workload 2 A1
B8 < M. Renderer00.metal T Renderer00.m M MetalUtils.m E Summary h MetalUtils.h
@ Summary
Dispatch Calls 5
Performance
GPU Time 147.39 ms
Vertices 2,376,960
Memory
Textures 48.1 MB
Buffers 58 KB
R luti 1n
esolution 25x2436 e 2ero KB
Pixel Format BGRA8Unorm
Insights
Memory Bandwidth Performance AP|
No Insights No Insights No Insights No Insights Related Articles
Savings v Insight
[ Monitoring Baslc Memory Statistics
[* Exporting Memory Viewer Information
[ Analyzing Resources
[® Investigating Resource Issues
[ Reducing Your Memory Footprint
1> @
L @ Filter

Show Performance

Show Memory



Labels: Pipelines

MTLComputePipelineDescriptor *descriptor = [MTLComputePipelineDescriptor new];
descriptor. label = @" label";

MTLRenderPipelineDescriptor *descriptor = [MTLComputePipelineDescriptor new];
descriptor. label = @" label",;
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Labels: Command Buffer / Encoder/ ...

[/ .
commandBuffer. label = @" label";

[/ .
encoder. label = @" Llabel";
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Debug Groups

[commandBuffer pushDebugGroup:@"Group #1"1];
[commandBuffer pushDebugGroup:@"Group #2"1];
[self updateTransformsIn:commandBuffer];
[commandBuffer popDebugGroupl];
[commandBuffer pushDebugGroup:@"Group #3"1;
[self renderIn:commandBuffer];
[commandBuffer popDebugGroup];
[commandBuffer popDebugGroup];
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(ul] Performance
> [E] Callstack
' 56 [presentDrawable:0x281f24100]

‘A Main Frame

> ¥
P

‘A Main Frame
> 0%
2

I"’ MetalToolsDemo

master

Be | < M. Renderer00.metal

[ MetalToolsDemo.gputrace ) [R| Main Frame ) & Group #1 ) &=

@) | G.ne

71 Renderer00.m

[y MetalToolsDemo.gputrace

MetalToolsDemo - Debugging GPU Workload 2

I MetalUtils.m

A1

h MetalUtils.h

(B

[

Group #3 ) [~ Render ) (@ 52 [dra...nt:256] ) [ Bound Resources ) [B] Vertex Buffer 1 — Buffer 0x10310eca0

— N
v o S\

e — J

float4x4
Row Offset transforms

0 ox0 0.124 0.801 0.000 0.000
-9.801 0.124 0.000 0.000

0.000 0.000 1.000 0.000

0.371 -0.197 0.000 1.000

1 x40 0.170 0.934 0.000 0.000
-0.934 0.170 0.000 0.000

0.000 0.000 1.000 0.000

0.029 -0.128 0.000 1.000

2 Ox80 -0.078 0.974 0.000 0.000
-0.974 -0.078 0.000 0.000

0.000 0.000 1.000 0.000

-1.308 1.349 0.000 1.000

K oxCo -0.283 -0.186 0.000 0.000
0.186 -0.283 0.000 0.000

0.000 0.000 1.000 0.000

-1.296 0.786 0.000 1.000

A 9x100 -0.013 1.000 0.000 0.000
-1.000 -0.013 0.000 0.000

0.000 0.000 1.000 0.000

0.413 0.350 0.000 1.000

5 0x140 -0.219 0.368 0.000 0.000
-0.368 -0.219 0.000 0.000

0.000 0.000 1.000 0.000

0.664 0.764 0.000 1.000

6 0x1860 0.484 0.659 0.000 0.000
-0.659 0.484 0.000 0.000

0.000 0.000 1.000 0.000

n 291 n 170 n NAnn 1 Ann

transforms — offset 0x0 £

> % @

> "Pipeline: Render cats" (0x104035a00)

> . RenderPipeline Performance 140.60 ms (100.0%)

> |B] Vertex Buffer 0 (MTLBuffer)

> |B] Vertex Buffer 1 (MTLBuffer)

> [B] Vertex Buffer 2 (MTLBuffer) Bytes
> [B] Vertex Buffer 3 (MTLBuffer) Bytes
> [B] Vertex Buffer 4 (MTLBuffer) Bytes
> [B] Vertex Buffer 5 (MTLBuffer) Bytes
> [B] Vertex Buffer 6 (MTLBuffer) Bytes

Auto ¢

@ Filter



Bound Resources: Vertex Attributes

o000 [ [l = P :?::t::“mb = @) | G.ne MetalToolsDemo - Debugging GPU Workload 2 A 1 + (B
T QA A O ([ 8a < M. Renderer00.metal 11 Renderer00.m [ MetalToolsDemo.gputrace I MetalUtils.m h MetalUtils.h e = [

Al Y& )& )~ )@ 52 [drawindexedPrimitives:Triangle indexCount:1857 indexTyp...xBuffer:0x10310eb50 indexBufferOffset:0 instanceCount:256 Bound Resources
v [ MetalToolsDemo Captured GPU Worklo... DrE)&)S )8 ) @52 - = 1@

g Summary Label Type Size Details Parameter Name  Resource Usage
. Performance v Pipeline States
(R] Pipeline: Render cats
48.2 MB
- v Vertex
(B| Buffer 0x10310eb50 Index 4 KB Offset: 0x0
|B] Buffer 0x10310e740 Buffer 0 18 KB Offset: 0x0 vertexBuffer.0 Read
(B] Buffer 0x10310eca0 Buffer 1 16 KB Offset: 0x0 transforms Read
|B| Vertex Bytes Buffer 2 (Bytes) 4 bytes ratio Read
[ Geometrv Post Vertex Tran...
2 =
v & Group #1 27.84 ms \B| Vertex Attributes Vertex Attributes
= 4
. |S| vshRenderer00 Vertex Function Library 0x282452e80 [Pr...
> . Group #2 4.58 us
v = Group #3 2753 ms
__ v Fragment
'~/ Render 2753 ms
"t E & Texture 0x10310e380 Texture 0 1936 x 1936 BGRA8Unorm image Read
2 |B| Fragment Bytes Buffer O (Bytes) 4 bytes time_ Read
> [ 1| 44 Render = [renderComman... (S] fshRenderer00 Fragment Function Library 0x282452e80 [Pr...
v |@ 52 [drawIndexedPrim... 27.53 ms
W Attachments v Attachments
Geometry - E} CAMetalLayer Display Dra... Color 0 1125 x 2436 BGRA8Unorm Write
(3] All Resources
(=] Pipeline Statistics =
[al] Performance > &% ® =
> Callstack > "Pipeline: Render cats" (0x104035a00) v:hRenderer00 ~ fshRendereroc
@ 56 [presentDrawable:0x281f24100] > [l RenderPipeline Performance 140.60 ms (100.0%)

v

> [B) Vertex Buffer 0 (MTLBuffer) 0x 103106741
> [B) Vertex Buffer 1 (MTLBuffer) 0x 103 10ccal
> [B) Vertex Buffer 2 (MTLBuffer) Bytes
> [B) Vertex Buffer 3 (MTLBuffer) Bytes
> [B) Vertex Buffer 4 (MTLBuffer) Bytes
> [B) Vertex Buffer 5 (MTLBuffer) Bytes
> [B) Vertex Buffer 6 (MTLBuffer) Bytes

Auto ¢ ® Filter (0




Bound Resources: Vertex Attributes

eeo @ B >
B EE QA O =E

v [ MetalToolsDemo Captured GPU Worklo...
'~ Summary

‘. Performance

&7 Memory 48.2 MB

[S] Group by API Call
' Main Frame

<

»

Main Frame

v
\ (29) R

<

oF

27,54 ms
> == Group #2 4.58 us
v = Group #3 2753 ms

<
il

@
o
c
S
i

'~ Render 2753 ms
2
> 1| 44 Render = [renderComman...
v @/ 52 [drawindexedPrim... 2753 ms
(W Attachments
(& Geometry
'@ Bound Resources
(3] All Resources
(=) Pipeline Statistics
(ul] Performance
> [E] Callstack
@/ 56 [presentDrawable:0x281f24100]

g
b

G~ = A

P m:stt::ToolsDemo @) | G.ne MetalToolsDemo - Debugging GPU Workload 2 A1 e
Ba < M. Renderer00.metal I Renderer00.m [ MetalToolsDemo.gputrace M MetalUtils.m h MetalUtils.h = (D
[ MetalToolsDemo.gputrace ) [R Main Frame ) & Group #1 ) & Group #3 ) (~| Render ) [@ 52 [...:256] ) [#) Bound Resources ) (B] Vertex Vertex Attributes — Vertex Attributes
Eoier in = ushort in - f_Iqatd in - float2 out -.fl_oat4 out - float
Vertex position texture position texCoor¢
(%) 367 0.000 -0.243 0.000 0.500 0.621 0.565 -0.105 0.000 0.500 ©
1 399 -0.152 ©.005 ©0.000 0.424 0.497 0.348 -0.147 ©0.000 0.424 ©
2 397 -0.067 -0.042 0.000 0.466 0.521 0.396 -0.118 0.000 0.466 ©
K] 399 -0.152 ©.005 ©0.000 0.424 0.497 0.348 -0.147 ©0.000 0.424 ©
A 1.4 0.000 -0.243 0.000 0.500 0.621 0.565 -0.105 0.000 0.500 ©
5 400 -0.184 ©0.013 0.000 0.408 0.493 0.337 -0.158 0.000 0.408 ©
6 (%) -0.084 0.928 0.000 0.458 0.036 -0.383 -0.069 0.000 0.458 ©
7 1 -0.099 ©0.923 0.000 0.450 0.039 -0.380 -0.075 0.000 0.450 ©
8 2 -0.175 ©.913 0.000 0.413 0.043 -0.382 -0.103 0.000 0.413 ©
9 1 -0.099 ©0.923 0.000 0.450 0.039 -0.380 -0.075 0.000 0.450 ©
10 (%) -0.084 ©0.928 0.000 0.458 0.036 -0.383 -0.069 0.000 0.458 ©
o alal 586 -0.072 0©0.884 0.000 0.464 0.058 -0.346 -0.067 ©0.000 0.464 ©
8 12 2 -0.175 ©0.913 0.000 0.413 0.043 -0.382 -0.103 0.000 0.413 ©
.;“': 13 1 -0.099 ©0.923 0.000 0.450 0.039 -0.380 -0.075 0.000 0.450 ©
= A 585 -0.163 ©.872 0.000 0.418 0.064 -0.348 -0.102 0.000 0.418 ©
15 3 -0.250 ©0.896 0.000 0.375 0.052 -0.378 -0.132 0.000 0.375 ©
16 2 -0.175 ©.913 0.000 0.413 0.043 -90.382 -0.103 0.000 0.413 ©
17 584 -0.233 ©0.854 0.000 0.383 0.073 -0.342 -0.129 0.000 0.383 ©
18 535 -0.160 ©0.522 0.000 0.420 0.239 -0.067 -0.121 0.000 0.420 ©
19 533 -0.167 ©.506 ©0.000 0.416 0.247 -0.055 -0.124 0.000 0.416 ©
20 531 -0.171 ©0.499 0.000 0.414 0.251 -0.050 -0.126 0.000 0.414 ©
21 533 -0.167 ©.506 0.000 0.416 0.247 -0.055 -0.124 0.000 0.416 ©
22 535 -0.160 ©0.522 0.000 0.420 0.239 -0.067 -0.121 0.000 0.420 ©
23 534 -0.159 ©0.519 0.000 0.420 0.241 -0.064 -0.120 0.000 0.420 ©
24 4 -0.304 ©0.879 0.000 0.348 0.060 -0.371 -0.153 0.000 0.348 ©
25 3 -0.250 0©0.896 0.000 0.375 0.052 -0.378 -0.132 0.000 0.375 ©
Vertex Attributes C
> @ =
> "Pipeline: Render cats" (0x104035a00) =/ enderes
> [l RenderPipeline Performance 140.60 ms (100.0%)
> |B] Vertex Buffer 0 (MTLBuffer) :
> |B] Vertex Buffer 1 (MTLBuffer)
> Bl Vertex Buffer 2 (MTLBuffer) Bytes
> |B] Vertex Buffer 3 (MTLBuffer) Bytes
> |B] Vertex Buffer 4 (MTLBuffer) Bytes
> [B] Vertex Buffer 5 (MTLBuffer) Bytes
> [B] Vertex Buffer 6 (MTLBuffer) Bytes
Auto ¢ ® Filter (0



Bound Resources: lexture

oo ] [ > P :?:Stt::Too's = @) | G.ne MetalToolsDemo - Debugging GPU Workload 2 A1 s e
B o Q A & D 88 | < M. Renderer00.metal 1 Renderer00.m [ MetalToolsDemo.gputrace M MetalUtils.m h MetalUtils.h e = B

~ — N ~ @ 52 [drawindexedPrimitives:Triangle indexCount:1857 indexTyp...xBuffer:0x10310eb50 indexBufferOffset:0 instanceCount:256 Bound Resources
v @ MetalToolsDemo Captured GPU Worklo... bra)s)s)4A ) [ 9 ypP 1)@

E Summary Label Type Size Details Parameter Name  Resource Usage
. BT v Pipeline States
(R] Pipeline: Render cats

" Memory 48.2 MB
[€] Group by API Call ” v Vertex
A/ Main Frame (B Buffer 0x10310eb50 Index 4 KB Offset: 0x0
? )§ |B) Buffer 0x10310e740 Buffer 0 18 KB Offset: Ox0 vertexBuffer.0 Read
3: |E| Buffer 0x10310eca0 Buffer 1 16 KB Offset: Ox0 transforms Read
-~ H —_
,I?' Main Frame \B| Vertex Bytes Buffer 2 (Bytes) 4 bytes ratio Read
v
@ @] Geometry Post Vertex Tran...
% = : ;
v & Group # 27,84 ms |B| Vertex Attributes Vertex Attributes
. @ vshRenderer00 Vertex Function Library 0x282452e80 [Pr...
> . Group #2 4,58 us
v = Group #3 2753 ms
— v Fragment
'~/ Render 2753 ms
v ﬁ E‘ Texture 0x10310e380 Texture 0 1936 x 1936 BGRA8Unorm image Read
v 'B| Fragment Bytes Buffer O (Bytes) 4 bytes time_ Read
> [1] 44 Render = [renderComman... (S| fshRenderer00 Fragment Function Library 0x282452e80 [Pr...
v @/ 52 [drawindexedPrim... 2753 ms
@ Attachments v Attachments
g CAMetalLayer Display Dra... Color 0 1125 x 2436 BGRA8Unorm Write
(3] All Resources
(=) Pipeline Statistics e
[al] Performance > & B) =
> [ Callstack > "Pipeline: Render cats" (0x104035a00)
|§| 56 [presentDrawable:0x281f24100] > . RenderPipeline Performance 140.60 ms (100.0%)
> > [B) Vertex Buffer 0 (MTLBuffer) ‘
i > |B] Vertex Buffer 1 (MTLBuffer)
A Main Frame > Bl Vertex Buffer 2 (MTLBuffer) Bytes

v
2 —

!y
X )

> |B] Vertex Buffer 3 (MTLBuffer) Bytes
> |B] Vertex Buffer 4 (MTLBuffer) Bytes
Main Frame > [B] Vertex Buffer 5 (MTLBuffer) Bytes
> [B] Vertex Buffer 6 (MTLBuffer) Bytes

TAM| Autos @ rilter (0

¢
u)




Bound Resources: [exture

o006 (] . >
BEEIZQASDE

v [ MetalToolsDemo Captured GPU Worklo...
'~ Summary

‘: Performance
* Memory 48.2 MB
[€] Group by API Call $
‘A Main Frame
§)
‘A Main Frame
5
v = Group #1 2754 ms
> == Group #2 4.58 ps
v = Group #3 2753 ms
2753 ms

. | Render
&
> (1| 44 Render = [renderComman...
v @ 52 [drawIndexedPrim... 27.53 ms
Attachments
Geometry
Bound Resources
23] All Resources
(=) Pipeline Statistics
(ull Performance
> [E Callstack

@ 56 [presentDrawable:0x281f24100]

= (%

»|

in Frame

i ]

Main Frame

< »

v

}

4

\

| <

T /A M| Autos

P ::;::Tools ° .) I G..ne MetalToolsDemo - Debugging GPU Workload 2 A R [:E]
Ba < M. Renderer00.metal I Renderer00.m [ MetalToolsDemo.gputrace IM MetalUtils.m h MetalUtils.h e = (M

[ MetalToolsDemo.gputrace ) [&] Main..ame ) & Group #1 ) & Group #3 ) (A Render ) (@) 52 [...:256) ) [ Bound Resources ) & Fragment Texture 0 — Texture 0x10310e380

(i)  Texture Ox10310e380 =}

25% @
» > & @ =

> "Pipeline: Render cats" (0x104035a00) =/ enderer00
> [l RenderPipeline Performance 140.60 ms (100.0%)

> |B) Vertex Buffer 0 (MTLBuffer) 0x 103706740

> [B) Vertex Buffer 1 (MTLBuffer) 0x 103 10cca0

> [B) Vertex Buffer 2 (MTLBuffer) Bytes

> [B) Vertex Buffer 3 (MTLBuffer) Bytes

> [B) Vertex Buffer 4 (MTLBuffer) Bytes

> [B) Vertex Buffer 5 (MTLBuffer) Bytes

> [B) Vertex Buffer 6 (MTLBuffer) Bytes

fshRenderer00

® Filter )



Bound Resources: Shader

oo ] [ > P r::t::.roo's = @) | G.ne MetalToolsDemo - Debugging GPU Workload 2 A1 + (B
= o Q A & D B8 | < M. Renderer00.metal T Renderer00.m [ MetalToolsDemo.gputrace 1 MetalUtils.m h MetalUtils.h e = [

~ — N ~ @ 52 [drawindexedPrimitives:Triangle indexCount:1857 indexTyp...xBuffer:0x10310eb50 indexBufferOffset:0 instanceCount:256 Bound Resources
v [ MetalToolsDemo Captured GPU Worklo... e &) &) ) [ - = 1@

a Summary Label Type Size Details Parameter Name  Resource Usage
. . S S———— v Pipeline States
(R] Pipeline: Render cats

" Memory 48.2 MB
[€] Group by API Call ¢ v Vertex
A/ Main Frame (B Buffer 0x10310eb50 Index 4 KB Offset: 0x0
? }§ |B) Buffer 0x10310e740 Buffer 0 18 KB Offset: Ox0 vertexBuffer.0 Read
;’Zj @I Buffer 0x10310eca0 Buffer 1 16 KB Offset: Ox0 transforms Read
-~ H —_
; Main Frame \B| Vertex Bytes Buffer 2 (Bytes) 4 bytes ratio Read
v
: R @] Geometry Post Vertex Tran...
% — - -
v & Group #1 2784 M8 |B| Vertex Attributes Vertex Attributes
. @ vshRenderer00 Vertex Function Library 0x282452e80 [Pr...
> . Group #2 4,58 us
v = Group #3 27.53 ms
— v Fragment
'~/ Render 2753 ms
v é: E‘ Texture 0x10310e380 Texture 0 1936 x 1936 BGRA8Unorm image Read
v 'B| Fraament Bvtes Buffer O (Bvtes) 4 bvtes time Read
> [1] 44 Render = [renderComman... (S| fshRenderer00 Fragment Function Library 0x282452e80 [Pr...
v @ 52 [drawindexedPrim... 2753 ms
@ Attachments v Attachments
E} CAMetalLayer Display Dra... Color 0 1125 x 2436 BGRA8Unorm Write
(3] All Resources
(=) Pipeline Statistics o
[al] Performance > & B) =
> [ Callstack > "Pipeline: Render cats" (0x104035a00)
@ 56 [presentDrawable:0x281f24100] > . RenderPipeline Performance 140.60 ms (100.0%)
> > [B) Vertex Buffer 0 (MTLBuffer)
s > |B] Vertex Buffer 1 (MTLBuffer)
‘A Main Frame > [B] Vertex Buffer 2 (MTLBuffer) Bytes
> 3 > [B] Vertex Buffer 3 (MTLBuffer) Bytes
s > [B] Vertex Buffer 4 (MTLBuffer) Bytes
‘A Main Frame > |BJ Vertex Buffer 5 (MTLBuffer) Bytes

> [B] Vertex Buffer 6 (MTLBuffer) Bytes

T M | Auto? ® Filter [

v

¢
o




Bound Resources: Shader

0o [ B >
BB R QA O =

v [ MetalToolsDemo Captured GPU Worklo...
"~ Summary

‘\: Performance

&7 Memory 48.2 MB
[S] Group by API Call $
‘A Main Frame
> S5
‘A Main Frame
v 'if
f:z,.
v = Group #1 27.54 ms
> = Group #2 4.58 us
v = Group #3 27.53 ms
'~ Render 2753 ms

g

> [1] 44 Render = [renderComman...

v @ 52 [drawindexedPrim... 2753 ms
(W Attachments
(& Geometry
'@ Bound Resources
(3] All Resources
(=) Pipeline Statistics
(ul] Performance

> [E] Callstack
@/ 56 [presentDrawable:0x281f24100]

Sy -

‘A Main Frame

> 5
=
A

A Main Frame

&

>

= e /1
— (— S

P r::t::.roo'smo @) I G.ne MetalToolsDemo - Debugging GPU Workload 2 A -+ e
B8 | < M. Renderer00.metal " Renderer00.m [ MetalToolsDemo.gputrace 1 MetalUtils.m h MetalUtils.h e = [

[ MetalToolsDemo.gputrace ) [R Main Frame ) & Group #1 ) & Group #3 ) [~| Render ) @/ 52 [dra...unt:256)] ) (#) Bound Resources ) [S] Fragment Function — fshRenderer00

Deployment Target is lower than device OS version. Shader performance data may not be available.

87 fragment half4 fshRenderer@@(ColorInOut in [[stage_inl],
88 constant float &time_ [[buffer(e)l],
texture2d<half> image [[ texture(e) 11)

constexpr sampler imageSampler(address::clamp_to_zero, filter::nearest);

float2 shift = in.texCoord - 0.5;
float angle = atan2(shift.y, shift.x);

half time = half(time_);

half4 src image.sample(imageSampler, in.texCoord);

half3 hsv = rgb2hsv(src.rgb);

half3 col = time_color(half2(in.texCoord), time);

hsv.x = pos_fract(fma(half(angle), ©.5h / M_PI_H, 0.5h) - fma(time, ©.25h,
-rgb2hsv(col).x));

half k = smoothstep(0.06h, 1.0h, length(half2(shift)));
hsv.y = fma(hsv.y, 1.8h - k, k);
src.rgb = hsv2rgb(max(hsv, ©.06h));

return src;

> @
> "Pipeline: Render cats" (0x104035a00)
> . RenderPipeline Performance 140.60 ms (100.0%)
> [BJ Vertex Buffer 0 (MTLBuffer)
> |B] Vertex Buffer 1 (MTLBuffer)
> [B] Vertex Buffer 2 (MTLBuffer) Bytes
> [B] Vertex Buffer 3 (MTLBuffer) Bytes
> [B] Vertex Buffer 4 (MTLBuffer) Bytes
> [B] Vertex Buffer 5 (MTLBuffer) Bytes
> [B] Vertex Buffer 6 (MTLBuffer) Bytes

Auto ¢

%
138.87 ms )

1.22% @
6.84% ©

28.78% @

23.14% ¢

16.86% @
6.68% @

3.00% @
0.67% ®
8.35% @

4.47% ©

Line: 87 Col: 1 [

@ Filter |j|



Shader: Profilina

MetalToolsDemo
master

[ MetalToolsDemo.gputrace ) [R| Main Frame ) & Group #1 ) & Group #3 ) (A F

gg < > M. Renderer00.metal

Deployment Target is lower than device OS version. Shader performance data may n
87 fragment half4 fshRenderer@@(ColorInOut in [[st

88 constant float &ti

89 texture2d<half> im

9 {

7 constexpr sampler imageSampler(address::cla

92

93 float2 shift = in.texCoord - 0.5;

94 float angle = atan2(shift.y, shift.x);

95

96 half time = half(time_);

97 half4 src = image.sample(imageSampler, in.t

98 half3 hsv = rgb2hsv(src.rgb);

99 half3 col = time_color(half2(in.texCoord), time);

100 hsv.x = pos_fract(fma(half(angle), ©8.5h / M_PI_H, ©.5h) - fma(time, ©.25h,
-rgb2hsv(col).x));

101

102 half k = smoothstep(@.0h, 1.8h, length(half2(shift)));

103 hsv.y = fma(hsv.y, 1.8h - k, k);

104 src.rgb = hsv2rgb(max(hsv, ©.0h));

105

106 return src;

107 = }

108

109

110

» > & C Line: 87 Col: 1 [=

> "Pipeline: Render cats" (0x104035a00) v Renderer00 ~ fshRenderer00
> [l RenderPipeline Performance 140.60 ms (100.0%)

> [B] Vertex Buffer O (MTLBuffer) 0x 103106740

> [B) Vertex Buffer 1 (MTLBuffer) 0x 103 10cca0

> [B) Vertex Buffer 2 (MTLBuffer) Bytes

> [B) Vertex Buffer 3 (MTLBuffer) Bytes

> [B) Vertex Buffer 4 (MTLBuffer) Bytes

> [B] Vertex Buffer 5 (MTLBuffer) Bytes

> [B] Vertex Buffer 6 (MTLBuffer) Bytes

Auto ¢ @ | ® Filter ) Ly




Shader: Profiling

eeo @ B >
B EE QA O =E

v [ MetalToolsDemo Captured GPU Worklo...
'~ Summary

‘¢ Performance
48.2 MB
~
v
B
o
v = Group #1 27.54 ms
> = Group #2 4,58 us
v = Group #3 2753 ms
'~ Render 27.53 ms

g

> (1| 44 Render = [renderComman...

v @ 52 [drawindexedPrim... 27.53 ms
(W Attachments
(& Geometry
'@ Bound Resources
(3] All Resources
(=) Pipeline Statistics
(ul] Performance

> [E] Callstack
@ 56 [presentDrawable:0x281f24100]

G= T A

P r\::;:‘bo,s = @) | G.ne MetalToolsDemo - Debugging GPU Workload 2 A1
ga < M. Renderer00.metal I Renderer00.m [ MetalToolsDemo.gputrace M MetalUtils.m h MetalUtils.h

+ (B

e=O

[ MetalToolsDemo.gputrace ) [R Main Frame ) & Group #1 ) & Group #3 ) [~| Render ) @/ 52 [dra...unt:256)] ) (#) Bound Resources ) [S] Fragment Function — fshRenderer00

Deployment Target is lower than device OS version. Shader performance data may not be available.

87 fragment half4 fshRenderer@@(ColorInOut in [[stage_inl],

- constant float &time_ [[buffer(9)]],
89 texture2d<half> image [[ texture(9) 1])
90 |
91 constexpr sampler imageSampler(address::clamp_to_zero, filter::nearest);
92
93 float2 shift = in.texCoord - 0.5;
94 float angle = atan2(shift.y, shift.x);
96 half time = half(time_);
97 half4 src = image.sample(imageSampler, in.texCoord);
98 half3 hsv = rgb2hsv(src.rgb);
99 half3 col = time_color(half2(in.texCoord), time);
100 hsv.x = pos_fract(fma(half(angle), ©.5h / M_PI_H, 0.5h) - fma(time, ©.25h,
-rgb2hsv(col).x));
101
102 half k = smoothstep(0.06h, 1.0h, length(half2(shift)));
103 hsv.y = fma(hsv.y, 1.0h - k, k);
1 q REC O~ Profile with Induced GPU Performance State
106 return sz Minimum
107 } Medium
108 Maximum
109 v Off
110
> i @

> "Pipeline: Render cats" (0x104035a00) v:hRendereroc
> [l RenderPipeline Performance 140.60 ms (100.0%)

> |B) Vertex Buffer 0 (MTLBuffer) 0 40

> |B) Vertex Buffer 1 (MTLBuffer) 0

> [B) Vertex Buffer 2 (MTLBuffer) Bytes

> [B) Vertex Buffer 3 (MTLBuffer) Bytes

> [B) Vertex Buffer 4 (MTLBuffer) Bytes

> [B) Vertex Buffer 5 (MTLBuffer) Bytes

> [B) Vertex Buffer 6 (MTLBuffer) Bytes

Auto ¢

® Filter

5
138.87 ms &b

1.22% ©
6.84% ©

28.78% ©

23.14% °

16.86% ©
6.68% ©

3.00% @
0.67% @
8.35% @

4.47% @

Line: 87 Col: 1 [



Shader: Debug

PYY

B X ZAAS 6

| »

o B

v [ MetalToolsDemo Captured GPU Worklo...

'~ Summary

7 ‘. Performance

[€] Group by API Call

‘A Main Frame

4

b

»

| Main Frame

<
IMI

<
0

@
2
°

i

> &= Group #2
v == Group #3
'~/ Render

g

482 MB

~
v

27.54 ms
4.58 us
2753 ms

2753 ms

> (1] 44 Render = [renderComman...
v @ 52 [drawindexedPrim... 27.53 ms

Attachments
Geometry

(@ Bound Resources

s3] All Resources
(=) Pipeline Statistics
(wl] Performance

> [E Callstack

@ 56 [presentDrawable:0x281f24100]

v

‘A Main Frame
e
‘A Main Frame

i

P
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\

I__, MetalToolsDemo
master

Ba <

M. Renderer00.metal

@) |l G.ne

T Renderer00.m

[ MetalToolsDemo.gputrace

MetalToolsDemo - Debugging GPU Workload 2 A

M MetalUtils.m

h MetalUtils.h

+ (B
e =B

[ MetalToolsDemo.gputrace ) (R Main Frame ) & Group #1 ) & Group #3 ) (~| Render ) |@ 52 [dra...unt:256] ) (¢ Bound Resources ) (S| Fragment Function — fshRenderer00

Deployment Target is lower than device OS version. Shader performance data may not be available.
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fragment half4 fs'

constexpr sam

float2 shift
float angle

half time =
half4 src =
half3 hsv
half3 col =
hsv.X = pos_

-rgb2hsv

h
i
r
t
£
(

half k = smoo
hsv.y = fma(h
src.rgb = hsv

return src;

e

18%

> "Pipeline: Render cats" (0x104035a00) =/ Renderer00 ~ fshRenderer0
> [l RenderPipeline Performance 140.60 ms (100.0%)
> [B) Vertex Buffer 0 (MTLBuffer) 0x 103100740

> [BJ Vertex Buffer 1 (MTLBuffer) 0x 103 100ca0

> [BJ Vertex Buffer 2 (MTLBuffer) Bytes

> [BJ Vertex Buffer 3 (MTLBuffer) Bytes

> [BJ Vertex Buffer 4 (MTLBuffer) Bytes

> [BJ Vertex Buffer 5 (MTLBuffer) Bytes

T A M| Auto?

> [BJ Vertex Buffer 6 (MTLBuffer) Bytes

-

5h,

@ Filter

e
138.87 ms b

1.22% ©
6.84% ©

28.78% @
23.14% &
16.86% @

6.68% ®

3.00% @
0.67% @
8.35% @

4.47% ©

Line: 87 Col: 1 [w
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Shader: Debug
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= Summary

‘. Performance

&% Memory 48.2 MB

<

{% Shader Debugger

X: 583.5
Y: 60.5

‘ Z: 0
v f fragment half4 fshRenderer00(Colorln...
(=] constant float &time_ [[buffer(0)]],
(=] texture2d<half> image [[ texture(0) 1])
(E] constexpr sampler imageSampler(ad...
(=) float2 shift = in.texCoord - 0.5;
(=] float angle = atan2(shift.y, shift.x);
(=) half time = half(time_);
(=] half4 src = image.sample(imageSam...
half3 hsv = rgb2hsv(src.rgb);
half3 col = time_color(half2(in.texCo...
hsv.x = pos_fract(fma(half(angle), O....
hsv.x = pos_fract(fma(half(angle), O....
(=) half k = smoothstep(0.0h, 1.0h, lengt...
(=) hsvy = fma(hsv.y, 1.0h - k, k);
> [:f] src.rgb = hsv2rgb(max(hsv, 0.0h));

(E] return src;

vV VvV VvV Vv
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fragment half4 fshRenderer®@(ColorInOut in [[stage_inl],

0>

constant float &time_ [[buffer(o)]],
texture2d<half> image [[ texture(e) 11)

constexpr sampler imageSampler(address::clamp_to_zero, filter::nearest);

float2 shift = in.texCoord - 0.5;

float angle

half time
half4 src
half3 hsv =
half3 col =

hsv.X = pos_

= atan2(shift.y, shift.x);

half(time_);

image.sample(imageSampler, in.texCoord);

rgb2hsv(src.rgb);

time_color(half2(in.texCoord), time);

fract(fma(half(angle), ©.5h / M_PI_H, ©.5h) - fma(time, ©.25h,

-rgb2hsv(col).x));

half k = smoothstep(@0.0h, 1.0h, length(half2(shift)));
hsv.y = fma(hsv.y, 1.0h - k, k);
src.rgb = hsv2rgb(max(hsv, ©.06h));

return src;

> in = (ColorinOut) { position = [ 583.5, 60.5, 0.0, 1.0 ], texCoord = [ =0.782, =0.717 ] }

in = {[ 583.5, 60.5, 0.0, 1

time_ =~ 3.8

image = Texture 0x1031(
imageSampler = Sampler

shift = [ ~0.282, ~0.217 ]

angle = 0.655

time = 3.801

src =[0.341, =0.286, =0
hsv = [ =0.084, =0.322, (
col = [ =0.24, =0.852, =0
hsv = [ =0.059, =0.322, (

k=0.289

hsv =[=0.059, 0.518, 0.
src =[0.341, =0.226, =0

ret = [ 0.341, ~0.226, =0

® Filter

Line: 87 Col: 1
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Shader: Debug
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v [ MetalToolsDemo Captured GPU Worklo...
'~ Summary

‘) Performance
* Memory 48.2 MB
{% Shader Debugger e

X: 583.5
Y: 60.5

‘ Z: 0
v f fragment half4 fshRenderer00(Colorin...
(=] constant float &time_ [[buffer(0)]],
(=] texture2d<half> image [[ texture(0) 1])
(E] constexpr sampler imageSampler(ad...
(=) float2 shift = in.texCoord - 0.5;
(=] float angle = atan2(shift.y, shift.x);
(=) half time = half(time_);
(=] half4 src = image.sample(imageSam...
half3 hsv = rgb2hsv(src.rgb);
half3 col = time_color(half2(in.texCo...
hsv.x = pos_fract(fma(half(angle), O....
hsv.x = pos_fract(fma(half(angle), O....
(=) half k = smoothstep(0.0h, 1.0h, lengt...
(=) hsvy = fma(hsv.y, 1.0h - k, k);
> [:f] src.rgb = hsv2rgb(max(hsv, 0.0h));

(E] return src;

vV VvV VvV Vv

= &

P
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master
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M. Renderer00.metal I Renderer00.m [ MetalToolsDemo.gputrace M MetalUtils.m
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[ MetalToolsDemo.gputrace ) [R Main Frame ) & Group #1 ) & Group #3 ) [~| Render ) @/ 52 [dra...unt:256)] ) (#) Bound Resources ) [S] Fragment Function — fshRenderer00
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87 fragment half4 fshRenderer@@(ColorInOut in [[stage_inl],
88 constant float &time_ [[buffer(o9)]l],
) texture2d<half> image [[ texture(e) 11)

{
91 constexpr sampler imageSampler(address::clamp_to_zero, filter::nearest);
93 float2 shift = in.texCoord - 0.5;
94 float angle = atan2(shift.y, shift.x);
96 half time = half(time_);
97 half4 src = image.sample(imageSampler, in.texCoord);
98 half3 hsv = rgb2hsv(src.rgb);
99 half3 col = time_color(half2(in.texCoord), time);
100 hsv.x = pos_fract(fma(half(angle), ©.5h / M_PI_H, 0.5h) - fma(time, ©.25h,
-rgb2hsv(col).x));
101
102 half k = smoothstep(@0.06h, 1.6h, length(half2(shift)));
103 hsv.y = fma(hsv.y, 1.06h - k, k);
104 src.rgb = hsv2rgb(max(hsv, 0.0h));
105
106 return src;
107 = }
108
109
110
12 @

> in = (ColorinOut) { position = [ 583.5, 60.5, 0.0, 1.0 ], texCoord = [ =0.782, =0.717 ] }

in = {[ 583.5, 60.5, 0.0, 1
time_=~ 3.8

image = Texture 0x1031(
imageSampler = Sampler

shift = [ =0.282, =0.217 ]
angle = 0.655

time = 3.801

src = [ 0.341, =0.286, =0
hsv = [ =0.084, =0.322, (
col = [ =0.24, =0.852, =0
hsv = [ =0.059, =0.322, (

k=0.289
hsv =[=0.059, 0.518, 0.
src =[0.341, =0.226, =0

ret =[0.341, =0.226, =0

Line: 87 Col: 1

® Filter
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Shader: Debug

eeo @ B >
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v [ MetalToolsDemo Captured GPU Worklo...
'~ Summary

‘) Performance
* Memory 48.2 MB
{% Shader Debugger e

X: 583.5
Y: 60.5

‘ Z: 0
v f fragment half4 fshRenderer00(Colorin...
(=] constant float &time_ [[buffer(0)]],
(=] texture2d<half> image [[ texture(0) 1])
(E] constexpr sampler imageSampler(ad...
(=) float2 shift = in.texCoord - 0.5;
(=] float angle = atan2(shift.y, shift.x);
(=) half time = half(time_);
(=] half4 src = image.sample(imageSam...
half3 hsv = rgb2hsv(src.rgb);
half3 col = time_color(half2(in.texCo...
hsv.x = pos_fract(fma(half(angle), O....
hsv.x = pos_fract(fma(half(angle), O....
(=) half k = smoothstep(0.0h, 1.0h, lengt...
(=) hsvy = fma(hsv.y, 1.0h - k, k);
> [:f] src.rgb = hsv2rgb(max(hsv, 0.0h));

(E] return src;

vV VvV VvV Vv
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MetalToolsDemo
master

ga <

@) | G.ne

M. Renderer00.metal I Renderer00.m [ MetalToolsDemo.gputrace M MetalUtils.m

MetalToolsDemo - Debugging GPU Workload 2

A1 <+

h MetalUtils.h =
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[ MetalToolsDemo.gputrace ) [R Main Frame ) & Group #1 ) & Group #3 ) [~| Render ) @/ 52 [dra...unt:256)] ) (#) Bound Resources ) [S] Fragment Function — fshRenderer00

(£] 1% /1

87 fragment half4 fshRenderer@@(ColorInOut in [[stage_inl],
88 constant float &time_ [[buffer(o9)]l],
) texture2d<half> image [[ texture(e) 11)

{
91 constexpr sampler imageSampler(address::clamp_to_zero, filter::nearest);
93 float2 shift = in.texCoord - 0.5;
94 float angle = atan2(shift.y, shift.x);
96 half time = half(time_);
97 half4 src = image.sample(imageSampler, in.texCoord);
98 half3 hsv = rgb2hsv(src.rgb);
99 half3 col = time_color(half2(in.texCoord), time);
100 hsv.x = pos_fract(fma(half(angle), ©.5h / M_PI_H, 0.5h) - fma(time, ©.25h,
-rgb2hsv(col).x));
101
102 half k = smoothstep(@0.06h, 1.6h, length(half2(shift)));
103 hsv.y = fma(hsv.y, 1.06h - k, k);
104 src.rgb = hsv2rgb(max(hsv, 0.0h));
105
106 return src;
107 = }
108
109
110
12 @

> in = (ColorinOut) { position = [ 583.5, 60.5, 0.0, 1.0 ], texCoord = [ =0.782, =0.717 ] }

in = {[ 583.5, 60.5, 0.0, 1
time_=~ 3.8

image = Texture 0x1031(
imageSampler = Sampler

shift = [ =0.282, =0.217 ]
angle = 0.655

time = 3.801

src = [ 0.341, =0.286, =0
hsv = [ =0.084, =0.322, (
col = [ =0.24, =0.852, =0
hsv = [ =0.059, =0.322, (

k=0.289
hsv =[=0.059, 0.518, 0.
src =[0.341, =0.226, =0

ret =[0.341, =0.226, =0

Line: 87 Col: 1

® Filter
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Shader: Debug

o000 ] (] [ P :aetstz:ToolsDemo @) | G.ne MetalToolsDemo - Debugging GPU Workload 2 . (B
5 T Q A & () Be | < M. Renderer00.metal ' Renderer00.m [ MetalToolsDemo.gputrace T MetalUtils.m h MetalUtils.h e = ([
« @ MetalTools o Captured GPU Worklo... [ MetalToolsDemo.gputrace ) |R| Main Frame ) & Group #1 ) & Group #3 ) [~| Render ) (@ 52 [dra...unt:256)] ) [ Bound Resources ) [S| Fragment Function — fshRenderer00
|: summary half +ime = h:1flf1'ma_\_° tima — 2 QN1 ]|
half4 src = image.sample(imageSampler, in.texCoord); src = [ 0.341, =0.286, =0
: Performance
..... v src = (half4) [ 0.3410644531, 0.2863769531, 0.2313232422, 1.0 ]
" Memory 48.2 MB

<)

M o

v  f| fragment half4 fshRendererO0(Colorin...

vV vV VvV VvV

>

Values Mask

{% Shader Debugger

X: 583.5
Y: 60.5

<O

(E] constant float &time_ [[buffer(0)]],

(=] texture2d<half> image [[ texture(0) 1])
(E] constexpr sampler imageSampler(ad...
(= float2 shift = in.texCoord - 0.5;

(=] float angle = atan2(shift.y, shift.x);

{53 Min Value [0.0, 0.0, 0.0, 0.0]

= half time = half(time_); Max Value [1.0, 1.0, 1.0, 1.0]

(=] half4 src = image.sample(imageSam...

half3 hsv = rgb2hsv(src.rgb): half3 hsv = rgb2hsv(src.rgb);

e e G T P B half3 col = time_color(half2(in.texCoord), time); '

hevx = pos._fract(fmahalf(angie), 0._ hsv. fr=b;;2)§2;1(‘cr:':i; (;Ta)i fhalf(angle) , 8.5h / M_PI_H, 0.5h) - fma(time, ©.25h,
hsv.x = pos_fract(fma(half(angle), O.... ° . '

=) half k = smoothstep(0.0h, 1.0h, lengt... (1) half k = smoothstep(@.0h,| 1.8h, length(half2(shift)));
(E] hsvy = fma(hsvy, 1.0h - k, k);

src.rgb = hsv2rgb(max(hsyv, 0.0h));
(= return src; 12 @

> in = (ColorinOut) { position = [ 5683.5, 60.5, 0.0, 1.0 ], texCoord = [ =0.782, =0.717 ] }
time_ = (float&)

v k = (half) 0.2893066406

> image = (texture2d<half, metal::access::sample, void>) n/a
> imageSampler = (sampler) n/a
> shift = (float2) [ 0.2819499969, 0.2166078687 ]
angle = (float)
time = (half)
> src = (half4) [ 0.3410644531, 0.2863769531, 0.2313232422, 1.0]
> hsv = (half3) [ 0.05859375, 0.3217773438, 0.3410644531 ]

hsv=[=0.084,=0.322, ( @
col=[=0.24,=0.852,=0 ©
hsv = [=0.059, =0.322, ( @

k=0.289

Line: 102 Col: 27 |



Shader: Debug

00 ED - ’ I—’ :ae:tz:Too's = .) l G..ne MetalToolsDemo - Debugging GPU Workload 2 + I:E]
B T Q A & () Be | < M. Renderer00.metal ' Renderer00.m [ MetalToolsDemo.gputrace T MetalUtils.m h MetalUtils.h e = ([
: ) |A] Mai ) - #1) = #3 ) |~ ) ..unt: ) @ ) [S) ion — f
- . MetalToolsDemo Captured GPU Worklo... [ MetalToolsDemo.gputrace | Main Frame Group #1 , Group #3 Render ) @ 52 [dra..unt:256) ) || Bound Resources ) |S| Fragment Function — fshRenderer00
| Summary half time = half(time_); time = 3.801 ()
half4 src = image.sample(imageSampler, in.texCoord); src = [ 0.341, =0.286, =0
: Performance
..... v src = (half4) [ 0.3410644531, 0.2863769531, 0.2313232422, 1.0 ]
" Memory 48.2 MB
Values Mask

<)

M o

v  f| fragment half4 fshRendererO0(Colorin...

vV vV VvV VvV

>

{% Shader Debugger

X: 583.5
Y: 60.5

<O

(E] constant float &time_ [[buffer(0)]],

(=] texture2d<half> image [[ texture(0) 1])
(E] constexpr sampler imageSampler(ad...
(= float2 shift = in.texCoord - 0.5;

(=] float angle = atan2(shift.y, shift.x);

{53 Min Value [0.0, 0.0, 0.0, 0.0]

= half time = half(time_); Max Value [1.0, 1.0, 1.0, 1.0]

(=] half4 src = image.sample(imageSam...

half3 hsv = rgb2hsv(src.rgb): half3 hsv = rgb2hsv(src.rgb);

e e G T P B half3 col = time_color(half2(in.texCoord), time); '

hevx = pos._fract(fmahalf(angie), 0._ hsv. fr=b;;2)§2;1(‘cr:':i; (;Ta)i fhalf(angle) , 8.5h / M_PI_H, 0.5h) - fma(time, ©.25h,
hsv.x = pos_fract(fma(half(angle), O.... ° . '

=) half k = smoothstep(0.0h, 1.0h, lengt... (1) half k = smoothstep(@.0h,| 1.8h, length(half2(shift)));
(E] hsvy = fma(hsvy, 1.0h - k, k);

src.rgb = hsv2rgb(max(hsyv, 0.0h));
(= return src; 12 @

> in = (ColorinOut) { position = [ 5683.5, 60.5, 0.0, 1.0 ], texCoord = [ =0.782, =0.717 ] }
time_ = (float&)

v k = (half) 0.2893066406

> image = (texture2d<half, metal::access::sample, void>) n/a
> imageSampler = (sampler) n/a
> shift = (float2) [ 0.2819499969, 0.2166078687 ]
angle = (float)
time = (half)
> src = (half4) [ 0.3410644531, 0.2863769531, 0.2313232422, 1.0]
> hsv = (half3) [ 0.05859375, 0.3217773438, 0.3410644531 ]

hsv=[=0.084,=0.322, ( @
col=[=0.24,=0.852,=0 ©
hsv = [=0.059, =0.322, ( @

k=0.289

Line: 102 Col: 27 |



Shader: Debug

o000 [{) O = P :ae:tz:Too'soemo @) |l G.ne MetalToolsDemo - Debugging GPU Workload 2 A1 + (B
B T Q A & () Be | < M. Renderer00.metal ' Renderer00.m [ MetalToolsDemo.gputrace T MetalUtils.m h MetalUtils.h e = ([
v @ MetalTools o Captured GPU Worklo [ MetalToolsDemo.gputrace ) |R| Main Frame ) & Group #1 ) & Group #3 ) [~| Render ) (@ 52 [dra...unt:256)] ) [ Bound Resources ) [S| Fragment Function — fshRenderer00
|: 8ummary half time = half(timE_); time = 3.801 (]
half4 src = image.sample(imageSampler, in.texCoord); src = [ 0.341, =0.286, =0
: Performance
_____ v src = (half4) [ 0.3410644531, 0.2863769531, 0.2313232422, 1.0 ]
- Memo 48.2 MB
..... ry Values Mask
{% Shader Debugger ¢
X: 5835
Y
- '
v  f| fragmen
@ consti ﬁ- - " P ———
=) textur 1 RGB 0 1- @
(=] constt
(=] float2 L
E ﬂ°at_a : 7 3 Min Value [0.0, 0.0, 0.0, 0.0]
S/ half tii| . Alpha L - d Max Value [1.0, 1.0, 1.0, 1.0]
(=) half4 v Combine RGB
> [ half3| [M8) Oto1 -1to1 OtoMax MintoMax Custom | Nalf3 hsv = rgb2hsv(src.rgb); hsv=[=0.084,=0.322,( O
> =] half3 half3 col = time_color(half2(in.texCoord), time); col = [=0.24, =0.852, =0 @
v © Red ¢ © Red hsv.x = pos_fract(fma(half(angle), 0.5h / M_PI_H, 0.5h) - fma(time, 0.25h, hsv = [ =0.059, =0.322, ( @
> [f] hsv.x: v ® Green? > ® Green -rgb2hsv(col).x)):
Al v  Blue ¢ = Blue - ot
= h : @  Alpha ¢ - ~ Alpha .
alf k half k = smoothstep(0.06h, 1.0h, length(half2(shift))); k=0.289
@ hsvy 1 v Pre-Multiplied Alpha

> [=f] sre.rgb = hsv2rgb(max(hsv, 0.0h));
(= return src;

v k = (half) 0.2893066406

> @ Line: 102 Col: 27 (=)

> in = (ColorinOut) { position = [ 5683.5, 60.5, 0.0, 1.0 ], texCoord = [ =0.782, =0.717 ] }

time_ = (float&)
> image = (texture2d<half, metal::access::sample, void>) n/a
> imageSampler = (sampler) n/a
> shift = (float2) [ 0.2819499969, 0.2166078687 ]

angle = (float)

time = (half)
> src = (half4) [ 0.3410644531, 0.2863769531, 0.2313232422, 1.0]
> hsv = (half3) [ 0.05859375, 0.3217773438, 0.3410644531 ]
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'~ Summary

‘\: Performance

48.2 MB

<

{% Shader Debugger

X: 570.5
Y: 80.5

‘ Z: 0
v || fragment half4 fshRenderer00(Colorin...
(=] constant float &time_ [[buffer(0)]],
(=] texture2d<half> image [[ texture(0) 1])
(E] constexpr sampler imageSampler(ad...
(=) float2 shift = in.texCoord - 0.5;
(=] float angle = atan2(shift.y, shift.x);
(=) half time = half(time_);
(=) half4 src = image.sample(imageSam...
half3 hsv = rgb2hsv(src.rgb);
half3 col = time_color(half2(in.texCo...
hsv.x = pos_fract(fma(half(angle), O....
hsv.x = pos_fract(fma(half(angle), O....
(=] half k = smoothstep(0.0h, 1.0h, lengt...
(=] hsvy = fma(hsv.y, 1.0h - k, k);
> [:f] src.rgb = hsv2rgb(max(hsv, 0.0h));

=/ return src;

vV VvV VvV Vv

‘II
[

Shader: Edit+Replay

P :\‘::t::Too's 2 @) |l G.ne MetalToolsDemo - Debugging GPU Workload 2 A1 . e
B < M. Renderer00.metal T Renderer00.m [y MetalToolsDemo.gputrace I MetalUtils.m h MetalUtils.h e = [

[ MetalToolsDemo.gputrace ) [R Main Frame ) & Group #1 ) & Group #3 ) [~| Render ) @/ 52 [dra...unt:256)] ) (#) Bound Resources ) [S] Fragment Function — fshRenderer00

constexpr sampler imageSampler(address::clamp_to_zero, filter::nearest);

float2 shift = in.texCoord - 0.5;
float angle = atan2(shift.y, shift.x);

half time = half(time_);

half4 src = image.sample(imageSampler, in.texCoord);

half3 hsv = rgb2hsv(src.rgb);

half3 col = time_color(half2(in.texCoord), time);

hsv.x = pos_fract(fma(half(angle), ©.5h / M_PI_H, 0.5h) - fma(time, ©.25h,
-rgb2hsv(col).x));

half k = smoothstep(0.08h, 1.0h, length(half2(shift)));
hsv.y = fma(hsv.y, 1.8h - k, k);
src.rgb = hsv2rgb(max(hsv, ©.6h));

106 return src.ggga

kernel void krnRenderer@@(device PositionData xpositions [[buffer(e)]],
device float4x4 xtransforms [[buffer(1)]1],
uint gid [[thread_position_in_grid]l])

PositionData pos = positions[gid];

1> ¢ |®
> in = (ColorinOurj { position = [ 570.5, 80.5, 0.0, 1.0 ], texCoord = [ =0.761, =0.71] }
time_ = (float&) 13
> image = (texture2d<half, metal::access::sample, vold>) n/a
> imageSampler = (sampler) n/a
> shift = (float2) [ 0.2607759237, 0.2095175982 ]
angle = (float)
time = (half)
> src = (half4) [ 0.3530273438, 0.2163085938, 0.1622314453, 1.0 ]
> hsv = (half3) [ 0.0473632812, 0.5405273438, 0.3530273438 ]

imageSampler = Sampler ©

shift = [ =0.261,=0.21] O
angle = 0.677

(]

time = 3.801

src = [ 0.353, 0.298, =0.:
hsv=[0.098, 0.378, 0.3
col=[=0.321, =0.852, =
hsv=[=0.047, 0.378, 0.

OCOO0OOO

k=0.261
hsv = [ =0.047, =0.541, (
src =[0.353, =0.216, =0

O OO0

ret = [ 0.353, ~0.216, =0

Line: 106 Col: 17 [
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v [ MetalToolsDemo Captured GPU Worklo...
'~ Summary

‘\: Performance

48.2 MB

<

{% Shader Debugger

X: 570.5
Y: 80.5

‘ Z: 0
v || fragment half4 fshRenderer00(Colorin...
(=] constant float &time_ [[buffer(0)]],
(=] texture2d<half> image [[ texture(0) 1])
(E] constexpr sampler imageSampler(ad...
(=) float2 shift = in.texCoord - 0.5;
(=] float angle = atan2(shift.y, shift.x);
(=) half time = half(time_);
(=) half4 src = image.sample(imageSam...
half3 hsv = rgb2hsv(src.rgb);
half3 col = time_color(half2(in.texCo...
hsv.x = pos_fract(fma(half(angle), O....
hsv.x = pos_fract(fma(half(angle), O....
(=] half k = smoothstep(0.0h, 1.0h, lengt...
(=] hsvy = fma(hsv.y, 1.0h - k, k);
> [:f] src.rgb = hsv2rgb(max(hsv, 0.0h));

=/ return src;

vV VvV VvV Vv

‘II
[

Shader: Edit+Replay

P :\‘::t::Too's 2 @) |l G.ne MetalToolsDemo - Debugging GPU Workload 2 A1 . e
B < M. Renderer00.metal T Renderer00.m [y MetalToolsDemo.gputrace I MetalUtils.m h MetalUtils.h e = [

[ MetalToolsDemo.gputrace ) [R Main Frame ) & Group #1 ) & Group #3 ) [~| Render ) @/ 52 [dra...unt:256)] ) (#) Bound Resources ) [S] Fragment Function — fshRenderer00

constexpr sampler imageSampler(address::clamp_to_zero, filter::nearest);

float2 shift = in.texCoord - 0.5;
float angle = atan2(shift.y, shift.x);

half time = half(time_);

half4 src = image.sample(imageSampler, in.texCoord);

half3 hsv = rgb2hsv(src.rgb);

half3 col = time_color(half2(in.texCoord), time);

hsv.x = pos_fract(fma(half(angle), ©.5h / M_PI_H, 0.5h) - fma(time, ©.25h,
-rgb2hsv(col).x));

half k = smoothstep(0.08h, 1.0h, length(half2(shift)));
hsv.y = fma(hsv.y, 1.8h - k, k);
src.rgb = hsv2rgb(max(hsv, ©.6h));

106 return src.ggga

kernel void krnRenderer@@(device PositionData xpositions [[buffer(e)]],
device float4x4 xtransforms [[buffer(1)]1],
uint gid [[thread_position_in_grid]l])

PositionData pos = positions[gid];

1> ¢ |®
> in = (ColorinOurj { position = [ 570.5, 80.5, 0.0, 1.0 ], texCoord = [ =0.761, =0.71] }
time_ = (float&) 13
> image = (texture2d<half, metal::access::sample, vold>) n/a
> imageSampler = (sampler) n/a
> shift = (float2) [ 0.2607759237, 0.2095175982 ]
angle = (float)
time = (half)
> src = (half4) [ 0.3530273438, 0.2163085938, 0.1622314453, 1.0 ]
> hsv = (half3) [ 0.0473632812, 0.5405273438, 0.3530273438 ]

imageSampler = Sampler ©

shift = [ =0.261,=0.21] O
angle = 0.677

(]

time = 3.801

src = [ 0.353, 0.298, =0.:
hsv=[0.098, 0.378, 0.3
col=[=0.321, =0.852, =
hsv=[=0.047, 0.378, 0.

OCOO0OOO

k=0.261
hsv = [ =0.047, =0.541, (
src =[0.353, =0.216, =0

O OO0

ret = [ 0.353, ~0.216, =0

Line: 106 Col: 17 [

® Filter (0
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v [ MetalToolsDemo Captured GPU Worklo...
'~ Summary

‘.t Performance
* Memory 48.2 MB
[S] Group by API Call $
‘A Main Frame
g
e
‘A Main Frame
>
;?w
v = Group # 27.45 ms
> == Group #2 10.40 ps
v = Group #3 27.44 ms
'~| Render 27.44 ms

=
&
> (1] 44 Render = [renderComman...
v @ 52 [drawindexedPrim... 27.44 ms
(W Attachments
Geometry
(@ Bound Resources
(=) Pipeline Statistics
(ul] Performance
> |&| Callstack
@ 56 [presentDrawable:0x281f24100]

9

A Main Frame

‘A Main Frame

N

d

|—_V

TAM]

MetalToolsDemo
P master .> I G..ne

B8 | < M. Renderer00.metal I Renderer00.m

[ MetalToolsDemo.gputrace

M MetalUtils.m

MetalToolsDemo - Debugging GPU Workload 2 A

h MetalUtils.h

.

2

(B

M)A )& )& )~ )@ 52 [drawindexedPrimitives:Triangle indexCount:1857 indexType:...dexBuffer:0x10310eb50 indexBufferOffset:0 instanceCount:256] ) (33| All Resources

Label Type Size Details

v Textures

1125 x 2436 BGRA8Unorm
1125 x 2436 BGRA8Unorm
1125 x 2436 BGRA8Unorm

CAMetalLayer Display Dra... Texture
;.;’ CAMetalLayer Display Dra... Texture
g CAMetalLayer Display Dra... Texture

&‘ Texture 0x10310e380 Texture 1936 x 1936 BGRA8Unorm
v Buffers

(B| Buffer 0x10310e740 Buffer 18 KB

|B) Buffer 0x10310eb50 Buffer 4 KB

(B| Buffer 0x10310eca0 Buffer 16 KB

(B| Buffer 0x10310edf0 Buffer 6 KB
v Libraries

'S| Library 0x282452e80
'S| Library 0x28245ebc0

v Functions

(S] fshRenderer00 Fragment Function
(S] krnRenderer00 Kernel Function
@ vshRenderer00 Vertex Function
» > & ©
> "Pipeline: Render cats" (0x104035a00) =/ Renderer00 ~ fshRenderer00

> . RenderPipeline Performance 140.22 ms (100.0%) -0.37 ms
> [B] Vertex Buffer 0 (MTLBuffer) 0x 103100740

> [B) Vertex Buffer 1 (MTLBuffer) 0x 103 10cca0

> [B) Vertex Buffer 2 (MTLBuffer) Bytes

> [B) Vertex Buffer 3 (MTLBuffer) Bytes

> [BJ Vertex Buffer 4 (MTLBuffer) Bytes

> [B) Vertex Buffer 5 (MTLBuffer) Bytes

> [B) Vertex Buffer 6 (MTLBuffer) Bytes

Auto ¢

Library 0x282452e80 [Precompiled]
Library 0x28245ebc0 [Precompiled]
Library 0x282452e80 [Precompiled]

® Filter



Pipeline Statistics

o000 ] e b
B E & QA & ¢ D E

v [ MetalToolsDemo Captured GPU Worklo...
'~ Summary

‘: Performance
* Memory 48.2 MB
[S] Group by API Call $
‘A Main Frame
> ¥
o
‘A Main Frame
i
bA
v == Group #1 27.45 ms
> = Group #2 10.40 ps
v = Group #3 27.44 ms

'~ Render 27.44 ms
v 5

> (1] 44 Render = [renderComman...
v @ 52 [drawindexedPrim... 27.44 ms

(W Attachments

Geometry

Bound Resources

23] All Resources

(ull Performance

> Bl Callstack

@ 56 [presentDrawable:0x281f24100]

= (%

‘A Main Frame
8
‘A Main Frame
>
TS TAM)

I"' MetalToolsDemo

master .) l G..ne

g8 < M. Renderer00.metal

T Renderer00.m

MetalToolsDemo - Debugging GPU Workload 2 A1

[y MetalToolsDemo.gputrace M MetalUtils.m

h MetalUtils.h

M)A )& )& )~ )@ 52 [drawindexedPrimitives:Triangle indexCount:1857 indexTyp...xBuffer:0x10310eb50 indexBufferOffset:0 instanceCount:256] ) [&] Pipeline Statistics

Remarks

v (1) High Float-to-Half Ratio

A relatively high amount of floating-point operations use 32-bit float data types.

Instead, use 16-bit half data types to increase performance.

Ratio is 85.0% - Renderer00.metal:vshRenderer00 (Pipeline: Render cats)

Vertex Shader Renderer00.metal: vshRenderer00 (Pipeline: Render cats)

Total Function Execution Time

ALU Time T ——

Memory Time ———

Control Flow Time H

Synchronization Time

Wait Time Iy

Total Number of Instructions

ALU —————————————————————————————————
Memory f—

Control Flow

Synchronization  —

Maximum Theoretical Occupancy

Fragment Shader Renderer00.metal: fshRenderer00 (Pipeline: Render cats)

Total Function Execution Time

ALU Time .. s

» > @

> "Pipeline: Render cats" (0x104035a00) v=hRenderer00
> [l RenderPipeline Performance 140.22 ms (100.0%) -0.37 ms
> [B) Vertex Buffer O (MTLBuffer) 0x 103106740
> [B) Vertex Buffer 1 (MTLBuffer) 0x 103 10cca0

> [B) Vertex Buffer 2 (MTLBuffer) Bytes
> [B) Vertex Buffer 3 (MTLBuffer) Bytes
> [B) Vertex Buffer 4 (MTLBuffer) Bytes
> [B) Vertex Buffer 5 (MTLBuffer) Bytes
> [B) Vertex Buffer 6 (MTLBuffer) Bytes

Auto ¢

fshRenderer00

@ Filter

1.89 ms

37

138.34 ms

(IR



Pipeline Statistics

oo {J " > V :;::T”bm" @) I c.ne MetalToolsDemo - Debugging GPU Workload 2 A 1 + (B
B o Q A © & D Ba < M. Renderer00.metal I Renderer00.m [ MetalToolsDemo.gputrace I MetalUtils.m h MetalUtils.h e = [

Y B PID @ 52 [drawIndexedPrimitives:Triangle indexCount:1857 indexTyp...xBuffer:0x10310eb50 indexBufferOffset:0 instanceCount:256 Pipeline Statistics
v [ MetalToolsDemo Captured GPU Worklo... bra)s)s )H )@ s2( 9 yp 1) & Pip

E Summary Fragment Shader Renderer00.metal: fshRenderer00 (Pipeline: Render cats) ]
Total Function Execution Time 138.34 ms

%: Performance ALU Time O ———————

" Memory 48.2 MB Memory Time T

Control Flow Time |

@ Group by API Call ° Synchronization Time
. g Main Frame Wait Time e ——
é Main Frame Total Number of Instructions 122
v 35 ALU e ——
g Memory H
v == Group #1 27.45 ms Control Flow
> = Group #2 10.40 ps Synchronization —
v o Group #3 27.44 ms Maximum Theoretical Occupancy
'~ Render 27.44 ms
"t g Draw Calls Total Differential
kX
> (1] 44 Render = [renderComman... '@ 23 [drawindexedPrimitives:Triangle indexC... 30.77ms -161.63 us %
v (@ 62 [drawindexedPrim... 27.44ms '@ 52 [drawindexedPrimitives:Triangle indexC... 27.44 ms CrRgTt ]
Attachments '@ 81 [drawindexedPrimitives:Triangle indexC... 27.37 ms ~40.61 s S A
Geometry i@ 110 [drawindexedPrimitives:Triangle index... 27.36ms  +15.74 IS |
Bound Resources '@ 139 [drawIndexedPrimitives:Triangle index... 27.3ms ~04.45 s | A A S
[z All Resources 140.23ms  -373.03 s
= PipelineStatisties
(ul] Performance ®» > & B =2
> . Callstack > "Pipeline: Rond?cats" (0x104035a00) vshRenderer00 - fshRenderer00
@ 56 [presentDrawable:0x281f24100] > [l RenderPipeline Performance 140.22 ms (100.0%) -0.37 ms
> g > [B) Vertex Buffer 0 (MTLBuffer) 0x 103100740
> [B) Vertex Buffer 1 (MTLBuffer) 0x 103 10eca0
‘A Main Frame > [BJ Vertex Buffer 2 (MTLBuffer) Bytes
> > [BJ Vertex Buffer 3 (MTLBuffer) Bytes
f;: > [BJ Vertex Buffer 4 (MTLBuffer) Bytes
‘A Main Frame > [BJ Vertex Buffer 5 (MTLBuffer) Bytes
> E > ! Vertex Buffor 6 (MTLBuffer) Bytes

[\: = & F] Auto ¢ ® Filter (MR




Performance

oo {J m p | MetalToolsDemo @) I G.ne MetalToolsDemo - Debugging GPU Workload 2 & 1 + (B
B5 2 Q A © ¢ D 88 < M. Renderer00.metal M Renderer00.m [ MetalToolsDemo.gputrace I MetalUtils.m h MetalUtils.h 2 =

A V& )& )~ )@ 52 [drawindexedPrimitives:Triangle indexCount:1857 indexType:...dexBuffer:0x10310eb50 indexBufferOffset:0 instanceCount:256 Performance
v @ MetalToolsDemo Captured GPU Worklo... B)a)s )& )@ ) @s21 9 yp 1) @

E Summary Potential Hotspots/Bottlenecks
No potential bottlenecks detected
0 Performance
Counters Draw Encoder
- Memory 48.2 MB GPU (Command 52 - Render - Main Frame)
GPU Time 27.44 ms 27.44 ms
[S] Group by API Call $
|§| Main Frame Performance Limiters
> g ALU Limiter N/A 75.63%
B ALU Utilization N/A 57.77%
A Main Frame F32 Utilization N/A 26.59%
v B F16 Utilization N/A 22.97%
2 Integer and Complex Utilization N/A 38.73%
v i Group #1 27.45 ms Integer and Conditional Utilization N/A 11.78%
> == Group #2 10.40 s Texture Read Limiter N/A 93.38%
v &= Group #3 27.44 ms Texture Read Utilization N/A 7.92%
_ Texture Write Limiter N/A 0.56%
- l;' Render 47.44 ms Texture Write Utilization N/A 0.56%
g Buffer Read Limiter N/A 0.13%
N |I| 44 Render = [renderComman... Buffer Refd U-tlll.zatlon N/A 0.13%
_ Buffer Write Limiter N/A 0.00%
Vv @/ 52 [drawindexedPrim... 27.44 ms Buffer Write Utilization N/A 0.00%
(W Attachments Main Memory Access Limiter N/A 62.98%
Geometry ThreadGroup/IimageBlock Read Limiter N/A 4.63%
@ Bound Resources ThreadGroup/IimageBlock Read Utilization N/A 3.96%
ThreadGroup/ImageBlock Write Limiter N/A 8.42%
s3] All Resources
(=] Pipeline Statistics (= +) Filte:
=D % C O -
> Callstack > "Pipeline: Render cats" (0x104035a00) =/ Renderer00 ~ fshRenderer00
@/ 56 [presentDrawable:0x281f24100] > [l RenderPipeline Performance 140.22 ms (100.0%) -0.37 ms
> > |B) Vertex Buffer 0 (MTLBuffer) 0x 103706740

> [B) Vertex Buffer 1 (MTLBuffer) 0x 103 10cca0
> [B) Vertex Buffer 2 (MTLBuffer) Bytes
> [B) Vertex Buffer 3 (MTLBuffer) Bytes
> [B) Vertex Buffer 4 (MTLBuffer) Bytes
> [B) Vertex Buffer 5 (MTLBuffer) Bytes
> [B) Vertex Buffer 6 (MTLBuffer) Bytes

= E NN | Auto ¢ @ Filter | G]




Performance

oo {J m p | MetalToolsDemo @) I G.ne MetalToolsDemo - Debugging GPU Workload 2 & 1 + (B
B5 2 Q A © ¢ D 88 < M. Renderer00.metal M Renderer00.m [ MetalToolsDemo.gputrace I MetalUtils.m h MetalUtils.h 2 =

A V& )& )~ )@ 52 [drawindexedPrimitives:Triangle indexCount:1857 indexType:...dexBuffer:0x10310eb50 indexBufferOffset:0 instanceCount:256 Performance
v @ MetalToolsDemo Captured GPU Worklo... B)&)S )& ) )@ 82 9 yp 1) @

E Summary Potential Hotspots/Bottlenecks
No potential bottlenecks detected
0 Performance
Counters Draw Encoder
- Memory 48.2 MB GPU (Command 52 - Render - Main Frame)
GPU Time 27.44 ms 27.44 ms
[S] Group by API Call $
|§| Main Frame Performance Limiters
> g ALU Limiter N/A 75.63%
B ALU Utilization N/A 57.77%
A Main Frame F32 Utilization N/A 26.59%
v B F16 Utilization N/A 22.97%
2 Integer and Complex Utilization N/A 38.73%
v i Group #1 27.45 ms Integer and Conditional Utilization N/A 11.78%
> == Group #2 10.40 s Texture Read Limiter N/A 93.38%
v &= Group #3 27.44 ms Texture Read Utilization N/A 7.92%
_ Texture Write Limiter N/A 0.56%
- l;' Render 47.44 ms Texture Write Utilization N/A 0.56%
g Buffer Read Limiter N/A 0.13%
N |I| 44 Render = [renderComman... Buffer Refd U-tlll.zatlon N/A 0.13%
_ Buffer Write Limiter N/A 0.00%
Vv @/ 52 [drawindexedPrim... 27.44 ms Buffer Write Utilization N/A 0.00%
(W Attachments Main Memory Access Limiter N/A 62.98%
Geometry ThreadGroup/IimageBlock Read Limiter N/A 4.63%
@ Bound Resources ThreadGroup/IimageBlock Read Utilization N/A 3.96%
ThreadGroup/ImageBlock Write Limiter N/A 8.42%
s3] All Resources
(=] Pipeline Statistics (= +) Filte:
=D % C O -
> Callstack > "Pipeline: Render cats" (0x104035a00) =/ Renderer00 ~ fshRenderer00
@/ 56 [presentDrawable:0x281f24100] > [l RenderPipeline Performance 140.22 ms (100.0%) -0.37 ms
> > |B) Vertex Buffer 0 (MTLBuffer) 0x 103706740

> [B) Vertex Buffer 1 (MTLBuffer) 0x 103 10cca0
> [B) Vertex Buffer 2 (MTLBuffer) Bytes
> [B) Vertex Buffer 3 (MTLBuffer) Bytes
> [B) Vertex Buffer 4 (MTLBuffer) Bytes
> [B) Vertex Buffer 5 (MTLBuffer) Bytes
> [B) Vertex Buffer 6 (MTLBuffer) Bytes

= E NN | Auto ¢ @ Filter | G]
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B5 2 Q A © ¢ D 88 < M. Renderer00.metal M Renderer00.m [ MetalToolsDemo.gputrace I MetalUtils.m h MetalUtils.h 2 =

A V& )& )~ )@ 52 [drawindexedPrimitives:Triangle indexCount:1857 indexType:...dexBuffer:0x10310eb50 indexBufferOffset:0 instanceCount:256 Performance
v @ MetalToolsDemo Captured GPU Worklo... B)a)s )& )@ ) @s21 9 yp 1) @

E Summary Potential Hotspots/Bottlenecks
No potential bottlenecks detected
0 Performance
Counters Draw Encoder
- Memory 48.2 MB GPU (Command 52 - Render - Main Frame)
GPU Time 27.44 ms 27.44 ms
[S] Group by API Call $
|§| Main Frame Performance Limiters
> g ALU Limiter N/A 75.63%
B ALU Utilization N/A 57.77%
A Main Frame F32 Utilization N/A 26.59%
v B F16 Utilization N/A 22.97%
2 Integer and Complex Utilization N/A 38.73%
v i Group #1 27.45 ms Integer and Conditional Utilization N/A 11.78%
> == Group #2 10.40 s Texture Read Limiter N/A 93.38%
v &= Group #3 27.44 ms Texture Read Utilization N/A 7.92%
_ Texture Write Limiter N/A 0.56%
- l;' Render 47.44 ms Texture Write Utilization N/A 0.56%
g Buffer Read Limiter N/A 0.13%
N |I| 44 Render = [renderComman... Buffer Refd U-tlll.zatlon N/A 0.13%
_ Buffer Write Limiter N/A 0.00%
Vv @/ 52 [drawindexedPrim... 27.44 ms Buffer Write Utilization N/A 0.00%
(W Attachments Main Memory Access Limiter N/A 62.98%
Geometry ThreadGroup/IimageBlock Read Limiter N/A 4.63%
@ Bound Resources ThreadGroup/IimageBlock Read Utilization N/A 3.96%
ThreadGroup/ImageBlock Write Limiter N/A 8.42%
s3] All Resources
(=] Pipeline Statistics (= +) Filte:
=D % C O -
> Callstack > "Pipeline: Render cats" (0x104035a00) =/ Renderer00 ~ fshRenderer00
@/ 56 [presentDrawable:0x281f24100] > [l RenderPipeline Performance 140.22 ms (100.0%) -0.37 ms
> > |B) Vertex Buffer 0 (MTLBuffer) 0x 103706740

> [B) Vertex Buffer 1 (MTLBuffer) 0x 103 10cca0
> [B) Vertex Buffer 2 (MTLBuffer) Bytes
> [B) Vertex Buffer 3 (MTLBuffer) Bytes
> [B) Vertex Buffer 4 (MTLBuffer) Bytes
> [B) Vertex Buffer 5 (MTLBuffer) Bytes
> [B) Vertex Buffer 6 (MTLBuffer) Bytes

= E NN | Auto ¢ @ Filter | G]
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B5 2 Q A © ¢ D 88 < M. Renderer00.metal M Renderer00.m [ MetalToolsDemo.gputrace I MetalUtils.m h MetalUtils.h 2 =

A V& )& )~ )@ 52 [drawindexedPrimitives:Triangle indexCount:1857 indexType:...dexBuffer:0x10310eb50 indexBufferOffset:0 instanceCount:256 Performance
v @ MetalToolsDemo Captured GPU Worklo... B)a)s )& )@ ) @s21 9 yp 1) @

E Summary Potential Hotspots/Bottlenecks
No potential bottlenecks detected
0 Performance
Counters Draw Encoder
- Memory 48.2 MB GPU (Command 52 - Render - Main Frame)
GPU Time 27.44 ms 27.44 ms
[S] Group by API Call $
|§| Main Frame Performance Limiters
> g ALU Limiter N/A 75.63%
B ALU Utilization N/A 57.77%
A Main Frame F32 Utilization N/A 26.59%
v B F16 Utilization N/A 22.97%
2 Integer and Complex Utilization N/A 38.73%
v i Group #1 27.45 ms Integer and Conditional Utilization N/A 11.78%
> == Group #2 10.40 s Texture Read Limiter N/A 93.38%
v &= Group #3 27.44 ms Texture Read Utilization N/A 7.92%
_ Texture Write Limiter N/A 0.56%
- l;' Render 47.44 ms Texture Write Utilization N/A 0.56%
g Buffer Read Limiter N/A 0.13%
N |I| 44 Render = [renderComman... Buffer Refd U-tlll.zatlon N/A 0.13%
_ Buffer Write Limiter N/A 0.00%
Vv @/ 52 [drawindexedPrim... 27.44 ms Buffer Write Utilization N/A 0.00%
(W Attachments Main Memory Access Limiter N/A 62.98%
Geometry ThreadGroup/IimageBlock Read Limiter N/A 4.63%
@ Bound Resources ThreadGroup/IimageBlock Read Utilization N/A 3.96%
ThreadGroup/ImageBlock Write Limiter N/A 8.42%
s3] All Resources
(=] Pipeline Statistics (= +) Filte:
» > & C O =
> Callstack > "Pipeline: Render cats" (0x104035a00) =/ Renderer00 ~ fshRenderer00
@/ 56 [presentDrawable:0x281f24100] > [l RenderPipeline Performance 140.22 ms (100.0%) -0.37 ms
> > |B) Vertex Buffer 0 (MTLBuffer) 0x 103706740

> [B) Vertex Buffer 1 (MTLBuffer) 0x 103 10cca0
> [B) Vertex Buffer 2 (MTLBuffer) Bytes
> [B) Vertex Buffer 3 (MTLBuffer) Bytes
> [B) Vertex Buffer 4 (MTLBuffer) Bytes
> [B) Vertex Buffer 5 (MTLBuffer) Bytes
> [B) Vertex Buffer 6 (MTLBuffer) Bytes
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allstack

o000 [J O [ P :;::T”hm"“’ B | G.ne MetalToolsDemo - Debugging GPU Workload 2 A1 + (B
B8 T Q A © ¢ D B < M. Renderer00.metal /"1 Renderer00.m [ MetalToolsDemo.gputrace M MetalUtils.m h MetalUtils.h & =[]
» E] Render 27.44 ms MetalToolsDemo ) & MetalToolsDemo ) & Renderer ) 1) Renderer00.m ) (M| -renderin:
g 212 [encoder setVertexBytes:&ratio length:sizeof(float) atIndex:2]; — ,_—" —
> [1] 44 Render = [renderComman... 213 [encoder setFragmentBytes:&_time length:sizeof(float) atIndex:0]; | B
v |@ 52 [drawindexedPrim... 27.44 ms 214 [encoder setFragmentTexture:_texture atIndex:0]; -
Attachments 215 —
Geometry 216 indexCount:_mesh.indices_count e
: 217 indexType:MTLINndexTypeUIntlé =
¢ BoundR - g = — '
SSOHIEEs 218 indexBuffer:_bufferIndices X
) All Resources 219 indexBufferOffset:0 R =
=] Pipeline Statistics 220 instanceCount:_instances]; = -
[l Performance 221 . ol
v [E] Callstack 222 [encoder endEncoding]l; 3 e .

|
l |
|

~ MO-[Renderer00renderin] y .
1

M 1-[Renderer00 drawinM... | } B
2 -[MTKView draw] 226 _= - |
3 -[MTKViewDisplayLinkTar... 227 ===
4 CA::Display::DisplayLink::... 228 // MARK: - Capture e
5 display_timer_callback(__... 229 —
6 __CFMachPortPerform 230 | + (void)startCaptureln:(id)target { T
7 _CFRUNLOOP_IS_CALLI... 231 mtgaptureManag?r *xcaptureManager = MTLCap;ureganager. shar?dCaptureManager; é_ ~1_%_
8 _CFRunl D 232 aptureDe§cr1ptor *captur.eDescnptor = [MTLCaptureDescriptor newl; ———
233 captureDescriptor.captureObject = target; - —
9 _CFRunl.oopRun 234 [captureManager startCaptureWithDescriptor:captureDescriptor error:nil]; .
10 CFRunLoopRunSpecific 235 1| ) e —l
12 -[UlApplication _run] 237
13 UlApplicationMain ®» > &k @ 1line (=)
M 14 main > "Pipeline: Render cats" (0x104035a00) v:hRenderer00 ~ fshRenderer00
15 start > . RenderPipeline Performance 140.22 ms (100.0%) -0.37 ms
@/ 56 [presentDrawable:0x281f24100] > [B) Vertex Buffer 0 (MTLBuffer) 0x 103100740
> g > [B) Vertex Buffer 1 (MTLBuffer) 0x 103 106ca0
> [BJ Vertex Buffer 2 (MTLBuffer) Bytes
‘A Main Frame > [BJ Vertex Buffer 3 (MTLBuffer) Bytes
> g > [BJ Vertex Buffer 4 (MTLBuffer) Bytes
s > [BJ Vertex Buffer 5 (MTLBuffer) Bytes
‘A Main Frame > [BJ Vertex Buffer 6 (MTLBuffer) Bytes
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METAL API

GPU Frame Capture



Simple Capture

+ (void)startCaptureIn:(id)target {
MTLCaptureManager xcaptureManager = MTLCaptureManager.sharedCaptureManager;
MTLCaptureDescriptor xcaptureDescriptor = [MTLCaptureDescriptor new];
captureDescriptor.captureObject = target;

[captureManager startCaptureWithDescriptor:captureDescriptor error:nil];

+ (void)endCapture {
MTLCaptureManager xcaptureManager = MTLCaptureManager.sharedCaptureManager;

[captureManager stopCapture];



Scope Capture

1d<MTLCaptureScope> customScope =
[ [MTLCaptureManager sharedCaptureManager] newCaptureScopeWithDevice:_device];
customScope. label = @"Custom scope";
74 aor
[Renderer@@ startCaptureln:customScopel;
74 aor
[customScope beginScopel;
// captured command buffers
[customScope endScopel;

[/ v

[Renderer@® endCapturel;
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Manual Solutions




PERFORMANCE

FPS (in code)




FPS (in code)

 Check frame time every frame
o Store time history

 Compute average time with history



FPS: Preparing

// Previous timestamp.

CFTimeInterval _prevTime;

// A callback for updating some FPS representation.
FPSUpdater _fpsUpdater;

// A history of time per frames.

double _prevFPS[MaxFPSHistory];

// A size of the history.

NSUInteger _prevFPSNum;



FPS: Computing

— (void)updateFPS {

static dispatch_once_t once;

dispatch_once(&once, ~{
_prevTime = CACurrentMediaTime() - 1.0 / 60.0;

r);

CFTimeInterval curTime = CACurrentMediaTime();
double fps = 1.0 / (curTime - _prevTime);

double fpsSum fps;

int fpsCount = 1;

for (NSUInteger i = 0; i < _prevFPSNum; ++i) A
fpsSum += _prevFPS[i];
++fpsCount;

}

for (int i = (int)_prevFPSNum - 1; i > @; ——1i) {
_prevFPS[i] = prevFPS[i - 1];

s
_prevFPS[0] = fps;
_prevFPSNum = MIN(_prevFPSNum + 1, MaxFPSHistory);
_fpsUpdater(fpsSum / fpsCount);

_prevliime = curTime;



PERFORMANCE

Command Buffer Profiling




— (void) foo {

// E NN
CFTimeInterval startTime = CACurrentMediaTime():

NSUInteger iterations = 100;

for (NSUInteger i = 0; i < iterations - 1; ++i) {
1d <MTLCommandBuffer> commandBuffer = [ _commandQueue commandBuffer];
[self renderIn:commandBuffer];

[commandBuffer commit];:

s
1d <MTLCommandBuffer> commandBuffer = [ commandQueue commandBuffer];

'self renderIn:commandBuffer];

‘commandBuffer commit];
‘commandBuffer waitUntilCompleted];

CFTimeInterval curTime = CACurrentMediaTime();
double fps = (double)iterations / (curTime - startTime);

/] .
(void) fps;



DEBUG SHADERS

Strokes & Fills




GEOMETRY

Wireframe




GEOMETRY

Wireframe

[encoder setTriangleFillMode:MTLTriangleFillModelLines];



PROCESSED AREA

Color Fill
(“‘ )




COORDINATES

RG-Fill
— ~







OFF-SCREEN DEBUGGING

Preview MTLTexture in XCode




's iPhone Running MetalToolsDemo on George's iPhone . G

letalUtils.m h Renderer00.h h MetalUtils.h e =0 [

n ) (M| -drawinMTKView:

Omatches € + Aa Contains ¢ | ¢ > || Done |

ferWithDescriptor:renderPassDescriptor]; S

pipelineRender];  —
fertices offset:@ atIndex:0]; =
‘'ransforms offset:@ atIndex:1]; pete
:ngth:sizeof(float) atIndex:2];
length:sizeof(float) atIndex:0]; S
ure atIndex:el;  [|Thiead HbreakpomeiaI
"LPrimitiveTypeTriangle — —
iesh.indices_count }_____. .
"‘LIndexTypeUIntlé p————
wufferIndices -

.nstances];

'“

ITLCantureManaaer.sharedCantureManaaer: -
o) () Thread 1) [&] 0 -[Renderer00 renderin:] 22 characters (=)

2021-10-28 08:59:29.509055+1100
MetalToolsDemo[4363:940692] Metal GPU Frame
00 Capture Enabled
2021-10-28 08:59:29.510329+1100
MetalToolsDemo[4363:940692] Metal API Validation
Enabled
(11db)

I@ Filter | W @




OFF-SCREEN DEBUGGING

Download Buffer/Texture



+ (vImage_Buffer)buffer0f: (1d<MTLTexture>)texture {
vImage_Buffer buffer = (vImage Buffer){
.data = calloc(texture.width x texture.height, 4),
.width = texture.width,
.height = texture.height,
. rowBytes = texture.width *x 4

}
[texture getBytes:buffer.data
bytesPerRow:buffer. rowBytes
fromRegion:MTLRegionMake2D(0, 0, texture.width, texture.height) mipmapLevel:0];

return buffer:



Metal

ixture.height) ————

'er00 bufferOf:] Line: 232 Col: 26 [=

8 09:12:52.822537+1100
ToolsDemo[4417:946123] Metal GPU Frame

re Enabled

8 09:12:52.823249+1100
ToolsDemo[4417:946123] Metal API Validation
ed

(@ Filter Ja o0




THANK YOU

Questions?
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Contacts

george.ostrobrod@gmail.com

@GOstrobrod
https://wdf-dev.gitlab.io

@georgeostrobrod

jefferson@savage.si

https://savage.si/

@jeffersonstjohn
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